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Standing on the charnockuic rock_type predominancy, looking nor1hweS1 lO"'ards 
I'ikaluyak Islel, lIanhlsland,andacross Nain Bay, 

Livins is easy ,,'i1h eyes closed 
Misundcrstandinsallyou sec 

John Lennon, from Slru ... berry Fidds"""re,"Cr 



The Barth Concentric Plutonic Suite of the ,\ksoprotcrol.Uie Nain Plutonic Supersuitc. 

norlhent IA1brador. is an oblong. sinistrally offset body underlying 35 I.:m' of lan(1 

occupying weskTIl afl(1 cemral Barth Island and the ,hmes ()f Nain Bay t() the northwest 

,,,Ill southeast. Th" Burth Co""cntric Plutonic Suitcis bol"lIlcxl by intrusi\'ccolltucts and 

is subdivided imoconcentricallydispo"-,,I un i18 boufl(blby imrus ivecont acts.With"omc 

mioornccptions. each unit ischanK.1c";scd by onc of four categorics of roc ktype: I) 

minc'falogiClllly Fe-rich diorite and gabbroic; 2) Ol-gabbroic (indudes troctolite); J) 

ch:tmockilic; Or 4) OI-In"C aoortbositc arlll gabbruic, TIl<: sUni of all rock volumes. 

dOCUll..,nll-darlll undocumented. helonginglOeach Calcg()f), of ruck typcarehcrecallcd 

r(j{-k-IH)('c/nn"and tll<: sunt of all units each rock-type clan charactcri ses are ll\.'fc called 

rock-Iype prcdominm,cic .• , The int rusive contlCtS betw"",n the un its of the Barth 

Concent ric Plutonic Suite variously e~h i bit sharp and straight intru~"'n, chIlling, magma 

mingling. magma mixing. hybridisation, arlll interleaving. Most such l'Ontaet5 oc<:ur 

betwl"Crlruck-typcprlxlOlninancic",a,lIlthlTdorcgcr1<.Tallybetwl"Cndispumlerock Iypcs, 

tooc~ception being tnat some phYSIca lly opposing rock types arc similar in l'OlllpUsition 

due to mi~ing. Intru, i"" contacts have also n.,<'n r~"CogniSlxl within ",ve,,1 units. Extreme 

diffcrentiat iron i8 n01cvidcnt inanyof tn.,major unit< 

The ovcrall struc1 ura l paltml "' ithin the Barth Con~cnlric Plutonic Sul1C is 

rougnlyconccnt ric, a"uming" ""nh-south ~,"g au, before fau lt off"-1. "lth all thre"'· 

dllll<'n'K)nally a"es'e..t structures dipping inward e~ccl}t for one dippmg outward. an 



ink'mal intrusive comaet within the chamockitic rock·type predominancy south of Nain 

Bay. 

Olivine forstcriteeont~l1tsgcncrally do not vary,ignilicant ly within thin-,l't:tions 

ofOI-gahbroic rock. South of Nain Bay. whcrc thin-sectioning is relatively dense and 

rcgular. a IO<:ally conccntric patt l'ITl in the di,trih uli(m "f[("sterne cont~nt in olivin~ may 

be ink'Tprc1l'd a, ret~>Tding contaminat ion ncar the charnock itic contact combined with 

nonhw",dproeccdingboundaryIaYl-rfmetional~rystalli",tionufolivine. or. a,,,,curding 

t,,'O cast-west emplacements. the older one having ur"krgo"" bourKlary lay~r fractional 

crystali isationofolivincproecc.;lingnonhwards.thcyoungcrhavingintl-rvenc.;I!x1wl'Cn 

thcoldcrandthccom:rgmalicchamockil icneighborl() the,oulh 

Zircon and baddcleyite in thcOI-gabbroicrock-typcclan hawnot!x'Cnobst.-rvc<! 

\ooontaclcachotocr. despilegrainsofbolhbcingabuIlIlam"IlIlgcncraliyco--occurringin 

toc same lhin-sc<:tions. Approximately 90"/. of occurrences conraet ilmenite with which 

tlk'Y comrnonly ,lXIw int imate tC_~1Ural relationships. spccitieally ilrnenite-baddelcyite 

compositegrnins and £ircun rims against ilmenite. Il rncnile is therefore ,u'pl,ell'll of 

(:on>titulingallk'Tm:lllydrvi,ivc. t"m - imernll~!ratcpha,;cbctwl'CnharlrIel eyitc and l.irwn 

Melt coml'mitional drffcrcnces such that thermally divided phases cnn co--occur mthe 

same rock "~1y be in trodue~'d by prog",ssive occlusion of porc spael-'; and tite 

(!iffl"fent iation that ,,:sult, a, 'parsely !1uclcatc(l liquidus ()r~'\j u ilibnning minl'r"ls bcC()rn~ 

cnclosedinsornepor~,pacc,butnoti'lotIkTh.thcrcbYl'mJuci!1gporespaccsofdiffcring 

cquilibratrnghulkcornpo<itkHl 

Textu[('S that m:ry be int<"l'rL1ed as [('omling a IIk-rr",,1 pulse from a nearby 

intrusion during the partially crysta ll ine magmatic sta te indude op1ieally continuous. 



coarser-than-matrix. highly irregular in shape and outlinc. p~To'e"" oikon)";t, (OCCII'O) 

in many rocks ofthc Fe_rich rock-typc clan and rt.~l is"" ] U1 i[)n texture, in ","'"meksof 

Ihe Ol-gabbmic md-t YJ>C dan. SuccC:s.ive. ,ymnugrnut ic intrusion is th"1'ctore in 

evidence. Othcrte.\l u!\:S in the OI-g3bbroic rock·typeclan may. with ICSSC~'11ainty, b.: 

inlcrprctcdasresulting fi-om t extura l ~'qui ]ibration in Ihe soiid stale duc1l> reblivelyhigh 

thermal in put at sufficiently high tem]l<--ratures. namely. transgressive biotitc ,IiVcr1l, 

plagi<,dase septum texture involving rdatively Ti-rieh hombknde and ilmenite. and 

o livine-oxidation s)mpicctitcofrelmivc1y unilorm coarscnessand lac kinglhcnppcarance 

offing'TPrint, 

Thcrn~~l pulses CUl.lScd by ncarby later intrusion have thc j)otem iul fi)f allowing 

intl.,-na l rt.'ilistrihuti<m of Ph and Ph k,s, in zircon and b"ddekyitc gra ins crysta ll ised 

suflicicnt lylmc-stagcand tlicreforchavingplausihlyc,pcricocedstrain hydefi)fmat ion of 

their .... 'st crystal framework 10 accommodate erystall i,ali<m-wmraetion. With thi, 

possibi li ly i'l milld, previous U-Pb isolopic results obtaint.~i using TIMS tor lladdclcY;lC 

and zi .... :{)n and prcscnl rC:sult sohtaincdusing LA-ICPMS for zircon h,vc hecnil!lerprele<1 

as indi('at ing that the emplacement hi,tory of th~ Barth COI1C~ntric rlUloni~ Suile spans at 

--46 My. fi-om -lJ37 10 -1292 Ma. repre",~,t i ng lhu lIliddk and bl~ i nl~r\'a1s uj 

known Nuin PlulOnic Sllpcrsuile vitalily. Four timt.~clu,tc" of ages are pr~,untly 

rn:ogni,exl: 1) t h~ okiesl timu du,ta. ,panning 1337 ± 5 (I -sigma) to 1328 ,, 6.4 Ma ( 1_ 

'igma). reprc>cminil _"","" rocks of the Fe-rich. Ol-fi-cc allOrthogabbmic, and Ol-gabbroi~ 

rock -t}]'c I"t.~lominancic<: 2) the ","'Co",] ok!est cluster. _' panmng 132 1 .i 1 (2 -"gm,,) to 

1317,2 ± - 2 Ma (2-sigma). r~'PrcS<.'nt i ng soTlle rocks orthe Fc_rich. chamocKit ic. and 01-

gabbroie p"xlominancies; 3) the second youngest du,tur. 'p"nning 1302.2" 4,} (1-



sigma) 10 1299 * 6 Ma (I_sigma), rll'rescnting some rocksoflhe Fe-ridt and ell:In'OOCkitic 

prcdorninar.cics; and 4) the youngest cluskT, oonsi.!ing of one age delcnninalion al 

1291.8 * 3.9 Ma (I-sigma), represenlinga rodoflhccharno<:kiticprl'llominaocy. The 

Barlh Concentric Plutonic Suite !hc",forcs<'.vcs asa warning to goolog'stsIn nhandon 

sllnplisticassumptions ofsynchronityti>rstrul1umllyand com[X)sitioMllyunifil..J hodics 

ofplutonicmck 

Thcplagioclasc-dorninatedgabbroic Hoscnbcinpluton, located 2_5kmsouthw~"it 

of the BarthCooccll1ric PlutonicSuile, is locally Ol-gabbroic as well as inlm plutonically 

brcccimcd along its (:entral weStern margin, BOlh Ol-gabbro,c and Ol-f ... ,<, gabbroic rocks 

occur as brl,;;cia blocks and breceia matrix phases. LA-ICPMS V-Pb isotop'c analyscs of 

zircon fmm an OI- fn.'C lcucogabbro sample from the ccntral l!oSl."ttbcin pluton, where for 

hUlldn.'(ls of metrcs rock type and texture appear more or kss homogCTlCt>us to the 

utwidlxl eye, yield an 3ge of 1338.7 * 2.8 M3 (1-,igm3). Assummg that locsample isof 

the Samc age within error as the 01-frl'<' breccia matric~"i to Ihe wcst, the bel,;;ci" block 

Ol-gabbro,c rocks of the wcstcrn central margin of the Hosenbcin pluton arc at present 

lheoklcst knownOI-gabbroicrocksnftheNainl'lulnnicSupcrsullc.t.eillgat least as old 

Gencral andth""'l1ical conclusions of the present work include: th.'t the tenn 

"plutOIl" "My he lIs,-'(1 in a non-ge"..,!ic sense '1O'1l1helcss COnststent "ith prcscnt 

imcrrrcII\'e usage of '"pluton'": that grainsizcs may bc more rcliubly anoJ .omprchensi,·cly 

oJ~'S(;rilx~1 u,Ml oommonicatlxl by rrovMling indications of the rrOllOnkHls of m,'lric ~i/,c 

c1n,se,:thatnon-,ta,Mlard,sp<.'{:ialkTTll'!(c,g.anorthoSltic.troctolitic,fem)(hontc)arellot 

'lCCl'SSarywdcscribc in dl1ail thc roch of the Nain Plutonic Supcrsuite;thatthc,IC" 



cx>rICclIt "plutonic p~"fi m~tron" wukl be u'iCful in the fUlUf<! to subdivide plutonic rocks: 

thM the new tC'nn,··suboikocrystic··. ··piastomorphic··. and ",implc 7.()nation·· shoukll:>c 

uscfulin thefuturcfordc-scribingplutonicrocks:and,thatadcscripti,"cfoundational 

approach is scicntrfically vnluablc t>ecausc it cstablishcsthcdctnilctl wntc xtwithinwhich 

rnu itipicpussiblc imc'1lrctationsbo..'<XIrno:apparcnt. 
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Fa"lK-d ,mortbosilCblock in a matr;~of rclativclyFc_Ti·oxidc_rich 

Amoeboid composite ilmc'nitc-magnct ilc grains cnclos ing more or 

Icsscquaotnndnl()(kTUlclyclongalcchadacry,tsofplagiodasc'anil 

Relalively Fc~ Ti -oxidc~rich gahbroid bearing blumh pbgiodasc 



phenocryst exhibiting f~cial <levck'pmcnt 

Relatively Fe-Ti-oxidc-rich gabbroid bearing blueish pbgiodasc 

l)hcOOCTyscscxhibitin!;faeial<le,·clopmcnt 

['law 2-12 Relutively Fe-Ti-o.~ id c-rich gabbroid exhibiting IIJ;J;n:gi'(C sh:,fIC 

prcfcrn"<loricntation 

Northeast-trending <lykc of relatively Fe-Ti-oxi<lc-rich gabbroid 

hosted byleuoogabbro~1 
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rock and ooa""-"T gabbro~1 

M~"SOCrutic gabbmid scparut~-d from appan'ntl y Fe-rich 254 
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Fayalite grains of indist inct ha ilit in [(11 m-Mag)] h -rich APr 

diorite 

Plate 3-N Aero" ,trih· variation in abu{b'lCe of whit ish aggrcg.11cs in 
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Highly complex. , '"riably coun;c int\"Tgrowth' octw<'Cn as",rlc..! 



feldspars, amo ngst which myrmekitcappears ahno't muooanc, in 

I(Cpx.Op.x)lcharnockit ic<)1/,-mun/.omtc 

Rock of the Fe-rich pr~'donlin,mcy phys ically un,krlying 265 

scgn:gate<.1 rock of the charnockitic, whit ish and foliak,I, against 

which it mayocslighllychilll'<l 

20 c~'nl i ml1 rcs down the bank from exposure shown in Plale 3-32, 

zoncdirl'Ctlylhecasl 

Plate 3-34 rwo "'g",ents of roughly ca't -west ("harnockllc·Fc-rich oonlact 

offset by II 7.igZlIggl'djog comprisc,1 oftnpcr<'] int erleavingsof 

dl'Cimd rc-scalelcngths 

Apparc11l1y unchi lk'd rocks of thc charllockitic and Fe_rich rod- 266 

type prl'<lol11inaoc,e, sharply oontact ing as wcl l as, juSt one mdrc 

away,apparcntlyg.radatkHlallyconlacting 

Feldspar-I)h>,-;c glot>ular inclusion ofOI-gabbroic prl'llominaocy 267 

rock within chamockitic rock adjacent 10 the l11ain predominaney 

Pla te J-37 Orangish dl.lrtluckillc rock of partially ddineak'<l ink-mal body 267 

illllllcdiatcynorthof"T;ghlcycpo,,,r 

and whiti,hcharnockiticrn<:k(ooulh ). 

PlatcJ-J9 Fu liation as d,ffuse aggregate $ 1'0 in charnock,l,c rock ur the 268 



orangish inl~ ... nal body 

Acicular c~solution in nl<-'S()pcrthitc, r~'S()lvahlc al 15X (lypical 

coarscncss),incharnodilicQlz·lcucomoruonilc 

Acicular cxsolulion in I1lcsopcrthilC. barely rcwh'ablc at 400X. in 

Cp~charnockiticlcuoomonzonitc 

Vcnnicular. globular. and relalively line 'Iring acicu lar C~solulion 

inmcso]><."T\hitc.incharnodilicQtz-lcucol1lonzonilc 

Diffuse st:miv~'Tmicular (or mi,,~'d globulor and vermicular) 110 

cxsolulion inrncsopcrt hilc, in eharnodilic QI/.-icucomorllonilc 

Quart/. inclusion c~hibi ting possible facial developmcnt against 271 

mcsopcrthilcho,t. inchamockilielcucoroonl.ooiorilc 

Quartzph":!loaggrcgat c.inch,~rnod,iticQlz-lcucornonzoni1C 

Malic aggrcgat~'S. ~'()[Iccntmtions. arid individuals drstrrooted rl<-1 

like oclwecn and asrnarginal ",illiirl OOarser felsic aggregJtcs and 

phenocrysts 

Domain of relati"cly line grains e.,hibiting relatively """"th 

boundari~'S amongst COarser grains exhibiting comparirivcly 

irregular ;:rain boundaries and grain shapes. in [Opx-Cp.'1 

charnockiticgranodiorilc 

FayaliteofimlistincthabrtmFacharnodrticmonlooioritc 

Un;derltili~'d opaque mineral (bl:K~) aftcr Taynlrtc 273 

charnockiticrnonzooro,itc 



Chamoditie dyke s<'pamti ng two PU"O)l1S of the Ol.gabbroic 274 

predominancy. the westerly po"ion evident ly ehilled along the 

south facing limhofitsright anglccotUaet 

Ol-gabb.-oic "r<'lIominancy cuI by fdsic dykk1S (pr<"lumably 274 

charnockitic:raiscd) 

rlatc3-52 Apparenl emanation of thin. straight dykcll1s from thccharoockitic 

rock-t}pc"redominancyinlo the Ol-gabbruic 

Chamuckitic dykk1S carving rod uf the Ol-gabbroic 

pre(\ominancy into brl'Ccia 

I'lutonie br<'Ccia consist ing ufsub-ccmimetre tu dl'Cimctrc_scalc. 276 

sub-angulm Ol-gabbroic blocks in mixed chamockitic-Ol· 

gabbruic-F.,.richmatrix 

1'latc3-55 I'lagiodase-pcrcha<lacrystic clioopyro,1cnc oikocryst (blue to 

I'u'lllc) with marginal honlblcndc in (Bt-l!bl)·OI gabbro 

/" sim plutonic brcc.:ia consisting ofsub-angubr blocks or 01-

gabbroic rock-type "r<'lIominalll'y $C""rJk~1 by eharooekht ie 

dykk1sanddykes 

AllIocboid composite gra ins ofi lmcnitc and magnctitca"""rl,tlly 

having crystallis..'lI "pscudopodia" along fc1dspM-fcidspar 

boundaril"S.incharoockil;cQtl.·icucomorvAlnitc 

Plagioclase bths of diwrsc or;ctUallon rrucrspc",,-~i wnh mafic 27S 

aggrcgmcs and liner plagioclase grains of diverse ,1),11'" 



IIlkrsp<."I"sed mtumwnh finl"l" lIlaficgrains, innoritc 

I'lutonic breccia with dif!""I""nt gminsizc (JOrtions ofcharnockilic 

matrix in sharp contact at least Iocaffy, with matrixofalf pr~'SCnt 

grainsizcscnclosmghlocks 

Chadacrysts of cf ioopyroxcnc a!ld I'e-Ti,o~,dc hostl~f by 279 

composite multifcfdspar oikocrysts, in chamoditoc Qtz· 

t\pparcntlyi"sillOplutonicbrl"Cciawithsub-rou,,, ... ,,lbkK\:s 279 

Appa"'ntly kinetic plutonic brl,,:cia wilh mottled charnockitic 

Plagioclase pheoocrysts and phclloag.gregaICSofC<1uigranular, 280 

l'quid irncnsional granular plagiocfasc in gabbronorite 

Ey~lcnt magma mingling as rounded, apparently Ol-gabbmic 

bodicshostl"'bycharnockiticrock 

l'late 3-65 Ey~bll ""'gma mixmg "Hngling irregularly 

hct~'I"Ogc'Il'Ouscxposurc 

l'latcJ_(>6 Evw\cnt magma mixmg minghng irregularly 

hetcrogcnoouscxposurc 

Rock of the Ol-Il',bbroic pl\;dominancy bearing light-colourl,,1 

fddspar xenocrysts ,rregularly dis".. .... ting the charnock it;"; 

prl'dominancyintotapcringandbrallchingror1ion< 

Rock of the Ol-Ilabbroic predominancy bearinll light_colourc'd 283 



fd,h;par xenocrysts Irregularly dissecting the eh:Jrnockitic 

predominancyintntarcrlngportlQlls.S01lle!)01llOrcthanw;sps 

PbleJ·69 Irregularly sh.,pcd '"Dlumcs of the Ol ·gabbroic pr~'<.lominancy 

withmthe ch:Jrnockilic 

1'lalc).70 Phenocrysts and pheno3ggrcgat..-sofquart/, phenocrysts of 284 

plagioclase. and pheooaggregaK"S ofmix~'<l quartz and feldspar, in 

OpxCpx·richcharnockiti<;loolll.onilC 

Plale J·7 I Intcrlca~ing of Iowl.,. metre and dl ... imclrc·scale thi<;k elongate 284 

bodieS of all~-malcly Ol·gabbroic and chal1'l()(;kitic rock·type 

1m."(!01l1inancy 

ROUlld(.-.j elongate bodIes, apparently Ol.gabbroic. within an 

elongate body of charoockiti<; rock·type predominancy within 

Texture consist"'g of thT<:c·way mixture of subophitic, 

hypaulOmorphic intcrgr~nular. and oomparitlwly fin.c 

t.'quillranular, '""'luidimcnSK)nal Ilranular. in 01 gabbrooonle 

Int~"rior ofa body perhaps rcprcscntinllmagma mi.""g ho.1wwn 286 

magmas parentallO the Ol.gabbroic and chamockitic rock·type 

predOllli"ancics.hostcdbythcOI·gabbrui<: 

Sharpcontac1 of body shown in 1'la1C3·74 ",th r.)S1 Ol.gabbmic 286 

mck-1YpC 1)n.~lo!)lIllallC) 

Locally manifl"St modal layt..,.ing in the Ol·gabbruic rock·typc 



predominancy 

I'lalc3-77 Atl;lslmn<)sing modal layering In Ihe Ol-gabbruic ruck-Iypc 

predQminancy 

DitTuse modalla)'~"'ing in Ihe Ol-gabbroie rod;-Iype pr~-domit~1ncy 288 

Plalc)_79 Diffuse and \'arlabl), unduk,sc modal layning in ruek ufthe 01-

gabbruic rock-type pR-dorninan9 hosting an angular ~eno li th 

bearing blueish white fc1d~par and. loca lly. graphic granite. and 

SUITounded by an apparent rcadionri!ld 

Diffuse and variably undulose Itlodallayering in lr."OI-gabbrmc 289 

r<><.:k-typcpredominancy 

I' lalc)-81 ROUlKlcd blueish xcoo lithofplagi<><:lasc-lcucocral ic ruck (possible 

anorthosite) and beige Icuoocratie \'eins (outcmpappears mol1icd 

lx.'Causc drying afler rain) 

More or less cquigranulnr. ~"lu"limensional-gral1ular domain in 

I'I3Ie3-83 Plagiodnsegrainexbibillngbcnt. tap"rt-d . andd ifTusca lbitelwins 

Inward_tupering dcfomlation twins. I'r~'Sum:Jbly peridinal. and 

difTusealbitClwins in 01 1cuwgahbronoritc 

Evidc""" of ,ubgrain rotation r~'Cry'lallisalion of plagioclase. "ith 29 1 

somcgrJinspl1"h.,ps insum~,cntly mtatl'd 10 lx'Coln" indcl"'ndcnt 

(i.e. sti ll in the subgmin st;tgc). in truliQlitc 



Clinopyroxene oikocry,t cxhihiting angular. sp:lce·ti lling, 292 

plagioclaS(.~irltcrst i tiall'1bit in troctolite 

I'late 3·S7 Evident disso lut ion holh ... , III p lagiocla>c (originally atypically 292 

ooarsc·graint:d) occupied by oikocryst ic clinopyro.~C11C in add ition 

to<llIK.,.intcrstitial mincrals,inOlleuwgabbnmorite 

Olivine pla:<tomo'1'hi<: against plagmbsc in Olicueogabbronorite 

l'iateJ·89 Equant hypaUtOnlO'1'hic if not automorphic olivine inclusion in 293 

plagiocia>c in Ol·richgabbronorite 

I'law J ·<)(] Aggregate of xctlOlnt)'1'hlc olivinc with internal polygonal 

Oikocryst ic OrthOP}TOXCOO marginal to olivine oik.x-,.y,1 and 

plaS10tllOrtphicagaills1plagiociasc in OIteucogahbrormite 

Biot ite·cl inopyroxene ,ympicct ilc with biotite limbs in upt i.ai it 

IIOt physical cont inuity with adjacent "''''' S}llll, ll'CIlC bK>tllc, in 

Biotite·clinopyroxene symplcct ilc wilh clilIOP}TO.~l'lC limbs in 2% 

opl ical conl inui!ywilha non·symplttlicclinopyro .• cne inclusion 

inllOn· symplccticbiolitc, i nlcllt.~)tmL1olilc 

[hotitc·cl inop}TO.1cnc sympil'Cl ile ,"1n<hvich l~1 bel,,· ccn 1'1011, 

,)mpicct ic biotileand olivine (top) ,"ki "'hibiting ... kic range of 

fineness.,\'crthcsamc symp](."ti!cpalch. inlclt"ot",ctoli!c 

Piate ).9) Hornblende marginal WIth rL'SjX'Ct to Fe·Ti·oxidc in [HI·JlbI1 



trOClolitc 

Optically continuous hornhlcndc marginal1Q clinop>TOXetlC as well 

asdispcrscd nearby moongst otl\<-'T grains ofvar;ous min~'TaI8. in 

Plate 3·97 Hornblende marginal with re'I"-'<.1 to Fc·Ti·o~idc witi> nieth<.-r 298 

mineral as.sociaK'tI with clinopyroxene at this location. in 

1'lagioelm>cseptumteXlUre;nvoivingilmcnitcand hombkndc(thc 

six hornblende grains are completely scparatl'tl fmm Il menite by 

thin septa ofplagioclascS8in 1'late3·99).;nkucotrOCloiitc 

1'I"tc3-99 Plagioclasc septum texture involving ilm<'nite and hornblende. in 299 

Ollcucogabbruooritc 

Rclativcly thin honlblcI"le rim teXUlre ;","01<;ng ilmenite and 

plagioclase (thickest homblenJc insufliciently th", to be 

unambiguously SO Jesignatooj. in lcu,:otmctolite 

"Incipient" plagioclase "'plum texlure. in which hornblCIllle 

aJjacCnl to ilmenite e~hibits a COil"".' InK-ral K-rminus against 

plagiodase. in troctolite 

I'lalc3-102 I'a"ial plagioclase scptum te .• ture. intc'Tnk.'tIiatc between inCIpient 

I"lll full. in which plagioclasc ><-l'tacxISt buttap'-'roulhctwl","thc 

hombic,,,kaooilmcnl1e,lIllcul,,lmctolile 

Plate3·103 BaYOIlCtstntcturc(lcftjalong!Tla,ginofnon·charnockiticgrallltic 30 1 



dyke ho,ted by thc Ol-gabbroic rock -t}'JlC predominancy 

Plate3-t04 Plagioclase grain exhibiting composite ~.Qnes of rectangular JOt 

individuals in pcrthitic g.ranite 

LaycrL-d gneiss immediately west ofthc e.~tl"111al contact nfthc 

IIO'iCnbcinplutori 

La)'er~-d gneiss immediatciy wcst of the external contact of the 

Hn'iCnbcinpluton 

Dominantly lower Ct-'11timetre-g.raln~~!> hypautomorphic-granubr. 

OI-frcc.111Csocraticgabbroicrock.imln~-diatclycastofcontactwith 

Vertical exposure of plutonic breccia. within scwral ,kcamclr~"S 321 

castnfcontaetwithgflCiss 

Plate 4-5 Equignmular. c"lu~limcnsion.11-granular Bt-sf"-,<:I:cd 01 nonte with 322 

elongate pbgiocla'iCdisf"-'r>Cd thmughoUl 

Plate 4-6 Dominantly hYP"utomorphk-gnHmlar Bt-sf"-'Cked Ol-rich 

lcueogabbmnorilC with olivine (picturc-d) nnd both pyroxene'S 

plastornorphicagainstpl;.giocias.: 

Orlhopyroxc'flcoikoeryslpla,tolTlorphicagainSlplagiociascinl3t_ 323 

l'bk4-8 Apparently Ol-frec gabbroic rock. perhaps munt')' rock gneiss. 

exhibiting folded modal byc.,-ing I gncis,",,'ilY 

Plate 4-9 131o<;\;. approximatC'iy one ntctre across. within plutonic breccia. 



bcaringa lapcre·d apophysis (right) ofrelativcly coarsc-graincd 

rhin rim of zircon marginal to composite grain of 11m-Mag. 324 

centre,l on the boUII,I"TY betwccn the IWO oxides, in (1 Im-Mag)-

Op.\-,pcch-dgahbro 

OrthopyrOX~11C oikocryst plastonKlrphic against plagioclase and 

cxhibitingundulatoTYcxtinctionandsubgrainformalion.innoritc 

Domain of nKlrc or less cquigranular. cquidimcnsional-granular 325 

plagioclase (cemre) in dominamly h}1lautomorphic-granular 

leuCOlroctolilc 

Olivine as variously plagiodasc-pcrchadacrystic oikocryst with 

composite plagioclase chadacrysts. in (llbl-Bt)-lIm·(Opx-Cp,\)-

spcckcdlroctolitc 

Olivine oikocrysl. ""roikic. Wilh piagKlcia.'<' chadacr)"ts in lin .. 326 

Cpx-s[>e<'h>dOI(l()rilC 

1'latc4_15 Lcucogabbroic domain within anorthosite, exh,biting pymxcnc 327 

plastomo'llhicagainstplagiocla", 

I'lagiociasc i>earing sets ofH'1'Y fine birctringcnt platcs. perhaps 

biot ite. rcrhapsparalldloc1cavagcdircctions. in lcucotroetolitc 

Singic-grainbaddclcyitcoccum.1>ccbc\wc'\:n ilmcnitcarJd biotiw, 

oorc1yvisiblcn..'Causcilmcnitcisoricntl..:iSQ(lSloapllC(lrrclativcly 

diminplallcpolariS<.-drdk-ctl-dlig/Tt.inlcu,;otrocolitc 



Composite zircon O,;CUlTcncc. ilmenite orit:nt~'d so as to appear 385 

rcbti,'cly dim in plane polari~ed reflected light, in 0 1 

leuoogabbrooorite 

Relatively coarse baddclcyite grain c:o:.hibiting darh'!". yellowish 

brown pll~Khroic ot>st.'!"\·a!ion~ 1 eodmc·mb..'!" and possible simple 

co'Kemriczunatioll. mlcucotrocolite 

Plate 6-4 Rclatively coarsc b.1ddcleyitc grain exhibit ing lightl'!". OOn

yellowish brown pleochroic o\n<crvational endmcmOCr aoo possible 

simplcooncentriczonation. in lcu<:otrocolitc 

Relatively coarse baddclcyitc grain e~hibiting darker, yellowish 

brown rclam'c pic-ochroic cfKlmembcr aoo possible concentric 

zonation,introcolitc 

RC'iatively coarse badddcyne gram exhibiting lighter, oon

yellowish brown rdauw rk~Khroic cnJrnernbcr :too possible 

concentriczo'lation.in trocoiite 

Olllll)()sitc ~iroonoeculTl"llCccon,ist ing largely of thin rims upon 388 

ihllenitc,i imeniteorienk-JSO$to,'ppcarrd.ti\·clybr'ghtinpianc 

polariS<.-d rctlc-ctl-J light. in IBt-lIbl ] tl'O<."Olitc 

Relatively COarse b"ddclcyitc grain c.~hi biting cryslal faces :md 

possiblCCO'lCenlrk zom.tion,inkucotrocohtc 

Rd'livcly COarse baddclcy'te grain cxhibiling crystal faccs. 

ilmenite oTlcnk~1 so $10 exhibit intcTIlIl-Jiatc rcfkCl ivily in plane 



pobris..-d rci1CCk-d light. in lcuc01mrolite 

Plale 6-1 0 Compositc baddc1eyitc occurrence, ilmenitc gn.ins oricnt~-d So as 390 

to aprear relatively hright in planc polarised reflectc-d light. in 

Composite oaddcleyite OCCUITCll<:C, the right s<. .... 1ion exhibiting 391 

crystal fac~'S, the lcll po~~ ,blc C'Y'>tal faces. in Icucotroctol it c 

Composite baddclcyitc occurrence, the right s..'Ction exhibiting 391 

crysta l l;,ccs and simplcaTKl lamel lar twinning. 'he lell possible 

crysta l facesnodpossiolesimplctwinning,inlcucotroctolite 

Composite zircon <>c<:urrence ron~''iting of nine individual zirron 

sections, ilmenite grains orientc-d so as to appcarrclativdydim in 

pL1ncpolaris..-d rclk'Ctoo light. in [Bt-Hblj troetolite 

Composite zircon occurrence ronsislIng of two individual zircon 

'"''Ctions, ilmcn it cgrnlllsorientc~lso as to aprear rclati'cly dim in 

plancpolaris..-drcllc<:K-d light, in [Bt-Hbljtn>L1olitc 

Compl)"tc zirron occurrence, the uppl"l' ,",'Ction c~hioiling crystal 

faces, the TIght section exhibiting po%iolccrystal face'S, both of 

whicharc'"mult idirectionallycoarsc",introctolite 

Multidirc'<:tio'~1Ily roarsc" non-colllllOsitc zircon ""currcnce, 393 

biolitc-cl inopyro'Cll<:SYlIlpk'Ctite, il meOltc orict1l<.-d so as to aprear 

relat,vely,I,,,, in plane polari'il~1 rctk'<:tc~l li ght, inicurotroctoiitc 

Single-grain tmddelcyilcoccurrcncc L"Ompositc with r~'Spl'Ct to an 39() 

xliv 



ilmenite grai n, ilmenite ()r i ~nted ,,) as to appear rdatively dim in 

piancpoiariscdrclkctcdligilLinOllcuoogabbrollorilC 

Zircon mamtc upon magnetite ami ilmenite. in I'I-pilyrie 1(lIm-

Magl]-richmctagabbroid 

MagtlCtitc-oornhlemle (upper kill and magndit~-dinop}TUXCtlC 

(twi~c, low~T) ";plum lC.'lur~'S invo lving plagioclase, in 01', -0 1 

gabbro 

l'ania l magnclil~-dioop}Toxcnc (arrow) and biotitc-hornblendc 

scpH"n tcxturcsitlvolvingpiagiocia<e. in Opx-Olgahbro 

Bi(}lite,livlTrOOlcdinaoorrnal-silWbiOlitcg.rain andtransect ing 

sevcralgrain,ofplagioclm;c 

Apparemly i"" l ak~1 bi()t;le sliver in plagioda>c 

Apparcnllyisoblcdbiolitcslhcrsinpiagiociase 

lliotite,li wrs tran>t--ctingoli\·incanJorthop>TOxcncg.rains 

Oli vinc_o .• idntion sympl<'Ctite of fC'bti\'dy uniform coar>t-"T1CSS 

(eontinncd in rcll cctc~1 light: tlngcrl' rim ,ymplcctilC compk1c1y 

abscnt),inieuootroC1o li tc 

Oliv illc-o,~ iJation sympicct ilc containing limb< c~hibilinga variety 507 

of mar'IC1lCSS, ranging Ii-mil vcry tine lamellar atl(! vermicular 

(resembling iingcrl"im.<) 1<1 relat l\'ely wars" ,,,Kl Iow~'T aspect 
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1.0 l'rcl;rnillary discussion ofterrll;nolo!;y 

Thisthcsis descrioc'S a study of some plutonic rochbek,nging 10 the Me sopmllwll>ic 

Naill PlulOnic Sup<-TSuilc of north •. '1l1 Labmdor. Before beginning, some preliminary 

dis<:ussion is "'nrr'~nt~'d of the designation "Nain !'lulOnic S"(I<'r-s"ilC'" and the various 

tcrminologyu,ed herein to refer to hodies of plutoni c rock 

The body refcm.~1 to here for the first time as the Nain Plutonic Sup<..TSI, itc is the 

hotly gen.:mlly refcrred to as thc Nain I'lulonic Suilc(Ryan and Mor.;c 1985),Torctlccl 

its longe"ity (> -70 My), internal rompl e~ ity, noKI areal extent, IlIKI to an"", for 

subdi~ision inl stm(.1urally control ltd plutonic suites, the Nair' Plutonic Suile is 

r<~lcsignaK~1 here the Nain Plutonic SUpC1'Su it'" consistem with tbe !"<,.'Commc",lalions of 

the North Am~.ican Stratigraph ic Code (Nonh American Commission of Stratigraphic 

N",ocnclaturc 2005). The prcsem aUlhordocs not break wIth long cstabhsrn.'d practice 

lightly, howewr fccls that this re<lcsignation i. warramed noKI refl ects the mcrease in 

UII<k'rstatKliligofthehotlyachicn"lsinccthccllrly1980s 

Although the ll'TTTl"pluton" (and "intrusion", with wh ich ·'pluto,," i, generally 

considered syoonymous) COllilnoniy ref~n< to a hotly of rock ~he\'~~! to rcpresent 

cons,1nguinous magma more or less synchronously emplaced, the pr(..".,nt al,t hor takes 

i<sue with this interpr(.1 ivc u""gc fur rc"wlts argu~...! in SccliQlt 1,5.2. In,tead, the pr~'SC"1 

au thor u,.,' the t<Tm "plulon" "'lIhout gC'rK.1ic COIIIK)tatK)!l in a way that non~1 hdcs, 

appl ies to IKxJi ..... p r~""'nt ly calk>d plutons and int rusions with genetic con"" tatlOti. The 

dcliniliQn of ''PluI01'" us......! rn. • .:i" is ,imply thus: a hotlyofplulonic rock ident i li~>d as 



possessing a rclatin;ly high degr~'C of a('ll",rcnt unity in 8pacc and ",,,np,,,ition or 

compositio!)'1 l zonation and one which IS rnurc Or kss definitely dclimitl'd where 

prest.,ltly d()<;ument~~l. Acconling In thi~ definition, any more or less contiguous n~1SS of 

plutonic roel: consisting of orlC composition or "cry similar compositions or 8 

charackTistie zonalion of ~ompositions (e.g. lJ y~TC<.1 intrusion. bimodal ')lluto,,"', ring 

slructure) an<l with more or less well COnslrallll'd boUlKlarl~"s w ..... Te currently mappi.'d may 

be calk'd a pluton. Dclinoo in this way. "pluto"" is a loose. somewhat arbitrary, 

somewhat subj~'Cti\"e dcsigll.lllon usefu l to r~flT to the mOSI apparenl nalural units in a 

plutonicterranc. Of eourscgcolollistsalready use the dcsignat ion murc Of Icss in this way 

cxcept that lhey IlcllC11llly include pr~1cnsions of chronology and pclrogl'lCsis. Some 

altcrll.lti\"etem~s lilT unit, of plutonic rock more su itable for prccisc scientific Usc than 

"ph,ton" and "intrusion" arellcfin~~1 in Sections 1.5.3 and 2.3.1 

In writinglhis thesis the ,.othor fuund it initially challel1gingto refcrpr~"Ciscly 10 

groups "frock> of similar mel: type within a unit or across units. For c~mnl'k. l~",sider 

lhediffcrellCesbelw<."Cn: l)allrocl:lh.1t isanorthosile, 2) all units that arc pr<.'dominam ly 

allorthosilc", and 3) all units in which anorthosite is a ch.1mcKTist;'; rocl: type . Thr~'C types 

of grouping 0051'd on rock typcarc illlroduccd hnc. c,"eh with ilsowndistinc 1 utility 

TIlC first type o f grour is IIlC r()Ck_I.'~H! clan. defined as a grouping of rocks I of 

rock t}P<-'S fi,l ling within a prccisclydciined. continuous rallgc. This u",geoftllC t<.Tm 

"clan" isarcvivaloflhc"k1crpctrographicpr:Kticcdcscri1x~lbyWilliam'rlal. (1954) 

For a mnge of rock t}"]'CStoi.>eC()ntll1U()us.themck t}p<-""eomprisinglllCr~ngctnust be 

'adjacenl lydetinl'd" inscrics. For,·xanlple.this "orl:rcf~Ts{oacham,,·ck;lIC rock-Iype 



clan(Scction2,J.J).definedasthc!;1"Oupingofallrocksoonsid~·H ... lcharnockitic by lUGS 

erik.,.ia (Section 1.5.1) and O<.:cupyingthcconlinuous range .haded in Figure 1-0. Thus, 

thceilamoditie rock-type clan refcrred 10 in this work oonsi,lsoflhc sum of all rock of 

rocktypcfallingwilhinlhatdefonedrangc. Thus a rock·lypeclanisaphysical\"olumcor 

groupingofvolumcsofrockt)'pcfall i ng"'ilhina spccilil'drangl~itisa physical objcct 

oroolle<:lionofobjcclS ralhcr than an abstraction. although thc range itsc1 flikcany 

classification sch.!mc is an abstraction. lIaving only cla,sifi~'d sample portions oflhal 

volume or of those '·olumes. however. we must infc ... the e.'tem of any rock_type clan 

baSt-'d on mapping-to-dalc. In Ihis work, ilseemed mOSt useful 10 dclinc rock-type clans 

tl\,11 arc mutuallyc~c1usive (S~'Ction 2.3.3) 

Thcs(x:ondlypeofW"oupislhcrock-I'p<·pr('(lom;n(",cy.defill~'daSa!;1"Oupingof 

aClual rocks oonSliluting units oflithodcn"'or Ics. ....... mnkwhicl\as defin~'darcdominaled 

by a COmITXJn roek IYJle or range of rock 1)1l<."S(i.e. acomlTXJn rock·t}1'" clan), A rock-

type pr~'dominancy IS thus spatially dcfin~'d, consist ing of all rock within Ihe physica l 

boundariL'Sof'kscrib..'d unitspre<lominalcd bya par1lCular rock-typc dan. For example. 

this work rcfcrslo a chamocki'ic rock-type prl110minancy(Sl-.;tion 2.3.3).dcfmedasthc 

!;1"Oupingofall rocks wilhin the boondsofunits prl'<Jominatl1lbythcchamocknle rock-

typc dan (Figure, 1-0, 1·2). RO<.:k·lypcprcdorninancylxJUnJaricsarcunitboundarics.and 

so n~1y be gradational or arbitrary 

For plutonic rocks. unit boutwlaric~ arc gencrally I'bu.<lbly imru,,,'c cont:lcts or 

ntirl~,..."logical or rO<:k-typc contaCh. any of II'hich may coincide. For c~aml,lc. thc 

Skaergaard layered pluton ha.' an c,lc"mal inlrusivc contact. as wcil as I1wny intern" l 

mincralogicalalwirock·typeoontact<.cachscpatatlllgsuoonlt,nfestablished IIllcf1lrdi,C 



signi i'kancc. By contrast in plutonic terr .... ',.."!; such as the Nain Plutoni<: Supcrsuitc. 

boundaries ofthcsc types arc rl"Cogniscd aoo used to dcfinc units and subunits common Iy 

of lcssccnain imcrpretivcsignificancc. 

In thcpr<."SCnt study, rnck-type dans arc ,Icfincd '" a.to characteri"'gr<Jupsof 

un its,g.roupsthat maybc >a ir! to bc r.:spcctivcly dominatcd by rock-type cia nsso dc lincd 

and therc/ilreconstitute rock-type pre<lominanciesofthc ,arne name. Forcnmplc. 

scvera l unilsin thcp",,,,,,ntstudyarccharac1c"ri,,,,d(i.c.dominall"1l)hychamockiti<:rock. 

thus by dcfining a chamoekitic rock-l)'JlCdan (Figurc 1-0) it may bc said th atlheseunits 

asagrouparcdominatcdbythcch"roockiticrock-t}'JlCclana'ldlhcrcforcconsti(Utcthc 

chamockitie rock-t}'JlC predominancy. II may occur that within a rock-type pr~'dominancy 

or tilc Sum ofpwdominancics thcrc arc rc1ativcly rare mck t}l',,, thm c.'ntl()1 00 said 10 

characlerise any individual un ils a'l(l arc thcrciorc not inc1udcd in any rock-l}'JlC clans as 

ddi,)(:d.Oncoptionloaddrcsssuchani>sul·istorc-dcfincl"<k."k-typeclans10 includelhe 

rare I"<k."kl)1'<'s. ancl therefore rcnaillc the s)l<.'CIra atl(lthcprcdoillinancicsto whichthcy 

l"OITCSpond, c.g.lhcnon-charno..-kiticquartl.·rich granitoid andchamock,ti<: mck-I)'JlC 

clan and rock -I}'JlC pre<lominancy. Howev, ... by including rare rock t}'JlCs we arrive at 

sJl<-"Clrum and pr~-d()minancy names lhal cannot he <;aid to characterise lhe 'i)l<."Ctra and 

pr~-dominanci~.,. lhey designate - tire names convey a false sense of the essential 

ch~ractcri stic of thcsc groups of rocks. A'lOl hl'" opt iun. and the u,re choscn in the prl'SCnl 

study. is to dcfincaddit;ona i. mi'l(rr mck-Iypc clans that do 'l(}ll'orr~SI"HI(I to any rock-

t}'JlC l're<lominatlc ics accordi ng to thc unils so far dclincd. c.g. the nun-dwrnockitic 

quartl-richgranitoidrock-Iypeclan. 



Tllelhird Iypeofgroup is lhe rocA-/ypeassociaiion, defined as cilhcr I) Ihc sum 

of all volumes of rod: in which IWO or more specilied rock Iypes are associaled in 

nddilion10 al1 volumes in which one or more ofloosc spccilied rock I)'P'-'Safclheonly 

rock Iypes rresen!, or 2) lhe sum of al l volumes of rod; in which one or moreof loosc 

ccnain rock Iypes is ncccssarilyrrcscnt and O'IC or more rock lypcsnl'<.:l'Ssarilyabscnt 

roranexamplcof lllefirsttypeofassocia1Km,lh'5won:rcflTSIOanaoorloosilcandwry 

Icucocmtic(CI > 75)gabbroid associalion (Scclion 2.4.1.1). oonsiSling oflhc sum of all 

\"olumes of rock in which aoor1oositc and \l'l"y Icucocratic gabbroid are associaled in 

addilion 10 all volumes in which only aoo11hosilC is prl'SCnl, or in other words, al1 

vnlum._'Sofrockin whichaoortoosilcOccurs singly or in associ:l1ionwilh ,-cry Icuoocra1ic 

gabbroid (Figu/e 2·5). For an cxnmplc ofllle sewnd type of association. thl' work rcfc'l"S 

lOa plagioclasc-dominated mcsocralicand Icucngabbroid rOCk-1 )VC associa1ion ( Sl'Ction 

2.4.1.3),consiSlingoftllCsumofall volumcsofl'<)(;k in wh ich at 1castonco fplagiodasc-

dominatc'(\'»CSOlTdticorlcucogabbroidarcprt.'SCntandaoonoosilcandrclali,dy l'e.rich 

gabbroKl are absent (Figure2-S). 

None oflhe references ciled in this work reler 10 rod-Iype dans, rock-t)VC 

re fl'fTing to what would b.: call1'(\ here a rock-t>pe prl'(\ominancy (as is common many 

gl"Ologisls working in igoc'Ous ll'fTnnl'"S refer 10 groups ofunils of common ,Iominam mek 

type) Or a mck-typedan the Il11l1 "rock-t>VC pf<'(!om;nanc/'or "rock-l>lIC c1an'" a rcuS<.'(\, 

R'"S['l'Ctivcly. 

Finally. 11le p ..... 'SCnt author is nol su~c'lmg that 1he rod group'''g t)VCS 

'nlroduc<~1 here (rock-type clans, rock-Iype pr~'(\om",anc'es, or rock-t,VC associatllms) 



should necessari ly he u<;c<l in future ,';orb d~scribing the rocks irl1lcstigak-d bere. tbe 

Nain I'lutonic Supcrsuitc, or anotber plutonic tcrranc. Ratber. the author consitkTS that he 

is.::xpt-'firnenting with these t~'!1nsandothcrlenns innovated bcrcand that it is the task of 

fl,lUrc workers, havinG rcad Ihis work Or any derivative works (if eveT ercak~l). to 

<'v" luatcthe succcss and ,uitahilityofth.:: i'H1ovatcd ILTrnS. HavinG said that, the author 

r~'Qucsts t hat tcnnimlogicallyoonscrvativc readL'1"S refrain Iromoutrigbt rcjl,<;lionofthe 

innovallvc bnguageuSL-d in Ibis work 

A lina l preliminary IIOle: authors having difficulty accl'JllinG tbe rock 

classification and reclassilieatitm practised in this won. arc r<'commended 10 read the 

introdudOry section and the section on plutoni~ rocks in lhe lUGS s.:hernc ror too 

classification ofigncous ro.::h(Lc Maitre 2002) 

J, I Gcolo):icli lhackgro .. "d 

1IIIIIIrod'wtiql!IOlhrN,,'ntllllonjc 511!)crmitr 

The Mcsoprotcrozoie Na in Plutonic Supcrsuile (NPS). oonoc ...... Lahrador (Ryan and 

Morse 1985, R)".Jn I'NO. Wardle 1993), is an a""rogC1lic batholith underlyinG 

approximately 20,000 kml and intrud"d astride the approximately 350" trending 

I'nkopro\L'roLoic ,Ulure mne between til.:: Archean Nain Province and tile 

J'akoprot~TOLOieand Arc~an Churchill Province (Taylm 1979, Ryan 1996: Figure 1·1) 

AccordinG I() Ryan (I'NO), 1)1e NI'S can be sulxlo,i<1 L~l baSCfl on rock type into (I) gramtic 

and (2)anorthosilic un its and 1csS<.'r(3) trOClOlit ic aod (4) Fc·rich gabb rooc and <1ioritic 

units. Tho..- classification uSCfl by Ryan (1990) do"s ""t fully comply with the International 



Union ofG~'()logical S<;icnces (lUGS) scheme for the dassiiication ofignrous rods (I.e 

Maitre 2002; adhen:<i to in this work),and the rock lypc·namcsgiveo by Ryan(I990) for 

1he f<)ur subdivisions do llOt cnCOlnlMS:> all the ,'olumctrically significant rock types 

platt'll therein. In ord~'T to mmply wnh the lUGS scheme and 10 provide nlOre 

colnprehensivcsubo;livisionnamcs. i1 is thus rcstatoo. according 10 the rcasoning dl1ai1cd 

'" Appendi .• A. that the NI'S can be subdivided based on rock t~pe into (1) variably 

cha",ockiticgranitic,.ycnit ic.a[l(ldioriticunils.(2janortoosite.I'].dnminall"f gabhmic. 

and Ol-gabhmic units. and Icsscr(J)OI·gahbroic unitsalld (4) Fc·richgabbroic, dioritie, 

nlOnwg.1bhmic. and llIO!l7.Onitc units. ) Such subdivisions arc rcf~'lTc'll 10 in this work as 

rock·t}pc I'r~'llominancl~'" (St.'Ction 1.0), since they arc definl'll by the rod lypes 

w.iulnctrically domina1ing their constitucm units. The redundancy of placing Ol'gabbro;c 

rocks in both mck-lypc pTl'llominancics (2) and (3) isdiscu.scd and resol\'oo inScction 

Radiomctricagcd~1l'nn",allon" for 1m: NI'S range ITom 1363 ± 4 and 1J60 ± 4 

Ma fora 'll<)tv.<Jni1canci nlOn~.odioritc. rCSf'<.-'Clivcly,oflhenlOtv.<Jni1Cand motll.odiorile 

Tl'Ssial'!uyungoakh pluton of the central W~'Slem NI'S (zircon, Tc1tclaar 20(4) 101292 ± 4 

'M,"enl.Ib-c> ... "on.o( t,,·o.nd lhr"' l<l'=aficrK'<v (19~3). p . • l'-' 

and,"rorn1.1 ,,,,,oC th<IDO>Ip<r"nrntdet:.i,l. 



Mn(zircon. Ryan "I", 1991) lora rock'of thcchamoditic gmnitc. QtHnonzonitc. 

syenite. and Qtz·Fsp-po rph'rTY Vo'""y l3ay_Notakw3110n pluton' of the so utlK'fIl NPS 

(R'r1'n 1990. Wardic 1993)alld 1294 ± 1 Ma(zircon. liamilton <,lal, 1994) for arock of 

the Ol·bcnring anorthosite and OJ-bcari ng gabbro ic Sango Bay pluton 0 f thesouthcastem 

l\J'S (Hilll')S2). for a timcspan ofa! least approximately 70 My, Within tnc more than 35 

publishl"! U-Pb ziT""n and bmlddcyitc age dl1crminations for rocks of the NPS (for 

wml,ilMions sec Tcttclaar 2004. Vooroouw 20(6) therc is a geographic wrrelation of 

younge .. rocks in thcnonhca'l . C",I. and soulh. and aside fromlhalthc largcst n~1sscsof 

• rh.'e.Je,,,,.yfi"dll,,"u,".ttha'th,,.uthOf,dcr.'oindlYldWl I ,ochbci n~d.."oo,,therthan",J",d .. 1 

"'''''. bu , on ,h •• b>m"" "f,troog c"iocn« 'h" .tt part,of. dcfinooWlL,,,f,ock ",.p,OO>.bly"f.~es(.,K 

cf)",. lh satioo . pc.k me",morph,c. d."""",,,,,.I) " .. , t~ '" ,"" p"'''lSion of'hm h),po,hetioal m",,,,,l 'ge 

dotorn""",i o,"," ,," v, •• hw ld n"' .. ",mc .• tk."n'" Implici" y.,h" ""ch i, thee.",. An indi"';d .. l , ock 

' A"""""' ycaltooV",,,,,yll<o)" Not.k .... nonool~oIl1hbyRy.m(t990).btLltheprc"'n' .uthorprcfe,.,n'" 

Stra ll graph ic Nomrncl,1UIT (2005) h" ",ndo,J i,ru ,hC'Cflll ,omc,n··,n .,...mN'geor m"ture<>f'ocks 

comph .. ,,"," ",uc'u,o.. . i ",hloh ,,,ronk j ""."mooty,"'''p'''bl<,o","". ", '""", ,",t<," And '" 'h< 



OI·bearinganorthosit"andOI - bearmcgabbroicroc~sar"relat ; \'clyyounc(and located in 

the northeast and south), th.:re do~'S not SI. .... m to be any correlation bctwL'Cn mc~ type and 

Compo,ition, of contact mctanxlIl'hie mineml, in 27 samples tah." thmu g.i>out 

the northern and c~11tral ;O-'PS COI1l I)o;;ite c"()ntact aurcolu indicate tcmrcmturcs from 

appmximatcly 645 to 915"C nnd pressures from appmximatc1y 3.7 to 6.6 kbar. imparted 

upon rocks whose regional metall"OJrphie grades rang~-d from gn:cnschist to granul ite 

facies (Bt"Tc 1977). Intl"Tc:stincly.the~)WL"'Stprc"ureestim"k""occurintheauroolcofthe 

Kiglapaitpluton(Morse 1969). a rc1ati,cly young unit utthe NI'S at 1306 ± 2Ma(Lircon. 

Krogh 1')~9 in Yu aoo Morse 1992). a rdJtivcly low pressure cst imateof 4.5 kbaroc<:urs 

in the aUJ"\."()k of the Voi",y Bay-N01akwanon pluwn. the you ngest koown unit. aoo the 

higbcst pre"urc esl imateoccurs in the auroolc of the Tcssiarsuyungoakh pluton, the 

okl",t known unit. Further corrcl;ltions of this kind arc not apparent Irum Ihe limited 

pressure an,j agc data. and wuuld not rk.'Ccss,1rily be cxp'"led. sirl(;c it may be too 

simplisti<: to assume lhal a horizontal pr~'SSur.: surface. coincident with toduy·s level of 

emsion. ni_<ted atthcon'iC\ofurwl remained intnCI duringlhc -:>: 70 M) im"rvalof 

imrusionoftheNPS aooprcs umC<.icOt1Currcnl\Jplittalwlcrosion. 

Thc usage oflhc knn '"gahbro"' ,HId iI, d~ri"ali "e "'gabhmic·· must be clari fi~-d. since til.: 

lUGS (Le .\tailr~ 2002) giws two meaning> and.;n the "pmron of this author. st ;1I 

arxrtllcr IllCaning is r~'quin.-d to realise Ih.: full \·~"",tilily of the first two. The two 



mcanings given by the lUGS arc: "gabbroic rock"' or "gabbro (sensu lato)"' Ii" any 

plutonic rod of QA I'" Iield 10 (the dioritc ! gabbro ! anorthosite field: Figure 2.5. Le 

Ma it re 2002 p, 23) with M > l ~. (and thm lforc lK)t illII)rthositc) and a plagioclase 

composition more anorthit i ~ than All \<) (311<1 therdorc not a diorite): and "gabbro (se",,, 

,<lriew),· f(>r a plagioclaseanil clinopyroxene rock. ThelL.:GS further statcs that gabbroic 

rochlf1llYbc ,u bdivid~-d bu ... -d on lheir o livine (alKI hornhlende)contcnt. prefix ing the 

names of those WiTh greater Than 5~. 01 1 (PI + Px + 01) to give o li vine-gabbro. olivine-

gabbronorite. 0Iivine-norite.and.;flcssthan5 ~. l'x l (J'I + l'x + 01).troct()lite , ' Now, if 

the sens", siricw te rm< can Ix prcih~-d . 00 can the sM,'" 11110 ternl that e11\:OmpaSSCS them. 

givingus"olivinc-gabbroic·'asauscfuldcscriptorforagmupofmcks made up of some 

cmnhinntiOllofo liv inc-gabbro.olivi nc-gabbronorite.olivinc-noritc.ortrocTolitc.orfora 

si ngle gabbroic rock with "utlicicnt oli vill C bu t for whi~h Ihe pymx~"~ identit ies or 

rebli\'c or abwlu t~ abundaoccs ha\'C r,ot heen c>labli,hc-d. The same reasoning gi\'es u, 

··homblcnd~-gahbr",c·· a<descriptor useful in the "anI<' way , [lul if··ol i\"lc-gabbroic·-

3nd··homblende-gabbroic··arc 10 bc USl-d. which ofcoursc they ,houkl bclx.-c ausclhcy 

arc usefu l al1<1 impl icit lydclinl-d in the lUGS >l·hl·me. a contraSlmg term should al"" exiST 

at the ",me lewl ofl}r~-ci,ion alk>wing us 10 ~tate that a rock is gabbroic but 1101 o/i)'illc-

gabbroicorho"'I>IPlld"_gabbroic.rhatarockC<ln~;"'ofcil her.oragrollpofrochoomc 

mmbinatinn nf gahhro (,j't''''''' SlridO). gahhrooorirc. or 'lnrile. The tenn recommcndc'i 

and used I><.-rc iorthalpurpo>e is··g.1bbroic ('CII.}'II,·.,·c/.,,/oj"", Thusgabbroic ro~ks(SCIIS" 

mmcnl.(;nthe1>rood"", .. mo,nmg.ll non_quamofoldsp,lIh,em,n" .. I,) 



/(10) arc cil hcr gabbro ic(.I'e"s/I,'xch/l/u),olivinc·gabbroic, or h omblel)(k .. gabbroic,~Thc 

Term -'gabbroic" unprcfixcd used before Ihis paragraph aoo hereafter;n this work snou~1 

be t"h1llO mean gabbroi ~ (s""s/I <'xch"/o) , ""less other",i,e ,pcei li~,() as s{,/O.I'/I/OIO. 

I I ) Gru,wi,,,, of/h!" Ol-beuri"" w,d OI-Ire!" 'monh",uhbruic rod,)' 

Th~ ... e is some overlap in rock type belween the aoorthos;le, PI·dominaled gabbro ie, and 

Ol ·gahhroic rock-type predominancy and the Ol-gahhroie rock -type pr~'<iominancy 

bccauscsomcph,lonsbelonginglolhclonnerpredominmlCyeonla;n signi fjcant vo lumes 

of Ol .. gabbroi~ rock gro"pc<l wilh PI .. dominalc'<i gabbroic rocks (Slambang pluton), in 

"'m~ "asc, in ad,lit;"" to anonho<itc (Port Manvers Run aoo Kikkcnavak pluton, and thc 

Paul Island leucotroCloli le (Wiebe 199OaJ), In some of thesc plutons the anorthosite 

",,,,ciated w;lh Ol·gabbro;c rock is itself Ol .. be",ing. ,uch '" in Ihe Paul Island 

"kueotroClolilC" and the Port Ma1lvcrs Run pluton {Snydcr 19~4) 

XU~"oo Mors<: (1993) "nd Mo,s<: (2006) .onsider the Ol .. bl:nring anorlhogabbro;c 

ro"h' (gabbroic in Ihe scnsu /alO scnsc) of lhe NI'S to have bt..,,, produ~~'<i hum an 0 1 .. 

normati,·,,· elrod"I;!ic" [Xue and M"I'\e 1')')3[) parent magma. and the Ol .. t;-~-.: 

' t ..... nht""do·gohbm;'r"'k,h",~"OI""""ro.er""d.mOO!l-" tllO rock<of theBarthCooC<ntr;,P I "'OIlie 

,,,orthogahbro;,--,, therefore a <hon<"tlmg o('"Ot b<.,m~ O/l ,>rth"';t< .oJ (or)OI.oc"ring gobbro;,-- Wh"TO 



anonhollubbroic rocks fi-vrn a slightly Otl.-nonnatin: ("-noriti,,-· [Xuc and Morse 1993]) 

parent magma produced as sueh citlK:rorillinally. at dept h. or by diffcrcntiation of an 

originally 01_norma1ive parent (<<'"C St."Clion I.IA for dabomtion). Xue and Morsc ( I993) 

mention that tlK: Port MannTS Rurt pil, toncouklbcacotnl'ositcbodyofsc]),1TatcO I_and 

Otz-normat;vc parents. or thcdiffcrcntiation pmdoct of an originallyOI-n onnativel'arcnt. 

of which it would be tlK: most evident example known in tlK: NPS since the plutvn 

c.xhibits a roughly symtnetrica l zonation (Snyder 1984). con.~isting of. from north to 

oouth: lcucotmc\olite and Ol-bearing anorthosite: Ol-leucogabbroic and Ol-acccsoory 

leucollahhroic roch 'o and Ol ·bearing anon IK>site; Ol-fi-.. ", Icucogabbroic rocks: and 01-

leUCOg,1bbroicrocksagain. mostl y troctolite and IcucolroC101ite 

To refleet tlK: plausible view of Xl,e and Morse (1993) that a i_bearing 

anortbogabbroic rocks (gabbroic in tlK: .,ell.'" lalO sensc) either dominate their own 

plutons or share plutons with more e\'olv~,(\. , .. omagmatic ai-free anon hogabbmic mcks 

the redcfin~'(\ ai_bearing anonhogahbroic rod-type prt.-dorninaTlcy incl"d<."" ,,11 Ol·bearing 

anorthosite and Ol_bear;ng gabbroic rocks (setlSu !tlln) of the NI'S. Cons~~I""ntly. the 

anorthosite. PI-dominated gabbroic. and Ol-gabbroic pr~-domina.ncy is r~-defin ed S""S 

olivine. and will be .ckITed 10 Iw."Tcaftcr as Ol-fi-ce anonhollabbroic lilT con\"Cn;cnce. 

lIowe\"Cr, shown on tlK: map in Figure I-I is the anorthogabbroic rock_type 

I)rcdominun<."y including Ir.o>e Ol_bcaringanonbogubbroic rochth"t I~,,"c llOt 1>':':11 (or 

perhaps camlOl be with p!\."SCnt tnapping) ungroul)<..~t from significant ,,,Ium,,,, o r OI-fi-cc 

" For d."r,<.""" of Ih< nu:uoNd ,ock name> u>«l hcr<m rd", 10 Sec""" 1.5 1 "" "",k <I.,,,fi<.,,,,,,. 



nnonhogabbroic mch. AI,o. '"gramtlc" as ap[l<'aring in the map legend ior rocks other 

than too>c of the Nain I'lutonic SU[l<'Thuilc mayor may oot bcdcfiocdmorchmadlythao 

114lnwmrrtaliOlloflhcVaitll'l/llOtlic>-,,~ 

Early a!lempts at interrrding the i'll'S foeusscd On placing different rock types in 

chronological ordcr as diffcrentialion products of cither one parent magma t~pc 

diffl1"Cllliating alollg IWO diSlinct scri~"Soroflwo parent =J;ma t)l>Cs (de Wamd anti 

Whee1crI971,Morsc 1972). Thei<ic:\ W.'se\"cn proposcd that the emirc halholith formcd 

from a single n",,, of p"r~-nt magma (Whl:der 1960). More fl.-cellI field-based .~Iudics 

haw focussci!on,Jjo;ccrningimrusivcandgcnctlc relalionsh ips bctwCt.ll individual unils 

and rock Iypcsin spl-.: ificareas(i.c. on ac:\sc hycasc ba!;is;c.g. Wiebe 1979. Wiebe 

1990a. Ryan 2001 ). More rl'Cenl NI'S-widc chemical composilional-basl.-d studies ha'-c 

foeusso:.xJ 01' discerning lhe gcneral flrocesscs responsible for diff~1"ent rock type,; (Xue 

and Mor>c 1993. Emslicelal. 1994.IJCdard200I.Morsc20(6) 

Based on the ma,;or and trace demcnt compositions of more tl~10 100 sampk'S of 

Ol·gahhmic all,1 I'I -d"m;nak~1 gahnmtc mcks and anorthosite from the ecntrl'] and 

IlOItheaSfl1"1l NPS. Xuc:\I)(1 Morse (1993) di\';,lc<l lhe "I>Imhogabbroic (g"bbroic sellSII 

lato) rocks of the NI'S into ancaSlcm dalk 11.cies al)(1 a wCSlcrn pale facies (usingthc 

Il1"minolollyofWh<..",lcr 1960). S<'paratcxJ byan "oli\'inc itnc"" (F;gUle 1·1). Thc oliv;nc 

II Th. mOSt """,horlyp<.'irn oflhe <~"'m. I,ne ,.fM ... "" (ZQ(J6) ,., pi"""! more north"~fd thon thOI orxu< 



line is a rough division. and e~cludes the , 'oluminuu, Sango Bay and Flowers Bay 0 1-

bcaringanurthogabbroicplutolJS in thc southeast (Hill 1982) and rclati\'dysmall bodies 

orOI-bearing anonhogabbroic rods amongst other rod-t}1'C predominaneics \wst oflhe 

line (Ryan 2000. 200 1, Ry:m and Jam~.,; 2003. 20(4). Xuc and Morse (1993) proposed 

thai hypcrfcldspathic mamk_dt.'fi\'t.~1 mafie masmas. perhaps made h}'JX'ffcldspalhic by 

fractional crystallismion nf a C()tc~1ic basal1 at depth and subsequent abandonment there 

of its malic cumulaK'S, " 'ere par~1ltalto both the Ol-bearins anorthosabbroic and Ol-free 

anorthosabbroic rock -type prt.'<lominancics. They ,uggcslt.'<lthat Ihe diTTl'fcncc may he 

that the Ol-bearins anorthosabbroic prc'<lommancy waS produeed by Ih05C masmas 

having ascended rciati,-ely rapidly from the mantic. and the OI·frl'C anurthogabbroie 

prl'<lominancy from those masmas having spem more time at depth deposit inS mafic 

minerals. float inS plagioda5I.', and "ssllnilatins ,ource rock. The diffl'fcncc in colour 

hetwccn the plasioclasc of the two pn:oominancics is due, at least part ly. to thegrcatcr 

abundance of eXSQI",d Fc·Ti-oxidc inclusions in the plagioclase of the Ol_bearing 

a11On hoSabbroicroch(XueandMo"", 1994). thus. the dark plasioclascofthese rocks is 

allochmmdlicl1. Such inclusions arc vl'fyabundant In the plJgiodasc of the VOi5Cy'S Bay 

pluton (e.g. Figurc 9C in Li "1111 2000 a~ inc l us~"'-rich wres and thin. inciusion'pooror 

p<'fhups inclusion·rrce ril1l~) 

Based on the major n'HI trac~ ~km~m and Nd "nd Sr isotopic compositions of 

almost 100 samplo from all o,"ertk NPS. Emsli e ,,1111. (1<;')4) pmpo><.xl the following 

Int ~rprd at~)!l. 1]x, muS"w, parental to th.; variably charnock i ti~ sramtic. sycnitic. and 

" t)efincJbykoh.nn"""( t9Jlp. 165) ., "-""ncral,,,b,,,,,,,oIou,,,du<'on"""',md";,,,,, " 



diorilicprcdomillallCywcrcproduc~'dbypartia l meltingoflhclowererost,lca"illgbchind 

a plagioclasc-pyro~e'lC granulite r~"1;'itc, a'I<1 have isotop'c signalun:s sugg~'Sli ng 

inlcruction with malerial of Soort crustal residence time, I":rhaps Pakoproteromic 

granit ie,syenitic, or dioritic rocks (bterconfirmed to bc prc>cnl adjaccllllolheNl 'S by 

Conncllyand Ryan [1996) and Ryan et ul. [1997)) or supracrustal gnciss~'S, Substantial 

melting of the rcstite by rrutntle-d~'I'ivcd basalts produCl'd rotl'<:1ic magmas thai 

CT)'Stalhscdandfloat cdplagioclascatdqnhtoproducehyperfcldspathiemagmaspar~"tal 

to the Ol-frw and Ol,bcming aoorthogabbroic pr~~lominatlcies. llouyam ascent of tlk"e 

magmas into lhe midnust was faciii tak'd by preheatl..J JXlthwa)'S prodUCl'd by magmas 

p.1rcntalto the gr.,nitic-sycnitic·dioritic l'r~~lomitlancy_ Magmas resi<!ualto plagioclase 

flotation and rraL1ionation of tocr)'Stallis....J mafic minerals rontinUl'!l to undergo 

fi"acrionalcr)'Stallisationoolhatdcpthandwilhintheintcrstic'Csofa>ccndantplagioclasc· 

richmagmasloproduccanincrca,inglydenscrn:sid","nparcntall0lhe Fc-richgabbroic, 

dioritic, monzogabhmic, a",1 morvonile prc'dominaocy. In SOme combi,,"t;"n, rchili"ely 

small \UIU111CS of thosc magmas at ,Icpth were emplaced into the mid('TU,t as 

serendipitous entrapment, among more voluminous, buoyant intrusions, and ink",t't,al 

residua were c~pellcd from thc intc"tiel'S of emplaced plagioclas","rich magmas. 10 

emplace the Fe-rid prc<lominancy. The expulsion of Fe-rich ["(.'Siduum from the 

int~..,.sti<;es of so lidifying plagioclase-rich magmas to pmducc the fe·nch prL~I()minancy 

was emlicr propo",'d by Wiebe (1980, 1990b) bas(.~1 on licld, mrneml, ma}Or dernl'n! a'I<1 

lr_Rh-Src<)mpo,itKHl:I.l c"i,lcoc<' 

Btdard (2001) us..'(1 compilc'<.l a",1 new maJOr and trace dement d"ta for 

aoortoog:rbbroic rocks (g"bbroie s,""su/<I/Q) fi"omall O"crtht: NI'S to csWmtl' thctracc 



clement compositions of tocir parental 111chs. assumed to be in 1:{Juilibrium with the 

liquidus assemblages crystallised by these melts before the crystal &amework and its 

unmodified int~.,..,tit ial melt became a clo",-~l ,y,!cm. This approach. tbe equilibrium 

di,trilmtion method (Bedard 1994) relics On textural de\'Clopmcnt and kinetic 

a,,-<umption<{lkdard 200 1 includingapf'<'nd,-~) that ill the opinK," of this author ha,e oot 

b<:endemonstrated as beingreasonablc. and (:t:rtainly oot probable.. at least not for the 

Nl'S. Careful criticism of the '-"luilibr,um di,tribulioll,nt.'thod with NI'S mcks is heyond 

the scope of this "'ork and inR'fcsted read,-'TS should evaluate the ,,,,-11>0<.1 tor thcmsclws 

Bas<.~1 "n the r~'&Uhs "fthe '-"luihbrium d'-<tribution method. Booard (2001) propos':'llthat 

plagioclase-rich magmas parental to anorthosite (in the lUGS sense uSl~1 hl'fC. i.c. sensu 

Slr;clO [Ix'l"eaftcr 5.5.] and therefore inclusi\'e of olivine-bearing varietics) formed by 

'forced"(p. 747)cryslanisalionwhensomc"flhcmanllc·d~'I"i\'l>d basallsparcntaltothe 

01-& .. "<: a'id Ol-bearing gabbroic rocks reacI,-~1 in the klwer crust with cnllCr d<'pl'-'k-cl 

aluminous granu lilc Or eariicr plagioclasc--rich plutonic rocks. Furtl 1CT1llOre.rods oft llC 

Fe_rich gabbroic. diorit;';. mo""-<lgabbrolC. and 111O""omlC predominancy ho"" Imcc 

clement proliks dissimilar 10 those cakulated for iltlOrthosit" residuum, bol similar 10 

tllOsccalculatedforthcgabbroicrcsiduum. Thisintl-rprC1alionse<:mSloamlr,,-'lwilhlhc 

interpretations of Xue and Morse (1993). Emslie "1 Ill. (1994). and Wiebe (I'mo. 199(}b) 

which consid'-'fed anorthosite, Ol'fr,-'C and Ol-bearinggabbroic roeks (their IHlOrthosillc 

rocks or a'lOrthosile [sc"s" III/{). hercafk'f.<.i. 1) as mcmocrs ofa continuum 0 r'-"t>!ltinuaof 

rock-typcand parelltage. B~-clard{2001 p. 7S0)statcsthat',llCdalilsuggcsl tll«1 mOSI NI'S 

intrusions are C(lmposilc. hcinglk'fin-cl from" at least IWO '""gma t}1"-'S or >Cries, in 

rCfl'fCllCel0 iloortllOsite occurring alongside Ol·&cc or Ol·bcaring ga bbroic mcks in many 



plutons as currcntly Jelincti. In actuality. though. all of tix"" workcrs havc pml"'scd 

pmccs ..... 'Sthatooukl p..oou,,"'a more or lcss oominuousspcctrumofcompositionsparcnta I 

to t hcOI-!i"ecandOI·bcaringarlorthogabhroicpr~-dominancies 

Undcriyingp.,t1ofNubSOTSuktokhisiandinthceastl'1l1NPSisaplutonicbreccia 

consisting of more than 200 expo ..... -J bk,cks ranging in md type from ao<)rtho.,te 

through Icuconoritc to Ol·gabbronorite sct in leuc"()noritc (Runkle and Saundc.,.,; 1974). 

Morse (2006) dl-nvl-J provisional major clement partition co·efficients for NI'S 

plagioclase by Jividing the comrosition ofa pure anorthosite block by the modilit.-J 

compositionofOI-gabbronoritepockctsintcrprctctiastrappcJ liquid withinapl agioclasc-

dominak'd block 167 m away. The comro,ition of tl>.: Ol-gabbronorite pockets wnc 

,nodilit.-J by adding and subtracting select NPS plagioclase romrositiotlSto 'nodifythe 

normative colour index of 44 to 35 and 49. rcspC<:tiwly. so as to estimate the 

compo,itions of rel:Jtivciy fds,c a,Kl mafic variants of iiquiJ, pare))tal to Nl'S 

;)))onhogabbroic rocks (gabbrOlc .,ell'" lato). The provisional partllkln c·oeffoe,,·nt, 

dc"ri\"t.-J filf the fclsic mcl t whe)) u.<t.~1 on the compositK>))s of plagioclase megacrysts lTom 

Ol-gabbroicrocksyicldl-Jquartz-nonn.1tivc parcntalli'lu ids. Bymisingthcprovisionai 

SiOl par1itionoocfficicnt to 1.1. ITom 1.035 and 1.061 for fdsicand mafic liquids. anJ 

rt.-Juc)))gall the01hcroocfficicnt s··pml"'rt~>nalto t heabundaoccofthelTco)))poncntSill 

the ,nodd liqUId" (Morse 2006 p. 207). two sets of final partition cod];c,e))ts arc 

pmduce ... 1 which whe)) usc ... 1 0)) the compositions <)r 19 plagioclase megacr}"t< from SIX 

NPS plutons (four Ol-bearing anot1hog.1bhroic. two Ol·frec anonhogabbroi() yield 

par~nlal mel1 compositions that arc almost all colTt."Ct ly elaSSl fi l-d as either 'tmngly 

olivine or slightly quat1~_n()nnat ; \'e. Unfortunately. it is unclear e~actly ho" Morse 



(2006) pmponionally r\."tIuccd Ihe non·SiOl co cfficients and by which or Ir.c model 

liquids Ihis was do"" acwnling 10. except lhal it was a felsic liquid. Morse (2006 p. 2(9) 

stal~-.I that 'lr.c [panition mcfficicnlS] obt"i",,-.I are 1I0t claimc.:llo be equi librium values 

und Ir.cyca nnol be cxpeetoo 10 wo rk satisfaclOrily in otr.cranonhositesuik'S .at least 'lOt 

w itho ut <o'ne ti ne tuning·' w hi ch promp ts tr.c ul1avo~I,.ble question as to the "'caning of 

these mongrel coeffi c ients mid their apparent SUcCCSiJ in the i'll'S 

I.2 Subju t rn<: ks 

The rocks st udied in this work bck)ng to the i'l l'S, and to a much lesser extent, scrL'CIlS of 

high-grarlc m~1mJlOrvh;c rocks cnelosed therei " (Rya n 1990; Figure I- I). and arc lhose 

rocks belo nging to The Ra1"1 h Coocc lltr;c Plulonic Suite (Ru lli ns 11971] as "'Banh Islallli 

trocto li tc·· and surm utl(ling rocks; n.~lcfiIlL,j IlCrCin) and adjaccnt 10 it. and those rocks 

bck>nging to a 1',1"1 of Ihe wc,krn ha lf or tile Hosc nbeil1 plulOn (Ryan 12000. ZOOI] as 

Ho","bein U/~'C pluton and intrusion: Figure 1-2). NOIC thall hc conta~1s d'''playC(1 on 

Figure 1·2 and d<"f;vativc maps in thi s work are rock·lype contacts. i.e. cOlltacts betw""" 

bodicsofdifferent rock t)"!'C. d,ffercntatlcust in root name. Intnlsi"e contacts that arenOI 

al,o rock-t}pc contacts have 1>t.'C1I omittL-d ti-urn ,his map. and readers are referr,-~Ito the 

mal' of Ryan (200 1) which d i"pla)lll such contact. withi n rocks adjacent '0 Ihe Ba1"1 11 

ConcenT ric Plntonic Su it e. Imrusiw contacts wiThin the Barth Cooccntric I'lutonic Su ite 

that arc 1kJI "Iso rock·type COrllact, arc ,k'SCrilx"d in Sl"<:tion 3.2.2.2 ntl(l display,-"tI in 

Figure 3-2 

The Banh Conccntric Plutonic Suitc u,ldl'Tlics appmximatcly 34.5 km' of bnd 

spanning Nain Bay just nonh-IIImhcast ofNain. with rough ly equal approximately 5 km ' 



ur.:asu'KkrlainonlhcsOUlhcrn_<oorcaIKI Ibrth Island. and an appffixim utc!y2Skml ull-'3 

u,)(krlain on the oortho.."111 soon.·. 0"" or more faults on ca,h side of Barth Island 

slllistrallyoffsct the struc1urc. willi a lotalhoriLOntaldispiaccment ofapprox imalciySkm 

nSSUllling an originally nonh-south-clollgule fonn, Distinct. rock lype-dcfin~'ll units arc 

more or less conccnlncally :trr:tng<.~1. alld ,"nsist of cither (01-1T<.'t:) ~nor1hos itc alld 

gahhroic rod,') (jotunitic rock [Mulhern 1974. de Waard 1976);jmunite [Wallace 1986[; 

fmodioritc [Ryan 2001); Icuoooorilc [Gaskill 2005]). Ol-gghhroic rock (troctolilC 

(Rubills 1971. 1973. Wallace 1986. j{y:m 2001); tro<..1ol ilic rock [MullK..,.n 1974. 

Lewndosky 1975.dcWaard 1976); Icucolroctolitc [Gaskill 2005)). r e- rich diori tc and 

r .... rich):ahhroicrock (noritc(Rul>ins 1971); noritie rock (Rubins 1973 ):oorilic. 

gablJmic.jotunit ic rock (dc Waanland Mulhern 1973. Lcv.:ndosky 1975);jotuniticrock 

[Mulhern 1973. de Waard 1976); jOtul1lte (Walla" 1986]; f~'1"TodioriIC (Ryan 2001); 

fcrrogabbroid (Gaskill 200S)). or eha,nod;;,;c rock (adamell itc (Rubins 1971. 1973. 

Wallace 19861; adamcllitic rock [/-.1ulll(.'1"0 1974. Lc,'cndosky 1975,de Waard 1976): 

OlOl1<'onitc (Ryan 2000. 2001. Gask,lI 2005))_ By Fe_rich it is 111C;IIl1 at !caSl 

mincralogicallyFc-rich(c.g,fcrrosiliticorhcdcnbcrgiticpyroxcnc.fayaliti.:olivine) and 

III m:tlly illsta'lC~"S modally Fc-rich (e.g. percent lewl Fc-Ti-o~ide) 

The lcucollOrilc Hoscnbcin pluton of K)'3n (2001 ) und~'fli~'S approximately 24 km' 

w~"St of Nnin. cOlltmsl00 to the roodin~'ll allOrthosile and icuwgabbroic Ilo""nbe", 1,lulon 

of Voonlouw (2006) which c .• tc'Kls much furtber to 'he cast. encompassing "-':)Sl of 

Kyan's UllIty Bay and So~th Channel Ca,rn plutons. It ;s tbe opinion of this autoor that 

" r"",bohkd forodkd forr~odablt")' .m,d,'c,",'""" 



Ryan (2001) has provided more and slronger cvid~nce for his definition of the pluton 

whose weslem margin is S1U,lkd h,:reiu. Ol-gabbroic rocks were recogniz~-d by holh 

authorsaJong Ihc milld lc "csk"ITl margin. and lhe relationship oftho:.-sc 01-gabbroicrocks 

10 the rc,t of the phllon. i.e. whcllKr or 001 Ihey might comprise a comagmat ic mmginal 

Lonc,is locmain qucsl ionaddrcSSI.'(lofl hi splulonin lhissindy.A ccordinglo Ihc samples 

sindit-d hne and fieldwork condUCK-d for Ihis work. lhe Hoscnbcin piulon is mosl 

accurately describc<J as Pl-domin"l~-d gabbroic with a locally Ol-gabbmic westem 

1.3 0bjccti.·c. and philosophy 

"l"oc ohject ivc<of\his work arc 10 

Dcscrioc newp<."lrographic" and contnCI rcl.1lionshi pobscrvationsoflhesubjccl 

rocks and interpre1 1)1I..'SC alongside pelrographic and conlact relal~)Jl<hip 

obscrvalionsdcscribt.-d by previous w"rk~"Th(Ruhin' 1')7). de Waard and Mulhern 

1973. Rubins 1973. Mulhern 1974. Levcndosky 1975. de Waard 1976.deWaard 

eral. 1976. Wallace 1986. Ryan 2000. 2001. Gaskill 2005); 

"t'etrogropt,yha.bcrnhistC4"Le,l lyoon,;ocrcdth,,,"' ,redo,,,, ri pl1W",po<tofp .. ·"·oI"IIy( •. g . .IOO,,,,,,,," 

'" 



1) D ... 1<:nnine I)!"cciscly. ae(''Oruing to the lUGS classification scheme for i]9lC(>us 

rocks (Lc Maitre 1002) as modilioo by the British G~'()logical Survey (Gillespie 

and Styles 1999). what rock typcs are p"L"SC1I1 among thc samples stud,oo of the 

subject rocks: 

J) Speculate interpretations of newly dctenn;n(,..! olivine fOrSI~'fiteooll' l)()sitions for 

s.1mplL'SlS rqlT<-'SCntingOI'gabbrolC rocks of the Barlh Concentnc 1'lutolllcS uite: 

4) Dcscrihcand imcrprctthepctro!l1aphicoont"xtofztrconand baddclcyitc io the 

OI·gabbroicrocksofthcllarlhConccmricl'lulonicSuite; 

5) Gl'OChrooologically int~.",rc1 z,rcon g.rains Irom sclttt samples of lhe Barth 

Conccntric Plutonic Suite andadja(.'Cnt rocksaoothc llosc:nocinpluton.bascdoll 

U-Pb isotopic compositions ncwly detcl1ninoo by laser ablation- inductively 

coupk:d plasma mass spectromctry(LA-I(I'MSj 

It may s.:em inappropriate 10 the reader Ihat description and rock classification 

should lake plae(,'S alongside intc'l)!"<-1ution;o thcobj<.\.'tivesofth,sst udy. SIllCCtli<-'SC are 

comnxJnly regardc..J a. means to an end. butlhere arc t ... ,o jusl,ficatKIllS for lhe ~icw taken 

Firstly.tliiswork isdcsiglK~1 to serw as a comprchens;"" review ofpelrographic 

andcontaet rclationshipo1Jscrvations made for the rocksoflhe HarthConccntr;c I'lu Ionic 

Suite. along. with basic interpretations ",. these features. Thus. 10 1"<-"""" II><..'SC data 

lo!:c1lierand inas much reliabkdctail as possihle IScons,d,·,<-,1 "nobj!.'Ctlve ;1\-3,ld·ol: 

,tself 

"Wh",h" no< meon' '0 ,"'ply,,,,,, . .. mrk "<,<c-<.Qntyc""1>In'''""ne of"",R""" ~,.""'''< « , ,,,,,,,,",,on 



S1.'C<looIY.l!istheopinio""fth"aUlr.orthatanys.:' icnlificint"'l"ctationof an 

Ohjt><.:10 f 51udy(c.g.spc<:ificph)"kalobjcctssIlchasroch.batr.oliths.apples.galaxies. 

orobjt'C1S defin~-d as classes with mem""rs. ,uch as biological spt-><.:ic". mineral spoxil'S, 

t)'pcsofgala.'ies)is111eaningfulonl)'in",f.1rasthcobjL><.:tisdCl'cribed. Forcxamplc.a U-

Pb age interprdL"1i from the ana lysis of a sma ll volume of 11W11cr is almo.t meanmgless. A 

U-Ph age intcTprctl"1i from the analysis of a small volume of baJdclc)'itc is mOfC 

ll1<:aningful. A U-Pbage inh'rprck-d from the an.,lysis ofa small wlumcofbaddcleyitc 

bek)nginglolhcccotreofbrownprismsimil:.rtootht."rooddc1eyilCCr)lSlalsina(l;ctional) 

brownish weathering. mcdium_grainc"1i (CII'W 19(6). $uOOI)hitic textuR"1i, 1.5 to 2 m 

thick dyke of gabbro (u.) inlruded into finclylamlllalOO sillstoncofthe( ficliollal)SroU1 

CovcGmupaodsamplcd fromacoaslaioulcropjustsoulhof(ficlionai) KoobllarOOuris 

more meaningful again. or would be if the subj""t. wcrc 001 imaginary. It is tlO 

cxaggemtion 10 say that !ulfillment of the dcscriptive ,,00 da"ificalory objc'Ct ivc, 

oltt ii nL"1i abo\'e will add aJditional meaning to all prc"iousaoo fulure imcrpR1(tlion'llot 

only of the Barth Concenlric I'lutonic Suile and Hoscnbcin pluton. but oftl\<: Nain 

I' IUlonicSupt-'TSu ite and other Protcrowic aoo11llositcsuttes, iftlOtofbro<l(h. Tgroup,of 

maUl"T. I'"t another way, ~oowkdge canoot exist m iwlation but in context. and 

dcscripti"cd~1ail is the nlOSl fuooamcntalsub,tanccofcontcxt. 

11 may alw SI.'t:rtt inappropriate 10 the readL"T thaI no at1lbiliou~ objcet i, 'cs 

in\'oh-ing,uchlhingsas j>t-1rogct\t.'Si,. mode of intrusion, magmachamberdynamies. Of 

an}lilmgto(iov'itha "'nx"ler·\\,~"Tchstc"1iaoo\'e. OOr were mcatl1 10 be itnp lied. 11 "the 

opinion of this author thM the (."(>rIventional way that tHany g(.'Ologica l stud ies arc 

c"Onduct~-d---{\r at least pr<--scmcd that tS, by prc>cnting as lfle crowning ;tchie\,CtlK"t 



some sort of ful l im~-rpreta1ion (c.g. such as one involving an assortment of those things 

listl-d). ~'ven if explicitly only pmvisional or 1",,,il>lc. and commonly from an ambiguous 

or vcry limited dataset. is commonly dctrimcmal to the science. Detrimental. because the 

intcrprctation<:anb<..-.::ontea forceo!"itsown. ck,utling our objt-.::tivity. ek"ing our mincis 

to "ltern~ti,·es. 'lnd numbing our ~r;tical inst inct. We tend to place more emphasis on 

documenting histories o f ideas th;m on reevaluat ing ac<:umulatcd data wilh a tTesh 

Surelyil is ti"uith'ito Sp<..'cuiMcon how rocks mJY bc imcrprCK ... I.but wc should bc 

unceasingly carel"1 not to onThtateoursclvcs in doing so. It cannot be dcnk ... t thaI 

imcfllrc1ations haY<" ",,,memum. and In the science of gwlogy wh~Tc rmollY intcfllretmions 

result from an intuitive weighing of multiple lines o!"evidencc (Frode]))'1n 1(95) ami 

undcrstakd and even unstaled ""umptio",. many interprctations Carl be no more 

disprovcn as proven. Thus. the interpretation li ngers as long as it is tI()l founddrsta'kfu l 

:rccording to" rn:w paradigm. students learn about tll;: int~-rprdation IQr its own sa~c and 

llic idealiS<.xl dala thaI support it,andp<-'Op!cwitltncwdatacitIK:rs..y"'yay'·or"nay'·thm 

th"';r own data and imcrpret,lion arc consiskm wrth the old OfIC. Dang~Tou'ly. ntarty 

··scienti.ts" become cmOlional ly attnched to imc'1'retatio", at lhe ape"'" of cr itica l 

thollghtandrca l progrcss. Ovcrstatedandct{lot ionall y-auachcd.tointerprctations arc n01 

the' ru l ~. hut arc common e"ough that they cause a partial impotency of the crit ic:d 

impuI'\<.' thaI deflnc. u. as 8c ict\1i.<ts arKI clo ud our collect ive g~~)k'giealthought with what 

Of ~'O"rsc the hi,lory of g~'Ology is fu ll of intcrpretations that gui<kd further 

hyp01 I""is k"sling lhal yield~...J new,nd valuable in'ights. C"Ommunly at tt",cxpcrtscofthe 



previous in!c"rprctatiuns (e.g. unifOfml1arianism.continentul drift. Darw,niane"olution) 

Clearly. then. g~'(Jk>gical intcrpr~1ation is a duuble -~-dg~~1 SW{)rd. In the opinion of this 

author. scicn"e con,ist, of two halves. rolllCwhm analogous to image and dcplh: one is 

int erpretation (depth). thaI is. thu ac'Curale mental conception of how Ihing. relate; the 

otll<."1' is knuwk-dgc "fhow the universe obj~'1;:t i \"cly apIXar; (image), the accurate mental 

eOr>Cl'Ptio" of how things arc. Without koowledgc of how things arc. they cannol be 

related. hut withour C>;Iabli,hing rdarionships. myriad things could not be u111krstooo 

with respect to each otocr. What I am advocating therefore is oot an abandonment of 

inr~"1'prcratiun . butratht...-ashifitowarusyeaterlx,laocc ashifltowardsmorercverence 

fOfpure data (i.e. that data dearly prc'Sented and nN wovcninto interprdations(c,g, the 

ditlcrcoccbctwcen rclativcly t'nellrained. hypautomorphic"yanular margi ns and chi lled 

margins]) and ils inc>capabk eonstra intive aUlhority. We should be more critica l ,rnd 

mOre pat ient . We shoukl SlOp p<.'1'iodical ly. llarh~'1' up '" mo"h as we can ofloc reliable 

dat" culb:k-d on a ranicu lar Objl'Ct of study "nd «'C\'aluatc the whole- ,et. Yes. some 

\\'orkcrst\owmrilationstudies. but rocy arc 100 f~'Wand place far too tnuchctnph.'sison 

historicsofideas rarhcrthan r~"'·\lIluationsofac-.;umu l ateddata, OVl'1'all. " 'eshould scc 

our u\Jwtl ittll achievement as the intensely critica l and rigorous e>'"luation of maximally 

varied and max imally numcro us dara agaillsl ;tltcrpr~1ati"ns. Active skeplical ~p~'Culat ion 

smlU ld rroduce those i"t~"1'prct"t ions w~ ~"aluat e aga inst 

It i, the orinion ofthi, ,mthor lh,n in high-temp<.'1'alure l'C1rology we Tk. ... 'd be 

esp<.'Ciallycarclu1.cTirical,andralien1:o'<lrcdma,-""('r,·,,,.bccauscour,yst':t11sof study 

arC \Try ~"tl1pl ~x and 'ictai led. and C~1lPlOr be sari,factorily rerlicak-d in 1]..., lahorator)' 

By]...,ingcall,iousanddalarc\·crclll. wcarc'a,,-,ur~~lat icastofgradu.'lprogrcss. 



IlIlhi, study. I prL'M'Tlt new and prc,;':'us data ollihe BarthConcL,ltric Plutonic 

SuilCand Hoscnbcinplutonan(\Sp<.'CuialCthoscintcrprelationsthatarcmOfcorless sdf. 

evident. Thi, work m",t n'f1ai nl y dOL'S not he up t() the ideal, out lined allow and 

elsewhere in the thesis. howewf. since it was late in this project when j became awnre of 

such ideal.<and ix'Causcaddilionalta.<ks.<ucha.<rigmou, hypotflcsi' lestingw()uld lia,,, 

en larged locprojL>cl hc),)oo thc,co]><, appropriate for an M.Sc, Ho]><,fully, the data 

rcvL-rcneeatk1nph:dhL-rcwil l ll<:lprL."torcbalancctoourlicidirisomcsmall part 

N()te that. with the eXCCplKln of olivine compo,it;"ns aoo U-j'b isotopic 

composilionsoflircon and baddelcyitc, this ,,,',k does r.otcxamincg L'()chcmical data fo, 

thcBar1hCoIlCL"Tlt ric I'lutonic Suite aoo Huscnbein plulUn.11Icrcason lortli is omission is 

twofokl, First ly. in contcmporarypctrology.fockclassificationaoop<.'1mgmphyreeeieve 

,;gnilicantl y II'S' all ~nt;on Ihan g~'()ehemi,t ry. and SO Ihe present anthor has chosen to 

givc much needed attention to Ihese ncgkcIC'i1 aSp<.'Cls at tllC C~llCnsc of gC<)cocmistry 

Sccondly.tllCtilCsisprojL'Ctaoo wrilcup arc already lnrge ocyO!wl wl.lt is nppropriaw£<>r 

an M.Se, No more mJdinition aoo enlargement of Ill<: projttt can be sU1Tercd 

New flcld observations WL'TC rccordL'tl (Aprcr.dix 13) and 1.1mplcs £ol l cctL~1 rluring late 

Jun(' alld Julyof2005 rromthcp,,,t oflheUarthConcent r;c Plutonic Suitc on the <Qul h 

side of :-'ain B~)-'. aoo the m,,"s adjacent to It. and a pan of the we,tc-rll half of the 

lloscnhcm pluton ancl the area boUIWltlig 11 to I fie weSi (Figure 1-2J-Owr 130samplcs 

!Tom that season plus o,'cr 250 oollcct~'tl by O. Gaskill (2005) plus one more colkcted ill 

2006 by 1'. Sylve,tcraoo A Leitch of MCHlor;al Uni,crsityofNewfouoolall.J \\ercthirl -



S"'C~iolled. dassified. and d<-"scrib<.'d (Ap(1Cndi~ C). Thin·sec~i<Jns for chamocki~ic rocks 

W~'fe wmmollly made fi-um the lno-,~ "~1fic paris of ~he sawed surface. so ~hc namt.'S 

assigned llL'fe shoukt be consilkn'd to rer'R'SI-~lt relatively mafic expressions of these 

rtlCsamplcs used fur thlsprojl.'<:t i",(1 othcrsofthe suhject rockscollcctc'd (and 

still in the possession of MCllklrial) but oot u,,-~I ea,h have two Klcntifieations: the first 

being tbciroriginai, field identifications, markt.'d "ariousiyun the hand ~mpk'S,chips. 

thin-se<:lions. powdcrs.anJ thcirb.1gs.jars, and dmwcrs, and in thc ficld ootcs; the SCCQnd 

beingsimplc,arbitmryrcKkmificationsforthcpurpooscofthisthcsisandpossiblefuture 

works using these sampk'S, also mark~'d on the thin·sections. The sampk'S werc 

reidemified by assigning numb<.'fS in more or less the order they occur from Iklrlh to 

south. and in two suites according to Wikl cullL"Cll'd them. S. Itincheyor O. Gaskill. Thus, 

HI is the Ill<)SI oonhcrly ,ample tulll'Ct~-d by tbis author. and G284 the 1110,t southerly 

wllectc-d by Gaskill (2005) 

Field work consisted ofrl'\.'Ortiing variably detailed obscr'""tions and co lk'Cting 

sampk'S at spt.'Cific. GrS·klCatL~1 statk)"'. Stillion" arc nklst concentrated m areas of 

litl><JlogicchangcuruthernutSlall\lIngfc31url'5 

In addition tn rock nal11~'S. modal "timatcs .... ere R'COrtied fi .. th"",,-'Clio115 

rl1)rcscnting s.1mpl", c"lIc'C!l~1 specifically f()f this pTOJI.'ct, but. lor e~pt.~licn<:y. not for 

those rcpr",,-·nting samples collected by G;lSkili . This cho;';e is regrettable b<.'Cause 

recordc~1 moda l "timatcs prov,de a n><Jfe prl'Cise Chamck"fisation of the f()Ck than the 

mnge ofmodL'S pos.iblc for any given rock ""me. Also. Ru>rding both modal CSlllnatl'S 

aoo rcsult ingf()C\:n.1l11esp""idcsacllL'<:kagainsthumancrrorinas>ignmgrock names 



Also Ii" expediency. thm-S(.'Ctions rLl'rescnllllg samples colk'Ctl'tl by Gask,1I WL"-C not 

described in as much detail as those n:presenting sampks spce,fj'ally colk'Ck'<l for this 

project. and W<"-e commonly deseri""'l using interpretive descriptors (e.g. partially 

rc\;rystallisl't] plagioclase) for features well documented by obj<.'C!i'·c dcscriptors (e.g 

plagioclasc exhibiting subgrains and colllmonly occurring as domains of <'quant grains 

with smooth or polygonal boundaries) in thin-S(.'Ctions rcprL"SCming samples spt-'C,fjcally 

coIlL'Ctcdforthisprojec1. 

Olivine in thin·S(.'CtioIlS rl"presenting 93 s..mpksofOI-gabhroic rock from all O\'l"

thcl3al1hConC<."1Itric Plutonic Suite. toough ooncentmk't] in the noJ1hwcst and south due 

to a~niI3bility, was analysed by electron microprobe (EMP). 

Thin-S(.'Ctions R"prL"SCnting eight. "ark'<l rocks of the Bal1h Con"e"tric I'lutonic 

Suite " 'ere searched for zircon grains coinse enough (~ 40 x 40 ~"n) to be imalys..-d for U-

Ph-isotopic composition by LA-ICI'MS. A 1cll(:ugabt>m samplc intl"TprL1<'t] 10 rcprCSl11t 

the main bodyofthc Hosenbein pluton Was crushed tooll!ain l.irconalso 111ml YSl'tlbyth,s 

Thin-sections representing 60 samplesofOI-gabbrOlc rock from all O,er the BaJ1h 

Concentric Plutooic Suite. again, concentratl'] in the northWL""S1 und south. 'H're manually 

searcill-d for OCcuITl"1lCCS (ind,viduals or cluskrsj of l;rcon lind baddcley'tc. 581 

OCCurrences wcrc found and documcntl-d in tcmlS ofncigltboring mincr~ls. "hether the y 

w<..-e ind;,iduab orelustl"TS.grains;zc. habll.andillly01Ix..-notablc propcrt"" that WeTC 
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Analyt ical mclhods for measuring oli~inc and U- Pb isolopic oomposilions arC 

dClailed in Ap]>CndieCll E and F,rL'Spt.'CI;vciy 

I.S Tcrminology_ dcfinilions, and nomcndalur<.' 

/j/Bqd;dll'!i!lco/iQn 

Rock classificalion in the f,eld was oooducled by placing rocks illlo the more or IL'SS 

al'CumlC calcb'Orics of: Ol-gabbroid. chamoekoid, gabbroid. anorthos;lc (OI-ITl.., 3noJ III 

IhellJGSscnseandscnsulalO li>r lcucogabbroid).andfcmldiori1C(IiJrlhosc·",<.·hthal 

looked likc the ··fcrrodiorite-· samples co llcctl'd by Gaskill 12005 1 which cquall""S 10 

mesocratic. 1-2 mm gminoo with light coloured .... ·calhlToo plagioclase and brownish. 

commonly Tu>ly wealr.crl'd mafics. variably foliatoo). /I.Iosl rock< sHxliL~1 of lhc western 

margin of Hoscnbcin plulon wcre dl'Scriix:d as either "'hypautomorphic-granular·-

(oomposc'dofamixturcofaulo,norphicaoolessfaci:tllyde\"elopl'dcrystalsjo'··p"rh:tps 

xcno,norphic-gmnula'· (wilhout cryslalsexhibil;ngcvid<·nt facial devck'IHn<·nl)_ inso]:"r 

3S could be determine'll in the field. which secm to cqume to Ihe ··cumulatc·· and 

·grnnular"-rocksofVooruouw(2006).rcspl'Cli,cly. 

T11c rock classification schemc used here ;s the Br;t;sh Gl"()logica l Survey 

,nodif,emion of the Intl-mat;':",,,1 Union of Ge"()logical ScicnCl""S ""heme fo, the 

classification ofigll\."()us rocks (Gilkspic and Styles 1999) ..... hich is simply it slightly 

mOTe rigorous and prl'Cisc ,·crsion of the lUGS sehl'11IC (Le Mailrc 2(02). The fc\\ 

mdamorphie rocks cxaminl-d III lhis ... ork arc given ]gll<.~'us num~'s. ti>lk","-d by 

ml1anll)'1,hic roots fo' those COlll'CIl~1 Spl'Cifical ly for this \\or~ in thc southern ~tudyarca 

mxl Ihus obscr'et.l ill the field. Those mctankJrpilic rock S:llTlplcs ~oncek'd by Gaskill 



(2005) were !lOt observcd by this author in the ticld, and arc thusonty assiglll'tl ,g .... ~)US 

The British Gcologicat Survcy modification oftr.c lUGS classification scheme for 

ig .... ~)US rocks includes guidelines, more or less adopted here, Ii,r the USIo' o f hyphens in 

rock r~II"es ~nd for indicating tr.c ab<mdancc of acc~"SSOry minl'nlls in rock names 

Il)'phensarc u><.'tl to indicate111iner~t nmnesthat fomt parts of root rutm",. and thus arc 

!lOt " ...... cty mooilil"TS, such asquartz-diome,otivine-gahbm, hombtcnde-gabbro (for 1'1-

Hbl rock), and albli fdd<pnr_granite, asopposcd to such n.1ml-sas biot ite g .... nite and 

hornblcndc Gabbro (for Hbl as an accessory in rl-Cpx rock) 

Thrc'" clas.'!", of accesS()ry mincrnl are defined: those comprisinG less than 5~. of 

tr.c modc, indicated by "-bearing" following the mine.,-al name (e.G. ilnl<;rule_bearing 

gahbro): lhosecomprising bctwccn 5 and 20''Ioofthc mode, indicml>dby unaccompanil'd 

rninl ... al names (e.g, ilmenitc gahbro): aad those comprising grcatlT than 20" . "fthc 

rnode, mdrcalc hy "_rich" following the mineral name (c.,," ilrnenrtc-rK'h gahb.-o) 

HOWC\,CT, in this opinion of this author, a stak"",'n! indicating th,~1 a rock is beJring a 

ccTlain min<.,-ai or other feature shoukl rot be wkcn to mean anything ollllT than the 

Irtcral, gCIllTai meaninG oflhm slntcrnen!. AccordinG 10 the I'ap".oocl; Oxford Englr<h 

Diclionary(2002) one of two meanings of the word "sp(,d" is '·v. I!olmark with small 

spots"'_Soitsccmsa[lJlroprialclhal-·spcch>d"bctheadjl'<.'m"C,cferrinGto"""""Ihing 

"tn.1rh~1 with smal l spots", or, stal<>d mUTe sl""'<.'ifically in a "ay particular to llm.'c 

dir""nsl()"S_ "bearing rci;'li\'c1y small, dis[1<.TSCd ,0Iuml'S", In thi s work. then. an 

aCCl'Ssory mineral comp,ising lcss Ihan SOlo of!he mode is inJicatcd by' "-'p'-..:kcd" (e.g. 

rlmenrte-sfK'<'k~>d) instead of "-bearing". Modes of at.'<.'essory minerals l'Slrmat~>d to be 



appro~i"'atcly 5 or 2~. an: for the purpo"" of rock classification pla£oo in the IoW~'f 

A simple scheme of bfa£~~1 usc to indicatc certain aspo..-.:ts of the modal 

abundanccs of acccsoory ",incrals w,'s in"cnt~'d for this wo rk. A~-':L"S"ory minL'fals of 

approxIlHalciylhcs.1Incmrnlc(i.c. of modes indistinguishablc hyestimalion)arc placed 

in alphabetical ord~'f within round OrJchts. c.g. (Bt-Ol) gabbronorite. Accessory mincrals 

pl""rCcived to be closely rdlted (Bt and I1bl. 11m and Mag, Fa and r~) whose abundances 

individually arc less than 5~ . bUI combinl'd arc grcat~'f than 5Y. arc indicated by S<Juarc 

brackels. e.g. !Fa-r.~] eharnockitic quarl/.-leUCQIllQ1l7.Qnitc. The two systcms ofbrach1s 

are mutually cxdusl\·c. e.g. !Fa-P.~I indicates Fa < rx. but may be eombill<.'d, e.g. 1(l lm. 

Mag)] I'., _rich anlipo..Tthitic diorite 

Ch"mockitic rocks arc taken 10 be those ganitic and syenitic rocks and 

rtlOnzodioriteandquan7.dioritecontainingpcrccntle"clpcrl hitc(s.I.)andcithc'ffayaln,e 

olivinc or. or inadditio" to. pyroxcnc. Tins definition ofcharnockitic 00 m:spondstlXlre 

or less to that of the tUGS (I.e Maitre 2002). and their (:on\"ention of ass'gmng 

amiJl'--nhitcto P.po..-nhitc\oA.lmd nlCsoJX-'f1hitc d,vided C<Jually to A and I' is followl'd 

hc'fc. Charnockitic rocks in this study nrc oot given the special names fi)T chaTllOCkitic 

rocks (e.g. mangeritc. cndcrbitc. opdalitc) but Truber arc given QAP 'wiles prcfi,xed by 

"'chaTllockitic". This pmctice was taken wnh lbe "icw that a widl-r audi~llCc will more 

readily und~'fStand n~><lified QAf' rootnam,:s rather than unr1(:ccssary spl'Cialll'nns 

lI.ock samplcs that are cithcr dioritic or gahbroic arc classifil'<.l IIl'fc as dio rit,conly 

if tlll..,.c ;S pcrlhile (.<.1.) present to indicate th"t the rock r~'pfcscnt s an 1I11entll'd,alc 

compo,ition. It is the orinion of this autilor that the ba,ie ciassificatll)nofa su!1icicntl y 
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wars.:, holocrystallinc ignmus nKk (,-c. i!ln~'()us rocks whose modes arc wmpk1e arnl 

readily delcnninablcl shouk] not dCl"'nd on a measure of aV~Tage plagioclase 

composition, unly rcl iably and practicallyaflainable Ihrougb inslrumcntal analysis. either 

indirectly limn the norm or dircctly by X-ray mapping of a substantial area ofsL'Ction 

rhc JUGS statcs tbat th~ clas."t'catiQn of plutonic rocks "is rn.'«.'<1 on modal param~ters" 

so it should not make an acept~m requ iring expensive instrumenta l analysis to 

dist inguisb gabbrOlc fi-om dioriti<:. Shouk! ewry gL~)~)gisl stw:i yinggabbroicordioritic 

rocks ,JCCd to instmn><:ntally analysc thcm just to make this ba,iediSlinctiQn'! After all. 

tllt..'SC arc not ,,,leanic rocks whose mode is usually either incomplete or too linely 

manifest to be determined by any sort of com'ellt",,,,, ] m~1hod. Howe"er. ewn for 

voleanic rocks. the lUGS states that they should be classified according 10 II1O<lc if 

d~1cnninablc. To distinguish between basalt and arl<ksilc. eilh<..T total alkali -s ilic:, (TAS) 

classi fication or colour inde~ .1 ,1<1 weight pereent SiOl arc u'«.'<I, n01 plagioclase 

composition !x'Cau.<catl<!csites"commonly"(Le Maitre 2002 p. JOloontain p itcnocrysts 

of compoSItion > An «l. WI"1tthcn.isadiortticrocksupposcdtobe.c.~cL-ptthcphancrilic 

equivaicllt of an alldesitc? What SQ" ofill(Uiti\'edioritcis the lUGS trying 10 caplure with 

ilS < An«l dislilletiort~ Evi,kmly, ro<;b wit h otherwise gabbroic modes yet with 

plagioclnscs of klwer temperature CClmposilion. Bllt mcits pmducing klW~T tL~llper~ture 

composit ions " I", pro<!uce IowcT temp<.'ratur~ , ,,,)d~,. so il would corr.:spo'l<l more wilh 

nmural reiall<)I\ships (g uid ing principle 6 of lhe lUGS seh,;rne ILe r>laitre 2002]) if 

dioriti<; rocks "(TC dlSt LngUl.<hL~! 1T0m gabbroic rocks on litis ba,is a< weil. This 

distinction can be ca,ily achien~! by subsuming mOllZogabhro uoder lIIQ,v,O<lioritc aJl<l by 

e~cludingrockshcaringLlbi'luituu'p<.TIhi\c'(s. I.)fi-omgabbro;c.asarccRrei,~'dbcrc 



Th.:oargulTIcntcould bc madc that mc1ts producing rocks with ubiquiToU8, bUinot 

abundant pcrIhitc, with more 11)0 could producc approximately the same 'll(l<le .mns 

pcrthil c,t h llScausi ngverysimilarrochto)"'<liff~rc"tlyda"ificddoctoarnioordctail. 

80t pigeonhole dass iiication 1\;quires tlwt wC dmw the li nc soll1<:whcrc, ancl better it be 

ba8cd on criteria that \\'ccanpositivc ly,;cc Ih"n on critcria n.-qoiri ngadvancc<l 

in,trunJ<:ntatiun to po,itivciy mCaSu1\; in many if not most cascs '",lletter, bcca08eof 

greatcrs implkity ancl ca<c ofu<e (guiding principk 80fThc lUGS schemc) a nd ix"C3USC 

it usc, a rock's p<:trographic manit,-,tation a, erit~Tia, in the spiriT of the lUGS scheme if 

judged by their stated prefercrx:e o f modal (}ver chemical cla<sificat ion 

Whik on the tupie, albik of composition < Ans shoo lrl not be classifi,-~j a.< alkali 

feldspar for the purpo", of classification. as is n.\Xlrnrn~ndc<l by the lUGS (Lc Maitre 

2002) because, again. it wou~1 require instrument"tio" to pre<:iscly and positively 

dd~TIllinc whelher or not this is the casc, a d~temlination that may have to t>e made for 

individualorewn part., of individual cry,tals. Suchrigorou," liairspiiu ing"'shoukl not be 

rcquin.'d in ord~'1' 10 accura1ely name a rock. Ilowever, we sh<lU ld t>e cap"ble of <)Xc",i,i"g 

aclassification,chem~toit,md,as i,tllCcasc tor sulllcicnt 1y coarsc, ~Iocr>"tallinc 

ignwo, roch a, )o"g '" we 1l SC tor classification cr ileria positively identifiable 

p<.>!rographic feature" Iklln, ttk-'11, to include all feldspar wilh lamellar twins (except The 

spe<:iflC casc, micrncline arl<j "rl<lrthocias.c, each usually positively ideJititiable wiThout 

in'lnUll<'"tal aJl alysi,) as plagiocia>c forthepurposcofrock naming 



Some gabbro;c rods cla"s;fi,-~l b..'rc do not conla;n pertb;tc ($./.) but C()nla;n Fc-

rich pyro.~cnc along with textures ,mol rood~'S. including a relat ive abundance of Fc-Ti· 

oxide" vcrysim;iar totbe FC'ri,',bdior;ti<: rocks mKlil...t. Tbese rochare thu, Fe-rich 

gabbroic rocks, al lcast ntinCr"Io11ica lly." For c'pedicncy alld consi stcncy. s inccthe 

P}TOXCllC ratio, w~r~ fIOl d d cnnin oo for thc dioritic ro~ks (a ltho ugb tbe presence of ixlth 

pyroxcllCSwasvcrificdrcgularly). neithcr wcrc they for thc Fc-rich gabbroic rocks. Thc 

modal imprl"Ci,ion i, rcgrl1tablc in both ca,,-"S. hut was deemed allowable Ii" c~pcdicncy 

s inceixlthp}TOWllCSareccrtainly pn:-scnl in most 5amplcs. at icast of the Fc _richdioritic 

Ol-gabbroici,onlyu><:dasagcncraltcrmllnc. torcfcrtogabbroic rochwitlr 

greater than 5% 0 1 / (PI + I'x I 01). Thc<e roch are variously rd~rr<~l to more 

sp,:cifically (colu, law) as troctoli te (Op.x or Cpx / [PI + Px + a ll < 5%). 0 1 

gabbro/gabbronorite/nor ite (I'x I 11'1 I h + 01] :;. 5'/;,. 5% < 01 < 20% ), aoo O I-ri,' 11 

gabhm/gabhmooritelnoritc (r~ ' II'I + I'x I all :;. SOlo. 0 1:;. 2()o.~ ). Tbc ICf"'S Ol-gabbro. 

O l-gabbmnorite. and OI-norilC arc not uSl.~1 at all hc"C3USC they R"<]uire the ddcnnrnalion 

thaI (Cpx -I- Opx) I (PI + P.' -I- 01) be greater 11I,11l S,}, • . all,l furthcnno rc the prlx:isc 

dckrmirwtion ofCpx I Opx, two dClcrminalions the pr(."S<.'nt author tourld cons id~'Tabl y 

more,liflicuit to make in h()rd~'Tli nccascsthantbcdctcrminati()n()fO I / (1'1 1 f' x+Ol) 

which allows the usc of the \J" hyp het\at~~1 tL'Tms defined above. L\(\fC th O! all rocks that 

arcOl gabbroic('J[\hypbe"at~-d),,,cthcrcrorcOI-l!abbroK;as"cli 

richpyroxrn<)OOIl ram," gotmn< rh< ot "-,"c i'""' C>1dc"'J yfa)~ 1i' i« i, <_ i.cot",,rlc" \ 'cr",,hsh ' yc((ow) 

J3 



TooscareessoryminlTalslhal rocks are only sp.:ded wilh arc IlOt ioclucJc\1 i nthe 

rock ""TTk.'S R'f'Ortl'tl in the thesis tcxt (though arc Tl'<.'Ordc'tl in Al'P"'ndix B). but arc 

instead Iisled usinggencTaiisations(e.g.thl'SCrocksarc'·ariousiyspo::dl-dwilhlhcsc 

minerals) 

Rock nmnes.. unicssolherw;sc indi~med as rolor luto(c.g. diorite (c.i.] anyo! 

diorite (mcsocrmic]. Icucodiorik or mcla",>tlioritc) or u.«--d in the gCIlCTal ""n", (with 

<',xling ~ic). arc appmpriatcly prcfi.Wd by leu eo- or mcla .. or unprcfi .u ... l i",heallng 

mcsocfmic. as appropriate for each rock type as spreified by Illc lUGS (Figu rl'S2.7.8.Lc 

Maitre 2002 p. 26. 7 or Figures 33. 4. Gillespie aoo Styles 1999 p. 51. 2). Modes 

cstimale<;1 10 be bonkfline beIWl .... "I1 Icuro- Of mcla- and mcsocratic werc classifil't! 8S 

IlIcsocratic. Usc of the rock type-specific kuco·mcla· prctix systcm sllOuld be 

,hstinguishl-d rrom saying that a rod is cithe .. lcuoocratic. mcsocratic. ornl<:Ia('IO)cralic 

in Ihcabsolutc """"". hfaehtcdbycolour iooicl",of35 and 65 irrcSfl'l't:I"'cofrud type 

l'll"'rrkf!Mj/io""",dll."",eof n plu!rn"Qlld n U,/rwiQn· 

Pluton and intrusion: the""" Iwo tennS n<'Cd to be prl'Ciscly dcfinc.:l b..'1:aUSC they arc 

rile fi)llowing arc eMmplc-s of dciiniliol~' for "pluton" aoo "intrusion". From fXIICOIH 

1'''!ro/Ol!y(Carmicl'iJciria/I974)' 

Pluton: a tcnn "hieh embrace'S all introsi,·c Oodies ofigllC'Ous rod. It is a 

conH'lHenl l<'nn "he'nthe nltrosion conforms (0 ooncofthe prl't:c-dmgdcfIlHtions 

[(c.g.ofsil1.lopolith.bi,toohlh)]or"lICnilsgl'Omelncsh;Jpeisunkn0""(1'.13) 

From 'gItCOIIS a",{ MelamorpHic f'e/mlrgy (Bl'St 1982) 



A body of magmatic rock of any mmp""ition, size, and shape, l'1l1placl'd and 

solidificdbcncath thcsurfa~cofthc Ear1h, is an intrmion, or pluton, thoug.hthc 

latterk ... n isgcn~.,.allyrcscr\'l'd forl;,'!;e, thkk bodies ..... ;th s[( ... :pwalis(p, 119), 

From the Dicli",,,,rv 0/ Geological '{cons prcp;]led by the Aml'1'il'un (iC<.>logical Institute 

(llalc<;mldJackson 1984) 

Pluton:an;gJloous;ntrusion(p, 391): 

Intrusion: the proc~-&; of emplacement of magma ;n pre·c.,;st;ng rod, ,\Iso, the 

igllC<.>usroek maSS SO formcd (I'. 268) 

From Pelrology: iRIICOU,<, .'in/u"""la,)" ,md MNomwphi" (lllal1 and Tracy 1996): 

The tern, pluton is typkally rcstricK'd to dccpcr int rus;"e bodies (greak'!" than 

ab<>\lt 5 km), w)lt.-TCaS intrusion ;s a !!lOre ge""ral tm-m that may be us~~1 /ilT both 

shallowandd~cpbodic«p_ 'J) 

Fmm fhe Nc\\'I'i'lilJ«ili Dicli""afyo/GeoloIJY (Kearcy 2001): 

PI"ton: a large. thick. IgnC<.>us body (a \'olume of ignC<.>us rock "ith di".;retc 

bouoouries with the surrounding country mek ;nlO which it ",as emplaced (I' 

132llwilhstttp laK'fa i cQntacts"h;chwasemplaccdaooery>taliiscdbcneaththe 

<ur(1CC, l'0ssiblynow cxpos..'d as an irrcguiarpolygonaloulcrop(p.206j: 

int rusi"c ignm", bo·dy: an ign~'Ous body cmpbc~'ii at depth (I' . 13~) 

E"Kknt ly. tocr,' i,,,,, strict dd;ni1;"n of "lIltnJ,ion" '" "pluton", except t h~1t thcyrcfer to 

hodi~<ofintnJsi\'c ig1>,'O'" rock , Ilowc",., some g~'Ologi,ts undcr.;tand "plul<ln" to rckr 

toa sp<:eifi. typeofintru,i"n. ,'l1flcra iargc.thl<'konewithstccl), lfit~'falcOn1acts(lk'l 

1982, KcarcylOOI).",,,,,,,cmpiacc'iiat adcl'tn greater than 5 kill (Rlnll alI(I Tracy 1996 

andthoscwhou<;:e1hctcrmintni,waysucnllialitsuscis'1}1lical"p,9j.OIhcr!;oolog;,ts 



und~'Tstand "pluton" to ",can the ",me thmg as "imrusion" (Carmichacl CI 01. 1974. Bat~'S 

and Jackson 1984). Before continuing. reoocrs taking issue with or inter~'St~'<l in the 

rigorisation of tcnninology al1CmpK'd in this chapter sllould rcad Appen<lix 0, an 

unapologctic<lefcllSCofth..'SCatlcmpts 

As disappoint ing as this lack ofconscnsos on such basie tcnninology is, perhaps 

pr~'Ci",,<lcfinitionsof"pluton" and "intrusion" cat! bcoontri"cd byoombining the litcral 

IIlc3ningsofthc "cords withwhal appears to bclhc fundamental meanin gsofth .. 'SCtmns 

as e"i<lent in the abo,,' <l,·finltions. Note that mneh of the fullowing <liscussion is 

rhetorical 

"Intrusion"intr..:geologicalscnscisil\"erbbt, .. ,omeooun.sothchtemllilcaning 

of "intrusion" must be that "hicl, intru,k'd. Thc fundamental meaning of "imrusion" 

Sl'Cms to bc a mass of magma cmplaccd or intru<lcd into prc·cxisting rock. aoo also the 

rock mass that solidifi .. ",fromthlsmagm:J,Jsthcactofintru,;onthc "",,'.·m,· ntofmagma 

though prc.ew<ting rock'? Presumabl). almost all magmas (sa\e the magmatic portions of 

mig,".1tit .. .,;) mo"e some <lislanee from tirs! melting to final soli<lificalion. so is magma 

mtrudingall along that distancc?Or i.a 1Ila.',sofmaglila only intru<ling thclllstantbcforc 

It ar""~'S at its destination ofsohdification,?Since the actlhm pllts it llll'TC also brings it 

{here. {he only sensible dctinition oftheacl of intrusion seems 10 be {he nl(H'c,ncnt of 

,naglna through pre-cxistingrt><:k. Also. sincccmplaecmcnliitcrallymcans "to put into 

placc", which we sllould take as th..· place W"now "" .. It (unk'Ss we abaooonlhc mlu;ti"c 

prcf~'Tcn<;c tl~~t 1)Ia<:l'S be detinite po>ttions. as opposed to any POSitKlil alollll a 

l'Onliliuum),wccan l'Onsl<lc'Templaccmcnl to be the final acl ofmtrusKln for any maSS of 



magma. Thu<, any ma,s of magma h,ning travelled some dislance rclali\"C to and imo 

pre-e~iS1ingroekmiglll bec"lk-..l an inlrusion 

But can lhcre hc any OIlC mass of magma tha( inlrudes? Inolho:.T words. Can locrc 

CV<.T he a body. solidified or moilcn lhal Can Ix· unamhiguou<ly called OIlC. single 

inlrusion?Subk"rmnean mag"'" necessaril y utKlergoescrySlallisalion. assimilalion. and 

mi~ ing. e\"Cn if only as new partial mell mixc, wilh ni.,!ing. The simples! silualion. lhen. 

is ll1al melt Ibm .... ! by partial m<!lling amalgamales into a larger maSS lhill move, imo pre-

e~isling rock and solidili~"S wilh millor a",milmion and differentiaTion. crealing a 

sc-cmingly unambigoous. 'ingk inlrusion. Our simplest intrusion may be of uniform rock 

lype. but whilt abOUl cmplacelllellllime"! \VIM docs il meanllial a gi\'cn Uta,S of magma 

(i.e . ei1 hera who le or any portion 1IKT(:of) ha, reachc-..l it, final desti nation'> Relative 10 

whal Ii..cd p<liJilS must a magma hav~~l tlIOH-..l for the la8t time in order to be considered 

emplac~~I"! The lIearest piL'CC ofpn:·c .• isling rock that i< 001 a xenolith i, a reasonable 

allswer. as is lhe boundingpre-exisling TO,'k asa whole if It is not undergoing imernal 

,Iisplacemenl. Bul how wouk! we C\ ..... Illea,ure emplacement tinle defin~~l in thc>c ways. 

or d,1~"'-1 all bUl the grossest differences therein'! Wha! aboul inevitable illtemal 

di'placelllel11s'! Perhaps we need 10 r~~lcf"'e empl.'cemenl. Or JUSt Ic~"c il ha/.y with a 

nlOrenrlcss"'qualificr 

Wlwtcv("r our J,·finition ofcl11placcl11ent. allllla"es nfmagma- evcn in our 

simple,l example IllU>I amalgamate inCTememally. w should lhe dclin;tion uf intrusio" 

lx' a que'lion of" het her or '101 (he mass of magma amalgmllal~~l t:>cti:"..: e"lpla~elllcTll? If 

so. thcn a truc inlrusion is prL'M."rll? ""Amalgal11.1ion"" rncan, tm, colllbiningof I"e\"~msl y 

5Cp.1ralep.1rts.ofwursc. so at "hat p"",tdo<'smagma amalg31llatk)lloceurin plu(onic 



environments where mcit cont in uity is cxtcn,ive and l"Ornpiex? And is a filling magma 

cham]xTan arna!gamating mass of magma oran alrca,ly amalgumale<1 011 e thal is simply 

changing shape and moving" Perhaps either. Establishing our supposo.~lIy most 

fundamental unil of intrusive gwlogy-Ihc inlrusion-is now dCJl<.'fKlcnt On "nsw~Ting 

,uydif!icult 4ucstion, about that my'lcrious region below any g,,'en plutonic mcksof 

interest. w'hichmeamlhat we cannot hopcloc~"I"1airi l yidcnlifyanyaC1ual intrusions any 

time,,)on. ifever 

implications of recharge or the implications of mixing UJId Ihe many proc~"'scs 0 1 

ditlCrentiation, We have also not consKkr~..J Ihe variety of lime seales o"cr which 

plulonK:environrnents mayemlve, nor the complex behaviors possible. nor the complex 

. plu mbing" s)'l'tems ]Xlssible. nor the length scales over which magma may remain 

continoousorurld~""goink'maidisplaecmcnl 

One fcalure '~ll mentiol\e{l in the ,Ie finrtions cited abow thai is a part "fl llC 

intuilive corl£'1>1 or "irllrusion" is Ihat of magma continuily. "hich ""l,,:otC'S 10 mclt 

l"Ontinu it y. as kJllg a, we do nol ,Ieftne magma a, ]x'ing capable of Ik)w witbout 

significant deformation of ils cf)'l'la!>. I'cThap' "intru,ion" C<rn be ,kftrnxl wrthout 

referring 10 emplaccment Of amalgamation timcs as: a continuous mass of magma 

intruded into pre.e~iSling rock. a,~f _,Iso tile ro(k mass thm solidifies tmm this magma 

This dc1initioll is slill unsatisfirctury because " 'e :OfC ten with the dimcu!t it nut 

commonly rn1possible las" of trying to ~~tahlish c"id~rICC for p<t,t magma ""min"ity a ,~1 

its c'tern, which can conceivably vary greatly bctwC<." mett prod"clion arid tinal 

soliditi~ation. Would we considcr a ,iK.'t:t ofmagmJ Ihal ;nlrud~'<l akmg thecont,d of all 



cxi~tingllUt fully or mostly solidified shcct of the s.1,nceomposition as part oflheSllIllt: 

intrusion (e.g. as may be evident in the Barth Conc~'Tltric l'lul<mic Suite, and is evtdent in 

tile Half i)ornc Granodiorite of the Toolumne intn.tsi\'e Suite and the McDoogle 

granodiorite orthe S i~-rrd Neva,,], [GiJzncr cl at. 200( 1)" AI"o. wou ld part,ally mclted 

countrymckhcconsidcrcdaspartofill, inl n.tsio,,?Not if we only con,ider m"gm" to be 

mixtures of melt -<-cry,tals. vesickscapahlc of flow without significant deformation ofil. 

crystals. a co,tdilion which all masse, of magma mu,t progr~·ss hc}"oo c\cmuatly 

Eliminating partially mdk-d md do~"S not b.-ing u.< much closer to finding a l>f~,<:ise and 

practical definition of"intn.tsion'-. 

Aftcr all this discussion, we might dclinc"intru,ion'" as: a morc or Ic"con t inuou, 

mass of trulgtrul emplaced at tr<)rc or less thc same time. This defin ition S<.'Cms 10 fit our 

intu itive COllCept best. bul then "in trusion" can!!ot be cla imed to be all "bj~'Cti\'c. basic 

descriptor but mtller a sIX'<:ific inte'l"(.1ation "-'qui. in g sub,tamivcdata 10 e'en ,,(.~I ibl y 

sugg~"'1. Mor~"()ver, there is no ,\{,'<.-~I to infect our sc ience with su,h an ambiguous t~'fIn! 

Why not just subdivide intrusive rocks into bod;es bound by plausibly intrus;\'e~'Olltacts 

(thc "discrete bouooarics" of Kcarey [2001 p. 132])?Ofcour:sc,thi,i,morcorks,wh~1 

gcologistsdo alrcady, but we'poii the process bycalling~a<'.b ,ubd,vis;on "JI1 intrusion" 

lhcrcbyimmdu<'inJ;theUI1 >(:ientific.amhiJ;Uous. imuilivccollccptscurrentlyemlxxli(.'(l in 

our term "intrusi(l ,,'- . Theool"tioll is as simpic as abw)(ion inglhetcnll"ill tr", i"II"" . Why 

hold Ollto it if we do t)OI C"en know wilat exact ly it issupposcd tOllle'IIl' I 

The luooam<'nlal meaningof""piut()ll" is that it i,anailcrnat,'1Cnn l;'r""lIltn.ts;on" 

The f~'ClinJ; that a pluton reprc-sents son",-'!hing ,k-eIX .... larg~'I". or ~ccpcr-"'aik'(l is varil'(l 



or eommonly absent altogetber. Eitb~'1" way, iosofar as wc undn,tand "pluton" to mean 

"intlUsion"or"a typcofintrusion"we shoukl abandon thi s tcrm.. as wcl l. 

l"bc ambiguity and intuitioncmbodi~'d in ourpn."SCnt concepts of"intrusion"wld 

"pluton" should have b<.....,n dealt with after tile puhlication of Krnuskopf(I%8). a 

pe",u~sive addre,s to the Geological Socic1 y of America by the R1 irin!> prcsi,len! titkd 

",\ Talc of Ten Plulons·'. Usin!> as an e~ampl e rocks of the M~"S()wic !>ranit;c In)1) 

batholith within a Gua(lrangle along the California-Nevada border. Krau.'kopf (1%8 p. 6) 

begins with tbe simple. standard quest ioll< of"how many plulons arc tlK.;"c. ",,,I how did 

they get to the I"'sitionswl>crewe find them?"" Eventually, he conch"lesIhat "Iheten 

bodies (dclineatcdj aremappahle units,and tbeyfomlancat pallC111: but lhcycouidju,t 

as well be lumped into f,ve plutons. or ,ub<livided into t","~"ty, a,ld the units wouid he 

~"qually mappable" , (po 14) It is conventionally bcli~v~..J tihll the resolut;on of such 

ambiguities will certa inly COUll: aoout a, ITXJrc and varioo data are colkcl~~1 mwl bmug.hl 

1<) bear-that weju't ihl,'c yet to attack lbc question l~lrd coough. Kra",kopf(1968) 

rcj<.-cltd thi, belief. lhal all our scientific questions arc solvabk. lK."Causc sonll: of our 

que5tionsn~lybe"thcwrongones ... (because] theyafc~"'S.""nt ial1ymeal'i"glcss". (p. IS) 

Ilowmanyplutonsarctherc?11lc quc,tionba,meaningonlyifcriteri :,C:Ul be sct 

up for dis1ingu ishing one pluton from anOlhd' (po IS) Slated Krauskopf (1%8). " 

"Ryan .'1 "I (1')9~). """,Ul"Tllplffl'o dchl><'lC ptu<m' .nd "'tabh"' .. , on'ru"" """ I;O"'p/ly ," ""d 

tbmg." nom.n",hO\\,ef",oo",,,,,..,,hod,bo<o.,,."(p 17) 



HoweH ... , tll ..... c is no cOJICewable anlOum or type of data {e,g, more field data, or 

geochronologic, Iraccc1emem.and experimcntal dala) that would enable uS to dcfinnc1y 

dislinguish individual plutons lK'Cause 'lhc tJalll:ingqucstion would remain as 10 what 

mngcs ofth<--se varlahk-s might pennit us to lump or subdivide granite masscs into 

plutons",(p, 16) IIc b'Oes on 10 say that "perhaps masscsof (granite magma j ascend and 

subdividealKldifk"Tcmiateandintenninglcinafairlymndomfashion.S.-:>lhatnl1eml'CSCO 

distribute outcrops of a batholilh among a finile numoc .... of discrete plutons arc 

fo .... xloomcd 10 failurc" and that .. . to establish a complele 'stratigraphy' ofimrus,,'e 

units is IIllPOSSlble", (p. 16) Unfortunatc1y,gcologists 00 not SttI11l0 have taken up the 

issues ralS(.~1 by Kr~uskopf(l96H) 

Fortunately. SImilar issues are now heing raised, Claw ...... CI al. (2CJO.1). in an 

article whkh cites field, g .. ~)chronologic. and seismic studics to concludc that "plutons 

n,,~y wllllllOnly fonn in many smal l increments in a man ......... analogous 10 growth of 

"act·scal wins ... and we tlK)W little as )'t.1 about lypical gl.'QtnCtric f"ntlS of indIvidual 

inCrel11CnlS or how Ihc incrcmcntscombmc to fonn a pluton" (p. 9) Slal .. 'tl tha t. ifllld""d 

this is"'", plu10nsare asscmbk'tl. · .. ·crnuSl." rcc\'aluatetheooocl.'Ptofa 'pIUIOII," ' (p 

5) 

Relurning to ... ~nantics, the literal meaning of "pluton" must be"u unit of 

wTltething plutonic", SO as long W'e do not lake the lernl 10 mean "intrusion" then we may 

retain iI, w"hoUI "iol,~ling It s lilcr~1 meaning. 10 rcf~ .... to a onil of plutonic rod, Some 



signilkam dq>lh. in COll1rJ,1 10 hypabyss.11 rock crystall iscd at shallowl'f io\'cI s. Hm ...... .,,·cr, 

sirK."C f'luto is the Romangodoflheundcrworkl,originallytooughlofasPlutus.thegod 

of gokl. sih'cr. 3nd otlKT ,ubk'rra""an substanccs, it so.'CmS moSI accurate 10 simply equate 

plutonlCwith,ubIlTl"~ncan.OnthiscIY1l1ologicalbasis.,andonthegroundst"'tba.icrock 

cbssifil';"ion. altoough gcnL1ic. should ,t,1I be as straightforward as possible. plulonic 

rocki,hcrcconsidcr<-~lanyigno.'Ousrockc\'idcnllysolidifiedfromamassofsubll'lTllncan 

magma. "PlUloni<:rock" is thus syoonymouswilh "intrusive rock" 

I S I "l'fu"'"ico/unll'lmn"inqdAiliQnlQ "n/wm" 

Alloough"'crnigbt call any body ofplulOnic rock bou,1d by plausibly inlrusi \,Ol'OnI3cts3 

"pluto n" (in the likml s-cn'\C a,Id nol synonymous wilh "intrusion"). the autoor advocates 

lhenon-gcno.1ic, fluid uSllgcill1roducl'd in Scct ion 1.0 which defines a pluton as a body of 

plUlonicrod idcnlitil'daspo,scssingarclati,""lyhighde!!!"l~ofal)]Ja""~'1 ullllyin sp.1ce 

and compo,nKlII or l'Oml"'silional1.onalion and one which is more or less definile ly 

dclim"l'tl "here prcscnlly doculllenk'd, For more pre<:is-c sciell1ific usage lhe auloor 

SUIlllCSls:,nc" tcrm with which to rcf<-T to bodics of plutonic rock. Mysull!lcstion. which 

connnunicatcs the cone"'pt ofcont,d-bo",Id Inerally. ispillronicprrirnriron. from the 

Grc'd peri (lUp,) "around" and mt'lro" (II!"P(W) """,asur~". Thlls. a plulonic p.:rimctron 

is any body of plutonic rock bound by a plu!Onic po:.'firncICT. Once rnapp'-'d. we can name 

or Olhl;,"" isc label Ihc plutonic !",ri",droll', w,th no implication as 10 "hal lhey may 

rcprL~ut "tlk·,-""",. The ,ntrusi\'cconta<:tsthatdclincpo:.T1",c1ronsrnayhccorrclatl'd 

acros<te<:lnnic discon(inuiti~"S ",ex(ended ,nl" thesohsurface, asjuSlifiabk 



Any body ofplulOnicrocl:cndJ'cxlby in!rmivecon!ac1Si,aplu!onicperime!ron.. 

cven ifi, C<l ll1 a inswitilin i!ollcornXlreintrusivecontact<. For cxurnplc. if Figurc 1-3a is 

a goological map or pluton ic rocksarnJ al l lillcs are int ru,i" e contacts. th cn12plu!onic 

pe'fimctrons are present (F igure 1-3b). although 001 without o,ulap. The maximum 

numlx,'f "r notl- (wcrl.'pping pnimdrons is t llC numocr of f'<'rimctrons tli al do 11<)t mntain 

inlc rnal intT!lsivocontacts: tour. in toccxampleslXlwnin Figure 1-3. A perirnctrontliat 

does not oontain within't idC"lificxl in!ru,ivccorltact, may hecal lC\l abaseperimelrnn. 

and OIlC that docs a coml'mi/"('p('rim('lron, Further re'<Carch will diswvcr that some 

currcn! base pCTimctmn, arc in t'let compo,ilc perirnetroru;. Thus_ ha<e pcrimetron is a 

provi, ionaldesignation.retlcd ingourlevclofknowbigcarunygivcl1!ime, FurthernXlre. 

it is conccivabk,hal some crypl ic intrusive coll1aclsmay newr he ident ifiC\l ," 

hlcntifying what ar~ calk>d herc ··base peTimetrons·· i, already one oflhe principle 

object ive, ofdct3ikxl mapp in g ofplu tunic teITallC'. Most composite f'<'rimctrons arc 

arbitrary and r",~d not "" "knowledged. However. it is useful!o remgn isc COm]lO,ik 

perimctrons thaI group b.1S<; pe'fimctron< with some COm",on ~haracteriSl ic. such as age, 

ro~k !}"\lC, o r;cn131ion or structures. or structur~1 di<po, ilion (c.g. the Banh COllCcl1tric 

1'lutonicSuitc, who,cba'iepcrimctronsarcdi'p"sc<iconccntricully) 

Note t1mt the purpose of u,ing pl utonic pcrimetron, i, only rha! we n11y pr~'Ci,ely 

and freely i d~n1ir:Y naruml bodies of plutonic rock with""l implying any inKTprd"tion of 

rhos<; bodie,. In ", h (."!" word,. id~nt i fying pl ut onic pe'fimctmns i, merely a simple way tn 

• or"",,,,. >l th,; ,imc ! Moo ld."I<Idr"" <,,,,tl)' "h. t wo n,.." b)'''," 'ru>,,~c''''t,c'' · , l>utr.:.- th.""ko"f 

<:'," cl u" mg ,hi,th,.,,,,,, ,th,,,,, f,,nh<Tdclay thc;,,,,,,, ","" be kll w N.ndon l'-



del ineate o ur objt<:1S of study: 100 gl~)I]le\ rical a!KI pU7.zle-li ke issues of ovcrl.1pping 

shapcsan<ishapcswilhinsilapcsdocs"olooncemus, By usingplulon, in 100 no n-gellelic 

sense ~nd [XTimclmll' in'ICad of plUTons or intrusions in the oonvenlional sense, 

groiogi'ls cmploy a "blank slmc" whl" sludying bodie, "fplulOnic mcks thercarcno 

Iongerha,(yassumplions111~dcby\h,'ha.'icacl ofsutxli"idingpluton i CK'ml'>cs in1ounils, 

Earlicr l11apping will identifyplutons(inthc1\()n -genctiCSClIsc, implieithcrcaftcr) 

~nd laICr Trupp ing will ident ify plutonic perimctrons , The two types ofplulonic uni1 may 

be uS<.'d simuita!\l"()usly ~nd may coincid~ . For aamplc. we may lUke our Nain Plulonic 

Sup,:rsuilepluh"'<J<prescntlydefinedao<lprocl'l..'dtocSlablish NainPlulOnicSuIX'J,ui\e 

IX'fimetl'\)I1<_ lmaginethetwotnapsowrlain 

Think ofpl"ton, as mounlain, upon a l~lIdscapc, whcre topography corresponds 

10 unily in space ar><1 OOmlXlsilionorOOm]XlSi1ional wllalion(Sl'<:lion 1.0), l' iclurclhe 

mounlainous landseul'" suboJivided or m:lPIX~1 inlo fragments with diwibuliolls and 

d i,po,ilion, more or less refleCli'-e of the goo'lleiryoflhc mo unlains, The mounlain, 

(plulonsjundeniahlyin(liea1eSOme sonofco,mTlonaiilyorcorn'p",ndcnccoforiginn"d 

evolution. Thc fragmenls me Ihe building hk,ds, the final, discrele components 11\.11 came 

10 aggregate, 10 unify, as l1lo ulilains. as plulon,. 

I 5" GClWric ",,()?"'phlc lam! III ""II "ump ()O"e Nul" Pilllonjc S"U('wljle 

Uousually. l1lany units of the Nain Plutonic SUIX'Jsu ilc' have g<'""r;c g<~'graphie It.'f1IlS 

inchJdlxl in their names, e.g. Newark 1,land (Woodward 1976), I':'ul hland (Wicl)C 

1990a), Banh Island. Sach<-m Bay. TiHiraluk Hill, Halfway p"int, HOs<'1lbcin Lake. 

Unity Bay, at,,1 \1ounl LiSler intrusions (Ryan 2001). The pra~1ice of induding generic 



gcographic terms in unit n~mes is 'lOt a sta",lard ()n~ in gwk'gy, and the ""'Ih American 

Stratigraphic Code (Non h Am~'1"ican Commission on Stn.ligrapilic NOnlCncialure 2005) 

slak ... unt'quivocally lh.11 generic g~"(Igraphic terms shouk! be omim-d from unit names 

unless required todistingu;sh o\l)("Twisc id~nt ically namcd unils . G,venlhcnbundanccof 

en.kmi" gwgraph ic nam"s found in northern Labrador, ther" is no justification for 

including generic lenns in the g(."(Ilogical unit name, of the T~gion. Adminedly. some of 

thc geographic names ar" prohablynot endemic, e.g.llaT1h. Paul, Base. Unily. but unil, 

with such IW lllcscou ld hc,e,,,,,"cd u, ingsurciycndcmic()ne"Ofcour,,-'. ,ucha mc'a<u rc 

wouid only hc nece,sary ifit Were learncd that atlyoflhcsc miTllCS arc used ("rcarli!.T

roamed units elsewhere, Thus, "Barth Island" and ··Hosc"bcin Lake" arc h~'1"c, and shoul,l 

in all prob.1bilily rcrna in "Barth" and "Huscnhcin" fur the purpo>c of naming 

TI)(" te11n ··gnmuiar' is uS<.-d by many g~~'~'gist, to mcan an approximately c'<Juig,anula, 

lexlure CO ml")",,d nfapllrOximately cquanl g.rains (e.g. Joh",' nscn 193 1. I,\'i,)(" 1982, 

Wil liamsi'lal, 1982, Ryan 2001, Vwroouw2006), Since the :rdj«live"granular" only 

literally inrlicnlCSlhal thesubj«t being dcscribcd consisls of gra ins, a rnorcnrcanrngful 

temli,dcsirublcto r"k-rtothespccitictcxtll,erncrllion,.-d. Thus, the tcnn '"granula," is 

" \'" id~'(1 tKTC except in its literal sen", "'qui"alent to "grain .. ·,\"., e.g. e<.juigranubr, 

~'<.juidimensional-granular, intcrgranular, hypautomorphic·granular. Many gwlogislS usc 

·gmnoblaslic""10 rellT tote.\tures that othcr;wouk! call "gran" lar" (e,g. I'as<chicrand 

Trouw 1998), llI)w ,,,'c, many limil ""granohIaSlic·· to texture, composed ofappro .• imMcly 

polygona l grarns {e.g. Veroon2()04). The litcrnl mcaningofg.rarxrbl'tSlicis··ofg.rainsthat 



have sprOl,lctl", anti thus the lenn is nol an objccl ivc deso::riptor but an in!~'rprcti\'c one, 

tlcscribing an ~"luigranular, ~'quid i mensional,granular t""ture though! to haw f<.)rn,,-~I hy 

"."crystallisation, Until we gain a more comprehensive and unified unders1anding of 

tcxtural development " non-genetic t~Tm will remain most de,irable, thus "equigranular, 

cquidimcnsiona l- gmnular" is used here. If the grains arc panicu larly appmximatciy 

polygonallhcn this feature is indicak'<l sepamtcly 

The Il'rm "aggresate" is used here 10 refcr to a group of contisuous crystals 

"Concent ration" is u>e<1 here 10 rc1i."T 10 a grOl1p of partially or 110l1-col1tiJ;uous crySlals, 

indic"tinJ; like grains occurrins in local relative ahundancc. No process ofdi'I)('TScd 

crystalsaggrcgating()r<'Ol"entratinglogC1hcris i mpli~'<l 

In contrasl (0 oscillalory ,,,,nation, (he lerm ",imple w,"'t ion'" is introduccd 10 

reiCr 10 wnation which pmc~'t.~18 in only onc dir~'Cli<lt\ composilionally 

")I,1q;acrysl" i, a leon Illm goologists ha,e introduced to rder (() "\'Cry larse 

phenocrYS1 !<!'''" (VcolOn 2004 p. 48-t) or, S(.'Cminsly. to pr..,nocryslS In coarse grai nl~1 

plut(}nic rock (e.g. Ryml 200 1). Used in lhe", ways the teon i, u"'I\.'Ces~ry, and eVen 

detrimental in ii, usage meaning very 1'''lle phenocrysts, since it pru,'id\,>; a vlIgue, 

qm, litat,,·c descrlplor where some form of quant itative description is warranted. ClI'W 

( 1906) imro(luccd the teon ""'alloophyric" 10 rcfer to a ",,,k C<)IItainll111 pr..,nocryslS 

coar'iCr Ihan 5 111111 in length1' , .... 0 doubt language ind icat ing 'lCcc,,,,,rily conrser 



phenocrysts i'rc<.juir~>dto{lc"'ribetheplagio<; lasea,Klonhop]TOxeoc··megacrysts··ufthe 

NPS. sorlie of "hieh arc as c"Oarsc as one m~1re (Xue and Morse 1994). Thts issue is 

rClurr><.>d to shanly. I'crhap' Inc lerm ··meg.Kryst"· should be rdail><'-..l as a general kTm to 

refer 10 any groin belongit~ to the COlt' SC rract;on of a hiatal texture. that is. atty 

1,llC'>OCTyst. porpbyrubbst. poikik,blast. porphycia.'I. or pcroikocryst (OI'W 19(6) 

un'f"."<:ifit.~I. U'iCd in Ihis way. the k"nn is perhaps most app"'priatc for mds itt which Ihe 

dist ioclionbetwl"<-"T1tht-"",iattcrcatq.'oriesiseithernolapparenJorambiguous. 

rhe groinsize classl"S ofCII'W (1906) Wt.TC USI.>d in the field. along wilh an 

addilio,~~l class provided by Williams cl 01. (1954) for the coarsesl grains. These 

specifications arc: ··fine·grained'· ror grain diamewrs less than I mrn. ··rnl~hum·grair\t."'d·· 

lur diamekTs between I and 5 mm. "coarse-grained" belween 5 "'111 and 3 em. ",id "vcry 

coarsc-gra;ocd··greatcrthan3cm. Whcrc vis;bly evidcnt that a rock consiSlS of grai ns 

belonging 10 more than one sil.e cla.'<I'. each cla.'<I' is recorded. e.g. ,n,.-dium. l"(}"rsc· 

grai"..>d 

Disappointed tl~11 many gl"Ologistsdo ,,,,t adhere to anyquanttla!t\-c .<ystent of 

grainsizc speci fication. ,uch as the cenlury-old one outlined above. lor laboratory 

descriplions Ihi, aut hor d~"<:idC(1 to usc a modification of the self_explanatory. alternale 

sysl":m p"'p",ed by ("II'W (1906). simply: millintelre-grained. cCritimetrc-graino:.-..l. 

dl"<:imil limet re·gmi'IC,I."tldsoonasrlcl-..ll>d.L'si" gsucha,ysll"TTl.thcrecanncvnb.:any 

ambigu ity "s 10 " ha' is meam. tin example. hy "centimetre-grained" as there can be hy 

mcamngfut. usdul,,,,,,ural'crrn<.,,,,,,,e''''''"tymtr<)<luceJ 'Jnr""''''",e l y."""yof'~<'¢Tn'''':'''.'nUl'uscd 



"fine through wryooar"'-grainl'tl". Sinceelasses brJ<:kctoo by d~'CIn",1 S,'rlC" u"il are 

brooo.includ ingdiatl)Ctl'fSlh:llditTl..-by IQ:l and 5I..-.;tion areaS by lOll: I. a,onginally 

pointed oul by Cl I'W (1906). "Iowl"'" and "Uppl"-" modifiers arc used hl"'C to rcfer to lhe 

Iow~..- alld upper halws of Ihe gra ins;zc ranges sp,:eitioo. e.g. Iowl.,. millimetrc.grainl'tl 

rckrs to grains belween I alld 5 1I11n. Relurning to the issue of phe!lO(;ryst sil:c 

dl"SCripl ion. tllL.,.c is no reaSOrl why Ih,s Sysh.~l1 ofabsolulc sil:" sp(,citicaIKm cannot be 

U51'tl forphenocrysls. c.g.low~.,.dccimclr"..gra;noo or1hop}mxcncphellocrYSIQ. O,betll'" 

again •... 10 3S em, Grainsizc sptt;fiealion schemes such as lhose ofCII'W (1906) and Ihe 

Brit ish Gcological Survcy (Gillcspie and Slyks 1999) arc slaled 10 he for lhe purpose of 

describing a\~..-age graillsilC. There is 00 reason. however. why we callnOI s,mply slate 

whatgrainsizcc1ass<.:sarereprescnloo Ina rQ<:k and givesomc i"dicationofthcrdalivc 

,,,IUlll~'S OCCUpil'tl by gra ins of lho", classes. perhaps ind icaling whkh minl.,.al(s) 

comprisc(s) the coars...'S1 grJil1s. Or C"Cn simpler. 'lalC what grJillsil:c classes arc 

r~'pr~'Sl'nl~'tl III significanl vo lume. such as greall'" 11'0.111 25°. , The forn .... ..- melhod is 

praclised forthin-Sl .... ~"'11l .. 1 rQ<:kscolll'l:lcd specifically for Ihis pmJ~'l:t and the laller. for 

expctliency. for those COllCCll-d by Gaskill (1005). lIerc. no £clll.,.al sp(:-cificalioo finer 

tl~1n sulJ.nlll lt m~~ r~~grain,:-d is ,I\,1dc 

Fo llowillg CII'W ( 1906). "ho make n lem<i\'C usc of the l alin pcr "on.,."' as a 

n~Jdificr 10 il~hculc Ihc ntreme prl'tlominancc of cl'Ttain textural features \c ,g. pl.,.oikic. 

indicaling o;kocrysl 10 ~hadacrysl no!ios grcak..- lhan 7). lhe k'1"1l1 '·pl"'d.1d~crysllC·· is 

uscdhcrctoitldicatcanu"'nnbiguousp,,~lominan,cofl'Ombincdchooany';I,""lumco",r 

oikocrYSI \'olumc c"idem as di-'~~t Sl'Ctions belonging 10 mdl\',dual oiko<;rysl< which 



arc scpamt~-d by ch.1\tacr)'l>t >CI:tions of grcat~'f dian"-1cr (e,g. clioopyro~cnc as 

plagioclasc-pcrchadacrystico'k""rysts) 

The tcrms "automorphic". "hypautomorphic". and "~cnomorphic" arc u",-d ht.'fC 

instead of··culled,al"·. "sut.h<~lrar·, arMt "anh~~l ml"' and '·idiomOll'hic··. ··hypi(liomorphic··. 

mlll"allotrio'norphic"fo,tworca,ons: Ij as IX'IIltcd out by Johmmscn (1931), the first S<1 

oftcnnshavingbeellm"oducl-dbYRohr1:mchmI886havcpriorityovertheC\luivaicnl 

SClssubscqucntly in trorluccd by C1PW (1906) and KnSt-"nbusch(1 887),rcsp<.'Cti>dy.and 

2) prl'U-dl~u already exists 10 (usefully) describe rocks as ··hypauloroorph"'·gr~nuiar"' and 

".~eoortlorphie·gmnuiar·' (loh.'",)scn 1931: defined in Section 1.5.1), whereas ,10 such 

prL'Ccden!exiSlstouscthcprCSt-'ntly, .. "cconunonlenns··subhl-dm)"·aoo"anhedral"'in 

The k'fms "ophilic" a,1Il "subophitic" mc widcly emploYl-d ",Ill dc.'\Cribe 

plagiociaseiathsellclosedbypyruxcncoikocrystsa,lIlptagioclasc lathsp",',allYCTlClosL-d 

by 1)}To.~enc oikocrysts. rcs1"''Ctivcly. 110w""l'f. wc lack a gcrn,raltcnn r,,, a texture in 

whichoik""rystsonlypaniallyenclosclh"ird~1dacr)"sts. thu, the Il'fTI) "suboikocryslic'" 

is introduCl-d hcrc. This K'fI1I. ocing a gl'fll'fal 0"". mU~1 be u5<"(1 as a modilicr describing 

thctextuTC ofa min<'ml(c,g.suboikocrysli<:P}TOxcTlCwithplagiocl:,scchadacr)"sts) 

1I0w,,\'cr. til< tnms "oi~",'ryst" «(j r~~k "'''(''>- "housc'") and "poilil iti,'" (Gr""k 

Tf<J":O~><;. "spotted") onl} indil'ale the relationship of inclusion. "m'l1 commonl} 

geologists only "''ih to ,tate that cr}stal, of 0"" mineml occur n~,u~k~l againsl 

autol""ph" crystals ofanotl'KT. in other wonls. Ihatcry,wlofotlC rtlinlT al abuts facl'Son 

crysta] ofanothrr. Ophnocand subol)hiti<:!cxturcarcoombinaIKInSofhmhphellOlncna, 

inclusion and lllC)ul,ling against facl'S. So,,,,, geologlS" seem t<J usc "oi~"crystic" or 



·»Qikilitic··(c.g. HUnler 19'K, p. <l5) to refer to moulding against faces. but they do so in 

error. T1\.1\ a new te"n is r~'quircd is nidel11. My sug.gcslion, which cOlTlmunicat<:s [he 

concept of nkJukkd lik"Ta lly. is p/aslOnI()rphic. from the Gr~"Ck p/llSI().S (JI).(l(ll6<;). 

··form~~I. moul~ed'" . Moukling against xenomorplii e crystals is oot indudl-d in the 

mcani ngofplastornorphicaoo"mou lding" li crcaflcr<hou ld hetnkcn to m"an mou ldi ng 

againS\auIOlllOrphicandhypautonkJrphiccrystals. 

Althougil tocphcnomenaof inC!USlcmall{1 IllOuldingaregeomctrically rclatoo.thc 

term'plastomurphic"only indicatcs moulding and implicsrlotliingofincl"sionbeYO)ld 

rossiblcgooTlletricimplicalions.just as"oikocryst""onlyiooicate, inelu siona",! ""pile, 

nothing of moulding beyooo possible gL"OnlCtric implications. Thus "C m;,y say that 

oph itic and ,uhophitic IC .• turcsconsist ofpYToxcncpla~t omorphicagai"'t plagioclase, as 

relat ively coarse oikoerysts or suboikocr}"t •• rc'p<. ... ·t ivc ly. ,\ltcrnativcly. we c,n usc 

phmscs li kc"p lastomorphicoikocrYSls"or"p)ToxcncplilStomorphicagainstplagioclasc··. 

1.6 S~ml>lil1~ in ~c .. l .. ~v 

Bcforc conclud ing this intr{)(luctorychaplc"f .• omcdiscussion i.wa!Tank~lofo""ofthc 

TlkJst hasic aspects of geological m~lhodology: that of extrapolntmg sample data 

(including ObSf.."f\"alions) across or intl"fp<J laling sample data withill a malerial "lIil Ihe 

So1mple or samples ,"c prC);umoo 10 represcnt. Matni,,1 un its in this scns~ t:>cing 'I{,t only 

the con,"cntiorl<tl OTl'" such as groups. memb ... rs. layers. batholllh,. pluton<. ZOIICS 

'y,lcm" bells. blocks. cl C~I<,ra. but any body of rock or mineral or sUIte ofmch or 

min~ral, 10 which we can refer. Some examples of material ,,"its not ",,,ally c,,"sid~'R-d 

assucharc:allelinoPYTo.,eneal"particularhorizoninalaycroollltrusM)I'.all/.ITCOTlltla 



pIUlOl1,apaniculargrainofpiaGiocla.'lcorlircOI1,apanicularmnc"nhmaGr3III of 

zircon. all baddclcyitcwithin" bucket of rock sample, all primary fluid inclusions in it 

\'cil1,all plagioclaseerystal oorcs in a hm1<lsamplc or thin-scction, all rhyoliti cfragments 

in a hr.,.,cia, all cpidOle in an aiteration ?-'lnc, an indiv;dual dyke, al l has altd)'kcS lllonc 

roadcut,the inllnl'diatcsubsurfacebclowanouterop, an enl irc outcrop ,urtace inciu,linG 

those parh obscured hy tichen a!}lin, our = leri31 units arc any botIi~ ... or SUltL'S to 

which we can (and com'oonly do) refer, eve" ifonty implicitly as is oo,moonly the case, 

Statoo anotlx'T way, our material units arc all those physical entitK;s we p,\;sumc to inf~'T 

.",nethinG about a.~ a whole has •. ,1 on samplc data, Evcn a thi"-Sl'<;[lOI1 lS mercly a two_ 

dimensional sample ofa hand or core sample, and relat;>cly fr~'Sh alloJ lIlfonn,1t,\'ciy 

wcathcr~'dsurfaces'''''rclysamplcsoflhcsurfaecofasiIlGleoutcrop 

SOGoologyoperatcsbycxtrnp<:>l.atingalldinlerpolmings,1mplemeaSIJTememsalld 

observations, I",,;suming to say somethinG about tl~1t mall'T;al unsampk,t or uoo"'-crn,1 

but groupt.-d illto the same matL";al unit the sample is or samples arc presumL11 111 SOme 

way to Tl'prl'SCnt . Furtlk.'TlIl{)rc, III the case ofg~'OChmnoIoGY, we COll1mOllly c.'trapolatc 

data intodiffercm but corrcspondingunits. Forexample,,,hell wedetLl1ll inc the age of 

some liroon grains We most L"OmlllOn ly aSSume that the oJckTminoo age is also" property 

of 11~1[ corresponding " "i[ the rock sample from ..... hieh the zircon "'as obtain~-d (and 

f\Jrthcrmorea proP(:rty ofthc pluton which,at leas! in age, the rock samplc isa."ul11<.'d to 

rcprcs<:nt) 

How much matLTial arc we sampling to ,m,ke Our e,tmpoi:tt",nS alld 

IIltcrpoiations?Thcp<:rccnt be<ln",k given a serious look \"anesycatl ybo.1w .. ,,:nmapplllg 

Ilmjo..'<;ts.fmmregio!lal,ooarscscalemappi!lgoflarge;,rcasoolilainingfe""u[cTOllS[O 



altempts al exhauSTive, t'ne scale mapping of small areas almost compktcly cxpoSC<J, 

such as trend mapping. L<-1 us imagine a geologist willing to exhaustively map on their 

hand. and knees at the 1:1000 scale the southem portiollofthe llarth Concentric Plutonic 

Suite which !!n,.ltrlie, a mooe,t 4.5 km1 at perhaps 50% e~posurc. Assuming that it take, 

Our geologist ten minutes to record fM I)OSI~"'ity eaeh square metre of outcrop a, " point 

ohscrvation it would take 375,000 hour.; of uninterrupk,] mapping to complete the ta,k. 

That's approximately !i5 ye-us of twelve hour days with barely enough time f,>r our 

g~"I"gist to enjoy their lifetime supp ly of Vienna ",usages' Suffice it to say vcry tCw 

geologists can claim to h"ve ,.,en a large p<..'!"Centage of tile total outcrop they have studi<.-d 

at elbows length. unless they have only studit;d wry little outcrop are". Aoo we have on ly 

Cl)1I,i( l cTt.~! ourcrop, to say noth ing of what lies oonealh "00 what once cxisled aoovc 

Fora typica l !K1rok)gicsmdy. what areaof"",k issampk'rl asrhin-scctions and 

"hm volume as handsamplcs ana lysed for chemical composition,? ApproXImately 350 

samples of lhe Barth Coocentrie Plutonic Suite wcre th i n- 'ectiol,,-~I for thi s study, or 

abo"t 10 thin-section< per square kiklmetre, pcrh:,ps IJ)Jrc than arc typi~~1. b,',h th",

SL-.:tion represent< about 11.3 em' of rod., th~.,.cfore at 10 thin-section' I km' we have" 

thin-",,-.:tKlIl arca equivalent to one hundred millionth ofthc area undnlam by our object 

of study, apprO.1;matc1y the arca ofa compact disc per square kikmlctrcorse"cnnoo" 

third sit<.'Cts ofpup<.."T for the enti re Barth Concent ric Plutonic Suite, As for handswnplcs 

"'~1 Iyscdfi)fgL'Kncml-'try,appro.' i nwtely200smnplcstolal "crc"na11"<--0 fur the ,tudi," 

of Xu,", "'I(I Morse (1993) "rid Em,lie cl al. (1994). Iwo of the nl("t promlllent NPS·,,;,le 

chemical compositio"al ,tudiL'S todute. Making the generous as"I!nption that cach of 

rI)Osc 200 sampks was a healthy third.of·a·buckctful. or about 03X163 c ubi~ mctres. we 



ha,'c II total sample ,olumc of 1.26 cubic metres. approximately the volume of lour 

t)")l,cal four.drawer filing cabincts. Hut "'hat volume call this figure be contrasted with? 

Olle option is what we might considcr the ""Iumc of theoretically samplable rod, m the 

NI'S, taken to be the volume of rock w,thm 20 em of the 20.(l(K) km' bo..-drock surt"ee.a 

lotal volull"le off<)ur billion cub" ,,"ctrcs. Thcrefore Xue311d Morsc(I 99J):md Emslic,'/ 

al. (1994) ha"cat most sampll-d less than a billionth of the surface wfIC<. .. ofthe NI'S. 

less than a len trillionth ifwc assumc thm the NPS is at leas! 2 km deep 011 average. Th<.'SC 

calcu lat ions and comparisoos II<."<--d oot continue, for the point has hecn "",de that we 

a,~,'YSC by microscot>C and instrument hundrl'd millionths to tl"'trillionths of the rocks 

we profcs., kn"wk~lge of. and have CXantinl-d only relatively minute areas of their 

bedrocksorfaeesupclosc. 

Nowofcoursc this aulOOr rt."OOgnises that fi-omastandingpo,itionva,tswathsof 

outcrop look "''''C or k-ss internally umf()fm or variablc in rcadily dl'SCrihablc ways 

alreadydocumentcd and illtlTprch.-d elsewhere. an,1 eVen lhal samples taken kilom<.1res 

apart l1\ay be wry similar te."(tu,"lIy Or gl"OCh<.~n icall y, And 00 doubt the .. e arc many 

studies whieh find that such sUp<. .. fieially or actually s,milar rocks possess 

indistinguishable U·!'b isotopK: ages. It seems that such common appearances of 

ulllformitYalK! rea,lI ly explicable variability have provided gl"Ologists w'th II ,Icfau lt 

assumption: tl\,11 Ihe small is rcprl'Scntmivcofthc large unless by lud·o!:samplingor 

luck·o!~closcupobSl .. \'ahon we find glarlllg evidence to tr..:contmry_ forcxampi<-. Vl"y 

tcwgmloglStswouldtakcscientific issuc"'thart.oscarch proposal to p,tch a hclicoplC1"On 

c,~ .. y pluton. "'tlUsion. co{t\rle.~. body. 1>.1lOOlith. slructure. slab, and sho::;:t ncr d,scl-rncd 

in the NPS to grab a buckC1ful for geochronology in ordl" that a d~fi"'tl\c IIllruSI\'C 



cmonok,gybc estahli,h"') fin lfie NI'!-;. Convenli"""llhought has it that such a pm';"...:t 

shoukl encoumerno problems so long as it is undel1aken by a "good"gooeh moologisl.an 

ISOI'LOT magician who can apia", away any tmuhl~-""m~ dma aoo images by choosing 

irom a short ,oc1l!, ofconvcntional intl'1"prct~lions. Fort UJwcly,adclit iorl<ll sampling-for-

gl"Ocbmnok)gyoftnc Bartn Cot1cent ric Plutonic SuitebyGa'kill (200 5) rcwak,l multiple 

U-Pb zircon and baclclc1cyitc ages difficult to rCl."Oncilc with each oth<..,. and with ficl<.l 

obscrvations. teaching us the obvious, lnat we cannot just assume nur un itsarcofuniform 

age, in otfier worcl.<. Inat the small may noT hc.e]lfl"SCnTativeofthc largc. Tllcfindingsof 

Gaski ll (2005) also .emind uS that U-J'b ages arc nothing mOre than intcrprl1ations. many 

ofwhichcannotbcmadewneluSlwly 

l"he argument here is not That we shouklTakc a hUtldred thousand samples and 

waJwk.,. the one field area lordl'\:'''\cs. tor the reality is that there arc sc,'cre practical 

limitations that e"'''lOt bca\'oi<k<.l. an<.lthat many of us arc alrca<.ly <.loing om best to 

smnpicancl ob"''f\'Cwhat we can. But ",h.;'l we a,,' not do;ng is oorning to tcnns w,thlhc 

reality that we arc onty s,~mphng and s<-'Cing so much. The small ;s tl<)t ",-...:~","'rily 

rcprCS<.11tati\"c uftl", b.ge, the p:m not r>cccss"r;ly rqmuntativc of the whole. But ",'e arc 

li",;too to examining up ck,sc the smal l and the part. l"h~'fefi)fc we shoul<.l a/""," 00 

critiealofassumpt ionsofrcprcsct11ation ingc~, I"gy,our"wnand toose of other worh-.s. 

Furthermore. our language siloukl rdl<'\:t the i"herent ""eer/ailll)' in assuming 

rel'rescm3t>o" hy ",iUUk. sampbl porti<'''s of the I.~rgcr matL'fial ullits we wish to 

understand and talk about. T~ ..... • arc the rc .. :ommcndation, of this autho •. which will be 

attcmpt l~l to bc a<lhcrcd to in this wo.k. althollgh it is difficult to go against t1"'\"~'fyg.a i n 

ofor"'·Sl-.iucation. O("wurscthCSCrl\;Onlmcndation,arcrlOtca,ylo 101 ]0", 



r~1)fCSl.~ltation do oot exist unless you arC !orc~-d to deal with them hy cncounk'fing an 

unusual "ample or ohscrvation--howe\"Cf. we must pose and deal with al l 'lucstions of 

rcprescntation if we nrc to bcs<:icntific 

In sllmnwry. thc scient ific gc~) k)gi,t cannot avoid questions ofhow rr:prcs.:ntativc 

arc hi. Of OC'f samples or obs<.'fvations of some larger IT\:Itcrial unit, what a,sumptions arc 

required to support arty claims ofrcprc""ntation. aJKI how val id arc those assumptions 

1.7 S umnmryufnppro ac h 

This th<.-sis is a dc';Scriptive work fJr.,t, written with the intent that readen; OOmc to koow 

the physical object of the Banh Concentric Plutonic Suite as it is adualiycxists in space, 

that is, to know the pet rography of its rocks and how thesc rocks physicaliy relatc, insofar 

a<rc1iablysamplcdandcxamincd todatc. 

This thesis is a sp'-..:uiatJ\·c work second. written wit h the intent to launch the 

Barth Concentric Plutonic Sll itc we arc oo ming to know into the graoo rcalm of myriad 

possibility that cxists in ourcolk..:tivc imaginat KHl as goologist<. To this cod. the honest 

word "perhaps" is used tr.'q uently aod without apo~)gy. not for bck of courage to 

.k..:isivcly make an intc'Tpretation, but inexplICit rc..:ognitionof that rcalmofunccrtainty 

thai wil l always cll<:ap,u iat<: in complement the realm scientijic knowkdllc. 

A< mcntioned above. howe\'~'f. the present author i, still vcry much the pn){luct of 

hi' cxiucatiorl which emph"si",d the ftnd"'ll of answcrs over description. aod so Ihe 

pre"'"1 work i, aduJll y a ble t!d of at! atTl,npt to crCate the toc"is cnvis~lIIc~1 aod more 

c~,"\'entional.3nswcr,dri\'eT\gwlogicalt l1<lught. 



the charnockitic rock-type clan (shaded) 

Q 

Figure 1-0 - Definilion of the chartlOCkilic rock-Iype clan of the Banh Coocen\r;'; 
PlutonicSuite.IUGSrefercnce is I.e Maitre (2002): fg.,,-Y>usRnck... A C/aS5ijicaliQltlmd 
Glossar),o/r",.ms 

figure l -J - (A) An imaginary schematic map uf a plutunic tCJmnc with lines 
represenl ing imrusivc contacts. (1:1) Th<· 12 plutunic pcr;mclruns possible (shad~-d) gi""1l 
the tn.'p in 1-3A. The last oolumn contains 1he four possible base pcrimetrons. See 
Section 1.5.3 fore~p lana1ion. 
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Fll;ure I- I · The Nain 1'lUlonic Suite (Ryan and Morse 1985) and surrounding rocks 
(Modified fro m Connelly and Ryan 1999)_ Abbreviations: HI . Bouverie Island: FR. 
Flowers River pluton: HET. HetiaMCh pluton: IV, Iviksuak pluton: JI , Jo nalhon Island 
pluwn: K. l. Kiuvik Is land: KIG, Kig lapait pluwn: KIK Kikkcnavak Island f pluton: 
MAK. Makhavinckh bathol ith: MB. Merrifield Bay pluton: Nt Newark Is land pluton: 
NlJ K. Nukasonmktokh Island; 1'1 . I'aul Is land f pluton; PMR. Pon Manwrs Run plulon: 
SB, Sango Bay plulon; SL. Slambang Buy f pluton; TES. Tessiarsu}ungoakh plulon: TK. 
Tikkiraluk Hill plulon: VB. Voiscy's Bay pluton: V8-N K. Voiscy's Bay·Notak",anon 
pluton 
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.·Igure ]-2A _ The Barth Concentric Plutonic Suite. Hosenbcin plulonand surrounding 
rocks. Internal contacts within areaS underlain by similar rock types not shown. Lines 
thick dashed. faults: solid. observed or vcry well constrained contacts: dashed. 
3pproxiTTlllte; dottoo, poorly constrainc<l: closely dotted: uncerlain constraint. I're-NPS 
ma, mafic and anonho,ite gneiss: qf. quarlzofcldspathic gneiss, NPS: ang, 
aoorlhogabbroic: anln: aoorlhositc·IcUCOllor;te: ch. chamockitic: fe. Fe-rich dioritic· 
sycnitic-gabbroic: pJg. PI·dominated gabbroic: olg, Ol·gabbroic, fault locations 
imerpreted from detailed aeromagnetic IIlap pr~~cnlcd in Ryan (2000. Figure 2B, p. 255). 
Thc northem fault is bcl1cr constraincd than the ,()uthem. Contouf intc"'allOOn (JOAS 
m) 

'", 

- - - -
Figure ]-2B - Map credits for Figure 1-2A and deriVaTive maps in thi, work 



<:ha lllcr2 -<:onl u l a"'I "\c .... ·;c ... oflhcHar.h <:ollcclI.r;c l'lu.oll ;cS,,;'C 

Thisch.lptcrisdcvclopo.-dacoonlinglothcfollowings.:quencc: 

I) (Sl.'Clion 1.1) The Nain I'lul(}nic SUp"'r.;u ilc is defined: 

1) (St.x1ion 2.3) The 8:uth Concenlric Plulonic Sui'e isdcf",cd. i.s """''''g discussed, 

3nill'ssubdivisionsdefinc\l: 

3) (Scrtion2,4) Pc1mgraphi<.: and "onlact oiJs<,rvati(}nsofrncksndjaeeni 10 the i3at1h 

Concentric PlulonicSuitcarcd~'SCribc.:l and discussed 

Rocksnamc-d byO!heraul horsarer~namoo as they come up in d'''''USSlI)n if they do not 

adho,...-c 10 the slig.htly modified lUGS scheme employt.-d h~1C (S~'Ction 1.5.1) or " 'ere more 

or less incorrcrtly namoo according to the scheme. and arc reasonably assumc-d to be 

rqlrc.,..nk-d by mcksstUdlOO here mlhin-sect io n for "hieh prc'Ciwn:JllII'> ha,che gi"cn 

(e,g. :,damellitcofRubins(1971)and roonzonileofRyan[2000. 2(01)11,,<1 Gas~ill [2(05) 

oc'Come cham<>ekoid). In roost cases only lhe rOOI na"'escan bercassig",-~I (sec previous 

e.,amples) hut in oome cases 'l1()(hfkrs can also he reassign~~1 (e.g. locally 

<)xid"mag,,,,!ite)·rich fl'-rrodiorilic rock of Ryan (2001) OC'CO'llCS relm)\'cly Fc·Ti·oxide

rich gabbroid). Similarly. when c,(lrIvcying previous work. bodi~"S of rock rcfl"rrc-d to by 

rrc'ious a"thorsarcrcfc"fTc .... toac~"t}rdlllgt"prl"Scntu"'gc(c.g,therlOritOcmncofRubim 

1197Jlisrdl·rrl~lloho....-casll"'l'c·richpfl~lonllnancy.c\cn"henc'lingRubllls[197J )) 



2.2Ddj"ilio"oflh~ailirlulonic S ul,ers uit c 

Ikf(>re the Uarth Cooccmric I' lulOni~ Suit~ and H()"~lIlx;i" pluton are dciined (Sections 

2.3.1 and 4.1, rcsptttivcly). the defi nitio" and e~lcnl oflhe Nain I'lutnn;e Supt."fsu;te arc 

examitl<.~i so Ihat the .subject rocl. may Ix; ITl()r~ ~karl y U1Kkr,lood in their regio na l 

"''''text. Thi, .subscdion i, intnKkd to Ix; supplementary to Section 1.1 

Ryan and Morse (1985) ,Iefine the Nain J' lutnn ;c Suite (here rekIT~d to as t h~ 

Na in Plutonic SUpcT:;ui tc: NI'S) as Mc-"ol'roterowic. m n, ;stingofthc t'lUr rlll,in ··rock 

associ"ti,,,,s·· an<Jrth",it ; ~ and troch,Iit i~ ·'lithologies·· and adarncl liti c and jotun;l ic 

"rocks'· (I'. 266), und~"'l yi n g at least 2().(X)O km'. [l"'i -tL"Lionicaliy intrudL-d "long the 

boundaryoftoc Nain and Churchill struC1 ural provinces, having as the typc locality the 

Na in area (Ryan 2000, 2001). and having occn r~"Cogni",d alld d':"-Tibcd previously by 

numerous workcr.< kg. Wh~d~r 19.j2. 1%0). Sine.: the original defi nit inn. Ryan e/ "I 

(1997. 1998) discovered Ihat S(J mc rocks prev;nus]y thought to bcl<lng to the rK",h· 

northcaskrn NI'Sarc"clUaliyl'alwprut~TOZllic.ands(Jb>C{]ucnt lycxcludedlhcm"ndthc 

un it8 they arc toought represent fj-om toc suite (th.: NPS·ooot iguous [la lcoprotero7.0ic 

plUTonic rocks;n Figure 1.1). Evidently, thcn, similur rock type and contiguity arc 

charactcrist icssuffocicnt toprovisionallyincludcrocksin tocN I'S.but ,ho"ldthcscrocks 

ocdatc-das"oll·Mcsoprolc"ruzoictheymustthcrcatlcrkexciUlbi 

rile NI'S is nol contiguou,' as , I cfin~-d. wnsi,tiog "dually of three batholiths. Tk 

C"'I~nllllO't Tx,lh"li!h j, separated from Ihe main by a he lt of Naill I'rovill~c co.:h 



extending rromatlcast as f.1r oorth as Bouyerie Jsland 10 at lcast as fur south ascastl'Tll 

Nukasarsuktokh 1,land(l'igurc I-I). depcn<lingon the extent oftr.:eastcrn batholith. At 

the preS<.11t level Ill" sub-aL"Ti"1 exposure the ea,km batholith is far small~r than the main 

arul tflc two arc separated by as little as 2.5 l::m. The other s .. :pamte batholith is the 

Makhavindh in t he centml western NPS. ent irely or almost entirely scp;"atL~1 trom the 

main batholnh hy Churchil l and Nain Pmvince r{)Cks. Radiom<..1ric age dClenninations for 

tllCcaSk'Tll batholith are 1311 ±2 M" (U_Phzircon. Hamilton et a/. 19<)4) fora mckof 

the Ol·gabbroic Jonathon Island pluton and 1296 Ma (U-Pb ,.ircon, Kmgh and Dav;, 

1973) fmamdofthefelsicJviksuakplu!on.and for !hc Makhavinekhbat ho!otharel322 

,. I Ma (U-Pb "ireon. Ryan eta/. 19(1) and 1322:!: 2 Ma {U-Pbzircon. McFarlane and 

Connelly in McFarlane CI"/, 2003) for felsic rocks of the dominant. ml1crpl\1toll of thc 

batho lit h. pla,·ing at least parts of the castem and r.bkhavin~kh batr.olith, within the 

middle and UPllCT I::oo,,"n timespml of the main b.1tho li th and th~"Tcby justifying their 

The Harp Lake Plutonic Suite (Erru;lic 1980. K~TI and SmIth 2000) 10 the 

southw~""t of the NI'S consi,ts of <imilar rock typt.."" and i< al,.oost narrowly contiguous 

with the NPS via thc IlOt-quite-wntiguous' Ol-gabbroic Pants Lake plutnn {Kerr r/(!/, 

2001. Sl11ith 2006) which c"<Jntaet, both ,uitcs. Theoort)KTIL :-"PS-"orltigllous.portiorl oj 

the Pants Lakc plmon L"<lntains a rod hea rin g an agenf 1.122 '" 2 Mn {U·l'b ~irwn. Smith 

20(6). an(l!he"nuth<-"'lIJarpLal::e_comiguoU'llOrtionamckbcaringanage of 1337 - 41_ 

2 Ma (Li-Pb badJclcyitc. Smith 2006). placing the", rock within the 1290 

' AI k.",., Ihclc-,dofc"",iOll.nJ.,eUITCnlt,m.rf>Cd 



known timcspanotthe NPS. The H,up La~e Plutonic Suite is at least asokJ as the 1274 ± 

2 Ma Ol-diabase d)"k~", whi~h cut it (Cadm"n el at. 1993) pl"Thaps SIgnificantly okJ~"T 

since the suite appear.; to 00 unconformably overlain by bbradoritc-bcaring 

~"{)nglon"'"Tat~"' or maximum age circa 1273 Ma (Emslie 1980. Romer cl Ill. 1995). 

lsotopicagcs r"llO tl ed by Emslk( 198()ior thc <UilC and iTsaur~"{)lcarcK_Arbiolit cfigcs 

of1193~ 32, and 14JOMa. K·Ar homblcndeagcs of 13S0, USI ±42, 1449 ± 44, 1482 ± 

45 Ma. ,,,Id U·Pb zircon "IlCS of 1426 and 1450 Ma. From these impr<.'Cisc agl'S :md ages 

ofullknown prc"< .. is'onakmc wccanonlycoocludcThaTlhc Harp Lake PluTOnic SuilC is 

Mesoprok"TOLOic. We cannOt say Wilh eertairtty based On thescdata whether or not the 

Ilarp Lake 1'ltilonieSuiteo\"crlapslhcNPS 'ntime. AI"o. cvcn ifThc 1400 Ma age.s"c 

the most accurale (and similar bul precise ages may have l:>c<On subst.'qucn!ly mcasurl~1 

unockoowll,t to The author). wc do 001 know what rangu of age, may be prc,.;"t irl lhe 

Ilnrp Lake PluTonic SUiTC . On this poi"'. consider that we st il l may not k t~}w the range of 

ages pr~'SCrtt in the NPS. Arid while the Harp Lake Plutonic Suite appears to h,1\'e a more 

rcgubrgl,.,meTry thanThcNPS and a coocenTric dlSp'"ition of rock tYPCSJ • w e,houidoot 

3&;umc thaT these tC"turcs rK.'Ccssarily indicate a simpk .... less protraCK~1 hiSTory than the 

Thep"'l)(>,,",otdi,,",u,sinllthcf!arpLakcPlutonieSuireistohillhlight thal facT 

t)wt the "PS. tho!Jg.h convenient 10 (Idirrc. millht nut be as discrete I' uni t as 

con\'cnt~ltl"l l y lhought The Naill Plutoni,' SUp'·"uilc" ,irtua)ly eontiguou, wit h the 

, AccOfdmg the approximately 6 mOllth m'Wlng prog .. m of [m,h< (t9~O), «iu,,~ trn' 10 •• m,t! frac""" 



Harp Lake Pluhmi<: Suite. and the po~ibilityca"')(ttbedcn;cd tl~,tthcym"yo\'Cr1ap in 

timc, just as the similarly spac~-d main. <'a-,!em, and Ma~havinc~h batholiths of the Nain 

do. WI~1tevcr the case, the Nf'S is the nurthemmos\ ofnumcrous ··mas,if·' IUlOrtoosite 

and Icuwgahbroid bearing Protcrowic p lutoni<: suiles mdching southeast from L.1bmdor 

2.J Onn· icwuf l hc llarlh Conccnlric l'l ul uuicSuil C 

} 3 I Qdi"ili"" "Ohe Rarth C01lITlllric !'{wQnic mite 

The BarthConccorric PlulonieSuitc isdelincd hcr.::asthcsumofth,,>cho<ilcs o f plutonk 

rock. distinguishabk lTnm each orh~f and hounding rocks by at Icastl hc eharact~fistic of 

T{)e~ tYP<'. c"ntigunu.< with each 01h~,. at the prl'SCnt level ol"cxposurc, ",1<1 concentricall y 

disposcd.originallyandstil l plrtia llysoamundthccent rcnfthc lnwlandsof8arthlsland 

assuming - I ...! kmof,inistraL hori~ot\l31 Off>\.1 along a Ibu lt or 1'lUits ocne"th Nain Bay 

belween I1mh 1<1.1,1<1 and the rrw irrlwl<l to the north arl<l -3.2 km 1x1w<"Cn Barth Isbnd 

and the mainland to the soulh. nnd those ho<!ies of plutonic rock not oonccntri<:ally 

dis",,,<~1 hut. 311hc present Ic,·cl OfCXjIOSUTC, lying who lly within the pcrrm<1cr of the 

,tructufcas defin~~l hythosc ho<tiesconcentrically disjlO>\.xl. 

DetlrK~t in {his way. the Barth Co!K;~~ltric ['Iutonic Suite i, ,imply a p lutonic suile 

wllO'<Cd"minant parba, most rcad il ydistingu ish" b l~ arc concentricallydiSjIOscd. Only 

,ubS<-'q ucl1l rnappmg and drilling proj<..'Ct ~ rmy alter what wc know to con,titute the Barth 



Concentric PlutonicSu,te. Anyda;1lls that thc ElarthConeenlric I'lutonic Su;tcora body 

appro~;lIlating or indu<l ing ;1 Rl'r~.".,nls a la}'cred intrusion (Rubins 1973, Lcvcndosk}' 

1975. Wanace 1986),rompositc inlrusion (Ryan 2(01). ring romplcx! (Ga:;kill 2(05). 

rompositc pcrimclrun (examined in SL'Clion 3.1.4). Or anyt hing else have no l>caring 011 

the dctinition "f lhe Harth CQI)(;cntric Plutonic Suite mill it., undeniable c.xi>K~l<:c as a 

pluwnicconcel\triestructure<lC'fmcdbybod;esdislinguishJblem;"trca<lilyhyrockl)-pc. 

Tb.: body defined I,,-'TC as the Barth ConcenTric Plutonic Suile has been 

consistcntly rcoogni><.'<l ,ince Wh~'dcr (1%0). and has oc'Cn variously called the Barlh 

Islundlroc1olilcbodyano:lsllrroundingmcks(Rubinsl97I).thcBarthla)crcdstructure 

(<Ie Waard 3n.-i Mlllk'Tn 1973. Mulhern 1974. Wallace 11186). lhe B,uth Island layered 

inlrusion (R"bins 1973). the Barth lay~'T~..-l intrusion (Lncn<losky 1975). Ihe Barth tslan(1 

strllclurc(<lcWaardt976,Wallact:1986).thcBarthlslandlayc rL..-lslructllrc(o:lcWaar<lc( 

"I, I 971i}. thc Ilarth 151all<l composilC mtrusion (Ryan 2(01). an<l the Barth l>la,Ki rmg 

complex (Gaskill 2OU5). Even lhoug.h "i,rious inkrprl1ations oflhe Barth have oc'Cn 

entertail\l'<l in previous slud i ~'S the basis ofewry succe,~i\'e Ilarth unil is the ~onspielJ()us 

con~cntric arrangement of distinctive rock types. NOle Ihatlhc bo<ly rctcrn.'<l to here a, 

the Barth COllcentric Plulonie Suile has never he~n defined as beinll bou,Ki by a well 

obscrvedcxlcrnalcontacl. instead by I">orly cxpo<e<l tr.'nsilion(Scetion 3.1) from whJt 

hasbeclivariou>ly rdc"cd toasnorit e(e,g, Rubins 1971). jotllnitie ro ck(e.ll.dcWaard 

1976). "",I ferm<iiorile(c.g. Ryull 2001. Gaskill 2001)"",1 in s""cilk plac~'S ic<,.onorilc 



(Gaskil l 2(05) into more Icucocrntic and in "lOst cases m~..-. "al1Onh'Ntic" rock. more 

typical of the larg~..- NI'S . The e.~K"I11al an • .I imemal contacts of the Banh Conccmric 

I'lulOnicSuitcaredcs<;ribt.-dinScccions3.land3.2.rcspcccivciy. 

Theprcscmlyrecognisetl major units of the BanhConcc'l1ric I'l"tonic Suite wt..-c 

first ro.'CogniSl-d by de Waardand Mulhcrn(197J: Figurc2-1) woo funhero.-dc hewurkof 

Rubins(1971). Subscqucnc ti c1dworkbyW"lIace( 1 9M6)n~1in1ainooandbyRyan(2ooo. 

2(01) sl ighcly modified the Banh Concenlric Plutonic Suite a. ,napp'-~I by de Waard 

(1976·). Inadditiontomi"orn.-dc1ineallonsofsomcintcm.1IconlactS. Ryan (2000. 2(01) 

did I10t n.=gni'iCthe small charnockitic unit previously mapped ncar the cenlreoftlie 

structUfC nor the small fcrrodiori teunrl p",viouslymappcd inlaoo frollllheshorcofNain 

Bay in lhe weSI'l1Onhwesk"l11 pan of the structure 

The rnapofGaskil1 (2005) differs significanl ly frnrnearli er maps. mostly SO oon Ii 

of Nain Bay (conlmsl Figuro.'S 1-2 and 2·1) . Thc 111051 significanl (]ill"c,cnccs bel,,,,..,n lhe 

iliaI' of Gaskill (2005) and the map originaloo by de Waard 300 Mulhern (I ')7.1) arc 111m: 

the map of Gaskin (2005 ) lacks the Iwo small um,s also unrccognis~-d by Ity"dtl (2000. 

2001): Il1eelongate bodyofOI-gabbroic rock in the I10nhcast ismapp<.-d .. d,seonl, guous 

with the main bodyofOI-gabbroicro<.:k:thejotunilicrock (de Waard 1976: fcrrOOK>r;lc 

of Ryan 2000) non h ufNain Bay is d;\"idc-d inlo fo. ..... OOiori!eand luuennori!c. ,he bUt.,. 

OC<.:upying thenonhcasl-CaSIp<.Tipheryandthecenlr .. -d.-",,,,,,circularbor;lyalongNain 

• [,.,.len,ly''''' r" .. I",>p proJucedbydc W .. rd·.N.rn ....... th"'''c 1'ToJ«' IM,w"", '<l11-19~tJf""",r<;h 



Bay; and the nonh-nonheasf(m p'"Timcter On the promin~m hi ll west of Sachem Bay is 

m"'eirregular 

~!,,,rlh,'B"rlhCQnccnlricPI,,(Qnic5"itr 

Previous nmn""oftrn, llarthCOIICentric PlulOnieSuile.lislcxl inthcp<cvious>cclion.alt 

ulili>clhc ,pccificg~"'graphie name "Barth"or--Barth Island", "Burth Isialld" appears On 

oflicial maps an<l is namet! aller Christian Oollk,b Barth, a ninekcnth century Gen",'n 

l'rok'Stantpa'torandwriter.inhollourofhiseontpilationofa Bible hi,tory t"onsblL'<i onto 

Eskimo" by the Moravian missionaries who cvangeli,cd lhe Inuit aoo fou",hl Na»] (La 

Trobc 18881'.26), Out of respect for the Inuit inhabitants of the area an<l toc11sure an 

<-,,,Iemie name we might instca<! ulilise "Amittuk" (an-meat -t()que), the Illutlitul name for 

Balth Islan<! mcaning "narrow onc" (Wheeler 1953 as ,\ "mitokh an<! Ami(O{]: currenl 

spelting and w"Tilica(ion of mcaning provi<Jc<l by Memorial Uni\'el'<ily lillguist D 

Wharram, jX'rs. (omm. 20()7). Itowever, "Amittuk" refers to 110 les.s than roul i,I",lds in 

oorthemLabraoJorm-.lsoispcrhapsbcstrc'SC""cdiora!Uwle-dctin(.xl,mi(,perh"p'(he 

allonhosite and g,1bbroie rockofeas(~m Banh Islal-.l. which Ryan (200t) filund lacke<l 

any preferred orientation ofplalliocl~", phcooerys(, unlike the neare,t tJ<><Iics of similar 

rocklYPC. 

A~ m~ntio,1Cd in the delini(ion of the Barth Concentric I'lutonic Sune (Sec(kHl 2.3.t), the 

BUlthis sltlxlivi<llxl in(onatural uninhaSCII on rock lype. Thescunits are h .. :rcrefc'ITe,;l10 

a, r<Kk-1YPC prc.tominancies, a tl'nll ;l1lrodueet! il1 Section 1,0 to refel (0 grouping of 



actual rock. consl,tuting units whICh as dcfirnxl arc domilUlloo by a CQnllllOlI rocl; t)lIC or 

rangcofrockt)pt."S(i.c.acollllllonrock·typecian). SoIllC rock type prctiominancics of 

the Barth ConccnlTic PIUlonic Suite are ~nownlObcat lcast partly bound by 1II0re or Icss 

dcfin ite boulldaries including cyid~nt ly introsi\'c contacts aoo as such ar~ bellcr definl"<i. 

sc,,·nti ficallyundpcrha1'sllatumll/.lhanotl1<-"f1'rl"<iominancics 

The rod-type prl-dolllinafll:ics of the Barth Concentric Plutonic Suite arc: the 01-

g;;lbbroic. the Fe-rich diorite and gabbroic.' thechamockitic. the OI-fr~"C allOrthogabbroic. 

and thcnon--chamockitic granitic. the Iattcroon.istingofdykcsofunkllO ..... nagcbut 

OCCUITIllg "holly within the Barth Concentric Plutonic Suite. satisfyinlllOCI\.""quircment 

sct hl"fe (St.\;lion 2.3.1) for inclusion. MOI"l"O\'t:r.thcgraniticdykesob,;crVl"<iwl1hltlthc 

Barth Conccntric Plutonic Suite On the southern shore of Nain Bay arC roughly 

COllt:ordant with the 01-g;;lbbroic·chamockitic colltacl. but IOOrc of ~uch CQncord:ltlcy 

wou~1 nced to be dl'SCribcd elsewhere to say thatthc granitic 1'1\.'((ollllllallcy;s itself 

colICcntricallydisposcd. 

For cach of the five rock-typ.: 1' ... :dolllina'lCil"Softhe Barth ConcentTlc I'lutonic 

Su,tctl1<-"fee.,;st five corrcsponding rock-t:ypc cians (St. .... 1ion I.OjofthcsanlC'W IlCs.Thc 

rciallonslnp ht.1w~"Cn the t",·o catcb'Orics of rock type grouJlS is that cach rock·typc 

predominancy isdominatoo hyrock bclonging to thc corrcspoooing rock-type dan. For 

cx,,,npic. by rcf~"TTing to the F~"'rich diorite aoo gabbroic rock-type dan 'hc author I< 

referring to C'~"fy ,"olunIC of Fc·rich diorite and galobroic rod '\lthm the Barth 



Corl<:enlric PlulOnic Sn ile, SUPllOsing lhey occur Iodg~'d in anoli1cr predominancy (e.g. 

locally along Ihe nonhem tT~.rgin oflhc ch.'I1\ockitic predominancy soulh ofNain Bay) or 

wilhin the Fe-rich pR'donllnancy proper. By conlra>1. hy ref~'TTing 10 Ihe Fe·rich rod-type 

pl1..""!Iominaocy the author is rckrring to all rock within the bounds of all dclimit~""!I 

(sub)ullilsoflhe UanhCoocentric I'lutonic Su ite that arcprctlominatl""!l by Fe-rich rock 

How arc thl'sc units dclirniloo? By mapping atlll description to date. For e~ample. the 

non_c1~mlQckiticgraniticrock_typeprcdominallcyisboundbylhcm.arginsof dykes south 

of Nain Uny tlmt arc oominat~""!I (or perh..p5 enlirc1y composed of) 'IQn-chafllockitic 

granitic rock. Should i' futurc studydis<:ovcr 'IQn_charnockiticquanz_moT\Zonitc within 

Ihcsc dykes Ihcn that rod bcwnl<:s a known part of thc 'IQn_ch,'rnockilicgn mitierock

typepr~""!Iominaocybut iscxcludl""!l fi-omtltcoon·eil.1TtIOCkiticgran il icrod-typecianifil 

is a rare component. It: however. quartz-moTUonite \H'TC a well T<,prCscnloo. COnl1oon 

component then it migltl be approprialc 10 rc""!lctine Ill<: cian as non_charno<;kilic gmnitic 

andquartz-toon/.onne 

In mJdilion. Illt.-TC arc sonl<: minor rock-type clans within the Banh Coocentric 

t'lutonie Suite tllill do not corrcspond 10 rock-t~'f'C prcdominatICies. that is. lll<:Y ,I" nol 

dOrt\im,lc any unilS as <lclirtcd. The rock types Ihat define these minor dans arc rare 

within the Bar1h Con(;enlric Plutonic Suile. For example. ai-specked gabbroic rock and 

anon ilQsitc. aecmdingto prcscm sampling and obscr, .. ations. are ,'cry r ,",ecOIllPOllC!lISof 

til<: Ol-gabbroic p".~tom;!I:mcy of lhe Barth ConccntTlc I'lutonic Suik mill so {}(;cupy 

their own ""[,,,ratc rod-ty'f'C dans. It would be inappropria!c to n'detinc !he Ol-gabbroie 

cion as Ol-bear"'g atlorthogabbroic Dceausc althou~ accurate. tails to cI~.r:tdcrise the 

corresponding pr~~to",in~ncy by gi\ ing Ion b",",d all ,mpc<'S>ion, by "nplying that 01-



specked ~n<Jrthosit~ and gabbrui~ ru~k "r~ in ' igniticant "bund""c~ (i.e. ar~ al Ica,t not 

rare). Of C<lurSC the matlcr of dcfming rock-I}VC clans is somewhat ~rbilrary. and so the 

gC~llogi 'l doing the ddining. jU.<1 a, anyone g~'J l<lgising. mUSI be gu id~>d by the qu~'Stion' 

"Am I using languagc that ""nvcys too apparent rcalily Oflhe rocks accuraldy and 

c'plicil ly" "Rydctin ingmioorrock-l>VCclansinstcac1of broac1eningc xist;ngclans. 

ac~ura~y is maintained without implying lhal any UIl;l, are Charal'1eri<lically morc 

I>roa(llycomros<-~Il han i'3ctuall y apparent 

Rcc3111;-om SCdion 1.0 that tll" pr~';S<;nt author is making no claim thm ro~k·t}'JlC 

predOlllinanci<;sand rock-type clans are i(\eal or flawlcss ways 10 groupbo dies of rod: of 

simibr or th<: ,ame ro~k type. Kather, the author h", iJlt",duc~..J thesc tLTlllS out of 

necessity.l0overcolllehisITuSlrationin lryingtorcfcrpre<; iselY logroups of rocks of 

si milar rock type with in and across units. and this 111<-"is s~'fv"s as a t~"t of the 

applicability ""d ",,]ue or the "",~k·typ" pr~..Jomin"""y" and the "",ek·type dan", That 

scienti tic language (and Ianguagcingct",ral)<houldheinoovatcdarnltc,ted.howevL"f.i, 

apoint!hea\J!hormakcsunr=v~..Jlyandw itllOllt UJIO]ogy 

No impl i ~at ion ')f e~P<'dation i, made here that any indivi,lua l pred()minancy i" 

f.~u l ting. or-perhaps-intrusivc di8mClllhcrlllent, wholly 

<Xl ntiguou.< . AnyindividuaJ mck_typeprcdominancyiS8i1ll1'lythe sumofobservationally 

di<tinct hodic8 of rod (i.c. units) dOlllinatcd by <illlilar rock !ypcs andlllc<;ting!ilecrileria 

for iTlc]" , ioJl in the Barth Conccmri<; Pluton;eSu;!c 

Ba",d on rod typ" dderlllinati(1Il.' madc III lhi . ' ludy(Figurc 2-2; dC8Cril>t>d in 

Scction 3.2,2,3). the "outer lcu~onori!~" unit of Gaskill (2005 Figure 2·1). occupying the 

tK>r1hcast-p.:riphc.,-y"rthellanhConcentrK I' luto nicSuitc. is regrouj><Xl here intolhe Fc-



bclwe<:n tllC former "outer leuconorik·· unit and the r..)unciing Fc-ri"h predominancy 

(G",kiIl2005; dcs<;riixxl in 5L'<:lion 3.2.2,2). thcsccontacls arc intcrnal sub<livisionsof 

bodics mid pre<.lontinancics dc!'n~~! hy mck typc . Rememher th aI the maps u",<1 hl'Tcin 

cxcept Figu re 3-2 only <ii'play "ontad, bct"'c~n rock-ty"" prl-duHI;rWricies (commonly 

mck typc-contad ', but also intru,i\'~ contacts bctwc-cn predominatlCics: i.c. in1n.rsivc 

contacts scparnting rocks ofthe same rr~~lominancy arc not ,r..)wn) 

The Fe-rich diorite and gabbro ic predominancy is natura lly and c()nspicuously 

subdivided into Ihrc'Cmain portion,! a "''I1tral portion. outcropping on ly in tllCccntrcof 

Barth IslaTld. an inncr portion. outcmpp ing morc ",wards t h~ ~xleri", of too Barth 

Conc~ntri c Plutonic Suite than t h~ Ol-gabbroic prcoorninaney but more towards tllC 

in terior tlwn vol umetrically signi f,cant ocmrrcnces oflhe ,·hJ",ockilie clan (i.e. the 

charl1<J~k i tie prc-dominancy "' prc'~ntly nwp]X"I'~). and an outcr I)()rtion. outcropping 

m"'~ t"wards thc· c.,tl'Tim th an ,olumelr;"" li y , ignit,c"" t occ"rrcrlC~'S of the chamockit ic 

Accordingly, the inner portion only occur>; north of ~" i " Bay. wlKTca, the Ollt ~T 

portion ()~~1I r:s on w~'St~m Barth Island arid both sidcs of~ain Ilay. The easTern body of 

C"" ""IH, l'lu' OO",S", .. ( • . g, the po H ofo;rouior. ,,, .m'pra"crn bo<i;e,e ." of ccntrcoo lhon,""hshorc of 

N,mBayj i'placro(hCtlco"m. in··) 



hHicn rock ut)(krlying Oanh Isl ~ t>d remains unassig ned since no sign ilicant volume of 

charnockit icrock isprescnttncrefor refe rence, N01e that the ponionsassigncci here Me 

mcrdy physica l sulxl i vi sion~ assign"d based on spatial relat ionships and l)(tsitions-no 

inlcrpn:lalio", (e.g. uf wlll cmpuran~i ly ur physi~al continuity) an' implil'<.l. Additional 

portions coukl be e,plicit ly defi ned f<" the Fe-rich diorite a,K! gabbroic atld oth~.,. 

proooHiinancics bu l such puk'lllial portion, arc slill in need ofd~finit i \"c mapping (for 

~_g .. wmpare the (Ie Waard and Gaskill maps) atK! it would be cumbersome and 

pointk " and dubio us with our present knowledge- to f<mnally delineate at)(1 lahcl 

evcry scrap 01: say. charnockitic rock evidently present in the Barth Con.;~nlric Ph,lOni c 

Fe-rich diognlmroic"is introduced here as a wnvcn icnl shortcn ingof'"Fc _rich 

dior ite or gabbroic"' somet imes uscd hcre 10 rdcr 10 rock "PI"'Mllly bclonging I o the Fe-

rich m~k - lypc clan (Sl><-1inn 1.0) fin wh ich a pred,e mck name has no! hccn dC1crmin~~1 

As a shortening of "Fe-rich diorile and gabbroie'", the tenn is also used ilS gen~'1"al 

adjcct i v~d~>cribitlgrodoftheFe- richrock -typeclan 

Aside from dykes and eontaclS, orielltcd Slru~1 ures rq,.)ncd lor the Barth Cunccntric 

Plutonic Suik mxl adjacetlt rm,b (figure 2-3) me lim i k~l to ignnJu_, byning and ,hapu 

preferr,-~i orienTations (SPOS: i,e, foli~tions), atK! each has \>cen rcpotlL~lli:>r all rock-I}]'e 

prcdomiIHtllcics or Ihe Barth Conc~nt ric Plulon ic Sui!e cxcqJt lhu 11<lIH'harn{)ck ili,· 

granit ic rn~iominancy_ Most rcpotl~~1 i gn~'Ous layering i, nlO,tal. but grainsi7c loyering 

h,"bccnobscrwdin t heFe-ri chpr~'dolllinaney 



Except ing some rare fo l(kd layers, tgncous layering and toliations within the 

Bur,h Concentric l'lutonie Suite strike Inure or less parallel the ncar~':<t "'t~""at or e,<tenml 

COIl1IlC1. with dil)dinxtions inward aOO dips ranging from 33 to 89"(cxc'\.l't foroncoullicT 

ofI4"forasc'CoOOary fi,l;ationj,mcan \'alue 56" (I'igurc 2·4). Dip angks so far measured 

show 00 correlalion with distance inwards from the extcrior contaet, cxcq,t south ofNain 

Bay where avcragc di]> shallows to roug.hly the total meao \'alue in the oon hem half of 

the OI·g.1bbroie prwominancy there 

Although it ",-",m< ;mplicill0 Ihe presenl author from reading pre\'ious worb that 

tay~Tin gatld folialion are oortoordant, tite only explicit statement to that dli.'Ct w:lsmadc 

by Gaskill (200Sj rcfcrringtotheOI·gabbroiccian.aOOlheprcsent author has tlOwherc 

obsern>d hoth foliation and layering definitivcly in the samccxposoreanJ cmltlOtsay 

"hcthcrstrict ooncordancc;sthccase,thoug.hthcyhoth broadly para ll ci COntac tsaOO 

therd'lfceachotherrnstrikc 

Given that the fo h'l1ion:tOO modallayc,.ing measu!\.,nents!Tom sout it "fthe Barth 

CotlC<:nlric Plutonic Suite soulh of Nain Bay dip sleeply llOrthw;rrd aOO tit"t internal 

struetUfL-sdipinwartls, wcaretclnptw loinfcras Rubins(I'I71 1',40 )didlhal"lhc 

coni acts do also", However, SO far to date, the only slructural measurement rq)onc~1 of a 

contact di]>s outwards al 67" (Figure 2·5: measured bythc prc'"SCllt author), that oonl:";1 ~Il 

inK'1"'''11 OIlC in the charnockitic prcxJominancy soulh of Nain Bay. Non<:titeless, it is 

,Iitli.ull tu imagine that lhe gcncml case ,s not one ofwntacts d,pping ",,,ards 

Note that structural measurements 1;-'"" Ruhins (\971, 1(73) W~'1"C t~)t uSl~lto 

create the compilation I'rcscntC'(1 in Figure (2·3) because they arc diff,cult to locate 

preci>clyductobcingplonwc,tocronanc,rrly,rei:tu\'ciydissimiiarmap(Rub,"s 1(71) 



or 100 coarsely drawn a map (R"bins 1973). NOle also 111m 0111<...,. Nain Anorthosite Projl.""l 

aurhors de Waanl. Mulhern. and Le\'cndo<~y do 1101 dift-"rcntiatc what the struL1urai 

s)"mbol'pi<lucdonthcirrcsl"-"CtiwtnapSRl'rcs.:nt. with lhosc pi<lncd by de \Van rd(e.ll. 

de \Va",,1 et al. 1976 p. 564) rqln:scntinll "orienwtion ofrh}1hmic lay~.,.ing and foliation 

piancs··. rh">cploncdbyMulhcrn(1974)rcprcscntinll",lructun,lfealul"\."S.andthoscof 

Lcvcndos~y(1975)rqlrcs<:nt ingslructurcsunsl"-"<:ifkd 

2,4 Rock, adj ;,c~ nlr" rhe l.Ia rt h Co"c~ nrric l'l" ro nic Suire 

14 {/(nck.sadi(u"fntto//ocHarthCQllcrntric/'/Wonic Sui/r ro,u/.of"ain/l(lY 

South of Nain Bay the BanhConcentric Plutonic Suite issurToundl-d hy gabbroic rod. 

mostly plagioclasc-<lominatcd. and to a much lesser e.~tcnt a'lOrthositc (Figure 2-5). The 

SI"-"Cilicrod t ypcsobscr\'~-darc(listcdasbu l lctsforcascofrcading:Figurc2-2): 

dinopyroxcnc,sl"-"<;ketla'lOnh,y,ite(1 1120): 

Icucogabbro (H 129): 

(ilmcmlc-mag .... 1itc)· 'iI"-"C~cd lcucogabbro(l 1115. 171): 

mdalcuC<lgabbmid(HI52): 

(ih"cnitc- mag'l<.1itc)· <pcc~cd Icucogabbronoritc(HI64): 

( i lmcnik~mag'l<.·tilC)· 'iI"-"Ch-d gabbro (11105.139); 

( il, ,,cnite-magnctilc)·spcck~-dgabbmnoritc(11165): 

(i lmcnitc-magn<:titc)-sl"-"Ckcdnoritc(1I163): 

( ih "cnitNnagnclilC)'Sl'cch-d'nclagJbbrotlOritc(l114~): 

(ihncnik~magndilc)-spcc~~-d ""'lag~bbroi<l (nlCS(K;Talie variety: H I(9): 



f(ilmcnitc-magodilc)1 gabiJronoritc (HI50): 

(1Imenitc-magfll1ite)-onnopyroxcncgabbro(11132): 

[(i imenilc-magfll1ite»)-riehgabbronorite(HI54): 

f(ilmcn i l~'"magllCl i lc) l-rich mctagabbmKl (mcsocratic variety: II t 31'1) 

il meni te magnetite-rich mdanog.1bbroJK>ril~ (H 142): 

(ilm~nit~- magnet i te)-ridl melamebnogabbroid (HI22) 

The details "f lhe Barth COlICcnlr;': t'lwtonic Su il~-s oUler contact no"h of tlws~ 

alK>nnogabbroicmcksaT\:dealtwllh inSc'<:1ion3.1.1 whlchdescribcsthcontC'rponionof 

thcFc~rlCbmcl.:-typeprc-dominancysouthofNainHay. 

\1uchofloo rod sout hofth~llanb Conccntric Plulonic Suitcexhibits /oliation 

de tined by the ali gnmcnt of mOre or less iso]atcd.ekmgale mafIC agg.rcguk's (con slituling 

an acgregMe shape prefcrrc~1 orientation [ASI'OI. this varicty hcTcalkr rcfcrrc~1 to as 

Mrc"kfo!imion: Plate 2-1: Plate 5_ Ryan 2000 p. 258), and Ihese streak f"liatK)[}S are 

c"'1<ordant with the prefcrrc-doflcntationsoflheeoa",,-"t I'lagi<xlasc cTyslal,whcrc such 

prcfcrr<~1 orientations me manifest. and "ice l"crs". Along with spar.;c though somet imes 

"cry well de'dofl"'d moda l and grainsizc !ayc..-ing (!r-';nc 1981). foliations t.<:Iid 

appro .• ilnatdycasl -west.e.<CCI't at soltlc'JX'ClficloCMionsJlcan'rlhcferrodioritecontacl 

Wlk.TC they trend IlOrtheast-soulhwcsl. Most outcrops do oot pennit ,at i,tactory dip 

1I ,~a,ur~m~nt< of toliation or layering. but ",herc ,,,,,a,u rl~1 by thi, aut hor, d~ Waard 

(1971'1). alI(I Voorduuw (201)(,). thc pltm~s dip lIo"hwar<i ,t 50 to 75" ""ost commonly in 



Thcar"~ southoflllC B;.rtli Concenlric l'IUlonic Suite WaS mapped by lhe DUlhor 

inlO Ihr~"C rock-Iype associalion~" each consisling ofonc or more 7.o11CS dislinguish~hlc 

by t hcpr~"""nccofoncormorcrockl)l"-"soTanassocialionofrocklYpeS: thcplagioclase-

d0111inaledrncSO<.TJlicand kuoogabbroid asso<:ial"m: thc anon hosilc and ,'crylc ucocrmic 

(el > 75) gabbroid associ:,lion: alld the rdatively Fc-Ti-oxidc-rich (">15 '1. modally) 

gabbroid mixed wilh plagiocbsc-dominaled mcsocmlic and Icuoogabbroid association 

rlagiocla5<-~dominatcd I1Icsocralic and leucogabbroid. ",hC1r.."T part of ;ls d~..Jica!l..J 

II A rock-.l'p" 'SSOCI""'" " ocfin«l ... ,th ... I) .h~ ... ", of all ,-o!umes ofrcd In "hlch ,,," Of nKn 

')'Il<$",o Iho only rock ')""" prescnl,Of 2) Ih.su",of.1I volu",,", of rock '" ,,1 .. ch onc", "' orco f,h""" 

<erlJ ln rock ')P"" " n<,,,,,,,,,,,,lyprOSC'll,aodono orn>OT.rock typ<. "e<:eU;l<lly ob<rnt. ror • .ump I •. th. 

"nor,,,,,",,. on<! IcrykucOCr. h< (("I > 7S)lPbbrooJ O"""'to'lm i<oftho r,"'tll'l¢.eon"","¥ofth • '''''' of 

.11 ,-o!um"" of rock ,n ~h"h on""",,"'1< ond ,-cry INCOC""'" pbbo-vld .. " ..... _, • • «1 In oddltlon '0 , 11 

'he r,,,,t I)"PO. <oo>i"m&of.1I ",lu,""" ,n "I"eh <Ollyr<l.II,'clyt'o_T,"""Jc_nch "'o.<"""IC gohbrood 

"«:"""'YtOO<.<OCI'" H)/un,,,,or"'<"TI'PJlmsmck.)p'" Inorde< loe ..... ,h. n_con"~I'OI"Of 



association or associatC<J wilh relatively Fc-Ti-oxidc-rich gabbroid, may he refcrr~'(! (Q 

1\(''TeaH~ ... as "aw,dgc Ol"bbmi,r for rcadability 

24 I I Th"!Omtbosilean!l wry ,,"uCQcratjc gabhroidrock-typc'l'S<.l<"iation 

rkanonhositeanJ '·l'Tylcucocrut icgabbroida.o;,;t)ciat ionoccursasa ,'crydiffuscly 

boutl(l. roughly 0.5 by 0.75 krnbody south "nJ soutnca,1oflhc"htgro",I", atl(l,tssharpiy 

bound. d~'<: i lltctrc- to at least dl'Cam~1rc-scalc bodies near lhe Ranh Concentric rlutonic 

Suite oontact (Figure 2-5) 

rhclargcbodysouthanJsoutheastofthc"bigpond"isboundbylcsslcucocmtic 

plagioc1asc-domin aw<l gabbroid which along the c"'<tern conlact is mi.~~\1 "ilh relalively 

Fl~Ti-ox i de_rich gabbro id . The nonheast roT1ion of the body, k>catoo betwl",n the -big 

pond" and the rnu~h ,mailer ooc to the southeast, appears contiguous wil h the I.Olle of 

sharply bound "III)T1bositcand vcry IcuCQ<:mtic gabbroid caSI oflhe "bigpolid". the 

conliguity of which is a mapping inK'Tprctalion----lhe £One might adually be undnlain by 

separatcbodicsofatlOrtbositean,J,-crylcucocrat,cgabbrold"'1inl"",leucocratic 

gabbroid. The boundaries oflhc brge body "'c crudclygradational o\'crK1tS10 se\'eral 

hundm:ls()fmL1r,,<.suehlhatthe"body"outlin~'(! i stncrc1yagrossappro.\i"wtionufthc 

mOSI plagioclase-rich rock, ic. Ihe zone oflruc an"'thusit~ occurrcnce, ,outh of thc -big 

1)()'I(\"Ir>the WCSI mid south ofthc mi.\cd usso~i"ti()". It,ap[l'lr"nl conl'gu,ty "ith , ha'l'l y 

oouoo si11l ilar rocks to tncnortn -nonn.,ast co"stitutes wca~ circumS(llnti;,1 ev,dcllcclital 

the large body is lx)u",1 byeryp!,c itltru<i\'~ conta<:!s 

The anorlhosilC mid '-cry tcu('"()cmtic gabbmid of tn., large 1x)(Iy is at many 

locations apparc'nl ly plagioda'iC-porphymic "nh vari ably blucish. purp!cphenocr~tsup 



tOl IOcm long (Plate 2·2). and in OlncOlbscrvation south Olfthc most soutocm part Olft he 

"big pond", (lyroxenc· porphyritic Wilh brownish black (lhcrocrysts possibly actually 

l)henoaggregat~'S-up tOl sc"~TIIi em long and Olf indislinct shape. J say ··appar\.111ly'· 

seriale. Ix:rh;'(lS in all cases if we assume that ground mass mil~y while plagioclase is 

recryslalliscdand lhal a(lpar~"1lt phcrocrysls.cOllour<-d. rcprcscnlthcunR"<:ryslallisro oores 

oftllC largest (lrimary cry-;tals-ind~ ... -d, in so,,",e obS<. ...... ·a\I('"s the cor<"S appear 10 grade 

into mIlky while rims. Mafic grains and aggregal~"S were nOli Olbsc",,·<. .. 1 e<hibiting 

unambigooos angular. pi:lgio-ciasc-inlCfSlilial habits Olr crystal faces . and rnucli ifnOlt moSt 

Olfthcrockcxhibitsanun.ambigllOusslr"akfo!iaIKm.lexlurcslhalaree\"ider.ce lhe ruck is 

r~"<:r)"SIalliscd and lho."1"cforc. at least in part. Olnly arpar"~ltlYi,Jagiodase·porphyrilic. The 

plagioclase (and p)TOxer.c) apparent plICoocrysts ,"Ommonly exhibil ur",mbigllous bUI 

broad rrcf~.".~ .. J alignnICnl (rlJle 2-2). oonrordant with streak fOlliallon "ocre pr~""SCnt 

Moda l layeringissparscandinOlncOll:r.;cr,"ationcon~isISOlfmillimctre(ucentimelre·scale 

thick. wispy. undulatory. , .. riably sharply oound k:uco· 10 mcbnogabbmid layers in 

:monhosite(l'blc2-) 

Two samples of lhe large. diffusely bound body w .. ""Tc Ihin· ...... ·(lOn.:d. A Ihm 

SI."<:lion Olfonc sample (11 152). taken immo."dialcly southeast Olfthe "big I)()nd". is of 

mctalcu\."Ogabbroid ll • millimctre·gmiOl.-d and finer. with plagiocl:!sc cvidcnlly 

" M<,.." ~,roh=lo",d,<a,.'h" '''lI'' 'fic",,I \"OtU",.t .. Io. ,''n<rl'llo..o(f'<'TI'1'I)O("" .... more 

,1""'fi<""",,"".lm'"et3I,h.,.pp;tf .. ,lyl>«"fI"l>Ced ..... 'II<~ ,r<l"ktlllylh.""ul,"f.u,oo,,,,.,,,,,,,.,,,m 



n' .. :ry~l alli,(.x1 although c .• hibit irtg SOme crystal faces against modally mioor ') quart7, 

induslI)ns(I'lalC 2-4) and somc elongate silapcs. and with rclict cJiIK,- aIKlo nhopyroxcnc 

associated with nry fincJy fihrous aggTC!latcs of unident ified mincml{s) and lesser. 

variablyblucISh.grccnarnphiboic. A IhinS<.'Ctionofthcothcrsarnplc(HI64) . Iakcninthe 

southwCSlc'rll part of the body is of(ilmcnitc-magnct itc)·sptth~llcucol>"bbronoritc w,th 

minor sulphide. Iow('"1" centimetre_grained ano.! finer. with plagioclase evidenlly 

rc'Crystallis(.xI although exhib iting SOme eiongate grains. E~idc'ntly then. al leasl solllcof 

thc,"IK,rthositc and \'crylcuco-crnticgabbroi<!ofthis iargc oodycontains two p)TO.'encs 

th;I!;.rc insomcmcks largclyrcplac...xI. is rccrystalliscd to SOIl"k:CXTent. and is millimc1rc 

toccntnnetre-graiocxland fmer 

No chilk~l margins arc evident along the c'O nt act& of the sharply I>abbroid-

oound(.xI bodies of anorthosite and vcry leucoemtic gabbmi<!. The cas\cmmo,t '''''I'I, .. :d o f 

thcthcsc bodics (immcxliatcly south-southea<l oft llCsmall pond) IS the brg(.-,;1 of its t}1le 

th~t is of "eli-collstrainexl delineation_ The pod ofwh,tc anorthosite is surrouIKllxl by 

gabbmid bearing abundant C()lou .... xI plagiocla>c cores t h~11 is a goud c,,"lIlplc ofa rock 

thatl1light bcdescriixxl as porphyrit ic wbcn seriale is moreaccuralc. Thcanortho,ne is 

001 porphyrnie although a 5 ern wide sub- or cuht--dmn of vcry dark pbgioclasc was 

obscr\"ctl. Nenht-"'pod ,I<}r immediate host cxhibil um,mbiguousfo li ation . TbcC()nllguity 

orlhc howti~"shap'-'xI body mapped immediately to The w~-,;t is an intcrprL1ati",,_ At tllC 

"Mmo< wllhmo.klcss'h'" "'«i ... IIOI ~. 



southeastcmrn"st limit of thIs body anor1rositc is in tcricawd" wIth I(i lmenit .... 

magnctite)]-rich m .. ,ocratic 1Il<.1agabhmid e_1hibiling an ASPO concordant wit h the 

oortheast-,omhwe,t elongation of int ..... icav~-d bodies. AI ... '"Cry elose to thc Bar1h 

Corn:ell1ricPlutoni<;Suitecontacl, thewestcrnmostoccurrcnceobl;crvedofsharplybound 

allorllx"ilc and ,"cry ielJoocrati c gabbroid oon,i ~ts of an casl -northcasl-wcst -southwcsI 

elongate Lone of anorthosite mid "~ ... y icucocratic gabbro id sporol{l ically interrupted by 

gahbroillaod possibly also Fe-richdioritic orgabbroic rock.. The bouoding gabbroid here 

iscol11lllonl y piagioclasc-porphyritic in appcamrn:e (i.e. maybcbc1tcrdcscribcd.aticast 

in somc cases. as '''Tiale), urn:ollllll()nly evidently fo liated. aod cuI, al Iuw aod high 

attgicslhcnonrn,ast -<;outhwcst trelldingstreak. foliatiun variablypresenl in the HtlC) nhos ile 

atlll ,"cry leucocratic ga bbroid (Plate 2-5). observed to di p 69" oonhw .. ':St alone 

1lleaSUremcnt-p<-TTl1 itting out crop. The foliation unconuJlonly d~ "ek)p<--d in t h~ gabbroid 

and I""sible re-rich rocks also trmds oo rtheasl -",utheasl. The aTlor1hositc 311d , 'cry 

icucocralic gabbroid of Ihis elongale wile is variably plagioclasc-porph}Til ic in 

Alhin-scctionofanallonho,itcs:tmpic(H120)frollltheclollgate w licis ofroek 

clillopymxcnc_'pcch-d. I,,"'er millimctre-grJill~~1 (dominant) alKl l'n"T. with plagioclase 

e"i<!enll y m:ry'lallisc-d aodoot cxhibilingcryslai faccsorclollgatcshap<-':S,and,ccondJrY 

l1l ineral> indudl1lg \miably blueish green amphi bole and chlorite apparently afiLT 

cli oopy"'xcne. ,\ t hin- '~"'lio l1 of a vcry le UCOCralic gabbroid smnpic (1l1 29) is o f 

n«<S>af; tyOC<Ufrin~ at. <:('>f11a<1 1.00< bo:< " .. " ,n targa bod l<s o flh<=rock ' )"1""'-



Icucollabbrobc",inllmillor« I %)combi ..... -d ilmcnitcandmagr.:lite.uppcr,uilliroctr<'_ 

grainctl alld !11I~1". with plaGioclase evidently rccrystalli,cd al1hough exhibitinG SOme 

crYSlal t"e~'S aGainst variably oikocrystic dinupyroxclle and ""'II! elonGate shapes. and 

yellowish orunge to reddish bmwn unide"tifi~~l =ndary mill<.1"als apparenlly after 

dirKJPyrmenc. Evident ly then. at lea'1 some of the anonhositc and wry leucocratic 

Gabbroid of this cionGate wne has primary mafic min~1"ais elrll()pyroxcnc. ilmenile. and 

m'llllletik. is rccrysta llis<~! ro "mying deG.l'C. shows variable S<.-'Coridary minaology after 

clrll()pyro.wrte. arid is dominarttly" millimctre-grainl-d 

S~parat ~~1 from the Banh COIlC~ntric Plutonic Sui1e oontaCl by im~ ...... eninll 

G"hbroicl-unlc;s,ofcoursc(he Banh Concerttric I' lurollic SuitccontaCI h..'fehas Ix,en 

incorrt."Ctly locaK'd. since the ;nK'f\'eninG r<)ek was dl'CTOC~1 G"bbroid (as OppoS<.-~110 Fe-

richdiofiric.syenitic.orgabbroierock)bascdortJ;Tainsizealone(coan«.'fthan (ypical. 

kll()wlI Fe-rich ruck ,,,,.t of si milar Grainsizc as typical krKJW!l G"bbmid)-is (he £Onc of 

sharply bound a""nhosite mid very leucoCT.ric Ilnbbroid imrnl.tiardy cast of the "big 

porid" and aprcaringeontiguous as mappc<1 with (he Ia.ge, diffusclybound body to the 

><luth-southwest. As mcntiOr1l~I. the wnligu ity of thr.' mllC is a mappinG inlerprl1ation 

The first OCCUlT"""e of this Wile southward is an outcrop ofappa.ently plagioclas..'" 

porphyrit ic anonhositc scpamtc'd by 25 m under COR'" from an outcrop of slrcak foliak~i 

Gabbroid to th<' lI()"h. The appa.ell1 phCII()crys1S of the all()nhosi1C arc broadly aligr1l~i 

cast-no"b..·ast-wCSI-southwcst. roughly conconian! wilh the streak t<,iia1l011 of the 

gabbroKI trcridrng 71". 40mto the ",urhwcs(. an outCll)pofunfoliatcd "nu.t hosilCocars a 



10 to 20 em thi~k mafi~ dyke trend'ng 20", perh.1PS rootetl in the bounding gabbro~1 or, 

ahcrnmely, an apophy,;is or the m<'trc-><:alc thick mafie dyke that run~ casH;:outhcast_ 

we~t-southweS1 south the Barth south and immediately south of the "big pond" (Ryan 

1990, Voonlouw 20()6). Nearer the "bill pond" occurs a two metre thick tabular body of 

an<H1hoSltc hearinll an apparent, inward tapering ap"phy.i< of the bmll1ding gabbroid 

(P late 2-6). Both aoonhosite and the apparcntly plag~)clasc- po'1'hyril i e host e.~hibit 

strea~foliationpmlllldtotheea<1-'lI)nheasttrendofthetabularbody.125 m to the south, 

the ~"(}nt i guous-m;:-m,1PIICd body of anorthosite and vcry Icuoocratic gabbroid contacts 

gabbroid bearing suhmetrc_scalc thick, mctre-scale Ionll blo~ks of anorthosite sc"eral 

metres away from aM clonllate paralkl to the contact trendinll 120". The bounding 

gahbroid exhibits strcak foliation and nK)(lal and grainsi7.e layering (dcscribcdinthenext 

subsection) trmJing thc '\ameand is gosSlHII)Usbetwl"t:n theob><:rn'<l blocks and the 

anorthosnccontact 

ArlOrthosite and ,"cry Icucocratic yabbroid blocks "'(Te obscrwd ,111\", other 

I<><.:atll)ll' within a ~ilollletrc south of the Barth Concentric Plutonic Suite. hnu)(;d iatciy 

c:m-oonhea,t of arid probably a l"OntinuatKln of the bkKk ZOne dc><:ribcd above, 

underlymg at least 700 101 arc ck>nga1<' and l'<juant a'II)11I1o,itc (mid perh"ps vcry 

Icuoocratic gabbroiJ) blocks from one dcciml'lre to one m<.1rc thi~k or in diam~'Icr llIld 

se"l"T,, 1 d.,<: imetrcs to scvera l metres long (PI"tl"S 2-7, 2-8). The b~Kh arc III)<ted by 

rciatiHly Fe'-Ti·ox ide·ridt gabbroid (though ",emmgly not as rich as is t)-pieal 01" other 

Fc-Ti-o.~id~-rich gahh"'id, so dcscribl:d here) exhibitinll an ASI'Q trend'ng 71" with 

whi~h the trends of the elongate bloeks arC parallel. Apparcnt plagioclas" phcoocrysts 

w~'Te ohscr\'ed in sorn~ blu<:ks but inten", lichen cO,'cr prohibits an estimation o f 



pre'~,k'lee. 0" the otr...'f, southw<'Stl'1Tl side oflhe "hig pond". JUSI soulh of US oUl11ow. 

ulkkrlyingal k."Jst hundrcdsofsquarc mctrcs is a zOne ofa",mhoSl1c-,,,ry ieueocrJtic 

gabbrood bloch hosted bygabbroid exhibiting ASPO trending8cr' and at lea-'I partly 

plagioclasen",1 p)TO~enc-phyric. Many blocks arc difficult tooulline due to cowr bot 

,dli.'fC dClcnninablc lheir Iongaxc" pan, lle! the ho"1 fohallO"_ Two ""'Irc-scale blocks 

wcreohscrwd indelail:bolhcxhibiIUn.1mbigoousslrcakfolialion.oncoolICordanlwilh 

111.11 "flhe host lhe Olr...'f nearly 90" II) lhe hosl fohnllOn "",I block elongatIOn. This 

discordancYI\.'quircslhaltheblockochie,cdilstillaipositionaflcrilsownfoliationhad 

been imp"rk'd I\.·ahsltcally. Ihis mcans lhal. at iea,t locally. Ihe allOrlhosile a'kl \'l'fy 

lcuoocr~ticg.1bbroida"'1uircd f"lialionocforcbcingintrudcdbygabhmicmagma 

~yfL"'Ti-mide-rjchgahbrojd[Qck-typcasmiation 

The re!mi\'cly Fc-Ti-oxidc·rich (> 15~. ,nod"l ly) g"hbroid mix,x1 ,,,Ill pbgiocl"",,-

do"nnalcdnlesocmtK·,,,,llcuC{)gahbrOKI(avcragegahbroi<i)rocl·t}pcassocialH)noccul'S 

as an irTegularlysr.1pcd WIlCWCSI o(Akpiksai Bay and caSI mid souillCasl of tile "big 

pmid" and as <'Iongalc bodil'S wilhinlhcutl()nhosilc and '-l'fY icuoocralicgahbr oid 

associalion. Souilloflhe map arca of Figure (2-4). similar elongate hod icswcrcobst.'f\'Ctl 

sharply bound and arc Ihcrd;,re prl'SunlCll dyh'S. how<-,,'cr no unamhigoous sharp 

boundafl<'S wnhallonho<ilcor very icucocra1icgahbro~! \\'l'fcobscrwd \\';thill the map 

orca.OWl'nll.tI()diffcrcllCt;Wasdctl'C1Cdinthis,ludyt:.clwtt-'llillCa\'cfilgcgabbroidof 

tile mi_.cd association and olhi.'r awmgc gahbro,d SUrTou,"ltng tllC Banh ('onccmric 

I'luton'c Suite south of No;n Bay. hO\\'C"l'l' il is possible Ihol a'~'I'"gc gabbroid oflhc 



rheproportionsofrdutiwly Fe-Ti-o_,idc_richand awragegabb,oidcoukl no thc 

p'L'Cisdy cstimate<! since outeropsofthc mix~>d as,oeiatK:>1I arc typically vC"Tyrubbly with 

p.,tchYOOVL"T. Noocthdc"!,. the svcragcgabbroid sccrnsdominant, and therdativcly Fe-

Ti -oxidc-richgabbro id Ulidl"Tlicsp<:,hap' 10-40"10 of the dclincatc>d arca. ThcboUlidaric'S 

of the mixed a'''Kiation were mapped at most location> in a cursory manner. No 

evidence was obsnvc>d to ind icate that the proportion of ,clativdy Fc-Ti-oxi'k_rich 

gabbroid 'k'Creascsgmdually into the sum)unding aVL'fnge gabbroid ",id anorthosite. 

although thc proponinn dO<.-"! vary within the dclineatcd area. 

J(yun (2001) TC"fIOrts that the rcialivciy Fc·Ti_ox idc_rich gabbmid occurs as a 

stockwork.somedykc.,ofwhiehcxhibltsomesortoflayeringparallcltotbcirtrclid,and 

hisunpublishc>d.ll1()redetailcdrnapfor thatprojcct showsthalthc soutilCastcnlextetlsion 

of lhcas50eiat ion mapp<->d here contain, IlOtahlc su lp hide. J. Hinchcycla /.(1999) 

cxamin~>d the ,out heastcrn e~tctlsion and similar ro,:ks hctw~..,n there and Naill :",d the,.e 

and Ilosent>cin Lake and concludc>d that the se",i_massive and llIassi.c sul ph ide-Fe·T i-

oXKle-t>carinH rocks arc intrusive into the "allOrthosi tjc" host but probablyrcsidual with 

rcsrc'Ct to the gahbrollOrite tQ p}ro.~eni1e with "hich it shares compoSltc. arpar~."tly 

sha llowdipP"'Hdykc, 

rh in-sec1ions (Figllfc2-2) of relatively Fe-Ti-o.ide_r;ch gabbroid are of roCK 

li»CS [ (ihn~nitc-maH'lCt i te) 1 gabbronorite. [( iltlleni te· rtmgll~1i l e)l·ri~h Habbr"llO,nC. and 

Il mclli1c' magnetite-rich mcl:mogabbrollOritc. for thosc salllpies taken in Ihe "c,tcrnan(1 

s()uthw~"!tern poninns oftl", a,sociation. and of rock type, i(ilmcni tc-maglldile)j-rich 

metagabbrQ~1 (rncsocmtic variety) and (ilmen;le-maHnet ;tc)-rich IIlc1amciall()Habbmid Ii" 

thoscsampicstaken In the Ilorthcaslem portion oflh':associut;on. All of the salllilies hear 



high ly ",l1Ocboid composite ilmenite-magnet ite grains '" enc~"ing rnnre '" I~"" equant to 

moderatcly clongatcchadacrystsofplagiociasc and P)TOxCnc (Plate 2-9), Minor bkl1itc 

and, less fR"luent iy, hornblende are prCSCI]! in some samples. Apat ilc isconspiclIOusly 

nbsen!. and lx-sides zircon and p<,,,ible quanz in the mesocratic nK1agabbroid s,1mp1c 

(11136; Chaplcr 7) no olber apporc"t ly high tl1npcratorc accessory mineral> wne 

idcnti fic'd. The two eaSk'rll most samples arc considerc'd nrewgabbmids bL'Causc their 

pyroxene has bL'Cn significantly replu{ed by se«>ndary minerals including trcmolite. 

variably blueish. grc'Cn amphi bo le, (' hk,ritc, and unidc'nti ficd r< ~!<Iishb"'wn m",cral(s). ·lf 

Ie." pyroxene had been rl,.,la{l~1 ;n thesc two samplcs then "C might ha\'e OC'Crl able 10 

sayth.1lthcprimmyrucklyJleofthethin-....... 1kHlcJrdat i \'ciyF<.~·ri·oxide-richgabbro;'lis 

gabbronorite (mc'so- and mciar."ratic), The relatively Fe-Ti-oxide-rich gabbroid_ w!il1"e 

observed. appears dominated by mm-scale and tiner grains, wit h ma.ximu111 graillsi~e, of 

thin-S<.'Clioncd rod: from lower millimetre to k",'er cenlimctre-,,:alc. tbe lauer 517e for 

,o"'c' ilnwnne-magn"t ile C<)lllllO<ite grains and. where prescn!. blue plagioclase 

I'hcn()cryst ~ (P lates 2-10. II). Th in-sectioned pl"giodlSC i, evidently r~'Cry't" l li>c'd, wit h 

clong~lc grain shap", all'ICll1 or 5ullOrdinate to <'quant ,,"d, in SO"'" sample<. irregu lar 

,1,"1"--';, "nd wlththc few phcnocrystsoll'ICrv<'d in 1ilin-section actually phcnoaggregates 

dlle to ""'rgina l or p<.'f"\'asive subgrain mtation n.'Crystaliisation {Pa,sehier fillli Trouw 

1<)<));). Only in the [ {il lll en; t~~rn"gnetite)l-rich gabbronoritc s,1lllpk {ll l54) does some 

p>TO~etlCc,xhibit lacial d.:vclopment "nd unambiguou,ly rc'Ctangular hallit. 



Pbgiueiu,c pilCllOcrysls in I h~ avcragc gabbroid of Ihe mixed aSSOcial;on arc 

pu rpli"hblue, asoppoSl-,<1 lojusl hlue for lhoseoflhe relmivcly Fc-Ti-rK hgahbmid.Morc 

and more objccl i,e (c.g, pholOgraph~'<I, sampled) obscrval ions of plagioclase phenocrySIS 

in rhe average and relat ively Fc-Ti-(}xide-rich gahhmid of the mix~d a,sociatio" arc 

!K",',kd 10 dc1cnninc with cct1ainty wherher the phenocrYS1S of the lWO rock Iype, are 

dihcrellilycoloured 

One sample- of"'uage gabbroid (HI 48), laken at the south-soulheastern limit of 

s",""eked al tl.e pcrcerl1 ie,'cl by ilmenite and magnetite, lower mill imL1re grain<"<i arid fmer 

with "\'n"g~ grJ in,ize OIl e millimdre. '"!uid imensional-grWl\l lar atld sligh11y ser;are atKI 

lhus evidently rccrystall i.'L~I, with variahly hlu~i,h , grecn amphibole aitoo,t equal in 

modc to p}Tox~r",.(n\()"c 10 gabbroid section) Aggregate shap" prcfcrn.~i orientation, 

(ASPO) (}f ~'wer mt ll imetre-,,:a]c thick aitL'Tnating plagioclase arKi mafic aggregales arc 

preS<."nl in Ihe ( il "'enile·m~gnelite) l an~ ((il men;le - magnetite) l -ri~h gahh"'''<JTi!~ ""mpk' 

(Plalc 2-12), The ( (ihn~'nite-m.'gnelite)l·rich gabllronorile s.amplc als" manifests fi,liation 

a., prdn~nlially <lTi~nlcd cklngate phlgioclase grains alld rCClangular, more or k" 

autonK>rphi<' p}'TOx~ne grains . 1'h,' lo lia!ions 01" tliis sample were fb int ly d i 8cernL~1 in 

OUI~l"(lp ~Ild trenel ea,t -southea<1. PernaI" this mck. with iB more Or k" automorphic 

pyTO .• crJC and minority pop" lation of dist inctly clongJle plagiocla.,~ undnwcnl 

dct,mnat ion as an early ny"a] framework dominated by plagioclase, fol low~~1 I>y 

ccs"at~lIl of deformation ("r al lea,t a reJu<,ti"" of , tram rat c) and cry,ta ll isatio1\ ot 

pyToxene and Fe-Ti·oxide in the inlersti cc< betwL'en al ign<'<l though dd;Jnn ~d pbgioda;;~ 



Allhough Kyan (1001) and J. Hin<·heyelal. (11)')9)dcscribclherclaliwly F<.~Ti-

o~~lc-rich gabbroids as occurring as dykes. and indeed Ihe prcscnl aUlhor has obscr\l'tl 

dykes of relat ive ly Fe-Ti·o~i~<.~rich gahbroid intruding the average gabbroid aSSQCiation 

(1' Iate2-13;andanonho,itcandvery leuc<)craticgabbroid.,,,uthoftbc map area. wuthof 

thel>clt of rna fie and anortoositcgll ci"l. tllCprcscnt antllordid not Ii nd any unambiguous 

evidence that the relatively Fe-Ti·o~id<."rich gabbroid is intrusive into the average 

gabbroidofthcrnixcdassoeiationorlhcrockofthcaoorthosilcand"cry lcuC<XTatic 

gabhrojd a,,,ociaBon in the map arca . The rclalivcly Fe-Ti-o .• ide-rich gahbroid and 

ilveragcgabbroidofl llCmixooassoeiatioll aretypicallyintcrlcav,-",. with ,IK ... 1S variously 

sha'l'ly aoo diffu,dyhound as is typical in lay<..,-c<] intm<ions(l'latc 2-14). and so 

whether somcofthc ,ha'l'ly bouoo Shl..:tS r~llrcscnt dyk~"S could 001 be dc1cnnincd in the 

2 .. ~ .. L l.J])!;_;!.'ill:;wcl'abbroidrock-t'Pca<socialion 

The plagiodasc-domlllak'tl m~'s()cralic arid Icucogabbroid f\J<'k-lypc assocIation may be 

dcscribcdasthernalrixinwhichthcaool1llositca1ldvcrylcucocral;candthc mi'l'(i rock. 

type a<SQCialions occllr. As mcnt;on<.~1 above. tllC a1lOrthositc aoo vcry Icucocrntic 

associalion appcarsintMcd by or gradatio1la l into lhe awragcgabbruid '''w ciation.a lid 

rcbtivcly F<,"Ti·o., ; d~'ri~h gabbro;d oflhe mixcd association ilTlru,i,'c in tu Ihe a,'crage 

gabbroid a'''''-'iation. giving a basi~ relatIve chnmok)gy of most Icueo"""ic okk,,! 

through k-ss lcucocratic to rd;lt;'c1y Fe·Ti·o~;rIc-rich youogl"St. of liglllc"l' roch before 



Thin_scctic:ms (Figure 2·2) ofsampks ofthc average gahhmid aSSOCIation arc of 

mck types leuwgahhro, gahbro, gabbrollOrite, nmite, mdagabbrolloritc. and 

Illctag"bbroid (mcSQ~ ..... tie ""ricty). all percent 'pi."k~-d by ilmenite allli l11~gllet i te. and 

(ilmcn ilc·mngllet itc)_orthopyroxene gabhm. In all of Ihcs.c rock. Ilist",ct ly cl<mgatc 

plagioclase grains either compri"" a "olumctrie millority of pl"gioclase alld ha"e 

maximum lengths of upper millimetre·scale or nrc completely absent alld lower 

millimctrc·scalc and fin~'T . Rather, plagioclase arc dominantly or compldcly Ctjuant or 

eqoant and irregular in shape. Furt)l/.,.cviticoccofplagioclascrccrysl alli sMioll is that in 

most ... "tion, IIf the awragc gabbroid a,"",ciation (HI05. 109. 148. 163. 165) the 

piagiocias.ci'"lOrcorle""equigraluiar.HIKiistficrcfmerciativclycill"'101extural 

cquilibrilJIll. Scctions in which plagioclase is 1101 '" such all advallced stnge of 

r""rystall isa!ion (HI39, 17 1) cllntain pbgio(']a,e exhibit ing bellI. tapered. and di tTuse 

albite twins. The only scction in which pl"gioclasee~ hi bi tsallycry<1al faces is 11139.1111 

plagiocla", chadacry,ts prcscr\ed in ciioop}TOXCIIC oikncry,ts as ~"Oarsc liS upper 

mill imetre-scale (see Mmhi""n 1981). bcn in thi s ...... ·tK)IInon-lIikocrystic dinopyrllxcnc 

is evident ly re<:rystall isc<:l. as is,linopyro~ene in mo~t ofthc other ... ..,tk>ll' oftk awrage 

gabbro~l aSSQ<;ialion. The most commOllly oc~urring acce",o')' minerals arc bIOtite and 

in gabbros and IlOrit~'S. a S<.=nd p}TOXeIIC. Othcr acccssory minl'Tals are honlblell(le. 

sulphidcis), and zircon. Sel'ondary mincral,"c('uronly in scct ionsofS<lI lI pks tllkcnca,t 

of the "big po"d-- all<1 incilldc variably blueish. gr<'Cnamrhlookc'hl<lTi tC. lrcmolikand 

unidcntilicdgrcenmillcra l(s)..- ith 2-ordcrilltlTiCrcncccoIoIJ rsoccurring :"vcry tine 



Th~ norite 31\d gabbronorite underlying the 5rn311 ridge in the so uthw~'St of thc 

map area of Figure (2·4) was m<lpp'-~I by Ryan (2(XJ I ) as ferrodioriw. an m\derstandablc 

call since most oftoc cxpo,~d ru~k has a tidd appc~rur)<;e. in particular a gra in size, more 

simi lar to the F~""rich rocks of the Barlh Co')<;entric J' lumnic Suite 'han the typically 

coarser anorthog;,hbroic rock> ",uth the Barth. Hownu. besidcs being brgcly finer 

grained lhantypical average gab broid (the dilkr~n"c betwcen dominant ly sub-mil li metre

g.ra ined and itominantly miUimClre·grained). no feature, were obseruxl of tbi, ro~k tI"'l 

di,tingu ish it from the a"~'ragc Habbroid at brge. nor were any features ohserved that 

wou ld con.,titutc criteria Ii" dassification a, diorit ic or rdati vely Fc-ridl. 

The average gabbroid is commonly appa rently piagioc iasc-porph}Titi" (scc 

comme nt, in Section 2.4. Lt), with pl"Hiodasc pocno,."rysls v3riably p'Jrplish blue west 

m\d southwest of the mixed rock-Iypeassociat ion and north of Akpiksai Bay, and raisin 

purplc (i.e. brownish purple) cast and soutl)<;asl Mthe mixed a'social ir>n west ()fAkpihai 

Bay. Some raisin purp le ph~nocry'ls ar~ ill ~XC~'S' of 10 ~111 long. Some blue I'he 'l()Cry"s 

soulhwest of the "big I"'nd" are lahrad",esc~nt. Toc aHTaH~ gabbro;'l abo ~ommonly 

exhib ils lo liat ion 1Il3nifcsted as ASPOs. and where also rbg;"dasc·p",ph yrili~ t h~ 

pocnocryst' ar~ more Or k'Ss "ligncd parallcl lol ile foliat ion. Locally. such a< nonh of 

Akpihai Bay (Plate 5. Ryan 2000 p. 258). pr~krl1,t i ~lI)' a l igJl~"<.1 aggregates ore elongate 

and i", Ia1<.~l en(mgh t hatthe yC()n'til u tl"str~"k foliatioJl. 

Modal layering is 1<1[ally prescm in tlK "Vu"g~ llabbro id aswcimioll, wilh 

obS<."1"'·cd thickncsses ro llging trom decimClrCl() mi llimetre-scale a,\d ob"Tnxl "",dc, 

rangi ng ITom v~ry kuwcratic to lflCs"cratic (P lat" 2- 15). The most <lcvcl0p'-'tl ,,..,dal 

laycring in the a\'erage gabhro id assoc ialion wa, oh'~rwJ ro ughly 125", ca,t Mthe 



~Ulltuct of the central mi.xed association. There. the lay~'fs exhibit the full range of 

thicknesses. with the thickest tayers internal ly thinly layered. arc rnore or les, ,harply 

bouIld.ureofvuryingeonlinuity.coTJUTloTllylapcrandswell. and may tcrmilwte abrupt ly 

(Plate2- 16) 

Suoowidled 1x1","~""Tltliesub\'ertica l laycrsnl tli c site is a circu 0.7 X 2 m len",,_ 

shap<-""<i block or xenolilh of coarser mcsocr.1tic rock (Plate 2- I 7), While S01llC g(.~l l()gi,ts 

might immediately imagine a falling bklCk impacting horiLontal lay."'" we must 

r~J1IcJ1lbcrth"t thercisnocl'idenccthat t hcscrocks havcbccn t ilk~la",1 thaI il i'l",rfedly 

piau,ible for boundary laYl"T c"OOling to prodllCe vert ica l ignwus layeri,,!;" Laycrs 

imJ1lediately south of the block appcarto drapc OH-r the block uTlinkTIupl cd a"d byc'fs 10 

thesidcsoft heblockappcarstocurvesouth.eilherdrapingover thebk'C\;:ortapering 

out 'rhe relatively meiaIlO~'t"atic laYl"T immedialciy north ofthc block abrupt ly terminates 

in the ","cst against apparently south curvi"g strata (Plate 2 - 1~; "' appa"'ntly dOe>; the 

ll~.'t. r~btivdy Icu",,~rat ic la)"~'r as ",dl) all(] tertninalcs within relalively Icucocratic rock 

nonh of the block in the ~a't. with it, 1c"rminal ~oo circa 30 Cm Ilorthoflhc tCTm ina l tipof 

thcblock. The re,t of the layer< t() the immediate [,orth arc ofgrc'lIcrc.'tcrit and maybe 

gently curved around the block. howevcrthisobsnvationi'IIOI ddinit csinccthcO<J!erop 

sllrtacc may be slight ly bowed. Of course the bl()c~ mon~l unttl it stopped. whi"h may 

have Ix ... 'n caused by a namlwing of the magma oo iumn, which n~'C<! not he mn,idcrl'<l 

r,,!'_fctch~~l ,ince it i. plausih le that (at le"'t some oj) the a""Tagc g"bbroid ",wcinlion 

sollt h ofthe Oarth may have been emplaced as sUl'ccssi,"c east-we·"t sh~ ... ·ts, l'crhapsthc 

tayl"TS to the wlll h "',""TC most r.o.;~~,\ly crystallised .oar! t h~'feforc duct ile enough t() mould 

,igni ti~antl)-' a",und thc bl()ck as the wall, con'crg~'<l due to some combiu~tion of 



1~'C(Onism or subsl'qucnl cryslalliS.11ion ~hrinbGe . The rclal ivcly mclanocralic lay~'r In lhe 

north of ~-qual blcml cxk'Tll ill< the bk>ck [><.'rhJps formed from 111:11 maGma oonlaminaled 

by assimilalionoflhc block. crystallisinG inlll1<:dialclyadjacem 10 lhebk:>ck in the wc:>1 

but in t heeaS1~longsidcofrelativcly icucncraticgabbroill hJ"ingccmcnlnllhcbk:>ckon 

Ihat ,iIlc. The emplaeemcnl of this block is pU7.zhng and the inlcrprelalions above 

Detore ~'1)nlin"ing the rc<td~T should be reminded that the prl'SCIlt author hal; ncver \'i,ik~l 

Barth IsbndnrlhenorthshorcofNain Bay.ra1iK.'rhchJsonlyanalys~"'(/thcthin·S(.'Ctions. 

oompikd the m:lp.and studit."'(/otiK.'rpcoplcs· work. Thus the ficldobscrvalionsprescnl~-d 

hereafter filr the Barth and ilsadjaeemmeksarc thoscmadcbYOlilcraulllOfS. The thin· 

S<..'Clion colk'Clion of Gaskill (2005) iniK.'rik~1 for the prc:;.cm sludy came with field notes 

jorsoltlCsamplescolk'CK-d forlhatprojccl.andlhCSCOOl csarcu",-~lhercasapl,licablclO 

~",lablish the field ~'1)ntcxt of the Gaskill (2005) samples 001 dcscri lx~1 in Ih.11 tC.~t 

On Barth L<land the Barth Conecnlric I' luioni. Suite is surrounded by 

;l11O'lhogabbroic rocks to the cast and on an islet imm~~liat c1y west of Harth Island the 

R,rth Coneentric Ph,lonic Suite is surrounded by high·grode tnl.1anlO'l'hic rocks 10 the 

1 4 1 I AnQUhonhhro,e rock< 10 IllI' .... S) 

No t!tirt·"'"lions wercdcscrib,;d by Il! is author of rocks to Ihccm;l. but Ryart (2001) lists 

gc""ralrocktypcsanorthos,te.lcuc"Ogabbm.and kucoooritc.,md. lurlhcSatQrso:okulluk 



dy~c "lIicli culS III.: anorthogabbroic rocks ncar Ibe easl~.,.n cnd of the islnnd. 

"fcrrodioriIC"Cnclosingalargc\llridyofrocklypcsasxcnolilhs(Platc 13. Ryan 2000p. 

263). The Salorsoakulluk dyke. constituti ng a scn'flll10 five bUll(lrc'd mt.1rc·lbick arc 

curving clockwise from Bartb Island 10 lhe southwest contact of the N~'Wark Islaml 

inlrusion. "ill not be d~'SCrib..~1 further and readers arc refcm.~t 10 Ihe lnost rC'<:l'U studies 

of Furlong (2004) and GoddanJ(2004). 

The a'lOnhogabbroic rocksca,1 of the BanliConcclltric Plutonic Suitcoll Banh 

Islall<l arc massi,,,_ whne tn pale grey wealhering. and apparently «'(:r}'l'tallisl:d. with 

unahgll<-~I hlack plaGioclase phenocrysts ofma.~imum obst.'Tn'd icngtll40 e111 (Ryan 2001. 

GllS"i1l 2(05). Lcw . .'onoritc occurs near the contact andoontaius plagioclasc-cha<lacr)"S tic 

orthopyroxene suooikocrysts of maximum obsl.'T\'cd diameter dn:/J 25 em (Gaskill 2(05) 

and F ..... Ti.-{)_,ide (Ryan 2(01). Olivine. as it collslituent ufim:gularly sllapI:d "pegmalilic" 

palches. wasobsc",-cd inorJCoutcrop(R)"~n200lp_ 140) 

l..:i.L2...lJjeh_yradC!rJClaruomhjeandml!i."( rocks IUlhcwesl 

Higll·gmdc !!lelarnorphic rocks on the 'Sk1 west of Harth "land arc of 'JlCc,fic 

composilions' l icu(...,tonalilc. charnock,tic Icucmurralne. anl'pcrtliitIC anonhosne. 

m ... 1ag.1bbroid. plagioclase-oj"'inc (h.,rnblcn<.lc_pyroxcnc)_rich ult"'mafic rock. 

(hornblendc_p}To.w",,)·rich uitI"'J'lI<. jlc rock • .,Ii,·inc (aC1inolitc-pyro.~cnc)·rieh ultramafic 

rod.SC'll<.'tllllUS':<.l Ihcrlolilc.arKI SCrpcllU",,,'d <lunitc{FigUfc 2·2) 

" Slnoe 'h"", h,gh.!;Jadc mrumorplllc rock, or • ... obobty mel>pi"'moc. 'he roc"C¢ .. foll",,'oo hOI, ,,, 



Gaskill (2005 p. 55) indcntifil'd "two broad catcbO(H1CS" of gneiss 

'luartwfcldspathic and ultramafic. and an "anorthositic-rnafic ""'Iucnec··. Ryan (2000, 

200I)dc-scribespalc buffcnd~"fbitc toopdalitc gociss bearing abundant angular mafic and 

ultrmnafic xcnoliths an<l "anortho,itrc" and irrtgubrly_sh.lpcd mafic cnebws. and 

sandwiching in the wcst~"11l part of lhe r.,Ia ,,,1 a layt."fc'd bOOy of uitrdmafic. mcsocmtic 

gabbmic. and··8t1orthositic·'rudsandleueoooritc.Thcquart7.ofcldspathicand ultl1lrnafic 

W",isscsofGaskill (2005) sccrn to beC<[uivalcnt to thc .• coolith and cnclaw-bearing 

endcrbitc and opdalrtc grlt.isscs of Ryan (2000. 2(01). and thelayt."fc'd S<."l.jucnecof Gaskill 

(2005)""l.juivalcnt to at Ica'ithe laycrctl bOOyofRyan (2000. 2(01) 

The CasIL"fn contact of the Ja)'t."fc..;1 body with tt..: quartwfcldsJKlthic gnci'" is 

shcar .. 'd but "appears' to have originally bl,(,n intrusive (Ryan 2001 p. (32). Gaskill 

(2005)dcscrilx'd thcultramalic cncla"cs ncafC""t the Ilartll Concentric Plutonic Suitcas 

frJgmentsoflayc"fsisoclinal ly fokk'd p"rallcl to thc north-south comact. 

fhlll-.... -ctions of sampb of qU:lTtl.ofcldspalh,c W",iss arc of md: tYJl'."" lIOn. 

dmrnockiticandchamoditiclcucotonalrtc(r.c.c[)(krbitclandantr[>Crthilieanorthosilc 

(Figure 2-2). Grains arc moslly irregularly sh:rl'<~! wilh irrcgular boundaries. an 

ambiguous tc .• turc lhat oould thcQrl1ica1ly reprcsent mutual in1<"ffc"fcncc growth of 

c"OtCdic quart/. and fcld'p"r mthl"f than an mt""fm •• ..;!iatc 'tate of TL-crystallisation 

Grai ,,<i~cs mngc from dominantly , ub-mrllimctrc_gmino:.'d to <Iorn;o;",lIy \owl,.-

mill imetre-grained. The so..-ctionofoon·ch:r",ockitic icucolonalnc (G218) is 11urc'luartz 

",Ill fdd'p"f.allhoughthcrock m'ghtactuallybcgranodk)rilc,ineclhisautl""coukloot 

dctl1"!llincdctinitivdy that alkali feldspar is absent. Thc otherscctionsoflcuc"Otonalrtc 

(G205. 208. 216) arc chamotk,trc hccause tllcycontaLnamtpcrlhitc arlll Or1hoP}"fOXCIIC. 



and the allonoosite S(."Ction (G210) very similar, bcarillgtll<.';;Ccharnodit iccharactcristics 

as well a< accessory quartz and antiperthite with almost enough alkali feldspar to be 

meSOjX"I1hite, Til<; anorth<"ite ",",ction also contain~ minor sulphide alld ilmenite, and, 

along with one of the charnockitie Icuwton"lite ",-'<:tiOIlS, eli nop}To.~cnc, Of all the 

'<-'<:Iiolls of quartzutcld,pathi c gnc,-" on ly a charuockit ic Icu~"t,,"aht e .,~'<:tion exhibits 

labric, as an aggregate and a,a quartz SI'O 

Thill-s,:dions of ,amples of uhmma!ie and mafi,' gneiss arc of rock types 

meroemtic 'lletag.1bbruid, piJgioda",",-lIlivillc (oomblendc-p}TOxenc)-rich ultramafic 

roek,(hornblende-p)TOxenc)-rich ultramafic rock_olivinc(pymxcrw-po ssibleactinolite)-

rich " ltra",alic mck, serpcnliniscd Ihcrl.Olite, and "-'Il"'n1ini",-~1 dUllite (Figure 2-2), The 

Illesocrat ic I11Ctagabbroid ,,-"Ction (G203) is domillant ly sub-m illi rnctre-gn,in~'d, sulpb ide 

alld F~ ... Ti-oxid~ ... ,pcckcd, with S<.'<:01wlary minera ls (:pidotc, bluei,h gr~'Cn possible 

'''' 'phih<)k, ",wi hrown and Ilrcy ""idelltili~'d mineral(,) re",",mbling a finc dust. Til<; 

scctionsof'-ultnnnalic rock" and "'rpentiniSCillhe"l.olitearcdomina"tly,ub-mi llimclr~" 

grailled whereas the ""'<:tion nfscrpcnt;nis~~1 (I\",ite appear.; to have h<--.,,, dominantly 

lo"'er rnillirn~1re-grain._"(! before S(:rpcntinisation (10 be dcar, unlike the s(:'I'pcntiniscd 

Ih~'17.olile which ifprogrc<sc<lIO unS(;rpcntiniscd Ihnwlitcwould still bcdominantly sub-

millimetre-grai tlC<1), The lherwlite exhibits gncis"o~;ly e\'idcnt in th in-,ectio" as 

pj'l'oxcnc-dorninalcd mill i mctr~"scak thi ck hands aIK'mati!lg wit h pymxcnc dunitc_ ,\11 of 

the " Itra",al;c gnci« samples cont,,;n hydro", "';Iwral", whether ",",rpcnt inc (G207_ 209), 

h<)rnblcnde (G214. 215), p<>",ibk aC1inohte (G211, (;215), biotite (G207, G211), or "o",e 

comh"'atio!) thcn.'Of. Thc(h<)mblende_pyroxene)_ridl " ltra",,,I;c rock exhib,ts fabric as 

an aWtgate, a wncentrntion (Sl"<:tion 1,5,5), and" h<)mblendc spa, the plagioclase-



oli'lIlc(homblclKlc-p}TO.WIIC)-richul1r-~lIlaficrockasarI3gioclaseSI'O.aootheoli'ine 

(P)TOXClle-possibleaetinolite)_rich ultramafic roc\: as an nggrcgatcUIKI a biotite SPO 

E~idently. then. the ultmmafic gneisses were hydr-~tcd. nlKI. at least for "ome rocks. 

before or while beingsubjccted to a dillcrcntial str .. -ssficld 

Fe-rich diorite alld Fe·rich gilbbroic rock ilKhsllllgulshablc inthin·",'Ction from 

thatofthc BanhConcclltric I' lutoni<; Suite also OCcur amongst thegneis>csunthcisk1 

'H·"tuflbnh Island. Thin· ... 'Ctions ofsampics of the Fe_ri<;h diorite aoo gabb"),,, roc\: are 

of 'fl'-'Cific rock types ilmenitc-p}TOxeoo anllperthitic diorit~. [(il"",nltc'lIlagnetitc)] 

P}TOXCllC·ri<:hantipcrthitietliuritc,andlllCsocr-Jticgabbruicrock alltnillcmlogionllyulld 

modallyh-..rich.Unfortunatclytheficidcontcxtofthc...,rocksisnotdcar:Ryall (2000 p. 

265.2001 1'. 132) ,tat~'Sthat the "main Ulllt"' of1ay~ ..... -d rocks the -structurally Iow'cst on 

tllC i,I,.1"· is Iocallyrustywcatlk.,.ing. friable.laycred alKl fo li arcd,ri<:h III Fc·Ti-o_,idc, 

and of grey to brown gabbronorite and lesser lellC't)gabbmlloritc and uitrmnaf ... rod: luld 

GaskIll (2005 p. 56) 1I"",,'ly stnt~'S that his samples of "anorthositi<:"' rock were foulKl 

upon thill-... -.::tioning to be "lIllllcrnlogleally similar in detaIl to fine-gntillcd oull ... 

(!,:rrooionte) of the Barth.:" 

The Fe-rich rock local ly contains hyp""tolllorphle and Iroscnge·shapcd darl: grey 

to bbct I'I~giodasc phenocrysts of maximum ()bs~r\"C'IIC1)gth 5 Om (Ryan 2(01). These 

may he tl", Same phcn<Kryl'ts that Gaskill (2005) ,le".;rihes as bemg ~K"lIy 1 ...... 'SClit in 

WiI.1t he later d"con.,.~'(1 werc Fe-rich rocks. dark blue. relict. and ,urrounJcd by 

rotational sh"arstructurl'S. Thc least Jdur"'cd portionsofFc-rtch roc\: e,hi bltsubo"hlllC 

te~1Urealldcontaindark grey. wcll-l'reS,;Tv .. -d plaglOda-"Ccrys1als (Ryan 2000. 2001) 



rhin.S(.'Ctionsof"",npicsofFc-richdiorote3ndgabbroic rock areofg.minSl7 -cS 

donHnamly sub-millimctreand kml1"·millimctre·scalc (wmhlllcd) and comain few ifany 

elongate plagiodasc g.mins. The two antir<-"r!hitic dioritc S(.'Ctions (G20-1. 212) wntain 

accessory apat itc. as ""cll as acc~'S.>;()ry su lphidc~ s) in the [(ilmenite·n~~gn~1'te)1 p}TOXCne 

roch muir<-1"thitic diorite ,"~ioll (G212) and r<-1"c'<-'nt faya l;tc in the ilmcmlc·pyrowne 

antipenhit icdioritcscction(G20-1; 1'late2·)9),Apatiteis uh''lu,tousandfayalitespomdic 

III the Fc-rich diorotc and gabbroic rocks of the lIanhConcl~llric Plutonic Suite_ The two 

3nt'pcnhllic diorite '"'-'Clions also contain optically wnt,nuous. coorscr.tl~m.matrix 

irrellularly·sh:Jj>l-d. pyroxene oikocrysts (OC"l'Caftl"l' OC'C!I'O: Plate 2·201. a feature 

COmmOn 10 the F~~richdioriteand gahbroic rocks of the Barth Concentric I'lutonic Suite 

(Sl'CtionJ.2.2_3).Thcopticalcontinuilyofooarscr.than.matrixoik,Kryl'ts is cvidcncc that 

therocksbcaringthemwcrcnolpcrvasi\'c1ydcfonncdaflcrflllalsolidification. 

It is r.owhere more e"ident that mult'ple intrusion conslnK1cd the !'e·rich and 

charnockitic prcdominanc,e, of the Barth Concentric PlutOniC SUH" th.~n at the WCl;t l~1Il 

of Barth Isla,1Il (dc'SCrilx~1 in Section 3.2.3,2; I'l atc II. Ryan 2000 p. 262). and 11 is 

1)('''I'fl'Cllyplaos,hleth:Jtshoxts''ofFe.riehdlOritcandgabbroicrocXsun the ,slet arc 

aC1\,allysplay-;offthe !'e·richp .... -dominaneyofthcBanh.atlll aretherefo",phy-;ically 

c'OOI'guous with the Bnnh at depth (or w~"I'e wll1;guous with it before ~"I'"sion. not an 

""plaus,blc possibility since the Fe_rich 'lIa"mnswcredcn",rthanthcothcrsth:ot tonnl'll 

the NI'S perhaps ,",stead of or in add,tion to heinll Sl"l'crldipitous cntmpn",nrs camell 

"Thc"-,,,,,",,h,,,,,""h<K,"'rodoJosog"""<'nc<k;c"rt,onooty.unt ,ko"J)l"·"h,chn"It • .,e< 



upw~rds IE",she rI al. 19941. lhe Fe-rICh magmas Wl"'C crnplat...:tl from abO\c). II is 

approprime 10 slalclliatlrn..'SC apparcm dykes arc possiblycogllale (fromlhc Lalin for 

"arQSC 10gct!x.,.") "'ilh lhc Fe-rich rocks of the ilanhCoocl"lric I' lulonic SUIIC. possibly 

l'OgnalC Ix."au",", lhey may share a COmmOn parenl or ha,,, forl11l~l al a simi lar or the same 

timc. At lhc '"~'Ty leasl we call say llial lx.'Causc lhey arc of similar composillon lhey 

probably{)nginat~>d "y lhc smnc or similar proccss(cs). although lhis crill.,.;a by ilselfi, 

insuffieicnttosaYlh.111hcrockslia,'c"ariscntogcther".llisalsoapproprialelosMclhat 

lhescbodicslI",sald l,lcdyh'SoralicaS1SmcililCshl't.1s1olheUarthCQocL'uric Plutonic 

Suilc.SaldltlcnotJUsllx."au5clhcyarcsm:tlbbodicsal'Oundalargcrone.bulb«auSC 

they areofsimilardi,posilion {in this casc 00lICClllric) bUl otls.:l orooja cent.aoolx"ausc 

lhey arc of.imiiar or relall>d oomposilion (in Ihisea"" .imilar) 10 lhe main body. and 

,ik..,.cfi,fcarenalUrallygl'Oupablcwithlhal body(sj>l'Cificallythc Fe·richprl>dOntim,ocy) 

nll"'.·'o than olhcrrocks in lhe "iclIlily. such as the high.gr..dcmclmoorphicofJ<.'S. Thus 

wch.1\cpo<sibIYl"Ogn.aleapl",remdykcsofFc·richdiorileandg<lbbroicrocksaldltlelo 

lheB"rthColICcntncPlutonicSuilc. 

A ,;,aml)le (G206) of a brown dyke cross-CUlling "all unils" (Gaskill 2005 

IIl1p"blishcdsflml'/C notes) consiSlsofcrucifcrous melagabbroid. erueifl.,.ous (L,,,n for 

"cross-be,oring") Ix."au"" the plagioclase lalhs arc intl.,.gro""n 10 produce. a' leasl in 

s.:<:lkJfl,co"spicuouscrosscsth;,trcscmblecruciformlwinncdsl:tuft)li lc(c.g. llamillonCl 

,,/. 1974 p. 1(4). l'l.,.haps lhisdykc is Oflhc same SC"'-'rJ,ion as s"mcOfll>e 1)()S!-1\PS 

diaOOsc<l}h."oflhc rcsion (shown 0" Ryan 1990) 



11 j Rorh q4jqcclII W 'he n<lr!/J CQlwm,k l'Imollk '>"i', north rfN!J!I! 8"" 

North of Nam Bay the Banh Concentric Plutonic Suite is sllrround~'tl largely by 

anonhosite ~nd lcu(:orKJrite. and by bscr nrKJnhosite and mafic gneiss in a sc"era l 

liundTl.'tl metre thick north-wllllI helt ndj~cent to the western (:Orltact. Spl .... ific rock Iypes 

obscrn'tl arc anun lKJsitc, P}TOXCnc chamockitic lcllwtnonz,ldK,rilc. pyroxene·rich 

clmmockitic m:lI1lonitc, Fe-Ti_ox,de Fe·rich Icucogabbroic rock, pyroxene·rich 

anlrrcnhilicdiorile,biotilc-opaquemincr.,I(s) ryrox~'fKHichantrpl'nh;ticdiorrt c, Fe-rich 

gabbroic rod (m=J<:rnlic "arr~1y). and, of the gneiss belt, pyroxene aoo11IKJs~c and 

g:rbbrolC rock (rnesocralic "ariety), Tllerocks""jac~'IIt to llle IiarthConcemric Plutonic 

Surte lIoMh ufNain Bay will be described counkT·dockwi", 

Gaskin (2005 p. 46) describes Webh N~",k ea.t uf the B"11h Concentric PIUIonic 

Suite as undlTlain byrl",rystaIIiSl.'tl unu11hositcbearingslronglyoo11h ·southaligncd 

plagi()da~e crySlal<, including phenocrysts of maximum ObsCrVl'tl length 20 ern.:roo 

(cotICordant ly)aligncd elongate pYTOxeoc "uikoerysl<" (suhoiloeryslS l)Crh:lp s'!) of 

rn:rxrrnum obsennl length 50 cm. Ryan (2001) d~'S<.Tibes the same area as largely 

undcTlam hy rock of an unnanK'tl. lrossi"e 10 Slc'c:ply rKJ11h·south streak foliatc'tl unit 

spanning eastward arK( consisting variously of OI-fTc'" and Ol-b<.""ring kucmKJrrtc, 

k'oCQIrOCIolilC, a'KI :I1KJrthositc, TlIc noMhcnmKJst fmction ofWcbh NL",k cast of the 

B<lnhCon"erltric Plutonic Suite waS mappl'tl hy Ryan (2001) as Iltwlcrlam hy his Firsl 

Rattle pluton whrch consistsofm:,ssi\'c. pale 10 dark grcyanurthositeand icUCOlKJritc, 

bcaringlo<:<ll ly:dignl'tld,orkgreytoblackpbglOciascphcnocrysl' 

A thin-s«1ionofan aoonhosrte S3mplc (GIS2) fmrn Webh 1\c",k laken "uh"la 

R'W lms of m,1".., caM of lhe Barth Concentric Plutonic Suite i< of rock dominantly 
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Io"~'f·rnillirnetre·gramcd ",th a plagioclase SPO. aoo ,.,coooary rnmcml.. c'p,dote and 

Thcarcadircctlynonhofthe Bar,hCoocentric Plutonic Suite h.1sbc<:nsubdi\'id~-d 

hy Ryan (2001) and Gaskil l (2005) m'olwoanonhogat.t.roic units m",---tingm 3COll1act 

thm within 2.5 krn of the Hanh is roughly ~"()inci(lcnt and more or less nonh·suuth 

treooing (fanlll'f out Gaskill's wntact n..,rs to the nonhw<"'t). Ga,k,1I (2005) mapped this 

rontact as ill'~'fSCC1illg the Bar1hCooccntric Plutonic Suite imn .... xliatdyeast of (011 the 

erest of) the p..-omin .. ·ntJOg roughly one third of the way cast akmg ,tsnortlll' mcontact. 

Ryan (2001 p,lJS) n:ulll-d the east~l1' unit the Halfway Point pluton and dCl'Cribcs it a~ 

leuwnorilC. p.ale grcy to b,-ownish grey wcathcrmg along thc coast aoo whit cwc:othcring 

inln'''I.grccn ish wherechloritiS<.~I.withplagio<;lasccrYl"alst}l'ically Ito2cmlong.and 

cl~m,ct<'fiscd by a rnollk-d appearance duc to ";rrq;ular p;l1ch~"S" of oikocrYl'tic 

onhopyroxtnc (irregularly shar<-xI suboikocrysts. r><-'fhaps?), The oikocrysts. SOrtlC of 

"hocharcelongalc.arcofn"'-'''l1umobscrnxld"l1cnSlOngrc",c'flhanlOcrn.Ga,kill 

(2005)oorrobomtestl~,ttheplutonischamcK'f;Sl"dbyoikocrysticp>TO'C11C:u"laddsthat 

it aloo indudes anonhositc and isu",lcforll1<.~! 

l"he w<'SIc.", unit ,hrL..,tly Jl()nh of the BanhCollCl"1ltric I' lutonic Su,te rcrnamed 

unnam .. xI by Ryan (2001) who dCl'CrllIl~1 it as grey kucononte. locally rusty though 

Olhcrwi<e "pparcntly more or k-ss uniform. chamc!<'f;,.."d by ,crialctc _",uream/blocky, 

dnrk /lrcy pla/lioclasc phenocrysts ofma.~imum obscrn"d length 15 c'" sct in a "hnc 

rccryst~lhslxl matrix wnh subophni<: texture. Unfi)nun.atci> tl", des<:nption em",ot be 

"holly accu",te. since a rock canoot be both scriatc-'c~turc~1 and plag;o-c!asc- I,hyric 

,\dntillcdly Ryan (2001) uS<."Sthe t~"11n "'n"lo:g1Icryst"· and not ··phe'lOer)",C· or ··plagioclase· 



pyhric", bUI recall Ihal Vlmon (2004 p, 484) in hi, Inlbook ddines ""'''1:acrysf' as '"[aJ 

wry brgc phefiOCryst..." afld Piale 10 of Ryan (2001 p. 140)showslh~1 Ryan usc.:! lhe 

lerm accumlciy. CH'W (l'.lOt> 1'. 7(0) inl",duc<~llhc term " seri~te" 10 d=ribc rocks in 

which "the sizes of Ihe crystals vary gmdually or in a conlInU()US seric," and 

d istingui , ))c,j it finm -- hi~tar, the term inl roduced t'Or rocks in which 'lhe sizl'S arc not in 

c'()lJtinuo()sscncs" . thcJTl()st fami liar"examplc()fwhi<'h,.'''porph}Tit ic'' t cxture. l'~'1'haps 

Ryan (2001) in descrihing the wesk'1'n aoonhngabhroic unit roJrlh of the Barth 

l'1lCocnll'1'cdthesamcdifiku lt ylhisaulhordidindeS(;ribingtocanonhogabbroicrods 

>(Juth of Nain liay (SL'Ction 2.4.1), trut the contrast betwecn less "."crystall ised or 

unrccryslallisc.:! coloured plagiodasecorcs and the whitish rttry,tallisL'1Ilnatrix causes 

the gwlogist totnink "ntcgacrySlic"or"plagioc1,1<e-pltyric" whcn in some c,'scs the rock 

might bc mme accuratcly (lcscrilx'd assc'1'iatc-tcxturcd. hide<.'11 it SC'ClIlS pbusiblc that a 

popt.lation ofscri ate-lexhJr~'1I gntins would l>ccomc hiat a j- t c~hJ fC(1 with n'Crystallisation. 

a gap in gntinsizc di,tribUlion fonning as subgrain "'tatK'" r~'Cry,tallis::ttion (i'a,,;chicr 

and T",uw 199H) fines all but the rciati\,clyunstra inedcorcsof lhccoarscst grains, tile 

pllenocrystsorporph}Tociastsaflcrrccrystallisatiofl, But suchan ink..-pr~tation is besidcs 

tile i"u<\ ~incc Ryan (200 ) dOL'S nnt ",e", to be and this author is oot attempting a 

dcscriptioflofprimarympalcograinsi,c.rathcrwcareattempt i ngad~"<Criptionofl)r<,<ent 

grainsi!.e. Thc", IUlionofTc,,~1 h~'1'ctothcporrll}Titic -or-=i"requestionout<lalld in g fi)f 

a phrasci lll cn,k'dto com·cythcvISualcharactcr gi\,cntheflJ<'klly<'"k.Uf<'1I,coarsc 

plagkJ<'h"" grains or cores while ack'lOwk'dging that such all appcanll1~c docs 'lOt 

necessarily in.Jic"tc" porpn}Tit;e gra,,,,;zc dist rib ution. The ISsue "f"e,;crillmg p"'",,nt 



gminsi~c distribution is further complicated by the C0I11I00n presence of subgrains, 

rcl~t i wly strain-free. sliglitly misoriented !'Onions of a crystal separal~~1 from the rest of 

lhecrystal by pianar arrays ofdi,lo<.:ations, but oot so mi'(lrIcnted ordiscrctci yooUTld as 

to be considcr~~1 a "'-"P"rate ,,}'Stnl or grain. Further dew~'pl""m of the ",ue IS left to 

future wor~~TS 

R~1uming to the description of the anonhol}lbbroic rock, north of the Barth 

Concentric I'lutonic Suite, Ga.kill (2005) obscr\'C-.J tlie contact between the Halfway 

Point plulon and the weSK11l unit nearly 2.5 km ""nh ofthc Ilanhand describes it as 

cU'l"'te and lob"tc, with the ..... cstcm unit dccidcxl lyrichc-r in p}To.'e IlCtlWlthccaSlemal 

this junction. At least lICafthe BarthCollCcTltric PI"tonieSlJitcconlact, tllC wc"SteTn unit 

g.radc.< ..... est ..... ard from anorthosite to leuCIlnoritc. Gaskill (2005) c-orrooomtcs the 

prcS<."T1ceofsquarc, dark plagioc1asephcnocrystsofma.,imumob>erwd length 15cm in 

lhe wcst<11l unit, and adds that the rock is ooth hetcrogCJ\(.-ously-te.' turc~t "IIdmas.i.-e. 

anoth<.'f contradictory affirmation. since strictly 'peaking h.:tcrogcnclty c-oIIStltUtC'S 

struc1urc and SO the rock cannot be 'tructurcl~'SS. Evidemly this unil ca,ts an e"chamment 

upongco~,gi,tsthat CauS<.-S them to dL"S<:ribe its rock in contradicloryw")"'_ Th""Ulhor 

ncrcby suggcsts tnc name "Contradictory pluton" for the body of anorthosite and 

leuCQllOritcw<.-stofthc l lalf ..... ayl'oint pluton imlTll.-.J iateiynonhofthc BarthCo{l<;elltrtc 

Plutonic Suite, 10 be complemem~,1 hy "Contrad,ctory plulOnic r><-rimc1rt"," if future licld 

ob>crvalionsdo warmnt (S<.'t:S<.-ction 1.5.3). 

Gaskill (2005) mopped two enclaws within the COTltra<lietory pluton. Ihe l!Iore 

SOUIllCrlyollCcharnock;licandtnclnUTcnortncriyoncFc-richdlllrillC(Fig<1rel·2,2-2) 

Tl1C charnockitic enclave is highly elongate, trending ~O" in plan Oil a soulheast·facing 



slope.toiiatoo,alldeontainsinctusionsofre-ricbdiogabbmicmckandzonc,ofmingkd 

chamockitic and Fc-ri~h diogabbroic rock. A thin-sect ion of a sample {G4) of 

~barnoekitic ruck of the cnelave is of pyroxene cbar""ckitic tcuc",nonwdiorite, 

dominantly sub_m illi metre arid lower mil limc!m-!7aincd. witb feldspar evidently 

rL'<:ry,tal lised. the mo,t abundant variety of which is pbgi<xlnse \>caring patches of 

11lesopcr1htitc. The thin-scction is specked witb apatitc and zircon.. contain,pcrcent lewl 

F~-Ti-oxidealld minor fayalitc, and contains no dciinitivcly identifIed quartL Just as the 

., hccts()fFe- ricbdioritieandgabbmi~mckamoJ\gstthegncisseSllndcrlying the " Iet .... e't 

of Barth Island 11lay bc considcrcd satellite to the ilartbCooccmric Plutonic Suite so too 

may this enek,,,,"<l cbarnockitic shc"d 

The more northerly, re_rich dioritic enclavc identified and de:s.cribcd by Gaskill 

{200S) is bound in the soutb bya contact trend ing 75" in plan on "outh~"st-facing slope. 

and tapns out in plan t() th~ tl<lt1hwcst tim hcr up the hills ide, an outemp pattern 

consistent with a more or Ie" soutb dipping ,hL'-1 orrcstrict~"<l lateral C",Cni . The oody j, 

,lwrply bound, deformed, and cxhibits a matic shape rrdern-d ()rielltation trending SO", A 

tbin-"-,.:ti,,n "fa S<lmple (G3) ()fFc-rich diorilic rocl: of the enclave is()fpyrm~"c-ricb 

antillCnh itic diorile, dom in antly <ub-millimnre ~n<.l lo"cr_millimctrc·grained, wilb 

evidently ,,""Crystallised plagioc las.\ a",j rerccnt level Fe-Ti-oxidc and apM itc 

fXlssibly sheet- li ke body of Fe-rich dioritic rock may also b~ collsider~'d ,:,tci li tc to the 

Th in_sections of fivc samples "fro~k taken at sites oSI~"sibly U'Klcriain by t he 

Contrad idory plut()n ar~ uf Fe-rich gabbroid (G2, 10), Fe-Ti-oxide Fe-ri~h ku~()gabhroid 

(Gil), p}To~cne-ricb antirenhitic d iorik (G20), and eharnockitic monlOdioritc (<il) 



Unlor1u'~llcly Ihe lidd OOICS provi<kd wilh loc Ihin·$CClion colkx'lion ofGa8kili (2005) 

c'O!llain no e!llries lor Ihc"SC samples, so we do 001 know if lhey WL'fe lah'fl from loc 

plUlO1l or from smallc,.. unmapped. associaled bodies. and iflakL'n from Ihe pillion, 

whelhL'fornolanyoflhemarcrcpn.-scmmiveoflhesllppos...,lleuoooorile.Surt!ly.lhough, 

lhe 1'Y'0xcnc·rich alllilx.",hilic dioTilc and charnockilic ,oonzodiorile samples. 

ind;slinguishablc frum mcks oflhe fe-rich and chamocxilic rock-Inle clans of lhe Ranh 

COllc<:nlric Plulonic Suile. do 001 rcpn:senl the rLllOncd Icucuooril<:, The St-'Clions arc 

cilher dominall'<l hy x)wcr millimclrc·scalc grains (G2. 20), by a oombinalion of lower 

alld sub-millimelrc-scale grains (G 10. II. Jl'-'fhap:s 20) . or by suh-millimelrc-sc"le grains 

(G I), All scclionsconlain Fe-rich P)TOXCtlCand accessory. commonlypcrccm level Fe· 

'['i-{)xidc. individual ",.'Clions arc specked in biolile(G20)or greul and grc'<:nish brown 

hornblcnJc(G2).andlhcdiorilicscclionsarcspeckcd inapali le(GI.20).lhccharTI<>Ckilic 

oTICmlhepcrcenrlcw1.ThcFc-richlcucogabbroidanddiorilicS<.-"(1ionse .• hibitagw-e!:'lIC 

Sl'OS. The dmTllockil ie 100,I.'(><Iioril<: scclion also conlains oplical ly conlinuuus. c'Parser· 

Ihan-malrix. ;rrcgularly-shap<-,t pyroxene oikocryslS (OCOPO), lhal Slriking fcalure 

dcscrilx.'<laoovcforlhcFc·richamipcrlhilicdiorilcsalliollgsllhegncisscswc.slof[3anh 

Island and common to the Fe-rich diorite and gabl>roic rocl;:sof lhe Ranh Omccnrric 

PlutonicSuilC 

Immcdialciy weSI oflhe IJaTlh Conccnlric I'lulon;" Suile noTlh ofNain B"y j, a 

I'U"rlY"'(XIs...'<l.scwrall"fivchundrc'<lIl"-1rc-thicknonh-trclldlllgbchofhighIy 

deformed ,m!ic gn<:iss (Gaskill 2005). dc'SCrilx:d ", kJSI in pari by Ryan (2001) "s 

lolialcd 1c,,~'Onori lc, sunilar 10 the "slraligraphically highesl" par1 "fllk: l aycrl~1 g[ICisscs 



on the i~lct west Of13.1rth Island_ Neither Ryan (20(}1) nor (ja<kill (2005) obscr\"l>d any 

oomaLiofthcgooiss 

Thin-scctionsoftwo smnplcs tromthcgncissbclttakcn at thc same latitooe and 

lessthan2()Omaranareofgabbroid(mcoocr~ticvariely;G54)andpyroxcncaoorthositc 

(055). Th<: gabbroiJ ",-'<Otion i, dominantly sulrrnillimctrc-grain~'(\. consists of 

preterent ially oriented P}TO.~CrtC aggregntl"S in an C\ju igranular, C<juidimcnsional-grnnular 

matrix of plagioclase and acc~"S"'ry quartL.. exhibits a P}TOxcnc lauiee prcfcrrcd 

oflcntation(LPO). and contalllS perccnt h,tite"s di,-ersciyorienk>d gmins, most of which 

arc rlC"L'T the lcssal igncd with the pyroxene aggregate Spo, The p}TOXet>C nt)()rthositc 

",-'<Otion is borderline IcucogabbroiJ. <Iominantly Iow~'r millimctre-gr"ined, with 

plagioclase strained and ""i<lcl11ly m:rystalhsed alld Iocallyoc<:urring as don~1ins of sub-

millimetre-scale ~'quigranular. equidirncn,ional·gmnu lar gr"in" i, specked with Fe-Ti-

o~i<lc, and contain,mioor biotite 

On the we,tern side oft l>c g'>ci_<s bell ,)()nh of Nain Bay is the drCll 20 kill widc 

Mount Lister pl"tonofwhitcto pale grey weathering. coarse and vcrywarsc gramed, 

anorth""tcand lcuwnoritc, thcd~'SCripti<mofwhieh conveyed here bcingthat of Ryan 

(20()1) . The plagi<>elasc of the Mount Lis!cr pluton is fra~1ure>d, evidently r~'<Orystalliscd. 

and is of maxim,,,n obs..1'n..! length grt:atc'T th,,,, I m_ Orthopymxc,>c appears ll"Ss 

rc'Cry,!all i>cd th"" plagioel:osc, exhibit s k ink~'(\ cleavage pla,>cs. is lo(ally surrnundcd by 

rims of amphibo le and biotite. and in tilt: vcry eoarse grai'l<.>d ro~k "(curs as 

suhoiko",y,t.<'·' "fma_,imun> oh<crn>d I~ngth grcalCr than 1 m associate..! with aggregat~'S 



"filmenite arid lesser apatite. The ~'ilount Li,ter pluton exhihit, diffuse modal layering 

ddinL~1 hy alternat ing pale grey to "hite anorthosite and grey kucollo ritc and on SUcil as 

scale as to be most ,-onspicuous from a dislaJl<c. A dcfomll.x1 and rccrysta ll iS/..~1 border 

?One ofsc,,~-ral to fIve kilon"'lres thickness has foliation ddi" ed by pyroxellC SPOs in 

leuconorile and. where manifest. plagioclase spas in the anorthosile 

Very simi l~r thm-S/..-ctionsoftwo sampl~s ro<:k tak~n at a ,ite osk'Tlsihly underlain 

by Ihe Mouill Lister pluton arc of dominantly sub·millimclrL"'grailll.~l, cquidimensional_ 

granularb~,tite-opaque nllnnal(s) pyroxene-ri,'h antipcnhiticdioritc. No entne,exi,t for 

these smnplcs in the notes inheritcx1 ITom Gaskill (2005). bUI obviously they do not 

rcpr""''Tlt the coarscand ,,<-rycoar:sc·grain<x1anorthositcalid lcuconoriteeh.1ra dc-rislieof 

the Mount Listnpluton. AS' llllpcnhitic diorik"S with Fe-rich pyroxene and al least five 

percent (possiblelO) Fe_Ti·o~ide. lhese "-'cks arc similar 10 those dioritic of the Fe-rich 

dnnofthcBarthCOIl<clltricPlutonicSuitc.lloWl"'-"l-rthescscctionsdiffcrbYCOlllaininga 

relatively high pcrcentage ofbi<,tl1e and a texture ulllquc In thi~ study, that of plagioclase 

invariablybcaringccntamicron-sca1candtiner.f,1ciallydc"elopcd pyro.wncindusions 

"'h.".cQ,·...-<d .• "dth<~ra'"<t()Ofinclodct<m"nclh<ool.o.L"'oforafl<ct."'.!;tl<l 
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Fig ur~2- 1 - Evidcntlythc final geological map of the UarthCooccntric I'lutonic Suite by 
de Waardand his Naill Anorthosite I'roje<:t gT<:>Up studying the Banh(Rubins, Mulhern, 
Lcvcndosky;d"Waard 1976p_295).Rcd lincsrcprcscnt··intrusivccontacts·· Unillabels 
(c.g .olg) as pcr Figure 1·2 









1. Sample sites are located in one 01 two places with respect to rock type labels 
1. At the centre 01 the first alphanumeric character in the label text; 

2. C~I~~:~_ ~~::~~ :~~t! :~~~t~:~:;?L~~~dl;noe~ the next page 
3 Labej texts of "X" represent unmodified rock type names, e.g. a light purple box 

containing"X"reads'eucotroct~ite." 
4 Label texts use the mineralogical abbreviations used in AppendixC and listed 

in the "Legend", e.g. f for ~ivine. MPr for mesoperthWc 
5. Mineral abbreviations preceded by or" are for accessory minerals in which the 

sample is rich, e.g. a medium blue oox with text "rf" reads "~ivifle"rich gabbro." 
6 Mineralabbreviationsnotprecededby"r" areforaccessorymineralstherock 

type name should be modified by. indicating abundances greater than 5% but 
no more than 20%. e.g. an orangish red bo~ with te~t "f" reads "olivifle nori te," 
and a medium cyanic green oox with te~t "OxrP~" reads "fe-Ti-o~ide. 

pyro~ene-rich diorite-CO(relative gabbroid." 
7 Mineral abbreviations are listed before other abbreviations that may be 

necessary to indicate rock type, e.g. a pink box with text "faPxch" reads 
"Iayalite"pyroxene chamockitic granite." a medium green oox with text "rPxMPr" 
reads "pyroxene-rich mesoperthiticand antiperthiticdiorite." 

8 Square brackets are used to group similar accessory minerals as described in 
Section 1.5.1, e.g. the text "liM)" reads "ilmenite and magnetite combined: a 
medium brown oox with text "llBH]f" reads "ilmenite, bioMe and hornblende 
combined. olivine gabbronorite" (but is written "ilmenite-lbiotite-hornblende]" 
olivine gabbronorite"). Due to space limitations. round brackets ar e not used in 
rock type labels. thus mneral modifiers are listed in order of possible increasing 
abundance. thus "llBH]f" indicates ilmenite :s; biotite and homblende combined 
:s; ol ivine. Appendix C contains the estimated rejative abundance of accessory 
mineralsperthin"section 

9 Mineralogical abbreviations preceded by "n" are for mineralogical features not 
present in that particular sample but otherwise present in that rock type. e.g. a 
medium green box containing text "nAPr" indicates that the diorite actually does 
not contain antiperthite 

10. The symbol ± is used where multiple samples taken at the same site are of the 
same rock type but contain one or more distinguishing mineralogical features. 
e.g. a medium green box with text "rPx±[IM]±MPr" reads "pyroxene-rich 
antiperthitic diorite. some of which is ilmenite and magnetite combined. 
pyroxene-rich antiperthitic diorite. some more of which is mesoperthitic in 
additiontoantiperthitic" 

Fil:urc 2-2- lnslructionsforreadingrocktYP"'ofTmap'in Figurcs2-2A. U.e. 



Fe rich gabbrOid (meso) 
"gab"bro "nor"lle 

charnockitic monzonite (meso.) 
charnockitic leucomonzonite 

c amoc ItiC eucosv.erul 
r . ·dl·arnocki~ 

leucogranite ! "Afsp"·leucogranite 
leucotonalite ( "ch"amockitic 

"g"ranodiorite (meso.) 

A.apatite m.m<j!a· 
APr. antiperthitlc M.magnelile 
B.biome MPr.meS0j)8rthitic 

~.' ~:::yroxene g~~Z'l:o~:ne 
H.homblende Px.pyroxene 
HVP.hypersolvus Pq. opaque mineral{s) 
I. ~men~e Q. quartz 
~~~~~I green ± lighl p;nk ~eochroic 

Figure 2-2 - Legend fi>rl'igurcs2 ·2A. s. C. (Left) Rocklype legcnd . .. j"" indicate, that 
boxesoflhal coiorcolTe'rond to cithcrollC of two rocktypcs. Quotation marks aro und 
Icttcrs(e.g.··gab· ·)indicalesPl"<:ificdrtai lsor idcntillcrsthatarcuscdas app ropriJte 
(RighO Mincralogical Icgcnd. as pcr Appendix C. 
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Figur~ 2-3 - Structural measurements taken from in and around the Barth Concentric 
Plutonic Suite. Measurements folk"nod by: • from Gaskill (2005), wilh plain structural 
symbo l~ represeting igneous layering;" from de Waard (1976) representing igneous 
laycringorfolialion; '''forLc"cndosky(1975)rcprcscm;ngunspcciticdstniClUral 
features: .... from Mulhern (1973) representing ul1spcrificd stlUctural features 
Structural symbols 001 followed by asterisks from present study. with symbols without 
dip licks rcprcscming trends (approximate) strikes. arrowed symbols representing 
foliations. symbols wilh triangular dip ticksrcprcscnling igneous layering. and symbols 
wilhcircledccntrcsrcprcscnlingaligncdplagioclascpocnocrYSls / porphyrod:.sts 



Figure 2-4 - Histogram of compilcd dip angles for planar stru~turcs internal to the units 
ofth<'!JarthCoocentric Plutonic Suite, mappcd in Figurc2-3 

"J 





Plate 2- 1 - Streak foliation in anonhosite. Immediately south of the Ba!1h COllcent,ic 
Plutonic Suilc,nonhwesl of "big pond". Foliationoricnted055/69N. Lcnscapdiametc' ~ 

6cm, PhotoG5.S1alion 150 

Plate 2-2 - Plagioclasc-phyric u{I()nhos;tc, South of the BanhCollcemric I'lutonicSuilc. 
south of "big pond"'. LcnscapdiamctC, E 6cm. l'hotol'22,slalion9l:! 



I' latc 2-3 - Millimetre t() centimctrc-~ale thick, wispy, undulal"ry, variably sharply 
oound, \cuc,,- 1<> melaoogabbroid layers in aoor1h<:>site, S<:>uth "fthe Uanh Concentric 
Plut"nicSuite,southeast"f"bigpond",Lenscap diameler - 6cm.l'r.o1<>E2,5talion9O 

Plale 2-4 - Plagioclasecxhibiting facial dC"clopmcnl against minorquanz inclusion, 
Thin-section H 152 "f mctalcuc<>gabbmid, I'mln s"uth "f the Bar1h Concentric Plutonic 
Suite, immNliatc!y southeast "f"big pond". XPL, image width [h<:>riwnta l dimension] II 



Platf" 2-5 Gabbroi<llruncaling al a high-angle slreak folialion ofplagiocla;;c-phyric 
anorthosile, I"'rhap' as a r~,ult ofsyn- or p<Ist-magmatic fau lt ing. South of the Uarth 
Concentric Plutonic Suite, northw~st of·'big pon,r Lens cap diameter - 6 ~rn. Photo G4. 
stalion l51. 

Plal~2-6 - lnwardlapcringapparcn(apophysisofgabbroid inlOa lWO IIlCtrc thick tabular 
body of anorthosit e. South of the Barth Concc'lltric Plutonic Suilc, cas (of'·bigpooo··.Pcn 
length = 14.5 ern. I'hoto l) 15,station37 



I'late 2-7 - I'lutonic bTl,,""';" consisting ofclongatc blocks of al101'1hositc in a lIIalri_~ of 
relativcly Fe_Ti-oxide_Tichgabbroid. SouthofthcBarthCollCcntric Pluton icSllilC,castof 
"bigrooo"_ Hammerlengtn K90cm, Photo E4, station 86, 

I'lute 2-S - Fau lled aoorthosile block ina matrix of relat ively Fc_Ti_ox ide-richgabbroid 
Soutnofthe Barth Coneentric Plutonic Silitc, cast of "big pooo" Ilallllner Icngth - 90 
em, Photo E5"tation~6 



I'late 2-9 Amoeooid composite ilmenite-magnetite grains enclosing more or less equant 
aoo moderately elongate chaJacr),sts of plagioclase aoo pyroxene_ Thin-section H 122 of 
(IIm_Mag)_rich mctamelanogabbroid. lrom south of the Harth Concentric Plutonic Suitc. 
northwest of Akpi ksai Bay_ RL. image width 8 mill. 

Pla te 2-10 - Relativcly I'c_Ti_o_~idc_richgabbroid bearing blucishplagioclase phenocryst 
exhibiting facial dc\clopmem. Harxlsamplc HI61 Irom south of the Barth Conccntric 
rlutonic Suite, west nfAkriksai Bay. 



rl~ . c Z- II - Relalivcly Fe_Ti_oxide_rich gabbroid bearing blueish plagioclase 
phenocrysts exhibiting facial development. Handsample 11142. thin-§OXlioncd as 11m 
Mag-rich mciagabbronorite.from south of the l1anh Conceotric PIUlOnic Suite. ca:;t of 
"bigpond" 

Platr2-IZ - Relalivcly Fe·Ti·oxide·richgabbroidexhibitingaggregatcshapcprefcrn-d 
orientation. Handsamplc H I50.thin·§OXlioncd as [(11m-Mag») gabbronorite, from south of 
lhe UanhColICcntric I'lutonic Suilc. bctwcco"big pond"and Akpiksai Bay. 



Pla!c 2- i3 - NQrtlleaSHrcnding dyke ofrcla!i\'cly Fc-Ti-ollidc-richg abbwidIws!c..Jby 
leuoogabbroid. Sou!hof!he BarthConccn!ricPlu!OnicSuil~,onnortllem$lopeof\'3ncy. 
opposi!cNain HilI. Lens cap diamclcr " 6cm. POOIO H5,Sla!ion 167 

Pla!e 2- 14 - Mooally laycred "a\'crage" gabbroid Or !1Ie mixed association inlcrlca,'cd 
with rebli\'ely Fe-Ti-Q.~K!e_rich gabbroid (dark blueish). perhaps represcming igneous 
layering rormed by differenlialion or perhaps rcpresenling intrusion or dykes (~ills. 
ra!lIer). Soulhof!hc B.arthConccnlric PlUl0nic SUilC. OClween "big pond" and Akpiksai 
Bay. Pcn knglh m 14.5cm. Plwl0E7. $1alion~3 



Platel- IS - ModaliayeringingabbroidcxhibitingstrongaggregateSPO. lmmediately 
6OUlh ofthe Barth Concentric Plutonic Suite. northofthc mouth of Akpiksai Bay. I'en 
lcnglh - 14.5cm. Pooto D4. station 49. 

I'late 2_ 16_ Millimetre to dccimctre-scak rnodallaycring ino\'crall mesocratic gabbroid. 
with layers more Or less sharp ly bound. of "arious continuity. commonly tapering and 
swell ing. some terminating abruptly. South of the Barth Concentric Plutonic Suite. " 'cst 
ofAkpiksai(Jay.l.cnscapdiametcr ~ 6cm. Photo 120. station 174 

122 



I'latc 2_17 -A Icn:;c-shapcd block or xenolithofcoarscr mcsocratic rock (upp"r right) 
smldwiched between subvl>rtic~l rno<Ial l~yl"-s of overal l mesocratic gabbroid. South of 
the Barth Concentric Plut()nic Suite. west of Akpihai Bay . .... ain Hil l in background. 
H"mml.,-length = 90cm. Photol22.stati<Jn 174. 

I'latc 2_18_ Western tenninusof1cn:;c-shapcd block sandwiched between ,ubvcnic"1 
modal layers of ovcmll mesocratic g~bbroid_ South of th~ Barth Concentric Plutonic 
Suitc. weSl of Akpik,.i Bay_ Len, C"P diameter = (, cm_ I'holo 121. stali<Jn 174 



I'latc 2_19 _Fayalitc concemralion (brighl colours) in Ilm- P~antipcnhilicdiorilc. Thin
section G204 from weSI ofthc Banh Concentric Plutonic Suile. islet w~>St ufB"nh Island 
XPL. image width 8 mm. 

Plal~ 2-20 - Three individual optically continuous. coarscr-than-matrix. iIregubriy
shaped. p~TOxeneoikocrysts (OCCIPO) in [(Jim-Mag)] Px-rich antipcnhilic diorite. Thin
section G2121 from wcst ofthc Banh Concc11lric Plutonic Suite. islet " 'cst of Banh 
Island. XPL. image width 8 rTlrTl. 

'" 



C hapler .l- G C<l logy oflh ~ Barlh CO"C~"lrk I'luto" k S uite 

Note Ihat the knn "sheet" is u ... '<l hlTe a. a genemllcnn 10 refer 10 any . hl .... 1- li kc hody 

(e,g, I~yers proper, ' dykes, intrusive ~plays) and Ille tenn "jll tcrlc~, j "g" is used IlCre as a 

getlcral tl"fmto refer to uny aliernaliotl of distinct slJccIS. Thetenm "illtLTlaYlTing" and 

"layering" arc 1101 used here except to refer to alk"fnalOon OfShel'!S evidently lay .. '!"s 

propcr,alihougll""Iaycring"'is retaiOl..'d insomcdirc-ctqootatiolls 

The earliest description of the OuteT contact of the Barth COllcc",ric Plutoll;c Suite south 

ofNaitlllay is Ihal of Rub ins (1973) who Slafl'd Innt the contact belwccn anonhogabbroic 

countryro-ck und the Fc-richdiogabbroic prc'dominancy' of the Barth isd iftieu lt to define 

oc'<Cause although lhe rock Iypes arc ol"ay" in ,harp conlact Ihey arc commonly 

inK ... lcaH'd o\'cr 10 III "without a truly gradual (hange in character"' (p. 20, I). The 

prl':SCr\t author lo~"tc'<l such oCcurrCncL'"S ofjlltn]"",,ing. dcscri!x.'<l below. O\crk)()king 

Akp;hai Bay, howe""",, in1l'r]cu"ing beCOITlt." absmt and the l"Onta"t prL'Cisc (Rubins 

197.1). The pR""ent aUlt>c:>r did ""t manage to locate in lhe field lhe "'p<)",-~I contact 



oH,-Ioo~ing t\kpihai Bay, anoJ founoJ lhal mIdway akm!l (at and ncar toclagabbroid 

sample 11109) gabbroic rod: and Fe-rich diogabbroic rock k><)k~~! confusingly similar, 

bel11gofsimllar gra;ns;~c (average I 111m) in Ihis area, Ga~ki!! (2005) descrilx'<l the samc 

ar':11 midway ak>ng as unoJ~,-lain hy mk,-1can'<l anol1hogabbroie all,1 Fc-rich diogabbroic 

rod. wilh til<! slightly nonh-of-ca,Hrelitling labrie, ofbolh rods paralld the kmg axes 

ofll1<!intl,-lcavoo bodies, Thcprescntauthorobscr\,oo that to Ihc easHxlTtheast (at and 

ncar gabbro sample 111 05) gabbroic rock and Fe-rich diog1lbbroic rod arc readily 

dislillgu;shahlcbutll1<!contactiscovc,,-'<l 

TlI<!fc-ricbprcdom;nancyncarlhcconiaClo\'~,-lookinglhcbcadofAkpik""ilby 

(ncaratXllensofl11ctr~.,;casl0fp}Toxcnc-ricb anllp<'nhitlcdiorl1csampie 11l07)contains 

ccnlimt1r~~s<:alc lhick apparent dyke< of IIICSOCTalic, apparl'ltly gabbro;c rock of 

llluilimillil11l1rC anoJ pLThap' Iow~'1" <:enlmlCtrc gminsizes. coars<,.,- than Ihe dominantly 

.ub-mill tl11ctrc·graill<--d hoSl (Plale 3-1). Tbeappar~~lt dykcsIl\.,xl approximalciy 30"and 

arc thus di~'(mlant 10 the approximately 66" t,,-,xh"g $1'0 oflllC host, mxl arc hou,xl by 

ITregularly sh:!p<'<l and variably diffuse conlaCIS. No d)kes w~.,.e obsenoo 1lCluaily 

cl11:m:IIIIIg ITomtll<!a'lOl1hogabbroicrock;n1oroekofthe Fc·rich proool11l1tancy, a ndth,· 

,rregular and dIffuse (Q"lacts of the ~I)p;'renl dykes above Akpil;""i Ilay may ~'OItStltUtc 

evidencelhal ttlCbodies arc Iocallyderi,·oo !'<'gmatitic""gTegatK)1Is 

Two oll",r QCCUrrCllCCS Qfapparently gal>bmi<; ~1'l'arcnt dyh'S occur Wllhi" Ihe Fe

roch I'r~~lomil1ancy nc"r Ihe contacl, allllOugh ttlCS<: bod,cs arc more sharply ooulxl and 

fi'K'-II~'n tbe sp<'Culali\'c!,<,gmat it ic scgrcgalKl1Is,lhough ,1111 coa=rtba" b"'l Fc·rich 

diogabbroic rocks. Onc OCeom'llCt! " approxImately 200 In soulh of the w~'Slcrn lobe of 

"left cye (1<'11(1" al'l'TOximatcly 50 III "orth oflhe mOl;'et as marl;oo;1\ Figure (2-4), 



immediately north of a valley probably underlain by the Barth CotlCentric Plutonic Suile 

contact Ikre. massi,-e Fe-rich diogabbroie rock hosts an eas1-lrendingapparent d}kc of 

maximum thickness 20 em consist ing of mcsoeralic, apparently gabbroic mck, I 102 

ml11-gra i nl~L The apparent ,Iykc bifurcates w"'tward, has wavy contacts, a!KI comains 

rcl;<lj \'cly mda llocratic portions, some of ",hich might be p:or1ia ll y dig""k~1 hoSl 

fraglllem. (Plme 3-2). The olkr O(:currcn<:c is appro,ximatciy 100 m 10 the "''''1-

south",,-,,t, within 10 or 20 m of lhe contacl, and consist<oftapcring bodies (apparent 

dykes) ofmcsocratic, appare"t ly gabbroic rock IocaUy bearing millim'-1rc_scate 101.5 em 

tli j(;k maficsegregalions, hosl<~l by Fc-richdiogabbroicrodalsoocaringsilllliarlythick 

Inalic >egrcgaliollS as well as a 40 em thick ~onc wi th variabl y b lueish, milliml1 re-scale 

102 em diamctcr plagioclase phcnocrystsal perhaps 10";' , The h<,u IKiaries of lli c largesl 

"pparent dyke, the mafic segregations, and the rdati" e ly pru,IlOcrySl-rieh wne arc gro"ty 

wtlCo"bm in tre,Ki at 90". t'crhaps these appar~n1 dykes rl'Jlr,-"""t 'I<'gr<'l;31ions or 

alnatg.1l113tion, of inkrsritial melt that have imrud<.xI hum within . Or pcrh:,ps they arc 

aClually dykes intruded from Wilhoul. (X."haps ITom some of lhe same magmas lhm 

crystallis,-..! Il"bbroic rock adjacent to the Banh CotlCcntric I'lutonic Suite, An outcrop 

support ive of such an intcrprctation occurs 150 m northw~"SI - west oflhe latter deseri""..! 

"pparem dyla.". appro ximate ly 100 III west of:. northward jog i" lite contact as mapjll-xl, 

within 20 III of the conta d on lh~ anot1hogabbro ic (s()uth) side (Figure 2-4), lIer~, a kns. 

,hal"',1 apparent XCJKllnh allllo~t 20 em kmg of apparently Fe-rj(;h dKlgabh,,,ic rolk is 

llO,kxJ by '·awrage-- gabbroid locally exhIbIting an ASI'O trending 70" "ith "hich lhe 

ckmgalionoftllCxcn()lilhiscoJ1Cordant in trend (J'iate J-J), Alll..-natcly, lhc lens-'hajlCd 

body may represent a lUlle of Fe-rich (ilogahbroic magma injeek'tl ITom lhe IlOrth , 



Another possible OCCurR'fICC of Fe-rich diogabhmic magma having mtrU<.kd mek 

to the so"tli ",lderi ics the prominent hill dinx:tly cast "fPikal uyak CO"e, withinsc"cra l 

decametres oftn.: contact. Ikre, a lower dccilllctrc-scaic thick dyke of brown, suI).. 

mil li",dre-gruincd though pllancritic rock trends 115" within anorthosite exhihiting an 

ASI'O of trCtld ob1i(I\le to the dyke (I' I;,tc )-4), The dyke SI.'<.'mS to e.,hibit a oontact-

parallel alignment of crystals, p<.."Tr.1PS allow alignn.,cnt or an al igtlmcnt C3USI .. d by 

~hanocl ~~'"truc1ion concomitant wIth c')"talli>1ltion shrinkage_ Kubins (1973 p. 21) made 

asimilarobscrvat ion somcwhcrealong l hecont:lct,1 1~11ofleuoooori!eint'"dedby;'dykc 

of line- to m(;dium-gruincd norite (which is what he dcscrib(;d the Fe-rich pr~'dominilllcy 

of thcBarthConcentric J'l ulonicSuitcasj 

West or the dl"'-1' incision imm~-diatcly IlOrthwt:S1 of Akpiks,1i Bay, llie oontacl can 

t>c located to bcncath a strip ofcovcr sc",ral mctrcswidc immcdiatciysouthca,t ofthc 

s11lalipolldsouthcastofthe-·leftcycpond"'.Bonk"ing thctbinstripofconTtothcsouth 

is a ,tL"I' outc",p of anonhogabbmic rock bcarlllg the ca'temmost sbarpll -bound 

allorthositcpod(l cs<:ribo..-d i nS~'Ct iorI2.4.1.1.SoUl hwestoftheaoonbositepod,adpccnt to 

thellor1i1cmpor1ionsofthcintcrprdl-dbowliesliapc<iallOrtbositcbody,rciativclyFc-Ti-

oxide-rich mek occurs of such appearance "!,,resemble both Fe-rich diogabbroicand 

relatively Fc_Ti_o,idc_rkh gabbroic rock, although una",biguou, OCCUfTcnc<. ... of each 

occoril1ll1 .... ;diatclytothcoor1liandsou!h,rcs]X'C1ivcly 

ro the we'st. scyen tcmh, oft"" way betwl"n t"" northwest comer of Akpiksai 

Hay arid the "blg pond"" the cont"'t i, CXI",,"-d and appears to consISt of Fe-rich 

diogabbroic rock im~"Tlcav~xl with (coarser) lHultimil lllnClrc_grai,wd, rdati ycly Fe·Ti 

oxide-rich, modally layn~'d gabbrold, ..... ith illtii,·iduul intl"Tlcan-d bodil'S r~nging ill 



thickllcss from the sub-centimetre tOo at ka,t the dL'Cimetre-",ale (Plak'S 3-5. 6) 

Int~-rlcav~~1 bodies alld modal layering arc apparently coneOordmlt ..... ith both dipping 

Sk"'-"JIly nonh ..... ard. Upo n thin_se<:tioning. a s.~mp1c (11134) Oofwhnt was though tOo be Fe-

rich diogabbroic rock turrn."d out to be (ilm,,"ite-magOl1I1c)..()"hop}T()~cne gabbro. 

dOominantly sub-rnillimctre·grairk.'d and of equiy .... mlar. ~'quKlimen.,ional-granular 

texture-apparently a rl"crystalliscd relatively Fc-Ti-Oo~ide rich gabbro. Intcrl'St ingly. 

OorthoP}T<.>.Xl11C in the Sl'Ction occurs Oonly. Oor at kast almost entirely. in a pair Oof 

millimetre-","Ie diamc1er norite patches within 1><><1 gabbro perhaps bearing minor if any 

()nhop>T{)~~""c. P~ ... haps the patches rcprcscm .xcnoliths nOot unlike the mill imetre·scale tOo 

I or 2 em diamek-r indu_inns of Fe-"1"Hlxlde nch TO"k Io<;al ly pr,-""cnl In intcrlca\"oo 

bodies Oofapp.1rcnt Fe·riehdiogabbroicrOod,l'erhapsthccoarscrroekisaet unllyFc-rich 

di<lgabbroie. pcrhapsone of the pioOl'Cr InjL'CtKlIlS of Fe-ri"h di<lgablirolC ma gmainloa 

highly ,Ier."n,,-~I and theref()re rca'hly Tl'Crysmllisahk (i.e. highly texturally unstable) 

zOone Oofrelati\'ely l'e·Ti·()xidl'"rieh gabbroid. pI,rilaps unusually coarse tx'Causc it is a 

pegn~ltilic ,","iant. ha,-ing ""imibk-d mough vOolatile'S due tOo" IOow intrusion :hOost ratio." 

r~t io ""I tOo be malchexl by the mn;n onass(cs) OofFc·rieh diogJbbrOoic magma filllow;ng II 

Ofcourse8uchmusings"1'CPurcsf"."culation 

Approximately 175 m dirl'Ctly wcstthc~Oolltact t:.ctwl't:n the Fe-rich prlxlOomillallcy 

alldthcanunhOog~bbroicrocksisl"("crl-dbutcant:.cconSlmincdtOowilhindecimetrcsand 

d~tenn;!II.-d to trl'oo 78". Ncar the cont:oct on the anonl><,gabbroic (s(luth) side. occurs " 

low~-r dl'C;mctrc-scalc lhkk body of rock ,,;th II I 10 2 !ll!ll-gra;n~~t mesocr:'tic [llatri~ 

t:.caring blue. blueish whik and whtte plagKJCb,e pl",,,,,,,ryst, at jll'rrutps 50% or mOT<' 

a tid as coar"... as 15 em kltlg. 'iharply hound to lhe "orth by unjol;al~~l "avcragc" gahhmwl, 



rcrh~ps leueollabbroid. domin at~'d by roughly c"l uigr~ n ul~r whi te plagioclase grains the 

roarscst ofwhidl arc blucish and faciallydc\'clopcd. and Wadinll to thc south into rock 

rcscmbling tffi, non h-oound inggahhroid but morc tnafi c an<i with hluc r I'h'gioclasc (I'latc 

3-7). Plagioclascphcnocrysb arecharaetcrist ica lly blucin the Fe-rich clan o!thc Barth 

Concentric I'lutonic Suitc . and b lue pbgk)('iaSC cores and apparcnt ly a rKI actual 

phenocrysts arc characterist ic ofanorthogabbroic rock> south ofthc Barth Concentric 

1'11Jtouic Suite west of and incloo ing the "~riably Fc-Ti·o.~idc-rich gabbroid aswciation. 

so plagioclase W IOUf pf<>vidcs 00 di<Cfimina nt here. That plagioclase crystals are "~}fe 

ootnw,only blue and bluCTand on aVCTagecoarS<.'T in thc highlyporph}Titie body is 

,;videncc that the mclto the north is not mercly a n~>r~ c..:>mpactoo variant ol'the rock to 

Ihcsouth.l'erhal',thcrockto thcsouth.eitheroncnrbothofthehighlYporl'hyriticbody 

or the rock it grades into resembling ··av~Tage"llabbroid. rcpr~'SCnts a pion~'C1" intrusion of 

r~bti,'cly Fe-rich magma: e ither Fe-rich diogahhmK magma or the magma thai 

cry:;ta ll is..'d the rclatiH:ly Fe-Ti-oxiJe·ricit gabbroid. Assuming tiM thc rclutiwly F~"'rich 

magma intruded from bdow. it is plausib le that a bu ild up of noa lc"d pbgiod~sc wm,ld 

acc"Oml'any the f'",1 upward transport of host ",agma. Although relatively Fe-rich magma 

waS probab ly d ~n"-'T than its surround ing>. upward and bt~r,,1 emplacemcnt Hlay ha,·c 

,1111 occurred I>y squ"",,zing cau'lCd I>y cru"al dcf(mnJtion (i.c. \"o lumc-constm,,~d 

magma r~'distributio!l in a dyTlamic CTu,t: im~gim: or test the response of a poc~ct of 

wate'T withm a d~f("mmg ma" ofmoddhng day). Ewn ifthc rdatiwly Fe-rich m"gma 

intru<ll'd from al)(wc or laterally. 11 is plau.ible that tlow entrainmcnt coukltra"'pon 

plagioclase accumulatl~1 prior to chamlx'T rupture by 00l,nd:.ry laycr crystalhSMion ;1t the 

kx:"tionofe'~ntualpionl-..;r"",gma. 



At the same !oealion. at most 60 cm from the contad On the Ihrth Concentric 

Plutonic St,ite{north) si<lc. Fc·richantipcrthiticdioritebcarsana pparentxenolithof 

Gabbroid perhaps 10 cm in <l iametc,. (Pbte 3-8). appm'nt in the ",n"'thal perhars the 

lxJ<ly, sliGhtly relicvc~! from the outcrop surlace. is an erosional remnunt ofa dyke or 

segregation. A thin-S<. ... ·tion(llt30)of the xeno lith cont"t cotlsistsofmagnct itc-i lmcnitc-

sp.:ckcd anlipc!1hiti<: metadiorite (ho'1) about <jUJrt~ -speck",1 " ..... talcucogabbroid, Bolh 

consist ofsulrmillirndre and lower-millimetre grains. the xe!lOiith st.'\.'tion dominatct\ by 

tbe latter_ lloth sections appear reerystallisc-d. with piagiocia", "'Guant or ,rrcgular in 

shupe with irregular ooundaric, in the xenolith S<.'Ctwm. and plagioclase atld relict 

cli[l()p)'TO_,enc more or less cquigranular. C\luid imcnsiona l-grallubr in the I.ost. The 

xC'lOlith sc'Ction is mITe altered than the fIo,t. tl ..... <l iffc.,-encc bctwc-en 110 reli ct malic 

mine,.al., and s.cricitiscd plagiocl'lsc mid reli ct d i nop}ro.~cllc alld relatively una ltered 

pbgiocln'<C. A variety of alteration m;ncralsareprcscnt in oothsl'CtKJrls. althoughhiot ite 

wid grttn llOmblcooc in tbe host might be prlmary_ Unlike any thin-S<.'Ction<.:d 

arlortoogabbroic rocks surroundinc the Banh Concentric Plutonic Suite ...... hieh arc 

app;",:ntly quartz free. the apparent xenolilh of mdalcucocabbroid ~'Ontains 

approxim~tcly 5% quartl" making it sus[!<.x;t a, a x~n.,lith r~prescntati\'C "fallY ofthc>Oe 

,\ Itcrrwtcly. pcrhap, the <juanz iSSCC<,lndary 

Ryan (2001 p. 144) dc'scriix:rl the cuntal" underlying the prominenr hi ll (lir~'Ct l y 

~a'l of I' ikaluyak Covc (a!wl immC\l;alcly nonhwc~t of "big pond"") as consi,ling Of11l1.' 

Fe-rich dan nbulling leuconoritc and including "ratl,orma,sive I" foli"t~-d allorttlO'I1IC 

rod a,wclla,cuarscrgramcrl ferror!i<>rl1e likctr..1t on the hillsirlc to the south"". Tt>c 

prc"lcnrautoore_,mninct\tt>c':lTllccont:,ctandol)S(.""c-dllll.'foll""ing.Fi"t.tlll.'·-(\),,,scr 



gr~" ... ~1 f~'1Todiorite on the hillside to the south" is amwlly g:lbbroKl. OrIC thin·, .. ,,,tK)n of 

..... hieh (11139) consiSls of (il!nenite-magnctitc}-spl-cketJ gabbro. At the c~~ltr~ ofa,\d ncar 

theea'tern limitofthcarcaoutlin~-dbYlhc500flcontourtin~-rFc-richdiogabbmicrock 

:,,\dcoa""---ra\"l-ragegabbroidappcartobcint crlean~I.Tbccastc1110t:CUrrcnccconsi,tsof 

'IOn-folimcdgabbmidsbarplycontact ingFe-richdiogabbmicrock(l'latc3·9)e,hibitinga 

SI'O trending 9J~. concordant in tR'fl(1 with the long aXCS ofintcrica,'ed bodies. The 

central occurrence is lI"OJTC ambig""us. with some contacts perhaps grad"tK"",I, and 

diff~-rs also in 11"'1 the intcrleaved bodie'S tTCnd oorthcasL con.:ordant "'lreIKI "lilt a "eak 

aggregate Si'O present in the gahbroid (Plates 3·10. II). One gabbro~1 body heTC is at 

least 5mthicl.:. TbcauloorTCgrt-1sthat 00 ...... of the intcrlcavetJ bodlcsuooc-riyinglheh,1I 

WeTC thin-scctio",,-d 81KI accordingly Iheir d~-signations as ('ither gabhro~1 or Fe-rich 

diogabbroicrock must bcconsidL-re-dtcntati'·C.C'ipl"Ciallysinccm anulherapJlCafJnccnf 

interleaving to theea,t along the oonlact (dL'SCrib...-d bck,w) what had becndl'ClIlCd I'c-

rich dlogabbmic rock in the field was discO\~-rc'<l upon thin-sc-...1ionlllg lu be IIOn-

miIK.-rlIlogicallyFc-richgabltroid'(HI34) 

' R«.lIfr",nS«I":.,t.2that,nlll1.workrocbar.rof''flet!to,,re_nchooly,fthcy.,<mmCf.IO\I",.lIy 



Gas~ill (2005 p. 57) descrihlxl the mnlaet at roughly the same location as 

bordcrcd to the south by"anorthosite'"bearing dyh'S of fe-rich diogabbroic r ock.alldto 

the north by fulialoo fe-rich (Iiogabbroic rock bearing m~1rc-scalc ~enoliths of 

"anorthositc"th"t b«~"neabundant ""artbe c(lIltact (thereby corroborating thc"mfts"o f 

Ryan [200 1 [I. The xenolith s arc associat~xl along strike with patches oflcu"'{leratic rock, 

upper millimdre-.'<Calc to lower-centimetre-grained, which appear to g",de into 

surrounding Fe-rich diogabbroie rock bearing C(\Ilcentralions of thin, rc~1ti\'cly Fe-Ti· 

oxid~"'rich laycrsadjaccnt thcp"tchcdges. To thcea'tofthi, klCation tbc contact is sharp 

and pan.llcls the fabrics of the two bounding rock< (Ga~ki1l10(5) 

rhe contaCT passes from the centre of the area out1in~xl by the 500 tl contour 

througn thesouth",cstcm port ion of the area ",h",ethecontac1 'i<."Clm to ha\'e a nirregu lar. 

imnlobate 'hape Oil the '<Calc of metres and p<.'1"haps lens of metres, This infe!\:lIcc of 

shapecollles h"Om Iheobscrvation thai as the present aUlf,orlrie<1 to follow the comaet 

soull",c.,;t he ellCoumcrcd anorthosite. at p .. :rhu11S 75~ . of outcrop ar.d locally bearing a 

northeast -ucr.ding ASPO. sporadical ly intl'ITUptcd by outcrop, most of ",hid, rescmble 

'a\'eragc"gabbroiJ lhough commonly fincr. the re,t ofwhieh rcscmblctyplcal fe-rich 

diogabbroic rock. One outcrop consists of largely upper millimc'lrc-gmll"-~1. nK,*,cmti,' 

gabbroicrockwith thccoarsc.tplagiocia.wvariahlybluci,h. S<-1,arale<1 fmtl\appa!\:ntly 

F~'-rtch diogahbroic rock by all approximately 30 e11l thick. sharply boUIIII b" .. lyofcolour 

;nJc~ ;nt~1"\II(.xl i atc betwc"Cn Ihe two hour.ding roch alII! of gra in size equa l thaI of the 

'ln thi.c>""lhepr<scnt, uthOfOOe<"," know "hethor r .. ,k,ll (200S) "",,ng'"'' {Jfth,,,,,,.·,nthellJ(iS 

..,n«Of,nthel,"""''''''",c'-''''moolyempl o~by.u'hOr>d ,,,,uS>'"~theNI'S 



app"r~n1ly Fc-ri<:h diogabbroic rod, though perhaps locally ,lightlycoarscr adj.1ccnt the 

gabbroic n)('~ (I'htc 3-12), Perhaps the inlerve"i"g body mKi the apparenlly Fe-rich 

diogabbroic rock r~pre5Cnt scparate emplac<'ment~ of Fe-rich diogabbroic magma, one 

latcrthanthe"t her 

J I ? OWf[ mnlUS' rObe (Jaab Q"'ITmric P/IUQ'I"C ~l!i!C WI B(l[I/, {Y/and 

Only Ryan (2000, 2001) and Gaskill (200S) have dcscribc<.l the outer contacts oft hcllarth 

C'onccntric Plul<mic $uitc ulldcrlying the eastern part ofrlarth Island and too i,'ettothe 

wc>t and thc conSCllSus is that thcconlacts arc sharp, 

Spl'<:ifical 'y, of the ea.tem contact, Ryan (2000) stakxl that sub-mil l im~1"''''' 

grain~~1 Fe-rich diogl,bbro ic rock bearing streaky tmin' of p<,s.,iblc alkali feldspar is in 

dirc'Ct contact with ,,'Cey leuconoritc, Ryan (200 1) that tm, sharp wntact is cxpo><-xl and 

not as",ciak~1 with any cvident them .. 1 metamorphism, mKi Gaskill (Z005) that weakly 

r"liatlxl Fe_rkh diogabbroic rod is in sharp contact with weakly foliatcd anorthositc 

Furth<.'1'rllorc, Gaskol l (ZOOS p, 59) statcd that the I'e-rich diogabbroic rock bcan;podhkc 

patches of ehamork itic rock dongate parallel to the contact, aoo th"t patches of 

'p..'gmmitic" gabbroic rock arc al"" "pre5Cnt", TIte unpubli,h~~l. more 'k1ailcd map of 

Ryan (2000, 20(1) and the map ofG~kil l (ZOOS) both show tm, contact as approximatc 

10 tile north anll ,,,ddine,l to tile south (Figmc 1-2A). therefi"e"emayass umct)H,tthcir 

dc>criptions arc of the southem part of the contact "here it ise,\poS<.xl, 

Spl'Ciiical ly, of the w~'tern conHlct, Ryan (2000) stat~xl that F~"'rich diog.1bbroic 

rock r~'Sts On gnci<"Cs ((lcso;rih<.xl above), Ryan (2001) that the c'Ontac1 is ,harp, aoo 



Gaski ll (2005) that tm, wmact is sharp and con""r~Jm on strike with tilC foliMion in 1he 

adjaccm gnc issancl Fe-r ichdiogabbroi.;rock. 

J I JOlllerrvnlllC/otlhcBarrhCo"Cftltr/cI'lIllO" jcS' /lilellOfthof voillliqy 

l)"", riplion.<of th.;outcrcontaCl 'IOrthofNain lJaynre,TIOst lyoftllC.;astempurtofthc 

comad. underlying Webb Ne-ck. The earlicst (ics<:ription of 1hc contact h ~1"c is that of 

Rubi"s(1971 p. 39) who slatl-d that ··an"'t h"<tkdir~ ... ·tlycast lofthc Barth Concentric 

Plutonic Suit~ 1 in Webh Neck" has strong ph'''' lay~"'i n g.l with [layers] of olivine-

bc.1ring m~f,c aoo l e\ J co~T"Jtic "'lOrthosi t~ ,uKl oc~asional pyrox~nit~ altn""1ing " 

~on.~id~rabk Ji,taocc ~astward" and that at lea.'t oome of tm, rock here is ,trongly 

dctonnc(!, as evidenced by shcar~'d and ~TushcJ individual grains and strongly warped 

Dc W~~rd ~ Ild .l.1ulhnn (1973 p. 73) stat ~that th~ "',,""rtho,it i ~" f{)ck within a k'W 

h u,l<ir~'d ' l1 dr~s' of tl", contact be"" "w~gat cs of pyro.,~oc highly c'~,"gatu paralld to 

tm, comal1. '10 ,k>ubt t he ",me aggrcgnks descril><.~l by Ga,kill (2()()5) as being of 

max imum ob"'rved length 50 cm. Further out the pyroxene aggregates or grains are 

'To b< ; UfO. Motlim")" (I~J r 1St) , 'all-d th., tt", tt~m "pha'" tayering"" <kn<k; " i"'<n~t, <ktLnoo by the 

rr=nc<or.b>cnc<of'p""icut.rm i nor. l i ,, 'hO<fY""tl i ~"i"""'l"<no."'.«:"'''t<."tl," ·,thRubin,'{t97 t ) 

'I),:W"'d."dM"th,""( I ~7Jp 7J) "w.iiy ",id """jirr ,w'y" Ukmfiumthelroc,ohtc"" dj,tafie< 



f<lUfI(1 and of ma.~;tn"T11 obs<."Twd diamctlT 10 em (Mulhern 1974). To the wcst. 

"anortoositic"rock gradt.'" intO"layered"Icuconor;teas the elongat caggreg:Jlt."S··bl,comc'· 

concentraled as "mafic" ,heets ahl'mati ng with anonhositic shttts wid increasing in 

abUNlanceu n!;1 tMc rock is entirdy"kuconoritc". homogcTlt.~)U' aTid finer thantk rocks 

funnernut(dcWaardandMulhcrn I973p.7J).M!, lht."Tn( 1974)"ddcdthatthe,h"ctsarc 

asthidasha lfamctre.' 

Gaskili (1005) similarly d<.'"SCriix.11 sharp interieaving un':\(Tlyingt ..... 0 arcasaJong 

thecnntaclroug.hlyakilomctrcapart. Thc fir:st area. dirL"Ctlyea,jnfthe head "flhe smalt 

bay south ofWcbh Nl"Ck. is ufl(leriain of the BanhCort<;entric Plutonic Suite by Fc-rich 

gabbroid of the outer Fc·rich p,\:dominancy. To the cast. the Fe·rich gahbmid bc<..~}mcs 

ink'Tk'aH"d with relatively mclanocrat ic Fe_rich gabbroid. and ix.'CO,Tlt."S cOars<."T and more 

Icucocratic unt il the relatively mch,nocnotie gabbrn;u i, intcTkavcd with ano rthosite 

Restated bylhcprcsenl :tulhor. Gaskill (1005) de'<.Tib.:d the lX)mact h<.Teas gradationa l 

between Firrich gabbroid and aoorthosite though mterrupk~lbysharpl yooundshtttso( 

relativciymeianocr::l1ic Fe-rich gabbroid. Assoming this dcscription is accur"le. pcrl\:,ps 

the Fe-rich predominancy Oflhc Barth Concentric l'lutontc Suite at thIS location was 

C111plaC~>d ,,·cstward a< amalgamations "finterstitial melt drainc<l ITom the IttlOnl\(lsitc (cf 

Emsltectal. 19')4). the gradationa l contact then intruded b,· rclativclymatic. Fe-rich 

1 NOI" 'hat de W,,,,d ,nd Mulh,,,.., tl973)."J .\ju lh"m(197~)oo I Y'''teth,,, 'hey ".<Ic",,,b"'K ,It. 

Mu1h"mwcm.)".~'"m<,ru"h.)" .... all <le"",b"'Kth."'''t>''"",ko l)1''¥\\'ebbNeck 



magma gcrK-TalL'Il elsewhere. Not" that the ha .. ;s of slat; ng lhal the rebl;vcly mdanocrat;c 

shcctsconsist of Fe-rich gabbroid is One ,upposctlly nemplilying ""rnplc (GI5 1).ath;n

section of which consists of biotitc·sp ..... ch\l Fc·Ti ·o~ idc Fe-rich gabbruid. dominant ly 

lower rnilli rnetrc·grainL'Il, The ",mplc waS laken of a shed bound by (IKm- rclat;vcly 

mclaoocratic) fe· r;ch gahbroid of the Fc·rkh I'R~I()m;"a"cy (.18 oppoS<.~lto Im,m I108itc) 

A th ;n· S<."lion ofa ""mplc (GI46) of Fe· rich gahhro id of the Harth Conc<,mrie 

Plutonk Suite at this Jocarion is dominantly lower millimetrc·grairk.'Il, though wilh 

jlLThaps 20 or 25% upper millimetre·scale gram" and hcarn pereent 1"",,1 Fe·Ti·o_,ide, 

possible millor quartz. aoo e"idently R'Cry,talliS<."d plagioclase exhibit ing a SI'O, an 

ASPO,aooa LPO. 

The ,heets of rebtively mclaoocratic Fe· rich gahhro id. whL1hcr rlyh" or laycr'! 

propcr, quali fy either for inclusion in lhc Barth Concentric Pl ulonicSuilc, tllOscthM arc 

oourid by rock oflhe Fe·rich predomi",,,,ey.or JOT lcmali ve ,tItus ,,,salellile sh(;<-1s. 

tilOSC that arc OOur.d by 31lOrt llOsile, Tentati\'e, oc'Cnusc 00 dc fmn,,'c det~rmmat ion.< of 

rock lypcha"cyellx"nmade joranyrclari\'clymcimMlCrali<:shL","oound bycou"try 

rock anort llOsile , Auysucll , lk."ctslhal arcd isO:;()\"ercxl nol tobcufa rod ()pcsimilaror 

related 10 one fouoo in (he BanhCorl<:entri<: Plulonic Suite will disqualify for salellile 

rhe comact UIl<krlying the nlOre rllJrtherly area ~escrib<..~l by Gask ill (2005) is 

similar 10 Ihe contact uridnlying Ihe !!lure "'''I li-tTly mca, with Ihe Fe-rich pR~I"milla"cy 

of the Ibnh COIlC~ntric I'lutonic SUIte to the ~ast becoming i ntcrlea'L~l with rdativc!y 

mcboocralic rock aM becoming COarSl.-T and nlOre icucocralic until the rc!ali,·cly 

melallOerali<: rock i, intcrbyc"'~'Il wilh anorthosite. No delinili,'" rock type dctc'Trttin~lions 



h"vc b<....,n madc forlhe r1'l<'bn<'Cfatic layersnt Ihis Iocalionan,J we may only "I,<-'Cuinlc 

Ihalal least somc oflhcm are of Fe-rich rock, thosc th"1 arc thus "Iualifying cilhcr for 

indusio" in lhe Il~rth CorlC~~ltric Plulonic Su ite or fi" satell ite status, fltltirt-s('"i:tion of a 

sample (Gl!4) oflhe outer Fc-rich pn>dontinancy of the IlJrlh('olXenfric Plutonic Suite 

IX"r this locution consi,ts of I',TOxcnc antipcrt lt itic ku ...,d ioritc. (~,"linantly Iow~.,. 

milli mc'Ire-grained. apatit c-sp.:d~'ll. bearing !'Crcenl level oornbinl>d ilmcnitc an<.l 

""'g1\\.1itc, withstraill<.~laool"'niallyr~'Cryslalliscdplagioclasc. 

l(yan(200I)stat~'llthatthcrnappt.>dconlac1 un<le,lying WellbNc .... k iscot\\."(}rdant 

with foliation in thc'a nonho,i{e. GaskiTl (2005) e.\palldson Ihi,slatel'ocnt. ,tatin);th;!tat 

hoth loculionsdescrilx'd by him. Ihccolllact, in(eric,wing, elongation ofaggrega!c's.and 

SPOS in the I'c-rich predominancy aooaoorthositcaruall ",orc or Ie,s paraflcf, either 

dipping \'Crtical l yorstceplyto t hcw~'Sl 

COrltrary to the d~';SCription' ahow, Wallace (1986 p. 10) "'at~'ll th"t ·1 11C ... )Fe-

rich pr~'dominancy)-anonhositc wntac( on the cast~TIl nonh mamland ... "Pl"'an; to be 

);Tadat~m"l. w;lh composition ell:,"gin); ITom pale anonhos;le castw~rd 10 more malic 

jl}1"oRrlC-rich rFe-rich diogabbroic rocks) westward, This trar~,iti"na l cuntaCi outcrops 

entirely. with ""apparentlyabruptlithoJogicchangcs ... " Wallace (19l!6 p_ ~) mayhavc 

oorlCthelc" note'll the interle,ving described by otlt~n, >tatin); that ·lh~ [Fe_rich 

prcdomrnaocYI may show well -de lin e..! layeTing cloSt; to t h~ contacts wit h fi tlOnho,it ic 

'n"ks'" . Indccd tlti, 't "t~nlC1lt may aiternatdy", add ition"lly t>c rctcrring to intcrkaving 

along the contact '''U1h ofNuin 13;.y. or rcrhaps actually an increase in the I're'~~'lCe of or 

the r,.."lal or grainsi£c magnitude of layerrng nC:lI" the outer COntae1S. somelhin); OOt 

descrilx..!byothcn;. 



Al'l'roximmcly 300 III wes( of (he midpoint oc(ween (he (wo arcas de(aik'd above, 

numCWus a'lOrthosi(c xeoo lith" the tW() largest "fwhic h arc >CH'Tal decamet res in 

diamet~'T, occur within (he body of charooditic rock inK'T"cning octWCl-11 (he inner and 

o U1 er memhcr:< of the Fe_rich predominancy (Ga8kill 2005), Two aoorthositc bodies of 

,oorcsubsta"tiai scalco(;<;ur within the !Janh Coocc"tric Plutonic Suite, one within the 

' IOrth,mmosl ouk r m<;mbcr oflhe Fe-rich prl'dominancy, underlying the southern ,k,f'" 

" fl he prominent hill inm"xl ialely we.t of Sachem Bay, the 0110", with in The inn ,'T n"'mkr 

of the Fe,rkh predominancy, imlll~'dia1c1y northwesl oflhclriangular POliti southwest of 

(he head ofSaehe", !Jay. The map pattern of the oorth<.m l><><Iy and surrounding Fe-rich 

pre,lominancy.<uggestthatlhebodyi8a I",,,dant rel icved abo"ca south·sloping floor, 

whercas (he clongale, L'Onttntrically disposed gl'omc1ry of the so ut hern body is more 

ambiguous, ]l<-'Thaps a dy~e, xenolith, or roof pendant ,\ thi n_s..'Cti<Jn {G47J of the 

elongMc body consists of non-Fe-rich an(i]l<-Tlhitic mctadi<Jrite, dominantly lower 

millimetre-grained, FL~Ti-o,xidc-,pL"kL'd, with primary ,m, jies having ix.'Cn c{)]upic(ciy 

replac~-d by more or I"" fibrous rna,se, oflrernolilc and hlucish gr~"'n amphibole and 

~ubstantiallysubord; n atebi<J( i!c,althoughsomcbioti! c"",ybcprimary 

Immlxliatcly west of Sachem Bay anti cast of lhal P'U1 of the contaCl mOSl 

irrcguiar in mapp:nk'Tn , thc Fe-rich predornmaocy increascs in c'Ok,urindcx aoocndoscs 

"a fc'w'· ~c'n()li!hs of "ano rl ho"i1C" lICar the comac1 with apparently un.lcti>rmc'd 

"n"nhogahbrooc rock (Ga,k il ll005 p_ 49) of the 1!,lfway Point pluton_ Of the ""mac! 

;ISCU; G~,k ; 1 1 (2005 p. 49) only ,ai(1 tiW( ";t i, unclear Irom tlt e contact relalion,hips 

"h;chi'lhcolderoo.li' 



IlllnlCdiatclycast ofthc pmminentjog ruughlyonc third of the way cast a ionGthe 

nonhern contllCl and southeast of the small ~hamockitic satellite, the Fe-rich 

predontinancycocioses raftsofoikocry;ticunonhositcsintilartoth.1tofthc<ldjaccnt 

Hall,-'ay Point pluton (Gaski ll 2(05) 

Wcst ()f lhcpmminentjog. lh~ contl,cthetw· een l heFc_ri chprcdonlin"ncyandthe 

~l1Iorthogal>broic Contradictory plu ton is not e~p<)",--d (Ga,kil l 2(05). nor is the contact 

bl'\w~'Cn the Fe-rich predominancy and the oonh-tr~1ld ing helt or malic gociss 

intm~-diatcly w~-st or the Barth Concentric I'lutonic Suite north ofNain Bay (Ryan ZOOI. 

Finally. in the ccntrc of Barth Islandoceursa"rninoroutnopofGnciss ic[rock] 

"hidl",ay be rdi~1 country ruck. the only known occurrence of gneiss with in tllC [Barth 

Cooccntricl' lutonicSuitcr(Waliaccp.9) 

I i15l1mn"'ITofriIf0l</rrmmact QflheHqair(Qllcc,uric!,/Ulo"ic 5"i/1' 

Whercobscrvcd. tllCm,tcroontact of the Barth COllCentrie Plutonic Suill". octwc<-" the 

outcr mcmix:T of tllC Fe-rich pr~-dominaney and anorthogal>bmic country "",k. Cilr.....,

consiS1< of sharp ;nt(Tlcaving or a single sharp interface. Although thne c~i,t, "'llIe 

conlusionastowl~'trocktypc,arc involved in the in1<.,-leaving and h<lw rod typcs vary 

"mongst intcr l cav~~l sheets undnlying Webb "eck. contacts defin~~l hy shorply bou"d 

interle.","~1 sheets of more or Ie" (Iisp'trate roc); types arc most plau,ibly in lCrprded as 

cont'tets dcli,,~-d by ,erics of imru,i\c contacts. Tbus. the rock lype enllt""t< (leli""ling 

lhcUarthConccmricl'lutollicSuitcareal"'plausiblyintrusivCCO'>lacts.i\(wrdingly.lhc 

llanhCnncentric I' lutonicSII;'e is a plutonic pcrinlCtron(Stttioll 1.5.3). "hidl wemay 



ref~'f to as "the Banh collCcnlrically 'tructurc~1 plutonic p"flllI~1ron", All awkward ""me 

perM(lS. but inf"l1I1ilti"c alld as a~~uratc as prcs..,lt knowk:dgc allows. Future workers 

may wish to usc a 1II0re restrictive dcfinitio:>n for the Banh COllCcntrically structur~,! 

plutonic[><"'fimctf{)n.cxciudingcvidcmxenolnhs.p"III!ants."IIIloon-chamoditic.pt-'fhaps 

much younger granitic dykL'S,1 

The concept ofa perimctron. that ofa bodyddinL'dby itslx:rilllctcr.n .. :cdllotbc 

limitL>dtobodiesdefin~>d by imrusI\'e contacts. plutonicpc'fimClrons{S(,\;tion 1.5.3). For 

c.~ampl c. we may definc a mck 1)1'" ,,,,rimNrotl a.~ ,"'y hody of f{)ck bound hy defined 

rocktypewntacts,thatis.contactscharaCltriSl.'dhyadislindl,airofbounding roc!.: Iypes 

or rock type sets. Thus we wuk! have designated the Barth COllCcmric I' luto",c SUIte" 

rod type p"rimc1ron without L'\U inquiring w!x.1hcr the rock type conI adS thaI define it 

arc also intn,.;"e contacts. FunhL'f usc ,,,,<I dc\'elopn ..... nt of the pcrim~1ron C(mcepl is with 

bop" and prL'Sumplion lefi to fulure w"r~LTS 

For the sakc ofcolltinuily. Ihc BanhL'OIt<:cntricallyslructur(.>d plut oni<:[><..'fimctron 

willwntinuctobcrefcrr(.,I 'oht,.'fca<,he llanhCollCcn,ric Plutonic Suite 

.1 .2 Rocks,,(thc lIa rlh Conccn"ic 1'luwnk S"ilc 

TIt<: Ihnh ('OIlCcntric I'Iul0llic Sui,e consIS's of five rock-type prooomimmcies each 

COlllpoS\.x!oftllC SUIII ofrcadily (lbtinguish"1! h()<lic<do",ill ak>dhys"" il arf()c~ t),p."a rKl 

• N""orhc l"", .• 1t dcfin. hk ptulOII IO 1"","'<If()'1S rem.in .~ hd (b~i d<fimuonj and m"y b< rd<rr<d to as 



meeting th.: criteria for inc lusio n in tile 3imh Coneenlric Plutonic Suite, ch iefly 

oonecnlr;c di'p'"iTion and oontiguily w,th <'aen "ther '" cndo,urc by bodies 

wnccnlr;"" lI y d;sp')Scd and cxmt iguous (Sc<:t ioll 2.3. 1). The live rock-I'/P<' 

pr~x1omin"ncies arc, from the Ollt~l1llOSt in: 1) the Fc-rich diorite (color Ia/o, hereafter 

implied) and gabbroic; 2) tile charnockili c: J) theOI_gab\>roic: 4) The n"n-cnarn"ditic 

granitc; and 5) the Ol-free an"noogahhrn;c. The mck-type prlxlom;na'K;c< may r.., 

IllOughl of as the ro"gh. natural. vo iulllciric WTlIpon.;nts of the RanhCon.::em ricPluton; c 

Su iTe . b c'n pr~~iom;nancy is vcry diSTmct from the otoc", oc;ng Wlll[XJ>Cd uhOOSl 

CT,t ircty (as observcd to date) of rock oclonging to correspond ing rock-T}1'" dJn~ of the 

same name, al1<1 each ;s separat "~l from "the" by mme or Ie," wcll·ddi",;d <:onlacl, (as 

obs<.;r\'cd to dale) . As spali. ll y dist inct as the rock-type prcdominan.::ies arc. s ince This 

<Iudy;s pr;marily bas,-~l on severa l nund rcxl p'l im "'ck tYJlC <1.1" (Appendix C). and 

bcc,1Use hi,torical ly lhe iimdamc ntnf qu~,ti<",,,faIlOnho,ile-c' haract"riscd plut on;~ ,u;les 

s<'"CllIStO he Ihe gcncsis and emplacement ofparticu lor rock t>'P",( i. e. rock -t}l,.,c la"<j. it 

.'~'Cms ",,,,I appropriate \() dc,;,:ribu the Barlh Concemric Pl utonic Suitc by rock-type 

d'ns with mention of rock-type ]l r,-~lominancie, brgel y in ,!.·",ribmg the cOntacl 

relationships between those toost apparenT m~ni festations "f the rock-t}1'" clans in s p~ce 

In SOIOCc",c, it ,,"ould oc loorcorlc"c(l,wllyapprorriMe( i.c. conlc.<luallycGniva1cm) 

to '''y c iT ocr one or·'d ans" / ·'d un·· or··prcxlol1l i n"nci~," I -'prcdominancy", and in these 

It shouk! he ~pp."cnt to the rc~dcr that the d,ftc rencc !JCt"ccn rod-t ype' 

predmninarn:ies and rock-l)1lc dans i, purtl y one or ""a ic. Rock-type clans arc dct'''ed 



<lcscribe a. being of a particu lar rock typc. Rock-type prooominaocics arc <lc1in~'<.l as 

groupings of more convcntiona lly <ldinw units. in the casc of the Barth. large swath<.'S 

comJXIsOO of similar rock type scparatl"<l from bounding unitsof<liffcrcnt pred oillinancy 

aftiliation by more or less wcll-<lefllloo contads. contacts tflat arc cithl"T plau,ibly 

in trusi\,ccontactsorrocktypecontacts.orbothsimulta'lCOusly 

So effectively. this 8tU<ly approach...-s the Barth Coocentric Plutonic Suite by 

rccogni,ingthatthelargc,rea<lilydistingui.hl"<l,wathescanbeplacl"<l into ti"ccategories 

ooS<."<l on pr~"<lominant rock type, whilc also rcrognising that the rock typcs ch~lractcrising 

and <lominating those swathes may be (arc) distributed lIlore findy than Just betwl..,n 

swathes. In otlll"T wor<ls. that the obvious rock t~pc <listinctions bctw~..,n the most readily 

distinguishablc (i.e. gross) w lumdric oomponent, may be manifest On a liner scale. As 

well. th is stu<lyn:cogniscs that to talk about the ",o,t read ily dist inguishable ,"olumetric 

comJXIncnts, cven though distinguishl"<l rrimarily by,,,,,k type. is <l itTercnt than total\.: 

about '"Illumet,ic coml'oncntsofall sc~'lesdi,tinl>uishl~1 C-\c lusi\'cly by rod t}l'o. but that 

it may nor><.1liclc« bc uscful and instruc1i\c to tal\; about both 

None of this is to say. hOWCH"T. that rod-type pr~"<lominaneies consist of 

absolutclyall rock within cl"11ain contal1-bound rcgion"oownona ",apofa part icular 

scale. Ofcoursc gcologislSfl'<:ognise that unit boutKlari~..., ",aybe ilTegularona tinescalc 

or to[lOlogically complex in any givcn s~'<:tion, Howe\'l1", where do we stop dclinc;.ting. 

""y.lh..'OI- gabl,.-oicr()Ck -t~1"'l'red"m",aocY"'lfoncday"eachic\c<lclincalionofe\cry 

scrap o f Ol'gabbroic rod within the Barth Coocl111ric Plutonic Suite tho" wc II ill ha,'c 

dclincatl"<l the pr~'<.l011lina,lCy by rock type ~"Ontact, exclusively and will h~"'c in cffttt 

ddineated tlJ., Ol-gabbro" ro"k -t~pc clan. But a, long as we <lefinc unit, by l"Ontacts that 



arc 001 '1CC~"Ssarily rock Iype conlnCIS our rr~"(lominnncics and clans Can newr match up 

As wdl. mek·type clans arc comprised of all nick of cenain Iypes Jcltllealc'd or 001. 

koown Or unknown. whereas rock-Iype prooomiooncics are Jcfinl'tl as" funcllon of 

",forn~1 l aoJ forma l mapping·lo-Jale (i.e. spalial ly Jislinguishing observalions 10 Jale). 

heingdclineated insofar as weh.wc r~coll'li scJaoJ dcsignaloo Iheboundaril"S e"en if 

" ·eh.wcimagincdlheboundaricslyingbencaththcbog. 

Note 11~11 Ihe Fe-ri~h aoJ the charr>oditic clans arc bolh min.;ralogically Fc-ri~h 

mldarcl'Ompos,tionallyiidjacenl,withlheformcTcontainingantip.,rthltlCd.ornesaoothc 

laU"T c"'rooc\.:ilie 1l101l7.odioritcs. rock Iypt-'S scparalL'tl in lUGS OArF classificalion by 

the bo"ndary A;(A+I') - 0.1 (I.e Maitre 2002). Thus. OllCe the compositional lrmits of a 

nick_type dan arc sp.;eiticd.'bodics large and small of appropriate rock type maybe 

'Issig'k-'tl as they arc d isoov~Tcd. For example. "olumes of c"'rnock itic nld. Jclin .. 'tl and 

undefl" ..... I. Iocaloo anywhere within the Banh Concentric I'Iu1Onic Suile belong to Ihe 

ch.1rtlOCkiliccla". 

J"SI as lhe Fe-rich diorile and gabbroic clan is ge'II.Tally rcfcrTC<i to for 

l..",,"cmcnceastIlcFe-richclan.e\"enthougl!lhccharnockilicdan IS also "''''lTalogicnlly 

Fe_rich. the Ol-bearing aoor1hogabbroic dan and Ol-Ire" 81lOnhogabi>roic clan "il l 

gl~II.TJlly be rcl"TIed 10 ti)f convenience as the Ol-bearing cI~n a,1d Ol·tr~'t: clan. 

rcsp<.'Cliwly.ewntooughotherciansconlainuli\·incurmcolivincfi-........ 



1 11 1he Fe.Orh "iori/ralld I'{lbbroic md."1~ 

122 1 Intro<juctIQn to the I'c.rjch r",;k·jVlll'chn 

The Fe·rich rock · t,.pe dan is defined as pn Figure 3· 1. As mention(;d in SL"Ction 2.3.3. 

rllC FL--rich ruck·type prc·dominancy (and hence the Fe-rich rock·typedan) is nalurally 

andcon.,pieuouslydividedintothrct:lTlainf)ortionl':acenlralportiOn underlying the 

cenlre of Barth Island, and an inn~'1" portion and an outer (X,rtion, o"utTing more toward, 

the cenlre or more lowards the exterior than the charnockitic rock·type pr~'Ilominaocy, 

rcsrx-'Cti\'ely. For oon\'cnient reference. tllC inn<.'1""nd ()uk'1" portions 8nd the unassigned 

pmlion underlying eastern Barth Island combined will be referred 10 as the annubr (ring 

.harx-'d) portiono!'the h--rich predorninaocy. Add itionally. ""leliite shcclsofthe o"I~'1" 

m;;mb.:r occur within gneisses underlying Ihe islet we>t of Ilarth Island (S~"t:tion 2.4.2.2) 

arKi within allot1hogabbroic roek north and south of Nain Bay. spI.'Cifically. occurring in 

the arca north·northwes! "fthe Barth Concentric PI"lonie Suite (within the (ontt:,(Ii<:lOry 

pillIon: S~'Ction 2.4.3), along the contact underlymg Webb Neck (Section 2A.3). and 

a~,"g the wuthcrn cont"ct (SL .... 1ion 2.4.1). These satellite ,hects arc nL",:"""rily defin~'d. 

eitll/.'1" as maprx'd sla ... ,1S (only one at pr~-scnl. the body of triangu lar nwp JXl1!em ,IQrlh of 

the prominenl jog in the northern contact) or as sla'Cts ofdcscrilK.~j delimitation but too 

,mall (() be mapjX~i at the ocalc cmploy~'d (the ShedS u,)derlying Webb ;O-' l'(;k. the i,Il1, 

,,,l<lal()ng thc.<Outhemcontact). 

OtllCrbO<li<:sofFc-richdiogabbroicrockc.\tcmalt()butnearrllCllarth(oticentric 

PllllonK Sune are utldcfincd. infcIT<.'Il only from sampk"> (G2. 10. II, 20. 81, 82) of Fe

Ttch diorite and gabbroic and rock tah~l by Gaskill (2005) fi-om within the oourl<lari~"S of 

tllC ;II)orthogabbroic Contradictory and /I.·f"unl L"tcr pluto,,> and acCC'mpmn~'d by 'l<l 



<iCSI;riptions of context made available to other ",orkers. Although tll<:s" bodies arc of 

similar rock t)1'" 10 the "'".rich c lan of the Barrh Concentric Plutonic Suite. only those 

that arc ddimih.xl as woccnlrical ly dispos<-xl in the future may at that time be wnsidcred 

satell ite in the sense used IlL..,." ",hich also rt:q ui res Ihe critl..,.ia of simi lar disposilion 

(S~'Ction 2 .4.1.2) 

Otl",..,. mor~ or le<s undctillt.~1 D()(iles of Fe-rich diogabbro;c rock arc simi larly 

infcrr~~1 fr",,, s.~mples (G65. 92. 117, 126. 191) of Fe-rich diorite and gabbroic rock taken 

from wit hi" the bouooari~"S oflhe ",ain bodyofOl-gabbroic roek north .. fNain !lay. The 

sa"'ple [Ioks inh~.,.ik~1 from Ga,kill (2005) identify th ree of these s.~mplcs (G65_ 117. 

126)ashavingOCcnt11),:enti"omdyk"s 

AI,,, of the ... ..,.rich pr~'<io",inancy arc the t"'o mapped circular bodies of Fe-rich 

diorite. approximately 360 m cast-",est apart. on" each within the bouooari~"S of the 0 1-

gabbroic aoo Ol-free anorthogabbroic pR~lomimoc;es near the north eoa<t of Nain Bay. 

rough ly half",ay aero'S the ",idth of the Barth Concentric Plutonic Suite (FiIlUrt: \ -2) 

T""'SC bodies \wrt.' not <lescribcd by Gaskill (2005) but ",,;rciy shown on his map, along 

""th a third . s",allcr body within the bounda"e.< of the Ol -gahhroic pr~~IOll1inaney ncar 

tllew",t, sOU1h of the mher body SO boU1WI. hut since nosamplcswe1"<!provicl..~1 which 

vcrify it< <upposcd 1IOn-OI-g.1bbroiccomposition tlt isbodyisornined ti"Ornt ll<:pr(;Scnt 

""(p. Anot l,,-...,. bo,ly. "ppruximalciy 50 rn in d i "m~t~T. also oft llC Fe-rid, pr~~\"'ninancy. 

WaS muprxxl by Ga,k ili (2005 p. 84) in 111.: lwnth -south a,"1 ea't - w~st ccl11r~ of the 

Ch.l"",,,kitK cian >O!mh ofl'>, ;n Bay mil! ,lesc"tJc<!. along with a slllall~"'. Uns,111Iple.;I bod, 
(also o",itt~xl I;-orn 11IC preM'nt map).", bufl~cok.>url·d xl'ou lil hs of similar minl'raklJ;)' tl) 

the' F~-rich cian. The thr~'C m.lpjll.~1 ho<!i~s ood the ,nore or less Ulwldin~~1 oo,lic, "re 



C<ll lc<,.1i\'ciy n,ferR~i 10 here as the sca l1cred portion of the Fe-rich rock-type 

pr~>dominarICy_ and wi ll he <ies.:;ril>l>d aftcr the nlalll memhe,,; 

Thcpnxiominanl bu.ierodtl'Jl".";oftbe Fe·richrock-lypcclanarcp)TIlxenc -rich 

nmipcrthitic Fe_rich diorite and Fe_rich gabbroid (m<:socralic \,ark1 y), Only IWO diorile 

tilin-S<.'Cl iotts(G47. H9 [!ittcrportionj) cMtrlinc<i in lli is work do !kll OOri laincvidcntlyFe-

richpyroxcTIC. and the pair are IhcrefOfC e,.c1uded fi-om the Fe-rich c1an, T hus.fordiorilcs 

oflhc Fe-rich dun. thc(bydclinition ubi'luit""sly appropriate) mod ificr '-fc-rich"is for 

e~kr rca,ling gc"c-ra llyomine<:1 ITom diorite rock type "mneS. Al l diorite thin-SCClions of 

the Fe-rich clan contain antipcrthite. 1U R()cks of the fe-rich dan arc uocommonly 

k·ucodioritcs. mclanodiorit"". Icucogabbroids. or mdanogabbroKls. Easily lhe most 

abundam accc<sorymincralsarc Fe_Ti_o~idcs.gctl\."I'allybothi l mcnitcand magnctiteand 

conUfO)nly in combined mode al or grcat~"I'tila" 5% but nOI obS<.Tv",l more than ZOO!. 

Sp'-'Cificrocktyp<-'Sarcddailc..JbcklwinS~'C1Km3.2.2.3 

NOlc thal somenuncrJI modilic-rsa'Kl rock t)-pc namcsnrcgcncrnli"",,1 to indicate 

observutionally urKlitTcrcnt iated p)To.\e,1C or Fe-Ti-oxide(c,g. P}To.\Crlc-rich. gabbroid. 

Fc-Ti-oxidc-rid) instead of 'p'-'Cilic mo<.Iilins or n"m~'S indicating whieh pyroxenes or 

Fc-Ti-oxidcs arc pR'SCnt (e.g. gabbro. [(ilmcnitc-nmgnc,itc)]-rich), As mentioned in 

S~'Ction 1.5.1. the rea><111 f()r not dL1crmining sp~'Cijic pyroxene modes for llIost thin-

,~'Ct io",ofl heFc- richdan\\'a,c~pc<l i cncy. although both cli no-and ",thopyroxcne were 

cOTlClu,i"cly idcntiticd in most thill-se<:liolls of Fe-rich diorilc,11 Fe-'j'j-oxidcs were 001 

"On l yoo<Jior"< th ,"_>«"ondoc,notcoo""'.nlL""nh "<. bU(m'hcrm~nh"«1!9 1 !i"crpor'ioo l ~ 
.nd th., th in "",'iOll."prc\ ,oo,lynoted . oon,;<t, ofnoo·l'"",hd,,..,,e 
, Wh;chi,to>o,dth."hopr<s<nceofbolhp)>o""""",,,,w;tiedfoorm"<1,hm.,,,,,,"oo<ofFe· , ichd,,,,;,< 



,.ktcnnin~..J lor tho"" thi n-st-oct'ons of th..' F~ - "ch dan that w~'fc either {JIlpolishl..J or 

The e~t r l iest gcneral dcscript ion of lhe rock of ille Fe-rich pr~'do,"in~""y i, Ihat of Rub in' 

( 1971 p. 40)whostatcd lhal "ICXlUrnl \"arial ionlinlheann ularport ion' IJ is limitl-d to the 

appearance of' bluc;,h p lilgioclJsc pheoocry>b, 1 10 3 ,'m ~,"g_ al as nlUch as 5 to 10"10 

abundanc<' where pr~senL Spccilicallyofthe plagiocla<ephellocrysts SOulhofNain Bay. 

Ruhill«1973p,J2)dcscribedlhemas"sparsclyscaticred'·.1.5to2emlong.ulloricnK-d. 

and hypautomorphi<:. with minimal ifany gmnubtion oftm, margins, and Ryan (2000) 

ad,bl that tm,yare grey, a lso automorphic. alld occur as aggrcg.11es and Ira ins (Plate 121'. 

262). Perhaps , ;milarly, the castern ann ular port'onon Bart h ,-,land exhibit, ~)cal st rcaks 

of"fddsparxcnocryst,'" (Ry:1tl2001 p. 1441. [)eWa~ rdall,1 Mulhern (1973). SllCJxillgof 

31 lea.<1 tm, illller member lIo" h ofNain Bay. I \ state that "strings ofpyro~c'lC a,~t fc1dsp;<r 

g.rains" nre IocaTly present. Mulhern (1974) described the c-onlcxt of plagioclase-

porphyritic ruck oftoc inner mcmhcr as o<.:cuTTing a, poorly delinl-d palchcs w,t hin non 

porphyrit icrucx. Gaskil l (2005p.7l!)'tatl-d"fl llC phenoc'Y'tsofthe31111ubr portion thaI 

t h~y ur~ 1 t(\ 15 em long. the coarsest of which exhibit deep blue or dar~ grey to blncl< 

"Tho"" I)"po<'omk"""·"of,hel·Nich,oo:;k ,;""·,",toofth<J\;,,,hr"'''<o'',,cl'lu'"'oeSu"e.,,hat ""'o 

,ef""",,~'o ''''),'nonhofl'. in II")"",, ru<h 'hc IImhCOIlcrntric Plu'ooicSu"COHT. Mulht"l"1l(1974) 



cores and whilen Inwards Ilk: l~lges. Evi<fcnlly, lighl coloured rdaliwly coarse 

plagioclase phellocrysls occur 100 (I'lale 2_44, Gaskil l ZOOS p. 132). AI one undis<'~)Sl'<i 

~)Cal io)) . anorthosite fragmcnls of maximum obslT\"l'il d iameler a few metres appear to 

h:t\'e been arr~"Sted in a Slate of part ial dis..1gl;regation into plagiocbsc plle>",)C,),sts 

(Gaskill 200S). The present aut hor rlOk'<i bl uci,h plag~)cla.'c phe"""y,ls withi" the Fe-

rid, clan south "fNain Bay at two locations midway along th" kngtll "flhe o",ly." One 

occur ..... ~lCe.alrcadydcscri l>cd in S<-'<:IKln3.1.1 and pictured in Plate 3-7, is Ioeatoo witliin 

a possio ic"l'iayofFc-rich diogaboroic rock IlOt farsouthoflhe mamcontaCl ofthcBarth 

Concentric Plutonic Suilc and consi51sofpiagioclasc phcnocrysts"t 50". or morc and as 

coms<: as 15 em. The "'her, less striki ng occurrence i, localed midway betWL..," the 

weslcnt "twin pond"' and 'lhe oig pond" aoo consish of 'I"">C, ri,cial ly (lc\"clopcd 

pliCtlOcrysts of maximum obscrvL~1 lengt h 5 em with abr uptly beige part ial margins of 

thickncss2mmandthinner(Plate3_IJ), Nooccurrcnccsofp i ag~)C1ascphenocry'lshavc 

been c.~plic ; tly rq)"rt oo<-'<i lilT tlk: central member of the Fe-rich rod-l)llC IlT('ilomirmncy, 

although Ryan (2001 p. 144)dcscribcd thcrc"S<;~tkroocry'taj,,,f;n1ergrow"polassrum 

tCld'l"'randplagiociasc'" 

rhe earliest account oflay,.,.ing in the Fc·rid , prc'<iomrnarlCY is that "fRubins 

(1973 p. 33) who rcporteds t"rlhe ()ut~T mcmrn,r south "rNa;n Bay weak IlXIda l laycr;ng 



ofIOto20cmthickn.:'sthat·v.,h.....,-cmca'urablc ... is~arcontactsandp;lrallcltothcm". 

Ryan (2000) cormbomtc. stating that the moda l laYL...-ing here is (!ifTusc and samcwhal 

weaky. Mulkrn (1974 p. i) aoo Ryan (2001) supplement. rq>ortooing for the outl"'-

nwmlx-r nort h ofNain Bay "g(}{}(f' modallaycring aoo f"r the eastem annular portion on 

lJarlh Islaoo wcak modal layering. r~"'I"-'Ctivcly. Wallace (19);6 p_ ~) conh,singly 

des<;ribcd laycring in the Fe-rich pwlorninancy by saying"!lk-'rc may locally bc small 

p;ltch...." ofaltemat;ng coar';\...,. and finl"'- layers (plagioclase and P)'To"cnc) whkh arc 

planar but not as c_'tcl1sivc as (modal) layerin!;-·. Gaskill (2005 1'_ 72) dcscrilx.~1 ~dycring 

of the annular portion a, "gcncrally"ofthcgrain,izc tyl'c. centimctrc todccan"'tT<'-scaie 

thick.withsharporgradalional,straightorcur\''-~Ibounding,mfacc,that may bc markcd 

by co,,,,cntrat>onsof Fc-Ti-ox idc. Somcofthe laycrsarclaterallydiiiC()ntinuous. insomc 

C:l>Cs by pinching out "ovcr tllLiTes or tcn, of meTres", in other cases bytruncm>o" by 

ol l1("r layers_ "Way-up structures are abscm"". by which Cia_<kill (p, 7J)prolxtblymcans 

that SIJch !Catmcs a, scours. cross-stratification. aoo trodal ly "cll gradl~1 tayers arc 

absenl, [X Waard and MulhcTn(1973 p. 75) stntc th,11 localgrain,;zc layering occurs in 

(at l"a,t (,<eep,,,,,iVIIS[<><>/nOlC]) the inner mcmbcr. n.c thin body of Fc-ri chdiogabbroic 

rock ,hown here (aftC;" Ga,kill 20(5) a< constiTuting the northwestern tar wnlLT of thc 

UanhConcentric rllT«micSuiT e(an~1ppiT1gi lll crpr'-1ation a(cord ingto RYJn (20011 and 

G:"k ill (2005]) wa, obSl."'-voo by Ry~n (2(K) 1 p. 145) to Im,-" " ··,treaky laYlTed 

characlc-r"_(;aski11 (2005 p, 79)dc<crilx'<Jlheccntralmcmbcr a,"gen erallyuntaylToo". 

thoughdeWaard,·,,,'-(1976p_297),TatCth,,I '"in thewryccntcrofthc,tructurcthe 

rh,lilmic layering was k)U'I<1 to bc ink"sclyk,klcd' 



M()dallayning i, common in the' ann ular ponion south of "la in Bay whcrc it is 

locally accompanied by corR'Sponding very '\'c'~k grain,ize layc'1"ing_ SI'OS as 

compknl~ntary plagioclase and malic aggregatc SPOs arC al"o comm:m and where 

un:lInlliguously present in addition!o layering the sro and laye,.ing arecorlCor.ian1. A 

"~riety 01 layering was ob>ernxi by !he prc""nt aUlIl"" ITmll rdativdy Icuc<)cratic. 

nl()<k'1"a!cly dcfined. Iowcr cC~lt i metrc-scalc tllick and th innc,. laycTs wilhin apparently 

In)ical toougil lightly patched fc-rich diogabbmic rock (PIa!e 3_14), to absolu!ely 

mclanocratic. sharply to dilTuscly dclincd. k)wcr centimetre-scale thick laycrs wit hin 

apl'arcmly lypical Fe-rich diogabbroic rock (Pbte 3-15), to pcTvasivc millirnctrc-scalc 

l:oyering where both mclanoerat ic and Icuwcratic varic'!;"s are' ",ore or k'S< <-"qually 

rqne'iCntc>d(rcgrc1tahlynot photographl>d) 

Also common. ifnol ubiqu itous, in !he anllu l:or ponion south of Na in Uay arc 

,olumetrically minor. rclativdy or absolutely mclanocralic ron ions of wh ich two 

varieties havc been distingu;,h(.>d. One varicly consists of relatively or abso lutc ly 

me lallocratie lay .. .,-, prop<.'r of varia hie definilion and suh-millimetre!o lower centimetre 

<;ea le!hickrn;ss. !houghofmorc irregul.,rsh.,rc and lcsscon! inuilyandlhid:ncssth.'n 

n,"-"lal layers "f lhe mor~ I'crva<ivc ",Kl CXlcn,ivc variCly (P l~tc 3-16). The othl'1" "ariety 

of mclanocra!ic ponion consists of absolutcly mclanocmlic allW"egat~'S of variable 

~oncordan~c and "'-"Itinuity ~nd typically su b-mi ll inK1 r~-gnl i rK-d thickn~'Ss. At their 

lhillll<" l and lea,!mntlt1llOus. roMIO"'oflhi< "arie!ymaycon<!itul cnomorc!han!rains 

of dong~te allW"cgat~'S and "onecntr"tions (Plalc 3- 16). In ()Ile "bM;rvation. llIade 

il11l11c>di"tdy we,t of the stecl' incision nonh-llOt1hwes! of Akpihai Bay. scveral 

mclanocralicJlOnionsofthi svariclyoccurstaggcredacrossstr;~cfromonc aoolhcr (Platc 



3-17).0"" po"ible i nr~.",rcrmion o(the Sl-';OOO \'aridy of mdaoocmllC portion is that 

Iheyrcprcscnl Fc-richintcrstit ial dif!crcnt iarl"Samalgmnatedand intruded alongfracturl'S 

ofvariahlewtl<XJrrlallcednclopcd as thc crysta l pilc uoocrwellt britt le de formmion in 

transmitted into the rigid ilied magma ti-om lillthn afi eld (e .g. fro m regional , hearing 

[Vo",d<luw 2006j) 

Some i l1lcrl ca,,~~1 Fe-rich rocks underlying Wcbb Nl-.:k might rq)rl=~)t intrusio n 

(Sc-.:tion 3.1.1): in addition, sc\'eral otlter oeenITeoces of IIlk'fnal. cv;dem ly ",rlUs;"c 

wntaC1' are known in the Fe-rich md-t}1'" pR~lominancy. Appro~i11lat c1y 400 m 

southw""t of the southernmost head of Sachem Elay(irnrncd iatdy north of the mapped 

holly of chanlOekitic ruck: Fig ur~ 3-2), F~-ri('h diogabbmic roc~ of the inner tocmN1' 

bttOnlCS, to thc ca't. tllOre strongly fo li ated and I h~n sharp ly intcrlea\'l...t with 

progrcssi\'Cly l'Our:scr graiocd Fc-rich diogahbroic ",c~ of rhe O\Jter porti<Jn (Gaskill 

2005), cvi<.kntly d"tingu"hl~1 by l'Olour i ,idc~ "tld grainsilC, a tltin-,""Ction (GJO) ofth" 

innl'fp"rt ~>n at thi, lo<;at ion wnsistingofpyroxcoc-riehant iptTthitiedioritc, dominamly 

~)wcr millimetre and snb-millimetrc-grain<-"1i, in contrast with a rhin_s<--.;tion (G84. 

described in Section 3. 1.) of the (Jute'f portion at thi. locat ion wnsist ing of pyro,~cnc 

antipcn ir ilic Icucodioritc, <Iomina nt ly lower-mil limet re grainl"1i though G~sk i l l (2005 p 

47) dc,;crihcd the s,.mplc it-.:lfas -'\'cry~oarsc·grai ,, ""1i" with pyroxc'nc and pbg~Jd"sc of 

lengt hs gre,lIer tl"." I em. For a ~)cat i{)n sotnc'whc'fc imm~~liatcty southeast of Ihe cusp-

Sh;l)led-rn-nwp-partcm kngth of oorthcrn outer contact (locatl"1i immcdiatcl) Wl,,1 or tile 

prominc·nt.i{)g",ughlyone t h i rdof tlle"· ,,ycaslalong t hcn"rthcTIlout~rcontad; Figure 

3-2), J Myers in " 2002 p<.n<lna l communication 1<> Ga,krl l (2005) descri N~l an 



of "mdano~Tatie" m~k (Figur~ }-2), Th<: ~a'tem body is mapp .. x! as beginning on the 

emtem Ilank of the prominent hill and continuing seaward, the western body is mapJl'C{l 

as(j-_,hapedwiththeccntreofthe"G"'mth~wcstcmrno'tcxt ell1ofthe tOOft, conlOUTof 

the hill, Three sa!llJ1 1 ~s takL'Tl within the bound, oft hes<; bod ies w~'t"c thin·sect ioned, Onc. 

fi-O!ll the we,lcrn hody. con,isl, of fayalnc'l'y"'xcn~ charnockitie monwnilc (Ot<J6; 

prCl;umably 1101 rcpreSCIl1ativc). the other two. fi-om lh~ ea>lcrn oc..!y. COt~,i'l of 

[(ilmenitc-magn .. 1ite)] Fc-ri<:h meo;()cr"tie gabbroid (G202) aoo [magnetite· ilmenite] 

pyroxene·rieh antipet1hitic<iiorite(G I<J5).lhusno concrete verification CXi'IS lhat these 

bod i~, mC abso lu tdy mdaoocrat ic. NOr1<:tltcl css. somc distirlCt ion in actual or app.11"\-",t 

colour illdc, must h.1\'C allowed Gaskill (2(~)5) to map t h~sc bod ie,_ Ga,k ill (2005 p, 80) 

,tatex! that ''c'<mlaet rdationship ,. though Ji\cr:sc. s"ggcst t h ~ [rcln( ively lHclanocrarkj 

bodi~, ar~ brgc' x"ll<l lith,". that at two IOC"lion, "klug th~ contact "~Te observed 

fi-agments oflhe rcbtrwly lnelanocrat oe rock indudoo in the bounding ro~k. ",ith marked 

ho~t grai n, izc r~~luetion against fragm~nl' at ()nc I()cmion hut not tloe ()ther. Convcr:sdy. 

rdntivdy light eolour~d aPJ",rcrit xeno li ths of Fe·rich diog.'hhroic roc\; arc abundant in 

thc ccnlra l memocL therr L~ntilnctrc t() decllnt1re -sca lc length, imuriably lKlTlh·o;outh 

tr~"ld i n g(Ga,k i 1l2005) 

Another i 11l~mal contud i, inrcrr~'d "' ithin the Ihi ll. sou(hwcsten, p(lI,ioll of the 

Fc·ric·h predominarKY nOl1 h of Nain lJay, longitudina lly through which G",k ill (2005) 



mapp..'d with approximate contacts a thin OOdy uf ~hamuck i ti~ pr~'dominaney, in 

thickness no morelhan 10 1020 maeross. TakenlogcdlCf, the lhinncssoflnc OOdy-as-

mapped, rhe wholly approximate Wlllact" JIIII rhc fa<'r rhar Gasktll (2005) did IIOr 

rqx>rtL..:I any obscrvlltion" "fthc OOdy" in his IcxLcali inlOljueSlionlhccla imlhalsueba 

body exists morc or Icss cont iguous. The map of de \Vaanl Nol. (1976), howe,"er, also 

shows a charlll,ckitic OOdyrunning through rllCarea, wirh<~'"t aCis mappe,l spccif,ca llyas 

ill1rusive (Figure 2,1). As 1Ilini,nalist as previous 'mppers wcre in su\>!;tamiating their 

rcspl.'<-1ivc mappings "fthe mea in 'luestion, in the absence ofd'lCUlIlCntalion to the 

,ontraryorhis own ot.scrvalions oflhc area, the pr .. "ent author must accep t lnal ,.,nlCsort 

ofinlrusivc rc1atio",hip has Ix..,n so,nehow indicaled asrullning lungih,d inally through 

the area, 

inner annular portion of the Fe-rich predominancy (lII)rt h of Nain 13:,y) ill1J1lLxl ialciy weSI 

of the g_shapccl lake . Ga,kill (20()5, ""1'"",;.,1",,/ $'''''ple "OIes) provide, no 

documentation ofthcsampl<xl rock, howcver;t is evident fi'om thin-Sl.'C\ionGJJ t )~1t a 

chilk..:l 1Ilargin is present (ast<'Tisk III l'igurc 3-2). Thin-,.xtiol1 G33 mnsi,ls Ofp}TOXClIC-

rich anli l)Crthit ic diorite. domi nall1ly of <ul\.millimetre-scale gra ins, w,th rdal i\'dy 

£oarsc, di\'ersclyoricnlcdplagio£lasclalhS lhrnughotil,ande.hihilingagradarionnf 

gfa insize across the sccl ion, li'om >25% - I mill gra in' (laths) alo ng nne side 10 

compk1d)' ,,,]).mm along other ,ide (Figure 3-3), ,110>1 ph""ibly r~l"c"'"ting a ~h;l1cd 

",argin_ The """lion also wllla;ns optical ly continuous. coa"~r-tha',.,mtr;x, highly 

" nlllt i ,.thatl"'n of'hechamockl1 ic boolY"'"tho"he'crm,"u>dra""oo'h<mar>u~m'h<p<<>rnl 
"",kf<.g_FI£Uf< I_2) 



irregular in 'hapc and outline pyroxcncoikocry:;ts OCCII'O(dc>cril,,;d in S~'CtK'" 3.2.2.3) 

thmughout,afcaturethatmaybcintcrprctooasthcrcsultofcxpcricncingathcrmalpulsc 

in the partially cry:;talli, .. ~l ,talc (as reasofll-d in S~'Ction 3.2.2.3). And SQ not only i, an 

;ntrusivcoorltact cvidcnt in the 1o"g;tudinal and latcral ccntrc of toc;nn<Tannul:orportion 

of the h ... richpredominancy. but thc"pparent ch illed m.lrgin evi dcncinglhccolitactlll,lY 

he ill1 crpr<.>!<'il a, having itself cxpericnc<'il a thermal rul"" from a ,uh«'"qucm 

cmplacelllell1nearhy 

Thrtt smnpks (G65. 117. 126) oftlle undctin~'d scatt~Tcd portion of the Fe-rich 

dan ""rth "f Nain Bay arc dcscrih...~1 hy Gaskill (2()()S_ 1II11",h/i.<hed .Wlmple notes) a, 

havingb.:cntakcnfromdykcs. 

BcfilTcdc>criplionofthescal1crcd portion of the Fe-rich clan S<lu th ofNain Bay. 

the wlilcfined portions of "'hi eh occur along the conrnet l>cl"'ccn lhe Ol-gabbro;c m,d 

dwrnockilic prcdominancics (Ryan 2000. 2001; Gaskil l 2005: prc,;cnl study). 'Ii)to;: thM 

tile Ol-gabbroic predominancy 1I .. "c exhibits cvid"mly chill<.-d marg;l1> :og:linst the 

('haroockitic, and lhal lhecharooekitic. inlUTn, ha,evi,lentlyimrudedlhcOI-gabb.-oic 

mass by engulfing globules of chill gra insize (lower sub-m illimctre-gra;"c~l) as well as 

inj~'Cting apophyses a, individuals and in ndwo"'s northwards into war.;cr OI-ll'lbbroic 

rocks. The", featur,"sand others evidencing bmadl)'comagmatic rciatK>n,hIP' b<.1w .. 'Cn 

thccharnockilicandOI-gabbro icprc<iominanciesak>ngthccoll1act,outhofNainBayare 

described in grealer dcta; l in Sc'Ction 3.2.4.2 

Ryan(2000)andGa,kill(2005)e:tchreportcdtl!<:prc>cnccotrockoftl!<: Fe-rich 

dan a~Hlg the Ol-gabbroic COll1aCl soulh ofNain Bay_ ahbough Ryan (2001 p. (47) wilb 

:l queslion iIIark rclin~-s hi, ;dcntilicalion of Fe-rich diogabbroic rock to spc-.;u lation, Ryan 



(2000p.264)describcJ·'a\,cfIl-...-r(af<-'Wccnl;melrcstQafcwn1<.1r<-'SlhickfQfrodof 

theFe· richclan"atQP lhc l,hamodilicc1an]andlocallyminglcdwilhil,S(:paralinll"lhe 

eharnockilic and Ol-gabbroic pr<-~lominancics on I'ikaluyak Islel and at k asl along lhe 

eaSI~11l portion oflheir conlaCI On Ihe mainland. Ihe portion hcobscrn-d lhe eXl'oS<.-d 

Ryan (20m p_ 14 1, 147) added 11~~1 the suspI.'<;\ Fe·rich diogabbroic vcneer "'nH1Y be' 

gra,lallOnal inlo the Ol·gabbroic prl~lominancy. is locally lobate into lhe c1~lmockilic 

prl-domirwrlcy. and Ihat '"irregular ,Ireame"," oflhe chamockilic ··inlcrfing""f··trn.· Fc· ri,h 

Gaskill (2005 p. 86) slall-d lhat"ma f<-'W local ions' rock oflhe Fc·richdan··is I'fl'SCn! in 

Ihe oonl3ct" atld closely Tl'"SCmblcs lhe adjaccn! Ol·gabbroic. Any implicalion conjurw by 

IhcreadCTofa Ihird. Slllamle. Fc·rieh inlrusivcl'hascalonglheeharnoc k,lic-OI'gabbmic 

conlacl southof Nain llayshouldbedisrcgardl-d. howc\"CT.asil iscvidcnl !Tom mingled 

and mixcd gk)bu ]cs of chi ll grain,izc, similar in al'flCamnce 10 opposi ng,cvidcnllychi llcd 

nl(k of the Ol·gabbroic predominancy (Sttlion .1.2.4.2). as "cll as relal ively low 

fi)Tl;\critc cont"nts Qfolivine in Ihccvidcntly chilled rocks (S(.-.:Iion 5.2.2). Ihal magma 

parenlallO lhe Ol·gabbroie prl-dominaney" "hile havingchilk-d againsl magma pmenlal 

10 lhe,'ha",ockilic illso mixl~1 wilh il. and lho..-rcforeIt-.; Qfigitloftt-.; fe·clan aKHlglhc 

contact iscvidcmly t hcrcsu l lofmi~ingandllOlS<.-p.1faleinlrusion 

On" Ihin·s(:"lion (H53) of the scau~-rw portion soulh of Nain Bay. laken by Ihe 

I'rest."l aulhor approximately 80 III north of the mam charno<.·knlc contacl wunin It-.; 01 

gabbrolCprc-dommancy.isfi-omabodylhal.ascxpoSl'tl.al'pea",loha\earOu!I(Il-d.righl· 

ang\cconlact wi\hlhcOI·gabbroic prl-dominancy (Platc 3·18: i.c. aprca rs 10 contact Ihe 

",\,l<.>!,h><"",uooof,hcOl'gabbroicJ>fcoominancy.long<hcC'·)<kn,lychillcd<ootact(. ",,'Ill.cd 
roi",-""<cl1maybcmft"fTcdls«u""5.2.21,hotmulupl<pcrim<tfOlls<0II1pri"'thcprcOOn,,,,"'ysouth 
ofN,,,,lby) 



Ol-gabbroie predominancy on lwo adjacent f'C'l"'ndicuiar sides). The Ol-gabbroie 

prL-dorninaTlcyhcre is evidenlly ehilk-d along lhe soulh facing limb oft heconlacl.y<.'\no\ 

along Ihc caSl facing limb. 31id a review oftheoulcrop photograph calls intoqucslion the 

ficldjudgcmCn11lwt a single hody occupies 270° orthe righI-angie oon13e1. The thin

"<-'CtK'" is IhllTl the hody oIT the ~a'tcm facing limb arid consists of [(ilmen it e

magnet itc) I -ortIKlpyro.~l'le Fe-rich gabbro of sub-millimetre. millimetre. and lower 

ccnlinl<!trc-scale grainsizcs. with mJ.l ,nid the coar>e>t plagioclase distinctly elongalc. 

lhough gcnl:mllybentll'ith ulldu l aloryc~tinClionallddifTuse t a[><-'T~-d albite twins. and the 

rc',nalll il1 g piagiociasc distinct ly L'quigmnular. cquidimensional granular 

Anoll)l.'Tthin-Sl."Clion{G251)oflhesca11l'Tlxipon ioll'l<)uthofNain Uaywast"ken 

by Gaskill (2005 ""p,,!J/i.,hed slm'ple notc,.) from patches of the Fl"rieh cI"n within Ihe 

chamockilief"cdominancyalongtht:OI-gabbroicboundary.approximatcly250minland 

from the eaSlem coastline. Thcthin-scctionconsislsofpyroXCllc-rich IIlCso[><-'TIhiticand 

ant'perthitic diorite. x<'oonKlrphie-gnmular. dominanl ly sub-mill imetre grninL~I. Wilh 

fcldspar_fcldsparboulldariL"Shighlyirwgular. and bearing upt ically continuous. COarscr

thall-matrix. highly irregu lar in shape wid outline pyroxene oik{)crysts (OCClI'O; 

desnibcdlx·klw).afcaturcs[><-'CuiatcdbytheprL':SCntalllhor inlhcfo lk>wingsubS<.'Ctionto 

cryslallisc exclusively in magmas having cXf'Cricncl-d rchealing by adjtlCenl inln1sion. 

con~i'1<'nt with the contc~t at this klCation 



}"2}Ro.:ktypc'a!wlthin-:;cction P.!.:l!!!J,:.Gl"hyoftheFc_richrock_typcdan 

Th~ spl'Cific rock types obst.1"\'~'d of Ihe Fe-rich roek-I}'»C dan arc (willloul -specked 

loodi/icrs oc'Causc Ihin -scclions !Tom samples colie<:led by Gaskill {2005) were oot 

dOcumcnled tolhaticvdofprc'C isionbylhcprcscnlautllor) 

p)'Toxcncalil il't..Tlhilic kucodi",il~(G84, 85,(5); 

• • ,nlipcrthil ic llJClildiori lc (H I30); 

pyrox~neilnliplT1hilicdiornc(G275,219,49): 

Onhor}TO" Clicanlipcrth i li~diorilC(G I 66); 

(fayatile-p}Toxcncjantipcr1hilic diorilc(GI91): 

OnhOp}TOXCrlCdiool'yrox~ne-richmcs"pcrthilicdi",i lc(119): 

p}Toxcne.rich pcrlhilic and alilipcrth ilic diorik (G267); 

p}TO.<cne-richme,opcrlhit icatwlantipcrthit icdior it c(G27J,25 I,4I, 70): 

(dIllOp}TOXCne-onhop)'ToXC'lC)-rich rncsopcrthilie alld antipcrthitlC 

(1110 1): 

{(ilmenile-magnetite) ] P}TOx ... ~'c-rich mcsopcrthit ic and antipl1"lhitic diorite (G40): 

JI}TOxc,,,,-rich antillCrthitic<hMitc (G258, 259, 272, 274, 269, 201. 213, 90. 91. 

60,63,45,33.34,38,31.27,71.83,9,14.15. 16,17,18.21,174,173. 126, 

117): 

()rthop}T()xcnc-rich arl1ipcn hi tk diorite (G66): 

onhOr)'TO~CllC clinopyroxene-rich ant ipl'TIhiti"dioritc (HI07) 

(dIllOP}TOXCllc-orthop}"CO'C'lC)-ricltanlipcrthilicdiorilc(H97): 

{ilmcnitc-magtlClilc]-l'yTUwnCanlipl,rthit,cdiorik«( i262); 



Fc·Ti4)xidcpyroxcnc-richmltilX'flhitiediorilc(G266.268.1J): 

l(i h""nitc-magn~1itc)) p}TOxcnc-rich antipcr1hitie diorite (G252. 26], 263. 265. 

238.239.95,107.39.48.68.69.]2): 

[magrIl.1itc-ihncnilC)P}TO~~1lC-riehanl;pcrthilicdioritc(G195): 

apalitL~r(i]mcnile- magoct i tc)lpyroxc"'>riehantipcrthiticdiorilc(G]93): 

(i]rncnit&magnctilC)P}TOXCllC-riehalttilX'flhitiediorite(GI85j: 

\chnOp>TOxene_or1hop>Toxenc)·richantipcnhiticmc1anodiorilc(1192): 

Fe_rich IcucogabbrOKI (059. 7. ~): 

Fc-riehgabbroid(nx:socratic\'ariety:G75,26.146,6): 

Fe-richnorne(Gl63): 

oT1oopyroRncFc-ri<:hgabbro(fll06): 

Fc-Ti-oxidc Fe-rich gabhroid (mcs<KTdtic variety: G281. 151.5): 

[(i lmcnitc-rnagrk.1ilc») Fe-rich gabbroid (mesoclOl1ic variety: G202. 87.36.92); 

l (ilmcnit~~mag"'-1'te)I","hop}TOxcnc Fe-rich gabbro (1153): 

i(ihncnit.,..rnagrk.1ite»)-oli\,ine Fe-rieh gabbro (lll 12): 

and (iilnenitc·magllCtite) Fc·rich gabbro (11 127) 

rhin-s<-'Ctil>1l> of the Fe-rich dan mnge from dominan'ly <ul>-millimdr~~grai",-..J 

leg. G262J to donnnan!ly k",u-millimctrc-gmilk...J le.g. G275) to CQmbin~~1 suI>

mill imetre. millimetre. and k",cr cenlllne·trc-grained le.g. 1192] ..... ith each class ..... ell 

rcprc",n!oo. with most thin-sc'Ction, solllC"Ik.-rc i ntc-nll<.~lialc bctwc,<;n tlk..-,;c cndmemhcrs 

Beyond local fcld~par pheno<.:rysts. k",cr cent imetre-scale grnins where present are 

almost exclusively CQmpri~c~1 of optl<"ally continuous. coarS<.'T-than-matrix. highly 



irregular in s)wpc a'l(l outline P)TOXC'IC oikoerysl' (OCCII'O; I'latc 3-19). More 

generally, OCCII'O, where prL'SCnL c"Omprisc the l."Oarsc,t oomponents of a rock beyond 

feldspar phenocrysls. e,'en if thc OC'CIrO arc only of millionctre-scale dioncnSlOns 

OC'C!J>O are a cOI11'non and widespread bUl not apervasiYC fealurcoflhe Fc-rich clan of 

lr.c Barth Cone<-'fllric PluHmic Suite (Figure 3-4) and constitule cvidence lhal the rocks 

bearing them were rKJi pervasively dcforrn..'d aOer final solidification. Of IWO lhin_ 

SL'Clions (1192, 101) it was nok'd that the boundaries of OCCII'O, lhough im.'gular, 

c.xhibi!L~1 a prcfcrfl~1 oricntaliotl parallel 10 ",len,,) ex-"olutK)fl lamellae.' l Of course 

prcfcrroo boundary oricnlations parallcl to distinct crystallographic pia ncsarecryslal 

faces. arid for oplicatlycoll1inuous oikocrysls to fi",nasloccoarscst grains in lllCrock 

relatively high melt volume must have b..:en availablc. lhus some e .• pression of 

charaClCriSlicgrowth habit is 110t ,urprising. There is 110 corrcialKm bctw<-"t:n the prcscnce 

or absence of OCCIPO and ASPO (ie. sonIC meks have both. so",e one or the otrn.T, 

",,,,e r",i1hcr). In rocks bearing OCCIPO, tllC I"\.'ma ining, r,ner, non_oikoery<1rc pyroxene 

gmins arc some c"mbrnation of ~"luant or irregular jn shape with irregular. smooth, or 

polygonal boundarics (rlate)-20). 

All thin-scctiorK.'d rodoflhe Fe-rich clan .hows evidence nfrlefonnation. AI 

minimum, such evidence as rhal nXJst" and the coarsesl plagio-cbse, though distinelly 

ck"'gat~. arc bem alid cxhihit undublO'>' eAlin<;tion as well as diffuse a'l(l tal"'r~~1 alhilC 

mins. whilc II", rerna in ing. finer gmrnsofess<'rtlral minemls (non-OC'CIPO. if1tpplicable) 

" Which i,nOl ,o >USS""rllao'p"'fcrrcdbound;ryO'-l""'"" .... 'orc""'p'."""OIn'" ' '''''P' ooou. mOlher 
'h,"_"",';"",bc.n"gOa:lPO.oolyrh .. 'h<'"'ho< h",<Io<u"'<n1cdlh'lr<ef,~'..Jbou"'""y " ,e,,'"'''''' 
"'r<."""ooat 10." "''''''',,"0''''''_11«';00 .. 
"I.~, ,he" .. p,tyofby\olumeof 



are SOme oombmationofcquant or irregular in shapc wl1h irregular. srnooth • or polygonal 

bouodaries (Plate 3-21). At maximum. such c\'id~T\Ce as that the thin-scetiorl(.'d rock is 

pervasively cquigranular. cquidim"n,;orl:ll-granular(Plmc 3-22). c'vidcocc lhal the rock 

has bo.:cn thoroughly n.'Crysta ll is .. ,d 311(1 texturall y cqu;lib.-at\~I.'· Th .. ,re has nol OC't'tl 

ubscrHx! any correlation bet',"..:n til<: p'",.:oce or abseocc of OC'CIF'O or ASI'O aod Ibe 

dcg" . ..::ofdcforrrl:llionorr\'Cryslaliisation. which is not 10 saylhat oorrclationsddinitcly 

<10 not exist. just that nonchavc bc..:n<l\1'-"Ct,,1 by the nuthor from thc<lala gnth.."I"l'd 

(Appeodixq 

Evidenlly. then. <leformallon muSl hawceascd before or. ifstrL'"S""s W\'IC weak 

en"ugh. because of aod thcreft)[c dUllng ocoro f"rmation in those magmas having 

produCl'd rocks SO ocar;ng 

One possible int\'!"prdalion ofOCClI'O is that they formed in magmas aIT,'!;lc.! in 

therr syn-cryslallisat;"n dcfonnation by being splayed ITom boundmg rigid mi'SS<.'"S b~ 

"'~lCwi.x! emplacement "fFe-rich rn:'gma. Sq!amt\~1 from sm:ss-lnlllsmil1mg rl<:ighbors by 

and r""eiv"lg heat !Tom n .. ,wiy emplac,-,l magma. the incompk1ciy crystall,S<.~1 mush. 

j"-'rhapshav;ngoc-en:trrcsk'dwilbpyrmcnealonconthe Ii<tu id,,, "Hl'ran~arltc"l"j"-"I"i<xI 

ofp)~oxcnca,1(1 plagioclasccoc'ystalh<'1Iion. undcrwent limitC<lpyroxcncdissolution in 

rCl'ponsc to ck"alex! le"'j"-"I"aturc. not only bc'Causc th..' c'<ju,lil",um melt fraction 

(temporarily) ",creased but also because the (Icm]lomry) coohng hiatus allow~'d pyroxene 

d<'"Sti'hihs~~! byslrcss I" ... 'dlSsolvc. AH,-"I" the 'lCwer. bou,l(ling rnagm" "..,oled below the 

tCIIljl<.'n,lure..,f origmal magma, upon "'~lcwL'd cooling m th..· orrgmal, wtne l.'OlIlbmut",n 

" lqul[jbr.ot<dm'he,"", .. <>r-pro.:«tl<dlo~utl,«!ultibl"lwnm""p'''''''lOdl'«tulht.-I'''''·'. noI m the 
,..",><of""'lulh"',",,,h"bcm o<h,C\~ 



or coolong rate was aehievcd or s!,,'<:ilic t~mplTdture held favourong low 

IHlclcation:growthrat~to produce the pymxencoikocrysts. highly irrcgularinshapcarnl 

outline I=ausc they arc crysta ll ising into a partially di,aggregated, partially dissolved 

mush or carli~>]", defimncd al1<1 perhaps p,1rtially rccrystalliscd grains. In Ihi, 

interpretation. OCC1PO occur in rdativelyo ld magmas en gulf~~l by )'<Junger magmas tha! 

provide temporary stress relier. Olle probkm with su,'h an inTcrrr~1ation is th~t by the 

time ofrclk'W~>d rooling in the original magma renewed stress tran,mission into it 

through the more rccent ly soli<.1 ilicd magma shouk] ha,~alsolakcn place, although the 

enveloping. )O"nger magma may take up the strain and .hicl~ the okkr core Oust as the 

",argin of an individual phenocryst strains while shield ing the internr). OCCII'O arc "" 

doubt significant li:aturcs which future workers arecnC<lUragcd to examine and spl,<:u latc 

intcrprdalion,rm 

Ace~"Ssory minnals of the F~~rKh cian inciu,lc ubiquitous F~~ Ti-ox;ric ,11 the 

percent Ic\d. always ilmenite and almo" always magnetite. Unlike lour out of tile live 

thin-><-x'tKms taken of the relati vely I'e-Ti-o'idc-rich C".I:W. modally) gabbroid of the 

",i.~e-d association south or Barth Concentric Plutonic Suite, no thin-><-'<.:tions of tile F~~ 

rich clan contain Fc-l ;·oxide at I.\'eatcr than 20% modc. R~~t-hmwn pl<,"Qehroie biot ite 

:1110 gr~'<:ni,h brown hornblende nrc common minor and low pcrccnt Ic,'cl acecs>orics. 

'Kcurring with or wil11O"t t h ~ ot h(1" presct1t. Zir~on i, a common milK)r "~ccssory and 

e,h ibit< variable lacial dc'cloplTlcm. in many <>CCUITCIJ<:C' nOlle at all. A minority "r 

,1ioritc(r%r/lIlO) thin-scctionsC<>t1t3111 mnK)rquanznnd it isahscnt frollllhegubbroic 



Almost ubiq uitous is apalite, g~~ICn.l l y 'IS automo'1'hic inclusions. The thin_ 

s..'Ction, of Fe-rich leucog.1bbruid (G7. ~) takrn irmn~-diatdy adjacent tllC anorthosite 

floor pendant west of Sachem Bay possc'" low percent levell<) apatite of unusual. though 

,imilar textures: in the thin· section fi"om ea,t of the pendant. apatile occurs as millimetre_ 

sca le agg.rcgatcs of dom in antly xenomorphi c ind ividuals. in the ()ther S<..'<:tion fro rtl north 

of lhe peodanl. apati le occurs as at least low~.,. millimctrc->e"lc plagioclase-

perchadm,Tystic (Section 1.5.5) oikocr}"';ts 1.1cking ,mambiguous facial developmenl and 

of variable optical conlinuity. Apat ite is otherwise rarely pcrc~'nt-le\"cl abundant in thin-

Sl'Clions of lhe Fe-rich clan north of Nain Bay. o<;currinJ; onl y SO in two seclions of 

[(il menite-magnet ilc)] P}TOxcllC-riehantip!.'TIhlt lc diorile.onc alw mcwp"rthilic. takell 

from Ihc Samc localion adjaccntlheOl-gabbroiccontact southwe,loftheprom inentiakc 

Three thin·«'Cl ionsofFc-rieh amiperth it ic diorite laken from cenlral Barth Island co nt ai n 

percent le\"eI apalite. one at greater than 5~'. : a S<..'Ct ion apat i te·[(ill11el1il<.~l11agnct i te)J 

P)To.,cnc-rich antipcrthitic diorite tak~n rrom the north coast oflhe r~'Cum!Jclltly. sllJp!.-d 

p!.~lInsula. tllC single most apalile·rich sample y~1 known of tile Bmlh Concenlric I' lulonic 

Suite.l'erhapstherodatlhisio<:"lioncontribut~""(ltothegcncn.lohscrvationofWallaee 

(19~6 p. 25) Ihat ·· li n the Fe-rich prtdollllllatlCylla]pali tecontmt;, relatively high atltl in 

wtne heavily layere(js,'l11plcs isaculllulu.<phasc··. South ofNainBay. rc,h.'psathirdof 

Ihin·«..:tk.lIlsoft lieFe-r;chdallconlainap:,t;lcatlocrcrcentlcvcl(Figurc3·4C) 

F"yal ilcoccurs rarely in thin-scelKlIlsofl ilC Fc-richcian; definitIvely in fomarltl 

po,, ;hly III IWO out of owr ')(} lhi n· ... '<:tion' lolal (l'tgure 3-4). Thin-s....:IK"" llim 

delinitivciy mntain fayal ile arc of roek types {( il mcn;te·magIl<..1ltC)1 p~T".wnc-rich 



ant ipcrlhit ic diorite (G265) and Fe-Ti-mille Fe-rich gabbroid (mesocmtie vari ety; G28 1) 

ofthc (QutLT) annu lar ponion south ofNain Bay, pyroxenc-riehantipcn hitic diorite (G31. 

33)"nd Fc-rich IPl>broid (mcsocratic \'ar'ety;G26) of the inller annu lar ponion nonhof 

Nain Bay. and (layalite-pyroxene) antip,.'rth,tic diorite (G I91) of the ""atkT",1 portion 

within the Ol-gabbmic predominaocy north of:-"a in Bay. Like the thill-soxtion oflhe 

scaHcrL'd portion. thc diorite S<.'Ction frum south of and thegabbroill S<.'Ction from north of 

Na in Bay contain P"-,,-cent le"el fayalite except le'« th"n 5%. The gabbro;'1 section from 

south of Nain Bay contains minor I',yalite. The 1\<0 thi,,-sL-.:tions that possibly contain 

layalitc arc ofCX:CII'O-hcaring pymxene-ri<;h antiperth itie diorite. sampk~I-750 nt east

WCSl 31'-1rt of the imll.T annular ponion north ofNnin Bay. Aloo. a thin-S<.'Ction (G204) of a 

satcilite sheet of the Fe·rieh clan und~Tlying the i ~lct wcst ofUarth Island is of ilmenite-

p)TOXenC atltipm1hiti<; diorite and contains rerccnt fayalite (a., wcll asOCCI J'O) 

Pnhap< fayalite is a phascthat rarely saturatL-s dllrillg crystallisation oft he Fe-rich 

cimt. Aiternat i,dy (ur "dditionally). p"-Thaps taya lik oceu", in the Fe-rich cbn as 

xenocrysts pluch'd from the charnockit i" dan. whcr~ its pre"",,,,e i< comr"on though "01 

ubi(lu itous (F igure 3-4). Perhaps constit uting circumst~nti al evidence ~g.1inst the latter 

interpretation. the thin_section ofgabbroid be;"ing low rcrCL~lt levci fap lite. !romthc 

annuIJTp0nionnonhof:-.'a in Bay. wassamplcd at thccomact with the chamockit ic clan, 

NO thi n·""c(ions or which Irom nearby akHlg the CDJl ta~t ~\lnt "in either minor f"yal it c 

(k.." tM" the SU'P'-><:k~! plucker; (;25 of charnockitic qu"ny.l~ucom"'l7(Hlitc) or no 

fayali(c(G24 Qfpyroxenc-rich charnockit ie monzodiorilc). Fayali tc crystals in the Fe-rich 

dall . ", al,., in tm, charnockiti .... areof indi,t;nct hab ,t (l'lat~ 3-23) 



; 1; Thrchurnocki(icrocl_I"(1t'c/'''' 

323 I Imroduclionlollll'fhX!lQCkiticrock_tm',+on 

The charTl()ckilic rock-type clan is dcfin~'d as l)Cr Figure 1-0 , The chamoekitic rock. lYf>C 

prl'do rni nancy eonsisls ofscvcral delineated elong~l c bodies mappable .11 the 1:50.000 

scalem>wcl l asa rlar~Ua1C,la]>Cringbodym"ppa blemlhe t:2S,OOOscale. 

As well as lhe chamocki!ic rock inci l,ded in the predomina ,ICY so detined. lhe 

charnockitic rod::-type clan a lso includes II "scattered [l"n ~lIl" comprised of more or less 

undefined bodiL"S of ,'harnockitic rock inferr~~1 ITQm sampiL"S taken from within thc 

boundariL", the Fc-ridl(GI27, 196,220.221) and Ol-gabbroic (GI37, 138. 139, 141. 143. 

144. 176.226. H73) pr~~lomi narlCies. The sample no tL'S inh.:riK'd from Ga8kill (2005) 

identify four of these samples (G137. \38. 139. 143) a, having heen wkcn hum dykes 

,mother (G 176) c illa:r IrQm a dyke or an inch,sion. The presenl aulhor colk'<-1L'd sample 

1173 from a poorly CXp<'SL'd ehamod:itic body within tr.e Ol·gabbro;.: predom;nJlICY 

Add itional ly. a "Mellit.: ,he~'1 of the chamockitic predominancy OCcurs within 

"'1Or1hogahbroic rock in the area nonh·no" h"c,t of the Barth COIlCcntr;c Plntunic SUite 

(Wilh;n Ihe Contmdietory pluton: Sc"Ction 2.4.3) 

Unlike the Fe-rich clan. it is not currently IX',,;b1c lur tl", charnocknic dun to 

dclcnllinc whi,'h Im, ;c rock 1}'(l<."S pr~'dom i ll"te_ Ilowe"CT il may be said thai. according to 

prc,,",,1 'ampli ng. m01lzoniticl , rods (I'r!!"" lalV. n color Im()) pn_,lom;""lc tlw 

charnock it;" cian so"th of Naill Bay, The sp<-,,;Ii~ ""'I<' mek 1}1 ... ., of Ihc ehatlK,dn ic 



clan are (charnock ilic): sycnogran;le, granik, granodior;1C, Guarlz-,<yenile, GU.lt1~-

lcuoom;)nzonile, 'luat1".m;)n~on;le, quarlz-leUCOmOrllOdiorilc, qum'lz-monzodiorilc, 

'luartz-lcucodiorile, Icucmycnile, lcuoonlOn~on;IC, 11IOnzonile. IcUOOlllOnzodiorilC. and 

nI01IZodioriIC.Spccil;cmcklyp."aredclailedoc~)wi n S'-'Ct ion3 . 2,3 .4 

Beingdl.'ruockitic, rocksofthcchar11Oekilic~bn in,"ari abl yconlainpyroxcllCand 

P(;rccnllcwlpt-'I1hilc(.<ensuialOlhoughm;)sllymesop<.'11hilej.lnaddilionlOP}TOXcnC. 

approximately two fifths of chamockilic Ihin-seclions conlain fayalilc, Both p}TOXCne 

and, wheTe presenl, I"yalitc, tommonly occur at the percenl level 

rhccarlicst dcscriptionofthccontaclrdationshipOClw,-",nthcchamockil icand Fe-rich 

rock-Iype pn:dominancic, is that of Rubin' (1'.171 p. 42) who dcscnbocd "In Wehh Ned, 

Ihe [Iolialion ofloc I-'e-rich rock) ,wing' around the end o[the small tlOrth·south 

[charn'J<'killC)hody"." Dc Wtlard and Mulhcrll(1973 p, 75, 76),<pcakillgofallcasllhc 

inner mcmocr north ofNain Bay. ,laic Ihallh" wntad, hctwem IflC ,'hamock ;l;c aoo Fe-

rid rock-Iypc p,edominancies are eX''-'Plion"1 alllOngst Ihe otherwise "gradual' 

p,,-'(/ominancycontaels, oonsiSling of"vcitls and schlieren oflhc[ chanlOckilic) roek near 

lhe conlacf', ",hear",j 311d <trel,hc<;I parallel 10 the loliilliort OfnlC [Fe-rid, rock]" 

Wal lace (19~6 p. 8), S<.'Cmingly (Icscribing the samc lCalurc,>" ~"lIs Ih~", "lenses" 

\1ulh'-'1'n (1974). pcrhapsas a 11IOrespc<;ifie<lc""iplionufllk'orn;c'r\'atK",smadcwilh<l" 

Waard, locak.,. the veins and schlieren llOnh of Nain Bay along the dl.1modilic 

" API"'rrnt ly thc samcchamockot;< t.:.dy more or 1<0<. <().""tcntlydep.o,<d m "erym'r "ne< 



~'()ntaC1(s) with the inn", member of the Fc-rich predominancy. Rub,ns (1973 p. 30. 32) in 

d~1ail on the oontaCI !;OuthofNain Bay: 

[Locally.[ small apophyses of [charnockitic rod[ intrude the [Fe-rich 

I' r~-dominancy) at the oontaet. 11Icsc are les~ than 10 em long and ~~'CIII to follow 

fradurl-"S cXk-nd ing further tnto the [F.,.rich prc,lominancy). Many ftnc-grain~-d 

granular inelusionsofrocks silllilar to [rock of the Fc-rkh prcdOlllin:mcy] occur 

[within the charnockitic). These arc 10 to 15 em long and an: foulKl .... cll within 

the [charnockitic pr~-dominancyl as wdl as ncar the oomacts. The inclusions may 

show a thin (I to 2 cm) reaction rim .... Despite ~"'idcncc t"r [ch:tnlOCkitic) 

intrusion into the [I'c_rich pr~-dominancy). the contad in the n"'I' Drea is D 

surprisingly confonnablc onc. with parallcl foliations on cithcr sidc. 

Lcvcndosky(1975).dcWaardet,,/{1976),andWallacc(19S6)depictontl",,, 

rcsp"cm'c maps a circular body ofcharnockitic rock. roughly 600 III in d,an"-1~"'. 

und~ ... lyinllthcccntrcofBarth Island located along the southem shoreofthc ink1 there 

(Le,·cndosky. Wallace) Or wholly inland imml-d,ateiy to the south (de Wa",,1 et <1/). 

TI><-...... ·approximatclocationscorrCl<pondtot ..... o""ronl.lgnctic lows on ti", <ha,lcd relid 

"'apprc""ntc~I "'Ryan(200() I;igurc2bp.255) . Wal lace (l9Hf> p. 9) dcscrtl",d the contact 

of tl", hody as "cataelastic" wilh rCSpl><;ll0 the Fe-rich prc'\lominancy int" .... hid' "'ha"" 

i lltn,d~-d" charnockilic ,·cins and schli~ ... cn that "may dispby a flo" natun: "ruund lenses 

of [the I',,-richelan[". l'}TO,""ncoflhe Fe_rich prc'ilominancy have tx.><;n alt~"'c'ilto "blue· 



gr"c,,··amphihole. rerhaps fj-om flui<ls given offhy the smal l pegmatiticdykespresc"t" 

(Walla~.., 1 9~6 p_ 9)_ Perhap' thin -section (;225 i< of such a dyke, c'Onsi,ting of non-

charn<lckiti~ m~'sopathit ic I~U(x)lfK)11Z<)granitc of d()minantly uppa millimetre and I()wa 

l(yan{200() p, 264) dc_<crihed the Fe-rich-('harnoekit ic c~"'tact at the wcst end of 

Bartb Island a, "abrupt" alld ,tatoo that .. the nature Mthis C"<lrltact and th~ relative ag~ 01 

thc two mch are not e,tablished" , Ryan (2(l()]) add(~l that thc charnockit ic rock at the 

eOlltad is wa"n than dominantly sub-ecntimetrc-.,'Taincd1J and relatively Idd,par-rieh 

and grades upwards into variably porph}Titic. domi n ~ ntl y suO-centimetre-grained rock 

]ocally bearing alkal i feldsparcry,tal<with plagiocla<c mamlc< and oval <juartzery,tal, 

(Ryan 20(0), Thc Fe-rich predominancy west of the contact consi.ts ofa 1ll(.'1rc·scaie 

layered >Cqu~nce in whi~h: 

Individua l layer, locally exhibit "".;cnding gn,d"tioll:l l ch"ngcs lToIll massivc 

[rock of the Fe-rich clan] having a Iohate or pi l k)\n~1 base. thmugh a 

containing spa"" pt.>rth itic feldspar [phcTllJ]ery,t,. to a Lone where kl dsp~r 

[phenocryst,] arc ab undant, into an overlying ""nC ofooar"..'1 grailled 

[chamoekitie rock]. (RyJn 2ooop, 269: l' lak-,; 11 .20Rya,,2ooop.262.270) 

FunllCnnOrC. somc laY~'fscT<lsS(;utothcrs \'ia trough structurcs (Ryan 2000. 20( 1) 

" ,\0 



Dc Wamd ci .. I. (1976) rcporl~-d that ··the IFe-rich clan] commonly has a 

giomer0I'()rl'h}Titic {c~turc ocar the contact with the Ichamockiticr. Perhaps this 

des..:Tiption is at IcaSl in partial refcrcncetothccontaccdcscTilx-daoovc "ht.1"cRyan 

(2001) d~"SCrilx-d ofthc porphyritic z!)ocs of the atiJ"ccm ft.o..roeh pr~,lomlllancy "variable 

concentrations" of JXTthitic feldspars and. or. quarl£·ecmcntoo blocky plagioclase 

crystals 

Gaskill (2005 p. 84) Slatt.-d that charnockilic layt.1"s occur "wi<lcly~ within the Fe-

rich predominancy, and lhat th.."SC layers mng" in thickness from the su!>-mctr<. ... scalc to 

thosc mappablc on the I :50.000 scale (c.g. tloe charnockitic prooomimmcy oo11h of Naill 

l1ay) 

/\crordinll to Gaskill (2005), alleast ncar the porlion of the Fe·rich-charnockitic 

contn<.1 soulhofNain Bay ncar the G252-257,."mplc suitc, thin layc1"softhe Fe-r ichelan 

O<.:curwithllllhecharnockiticprl><lominancyandappcartogradc IIuorckl1i,·cly 

IIlciano<:Taticzo1l"softheooundinllchamockiliccian.lngclXnl.lhcchamoditic3ndl'c-

(Gaskill 2(05) 

Gaskill (2005) stllioo tilat. maddition to conta'1s that exhibit m:Jllmal11l1llllinllvia 

sudlfeaturcsllslobatcaooeuspatestructurcs,suchastheoncdeserilx-daIxwcby i{yan 

(2000). s"me contacts exhib'l m"gl11a mixlIlg with the r<.":Suiting rnek an apparent hybrid 

"fthe cilarnockul<" and F<.'-roeh cbns(l'blC 2-29 Gaskill 2005 p. 125) 

Appro.~imatcl} 125 m nOrlh",<-":St of the wesl<.'Tn tenninus of"right eye pond". the 

prC'i<.~lt aU/hor "bs<.1"n .. 1 lhe conlaet 10 consist of altl1"nating. elongate hod..." of lhe 

dlamockitlCc1anandufthe Fe-rich clan. inllTleavcdpamllcltheronlaetonlhet"'olo 

''''' 



Ih":,, melrc-seale (and lherefore oflhnl I h ic~ness) a, well a< on a finer d~'Cimctre-scale. 

As n~"'y as fj'·e. 1,,"0 to Iluc-c mclre- >[>acc~1 marh~t changes in roc~ type \.-(TC counk-d 

crossing Ihe conlac1. The chamockitk ro~~ wilhin Ihe inlLTleavL-d 7.<)",-, h.~s an atypical. 

highly scgregatc.:t apJ'Camne<". con,ist ing of stmngly aligned, highly elongate. most ly 

cc,t timL1 rL~",alc long. whit ish ti:lds[>nr (with lesser quanz) aggr~gat es in a sub-

millim<.1rc-grai1k-d. m"socratic. orangish matrix. The nxxk of whit ish aggregates vari es 

from perhaps 40% to 75% a",1 can vary mar~L-dly across strike wilhin the more Or IL'Ss 

charnockilic bodie, (Plate ")-24). The ASPOs [>",alld their local conlact and in one 

observation an ASPOgc!ltlye",,"csand thinsas t h~C()ntact curvcs(PlalC 3-25). At one 

locat ion within lhe contact m,,,,- a merely grain-scalescgregatcd (and therefore heally 

al,pical). (>r~ngi sh charnockitic rock is sharply intcrkaved on the centimetre_scale wit h a 

wh itish charnockilic wek. n")f~ similar in app<:arancc to the bu lk oflhe chamockit ic clan 

south"fNain llay:PlateJ-26j.f\lsc\"cmlm,lIions thc prc,;cmaut!torobsc"'edtheFe

rich pre<I,~minancy to b.: apparently ch ,l kd again't the chamockitic: alone location. 

contacting chamockitic rod w,th 40",'. whiti_<h aggrC!}1tcs.. (Plale 3-27): III aootOO, 

conlaL1ing whiti,h dmrnoditic rock tJ)Jrc similar in appearance 10 the bulk dim "outh of 

Nain Bay (PiateJ-2l!):at a,lOtl"'T.contnctingth.:interlca\'cdchamockiticrocbpic1U .... ~t 

'" Plate )-26_ The app"rc11t chi lls consist ofrockofgra insiZ<.'S less t l~1" II) mill grading 

OVCrSC\"LTalccntimc1rcsintocon,",crsub_mill imet'e_graincdrock.M",tch:tfTIIl<"kiticrock 

in Ih.: inln lcawd ZOItc exh ibits 'trong ASPo,. By conlra,t. ASl'o, haw only hl..,n twic~ 

ob""T\cd with", the I"e-rich clan at Ihis location along til<" cont",·t: with", a lower_ 

mil li metre_grained rock apparcmly unch,lbl again't the adjacent ehamockitic. and 

locally and mild lywilhtn an exposure containing an assortment of "",iably concordant 



variably continuous inclusion,l' of\'ari"bk wlour inJex and grainsizc (I'b!c 3-29) 

Ahhough many such inclusions arc mos! rcooily inK..-prc!ablcasJyklC1S. laycrs proper. or 

scgrcga!innsofin!ers! i!ial mel!. mlx..-sar" mme amt.iguous . S!ill oti ... -rs appear !o be 

.<enoli!hs or scp!a. such as in Pla!e 3-28. showing portions of!he clwrnocki!ie clan 

p:,rtiullytl isaggrcgahxl in!o!he ehill~~ll'c-ri<'h 

,\ thin-section (11102) ofscgr.:ga!exl charnocki!ic rock (I'b!e 3-30) fmm within 

the interlcawtl zone (lescrilx~1 abo\'c consists of (ilmcnite-lnagnct i!e)-(clinoJlYTOxenc-

orthop)'TOxenc)-spcckctlchuTIlo<:kitiequartz-mo.m;,,,nite_l'erhapsoncthirJofthescdinn 

consis.s of lower cent imetre_scale felsic "g.grcgaK'S. anotl ... ..- th inl of sub-mi llime!re-

grai,JCtl mafic-spcdctl l'quigranular. l'quiJirncnsiom,l-granular rock bearing Iowl"l'-

millimetre-scale orthop)1Ux~'nc OCC1I'O. and the remaining thirJ transitional and 

imcmJCtliatc hetwl'Cn .he two_ !'ckl'pars consi,t ofperthi'c. antiperthite. "'._-soperthitc 

(Vl"-y finclyexsolvlxl). and plagioclasc (noll-p.:I1hitic alka li fclJspar is not Jiscountlxl) 

and exhib,t highly complex. variably course ",t"rgrowths het"een them. amongst ,,-hieh 

myrmckite nppears almost mundane (PI;,te 3-)1)_ !':,d:,lIyde"clopctl :'f).1titeand ziTC()[l 

arc miwr conslituen1s. The prl'SCnce of OCCIPO in charnockitie rock of the intl"l'lea\'cd 

;,.otlC isconsisK~'t wilh the lield ob"-1'vations Jescribcd abo,·c as I"-"l'the interpretation for 

OCCIPOgi\'en in Sl"{:tion 3.2.2.3. Spccific"lly. melt p:<rcntal to the Fe-richclanintruJctl 

aga inst anJ bifurcatctl inlo highly sh~aTl'<l. p:<rt,ally crystallise-d magma of 1he 

chJrroditicc1antllCrcbyarTl':SlingJclomlHtion. causingrl'(tissolutionofp>1'o.~enc.anJ 

;"trOOucing a temperature-time p:<th conducive 1() low nul'\e"lion:growth r",e. 



A tnin - sect~m (HIOI) of loc Fe-rich cbrt s::m,pkd 25 Cttl .,way from the last 

contad with Ihc chamockitic con,islS of i l men ite-sp<..·d~~! (c li nopyroxcnc-

orthoP}TOX~'tIC}-rieh mcsopcrth it ie aoo ant iperthil ic dior ite hearing OCCIPO ofrnil limctrc 

to K,wcr c~nlimetre-scalc gr,,,,si.<c,_ Another plausible interprctation fin OCCII'O. and 

o'IC thm cxpbin' tneir presenec in roch,uch a, lilc",' (i.e . rocks apparcnt ly the local 

inlruderralhcrthan inlrudc'<;}. wilhoutintcrprctingthat such rocks bc<;amc the intru<kc to 

another cngullj ng magma. is thaT ,uc<:~~,i\'c inlru';()Il into loc Barth Concentric Plutonic 

Suile (or 1)fIll ion, of it) e't~b lishcd ~ varicgak d ,pat i ~ 1 patdt"'ork of tcmperature-time 

paths,n some of wh ich wcre cOlklu£ive to nudeati l1n and growth ofOCCIPO in the Fe-

rid] and chamockitic clans. Fur!herllXlre. slr~ss lransmiss ion into roch thaI would host 

OCCI I'O ceased a, Ihermal input' ,ullicicn l tv cease cooling or cause hcating allowed 

disso luti(ln."id unrigid ifcalion (i .e. uncry,tallisali"n?}ofal lc", IlTIaglllassorrOllnding the 

web Ihal would host acCIPO. if not These rocks themselves 

Similar inlerleav in g may al"o be pre""nl abo\'e the k;';lney-shaped l)(lnd to the 

""cot. \lIC only e'po,urc of the contact f<lU'ki by the ~ulbor we," "flhc abo ve Ioe.'tioll 

r'wriy "xpos~'d 011 a slope. ,he Fe-ricn pr~~lom"'~ncy phy,ica ll y ,mdcrlics the 

ch"rn"~k ili,,. whitishaoo lo liated. again >! which it mayhc 'l ighl lycbillcJ (Plate 3-32) 

l:::mcrging 20 centimclrL"S down the bank from ocncath organic co\'cr is h,gb lyscgrcgatcd 

cha rnockiti£ rock as al Ihe I<)("~t i()n to loc ca,t. wi,h ,trongly a li gn~'(! whill,h aggregates at 

pcrlwp, 50% in llllorangi,h matrix (P late J-JJ} 



34) 

Ncar (he eas(ernmos( exposure of (he Fe-rich and chamocki(ic predominancics 

south of Nain Bay occur, an arcua(e, (arx,ing apophysis of the chJrr,xkitic 

predominancy, mappable a( the I :25,000 sca le. cotlcave towards the nortocast, ntcnding 

sc\'eral hU1\droo Illetres i1\to (he Fe-rich r rl~lolllinancy. Th~ contact, of (he UI)()physis ~re 

largciyubscurcd by organic eUvcr all(l rubble. altilough tocsou(ocmc"O ntac(w"sobscrvcd 

ha lfway ak"'g it, kngth·",·maprx-d and consists of apparent ly unchi lbi roch sharply 

contacting $ well a., just one mctrcaway,apparcnliygrada(ionallycontacting(PlalcJ. 

35). The dmTJIocki( ic predominancy adjacent toc gradational contact lK-rc appears to 

cotltain ("Oar",r, d ist indly whitish [Xlrtion, ,harply and gradat ional ly contact",!! more 

typical (liJr (his body) orangish rock, One interpretation for toc apparcn( lyd ual nalurcof 

th..' prnjominancy contact at this loea(ion is that both magma, were largely mel(. the 

eharnockilic magma having cleanly intru~",l rhe Fe-rich except WilLTC di,(urb<.-d by 

itlkmal intrusio", or mobile rna,s<-"S (e.g. blocks. globuks or Cllclu\csJ, causing (he 

mult iplClmgmastomix 

Locally, "',ynpl"to"i.: dykes"- oflhe Fc-rich dan !lC('ur within rh~ ,'haTnockitic 

pre'domin ancy, som~ of whIch in the nl)n h~,,,(crn j)()nion of the Ibrth ConcenTric 

Plu(onic Suite al'l'ear10 i>c "'paniallydi<ag.grt'gatc-d in(I) gioblllc>"' (Gaskil l 2005 p. 86, 

I'latc 2·30 p. 125). P(Th"ps lIw '"graowl,." inclusions" ofl~ubin_' (1973 p. 32), Ihe '"widdy 



distribuk~f'. "dliptical am dongate mllic cnda,'cs" Ix:aring "!cldsP.1T xenocrysts" and 

cxbibiling"cuspaleand embaycd contacts" of Ryan (2000 p 264.2001 p_ !47).afl(ltbc 

··gen~ ... ally"· prescnl. ··,ubangular xeTl()lnh,' kleally Ix:aring "oblong wbite plK.1IOerysts·· 

of Gaskill (2005 p. ~l) arc al"o gk)bu lcs "'---eked off into the chamockilic dan from the 

!'c·rKoh. The long a.~cs of sueh inclusions arc oric11l~~1 p.1Tal lci to the pr~~I"minJrcy 

CQ11IactsaswclIaslhefddsparphcfl()crystSI'O.whcrcdc,·clopcd(Rubins 1973p, 29. 60; 

Ryan 2(00) , Alternati\"Cly. it 'm,y Ix: that al least ""me sucb inciu.ions arC globules 

,K.--eh..JoffthcOI·gabbruiccian.asthcprcSCnlaul00rhasobscr\,cdsomethalcvKlently 

'HTc(dcscrilx~t inS~--et ion3.2.4 _ 2; Plale 3_36) 

J2JJFieldrct[Qgranhyoflhccha[oockjtie owk-IU!Ccian 

Thccariicstdcscriplionofthc ficld po..1rogral,hy of the cbarnockitic c1an is Ih.l1 of Rub ins 

(197 1 p_ 41) who slatl-d "In lhc field. atlamcllitc is gen~-rally identifial!le I!y ,Is coar.;c 

gr~...,n rrcsh surfa .. ,,··. While vivid. Rubins' le'Hmony ofcok)ur is c .. ;tainly inaccumlc 

e\"Cn as a general 'ilatcment : much oflhe chal1lOe\;:ilic clan do~""S Tl()1 c~hibn dl"'CP bmwn 

wemlK. ... ing. and el;tainly lilllc of thc cxpo .... ..J clan is dark Ilfl."n on lresh surfac ...... 

Ilo\\CVl .... ollcplacelhcprcscnlauloorhasfound lhe cbamoekilieci,mtobcdarkgrccnon 

frcshsurrae~--saIKl,k" idl-dl ybrow"ish\\'cathcringal()ngitsea'l cml-oaslalcxposurcsoulh 

ofNamlh y 

RuI!IIls(197.11' 2S. 29)dc,",,,lx..J thccha",ock iticcldTl <oulh ofN:,in Bay as of 

hiata l lexture <lue to fc1<1spar phc,lOerysts. whkh arc commonly ··ill -<lefin~..J·· am of 

a'~ .... gc g"'~lIlslle 2 em am mrdy COaT><-, II",n 3 em. 'Phenocrysts lend 10 he lno" 



COmmon m lhe main bf:>o;lyofthe [dutrrlOCkitic clan] and in the b'l:crsatcllitcdyk~'S[.l>ut] 

are less common and Cvcn notably absent 111 some small~T dykes and Bf!Qphyscs" 

Wherephcnocrystsarc~l>undan1l1lthecharnockilicciansouthofNain Bay thcy 

tl'f\d to be weakly aligll\.~1 p.1mllcl to thc pr~'<lommancy contncts (Rubins 1973). 1, 

gcncra lis.1tion cxtcnd~'<l to toc cntlre l'r~~lomi nancy by Gaskill (2005). Ncar SO"'" eontm;ts 

with tbc Fc-rich clan and in thm I~yers, bowen'1'. cbamockitic rocks "b",nl;mlly ha,-c a 

strong~T foli"tion in which tr.c mafic mi"crJls appear as granular reddish-brown 10 black 

stre~b" (Gaskill 2005 p. 81). Dc Wa"rd "nd Mulbcm(973) may have been describing 

tbc same phenomenon as Gaskill (2005 p_ 81) i" having said that. al least n0r111 ofNain 

Bay. "[ehamockilic ] rock commonly sllo"'s a strong folialion"', as "0 por1lon of the 

eharnoekitic clan oor1hofNain Bay i, very thick. Rynn (2001 p. 147) Stal~'<llhal"many 

outcrops display a fi,liaticm t1lm s< .. <.:ms 10 lu,,'c becn formed prior 10 full CQn"olidatKm of 

11", crystal mass". perhaps in refcrence 10 chamodltic rocks that sbow an alignment of 

eklllg:tte quar1~oldJsp:nhic aggr<'l::at~'S. such a< at Ibc inlcrlcaved contact 1)Or1I",~'St of 

"right eye pond" (e_g rbl~'" J-24. 25) 

Ryan (2000 p. 264)d"""ribc~1 tbccharno<:knlC predominancy althcwc:;t end of 

!Jar1h Islwld as "'brownish-{)rangc_to whlt~"'wcath('1'ing" arid soulh ofNain Bay as "burT·. 

grey·, pink· and whitc-weatll<-'1'i"g"'. Ryan (2001 p. 147)dCSl.Tilx'<lthccla"gc"crallyas 

"p:llc grey 10 <lightly ""Iy 10 p:l1c hufr' we1ltllcring. wilh "'a hluc"h gr~"'n caSI"' 

charm;tcri<ing rods in whidl ra)~liltc alld pyfl)x~nc arc' abundant. Tex1\lr~lIy, Ryan (2000 

1'. 264.2001 p. I·H)d~'SCribc'<l the chaTllOCkilic rocks as "c'cn gmlll~'<llo P<)rph)Till<· ... 

hearlllg "regularly shap..'<lto .,val gmllls of quam and. locally. ··I,<. .. "llIIOc feldspar 

l'I"'llOCr)"St<"oflo"erc..·ntim<·tre-scalcgrul"SI~c 



Ru bin_, (1973) and Mu ln~m (1974) re'p"ct ivdy stat e that the enarnockil ic clan 

><luth ofNain Bay and northofNain Bay is nol visi bly bycr~'{l. 

A,wilhl lll:Fc-rich c1annonhofl'ain Bay and on Barth Islaod (ScctiQn J.2.2.2). 

im~'fnal contacts have been ohserved withlll the charnockitic dan south of Nain Say 

Approximmcly 60 m non h of lhe well expoSC\1 mne of int erleaving ,Iescril><.~l ahove ",,,I 

occurring nonhwe,1 of '"ri ght eye pond", whit ish ~hamo~kitic rock, similar to that 

occl'rringagainst tneconlaCllo thcsouthanrl tothchuikofthecharnock iticcianat iea,t 

s" Ulh of Nain Bay. l~1Il1a~1' a distind ly orangi,h o()(ly. also of c1",rnockitic rock . The 

coniact betw",,'!' tIll: two charnockil;'; rods is covcre<l "tl!l Jjch~n- C<latc~L but tm, 

transiti,,", if""t ahrupt a,ohscrn-d fun l,..Tc",t.ocCuTho,·crnomorc lhan a fewmetrc, 

Thcorangishborly isofchamock iticrockon thcwholutim"T grai",,-dthanthcbulk south 

ofNain Bay. being compriscrl ofagreater prol'ort ionofmatrix to feldspar phenocryst' 

(Plate 3-37). The body C()miJlu~, to tll<: ""st lor approximately OtIC kilometre unt il the 

rock bccomcs whikr an<i on thc whole coarser grainC'd and th",undi,tir><:tivcrctativclO 

re,t ofthechamockiti~ctan><l"thofNa;lll3,'y. 

Overlooking Ihe western t ~nni Jlu , of "Idl cy~ pond". atop a SlCCp south. facing 

hil l, a . harp. 'traight oontacI 1><.1w~"'n t h~ onmgish ~harood, itic body (north) and tne 

whit ish (oouth) is expo,,--d ,,,erat iea'16m( Pla tc3·38). NoehiH is evident inthehctter 

exposed whit ish body_ The orangish hody is lic'h@ mak d and w~athcred oul along the 

C()nt~d. wilh UXpoSL-.J ren"ulIllS ofa ,ariely o f grainsi7~S. from ,uh-mil limet re, Ie> mixed 

sut>.mi llimctre and inwer-Ill illimetre_ l<l mIxed of Iho,e ,,,r<! upper·lllil li lll~tre. th us the 

' I ,,~,tion of an evident chi ll remai" s out <!an<li ng_ Unusual fi>r the Barth Co"centri~ 

I'lutonic Suite. the oonta~t h .. -rc i, w~ll exposed 0" ,1 large \'~rt ical surfa~~ wh~re it cou ld 



beprl'CisclyoricnlalOO.I-kasuring075/67S.1hecomacli,al,o,uppoSl~llyunusualfi)rthe 

Barth Concentric Plutonic Suite in thm il (hps away from the centre of the structure.. 

prompti ng one 10 wonder how many pl~nar structun.."S within lhe Barth Concentric 

I'lutonic Suite arc lllI."Tcly assumOO to be inw.n! dirrmc. Opposing thm-se<:tions from 

across the contact are of Op~-Cpx-spcch"d chamockitic quartz-!cuoomonwdiorile (1 199) 

for the whitish hody contrastoo wIth (Iim-Mag)-spl.'C~~~1 (Cp.~·Fa) chamoc~it;c quartz-

nXlozodioritc (11 100) for the orangish. Opposing thin·sections 30 m apart aeross tile 

wcsk"1"T1 contact described previously arc of (Cp~ · Ol"n)-spcch"d ch"rnoc~ ; tlC quartz

Icuoomonmdioritc (11%) for the .... hill.<h body l"(\n1rasted with Cp~·Fa-Sl' .. 'C~cd 

cha",oc~itic quartz-!cucomon7.0dioritc (1195) for the organi,h. Two Othl"T thin·s..'Ctions of 

the orangish body arc also f"yalite-bearing. one ofCpx-Fa-spcc);oo d~'rooc);itie quartz

Icuoomnrv.odioritc (1194). the other of (llm- ,\1ag)-Cp~-Q1z-spcc~ .. "d Fa charnockitic 

morv.odiorite (1198). thus fayalitc is a distinguish",g conSlilUent oftb.; o."ngish body. 

bcingabscnl from thc whitish char11O(;kiticrock surroundingils);no""" ex! .. "t. although 

prCSCll! farth<"Tawayintllewhiti,hcbnsnulhofNainB"y(Figurc3-4C). 

Foliation a< difTuse a~rcgatc SI'Os and l""Thaps ooncentration SI'Os is locally 

dcwk)pI."dinlhcorangi,hbody(I'lat~3-39) 

J234RQCkIYPCsa,~llhin_scctinnOClOlgGlnhyoflhcch;aroockit jc rocJ; _!~~ 

rh<· 'l"'Cific mck tn",sobs..·,,<~1 of the chamodltlc rod-typcclan arc 

d~"noc);i!icsyenogn"litc(G228.229.210.2.14): 

• [ fayalill~pyro~cncl chamodltic sY"Il()sranotc(G226): 



charnockiticgranitc (G138,2S7): 

[ort hopyroxen<,.~clilV)pyfowncl charnodilic granooiorite (1l71): 

charooditicquartz·sycnitc(G6 1. 137,255.156); 

pyroxcnccharnockil icqUJrtl·sycnitc(GI41): 

[laya lit.,.pyroxcnc1 charnockiticquJrtz·,yenite(G232,2J3): 

charnockiticquartz-lcucomoruonitc(lIIO, 37. 38,43.46,58,67,G25. 139); 

[(din()pyroxcnc-orthop)Ti)~C1lC)lcharnockiticquartz-lC\lromor1<'onitc(H80); 

charoockiticquartz·rr<lIImnitc(H66 [cOJ""'-'fportionj.(30); 

l(clioopyro_,cnc-onhop)T<Jxcnc)jquanl.rnollzonitc(HI02): 

homblcn • .lc charnockitic quartz-monzonite (H49); 

pyroxcnccllarnocxiticquJrtz-monzonitc(GI4J,2J I): 

dillopyroxcrlCclramockitic'IU"rtz-mOJvonitc(H59): 

[(fayalilc·pyroxenc)) charr<,ckitic quartl ·",onzonite«(;254) 

ch.oroockilic quartz·lcucornorl7.ooioritc(H94,95. 99,G253): 

[(clillopyroxCrlC-orthop)Ti)Xcnc») quartz·lcucoflX)nzooioritc (H96): 

pyruxcnccharnockrticquartz·rnoruodiontc«(j1J5) 

(dinop)TOXCllc-fay.'lilc)chamockilic(1I,artl-monwdioritc(II 100); 

chamockit icquartz-lcu,:odioritc(G22); 

charnock itic lcucosycnitc(H25); 

chnrnodilicicucoroonzonitc(H9I,G127,144): 

clillopyroxcncchamockitic lcucornollzonr1c (1IS3) 

p)TOwrlCclWlIockilicrnoll7.onilc(G46.176): 



fayalilc-pyrO .• cnc ~hamockili<; monzonile (GI96); 

charnockilicleucornow.ooiorile(H90): 

pyroxenccharnockiticmonzodiori1C(G220): 

fayalileehamock ilic mo""odiorilc(H98); 

P}Toxcnc-rich ch~rnock ilic 100117.ooiorile (G22 1): 

dinopyroxen<Hichcharnockilic'oonzod iorile( II66[finerponion]); 

[onhopyroX~'T1C-diT1Opyroxcncl-ri<;hcharn<><:kilicmonzodiorilc(I173); 

onhopyroxencclinop}TO.,,,,, .. ,_richcharnockiticnlOIl71)nile(11 36): 

[( ilmcnite-magncliIC») pyroxcnc-richcharoockiliclTlo""odioritc(U06T) 

K~'Cping in mi nd 1hat many of the apparent feldspar phenocryS1S of the 

charnock;1;C clan arc actu~ lly aggregales , all thin-S<.'Ctions of !he eh,mlOckit ic cia" arc 

d()lni"ak'ii hy "ome comhinal ~)I1 of .<uh-mill imCl rc and Iowcr-mi ll ink;tre_scak grains. 

WIIl"..,,, )y in <;m;lar volumelr;c proponions. w;lh co.'!'SC1' g",;ns as "P)1<.'I' mi ll iml1re or 

~)wcr centimetre-scale feldspar phenocrysls proper generally pr~'SCnt. '00,1 commonly 

mesopcnhi!e. 

Mcsopcnhilcis1henlOS{aoondam fc1dspar of {he charnockilie clan. hell1gl' r"",nl 

111 mosl {hin-><-'Ctions and comnlOnly in greater abu,idance {han anyollll'l" feld,p-,r 1}1'" 

I'lugioclasc isl.biq"i!ou,lyprc>cnt aoo lll(:rcturc !he 1no,t commonlypre",,,1 tddsparof 

{hech.1rrlOck;!;cclan. tllO " !!.hbcinggc'k;",l lyofle,scr(WTlIClimc> m,,d, lc>scr)or si1Tlii:or 

abundance as IIh;wp<-T!hite is ccnainly Ie,s ab undant ill!he thin-S<.'1:!ioll' ",alll inl'ii . 

An! i )1<.T!hi!cisprcscnli n am,nori1yoflh i n-sccl~",<.C"nvlllclllgpcrthl1c (.,elm,slricto) " 

rarely pre"Cn! and possible p<-T!hile i, U,lCOJlllllOn. Non-per!hilie alkal i feldspar i. n.rc 



(1I66Iwarscrpor1ionl). !oougl\more!hlll-",-'Ctionswmainsusp<.'Cts.at k:aSISOmCof 

"'hich may be pc'1'thi!ic fddspar 100 finely exsolwd for dl1OC!ion und~'r 400X, a plausible 

suspicion since barely r~'SOh'ablc ml'SOpcrlh;lc 's pr~'SCnt in many of the same sections. 

Rardyarc all oft .... · dcfiniti"cly idemifil'd fcidsparsptX-'SCnt in anyonc !h in -section 

Mcsop<.'1'thiIC C;(SOlulion lexlures arc mo~t wmmonly acicular. wmmonly of 

vartable warscncss within the same se<:tion, ranging in some from r~'S()lvablc at 25X 

(p1:,tc 3-40) to bardy resolvable at e<..'1'tain focal leng!hs a! 400X (I'\alc 3-41). Other 

e~solu!ion !C.~turcs arc commonly prcscm and gel1<.'r1lliy complex and include globular. 

"<Tmicobr(Pla!c 3·42). dillusc miu-dglobubrand ""Tmicular (Platc J-43J. and.rJrcly. 

Crystal faces arc exl ...... -dingly mrc upon csscntial min"Tals inthccharnocl:i ti cel:m, 

being iocal lypr<.'SCnt only ina 'imali minority of thin-sections upon plagiod ascincontact 

"lthothcrfcldsr-~r(c,g, 1195.%. 98.99. 100) and ina smalkTminorityofthin_sectioos 

po,,;hlyul)()n,!lL1r1~inoontactwi!hmCl;()pcrlhitc(c.g, IISO.90.9S:Plntcl_44). 

Feldspars of the charnocl:n,c clan me compicxly intcrgrown in many thin

sec!ions. sharing highly irregular boundaries tl~1t may be \'lTmicular or c, .. .., globular 

("crlllieular "''''1iolll'(l onho~,()"'111y?). Note that since crystal faces upon feldspar arc 

altnl)stcntirely.'bscntinthedlamoditicclanscc!iolll'd-Io-dalc,and that .... 'Crystal lisation 

""dlc~tu",I""Iui libr"tion ha\'e becn"b.;crn~1 in no 5l'<:lion W approach Iha!dcgrocitnd 

c,idcnt 1"" ... "asi\'cncsswcnllgh!cnvisi"nastypicalof.say.graoulit ..... faci~'Smctul1Xlrphic 

rock<.thc'!ucstionofwhct ........ apanicular51'Clioncontainsoomplexlyintcrgmwnfddspar 

is largdy O'IC ofdegrl'C. V~ ... miculur and globular mynndttc arc prcscnt alollg fcldSI);lr 



boundari"" in many thin -Sfftions. commonly" in thc same S<.'Ctions as complexly 

in1ergrowrlfcidspar(c,g.H59).an<ianob",,,crcouklrcadilyconfuscthetwo 

Quarllgcrl<.TallyoccuThinthcchamoekiticcianasgrainsofindi-;tinctshape with 

smooth boundarie, (as in other plutonic ",cks), either as individuals of m~-dian or 

pOlJlhyriticgrai n ~i7.eorasph L1IOaggrq;ates(Platc3 · 45) 

The general texture of the charnockit ic clan may be described as xcrlOroorphic 

granular, compris~'d of modally subordin:rtc mafic minc'rals occurring as aggregates, 

concClltratio"<,and individuatsdistrib'J!c~lbetwecllcoarscraggrcgatesoftCisicmiricTals, 

In fohat~'d rocks, this tcxtu[<' manif"sts as ckmgatc, alternating fclsie awcgat~"S and 

matic aggregate, or concentrations. c,,,~"itU1ing ASPO and concentration SI'O, In 

polJlhyriticarKl p>cur!oporphyritic(c,g, aggrcgatc-ph>Tic) rocks,m.1lic aggregates, 

concenrrations, and in J ivid u,,]' are distributed ncr -like 1x.1wc'Cn and as marginal within 

COar",r fdsic aggregates. S()rnc of which may i1.c dominn1C(1 by individ"a l phenocrysts or 

nlOllOlHincra li e phcnoaggrcgak-,;(I'latc 3-46) 

A, lncnt~Hl<-~1 above, 110 thin_'lt.'I;rion< of the charnockiric clan c,~arninC(1 herc 

exhihit pcrvasive, advanc~~i rcr;rystalliSalion or rc~!Ural equi libration, At loost, a minority 

()f th in-secrion< c~hibit distinct domains of sub·m;nimetrc-grain~-d, evidently 

rC'l;ry<ta tl isC(i alK! rexturally c'quilibratcd grains amidst ~'Oa"'cr b'Tains or ooarM-'T-graincd 

dOlmins of more typical te~turc, Evidemly r<-'Cr}"italliscd arK! te~turatly l'qu il ibrall~1 

doma"" arc' Ident ifIed as consisting of at least rela(ively fincd-grain~-d ,~erlOr1IOrphie 

!!rains of "nootll and polyg",,"l boulldarie" of at n><m the same ofc'quIgranuiar 

" ( r lh~ .d'"rb··,ommonty·- >«rns o""ru';oo 11\ <hi, "'Of •. I", the '","'" be .. ""w Ih;t the.tllhet U,,", ,I 
",-,ltfu lt intcntr"" ondforl.d.ofabell<trnJ" , h"" of r<""""« 



('quidimcnsionnl_grnnular tc~turc, In such Ic.xl urally helcrog<"TJ<:'Ous seclions. II", roars.e,1 

grains or roars(:r·gm;Il<;d dm",,;n, ~.~ hib;1 lhe mo,1 irregu lar gmin oound",ics Imd grain 

,h3pt."< (Pble 3·47) 

Accessory mineral, of Ihe chamo"kille clan always include p>TO~enc. bolh 

elinOp)Toxern:aoo OnhOp>To'ene in pcrhnpsa m"jor;lyofsmnplcs. P)oTOxcncgcncmlly 

()CCll'" allhe percent level though uncommonly above 20"10. alrOOSI 40"10 (H36) ;n Ihe 

thin_sections e~mnined, Green;, h brown honoblc]\(lc is ,:ol11monly prc>cnt. uncommonly 

al 11", perC(~ll level and rarely ahl",·c 5%. al mo,l If),,·'. (H49) m the '«-'Ction, e~amin~-d 

Biot ik i, almost entirely absent frol1l the charnockitic clan. being presenl as a minor 

eonst ilUenl in only One s.l'Clion (H46). laken wilhin a kw metres oflhe Ol-gabbroic 

contnct soulhofNain Bay. F.,.Ti ·oxidcasilmcnitc.gc'l<.'rallyaccoml"'ni<-dbynragneti tc. 

isubiquilous.commonlyoccurrinllallhcpcrccnl lcvcl lhoughmrclyinsl ighlcxccssof 

5% (B06 n. Millor £in,:'OTl and apalile. generally "uloll1(Hphic and h)'JIautomorpioic. arc 

morcorlcss ub;' l n ; lou,inthceharTKl~k i licdan. 

As mentioned previously. 31>proxnnatdytwo fiflhsof<·harnockitie thin ·s<-'Ctions 

con1ainfaya li te.gcneral lyatlhel)Crccnt le\'el thQ\'llhuncomm.:mlyabove5%.ntnlOst 

15% (1198) in the s..:ctions examirl(,,! (Fillure 3-4), Faya)ilc oflhe Barrh Concenlric 

PllIlonic Suite. insu!i" as r~lIrc"'nte-d by the thin ·seclions examine'll ncre. is ofimJistind 

habit. in other words. oftlo parti<·ubr or pceuhar hahn. neither regu lar nor extraordinari ly 

Irrcguiarlll,hape(l'btc3·4S).ln'iCvcn!hin-",-'<Otion,(!W). 90.91.?4.95. 98. (253) 

fayalite;spart;al lYi,ltcrCfI TO an unidcnl i/ic'(!,nin",," l. blac kOP.1q uC.lhoughrc-d 

lranSp"rl1lt "hen microns thin. and with th..· rdk<;lancc and grey ook)ur ofzirc"On in 

rei1ect .. ~llighl (de>crilx"l in S .. '<OIic)n 4.1), The minera l oc~urs as conlinuous masses Ihal 



share irrcgular boundaries wiln fayalnc. in SQtnC placcs by pcnetrming along 

i nlr~crystall ; nc 1Tactur~." wilhin l11e lay:. litc. 'III,J al>o occurs as proxllnal indus;'m" w;th ill 

relicl fayali1C adjaccllilo ;15 sharl'\! boundaril'S (rlale 3-49). For lhc r~ocord. fayal ilc in ils 

rcfk'ctmlCc is grealer lnan lIIagnes;an ohvlIlc·. closely approach ing ziroon and ll1c 

OCCIPO occur in kss Ihan I~ . ofdmmockilic 8<-oclio,,, (11%.102. un. 221. 

231: Figure 3-4) and the pre:;Cnl aUloor spccul,l1c,; that they form similarly in lhe 

ch,~rnockilicdan as in illC Fe-rich (Sloction 3.2.2.3). spI.'{;;fical ly. in parllallyny'lallinc 

magmas wilh pyroxc'IIc upon tllC liquidus having UlldcrgOtlC sira in followl'(t by a cI.-'Ss:tlion 

ofslrainand rcheatillgcauSl,<lbyrcncwc.;lintru,ionnc"rby. 

The most m.1ficch.1fnockilic scction (!J06Tj;s from an cvidcnl ly ehillcd lIIargin 

uron IllC Ol-gabbro;e predominancy againsl the charnockilic al the c"slcrn C03&lal 

inlCr'S(.oclion of the wnlact soulh of Nai ll Bay atld wnsiS1S of !(ilmen;lc-mag0l1;IC)] 

p}Toxenc.rich ch~'nockilic IIIOIIZQltio,ile. Al1 llOugh tile (lark colo"rlxl chanloekilic chill 

dirlocllyoonlaclssignifieanli yooarser.lighlwkJUR'\!chamockilicrock of the cha'lIQCkilic 

pR-dmninancy. lhe conlact is d,,,,rc'!c b..'!w~"<-ll the mo. with 11lC chill coarsening and 

(prcsulllably) gr.roing in rock Iypcwith inerea,ing di,lancc away ii-<)l1l thepmlominancy 

wntal1 inlo lr.c illle"or of lhe Ol-gahb.-oic prc'tlotlllnancy_ Sample B06 T perh:,ps 

rcprcscntsak'S"-'T dcgrl,,-,ofmi.inglhantooscr.xhoftheFc_richc!:ItlSCal1l'Tl,<lagainst 

rhe chamodillc s<"OClion (G22) beanng lhc le".-1 :.Ikai. fcld<p;lr Wn,iSb of 

l'harnockitic quartz-lcucodioritc arid is lakl1} fwnt fhe noT1hwl",t IJartli COflCenlric 

Plutonic Sl, iIC.ITOltlllte lxlge "rille Fe-rich predomina 'K:Y wherc II has "inlcmcf[cdj" 



with rock of the charnockiti<; pr .. ~lomin:'n~y(Gaskili 2005 unpublished s(II"pic ",,/es). As 

with the chill descrilx~1 abo,"e (",-'Ctioned a< 1106 T), ,t I.' evident thaI magma marginal to 

One p.-<--doIninancy can ha,,, mix<.-d with InagIna marginal 10 the adjan'nl predominancy. 

th"feby a1lmninc a m"gm" coml)Qsition th.1t cry;tal1lS<.-~1 rock ofthc clan corr<.-spontiinc 10 

lhe opposing prl-dominancy. 

; 1 4 HiI' O/-Rabbwic rod_cHlf clun 

3 '4 I InjU!!lllctjon to lh .. Q I-nbhmic cock-t,nuIJw 

The OI'Cabbro;c roe~-typc clan is defined as pcr Figure 3-5. The 01·g.1bbroie rock-t>lIC 

I'r .. -d0111inaneyoon'ist,orfi\'~ bodic, mappable at the 1:50,OOOscalc,lwo,,,clI,,lcJlorthof 

Nain Bay, one each bmch1ing the centre of Barth Island_ aoo one sOllth or Nain Bay 

(Figurc 1-2). It iSplau8iblc'"d ccadilyctl\isionahle that all but tilcsm.1 lL "onhenn nost 

arcllulcbody fonn,-d a oont inuous body bcforc faullingml(1 todaybcncath Naill Flay the 

compollCnts tnay still hc in fault..-deontact. Thc OI-gabb.-oi'-pr<-domi"allCyalso <)utcrop' 

on two islets, On Pi~a l uyak Islet where il conHlcts the chamockitic pr<'<lominllllCy a'lll on 

lhe small iskt midway bi.1WCt-'11 Webb Neck and Barth b land wh""fe it contacts the Fe·rich 

pr(.-dolliinancy. 

As well as tm: Ol-gahb.-oic rod includ .. -d in the pr..-duIninanc y so dcfineJ, thc 01-

cabbroic clan also incluJ<.-sa "scattcR-d ponion"" comprislllg scn-ral unddirn..-d bodies of 

O l·gabbroic rod intCm-d from ,amples (G28, 29. 35, 64, 109, 116) taken from "ithll1thc 

",ncr annuiar ]lO!l~'" of the Fe-rich prc-donllna.",y IlllrthofNa", Bay 



The domimnt hasic n>ck tytlC, or the Ol-g~bbrok clnl1 arc olivine 

leUCOllubbmnorile. o livine gabbronorite. kucotroctolne. and troc1oIite. A lullli,t of rock 

tYJ><'< is provid~~1 below in S""tion 3.1.4.4 

orcdominaoc;es O"sres:tjvcly 

Ucfore d~-scribing the coruac1s bctw(TIl the Ol-gabbroic and Fe-rich predominancies. note 

rhm worke rs klore G.'skill (201)S) gro u p<.~1 Ihe ~cmicircular b",Iy of Ol-Irc~ 

anunhogabbroic rock along the nonh shore ofNain Bay with the Fe-rich pr~xlominancy. 

mid therefore SOme earlier. gCIl<'ral description< of Ihe contacts bchwm the Ol-bearing 

urxl Fc-rieh pr~..rominanciL-s mighr have incorporaled ot.servarions made along the contact 

of!his scmi,·ircul.'r body. Withth," >aid, thcr~ i, no pos itive ind ication that anyautoor 

before Gaskill (1005) ol>s\.,.\'~'Il the contact O[ 1hat body, For the rl><:ord, Ga,ki ll (2005) 

ot.ser\'l~l tile oonhwcstcm ponion ofth~t u>mact ,,00 d~'SCri"'-~l,t as sharp 

The earliest description of the contact reb1ionsh ip ochn'cn the Ol·gabhroic and 

Fe-rich rock-tyre prooorninallcics is that of Rubins (197t p. 40) ,,1,0 dc".;ribt.xI tIK'ir 

oortheaSK'Tn u>n1act as "dir""t mid sharp" Rubins ( 11)73 r. 27), ~'Choing Ihe earlier 

d~'SCril'tiO'lt hough rcpon~'Il'ng oow for the Barth at large, .tate,;] that 11,., '-hcst exp,,"ures 

indicate tim! Ihc contact i< 8h;1rp·'. M()re 'p<.><:iticaliy, thc Ol·bearlng rods along the 

contact ~r~ -'charcil'krlsticnlly dark". ··densc··. and "fresh-' rdati\'<" I() thosc away from the 

C'Otllnct, mid th..· rc·rid, rocks "arc t}piealiy more wea1hered ncar the cotlla~t"· (/(ul""s 

1<.I7J p. 2k)_ Tltc'"ul'nsc, bonkr phasc"' range. lTOIl1 I to4mthi cka,J(1 is also rrescllt at 

p,",,~s again,t the chartloekitic predominancy, in ,,,Iuiti.,n!o aga inSI Ihe Fe· rich (Rubin, 



1971 [1.59). 11;sr.ulckarfi-omni,o"n\\'riliO/l\\'helh<.,.by··dcnsc··Rub IIls;srcfcrrin/lto 

g",ins;~c or oolour indc.~. Mulhern (1974 [I. 27) SMOO for the Ol-gabbrooc [lr~-d011linaney 

northofNain Baytnat '"grain,izc 11IcreaSt,.'S8w8yfromtheoontact"·.anobst.,., ·ationwnich 

Walla~ (1986[1_ S) c~tcnds to the marglllal Ol-gabbroic [In.-dominancy throughout the 

Barth. the prCSl.'nt author having "crifil~1 thIs feature ooUlh of Naill Bay Whl,.e Rubins 

(1973 [I. 28)dcscribo.-d theOl-gabbroicprl-dominancyadjaccnt the ehamoditic as "'0 ftllC 

samc<lcnscand fi-csh charack,. [asoo the island an<l north ofNain Bayadjaccnt to the Fe· 

rochpredonllnancyr-allofwhich SUll!lcststhat by "dense" Rubms(1973) IS rcf~"TT"'g to 

grainsi/c. For thc r~'Cor<l. the pn.'SCnt author al"" fi,und that tl-.: Ol·gabbroic 

pn.-dominallCyadjaeent to thecMrnockitic south of the Nain Bay is distinctly fn.'Sh(e.g. 

difficuh to Neal: ofT. mini"",1 weathering, sparkling fresh ;ntn;"r) oompar~-d to the rod 

at "",ny locations bcyond sewmldeeal11<'trl'S nonn the contact. bcingoof\ ,,,Id locally 

disaggrcgatcd 

Ryan (2001 p. 141) described the nonhwl"Stcm oontal1 bo.1wl ... 'TltI-.:OI·gahbrOlc 

pn.-dominallcyand the Fc-richas sharp, ",th the Fc·rich[>f~-d"ml11aocyC(mtallllngnt this 

locationapparcntly"hybrid"is<~lrods. Gasl:ill(2005),lcscrilx-dthcOI·gabbroie·Fc·rich 

oontat1 north of Nain Bay as locally bearing small. thio bodies of clmmockit ie rock or 

charnocl:itic·Fc·ri<;h hybrid w.;k. Spccilically. in the wcll-ex[>Oscd. "ortheasHrend"'g 

len/ltll ofoontact cast of the pronun<'nt nonnwcstern JX>cket. <lykes "f '"~"I~,"'·whitc III 

.... hllcw.;k .. canbctrac~-dfi-omthecontact "'"'tIlCOI'/lah!)rOlcprcilonllnaocythoug.hOoOt 

the Fe-rich (GaskIll 2005 p_71) 

[)eWaan!el,,1 (1976p. 297) (\cs.:ribc tllC rock typcl·.mtacts",thmlhe Barth 

Conecntr;'; I'lutonic SUlk as ··/l<'IN."r~lly tmnSI1Mmar- Wallace (19116 p. 9. 10) com)horntc 



that general obscn"ution as wdl as ciahmallng SI)Ccifically tl~1t the "contacts octwl'(:n the 

[Ol-gahhroicand Fe-rich] rocksmcgradationaLcon'istingoflransitional lithologies of 

olivinegabbros.gabbro"andIK>riles·' 

The inferred C<)ll1aCIS bdw<'(:n Ihe O]-gahhmic pr<~lominancy and Ihe cenlral 

mcmherofthe Fe-rich pmJominanc)'. ("()mprising Ihe core 01 Bm"lh I>land. a ppearlooc 

1otal1y"h<;curedbyQuat~'111arYlx}\cr(R)'an200l) 

No worker 10 date has de:;crib<.-d Ihe conlad of lhe isolak~1 nrc of Ol-gabbroic 

pr~-dominancy in the no"heast~'111 po"ion "flhe slructure. and indeed Gaskil! (2005) has 

mapped ils enlire contacl as approximate. A~ Gaskill (2005) points out the aem'''''g,)Ctic 

shaded rctidmap prcscll1~il in Ryan (2000 Figurc 2b p. 255) suggests Ihat this arc is 

disconnl'Ctcd from the lIIa in ponion ofOI-gabbroic predominancy no"h 1)1' Nain Bay. On 

that nole. the aeromagneTic map indieale>; that the tK><ly of Fe-rich p .... ,lominancy 

contacling the Ol-gabbroic on the i,lel 1!<.1Wl'Cn Barth Island and Wcbb Neck may he 

colltinuous wilh lhe 'Irip of Fe-rich prlilominaney along the exlernal conlac·t on ca~;tert\ 

TheeariiCSI description of the <"Onl"cl rdalion'hip 1!<.1wl'Cn theOI-gabbroic and 

l'harnockitic predomill:,"c;~"S is Ihal of Rubtns (1971 p. 40. 41) who slnk'd Ihal k)eatty 

ncar their contacts lhe Ol·gnbbroic predominancy i, "cxlcnsi\cly" intrud .... 1 by 

ch~ rn<ll"kitic rock. "~1king Ille conlacls "ngmalilic". and that rare d~tes of charnockilie 

rock occur away ITom lhe mnlacts . I'm cxaml,le. south of Nain Bay. where this 

rclationship is"nto.l 'triktng··.dykcsofcharnockiticrockscp"ralc2t,,3mb~ll"ksofOI 

bearing rock m"."I to 10 m thick cOlltaet ~OIlC. with "on ... ' smatter dyke& tracc;,btc beyond 

thCC<)nt:'C!ZOllc(R"bin, 1973p. 24j. i)e Waard an<I Mulhern(1973p. 76) andd<: Waard 



cl al. (1976 p. 297) also eharad~";>C the eonlnelS as ··agmal;tic·· by charnodl1ic imruSK)n 

;nlolheOI·gabbroicprc-dominancy. 

As already dcscriOOl ncar the ~11ds ofS~"<:tions 3.2.2.2 and 3.2.3.4. some of the 

sca{[~"T~,1 ]lOrtion of the Fe-rich and charnockitic ro .. ·k·typc clans oCcur akmg the 01-

gabbroie-eharnockitieoontael.lnsummaryoft llCscoeeum.1ICl'S: theehil1c·dand locally 

mi~ed and mingk-d margin of tllC Ol-gabbroie predominancy locally C()flsists o f rock of 

the F.,..rich clan and ofth~ chamoditic e1:on. e\"id~'nlly prodUel""li by mixin)l ofma)lma 

p",emal to theOI ·gabbmic prc""liominancy with "kl)lllklparenial tolhecha rnockitic. 

Along the contact at the wcst elKI of Barth l~bIKI. the chamxklt ic prc""liominaney 

contains biotite-bearing ··amphibolitilc""li·· angular fragments of Ol·gabbroic rock alKI 

··.<traight·walk""li dyh ... ·· of chamo-ckilie rock ··transect"· the Ol-)labbroic prc-dominancy 

(Ryan 2000 p. 264. 200 1 p. 141). Pcrh,1(lS describing the <;arne locality ··on th~ 

we'ICrnITlOstl""lige·· of the Ihrth COIK."Cniric Plllionie SlIite. Wallal"C (1986 p. 9) slaK""li Ih;.t 

the comact is marh,1 hy ··a zonc of [charnockitic rod)"" bearing ··"ngular xenolilhs or· 

Ol·gabbroic rock ··up to Oil" metre in length·· . W!>etllCr a x~ooli th or a pcnJanl. Gaskill 

(2005) dclinealcd a rough ly 30 m diameter ",-"Ction ofOI-gahhroic rock approxonlatciy 

l OOmsouth",cst ofthcorthob'Onalbcnd inthceomact at the west cndofBarth I sland 

Ryan (2001) J~'SCril><.""li the c"Ontali on Pikaluyak Islet and sout h of Nain Bny as 

locally Iolxltc and locally inter fi n~c"-'1. G"k,ll (2005 p_ 86) the contact ,,,uth of Nain 

Bay as ·')lcnlly undulosc", While Ryan (2002 Plate 15 p_ 147) indn""li d~pict, a k,hatc 

~"OlIta~i Ilndcrlying Pikaluya~. the p,,-'SCnl :.utllor. ha,ing ohscrH~1 t"" ",aJOTlty of 

expo",-,!Ol-gahhroic·charnockitic Wlllact soUlhofNain Bay. did nol ObS<."T\'C similarly. 

although in one sm:11I c.~rosurc {he contact i~ uIKluh;" though tk,t J~'Cisiwly k,hatc. 



Chamoci.::itic dykes intnKl ing the Ol·bearing predomina,ICY arc lin~'r gmirnxl and 

ooma;n "only rare phc!I()crysts" if any at al l. ,"wing presumably tappo.-.J rnMginai. 

phcnocryst·poor li'luiJ"and have not impaned "visih lcoontacteff~"Cts"uponthc jntrud~-.J 

rock(Rubins l973p.29,61),Ryan(2001 p. 141)spcakingofthcc'(mlacl onl' ika luyak 

Islel and SOUlh of Nain Bay, slakJ Ih:1I "irrcg,"ar and anaslo",o,ing", huff·weather"'g, 

apli ticcru.rnockilic Jykes are numcrou< in the Ol'gahbroic prC<Jominan cyncarthceontact 

and perhaps represent ,n.1gma lilt~T·pr~"Sscd out of the main charnockitic mass , Gaskill 

(2005p, 86). dL'SCribing the contaCl southofNain l)ay, dcscribcd such Jyke sas",traigllt· 

wallC<J", c~tending!l()t beyond 10 mofti1c contact, and oricnk-.J more or less !l()mlallO 

Sorrx: oUlcrops or lh~ !l()rthwesknl pon;,m of the Ol·gabbroic prLxlominancy 

conlai n anastomo,ing chamockitic dykes a,,,1 dyk lcts, though thc-c 1I,,,c not l>t.-.:" 

ol>scrvc<i 10 elllanate h'011I thcconlact (Gaskill 2005) 

In addition I() evidem chilhng upon tllC O I'J;ahbroic predomin,m"y, the present 

au thor ru.sol>sef\W a number of contact relationships Octwc ... ·!l tllCOI'gabbroic and 

ehar!l()ckilic prcdominanciL'S south of Nain lJay, including evidently kinetic and i" 5illl 

plulonic breccias, individuals "nd networks of cru.rnockn,c dykes and dykk1S, 

intcrlcavinJ;, and ~vidcncc ofm"gma mixing and nungli"g_ Note that a ki tlCti~ hfl"Ccia is a 

breccia in which lhe fi-agmenL< JPI)Carloha'e un<krgonc sign;ficant o","c,nenl inc luding 

1X)"-"blcrotation,asopposedtoani"s;,,,br~"Ccia in which the fi-agmcnt dki not undergo 

signifi cant rrlO"cmcnt and c"(miJ tflCrefore he fit oock t{}g~1hcr hy tran,lat",n OWl' 'cry 

short d'-,lal"""" if the malri,~ were rc,r.)\'~-.J, 



ObS(:rvalions of Ihe Ol-gabb.-ooc pr<~lonllna,ocy """i<lemty chi lll~l, as oontacl, 

orthogonal gradalions in grninsizc o,'cr ~"CIllimctrcs 10 dL"Cimclres, ITorn dornmamly ~"'~"I" 

L't.'1llnmicron a",1 d<.-"Carnkron-grairn:u 10 oominamly sub-rnillinlClrc and IowL"I" miliinIClrc-

graincd[c.g. l' lale3-501),wcre,l\.1dehylheprc,;cntaUlhoralongall lcnglhsofllICeonlacl 

desigmlL,1 "obscc\'cd or H"I"ywcll conslminC(f' on maps Figure 1-2nndFigure2-4(and 

IhcrcforccxcilKl ingll\CwCSk'TTIrnoslobscrvalionsomhofNain Bay,wtv."I"elI\Ceorlta"t as 

n",rpctlisconsid<-"I"edappro .• imatc). 

TIIC prc,;cnt author o~"I"n-d few examples of d<-"C"l"-1re·scalc charnock,t Oe dykes 

within the Ol-gabbmic l>f,-,Iominancy. One c .• amplcoccurs 250 rn "cSI of the north shore 

of '1hird eye pond~ wh<."I"e a dyke of 40 em thick""", scparak'S IWO ..... ,dent ty offset 

portions of lhe O I-gabbroOe pr<-wminancy, with the wesk"l"ly portion e\i<lenlly chilled 

alongtheooulh-facing lirnb of its ri£.ht-artglceontact wilhlllCch~mockiticprC(lominancy, 

yet nol alortglhccaSl-facing limb (Plalc 3-50). A thin-st-"Ction(1I61)oflheOI-gabbro,c 

pr<--dominancy from lhe cask"l"ly portion at th,s locmion COnSiSls ofbiot ilc oli'me-rich 

gabhronorile of equal volumes sob-rnillimo:.1re and Io"'cr millirnctrc-sc:rk grams. wrth 

most pJ:rgiodasc polygonal equigranubr. L'quidirncnsiot~~t_granulaT wtth dlslinctly 

elongate plagioclase throughout. Some cii"op)TOXCrlC occurs as 1,lagioclasc

pt."I"chadacrYSlicoilwcrysts,nlthougharni""rityoflhcirhoundari~'Sarcpl agioclasccrYSlal 

f.lcc.un lih in n",,,yOI_gabbroic rocks \\here a lcsscrvo lumcofplagioci ascis c'i<lcrtlly 

R'CTyslDllised and le.~lurally ~'quilibrat~-d . No thm-Srtlion "as l"k~"fl "flhe ch.lfT1o.:krlic 

pR-domirtarlCY al lhis local ion, and although the contact goomctry Inciu,ting chill 

placmlCtU is similar to :tt)olh~"I" outcrop (290 m cast. imrTlooialciy ""rth ()f "Ih in! eye 

po,.,.r') ... tv."I"C tllC appaR~ltly charnockitic rock tUTlJed oUl [0 bc~"'g to the Fe-rich clan 



(H5J; S~'Ction 3.2.2.2), the md here is whiter and thus pmhahly belongs to the 

cha",,,,,k i! ic 

At many locations adjacent the c"Ontacl, the Ol-gabbmic prooontinancy is cut by 

felsic <lyklcts (i.e. <lyk~.< lower centimctrc-s<;ak thid and thinner), at "omc locations 

numerous, at so"",,, Ioeatio"s of diwrsc orientation, ' .. ,it ll the smailcst. sub.emt;metrc_ 

sca le thick dykk1s gcneraliy rclicyoo above thcoutcrop surf.1cc(Plate 3-51).Suchdyklets 

arc infeITl..J to beat Icast generallyeltaroockitic I:>ttausc of their pro.\ imit ytotherontact, 

their C<lm'l1Only o" llOgona l disposition rebtivc to tbe contact, their locally apparent 

cma,wion from the nMili eharnocbtic pr~-dominancy(Plate 3-51), as well as sc,"cral th;n_ 

se<:tions that confrrfll a charnockiti" iJcntity(J l9, 66, 67) 

fhe cI~'mock itic dykes (and <lyklets) of the /lanh Concentric Plutonic Suite 

"PI>Caf to havcoriginatcd simii,'rlyto those ,mail granophyredykes ill the Skaergaard 

intrusIO n tlw intrude the upper 1"''' ofthc Layered Series and arc visibly rootl..J on 

underlying ferrogabbro, "'apl>Car[ing]to OO"e rcsult • ..J lrom ""ill<: fontl offiltcr prl'Ssing 

and ",grcgation oflatc iiqu idsintopipcsar,ddi llitional fi-acturcs in the partly crystal li sed 

gabhroicnmsh"' {McBirncy 1993 p. 202) 

At SOme k,eations the dykkts et1ecti\"cly can'c the Ol·gabbroic predominancy into 

blocks thereby producing a brl'Ccia (P late 3-53). Two wcll-exr"'il~l, extcnsi\'e examples 

of such br~'Cciaaredn'Cfi hl.-d below. 

Thc,,·csternmostoulcropoft hecontac1 on the onainland south of Na in Bay occurs 

ncar the northeastern shore of Pika luy"Jk CO"" ncar the mouth, and con,i,ts of an 

e"ident ly kinetic plutonic br~'Ccia with a mulliclansl (charnockitic, O l-gabbrnic. alld Fe

rich) matri.~ bearing sub-cent imetre to dccimetre-scalc, sub-angular blocks ofOI-gabb""e 



rock (Plnlc 3·54). The plulonlC br~",~ia is bkx:k·dominak-d in the surface pholograpl><.-d in 

l'lal~ )·54. but in allotl><. ... ~\lrface 15 m 10 Ihe nonh thc breceia is ehamockitic m:lIrix· 

dominalcd.bearingonlyspa"""ub·angularbkx:hOI·gabbroicinappcalll1lCe.Rcfcrring 

10 the brl"<:cia underlying Ihe surtace pholographed in Plalc3·54, the malri~ is visibly of 

variabkgrainsizeand rock Iypc·. "'Ih "","cral romroncnlssamplcdovcrlwothin·s..-.;Iions 

(11M. 9) 

Sc-.:tionH8.lakcnofardat,,,clyfinc·gminL-dponionofthem.atrix.consiSIS of 

onh()p}TOx~"fle->pcch-d (biorne·hon,blc,ide)-olivine gabbro bearing some tacially 

de"elopl"<.1 plagioclase arid minor ilmenite. apatite, and sulphides. and ofdominanlly 

kma·millimetre and sub-millimelre grainsi~es, Clinop}To.~ene occurs as "PfI<.'" 

millim<:lre a,id lowcrcentimctrt:·sealc. optically continuous plagioclasc·pcrchadaerystie 

oikocrystsofnngularpiagi<J.clasc·ink",sl,tia l habit and with margina I homblcndc (rlatc3-

55).aciinopyroxenctcxturctyp,ealofthcOI-gabhroiccianthoug/t IIOt typically 0 fthat 

OOarse",,, •. Alth()ugh IIOt c~~lcnt ;11 this th,"·s..-';Iion. relatively coarse biotite. some in 

excess ofonc ccntinlClrc, occurs intheoominanl.O]·gabbroieronionofthe mat rix. 

St.""lion IN. taken ofa rclat"'ely l,oarsc·grnill<. ... 1 ponion of the l1Iatri~. con.~ists of 

two pon",os. one relatively oo:'rse·grain<.-d and chamockitic. transitional OH ... one 

ccntmK1rc IOto the other. relat ively fine·grailled 1100 of non· Fe-rich diorite. The laller 

poni<lO()fthcSl."<:lionoonsistsofo"hop}TOxencc ] illopyro.~enc·richmcsopcnhilic non·Fe-

rich diorile. be:"onll minor biot,te. ilmeOlte. and Lircon. of~-qual ""Iumes sub-millnnctrc 

and k,,,cr·millimctrcgm,,,,. ,,"h"ICsopcnh"icncicu1cs(i.c. ncc<;l1es)lxIrcly rcsol\'ablcat 

Cl"1"lmn focallcnlllhs at 400X. The rdal"'cly (:oarsc·grain<.-d. chamo~k,t'c ronion of the 

>«toon consists of clino(lyroxcnc ,'harllOck,tlC Icu,:omollzonitc. bearong m,oor quanz. 



ilmenite, uP'ltite, uoo ,jrc<"" of d0mmamly milli metre ~!)li lowe,. ecnlimc1re-scalc 

grainsi/.cs, with mesopenhitc ackulcs nmging IT",!) resolvable at 2SX to barely resolvable 

at 400X. I'e,.haps the rdatiwly fine-grainc'] ponion ofthc section is r<:prcscntati,e of 

rock t"m~itional bctwren the ehunKlckit ic ponion "fthe matrix and the dominant, finer 

Ol-gabbroie ponion of the matrix. which ""uk] be consistent with othc,. observations 

evidencing that Ol-gabbroie magma mixed with cbamockitic magma can produce dioritie 

A thin->e<:tion(1I7) takcn from a block co".ists of (clinopyroxene

onoop)T\)xcllc)·'Jl<-x'h'il biollte-hornhlende trocwlitc, bearing some facially de\'eloJl<-'iI 

pbgtoeb", and minor ilmen ite, apatite, and sulphides of which all four are also home 

by matrix Ol-gabbroic rock and of equal volumes sub-mill imetre and lower-millimetre 

gmins. Also a< with Ol'gabbroic rock of the matrix, di""pyroxcne is the co""""t 

oonst itucntasopl icallycontinuou<piagiodase_pcrchaliacrYSlicoikocrysls, 

Other plutonic brL'Ccia< occur along tile OI-gabbroie-d~"'K>Ckilic contad but the 

brL'Cci" at the we<lernmost location is unique for posscssing a readi ly idemifiable 01 

g,'bbroiccornponcntofitsIllJlrix,and tkrcf<>rcalsoanintermc-diatedioriticoomponcnt, 

in oontmst to a single charnockttic COIllp<lIl<'nt as appears to he the casc elsewhere wh~ ... e 

fhe only pluton ic bre'Ccia ,bowing "vidence of,ignilicant block rootion occurs 

approximately lIIid"ay along the ~,(lIlta~t, 400 III dtr<'C1ly nonh of the wcst~'rIl tenninus o f 

'right cye pond", At this k)CatKlIl,the contact """'prises an approximalely SO rrt thick 

LOne or block-dominate-d pluton ic b"""Ceia eOTlsisting of dmrTlo<.:kitic matrix be"mg 

I'hancrilk Ol-gabbroic and phannitic and aphanitic gabbroic (sen.)'", ,'xch,do) block. 



Beginning utthcoutk1ofthc,mull pond (the northeastCTn comer: Figure 2-4). the 01· 

gabbroie predominancy first 1x. ... '011Ies ooticeably transccted by chamockitic dyklets. 

thcreby,onstitU1 i ngani",·i",br~'Ccia.A few dl'Cametrcs south the blocks arc sub-angular 

in spite oflxing scparatlxl by (lyk lc1s gcn~'mlly no t h i~kl'" tl~m I Of 2 cm. though locally 

swelling to a few dccimctrcs t hi cknc", (Piate 3-56). A thi n-.'~'Cti()n (H67) of matrix IT()m 

this area consists orcharoockitic '!uan.<-tcucomorllonite (lxmlcTlinc granite) of sub-

millimdrc aoo millimetre-scale grainsizc and bearing mioor clinopyroxene. ilmenite. 

magnetite. ~ircon. aoo "p',titc. The l'OaT:<Cst grllins are gencr .. lly feldspars. dominantly 

mesopcnhitc. and arc the most irregular in ,hal'" a'l<l boundary. with amoeboid composite 

gra ins of ilmctt;te and rnagnetiteapparcntly hi" ingerystallisedth eir "pscudopodia" along 

such bo,m,Jaril'S (P latc)-S7). Appmximately tv.·" li llh, "fthc Sl.'Ct ion comprises a sub-

mi ll imetre-grained l><Juigmnular. equ i,limcnsional granu lar matrix in which coarser grains 

are dispersed. constituting e"idetl<:c that the rnatri.~ here underwent defonT"'tion. A th in-

",-'Ction (H6S) "fa hlo<:k 'mm<~ilatdy adJan'nt to Ill<.> ,<'<.1ioned m .. trix ~~,"~i,ts of olivine· 

biotite-specked norite of sub-millimetre. Io\\'~'f mill imetre. aoo lesser uppo.'" millimetre_ 

scale grainsizcs. bearing minor ilmen;te ",Ill elinOp)TOXellC. mill posso..'Ssing an unusual 

texture consisting of plagioclase laths of di"cTSe ori~'''t ation intcrspo.'I'><.'d with mal,c 

"ggTcgatcs and fineT (,ub·m,llimetrc·sc" lc) plagio~lase grainsofdi\'~Tsc ,Mape (i,e, mixeil 

"regubr. l'<jua nt. and elongate) wh ich arc thcm_,d\'e, imcrspcrs..'d wnh rdali\'cly fine, 

d~'CarnicT<ln and Iov.er eent,nn;cron'scalc ,,,a tie grains (Plate 3-58). The coarser. 

rramcwork plagiodas~ laths wmn~lI\ly nh,bn ,rregubr boundaries as individu" l lcngth, 

ofboundaryfil multiplegrainsofthcl,nermatrix 



Furthcrsouth,ata Iocatkma fc'wdt.'CamCln.", ""nh thc bre«:ia's southemnle nl. 

charnockitic m;l1rix abruptly increases It) o\"l"rnll abundance, locally dominating some 

exposul"\."S, and blocks arc on a"Tngc mOre mur .. k-d. r~"ging from sub_angular to 

apparcmlysmoothspho..Tical.thctm..'Cciatho..Tcforc;.ppcnringmorckirK.1ic though locally 

sl;lI dcfinili\"clyirrsilll.Rcfcrringto(hissouthcrrtportionofbrl.'Ccia. thccltarnodn,c 

matrix ranges from dominnmly sub-millimetre (0 ul)pcr millirru.1re-grailK.-d. wilh difTercnt 

grainsi!.e portions in sltarpCllntact at least localiy. a, .. 1 mat ri.~ofall grains'l.l"Scnclosing 

blocks (I'late 3·59). A Ih,n-sccll"n(Il66)tnh~'conln i ning ma(ric~"Sofdisp"'"'tcgr:"nsi/.c 

ClInsisls of a fincr pollion of (ihno:nitc-magnctilc)-Sp.:ded dioop)"TOxc'nc-rich 

charnock;tic monl.odioritc and a (.-oarscr pollion ofdinop}TOXC",,-spcckcd chamoditic 

(ll~11ll.-rOOnLOnitc.Thcfint.Tportionisaboute\"cnlysub_minirru.1realldlowcr·millirnl1rc

gmi, ... -dandmoreor\csSl"quigraroular.(."quidimcnsional-granuiara rldtransrtionsovcrl.5 

(lnofeoarscningalldabruptdt.'Crcascinci,nopYToxenc.rlmcn;le.m .. lmagncIl!cinlothc 

eoaJ"Sj.T portion. which isdomlllantlyup[l<.·rnHllrrnclrcor .. llowcrccmimctrc_w.,inLxl.and 

dominak'<i by ClImpicxiy grown feldspar arid C03!"S(.T. composite multifcld<par (/l.ll'r. At:sp 

i. I'i) oikncryslS bcaring laciallydcwlopo..'<icl,adacr)o"!;tsofclinopyroxcnca lid Fc-T i-oxrde 

(1'lale3_60). Suchcompo,itcplaslornorphicoikocry:Slsarcalypica i ofthcchafT1ocknic 

clan (SL"<:tion 3.2.3.4) 

As with ttt., in .• ill, ponion 10 t)"'llOrlit. illsil" brcccias in the south "Iso (.-onlain 

sub-rounded hlncks (1'1;IIc 3-61). pl;,usibly due to ~"f()sion by pallral rndung and 

~uhSl"quCm rm'Chanicai rtlOWnlenl ofdisaggn'gatl'<i cornl'''n,·ntsbycours'''g~h.afT1ocbtrc 

'" 



Within ap""r':ntiy kinctic portions "fthe br~~'Cia bk,ch tYPIcally range in siu 

from se\,~'1"al to 20 em ,hamet~-r (Plate 3-62). Some rciati,dy smal l blocks in appar~"Tltly 

~inctic t>Ortions arc distinctly brown~r and n~"c or less al,banit ic. perbaps l~wc lJ<..'Cn 

cnlraill<.~1 backward, in the Ol-gabbroic prl~lominaney from thc origin1t1 margin wh~"TC 

they wl"Tcch illC<:l against thcchamockit ic. II thin-,,-'Ct ion (H63) of one aphanitIc block 

wnsi,ts of (i l menite.magnct itc)_biotit~"'SI>eekcd plagioclasc-ph}Tic g.1bbronoritc 

dominated by a nwri.~ of dl'Cumicron and town ccntmmicron plagiodase and pyroxene 

grains of polygonal <'"quigr:lIlu lar. <"quirl imcnsion,11-granular texture with·inK"Tspt."Tscd 

biot ite and composite i l menite·magn~1itc gmins. in which arc.><.1 1o".""T millimctre-scale 

plagicxlascphcnocrystsofdiwrscori.:ntationalldles,nphcnoaggrcgak<ofwur>cr-

than·mutrix though polygonal '-"qu igranular. ~'quidimcn,ional granular plagioclase (Plate 

3 · (3). Onthconehal~i.thcrod'hasan o"crallgr.'i nsi7.eand hi ata l grainsil.edistribut io ll 

cvident ofhuving bt.'Cnchilkd. but 011 the other hand. til<; rock 11,,-, evid,·ntly ulKicrgonc 

ad,·,mc,.,j textural re~'quilibration and. as ~videnced by a bi01ilC SPO. has been suhJ~'Ct<~1 

to a differential strcssficld. P,--rh.1pS the Tlwgllla. once rigidificd cnough to ImnslI1it str~"SS. 

,,,ldth<'"Tcforcha'inger)'l;laliisct.l loc»lofilsntalrix,:omponcnl sin<:e the phcno<;ryslsarc 

m;,tr;, supported. cryslallised biol ite Ilwt by sollle combinalion of rolalion due 10 

Illl"hunica l rcorganisalionofsurroundinggraim or pr,·"urc· ",Iulion a ndrcprl'Cipilat;on 

all"il,,·,1 a ,bare preferred oricntatiDn. ~t able wilh rCS I>ee1 to the diffcrcnlial 'tr~'j;' field. 

,\dWlIIcC(1 te.xl ural ~"<juilibrali<'n 10 producc a polygonal ',<!uigranuiar. l"quidimcnsiDnal· 

granular texture "an loc"Orc·ti"ally occur ""OOllt 'lr~"S.,,-~i lattIce, and sub"'-"quent ,ubgTain 

/imnatK'" and suhgrain rotatiDn rccrystallis.'tion, hOWCH'1" ,,,bgntio ",tatiDn 

rccr}'<t;lIlisatiDo produc~'S the sallie tcxture within singlc gra ins arid produce>; grainsi"c 



rL"1IlK.1ion. thereby laeilitating an overall processofte.<iural<'qu ilibrJlion.ln:lddition. 

strCSSl.~1 Ian ices arc less stable and should Illore readily dissoh'c to difl'usc their 

components to SiK'S undergoing gro"th due to Ie~lural equilibration. SiGnificantly 

strcs-""dm oot. the fillencssofmatrix Gminswould also facilitate textural I'\.·,:quilibration 

bc<;ausc lhe mlumL'!' beinG cquilibrall:d arc small and th.:rcf"", rt'-Iulre less mass 

difl"si<m to equi libmtc (i,e, to tmllsition from crysta l 1~lbil S producc"1I kinetically and 

constrained by (XIr" gC'01IlclriL'S to e!)'Stal ,"1bits produc<~1 thermodynamically and 

""n>trained by ncightK,,-,; undcrgoing similar gra in oo(,ndary energy rc"1Iuction 

rc-crySlaliisalion; as a case in puim. the significant ly coarser, intact p fWTIOcr)"tsdonot 

show evidence of Icxtur~li y c'quilibralion). The 8imibrly lextur",1 aggregak'S of co:lrSCr

than-matri .• plagioclascevidentlyrL'PrL'SCntthoscphenocr)":>1shnvcincurT<x!lal1iccSlrain 

and CQIlS<.'quem suhgrain mtation r<'<.:rystaliisation prior to textural <'quilibration, The 

,(t)'Pie31 11""ntity of tlIL'Tmal energy (i.c. SUSlaine,1 high lemperatures) [<'<Iunx! fi>r 

a<ivanL-..."1Ikxturalc'IultibratK",ofe\cnrciati,clyiincg,rainsmust ha\'cbeenpro\ldedby 

enclosing charoockitic magmas. of wblch lhere may haw beell multiple pulscs, The 

enclosing ""1gm"(5) 'n.1yh,weell1rai"",ltho:blnck for a ronsiderablc perKm ofti",c 

before o:onge,,ting nwtTl'!' or dccam\.1rcs ')(}llhWafds ,nto the hrc'<.:ci"t~"1I Ol-gilbhro,c 

prc'llOlninancy. the m~rgi" of which from which thc block was originally rluc~<~1 

Sl'<.:tK>nH63,aswnhsL'<.:ti<",)l68 fml11 a ph'lIlcritic hlock within insi,,, brt:ccinto 

the nOllh. doesoot belong to the Ol-gabbrooc cian nsdcfincd. the finersc'Cl ionwntuollIng 

00 deti",t,,·c oilville. the eoaN<.T 2·. olivine. The cOarser section is lheretorc of rock 

hc'lol1ging 10 the mlllorOI-,,,,,chx!a'KJIlI)(}g:ol>broicrod-typccian. tlw line fSL'Ctionof 



rock belonging to the OI·lr~"C anonhogahbrok md·t~pc clan. IO T"'" other "",,tKms (1172, 

78) taken f"'mch,lIed margins of the Ol·gabbmic rrooomi n.,ncyconsisl ofdccalninon 

andcentamicron·gmincd il mcnitc-Sf>CCkcd gahbroicrock and also bcar f'Ossiblc olivine, 

and thn efore might aiw belong outside too Ol-gabbrok clan, Two other gabbro,c 

scc1i<H~' ( tt 45, 74) from along Ihe Ol·gabbmic marg in dcf;lI itcly belong oUi,illc too QI. 

g:lbbroiccianbul toose havcrlousiblylosl theirolivinebyaiteration,Whalc\'cr the actual 

abundance ofolivinc·pe""oroli"inc-fre'C gabbroic rock aJongtltcOI'gabbroic margi n 

south or Nain Bay. fi,me.,.itc conK111S arc Iowe'r in oli"incoftbc n~1fginal rocks (1'0 38 to 

61)th"" in oli"jneoi"rocks away/i-o", too margin(Fo 60 to 71:dcsnilx'd in SL'Ction 

5_2.2), It i Sl 1ll:rctoreevidcnt t hatt hcn~'rgina l rocks ha\'c bccn variablycontaminML'd by 

charnock itic magma cvcn in thc abscnccofsp ,niallycorrc'f'O,,,lanl,visu all y ev ident 

indicat io",or.<uchint craClion. Asclaoorate\lonbclow._"""lCicngthsof thcOI·gabbroie-

charnockil ic contact S<Juth of Nain Bay ,how evidence or m"gma mingling "nd m,~ing 

ami therefore vi,ually 81r;bng c\'idcnce also exi,t, lh,n the Iwo n~'grnas c~chang~'<I 

eomponents. 

The most visually 'trikmg ObSl.-'1"vUlion of nident ly miu'd and mingled 01. 

gabhroic "lId chamod,t ,e magma, was made 140 on WC>;I o("',hird eye pond'" , Al lhi, 

locat ion. some exposures exhibit nlCrely e"i<:ient mingl ing, a, round~~l apparent ly 01. 

gabbroic bod ies wilhin ChMnoditic rock (I'la tc'] -M)_ OtllCr. irregularlyhctcrogl"lIOO"S 

c'Xl'murcso{vario",lycolourl\l rock ap[ICartoR11fCl'Ctl t ,ninglingcom hincd with mixi"g 

(plates 3·65, 66) , Or;ginally charnockitic portion> ".,em 10 haw undcrg",1C cry,t,, ) 

Ibetlonati"n. w;lh pin~ish feld,par phenocryst' sC'1 in a dar~ grc'Cni,h matrix and 

'" lJnl«,.,>d.""Ir.1mnc"foond,hc"T<Of'nf<rr«l l,r.,,,,,",f,oo,.n,,-,,< .. I,·,, ,dc""""t"",,,,,,, 



conccntrah:d about the margmsofthe.sc portions. Perhaps mas",-"S ofcharnocklt lC magma. 

havin~ marginally rigidified aga inst by emb .. :dnwm within the chIlled m;,rgins of 

originallyOI-gabbruic I)onions. were then intn."kd though their unrigKlified (i.e. semi-

crystallised) intcriorsby ti1:sh Ol-gabhroic magma. causing significant mix ing therein and 

c\'cntuallycry.tallisingthcat}l'ical d:,rk grt:cnish rod. Unfortunatcly t ..... 'SC colourful 

e.~posurcs" .. eretoosmoothtooblaina""ml'le. 

1nc mo" exposedc~aml'leofvisuallyevidcnt mingled mtcrnction occurs at the 

wan.~was""'-d ~'3S1crn coastal exposure of the OI·gahbrOlc-chamockillC contac!. At this 

iocatioll the Ol-gabbroic predommancy IS c\"Klcntly chilled against theeNITrlod itie.a. 

rockofdominamly.<ub-mill imctre_sealc grainsi/.c against typicallywarsech:'rnockilic 

rock,gradillgO\'CfseVl'rulcenlimctrL"S into rock ofwarscr. though still dominant Iysub-

millimetre-scaic grninsi~c. g!"lIding in tum OHT a few metres into typically coarse 01-

g:tbbroic rock of dominantly millimetre-scale gra insi/.c. The comacl is klCally complex. 

thoughr .. ~nalllssharpwiththeboundinHrocksm"rcork'"S.Strucl0rolourandappc;'ralIO:C. 

and is tht.Tcforc evidently mmgil"'. w,lh the scales of grainsizc g!"ooation as cvident 

chilling locally variable. S[l<.'Cifically, rod of the Ol-gabbroic pr .. -dommancy hearmg 

hght-coklUr, ... lfcldsparxcllocrystsirrcgularlydisscctslhecharnockiticpr .. -dominancyinto 

tallCring and branching por1;"fl' (Plate )·67) . .,ome no more than wisps (Plate 3-68). 

Sc;,ttcrl~1 within the charnock!tic pft.~I()minancy "nhin at least 10 '" of (he eont"ct arc 

irrcg"brly-shapcd \"olulllCs and sub-an~ular to n'uoo~-d blocks of the Ol-gabbroic 

pr~-d"nHnancy, 'c,"eral to 80 elll in dia"lO:t~.,. aoo ocarmg hght·Ct)~)ur,~1 felds""r 

.~coocrysts (Plate )·69) 



A thin-section (H35) ofOI-llabbroic rock of prooominaocy-!}pical W"ainsize taken 

five or si~ mC1rcs away from !he cnilkd COlllaC! here consists of (ilmeni!e-m31lno.1i!e}-

bio!i!e-'IX'Cked ortnopyroxcnc-olivinc Ilabbm of k,wcr rnillirndrc and k,s..'r sub-

mil li metre and uppcr.millimerre-s<:n lc IlfJin,in~. WiTh cl ioopyroxellc as pl3lliocbse-

1'<.'1'chadacrysticoikocrys!sandt li ecoarscs! componcn! of!he rock. all<i be;lrinll minor 

horobkndc.zircon.3pu!ite.all<l suiphidc.l'ialliocla.",islllomiYC<JuUIl1.k"lS"oirrelluiaror 

elollilale ill shape. all ..... i!h polYllonal or smooth boundaries. A s~'C!ion (1137) of 

charnocki!ic mek taken !hree mdrc" ITorn The comaL1 consist, ofpyroxcnc-SIX'Cked 

cnamockiric quartz-Icucomonzonile of ~'qual volumes sub-millime!re. millime!re, and 

lower cent imclre-scale W"ains. with feldspllr as nICwp,:rthite ",Kl bscr plalliodasc, 

bearing minor ilmeni!e. magne!iTe, zircon. and apatite, A section (H36) of the Ol-gabbroic 

predominancy immedia!ely adjacem the charno.:ki!ic predominancy (Piale 3-70) U,,~,i'IS 

oforthop)-Toxclle c!itlopyro.\cnc-rich chamock iric monzonite, of ,ub-millilnerrc and 

lesser IowLT millime!re-seale gmlOs. ocaring mi"or quartL. ilmenite. sulphide and Lir(~)[]. 

as welt as mil1imelrc-s<:aie ~ellOCryst5 alld xenoaggregatcs of quart~, pl"-~IOCrystS'" of 

plagiocla<c. and phe'lOaggrcgatcs ofmi~cd quart> and feldspar. NOle IhaltllOugh of the 

charnock i!ic clan rlIC rock s<xrion~tl nonethelcss beloncs to the Ol_gahhmic 

prC1;lominancy b<..-cau!iC il is e\'idcnlly a chill thereupon. grading in W"a insil.c and 

(presumably) composition away IT",,, the C'Olllacl !o OCW11I<' Ol-gabb",ic ",,·k. Til<; 

.... 'Clio,"-"'i mck ",1<1 O1 hcr evident chills lore thcrc!'JrC integral parts "fthe Oi_gabb,oic 

pnxlonl;""ncyandcannolocunifiedins!ead"i!i1tll<:charno<;k,ticpn-..]",,,ina"cy due to 

·" ··Phrnocl)~t" .nd··p/1roooggr<jl"c" oclng grncral ",rn".ndnOlc«lndingc"iocn' ,cno,,,Y"""
xcnoourcs"« "here., ·· .. nocr)St'· and ·"),""oo~gr.~.'e" u<eJ •• ''''I''-''''od 



the sharp and obviou, grainsize C()nlact separating them, Se<:lion (B06 T) also irom 

cvidenlly chilled rock oflhe Ol-gabbroic predominancy Ihough "ot imm<~lialCl y adjacent 

the elmm",:kitic, consi,ts of [(i lmenite-magnetite)] P)To,~~1Ie-rich ehamockilic 

monzodiorite of su\).millim~1 re arKl les,cr low<'1' millinK1r<~><:ale gra i ns;~es, with fcidspar 

as p lagiocla<e arK! l e~scr mCSOIICrt hi te, arK! !)coring minor apatite. zircon, ,ulphidc. and 

quart>. Thu,itiscvident Iromlhcroek tH><--sPrc"'TIt in thescscdions that outm)psthat 

by tield appearance ,how cvident mingling but minimal evidem mi~ing le,g, in the 

prc..,m case, sparse ~c"ocr)'Sls) may be c,,;(ICtltly mixed "coording to mOre cryptic 

criteria, such as Trulcro>eopically camouflag~>d inkrTTJWiatc mek types 

Of the four thin-s<-'Ctions Inkell ITom this location, only the OI-g,1bbroic Stttion 

(H35), taken '1lC1rcs back int o the Ol-gabbroic predominuncy, be"r> any hydrous 

",illcrals, Conv~'1'scly, of the tour lhin-s<-'Ctioll!i. on ly tllC ",'Clion (1137) laken metTes back 

inlO the eharno~k i tie prc>dominancy bear> pc'rcem level quat1z (c~clud"'g evident 

xcnocr)"St, in 1136; Plate J-70), T1IC in tcnnc'd iate sections (IIJ6. B06T), bi:ming minor 

quat1~, arethercforeofroek evident ly (Tystallis<->d ITom m"gmas ha"ing harelYJCh,e,"cd 

,ilica ""turalion during crysta ll isation_ Se<;lion 11.16 n-om immedialely adjoccill the 

charll<>Ck it icprl>dominancyha.fc1dsparasmeooperthitcandlcsscrpiagioci,"c.thcSlIrnc 

as sc<:tion H37 taken within the rrl~lominal1 Cy, find in bolh nlCsopc'1'thitc 'lckuks range 

n-om re""lvahle at 25X to i:>"reiy resolvablc "t 400X. 111 ,~"tio" B06 T fddspor 

abutld"tlccs arc rc'cT",>d. withplagioclas.-:inabundanccoH"T 1n""'[lCn il1tc.OflhcfilUr 

st.'Clions. B06 T and Ol.gabbroic S<-"Clion H35 c<clusi,·cly ,hare the pr~'SC,lCc of IX'1'ccnt 

level Fc-Ti-oxidc. and B06 T. 1135. und 1136 exclusively ,har<' the prc..,nce ofnHtK)f 

,ulph,dc 



Arcally ~xtcnsivc Iowcr Inclre-senlc int~Tlca\'ing occur,; at two lo,aliQns along thc 

cxposed length of Ol-gabbroic-charooditic contact south of Nain Bay, At OIlC location. 

370 m we.<1 of ' lhird eye pond" (and 130 m w .. ",t-southwCSl or thc mi.xed kinet ic and in 

sim br~-ccia dL-scribed abovc; Figure 2-4), lower metre-scale thick elongate bodies of 

altematelyOI-gabomicandcnarllOc\;ilicprcdomin3ncy intericavepcrh;'pssc\'eraltimcs 

going rou;:hly non h-south (i.e. pamllel to contact) . Stemm,-~I interlcaving. in which 

thinner. dccimetfC-sealc thick ekmgate b<>d ies bifurcate offlargL'T OIIC:S aisooccuTh here 

At the otOCT k,cation. within perhaps 70 m cast of --thi rd eye pond", IowLT metre and 

d~'Cimct rL"'s<;alc thick elongate bodies of alternately Ol-gabbroie "lid ehamockitK 

predominancy similarly interleave (Plate 3-71), with ,ome bodies of Ol-gubbroic 

pf<-dominancy having been obscf\'L~1 evident ly chi lled along both non h and ,;outh 

co nt ac1S. ulcally within charnoekitic portions arc mu,,,bl elongate bodies ;lpparcTi tly 01-

gabbroie (Plnte 3-72). and on that note, wherctennin;ofintLTicaq:dorinciudL-d bodi<'s 

WLTC observed in both int ~rI~av~~1 zones they arc rolJllded, PeTI""", such IIltcricavlIlg 

rt.'Sults from the ",Ialive mol;"n bl.1"'~"'"11 p.1rent ntagmasofth<: two pr<'llonllnanc;cs, with 

One intruding upwards against the margin ofthc other, splaying ofrclongatc molten 

masses reflL'Ct ive of the Imninar motion of the n~lgma 

An elongate oody ofOI-gabbro;c I'r .. ~lomin,,,lCy itt the e"stLm i.OllC ofinkTlc:t"ing 

was obsc,,",:d to possess a margin cvidently chi llC(1 at One location, grading ovcr a 

magnit ude of !7ain,izc ""cr 20 em, but where clearly obscf\'ab le 5 m west wa, al,par<.~lt l y 

llilehilkd,o'pc',hap< with an cvident chill b:trclydcvdllpc>d. A Ihin-'il-'<:lion (J178) of the 

pTOnoullt ... >dchili cons;stsofi lmenitc-spceh>dgabbroic rock, IIlwhKh tllCprt.'SellCcof 

oli,,;ne;s uncertain as with scctions(Jl63, 72) of other c\'idently chilh.>d rock of 01-



gabbroie pr~-dominancy, o f <'G ual volunK'S d~,<:amicmn "ro<l c<:ntamicron·scalc grains. with 

distiTlCI plagioclasc iaths ofdivnsc orientation throughout , and bearin g minor magnctile 

A section (1179) of lllC non·chi ll or minimal chill consistsof ilmenitc-biot ite-sjl<.'<:h<l 

olivine gabbnmorite of sub_mil1i mL"lre and lesser Iowcr millimclrc-seale grainsizes, wit h 

plagioclase th" COaThCsl ""nstitu@t and mostl y as diversdy oricnted lalhs wilh variably 

straight boundaries. bearing minor Ijrconand sulphide {though evidcnl ly no nwgnClite), 

and manifcsting le .• lurally as a mixture sullophiti". hypauto,,",urphic imergranular. ami 

comparalivdy fine equigranular. L'Guidimensional granular (Plate 3-73). Perhaps magma 

parental 10 tllCOI-gabbroic pT<-dominancydi<l not move evenly against the houndaryof 

partially >i(,lidified charnod:it ic magma. inSlead some portions rooving "' ilh greater 

velocity and therefore not having opportunity to ch ill . adding heat to adjacent 

charnock it icntagmaandthL1"cbydl"Jlriving ilofthe abililytochillthe magnm tilat would 

cvcm uallyscttfcaga in"tit 

Finally. there arc scat1ercd small bodies included wilhin the dmrtlock itie 

predominancy Ihat ha\'c toc appearaocc of having been fornK-d fi-om magma par~mal to 

the Ol-gabh"'i" pr<~lominancy if not being actuall y Ol-gabbroic. For e .• ample. 

approxinmdy 40 m south of the zone of inr<"1"lcaving last described. e.~post.-d ovcr a lew 

squar~(kcil)letrcs issub-rnillimctre-grair'K:<l rockbcaring fddsparaoo quart.lxenocrysls. 

apJlC"ring tu he of more imermc-diate coml""it i"n than Ol-gabbroic. perhaps dinritic or 

charnockit;;:. Conwrsdy. a smaf l hody has l>ccn observed wilhin Ihe Ol-Ilabbroic 

pr<~!omina"cy 70 m north of Ihe WCSIl"1"rl tcnllinus of 'lhird cy" pon,.!"' lhal c"idently 

cons;qs of rock rtpresenting a mixture of magmas par~ntal \() the charnockitic and 01-

gabbroi" prl"<.iornirmocrc., (I'late 3-74), simifar in colour 10 the evi<le"t mixture (kscribed 



350111 to thc wcst·southwcst (1'luk'S 65. 66). The rock at this ~K:ation consi,tsnfa dark 

grttnish bro,'o"n m:ltrix bearing pink tddspar crystals and c"ntilllctrc·"",k: blods of 

apparently Ol'gabbroic rock. Whcre e.xposcd the contact b..1wccn tll" Oi·gabbroie 

predominancy aoo the body is sharp (Plate J.75) . Pcrhapsthis bodYTL-pTe>cnts a tube or 

dyke of hybr~!ised magma inj~'Ctc<1 obli 'lt'cly northwards int o largely cryst ~lt;Sl'd 01-

gabbroic rock rrolllt hcmain contact wncwhcrcitoriginatoo 

llli£jcl'loomw::anhy o(the O)·gahhro;c rock.twc~ 

The tield appear~ncc of the Ol ·gahhmic prl..Jominaocy has becn dcscrib....J as '"pallO 

greyish grttn· to brov.n· ..... catiJcring·· (Ryan 2001 p. 141)aoo "bufrtobrown wea thering. 

with reddish stains where ol;vine ;sabuooant" (Gaski112005 p. 62). The pTL"scnt author 

generally ag .... ",:s. haying ob,ervcd the Ol'gabbroic predominancy south of Nain Bay as 

grey to pale Greyish Gr~"n-v.cathering. ,,,nrcS<) inland. to buff 10 hrown·weathering. 

moresoalonglhccoaSl.withr .. ~tdishstainslocatlYl11anifCSlon;nta'ldcxposur .. -s 

Thccariil";St dcscr,plionnfthe field pctmgmpliy of the Ol·gabbroic rock·t}'\X'cla n 

isthJl0fRubins ( 197Jp.24).spcakingoftheOI·gabbroicrock·t}pcprcdom;nJneysouth 

ofN~ i n Bay. who stalcd that dl,lsity·gra,kd rnoda l laycring is common. with individua l 

layers a tCw to 20 em. and of ,'ariable orientation "oyer short distan"..,s·. at some 

locations appeming ··chaotic··. Xh}1hmic mod~ 1 laycring of "cnnsistcrit orientation is 

vi.,ib lc in lwo ~)("alnie, n"rth "fNain Bay" but ,s ah,<,nt south oft\ain Hay. Speaking of 

lhc Ol'gabbroic pr~..Jominancy w"th of Nain Bay. Rt,bins (1973 p. 59) sH;d tl~,t l aY~"'1"ing 

is''\ocallycontortcd'' toouglt''noslul11()structurcsha\,c b..'C11idcnlifi .. ..J··. D"W:",rdand 

Mu lhcm (1973), perhaps only r~f\'rr;ng to the Ol·gabbmic prl"(lominancy north of Nam 



Bay. cOITohorate the I()ca l I"escncc of density gra<b! mOO"1 layering. which Mulhern 

( 1974 p. i. 27). rckrring lIorthwards. d~scri rn..'<.l '" "poorly dcvcklpe<l" and ~vid~lIt "on 

wc,1t hcred suriaces", Ryan (200 1 1'. 14 1) stat~'d thaI the Ol-gabbroic pn,'<.lominaney "is 

generallydevoidofsh.1rplydcwlope<llayering.bulhasdiffuseanddiseoll1inuous 

wmpo,itiona l vmiation, in p la~~, I,uch ",onlthe south shoreofNain Bay land the l e<llSt 

cOO of Barth I.,land. Gaskill (2005) descrirn..~! n'W"lallayers a, diseont inllousand generally 

One cl"Tltimctrc to OrIC d~eimdre thick. SolrIC relati vely mclaOO~T~t ie laye,.., north of Nain 

ilay cvidencc ducti le def",mat ion as mcsoscopicz_an<l ,<-shal''''! fok!«Gask ill P lat~"S2-

9. 10 p. 114). As li,;;1 pointcd out by G"skill (2005) and ~orroboratL..! by the present 

author. rod of the Ol-gahhroic clan" comrnonly e~hibits plagioclase SpO. IlCwr<iing to 

Gaski ll (2005) parallel to mOOallaycring til<Jugh toc present autho, ha, not oOOcrv~..! them 

bothdefmitively in the sa me e\posure and CtillllOt 5.1ywhcthcr strict co tlCOrdancc isthc 

cas<" tnoughtheyhm h hroadlyparalld theC<lnlactarxit her~f()rccachother in strike 

Gaskill (2005) ohsefvc"! that within 100 III of the charnockilic conta~t ,.,lIth of 

Nain Ilay the Ol-gahbroic predomina""y aPI'"a"l to be unbyercd. a g~"nCralisation 1nC 

prescnt author view, suspici<lusly gi ,·~n t)H: lack of detailed i.'Ontact rdationships 

,cponcdcd by Gaskill (2005), althollgh the pf~scnt author obs<.'Tv~..! Jlo,) layering to 

contradict it. "or any f(, liation. (,a,k ill (1005) al«, relX'nc~l, that the Ol-gahbroic 

predominancy adjaccnt fhe COnTnct underlying the eastern end of Iltirth Island 

unlaycrcd. untoliated. aTldgrcy- w~ath'-'Ting 



rhe present author orn;"rwd Il.odal layering upon scvcral, nkJre Or Icss clean 

wealher~-d surt:1CCS oftlk: Ol-gabhroic prl~lonllnancy south of Nain Bay, In each Ca$c, 

layering manifcsts as centimetre-sca le thid and t hin n~'f, morc or less di":''Ont inuous 

relatively melano"mlic layers withi n the dominant n,.:socmtic rocK. I'm'lOu'lCc<l moda l 

IaYl'fingwasobscrvcd at Iwo lo~at ion,.oncroughly"l hirdof thcwaygoingeast"long 

,he length Ol-gabbroic coa,t line, whcr~ Ihe luye..-ing appear, only locally manifest (Plate 

3-76), the Olf,.:r 80 m inland along a hi llside overlooking lhe pr<"'OUflCl-d embaymcnt 

midway along the coast, where the laycring ' is morc c,~tcnsi.'c and of "",,,cwhat 

anaslOmosing "h"ractcr (plale 3-77), DitTu", modal layering. variably und\!losc, was 

observe'<imonlYI"·olocalio,,,lhoughitmichtbccommonbcocath the lu,gelylichcnak-d 

surf"ec, One k",ation is appro1imiltely 2 km soulheast or Pikaluyak Islcl, appmximately 

i 00 m Il(lrth of the ehamockilic ('Ontact (Plates 3-7H, 79), Ihe other approx imatdy 250 m 

cast of til<: prooouncL~1 embayment midway along the ~oa'l (I'lale 3-80) 

Spcaking of the Ol-cabbroic prL-dominancy SOlllhofNain Bay, Rubins (1973 p. 

24) describo::d the r<,..k a.~ cctl\.'fally n hibiting "wdl-dcfin~-d oph,t,c tC."urc with 

plagioclase up 10 5 mmlong"though lo(a ll y"granular wilhout ophilic tc~t urc·-. A.< well, 

scareerclat ivclycoarsc-grainc<.l indusions"appcar to have bc<:n paniallyaSSll11i ia1l'd by 

lhe ... lxxly. The<;e inciusions look li ke a coa= Icuconorit e, bul in Ihin scct",n pro.'eto 

,on1:lin significant oli vinc"', Th~ prescnt "uth", did !XlI rome across (he samc_ bu l "I the 

sallielocal;',"asprcviouslymct"ion~\1 approxilllulciy2 kmsoutm,astofl'ikaluyak Islc!, 

ob,;crH\f a rcctang,,)a, .• enolilh bearing centimetre-scale blueish "hile fi:ldsJX'f "lid 

locally of graphic gr,mile and sUfTou,"iL-d hyunupparcm rcactionrillli (Plale 3-79) 
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nIC01-gabbroicpr~-d0I1linancy u'M](:rlying lllC northwesternllM"t <'xlx"uresouth 

of Naill Bay contains blueish xelloliths of pl"giociasc·leuoocmtic rock (JX.,-haps 

anortoo.itc). ckmg"ie exampl~s of which ranging in size fmm 5 m Iollg by 50 "II thick 10 

50 em long alld of km'{'f centimetre·scale undulaling lhickn~",<. and all ~"luant. ~ub

roulICblexampleofwhichbcing 20cmindiaule1er(Platc3-8l).Bcigckucocrati': vcin, 

arc common in the area and lo.ally arc stemmed in tllC boundaries of the pbgioclasc· 

icucocraticinciusion_(l'ialcJ_l:!lj 

Roughly 50 111 soutllCast Oflhcoorth"cslemcxtrcmityoflhc BarthCOll(;':lItric 

Plutonic SuitcsIJuthofNain Ilay(rcally • • outhofl'ikaluyak 1,lcl),a sevcral square m~1rc 

e~I)()Surcclleloscd byoovcr is un .. krlain by variablyomngislt ligltt grcylo beige aph}Tic 

IcucXlcraticTllCk bcaring <harply·boulld,ccntimctre-scale allCl largcrsu o..angularblocksof 

appar~1lt l y Oi-gabbroic rock. The OO,t is of dominant ly sub·millimetre·scale !lrainsizc 

tIK>ughk)callyabruptlybo.'CnlllCsofdnminant lylnwcrmil1imClrc_scaic grainsize, ",wllhc 

bk,cks arc' of dominantly lower millimctrc_scalcgraill8ilCatMI arc pcrh aps shghl lYCOi"ocr 

lh.:tnisl}1'ical for(IICOl-llubbruicprl-dolllinanc y. Pcrhaps(hc lcuco<:ra(icmatrix"t (his 

Inca(ionandthelcm:ocralicwins comlT1oninthcarca(e_!l_l'late3-l:!ljrepr~"'ntthco;:'mc 

in(ru,ioll,r<'Th~psanaphyr,cchartM,ck,tic"nc, ill1otheOI-llahbmicprc-domlllancy 

~l~sall,j!hin-"-"Ii<,nrc(rrwmphynf(heQl ·~abbrojcroc].;-()J~ 

TllCspcdftcrocklypcsobs..1"v.:,joflil1:clwmockilicrock·(ypccianarc: 

[hi<>tl1e-olivinclgabhronnritc(G29): 

• olivilleleuCOllabbro(G78, 116, 19(): 



ol;v;ne leu~~)gabbronori!e (116. 15. 16. G52. %, 99, 109. 111. 112. 113. 130. 131. 

133.135. 136.170.243.249): 

(I(biot;te-hombkndc)J-ol;\inc)kucogabbroooritc(G214): 

o!iv;nc-gabbmi,I(1147): 

olivincg,1bbro(G56171. 188.189.223): 

onhop)TOxcnc·olivincgabbm(H35.62); 

(biot;I~ ... hornblclldc1-olivinegabbro (1l8 ): 

o1ivinc nome (1!23,J2): 

Ibiotitc-homblcnde]-ohincoontc(G64.124); 

olivine gabbronorite (1151. 70, 79. G37. 86, 134. 1791: 

(biot itc-olivinc1 gabbronoritc (G250): 

b~>tilc...,livincgabbrolloritc(G281: 

ilmcnl1c-[(bi<H l1 c-ilomblen<ic1]-.olivincgabbrooorilC(GI28): 

ol iv;nc-richlcucoooritc(Hll1: 

oli\';ne-richlcucogahbmnori1C(1114.G80. 1061: 

olivinc-f(chgabhm(1117.GII~): 

nli\'in~"'rich tlOri!c(lI24): 

olivinc-ridl gahbronorile (IIJO. 48. 54.69. 101): 

hk>tl1col;v;nc-richgabbroooritc(1161): 

Ibiotltc-homhlcndclo]; v;ne.richgabbrooorilc(GIOJ. I().I): 



Icu~"()troctolitc (HL}, 4. 5. 12. 13.20,21. 22. 33. G44, 72. 74. 76. 77. 79. 94, 97. 

108.110.114.1 15.119.120,132. 140.142.145.155.165, 167. 168.169.177. 

178.184.192.242.245.246): 

[(bioti tc-hombkndc) jlc(,cotrodolitc(G236): 

jbiolitc·hornblcndcjlc"rotrocto!i tc(G I05): 

mc!alrodoliw(HI9); 

troclolitc(H26. 27. 28, 29.31. 34.40.41.42. 44. 56. G32. 35. 73.88. 89.98.122. 

148.149.186.237,247): 

[homh)~nd<}-biolilcJ II\}\.'!o)i lc (1143, 60): 

[biolilc-oomb)crI<kjlroctolilc(GI2 1): 

hiotit e-horn hl~ nde lroctoli te (117) 

A b.'sic pat tctn is app.,n:nt in 1hc dis1ribUIi<Jn of gross co lour index in t h~ 01. 

g"bbroicc]"n. 1)",1 ,,!'mcwcmtic rocks ""curring prcli:.TCrlli"lIy"djaccrlllllecontacls in 

contra$! to leuC<lcratic rocks"ccu!Tingprcf~>rcnllallyaway from lhecontac1s. this patt~'TT1 

being most pronounced (mkl most assessable) soulh ofNain Bay (Figure 2-2). 

IA,wer mill imetre-_'lCalc grams arc vo luml'lricaily the mo,! abundant of tIle 01· 

gahbroic rock-type elan. with m"~l thin-sl'C1",ns citIK>r dominatl>d by them Of donHnatc>d 

by a rough ly ",<uJI C<lmbinat",n of,uh---mil li md re and lower millim~'1re-",alc grain" The 

coarsest grains in most sccti<Jns • .re of\JPp<..'!" "'illimel rc'-'lCale. though the ooarse,t gralils 

irlmany ""ction, arc o!-lollcrccntinK1rc'",a ic and in a s111.,I)(-.. minorilyofscetion~ Ioller 

mil li metre.s.:;ale. Wilh plagioclase or oikocry,ts of eIinoP>TOWllC coml"ismg tile co,",,,,,t 

gnlinsthronghanyg;\,cnM\;lion 



Plagioclase is the only felsic minL1"al evident in the Ol-gnbbroic cI~n, The prescnt 

author h.1S spent the far more time examining Ol-gabbroic thin-51,<:tions th:m ~11 others. 

ofknuoocr400X magnification, and it is thcrcf()re safe to oonclude that any quartz. alkal i 

fcldsp:tr.orperthitepTcsentareexcccdinglymrcorsubmicroscopic 

Thc texture ofplagioclasc in the olivine-gahbroic clan is cWTyv.here one of 

evident slmin and partial rccrystallisation,tooughthedcgrccofc.ach var icssignilicantly 

bct .... ·""Cnthin-sc'<:tions. tium minimal a,ld Iocai to pervasive. Withth.1t s,1id. 11I0st scctions 

Tctain a significant if not majority proportjpn ofl)lagiociasc grains distmct ly ek"'gate and 

thncfore relketi\'e ofkinctical ly controlltd primary growth. Partial T\."ry'tallisation is 

e\'i dcncc~1 as grains wnh polygonal or smooth boundaries. variously of elongate. c'<juant. 

or irregular shape. "lid locally occurring tOgl1hcr as relatively finc_grainl~l. more or less 

NJuigranular. c,<!uidimcnsional-gmnular doma ins (Plate 3-82). Present S1min is evidenccd 

assubgraindc\'Clopmcnt.bcnt,ta(l<.1"l~L"nddiffuscalbitclwins(Platc3_8Jl.andrarclyas 

inward-tapering. pendinai deformation tw ins (Plate 3-84). Past stmin is evidenced '" 

relat ively fine. "'<luam grains with po lygonal or smooth boundaries having therefore 

plausibly fornK~1 bysubgrain rotation rl'uystallisation (Platc J-8S) 

In general of the oliv inc-gabbroic elan. relatively ooar"", grains ofplagloda"", 

oommoniy cxhihit cOIl'picuous COOCCritriC zon.11ion. ar.d thus crystallis.1tion by 

hclL1"adcumulu<gro ..... th isinc\'i<lcncc 

TliustheOI-gabbroiccian is similar to thc Fe-rich in that in\>Qthulithm -'i<x'tlOncd 

rock sho ..... s c\'idem;e of dcfimnatK>Jl, The Ol-gabbroic dan is On the \lhole 11101'1' 

kuct)cmtic (plagioda"",-lcuwcmtlc) tI"," the Fe-rich. aTld willi the nCL-Plion of 

rbgiocla'IC rlastom0'1'hic against ,o l ul11~1rically miTIor facially dneloped oli' inc in 



som~ Ihi" ->(X;lion.<_ a ll other mineral. In the Ol-gabbroic cian arc ultimatdy i ntc~titial 

wil h rcsJX'Ct to plagioclas<:, ~ithl'T having ern.bl up there by mechanical accumui.'tion or 

plIssivccnrncshml"Tlt(early o li vine) or having cr)l'talliscdin theintcrst iccsofthc 

plagioclasecrystul rncsh(latcroli\'i,,~anJ" 1I othl'T minl'Tal,). Thus any .train imposed 

during ~Hrlycry'tallisation woukl have b..'Cn taken up I>ythe plagioctasecTysta l mesh. as 

it cvidcntly was 

The Ol- gabbroic el",t is also similar to the Fc-rich in tlull many thin-St."'tion' 

C<lntainopt ica lly continuous p>'To.cnc oikocry"ts that prccludclhe possibility of 

pcrvasivc slrain alter advanced cr)l'lalli,mion (i .c. near,;olidifica tion ).lncotltra>lwith 

the Fl~rich dan, in the Ol-gabbroic thc oikoeryS1S are g.:ncral ly d illop>TOxcne (SOntC Ie" 

volumi'IOU5 oikocrysts arc orthopyroxene) and commonly 1"""''' th~ familiar angular. 

space-lilling. pbgioda<c-interstitial habit (Plate )-S6) in which 'lIOslly longitud inal 

crystal faces upon plagioclasc dc/inc ungular intcr,ticcs with R'Spccl 10 which the' 

clinopyro.\CIIC uikucry,ts arc pbst()lnorphic. Wilh l hat said, I hcshap"-<oftheoi k,,~ry>lS 

are locall y IlIO(lificd by tllC impi ngcm~nt of other int~~titial minerals. The uikuCT}";1S are 

plagiodasc-[X'Tch"dacry'lic. meaning that tilt. volume rat", ofpbgioda", chadacry<ls 10 

dillOpyroxcnc oikocry,l is high. with ind ivid ual o ikocry,t, (minus chadany,ls) tllt.r~f<"e 

Opt ica lly cominuous. cxtcnsi,'C dillopyro'cncoil:ocrysts (i.c. sp.1 tln ing m\l lt;plc 

scct;ollCd inkTSliccs) "rc cummonly pr~scnt in Ihin-sect iuns of the Ol-gabbro i,' dan 

thoughmanys~ct i on,bckthem . NOllCthdc<s.,11 blJl rough ly a dOlcn th;n -scctions arc 01" 

rock not pcrvas;vctydeform,:dorr~'Cryst, ll i,(.xJ, with "viJ""t ,train and rC'<:ry,ta lh,at ion 

g~1\t..1'ally lirnik-d to plagi"cla,u a, J~scrlbtod ar.ovc . Tilt. mughly dozen '~'<:lk"'< "f rock 



thai cou ld he interprctedashavingt.cenpcrvasi'·ciydcfonn':i.l aTlJ rc"<. Ty'lalli'c-d(Il60. 

G28.29.64.l04.po»ibly:G37. 73. 88. k9.94. 103. 11~.134)areallb\lloncfromnorth 

of Nain Bay. the majority from the IKlrthwc"Slcm COml"T w;lhin or jusl outside the 

prom;nent "poeht", two of the ren~~;ndc"" (G28. 29) from the scatk"T('-.J portion w;thin the 

Fe-rich prc-dominancy 2 km t() the [Iurthea,t, onc (037) from adjacent the I·e·rich cOllta~l. 

OIlC (~I60) from adjaccnlthc ehamu<.:kilie conlacl south ofNnin Bay. the finallwo (GlI8. 

134) from the prominent hillnortheasl of the Ol-tree ,mortlKlgabbroic prc-dominancy 

Ancarl;crstudybytheprescnlaulh",of fivclhin-=lionsoftllColivinc·gabbroic 

clan south ofNain Bay (0242. 5.6. 7. 9: 11inc1lCy2(04) IKlted ;nSOrl".,oflhceoan;C,1 

plagioc1ascgrains irregularly shap<:d evident dissolulion holklwsoccuplC~! hyoikocrYSlic 

clinopyroxene in addition 10 Olhcr in1erstilial minera ls. The boundaricsofthchollows arc 

eitherslmight and pamlld toachara~1cri,ticcry'talklgraphic plancordisl inctlycurvc-d. 

that is. ",orespccifically.cilhl"TCvidcnlIYS<."COlldaryeryst,,1 lacesoreurH-.J tran>!tion, 

helw .. ..,n evidently secondary cry'tal laCe'S (Ph,le J-87). The hulk)w, "cre inkrprdc-d by 

Il itlchey(2004) to have re,u lt ed from a rcheming cv~nt. w;lh tnc k>cat~"'J I irregubrityof 

OCcurrCIlCc intcrprdoo to haw resulk-d from the patcnydi,trihulion of interstitial mcit 

about the coa"",,1 pbgioc lasc grains due 10 illll'ing~"IIIcnt byadjncent fincr grains. alld 

morpbological irregularity of occurr~'tICC (incurs;,·c gcometries) ;nterprdcd to ha"e 

re'Sulted frOI1l prcl ..... rnttial di,,,,lut;on of tne Ill"st strainl-d IattiCl·. Thc autbor add, 

prcscrltlyth"t insofarascauSl-.J by a r<·hcatrngc,·cnt. ronc",ofk>"cr t cllll'crature 

plagiodasc ""uk! al"" prcferentially di,wlw. but also th"t reheating rna y n"t oc 

IlCee,","yto ror", such d;,,,,lution holk)ws. tnat Illcrclythe itnpartati"nofSlrainellergy 

into the Iallicem"yha\"cocc1\ctlOughto locally dc'slabiliseplagiodascat theprcvai ling 



tempcrmure . Also, the author must presently expand on his earlier imerprC1ation that 

dissolution occurred from interstit ial melt in ward, since some might conskler it 

inva lidattd by t h~ basi~ phy>eical lad that melting occurs dc novo whenever mdt bcc<Jmcs 

stable in a system, However. in the microsystcm (i. e. local system defined by se~le of 

most responsive diffusion) [interstitial melt + relati ve ly coarse plagiod """ wilh melt 

plagioclase rat io 1:1 ] (Figure 3-6A) an introduct io n of , t rain energy wou ld ,tahi lise a 

higher melt volumc than in the microsy'tem [intl'Tstitial melt -t relativdy maJ>C 

plagiodase -+ rdatively fine impinging pbgioclasc, with melt : plagioclase M io 1:3J 

(Figure 3-6B), and none at all in the mo nomincml ic micfO,ystc'+11 [relatively CoafSC 

plagioclase -t fi ner impinging plagiociaseJ (Figure J-6C) which wou lrl 'lOt gencmlC any 

melt, '10 in th<.~"y interstitial me lt adjacent to plagioclase de,tabilisexl by >It" i" will 

dissolve prefercntially o,'~r. if only carli~'T than. s!min~-xJ plagioclase adjacent to other 

plagioclase 

Olivine """lITS g~'llCm lly as XCllUlllOrpbi" grains. ,0nlC of which arC I'b,tomorphie 

again't plagioclase (P late 3-88). Many thin -sec!io", al"" con!,in a oomp"r~! i"dy minor 

populat ion of equan1 autotooTphic and hypautOlllOrphi c olivine grains again,! whi ch 

plagioclase isplaS!01llOrphie3lirlgCllerallyo ikocryst ic aoout (J' late 3-l!')j. XcnOl'norphlc 

olivine oo lnrno nly oc~urs togct h~" as ~ggrcgat cs with internal polygonal boulldnries (Plate 

1-<)() . A. tyrical of r luto nic olivine , o li vinc in the Ol-gabbmic ('b n is highly fi-acturexl. 

with nw,y lTactures dar~cncrl by Fe-o~ idcs 111.11 may be fi nely pJtkrncd (i .c. ,Ien<l ri tlc) 

Plagioclase and o li "inc arc the on ly csscll1 ial rnincrals in the Ol-gahhro ic clan to 

cxhibitcry,talfacc, 



OnhOI'}TO~Cne in the Ol-gabbroic clan is chara~tcristically pkocilroic wnh 

~,ldmcmbcrscolourlessalld light pink,though tllcpossibility is not <iisrountl-d that some 

Sl'(:tions £ontain more magnesian, non-plcochroi£ Orthopyroxlne, Most orthopyro~ene 

uu:urs marginal to olivine in S<.'(:tion, though is nowhere unambiguously plastumUTf'hic 

ugainst olivine crystal laces undtilcrefure is ofevidentIYf'<-'fit~'(:tic origin during its initial 

crystallisation. Muehorthop)TIl~cncoccursplastornoTf'hicwithrespccttopbgioc1usc(i_e 

of angulllT, plagiodasc-intCTStitial habit), romm'mly as denx>nstrnble oikocrysts (i.e. 

spanning multiple inK'TStiel'S), communly marginal 10 olivine in Sl'(:tlOn (Plute 3-91) 

Onhop~TOxene e~solution lamellae in clinop~TO~cnc ha"c oc'(."ll obst.'Tn~1 III plTfcct 

oplical £ominuitywilhadja£ent, space-fillingorthopyroxene,ootlStituting c"idcnce that, 

at least kICally, one I'yro.~enc crystallised l'Pitaxially with respect to the other. Epitaxial 

relationships IX:hn'(:n urtho- and clinopyroxene in igneous rocks have been reportC(i<.~t 

sc'l"fal times (e_g. Tamey 1969) buI tr...'TC has been no systematIC Mudy of thiS 

phcoollll'oon to '1l1l11nine its prevalence_ IIldividua l pyroxene crystals inplu(Onic rocks 

are oomrnonly plaslomorphic against nU111l'JOuscrystalsufother1l1incrals, irxlicallllgthat 

tllCygrowonrclativclysparscnuc1l'ii.andurtno_andc1inopyroxcr.carecommonlyboth 

prcs<'"t III mallY gabbroic rocks. Thc,;c two fn£(Ors indicate that ep'ta~y beN'l'en 

pyroxenes shoukl be" commu" pilcnomcnon in gabbroic rocks, significant because the 

sJ"1tiat distribution of the earlier pyroxcne will con,train the spat ial di>lrib ution 'If the 

btcr OllC. Thc present au!nor prl-dicts th~t epitaxy is not uncommoll in [llu\(>ni<' rocks, 

perhaps b..'1,,"~..,n dl tTcrcnt SC1S of mmemls, and pl'fhaps has produn~1 t1on~lin, of 

()"entatlO'~11 dCJ"lClldency proc<-... ~Iing rom the first <'P,I"xial nost grain(s) to sul""qucnt 



The 11Iost willmon a'KI ","cral l abund,1l11 accessory mineral of the Ol-gabbroic 

clan is ,<"I biotite_ vinuallyubi'luit()usaodoniyabsent in a single thin-S<.'Ction (1119) of 

alt~,<"ilroclolil C. Biotite modes range from miTIOr to roughly 8% but are 'lIOst oolllIDJniy 

lowrcrccnt lcvd 

Biotitc-clinop)TOx,:nc symplCclite occurs in many thin-s«tions (Plate 3-92) 

though is by no means ubiq uitous. l1 The ratio of biotite to clinop}TOxelle in the 

Symplcclitcs is generally evcn with local biot ;t.: majorities ncar the transitio,~, into non_ 

symplect ic biotitc. The clinop}TOxcnc limbs of biotitc·clinoPYl"Oxenc sympk'Clite arc 

more or Ics,opticallycontinuous withc:tchotheralld.gcn .. :rallywhcrcapphcablc. wnh 

contiguous or otherwise adjacent non-'ympk><.1ic dinop)TOXene (Plate 3-93) aod 

c011l11lonly<'xhihil prcfetToo orientation parallel to (001 ) of the symplL"<,1;c biolite. The 

biot ite limbs arc L"Ommonly optically cont in uous with cO lltiguous oon-sympleetic biotite. 

Evidcm iy. thcn, much hiolitcformcdorbcgallasrcplacclllcntsofcl ioopyro x<"IC . lsolatl>J. 

oon-syml,ll'Clic clinop)TO.<cnc inclusions ;" optical cont inuity with ncarby sympllx:tic 

cI;oop)lTo'enc may constitute evidence that much non-<ympleclic biotile fonn~>J as a 

r~"placcm""t "fdinopyroxcne. The pr~'SC'lCc of such biotite-clioopyro . ..,nc sY11lpicctitc:s 

may indicatc an unu<ual ly potassium-rich latc-stagc intcrstitial III cit. since potasSlU1l1 with 

its brge ion ic radius dilluscs rdatively slowly aod sympiccl ilCS arc ink'fprct,,,1 to from n~ 

I' resu lt ofrelati\'eIy slow diffusion (V~l1Ion 20()4) to I,mduce a hi ghl y loca li'L,J sc.,1c of 

relICtion. RL-.:ullthat TI" alkali fel,i'p"r cr),<lalli.",-,,1 in the Ol-gabbroic ciau, and so 

potas,ium enrichment procCC(i<xl until biotite ct"}'5tallisation. The linencss of biotitc-

., s",mpte< <<>It<<l<<1 by (j.,k,ii (lOO,) ",.-,h of N.in Ray ... ore IKlI <heck«i ,,~,en .. ,.oally r.. blo<'I<-

<hMP}'O>Ol'"')1l1pk,:,nc.OOSOlhe.u,h-oro."n"'l"oouce.m",.P'«;;¢" ..... m""° r",C""""'" 



clill()pyro.~cne ,yml,I",tite ,·arie, gr~atly. in some ea""s .... ithin individual sympk"titc 

p"tcht."S (Plate 3-94). As ~uggestt.-d by Hmehey (2004). lincr symplcclites .houk! resu lt 

from sh ... cr diffusion. tht."Tcfilrelocal variations in sympkctite finencssare plausibly a 

rcflcct io n of<·hangingdiITusion ratesdt,ringrcplacctnCnl 

13iotitccxhihiTscrystal faccsaga inSIThccsscntia lmincralsof tocOl-gabhroiccla n. 

very commonly aga in,t plagioclase in pa"icular. As an evidently late-stage. intersTitial 

phasccollllTlonlyroott.-dinsymplccticclinopyJOxt."f\e. ho .... e'·cr. ;t S<...,ms most plausible 

thatbiolltccrystalfa<",sfimllcdagainstnystallincnci ghborsraT~ t hanagainsln...,lt .a 

proccssthat many gcologislS do 1101 <"(lnsidcr for plutonic rocks but takc for grantt.-dfor 

metamorphic rocks . Such a process may take plnee in either Olle ifll()t both oflhe 

fol1o ... ing .... ays:l)byrccrystalli.ationastexluralt."quil ibration ..... ith existing biotite 

rccrY'na l lis i ng{()incrca.'<C t hc l engthofk)\\"cstt.~,crgygminboundary. parallcl 10 (001): or 

2) by Silllultanl~>U' biot ite ny'lall i s.~tion aod mass di'placement of th..· graitls it is 

g.ro .... ingtotran'cctklMeallsandPllrk 1994). perhaps laeil itatoo byull intl"Tgratlular 

tiuid del"·""Ting biotite nutriellt s to kinetically fa\"(luroo Sik"S. The f, rST proct.'SS. by 

rt."CrysTalhsationa'te.'turalt.'q u ilibratiotl.isconsidnl-dfunherinSoxtion8.3.2. 

Red nomhle"dc i, present in the majority of thin-sections ..... ,th thin.sections 

devoid "f the min~'fa l c"OllCentratcd in the northea.t including those soxt ion, from tbe 

lov.cr li mboftile Tlorthea'lcmare. li omblellile nlOde.areahlll"1 exclu<ivelyminoror 

Iowt."T perccnt levd. occurringW"cntt."1" than 5% only in two thin-"' ... ·tions from the plutonic 

brl"<:da southeast ofP,kaluyak Islet. one from a block (H7) allil one hum !lie O l-gabhroic 

jXlnion of the matri.~ (HS) . Like biotite. homblcIlIle gcnerally occurs at the tn.1rgins of 

interstitial mine"T"1 patches allit wilh respect to clinopyroxene and Fe-Ti·oxides in 



parlK:ular i, d'-<tinet ly nlaQ;inal (l'1~te J-95). Homl>lerxle marginal to any single 

c1i1l0p}To.~enc grain. though typical ly sporadica ll y di,trii>uk>d ahout the grain and not 

itselfcontigoous. has l:,,:.,n ()l>scrved()ptica l lyC(ln1illUOl'Swh~'feV<"rcI>L'Ch>d(l'late3_%). 

Such obS<.. ... vat;ons const itut e cvidc·nee th"t hornblende crystal lised epitaxially upon 

dillOP}T()XC·nc. More genera lly. oon·comigu()us I>"rnhle,..lc gra ins in any particu lar 

imL'fl't ice Me conu,..,nly more", less optically continuousJJ• evcn if,..,t root~>d in 

clinopyroxene. For example. hornblende dist ributed about composite grains of Fo-Ti· 

oxide may be more Or Ie" optically C(lntinuous. even with clinop}TlJxenc 'lOW here 

sc.;tioncd nearby (I'late 3-97), These obS<..Tvations, cornbinL~1 with lhe obS<.. ... vmion Ill:1t 

m~rginal hornblende may be I""rc or less irregubrly intLTgrown with its clinopyroxene 

substrate (though not to the degrL"t:of,ym pie<.1itej. constituteevidc ncethat,..,tonlydid 

hornblcnrlecrystall i,ecpitaxiallyuponcii""pyroxeIlC. but that homblcndecr}"<tall is~~1 by 

replacemem or dinop}TOxcnc. p<.. ... hups in hLT iting hum clinopyroxene a margi n~ll'osition 

againstcompt'SltegrainsofFc·Ti·o.xide. 

All thin-sc.;tion,()fthc Ol-gahbr"ic c1an contain one or morc Fc-Ti·ox idcs ak", g 

fractUTL"S in "Iivin" a,..1 asexsolution inclusions indi""pyroxene and plagioclase. Such 

OeeUrR"fICC'. relatively vcry line graill<.>d, werc not countc~! in modal estimates JlIII are 

distingui.,hed from Fe-Ti-ox ides crystalli sed interstitially. Allthin-scctions of the 0 )-

g"bbr() ic clan contain interstitial il menite, nlOst in add it ion to nWllllet ite, with ilmenite 

con"'lOnly ifn"t 1l"'lCrallyil1 cxce"ofmaglletite. A lllinorilyofscdionselthcrcontain 

[)I,) inkTstitia l magllet ite or vcry li ttle relati\'e to ilm"" ite. CombmC'd ilmenite and 

" ·'M"'o",iO>,"m ,h., T1umcrou, S.,,,,, aro op,<o. ll y «'.' '''u'' ... ifnoo ,tToft hcm .• oo "more or t"",· on 
'h .. opllc.t ..... ,multym.ynotocp<.f«, 



magnel il": modes me genm, lly "I or bek)w 1%. with a small minorityofS<.'Ctions beari"g 

low pcr~ent level Fc-Ti-oxide and a single ".:ction (GI2S) bearing gr~atcr lhan 5% 

Wh.;re pre",",nl. n~lgnetite is almost invariably associated with ilmenite ill s..'{;tion. wilh 

which il fimns composite!< grains with smooth (i ,c. smoothl y cur-ed) external and 

intern:!lbout\dnries 

Other acce,sory minerai., in the Ol-gabbroic clan include sulphides. apalite. 

baddcleyite. and zircon. Sulphides. ,:ommonlyas interst it ial cornpoSltc grains of two OT 

thrL'e phascs, "ccur in nlO'il thi n·«ec\ions. nlmost e~clusivc1y in minor abulldance. wit h 

olle section (1111) l'Ontaining sulphides at thc k)w pcre~m Icw!. A""t it~ . minor in 

abundancc. is commonly pr~"SCnt in sections of Ihe Ol-gabbro;'; ciao. gellerally exhibi!S 

crysWlfllC..:sagainslsllchbounJingmineralsa,elinop)TOxeneaooilmenite, andhasheen 

obs.:r\'edofangular . • ""ce-fillinghabitintcrstitiJ l toplagiocla«e_lladdcleyiteorzircon 

or. most commonly. ooth arcpf<."SCm in very minor abu'..-!aocc in tro),t sectioonso ftheOI-

gabbroicclan. gcnemllyas .xenomorphic individua ls ofdec"mieNn-s<:;"lc grain,ize and 

tin~ .. and clustcTs t her~~)f Th~ p<:trngraphic C<)me~1 of haddelcyitc 1m" zircon in the 0 1-

gabbN;cclallisquanti!icdmKl"escribcd!i.trth~TinChaptcr 6. 

The geometrical rciationshipbct'H"'" plagiociase. ilmenite. 3,KI the oornblende 

ooll\lnon lyscpamti ngthet"'oalongthemargin sofint crslilial patch~.,;may. in many,,"scs 

in theOI-gabbNie clan. be deseribed as w n,til uting either: piagiocia "'''-1,tUmtexlure; 

rclati'C'!y Ihin homblc 'Klc rim tc_.ture; or a t C~1Urc intermediate bem"""n plagioclase 

S<.1)tul1l and homblc,Klc rim. Plagioclase ,eptum lexture in\'"lv"'g ilm~ntlc and 



hornblende is where a very lhin plagioclase sqJ([nn g.:nemlly less than 10 microns thick, 

separak':S ilmcnite lrom ho mblcnde. with the effcct that hornblende is l he rebys uIToundcd 

bypbgioclase. being boudinag~~l along its length intl} circular aoo bean 'lmpc::d grains by 

cone.we plagioclase co lumns atl<I"half-wlumn," connttling plagioclase sept., 10 the 

wealer plagi"da.,c gra in' wilh whi ch lhey are optical ly cont in uou_< (Plates 3-98. 99) 

Relativdy thin hornblende rim IC.,l ure involving il menite atKI plagiodase is t h~ simpler. 

intuitivdy default kxture in which" kngth of homblendc separate< il men il e JnJ 

plagioclase without the presence of plagiodase "-"pIa betwc,,~, lhe homblclldc .mel 

ilmcnik (I'latc 3-1 00). Tnturcs ;ntcnncdiatc bclwcen plagiocia<c "'ptu m al1d hombknd.: 

rim incl\Jdc: "incipient'- plagioclas" ""ptum texture. in which hornblende adj.Ke"t to 

ilmen ite exhihi" wnvcx lalcral termini against plagioc1a:;e. in some case, aero,S a 

co,,,,"v., pbgioclase column from another mnv~x tnmilli, but w;t llO,,1 any or any 

appreciable length ofplagiodase S<.."]ltum between the il menik alld hmnbknde (Plate J-

1( 1): and partia l pbgiod"", septum tC.\t ure, intcrtlll~liate ""twel'l1 "K,pi~nI and full. in 

which plagi()ciasc septticxi_<t b utt "p'-T"u lbctwe'-ll t hc llOn>blcn~eand ilmcnile( l' latc3-

102) 

Ruughlyhalflhclhin-scctiot\sof theOI-gahhmiccbn.anJ th(~dorc 'OOSI of the 

hon>!:>l end,-~""",ing one,. wntain plagioc1ase-hon>blcnde-i lmenite gwn1<-1riea l 

reialionships that can bcclassific-d ,t<;cit li crplagiocloscscptu m texturc. hornblcnJerim 

leX1I!re. or on interm,-~itatc tcxture (thick hornblende ~dj ace"t 10 comp"ra!:> ly coar", 

ilmcnite dOl'S not classify as a relat ively thin rim) , bUI uncommonly bolh ~~Kh nernbcrs in 

the ", rnc "-><-1 i,,n (Ie" than 10'l-" of S<..'Clions). ",bny ~'-'C l ion ' contain one of th~ 

cndmClllbcr te'l ures plus one or hOlh illkrm~diate textures. altilOugh sorr", "-,,,tion, 



contain exclusively OTIC cndmcm~-r or the other. P(-rhaps homblcnde rim texture is the 

"default"texture result ing Irorn the whole replacement by homblendcof dinopyroxene 

s,:p.1Tating ilmenite and plagiodase. wh~-reas plagioclase septum texture arwl "'t~..,.nl\.-diate 

te.'tur~'S arc a modification of initial hornbk'nde rims. One possibility is that plagioclase 

S<.1ltaand incipient and p.,rtial scpta form by textural cquilibration in a manner akin tooil 

beading on water. ~"Cause. perhaps. the hornblende-ilmenite boundary is of sufficiently 

highencrgythatforittobcr~1lIa<."cdbyat Icast twice its length in plagioclasc-homblcnde 

and plagioclase-i lmenite hou,wlary r~'Sults III a lower energy configuration. The pr~-d,ction 

undc"rlbis hypothesis i,that mcks having cxIX"Tienccd the highest cumulat i'cheat input 

atsuflicient tyhight(~nper.Jturese.,hibitpbgiociascseptumtexture,nvo lvinghornbl ende 

and ilmenite. The nl\."Ory and previous. more general observations bebind this 

interprdation JrC prcscnK-d in Chapter 8. in addition to hypothes.:s th, ,t In"y e .• plain two 

addition.,l re.,tur('SoflheOI_gabbroicc1anint~..,.msoftexturall"quilibration 

Local unambiguous subgrainde\"Clopment inonhop>T<)Xenc and bmnble,,,.k has 

been obsern-d ttl some 'CLiion .. of rock ocaring oplically ,"OntinllOus dinop}TOXCnC 

oikocry<;ts, and thcreforeha\ ing not beenpervasi\'dydeformcd post c rystaliisation. Such 

observations should 'IO! surprtse 3n ,sneous petrographer. howe"cr, since the rea l 

qucstion is how any melt int~"1"Sliee ina crystall ising plutonic rock cana\"oid deformation 

to n~,kc up the \"I,,,nc dd,eit creatc-d by the6to 10",'0 ,"olume shrinkaGe that mevitably 

oc<'ur> as stlicatc' no.:.rsma, ny'tallisc (I'dcr><-"" 1987).]I.1"gmacont'Guityinasolidifying 

silic"tccry't:,1 frUlncwork will persist until v3m,hingly lowan" ,ums ofrc'"dual mclt a, 

long as tc,tuml ~"quilihriu", remains suflicicntly progrcsS<."(1 to produce tuhulcs along 

thfl'C·gmin Junctions (Wall' & Bubu 1979). Howe"cr, the mte o["cry_tal gro"th during 



Ihe cryslallisalion of plulonic rocks may preclude, ['<-'fhaps c,'en for Iho"" ,1""cSH:ook~!, 

11l..> fon,wion or "~1;n1e!k1nce ofrnagma lubules. Ih<.'f~'by producing occludC<! porosily 

~X>' l laining a magma of ;:r~"lcr \olume lh,n its uncryslallisc<1 daughr~'f solid(s). TlIcreforc 

il is plausible rh,l n~1ny if nol all plulonic rocks accommodMc eryslallisation-conlnrClion 

duringlntc-stagccr~~tallisation bydefonnationofthecrystal framework 

11 \" The Q/-fm>anorlhm;I!' muflr"cQ!wr;lf(Qd,..,\~ 

The 01-frc1O a,lO"hogabbroic rock-type clan. or. m:Jre properly. the Ol-free ano"ho,ilc 

and gabbroic rock-type dan. i,defined as pcr Figure 3-7. TheOI-frc1O a",,"oogabbroic 

rock-typcprc'<lomi"'ncyco""ist,,oflhrccbo<iiesmappabiearlhc 1:50,OOOscnlc.alargc 

semicircular body chord~~1 by lhe no"h shore of Nai n Bay and enclos.;d by Ihe 01-

gabbroic pr~-domin"'lCy. " concentrically disposed elongate body S()ulhw~",1 of Sachem 

lJayatKlcn<-,Io"cdbylhcinncra"nularp'miono ft hcFc_richpr~'do,,,inancy. an<i a circu l:'r 

body ur"krlying tlIC prominent hill wcst of Sachem Bay lInd c'I<:Io",-d by the outer 

annulmpo"ionofthc Fc-richprl'<lom;n"ncy. 

As mentioned In S~"-1i()n 3.2.2.3_ the map pall~m "fthe circular body SUllS""lS thai 

il i,,, IIoor f>!'nd"lll . N"",-1heless, the Ibnh Concentric Pluronic Suile is d~·firlt.~1 as all 

volum~'S of rock rhar al rhe present ~'fosion level arc included wilhin (he out~'flTI()st 

bourldary of 11 lOse units .. 'Oncenlrically dispos.:d. To address the possibihty Ihal some 

\,l)lum~'S ofro<:k "nh", the Harth ('onc~'nrnc I'luronic Sune al lhe presenlle\'l'1 of erosion 

af<'actuallycxrcnsk""of unilSlha( panoursiderhel3nnh.nsisl,ml>;tblcr.)rthc 

circular hody west of Sachem Bay_ tlIC B~I"h COfl<:cntric plUIOnic Suile lImy be detin~~t 

lI'OJfC gcn~"~lIy as til<: sum of all roek thai through any gi\'en suboor;mlllal section lies 



within theout~'fITI()st ooundary"fthoscuoitscooccnlri<aliydispos..'li IOth.:11 Sl'(:tionaooul 

lhe axl, of the Barth Concentric I'lulome SUIte before fault displatemcnl. Thus if we 

imagine a cylindri<al or conical body with iITCllu lar(e.g. oonvolutoo) marllins. lhe Barth 

Concentrtc I'lulOnieSu ile inciudcs ali umt<C<)nccntrica ilydispoSl'li. all rock CIICk)scd by 

units concentrically di'I'0S<.~1 ("h ich taken 1ollC1hcr ~"o,"prisc the cylindrical or conical 

body). as well as al l cxk.",ion< ofcxtcrll.ll units l11fokled "Cr1icaliy in the cylllld~.,. or 

concm'lfg'" 

N00l..1hclcss. underlying a hillside near the extl-mal contact. It may be that lhe 

aprarcnt [><."ndanl isonlybarely"ithinlhc Barth Concentric 1'lutol1lc SUIICaccordlllg10 

IhcdcfimtionaOOve. Furth""Tmorc. we 00 nol koowthefinc-scaletopogn,phyoflllCarca 

bearing lhc apparent [><."ndanl. and It may be 1hattiIC body OCcurs io SI~11k,w hillside 

dcprcssionandtheref<"ccnonotocconsidcredrartof thellarthConccnlricl' lu10nieSuite 

'no mattlT how ~"U cut if'. Of course deliberating m Il,cm length o\"cr matt,.,.,. so 

arbitmryarca foolish wasteoftilllc;lkintoltK.'liicvalschol:t,tlcism. and '0 the aprarenl 

[><.-ndant ,hould he C<)nsidered slInply bonier/inc ,,;,hin the Barth Concentric I'luionie 

Suite 

As well as Ihe Ol·free aoorthogab<bmic mek included in Ihe pl"\.~I"I1lIll:mcy SO 

,lefinl'li.tilCa!lorthogabbrolcfOCk.typcda"also includesa"scatlCI"\.-dfXlrtK"'''comp.i ... -d 

of more 0, less uood;n l~1 bodies of OI·tT~""C anorthogabbmic rock inferf(~1 fro'" ,,''''ples 

lakcn tTo"'''ithin tilCoouooa,,,,, the Ol-gabbroic (G57. 154. 157, 171. fXlssibly 1163. 72. 

78) 31.1 Fe·rich (G50. 62. 276.11114. 134. fXlssihly G260. 277) pr~"ll"""'laneics. The 

sample notes ;nh~""t~-d from Gaslill (2005) identify section G57 of honlbk-tllle-,ich 

quart~-gabhro as having tx."C1l ta~cn tTOI11 the cnwk,l'" of a "l"'gll1:tll1e"' dyke. section 



GI54 ofanorthositc from a 'labular, pinchinc_cros.'<Cutt ing body, small, withoutlatcral 

extent" and tocrc/i>rc perhaps a ~cllolith. and section GI71 of leumnori1C from on the 

ea'tcrnsideofacont actwithOI -gabbroicrock(e"'" l houghthcpr~'dominancycontactis 

mappo:."{) by Gaskill 12005 ] as occurring rm,g.hly 80 m t" the ea,1 and as well -constrained: 

samp!.: G 170_ sectioned ,tS Ol-cabbroic, i., de,;crib<.~l in Gaski ll' s smnplc notL"S as havinc 

ix-.., n taken ITom the opposit e side of the mntact as G!7 1J. S<.'Ctions H63, 72, 78,G276 

consist ofcabbroic rod poS$iblyOI-bcaring. and arc tlt<.'r.:Jureofuoccrtain da n. St.'Clions 

G260 and 277 consist of gabbro no rile perhaps bord~rline Fe-rich asjud!ll~1 by P}To.~cnc 

pleochroism. Seetion HI 14 was takcn by the prc.cnt aulllOr ITorn rock apparcnllyoflhc 

Fc-richdanaooapparcnl ly llOtofany P'1rticular licldcontc;o;t exccpl wllhin the Fe-rich 

prcdomirmrn;y. Section HI34 was also taken fro m rock apP'1rcnt ly of tne Fe-rich clan. 

constitutinc sheel, bct wc~n sheets ofco,'rscr gabbro ic rock ridler in Fc-Ti-oxidc,. "I a 

l()cati()n,lcfining,cithcrllOrthofoTwithin il.loccxkm:Jlmarcinof thellarthCorn;cntric 

l'luto"ic Suite. Onl y rocks c"<-'r1ainly bck,ng ing t() the Ol-free anort llOgabbroic dan and 

within the BarthCooccntric I'lutontcSuilewillhcconsidcrro further 

The ()nly C<lIllact ofth<: Ol-free allOrthogabbroic prl"{)ominarn;y to have ix-'Cn 

d<."SCribcd is the nonhwcstcro contact ofthc la rgcscmicircu lar boJy. whIch Gaskllt{ 2005 

p. (6) n~~pr<:d as "'dl-~"{)nstmi n~-d and de'ICrih-cd "' ··ahmpt atKi marh ... 1 by a tilint rro 

M()da l layering occur> in the scm ; ~ircular body. with layers as mdarM)Cratic a~ 

70"--0 pyrnxcnc but not as Icuc"{)cmtic a, pure ar.orthosite . and may 'kline mCYlscopic ?_ 

~nds-shapcd fokls (Gaskill 2(05) 



!'he specil,c rock typesobscr\'cd of the Ol·free anorthogabbroic rock-type dan 

anortoosite(GI52_154. 161. 162.180.181); 

orthop~TOxcnc anortho<ite (G I59. 182); 

(ciinop}TO.'Cnc-orthopyroxcnc j anorlhositc(G I58): 

Icuconori1C(GI50, 153, 160.171.175, 183. 1H7}; 

oonlblcndc-rich Qtz-gabhro (G57); 

gabbroid(llll>s<Kratic vari~1y;GSO): 

clinop)ifoxcncoorite(GI57); 

biot ite honlblcodc·rieh 'IOrite{G62): 

l( i lme"itc-magn~1it c)lgabbrollOritc(H I 1 4) 

As is rcad ily appare nt in Figurc 2·2. the ';"''<.:lio"s of ",~k l~l)CS anort llOsite and 

leoCQnoritc wne all eilher taken from lhe semicircular body or III.: scal1n~-d portion 

within Ihe Ol-gabbroic pr~-dominancy ncar the northwcstcm CO!1la~1 of the """,icircular 

body_ Givcn 11w mode of occurrence. il muSl be CQ,}>idcrl..J whether or 'lOt tile Ol-free 

wlOr1llOgabbroicdansllOuldbc1\.l'laccdbyanOI- frcemlOrthosileaod Icuwnoritec1ao. 

wilh it, pr~..Jominao)Cy .'1 k,,,tthc large semicircular body. with rcm"inmg gJilbroic ro~k 

tnleS rdq:a1~d to sollie sort of mi,cellatlOOu< Ol.free gabbroic (cxciu,lmg kuen""rite) 

cian. The rca""" such an opt;"'n must be c()"sidcrl~1 is that llle proce" for .';';tailh,hing 

rock-type cI~"s in Ihis .... m' has b...-cn 10 identily lor an indi\",dual unit or a group 01 

similar cnilS whal 'p<.'Ciik range of rock Ill>Cs it is or they arc dominak..J ()f d\.1fac1.'n",,<i 

hy.e,millish thaI rflIlgcas a f<>Ck -l}'pe c1ans. and lhene,taillishlr..t u mtor grn"pofcni!s 



as the corresponding rock-type pr<--dominancy. So out of the thr~", Ol-free 

anortlKJgabbroic units, the t .... o smallcrofwhich weha,·c 00 representative smnpl~"Sol; 

the r,,""'ining semicircular unit. a,:rortiing to approximately" dozen thin -sections. 

appears to ocehamck"fi ... -d hynnorthO'iite "nd Icuconorite. and therelorc,1c1incsan 01-

fr~~ anmthositc and icucotKJritc rock-type cl3n and wnslitut~s th" minimum <"",urrence 

of its pr<-dominancy. Forlwo reasons, IKJwevcr, the present author has dcci{kd ill this 

case to lump mther Hum split. The first is that the majority of thin-'i\.'<:tions from the 

semicircular bOOy contain dinopyroxene. and we koow ITom Gaskil l (2005) that layt.'Ts 

{}Ceur as mcbnocrmic as 70"10 P)'l"(J Xe11Cl!, therefore rock t)'Jl'CS gabbroic (nlCsocmtic 

variely) and nlClanogabbroic must Ortur. whether norite, Or gabbronoriles, and so t h~ 

range ending at leu~"1.lnorite may be t{K) narrow j(" characr~'Ti""tion . TIIC second rca,;on is 

that at some [loint a balfin<:e must be achieved between lumping und splitt ing. und the 

present nuthor kels thut to subdividcthc OI-fr~'C aoorthogabhroic dan. eSI><.,.:iallysince 

tllC rock t)'pCs of two smalkr units arc not known wilh precis ion . .... ou~1 he 'pli11O'1& 100 

far, a1 least lor Ihe pr~"SCnt work. With that said. decision junctures such as thi s perl~~ps 

iHustmtc an awkwardn,.", o fl he rock -type clan I rod-I ype predominancy apprOilCh 

All ">eIK"'S from 1he semicircular body are rlom;natcd by lower millimctre-sen le 

grains. contain onhopyroxene charactcristical lycolourkss 10 li ght pink ploochroic. and 

benr biotil C and Fc-Ti-o.xidcasacecssoryminln\s. Sections G l 58 and 160 ai,,, conlain 

accessory ;:,recnish brown hornhlende . Mn>! "x'I~,"s from the ",micircular ho<ly cxhihll 

" VCfNtLm. G.skilt (2005 p. (6) ""id, that "Or,,,,,,,),,,,,,,,,..,;,,h Ia,~" m.y be ",."i'<"'<'d ~r"p '0 7f1"'. ~f 
lh.l m;n=r. 1111. ru'cmo"' 00.. nQl d,,,,,,,,nt tbe pre"""",, "fd .. "",)'"Q"""'"""h 1, ),:". 1:><" "k>r< 
Import>ntly, """'1""""" oflhe "" "fG.,k,1I (2005) "'llt lh. "'",ptes It. "olt",'cd "ho"~ 'hat hI< fic ld 
de'.".mm'l,,,,.,,fo,,o,,,.I<>tlt<loJen"'y"<f.r,,,,,,nclYlmpm;)><,.ndth<rofon-,hcl<'.Jerh,,no TC."'"10 

d,,,,,,,,,,,,th''';;tur,,,a,,, pr<><'fIC< ofdlnOJl)TOx<nc 



ooc or mOrC poss ibk or un~mbig ,w!Js sPa, mostly plagi<lclase SPO but also aggregate 

spa and plagioclase Inuice 1'0. Secti<ln (;1(>0 contain, ortl><,· and clinopyroxene 

oikocrysts pla.swmorphic against piagiocla", and optically conlinuous owr the upper 

mi l limctr~-",al e 

Scdions GI7 1 and 154 from within thc Ol-gabbroic pr~~lominancy ncar th~ 

northwcstern contact of the semic ircular hody are also dominated by IOWlT mi llim~1rc· 

",,, Ie gra ins_ SL>ction GI71 ()fl~uconori lc is dc,"oid of biotite. unl ike sections of simi lar 

rod; hum the semicirculnr body, but contains ac~~"'<.,,)[y hombl cnd~ and Fc-Ti-OAi<I~. 

S""lion(;154ofallortl><"itecontairne"idcnt lyslraincJandreerystall iscdplagiocla.,c, 

with many plagioclase irregular in shape with irregular houndarie" in addition to 

clinopyro.wne as pl agiocla",-,- pcrchada~rY"tic oikocrysts of at least lower millimetre-scale 

oplica l continuity. arill SO resembles the Ol-gabbroic clan_ S~"Cti()n GI57 lrom cast of the 

semicircular body. along the nortkm margin of Ihe circular body of Fc - ri~b 

pre<iomin"ncy. COII.,i<I' of dinopymxcoc rwritc of ~-q,w l volumes sub_millimetre and 

Iowcrmillirnetre·seaie grains wid bcaringacccssorybiotite, ilmenik. and ,u lpb idc. 

S~"Ct i onG57()fhmnbl~ndc-rieh4uartL·g"bbro - thconlyquartZ-llabbrQicsecti"n 

fromrhe narthConcentric I' lutonieSuitc is of low(T rnillirnctre (plagioc\asc) and sub

mill imetre-scale (hornhlende and quartz) grainsizc and C(lntuins accessory Fe_Ti_oxide 

'luartL. gm<:rallyrrlO,t ab undant ncar tilC aggregate centrcs_T he coar;est pb gwduscgra in 

("fsevcral millimctrc" diameter) includes approximately 2% quartz as dcc",micmn-sc"ic 

ind",ions locatcJ along subgrain oo",ldaries . This section was takcn frum the "cnvelopc" 

of" -'p;;gmatitc'" dyke (scelion GS8 of which consists of leucogranrte) and fl'I-Thap> 



r .. :p .... -scnlsanoriginallyOI·gabbroierodaitc'<'<lbyasilicoousmcll fromlflcdyke .... hieh 

afler oo'\\'~'Tling all olivine 10 pyro.wne crystallised quartz in flow pathways (hornblende 

aggregale.,) and in areas having bt.'Cn 'kstabliscd and r<xiissolved either by f1cat or 

material input fromlhcdyi<c. 

S'-'CtionG62 is anot her unKjuc " .. :·ction. consist ing ofbiotile homblc ndc·richoorite 

of ,ui>-mil limClre and k,wer-millimctrc·scale grainsizc. t...aring ",ccssory apatit.: and 

opaque mineral(s). with biotite aoo pyroxene SPOS and cquigraflular, ,-",!ui<iimensiotI.11. 

granubrplagioclascandlfk:rcforehavingcvidcntlyundergoncdynamic r",rysta ll isation 

and textural l",!uilibralion yet exhibiting al Ica<l lower mil l im~1rc·scalc optically 

'-"(>Iltinuous. warscr·tlian·11Iatrix, highly irregular in share and oUlline hornblende 

oikocrysts (OCClHO) _ No sample TlOtcs exi,t for this section, but Gaskill's (2005) ,nal' 

places it within the inner annubr portion of the Fe·rich prlxlo11linancy il\ll\ll'dialciy 

IIdjaccntthcchamock iti, 

St.'Clion (;50 of g.1bbroic rod (m"'socrati<; variety). taken southwc.'1 of Sachem 

Bay wnhin the inner annular portion of the Fe·rich prc<iominancy, is dominantly sub. 

Illlllimctre·grain .. 'd with sui>-m,l limctrc and Iow~T millimetre·scale plagioclase bths 

diH'Tscly oricntexl in a matrix ofsccondary mincmls, perhaps witll relict pyrOXC'IC. and 

Fe·Ti·oxidc'. r-,'o samrl eTlOt~"Sexi,t for this <c'Ctiott. but judging by texturc mayrcprcscttt 

a dyke'urch il! 

Sl'Ction H I 14 of I(ilmenite·magnet ite)] gl,bbmIlorrte, taken ncar the ntc",,,1 

houndaryoftoc Barth ('oncentric I'h,ton;c Suile ""uth ofNain Bay, is de,-oid of light 

gr .. 'Cn pit.'OChrolC pyroxcllCanJ tocrdi>red,s'lualific<1 for inclusion in the I'c-rrch clan a< 

detin .. x!. The section i, of average grainsizc one millimel«" contains low p<.'TC~'lt Ie,'el 



bio(i(cand llIioor sulphi(ic and hombicnde, with moSl pb!;ioclasc and all p ym_,etIC~"luant 

or irrc!;ular in shap'c with irrc!;ubr and (XIly!;on:J1 boundaries. and wilh pyroxene 

()ccurrin!; (,!;dhcr as a~rc!;a(es of prefcrn:d orientalion (ASPO). Ilmc'l i(C-mag,lCIitc 

~"Omposite grains art: amoeboid. and. more uniquely. Ihis section contains unambiguous 

pla!;ioclasc septum texture inwhing iltnenile and hon.blende. a featurc r.lrclyobs~""T\'~-d 

clscwhl"TC III the Banh ()utsKlc lhe OI-gahhnHc clan and nowhl"TC else outside the 01-

!;abbroicprcdominancy 

11 IS Th,. mm"f'h,mwdi/i( ",,,,,i/i( met-In"" r"'" 

The "')!I-cl.arno<;kille wanilic roek-Iypc clan is defined as I"" Figure 3·8. 

charoockiticgranilic rod-typcprcdorninancy.loc:!Icd JOO m due ""CSI of',hird eye 

(XInd".con«stsofscv""Tal.S1ccplywUlh-d,ppingdykesundcrlyin!;a/.onc.roughlyl5hy 

70 III in gross dimension as ex(XIscd. alon!; the chamockitic-OI-!;abbrQic boundary 

rciali,'c t() "hieh the 70-80" striki,,!; dykes arc slightly oblique. The (XIssibillty is not 

cxdudc~1 lhal two or morc of the dykes arc intcrl"Onn<--ctoo at the p,"(:scnt le,"cl of 

Although .Iightly obliquely ori cnt .. -d. the present author did oot observe the 

eharnockltic·OI-gabbroicconlaet to bcd .. "idcdly"slltehl-d" by any oflhe dyh'S. The 

dykc~ arc of at ,noS! I III Ihid""ss"",] plllch and swell , The weaK'S1 'ingle icn!;lh ofdykc 

olm:r\'(.-d was 30 m. One IIOrtherly dyke. enclos<-~I by lhe Ol-gahbroic prl-dominancy. was 

Obs.."f"\'l-d 10 nhihlt a well-definl-d hayorlt1 siructure (Plale 3-103), The same d}kc 

exhibil' a di'tl1lct centr~1 (XIrtion consi>t ing of cCn! i l1lctrC-W"lIIc~] mi lky quartz aod 

bc-.lrlll!; bioi lIe. A,K,lhl'l" dyke exhibIts a distinct pink grallOph}Tie (XInion ofunc .. -nain 

228 



thickIlC_" and cxtenL A ,,->cli,," (H77) fi-oma Klca ll ymagnetitc-),.,arin gpcriphc ral portiOl1 

()fthctonncrrncntio",.'ddykccon,i,ts"fmagnditc-s[X>ckcdperthitie!;,anite. dominant ly 

millimetre and k",u ccmimdrc-!;,aincd with quartz, pbgiocias.c, and perthitc of 

cquiva1cnt coarscncss.wilh thcalhli fctdsp.,r portion of [X'11hitc apparcnlly microct inc. 

with plagioclas<: grain., ,'ilh"r irn'guiarly sha[X-d or as r~>ctallgular dorn"im of>quJrc. 

R-ctangular. or co)))posit~ re~1angulllr individ"ll is (Plate 3-104), a,ld bearing 

hypautOlllOrphic magnctitcwith rclativelythin . di8contilluou8 ilmeniTe rim8 

As "Til as too non-eharno~k i tic gran itic rod includ~-d in Ihe pr~'dominancy SO 

dcl ined.1i1cn(ln-charnoc\,:itic!;,aniticrock-1>1)Cclanalsoincl"dcsa"scatlcrroportion" 

c"mpriscd of more or less uoocfin~d bodies of IlOn·~harnockitic granitic rock ill f~1TCd 

fi-O))) ""mple, tah.." fi-",n withi n the hound"rie, the Ol-gabhroic (GSS, 100, 124. 227) and 

Fc-rich (G225) prooomillaneics. Tile smnpk notcs inherilcd lrom Gaskil l (2005) idcn1ify 

,,->ct ionsG5Xand 100 a, from "pcgmatilc" dykes, and sc>cti()IIGI24 a, a Jyke. Notcthatil 

issirnply a m<l11crofdegrcc ofdcfin ilion why thc"scal1crcd-- dykcs inc 1101 said to he 

within t he prcdominancy whilc the dyh" dC"-'ribed by too pr~"~nt autl><" '"-'uth ()f Nain 

Bay arc. In other words. 1he dykes dcscrit><. .. d south of Na in nay arc documenk~l oo re 

cn(l\'g.hrobeconsi(!cr~'(!dcfi"cd unit8, "hcreasthedyke.sampbl hyGa,kill (20()5) arc 

only minimally documented in unpublished samplc 'IOtcS. and lherefore 'KJ not yct 

SpecifIC rock typcsob'crvcd SO far of the ",alle r~~1 port ion of too n"n -charn()ckit ic 

gramt,c arC (section, G58, 100. 12.t, 227. 225. r~'Spttti\'dy) : leucogranite. 

mcsoperthiticlcucogmnitoid.alb lifcld<par-Ieucogranik hornbicoochypcrso ivusgran ite 



(wnhhornbicndegrccnishbrnwn),andantipt.'t1hit ;eaoomcsoperthit icicucolTlonzogranite 

(withmesorcrth itegrcatcrthanant;pt.'t1hite) 

An O l-spcchd " 'lOtlhogabbroie rock-tn'" clan may be dcfmed for the Barth Concentric 

Plutonic Suite though ;t <Iocs not characterise any units prc",,,tly ,lcfin~~1 (and is 'hus 

designatcdas rniJlOr), occurring rathcr asa kJ<;al oddi,y ncar somc margins of the 01-

gabbrok: predominancy. The clan consi!;ts ofOI-spt.'<:ked anotlhosite (GI47, 156) and 01-

spcch~lgabbroicrock(H45,68) 

Sections (,147 and 156 of anorthosite were sampled t"gdh~'fJo imm~~I,ately 

adj"ccm to the tlOnhwCSk'fll contact "fthe semicircular unit ofOI·lTec anorthogabbro ic 

pn.\lominancy. and are described by Gask ill (2005 ""p"blished ."''''ple tlotes) as 

reprc""ming, respccti\"Cly. apparcntlyOI-gabbroie rock and a pial!iociase -rich"layer(?)'" 

wit hin apparently Ol-gahhro;c rock. Sl'Clion G I47 is of dominantly k,wcr millin"'lre-

scale grainsize, romains perccnt clinop}TO.~enc ,,,,d orthop}TOXene (1"-'fI\.,1'" enough to be 

horderiinc IcucogabbrollOrite), as well as acccs,,,,yohv,,,e. apatite, hornblende. and Fc-

Ti-oxide. This section also exhibit s unJmbiguous plagioclase septum text\Jrc il1volvinl! 

IlOmblcnde ;md F,,-Ti-oxide (probably ilmen it e), one of Ihe few OCCUTrl1ICCS of Ihis 

(e.'t ure ()utsid~' thc Ol·gabbroic c1,'Il, the only O,IC stil l within t he Ol-gabbroic 

pr~~!omina,lCy. Sttlion G 156 is more icUCOCTJtie than (; 147, is of ,inubr thougli pcrliap' 

sliHhlly tin~'f gminsize. p."",,,s,,s the same mineral asscmblage minus apat ite and plus 

.. n,o,,~h '1'1"'",,,,ly .... mpkd ''-'1:<111"" GIH ."d Gl~ arC"'" adj.ocnlly """,berod bee."", 'he pt"ese-n' 

."thor""~,n.lly", ,,t""" 0.,.;II',(2005)1"".';000f(;l56 



bk)ll1~, and lacks plagioclase scplum IUlure. GIS6 also d,ff,'fs from GI47 III Ihat 115 

plagioclase is evid,>nlly slrained and 1I11cnscly rccryslalliscd and ~.~hibilS unambiguous 

51'0. l'erl~1J)S GI56 r\.jlr\.'Scnls rock originally uf lhe Ol-free anorthogabbroic dan. now 

C(>n'lltulingnllolivinealfl'fl'dorimpregnaled .• cnolilh;cYe,llgeofaportk)noflhcOI. 

free prl'dominancy hav;ng und~'fg()l1C grealer deformation 1l~1n Ihe rock 10 lhe caSI 

prCSC1"ved as lhe scmieirclliar b"dy, lhe deformed portion lI.winll bl.'Cn iIlINS;"ely 

<I,sm,·mlle.cd by magma parcnlal 10 lhe Ol·gabbro;c dan. This mll'TprcI011()n docs not 

.,"plain S<.'Clion G147. how~",·er. Perhaps mallllla parenlal '" the Ol'gabbr"i<; clim al Ihis 

iQcatklllgaillc<1 addition..11 plagiociasebyrnarginaldisrocmb..'fnlcntoflheooJac,·nt 01-

frccprc<iominancy 

Scction 1145. s,1mpled from the Ol·gabbruic predominancy within 20 III ufthe 

cI~1rn(}Ck i lic contaci SQUlh ufNain Bay, consists ofOI·specked pyro.,cnc·altl""~1 rock 

cons;st ing"fgkJlmlar fil.t vt.,.micularpyro~enc in plagioclase. [·r\.'Sllnmbly the rock was 

u"glllallyOI·g;;tbbroiebut by addition of si lica. pt. ... haps from an ultllnatd) charnocklhc 

source. had much of its ulivine comull'd 10 pyroxene. 1145;s perhaps best dl""SCfibo.~t as 

IIJ<.1a·Ol·gabbrUl<; and ooll~l be retained inille Ol·gabbroic clan on tl~111xIsis. although 

lhc lUGS (I.c Maitre 2002 p. J) r\.'COml11ends. as Ilui<ling princlp1c6 ofils classification 

schc11lc for igneous rocks. lhal "(rJocks shoukllle na11l .. '([ according tu ,,1~1t they arc. alld 

IIOt according 10 ",hat thcymight lm\"cb..'Cn. Any manipulat iol1oflllCrB" datau<\.'d fiu 

ciassifleation,houklbcjustificrlbylhcu",r" 

,\s ah'ady d,-""uss<-~l III Sl'Ction 3.2.4.2. thin·S<.'Clion 1168 of ,,1i'1Il~~biotlle· 



Ol-gabbroic d,n nll~~-d in small proportion wilh silicic, aphyr;'; magma d~Ti\'(:d from 

magma parenlal 10 tr.c chamockitk dan. 

J.J ~Iis(e ll"nc"" . ' t r"ct"ral con~icle"'~lion s 

The (oost basic consid~Tati"n when Intc"1"prct ing a g~"Ological map is 10 whal dcyc"" lr.c 

shai><"S ofgcologkal bodies and their boundari"" as t ..... yaprear ml)ian view (mlY be 

readily auributablc 10 topoyaphy. Of coursc such a consideration should Im,'c been 

automatoc !<) the rcadcrofthis or any work employing a relatively fine scale goologka l 

map of an area c~hlbl1"'g apprl'Ciable !OpoW~phy, but given tlmt tr.ceurTem conwntKJn is 

toprescnt gooJogicalmapswilhouttopoW"phy, thepr~""SCnl authorconsidlTSil prudent to 

put such consideration in writing. Scwrnllocations in an.:! aro,,,,d the Ilartll Concentric 

I'lulomc SUIte nhibit sllap<..""S in plan view that may be readily c~plainoo by the mk"1"acrion 

hctwwnstruClureandlOpography. 

One such location is along the nor1l1-nonheastcnl lIIargin "here an irregular 

protuberance"l plan ,iew may be nplainctl as the iml."1"S<.'Clion ofa south-dIpping. 

"1'llro~ima(clyplil1mreonlaCI " .. iththe lOpographyoflhc<Quthcnl slopeo!" a hi ll and its 

sunllnil275+- nl in height. Halfakilomctrclotb..·Wl"S11hcsamccontacte.< hib,(, in plan 

,iew a 'halk"" so uth,..,,,,1 cooc:tvlty going up a southwanl oom'e~ hillside. II simpler 

Ncar the ,horclinc nonh of Nain Bay. tb..· s<"mocITcubr ho.ly of Ol-free 

anor1I~'gabbr"ic rock n",y IlI)t in ,tructurc be as smoolhly scrlHcircular as II af>lX'ars In 

2J2 



in ran by the inkT",'Cti"n "f inward dirping planar lengths of contact with opposing 

southeast and southwest CO""U hillsides, respect ively_ On we,tem llarth Isbnd, thc 0 1-

gahh",ic-Fe-rich c~mt aC1 and the extcn",1 contact of the Barth arc very sha llowly 

westward oonea\'c in plan vicw, explainable by int ers""l io" or west-dipping pbnar 

COnlacts wilh a westwa rd convex hil lside. South of Nain Bay, tl", curvature a1 the castem 

and we,tern ends of lhe Ol-l!abbrn;c-,'hamockitie and ~harnod;:itic-Fe-rieh oomacts may 

Ile cxplainLd in pan by t h~ intLT:s<.'Ct ion of north-dipping contacts of lesser curvature Ihan 

apI""C'lli in plan view. Taken t<lgl~ her, 1he la,1 Ihrccobs.:rvalion, ind icate 1h:, t the Barth 

Com,entric Plulonie Suite is not quite ,'s ooncentric as it ap]'<'ar; in pia nvicw 

A northward wncavity along tile cluIJTlod:ilic-Fl'"rich contact sourh of Na ill Bay, 

oorrcsponding to adeercasc in topography oot veryapparem rrorn too 30.5 moontours 

hut unmistakable in the ficld a,a ,mall cliffnorth o f apolld (Figure 2-4), iMicatestnat 

the contal1 at this Iocatioll is either ~ct ual l y steeply ""uth-dippmg or nortn-dipping but 

,,'Iually conca,,' oortnward to a grC"t~T degrc..; than app,1rcnr in plan vicw_ A shalkmw 

and l e"""r!ainlytTIappcd northwardC()ncavityin t hec.\tcmal ~ontaet isapparenr inplall 

view to the southwest andn~lyind i care t hesatTIc 

II '<;lroClu[(.<jnll'rnalwlhr,,,,jr,r(rhcBarll!Omq'/i/ricl'lu/,micSui1(' 

Considering st n'ct<lr~'S intlTna l to the uni ts oftn~ l3an h Conccntric Plutonic SIJi te, three 

cat cgori ~, arC n.,<;ogni",..J: I) ignc-ous loyer ing: 2) primary (early) , haP<' pref.TIctl 

()r i emat ~Jn' (SI'O,); ",1<1 3) sl'Condary , hapc prefcrrcd orientations_ f{ocks in tnt' Harth 

Corxcntric I' lurollic Suite th aI exhibit SI'O, also exh ibit v,,,iabk (Icgrces of evident 

rl'\;fy>lali i,ation, trot H wcry low through to very high_ and so u,ing the criteria ot 



1\,cryst"llisation SI'Os eanrlOt be UJ~lnlbi guously dcsignah:d primary or s(,eolldary. 

Ilowc\'Cr, wlx"l"c observed in the field and insofar as represcnk~1 by the wmpik-d 

STructural measurements (~i&ure 2-3). such f;,liations wnlilTm to the gen~"I"a l structura l 

pattt"l"Tlofwntact-paraliciand inward dipping. and SO arenlOst plausiblyarc/l cetionofan 

early process in the history oflhe rock. as igll<.'Ous tayt"l"ing is. IlIld arc thus d~'Signatc-d 

primary in lhis work. Two types of secondary SPOS may yet be dislinguish.:d: secondary 

aggregate SPOsalld scwlldary spc<:ific lIlin~ral SPOs (eg. biot,te SPO). 

Sc,,:ol1t.l:rry aggregate SPOS arc those ASPOs present in rocks evidencing a very 

high degree of recrystallisation (':'luigranubr. ~'qu idimcn,iona l ·granul:,,) in addition to 

exhibiting an orientation that dot'S not match the gcnt"l"a i pattenl. of which only OtIC 

e~amplc h.~s hccn found. an aggregate SPO orWml-d 246/14N in the Ol-gabbroic 

predominancy south of Nain Flay. immcdiatclyadjacent toc chanlOckitic contact. Since 

the e .• JlOsure. like most in ttIC Flarth Concentric Plutonic Suite. "ns not am"'nahle 10 

oblaining a d,p mea,urement_ an orientcd sample (H60) "as taken afl<t St....:tio'IO.:d thr~..., 

ways ortho~'Onally. wit h the pitch of the ASI'O mcasur<~1 in each ... ",Iion and p~ttL-d on a 

,lcr.x)liCl (figure 3-9). Stttions 1160 consis1 of(ihnenite-orthopyro~e'IC)-d i ""p>"TQ~ell<.~ 

-'fX'Chd [oomblcfl<le-biotl1ej lroctolite ofL'quigranular_ ~'4uidimcnsiol~11-granular texture 

and avernge grainsize 0.5 11I1ll. Perhaps the S\, • ."ondary foliation in qllcstion tQnll<.~! by 

sllearingof sol id rock Of 'lXlStly solid rock . havingcrystallisL-d quic kly by ehil linll against 

the clmnlOi:ki1ic neighbor. undt"l" the weigh1 ofgra\;ly '~mhward.< mto rume mollen. less 

rigid magma. How tlIC angle of fa ilure COIlk! be 14" instead "f 45"'. hOWC'·LT. o:an '101 be 

c.~pl aillc-d by tlIC prL'SCllt ;I" tilOr. c~cept by ")\"ol:'"g an mc,denta lly fom1<.-d weaknc"Ss 

d'ppmgI4"pr .. ".:ntrn1ocroekbcforedcformation 



S", .. vndary bi<Jtite SI'Os W~'1'I: III)t specifically search.:d for in eVlTy tllin-section 

examined but w~TelII)ticed in six scctions(G26. 28. 29.99.268. 1163) lfol1llhmughout 

the Barth Concentric Plulonic Suite and w~"e deemed p"",ibly prC:;Cn1 in allol ..... " Ihrl'<: 

(Figure 3-4: G64. 89. 267). The local pr~'SCrn;e of biotite SPOS (in rucks heuring primary 

minlTal assemblages including biotite) con,titulL'sevidcnceofud iflc'fcnllal str~'Ss fidd 

locally present during post·crystallismion high tempcmtul1:s e.~p..-rieTleed by the rocks 

sectioned. The uctivityofa diflc"cnt ial str~...,. field has already ..... ..,n 1I1voh,1 to e~plain 

the local presenceofOCCIPOin tllc Fe-rich and cllarrxx:kiticrock·typcclulls(Sl'Ctions 

3.2.2.2,3.2.3.3). Unfortunately tile biotite SPOs were foulld in UtlOrICntl"d sampk"S 

Pritn.arySPOsddined bytllc ali gnment of either pl:'giocl:isegrains. plagioclase 

gr~ins and malic aggregates. ur alternating fd,;e and mafic aggregates. arc a cOnuOOn 

oCcurrCnce throughout the Barth Concentric Plutonic Suite. tbough they arc III)t 

ubiquitous. TllC dilK'I"ence bctwl..,n aligrll"d plagioclase gr~ins and aligrll'll fdsic 

aggrcgut~"S is nust snnply intcrprctc"d to be the degree of 51rain ",id sUbsi."IU'·lIt subgra in 

rotalion ..... 'Crys1allisalion. with variable dcgrC\."S of relict strain a{l{1 recovercd ~trJili (i.e. 

evident subgrJins and forlTll'fsubgrainsjprcscnt throughoutthc BarthConttmr icl'lutonic 

Suite. Matie aggregIIK"S may be present altcn~1tmg with eitllcr intad grJins or 

recrYSlallis~"d aggregates. though are p..-rltaps most commonly associatoo with the lutter. 

Thai promary SI'Os arc associall'd ""II some degl'<.'<: of r<-'Crystallisation con$tilu!CS 

cvidence !1Ia! thCyWl'l"C impart(.-d by c'Ornpactionofcry,;tal trame"or~s..thuugh 'lOt by 

snnple compactklll undc-r gravity. >mc~ we know of III) prun:ory SI'Os borL'.o"'ally 

oricntc~l. but by comp.1clion from shearing. either: due to eryw,1 fmmcworks ,hearing 

undcT their O"'n wcight causingahgnment a,id Slmmofcrystals on sllCar l.oncsd'Ppinll 



volume delicit intmduccd by cry>;ta li i,al ion 'hrinkagc Primary SI'Q,; "I' less 

rC"<.Ty,tal liscdcompon':nts!,<-Thap,rcllcctsomeoornbination ofcasicTshcaring of crystal 

trameworks bearing a greater traction of melt and therefo re less rigi,l ific><!, tberchy 

imparting k" Slrain{lcs., ,truclural in,tabil ity) into til<; "ligningcrystab. "nd tromless 

('umuiativc heaT inrut at high temperaTure. after alignment. and thnd()fc k" enngy li,r 

rCl:rysta][ isntion. the fortuitous product ofplacemcnt with in Ihe thermal reg ime of an 

cvoiving Barth Concentric PlutonieSuite. 

A, mentioned above. primary SPO. ar~ concordant to ign c~)us la}cTing"t least in 

strike. and thc oompiiation of structural mcasurctncnlsshow" in Figure 2-3 rcr re_<cnta 

mixture ()f ig",-~,us layering and SI'OS th()ugh we do 'Kit k"o'" ",hat proportiun Oflhc 

measurements are of the lal1cr. One mea,urem~nt we kn()w 10 be of a plagiocb,c crysta l 

SpO. was marlc bythc pre<;cnt author southw"'t ofPikaluyak Islet hy plotting pitches 

measured on planar outcrop surfaces WiTh pitch("Illk"'Ufc>d in thr • .., onhogonal thin

... ..,Iions cui Ii-om oriented samp!.: HI (Figure 3- 10), The besl ·fil girrl lc In Ihe pitc bed 

linc<i,,,"t a tighTfil.,,n<ithcrcsuitingmeasurement()f285ISI\' is suspcct also for being 

44" stCl:pcT lli an a prc\ious ,ncasurcmcnl made in the \'icin ilylprcse , llulbydeWa"rd n 

,,/.1976). 

In <Xlmid ,'r ingtnat "lIllC primary SI'Q,; may ha'~ rc,,, l t~d hum ,hearing IHldcrlhc 

weighl ofo\'crlyi ng crystal tramewor\; , The out<land ing qU~Sli()" i, why til<; r~,ult ing dip 



bclorc bilurc oould occur alongthc4S' d ip ping plancs into which thc down ward stress of 

~ravity m~x i mumly reoolvcs , Incidentall y fi)m"-~! planc, ofweaknc" (which can be any 

planar hctc'fogmeity ofmincralogy [nKJdallaycringj. grainsize [grainsizc la yering] . or 

pore space) may fb rm parallel to the crystal dCI""itional ,urfacc(>rcrysta ll i,mion front. 

local ly lll.1nifcstasplancsof igncouslaycring, cilhcroccurr ingu l)'manincl in<~!surface 

reflcctinganinclinedchamherwalloraninclin~'<lhcapof.,'ravitalionally,hearcdcr)'1;tal 

tramcworks. Altc'm3tcly, incidentally formed planes of weakness may conccivably form 

at more '" Ie» random orientation" propagating from va"""us irnp<,.k"tiolls in 

framework fomlinghyo;ettlingm;I!,';lUcrysmll isation 

3o4 lnlern "JI'JulOn ic perimctron,ofthclbt1 hCollccntrk f'l utonicS"it(, 

I'be Uarth Concentric 1'lUlonic Suile. or Barth concentrically struc1urcd pl utonic 

pcrimctron (S<"Ction 3, 104), can be internal ly subdivided into plutonic p<'fim<1rons 

(Section ],S,3) givcn tlial theCOn1aC1sbctwccnrock_typel'r<~lomitlanciesrcprc"'ll1cilhcr 

plau,iblc or cvidcnt intrusive oontacts {Scction J,2). With a fcwc' c'-1'tion.,cnrrdat ionof 

intru,ivc"ont"d, a~T()" Nain B"y cantKJt be inferred withconfidcncc_ C"''''''luently. the 

1Il1<'rnal plutonic pcrimetroll.' "fthe Barth C"''''l'llIric Plutonic Suitc arc not correlated 

here beyo,l(i 1 ~"' of t h~ir rcs]l<Xtj\'c land arcas, i'crimdm", may be idcl11iiicu "nd 

d~,ign"lcd rq;"rd k;" of ",alt:. though dcsig,,"t ing (i,e, c.~plicitly identifying ~nd 

label l"'g) rebllvcly smail scale perimdmns may he impra~t",al. c"p,;<oia1ly whcrc tllCl'C 



c.~;s( 1lluhiple dykes or ~eTloliths, or intcTlcaving or mingling relationships. ConSl.'lucTltly. 

til.: per;1lletrons rlCSign.lte<:i h<..TC arc only those m.lppable and readily visible at the 

1:80,000 ",ak ofFig",e 3·2 showing internal plausible and "videm intrusive contacts 

Figure }· II showsthc Barth Concentric Plutonic Suite sub<lividc"d into plulonic 

pcrionetrons designated as per the cri lcri ~ arovc. Pcrimctrons arc label led according to 

rock· IYT'" predominancy. with "r for Fe·rich. "0" for Ol·gabbroic. "c" for charnockitic, 

":1" fur OI·frc"C anonhogltbbmic. and "m" for mis.;dlancou •. with numbering u.igncd 

roughly nonh 10 ",",ulh. 22 base plUIOnic pcrimetrons are thus rlelinemcd in the Barth 

Concentric Plulonic Suite (110 + oS + cS + al + 1111). This cxercise rcveals an 

u" kwardnc" of the plutonic [l<-Timctron approach. since the wunt and omlifICs of base 

[l<-Timdro"s arc functions of wneblion. scale of designation. and infer"nc .. ." of mapping, 

cach of which arcsubjc'Cli\"e or arbitrary. Pcrhaps plutonic pcrimctrons.,rcbeSI r"'Served 

fOf larger bodie, apparent m the Il)(),t COmmon map seales and ti" which conciations and 

IIlferc,lCc< of marrmg may be n)()rc subslan]iate<1. Also. the prCSl..~U author lIlanagcs 

throughout Ihis work 10 refer to various cornponc"ts of Ihe BMh COT",crllr;c Plulonic 

Suitc w;ll)()ul u,ing base pcrimdrons. finding the Tuck·type prcdornirlU!lcy. rock·type 

clans. and rock·t>ll'"' u&;(Iciation systcm combin~"d with ~"t>n"entiom,1 k'fm, of rcf~Tcncc to 

beprc"<'ise,v<.Tsatik. and in format ive 

rhc present autho, maintain. Ihe view that multiple. owrlapping ", .. heme, of 

gcologica l un i(detinition,houkl be employed and inoovate<:i as tlCCCSSHr y 



the Fe-rich diorite and gabbroic rock-type clan (shaded) 

PI 

P, L-___ == _ __ ---' 
Figurt' 3-1 - Dcfinitionoftlle F<Hich diorit<· and gabbroic rock-type clanoflhc Banh 
Cooccntricl' Iul0nicSuite 

the Ol-gabbroic rock-type clan (shaded) 

PI 

Figure 3-5 - Definition of the Ol-gabbroic rock-typ,- dan of tile Banh Concentric 
1'lutonic Suite 
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Hgurc J-2 - [nternal CQntacts (blue) so far discovered in {he Barth Concentric Plutonic 
Suite ("internal"-- meaning interna l to a rock type_predominancy). Un it labels (c_g. olg) 
allli comactsas per Fig~rc 1-2 
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• percent level apatite 

o (} fayalile-bearing f possibly fayalile-bearing 

•• bearing OCCIPO (oplically continuous, 
coarser-than-matrix, irregularly shaped, 
pyroxene oikocrysts) 

•• biolite SPO (shape preferred orientation) f 
possible biotite SPO 

Figure3-4 - Lcgcnd for Figures 3-4A. 8 .C 

local system representative of whole = 
e.g. 3:5 meltplagioclase 

microsystems: 

A = 1:1 meltplag. 

B = 1:3 melt plag. 

C = 0:1 melt:plag. 

Figure 3-6 - Illustration of a local reprcsentativc systcm within a plagioclase (or 
plagioclase-domina!e..:!) crys!al framework . showinglhr~ possible microsys!<'ms A. 8. C 
pos~"ingunr~prescn1at i\'cn1ch:plagioc la ~ratios_SCC 1CXlofScttion J.2.JA for fun""" 
explanal ion 



FigurcJ-7 -Dcfin;lionoftIICOI-li"ceanortoogabbroic(anor1oosilc anJgabbroic) ro<-k 
Iypc clan oflhc BarthCooccntric f' lulOnic Suik 

the non-charoockitic granitic rock-type clan (shaded) 

FigurrJ-8 - Dcfinilionuftoonon-charoockilicgmniticro,-k-typcc!anoftooHanh 
Coocentricl' lutnnic$uile.llJG$refcrenceasperFigure 1·0 
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Figun:J_9 _ Equal _angleslereonelpI01ofsccondaryfolialioninOI_gabbroichandsamplc 
1160, nl<:asured as pitche,;n each of three ortoogonalthin-sc.;tions, Best-f,t gird le al 
246/14N 

Figurr 3-10 _ Equal-angle ,ierrone! pklt of primary foliation in Ol-gabbroic rock 
sampl<-oda< HI (<outheastofPikaluyak Islct). mcasurcd as pitches on outcmp surfaces 
(circles) and in each "flhre.., orthogonal thill-sections of hand sam pic HI (plus signs) 
Best-fit girdlcat 211S181N 
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Figurr ). 11 - The 22 plutonic I"',imclron< of the Barth Coocentric Plutonic Suite 
dcsignatro according to thc criteria that pcrimC!r<:ms must plainlyvisibl catthc - I:l!O.OOO 
scale (used for this map) and cannot be correlated more than I krn aemss waterwa)",_ Unit 
lalx:ls (c.g . olg) and conlacts as pcr Figure 1-2. Pcrimclronsarcnumbcrc<lbyrocl:-Iypc 
predominancy (e,g. "0· for Ol' gabbroic) except "mH fQr misceliar>c'Qu, (ahr.,ugh 
pcrimclron ml is mapped as aoonhogabbroic no allonhogabbroic samples ha"c been 
collcctoo""hich>'crifylhisficldidcntit1cation). 



I'latc 3- 1 - I'ossible dy~e or pegmatitic segregation ofmesocratic, apparently gabbroic 
roc~ hosted by f,ncr grained rock ofthc Fe-rich rock-type predominancy. Immediately 
IIOMh of the southern externa l of the Barth Concentric P~ltonic Suite, IIOMh of Akpiksai 
Bay. Pcn1cnglh ~ 14,Scnt. PhotoD6, slation47, 

PI~le3-2 Possiblc bifurcating "climbing"dyke ofmcsocmlic. "pparcntly ga bbw i<:rod 
bOSled by rock of the Fe-rich rock -type predominancy. SouthofNain Bay, nonheastof 
·higpornJ". I'en length = 14.5 em. 1'0010 D21.station3 1x 



I'lale 3_3_lelL<;c_shaped possible xenolith Or tubc dyke ofapparemly Fe-rich 
diogabbroic rock hosted by mesocralic gabbroid. Immediately south of the southern 
external cOn!actofthe Ba"h Concentric Plutonic Suite, northeast of"bigporl<f' Pencil 
Icngth - 15cm.PhotoD22.S!ationJO. 

Plale 3-4 _ Dy~e ofbrowo. sub·millimctre_grained though phancritic rock hosted by 
aoorthositc. Inuncdiatc1y south of the southern extcrnal contaCI of the Banh Concentric 
Plutonic Suitc. northwcst of"bigpooo" Lcns capdiamctcr - 6cm. I'hom G2, station 

'" 



!'IMe 3-5 - Intcrleavcd sheCtS of awarcl1l1y Fe-rich diogabbmic rock and coarser, 
rclatively Fc_Ti_oxidc_rich gabbroid, Along the southern external contact of the Barth 
Cot>Ccntric PlutonicSuitc, south of"!cfl eye pond" Pct>Cillrngth - 15cm. Photo D19, 
station 32. 

I'Me 3-6 - 1ntcrle3\·e<t shectsofapparcntly Fc-richdiogabbruic rock and coarsc r. 
relatively Fc-Ti-oxide-rich gabbroid. Along the SOUthern nternal contacl of the Barth 
Cot>Centric I' lutonic Suite. southof"lcfl cycpond". Pct>Cillcnglh - 15cnt. 1'hol0 Dill. 
slalion32 



Pla ! ~ 3-7 - Blue plagioclase-ph}Tic body bound!o oonh and south by more 1cucocra!ic. 
more cquigranular gabbroid (pho!o !Op!o south). lnuncdialcly soUlh of!he sou!hern 
ex!emalcon!ac!of!heBanhConccn!ricPlulOnicSui!c,cas!-oonheas!of ··bigjXInd". Pcn 
Icng!h " 14.5cm.Pho!oD9.s!a!ion42 

Pla!e 3-11 - Apparent possible x<'ooli!h ofgabbroid within finer Fe-rich an1ipcnhi!ic 
diori1e. Immedia1ely north of 1he southern ex!ernal COn1aC! of !he Barth Concentric 
PIUlOnicSuile.eas1_oonhcas10f""higjXInd".I'enicng1h " 14.5cm.Pho!oDIO.s!a!ion42. 



1'la tc.1-9 -Sheet ofnon-fo liatc><lgabbroid sru. rp ly bound by apparcnt ly Fe -rich 
diogabbroic rock. Along wltthern ex\ernal CQnlaetQfthe llaT1h Concentric I'l u1<lnic Suite. 
northweslof··bigpond··. Lenseapdiamcter = 6cm. PhotQ G7. station 14)\ 

Pl a t ~ .1-10 - Interleaving of apparently Fe-rich diogabbroic rock and coarser gabbroid 
(centre and right). Akl ng w ut hem externa l contact ot"the Barth Concentric Plutonic Suite. 
northwest of ··big pond··. Hammer length ~ 90 cm. Photo H23. sta tion 154. 



Plate J-11 -Poorlydiscemable imcrlcaving ofapparemly Fe_rich diogahOrOic roekand 
coarscrgabbroid.AlongsoU(hcmcxlcmal contactof thcl3arthConcemricPhl1onicSuilC. 
northwest of "big pond". Hammer length - 90 em. Photo 1122. station 154 

PlafC J -12 - Mesocratic gabhmid (right) separatcd from apparcnt ly Fe-rid diogabbroic 
rock (lett) by an approximafcly 30 em thick. sharp ly bound body of colour index 
inlcrmcdialcbctwecnlhelwo bounding roch and ofgrnin_ize equal that 0 ftheapparcnt ly 
Fe-rich diogabbroic rock. Along southern external CO tU.1Ct of the Barth Concentric 
Plutonic Suil c.northwcsl ofhbigpooo" Lens eapdiamel cr ~ 6 em. pho!() H20. station 
157 



Platc .l· U -Sparsely blue plagioclase-phyric rockofthc Fe-rich rock-typcdan. with 
long axes ofphcnocrysls aligncd with steeply oonh-dipping foliation. Sout hofNainUay, 
SQuthof"righteyepooo'",Pcnlenglh - 14.5cm.PhotoD24,station29, 

I'laic 3- 14 - Relat ively leucocrntic and roarser, modcrale1y definl-d, Iowe.,- c~ntime!re

scale thick and thinncr laycrswilhin apparC n1 lytypical lhough lighl lypatchcd rock ofthc 
Fe-rich rock-type predominancy, South of Nain Bay, oonhwcst of Akpiksa i Ilay, Pcn 
Icngth - 14.Scm, Photo D8.station4S , 



J>lal~ 3-15 - Modal layering in lhe Fe-rich rock-Iype rrcdominancy. SOUlh ofNain Hay. 
soulhof·"righICycpooo··.l'cnlenglh " 14.5cm.l'hoIO DI7.slalion36 

Plale 3-16 - Modal layering in Ihe Fe-rich rock-Iype prcOOtllinancy. CUI by a Ihin. 
discominuou.~ lrain ofmclaocralic aUT,·galeS. Soulh ofNain Bay. north shore ofkidllCY
shapedpooowCSIQf··righlcycpoOO··. L,·nscap diamclcr " 6 em. I'holo FI.S!alion 126. 
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Plate ) -17 - Combined grainsi7-C and modal layering in 1he Fe-rich rock-1ype 
predominancy, also prescnt arc sc\'cral thin mclanocralic aggregates sequentia lly 
staggcrcdacross strike (Iowerccntrc). SouthofNain Bay. easlof of··lcfteycpooo'·. Pcn 
Icngth - 14.Sem. l'ooI0 D7,SI31ion45 

Platc 3_ IM - Grey body belonging 10 lhe Ol-gabbroic rock-type prcxlomin~ncy in 
apparcnt right-anglccontact with Fc-richgabbroic rock. Evident chill along soulh _facing 
contact (lower right). South on-lain Bay. nor1h of main charnockitic-Ol-gabbroic contact. 
nonh bank of'lhird eye pooo'· PhotoCl5, slation 21 



Plale 3-19 - Three individual optically cominuous. coarser-than-matrix. irrcgularly
shapc<i. P}TOXC1ICoikocrysts(OCCll'O:orangc uppcrright. bluc lell. darker blue lower 
righl) in (lim-Maghpccked (Cpx-Opx)-rich an!il"'nhi!ic mclanodiori!c_ Thin_'lC,tion 
H92 from Fe-rich rock-type pre4:>minancy south of Nain !lay_ IIOnh of Akpik""i Bay 
XI'L. 10!al imagewidlh 12_~ mm 



Plate 3-20 - OCCIPO individual interspersed with plagioclase and non-OCCII'O 
P)TOXCr.e nfe<:juanlQr irregular shape wilh irregular, smnnth, nTpoly),!:nnal boundaries;n 
{Cpx-Opx)-Tich mewpenhitic and antiperthitic diorite. Thin-section HIOI from 
charnockitic-Fc-rich contact zor.e south of Nain Uay, north of , 'big pond", XPL, image 
width ~mm 

Plate 3-2 1 - Evidence ofstmin and R'CTYSlaliisation in [(llm-Magl],Opx Fe,rich gabbro, 
relatively minimal for the Fe-rich rock-t)pc dan. Thin_section 1153 from scattered portion 
of Fe-rich rock-type dan south nfNain Bay, north bank of'1hird eye pond" XPL, image 
width 8 mm. 



Plate J-n - Equigranular, eqtlidimensional-graoular tcxture in Opx Fe-rich gabbro, 
cvidcnciogthc maximum dcgrcc of deformation and rccrysta llisationobs ervcd in the Fc
rich rock-type dan. Thin-section Hl 06 from fe-rich rock-type predominancy south of 
Nain Hay, north of Akpihai Hay_ XI'L. image width ~ mm 

I'late 3-B - faya litegrainsof ind;,tinct habit in ((11m-Mag)] Px-rich APr diorite. Thin
""'tion G265 rrmn Fe-r ich rock-type predominancy ",uth of Nain Hay. nmth of Akpik"'i 
Bay XI' L, image width 2.5 mm 



l'I Dte 3-24 - Aero<" strike variation in ahundance "fwhitish aggregates in segregated 
charnockit ic rock of the interleaved contact 7.one between thc chamockitic and Fe-rich 
rock -typ~ predominancies south ofNain Bay_ nonh of "'big pond" Lcns cap diamcter 6 
em. Photo G17, station 128. 

Plate 3-25 - Scgrc£atcd chamockitic rock of thc intcrlcavoocontact loncexhibiting 
aw~gatc spa gently curved and thinncd again,t c"nt"ct with the Fc-rich m"k-tYP" 
predomi nancy. SouthofNain Bay. nonh of "big pooo"'. Lens cap diamctcr 6 cm. Photo 
Gl8.station 128. 



Plate 3-26 Grain-scale segregated (tocrcforc locally atypical) orangisn charnockiti" 
rock sna'1'ly interleaved witnwnitisn cnarnockitic mcksimilar in appearallCc to thc hulk 
ofthecharnockitk clan south ofNain llay,locatedinthc interleaved contact zonc. South 
ofNain Bay, northof"big pond", Lens cap diamctcr 6 em. Photo G2D, station 128 

Plat~ 3-27 - Rock of toc Fe-rich rod-type prC<lominancy apparently chilkd against 
",gregated rock of the charnockitic, Im'atedin tne interleaved contact zone.S<luthofNain 
Hay,nortnof'·bigpond".Lenscapdiameter('cm. l'holOG22. ,1ation 128 



Plate 3- 28 ~ Rock of1he Fe-rich rock -1~pcprcdominancy apparcn11ychilicd agains1 rock 
of1hecharnocki1ic.1oc31cd in 1he in1crlcavcdcon1aclzolJC. SoulhofNain Bay, nonhof 
"bigpooo". Lcnscapdiamcler6cm. PholoG2 1.slalion 128. 

Plale 3_29 ~ Assortmen1 of "ariably concordant. variably cont inuous inclusions (in the 
broadscnscofthcword)of\lllriabiceolourindc~ aOOgrainsi7.c.locatcd in rock Of1hc Fe
richrock·typcprcdominancyoflheimcrlcavcdcomaclzonc.SouthofNainBay. oorthof 
··bigpooo··. Lens cap diametcr 6 em. Photo G19. station 12~ 



Plate 3-30 - Segregated chamockitic rock of the interlea'-ed contact 7.OrlC_ Ibnds.amplc 
11 102. Ihill-S<.'Ctioned as charnockitic Qtz-monwnitc. South ofNain Bay. oorth of "big 
pond" 

I'latc 3-3 1 - Highly complex, variably COurSC int~rgrowths between assoned feldspars. 
amongst which myrmekite appears almost mundaoc (globular. upper center). in [(Cp~
Opx)] ehamockitic Qtz·monzonite_ Thin_section 11 102 from lhe intcrlea\'M contact zooc 
south orNain BaY.lIonh of "big pond". XPL, image width 8 mm 
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1'lmt<,J·.U -Rockofthefe·rio:hpredomillancyphysicallyuoderlyillgsegregated rock of 
thecllarll(>(kitic ..... hitishaodfoliated,agaiost""hichit may tx:slightlyehillcd. Southof 
Naill Bay. ste<:p e~JXlsure overlooking kidney-shaped JXloo. Pen length 14.5 em. Photo 
G24.s1ationl27 

Plat ... J-J3 - 20 ccotimelrcs oown the bank fi"ome~JXlsuresho .... n in Plate )·)2. highly 
scgr~gal .. dcharll(>Ckitic rock a, at the imerlca"ed contBcl7-Onedire<:tlythecasl. South of 
Nain Bay. Sk-ep exposure owrlooking kidncy-shapcd pond. P .. n length 14.5 cm. PIlol0 
G23.slation 127 
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Plate 3-34 Two segments of roughly cast-west dJamockitic-Fc-rich contact ofT<~t by a 
zigzaggedjogcolllpri<;ed of tapered imerieavingsofdccilllelre-scale lengths. South of 
Nainllay. immediately nonheast of "right eye pond" l lammcrlcngth90CIll. PhoIOGI4. 
station 134. 

I'late 3-35 - Apparent ly unchilled rocks of the charnockitic and Fe-rich rock_t)pe 
predominancics sharply contacting as well as. just one mctrc away. apparently 
gradationallycontacling.Soulh ofNain Bay. northofAkpiksai Bay. Lens cap diamclcr6 
cm.PholoGIO.sta1ion 144. 



Plale J-J6 - Feidspar-phyrieglobularioctusionofOI-gabbroi<:predominaJlcyrockwithin 
eharnockitic rod adjacent to the rroin pK..Jom inancy contact. South of Nain tlay. 
shorc li nc facing Rhodes Island. Lcnscapdiamctcr6cm.PholoF4,station 123. 

PIMe 3-37 - Orangish ehamockitic rock of partially del ineated internal body immediate ly 
north of "right eye pond". South of Nain Bay. northwestern bank of "right eye pond" 
Lcnseap diamclcr6 em. I'hoIOGI4. 'Ialion 131 
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Plat<,3_311_Sharp, straight ,Onla,t bctweenorangish charnockitic body (nof1h, down in 
photo) aoo "'hilish charnockitic roc); (south), Contact measured 075/67S, South of Nain 
Bay, "Jell cye pooo" visible to left, Nain Hill in distant backgrouoo, Hammer length · 90 
cm.l'hotoG13,station 135 

Plate 3-39 - Foliation asdiffusc aggregate SI'O in charnockitic rock ofthc onmgish 
imernal body_SouthofNain Bay, midway along north hank of'-right eye pooo" Len,eap 
diametcr6,m_ PhotoGIS, between stalion~ 131, 2 



I'latc 3-40 - Acicular exsolutio" in m~sopcnhit~, rC>olvablc at 25X {typical war.cncss}. 
in chamockitic Qtz-ieucomon7.0nile. Thin-section H46 lTom immediately south of 
charnockitic·OI-gahhroic comact, south of Nai n Bay, ea,l of I'ibluyak Covc. XI'L, 
image width O.~ 10m 

Plale .1-4 1 - Acicular exwlution in me"'perthik. barely re",lvablc at 400X. in Cpx 
charnock it ic kucollIonzonitc. Thin-scctKm 119 from charnockilic matrix of plutonic 
breccia ""uth orNain Bay. southeast ofPikaluyak Islet. XPL. image width 0.3 10m 



Platc .l42 - Vermicular. globular, and re latively fme .'Iring acicu lar ex",lution in 
mcsopcnhitc. in chamockitic Qtz-Icucomonzonitc. Thin-section 1146 from immediately 
south ofchamockitic-Ol-gabbroic contact. south of Nain Bay. cast ofPikaluyak Covc. 
XI'L.imagewidlhO.Rrnrn 

Plate 3-43 DilTuse sern ivcrrnicular (or rni.~ed globular and vermicular) cx;,olution in 
rne'lopenhite. in charnockitic Qtz- leuconxlllwnile . Thin->l ... ·tion H3R from charnockitic 
rock-type predominancy ",uth ofNain Bay. ,hmeline facing Rhodes I,land. XI'L, image 
width 1.3l1un 



1'late 3-44-Quartzinclusion exhibitinG I"'ssihlcfacialdcYclopm,mla G,instmesoperthitc 
host. in chamockitic lcucomon7.0dioriIC. Thin_section 1190 from charnockitic rock-Iype 
predominancy soulh of Nain l1ay. north -northwest of Akpiksai l1,y. XPL. imaGe width 
Umrn. 

Platr 3-4S - Quartz phcnoallllregale. in charnockitic Qtz-leucotll(ln7.onit~. Thin-section 
1143 from chamockitic rock-type prcdominaocy south of Nain n ay. shoreline t:1cing 
Rh()(k-s Island. XPL, image widlh 8 mm 



PIMe 3-46 - Malic ag£rcgatcs. e01'lCentrations. and individltals distributed 1lCt· like 
bt.tweenand a" margilllil withincoarS<..T fdsic aggregate, and phcllOCTystS. Thin,sl:x:tion 
H~O from chamodilic rock-type pr~dominancy south of Nain Bay. ooTthwcSI of ,'allcy 
tIOt1hwest of Akpiksa i Uay. Thin_section king dimension 39 mm 

D.lmain of rebtivcly fine grains exhibiting relatively smooth bound'lries 
amonpt coarS<:rgrainscxhibitingcomparitivcly irrcgulargmin boundaricsalid grain 
.hapes. in [Opx-Cpx) charnockit;c gr.modioritc_ Thin-scclion H71 from chilllJOCkilic 
rock-t;pe prl-dominancy south ofNain Bay. several metres oorth ofOI-gabbro;'; contact. 
middle of landmass. XPL. image width X mm 



PI~te 3-48 - Fayahte of indistinct habit in Fa charnockitic monzodiorite. Thin-scction 
H98 from panially delineated interruJl body within the chamockilic rock-l)'pe 
pr~odominancy '<OUlh ofNain Bay, IlOnh of<'right eye pond". XI'L. image width 8 mm 

I'l ale 3-49 - Unidentified opaque mineral (black) after fayalite in Fa charnockitic 
tllC)tl7.odiorite. Thin-scction 1198 from panially delineated internal body within the 
charnockiticrock-lypcprcdominancysoulhofNain Bay, nonh of "right eye pond" XPL, 
imagcwidth2.Smm. 



PialI' J-SO - Charnockilic dyke ~eparaling two portions .,flhe Ol-gabbroic predominancy. 
thc wcsteriy portion evidently chitled along thc south facing limb (horimntal in photo) of 
its right angtecontact. SouthofNain llay, wcstof'1hird eye pond" Hammcrlength - 90 
em. PhotoC4.station26 

I'latc 3-51 - Ol-gabbroic predominancy em by felsic dy't;lct s (presumably charnodit ic: 
mis.,d). SouthofNain Bay, north of "big pond", Pen lenglh - 6em, Photo BI6,stalion 
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I'Me 3-52 - Appar~nI c"",,,,,tion of thin, straight dykc1ets from the chamoditic rock. 
type predominancy into the Ol-gabbmic. South of Nain Bay, nonh of kidney-shaped 
pond. Pcn1cngth = 6cm Piloto DI. station 58 

Plate 3-53 - Charnockilic dyklets carving mck of the Ol-gabbmic predominancy into 
breccia. SoulhofNain Bay. nonhof"'right eye pond" I'en length = 6cm. Photo B23. 
stali(m9 



I'lat~ 3-54 ~ Plutonic breccia consisting ofsub-ccmimctrc to dccimctrc-scalc. ,ub-angular 
Ol-gabbroic blocks in mixed cbamockitic-Ol-ga bbro ic-Fe-rich matrix . South of Nain 
Bay, ",U1hea.,t of I'ikaluyak Covc_ Hammer length ~ 'Xl em. Photo E 18, station 67 

1'131 ~ 3-55 ~ I'lagioc lase-pcrchadac')'stic dinopyroxcne oikoery'l (bl ue to purple) with 
margi nal hornblende in (I\t-lIbl)-OI gabbro . Thin-section H~ from matrix of plutonic 
breccia. south ofNain Bay. s.ollthea,t ofl'ikaluyak CO\'C_ XPL. image widtb ~ mm 



Plall' J-S6 - 1n sitil plutonic blttciaconsisting of sub-angular blocks ofOI-gabbroic 
rock-type predominancy separated by chamocklitic dyk1cts and dykes, South of N.in 
!Jay, north of western "right ere pond". Hammer length - 90 em. I'hoto AI, Slation 8 

Plate 3-57 - Amoeboid composite grains of ilmenite and magnetite apparently having 
crystallised '"pseudopodia" along feldspar-feldspar boundaries. in thamockitic Qtz, 
Icucomonzonitc. Thin-section H67 ITom matrix of plutonic breccia, south of Nain !Jay, 
north of west em' 'right eye pond'", XI'L, j""'gc width 2.5 mm 
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Pla!e3-Sfl - PI~gioclascla!hsofdi"=orien!a!ionin!crspersed"';!hmarlCaggrega!cs 
and finer plagioclase grain' ofdi,'crse shape interspersed in!umwi!h fincr mafic grains. 
in ""rilC_ Thin-se<:!ion H68 from block within plu tonic breccia. south ofNain Bay. north 
ofwes!cm '"righ! eyc pond". XPt . image Widlh 8 mm 

l'l a!e 3-59 - (Up!o photo left) Plutonic breccia with different grainsize po"ions of 
cha""Kkilic malrix in sharp contact al least locally, with matrix of all present grainsizcs 
cnclosing bloch_ South ofNain Hay. nonhofwcs!em '"right eye pond". Photo AJ, sta1ion 
8. 



I'la t~ 3-60 - Chadaerysts of dioopyroxene and Fc-Ti-oxidc hosted by composite 
multifdd~par nikOC~lS> in chal1lOCkitic Qtz-monzodiorik Thin-section H66 frnm matrix 
of plutonic bre<:cia, south nf Nai n Bay, oorth nf western "right eye pond" XI'L, image 
width 8 nl1n 

I'lat~ 3-61 - (Up to photo ler'l) Apparently in Sill, plutonic breccia with sub-rounded 
blocks. South of Nain Bay, norchofwestcm"rightcycpond".Nainllayin backgroulld. 
Hammer Icngth m 90 em. Photo B22. ncar station 8. 



"la tc .142 - Apparently kinetic plutonic breccia with mottlc<i chamockitic matri_~_ South 
ofNain Bay. nonh of west em "right eye pond" Pcn length - 14.5 em. Photo A2. station 
8 

I'lalc 3-63 Plagioclase phenocrysts and phcnoaggrcgates of equigmnular. 
cquidimcnsional Iif".mubr plagioclase (centre) in gabbronorite_ Thin-section H63 from 
hlock within plutonic breccia, south ofNain Bay. nonh ofwcstcm "right eye pond"' XI'L. 
imagcwidth8mm 



},Iate 3-64 - Evident magma mingling as rounded, apparently Ol·gabbroic bodies hosted 
by charnockitic rock, Charnockitic-Ol-gabbroic comact. south ofNain Bay, WCS1 of"third 
eyerond"_Pcnlcngth - 14.5cm_I'llotoB6, stationIS 

Plate 3-65 - Evidcnt magma mi~ing and mingling as an irregularly heterogeneous 
c~posurc. Charoockitic,Ol'gabbroic contact, south ofNain Bay. wcst of'1hird eye rond' 
Pcn1cngth - 14.5cm.PllotoU4,sta1ion 15 



Plaw 3-66 - Evident magma mixing and mingling as an irregularly heterogeneous 
nposure. Chumockitic-Ol-gabbroic contact, south ofNain Bay, west of',hird eye pond", 
l'enlcngth ~ 14.5cnL f'hotoB5,smtion 15 

Plate 3-67 - Rock of the Ol-gabbro;' predomillllncy bearing light-coloured feldspar 
.~cr.ocrysts irregularly dissecting the charnock it;' predominancy into tap''Ting and 
branching portions. South of Nain Bay, shoreline facing Rhodes Island. Lens cap 
diamctcr - 6cm. Photo F7,station 123, 



I' I~ fe 3-611 - Rock of fhe O l-gabbroic predominancy bearing lighl-coloured feldspar 
xcnox:ryslsirrcgularlydisseclinglhecharnox:kilicpreoorninancyinlOlapcringponions. 
SQmc no nlOrc lhan wisps. SoulhofNain Bay. shore line facing Rhodcs Island. Lcnscap 
diameler ~ 6cm.PholoF6.Slmion 123 

,'Iale 3-M - Irregularly shaped "olumes of lhe Ol-gabbroic predominancy wilhin Ihe 
charnox:kilic. SoulhofNain Bay. shoreline facing Rhodes Island. Lc!lS cap diamClcr - 6 
em. PholoF5.s1alion 12J 



Platc J-70 ['henocryst.andphenoaWcgalcsofquart~,phcnocr)'slsofplagiox lase.and 

phenoaggregates of rnixc-d quartz and feldspar. in Opx Cpx-rich chamockitic monzonite. 
Thin-SIXlion 1136 from Ol-gabbmic rock.type predominancy immediately adjace nt 
contact with chamockilic (small amount of which sectioned at right), south ofNain Bay. 
shore line facing Rhodes Island. Thin -section long d imension 3~ mm. 

Plate 3-7 1 - Interleaving of lower metre and de<:imclrc-seale thick elongate bodie, o f 
alternately Ol-gabbroic and charnockitic rock·type predominancy. South of Nain Bay, 
cas[ofandfacing"thirdeye JIOOO".HammcrIcnglh - 90cm. PooloC9.slalion25 
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Plale3-72 Rouoocd elongate bodics. apparently Ol-gabbroic. wilhin an clongatc body 
of,harnodilic rock-lype predominancy within intc.,-"'a,-cd zonc, South 0 fNain Bay. cast 
of "third eye pond", flammer length ~ 90 em. l'hOlo(8. station 25 

Plate 3-73 - Texture consisting of three-way mixture ofsubophitic. hypautomorphic 
intcrgranular. and comparatively fmc cquigI3nular. equidimcnsional granular. in OJ 
gabbronorite. Thin-s".:tion H79 of evidently slightly chilled Ol-gabbroic rock taken 
within centimetres of the charnockitic rock-type predominancy. soutll of Nain Bay. 
eastern inland length of contact. XI'L. image width 8 mm 
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Plate J_14 - Imerior of a body perhaps representing magma mixing bct"'ccn magnt.1S 
parental to the Ol-gabbroic and charnoditic rock-type prooominancics. hosk-d by the 01-
gabbroic. South of Nain Bay. north of··third eye pond·'. r~-n length - 14.5 tm. Photo 
C14,S!alion23 

Platc.l.7S- SharpcontaCl ofbody.hown inl'1atc 3_74 with host Ol-gabbroic rock-t~l'c 
predominancy. South ofNainliay. north of'·third eye pond'" Pen length - 14.5 em 
PhotoC l2.slalion23 



Locally manifest 1l!OOai larering in the Ol-gabbroic rock-tWC 
predominancy. South ofNain lJay, shoreline facing Rhodes Island. Len, cap <iiameter " 6 
cm. Photo F9. sl3(ion 117 

Plate 3-77 - Ana<tn!ll()sing n!OOal layering in the Ol-gabbmic rock_type predominancy 
South ofNain Har. on slope overlooking gulf midway along north coasl. Ilammcr length 
" 90cm. PhotoAl9,station I 



PlatcJ-78-Ditl'uscrnodallaycringinlheOl-gabbroicrock-l>vcprcdominancy.Solilh of 
Nain Bay, CaSt of Pikaluyak Cove. Lens cap diameler - 6 ,·m. Pholo E21. slation 64 

!>Iale 3-79 - Diffuse and variably unduk,>c modal layering in ro~k of the Ol-gabbroic 
rock-lype predominancy hosling an angu lar xetJ<) lilh ixaringhluei,h while feldspar alld. 
k>C"ally, graphic granile. and ,urrounded byan apparenl reaclionrind. SnulhofNainBay. 
castofP i ~aluyakCovc.LcnscapdialllclCT E 6cm. Phol01i22.s1alion64. 



PI~'e 3-80 - DifTu>c and variably undulose modal layering in tile Ol-gabbroic roci:-type 
predominancy. South of Nain Bay. coastline bulge far north of --big pond-- and facing 
castern Barth l,la nd. Lens cap diameter E 6cm. Plloto Fli. ,tation 114 

Plale 3-11 1 - Rounded blueish xcnolith of plagiodase-Icucocratic rock (possible 
anorthosite) and beigc Icucocratic veins (outcrop appears mottled because drying ~f1cr 
rain). South ofNain Bay. coastal bank soutlleast of Pihluyak Islet. Hammer length _ 90 
em PhotoE I3. 'tatK:m 71 



Plate 3-112 ~ More or less cquigranular, equidirnensional-granulardomain in troctolik 
Thin-SC<.:tion IBI from Ol-gabbroic rock-type predominancy, south of Nain !Jay, 
shoreline facing Rhodes Island. XPL, image width H mm 

Pla te J-IU ~ Plagioclasc grain exhihiting bent. tapered. and diffuse alhite twi,,-~ in 
troctol ite (2 ·ordcr interference colou," bc<;ause thin-section cut th ic k), Thin-... ·<:tion 1-1 29 
fwmOI-gabbroicrock·lypeprcdominancy, southofNain Flay, TIOrthof" big pond", XPL, 
irnagcwidth2_5mtll 
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Pla!c j-84 - 1nward-!apcringdcforma!ion Iwins, presurnablypcriclinal,a nd diffuse albi!e 
twins in 01 lcucogabbronori!c. Thin-sedion HI6 from O l-gabbruic rock-type 
predominancy, soulb of Nain Bay, shoreline of gu lf midway along north coast . XI'L, 
imagewidlh2,)mm 

l'la!e j·1I5 - Evidence of sub gra in rotation recrys!allisation of plagioclase, with some 
grains perhaps insufficient ly rotaled I<) become independenl (i ,e. slill in the subgrain 
stage), in lroc!oli!e_ Thin-scc!ion 11 31 from Ol-gabbroic rock-!ype predominancy, soulh 
ofNain Bay, shorelinc facing Rhodes IsJand. XPL,imagewidth2.)"un 



I' lute 3-86 - Clinopyroxene oik()~Ty;t exhibiting angular_ space-fi lling. plagioclase
int erstitial habit in troctolite. Thin-<;eetion H42 fi-om O I-gabbroK: rock-type 
predominatlC)'. ><luth of Nain Bay. near charnockitic cont acl. nonh of kidney-shapc-d 
polld. XPL. image width 2.5 mm. 

Pl a t ~ 3-87 - Evident disso lution hollows in plagioclase (originally atypically coarse 
gminc-d)occup;"d by oikonystic dinopyroxcnc in add ition to othcr inter st itialminera ls. 
in 0 1 leuc'ogahbr(}[Jorite (Figure 2.44. Hinchey 2004). Thin-sccli<ln G249 frorn sou th of 
Nain Bay. south of gul f midway along north coa,t . XI'L. field ofvicw 7.1 mm 



Plate 3-88 - Olivine plastomorphic against plagioclase in Ol1eucogabbronorile. Thin
seclion G 170 from Ol-gabbroic rock-type predominancy. llonh of Nain Bay. west of 
semicircular body of Ol-free anorthogabbroic rock typc-predomilwIICY. XPL. image 
width2.5mm 

Plat~J-89 - Equanthypautomorphic if no! autornorphico1ivinc intlusionin plagioc1ase 
in Ol-rich gabbronorite. Tliin -sC1:tion 1154 from Ol-gabbro ic rock-type predominancy 
south ofNain Hay. soUlhofgulfmidway along nonh coast. XPL. field of view 2.5 mm 



Pla te 3-90 - Aggregate ofxenomorphic olivinc with interna l polygonal buundarin in 01-
rich noritc . Thin-section H24 from OI-gHbbroic rock-type predominancy. south of Nain 
Bay. south ot gu lf midway along north coast. XPL image width 2.5 mm. 

PIMe 3-91 OikocJ)·stic orthopyroxene mmgina l to olivine o ikocryst and pla_tonxmphi<; 
agHinst plagioc lase in Ollcucogabbmnoritc. Thin- 'lection 0170 from Ol-gabbroic rock_ 
type predominarxy. north of Nai n Bay. wcst of scmicireular body of Ol-frce 
anorthogabhmic rock·type predominarxy. XPL. image width ~ mm 



rlat~ 3-92 - i:liotitc-clioopyroxc,,", sympkoclilc wilh biotite limbs in optical if oot 
physical conlinu it ywilhadjacenl oon-symplcclicbiotitc. in leuoolTOCtolilc. (Figure 2.38, 
Hinchey 20(4). Thin-section G242 from Ol-gabbroic rock-Iype predominancy south of 
Nain Bay, south of gulf midway along oonh shore. (>(>L. image diagonal 2 mm 

rlat c 3_94 - ll iotilc-clioop}TOxenc symple<.:tile sandwiched belween oon-symple<:tic 
biotile and oli\'ine (lop) and exhibiling wide range offinencsso\'crt he samcsymple<:tile 
patch. in Icucotroctolite. (Figure 2.41. Hinchey 20(4). Thin-section G242 from 01-
gabbroic rock-type predominancy somh ofNain Ba y_ south of gu lf midway along I10nb 
shore. RL. image diagonal 0.86 mill. 
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I'late 3-93 - lJ iotitc-clinopyroxcne symplc.:ti te with clinopyroxene limbs in optical 
cominuitywilh a non-s)mplccticdinopyrox<·ne inclusion in non-symplc.:tic biotite. in 
leucotroctolitc (Figure 2.39. Hinchey 2~). Thin-seclion G242 from Ol-gabbroic rock
type predominancy sou th nfNain Bay, south nfgulfrnidwayakmg north shore. XPL 
(abnve), RL(bcinw),imagcdiagnnall.4mm 



I'l ate 3-95 - H"rnblende marginal with respect to Fc-Ti-oxide in IBt-Hbl) troctolite 
Thin-section GI21 from westernmost portion "f Ol-gJbbroic rock-type predominaney 
north ofNain Bay. PPL. imalle width 1.3mm 

- Optica lly wntinu"us hornb lende marg inal to clinopyroxene as well as 
dispcrscd nearbyamong.<1 "thergrains of\"arious minerals. in troctolite. Thin -section H42 
ITom Ol-gabt>roic rock·type predominancy <;outh "fNJin !:lay. oonh of kidney-shaped 
pond. PPL.imallewidth2.5mm. 



Plate 3-97 - lIornblende marginal with respecl 10 Fe-Ti-Q~ide with nictber mineral 
associated with elioop>TOxellc alIbis location, in kucotroclolite. Thin-seclion 0167 from 
southwestern portion of Ol_gabbroic ruck-type predominancy north of Naill Hay_ I'I'L. 
image width 2.5 mm. 

I'laic 3-98 _ f'l:lgiodasc septum te~ture inmlving ilmenite and hornblende (the si~ 

hornblcndcgrnillsarecontpletely scparated from ilmenite by thin scpt3 of pia gioclascas 
in f'late 3-99). in lcucotroctolilc (Figur~ 2.50. Hinchey 2004. p. X). Thin_secTion G246 
from OI·gabbroic rock-type predominancy >outh of Naill Bay. south of gulf midway 
aklng north shorc. PPL.imagcdiagon:J11_2mm. 



Plalc 3-~ ~ Plagioclase seplum l"xlure inmlving ilmenile and hornblende. in 01 
leucogabbronoritc. Thin-seclion HI S fi-omOI-gabbroic rock-lypc predominancy south of 
Nain Bay.easlofPikaluyakCo\·c , SEM. image width 300 j.ln1. 

PlalcJ- I OO ~ Rela\ivclylhin hornblende rim lexlure invoh'ing ilrncnilCand plagioclase 
(thickest hornblende [,entre) in<ufficicntlythin 10 be unambiguously sodesignalcd). in 
lcu'OlroclOlilc, Thin-secl ion Gl92 fi-om soulheastern Ol-gabbroic rock-lype 
predominancy nonh ofNain Bay. XI'L. image width 2.5 mOl 
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I'la t~ 3-101 _ "Incipient" plagioclase septum te~ture. in which hornblende adjacent to 
ilmenite e~hibits a convc~ latcml terminus against plagioclase. in troctolite. Thin·sccti<m 
GI48 from southwestern Ol·gabbroic rock·type predominancy nonh of Nain Bay_ PI'L. 
image Widlh 0,11 mm 

Plate 3- 102 - Panial plagioclase septum texture. intermediate between incipient and full. 
in which plagioclase septa exist but taper out between the hornblende and ilmenit~, in 
1cucotroctolite (Figure 251. Hinthey 2004, p. X). Thin·section G246 from 01-gabbroic 
rock_typcprc<tominancysouthofNainBay.southofgulfmidwayalongnorthshore.PPL 
(lcll). RL(right),fieldofview(lcfl)and image diagonal (right) 1,2mm. 



l'l~le .1-10.1 - Bayon~1 'Irudure (left) along margin of non-dlllmockilic granil ic dyke 
hosted by thc Ol-gabbroic rock-type predominancy_ SouthofNain Bay. north of"right 
eye pond". PholOB20.stmion II. 

1'lalc.1- IO..\ - I'lagioclase gfJin e~hibit ing compo,ilc zones ofre<:tungular iJldi"iduais in 
perthilicgmnitc. Thin->cclionH77 &"mnon-charnockit icrock-lypcprcdominancysouth 
ofNain Bay. north of"right eye pond'"_ XI'L, image width 8 mm 



Ch"ptcr4 - G~o lo):}' o fth r c e ntrll l "'es t e r" margin o f th e Ilos.nhein I,hlton 

4,II)cfinilio n oflh c Uosc llbeinpiu lO n 

l3ased mainly on the c~lensivc ob>l"l'v3tions of Ryan (200 1), the Hosen.,.,i" pluiOn is 

ddin~~1 as Ih:u nonh-south-ckmgalc body uf gabbroie and locally Ol-gabbroic rocks. 

extend in,!; fi-om Nain Bay Imm~'<iialdy WCSI of !,ikaluyak Cove, soulh-southeast across 

Hoscnbcin Lake and Ihe eaSlemmost shores ofKangilialuk Lake aod lhe C·sha[><.'<i lake 10 

lhe"oulhcaslofKangiiialuk Lake, alleast a, far south as inland fi'omlhc shorehnc west 

of KatJk I3 lufflsland (scvcral kiJomctrcs funhersoulh of Figurc 1-2 hound ary),and 

hound On the "''''I and IK,n hcasl by Archean quan~.ofcldsp.1t hic and laycrro n",fic 

gncissc:s. and on the cast by a 7.oneofplutonic breccia consisting ofeent imet re- Io 

decamctrc-scale white angu lar blocks of anorthosile and !'I-dominated gabbroic rock 

probably der;vl'<i fi-om the more Icucocralic Unity Bay pluton. into whIch the br~"eia ZOne 

gn.dcs(Figurc I, Ryan 2001 p,128: Ryan2000p.269) . Tlwllhc"c'ICrnmargincomacts 

gnc"si,eorrubornl~'<ibyVoorduuw(2006)andthisstudy 

4,Z I'r. "ion,worl< onlhlloSl' IIhci llpI1lIo n 

Not,> that allhough Ryan (2000,2001) describes the bulk of 11 Ie 1I0scnbcin pluton a. 
'lcuconor itc·',theprcscntaulhor.lwvlIIgob><""I'vl'<iagrcatCTvariClyufgabbroieroeks 

(\· (,,,,,,,(·,\'d,,dothooghalsos{"l\'ul"IO)Hndco~,urindlccS ( Sl"lion 4.3), mudi fics Ryan' s 

(2000, 200 1) "lcucollurilc" to "PI·dominated gabbroic" (S<'II"" rxc/u"o) III the f;,I~' wlllg 
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Ryan (2000) describes tllC Iloscnbein plulOn as utKlcformcd and lay~'1"cd in ilS 

cenlral p<mi{)n. wilh layer' ,lipping mode'ralciy oonhea<1. Of the locally Ol-gabbroic 

weSlem central margin inwsligaled by the pr~-senl author, Ry:m (2000 p. 258) says 

'-Olivine gabbro, "butting The Arehean gTlCisscs, is iTl1erprClcd 10 tonn tllC b.1se oflhe 

plUlon. allhough il l~lU ld f>c unrelalcd 10 ,I. " Morc specifical ly, Ryan (ZOO I p. 136) 

dc<<:ril>cslf>c weslern central margin a< k)cal lyofhiotile-l>caringOI -leucogahhroicrock 

"which grades ___ internally"" into ""massivc douy-textured"" PI-dominated gabbroic rock 

Eastward tTum toc w~SI~m margin. th~ pluton gradus into l{)~ally layered, "clo11~'<l· 

t extur~~i"" gabhroic rock hearing raft s of i,)liatcd leucognbbmic rock nnd a'lO" ho,ile, 

whi~b in tum tr" n.,itions into ",-,iatu-Inlured PI- dmninatL..J gabbroic rock with 

pl,1gioclasc -'whilc to pale grcy 10 steel-bi lle-grey" and oonstilUtin8 the malrix ofthc 

marginal plutonic bre~~ia_ with lhu ahundancc of foliated I' I-dominalcd gabbroic and 

anorthmiteblock&lhcrcin(C_8_Plalc7,Ryan2000p259:Figurc5,Ryan200 lpI 37) 

variah le betwccn outcrops (Ryan 2000p. 258, 200 1 p. 156). To be clear, cenlimctrc to 

d~"aoll~1r~,"s.;ak blocks arc widespread in the Ho;;cnoc;n plulon, occurring ;n Ihc "'cst(Trl 

half ",here IIlCy arc <ugge"ted by Ryan (2001) to have oc'Cn deri,·~~! fi-om I h~ Mount 

U,lerpl llton,as",c1 l as int llCcaSlemhalfwhcrethcyaresuggestcdlohavclJ.ccnderived 

Ii-om Ihe Unity B~y pluton, adjacent to which blocks arC "esp~..:;nlli' "bundant and 

Ihn cf(}rc manifesl" breccia (J(yan 21~)l p_ 157)_ Ryan (200] p. 137) auvise, lh"t Ihc 

Gr~njt ic dykes are rare in Thc iloscnocin pJ.!TOn cotnp~rcd 10 tllC Cnity llay plUlon 

to toc cast, an<i to()se that are pre",nt lrcr,d n"" rn,a<l (Ryan 2(00) 



Along Ihe nortocasl margin of loc Hosenhcm plulon, :.djacel!! 10 Ihe 

quartzofdd,palhic gneiss., Ryan (2000 p, 258) di,linguishl'll an ill-ddin~'Il, ",,"hwe51. 

Ircnding ilody of f'l.dominak'll gabbroic rock "friable["",t] weakly lohatl'll, granuiarto 

Clo lt l~I-IC.~(Urcd," More IlcrK'n ll yoftoc "oortiK'!T1 part (wam )" o f lhe plulon. R}'I11 (200 1 

p, 136) rlcscritJ.c" 11 as domillillllly a brownish wcatocring, relati vely oxide-rich 1' 1_ 

rlominat~'Illlabbroic rock with dark grey plagioclase and similar in appcamocc to Fe-rich 

dioritierock.asoflhcllanhCoocentricl'lmooic$uite 

ACC<}nlil1g to toc ullpubhshl~I, 1:50,000 scale map produced by Ryan (2001) for 

Ihal projl'\:t (the publi,hcd oOC is 1:200,OOOscalc).laycrcd maficanrlallon hositegnciss 

along tocwcsl<'!T1 margin of thc lIosenbcin pluton tapcrs oot roughly 600 m north of 

Kangi lialuk Lake (Figurc 1-2). Toc present author. hoW< .. ,\'l'1'. obsl'1'\,~,1 what appeared to 

oc laycr~'Il ma fic and anorthosite gneiss (e,g, Plat ~'S 4_1, 2) at o, 'cr half-a-do/_,'n location, 

within 1.7 km oorth along!r.c wntad from Kangrhaluk Lake (tt-.)ugh nlO" ly within 400 

m), thooghobscrvations were IimLl,'Il to tr.c first C_'f'Osur~'Sofcountryrvck Wl'St ofthc 

wntad and so the unn oflayer~-d "'afic and aoorthosilcgnciss mi'y rndl"l-d 100 thin to 

mapatthcl:50,OOOscaicalliK-scoorthings. 

4.J I'rc.en! wo rk on th ~ c~ ntr,,1 western ma r::;n orlhe Hosenb";n plnton 

The cowragc of field work conducted by the present author may oc cstimak,1 by 

examiningFigurc4-isllOwingobscn'ationsMionsandlhedrslrioot,,,nofgroundcoH'1' 

Just as " 'ith the oon-gramlrc and IIOn,Fc-nch portIO'" "flhe Harth C"ncentric 

f'lulonrcSunc,tr.cHoscnhcrnpIUlOn"'aybcsutxh\idcd into an Ol·fn.-..: a'lOrtholl"bbroic 

rock-t}lK: clan and an Ol-gabbroic rock-l}l'" clan. wnh correspond"'g rOCk_l)pc 



prcdominancies nol ),,1 ~'Slablished and perhaps i'~1ppropriale since the Iwo spt.'Clm 

1I1'llCarlobc inlimalcly associalcdorilhe oulcropscaj(, 

Unlike for 'il-scriptions oflhe rock-lypcclans Ofloc Barth Cooceolrlc Plutonic 

Suile. IllC present aUlhor has cll"""n for the 1l0S<.~,bcin pluton 10. bro"dly s[>Cakmg. 

prCSCI11 resu lts as specific rock I)PCS firSI. field oi>scrvations 5(.· •• :ond.lO cfti:cllhal the 

rCa<krshould icamw'hallhc Hoscnbein plulonhas bt:en S:tmpkd as firsl and how lhese 

sample'S rebte t" field "oocrvutions 5<.'«Ind. AIS() unlike f"r toc Barth Cor.c~~'trlC Plutonic 

SUIte. alilhin·5<...;:tKms <>floc Hoscnbein pluton were describt.~1 at IIlC SHIne Ic"ci "f 

rcialiq:ly high ddail and so more precise rock '-11ncS in which minerals of n.><Ic k,w 

pcrc~~n le.-eI {I > %:;.>: S)are indicatedas"spccked" arccorn;istcntly g;H'1l beT<' (Section 

1.5.1). The s!,,-'Cific rod typcsobserwd ofthc lloscnbcin plulon are (I'igUTC 4 -2) 

(ihncnile-magnctitc)-SpL'Ckcdlcucogabbm(H210.221): 

Icucogabbronorilc(11233): 

ciinopyroxenc iCIK.'Onorrtc (11184): 

gal>l)f'o{H20J): 

lilanilc-bcaringgabbro(11201): 

(ihncmlc-magnctilc)_"rthopyro~c"'.:·spcckcdgabbro(II2JI): 

orthopyroxcncgabbro (II 193): 

ihncnitc-sp.:<:k~-do"I·"pyr()xcncgabhm(III94); 

gabhmnorilc(II22'l); 

(IlmcnnC-In:rgllCl il e),spL'ekcdgabbrollorile(Hl%): 

(ilm,·nnc-magnetuc)·hiol1te·'pL'Ckcdoorite(11226.227); 



ch""p)'JoxCIIC-Sl'cckooooritc(H228): 

ciioopyroxCOO-Spl'Chd [(,lmeni1C-lnagnct itc)j oori tc(l1234): 

bioti1c-orttlOp}n'Xrlk.~'fl'l'Ch~lotivincgabbro( H 2t5,217): 

ol ;v;"cnorite( tI 2JO): 

biotitc-Spl,.-,k~~1 olivine nor;1c (11191,195): 

ihllCni1c-clioop)'Joxcnc-spcchdolivincnoritc(H214): 

bio1i1C-spttkcdolivioo-richleucogabbrooori1C(tI197): 

1 1 mcnitc,ortllop)'Joxcnc-Spl'Ckcdol"mL~richgabbro( 1 12IJ ): 

Icw,:otro<;toli tc(H2)5): 

biotiW-spcch ..J 1roctoli1C (11 218): 

ortllOpyroxenc-spcch,1 1roc!ol;!C( 11 222): 

(Ilomblc'~lc-biot ; tc)' ; hncnltc'(onllopyroxeoo-d;nop>TQ'C'IC)-Sp':ck,:d tnl~t()l ; tc 

(11207) 

Most ,,"'Ctioned flICk of tllC c~'11tral wcst~TI1 margin <:0"-"", of Iow~.,. millilllCtre-sealc 

gnll"'''''''lUaiorgrealcrabundanceth1msub-millimctrc-scaJcgrains, ",th or ",tlloutthe 

prCS<.~,ec ofuppl"" millimetre-scale grains. In thin-,,"'C!ion, of the l an~.,. case, de'oid of 

grm"s comS<...,. than k,,,..., nHl limctrc_sealc, plagioclase is in,'ariably lhe l'Otlrs<-"t minera l 

"here;,s in thm-S<..'Clion' hearing gr'Jins ~'Oarscr, either of plagIOclase, cli''''p>T()X~'IC, 

onllopy ... )Xe'IC,oro!iv;nemaybcthccoarsc,;tmi ..... ..,.al(s)pr<:senl.ge,lCrdlIyas oikonysls 

"'the c3«.'ofthc mafic mml'rals, 



Underlying the hill bt-1w~'Cn Kangilialuk Laxe and the C-shal",-"(I lake to the south. 

theOI.fj-~'C Spl'<;(rum along the contact occurs local ly rclatiwlycoarsc-grnin.:d. ranging 

from dOl11inamly millimetre_grain<"(1 with a lesser population of IoWeT centimctre-scale 

grdin, (H234). to ~"lu" 1 proportions millomctre and Iowcr c("u imetre-scale grams (H228). 

lOoominanl ly (andsp<'C("cularly) lowerecntinlL1re-grdinoo(I'bte4-3;!l231) 

N"wlhat the reader has sofTIe scnsc of the rocks prCSl'11. thclidd pl1rogrdphyof 

lhe w(,'Slem cenlral margin of lhe HoSt.'flbein pluton will be dL'SCrib..,d with thm-St.'<;(ion 

pl1mgrdphyintL'fSpcrset!.Onccpcrtinent ficlddcscriptionsarccxhauSloo.misccllancous 

aSpl'Clsoflhin-s..'ClionpclrographyarcdL"SI.:rihcd 

Accord ing 10 obst:rvations and sampling for the pr.:scnl " "ork. the central ",'cstem 

margin of the Hoscnbein pluton may be summaris<-'ll as consisting locally "fOl-gabbroic 

rock III sharp contact at least where the comnct was Iocate"(l - with more ab(Jt)(lan1 01-

free I'I_domin atL'll gabbroic rock. howC\·(''T. as de1aik'll below. the physic:,1 relationship 

bcl\\'(,'Cn the two rock·type clans is oot Slra'ghtforward 

At k'aS!twoe_<posurL'"SofplutonicbrccciawcrcrL'COgniscd by the pr<'SCnt author. 

one oorthofKangilialuk Lake and oncsouth, lltcuposurc oorthofKangilialuk Lak<,. 

locate'll w,tllin se'<-'Tal dc'Camctrcsoflhcgnci>s dtrL'Ctly wcst ofthc nonll<,'fIl sbore the 

pond. oceors as an o'<Thung wrtical surface of square mctrc-"",Ie area III which few 

blocks Can be clearly distinguisrn.,,(1 and delineate'll (I'latc 4-4), The brL'Ceta <,,(Illststs 

brgdyofdccimctre-scale. rclat1\c1y fine gra ined hlocks in a rclallvcly coarse grai ..... "(1 

,nalri.~. lhough up-close insp«lion re'calcd the prcs.."ec of a matrt~ eompotlCnt of 

s",,,largrdm,,zc astbc blocks and m 'iharpcontact with tbc coars<.'1" 1"'''10" a,"1 pos.ibly 

also "ilh tlw: blocks. Thin-st:etion 11195. taken from tbc bcst dchncatexJ block.~ons,stsof 



biot;tc,,!>,-'Ckctl "liv;nc norne "f dom"'antly sub-111illimctre·gminsi~c. ~'<luigr1,"ular. 

C<Juidin)cnsional·granular ..... ithelongatepl:Jgiocla'edi,!>'-'f5<.'<llhrou~ul.~tlcastn,1lfthe 

biotite prcst-'nt exhibiting 51'0. and bearing minor il111enite mxl sulphiJe (I' iate 4-5) 

Scction H 1%. taken from the ~'Oar"" po",on of the matri.~. consists of (ilmenite· 

mag""tltC)"rccked gabbronorite. donllnant ly miliimetre·gminctl. Ilcwid of faCia l 

development except on some minor apatite ...... ith plagioclase ~'quant. e~,"gate. and 

irrcgularinshapcwithpoIYllonaland'moothb"'lIIdari~'Sandmaf'esasirrcgularlyshapcd 

aggregates oflo ..... er cenumetrc·scalc length. Taking stock ofobSl.T\':ttions so far and 

mak"'goon\'cntionai interp!'(.1ations, "'e haw a block ofOI'gabbrolC rock. e\'idemly 

1~1'ing un,lergo"" strain and ",I\'anc~'<l r~'CrystallisntK)n. at least some ofthc time und~T a 

diflcrcmial stress field. CIlgulfl:d in an OI·rr~"C gabbroic matrix evidently having 

mxlergOllCa Icsscrdegrl'Cofr~'Cryst alli,ation 

Sl'Ction 11197. Taken iTom the fine ronion of the n)atri.~. consists of biotite· 

,peeled ol"mc·rich kucogabbronoritc o(donllnantly lo"'I.T miliin1<.1re·gmmsi2c and 

IIOSSCSSI:d of te.~turc diflcrcnt from the Ol·gabbroic b~>ek 5I.'CtlOn. !II panicular 

plagiociasc'dominamlyasclongalellrnins c_,hii>itingcrySlalfacl'Sagainst both p}TOxencs 

and ohin,", and k>eal1yc\'idcncingstrninas bcnt.1iIpcrcd. and Jiffusc albit e t ..... ins (plate 

4-6) ""''' in addition to r.xrystallisation. as minordon"'inSl-quigr~nular'C<Juidllnen<ional 

Ilranular. Millcralogicaldifl"crctlCesfromthcblockSl."etionarClh.tsulpl"Je,sab""l1lallJ 

dinol'},ro~c,1C and hornblcnde",,· prcscnt. Takmg stuck agam. wc' ha,c' a 1,IUlU"'C brL'Ce,a 

"ith a ,I~,rply bi,pcctmJ matrix. IOC rdame!} fine ponkHl of"h'ch is Ol·gabhr<'ic li~e 

Ih,' sc'Ctio",-~1 blod. lhough differs in e.~hibiti"g minimal stmin ~nd r.:eryslalli<>ation a'KI 

III <'Sscntial a"d ace~'Ssory mineralogy. Thus therc mus\ ha,·c hL .... n 1\\0 phases of 01. 



gabbrok: m"gnmism along the lIoscnbcin margin. perhaps wi!Ii the btlcr alk-r thc Ol-/i-cc 

phase if,,'c take rdati,-c degre", ofstralll allli r"cryslallisalion as an indication of age 

hctwcco inlimmciyassociatl-d rocks. 

Another possible block of Ol-gabbroic rock was dis! ingui,li e-d approximately 90 

111 oonh-northeast 00 mOre than 10 m ,'a,1 "fthe gneiss. Al this location. a lichen 

enclosed. square dceimetrc-sca!c oorizontal expo,ure consistsofOI-gabbroic rock. in 

contmSl to adjacent exposur"" "flhc plulon inthcimme'4;h;,tcvieinitywhicliappcar!obc 

de"oidofolivine.Wilhthatsa;d.lhcpr'"entau!hor11luybcinerrortbatlhcsurroundlllg 

roekcol1!ains ""olivine(as he was d>cwhcre along the 11Iargin.thoug.bthcrockoflhis 

vici11lty was examined more thoroughly by han<llcns). Sl"'tion 11191, tak,'Il of!he 01-

gabbroiccxposure. is si11lilar lobkx:k".,'Clion 11 195 intbat it oonsiSlsofbioli le-spedcd 

olivine oo,ile. ofetlual vo lurn"" sub-millimetre ,,,,d IowlT millimetre-sca le grains, ovemll 

11Iorcorlcssequigmnular·cquidlll1<'nsionalgranularw,tbclongalcplagioclasedisrc=-d 

tlimughout. D,ffcrcncesindudclhcsl igbl1yco",scrgra"'si~c, theat>-;cnceofsulphidcand 

pT<'SCnccof11lagnc1itc.tilccoIH11l0nprcsctlCcofconspicuoussirnplczon;ng inplagioclasc 

cvcl1ofirrcgularorl"luantshapcaOOirrcgularboundary,alKllbc{)ccurr" tlCcofthe 

c"Oars<."t (thoug.bsti ll k,w,'rmillim,'tre-scalc) "nhop)T<)xetlC"'oikoef)ll'tsplastonlO'l,hie 

again'lplagioclasc(Platc4_7) 

Four thin-""'Clions o f OI-tTl'" gabbro;c rock laken from within 100 III of the 

plutonk: brc'Ccia(frolll ..... ilhin200nlsoutboflhepossibl chkx:k)cons;stofor1hop)To~'·nc 

gabbro (11193, 19-1) aOO gabbro (11201, 203) Soo,ons 11 193. 20 1, 203 arc ofro~k nlOre,,' 

less ~"Iuigranula', lXjuidirncnsional-gnnmlar, mI(l theretorc evident ly strainc-d and 

r\.'Cryst"lIist.-d,wllCreassc<:tionJI194,thewarscstofthe f<>ur ",tb Iowermill"nctrc_.sca!c 



grninsthe most abundant, containsplagioclasc nklstlydnoid ofcryslal faces a ndl'quant 

in shape, perhaps evidencing some lesser degr~-c of slmin and recrystallisation 

NOleworthy fealurcsobscrvcd in these "'"'Ctions include: the prcsc'lCe of 5". arnoeooid 

,Imenite (HI94); a single, 2 mm diametl'T groin of titanitc along a h:rirlinc fi-,.'turc, 

irregulnrly inll'Tgrown with marginal ilmenile (H201); and pos.siblc biotHc 51'0 (11203) 

The c.~posure of plutonic breccia SQu lh of Kangilialuk Lake, w,thm 100 III 

northeasl of the small hilltop pond, is more or less horimmnl, orient~~1 roughly north

nonhwcst, and at scvt.'TlI1 hundred S<juare metres is of mu,"h ll"'ak'T ".~t""t lhan the 

nonlll.'1l\cxposure. InK","cning b<.1wt. .... '1l the br,'Ccia and unambiguous gncis,. at least 

southwCSl oflhe br~ia. is apparently Ol-frt.-c gubbfQic roc~, sub-milhmetre-grainL'd and 

cxhibiting abrupt 10 difTuse. 10cally fol<lcd modal I"yering, "nd pcrhapsl hI.>fCforcacll1ally 

belonging 10 the counlry rock (e.g. Plale 4·8) mther lhan the Hnsenhern pluton. The 

brL"",,,ia consists nf sub-rOllrotkd blocks ranging in ma.ximum dimension lrom 30 em to 

!ower metre-scale SCI in a relati,ely COarse grain .. -d, non·folratL-d malrrx .n slrght 

"0IU111elric CXeL'SS of the blocks and localiyd,sallll'Cll"lcd by wealhl'Trng 

ThTL'C lhir>-scc1ions w .... e laken from a nonhern localion in the bTL'Cci:. nposurc' 

onc(H228) fi-omlherclati,clycoarscgrainc'd lIIat,ix. annther (11226) ii-om a o'>e by lwo 

lIIet,cblnckbca,ingUlapcrLxiapoph)ll'isofrclati\"ciycoarsclllalri.x(Plale4-9),and 

:mot!II.T 5I..'<:tion (H227) fTOrti 31klther block" few n>etres away. S~"1:tion 11228 of "'"lri.x 

!.'On,iSls ofclinopyroxcTIC·speckcd tl<)rrt~ " ofdonlL,,"nlly<'qual mlum", ",dll",ctre Dnd 

lowe, cenlm>etrc_s.calc grains. hearing 'ni1lo, sulphide. iirllenrte, Ul.1g,>elileand quartz, 

w,th plagioclase e.~hibiling er)ll'lal !aees aga insl OnhOp)TOxcne. sulph,de. alld m:ogTICtite. 

One por1ion of 1l>e s«lion exhibits intense alter~t ion to ,"hInTlte, aclmo\rle, poss,ble 



~rlC'te.to"hichlhcminorquam. tl)aybcrclalc"d.Sl'CliorlI1226andI12270fblockarc 

wry similar. dift"cring only in that H226 contains Iowt."f millimetrc·scale grams in e~eess 

of sub-millimetre. whereas 11227 conlains l"qual volumes. in cach sect ion alongside a 

lesser L"Ombincd \'olumc ofupp<."f mill,mt.1rc·scalc grains. The two sections consisl of 

(,I",cnitc·m.agn •• 1ilc)·bioti tc-spcch-d tlOrilc. with half of all orthopyroxene altat.-d to 

brown. b.arely resolvablc cryslals of l ·ordLT ;ntLTfercnce colours. some relict 

OrthOP)TOXt.~\C as oikocrysts (the C031S<."St mineral present) c~h,bl1"'g undulmory 

,· .• tmc11On and subgrain formation. plagioclase occulTing largely sub·nllllin\Ctrc·gr~ir\Cd. 

cquigranular. L"quidimensional·granular. and bearing spmsc tn.,mlit, .. act",,,htc, and 

chlorite. Taking stock so far, we havc at this location a block S\.'Clionl."d a< Ol.free 

gabbroi<;.inconlraSllothcpluloni<;brccciadocumcntcd'lOrthofKangilialuk Lakcwitha 

blocksc<;tioncd Ol·gabbroic, though blocksm cach location areofsinHI:or grninsizc and 

e .• I"b,t c"idcnt strain nnd rccrystallisation. and a rdati\"clycoarsc n~'tri.' S<.'Ctio,\Cd 01· 

gabbroie. the smnC as One oflwo matrix OOnlJlOIICnts of the bn.'Ccla to the Ilorth 

Three lhin·S\.'Ctions W,"fC also taken from a "oulhern Ioc:nk)ll m the brt.'Cc," 

"·'flo,ure: one{1I2JI) from the rclal;vclyoonrsc graincd "'.11rix.allOlll\."f(l1229) fmmun 

app'orcmly morc lcucocrJtic colourco;l. OI'ITCC portion ofa block. scctiollL~1 along with 

wme I11mri ... and another sc.:.1ion (H2JO) ITom an apfl'lrcntly morc melallocmtic JIOrtion 

of the "",nc block a fcw cent imctrL'S away, w,th the lwo port~"'s flerhafl' gradatlO",,1 

S~""lk)" IllJ I of matri .• CQnsists of (il"'c"ile·m.ag)1et ite) ..... rtl"'fl>TO~CO\. .. '[l\.'C~t.~l gabbro 

of do",,,,,,,uly lower centimctrc-so:alc grainsizc. "ith r"CL'S locally c.\hihitt.-d by 

1)I"giocla<oeagainslciinopyroxcnean,JciillOp)TOxtocagaillst,lmcnit, .. ",)]]"'fllagioclasc 

w,tb\x,nt.tafll'n.-d.andd,ffu . .,.,albitelWins.and\x,a"ngminor7irconmnr~inal[0 ,1",.,nIlO: 



and rnagno..1I1encarlhcsh.l'l'd boundaricsofthc two oxidcs (Plate 4-10). Withth~tsaid,a 

standard SiZl'd thin-section is nol sufficient forc.urnining such ooarscgraincd rock. 

"hi.;hlJlaye.~hibit ~ariationincharacK"risticmineralogyowrtocccntim .. 1rc-scak. From 

"on·nHeroscopic observation Ihe malrix Imrn which 11231 was s<:ctiono..'d may be 

ch.lraelcris,:d as hyp,lulonlOrphie-grnnular. similar in app<:amnce to the rod pictured in 

l'btc4-3. S~'Ction 11229 of block oonsiSlsofllOrileofcqual volumcslow~Tmillimetrcand 

sub-mil1iml1rc-scalc grains and IcsS<."JIlPI"-"Jmil1iI1l<.1re-scalcgrains. wnhorthopyroxcnc 

as oikocrysis plastOlllOrpbic against plagioclase and e.~hibitinll undulatory extinction and 

wbgr.lIn fonnation (PI:.te 4-11). and bearing minor biotitc. ilmelllte. magnetitl". 

clinopyr,ncne. and po,siblcolivinccxhibitingery;tal faces agamst plagioclase. S~'Ction 

11230 oftbe samc block ccmimctres away consists of olivine norite ofsimil:,rgrainsil.e 

a.~1 IC.~1Ure as H229. sharing in OO111mon the strained orthop)TUxcnc oikoer),sls and 

o l"",c crysla l fac .. "!against plagioclase. aswcl l as I)bg"xbsc \\ilb con spicuollslymno..'d 

n~lrgIllS, Also in <:01l1111On arc minor minlTllls biolite. ilmenite. and lllagrk.1rte. ho"e,'CT 

section 11230 contains minor hornblende ~inslcad·· ofmrnordinopyrmeTlC. I'erhaps more 

Or less Ol·free gabb",ic seclion 11 229 "'"jIr~'SCn1s mck o"gmally Ol·gabbr()lc bavmg 

conwrt .. 'd its olivinc 10 orthopyroxene by p<"Jik'Ctic reaclion wnb magma pan·mal to lhe 

Ol-fr~'t.' matrix. However two roc~-t}T,e clans came 10 e~isl in Ihe nprarcnt ly oonllllOOIlS 

' ·oIU1llC, we ha,c bloch \'ario",I), Ol-gabbroic and OI-fTl'C Il'rbbroic in tbe plutonic 

brL'Cciu somhof Kangilialuk Lake . As menlioll<.~i al,,)\c. lilCTC arc III cvrde"ce uk"'g tbc 

w,',tern ~emral marg'" of the Hoscnbc;n plUlon IWO plwscs of Ol-gabbmic 111Jgm:,t;sm 

hrach1;ng;n l;nlCa third pbascOI·fi"cc.and now 10 this list a prc·bfcccialionOl-fre<;; 

ph"", maybe 'pcculali,dyaddoo. 



A iew hu,lIlroo melrcs 10 Ihcsoulh-soulheas!. on lopoflhe rounded hill bclw~n 

Kang,loaluk Lake and lhe C-shapcd lake. Ihe oUlcrops arc rubbly and dccay.:d 

Nonclhde". n""sl hililoprodw~"Sloflhegncissaprcars!Oberclali"clyooarsc:grair.cd_ 

hypauIQ,norphie-gmnular. and Ol-tree gabbroic (I'lale 4-)) like lhe brl'Ccia matn~ 10 lhe 

oorth. S~\;ti"" 11234 lake'n of such rock C(mSi,IS ofclioopyro_wne-spcckc't! I(ilmcnite-

mag-"elile)) oorile with millimelre-seale grains in grealCT abundance Ihan Cilhl'T Imn'T 

Cl~llin'k.1rCorsub-millimctrc-scalcgrains,plagioclaseexhibilingcrystal fllcl"Sagainsl both 

P}TO"'Ill~ nnd seemingly devoid of mioor minemls sa,-e fine autum,)rphie inclusions of 

Fc·Ti·.,xidl"S cxsol\'oo fmm pyroxene. lhough wilh lhal sa~l. sueh ooarse grained rock 

"'nye.~hibil variation in characteristic mincralogyovCT thcc'Cntimetrc's<;ale and thuSJ 

slandard sil.oo Ihin·s«tion is insutlicient for characterisalion. Scalt~Tl'll amongst the 

coarse grained mek arc cxposures ()frelatively fine-grained rock R'SCmbling lhe md,s of 

IIIC hloch in Ihebrl'Cciaslolhcnorth.Sl'<.1ion 1l2JJofollCsuche.xposu rccol1sislsof 

Icueogabbrooorite of ~-qual ,ulum<:s sub-millimetre and IoWl'T millimdre-scalc grdins. 

w;lh plagklClase nh'b'l ing cr),Slal faccs againsl bolh P)TOXC1ICS 3,,,,1 co""m"ly wilh 

conSI,icuousl)' 7.Oncd margins. 3JIIl bearing minor ilmenite. magne'ile. biolite. mill olivine 

Inbearmgmi'lC)roli\'inea'lIlplagiociasewithconspicuouslyzOII<.·dmarginSSl'Clionl12JJ 

rcscmblesmoreor1cssOI·frcescclion 11229 fTom a block also bcaringOI·gabb roicrock. 

Sl'Ctio"I12J5 rrom 1tootll<.'T such exposure. adjaeent the g'lCiss. consi s1sof lcuC<Jtn ... 101ite 

of <'qual mluml'S ,ub- m;tlim~lrc a,,,,1 Iow~'T m;lIimclrc·scalc );T3mS. w;lh crystal faces 

UI)(ln oh'inc ill",1 pl:'gio<:lasc against each 01her at dificrcnt Iocalions. lllllTgmnul:.r 

dOlmin<,'f~--quigranular.l'quidimcnsional-granularpla);ioclase(I'lalc4-12). and bearing 

mi'KJr {)rtho[lyroxc'ne ,nar);i""IIO oli,;ne. hiolllc. ,lnlCnllc. and baddc1cyllc rhus lhe 



hilltop ex])Os ure appc.,n; to represent a rlutc)f1ic I,,~cci a with a coarse grained, ai-tree 

ma1rix heming vari<lu,l y OI- frc'C and Ol-gabbruic blo~ks li kc lhc breccia down the hi ll to 

No ll'Klrc was ascertained by th ~ prescm aut hor aoout 1he physical context of 01-

gahbro ic ruck in thc WC,kTrt ccntral margin Of lhc lfnscnheitl pluton cxc~pt that it 

undcrli esccrtaitlarcas.Oncsucharca i "aridg~ofoutcf\)p i mmediatciysouththceaslcm 

inkt of Kangihaluk Lake. the last ridge ofo\Jtcrop hefore th~ gnci" in" seric, "f1hem 

going westward rarticuiaroulcropisofdi,tinctappcaranec.posscssingrt."(ldish 

stains andd"rhT. Section H222 taken ]ICreconsistsofonh<Jpyroxene-spcch>d tro~1olitc 

of equal vo lumes lower mil limet r" and suh-rnillirndre-scu1c grainsiles. devoid of 

unambiguous crystal faces upon plagiocla,~ ~nd ol ivine, with at least 01IC third of 

plagioclase as subgmins and , imi lurly tine groins. atKl bc~rin g minor hiot ite, ilmenite. and 

magnetite 

Seven thitl ·scctions wcrc taken rrnm rock southeast of th"pund 0.5 km north of 

Kangi lialuk Lah>. fromwhattht;prcscntauthorasccr\ained in 1hcfccldtoht;avari~1y"f 

Ol-Ii"tt aud Ol·gabbroic outcrop' based on contrast ing lidd appc~r:mcc. NotlCtheless, all 

",",ven Sttti(lns turned out Ol·ga!>!>",ic, three 1roctolite (H207. 216,218), three gabbro 

(H2 l3.2 15. 217).",ld one norite(112 14). all with lowcrmillirnetrc-scalegr~ i ns t hctt'Kl>t 

ubundant and "ithpbgioclasc Ioca llyshow;ngevideoccof'1r"inancJ rt.-cr ystallisation. 

simibr thu< to Ol· gabbmic rock of the B~rth Concentric PlU10nic $uiw. Nok",'orthy 

1"<lt ur~'S obS<...,'\'~"(i in these sect ion< include: pbgiod,,>c as domains ~'q u igran\!l .". 

equidttnensiona l·granular (H207. 213. 218): clinopyroxene a8 oiktlCr)"ts (fl2 l6) with 

angular. plagiocb",,·intc,-,t it ial habit (H213. 21 4): oliv i!l c asoikocryst' with plag iocla.,,, 



chadacrym (1I2 16), va riou<ly r bgiocia<e-pcrchadan)"t ic(H201; I' latu4-13) '''JXTOikic 

(1-1214: Plate 4- 14): and ullambiguousbiot i t c-clinop~TO\Cnc Sl''''l'l(."Clitc(1I207, 2 16) as 

well a< pbgioda<c septum texture inv()lving homhknJc "lid ilrnunitc (H207, 213, 216), 

IwO distinct textures oomrnon in the Ol-gabbroic sp<.'Ctrum of the Barth Coocentric 

I'l uton ic Suite (Sect ;,>n 3.2.4.4) 

AI,;o included in toc OI,lr~'C anor1 ilog"bbroic rock-t}})C elfin of the lIosenbein 

pluton is '''IOr1i108itc, a body of wh ich was I'~rtll' ( I clllle~tcd Ill' t h ~ present autoor 

undnll'ingt hunort t",a't cmsklpcofthc h il l d cserib<.~labnve_ Rnughly50 m norl hea,tor 

the pmmincnt Ilrecciaexposurenortocastofthc;;11Ial l lIOn • .!. an o!>s<;urcJ,tIOrllt- llOrlhwest 

trend ing oontact may he con,trai"",] to wit hin 'c',wal mC1rc,. ',:p"Tat;ng light grey 

arlOrtho,itc INn! largely klwer eenl i metre_grai",-~I hypautomorphic-granular 

leucogahhrok rock tn the west ('imilar to the breccia matriee, d~'SCri bcd elsewhere 

un<lcrlyingtochil l), The aJlOrthosite bodycont inuc, ar lea'1100mt"thunmthe ... ,t·ca,t 

where it OC,",lnc , l()cally icucogabbroic all'] thus ~xll i bir i " g ofilS gran ularilY ' as brgely 

upp<:r millimel re and kmw ccmimd",-"," lc gr~ ins. with p>TOxellC pla'tolllOrphic againm 

plagioclase (Plate 4_ 15), beyorKI which l h~ pr~sc'nt author did not all~~npt to trace it 

linther. The well-conS1 rained wcst~'fn contact "r the lloJy is "onsjst~nt wit h it originating 

a,axenolit h withrespt.'<'ttothcgabbroic(,,,,,,,,,/a/()),mgmasrhatr,,rmedthel-\"senocin 

plUlon, lIowever, give n th"lth" western centra l maTgi" ofthc Hose"bci" plur"" (al1he 

Incl o r C~po,\' r~) w,'s e'idemly co"qruCled Ill' hrccclat i(}n ofnriou>ly Ol-!;-e,-, ""d 0]-

g~bbro;~ rock> by variously OJ-tree ",,,I Ol_gahll",;c magmas. t h~ p"',,,nt author 

recogn;sesthats uchinkrna l ]yC<Jmp l ~.,pl ut()rIS,esp·eeially i "thckx>se,descr i ptivc'ICn.c 



In[<nlllmL And SO thcprcscnl allthor is ... tlsficd 1I0t to entc'Ttain the iSSIle ofwh...11><-'T the 

Ol-frt:e aoorthogabbroic 'fl<,."Ctrum of the lIoscnbcin pluton should be redefinc-d S,ms 

anorthosite On the reasonable as,umption thaI all atlOrthositewilhin Ih cboundariesof the 

1I0senbcinhasilsoriginsoonsidemblyiartht'TaliekLWnhlhai saKl.theprl"S<.11laulhor 

hils introd""l-d lhe concept of p/',IQI,;e fX'~I""'lroll 10 subdIvide plulOns by intrusive 

oonta"1, (&",11011 1.5.3). and all evidenl xeoolilhsofal'Prc",iablesi~cooukl bc(by a mueh 

Illorethoroughfickiinwsligalor)ddmcalc'<lacoordlllgly. 

One klklmctre cast ofthc centr~1 westC11l oonl~C1 Oflhc lIoscnbclll pluton.lhin_ 

",-",lion 11210 of (illll<:nile-magIX.1ile)-spcckc'<l Icucogabbro "as lakell from a 

.... ',!'Csemali\'c outcmp in a well-exposed area wllt'TC for hundred, of metres (at leaSI 10 lhe 

ca,1. wcst. 3nd south) rock Iypcand tcxlurcappcarmorcm less hOlllOgCIIC":lUS 10 the 

unaid",1 eye. The st .... liOlI consisls of mllinnetrc_scaic grains in e.XCc'SS of IllOse sub-

nllllimcire-scaic. wilh: plagIOClase exhibltlllg crystal f;lCcs againsl illllc",te. magnelite. 

and clioop)'/Oxene which <JoITurs 3S oikocryscs of all gular. plagioclasc-Ink'fstltial habit; 

roughly one fifth of all plagioclase either exhihlt tng suhgr~ins or as domains 

c'<Juigrnnular. l'quidimensionai-granlllar; some plagioclase exhiblt"'g bent and laperoo 

albite lw;nS: perhaps half of al l fm1ll\.'T and prcscnl c1ilIOPyrO.,cnc altc .... -d In hrown oordy 

rl'SOl\'ablccrystals with I_order itU~'Tfc'Tcnce colours and chlorile. chlorite al"o <>c<;urrinll 

wllh calcIte unassociak~l "ith relict ciioop)'/O,cnc: and bearing n"",,, 'luarr~_ Fv~lcntly. 

thcn.s"l11cplagio<;lascof"-"lionIl21Oundcrwcntstmtnandrl,<;ry'I~lli'aIilm.lhoughool 

in abundance and dl·g .... 'C ~~}mpa.rable to those Ol-In. .... gabbro;'; rocks ,",-.... IIOI>l'<l dlll,<;tly 

" 'cstakmgthe l11arllinorfroll)bkleksinthebr~ .... eia to thesoUlh 



Sampi<' H2lO, OI-f1"<.'e and seemingly rcprcscmati , 'c of" brgc "olumc of the 

II"senhci" pluton away ITo", I))., complicated (or al leasl r"me evidently complicak..!) 

central wcsk'TTl 1,"~rgill, is thus t))., best candidate amongst the samples tukcll for 

rcpre"'-~lt;ng a dominant, voluminous cmpil,cemcnt "fsilica sawral ... ..! ba"'11tic magma that 

we may i"mgincmiginatcd thcdi,tinct n.)(lydclillcatcd today,,, the ){oscnocin 1'1"1011, 

""dwasaccordinglydXJscnf"rlJ_l'bzircongcoehron,,k)gy,JeTaik~linS"'"1:tion7.5.9 

l'erhupstn.:,elat ivclycoarscgraincdrockak",gThcmarginsouthofKangilialuk 

Lake. locally fi)mling a 1:m.'ccia matrix, crySTal lised fro", loc same ",luminous 

cmplaccmem c,~cq'l under ,uch cooling condilions as promoTed high growlh:m,clcation 



FiJ: ure 4- 1 - Gc'Ulogical map "r the ccntral ,,"cstern margin of the lI<lSCn!>.:;n pluton 
prO<loced only from fIeld observations made by the prCSCnl author and showing 
o,·crburdcn. For location Or'napJl<.'d area sce Figure 1_1B. Unit Iabcl,andcom.clS aspcr 
Figu", 1_2. Srnall ro>d c.;rcie,.",obscr.-alion and sampling slalions. Qlher symbols as fl<'r 
legcnd. 
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Figure 4_2 - Roc" types =!io""d in the weslern cem.al margin of the lIos.o"bc in plulOn 
inaddilionlOthcprcscnccofnotcdbiotitcSPO(ycilowcirclcswi\hrcdfill) intllcth in_ 
"""lion, cxaminc'<l. s.:" <'Instructions .. and '<Legend" following Figure 2-2C for 
imcrprctation of the coloured boxe •. Sec "Lcgcoo" following Figure J·JC fw 
;nl crprclalionofloccircularsymbolswilhinlhccuk:>",,:-dbo.\cs.UnilI abcls (c,g. olg) and 
oonlacts as pcr Figurc 1-2. 



I'l afe 4·1 - Layered gneiss immediately wc.1 or Inc c,lemal COlHact of the lIoscnbcin 
pluton. NOl1hofKa"gilialuk Lake. wcst or ille [lOoo. Lenscapdiamctcr ~ 6cm. Pooto 
J22 • • tation202. 

J' I . I ~ 4·2 - u.ycrcd gneiss immcdiatcl)' west ofille ",Iernai cont act ofille 1I0senbein 
pluton. Midway between Kangil ialuk Lake aoo Nain Bay. Hammer length - 90 em 
(p<rhaps50cminpooto).l'ootoiJ. Slat io n I95 



I'l a~ ~ 4-3 - Dominanlly Iowcr ccnlimClrc_grainoo. hypaUlomorphic-grnnular. Ol-free. 
mcsocralic g.hbroic rock. immcdi.~cly casl of eOn1'c~ wnh gnciss. Soulh of K.ngihaluk 
lakc.soutl1casloflhcprominen1 pond. len. cap diarnc1cr - 6 ern. I'holo K17. be1wecn 
st.1ions 243. 4. 

Pl ait 4-4 - Venic.1 exposure ofplUlonic boo'cei •. w;lhin sc"eral dC(;"rnclrcs C'~1 of 
conta<1 withgnciss. Non h of Kangiljaluk lakc. ,,·c.1 ofoonh shore of pond. Lens cap 
diameter - 6em.l'hoto l l.station202 



Plate 4-S _ E<iuigr~",dar. C<luidimcnsional-gmnubr BHpcded 01 oorite wilh l'Iongalc 
plagioclase di>perSi'd throughoul. Thin-SCClion lII95 from block in plutonic bfttcianonh 
of Kangilial uk Lake. we,1 ofoonh shorcofpond . XPL, image width 8 mm 

I'lale 4_6 _ Dominamly hypaulomorphie_granular BI"pcckcd Ol-rich kueogabbmoorilc 
wilh olivine (pictured) and bolh P)TOXCncS plastomorphic against plagioclasc_ Thin
section 111 97 from Iincponionoftrlatri~QfplU!onic bn.'ccia oonhof Kangilialuk Lake. 
WCSt OfnoMh ,hore of pond. XPL. image width 8 trim 



I 'bt~ 4·7 - Onhopyroxc"" oikocryst plastomorphic against plagioclase in BI·speded 01 
norite. nin·scction 11 19 1 from Ol-gabbroic exposure north of Kangilialuk Lake. 
north"·~'St of""oo. XPL, image width 8 mm 

PI . te 4·8 - Apparent ly Ol.free gabhroic rock. pcrhajlS oountryrock gneiss. exhibiting 
foldctlroodallayering l gncissosity.S<!uthof KangilialukLakc. imrrK:diatclyoorthcastof 
hill(oppond. Lenscapdiame(er z 6enL!'hotoJ2.station234. 



Plate .... 9 -Illude, approximalcly one metre across, wilhin plutonic breccia, bearing" 
lapcrcd aiX'physis(rightjofrolali,-clyco'NC-graincd matrix_ South ofK"ngi!i. luk Lake, 
nonheaslofhi lboPiX'nd.1'11oIoJI,sta1ion236 

Pbtc 4-10 _ Thin rim of zircon marginal 10 composil" grain of 11m· Mag. cemrc-d on It..: 
bouoldary beN-.. ..,n lbe 1,,"0 ox"Jcs (Mag left, 11m righl), in (IIm·Magj·Op~·Sf'<-"'kcd 
gabbro. Thin-sc<;tion 11231 !'ro m malri. of plulonic breccia sou1h of Kangilial uk Lake, 
nonheast of hi III up iX'rId. RL, image Wid1h M mm 



I'I .~~ 4_1 1 - Orthopyroxene oikocrY'~ pla;~omorphic against plagioclase and exhibiting 
undulatory ex~i1lC1ion ami subgrain fon"atlon, in noritc. Thin-scc~ion H229 from hlock in 
~I~t::',~ ~ccia south of Kangilialuk Lake, northeast ofhilhop poml. XI'L image width 

Domain ofmoro or lcss C4 uigranular, cquidimcnsional-gmnu].r plagioclase 
(ccntrejinoorninamlyhYPiiul0lllorphic-granularlcucotmclolilc,n in_sc<:1Ionll2J5rrolll 
Ol-gabbroic expo,un: ""ulh of Kangilialuk Lake. so01Ma,1 of hil hop pot~I , immroiatdy 
casl ofcO"la~( Wi1h gnci ... XPL. image widlh 8 mm 



Plme 4_13 -Olivine a. ,'ariollsly piagiodasc_pcrchadacrystic oikoc ryst with .0rnpogilC 
plagiocla;c chadacrysts, in (1Ihl.BI)-IIm-(Opx-Cpx)·,!'C-ckcd troctolitc_ Th in-senion 
11 207 from oonh of Kangil i.llIk Lake. wcst o f [l<lnd_ imm ... >diatc1y cast or conlacl wilh 
grwi." XPL. image widlh 8 mm 

I'lai f 4_1~ - Oli vine oikocryst. pcroikic. wilh plagiocla'<C chadoc')"t. in IIm-Cpx· 
.peeked 01 norite. Thin'i<Cction 11 214 from north of Kangilialuk Lake. ;;uulh of pond 
XPL. image width H mm 



Leucogabbmic domain "'i!hin anonhosite. c~hibiting pyroxene 
plaslomorphi\: against plagioclase. South of Kangilialuk Lake. nonllcas! of plutonic 
brcccia. Lcnscapdia"",!cr - f>cm. Phol0 K20. Slalion 240. 



Ch3I>1cr S- Fo "'ler;lcco"tc"t\'alucs forol;' ;n c orth"OI-~:obhroi c mck- Iy!><,c!atl 

Olivi"c ill thin-sections rcp .... :s"nt ing 93 samples of Ol-gabhmic rock fmm al l over the 

Barth Cunccntric Plutonic Suite. though co"ccntrak,t in the t10111"'·c,t and south due to 

ava ilability, ",as analys<.-d by clcctron microprohe (EMI') . Resu lts arc p ..... "SCnted in 

AppcndixE 

j Ild",,/rliculmqhofi 

Oli vine composition, were mcasu ..... -d using a 1991 Catncca SX-SO ek-ctron microprobe 

equipp,-~l wil h an energy dispi:rsivc (ED) x-ray dctc~1"r and th,c'" wavelength dispersive 

(WD) .~,ray Sp.xtrolllctc" atKl contmlk-d hy Smnx ""ftware incltJding XmasPlus for WD 

'poX'lmm"'ry. X-ray acquisition "'as by spot ana lysis 

Each olivine ana lysis "as for silicon. ~hrorrliurr~ iron. "IlIngan"s,:. 111agn'"Stu111. 

",~I nickel. each mcasured as Ka peaks. Oxygen wa, "alculall~! stoichiometrically 

Standard, u" ... w • .,-c in-house standards. sp<..'dfically MUN SO SWOL lor magnesium 

and .,licon, MUN Sf) OXI3U for ~hromium. MUN SO FASY lor iron. MUN SD 

Amt IY'L"S wnc "ot rrcci,e e"ough to ,IL1cct enro"..,,, « O.l)(J I I J cat io",) "m 

prc-.; isccnough I"gi\'~a ll bUlnu,knickcl \'a lucs(O.OOO toO.003 1 3 calions), Values of 

t')f'lc' rilc comem (Fo) arc cakulaK-d as Fe I ( Fe+:',tg]* 100. 



An aV~'Tagc of four ,pot analy,es were made for each thi n-section. at kastthrct:, at m()~t 

ninc', Olivine in the Ol-gnbbroic dan is highly fi-aclur~-d_ with many fractures darkl~lcd by 

Fc-{)., i<ics. and so site>; f"ranalysis werecooscnllsing trausrn i((ed light micro,,",opyto 

i(icntifyvolume,ofo)ivincfrc,<:offraCtiJ,,:san<1ah'Tation.Forcach th in-"-'CtlOn.mo>t 

sik" filranalysiswcrccho>cn ",as 10 oc wKlclysel"'ratoo aodto rqlrcscnt a varictyof 

petrographic contexts. ranging from relatively eOar>C xe""mmphic grains t{) rC~1Iive1y 

tine is"b1<~1 wains. hypalllOJoorphic or automorphic individuals if present and possessed 

offi-esholivine. Thus the numOcr{)fanalysespertliin-seclioni, grossly pmportN)flal to 

the ab<lrNlanceoffre"h olivine and thc varietyofpctrographic cont cxtprL"<'nt 

SOllie gL'<liogisis will u'l(loubtcd ly question why thi s study dKI oot adopl a 

sampling pmgram ofcorcs "ersus rims. There arc' scveral specific rcasons why oot 

First ly. many thi n-sL'Ction' do not contain facially devclopcd oli vine grai n,oronly 

contain line. aitcrl-d iodividuals unsuitable for core and rim sampling. allli so a core 

VCrsll~ run ",ml)ling progrant " 'ouki di"'lualify the majurity ofthin-scrtions and all but 

th~ ,'mllest fraction ofohvine in the Ol-gabbmic clan_ Stated aoothl'T way. facially 

de"ck'pe<1 nlivine gr •• ins gen~'Tally ~'Omprii!C" mmor. relat ively line componetlt "fthe 

o li v;ne mo(ie in any given thin-'L-.otion where present and gen~'Tally do rIOt provide 

ntultiple. li-csh sampling ,ites th at can be dearly designatoo ~orc or rim, S~'Collllly. no 

plaustblyprtmarywtltpositional wning was detecled opti<.:ally despite t hcthofOUgh,lCss 

with "ltich tllC present author SUr\'C},<,1 olivine fOf Pro'III.'Cti)" s:trllp ling sit,·, aod 

petrographic an"lysi~ in gc~ral. With that s.~id. gi"en that olivine can ~HnogCnt-"e by the 

simple ,uhstttution ofMgarl(i Fe. "hidl possess relatively line kHlie rad i'.thep ...... scnt 



3utoordKlnote"!"-"Cttofindsignilic3ntoompo,itionalzomnglllnhllleCfyslalhscdina 

midcrustal plutonic suite aL11\'" for at Ica:;t 70 My (Section 1.1.1). Thirdly. the firS! 

balcbcsoflbin-51"<:tionsanalys..-dbyEMl'iooiealOOthattbefor.;t"rilevalucof olivine in 

most Ihin·SC<.1ionsSJllll'lcddocsllot vary more than Onc aoo a balfpcrccntagep", intso\,l"r 

individua l tbin,scclions,mKltbcrcfore:tballhconginal~lllplingprogram i< appropriHlc 

fi)fdctL'fllliningan:'ppro.~irt\aleolivinecompositio" fiJrmostlhin·S<."<:tions; that ifolivine 

originallyposscsscdabroadcrrll1lgeofcnmposilionsm'L'fi ..... h'idu:'lthin·scctionsthenin 

mosl tilin-sections 11 has L"Vid"ntly largely homogcni51~I; a,Kl 11~,1. eWlI ,f "" assume 

",,,,,,,,,,I hnmogcnisation aoo rc(:quilihratK>n, il "ould r""qulre 3nJlyscs of InrgL'f 

populations of frcsit.."J. factallydcw~)1"-1Igrainstopropl"Jlyasscssconccnlricmningin 

olivincofthcOI·gabbroiccian 

ResullsofolivincanaIY51"Saregi,·cnonmapsl'igurcsS·1A.Il.CandaIongwnhsalllple 

dL"SCrij>lio"s III Al'f'Cooix C. given in summary as lbe ma.~;mum approximate t"rsterite 

"aluc fOUlKI atK! tbe appro.~imatc (i.e. roUOOL11) rangc below Ihat ''alue tbe olilL"J results 

forth.atlhin·S(."<:tionoc<;upy. prcscnh.xI in the format ##·#. l'orc"Xaml'lc.67.1 indicates 

that Ihe "'a.~imu1ll forslL;"itc ,,,h,e waS approximately 67. with the range Of01hl.;" results 

ranging ixlow that \,alueoH'rapPrQxuHatciy I um!. or. to i>c p .... "<:i5C. OVl;" ixtwL'\.'n 0.5 

and 1.5 unns (since the range is ",,,OOL11). Si."<:tion G57 is such a Ihi"·,, ....... t"'n wnb 

mcasu .... -d forslL'TitC"alucssum,na"",-das67.I.colTc'I",,,,ltngtovaiues67.2.66.8.66.6. 

))0 



Measured forslcrilc ,'alues range from 37 10 71. a\'~'fag" 63. \luh al'pro~imalc 

rangcsovcf individual lhin'SCClionsrJnging from 010 10. "\'crage I,Maxnllumforslcrlle 

va lucs Wilh IlIllgcsbclow arc shown ill Figure 5·2 

Thcrclaliollshipbclwl'<:nmcasured forslc'1'ilCValucsaod!llClofSKTile\'alueoflhe 

earlicslprimaryo]ivinccry'laliisedrromlllCp.1renll'nagmaofagl\'en 'od is produced 

by rc...'quilibralion oclwcen various mafic "haS<.'S SO long as Ihe lempemlure L~ high 

ellOughtll J.'L'1'1nit diffusion of Fe and MgIx1wc'CnO);'ineandoncUTlllorce"changing 

mafic ph.~sc. ConsideTing lhe Ol.gabbmic rock·lype clan oflhe Banh Concenlric Plulonic 

Suile. oli"ine. onhop)'TO.<cIIC. clioop~TOxenc. and Ilmenl1c ' ha,,, plausibly rl-equilibrated 

withcachothcrO"CflilCoourscofoooling. in ad(tilionlo "ilhadif/<:rentlat ingmdlphasc 

duringsolidi licalion. Thedcgrec to which anygi"cn ,'Ululllegctsrl'C<Juilibr~tc'<.i IIIUst bea 

complcx foTlt1ionofthe pro .• imilil'Sand sill'S of other excil,111ging "0 lumes.tilepanltion 

lucflicicnts hetw""-",, exchanging phases. the ""ale arl(l r"te of dIffusion heml"''' 

e..changing phasc.-s. and tlle compo,illon "fl)..., local '~'Slcm ur mi"ro,y,t'>111 O\'l'1' wlllch 

diffusion is moSI active and Tl'l"luilibr~tion mo,t 1\C"rly achi"",'<.i, the t"~lIpl'11lture tuld lhe 

cooling mte, all "fwhich will change Ihrough tll11C, 111l'" 0\'(,'1''' hieh i1lC magma alld ruck 

may npl'1'icncc a wtnpheated cooling hIstory alKI tl..., cr)'Slal pile open ~ystem bcha"iur 

And so tile rcialionship b..1w~'Cn mca,urlxl forstcritc ""illl'S "nd thc hypolhc11cal fOl"Sleritc 

"alue oflhc earlie,t pTllnary "Ii""'e mu~t be cxccc'<.iingly difficult 1<) cnlculale wilh 

certainly and ", .. ",,,iun. Attl~nplS cla iming to ha'·c achIC'v,xI this feal. esp<.'Ctnl ly Ihose 

r IIn''''"I<'' g"" .... ll yn"" <onsr<kr<tl .. 0 pan,,,,!,,,,, ,n r.·M~ • .eh.n!,,,, ",,,h '=lU,IiMlurg>l Io<"", 
h"",~,·.r r""" ond Lrnd.ky(IWI p. H9) r<;pot! I"" MsO,-.11K'S for rimelllle 6-"", mor", pl"'''''", ro.:~> 
"or. "gnrfrc'nllyIo"...-tlwlfor ,Im<n,tcf.orn""".no<.oclc_,rnd;c>lmglholIh.",,,,,I"""hoo"rrlmrnllern 
",.fic pluloosh .. bcrn <rW',r",,,ntly ollcr<tl by ion e.,<hangc""h >lh<'"t"" dU""G crovi ,ng 



whiehconsi~(.1"onlyoneavenucofrccquilibra\ion> such as rcequilibrahon of o li vine wi\h 

inl~TSliliul mell (e.g. Li c/ al. 2000, Cawlhom c/ al. 19(2), ar~ m;wrd ingly view~-d by Inc 

presenlauthorwithskcpl icism 

The presenl "utI><" resign, his own alkmpl al interrrding mea,uroo t"rsllTile 

n lues to discerning any clea r spalial palterns in forst~'file value ~ i s!rihulion urlder Ihe 

as>umplionthat large<;caiepau ern.,.atlea.,t in quality, reflecllarl;cscalc proc<.-s.,c.', In 

OTher words, that the mal;nitudc or ditlCrl'TICl'S caused by variable ,Ieg.rces 0 1 

rcequi iibmlion rnodilication may Ix; l~s, Ihan Ihe magnitude of primary comp",itio"a l 

diffl'fcrn:csowrten.,orhuooroosofml>!rcs , loocol..,ince thcfi>r<lerilc\'alue<l;cneral1y 

vary \'crylit llc ovcr individual thin'SlXlionsoflhcOI-gabbroicc1an,w cmayassumcthat 

they havc n.;equ ilibmled to rcflccl bulk oornp<!,ition, l><)\wvlToompicxlh at procc» may 

havc been and at whatcvl'1' lcmperalure il ccased, and therc fore provide contrastablc 

ind ieal ionsofdificrcntialion stratigraphy barring ev ideucc orwnl amilwtioTioralypical 

vo lumes of inteNt ilial mell with which a,\J with whose daught~'f minerals primary o li vine 

reC<]u il ,bralc~l with 

522FQrI'lerit£'cQn/en/mlu",mr as",-ed w lllb"rVai/lllay 

South ofNain Hay iarl;e .<;cal" difference, in f(",lc ri lc value are inJt'~-d prcs~nt (figure 5· 

Ie). These (Iiffcrencc~ are m,,,t apparent when thc data are cotttourcd at levels 64, 67, 70 

(rl'd tines in Fil; IlfC 5-IC), dividi"l; intervals whi ch may be callex! low. intermediale, hi gh, 

a,\J 'nyhigh,rc'pl'<.:tivciy, FO"leritc"a lu c,are lowintnc"''''Loonhv.c,t,aJ\Judja~et\t 

the fulllcnl;t h ofthecharn'Xkiticconlact,ri8inl;>OUlhinlandarnl rlOn h away from the 

conlact to inllTnlcdiale, ri,ing in tum 10 high wilh these increases mOSI mpid [(way Iron! 



the ~'()ntact and locally (>Caking at ,"cry high in the ccl11r~ of the arca undl'l"lain by 

o""mcnfat Icast imcm""liatc forsK";te "uluc and along the castenl ooast 

E"idenec from the Kiglapait pluton of the oorthca,tcm l'bin l'lutnnic Supc'l"suitc 

(Mnrse 1969, Mnrse 1996) indicates that such a forstcrite value distribution need oot 

conlradict Ihe corwcntion.:J I, simplc scenario ofmagllla clllp lacelllcl11,lhal "f:, single 

v"lumeelllplaccdand fraclion.:Jllycryst,[llisingfromlheboundaricsin .... ard.wilhiml'l"ior 

'''''gonas oc'Coming more Fc-cnrid",'" as more magnesian prunary "Iovine fractionatl'S inlO 

Ihe boundary layCTh, That l'\'idern:e being the distribution offi)Tl;t~'I"itc value ",th pc'fccnt 

nf lhe magma ehamber er)lSlaHiscd (abbrcviatl'd PCS: Figure 5-3), "hich SIKH"S the 

e,<pc'Ctcd Fe-cnricltmcnt pall~'I1l alk'f 60"10 cr}'Slallis<-'d. w,lh fi"."k'l"nc valu,-", dccreas"'g 

from approximately 70 In almoSl 7,erO. bUI a spread ofvalucs before 60"10 crystallised, 

w,[h f<m;tl'l"i te values ranging from 70 10 50 wilhin 10% percenl cryslal lis<-'lI, narrowing 

upwards in spread unliI6O"/ • . fo,'Iorsc (1996) proV,dl'S no dear ~<p lan.:Jt"'n "ftt", ",illa i 

spread. offering only the succinct Slall'l"1",'nl that "Irli''''g ,,,,Iucsof Fo hI 30 pes arc 

allribuk'd tn aoomhinationoffallingrl"Sidual porosity and intl-rmitlcnl addItion of new 

ootchcsofmagma" (p, 1050), I'crhaps what Morsc(l996) mcans IS th:itthc carhc,1 

bou'I<lary lay~'f crystal accumulations. remaining fr~'C of o"'I"btJrdc'n f< .. a rdam"ly long 

p"..,.iodoftnncductocltamb<.'I"r~ltargedelayitlgorR~lucingcont inuedcrystallisationatl<1 

tl",rcfore accumulation. underwent minim:tI (,ompact ion, Ihereby rl1aining" signiticant 

1I1IIIai ,"olurnc of "'tl'l"stittal mclt in "hich Fl"~'Orichmcnl OCCUITl'd accompanicd by 

fc'-'qu'libr:'tion of Ihat melt and its daughter pi""", ",111 l'arhl-r 01" ,ne, ~",crlllg lis 

tor:stcritc ~'Ont cnt . Altcrnately. significanl compaction coukl be a\,oidl"tJ by rci:,tl\'cly rapid 

houll<lary layer crystallisation caused bympld heat loss to the adjaccnl country rod. 



therd,ysolidifymgthe rock before the Cry'<talli,atlon ofmwbunlen of weight suflicient 

to causc cx>mp..ctiort irt the underlying pi)c. 

In order to c~amine the quc"&lion more fully. the prCSCI11 author sp • ."culak"S tr.c 

"ltcmatecxpbrultionofspatiallyvari abledegrccsofl"Untaminationduc to counlry rock 

partial a«innlation. the oountry mck adjacent to tr.c Kiglapait tran .... "Ct ... mphl for 

Mo,-sc's (1996) olivine analyse"S being nominal anorthosite. Given that Nain I'lutonic 

SU[X"fsuiteanorthositecharacteristicallycontainssomcp}TOxencand Fc-Ti-oxldes. ifn01 

aCluallybcmg properly leucogabbroic and mislabcliL-d asanortho,ite (ef Appendix A). 

and 1Il.1t it ,,"ould havc rC<juired a sustained flow of magma to "innalc" the mammoth 

Kigbpalt magma chamber. we may infer that Fe-enrich minerals were (arc) pre>L"m In the 

Kigl.'pait country rock along with the rc1at ivC!y high quant;ty of heat rcquirc"<l to lower 

their k~nperatures and melt them The queslion is really to what d"1:;I\. ... Kiglapait 

magmas. c",[X ... ially thosc adjacent thc boundary. wcrcl"OntaminatedbyFc from country 

f<l<"k partia l a"imibtion. not wh..1h.."f the pro"c'S.S OCCUITl-d at all. Similarly. III the Uanh 

Concentric Plutonic Suite south ofNa;n Bay. field and minl"falogic evi,le",,, e .• ists of 

magma mixing and mingling oc1wccn the magmas parental to the Ol-gabbroic and 

charnockitic rock -type elans ISl"Ctions 3.2.3.2. 3.2.4.2). and thcljUl "St;':Ht is again a maHCT 

of degrl"", IlI)t whcthc"f any compo""nts Wl"fe tnmsferrl"<l . The "harnockitlc rock-tnlC elan 

is minera~)gi"al l y Fe_rich. thus it~ parent magma is sus!"-,,,t for contaminattng with Fe Its 

Ol-I!abbroic c011lag11lat ic neighbor. Morse-, (19'J6) explanation of fi)rsk"fl1e CQntl'n\ 

rl-dllctiun caused by min;mal compaction is IlI)ncthdcss pl,,,,siblc. Ind~'Cd. ,,,,cording to 

tllC thin-sectionstakcn.t)lCOI-gabbroic elan (south of Natn Bay) is nll)re mclanonatic 

(i.e. mcsocratic vcrsos Icucocmtic) adjacent the chanll)ckitic lHargin (Fi!;urc 2-2C). 

)3< 



pbusiblydue to n greater voluoneofinten,tit ial melt. Morcover, exccptllear PikaluyaJ; 

Cove, away from tne stl"'P gradients in fors!crite value in question, no thin -SL'<:Iion taken 

adjacent the eharnockit ic margin witlt maximum lon,tcrite value lcs~ than 63 e.dtibit s a 

plaGioclase SPO, the siGnpost of compaction, comrmll lhough not ubiquitous elsewhere 

in the Ol-gabbroie clan. Thus it is plausible tltat contarnim,tion and minimal compaction 

each contribuk"<l to the relat ively low f"rstcritevalues adjacent thc charnockitic contact 

southofNainlJay 

In toc semario under spccubtion, involving a single voluminous emplaccmC1lt, 

the eventual nonbward ,kefcas" in forsterite value originated, as commonly aceep1<-~! for 

the Kiglapait pluton, by Fc-cnrichmcnt due to ooundary iaycr Ii"actional erystallisationof 

mafic phase, suffic,ent ly distant from the chamhcr margin that the marginal effL'<:IS 

re<ponsible 1<" 1<,r<tcritecontent reduct ion and scalleroecamc in'ignificant lyopemtivc 

Either th.1t or, sillce the soorew.,rd decrcase in forstl't"ite value also corresponds to a 

dl"'C",ase in elevation, toc shoreward rocks may It"'e crystallisL"<l elOSL"I" to the in km:d 

!lOOT, plausibly charnockitic, than those up elevatIOn inbnd, and thus possess d~'Crca,"""<l 

forstcritc valul'S due to the marginal efk'"'Cts responsible for forstcritc conK~U rl~luction, 

perll"I" cont"nination or compaction or " combination thereot: PCTlwps rc-ducl"<l 

lurstLTite vah, ~s in the shoreward rocb relk"'Ct " combination of I'rogresse<.l 

,I i frer~ntiati<ln in ad,ii!i(}n to ,narGin"1 ell .... "!, 

In the s<:cnario under spccul:!tion, rc<luc~1 forstente \"alue, IlfoCL .... -d it,g westward 

to as k,w a, mid 50s. to >(JIIlC dq:r~'"' corresponding initi"lly (0 d,..:rcaSl"<l elevation, eitocr 

represent progr~-ssi\'e diffcrenttation u"uy from a centrally localed lo"us of fractiona l 

.rystalli,atiorr. margirull efl"..:ts, or some combination (ocreof The siml'k'St e~l'l :lnation is 



that ofn"'rgmal eff<-"'t •• that the floor h~< rebti,ely close 10 the surface m the w<-'St. since 

this c.xplaoatioo docs not rCiluirc itl\"ocation or "cstwaru crystallisation and 

ditkrenti"tion solTlchow operative instcad of ~)un<.lary layer fractional cr),,>lallisalion. As 

well. a lhin.<e<;tiQn (113) token tTom the prominent hill southwest of Pikaluyak 181C1 

contain> oliv ine of Fo low 60s in cmlt""t to two otncr ",ctio", (H4. II) taken nearby at 

IowL"1" elcvMions which have 1'0 in the mi<.l an<.l hi!;h 50s. Moreover. the sh.,dc<.l relief 

acrolllll!;octic map presemc<.l in Hyan (2000 Fi!;ure 2b p. 255) shows this area sl;!;ht ly 

more magnetic than the roorly mngnetk rod "">1warrl. which. ;n the absence of any 

difl"crence in the abundance of magnetite beme<:n the two area", n~~y be int~'"'1lretcd w 

mean a lcsser ,"O lomc of Ol-!;abbroic rock o,eriying the charnockitie toor <.lipping 

bencath it than furrher we'tward. perhaps;n part because the Ikmr;s slialk,wcr in the 

west. The Ol-gabbrok roch in lhe west arc of similar coklur indices as those to the east 

arK! tooyk,cally,'xhibit a piagiociase SI'O(cwn in tilin·",ction, with 1'0 high 50s). thus 

thc marginal effcct of minimal compact"", is not <.I"" ... ·.ly in cvi<.lcn<:e. Icaving Fe 

contamination from the magma parent"1 to the chamockitic floor as the lllorC I'bu,iblc of 

the t,,·o marginal elkcts offorstcrite content r~'duetion oollsiden.'d bcre 

And so the Ol-gabbroic da't ofthc Barrh Conccntri<; I'lutonic S"i1C south ofNain 

Bay e~ h; b;" a <.I;,tribution of forsteritc valu", con,i,tcnt with a single. ,"Oluminous 

cmplacemcnt of Ol-gabbroic magma having utl<lcrgone bourKlary lay~'" fractional 

cr)">talh,ation. ,,,eI, an origin having Ix"'rr irrterpretL'd tor the much 1x1tcr studiL""(t 

Kigbpa't plu1<m di'l'laying a s;mil", though more c· .. m,pkte <.Ii,tribution of fon.t~,.ite 

values.;n the casc of the Banh. adjaccnt a co,,,,,!:matlC. high fc:Mg charrK,ckitic magma 



NOnelhe\csS.lhedislribulionoftoTl;lerile \'alues in Ihe Ol·g.,bbroic clan soulh of 

Nain Bay may al,o be cxpbinL~! hy invok ing a "..,re complocall'tl tbough perhaps sl ill 

plausible emplaeemenl history. Thai hislory being 11-'.0 ea't-west emplacements. the 

younger one comagmatie with ehamockilic emplacement an<1 urnkrlying the area of 

increasing IOTl;tcritc value norlh ti"oml liechamoekiliecontacl. li avingcmpla"ed soulhof 

and against an older emplacement undlTlying the arca of de<:reasing forsleTilc value 

northwards (possible er)plic conlact lmrh'tl hy '1I1e,liul1> marks in Figure S-IC) 

In Ihis >c~nario. an ~a,l y ~mplac"mcnt ufOI-gabbroic llIagma difli..Tl·nlialed (al 

Ihis local ion) oorthwards by bound."y layeT fractional crystallisatIOn (p<..Thaps pbovc a 

t1o<Jr dipping mure Sil"Cply northward, than pm;"nl day lopographi) producing a 

forstcrile value distribution dl-.;rcasing oorthwards. wilh marginal cfli..-.;Is of fC)rslerile 

'-"Ol ltenl f(.xlnelion brgcly absenl because the "() l um~orOI-gabbroi c magma was sITw ll . as 

it would ha,·~ 10 be 10 altain " forsterile \'a lue or 64 wrrc'ponding 10 aimosl 9()01o 

cryslallis,~! (Figure 5-3) owr 0.5 km northwJTd,downsk,l"'. A rdatiwly smalt \"olume of 

magma might plausibly el iminate margin..l cfti..'CIS by being insufficiently voluminous to 

m~h oUl potmlial Fe-rich ~'Onlami nanls fmnllhc cou""y rock a"d 10 delay cryslalli~ation 

of overburden '0 a< 10 allow tbe earli~"'1 crysta l framcwnrh 10 ">cape compa<,:lion.1 

Some time aiter the early Ol-gabbroic emplacemcnr solidified. a fresh Ol-gabbroic 

llWgllW intrud ed along the soullK'm cont"el of the okkT emplacement. !lankcd by 



charnock it;" magma to the south. Ofcour,.,. as mcntion~~! abo'c for the simpk'r scenario. 

the chMoockitic magma cvK!cntly mixed allil mingb! with the Ol.gabbroic. which 

crystaliisl'd mcsocmtic. most ly non-Ioliatcd rods adjacent the margin. and 'iI) Ivw 

forsk'filc values adjacent the contact are already plausibly explainl":! hy contamination 

and minimal compaction. The qUl'Stion is thus to what distance northwards did the 

eharnoekitic magma contaminale the Ol-gabbm;" with elll)ugh Fe 10 pmducc a ... 'duction 

III fi)rsteritc content dctecwblc in the present results, Whate\'cr the distance. if Ihe 

gCOrTk-1ry oftllC 13k'f Ol-gabbroic emplacement is III)rth-dlpping. having pccbllhe earlier 

one otT a OQrth-sloping floor. then it is difficult 10 imagine how dilkrenliation l"Ouki 

pmcced \uuthwardstoach ievedecrcasingfONeritc,alucs in that dirl 'Ction, Perhaps tI() or 

min imal differentiation occurred, with the sprcad of fi"stcrite \'alues due largely to 

dccreasingcontami nation northwards. Or po:.'fliaps both cIlIplacc111cnts in hcrited Ihcsame 

\'ertica l contact (at Icast Io<;ally). with the lat'" emplacement chiliing ag;linst and 

IIIkracting with lhe charnockitic though undergoing boundary laYl'f fractional 

crystaliislIlion al" greall'f ratc soulhwards bcc"u~c the oldlT body had l'OOll..:! hck)w the 

li(juidus tcmIXTaturcs of charnockitic magma bciore fresh Ol-gabbroic magma intruded 

along its SQutilCm conlact. with a sandwich horiwn Ih~Tcforc SOIl1CWlilTC preserved 

bctwccnthcpossiblcc<ypticoontact(Figurc5- IQandth<:charlll,ckiticl"On1act.Although 

this imcrprdation has becomc k'flUOUS, the plutomc Ilrl'Ccla ,outilmst of I'lbluyak 1,1,-1 

con".,I<, insofar as ""lllpk~L of Ol-gallbroic hloch in a llli",,1 charnockl1lC allil 01. 

gJbbr"ic 1ll:J\ri~ (Sl'Ction 3.1.4,2). and therefore Iwo Ol-gabbroic cmpilleclt lcnls are 

",de,,-,I phy,kaUyprcscrvcd. although at a Ivcationoi'ambigll(",seolttc~t in thcsccnario 

unJe'f 'r«ul~lion 



Before rnoving on to IOfl;ll1"ite values fin thin-"""<Otions of tile Ol-gabbroic clan 

lIo nhofNain i:Jayaoo On Barth Island. lIo1C that too question in this discussion is how to 

explain forstcrsite values below 70-71. c\"idcnlly the primary olivine oomposition for 

urld itkrenti,1!cd. unCOlitaminak~1 OI-g.1bbroic magll~1s parcmal to th~ Kiglapait plutoll 

1Itld Ol_gabbroic r<K'k-t}'P<' clan of Ihe Banh Conc~ntri~ Plutonic Suite. So far we ha\'~ 

eIlK'1'\ailll'ti cnmp",itional modification of the crystallising magma bydiffcrelltiation Or 

COlitalillnationaoo 1T1U<!ilication of primary olivine compositions by rce<tu ilibration with 

atypical \'o l umcsofinl~'fstitiallllcit 

5 1 IFoP'lail!' f ""I('IIII'tJi"C< mra"'rr<i nor,bo(Nain/lav 

Co" sidL'f ingtooOI.gabbroiccianoorthof Nain Bay(Figure5-IAj. only 111 a f,,"'places 

arc thin-s~'Ctioncd sampl illg sites suflicicnlly dense ami regu larly di,tribut~ill1IOugb to 

rcawnably inlcrpo latc the fi".,;tcritc value distribution over" Hiven area. and so til<: 

approachh.:rcistospeculateolithcoriginofJoealforsteritcvaluedimiootions. 13eyo,wl 

using cnlourirxlcx10 in fcratypical ",lulll~'SofintlTI.titialmelt.tooauthorkrlOwsnoway 

to ditk'femiate hetw""n forsterile oontent r~ilul1i"n caused by diff<.'fentiati"" Or 

contamination using the present data. beyond using what in'ight oonte~t may provide 

SOrlie thin-se<:lions from nonh or Nain Flay comain "Iivine of forstcrite values 

spanning a wide range of ~ompositi<Jn'. those Ix:ing ... ..:tion G 140 with F" ranging from 

6Jlo5,{n lI)and .... "<OtKmG43withForallgingfrom66to62(n 5). 

Se<:lion GI40 of leucotrt>t10lite "'"s u,ken from adjacent ch"rood.: ilic dykes 

(Gaskill 2005 IInp"blio'I,,,d SlImpl" 1101<"). R"<Otior!<.'li variously as charnockit ic quartz-

icUCO"'OI17nnnC «(139) "00 ch"mockit tc granite (G138). both fayal itc-spcchil. thus .... c 



may infn eitM'T comagmatism and contamination or a ltnation I;-om younger high Fe:Mg 

~harnoditic magma(s). Indeed, section GI40 exhibits the highly unusual te~ture of roost 

ifoot all plagioclase grains bearing sets of\'~'TY fine birefj-ingent plates. perhaps biot ite. 

perhaps paral lel to cleavage direction(s) (P lare 5-1), Pc'Thaps rhese pl at~'S WL'Te cxoolved 

from plagioclase crystall ise,l from contaminallxl magma. or p"rhaps they were d~po,i k'li 

akmg miemfracture, in so lid plagioclase from tl uids in put trom adjacent charnockitic 

magma. The bu(.1' int erprL1ntion SL'<!ms most prohabk since such plak'S ,wrc not 

()h><-'T"l~1 in plagioda><: cry,;talli>Cd from e,;dently eoutaminatcd Ol-gabbroic magma 

south of Naill Bay. and l:H.'Causc the charnockitic s«tions here arc eitho. ... anhydrous 

(GlJ8) or no 'nore h}.!rous (GlJ9) than the Ol -gahhmic section which contains biotite 

and oornblende. Note that toc,~ also exists a spread in forsterite "alue in some thin-

",,'Ct ion, of rock e ry'tall isL~! from evident ly contaminated Ol·gabbroic magmas sout h of 

Na in Bay (1!70. 79). but thc spread inthcscs«tionsi,o\'crn<l morcthantwoaooahalf 

unitsc\'enthoughtocforsk'ritc\'alucsarcint il>:JOsarld40s. Altooughsuch :'diffcrence 

in spread Illay be plausibly intL"l"L1e<1 to rL1JrL'SCnt d i ff~rcnt >calc, and degrees of Fe:Mg 

h<-1l'rog"ncity impark'li by contaminating 0, alK-ring cllamockitic onngtnns. perhaps lhe 

prcsenccorab,eoc~ of faya l,tcor ewmual faYJ lile in toc onetasomatising magonas also 

play~'li " paM, w,th f"yalile absent aiong the char"",'kilic contact solltli of N:,in Bay. a 

possib ilnylc i\ for futum wmkc" 10 c<lnswlcr 

SL'Ction G·O of[hornblcnde-biotite] troctolite was taken from adjae"nt the wntac1 

w<thth.· Fe-rich pr<-dominan,;y. aoo hasme"'UTl-d lor.;t.,.ite \,aluL'S thrl...,66s. 64. atld 62 

Unlike in s«tion G140. where a t! oliv;nc;s _'enomorphic and '"t~'T,titial. in ><-'Clion G43 

there i, a correlatio" bet","...,,, olivine petrographic l'()nte~l an.;! forstcrite \'alue, with the 



t\\"oJowoutli~'1"sfrornapairof"U1omorph;coli'in.:gra'ns.spacedoocmiliin1L1reofeach 

0111<.'1". ;oclud~"! in an automorphic rL'Ctangular plagioclase phenocryst S(;Wn by at least 

fi)ur rnillimetrcs in section. One of the 1'0 66 analyses was tah'1l from an olivine grain 

impinging on the margin ofthc&1IncpheTlocryst. the two Oth<.'1" 66 analyses fromohvinc 

~eno'norphic and inters1itiaL It is thc'1""fi"e plausible thm the two low forsterite value 

outliers r~,)rcscnt ol ivine shieldc.;! by a single crystal ofplagioclasc and preserved in a 

state ofrebm" disequilibrium with the ool~ c'Ompositon due to having e~p<'1"ic"",-..! poor 

if not totally absent ditTusive ~'Ommunicatio" with rock out,id" the phenocryst during 

rlX'qu,lobration. The efTcclivc"'-'Ssofpl:tgiocb", crystal shielding is c",dc'lII in tMltlle 

m'Ooliv;ncgrai"s.thoughonlyonenHllim~1reapart.posscssforslcrnc"alucs.sdisparate 

as two units (64.0 versus 61.9). Bycontrasl. evcn in the absenceofmclt oroontacling 

mafic minerals. intcn;titial olivine can n .... "Iuilibmte with Ihe bul~ rock bydifTusion along 

gr~lI1bou,,(b rics 

It IS lcss easy 10 Ink'1l'rct ho" theincilllltdoli"lnegraillsposscs.skmcrl"rslcnte 

"alues tl~1Il the hulk rock. since the simpll.'St scenario is that the I'bgoocla,;c phenocryst 

hasprcso:."I"\'c~1 by inclusion thcprimaryoli'ine compo,ition oftl..., parent magma tOlhe 

rock. "heth,,'1" by ITactional or ill .illl crysl:.lli,<:,tion. and that the primary ulivlne 

composition shoukl be ofhighcr 1""I<'1"ne value th"" that oli"ine ha,ing rL"'~luil ibmt<~1 

w,th rdat iwly Fe·enrich ... ..! il1t<TSlitiaT melt and mincral., even if present in redu{l .. l 

,hu,wla"ce du.: to ponlsity rl~luction by oomll.lctlon (nol e,i<.knt on ..... 'ClIon G4J). Note 

thai "hilc 01,,;,..., r ...... 'qu,libmtc..J "uha more Fe-rich phas" ",sembla);c "ill ob"iouslybe 

mOrc Fe-rich tll.1n olivine rl"'''lu;libratcd ",ith an uS*mblab'" lOOrc Mg·nch (all Oth,:T 

th'ng< being equal). olivine rCC<luilibTJtKJn ltself may mcr':a", or dl'Crease forsllTite 



COrnc'rn . Co"sidering olivine rl"''lUllibrat;o" wilh orthop}To.'~n~. fi" e~nmplc. according 

1l>thedm30fMooaris(I%9),oli\inehavingoriginallycryl'talliscdwilhFo > 64should 

actually become more magnl"Sian with rl'<.'quilibratio" at k)w~"- temlx,,-atures. thc increase 

or pok'Iltial increase becoming gr~at ~r t h~ higher the initial ](w;lcriw value (Figure 5-4: 

d isregarding tltccomplcxifyingdfl'l:tsoflowcringinlt'r",ctionpo inIsbclwl'<.'IlSUCccssivc 

isotherms). 

Wh<..1heror nol Ml'daris' (1%9) data are accurate. tllal i,. whether or nol the 

primary Fo value al which olivine will he'l:otne more magnesian with rl'<.'quilibration wilh 

orttx.P}To.,cTleisFoMorlowcr(e.g.62).it"ollld'lillhcdifficultifnolimpossiblclo 

explain the 'pread of 1'0 valllesO\~,,- at least f"ur units by a prm;<,"S,ofrl'Cquil ihration 

upwards irom 3 primary value of 1'0 62 (or lower) in a mck bearing multiple times more 

olivinctlmnpyroxcnc 

Pl"1'h.1psthc",cxistsapo'l.<iblcl'rimaryorigin for the spread ofl0n;teritc va lues 

observc<linSl.'ClionGU.Givcnllml thcoli vincgrain,><:arnthemarginofthcplagioclasc 

phCIlO<;Tyst beaThthe higher fOThlerile \'aluc ofM. though sti ll Iowl"1'lhart 111111 of the 

rl'<."Iuilihralt.~! (or more Tl'<.'quilihrated) hulk rock, l)Crimps lhe parcnl magma sometx.w 

ultimately l'T(>d\ J~~'d olivine composrtk)ns in an incrca,ing 'C"IUCOC'C rathe,,- lhan a 

dl'Crea~ing 'C<juence as cX]X'CIC(] (i.e. primary mmp",iti"" upwards inslead of 

downward,). Such a SH'1"iTjo is diflieult to imagine. I'e.hap' the pl)c!\o~"Tysl Ocg"n growth 

in a volume o f OI-gabbroic magma contamin"I(~1 by comagm;"i~ rna);mJl pJlrcntal to the 

Fc~rich cia" (Ihoug./, we have no ~\'idellCe of., comagmatic rcbtK)Jlship. 11", """I reliJlblc 

accounts indicaling that lhe contaCI is ,harp (S .. ,clion 3242]). drifting as il scttk'd 

thmugh m,1gma less ~'(}ntamrnatc'd. ultimately settling inlO place on tflc surface of a 



CT}Stnl pi le growing ITom O!-gabbroic magma oot mntaminatcd or the least contaminated 

the phenocryst enmunk"-l>d.ThctaskofsatisfJctorilyaplamIllG Ihc sjlrcad of forsteritc 

values in thin-StttionG43 orothers!ike il is left to futurcwork~'fs 

Relurn ingloabroadcrconsiderationofthedistributionoffilTstc'fiw\'aluesnorth 

orNain Bay, sew'fa! ~)calilic, provide smnpling sitc, ,umeient!y nUnK'fO\JS ~nd rcgulurly 

distrihuk~1 enough to reasonably interpoiatcthc forslcrilc ' -ailJcdi,tributionovL.,-a given 

area. Foreaehloeaiity, for the purposcofbrcvityal!d due 10 rcialiwly Ii uleconslmining 

evidence, only onc or Iwo of the """I plausible inK'T"prctatKms III the oplllion of the 

pr\.'S(.~lt author will be spcculntlxl to Sl'fW as gianc~'S into lhe grand realm of possibility 

that the Barth Coocmlric l' lutonic Suite represcnls 

The mo,1 tempt ing to imcrprl1 area is Ihe oorthea,lern iso iJtC(1 arc. where four 

thin-sedions even ly distributed posscs>olivin~o ff<)f'k.,-ite val ues, g" ing lirst eastward 

and then southeast"'",,]. of 70,65. (,(). ""wi 58. Sl'Ction G44 wilh Fo 65 is of 

Icucotroc101itc, whereas the others arc mcsocratic, citocr troC1ol ik (GJ2 with 1'0 70) or 

ol ivine noritc (G52. 86). Thus, out of the fi,ur Stttions. wc may asSumC that G44 

undcrwcntthelcaSI forstcritcr\.>ductionbyr"·';<juilibraIKlIlwnhd ift'.'rcnllatingintcrstitial 

melt and its daughter crystals. Pcrhaps a single mass of parent magma to the arc 

ditTc"'n1iall'dca,t-southeasN'3rds~nd up by gravi tation"1 scnlingagainst a sloping floor 

creak~1 hy shearing of succc"iw cry5l,1 pIles under their OWn weight. with the 

proportion of orthOP)'T(UellC Cfcatl~1 either by .0ery,'alli"'lion WIth ollvme from 

ink'fst ili"1 melt or by peritectic backreaction merca.sing as dilTcrcnti~tion proCCl>d,. 

eventually producing the nori l~'"S sccliolX>d. Perhaps Ihe cau,"" of east·soutllCastwnrd 

ditTcrentiation was morc llCatl-d sorround ing' east -"outtlCaslward (h,c to nntltiplc 



intrusion or su,tai",-~! magma flow through the Fe·rieh prooominancy m Ihal area 

Alternately. jXTllapS the interpolated <I~'Creasc in fOl'Slerite value along thc arc r~"JIr~"SCnts 

increasing contaminalion by high Fe:Mg magmas <luc. again, 10 more aelive magmatism 

goingeast·soutllcastwaru 

Anmher area amenabic to forsterite "a tlle interprctation is toeale,i 4()() m cast of 

the prominenl westl.,." pocket. adjacent to the OI·gabbroie·Fc·rich <:ontact. where a 

tmnS<..'Ct of six thin·scctions (G72. 76·80) perpendicular to the comact e.~hibits forstcrite 

valucs 57, 67. three 65s. and 66 proccroing m,twarus , Though most of the oUlCr ,,'<'tions 

cxhihit plagioclase SPOs. all six S<.,<,'ions are of similar cokmr ,ndcx 3nd so an atypica l 

volumcof intcrst itial melt is 001 incv;<lcncc. I'crhapslhe high 50s lorsKT;te ""Iucalong 

the margin resu lted rrom oontamination of lhe Ol·gabbroic parent magma by either 

ooll1.agmatic Fe-rich magma. even if only by small ,,, Iumes of Fe·rich inKTstitinl 

r~-siduum <Imine<! south and down. or by the same having fOnll<."\l by lilarginal remclting 

ductooca,inputrromlhcOI'gabbroi<:r1'\[{gma 

I"houghsamplcsarc>'lTYspaTSC. il ;snoIli.1hclcsstoc,'aselhal insofar as S<.. 'Ctioncd 

and analysed. ol;v;ne in thin·sections nearest the scmicircular body of Ol'rree 

anoTlhogabbro;cpredominancyllavc forstcritcoomllOsiliolls ;n tile low 6Os,,,,d hi gh 50s. 

<:o11c-cti,"cly lhe IQwes! meaSU1'l-d 11011 11 of Nain Bay. l'crh~ps tfle mai1\ body of 01· 

gubbroic elatl rlOI1horN" in B"ycoolcd and rracti()nal lycry'lall;,,:d. cithcrasa single 

emplac~n1<'nt or", multiple empl"c~mcnts, broadly from out to in. [>CTlwps in rcsJX>f1Sc to 

til<: K>cu,ofemplaccmcnt andt)l<.Tcforc~hambcrrcfrc,hrncntandrc,ocat'ngocingkl<:atl-d 

ocnemhthcsc1llickularOOdy. 



l1"n-S<.'Cllons from along the main Ol-gabhroic-Fe-rich conlaCI north ofNain Bay 

coma;n ol;v;ne offorslcrile values rangingowT 10 units ;nsofaras measurl-d. pc:rhaps 

rdk<-1ing variable dcgrees ofoontaminalion by inlcrslitial Fe-rich melt, eilhc'T mclt~-d by 

elTlpbcement of Ol-gabhroic magma Or 'lill orig;nally !IIoiten, those "alues ;n 

summar;se<1 fonn being 57-" 61-0. 63-0. 66-4. 67-0. and 68-2.lfrock ak"'gthe e~tcn'al 

!IIarginoftheOI·gabbroiCl'n:dominancynorthofNain Bay ind('Cd crystallised from Fe 

conlaminatlon ofOl-gabbroic magma, toc'n the comamination. insofar as reflL'Ck-d in the 

oliv;ncsampled.rcprcscmsaconsi<lcrJblyicsscrdegrccofFccontaminalK)nthanevident 

along the crornockitic contact soulh ofNain Bay_ Unlike lhe crornoc);;tic pMcnl magmas. 

which "hile high Fe:Mg slIl1 cryslallised mostly fcltlspar ± quartl, lr.c Fe_rich [XIrcnt 

magmas nYSlallis<~! on averagc roughly 50010 F.,.rich pyroxene and F ..... Ti-oxi<lcs.. and so 

it " '()Uki take a much ~ma i kr volume of Fe-rich parem magma than chamoc);ilic magma 

to CQn1mn;nate with Fe O l-gabbmic magma. thus we may inkr a much ,mallcr inpul of 

contaminating magma north ofNain Bay than south. And }".1 il takL-s a d,serm"naltng eye 

(e.g. Ryan 2000_ 2(01) 10 say that. e~c."pi tor a fcw Scl l .... 1 outcrops. the southem margin 

of the Ol-gabbroic predominancy look< It);e '"fl'1"mdior;lc" and th.'Tcforc contammatoo. 

r hus. small drainages of remdted ink'TS1;ltal Fe-rich minl'rnis arc the most pl:tu>1hlc 

contaminants northofNain Bay. 

Con,(dcrmg thcOI-gabhroic clan on Ibrth Island (Figure 5-1B). two thm-"'"CtNmS \\"'TC 

a'~1iysoo for their oli"((1e compositions. tah-n from oppositc ends oflhe Ol-gabbro", clan. 

one (G2n) !>Car the nor1hw~.,t c\I, .. :mity and adjac~-nt the crofnockilic pre<lom,naney. the 



olhcr(G2J7) ncar lh<: soulhcaSI C.'ITl~nitynndadjaccnt lbe F~"'richpr"dominancy. Section 

G22Jcon,islsofolivinegabbrubcaringpnhaps5% oombinoonomblcndcundbiolilcand 

wilh mcnsurl"d forslcr;le "alues sumlll~riscd as 52-2 (n - 6). mostly from ol ivine 

nl!cr8titial "",I x<·ooITll)rphic. the one automorphic olivine grain sampk"d having Fo 52. 

Perhaps lhis S(;"lion is like lhosc laken rrom aiong the charoockilic COn lnClsouthofNain 

Bay;n that was cut of rock having crystallised from Ol-gabbroic magma COnlaminal .. ·d by 

high Fe:Mg chamockilic magma. although the d<."SCriptions ofWaliacc (1986) and Ryan 

(2000j"oflhc contact t~) nol dt."SCribc eVIdent mixing. rather a plutonic breccia with 01-

gabbroic blocks in a charnockilic matrix (Sl"Clion 3,2.4.2). Section G237 consists of 

tro<-1olitewithmeasurcd forsleritcvaluc~summariscdas6S-0(n · 5), PcrhapsthisS<.'Clion 

represents mcsocratic rock crystallised hom undiffcrcntiatoo parent magma having 

,ub_"'-"qucntlycx!,<,ricnct."dslight forstcritecontcnt rcduction byrcctluilibration willi small 

mlume,ofinl<"fstitial mcit and thcirdaughl<>r crystais 





Figure 5-+ IA - Forsterite content value, for sele'Ct Ol-gabbrok thin_sections of the Barth COrICentric Plutonic Suitc north ofNain 
Bay. Forst"";tc ,-alues are presented in summary as the maximum approximate forst"";te ""Iue measured and the approximate 
(ie. rounded) range below that ""Iue the other resuh$ for that thin_section occupy, presented in the format /1#_1/. See Section 
5.2.1 for further clarification and Se.:tion 5.2.3 fordis.:ussion. Thin. black ooxes highlight thin-sections in which a relative ly 
wide range of forsterite values were measured. Unit labels (e.g. olg) and cOntactS as per Figure 1-2 

maqf 

~ 
.. :~\ 

Ie 

2 km 

olg 
Ie 

Barth Island 
(Ammituk) 

1 

Figure 5-+ 1 R - Forsterite content values for sele.:t Ol-gabbroic thin-sections o f the Barth Concentric Plutonic Suite underlying 
Barth Island. Forsterite values arc presented in summary as the maximum approx imate forster;!e value measured and the 
approxintate(i.e.rounded)rangebclowthat value theothcrresultsforthat thin-section occupy. pn:sented in the format llli- /I. See 
Sect ion 5.2.1 for furtherciarifiC3t ion and Section 5.2.4 for discussion. Unit labcls(e.g. olg) and conl3Ctsas per Figurc 1-2. 
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FigureS-2 -l'orstcritccoIlIC1l!vahl csrncasurcdbycicctronmicroprobcinthin-sections 
of the OJ-gabbroic rockAypc cian, armngcd in ascending order. Ranges ,oow spread of 
fOrslcritcvalucs fouoo in ind ividual Ihin·SCClions (avcmgc 4 analyscspe rsection) . 
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Figure 5-3 - (figure ~ • .\lor", 1996, p_ 105l "Stratigraphic variation of olivine 
composition in the Kiglapait [p lutonrl t'eS = pl.,-,"cnt crysta ll ised. F(L) = li4Uid !Taction 
nfthe Kiglapa it magma ,hamber, where pes = tOO -lOO·F(L) 



.' ig u re S-4 - Equilibrium compositions ofohv;nc and Onhop}TOxcnc as a function of 
tcml",raturc. cxpresscua, 1'0 an<i Enrcspcct iwly, from uata ofMcilaris (1969). 

Plate S- I - Plagioclase bearing scts of vcry fine birelTingcm plates. perhaps biotite. 
pcrru.ps pa",lIc1 to cleavage uin'<:tions. in 1cueotroctolitc. Note pateli ofplagioclasc 
symplcctite, pcrrn.1" myrm<'kitc (right of centre). Thin-5crtion GI40 from SQutli"'cst 01-
gabbroic rock-type predominancy, nonh ofNain !Jay. XI'L. image width 2.5 mm. 

'" 



C hal"er 6 l'elr"'6""I,h,' of b~dllcle.\ ile ~" .. ~ircon of the OJ-gabbroic ro~k-ty pc 

clanoflhe llarlh Concenlrit I'lulonie Suite 

Eighty thi n-sections rq,rcscri tingsixtysalllpksofOI-gabbroic ro~k taken frolllal l over 

the Barth Concentric Plutonic Suite, though prC<.lominamly in the northwest and south, 

W~"fe manually scar~h ... d for oc~urrcnces (i",l ividuals, dll'ler.;, or portions of relat ively 

large dustcrs)ofooddekyite(rronodin iczrO,)and £ircon(orthoroombicZrSiO.), 581 

occurn.~IC'-"', .165 of lhem \laddclcyilC. 216 zi"on, were manually found, carcfully 

idemifiL'(landdocumcriled, 

Location and identification of baddekyite and zircon using plane polarised 

reflccted light is quitc easy. and there is no excuse e.~ccpt scarcity for an)'UllC using these 

minerals but ""t ",udying lhem in WllleXl, '" .<im In thin -sect;'," or mounL On that nnw. 

there isnocxcusecxceptla~k ofcX(uipment Joranygcologist not to userelk'(;t~'d light in 

addnionto lransmiued li gl>1 when ",udYlllg mcks using pobri .. .,) lighl micro",;opy, Even 

many commonly abundant mincrnlstra<l itionallyonly <1udiedu<ingtrnn ,milled IIghl (C,g 

micalcanhedist ingui,h<-'(i orlll<JrcrosniwlYKlcmifi",lbasedOllthcirappcaranccs in 

rctle<:tedlight, RClumingtothcnwllc"fat hand, both baddcleyitc and ?-irc<Jn arc grey in 

rdleeled li ght. baddd,'yite app"r~ntly ,cry slightly bllOc;,h, and arc lc,~ rellcet i"c than 

ilmenil", haddelcyile\larciYS<latKl/ire<J",ignif,eant ly,o(l'lates6- I,6-2Ibut ,till more 

rctle<:ti,'e than lily"lit;c oli,;nc. '~ i thcr badJdcyitc or zircon appcaT\.~i to cxhibit 

"n;sotropy in rctlt{;(cJ light. COl",c",cntly though, it is the conuoonly c"Onspicuous 

ani,otropy of ilmen ite In rctlcc"-~! Ioght lhat fm,juently facilnatc'd identification of 



baoJdcleyilc, .... ·ilh baoJdclcyilc "dj"ccnllo iln>i:mwbardydl>lmgulshahlc whcnthcslagc 

was oriented sllCh lhm ilmenite apJlCar~'d dimmcsi but becoming conspicuoos as ilmenite 

bfightl'II.'d with rotalion ofthc stage (Plate 6-1). Baddelcyiteisdcarand gell\.T.lllybeer 

ooule brown in transmil1cd light. wIth '<Ollie grains exhibiting pkochroisllI bctwc-cn 

dar~CT yellowish brown and lighlcr non-ycllo" ish brown obsc,,·ational cndmcmhcrs 

(1'1a1CS 6·J. 6-4). Some Oflhc coaI"SCSI badddeyitcgrains arc apJXlrcmly Wtll."d and 

oonspieuouslypioochroic. with corcs to ilght browli or aimost colouriL"Ssconlra slingwilh 

lIarh ..... not as conspicuously pkochroic rims (1)latcs 6-J throug.h 6-6. 6·8). Z iroonise1car 

and colourkss in lransmined light. Addlt;o""lIy. g~~)logisls shoukl nole IMI ziroon 

f1oon.."SCcs yellow in uliraviolC1 light and 1ircon suSpt:CIS can be easily located in clean 

surf;h;csusinglhismcthod 

The first cTitlTion docurr.:nl<"d was "h...1her a" "ccurrcnce lVll~isls of an 

individual or a clustcr (i.e. is iwi,idual or compositc). An individual occurrence is 

dcfinl"dasanyconliguou>;scclionofbaddclcYllcorLlTCon. rcgardkssof"hdilcr il isa 

single grain or an aggregate. A clUStl1" or composile occurrence isdcfinl~1 as any group of 

individual occurrcnccs each within I mmofallotiRT in lhegroup and logClhl"l" spanning al 

mosl a One byonc square millirrn.1rcofscdion. Forl·xamplc. iflwo baddclcyilcgrains 

arC 0.5 mm apart and a Ihird baddclcyilc gram IS 1.5 mm "way from the nearest grain of 

Ihe lWo.lhcI11WOOCCurrcnc""arccoul11l~1. OIlC coml'osil" mKl OIlC ",divi<iual. If a !;Toup 

"fitKli'idual OCeUrrlncCS cach ,,-"ilh;11 1 "'''' ofanotiR'I" in the ~roup 101\<1111.'1" Spilll more 

IhanaollCbyor.csquarcmilljml·lrc.ca~hpartoflhccluSllTundlTlyinganadd,tio",,) one 

byollc square millimetrc "-"as ,'Ountlxl as all addilioo.11 QC1;!,rrl""1lCC. Forcxample.aclustc'l" 

"fzirc'OngrainsundcriyinganaTC;lofs.:cIKlIloutlincdbyaminllnullloffourconliglJOus 



One by one square mill imctrt'S would hm'c b"l'n counted a~ four OCCUrrCOCL":'- Thc 

boundar;cs ofrontigoousoreuffCnccs WLTC not only coosen SO as to outline thc clu sterby 

a minimum numhcr ofonc byonc square "" lI nnetres, hut al-"o sothar rhcsubdivisions 

delincated by the shaH'<ll'<lgL"S of the squarl"S correspond reasonably well 10 nalu,"1 

cI\J ~tcr it\g' within the greatcr c!uster 

Thcncxt criteriondocumcntc" for each occurrCllceWas whctheronc. muitiple.or 

110 dimen,ion, of ooddcleyile or zircon ,"",lion cxeCl'<l, 50 )1111. For colllposile 

o<;curreocl'S.thccoarscSlscctio,,-~(i . e. grains or aggregatc<) werel'Valuatl><L Forexalllple, 

a section with maximum dimension (i.e. wi<lth) 55 InTt and minimum dimension 20)lm 

would be recorded a, having Olle dimen,ion excel .. lillg 50 )lm. In add ilion 10 Ihal 50 is a 

commonly invoked grad uat ion, 50 l" ll was chosen as the !o"'l" limit of COMSCrlCSS 

b<..'Causc il divides Ihcoccurrcncc populal ion into a relaTively fi llc halfalld a rcl.11i\'cly 

,-"O:lrsc haiL with a smal l yli signilicant miTkJrity cOrlsi<krl'<lthc coar""t (i,c. ", ilh IWO 

dimensions rdativelycoar",). and b<.."{;ausc 'L",tioIlS with IwO dirncmion, e,cl"(.'<ling 50 

I' ''' arc generally cxtensivc enough to tIt a 40 ~ 40 I'm bscrablation squ:orc rustl"!' pattern 

in anticir>ation that these individual occurrenct.'S he used In the !\llure [(IT U-I'b 

j;t.,ochrotlOlogybyLA.ICI'MSasdcso:;rib<.. .. 1 in Chapter 7 for ziroon grains fromrock't1(lt 

Anot h~r criterion documcnlc·d was whelher any grains in Ihe ()ceurrence 

con,tnult.>d di,tiocl Ihin rims. cith~r rdatlvely IllIn rims [(" ti>c' ()ccurr~l1cc or abwluldy 

(Ie.« than 5 ~m) thi n rims. The auth", wo< prom pled to 'yste"'JilcJlly d()cument Ih" 

fealure upon obSl'Tving di,lioct. rdatiwly"nd abwlutdy thin rim' of "ircon againsl 



ilm.",lIe in a few o«urrcnces (Piate 6-7; Figure 6-13 [right]). Il11cTCSlingly. ewry 

subSlXju<'nt distinct thin rim obscrn'tl al"., cOllsistl'd of I.ifCOn again,t .Imenite. in some 

oceurren.:cs in addition to magnl1ite. 

Another critLTion documcnK'd WaS whether any grains in the occurr<'OCe exhib,tC« 

possible or morcor Il'Ss unambiguous crystal t;'Cl'S (P lak-'IQ_J through 6-6. 6·8, 6·9) 

Tbis criteria is <ubje<:li\'e. with ··posSlble crystal faccs" gen.:rally n:cordl'd for 

o«urrcnccs consisting of or containmg ..:ctions with two or more str~ighl boundaries 

(that did notappcartobccrystu1 (acl'S belonging to contactingneighoours. '-e . non-

pbstomorphic) and a shapcsuggcstivcofaS<."Ction Ihrough an at \cast p;trtiallyde\c 1o(K'd 

A'lOther criterion documented was the mineral identities ofaH other S<."Ctions in 

contact wilh the baddcleyile or zircon section orse<.1ions of each occurrence. i.e. "hat 

mincrnlsarc in contaCt wilh Ihe baddelcyiteorzlfconofeachoccurr<-ncc.l'orcxamrlc. 

lora compoSlleoceuITCocecons,stmg of two b-1ddclcyitcsc<:IKms,onc in conlact w,th 

d'nenitc and hornblende. tbc other in COnl!lCl wilb ilmenite. biotite. and plagioclase. 

"ilnK.·mte. hornblende. biolite. and plagioclasc·· would be recorded as tbc mllllnls 

contacting that "'-'CuITCnce. No documentntion was made for each oceUITt.1lCe of the 

pmportionofcontact Icngtho«ur,,-~lbycachmi,1(:ral. butthcp<-Tc,-1ltageofoccuITCnccs 

mcontact with each mmlTal maybctaken:,sa CMC indicatooll of the o\'era ll proportion 

ofb<Kld<:leyileandzirconSCClioneonlact H:ngth"ccupil~1 bycachmincTal 

Occurrences of baddc''''yne and ,ircon in 8 S<lmplc:s r~prc""!lI,-~1 by 32 thlll' 

"'-'Clions bearing a rc1ati\'Cabundanceorrelati\'Cly~~,arscoccurren(;CS " 'ere imaged with 



baek scattered eketn,"s (USE). These imagl"S arc describt.xJ and rq""""ntntivcly 

dispbycdlllSection4.3 

lJeforewntinuing.thcpr"scntaut horn.1lO"Slllefindingofasingleoccurr~'TlCcof 

Fe-bearing Lirmnol ilc (CaZr(Ti.Fe)lO,) in lllIlI-seclion 1127 oftl"l>l1nlik fo 1>8·1. The 10 

1m' long zir("()nolite grain is cuntigunus though not COTllpositc with an irrcgu larlyshapcd 

D.1ddclcyitc gra in ",veral lOs of~nn in dimension (Figure 6-1). Tl1c pre:scnt author did not 

r~'(;ogniscadist i nclzirconolitegrainuntilcMminationu'ingBSE 

6.1 Rc. ult s of m:onua l d""ument~tiOJl 

T.,blc6-1 showsthen."SultsofdO(;umcntationdcscribt.~labove. 

One i",po" ant find ing not repo"ed in Tuble 6-1 is that in not OM ofthc 581 

occurrl·ncc.<ofbaddcicyitcandzin"mdocumcntl'(ldo toclwomineralscWTcontactcach 

otnl'1". The closc,t that thc two mincrals CVl'1" app,oach is wilhin cCll ta microns 

The ,e,ulls are arrangl'<l inthrL..,··hini·a,oording!Othemtlximum f<) rsterirevaluc 

(rna.~. 1'0) rncasuR'<l in the hosting thin-'<Cclion Or rhe particular thin·S<.'Crion oul of a 

group ~UI frum the ",me sample lor whi~h forst~"t~ values were measured (Chapter 5) 

rh~ li"t bin ~ontain' 102 o«urrcncL-'; of hadddcyilc or zircon associuk'<l wilh max. ro 

Ic% than nr l"<jual 10 60. thcsc,:ooo bin I Iboccurrcnces associatl'<l wilh max. Fogrear~'" 

Ihall 6() hut less th an 0' ~"<lual to 65. and lhe rhird bin 363 o~currcllccs assnci:I1C(1 with 

max. Fo grcatcr than 65 (""thin-S<..'Ctionshuti ma.'. Fo -(5). Thcsc bins urc rcfcrr~'<l ro 

rC'p"cti","iyaslow Fo. nK.xJium Fo.atid 11Igh 1'0. Notclhut rOO,1 rcsult,arcrcronL~I",'d 

de",,,bt."<1 as pcrccru values. NOlc Ihat more tll"n ha lf of the Ihill-Sl .... rions ",id. 



eonS<.'tjucnt ly. mo,e than halfoflhc "":,,urrcrlecs arc aSsoc"ttc~1 "ith high Fo. And so 

rCSUll5lOlals",..,bi"srdtO Il¥lrdshighl·Qml"c,<. 

Table 6- 1 _ Results ofmanl.lal documentation ofbaoJddcyitc and zircon (H:CUrrcroces in the 

Ol. g~bbroicrock .typcci'""-" ~~~~=o-~==~~~~ 
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The twenty extra (du(lhcalej thlll-S<.'C1lOns tor which baddeleYlt.: and liroon 

OCCurr~"fICCS were documented Wl'1"C cut from ~"npk'S for whieh the original thin-s(:ction 

yic1d<>t1 cith~'1" a relati,"ely abond'lIlt quantl1y of badddeyite or ~Ireon ocrurrer.c;~'S or 

rdati\'dycoan;coccurrcncCS.8tKlsootherrcsuhsarealsobiaso:d.lViththatsaid. many of 

the dUl'licnlc thin-S<.'Ctions contain<-.J k-:ss oc<·urr~'TICCs or oV~'1"Jl l finer uccurrence. than 

the uriginal thin-sections. Stall-d mOre gcoc'1"ally. for any given sample for which 

d"plicatc thin-s..'Ctions W~'Te cut fi>r 1!.1ddclcyttc and zirmn docun...,mntiol1. many of the 

duplicates "'"rO as r"gards hadddcyttc and zircon as similar to Ihin-Sl..'Ctions Cut from 

ot]",r s","ples as they were 10 each oth\.'1" and to the original thin- section. As well. the 

duphcatcs Wl'1"e cut fur samples c.dtibitinga "3nctyof m"x. Fo. from 56.3 to 68.3. For 

these reasons. the bia>es intrO<Juc~-d by duplicate thin-S<.'Ctioning arc thought nol to be 

Belore describing the 1\--sults. rc"d~Th should t:lke oote that no statIstics have h.,,,o 

pI.'1"form.:d upon the data colk'Cted. bc)"'KI the ba>!c cakulatlOns of mcal<'. fi-~'tJucocles. 

and percents. Thus. the present author US<.'S theeoocept ofsignificallCe in an intuiti",. 

rhen...,annumix'1"ofb"ddclcyileorl.lreonoccurrcoccspl.'1"thin-Sl..'Ctioniscight. 

and docs not 31'pearto ,-ary signifieantly wIth Fo. lh"result isoondhdcssofparticular 

rdevallCe to tl-.,sc g<~)~)gl'ts who scb,. <m"pl~.., fur g<"<'Chmnology bas<~1 un the evident 

deg""" of d i ff~"Tell1ialion_ Gi""n that ba<kld<:yitc or ~ircon docs ""I appear IU have 

~'turntL~l in the Ol-gabbroic magma reser'oirs ha,'mg undergone rmctiollal 

crystallisation. one or both mincmls c,enlu.,lIy S3tural~-d IIltcrsll1lally. although II IS 

<-oncel\"ahlc that solne dllTL'1"entlall!lg n~'gmJS might tl<:"~"T sal urate a l'.irWIltUn1-!1ltIK"TUl. 



[laddclcyitcoc.:urrcnces arc ITXIrcabundantth:Jn zirconoccurr~oces>wl11pr;sing 

63%of t01al, allhough Ihi~ rc,uh is heavilybiascd t('lwardshigh F('I values, ",cxplainc<i 

tx:low. The relat ive abundanc~" of badddcy,k an<i ~irmn oecurrenc~'S vary significantly 

with Fo, with (approximately) cwn rciatiyc abundances ''''')Ciall~1 wilh low Fo. wilh 

Lire"On occurrences twice as ab undant for llI,-xi ium Fo, howcver wit h baddclcyitc 

occurrcoces Ihrce tirncs as abundant for high Fo,Tl1cFobina,cragcdrciali\'cab undaocc 

ofb"Jdcicyitc is 53%, Ih'-'reforc the best estimate oflh~ o, ~raii rclat ive abundancc, is 

thatbaddcleyilcandzirconoccurrenc~'Sareequ" llyCf>mmon 

Bud(lclcyitc occurrences arc nordy ~"OlI\posilc (Plates 6· 10 through 6·12). By 

comra<1, I"", Ihirds of7ifcon oc,urrCIl<:CS nrc oompo<irc (Plat~'S 6·13 through 6·15). a 

rario rhar does 001 appear to ~ary signilieml1ly w;lh 1'0. The \'ast majority of composite 

zircon occurrences do nol have a ~TOSS-s..'(;Ii<:lf]al "rell greatertha" I nlln l 

Thcproportionofzirconoccurrcnc,>,eirherat leastum<iirectionaiiywarsc(> 50 

~m in at least one direcTion: l'iaTes('· 13, (,.14) o'Illulr idirect tonJlly eoarsc(> 50f!Ill in at 

lcasltwo highlyobh'lucdirtttio",: P l at~'S6-15. 6-16) ,locsn()1 appclIrto vary significant 

wiln f'o, witn rC'l"'ctiv" raliosoftnrce fifth.,""donc fiftn_ Ih<idckyneoccuITcllce, arc 

Icsscom",olllyooarseTnan zircolloceurrcncc_"and,l>ymntrasr, are 011 t ~wholcfincraT 

high<-.,. Fo. ,ueh That muiTi<iirectionallycoarscbadddcyi!Coecurrcllce. orc rare for high 

A sirikingdill .. .,.cncc oc1w<-'Cnlocpopublio",ofoccum'nccs ;SIh:JI one litlhof 

/iroon OCCurrl~l<:es occur as cithcr rclat i\'clyor absolutcly« 5 I"n) thin rims (I' lare 6-7, 

Figurc 6·13 [right]). oontmstc'<l with no ba!1<icleYlic OCCUIT,' r)(:.,s, Zirmn thin rims arc 

most common for low Fo, mrrCS1"' ,wl i"g ro one fr>UrTn of occurrences_ Out of rhe 



populalion of zircon OCCUIT~-nc(!S that arc comp",it~. similar proponions contnin thin rims 

as in the larg~'J [Xlpulation 

Apparent (i.e. possible or mOre or less unambiguuusl crystal fac~"S arc more 

common in lMddclcyitc <>CCUIT~"fIC~"S than in zircon occuneoc~"S where app~rent crystal 

faces arc rare. One fifth ofbaddclcyitc OCCUITCOC~"S .,.,hibit ap""rcnt cry,tal faces, with 

DcCum..,K;CS associated with m~~lium 1'0 varying from the total by c.dlibiting ~pparcnt 

crystall:1C~"Sat onctcnth. 

The rcrccntag~"S oflMddcleyitc and zircon OCCUITc,""'S C<}lllactinG each mineral 

arcdq>icK-.l in Figure 6·2. Ind~'Crc·asinGorderofrcrccntaGcofoccUm.1ICCSCOnlacting 

lMddcleyitc ocrUITCOCCS C<}ntact ilmenitc. biot ite, plagioclase, n~1gn~1itc. olivine. 

onhol>yro~c-nC. ehoop~TO~ene, and hornblende; zircon oeculTences COlllact ilmenite, 

biotite, plagioclase, onhopYT<>xcoc, hornblcnde. mag .... 1itc. olivine. and c1ioof'yro.~coc. 

The vast majority of l>.1ddcJcyitc and zircon OCcurrenceS contact ilmc'mtc in 

propOtlioll' that do IlOt appear to \'ary signilicantly with 1'0, wIth baddcicYltcin slightly 

grciltcrpropotlions lhall zircon (Figurc6-2A), III ,unllmry. hoth baddclc'Ylte and zlrwn 

show wry strong afliliatio",; with ilmcnik lMddeleyitc slightly 1l~lI"eso 

Halfofzirconoccurrcoc~"!andoncthirdofbaddclcyitcoccurreoccscont:Ktbiotite 

(Figure 6·2B). The propotlions ofbaddclcyite OceuITCllCes contacting biotite dOl'S oot 

appear 10 vary signific~ntly with 1'0. By c'Ontmst. the pmponlon ofzircolloccurrellCcs 

contading biotite varies from two third., for low Fo tOOIlC' thinl fur medium and hIgh Fo 

In ,ummary. zircon shows a ,tronGer association "ith biotite than b.1ddcleyitc. the 

a~sociatlOIl greatest allow 1'0. 



Half of zir~on o~~urrcoccs and one fourlh of b;t<ldcleyite occurrences contact 

plagioclase (l:igure6·2C). The proportions "feach min~ml contacting plagiocla>epcak 

slightly at mc<Jium Fo. with the grcak"St variation occurring lor Lircon bctw~'Cn low and 

rnci! i,Ul\ Fo. corresponding to 40 V~"TSUS 56% of occurrences. In summary, zircon shows a 

l\luchstrotlgerassociat ionwithplagioc1a"'th"nhad(lelcyil~.with t hea8"ocialionsofbot h 

11linl"Talswilhplagioclascgrcalcst at mid F" 

Total zircon and baddclcyitco«uITen<:csareeachwcaklYilssocinKi! (- 101020 % ) 

"' i thmagOC1i\e,olivioc.orthopyro~ene.c1ioop}Toxcne.atl(1 hom!>lctl(ie.wi1h F,,-sp<.x·ific 

cx~cptiutlsas follows (Figurc 6-2D throogh II): 

al low Fo. baddclcyite exhibilS ,·cry weak associalion wilh magnetite. 

c1itlOpyro~e1lC. and hornblC1ll1c. a1lli zimm exhi!>it, tl() a.""cia1ion wi1h 

ciitl()p}TIlxcnc, vcrywc"kassociationwilholivinc.andmodc"Tatcasso.;ialiollwilh 

magnetitcand orthop}Toxcne; 

,It medium Fo. badddcyi1C exhibilS wry weak associat ion wilh oliv;ne a1ll1 

orthopyroxene, and zir<:on exhibilS vcry weak asso~~11ion wilh lllilgnCI;IC aod 

bordcrl;ocwcak_modcrntcaSSQciationwithorthopyroxene 

J1highFo.zi,,;onexhibilsnK} • .k"Talcasso.;ia!ionwithhomblcndc 



6,3 Z(/"in ~(/bs~ r, ' ation s 

A varictyof baJJclcyitc aOO zircon ()(;eurrm.;t:s ..... ",." imagcJ using BSE' in 32 thin-

",'<:tions rq>rt:S(;nting 8 smnpks with rna,~imum measur.,xI Fo ranging from 56 to 68. USE 

imaging was uOOcMakcn largciYUlIsystematical ly, by choosing samples aoo thin-SN.1ions 

fairiy arbitrarily fromalnongst thoseeviJ""tlybcaringtht:looSloccurrcllcesandwithout 

illlagingevcryoccurn.~lCcillcn"yth;n-5\."'tionexam;ncJ 

In the vast majority ofbaJJcleyitc aOO zircon occurrenc~'S zoning, if present, is 

f:.int or wry faint. Many, if not the ma)Qrity of occurrences cxamincJ, c,~hibit no or 

minll,,"1 evident loning, ccMainly the majority of occurrenc~'S e~amin~~1 fOf baddc1cyite 

Insofi<r as e,~am ;nlxl here, badJclcy;tc 7-"nin{; patterns arc largely Jilkrent than those of 

The most colllloonlyoccurring and distinct;ve tY!X'of7-"ning III theexamillt-'" 

baddelcyitc i~ that of a d"rk~,., UTlI.oncd autOloorphic Or hYP"ulOUlOrphic core, g~~)<.,.ally 

clonll,'llXI Iongiwdinal1y and exhib iting tapered I',i.matic babit in elongate gmins., 

surroulI<kJ by a brighl~", Illore or less ul1l.oncd rim generally exhIbiting tess facial 

developmcnt(Figurc~6_3,6_4).SolncgrainsJispl aymultiplc suchcorcs,pcrhapshaving 

torrn\.xl by synncusis or impingement of originally "'-'pamte grains (Figure 6-4) , Baoo~'d 10 

osci ll atory ~oning also OCcurs in some baddeleyitegrains (Figure 6-5) 

Zoning in the ex"m;nt-xl ~if(;(/n is Illore comloon, more var;abk, and tess 

,1I,t",,,ti\'<'. Most zonatklll " '~"y faint, only locally Je\'elop'-~I within gr.,ins., and 

' BSL;",.gc>wITc .. krn ><> " '<>cxh;b"n"'xln,"m c""I~" . to re,,,. I • • d e'fly .. ,,,,,,,ibtelhcC\'iocnt 
'''' lOg ,n c>chfidd of"cw. l o thi , cnd. con"" • • ndbri&/lln"" "",lng,,, ....-. reO<lJu,teJ bof"'ot •• ,,,g 
o>chm" go 



iIlJislincli,·~. Examples uflhis Je"'ripl~'" ",elude vnriably Jefinl'<l and JXIOrly ddinoo) 

scclorsorb.1tlds(Figurc6-6).inlcr"SI.""ClornClwning(I'igurc6_7j,and··misccllnn,."ous··, 

sparsely iocal. irregular. JXIOrly dcfir ..... d Wllillil (Figure 6-8). NOle Ihal the difTcreTICc 

belween ··SCCIOr"· and ··zone·· in Ihis work is one of sp'-~ific;ly. w;lh a SOXlor being a zorn: 

1101 of high asp«1 ralioa,1d 001 hillhlyirrcgularshapc.SeeloTSCQmmonlyrescmblcbasic 

shapes. c.g. oval, square. circle. Iriangie. Irapcl.oiJ. Exampk"sofolhcr.moredisl;lIClive. 

7.onJlion pall ems obsen·~'<.l in the lirC"On examinc'<l ",elude: a borderline hypauIOIlIO'l)bic-

xcn01norphicgra in contaillilll,: al onc end a brighflT core cxhibiling Ionlli ludinalbandcd 

wllalion (Figure 6-9): a .~enomorphic wain C"Onlaining a kmgilud;nal zone w;lh serralc~! 

marg;ns "nd exhih;I"'g local b.111(1illg correspolldanl wilh o\'erall lower "tomie number 

(Figure 6-10); a xenomorph ic gmin exhibiling a dark CQre thaI ononc <ide is Iwice 

abruplly rimmed wilh chevrons of increasing brighl,... .. s (Figure 6- 11 ): an angularly 

"n,oeboid 'I<.~lion Ihal Iooh as if il timned by IWO or 11lOre grains of sl;ghlly difTeTcnl 

o,·crall alomic nurnlxT joininll by synnw,;s or pre.sure SOIUlI011 (Figurc 0-11): two 

neighbouring wains. apparcTlt iy hypaUlomorphic. pan ofa compo.,ile OCCurrl~lCe with 

Ihinrims(l'illurcO-IJj.011C0flhegra inselonllateandexhibilingionllilooinal;.oningwilh 

brighK'"!" zolles adjacenl n~lgnl1ile and !larh'"!" WIIL"S aJjaccnI silicales. the "toc·r gros<ly 

cquamallde.~ hi bi linllfaintosciIl3toryandk)Cal"'d"rmning 

The sharp r3~i31 Je\'eiopmenl of sonIC baJJdeyile cores C<"~'liIUk" e\'iJcllce of 

anclldcUlicorigin.Con"dcrlllgalso,~"b,cr\"ati"n'hatbaddelcy't e(ICcurre'lCcse~ hibit 

' ·"Defino"",,- h .... m •• "m~ ]ho ",,,,,bm'"'''' "fd,(fi"rne« and ,00IT,,'. An ond,,·idu.1 <00< nh,bo""g 
,·.,,,,u,. ,\ef"""""" one "·h"",, boundary i, loc.lIy .mbiguoo, .Im",,' nOll ·c.,;"."". at 1 .. ,( ROIl ' 

loc.l.1bk An m<l'v,d .... ' <one <.u"bmng poo< tkf,no"""" one ,..Hh. b,~.ly d,ft .. ", bou,,,la,y ,h.,,, 
h::>c.lIy ambogoou> 



possible crystal faces more commonly Ihal ~ir~'On o...-":UrTCOC~"S. it may be irllCrprdcd that, 

on g~'lIcral. t>ad<Jclcyile salurall'tl earlier thim lircon, when lhere w-as more sp.1ee available 

for ullcQnfitll-d growth. Zircon oCCurrl~lCl'S nrc gen,:mlly COar",-", and more commonly 

composile_ Tak ing Ihc alx)\'c obSt.·''''IlK>ns tOgl1111"'. perhaps zirt.~)!\ salu,"ll~llall'" but 

upon s;.lUralion cfY'tallisl-d in grcalcrqu,mll1ye\'en looogh On more nud eii 

Zoning pal1cms Ihltl are ind,stioclt\e. or on01hl", "ords.. irrcgularand ambigoous. 

arc comtoonly inlcrprclc'li 10 rl1'rl'S<,.~1I such pro...'CSscs as rccryslallisa1ton, tlIewmorphie 

growth. and metasomatism (Corfu ci at 2003) . Furthermore. any appcaranccofa core 

bc.'ckol\s the intcrprc,tation ofinheritancc. Howc,'~"" tile most parsinl<mious e.1pianation 

lilr ambigoous Wiling pal1ems in interstlilally grown, xcnoroorphic and hypaulomorphic 

~jrcon and baddcleyite, which "') gl'<Jlogist SCCmS to lIa,'c yel pTOposed, is thatille amount 

of Irace clements available to any growing cryslal is ~,()Il'tantly modifil'tl by olhl", 

tTY'talsgTOwing at the same time (posSIb le .. 'xampk-s: apatite. ilmenite, biotite, 

oonlblelllle,m.1gJlCtile,cli""p},TOxenc, pcrhap, otller liTl,()rI or OOdddcy itelfmmtllesamc 

small pockel of liquid (which coukl conceivably be an IITCgularly shapo.xI nt.1work of 

int~"rCOIlnc<:tcd inICfStil;csl, In ot .... '" womb. competition for tmcc clemenls from a 

common. low volume rt.'S""",., ir. Add the it1l~rplay of consWntly ehangingchemical 

(ioclud ing tra~cclern~rlt) and lhermal grad ients r~-sponsibic for oscilblory zonalion in 

crysta l. suppli~xI ]i-",n larg .. ", r,,'Servoi,.,.. Ad,1 again the o\'nlap and Itlk"'action of such 

grad"'''I' pm<iucl'tl by IlCighoourmg growltlg crystals_ Finally. ~~'\.1' in mind that Ille 

pockt.1 \'olutllC is shrinkinga",1 Ihat pans may bt.'ConlC occi,":kxl ]i-ol1lonca"otilcr 

Although Ihls e_1 1'laniltion ell"isions a l'Omplcx interplay ofproc~'SS~'S It is sllll 

1"'rlii,llOnklus hccausc the Ihrt.'C pmCL'SSCS Itlmh~1 51a",lto be nlk'tl out, oot ruil'tl In 



(because these are proc~"SSCS li kely I~ocr}"'talli"'tionl or i'lC\itable Iformalion and 

;nt~"t"actionofdl<:m ical and lhermal gradients] given o"rcurrent undcrslanding, toough 

not n"ccs>arilypronounccticnough to ",anifesL It is tIK:rcforc no wondcrlhm wcobs/.-rve 

ambillllOUS loning patk"t"ns in some inlcrstiti"lly grown ("1)"t"ls. We are not justifi~xJ 

invok ing secondary modifiCaiion On the gro und., of amhillllOUS /.{)Ju,tion alone, 'lOr 

inh~"t"i tanceif,uch7A'nationhappcnstorL-scmblcacorc-r;mstruclurc 

6A I'oss;h lcnrig;ns 

ThcprcvioUSSl ud ybythcpr'''''nt nuthor(llinehey 2(04) uscd LA -ICI'MS to '1IC asurcthe 

zirconium and hafniu m conCCn[rations in seven ilmen it e grains in lwo thin-Sl'Clions of 

leucot",,,o lilC (G242, 246) from south of "'ain Bay, Several 40 micron diamc1cr spot 

analys<'S wLTC made forcaehgrain for a tOlal of2.t. In thc data colicell ... l zirconium and 

Im lnium concentrations exh ibit proportional <~",arianc", a,1d mnge tium II to 2X) ppm 

for zirconium and 0.5 1028 ppm fi>r hafnrum (Figurc 6-14). 

Ana lyses of the Ihur ilmenite grains contacting OOddeleyitc rn the I'lane of the 

thin-sect ion (grains Ilhlto41l<I)nhibitlowCfcorl<:l'Tltrationsofzirconiumarl(l hafnium 

rlCarer the COnTiguous baddcleyi!c (F;gur~ 6-14). Analyses of the Orl<: ilrtleni!e grain 

contacting zircon in th~ p"'''~ of t h~ thin- sectio" (grain I Zrn). " \'olumrnous zircon 

Oce\J rr~1lee relativc 10 I h~ ilmenite sc"iorl<.~I, exhibit tlle k,west yrrconium 3>1(1 hafnium 

conccntmtions out ofthc 24 collect~xJ , TIl<: T<.;l1minrng a"" ly"",_<)ftwo il rncni!c grains not 

associa!c<I with citherb-1ddelcyitcor/jrcon in the plancoftllCthin-scction(gmins61l<1, 



7IJ.d) exhibit zirconium and haiiliumconcentr"tion<wilhlnthesp rcarlofvalul"Slouoo lor 

In HindleY (2004) the present aUlllOr oondlldoo that "the Lin:onium and hafnium 

contents of ilmcniteprovidc strongcvid~nc" for miginnt ion ofb.1ddclcyite and zircon by 

exsolutiorl from ilm~nitc"_ A more hot1cst pmnmJllcemcnt of thc "'Ille id~a is thai the 

rc-,ult~de<cribed oonst itutc small-""mpkcvidcnceofilmenilC nss source of zirconium 

and h.1frlium for baddcleyitc. though not nl .. cessary by e.xsolution as cOrlvcntioruJlIy 

Ullllcfl;tood,tb,~tis,bysatumtionofzirconiuminilrncni tc 

The ilmenite analyses exhibit a roughly ilwcrscly profXJr1ional covariallee bc1wt...,n 

Zr:Hfmtios and hafilium concentrations (Figure 6-15). with Zr:Hfratios ranging from 24 

10 10. Assuming tlu,t ioot.·"d ilmenite is a source of 7;rconium and twlh i!Jm for 

b.'lddclcyite aooLiroon, then ZrHfratios in baddclcyitcand zircon should bI: I c"than 10 

if, '" by asolmion, ilmeni te is the only SOUr"c. Out of the LA-ICt'M$ anal)ffiCS of 

ba(tdcleyitc ariJ £ircon "''P''TJt~'S ITom ""mpi<' (;246 col le<;too for the s(Unc study 

(Hinchey 2(04),15 anal)ffiCsofbaddclcyitcand twoofziroon, Zr:Hfnmges fmm 38 to 89 

for bad"elcyitc aoo 50 10 77 for Lircon, evidence Ihat ilmenite cannot bc the sole source 

of zirconium and nafnium lor b:rddckyite aoo Lircon 

,\s acktl{lwlcdgoo in Hincocy (2004), origination oflladddcyitc or zircon by 

e.~so I Ulioll·by·satur" ti(>n ITmn rlmen ite bc'~ring Ie" than scveral hundrc,1 ppm zirconium 

"rmplau ,illl" giwtl the stlldy of Arrhenius ci ,,/. (1971) which fi)und thJt Ilmenitc can 

contuin greater tha" 6000 ppm zirconium wilhout ex.,., iution ofa zirconium pha>c. In 

Irght of this implausibility, yet SI.-.:king 10 rMiry toc [X'lmgmphyofbadddcyitc and 

zircon wilh the np[X'ara!\ce oflHultiple age fXJpuiation, rn s:Jmpk"<G24.1, 246 (Gaskill 



2005; r~vi~we<l here in SC'l:lion 7.1) the prL'SCnI author in the previous stu<.ly went On to 

argue that haddcleyiteand zirconoriginatl..:! hytcmporallY8poradiccocxsolution from 

equilibrat ing ilmenite and magnetite. Whatewf the Hlerit of ,uch spl'l:uiation, a more 

p"rsimonious.tlIorcplausiblcintcfJIr~tationispo88ihlc.asdet"ilcd below 

641 I'n·.yeMI in/cmrrll1tign 

Illc fo llowing statc"",nts summarise the prc:scnt interprctation as ,tatw SO far in 

thIS chapler. The small-sample tmce clement data descriht.~l abo,,: combinw with the 

ob<;crva!ion tllm baddcleyiteandzircOIl exhibit "erystrong spatial aflinity for ilmenite 

constit ute c,'idcnc~ of ilmenite as the source of zirconium (and Imfnium) fi" at lcast the 

vast majority ofbaddclcyite"oo zircon occurrences. /nning and ,ryw,l morphology 

obst:rvations indicat~ that pl'fhaps zircon san.mted later than ba<.lddcyitc but upon 

",turntioncrystallisc<iin grealc'f'luant ityewnt lloughollmorcnuc1eij. Thcin<.listinetivc 

loning prc"SCnt in some 7;rcon and lesser ba<.I<.Icleyitc i, rnostl"'rsin)oniou,iy e.~pla"'c~l as 

of prunary origin. having resultc..:! limn competition fnr trace clements during 

cocrystalliSalionwithothcrlatc-,tagcminc"1"als 

The observation that baddclcynea 'KI zircon nc"ercontaC1 eaeli otll<."1" an<.l <.I o not 

exhibit spatial aflinily beyond both being associated Im,l strollgly with ilmc'nne aJl(I 

biotikJn<i therefnrcoccurrin>; in sirn ilarpctrogmphic ellvironment< . <"en", to rc'<juirc th at 

the two mineral,<.I iu not cocry'talli,e. It is difficu lt to imagine that bu<.l<.ldeyit':;md ,;r.'On 

e"e']" cocrystalliS<...:! aem."" rdati,ely \'ast distances in inte,]",titial nl1work< so l~H1"ricrl'<l 

thatlessthan l O"/o of7irconoceurrenccscxhibilpo,sibleorunmnbiguou8crystalf:lCes 

TIle question is thus raiS<.-o ofwnc1IJCr ,he sysrem< rhat were the differentialmg iutcrsticcs 



candidate ;n the systems under (nn,;derat;[>n_ The common phase of a binary sy,tcm 

('Onta;n;ng a thennal divide ;s of intcnrn;diatc ~ornposit ion between the divided 

~n,-hm'mIxTs. therc1ur~. a biliary system camXlt describe the system containing 

baddcleyilc- ali(I zirc,(lIHr}~ttll li,ing sub,y>ln m divilk ... 1 by ilmeni(e. Two comtlXltl 

pha>cs arc n<:Cessarylo dcJ'nea tl1<:rmal 11;vi,l e in" temarY'Y'tcm (c.g. FcTiO,.Z,o,,

LrS iO. lm SiQ,]). onu ofintermc-diatc com[,,,,;tion betwccnthc divided cndmcmbcrs. the 

othcr of distinct composition (c.g. ilmenitc)_ There "",,,1< to he· J1() possibk candidate 

common ['hase nf intcrflll~I;~IC oomrosi(ion betwcen b"ddck yitc and zircon, however. 

"nd ind~'Cd. no tbem, .. 1 divide ;s rrescnt in the ZrO,-SiO, rha"" diagmm of Butk'llTUUl 

and Fostn (1967; Figure 6-16). Does thc ZrO,-SiO, pl~~"" diagram have to be tran",ct(-d 

Ilya therma l divid,' if{)llt' exists in any Jlt!"iblc ph"sc diagra m between .I.rO, and 

ZrSiO,? l not hcrwo"ls.<kI th~.,.mald;vide'tran,cct t heen1irc!yofphasc 'pace or arc lhcy 

truncatc-d and of limited cxt~T't. dividing two phases only at certai n J'-T-X COnd itkln''! 

Returning <hortly to I fie queslKln ofii ])lc!1ik ",a therrn"l lydivisivCC('I])lm('lnphasc. the 

pre<;em author will Icave the tflt'mc!;cal qU~Stkln " ut'landing and a1(~"np( (('I procccd 

empirical ly 

The ph'lSC di~gr~ln of Rutten""" aml Fn_<ter ( I % 7) . w;lh its minim" al 1687"C 

a'Ki /CO, crystallis~t i"nlunp"ratur~", beginning,,! - 2700"C. exhibitsphasc relat ions that 

may 'Xl longer IXlkl in rca l tlMgmatic 'yqem<. especially lal c·,lagu imersl iti ai oncs. in 

components rc,iucc 7rO, aml zircon 



cry:;ta ll isation temreratures to the l<Jwer values at which baddelcyite and zircon 

actually filITn_ Empirically Thi. wou ld ",-",m to be tfle casc. at lcast for the I.lte-stagc 

interstitial systems or th" Ol-gabbroic nick-type dan. Using the pha", diagram of 

Butt ennan at.d FC)ster (1%7). startmg with a melT comrosit ion anywhere between ZrQ, 

urI(! ZrS iO, . equ ili brium cryswll ismion produces a tinal assemblage ofbaddeleyitc and 

zircon. however all the zirco n having formlxi hy reactio n of solid IrQ, with so lid SiO, 

(or. concei,-ably. si licious c"t~'Ct i c md t in mOre chcmicHlly ":tricd. lower te!Tlp<.'mt urc 

sy,tems)_ With the same init ial mell compositions. fraCTional cr~t a ll i,"Tion produces a 

linaltot:.1 a'''-TIlbbgcorb"ddckyitc. zircon. anJ q,wrtz. with ~iroon again having tonne<! 

cTIt irdybyrea(1ionofZrO,aOOSiO,. Since quartzi:<vani,hinglyrarc iflIot ab",,,t in the 

Ol-gabbmic mck-typcclan and there cxi<1S in llo neoflhe5HI OCCUITcncc<cvideoceof 

reaction rdationshi p betwecn baddclcyitc .1"d zircon. wc mUST concludc that {he phase 

Tchu;"m<; Iw ving govcmoo th~ cry,ta l)i,,,t;"m of lx,dJdeyit~ aOO ~ircon in the Ol-gabbroic 

ruck-type clan d i ffcr~~! , ignitkantly fmm lho,e pmro,,-~l by Ilut!cnnan and F"st t'r 

(1%7) 

By contrast. the inl"crcu,:c llw,lc Iro m petrographic observ.,{ ion that barl<tcleyitc 

satuT<H cd ea rlier is eonsi,tent with thc Bul1 cTnWn m...! Fos{e']" (1%7) phase diagram. 

indicating that the basic , hap.: aOO rdat ive magnit ude ortl!<: ZrOl liquidus rcmains in 

morechcm i cal l yvari l~!sy't em' 

S iJl~c baJddcy;tc ,or...! £ircoJl XClIlJCT}1;tic cor~'S with rclmi\'Cly undamaged lanic", 

retain intad L-I'b ''''l(}pic syst t' m, d"spik rC-t'xr",ur~ to rne!!. melt thaI ~'~ntua ll y 

cr),,<lall iscs overgrowth had,kleyilc or zir""n. we may cooclu,lc that magmatic 

badddcyi{c and zircon ctl-..'Ct i, 'cly lor", by tract ional crystallisation. wi lh e~rlier cry, ta l 



not rt.'-l-quilibrating with melt or bll.,. ~rystaJ. The p",servation of fillC-'II.:alc o'll.:;lIalory 

7-"nation may suggcst thcsamc. A1Idso any il1"cstig:uionofthcphascrc1alions J>CI"l'1l1ing 

crystallisalion of ba<Jdclcyitc and ,jrcon in real macmatic systems must pnx;~ ... -d by 

a-suming frac1ional crystallisation. Bc~'Ondlhcinfcrcnccsmadcffi-Tcsuchin",.,stigation;s 

lefito futurt."workcrs 

Whatc\"cTthcpha,erelallons.wl>cn imagming the cryslal1isationofbaddc1cyitc 

and Ijrcon. or, for that mattcr.thcerystaliisationofanyintl"TStitial milll. Tals.. kl·t;pin mind 

lhcprogressivcoc'Clusionofporcsp"eesanJth • .-diffcrcntiationthatrcsultsassl"'rscly 

nuc1cat~-d liquidus or "'luilibrnting mmc.-~I. (e_g_ Clonop~TO~etlC, ba<Jdclcyitc?j become 

cnclosctiinsomeporcsracesbulnotinotl>crs.lho:.Tcbyprooueingporcsl"'eL"SofJiffcr;ng 

bulk composition_ Ro~-d<kr (1984) d~'SCribcs the s.~me process for fluid inclusions 

undergoing necking Jown. Imacine. for ex;,mplc, a baJJcleyilc crystal gmwing initially 

from a well conlll.'"Ck-d interstit,al mdt rc"SCrVOIT. Ewntually. tl>c melt r"",-'r..-oir h... .... ~",..,s 

phys;callysulx!ivid",1 in mo by the cry.lal lo""u<)11 of more ,"olu"'mous mincrnls(c.g. 

pyroxene. il"1<'1IilC, interstitial plagiodasc). creating poorly conrl<.'Cll-d. cfl"tttivcly 

separate interstices with the same melt composition but with Jiff~'fing bulk compositions 

10 thc syslemZrO,-lrSiO,becausc ofthc pr~"SClIccofa haddclcyitecrystallll o1lCofthc 

im~TsticC$. And so, soortoflargcscalcrcltlt:lling.tl>ccwntualdi stributionofbaddclcyitc 

a,~l 1.ircon has Ix.'en irrevocably ht.1cwgcni,o:.~1. Statc-d gCrl<.'r~lIy, the interstices of 

crystallising plutonic rocks (lillcr~utiatc from OtlC anotffi-'f (or be,;om., hctcrogcOl",--d) 

insofar as crysta llosmg or c"luolobrallng pha_",-"S dT~'ClI\"Cly f~~l hy 8" mtC'fstlt1al mclt 

TCSI..T\uirb\.'COmcunc\enlytmppcliaslhal nk:it rCSl.T\oirbe';Onlcssulx!i\idetlbyporosity 



ConsidLTing lheobscr\"JlionofilmcmIC as the milll'ral by far the "l<Jst stn:>ngly 

asso.:;ialcdwith ooth baddclcyilc and zircon lhc inlCrpn,1ationmost oonsiSIl'Tltwilhlncsc 

datalhal lncprescnlauthorcanimsgincisoncofcocryslallisation,lnlhisscenario, 

ilmenile isa Ihcrmallydivisivcpha5Cofnon -"u~""l<.-di"ecomPO'iiti,)O,dcfininga t hL'f'1llal 

dividc thatt runcates in phase'ipace{i.c. l'-/~XSI"'CC) hcfore''''caching'- the ZrOl-ZrSiO. 

S<.'Ction. l1lc imagined phase relations arc shown in sketch r.>rm III Figure 6_17. CotlS,dt...

tile rnost realistic sccnario of an imt.'t'51ttlal nJ<:it comllOsilion on thc ilmcnilc sictcofille 

CUK'Clic. ll mcnilcsalUrJICS lirsl and bc:ginscryslallising.lhc liquKl composilion slarting 

dQwn tile liquidus. EvcnlUallylheCUlt.'Clicw'thoncofbaddclcyilcor7ircon isrcacht. ... l. 

lhe specific zirconium phase to crYSI~ lIi sc go,'cnk.-d by Inc silica conk"l (perhaps in 

addilionloolocr oomponcnls)of therncll.pbcing tllemcltt.'Ompmilionono""sidc or Inc 

olh....-of lhcilrncn il c-dc fi nt.-d th...'!11laldividcthaltruncatcsbcfo ............ achingtlleZrO,-SiOl 

scction. llnJ<:nilcandbaddclcyilcoTzirconprocl ... -dlococry>lalhsc 

Given the Ob,....-,,,Iion thal ziroon is Ill<Jrc sl"'ngly assoc,at .. ..J wllh llK,t ,te than 

baddcleyilc, l)CrhapSlhe mcllSlhM cl')'SlalliS<.-d biolile 11I0rc cOllllllonly had a eomllOsilion 

or l1Kled up with a composition On Inc .lircon sKie oftoc th.....-mal divide. Tile -""me may be 

spc:culaK-d for cach ofplagioclasc (inlcrstilially grown). orlhol'}Toxeoc. mKl homble.Klc. 

~ Il ilough fortho;:,;cmincrals. NOlclhat ziroollexhibils<-"Iualorslrongcr assoei:ttN)tlwilh 

ai l mincral,cxcepi ilmcnite. the sitght iystrongc"rwryslrongassoc,alK)tlofiitn""ilewnh 

lJ. ... ldclcyi,emakinguplocditTlTCoccsuchtI1.1t lirconand lJ.1ddcleyitc oceurrcoccs are 

aboul .. 'qually abundant in the Ol-gahbro,e md-t'YT'" clan. The questk>1l IS thus ra"l~1: ,s 

,I"",,,ile "lOre "integral-- to 1l'" iortn;.tion oflJ.1ddcleyilc. such lha! ilmenile is mOTe 

sirongly assoeiatoo wilh baddcleyitc. the IWO mlll .. ..-als fom,ing L"Ompos,tc grains in SOme 



cases (PI~tc 6-17). a feature the pr<.'SCnt author canoot recall occurring SO ~'Ommonly()r SO 

unambiguously for zircon: or. arc OIlC or n.,.e of bIOtite. plagioclase. Onhop~TO~crle. arid 

homblerldc n.,reintcgraltothc formation of Lircon than baddelcyitc? 

Considering the ilmCTIitc compositional data ir.dic~ting ilmenite as" .'!(Iu",e of 

zirconium for b;" ldcleyitc and Lin.'On. I.,wcvcr rcb tiwly mll.,r a sou",e compared to 

melt ~.irconium. perhaps the zi",Onlum a,.1 hafnium partition oocflicients for ilmenltc· 

melt decrease significamly during late-stage crystallisation in response to radically 

changing. small-"olume melt oompo~ition. such that some zi",onium is c~pclled from the 

,11l",nitelal1ice into Ihc mclt. either causirlg baddcil-yitcor zircon saluration a, tnc silic a 

corltent of the melt diclait.'S or ... umhlllg already gro .... irlg baddeleyitc or l ire"On. The 

d~""rea",inillllen ite-meltpan itioncocfficieni lorzirl."Onium .... ouki havctohcSlgnifict.nt. 

,,,.,ugh 10 ··ooontcract"· the increase in melt ziroonium concentration brought about 

ilmcnilecryslallisation in the hinary eute,.:HC system 1In.1gine<i abo\ ·c.thm is.unlessolhcr 

pl~1SCS oocrystallising witb ilmenile. such as biotile or elioo]lyro.~el1C take up c,.,ugh 

zirconiulIl such that ils melt ool1Centr~tion does not ,ncrease e ... ugh to actually cnu<c 

ilmenite to SC<.iucster tTV:Ire mtlk..- than k'S~ as invokc'd. In this sect'1rio. during e"rlil.T 

ilmcnitcerystallisation t heilmenite_'nc1t~irconiul1lpartitioncocflieicntisrelat i ,clyhigh. 

FunlkT do .... n the liquidus. pcrnaps at or ncarlhceu1l."'Ctic .... ithol1CoFbaddcl cyiteor 

~lrwn. the zirconium pan ilion coct)idcnt for ilmenite-melt decreases bc<:ausc the Oldt 

cnmposilion has changl.'II. being mOre differentiate'll than during earlleT .Imenne 

crystallisation. Zirconium e~pcllc'd ITotn Ilmenite is incorporated nklre or b.s 

"nme~liatcty or Jatl"- inlo baddcle)1tc or ~'R"()n. Perhaps the de""rcasc '" l",nnlOn 

oocflicient is Fairly gradual. pcrhapsahrul'1. Gradual or abrupt. perhapsthc c~""lsion of 



zirlXlllium temporarily moves the melt composition offthc ilmen ite liquidus. Effe<:tivcly. 

once baddeleyite and zirlXln begin crystall is ing. ~irconium ej~'Ct ed int(l tne external melt-

haddcleyite I zircon system in "cxc~."," of the ",turation ooncentration wou ld oc 

ineorpormed into thc crystall ising zirconium-phase 

The expulsion ofa trace cl"TIMlt hum a min~1'al due to a decreasing plIrtilion 

eocil'eient could be termed SOlul" nptl'lilion;ng or Imce clemem rr?1'l!rt;1i"n;ng . The 

knn "ex-""Iut ion" is not appropriate to de><,Tioc this hypothetical process bccauscthc 

sol"t"eje<:ted hum one phase may remain in solution orb<: ini tially in ", Iut ion in the 

r~'Ceiving pna,c. and r..,causc the solute ejection is not in ",spon,e to satmution. 

An alternaTe explanation for ilmenite as an apparent sourccofLircxmiurn i, til:,t 

once ilrnenite and baddcleyitcor zircon are eoerystali ising. the thre e-waypartitiollingof 

£iroonium oc1wttn mclt. il meni te. and baddcle)'i!e or zircon leaves ilmenite wit h a lower 

butk 7irconium partition codticient than bd'lre ",turation ofa "~'Olllpctillg" pha,e in 

",hidl Lir~onimll is all essenti al constituent. Considering the 'tnge where il me"'t ~ is 

contributing zircon ium t"cry,tallising b"ddcleyitcor £ircon, is the present scenariO!XIt 

esscnt ial ly the ",me as the la,t one pmposoo. in whieh zirwnium in "ex~cs," ofth~ Inch 

",turation concentration is incorroratoo into th~ crystH ll i,ing zirconium phase? The 

preSC!l! a\lthor ;s confuscc! by his own question. CI~arly the hypothc,i, that ilrll~lI i le 

n'enlUally bewm." a Ie,s stable )IO'! ofzirconi\J tT\ than its surro\lndings n ..... ~ls to be 

e\'al ual~~l more rigorously. a ta,k left [{) f\ltmc w()rkn'. RL'<:all lhat the present .1\Jthor 

intelld, lhat Ihis lhc>is is fU ,l(lamcnral ly a descriptive arKl <pL'Cu\ati\l' ""ork, 

1\c"<:c,"arily a ~onch"i\'con~ 



Gi"en Ihe ob,.:r"tllion Ihal biol ile is Ihe minl'rnl e.~hibiling the s .. :eond strongest 

assoeimion wilh b.1ddcleyitc and ~ircon. perhaps the ~irconium bulk partilion coemcienls 

f<)rilmcnilcdl"Crca'ICthemoslfinmdtscryslaliisingbiotilc. 

Thnc are ol!x'r intcrcslingpallems in Table 4-1 and.kscribcd in Scction 6.2 that 

the I"">cnt author could speculate on. 1 have chosen instead to lea,-c thescpllltenlS for 

fulure wOrkl-.1; to interpret. By inviting them to interpret my data 1 am atto:mpting to hall 

g~~)logi'its into Ihinking more critIcally about late-stage, interstitial PTO<:CSSCS in 

crystallising ph,tonic rocks. As I ha"cslated inCh,1pter I. rc-e\"aluat~)I1 ofpre"iousdata 

IS not und~'11akcn ~"TIOugh in gL~,k)gy_ 

,\s lorlheappcaranceofmu11iple baddcleyite age populations in samplcsG243, 

246 (Gaskill 2005 ; rc,,;ewL-d here in Scction 7_l)thepr~-sl-n1 aUloorargucs in Ch"ptcr 7 

that t!x"SC and othl"1" such arrays of U_l'h iSQtopiccoml'ositionsof lalc-stagcbaoJdclcyilc 

and 7.irconare plausibly the rt:suitof"arying<icgrl'<."'Sofal'proximatcly oonlc"l11pomry and 



Figurc6- I - I.ISEimageof Fe-bearing7.irconolileOCCUrTet>Ce(brighleSl)Conliguouswilh 
baddelcyile. in lroclo lilC. Th in-scclion H27[O[. oceurrct>Ce 7. 

iD '~~ " I. . . 
Figure 6-2 - Percent o f baddcleyile (left. brown) and lircon (righT. grey) occurrences 
contaCling il menile (A) and bioTiTe (B). in IQlal and per low. lllI-"<lium. and high Fo. From 
dalain Table6_1 _ Figurc6-2CThrough H on ncxl page 



'i~ 'iD I. .. . . 

ID IC-ruJ 
..... _"''''''' .. 

(II ) "~ __ ''''SI!U.''''''. 

jD '~C I. " . . 
Figure 6-2 (conlinued) - f'ercen! ofbaddclcyilc (left. brOW") and zircon (right, grey) 
occurrences contacting plagioclase (C). magnetite (D). olivine fEl. Onhop}TOXenC (Fl. 
dil>()p)'ro~cllC (G). and hornblende (II). in total and per low. mc<lium. and high Fo. From 
d.1IainTablc6-l. 



.--------------------

Figure 6-3 - BSE images ofbaddtlcyile gmins exhibiting faciallydcvclopc-d ~ores of 
relat i~cly low atom ic number. Thin-section H40[2] (upper lell). lhin -M.-ction G245[ IO] 
(uppcrright),thin-sectionG245[O). Note the polishing striae in thc uppc. images 



Figure 6-4 - SSE imagesofbaddclcyitc grains exh ibiting multiple. faciallydcl'clopcd 
cores of rclatil"cly low atomic number. the grains having perhaps formed by synn.:usis Or 
impingement growth. Thin-section ~140[O] (left). Ihin-scclionG245[O] (right) 

Figure 6-5 - SSE images ofbaddclcyitc grains cxhibiting banded to oscillatory zoning 
(i _c. banded. locally oscillatory). Thin·scction H22[O] (left). thin- scction G184[O] (right) 
Not ... lhc polishing striae in both images 



Fillorc 6-6 - BSE imJge,ofzi,con occurrence, exh ibiling Ya,iablydcfined and poorly 
defined ",-.;lOrs (lcll) o,>cc[ors and bands (righl). ThiIHcclionG184[3] (top icll and 
righl), lhin-se<:tion GI28[O] (bollon left), Ihin-sc-.;lion GI28[5] (boUom righl). NOle 1m: 
polishing,lriac in liJc lop images. 



Figur~ 6-7 - BSE image of zircon grain exhibiting ink,,-scclOr rlCt wning. Thin-section 
H40[21·Notcthepoli!ihingslriae 

~lgurc 6-11 - BSE images of.parsely local, irregular, poorly Ikfined zoning in zircon 
grains. Thin-SCClion 11 40[41 (Jeft). thin-swion 1122[2] (right). NotClhepolishing striacin 
bolhimagcs. 



Figun' 6-9 - USE image of a zircon Figure6-Hl - BSE image ofa zil\:on grain 
occurrence. the Io .... ·cr section being cOniainingalongilUdinalzoncwithscrraled 
borderline hypautomorphic-xeoomorphic margins and exhibiting local baooing 
and containing a higher atomic number core cor'Tespondanl with overall lower alomic 
exhibiting IongilUdinal banded 7.Onalion numocr. Thin-scctionGI28[9] 
Thin-seclionH40[3J. 

Figure 6- 11 BSE image of a Figure 6- 11 - USE image of an angularly 
xcnomorphic zircon grain exhibiting a dark amoeboid zi rcon .,""Iion that looks as ifit 
core lhal on one side is twice abruptly formed by lwo or more grains of slightly 
rimmed Wilh chevrons of increasing different overall atomic number joining by 
brigillocss. Thin-section G128[8] synneusis or pressure so lulion. Thin·section 

0245(2). 



Figure 6- U - !lSE images of IWO neighboring zireon grains (kll). apparently 
hypaUlOmorphic. part of a composile occurrenee wilh Ihin rims (righl). Top left: elongate 
grain exhibiting longitudinal zoning with brigthcr wnes adjacem magnetite and darker 
zoncs adjacent silieatcs. Bouom left: grosslyequanl grain exhibiting fain 1 oscillatory and 
Iocalscclorzoning. Thin ,scclionGI28[O]. 



_ 2BdJi<,.nt e 3Bddo,e _ 3BJd~ta"t e 4Bdd" " 

O IBd" . Ji>I,nl 11 oBdv,Ji>t>nt >< 7!ldv.di<tanl e I1me""" 

Figure 6-14 Co,'arilliion diagram for zirconium and hafnium concent rations in ilmenite 
"' measured by LA-ICI'MS. I lm~n ite grains I lid to 411d are contiguous with baddclcyitc. 
lZm with zi rcon, 51:ld (cio,e to 411d ) and 6Bd are not contiguous wilh baddcleyite but are 
within ccntamicronsofbaddclcyilc in thcplanc oithin-scclioning. 7Bd is 1I0tllcarany 
baddclcyilcocclIrrcnccinlhcplancofthin-scclioning. Thin-sccliol1sG242.246.Figurc3-
5. Hinchcy[2004] 

IIIIPPIII) 
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_ 2Bdd~"nt . 3Bd do<c _ 31ld di<,.nl e 4Bd dose 

e IBdv. J i>t>nt e ffi<J ,'.d~l.n l ~ 7!ld "d~"" l • lZInclo.c 

Figur~ 6- 1 5 -CO'llri.ltiondiagramlor zirconium :hathillmandhath i11111 concentration in 
ilmcnite. zirconiunt and hafnium concentrations measured by LA-ICP:>otS, Lcgend as PC']' 
Figurc6-12, FigurcJ-6.Hinchcy [2004]. 
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Fi gu ~c 6- 16 - (Figure I, Iluttennan aoo Foster 1967. p. ~~4: 'Proposed phase diagram 
jor ZrOl-SiOl system") 

Figure ft- 11 - Panial ly th",c dimensional sketch of imagined phase rciatkms in the 
systems ZrOl-FcTiOJ (red) and ZrSiO,-FcTiOj (grITn) . Vcrticallcmpcraturc a.'cs no t to 
scale. neither individually or necessarily with each olher. Dolled line is of higher 
temperdture than adjacent liquid surface, and represent<a thermal div; de 



PIMe 6-1 - Singk-gmin badddcyite occurrence bel,,"een ilmenile "nd biotiTe. barely 
visible becau,;e ilmenite is oriented so as 10 appear relatively dim in plane polariscd 
rCfl~clcd lighl. in leucotrocolitc. Thin-scclion GI84[ 21. occurrence I. PPRL. image widlh 
-.{I.H mm 

Plalc6-2 COrTlp<l,ite zircon occurrence. ilmenite oriented so as to appearrelalivelydim 
in plane polarised reflcrted light. in Olleueog"bbronorite. Thin-sect ion G 130. occurrence 
6. Note the reflectivities ofmagnelilc (brightest) and olivine (lower left). rPRL. image 
widlh-.{l.8mm. 



Platc 6-3 - Rdativcly OOarse baddeleyitc gmin exhibiting darker. yellowish brnwn 
pleochroic obscrvational endmcmbcr and possible simple cooccmric ronation. In 

Icucotro<;Qlitc. Thin-sectionG24518). occurrencc 3. PPL. imagc width -0.8 mm 

Plate 6-4 - Relativdycoarse IxIddcleyitcgmin exhibiting lighter. non-yellowish brown 
pleochroic observational cndmembcr and possible simple conccntric zonation. In 

leucotroool itc. Thin-section G245[H). OCcuTTCllCC 3. PPL. image width -o.H mm 



Plale 6-5 - Rclalivcly eoarse baddclcyilc grain exhibiling darker, yellowish brown 
relalive pleochroic cndmember and po"ible concentric 7.onallo". in I",colile. Thi,, _ 
seclion H40. occurrence 2. PPL image widlh 1.3 mOl 

Plalf 6-6 Relalively coarse badlklcyilc grain exhibiling lighter, non-yellowish brown 
relalivc pleochroic cDdmrmbcr and possible concenlric zonalion. in lrocolile. Th in
scclion H40. Decurre" ... " 2. I'I'L, image widlh 1.3 mOl 





I'laten-ll -Relativelycoar.;ebaddcieyitegrainnhibitingcrystalfacesand possible 
concentric zonalion. in leucotroco lil e. Thin-sectionG245[l!I. occurrence 4. PI'l , image 
widlh-.Q.3 mm 

I'lale 6-9 - Rclalivelycoarscbaddclcyilcgrainexhibilingcrystal faces . ilmenileonented 
SO as to exh ibil inlenncdiale re11ectivily in plane polarised refl~tcd light. In 

Icucotrocolilc, Thin·sc.:tion G245[8] . occurrence 4. PPRl. image widlh -.Q.3 mm 



Plate 6- 10 - Composite baddcleyite occurrence. ilmenite grains oriented so as to appear 
relatively bright in plane polariS<...! refleck"! light. in icucotrooolite. Thin-S<'ction H33. 
occurrence 6. PPRL. image width-{).8 nun 

Plate 6-17 -Singlc-grain baddcleyitcoccurrencccomposilcwiTh respect loan ilmenite 
grain. ilmcnilc oriemcrl so as to appear rclativcly rlim in plancpolarised rcfl eClcdlighl.in 
Olleucogabbronoritc. Thin-section G130. occurrencc 8. PPRL. imagc width - 0.8 mm. 

)9<) 



Plale 6- 11 - Composite baddclcyite occurrence. lhe right section e~hibiting crystal faces. 
the left possible crystal faces. in leucotroctolite. Thin-section GI84[1]. occurrence 2. 
PPL,imagewidth-O_8mm 

Plate 6-12 - Composite badddcyile occurrence. the right section exhibiting crYSlal faces 
and simple and lamellar twinning. the left possible crystal faces and possible simple 
twinning. in ICUC01roctolitc_ Thin·scction GI84[1]. occurrence 2. XPL, image width -0.8 



I'I~ t e 6-13 - Composite zircon occurrence consisting ofnin" ind i,'idual zireon sections 
(mo_tly in the klwer ha lf of the photomicrograph; the thre~ mo't ob5.curc indicated by 
atTows). ilmenite grain_ oriented '10 as to appear relatively dim in plane polarised 
reneetcd light. in [Bt-I lbl] troctolite, Th in·section G121. occurrence 5. I' I'R L. image 
width 1.3 mm 

I'l a t ~ 6- 14 Composite zircon occurrence consisting 01" two individua l zircon <;Cetions. 
ilmcnilC gra ins oricnlcd SO as 10 appcar rcialivcly dim in piane polari :;cd reflected lighl. in 
rUI-H bl] troctol ite. Thin-.... "Clion G121 , occurrencC 4. PPRL image widlh -0,8 mm. 



1'lalc 6- 15 - Cornpositezicconoccurrcncc,lhcuppcrscetioncxhibilingcrystal faccs,thc 
rig ht section exhibit ing po«ible cry,tal fac"" both of which arc "multidircctionally 
coarse", in troctolite. Thin-scction H31, <X:CUITc'TICC 12. PPRL, image width --.0.8 111111. 

. • ~ . . ' . 
"l'>l uit idircctiona llycoarsc'"non-CO tHposite7,irconOCCUITeocc, biotite

dirn)p)Toxcnc ,yrnplcc1 itc, ilmen it e orictncd so as to appear relative ly dim in pla"e 
po"~rised reflected light. in I~UCOlmctolit" _ Thin-section G245[2J , occurrence 2. PPRL, 
imsgewidth--iUlmm 



e hal •• er7 U- Pb):,·ochronol0R,\· of.h,· U"rth Concelllric l'lu.onic$ui ' eand 

lIoscnhd"plu.on 

7. II'n·vious):cochronulu):iu l ...,,,,I.s 

The c.'rli~':St rCfx".l~1 ra(lio!ll~tri~ age Ii" 'he Ilarti, Concentric Plutonic Suite is a U-Pb 

lircon age (SHR1MJ') oflJ22 ± 2 M~ fin" ""!IIple of the Fe-rich roc\:-.ypcclan taken at 

.he western end of Barth Isbnd (Figurc 7-1). a rc_.ult based On TT10re or Ie&!' wncordanl « 

05·-~) analyscs (Harriilton eI at 1?94)_ According to Ga,kill (2005). Hamillon in a 2002 

p"rSO'~11 communi"".ion rcPOrlctl a rcvi",~l age fOT this rock of 1321 :t 1 Ma. Hamilton 

(1997) aL", T<"porlcd a U-Pb zircon age (51IRIMI') of IJ20 ± 1.5 Ma ro, a sample of.he 

chamockit ic rock-lype clan taken mitiway "long the contact with the Ol-gabbroic rock-

type prcdomin"n<'Y '<Outh or the Nain Bay. Unforlunatciy the sources Hamillon el al 

(1994) and lIami lton (1997) arc u"illustrated ubstm<1s_ alxi SO we cannot. u,ing these 

Bcfinc continuing some clarification of approach is IIccessary. Note ,h.,t 

intiivi<.lual discMdant resulls arc dcscrilx~1 hercatlcr a. defining <.li",'Ordi" throug.h the 

pr~"SC"1 origin of 0 Ma. Two poi",.< nrc 'he minimum rl'quiroo to define a line and it i. 

lherdi"~ooncthck,;s,,ccurate to<lescri bcillJivjdualre,u ltsinthi,way.as<.lcfiningnlinc 

with llie IWO points 0 Ma and th~ UPp'-T intercept wit h con.:ordia. Sucn Slatclncnts 01 

descript ion imply on ly the po,;,;ibilityth" mi"illlally ddincd discordia arc gl"Ologica lly 

n",aningful. a realistic (loough 1I0t nl""cs"~rilyprobable) possibililywnsi'kring .hat wc 



~1I0W of no suhs<..'quent disturb"""C C,'Cllt atli.x:ting the Naill Plutonic Supcrsuite exccpl 

Considering thattypicn l concordia diagrams only show a rdmi,'cly small num!xT 

o f a'~1 I yscs (ell ipse.) it must be somewhat "Iud of the draw" the dcgrcc to which the 

smnple rcpre>Cnts the flOp u,"ti"n. that is. the difference bct"'~"1:n the isotope ralios 

··OO\,~Tl ... r · by the sample ~"1Tor cll ,(lSO and Ihe isotope ratios that woukJ be '·oonTl ... r by 

all possible ~"1TOr ellipses that arc tho..vrC1ically obtain:lble by analysing all the zircon (or 

badddcyitc. ClC.) in tr.c rock using that part,eular al\al~1ical n .... 1ho;:l. Thus. an individual 

discordant an:llysis dctining d,,,,,o,,lia prob.1bly has Ihcor~1ical "ne'ghbors" in Ihc 

popululion o f possible analyses thM wouklliea lollgandthlTctorcsubstantiatcthcsamc 

discordia, evcll if only O\-crlappillg the original individ ual analysis. Alii] SO it ",-""ms 

~V'l~istcnt witlt pn."Scnl gcochronological prneti cc to intcrprd individual analyses.' even 

LA-ICPMS Or SII RIMP analyses thai s."lIplc a rdatlvcly small mlume or mincral 

(."OmJXIr~-d to more l"OnvcnlK)nal TIMS ",mlys<"S. hecausc. again. no doubt there arc at least 

rcplic:otcsofanyanalysis in lhetho..-orcti.:al population ufpossible analy>;<. "S. Withth;.t 

s.1id.lhisaUloorbelicvcs in less ,nl<-rprctationand mo,,' data rCHTcnee( ChaptlTI),and 

so interpn.1ations (e.g. of discord," "'llTCq>tS) will be sHllcd cautiously and with 

assumpt ions explicit. 

L(ll;t ly.bctorcconl"'u i og.rc:l<krs"rc"d\"is<.~l h"'"p inmind t hatc\'<.Ty~"1TOrcl l ,pse 

on a ooncordia dragram is 110 mOfC "nd rIO i<."SS than a stati,tical prodOC1. l 

' (·o."'.J<.r"~ .. ,.""tdbc'he<fTOo".lh~ , (. lt(he,."<""IIn.ty<cd,oprodoc<'h.",,or <II'~'"'.n~ 



K~1uming 10 lhe maU,'I" al hand, lhe mosl r,'Cenlly report,..! goochronological 

rt.'Sull< for lhe Barth CoocCnl ric PIUlOnic Suile arc those of Gaskill (2005, U-Pb, TI MS) 

and arc as follows Wilh qualilali,'c and approx imate descriplion of the rL"Sulls by the 

present author, For a samplc oflhc OI-lTc'C anonhogabbmic rock-lypc clan (anonhositc, 

Gl80)laken from the soulhw'cst<'TTl ponionoflhcscrniclrcular\>odynonhofNalll Bay, 

SC\'lTal anal)"!'-"S ofgencrally pale yellow tiroorl scl"'ratL"S define a <iiSCQrdia wilh an 

uPI"-'rintLTcrptagcofl333.2 ±3,8Ma(2-sigma;Figure7_2).Aooti><'f3nalysisoftiroon 

fmm the same population of scpamll"S is oonOOrdant with an crror spanning 

approximatclylJ401O 1350Ma,pcrhapsindical11lglllhcTitance.I"-'fiJap"L'Orl'Sprolcclcd 

from weall1<.Tingunlike thc ziroondefinll1gdiscordia 

For a sample of lr.c Ol-gabbroic spectrum (01 lcuoogabbmnorilc, G24J) takcn 

ocarlhcccnlrc oflhe semici rcuiar ho<Iy south of Nai n Bay, four analyscsofge",-Tally 

l)alcycllowziroonSC!"lmtcsdefincad,scordiawilhanuprcrmkTccpt agcofl3JI ± 1.4 

Ma (1-"gma: Figure 7-3). Forlhc smnc s,1mplc, two analysc."Sofbaddcleyitc ""-1Xlmtcs arC 

more or kss oooconianl, each wilh <'IT'H of 1 Ma according to Gaskill (2005; 1-sigrna), 

one cent h . ..! on appro.1imatcly 1317 Ma. the O1I1<.T on :'ppmximatcl y I J 14 M~ (Figure G4_ 

Ja, 7-3). Thr~'C other analyse'S ofbaddeieyite from lhe same population ufscllJmtcs arc 

discordatU,definingdiseordiawithup]lC1"inlcrctptsl314,1318,and l31B.5Ma 

For arKJli><'f samplc of the Ol-gahbroic 'IJCCtrum (lcu~olmctolile, G246) lak~Tl 

approximately 100 m south of tr.c lasl, four analys<'s of badd~1cy,te scl"'rat<"S are 

discordant, tw-o ofwh;ch (kfinc a discord,a \\l1h uppcr II11CTCcpt 1332 ± 2Ma(2-sigrna; 

3% 



Figure 7-3). The olher 1""0 analys~"S deline disoordia \lilh uppt.,. i1l1crc~"P's 1320 and 1328 

Ma.r~"Spt.""li,"cly 

Fora sampleoflhe Fe-rich diorilcand gabbro;'; rock'lypc clan ([Ihn-Masl-Px 

anlipcrthilie diorile. G262) lakm appro,im:Jlcly 0.5 km oorth of Akpiksai Bay midway 

aklng. £ir~"On irom each of 1"0 popu\.11 ions of st:pamles was an.1Iys • .-d: fr0111 olle 

popublion of yellow. pink prismalic " fragments" and aoolh .. ,. oflisht pink. acicular 

··grains··. lhe Ialter an appar"'111Iy apalltc-rrct' subs..1 sclect~-d rrom a IarS~"T populat ion 

dmninat .. -d byapalltc mclusion·bearing grains {Ga,kill 2005 p. 200). Ofcight analys<.-s. 

IWO arcrcversdydiscordall1 UIl<1 two Il<,rrn.al ly discordan1. tns"1rn,rdcfiningadi ... "Ord,a 

throughapproximatdy 1317 Mn (Figure G4-2. 7·4). fur "hieh an age of 1317.2 +2 -1.8 

Ma was calculated, Aoolht.,. discordant analysis plols sliglllly below Ihal diseordla. 

defIning ils own disrordia ink-r ... -..1ing at most ""veral Ma carht.-r. Two approximale1y 

l"Oocordantanalysesofrc1ativclyhight.-rrorcentreon:,pproximntcly 1317-1318Ma, The 

1l~l>1 coocordall1 analySIs IS ecnlrl-d on approximaldy 1322,S Ma. wllh em,r 

approximalc1y4·5Ma(2-sigma).perilupsindicatinginhcritanee. 

As discuSS<.-d in St.-.:tioll 7.2. an'llyscs that perhaps rl1"l'SCnl inht.-rilanec mighl 

aitcnu,tclyindicategainofradiogcnicPbhyill1ernalrl-dismhulIon(Willlam<<'/a/.I')84) 

ultimalcly causo..-d by lanice slrain or damage (e.g. Md 'arla"" 01 ,,/,2005). hut only 

insofar as any Iliven aT~, l ysis is ofa portion ofa Wain or portions of grains ralher than D 

in bulk by Ga,kil l (2005) cuuld th\."QTl1ically produce app~Tl~uly CO!lcordant (actually 

rC\'L"Tsdy dl'ICordant along a discordla almosl lang~"fll 10 k>ca\ concordia) Tl-,;ults 



apl"'R'fltlyold~'Tthanthcactualcrystalh<at~mage,thoughthc rmoobihty for such results 

IIlcreasc_~ in in"erse propo",on to intragrain samplc size fmction(s) 

Takcntogdik.'T,theresu ltsofliamilton elal. (1994), 11amilton(I997, 2oo2/X'r$ 

romm. to Gaskill 2(05). and Gaskill (2005) indicatc a .... -ell·populated mnge of possible 

ag~'S for zircon and baddcleyite of the 8anh Concentric Plutonic Suite, Sl"'nning 134S to 

1312 Ma_Sp<..'Cifically, zircon agcs lTom an anonhositesample(GISO) spanni ng thc range 

- 1345 to - 1333 Ma, a zircon age from an Ol-gabbroic sal1lple (G243) of - I331 Ma. 

baddcley;te ag~'S from two Ol·gabbroic sal11ples (G243, 246) spanning - 1332 to - 1314 

Ma. 7.ircon ages from an Fe·rich diorite s.~mpl e (G262) spanning - 1322.S to - 1317_2 Ma, 

a zir~"On age from arlOthi.T Fe·rich diorile sample (Hamilton cl "I. 1994) of - 1321 Ma, and 

a 7.irwn age from a dwnoditic sample(llamilton 1997)of 1320 Ma (Figure 7.1) 

7.2 I nl rrprct~ liu n urU. I'b al,;c data 

As illostrated in sample by the pre"ious r~"Sults., the U-Pb d~'Cay systems "1 Zlrwn and 

lxlddelcyiteofthe Bm"lhConcentric Plutonic Suile yield a rmlgeof possible ages, from 

1345 to 1312 Ma. Suffice it to say for now, th.1l col11bin~'\I with the 7.ircon LA·ICPMS 

resultsof theprescnt author (S<.x:!ion 7.4). the ranse of possible ages is extend ed 

downwardtoapproxirnately 129OMa. Sin..,cfora1l0nhosites.1I"1)IeGI80thcsinglcr~'"S\l1t 

of - 1345 1\1, li~s "bo\"e a .... cll·dcli1led discordia through 1333 Ma (Figure 7·2) arid is 

thercfore con\"incingly an i"hem",1 age, the range of po,sible ages is tak~~l for the 

1)\l'1)() ."!ofi"t~"'1'rl1ationa"dspcculationas - 1335to 1290Ma. 



The main question in inK'rflrcting the gcochroook'gical resu lts of the B~r1h 

Cot>Ccnuic I'lutonicSuitc is tll us whi£h of thc possible agcs represent crystallisat ion or 

inherited ages and whi£h are tit.: resul1 ofmooification of the U-l'bd<XRY systems of the 

ar\:llysro ,-olulIll"S. To a' "KI b.:lahouft.~1 gellCl1llity. ]lOssiblc scenarios for the 

mo<iificationofU-I'b sy.ttms aredi"'us",,..! spL'Cifieally fin the timerramc of -IDS to 

1290Ma,thc implication of whIch is that anydiscordia chordoo thmughcooconl iaages 

within or around that intlT\'a l (e.g. original crysta llisat ionallc oflJJ2 n.'SCI al 129OMa) 

isltlorcorlcsslang<'nt to thc lengthofcol,,:ordia spanning that timcrramc. Assuming 00 

nnal}tical scal1~"'. hypothetical analyscs(crrorcl1ipst:s) lyinllalonll suchdiscordia would 

Iherclo!\: ap""ar as Ifconconlal11 or Il<.'arly concordant. Hypoth.:tical modification or 

disturb.1t>Cc of U-Pb systems within such 3 timcfrume is referred to as ··approximately 

cont~~nJlOrdry·· (Figure 7-5) 

The basic scmurios for mod ificution or. U- I' b syst''fTlJ arc U gain I I'b los., and U 

loss I !'b gain akmgdlScordla chordoo through an 'mginal age and an ab'eofn ""il fication, 

with U gain I I'b loss producin!; nonmlly discordant Tl"Sults :ItId U loss I Pb ga in 

producing rewrsdy discordant rL'Sults(Fi!;urt: 7-5). Complete I'b loss would [>lacethe 

system along concord,a at th.: a!;e ofm,JoIl ification. Tit.: [>r~ ...... nt "uthor,~nphas;7.cs aga in 

lhal "l'J'TOximalcly contcmporary modification of a U-Pb sySK~n movcs the system along 

a discordia more or less ··nal 10 wncordia" when "il",,'l..! from our prcst.~lIti!l1c of 0 Ma 

It is dlflicu lt 10 wlleei>c "fhow "llUlc grains of zircon or baddclcyite ~-ould 

Und~TgO U 10" .. Pb gain. and so lb" OplKHl is exclude'll from COllsld'TatlOn. For portIOns 

of grams. howcn",. U loss I Pb ga in as inlraCryst:.lIillc rcdistribolionof Pb is now a 



widely rccogniS<.'tI phenomenon (e.g. Williams t"I ,,/. 1984. McFarlane e/ (II. 2005). caused 

byPb.havingbccnbominlOla!liecin"hiehilisinoompatiblc.ancmplingloSlabiliscilS 

position by rclocaling wilh;n laniee '" some helerogl'llC"Qus stale ofslrain or damage 

(tl1t-n-by posscssing II..,.s unstable occupancy sill'S for I'b). E~rcrimcnlal cvidcnce 

indicates tl~1t Pb diffusion through inlad ~iroon lanice is insignificant on geological 

limcscales (reviewed in Cn..'TI1iak arid Watson 2003). arid the same aJlPCaTS 10 be true also 

for badddcyitc (lleam:m and Ll"Chemina!l1 1993). We may hypothesizc. howe"l"T. that Pb 

diffusion rutes illl"Tcase Illsofaras zircon ... b:tddclcyrte bnice is MraillL..! or damag!...! 

Such a prl..!iction is SUPfIOt1c.;1 by the slUdyof McFarlanc<'I al. (2005. SIIRIMP)on 

anatttlic. Sttto'-ZOIl<-'tI ~ircon of the contact auroole of the Makh:r~inekh batholilh ofthc 

Nain I'lutonic Surcrsuitc (Figurc 1·1) which found that zircon having c~p<.."';el>Cl~1 

mctaroorphic tcm!"-"Talurcs < 750"C rC1ained coIICordant crystallisation ases whereas 

~;roon h:wing c~pl"Ticnc!.'tI tcrnpcratu,\:s > 800· C yield analyses dclining a discordant 

army between lhe ag<' ofanatc.';s at 1850 Ma arid cunta,"t meta",orphism al 1322 Ma 

Some soch 8mlys.cs arc rewrsely discordant nod therefore indicative of local 

intracrystalline Pbgain. McFllrlane ,'/"I. (2005) attributeintrn~TYSlallinerc.;lislributionof 

Pbtolal1icestrninintroduc .. 'tIaSgTO\\1hdcfeelsarldbyc.xpansionofmetamietdomains. 

10 which the [>Tcs<."nt author "ouid spcculalivciy add strain inlrotiuced as the r csolidifying 

pockets of anatl'<:tic melt deform~~t to eliminate the volume (Icficit accompanying 

crystallisation (Pderscn 1987:Scclion3.2.4.4) 

Considering the laller poss,brllty. that Slrarn may be e~k"TT1ally introduc .. .,] inlo 

zircon or baddcleyn<' by deformatKm accommodation of cryslallr>atKm-crmtmcllOn 

(rcview~,1 in last parJgraph of S~'Ction .1.2.4.4). wc may hypot lll'SilC th:,t morc or less 



xcoomorphiczirconandbaddclcyirchavingcrysrall iscdfi"omrhclastgaspsofintcrst it ial 

P1lcltarcmoreh\;;cly 1 0c'pericncc~eforomtio na8adjaccnt crystal 'con\'Crgc10 cli minJtc 

the volume deficit than more or Ie", automorphic zi rcon or b3Jddeyilc )wving 

crystall i>;<.oJ fi"om largn v{)lumcsofmdt bc"3uScofthcd~'Crcascd probability that such 

grains will be impingcd upon by multiple crYS1als whose translation comp<lIIcnts of 

dcfonnalion 1JXIve in dispar.>tc directions (t hereby S1rcS!Sing tne zircon or hJdddeyit~ 

caug.ht between) ifevcn the volume deficit is taken up pcrvasi\'ely at ,uch a rcl~t i \'dy 

carly st ~gc of crystal lisation. 

It is diffi,·ult t() imaginc tnat ,train cxt~mal1y i" troJuc~'lI into a zircon or 

baddclcyitccrystal oouldavoid1ra,,=ingrhegrain.thcreforeanysuchcrys1alwillbc 

,u",cpt iblct() Ph k,s,. This is oot to say. oowevcr. that whi1coverall Pb loss may occur. 

!lw somc zones within thc grain c;) noot undergo local Ph gai n alkl cxhihit rcn..-sc 

discordance . Ph 10.«. eithcr kJ("aliy or ove,a ll from the whole- grain. won at most proc~'<Xl 

unt il a zoncor grain isdc\'oid"f Pb.therchYfcscUingtne U-I'hsystc>m «,rthat v"lum~ 

Thus. disoo,,,,!ing anU l}1ical scat!L'Tandb.1rrings<:cnariosofnegativc,ilsco,tianecbythc 

prcf~>[~n1ial k»s of rela ri vely you ng l'b (Davis all.J Krogh 2000). the youngest concordant 

o,di ,cmdant analysc,{)ut of group rc"Co,d r heyoung~,r moditication of thc largerU- Pb 

systcm UtJdcr invCS1igar ion ev ident in that g",up<>fanalys~" in Olherwo,ds. l)W Ok!cst 

pos,iblc d"t c lorthc )\) UT1g~>I rnoditicationof rhar larger system (a,dist il1 gUl,hcoJ from 

t h~ panicula, 'y'lcm, being tlw difli:,cnt ,·olum<:s ana lysed). E.'~~llr by using a falsc 

,lisco,dant ;1l1~r~cpltllc p '~"'nt author knows of no lI'ay to iJl t~rprC! an ac~urate analysis 

to,,}()ung 



Analysi,ofa grain portion having ~x[lCri enc~>d net Ph gain, f1c)wcver, wil l yield an 

age too old. with no thL~"dical limit on the talsdy old agc that wuJd oc produced if Pb 

gainwntinu~>d inddinitely (Figurc 7·6) 

Conside,. that modi!'cntion of a U-Pb system may procttd incremcntal ly. A 

tocrn",1 pulse ,ufficicmly hot may altow a vo lunw ,,[,trained or damaged lalt iee to 

undergo Pbg<l inbydilTu,ion !rOlnanadjaccnt.lc"compromiscd volurnclJtldergoingPb 

loss . The thennal pulsc eventunlly warn:s to the c~tent that the diffusion effective ly 

cea"". but th~'fc may yet rcmain Pb that wo uld dit1usc (m ditl'usc rnOrc quickly) octwecll 

the adjacent volullles iftcmpcrature wer~suflieienlly high (were hi gher). St31ed another 

way. the k)calc>qui librium dist ribution ofPb OC1wc'Cll the two adjac"11I, variably intact 

volumcs may not be .'chicvcd during a given inteIVal of diffusion_ One or more 

,ubsequcnt. ,utlicicnt ly hot tocnnal pu lses would ,c~ctiv~tc or "ecdenote dillusion but 

couldstillfai l tonchievcafLn aldistribut ion_ Pcrhnp'ingrainseX[lCric ttcingowraliPh 

Io,s an internal. equ ilibrium di,trib ut ion of Pb is not pos~ibk. with the equilibrium state 

that cvcnthc strained an(idamagcd zireon orhaddcleyite ha_, dcvoid ilSdfoft'h to the 

out,ide. Failure to adtic,"c (otal Pb loss would leavc the strained alld damaced latticc 

("'ith a dillusioll route to theout5idc) with net Pb 105S lilOugh perhaps local ho1tlcn~'Ck~ of 

ditTu,ionwithnct Pbgain. 

Appro~imately cont~mp<"ary Ph loss (i.c. ak)ng a discordia 1Tl()'~ Or 1 ~'Ss Ilat to 

cOllcord iaovCT thc (irne>ca le of cry stall ism ion [CC. 1332 Ma] and tnod ificat innl e_g_ 1290 

Ma ll. experienced byenh~rwflc)lcgratnso'p<}rt ~H1s"fg,ain.,. ifnol Im\'ing p,ogre,,,,-d to 

completion will yictd nlOrc or less cnncordant apparent ag~"olderthan t he younge'1 Ph 

loss event. Add to this Ih" I,jd (Iwt Imy group ofanalyscs (i.e. any conconlia plot) is 



merely a sample of a larger population allou! which we wish !o learn, and so a given SCI 

ofa!IJlysL'S may oot ""en include!he youngest real or apparent age in!he actual 

popula!ion, Add !o !his!hm an,1 lyscs may bc discordan! !hough no! neccssarily !hroughO 

Ma. e;!ho.. .. posi!ively or negatively"" (c_g_ Davi, and Krogh 2000). If w" were!o analyse 

a wholc grain Or popula!ion of grains of!he same gC"'."Tation a",1 having c~pcricnCL~1 

variabledegrl'CS of l'b loss during a single eVCIlt not IongaTkr crystallisation (ie 

approxi1llalelycontemporaryin lhe'ICn'ICu'IL-dhercjthcn(exciudinganal)1ieal sel,ner) 

w" would observe a spread ofappMc!\! ages populating the lime imcr",,1 bc1wL'<.'n the Iwo 

events, ,,"'nifesl as some mixture of more or less concordant an,11yscs and 0 Ma di'<Conlia 

UPfX"T in!lTCepts. Unfortunately for us, if we were to atIJlyse mu ltiple genL'T"lions of 

grains or grains havingexfX'Tienccd multiple. approximalciYL"Oncoruant Pb Iosscve!\!s, 

we would obst.'TVe rl'Sults oflhc same description. Fortunately for us, howe,"cr. wc can at 

least d(1enninc fi-om such a spread lheok]CSI possible age lor the youngl'Sl mod,tication 

1bc!askofin!l'TpTc1a!ioniscompou",k,1 insofar as smaller portion, of grams are 

atIJly:>e<l bc'Cau'IC, in gene·ral. the 'malkr the portion the grcilllT the possibility of 

sampling a volume having undergone approximately contemporary rll.1 Pb gain (assuming 

that approximately contemporary disturbance isa goologically reaS()nable possibility). 

SUl·hasprcadofresultsasdcscrilx.-dal)(He;frepr~'"'SCntingponionsofgrains (as \\'ould be 

analy,,--d by LA-ICI'MS Or SHRIMP) rt~r~ !herefore inc ll>de falsely ok] age,_ In Irght "I' 

this possibility, the ok]e't apparl'nt age can""t, on rlS o\\'n, be intcTJlrct~,1 to represcnt the 

youngest p""ible agc "ftb..' "k]e'St inta~1 U-PII s~s!cm o ut of!he ponions "f grums 

arurly:>e<l. 



711 ! »<".,1 "((,,m;ml "hom/he inli'rpre/alirn oC"mbi 'WI", mn;.", Nil/eUls 

Readers are rcfcrred b.lck 10 the last paragraphs or Sector 6_3. which argue that 

amhiguou, wning patterns in ~vidcnt l y latc-stage zircon and haddclcyitc arc most 

par,imoniouslycxpiaincd a'primary in origin. R':SlIiling l;-ornlheco!Tlp<:tit ionwitholh"T 

cr)"tullising pha, .. '!; l(lT trace ~km~nts lrum a sma ll volume of mull undergoing extreme 

different iation. A,Jd so we are not justified invoking scw,Jd.lry modification on the 

grounds "r "mbigu"us zonalion uk",c, "or i"hLTitancc if such Lon3tion happen' to 

resemble n core-rim structure 

7.3A" nlylica l melhod.dHta procc"inl:. Hmldala '11I:t lil )' assess menl 

l'he prescm study u,ed LA -ICI'MS t" ablate and anal)"e 40 x 40 micron portions of: in 

sim zircon gmi"s in SCv~n thin-Stttions trom the Barth Concentric Plutonic Suite and a 

thiu-S<.'Ction of rdat ivdy Fe-Tj-oxidc-rich gabbroid lrom south of the struC1<",:: and. 

zircou""paratcsfi-()mahandsamplcof t h~Ho,cntx,inpluton 

7 I IA,,,,/I'!;ralmr//w.i 

Zircon grains wn~ k,catcd and imaged in eight thin-S(\;tions ~nd one mount of sepHratcs 

representing (respectively) nine diffcrcnr hand'«lmple<. uron whi<'h 23S an"ly,es wn~ 

]Jcrturnl<.~1 in all. Each analysis consiSled ofa 40x 40 micron squa re produc<-<l bya la_<er 

bc"m 10 micron, in d i am~kr lunuing a raster ]J~1l~m like the leucr W (suns s.crir) if it 

were a perr<-'Ctly i«JC linal rokL The laser beam pJS"--<l through c"~h af~a oftoc r~stcr"t 

tea,t sc\'eral t imes in any gi\c!I ~rlalys i s. Sample surf~ces w~'fc ro li shed bdore ablation 



rllC analyt ical method c111pk)y~xI was laser ablat ion - inductively coupled plasma 

mass Spcctrolf)(.1ry (LA-tCI'MS: Ko~l er and Sylvester 2003). TlIC ana l)1ical apparatus 

consisted ora GEOLAS 193 mn excimc, laser systl1n fired (i.e . shone in rapid rl"P'-1ition) 

through the gla" window of a hd ium tilled sample cell causing ablat ion accord ing 10 th" 

taSk, pattern dcscrib<:d ahow. the ablatc'<l materia l b<:ing carri~~) by the st r"aming hclilnn 

into" Finnigan ELEMEt-. I XR high rL·solulion. double fi)cu<ing. magnel ic .... '<:Ior. 

inducti\'clycuupll'<l plasma JlI:lSSspcclmJ1\ClcT.lhc plasmabcingofargon 

Thc-calibrationslandanl us.:.'<ltoronver1 sampledala fronl raw counts 10 absolute 

valu", "'as Harvanl 91500 zircon (1065 Ma: Wiedcnbcck e/ al. 20(4). The reference 

standard uS<..~1 to ChlX;k the accuracy of sample data waS )' Icsovice zircon (337.13 .I. 0.37 

Ma: Slam:lelal. 200l!) 

Analyses were COndU Ltl~i as a S<.-rics of runs beginning an<i ending with two 

analy""softheca librat ion st-1r)(lartl an<I one of tIlt: rcfcrcnce stmldnrd, with ar.othcr trio of 

stm)(lard analy"", hctwc-crl e"cry ""ven or so a"" lyses of unknowns. 

The basic pro""" of analysis was to monitor the readings of the "~1SS 

'pc'CtrolllCtlTSO a,to ensure the hdium s1rcum Tcads a., dcn.id ofablatoo. ""ter;al bcfoTc 

beginn ing each succc"ive ullal},>,is. Aftcr measuring approximately 40 S ofbackg,rou,)(i. 

the s,,""ple rastcr was ablnt~'<l for apr ... "i",at.:!y thrce min u1es. Generally by the time the 

nn t analy,;'" i1e\\'asposit K)1IC{i bcncath thc lascr lhe hcliumstrcam ru.d vo id itselfof thc 

prc .... ousablation. 



7 !1f)atatrne<qndvmrt>5,mj! 

11lcl)'pCsofdalacollc-.;Wdw-crclhciwlopicrallos >Oll'bf-"U(hcreaftcr7/5). )(Io\pbf1lU 

(hcrc'3ftcr6J8). and >OlPbI)(Io\Pb (Ik.-re,lfkr 7/6) as raw COUIl1S pcrs..'C011d. Rawdala were 

pnlCl'S'iCd "mine usinG lhe spreadslic't.1 proGr.l!n LAM-DATE v_ 28_2.2006 (Kosk-r 20(6). 

AblalKm intervals w~re manu.1l1y ~1'-'Cle<1 .0 as 10 c.xclude any surfilce contaminants 

evidenl in lhe firsl raster pa", as wdl as any cyidCIl1 conlaminalion of the signal by 

inclusions or bounding min .. -rals_ Using lhe ealibralion standard Har"ard 91500 zircon 

(Wil'llcnb • .'dl'lll/. 201.l-').lhcfollowingdataw·creeaicuiak-dforcachanalysis {bulicll-d 

forcasicrrcading) 

intercept "alu""5of715 (wllhcrror). 6II~(withe!TOr).rho(crrorcorrclalion); 

imercepl valucs of7/5 age (with I·sigma error). 6/8 age (with I-sigma error). and 

7/63gc(wilh I-sigma error); 

an-ragevalucsof7/6(wilherror). 716agc(withl-sigffi:lcrror). 

Int .. -r""pt values were oblailK"d because 1'b is more \ohlilc lhan U, cau<ing I'b 10 

increasingly rractionalcfi-om U durmg ablauonloproduccpmgrcssivclyhighc-rfi,lscPb_ 

Urnt ios_Im .. -rU-p!valucs arecalculalOOas lhcinlcrccplatOs<''t.'(Ioos(ofablation)ofthc 

lincofbcsl fil tliroughthcprog .... 'SS I\·clyinereasingralios. Unlike 7/S and 618 mlios. 7/6 

(Pb-Pb)ratios donolvaryasafutICtK)IlofablaIK>ntimcandthcrcforecanbcrq>rescnle<1 

as an-ragc values. 

Datalabb inciudmg stalKbrds """lySl.'S are given in AppC!ldix F 



The first step in data quality assessment WaS to io.Ientify and exclude from further 

considcrmion those al\:llyses that produce 3\'emge 716 ratios in disagrttmcnt with 716 

raliosealculatedfi-omthe intcrccptmt iosof715and6i8bythcequation· 

("Pb) (M"') ("' U) ( O.72 "'U ) 
""I'b ... - ~ .. ~~ Pb .. 99.2743 ''' U 

W .... .,.c 0.72 and 99.2743 arc the percent isotopic abundances of m U and lJI U, 

resJX"Cti\'ciy. EIT"'oncalcl,lilt~'d 7/6 mtios is calculahxl bythccquatl()n 

m",( ~ Pb ) .(~) """( :'~ L j"l "ro'(::~Lj' -"b ~ -"h _ (""b) (-Pb) 
''' u ... 8U .. 

Analyse, arc considcrC<l interna ll y incomisk'nt if the ealcu1atl~1 716 ratio 'l1Id the average 

7/6 mtio do not agrL't! within elTor. 51 out of 235 an,11yscs or 22~~ of all a""ly",s were 

exclud~'d from further cOllsidcT.ltion using the criteria of internal ",,,,sistellcy 

The second stqJ in data quality as"·,,ment wa< to identify and exclude from 

further consid~"Tatioll tho", an.lly-;.cs wlIh the largest ermrs. The elTOr cvalual~'d is the 

~Tror on caicul'l1oo 7/6 ralios expre,,,'d as a pcrccnt. used bc<;ausc it c.~prL"'S(,"S error On 

both 7/5 and 6/8 intereept mtios. 42 01ltofl84 or 23% ofth.: rL·mainingana lys<'S were 

cxclud~'dfr(}1llfurtherconsiderat ionusillgallarbitmrycrmreul"ffof50.'0 . Ther"forc\42 + 

51) ~ 93 out 01"235 ana ly,e,,,, 40'!··o "fall analyS<.'S arc d~'Cmcd ofunacceplabk quality 

usiTlgthcc"kriaofimernalcon"iSlcncyatwlancrrorculollof5~ • . lntcrcsllllglY.{)llly60f 



S I 811alyS<.'S c.~du{kd using the criteria of IIlt~"m:ll 00llsiSK~tey posscsst:d calculated 716 

I1Itios with error grcatertltan S~ .. 

40"10 or all analyses rejl-cwd. OOW~·H'T. "'"'ems li1:c too ~1rgc a p!.1"C1:ntagc to 

exclude. By using all error cutoffof7~. instead of SOY_. only 31-/. of all analyses nrc 

rejt:CK~1. The rema ining 6~. of al l anal~"""s arc toose oonsid~1"c-d herein j()f age 

intc""TJIrdation 

7 1.( Whee amsjdm!l!mJY in {f_l'h diUll ll«cumeU! 

7 '4 ! Common !.-jIIl 

One oonsidcration in assessing the appropriateness ofU_I'b data fI)r g~'OChronology is the 

possibilityofconunon lead CQnlaminalion. the sig1lf'Ost for "hiclt is the prcscnce of 

nonradiogcnic :r6+1' b" Unfortunately. :r6+ pb measorements were 001 pr~"<:isc eoough in the 

prc-scnt study to conclusively exclu<.lc the po~,ihllotyofcommon lead eontaminatlOnor 

p!.1"formcomI1l01lIcOOWTTC"<:tions 

7142Anal>1icalscaHu 

Anolht.T consitkTIltion in a,S<.:ssing U- I'h datn is the possibility ofan:.I},;,,:.1 scatter. It 

S<.'CntS reasonable that wc' may asscss analytical s<:attcr in U-Pb isotopic darn obtained by 

LA-ICI'MS by estimating the degree of s<:alter ;n ,tandard analyses that accompanied 

UnkllO\\n analyses. In the pr.::scm "orlo;. 77 atl:lly"'s \lere made ofrekrcTlc" staoo:ml 

P!.:so'"le" ~irCQn(H7_IJ " 0.37 Mn; SI:itna <"luI. 2008) an<.l66"fcalibmtK)fl standard 

Ilar..-ar!l91500zifC()n(I06SMa;Wicdcnb..-ckc/uI.2{)()4) 



Standard analyses were scr~'CIK'd lor internal inconsistency and largest ~'fT(>rs as 

dewik'd alx)\'e for unknown un,1Iyscs. Using the erill'ria ofimernal inconsistency, 14~. of 

I'k'SQ\"i~c zircon and 15~4 uflbryanl 91500 ~ircon an,1lyses arc excluoJed. Nearly a third 

of unkoown analyses were d~'Cmcd of unacceptable quality using an em" cutoff of 7.··. 

and il SI.'Cms appropriate f<" l~)mpar;"on 10 ",rttn similar po.."1"ccnlagcs of siandard 

analyses. Uy usingcrrorcutoflSof3.J arid J.8~ •. respttli\"cly,31 ~. of Pleso\"iceand J2~. 

ofllar .... "'d 91500 analyses arccxclud~'d 

In theory, a03I)1tCal SCal1~'f in supposedly isotopically holllOgeOl"Ous staooards 

will be apparent in the meaSure Mean Square of Weighted Deviates (MSWD). "rom the 

ISOrLOTv2.06m:.nual(LuJwig 1999p.18) 

"[MSWD) is. roughly. a measure of the ratio of the ob.,en·cd sca1t~'f of the points 

(iTomthcbcst·fit line) to the c"'IH"eled scal1er (rrom theas.sig,.....'d~"TTof'lallderfOr 

corrciatiunsJ ... 'IIIJisMtQ"'CI<SIlr<' ojllo\ll,igMyrorre/medth('X_Ql!(lr-",lrl("$ 

ure. l fthea'''!:"l><1l'fT(>rsarelheonlyeuuscofscancr.thcMSW[)willtLrulobc 

ncar ullity. MSWD ,,,lues much greater than unily genl'fally ioolcate eIther 

undcfl":<timJtcdan,11)1ICalerrors,orlhep ........... -nceofoon_analylic.liscal1lT. MSW[) 

"alues much IL-!is than ullny generally indicate cilh<."1" o,"crcs1nnatl~1 all,,1}1ical 

l"1TOrs,()rullrccogniSl.~!crror-corrdati"ns."· 

C""l."Ordi:I pioiS of the non·c,c i"d~~1 I'lc50\i~e and Harvard 91500 .tand:,," analyst.":< 

(Figures 7·7. 7·8. fl":<pttti"dyJ "erC ereated in ISOI'LOT \.2.06 using I-sigma ~"lTors 

The l'leso"ice 31131)'<<1.":< produce a concord,a age of 338.9 ± 0.56 Ma (I·sigma) \luh 



MSWD ~ 2.9 ~nd probllbi lily of concordance - OOSS The liarvard 91500 atlaly'~' 

produce a cotlCQrrlia ase of 1060.5 .i 2.1 Ma ( I-sigma) wil h of MSWD - 3.6 arid 

probahi lily of ooncordance - 0.059. Nol~ Ihat both SdS of ana lys~'S pro<.luce MSWDs o f 

3-4,,,Kl probabilil; ~sofcor ... .'ordanccthcsameorderofmagnitude, Figures 7_7. 7·S..,ach 

show a duster of ell ipses covering roughly ell ipti cal arm.' of ,imibr proportion arKl 

orientation _"ld sp_1tming lOs of My. from -325 to 350 Ma fin I' le."vi"c and - 1035 to 

1090 M" for Harvard 91501). Both c1"'t~'r"s conta in numerous ell ipses that do not overbl' 

or owrb p only marginally with the ca lculated concordia ages , From Ihe two ploiS it is 

evid~nl that signilic",,1 ,malytica i scattcr is present "rld that such J nal}ti l"al ",atler 

cOlTespond,to MS Wl),of3-4fin l -,igma 

NOle that any individual analys is chosen from eitber the 1'lcsovice or Ha[\llrd 

9 1500 dal a sel cannot hem,sume<1 to con>lilute an a~"um te n.:pr~'SCntalio n ortllc isotopic 

composition aoothcrc lore _'ge of tbe slandard they were s.am plcd from. In olheT words. il 

lakcsrmrltiplcll"alyscslorrovideaclusl crapproximatclyccntr~-dont hccOlTe~1agc 

For 2-sigma, ISOJ'LOT rq:.ortcd for each SCI ofanalyscs that "Data po int.< are not 

equ iva lent" at)(! was unable to calculate concord ia age,;. though thcprogram ca lculated 

MSWD,'al\Jcsof4.6arldJ.I.respccti vcly.t'n l'l esoviceand Harvard9 1500. 

7l43Dis,"""iam'ln 'riy;w' 

SOllie g~~}Chrono l "gisl' (e .g. 1'. Syh'~'I ~T pl'/'S. cumm. 20(7) suggest that for I.A-ICI'MS 

analyses. discordam analyses <hou~i he excluded ITom "on.~idnation because the L1"rors 

on ,u(' h k,w "'nrpl~ \'olunrc analyses are S\lbscquct\tly 100 large 10 I'r~"Cisc l y dcfin~ 

disco"iia. The r re<ent author. however. alkr having excluded the mo,t ermrl<.,()us 



analys~'S rr0111 considc·ralion. ,,"ould have oc'Cn salisfied 10 accepl lhe magnilude OfC"mIT 

ondiSCQrdiainK>rCl1){sprodun'\lbythcrcmainingdiscordantanalyscs.ll\a1is. if not for 

theanalyticalsca((~rprewntinthcanalys...'Scollcr1c-dforthiswork. 

Given Ihal ,ome "nal)1Ically s.cal1l.'H-d standard nnalys...'S are SCa1tlTl-d so as 10 

appear nonnally and rc" ....... :ly discordan( (FigufL"s 7·7, 7·S). (here likewlsc exists the 

possibility lhat some unkllOwn analyses arc similarly scaucred. either from ac(ually 

concordanl isolOpi<.: wmposilklnS or from actually normally discordant isotopic 

composi(ions. n<.'Cnusc dlscordia chcmJs arc ufposi(iw slope. must analyses scal1lTc-d 

discord:m( rrom.1ctu"l1y concordant values will producc fnlscly okl intercepls. in must 

cases ewn oldcr (han anal),s,:s scau ... 'Tl-d a similar dis(ancc "up" concordia. Ik'Cauw 

analytically scatlc ...... 1 'IOnl~~lIy diSCQrdant unkno"n analyses prcscm lhe grcah:sl 

opponunityforf..1Iseagc inlcrprctation.onlylhc!llOsteuno::ordan(analysesareuscdfur 

lhe al1cmp(l-d age d ... 1erminalior .. Ihal follow ($l'<.1ion 7.5) Percell! discordall! is 

1 ~15 "" ·,'.dis,;ordant z l - " ·100 
61Sage .. 

By c/l()Qsing an arbllmry cUlOff"aluc of 2··. dIscordant, 8 of the 4~ remaining Plcsovicc 

analys...'SandSnftheJ8rcllIainingllarvanI91500analywsarcexciud<-,,1 

Concordia piolS of the 1IOn·e~du,k,J Plcsuvicc alld Harwrd 91500 analyses (Figures 7·9. 

7· 10) produce Iow~1' MSWDs of 1.8 and 0.14. rcspc<:tivcly. lhe fortlll1' value indicaling 

solncan.11)liC'1Iscalh.T.thcial1c1'in<iicatingullllcr<--"climatl..JSCal1cr.atlcaslaccordillglo 



Ludwig's (1999) cxplanat~Jn quokd abO\~. I' l c,,)\'ic~ (Figufc 7.9) anal~cs st ill exhibit 

sign ificant ana lylical scatter along wncOfdia, Whl'TCaS Harvard 9 1500 (Figure 7-1 0) 

analyscs(corrcslXlooing to the Iowcr MSWD \'aluc)cxhibit Icssanalyical ",at1L,-though 

anal}1ical seaner is sti ll visibly prcsent. The tlu.:stion of anal)1 ica l scatter c:m be 

answered simply. "'ithout rtCO urS<: to .\lSWD value>: wil l one Harvard 91500 anal~i, 

chosen at random givc the correct concordia age? Most will within error, howevCT a 

significant numlx'fwill not. NOlCthat Harvard'JI500crrorell ipsesgenerally.panseH'fal 

t<;'ltS ofM." with some ccntrc'd 0\'er - 1080 1' .. 1a. othcrs - I045 Ma, and so anyone or small 

b'[oupofthem cannol with confidence yic1d an aCCUf31e and precise agc<iL 1ennina1ion 

The question 1h..efor" bcwmcs; how 'oony analyses arc necessary to dL1enninc, 

in all probability,thccorrcCl age within crror. tbat is, to yidd a probablyacCUfalClhough 

not necessary precisc ugc tiL1ermination. In otlwr words. how s,nal l ofa gmup of analyses 

roapproachthr<quC-,IH;Jn,lhe40remainingl' lc'<Oviceanalysc<and30rcma",ing 

Harvard 91500 analy",,"rcca~h plotk'd i",ubsc(sofli,'c, su[";cts()ftour,and ,ubset,ot 

thr~'C . Suh'l<.1sarc rnadc by group; ng analyses ina,ccnding 'I<."qucnccofthc date and ortkr 

they were carrioo oUl (in thc prcscnt aUlhor'.opinion as good a,raooom) Wilh Icflm'l'r 

anal~~'S ig'lOr~~t if present. From lhc 40 Pkwvice analyses. eight SUb'l<.1 .< of fi,ur arc 

ma<lcwhcrcas froml hcJOliarvarrl'l t500.'''a lyses. sc\'cn , ubscts offi)ur nrc made Wilh 

thcla,( (woa""lys~'Slcno\·cr.L1c 

For each subset concordia plot andculculation. I_,ig,na and 2-sigrn" ermfS werc 

rcc""k-d (Tablc 7- 1. Figurc7.11). Each ,ut..;ct calcu lalc'd concordia agcis compar",1 to 

lheresp<-,\:l ivcwnwrdi.,agcscaicula'ctltr.:IIll thc'lOn-e1clutle<l slalwlor"analys,-'S:JJ8.'l 



± 0.62 Ma for I'].,oo"i.,.., (comr>ar~~1 with JJ7.lJ i 0,37 Ma from Slama ci a/. 2(08) and 

1059,2 ± 2,3 for Harvard 91 500 (OOmf"lR><f with 1065 Ma from Wi~~le"I)\,d'cl"/. 200-') 

Thccritcria forcolHp;,rioon is wheth'.Tor 1I0t subset calculated concordia agcson"fiar> 

within I-sigma and 2·sigma .,lTOrs the calculated concordia agc for their rcspecti"e 

standardcollsidcrcdasadiscrctc,,, luc(l"abIc7-2,l'igurc7-l l) 

Tlle discTC1e "alu~'S of 338.9 and 1059.2 Ma arc conSIdered a~"C~1'table for the 

purpose of oomf"lris.;on eWI! though they mc assoeiat~~1 with statistical ~Tr()r and arc 'IC}t 

e,"en thc com'ct ages within ~TrOr according to the stud,cs of Slama CI ,,/. "nd 

Wiedenbct;ke/a/. b«ausc they arc the centra l ,,,lu<'S3T()undwh,ehthe sum of ''')Il' 
excluded I'leoo"i.,.., and Harvard 91500 analyses cluster. 338,9 and 1059.2 /lob arc 

therefore considcred to reprl's"nt the standards of accuracy by which the cooconlia agc~ 

calculated from SUbSl.1S of thcllC}n·exc1udcd analyses may bc cvaluafl><f . 

In othcr words. such discrt.1e agcs. while nol oo::.:cssarily ~'OrrC(;t in the absolute 

scnsc of ""the true age"", ,ITe ~'Onsidcn:d eorrt<:t insofar as the 'I"-"Cifie analytical method. 

conditions. equipml'nt. and ""mr>le materials can jllllicatc. That i< to ""y, fI" any ~pecific 

analytical method using spcrific instruments on sp.,cific standard sampk'S (e,g, the LA· 

lerMS standard analyses made by the pn:sent author), e'l'ntually a measured , 'alue 

CmL"fgl"l;jn the "centrc" of513tistical probabilrty (e.g. - 339 Ma. - I059 Ma)that in all 

probabilrtyw()uldr~mainlit1lcch:mgt,dby,"crcasingtheeu",u l at;\equantityofstandard 

",at~'1'ial so analY"'-~L In other words. the pr~'SCn! autll<)r is making the assuml'lIon that 

nlC}rc analyses of rlcso .. icc and Har"ard 91500 £ir"ons using the same a,~,I}lical 

pammek"fs on the same ~"'<ju'r>",ent for the sa"'e pk-<:es allll 'OIll'S of ,irwn woukl only 

modify the ~Tror 011 agcs OfHTY nearly 339 Ma a,\OJ 1059 Ma. TL'SpL"Ctivcly. I'~Thars SOme 



rcaJ~Ts will di.agrl>C with thi., assumptk)Il, hut scietlCe tlC<:cssarily involvcs assumptions 

and at Icast thi sonchas bt-"Cncxpl icitlystat~d and clabomted 

I'ahlc 7-2 sbows foreachstandard,s;gma·value,and sul:tset size bo""'Tll anysurn..:t 

ccncordia ages on'rlap with, thal is, arc accurate with R"'Ipect to, the di=ctc cakulate<1 

age . First considerthc find ings for I-sigma, For subsets of five, 70f8 Pkso,-icesubscls 

and 6 of6 !-larvlIrd 91500 subscts yicld accurateag~"S,that is, ages wit hin s(X.'Cificd error 

[1-sigmaJof338.9and 1059.2 .\ l a.respect ively. Forsub<ets"ffour.50f IOl'lcsoviee 

sub<;C!sand50f 7 Ilarvard 91500 subsets yield accurate agcs. For subscts uf three. 801 

13 Plcsov; ccsubsctsand6of IOHarvard9 1500subs~'1 syicklaccu mteag("S. In summary, 

using thc present data a< "'rl>c .... ~I. it is: highl y probablc that a subset of fivc I'ks""iceor 

Il arvard 91500 analyscs will yield aooncordia agcwit h;rt I-sigma o f tllC··com"<.1"' age; 

probabk or ofevcn probabi iitythat a subsct offiJUr will yidd a concordia age within I

sigmaofthc"corrcct" age; alld probable that a subsct ofthrl'Cwili yiclda cOll,:ordiaagc 

within I-sign", or tbe "'correct" age, ",\ concordi" age wilhin I·sig''''' oflhe 'corR"CI ' 

agc" n\ily be altcrnately stated as "'A I·sigma error span l'Ontaining tbe 'corr~"Ct" age"' 

where erro r span ~ 2 • sigma value. Of cou= I_sigma em" span increases with 

dl>creasing suhset sile, from averages of 3.5 (<lid 11,2 Ma to 4,5 alld 14,6 Mn for 

PleSQv;ceundllarvard91500subscts,rcspcct;vcly 

Similarly./i,, 2-sigtna, it is highly probable that a subsct of five. four.ortllrce 

I' lcso"icc or Hnrvard 91500 analyses w;1I yield a 2-s;gma ~'-rror spall co tltn ;n;ng the 

"cntTcct:'gc"',withsubscHilea'l1"ngLxlcrrorspansrangingfrom7.0 and 22,5 \lal09.1 

and29A Ma.rL"Spccliwiy 



NOle 111m su~1-sizc a \ ~Tag~-d crror spans as 3 perc~-nlagc of agc arc ~1",oSI 

ident ical for bolh P I~so"i~e and Harvard 9 1500 subsdS, wil h I-,igma l1TOr spans of - 1.1. 

l.2. and 104% and 2-sigma error spmlsof - 2. 1, 2.4. and 2.8% for subset si~csoflive. 

four. and three. respcc1i"cly 

The ~ u cstion jlOS\.-d abov~ may thus be answcrc-d lor the standards Pb;ovicc and 

l !ar .... ard91500andusing thepr='lt dataasoblainedandscrccned:fivcanalysesarethc 

minimu m rC"<.ju i",,1 to yield" coocord ia agc of hi ghly prooobic accuracy withi n I.sigma 

Three or four analy:;cs cannot yicid a concordia age ufhighly probablc accu mcywithin I· 

sigma but will within 2·sigma. Statc-d another way. five analyses are the minimum 

rC"<.juirc-d to yickl a l - s;gma~"1Tor'pano f high l yprooobl eaccumcy, however t)uc"Cor four 

analysc<;maybeu>edtoyicld2-sigmac'fTorspansofhighlyprobabteaceuraey 

The ncxt ~ uestion is how may Ihese lindings Ix uS<."d 10 inh:rprc1 unkno"Tl 

al1"l)"ICswh'chplausiblyd i,playrcalseatkrinaddilion toanal}1icalscatter. towh,chthc 

present author has 'w "oncius;,"eanswc"T. 

t'~"Thap' tfle ,ciati,'c constancy of crror "pans as a percent of age lil, a gi,cn Slg",a 

value and slx:cific numbl."T ofanalysc"S used lor ca lc ulMion is a fcalllrc common to all 

non-e~cludc~t dm3 coill-ctc~l for the p .... :scnt study. sltmdams and unknowns alike. so lone 

as the analyscs group<.-d for calc ulation exh ibit only annlytical seallcr. ,'dtnjttc~tly. thc 

prc"-~lt autho, does not know wny the a,"emgc erro, sl""'s arc constant lilT" gi'cn sigma 

,"alue nnd number ofPlc"SQvicc or Harvard 91500 anal)"Scs. Nonctflel,,", the fcaturc is 

p' '',cntaticast i()fstanda,danalyscs.altooughindi" id" al crrorsp'lIlstoran iTlllividu,,1 

subset occupy a rangCQfvalucsabout theavcragc. Consider;ngonlytooscsuhsctsw,th 



concord ia ages acc'ura1C wilh", ~rror. ~rmr ~pa ns as pcreenl of age range as fo llows 

(Table I- I; boldnc"add~-d fi"readabilily) 

• For I-sigma: 0.11 101.2%. 0.910 [.4./ •• and I.U 10 [.7%, forn- 5,4.3, r~<pt.'Clivdy 

• For2-sigma: t.7Io2.4o/ •. 1.11 10 2.7·/., and 2.010J.J·;', forn-5.4.3.,cspt.'Clivdy 

Groupingsof unkoown analyses {from theprcsenl. scrccncddatascI)yic1dingcon,:ordia 

ages wilh error spans wel l olltside the relevanl rangecslablishedbylhestalldardallalyscs 

(Table I- I) may bc reasonably inlcrpTC100 to rcpr<:scnt data cxhibitingrc31 scal1cr. 

7.4 Uctc r rninillJ:.n 3[lproach for inlCrtlrClillg unknowlI analyses 

lkfi"c con,ider ing atKI alTempli"g 10 inl~""prC1 the analyses of unkoowns made for the 

presenl sludy. the fu llowing summary is provid~-d of the interpretive consid~..,.alions 

discussed ahove. Fifl;t con<ir.k..,. what the unk""wn analyses haw plausibly sampk~l 

Most of the unknown artJlysL"S made filT Ihis ,ludy arc from xenomorphic and 

hypautnmO'l)hic 7.ircon gra ins c~hibit in g irregular. ambigoous wning pane",s. both of 

"hieh arc mOSI pHT>i!oonioll sly int~Tprct cd as indicaling contin~'d inlcr'tit i ~ l gro\\th in 

close proximity to and C()ntcmp<lTan~~lUs with nth~..,. late-stage min~"fa ls (c.g. apatile) 

Having cvidcmly cry,ta ll i,cd in such late-stageC<lnfincment. it is plau,ib lethattllCgmin, 

expt...,.icncc<1 varying degr~'es of >train imparted by deformation oflhc crystalline matrix 

surrounding them in aceon""otbtion ofcrystall isation-contmction. B~'Caosc the zircon 

gram, are pbu,ibly 'tramc,1 and thcrcfi"c ,u>Ceptiblc to nct I'h 10" a, well a, 

itllracrystal lme I'h rl-di~trihution. unknown analy,<." may rcpr<."cnt ,,,Ium,,< IJavtn& 

undcrgoncn<:tPblossore\"en"eIPbgain.althoughthcl:tttcrp<Jssibilityrnaybc 



improbable. Rccall Ihal lhe Barlh Conc~nlr;e l'lul()flie Suile and ils r<Kk-l}'1lc 

prcdominancics ha,'c c\'ioJcnlly b..-..:n con'lruL1~-d by multiple emplacemenls (Chapler 3); 

lhcrcforc isolopic systcms ho,\(;d by slrain~'<l or damaged lal1icc 1I:I\'c plau,ibly 

undcrgonClhL,,"m,111y aCli\'alL-d disl"rb,1ncc, Gi\'eTlll~11 for a portion ofa slmined zirOOTl 

LTy>lalncll'bklssisnXlfeprooohklhan ncll'hgain,wcmayhY1'olb..'Sil.clhal(lhenon· 

inhcril~'d) pop ulal ion ofisolOpic ~'()11Ipo,ilions per sample dominanlly consists of some 

sprcad of values aklng one ,,,nXlrc riiscordia bclwccn the age ofcry,Ialiisal;on and Ihe 

ag~'Sofooco'mmcdi'lurhanccewm,inaddilionlo,"lucsrc<;cnllydispiaccdfmlll,uch 

chord(s) aklng 0 Ma discoruias, Appro.~i malcly conlemporary dislurbance. as is plausible 

Ib, isolopic <yswms III Inc Banh CotlCCnl,i(" Plulonic Suile and clsewh~.,-" in lhe Nain 

PIUlonic Supcrsuilc. wouldrli,place U-Pb iS01Opicsystcnlsaklngdisco'dia lIX)'cor less 

"n,,110 concordia" when viewL-d fi-om our prc;;cnltimc of 0 Ma. Thennal disturoonce may 

ha\'e al<o rL><;rySlallisL'fl some SlrainC{! or dam~tgL-d portions causing reset oflhe U-Pb 

isotopicsystcm. Thu"wchypolhcsizc thatlhcpopuiationofnon- inhcTitL-d isotopic \'al ucs 

fi)Twmpleswilh latc.'tagcinlcrslitiaTzircon(orbaddclcyi1C. L1c,) domi nnn!ly occupy on 

awncordi:Jdiagmmat,iangula,rcgiondclimitL-don!opbyc"{)!ICordia.onlhcrighlsidc 

byaOMadiscordiathruughlhcagcofcrYSlallisation.andonlhclcflsidcbyaOMa 

di,wrdialhroughlhcagcoflaS1di'lurhanccorr~'Crystaliisalion. 

Slak~1 generally, the obj~><;li\'c o f a gC<)chronological study is 10 gain an aCCurate 

picl urc Oflhc array of isotopic "a l<Jcs prcscnt. thaI is. 10 icnrn ii-om ~"nplcd:'tawhn(lht; 

rc:o l !,opuiat l(m of isotopIC values looks like a",1 tkn u>c that piclur<' ji" age 

intc..-prctatioo. The real I"'pulmion of isotopic va l"cs consists idc:ll ly of thc di,tinCI 

isolopi<: composilions of al l vo lumes o f Lirc"{)!1 (o r b,1ddclcyile. ctc.) tl~"1 possess 



homoS''1ll'Qu< isotopic composition. lIo .... ·c,·cr. due to sample ,..,luIII<.'S potentially 

oonsisting of multiple or ho..1en)g ........ 'Qu" isotopicdom.1ins. theonlypracli cally ()blainable 

picture "ftll.: real population of isotopic valucs may consist ofsomc combination of 

distinct V"IUL"S and composne values. For e.xample. in<.lividual TIMS analyso.."S. such as 

lhose prCS<.11K'd by Ga,kill (2005) r.·prcS<.·nt ing sample volumes consisting of pick~'d 

populations of zircon or bad<.ldeyitc "'[Xl/atl'S. plausibly rl"Jlrcsc1ll composite isotopic 

compositions. Slalt.~1 gctlt."1"ally. the largcr the S.1IIIPJc ,-olume lhe great,.,- lhe possibility of 

,"easurlllgacompositc\"alucinst.:adofadistioctvaiuc 

And so in lhe pr~"SCm study the obj.."C1ivc is to gain some picturc. C'~"fl an 

incompll1c picture. of the rrnctically obtainable real population of 'so topic 'lIlul"S pt."1" 

rock sample. which for pctn)graphic rea",,"s the present author expt.,,1s may popublc On" 

conoordia<.liagra,"atriangularspaccdct;nc-dbyvcrticcsOMa.theagcofcrystnllisation 

of the car!icst gc",.,-ation of,.ircon. nno.! the age of the youngcsI d"turooocco r 

rl'CryslalliS<llioncVCnL Sincc wc ha'·cc~dudlxl arlaly,,-"S more d,scor<.l'lIlt loon 2· •. wcarc 

oniycoOC<."1"ncdwnhtheul'fIl"1".along-coocordi',p",1Sofsuchh:ypothetical.tri,,"gle-bound 

Anal)1;Cal scatter i, cXfI<.'Ctcd III the analyses of un~nowns because it is 

significantly prc..,nt in the nccoll1p;lIlying analYSl'S of suppos..'dly ,,,,top,cally 

hO,"ogL1"'"Ollsstnlldards. Thus the simplcst sccnario for any gi\'en sample i,that \lnk,,,,wn 

n""Iys<.'Snhibit only anal}1ical scal1cr. in WhKh casc at least fi,c"nnlysc<arer~"()\lirlxlto 

yicld acalculat~'doo'lCo"lia"gcoflllghlyproooblencc\lracy\\ithin I-sigma. 

A""lytical SC3m"1" "flhc dCgrl"1.: obSl"T\'cd here wi1h I'lcsoviccand Ila"",,,,191500 

nnalYSl"S meanS that any aCllla) <.Ii,liocl U·Pb ,sotopic coml","il",,, sampk~1 by ablation 



will register as an eITor ell ipse in al l pmhal>ility oot centred over t l~11 actual isotopic 

compos ilion_ The LA-ICPMS analyses colkck>d for this study arc therefore 11I0re 

erroneous lhan lhe ~'1Tor ell ipses indicate. 

Future worhr. int ending In usc LA- IC'PMS for preci>e gmehmook)gy arc 

thcrctore advisc<i that idea lly, so as to aeeonmJOdal<'all age and di81 urhancepossibi litics. 

unkoown,.hou kl beanalys,-~i unt il ntak. ingaddilional analyscsd<x:snol change the arca. 

ollthcconrordiaplol coverl>dbyerroreliip>e,.lnolhcrwonls. unlil thcsuntofanalyscs 

appear 10 rq)"-~nt the popula1ion oflhcort.1ical-analys..'S prt.':SCnl in Ihe lirmll (or 

haddc1eyilc. elc.)sccliorl<-'d ill mount or insjlrl , Only in""far as this i(lea l quantity of 

unkllownanalyscs r< approact.c.;l maycluSK'TS representinganalylical scatterahout rcal 

compos it e or disti nct val ues be mnfidcntly dclineak~1 and uSCiI fi" prl'Cisc _'Ile 

Forlhenine,aml'lesstudk>dhcrC.lhenumt>crofoon-exehrdl>dunknown analyse, 

pcr ""mpic range from 7 10 21 (a"l'Tagc l.f), From Ihe non-excludl~i Plcso""c and 

Ilarnrd9IS00analys."n is apparent that. whrlc at least livcan..lysl"Sof",ingleisolopie 

eomposil ioll arc rcqlJired to produce a I-sigma CITO' 'l"m pmhal>ly cllC<)mp.1ssin g thc real 

va luc (insofar as inoJieatcd by scycml ten,ofana lyscs). many rr<:Jrc analys cs(IS? 20"!) arc 

".-q" irCit 10 prodUl"C a d uster exhib iling a more or Ie," symmetrical <! i<tribUlion of 

analy'L"Swi lh lhewlICentrationofanalyscsgrcateSl towards theCl'1ltre(Figurcs7-11. 7-

12). Ihat is. 10 pro,lucc a c1uSlCrc\idcntly more or k", rcpre>cnting the pOpUblNltl of 

illl.'Ort.1ical analy"'-,. Uy wntms\. a dU'I ~r Wilh an asymmetrica l distribulion or 

wIICcnlralion of analyses wOIJkI be suspect lor nOI 'll'r~"",'lling I ..... • I)Opubtion of 

tllI.'Orctical ana lyses and for not being c~mr~>d ovcr lhe real iootol)ic 'alue s.1mpkd by the 



q\Jantit y of analyscs per s..1lnp le requ ired to discern multiple symmetrical du_<te" of 

anal}1 ical ly scatt(_'f,-~i point<_ The most that can I>c dollC with the data at hand is to 

"aitu,"tco three scpamt~ conc"<lrJia ag~s - middle, o ldest, and youngcst - arid rhcn cvaluate 

against field, pc1rogrol'hi c, and zoning observations the plau'ibility thm each ,cpr~s~nt s 

0' approximates an age of gcological rne,'<ling_ More 'IX'Cifical ly, the cOIlC<l,dia 

caleulated fi)[eachsampl ~a,c 

'"Simplest '\Cellari,," age (l-'ignm); A"urn~"onlyamr ly1ical "",,((erand a single, 

undisturbcd,concordinnge.lnothcrwor<kthehcste'tirnate,gi,·enthcnuml>crof 

ana lys~s avai lable, ~t calculat ing" ,ingic, und isturbed concordia agc in the 

however unlike ly possibi lity that such a thing cxists. If ISOPLOT r~turns '"Datu 

points are not equivalent", extrancouspoint<are irlli ivi,luatlyci immatoo until" 

eonwrJi"age~anbecalcul:ot~'d 

Old~st ap""r~'nt "g~ (I -,igma ifn > 5, othcnvisc 2-sigma): ,\>sumes" sprc'ad "f 

rcal values along concordia ~ock,,~d by the triangu lar boundaries described 

above. t.:scs the ol(lest - 50'% ofanaly~cs (a< rankc,i u,ing 7/6 ratio, c" lc!Jlattd 

ITom intu~~pt 7.1 5 alld W8 ,a lues) to provide the best estimate of the 

crysru ll isatio1l ogc (M i1lh~"fi1c~1 age ifin,lica1l'd by zoning) 



Youngest apJXlrcnt "ge: As aoove turoktest e.~Hl't uses the youngest -5ffl.. of 

aruJiyses to provide Ihe t...."i1 estimate of the maximum age of lhe last d'~1urban~ 

orrl'Crystal lis,1tionc,cnt. 

7.5 IlItcrp ..... ta1ion ofUllkn O'''' "rI " I.,·scs 

Since the main question guiding lhe fi)lIowing intcrp<.1ations is the plau,ibili1y that 

analys~~! wlu"'es have expcricnCl'd t hcrn~1l1y act ivated diSlUrbatlcc of1!!"';r U- Pb sys1ems 

poSl-erys1allisation. rock smnpks from the B"rth Concentric Plu10nic Suite arc int crprctc~1 

in incr"asing order ofthe}"ungest analysis prc""'nt in tllcir respccti vc,,·tsofl"lOn 

e.~clUJl'(l analyses (ll I 00. G16. B06 T. G22 1. G30. G68. GI74). folk)\\'l'd by the two 

sampk"i from oU1side the Barth Concentric Plutonic Suite (H 136. H210) 

Even thoug.h unknownanalyscs were scrc"t.-ncd bas<-'(]on the critcriaofintemal 

inwnsistency. brg~"itl·rmr(Sl"<:tion7.3.3).aoo % disCl)rdancy(Sc<:tion7.3 . 4 .3). thelJ;,ck 

scal1ln'd ek"<:tmn (BSE) imagl'" arc pn)\"id~'d in d'g,tal Appcoo,x E for al l anaIYSl". 

excludc·d and non-exclud~'(! alike. so as to pmvide rCa<krs the opportunity to rC-SCT<"<:" 

aoorc-inteTpTctthetotaldatasctasthcys<-'C fit.C01lSidl-rthatcvl-ninte1Th1I1yinconsistcnt 

analyse'S lell US sOlncthingaoout the analytical mdOOdand shoukJ bcr~']lOrted aSllcgati,'c 

resu lts. Note that LISE linages included in thi. chapk-r's ligures show k)cations of 

cxc1u,lcd nnd lIoll-e.<c1ud .. ~1 analyses a li ke 

'IlSFm" g"""·",o,.I."" """'oexh,b1"ruo."mu",,,,,,Ir,,,,.,oro,·oal .. dearlyo. p"""bk tho e"dont 
'''''n'~ n'oa<h f,old of """ ioth".,I<1.C,",t',,,, . "d bt'gh,,,.,, so{t"'g'''"'''' .dJ",tcd ""[Of 0 1>kn'go>ch 



l1.1.JiiJm"k IU()() ofmumockilic qmm--mmq"liorirr 

A lhin-~.'clion of sam pic HlOO ~'Onsislsof(Jlm-Mag)-spe<:kcd (Cpx-Fa) dlMrlockilic QI._ 

lTlonmdiorite, and comains Ihc zircon grains that wcreabbtedinsil". S amplell lOOw'as 

colle<:ted from the di,tioct "'"rangi~h body"' within lhe eharn()ckitic rock -type 

pmjominaocy "'utn of;--'ain [3ay(Scction3.2.3.3),ITomadjacentlhesouth_dipping 

contact with whit;,h charnockitic rock to Ihe south. o\ulooking the w .. ..,tem terminus of 

'"left eyepond-' (figure 7-13). Theauthorobso..-rvcd 00 relati,'c age in,heatorsakmg the 

contad of the orangish body. No OCClI'O have bt-en observed in the orangish body 

which would constitute evidence oftr....'Ttn.1 l disturb.1tlCcduring the ma gmatic,tatc 

28 amlyscs "erc made in lotal, 17 of which remain tlOn-c.wlud<.-d for 

intcrpr<.1ation. Figure 7-1 4'\ i,acollcordia pklloflhc non-excluded analyses for which 

Ihc··sirnp icst sccnario··conconli"ageis 1291 . 8±3.9Ma(1-,igrna.n ~ 17) 

Zircon grains in",g~-d (USE) ,md allalys~~j (Figure 7-15) range ITom automorphic 

to xenomorphic with 111OS1 hYTX,utomorphic. and <.'Ommonly commll hypautolllOrphic 

C<)r~.., of ""riablc faintrn...,s and dcfinitKm. the cores generally exhibiting rough or partia l 

oscillatory Lonation. As ab()ut to be c.'plained. oores rK;cd IlOt be in1<'rprek-d as 

xct)ocrystic . n.c rainlncss and variable definition ofthc cores may be inttrprcttd tn 

indicatc a consanguinou, origin. as wit h oscillatory zonw plagioelasc COr c,.Alternately, 

til<: (, intne," arul variable dc ti nit ion may ind icate inheri tance from a rocx with simi lar 

lrnce elemcnt couemtrat'"n,. su~h a, an oklcr ponion oftbe ciwmu"kitic ro,·k·typc 

pr<.-domi"",,cy_ All in all. zoning P.1ttcTJlS ar~ inconclusive and mult iplc distinct agc 

pOI,ulationsofanalyscstli"t miglit correspond 10 cores or rims nre 110t :'pp"r<'1It. Distioct 

~ge populat ions may nOl>l..1il<:lcss nlSt. though such a possibility lm"t to wall to be 



evaluat(...J using a micIQa""I)1Kal 1n<.11lod asoociatcd with les.~ al1"I)1'Cal scaue .. 

(SHRIMP?) 

Ikforcconsid('TingtheokicstandyuungcSla""lyscs.rc:ldeTSarcwamcdtok)(,k 

agnin the Figurcs 7-9. 7-10 fortllC Pksovicc and lI aIYdrd91500standand<soastonotbc 

t~~npt~~1 into int~Tprcling the apparent spread of data points or into conel"']ing that a real 

spread e~ists amongst SOme points and not otl1<-"". I'~Thaps th..'T'e is a way to d(.lcnnine the 

maximum amoum ,pread that can be producoo by anal}1ica! scaHer and tI)('~l assess the 

sprcooofunkno".-nanalyscs!,,-Tsamp!caccordingly. lnanycase.suchadcterminatkln 

has not bo..'Cn made for this sllldy ,md it isootapp:lrcnttotheprc>cmnuthorhowtolnakc 

it. Rc .... kTS who think they can do more "nil the U-Pb data colkctc..J for this siudy arc 

sincerciycnenuraged tn ,~) SO 

Thcyoungcst - SOO/. a"" ly>cs y,dd a concord ia age of 1284 " S.S Ma(l-sigma. n 

8: Figurc7_14B)and tIICOkkSI - SOO_-." (."Oneordia agcnfI300 *- S.6 Ma( l -sigma. n 

~)_l'lolsforthcoldcst -SOO.mncord,aagcsarcomiltc"ltooortS<.'T"\·csp:lce. 

We ha'-" no c\")dcfICC 1o suggc,' that lhcornngish body ITomwh,ch 11100 was 

sampk-d was aff<''<:IOO by a tl1<.Tllt.11 disturban.cc (rocall that 11100 analyses arc. on the 

whole. the Y"ung~'"l" or 'hose so rar made for lhe llarth) nor co'lCh,ls(\'c cvidc'lCc 

indicating xenocrystic inhcrilancc. "nd 'Ilus no rcasons(yct) to susjlCC t :osignilicant 

spreaJ of real isoHlpic compo~nions nlongcOllcordia (C'Offcspollding 10 ":<l'l'roxi",:<tdy 

wnkm[lOrary" disconlja). TllCrctore. tllC age prov,sio""lIy aCC<'pt~-d as 'no,t plausible I,,. 

Ihisrock is that OflllCsimpicst s<:cnario: 12<)U! :l. 3.<) ,\ta(l-siglHu) . 



75?5gmtJ!cGifiQ(llIlIi""rthi1ic ,fiild/f 

A thin-section of sample Gl6tonsistsofPx-rich antipcrthitic diorite. and contains the 

zircon grains thaI \\,~.,.c ablated in Silu, Samplc GI6 was oollccl~-d from Ihe OUlcr portion 

of tnc Fe-rich rod-tYJ><' pr~-dominancy on toc n()rth-northw~-stcm Harth Concentric 

Plutonic Suilc (Figure 7·13). OIher than that the contacl oflhe charnockil;e rock-I)pe 

prcdominancy and Ihc inncrrortionoflhc Fe-rid north of Nain Bay has Oceno bsl-rH-d 

to consisl of veins and schli~-ren ofcharoockitic rock clongated parallel to tnc folialKm III 

the F~~rich proliominatlCY (de Waard alKI "'ulh~-r11 1974. Mulhern 1974). and Ihat dykes 

of the Fe-rich rock-t)pc elan oeeor within the ca,tem Ol-gabbroic ru.;k·t}pc 

pR-dolllinancy north of Nain Bay. no relat ive agc indicators have 1:><'-'.'11 ohsc,,'c,] 

per1aining to the sampkd portion, OCCIPO occur in samplc GI6 and in most othl.-r 

ncarby S<1mples oflhe oUler portion. and conSlitute evidence oflhermal di,turilance 

duringlhemagmalicSlale. 

27 analyscs .... trc madc in lotai. 70f"hidl rtmainnon·t.,dudcdforinlerpr~1ation. 

Figurc7-16A is a concordia plot of the notl-c1d udl-d "nalysL"S !;,rwhKhloc",,,"pbl 

sccn.1rio'"ootlCord ia agcisI299 ± 6Ma(l·sigma.n 7) 

Zircon grains imag~-d and analysoo (Figure 7-17) range from xeTlomorphic 10 

hypautomorphic with thc av~-ragc morphok)gy "omewhal borderline, SOme grains 

coll1ainingcore<ofvariab1cfaintncssaIKldefinitiollthoughdcvoidofunambiguous 

oscillulory /.O"il\g. O lle xCllolllorphic grain ~1",Kls out by Oci ng 600 1I1I~")l1< long. havlIIg 

1"0' id~-d Ihe 1T~lteri,,1 tor 15 allal)'scs, The gmin has a st~l[lC reminiscenl ofBatlin Island. 

wilh variably fallll and diffuse zoning cu lmmaling in toc IIII"rim as" relatively indusion-

rich longiludinul wtlCofhigh brightness (i,e. high atomic IIll1nOcr.Z). A<rca<Ollcd for 



sample Hl00, COr~-S ofvariab1c lilinlncss mid definilion do nN of,hcm",lve, I'rovid~ 

conclusivc cvidcnce of origin. Thallhe un usu~ny coarse gra in wilh longitud inal zonali"'t 

isofendcmicmigin """m'inw\lIf<Jvcrt ihlc.l'oorf"cia l dcvclop\\1t1l13ndirregulargrain 

,h"I"-" indical ing growlh in confined spaces (Sections 7.2.1. 7.4) oomhin~~i wilh Ihc 

OCCll'O evidence ofT~ .. m"1 di, lurbam;c in Ihc magm"lic SI~lc. m~kc more pl~usible the 

po"ihility of th~Tmally adivattd dislurbancc of the isotopic syslem (for the (X'Cll'O 

evidence. because one subsequent thermal di<lurbance imlieal'>' ,ub"'quCJll. adj3ccllt 

magma1ism. magmali,m whi"h may have conlinued Or r~"{)ce"rrC(1 after tilC rock in 

question was beyond IlIC n~~gmalic "ate). Thu< Ihc }"unge'l and oldest age, arC pl ~usibly 

ofgc"Ological signiticarICc. Unlorttmatcly. however. the small number of non-cxcludc-d 

analysc-,,; req uire the u.<c of 2-'igma '"TTI)f' 

T11C}\J"ngCSI -5()O;'analysesyicl daooncord iaageofI2~O±2 1 .\1a(2-signw. II 

= 3: Figure 7- 16B) wherea, the oldest -5()o/o rdum "Dala poinls lIOt cqui\'alcnt"' ITom 

ISOI'LOT (n - 3). For the youngcsl calcu l at"~l age. a 2-<;gm" ~ .. ror of2 1 Ma currc,I"'''<J, 

to anerror,pan).) ~{'of l hcagc. Ihcuppcrlimiroflhcmngeof % err",spans"h,;"r\'cd 

fur subsets ofthr~'C slandard ana lyses (Secl ion 7.).4.4). 

rhe ,;mplest SCenarK) ag~ofI299 ", 6Ma(l-si g\11a) ;sprov;sional l yaccepk~i for 

this roc~ as represent ing eilher an int ermc~i iate age het wc~n crystallisation wid t,n" l 

disturb"nce or lhc ~"fystalli"'tion 3gC of rcl~l;vcly \ltldi8turhc~i ;,<>t<>pic 

fI"<;sibi li ry;spbusihle 



~/)letW6rofchqrnodilicn",,,.odiorjle 

A thin-_'I<.oction of sample 1306 T consists of [(11m-Mag)] Px·rich cil.1mockitic 

mow.odioritc, howcwf a rod lTXlunt contains the l.ir~'On ablaled in sil ... Sample IJ06T 

was co llected fi'Om the Ol·gabbroic rock.type predominancy imm~-diatdy adjacent the 

eharnoditic.andbYW1linsizcandgc"Ologieal contextappcars t OTl1'resI..~ttchiHcd magma 

parental to the Ol·gabbroic predominancy having I",en contaminated by m,-~ing with 

magma parental to the char"",,"it ic (Sections 3.2.3.4, 3.2.4.2). Another relative age 

indicator at this location arc relat ively finc-graitll-d inclusions of Ol·gabl""ic 

predominancy cnclos..,,1 in the charnockitic and bcaringquartz and feldspar xcnocry,ts. 

The Ol-gabbroic and charnockitic rock·type prc(lomancics along much of the contact 

south "fNain Bay appear to be comagmatic (Sc"Ctions 3.2.3.4. 3.2.4.2). No OCClpOI),1vc 

been obscrwd at the sampling location which would constit ute c·videTIl"C oft)k.--rmal 

di,turhaoceduringthemagmaticstatc. 

46 analyscs We'"!"e made in total. 21 of which remain lIon·exdud(.-d tor 

'"terpretation. Figure 7-18A is a concordia plot of the non·e~clU<.k,1 anal)"ses /i" which 

the"simplcsl$Cenario'·coocordiaagcisI319.2±4.9Ma(l-sigma,n 21). 

Zircon grains imaged and ana lyS<.-d (Figure 7-19) range from .1enonlOrphie 10 

hyp.1utomorph ic wit h most hypau1Omorphic, some oc"Curring in c'O!1CClltnllions or 

aggrcgMCS of tWO to scveral grains. and e.hlhil valiahly d,ffuse, im'gular, ambiguous 

mlll"g pallems WIth higher "tomic numl}(:r areaS comn'OJn i)" )lOsting dC\""k~1 

cOTllcntnllions of tine inclusions of C<Juant cmss· ... "tK)n (apatite".'). l'lXIr facial 

dc,eloplocntand irregul:.rambiguous7.0ningpaltc'"!"nsindkmcg.r<lwthmconline-dspa"cs 

"'Kl make mmc piau,ihlc the susceptibi lity of the isotopic systems to ~uhs<.'qU('nt 



disturrn"Il'C. Chil l rocks in parlicular may experience crystallisation-contraction more 

p<,n'asivc (tmlporally a'1(1 therefore spatially) Oe.;:ause of the shorl window of time 

I\"aiable for the inl10w of exterior mclt to accommodalC cryslallisation -contrac1ionofthe 

C"rli~T minerals (e.g. plagioclase, pyroxene). Perhaps this is the explanation for thc 

divcrsclyorielltedpbgKKlasebthsc"idcntlydctol"TOC'lia[l(lrL'Cfyslalliscdprescn!;n""me 

rocb (c.g. samplL'<l as H(3) oflhechilb! margin oflhe Ol-gabbroic predominancy soulh 

ofNainl3ay. 

The youngesl - 5001o a""lysesyicld a concordia age of 1308 ± 7,1 Ma(l-sigma, n 

- 10;Figme7-18U)aoorheolUcsl - 500lo acor.cordiaagcofI329±5.9Ma(I_,ig",a.n a 

10). 

Although we ha\'e 00 cv;dcnceto suggcstlhal the TlKk reprcscnlC'd bysamplc 1306 

r was afkcted bya thermal dislurbance. samples 111 00 a[l(1 GI6 rl-preM:nt rocks having 

erysl"llis~-d or experienced thcrmal di,turhance at dates younger th:!n the youngest agc 

c\'id<,nt in the present data for s,1mplc 1106 T, 1I1l'Tcforc, thennal dislurbance is 

contcxtu:rllypiaus;blc for the I:in:on or sample I106T. Perhaps the olde'l ageofl329 ± 

6.9 Ma (I-s;gma) is geologically meaningful. being in ag""'Cmcnt Wilh the OMe"l ages tor 

Ihe two Ol-g:rhhrok samples dated by Gaskill (2005; Figures 7-3). taken from ]o"alions 

- 1.3 km 10 the wcst. wit h the spread of younger ages ;n all tnree samples (minus 

anal},icnl:;.;unerrorB06TjducIOSUtJsctlucntth"nnaldi,lurbancc 

Given, now""cr. Ihe sirong evid.:once ofcm"J!;matism akl!\g Ihe ch~r[l()("kn i c_OI_ 

gahbroicconra<:t southofNarn l1ay, pcrh:!ps the simpk>;[scenarK) Jgc of 131'1.2 ± 4.9Ma 

(I-sigma) is g~~)~lgi"al1y meaningful. being rn agrce'ncnr with ag~"S of 1320 1 1.5 (2-



sigma; Hamillon 1997) lor a rock of the "harnodit ic spectrum taken along the same 

oontact-I .8kmtothcwc:;t andofl321 ± 1 Ma(2-<igma; Ilamilton 2002pCf's. comm. 10 

Ga,k iIl 2(05) fora rockotthe Fe-rich slX'Ctrurn taken at the wcstcm end of Barlh Island 

A"uming thnt lhe 1320 ± 1.5 Ma ago Ii" a chal1l()ckit ic rock is accurate and not an 

in tcrmlxl inreageoctwecncry,tal lisat ionatlCl final dis\ilrbance (an assumpt ion that scems 

IObcaparl"fgoologica l o"hodo){y)andassuming that the~ovidemlycotrlJgm.,ticcontaet 

i. oot compositc it!>'olv;ng different gen~'Tations of co magmat ism. the simpk-st scenario 

agc of 1319.2 010 4.9 Ma must bcacceptcd as thccrystallisation age of the mek rq'R""""fltl~1 

hy sample 1306 T. Nonetheless, in the ah,ence of a large datast.1 of more precise 

m;croocam analyses oot exhibiting ana l >~ical scatter (SHRIMI'?). the present author 

~'()nsid<'Ts all conclusions rlrawn from the present LA-ICPMS analyses a, pmvisional 

754 'iam"lrGlll o(charnndti';cnwn",,/ieritc 

A thin-s<-ction of ",ml,le G221 consists of Px-rich charnockitic monzodiorite. and 

")l11ains the zircon gmins thut were ablated in sim. Sample U221 was colkct,,1 from the 

centre of Barth lsbnd (Figure 7-13)_ from an nrea depicted in this work as underlain by 

the Fe_rich pr~'dominancy (allcr the' mapping of Ryan ]2001] and Gaskill [2005]) but 

having been lm,ppc'd by Levendosky (1975) and Wallace (1986) as underlain by a 

rough ly 600 m diameter circular boJyof,har1l<lckitic predominancy (as in Figure 2- 1 

atkr de Waard 11976] except shi tt~xl1l<l"hward. straddling the coast). W311ace(1986 p. 9) 

deS/:ribcs the ~'()"lad of this body as "catacla8tic-- with charnockitic ruck ;ntrusi\'e into 

Fe-rich. OCClI'O occur in smnplc G221 and ;1I an Fe·rich s:Jmple take" ncarby (G219; 



Figure J-4). and wnstihJtc evidencc ofthcrn~1 i disturbaoccduring the magmatic statc. 

Another sample of chamockitic rod (G220). taken midway bc!wcen the tWO OCCiPO· 

bearing <.amples. is devoid of QCctt'O and c~lIlt ains percent fayalite. evidence lhat the 

sampicrcprcscntsaso.:paralc illlrUsi\'c phase (i,c, as<.-paralc inlrusion or empiaccmenl of 

difTcrentcomposilion) 

21 analy,e, wcre n",dc in tOlaL 15 of which remain non-cxclude'tl for 

intcrprctation, Figure 7-20A is a coocnrdia 1'101 of the non·e~cludcd analyses for which 

the "simplest sccnark)"wlICQrd,a age is 1302 ± 3 Ma (I -sigma. n ~ 15) 

n'in-scct ion G22 1 contains only two zircon grains. located 5 mm apart. and 

unnsuallyc'Oarscaoid hypautonlOrpliic. eacll500 byJOOto 400 microns (Figure 7·21) 

One grain ,.< adjacent 10 ""wral. finer. ~erlomorphic satellite grain., all or >om", of which 

may ha\'c oc.::n cont inuous out-of·scction as an oikocryst. The COarse grain cxhibits faint 

zoning. larJ!cly diffusc hut locally abrupt, with one darker (i.e. lower ~t()["ic nurnht'T) 

zone defining the upper portion of a lr~l'cmid ccntrcd around a prominenl cmb.1ymCnl in 

the grain. The otrn,,.. kss xcnonJOrphic coa,-,;c gmin i, rooghly dia'llOnd SI~1(X'd. with dark 

rims "ionJ! two para llel side,. onc oft llC rim' being wntinuou, with lhough urthob'llnai to 

a 70ne of rooriy dc·vl.'k,pW oscillatory zonation apparml iy having infilled an earlier 

growth\'allcy, )'crhaps the coarsenCl<softhcsc zircon grains indieaicspmtmck'd gr<:m1h 

On sparse rm~i ci. (X'Thaps due to thc samc. dislurbed thl'TllIal hislory i nl crprC1~"(l IO have 

cau~"d 0('('1)'0 i'mn:Jl""' . Perhaps. lhen. Ilke (XCI PO. lhese zircon grains exhihit 

min imal strain. and thuscxhib;1 ,n;rtimal susccptibililytodisturbanccofth<:ir i."top,e 

systcms.if"niy"c un,k'T,loodthcc\'oivingacoorr.,)(ialionofvoiumc(lcficit in1nxiuce'd 

by cry,tallisat ion·conl rad ion dun ng the cr)"tali is.atKm "'<1m'llCe ofp iutonicmcks 



rheyoungcsl - 50%analyscsyicldaconcordiaagcofI292.4 .!.4Mn(l.sigrna.n 

- 7: Figurc7·20B)andtheoklcst - 50'!'O aooll,;onl iaagcofI311,5±4.6M a( I·,igma.n -

The 'implcst sc~·nario allc of 1302.1. 3 Mn (l ·sigma) is p",vi,iona lly "cccpt~ ... 1 for 

thi srockasrcprcscnlinglhecrystallis.11ionagcofrclalivelyundisturbcdisolopicsystcms 

Althcmghpo'\·Cly"la lli8at ionlOC1"m.11 pulscs arc conlexlua lly plausible. wchavcasofy.:l 

noevidc 'lCCtosuggCSlth"tti1ciso\opicsys1Cmsoflhezirconanalyscdwcrcsu-"cq)tiblcto 

A thin's(\;lion of o.amplc GJO con,isls of eharnockilic QZ'lmnzonitc, and cont ains the 

zircon grain> llw weTC ablat ..... 1 in Silu, Sample G30 was colb:t< ... 1 fj-omlhc not'1hern arc of 

chm!lockitic nKk·\ypc p .... :·dominancy (Figure 7·13). A, already "'cntiol1<. ... 1 t"r sample 

G16. oli1cI than that thecontactoflhcch,trllOckilicmck·typcpredomin "ncya,Kithcinn""1" 

portion of the Fe-rich north ofNam Bay has been obscrHxl to consi$1 of wins and 

schlieren of charIK",kitic rod, clongaK'd paralld 10 the foliation in the Fe·rich 

p ..... 'dominancy Ide Waarrl ,,,,,I Mulhern 1973. Mulhnn 1')74). 110 relat ive age ilKiicalOrli 

ha,·c i1ccn observed pct'1aining to the samplc"<.l ponion, No OCCII'O havc becn ollscrvcd 

in the no't h~"1"n arc of charnockitic predominancy whidl would c ... mstl1ute cvidence of 

lOC1"mal distllrlxmccd uring ti1c magm:<Iicstatc.' 



27 m~1 I y,e, were made in lolal. 14 of which ,emai" 1I01l-neludl~1 fi" 

inll'Tprc1al ion. Figure 7-22A is a concordia pk)t oftnenon·cxciudl-d analyses for which 

thc"simplcst sccnario"cor\"ordi" age is IJ02.2 + 4.J Ma(l -sigma. n M 14 ) 

Z,rcon grains imaged and ana lysoo (Figure 7·23) range ITo", automorphic 10 

~cllOmorphic with most hypauhllllorphic. mI(l commonly exhibit Ur1LAJIICrl. k>w atomic 

uumher n~1rgins ofvariablcdiS<.'Ontinuity sUlTounding j",crirlT> exhibiling variably fai",. 

hYP.1Ulomorphictoautolllorphicoscillatorywnation. Othcr grains orothcr portions of 

grains cxhibiling oscilbtory zonation cxhil>it irrcgl,br. aml>iguous zonation pallc'm. 

Somc gra ins cxhil>it sc-c<.1 c'Orl"Sorotherwiscsrn,'" Loncsofhigh atomi cnumlx'fand high 

COIK;cnlration of fine. circular inclusions (apatite?). oomc of thcse areas emanating 

ilTegular cracks ofthc kind convcntional ly intcrprctcd 10 haw \Jcen caused volumc 

expansion "f metamiCI domains (revicwoo in Corfu c/ ai, 2(03), Alt hough wc might 

imc'l"ct such high atomic number ZOnes as inherited c'OrL"S, sOlne wains conl:l in IlK"C 

thall One (G30 <J) or conla;n them in a spc<;iik. mOre 0' bs concentric gmwth mlIC (GJO 

7). cvidcoce in'tead of an eOOemicorigin. Fair facial de\'ck>pmcnt ofcry,;lalsand good 

lacial dc,dopment of ZOIll.-d. grain·dominating Interiors make k"" plausible the 

,u<;ccptibil ityot'lhc isntopic Sy,;lCmSl0 SUbsL"q ucmdisturbancc folk)\\'ingthc lines of 

reasonin)l(lc,cio!,<:ualxlVe 

Thc·Y<lUngcst -5~·,ar"' l y<;<-",y;cldaconcordiaage() f I299 -t 6.4:"1a( l .sigma.n 

7; Figure 7-22B)aOO thc>okk'St_SO" __ o aoon,;ord iaagcof I305± 5.7 \b( 1.,igma.n 

The simpbl scenario age of 1302.2 -'- 4.3 Ma (I-sigma) is l"O\;,ionally acccpk-d 

for Ihis nICk as repres..·nting the cc)'l'tal1isation :'gc ofrdat ively ull<listurbo..-.J Isotopic 



sy;wPnS. AltilOUgll post-crystallisalion thenllalplll.,,-'Sarccontc.~tuallyplausihic insoraras 

youngcr irltTm~m or disturooncc is on evidence in rhe charnockitic rock-type 

prcdnminancy south ofNain Bay {"ia sampic HIOO). wc have as of yet '10 cvidence to 

sugge,t that the isotopic 'Y'wms of the zircon analys<~i WlTC suscept ible 10 thermal 

disturbance. FurthernlOre. the silllpl~"St scenario. youngest. and o~lcst agl'"S all overlap 

ChiCly within I-sigma. ~·Iorcovcr. th=: ages overlap wilh the TT10,t plau~ible> simptcst 

scena rio age detem>ination f"rsample GI6, wkcn roughly 800 m to the 'IOrtllCasl. ofl299 

±6Ma{l -sigma). 

1l"6wm"ir(i6Sor""litl1'r/JwicdiQrilf 

A thin- scction of sam pic G68 consist, of [(lim_Mag)] Px-rieh Al'r dioritc. 'ltid contain~ 

the zircon grains that were ablated in sim. Sample G(,~ was colk<;k'd ITom the 

'IOrthwcstcm imlCr, annular portion of the Fe-rich rock-t}"P<' pn.:dominancy {Figure 7-13). 

Thc rcl ati\'cag~ indicators lorth isarca ha\'ealrCJ<lybccndcscrilx--d r.>rsampicsGI6and 

G30.lh"t ()fchanlOckitic \'~in,andschlicrcn in the inncr.annularportionofthe Fe-ri,'h 

pmlominancy iJJlm~-diately adjacent the chamo.>ckitic and ofdykcsoflhc Fe-r ich rock

type clan occurring in the casten! Ol-gabbm,c mck-typc prc<iominancy nonh of Nain 

Bay. No OCCIPO nrc prl"Sem in thin_,e<;lion G68, b", arc present in the two samples of 

,im il:or mck (G69. 70) taken closcr to the ,""ntact with tllC Ol-gabbroic prL'(I"min"ncy 

1'~rhJI" 11IC rod, n"pr~scnk~l by samples G69. 70 were 1hcnwlily dislurlx--d in the 

magmatic .tate hy magma parent,,1 to the rock rcpresentc-d by saml"~ G68. ha"ing 

int,U(k-d ,ubS<.-'qucnt to the first contact {I),1de with the Ol-gabbroic predominancy by 

magma parental to n>ck ofti>e Fc-rid1 prlxiominancy 



16 analyst·s were n~'Kk in total. 9 of which remain non-excluded for intcrprClation 

Figure 7-2·M is a eono::urdia p~)1 of the non-excluded analyse>; f(n which the "simples! 

sccnario"concordia age is 1328 ± 6.4Ma(l·sigma.n ~ 9). 

Zirmn grains imagc..J and anal)'St-~1 (Figure 7-25) mnge lrom XClKlIlXlrphic to 

oortkrli nc hypalltolllorphic_xcII01l1O'l,hic. and (:ommonly exhib,t tapercxl c .• tremitic. 

ind,callvcofancndcmicorigin (allcastlbrthcc .• tC'1'iorponions). Zoningfl'l l1 cms"'I1gC 

from fa int irregular. ahrupt to diffuse. to b.1nded Or oscillatory. wnh some grains 

cxhibitingOOth.00ICgrain(G681-5)wntainSHCOTecxhibitingbaoocdlJlnation aoo of 

\'ariablcdefinilion.alKltbl:TcforeofinconclusivcOutplausiblyendemicorigin.l'oor 

facia l develop"lCnt and irregular grain shapes indicating growth III confilll~l spaces 

(Sections 7.2.1. 7.4) lIIa~c nlOrc plausible the possibility of th',.'1'!nally aet'''at~..J 

disturb.m.:cof the isotopic systems. Thus the younscst mid okkst agl'Sarc pllOusiblyuf 

gc~)logical significance. Unfortun:lldy. howen'1'. the small numocr of lIo,,-ncludcd 

analysl'S rl-quire tt-,., u."" of2-sigu~1lTf"Qrs. 

Thcyoul1gc>t - 50" o analyscsy,ddawllCOnlia ageoflJI6 ± 9.6t-.h(2.sigrna.n 

4: Figure7·141l)alld thcoklcst - 50"'. a coneonlia age of 1345 J: 10 Ma(l-sigma.n 

4). For 11k· younge'St ""d okkst eaicuiJtoo ages. l -sigma crmrs of 9.6 :md 10 Ma 

WITCSPOIK! 10 error ~p:'ns 1.5' '-. oftbe age. 0.3 '1. bc~)w the lower )imit of tbe mnlle of°'-' 

efmrspan~obscrn'(l forsubs<.1soffouro;talK!ardnnal)lSl-'S(Sl'<:tion7.J.4.4) 

The simple-st "-,,,nario al:eoflJ28 i 6.4 Ma(l·sill",a) is jlfO\ ' ''kHl:Iltyacccp!l~l 

for this rod as rcpre-scnting eitber an ;nl~'1'rn....J,al~allebctw<xn crysta ll ,s:,tion and final 

disturOOoceorthcerystalhsatlOnageofrclati,·c!yundislurbt.--d isotopIC systems. Eithl'1' 



p<.>ssibihty is plausible. For Ihe fonllCT p<.>ssibility, Ihe ma~i111u111 agcoffinal disturbance 

iSPWllisionallyaeccptooasI316 ± 9.6 Ma{2·Slgma) 

7 \' 7 'igm"k Gn" e(glll!nmhjtic diQdIC 

A thin-Sl'CtionofsalllpicGI74 (:ons;,Isofl'x-rieh AI'r diorile, and mnlain, tr.c zircon 

grains Ihal w~"e ablalL'<I ill s;w. Sample GI74 was ooliCCloo from Ihe circular body of Fe-

rich roek-Iype pr~>dol11l1lallcy .." .... 10 ... '<1 by Ihe brge, semicircular budy of Ol- free 

annrthogabbroic rock-t~pc prcdo"''''"'''''y d"mk~1 by Ihe north shore of Naill Bay (FiSure 

7_13)_ No ficidobscr\'Mions ha"c been rcp<.>rt~>d for Ihe eireu iar body and no relativeagc 

indicators ha\e b.-cn rq)()rtl'<l for the OI-fr~'C :morthogabhroic rock-Iype predominancy_ A 

plulonic bodyofcircularcross-scction encloSl>d by plutonic roc); ofdiff~"cnl cOI1lp<.>sition 

may, On its ow,,- be ink'rprct~>d "' rq}r~'SCnlins any of a numher ofthinss. e_g. intrusive 

pipe. xenolith. segregation, diffe .... ."tiate_ Pl"h.1PS the circular body in oonsio:ll-l1ltion 

rUf111l>d a~JlI-"thelletll"ml inle'1'retation ofX ue tltld Morse (1993) forthc fortlwtionoflhc 

Fe-rid rock-Iypcclan oflhc Nain PlulOnicSupcrsuilc.bya poohngofintCTSlilialliquid 

drai",,'<Iouloferystalhsmganorthosileand.or,\"eryleucO<;faticgahbmKI. AssulIlingllt:Jl 

the circular body is cons.angulllOUS with enclosing OI.frc'C anonhosahbrOIC rock, and 

assuming the scmicircular body to be of unifurm agc wilhin ~'lTor. we may prl>diCi a 

Cr)'SI'lliis-llion agelhe ,mnea,lhal d~1Ll1nincd for sample GI80 ofanortho,itc lakcn 10 

IheWl'Sl,of1333.2 ± 3.8M"(1-S1glna,Ga,kI1l2005;Sc'CllOn 7.1. Figure 7·]), Howe,"er, 

anotlll"circularl y.mapJll-~!bodyofFl"'richprooomin:!I)cyoccursJ60tna\\'ayc1lclo,cdby 

Ihe Ol·gabbrot<: prL"<Iol1l1nancy on tr.c opp<.>.;te SIde of lhe exterK)f contact oflhe 



scmicircular body. suggesting JX'Thaps that th..· circular hodics arc consanguinous with 

ncither host. that instead thcy rLllr<;scnt xC!lo Iith,or;ntrusivcpipe" Orpl'Thaps thetw!) 

are of different origin. In any case, ocerro occur in samplc G174 and constitute 

cvidcnccofthennal ,listurhancc during the magmatic slate, 

)4 analyses WeTc madc in total. 9 of which remain non·cxciudl'<l for int~rprctation 

Figure 7-26A is acon<;<)rdia pkllofthc non-excluded analyses for which the "simpiL'st 

sccnario"concordiaagcistJ37±SMa(1-,igma, ,, 9), 

Thin's<-'Ct io" G174 mntains, among 13 zir<;on grams Iocatc,l in two. millimetre--

s<:alc thic~ pyroxcnite bands (mrc in lhe Fc·rich rock-typc cian), two unusu:<lly marse. 

neighhoring hypautomorphic zircon grains, the coarser of the two 500 microos in 

diameter and bordl'Tline xcooJ1lorphic. thc linc'r 300 micron, long and bordc'Tline 

automorphic (Figure 7-27). Eat'h gmin oomains a relatively fmc, high atomic numtJ..,r core 

of roughly triangular cross-section (not analysed). The core in the coarser grain is 

autolll()rphic,c,hib itsosci ll atorymnatK)tl,a".;ic1nanall'Srad ial fmClUre,. Thcwre inthe 

liner gmin is Iocatl'<l ncar thc l'<lgC of the gmm. ahih,ts md"tmct imc'fTlal ddail. and is 

the locus r,,, two onhob'Onal SClS of fractures lh~l rollghly parallel the kin)! and short 

dire<:lionsofthc larglTgra;n.ThcremainderofcachgTa;ncxh;bitslainI zonation, locally 

scctor-LOn~tion,withsomcscctorsandarcascxhi bit i ngtainlly\i,iblc"s<:illatorywnation 

raral)~l the gn.;" mmgin" Perhaps the warscnCSS of these zir(.'On grai'" i"dicak'S 

protracted growth on 'parse nude" perhaps due to t h~ sam~. d"1Urbc~l tho:rmal history 

intcrpr~lc,l til havc "aU"-"! OCCIPO formalion. Perhaps. tlK''', like OCCII'O, thesc ~irc,)n 

gmins exhibit min,mal stra in, and thu, e,hibit minimal susccpti bilny 10 ,listurb,,,ICC o f 

thciriSOlopicsySlems 



The youngest - 5(W. analyses yield a concordia age of 1332.1 _ I J Ma (2 -sigma, n 

= 4:Figure7-16J1)and thc()luest-50%act)ncoru i aag~"f 1337.5 ± 7. 9:-"la(l·sigma.n -

4). Forthc youngcst calculated age. a 2-sigJlla CtToroflJ Macorn."S]x>rul sto an CITor "pan 

of 2.0"10 oftfie age. within the range of % ~'lTor ' pan, ob""T\"~d lor subsets of four 

standard ana lyses (S~'Ction 7.3.4.4). By cont rast. for the oldest ca lcu latLxI age. a 2-sigma 

ctTOT span of7.9 Ma coITcspondsto an crror span of 1,2% oftfieage. 0.60/0 bck,Wt he 

lower li miloftherangcof%emlTspansob,ervedli",ubsct,ofluur,tandardanalyses. 

TIICsimplcsts<:cnarioageofIJJ7·j 5 \·t a ( I.sigma) isprovisK)nallyacccplcd filr 

this mck as rq)f~';SCnting the ~Ty'talli,at;':'n age ofrciati,'cl y undisturbed isoH'pic 'y'l"m". 

an age overlap pi ng with in erroroftllC IJJJ .2 ± 3.S Ma(2-sigma) predicted a»uminga 

consangui",)u< origin with the erlCk"ing mck and a comlllon age betwecn the 

inun~'diat clycrIClosingrock andtllCdated rock to IIIC wesL Allhough pmt-cryst all isation 

thermal pul""arc contextua lly plau'iblc. wc lm vc ",of yet no e, ideT>cc to sU!;gcst that 

thei solopicsysremsofThezirconanalysc<iwcrcs"sccptibletothemmldi,turhmH:c 

Perhaps ocelPo formed in lh,' n)('k repre,entcd by GI74 wh~n" ,uh><'"<luenl 

pooling of dcnse, int~,.,til ial magma descended alongside, the poolc<l magma rc'pre"'nt~d 

by (j174 having und LTgonudclormation by contmctiol1 of the pooling cav ity (excepring 

the roug,hly coocordanr orientation, of the tWOp}Toxwite bands. no SPO are apparent in 

th in·><.xotion GI74). Stil l assuming relat ively Un<]islurhed isotopic syskm,. "11 "ItLTlwtc 

intcrprctat ionisthatlhucircularbo<i),sarnpblrcpres<:ntsaxeoolit h fi>r1,-",d <eVC'nt I My 

earli cr than the enclosing ro~k. Ihu OCC1PO havin!! f0I111 cd before or as t he rod bccanw 

a.'Ctlolith 



7S85qmplellii6offe_11-9\'iJe_richmctql'ilbbroid 

A thin-scction of sample H136 wr"i.t. of PI-phyric (Jlrn-Mngl]-rich mctagabbroid. 

howc\'~..- a rock mount wmains the zir<:on ablated in si"" Samplc 1-1136 WaS \.-oll~-ct~'d 50 

m south of the Barth Concentric Plutonic Suite. we.t of Akpiksa, Hay. ITom rcbm-ely Fe

Ti_o~id~"rich gabbroid c~hibiting awegatc sro and imcrk awd with anorthositc (or at 

least , 'ery 1cooocmtiegahhroid; Figure 7·13). As discu""ed in Sect~)Il24L2.1he rock 

type is considcred mrillgabbroid bc:'Cause morctllan half of the mafics in the tIHn- .... ""tion 

arcsct:Ondary. includingtr<:rnolitc. \'artablyblucisll. 1:',-=3ml,h,1>0Ic. chlorite. and 

unidcmifi<--d reddish brown mincral(s). Tog\.1hcr with relatively (or absolutely) Fc-Ti

o~id<. .... ich gabbroid. anorthosite. lcucogabbroid. and mcsocrntic gabbroid cOlilprise the 

rock typcs prcscnt immcdiatciy south ofthc Barth Concentric 1' lu!Onic Su,tc. Ry;ln(2001) 

and J. Ilinchcy el al. (1999) dcoscril:><: tl>c rciatiwly F~ .. Ti_o~id\."rich gabbr()~ls as 

occurring as dykes. an obst:r\':ltion largely \.'Orroborat<--d by tile present author (~lst 

Jl'lf'~grdph Scctiun2A.1.2). Conclus,ve rclatiwage indicatorsI><.1w'-'<.~1 ",,,ksH>tl>csouth 

and thc llanhConccnmc PIUl<)mc Suitc haw yet to bcohscrn-d (Sc-ctiun 2.4_1) 

28 analyses W<-'fC made in total. 21 'If which remalll fl(}n-c~dud,-d for 

ink..-prctatiun_ Figurc7_28A is 3CoII,,,,,ha plot of 11:><: non-excluded analyses for which 

the"si'nl)lcstsc\.~mrio··coocordiaageis 1321 0: 5.5 Ma( l -sigma. n 12) 

Thin-s/:<:tion H 136 and the surf""e of the mount wntallllll): tl>c ~nalys<--d ~ircon 

rcprescnt s<-..-ial sections of the salllc \olume of rock. Thlll_51,<:tlOllundmounteach.n'l1alll 

]1Ortions of the same 7.ircon oceurmlCe. ooc of the only zircon oceurrcncc.1i)~])d in a 

rciatiwly Fe·Ti·oxide-rich gabbmid from south ofthc Barth. The OCCUrre'lCe \'~"bistsofa 



l()ftlJ()US, Iocallydi,co nl inuous rim of zircon manlling(largely tncmagndite ponionol) 

an irregu larlyslwpcd oompositcgra in of ilmcnitc-magnctitcaoocxhibitingan irregular. 

rrot ubcrat l~1 exteri", boundary with si licates (1)late 7-1. Figure 7·29). The rim is kH'ge,1 

in thclTlount.spanning a distance of6rnm.The rim cxhibilSvariably fa int zoning.dif/use 

10 abrupl. 1c}Catly a, wisps. bands. or ,ector zoning in summary. irregu lar and 

ambiguous_ a, expected Ii" a lat ~-stag" ",igin, especially a reactionary One with onc or 

more small melt rcservoirs across an irregular surface. The late-stage origi n maKes 

plausib le 100 po,sibil ity of therma lly act ivawd di,t urban~~ of th~ iwtopi~ syst~m>. 

rheyoun8cst-SO%analyscsyieldaconcordiaagcofI3 16 i 7.SMa(l -sigma. n 

" 6: Figurc 7-28BJand theoldest - 50%a concordia age of l327 -.- 8 Ma\l_ si!lma.n~{j) 

1'ht.'SC two agcsseem dubious. however. givcn that atl but thctnrl"<lmo,t l"TTOllCOU' error 

etl ipsesin tocpopulal;onot12 closcly overlap. thaI the analyses tor sa mplclltJ6dispby 

the lea,t amount of ",alter. whether anal ytical", mlK"w;..:. uUl of tlx; llill~ ,amples 

analysed . The simplest SC'-~'ario agc of 1321 .i 5.5 Ma ( I-sigma) is tha d;"c provi,iOlmUy 

a~ecptC\l for this rock as representing rhe erysmll i,mio" age of relative ly undisturbed 

,sotup,esy,k'ms. 

A rhin-section of sample 11 21 0 consists of leucogabbro. Unlikc the O1h~r eight ,;amplcs 

hoW~\'er_Lircu" i,,,ut prcscnt in tlic Ihin-scCl io n of samp le 1!210, and SO a gralll ",.)umof 

~.ircon ""paratu, wa, nece,sary 10 provide mater;al tor ablation. Snmple 11210 was 

coliecte,i fi-omthece ntral llm.enbcinrluton(F ig ure7- 13).fromarcprc,cnlat iv"outerop 

in:l wel l-expos.:d area where lor hundreds of metres (at least to th~ ~J<t , w~st , a,,.! south) 



rock Iyp,-, and te~ture ap""ar more Of kss hon)(>ge1lcous 10 lhe unaidC<J eye. As sp.:culmC<J 

al Ihe cnd ofChapl~r 4. sample 11 210 is tnc besl candidate collected fOf r~'Pr~-scnting a 

dominant. "oluminous ,-'",placement of silica ""tumt",1 basaltic magma that we may 

imagineoriginMC<J thed i,tind bodydclincated today as the Hoscnbcin pluton. Relati ve 

ag.: i ndi~"tor> include brL",cia rcbt io nships a~"'g the easl~m and wcsl~rn margin_' oft l", 

pluton. in wh ich the OI-tTL"\:. PI-dominated gabbroiJ .:haracterislic ofthc Hoscnbein 

plulon (that whieh might be represented by sample 11210) con S1i1Ut~-s tnc brlX'cia 

matrices. In the cast. tnc brL'<.."t:ia is ink'TJ'lulon, wilh h~)Cks apparently dl'1'iH'<l fro", the 

n)(> ..... !eucocratic Unity Bay pluton (Ryan 2001). In the ,",cst there are some blocks 

apparently dcriwd ITom the more IcuCQcmtic Lister pluton (Ryan 2001). but '" the 

preSCIl1 author. study area. along tne central wcstcrn margin{Figure4_2).l hebr~'Ccia i s 

intrapluton. consistingofa vmictyofOI-gabbroic and Ol-frccgabbroic blo~k s(Sl'Clion 

4.3) witbuul plau,ib1e nlcr",,1 sourc", s)_ Assuming Ihat the crystall isation age 

dctennincd for sample H210 is the same within error as the intmpluton brc-.:eia matrix. or 

at least the last OI-lTee gcocration of it, we may constrain the brcccia hlods as being at 

28 analyses were made in total. 21 of which remain non-e.~ch,d~'d tor 

inll'TJ'retat ion. Fig!Jrc 7-30,\ is a ~'Oncordia plot of the non-c.,eluded analyses tor which 

thc "si nlpl cs\"'mario··~oncordiaageis 1338.7 ± 2.8 Ma(l·sigtna. n - 21). 

rhe 7.i rcon separates an,1Iysl'\t exhibit variable degrees of roughn~"'s and 

li"act uringarouliJ the edges. and So therc is "' lCcrta intya< to how elo>elytl""cparatc, 

rep"-",,,nt their miginalgr, inn>J'1'hologic_<_ All that can be said with cl'11mnty is that tl", 

SC",1rall-S arc ootnlllOnly hYP"!Jton)(>rrhic (Figure 7-31). Zoning is getll"l1llly Ilbr"pt. 



thc)Ugh o('-:triable fainlness. as citoc"l' scctor-zoningora combination ofscclOr-wning 

and nscillatory l.oning. The <liffusctlCss of ~.oning COmmon in late-stage ~;roon gr~ins 

from olh.:."I' samples is abwnt in the SCJX,ratL'S allJl)"'l"l for sampic 11210. All in all, the 

loningp.1I!c'Tllsand rcmnanlgrain mO'1'hologics:trc ambiguous rcgarding the polcnt;al 

susceptibilityoflhci",topicsystcmstosu!>R'qucnldislumancc 

Str~ngcly.thcyoungc'St -5~. analyscsyici<l"concordiaageofIJ40.4±4.3 Ma 

(I-sigma. n - 10: Figure 7-JOB) and Ihcoldcsl - 5O"1o a concordia age of1331.8 .i 3.9Mn 

(I-sigma. n 10: " igure 1-3C1C). Wll:atC'L"I' Ihe reason that the youngest analyses by 

~akulated 7/6agc provide an older concordia age lhan thcoldcst allJlyses. oothanswcrs 

c~I""ly ""c",lap the simplest secllJrio age of 1338.1 ± 2.8 Ma (I-sigma) 

The simplest seCIlJ';" age of 1338.7 ± 2.8 Ma (I -sigma) is provisiom,lly accepted 

forlhisrnckasrepres.,'l t ingtr..:crysta ll iS(ltionageofrcialivclyundislurbcdisotopic 

systems b.."Causcwc have as of yet no e,-idcnec to suggcst that tlll"l'maidisturbancc is a 

con"'xtualpiausibilityorthattheisalopicsystcmsofthczirconanalysed"creslIsccptible 

1011lc"'''~1 1 diSlurrnlnccOr e,'cn lhat 1 .... "I'mal disturbance. 

7.6 Ih'cOI"idc ring SOlllc pr('v;ous rrsull. 

Zireonand haddcleyileofthc OI-gabbfOic rnck-typc clan of the Bar1hConccntr icl'lulonic 

Suite show no c"id.:nce (or al moM rare. ambiguous evidcnce) for iuherilDncc. bill mther 

gr~ll1 loo'1'hcllogi .. 'S. minlT.lI contact relationshIps, and mllJI;"n JXllIlTns mdieati,c of 

largely blc-stagc. interstitial erystallts:tIKln (ChaptC'l' 6). TIIl",dorc_ the sl""<'a,1 of 

mn<;ordantanddis,:oruiaintcrecptagcdc1cnninationsbyGaskill(200S)filrbaddc1eyllc 

SI . .'paratcsfromOI-gabbroic'klmplcsG24).246(Figll'" 7-3) m:ty bc plausibly interpret.:.xJ 



a~ rcprescnllng vary"'g degrees of approximatd y contem(llmu), Pb loss by thenna l 

disturbance of lJ·f'b sy'tcm~ hosttd by gra ins having cxpt.'Tienced vmying degrees of 

strain imp.1r1ed by defonnat ion of the "ystall ine mJtrix surrounding them in 

accommodation of crystallisat~)!\ -col1tract~>n_ As pt.'T the reas(lning dctaihl in Section 

7.2.1. l318±2and 1314010 2 Ma arc the oldest possible dalcs. rc:spccl i\"ely. for the 

youngest mod ifications of the badddey'te-hosk>d lJ-1'1I systems of samples G243 and 

246. In contrast to baddelcyite. the zin:on st:paraws from sample G243 yield a oommon 

CO'lCordant and discordia mtercept age of 1331 ± 104 Ma (whereas not cnoug./1 zircon 

s.:pamt ~"S W~'Te obtained lrom sample G246 for imalysis). Evident ly. then. the zircon 

nnalysedexpcTlenced no or minnnal di,turbanceofits lJ·Pb systems. Why this should bc 

SO when the lJ·Pb systems of baddcleyite of the same s.~mple and of a similar sample 

taken ncarbycxpcrieflC~>devidcntdisturbaT\ceof\'myiT\gdegrccs. the present author can 

speculate no oonvincmg cxplanat~)!\. Perhaps zircon cxpt.'TicIlO::cs latlice rcco"l'TY more 

readily tbanbaddcleyite. Orpt.'Thaps thczlfcon-crystaliisingsubsystcmsthatcxisted inthc 

ini<'T,lices of pr~"SCnt sample G246 tin;,h ~~1 solidifying before adjacent baddelcyite-

crystallising subsystems (from which they W~'Te thcTlnallyd i vid~>d: Seclion 6.4.2). leaving 

the crystall ine matrix enclosing the no (or low) yield strength mclt of the baddcleyitc· 

crystallisinllsubsy>tcmstodefomltoc1iminarethcwlumcdcficitirn:urrt>d by thc zircon· 

er),sltlilising subsyslems. The la!l~'Texplanation SCt.",SlO be at odds with the zoning and 

cryslal morphology obscHlItions sUl',Ilesling th.1l zireon satur~ll>d lall..- lban b.~ddelcyitc 

(Section 6.3). ho"cver. those obscr\'atio,~~ rcally only indicatc lhal zir~"()n ~rystalliscd in 

n-.lrc tonfin~>d. smaller "olume inlcrslic~"S th,m baddcleyitc. That zircon evident ly 

crystnlliSc<1 in such a "'-1tmg might cwn he consisl~nl wirh Ihe cired explanation that 



zircon-crystallising subsystems linisllcd crysta ll ising bcrorc baddclcyitc-crystallising 

>ubsystcms_ WhatcH"T the cxplallation for baddclcyitc disturbancc in the same sa",p lefts 

"iK'Cn non-d isturbmlCc_ 1331 oi 1.4 Ma is the ",o51 pl"11siblccrystallis,1tionageofthc 

zircon of sample G246 

7,7S"mmar)' of r~s "IIS 

Considcrtog~1hL"Tlhcagcdetcrminalionsmadct ll usfarforthcBarthCollcentricP l utonic 

Suite :11Id some adjaccnt bodil"S, "hethcr rcganh.xi as provisional (those n~ldc by the 

present author) or more coodusi"" (those "",de by previous authors), These age 

dctenninations 1'IllS CITOrs arc ,hown in Figure 7-]J 

In summary. the age data rcrort~~1 so far and intcrprclt.~1 as describctl ahove 

indieale tha' the Ihrth Concentri<: Plutonic Suite spans at least -46 Ma. Four tim~"'closters 

ofagcs populate this span 

The oklest tirnc-dustcr spmls -1337 to - 1328 Ma. cOITesponding to. III order of 

oldest toyoung~"St.arod·ofthecircu l arbodyofFc.ri<:hpredom; n"T\cyencloscdbythe 

Ol-i"."e predominancy (- 1337 Ma). a md of the Ol- fi-~'C prlxiommancy (-1333 Mal. a 

roc~ of the Ol-gabbroi<: pl'<-~Iominancy south of Naill !lay (-133 1 Mal. and a rock the 

innCT annular portion of the Fe_rich pl'<-~Iom;nancy north "rNain !lay (-1328 Ma). A rock 

"fn"n1raltheH"scnocinpluton"",ya]sobcplaccdinthcoldl"Sltime-ciustcr.raiSIIlgthe 

uppcrageli"'itto - 13J9Ma 

· Ofunkn""n<>.'ro"dc"n<Xl., ,h .. b.ldy"rrod. C"'''''''''''''')f C(,,,,,...,,,,'O ",'hon the b:)o.o,>d. of the 
~~~::~:n". foI .. h,eh thc ",mc .gc dc1crm,na'lOIl ....... td be ntade: .,><1 .,h '''''''' ~ ,h. ",m. ,d,,,, •• ~. 



The seeond oklest time-dustl'r spans -1321 to -1317 Ma, corre'pondlllg to a rock 

of the outer annubr flonion of the Fe-rich proodominancy underlying the western 

tenninusofD"nh Island (- 132 1 Ma), a rock of the charooc\:it ic prcdominancy south of 

Nain Bay (-1320 Ma). a rock of t he ch il k'<l margin "fthe Ol·gabbroi<' predominancy 

50ulh of Nain [lay (- 1319.2 Ma), a,1(1 a rod of the fc_rich pr~'<lomi"a"cy north of 

Akpiksai Bay (-13 17 Ma). A rekuivcly fe-Ti-o,ide rich gabbroic rock innn~~hatcly south 

of the Banh Concentric Plutonic Suite lIlay also oc placL'<l in the '~"1.~)!\d okkost time-

Thcst.'cund}\Jungcsttime-c!usk'Tspans - 1302.2to - 12991',la,correspondingtoa 

rock of thc chamockitic predominancy north of Nain Bay (-1302.2 Ma), a mek ufthe 

central ponion of the Fe-rich rock-type predominancy (-1302 Ma), a'1(1 a rock of the 

outer annular portion of the Fe-rich rock·tYf'<' pr~'<l()Jninancy nort h of Nuin Bay (- 1299 

Mol 

rhe }"ung~'t t ime-cluster is presemly compri",d of on.: age det~'rmination of 

_ 129LH Ma, corresponding to a rod of the orangish body within the charnockitic 

p,,~lomi nancysouthofNainBay. 

SI,cccssivc cmplaccmcnts, elosc in timc and 'pace,areinfcffl'd frOIll evidenccnf 

proximal ,ynmagmati,m, spe<: ilica lly the s.:altercd presence ofOCCIPO in roch of the 

Fe-r ich ro~k-t Yrc clan (Sedion 3.2.2.3) and t h ~ presence of lexturC>c i rldicatin~ 

r~~lissolution in some rocks ofthcOI-gubbroic rock·typc dan (Section 3.2.4.4). Givcn the 

cuncentric di,;po,;tion nfrock-type pn:Jominancics, evident intrusi\cwntactS,wKI all 

011><." d"cument<'<l primary <tructurL'S or the Barth Concentric Plutonic Suite, the most 

plausible emplacement geometry of such ,ucCt.",.i, C emplac~m~nt< " a, co!'",:cmrically 



di8POse<:l ,11(":ls. The li"' .... duSll'TS prc~nI in 1he rca l population or gC'Ochrooomck'T 

crystattisation3gesmightthusbc1hic~lypopuI3100withsucccssivccrysta I hsalions.ciosc 

intimcand,!",cc 
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rigurc 7- 1 - Previous zircon and baddcleyilc agcdctcnninations.· Gaskill (ZOOS). · · 
Hamilton (1997) . ... Hamilton per.;. comm. to Gaskill (2OOS) as update of Hamilton el 
(I/. (1994). 2s " 2·sigma. T .. TIMS 
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anorthosite 
samp!!,.!!~BS 4a) 

"'Pbf"'u 

Figure 7_2 - Concordia plol for TlMS analyses of zircon separated from anorthosite 
sample Gl80 (originally sample BS 4a, described as leucor.orile). After Ga<k ill (2005) 
Figurc4-3,p.223. Arlli l y"esanJdia~,'rambyM , I'oujo i 

{lIm·Magj·Px APr diorite 
sample G262 (BS ga) 

'''Pbl'''u 

Figure 7-4 - Concord ia plo l lor TlMS ana lyses of zircon separated from [lim-Mag]-f'x 
antipcrlhitic diorite sample G262 (originallysamplc BS 9d, described as fcrrogabbroiJ) 
Aller Gaskill (2005) figure 4·2. p. 223. Ana i)"e, and diagram by M, Pou,;o! 
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Figurt'7-3 - Concordiaplo! forTIMSanalyscsofzirconandbaddc1cyi!csepara!c-sfrorn 
OI·gabbroicrock·!ypeciansal11plc-sG24J.G246(originallysal11plc-sI1S8b.I1S8c).Aftcr 
Gaski ll (2005) Figurc 4-4,p. 224. Analyses and in!(·rcep!agcca\cula!ionbyM. Poujol 
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Figur~ 7-5 - Concordia plOl illustrating 1he tWQ ba,;c scenarios for modification 
(d islurroncejofaU-l'bs)"!lcm.$<.",SCCli<m7.2.1 for discu-"ion 



0.232 

approXI~~~~::~:n~O:mporary V ,o~ .. 
internal redistribution (8-' q,'b'~ 

of Pb relative to U o~e \ q"Q 

0.228 

0.216 age of final (youngest) 
internal redistribution 

(e.g. 1290 Ma) 

0.2 1 ~.1:c52~--'-2.t-56~---:-2 .t-60~-2.t-64~-2.t-68~--l2.72 

207Pb/235U 

Flgu~c 7· 6 - Concordia plot illustrating scenarios for ··approximately contemporary' 
internalrediSlribulionofPbre\alivctoU. S«S«tion for 7.2 .1 fordiscu<sion. LabclsA. 
B. C, o show example locations aJong concord ia located abo\"c the age of final internal 
redistribution (the youngest possible isotopicagc due to I'b loss). Anyloc ationabowthc 
agc Qffinal rcd i,tirobtion c.~pcricnced by a U-Pb iwtopic system might not be final for 
that system. as later redistribution coukl rclocat,· the system (along CQIICordia if wc 
a'!5umc "appoximatcly contcmporJry" rcdistribution) 



Figure 7-7 - Concordia plot and calculated age for"acccptabic quality" analyses ofthc 
Plcsovice zircon rcfcrcncc standard. SceSc<:tion 7.3 for discussion 

.·i~ure7-8 - Concordiaplotandcalculatedage for"acccptabic quality"analyscsofthc 
Har .... ard91500zirconcalibrmionstandard.SccScetion7.3fordiscussion. 



Figull' 7-9 - Concordia plot and calculated age for ··acceptable quality" relatively 
concordant (i.e. tIOn-c~cluded) analyses of the Plesovice zircon reference statl(brd. Se<: 
Se<:tion7.3fordiscussion. 

Hgurc 7_10 - Cot><;ordia plot and calculated age for ··acceptable quality" rdatiwly 
concordant (i.e. tIOn-c~cludcd) analyses of the Harvard 91500 zircon calibrmion standard. 
Sec Se<:tion 7.3 for discussion 



Fll;ure 7- 11 - Examples of concordia piots and calculated ages for small subsets of non
cxcludedan.alyscs: (top) a subset offil'c Plcs.ov;cc analyscs; (bonom) a subset ofthrcc 
Ha ..... 'ard\l1500analyscs. See Seclion 7.3.4.4 for discussion 
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9 1 500Iln. l~'5t$.grou p. o1 3. 2-s1gmll errors 

Figure 7- 12 - Calculated concordia age. and error, r,,, <mall groups (subsets) of oon
exciudcd,tandard;malyscs.Plcsoviccor ilarvard91500. lneachplotthc last age and 
crruron the right (continucd by tilc pink band and thick black line acrosstilc plo t)isthc 
concordia age and I-sigma crror calculated for the cntir~ ",t ofoon·cxcludcd standard 
ana lyses. I'lesoviceor Il ar\'a,,!91500 
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Figllre7-I3 - Zirconand baddclcyitcage dctcrminationsto datc_ Unastcrisked ~ pR""n1 

study.· Gaskill (2005) • •• Il amiiton (1997) • ••• Il amihon I'ers. comm. to Gaskill (2005) 
as upd.11c of Hamil10n ('/ ul. (1994). #s - #-sisma, T - TIMS, L - LA-lePMS, (i" ) - age 
maytx:intcrmediatcbetwccncrYSlaliisalionageandagcoflastdiSiurbance 



rigure 1- 14A - Concord ia plot and calculated age fi" non-e~cluded zircon analyse~ for 
sample Ii 100 nf(I I m-~l ag)-speded (Cpx-Fa) charnockitic Qtz_mon7.0diorite. See Section 
7.5.1 lor discussion 

Figure 7-14B Coocordia plot "nd ~akulalCd age for the youngest - 50"10 of oon· 
excluded zirconanalYl'es forsamplc Ii 100 of (Ihn -Mag)-<;p"cked (Cpx-Fa) dlarnockitic 
Qtz_mon7.odiQrite. SeeSe<:ti<Jn 7.5.1 fordiscu<;,i<Jn 



Figure 7-15 - Sampk BSE imagcs (If zir<(ln grnins analysed by lA· ICPMS. ~mplc 
1-1 100 (If(Cp ~· Fa) ,hamockitic Qtz·!llQlI7.ooiorite. Outlined sqaures ~Ix>", the Ioxations (I f 
ablation raster patterns. lahels c(llTCsplltxl t(l ana lyses as numbered in Table F.2. 
Clltupletc sct (l r BSE imagcs in digita l Appendix G. See Sccti<ln 7.5.1 (lr discussion 



Figure7- 16A - Concordia plOl and calculalcd age for oon-cxcludtd zircon analyscs for 
sampIcGI60fPx-richanlipcrthilicdioriIC. SccSeclion 7.5.2 for discussion . 

""PbI"'U 

Figure 7-168 - Concordia 1'101 and cakulalcd agc for the youngcst - 50"/. of oon
excluded zircon analyses for sample G16 of "x-rich antipcrthilic diorite. See Seclion 
7.5.2 for discussion. 



Fil:ur~ 7-17 - Sample BSE images of zircon grains analysed by LA-ICPMS, sample GI6 
of Px-rich antipcrthitic diorite. Outlined sqaures show the locations of ablation raster 
patterns. labels correspond to analyses as numbered in Table F.2. Complete set of BSE 
images in digital AprendixG. See Sr<:tion 7.5.2 fordiseussion 



Figure 7- 18A - Concordia plo! and calcula!ed age for IIOn·excluded zircun allJly,,",s for 
sample 1306 Tof[(lIm-Mag») Px·rich CH IOOnzodiori!c. Scc Sec!ion 7.5.3 for discu"ion 

"'Pb/"'u 

Figure 7_ 111K - Concordia plo! and eakula!ed age for !he youngest - 50-I. of non
excludc-d zircon analy"," fur '\ample 1306 T of [(llm-Mag)] Px-rich ell monzodiorite, See 
Sec!ion 7.5.Jfordiscussion. 



Figure 7- 19 - Sa"1llc BSE images of zir<;on grnins analysed by LA-ICI'MS, .. mplc 
U06T of (11m. Mag)] Px_rich chamockitic monzodiorite. OUllined squares show the 
local ions of ablation raster patterns. labels correspond to analyses as numbered in Table 
F.2. Complete SCI ofBSE images in digital Appendi.~ G. Sec Section 7.5.3 for discussion 



Figure7-20A-CotICord ia plO1 and ,alculated age for non -excluded zirconallll lyscs for 
salllplcG221 ofPx-rich charnockitic monzodiorite. Sce Section 7.5.4 fordi<cussion 

Figure 7-20U - COTIC()rdia plot 
exduded 7.ircon anal)"e, for 
Section 7.5.4 for discussion 



I' i gu ~c 7_21 - USE images ()fzit\:()n grains ana lysed by LA_IC PMS. <ample G221 ()fl'x
rich cliam()ckitic roonwdic>ritc. Outlincd squares soow the k>catic>ns ()f ablalic>n raster 
patterns . labels correspond 10 analyses asnumbcrcd in Table F.2. See Scclion 7.5.4 for 
discussion . 



Figurc1-22A -CoTICordiapklt and l,alculatc>d age for non-cxdudcd zircon ana lyses for 
~ample (;30 of charnockitic Qtz-monwnik See Section 7.5.5 for discussion 

"'P!>I""'u 

Fig u r~ 7-221l - Concordia plot and cakulated age fin the youngest -50",. ()f non
excluded lireon analyses for sample G30 of cha,nockitic Qlz-mo"zonik See S~ctio" 
7.5.5 for discussion 



Figure 7-2.1 - Sample liSE images of7ircon grains analysed by LA-IC1'MS. ""mplc G30 
ofcha rnock ilic Qlz-monzonilc . Outlined squares show the locations of ablat ion raSler 
patterns. tabels correspond to anatyscsas numbered in Table F.2. Completcset ofBSF 
images in digital AppcndixG. SccScetion 7.5.5 lor discussion 



Figurc 7-24A -Concordia plot and ,aleulatcdage for no,,-exdudl-d zircon analyses for 
sample G68 of [(11m-Mag)] Px-rich APr diorite. See Seetion 7.5.6 for discu,sion 

Figure 7-2.m - Concordia plot and cakulated age for the youngest - 50010 ofoon
excluded zircon analyses for sample G68 of[([lm. Mag)) Px_rich APr diorite. See Sl'CIion 
7.5.6 for discussion 



fi l,:urc 7-25 - Sample USE images of zircon grains analysl>{\ by LA-ICI'MS. sample G68 
of[(lIm-MaglJI>x-rich AI', diorite. Outlined squares show the kx:ationsofablation r4stcr 
patterns. labels correspond to analyses as numbe,e<l in Table F.2_ Complete set of USE 
images in digital AppendixG_Se<: Section 7_5_6 fo' di<cussion 



.. 'P ....... u 

Fi gu~c '_26'\ - Concordia plot and (ak:ulatcd age for non-e~c1udcd zirron atllllyscs for 
5amplc GI74 ofPx-rich APr diorite. SeeSwion 7.5.7fordiscussion. 

Flgun' 7-268 - Concordia plot and eak:ulak""<l age for the youngest - 50"1. of non
excluded zircon analyses for sample GI74 I'x-,ich AI', dio,ite. SI'<' Section 7.5.7 for 
diS(llssion 



Fi gur~ 7-27 - SSE images of l ircon grains analysed by l A-ICI'MS, sample GI 74 of I' x
rich AI'r diorite. Outl ined squares show the locations Qf ablation raster patterns, labe ls 
oorrespond to analyses as numbered in Table F.2_S.,.,S.,.,tion 7_S_7 for discu$sion 



"'Pb!'''u 

Fil: ur~ 7-28A - Concordia plot and calculated age ["rnon-excluded zircon ana lyses for 
sa",p le 1-1136 of I'I- phyric [t ll m-Mag11-rich metagabbroid_ See Section 7_5 _ ~ for 
discussion 

"'PbI'''u 



Figure 7-29 - BSE images of ziT con grains analysed by LA-ICPMS. sample HI36 of PI
phyric [(lIm·Mag)]-rich metagabbroid. Top image shows entire occurrence. Outlined 
squar~'S in lower images show the locations o f ablatioo fa.teT pa1tems, label. corrcs])Ond 
to analyses as numbered in Table F.2. Complete SCI ofBSE images in digital Appendix G 
See Section 7.5.R fordiSCU'ision 



Figure 7-JOA - Concordia plot and calculated age for non-e~cludcd ~ircon analyses for 
samplc H2100flcucogabbro. Sec Section 7.5.9 for discussion 

Figure 7_.108 - Concordia plot and calculated age for the youngest - 50"1. of 1I0n
excluded zircon analyses for sample H210 of Icuwgabbro. S~"C Section 7.5.9 for 
discussion 



Fi g,,~c 7-3 1 - IlSE imag:~s of2ircon separates analysed by LA-ICPMS. &ample H210 of 
leucogabbro. Outlined squares show the kx:ations of ablation raster pmtems. labels 
correspond to 3!\:11r;es as numbered in Table F.2. Complete set of flSE images in digital 
AppcndixG.s....,Section7.5.9fordiscussion 



I'late 7_1 - Zircon mantic upon magnc1itc and ihr,;:n;tc. in Pl-phyric [(l lm-Mag)j-rd 
mctagabbmid. Thin_section 11136 from south urthc aa11h Concentric Plutonic Suite. wCSt 
of Akpiksai Bay. I'I'L (abovc). XI'L (bclo,,·). image width 2.5 mm 



C hapter tI ~ TexturAl C'luilibrAtio Jl : ::e lleral rC\'ic ... ~ ,,,I h,\'I)O thcscs for Ihrcc Inlural 

fcalUrcs oflh c OI_ga hbroicrock_lypc clall 

81 I Rdtllionofch,mlrrlo[(,sl"rlh",is 

The bulk oflhis chapM was wriml1 in early 2006 before the rest oflhe lhesis in 

anticipation thol the Ihesis projcCl wou ld he focuSSL'll on dis.:cming evidence ofle.~I ura l 

~-q u ilibralion in lhe Ol-gabbroic rucks of lhe Barth Concenlric I'lulOnic Suite and 

elsewhere in lhe Nain Plulonic Supersune and. from there, using the dq:rc'\.'S "flexlural 

c-q uilil>ralion evident 10 inlervrd c<)oling and emplJcc'menl hislori.:s. 1'l"\."SCnlly a side 

brdnching ofSL"<-1ion 3.2.4.4 dl"SCribing II\(: petrography oflhe Ol-gabbroic rock-type 

cian, thischapler is arbilrarily plaec<i ncm the end of the lhe<is 

1'1", maj<lrIly "rlh .. ch"plcr. Seclions 8.1 .2. 8.2. does oot address the Unrth 

Concentric Plutonk Suite or Nain I'l utonicSul',-·r:sui1Csp<."i lieallybutgivc'Sano'c-rview 

orlexluralcquiiibralion"J'I-"Cifically.lhehislOryofrcscarch.1l0H"TIlinllpri ncipics."nd 

g~'()logicai e\"idence tor ils opt."11Ition, Allhough these loplCs may ",".·m largely extraTlCOuS 

10 the Iht--sis. thcwriteup prcscJlK'll h~-rcdcser\"eslo51"C t h.:-· lighl ofday"'b .. ,cau>cit isa 

broad revk.'Wofa "'pie that rontinues lort(;civc in adc'"(lua\cand sUp<.-rficial nnelll;"n In 

petrology. cwn fro", ",osl pt.'1rograp l"'rs. ",uch kss illne"us p<:trographcrs_ As well. the 

background rc'SCarch prc';Cntl'tl here r<'pr<"Scms valid work done for the lhe,is ])roj..-Cl. 

l·wnl ilOughak"lllan obli'IUCalkllraihnlllincofinquiry.a'kl,<>fromascholasliepoi,,1 

of\"iewlhe .... rneup,houklhe i"dudl'tl 



rll.., present author hopes that ITom this chapler r~ad~" will gam an awareness of 

textura l C<.juilihrmion and wi ll begin loobng for evidcnce oftntumi .::qui iibration in the 

roeks they study, cSp<.><:ially plutonic mch. I'crhaps a future workerwil i pick up wher\: 

Ihe present autl!<lr has lell o/fin investigating ~vi,l~nce oflcxtuml equi librat ion in the 

Barth Concentric P i utonicSu i teandth~:--' ai(] Plul<mie S up<.T,u i l~ morcgenerally 

TlJc story of Eal1 h history is "(]~ of the driw towarus k",u-cnc'rgy ,tatcs ()f mattcr a(l(] 

toc eooc()mitant m()dification ()f g~'OI()gical <>rder . During metamorphism find nOll-

cphe11lcra i piutonism, thi,modilieationcnta ilschangcs in mi!lLTdla s":mblage, l' hangesin 

mineral composit ions, changes in lattice structure (t hrough strain and re<:ovcry), and 

changes in toc conliguration of grain boundaries . Too ,lircct ion and de'tinat~m of those 

changes that occur in the configuration of gra in boundaries oct",c"<-" more or k;ss 

unstrainc-dgr" ins is tocsubjccl ofthi,ehaplc'r 

Smith (1,)4H) wa< fir.; t to concl1l'_ivcly dCm<)nstrme that a halanccof 

interfacial cncrgies is rcsponsib lc forl hcgoometricsof lriplc-j \J!i ctionsin rc-crystalhscd 

metal aggr~gat~ •. Sp<.><:ulat Km about toc ", Ie of i!ltcrfa~ial energy in dct~rmining the 

t extur~ "froeb IJ.,gan with Becke (1')13) and continued t hf()ugh Buerger (1'),<7). DeVore 

(1956, 1959), Griggs ",,,{. (1%D), Voll(1960), and Binns (t%4). unt il Krctl(1966) and 

VenlOT\ (1%8) dcmo((>tratoo with largc ,btascts of tr;plc·junction ~nglcs an,;I other 

obscr"at ioJ\sor i(]l crgr" i ((rc1at io"ship,thatlh~ t.:xt urcsorhigh·grade mctmnorphicroch 

rep""enled "n approach towards kxt ural c'<.juili]mum. Stanton (1iJ6.t) r~><:"gnj,cd that lh ~ 

tc,(urcsofm,1nymcta,oorphose(\,ulphideorcsrcscmbkdtho",ofmetals and conclu(krl 



likewi-<ethat interfacial cncrgy constraints had govcrncd the "",itio[] of grain bound~ries 

Stanton and Gorman (1%8) perform<,.~l heating experiments on natural Pb-Zn o .... :s and 

found that rclativc inlcrfacial energies are a funClionoftemperaturc, thcre by providing a 

prCC\Jrsor lor Lusk elal. (2002) wlxl calibrated and suc"",,,fullyevalualcd scveraltriplc

jutXtion thcnmmeters for mct~morphoscd sulphid~-s, Sub><',<!ucnt sludic.' of textura l 

""luil ibrium in1llctalllorphicrockshavcbccni"cw(e.g. VcnlOrI 1999)aoo. cxccpt lor Lu,k 

c/ "I. (2002). haw not advancc-d far hcyooo the revelations of Kretz (1966), VcrllOll 

(1%11) . .1[1{1 Stanto" a[l{1 Gorn~1 n (1%8). Textural equilibrium iTl"o lving melt (e.g. Ilunter 

1987, Holnc>s elal. 2005) is a subject al", undcrJe\'C~'red 

8.2 Own.iew of textu ra l Nluil ibralion 

81 I Grmn-houmlaryfrff-£nrrpy 

rhedriving-forcc for changes in the configuratio" of grain houndarie, isthcmin imi,ation 

of grain·boundary tree energy: that energy associmcd wit h unsmisfiC\1 and rclmivcly 

mergetie bond, at gr"in boundaries , To e,tablisn a formal Jdinitionofgrain·ooundary 

free energy ~onsjdcr the grain boundary as a plane to whkh the energy of the grain 

boundary ;s ascribed (Avcy,ml & H"y(ion 1973, Kretl 199~), The force act ing 

perpendicular to a line L, lying in the grain-bound"ry plane, p<-T unit length of L i, ~alh:d 

thci"'erfnciallellsinll.deootedy, and has unitsoff<>rce per length. Th~ work requirc-d to 

bedo"eonthesySlcmto incrcascthcarcaofthcgrain-oo'Jlxlaryplan~byan i nfi n itcsi nw i 

amount isydA and has unit, fo rce length (energy) . Therefore. the change in wnrk energy 

W of a simple systcm containing two grains separated by a grain \)o,uo<bry is 



dW l'dV-ydA. 

and thc change in the intcmal cncrgy E of the systcm is 

dE - dQ dW - TdS - PdV+ydA. 

wher,' Q is the heat energy of tile system, The Gibbs frcc-~·r"-'fgy ofa systl'm is defined as 

G ~ E · TS + PV. 

and thcchangc in Gibbs rrcc-cnergyofa systCI11 is 

dG - dE - TdS - SdT + f'dV + Vdf'. 

HycOl11bmingthcSl't:Ondand last C<juations. thc TdS and f'dV tcrmscancci and the Gi bbs 

ti"L"e·C ..... Tgyofthc s;l11plcsystcl11 undcrconsidl'fation is 

dG -- SrIT+Vdl'+ydA. 

Thus, inll'ffacialtcnsionisdefincdas 

and has units energy [l<.'f area. Interfacia l tension .my be Slmibrlydciincd in tL'fnlSof 

inK'fnalenergyalldllcil11holtzrrcC-lTlL'fgy. 

Specific interfac;,,' cner-gy or simply illlcrjaci,,/ energy is L"tjui\'ulcnl 101he 

interfacial kTlsion plus the energy associatL~1 with any atoms adsort>cd on the gr~in 

boundary. No forln.:l l dcfmit ionofspccific interfacial energy indq",ooent of interfacial 

tension i<~nowntothc writl'f. Grain-boundary "dSO'P'ion iscomm"n il1mctals but has 

not b. ... ~. oonsitlcr .. :d in rocks in the l'Ollle.1t oftcxtumll"quilibriullI, Usage IIIdKutcs that 

both mtl'ffaciale ..... 'fgyand inh.Tfaeial tL11sion arc COnsKll'fl-d IIltcrchan ge"blc tcnllS for 



gra in·boundary lTe.., e tlCrgy in geology {e.g. Vernon 20(4) and that cu<t" m i. adoptlxl 

The interfacial enugy bc1wl'Cn any two oonti guous volumes of malter is a 

functi(1n (1fthe degrl'C of atomic mismatch acro"the boundary that separak" them. All 

crysl" ls arc slructurall y anisotropic. thu, th.., degree of atomic mismalcli belween two 

crysla lssliaringa!1ainooundary isalillletionofreial iveoricntation. iflhe cryslals are 

orieml~l alike then 00 grain boundary eXi<I' and the <:ncrgy associatoo wil h any 

hYl'ol hcticaigr"in bo,nl<iary wilhinthe single,ry>!ai is !hat oflhc oon<l< ohl ique to Ihat 

hound"ry. Amount' of energy a,""ciated with plan~s lhrouy, a crysl_lmay be ~onsidcred 

basc k\'~h abo\'e which (he energy associated wilh a gr.,in bou tKlary may be measured 

Twin boun<ta ries exi<t I>ctw<.'Cn crystal lauice, misorienled by a spcciJic amount 

oorreSl'o llJinSlu rd"livciy guod aturnicrcgis(ry and therefore relat ively low interfacia l 

ellergy comr~rl~! to I><,un<lar;", du c tu (ltha reh live oril'Tltations. Cleav"ge planes 

corresponcl to crymallographic plane> of relati,e\y km' inlcrl:'ciai ~n~-rgy (G il man 1960. 

Bracca,J{] Walsh 1962). al1 llO!Egh (he opposite reiation<h ip S<.'Cm<lheorct ieally plausible 

Absolutc value< of inkrfac ial cnc-rgy arc largciy unkllOwn bu( an estimate of the 

ordcrof magni!udecanhc deri vcd lToma va luc (If-55oo crgs!crnl tor (ool)-phlogopile 

ml<imuscovilemcasured in a vae\l\Jm byOglcsbyl'1al. (1<.I76) . If,i iica!cs arc analogo us 

to mC1al,. tocn the int~rb~i,, 1 ~JI~-rgies of{ooll-mica grain l><lUndarie, ar.., less. perhaps 

rough ly"nc' lhird the inlcrtacia l cncrgymcasured in ava,uum (Kretz 1'.1')4), yidd ing a 

valuc of - 2()()O erg<,'cm' or 0.0002 llem' . This va lue i. snen (Hd,.,.,- of m!lg"jlud(' 1<:<8 

lh"n 1200 l. t h ~ ,mlOunl of cllcrgy consumed to oonvcn 60 g ofSiO, (a ,o ium~ "t 

co,nparables<:" lc!o I cm' micaj lTomu- \() ll -quanL al 575"C. 



illl\ljn;m;,;",'cmm.bm ll1dqo' li'ffl'1!CO'v 

fCXlUral equilibrium is al'l'machcd as grain·bouod~ry free·energy is reduced by the 

I'n)e~"SS of grain· boundary adjustment whieh Illu,t be nchicn:.l by diffusion. al1hough the 

ddailsofm.1ssrC(hSlribulionduringlhisproc,·ss3rcunknown 

In anysyslelll conta ining gra in houndarics (ormorcgcncrally. phasc·bound aries) 

1I ... ,-c arc IWO ""ays 10 minimise the tolal imerfacial er.crgy: by dl"Creasing Ihe O~~"'Jl1 

grain·boundary area (surface area) oflhe syslem and by inereasinglhe area of lower·.., 

gra,"OOundaricsrcla!i"etohigher,,,,olK'S(thcL:~I·yralio).Howen,-.surfoce nrea and the 

L: Il 'ymlio can""l be "ariC(l indepcodcmly. Mher. lhe system approaches textural 

""luilibrlUm DS surface area minimisalion and L: H·yrutio maximisalion apl'rooch a 

balance. To il luslmlc.oonsKk,-theexampleofabiolilegrain. Al1hough lhe reasoning is 

.'lOm~"Wh'll circular. the elongale habil of biotil e in mctaloorphic rocks is (hought (0 

Tl-prcs('~ll an approach 10 tcxlumlc,<uilibrium (Krdz 1966. 1994). It /i,llows Ihal lhe 

biolilC(OOI) plane is of lower "ncrgy1han 1he 1110) I'lanes. Assuming th.l11he (001) 

plane has 0"" founhthe"'ll,-facialcl"''Tgyofthe 11101 planes. thesurfoc"Carea and L:H· 

ymlio arc balanccd. tlW is. thclolal inlerfacialencrgy is Iowesl fora biolilcgr~in ..... ilh 

lheare~of(OOI) four times lhat of (I 101 (Figure 8·1). Thc Wulfflheorcm (Wulff 1901). 

"h;chdescribcssochrclalionships.Slalcslhallhelcnglbofalincdm ..... nrromtheeenlre 

ofaerystalrlt."rpeodicularl0 ahypolhd icalface;' pmportionallolhecncrgyof lhalface. 

The shape defined by 1t-.: hypothetical races nO",~1 1 10 these lines has cusps whieb 

rl'Presenl energy min ima Ihal correspond to t;,e~'S appropri:udy spaCl'tlto define the 

,-quilibrium shape for a ~-rySlallinc nWl,-ial in a specific medium (Figure 8·1 in5<.1) . 



Grains in a rock. Cllccpl lhosc wholly cndoscd byanolhcr. 111<:,,1 allriplc·junclionsand. 

where the triple-junctions nl\.~. qundruple-junctions. Tc.1tural equilibration at a triple-

junction proc~~-ds toward, a static balance of interfaciallensions ' . Figure g-2A ,hows a 

systclI1 consisting ofthrcc grains sllJring a lriplc-junction. A1C<jui libriumlherclationship 

bct\weninK'Tfacinlencrgiesandlhcanglcsbclwccnboundariesis 

Each t~'Tm in the brach1s reters to the change in interfacial tenSKJIl wilh grain-boundary 

orientation and theresolutionofth:ttdiffercnccparallcl lo y .. (Hcrring 1951). I flhegrains 

posscs~ negligible struclural anisotropy thcn the C<juation minus the expression in 

brackets provides an approx;ntalionofthe equ;hh,;um rcbtionsh;p 

When roO Yo< - y" the triple-junction angles at ~'\lu ; l;br;um arc 120". The 

o.xurrc'JCe of awrage tTlplc-junClK)Il angles of - 120" with standard deviation 5 12" 

bctw~'1.:n li~e grains of qUMtz. Of1ho<;lasc, plagiodasc, garnet, calcite (Vernon 1%8). 

clinopywXCTlC, olivine (VL'TnOn 1970). and scapo li te(Kre17 IWJ6) in high-grade rocks is 

"vidence that textural ''\lu ilibrium has I)(:cn approached and that the structural 

anisotropics ofthosc minerals. insofar DS they affect interfac,al L'nergi,,;,; (assumL'd 

IlCrcatkr). arcncgligiblc, Tc'tuml(liSC(luihbrium.structuralnni,otropy.and theintlu<'ncc 

' Whrn <oo,Kknn g lJ'ple-Junct;rn, ,,,, perhapS muo< " acl.bl . to ")",,,ie, w''''·boo"d.,,~ e""'g''''''' 
ten , ,,,.,. to be bol.n=l 0' on 0 frt'C.bo<ly d,.wam. The ph""oo,<noo of «.lural ~",I,b<,u", .t ,,,pIe
JunOlton , ;, """",hoi"", "" . of the bol."« be,,.,= m;n,m,;a,om of , u,face orco . nd m",",,,'. ltoo of 
IU"""' .• ",~g~ boo"d.""" 



of ncar by grain, allil pcrhapsothl·r. unknown complicat ing factors mu,t be variously 

rcsponsible for M'par1ur~-s from 120", An incidental a'"Tdge of _ ]20" dCH~l[>t-~1 by grains 

growing together fmm rallilomly disJXTscd nuclei is not a plausible alternative 

cxplanationfortheob'io.'Twda\,cragcsb<..'CauscthepooputatlOnofan)llcspmducl'<lhy1his 

procl'SS w"ukl haw a slandard dcvia1ion of-30" (Krctl ]994). AnTagC3PIMrent triple-

junction anglcs1 of 120" arc c'Ommon b<..1\\'l·,;n likc sulphidcs (S1anton 1972),consistcnt 

Wi1h an approach to textural cquilibrium 

For triplc-junctions involving two mincral,the angledct'ncd hy the od dmillcralis 

called tilet/,nc",."I''''glc (Figure 8-2B) which forl"luilibrium triplc-junC1ions oct",,,.,,, 

mincralsofocgligiblcstmC1umlanis01ropyisrclaK'IItoink.,-faciaicncrgicsby 

&=_1_ 
y_ 200s ~O 

Figurc8-3isagrnphofthisrclation'hip"))dshowsthatadih~'<lm l n))glcotO"isp<ls"iblc 

ify ... • 0.5 r .. but that O))C of 180" is unattainable, rCXjuiringthat y"" "Y ... As m the 

gC'IlTalsi1uation.O 120"wheny", 1 ... TableR· ] contains a\'cragc dihc'<lral an.glcs an.:l 

l~y .. ratio, fur mineral pairs OOSL~! (»)) o,""r One thousmJd dihl-dral angk-s rc'Conk'<l by 

Vernon (1%8) in the same high_gr .. dc rocks from which the measurements e.tc'<l abo,-c. 

indicating an approach to tcxtur .. ll"luilibrium. ,,"ere tah~,. The ,tmJdard devia1;"'ns for 

!hcdihl~!ralanglcJlllpula1ions USl'<l to dc.,-ivc the dawprcscntC<J in Table S-I range from 

10.71025.7". That many r..t/ .. ratios are kss th.,n()nc indicates that tllC('nsc wllCrc the 

" I'h."',~.~<'ruc"'ipl <_jun<""" .,,~t. "dc"'fTIH"oo fo.-op:>q .. ",,,,,~.t.from fr<GUCfI<) d"",bu .. ,,,,, "f 
' ,,~<oow<c"of'l'I"ren'."gt""(Smi'h t948~ \\her •• , "ue '''pf<-jU"''',," ""gte. f"""""-"fI<'<I.<",mcrat. 
,:0" be: OOI.mOO J",,<.,y",,"¥. U"I\"""t .w~. 

'" 



boundary t:..1w,.'en difli:rcot mineral, is less cncrgL1ic Ihan the boundary t:..1\\'L'cn Itkc 

minerals is COllllllOfl 

AI C«u ilibri!"Il. thc shapcofgrain boundarics Oct .... ""fl triple-junctions in gJ"'din_ 

scale k>ealitics ofmincrals of negligible structural anisatropy is gov crnc<lbyspace-filling 

R"Iuircmcms.resu llingineurvoobouooaries.andlhegCOlTlctriL"softhctnpIc·junctionsat 

which the boundaries arc "rooled.·· If triple-julIClion angles nrc 120". as in a 

ralJlc ~ I - Average dihL'llral angles and Y~r .. tnonomineralic rock of a 

~::~~Scr:l~oi~l,L:~:t~~~-~;r~L~:~n~;~~~;. r~1~~~~: structurally anisotropic 
ahbrcviatior~,aspcrKMz(l983). 

like quaM/.. only ~ix SitlL'll grains .. , , ~, 

~ --
~ 

0" "" 0.82 
0" '" 0.87 

~~ " 105-115 0.82,(),93 
0" 00 0.71 
GO m 1.31 

0 0, " 0.74 

could have straight bour~lari cs 

wht.'feas grains wilh morc than six 

s~lcs would have boundaries lli at 

GO ", 118 

r: " 100-105 o 78--{)82 

"" '" , 
" 110-115 o 87.() 93 

~, C. '" 0.93 

"" 115-120 0.93-1.00 

arc conca\'e oUlwards and grains 

wirh less than s'~ si,les w()u~1 

ha\'e sitlcs that arc com"Cx 

" W '" 093 

"m '" 118 out"'ardsandlL'1~ltoocsmallcr 

That interfacial cn,.'rgiL'S ~ 
0" '" 0.93 
CO '" 118 r:, 0" " 0,61 

'" '" urea 11mclion oflempcr..turC was 

dctL'nHinL-d Stanton and Gorman (1968) who found that the dihl.xJra l angles at sphak'fitc_ 

splmkrik'-g.1icna Irrpk'-junclions variL~1 bctwL'<-'11 Pl:>-Zn ores nl.lltltainL'd at ,lifTcrcnt 

tL1npcratures, Lusk e/lIl, (2003) suh"-"IucntiycaiihratL~1 triple-junction thcrrnomL1crs lor 

gaic·na-splt"icrrtc-sph,1Tcri!c. ,phakritc·gakna-gaicna.artd pyrrholitc.sphab·ill'-spltak'fite 



Iriple-jurX:I'''''' and found t ll.:maccur~tcforsulphidcoresmctan'OJrphosl-..ialgrttnschi'l 

through granu lile facies. T.,., dependence of i nt~'1'facial energy on tetllpl."I1Iture is l'OJt 

restricIl-..i to sulphidcs, as the <l inl-..iral angie al oiivine-ealeite-eale ilC triple-jurx:tlOnshas 

alsolx.",nfoundtovarysss fu tlClionoftctllp<-'1'aturc(llolnCSSNI1I,I99i) 

Equi libriutll angles at triple-junctions 1x.1wccn minl'1'a is ofsigniticant struclunl l 

alll-""tmpy. such as bornblcnde and biot ite. commonly arc the ineidCll1al rcsult ofolleor 

more bol1ndari~." occurring a~ a spc<.:itie k,w-elX'1'gy boundary oricntl-..i according to the 

orientalion of the gra in bearing it (Krl1z 1%6). Figure 8-4 sbows bow e~prcssion of 

1110) and (001) eleavage planc~ govern the gl~"'''''1ry of many tnple 'JullCtions het',"'C1l 

hornhiclwlc and biotite groins, rcspo.'Cti,·c1y. and also the gWlnctryoftrtple 'Junctions 

iovolving both. Taking mClamorphic biotite as an example. it is suggcstcd by the elongate 

habit and decussate texture, in wh ich (001) faces truncate obliquely oriented biotite 

grains,1I"lt which of two wains at a boulwlarybctwecn ,tructuraliyanisotmpic mineral. 

de\'elop, a spI."1:ific k",',erl<.'fgy oourl<bry depends on the orientation of the grain" 

(."<)ml"'rl~1 to the initial gra'n boundary. wherc the grain that can eXI'R"S< til.: k,w<"St-cllI.'rgy 

boull<lary with the least adjustment wil l do so. Perhaps most li kely is that this adju'itmcnt 

"oukl occur as the grains grow, thus therc "oukl bcl'OJonc init ial boundary pc rs • ." 

In rocks where an approach to textural l"quilibriutn is evidcnt. tlk1t SO"", low_ 

encrgy fa"", such as (OOI)·biotl1e arc ulll1lodifil-..i where intcrS<:."1:ted by otlll.'1' grain 

bou.wlarics, ;nvolving I>iotite or other m;ncral,. md,cat<"S that such fJc~", arc of 

,unicicntly low cnergy that 10 erc"I~~ur\'~-..i boundaries obit<lue to (001) by establi,hillg a 

triple,junction allgle less thall 180· for thc' biotite gram would ;ncrc"", the inlerf~eial 



mercy at ,he triple-jur":tlOn in e.~c~-ss of til.: enercy of til.: triple-junction with (001)_ 

biot ite planar and 'mmoditi<~! (VcnlOtI 1999,2004; Figurc 8-5). In o,,,,,r words. Ilga in,t 

(ool)-biotitc.a· ·compromisctriplc-junctio,,··ofthckinddcscribcdnbovcpos""'inckss 

CTl("fgy than OtiC WhtTl: II. crain boun,Jary t~'rmi nak'" acaillst (oo l )-biotitc is 'lOr possible. 

IlL-cause The tripk-junnion (lcs.:ribc,1 here is not ofTne compromi,e type. II. rriplc-j'''Tdion 

a.lIgleof l ~OOi,wol\'inC(00 1 )_biotit edoCS 1IOt indicate thc impossibilitytnat (ool)-biot ite 

is of infin i'ec!lcrCY. A k,wcr cllergy boundary may hc achie"ablc if til.: crain ooulldary 

inlersccting (ool)-bl()r ite clln micrate to the oomcrofthe biotite crain and cstablish a 

compromise trip)c-junct~'" with II. biotite boundary oriented oblique to (001).11101-

hon\blcndeinbigh-gmderocksmaybcunm()dificdagainsl in"ipi<"Jltgminooulldnricsor 

dti:rea.>Cd at til.: expense of c"Ompmmise triple-junctions (Vernon 1(99) 

814 Cn-'Ial (acrs ill mefawQrnhic met< 

Bt"CKc (19IJ) aftcr m.anyobservationscstablisht'd til.: crystallographic s\'"Ticswhlch li,ts 

m<1anlOrplricrninl'T"dl, In such an on.h:r that mincralshighcrintlrc list Can fomlcrysta l 

!"ce, again't lOOse lowcr in til.: li,t (Tahle g-2). Exceptions tothc cry.;tallohlastic "Cfics 

have b<."Cn /i)und, inehKling the e~amp1c of (ool)-biot;,c agaln't oonrblCTwtc grain 

boundarit." cited abo,"c (Ficure ~_~), By extcnding to g~neralily the interpretation of 

{OOI)-biotitcocingofsuflicicnt lylowcllcrgyast<l preclLldc compromisc triple-junct ions 

(Vcn",n 1<)<)'). The crysra llobla,t i" serr~." WO\Jld be " list of mlllemis in ord~.,. of 

increasing intcrlaci,,1 energy ofpotcntial grain ooundarre, ill g('rl('r(li. in whicb case It 

ma~cs sens.: that it docs not hold gm"'ral /i" significantly ,tru.rumlly anisotropic 



minerals in contad with one anotha. Krc1z (1966) rc'(:ommendcd Ihm the crySlnlloblaSlic 

scricsbcrlx!efincd in ordcrofinercasing interfacial cnlTgyofspc-cific grain bourwlar;cs. 

e.g.gamc1(llO)-quanl.allhougnncilherKrctzorsuhs..>o;juemworkcrshavel'ursucdthis 

lask. Philpolls(I990) puts forward lheopposite hypolhl:sis that bc<;auscanhcdr al minerals 

inantelmnorphicrock Illust havc surface area Ctjual 10 lhal of the e-ulllxirJ l minerals they 

enclose plus that of the boulldaries wilh each OIlIlT. the cuhedl1lllllincn,ls must have 

grcateTink'Tfacial l'ncrgiesand th<.Tefore fonn cuiIL'(im such Ihat only thosc f.1ce. wh ich 

minimisclheircontributiontolhclotalsurfacenreaarccxprc'SSl'(1 

Table ~2 - The cryst~lloblast 'c series of Ikckc (11)13) 

Sphene,rutile,magoetite,t>ema~ le. ilmenite. garnel 

toormaline,stauroi,te,kyanlte; 
pyro. ene,homlllende 
ferromagoesite, doIom~e. altJite 
mU$COV~e. tJiOlite. chlorite 
C(licite; 
qUar!z.plagi<;ldase 
or1hociase,m icrodine 

A low numlx.T of bonds ohlique 10 (OOll-biotite rcquirl'S that grain ooundaries 

in \'olving th is plane mUSI po,s..'S' many bonds bck,nging to the OIiIlT gr:tinthat arc 1101 

sat;sllex! by biolite. This requirement led Venlnn (1')')9. 2()()..l) (0 cspou"" ,he view 

l"rwardl~lbySunagawacla/. (1974) and Tomura i'I 11/. (1979) thai nol only (OOI )-biotite 

hut anycry.;(a l face;n a m<..1"llInrphic rod grc" inan inlcrgranuiarfl'Jid(h"tallowcd 

un,,,(isl,ed oondsoft ik:OlherminerdiS lo)xsu,isficxi with hydro.\yl or oth<.T mok'Cu lcs 

An inkrgranular tluid alk,w< rapid dinu,i.,n so Ihat growlh resu lting in crysl~l 1"ccs 

oould Ottur as in igncous and hydmthcT,nal rods. Thi, view tr.1t cry,;t"l fae,'S In 



metamorpilic rocks requir~s !he pr~s~ncc ()f an intergmnular Huid wa~ no! reetitie<J by 

Vernon (199'1. 20(4) wi!hthccrys!alJoblasticscries. 

According to the Wulff ! oc~"ell1 . the dimen,ion. of grains of a mineral in a 

metamorphic rock having approached !e.\t uml ('luilibriu m shou ld be mor~ or 

,:on'tan!. Krctz (1966) ~xami n oo the shapes ()f ph l()gopitc Jnd p}T()Xenc l!mins irom a 

marble and found thnt dc,p i!~ l!"od t;'ci~1 dcveloprocn1. th~ dim~ nsi"ns of neither ar~ 

constant. rather for each mincralthc shapes are more equant the smallcT the size. This 

d;'LT~pan<:y with theory was J1! rihuted to three p""i hi liti~sc tn., shape" were kinetically 

contmlbl: textural diseq uilibrium. whereby on ly the shapes of the smaitcst grains 

represent an approach to te.\tural equilibrium: and the inl1u~1lCe of possible lIon-

hydmstmic ,tres, on equilibrium 'hape (R",ellfcld t9SS) 

TI>e o\'eratt grain-bou 'idary area ofa parlicul •• rmincn,1 in a rock undergoing textur •• 1 

equ il ibration d~'Crea","S as larger grain' grow at the c.\pense of smallc'T on~s. Sm"lI~'T 

grain' have largCf surl"ce afea 10 volu mc ralK>S and arc thndorc k" stabk lhan larger 

On~' in olhn words, they p<""-~' less "olum~ of lower-<'ncrgy pha,e pcT area ofhighn-

"">erllygrain bou,idary lhando larger grains. til theory. grainsofintcrmcdiatc si ~e,overa 

pc'Tiod of tc.~t ural ~o"r>cn ; "l!' lire 1\"t cnbrg,:d and bt~r r~xJlIC~'tI :oS (he Hlea" gmin-size 

inneascs wilh coar'iCntn£. ('omp<)ncllh dissol"",1 fi-om smal lcr grain' din"",,, thmugh 1he 

intcrgranubrmc<l ium. eitt>er a mc(t or tlu id or akmggrain \>oun<laries, an<i then alfJch to 

largngmins. 



Studk"l that indicate that tc~tur~l coarsening has occurr~-d 111 IlIctalllO'1'hlc rocks 

or that it is JIOssiblc indudc the follo .... ing. Riwrsand Fyson(IQ77)fuunoJthatlllusco~itc 

grains increascoJ in Si7.1l (and became mOre "'<juant. discussed b<:lo .... ) from lo ..... l'T- to 

Upp'-'T-:tlllphibolitc f.1cics. Quartzite ncar the Ballachuli,h igncouscolllpkx. Scmbnd. IS 

coarl'CSt illlmcdiatclyaoJjacent to the oontact, witlt grain-sl7c greater than 11ll1ll.graoJing 

to less than 0.1 -0.3 mm all km rn:.m the (01)t3<:1 (Bulltebarth and Voll 1991). The crysta l 

-,i7.cdislributionsofgam~1 in high-grade pcliles arc consisk'1It wnlt textural coaT1i<.'1l1llg 

(Cashman and Fcrry 1988. Miya:/Jlki 1991). AYl'l'S .. I til (2003) ooncli.ldc-oJ from 

C.,pI.'TiIllCnlaldatathalziroon .... illooarsenrapidlyoJuringhig/l-1C1npl.'T'dturc1I",laI1'l<)'1'h"m 

inthcprc:scnceofink'Tgrnllularfiuidoranalccticmcil 

II.) llYl>otbeses for ""me Ic.\lunt l featllrcs of the O l-I!abbroic rock_tYI.cd a ll 

The present "'ork has idcntifil..J lhR'C eastiy r~ ... :ognlsablc tc .• tun."! thai can ..... ith our 

present koo .... 1cdgc. bcplausiblyintC'l'rl1c~1 in Il'TtllSofIC.\luntl l'<juilibnttion. Oncofthe 

te .• tores. plagioclascscptumt.:xturcin,-oh'ing il1llcnilc and bomhlcndc(l'btes 3-98. 99). 

has already bccndcscribcd 311ol1 intl"'l'rctl..J intennsoftc~turnl c'\luilibrotion m &..:tion 

),2,4A. bowc\'L'Tso1llCadditionaldiscu,-<ionoftrut mtl.'TJ'fClalion is prcscnll ... Ibcl!)" 

ILl.1.EJ.ru,:.iodq\c \""/,,m lex/we in",frim' ilme",/c und I",mblcrull-

Rl'Call from Scction 3.2AA that homhlcndc and b,ot llc' in the Ol-gabbroic r o-ck-typcc1an 

of the Banh Concentric Plutonic Suite <Ire inte'l'rl100 to occur as wbole or parti~l 

rcplaL'Cmcnlsofinlcrslitialclloopyrox"ncollthcbasisofr<1,iaccll"'ntIn turl"! 



TI>.: 'omposition ofthc hornblende has!J.c.,n :;.amplOO as rdatiwly Ti_rich (> 4.5 •. ·• 

TiOI) by electron microprobe analyses prcscntoo in Hiochcy (2004). Ilomblende ;n some 

rocks bekmg;ng to the Ol-gabbmic rock type-s[l<."Ctra ofothcr plutons ofthc N~;n I'luton;, 

SUllCrsu;lehas l>ccn nOscrvoo by the PTCSCnl nuthor to bcofthe same colour and tho....,.efi, re 

;nfcm.~1 similarly relatively Ti-rich composition. s(lCcifienlly the hombk-rlilc of Ihe 

Ho",-~,bcin. Mu,hua. and Pon Manvers Run plutons. as well as the Konrad pluton with;" 

Churchill Province gncissL"S southwcsI of the Makh .. winckb bathol;th (the larger. 

rclall\'clysouthwcstL"mofthct"'<Jnortheasl_elongatebodicsd<1'lctl"t1 in Ryan [ 1990]) 

Rceall from St."ClioIl4.3 that plagioclasescptum texture i"''<Jr.·ing ihncmtcDnd 

hornblende also occurs;n some Ol-gabbmic rocks Mtlle weSIl"m centml margin oflhe 

Hoscnbcin plulon. north of Knngilialuk Lake. Add ilionally. the presenl author has 

obSl..'l"ved JXlrtial plagioclase septum texture involvirlg ilmenite and hornblende in 01-

gabbroic rod ofthcsoutoc"m I'ort Mmwt.'TSRun pluton 

I'Crl~IPS it is the relatively Ti-rich coml)(lS;lion of the hon,b1c'lC.le ill sonic 01-

gabbroic rocks that ma~csthc mineral susct.1'liblc to textural C<juiiibt"'dtlOnby c"uslIlg the 

hornblellllc-ilmcnitc boundary to bcofsuffieientlyhigh elk,.'l"gythat loril to he rCI,laced 

by at Icast twice its lcngth in plagiodase-homblende and plagioclase-ilmcmteboundary 

TI.-sult,mslowt."Tt.""fll"Tgyconfigunltion.lfasp<."Clfic.restriclcdhombkndccOIllI)(lsitionis 

rC<juiTl~1 to significantly raise the energy of the homblende-ilmc'nitc contilCl then Ihis 

might explalll why plagioclase "'-1'1\Im tc~turc in"okmg tho..-sc mincrals or any otoc"" 

mineml, ha~ root b':':n previously reportt."\! SO far as tlJC pr~""SCnt author has s~arcbo..~lllic 

11l~"'alure. 



If the hypothesisprcscnk'<lab,weiscorrcct then wc ""'ycompare and contmst 01-

gabbroie rocks rearing ilmenite and relatively Ti·rich hornblende on the basis of the 

degn.'Cofte.<turalC(]uilibralicmevidentatte.<turalenvironments where a sufficiently thin 

volume of hornblende occurs belW~"-'fl plagioclase and ilmenite. environments where 

textural "'Iu ilihration shou~1 have occurr~~l with sufficient 1 ....... ""'1 input at sufficiently 

high tCl11pcmtur~"S. The C!ltegoriL"S of evident text uml C<Juilibr-~tion of hornblendc-

plagioclase-ilmenite woukl Ihus be: maximal (full plagioclase septum texture). 

intenn~'<liate (incipient "nd partial plagioelase sL'Ptum tcxture [SL'CIion 3.2.4.4]). and 

minImal (bomblc·nde relalively thin rims bo.1ween plagioclase and Ilmenite [Sedion 

3.2.4.4)). Rocks bearing One or two oftheseeategorics in dominance in the applicable 

textural environments could thus be qualitatively elassified in tcnllS of the relati,·c 

quantity ofthcrmal input at sufficient ly high k'fllpcmturcs (TISHT). According to this 

scheme: rods of the OI'llabbroic roc~-lypc clan of the Banh Concentric l'IUlonic Suite 

ha,·e variously cxpcriellCL'<l high. medium. and low TISHT; some Ol-gabbroic rocks 

akmg ti1ccentml western marginnfthc Hosenhcin pluton nOr1hofKangilialu k L,k"hav" 

cxp.:ricn"cd high TISHT; SOme Ol·gabbroic rocks in the sout lll.TIl Port Manwf"S Run 

pluton have cxpo::rier1CL'<l intenncdiate TISIlT; and. somc Ol-gabbroic rocks in the 

M"shua and Konrad plutons have cXpI.."Ticnced low TlSHT. the present author having 

ObSC"L'<l in them only relatively thin hornblende rims in appl icable {c~tuml 

ThepT\.'SCnt author having briefiy examined the thin-'<CCtionscut for the study of 

Yooroouw (2006: 'panning the ~ast -west rcninsu la horderL~1 on tlk: north by Nain Bay. 

nom {he CaSKTIll'oim II~;Ir Nain (O the glleiss.: .• WL"St of the L,ster pluton) obscrvL'<l on 



so"''' gabbroic (uns" lalO) S<-'CtK)[l~ pbgioelm;" "''Ptum texture bctwl'Cn pyroxene and 

mh<.'f minerals. As well. thin· section HJ5 ort hop~TO~enc·oli'·ine gabbro (this study) 

colil'Ctl-d within metr..-s.on the Ol-gabbroic side.of l hceast crncoastnle~JXlsureofthe 

eharrKX;kitic-OI-gabbroic cont"'t south of Nain Bay is quite unusual in thm it exhihits 

plagioclase S<..111um textures in'·ol~ing. in addition 10 ilmenite and hornblende. magnetite 

and homhlende. biotite and hornhlende. and e\"en magn<.1ilC and eliOOP}TOXenc and 

ilmenite a'KI clioop~"o.xe'lC (platcs 8·1. 8·2). Thcse observations ofplngioelase septum 

texturl"SinnrlvingmultipleminlTaisbcsidcshomblcnd"const ituteevidcncc against the 

lexlurall'<]uihhr,lion hypotr....,,>isgivcn here. since we do not find in Table 8·1 extreme 

,"l]lucsofyab/yaa.tilcmaximumbcing l.35 for quartz (a) and gamct(b),indicatingth.at 

tbcyablyaavalues > lrequircd to form S<-"JItum texturl"S via textuml L,<]uilibration occur 

oll ly for very spc'Cifrc minLT,1 combinat ions if they <-'vcr occur at all bctWl"Cll minerals. 

rcrl~~ps Sl.1)tum t,"turl"> arc formr..-d by low dcgret.."S of panial meltinG. with lhe 

mincral·spc'Cilic dihr..-dml ,mglc.; of the part ial melts governing the fonnation of SI.""pII.lm 

tcxtures.P, ... hapsOI-gabbroicrocksexhibit ingplagiocia'lescplurntexturcinvolvinGonly 

hornblende and plagioclase havee.xpc1"iellcL-d a relat ivciy low degrcc of partial melting. 

relative to rocks exhibiting plagiociase septum texture involving mult iple pairs of 

E"aluatingboth tbctextumll"quilibrationandpartialrncitinghyJXltheses for the 

fO"'Wion of pla)liodasc septum texture"'; by classifying roc~ ",mples accordmgly ,nd 

atk'"pting to rclale the di,tribution of the T1SHT or peak tr.."Tnpcn.turc results. 

rcspc"<:tivcly, 10 othcr gl'Ologicn l criteria (c.g. ficld relationshirs. a bsolutc age, spread of 



U-Pb ,<n]ucs) is a tas~ len to future wor~~TS. Corrcllition of rocks classilied ac(.'Oruing to 

the degree ofTIS~IT evident in applicable plagiodasc-homhlcrl<kilmenitc environments 

w;tllthe t"'oother textural femurt::> for which hypotill.""SCS arcprcscn1!:d here in>'olving 

le_~lural ~"qulhhration is another task lell to future workers. Intcrested WOrhTS can stpn by 

tabu lating (mid tll<."n mapping) JCgf(."(OS of cvidcnt TISIIT trom th" J(."SCriptions in 

A]lfICndi.~ C "'bieb include the plagioclase-hornblende-ilmenite textural relationship in 

thin-S<.'<:tlOnsrontainingapplicabletcxluralcn\"ironmcnts 

II !lThi"bjQlI!r<iircU'IIJdhichgsVfflm/iQbjQ(/c 

The S<.'<:"nd textural feature ink-rprc1ed in tc'fTllSoftextural R'<."qulhhration is that of thin 

biotite SIiV~TS. occurring within relntivclycoarsc plagioclase grains and transc<:ling finer 

grainsofplugiocla.w, olivinc.and pyroxcnc, nl<,stly isobted (at Ica,t in lheplancofthin-

se<:tioning). but in a few obs(:rv3tions "rOQK~I" in C031"S<. ... tl<)rnl;ll·sil(''tl biotite grains 

(Plarl'S8-J. 8-4. 8·5. 8·6).Coarscl". nonnal-silc<1 biotiregrains.dc'SIHtebavingevidcntty 

formed or began as r"(:plal:emcnts of space-tilling clinopyroxenc (Section 3.2.4.4). 

commonly have shapc_~ which tcrn"nate wnhin adpcent plagi'.>Clasc grains 

rhehYl'0thcsisfoTthisfearurcisrharbiOll1c.Mvingcrystallisc'tllllitially"r 

..... holly as a r"(:placcment of clinopyroxerlC. subs~"qucntty un,krwent c;tll<." tc.~tural 

c"qoilibmtionornystalli,ation-cont<'m]XJnlllcoosrl'tlistrihution~ry,;taliisation(Mcansand 

Park 1994) to fonn gram, termlllatlllg withlll adjac.,nt plagIOClase. and then. at lo ..... er 

tcmpcflltur"(:s. I~xturally r\:C<juilibflltoo bccau>c the ratio Y'OO,i'r lhlO: !~'Id dc-cre:lS<.'tt .... ith 

,lccTcasing tCnlp<. .. arurc (a!ld thus the !lCW c"quilibriuIIl shapl'Qfhiot,rc had grearl" are3 of 



(001) pcr arc'" of lhkO}) m"J 11O"-,,hly "100 ht.ocausc, a., sugg~'k~l by the inlragrain-

Io<:alismion of sliver formation, more lo<:alisL'<l diflusion communicated a dis.:<ju ilibrium 

mfiooffJi.earc3sof(001)andlhkOf(Figure8-6),Perhapsll)JrclocaliS<.>ddiffusionhad 

liu ie or nothing to 00 wifh eslablishing a dis.:<juilibrium mlio of taeia I areas bul mtrn.T 

mcrdy limited the ,o lume of biot;1C that coukl rl"-'<.juil ibmtc 10 tnc kmw IClllpcrature 

L'quilibrium shapc, We may ,tate more Fncmlly that textural rc,,<!u ilibration ", it h L..:.oling 

n:suitcd in rc1af ivc1y high aspcct raliobiolile 

Thc' isolak'il ,l ivers arc eithe.,- an "rtifa~1 of Ihin -st...:t io"i"g, adually motc'il in 

coarscr, l){)rIl'I<11-sizc>d biofilegrains. oraClually isolal",I, having ht.ocomc so frOIll rook'il 

,livers oomchow by further texlural c"-!ui librmion, or both . l'eThaps a~lually i oobk~1 

sli"crsoeeur in rocks having forrncd rooted slivers and subscqucnllyexpcricoc cda 

prolonged fhl.,-mal pu ls.c, Ihereby causing the ratio of y<Ol)<tf t ".~, to iocr~a"" 10 for"""r 

le\d •• causing bi<"tilc 10 tcxturally rC -L'<.julibra1e at kmu aSp<.x:t n<tius. Ih" slivers 

"brcaking aparf' analogous to how planar tlilid inclusions ulldlTgO "ncocking down" 

(dcst.Tibcd in ){o~'ildn 1984). l'rotrac1c'il dissipation oftllCttlCrmal pulscwoukl tCX1Ural ly 

re-<'quihbrale the now i>oiak'il biolile grains, .ausing their aSp<.x:t r~tios to i1l<.Tease. 

Repcalc~! t h~nnal pul,e, wouk! cau"" cyclcs of ,hurtening and lengthening. the biot ite 

cuhcdra ])uls.lting O,'lT time. slightly rclocating within the plagioclase host eaeh 

rl'\.'qui libratio",rc,ul1inginrall<lommigrafiono\'ertime, Imagine t>cing ahklo pccr into 

Ihe rock alldob«cryc this PT<K"''SS In fa,i-motion, ocginning with bK)l itc !la\ing 'lOt yet 

ul~lergOJ\c initial sliver formation. First you would ha\t' 10 b~) back In tm", 



In ad<lilion In Ihcevidcnce ei1(:<1 abovclhal relative int~.,.f.'>Cial eoc.,.gics , 'arywith 

k~npcmturc> the h~pothcsis Ii" biol,le slivcrs is suppot1c..J by a slIl<ly by Kivc'1"$ and Fyson 

(1977) who fouOO lhat lIlusoovitegrains in a pclilie schisl unit bt:corncn"O)rccqu anlfmlll 

Iowc.,.· to upp.:T·amphibt,liw facies and spttulalc'<i Ihal lhe c"lUlhbrium shape of 

lIIuS.;ovile is more elongate al k)\,'er leT!l[J<.Talu'L'S, ,upponed by theirob":Tvation that 

sllapcanli size arc ill<kpcOOent In Ind,vidualsalnp\cs indicating that 100 sha[J<.'SwcTellOt 

killcticallycontrollcd,atlcaslnotinla.gepat1, 

1/11&lqlill'/YcoorwQIil';ur.oridali9!!m,">ki:Jili:. 

nle Ihird textural featu.e intcTprC1Cd in ll'T'ns of textuml ''''-'<juiltbnttion is Ihal of 

onhopyroxene·(mag ..... 1itc·ilmcnite) symplcctitc, having fonned by ol"'inc oxidation, 

exhihiting in somc rocks limbs of relatively uniform coarscnCl;>C 000 low as[J<.><.:1 rmio 

(rlatc 8·7), By (:ontms1. ol,,'mc·oxidation sympkctitc'S in ottxT rocks wllIam hmbs 

c,~hibitinll a "aricly of coa'SCIII.'SS, mnging from rdati\'ely line bmdbr and vC'Tmicolar 

(rcscmhlmg fingerprints) to rciali,-ely COarse aOO ~lwcrJS[J<.><;1 mtio. such variations In 

COal'S<.~II.'SS com'TlOrlly occurring in the "'1IlC sympkctitc patch (rlolc 8·8) 

The hypottx'SI< fQ, this fC;l1ure is lIw ohine·oxidalton symplcctt1c (OOS) 

originates exhihiting a vuri<-1y of coarsc11CSS. with line. limb, .esulting from slowc'T 

dilli,sion (as iIllC'1'rctc~1 ror biotit~"'diTlOpyroxerle symplc><.:t,te [SLoction 3_2.4.41: V~'mOn 

2()().j and .efc.cnH'S therein), ,,00 In samples hU'In&expcricnccd .eI~lt"'cly IlIgh th<."Trnal 

input at suni.icntlyhigh 1<-'mpt.'f"lU'<.-s.Subst."lucII1IYlmdcrgoilllltnlumlcoarscnlllgto 

produce rdm,vely coarse, low aspt.'CI mlto OOS 



NolC lhM Platc 34, Figure 1 ofMol'SC (1969) shows rdatively line. fingerprim_ 

stylcoli~incox;da tion symplcClitcinan"adcumulatctrOC1ohtc"ofthe Lmn-r ZOlle of the 

Kiglapait pluton. sampled tx.1w~'Cn the IIIt~"rf'reted 60 and 70-/0 cry>;lalli51'd ooutours. The 

{)ccurr~"IICe offille, fingerprint_Slyle OOS may indicate lru.l this rod. from well wtthin the 

interior of the Kiglapait pluton, may ha\'e not C.~P':T;Cl1ced the hIgh mnount ofTISllT 

R"qui .... 'd 10 tcxtumll ~"qullibratc the OOS into coarser, Iow~'T asp<.'Ct mtK' CQIllPO'ICIIIS. 

so, 



rigurc8-1 -Surfucccncrgy(unitlcss)versus Icngth:width ratio ofa biot i ( egrainwithYiOO (hl "~ 1 
- 4. 5ueh as the phlogopitc grain shown inthc insct(Krctz 1994). for which the WultTthcorcmis 
dcpictcd. Sec Section 8.2.2 for discussion. 

A B 
(A) yae (A) yab 

6, (C) 

yab 6 , e (B) 
yaa 

(B) Ybe 
(A) 

yab 

Fignre 8-2 - (A) A system consist ing of three unlike grains. A. Il. and C. sharing a Iriple
junction. (B) A system "onsist ing of three grains. IWO ofphasc A and a third ofphase B. sharing 
a triple-junct ion. SccScction 8.2.3 fordi,cussion. 



,---' ...... 
ro ,,, 

dihedral angle 

Figurc !l-3-y.;y .. \'crsusdihcdralang1cin 
dcgrces, See Seetion 8.2.J for discussion 

Figure 11-4 _ (Figurc> 1, 9, Krctz 1%6) OrawinJ::S depicting triple-junctions between hornblende 
(kft) and hornblendc and biotite (right) in rocks where textural equilibration is otherwise 
evident. Sec St.-ction S.2.3 for discussion. Rhombs in left imagedcpictl .... ·clea\'lIgerhombs for 
cachgrdin. 
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Figure 8-5 - (Figure 4.16, Vernon 200t p. 188) Schematic representations of the comroonly 
observed'luartz-'luartz·(OOI) ·biotitc triplc-junction conHguration (lcft) and ofthencvcr 
obsc rvedquartl·qual17·(OO l)·biotitetripJe·junctionconfigumtion(right) 

FigureH-6 - Schcmatic depictionofthehypothe.i,descrihed in Sc-.:tion 8. 3.2 for formmionof 
biotitc <livers in thc Ol ·gabbroic rock typc ·spcctrumofthc Barth concentric stru cture 



PI~te 8-1 - Magnetite-hornblende (upper left) and magnetite_clinopyroxene (twice, 
Iow~'T) septum textures involving plagioclase. in Opx-Ol gabbro. Thin,sCl:tion IUS from 
lhe Ol-gabbroic rock_typ<o predominancy south of Nain Bay, adjacent the charnockitic 
coniacl.PPL.imagewidlh l.3mm 

Plale 8-2 - Partial magnelile-chnopyroxenc (arrow) and biotitc-hornblen(k septum 
textures invo lving plagioclase, in Opx-Olgabbro. Note also the circular hornblcnde grain 
(lower kft) apparently not associated with a septum texture. Thin·section Il J5 from lhe 
Ol·gabbroic rock-tn'" prl-dominancy south of Na in Bay. adjacent the charnockitic 
comac\. PI'L, image width 1.3 nun 



!'la!es 8-3, 8-4, 8-5, 8-6 _ Biotite slivers: (~-J) biotite <liver "'<lied in a norm"l->iz~d biotite grain 
and !rllJlSC<:!ing severa l gra ins of plagioclase. (X-4, ~- 5) apparently isolat ed biotite sli vCTs in 
plagioclasc, (8·6) biot it e slivers !ransccting olivine aoo onhor)'foxene grains. Thin-scction G249 
ofOllcucogabbronorile. XPL. all image diagonal, aoo fi dd ofview-2 mm 



Plate 11_7 - Olivine-oxidation sympb;titc of re latively uniform coar>encss (con ti rmcd in 
reflected li ght: fingerprint '~mplectite completely absent). in icucotrocto lit c. Thin·section 
G242 from the Ol-gabbroic rock-type predominancy 'IOuth of Nain Bay. Pf'L Image 
widlhlmm. 

PI~le 8-8 Oli vinc·o.~idation symplcctitc conta ining limb, exhibiting a "ariety of 
coar""IICSS. mnging from wry fine Imncllar aod vermicu lar (resembling fingerprint') 10 

relat i\'e!ycoar:seaod !owcraspc<:t ratio. in1cucotrocto litc. Thin-""ction H4 fj-omlhe 0 1-
gabbroic rock-type predominancy wUlhofNain Bay. southeast ofPikluyak Islet.I'PRL, 
imagc ,,-idlh-o.8 mm. 



Chapter 9 - Cond" sions and summal) 

9 { I CQncb.,hms r"CII,dine Irrrninelrn clIIs.ifica/iQn a"dd<,~rn/llilJ' rncthod2lrU 

I rile tenn "p lu ton" may tx: used as a g"""ra l aoo versatile nOIl-ge tl~1ic designatio" 

non.:thcless ~o",i'knt with pr<.'SCnt gcrn.1ic usage - to rcier to any more or Icss 

contiguous m.1ssofplutonic rock ronsistingofone composition or wry similar 

compositions or a chamd~";stic zO""lion of composition., . Thc Barth Concentric 

Plutonic Suile, being c"Ontigu"us and pos.scssing wllCcnTric zOrl.11ion exhibIting 

cbaraClcrist ie<i istributionofrocktypcs. is Iheref"rca pluton in the ab()vc scnsc. Thc 

body couk! be alternately rcfenC<l 10 as the Bardl collCent ric pluton. IlOwc,"cr the 

present author ""'commends against this <ie,ignation bc<:ausc a gelK1ic SCI~'C of the 

k"J1n "pluton" is st ill convcntionally and inconsistent ly appli<~i. Tbe body camlOt be 

call~~lthc Barth ""ncenlric composite pluTOn wIthout using the ttrnl "pluton" in its 

pr~'SCnt gcrl<.1ic ""nse. with all ofthcarbitrartness and vague ""u",pltons such usagc 

orthc k"J1ll "nTails (Krauskopfl968. Glalrn.1" cl 111.2(04) '" wcil as the inconsistency 

with which the coment ioTiJl ""n,e"ftbe tcml "pluton" is uoocrstood 

The Nain Plu tonic Supcrsuite all(] the Uarth Concentric Plutonic Suile wit hi" it arc 

cxampl", of large bod;"" of plutonic rock divided most conspicuously into 

components i Tl(] i 'iduallydomlllmc~1 by either Onc of a nUlllocr ofdi,tinct sU lk",,,f 

rod t}"JX",.l'reciscyct ,~-n;atlkdL"SCriptionofbodies,u<'hasthcsc may l>c achievoo 

u,ing ""criopping types of subdivision I:>ascd on rock type. In oth~,. words. hy 



subdividiog according 10 Ilic crileria of rod Iype in a numb<.'f of dilk'fcnl way>e 

Sp,:cif,cally. the typcs of subdivision uSC<J h~'T~in ar~ toose dcfi!!c~1 slrictty by rock 

1yp<'.'.tllo<;cdefoncdbyconlaclrelationsllipsbulcllaraclc'Ti><.'<lbyrocktype. and loose 

dctine'<l by exdusive Of indusive associat ions of rock I}'JX'" The thr .. ", type~ of 

and thcroek·I}'P" associal ion 

3. Bodic, ofplulonic rock bounded by plausible inlrusi\'e ""nlacl, may he referR~1 to 

wit llOul fUr1IK'f ink'll'rl1alion of gCrlCsis a, plutonic pcrimetrons, Two b.1sie 1}'pCS of 

plulonic pcrimetron may he di,linguislK.'<l {I pri{lri: 1110'"' wit hm which intl1'nal 

plausible intrusive (:ontaet, have yl1 l() he dd i ncak~l. called base perimclrorts: and 

IlIOSC wilhin which two or more base pcrimetrolls are .11 lea sl provisionally ddincaloo. 

call<~l composite pcrimetrorts. PI"lonic pcrimelmn, arc useful in lheory bUl arc 

perhaps lea,l useful aline larger scal." where lhcyare !!IOSI practical 10 lksignalC. 

The (lcSignation ofnlOsl plulonic pt:rimctrons is subject to mapping inferencl'S and 

sp.1Iialcorrdations. Thcprescn1autoofh~foundthcpIUlOnicpt.1'imelrondesignation 

Icssuseful.k'SspracticaLJoo ll'Sspr<'C,selnan thcmdtypcsubdivisiondcsignaliolls 

4 Ih.' British Geologica l Sur-'cy mod ifielltiort oflhe Imcmat~",al UnKlll ofGwlogica l 

Scicneessch.:rnc /ilT thc ctas,,/icaIK'" "figneou8 rocks (Giltcspie and Styles (999). 

c"rnhin,-~l with the u'e of bradet syslems to indicale accessory mincral modes 

coumed together (c.g. [Bt -Hbl) 6%) and to indicat<' a~",~'Ssory minerals not li<t,~1 in 



or<krofreiativc abundancc (e,g. (Jim-Mag», is sufficicnt tor precise classification 

and Ih.,reforc d~'Scription of lhe plutonic rocks encountered h~'1'c, S!,<-",ial k'Tlll.'i (c,g 

'H!lI)rthosilic", "ferrodioritc·'. ,·tmctolilk" as gen,;raltcrrns rK)t limik'd to arK)rthosiK'S. 

dioritcs,troC1ol itc"reSIX'Cti"cly)aret h~'Tcf<"eun~ess,'ry.althoughthcshortenings 

'urK)rt ilOgabbroic" and "di<)gabbroic" arc useful t() amid rl>c cumbersomeness of 

saying "atlOrthositc and (or) gabbroic" and "diorilc and (m) gabbroic' 

5 Grainsi,le< of igne<.>us and metamorphic rocks truly be described more precisely and 

accurately than by conventio""l approach~", and in already standardised terms by 

Cl'timating the abuooanccsofdiffL'Tctlt grainsizcdas>cs in a particu lar rock and then 

fI.)lOrting some e~prcssion of the rCb1i\'c", absolute abundan.:;esofgrain,izcciasscs 

designated in mdri~ units (e.g . .:;on,ist ing dominantly of ,ub-millimet re al~1 10w~'1' 

milliml1re-scalc grains in roughly "'-lual volumetric pro]X!rtions), At pr~",cnr. 

conventional ignt~)u, and mClanll)rphic pctrologi,t, either employ Ill) precise 

grainsiLc description scheme, employ Ioo>cly some ve",ion of the fine·111~"dium· 

coarse-grained scheme, or lmploy thc fine- m~"(lium·coarsc-grained scheme m a 

methodi.:;al way prone to 'Xlmpounding unc~"'ainty. such as by estimating the 

'averagc" graimi,lc (g~"()J1ICtri.:;" arithmctic?), 1))(.11 cstimating tnc \"Olunw of the 

avcmgc·,izL'<i grai n so as 10 ~'St i lm'te its diamckL tncn reporting the gra insil.c class 

intowhichthcdiarn~1crtal ls(e.g.Gi l bpiealKIStyl cs 1999), 

"Suboikocrystic·'. "pla.<tomorphic". a'~1"sirnplcLonation" arc tenns intr0<1uc~'d h/"rcllial 

do rK)t find significant ~s.~ge in tlte prcsent "ork hut nrc potentially useful in tuture 



studies, includ ing future studi~'S of the Barth Conc~nlric Pluton;'; Suite and lIoscnbcin 

pluton 

I TIle distribution of "Iivinc com",,_,i1ion, in the Ol·gabbroic rock-tyjlC clan of thc 

Banh COflCCll1 ric Plutonic Suitc e~hibits dcar spatial patt .. 'rns oouth of N:,in !Jay 

where sampling is relatively densc. illustrating th:,t although th" primary 

compositions of SOme minerals (,uch as plutonic olivine) may ha"c plausibly 

undergoncsignifican1Illodificationby_<unsequcntre<:quilibration.thcnlagnitudcof 

oom""sitional differences potentiallyproduccd by v11riablc dcgr"",ofr~"''quilibrallon 

modification may be I""s than the magniludc of primary compositional dirTc'TeTICCS 

ovcrte,c,,,,huoore<lsofmctrcs. Tile (Iistributionorto"tcritc numl>c"soulh "fNain 

Bay may be ;mcrprctc..! a" rr<Xlrd ing contaminatio n ""ar the chamocbtic wntact 

combin .. "! with 'IOrthward proc~'C{ling ixlundary lay .. ,. Ii-actional cry,ta ll is,";on of 

olivine or as rccording two cast-wcst .. ~nplacc",cnts. the ()kI~'T{)"" having undergone 

boundary layer fractiona l cryst~llis31ion of olivine proc .. ",..!ing nonhwards, the 

younger having intcrvefll..! l>ctwl'<'n the older and {he cottulgn];!{ic ch:mlOckic 

ncighlxlUr to the soulh 

2 The l.i"Xln U- l' b i",tol',e eoml'osilwHC' mca.<urcii forlhis study by LA-ICPMS alwl 

scrccfll'<l tiJranal}1ical quality nhibn signiticantanal}lical scan~,., m"<lcnidc,,t in 

thc rC'pt.'Clive concordia plo{sof rcfcrcllcc staol<lard arI.1Iys~'S aol<l calibr:olKm sta,l<lard 

alialys~'S. By comparing fur each standard th~ concordia a~c calcubte<1 ior Ihe fi,lI SCI 



of(scrL'Cn<~!)an3IYSt."Swith thc "ariousconcortiia agl'Sealculak~1 f<>rsmall.<uhsctsof 

analy,;cs.it ..... asdClenninl'llthat,in thcabscnceofrcalscatll'f.t'\'canalylieally 

semten,,1 analys~'S arc the minimum number n:<juired to calculate a concordia age 

probably containing within I-sigrn.:t thc concordia •• ge value (s""scrror) calculated 

f<)rthc full 51.1 ofanalyscs. numbering in the severnltens_ The most "'tcrpreti\'e usc 

that coukl be made of unknown analyses potentially exhibit ing real scal1<'f wa< to 

calculate (tor each rock sampicj thr"" "'-1'3rntcooncordi., ages. olle tor the full set of 

analysl'S. one for the o~l cst half set and another fur yourtgesL and then evaluate 

against field. petrographic. and Loning observations the plausihility thai ea~h 

rcprcst.11ts or approximatcs an age of gl~)logical meaning. The rclati,'cly 10 ..... lIumber 

of analyses rL'quires that ages sod~1rnnincd arc considered provisional 

91 I Grologiro/Wld(:fQ('b amQlogicu/("(mc/lisious 

I rhcOulcr oomact of the IJarthCOIl<:entric 1'lutonicSuilc iSlno.t plausibly mlm,i,c. 

consisting ofeitlter a sh..rp intcrfacc or sharply bound intcrlea\'l'd hodit."S. wnhcach 

sharpcontac1 separntingdl-';paratcrockt)'pcs. Slx'<;ifically Fc·richdiog..bbroic rock 

within against Ol.frcc atlorthogabbroic rock and matic gnciss without. 

Tlte inner contacts "fthe Banh Concentric Plulonic Suite arc also m",t plau'ibly 

intrusive. though they \'ar~)U,ly exhibit sharp atllj straight intrusion. chilling. magma 

n"ngling. magma mixing. hybridisation. and intcrica\'ing. Mostofthc inncrcontaclS 

recognised arc ~'Onta~1S betwL'Cn rock-type prl'llOlnm3ncics, atlll t .... 'fclilTe ge1ll'fally 

bc1wl ... ·ndisparalemcktypcs.thec . ..,Ll'tionbeingtilalsomcpitysicallyopIlOsingTock 
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t~p.:s arc similar in ~omiX'sition due to mixing and contamination. Some inner 

wntaL'IS r~'Cognised arc internal to the rock-type predominancy. S<."P-1<nting rucks 

bclonging to the same roek-t"l'c d an but differi ng in tnturcor sp<.'Cific rock t)l\l'C 

(>OIemially many morc internal intrusive contacts haw not bct--n dctl,<:IL'Il. some of 

which may bccmirclycr)lJlt ic to thc unaided eye 

3 As poink'll out by (>r"vious workcrs. thcm·crall structural p;lIlL'rIl within the 13 .. l1h 

Concentric Plutonic Suite is rough ly concentric. assuming a north·wuth long axis 

bdore t',ultoflkl,aro undt he ccnl ralponion ofthcFe-ricbrock·typcpr"dominancy 

underlying Uarth Island. wit h all three-dimensionally assessed stnlet urcs dipping 

inwardnccpt foronc,anintL'TruI l intrusivcwntoctwitbintbecharn<>ekiticrock-type 

pnxlo mi nancYSOUlhofNain 13ay, Slriking 75" and dipping 67" SOUl h. Alt hough lhe 

st ructural 1'1I1cm is roughlyconccntric. 5Omco1"thc appa!"\''1lt conccntricilyofrocX-

t~lIC predominml<:y contacts in plan "iew resu lts from tbe interaction bctwc;;n 

tOiX'grapby and ,trud u..,. Geologists arc advised to rc,ume the pmL'Iicc ofinduding 

topography on relatively fine scnlc goologkal maps ofnn arcnsc.~hib iting apprc;;iable 

topography 

4 I'cxtmestm.t mayooi nt crprclc'llas indicJtingtbecx!",ricnccofatbem .. lpuI,ein tllC 

partIally crystall tn" magmatIC stalC include OCClI'O (optICally ('(tntinl>ous. coaf'ICr

titan-matri.<.highlyirregl>lar iosh,tllCal)(ioutlinc_pjToxcneoikocrystsjinrocksoftllC 

Fe-rich rock-type dan and r.-dissol ution textuR'S in "ome rocks of th.: Ol-gabbmic 

rock -type dan. In the prese nt context. thermal pulses in tlte pan ially cry81a lhne 



milgm"ti<;statearcroostplausiblyintcrpr~1cdnsrcsultingtrornsucccssivcinlrusionof 

,hL'<-1S concL~ltricallydislX/5Cd. 

5 Tcxtu","S that may be rnl"'Prct~~1 as indicatingtcxtural equilibration in the solid state 

,luctorcinti'·clyhightll<.'Tmal input at sufficiently high tcmpL"fatu","S;ncludc. rntbe 

Ol-gabbmrcrock.typcclan.transllrcs.sivcbiotitcslivl"fs.plagioclascscpturntexture 

""oh·iog relatively Ti·rich hornblende and ilmenite. and olivine-<)xidation 

syrnplc<:titeofreiati,-ciyunrformcoarscncss. Tl><:prcscnlautbordol""SlIOlronsiderlhe 

Ic.<1\lI"'Jlc'quilibrationinll'1"prc1ationsofthclallcrt .... otcxtur<:Stobcasplau,;ble as the 

tntural ~'quilibration intL'1"prl131ion of biotite slivers and the thennal pulse 

illtcrpTc1"tions ofOCCIPO and rcdissolution textures. 

b 1)("pit<·SSloccurrc~scxam;ncdandtheirgeneralco-QCcUtTCtlCeinthcsMIlCth;n· 

",.""IM)ns. tl><: oun.\:-rically abundant baddclcyite and £ircon OCcuITc-nccs of the 01-

gabbroic rock·typcelan ha\e not bccnob"-"TVl-ti torontact eachothl'1" and sh()w n() 

spatiai affiliatioo beyond having similar pl1rogrnphicrontcxts, Approxi111mcly9O" . of 

OCCUITl~IC1.:S con1:l<:t ilmenite with .... hich th<:y commonly slM)w intim~te textural 

relationships. spttifically ilml"llitc·baddc1cyitc composite grains and zircon rims 

again,t ilrncnitc.liTncnitcistl><:rdilfcsuspl'CtL-tiofcoostitUlrngatl><:rrnallydi"isi"c. 

non·intcrrnruoatc (llrasc lx1 .... ~"CO baddcley1te and 7-'l'<;on, wilh rnt~'1"stitral rnells 

crystalli,ing in the ,ystem SiOl ·ZrO:!·!'cTiOl falling to either side ofa hYlX/tl><:tic.:r1 

tcrnpl'1"ature rnaxrrnum bet'H"Cn brnary systerns ZtO,·FcTiO) and ZrSiO,·FcTiO,. 

with hoth binJry systems containing cutc-ctics bctwttn the £irconrum pt.,,,, and 

,,. 



Illllcnitc.MeltCOlllpositional differcnccssuchthmbarldclcyitcaoozlrcon occur in the 

same rock may be introduced by progressive occlusion of pore spaces and thc 

differentiation that reSlllts as sparsely nucleated liljuidus '-" ~-quilibmting nlin~"al s 

OC"Coll1CencloscdinsomcporcspaccsbutllotinOlhcrs. thcrd,yprodudngporcspaCCS 

ofdiffcringeljuil ibralingbulkcX>lIlpos ition 

7 II is plausible lhal many if 1101 all plu lonic rocks aecommodalC crystallisalion-

contmc1lOnduring late-,Iagc crystallisation by dcformation ofthc erystal framework. 

Such a proe"," iscvidcnced in Somc thin-Sl'Ctions ofthcOI-gabbroic rock-type clan 

of too Bal1h COllttntrie Plulonic Suite as orthopyroxene and hornblende exhibiting 

subgra in development occurring in Ihe ",me Ihin-soction a, optically continuous 

clillOp}TOXCnC nikocrysts. Zircon and bad,lc1eyitc collullOnlyoccur as autOloorphic 

pri,ms (Corfu 1'1 11/. 2003. Hcamanand LcChcmillam 1')1)3). IlOwc,·cr thc Lircon and 

baddeleyile of the Ol-gallbmic rock·typc clan and the 7.irCOn ofthc I'e-riehr ock.tYlJe 

clan of lhe Banh Concentric Plutonic Suile exhibit poor facial developmcm. 

IIldicalingtnal lileycrystalli,c.:1 late-stage in narrow intcrslitial spaces. and therefore 

may have incurred strain 10 varying dcgn;e, by deformation of the host erys",1 

framework. Strained zircon an.;I b;u\,\clcyitc arc su<cepliblc to ink 'mal r~"'istribution 

"f Pband Pb k)Ss insot,,,as ", fIi~;cll1temp"ralu"","s allow. Thcre/ilTethermal pu lses 

caw,,"'" by nearhy I~ter i lllrusion ha ve Ihe potent ial lor allowing intl"rnal rl"' istribution 

of Ph and Pblo" innrc'Onandbaddcl cyj tcgralllscr)'~lallisl'" ,uflici,·mlylate_Slage. 



8 The pr~'SCnl inl~'rp[(.1atKms of previous gl"OChronoiogical rcsuhs oblalll\.~1 via TIMS 

for Ir.c Barth COllcerliric Plutonic Suite (particularly for the Ol-S"bbmic rock-I)']lC 

clan) and pr~"SCnl pro\isiol~1 1 g~"OChroooiogical results oblailJC<1 via LA-ICPMS we ... c 

gui<kd by the cooclus;'ms that U-Pb systems hoswd by sufficicntly lat~"'stagc zircon 

and b:,ddcleyit,· are susccptible to modilication byllk..,.mal disturballCC an,1 that thc 

Barth COllCcntric Plutonic Suite appears 1T0m comact and pdrogmphic evidctICc 10 

11.1\coriginak-d by mulliplc intrusions. SOmc perMp, in relatively mpid succession 

As intc"Tprclcd from prcv;')us gL"Ochmoologicnl sludics. Ihe emplacement history of 

the Nain 1'lulOnic SU)l<."1"SUilc SplHlS at least - 70 My. Iinm - 1363 to - 1292 Ma. The 

I'r<.. .. scnt Sludyhaspmvis;'maliyintn."prc1c.;ithm theeT11plac~'nenl histuryoflllcBanh 

Concentric Plutonic Suite spans at I~~~st -46 My. Ii"m -1337 to - 1292 Mn. 

r<..-prcscnlinglhemiddlcand lalC intCfvals of Nain 1'lulonicSup<."1"5u ite vilalily. Four 

l,mc-ciuslcrs of ages arc presently rL"Cogniscd: I) Ihe oldL"St time dustCf. sp<rnning 

IJJ7 ± 5 (I-sigma) to 1318 ± 6.4Ma(l-s;gma).rcprcscnlingsomcrocksoflhcFe

rich. Ol-IT.,., anorthogabbroic. and Ol-gabbmic md-t)']lC 1,....~lomi"atICics; 2) Ihe 

scrond oldest clust, .... 'panlll"g 1321 .t I (2-s;gma)to 1317.2 ± - 2 Ma (2-"gllla). 

reprCS<.1lting SOTTIC rods "f lhe Fe-rich. ch.1rrlOCk~ie. and Ol'gabbro,c 

prc-dominanciL"S; 3) theS<."Cond youngL"St c1ust~.,..spanning 1302.214.3 (I_sigma) to 

1299 ± 6 Ma (I_sigma). rcprcscnring SOme rocks "fthe Fe-rich and chamock;tic 

p,,~k>minancics; a11<14) the )llungest clust~ .... consisting of one aile determination at 

1291.8 ± 3.9 Ma ( I-s'gma). rlTl,,-scnting a rod "fthe cMrnock,t" prl-dominancy 



9. The Banh Coocentric Plutonic Suite shoukl serve as a waminll to Iloololl"ts to 

aoondon simplistieas.sumptionsofs}l1chronicity for Slruc1umlly alld oomJX>sitionally 

unified OOdicsofplutonic rock. This warning kssoll has bc:cn sialoo ing"ocm I though 

claborJl<~1 form for thc soci:,1 scicoc~"S as ·lhe comple,ity of our tT"K.1ho<iology 

ob",urcs the nai\"clyofour a.,;umpholls·· (Saul t995 p. 32). 

10. The Hosenocin pluton consists of PI·dominal<od eabbroic rock. mostly Ol·f«.., but 

locally Ol-gabbroic alone the wcst .. -rn marein. Spc(.ilieally. the "'''nlml wCSH.-rnn~lrgin 

oflheHosenbcinpluton oonsislS.al least locally, ofplutonicbn:ccia. with blocks aTKI 

mmrix each '"ariously 01·1T,.., gabbroic alld Ol-Ilabbroic. The brccc,a~ aT" cOllsidl-rl~1 

intrapluronic because the blocks do 1101 r<."SCIT1blc any known cxtcnlal sourcc. 

Compared to the blocks. lhe b,,:ccia matrices exhibit lesser ifllQt minimal c\"i<.lcnt 

strain aTKI recrystalJis:ltion aTKI arc gcnerally COaT,..-r er3i",-~1. Th\.-rc arc in cvidence 

alongthc wl-slcmccntmllllarein fourph:!Sl"Soflll;'gln.1tism. 1";0 prc-br,""eiaIKmand 

IWO ,n.1Irix-ronning. One pr,"-I:>r(."Cci:.tion phase is OI-lTee gabbro,c. the other 01· 

gabbroic. with 110 rclalh·c agc iTKIicarors o"""rnod OC1w .. ..,lItl\cm. One m.11rix-forming 

phase "OI-ITl.., Il'lbbroicaTKI exhib,ts. at Ihc 0"'-· outcmp 1a1O"l1lglyobscrvlxJ to 

COntain lhc01h'_-r.OI-gabbroic phasc.lllorccnd""tstrninand ..... "Crystallismiontl~1nrhc 

Ol-gabbroic phase. The arca b...1wc<·n Kangilialuk La~ca"d Ihe pond 0.5 kmlo the 

north has been l"Xciu",·cly s:lmpktl as Ol-Ilabbroic llOwn'T the sampbl rocks are of 

u"'"ownoontC.~1 "ilhrcspcct torhebrl'Cciasdocumcnt .. ~1 10 Ihc nonh and south. 



II . A sample of 1cucogabbro. lah-n from Ihe ~"{;nlruJ Ho""nbcin pluton whctc fur 

hundrc..Js of m<-1res rod, type and texture a(lpC3r morc or less oomogcllCQUS to the 

unaidc'd ere, is the best candidate among the samples oolb'lcd for Tl'Prescnting a 

dominant. \"Olumioous emplacemcnt of silica salurnR~1 1ll;lgma thai we may imagine 

originaK..J tiJ..·di'lmctOOdydelincatcd todayasthclloscnbcinplutollnlld'."onsliluting 

the dominanl aoo perhaps final malrix·Jonmng PM...., of magmatism. tA.JC)'MS 

al~1 lysis of zircon scparutcs from the samplc yield an age of 1338.7 ± 2.8 Ma (I· 

SIgma) provisionally int'TPrCk~J as the crystallisalion age (Oflhe zin:on and II. hoSl) 

Assumin!; 111m the IcUC(>gabbro s:unplc is oflbe same age within error as the Ol.&...-.: 

breccia malrices documented to the WLost. we may constrain the brecCIa blocks us 

being at leaSI as old within L"fT()r. UfI(il--r tha! assumption. the breccia block 01-

gabbro;" rocks ofthc wLostem centllli margin of the Hosenbcin pluton arC al present 

lllcoldL"St koownOI-llabbroic rocksoftllc Nain Plutonic Supcrsuil, .. beltlgnticastas 

uldas-UJ9,\1a 

9141"hrorr tirol (!lldpi,i/QwtlhiryiCQIoc/u,U"I' 

I Highly descripti,'c approachcs to IlL"OIoIlY. such asthconenllc~lIptcd here. allow the 

IlL"Ologisl 10 intImately know his or her rocks and to communicate some meaSurc of 

I I~II il11l1l1alC xll()wkdllC 10 othc.,.,.. The more descriptive as]lI."Cts of the present work 

mayhccumbcrsometor""dbccauwtilcyarcdC>.iglledto IlIlpart LlI the rcadcrdetailed 

LLmges of the r""ks '1",lIed. As ,lat~~1 in the inlroductkm. dcscrlptive dela il is the 

fundulIlcnlal suilstaLlCC of context. By f"uoomg a g~"Ological study on lhe systcmatic 

COlll"ClkHl and document,tion ofdcscflplL\c detail lI·e l"SlablLsh the COLlIC.'1 wilhm 



"nid, llluhipl~ po .. ,ible inkrprctalions llL'corne ap[XI"'nt (a, dClllon,trat(.,j by the 

pre>cnt work). In contr",t, by fouooing a gcok,gical ,tooy On a prc-coneei,",,,J 

intc'Tprctivcct>ntcxttbcsubM.-qucnt colk'Clionaoodocurnenlationofdcseriptivcddail 

ar~ bias.."<l toward loo,e types of deta il s tonsiJtred at outset as nL'Ctssmy to eva luatt 

the int("Tprctation. Such a touooational approa~h also biases the eolb;t ion and 

documentation of descriptive detail towards the tcvel of (tetail. the dellrc-c 01 

S)'Slemat;c approach. and the sck'Cllvity of data reporting considl'Tc~1 at OUlsct as 

appropriatetoc\'aluatetheinK-rpretation. Oftoun;c SOme measurcofti1c interprL1ive 

ioundationalapproach is Tle<:cssary to guidcaoo conslrain thcdcscripli,·c fOlmdalional 

approach. The pre>e!ll aut hor is advocat ing a greatcr balancc lowards the dcscripl ivc 

fou ndat ional arproach. aoo ,onsidcrs that the pRosent w()rkdc'rnon,tratcs tilroughout 

thcseicntilie "aiueofamorcdcscript ivcfoundational approaeh 

Rocks and minerals arc much more than lheir elemental and isotop'c l~lmposition< 

Evcrygrainisuni'lue. Rocksarcti1crdilrcaggregaIL"Sofsp.-citics. Petro graphyislhc 

9.1 Sunnnarisin l( lhoul(hl . 

Consider limt any vul umc ofplutonie rotk only represent, the lasl ,'olumeof ",ag",a to 

occupy a panicular .'pace. Accordingly. ~v~ry plu"",ic T<K'k a geologist con,iders shouk! 

;n"o\.:e m soone level thoughts or imaginings of magma having flow~~i to alld magma 

ha""'g li<,wc-d though. E"<'n a plutonic mck e"idc'Tlt ly occupying an emplacement lTont 



(e.g, ixlYOf)(.1 slructure) may nol rcpri-'SI.'flllhe f"'1 magma 10 occupy the oom:sponding 

Thc rocks of lhe Harth Conccolric I'lulomc Suilc only rl1lrcscllt Ihe 1asl magmas 

10 ha"c oc~upi~"Il the space W~ o~r\'c loday in circular cross-scclion, a oonccnlrically 

slruClurc~! ~)'srem of fossili5l.'d intrusivc oonduils. We do nol know I",w much magma 

l1o,n~! Ihrough the cross-section of the now fossilised system. Not only magmas having 

110"'00 upwards, but I"-'fhaps also rc1ali,'cly densc magmas having 110"'00 downwards 

Somc fonn oftlJc Barth ct)nccotrically $truClurctl S)">lel11 ofintrusi\e pathways 

h"S e, ;dcntly o..-.:n cmployed for at least scn',-al tCM ofmillion~ of)'cars. representing the 

middle and laIC ;nlcr\"al~ofNain PlulOnic Supcrsuite intrusion. Four l"-'fiOOsofintrusion 

arc so far in eviderl<:c ;o addilion to subl"-'f Kids of successive, synmagmatic inlrusion.' 

I'L..-hapS an carl)' cireular-in-cross·scction body of Ol·lice anorthogabbmic rock, 

pr~"Sl.'f\·oo toda), a~lOg the north shorc ofNain Bay. cslablishoo a structural locus about 

"hieh sub5l.Xjucnt c()]l<:cnlrically dispos..>d inlrus,on occurred. Or pcrl~1PS "'lOtll<:r body. 

c;tll<:rnol prcscr''-l'd,orpr,:sCf\'L''Il and ofunr<:cogniscd rclat;",antiqui ty(somcpart oflhe 

cc"tml ronion of Fe'-rich pR~lominalley'!), cslablishcd such a slructural iocus. ,\s 

goolollist Cc..'S van Slaal once taughl me on IIJc oU1cmp: Nature rc-uses weaknesses 

Theretorc once l·stablishcd. concCnlrically dispoSl.~1 wcaklk.'ss<:s in Ihe fonn of intrusive 

contacl,bctwl..,ndisparatcrocklypcswouklfacililalesubscquentconccntricallydispoSl.'d 

intru<io", an,1 '<0 01\, ,,,I i'ifi","'m. Although l"-'fio<lically ~mp~)y~,L the Barth 

ooncl'ntricall), 'Iructur~'d sy,tctl)ofintrusi,'c p~tll"a)'S hase,idcnt iy hostoo pairs, perhaps 

~wn triplet<, of conmgmafic magmas ofdlSl"'fJte compoSItion 



On the other hand, stnlCtuml weakncsses such as ;ntI1lS;\,C contacts b<;tW~'e 1l 

disparate rock Iypcsobviously occur througlJoutthe N"in PillIonic Supcrsuilc(a lt hough 

insofar as documcntcd not ineonccll lmtiolls suchasdoculllen l~'d lor the 13arthConecnlr;c 

Pluto ni c Suite) aoo many Olherh"tnolith s. I'~rh"p' cyl indrical or co",cal wcnkncssc,are 

mor~ ~a,ily cxpkl i l~d Ihnn slra ight planar weaknesses. Either way. the location of 

int rusion is a funct ion oflh~ easiest pathways and the klcation of magma beforehand 

And so the Barlh Coocentric Plutonic Suite appea rs to rep rcscnt some w incidcncc of 

pcr;odkal ly active mag"'" source, "II(I weak C<lncentric p~thways 

In summary, we may imagin.: t h~ 13arth C{)n~~!l tric Plutonic Su;te to ha\'~ been 

the ao rt a of the Nain Plutonic Supcnmitc, with the heart somewhere he low, And ifll(, t the 

aorta aoovc the heart , Ihm an aorta above a heart 

The llarlh Concen!ric Ph,ton ic SuilC has e.'pcrienced and cont inu,-""to expcri encc a real 

hi<torythat(·anncwrhcful lykn"wnl"humanhcing,.1.3bill ionycarslatcr, wi lh il, 

maddest energy IrJIl,format ion< and dissipat ion< l<lngover aoo its lights kmg dimmc-d, 

Ii tC still 'l1(Jvc<in lhcl1uidi"clusion<oftilcllan h,,,ncentricP iut,,nicSu itca<t llCval'ouf 

Cnt ii arc(!.un l)urnS}Du bacx 
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'\ PIWndi \ ,\ - lJ iscu~~ion of rock name. 

(For conlext sec Seclion 1.1.1) Firslly. "granilic" is defined by the lUGS (Le Maitre 

2002) u< a f,eld t,'1111 re fL"IT"'1: to nJoCks with gre'll"r Ih.1l1 20"10 QfQAP (wht."I''' Q, A. and P 

are 1hc lUGS abbre"ialions fOT'luartz, alkali fcldpsar. aOO plagioclase). This is Ihe only 

defin itionlhe lUGS givesof"grmlltic." and ilscc1l1srcasonablclhallhelermbcdc!ined 

illlhc same way 10 d~-scribc imprL'\.'isioncauscd by grou pi ng. as I proposehcrc, and 10 

define dcocripti"e "nprl~ision ewreiscd pro'isionally_ Thus "granitic" is not an 

appropriate lenn un,kr which to also group the .yenitie and dioritic rocks that Ryan 

(1990) places in the granitic subd",sion ("ht."I''' the lUGS defincs syenitic as Q/QA!, < 

20% , NAI' > 35%. F!FA!' < 10"10. thus inc luding 'nonmnit cs and Ql-llIOlll.Onitcs, aOO 

dimitic as Q/QAP < 20"/0, AlAI' < 35%, " /I'Ar < 10"/. , aVl"l'age An < 50), "Variably 

eharnockilic" is addl..J IIl"l'e to reflect that rocksoflhcgranilie, syemtic, a nddioritic 

sobdi,ision 'lIT1abl} cOllta in fuyalile and/or 1'}'TOxcnc akw£ wilh p<."Ithilic fcld~p.~r(s.l. -

anyofpcrthile. rTll'SO]Il"lth,te.antll"'rthile).thcehamockilicrocksoflhelhrthooTlCl'ltric 

strucrure, studIed he...,. bein" "ood examplcs tht."I'L'Of, Although commonly used to 

dL'S<."I'ihcrocksofthe NI'S(e.g. by Morse, Emshc, Ryan, ref""I'eTlCesc.t,..J in thIS work), 

'an"noositic" is not defm",1 by the lUGS and is an inappropriate term undl"l' which to 

alsogrO\lp 1hclcuoogabbroicandgabbroicrock<Ryan(I990)placcsinlheallorthosilic 

slItKl",sion. if for r.o olIK"I' reason than lhat anorthosi tcaOOgabbmicn"'karcddin~-dby 

the Il,;GS as ",utuall} cxci",i,·" inSOf.1r as pig~'Onllolc·classificntion \\ill allo". Ark .. 

classifying in Ihiswork rocks that Ryan (2000, 200I)ciassificd as kucogabbroicofhis 

Unl1y Hay. Akplksa, Hay, .:tOO Hoscnbcin Lake plutons aOO ftod"'g thattocy commonly 



havc colour indiccs grealer tl~1n 35. and arc therefore tl()1 even kucocratlC fvr a gabbroic 

rod:, } .... '1 nrc 1)ollclhckss almm;t ,nvariably <lominatoo by plagioclase, il sccms 

nppropriaIClocqualehisdcsigl~ltionofku~'Ogahbmic",ilh lhe broadcrdesignation of PI-

<lominak,1 gabbroic (although I ~Iand to be COrrCCk'<1 concerning OII\t;T rocks he has 

classifi~'<1 as icuwgabbroic). OI-gabOnHc i,a IlX)fe appropriatcK-rm fvr Ryan's (1990) 

trr>C101ilic rocks since troctolite (colo~ 1(1/0 - any of tI"<K1olite [m,-,wermic). 

kucotroctolitc. or mc1atroctolite) is classift",1 by the lUGS as a typcvfgabbroic rock 

'1"roctoll1lc"" is tl()l <lclin~'<1 by the lUGS. and although perhaps lilerally ~ppropriate 

I)(}lIcthc1ess asa gencrallerm lilT troctolite (color/ato). lhe trr>C1olitic subdi~ision ofRY'~n 

(1990)als<> includes 1)on-lrPCtolitc Ol-gabbroic rocks. 1101 cnrompasS<..,1 by·1roctolitic.~ 

Ryall(l990ja \soincludcs'lroooi ilicvarinrlts"";nhis8Il()nhositicsubdivision, IhusOl_ 

gabbroic is added tOlh~t sulxli"i,ion name. Final ly. Ryan (1990) includes monzonileand 

mOnlogabbroic rock in hissubd"ision·· l'c-richllabbroicanddlOritic." thustheyarc ..... "fc 

addl'<1tothesvbdivisionn:tmc 



AI'I""1<lh 1I - l)""u", clllalioll orliddwork 

Explall.;}wrynolcs: 

Location and date: northwc" and wC"'itofNain. Lahrador,blcJunctolalcJuiy 
2005 

DL><:tinalfon: 31 .S,tcgrl'CS 

SI~t ionsmarkl'd'·x"' indi ealcexlm.gcncrallyminorSlalionsnoloriginallyooulll oo 

asfurmals\alion, 

Slnlion coordinales in UTM (NAD 27) arc given in Table n _1 

ThctLTITI loliation is h(:rc USl'd 10 mean grain-shape or gra;n aggrl'gMc-sh ape 
I'referroooricnlalion 

'(A lo K)t;"' refe" 10 correspond ing photograph 

(#) ~ slntionnum b.:r 

HypAG ~ hypaulOmorphic-granular, ""id ora rod conlaing a ",ixture of 
autolTlOrphic(cuhl.xJrul). hypaulomorphic (subhcdrat). and xl'l1OllIorphic 
(anhe<.lml)crysmts.msofarasi,c",dcntinficld .SccminglYL"qui,'a lcntlo 
VoonJouw',(2{X)6)"cumulalc" 

dcsigllalcsa genera l or dcscril";vcly·1ocal<~t ohscrval;on IIllhe area 

(Bra,·kdnllc;\lgi,.-.lhcrc,""igncd Il###"'Hl1l'lcidcnliliL"Sand.ll>rthin· 
sc-.:liooc-osmllpk,.lhcmic""cop<:·d<.1cnnincdrock-lypcnalllc'i 



I'iclddcscriptions: 

(I) Anastomosing centimetre_scale nl()llallap:rmg (p'lch 20 in I 64/SV) in Ol-gabbroid 
PicturcdasAI9.18. 

(2) Gmnitie dyke sampled as 02,i [II 18). Ol-g:obbroid with ocrcynitic spind as 02; ( 11 17. 
(Or.~·Bt}-$[>I.dcd Ol-rich gahbrol. Ol-gabhroid ([><Jssibly gabbro~l) as OJ [11 16. Ht
sped~~1 01 leucogahbwrlo"tc). Ol-gabbroid with modallay~.,-ing as 04. Modal laycring as 
millimetre-scale to f~"W- cenlnnl'trc thick whi~rs.p,ct url'(l as A 17 

(J ) Ol-gabbroid samploo as 07 [115. IJt-(Cp~-Or,)-s[>l.'Chlllcucolroetohte] 

(5) Intll1scly fohatl'd (0921SV)OI-g:obbroid smnploo ", 09 [11 24,01'rich non Ie]. (>lCluroo 
asA7 

(6) KclaliwlyOI-rich Ol-gabbroid sampk'd as til (1I ll!_ Bt-Opx-spcch1l1ro<;l(1II1C] 

(7) 01-gabbroid-eharnockoidoontac1. 

(l!) Sevcralcm to IS-20cm round bJobsofOI-gabbroid iochamockoid picturcdasA2. 
F.n1. glllincd Ol-gabbroid blob s.ampled as Iii (1162. (1Im-\{aS)-3t-spedcd Opx-Ol 
Sahbro]. Charnockoid mnSins from c. to f. Sr. wilh all SilCS cncompassmS Ol·gabhmid 
blobs.C.srainl'dandf.m.sraincdchall"lOtkoid(blobmatrixjapparenllymsha'l'contad 
sa",pk'd as I Ii>' (11 66, coar""r: Cpx-,pcchd ell Qu-",,,,,,,,,,,IC. finer: (lim-Mag)
,pcck~'d C(>x-rich CH ,,,,,,,,,)dlOrlte]_ picruR'd a.~ A3. Aphanitic (or ""aTly so) brown 
bJobs.s:"npll'das I IIi III6J.([lm-MaH)-IlHj,,-'Ckl'dPl-phyricgabbrorlorite]and l li i'a 
[1164]. in same ehamockoid malrix. samploo as Il li.ih [1165]. not in execssof 10-20 em 
w~le. mk'fSpo.'1"scd bclw.,.,n f.m. sr. OI-gabbrOKI blobs. Zoo>c "fblobs of5i/.c description 
aho"c s<'Cms 10 pass ahnoptly into blobs 00 d~'CimClrc- to sub-1Ill1r~"scalc. sampkd as IZi. 
[II MI. Ol-Ilt-specked ooritc]. Sl-parat~'d bych,m1Ockoid. sampkd as 12. 11167. ('II QIl
lcuwlnonl.Onitc] (adjaccnt to 12ii). gcn<.'1"ally < 1-2 em thick but uptoth cthickncss 
pic1urt.'d inAI.OI-W,bbroideeascstohediscl:J1l:,blydiss«1l'daroundoutictof[><Jnd 

• C~,1timctrc- to dl'Cimctrc-scale thick dykes of chaffi<>Ckoid occur"t lea,1 10-20 minto 
Ol-gabbroid away ITom ,:ontact wilh charoockoid. SrT~,ller dykes tl-OO to he irregular. 
iargcrk-OOtobcstrJ'Sht. 

• Apparently pillow<:<1 OI_gJbbroid plCtur~'d JS B22 

(9) D,hs ofcham"cko~l hr~'CciatingOI-gabbro~13s p;ctuR~1 on AN. 23 

t10) OI-g.1bbroid-cl\;,rnockoid !."Ontact. Main bodycharoodoKi samplcd as l .l.i ( 1171, 
Op~-('p~-'pcch'd CII Hmnodiontc] sc"~'1"~lmctfl'S in ITom contact. Ol-gabhroid s,1mplcd 



as lJi (1170, M"g· lIm- BI ·,p,:"l~( 1 01 gabhronor ile] rrom2·3 mlhick ~"st ·west trending 
bodywilhinchamo~loid 

• C"ntimctrc-scaic thi"k ~ast'west trendmg dyh.'S of cbarnockoid in Ol-gabbroid 

(11) Laic-granitic dykc (080170S) in Ol-gabhroid. port~m with hlack 0~~1c sampled as 41 
(1177. Mag-.\iX"Cked Pr granitei . OI-gabhroid-dykewntaC1 sampled as 40 (H761. where 
Ol-gabbroid may have c. grained Bt OR hcrcyni lie spinel. Dyke pindlCS and swells 
bcl\Wen40and60cmlhi~k.biotitcobscrvedinrela1ivelycoa",ecentraIIJOrt ion. 

bay<)11I.1 te structure wit h resiX"Ct to Ol·gabbroie ObS<;Tved along margin, pi<.1uwd as 82 1. 
20. nochil lcd margins obscrved. 

( IZ) 01-gabhroid bctwccngrarli lic dyke, up to 1 metre Ihi.:k. orienwd at 071 1755. and a 
oorth·side splay samplc-d a, 42 (1174. III ,\m-I'-ri~h mckl . Graniric dyke contains a 
graph ic portion of uncertain thiclnes., a",1 ~~t ent. but 0PI)an.."rly south ofa c.!!r. oon
graphicportions.~mple<1 ns 4J (H751 

(13) Ol-gabhroid. sampled as 44 111821. int~.,.IcJwd wit h charoockoid. within severa l 
melrct thickll<."!< each. also ~t ell1m~-d interleaved on dc-cimctrc-sealc. pictured as B18. 
IIHcricavcd Ol·gabbroidcut by cruss-eulling'C1sofsuh-"ent imclrc scale thick 
charnockoid (?) dyk~s (,tarid Out in rdie!), pi(,tllre<i as 1l17. Ol-gabbroid blocks at le."r 
pan ii'lly 5utTouridcd bym, to C,!!" chamockoid. pictmed as B16. 14. 

• S"alkn-d th rough Ol-gabhroid. charnocko~1 ('!) dyke p.~t chcs li~c that just dcscritx-d 

(14) Ol-gabbroid some 111ctl"\:S north ofOI-llabhroid-~hamockoid contact. sampl<-d as 45 
IIIMI, Mall- lItn-flt·spcckcd Ol·rich );nbbro!lorikl 

(14s) Ol-gabbruid, e.gr .. sampled a, 46 (H81]. app",~in1J1ely 7 m~1r'-" southeast of 
'1alion ~olJTdinatc, 

• As of yet. no layerinllor foliation notie<~1 in Ol-gabbruid in ar~a ofOI-gabhroid
charnockoidoontaCl 

(IS) Apparl11tly immiscible alld partly mi,eibk magma mingling. Immi>eiblc as f gr. 01-
gabbro id"djaccnttotn.c·llr.charnockoidhcaringirrcgularfgr. OI.gabbroidbklbs. 
pidur~-d a, 1l7. 6. Misciblca, irregular blobs off gr. Ol-Ilabbroid set in clmnockoid of 
35--4t::r"o relatively dark f gr. m"tri ~ with m. gr. f,p. pictured as B5. 4. J . So"..: 0 1-
gabbruid bk,h, in ml>ciblc "'-'trlng app"ar relarivel y leucocrat>C. MJin Ol-gabbroid grades 
to ftn. gr . over unspcciiie<l distance away from zorleofminlllin!! . Ch;II~-d or ncarly 
ch,lb! Ol-gabbroid <;ampi<.~1 as 47 (1 1 72 .lhn·,pc~h-d g.1bbroiel. ehamockoid ""npled lI S 
411 1117J. Op~-('p\O I'ool1/.0diorilcl· 

(16) Ol-gabbroid chi lled agam.' t cha rnocxoid <l$ v.f gr. (grains 00 more than a few t~~lths 
ofa millimetre in dial11~1<'r) grading to ,ull_m. gr. wit hin 10 cm. Ch;!rtJOckoid (Iyke from 



mainch~rrloXkoiJ irli oOI-gabbmid"ub'fl"''l'''ndicu larinplantochiliedcontaet,contacts 

sub-m. gr Ol-gabbroil" pictur~~l as Bl (with sketch). Charnoekoill - 3 In away from 
oontaetsamplcdas 49 ]lUlJ.Cp.'CllleucomonlOnitc]. 

( 17) Morethall 10 metres «,uth of main eharnoekoid·lt oonlaet, within c. gr. rclmi\'cly 
mafic (mingled?) eharoockoiJ, 85 em thick intcrlaycr of f gr. (within 0.5 mm) 01 
gabbroiJ with e. gr. f'peryst"ls, SlImplNI a, 511 ]1l~5 ] , pietu"-~l as C24. 23 (with 
sketches) . South bO!JIId ingeharoodoiJ.witliin 20cmthi<-k.eontactsgraniti cdykc 
trend ing approximately 78. Granitic dyke contains non-graphic c. gr. ponil"" tlmt aprear 
to grade inward into graphic patches. samplcd as 51 ]HS6], of centimetre- to d~'Cimct rc

scale 

(HI) Wit hin c. gr. eh..1mockoid. d~'Ci mctrc-scalc blobofl: gr. intcnned iatc rock (mingled 
OI-gabbroiJ?) bearing c. fi;p crystals, sa"'pk'<l as 52]1187] and. with chaTlK>ckoid, 53 
]H88] 

(19) Within eharooekoid. 14 em thick shect of apparent ferrodiorite 20-25 em south of 10 
cm thi ck sh~'Ct off. gr. intcmtl..Jiatc ",ck bearing fsp crystals and OIlC or IIKJrC 
charnockoidsplaysorckJIlgatcbk.>bs. pictur~'<la,C2 1 . SIK.'Cts arc parallcl and trcnd 89 
F~'Trodiorit e-clwrodoid S."llpll~1 as !\4]1184]. 

(20) Ol-gabbroill sampbl as 55 [11 54. I1t - srcch~1 Ol-rich gabbmnoritc ] with orientation 
1 36136S. Sub-centimetre to approxi1Hatcly 2 centimet re thick in relic t: vermicu lar 
portilJIls samp k..J as 56 [H55 ], pieturoo a, C20, occupy a few p<-'Teent of the gbci"k'<l 
oUlcmpo,'crscwralsquarcmctrcs.thcnd,saprcar 

(lUx) O I-gabbroiJ conta ining ,ub-ccmimctrc to cN,t imetrc-scale irrq:ubrly sh:tl>t.~l c.gr 
portions. picturcdasCl9. sampk'<l as S7 [1 157] 

* Ol·gabbroid-d~lrnockoid ('"t)nta('1 jXlSSI..'S through ,'alley "'L'Sl of pond 

(21) OI- gabbroiJ or IlKJrC intcn"t.~lia1c rock. f. gr. (grail~~ ge llCrally a few lemils of a 
millimelre in diamc'l rc upto ,ul>-m. gr. for f.'p), chi lk'<l to v. f gr. (pL'Thars crain, a, fine 
as less than a tenth ofa millimet re in diaIHctre). within a few eemimet rcs along one sidc 
of two_ or three-side ehartX>Ckoill-bouIKIl..J Ol-gabbroid. pictur .. ~1 as CI5 (wilh sketch), 
sampled as 58 [H52]. Ch~mo~koid r~bl i vcly ma fi c. salllpkd as 59 [1I5.l ](lh,,-\la,,)]-
01" Fc-ridlCabbr'l]. 

(2 2) Ol-W,bbroid sal"pk..J ~s 6U [IIS6, (Bt-(·I'X-Or')-'p<.'C~~..J troctolite] withoricnt:ttion 
108/0')3 (dipping inopposilC diL to tid bbd .. ~l"(li") 

(23) Ol-gabbrotd or nKlre Interln~~liale rock (It -dwr.ockoid hybrid'», f gL. hearing fsp 
cr}~tah aliJ ccntimctrc-scalc blobs off gr. Ol·gabbroid. sampled as 6 1 [H50]. pi<:tur~..J as 
C 14. 13. intruci .. '<l,nto Ol-g:tbb",td oful~'p<...,ifi~'<l grain size bUI coarscl>t.~1 at Inc imrmi\'c 
COll1ad .... ml,led 40-50 em aw:tyto oonh as 62 ]115 1. 01 "abb"'IJ"'I1C]. I"etur<~1 as cn 



(24) Ol-gabbroid or more inkmlL~liale rock, [ gr .. bearlng c. gr, fsp and qll crYSlnls. 
cxposo..~1 for a fl."" square dccimclres amongsl main chamoclwid. sampled sc \'c'fal metres 
lo so ulh as 63 IHS9l , Thi<SlalionhcsatlcasII O-20msouthofmainOI-gabbroid
charrnckoi<iWnlacl 

(25) M(.1rc- and sub-mc1r" >calc casl-w<'<1 inlcrl""vmg, a few lim(."S, of charnod'oid and 
OI-gabbroKiwilhachilldevclopedalongoolhno"handsoulhconlact,ofOI-gabbmid. 
piel U'<~! as C8, 7. 9 ( loo~ing 10 cast. soulh. arId rlO"hcast. rc"Spcclivcly). C6 sbows a dlkc 
ofchamnckoKi going offml<J [m. gr. Ol_gabbroid w;l h no chi ll developed adjacenl 10 
dyke. In one chilled Iocal ity.gf"Jdation from chi ll . sampled as 64 11178. 11m -spcdcd 
gabbroicJ. inlo f.m.gr.OI·gabbroido\'cr 20 em, howcver. chill al>senl or TIOIas de\'clopcd 
in OI·gabbroKi along same Wn1 acl 5 m wesl. sampled as 65 11179. llm-Bt-<pcch'\.l 01 
gabbro or IpbbroTlOriteJ. Chamodoid !>:Impled 7 m soulh orstalion '" 66 11180. (Cpx 
Op~)-'pcc ~ed 01 QIL·lcucmnull/AlIlilcl 

(26) ApproximaTciy 0111>01.""",1 Ol-gabbroid-charnodoid oonlael. piclur(.'\.l as C4 (wilh 
Sk(.1 Ch).whcrealongeasl-wCSl po11ion ofwnlac101-gabbmidchil ]oolo v.f. gr. over 
scveral cenlimetres gmding through f. gr, inlo f.m, gr. o\'CT ]5 em. and wbero ak"'g """b 
!;()ulb pn"ionofcontaclcbamnck<JidconlactsO]'gabbroi<iof grainsizeswrrcsponding to 
msl-wcS!cbiILNo11h-sourhoonl aC1illgchunJockoid wtnpriscsdyke40cmlhick.OI
gabbroidon oppositc(ca,lj sidcnfdykc tromo"hogo",,1 conlacl d~"",rib.-'\.l ab",,, 
samrk'\.las611 116] .BIOI ·riehgabl"''''()ril~1 · 

(21) Ol.gahbrnid, fm, gT .. smnp]e.;l as MI IIWI, Bt·<p<..'d,~'(\ O]·ri~h gabbror>OrilcJ. 

(211) ChamockoKi bearing 1.5 em and brgn h~,h, ofOI-gabbroid bound by ch, ]Ic<! 
margins WiTh grain size grading inward, trom v, f. gr. (p<..'Thaps less than 0 , I mm) 10 sub
m , gr.in ollerc1.1livc1yIMgeblobpictur(.~tasC3. 

(29) Fcrrodiorite. t:m. gr .. hcarillgl']pilcnoerysls.ollC(iargcsl in D24)samp] cd as 69 
Ill] 13J. a]ignc'\.l witb slc>cp]y north-dipping fil]i"lion, ITending 91, pictuR~1 as D24 

• folialKlIl variably dcvclol'<-~I in tC1TodioTIIC: from ,,,,II_loliatcd 10 appar(.~" l y liOn· 
fi,iiatc'\.l ~,,!oigrallu1ar 



(JJ) FcrrodiorilC, m. gr .. sampkd as 74 l11127, Ap-spcckcd (IIm-:>.1ag) F~""rich gabbro). 

(35) Eill,.:rrclalivcl yoxid~-rich fcrrodiori1Coro., idc-richrocksamplcdu, 75 (H125) 



(.W) Oabbroid. m.c. Sf .. jolialion Ir~ndlllg 77 dcfin<:<;j by aggrcglHcs of matics. 

(40) Anof1hosileofslalion 38Ic., Ihan 10 ,nc1r~'l' soulh ofgabbroid. bearing pbenocrysls 
of PI aligned ovcr 5010 70.01herwisc non-folialcd. 

(4 1) F~'lTodinrileexhib;! i ngan 31 Ica~1 40 em lhiek millim~lre_scale 10 1.5 em long 1'1· 
phcnocrysl rich band also cXlntaini ngmillimcirc_'eaiclhick rnaticscgrc gation,.a,sociatc~1 
withllIoreorlcssim.'guiariyshapcdgahhroidinclusionsord}ke'S,alwocaringmafic 
segregation.'!. these ",n",rdant with Hahbroid-fcITodimite ",mact tn.1rHitls. pictured as 
[)Il (withskClch) 

(42) FlTroJioritc-gat.l".-oid eontacllrcndiriH 78. Mkrmin l..J from a ",-,vernl metre span of 
OI!\CTOp. COIllac1 itsclfnot dir~'Clly cxpo,..~1 unlc,s relali vely malic Habbroid dCS(Tih<-..J 
below is actually fcrTOdioritc. Gahbroid. m.C. gr. (wilh c. gr. PI and m. gr. matics). 
bcaringahundant PI phcnoerysls up to 15 crn in icnglh. In one inslance. rclmivcly mafic 
gabbroid.sha'l'lyboundlothcoorthbyandapparcntlygradingtothcsouthinto more 
l)IlJicalgabbroid.hasrclat ivclylargcl'l phcnocry,ts.piclurcdasD9. Within 60 cm of 
contact.sub-n1. gr. Icrrodioritcocaringl",,,,iblcxcnolilhofg.1bbroid. sa mpk..Jtogcll"'ra, 
83 (111 30. block: Qtz-spcckcd mcladiQritcornlCtaHabbroill. nI:ltrix: .\iag-1 Im-'I"-'Cked 
APr-mctadiQritc1, pi ~1ur~~1 as DlO 

(4.1) Anonnositc-fcrrodioritelXlnlad.t llOug./Ioovncd 

(44) Comad betwc~n m.c. to c. gr. l'l_porph}Titic gabbroid. s"'''pkd 1000flllctrcs to the 
cast (44s) a, K4 (11 1 [~, (lh,,- \t ag)·sp.."'~ l"l k uwgabh"'1. and Ill. to "H. gr. anof1hosite. 
sec airpooto . AnOl1hositc obscrv~..J be'lfinH a brgc 5 em wide cum.'{[ra ()fv~'TY dark PI (S<.'C 

sketch). Phenocry:stsofl'l sometimes cO"'l""i.c~ owr 40-5~. OrHabbroid (diflitu lt 10 
judge). EntirePl oontcntofgabbroid mayactual l ybescriatctc.~turcd. UnambiHuouS 
fo liation nol apparcnt in gahbroid or anol1hosite 

• FcrroJiorile, f.Hr.. at .",all outk1 ofpond c~hibilinH 10m-scale Ihick sharp maiic and 
!clsicmodallayering.lrending86.S1~'CplynorthdipJli"H('lsjudgcdfromjuinting), 
witnout urulmbiguou. foliation 

(~6) ~-'TroJior i te '«1101'1<:<;[ as 85 (11107. ,\p·[llm- \1"Hhp,,,h-d Opx ( 'p, -rich APr 
diorite ]. 

(47) Ccnlilllctrc-scaic tliick m.c. gr.gabbroid(d<'SCrih<-~[as 'IOritcin ficld) dyke. trend",,; 
J5o\'~ ... scvCfallllctrcs. discordant 10 modal layering in sulrm. gr. grain foliate'<.l 



fcrrodioritc.,JciinedasdifYuscmillimctrc-scalcthickeoJour\ariatiOns.trencJing(lIJ. 
pictured as 06. Fcrrodioritc bears mafic segregations (>90% mafiQ» gc""mlly 
millim~1rc-scalc thick bUI up to a fe'" cent imclres Ihick. At lens of mel res cast. another 
such noritcdykelrending30ol>.""f\'t.~ldiscordanl to f~rmdiorilc fam-ie. 

(411) Fmudioritc. sub-m. gr .. sampled as 116 [U106. (I lm-Mag)-s!X'ch>J Opx Fe-rich 
gabbro]. wilhccntimctrc-scakthick bL-.Js containing mill imetre-scale thick lIlodal 
lay~.,.ing.tr~'tld i ng 70. cross-cut by I to2 em thick m.e. gr. gabbro;'1 dykc trcl1ding 15. 
piel\1rt.>Jas D5 

(49)[ nle"-",,lyandpcr.·asi\'cly maficaggrcgat cfi) l iat (.~lm.toegr.gabbr0;'1 (rIOt 
aecounlingforexpcctedsubgrains).sarnpledas 87[1I105.(lIm-Mag)-spcdedgabbro]. 
l()cal l ycxhibit ingccnlimdrc-t()sub-centimC1r.,.sca l ~fo liation-cOllCordantlllodal 

layering. pictured as D4. uncommonly bearing 1'1 phctl()<;rysts which appear 10 haw 
whitish(granu lated7jm.1rgins.picturcdasD3, Foliation measured as070173N and 
07OJ78N.dipdirt.>ctionshardtoprccisdydisc~rnbutel-rtainlysltq,lyooI1hdipping 

(50) Fcrro<iiorit.:. ,ub. m. gr .. witr.oulunambiguousfolimion 

(5 1) Fl'lTO-dioritcor gabbroid. sub, m,gr .. "'it h foiialion trcnd ing68. SlImpkd as 119 
[11109.(llm-Mag}-spcded'l1<.1agabbrold].cross-culbyc.gr.gabbroi<ldyke.salllpk>Jas 
IIH [H1081 

(52) F~'ITO-diori le,sub. nt gr" with weak folialion trend ing 68 dciined by "clongale 
malics" 

(53) Oi-gabm-oid chilled against chamockoid as v.f. gr, (grain diamdrcs apparcnt ly within 
0,2 nun) grad ing ov~.,. 2 em ililo middle t: gr. (mran;ng.from nol<' VI" grain dian"-1r~-s on 
an,-.. gcO.3-0.7 mm), pictured as D2 (with sketch) . Contact with apparent mild 01-
gabm-oid-cu'p"te. chall'\(}Ckoid-l<llx,tc JoorplK>w gy. llUwc,"crnot ~1lOugh con'act c~poS\.>J 
withthisobscr.'ation here or in gel1<.-ra1 to iliterpMasgclluilleTCSultofJoadin g 

(54) Ol-gabbroid samplc-.J as 'J{I [11(1)' {llm-Opx)·Cpx-sp<.>ckcd [Hbl-BtJ troctolite] with 
orientalion 104/27N 

(55) OJ-gabm-oid and ehamockoid int~Tsp.."r>Cd as cast-"'<.-"S1 conI act"'!: deci"'~1f<~ and 
possibly (covcrl-.J) lT1Ctrc-><:"k lhi{'k Iob<.-s, ",ithskelch. 

(56) O l·gabbroid ehi ll cd against "harnockoklas \'.f. gr. (grain diam etrcsapp"rcn!iylcss 
than 0.1 mm) grading ovcr """ral centimetres illto middle I: gr, ChanlOckoid smnplc>J 
Wilhin" d<.>ciml1re or two of contact as 9 1 [1159. ('p~-C1! Qtz·",mvonik] 



( S 7) OI·gabbroid""l11pll-das 92 [ 11~ 7.1hll1- Sl"<:tN","'stbdi""dL1ai il-d obser\atKln.bul 

H'Titil-dOI-Wlbbroid). 

(S8) Ol·gabbroid chillcd against chamcx:koid as v.f. gr. (grnin diamt.1rL"S np paR"fltlywithm 
0.2 mm) grading ovcr sc'·eral dccinll1rcs into sub-m. gr .• pictured as DI. Cross-cutting 
l11illimctrc·scalcthickcharnodoid(?)dyk~"SO<.""urinOI·Wlbbroidwi1hinmct rcsof 

C<lnlOC1 with charTN)<.:koid. 7 m tQ NE. at least se,..,rnl m~1 rc long Cast-Wl"St oontOC1ing 2 
IlK1re thick chamockoid body in OI·!:lIbbroid. ct~,mockoid sampled 1.510 3 In away 
lromOI-gabbroid-cl"larnockoit! oontact as 9~ [ 11 ~6. Hbl·sp,:<:h-d CII Qll.' 
icuoomollmnitc) . 

(59) Bctwa"fl 10 to 20 minto Ol·gabbroid from OI-Wlbbroid·charrNKl;oid oontact. 
millimdrc- to d~"Cimctrc·scalc thick angularly turning (m.e. gr. charnockoid dyhos CarVe 
outdccimctrc-scalc d iaTll<.1rchlocks ofunchillcdOI-gabbroid.pictuR-dasE24. 

(60) Ol·gabbroid sampk-d within 10 to 20 m ofOl-gabbroid·cl"lanNKkoid comact as 93 
[ 11 ~5. P}To'<."fl~"'altcrcd PI·P,·rich rod with minor F) 

(6 1) OI-Wlbbro~1 sampk-d as 95 [ 1I~ 2 . (BI-llbl-Op'I-CII'-'rcch-d troctolite] Orll·ntc-d 
In/Iss. 

(62) Chamockoid. c. gr .• sampled as 96 1 11~9. Ilbl ('II Qtl-",oruollnc) 

·01·g.1bbroid·cl~lnNKkoidcontactlhrougitwoodcdvalicy 

(63 ) Dyh"SofcharrN>Ckoid. f. to Ill.C. gr .. " ·ilh some m. gr. qlz incasc offormcr. ca" ing 
Out blocks in un"hilled m. gr. Ol-gabbroid. pictuR-d as E23. F.m. gr. chamodold s.1mpk~1 
a, 97 [1139) 

• Owrnll. such chamocko~1 dykes arc only locally pre..,.,nt in Ol -gabbroid pro.,ill", l to 01· 
gabbroid-ehamockoid as square metre- to squarc-dccamctre-scale l-'lfll"S 

(64) Ol·gabbroid. sampled as 98 [1132. (Bl-Cp,)-<pcxckcxt 01 oorilc) . ";Ih wispy. va riably 
diffu."". di'!COntinuous modallayc"fing trc"fKling 139. pictured as E22. 21. Angular ~cno lith 

ofW"phietcxturc·bc:uinge. gr. W"mticroekalso inpicturc. 

(65) OI·l:'lbbroid sampk-d as 99 [ I IJ~ . Bt-("p.\-spI.-.:kctl lroctoll!e). 

(6(,) Poorly c~p"."'-~! m.c. gr. charood",id body. ""mpl~-d as 100 11125. «("I'X-Op~)
'I,,;eked Cit icuc()1ootlwll it e orleuc",,'>cIHt~]. " ;Ihm mam Ol·gabbroid. unchilk-d. 
smnpb! as 101 [11 26, I3I-CPX'SIIl",,~~-d Iro .. 1uiiIC). exposed co ntact trelldlng 40 

(67) Sub-cxcnt;mc1rc·scaic to d~"'·lIndrc·scalc sub-angu lar fm. gr. OI'!:lIbbroid blocks. 
,;.a mpled as HI!h 1117. (Cpx.Op')-'Jll"\'kc<! Ilt_llhltR>l1() litc), in matrix offill. and 
abrup!IYIll.e.gr.OI-Wlbbroidorgabbf()ir.l(oo!dctitlLt ivc\ydiscl"foc-dmficld) bcanngy.c. 



gr. Bt. sampled a.< 102m [Il l( Op~-specked (Bt-Hbl)-Ol gabbro ) (for ( 111. gr.) and IlJ2em 
1119. OOar",,, Cp.~ CH Icuco",onwnitc. fin~r: Opx Cpx-rieh Ml'rdioritc) (for m.c. ;:r.). 
pictured as 1018. 17, 16. 15. It is urlClear from this o~T'o."tion whether ~urrounding rock 
bclong~ w matrix orbJocks. 15 m noTlh, Ol-gabbroid matrix. assigned so Ix:causcoftwo 
sub-angular Ol-gabbroid bk>eKs I HI IIOnh. sk~1ched. sampled as 10J [1"O. I'a-(llIn. 
Mal!)-Px-sf'L"Cked CH Qu·lcuw""}lvonitc) 

(68) OI·gabbmi<J. m. gr .. ""mphl as 10-1 111-1 . Bt-(CI,x-OpX)-spccked Icucotroetoiite). 

(69) Centimetre-scale and larger sub-angular blocks ofm. gr. Ol-gahbroid in f gr. and 
abruptly"1. gr. imemJcdiate matrix exposed as sc,"~ ... al square metre outcrop ofurlCCTtain 
shape (oc'Cause partiallycxposcd) with in main Ol-gabbroid. pi<1ured as El4.l'ossiblc 
margins of this intcml<.~!imc block-bearing rock cXPOS<.xJ f(Jr 1.5 "' On opposing ,ides 
tr~'fI<ling 150. Outcrop too rounded to]l<."I1nit sampling 

(70) l\pp,,,ell1ly hOIIIOgcn"Qus Ol-gahhroid. m. gr .. sampkd as 105 [111 , Bt'Kp~-Orx)
'Jl"cb:d Ic",:<l1roctolitc), OS0I25NW, general ly unambiguously foliaKxJ at 60S in 
.150108£, JIS in 104/16N, 52N in 351/18W,.'UW in 0IS/3()W. and trending 107 on sub
horiwntalsurfacc 

(71) Rafts ofl'I-leucocratie rockobscrH~1 up to 4-5 m long and 50cm thick down to 50 
em long, tapering from 4 to 2 em to 20 em equant sub-rounded. pictured as EI3 (with 
sketeb)duringdryingofout~rop, in Ol-gabbroid of station 70. Lcuoocrati<; veins are 
common in thi, area as picture·" in £14 ('I) 

(72) Ol-gabbroid. fm . gr., sampl~-d as 106 [H1) 

(7.') Ol ·gabbroid . f.m. gr .. ""mpkd as 107111.1 . lJt-(Cpx-Opx)-<pcdc~IIcIl(;Otrol1o liteJ 

(74) OI-g:.bbroid . f.m.gr.,sampl.,.;las 10S [lIJl .C"px-llt-spcckl-dOI-richlcul"(}IJ""tcl 

(75) OI·g.lbbroid. f.sub-m. gr .. smnpiexJ a< 109 [111 5. Bt-SPl'ChxJ Ollcucogabbrnn<)rite). 

(76) Ol-gabbroid. [m. or (sub-m. gr .. s",nplc-d as 110 [1113. Hbl-spcch-d 01 norite) . 

• Rock types va"ably g~bbroid. :moTlhosne. aoo oxide-rich rock on the scale of metres or 
knsofmetrcs 

(77) Anon llOSltc. f.m.gr .. sampk-d", III /11121).midc-richrod sample-d as 11 2[111 22. 
(J lm-r>lag)-richmctamdagabbroid). 

(711) Oxidc·ricbrocks..ltnp ledas 11 .1[11 1161 



(79) o.,idc-rieh rod sampk'll as 114[ 11 128]. 

(HO) East·nort rn.,ast- Y.cst ·soutnwcst trending interl eav~~1 anortho~ite, sampled as [ IS 
[HI35],ruidmaficaggrcgatcfoliatruoxidc-richrock,sarnplooas 116 [HI 36.I'I-phyric 
[(llrn-Mag)]·nchrnctagabbroid).whcrconca""rt hositcbodyisrourid lytruIlC31cd alo ng 
stri~cbyo.~i dc-richrod. pich,red as E9 (with s~C1ch). Fo li ation in o" idc-rich rock 
ooncordantwithdi .... 'Ctionof intcrlcavingo\·crcxposurc 

(1I 1) Simi brly trc tl{lingJ5cmthick. l)Ossihly widening to casl. non_ chil lOO nl.gr. oxidc
rich rock body surrou,id~'d bya""noositc. ,~ctchcd 

(112) Oxid~~rich rock sampb! from lloat as 117 [HI43[ 

(H.1) Oxide-rich rock with vari ablyshiU'l' and d iffu sc Illodal laycri ngoxidc_rich rock, 
tre,t<l ing, with foliation. 52. pictured as EK 7. Typical 

(1I4) Oxidc-ri" ,hf()c~sampl cdas 11 1I[111 42. 1' I-phyricllmI\l ag-richrneiagabbrooo ritc] 

(85) Gabl>roid. c. gr,(but [Xlssibly f.rn. or f gr. ifsubgrain formation prominent) . with 
lu liationlrmding71.sampkdas 11 9 (1-1146]. 

* Gnbhm id dcscribc<1 inH5 rich in ox i,les aoo si milnr rocks occur sporad ica Ilyovcr area 
ofanonoosile8odoxidc-richrodsamplingdocumcntooaboVC 

(H6) Oxide-rich gnbbro~l . 111. gr. or Jl".1"ha ps m,C, gr" with fo li at io n lretl{l ing 71. sampic,l 
as 121 (1-I144).bcaringblocl:sofvariably(maybcanobs\.1"vationalcm.'Ct) I cwcentimetrc 
Iongl'l-[Xlrphyritie anorthosite O"er an arca of diameK1" at least 30 m. ranging from I m 
thic ~ and up to ""vcml mctres long. I <1m thick mid """cra l dcc imetms lo ng. and from 1 11l 
t" 1 dm thick and mo rc or le~s <'q uan1> picrur~-d as Eo,S (wil n sh'lch), 4, Elongation of 
most larger blocks concordant with gabbroi<I fo liation _ Anonhosite block depick~l in 106 
samplc-das 120 (11 145) 

(87) O.,idc-rich rock with hardtoob><'1""c loliation trending cast -southeast-west
""rth wcs{ sample-das 122 illl S4. i(l lm-Mag) )-ric h gabbro,,,,,ri!c ). 

(1I11) Oxidc-ridmckgradaliona l intofcwccnti mctrclong l'l-porphyriti e gabbroid. each 
with foliation lrcriding78 I 5. piclUred",E3 

(1I")I' I-I")rph}Ti ti,'anotl ho, itcsam r b l as ID (1 1157) 

('10) A'lOrtbositc. s<''1.:minglY!ll. gr. (hard to tdl becausc white-washed in ,' ppearanee). 
cxhib iting wispy. utidu latingmooal laY<1"ing.pic( uR-d asE2. 

('I I) Non·chi licdmlOrthositcoontaC1ing. along lrcnd "f 120. o_,ide·r ichroc~ -gabbmid 

bc,1ringtwosc\CraI11lctrelong.sub-rnclrC!hickhlochof amrtbosite.Jan<l 5m"way 

- - - - - - - - - -



from the C<)nlilCt. rc.'pccti\'cly. al i gn~'d wilh toliation as dcfin~'d by ma tic ag)lrcgutcs and 
gradcdmodai aoograinsi£claycringingabbroid , G"bbroiddistingu ished fromlhem:Jrc 
oxide-rich gossanous rock within a f~w mdr~';S uf the oxide-riell rock -allOrthosite contact 
Grad~'<l modal layering as a mafic aggregate foliatc'd layer where such mafic aggrega1es, 
con,isting ofm. gr. Illafics. becomc less abu'Klant away from the oxide-rich rod
gabbroidcontact, ina,mt1rixoft:gr. gabbroiJ . Gminsiz<oIaY~'Tinginuooerlyinglcss

rnaficrock.consist ingofasub-m, gr. layer hound byfgr. laycrs. 1hc lower onc 0 fwhich 
C<l nl ains a di,;conl inuous('!) layer of til. gr. malic aggregales ddin ing a fo liation.The 
g.rai n size layered rock resembles tcrrodioritc arl(l appears to contain a small discordant 
injtt1ionfromthcoVC'rlymgnx)dal ly gra,bl gabbmid.picturedasEI(withskctch). 

(92) Anort hosite bearing sub-''''''limC1rc 10 "",'cml ccnlimelre long I'I-phenocr)fflts moS1 
ofwhichtrcod73 

(94) Similaraoorthositeas9J.PI·phcoocrysts to IOcm, with f;,liat ion trending 95 defincd 
byalignedPI-phcnocryslsandmalics.picturedasF24. 

(95) SimilaranOlloosilcas94 . .,ampledas 125 (11158]. 

(96) Ox ilk-rich rock body in ano rt oositc, ",mpled JS 126 (Hl 59j, trcnd ingroughly 
southeast ifjudg~'d ITom Iin"t l'ddcl inealion(skClct-...~I). allcast(k'cmnctre-s<:alclong. al 
least dl'Cim~1 rcwiJe 

(97) B~~w~'Cn STation 96 nnd GI'S recorded 1\\.'Te, PI ' porphyri1ic anorthosi1e, in rnost 
c~posur~'S WI/W ,·,r;c/u. At GPS rC"Ulrd~'d I\\.Te. bearing sc\'n~ l ·ccntim~1rc long 
(pll<'nocrySIS of) down 10 f. gr. p,TOxcne anll foliaK'd 083167N wfILTc sunicicn1 mafics. 
WIKTcdisccrncd.clorl ga tionofpyro.\cncpil cnocrystsalig",-'<lwith foliation. I'orph}Til ic 
p)TOxcncsmnpIL'd"s 127( H162] 

(',1M) Anonhositc hearing purple I' I-phen<KryS1 S and I 0-2~~ mal, cs wi1h folia1ion 
lrc,lIi ing8J,pic1urcdas F23.an.;lIOmwcst,F22 

(101J) Gahllro,d. f.m. gr, I'ghtly rmk'<l. with J O% mafi~sand lolia1ion oriented 50SW in 
04S/06N, locak~!ncxtlo pond in vicinil y ofbasa it,cdyke. oonli nuingat least o\"crto 
pond ootlc,t 
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wide with unambigoous "",tie al:l:JCgilte foliallon trcnding 80. picturcd as F2 I (with 
~h1Ch). Gabbroid bearing docimwc-scalc I' .~-phcnocrysts and purple-bluc 1'1_ 
phenocrysts. from III, gr. 10 45 em long. possibly sl..-ialC tC.~lUrc for ImnT P.~11 ofrangc 
Mafic aggrcg,1K'S in anol1hositc look bi!;gcr duc 10 rusling. Anlmhosilc block sampled as 
129[H I51]. 

°lnthisgencralarcasouthofpondoutk1. toliatl'tlgabbroid inintrusivcconta<.1with 
gctJCrallydiflicu lHn-<)utlincblocb nflc,s mafic rock. t''Iltalivclydcsig natetlanorthositc. 
"hn longcontacts.whcrcobscn'cd.trcllllruughly80. 

(1U2)Fnliatcdgabbroidsampktlas 130[ 111531 

( ItlJ) ArlO l1hoSltc wilh 10-IS· '. rnafics wilhfoliationtrcriding8J. 

(Hl4) O~ide-rich rock body less than 10 m ncruss. going und''fco\'cr se ... cr~1 mctR'S 10 
!lnrth.apparcntlyconlinuingandwidcninglOSQ uth, tR'1I(lingH'fy roughly 87. sampled as 
I J I ] III~ .( lIm-Mag)-sp(:ch'tllcuen,""bbrono ritc]. 

* This whok large oulcrop soulh-soUlh"cst ofthc IlOlid nmgl'Sfi-om anol1hosil C SCMSt4 

s lriclQtO kucogabbroid(originally"anonhc)~ilCwilh mafics and gabbroid"). variably 
unambigoously foliak~l, to o~idc· rich rod whose k'Ul'OCmtie members. ifpR'Scnl. may 
havcll°rlcundck-ctc.l 

(105) "I'porphyrilic gabbroid. ll1.C. gr" withsublk foliation lrl'llding 98. samplcdas 1[1.1 
(labck~lincrror:hcrcalkr 1J2. II'hich is "hal 11 shoukl ha"'hccn labc1cd as original ly) 
(11170J.looks likcwh;,lan inlmnl'tliatcbct"·l"Crlanonhosilcandgabb.-oKlas dcscrilx.'tl. 
thcreforclhi,rockmaybcpal1nfc,tt.....-runild"""rib.'tlasa'lOnhosilcorg:rbbmid 

( I06) ContOC1o..1"C<-'IlrockofSlalion lOS arid k:UOOCT'Jl ic 1o "",fie gneiss wilh 
gncissosity trending 80. picturl-d as F1 7. 

( I07)"I.porphyrn,canol1hos ilcorgabbm~!withfoliatK)Jltrclllling97 1owhrchthc 
Icnglh~of"l·phcnocfJISt s arc variably~'Oncorda"l. sampk'tl as lOS (labeled in ,'(TOr: 
hl"Tcafk-r IJJ )(11155]. l<lbradorl"SCcnccprcscnlin somccrySlals, l00mlncast.folialion 
rnthismalcria l srentobcsK-cpIYIII",hdipping 

( 1011) Ol·g:rbbroid sampled as 1.15 [ 11 4~ . (Bl-('pd,'l),q·'IIl-..;h-d l")<'t,,litcJ. 

(1t)9) OI·gabbroid sampll'tl as 1]6 ( Ir~l , \Ht.CI"·Op,HI" ... ·kl'tl tmctolitc). 

( 110) OI·g,lbb.-oid saml'k'tl as 137 (11.1(1. Ol·rid, gat-b"'''''rltcJ 
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( III ) Ol-gabbroid sampled as 138 (11 29. (BI-lIhll-Op~-sl"'"ked lro~'1olitcj 

(1 12) Ol-gabhroid sarnplcd as I,W (1120,Op'->peckedIcIlCOlroctolitcj 

(113) Ol-gahhmid, m. gr. (vs. typical fm. gr.), sampled a, 141) [1114 , Ol-ridl 
kucogahhrol1orilcJ. 

( 11 5) OI'gIIbbnlld sampl~'d as IU (1122 , IIm·((Bt·llbl»)-Opx- 'I"-·d~'d icucoln><.1olitel 

( 116) Ol-gabhroicl sampled as 14] j 111 2. (Cp,-Op')-'!,,-'c\'c'd Ico~~1In)L1olile) 

( 11 7) Ol·gabbroid with modal layering al 80S!: in 1071J7N and I f<~iding 54 ill horizonlal 
(therelilrc lrue orientation of054162N). picwrcd as F9, "" l11p k~1 wilh la)'~ ... ;ng as 144 
[II 19,mclatro(1olilcor_OI gahbrOlC) 

( I IS) Ol-gabbroids.amplcd as 145[11 21. (OpX-BI.llbl)·spo.xhd k>tJCOlroclolilcj 

(119) Ol·gabhroid <mnp k'd as 146 [1127, «("p~-Or,)-BI-'[lCckcd lroctolitc) 

(120) Ol-gahbroid smnpled as 14711tJl , (IHll-Bt)-Opx-s[lCckcd lroclolilc) 

( 1 2 1 ) ChanlOckoidaIIOmwcstofn:cord~'dpo;nt al",dcn1a1ioninc()asl li lie 

(122) ChanlOcko;d «Impled as 1411 ( 1 1.~II , Cp,-I'a"I',,!Ckcd CH Ql/-ku~~)lnonl."n i lcl al 
bascofv~",ypfl..,ipilous elithl least 100 m'-'lr~'l' high. 

( l 2Jj OI-gabbroid.charnockoidconlacl,wilhchi lkdot -gabbroidasv,fgr. (grains 0.2· 
0,) mm in diameter) grad ing within scvcral ecnlimelre into ooarsc rni<.l<.l le f. gf. (grains 
0.5·0,7 mm in diamckr) grad ing ..... ilhin a fe ..... melres inlO sub·m.m. gr,. «Impled as 149 
[IUS (Ilm-Mag)-BH[lCCkcd Op,-Ol gabbro]. Sample 149 apI"'3rs re!alively HI -rich a,id 
was lak~~l livc to "~X m<;lres llOrthw~'St ofOI-gabbroid·charnockoid m nlac!. C. gr. f,p 
(·rystal-bcaringOl-gabhmidobs.:rwd to carve charnockoid inlot "!"-,,ing.branch ing 
pieces, pidurcd a, 1'7, 6. AI ka,t 10m fhHn Ol·gabbroid·chamockoid coni act, 
Ch,'TrlOckoid contain.' SCal1L"TC'd scH'ralto gOcmdiami.1TC,ub-angularIOro Ulkk<.lOI
gabbroid b~)cks. as 1: gr.", gram, a fcw t'-'''thsof" milllm~1 re in diamclre, bearmg fsp 
crystals, piclur~~! as F5 (f. gr. <'Xamplej alid F4. Ol·gabm-oid plus chanlOckoid sampl<~t a, 
150 [ljJ(" PI-QtL-ph}Tic 01" C'p\·rich OJ m"",olllt,,). chnroodoid sampbJ as 15 1 
[11 .17. PX-~J"-",hxl ('II Qi7-lcucom0l1,ollltc l thr~>t!",elrcs "v.-ay from conl.1ct./B06 T 
[llhn- ,\lal'lll'x-richCH ""'n/(l(horilc)31'«)13k~'11 ti-om this Joc31ion, by 01)-.." "",kcrs in 
2006,of,·hil ledQI·gabbroid 



( 124) Ol-gabbroid saml'kd as 152 (1140. Cl'x-(lIt·OI'~)-sf'<-"Chd lroclolile]. 

(125) Ol·gabbroid sampled as 15J( IIJJ. (BI·Hbl)·spcckL-d kucotroClolile]. 

(126) Ncxllo lake (s..'C ~kctch ",ap). poorly cxposed krrodiorilc-d)!,rnockoid conlact 
re<:orded 10 wilbin a f~"W m<..1rcs. Tcn metres southofrc.:orded poin!. f.m. gr. fcrrodKlrlle. 
saonl)kd as 154 (HI03]. withd~rk~-r arKllighlcr streaks and iaY<TlarKl a lew abrupt n~lfic 
segr~'llations. with grain foliation a,id lay~-ring trending lOS. as Judg<-d fi-om a f<'w small 
CXIJlHurcS. oncofwh,chpicturl-..1 asl'l. Charnockoid sampled as 155] 11 104. II-sp!.'Ch ... 1 
HYf'Qtz-lcucomonmnilclsixmclrCSllonhofrecordedpoin1. 

(127) FlTTodioritc-chamockoid contact. poorlycxpo><--d. with possible f<"1Tl)(lioritc chill as 
y,f.gr.(grninsafcwIl"1lthsofamillim<.1rcindiallll1rc)apparcnllyundcrlyingf.m.e.gr. 
dlaTllOCkoid. piclUrl-d as G24 (",jlh sketch). and. within adecimctrcor lwo down the 
bank.possiblchybridize-dmagmaasfgr, flTTodlOritc_lookingrockbearingfspcryslals 
with foliationlr~-ooing85(and possiblywithotho,."1"stuffgoingon. sccnotcs).picturcdas 
G23 

(128) Imcrlcavedchamockoid·fl"1Todiorilcalcont:oel aSlwotothTt.'CIlIClrclh ickcas!·wcst 
conI3C1ingbodicsofch.1Toockoid. rc"1Todioritc.chamockoid. fl"1Todiorilc g"mg sou thl" 
oonhbet .... ·ttn ,",ain fcrrodioritcandmaineharnockoid(skctched).arKldl"Cim~1rc·scalc 
inlcrkavingb<:sidcs.Charnockoidinlcrlca\"i n~.soca l1cdbt."Causcoftheabundanccofc 

andm, gr.lSpcryslals.arcYariouslyhybridil.l-..l(ofpl"1"h,'I)Smclted.bccauseIhcirdmkl-r 
colour rdati\<: to main chamockoid may be a mincral rcdislribulion effect) as i,idicalcd 
by\"nriablcamountsoff.gr.dark~"dorangcsp(;dledmatrix.ancxaml'Icofkleal 
,"~rialiol1 piclUrl.-d asGI7.I!ybrid is well foliak"d wilhinat leasl a m<lrc"fruntact .... lIh 
f~"1Todionlc. pi<.:tur~-d as G22. CharrKlekoK! and hybrid may he disli""t a'KI may be 
clTltimctrc·sc~lcint~"1"ican-d.p,cluTl-da-,G20.Fcrrodiorileoomctimcschi!lc.lagai ",t 

eharnockoid or hybnd. as v.f gr. (grnins 0.210 OA m", in dia"" .. 1<"1") grn,ling by2 cm into 
m,ddlcf.gr. "wayfi-om foliatcd hybrid. pictured as G22. as v.f gr. (grainsO. 1-0.3 I1nll i" 
doamctcr).he"nngm. 3rKlc, gr. fi<pcrystals. g.r.Hting into midtllc f. gr. a way from possIbly 
oon·hybTldiz~-d charnocko~!. pictuTl~1 as G21. and as v.f. gr. (grains within a fcw 
millim~lr<"'s in diamClrc) grading by 4 cm into mid"lc f. gr. (grains 0.2 to 0,8 mm in 
diamctrc)uwayfromccnti'l"ICITl'"sca\c intcrica\'c.ich,1roockoidundhybrid. with chilled 
fl"1"rodioritccontacting both or possihly charoockoid incxposurc. pictured a sG20 
Approximately m. gr. r<-rrodinritc "~1y occur at margin, and be foliat<-d, Mafic 
"'grcgalions{)h"-"1",~-das..{)c,atC<! with m. ande. gr. f<p crystals in rm. gr. f<"1T1)I!ioritc 
cxhib,tmg.I",s.,iblyoniykleally. nukl f{)liationtTl~Kling 120 arKl a mQrc Icucocralic 
disco"'inuQuslaycrparallcilofohationmKlo\'l-ralloricl1!ationofmalicscgrcga!ions. 
IHc!urC'(i asG19. IlybrKlobscr\'l-dtobc s!rongly folialL-dadjal."(Onl toappaTl~ltlyn\ln
ioli:'ll-d fm. gr. fcrrooiorilc. fcrrodionlcsampk-d 25 Cm away from tOnlac! as 156( III Ui . 
Ilm·<pcch-d ICpx-Op~)-rich \lAI'r diorite). p;ctur~-d as Gl8, A fcw metr", cast "fI56. 
fohl'lL-d hybrid sampll-d a, 151 )11 102. (lhn.\'ag)-(Cp~-Op')-'pcch~i ,II Qt7_ 
,oolvo"itc). 



( 129) Main dmllO~k()iti wit h fi, l,at ion trend ",!; 10k ""'npbl as IS!! [11%, (Cp.'-Ol'.\)
SPCChil CH Qtz-t~uC[)n~"'7()ti,or;lcl 

* About midway up Tlort h-sid~ uf camp pond, ""r1h~a't-ca't fo\iatc...t hybrid picturc...t "' 
GIS. FoliatioIlS<-"<'lllsvariablydcvck,poo in unit >0 far ub,,~r\'cil 

(U2) Hybrid sa"'pk~t as 161 [1194, Cp.,-Fa-spcch...t Cll Q1z-lcucomorlLodioritc]. 

(lJ)FcrrodioriTc-cliaroockoid cOritact(actuallydTarnuckoidurhybri tioot spI."<'ific"1i . but 
S<.'C 134). 

(131) Hybritilchamockoid ,a"'pled a" 1(04 111'JI . l"a-Cr' -QT7-'1"' "deitC II 
Icuoo,n"nLOllite] 



(US) Hybridfchamockoid s.mnpkd as 165 [II 'XI. (,diet Fa)-Cpx-QtL-,p .. ,dc~1 CII 
Icucomorv.odioritc]. 

(139) Clear c. y. rock chamodoid"!. s:ompkd as 166 (II -n. Cp,~,spl:ded Cli QU 
Icucomon.wnite] 

(140) C1Iamockoid sampk>d as 167 I l Ull. Cp'-Sl"x'k<~! 01 Qu·kuco,no,vo!lite] 

Notc:nosample 168tahl1 

(loll) Cllamockojd body within fcrmdiorite, alleas. a few square dL"Calllelrcs in area. 
contaL1swithfcrmdioriteobscuredbyco"crundrcgolith.of"ariablcgrainsi>.c.s,1mplcd 
as 169 [H93] 

(14Z) Fcrrodiorites,1ITlpk>d as 170 [1192. Uhll-Mag)-'J'<-"Ckcd \CP"-Orx}-rich A I'r 
mcladiorirc]I011lclrcssou'h ofchamockoidbody. 

(143)Continuat ionnfchamockoidbodyinfcrrodiorite 

(144) Ch.1roockoid slK.xi within IOmi,cross.sharplyaoogradationallycontact ing.jusla 
InL1reapart.f11l.gr, (tlK."1"cforcoon-ebillcd)fcrmdiorite,picturcdasG11.GIO, 
rcspl:clivcly 

'Charnockoidbodyscclll'n~)relllaficthanmainchamockoid 

( l oiS) Clmroockoid shcx110 III wiue. rL"COl1k>d point at centre. roughly 65 111 southwest of 
lnaincl~,mockQid - feITodio"rccontact("''''''skctch) 

(146) Fcnudioril< .. ~chamodoid contact. fCITodlOfi,c SI"nplcd as 17 1 (1197, (11m_Mag). 
'l""Ckcd (Cp'-Op~)·rich APr diorite] tWQ 1ll\.1N.-'S away 

(147) Fcrrodiorite sampkd as In 1111 12. [(llm-\1ag)]-OI Cpx-rlch<limitc] 

(1411& 149) Nonh_soo'h intc"1"lcavingQfsharplycotltactingIII.C.gr. 1I0n-fbhalc'(lgahbroid 
and f.1ll. gr. f<"frodioritc with folialion Irc'~ting 93. pictul1.>d as G7. G6 (wilh Sh1Chcs) 

• Around hcrc. gahbroid isl'l'pmph,Tlf ic 

( ISO) PI -porphyrit ic 1:Ill.c.g'- anonhositewilh loli"li"noricm<~!055/69N withtrcnd 
varying to 64o\'cr 10m. samplt.1tas 17J [11120. altcrcd Cp,-sp,_"Ch\t a,l< .rtho,it .. ·], 
picturc.:lasG5 



( 15 1) Anorthosite with fo li ation hlCh nncINn.mc.'tOO by f.m .c. gr. cabhmid. picturl ... l as 
G4 (with sketch). Anol1oositcfoiiationtruncatcdatk)\\'crangksc1sc,':hcrcaroundhcrc 

(152)Maficdykc. f gr,.trcnd ingI15,intru(iingandtruncati ngfi,liationinBnortOOsitc. 
apparentl ycxhibitingcont act-p;lralicl alignmcnt ofcrystals.sampIc<las I74 [11124] 
(marh >d line on s"ntplc approximates tr~oo). piCIUR ... 1 as GJ. 2. I 

(154) Mafic·rich mat"'ial. possiblyconsist ingof oneofgabbroidorf erro,diori,csoowing 
lllI.><IalBndgrainsizc laY~Tingaoo/"rint~rlcaving"foo'h, wilhlaycring/intcrlcaving3lKl 
mild mafic fo li ation in gabbroid·k)(,klllg rock uending 40. picturcd as 1/23 (wi thskctch). 
22. Gabbroid. m.c. gr., apparcnllyas at Icast 5·6111 thick iIlKTlaYl,,- infl'1Tlkhorilc, 
pictured as H21. t'ermdiori'l"looking rock sampled as 176 [HI18]. gabhmid- looking rock 
sampl"d as l77 [1 11 19]. 

(155) Entire knob up aoovc OU,il1 of big POll( I but bci<lwridgc just exami nl>dconl'islSof 
m.c , gr. appar<'lltl y non . foliatoo PI-porphyriticgabbroid.sampk>da.. 17111111 .19.(11",_ 
Mag)-sp<-'Cx"dgabbro]. 

(156) On ridgc. atl cr fcrrodioritc-gahbroid. anortoositc. {scnsustricto ).apparcntlyoon
fi,iiatcd .beginsaoooontinue,,,cstward,,"mp k>da.. 179 [1 1126](scc skclch). 

(1571 PI'porpllyriticanortoos ltcwi,h5_llr ;' ",:dicsdc lin ing loliationtr cooing52. Solllc 
mdrcsaway.anon hositc.(scnsu stricto).apparcntly non·f"liall>d. UplO this point along 
ridge. 75% of outcropoollsislsofallorthositc. rc",ain ingconsi'lsof gahhro id(or 
ft...".odiorilC or ootb). sporadicaliy inlerruptmc thcanonhosile . GabbroidfflTrOdio ritcrock 
gcncrallycoarso:.Tthan t ypicalf~mkliorilc,wi'hcoarscsl portionsoont ainingabuooant 1'1-
phcoo<:ry:;ts.aoowa,orn;crvOOto gradcimoti;rrodioritc-lookingmcxwnh folial ion 
trclKli ng 50. pid urt.>d as 1110. 19, 18.G.,bbroid sampledas 180[HI3 1]. 

"Anort hositccontin u"snt leastlln tilt hecl1(l of lhcbigridgc(sccsh1Chl 

(1601 Same but fincrgrainoo than at ,1ation IS9and with grain folialion trcooing 70. 
sampk>d as 182 [II 16S. ( IIm-\'agJ-'p<.'Ch~I ~,bhronorit c] 



-l!lIg(tT. Voordouw) knobofslalion<; 159, 160" inlen",ly bbck lic~n co,"crc~1 but 
ITomscaH~·R-dsmallobS<..,.valio()sal'rcars!Obcunifonninconslilulion 

(16 1) Gabbroid. m. KJ"., sampled as 1113 [111 .12. (1Im.Mag).Op~ gabbro] 

(162) F~-rmdiorit~. f gr .. wilh t}l'ical·loobng Illaficscgrcgalions. 

(163) Anonhositc saillpled as 184[ 11169].15mnonh.folialionlrc·nding99,picluredas 

'" 
• Aoonhosilc with I"'rple cCn1ime!r~'" and sub-centimetre·seale gcnc.'rnlly elongate PI· 
phc1locrysts.cxhibiti1lgl'rcf~Tcnlialalignmcnl with subtlyprcrcrcntially a hgrn.~1 
individual mafiegrainslaggrcgal~"S (not string~Th). Also with umlitin-d I'x 

(164) Oxidc-richrockbodynonlllrcthan3IllwideinsoiarasgQ$sanolls.pos<ibly 
continuous to t"3,t ·SI)uthea~t, sampled as 185 (11168). e.~hibiting modnllaY~Ting tn:ndi1lg 
69 in ICUC(>Cnlticponion(ll!"oupedwithoxid~"'richrocl;byspatial associalionand 
dissimilarit yofappcaranccwithanorthositc),picturedas H6 

(1651 Anorthositcas pcrgcncraldescription (tr.ough00 mcntionoffohallon). sampk,1 as 
11I6 [H173). 

(166) Oltidc·richrocksampledas I1l7[ 11 171.!llm· \1ag)'Sj)(.'Ch-dlcucugabbro) Irom 
sc"craISljo:tremctrcgossanou<;cxposurcmanortr.osl1caspcrgcll< . .,.aldcS<:flption(thoug.h 
nomentionoffolialion). 

(167) Anorthosite as 1"-'" g~n<..,.al dl'SC1"iption (thoug.h 00 foliatic", obS<."'H~I. oi>scfva1l0n 
.. cryhind~.,.ed bypanlallichen CO\"~T). ";I.I11pk,1 as 11111 [111741. ()card~'C1I"'-1rc·sealc thick 
nonheasl tr~~ldillg. sharply contacting oxidc·richrock dyke. which al'l'earsto widen and 
IlOssiblycha()ge trend b'Oing bclow co"crand gossan(which S<."C1115 to go out of bounds 
onto/intopnonhos;te). picluredas 115 (with skctch). 

(l6ll1 llnorthositic gneiss wilh highly undulosc and fokl~'<I modallay~ ... ing wIth purple 
L"Iuigmrmlar 1'1. in 3,Iditicm 10 lfIajoritywhite l'<JUlgranular PI. nnd uralitil\-d P~. sampk~1 
as 1119 [H I76. taken nt l68sl]. 190 [11 177. !akcnat 1 68s2). contac!ing U oonhositeas pcr 
gcrn. ... al descriptio() (though IlOmcntionofloliation). possibly gradational Iy.I'icturedas 
H4,3,2.1 (withskclchlwi1crcplcturl-.iarcais\"crylirstobS<. ..... edinstancc.aHL ... 
lravCfsingfromnorth,ofdefin",,·cdclimnatlOnandgneissosity.Foha!lOn!rcndll1g95 
,,1)(.TC minimally con"olutc (in picture HI). Arrow on sample 189" On sub·horimmal 
surfa~"(!ofsamplcanddchncatl"Sapprox'mategneissoSlty. Sample 190""hfi,ilalion 
trcndlOg87,.ofrock with only n few cemimctre·sealc thick discontlllUOUS ba nds (11O! the 
abundant gncissosityofmatcrialpict ur~,labovc). piclurc-das 124. and ",,,ybclongto 
allOnllOsitc 



(169) Aoorthosi!C without unamhiguou,!" liationsampkdas 19 1 1111151 

(1 70) O.~idc-rich rock sampkd as 192 [HI12] . 

(1 7 1 ) O~~k .. richrock sample<1 as 1931 11160]. 

( 112) Oxide-rich r{)Ck sampled as 19"' 1111561 

(173) Oxide-rid f{)Ck sampled as 195 [111 50. [(lion-Mag)] gabbrooorite.locall y [(limo. 
\1a!;1 1-rich]. 

( 17", ) Gabbroid with modallaY~"fin!;at 0781SV (hard to tell within 10dq,rt:cs) pictured 
as 122. 23.21. 20. 

( 175) Gabbroid with modallaY~"fin!; rangi!,!; lrom 15% to. in centimetre thick layers. 
grcatcrthan 500.4 malics. relatively mclano<:ratic portion sampkd as 196 [1l14!1. (l lm
Mag)-'pt.·ded mctaG"bbrOl>ontc]. r.klano<:mlic lay~""s pi clur~-d al slalK'" 174 probably 
45-60%mafic5 

(1761 Gabbroid with foliation oricnted 055/62N dcfined by elongate mafics a ndsub-
• ..,ntimetre-scale oonds witb higlx...,. concentration, oflTlllfies, pt.Thap. to 50%. sampk-d as 
197 [HI47J. 

( 177) Oxide-rid r{)Ck "'mpk-das 19!1111161. I'I-phyricl 

( 17K) V~..,.ycru1llblyoutcropofaoonhositcorgabbroid wilhOUlob....,rvahle fohalion wilh 
raisincoiour(.-d PI-phCrlO(.TySI. up 10 d(."(;inK.iTe·sculc in Icngth. samplcd as 199 [HI67]. 
Suchraisincolour(.-df'I-pocnocryslswcrcob,(:r\"c-dbo:ginning(sinec?) thctra\"crsc 
conlinuc-denromelITlIllthcgnciss 

(179) Similar f{)Ck as at Slation 178 (with r~isin coloured PI-phcllo·crySIS) wilh no 
appa ..... ~lt foliation. sampled as 200 1111491 

(1 80) Centimetre-scale thick sharplycontaet ing lay~..,..,ranging from fcklspathic to ma iic 
of\cn with highlydisparalc C"Olllroslll()n,juxtaroscd. with Icssdispuratc I aycring.diOusc 
in appcamnce, dcfin~-d at sub-~rml1nctrc sca le thickncsses. oriented 077/SV. smnpk~1 in 
!hr~"e pi~"<:csas 20 1 [11178] 

(181) Anorthositc.samr1ed as 202 [H I79]. variably!oliated. "'itito neioliationohscrVl"<.1 
trending 67, ov~..,.the squarcccnt illl<.1n .. ~ tod~"Cil1lctre·""'a lcs ascvidcnce byclonga!c 
mafic aggrcG"!CS {in other wortls. the anC)nho~i!c is f{)liat~ ... l ",hen view<~l on IOC square 



'~~lt imctrc_ to d~'Cimctre-Sl:alcs-that is when preferentially aligned maf,c aggregaws 
become apparent). pi(·turoo a<; 117 

o Anonhosite in sharp contact with gneiss in somcobs<,.·Tvations 

(182) Oxide-rich ruck with foliation trending 55-60. s,~mp1cd as 203 [11183]. abruptly 
passing intoadjaeenta""nhosite 

(18.1) Ox ide-rid rock dyke. sampled as 20~ [H 18 1). at least 10 "",trL"!; long trending 60 
in anorthosite. ><lmpkd I m south 3., lOS [111821. pictured as 116. 15. Anorthosite wilh 
lolialionsub-pamllcitodyke lengtliandwilhoutdiscL'ftlablelruncalion . 

• Anonhositcat stations 183, lSI. and in the area by the pond oontainsccntimctre-to 
s"b-eenlilTl<-1r<-~sca l cpuIplc PI- p""'lOCry:;ts .• orl1Climesobserved 10 bca li gncd with 
fo li at ion. 

(184) Oxidc·rich rock material samplcd as 206 [IIISO) lrom a bodyofhighly go,sanous 
rock at least 20 m wide from oorth to soulh (sec sketch) . 

.. Barth mappinH ends. Hoscnbein mnppinH begins 

(185) Gabbruid . m.c. gr .• with c. gr. Ht and de fin ile Op.,-Cpx composite grains. witllO,,1 
wcll -lorrocxJ 1'1. non-f;,liak~l> sampled as 21J7 II! 190] 

(1!l6) Similar roc\; as at Slalion 18SbulruSlicr. 

( 187) Ol-bearing PI-rich pcrhXG (oc,,-caftl"- wil li PI- rich implicit in po..,,-hXG). sub_m. Hr .. 
S,1U1pkd as 2U8 [H I9 1. 111 -,peck"d 01 """tel· Only thi s SGuare ,Ie<:imelrc-scale palch 
contains 01 in the immediate vicinit y. patch L~lU ld nol be delineated duc to intl~l<e licben 
COVer. Less than 10 III (this ink,,-ven ing mip is rubbly) to I",nhwc_I is fdds])nlhic to malic 
Il'lCiss wit h gncissosily trending somewhere OC>TW~"">Tl 345 and 1IOnh. pictured as 17 

(188) u:ss than 10 m 10 ""nh of Slat ion 187 mc gr. gabbroKl (001 spo..'Cificd whether 
pcrhXG or hypAG) s.~mplcd as 209 [H 189]. 

(189) Gabbroid(ootspccilicd ... )with folialionmugb lYlrcndingnonli. pictured as In. 
samplcdas 2 10 [HI92] 

• From n",mory. nOi spo..>cifie<1 ITom beroon orc hypAG. although Illust verify" jtb 
samplcs 

(19U) GabbmKl(tIOt8peciflcd . .. ).I".c.gr .• oon-fohut~-d.bcuring 1.5mlonHclong:tte 
block of :!pparctltly f gr. ultrarn~li"ll'lCisswith kngth trcndinH l42. pictured a, 15 

(191) Gubbroid (rIOt spo.."Cilicd . ). m.c. gr. with abundant oxides. "'''''pled n. 21 1 111 1 ~71 



( 192) Fc1dsP.1t hic 10 rnali ~ g.n~iss ocingdisago:regatcd by gabbroid (no! sp<."';li~>J. ). 
pictured asl 4. par1 0flargcrbbck pictun.~ldiS.lppcarsunder lichcn 

( 193) HypAG gabbroidlgabbroid, m.e. gr., non-foliated. '<Jmpled as 212 (HIS5J 

(l 94 ) Gabbroidigabbf()id.rn.c.gr .. n()n- fi)l i ak>J.wi!h l' l l ~ssint act t hanatsiat ion 193. 
thcrcfor~dC8i gn aK>J hypAG-pcrhXG. s~mpk>J as 213 [11184. CP' iculwlOrilc] 

( 195) Fekisp"lhictofllJf,cgncissw,thgnci.sosily!rl-nding27.piClUred as 13. 

( 1 96) Gabbro~!lgabbroid(1l0ISpccili ed ... ). m.c. gr., oon-folia!ed,sampled a< ! 14 
[HI86]. 

( 197) Il}l'AGgabbroidlgabbrokl.m.c.gr .. rontactinggnciss. 

( 198) HypAG gabbroiJ. m.c. gr .. non-f"liak>J. sampk-.l as 2 l S [112I G. (I1m_Mag)_ 
<p<.'Ckedlcuc"gahbro] 

(199) HypAG gabbroiJ. v.c. gr .• non-fo liated. s,1mpk,1 as 2 16 [11188] 

(200) P~.,.hXG gabbroi.!. f.sub- tn. gr .• wil h discollt inlous variably abrupt and dinusc 
rdat i\"ciy!oalsoabsol ut clyleucocraticormclallOcraticsub-ccntimclrC1OtwoCl"llli"K1rc 
thick laycrssporndiC<l lly SCI in t)l'ica l intcrmooiaterock. samp k>J as 2 17 [111 9.l. Opx 
gabbro]. 

(211 1) I'o"ibly ""rhXG. ]>O"ibly hypAG. th.."'CfilfC dl""Signatod hypAG-pcrhXG. f.m. gr .• 
"Pllurent lynon-foliatedgabbroidsarnpkdas 2111 [1I 194.llm-spcckcdOp .• pbb",]. 

(2 02) ApP"rmt ly d~cimct rc-scale diamctrc b locks ofpcrhXG gabbroid (or Ol -gahbroid
so fi-e,hthal thc r r"'lcrICeofOl is hard to asscssl. f.m. gr .. samplroas 2 19 [ lit 9~.llt
_'llCCkedOI'IOritcl.set inv.cgr.gabbroiJ(lIotspccifioo ... ).samplcdas 22I1 [11 196. 
(llm-Mug)-Sl,,-'Ch~! gallt,.-'''IOritcj. in tun! app.1rcntly sharply SCI in f.m. gr. gabbroid ('lOt 
spccifi~>J ... ). '<Jmpled as 221 [ fI1 97.llt-spcc~cd Ol-rich Icucogabbronoritc]. " hid, itself 
possibly contact, the Illo~ks ofpcrhXG Ol·gabbroid. picturro as 12. 1.124 (w ith sketch) 
NochilisobS<...,.ved 

(203) Fcldspathi~ 10 mafic gneiss with nOrlh-south trending g""issositysampk>J a, 112 
[11198]. 

(2 0~ ) H}l'AG gabbroid. nt_c. gr .. >'1mpled as 223 [HI<N] 

(20S) Gne isspielureda,J21 

(2U6 ) 1'~.,.hXG gahhmid. f gr .. sampled as 22~ [ f I2P I. Tt,,· ocming Ha bhro l 



(207) PCfhXG Ol-gahbroid (or Ol-gabbroid). f. gr .. samploo as 22S [1I20J, gabbro] 

(2U8) 1'0ssiblyhypAG gabbroid, f,m. gr .. sampled as 226IH202] 

(209) Gn<'i"contaCling ptutol1ic rocks 

(2 10) HypAG gabbmid, llH. gr., non-foli,t~"(L samploo as 227 [H206]. within 10 m to 
northwest iswntact with gllc,,, 

(211) P~ThXG Ol-gabbmid, f.m. gr.. sampled as 2UI [11207, (llbl-BI)-llm-(Opx·Cpx)
spcch'<llroctolitcJ 

(212) Gabbmid (not spL'Cific<l ... ), fm . gr., 110n-foliatoo, sampled as 229 [H209] 

(2 13) Onc to two metre dyke. vcry ro\Jg.hly sub,'crtical, sk..:ply <lipping to north 
northeast. consisting orwry intact m.c. gr. gabbro i<l cxbibiting strong flow alignment, 
"'mplcd as 230 [1 1212] witb orientation 066I28NW. surrounded by apparcnt pcrhXG 
which crumbles in han<l. picturoo as J20(lookmC cast -~. Dyke disappears undcr 
COver UpOWf bil l 

(2 14) P~ThXG OI 'Cabbroi<l, f.m. gr., non-f(,liak'<l. sampled as 2J l [11 21S, Bt·Opx
spccked01 Cabbro] 

(2 IS) Tcn melrCSCoN OfSlaliDn214. pcrhXG gabbroid. r.m. ;:r., non-rolialed (ie. same as 
laSI minus 01). salllpled as 232 [1l!1 6. Mag-lhn-Opx-Cpx-s]lC':h><l troctolile]. Outcrop of 
",me appa'cnr lyOl_frcc rock lu southwest, a few m,-1r~'S closer again 10 81ali011214 (S\.'<: 

Sh1Ch). 

(2 16) P~ThXG gabbroid. r.m.c gr. IlOIl -fi, liat<-"(I, sampled as 23.l [11218. Bt-spcd~'d 
tro~1olite] 

(217) Witbin 10 m to s"ulhw~'St ofrC'Cord<-"(1 point is g.nciss. 

(2 111) I'crhXG gabbroi<], r.m. gr .. rcbti>'clyoxide-rich, sampll'<l as 2.14 [1121 7, Bt-Op~_ 
sped;~"(I Ol gabbro]. 

(21~) 1'(TbXG gabbroid (or Ol-gabbroid), fm. gr .. sampled as BS [11 213. Ilm-Op.~
spcck~-.J Ol-rid, gabbro]. SO m south\\""1 ofreconbl point. pcrhXG ixaring lIOn
ddincalL'<lgnclS",sefragmen, piClurcdasJI'l 

(220) I'~ThXG gahbroid. t:m. gr .. samploo as 236 [H208]. 

(221) r~ThXG-bypAG gabbroid. fm. gr.. sampled as two pieces as 237 [11 200]. 



(222) l'l1"hXG-hypAG gabbro id, 1:,, 1. gJ' .. ,ampkd as 238 [H211 1 

\223) Simi!arroc~ asat Slalion 222 CXCCJll rusl il1", sampled as 23'1 [1I214,llm-Cpx
spL'CkedOI",,,itej 

(22 4) l-I}pAG gahbmid (h)1lAG Wilh ",me unccrtainty) sampled as 240 [11205] 

(22~) II}p/\G gabbroid, apparently '''In-fi, li a!<'d. ""mphl a< 241 1112(4) 

(226) H}pAG gahbroid, apparently non-Ioliah.'d, s."np1cd as 242 [H2 19] 

(227) H}pAG gabbroid, m.e. gJ' .. with rclati\'clyabundant hlack oxidc, apparent ly non
folimed,sampk'd as24J [1-1220]. 

(2211) Similar rock as al Slmion227 exccp! not asc, gr" sampled as 244 [11 221. (1 Im
Mag)-sfl'Cl'h-d le,,~og~bbro 1 

(22'l) Anonhosite,(scnsustric!O),e.gr .. with gr" ins clear and displaying IabmdoR"SCcoce 

(230) H)1IAG gahhmid as suspi--.;t~"(1 rockfall half the si~c ofilOuscs. 

(2.1 1) Tr. f. (or possib ly sub-m.) gr .. Bt bearing, :.ppal'\;n!lywit hout fabric, sampk-d from 
apparcnlly Icgilimatc oUlcrop as 245 [1 1222, Op'-'pL'Ch-d troctolite]. Outcrop looks as if 
part ofa ridgc coming down olf too hill 

(231) 1'....-hX(i mafic rock, f gr" 11';11\ sub-(cntimc!rc thid laycrscvidenccd by 
prefercntial weathering. trend ing 11 8±)0.disp(.'rscd in rcst of rock, pK:lur~-dasJI6, 15 
SonlCcompositionsprobablyafcw 100ofpcrc"mnK,r"maficthantypical,lypical 
s,1mpkd as 246 [H223]. 

(2U) Gneiss with dcfortlll.-d gncissosily trc",ling dominantly l40, d ipping slecply as with 
at st3tion2J2,pklurcd asJl4 

(2.14) Ni"" mClrcs '1011h of sm:.11 pond, gneiss with kmg limb offold pidurl-d as J2 

(B5) PcrhXG mali c rock wilh nO deii" iti"" 0 1, ,ub·m, gr .. wit h rnillirndrL~",al e and 1-
1.5 cm lhick abrupt to din-usc, mati" to lcucocralie (pLTh~ps a few l Os of percent offof 
t)pical a~ sampllxl) laYLTing trc"'ling 122 and nlHbiting fo ld ing, "'mpk~1 as 247111232] 

(Dt.) $ub-roUlKled blocb of pi-1"hXG gabbro~1 (andfor possibly Ol-gabbroid) ollsen'cd to 
range fi-om 30-SO cm in (ii:"nctcr to occupying at leu,t "","LT"lmctl\.'S of outcrop without 
bcinll obser"cd to be fully CtK;Ontp"'''''-d by hypAG matrix, cnc()mpas~<~l hy hypAG 
gabbroid, v.c. gr" apparently lI()n - foliat<~L outcropping as 60";' hypAG ma!rix. 40% 
pcrhXG bloch, imme<!iatc!ycasl ofl,1}"CrC(i (toliaK-d?) rock ,imilar to that ~t station 235, 
with til" lwo areas contacting llOrth_south (SI.'e skctch). S I: Onc by lwo mel1'\; block of 



pahXG gabbroid. sampbl as 24K [11 226, \lIm-Mug)-13t-spoxhxlllOritc].ocaring all 
intl'Tior·tal)Cring centilllctrc-s<;ale thic k dyke of\',c. gr. hypAG gabbmid. pict un.~las 11. 
1U4. 23. 22 (with shieh). I1 n,AG gabbroid ,ampled within a f"w metres as 25U [IIHII. 
Cpx-spl'Chxl norit"l. pcrhXG gabbroid sampkxl within a few mc1rt.'S from ncarby and 
possihlyoonnL'Cted hlock as 249 [112 27. {l lm-Mag)·BI-Spcckcd flllritC]. S2: pl'ThXG mck 
ranging from apparent ly intennlxliate. sampbl wit h bypAO matfi~ as 25 1 [1 1229. block 
rIOTile Of Ilabbrolloritc. dykk1: perbap' gabhnHlOntc], becoming. perhaps OVl'T a lew 
cent imetres (har~ to tell) considerably loorc mafic and po,sibly Ol-bearing in tbe same 
block, sampled as 252 [11 230. Oln",itc]. picturcd a, KI L HypAG gabbmid sampkd a 
1<-"" to sc\nal metres nonbeast as 253 [II BI. (l lm-Mag)-Opx,spl'Cklxl gabbro] 

(237) Anonhositc (sensu siricto ). V.L 1<> C. 17 .. changing wc:;twards within 0111.' melre 10 
hypAG gabbroid (20--30"/. malks). v.c. to c. gr. (similar 10 the rock which eont3i1l1:d 
pcrhXG blocks al stalion 236 to toc wcst) 

(238) Anonhosit",hypAG gabbmid comact. ~o\'erC{1 but constrainL'(I(o within scvl'Ta l 
lllC1rl'S. 

(2J9) AllOnhosite saillpled as 255 [il22S]. 

(240) Aner 50--75 ""-'trL'S eastwards il110 ,k,minant ly aoonbosite. mafic mode becomes 
mnrcvariablc, ranging fi-om ano rthosite (sen.l'u"lriclo) 10 gabbroid/gab broid,sampledas 
256 [11 224]. wilh grain si~e variations ranging from m.c.17, to v.C. gr. wilh c. gf. 
dominant. no( ",-'Ccssarily d i ffcr~nt from th<' grain sin'S westwards. just nlOTC ass.:s!.1ble 
ht-'Tclx'Causeofmafics.I'iclurcdasK20 

(24 1) Ilill is vl'Tyrobblya ,lJ d~'Caycd. Most lIun-l'J1"iss is v.c. and~. gr. bypAG gabhroid 
b\ll mirlOr pl'ThXG s","pled:ls 257 111 233, k'ucogabl>r<)IIorile] 

(242) Contac11x1w~'Cn gn~iss and (bH,AG gabhroid and rcrhXG [gabbro id or 01. 
gahbroid]).pcrhXO"'l1lpk,las 2511 [II B5.lcucotroctolite] 

(243) Roughly same Iocalion as stalion 242. c, gr. hypAG gabbroid sampled as 259 
[ 11 2J4_Cp.~-spedcd[(lIm-\-Jag)]norilcl· 

* Hypl\ G gab bruid, v,c . gr., piclur~~1 as K 17 

(244) COt1laC1OClwcen IllIC;SS and hypAG gabbroid, \ .~. and e,17 

(245) II>VAG aoonllOsilc (as all :lnonllO,ilc ocrc bas lx-1m Wht-'TC there havc been ~nougb 
maiics to make if visible). e, gr .. wilh So,. space-jill ing Opx 

(246) ll ypAG gabbroid, c. gr,. pl'fhaps wrth 3(),,/, ,pace-fill ing Opx. Without fo liation 
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Abbreviations 

Mineral abbrc"ations /i,llow Krct7. (1983; included in Lisl of Abbreviations, Acronyms, 
and S>,n\)ols, p xlvi), e.~cqJt those used for additional economy in mod~'S and 
d~'SCripl ions: 

A,apatitc 
I),biol ite 
Bd,b(l(ldcleyile 
C,elioopyro~ene 
F,olivinc 
H,homblende 
I. ilmenite 
M.magnctitc 

Otho."Tabhn:vations: 

O,orthopyroxcne 
Ox. Fe-Ti·oxidc 
P.plagiociase 
Px.pyroxene 
I'q,opaqu~m;neml(s) 

Q.qum'l 
S,sulphidc(s) 
Z.ziroon 

APr. aTltipcrth itic (in rock names). antipcrthitc(in modes and d<:scription,); 
ASPO.awegat cshapcprefcrr~'lloricntation: 

CSI'O.ooncentralionshapcprefeTTOOoricnlation; 
Mr r. ""'S<Jpcrthitic (in me\;: names). Illc-"opcnhik (in ",odes and d~'Scripti"ns); 
Pr, r<->fl hi lic( in rock namcS).I"..>fl hilc(in mod~'Sanddescfiplions); 
HYI',hypcrS<Jl\1ls; 
CCI',colouriessandrolourlcss-pinkplrochroicl'yroxenc: 
LCP, lillht iycolomed !if,:cni"hpyro.~cnc, \'ariablygrccn-pink-colourlcsspkochroic: 
U'O,latticcprcfcTT~>d(Jrlcnt",ion; 

oceo, optically continuous clillOpyroxenc oikony,ts; 
OCCII'O.op1icallyrontinuous.coarscr-than-malrix,iTTcllularly-shapcdl'yro.1cnc 
oikocrysts: 
SPO.(T1lin~-ra11 shap"prcfcTTl>doricntatlOn: 
XIY. cryslals ofminc"Tal X obsc,,~>d with unambiguous cI)'slal face'S against crystals of 
mincml Y (c\'~n if to lhcexknt that crystals of milllTaI X occur as inclusions in crystals 
of mineral Y),c.g. Fil'. Such descriptions only indicJIC that Inc fca turc is prc'scnt and do 
loot ind i cat ~ abundance. and w~rc (for arx'<.liclll:y) nOI """de fi" samples to ll~'Ct~'<.l by 
Gaskil l 

Samples with ide"ti!,.,tions prct,x~'<.l by "If' l'OlIl'CK'<.l by A. Lcit~1i and P. S}'I\,cstcr(p. 
575). by "I!" l'Olkctcd by S. Hinchey (p. 576·606). by"G" by O. Ga,kill (p. 606·641). 
Originalidcnlification,o f samplcscolkclt.~lbylliochcyareinful l "SI105-###" 



Rock Iype namL'S for sampl'"colll ... 1L-.:i byS. Hinchey li'l Iho$C minL'fal s in which Ihe 
rock is spc.;kl-.:i and "fmode greallT 11~1n I·· •. Rock Iype namcs for sampk'S oolll"Ct .. ~1 by 
O. Gaskill do 001 gi>e those min"'f'~ls ill which the rock is specked. because lor many of 
these sampk'S the mod"'S of min<.'fals in which the rod is s1"-"Cked w .. 'fe (for expediency) 
oot ddcnnin .. -.:i prL"Cisclycoough 10 dis<;rimlllate minor (5 1%) from p"rc~nt Il"\d 

For SOllie samples. the e>1im:ued mooe corrcsponded to a borderline bctwl'Cll two rock 
typcfic1ds.mwhich ca"",Slhebonk'fingr.,.cktypcsarc givcnin thisappcooix.II ""CVl'f. 
for the sakc ofca"",,,fdiscuSSlOn aoo visual clarity a cr.licc was made fi)fcach bo rdcrlinc 
sample as to which rock typcto uSC in the toc'Sis tcxt aoo on rrops. Thechoil;cs "crcoot 
totallyarbilrary,buIWL'fCsciL"Ctl-.:iwiththemtcn1tnillu,tratclhcfuIIvarK1ynfrocklypcs 
prCSl11t without bcing misicading, giving thc followingschcmc: 

Rock,," cho.cn for di.cu .. ionand ma: 
anonhositc 

loonzodiorilc 
gahbroic (s.c. )or gai:>brn / ooritc f 

'abbronoritc 
gahbroic (s.c. )nr gai:>bro / ooritc / 

abbr"ooritc 
Ihl'f'fA/1itc 

'abbronnritc 
granitic 

ultramafic 

Rocks oontaining grcatcr than 5~·. I)x bUI ncilhcrCp.\orOp.x individually grcall'flh,1n So .• 
arccl<tssilicdas tTOCto1ilc(r%r/(l/O). 

Saml,le devriptiOl'" 

a!!..!I!..!!::II06 T ~:B06T I.S: p 
.!.Il!!!!.!;: Fsp(I'>Ml'r»2SI'x>6(I,M»lA>suhIS.Z.Q 
~:[(lIn}-Mag)ll'x-richCllmonzoo"'Tltc 

I!"rain si/es: sul>-mm > I.mm I'spooarso.'St 



~: LCP. Perhaps l~o S. Q.atleast 1010 A. Zlhroughoul. No Fobst.,.ved. Fsps 
wnUTlOnly wrnplexly inter!;!"own. l'x dominated by ifr<)t almost L~ltlrdy Cp~ . I' 
wnmlOnlyantip .. ,rthitic.how~"'·err<)tUlllforrnlylhroughoullhcgrains.cit ........ SO by 
localised patches ofMPr with its P·oomponcnl continuous with the larger I'-hosl, 
commonly margin~r: Or rounded Afsp crystals. commonly margi""l, from circular to 
\"ariablye!ongatc and "bem" in shapc. oommonly occurring as clustcrs ofscvt."11Il, 
variably-shaped indi~iduals, No unambiguously primary hydrous mint ... als. SOlnc P 
distinctly clongate_ Some!' with smoOlh simple-conccntric zonation. howe'·cr. comnlOnly 
thcsc and 01 ..... 'T t'wilh faintly_dc,'clopcd or al>scnt lamellartwinning(b\lt \'cr ificdasP 
usinglhcBcdclinctcslonAf'pinclusio",). 

!l!..!!!.I!.k: 1II ~:IOS IS:lp.2r 
Ill!!!k;: P> 12F>4(C.Ol>2(B>H»,ubtl.S.A,Z 
~: BI-(Cpx-Opxl-spcch'<llcucOHlJoCIOlilc 
~: Lrnm > sub-mm. U"'m(pcrhapsUm).C. Pcoarscsl fl!.: 58·t 
~JiruJ: Unambiguous B-C s)1llplttlite. H-P-l septum texture. C as UplO Lcml'
pcrchadacryslicoikocrystsw;thangularP-inK"I"Slitialhabit.inncarpcrfoctoptical 
oonlinuity, Most t'di-<Iinctlyeloogatc, I'SI'O.Somc I'withbcnt.tapo...ro.a nddtlfusc 
alblitctwins 

!!!!!ill£: 113 ~:I07I5.:p 
1llI!lIl:: P>25F>4(B.H)[somcsccon<lury»3(C,0»subt(I>Ml>S 
~: Bt-{Cpx-Opxl-spcckoo lcucotro<.101itc 
~:rnm.,ub-"'rn > Lcm.t'ooarsc'l fl!.:63-1 
~: Soction thick ~"TlOu;:h for klwer 2-or<lcr mk'Tf~rcn~'C~oklur p, Set:ondary 
material indu<lcs symplc'Cll1c of ~ok)urk", mill<.'Tals plunlOSC into I' along n~~rgIllS of 
mafic aggrcg~lL"S, radially nrrangl'<l B margmallO mafic aggregak"S (.l1hough somc B Ill) 
<loublprimarY.b>()ingbysintilarrocks).andma,;scsofcklng:l1cgrccncrysl~lsassoci,1tC(! 

with the colourless symplcctitc in Ihcbonom halfofthc thin-St."Ction. Most Pdistmctly 
eklngale. I' SI'O. rcst mostly '-"'luant with polygonal or smooth boundaries. Some l' wIth 
benllaJ)<.'Tcd.anddiifu.scalblitClwms 

!l!..!!!.I!.k: 1I4 ~:I04IS.:p 

1Il!:!!.k: t'> IOF>J(CO»2(B>I!l>subtt.S 
~: ilt·(Cp~-Op~)-'l"'ck~'<llcuootroctohte 

~: Lmm .• ub-mm > Umm. Pwars<..-st Elr 58·t 
~: S~"Clionlhiclelll)ugh f<,,2-()rdcrimerf~'TellCccolourl'_ Unamblguou_, B·C 
'Y"'piL'CIltC, 11·),·[ SCplum tc~turc, Onl\{lpyl"<)xcnc·Fc·Ti·o~i<tc symplcctitc a~ lameltae 
nndwrnllcolcsrangingll\l1l1 to-20to k-ssthall a mtcron wide. Most P<hstltlCtlycJongatc. 
r spo. rcs! mostlY~'1uant wilh polygonal or SIJ1()()th boundaries. Some I' with bent. 
ta(XToo.and <liifuscalblilc twins. 

~: 115 ~:7 IS: l' 
1ll!!!kl'> tOF>30>I(l!.ll»subl(I>M).C>S 



~: Bt-(Cp.-Opx)-spcckcd leuwtroctolite 
~: Lrnrn> sub-mlll, Urnm, Pcoars<:st fu: 64·1 
~; Se<-1ion thick cnough /i)rK)wer2-ordcrink.,-ferencecolourl' . Ik~!dishhrown 
II with greenish tinge. Un,1mbiguous P-H-I relatively thin rims. Possible D-C symplectite. 
FjP. P]F. Most P distir.ctly eiongatc.. possibly defining a P SPO, Globular ( granular) 
pyroxene in Pat 112 orgrcater in sub'mm bifurcat ing bands at ICJSt Lcm in lenglh 
Orthopyroxene-Fe-Ti-oxide symplc'<-1ile as lamel"e and v~"-miculc, ranging ITom 10-20 
to a few microns wide 

.!l!.!!!.I!.!£: U6 ~:141 IS.:p 
1JlQlIl;:: P> 10F>3C.O>subl(I,M).B,H>S 
~:PI-phyricOl leucogabbro"')fitc 
~; mm > sub-nlln.l..cm. Pwan;cst fu:63·1 
~: Section thi~k l"OOugh for 2-ordtr interf~'f~'nt"CcoKlUr 1'. Unambiguous H-p·1 
septum leXlure, B·C symp l ~"Ctilc, Single cionga1C Lcm l' phCnOC'T)"l w,lh mafic 
indusions, mo,tly F. S()mc I'll' . Excluding phcn<Kryst . )mny ifnot most I'distinclly 
elongate, wilh preferenlial alignment. i.c. P SPO. C as Lmm P_pcrchadacrySlic oikocrysts. 
o margiml to I' 

~: 117 ~:I02b IS:p 
1ll!.!Ik: 1'>20F> 12H>5B>4(C.O»subl l>S.A 
~: (Cp.-Opx)·spo.-.:kcd Bl-Hbllroctolile 
~: Lmm,sub-mm, P,Cwarscsl 
~: PAj. I' wilhpolygonalorsmoolh houndarK-"', most equant inshaf>C. ",me 
dislinctly elongate. H rommonly lhe ,,,,,,I marginal in mafic aggrcgak'S. C and po~ibly 0 
with 1'<)Undlxl inclusions of l1 . somelimes in unambigoousoplical con1inuily, SomeC as 
Lmm P-pcreh(ldacryslic oikocrysts. contacting olll .. ,r minerals as well. some in ncar 
p<..,-fOCI optical conlinuityo,'cr Lmlll . 

.E..!!..!.Iill:: 1I 8 ~:102m Th:p 
!!!illk: P> 15(B.lI»15C>10F>40>subIA.I,S 
~: Opx-spcchxl (BI-Hbl)·Olgabbro 
~: Lnlln. su()..mm > Umm. Lcm,C,'Ourscsl 
~: PIC. A]. Cas Ununand Lcm P·pcrchadc.,-ystieoikoerysts wilh angular 1'. 
inK.,-slilial habit, with marginal H. conla~1ingolhl,T mincra ls as wdl, in nCar pnf~>C1 
opticalcontinuily. "·lost l'dislinct lyclongale. cxceptin lower 1.5cmofthin -section. 
whtTe most crY'lals equnnl in .hapcwilhpolygonalorsmoQthhoun<litric s. ln lower 1.5 
em, less if any F. no C oi~ocr)'sls. mafics C.'C~pl B sub-mm ,'e.-suS Lmm (IS abo\'c 

.!.l!..!!!..I!.: 11'I ~: I02em IS.:p 

.Ill!.l!.!l;::coarso:.T:Fsp(MI'r>l'r.P»IO(C,poss.o»IQ>subIA.L,I 
fin",.: Fsp(P>MPr.poss.Alsp»45(C>O»1 B,l>,ub l Z 

.: War ... T: C ~ Clllcuco''''Hl7onite. finer x ex-rich ,\1I'rdK)rilC 



~: ooarser: mill, Lc," > sulrnull, Ml'rooarscst, fil"''!': Lnltll,sulrmm,C P 

~: CoarS(.'!' po11ionlmnsiliorl:ll inlo finer portionovL'f I em. Coar,;".'f : Ml'r 
acicu lcsrangc from rL'SOlvableat 25X to bardyrcsolvablcal eenain focal Icrtg Ihsal 
400X, and pcrhal'" finL'f. CZAIMPr. Finer: MPraciculcsbarc1y resolvable at ~crtai n fOC.l i 
Icltgthsat400X andrcrhapsfincr. No LCP. 

~: llI O ~:I03 IS:p 
I!I2!!J< Fsp(MI'r>I',poss.Pr»150>5P~>J(I.M»IFa>Z,(A 001 <.liscountcd) 
~: Fa·( ll m-Mag)-P~-sJl<.'Ch"<l CH Qtz-leueomow.<Jnitc 
~: Lmm, sulrmrn > Urnrn (perhaps Lem), Ml' r coarsest 
d,,-scription: Seelion Ihick enough for at lerust upJI<.'f 2-.<)fdcr Q. Green P~, lighl ~'ClIow Fa 
MPraciculcsmngcfromrL'SOlvab1cat 25X to barcly reso ivublc at ecrtnin foe allcnglhsal 
400X, an<i JI<.'fhaps tlner. Suspect Prasgrainswilhsubor<.linatcpaleh<.'SofrcsolvabkMI'r 
Many if not most boundaries irregular. Mafics as Lmm Or finer aggrcgak'S and 
conccnlralionsinwhichlhcyarcC<fualorgrcaIL'fthanfclsies,oommonlyckmgatc 
ElongalcfclsiccrYSlalsandaggrcgalcs,andclongatcmaflcaggrcgalcsandconccnll";1tiolts 
wilh CommOn alignment i.e. ASPO 

E.!!.!..I!.!£ : 1111 ~:108 IS:p 
Ill!i!dl;: P>25F>70>3B>2( I>M,S),C>Z 
~:Cpx-Ul-sJl<.'Ch"<lOI - riehlcuoonoritc 

~: Lmm > sulrmm. Urnrn, L<;1l1. Pooarsl..'St fi>: 55-1 
~: SL'Ction thick enough forlowcr3-ordcr inlCrfc ..... ~lceco\our P. !']Fe.Globular 
and wrrnieuiarpyroxcne in P, includ ingal 112 or grcalcr in sub·mm bands al leasl Lemin 
lenslh 

~: 11I 2 ~:14J IS:p 
Ill!.liI£ 1'>22F>4(C,O»2(B>JI»suh l (I,M),S>Z,Bd 
~: (Cpx-Op.~)-spech-d Icuoolroctoiile 
~:mm,sulrmm.!'coarscsl &:65-1 
~:Seelionlhiekcnoughfor2-or<.l<'f inl<'ffcrL-occco\ourr.PIC F. Unambigu(>us 

B-C sympk'::l ilC. I-I-I'-J septum lexlurc. I' wilh polygonal or SIllC)()lh boUllibrics, mOSl 
<.lislincllyclongalc,dcfl1lingPSPO,res1C<fUltnlinshape.CasLmmP·JI<.TCtt.adacryslic 
oikocrYSlswilhanguiar P.imcrslilialhabil,somc in ncar JI<.'ffc><:1 oplic alcontinuilyovCral 
lcaS1Lmm 

~: 11 1J ~:8 IS:p 
Illllik 1'>22F>JO> IC>subIS,(I>Ml,!I,B 
~T!£: O]>X·sl'._><:h~!lcurolroC10lile 
~: LI1IITl, sulrmm > Urnm (perhap' L<;m). P coarse,l &!: M\- I 
~:Sttlioolhicken()ughfor3-orderin1crfcrcllecoolourP.Un..1I1lbiguousll·C 

s}Tl1plcclitc par1i;tl II-P·I S<.ylUllllexlUre. MallY ifllOl nlOSl P <.lislinclly Clonl\lllC in ,harc. 



!ill..!!!l!.!£: 111 4 !!!':i!:.iru!l.: 140 TI:p 
lll!illk: 1'>22F>7(C,O»1Il.I>H>Z.Il<1 
~:OI-rieh1cueogabbronorile 
~: Lmm. ,ub-mm > Umm(pcrhaps urn).I'ooarse,t fu: 64-0 
~: S~'Ction Ihick ~"ough ft,r 3-<>Td~r ink'ffcrcf\CCw"mr 1' . Unambiguous 13-C 
sympk"<;1ite 11-1'-1 sep!umleXlIlre, Most I' dislinct lyclo ngale in share 

iJ!.!ll.I.!.k: Il lS !ilIi~illi!llr!.: 109 Ili,: p 
W2ill.: : P> 15F>40>C.([J>II»I(I>M»Z 
~:BI-SJX.'CkooOllcucogabbrorlorilc 

~: Lmm,sub-rnrn > Urnrn . PWar>es1 &I: 60-0 
~liillJ:Se .... 1ion thickcnoughti"up[X'f2-o rdcrintcrfcrcnccwklUrl'.UTllimbigllOu, 
I3-C symplectile. 11-1'_1 se]llum tc'lIlre. Many ifoot most I' di~lin<;llyclongalC in ~hap" 

iJ!.!ll.I.!.k :1I1 6 ~:OJ TI:p 
llQI./<,;: I'> ISF>6(C,Oj>5(8>Hj> 1I>S.B<l.Z 
~: BI-sJX.'Ck(-dOI k'\lwg~bbronorite 
~; mm, Lem > sub-mrn. I' coar<C>l fu: 66·1 
~: FJP. I' ]CF. Unambiguous 8-C symplcctite. H-p·1 septum texlurc. /l.loS! and 
,oarseSlPdislin<;llyclongalcormorcorIcSSSGuarewilh morcorlc"irrcgular 
boundaries, OIIK...-s fincr and equant with polygonal OT smoolh boundari(·s. Pcommonly 
wilhpcriclinallwins.intcrior·lapcring,diffuse(unambiguousdcfonnation twin<j and 
oth.:rwise, I' wi,h commonly bent. lapcrcd. or diffuse albi'e alld p<-'ficlinallwin<. allil 
subgraindc\'ClopmenL Sorncl' wilhconspieuousconccntric.wnation, CasP -
pcrchadacryslic oikocry;;ts, some in ncar pcrfe<:t optical continuily owr al leasl Umm. 

~: 11 17 mil:imlllLl:02i IS:p 
1nQl/j;: p>J51'>9C>J(B>llj>20> 1(I>Mj>S.(A,Z.Bd n<J1 discountc-dj 
miliwc: (Opx·llt j-,[X'Ckoo a I_rich gabbro 
~: Lmm.su\)-mm > Umm. LC>1l.Ccoarscst 
~J.iQn:Sectionlhkkcnoughforallcas'2_{)fdcrintcrfercn<;ccolourl'. l'crhap,e"lual 

amOurtlS I' oJisl ;rtClly ciongalc or ~'quan' in share. wilh polygoml or srnoolh boulldari~.,. 
C 10 Lcm as P-pcrdmdacryslic oikocTysts with angular I'_ interst itial habit. at I ~ast SOmc in 
ocarpcrf .. 'Ctopt;e~ I '-'Orttinu i ty.COnlactingolhcrmincralsaswcll ,Apparent II-I'-I seplum 
texlure 001 00 ullambi!)uous examples oflltis or D-C Sympleclilc observcd 

2!!!1!!£: 111 9 m:u:.in;!llQ; 144 IS:p 
1lliliIs;:6()!'>F.".,condary 
~:mClalroctol ilcor-Ol gabbrok 

g(,!ins;zcs: ' Ill n(pcrhaps Lcm). sub-mill. PcoarSCSI fu:61-0 
~: Seclion thid enough in pl,,~~'S for 3-ord~'T intcrfercnce colour P. S~'C","bry 
malerial includes gr~'Cn amphibo le. r~-ddish or~ngc material aftcr F. and sympl~'Cl'tc of 
colourlc", min~'fals plumo"" into I' akl1lg margins of malic a!U!rcBal~'S 



~:mo ~:1J9 IS:p 
W!i!!Il::: P>27F>20>IB,H>subl( I>M),S>Z,Bd 
~:OpX-SIX;ckcdlcu~'t}tro<.1olitc 
~: Lmm > sub-mm,Umm,l'conrscSl &: 65,1 
~; Stlction thick enough for Iow~'f 2-ordcr imcrfcr~1lcccolour 1', Unambiguous 
B-e symplect Ltc, H-I'-I 5<.,])lIl1n texture, Many I' distinctly ckmgatc, many ofthosc alld 
elongate F-dorninatcd aggrcgaks wit h common alignment i.c. I'-crystal and llla!'e
ASI'O 

~: "zr w:i.I:.illilLil: 145 IS:p 
!!!!!!k: I» 27F» 20.l!,fI>sublc'O>M»S.Bd,Z 
!2diJ;m!;: (Opx.Bt-l!bl)·spo..,<:~~'d lcuCOlroC!olitc 
~:mlll.sub-nun > (p.;rhap,Lcrn).l'coan;cst &:70. 1 
~: S~\;tionthickenough for lower 2·mdcr inlcrfcrcneecolour 1'. Unambiguous 
B-C syrnplect ite. H·I'· I "'-l'lUIll texture. Most I> dislinclly elongale, r SI'O, rest mostly 
C<.]U:lI1t insh:JpcwithpolygonalorsrnOOlhooundaries.Casl'-pcrx:hadacrystieoikocrysts 
inncarpcrfL\;toplicalWn1inuilyoveraticasIUrnm. 

~: "22 2Lil:irnIll.I:!:: 142 IS:p 
J.lli!ili.:: nol recorded 
~: Ilm-[(Bt-Hbl>1·Opx·spccked leuc<)tmcwlitc 
ymin sizes; Lmm, one exallll'leofLem, I' coarsest &: 67·1 
~: 1'1F, possible F]I' . Unambiguous Il-Cs}'''pleclitc, H-I'-I ,;o,;p!umtcxturc 
I'crx:cnt l. .l.1inor M. S. At least percenl combined B, H.l'crx:cnt 0, but c~'11ai n l y less lIwn 
5%,l'oommonlvdi.,tlllctlyclonsatc . 

.!ill.!!!..I!..: 11 B !!I:!l:.!lli!lll l O ll:p 
J:llilik:J'>(0.poss ,C»F>5Jl>B 
~:Hbl-sreckedOlllorilc 

~:notrccord~xJ &56-0 
~I'JiQn: Section thick enough for 2-ord~.,- intcrf~'R>JICc colour r'. Globular I'x in 1' __ 
prroxcncah..-ation? 

.!ill.!!!..I!..: li N w:il:.im!l..ill:9 IS: p 
!OOl!.!:; 1'>F2S>70> 1C.(B>II),(I>M»fI 
~;Ol·richn()ritc 

~: Llllm, ,ub-mm > Umm, Lcm, C,I' coarsest &1: 68-1 
~: I' ]I-C. Unambiguous )l -!'- I 5<.'Ptulntc.~!Urc. B-Csympk\;l itc, Most I' 
di,l in<;llyclongale.Casupto Lcml'·pcrchadacrystic()iko~.,-ystswithangularl'
;nlcrslitial habit, somcinllcarl":"'fect()pticalcontinuityo\'~"'Lcrn 

.!ill.!!!..I!.. : IH S ~:)OO Th:p 
!!!!!lk: Fs[l(Ml'r>I'»J(C,O»lQ>subl(l,M»Z,A 
~:(Cpx-Orx}-,pcdcdCl ! lo:ucOloonzonitcorJcu~'Osycnitc 



~: sub-mm. mill. Lcrn. MPrc'OatScSl 
~:All.,\1J' rlcxlureexlrc~nclyfin".rn"'lvisibl calonlyccrtainfocallcnglhsal 

400X.MPr",ilhpmcl\cslhmcomaintloorsuhrniCrQSQ)piccxooiU1ion. Fincrcryslal·sil.e 
m.clion(l rnmandfinl..-)aI2IS.ofcryslalswilhpolygonalorsmoolhboundarics.Q 
tn<)Sllyinlcrslilialwoorn().1ril\"ciycoan;cMl'r 

!1!!!!l!.k: 1126 ~:101 IS:p 
.IIl!.li!l::P>J5F>4C>2B>II.O>sublll.Z.S,po«.A 
~:IJI·Cp,<·SI .... 'Ch~l l roct"IIIC 
~:Lmm.sub-tll!n > Umm(pt.'f1~1ps Lcm).CC()arscsl .El:!:61·1 
~:&"ctionlhic);cnoughforill l casI2-{)rdc'f inlcrfc'fencecolourP.P)FC.FJP.C 
asalicasl UmmP·pt...-.:hadacrysticoikocryslswithangular l' ·inlcrslilialhabit.allcaSI 
SOIllC in ncar pcrfc'Cl oplical COnllnUlly ovcr Umm. contacting olher minc'fals as well 
Uo.1mhiG\IOus 11·1'·1 Sl.1'lum le,<lure. H·C symplcclilC. Mosl P disl incllyelongUie. 
inlCfS!X.'fS<.>d with P ctluant in shape and wilh polv;onal and SlOOOlh boundaries 

.'!l!..!!!..I!.:It27 ~:146 IS:p 
iOO!k:: 1'>30F>3(B>Jl»2C.O>subl( I>M»Z.Jld 
~l!i:: (Cpx·Opx)·l3t·spt.-.:h>d troctolite 
~: Lnnn. sub-nun > Umm. Lcm,Ccoarscsl .El:!: 68·1 
~: Unambiguous H·I'·I Sl'plum texture, B·C syrnplcctile. FIP. PICF. C to urn 
asP·pt.'fchadacrystico;kocryslswithangularl'·inl<nlil ialhabil.al lcasI sornc;n ncar 
fl<,...-fc'Clopticalconlinulty.contaclingolrn.'fmincmlsaswclI.PdislinctIyciongalcor 
c'Quantinshapcwithpol»,'OtlaiofsllIoolhboundaries 

!1!!!!l!.k: 1128 ~:IO IS:p 
I1lI.!!Il::P>J5I'>2(B>Il),O> II>suhlC,S.Z.Bd 
~:BI·OpX·spt."Ch>dlruClolite 

~:Lmm > sub-rnm.Unlln.Lcm.Pcomscst .El:!:71·0 
~:Scclionlhickc""u~for"tlcas12...,rdc'finlcrfc..-cnccoolourJ'.I')F.FI I' 

Ullalllbiguous [J·C syrnplc"CtiIC. rebt"'ely thin continuous 1'·1-1·1 rims. I' as all!lrcgatcs of 
eT)"Slalswith [IOlygonalboundarics. Many l'di,tim.1Iyclongalc,rc'St nlOs1IY~"I"antwith 
polYKo",,1 or slOOOlh boundaries. 0 marSlnal 10 I'. 

.'!l!..!!!..I!.: 1I29 ~. 138 IS:p 
Ill!l!b;: 1'>30F>3(B,ll).O>,ublC.J>S.Z,lld 
~n;::(Bl·l!bl)·Opx·spcch~llroclohlc 
~: Lm111.sub-111111 > Umm.PooaT5Csl fir 07·1 
~: PICF. Unambiguou, B·C ')'T1lpic'Cll!C oommon.I!·P·1 Sl.llhml lc.~lurebut alw 
rciati\"ciylhinl'·H·lmll,.:\·loSlI'dl>llnctlyclongatewithpt)ssiblcI'SI'O.ink'fSfl<,.'fSCd 
"ith P c"luanl or irregular;1I share "'ilh polYGonal or smoolh boundarll'S. Slime I' wnh 
conspIcuous CO'ICC~nr;c ~Qnalion, 0 n~orglllallo F. Some P with bent. lapcT<~l, '" diffu,,", 
albilc twins aoo subgTallldc,'Clopmcn1.C P'pcrchadacrYl;ticoikocryslsopica l1y 
continuouSO"~'fallcaslLI11I11. ___________ _ 



il!..!!!.I!.!£: llJO m:ililimUD::!J7 IS: p 
1.l.lQ!k: P>30F>4C>JO>II3.([>M»SllbIH,S,Z,I3d,(A oot discounted) 
~:Ol·riehgabbronoritc 

~: Lmm > suh-mlll. Urnm (pcrrn.ps tern), P co"rs,"l fl!: 6~-1 
~:Sl'Cliorilhickcnoughror3-orderilllerli.TerlCeeolomP,PJCOF,FJP 
Ururmbiguous H·p·! ><-lIlum lCXlurc, H·C sympk-ctile, MoSI [' <.Ii,linclly ckmgale define P 
SPO, Some P with conspkuous eOTlCcntrk lonation, 0 marginal to F, C to Umm as p. 
pcrdmdacrysticoikocrystswithang"larP· inl~TSt;lia I I1.1bil.<.Iif'ficult 10 ascl'rtain oplical 
continuityoc...,ausc"f""-ctionlhidnt.'&~ 

~: 1 1.1 1 m:U:.im!l..lQ:147 IS:p 
!II!1!!.Jl: P>35F>50.(B,H»subl(I>M),C>Z,Il,poss.A 
~ll:\::(l! bl·Bt).Opx·spcdliltroctolitc 

~: Lmm, suh-mm, P coarscsl m: 68·1 
~: Unambiguou, H·p·1 ><--plum texture, H·C sympIL'<.1ile, Most I' L"IUJnt in 
shape with polyg(m,,1 Or ,moolh boun<.larics, SOInt.' I' distin"lly ckmgale, Sonw dongatc P 
wilhconspicuousoor.:;cntri<;zorurtion 

E!.!!!.I!.k: IB 2 ~:98 IS:r 
J:!)I;)l!l;: p> ISF,O>JC,B>subl( I>M»H,Z,B,(A not discounted) 
~:(lJt·Cpx)·spcckedOl "oritc 

~:Lmm"ub'11Im,l'co",,;,:st &!:67·1 
d=inl.km; SL-ction thrck enough lil, 2-<,,{[er interference coklur P. I'J C, I'll 
Unambiguous 1-\ -1' -1 septum texture, Il-C <}11lpiL-clitc. Casal lea,t Lmm I' 
pcrcha<!a"ystic oikocrysts with angu lar P·intcrstitial habit, at Icast 50 mc ;n nearpt.Tfc-.;t 
optical cominuily ovcr Lmm, contaclingolhcr minerals as "ell, Most l'elongatealld P 
SPO. 0 cornroonly as rclativdy fine, d.:x:a · and Lcmtam;crun grairu. Some P with 
COnSpkuo",concCrilric/.onal iori. Conunon. tine to rL'SO!vablc undn 400X, 
ortl.up):Ttlxcnc-Fe-Ti-uxidcsympk'Ctitcandglohularimcr!!fo,,1hs 

~: ll.U ru.il:.iJ:uU..l: 153 Ili:r 
Ill!.!lk: P>2SF>2(Il, ll » IO.C,( I,M»subl S.H<l.l 
rru:k.llT!j;: (Ht . llbl)- spt.'CkL~llcuC<ltR)C1()li tc 

~: Lmm.suh-n"n > Umm,Pcoa!"S<,."SI fu:68 -1 
~rJ.kuJ PJC, FJP, possible P]F. Unambiguo us H·p·1 scptum teXlUn:, next to 
unambiguous rcbtivclylhin P· II·I rim, Common unambiguous B·C sYlllplcctite. MallY!' 
<.IislitlCtlyclorlg.11c.irltcrspcn;<.'(\wilhI' L"<j uarilOrirregularin shapc,aII with rnostly 
polygonnl or smooth bo,j[kbrics, Casmm P·pt.'Tcha<.l"cryslicoikocr»ts "';lharlgularP· 
interstitial habrt. at Icast "",w in nca'p<."fc<"1 o pticalcontinuily,mnl aC1rnl!0th<.'rmin~Tals 
a,,,,"]1 

!J!..!!..!1ill:: 11 34 (lrj" inal 10: 99 IS:p 
!!!!!ili:: p>JOF>5C>3IJ> IO.(l>\1»H.Z,B,A 



~:Bl-CPll-Sp<...::kc.:llroclolile 

~: Lmm, suh-mm > Umm (perhaps I_em), C coarsesl f2: 61-0 
lkmli2n: S~'Ct ion th ick ctXIugh for 2-ordcr inK,.fercncecolour 1'. AI, PIC, rare F]I'. C 
as mill a ,Jd perhaps Lern P-p<.'rchadacrysti<: oiko~rysts with angular P·imcrst ilial habil, a1 

icast SOme in ncar pcrf~'Ct optical c-ontinuity, contacting otll<-,. minerals as well 
Unambiguous H_I'_I septum t c~t ure. Unambiguous H-C s},!llpk'Ctilc. Much ifnol IllOSl I' 
dislincllyelongate wilh intcrspcrsc<J I' mosl1y equant in shape wilh mosl iypolYllonl i or 
snxxlIhbouooarics. SOiOOI' wilh,,{H1spieul)uswnccntrit;wna!ion 

~: IUS 1'rilili!.aUD: 149 Dl: I' 
~: P> 14F,(Cperh.>O)>4il,(I,M)>sublll,Z,A,S 
~: (Iim-Mag}-BI-sTX'CkL-.J Op.\-Olgabbru 
~: Lmm > suh-mm, Umm, C courseS! J::Q: 55-0 
~: AJB, PIC, possible I'll'. Possible ASI'O. CusP-TXTehadaeryslicoikoery,ls, 
somcdiscolllimKm,·in-s«lionportionsinnearp<.-rfccloplicaIL'Imlinuilyo\,crJllcast 
Lmm. wnlacting other minerals as well. I' equanl or, much less so, irrq:ular or elongaTe 
in shapc, wilh polygonal or smooth boundarie,_ 11 -1'-1, H-P-M, fI -P-B, C-P-:\l. C-I'-I 
septum Ic~lurcs. MillOr unambiguous H-C mnpl«lite. 

~: 1I36 ~:150 IS.:p 
~: malrix: Fsp(Ml'r» I',poss.Afsp)>4O(C>O)>p<."h. IQ>subll>S.Z 

I ~: I' I-Qtl-phyrie Opx Cpll-rich CH mo",,,,nile 
~:malrill:suh-nlln > Lmm,phcnl)cry"I'-'a~rcga1Cs;nlln 

~: Light gr«nCO. Most Ml'r,1Cicular. ranging lTomrcsolvablc'I25X tobarciy 
rcsolvab1culldcrccrtainfocal1cngths01400X.l'hcnocrystsaoopllCllOaggrcg.11es ..... ilhin I 
COl of coarse (mm) l"olU1mitc (mai n body) ~oo as a 1.5 em tmin of6-7 2 em aw",y. Q as 
mm phen<Kry,!S and phe""agJ;r<'gat ~,. Lmm phenocryst,of l' , "lIl'" with Ml' r p"lcilCS 
Ummlongphcmaggrcgatcofmixcdfclsics 

~: 1I37 ~:151 IS:p 
~: Fsp(MPr>P.possPrj> 15Q>3(O,Cj>subl(I,M»l.poss.A 
Il.ld.JW .. "PX-<llCCkc<lClIQtl.lcucomonzon;tc 
~: suh-mm, mm, Lcm, MPr, poss .Af.'pcoarsest 
~:LightgrttnCO. VarictyofMl'rtcxturcs, includinll acicular and lcsscr 
vcnnicular. Mlr acicu1cs range hum resolvable al 25X 10 resolvable al 400X, and 
p<.-rhapsfintr(su'p<.'Ct ['r,withpatchcsofdiflusc.difliculltorcsoivcalanymallllit\;alion 
.\1I'r). I-3% gk,bu laraooHTmicularmatcrial.usuallymarllinal tocoaTl;<;rMl'r,somcof 
whicb unambiguous myrmckitc_ ZAJ_ 0 light ly to moderately altcr~>d 10 rl>ddlsh brown 
malcriaL 0 with coarse p>,-oxene lamellae, al lea<t some ofwhkh are C 

~: 1138 QIimLill: 167 IS.: p 
1l!Qill;: Fsp(MPr» I'»20C»2(Cposs.O»sub\(I,M»II,Z.A 
~:CPX-SPCCkl-.JCflQIL·lcucolllOnzonilc 
yrain Si/L"S: sub-Illln.mm, LCITl. Mf'rwarscsl 



dcgriplion: Lighl gr~..:n C. grc'enish brown II. VariclyofM Pr tCX1\Jr~.", including acicular 
and vermicular. C arxllor possible 0, altncd I" r~'llJish brown mineral. wilh coar<e 
pyro~e"" lamellae. at lea,1 ,ome "fwhleh arc C. AZI. Giolmlar and v"rmieular 
mynnckilc,l)()mainsofdL'(;a-andccnlamiLTOnfspcrYSlals 

~: 1140 m:iJ:.im!llQ 152 rs:p 
~ 1'>30F>30,1I>2C>subl(I,\1»Z,lld 
~:Cp.,'(BI·Op~)'SfX'(;k~'tl l roL1()l ilc 

~: Lmm. sub-mm :> Umm (perhaps Lem), C co",-"est fu : 65-0 
!Imri)'lliQl): PjFCMost Pdistincllyclongalcandwitli prcfcrrcdoricnlafion,i,c, rspo, 
SOInc Pwithconspic\>()"sCOOCL"1llricronntion, CasP-pcrcbadacrYSficoikocrYSI swilb 
allgular, P-infL'fSlilial habil somcofinncar pcrk"loplicalconlinuilYOvcrallcaslUmm, 

~: H4 1 ~:136 IS:p 
!!l!.!!!!;: JuSI as44,inclu<lingspt.'<:ial fcalurcs.cxcL'P1 sevcml % nK)fcmafic ,andUd 
[QQ;Jmk: (Bl-Cpx-Opx)·spcch~l trOClollte 
~:Ln"n,sub-n",' > lJm!l1(pcrhapsLcm),Ccoars<.'Sl EQ:69-0 
~:Scctionlhickcr\Ougbl"ratlc"'12-ordcrinkrfc",ncec()lourP.H·I'·ls.,plum 

tc~turc but also unambigu"us cxampk'S "fH·1 contad 

E!.!!!.I!.!£, 11 42 ~:95 IS:3p 
~:notrccordcd 

~:(Bt·Hbl)·spt.",h'tltroL1()l ite 

~: Lmm,sub-mnL I'L'Oarsc,1 £2: 63· 1 
~:I'JC!'.pos.,ibleF]I' . So""'Fasmclusion,inP,andvicew,-"a.I > M

spt.'Ckcd, al most 1%. OCTO. I'L'feent II, B. MO>;l P d"lmctlye~mgale, some with 
conspicuous coocentric zonal ion. No 1'0s evident. P<'Thaps g.eat~. than 5% comblll<--d OC 
(C>O) 

E.!!.!.Iili: : 1l43 ~:I66IS.:p 
ll:lili.!!:; Fsp(Ml'r» I'»]2Q>2C>IFa,(LM»subll-1,Z,A 
~: Cpx,spcehxlCH QI£·kuL'OTTIOlVonile 
~: sub.mm, mm, MI'., Qcoa,-"est 
~: Light g.eenC, IIghtydk,w fa. gr<-'Cni,h bmwn H. Mn>1 MI'. vermicular, 
some acicu lar . 11.11'. bouoKlarie, highly irregular. AZI. Some C with conspicuous 
concentric wnalion, someothc,-" with coarse pym~en~ lamellae. Gk,bular myrmekite. Fa 
in matic aggregates of high intcrnal complexily, wilil mciusio,,-,ofafKl marginal murxlL-d 
flOssible Q Lmm-scale Qu_phenoa!!Jjrct;"te 

~: 1144 ~:135 I:i:p 
~: I'>J5F:>2C,O,Il>sublll.(I>M»Z,S,ross.A 
~:(llt-Cpx·OpX)-SfX"Ckc(lfrooolile 
~; Lmm, sub-mill, I' coarsest fu; 63-0 



~: S~":liorilhie~ enough torallcasl2-orderinlcrfercncccolourP. P] I'C.O 
marginal 10 F.Unambiguous B-C symplccl ire.Unambiguous H- I'- I seplum texture. Most 
P dislinctlyclongate and wil h prekrrc<1 oriemalion, i.e . P SPO. e as P-pcrdwtaeryst ie 
oikocrYSls wilh angular 1 ' -inl~r>litial habit. Some I' with conspicuous concentric 7.Unaliun. 

!.!!..t!.lI.lk: H~S !.!Iil:.iru!l.l: 93 IS.: p 
!!!Q!k:)'.I'xc> F.I 
r.l1..dJl~ : p~To.'enc-al tcrcd l' 1_ l' x_rich rnck with millor F 
~:'lOt rccordcd EQ:47-2 
~l ioD : G~)bularandvcnnieular!'x in)' ___ _ 

S!.!!!l!!£: 11 46 ~: 94 TIi:p 
.Ill!i!l.k: Fsp(Ml'ryr,AI'rJ')c> 15Qc> 3HC>subIBX.O.(I.M»Z 
~: Hbl-sJX..:kcd eH Qt£-icucomonzorlilc 
\'fain sin",: sulrmm. mm, Lem. F5p ("oarsest 
~: Lighr green C. greenrsh brown II. ZJ. Brown du"ing"f l'.~llS(sericilC·') 

Some C w,th coar"" l')-TOxenc lamellae . 1"1' cxso lutiun lexlUres variable and comnlOnly 
complex. II with compariti\'cly finc rou'l(lcd (hadacrysrsofQ and marginal Q. Globulnr 
alldvl-"Tmicularm}T111ekitc 

!.!!..t!.lI.lk: 11 47 m:i.1:.i.rn!l..:92 IS: p(missing) 
Thin-S<.-.:t i,m losl bcf,m: features rccord~-d exa I:, : 01- ·"bbroid •. 

!!l!.!!!Jl.!£: 114M illil:.irntll.I : 68 IS: I' 
llllliI.!;:: P>)JFc> IO(O.ep2B>1(I>M» IIc>ZS.poss,A 
~:BI-spcckcdOI-riehgabbrollOri tc 
nain SiA"': Lmm, sulrmm > Umm (pcrlJaI'S Lem). e co~'St fu: 64-1 
~: P]C possible 1']1'. Most I' C<juantorslighlly elongate. with polygonal or 
stll(}()th boundari,,,,. Minor B-C syml'k><:lltc. Unambiguou, H-I' -I "'-1'tum "'xlurc, C a, 
mm. perhal's 10 L<:m. P- f".'fehada~Ty"ic oikocr)'Sts, conlaL1ing other mine",ls a, well. 
wmein near perfect oJ)!icalcominuiIV_O"Jarsinal10 F 

!!l!.!!!Jl.!£: 11 49 mil:.inalill::96 IS: I' 
!!!!!l.!!.: 
Fsp(M I'rc> P.A I'r ,poss_ l' r)c>2OQc> I 011> 1 (1.1'.1 »_<ub I (C.po«_O). f a.UN K WN .Z.po,s.A 
I2di..DN: lIbl C){ Qtz_mo nmnitc 
~: sulrmm. nun. Lcm. MPrcoarscst 
~: Light grc..ll C.lighl yellow Fa. gr~-.:nish brown){ . 1M). Z). VarictyofM l'r 
lc,"ure,. ",eluding acicu lar. di/fu,eglobular-ycrnllcu lar. Globular mynnek ik. H with 
eo"'rarnl\'ciy fine roun,k-d chadacrysts of 0 and marginal Q, Some f" "lkT~-d to 

.!:INKWN as in 98. Maf,es asaf!f!rc~alcs Wilh high inte,~~",1 """m",p",lcx",itYL' ___ _ 

~: II :; I mil:.inalill::62 IS: I' 
IJl!:e!k 1'>20F> IOOL':> I IC>subIB>Z.Sc>Bd 



~:Olgabbrullorile 

~: Lmm. sub-mm > Umm (p"rhap< Lcm), I', C coa"""l fu: 60· 1 
!.I!.:KI:i1l1i2n: PJFCO. MOSI l' as diversely oriented lalhs. C and wme 0 as )'. 
(JCrchaJa("yslic oikocrysls, eonlading olher min~-rals as well, SOme in IIC.1r po:.,.kel oplicai 
conlinuily, Some 0 marginal 10 F. Some I' wilh mnspicllOus concentric Lonation, No 
ul\ambiguous[l·Cmnplcctitc . 

.!ill.!!!.I!.!£: IIS] ~:59 IS:p 
illI!!!l.:: 1'>40(C>O»IIXU'I»subt ros.',A 
~: 1 (l t m·Mag)J ·Op~ Fe·rich gabbro 
"["lin ,i7<'<: sub-mm, mm. Lem. I' coa"",st 
~m.!!.!!! : I.ight gr""n CO. !'[CIM_ Son...., I' wilhconspicuous concentric zonal ion_ Mosl 
andooarsesrl'diSlinctlyclongatc.rnostb<:ntandwilbulldulmorycXlinction,lmddiffusc. 
tapo:."TIXi albile twins. rest distir.c1ly ~'Quigranular, ~-quioJimensional·gmll" tar. CO as 
"ariably internally complex a~rcgak'S. "omctim." dominatoo by one or scH.,.a t relallvcly 
coarse crystals, somc of" hich ill 'lCar po:.'1"fl'<:l optical cont ill uilyon tr.: 1mnschadacrySlic· 
scalc, VariabiyamocboioJIMcomposi1csrains 

.!ill.!!!.I!.!£: 1I54 m:i!:..illiillQ:55 IS:p 
J:llili.k: 1'>30F>SC.O>3(U>H»subl(I>M»A,Z.S 
~: Bt-sp.:ch'<lOI- richgabbroflOritc 
~: Lmm, .ub-mm > Umm, C coarse'1 li!: 63-1 
~: I' IC". I' ll', ,\ 11l. I' most commonly~-quam in shape with polygonal or ,momh 
boutwlaries, 'n.1ny such crystals >{l.5 mm. rcst P distinctly clongale or intl'1"m~~liale 
Common unambiguous 11.1'.1 ,,,Id l) ·P·B S<.1)1um {C.<turcs_ Unamhigoou< B·C 
sympk-.:lilc. C as nun p·perch~dacryslic oikocrysls. boundaries variably sl"'ight. 
contact ing olher minemls:lS well. some in ncar perii:.::! oplical contim,ily, Some I' witll 
~~usco"""ntricz"nal ion 

.!ill.!!!.I!.!£:IlS6 !!ri~:(,(} lS:p 
11I2lll:: p>J3F>JC.O.I3>subl(I.M»/\,II.S.Z 
~: (BI·Cp.~·Op,~),sp"ekoolroclolitc 

~"<: Lmm, sub-mm > !Jmm. P ooarsest fll.: 62· 1 
!kKrirJi!m: PjPC. AlB. poss. FI p. Vl'1"yrure H. C as P·pcrchadacrystic o i ~"crySls. 
bou,w\arics \'ari"bly straight. contaC1ingotilcr mincral8as wcl l. noneob".,r\,oo in ,,,,ar 
pertCelopti~,, 1 ~onlin uil y, O irl aggreg"tc,wilh F. Perhaps 1/2 Pdislincl lye(onga{e. 
inK1"Sp"rse'<l willi mosl1y liner P ~'Q uml1 or irrcll ul arin Sh3pe with polygona l or smOOl h 
boutldaric',.S"n"'l'wnhcon,;piCll"u,oonc~nt r i cwnat i<Jn.Sol1lcPw i thunduh,tory 

CX1",cl~'" alld '!IIb);mi" dcvck>pment. Minor unambiguous B·C SI'1TIptoclilC 

.!ill.!!!.I!.!£:US8 ~[): 1 4~ IS:)) 
l!l\!!k:: Fsp(MPr>I'»lOQ>J(C.poss.O).Fa>subl( l,M» !I.7..po_'s_A 
~: Cpx·Fa·spt.~·k~'<l CH QII.·leucomollWnilc 
I,,.,in si~c" sub,mm, mm > L~m. Ml'r coarsesl 



~; 11 59 orjGi.!:!.illI):<) 1 Di:p 
Illillk: I"SPiMl'r.poss.,\ fsp Qr unmixed MPr»P»15Q.(C.poss.O» 1(l.M»Z.,\ 
~: Cpx CH Ql£-rnorwmilc 
~: ,ub-mm, mm. perhaps Lcm. MI'rcoarscst 
~lion: Licht creen e. Ra re unamhiguou.< 1'. Unamhiguou, l>Wr acicu lcs range fj-om 
rcoolvableat 25X l0 iaintlyrcoo lvablc undcrccrta in focal lengths at 4 OOX. thusFsp 
without reso]v"blc aci ~u l cs miCht oc cxlrLmcly lindy c .• w l\ td Or "'1C .• ",lv~-d MPr. 
alkmakly 1\lsp. C wilh corTllTlOnly oricnlc"<l coar", pyroxene lamdbc. Boundarie, 
octwcen Fsp highly irrcgu lar. some lined with possible myrmckitc. MOSI Q as aggrccates 
.'vIali~sa,agg"·Ciltcsoc·1\n'<:ncoarscr fclsi~aggr"c"tc,and as eh"ins of individual> 
bctwccn coar"'r"fc"ls""', -'-' . A"""-' _______ _ 

~: 1l 62 ori~: l l i TS:p 
!!J')dc: P>2OC> IOF.O>513.(I,M» I II >A.Z>S 
~: (Iirn-M~g)- Bl ·Sp,:dcdOp .• ·Olg"bbro 
I'min Siles: L,,"!!. ,,,b·rnrn > U'Tlln. C co~r""l £2: 43-1 



~: PIC AIBI. Rmc if any unambiguous FJP. II tn.lrginallO C No unambiguous 
11-1'-1 "'plUm Icxlurc. "" unambiguous rclali\'cly lhin I'·H-1 rim. C and some Oas mm 1'
p<.'1"chadacrYSlicoikocryl'ls(i.c.wilhangularl'-inlc'-"l itialhabil).solIlcwilhncarr<-'1"fcCl 
oplic" l eonlinuily, boundaries variably slmigll1. and conlaCling olher minerals ~s well. C 
wilh 0"" or more alignoo ,,:IS of,-ariously (."()arsc. opaque wilh Fc·Ti-oxide rcfkclancc. 
'lI."-'d les and prisms. and burgundy plalcs and prisms. Some I' wilh conspicuous simplc 
cO'\I;enlric Lonulon. Mlleh I' dist inctly elongale an(l much. more or less ~>(juanl in shape 
wilh polygonal boundari c,. Non-oikocrysl ic pyrox~nc and oth~'T" malics as agg.rcgal~'" ~nd 
inln'rcrscd wil h]" """"nonly chaolicallyso a. rclalivcly fine. dcc •• - and Lccntamicron 
grams 

~: H63 ~. l lii Th:p 
J:lX!!.k: P>4O(Cposs.equal 0»51\(I.M) 
~: (Iim-Mag)-BI-sJl'-'Ckoo Pl'phyriegabbronorile 
~: d~><:amic"'n, Lccnlamicron > LmrTl. Pooarscsl 
lkm>J.iQu: I.mm I' lalhs of div~....., oricntalion and 1=,~'1" Lmm aggrcgak'l; ofcoars<.'f
Ihao'Tlwri.1polygonalequig.ranular.<>(juidimcnsional-gmnularPin[Xllg)"()nal 
C<juigr"nubr. l>(juidimcnsional-granular m.1lrix ofP. C(and fIOss.as mueh 0). B. mid 
oo",po,il~ I.\\. l' !alhs invariably ..... ith lxmspicuous simplczotl.~lion. variahly slraighl 
boundarks. Most II with common ori~nlalion (B SPO). F oot discounled 

!'!!!!llk: II M, ~:Ili" IS:p 
!!!!.!!k: coarser: MPrJ'.Q.Afsp>(Cor 0). finer: Fsp(P>MPr»JOC>J(I.M»sub l l.A 
I>Kk.1YllC: coar"" Cp~-'Jl'-..,koo CIl Q!z-monzunile. li"~'r: (I1rn-Mag)-sp<-'Cked Cp.<·rieh 
CilnlOnzo,liorite 
~: coarser: Umm, Le'" > Lmm. l'uh-mm. hI' coa,-"es1. fin<.'1": suh-nun, Lrnrn 
~: Light green C Co:,r;cr po"ion: irregu lar <hares and ooundari~s. Corn[XlSil~ 
MI'randAI;;p. l'inl'T[Xlrtion:rnorcorICSl;l>(juigratlular.cquidirnctlsion,d'granubr 
Trans,lional zone owr 1.5 ~'Ill of fining and abrupt CIM increase. dominntcd by 
complexly intergrown FSI' and ooascr, composilc MI'r-Afsp+!·P oikocrysls with 
cl~'I<lacrystsofC and 1M showing facial developmcnt 

~: 1l67 "ril'inallD:12i IS:p 
1llQ.!k: Fsp(MPr>I"I"",.Af'p»2OQ>1 C>sub l (I,M»Z,A 
~. Cll Qtz-lcucornonzonilc 
train *izcs: Sllb_nHlI,mm, Fl'peoarscsl 
~: 215 sub·mm equ igranubr. <'quid im<'nsiona l-gnmuiar wilh (."()arscrgrain s 
thmugoou1. Sll'Jl'-><:t 1\lsp mighl be MPr with submicroscopic exsolulion or unexsokcd. 
as judgoo by look alike wilh barely resolvable aciculcs under 4()OX. Comser grain' rnO,l 
irregular in share:u,,1oulhnc. 1M asarn()cb"id~ornpositegra i nsapparent l yha"ing 
crystallised ~lonb bounda"<-,,, b..'lwc<'n ~ornp"rili\'dy coan;C klsics. AZ I. 

~: 1I 6l1 ori,·inallD:12ii IS:p 
Illilill;: P>300>2B.F> tI.C 



~:OI·BI·spcckcdnorite 

!'pin ~ih"'l: Lmm. ,ub-mm > Umm, I' "oaT"",1 ru: 56-I 
~:I'l:tlhs"fdi""r",oric!l1alkJn<inanl!H>dma1rixoffincr(,ub-mm)l'of 

irregular, elongate, or cquam shape wilh irregular or IX'lygonal oondarics, mafie 
awcgat~'S, and P·intcrspcrscd rcl:lIivcly tine, dcca· and LcentamicTOn m:l1ic grains. P 
lalh margins commonly nol slraigh1. hul irreGular due 10 lrani,ilion inlo fmer malri~ 
Some P Wilh conspicuous simple, coarse·oscillatory, or marginal wn;l!kJn 

.!.l!.!!!.1!.!!: lI b9 ~:45 IS.:p 
!l!lli!£: 1'>2W>tO(C'.O»JIl,(l>M» suhtll 
[2£!s_br .... : Mag·llm· llt·spedcd Ol.rich gabbronorile 
~: sub-mm. Lcm(avcragc 1 mm), Pc'Oarscsl _ 
~: P !norcoril."s,cquicranular, (:'1uidimcnsional-gmnuiar.minorilydislinclly 
clongaw. Mafics as aW"I;alcs. commonly mdividual or pha"" domm:llcd. II marg!!lall0 
C and 1M. Unamhiguous 1-/·1'·1 Si.·plum Il."Xlurc(ufJP"r fourth. cenlrc). Some C as Lmm 
perehadacfysl ieoik<>erYS1S inncarpl"!"fCCloplicaleont inuilyand\\'ilhvariabl yprCSi."!"vc>d 
rla1hsandlcrmini. Bofdivcrscoricnlations, 

.!.l!.!!!.1!.!!: 1170 oripinallD: lJi IS: I' 
J:IlQlll;: P>30(C.0»IOF>41l>3(1>N\»subIH 
~: Mag- Il m-Bt-spl'<:kc>d 0 1 gabbronorite 
~: Lmm,sub-mm, I' , CC()arscst bJ.:J8·2 
~mkm: Scaion thick enough for high 2·ordcr intcrfcrencecolour 1', thcrc'Ofdiffieult 
10 asc<:crtain pmportion,of O,C.F. Distiltct f'l:!lhsofdi"crS<:oricntalio nlhrouchoul, r 
with~'On,picuo"ssintplc«onalion.,mdp<-"!"h"psso!!lec'Oarscoscil l utoryzonalion.Matics 

moreorlc"l'-imcr;t ilial.some wilhdi'l!!lcl'pllcc-tillinghabil.,a ,acgreGalesand 
individual C dom;rmlcd aggreGates, some as relatively tine. dc..::a- and l ccnt:lm;eron 
grains . Many 1'· lalb houooarics ar"e ""'o'-"slr."'aig"',h''----_______ _ 

.!.l!.!!!.1!.!! : 11 71 illi~:13i i IS: I' 
ill!!!!£: F<IJ(I',Ml'r» 30Q>8(C>O»2(I,M»III>sub l Z.A 
md..ll~: IOp'·Cp~l ell grano<liorilC 
~c" mm, I.em > sub-mOl, MPr coarsesl 
~: Light g.rccn CO, g.rc·t.'nish brown II. One I em MPr with 1-3 mm P ri111. Felsk 
as (:'1uigranular, cquidirn~nsio!!al·granu l ardO!n.1 i nsal I/Smodal. rest irregular in shapc 
withirrcguiar.polygonal.or"'}()()lhboundaric"wilheoar>u,lcryslaistltc!!loslirrcguiar 
in sh"rc alld boundary. Mafics as Lmm "cgrcgat~" and ind i' idua ls. Sihll' I~~1 bt.1wet.,1 
warSCr fdsic aggregate.,; or cryslal,. AL]. Globular inlngrowth, of fchies w!!unon, al 
luasl sume as mymlekik SO!nc p}TOxenc with (;oarsc. son1<.1imC:s multiply orient~~I, selS 
ofpyroxcrn:lamellac 

B!!!Illi:: 1172 1lDltin;illD: 47 J:.:i:p 
Samcas H78, c."'Cpt fewcrdistinct P lalhs 



.!.l!..!!!..I!.: 1I73 ~:48 TIi:p 
1il!!W:: Fsp(I\MI'r»JO(C>O»II>sublA.Z 
mdi...ml:I;: !Opx-Cpxl-rieh CH monwdioril': 
~: '1Jlrmm, mm, MI'r.l'coarsest 
.!kKri1!l.i2D: Light green CO. Cryslals irregular or "'quanl in shape wilh irregular or, a, 
wilh liner portion. polygonal or smooth bou."larics. Mafics as aggregale'S or individuals. 
AZl. Ml'r wilh Af'pacicules range 1T<Jm resolvable (able to resolve indiv id""l s) under 
25\!obarclyresolvabIcUJl<kr400X. 

~:1174 ~:42 IS:p 
1ll!!ik:40P.Arn> 18B>2[ 
~:BtAm-P-richf()ck 

~:,ub-mm.Lcm 

4~&iI'J iruJ: Variably blueish. we ... "!} Am 

E!.!!!1!!£: 1111 ~:41 IS:p 
!!lQlk: 30.P.rr.Q>3(M>J) 
~:Mag-spcckcdl'rgmnile 

~: nun, LC'll > sub-mm. P.Q.Prcoarscs\ 
.!kKrim.i!rn: Subhc'dral M with disconlmuous rin~< of1. Afsp appears 10 be microcline P •. 
Some P wilh irregu larly shaped bUI rL .... 1angular bouoo7ones as eit~.,. ind ividual squares 
and rL"t.1anglcs or Cl)mposit~ rL'Clangular shapes . Variably develope.:! brown and grey 
dusting ()fFsps. 

~: 1I 78 ~:64 IS:]) 
ill!!ds;: ]'>6O(pynHenc,poss,F»31>sub l B>M 
~'lN:Jlm-specl:cdgabbroic 
~:d(,",,"-.ccl1la-micf()n 

~Jl1i!m:SL""tionthick~noughfi)fhigh2 -",dl"r int~rferen<:ccol"url'.l h croofd i fllcult 

10 a>certain presence a,,,1 abu ndance ofC.O.!'. Dislincl P lalhs ofdi\'Cfsc oricnlalion 
throughout 

~:Jl79 ~:65 IS:]) 
J1lQl,/J.!; 1'>2S(C.poss.0»pcrh.1 OF>3B>21>sub T Z.S 
~l!!<: IIm-Bt-spedcd 0 1 gabbro or gabbronorite 
~: sub-mm > Lrnm. P coareSI fit: 49-2 



~: Section thIck CIlOUgh filrahmJdant ",cllndord~'Toran£e I'.tocrmfdiflicult to 
ascertain prcscnce ofO. Most r as diversely-oriented laths wilh variably straight 
boundari«'!;. Diverscly oriemcd 1l scan «Ted uniformly. high-asp<.'Cl-rmios common and 
div~'Tsely orient<-..!. I SCalk'T<->d unifomlly. Te~ture resemhling suoophitic IIr intrrgmnular. 
e~ccrt p)TO~Cne with suhgrain dcvclopmcm. u ... lulat",)" ext ioclion. and uhiqu itllusly a~ 
relatively fine. dcea- aoo u;emamicron grains ilwnriably imrrspcrsed with C(1\Jam or 
irregular slwp<.>d r of the same grain size or ooarso:.T. sometimes with r along the margins 
of the warser I' laths. Overall. mi ~lurc OCtw.,en suoophil ie or ink'Tg",nubr and 
comrarilivelyfmecquigran ular.o:qu~hmcnsional -granular 

!.!!..!!!..!!.k: 1I80 ~:66 IS:p 
~: I'sp(Ml'r> I'»15Q>7(C.0»2(I.M»IIl>suhll.A 
~: [(Cpx-Opx)] Cli Qtz-leucomon7.0nitc 
~:sub-mm.rrun.Lem.Mrrwarscs1 

~: Light green CO. greenish brown H. MOSl tClsics irregular or <--quanl in shape 
and with irregular boundarit'S. Some p)Toxenc with coarse. sometimes muillply or;"nk-.l. 
sctsllfp)TOxcnc lamellae. All and possible QIMI'r. Matic~ as variablydisst"Ctoo (i.e. 
fc1sicl:>ca,ing)mmaggrcll"tes.distribule<lnct_likcbc1weeneoarserfeisiccrystalsan<1 
aggregaleS. Abundant ,,,rmicular and globular imergro\\1hs of felsics. some ,c,mieub, as 
MPr and some vLTmicular and globu lar as myrmckitc. 

£!..!!!.Il.!£: 1I8] ru:il:.irulI.l.:49 IS:p 
1OOl.!!.:: Fsp{Ml'r> I'»12C> 1 Q.(I,M»subll,A 
~:Cp.'CIlIcUCOlnonzon i IC 
~: sub-rnm. mm. LCTll. Mrr, rcoarS<.'!;t 
~: Light gTc .. :nc. Most fclsies irrcgularorc-quanl in shape UlMI wilh irrcgul"r 
boundarics. MPr wilh Afsp acicu lcs ",nge lwm resolvable (able to resolve in<!ividu;>ls) 
unde'T 25X til barely resokable unde'T 400X, Cllar>t>sl I' with prominent subgrain 
duyelopmcnt and irregularly distributed patdll."S of Mrr ofcornmon orientation. C as 
aggregaws or in<lividuals. AZI_ C WIth eomnMmly oricntc>d coarse p)TOxcnc lamclbe. 
Abundanl vermicular and globu lar IOtc'TgT,,,,1hs offclsic~, but unambiguous m)Tmckite 
110t ob5Cfved. At leaS1 some Oflhe verm;cular illlergrO\\1hs appear 10 be Ml'r. coarser than 
the acicular. dom;nant varic1y. 

2.!!.!..I!.k: 1I90 ~:165 ]]: p 
mrulJ.:: Fsp(Mrr.r»5Q>3C.(secondary > relict Fa» 2(I,M»,ublll>1.A 
~: (rclict Fa)·Cpx-Qtl·sp<.'Cke<1 ell kUCOlllonzod;orite 
~: sub·mm. mm > Lem . . Ii1Pr coarse>;t 



~: Light green C, greenish brown If but also similar blueish gr~'Cn Am 
(secondary). fsp mi ld ly to high ly alk'T~'<l to brown dU'ling (sericite?), AZj and I",SI;ible 
OIMI'r. Olhcr Fsps!lOt discounted. Some C al ten.~1 to reddish mineml.~;, Fa a1tcr~~lto 
UNKWN (as dcs<:-1ibcd in 98) and symplcctites of Fe-T i oxide and colourless. 2-ordcr 
interference eolour~'<l min ~'ml of pyroxene rcfk'Ctance (Tnn?). Crystals equant or irregular 
with irregular or. less so. polygonal boUlidarics. Mafies as Lmm aweg.'ll'S an.;I 
individuals. Lemphcno3WrcsatcofMPr 

.!ill.!!!..I!..: 119 1 lllli:.illitllJ: 164 IS:p 
~: hp(M l' r>I'»5Q >2Fa(inci UNKWN),C>I( I. M) .I-I>subILA 
~Jlj;: Fa-Cpx-Qt7.-srcckedCJlleucomon7.onit e 

~: sub-mm. mm. Lern. MPrcoarscst 
~: Light green C, li ghl yellow Fa. g!\:cnish brown H. Ranges nom sub-mm 
~'luigranolar, l>tjuid in...,n,ional -granular at 1/3. through Lrnm and fin~'T. llIore Or Ie" 
","'Tiate with crystals irregular or l><JUant shape and wilh irregular or 1",Iygnnal boundaries 
locoarso.,.erystalsofirrcgu larshapcand with irregular boundaries induding Lem 
pilcnoaggrcgatcs ofMPr. I ~. modal Qtl:-globu lar mynnckite. Malics in rmn aTCaS of 
abundance ~'9ual to or weate'T than fdsics. AZI 

.!ill.!!!..I!..: JI92 ~:170IS:p 
lW:!!£ I'(incl , Al'r»5()(C,O):> 5(l.M):> subIA>Z 
~: (l im-Mag)-spcckcd {Cpx-Opx}-rich APr mc1anodioritc 
~:Sub-tlHll.tlHll,Lem.C.Ocoarscst 
~: Light grc,:nCO, 113 or more Pant ip<.,.thit;c. wit h "ariablcat!lOuntsof,\tsp 
acicn les. distribuh.'<l within crysta ls to variable dcgrc"t.'Sofuniformily. Few I' di,linctly 
elongate, most ~>tjuant or irregular;n -<hare with irr<,gular or polygonal bouIlJm;~'S. Some 
I' ""luigranulnr. ~"lui<lim<'n.,i<'nal -granu1ar. Some. rerilap' mo,t C and 0 as mm to Lern. in 
ncarpcrf~'Ct optical continuity. variably poiki1itic. "ariablydiscont i!lOus·;n-section. highly 
irregular in shnpc nnd outline (OCCIPO). rcst finer as individuals or in aggregates. Such 
C. 0 wilh prd~rr~'<l boundary orientation pamllcl or highly oblique 10 includ~'<l. sharp and 
fine. ill 0 ordiffu"" and coarser, in C, commonlyorienk'<l pyroxene lamel lae. AZj 
ASI'O 

.!ill.!!!..I!..: 1194 Qlli:imtllQ; 161 IS:p 
Same as H95 exccpt grcat~'f UNKWN and po"ibly I H 

.!ill.!!!..I!..: 11 95 Qlli:.iuill.lU: 159 IS:p 
~: Fsp(P, MI'r»pcrh.2OQ>5c'Fa>2(1 .. \1),UNK \ Vl'\ >sublH>Z.,\ 
J:!.!rlJ:1'C: Cpx-Fa-S!,,-'Ckcd Cli QV_lcucotnotuodiorite 
~ ... ,<;: wb-nltn, Lmtll :> UUltll. I.e"'. MPr. l' C03",,-"t 



~: LIght green C, light yellow I'a. gr~ ... onish hrown H. Ranges lToml"luigranubr, 
l"luiditl)ellsional'granuinr at 1/3, through Lmrn and finer. more or less ser;ate w;lh 
CT)Slals irregular or equant shape and wilh irrcgular or polygonal boundark-s. 10 coarser 
cry'lalsofirrcguiar shape and w;lh irregularboundari,,'S. Maficsas ,"aria bly 
di'!COnlinuou .. in·sl'Ction, wmmonlygrossly ckmgalc awegates, UNKWN just as in 98. 
AZI PIMPr. M}Ttnekite. 

E..!!.!..Il..!!: H ~6 Qrll:imJlQ: 158 IS: p 
l.l!ill!J.;: Fsp(I" Ml'r»IOQ>7(C.O»2(1.Mp,ubIH,Z,A 
J:l!U.L'1"!\:' I(Cp~·Op~)J Cl i (}1Z-1cuoomonzodior;le 
~:mm > S\lb-mm.perhapsLcm.MPr.P .. Ccoarscst 
JL""SCription: Light green CO. gre.:nish brown H. PjMl'r. AZj. MO>l er)Slals irregular or 
""luant ill ,hape. irregular or polygonal in oulline. Some C with multiply oricnk'll sets of 
l""aesc C lamellae. One such cr)Slal at lea<1 I cm. in ncar p<.'ffl'Cl optical continuity. 
poikihtic. diconunuous-in-'lCction. and highly irregular in shape allli outline (OCCII'O) 
M):!IllCkile 

~:1197 ~: 1 71 IS:p 
Ill!!d.i:: I'Ond. APr»45(C.O»5(I .M»subIZ 
~: (1 Im·Mag),sJX'Ckcd (Cpx·Opx}·rich APr Jioritc 
~: mill. sub-mm.O, Ccoar:scst 
JkKr.i1!1iQll' Light green CO. 113 I'asant;perthitic. innlO8t inSlanccs throughout thc 
cr)"ita!. ;notilCrs at margins. Few I' d ist inClly elongate. IllOst equanl or irregular in sh~pe 
wil h irrcgulHr or [IOIygOll31 boundmics. Some P l"<ju igr3nular, l"lu idimensiotwl-grunular. 
Some. JX"l"haps lllOst C and 0 as mm. in near JX"l"fcet optie31 continuity. variablypoikilitic. 
variably discontillOu,·in-sl'Ction, highly irregular in shape and outline (OCCII'O). r~'St 
finl"l"as indiviJual,orin aggregak'S.A ) 

~: II"II ~:I60 IS: p 
Ill!!lk: hp(P. APr, MPr»ISl'a>5C.Q>4(1.M»2UNKWN>subIZ.A 
rru:k.u~: (Iim-Mag)-Cpx-Q();_~p<.'Ckcd Fa Cil morvodiorit,· 
~: sub-mm. mm > Lem. Ml'r, APr. I' coarsc<l 
iIl<Kl:imk!.lr Light green C. li ght yellow Fa. gr~'Cnish bmwn It MO'1 felsic,. Fa 
UNKWN. and some C irregular in shape and ..... i1h irregular boundaries. Rest (pcrh,1jlS 
rllOst) C It"OJre or less equant in sha pe and with [IOlygonal or smoolhly curv~~! boundaries 
AZ]. Sotne tillsie, (I', AI'r, MPr, 0) wilh scmter,,") indu,ionsofC 3nd 1.\1. some ofwhieh 
with [IOs,iblc Elcia l development. Ml'r with scatterl...J inelu;;ions ofP and O. with some 
Ull:llnhigu()u, 1' ] and I">s.,ibk 0]. UNKWN black ul"'q uc and with rdlcctmccofZ. 
occurs in mafie awegatL'S and irrcgubrlycontac!s Fa, at icast sonl(1illlcs by penetrat ing 
uk"'g IIltracryslallinc fractures. with proximal inciusionsofito;clfthl'relll. Matic, as 
uggrcgak'S or IndiviJuals. MyrmekilC. Gr~'CllIsh brown H 

.1l!..!!..!l!.!:1199 originallD: 162 IS:p 
l!l!J.!k: Fsp(P. APr. Ml'r»perh.2OQ>5(C>O» subl(I.MJ>A,II.Z 



~: Op,~·Cp)(·sp .. _'Ch~1 Cli Qtz·icucomonzodiorite 
~: sub-mm, Lmm > Umm, Lcm. MPr,APr., P coarsest 
~ruiiw: tIght gr""n CO, gIL'Cn ish brown H. APr. MPr, Q. aoo some P irregular in 
shape and witli irrcgular boundaries. otho."T PctJuant and polygonal. Pjl',AZ].Maficsas 
commonly cklngate aW.:ogat.::s bet"'cen nun aoo LC111 felsic aggregates some of which 
possess distinctly relativel y fine or coarse average cryslal sizes. Owrall. fdsies wilh 
seriate crystal si~e distribution . Multiply oriented .... "ls of coarse C lamellae in C and 
possibly also 0, 0 with line. dillusc. commonly oriented lamellae of pyroxene 
M}ltlCkitc. 

ffi.I!!.I!.k: III OO ~:16JIS:p 

Illilik: Fsp(I',AI'r»ISQ> IOC.Fa>3(I.M»sublll.A,Z 
md..ul~: (1 Im.Mag)·SJ"'Ch>d (Cpx·Fa)·CH Qtz·ITIOn7.odiorite 
~: sub.mm. Lmm > Umm. APr eoal"S<,-st 
~:LightIlIL'CIIC.lillhtycilow Fa, grct.11ish brown II. Rare Ml'r, I'r,I']Ml'rl'r, 
All_ MO~l grains Irregular or <-"quam in shape, with irregular or polygonal boundaries 
Coarsely. hiody. nonuniformly exsoln>d APr. Mafics as mm aggrcgaK-s with subonJin.1le 
fdsic. and in nlln to Lcm areas of abut)dance equal to felsics_ Most fdsic. as mm to Lcm 
awe!\at~-s with subordinate Illoafies, AZI 

!.!!.!!!.I!.k: 11I 01 QL~: 1 56 IS:p 
!!I!!l!l.:: Fsp(I', less..-.... APr. MPr.poss.Pr»4S(C.O»31> 1 II>A,B>Z 
~: rhn·spcck~>d (Cp)(·Op.,)·rich MAPrdiorite 
~: suh-mm. mill. Lcm,C, Ocoal"S<,-st 
~1llJQD : M,,'t Fsp as I' . Light gr""n CO. gr~'Cnish browt) H. Rare unambiguous crystal 
fitecs. P]O,,'Z]. but at icastoncZhighly irregu lar . So"",l'di,lincllyclongatc.most 
Cljoant or irregular in shapc. with irregularorpolYb'Onal bouooaries, Somc I' withtapcrl-d. 
bent. or dIffuse alhite twins, More than half CO as mm to Lem. in ncar p":1"fl~ optical 
continuIty. \'ariahlypoikilitic, ' "driablydiscontioolls·in·scctio n.highlyim:gularinshapc 
and outline (OCClt>O). rest finer as ind ividuals or in aggregates. Such 0 with j>!"cfcrrcd 
bouooaryorientation parallel or highly ohlique to includcd . • harp, oommonl yoriented 
pHoxenclamcllae 

2!!!J.!.!£: III 02 ~:IS7 IS:p 
!D2!!J.:: Fsp(MI'r, APr. I'r. 1'»IOQ.(C.O»4(!.M»subIA,Z 
~: (I1m_Mag)_specked [(Cpx-Opx)1 CII Q!z-!TI()nzonite 
~: sub-nlln > Lmm. Fsp.Qtzcoa""'~t 
~: Light grCt.~lCO. Ml'r\'cry fine, Proportions of Fsl'" uncertain. oon·pcrthitic 
Af,p not di,,;ountl-d. Highly complex, "ariably coarse i11l~"Tgro"1hs bet""""" F~ps 
l'erlk11)'; 113 IlImem less mafiC_SJll-"h~ll"quigranular. "'Iuidimcnsional·llranular. "itlt the 
CXC~1}tionofLlllm 0, 8not lICr 113 as mm to Lc", felsic aggrcgat.::s. tile rest transitional 
LmtnO in IlCarp'-"Tfl'Ct optical colltilluity. \'ariablypoikilit ic,\'llria hlydlscontioous·in· 
SI.'Ction, highly irregular in ,hape aoo outl ine (OCCIPO). rest finer like C_ AZI 
M,'TI'lCkite 



2!!!llli:: 111 0~ ~155 Th:p 
Ill2II£ Fsp(MPr, I'r, I" Af<p»10.(Am>B>I>A>Z) 
~: H-spcckcd HYPQ1z-lc,,0o1l1OTv.oni1c 
~: mill. sl,b-mrn. Lem . . l.1pr~oarscs1 
ili:lilir.1K!ll' Ml'r very fine . I'mportio"s ofFsps uncenain. Many if not ,roost boundaries 
do IIOt appear to be crystal f.~ce<, AZI. OI' IMl'r. Fsp vari ably altcrc'd 10 brown dus1 ing 
(serici1e?), a1 least P inten",ly. S,lme 0 with doubly oricnk'd scB of dOllgatc hircfringent 
indusions. Q, Mpr(mid ]lO"ibly 1'. Af,p) wit h midubtorycxtin<:tion and subgrain 
de'·clop",cn1. At least of lei sics, Q most irregular in shape alid out line. Malies distributl-d 
'roo...., or icss IIC~-likc bc~wtt!l rch~;vcly ~'O"rsc (mm ~o Lem) felsic aggregates (which 
may be dominated by single crystals). Am mnges from r~'ddish green ~o blueish green 
Many ifnot most Am boundaries parallel (11O). H variably alk'Tl-d 10 Chi or p<-'Thaps a 
d,fli .. 'Tent grecllminc,,,,''''-' ____________ _ 

2!!!llli:: 11105 ~:87 TIl: p 
Ill!.!.\b::: 1'>35(C and secolldary»~(I.M»subIS>Z 
~: (lhn·Mag)·spcckedgabbro 
~: lmm,sub-nun,P ooarscs~ 

~: More or less ~"quigrallu lar. c"qu idi mcn<ional -gmnular. Mo<! C as aggrega~<!S. 
intact. Secondarv minerals incl ude variably blue. green amphibole, Trm, and Chi 

2!!!llli::11106 ~: ~6 IS.: p 
Jll!.l:Ik: P>3S(CO.poss.C>0)>4(LM)> IA>13 
1:!Xk..u:ve: {l lm_Mag)_sl'cckcd Op~ Fe-rich gabbro 
~: sub- nnn > Illm, C, O~"Oarses~ 
~: light Il,,-'Cn C Equigmnuillr, l"q " itJimcnsional'gmnularcx~cpl lor mm CO. 
A]. Noan~ipenhitc. Mos! C and 0 a, mm. III n.:ar P<-'Tfl"<.1 optical oontinui~y, variably 
poikililic, \,llriablydi",on~ioous·in-section. hIghly irregular in shape and outline 
(OCCIPO), res~ finer as individuals or in nmega1cs 

2!!!llli:: 11107 2ilitinillJ):85 IS: l' 
11l!i!!k: J'>J5{(> 0)>4{ I.M)>2,\ >JI,Z 
~: Ap'( lIm-Mag)-spcck~'d Op~ Cp.Hich APr diori ~c 
~: sub-llllll > Lmlll, C. 0 ooarsc,~ 

~: L;llh~ grl"t:n C. Equignlll ular. t<.(uitJimcn,ional-gnmubr c~ecpl for mm CO 
AI. Mos~ if not all P as "cry linc acicu!' .. aT\~ipcn hik Sonll: C and 0 as mm. in near 
P<-'Tfl"<:! (}pt ica I con~ inui! y. variably po ik illt ic, variably discontioous-in-><--clion. high ly 
irrcgular III shape and oul linu (OCCII'O). rcs~ finer a, indivi<lu, ls Or in aggregates. Oli"e 
preen II assoc latoo wllhand filling a fracture 

2!!!llli: : 11109 Q[j~U!;!lJJJ 89 TIl: p 
!OOl!l;: P>3S(C.poss.0. mid sccOlidary» 4{I.M» subIA>S 
~: {lIm-Mall)-SJl'-'Ch-dl1\C1allabbroid 



~: Lmm, sub-lTllll(a,n:.gc IlTlm), P oo~rs~'St 

~:AJp,PIl .. "eor l esscqui£ranula'-L'<lu i dimCll,iona l-£T~nlllar,Scoondary 

minerals more abundan1 t h~" C, mostly £Teen , 2-order interference cok,ur" ",id vny finc, 
as felted ma"e,_ASI'O 

~: 1I1 12 illil:.in;ollll:l72 IS:p 
!:!lQ!k:P>}O(c,p<l,,_O» 10F>7(l,M»1,\ 
~:[(llm'Mag)J -01Fe-richgabbro 
~:sllb-mm,F,P,Ooo.1rSCst 

,Jl.r~pljon: Light gr~'Cn C. Eg ui granu lar. "Yllidimcn,jonal-granular, AI 

~: 11114 w:iJ:.in;!iill:7 1 IS:p 
~: 1'>42(C.O»8(I.M»2B>sublS,H 
J:2.£k.n~:[l1-Spcckcd[(lhn-Mag)J gabbroooril e 

~:Lmm,sub-nlln(avcragcl'lTln):PCOa=l 

~: Sa"s lighl£T~'CnCO. Few I'distinnlyc\ongale, nlO,t c"luant or irregular in 
shape with iTTcgu larorpo lygonal boundaries. CO a, aw.:gatc,ofirregu laror('luant 
grainswithiTTegularorpo lygona l boullilaries_IMC<lmpositegrainsamoeboid 
IJnambiljuou.H -I'-l "'rl u"'tcxlur~,ASI'O 

E.!!!I!.!l:: 1111 5 QIjglllilJ.l1l:84 U:p 
JllIi!2l;: P>2S(C,J1<l,,_O»J(I,M»TO 
~:(l lm'Mag)-spcckcdlcucogabbro 
~:mm,sub-nlln,Lcm,Pcoarscs( 

~:Noun"mbiljll"USL'T}'Slalti,~es,S()m"Pd i ,tinct lyclo ngalc.mo,t CQlIantor 
irregular in shape, all irregu lar or polygonal bOll,,,bri,,,, Some I' with bent. t,,,,,r~'(], and 
diffu"" albite tw ins_ C a, awe!;ate, ofiTTcgular or equant grains with irr~!;ul"r or 
polygonalbouJidarics, 1M composilc grains amocboid 

E.!!!I!.!l:: 11120 QJ]{;!nrulJ2: 173 J1i:1' 
!lJQl.k;:P>5(S<:."L'{),idarywithrelictC»sobll 
~:altcrc(ICpx-spcckoo3llO"hosile 

~:Lmm > s"b-nun,Pooarsest 
~:Pirrcglllarorcquantinshapc,wit h i rrcgul arorpolygonalboutid"ics . Pwith 

undlllatoryextinctio"" ub"'Tainde,.:kopnl""l.,,,idd ill"'>c,tapcrcd,andbcn(albi!c(wins 
Secondary mi"nals include variabl), blueish green Am and Ch!. Possible minor quam_ 



~: Gm;nish ora"gc Ill!ighly amoeboid COm[XISilC 1M oilocrysls containing 
chadacry't~ a majority of which are l'<[uanl in shape. Re!iL1 f'x. SLumdary min~""ls 
include lX'~iblc Tml, possIbly Il. reddIsh brown malerial. and other>. />"[0'[ I' ",<[uan! or 
irregular in shapt:. No unambiguous phenocrysts. bUl I' phcnoaggrcllates. with smooth and 
polnio""linttrnalooundarie>;. 

~: II I 27 ~:74 Th:!' 
!!lill!l:: P>JS(c,poss.O»15(1.M» 2A>, ubIB>Z 
~:Ap·sp(.'dcd(lh,,·Mall)Fc·richgabbro 

~: sub-mm > Lmm. Umm (f"-'fhaps L('Illj . C (& 1",.'I.,ibl<- 0) coars"-"t 
!kKripJiillJ: Light grL'<-~l C. AI. Most P l·quigranular. e<[uidimcnsional-granular. rc'" 
coarSt-'f. l'<[uam or irregular;n shape. lIalf ofC as mm (perhaps to Lcm). ;n ncar f"-'ffc'CI 
optiealconl inuity, ,·ariblY[XIikililie. v"riablydiscontinuous·in.S<,.'Ct;"n. highl y irregular in 
shape and outline tOCCIPO). rL'Sl tiner as i!l<lividuals or in agsrcgates. No antipel1hite. 

!!l!.!!!I!..!£: 111 29 ~:175 IS:p 
!!lill!l:: 1'>20(Cand S<."COooary»l(1.M) 
~:Icucogahbro 

~: Lmm. Umm. sub-mm. I' coarsest 
~: P]c. Some !'distirIC1Iyciongale. most irrcgu iaror cquant in shape wilh 
irregular boundaries. SIIb-rnrn and Lmm C<juigmnular. C(luid imcnsionai'gmnul"r dom:,ins 
of !' perhaps at 1/5. So"",!, with diffuse. tapt:rc"!. aoo ""nt albit~twins. S<lm~evcn with 
unambiguous defmTllation twins (taperl"!. diffuse periclinul (wins). SonIC C negligibly 
aherc~l. ""me almost entirely replaced. Some C with angular !'-in!c'rsti(ial h"bit. some of 
wbichunamhilluouslyoikocrystic.RL"Stof('.individualoraggrcgatc. not oouoo by facl·s. 
SCCOJldaryma(crialycilowishorangctorcddishhrown 

~: IIIJO ~:83 IS: I' 
Ill!!:ik: block: P>JO(mafic sccondary»5Q. mal rix: P>45(mafic 
S<.'Condary>C)>5(1) M)> IA 
~; block: QtL·'JI'-'Ch..! mCladiori((Oor nIC(a lcucogabbroid. n\alri.~: r.bg·llm. 
spcch..!AI'r-mdadiori[e 
~: block ; Lmm > sub-mm. I' coa,."..,!, malrix: Lmm. sub·nun. !' eO;lrs(:st 
!kKri1!l.km: Illod: SL'ficili,....!I'. Few ifany I' dislinct lyclongatc. ralher L~iuunt or 
irregu lar in shape with irregular boundarics. Variety of malic .1Icra(ion minerals. Matrix 
Minorityof l' crystal. amiperthilic throughout. AI. Relict C L'quigranular. 
C<[u idimel"ional-Ilranuiar. I' more or I", c'quigranular. C<[uidim(O",ional · llramllar. Variety 
of mafic ailcralioo minl'1'ais including Band green H, whicb p<:rhaps arc primar y. 

~: 1l1J 2 illh:iniU.ill :i~3 II p 
J..tlilik: !,>35(C>O»15(I,M» subIB 
~: (llm·Mag)·Opxgabbro 

~"': Lmm .• ul>-mm > Umm. l'coaf'l<"St 



~mJQ!l: Few I' distinclly elonw;tlC. bUl irregul.lr or equanl in shape and irrcgUlar or. 
less so. [XJlygonal in o ullinc, CO as cqui~anu l aL ",!uidimcnsional-granular aggrcgal~'S 
and ascomparilivclycoar>ccryslalswith inclusi()ns()feuh~..!ral hUTguooyox,dcand 
d'ffuscly bouoo pyroxene. 1M comrosile wains all'oCJehoid 

~: III J4 ~'73 Ill:p 
.Ill!.!l.!i;: 1»27(C>O»20( 1 .M»~ut.IB. 1 1 

~: (lIlT1·M~g)·Opx g~bbro 
~:,ub-mlll > Lmm.I'e{)arSCSI 

ikxrimi2!l' Equigranu lar. e<luiclimcnsional.~~nular. Two mm·s.;aledo"l;Jins wh .. ,.e 
ryrnxenc is dom inantly or entirely as O. versus the rest of the section, with pyroxene 
dominanlly if not entirely ofe. II more brown tll"'l n:d. 

~:Jll](, ~.1 16 Ill'r 
!!!lli!J.;: 1» 27(!.M»17((O,po",C). s.,,,,,,,,lary»sut.1Z.poss.Q 
I!!d.J.I:1J:!,::PI -phyrie [(lIm-Mng)].richmetagabbroid 
~; .<ul>-mm, mm, l.em.l'coars<, ... :;t 
~li2n: Slightlymorc 1hml 112 mafics arc ,,-=003ry. including Tnn. variably blue. 
1:" .... "11 Am. Chi. reddish brown mateT;a!. and possibly B. Pink·wlourlcss plwchroic Px. 
Most P equanl or irregular in shape, The One phemx;T)"t obscrnxl dislillCtly eklngate Wil h 
variablydcvelop<..'tI laces, alld cont inlJ{)us with fincrbulCOal><:rthilnmalrix P,tllusa 
phcooawegalc. Highly amoeboid composi1e 1M oikocry'ts conta ini ngchadacrySIS a 
majorily of which arc equanl in shape. Z as single dilslcominuous ri m marginal to 1M. 
Umm in length, No ummbiglJ{)us concentric zomtion in P. G1"\.'Ctlish orange 11 

2.!!.!ll!£:HI J9 ~:178 IS: I' 
1!!Qlk: P>37C>3(I,M»subIO.1l 
~: (lhn·Mag)-spcchxlg"bb", 

~: nun > sul>-mm. Umm, C coal><:st 
~: PIC, Casperoikicl'-dmdacryslicoiko",ysl,wilhangular f'-ink'rslitial habn. 
marglllal to such oikoc,)'sl,as rciativciythin fairiy continu{)us rim ,(ofdifter"n1 
orlenlation than the oikocrysls, of CVUTSC), and as more or less c,<!uigmnular. 
C<.juidimcn,ional-gTanuJar awegale" C oikocT)"iS wilh \'cry diffuse IJmell ae OfpyTOxcllC 
and coal><:r. wmmonly oricnled cuhlxlra or burgundy ()xicic. Some P Wilh I.>cnt, laperl..!. 
and diffusc albite twins, Most Pnot disl in<;tlyelonga1e.hul irregularorequanl in shape 
and irref;ularorpolYf;ollal in out line. 

~: 11 14Z ~:118 IS:p 
ill!.!lk: (M> I»20j» I S(O.C»2(H,B) 
~:I>I-ph}Tielllll ,\I"g-richm"la1l(}gabbnm()ritc 

"["Iin ,iz,'" mm. ,Ul>-Illlll :> I.em. I' and M coar",-"t 



~: Pink-colourlcsspkochroic,m !cast some O,colouricssC. Most Pl'qU"nt '" 
shapc,cnon phe"o<.:rysts aoo tho", "hol ly Or partially indudl'tl in composite i M,bothor 
which exhibit JX"sibl~ fac;al development lligh ly amoeboid composite 1M oikocrysts 
containingchaJacrysts a lm,iorityofwhich arc equant in shape, U",~mbiguous 1' , 11_1 and 
P-U-M relat ively thin rims, No unambiguous conccntric zonation in p, thoug,h 
~ilities 

~: 1l148 oriill!JMlll: l% TIl: I' 
J.J::llli!l.:: P>40(O,C and scco rldary» 5( LM», ,, b l B 
~: {lIm - M"g)-sp<.'<.:k~'tI mdagabbnmoritc 
yn;" s;,cs: Lmm, sut>-mrn (avcrage I mm), I' coa"""t 
~: No unambiguous fa<.:ialdewlopmcnt. V~'fyfcw l'crystalsdistinCllyekmgatc' 
I'e'fhaps too seriale in S<.'<.:lion to oon,ider cquigranular, l'quidllnens;o""l -granular 
Se'<.:ondary minerals at 4(}"50"/. nwfic n"OJdal consisting of variably blue, gTl"-~' Am 
Mafics illdud ing sc<:on.;iary Am as Lmm agw-cgmcs with eit her C Of 0 the dominant 
P\'!OXCrlC.r\SPO 

~: 1I1 50 ru::iWill..lJ2: 195 IS:p 
.!!IItl!..!;: P>45(O,C»10(t,M) 
rn£k.Jns: [( llm-Mag)[ gabbronorite, locally [( llm_Mag) ]_ ricb 
~: Lmm, sut>-mm > Umm (L.cm if composite 1M grain" include'tl), I' c<,arscsl 
.ru:m!l.iQn: PirJk-eolollrless pk"{)ehroic, at least SOme 0 , colourless C. Most P l~l uant in 
shapc, evcn thosc wholly or partially inelll(ioo in composite 1M andcxhibi t;ngpo"iblc 
facial de"elopmcnt. and with polygonal or smooth boundaries. P and matics roughly 
arrangl'tl as alter"'1ting Lmm-thick, roostly nun-long aggrcg.1tCS. therefore ASI'O, liighly 
anlO<:buidcompos;telMoikucryst, 

.!..!!..!!!..Il: 111 52 !.!!ll:.i.rn!.l: 124 IS:p 
!!!!!!ll;: 1'>20(s ... "..,ndary with relict C,O»subIQ.(M,Ucm»Z 
~: me!aleucogabbrOld 

~: mm > sub-mm. perhaps Unun, P, SK"'1lIJarycoar"",t 
descd\!liQn: PJQ. P with facial development against minor Q inclusions. Most P not 
d i~t inct l yclongate:ovcral l more or less equigranular,cquidimensional_granu!ar. Relict 
CO 10·20"1. mafic rnod,,1 rtlargirml to a.l<i as inclusions;n sccorl<iary crystals to at Ie",t 
Umm 3rwl aggregates . Seoo1lliary brown, orangc. straw or pink mincral(s) with l -onkf 
intcrkTcncc colours, C<lrmnonly with fclt -li~c "ppcanmcc (fine commonly alignl"<i fibres? 
-- the atorcmcnt 'otK'd 'cry'tals to at least Umrn'), ~md subordinnte variably bluci8h. grcen 
Am 

.!ill.!!!..I!.k: II1 54 ~:122 IS:p 

.Ir!!.!lk:351',(O,C»30(MJ» sublll 
I:l.!.dul~ : [( llm- Mag»)-rich);'lbbn)""ril<' 

mi1uim: Lmm. sut>-rnm (average I mm) > Umrn, P coarscs( 



~: OCI(IM). I"',,-,iblc OC)l' . At least 112 P as C<.juigranular. ~"Quidin1,,",ion~l
granulardo!l~~;nS.lhcrcsl coarso..-r nnd commonly distincllyelongatc, though witb 
irregular boundaric~, OC ranging from rougly ""'<;Iangular wilh variable filCial 
developmenl to ct)uigranular. ~"quidin1ensional-gmnular. 1M composite grains jaggl-dly 
aroocboid, POCer)'SlalsilapcandASPO 

!!!'..!l!k: 1I1 6J ~:181 IS.:p 
mruk: P>JOO>5{I.M»sublC.II,B 
~:(lhn-Mag)-sp .. :eh-dnoril" 
~: Lmm, sub-mm > Umm, I' coar"",t 
ili:Kt!r.11mJ: No unambiguous er~tal faces except on O. Vl-ry fcw I' cry.;tals di~tinclly 
elongale, MOSlboundaricsirrcguiar.Grainshapcseilhcrirrcgularorct)uanl, Pl,.h.1psIOO 
scrialeinSttlionloconsiderl""<luigranu l ar.ct)uidiml~lsional-granular.Grccnll n.1rgirwl 
to 0 and MI. Minorny of 0 crYSlals Wilh significant inc lusions: burgundy oxrde' cuhcdra 

!!!'..!l!k: lll f>.I ~:l3i IS.;p 
.IllQlh;:1'>20(C.O»5{I.M»subIS 
mdi....u.w::( llrn·Mag)·spccl:cdleurogabbrollOrile 
~:mm.sub-rrun.Lcm.Pcoarscsl 

~: Malicsas Umm and LemaWegalcs. PC<.juanl. elongale.and irregular in 
sbape wilh polygonal. smooth, or irregular boundaries . Lmm and sub-mm I' tcnds wrlh 
most polygonalorsrnoothboundari..:s.~-spcciallyagai!lst cachothcr. SomeI' wilhhcm, 
lap.;n-d. or difrusc albile lwins. 

!!!'..!l!k: 1I1 65 ~:182 IS:p 
~: P>40(C.O»5(I.M»subIB 
~:(llrn-Mag)-sr<-",kcdgabbronorile 
~:Sub-rnm > Lrnrn.I'(;oarso.."S1 

~..li!.to: Equrgranular, ~""<luidimcnslOna l - granular, Cry.;lal aggr~gratc SI'O (alt~maling 
CkmJj:llca)j.!ircpalcsofl'andmaficsj 

!!!'..!l!k: 1I 17 1 ~;IH7 ISp 
.I!l!!i!!.k:l'>20(C>S<."Condary»2(I.M»sublll 
~:(lIrn·Mag)·sp.:d;cdlcueogabbro 

~:Lmm.sub-rnm.Pcoarscsl 

~;Fcwl'cryslalsdislillCl lydongalc.Mosll'irregularorcquanlinshapc. 
irrcgularor. Icssso. polygonal in oullrnc, $omef' wilhbcnl.I:op<.Tcdanddiff uscalb,le 
lwllls . C, aller~-d to al kasl 113. moslly as "ggregalCs ofcryslals of ~""<luam or irn'gular 
sl,apc. Sl"COrxlarv mmcmls include Chi and pre..,n Am. 

~: I IIK4 m:iJ:.l.m!l!Il:21J Th:P 
lll2lI!.:: 1'>220> 10C>1(I.M»Il,Z 
ll!:dJj]1!<: Cl'~ leucOllOrite 



~: Lmm, sub-mm :> Umm. ° cOil,,,,,,1 
~: pJO. paslnoSllyi,rt!cul~rshapedgrninswilh irrccularbou",I,1rics. Few P 
crystals distincl ly elon/;'11c. Some C with ° in composite grains. 0 willi ancular P
ink"fstilialhahil.y"lboundincl'akmcslr3lchlhOlllldaricsconsislsofmu llil'lccrySlals 
Moderale seco",bry alk"fJlion ofO 10 brown mineral with I-ord", ill1crfcnmcc colours. 
Scauewl ChI. Ccnlamieron Z erYSlal. 

!l!..!!!.ll.k: 1I 19 1 ~. 2081.S:1' 
!!!!'!!k: 1'>200>15F>3B> 1(J.~I) 

~. IlHpcckedOlnorilc 

~: tmm. sub-mm.l'coarso.. .. :H 

~: pJO. PoomlOOnlywilhconspkuoussimplcconccntric7.0nalion.cspccially 
pronoonced ncar "~1rgins. e"cn crystals irreguh,r or equant in shape and wilh irregular 
boulldari~",. Many if ""I moSI I' crystals ~"luan!. Coarse,t 0 as P-chadac,ysllc oikonyslS 
O\'crali IlXlrcor le<S<'quicralluiar. <"luidimcll<ional-granuiarwilnclongalC I 'and 
awcgalcsofmaficslhroughou1. 

!l!..!!!.ll.k : 111 ~ 3 ~:217 IS:p 
1IlQjjj;:I'>35(C>0,pcrhaps2:1»sublJ.ll 
lru:kJ1~·OJ>Xgahhro 
~; Lmm,sub-mm, Pcoarsc" 
~r.liillr No unambiguous cryslal faces cxcepl on A: nXl<1 houndark"'< irregular. Most 
C, 0 as Lmm aggrcgralcs "fsub_mm cryslals. variahly L'quigranular, equidimen'i~>nal 

wan ular. Variety of two-p>TOxenc inchJsion-hoslteXlures. MoSl P crysla ls <"Iuam 
Overall C(Jui!!lanular. C(Juidimcnsiona\-j;ranular ",i!h P dislillc!lv cOarSl"f than others 

!l!..!!..!.Illi : 1l 1 9~ ~: 218 IS:p 
!Il!.!!k; 1'>35(C>O. pcrhapsl:I»51>sublll>M>Z 
~: IIm- ,pcck~-d Opx gabbm 
~: Lmm > sub-nun, Umm. 1'.C.Ocoarscs! 
~.1irul: Some P]POC but ,noS! boullliarics do 1101 appear to rCI"CSl~lt faces. MO'i1 I' 
er»!"ls <X1u"n!. Var;"1y Of!"'o-p>TOxenc inc,lusion-host lextures. Z associat~~t ",ith I 
SomccOllcentricall y swccping cx!inelion in p. but mrc unamhiguous zonat"'n. I wnh 
d< .... l'ly ;ndcnh.-d nmrcins (i.c. alOOd)O}id). Some ° orC sections separatl,,1 in SI..'Clion 
oplicallYcon!inuous 

!l!..!!!.ll.k: 1I1 ~5 ru:i1:.irillL!l: 219 IS: p 
JJ..lQl.k: 1'>20F> 170>2B>subll>S 
~:H!-sp~""kedOI""rnc 

~. Sub-mm > Lmm. I'mar""t 
~liill!: Equi!\f1\nular. equ~lilllcnsiona l -granu1nr hut with S(\mc dongatc I' dispcr",-~I 
throughout At leaS! 112 B ",ith roughly comlnon orientation 

~:220 IS.:p 



.IllQiU:: P>4O(C,O»2(J},1»suI>IA 
~:(Ilm-Mag)-spcckedgabbronoritc 

~: mm > sutrmm, p(,rhap' Lcm, P c'Oarscsl 
~: No unambiguous facial developmenl, eJlCept on some A. One 4 mm kmg A 
cryslal, O1hcr sub-mm ones, I' equam, elongate. and irregular in share with polygonal and 
smoolh boundari~-s, Mafics as Lcm long irrcgul,jf "ggr~HaK-s. 

!.!!.!!!.I!!.I:: 111 97 ru:i.l:.illi!l.:221 IS:p 
!!!!.!ili;: 1'>2SF>7(CO»2B>sub l LH 
mdiJ:>1K: B1"p<,.-.:;kcd Ol-rich kuC<)gahhm""ril ~ 

~: Lmm > sutrmm, Umm. J' C<)arscsl 
~: PJOCF. H c.xclusivcly marginal 10 specific COcolllposite g,rains. In the only 
instanccofH-I·P, ~"'Iui valcnllycoarsc H and I in conlact. 0 marginal 10 F or with angular 
I'-interstitial habit. sometime_, transitiQnal . Conly wilh () a, C<)mpositc grams. SOil'" P 
wilhC<)llspiclI(IusconcenlricsimplcorlcsSSQrdalivelycoarseoscilialOrY7.onalion. 
cSp<,."Cially pronounced ncar margins. Some P with bertl. tapered. and diffuse albite lwins. 
Minor domains of C9uiwanular cyuidimcrlsional-granular P. 

!.!!.!!!.I!!.I:: 1120 1 ~:224 IS:p 
.!l:lQ!.k: P>55C> 1(I.M»S,Ttn 
~:Tlrl-bcaringgabbro 

~: Sub-Illm > Lmm. 1'. Ttncoarsest 
W:liilir.li!lli: EGuigranular, '-"'I u idimen~ion"l-granula,- Mom ,ulphid~~ than 225 (H203) 
SinSI~ wain of Lmm Ttn irregularly intcrgrowrl wilh I 

!.!!.!!!.I!!.I:: II2 UJ ~:225 IS:p 
llI2!.!£ 1'>4H<>I(LM»B>S.Z 
~: gabl>ro 

~: lmm. sut>-mm. I'ooarscst 
d£s.:r.jIW21l' Equigranular. equidimcnsional.granular. Some B Wilh mugh lycommon 

.!l!.!!!.I!..!£ : H207 ~: 228 IS:p 
Il:Kt!.k: P>30F>S(C,O»2(BJI).(I>M) 
~: (Hbl·Bt)-llm·(OpJl-Cp.x)·speck~'(l l roctol i t c 

~: Lmm > ,utrmm, Umm. perhap, to lem. 0 coar.;("t 
~J.iru!: I'll' · F as P-chadacrysticoikocrysls with Joost boundaryan:a S(.'Cmin~ly nol 
eryslal faccs(ofeithcr). 0 marginal to F and C. II marginal to C, L less so F 
Unambiguous H-P-! SC]ltum le.xturc. Unambiguous H-C s}lnple<:1I1C. I' with dl'Camicron. 
>c"lc indu,ion,ofH, F, B. 0: those ofF m:l)' be in oplical continuity with ncighboring 
oikocrysl: no unambiguous crystal fa(."C>;cxccptonB.Sobgrainde,"clopmcnt.undula!Ory 
eJltinction in and equigranular, l'quidimcnsional-granubrdomains ofP. Many I' gmin' 
are irrcgularly ,hapcd, only grossly rectangular. Rare unambir;U<Ius wnation in I' 



.!ill.!!!..I!..: 11 210 m:il:inal..l.I.:215 Th:p 
ill"hk: 1'>20C>3(I,M»sublQ 
~: {lim-Mag)-~ped.,d leu,ogabbm 
~: mm > sul>-mm. p<."fhal'S lAm. C eoarsest 
~: P]CIM, Perhaps 112 C alte1\.-d to brown barc1y resolvable cry,ta l,witb 1-
orde ... inlerference colo urs and ChI. Chi and Cal sometime-s not a,sociatcd with rdiCl C in 
"'-'Ction. C m; nikoet)'8ts with angular I'_inkrstitial habiT. Some I' WiTh ocnt ",wi tapered 
albite twins. ~ubgrain deVcKlpntcnt in and domains of equigranu lar, <'quidimcn~""L~l
granu lar P perhaps alliS. Conspicuous unambiguous zonation in P r~re 

£!.!!!Jl.!!:: 11 2U orivinallD:235 IS:p 
1lMk: 1'>30F> 10C>2{I>M),0>suhIB>H 
~: IIm-Orn -spededOI.r;<;hgahbro 
~: Lmm > sul>-mm. Umm. F. C wareS! 
~rui2n: P]CF, VJP. C a.oikocrysls with angular P.inters!itial habit. 0 margin:.1 to V 
Some P with simple and rela!ively warse (i.e. dis!in<;t zoncs arc few and thick) concentric 
oseillatory zoning. No unambiguous B·C s)'Inpk<;lile. although onc occurrence close. 
Unambiguous H·P-I septum tcxlurc, Domains of C<juigmnular. cquid imcnsional·granu lar 
l'all/3ormore including individuals Lmm 

£!.!!!Jl.!!: : 11 2 14 ~:239Ili:p 
lllQl.(£ : 1'>20F> IOO>5C>1 .5( I> M»sublll> ,\p 
~: Ilrn·Cpx-spedc'll 01 norile 
~: Lrnm > sub-nun. Unun. p<. ... hapslo l<:m,O. C coarsest 
~: l'jI'OCl. 0 and C as l'-pcrcha,bnyslic oikocr)"ls (i.e. with angular 1'
inlerslilial habi1j, Sume F as peruikie oikocrysl, witb I' chad""r)"l s. No ur~"nbiguous B
e sympk'Clrte. Some I' wilh mnsprcuou. c"()n<;enlric simpk zon"lion, altl>ough SOme COre 
bouII(l"ric.< >haq>l ydcfin~'Il 0 wilh multipl)'oricnle'll and difkTcntl)'warsc SC1S ofC 
indu.ions. where the finer sets are more lamellar and!he coarCf set k'S.< !amelbr and 
more irregular in shape. Coarser SCIS ofC inclU8ions may be OpTically wnlrnuous wrlh 
rclati\cly~'Oarse non·included (i.e. appar~'ltlyprimary) adjacent C. 

£!.!!!Jl.!!:: 1121 5 2ril:.inl!UQ:2JI IS:p 
!!:lQlk: P>20F>15C>30>sub2B> sub l (I.M) 
~: ll1 -Opx-SI'"ch'll 0 1 gabbro 
~, Lmm > sub-mm. Umm, perhaps 1() Lern. e coarsest 
siguirliruJ: JU<1 as 217 C-W"PIIK) H ob....,rvcd and I' zoning more simple than oscillalOry. 

£!.!!!Jl.!!:: 11 21 6 ~:232 IS:p 
lllQl.(£: P>JOF>SC'>20.(I > M»II» sublll 
mdiJYIN: Mng.rlm·0p~,CI"'·8pccked lruClOli!c 
~: Lrmn > sub-nun, Umm. F. P, Ccoarscst 



~: P]CF. Some C as oikocrysts. Some F asoikocrysts with compariti\"cly fmc P 
chadacrysts. Minor domains ofNJuant polygonal plagioclase. Unambiguous B-C 
sympleClite. Unamhiguous 11-1'_1 scptum texture. So"", I' with conspicuous conc~ntric 
simple (i,e, no apparent oscillations. smooth) zoning. 

~: 1I2 1 7 ~:2J4 IS.:p 
~: P>20F>15C>30 >sub2B>subll .H 
~: Bt-Opx·spcch-d Ol gabbro 
,'n;n siffs: Lmm > sub--mm. Umm, I"'rhaps 10 Lem, C coar;cs' 
ili.xrirJiQn: P]C, less so PlF. C as oikocrysls wilh variably enclo,..'d I' chadacrysts. 0 
marginal to F, Some P with conspicuous reJnlivclycoarsc (i,e. distinct zooes .'re few aod 
Ihick) cx>rK;c"tric oscillatory zonal ion. Some relat ively coarse P ",jlh bent and wjX'f~'d 
albilct",ins.HmarginaltoCandJ 

~: 1I 2 1 8 ~:233 llip 
11l!!lk: P>35F>313>subl( I.M,C.O.H»Ap 
wsJu1l$: llt -.,peckedtroctoliIC 
~:Lnlln.sub--1ll1ll.F.Pcoarsest 
~li!m: P]FC, possible F]P. C and some F wilhangular I'_interst;lial habit. B-C 
symplcctilc ,EQui!!!anular cyuidimcnsionah;ranular P alI/3 . 

.!il!.!!!.I!.!!: 1I 22 1 ~:244 lli:p 
illillk: P>26(C,poss.O to I/J»3(I.M»subIB 
rru:kn1K: (lim-Mag)-spech'd Icucogabbro 
~: mm > LC1l1,sub--m1l1. Pcoarscst 
~: P]C(possiblyO). C(possiblyO) with angu lar P- imcrstital habi1. Some 
composite grains consist ing of multiply oricnloo C(possibly 0) with rclali\'cly coar;c. 
irrcHuJarlyshapctl aoodistributc'doplK:aUyconlinuollsinclusionsorC. 

.!il!.!!!.I!.!!:II222 ~:245lli:p 

III!!!!!:: 1'>35F> 30>B.LM 
~: Opx-spcch'dtro~1olite 

~:Lmm.sub--TTUl~F.l'coarscsl 

~: SL"TJ'Cnlinisation 1-3-;. modal. No unambiguouscryslal filccson Por F.P 
Wilh subgrain develop",,,nl, suh-mm crystals and subgrains at least 1/3. ",any of which 
notdi.<t inc1lypolygnnal (icwilhirreJjularb<luooaries),Omar;;inal to!'. 

~: 1I 226 ~. 24S lS.:p 
SanK; as 227. e.~'9l1 greatcr Lmm (COat,..,.) 

~: 112 27 ~: 249 IS.:p 
llI!.llk: 1'> 3S(O,rclicc1.illfcrr<~J»211_2(1,M) 

~:(lhn-Mag)-llt-spcckC<:loori te 

~: Lmm. suh-mm > Umm (wmeO oikocrysts) 



~: Pcrhaps 50"10 of 0 a ik>roo to brown barciyresoivablccryslais wilil I-<)rdcr 
int~>rfCrence colours. Sparse Tr.ActChI. Some relict 0 as oikocrysts. with undulatory and 
subgrain fomJ.ation. Sub-mm l"<juigmnular. cquidimcnsional-gmnuiar P atlOs%. 
inc1oJdinBasindi~idualchadaerysts.Nounambiguouscrystal!accsonPorO 

~: l l m! ~. 250 IS.:p 
ill'i!!.k: 1'>400>perb4C> IS.(I.M).Q 
~:Cpx·spc~koonorik 

~. mill. LCIll > sub-mm. l' c()ar>cSI 
~: P]OSM. Ubi<juitousarerclativclyooarseroundcd lamel lae, vt'fmicuk'S,and 
g~)buk." ofC in O. "bserved in optical continuity with the same in ncighhoring. 
different ly-oriented O. and marginal C. Localised intense alteration to chlorite. act inolitc. 
and (X}ssiblescricilc amongothcrs--pcrbapsincloJdingQ 

~; 1I229 Nil:.i.ru!llQ.:251 IS.:p 
.!OO!!J.:: block: P>400>subl(BJ.M.C.poss.F), dyklct: I'.O>C from small portion S<."Ctioncd 
~:b~)ck ; noriteorgabbronorite.dyklet:perhapsgabbronorile 

~: block: Lmm. sui)..",,,, > Unl1ll (SOlllC 0 oikocrySls). malrix: 'l'o{)slly mm 
~:l3Iock:F('!)] PJO.Blockcontainsl . 5cmthickdyk l ctorperhaps>cgrega{ion 

o as oikocrys{" witb variably developed undulatory extinction mKi subgrain tonnation. 
with relat ively coarse I' cb,"lacrysts. Some l' with con'l'icuou,ly zonctl margins, less witb 
conspicuouslyconccntricallyzonoointeriors.TwoCoikocrystsappearjustasO 
o i\::olTysbbulareopticallyoonlinuouswithapparenllyllOn·oikocrysticCindyklC1: 
hence. {he uncertainty 'In where the matrix begins and lhus wbct hl"- the sampled block is 
(lOritc or gabbronoritc. Oykk1: only a few square ~cn1imet rcs sc-ctiollcd, 0 full of 
relat ively line ditlusc lamellae ofC, marginal C a, relat ively thin rims and mOre or k'Ss 
",!uanlcrYSlalswhichrnaybetransilional 

i'!.!!!l!k: 112.10 !.!.Iil:.iru!.I:252or IS:p 
C 

1lK!dl;: P>4O(F.O»subl(I,MJl»11 
J:illii...J).-no;: :01 nori{c 
~: Lmlll. sui)..mm > Umm (somc 0 oikocrysts) 
~: F]P]O. 0 asoikocrysts, with variablydcvcloped ul"ldul atoryc~t ; nction and 
subgra in fom lation. with relat ively coarse P chadacr}1s. Some P with conspicuously 
zoncd margins 

i'!.!!!l!k: II B l ~:253 IS:p 
!llili!.£ 401'.C">3( 1.\1).OlgrcalcrO at the rrodal expense orc not d,scounll-dj>subIZ 
J:illii...J)1$:(l lm- ),1ag)-Opx - sp<."Ch.~l gabbro 

~: Lcm >sui)..""ll. mm. Pooarscst 

'~5 



~J'!liQn: PIC. Cli. but flees IlOt widclydcWKlpt'<l . C full of single sets of fine 
pyro~CtlC lamelli,e (presumably 0), with or witoout o,'criapping (i,c. commonly aligned) 
st1sofc'Ompariti"cly sizcd but morediscontinUQuseuht.'<lral IameliacofF c-Tioxidcs. 
Some ftn'1"age-si7-<-~II' wi1h bent. 1apcn.-.l, and diffuse albite twins. Z marignallO I and M 
ncar I·M boundaries. SomcC with simple twins 

~: I IBJ ~]}:2S7orETh; p 

!ll2d£. I'>25(0,C»subJ(I.M»B.F 
1:l!:d...J)l1£.lcucogabbronoritc 
~:Lnlln.sub-mm.Pcoarscst 

~: I'IOC. f' oonuoonlywith con,pkuouslY7.o1KX1 margins. SomcO with 
roulldc-.lelongateitlClusionsofFc-Ti-oxides.I'crhaJlS250/0ofOCalt~TCd.sonlCtitllcsat 
grain lnaq;ins to aRlC!;at~'S of brown barely resolvable:too submicroocopic crystals. 

2.!!.!.1!.!£: II B 4 pri"i1l'l1 lD: 259 IS:p 
JJ:!!!k:0>J5P>7(I.M»5C 
ll!iJi..ll~:Cpx-sJK"<:kl-d](llm-Mag)lnori tc 

~: tllm > Lem. sub-mm. o con,..,..,,! 
~: PjOC. Ubiquitous arerela1ively coarse ruuoocd bmcllac and globulcsofC in 
Oatsc\'crallO"/_ andmaYOl."<:urastllultiplyoricntcdsclswithinsinglyoricnh,dhost 
Lmm and fin~'1" C full of fine diffuse lamellae ofO. marginal to O. with or without fine 
cuhcdralinclusionsofFc_Tioxidcs.obs<''1"Yc-dinopticaloontinuitywithinclusionsofCin 
[lCiKhborinKO 

!3.!!!1!!£: 11235 ~:258 IS:p 
Ill!l!b;: 1'>30F> IB. l0 >1>13d 
~lll<:lcucotroC1olite 

~: Lmm. sub-mm. Peoarsc.t 
~: FII', I'IF, Minor 0 lnarginalto F.lKm~~insofintcnsc secondary "h'1":Uion 
includingscrpcminisatlOn.Sub-crystal-sizcdomainsofl'quigranular.oquidimclIsional_ 
h'11lnularP. NounambiJjuousll·Csympk"<:titc. 

~:Gl ~:NA8 IS:r ill: 0 
~: I'x·richMAf'rdioritcorCH monzodiorite 
~:sub-n"n.I'ooarscst 
~liilll: LCI'. OCClI'O (optically continuous. coarscr-than-lll(Itrix. ilTegu larly·shapcd 
pyroxeneoikocrys(s), MoSl FSI'~"luan1,"sha]>CwilhpolygonalorilTcgularboundarics 
APr. MPr. possible Pr. although may be AI'rwithout lwinning. ASPO. Pl'TCCtlt A aod Fe
Ti·oxide. 

S!!!!1!!£:G2 ori"inallD:Bl20 I.S:e ill: 1 
~:Fe-ri<'hgabbr"id(mcsocratic) 

~:Lmm.Pcoars<.'Sl 



~:LCI'.Fe:ri-ox,de-spcck~d.I'sirairK'dandpar1iallyrccry,(a ll iscd(from 
heroon:s(rainde(crrnina( ionbascdonbcn(.(apercd.ordiffuscalbitC1wins.andlor 
undub1orycx1inclion,andlordcforma1ion[ditlusc,inward1apering.pcriclinal[(wins: 
rc.'crys(all iscdde(mnina(ionb-1scdonabundanec[>5%lof l'L'<juan1orirrcgular in sh:rpe 
andwi(hpolygonalandlorsrnoo1hboundarics)andlorabundanceofsuhgrain 
development). has aggrcga1es, some wilh 'Iraigh1 edges and angks. Green and grc<.~lish 
brownH-src.::kL'd 

!l!!!!1!!£:CJ ~:NAJ IS:r llS.:O 
~:P)(-rK;hAl'rdiori(e 

~:sub-m",-Lrnm,PcoarsL"S( 

dcscrimion: LCP. I'crcen1 A and Fe_Ti_nxidc. I'ns.~ibk ASPO. Rccrrslalliscd P. 

!l!!!!1!!£: C" ~:NA6 IS:r J..LS:O 
~:PxCHkucornonzodiori1e 

~: sub-mm. Lmm, !"pooarsc,1 
!.Il;:;gjm..irul' LCI'. Rccrys1alli",-~1 Fsp, mns1 abundan1 is I' Wi1h pa1chL"S ofMl'ror possibly 
sometimes AlSp. PcrcL'Tll Fe-Ti-ollide. A. Z-spcckcd. Minnr (ccrtarnly less (han 1%) Fa. 
Noun.arrrbisuousQ. 

!l!!!!1!!£:G5 ~. LDE30IS:c .!:is: 1 
~:Fe-Ti-()llideFL"'richgabbroid(mcsocra1 ic) 

~:Lrrrrrrp"rh.> sub-rnl11.P.P)(ooarscs( 

!.kKdm.i2n: LCI'. OCClI'O. "llc",l to Ul11rrr , A. B-5p,:ckcd. Many P equan( in shape. 
ITlOs1!X]uan(Orirregularinsllal)C, PossibkASI'O 

!l!!!!1!!£: G6 ~:LBEJI IS. c .!lS:O 
~:Fc·richgabbrnid(mesocra1i<;) 

~: Ll11rll. sub-rnrn.lx.'rh.Umm. Pllcnarscst 
~: LCP, 11.1051 rx OCCIPOand highly l'_perchadcrystic, l'nssiblc I' LI'O. 
l'nssihle ,"cry poorly ddin~'" ASI'O. Fc-Ti-oxidc. A·spedcd, Minor Il MnSl I' equan1 or 
irrcljularin shapc. 

!l!!!!1!!£:G7 ru:il:.inilllI2:LBEJ2 IS:c ill 1 
~:Fe-rlChktJcngabbroid 

~:Lmrrr. p<-'Th,sub-rnl11 
~: IXI' I'en:cnt Fc_Ti_nxide, A. Minorll Fc·Ti·oxidchighlyarlloeboidwi1h 1'

chadacrYS1S. A apparently as at Icasl Lmml"pcrchadacrys1ieoikocrys1s"'ithout 
unmnbiguous lacialdcvclopn><:n1 and variable{)pticaloolllinurty. Mosl 1'(:<.Ju:m1{)r 
irrcguk1rin sllapc 

!l!!!!1!!£:GII ~:LBEJ3 IS. c .!lS:O 
~:Fc--richlcucogabbroid 
!'@in ~i/\'S: Lmm. cOarser (han G7. P 003=1 



dc".;rjption: LeI', Percent Fe-Ti-o~i(le, A. A as mm aggregates with m""" facia l 
development . I'distinct ly ck>ngatc ~'(juant and irreg ular in share . 

.!ill..!!!..I!.:G9 llIilUlliillQ:LIlE6 I.S:r ill: 0 
~:I'~-richAPrdiorilc 

~:Lmrn 
~:Dislindlylighllyoolo\Jrcd(pi nl:-grce" pl oochroic)l'x(tn<)"tif""tallC) 

PartiallY fcrry,lalliscd Fsp(I'>Al'r,ros"Ml'r) I'ercent FL~Ti -<>x idc. A-spt-"Ckc<.l . Minor B. 

.!ill..!!!..I!.:C IIi ~:Bl21 TI:c ill: I 
~:Fc-richgabbroid(mcsocmlic) 

~: Lmm,S\J\>-mm, I'ooa,,,,,,t 
~: LeI'. Rccrystal1iS<.'d 1'. I'e,cent fe-Ti-()x idc. '\SI'O and pos"ibk wc"k P 
LI'O,witilwhichdongatcporphyroc1u,t.arcaligncd 

.!ill..!!!..I!.:GI I !!!li:.imlLill:UI 19 IS:c ill: 1 
~:Fc-Ti-o.\ideFe·richkucogabbroid 

~:Lmm,s"b·nun,Pcoarscsl 

desco PJ..i21l Very lightly c()k)UrL~1 I'x, but thin-cut. R~"Cr)."t"l l is~'d p, A-sp;..'<:kcd, Fe-Ti
oxide amoeboid 

.!ill..!!!..I!.:G12 originallD: LilE7 TS:p illi:2 
~: [(Jlm-.\1ag)ll'x-richAPrdioritc 
'[",in,i,&," Lmm.sub-mm, Peoarsc,t 

lkKcirJicm: Very lightly C<}1()urL~1 I'x, but thin·c"t. Weak ASPO. with whieh P 
pofphymcla<ts arc alignL'd R~"rystalli,c<.l. N() OCC1PO, A B-spcdc<.l . 

.!ill..!!!..I!.:GlJ ~:LfiE5 IS:r llS:O 
~:Fc·Ti -Qx idcl'x- rich,\l'rdi()rik 

~: sub-min, perh.Llnm 
dC»I.ip! ipu: LCI'. OCCll'O. A B-'IX"Ckcd . 

.!ill..!!!..I!.:Gl"\ ~:BSlOa IS:p, r illi:1 
~:P.HichAPrdiori tc 

~:Llnm.,ub-lIlln 
~: LCP, Percent (11m-Mag), A, S-sl'ccked. AS PO. APr as oni ()", zon"" in some 

", 
M!!!l'k:(;I S ~:BS 1 0b"(S:21' 1.J1i:1 
~: J'.,",ichAPrdiori te 

Il~: Lmm, ,utJ.-mon 
~JjQ!r IXI' Percent, pe rhaps 5% "()rnbin~'d IIrn-"bg. A-,pe~kcd . Minor S. ASPO 
OCCIPO. 



~:G I 6 illiW!;dill:BSHk lSlp ill; 1 
~:Px-richAPr<liorilc 

~:suh--rnm.Lrnrn 

<l~Wip! ioQ: lCP. OCCIPO. Minor Z Mug. Pcrccm 11m. A-spcch-d. ASI'O 

~: G I7 Ui!W.ill: BS 10d ll: P liS.: I 
~:Px·richAl'rdiori1C 
~:,uh--rnm,C()arscr,l'x",)ar,C'l 

>!n<;j:irlkm: LCI' . OCClI'O 10 L~I1l. I'nccnllll1l. B A-sP':'Ckcd. ASPO. 

2!!!ll!£: GI8 illil:illi!!.lQ: BS lOe IS.:p lli:O 
~:l'x-richAl'rdioritc 

~:Lnnn.pcrh.suh--nun.l'xooal"Sl.-""Sl 

!l~~dl'lk,": LCI' . OCOI'O. ASI'O. Mi,.", Z.I.B A-specked. M not discou,,\c-d . 

"aml' ls:G I9 ",;\t;I1Jl!..ill: BS 10f D:p(missinsl lli:O 

~:G20 ~: Bl 12 IS:c ill: 1 
~: I'~-richAl'rdk"itc 

~: Ll1lm,l"'rh.,uh--l1lrn 

ilii'cril'l jillJ: LCP. Percent perhaPS 5% Fe-Ti-o~idc. ASPO. ll-sp"ckcd 

~:G2 1 ~:LBE2 IS. r liS.: l 
~:l'l_phyric r~_richAl'rdi",itc 

~:Lmm.suh--l1"n.Pco"rscsl 
~: Roughly ground !hin-Sj.'C!ion. LCl', Grc'Cnish brown 11 , Fl-'-Ti_o.\"lc_spcch-d 
Strai,,,-~landpartial l yrL'Crystall;scd I'. ElongalcLcml'phell<X-Tyslwilhvari"blyAl'r 
rnargins. OCOI'o. I'o"ibl" 1' , ASI'O oblique to phcno<:ryst 

.!!l!..!!!..I!.:G22 ~:LBE4 IS.:r liS.:O 
~: CHO!£· lcu,"O<.Iiori le 

~:suh--mm 
~: Lel' . Maticconecn!ralion SPO. Minor Fa. Z. Fe-Ti.oxide, O-SjX,<:kL-d, Bright 
rcddishorangcsccondaryrnalcrial , l'crhapsaftcrFa. Al'r- rich.Ot~rpcrthiticFsp,nol 

discou"lc-d,OCCll'O . 

.!!l!..!!!..I!.:G23 ~:LBE3 IS:' illi:O 
~: Fsp·ph>Tic r x-r;chCII'1l()n~odio,it c 

~: Lrnm. ,uh--mm. Fspe"a~""S! 
~: LCI'. Minor greenish brown H. ASl'O. l'C'T"ccn! Fc-Ti ·o~ir1c. Composite AI',· 
MPr phenocryst with complex but orthowmal int",,,,,1 boundaries 

.!!l!..!!!..I!.:G24 Q!j~illi!l.ill : AlI6J IS:c ill: I 
~~: Fsr--phyrk Px.rich AP,diorrtC()1" C II monzodiorrtc 



~:SUt>.1ll1ll 
~J.irn:!: LCP. Greenish brown but also variably blueish £rcm AIll-,!,,-'Ch..!. 
OOlllrnonly together, some associatL..! wilh fracture. Most ly sut>.lllm. more or less 
£mnoblastic, ewn so, AS1'O. Fe-Ti-mide-sp<.'Cked. Minor Z. A. t em kmg 
phenoaggregaleor comro.<ite phenocryst of At'r intergrown with sulx)T(linatc Mt'r 
Possible MProutside pheoocryst. 

!1l.!!!llk:G25 ~:Bli64 IS:r tlS:O 
~: ell Qtz-lcucomOl,,-omtc 
~: Lmm, pcrh.sl,t>.mm. [Umm. Lcm] 
~: LCI' . Minor Fa. grtt-nish brown 1-1. myrmckite. Fe-Ti-()xide-sfX'Ch..!. I'~'Kx--nt ,'. 
~: G26 ~:BII65 IS:r ill:t 
~:Fe-richgabbroid(mL'SOemtic"aricty) 

~:SUt>.1ll1ll 

~ntiilll: LCp, Aggregate. tl spo. P~'1'ccnt B. Fa. Fc·Ti_oxidc. Mo<t ifo01 virt uall y all 
crystaiswith polygonal ofs1l1oothboundarics.m.1nyifnotIDJstC(]uantin shape but 
I>t.-TtI.1PStoo scriatc lorC9ui);fanular 

!1l.!!!llk:G27 1lri1:.illill.U: III 23 IS:c tiS: I 
mQu;ll!<: J' x-ricilAt'rdiorile 
~: Lmm.pcrh.s ub-mm 
descrmi jon: LCP. O>C ASpO. Fc-Ti-oxidc B-s)X.-.:kcd 

.!..'!!!!.I!!s.: G1K ~:Bli66 IS:r J:lS:1 
~:Ilt-Ot gabbronor i tc 

~:sub-nlln.pcrh.Lm'n 
~: LCI' (mostly pink 0 -- C , 'cry light gr...-.:n). Aggregate. B spo. Most Pcquant 
in shape with polygonal or slll()()th ooundarics. Fe-Ti-oxidc-spedcd 

~: G29 o[i~:BII67 TIl:' tiS. : l 
~:[Bt-Ol] £abbronorite 

~:slJ b-mm 

~: More Of kss cqui£mnular. ~'4uidimcn,i<JIlal-granular. PcrC~'lt F~'" Ti-oxittc. 13, 
F. 13 SI'O(to which S<.-.:ti<", ",-':,m 10 bc cui ortoolljonalto). 

~:GJO !!!ll:.in;illJ2:1l1168 IS:p.c ill: 1 
MK.lll"<: Cli QI1.nX)I1l.Qnne 
~: sub-Illm > Lmm 
description: P~-r~-.:"t H. p<.-rhaps 5% or more. " Iino. Fa. Px. Z-sl'cch..!. Mm Fsp crystnls 
and aJ:UlfCl!atcs and Q as!!Tcgatcs in nl(),tly sub-mill malTi.~. 

m.!!!.I!k: G3 1 ori~inall[): 131187 IS: p. r 



~:P~·richAl'rd>Orjle 

!'p;n,;"',, Lmm 
~JjQ[r LeI' . I'erccm, perhap< 5% Fe-T;-(\x;dc. B, A -sp'-><:kL~i. I'ossib le minor Fa 
acCl l'O 

~:G.U m:iJ.:.in;!Lill:BI37 IS:p.c liS.:1 
mciulw:: Imct"litc 
~:Lmm > s\J b· tl)tn bl: 70-1 
~: Straincd and partial lyrccrys1Jli iscd P. CXTO (optical ly com inuou,C 
o ikocr)'<l<) I'crCtnl C O. H j M-sP'-><:kcd. Minor Z H. ASPO and P LPO 

~:G33 m:jl@;!Lill:!JI46 1:£: c liS.:1 
~: Px-richAPrdiori tc 

~: sub-rnm 

<k-,;cril'l ion: Colourles< l'x,colouric'I.,orperh"ps light lycoxJUrcd F(l00 lin~ lou" • .'ss). 
Variablcalllountsoflocallyrclali"c1ycoarse.sub·lllm to l.tlUlJ_long.divcr""lyorieme<l I' 
lat hs with irregul,'r margins. acCIPO (perhaps al l 0). Perhap< mu,1 I'x C. Unambiguou, 
S·C ,ympkctitc. C with sctsofa li gnro opaque ox idc CIlhcdra. Fc·Ti·oxide, F, Il -Sp<.'Cked 
Gruda\ion in grainsizc a~.,.oss thin-section, from >25~," - I mm grains (lath <) along olle 
side 10 m mpk1ely <ub--- mm along otllL.,- side p,:rhap' r(ptC;scIllinH chilled marSin. 

~: GJ4 ~' 1lI 4 5 IS.:2~ liS: 1 
~:P.HichAPrdiorilc 

~:Lmm 

~pJ.iillr LCI' . OCCl I'O. 0 perh"p' dornin"n!. Gr~"{,~,ish brown H. ,\-spcchxl, ;"linor 
Il. l'crc""t, rcrhap,5~'.fc-Ti-oxid c. Lcrndornuinofmorcorles>cq uant LnunP(I\Pras 
Wil h rest) with irregular margins and variablyoplically continuos intnstitial Q. OftllC P 
in this domain: some irregular boundarie< imernal. and some ncighbof'i o[,;mi lar 
oricmalion.SIlgscstingrcsorplion 

.!ill!!!.I!.!!.:GJ5 ~:!3I44 TIi: c J:lli l 
(QlJi.l>'il£:tmctol il e 
~:Lm""perh.sub---mm 
dcscript ion:ll,Fc-Ti·oxidc·spc<:kcd. MinorL Recry,talli5<.>d I' 

.!ill.!!!.I!.!!:G36 illi&irrilW2: 111.13 lS: p. c J:lli: I 
~: [( 11 m· Mug)] Fc·rich gabbroid (mcsocratic vark"ty) 
~:Lmm 

dcscrjpti"'rLCI'II,A . ~><'x·kcd ___ _______ _ 

.!ill.!!!.I!.!!: C_17 illil:.im!llD.: Ell 88 IS: r ill: I 
~:Olgabbroooritc 

~: ,ub---m m. rcrh.Lmm 



~liIm: Strained and r~"Crystalli<cd 1'. aticaS1 halfsub-mm and ~'Gualll III sh.~rc with 
polygonal or slTIO<lth bourldari.:s. Malics as awcgat~'S. OrlC such as Lmm thi ck Lcm long 
0000, wilh which SOme other matic and I' aggregates and SOme P ~"y>lals arc aligrk.'<l with 
--ambiguous. Fe-Ti·oxide B-srcsh'd 

a.!!!..!!k:GJII ~:BII86 IS:r lli:1 
~:l'x-ri ~hAPrdiori!c 

~:Lmm 
~: LCI'. Fe-Ti-oxide. MPr,s(l<."Ckcd. P strained with only millOrrl"Crysta llisation. 
distirICtlyeiongate with con'picu"us concentric zonalion . QCCIJ'O 

!.!!..!!.!.I!..: GJ9 m:U:.imllill: BII62 IS.:p.c Wi: I 
~: (lIm·Mag)] Px·ridIAPrdiori!c 
~: Lmm 

(icKrijlliorr LeI'. OCClI'O. I'~"-cent A. l'o .. iblc weak I' U'O 

a.!!!..!!k:G-tO 2riI:.illiIl..J: Btt6t I..S.:p.c J.lli: t 
~: (l1m·Mag)] Px·rich MAPr<lior;1e 
~:Lmm. coarscrlhanG39 
.!I.g:;qipJiM: LCp, Percent A. B Q.IjI~'Cni'" brown H-,pccir;:ed. Px)MPr 

a.!!!..!!k:G4 1 !.!Iil:.in;!lJQ:Btl 60 I..S.: r ill: 1 
~:Px·rich "1t\Prd i"ri(c 

~:LmrH 

~r~t' Fc-T; -"xidc, Ml'r B· 'rcsh-d. Strairu.-dand partiallyrc'i:ry,ta lliscd Fsp. 

a.!!!..!!k:G 43 oril'ina)ID: BII51; I..S.:p(mi,sing).r ill: I 
~: ( Hbl-Bt]troctolitc 
1'T"lin ,izrs; Lmm. sub-mm fu: 66·4 
d~ntion I'erccnt O. Minor C M S. [-'!I<:'i:h-d. Strainc-d and rl."Crys!alliscd P 

!.!!..!!.!.I!..:G44 !!lli:iru!l.lQ: 8134 IS:2p.c liS.:O 
mdiJ~ : Icucotmctolite 
~: Lmm. perh.,ub-mlll fu : 65·1 
~: Perccnt. perhaps 5% CO. Percent 13, 11,I . \1·8pe<:h~1 Min", S, Z. Hd 
StrainedandrccrystalliscdP. Weak ASI'O P LPO 

!.!!..!!.!.I!..:G45 ~: LBEI IS.:r Wi: l 
~:I'x-richl\Prdiori tc 

~: Lmm. (l<.Th.sub-lllm 
dC,;crin!ion: LCI'. Fc-Ti·oxidc B,sP':'i:kcd. ASI'O. 

a.!!!..!!k:G46 ~:B1171 IS.:p liS: I 
~: Fa-Qtz·spcckcd Px ('11 ,,,,,,vonitc 



~:sub-mm.pcrh.Lmm.Fspcoarscs( 

IIK"Hiplio?: Lei' . GIL'C,,;sh brow,, !1 I Z·sP':-..,k~~II'ercell1 Q > pcrcem Fa 

~:G47 ~:LRE34 IS.:c JlS:2 
~:APrnlC(adiori (e 

~: Lmm. (sub-mm if secondary m"s,,'s ind) 
ili:KcirJ..!!llJ: More or Ie's fibrous ",,'sse, ofTrm and blueish eR'Cn Am (A(.1?) and 
,,,bS(arHial ly subordinate D havine complckly replaced prirn3ry ma tics. 311 houCb WIll<: D 
may be primary. APr-spcck.::d, greater Ihan 5% OO( discounted. F,,·Ti-oxid,,-sP<:'<:ked 

~:G4H !.!Ii~UI 1 7 Thp,e .!::ili.:1 
~: [(11m-Mag)] Px-rich APrdi<lritc 
~:Lmm 

!.MgjCli<;m: LCP. ASPO. Q. A. Z-sp<.:dcd. No uucOCCIPO. but close. i,e, OCClI'O 
except forsub!!!ain fonnation. 

~:(;49 illil:.inallQ:UI18 TIi:e ill: I 
~:I'xAl'r diorit c 

~:Lmm.pcrh,sub-mm 

~: Lep, A, Q-spcdcd, Pcrcent F .... T i·o .• idc. P ,,"riahly a]{~'"fl~l to grey-brown 
dusling.Pxpcrhap,20% . 

E.!!!1!!£:G50 1llil:.iru!llQ:1lI36 IS:" J:iS.: I 
ll!di..D-l!!<: gabbroid (nl<.",,)~ralic ,,"riely) 
~:sub-mm 

~:Di"crsclyoricntc-dsub-nllnandLmmP l a1 hsinllwttixof Sl.."<;ond"ry 
minerdl;;'p<:'"fhapswilbrc1iclPx andl'c-Ti-oxidc 

!.!!.!.!!llk: G52 1llil:.iru!llQ: WE 18 IS: 2p ill: 1 
~; OllcuCtlgabbro""ritc 

~: Llllm & :60-1 
d~'SCrip1ion: l. M-'P'::'<:kcd. P'-Tc'-1l11l Slr~incd and partially rccrystallisc-d P 

!!!..!!!.Il..!!:GS4 ~:BE4 IS:r liS.:1 
ll!di..D-m:: gahbr.,id( mesocratic variety) 
~:sub-mm 
~: ASPO (slrong). Px LPO. J'x aw~gaT cs wit h 1-mm and <ub-mm grai ns in suh
mm cquigranular. cquidimcnsional-granular lels;e (mostl y p. some OJ matrix . I'ercent B 
with di\'~'"fsc or1cntation, but ",emir aligned with ASPO. 

ffi!J.!.I!k:G55 J.!I:!l:.imilll:UE3 IS.:c ill: 1 
~:lcooogabbroidorPx,,""rth(),ilc 

~:Lmm 



~m..ii!lr Strain~~l and recrystall is,-~ll', loca lly suh-mm "'Iu igranu lar. ~quidimcnsional 
granular. MinorB. Fc-Ti-oxidc-spcd:cd 

~;G56 ~'1l118SlS.r tiS: 1 
J:Q£./i..ljT!!::crucifcmusOlgabbro 
~: Lmm, [X'rh.[Umm, poss.Lcmj, C coarse,t 
~: ])ivcrsclyoriented, \'ariahl y,train<-~l, I' Iaths,solllC with cXH,-'pi<'uous 
oonccntric zonalion, wilh high int~l1:{)!mcctivity (e.g. sometimes forming crosses and Vs), 
hcst prC<L'rv,-~1 wilhi n vari ahly optically cont inuous Lmm. Umrn, alld [XThaps eOarser C 
oiko(TY;ts. Percent Fc-Ti-oxidc, B, O. Concentrations ofrourldcd. dC\:amicron Px in 1', 
[X'ripheraltl,collf<L'r.imactl'x,1r.ough"'rTl<-1im,-,di£taiti"ominstttion.somctirncsin 
poor but reoosnisableopti<;alcont inuitywith pcriphcral I'x 

.!.!!..!!!.I1..:GS7 ID:i1:.illi!UI2: l3I i 84 IS: r ill: I 
~: P>H>Qrock: Hbl-gabbroor Hbl-richQt 7--gabbro 
~. Lmm(I'J. ,uh-mm(H,Q) 
ili<KrirJ..iillJ:Fe-Ti_oxide,ll _s[X ..... ked_lIasaggregatescontainingdccamicronindU,KJn,ol 
Q. gcncra lly Joost aburJ(limt neart hcaggrcgatecemrcs.T1lcco,'rscst I'grain, scvcralmm, 
wit h 2% d<-..... am;cnm Q inclusion, along some ,ubwain boundaries 

!.!!..!!..!.I!.: GS8 Nil:.illi!UJ2:1J1I83 IS:r llii: I 
~: lcllcogranitc 

~: l mm.l'crhLcm l 
dcscdption:notreoordcd 

~:G59 ~. LBE41 IS:e ill: I 
~:Fc-richlcucogabbroid 
~:LIllIll 
~: LCP. Blueish and greenish brown H. A. Fc-Ti-o~ide-spC\:kc·d_ Minor Z 
I'<Tecml'x 

!.!!..!!..!.I!.: (;641 ~: LBE40 TI: c ill: I 
mQu>1ll<:I'x-richAl'rdioritc 
min...s.il,-,,:sufl.mm 
~: LCP. MOS1 P sub-mill a,1d equant. Lmm aM ~oar"'r OC CII'O. Lmm cry'tal, 
sc,1ttcrcd lhroughout and as aggrega1es. Fc-Ti-o~ide-s rech~j 

S!!!!llk:G61 urh:.iru!lill . IlE7 JJi:p.r ill: 1 
~: CHQt l-syenttc 

~: LnHn 
~:LM.grL·,,,,i,hbru,,"nH ·sp<."\;kcd. P('Tccnt PX.mostly l -ord(. .. in1er!""""Ce 
ooK>ULI'r, MPr,Ai'r l' 

l15.: 1 



~: Bt Hbl·rich 1I0riteor(Bl·OpX) Hbl·riclHJioritc 
~: sub-mm. Lmm 
.iIl<Kr.ipliQll' A and p~ (!) SPO, II as Lmm and perhaps roarscrOCCII!O. Opa(lue. A· 
s(X-.:kC(1. Equigmnular C<!uidimcnsional·gnmular Fsp (only /' r~'COgniscd). 

E.!!!..I!.!£; G6J 2riJ;.in;tllI;!: WE 15 IS: p Wi: I 
~:p.~·richAPrdiori te 

~;Lmm 

~: LCP, OCCIPO. Pl'fCCnt. perhaps 5% Fe-Ti·oxide (p..'rhaps all or mostly I), A. 
B·spcdcd. 

E.!!!..I!.!£:G64 ~:OE9 TIi: r ill:l 
~.[ Bt· Hbll ·Olnoritc 

~:sub-mm 

~: Equig,ranular. C(juidimcnsional·granular. ASPO. possible B SPO. Op:l<jue
Spttkl-d 

~:G65 ~:BII14 IS:r ill: I 
~:PxAPrleucodioritc 

vnin si~\'s: Lmm. sub-mm 
~: LC!'.Slraincda,idpartially .... 'Crystali iscd1', Percem, pcrhaps 5% Fe·Ti. 
o~ide. A·specked.!' finclyant i(X'flhitic, MinorZ. 

E.!!!..I!.!£: G66 ~:BIJ5 15.:c ll.S:1 
~:Opx·richAPrdiori(c 

~:sub-nun.mm 

~: LCI', Almost cntirctyofl'x as mrn to lX'fbap< Lcrn OCC!I'O. pcrhap' all 
such as O. A, B· 'J"--.:kcd. 1'~'fc'Cnt, J"-'fbaps 5~. Fc~Ti·oxidc, I' LI'O anoJ to ics>cr extent 
SPO asmoSlPisC<!uanlwilhpolygonalorsrnoolhboundaries 

E.!!!..I!.!£: G68 ~:BlI75 15.:3p 1.1S: 1 
ms!u~ : [(IIIn-Mag)1 Px.rich APr diorite 
~:Lmm 

oJ : LCP. o>c. Local! se veral thin·..::.:tions 

.2!!!.I!.!!:: G69 ~:BI176 15.:p liS.: 1 
~:(lhn·"1ag)I Px· riehAPrdiori tc 

~: Lmm. perll.sub-nun 
~: LCI' . So","" partial OCC!I'O (mostly opti.:ally wntinuous. at Ie"SI o,'cr the 
tmnschaoJac,)'st · scaic).l'ossiblcI'SI'O 

~: G70 1lliJiliW.ill:BII 77 Ilip Wi: I 
~:P.x·richMAPrdiorilc 

~:Lmm 



~1l!kw:LCI).I)ercenT.pcrhap,5%Fe-Ti-oxide(bothl.r.-l,bulU",urcproportions). 

Some OCC/'O (not 00 irregular). MPr-spcd:cd 

!.!!..!!!..I1.h:G7 1 ~:13I178 1£:c ill I 
~;Px-richAPrdiorit c 

~:Lmm,pcrh.sub-mm 
~: LCP. APrrichcr(withgrcat crproponionof/\fspc~solurc)thanthn.'C 

prcviouss.~mplcs.inciudinga<relalivcly('()ar""palchcs.rc"'mblingthoscinlTlon;wnitcs. 

Q.A-spoxkcd. Pcrccnt,pcrhap.S% Fe-Ti-oxide 

!.!!..!!!..I1.h: C 72 ~:BI179 I£; 2p ill: 1 
~:leuCl)tr,,",.1()liteorOI-richOpx- lg 

~:,ub-mm,p'-"Th.Lmm m:57-1 
degript ion: Mallv P distinctly elongate. C. 0, B. I. M-'pcded. Mino, 1-1 . 

lli!!!l!k:G73 ~:BII81 :lli:r ill: 1 
Mk..!)~: trocto l ilcorOI- richnorile 

~:sub-mrn 
~: l' n><m ly C4U""t in shape with polygonal or smooth boundaric<. I'er~..,nt B. 0 
j l.Fc-ri- ()xid~- sp'-"h>d. 

~: G7~ ~:BII13 IS:r ill: 1 
ffifkJJl~:OICpx-l euC<)norite 

1:~es:1.mm 
!kscri1tl.iillJ; Unpo li shed. but Il-I'-Fc-Ti-o .• jde septum texture appar@t. Unambiguous B
e syrnplcct ilC, Sirained 3,><1 partial l yrecrys1311 i,~~1 1'. k B. 1-1, Fc-Ti-oxidc-spcch>d. 
Greater than So/, combined OC (O>C). 

~:G75 mil:iMllD:: LBE39 IS.:p.c ill: 1 
ffifluype: Fe-rich !pllhmid (mc>ocratic vllricty) 
~:Lrnm 
descripTion: LCP. OCCl I'O. Percent Fe-Ti-oxidc, B. 

~: G76 !.!ill:.im!llL!:BS5" IS:p ill: ! 
fociU)'nl': lcucOImclolitcorOI- richlcucogabbronoritc 
~. I _mm_[lCrh,ub-mm fQ:67-1 
~rJiQn: P SPO. MO<l I' diS1inct lyclongatc . Unambiguous P-I-J -l rdativclyThin rims 
\li llor S. B-spcck~~l 

~: G77 ruill.illi!!J.[1:BSSn Di:p l:iS.;O 
~; kllc"lroct"lil~ orOI-rid, kucogabbronorilc 
~. Lmm .i:J.! :65-1 
~rJiQn: Highly stra i tl<.-~l and partial ly recryst" lIi,~>d 1'. B. 1-1. C. O. I-specked. Minor S. 
\-1. Rc1ar ivdyth in P_II _lrim<.hutnotutJambiguou,. 



~: G7H ~:BS5c IS.:p tiS:! 
~:Ol lcucogabbro 
~:Lmm .Ei!.:65·1 
~; I'SI'Q.Mosll'Jislincllyclongatc. Variably optically cont inuous Lmm. 
Umm. anJ perhaps coarser C oikO<.:r)"Sts. I'~"rccnt II . n, l. 0, S-spcch-J. MillOr M. 
Unambif.juous p·H·1 relalivcly lhin rims 

~:G79 illi1:in;llill:BS5J IS:p ill: I 
~~:k\lCO{roCloli{e 

~:Lmm £2:65·1 
~.tiillJ: I' SPO. MoOst l' Jist ir.;tly elongate. Variablyoplical1y continuous Lmm. 
Unnn. allJ perhaps coarSt."r C oikocr)"St •. Unambiguous 1'·11·1 rclalivcly thin rims. H, B. I. 
S·spcdc<l. Minor M. GrenIer than 5% oombinc<l OC (DO) 

~:GlIO ~:BS5c IS: p liS: I 
~:OI·riehlcucogabbrollOrilc 

~:Lmm fu : 66· j 
~irli!lli: J' SPO Most P di,tioct ly ckmgatc. Unambiguou. p·H·! relalivcly lliin rims 
II B I. S·spt:ckc<l.MinorM . 

.!..!!..!!!..Il:GlI J ~:BEI IS.:r liS: I 
~:B!-I'Q I 'x·richAI'r J iorile 

~:<ui>-ml1l 

1k:Min/iQn: LCp. MoOS! grains more or lcsscquant in shapcWilhpolygonalorslTIOoO!h 
boulldari~"S. exc~"pi B. cryslals of which arc mOfe irregular in shapc, as wcll as COarser anJ 
poikili!ic.l'crYSlalsinvariablywi{ h centramicrOlH";oalcanJfinerI'xinclusions.:xhibi!ing 
facial Jcvclopmcll! 

.!..!!..!!!..Il:G1I2 ~:BE2 IS.:c liS: 0 
Sim,lartn81 . Ul·J'OI'x·richAprdiorile 

!!!..!!!.Iill::G1I3 ~:LBE14 Th:p J:lS:O 
~:l'x·richArrdjorit c 

!'[a;nS;l.n: sui>-mm. Lrmn 

s!~plkm: LCI'. OCCII'O. A. B psh brown II-sp<:ckc<l. r~"re<:III. I>\...-haps 5% 1M 

i!!!ill..!!:: GII4 QIU:.illi!IJ.Q: LBE 13 IS.:p illl: I 
~. l'xAI'rk'ucod;"rilc 

~;Ll1lm 

~I'llil!r LCI'. Sirailk-"<l and !>'IflIallyr~""rys!alliS<."<lI' . Percen! 1M. A-spcck~-J 

~:GlIS ~:Bl30 Th:c liS: I 
~; l'xAI'rlcu~"Odi"rilc 



~: Lmm,]Umm, L~m] 
lI'sc' io : LCP. ,Fc-Ti-o~illc,A-slCdcll 

!!!!!!llk: G8(, ~:LBEI7IS.:p li£:1 
rlli:k.ll'l!!:Olgabbronorit~ 

~:Lmm 
,kscrmlion: B,l M S,spl:~kcll. 

!!!!!!llk:G87 ilIil:inillfl:LBI038 IS.:p.c ill: I 
~:I<III11·MaglJ Fc·richg.1bbroid(nlCsocraticvar;"1yl 
~:Lnlm 

description: Ler. ASI'O. ocOPO. Il A-spc<:k~'" 

!!!!!!llk: G88 oril·inal]!): UE I I Th:p liS.: I 
~:tr0l.101itc 

fu: 58-1 

~:sub-nnn.perb.Lmm fu:66-1 
~.!iillJ: StraiTl<-~! aoo rL..,rY"lallis~-d I' . I'ertcnt, perhaps 5% combined BH. Grcat~'f 
lhal) 5·/. combil1~-d OC (O>C) 

!!!!!!llk:G89 ~:BII82 IS:r liS: I 
~:troclohtc 

~: sub-mm, Lmm 
ill:m>Ji2.u: ASPO and P SPO. possilc B $1'0 (many aligne<! wilb previous, otht:rs 
possibly aliWlC<1 obliquelyl. Straint.~1 aoo rl'CrY"lallis~'" I' . Grealer tban 5% combine<! OC 
(O>C). 

!!!!!!llk:G90 ~: UlE43 li:c liS.: I 
~:P~-richAPrdiori1C 

~:Lml11 
fk:;crmljop: LCP, A B Fc-T i-o~idc-spl:ckcll. OCCIPO. 

!!!!!!llk:G9 1 ~:LBE42 I.S.:~ llli:O 
~:I'~·riehAI'rdiorile 

~; sub-mm 

i!J;:;gim jou: LCI'. I'x I' SI'O 

~: G92 ~:1lI115I.S.:p,r ill: I 
~: ](lIm·Mag)] Fe·ricb gabbroid (mcsocr~lk variety) 
~: sub---mm 

slcs.;:rirt!!!!l LCI' , OCCIPO. Strail)~-d aoo r~'Crys(alliscd I'. 

~: G9~ ~: 1J1J42b IS:c liS.: I 
~:lcuco(roc(oli1C 

~:sub---mm 



~:PloosIIYC\lunnlinshapcwilhpolygo"alorSlnoo{hlx>ulI,lafics.I'crcc111, 

pcrhap~ 5~. combined 1111. h..-haps grcalL..-lhan 5~. C()mhjncd OC (O>C) 

.!!l!..!!!..I!.: G95 ~:LBE20IS.:p liS: I 
~:[(llm .. Mag)IPx .. ricbAPrdiorile 
~:suh-nlln 
~tion:LCP.Px .. PSPO 

.!!l!..!!!..I!.:C96 mu:.imillQ; BII19 I5:p IlS.:O 
ill9;..ll1!£:Ollcucogabbronorilc 
~.Lmm &1:61 .. 2 
~: Slmincd and rccr)'Slalliscd P. Ullambi guous l) .. C symplc<:l l1e. H .. p .. 1 $Cplum 
Icxturc.B III M .. spc:-ckcd.Minor S . 

.!!l!..!!!..I!.:G97 ~.1JI1 20 IS:r llS.:O 
~:Ol leucogabbronori{eorkue01roctolitc 

~:Lmm 
ih:KriJl\.lQll Straint"<i and rccry.;lalliscd 1'.1' SI'O. Unmnbigoous H .. P .. Fc .. Ti .. oxidc scplum 
tC.XIUrc. B .. C .vmpkelite. fI II Fc-Ti .. o~id~""s[}\."<:h-d 

.!!l!..!!!..I!.:G98 ~:111142a IS:p .• liS: I 
Jl.I:di...J~:OI .. richgabbrOlX)ritcortrodoli1C 
~:sub-mm 
~: Siraint"<i alld r~"<:rystalliscd. P. Percelll combin~~1 Bil . Unambiguous 1' .. 1-1 .. 1 
rdall\'clythlll rims. J.. S"'I"-"<:kcd. M 001 discount(."<i (assum,:d from h~1"c"On ifonl y I 
mcntiolK"<i) 

.!!l!..!!!..I!.:C99 ~:1JI32 IS: I' ill: 0 
~:OllcucogabbrOlX)ritc 

vr~insi/('"S: Lmm 
~:BSI'O.Slmincdandpart ia lly{':cr)'slal1is.:dP.SonlCPw ilhconspicuous 

(."()r)!;Clltric ZOrl<llioli. U",'mbiguous II .. P .. Fc .. Ti .. oxi,lc $CpIUmlextufc. Percent B. H .. Fc .. Ti .. 
uxidc"spcch-d,I'''pcrchadacT)'SlicCoikocrystsmoreor Tcssoplical lycominuousovC1"m 
lcastLmm 

.!!l!..!!!..I!.:Gl00 !lli.l:.inll..i: BII 43 IS.:c liS: 1 
~:Ml'rkucogranitoid 

~:1l\1!\ 

d£~lipli<.'J!:IX)lrc=rdcd 

.!!l!..!!!..I!.:Gl0l ~:BI1 5 IS:c ill: 1 
~1!£:OI .. richgabbrOlloritc 
~:Lmm 



~li<m: Slightly majority I' di.<tinct ly elongale . I'cr~cm B. H. Fc-Ti-oxidc-sJ'!I.-.:kcd, C 
oikocrysl, in oplica l ~ontim,i ly o"cr at leasl Umm, P.II_Fe_Ti_o., ide rdativdy thin rims 
with roun<kd tcrrnini IlK;rclorc!)OssiblcSCPla. 

~:GI OJ ~:BS2a IS.:p 115:0 
~:[Bl-HbllOI-ri chgabbrolloril C 
I'min size;;: sub-mm. p<.'rh,Lmm fu : 63-2 
~pli<m:Straincdar.ln.'Crysta l l ised l' . H - I'- I/I'- H-Jkxlur~uIlccrl"in,Pcrt.'cnIH.B.I. 

S-spccked 

~:G J U4 ~:BS2b TI:c ill: 0 
~: IBI-HblJOI -richgabl>ronorite 
~:,ub-mm 
~: ASI'O . . \io>! ~TY'tals c4uanl wilh polygon~ l orsmo"rh boundarie •. Fe-Ti
oxide-spe<-kcd 

lli.!!.!.I!..b::GIOS "ri~IlS2c IS: p liS.: 0 
~: IB(- lIblJ lcucotl"OC101ite 
~:Lmm,p'--rh.,ub-nun u r69-1l 
~: I'SI'O. Mo,t Pdis(incllyciongale, Unambiguous P_II_I rc1at ivc1y thin rim< 
I,S-specked 

lill.!!!..I!..!:GIU6 ~:BS2d ]'S : p liS.:O 
~:O]·richkuwgabbrorl<lri(e 

~e<:l .mm B!: {jS-1 
~: I'S I'O. Most I'distincllydong"'C, Unambigu(nJsP-II-1 rclat ive1y thin rim_. 
B-Csvmplectite.B II I M S-'P'::'Ch'ii 

lli.!!.!.I!..b::GI07 Qti~: LBEIO IS: p ill: 0 
~:[(lIm_\1ag)IPx_richAPrdiorite 

~: ",b-mm.pcrh.Lnun 
descript ion: LCP. ASPO. Z. A-,pecked 

£!..!!!..I!..!!:C I08 original ID: 1111 45 Thr liS.:0 
~:OI-richgabbf()n<JTiICorlcucotrocto lilC 

~:Lmm 
~JiQ!1.: Son", <li'li,"'t B alig",.~L Slrainc'ii and paniallyr~'Cryslall i scd p, II. B. Fe_Ti_ 
o., ide-,pccked 

~:GIH9 ~:1:l129 IS.:c ill: 0 
~:Ol leucogabbrotlorit c 

~:L,nm.pcrh,sub-mm 

~: I' witllpolygortalors!ll()othboulIdaries. many <"luanL B; Fe-Ti-oxiue· 
sp'-"k~'ii 



!!l!..!!!l!.k:G 110 .ru:iJ:.inill..: BS3b IS:p llS.:o 
~:OI-richlcucogabbfOnoritcorlcucotroctolil~ 

~:Lmm 

~Jl1km: P SPO. Mosll' di,linct ly ckmgalc. Unambiguous P·H-I rclatiycly thin rims 
C P-pcrchadacryslic oikocrystsoplically C'On1inuousovcr at least Urn!)). 11. B. I. M. S· 

~ 

!.!!..!!!.I!..!:G III orjl'inaIID:BS3c IS:p ill: I 
m£k..L'T!!<:01 leucogahl>rOlloritc 
~: L!))rn fir 69-1 
~: Straincd and slightlyrccrystal liscd P. O. I. II. B-specked. MitlOrM. S. C p, 
F-pcrchaJ:tcrr;tic oikocrysts optically continoous O\U alleast Un"n. Unambigoous P-I~
Irclaliyc1ythinrim< 

!!l!..!!!l!.k:GII2 m:iJ:.i..n;Jlil: BS3J IS:c lli:O 
~:Ollcu('OgabbrollOritc 

~:Lmm 
~: l' SPO. MO<ll'd iSlinctlyclongalc. B.IL Fe-Ti ·()x iJc,s]l<."h-d. AplXl,cml' 
II-Fc-Ti-{)xide rclalivclylhin rims. 

!!l!..!!!l!.k: G I1 3 rui/l..iMUI!:BSJe IS.:p ill: 0 
~:OllcuC'Ogabbrun<lTiIC 

!'f"li" size, ; Lmm B:!:68·1 
~1l1.i2n : I' SI'O. MostI' distinct lyckmgatc. 13, )1, F'-~Ti-<>xiJe· sp<."h~j Apparc'nt 1'
II_Fc·Ti·oxiderebt iyelythinrim< 

!!l!..!!!l!.k:GI14 ~:BS3f IS:p liS: 0 
~: Olicucogabbrooorilcor IcuC'Otroctolitc 
~:Lmm B:!:69-1 
!kKri1!l.i<2.tr pSpO MOSl pdislincllyciongate. B. Il. I, M. S-s]l<.'Cked. Unambiguous l' · fJ 
lrclau vclythin rims 

!i.!.!!!.1!..!£:G II S ~:BI I46 IS:p.c ill: I 
[Qsk.1,):Jlj,;: Ol l cu cogabbr<lnorit~or lcucotr<lctolit c 

~:Lmm £2:66-1 
eSC i lion: I' SI'O. Most I'distinctl cion 'ate I M n·, ",h-d. Minor S 

!!l!..!!!l!.k:GI16 oriltinill.l2: III 28 IS:c ill: I 
~:OllcuC'Ogabbro 

~:Lmm 

~: I' l'quant. cklllgalC. Of tfTcgubr in sh:Jpc with polygonal anJ srnuoth 
boundaril"S. Fe-T i-oxide II a-specked. Some (' may actuallv be 0 



!l!!!!1!!l::GI17 !!.lli:.in;!Lil:t!1I 50a IS:p liS: I 
~:Px·richAPrdiori(c 

~: sub·n"n 
~mi;m LCP. 1,1:l, possible M·spc~kL>tl. Combinoo individually weak P. Px SPO. 
ASI'O.I'LI'O 

!J!.!!J.Iili::GIJ8 QIj~:Bl I 5Ilh n; . p ill I 
~Ol·richgabhf() 

~:,ul>-mm EQ:63-1 
~: L M, S. B. A·spcck~'d , Combined illdividLlallyw~ak 1'. Il (perhap,mher8j 
SpO, ASpO, 1' , B LpO 

2!!.!J.!.!£:G 119 2Ii1:.iuillU:BI1 51 IS:r J.:iS:0 
~:1c\lcotroctolil C 
rrainsilcs: Lmm 
~: Siraim:d andR'Crystalliscd 1', Fc·Ti ·o.~i dc. Il, II·sp,..-cKed. I'o,-,ihlc !J-I'·Fe· 
Ti·oxidc,.:ptumlcxlurc 

E!.!!!.I!.!£:G120 JlLi1tillilL.ill IlI27 IS:p,c J::\.S: I 
Mk.!ll~: leuco1f<xtolitc 
~:Lmm &67-0 
~: P SPO, LpO. Slrain~'dandparitanyrccryslalliscd 1'. with polygonal and 

smooth ooutKiar ie< , O. Il, II. I. M, S· 'f"."CkL-d.po"iblyOl lcuc"OrMlritc. Unambiguous p. 
11 -1 relatively thin rims 

S!!!clJ::GI2 I ~. BII4 1 IS'p,r J:lS:l 
~~: [ llt .ll bl [ 01, richgabl>r{}noritcort"K1oli1C 

grain sizcs. I,mm, pcrh.sul>- mm fu: 68·1 
~: Pcrccnl,alicas15%oolllbincd II, n. 1'8pech~i MinorS Unambiguous I'·H·I 
rcmli,dy lhinrims,PSPO . 

.!.!!.!!!l!.!!.: Gin Qriginal lD III 16 IS. p, ~ lli. l 
~:Ol ·ri~h gabbronorileortroctoli tc 
~:LrmT\ &:7().1 
~I'Jion I' SI'O. 1 S H l:l'sPl",hd, Unambiguous 1'-11 -1 relatively thi" rim' 

5!!!!l!k:GI24 m:iJ:,iru.!W}1:l 11 40 IS.:2r ~:I 
~. dyk~: AI:Sp-lc,,~ognmitc. host [Bt·lIbl]·Ol llor itc 
rnin , iz('" d}kc: Lmm. pcrh.sub-mm. host : , ub·m!Tl 
!ksrrilll!!!!l ' host; slrong ASI'O di>(;orda"t 10 dyke contac1. Mo'il r,p ~><Ju"nt with 
1'0lvgo"al or>"K>0t h hou"darie"-bearing,,,attCJooLmmslrain~-d porplwroc lasls 

lJ!.!!!l!.!£:GI26 !lli~. LBE22 IS..p ill: 1 
roc~ lYf>C ' h .rkh AJ'rdior itc 



~: Lmm,sub-mm 
d~x:UPtkm: LCI'_ l'l"fCem perhaps 5~. oombincd IM_ Z·sp .. :cked 

.!..!!..!!!..I!: G I27 m:iJ:.irulllI2:LBEII IS:p ill: I 
~; CH Icuwmonzonitc 
~:Lmm,pcrh.Umm 
dc~crip!i,,": LeI', light yell()w F.l'crccnt Fa l'x wmbined! M. N() unambi)juou~O . 

.!..!!..!!!..I! : G12S ~.1l1139 I.S.: l()p,2r W:i:1 
L'Kllll~: Ilm-I(llt- 11hll l-Olgahl>ronoritc 
~rainsin'S: L1ll1ll fl.!' 63-0 
~: M·~lX'Ch-d. Mi""r S. Unambiguous I'-H-I rclati,-dy thin rims with rounded 
tc'rrnini .Comm[)n, k,callyabuooantpossiblc ... "ficitcaflc"f]' 

.!..!!..!!!..I!: G U O originallD: BII 37 IS: p. r US: I 
~:Ollcucogabbronorite 

~. Lmm ru: 66-0 
lkxI:il'lion. I, M, S, II. Il- 'I"-'Ckl~!. MOS1l'distinctlyclongatc_ Unamb'gu[)us I'-H-I 
rc1ati,'clvthinrims 

.!..!!..!!!.Jil:GI3I ~:BlIJ8 I.S.:p,r ill: I 
~:Olleuoogabbronorite 

~:Lmm fu :68-1 
~; I' Sl'O. M()~tl' distinctly elongate. I'Ln',;nt H, B. J. S-sl"-'Chxl. Unambiguous 
P·IHrclativelylhinfllllS 

.!..!!..!!!..I!:GU2 uili:.in;illQ.BII25 Th:r tiS:! 
rnU.!.l-l'<':01 Icucogabbro"nrileoricucnlr<KI"lile 
~: L1llm, bulcoa=rthanlllJO,1 
<lrgrip!i()n: l' SPO. MoS! P distinctly clon!ptc. B H Fc-Ti·oxidc-s[X'Ch'd 

.!..!!..!!!..I! : G1 JJ QJj~:BI1 52 IS:r ill '() 
~:Ollcucogabbro"or; tc 

~:L""" 
~: Stmincd an<i part ially rccrystaiiisl-d P. Possible PSPO. I'-lI -I/II-P-1 texture 
unclcar.B,I-I,Fc-Ti·oxi<ic·s(X"Ch'd . 

.!..!!..!!!..I!: C! J~ illiJl.in;!l.lQ: Bl l 54a IS:r liS. 1 
IlliJ;.n"j:!!.::01 gahhmnorik 
,· ... illsizcs ·.,ub-mm 
~: ASPO.ll. Fe"-Ti-oxide-sr .... chxl. Most I' cquam with [lolyg[)l1.Ji or "noolh 
ooU,l<i'Uil'S 

.!..!!..!!!..I!: G IJS NiG.i.MllD: LBE 27 J.5. p U~: I 



~:Ol kuc()gabbron()rit c 

~: Lmm,pcrh.>ut>-mm fQ: 57- 1 
i 1" :Strai nedand tiali reer ,tallisedP.! B-, ,.;ked.MinorH 

lli..!!!l!!!::G I36 ~:LBE24IS.:3p ill:l 
rlli:kJ.n~:OlleuC<}gabbroooritc 

~: Lmm fu: 56·0 
<k:;nipljgn:S1TaillL-.iand,l igbl lyrecrystall ised l'.I .M.B.II.S_s[,,:,eke<J 

~:G I 37 ",i!:~:LBE2J TI l' ill: I 
~: CllQ1z-sycnite 

~:Lmm 

~: Lei'. r-W r,5o,ncofwhichpefhap, J'r.afl{lapparcntlycxoolulionlTceAf8p. l, 
M-S!J<.'Cke<J.Pcrcenl.pcrhaps50/0 Px 

~: GI38 orilililli1..ll2:I3l I J6 "(S:p ill: I 
~:CI!g.r:mite 

~:Lmm 

~Jign: LeI' light ye llow F. I'cree". h .l'efhaps 1% Fa. I M-SIl<,eked 

~:GI39 Q[)~:BII J5 IS:p ill: I 
J:QQu~:CIIQt,--lcucorno"wn ite 

~:L"'m. ,ut>-m'" 
dr"'rim Hm: LeI'. ASI'O. I'x. t'c-Ti-oxidc. greeni'h brown H. possib le h , ,!,,:-'Cked 

.!il!..!!!..Il.:C I.jU !.!ill:.inill..: EII 33 TI:p 1:iS.: I 
~: Oj ll'uc(moriteorkuC<}troC1olitc 

nuin,iz('"Lmm fu : 63- l0 
~1l!.i!!n : Mo't l'distinc·llyelongalc,Mn'tiffl()talll'w ithset,of\'eryfinchirefi-ingcnt 

plate •. perhaps ofBt. perhnps parallel to cleavage rl irect ion{s) , B. II. F~~ Ti-oxid~~ 

specked. 

~:GI.j1 orjlillrnlll2:B Tl 24 "(S:r IIS:1 
rnd..!~)'!!;: either I'x e ll Qtz_m:lllz[)(\iorite or-sycnite (some F8p If) uncertnin) 
~:Lmm.s"t>-mrn 

~: LCP. Z. Fe·Ti ·o.\ide.J\·spcd~-d. Sevcral tcnsofp.."rcc!il Fspwith minor, 
mostly marginal Ml'r partc ht.s,ju,t as with unambiguous 1'. bUl otherwise gcn<'fally 
fcuturck ss. c.\cq)t ",me with faint albite twinning. suggesting th"l ambiguou, Fsp is 1'. 
ooncemlHu()diorilc 

.!!l!.!!!..I!.!:(;142 ~:Blj 32 IS:r lli:O 
~:Olkueogabb"mori1C"rlcu <X)troctolitc 

'rainsi7e8: Lmm 



~: Mos. Pdistinct lyclongatc.l' SPO. Stra ined .,nd slightly re<:rystalliso.xll'. l3. 
H. Fc·Ti-oxidc-sp<-'Chxl. I'-H-F ... Ti-oxidc rdatively thin rim' with rounded k·rmini. 
thercforcrossihlcsepta 

!.!.!!!ll.k: G I4.1 ~:BII31 IS:r liS.:1 
~:I'X·CI { Qtl·lcucomonl.odiorilcor·tnon70nilC 

~:Lmm 

tbrrirlinn ; LCI'. Fspidcnt iitiL'Sandproportj(jns uocntain.F~·T;·()xidc~ 

!.!.!!!ll.k:(;144 oril'inal lD: BII30 IS.:2r ill: 2 
~: CH lcucomon:wnitc 
~:Lmm 
~: LCl' , ligitt yellow F. PLTccnt Fa. I'll. Q. Fe--Ti·Ollidc·spcckcd. Possible Afsp 
orl'r 

S!..!!!..I!.k:G145 m:imtru:Bl I 29 IS: I' 
~:01Icucogabbronor;.corlcucotmL1olitc 

~: Lmm 1:2:64·1 
fJ£'%rirti5'1l: Most Pdislincttyclongatc, PSI'O. Pcrccr.Il . II J S-<!'<-'Cked 

!i!!!!1lli::G I46 ~:LBE35 IS: c llii:t 
~:FC-fich gabbroid(mt.'S()cralicvari t.1y) 

~: Lmm,pcrit.Umm 
~: Lightpink·grccnplcochroic.lowcst2-ordcrbirciri ngCllccO(Fs).'·cry light 
gTt.'Cn C, i.e. LCI' , I'nccnt C. Fc·Ti·oxiik Possible minor Q. P SPO, LI'O. ASI'O. 
Strainlxlaoo",'Crystallis<-xI I' 

~:GI47 ~:BII17 Th:p,r J:iS.;2 
~:anorthositc 
~: Lnnrl El!.:62·0 
~: Common unambiglKlus H·I'·Ft.~Ti·oxi,.k "-"plum texture. A. Fc·Ti·o .• ide-
sp<-'Chxl. Possibly cnoug.h mafics to be lcucogabbro"or;tc, Po"i!>lc l' SI'O. I't.Tcent C. 0 
f. 

!l!..!!!..I!..!:G 148 rui&in1!UI!:B II 2S IS.:p J.lli: I 
~:troctolit c 

nilin si~p: Lmm 1:2: 65·0 
~:I'us>ibIc I' SPO.Strain .. ..:Iaridslightlyr(.'Crystall icdP.Unamb;guousP·II.1 
relatively thin rims ,,,me with rouoot...:I lennini. H H I. S·,pcch..:l. I't...-ccnt C. O. 

!i!!!!1lli::GI49 !.!!i~lillll}llll27 TIi,:2p liS: I 
Mii.!.l:l2!<:troctolitc 
~:Lrnm Eo: 67·0 



~JjQn: I' spa. Stmin~'<i and slightl ym:rystall icd P. Unambiguous P-H·I relat ively 
thin rims. Percent combined H. B. J. S-s])ccked. Percent C 0 

~:GI SO ~:BIJ2 IS:e ll:O 
~:Icuooooritc 

~:Lm1H 
~: ASPO. weak P LPO, sPa. OJkJUrlcss (" and co l<lurlc"-pink pb)chroic 0 
Fc-Ti-()xidc.ll-sP':"k~'<i.I'crcmtC. 

~: G I 5 1 ~:LUE37TIi:c l:iS.: 1 
~:Fc-Ti-oxideFe-richgabbroid(mesoc,aticvaricty) 

~:Lmm 

descUjl\>O'1' Lei'. II-specked 

.!lli.!!!..I!..: G 152 ~:LBEJ6IS.:c ill: I 
~:anor1hositc 

~:Lmm 

d"wiption:I'SI'O LI'O. Scoondary minerals including Ep, ChI. 

.!lli.!!!..I!..:GI S", ~:Blll IS:c ill: 0 
~:leucono,it e 

~:Lmm 

~: AS]'O. CCI'. Perc~'nt Fc-Ti-oxidc. B-sjl<.'Chxl. 

~:G1 S~ ~:BlI<,l IS:, ill: I 
~:ano,!oosi!c 

~:Lmm 

~:Slraincdand rc"ry:stalli'cdP.Pcrccn!CasP·pcrchadacry>tic<lik()cry<I.' in 
I'artsoptically C<Jnt inu<lu<ovcr at icast Lmm. ManyI' irreg ular in shapc wilhirrcgular 
ooundmics. H-sP':'Ck~'<i 

2!!ill!£:G ISS ~:BlIlO IS.:r ll:O 
~: l cuC<Jtrocto Jitc 

~:L"])]) 
~: P spo. B. Fc-Ti-oxidc, II-specked. Unamhiguous H - I'-Fc-l"i-<>xid~ ,,-"ptum 
!nturc,l'cn;cn!C O. 

2!!ill!£: G 1S6 ~1l1l 1 6 IS.:p ill:i 
~:allorthos i k 

~:Lmm.l'crh.suh-m'" 
~illjQ!1: p spo. Sirained and immsciyrl\;rys!ailiscd P. L M. E, II -sl',_'Ckcd . Pc.,-cent F, 
combincdCO, PcrecnlC.O. F. 



.!..!!.!!!.Il..: {;!S7 ru:il:.iru!!..l: LBE 28 IS: I' !is: 1 
~:ep~nor;te 

~: Lmm.sub-nun 
c · . t', : CCI' . Percent 1I.1 S-s ked . 

E.!!!..I!.k.:G1511 NiJl.in;Jlill: 8113 IS:c !is: 0 
~: icuoogabbronoritcor [Cpx-Opx1 anortr.os;w 
MuiLc.:Lmm 
ilixl:im.wr eel'. O. greeni sh brow" II. F~ ... Ti-o~idc-spccl::cd. Possible l' SPO. Apparent 
ncgati"c-cryslal inclusions L"Omrnon in I'. Vcmlicular intcrgnm1hs along SOnK 1'-]' 
boundaries. though no Afspobscrvcd 

.!..!!.!!!.Il..:G IS9 !llil:.irulllD.:BS la IS: I' !is: 1 
l.\KkJj:l1!<: Icueollor;te or Op~ anorthosite 
~: Ltnm 
dcsqiption: cel' . ASI'O I' SI'O. I. M. B-sp.,cked . 

.!..!!.!!!.il..:G I 60 !.lIiJ;.iJ:W..l. BS Ih IS: r illi:O 
~: leuoonorile 

~:Lmm 

~: ecp. Possible weak ASI'O. I' 51'0. I'·ink.,-stitial 0 and Coikocrysls in ncar 
p<..,-fl\;1 "ptical conlinuily over Urnrn. B. grt-"Cni sh brown H. Fe-Ti·oxidc·,pcckcd. I'creon! 
C 

.!.'!!!!.I!k: GI(. I 2ril:illi!.I..l: as Ie Ili:p llii:2 
~. anorthosite 

~: Lmm 

description: MOSlly colourless Px. ASPO. 1MB C-specked. Percellt O . 

.!..!!.!!!.Il..:G 162 ~:BSld IS: I' lli:O 
m£i>J.Hs:anonr..,itc 
yrainsilp:Lmm 
.dggirolion: eel' . I M. B C-'P'::'Cked. Percent 0 ASI'O. po,sible weak I' U'O 

.!..!!.!!!.il..: (; 16.. !.!ill:.im!llL!: LBE 9a IS. p tiS: I 
~:Fc-richoori tc 

~: Lmm, pcrh.U mm 
~.li!m: LeI'. Percent I. Il. C·sp.,<:h~L I'x mostly a, <X:CI(Ol'x)O. perhaps to Lem. I' 
willi palclicsofAPr vcryrarc. 

.!..!!.!!!.Il..:Cl~ m:iJl.in;!iill: LBE9b IS.:p ill: I 
SamcasGl63 

.!..!!.!!!.Il..:C I(,S ~:LBE8 IS.:p liS: 1 



~:kucotroClolitc 

~:Lmm .l:J.1'68-2 
dC5CTiPlkm: Percent combined CO. I, M, S, B,spcdcd 

.!1!..!!!.I!.!.:G1M ~:BII55 IS:p .u.s.: I 
~:OpxAl'r<.liori1C 

~: Lmm. rcrh.suh-mm 
~: ecp. Percenl Il. I, M. e-speckcd. P slraincd aoo rocrYSlall ised. moSl crystals 
cyuarllorirrcgularinshapc. 

m.!!!l!k: (: 167 ~:Bllil IS:r ill: 0 
~: 0 1leuoogabbronorilcorlcuootro,wl ile 
~:Lmm 

~; I' Sl'O.l'~T~-"''Tlt. [XThaps 5';' oombinc<.l CO. Unambiguous p-H·Fc-Ti-oxi<.lc 
rclal,\'clylhinrims. fl -spcck~'<l 

~:GlI:;S ~. B1112a IS:p.r I::I.S.:I 
m£k..ull£:01 leucogabbronoriteorlcucotmctolite 
~:Lmm & ,1'66-1 
~: S. I. M.Il. II _specked. Perce1lt C. 0. Unambiguou. I'-H_I rims. but also 
!>OssiblcpartialH-P-lscP'a . 

.!.!!!!!l!k: (; 169 ru::iJ:in;!ll.b: BII 12b IS: r HS.: 0 
Iill:k.nm::01 kucogabbronoritcor lcucolro~1()litc 

~es:Lmm 
dcscrirlion: H. 11, Fc·Ti-nxidC-SIX'Ch'<l_ Pc,,~~,t C, 0 

.!1!..!!!.I!.!.:G170 ~:BII5 ISp,r J:iS:l 
~:OIIC\lcogabbronor;te 

~:Lmtll &:59-1 
<.ll:S!diplivn: 1 M. S, B. H-sPCCkcd. C and perhaps 0, with angular p-intlTStilial habit 

.!1!..!!!.1!.!.: G I7 1 QIj&iru!lJ.l:!::BlI4 IS:c illi:O 
~:Ieuconorilc 

~;Lmm 

drsrrirtKm; ecl'. e, H. I'Q·spccl.cd 

.!1!..!!!.I!.!.:(;172 ~:BII57 IS:p lI.S:o 
[Qjj;J~:OI ga.bhro 
~:Lmm,perh_'iUl>-tllm &:61·1 
~: Percenl 0, B. I. A-spech"l, Minor S. Many P equant with Ix,ln,'onal or 
sllIoothboundaries . 

.!1!..!!!.I!.!.:G173 



~:Px-richAPrdioritc 

~: Lmm, pcrh .sulJ..mm 
1!.ooiJlL~'": LO'. Percent I. 11,1, B-s))<.'Ckcd. Many P e<;Juant 

~:GI74 ~:BII 56 IS.:p liS.:0 
~:Px-richAI'rdioritc 

~: Lmm . . <ulJ..mm 
dg crmtjon: LCP.I, M",-spcc"",k'""-"OC",C,"IP,,O.~ ________ _ 

~:GI75 w:iltilli!!JQ: 131 40 I£:c JiS:O 
B!£k..L'1"" k-uconorilC 
~:Lmm 

~: CCP. although some "cry light green. P~'1'ct:Tlt Fe-Ti-oxidc. B. C-SJlCCkcd. 
Minor Z. Apparent nq.;ativc-crplal inclusions COmmon in P. Pussible APr. 

E.!!!.I!.!£:(;176 ~:BI122 IS:r liS: 1 
~v:s:: I'x CH monzonilc 
~:~ul>-mm 

~: LCP. Z. PQ-specked. UuclTlain p..'1'ccntagcQ. Dccamicron-scalc matr.~ 
<lornir,"n[ with ccn(umicron arid Lmm porphyrociasts or pheoocrysts ofMPr. Ma fic and 
phenocryst C<lnCemral~," SI'O (CSI'O)' phellOCTts ",ayoccur inlayers 

~:Gl77 mi~:13112J IS,:2p li£:1 
~:01Icucogahh",nori tcorleuC01r0C10Ii lC 

~:Lmm fir 61_1 
~r1i2!l: I'ercem. I",rhaps 5% combinl'd CO. I',,«ihlc I' $1'0. B. I. M. S-spcch-d 
Unambi!!uous!-I-P-lscplUmlcxture 

~:G I 78 2Ii1:illi!UU::131149 Ili:r Illi:O 
~:lcucotroclolitc 
~:Lmm 
dl'Sl;ription: P SPO. Apparcnt P-Il-Fe-Ti-oxidc relatively (hin rims. some wilh rounded 
1emlini_ 1hereforc fX",ihl ~ sepIa. B, It Fc·Ti-oxidc·sp".,h-d. Grcater Ihan 5% combined 
OC({.">O) 

~:G I 79 .m:iJ:.in;UjJ,,:BI I49a IS:r J::LS:I 
milJ~T!!<: 0 1 gahbro nori1ic ('lkaningO anll C ,,,,I neccssarily Cljual) 
~:,ulJ..mm 

!kKtim.iQll: ASI'O, CSI'O. although wavy. MOSI cryslals sul>-mm. l'<juam Wilh polygon"] 
and s'''''''lh boundaries. ~~pecially 1'. Slrained mm porph)TOda'<1 s I phe"lucryslsofl'. fl, 
Fe-Ti-ox i<lc H-sp';cked. 

~:Gl110 illiJ:.in;illl2:BS 4a IS:p H5:0 
~:anortlx)Sitc 



~:Lmm 

~!!.i<m: eel'. pcr'~~l{, perhaps 5~. or more O. I' SI'O. ll, M-spl,<:h'd, I 110t discoumcd 
(poorlypolishcd) 

2.!!!.I!.!£:G181 ~aUJ):flS4b Ili:p IJS I 
~:anor1hositc 

~. Lmm 

i!@:rillliQJ):eCp,B-sJX."Ckcd, pl1'cent combined l. \1. Percent 0, 

2.!!!.I!.!£:G 182 ~:BS4c IS:p ill: I 
~:lcuconoritcorOpxallOr1)lOsi te 

~ .... :I.mm 
d~"",dptic:>n: ecl'. I'o'sible J' SPO, 1.1'0. B, I, M,C-spt'('kcd 

ffi!!!Jl!!::(;llU ~:BS4d IS:p tlS:O 
~:Icuconoritc 

~:Lmm 

...2c:>"1ipliog: ccp, Px (thou!;!l irrcKular),1' SPO ASPO, 1 M, C 8-sJX."Ckcd 

.!lli!!!.I!.!!::G 11I4 ~:81190 IS:r liS.:1 
~: lcucotrodolitc 

~. Lmm fQ :S6-l 
~: M, I, S, Il-spc<:~~"(!. Slraincd utwl pat1iallyrl'cry,tallis~"(1 1' . Greatcrthan 5% 
combined OC (O>C) 

S!!!ill!£: GI8S ilriJWWll2: HII'!I IS: p,r J.J.S: 1 
~: (11m-Mag) Px-rieh APr diorite 
~:Lmm £2:61-0 
~mi!m: Lei'. I'crccm A. B-'p.:eh'll. AI' r aciculcs only unambiguou> under 400X 
OCCIPO, 

ffi!!!Jl!!::G I1I6 ~:B1192 IS:p.r l:iS.:l 
~:Ol-richgabbroor!roc!olite 

~: Lmm &:67-1 
~: I, S, B"pl,<:ked. Some 0 maybe mi,idell1ificd a<C I'"" ihle weak I' 1.1'0, 
ASPO. Mnny cry,!al, l"luan! in shape with polygonal or .<mooth boundarie., Percem, 
PCrl~1pS 5~/. C 

!!!.!!.!.I!..!£:G 11l7 oriRinallD: BI41 IS:c 115: 1 
~:lcuc-on",itc 

~:Lmm 
!kruiptio!l: CO'. H, C, Fe-Ti-()xid,-"'spcd~'d Possible 1', Px SI'O 

.!lli!!!.I!.!!::G188 ~:BlIl!9Ili: 2r 



r.W.nl!S:: 01 gabbro 
~:Lmm 
~: Percenl B. Pecenl. perhaps 5%0. Fe·Ti-oxidc-spceked, S~·,:()ndary min~ ... als 
mcluding SI.. ... pcntine and iddingsile 

~:G I 89 originaIID:BII% IS:r ill: 0 
~:Olgabbro 

~rain s;,es: Lmm 
~: C oikocrysts in opt ica l coll1inu ilY0\,crat least U11l'n. P~"1'C~'lt B,O, Fe-Ti
oxide-specked 

.!!l!.!!!.I!.!!:G190 ~:BI195 IS.:r lli:O 
~:Ollcucogabbro 

~,Umm.Lmm 

!.I£;gjI!l.ign' Stmincd and partiallym::ryslall,,,,-'<lI'.l:I. O. Fc·Ti-oxidc-sr«k~'<l 

~: G I 9 1 QIiWlllLJ.J2:Bl i94 IS:r LIS: I 
~: Ap-spcckcd (Fa-h) APr dioritc 
~: sub-mm_ perh.Lmm 
~; Lei', lignl yellow F.l'crccnl Fc-Ti-oxicie, Grcalcrlnan5% Fa. Px.lJ
specked. Perccnt. rcrhaps 5% A APr aciculcs only unambiguous u,!Cler 400X 

!!.!!!.I!!£: G I92 ~:BI 19J IS:p.r ill: l 
~:lcueutroc1olitc 

~: Lmm, pcrn.Umm 
~: Unambiguous I'·H-I rciali\'ciylnlll rims. some with "'UJ!Cl~'<llennini, 1. B. H. 
S-sr«koo. 1'ossihlc ASI'O 

.!!l!.!!!.I!.!! : G193 ruil:illi!l..lQ: ill II 15 Th:P ill: I 
~l!S:: Ap-[(llm-Mag}[ I'x-rich APrd;'"rilc 
~: Lnun.pcrh,Umm 
dC'l:til),lion: LCP. O<:CiPO!o a! leas! Umm. l'""iblc MI'r 

~:G195 ~:BII128 Ili:p ill!:1 
~: [Mag·Jlm] I'x-rich Al'rdiori(~ 
~:Llllm 

""wripl;on: LCI', I'l'feern A B,sP':'X:h'<l. OCCII'O 10 at leasl Umlll. 

~: CI96 Q!iginrrUQ:BII 19 IS:p 1)5:1 
~:Fa-P.~CH,nonl.onilc 

"rai",izcs: Lmm 
~: LCI'. lighl yellow F. ~tcni,h bro"m H. Grc"l~'f Ihan 5% Fa. P.~. Contirmed 
APr M1'r 1'r. I'crc~rn H. Q I Z-sp"d~'<l. Mi[)(" S 



~:G20 1 ~ Bill 16 Th:c llli:2 
~:Px-richAPrdioritc 

~: rUmm, Lcm1, sut>.mm, pcrh.Lmm 
!NKri1lLiruJ: LCP, Mos! P.~ Unnll and Lcm OCCIPO. Fe-Ti-oxide, grct.11ish brown 11, B. 
A-sJX"<:kcd. 

~:G20! ~:BlII1 5 15:p ill: I 
!:!K.!U.;J!I;: I(lIm-Ma!:11Fc-r ich!:ahhroid{ llIe,ocra!ic variL1Y) 
!'rainsi~,'s: Lmm 
dcS£U!l!iQp: LCP. ASPO. No APr, PcrcclIl B 

.!il!..!!!..I!.:G203 ru:ilillllil..l: BIV 10 IS.:p llli:O 
~:mclagabbroid 

~:.ut>.mm.p<....,.h . Lmm 

ill<Kr.iCliim: Pcrcent Ep,blucishgrccn I)()ssiblc Am, brown anrl grcydu<ting, S,Fc_Ti_ 
oxidc-sp"d,,,) 

~:G2~ ~:I3IVII IS:p llli :O 
~: llm-PxArrdiori lc 

~: Lmm. sub-mm 
d£Krj1!li2n: Perccnt Fa. A-specked. OCCIPO. P '''luanl or irrcgular in .hape wilh mostly 
polygonal or slllooth ooundaries 

~:G205 ~:BlVI2Ili: p ill: l 
~:APr kucotonalitc 

grainsi~C5: s"b'rmn p<..Th.Lmrn 
~:O-'ip<..'Cked.p<..Thapslesslhanoncpcrccn1 . Mo"lyiJTc!:u l arlyshapcdcrystals 

wrth irregular boundaries 

~:G206 ~:BlV J IS.:p ill: I 
~:cru~iferousTTICtagabbroid,pcrhapsgabbroTlOritc 

~: Lmm iflcnglhwisc. sut>.mm 
~: !' blh, of div~'fsc orientations. many o\,~'flappin!: 10 fonn crosse>;. I'x 
intcrstit i"l und as ,"Xlnccnlrically I.oncd laths of similar size or larg erthanthoscofP.S . 
.kel~'\al Fe-Ti-o~ide- ,peckcd 

.!il!..!!!..I!.:G207 ~:BlV2 IS:p tiS:l 
~:S<.'flX'ntinis,-dd"nitc 

~: rclictLmm 

dc'<Com.kill: Isolak ... 1 relict F in...,rpcntrnc n~1trix. pt.'fhap' 35 :65. I.mm inciusio"sofl' -B
Px·Grt (dark ,,-ddish brown. isotropiC. rcllcelmK'c 01 Z) rock . 

.!il!..!!!..I!.:G20H ~:IJIVI IS:p tiS: l 
Same as G205cxcqJtp<.'fc'Cnt0. 



S!.!!!l!!£;C209 ~. IlJV9 nip Wi: ] 
~:'I'''l'''llIini'ledl'xdunite orlherrl'''ridotit" 

~: sub-mm. perh.relict Lmm 
lIlliriuJjQn: lsobtcd relict F in scTJlCnlinitc malri.', Sc,mcrcd Px and dominant in scvLTal 
IllnHhick h.~nd. both C and 0. givcn fi-c><Juency of I-order interference ~,,1<)urs. Percent II 
lhroughou( 

S!.!!!l!!£:GI IO ~:BlVI4 IS: I' .!:is: I 
J:QQ;Jll!\.':: Al'ranonhosite 
~: Lmm.pcrh.sub-mm 
IIllirirliill!: Minor S. r. c. Q·spc<:kcd, Percenl O. pl.Th~ps 5% ifrclicI in<:lu,kd. Some 
APralillOSl Ml'r 

2!!!..I!..!!::G21 1 ~:BlV7 IS: p Wi: I 
~:OI(Px·Ael)·richul1ramar.croc);: 
~:sub-n\rn 

~: B SI'O. ASI'O, Light grc",n 10 lighler green ]>lc'Oehr,,;~ Am. l"''rhaJ>S Act. IJ· 
sp"<;1,,,,<1 

S!.!!!l!!£:G2 12 m:il:iruIllD:: 131 V 8 IS:]> llS.: I 
~: [(lIrn·Mag)lPx·ricl1APrdiorile 

~cs: Lmm. sub-mill 
~: LeI'. OCCIPO. A. S,sl"--'Cked. Very few dist inc1lyclongal<' 1'. and ~\'e n tho"" 
ha,'ek)w"-'P':"<:tmlios(-l) 

S!.!!!l!!£:(;! IJ ~: BlV13 IS: I' ill: I 
~:I'x·richAPrdiorit c 

~: Lmm, sub-mrn, hut finc..-lhanG212 
~: LeI'. ASI'O. OCClI'O. I' irrcgularor c'quant in shal'<'. Percent 1. M. B· 
sP':'Ckcd .Finc prismsofPxinP 

2!!!Jill::G2 14 mU:.in.lll..l.U:BIV4 IS. I' l::.tS.: I 
m£kJ;.l!!O: 1'1-01 (J!bl -I'x)-rich rock: c;tllL..- 01 (Hhl-I'x)-mclaoogahbro or 1'1 ·01 (Hhl·l'x)· 
richultramaticrock 
~:sub-mm 

yc<' M",krate lo ,'cr li'lt· icocbro;coran·j,h· ttnH. LocaiF,)ASPo. 

2!!!Jill::(;21S ~:BI 13 IS.: c Wi: I 
~:o.l-sl"''C].:l-d(Hbl· Px)·richultn''''''ticrock 

~: ,ub- Illm, fl"'rh.Lmm 
~: ASI'O. CSI'O. H Sl'o. I'o"ihlc Al1·'I"''C].:c-d. Mo,kralc to hght·pkochroic 
orangc llwi(h sligh(Jl!ccnisht i"gc 



~: G21 6 I.>.r.i.Jiliwl111l113a :rS'c LIS: I 
~:APr kucotonalitc 

~:Lmm 

~: 0, C·spcckc(\, ASPO. Q spo. Mostly irregularly shaped crysta ls with 
irrce;ularboWidarics. 

.!l!..!!!..I!.k : G217 illi~:BI V() IIi: I' J::.\.S;I 
~: Fc·rich gabbroid (mesocmic vari<:ty) 
!·,., in,;zes: sub· mm.pcrh,Lmm 
~c'(dPliQjl: LeI'. AS I'O. I'L'1"CCnt P'='1"haps 5% combined! M 

~! G218 .i!dJ;.in;!l..ll;!: IlIV5 Di:1' Wi: I 
J:.lKk..l~ :lcucotonalite.possJeucogra!lodiorile 

"r~in 'i~cs: Lmm 
dl'sninlin,,: [·n:scoccandthcreforcabundalK:cofAfspullCcIlain. 

S!!.!.J.!.k:G21'1 ~:BII Ilip.e liS: 0 
~:I)~APr diorite 

~: Lmm, pcrh, [Umm. LcmJ 
~!.iilll: LeI'. I'c.-ccm. p"rhap' 50/. combinL'1l L 1\-1, PtrL"<-'1lt A. OCCII'O up to Lem. 

~:(;220 ~:Bl4 IS: c H.S:O 
~: I' xCH monzodiorite 
~: <ui>-mm. perh.Lmm 
~1'.!iQn: LCI'.light yel low F. grc'<'nish brown II, Percent Fa. II. F,,"Ti·oxidc,spl.,<,h~1 
Pr.APr. but 00 definite MPr. 

~: G221 ~:BlJ 1.5.:p.e illi:O 
~: I'x·ri<:h HYP<iioritcorCH monzodiorite 
~: sui>-mm. Lmrn. pcrh.[Urnrn, Lcm) 
~1'lk!!J : LeI'. grttnish brown II. OCCIPO !o Lern. P~'1"ccnt. perhaps 5% I (that ~o rnc 
ofwh!ch may he M no1 <ii"counted). A. II. Z. possihle Q-spl:,dL-d, I' > I'r. Ml'r. 

~:r.2B m::il:.iruIllll:B11I19 IS: 1'.<: ill: I 
~: Ol gabhro 

!'rain<i,,'" Lmnt fu: 52·2 
!kKri1'.llim: Pcrcen1.pcrh0l'sSo/,combincd ILfl. Varictyofll -I'- ltcxturL"I.hutonly l'-ll -
1 relatively !b;" rims unamhiguou<. Mo,! I' dist inctlyc~)!lgaIC O. I. M. A. S',pcch-d 

~: G22.t ~:flI S IS:e lli:O 
~: ([(Bt · Hbl)J·OI) 1cucogabbronorilc 
~:Lmm 

desqip(ion: Mosl l'disli!lctlvelon!.i!lt c.F,,"Ti-oxidc-spcd~'ii 



.!.l!..!!!..I!.: Gns original I!): III 5 Di: ellS: 0 
~:MI'rleucomonzogranitc 

~: Umm, rerh.l.mm, I.em 
dC§£[imKm: Most Fsp MPr lesser APr but IXlssibly granodiorite 

.!.l!..!!!..I!.:G226 ~:1317 Di:c llS.:O 
~:rFa-pxrCHsyenograrli1c 

~: Lmlll . suh- Illlll 

~: LCP(CO), light yellow F. Grcatc..-t han S%COlllbined Fa. I'x. ,\1o,j erys1a ls 
....!:9uanl ~"p.:<:ially 0 Or im.;g ular in shape. l'O-spcchxl . 

~:G227 ~:1l1 9 Di:c l:iS.:O 
~:HbIIlYPgfanire 

~:Lmlll.po:.Th.sub-mrTI 
~: Grte ni,hbrown 1-1 wi1hug.grcgalcund indivKlua l inclusionsofreln1ivcly !llle 
O.l'erc-entll.l'Q-sp"dcd 

!!!!!lll..!!:: G22l1 oril'inaIID: Bill 21a Di: e liS: 1 
mdi...!:ll'>:CII.ycnogranitc 
~: sul>.mlll. many _I mm 
~: Similar (0 226. exccp( fincrand no F. Percent. pcrhaps5% Px. I'Q_spL'<:k~~1 

Mo,tcrr:<talsC<]u."mt.csP':'<:ial lyO or irreg ular. 

~:G22" ~:13I112IbTI:c ill: I 
Simibr10 (i22S 

~:G2.l0 !.!Iil:.in;lil1:1lI11 l!i:c tlS:O 
Similar to G22S. 229 cxc~pt ti'Y''''ish brown H-,pc<:kcd 

.m!.!!1!!£:G2.1I ~:BII123 TI:r ill: I 
mci;.n")1!;: I'x ell QlZ-rnonzonitc 
~. I.mm 

~1'J.kur LeI' (almO'1 clllircly 0), gf<'Cnish brown II. H. I'Q. Z-splxok<Xl. Some 
OC('lPO. Globular and vermicular myrmekilc . I'r. Al'r, Ml' r 

.!.l!..!!!..I!.:G232 !.!ri~:IlIl[22 Th. c J:iS.: 1 
~: [ Fa-PxJCHQt z-lc\Jcornonzoni (eOfsyeni (c 

j'f·,;nsizes: Lrnm 
~1l1!!.!1! ' LeI', IIgbt yellow F. grtenish brown H. H. PO. possible A-s]'IC"hxl. ,\1os1 
Mlr ><--em, 10 be Af,p dominate. and more aecuralely classified as Pro therefore fock Ill.ay 
besy. lIilorc than S";. combincd fa. I'x. 

~:G2.l.l m:iJ:m;!l1ll:BIII17 IS:e liS.:1 
$imilarlOG232 



!!l!..!!!..I!.!:G234 ~:BIII 18 15:c liS: I 
~m:: C!lsye""grnn i1e 
~:sulrn"n,Lmtl1 
~: LCP, ~ccn ish brown H. Pnccnt. [It'rhups 5% Px. Mos! crys!a lscquan!. 
esp.:cial ly Q. or irregular in shape. H, I'Q- sp".:h~1 

!!l!..!!!..I!.!:G235 m:.iJ:.i..llill: BI1I20 IS.:c ill: I 
~: I'xCH Q!L-TTJOw.oo iori!e 
I'ninsin"S: Lmm. p'-"fh.sub-mrn 
~liill!: LCI'. ligh! yellow 1', greenish brown H. I'( including APr) > almos! 
mcsoperthitic Pr. Percent. perhaps S'/o Fa. II. I'Q-S[":."Cked 

!!l!..!!!..I!.!:G236 ~:BllO 15:c jJS : O 
~: [(B!-Hbl)]-Ollcuoogabbronori!cor leucotro~101i!c 
~:Lmm 

~P1io!!: MO$1 P di8tillClly elongate Apparenl I' -H- I rela!ively 1hin rims. OCCO 

!!l!..!!!..I!.!:G237 ~:Blill IS:p ill: I 
~:tm<.1olit c(" OI-richgabbronorit c 

~: Lmrn,sub-mm fit : 68-0 
~; B. I_ S -sp'-"Ck~-d . Unambiguous B-C ,ympicc! i!.:. P ~~l u a"t, irr.:guiar. or 
di"inc!lyelongatc in,hapcwi!hpoIYij{)naiand,m{)othboundnrics 

!!l!..!!!..I!.!:(;2J1I oril'in ·,IID: Bi ll 2 IS.: p liS.: I 
MkJ»:!!r 1(llm-Mag)II'x-rich Al'rdiori!e 
~: Lmm. pcrh.sul>-mm 
~: LCP. A. B-spcckcd. Some P distinct ly elongate. tnJny<'quum with polygonal 
and smoolh boundaries. Slrained P. Some A ijreatcr lhan I mm Ions 

!!l!..!!!..I!.!:G239 original I!): 131113 lli:p ill: 1 
~:[(llrn-Mag)[P)(-richAPrdiori!e 

~:LnHn.pcrh.sub-II"n,butfinerthanG238 
~: LCI' . gtc.:nish brown H. B. ,\, H-spcchxl. Some rc1at ivc1yconr>e l' wilh 
rounded Px-chadacrysts in variable o)"JIical continuit y with cach otr...."f. Some OCCII'O 

.E.!!!..I!.k: G2~2 QIjlUlli!U.Q: BS Sa IS: 21' ill: I 
~: lcuootrodoli t.:orOl lcucogabbroll{)riIC 
I'min sin·" Lmm f.2: 66-0 
ili:Kt!l'tion: P SI'O. Most I' di'\1I11Cll y elongate. Unumb'S(jous U-C ,)-mpb:t ite. H-I'-I 
scplUllltc.'ture. oceo. Straillcd and panial ly r<x:ry"allis<~i I'. l'crccnT combin~-d CO. Ii, 
I M-,,,,,·-ckcd. I >,1.1. Pcrccnl B 



.!!l!..!!!..I!.:G2~3 ~:BS8b IS:c .IJS:O 
~: OllcucogabbH>oor;tc 

~:Lmm 

~: Perccnt B, Unambiguous B-C sympleClitc. 11, Fc-Ti.o~ide·spech'(L Mo~ P 
distinctJy "Iom;ate. Possible P SPO thou!!.h many erYSlals asainst ;1 

.!!l!..!!!..I!.: G245 ~:!lS 3d IS: lOp llS.: I 
~: l el'cotroctolit c 

~: Lrmn E,Q:68· 1 
!kKri1lJjQn: OCCO. Percent combined II. Il. A-'pecked 1-'IX'Cked. Mioor M. 
Unambiguous B·C syrnplcct ;tc.I I·P·1 scp< umle .• tufc. Strained and n-.;ry<;lalli,ed I' 
Possibly w"atL'T lhan 5% combined OC (O>C)_ but individually eaeh al less than 5% 

.!!l!..!!!..I!.: G246 1lIil:.iruilll!: BS 8c IS: I' ill: 0 
~:lcuc01mC101ite 

~:Lrnm fu:68·1 
~: Possible P SPO. lhnugh many crystals agair~'1 it. Unambic""us J)-C 
syrnplcc! ilc, H-P-J s.:p!um tcxt ure. Slrained and parlially rccrystallis .. :d p, Pcrceni 
combined CO. P"n;col combined !lB, I > M S-spo::dcd 

E!.!!!..I!..!!::G247 ~:BSH Th:P 1::ili:1 
~: Op'·Cpx·spcckedt roctolile 
~: Lmm, pcrh.sub-nun E,Q:69- 1 
~: l'o"iblc » S[,O, though many cry'tais agairrst iI, OCCO. P~'1"C~~lt. l)Crh.~ps 5'/0 
combined CO, Percent combined l!lll-SIX'Cked. M nol di"',,"nt~-.!, Strained and parlially 
rL'Crystal liscd P lJnambiguou<B-C .yrnpl~-.;tik 11-1'-1 scp"",",""",,,,,c.~,,,,",,,,,. ___ _ 

E!.!!!..I!..!!::G249 ~:BS8h TI:p llS.:1 
~:Ollcucogabbronoritc 

~: Lmm fu: 67·2 
~: Parliallyrccryslalliscd P. Unambiguous H-C S)111I,k'Ctrtc. I'crcem oornbin~-d 
BH, Possibly more than 20% F. OCCO. J > M-SIX-.;kL'tJ 

E!.!!!..I!..!!:: G250 QLimuo.: NBS 15 I;i. r liS: I 
~:(Bt -Ol)gabbroorgabbronorilc 
!'['[in , iz!'s; Lmm, sub-mm 

~!'1.i!1!r I'mpon~m of 0 uncertain. !leoTi-oxide, A-,pecked. 

~:G2SI !lIll:.inallD.:NIlSI4 I5:r ) IS:O 
~; l'x-ri<:hMAPr diori(~ 

~i7c<:'''h---mm 
~il1k!lr [.CI'. OC<: II'O. PQ. Il -SIX'Ckcd. Crystal s)"'JlC' irregu lar or~'quant, Fsp-Fsp 
boundaricslocallvvcryirrcgular 



~: G2S2 ~:ilS6a I.S:p illi:O 
~: [(Jim-Mag)] Px-rich APr diorite 
~: [sub-mm, Lmm), IUmm, perh.Lcm) 
dcssripl io n: LCP. OCCIPO dominanl perhaps 10 Len!. B A. Z-sp.:d:cd 

~:G2SJ !.!..ili:iniIl.BS6b Th:p llii:l 
~:CllQ1z-lcucomonzodiorile 

~:Lrmn,lhoughinOtjuigranular 

~: LCP. liglll yellow F, gft.'Crli sh brown H. H. Z. I. .1.1. UNKWN (as in H98). 
j?()ssibk A - speckcd. l'erc~'Ot fa I'x. 1'~'Thaps IO% mafics but "OIlC greal~'T lilan 5% 

2.!!.!..I!.!£:G2S4 ~:BS6c !S:p 1:lli:O 
~:[(Fa-l'x))CI1Q1z-monlOnilC 

~: Lmm, lhoughincquigranular. perh.sub-rrun.Umm 
~: LCI'. lighl yellow F. grc"'ni.h brown H. Pntt.-'OI combinc<.lIM. H·spt.",kcd. H. 
p<:>ssiblcA·spcdcd. I'ercenl Fa. I'x. Perhaps 10";' mafic, 

2.!!.!..I!.!£:G255 ~:BS6d IS:p l.I.li:O 
~:CHQtz-leucornon:wnilcorsycnilc 

~: Lrnm,lhoughinC<juigr.lQu lar 

W;:;qiPlj2n: LCP light yellow F grwnish bmwn H. II Fa ]'x 1. M-s!X'Ckcd 

!!!!ill!£:G256 1lIil:iruIlill; BS6c Th:r llii:O 
~CHQtz-,ycnilc 

~: sub-mrnloLctn.incquigranular 
~C1iill'): LCP.light yellow F. gft."Cnish brown lL Pereem II > <>1I1<.'T rnafres. Mrnor Fa 
Px. I. M·spt.'Ckcd. AI l00St So/. malies. As wilh 252 through 2S5. Pr and IlOssible Mlr as 
almo:;l mcsop.:rthilic Pr many wilh addilional c.~solulion barely ft.'SOlvablc at 400X 

~: G257 ~: BS6f Th:p .!:is: 0 
~: CII Qtz·syenile or monzonite. orOI sycnogranilc", mOllZogmnilc 
l'rainsin"l:sub-mmloLcm.ioc'quigranular 
~: LeI'. greeni,hl>rown II.Pcrccml'x. some I>caring rclalivclycoarsc I'x 
lamellae. Diffuse I'r or MI'r greak'T or Otjuallo almosl mcsopc'Ilhilic Pro Pcrrn,ps great"T 
than S% lmfics(sect ;ononly JISth.so f normal si7.cl.It M I-'P""kc>d 

~:G2S8 ilri~: I)S% IS p JiS.:O 
~:P.'.richAl'r rliorile 

Vrain si~c"S: Lmm, [KTh.sub-mm.[Umm. Lcm]. incquigranular 
~: LeI'. 1'("(:"'01 (."Ombincd 1M. A·spc-d:ed. OCT1PO riomin-'nt. pc'Th~ps to L,m 
8-s" .. ,<;ked 

2.!!.!..I!.!£:G259 ~:8S9g IS:. US: 0 
~"C!<:Px·richAPrdiorite 



vrain sites: Lmm. pcrh.sub-mm 
!kKri1!!.iQlr 1.0'. OCCIPO. mo.'\! if"o! all Lmm. [lCrhap<!o Umm. Percem Fc-'!'i-oulc 
Pcrhaps!"-,,,emAZ.B-sp<.·cked 

~:G260 ~:BS9f I..S:p,c ill: 0 
~:Opxlcucogabbroorlcucogabbronori!"orFc-richlcucogabbroiJ 

~: Lmm 

!J0uj1lli!m: P 1.1'0. Very ligh11y CP. I'crcenl com"in~~ll. po",i.,lc .\1. S-'I>t.'ChxL MOS1 
")'Slats ~,<!uan1 or irregu lar. Rare am"iguou.. APr 

~:G26 1 ~:BS9c IS: I' ill: I 
~; [(lIm- Mag)Jl'x-richAI'rJioritc 

~: Lmm. perh.sub-mm 
~: LCI' and lhinly cut or perhaps vcry Iighlly CI', Ccntamicron and greater tI~1n 
I mm A-sp(:cked. perhaps percent. commonly as cXlI1ecrltmlions or ag,grcgmcs. B
spcch-J 

.!ill!!!I!!!::G262 ~:BS9J I..S:2p H.S:O 
~:rl lm-Mag J- PxAPrJiorilC 

~: Lmm. ,ub-mm 
~: LCI' , A. Z-specked. perhaps pe"cnt combined. MitIOr Q as irregularly 
shaped crystals marginal 10 1', I'x , Sccondarygrccn Am ~nd possib1cChl afkr Px, 
po"i"lcscricilcandcon,jJcnlblylcsscrEpalkr l' 

.!ill!!!I!!!:: G26.1 !.!!il:inillJQ; BS9c IS; p I:iS.:O 
~ r(llm- Mag)IPx-richAl'rJioritc 

~: sub-mm. perh.Lmm 
!l~~ciplio1): LCP. A, Z. B-sPCCked. OCCII'O.l'ossible weak ASpO 

.!ill!!!I!!!::G265 ~:BS9a Th:p l::LS:O 
~: [(11m-Mag)] P.Hich APr Jiorilc 
I'rain<izt·<:sub-mm.l mm 
~: LCI'. light yellow F. Fa-specked, perhaps 1-2 %. A. Z-spccked. Minor B 
PossiblcweakASI'O. 

E.!!!l!.!!.:: G 266 Q.IjgirulijU:NBS8 I..S:e ill: 0 
~:Fc·Ti·oxidcPx-richAPrJiori tc 

1'@insin,,:sub-mm. lK'rh,Lmm 
JkKWlli!m: LCI' and lhinly cut or perhaps vcry lightly n'. I'.,,,ibl,, ASI'O. OCCIPO 
Possible Q_speded. I'er<; .. ~lt A.p<.'1"hap< 2-3%. Minor R~l-bmwn B. Abundant ....... xmJary 
:lIrcration. of 1'.' to relat ively light orange mica mi~cd wilh Chi. also to dark_coloured 
opaquc,andofPw possible sericite and lesser Ep 

~:G267 Q!jll.in&l.[!: NBS 1 I..S:r 



~: coarser: P~-ridl NPrdioritc, tiller: gnbbroid (mesocralic variety) or Fe-rich 
gahbmid (mcs(xTdtie variety) 
~:eoar"-"- : sub-rnm. pcrh.Lmm, fint . .,-: ,ub-mm 
~: coarser: LCP. OCCIPO. Possible B spa (c-aJlis p<.'TJX'ndicular to Slage) 
Percent. p<.-rhajlS 1-2% B. P~'Tcmt Fc-Ti·o~idc. A-sp<.",k~-d. Minor Z. Grc(:nish·brown H 
O\:curing 1-2 mm eith<,..,-side of possible fracture. fincr: LightlyCP. More or less 
cquigr.'nular.cquidimellsionai-granutar.llSPO(differemthanpossiblcSI'Oincoa='T 
adjaccnt) . I'c'Tccnt p<..,-haps 7% B. A·spcch-d many crystal, as line inclusions in 1'. 

!l!.!!!1!!£: GUill !!!h:iwll.ill: NBS 25a IS: c illl 
~l!S<:Fe· Ti-oxidet'x- richAt'rdiorilc 

grain sizes: Lmm. [Umm. Lcml 
!k:;g:jp.!iim: LeI'. ASI'O. OCCIPO 10 o\"Cr I em. B spa bUI many c~c~"lions. Z, A_ 
,pcch-d perhaps perccnt combinoo. h",c~"IIt B 

!l!.!!!Il.!!.: (;269 ru:il:im!iill: NBS25b IS:c liS: I 
~:l'x·richAI'rdioritc 

~"sub---lIllll.11Il1il 
!kKt:iCJ.iQn: LeI' . acClro. A. Z. B-spcd~~l. Perccm Fe-Ti-o~id". Some Zeelliamicmns 
inlcngth. 

!l!.!!!Il.!!.:G272 ~:BS7b IS:p I::LS.:O 
~: l'x-richAPrdi"rit c 

~: sub-rnm, pcrh.Lmm. [Umm, Lem] 
~: LeI'. (X:CII'010O\'cr 1 em. I'crcclII.pcrhaps 5% Fc-Ti·oxidc. perhaps 
mostlyorcntirdyLA-spcckoo 

!l!.!!!Il.!!.:G27J ~:BS 7c IS:c lli:O 
~:Px·richMAPrdiorile 

~: sub-mm. [Lmm. Umm. Lcm] 
~: LCI', gr~"""IIish brown H. acCIPOtoo>'cr I em. Percent Fe-Ti·oxide. A. It-
spcck~-d, IntcrOCCIPO",F:'1"r",-A",SP-"O~ _________ _ 

!l!.!!!1!!£: (;27~ mil'inaIID: US 7d IS: p liS: 0 
~:Px-rlChAl'rdiorik 

~:,ub-mm. Lmm 
~JiillJ : LeI' . Some APr almost MI'r, acCi POwov~T 1 em. ,\SPO. wrne of which 
"inlerOCCll'o. Pcre~nl. p<..,-haps 5% F,,·Ti·oxidc, p<.'Thaps nlO,l lyoT ent irely I. A. B
stx'Ckcd, MillOrZ 

!l!.!!!Il.!!.: G27S QIh:.imUQ: BS 7f IS: p Wi: I 
~:P~APrdioTile 

~;Lmrn 



~: CO'. ASro. Perccll! 1M. O. A. Ihf'L'Ckoo. Minor S. Minor O. bearing 
minute inclusions ofgently-eur'~'tI hairlike crystals (113 of diSlaocc from C~"1ltrc to Iabd 
ofthlll_sectlOfl).I'withrnioorantiP':'11hiticp0J1ionsrommonbutootubi<!uilOUS 

1i!.!!!.I!.k.:G276 ~:BS7g IS:p liS: 0 
~:g~bbro 

~:Lmm 
~: CCI'. ASI'O.I'~Tcnlt. perhaps 3-4·.0. which may be Fs based on pink_ 
plcochroi,m and lower 2-ortlcr inK..-rcre,ICc colours. Percent B. Percent. pl.Thaps 5% 
combined 1M. Greenish_bmwn H aSSOCl:lt~-d wnll (JOssible fra~1urc 

.!!l!.!!!.I!.k: G277 1lriJ:.inillU: BS7i IS:c liS: 0 
~: I'c-T i-oxidc gabbrolloritcor Fc-Ti_oxidc Fe· rich gabbroid (mcsocratic .'aric1y) 
~:suO--mm. l ,"rn 

~. V~TY IightlyCI'. Strung ,\SI'O. A. B,sf'L-.:ked. Minor Z. UOC~'11ainofprccise 
C:O. but both st.'C," to be well r~llr~·S'''"t.-d 

1i!.!!!.I!.k.: G28 1 ~:NBS3 IS:. liS: I 
~:Fe_Ti_o~ideFc-richgabbroid(m"socratie"aricty) 

~:suo--nnll > possJ_mm 

~: LCP. Most Pcquant with polygonal and smooth boundarics. ASI'O. Percent 
Il minorl'a 



Figu re C- IA - Sample locations f(}r tile Ihrth C(}occntric Plut(}nic Suile and surrounding 
r{}l:b underlying Harth Isbnd and tile oortllem shore ofNain 8a)'. Locations shown for 
th in-scctioned "mples co llected by Gaskill (2005). Tile locmion (}f moSt samples 
approximately underlies tile ccntreofthc first character in the identification (G), unkss 
indicated by a line. Location~ f(}r samples at tile beginnings and cnds of sample suites 
cilllerindicatcdbya linc (}r at Ihc intcrscctionofthc samp1c suite (hcavy d(}1( cd linc) and 
identification. C(}ntacts within aoorthogabbroic rocks and limits 001 sho" ·n. Key as lor 
Figure 1-2A. I'or map credits , .. ,,' Figure 1-2B. 1'", map location, see inset next to Figure 
C-IC 

"" 



~J;;kaIUyakISlel --'-km-

FigureC-IR -Sa1llp1c locations for the l3anhCooccntric 1'lutonicSuitc undcrlyingth<
southt'J11soorcofNain Bay. Explanation as per Figurc C-1A. For map Iocationsscc insct 
ncxttoFigureC-IC 

--,~-

~(=' 
qI \;;,"' --

rigurc C_IC - Sample locations for the weStCrn ccnlr~l margin of Hoscnbcin pluton 
E~planationaspcrFigureC-IA. For map locations scc ins.cl. 



'\PI)Clldi x ll - lldcn,c orlc r minolo):iralinllo,"aliun 

11 is the opinion of this author Ihal pc!ro~)gy will languish insofar as il docs 001 

siandmdisc and rigor;se ils basic Ic.,.mioo~)cy_ Allhouch Inc tidd may appear 10 rush 

ahead as mstrumcmal m~>!hod< arc d,,--eloped and Iweaked. scientiiie undcrstandinc will 

be p,cscnl only insofar as ou' lancu3b"-' is pr~"Cise and meaningful. Ifsuch alk"rllion 10 

p ..... "Ci~ion S/,.'CIllSto I"'" ,e:werlo acluallybcattcntionlolrivialitylhenbcinformedthatlh<: 

pr~"Cisc definition of lerms and gl"Ological units is of crit;';al imrona~_ Rocks are 

complex and e.~hibil cradations of charact~.,.. and our knowk-dce ofth..,n is inconceivably 

incomplete. bul thi s is no excuse for impr~"Ciscly dcscribinC3nd oTl;anising whal small 

amount of knowledge ,,·c ha'"c gained. Too ofk~, do goologist. forsake precise definitions 

bclicvingthat there issomcsortofinluilivcaclualilytowhichtheyaresu~ssfully 

rcfcrring.asif!h<....-.:wasSOlllCsortofactualuni\'ersaloo>alllhalwcarctryingloIIonein 

On wilh caeh.uccL"Ssi\'eredefinition. AClually. n<)111.ltk"l"},)urbclid,. there is no such 

Ihing as a basalt or granite. or cvcn plutol1 or inlru,ion,oIIKT than what we define them 10 

be. 11tc objects that correspond to these definitions eXISt. irr~"Specti\'c of whatever we 

think oft""'m, 001 for these objecls to be rightly callL~1 basalts or pluton.(i_e_lo actually 

be our ha",,1ts or plutons) '""<luire;; Ihat we 1"1\'c an c.'plici! and pr~"Ci"" idea of what 

basa1tsorplutonsaresupposc-dtobc 

Scicnccisa huttlancxcrcisealKI il1tnesclcncc()fg~'Ologywem:lkeobs/"Tvalions. 

trons1atet IK,,,,,ol>sc·r\'alions ;!1lodL"SCriptions (c.g.IOppmAu,ophit;';tc_,ture).andtkn 

try to n;latethe mental concepts Inat COfTe>pond 10 tlKl>C descriptions. Theactu.,lrock is 

nol ",,,,,ked paSllhc firsl slq>. COn5C(lucntly. that imprecision ofconceptKln caus...-d by 



imprccisclanguage is a dreamcd ha>.eh;"'ing IlOlhing w ,10 with the act ualrockeXCl"Pt its 

assocwtion by our OWn fantasy_ Such II haze is unnecCSS<lry and un>cientific. and only 

ohscures the prL'Cious conception wc haw won by c"rdul observation arod dcfinite 

description. Science is the human el)(kavourofeoncciv;ng in our minds accurately the 

con,titut Kln and bc hav~lr of the work!. all(l coillmunicating thi_, ",,,,ccl'lion by trying to 

state as dearly as possible what our dc-scription meanS. Insot:1r as we pradice scien\." we 

arc stri\"ing to conceive in the womb of our minds no Il-.:)fe than that which was SQwn 

rrom the scc<1 of the world 

Nutc that I ant in 110 way s"ggc,ting that ObsCfvational arod intl'Tprctivc 

utlCcrtainty have no place in scicnce. To the contrary. my argument is that these arc 

parall-.:)unt. that great effort shoukl be spcntlO c'l'lic ity rl'Cognise scient ific uncertainty 

ratlll.T than to mask itsprcscncewith sloppytcTminology. 

I :lm saying that funta'yhasat rr<lsl onlya marginal role in workingsci,·ncc. with 

the ditkTellCc between a healthy. scicntilic imagination and fitntasy being th~t11hc ronnCT 

;s continually rcgrounded in hone,t ob"'Tvallon. HCfIl'C 'sown frotll the sctxl of the 
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ill!l!h.ill. fuill 1:& l..-lnOMJ;.Q b'iQ ~ ~ w.± hl..!:J2:t. Mi: &~ fi '" 1",71a 35,7", 33.)4 OA", 30,52 0,05 100.09 0.98", 0.768 om 1.253 OJlOI .10 16 0,38 
OA2 30, 16 om 99.N7 0',9"' 0.763 om 1.23 8 o H)06 0,3& ] 0.6]9 
0.4730,52 100.380.9&9 0.7(,", om ] 1.247 o )0 11 0,3& 0.62 

GI",74a 35,633 ,2", 0.4830,55 99.90.9820.7('70ml ),018 0379 0.621 
36, 1930,93 99.310.9920.70'10.009 3,008 0354 0.646 

G1482a 363.1 1,41 0.4332,37 100.580.98"' 0.712 om 3,016 0,)53 0.647 
Gl",82b 0.4131&8 006 99.850.9910.711 om l.296 0.001 3,009 0,354 0.646 
G1483a 0.4 32 009 99.89 0.991 0.707 0.009 3009 0352 0.648 
Gl",91a 99.% 0')<)5 0.671 0.009 3,005 0336 0.664 

0.36 32.87 99.23 0.991 0.673 0.008 3,009 0335 0.665 
0.3832.94 0. ' 99.52 0.9N9 0.676 0.009 3,01 1 0.336 0.664 

G1493a 0,1 1 100.21 0.989 0.(,7(' 0.008 L335 O ,OO~ 3,01 1 0,336 0.664 
(jl",93b 0,39 33,2 99.92 0.985 0.678 0.009 1.3",1 0.002 3,015 0,336 0.664 
G1651a 3(, ,71 2&3 03533.56 99.02 0.996 0.642 0.008 L357 0.002 3,004 0,]2 1 0.679 
G1651b 36,",929,62 0,41 32,7 99.34 0.993 0.67", 0.009 1.327 0.003 .1007 0,337 0.663 

37.07 28,42 0,3833.9 1 013 9991 0.9% 0.639 0.ClO9 1.358 0.003 3 ()()4 0,32 0.68 
G1653a 36,77 28,47 0,3733.72 0,12 '.1') 45 0'.1')4 0,643 O.ClO& 1.358 0.003 3006 0,32 1 0.679 
G1654a 0,3333.64 0> 99,32 0'1'14 0.645 0.ClO7 1.357 0.002 3,006 0322 0.678 

0,393", .05 0,]3 9'198 0')<) 0.643 0.ClO9 1.365 0.003 3,0 ] 032 0.68 
G1681a 0 99,78 0,985 0.693 0.009 o 3,015 0,343 0.657 
G1682a om 99,53 0,987 0.702 O.ClO& 3,OD 0,H8 0.652 
G1683a 36.12 3L23 om 99,96 0,985 0.712 0.()()9 L309 o 3,015 0,352 0.648 
G168 ",a 3(,.2630.'17 1()(),43 0,983 0.702 0.()()9 L322 0.001 3.017 0,H7 0.653 

35.22 3).X2 0 1()(), 18 0,981 0,835 om LI92 o 3,019 0,412 0.588 
G1702a 35'135.25 0 1()(),39 0,993 0,816 0.01 1.188 o 3.()()7 0,407 0.593 
G1703a 35.2635.44 0,428.82 0 99,92 0,983 0,826 0.009 1.198 o 3,017 0,408 0.592 

35."'335.22 0,",22U9 99,88 0,987 0.82 0.01 o 3.013 0,407 0.593 
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