


































































































































































































































































































































































































































































































































































































































































































































































































































Plate a 

A Reotangula. boudlns of Hopedale dyke with 
:cones filled by minimum melt material, of unknown 
origin, within foliated Maggo gneiss (MG). The 
rectangular boudlns are one response of the dykes to 
the Hopedal lan deformation . Station -Manual 
Island. 

B Granoblastlc eQulgranular texture In cllnopyr·oxene 
(cpx} bearing Hopeqale dyke .· Clinopyroxene occurs as 
discrete grains within a mosaic of hornblende (hbl) and 
plagioclase (pi) and accounts for < 5 volume% of the 
dyke mineralogy. Sample 83-314 Hopedale Harbour. 
scale bar Is 0.5 em . 

c Plagioclase (pi) accumulations within Hopedale dyke . 
The arrows point to an accumulation which has a core of· 
garnet surrounded by plagioclase. The latter mineral 
effectively armours the ga;net from further reaction 
with cl lnopyroxene In the dyke. The assemb lage garnet­
c ! lnopyroxene represents the grade assemblage 
preserved In the Hopedale dykes (see Section 3.3.3). 
Station 83-192 - Garnet Island. 

D Clinopyroxene (cpx) bearing amphibolite from Weekes 
association subunit 2, for comparison with the 
cl lnopyroxene-bearlng Hopedale dyke I lthology . Stat ion 
83-311 -Manuel Island. Scale bar Is 0 . 25 rrrn. 

E Retrogressed Hopedallan mineral assemblage within the 
Hopedale dyke I lthology . The retrogression, attributed 
to the FIord I an event produces Siltmp I ect I c epIdote ( ep) 

1 with Quartz Inclusions at the expense of plagioclase 
(pi). The An content of the plagioclase decr eases from 
27 to 20 with the retrogression. Hornblende (hb l ) 
reects to form act I no II te (act) 1 n response to the 
Flordlan event. (see Section 3.3.3). Sample P3-212-
Marsha ' s Cove . Scale bar Is 0.25 mm. 





Plate 9 

A Hopedele d:,·kes (arrow) become thinned and Intensely 
folded during Hopedal lan · deformation. The dyke show~ 
here Is 200 m, alor.g strike, . from the dyke shown In 
P I a t e 8 A . Stat I on 8 3-2 2 3 - Manu e I I s I and . 

B Gently folded foliated hornblende tonal lte phase of the 
Mag~o gneiss (MG). Llt-par-l~t pegmatl~s. displaying 
evidence of pinch and swel I structures, para I lei th~ 
fol latlon. The fol latlon and pegmatltes are displaced 
by dextral shears which produce the folding. S~tlon 
82-64 ~ Hypothesis Island. 

c . Homogineous fo I I a ted tona I I te wIth I I t-par-1 1 t 
pegmatIte sweats (be I ow I edge) producIng a ~ banded 
tonal lte. The "banded• gneiss Is displaced by de~tral 
shears, arrows show the sense of shear. Numbers refer 
to samples used In the geochronology portion of the 
study. Statl~n 83-312, 316- Hopedale Harbourf 

L . 
D to F Field relationships and local ltles for samples 

from Marsha'~ Cove geochronology suite. Station 83-146. 

D Locations of two samples (83-202, 203) of Maggo gneiss 
which preserve Hopedal Jan mlner~logy and textures. The 
varying sh;de3 of grey on the outcrop surfece are 
Interpreted to represent primary features of the gne'ss 
protollth. 

E The clipboard (middle-top) Is at the same posit Iori as 
the pack In Plate 90. Samples 33-204 and 205 repn·sent 
Maggo gneiss lithology which Is progressively 
reoriented Into a NE-SW orientation during the Flordlan 
ev~nt. Plate 9F Is from the area marked by the arrows. 

F Samples 83-208 and 209 represent Maggo gneiss which has 
beer. comp I ete I y reorIented and retrogressed during the 
F•ordlan event. The collection of all geoc-hemistry 
s~mples used In this study wa~ facl I ltated by the use 
of a gas powered diamond drl I 1 shown here. 
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Plate 10 
< 

A Banded tc.na 1 1 te phase of the rAaggo gneIss from the 'SW 
end of M•rsha's Cove . The banded tonal lte Is cut by 
dlktyonltlc migmatites (see Plate 60) developed dur1.1g 
the Flordlan event. ihe location of samples 83-216 and 
217, with r.espect. to other samples In this suite, Is 
shown In Figure A.5. 

a Field locations and relationships between samplts from 
the Hopedalt Gneiss geochronoiOwY suite. Samp!e 83-232 
contains thin biotite fo "llae separated from Sample 
83-233, a maf'c-rlch layer, by a zone of medium to 
coarse !Jralnf'!d, blotlte-p_oor mlgmatlte (83-237). Sample 
83-234 Is a homogeneous biotite tonalite, with th •! 
biotite dlspluylng a random orientation , cut by 
Qranltlc {s.s.) peg11atlte, 83-235 . Station 83-1 
mainland shore due south of Manuel Island. 

c ·Field location for t~ree samples of the Dead Dog Point 
geochronology suite. Sample 83-242, collected directly 
under the notebook, Is banded gneiss. Samples 83-243 
and 244 are lndlvlaual bands within the gneiss. 83-243 
Is a fg to mg , f~l fated, hornblende-poor, band situated 
between mg to cg, massive, hornblende-rich bands 
(83-244). In the latter case the hornblende forms 
porphyroblasts up to 0.5 em long. Station 83-4- Dead 
Do~ Point, dua south of Manuel Island. 

D Refold'd Isoclinal fold within layered Weekes 
association amphlbol lte. The layering, folded about 
F 1 , Is Interpreted to be relict primary layerir.g 
enhanced by metamorphic recrystall lzatlon. The F 1 
~tructure subsequently becomes refolded (F2 ). Note 
the paralle ! Ism of the F 1 and, F 2 fold limbs .1way 
from the F1 hinge zone. In other outcrops of the 
Weekes association recognition of the early folding Is 
difficult because of the lack of F 1 hinge ·zones. 
Stat:.l~>n BF-82-3- Manuel Island. 

E Ho~edale dyke displaying evidence of copl&nar folding 
resulting from Hopeda~lfn deformation . Tbe refolding of 
the Hoped a I e . dykes . ·~ be exp I a I ned by a cont 1 :-~uum of 
deformation where .- lsocllnal folds are produced early In 
the deformat·lon ·and subseQuently become ref·Qided at a 
later st~ge of the same event . The fabrlo ~lthln the 
host Maggo gnel~s parallels the dyke-gneiss contact. 
Hinge zone~ of folded Hopedale dykes are only rarely 
pre1Grved and exposed, so what Is normally observed are 
the I lmbs of the folds as para I lei dyk~s (see Plate 
7E). Station 82- 37- Kernertaluk Island~ 
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Plate 11 

A to 0 -Progressive affects of Flordlan reorientation of 
tne . Hopedal lan fabric within the Maggo gneiss. 

A Maggo g_nelss from the Hopedallan domain cut by minor 
dtscorQant (1) and concordant (2} mlgmatltlc sweats. 
S~atlon 83-99- south shore, lnganlaluk - Bay . 

8 The first manifestation of Flordlan overprinting Is the 
developMent pf local lzed sinistral shears <Sn+3> 
Which disrupt .t~e Hopedal lan fabric csn.2 > within the 
MagJO gneiss . The shears, c 1 m long, display ev i dence 
of brltt·le (1) and ductl le (2) deformation along their 
length. ~tat .lon 82-51 - Zacharlus Island. Hammer Is 0.9 

m long. 

c With Increasing Intensity of Flordlan overprinti ng the 
Hopedat Jan fabric <Sn. 2 >. defined by the bnndlng IM 
the Maggo gneiss, begins to reorient paral lei to the 
she a r I n g d I r ec t I on ( S n + 3 ) . Stat I on 8 3- 1 3 8 east 
shore, PI 11 laruslk Bay. 

D Completely reoriented Maggo gneiss within the Flordlan 
Domain. The predominant fabric <Sn+3 ) Is oriented I n 
a NE-SW direction . An enclave of Maggo gneiss with 
preserved Hopedal Jan. fabric (Sn+2 > which has not been 
rotated with the Flordlan deformation Is shown . A 
Klk~ertavak dyke (KD), of Proterozoic age, cuts al 1 
previous fabrics In the gneiss. Station 83-6- eas t 
shore, PI 1 I laruslk Bay. 

E A faulted Klkkertavak dyke, cutting Flordlan doma i n 
Maggo gneiss, records evidence of the last structural 
event to affect the Hopedale Block. The faulting Is 
associated with Prterozolc deformation . Station 83 - 5-
east shore, Pllllaruslk Bay . 
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Appand I X A 

GEOCHRONOLOGY SUITES 

\ 
A.1 Introduction 

Twelve suites of samples of Ma~go gnels~ were cot tected 

for Rb-Sr geochronclogy. The geological setting and sat tent 

·- features of each suite are described In this Appendix. The 

field locations of all suites are given 1n Figure A. 1. 
~ 

Abbrevlatlc ~ ~ are used throughout this work to refer to the 

lndlvtdua : geochronology suites . The suites were taken at 

I oca I I t I es that h1ld 
I 

been previously mapped and 1lre 

repres~ntat ive Of the I lthologles at each loca I I tv. 

Sampt lng was carried out o~ a variety of scales, from 

detai lee s3~pttng over 5 10 m, to samples taken over 

several kiJ0metres. This variable sca l e of sampt lng was 

undertaken to provide evidence on the extent to which the 

' s ·->toplc systematics w~r€ 'affected by metamorphism an n 

deformation assoclatF.d wt ~ h the Flordlan, and to a le~ser 

events. The sampl e local lttes ~~re 
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Flyure A.l: Field locations oi- the twelve suites of Maggo 

Qnelss used In the Rb-Sr .geochronology study. 
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se I ected to docume:rt Hopeda I I an I s~tor.; I c characterIstIcs of 

the gneiss and the progressive effects of Flordlan 

c1verpr IntI ng. 

A. 2 . 1 Manue I Is I and 

Mar:uel Island (M I ) , located north of Hopedale vi I lage 

(Figure A.1), samples were collected from the large bay on 

the west side of the Island, lnforma'Jy named West Bay. 

The geology of West Bay and sample locations are 

presented lr Figure A.2. Three Ml sample;, collected from 

the south tip of the _l_sland, are not sh~n on Figure A.2. 

Biotite and hornblende tonal lte, the dominant I lthology of 

the Island, has a we 1 1 developed Hoped~ I ian fabric 

EvIdence Of Pre-Hopeda 1 I an Is 
preserved as Intra- and lnter-follal folds (Plate 5A). The 

Maggo gneiss trondhJemltlc phase Is banded. The banding 

results from metamorph lc differentiation during the 

Hooeda I 1 an event. Geochronology samples are frc~ the 

tona I I te and trondhJemIte .ptlases of the ~~aggo gne"l ss . 

Along the north shore of West Bay •· II lltho :orles have 

been mlgmatlzed. The degrP.e 0f rnfgmatlzatlon var i es from 

sma 1 I dlktyonltlc migmatites 3SS~clated w i th sheur zones 

which cut the Hopedal Jan fabric to agmatltlc zones with 

rare nebu I It I c zones. Some n !gmatltes were emplaced 

lit-par-lit Into the gneiss giving the latter a banded 

appearance. Large~ pegmatite segregations In the gneiss are 

tollated, with evidence df two foliations. The early fabr i c 

Is reoriented by the predominate Hopedallan 



Figure A.Z: Sample locality and local geolog~ --; - West B!y 
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A.·our.d West Bay, numerous, v~rlably sized enclaves of 

Weekes :!Ssoc •atlon are present wIthIn the gneiss. 

Cl Jnopyrox~ne-bearlng Hopeaale dykes are numerous 
thr-oughout tne area shown In Figure A.2. During the 

Hopeda I I an event the dykes were ' bdudln~ged, giving 

rise to rectangular, blocky shapes (PI ate BA) . Not a I I 

dykes are boudlnaged In response to . Hopedal Jan deformatlo~. 

some are (Plat·e 9A) thinned and folded about Ho~edat i an 

fold axes <Fn+2>· The foll.!ltlon within the gneiss Is 

parallel to the fold structure defined by the dykes. 

A.2.2 Porphyroblastlc Phase 

Samples 

gneiss were 

Of the· Porphyroblastlc Phase (PP) of the Maggo 

' collected from . three widely separated 

1 oca 1 It I es, Kernertllluk (Black) Island, Kemaktulllvlktallk 

Island and central Double Island (Figure A. 1). The samples 

a I I display a Hopeda 1 I an fabric defined by 

biotite. sar.1p1es In this suite consist of biotite tonalite 

and hornodnde trondhJemite . Plagioclase Is coarse ,r:!ln~d 

and typically porpt"yroblastlc In ~ontrast wJ+h the 

remaining minerals. These samples were selected for 

geochronological study because they ar~ similar 1 n a; l 

.-- espects to each ·~ther, they cover a wide area, exhibit a 

·wei I developed Hopedal Jan fabric and display no visible 

evidence of Flordlan shearing and mlgmatiLatlon. 

A.2.3 ~cthP.sls Island 

Hypothesis Island (HI ; an Informal name) Is located 

• midway between the NE tip of Achvltoaksoak island ~nd 

., 

,_ 



• , . 

Zacha.r I u~ Is I and . ~NE of Hoped a 1 e village (FI~ure 1>. . 1 

Blot 1 te tona: i te., (Figure A . J) Is massive 

foliated, witt! K-:feldspar Interstitial to the predo~ · na-t 

assemb 1 age (plagioclase quartz ~ biotite- hor~ble~de 

The gnei_ss 
0 

1 s homogeneous, w I t h the proper t 1 on of ~sf = 
minerals, 

biotite and hornblende, <-e.xhlbltlng the gre~test 

variation. The gneiss foil at I on 

and Is cut by E-W shears that fold the foliation (P l ate 

96} ' Baud 1 raged Hopedale dykes are concordant to 

Hopedallan fabric. 

M I gma t I t es. 
forming a minor component of tl'le grie Jss . 

found are In variety of envIronments . Sma 1. 

recrystallized mlgmatltlc sweHts, parallel the follatlo'"' 

and are deformed with the gneiss by E-W shears (Plate 98). 

Nebu I 1 tic · m I gma t 1 tes, In conJunction with dlctyon l ~lc 

migmatites, 
disrupt. the foliation within the gneiss. The 

former are found along the edges and the terminations o• 

shear =:ones assocl,stej with dlctyonltlc mlgmatlte . 

A.2.4 Hcpedale ~~our 

Four samples were collected on the west Side Of 

Hopedale Harbour 
(HH} .<Figure A . 1) from an area exh l bltlnki 

only ml nor ef feet s of m I gma t Lza t 1 on. t h 1 s 1 oca 1 1 t y a 

Hooeda I e dyke Is 
In discordant contact with the preserved 

pre-Hoped'!llan fabric (Sn+t> Indicating a Hopedallan lo.., 

straIn zone. The dyke, · 1.5 m thick, can be traced over e 

length of 
5 m before disappearing under cover. Where the 

dyke becomes covered Its thIck ness has decreased to < 0 . 4 m 



Figure A. 3: Geo 1 ogy of Hypot hes 1 s 1 s l'and show 1 ng the 

location of geochronology samples . 
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v ~ 
~nd concordant to the gneissic 'tf'' foliation.· The 

one I ss-_dyke ontact Is sharp, marked~~ the ~roNth of minor 

blot It~ paral lei to the 6ontact. 

Th~ Hooedale~d¥ke host Is a Fol lated biotite tonal lte, 
~: f . I 

with mln~r- lit-par-lit pegmatltes parallel to the gnelssl'c · ' 

• fo I I a.t I on. .The sweats ~ffectlvely chang~ the natu~e of the - : ~· . 
gn!!lss From · a homogeneous ·- "'\.1 ·1 a ted tona I I te to a mor'e 

banded· varIety (PI.ate 9C). The samples of gneiss exhibit a 

rang_e of ·· graIn sizes from fine to medium grained tonal lte 

to a coarser, porphyroblastlc textur~ . 

A.2.5 Marsha's Cove 

Marsha'~ Cove -(MC; an Informal name) Is located at the 

extreme . southeastern end of . P 1 I 1 I arus I k Bay, west of 

Hopedale vi 1 l~ge (Figure A.l). Along the east side of 
Pllllar·usik Bay (Figure A.4) the ' ~regressive effects of .... 

:U. 

Flordl&.n reworking of the Hopedal tan gneiss and fabric can 
"'· 

be examll"'ed. l.n Marsha's Cove a large augen of Maggo 

gneiss, oreservlng ·l"fopedal ian mlnert!I09Y and 'fabric , has 

been rota ted Into a NE-S~ orlenta~lon, during Flordlan 
c 

deformation. The boundaries 

chaf"'ge in the character of 

of the augen are mar~ed by a 

the gnPiss, reflected In t~ 
mlneralo~y. Biotite ai"ters to chrorlte, plagioclase t6 

epidote and sericite and the proportion of K-fe ldspar 
t 

Increases. 

Figure A.4 pres~nts the geology of Marsha's Cove, as 

well 
( 

as the location of Maggo gnetss samples used for 

9eochrono 1 oglca1 determ Ina t 1 ons. Three separat~ areas were 

I 

•. 

l 
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r for Pll llarusll<' Bay and Marsha's Cove 
~ 

geochronology suites are shown. 

t ., ., 



Pilliorusik 

Boy 

9a, 9c 

N 

0 100 200 
1..-.--L------.Jm 

9 a, 9 c 

LEGEND 

Weekes association 

Magoo Gnetss 

8a B i otite Tonalite 

Sd Horn L.'l lende Tonalite, 

oornetiferous 

9o Biotite Trondhjem it e. 

9c Hornblende Tron d. 

\ '-Hopedale Dykes 

x S om pie L o c a t ion 

v:G Hopedalian fabric S. 

dip 

J4" Fiordian fabric a dip 
45 

~Shear plane a dip 
45 

~ Mineral lineation 
45 

/ Minor fo ld ax i s 
4!1(: 

.; Fault 
.,; 

1!.r. M y I on it e z one 
Ill 



• < . 

' ' 

.· 

~amp led for geochronology. (Pfate so, so. 9E, 9F'and lOA, 

F"l.;;ure P..S) 

\Loca 1 it~ 1, ~P.Iate 90, 9E and 9F) consists of Maggo 

gneiss preserving Hopedal~an mineralogy, but the Hopedal. lan 

<Sn+2J 

' during 

fabric has · been rotated Into a NE-SW orientation 

the Fiord ian deformat lonal event · <Dn+J>. The 

relict Hopedallan gneiss l.s composed of tonalite .. with 

variable proportions of biotite and hornblende. Mineralogic-

·a I ly the gneiss change.s from a slightly recrystallized, 
c 

fellated hornblend~ t(!nallte (r lght side, Plate 90), to a 

completely recrystal 1 lzea epidote-chlorite-sericite-

'. . ' K-feldsp~r rich gneiss (left side, Plate 90). Epidote Is 

present 

quartz.J 

In two. forms 1) as a symplectic lntercrowth with 

and, 2) aS thin Veins (<2 min) Which CI"OSSC\.Jt the 

fo'l iatlon. Pegma~ltes become reoriented and recrystal 1 l zed 

(plagloclase-Quartz-K-feldspar-epldote-serlclte) away frvni 
the augen core (Plate 9F) . 

Hopedale dYKes ln . this vicinity exhibit evidence of 

·retrogr.ess I on .. , from hornblende-plaglocl ~ se t6 ep, dote-
aCt1nol lte-plag)ocla*e. Retrogression and reorientation of 

th 1~ gneiss, pegmatite~ INld dykes are attributed to Flordl~an 
deformation. 

Two samples, c~l lected at 'tatlon, BJ-147 (Figur~ · A.4) • 
I . 

come from the extension of the augen pre~erved at the 

previous station . The samples are hornblende tonalite, one 
J " containing, the other lacking, garnet (83-210 and . 83-211), 

. The samples show no evidence of recrys_ta I I lzat lo, 

"' . 

') \ · 



• . . 

• 

inlt 
associated wIth F:ordlan event, w~~h K-f~ldspar 

occurring l · nterstltl~tly to ~lagloclase-quartz-hornblende 
.and lor darnet. 

At locality 3 (Figure A.5) banded and folla.ted b.lot 'lte 

tonal lte pr~domlnates, with banded tonalite most abundant. 
_, 

The banding <2 to 10 em thick) Is defined by alter~atlng / 

1 eucocr·at. I c 

( P I ate d OA) . 

K-feldspar, 

( 93-21,7) a~d melanocratlc . (83-216) I ayers 

The leucocratlc bands contain relatively more 

resulting from metamorphic differentiation 

wh lch produced the banded gneiss. The plagioclase In the 

leucocratlc bands Is twinned, the twins be~ng curved, ~nd 

only ml-ldl;·,altered tQ epidote and sericite. 

In the maf lc-r lch layers, K-feldspar forms 

Interstitially · to the plagioclase-Quartz mosaic as a minor 

constl~:uent. The biotite In the mafic bands Is optically 

~llgned, defining the foliation 'within the band. Epidote ;or 

forms eul1e_dra I 1 to subhedral . grain~. that exhibit a 
symplectLc 'ntergro~th with• quartz. The gneiss at this 
I oca 1·1 ty Is folded about ~ pl.unglng fold axes. Numerous 

sme II scale faults, having a · sinistral sens.e of 

displacement are parallel to the fold axes. The banding In 

the gneiss IS cut by sl~lstral (E•W), sigmoidal shears with 

associated dlctyonltlc m 1 gmat 1 tes Plate 60). The 
mlgmatlte-gnelss contacts are sha~ 

tlie dlktyonltlc 

migmatites reaching widths of up 15 em. Nebul ltlc 
migmatites _wLt~n the banded gneiss, are Inferred to 

c 

represent the terminations or boundaries of dlctyonltl~ 
1 
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tntgmatltes . . The fo I I a ted tona 1 I te ( 83-218) Is . I ess abundant . \ 

than the b6nded tonal lte having a total thickness of 3m . 

A.2~6 Hopedale Gn~lss 

The Hopedale Gneiss suite (HG) comas from the mainland 

shore, due ~outh . of Manue~ Island (F'tgure A.l). -Five 

samples were collected over a 1.5 m section pf banded, --mlgmatlzed gneiss, with band paral lei pinch and swe l 1 

pe~matttes (Plate 108) . 
# 

The flv~ samples at this local lty represent a wide 

variation In ·bulk composition ~nd ml~eralogy . Sample 83-232 

1i characterl~ed by 1) biotite and other mafic minerals 

conc~ntrated In wispy · lenses and 2) the presence pt thin, 

Intensely fold~d mlgmatltlc materl~l. disrupted by dextral 

shears (Plate 

!(8J-237) occurs 

108). One of 

along the 

the larger mlgmatlte layers 

contact between the mlgmatlzed 

unit of : grey gneiss and a mafic-rich, mlgmatlte poor un1• 

--~ < 83-2~); Samp I e 83-233 consIsts ()f pI ag 1 oc I ase-b 1 ot 1 te-

hornblend~-epldete-Quartz, lnt~rpreteq to be a reta~tvely 

ma f ! c- r 1 c tr 
. > 

horizon developed In the proto! lth of the grey 

migmatites within this s~mpte para I l et Jhe gneiss . The 

contact with the gneiss, bre t ~~rystall lzed and ext lblt a 

foliation. In Plate 108 t'he .,dark band at the !ower left 

portion of the photo appears identical to sample 83-233 r.S;: 
except the latter contains several calc - sl 1 lcate pods, 

concordant to the fol latlon within the layer. 

In contrast . s~mple 83-234 Is a biotite tonal lte lacking 

extens ive migmatites, with biotite displaying a random 



orientation. Granophy~lc and myrmeklt!c Intergrowths of 

fH 1 s 1-::: n11 nera Is . ar .e COI'M'Ion. K-feldspar In this sample 

occurs Interstitially to plagioclase and Quartz, and as 

I a r g e ,. ~ r a I n s (up to 0. 75 mm) . Tt1 1 s samp I e Is cut by 

non-recry~tal I lzed phlebitic to stromatic mlgmatltic 

m.'\terlal (sample 83-235). 

Korstgard and Ermanovlcs " ( 1984) Interpret fhese 

I tho logic associations, 1 .~ . ~lgmatlzed Maggo gneJss with 

amph I bo! I te lnc .luslons cut by · Hopedale dykes, as 

constituting the · elements, Which during Hopedallan (0~+ 2 ) 

deform<.~.tlon for·med the Hopedale Gne~s. 

A.2.7 black Head Tickle 

ThP. Black Head Tickle suite (BH) comprises 8 samples of 

fOI fated to banded biotite and hornblende tonal lte. Biotite 

tona I I te, Identical to -cllat exposed on Hypothesis Island, 

I s , t he p r e d om I nan t I I t h o I o g y ( F I g u r e A . 6 ) w I t h t he f o 1 1 ate d 

variety being the most common. Hornblende tona 1 1 te occurs 
as · boudlns wIthIn the biotite tona 1 1 te (Plate 51J) . The 

' boudlns vary In size, (0.5 m wide X 1.2-1.5 m I ong), are 

traceaLie along strike and are concordant tc· the foliation 

In the bl0tlte-rlch to~al lte. The blotlt~-rlch 1 lt~ologles 

f f' uTTo E .. ack Head contain sagenltlc ~lotlte, (see Section 

3.2 . ~ . 2). Hopedale dykes at this local lty are cl lno-

py,·n'lCt:-r. e - bear i n~ and concordant to the foliation wlthlr. the 

gr.e 1 ss . · 

rhe degree ,· 
of shearing at thls local lty Is minor, only 

one .shear, wfth associated dlctyonltlc mlgmatlte was 
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• Figure A.6: Geology and sample 'location for the Bt.acl< H"'ad. 

geochronology suite. 
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obs~rved (PI<". te 6C) . The ::. he.u • 1.'5 m long, exhibits a 
sigMoidal shape wl th a sinistral s11ear sense. The 
terminations of 

the shear, marked by nebulltlc migmatites. 

ar·e concorda'1t to the foliation In the gneIss. 1 n a 1 1 

respects, tl . Is locality res~mbles the Ml, HI and PP sample 

s 1 tes. The presence of th 1 s shear Is the only visible 

evidence of Flordlan overprinting. Several foliated, 

recrystal lzed pegmatltes parallel the foliation In the 

tonalite at this locality. 

A.2.8 Dead Dog Point 

Dead Dog Point (DP; an Informal name; Figure A.l) 

represents 
an ar··ea of extreme F I ord I an overprIntIng of the 

" Hoped a I I an Mac;r;,o gneiss. The gneiss at this locality Is 

well banded, m I gmat I zed, hornblende tonalite . The sam-ples 

for this suite come from two loca I It les near Dead Dog 

Point, separated bjt 350 m . Two samp I es, P3-236 and 83-239, 

consisting of fo1 lated to \Janded hornblende (up to 1 em) 

tonalite are lf"'~'t"!r-r•~d to result from Flordlan metamorplllsm. 

'At this local! ty therf" 
graine-d 

a mph I bo I I t e pods (Weekes a~soc I at ton 7) and softba 1 1 s 1 zecJ 

anorthosite Inclusions . 

r ,.,a In I ng ~~mp 1 es represent three distinct 

llth .-:>logles, 
separated from a single large block, collected 

from the extrf'me t lp of Dead Dog Point (Plate 10C) _ Sample 

e 3-2 4-4-, .. a • w ·I spy fol1ated to banded hornblende tonalite, 

exhibits two generat, ldns of h or n b I end e grow t h . T t- e f I r s t 

occurs In tne thin Nls~y !toyers, has a grain size of 0.2 mm 

" 



... 

• 

and Is commonly assoclat~d with. biotite. "!'he s~cond 

generatIon hornb I ende, Is coarser • graIned (up to 2 . 5 rrm) 

dlld occurs In distinct layers within the gneiss. This later 

hornblende Is attributed to r-esu l t from Fiord r an 

metarno; :)hI sm. 

Tilt-: remaining samp I es resu I t from seoaratlo, of the 

at; ove distinct lithologies from eac11 other . Sample 83-243 

consists of the f l no:::r grained hornblende gneiss and 83-244, 

contains the coarser grained hornblende . 

A. 2 . 9 PI I I I arus I k B"Y 

Th I s suIte ( 5 samples) was col Jected, a long a 2.5 km 

stretch on the east side of Pill 1."\rU:ilk Bay (PS) ( Figure 

2. 7). to document the progressive eff~cts . of Ftordfa q 

over· pr I nt lng . Samp 1 es In this suite ar-e fol lated biotite 

tonalite , with two samples having up to 10 %(visual 

estimate) K-feldspar- , 
which reaches 3 mm In size . S·amples 

r., ~his suite exhib . t varyrn~ detJr·~es of alteratl-:>n In the 

form of epidote ~'H1d s e r 1 c I t e after plagioclase . and 

c hlorite after biotite. 

Se-.mp I o 83-142 
Is a t-anded Q'l~ I-ss, wIth stromet I c l!nd 

ph I et1 I t I c migmatites characterized by the presence of 

hornb• e~de , prou~ced 
during the Fl o rd l an metamorphism. At 

~ 
· , 

this 
t oc.otllty tha gneiss has a gran:.J i ar w~ather-lng te)(ture 

whereas 
the remainder of the IOC"'''IItles.are mo r e resistant . . 

to weathering. At other r c r. a I It 1 es, m I gma t I t I c me. t e r I a I 

·emp I aced 
Into the gneiss duri ng the Hopedallan and e a rl ler 

event s be-:omes extensIve I y re-.;rys :.a: I I ;:-ed and fo I I a ted 

during the f lordlar."event . 



A . 2.10 Dy.!<e ls!and Suit·~ . 
The Dyke Island suite was collected by D. Brrc~water. 

during r the .1981 field s~~son. from the extreMe eastern tdge 

of ::he map area (Figure A.1~- · The sample site was vis te~ 

by the author during the 1982 season. · The samofes from Oyl<e 

Island ( 0 I ) represent a homogeneous suite of weakly 

foliated biotite trondhjemite to biotite ton a 1 1 t e . Th<! 

percentage of K-feldspar . ~ 
In the Dyke Island samples is low . 

The K-feldspar occurs as small, < 0. mm, gra i ns 

Interstitial to 

Hopeda I e dykes 

the more abundant plagioclase and cuartz. 

at this locality are b'Otdlnaged, fo ; ced anc! 

conta1n ..1ccumu I at Ions of p I a o I oc I a::~ e crystals. The 

deformat fon observed to affect the dykes has been 

~ttr lbuted to the Hopedal lan event 

v:slbl'9 tffects of Flordlan def.rmatlon (Ermanov lc;;,s . pers 

c. omm . , 1 9 F. 3 ) . 

A . 2.11 South'East Double Island 

This su 1 t e of ~ sample~ comes from a smell I:JliUL.l at 

ttlP. southea~tern end of 

(Figure 'A.l). 

the Double lsl~n~s (SEDI cha : n 

' 
Thf· ~amples are dominantl-y hornblend~ tr o ndhjemite ~~ l th 

ntl nor amoun'ls of biotite trondhJemite. Tnls lltholc-gy ..,l'ls 

be~n 1 nter·preted by Ermano·,.lcs et al. ( 1982) to Intrude:· the 

Island lithology . The grain size of the gneiss at thl ·; 

tccallty Is coarser (0.5 -to 3 mm) th<t,n 'lt other localities 

throughout the study a;· ~a. Hornb I end~ h.ots a r 11 ;1dom 

or lentot ion ancl displays 
" Irrational gr211n boundaries with 



., 
, ... . 

other mlnerdl species. • Biotite exhibits rare sagenltic 

te)(ture~ .'1n(~ defines a weak foliation with i n the gneiss . 

fhe trondhjem,.lte Is cut by m.l nor amounts of mtg~attt ; c 

:eu:osomes vary from 0.5 m to 2 . 0 m In length and 5 . 0 

to 10 . 0 em tn width . The leucosomes are wispy In places. 

form weak nebu I It lc patches wIth margIns character I zed by 

new hcirnblel"de growth, up;- i:o 1.0 em In size. The gne i ss is 

a I -so cut by very fine to f 1 ne grained, weak I y 

recrysta 1 ' 1 zed apllttc dykes para I I e I to the fol I at i .-,n. 

A. 2. 12 Next Sal: North 

T 1c . Next Bat North ( t~SN) geochrono I ogy SUite was 

,co I tected at three I oca I I t I es , over 2 km, along the 

ml\lnlalld coast southwest Of Napatallk Island a long the 

nnrth ~> here of Kangttuaksuat<olut~ Taganl (Figure A. 1) . · 'Th e 5 

!l h'Tlptes were r. rJitected from within an a r ea of preserveg 

Hopedat tan dom~tn 
bordered by zones of F l ordtan 

reworking 
Samp I e 83-269. from the Hopeda I I an s 1 :•e 

()i one re~<Jto r· of Flordlan over-printing, Is a garnet-bearlns;, 

biotite trondhJemite , which hosts abundan~ enclaves of 

.otnorttlo>lte and . retated lithologies. 

Thrc~ 
'-...,. 

~lspra:'l:lg 

s~mples (83 - 27;;:: 274) come from an arel'. 

well developed · Hopedat tan mtgmat~t es . 

~ amptes are banded to ,foli a ted 
ho r n b I end e t ron d h J em I t e , 

wIth hornble:1de. up to 0.75 mm long, hosting rounded 

anorthosite x t, nollths. 
The final sample l ocality (83 -293, 

294) 
Is ~'JO m to the north of the pr~vtcus locat ~o n. The 

gnels'l consists of band e d biotite trondhJemite (83-2~3) 

'· 

. \ 
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WIth 

( 83-292) . Ml nor 

( 83-294) form 

c 1 I nopyroxene--be~r 1 ng 

..., 
~-

Hopeda 1 e dykes ,. 
amounts of foliated biotite tonalite 

concordant sheets wIthIn the banded 

trondhJemite. This 1 lthology , retains evidence of 
I) 

Internal fabric (Pre-Hopedallan 0.,.,+1) that Is I'IOt !l~en tc• ... 
affect the banded gneiss hosting lt. 

• 
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8. 1 Samp I I ng 

:.>amples were 
\ for all ' llth-:>logles prese1'1t In 

, '. 
the study area. The maJorIty of ,.samp I es wer:e co I I ected by 

t>-.e alJthor, these samples have no Initials as a prefix . 

S.o\mpl"!s co I I ected by B. J. F;ryer and D. B r i d gw ate r a r e 

prefixed by BF and DB respec~rvely . 

All samples, whether to be used fc~ m~Jor, trace . REE 

" or Rb/Sr Isotopic studlc~ we ··e collected with the aid of an 

Atlas Copco "Cobra Super" gas po,vere~ drl': emoloying tt"le 

plug and feather m:;,thod. The d r I I I f ~c II 1 tat ed the 

col lectlon of otherwise Inaccessible sa~~ l es, I . e. from 

rell'itlv..,ly ~m(X)th surfaces . which were generally the .least 

vl~·bly effected by late fracturlng'..,.arteratlon and epidote 

veining. These f I rst stage samp res, weighing up to 75 kg, 
wc,.-e reduc~d to c .. em size chIps on tile outcrop to ensure 

a" adcqu;llt\__ sup~ly of fresh materIa I was available end to 
reduce one POSSible Sol:rce Of 1 l'l bo,. a t •1 r y contam t nat ion. At 

00tl8 J 
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the se.m~ time a hand sample, for sect ioning iind staln i n ~ 

was co 11 ected. Upon returning from t~e field, sampl's ~er e 

passed through . -,.-.: 
a Braun ChIpmunk Jaw Crusher to reduce the 

chips to ~ 1 em srz~ . Each sample was then passed through a 

riffle s plitter to reduce the sample volume to <150 m l ·, 

pr lor· to pulverizing ' In a S lebtechnlk "Tema" sw i ng mill 

using a tl.!ngsten carbide bowl. Samples were run In t he 

pulverizer for 60 seconds or less to pc~ouc\ hrooeneou•, 
powder of < 200 :nesll . 

Between each sample the Jaw crusher, after st r ippi ng 
down, and the riffle spl ltter were vacuumed , washed(lown 

ana blown dry with compressed alr.-..The wIth methanol 

shatterbox was vacuumed out, V1ashed down w i th water, blown 

dr y , rin s ed with methanol and blown d ry between eac h 

sample . 
~-

level of 

Our;ng all stages In the crushing proc~Jure a hl~h 

clean I !ness was maintained to reduce possible 

s our<..:es of 1 ntP.r -samo 1 e contar.H nat 1 on . 

B. Z ~ajor Element Analysts 

~ : a lor ( 
elements were determined by atom ic a~surptlon 

<AA) spectrometry USing a Perkin Elmer d I g It I Zf!d .. 
spectrometer. on 0 . 1 ;;~ a I I quots of rock powde r t hat h a d been 

subjec ted to a hot hydrof I uor I c ac 1 d d 1 gest 1 on fo I I •Jwed by 

diluti o n In a sa , urated boric ~c l d dlstlll t.' d Wl\ t e r-

~ elution ( 1 : 3 YO I . : V O I . ) . Determ i nat ion of S I , Tl, A I , 

Total Fe as re:;+ . Mn, Na and ~were c a r ried out e n this 

solution, wh I I e Ca and Mg W('re de term 1 n~d o n· a 5 m I a 1 1 QU!Jt 

o f th e bo ri c · aciu solution plus 1 0 m I La 2 0 J d I I u t !1!11 to 

.. 
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OHIO 
50 rn 1 . Fer r·ous lr6n wa~ determined by tl ~ rat;on with 

standard potassium dichromate solution (Maxwe 1 I. 1968). 

was de term I n.ed by colorimetry (Maxwe I I , 1968 ) 

"Loss on Ignition", (LOI) values were determined on a! 1 

samples after heating In porcelain crucibles at 1~0 Oc 

for 2 hours In a muffle furnace .. G. And~ews, Department of 

,_ ~:I:th Sciences, 

, analyses. 

Memorial University performed the AA 

Accuracy of the AA· analy~l5 Is determined through 

repeated an~lysls of International standards. The results 

of repeated analysis of USGS standard rock powder GSP-1 are 

given In T~ble B. 1. 

8.3 Trace Element Analyses 

Trace elements were determined with a Phi I Ips 1450 

X-ray fluoresence spectrometer, wIth on line datt~ 

reduction, cal lbrate~ against International rock standards. 

Samples . ~ were run ns ~0 ~m dlametPr, 
' 

pressed pellets 

orepared from a homogeneou!· mixture of 10 g of rock . powde-r 

and 1 . 3-1.~ g of phenol formaldehy~e sub Jected to 50 MPa 

pressure for 
10 second~. The resulting pel lets were heated 

In a muffle furnace for 20 minutes at 200 °c. 
0 f 

USGS standard powder pel lets were run \a s unknowns 

Interspersed with samples from t~ls study. Average results 

of 14 repl lcate determinations on GSP - 1, with one standatd 

deviation and the accepted values (Abbey , 1982) In brackets 

are ; Pb 54. 1 (4 . 0; 54) : Th 107 . 2 ( 4. 4 : 105) : U 4 . 3 ( 2. 4: 

2. 1 ) Rb 251.8 (4.2; 250); Sr 226.2 (2.2; 240 ) ; y 29.2 



... ... 
Table 8.1 . Accuracy an.j pre::: l s i vn results calculated f r om · 

rep! lcate ~ri~lysls o6 USGS standard GSP-1 as 

determined by AAS. 

Pub 1 1 shed No . of Mean Standard -

Value• Analyses (Wt %) Deviation 

. s 102 67 . 32 7 68.65 0.60 

T I02 0.66 7 0 . 6 0.0'3 

A 120:3 15.28 7 14.77 0.22 

Fe2 o:3 4.28 8 4 . 22 0.07 
·., 

MnO 0 . 04 8 0.04 0.01 

MgO 0.97 7 0.96 0.03 

cao 2 . 03 B 1. 94 0.07 

Na 2o 2 .81 8 2 . 74 o.oe 

K20 5 . 51 6 5.44 0 . 12 

... 

• _ From Abb~y (1~83) 

• 
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15.2i 29); Zr 495.2 (6 . 20; 500); Nb 28 . 71 (0.9; 23); Zn 

99.7 (2.4; 105) ; Cu 44. i ( 5. 7; 33) ; N I 10. 2 ( 2. 6 ; 9) ; Ba 

1329. 1 (75.4 ; 1300); V53.5 (.17.3; 54); Cr 7.8 (5.2; 12); Ga 

20. 4 . ( 2. 0; 2 3) . 

Easton (1982) has demonstrated that the· effects of · 
.._/ 

del !berate cross contamination of samples and both fie l d 

and 1 abo'rc!ltory dup I 1 cates are within the limits of 

ana ) ytlcal uncertainty . 

8.4 Adre Earth Elements Analysis 

Rare earth elements were analyzed by the th i n f l lm 
, \r 

X-ray fluoresen6e metho~ of Eby .(1972) as modified by Fryer 

\ 1977 : 1984 pers. comm . ). The method employed In this study 

Is out! lned In Table 8 . 2~ 
\ 

Samp I es '\were ca I I bra ted • agaInst 1 nter nat I on a 1 rock . 
stancards. Results for USGS stand~rd~, a granite , are 

presented In 

30" of the 

higher error 

Figure 8.1 . Th~MUN determinations are within 

published values except for Sm and Gd . The 

on these element'> Is the result of 

fr a ctionation of thes e ,eleme nts wlthln . tne columns and/or 

low s ample yields. The estimated precl~lon of the XRF REE 

method Is+/- 10" (Fryer, 1977). A me asure of tha precision 

o f this method .. ,s given In Figure 9.2, where 110 

determinations on a Brazil ian basalt, supnl l e d by B.J . 

' Fryer . a..e presented. The samp l.es with lower yields ( < 50%) 

fa I I outside the 1 lmlts of prectslo~ for this method due to 

fractlon~tlon of the REE In th e c olumns. AI I samples are 

~lthln analytical uncertatnt~ of o ne ~nethe r , excepting Oy 

) . 
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Table 8.2 : Procedure for Rare Earth Earth Seo~ratlon 

Sampre o 1 sse 1 ut 1 on ' 

1) We I gh 0. 5 
2) Add 15 m I 
3) f ,dd 15 m I 
4) · Add 15 

to 2.0 g Into a 100 ml Tef lon 
HF + 2 ml HCIO~. evaporate to 
HF, evaporate to dryne~s 

b~aker 

dryness 

dryness 
ml 2N HCI + 2 ml HCIO~, evaporate to 

5) Add 15 ml 2N HCI, evaporate to dryness 6) Add 5 nll 2N HCI, warm beakt"r untl sample Is I n solution 
7) 01 lute solution to 1N HCI 

·' 
WIth distilled water 

ton Exchange separation of the REE 
ron · exchange separation Is carried out In glass cetumns 

18 X 1 em fit led to a height of 15 em with a strong 
cation exchange resin (Amber I lte CG 120, Na form, 100-200 
mesh). Prior to placing the sample onto the column , the 
resl~ has been cleaned with 6N HCI, rep~ck~d with dlst l I led 
water and re-equl I lbrated with 2N HCi. 

8) Sa~ple solution . ·Is filter-ed onto the coiLJmn . Aft~r 
addition the fl I tar paper Is rinsed with 2N HCI, 
elution proce~ds as for lows . 

9) Remove funnel and wa~h sides of the columns w r th 5 
C) ml 2N HCI to remove droplets and ~nsure sample Is 
u absorbed onto resin bed . Repeat 

1 0 ) T 6 r emo v e a II c ! t I on s up to and • I n C"; 1 u d 1 n g S r add 
105 mr 2N HCI. Discard eluted solution. 

11) Clean stopcock and column tip with dlstl r led water. 
Place clean teflon beaker u~der column. 

12) Add 5 mr 6N HCI to equl I lbrale resin with 6N HCI. 
13) Add 115 ml 6N HCI to complete elution of REE group 

lnto beaker. ~ 

14) Add 1 drop HCI04 to each b~aker and evaporate 
solution to dryness . 

Samp le Clean Up 

To ensure a clean sample a second pass · t~rough . a smal r 
glass column, 10 X 0.75 em, fl 1 le~ to J hel~ht of e. em with 
Amber I I te resIn Is per forme1 . In t'he samp I e c I ean up 
procedure HN~3 Is employed as the elut~nt. The resin Is 
c leaned with 8N HN03 , repac~ed and equ r 1 lbrated with 2N 
HN03. 

15) Preparing samples for the columns. Add 20 mr BN 
HN03 to the samples and evaporate to dryness . 
Add 1-·2 mr 2N HN03 to each sample to Put them 

" Into solution. The samples are ready to be loaded 
onto the columns. 

16) Pour solution directly onto the columns, rrn~lng In 
with 2N HN03 , approx .. fr.lately 5 mi. 

17) Separation of the REE . Wash dow~ the ~Ide~ of th e 
columns with 1- 2 mf 2N HN03 . Repeat . 



.able ~.2 : contlnu£d 

1 9) 

20) 

A'1d 21 ml 2N (.03 to each c .olumn and let drain. 
Discard. 

Ptac~ a clean ab~l led 30 ml Teflon beaker under 
the columns. Add 14 ml BN HN03 and let drain. 
Plac~ beakers on a hotplate and evaporate to 
dryness . Dilute the solution to IN HCI with 
dlst I lied water 

Loading ~am~le' onto lon Exchange Papers. 
Samples ar~ picked up in <.25N HCI, usl r.g a 50 

Er:-pendorf. i1Utomatlc pipette, and ~laced In the centr~ of an 
lon ~xchange paper (Reeve Angel SA-2) that has been cut and 
fitted onto a cardboard backing ring. When the paper has 
dried It Is stored In a lab~! led coin· envelope prior to 

• ~oalysls on the XRF: 

· ... 
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Figure 8.1 : ~EE results : or USGS standard samp l e G-? as 

determined In tnls study by the thin film XRF 

methocl, Resu Its are compared to pub I I shed va I ues . 

I 
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Figure 8 . 2: Pr'=clslon of the thin 
fIlm XRF method of 

determining REE distributions ·. The samp·le run Is a 

Braz I 1 I an bas a I t supp 1 1 ed by B. J . Fryer. The 

values accompanyIng the symbo Is refer to the 

percent of sample yield, as determined usln~ a Tm 

spike. The samples with lower Trn yields result In 

hI ghE' r abundances for the same ~amp 1 e . 

\ . 
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values w :'ich are wlt,tln 30" of e.sch other. REE'.Piots are 

norma 1 1 zed t<." the chondrltlc values reported by Masudd et 

at. (1973 ) divided by 1.2 . Chondrlte normalizing factol"'s 

(In ppm} are La 0.315; Ce 0 . 61J;•Nd 0.~97; Sm 0.192: Eu 

0.0722: Gd 0.259; Dy 0.325 ; EJ' 0.213; Yb 0.208 . 

In 

chem l ea 1 

Of a I I 

a I I petrogenetic discussions only samples with 

y ! e ! ds ::oo60% are considered. The low }lelds, In 20~ 
I 

samples analyzed, al"'e the result.of either los s of 

sample solution during processing or fractionation of t t• e 

REE on the columns, I.e. over elution and loss of Tm and 

HREE . .. 
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AppendIx C 

RUBICIUM - STRONTIUM ISO~OPIC DATING METHODS 
~ .. 

c. 1 Rubidlum~tront : um Analysis 
- < 

Ruuldlum strcntlum ratios were determined by X-ray 

f I uoresenoe on tt.e same pressed powder pe 1 1 ets used for 

trace element aete,.mlnatlons. aubldlum and strontium va l ues 

and 

re~llcate an .'ll yses and cal lbrated against 
'"! 

I nternat lana I 
,..ock standards . USGS standard sample W-1 was run with e~~h 

· ~ et of Maggo Gnerss samples. A total of 120 determlnat l ~ns 

on W-1 (Tablt.! C . 1) yield mean .values for Rb and Sr of 22.1 

+I·· 'J.5 and !t!8.5 +/- 0.8 ppm, respectively. Estl.mated 

orecl~l">n of tre rubidium and strontium contents Is 1% ( , 

SI~Jrnal 0r 0 . 5 ppm, whichever Is lower . Tho precision of the 

ruoldlum strontium ratios Is 1.5% (1 sigma) or better. 

Table C . 2 presents results of duplicate determinat ions of 

Rb end s ~ and the corresponding 87RbjB6sr rl'lt los for 
S.:lmples from this study us~ to define the precision of ~he 

de term , nl'! t Ions . 

, 

.. 
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Table c. 1 . Result~ of repl Ieete analyses ~n USGS standard 
sample W-1 for Rb and Sr, In ppm, with the 
corresponding 87Rbt88sr ratio. The errors 

.J 
quoted ar ~ for standar-d dev 1 at I on about the 
mean . 

Run C~cles Rb Sr a7Rblaasr 1 15 22.3 188.~ 0.3'43 2 10 22. 1 187. ~ 0.341 3 10 21.2 188.9 0 .325 4 10 22.2 188.3 0 . 341 - 5 10 21.5 190.3 0.328 ,:"" 
6 ' 15 21 . 7 187.7 0 . 32.-7 15 22.7 "188 . 8 0.3 .. 7 8 15 22.6 189 . o 0 .347 9 10 22. 1 188.3 0.3o40 lC: 10 22 .6 187.3 0. 34£¥ 

Mean 22. 1 +,.- 0 . 5 188.f!a/- 0.8 0 .339 Accepted Values• 21 ' 1~0 

• F!·om AJbey ( 1982) ·-

I 

I .. 

0.320 

' 

\ 

. I 
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Table c 2. Ae$ults Of duplicate analyses Of Rb and Sr-, In ppm, and the ~or-responding 87Rb;S6sr r.etlo for geochronology samples from th i S s t udy. Contents are based on a mlnlmu~ of 10 rep I lcate determ'l nat Ions by )\RF ana l y Is. Error-s ( s) quoted are _for 1 standard dev I at 1 on about ~hd rr.ean. 

?_am·p I e Rb s Sr s "'87~Msr s 82-76 
( 15). 48.5 0 . 3 270 . 0 0.8 0 . 520 0.003 ( 10) 48 . 4 0.3 270 . 1 0 . 7 0.519 0.004 82-78 
( 15) 42.8 0.2 421.9 1 . 1 0.294 0 . 002 ' ( 10) . 41 . 7 0.3 418 . 7 1 . 2 0.288 0 . 092 83-184 
( 10) 6b . 6 0 . 4 752.6 2.4 0 . 264 0 . 00 1 ( 10) 68 . 4 0.4 n~.o 2.6 0.2 5 3 0.001 '83 - 216 ... 
( 15) 42.2 ( ! . 2 263 . 3 0.5 0. 483 0 . 002 ( 10) 41.: C . 3 250 . 6 i . 0 0 . 481 0.002 83-238 
( 1 tJ ) .;s . . , :1. 4 431 . 8 1. 2 0.333 0 . 002 ( 10) 49.b 0.2 428. 6 · 1 . 8 0 . 335 0.00 2 83-2t 8 
( 10) 40 . 5 ·::> • -1 6~3.0 2.5 0 . 183 0.001 ( 10) ' 39.8 0.4 641.7 2.4 0. 180 0.002 "83-294 
( 1 0) 35.7 0.4 3·i9 .o 1 . 0 0 . 296 0.003 ( 10) 35.~ 0 . 4 347 . 8 1 . 7 0 . 298 0.003 83-315 
( 10) 45.8 0 . 3 649 . 9 j. 3 0.204 0 . 001 ( 10) 45.9 0 . 4 ! 43 . 6 1 . 7 0. 206 0.00 2 

.. 

r' .... 

\ 
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C.2 ~~~Analysts 

T.hro~;ghout the strontium separation the concentrati o n 

of HC I used was 2N, (S.G. • 1.035 + / - 0.001) made from 

quartz distilled 6N HCI ·. Stront i um separat ion was carried 

out ~ on 0 . 2 to 0.4 g al lquots of rock powder. Tab le C . 3 Is a 

summary Of th~ sample dissolution and I on exchange 

procedure employed for strontium separation. 

Strontium from the final solution was loaded as the 

phosphate onto a degassed, s ingle tantalum f I lament using 

Six samples were loaded on each turret and 

ana I yzed on a Vacuum Generator s Mlcromass 30 mas s 

s:.:,ectrometer . Samples were lrun at fl lament currents from 

2.0 to 2 . 8 amperes, .In blocks of 10 cycles, with 4 to 20 

b I ocks counted for each sample. Each cyc:e I nvolved 

cou~tlng backgrounds · sx , tnd tt>e following Sr peaks : 86 ; 

' 1 1 X , 8 7 ; 8 X , 8 8 ; 4 X • A t t he end of each c y c I e t he f o 1 I ow 1 n g 

rat I OS are calculated: 

and 3) 

86sr;88s , ratio of o. 1194 . 

. 1 ) 

t ,,e 

ee5 r 180sr, 

87sr 1 8dsr 

2) the raw 

norma I I zed to 

At t~; e completion of 10 cyc les vf data col lectlon, the 

me an 87sr;86sr ratio for tt.at block was ca l culated . The 

87sr;66sr ratio for a sampte Is t 'aken- as the moan of 

the mean va I ues for each block. Errors Quoted for each 

! so top 1 c determ Ina t I or. are ~ at the 1 s 1 gma I eve I. Ana 1 yses 

of the NBS 

value Of 

987 strontiuM =~rbonate 
( · 

0 . 71030 +I- 0.000'.)1 

~t MUN .'y leld a mea n 

( 1 s 1 qma > for 28 

de termInatIons between Oc t ober 8, 1984 and Apr I 1 16, 1985 

by 3 ana I ysts. 



Tablf' L.: . 3 : ' Prucedure f ·)r Sr Separ1ltlon. 

s~~ple Dissolution 

1 ) Weigh 0.2 to 0.4 g Into a 100 ml Tef I on b e aker 
C.) Add 16 ml HF + 2 ml HCI04, evaporate to dryness 
3) Add 15 ml HF, evaporate to dryness 
4) Add 15 ml 2N HCI + 2 ml HCI04, evaporate t=-

dryness 
5) Add 15 ml 2N HCI, evaporate to Qryness 
6) Add 5 ml 2N HCI , warm beaker unt 1 1 sample Is Tn 

so 1 utI on 
7) D I I ute solution to lN HCI wIth distilled water 

lon Exchange Separation 
len exchange separa t ion i s carried out In glass columns 

18 X 1 em .. fll led to a height uf 15 em with a stron~ 

cation exchange · resin {Amberllte CG 120, Na form , 100-200 
mesh) . Prior to placing the sample onto the column the 
resin has been cleaned ~lth 6N HCI, repacked with d l stl 1 led 
water and reeQul I lbrat~d with 30 ml 2N HCI. 

8) ' Sam~te aotutlon :s filtered onto the column, the 
funpets oelng removed after the sample has drained 
coii1pletely onto t ;1e Mstn. 

9 ) E I u t I on w I t h 2 ; 3 ; 55 ; 1 0 ; 1 0 ; 5 m I o f 2 N HC I . Each 
lndlvl~ual al IQUO"t has drained completely prior t Q 
the a Gdlt ion next at IQuot. Solution I s di s carded 

10 ) Add 30 ml 2N HCI, collect and evaporate to dryness. 

s ample Clean Up 
To ensure a clean sampre a second pas~ through ~ smal 1 

glass column, 10 X 0.75 em . fl I ted to a height of 6 em wttn 
Amber I tt e resin Is performed . The smal I columns are 
cleaned, repacked and re-eQul I lbrated In the same manner as 
'the large columns, however reduced acid volumes are 
required. · 

11) Add 5 ml ~~ HCI to sample to bring It Into solution 
12) Dilute the so l ution 1:0 1N HCI wi th distilled water 

.1J) Pour the ::; ampl~ directly onto the resin 
14 Elute with 1 ; 1 ; 5; 5; 5 ml ,2N HCI allowing each 

aiiQ•Jot to drain completely . Solution 1 ~ 
discarded . 

15 ) Add 5 + 5 ml 2N HCI, cot lect and evaporate to 

16 ) 
dryness 
Upon c ompl a tlon of the evaporation the sample i s 
picked using a 50 I Eppendorf pipette and a 

' ullute H3Po.4 ecld solution and stored In " a 
label led, t ightly capped vial for analysis on the 

mass spectrometer. 

,. 

' 
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T~e author performed the Sr separations on at 1 198: 

samp l es. T. Finn , Oep~rtment of Earth sciences, M~orJ~ : 
Un i versity, performed the Sr separat ions on all 1983 
samples. 

/ 
C.3 Regression Analysis 

All samp~es ,analyzed for 87sr;86sr are nc,..maiiZe:! 
to a value of '0 . 1194. were Isochrons 

• 
regressed using a least squares fit similar to Brooks et 

a I. ( 1968). 
The . regressions were carried out on a Hew lett 

Packard system 9845A desktop computer and plotted on a 

Hewlett Packard 747DA plotter using program~ written by D . 

Press arJd H . 
Longerlch , Department of Earth Sciences, 

Memorial University. 

A mea~ure of the geological error assoqlated with a n 

IndiVIdual 
r~gresslon Is given by the MSWO (Mean SQuare of . 

the Weighted Deviates). The MS'•'t'D Is a statistical function 

which evaluates the contribution of analrttcat error 
i mc:CIIine, analyst) vs. the geological error to . age. 
deterr.•lnat ion. 

The higher the MSWD the greater 
~~:>io.; Jcal 

MSWO > 2 . 5 

1 :; the 
error . 

Brooks et al. ( 1972) suif!gest that for an 

the s~mpies used In the regression define an r . 

errorchron rat~er than a true lsochron. 

\ 

.. 
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Appendix D 

MAJOR , TRACE AND RARE EARTH ELEMENT RESULTS 

FOR MAGGO GNEISS AND HOPEDALE DYKES 
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1:S 

B 
b 

44 
437 

6 
82 

2 
so 
10 
17 

8 
~ 

50 
16 
3 4 
17 

10 
3 

16 
:;~~ -

12 
2 
2 
1 

1:59 
4 
2 
8 

1 3 

4 
6 

43 
186 

4 
' 11 3 

4 
:51 

2 
2 

14 
ZP.O 

2 2 
20 
10 
15 

~9 

222 
B 

1 16 
3 
~ 

6 

l :i 
Z36 

35 
1:5 
17 
17 

2.68 
5 03 . 25 
54.78 

2 .96 
238.65 

3 ,j .5() 

Na /1<: 

1<:/Rh 
l<:tB• 

. :: . 20 
3 65. 2 4 

3 4.'i:"i 

., ---------- -- --------------------------- -------- ------------- ·· -------------------------------·------------------------------------
?. .. 3 1 

~7 1 .47 

3J. Rq 

Element. f,.-. t 1 l'S 

3 . 2 0 
.188 . 1,6 

2. 95 
2 68.69 

3 8 .. 53 
22.3.62 

36. 16 

3 . 0~ 

2 61.9'1 
44.82 

3.42 
226.39 

34.95, 

6 . 19 
43!5. 8 0 
43.~ 

3 . -46 
24:i.1 7 

36.61 

.J 

;> . 20 
206.08 

4 2 .91 



" = I 

,' 

RB! 10C 

5 107 :::,•1 . lO 
l l :1.? . .._ ~~ 

.:.t ~o:. ~l. Or) 
Fe:.:u:; ~ .. vo 
feCJ 3 .. 0 () 
MnO .u7 
11q0 • 1 1 
CaD 17 .. (~ '.J 
Na20 
K20 ::2 . 44 
1'...'0~ .10 
1.01 • 7l1 

u . &r-il:!o,) .... tp,.- 19<11 !1ag~u · Gnc· io;;-. Snnop'1e,. 
881-100 n81-!0t 981 -l •)F EjtJ1-~5~ l!81-35f< 

----------- --- ----- u81-3~>0 ------ ------------------------ -· ---------------------- ---10.40 } 1 . ao 72 .. 2t) 11 . .;u 7 1 .00 7::.. 4 0 71 .90 :?~ 1 .2b . _27 .:;;s - -~4 . 71 . 24 :5. ?.(. 15. :.u 1 ~. ~~·-· 1·L90 '\5.0;) L:i .. 10 13. ! 0 .;o 
.'1 0 ·. ~) 2.90 ~. 70 .: .40 I. 4 0 • . 80 I • 4 C• I. 90 .04 .u:; -~ .('1 4 .0'4 .04 .03 .lH ,. 70 .57 I. JO I .09 1. 02 I . 16 

-' · 79 3.82 ·'· '27 -'· :_ (,_) 
-' · 12 2.a;s, 2 .98 ::: .90 3 . 8l• 3 .. c:··-· ~~ .. -:-" 1_' ;. '-.10 4.40 4.20 1. 43 I ~~ 

I . 5~ I -~V 1 r-, 1 . 45 1. 52 . ~- . _,_ . 10 tn . 0 9 .... 19 . 09 . 09 . 12 .20 to l C• • 4(, 4l) .50 .50 - -- -- - -- - ------------------------------ -- ------ ----~------ -TOTI'L 99.15 -----------------------------99.26 99.83 98.85 98.38 ';"'9.30 99. 84 99.65 - -- --- - - - - - - - ----- ------- - ---- -------- - - - -- - --- ----- ------ ---- ·--.-------- - ----- ------ - - - - - -

Trac e Elements !pp~) 
------------ ------------------------- ----- --------- ----------- -------- ·------------- -------Pb ..,~ 

5 5 6 t; 1: : II 12 
~-' 

Th 9 4 7 4 ~ q 5 2 u 
Rb 73 53 47 44 5~ 59 62 6 2 Sr 3tl2 2-Q4 186 203 .:.t:'C! 36v 273 297 ~ 5 6 4 c 

7 7 4 
_, Zr 8 4 13 1 10:.! ·114 9"\ 'If' 101 11 0 . ::, 4 4 4 .1 

·' 7 4 ln 108 :5~ 5•:· 4 ..: ~4 44 49 47 Cll 9 .. 
2 Ni 

3 4 b 18 L;: 19 18 La 17 IS 2 4 1:" :.. ~I r ' 10 _, Ba 225 3 18 281 400 3~4 2. ) 1 !61 169 v 71 30 -:::6 1·-. ., , 
: 1 I ; 20 c .. ::.9 14 37 

1 ' . ~ 1.~ 12 Cr I~ 13 1 3 L . 73 ~7 2 3 36 6a C:: l 16 1"' 1 I 13 13 
\~ 16 

Ele.,..nt Rat to!> 
---------------------------------------------- --- --------------- -- -------------- -·- - - - ---N"' /k 2 .73 3. 1 1 :;' .57 = . £ 7 2 . t.3 3.03 2 .76 "'Rb 2 77.46 223.97 21:5.47 2B6.7h ;:_2,_, ..... ,., 71 3 .86 194.14 203.51 KtBa Cf.) . li7 37.33 36.('.4 31 . 5 4 38 -"'3 4 3 .96 /4. 76 74.b6 

•:·:' 



~.c~ 

r n~ 

Fp?O:; 

f•O 
-. P1nU 

'1gU 
r .. o 
·~•::o 

•-20 ' 
1'20:. 
:_ ') l 

IOTAL 

... 
·. b· 

.... . 7 ·.· 
• ' -_ -4 

..... . \ 

I. 01 
- 1 3 

~-- (,•9 

99. 4(1 

f-.lop---o a l • Dy :. ~., 
8:' -S't t:I2 -·>>A l:l:"-7 08 e~-65B 8~ -13~ SS-170 B-'-19:;> 

--- -------'- -------------- - -----o-- -- - ----- -- ----- ----- - -- --- - - ----··· 

0.89 
.26 

a.:__ 
· : . 14 

1 . 20 
.03 

1.47 

:so.t-• 49.1 ~· ::::" . 9 <> ::a.~o~v ~t.,x> A:S.6o 49. :.( • 
~ 'I . Qq ,2:, 4 1 ~ ( llJ 1 • u~ 1., 3.L 1 • 18 

1 3 .. 6 •. ' 14 .. :. .. _) r...t .. :: \) :.!. .. c · ; 14.S..) 

:., .. ~ 4 

. 14 
6.:"6 
7. 0 8 
3 .. b5 

.'Y2 

.04 
I . I:' 

.... .. 
a. 6 .' 

7 .6'-t 
i ') . ::.7 
2.9'1 
1 . v 4 
.0> 

I • <: c1 

: 1.8:' 

I 1. .:.J 
3./l..r 
1- o_.~ 

:'.EJC 
.\.. . .:; 

1 .. (15 

3 . ~ :, 
I L : 7 

. : 4 
6.8-
c;. _..._, 

L 6'5 
1. 14 
.08 

1. 8 f• 

8 -' 
. 17 

7.52 
8.'16 

1 ~--

.07 
I. 6'il 

1 4. ~:: ) 
~ ~ 

I 0 . 1-1 
. -:::, 7 

8.31 
9.84 
2 .. 28 
I. 7 4 

13. 6 <.· 
:".98 

10.:"9 

6.44 
9.80 
2. ~2 

1.38 

83-1'19 

------------------r--------
49. ,)U 

. (:',~. 
13.60 
~.33 

8.4.!. 
. 19 

8.74 
9.5<4 
2.:57 

49. ::>o 
.d4 

13.70 
2.qo 
8 • .;7 

.19 
8.53 

1 0 .(1:: 

:!.74 
1.42 
-~ 

49.70 

• ::.. ::it) 
:: .'il l 
8 .58 

.19 
P;0, l 

10.b8 
2.~4 

1. :;'0 
.05 

99 .. 95 

• 11 
I. :59 

.'18 

.05 
2.:"~ 2.21 2 . 3~ -- -- - - -- --- - - -- - -- - -- - - - ~ - - ------ -----~- - ----~ ---------r ·- --------------------------------------------

2.86 

I (•J . 4 1 
98.:51 100. 4 1 ----- --- -- -- ------------ - ---------------- ------------- -- -- ~ ·------------------------------------------------------------------------100.71 : ou.97 

Pb 

Tt. 
'J 

Rt. 

----------- - ------------------------- -----· -- -- ------------------------------------------------------------------------------------
•~acp ElPmer ts lppM ) 

6 

Sr 
't 

lr 
Nb 
In 
Cu 
N1 
Ba 
v 
Cr 

G• 

20 
:":I 
2~ 

82 

126 
11 3 
c.: 

2 15 
..,..,~ .... .... .. 

39 
18 

22 
1 4 9 

4 t ' ) 

7 
143 

13 
87 

l ~A 

275 
221 

17 

8 
i 54 
18 
64 

6 4 
15 
S ·--1 

156 
144 

17 

8 

2P 

I ~ 

0 

6 4 
~G 

6,. 

1 ' 
1 (1 ~ 

186 
~o.,. 

.:;4 0 
14:'\ 
[1!: 

' 5 

4 
1 

: 7 
2:53 
·.n 
o ::' 

4 
9 4 
64 

10 3 
204 
24~ 

216 
1 7 

8 
9 

34 
18::: 
55 
96 
16 

176 
34 
85 

205 
285 

' i :29 
:> ! 

\ • 

9 
4 

24 
94 
34 
7::> 

9 

103 
63 
7 4 
41 

3i3 
143 
19 

27 
123 

19 
50 

:5 
a::; 
69 

139 
73 

265 
311 

1 /o 

33 
142 
23 
5"' ' ;_ 
9'1 
36 

!4:5 , 
64 

2b9 
234' 

14 

7 
7 

31 

19 
38 

7 
91) 
39 
!16 

· ., 100 
2 71 
::~1 

14 

1(•.66 :';.20 
7.82 
1. 14 

Rare Earth El · . .. -• .,..n ts (pp,.> : 

------------------- ---------------- ------------------- -- ----- -------------------------~----------------------------------------
l- . 84 3. 12 4.b4 13 . .;u 4.20 ; s . oo 6. 7 0 4.00 11.oo :5 ,20 

I,- a 
Ce 
p,. 

Nd 
!;;-. 

Eu 
Gd 
Oy 
Er 
Yb 
Lu 

25.84 
3 .. 1 3 

"'-4b 
I. 27 
3 .82 
3 .52 
1 . .' 6 

.25 

5 • .>1 
. 1. 79 

.7(1 
2.31 
2.39 
I. 3 9 
.97 

14.61 7.90 17 .66 30.50 5.20 81.60 16.80 9.10 2 7 . 60 12 . ( .. ) 
1 .'6 9 · 1.41 1.1·7 3 . 8 0 1. 7 0 u.oo 2.40 1.70 2.60 1.20 
7. 05 6.54 

7
. 77 1 ~ .00 0.10 47.20 12 .70 7.70 l6.JU R. 7 0 

1. -7/ 2. 44 2.90 4. 50 2.40 10. 80 4.7(1 2.00 3.60 2 .70 
. sa 1 . •)o . 1 4 1 • 40 1 . 1 o 2. c~ 1 . oo . 60 1 • 20 . :so 

2. 11 3 . 2 8 ~ . n0 5. 60 5.00 10.70 6.00 3.40 4.80 3.40 
1.77 3:tJ4 "--2" 5.50 ::>. 2 o 10.~ 7.oo 4.1o ::>.oo 4. oo 
1.1 9 2 .10 1. 9:" 3.10 2.70 5.70 3. 90 1.60 2.~ 2 .30 

. 9 1 I . 6 7 I . ~.::, 1 . :':.0 1 . 50 , 3 . 60 3 . 00 1 • 20 1 . 50 1 • 20 
• (12 

7(l .. 7 2 28.24 SumRE - ---- - - - - -- - ---- - - - -- - - - - - --- - - ---- - -- - --- - - - - -- - - - - - -- - - ----- - ---- - -- - ------ - - - · - ··-- - - ----------------------- _ _ _L. __ --- ------------ - - - -
39.14 3 4. 67 'll. <.6 87.20 3 7. 10 ----- -- -- ----- - -- ---------------------

Me;; • 33.16 41.44 

,, 
·' 

221.1 0 6 4. 20 35.40 76.:50 41.20 

37. 35 
------------------ ---------------------------------------------------------------------------

41.67 
3/. 47 5 1. 02 

33.18 45. 2 9 ' 43.28 



Hol::>ed"l"' uvk es 
83-228 83- 245 BS- 246 83-Lo7 r;.:. - 292 a~.· :d ------- ------------ ----- ------------ -- ------ ·--- - --------------------- -- -...,. S10:C 4U.90 48.70 .. / .80 47. 60 47.40 48.20 

I 

' 
.':'2 . 8(1 1.08 ; . 1,-, • "/3 .. H·: i . t ·b .... , ... i<l 20~~ 1 :::.ov 14.60 :4 .?u 13 . q ,. 1 3. 4t• 14.20 F &~>20:. 4 .. 05 ::. 70 4 .01 3 . s ·J . 6o 2 . :.'0 J 

I F..O . 8.44 9.8:: 9 . :.<:> 7. ·:;a 11. ~6 1~·. 68 11n0 .26 • 21 .: J - 19 • 2(t ~ ~ 1 '1c;j C 8.,3 1 7 -· ~ 7.46 (_, • .}9 8.08 7 - 44 • ~ ..> c .. o 1 <' 08 9.88 10. 27 : I. \...•4 10. ".>7 9 . 80 N .. 2o 2 .. ~7 3.01 3.1::' 3 . 0 6 2 . 1->9 3. 11 1<:20 . 96 .'58 .60 1. 0 4 1. ~'7 .93 P:;.>05 .08 • 11 II . o:o. .v ... .04 LOl I. 79 I. 7'"5 1. 4 3 I . ::~r. !. F,.I 1. 6 :J ---------------------------------------------------------- -------------
99.26 1 . 100. 65 99.95 9.9.51 i'B. 2/ 99.25 

TOTAL 
--------- ___ ___________ ....... ___ -----.--------------------------- - - ---------

Trac e 'El•fllents <ppml -------------- ·--------------·----7------------------------··---------Pb 8 12 ·- 2 Th 7 2- :'; -· u 
1 Rb 

" 2~ t ...... ~-.. 22 16 19 14 8 3r 140 100 9 0 C:' -1 108 l'J"' y 30 2 5 27 2 7 -~ 26 lr 
4~ 62 b1 4b ::;o 74 Nb 4 3 ':> 6 Zr• 115 101 97 E,~ J ('7 1UI::I Cu 144 9b 82 7-b ".6 ::i4 N1 84 107 11 0 128 15? 1Cl a .. 40 11 51 ... ?~ .; 281 2B8 285 330 ~-.,.4 2J1 Cr 183 7b 9 2 2.:v ~1 "-! c; 6 Ga 15 19 1 7 ~~ .,. 7 1£:1 

Rar• Earth Ele•ent~ lppml 
- ------------ ---------------------- ----------------------------------
La 9 . 20 4.90 3 . H• 4. 0u 7 .1U c. 22.60 10 .40 6 .40 9 . ")() lb. 7(J 

1 
Pr ~-9') I. 20 l.bO I. ~0 ::. . -4 0 Nd 12.80 8.30 5.50 7 L r) 14. 20 s. 7 .70 2 .bo 2 .10 '2.:'(: 3 .70 Eu .90 .70 .bv .!:loJ l ~ 20 ,. 6d 5.~· 4.60 3 . 1 (1 3 .1 0 o. :::.o Oy :s. 4 0 5.20 4 . 9 0 ~ .. 10 7 .40 Er :' .90 2 . b0 2 .60 2. •f\) 3.30 Yb 2. 1 (l 1.80 1.90 1 . 6 ;. I . 2v 'u 

Su-.RE --------------------------------------- --------- ------------- --------
60 . ~') 42.~0 - - I. 0<) 3;.:' .0(.. 37. 90 64.70 

----------------- - - ---- ·- - - --- --- --·- --- -------------------~- ---· - -----
40. 7'5 35.48 36. 13 43. 70 

• 



"' ~ : 

W1or-t:oo51 t• L :c I .lv~ 
El 3 - ::•01 u:: ..:: :.~ 83- ::'bS 83-27 ::> 83-::'71 

- ----- --- - -- - -------- -----~-- · - - ---- ~----- ------ ------- -
;;t02 58- ">(I n:. 10 4 . . :..o 74. 7 · ' .. q _ q Q 44. 3,> !>0 • • l > Tt02 .. ~ . I~ . :..~ ~ '~ ' :? -~· - 1b .44 A120C: 1"1 ·:"(.' 1-:.~o 1 0. 1 n 1 :_";. ;J; 'I 2 4.30 19.~)() lb. 7~> fe203 :'\ .::.to I . :>'I 7 .C7 3.86 8 .. -4'-" .. _.., , 
F.O 

------ ------- - -- --------------

l'lnO .. Of: . 03 .1 :: .. O i .V I • 14 .07 l'lqO 2.Q6 .90 8.41 .. ('15 2 • o: a.oa 3 . 79 c.o 7.'57 4.02 11 .... 7 LeO 13. ( •::i 11.23 7.02 N.20 3 .63 4.08 2.bb 3.'13 2 1'> l.b3 4. 1'.-
~20 1.53 -~ 1.48 4. 7 8 9"' 2 . 32 .. 9~ P20'5 - •)'I .01 .. ·~; ! .02 . 0& .1 0 LO; 1 • 7ll .. 4 7 1. 913 .. __ , _, 

1. ~:') 2.sq . 44 
--~--------- ----- ------- - ----- - - -- ----- - --- - - -- - ------- ·- - ---------------- - --------- - --- -TOTAL 99.70 99.74 99.: ..> 98.23 9e.72 •.) . 00 ----------- -------- ------ -- - ---- - - - - - -- - - ----- - - - ---- ----- -- ---- ----------------- - ----- - -

T r d c: P EloMra>nts <ppm ) - ---------- ---- ---·----- - ---- -- - -- -- - - -------- - · ·- - --- - --- ---- -- --------- - ---------Pb II I I · ' 
.~. , (~· .~ 

· ~ Th b 4 .. -'~ ~ u 
' Rb ~:.:; b •>7 R4 20 101 11 Sr 2 5 5 36~ 240 I 71 I I " 17.:; 369 y b J J I 11 6 8 lr- 42 12 ~ .... . J ·~ 9 0 

_,_ 
Nb 3 2 l 4 :' 3 Zn 3 8 17 b B -; S l .:,e 41 Cu 11 25 6 ·'" 1 ~ ~ 34 Nl 60 2 no ;: . ..,. 1"77 57 L• ~ 4 b 9 

.) 

B• 2'53 124 '~4 5o:. ~~ 1~9 I ~ ! v 37 22 7 3 -,>Eo 0 7 11 ~· c .. 16 29 32 :. 70 Cr- 74 4 ~56 7 12:5 7 3 147 G• 17 14 
·~ 

:;; 19 13 18 

ElP.ftent Rati.us 
- - - --- --- -- -- - - - --- - - - - - - - - - - - - - - ----·· - - ---- ----- --- - - -- - - - - --- ----- ---- ----- --- - - - ------
N,;o/1( 

1'./Rb 

I< I B• 

2.37 7 .. 0 3 
802 .43 

3B.q3 
2 3 9.1.3 

50.?0 

; . eo 
2~1 . 39 

141-.1o 
3b1 . V'I 
LSI. ~ ! 

. 70 
190.08 
130. 12 

4.3b 
716.91 

6Q..20 



Ptt(,joP.>ti t•s fr0111 tht!' 11•ggo Gn•is~o 
8 :.: -49A B2-49C e2-61 87-62C 82-69C 83-968 83-183 

d3-~5l C: ::i--2 3 5 P""<:-237 83-198 ! !i~:----. ---:::if---~ ::: g-- --::-:-----:: :§-----::I -::: ~r ----::: ~-----::: g ---- ~::~ ----~ ~fC ---::~f---::~E 
e Fe203 .31 .40 . ~3 .66 .48 1.91 1.09 .::.0 .34 1.03 .48 .:51 
~ MoO .01 .OJ .01 .01 .01 .04 .01 . 01 .01 .02 .00 .00 

1'1QO i . • . 1 3 • ,)<:,. • 10 . I 0 . 61 • 44 • 11 • 09 • 2 0 • I 8 • l 1 
CaO 1.~9 2.16 ?;::'A 1.18 1.18 2.56 7.45 3.09 1.20 -'2.76 2.77 .80 
Na20 3.99 4.~5 J.j3 J .85 3.3~ 4.27 ~. 97 4.77 3.16 4.44 4.38 3.39 
1<20 4. JL 3.58 2.51 5.62 ~.99 2. 70 3.48 .66 :>.3::: .99 .69 6.96 
P:20::> • 02 . 02 • 02 • <>!:> • 03 • 0 9 · . 0 3 • 04 • 01 • 02 
LOI .70 .62 .36 .4 3 .7 ~· .5~ 1.16 .32 .42 .44 .24 ------------- ----------------- ----- -- ---------- -- ------------------------------- -------------------- ·-----------------------------.22 

TOTAL 99.97 99.92 99.48 IOV. :':· 6 99.Qo 100.37 1o 98.39 98.11 9'?.42 99.36 9~.~2 98.1'!0 ---------·- --- --------------··- _ .. ________ ----------------------------------- -------·-- -------------__ .if" ______________________________ .. 

Tr-ac.e FIO>....,nt5 <pp .. l 

7 
-----y----- -------------------------------- ----------------- -------------------------------- ----- -------------------- --------------Pb 
Th 
u 
Rb 

9 1~ 

1 
I 

115 
236 

6 
4 

Sr · , 
y 

Zr 
Nb 
ln 
Cu 
Ni 

B• 
v 
Cr 
Ga 

86 
:;.>83 

1 
12 

I 
::" 

16 

1083 

:5 

12 

54 
344 

38 

II 
40 

b48 
4 

20 

- 1 

39 
256 

2 

2 
::; 

6 7 

72~ 

3 

16 

3 
24 

1 
II 
12 

964 
2 
4 

21 

5 
71 

396 
2 

b& 
0 

2? 
17 

824 
1:5 

<; 
22 

68 
296 

14 
66 

4 
24 
33 .. 

6 0 7 
19 

3 
17 

8 
5 

59 
351 

3 
01 

:;:o 
IS 

1~49 

I:S 
3 

13 

1 2 
' 1, 

11 
481 

166 

4 
13 

125 
4 

11 
13 

24 
13 

1 
8<; 

3b2 

63 

6 
13 

1677 

13 

14 
9 

11 
312 

70 
2 
4 

46 

216 
10 

3 
14 

9 

10 
316 

1:> 

24 

119 . 
4 

24 
1 3 

16 
2 

144 
269 

1 
70 

I 

12 

14 

14.88 
31. 2l · 

9.27 
18. 1 :s 

1.52 
2.5b 

13.71 
27.64 

------------------ - - - ------------------------- - -- -- -----.------------- -- -- --------------·-- - ---- ------ - - ---------- ---------------La 
Ce 
p,.. 

2.65 
4. 0 3 

Nd 
s. 
Eu 
Gd 

~ 
Yb 

u 

I. OR 
-, -

• 4 . 

. 19 

• C•S 

. ll 

4.65 

2.01 
• 71-. 
.7() 
. 61 
.so 
• 21 
. 0 2 

10.:$6 
1.84 

• ~6 
1.33 

. 44 

1~.42 

2.5:'> 
- 74 

2. 319 
I. 01 

• 12 
.. 1:! 

6.56 
tr.3:i 

• :51 
1. 29 
1. 2 7 

. 78 
1. 0 5 

SuaRE 12.0:;: -------~- -- ---- - --- - - ---------------- -- - - --- -- ---------------- -------------· ---------- ----------------------------------------b.o5 
6 . :7 :S:S.B8 66.50 40,.;;3 - I J•O - 1. 0(1 -1. 00 - 1.00 -1.00 -1.00 ----------------- ------ ---------

~r .. -· 
403 • ..-.. 

32.04 4~1.86 

• :>6 
700.32 
60.34 .. 

1.58 
32<; .6() 
36.9'2 

I. 14 
489.62 
19.6~ 

.69 
405 . 67 
~-99 

----- --------- --- ---- ----------J~-------- --------- ------- ------- -- -- -- ------------ ---------------I. <I 

~- .74 

7 .23 
498.06 

43.83 

.~9 

497.13 ... ,.38 
~.:.3 

739.5-4 
37.bb 

b.3!:; 

~72. 77 
48.13 

.49 
401.22 
26.93 



c 

F'f'Qa..tat·~ f,.OfO' th• ~q?o Gn"a•• 
ec: - :<bb 6.:-- -::?fi<, ~:; .:; -:::e: 93-:;>8 7 

- ---- -- --· ·---- ---- ·--- - -----··- - ----------------
::i•u.<> 
T ~-~ · 

1\l:;>tn 

F•203 
l'tnO 

"VV 
CaO 
-20 
'(20 

P20:1 
LOI 

... ~.90 
.o· 

1c. 8 ( · 
• 4 7 
• C·l 
.20 

2.99 
4.99 

.aa 

.~ 

.bB 

7~ . ) (t 

.(~ 

14.-::<., 
.23 
.00 
.09 

I. 79 
4.21 
3.8:;' 
. o: 
.27 

• I . 

13.90 
.sa 
. 0:? 
. :!4 

I. 36 
3.4~ 

~-52 

.03 

. 32 

73. :'·(> 
• Ot:! 

1:...10 
.44 
.oa 
.07 

I.::;<; 
~ .. ~~ 

2,4.64 

74. ~(. 

.1::: 
13. 7 .· 

. 40 

.01 

.20 
I. 60 

~. 18 

. ·.n 

.29 ------------------------------ .. --------- ------____ .... ____ .. -
TOTAL 98.96 99. 8! ?9.26 lOO.Ob 99.20 
------------------------------------------------------------

------------------------------------~-------------------- -
Pb 
Th 
u 
Rb 

Sr 
y 
z,.. ___....--.. 
Nb 
ln 
Cu 
'IIi 
a. 
\1 

Cr 
Ga 

B 

21 
.;43 

8 
14 

143 

13 
16 

14 

67 

2~ 
2 

32 

17 

1239 
4 
I 

1 7 

15 
7. 

107 
2 7 4 

6 
96 

4 

12 
18 

18:::3• 
11 

9 
18 

20 

94 
245 

3 4 
:sa 

7 
19 

s 
11 
18 

lb 
3 

82 

2 10'-
4 

1 I 

------------------ -- ---------------------------------------
L01 

. c.· 
Pr 
Nd 
s. 
Eu 
Gd · 
Oy 
Er 
Yb 
Lu 

·1 

--:--------------------------------------------------:.------
-1.00 -J .oo -1.00 -1.00 -1.00 
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Append I X E 

PARTITh: COEFFICIENT DATA 

Table E. 1 : Partition ; ?efflclents for REE In hypothetical 
mantle source minerals used In partial melting 
calculatIons. The chem ical composition of the 
source Is also given In ppm . Data from Uar tIn 
(1987). 

ol OB,.ll cpx garr. source 

La 0.0004 0.002 0.0"10 0.015 o . e3 
., 

Ce 0.0005 0 . 003 0 .098 0.021 1.82 
Nd 0.0010 0 . 0068 0.21 0.087 + 1.19 
Sm 0 . 0013 0 . 010 0.26 0.217 0.38 
Eu 0.0016 0.013 0 .31 0 . 320 0.1-4-4 
Gd 0 . 0015 0 . 016 0.30 ·. 0.498 ' 0.52 
[ly 0. 0017 0 . 022 0.33 1.06 Q.65 rr 0 . 0015 0 . 030 0 . 30 2 . 00 ~0 . -44 'yp 0.0015 0 . 049 0 .28 4.0~ 0 . 42 
L\.1 0.0015 0.058 0.27 5.05 0.065 

00489 

.t .. t .... .. . . . I L 
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Table E.2: Partition coefficients for .~H In hypothetical Archaean tholeiite 
source llnerals used In partla~ltlrQ calculations . The chelllcal 
Cl)ftpOSitlon of the source Is given In Pill. Data Is canol led fr011 tile 
following sources : Arth ard Hanson (1975); Frey et al. (1978); Pearce and 

Norry (1979); Nicholls and Harris (198PJ; Shl1lzu (1980); lolartln (1987). 

2EX c~ hbl plag ~rn 11ag • zlrc a pat Ill tit soorce L! 0.0005 0.1 0.2 0. 13 0.04 0.22 2.45 13.5 0.005 0 . 9.14 
Ce 0.0009 0.2 0.3 a. 11 0.08 0.26 2.,29 18.0 0.006 55.3 21.5 
Nd 0.0019 0.4 0.8 0.07 0.2 0.30 1.97 27.4 0.008 88.3 13. 73 
Sll '0.0028 0.6 1.1 0.05 1.0 0.35 3.14 62 0.01 102 3.46 
ru 0.0036 0.6 1.3 1.3 0.98 0.26 3.14 30.4 0.007 101 1.23 
Gd 0.0045 0.7 1.8 0.04 3.8 0.32 12 56.3 0.017 102 4.01 
Oy 0.0074 0.7 2.0 0.031 11 0.28 45.7 ~.7 0.028 80 .6 u 
rr .0.0130 0.6 1.9 0.026 16 0.22 135 37.2 0.046 58.7 2.30 
Yb 0.0286 0.8 1. 7 0.024 21 0.18 270 23.9 0.077 37.4 2.14 Lu 0.038 0.6 1.5 0.023 21 0. 18 323 20.2 0.10 26.9 0.31 

K 0.01 0.02 0.33 0.11 0.02 0 0 0 0 0 3070 Rb 0.02 0.03 0.22 0.00 0.034 0 0 0 0 0 20 sr 0.02 0.2 0.36 2.0 0.013 0 0 1 0 0 666 Ba 0.02 0.02 0.09 0.16 . 0.02 0 0 0 0 0 50 y 0.03 1.9 0.6 16 0 0 0 0 0 25 
Tl 0.25 0.4 3 0.05 0.5 34 0 0 0 10000 7807 
Zr 0.08 0.25 1.4 0.03 0.~ 0 10000 0 0 0 95 
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Table E.2: Part It ion coefficients for RfE 1.~ a h~thetltal lnterl8dlate ~stLon soorce 
lithology used.ln partial ~~eltlng calcu latloos. The chetllcal ~ltlon of the aource 
Is also 'given In Pl)l. Data Is coop lied fr01 the following sources : Arth and Hanson 
(1975); Frey et al . (1978); SIII!IOOS and Hedge (1978) ; Pearce and Norry (1979); 
Nicholls and Harris (1980) . 

opx cpx hbl plag ~rn blo Kspar apat zlrc llajl tit 80UI:C8 La 0.028 0.25 0.4 0.35 0.28 0.034 0.054 23.7 2.8 0.098 40 .0 6.3 Ce 0.038 0.3 0.51 0.24 0.35 0.037 0.044 34.7 2.64 0.11 53 .3 14.8 
Hd 0.058 0.49 1.2 0.17 0.53 0.044 1.025 57.7 2.2 0.13 88 .3 8.7 Sit 0.1 0.7 2.0 0.13 2.66 0.058 0.01 62 3.14 0.15 102 2.2 Eu 0.01 0.79 0.87 2.11 1.5 0.145 1.13 30.4 3.04 2.1 101 1.01 Gd 0.171 0.96 2.5 0.09 10.5 0.082 0.011 56.3 3. 12 0.12 102 2.5 Oy 0.293 1.2 3.5 0.086 28 .6 0.097 0.006 50.7 45 .7 0.14 80 .8 2.47 Er 0.46 1.2 2. 75 0.084 '42 .8 0.162 0.006 37.2 135 0 .155 58.7 1.32 Yb 0.67 0.9 2.0 0.077 39.9 0. 179 0.012 23.9 270 0.17 37.4 1.04 Lu 0.84 0.8 1.7 0.062 29 .6 0.185 0.006 20 .2 323 0.19 26 .9 0.09 

K~ 0.02 0.33 0.11 0.02 2.6 1000 0 0 0 0 11505 
Rb . 0.02 0.05 0.07 0.01 3.3 0 .034 0 0 0 0 87 Sr 0.()2 ~08 0.23 1.8 0.02 0.12 3.87 1 0 0 0 263 Ba 0.02 0.02 0.09 0.16 0.02 6.4 6. 12 0 0 0 0 199 ttl 0.35 0.3 1.3 0.025t 0.17 1.8 0.006 50.7 45.7 8 Tl 0.~ 0~4 3 0.05 0.5 1.5 0.04 0 0 34 10000 4969 · Zr 0.08 0.25 1.4 0.03 0.5 ' 1.2 0.1 0 10000 0 0 169 

' 






