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Abstract

‘The Barth Concentric Plutonic Suite of the Mesoproterozoic Nain Plutonic Supersuite,

northern Labrador, is an oblong, sinistrally offset body underlying 35 km? of land
oceupying western and central Barth Island and the shores of Nain Bay to the northwest
and southeast. The Barth Concentric Plutonic Suite is bounded by intrusive contacts and

is subdivided into concentrically disposed units bounded by intrusive contacts. With some.

minor exceptions, each unit is characterised by one of four categories of rock type: 1)

mineralogically Fe-rich diorite and gabbroic; 2) Ol-gabbroic (includes troctolite); 3)
charnockitic; or 4) Ol-free anorthosite and gabbroic. The sum of all rock volumes,
documented and undocumented, belonging to each category of rock type are here called

rock-type clans, and the sum of all units each rock-type clan characterises are here called

rock-type predominancies. The intrusive contacts between the units of the Barth

Concentric Plutonic Suite variously exhibit sharp and straight intrusion, chilling, magma

mingling, magma mixing, hybridisation, and interleaving. Most such contacts occur

between rock-type predominancies, and therefore generally between disparate rock types,

are

the exception being that some physically opposing rock typ similar in composition

due to mixing. Intrusive 15 have also been recognised within several units. Extreme

differentiation is not evident in any of the major units,

ric Plutonic Suite is

The overall structural pattern within the Barth Conce
roughly concentric, assuming a north-south long axis before fault offset, with all three-

dimensionally assessed structures dipping inward except for one dipping outward, an



internal intrusive contact within the chamockitic rock-type predominancy south of Nain
Bay.

Olivine forsterite contents generally do not vary significantly within thin-sections
of Ol-gabbroic rock. South of Nain Bay, where thin-sectioning is relatively dense and
regular, a locally concentric pattern in the distribution of forsterite content in olivine may

contact combined with

be interpreted as recording contamination near the charnockitic

northward proceeding boundary layer fractional crystallisation of olivine, or, as recording

west emplacements, the older one having undergone boundary layer fractional

two e

ation of olivine proceeding northwards, the younger having intervened between

the older and the comagmatic charnockitic neighbor to the south.

Zircon and baddeleyite in the Ol-gabbroic rock-type clan have not been obscrved

to contact each other, despite grains of both being abundant and generally co-o

urring in

the same thin-sections. Approximately 90% of occurrences contact ilmenite with which

I baddel

they commonly show intimate textural specifically
composite grains and zircon rims against ilmenite. Ilmenite is therefore suspected of

constituting a thermally divisive, non-intermediate phase between baddeleyite and zircon.

n co-oceur in the

Melt compos

ional differences such that thermally divided phases c:

and the

same rock may be introduced by progressive occlusion of pore spa

nerals become

fferentiation that res

lts as sparsely nucleated liquidus or equilibrating i

enclosed in some pore spaces but not in others, thereby producing pore spaces of diffe

equilibrating bulk composition.

Textures that may be interpreted as recording a thermal pulse fiom a nearby

intrusion during the partially erystalline magmatic state include optically continuous,



coarser-than-matrix, highly irregular in shape and outline, pyroxene oikocrysts (OCCIPO)

in many rocks of the Fe-rich rock-type clan and redissolution textures in some rocks of

the Ol-gabbroic rock-type clan. Successive, synmagmatic intrusion is. therefore

evidence. Other textures in the Ol-gabbroic rock-type clan may, with |

certainty, be

interpreted as resulting from textural equilibration in the solid state due to relatively high

thermal input at sufficiently high temperatures, namely, tra ve biotite slivers,
plagioclase septum texture involving relatively Ti-rich homblende and ilmenite, and

olivine-oxidation symplectite of relatively uniform coarseness and lacking the appearance

of fingerprints.

Thermal pulses caused by nearby later intrusion have the potential for allowing

internal redistribution of Pb and Pb loss in zircon and baddeleyite grains crystallised

jon of

sufficiently late-stage and therefore having plausibly experienced strain by defors
their host erystal framework to accommodate crystallisation-contraction. With this

i

pos ults obtained using TIMS for baddeleyite

in mind, previous U-Pb isotopic
and zircon and present results obtained using LA-ICPMS for zircon have been interpreted
as indicating that the emplacement history of the Barth Concentric Plutonic Suite spans at
least ~46 My, from ~1337 to ~1292 Ma, representing the middle and late intervals of

known Nain_ Plutos tality. Four time-clusters of ages are presently

Supersuite

recognised: 1) the oldest time cluster, spanning 1337 + 5 (1-sigma) to 1328 + 6.4 Ma (1-

rich, Ol-f

sigma), representing some rocks of the anorthogabbroic, and Ol-gabbroic

rock-type predominancies; 2) the second oldest cluster, spanning 1321 + 1 (2-sigma) to

1317.2 4 ~2 Ma (2-sigma), representing some rocks of the Fe-rich, chamockitic, and Ol-

bbroic.predominancies; 3) the second youngest cluster, spanning 13022 + 4.3 (1-

ga



sigma) to 1299 + 6 Ma (1-sigma), representing some rocks of the Fe-rich and charnockitic
predominancies; and 4) the youngest cluster, consisting of one age determination at

1291.8 + 3.9 Ma (1-sigma), a rock of the i The

Barth Concentric Plutonic Suite therefore serves as a waming to geologists to abandon

simplistic assumptions of synchronity for structurally and compositionally unified bodies
of plutonic rock.

“The plagioclase-dominated gabbroic Hosenbein pluton, located 2.5 km southwest
of the Barth Concentric Plutonic Suite, is locally Ol-gabbroic as well as intraplutonically

brecciated along its central western margin. Both Ol-gabbroic

ind Ol-free gabbroie rocks
oceur as breccia blocks and breceia matrix phases. LA-ICPMS U-Pb isotopic analyses of
zircon from an Ol-free leucogabbro sample from the central Hosenbein pluton, where for

hundreds of metres rock type and texture appear more or less homogencous to the

unaided eye, yield an age of 1338.7 + 2.8 Ma (1-sigma). Assuming that the sample is of
the same age within error as the Ol-free breccia matrices to the west, the breccia block
Ol-gabbroic rocks of the western central margin of the Hosenbein pluton arc at present
the oldest known Ol-gabbroic rocks of the Nain Plutonic Supersuite, being at least as old

as ~1339 Ma.

General and theoretical conclusions of the present work include: that the term

“pluton” may be used in a non-genetic sense nonetheless consistent with present

interpretive usage of “pluton”; that grainsizes may be more refiably and comprehensively

deseribed and communicated by providing indications of the proportions of metric size

cla ic, troctolitic, ferrodiorite) are not

es; that non-standard, special terms (e.g. anorthos

sssary to describe in detail the rocks of the Nain Plutonic Supersuite; that the new




concept “plutonic perimetron” could be useful in the future to subdivide plutonic rocks;

that the new terms “suboikocrystic”,
useful in the future for describing plutonic rocks; and, that a descriptive foundational

ally valuable because it establishes the detailed context within which

“plastomorphic”, and “simple zonation” should be
multiple possible interpretations become apparent. ‘
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Figure 7-27

Figure 7-28

Figure 7-29

Figure 7-30

Concordia plots and calculated ages for non-excluded zircon
analyses for sample G221 of Px-rich charmockitic monzodiorite
BSE images of zircon grains analysed by LA-ICPMS, sample
G221 of Px-rich charnockitic monzodiorite

Concordia. plots and calculated ages for non-excluded zircon
analyses for sample G30 of charnockitic Qtz-monzonite

Sample BSE images of zircon grains analysed by LA-ICPMS,
sample G30 of charnockitic Qtz-monzonite

Concordia plots and calculated ages for non-excluded zircon
analyses for sample G68 of [(Ilm-Mag)] Px-rich APr diorite
Sample BSE images of zircon grains analysed by LA-ICPMS,
sample G68 of [(Ilm-Mag)] Px-rich APr diorite

Concordia plots and calculated ages for non-excluded zircon

analyses for sample G174 of Px-rich APr diorite

BSE images of zircon grains analysed by LA-ICPMS, sample
G174 of Px-rich APr diorite

Concordia plots and calculated ages for non-excluded zircon

analyses for sample HI36 of Pl-phyric [(lm-Mag)]-rich

metagabbroid

BSE images of zircon grains analysed by LA-ICPMS,

H136 of Plphyric [(Ilm-Mag)]-rich metagabbroid

Concordia plots and calculated ages for non-excluded  zircon
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Figure 7-31

Figure 8-1

Figure §-2

Figure §-3

Figure 8-4

Figure 8-5

Figure 8-6

Figure C

analyses for sample H210 of leucogabbro
BSE images of zircon separates analysed by LA-ICPMS, sample
1210 of leucogabbro

Surface energy (unitless) versus lengthiwidth ratio of a biotite

grain with Yooy = 4, such as the phlogopite grain shown

the inset (Kretz 1994), for which the Wulff theorem is depicted

A system consisting of three unlike grains, A,B, and C, sharing a
triple-junction. Another system consisting of three grains, two of
phase A and a third of phase B, sharing a triple-junction

Ya/Yaa versus dihedral angle in degrees

(Figures 7, 9, Kretz 1966) Drawings depicting triple-junctions
between horblende and hornblende and biotite in rocks where
textural equilibration is otherwise evident

(Figure 4.16, Vernon 2004, p. 188) Schematic representations of

the commonly observed quartz-quartz-(001)-biotite triple-junction

uration and of the never observed quartz-quartz-(001)-biotite

triple-junction configuration

Schematic depiction of the hypothesis described in Section §.3.2

for formation of biotite slivers in the Ol-gabbroic rock-type clan of

the Barth Concentric Plutonic Suite

and

Sample locations for the Barth Concentric Plutonic Suit

surrounding rocks and the

em central margin of the Hosenbein
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Plate 2-1

Plate 2-2

Plate 2-3

Plate 2-4

Plate 2-5

Plate 2-6

Plate 2-7

Plate 2-8

Plate 2-9

Plate 2-10

pluton

List of Plates
Streak foliation in anorthosite

oclase-phyric anorthosite

Millimetre to centimetre-scale thick, wispy, undulatory, variably

sharply bound, leuco- to melanogabbroid layers in anorthosite
Plagioclase exhibiting facial development against minor quartz

inclusions

Gabbroid truncating at a high-angle streak foliation of plagioc!
phyric anorthosite, perhaps as a result of syn- or post-magmatic
faulting

Inward tapering apparent apophysis of gabbroid into a two metre

thick tabular body of anorthosite

Plutonic breccia cons

sting of clongate blocks of anorthosite in a

‘matrix of relatively Fe-Ti-oxide-rich gabbroid

oxide

Faulted anorthosite block in a matrix of relatively F
gabbroid

Amocboid composite ilmenite-magnetite grains enclosing more or

less equant and moderately elongate chadacrysts of plagioclase and

pyroxene

Relatively Fe-Ti-oxide-rich gabbroid bearing blueish plagioclase
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Plate 2-11

Plate 2-12

Plate 2-13

Plate 2-14

Plate 2-15

Plate 2-16

Plate 2-17

Plate 2-18

phenocryst exhibiting facial development
Relatively Fe-Ti-oxide-rich gabbroid bearing blucish plagioclase
phenocrysts exhibiting facial development

Relatively Fe-Ti-oxide-rich gabbroid exhibiting aggregate shape
preferred orientation

Northeast-trending dyke of relatively Fe-Ti-oxide-rich gabbroid
hosted by leucogabbroid

Modally layered “average™ gabbroid of the mixed association

i-oxide-ri

gabbroid  (dark

erleaved  with  relatively F
blucish), perhaps representing igneous layering formed by
differentiation or perhaps representing intrusion of dykes (sills,
rather)

Modal layering in gabbroid exhibiting strong aggregate SPO

Millimetre to decimetre-scale modal layering in overall mesoeratic

gabbroid, with layers more or less sharply bound, of various
continuity, commonly tapering and swelling, some terminating
abruptly

A lense-shaped block or xenolith of coarser mesocratic rock
sandwiched between subvertical modal layers of overall mesocratic
gabbroid

Western terminus of lense-shaped block sandwiched between

subvertical modal layers of overall mesocratic gabbroid
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Plate 2-19

Plate 2-20

Plate 3-1

Plate 3-2

Plate 3-3

Plate 3-4

Plate 3-5

Plate 3-6

Plate 3-7

Fayalite concentration (bright colours) in Iim-Px antiperthitic

diorite

Three  individual ~ opti

lly continuous, coarser-than-matrix,
irregularly-shaped, pyroxene oikoerysts (OCCIPO) in [(Iim-Mag)]
Px-rich antiperthitic diorite

Poss

le dyke or pegmatitic segregation of mesocratic, apparently
‘gabbroic rock hosted by finer grained rock of the Fe-rich rock-type
predominancy

Possible bifurcating “climbing” dyke of mesocratic, apparently
gabbroic rock hosted by rock of the Fe-rich rock-type
predominancy

Lense-shaped possible xenolith or tube dyke of apparently Fe-rich
diogabbroic rock hosted by mesocratic gabbroid

Dyke of brown, sub-millimetre-grained though phaneritic rock
hosted by anorthosite

Interleaved sheets of apparently Fe-rich diogabbroic rock and
coarser, relatively Fe-Ti-oxide-rich gabbroid

Interleaved sheets of apparently Fe-rich diogabbroic rock and
coarser, relatively Fe-Ti-oxide-rich gabbroid

Blue plagioclase-phyric body bound to north and south by more

leucocratic, more equigranular gabbroid
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Plate 3-8

Plate 3-9

Plate 3-10

Plate 3-11

Plate 3-12

Plate 3-13

Plate 3-14

Plate 3-15

Plate 3-16

Apparent possible xenolith of gabbroid within finer Fe-rich
antiperthitic diorite

Sheet of non-foliated gabbroid sharply bound by apparently Fe-
rich diogabbroic rock

Interleaving of apparently Fe-rich diogabbroic rock and coarser
gabbroid

Poorly discernable interleaving of apparently Fe-rich diogabbroic
rock and coarser gabbroid

Mesocratic  gabbroid  separated from  apparently  Fe-rich

diogabbroic rock by an approximately 30 cm thick, sharply bound

body of colour index intermediate between the two bounding rocks

ze equal that of the apparently Fe-rich diogabbroic

Sparsely blue plagioclase-phyric rock of the Fe-rich rock-type clan,
with long axes of phenocrysts aligned with steeply north-dipping
foliation

Relatively leucocratic and coarser, moderately defined, lower
centimetre-scale thick and thinner layers within apparently typical
though lightly patched rock of the Fe-rich rock-type predominancy
Modal layering in the Fe-rich rock-type predominancy

Modal layering in the Fe-rich rock-type predominancy, cut by a

thin, discontinuous train of melaocratic aggregates
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Plate 3-17

Plate 3-18

Plate 3-19

Plate 3-20

Plate 3-21

Plate 3-22

Plate 3-23

Plate 3-24

Combined grainsize and modal layering in the Fe-rich rock-type
predominancy, also present are several thin melanocratic
ageregates sequentially staggered across strike

Grey body belonging to the Ol-gabbroic rock-type predominancy
in_ apparent right-angle contact with Fe-rich gabbroic rock, with
cvident chill along south-facing contact

Three individual ~optically ~ continuous, ~ coarser-than-matrix,
irregularly-shaped, pyroxene oikoerysts (OCCIPO) in (I1m-Mag)-
specked (Cpx-Opx)-rich antiperthitic melanodiorite

OCCIPO individual interspersed with plagioclase and non-
OCCIPO pyroxene of equant or irregular shape with irregular,
smooth, or polygonal boundaries in (Cpx-Opx)-rich mesoperthitic
and antiperthitic diorite

Evidence of strain and recrystallisation in [(Ilm-Mag)}-Opx Fe-rich

gabbro, relatively minimal for the Fe

ich rock-type clan

Equigranular, equidimensional-granular texture in Opx Fe-rich

gabbro, cvidencing the maximum degree of deformation and

jon observed in the F

recrystall h rock-type clan

Fayalite grains of indistinct habit in [(Ilm-Mag)] Px-rich APr
diorite

Across strike variation in abudance of whitish

d charnockitic rock of the interleaved contact zone
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Plate 3-25

Plate 3-26

Plate 3-27

Plate 3-28

Plate 3-29

Plate 3-3

between the charnockitic and Fe-rich rock-type predominancies

south of Nain Bay

Segregated charnockitic rock of the interleaved contact zone
exhibiting aggregate SPO gently curved and thinned
contact with the Fe-rich rock-ype predominancy

Grain-scale scgregated (therefore locally  atypical) orangish

charnockitic rock sharply interleaved with whitish charnockitic

rock similar in appearance to the bulk of the charnockitic spectrum

south of Nain Bay, located in the interleaved contact zone
Rock of the Fe-rich rock-type predominancy apparently chilled
against segregated rock of the chamockitic, located in the
interleaved contact zone

Rock of the Fe-rich rock-type predominancy apparently chilled
against rock of the charnockitic, located in the interleaved contact

zone

Assortment of variably concordant, variably continuous inclusions

(in the broad sense of the word) of variable colour index and

grainsize, located in rock of the Fe
the interleaved contact zone

aved contact zone.

Segregated charnockitic rock of the int

HI102, th das Q

Highly complex, variably course intergrowths between s
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Plate 3-32

Plate 3-33

Plate 3-34

Plate 3-35

Plate 3-36

Plate 3-37

Plate 3-38

Plate 3-39

feldspars, amongst which myrmekite appears almost mundane, in
[(Cpx-Opx)] chamockitic Qtz-monzonite

Rock of the Ferich predominancy physically underlying
segregated rock of the charnockitic, whitish and foliated, against
which it may be slightly chilled

20 centimetres down the bank from exposure shown in Plate 3-32,
highly segregated charnockitic rock as at the interleaved contact

zone directly the east

Two segments of roughly east-west charnocktic-Fe-rich contact

offset by a zigzagged jog comprised of tapered interleavings of

decimetre-scale lengths
Apparently unchilled rocks of the charnockitic and Fe-rich rock-
type predominancies sharply contacting as well as, just one metre
away, apparently gradationally contacting

Feldspar-phyric globular inclusion of Ol-gabbroic predominancy
rock within chamockitic rock adjacent to the main predominancy

contact

Orangish charnockitic rock of partially delincated internal body
immediatey north of “right eye pond”
Sharp, straight contact between orangish charnockitic body (north)

and whitish charnockitic rock (south).

Foliation as diffuse aggregate SPO in charnockitic rock of the

i
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Plate 3-40

Plate 3-41

Plate 3-42

Plate 3-44

Plate 3.

Plate 3-46

Plate 3-47

Plate 3-48

Plate 3-49

internal body
Acicular exsolution in mesoperthite, resolvable at 25X (typical 269
coarseness), in charnockitic Qtz-leucomonzonite
Acicular exsolution in mesoperthite, barely resolvable at 400X, in 269
Cpx charnockitic leucomonzonite

Vermicular, globular, and rela

ively fine string acicular exsolution 270

in in ic Q

Diffuse semivermicular (or mixed globular and vermicular) 270

exsolution in in Quz
Quartz inclusion exhibiting possible facial development against 271

host, in

Quartz in itic Q 271

and individuals distributed net- 272

Mafic aggregates, concentrations,

like between and as marginal within coarser felsic aggregates and
phenocrysts
Domain of relatively fine grains exhibiting relatively smooth 272

boundaries amongst coarser grains exhibiting comparitively

irregular grain boundaries and grain shapes, in [Opx-Cpx]

charnockitic granodiorite

Fayalite of indistinct habit in Fa charnockitic monzodiorite 273

Unidentified opaque mineral (black) after fayalite in

charnockitic monzodiorite
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Plate 3-50

Plate 3-51

Plate 3-52

Plate 3-53

Plate 3-54

Plate 3-55

Plate 3-56

Plate 3-58

Charnocki parating two portions of the Ol-gabbroic

c dyke

predominancy, the westerly portion evidently chilled along the

south facing limb of

right angle contact
Ol-gabbroic predominancy cut by felsic dyklets (presumably
charnockitic; raised)

Apparent emanation of thin, straight dykelets from the charnockitic

rock-type predominancy into the Ol-gabbroic

Charnocl dyklets  car rock of the Ol-gabbroic

predominancy into breccia
Plutonic breccia consisting of sub-centimetre to decimetre-scale,
sub-angular  Ol-gabbroic blocks in mixed ~charnockitic-Ol-
gabbroie-Fe-rich matrix

Plagioclase-perchadacrystic ~ clinopyroxene oikocryst  (blue  to
purple) with marginal hornblende in (Bt-Hbl)-Ol gabbro

In situ plutonic breccia consisting of sub-angular blocks of Ol-
gabbroic rock-type predominancy separated by charnocklitic
dyklets and dykes

Amocboid composite grains of ilmenite and magnetite apparently

having  erystallised “pseudopodia” along  feldspar-feldspar

boundaries, in charnockitic Qtz-leucomonzonite

Plagioclase laths of diverse orientation interspersed with mafic

aggregates and finer plagioclase grains of diverse shape
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Plate 3-59

Plate 3-60

Plate 3-61

Plate 3-62

Plate 3-63

Plate 3-64

Plate 3-65

Plate 3-66

Plate 3-67

Plate 3-68

interspersed in turn with finer ma

¢ grains, in norite
Plutonic breccia with different grainsize portions of charnockitic
matrix in sharp contact at least locally, with matrix of all present
grainsizes enclosing blocks

Chadacrysts of clinopyroxene and  Fe-Ti-oxide hosted by

composite  multifeldspar oikocrysts, in  charnockit

Quz-

monzodiorite

Apparently in situ plutonic breccia with sub-rounded blocks
Apparently kinetic plutonic breceia with mottled chamnockitic
matrix

Plagioclase phenocrysts and phenoaggregates of equigranular,
cquidimensional granular plagioclase in gabbronorite

Evident magma mingling as rounded, apparently Ol-gabbroic

bodies hosted by charnockitic rock

Evident magma mixing and mi as an imegularly
heterogeneous exposure
Evident magma mixing and mingling as an imregularly
heterogeneous exposure
Rock of the Ol-gabbroic predominancy bearing light-coloured
feldspar  xenocrysts iregularly dissecting the  charnockitic

predominancy into tapering and branching portions

Rock of the Ol-gabbroic predominancy bearing light-coloured

Xxxvi

278

279

280

2
4



Plate 3-69

Plate 3-70

Plate 3-71

Plate 3-72

Plate 3-73

Plate 3-74

-7:

Plate 3

Plate 3-76

feldspar  xenocrysts iregularly  dissecting the  charnockitic
predominancy into tapering portions, some no more than wisps
Irregularly shaped volumes of the Ol-gabbroic predominancy

within the charnockitic

Phenocrysts and phenoaggregates of quartz, phenocrysts of
plagioclase, and phenoaggregates of mixed quartz and feldspar, in
Opx Cpx-rich charnockitic monzonite

Interleaving of lower metre and decimetre-scale thick clongate

bodies of altemately Ol-gabbroic and chamockitic rock-type

predominancy

Rounded elongate bodies, apparently Ol-gabbroic, within an
elongate body of charnockitic rock-type predominancy within
interleaved zone

Texture of three-way mixture of  subophitic,

and fine

granular, in O

Interior of a body perhaps representing magma mixing between

magmas parental to the Ol-gabbroic and charnockitic rock-type
predominancies, hosted by the Ol-gabbroic

Sharp contact of body shown in Plate 3-74 with host Ol-gabbroic
rock-type predominancy

Locally manifest modal layering in the Ol-gabbroic rock-type
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Plate 3-77

Plate 3-78

Plate 3-79

Plate 3-80

Plate 3-81

Plate 3-82

Plate 3-83

Plate 3-84

Plate 3-85

predominancy

Anastomosing modal layering in the Ol-gabbroic rock-type
predominancy

Diffuse modal layering in the Ol-gabbroic rock-type predominancy
Diffuse and variably undulose modal layering in rock of the Ol-
gabbroic rock-type predominancy hosting an angular xenolith
bearing blucish white feldspar and, locally, graphic granite, and
surrounded by an apparent reaction rind

Diffuse and variably undulose modal layering in the Ol-gabbroic

rock-type predominancy

Rounded blueish xenolith of plagioclase-leucocratic rock (possible
anorthosite) and beige leucocratic veins (outcrop appears mottled
because drying after rain)

More or less equigranular, equidimensional-granular domain in
troctolite

Plagioclase grain exhibiting bent, tapered, and diffuse albite twins
in troctolite

Inward-tapering deformation twins, presumably periclinal, and
diffse albite twins in O leucogabbronorite

Evidence of subgrain rotation recrystallisation of plagioclase, with
some grains perhaps insufficiently rotated to become independent

(i.c. sill in the subgrain stage). in troctolite
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Plate 3-86

Plate 3-87

Plate 3-88

Plate 3-89

Plate 3-90

Plate 3-91

Plate 3-92

Plate 3-93

Plate 3-94

Plate 3-95

Clinopyroxene  oikoeryst ~exhibiting  angular,  spac:

filling,
plagioclase-interstitial habit in troctolite

Evident dissolution hollows in plagioclase (originally atypically

coarse-grained) oceupied by oikoerystic clinopyroxene in add
to other interstitial minerals, in O leucogabbronorite

Olivine plastomorphic against plagioclase in Ol leucogabbronorite

Equant hypautomorphic if not automorphic olivine inclusion in

plagioclase in O

ich gabbronorite
Aggregate of xenomorphic olivine with internal ~polygonal
boundaries in Ol-rich norite

Oikoerystic orthopyroxene marginal 1o olivine oikocryst and

plastomortphic against plagioclase in Ol leucogabbronorite
Biotite-clinopyroxene symplectite with biotite limbs in optical if
not physical continuity with adjacent non-symplectic biotite, in
leucotroctolite

Biotite-clinopyroxene symplectite with clinopyroxene limbs  in
optical continuity with a non-symplectic clinopyroxene inclusion
in non-symplectic biotite, in leucotroctolite

Biotite-clinopyroxene ~symplectite  sandwiched ~between non-

symplectic biotite and olivine (top) and exhibiting wide range of

fineness over the same symplectite patch, in leucotroctolite

Homblende margi oxide in [Bt-Hbl)

1 with respect 1o Fe:
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Plate 3-96

Plate 3-97

Plate 3-98

Plate 3-99

Plate 3-100

Plate 3-101

Plate 3-102

Plate 3-103

troctolite
Optically continuous hornblende marginal to clinopyroxene as well

as dispersed nearby amongst other grai

troctolite
Hornblende marginal with respect to Fe-Ti-oxide with niether

mineral associated with clinopyroxene at this location,

in
leucotroctolite
Plagioclase septum texture involving ilmenite and hornblende (the

six hornblende grains are completely separated from ilmenite by

Plate 3-99), in leucotroctolite

thin septa of plagioclase as i
Plagioclase septum texture involving ilmenite and hornblende, in
Ol leucogabbronorite

Relatively thin honblende rim texture involving ilmenite and

plagioclase (thickest hornblende insufficiently thin to  be

so designated), in

“Incipient” plagioclase septum texture, in which homblende

adjacent to ilmenite exhibits a convex lateral terminus agains
plagioclase, in troctolite

Partial plagioclase septum texture, intermediate between incipient

and full, in which plagioclase septa exist but taper out between the
hornblende and ilmenite, in leucotroctolite

Bayonet structure (left) along margin of non-charnockitic gra
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Plate 3-104

Plate 4-1

Plate 4-2

Plate 4-3

Plate 4-4

Plate 4-5

Plate 4-6

Plate 4-7

Plate 4-8

Plate 4-9

dyke hosted by the Ol-gabbro

rock-type predominancy

Plagioclase grain exhibiting composite zones of rectangular

individuals in perthitic granite

Layered gneiss immediately west of the external contact of the
Hosenbein pluton

Layered gneiss immediately west of the external contact of the
Hosenbein pluton

Dominantly lower centimetre-grained, hypautomorphic-granular,
Ol-free, mesocratic gabbroic rock, immediately cast of contact with
gneiss

Vertical exposure of plutonic breccia, within several decametres

cast of contact with gneiss

Equigranular, equidimensional-granular Bt-specked Ol norite with
clongate plagioclase dispersed throughout

Dominantly  hypautomorphic-granular  Bt-specked  Ol-rich
leucogabbronorite with olivine (pictured) and both pyroxenes
plastomorphic against plagioclase

Orthopyroxene oikocryst plastomorphic against plagioclase in Bt-
specked Ol norite

Apparently Ol-free gabbroic rock, perhaps country rock gneiss,
exhibiting folded modal layering / gneissosity

Block, approximately one metre across, within plutonic breccia,



Plate 4-10

Plate 4-11

Plate 412

Plate 4-13

Plate 4-14

Plate 4-15

Plate 5-1

Plate 6-1

bearing a tapered apophysis (right) of relatively coarse-grained
matrix

Thin rim of zircon marginal to composite grain of Iim-Mag,
centred on the boundary between the two oxides, in (Im-Mag)-
Opx-specked gabbro

Orthopyroxene oikoeryst plastomorphic against plagioclase and

exhibiting undulatory extinetion and subgrain formation, in norite

Domain of more or less equigranular, equidimensional-granular
plagioclase (centre) in dominantly  hypautomorphic-granular
leucotroctolite

Olivine as variously pla

foclase-perchadacrystic oikoeryst with

composite plagioclase chadacrysts, i (HbI-Bt)-lIm-(Opx-Cpx)-

specked troctolite

ne oikocryst, peroikic, with plagioclase chadacrys

Cpx-specked Ol norite

Leucogabbroic domain within anorthosite, exhibiting pyroxenc

plastomorphic against plagioclase

Plagioclase bearing sets of very fine birefringent plates, perhaps

biotite, perhaps parallel to cleavage directions, in leucotroctolite

Single-grain baddeleyite occurrence between ilmenite and biotite,

barely visible because ilmenite is oriented 0 as to app

dim in plane polarised reflected light, in leucotrocolite

xlii

325

326



Plate 6-2

Plate 6-3

Plate 6-4

Plate 6-5

Plate 6-6

Plate 6-7

Plate 6-8

Plate 6-9

Composite zircon occurrence, ilmenite oriented so as to appear

relatively dim i plane polarised reflected light, in Ol
leucogabbronorite

Relatively coarse baddeleyite grain exhibiting darker, yellowish
brown pleochroic observational endmember and possible simple

concentric zonation, in leucotrocolite

Relatively coarse baddeleyite grain  exhibiting lighter, non-

yellowish brown pleochroic observational endmember and possible
simple concentric zonation, in leucotrocolite

Relatively coarse baddeleyite grain exhibiting darker, yellowish

brown relat ible concentric

e pleochroic endmember and p
zonation, in trocolite

exhibiting lighter, non-

Relatively coarse baddeleyite gr
yellowish brown relative pleochroic endmember and possible
concentric zonation, in trocolite

Composite zircon occurrence consisting largely of thin rims upon

ilmenite, ilmenite oriented so as to appear relatively bright in plane
polarised reflected light, in [Bt-HbI] trocolite
Relatively coarse baddeleyite grain exhibiting crystal faces and

possible concentric zonation, in leucotrocolite

Relatively coarse baddeleyite grain exhibiting crystal faces,

ilmenite oriented so as to exhibit intermediate reflectivity in planc
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Plate 6-10

Plate 6-11

Plate 6-12

Plate 6-13

Plate 6-14

Plate 6-15

Plate 6-16

Plate 6-17

polarised reflected light, in leucotrocolite
Composite baddeleyite occurrence, ilmenite grains oriented so as
to appear relatively bright in plane polarised reflected light, in
leucotrocolite

Composite baddeleyite occurrence, the right se

ion exhibiting

crystal faces, the left possible crystal faces, in leucotroctolite

Composite baddeleyite occurrence, the right section exhibiting

crystal faces and simple and lamellar twinning, the lefi possible

crystal faces and possible simple twinning, in leucotroctolite

Composite zircon occurrence consisting of nine individual zircon

sections, ilmenite grains oriented so as to appear relatively di
plane polarised reflected light,in [Bt-HbI] troctolite
Composite zircon occurrence consisting of two individual zircon

sections, ilmenite grains oriented so as to appear relatively dim in

plane polarised reflected light, in [Bt-HbI] troctolite

Composite zircon occurrence, the upper section exhibiting crystal

faces, the right section exhibiting possible crystal faces, both of

which are “multidirectionally coarse”, in troctolite

“Multidirectionally coarse™

non-composite  zircon  oceurrence,

biotite-clinopyroxene symplectite, ilmenite orictned so as to appear
relatively dim in plane polarised reflected light, in leucotroctolite
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Chapter 1 - Introduction

n of terminology

This thesis de

4 study of some plutonic rocks belonging to the Mesoproterozoic

Nain Plutonic Supersuite of northern Labrador. Before beginning, some preliminary

discussion is warranted of the designation "Nain Plutonic Supersuite” and the various
terminology used herein to refer to bodies of plutonic rock.
“The body referred to here for the first time as the Nain Plutonic Supersuite is the

body generally referred to as the Nain Plutonic Suite (Ryan and Morse 1985). To reflect

its longevity (> ~70 My), internal complexity, and areal extent, and to allow for

subdivision into structurally controlled plutonic suites, the Nain Plutonic Suite is

redesignated here the Nain Plutonic Supersuite, consistent with the recommendations of

the North American Stratigraphic Code (North American Commission of Stratigraphic

Nomenclature 2005). The present author does not break with long established practice
lightly, however feels that this redesignation is warranted and reflects the increase in
understanding of the body achieved since the early 1980s.

Although the term “pluton” (and “intrusion”, with which “pluton” is generally

considered synonymous) commonly refers to a body of rock believed to represent

consanguinous magma more or less synchronously emplaced, the present author takes

issue with this interpretive usage for reasons argued in Section 1.5.2. Instead, the present

author uses the term “pluton” without genetic connotation in a way that nonetheless

applies to bodies presently called plutons and intrusions with genetic connotation. The

definition of “pluton” used herein s simply thus: a body of plutonic rock identified as



possessing a relatively high degree of apparent unity

n space and composition or

compositional zonation and one which is more or less definitely delimited where

presently documented. According to this definition, any more or less contiguous mass of

plutonic rock consisting of one composition or very similar compositions or a

characteris

ic zonation of compositions (c.g. layered intrusion, bimodal “pluton”, ring

structure) and with more or less well constrained boundaries where currently mapped may

be called a pluton. Defined in this way, “pluton” is a loose, somewhat arbitrary,

somewhat subjective designation useful to refer to the mos

apparent natural units in a
plutonic terrane. Of course geologists already use the designation more or less in this way
except that they generally include pretensions of chronology and petrogenesis. Some
alternative terms for units of plutonic rock more suitable for precise scientific use than
“pluton” and “intrusion” are defined in Sections 1.5.3 and 2.3.1

In writing this thesis the author found it initially challenging to refer precisely to

milar rock type within a unit or across units. For example, consider

groups of rocks of si
the differences between: 1) all rock that is anorthosite, 2) all units that are predominantly

anorthosite, and 3) all units in which anorthosite is a characteristic rock type. Three types

of grouping based on rock type are introduced here, each with its own distinet utility.

The first type of group is the rock-type clan, defined as a grouping of rocks' of
rock types falling within a precisely defined, continuous range. This usage of the term
“clan" is a revival of the older petrographic practice described by Williams et al. (1954).
For a range of rock types to be continuous, the rock types comprising the range must be
“adjacently defined” in series. For example, this work refers to a chamockitic rock-type

! Actual, physical bodies of rock.



clan (Section 2.3.3), defined as the grouping of all rocks considered charnockitic by UGS
eriteria (Section 1.5.1) and oceupying the continuous range shaded in Figure 1-0. Thus,
the charnockitic rock-type clan refrred to in this work consists of the sum of all rock of
rock type falling within that defined range. Thus a rock-type clan is a physical volume or
grouping of volumes of rock type falling within a specified range—it is a physical object
or collection of objects rather than an abstraction, although the range itself like any

classification scheme is an abstraction. Having only c

ified sample portions of that

volume or of those volumes, however, we must infer the extent of any

ck-type clan

based on mapping-to-date. In this work, it seemed most

eful to define rock-type clans
that are mutually exclusive (Section 2.3.3).

‘The second type of group is the rock-type predominancy, defined as a grouping of
actual rocks constituting units of lithodeme or lesser rank which as defined are dominated
by a common rock type or range of rock types (i.c. a common rock-type clan). A rock-
type predominancy is thus spatially defined, consisting of all rock within the physical
boundaries of described units predominated by a particular rock-type clan. For example,
this work refers to a charnockitic rock-type predominancy (Section 2.3.3), defined as the
grouping of all rocks within the bounds of units predominated by the charnockitic rock-
type clan (Figures 1-0, 1-2). Rock-type predominancy boundaries are unit boundaries, and
so may be gradational or arbitrary.

For plutonic rocks, unit boundaries are generally plausibly intrusive contacts or
mineralogical or rock-type contacts, any of which may coincide. For example, the
Skaergaard layered pluton has an external intrusive contact, as well as many internal

mineralogical and rock-type contacts, each separating subunits of established interpretive




significance. By contrast, in plutonic terranes such as the Nain Plutonic Supersuite,
boundaries of these types are recognised and used to define units and subunits commonly

of less certain interpretive significance.

In the present study, rock-type clans are defined so as to charactes

units, groups that may be said to be respectively dominated by rock-type clans so defined
and therefore constitute rock-type predominancies of the same name. For example,
several units in the present study are characterised (i.c. dominated) by chamockitic rock,
thus by defining a charmockitic rock-type clan (Figure 1-0) it may be said that these units
as a group are dominated by the charnockitic rock-type clan and thercfore constitute the
charnockitic rock-type predominancy. It may occur that within a rock-type predominancy

or the sum of predominancies there are relatively rare rock types that cannot be said to

s as

characterise any individual units and are therefore not included in any rock-type
defined. One option to address such an issue is to redefine rock-type clans to include the

rare rock types, and therefore rename the spectra and the predominancies to which they

comespond, e.&. the non-charnockitic quartz-rich granitoid and chanockitic rock-type

clan and rock-type predominancy. However by including rare rock types

spectrum and predominancy names that cannot be said to characterise the spectra and

of the essential

sens

predominancies  they d

jgnate — the names convey a false

characteristic of these groups of rocks. Another option, and the one chosen in the present

study, is 1o define additional, minor rock-type clans that do not correspond to any rock-

type predominancies according to the units so far defined, ¢.g. the non-charnockitic

quartz-rich granitoid rock-type clan.



“The third type of group is the rock-type association, defined as cither 1) the sum

of all volumes of rock in which two or more specified rock types are associated in
addition to all volumes in which one or more of those specified rock types are the only

rock types present, or 2) the sum of all volumes of rock in which one or more of those

in rock types is necessarily present and one or more rock types ne

sarily absent
For an example of the first type of association, this work refers to an anorthosite and very
leucocratic (CI > 75) gabbroid association (Section 2.4.1.1), consisting of the sum of all

volumes of rock in which anorthosit

and very leucocratic gabbroid are associated in

all

addition to all volumes in which only anorthosite is present, or in other words
volumes of rock in which anorthosite oceurs singly o in association with very leucocratic
‘gabbroid (Figure 2-5). For an example of the second type of association, this work refers

to a plagioclase-dominated mesocratic and leucogabbroid rock-type association (Section

2.4.1.3), consisting of the sum of all volumes of rock in which at least one of plagioclase-

h

dominated mesocratic or leucogabbroid are present and anorthosite and relatively F
‘gabbroid are absent (Figure 2-5).

None of the references cited in this work refer to rock-type clans, rock-type

oc

predominancies, or rock-type associations, but where it is evident that a source is

referring to what would be called here a rock-type predominancy (as is common — many
geologists working in igneous terranes refer to groups of units of common dominant rock
type) or a rock-type clan the term “rock-type predominancy” or “rock-type clan” arc used,
respectively.

Finally, the present author is not suggesting that the rock grouping types

introduced here (rock-type clans, rock-type predominancics, or rock-type associations)




should necessarily be used in future works describing the rocks investigated here, the
Nain Plutonic Supersuite, or another plutonic terrane. Rather, the author considers that he
is experimenting with these terms and other terms innovated here and that it is the task of
future workers, having read this work or any derivative works (if ever created), to
evaluate the success and suitability of the innovated terms. Having said that, the author

requests that terminologically conservative readers refrain from outright rejection of the

innovative language used in this work.
A final preliminary note: authors having difficulty accepting the rock

classification and reclassification practised in this work are recommended to read the

introductory section and the s

ion on plutonic rocks in the IUGS scheme for the

classification of igneous rocks (Le Maitre 2002).

1.1 Geological background

L.1.1 Introduction to the Nain Plutonic Supersuite

'he Mesoproterozoic Nain Plutonic Supersuite (NPS), northern Labrador (Ryan and

Morse 1985, Ryan 1990, Wardle 1993), is an anorogenic batholith underlying

approximately 20,000 km’ and intruded astride the approximately 350° trending
Paleoproterozoic - suture zone between the Archean Nain Provinee and the
Paleoproterozoic and Archean Churchill Province (Taylor 1979, Ryan 1996; Figure 1-1).

According to Ryan (1990), the NPS can be subdivided based on rock type into (1) granitic

and (2) anorthositic units and lesser (3) troctolitic and (4) Fe-rich gabbroic and dioritic

jonal

cation used by Ryan (1990) does not fully comply with the Interna

units. The class




Union of Geological Sciences (IUGS) scheme for the classification of igneous rocks (Le
Maitre 2002; adhered to in this work), and the rock type-names given by Ryan (1990) for
the four subdivisions do not encompass all the volumetrically significant rock types
placed therein. In order to comply with the 1UGS scheme and to provide more

comprehensive subdivision names, it is thus restated, according to the reasoning detailed

in Appendix A, that the NPS can by

subdivided based on rock type into (1) variably

charnockitie granitic, syenitic, and dioritic units, (2) anorthosite, Pl-dominated” gabbroic,

and Ol-gabbroic units, and lesser (3) Ol-gabbroic units and (4) Fe-rich gabbroic, dioritic,

Such subdi

monzogabbroic, and monzonite uni jons are referred to in this work as

rock-type predominancies (Section 1.0), since they are defined by the rock types

volumetrically dominating their constituent uni

‘The redundancy of placing Ol-gabbroic

rocks in both rock-type predominancies (2) and (3) is discussed and resolved in Section

Radiometric age determinations for the NPS range from 1363 £ 4 and 1360 + 4

and monzodiorite

a for a monzonite and monzodiorite, respectively, of the monzo

iarsuyungoakh pluton of the central western NPS (zircon, Tettelaar 2004) to 1292 + 4

* Mineral abbreviations of two and three letters afier Kretz (1983), p. xli.

* Such informative descriptions are a mouthful, but then so is (6a R, 9 R)-N, N-dicthyl-T-methyl-4, 6,

8. 9-hexahydroindolo-(4, 3-fglquinoline.9-carboxamide. There is no reason why the science of geology
should differ from other sciences by avoiding detailed names and descriptions so long as they are precise

and informative of the most pertinent details.



Ma (zircon, Ryan e al. 1991) for a rock' of the charnockitic granite, Qtz-monzonite,
syenite, and Qtz-Fsp-porphyry Voisey Bay-Notakwanon pluton® of the southern NPS
(Ryan 1990, Wardle 1993) and 1294 + 1 Ma (zircon, Hamilton et al. 1994) for a rock of
the Ol-bearing anorthosite and Ol-bearing gabbroic Sango Bay pluton of the southeastern
NPS (Hill 1982), for a timespan of at least approximately 70 My. Within the more than 35
published U-Pb zircon and baddeleyite age determinations for rocks of the NPS (for
compilations see Tettelaar 2004, Voordouw 2006) there is a geographic correlation of
‘younger rocks in the northeast, east, and south, and aside from that the largest masses of
* The reader may find it unusual that this author refers to individual rocks being dated rather than individual
units, but in the absence of strong evidence that all parts of a defined unit of rock are probably of ages (e.g.

crystallisation, peak metamorphic, depositional) within the precision of their hypothetical mutual age

determinations then we should not assume, at least not implicily, that such is the case. An individual rock

i defined as a body of rock (not In the cases
under discussion, the individual rocks referred to are those with uniform U-Pb zircon ages within
hypothetical error, and as such their extents are unknown,

* Accurately called Voisey Bay - Notakwanon batholith by Ryan (1990), but the present author prefers not

10 divide batholiths into batholiths, thus the lower level subdivision term “pluton’” is used. For a discussion

of why “pluton” is preferred to “intrusion” see Section 1.5.2. While on the topie, the term “complex” should

also be avoided for batholiths and their subdivisions because the North American Commission on
Stratigraphic Nomenclature (2005) has standardised the term to mean “an assemblage or mixture of rocks

of two or more genetic classes, i.c. igneous, sed

ary, or metamorphic, with or without highly

ank] is commonly comparable 10 suite o supersuite.” And i the

complicated sructure.... [which in
opinion of this author, petrologists, in long having used “complex” vaguely and lacking initiative to
standardise the term, have forfeited their credibility to complain that stratigraphers recognised the need and

assumed the task.



Ol-bearing anorthosite and Ol-bearing gabbroic rocks are relatively young (and located in

the northeast and south), there does not seem to be any correlation between rock type and
age.
Compositions of contact metamorphic minerals in 27 samples taken throughout

the northern and central NPS composite contact aurcole indicate temperatures from

approximately 645 to 915°C and pressures from approximately 3.7 to 6.6 kbar, imparted
upon rocks whose regional metamorphic grades ranged from greenschist to granulite
facies (Berg 1977). Interestingly, the lowest pressure estimates oceur in the aureole of the
Kiglapait pluton (Morse 1969), a relatively young unit of the NPS at 1306 2 Ma (zircon,

Krogh 1989 in Yu and Morse 1992), a relatively low pressure estimate of 4.5 kbar occurs

in the aureole of the Voisey Bay-Notakwanon pluton, the youngest known unit, and the

highest pressure estimate oceurs in the aurcole of the Tessiarsuyungoakh pluton, the

oldest known unit. Further correlations of this kind are not apparent from the limited
pressure and age data, and would not necessarily be expected, since it may be too
simplistic to assume that a horizontal pressure surface, coincident with today’s level of
erosion, existed at the onset of and remained intact during the > 70 My interval of

intrusion of the NPS and presumed concurrent uplift and erosion.

1,12 Usage of “gabbro” and “gabbroic”

The usage of the term “gabbro™ and its derivative “gabbroic™ must be clarified, since the

UGS (Le Maitre 2002) gives two meanings and, in the opinion of this author, still

another meaning is required to realise the full versatility of the first two. The two



meanings given by the IUGS are: “gabbroic rock™ or “gabbro (sensu ato)” for any

plutonic rock of QAP® field 10 (the diorite / gabbro / anorthosite field;

igure 2.5, Le
Maitre 2002 p. 23) with M > 10% (and therefore not anorthosite) and a plagioclase
composition more anorthitic than Ansy (and therefore not a diorite); and “gabbro (sensic

ind

stricto)” for a plagiocla: opyroxene rock. The UGS further states that gabbroic

rocks may be subdivided based on their olivine (and hornblende) content, prefixing the

names of those with greater than 5% O1/ (P + Px + Ol) to give olivin

-gabbro, olivine-

gabbronorite, olivine-norite, and, if less than 5% Px / (P1 + Px + OI), troctolite.” Now, if

the sensu stricto terms can be prefixed, so can the sensu lato term that encompasses them,

giving us “olivine-gabbroic” as a useful descriptor for a group of rocks made up of some

of olivine-gabbro, ol ite, ol . or troctolite, or for a

ingle gabbroic rock with sufficient olivine but for which the pyroxene identities or

relative or absolute abundancy

have not been established. The same reasoning gives us

“hornblende-gabbroic™ as descriptor useful in the same way. But
and “hornblende-gabbroic™ are to be used, which of course they should be because they

are useful and implicitly defined in the IUGS scheme, a contrasting term should also exist

at the same level of precision allowing us 1o state that a rock is gabbroic but not olivine-

ibbroic or hornblende-gabbroic, that a rock consists of cither, or a group of rocks some

combination of gabbro (sensu stricto), gabbronorite, or norite. The term recommended

and used here for that purpose is “gabbroic (sensu excludo)”. Thus gabbroic rocks (sensu

 Mineral abbreviations of single leters after the IUGS (Le Maitre 2002), e Q = quartz, M = mafic

‘minerals (in the broad sense meaning all non-quartzofeldspathic mincrals)

" For further discussion of the term “troctolit

. see Appendix A.

10



lato) are either gabbroic (sensu excludo), olivine-gabbroic, or hornblende-gabbroic." The

term “gabbroic” unprefixed used before this paragraph and hereafter in this work should

be taken to mean gabbroie (sensu excludo), unless otherwise specified as sensu lato.

1.1.3 Grouping of the Ol-bearing and Ol-free rocks

There is some overlap in rock type between the anorthosite, Pl-dominated gabbroic, and

Ol-gabbroic rock-type predominancy and the Ol-gabbroic rock-type predominancy

because some plutons belonging to the former predominancy contain significant volumes

of Ol-gabbroie rock grouped with Pl-dominated gabbroic rocks (Skambang pluton), in
some cases in addition to anorthosite (Port Manvers Run and Kikkertavak plutons and the

Paul Island leucotroctolite [Wicbe 1990a]). In some of th

plutons the anorthosite
associated with Ol-gabbroic rock is itself Ol-bearing, such as in the Paul Island
“leucotroctolite™ and the Port Manvers Run pluton (Snyder 1984).

Xue and Morse (1993) and Morse (2006) consider the Ol-bearing anorthogabbroi

rocks’ (gabbroic in the sensu lato sense) of the NPS to have been produced from an Ol-

normative (“troctolitic™ [Xue and Morse 1993]) parent magma, and the Ol-fiee

* Hornblende-gabbroie rocks have not been observed amongst the rocks of the Barth Concentric Plutonic

and Hosenbein pluton 5o the term does not find further use here, unlike “olivine-gabbro

‘Anorthogabbroic” is introduced here as a convenient shortening of “anorthosite and gabbroic” when

referring in the general or “anorthosite or gabbroic” when referring to a specific rock. “Ol-bearing

s therefore a shortening of “OL-bearing anorthosite and (or) Ol-bearing gabbroic” where

“gabbroic” is used in the sensu ato sense and therefore includes Ol bbroic rocks (sensu

excludo) and Ol-gabbroic rocks.




anorthogabbroic rocks from a slightly Qtz-normative (“noritic” [Xue and Morse 1993])
parent magma produced as such cither originally, at depth, or by differentiation of an
originally Ol-normative parent (sec Section 1.1.4 for elaboration). Xue and Morse (1993)

‘mention that the Port Manvers Run pluton could be a composite body of separate Ol- and

Qiz-normative parents, or the differentiation product of an originally Ol-normative parent,

of which it would be the most evident example known in the NPS since the pluton

exhibits a roughly symmetrical zonation (Snyder 1984), consisting of, from north to
south: leucotroctolite and Ol-bearing anorthosite; Ol-leucogabbroic and Ol-accessory

leucogabbroic rocks'"

and Ol-bearing anorthosite; Ol-fiee leucogabbroic rocks: and Ol-
leucogabbroic rocks again, mostly troctolite and leucotroctolite.

To reflect the plausible view of Xue and Morse (1993) that Ol-bear

g
anorthogabbroic rocks (gabbroic in the sensu lato sense) either dominate their own
plutons or share plutons with more evolved, comagmatic Ol-free anorthogabbroic rocks,
the redefined Ol-bearing anorthogabbroic rock-type predominancy includes all Ol-bearing
anorthosite and Ol-bearing gabbroic rocks (sensu lato) of the NPS. Consequently, the
anorthosite, Pl-dominated gabbroic, and Ol-gabbroic predominancy is redefined sans
olivine, and will be referred to hereafier as Ol-free anorthogabbroic for convenience.
However, shown on the map in Figure 1-1 is the anorthogabbroic rock-type
predominancy including those Ol-bearing anorthogabbroic rocks that have not been (or

perhaps cannot be with present mapping) ungrouped from significant volumes of Ol-free

For clarification of the nuanced rock names used herein refer to Section 1.5.1 on rock classification,

Appendix A, and the beginning of ths Section 1.1.2.



anorthogabbroic rocks. Also, “granitic” as appearing in the map legend for rocks other

than those of the Nain Plutonic Supersuite may or may not be defined more broadly than

the IUGS sense used here.

1.1.4 Interpretation of the Nain Plutonic Supersuite
Early attempts at interpreting the NPS focussed on placing different rock types in
chronological order as differentiation products of either one parent magma type
differentiating along two distinet series or of two parent magma types (de Waard and
Wheeler 1971, Morse 1972). The idea was even proposed that the entire batholith formed

from a single mass of parent magma (Wheeler 1960). More recent field-based studies

have focussed on discerning intrusive and genetic relationships between individual units

and rock types in specific areas (i.c. on a case by case basis; e.g. Wiebe 1979, Wiebe
1990a, Ryan 2001). More recent NPS-wide chemical compositional-based studies have

focussed on discerning the general processes responsible for different rock types (Xue

and Morse 1993, Emslie et al. 1994, Bédard 2001, Morse 2006).
Based on the major and trace clement compositions of more than 100 samples of

rocks and anorthosite from the central and

Ol-gabbroic and Pl-dominated gabbro

northeastern NPS, Xue and Morse (1993) divided the anorthogabbroic (gabbroic sensi

lato) rocks of the NPS into an eastern dark facies and a western pale facies (using the

' (Figure 1-1). The olivine

terminology of Wheeler 1960), separated by an "olivine line
1" The mast southerly portion of the olivine line of Morse (2006) i placed more northward than that of Xue

and Morse (1993). No explanation is given in Morse (2006) for this discrepancy.




line is a rough division, and excludes the voluminous Sango Bay and Flowers Bay Ol-

bearing anorthogabbroic plutons in the southeast (Hill 1982) and relatively small bodies

of Ol-bearing anorthogabbroic rocks amongst other rock-type predominancies west of the
line (Ryan 2000, 2001, Ryan and James 2003, 2004). Xue and Morse (1993) proposed
that hyperfeldspathic mantle-derived mafic magmas, perhaps made hyperfeldspathic by
fractional erystallisation of a cotectic basalt at depth and subsequent abandonment there
of its mafic cumulates, were parental to both the Ol-bearing anorthogabbroic and Ol-free
anorthogabbroic rock-type predominancies. They suggested that the difference may be
that the Ol-bearing anorthogabbroic predominancy was produced by those magmas

having ascended relatively rapidly from the mantle, and the Ol-free anorthogabbroic

predominancy from those magmas having spent more time at depth depositing mafic

‘minerals, floating plagioclase, and assimilating source rock. The difference in colour
between the plagioclase of the two predominancies is due, at least partly, to the greater

abundance of exsolved Fe-Ti-oxide inclusions in the plagioclase of the Ol-bea

ing
anorthogabbroic rocks (Xue and Morse 1994), thus, the dark plagioclase of these rocks is
allochromatic'”. Such inclusions are very abundant in the plagioclase of the Voisey's Bay

pluton (e.¢. Figure 9C in Li et al. 2000 as inclusion-rich cores and thin, inclusion-poor or

perhap: rims),
Based on the major and trace clement and Nd and St isotopic compositions of

almost 100 samples from all over the NPS, Emslie e al. (1994) proposed the following

erpretation. The magmas parental to the variably charnockitic granitic, syenitic, and

" Defined by Johannsen (1931 p. 165) as “minerals whose colour is due to minute inclusions.”



dioritic predominancy were produced by partial melting of the lower crust, leaving behind
a plagioclase-pyroxene granulite restite, and have isotopic signatures suggesting
interaction with material of short crustal residence time, perhaps Paleoproterozoic
granitic, syenitic, or dioritic rocks (later confirmed to be present adjacent to the NPS by
Connelly and Ryan [1996] and Ryan et al. [1997]) or supracrustal gneisses. Substantial
melting of the restite by mantle-derived basalis produced cotectic magmas  that
crystallised and floated plagioclase at depth to produce hyperfeldspathic magmas parental
to the Ol-fiee and Ol-bearing anorthogabbroic predominancies. Bouyant ascent of these
magmas into the miderust was facilitated by preheated pathways produced by magmas
parental to the granitic-syenitic-dioritic predominancy. Magmas residual to plagioclase
flotation and fractionation of cocrystallised mafic minerals continued to undergo

s of ascendant plagioclase-

fractional erystallisation both at depth and within the interstict
rich magmas to produce an increasingly denser residuum parental to the Fe-rich gabbroic,
dioritic, monzogabbroic, and monzonite predominancy. In some combination, relatively
small volumes of those magmas at depth were emplaced into the miderust as

il

serendipitous entrapments among more voluminous, buoyant intrusions, and intersti

residua were expelled from the interstices of emplaced plagioclase-rich magmas, to

n of Ferich residuum from the

emplace the Fe-rich predominancy. The expu
interstices of solidifying plagioclase-rich magmas to produce the Fe-rich predominancy
was earlier proposed by Wicbe (1980, 1990b) based on field, mineral, major element and
Zr-Rb-Sr compositional evidence.

Bédard (2001) used compiled and new major and trace clement data for

anorthogabbroic rocks (gabbroic sensu lato) from all over the NPS to estimate the trace




clement compositions of their parental melts, assumed to be in equilibrium with the
liquidus assemblages crystallised by these melts before the crystal framework and its
unmodified interstitial melt became a closed system. This approach, the equilibrium
distribution method (Bédard 1994) relies on  textural development and  kinetic

assumptions (Bédard 2001 including appendix) that in the opinion of this author have not

been demonstrated as being reasonable, and certainly not probable, at least not for the
NPS. Careful eriticism of the equilibrium distribution method with NPS rocks is beyond
the scope of this work and interested readers should evaluate the method for themselves.
Based on the results of the cquilibrium distribution method, Bédard (2001) proposed that

plagioclase-rich magmas parental to anorthosite (in the IUGS sense used here, i.c. sensu

stricto [hereafter s.5.] and therefore inclusive of olivine-bearing varieties) formed by

“forced* (p. 747) crystallisation when some of the mantle-derived basalts parental to the
Ol-free and Ol-bearing gabbroic rocks reacted in the lower crust with cither depleted,
aluminous granulite or earlier plagioclase-rich plutonic rocks. Furthermore, rocks of the

Fe-rich gabbroic, dioritic, ic. and monzonite have trace

element profiles dissimilar to those calculated for anorthosite residuum, but similar to
those calculated for the gabbroic residuum. This interpretation seems to contrast with the

erpretations of Xue and Morse (1993), Emslic ef al. (1994), and Wicbe (1980, 1990b)

which considered anorthosite, Ol-free and Ol-bearing gabbroic rocks (their anorthositic

rocks or anorthosite [sensu lato, hereafier s.1.]) as members of a continuum or continua of

rock-type and parentage. Bédard (2001 p. 750) states that “the data suggest that most NPS
intrusions are composite, being derived from” at least two magma types or series, in

reference to anorthosite occurring alongside Ol-free or Ol-bearing gabbroic rocks in many



plutons as currently defined. In actuality, though, all of these workers have proposed
processes that could produce a more or less continuous spectrum of compositions parental
1o the Ol-fiee and Ol-bearing anorthogabbroic predominancies

Underlying part of Nukasorsuktokh Island in the eastern NPS is a plutonic breccia

co

ting of more than 200 exposed blocks ranging in rock type from anorthor
through leuconorite to Ol-gabbronorite set in leuconorite (Runkle and Saunders 1974).

Morse (2006) derived provisional major element partition coefficients for NPS

plagioclase by dividing the composition of a pure anorthosite block by the modified
composition of Ol-gabbronorite pockets interpreted as trapped liquid within a plagioclase-
dominated block 167 m away. The composition of the Ol-gabbronorite packets were

modified by adding and subtracting select NPS plagioclase compositions to modify the

normative colour index of 44 to 35 and 49, respectively, so as to estimate the

compositions of rela

ively felsic and mafic variants of liquids parental to NPS

ents

anorthogabbroic rocks (gabbroic sensu lato). The provisional partition coeffici

from

derived for the felsic melt when used on the compositions of plagioclase megacry

nal

Ol-gabbroic rocks yielded quartz-normative parental liquids. By raising the provis

Si0, partition coefficient to 1.1, from 1.035 and 1.061 for felsic and mafic liquids, and

reducing all the other cocfficients “proportional to the abundance of their components in

the model i

(Morse 2006 p. 207), two sets of final partition coefficients are

from six

produced which when used on the compositions of 19 plagioclase megacryst

NPS plutons (four Ol-bearing two Ol-fiee yield

parental melt compositions that are almost all correctly classified as cither strongly

olivine or slightly quartz-normative. Unfortunately, it is unclear exactly how Morse
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(2006) proportionally reduced the non-SiO; coefficients and by which of the model
liquids this was done according to, except that it was a felsic liquid. Morse (2006 p. 209)
stated that “the [partition coeflicients] obtained are not claimed to be cquilibrium values

and they cannot be expected to work satisfactorily in other anortho

uites, at least not

without some fine tuning™ which prompts the unavoidable question as to the meaning of

these mongrel coeflicients and their apparent success in the NPS.

1.2 Subject rocks

‘The rocks studied in this work belong to the NPS, and to a much lesser extent, screens of

high-grade metamorphic rocks enclosed therein (Ryan 1990; Figure 1-1), and are those

rocks belonging to the Barth Concentric Plutonic Suite (Rubins [1971] as “Barth Island

troctolite” and surrounding rocks; redefined herein) and adjacent to it, and those rocks
belonging to a part of the western half of the Hosenbein pluton (Ryan [2000, 2001] as
Hosenbein Lake pluton and intrusion; Figure 1-2). Note that the contacts displayed on

Figure 1-2 and derivative maps in this work are rock-type contacts, i.e. contacts between

bodies of different rock type, different at least in root name. Intrusive contacts that are not

also rock-type contacts have been omitted from this map, and readers are referred to the

map of Ryan (2001) which displays such contacts within rocks adjacent to the Barth

Concentric Plutonic Suite. Intrusive contacts within the Barth Concentric Pluton e

that are not also rock-type c

ts arc described in Section 3.2.2.2 and displayed in

Figure 3-

The Barth Concentric Plutonic Suite underl of land

approximately 34.5 km

spanning Nain Bay just north-northeast of Nain, with roughly equal approximately 5 km®




areas underlain on the southern shore and Barth Island, and an approximately 25 km? area

underlain on the northern shore. One or more faults on each side of Barth Island

istrally offset the structure, with a total horizontal displacement of approximately 5 km
assuming an originally north-south-clongate form. Distinct, rock type-defined units are
more o less concentrically arranged, and consist of either (Ol-frec) anorthosite and
gabbroic rock"” (jotunitic rock [Mulhern 1974, de Waard 1976]; jotunite [Wallace 1986];
ferrodiorite [Ryan 2001]); leuconorite [Gaskill 20051), Ol-gabbroie rock (troctolite
[Rubins 1971, 1973, Wallace 1986, Ryan 2001]; troctolitic rock (Mulhern 1974,
Levendosky 1975, de Waard 1976]; leucotroctolite [Gaskill 2005]), Fe-rich diorite and

Fe-rich gabbroic rock (norite [Rubins

1971); noritic rock [Rubins 1973]; noritic,
‘abbroic, jotunitic rock [de Waard and Mulhern 1973, Levendosky 1975]; jotunitic rock

[Mulhern 1973, de Waard 1976]; jotunite [Wallace 1986]; ferrodiorite [Ryan 2001;

ferrogabbroid [Gaskill 2005]), or charnockitic rock (adamellite [Rubins 1971, 1973,

Wall;

e 1986]; adamellitic rock [Mulhern 1974, Levendosky 1975, de Waard 1976];
monzonite [Ryan 2000, 2001, Gaskill 2005)). By Fe-rich it is meant at least

mineralogically Fe-rich (c.g. ferrosilitic or hedenbergitic pyroxene, fayalitic of

) and
in many instances modally Fe-rich (c.g. percent level Fe-Ti-oxide).

‘The leuconorite Hosenbein pluton of Ryan (2001) underlies approximately 24 km®

west of Nain, contrasted to the redefined anorthosite and leucogabbroic Hosenbein pluton
of Voordouw (2006) which extends much further to the cast, encompassing most of

Ryan’s U

Bay and South Channel Cairn plutons. It is the opinion of this author that

** Font bolded for added for readability amids citations.



Ryan (2001) has provided more and stronger evidence for his definition of the pluton

whose western margin is studied herein. Ol-gabbroic rocks were recognized by both
authors along the middle western margin, and the relationship of these Ol-gabbroic rocks

10 the rest of the pluton, i.c. whether or not they might comprise a comagmatic marginal

zone, is the main question addressed of this pluton in this study. According to the samples
studied here and fieldwork conducted for this work, the Hosenbein pluton is most
accurately described as Pl-dominated gabbroic with a locally Ol-gabbroic western

margin.

1.3 Objectives and philosophy

The objectives of this work are to:
)] Describe new petrographic' and contact relationship observations of the subject
rocks and interpret these alongside petrographic and contact relationship

observations described by previous workers (Rubins 1971, de Waard and Mulhern

1973, Rubins 1973, Mulhern 1974, 1

endosky 1975, de Waard 1976, de Waard

et al. 1976, Wallace 1986, Ryan 2000, 2001, Gaskill 2005);

rography has been historically considered the entire descriptive aspect of petrology (e.g. Johannsen

1931). By contrast, contemporary geologists generally consi

er petrography 1o be that aspect of petrology
concerning the deseription of rock textures. The present author considers petrography to be the study of

how individual rocks manifest in space, and petrographic obscrvations those ways that rocks appear 0 50

nifest. “Individual rocks” are considered 1o be any domain or groups of domains identificd by the

working geologisi(s) as displaying relative lithological homogeneity.
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2)  Determine precisely, according to the UGS classification scheme for igncous
rocks (Le Maitre 2002) as modified by the British Geological Survey (Gillespie

and Styles 1999), what rock types are present among the s

mples studied of the
subject rocks;

3)  Speculate interpretations of newly determined olivine forsterite compositions for

c rocks of the Barth Concentric Plutoni

samples'® representing Ol-gabbro Suite;

4)  Describe and interpret the petrographic context of zircon and baddeleyite in the
Ol-gabbroic rocks of the Barth Concentric Plutonic Suite;
5)  Geochronologically interpret zircon grains from select samples of the Barth

Concentric Plutonic Suite and adjacent rocks and the Hosenbein pluton, based on

U-Pb isotopic compositions newly determined by I

ablation-inductively

coupled plasma mass spectrometry (LA-ICPMS).

It may scem inappropriate to the reader that description and rock classification

should take places alongside interpretation in the objectives of this study, since these are

commonly regarded as means to an end, but there are two justifications for the view taken
here,

Firstly, this wor d 0 serve as a comprehensive review of petrographic

and contact relationship observations made for the rocks of the Barth Concentric Plutonic

Suite, along with basic interpretations of these features. Thus, to present these data
together and in as much reliable detail as possible is considered an objective in-and-of-

itself.

* Which is not meant to imply that ly ivine of uniform




Secondly, it is the opinion of this author that any scientific interpretation of an

object of study (e.g. specific phy s rocks, batholiths, apples, galaxie

al objects such

or objects defined as classes with members, such as biological species, mineral species,

types of galaxies) is meaningful only insofar as the object is described. For example, a U-

A

Pb age interpreted from the analysis of a small volume of matter is almost meaningles

U-Pb age interpreted from the analysis of a small volume of baddeleyite is more

meaningful. A U-Pb age interpreted from the analysis of a small volume of baddeleyite
belonging to the centre of brown prism similar to other baddeleyite crystals in a (fictional)

brownish weathering, medium-grained (CIPW 1906), subophitic textured, 1.5 o 2 m

thick dyke of gabbro (s.s.) intruded into finely laminated siltstone of the (fictional) Spout

Cove Group and sampled from a coastal outerop just south of (fictional) Knob Harbour is
more meaningful again, or would be if the subjects were not imaginary. It is no

exaggeration to say that fulfillment of the descriptive and classificatory objectives

outlined above will add additional meaning to all previous and future interpretations not

only of the Barth Concentric Plutonic Suite and Hosenbein pluton, but of the Nain
Plutonic Supersuite and other Proterozoic anorthosite suites, if not of broader groups of

matter. Put another way, knowledge cannot exist in isolation but in context, and

descriptive detail is the most fundamental substance of context.
It may also scem inappropriate to the reader that no ambitious objectives

mode of intrusion, magma chamber dynamics, or

involving such things as petrogenes
anything to do with a “model” were listed above, nor were meant to be implied. It is the
opinion of this author that the conventional way that many geological studies are

conducted—or at least presented—that is, by presenting as the crowning achievement



some sort of full interpretation (¢.g. such as one involving an assortment of those things
listed), even if explicitly only provisional or possible, and commonly from an ambiguous
or very limited dataset, is commonly detrimental to the science. Detrimental, because the

interpretation can become a force of its own, clouding our objectivity, closing our minds

o alternatives, and numbing our critical instinct. We tend to place more emphasis on

documenting histories of ideas than on reevaluating accumulated data with a fresh

mindset.

Surely it is fruitful to speculate on how rocks may be interpreted, but we should be

It cannot be denied that

unceasingly careful not to overstate ourselves in doing
interpretations have momentum, and in the science of geology where many interpretations

sultfrom an intuitive weighing of multiple lines of evidence (Frodeman 1995) and

understated and even unstated assumptions, many interpretations can be no more

steful

it is not found dis

disproven as proven. Thus, the interpretation lingers as long as
according to a new paradigm, students lear about the interpretation for its own sake and
the idealised data that support it, and people with new data either say “yay" or “nay” that
their own data and interpretation are consistent with the old one. Dangerously, many

ations at the expense of critical

“scientists” become emotionally attached to- interpret

Overstated and emotionally-attached-to interpretations are not

thought and real progre:

the rule, but are common enough that they cause a partial impotency of the critical

impulse that defines us as scientists and cloud our collective geological thought with what
amounts to superstition.

Of course the history of geology is full of interpretations that guided further

hypothesis testing that yielded new and valuable insights, commonly at the expense of the



previous interpretations (e.g. uniformitarianism, continental drift, Darwinian evolution).

Clearly, then, geological interpretation is a double-edged sword. In the opinion of this

author, science consists of two halves, somewhat analogous to image and depth: one is

interpretation (depth). that is, the accurate mental conception of how things relate; the

other is knowledge of how the universe objectively appears (image), the accurate mental

conception of how things are. Without knowledge of how things are, they cannot be
related, but without establishing relationships, myriad things could not be understood

with respect to each other. What 1 am advocating thercfore is not an abandonment of

interpretation, but rather a shift towards greater balance—a shift towards more reverence
for pure data (i.c. that data clearly presented and not woven into interpretations [c.g. the

difference between relatively fine grained, hypautomorphic-granular margins and chilled

cal and

‘margi

) and its inescapable constraintive authority. We should be more crit

more patient. We should stop periodically, gather up as much as we can of the reliable

data collected on a particu

r object of study and reevaluate the whole set. Y

., some

on

workers do compilation studies, but they are too few and place far too much emphs

histori

s of ideas rather than reevaluations of accumulated data. Overall, we should see

our crowning achievement as the intensely eritical and rigorous evaluation of maximally

varied and maximally numerous data against interpretations. Active skeptical speculation

aluate against

should produce those interpretations we

1t is the opinion of this author that in high-temperature petrology we need be

especially careful, critical, and patient: more data reverent, because our systems of study

are very complex and detailed, and cannot be satisfactorily replicated in the laboratory.

By being cautious and data reverent, w

are assured at least of gradual progress



In this study, I present new and previous data on the Barth Concentric Plutonic

£

¢ and Hosenbein pluton and speculate those interpretations that are more or less
evident. This work most certainly does not live up to the ideals outlined above and

elsewhere in the thesis, however, since it was late in this project when | became aware of

such ideals and because additional tasks such as rigorous hypothesis testing would have

enlarged the project beyond the scope appropriate for an M.Se. Hopefully, the data

reverence attempted here will help restore balance to our field in some small part.

Note that, with the exception of olivine compositions and U-Pb_isotopic

compositions of zircon and baddeleyite, this work does not examine geochemical data for

son for this omission

the Barth Concentric Plutonic Suite and Hosenbein pluton. The re;

£

twofold. Firstly, in contemporary petrology, rock cl tion and petrography reccieve

significantly less attention than geochemistry, and so the present author has chosen to

give much needed attention to these neglected aspects at the expense of geochemistry.

Secondly, the thesis project and writcup are already large beyond what is appropriate for

an M.Se. No more redefinition and enlargement of the project can be suffered.

1.4 Materials and methods ove
New field observations were recorded (Appendix B) and samples collected during late
June and July of 2005 from the part of the Barth Concentric Plutonic Suite on the south
side of Nain Bay, and the rocks adjacent to it, and a part of the western half of the
Hosenbein pluton and the area bounding it to the west (Figure 1-2). Over 130 samples
from that season plus over 250 collected by O. Gaskill (2005) plus one more collected in

2006 by P. Sylvester and A. Leitch of Memorial University of Newfoundland were thin-




sectioned, classified, and described (Appendix C). Thin-sections for charnockitic rocks
were commonly made from the most mafic parts of the sawed surface, so the names

assigned here should be considered to represent relatively mafic expressions of these

rocks.

The samples used for this project and others of the subject rocks collected (and

still in the possession of Memorial) but not used cach have two identifications: the first

being their original, field identifications, marked variously on the hand samples, chips,

thin-sections, powders, and their bags, jars, and drawers, and in the field notes; the second

being simple, arbitrary reidentifications for the purpose of this thes

is and possible future

works using these samples, also marked on the thin-sections. The samples were

reidentified by assigning numbers in more or less the order they occur from north to

south, and in two suites according to who collected them, S. Hinchey or O. Gaskill. Thus,
H1 is the most northerly sample collected by this author, and G284 the most southerly
collected by Gaskill (2005).

Field work consisted of recording variably detailed observations and collecting

samples at specific, GPS-located stations. Stations are most concentrated in arcas of
lithologic change or other outstanding featurcs.

In addition to rock names, modal estimates were recorded for thin-sections

representing samples collected specifically for this project, but, for expediency, not for

those representing samples collected by Gaskill. This choice is regrettable because

recorded modal estimates provide a more precise characterisation of the rock than the

range of modes possible for any given rock name. Also, recording both modal estimates

and resulting rock names provides a check against human error in assigning rock names.



Also for expediency, thin-sections representing samples collected by Gaskill were not

described in as much detail as those representing samples specifically collected for this

project, and were commonly described using interpretive descriptors (c.g. partially
recrystallised plagioclase) for features well documented by objective descriptors (e.g.

plagioclase exhibiting subgrains and commonly occurring as domains of equant grains

with smooth or polygonal boundaries) in thin-sections representing samples specifically

collected for t

roject.
Olivine in thin-sections representing 93 samples of f Ol-gabbroic rock from all over

and south due

the Barth Concentric Plutonic Suite, though concentrated in the northw
to availability, was analysed by electron microprobe (EMP).
Thin-sections representing eight, varied rocks of the Barth Concentric Plutonic

Suite were searched for zircon grains coarse enough (> 40 x 40 jum) to be analysed for U-

Ph-isotopic composition by LA-ICPMS. A leucogabbro sample interpreted to represent
the main body of the Hosenbein pluton was crushed to obtain zircon also analysed by this
method.

“Thin-sections representing 60 samples of Ol-gabbroic rock from all over the Barth

Concentric Plutonic Suite, again, concentrated in the northwest and south, were manually

searched for occurrences (individuals or clusters) of zircon and baddeleyite. 581

occurre

s were found and documented in terms of neighboring minerals, whether they
were individuals or clusters, grainsize, habit, and any other notable propertics that were

apparent.



Analytical methods for measuring olivine and U-Pb isotopic compositions are

detailed in Appendices E and F, respectively.

1.5 Terminology, definitions, and nomenclature

1.5.1 Rock classification

Rock classification in the field was conducted by placing rocks into the more or less
aceurate categories of: Ol-gabbroid, chamockoid, gabbroid, anorthosite (Ol-free and in
the UGS sense and sensu lato for leucogabbroid), and ferrodiorite (for those rocks that
Tooked like the “ferrodiorite” samples collected by Gaskill [2005] which equates to
mesocratic, 1-2 mm grained with light coloured weathered plagioclase and brownish,
commonly rusty weathered mafics, variably foliated). Most rocks studied of the western

margin of Hosenbein pluton were described as either “hypautomorphic-granular”

(composed of a mixture of automorphic and less facially developed erystals) or “perhaps
xenomorphic-granular” (without erystals exhibiting evident facial development), insofar
as could be determined in the field, which seem to equate to the “cumulate” and

“granular” rocks of Voordouw (2006), respectively

The rock class

ation scheme used here is the British Geological Survey

modification of the International Union of Geological Sciences scheme for the
classification of igneous rocks (Gillespie and Styles 1999), which is simply a slightly

more rigorous and preci

version of the 1UGS scheme (Le Maitre 2002). The few
metamorphic rocks examined in this work are given igncous names, followed by
metamorphic roots for those collected specifically for this work in the southern study area

and thus observed in the field. Those metamorphic rock samples collected by Gaskill



(2005) were not observed by this author in the field, and are thus only assigned igneous
names in this work.

The British Geological Survey modification of the IUGS classification scheme for
igneous rocks includes guidelines, more or less adopted here, for the use of hyphens in
rock names and for indicating the abundance of accessory minerals in rock names.

Hyphens are used to indicate mineral names that form parts of root names, and thus are

not merely modifiers, such as quartz-diorite, oli bbro, hormblende-gabbro (for PI-
Hbl rock), and alkali feldspar-granite, as opposed to such names as biotite granite and
hornblende gabbro (for Hbl as an accessory in PI-Cpx rock).

Three classes of accessory mineral are defined: those comprising less than 5% of

the mode, indicated by “-bearing” following the mineral name (c.g. ilmenite-bearing

gabbro); those comprising between 5 and 20% of the mode, indicated by unaccompanied

mineral names (e.g. ilmenite gabbro); and those comprising greater than 20% of the

mode, indicate by “-rich” following the mineral name (c.g. ilmenite-rich gabbro).
However, in this opinion of this author, a statement indicating that a rock is bearing a
certain mineral or other feature should not be taken to mean anything other than the
literal, general meaning of that statement. According to the Paperback Oxford English

Dictionary (2002) one of two meanings of the word “speck” is “V. [to] mark with small

spots”™. So it seems appropriate that “specked” be the adjective referring to something

“marked with small spots”, or, stated more specifically in a way particular to three

dimensions, “bearing relatively small, dispersed volumes™. In this work, then, an

accessory mineral comprising less than 5% of the mode is indicated by “-specked” (c.g.

ilmenite-specked) instead of “-bearing”. Modes of accessory minerals estimated to be




approximately 5 or 20% are for the purpose of rock classification placed in the lower

abundance category.

imple scheme of bracket use to indicate ce

in aspects of the modal

abundances of accessory minerals was invented for this work. Ac

sory minerals of

approximately the same mode (i.¢. of modes indi

inguishable by estimation) are placed

in alphabetical order within round brackets, e.g. (Bt-Ol) gabbronorite. Accessory minerals

perceived to be closely related (Bt and Hbl, Ilm and Mag, Fa and Px) whose abundances
individually are less than 5% but combined are greater than 5% are indicated by square
brackets, ¢.g. [Fa-Px] charnockitic quartz-leucomonzonite. The two systems of brackets
are mutually exclusive, e.g. [Fa-Px] indicates Fa < Px, but may be combined, e.g. [(Ilm-
Mag)] Px-rich antiperthitic diorite.

Charnockitic rocks are taken to be those granitic and syenitic rocks and
monzodiorite and quartz-diorite containing percent level perthite (s.1.) and cither fayalitic

olivine or, or in addition to, pyroxene. This definition of charnockitic corresponds more

or less to that of the IUGS (Le Maitre 2002), and their convention of assigning
antiperthite to P, perthite to A, and mesoperthite divided equally to A and P is followed
here. Charnockitic rocks in this study are not given the special names for charnockitic

rocks (e.g. mangerite, enderbite, opdalite) but rather are given QAP names prefixed by

aken with the

“charnockitic™. This pract w that a wider audience will more

readily understand modificd QAP root names rather than unnecessary special terms
Rock samples that are cither dioritic or gabbroic are classified here as dioritic only

if there is perthite (s.1) present to indicate that the rock represents an intermediate

composition. It is the opinion of this author that the basic classification of a sufficiently
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coarse, holoerystalline igneous rock (i.c. igncous rocks whose modes are complete and

readily determinable) should not depend on a measure of average plagioclase

composition, only reliably and practically attainable through instrumental analysis, cither
indirectly from the norm or directly by X-ray mapping of a substantial arca of section.

The IUGS states that the classifi

tion of plutonic rocks *is based on modal parameters™

so it should not make an exception requiring expensive instrumental analysis to

distinguish gabbroic from dioritic. Should every geologist studying gabbroic or dioritic

rocks need to instrumentally analyse them just to make this basic distinction? After all,
these are not volcanic rocks whose mode is usually either incomplete or too finely

manifest to be determined by any sort of conventional method. However, even for

voleanic rocks, the TUGS states that they should be classified according to mode if

determinable. To

iguish between basalt and andesite, cither total alkali-silica (TAS)

classi clas

ation or colour index and weight percent SiO; are used, not pla

composition because andesites “commonly” (Le Maitre 2002 p. 30) contain phenocrysts

of composition > Ansg. What then, is a dioritic rock supposed to be, except the phaneritic

equivalent of an andesite? What sort of intuitive diorite is the IUGS trying to capture with

inction?

its < Ang d ividently, rocks with otherwise gabbroic modes yet with
plagioclases of lower temperature composition. But melts producing lower temperature

compositions also produce lower temperature modes, so it would correspond more with

natural relationships (guiding pri

ciple 6 of the IUGS scheme [Le Maitre 2002)) if

dioritic rocks were distinguished from gabbroic rocks on this basis as well. This

distinction can be casily achieved by subsuming monzogabbro under monzodiorite and by

xcluding rocks be

2 ubiquitous perthite (s.2) from gabbroic, as are exercised here.



‘The argument could be made that melts producing rocks with ubiquitous, but not

abundant perthite, with more H,0 could produce approximately the same mode sans

fied due to a minor detail.

nilar rocks to be differently clas:

using very

But pigeonhole classification requires that we draw the line somewhere, and better it be

based on criteria that we can positively see than on criteria requiring advanced

'*. Better, because of

instrumentation 1o positively measure in many if not most ¢

greater simplicity and case of use (guiding principle 8 of the IUGS scheme) and because

irit of the IUGS scheme if

s petrographic manifestation as criteria, in the s|

judged by their stated preference of modal over chemical classification.
While on the topic, albite of composition < Ans should not be classified as alkali

feldspar for the purpose of classification, as is recommended by the IUGS (Le Maitre

2002) beeause, again, it would require instrumentation to precisely and positively

a determination that may have to be made for

determine whether or not this is the cas

e,

individual or even parts of individual rystals. Such rigorous “hair splitting” should not be
required in order to accurately name a rock. However, we should be capable of exercising

a classification scheme to its end, as is the case for sufficiently coarse, holocrystalline

ncous rocks as long as we use for classification criteria positively identifiable

petrographic features. Better, then, to include all feldspar with lamellar twins (except the

specific cases microcline and anorthoclase, each usually positively identifiable without

instrumental analysis) as plagioclase for the purpose of rock naming,

* Le. except in cases where extinction angles suffice to positively conclude whether the average

plagioclase composition is above or below Ansg



Some gabbroic rocks classified here do not con n Fe-

in perthite (s.1.) but conta

ich pyroxene along with textures and modes, including a relative abundance of Fe-Ti-

oxides, very similar to the Fe-rich dioritic rocks studied. These rocks are thus Fe-rich

gabbroic rocks, at least mineralogically."” For expediency and consistency, since the
pyroxene ratios were not determined for the dioritic rocks (although the presence of both
pyroxenes was verified regularly), ncither were they for the Fe-rich gabbroic rocks. The
modal imprecision s regrettable in both cases, but was deemed allowable for expediency
since both pyroxenes are certainly present in most samples, at least of the Fe-rich dioritic
rocks.

Ol-gabbroic is only used as a general term here, to refer to gabbroic rocks with
greater than 5% O1 / (Pl + Px + OI). These rocks are variously referred to more
specifically (color lato) as troctolite (Opx or Cpx / [Pl + Px + O] < 5%), Ol

‘gabbro/gabbronorite/norite (Px / [Pl + Px + Ol] > 5%, 5% < Ol < 20%), and Ol

gabbro/gabbronorite/norite (P / [P1 + Px + OI] > 5%, Ol > 20%). The terms Ol-gabbro,
Ol-gabbronorite, and Ol-norite are not used at all because they require the determination
that (Cpx + Opx) / (Pl + Px + OI) be greater than 5%, and furthermore the precise

determination of Cpx / Opx, two determinations the present author found considerably

more difficult to make in borderline

s than the determination of Ol / (P1 + Px + Ol)
which allows the use of the unhyphenated terms defined above. Note that all rocks that

are O gabbroic (unhyphenated) are therefore Ol-gabbroic as well.

" Note, however, that in the one thin-section (H112) of Fe-rich gabbroid (i. gabbroid with evidently Fe-

rich pyroxene) containing olivine the olivine is not evidently fayaliic (i, i colourless versus light yellow).

By contrast, olivine occurring in all thin-seetions of Fe-rich dioritic rock is evidently fayalitic



Those accessory minerals that rocks are only specked with are not included in the

rock names reported in the thes

S text (though are recorded in Appendix B), but are
instead listed using generalisations (e.g. these rocks are variously specked with these
‘minerals).

Rock names, unless otherwise indicated as color lao (e.g. diorite [c.L] = any of

nse (with

diorite [mesocratic], leucodiorite, or melanodiorite) or used in the general

ending —ic), are appropriately prefixed by leuco- or mela-, or unprefixed indicating
‘mesocratic, as appropriate for each rock type as specified by the IUGS (Figures 2.7, 8, Le

Maitre 2002 p. 26, 7 or Figures 33, 4, Gillespic and Styles 1999 p. 51, 2). Modes

estimated to be borderline between leuco- or mela- and mesocratic were cl: ied as

mesocratic. Use of the rock type-specific leuco-mela- prefix system should be

distinguished from saying that a rock is cither leucocratic, mesocratic, or mela(no)eratic

in the absolute sense, bracketed by colour indices of 35 and 65 irrespective of rock type.

1.5.2 The definitions and usage of “pluton " and “intrusion”

Pluton and intrusion: these two terms need to be precisely defined because they are

employed in . and at least one of them in perhaps all works of igneous petrology.
The following are examples of definitions for “pluton” and “intrusion”. From Igneous

Petrology (Carmichacl et al. 1974):

Pluton: a term which embra

all intrusive bodies of igncous rock. It is a

convenient term when the intrusion conforms to none of the preceding definit

ns
[(e.g. of sill, lopolith, batholith)] or when its geometric shape is unknown (p. 13).

From lgneous and Metamorphic Petrology (Best 1982):



A body of magmatic rock of any compo

jon, size, and shape, emplaced and
solidified beneath the surfice of the Earth, is an intrusion, or pluton, though the

latter term is generally

rved for large, thick bodies with steep walls (p. 119).

From the Dictionary of Geological Terms prepared by the American Geological Institute

(Bates and Jackson 1984):
Pluton: an igneous intrusion (p. 391);

Intrusion: the pro

s of emplacement of magma in pre-existing rock. Also, the

iigneous rock mas

o formed (p. 268).

From Petrology: Igncous, Sedimentary, and Metamorphic (Blatt and Tracy 1996):
“The term pluton is typically restricted to deeper intrusive bodies (greater than
about 5 km), whereas intrusion is a more general term that may be used for both
shallow and deep bodies (p. 9)

From The New Penguin Dictionary of Geology (Kearey 2001):

neous rock with discrete

boundaries

the surrounding country rock into which it was emplaced [p.

132]) with steep lateral contacts which was emplaced and erystallised beneath the

surface, possibly now exposed as an irregular polygonal outerop (p. 206);

\
Pluton: a large, thick, igneous body (a volume of

Intrusive igneous body: an igneous body emplaced at depth (p. 138),

Evidently, there is no strict definition of “intrusion” or “pluton”, except that they refer to

bodies of intrusive igncous rock. However, some geologists understand “pluton” to refer

10 a specific type of intrusion, cither a large, thick one with steep, lateral contacts (Best
‘ 1982, Kearey 2001), or one emplaced at a depth greater than 5 km (Blatt and Tracy 1996

and those who use the term in this way such that ts use is “typical” p. 9). Other geologists



understand “pluton” to mean the same thing as “intrusion” (Carmichacl ef al. 1974, Bates

sted in the

and Jackson 1984). Before continuing, readers taking issue with or inte

rigorisation of terminology attempted in this chapter should read Appendix D, an
unapologetic defense of these attempts.

k of consensus on such basic terminology is, perhay

As disappointing as this Ia

precise definitions of “pluton” and “intrusion” can be contrived by combining the literal

meanings of the words with what appears to be the fundamental meanings of these terms

as evident in the above definitions. Note that much of the following discussion i
rhetorical,
“Intrusion” in the geological sense is a verb become noun, so the literal meaning

of “intrusion” must be that which intruded. The fundamental meaning of “intrusion™

seems to be a mass of magma emplaced or intruded into pre-existing rock, and also the

rock mass that solidifies from this magma. I the act of intrusion the movement of magma
though pre-existing rock? Presumably, almost all magmas (save the magmatic portions of
‘migmatites) move some distance from first melting to final solidification, so is magma

a mas

intruding all along that distance? O of magma only intruding the instant before

it arrives at its destination of solidification? Since the act that puts it there also brings it

there, the only sensible definition of the act of intrusion seems to be the movement of

magma through pre-existing rock. Also, since emplacement literally means “to put into
place”, which we should take as the place we now see it (unless we abandon the intuitive

preference that places be definite positions, as opposed to any position along a

n for any mass of

continuum), we can consider emplacement to be the final act of intru



magma. Thus, any mass of magma having travelled some distance relative to and into

ing rock might be called an intrusion.
But can there be any one mass of magma that intrudes? In other words, can there

ever be a body, solidified or molten that can be unambiguously called one, single

intrusion? imilation, and

Sublerrancan magma neces:

undergoes crystallisation,

ing, even if only as new partial melt mixes with existing. The simplest situation, then,

is that melt formed by partial melting amalgamates into a larger mass that move

into pre-

ilation and differentiati

existing rock and solidifies with minor s n, creating a

scemingly unambiguous, single intrusion. Our simplest intrusion may be of uniform rock
type, but what about emplacement time? What does it mean that a given mass of magma

(i.e. cither a whole or any portion thereof) has reached its final destination? Relative to

what fixed points must a magma haved moved for the last time in order to be considered

a reasonable

emplaced? The nearest piece of pre-existing rock that is not a xenolith

answer, as

s the bounding pre-existing rock as a whole if it is not undergoing internal

displacement. But how would we ever measure emplacement time defined in these ways,
or detect all but the grossest differences thercin? What about inevitable internal

displacements? Perhaps we need to redefine emplacement, Or just leave it hazy with a

“more or le

" qualifier

Whatever our definition of emplacement, all masses of magma—e

0 in our

simplest example—must amalgamate incrementally, so should the definition of intrusion

be a question of whether or not the mass of magma amalgamated before emplacement? If

ns the combi

50, then a true intrusion is present? “Amalgamation” me 2 of previously

separate parts, of course, so at what point does magma amalgamation occur in plutonic




environments where melt continuity is extensive and complex? And is a filling magma

chamber an amalgamating mass of magma or an already amalgamated one that is simply

changing shape and moving? Perhaps cither. Establishing our supposedly most

fundamental unit of intrusive geology—the intrusion—is now dependent on answering

very difficult questions about that mysterious region below any given plutonie rocks of

interest, which means that we cannot hope to certa tify any actual intrusions any

time soon, if ever.

The discussion has become difficult, and we have not even considered further

us

of

implications of recharge or the implications of mixing and the many processes

differentiation. We have also not considered the variety of time scales over which

plutonic environments may evolve, nor the complex behaviors possible, nor the complex
“plumbing” systems possible, nor the length scales over which magma may remain
continuous or undergo internal displacement

One feature not mentioned in the definitions cited above that is a part of the

intrusion” is that of magma continuity, which equates to melt

intuitive concept of

continuity, as long as we do not define magma as being capuble of flow without

significant deformation of its crystals. Perhaps “intrusion” can be defined without

referring to emplacement or amalgamation times as: a continuous mass of magma

Iso the rock mass that solidifies from this magma.

intruded into pre-existing rock, and 4

This definition is still unsatisfactory because we are left with the difficult if not

ma continuity and

commonly impossible task of trying to establish evidence for past ma

tly between melt production and final

its extent, which can conceivably vary gr

solidification. Would we consider a sheet of magma that intruded along the contact of an




existing but fully or mostly solidified sheet of the same composition as part of the same

ind is evident in

intrusion (e.g. as may be evident in the Barth Concentric Plutonic Suit
the Half Dome Granodiorite of the Tuolumne Intrusive Suite and the McDoogle
sranodiorite of the Sierra Nevada [Glazner f al. 2004])? Also, would partially melted

country rock be considered as part of an intrusion? Not if we only consider magma to be

mixtures of melt & crystals, vesicles out s

pable of flow

ignificant deformation of

crystals, a condition which all masses of magma must progress beyond eventually.

Eliminating partially melted rock does not bring us much closer to finding a precise and

After all this discussion, we might define “intrusion” as: a more or less continuous

mass of magma emplaced at more or less the same time. This def o fit our

intuitive concept best, but then “intrusion” cannot be claimed to be an objective, basic

deseriptor but rather a specific interpreta

n requiring substantive data to even eredibly

st. Morcover, there is no need to infect our with such an ambiguous term!

subdivide intrusive roc}

into bodies bound by plausibly intrusive contacts

(the “discrete boundaries” of Kearey [2001 p. 132])? OF course, this is more or less what

seologists do already, but we spoil the process by calling cach subdivision “an intrusion”,

thereby introducing the unscientific, ambiguous, intuitive concepts currently embodied in

our term “intru; he solution i

mple as abandoning the term “intrusion”. Why

hold onto it if we do not even know what exactly it is supposed to mean?

The fundamental meaning of “pluton’ s that it is an alternate term for “intrusion’”.

The fec

ng that a pluton represents something decper, larger, or stecper-walled i varicd

39



or commonly absent altogether. Either way, insofar as we understand “pluton” to mean

“intrusion” or “a type of intrusion” we should abandon this term, as well.

“The ambiguity and intuition embodied in our present concepts of “intrusion” and

“pluton” should have been dealt with after the publication of Krauskopf (1968), a

persuasive address to the Geological Society of America by the retiring president titled

“A Tale of Ten Plutons”. Using as an example rocks of the Mesozoic granitic Inyo

batholith within a quadrangle along the California-Nevada border, Krauskopf (1968 p. 6)

begins with the simple, standard questions of “how many plutons arc there, and how did

they get to the positions where we find them?” Eventually, he concludes that “the ten

bodies [delineated] are mappable units, and they form a neat pattern; but they could just

would be

as well be lumped into five plutons, or subdivided into twenty, and the u

cqually mappable”. (p. 14) It is conventionally believed that the resolution of such

certainly come about as more and varied data are collected and brought

ambiguitie:
10 bear—that we just have yet to attack the question hard enough. Krauskopf (1968)
rejected this belief, that all our scientific questions are solvable, because some of our

[because] they are essentially meaningless™ (p. 15)

questions may be “the wrong on

ia can be set

“How many plutons are there? The question has meaning only if

up for distinguishing one pluton from another™ (p. 15) stated Krauskopf (1968).'""
" Ryan et al. (1998). who attempted to delincate plutons and establish an intrusive stratigraphy in and

ed that the statement quoted is a su

stem NPS, incorrectly sta

around the north

Krauskopf (1968). In fact, Krauskopf (1968) stated that “I am suggesting the thesis that some questions

‘about the makeup and formation of batholiths are essentially unanswerable... unanswerable in the nature of

 how refined our methods become.” (p. 17)

things... no m
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However, there is no conceivable amount or type of data (e.z. more field data, or

trace clement, and data) that would enable us to definitely

distinguish individual plutons because “the nagging question would remain as to what

ranges of these variables might permit us to lump or subdivide granite masses into

plutons™ (p. 16) He goes on to say that “perhaps masses of [granite magma] ascend and

subdivide and differentiate and intermingle in a fairly random fashion, so that attempts to

distribute outcrops of a batholith among a finite number of discrete plutons arc

foredoomed to failure™ and that ablish a complete “stratigraphy” of intrusive

ible”. (p. 16) Unfortunately, geologists do not seem to have taken up the

units is impo

issues raised by Krauskopf (1968).

Fortunately, similar issues are now being raised. Glazner et al. (2004), in an
article which cites field, geochronologic, and seismic studies to conclude that “plutons

may commonly form in many small increments in a manner analogous to growth of

and we know little as

al veins..

yet about typical geometric forms of individual

increments or how the increments combine to form a pluton™ (p. 9) stated that, if indeed

this is how plutons are assembled, “we must... reevaluate the concept of a *pluton.” (p.

s)

Returning to semantics, the literal meaning of “pluton”™ must be “a unit of

something plutonic™, so as long we do not take the term to mean “intrusion” then we may

retain it, without violating its literal meaning, to refer to a unit of plutonic rock. Some

geologists (c.¢. McBirney 1993) define plutonic rock as intrusive rock crystallised at




al rock crystallised at shallower levels. However,

significant depth, in contrast to hypaby:

since Pluto is the Roman god of the underworld, originally thought of as Plutus, the god

of gold, silver, and other subterrancs it seems most aceurate to simply equate

plutonic with subterrancan. On this etymological basis, and on the grounds that basic rock

sification, although genetic, should still be as straightforward as possible, plutonic
rock is here considered any igneous rock evidently solidified from a mass of subterranean

magma. “Plutonic rock” is thus synonymous with “intrusive rock”.

1.5.3 “Plutonic perimetron " in addition to “pluton”
Although we might call any body of plutonic rock bound by plausibly intrusive contacts a

“pluto

the literal sense and not synonymous with “intrusion”), the author advocates

the non-genetic, fluid usage introduced in Section 1.0 which defines a pluton as a body of

plutonic rock identified as possessing a relatively high degree of apparent unity in space

and composition or compositional zonation and one which is more or less definitely

delimited where presently documented. For more precise scientific usage the author
suggests a new term with which to refer to bodies of plutonic rock. My suggestion, which
communicates the concept of contact-bound literally, is plutonic perimetron, from the

Greck peri (mept) “around” and metron (wetpov) “measure”. Thus, a plutonic perimetron

is any body of plutonic rock bound by a plutonic perimeter. Once mapped, we can name

or otherwise label the plutonic perimetrons, with no implication as to what they may

represent. otherwise. The intrusive contacts that define perimetrons may be correlated

surfa

across tectonic discontinuities or extended into the s e, as justifiable.




Any body of plutonic rack enclosed by intry

e contacts is a plutonic perimetron,

even if it contains within it one or more intrusive contact

For example, if Figure 1-3a
a geological map of plutonic rocks and all lines are intrusive contacts, then 12 plutonic
perimetrons are present (Figure 1-3b), although not without overlap. The maximum

number of non-overlapping per

netrons is the number of perimetrons that do not contain
internal intrusive contacts; four, in the example shown in Figure 1-3. A perimetron that

does not contain within it identified intrusive contacts may be called a base perimetron,

and one that does a composite perimetron. Further research will discover that some

current base perimetron

are in fact composite perimetrons. Thus, base perimetron is a

provisional designation, reflecting our level of knowledge at any given time. Furtherme

it

conceivable that some cryptic intrusive contacts may never be i

Identifying what are called here “base perimetrons™ is already one of the pr

objectives of detailed mapping of plutonic terranes. Most composite perimetrons are

arbitrary and need not be acknowledged. However, it s u:

eful to recognise composite

perimetrons that group base perimetrons with some common characteristic, such as age,

rock type, ori

ntation of structures, o structural disposition (c.g. the Barth Concentric

Plutonic Suite, whose base perimetrons are disposed concentrically),

Note that the purpose of using plutonic perimetrons is only that we may pre

isely

and frg rock without

1y identify natural bodies of plutonic mplying any interpretation of

those bodies. In other words, identifying plutonic perimetro to

s merely a simple wa

* Of course at his time 1 should address

ctly what we mean by “intrusive contact”, but for the sake of

concluding this thesis without further delay the issue must be left outstanding,



and puzzle-like i

delineate our objects of study: the geometrica ues of overlapping

apes and shapes within shapes does not concern us. By using plutons in the non-genetic
sense and perimetrons instead of plutons or intrusions in the conventional sense,

geologists employ a “blank slate” when studying bodics of plutonic rocks —there are no

o unit

longer hazy assumptions made by the basic act of subdividing plutonic terrane:

Earlier mapping will identify plutons (in the non-genetic sense, implicit hereafter)

and later mapping will identify plutonic perimetrons. The two types of plutonic unit may

be used simult

ously and may coincide. For example, we may take our Nain Plutoni

Supersuite plutons as presently defined and proceed to establish Nain Plutonic Supersuite

perimetrons. Imagine the two maps overlain.

“Think of plutons as mountains upon a landscape, where topography corresponds

ion 1.0). Picture the

to unity in space and composition or compositional zonation (S

mountainous landscape subdivided or mapped into fragments with distributions and

dispositions more or less reflective of the geometry of the mountains. The mountains

(plutons) undeniably indicate some sort of commonality or correpsondence of origin and
evolution. The fragments are the building blocks, the final, discrete components that came

1o aggregate, to unify, as mountains, as plutons.

1.5.4 Generic geographic terms in unit names of the Nain Plutonic Supersuite

Unusually, many units of the Nain Plutonic Supersuite have generic geographic terms

cluded in their names, e.g. Newark Island (Woodward 1976), Paul Island (Wiebe

1990a), Barth Island, Sachem Bay, Tikkiraluk Hill, Halfway Point, Hosenbein Lake,

Unity Bay, and Mount Lister intrusions (Ryan 2001). The practice of including generic




geographic terms in unit names is not a standard one in geology, and the North American

Stratigraphic Code (North American Commission on Stratigraphic Nomenclature 2005)

states unequivocally that generic geographic terms should be omitted from unit names

unless required to distinguish otherwise identically named units. Given the abundance of
endemic geographic names found in northern Labrador, there is no justification for

including generic terms in the geological unit names of the region. Admittedly, some of

the geographic names are probably not endemic, ¢.g. Barth, Paul, Base, Unity, but uni

with such names could be renamed using surely endemic ones. OF course, such a measure
would only be necessary if it were learned that any of these names are used for carlicr-

named units elsewhere. Thus, “Barth Island” and “Hosenbein Lake™ are here, and should

in all probability remain “Barth” and “Hosenbein” for the purpose of naming.

1.5.5 Petrographic terminology

‘The term “granular” is used by many geologi

to mean an approx

nately equigranular

Johannsen 1931, Irvine 198:

texture composed of approximately equant grains (c.

Williams e al. 1982, Ryan 2001, Voordouw 2006). Since the adjective *

ranular” only
literally indicates that the subject being described consists of grains, a more meaningful

term s desirable to refer to the specific texture mentioned. Thus, the term “granular”

avoided here except in its literal sense equivalent to “grained”, e.g. cquigranular,

lar, lar. Many geologists

‘granoblastic” to refer to textures that others would call “granular” (c.g. Passchier

Trouw 1998), however many limit “granoblastic” to textures composed of approximately

polygonal grains (¢.g. Vernon 2004). The literal meaning of granoblastic s “of grains that



have sprouted”, and thus the term is not an objective descriptor but an interpretive one,

describing an equigranular, equidimensional-granular texture thought to have formed by
recrystallisation. Until we gain a more comprehensive and unified understanding of

textural development a non-genctic term will remain most desirable, thus “cquigranular,

equidimensional-granular™ is

sed here. If the grains are particularly approximately

polygonal then this feature is indicated scparately.

The term “aggregate” is used here to refer to a group of contiguous crystals.

“Concentration” is used here to refer to a group of partially or non-contiguous cryst

indicating like grains occurring in local relative abundance. No process of dispersed

als aggregating or concentrating together is implied.

In contrast o oscillatory zonation, the term “simple zonation” is introduced to

refer to zonation which proceeds in only one dircetion compositionally.

“Megacryst™ is a term that geologists have introduced to refer to “very large
phenocryst[s]™™ (Veron 2004 p. 484) or, scemingly, to phenocrysts in coarse grained
plutonic rock (c.g. Ryan 2001). Used in these ways the term is unnecessary, and even
detrimental in its usage meaning very large phenocrysts, since it provides a vague,
qualitative descriptor where some form of quantitative description is warranted. CIPW
(1906) introduced the term “magnophyric” to refer to a rock containing phenocrysts

coarser than 5 mm in length”. No doubt language indicating necessarily coars

* To be clear, phenocrysts are those crystals in an igneous rock set in a markedly finer groundmass of glass

or crystals (CIPW 1906)

! Few geologists today are aware that Cross, Iddings, Pirsson, and Washington published a paper filed

“The Texture of Igneous Rocks™ detiling many precise, systematically developed, etymologically



phenocrysts is required to describe the pla

oclase and orthopyroxene “megacrysts” of the

NPS, some of which are as coarse as one metre (Xue and Morse 1994). This issue is

returned to shortly. Perhaps

the term “megacryst” should be retained as a gencral term to

refer to any grain belonging to the coarse fraction of a hiatal texture, th

., any

phenocryst, porphyroblast,  poikiloblast, porphyclast, or peroikoeryst (CIPW 1906)

unspe in which the

fied. Used in this way, the term is

perhaps most appropriate for rocks

distinetion between these latter categories is cither not apparent or ambiguous.

The grainsize classes of CIPW (1906) were used in the field, along with an

jonal class provided by Williams et al. (1954) for the coarses

specifications are: “fine-grained” for grain diameters less than 1 mm, “medium-grained”

for diameters between 1 and § mm, “coarse-grained” between 5 mm and 3 cm, and *

ery

sts of grains

is recorded, e.g. medium, coarse-

Disappointed that many geologists do not adhere to any quantitative system of

grainsize. specification,

such as the century-old one outlined above, for laboratory

descriptions this author decided to use a modification of the self

xplanatory, alternate

system proposed by CIPW (1906),

nply: - millimetre-grained, centimetre-grained,

decimillimetr

ed, and so on as needed. Using such a system, there can never be any

ambiguity as to what is meant, for ex

nple, by "centimetre-grained” as there can be by

meaningful, useful textural terms, some newly introduced. Unfortunately, many of the terms remain unused

over er even though they would be of great utiity



"fine through very coarse-grained”. Since cl al

sses bracketed by de

eries unit are
broad, including diameters that differ by 10:1 and section areas by 100:1, as originally
pointed out by CIPW (1906), “lower” and “upper” modifiers are used here to refer to the
lower and upper halves of the grainsize ranges specified, e.g. lower millimetre-grained
refers to grains between | and 5 mm. Returning to the issue of phenocryst size
de

iption, there is no reason why this system of absolute size spet

used for phenocrysts, e.g. lower decimetre-grained orthopyroxene phenocrys

again, ...to 35 em. Grainsize specification schemes such as those of CIPW (1906) and the.

Briti

Geological Survey (Gillespie and Styles 1999) are stated to be for the purpose of

describing average grainsize. There is no reason, however, why we cannot simply state

what grainsize classes are represented in a rock and give some indication of the relative
volumes occupied by grains of those classes, perhaps indicating which mineral(s)

e classes are

comprise(s) the coarsest grains. Or even simpler, state what grains

represented in significant volume, such as greater than 25%. The former method is

practised for thin-sectioned rocks collected specifically for this project and the latter, for

expediency, for those collected by Gaskill (2005). Here, no general specification finer

than sub-mill

metre-grained is made.

Following CIPW (1906), who make extensive use of the Latin per “over” as a

modifier to indicate the extreme predominance of certain textural features (e.g. peroikic,

indicating oikocryst to chadacryst ratios greater than 7), the term “perchadacrystic

mi

used here to indicate an unambiguous predominance of d chadacryst volume over

oikocryst volume evident as dispersed sections belonging to individual oikocrysts which



are separated by chadacryst sectio

of greater diameter (e.g. clinopyroxene as

plagioclase-perchadacrystic oikocr

The terms * are used here

" and *

instead of “euhedral”, “subhedral”, and “anhedral” and “idiomorphic”, “hypidiomorph

and “allotriomorphic” for two reasons: 1) as pointed out by Johan

sen (1931), the first set
of terms having been introduced by Rohrbach in 1886 have priority over the equivalent
sets subsequently introduced by CIPW (1906) and Rosenbusch (1887), respectively, and

2) precedent already exists to (usefully) de: d

ibe rocks as “hypautomorphic-granular’

“xenomorphic-granular” (Johannsen 1931; defined in Section 1.5.1), whereas no such

nhedral” in

precedent exists to use the presently more common terms “subhedral” and *
similar fashion,

The terms “ophitic” and “subophitic™ are widely employed and describe

plagioclase laths enclosed by pyroxene oikoerysts and plagioclase laths partially enclos

by pyroxene oikocrysts, respectively. However, we lack a general term for a texture in

which oikocrysts only partially enclose their chadacrysts, thus the term “suboikocrystic”
is introduced here. This term, being a general one, must be used as a modifier describing

the texture of a mineral (e.g. suboikocrystic pyroxene with plagioclase chadacrysts).

However, the terms “oikocryst™ (Greek owoc, “hous ic” (Greek

nowikog, “spotted”) only indicate the relationship of inclusion, when commonly
geologists only wish to state that erystals of one mineral occur moulded against

automorphic crystals of another, in other words, that crystal of one mineral abuts faces on

crystal of another. Ophitic and subophitic texture are combinations of both phenomena,

inclus

on and moulding against faces. Some geologists seem to use “oikoerystic™ or



“poikilitic” (c.g. Hunter 1996 p. 95) to refer to moulding against faces, but they do so in
error. That a new term is required is evident. My suggestion, which communicates the
concept of moulded literally, is plastomorphic, from the Greek plastos (mhaotoc),

“formed, moulded”. Moulding against xenomorphic crystals is not included in the

meaning of plastomorphic and “moulding” hereafler should be taken to mean moulding

st automorphic and hypautomorphic crystals.

Although the phenomena of inclusion and moulding arc lly related, the

lastomorphic™ only indicates moulding and implies nothing of inclusion beyond

s, just as “oikoeryst” only indicates inclusion and implies

le geometric implicatio
nothing of moulding beyond possible geometric implications. Thus we may say that

ophitic and subophitic textures consist of pyroxene plastomorphic against plagioclas

relatively coarse oikoerysts or suboikocrysts, respectively. Alternatively, we c

phrases like “plastomorphic oikoerysts” or “pyroxene plastomorphic against plagioclase’

16

mpling in geology

ted of one of the

on

Before concluding this introductory chapter, some discuss

most basic aspects of geological methodology: that of extrapolating sample data

(including observations) across or interpolating sample data within a material nit the

sample or samples are presumed to represent. Material units in this sense being not only
the conventional ones such as groups, members, layers, batholiths, plutons, zones,

systems, belts, blocks, et cetera, but any body of rock or mineral or suite of rocks or

to which we can refer.

Some examples of material units not usually considercd

as such are: all clinopyroxene at a particular horizon in a layered intrusion, all zircon in a

50



pluton, a particular grain of plagioclase or zircon, a particular zone within a grain of
zircon, all baddeleyite within a bucket of rock sample, all primary fluid inclusions in a
vein, all plagioclase crystal cores in a handsample or thin-section, all thyolitic fragments

in a breccia, all epidote in an alteration zone, t one

in individual dyke, all basalt dyks

roadeut, the immediate subsurface below an outerop, an entire outerop surface including

those parts obscured by lichen—again, our material units are any bodics or suites to

which we can (and commonly do) refer, even if only implicitly as is commonly the cast

Stated another way, our material units are all those physical entities we presume to infer
something about as a whole based on sample data. Even a thin-section is merely a two-

dimensional sample of a hand or core sample, and relatively fresh and informatively

weathered surfaces merely samples of the surfice of a single outcrop.

So geology operates by and sample and

observation:

. presuming to say something about that material unsampled or unobserved
but grouped into the same material unit the sample is or samples are presumed in some
way to represent. Furthermore, in the case of geochronology, we commonly extrapolate
data into different but corresponding units. For example, when we determine the age of
some zircon grains we most commonly assume that the determined age is also a property

of that corresponding unit the rock sample from which the zircon was obtained (and

furthermore a property of the pluton which, at least in age, the rock sample is assumed to

How much material are we sampling to make our extrapolations and
interpolations? The percent bedrock given a serious look varies greatly between mapping

projects, from regional, coarse scale mapping of large areas containing few outerops to



attempts at exhaustive, fine scale mapping of small areas almost completely exposed,
such as trench mapping. Let us imagine a geologist willing to exhaustively map on their
hands and knees at the 1:1000 scale the southern portion of the Barth Concentric Plutonic
Suite which underlies a modest 4.5 km? at perhaps 50% exposure. Assuming that it takes
our geologist ten minutes to record for posterity each square metre of outerop as a point
observation it would take 375,000 hours of uninterrupted mapping to complete the task.
‘That's approximately 85 years of twelve hour days with barely enough time for our

geologist to enjoy their lifetime supply of Vienna sausages! Suffice it to say very few

geologists can claim to have seen a large percentage of the total outerop they have studied

at clbows length, unless they have only studied very little outcrop area. And we have only
considered outcrop, to say nothing of what lies beneath and what once existed above.

ections and

For a typical petrologic study, what area of rock is sampled as thin-s
what volume as handsamples analysed for chemical compositions? Approximately 350
samples of the Barth Concentric Plutonic Suite were thin-sectioned for this study, or

about 10 thi

sections per square kilometre, perhaps more than are typical. Each thin-

ns / km’ we have a

section represents about 11.3 em? of rock, therefore at 10 thin-sect
thin-section area equivalent to one hundred millionth of the area underlain by our object
of study, approximately the area of a compact disc per square kilometre or seven and a

third sheets of paper for the entire Barth Concentric Plutonic Suite. As for handsamples

analysed for geochemistry, approximately 200 samples total were analysed for the studs

of Xue and Morse (1993) and Ems

et al. (1994), two of the most prominent NPS-wide

chemical compositional studies 1o date. Making the generous assumption that each of

those 200 samples was a healthy third-of-a-bucketful, or about 0.0063 cubic metres, we



have a total sample volume of 1.26 cubic metres, approximately the volume of four
typical four-drawer filing cabinets. But what volume can this figure be contrasted with?
One option is what we might consider the volume of theoretically samplable rock in the

NPS, taken to be the volume of rock within 20 cm of the 20,000 km” bedrock surface, a

total volume of four billion cubic metres. Therefore Xue and Morse (1993) and Emslie et
al. (1994) have at most sampled less than a billionth of the surface veneer of the NPS,
less than a ten trillionth if we assume that the NPS is at least 2 km deep on average. These
calculations and comparisons need not continue, for the point has been made that we

analyse by microscope and instrument hundred millionths to ten trillionths of the rocks

we profe

knowledge of, and have examined only relatively minute areas of their
bedrock surfaces up close.

Now of course this author recognises that from a standing position vast swaths of

outerop look more or less internally uniform or variable in readily describable ways
already documented and interpreted elsewhere, and even that samples taken kilometres

apart may be very similar texturally or geochemically. And no doubt there are many

studies which find that such superficially or actually similar rocks possess

indistinguishable U-Pb isotopic ages. It seems that such common appearances of

ormity and readily explicable variability have provided geologists with a default

assumption: that the small is representative of the large unless by luck-of-sampling or
luck-of-closeup observation we find glaring evidence to the contrary. For example, very

few geologists would take scientific issue with a research proposal to pitch a helicopter on

every pluton, intrusion, complex, body, batholith, structure, slab, and sheet ever discerned

in the NPS to grab a bucketful for geochronology in order that a def




chronology be established for the NPS. Conventional thought has it that such a project
should encounter no problems so long as it is undertaken by a “good” geochronologist, an
ISOPLOT magician who can explain away any troublesome data and images by choosing
from a short menu of conventional interpretations. Fortunately, additional sampling-for-
¢ Plutonic Suite by Gaskill (2005) revealed multiple

geochronology of the Barth Concent;

U-Pb zircon and baddeleyite ages difficult to reconcile with each other and with field

observations, teaching us the obvious, that we cannot just assume our units are of uniform

age, in other words, that the small may not be representative of the large. The findings of

Gaskill (2005) also remind us that U-Pb ages are nothing more than interpretations, many
of which cannot be made conclusively
The argument here is not that we should take a hundred thousand samples and

wander the one field area for decades, for the reality is that there are severe practical

limitations that cannot be avoided, and that many of us are already doing our best to
sample and observe what we can. But what we are not doing is coming to terms with the

rily

reality that we are only sampling and seeing so much. The small is not nece
representative of the large, the part not necessarily representative of the whole. But we are
limited to examining up close the small and the part. Therefore we should always be

eritical of assumptions of representation in geology, our own and those of other workers.

Furthermore, our language should reflect the inherent uncertainty i assuming
representation by minute, sampled portions of the larger material units we wish to
understand and talk about. These are the recommendations of this author, which will be

attempted to be adhered to in this work, although it is difficult to go against the very grain

of one’s education. Of course these recommendations are not easy to follow-—it is much



asier to extrapolate and interpolate assuming the best, and proceed as if questions of

representation do not exist unless you are forced to deal with them by encountering an

unusual sample or observation—however, we must pose and deal with all questions of

representation if we are to be scientific.

In summary, the scientific geologist cannot avoid questions of how representative

are his or her samples or observations of some larger material unit, what assumptions are

required to support any claims of representation, and how valid are thosc assumptions
1.7 Summary of approach

This thes come to know

s a descriptive work first, written with the intent that readers

the physical object of the Barth Concentric Plutonic Suite as it is actually exists in space,

that is, to know the petrography of its rocks and how these rocks physically relate, insofar
as reliably sampled and examined to date.
“This thesis is a speculative work second, written with the intent to launch the

Barth Concentric Plutonic Suite we are coming to know into the grand realm of myriad

possibility that exists in our collective imagination as geologists. To this end, the honest

word “perhaps” is used frequently and without apology, not for lack of courage to
decisively make an interpretation, but in explicit recognition of that realm of uncertainty

that will always encapsulate in complement the realm scientific knowledge.

As mentioned above, however, the present author s still very much the product of
his cducation which emphasised the finding of answers over deseription, and so the

present work s actually a blend of an attempt to create the thesis envisioned and more

conventional, answer-dri thought

seolog
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Figure 1-0 — Definition of the charnockitic rock-type clan of the Barth Concentric
ite. UGS reference is Le Maitre (2002): Igneous Rocks. A Classification and
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Figure 1-3 — (A) An imaginary schematic map of a plutonic terrane with lines
representing intrusive contacts. (B) The 12 plutonic perimetrons possible (shaded) given
the map in 1-3A. The last column contains the four possible base perimetrons. See

for explanation.
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Figure 1-1 - The Nain Plutonic Suite (Ryan and Morse 1985) and surrounding rocks
(Modified from Connelly and Ryan 1999). Abbreviations: BI, Bouverie Island; FR,
Flowers River pluton; HET, Hettasch pluton; IV, Iviksuak pluton; JI, Jonathon Island
pluton; KH, Kiuvik Island; KIG, Kiglapait pluton; KIK Kikkertavak Island / pluton;
MAK, Makhavinekh batholith; MB, Merifield Bay pluton; NI, Newark Island pluton;

NUK, Nukasorsuktokh Istand; P, Paul Island / pluton; PMR, Port Manvers Run pluton;
SB, Sango Bay pluton; SL, Slambang Bay / pluton; TES, Tessiarsuyungoakh pluton; TK,
Tikkiraluk Hill pluton; VB, Voisey’s Bay pluton; VB-NK, Voisey's Bay-Notakwanon
pluton.
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iigure 1-2A - The Barth Concentric Plutonic Suite, Hosenbein pluton and surrounding
rocks. Internal contacts within areas underlain by similar rock types not shown. Lines:

thick dashed, faults; solid, observed or very well constrained contacts; dashed,
approximate; dotted, poorly constrained; closely dotted; uncertain constraint. Pre-NPS:
ma, mafic and anorthosite_gneis; qf, quarzofeldspathic gneiss. NPS: ang,

anln; ; o fe, Fe-rich_dioritic-
syenitic-gabbroic; pdg, Pl dmmnalcd gabbroic; olg, Olgabbroic. Fault locations
interpreted from detailed acromagnetic map presented in Ryan (2000, Figure 2B, p. 255)
‘The northem fault is better constrained than the southern. Contour  interval 100 ft (30.48
m).
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Figure 1-2B — Map credits for Figure 1-2A and derivative maps in this work




Chapter 2~ Context and overview of the Barth Concentric Plutonic Suite

2.1 Introduction
“This chapter is developed according to the following sequence

1) (Section 2.2) The N:

in Plutonic Supersuite is defined;

2) (Section 2.3) The Barth Concentric Plutonic Suite is defined, its naming discussed,
and its subdivisions defined;

3) (Section 2.4) Petrographic and contact observations of rocks adjacent to the Barth

Concentric Plutonic Suite are described and discussed.

Rocks named by other authors are renamed as they come up

discussion if they do not
adhere to the slightly modified UGS scheme employed here (Section 1.5.1) or were more
or less incorrectly named according to the scheme, and are reasonably assumed to be

represented by rocks studied here in thin

section for which precise names have be given
(c.g adamellite of Rubins (1971) and monzonite of Ryan [2000, 2001] and Gaskill [2005]

become charnockoid). In most cas

only the root names can be reassigned (sce previous

examples) but in some cases modifiers can also be reassigned (e, locally

oxide(magnetite)-rich ferrodioritic rock of Ryan [2001] becomes relatively Fe-Ti-oxide-

rich gabbroid). Similarly, when conveying previous work, bodies of rock referred to by
previous authors are referred to according to present usage (e.&. the noritic zone of Rubins

[1973] is reflrred to here as the Fe-rich predominancy, even when citing Rubins [1973]).
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2.2 Defin

ion of the Nain Plutonic Supersuite

Before the Barth Concentric Plutonic Suite and Hosenbein pluton are defined (Sections

1 and 4.1, respectively), the definition and extent of the Nain Plutonic Supersuite are

examined so that the subject rocks may be more clearly understood in their regional

context. This subsection is intended to be supplementary to Section 1.1
Ryan and Morse (1985) define the Nain Plutonic Suite (here referred to as the

Nain Plutonic Supersuite; NPS) as Mesoproterozoic, consisting of the four main “rock

association

anorthositic and troctolitic “lithologies™ and adamellitic and jotunitic

“rocks” (p. 266), underlying at least 20,000 km’, pos

tectonically intruded along the

boundary of the Nain and Churchill structural provinces, having as the type locality the

Nain area (Ryan 2000, 2001), and having been recognised and described previously by
numerous workers (¢.g. Wheeler 1942, 1960). Since the original definition, Ryan ef al.

(1997, 1998) discovered that some rocks previously thought to belong to the north-

NPS are actually and excluded them and the

unil

S they are thought represent from the suite (the NPS-contiguous Paleoproterozoic
plutonic rocks in Figure 1.1). Evidently, then, similar rock type and contiguity are

s suffici

characteris

it to provisionally include rocks in the NPS, but should these rocks

be dated as non-Mesoproterozoic they must thereafer be excluded.
The NPS is not contiguous' as defined, consisting actually of three batholiths. The

casternmost_batholith s separated from the main by a belt of Nain Province rocks

! Atleastat the level of erosion
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extending from at least as far north as Bouverie Island to at least as far south as castern

stern batholith. At

Nukasorsuktokh Island (Figure 1-1), depending on the extent of the
the present level of sub-acrial exposure the caster batholith is far smaller than the main
and the two are separated by as little as 2.5 km. The other separate batholith is the
Makhavinekh in the central western NPS, entirely or almost entirely separated from the

main batholith by Churchill and Nain Province rocks. Radiometric age determinations for

the castern batholith are 1311+ 2 Ma (U-Pb zircon, Hamilton ef al. 1994) for a rock of

the Ol-gabbroic Jonathon Island pluton and 1296 Ma (U-Pb zircon, Krogh and Davis

1973) for a rock of the felsic Iviksuak pluton, and for the Makhavinekh batholith are 13,

+ 1 Ma (U-Pb zircon, Ryan et al. 1991) and 1322 + 2 Ma (U-Pb zircon, McFarlane and

Connelly in McFarlane et al. 2003) for felsic rocks of the dominant, outer pluton of the
batholith, placing at least parts of the castern and Makhavinekh batholiths within the
middle and upper known timespan of the main batholith and thereby justifying their

inclusion in the NPS,

The Harp Lake Plutonic Suite (Emslic 1980, Kerr and Smith 2000) to the

southwest of the NPS cor of similar rock types and is almost narrowly contiguous

with the NPS via the not-quite-contiguous® Ol-gabbroic Pants Lake pluton (Kerr ef al,

2001, Smith 2006) which contacts both suites. The northern, NPS-contiguous portion of

the Pants Lake pluton contains a rock bearing an age of 1322 + 2 Ma (U-Pb zircon, Smith

2006), and the southern Harp Lake-contiguous portion a rock bearing an age of 1337 +4/-

2 Ma (U-Pb baddeleyite, Smith 2006), placing these rock within the 1290 ~ 1360 Ma

At least at the level of erosion and as currently mapped.
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known timespan of the NPS. The Harp Lake Plutonic Suite is at least as old as the 1274 +

2 Ma Ol-diabase dykes which cut it (Cadman et al. 1993)—perhaps significantly older

doriteb

since the suite appears to be overlain by |

conglomerates of maximum age circa 1273 Ma (Emslic 1980, Romer ef al. 1995).

ic (1980) for the suite and its aurcole are K-Ar bi

Isotopic ages reported by Em: ite ages

of 1193 % 32, and 1430 Ma, K-Ar hornblende ages of 1350, 1351 £ 42, 1449 + 44, 1482 +

45 Ma, and U-Pb zircon ages of 1426 and 1450 Ma. From these impret nd

e

of unknown precision alone we can only conclude that the Harp Lake Plutonic Suite is

Mesoproterozoic. We cannot say with certainty based on these data whether or not the

Harp Lake Plutonic Suitc overlaps the NPS in time. Also, even if the 1400 Ma ages are
the most accurate (and similar but precise ages may have been subsequently measured
unbeknownst to the author), we do not know what range of ages may be present in the

Harp Lake Plutonic S

. On this point, consider that w

1l may not know the range of

ages present in the NPS. And while the Harp Lake Plutonic Suite appears to have a more
regular geometry than the NPS and a concentric disposition of rock types”, we should not

assume that these features necessarily indicate a simpler, less protracted history than the

Nain, whose ow

internal history is still poorly known.
The purpose of discussing the Harp Lake Plutonic Suite is to highlight that fact

that the NPS, though convenient to define, might not be as discrete o unit as

conventionally thought. The Nain Plutonic Supersuite is virtually contiguous with the

 Accord ately 6 month mapping program of Emslic (1980), equivalent to a small fraction

2 the

pprox

of the mapping conducted in the NPS.



Harp Lake Plutonic Suite, and the possibility cannot be denied that they may overlap in
time, just as the similarly spaced main, castern, and Makhavinekh batholiths of the Nain

do. Whatever the case, the NPS is the northernmost of numerous “massif™* anorthosite

and leucogabbroid bearing Proterozoic plutonic suites stretching southeast from Labrador

to the Adirondacks,

2.3 Overview of the Barth Concentric Plutonic §

ite

2.3.1 Definition of the Barth Concentric Plutonic Suite

The Barth Concentric Plutoni

ite is defined here as the sum of those bodies of plutoni

rock, distinguishable fiom each other and bounding rocks by at least the characteristic of
rock type, contiguous with each other at the present level of exposure, and concentrically
disposed, originally and still partially so around the centre of the lowlands of Barth Island
assuming ~1.4 km of sinistral, horizontal offset along a fault or faults bencath Nain Bay
between Barth Island and the mainland to the north and ~3.2 km between Barth Island
and the mainland 1o the south, and those bodies of plutonic rock not concentrically

disposed but, at the present level of exposure, lying wholly within the perimeter of the

structure as defined by those bodies concentrically disposed.
Defined in this way, the Barth Concentric Plutonic Suite is simply a plutonie suite

whose dominant parts as most readily distinguishable are concentrically disposed. Only

subsequent mapping and drilling projects may alter what we know to constitute the Barth

* Understood here as an adjective indicating that such anorthosite-leucogabbroid constitutes or domi

arge units of its own, in contrast to occurring as incident

. minor components (e.g. anorthosite layers in

the Skaergaard intrusion),
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Concentric Plutonic Suite. Any claims that the Barth Concentric Plutonic Suite or a body
approximating or including it represents a layered intrusion (Rubins 1973, Levendosky
1975, Wallace 1986), composite intrusion (Ryan 2001), ring complex’ (Gaskill 2005),
composite perimetron (examined in Section 3.1.4), or anything clsc have no bearing on
the definition of the Barth Concentric Plutonic Suite and its undeniable existence as a
plutonic concentric structure defined by bodies distinguishable most readily by rock type.

The body defined here as the Barth Concentric Plutonic Suite has been
consistently recognised since Wheeler (1960), and has been variously called the Barth
Island troctolite body and surrounding rocks (Rubins 1971), the Barth layered structure

(de Waard and Mulhern 1973, Mulhern 1974, Wallace 1986), the Barth Island layered

intrusion (Rubins 1973), the Barth layered intrusion (Levendosky 1975), the Barth Island
structure (de Waard 1976, Wallace 1986), the Barth Island layered structure (de Waard et
al. 1976), the Barth Island composite intrusion (Ryan 2001), and the Barth Island ring
complex (Gaskill 2005). Even though various interpretations of the Barth have been

entertained in previous studies the basis of every successive Barth unit is the conspicuous

concentric arrangement of distinctive rock types. Note that the body referred to here as

the Barth Concentric Plutonic Suite has never been defined as being bound by a well-

observed external contact, instead by poorly exposed transition (Seetion 3.1) from what

has been variously referred to as norite (.. Rubins 1971, jotunitic rock (e.g. de Waard

1976), and ferrodiorite (e.g. Ryan 2001, Gaskill 2001) and in specific places leuconorite

e used by igneous petrologists, not equivalent to “complex” as defined by the

* In the vague, tradition

North American Commission on Stratigraphic Nomenclature (2005).
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(Gaskill 2005) into more leucocratic and in most cases coarser, “anorthositic” rock, more
typical of the larger NPS. The external and internal contacts of the Barth Concentric
Plutonic Suite are described in Sections 3.1 and 3.2, respectively.

The presently recognised major units of the Barth Concenric Plutonic Suite were
first recognised by de Waard and Mulhern (1973; Figure 2-1) who furthered the work of
Rubins (1971). Subsequent field work by Wallace (1986) maintained and by Ryan (2000,
2001) slightly modified the Barth Concentric Plutonic Suite as mapped by de Waard

Ryan (2000, 2001)

(1976%). In addition to minor redelineations of some internal contacts
did not recognise the small charnockitic unit previously mapped near the centre of the
structure nor the small ferrodiorite nit previously mapped inland from the shore of Nain

Bay in the west-northwestern part of the structure.

“The map of Gaskill (2005) differs significantly from carlier maps, mostly so north
of Nain Bay (contrast Figures 1-2 and 2-1). The most significant differences between the
map of Gaskill (2005) and the map originated by de Waard and Mulhern (1973) are that:
the map of Gaskill (2005) lacks the two small units also unrecognised by Ryan (2000,
2001); the clongate body of Ol-gabbroic rock in the northeast is mapped as discontiguous
with the main body of Ol-gabbroic rock; the jotunitic rock (de Waard 1976; ferrodiorite
of Ryan 2000) north of Nain Bay is divided into ferrodiorite and leuconorite, the latter

occupying the northeast-cast periphery and the centred, semicireular body along Nain

Evidently the final map produced by de Waard’s Nain Anorthosite Project [Morse 1971-1981] research

group consisting of himself, Rubins, Mulhern, and Levendosky.
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Bay; and the north-northeastern perimeter on the prominent hill west of Sachem Bay is

more irregular.

2.3.2 Naming of the Barth Concentric Plutonic Suite

Previous names of the Barth Concentric Plutonic Suite, listed in the previous section, all
utilise the specific geographic name “Barth” or “Barth Island”. “Barth Island” appears on

official maps and is named after Christian Gottlob Barth, a nineteenth century German

Protestant pastor and writer, in honour of his compilation of a Bible history translated into

imo” by the Moravian missionaries who evangelised the Inuit and founded Nain (La
Trobe 1888 p. 26). Out of respect for the Inuit inhabitants of the area and to ensure an
endemic name we might instead utilise “Amittuk” (ah-meat-toque), the Inuttitut name for
Barth Island meaning “narrow one” (Wheeler 1953 as A'mitokh and Amitog; current

spelling and verification of meaning provided by Memorial Univ

y linguist D.

Wharram, pers. comm. 2007). However, “Amittuk” refers to no less than four islands in

northern L served for a future-de

brador and so is perhaps bes

ed unit, perhaps the

anorthosite and gabbroic rock of eastern Barth Island, which Ryan (2001) found lacked
any preferred orientation of plagioclase phenocrysts unlike the nearest bodies of similar

rock type

2.3.3 Subdivisions of the Barth Concentric Plutonic Suite

As mentioned in the definition of the Barth Concentric Plutonic Suite (Section 2.3.1), the

Barth is subdivided into natural units based on rock type. These units are here referred to

as rock-type predominancies, a term introduced in Section 1.0 to refer to grouping of
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actual rocks constituting units which as defined are dominated by a common rock type or

range of rock types (ic. a common rock-type clan). Some rock type predominancics of

the Barth Concentric Plutonic Suite are known to be at least partly bound by more or less

definite boundaries including evidently intrusive contacts and as such are better defined,

ientifically and perhaps naturally’, than other predominancies.

The rock-type predominancies of the Barth Concentric Plutonic Suite are: the Ol-

gabbroic, the Fe-rich diorite and gabbroic, the charnockitic, the Ol-free anorthogabbroic,
and the non-charnockitic granitic, the latter consisting of dykes of unknown age but
oceurring wholly within the Barth Concentric Plutonic Suite, satisfying the requirement
set here (Section 2.3.1) for inclusion. Moreover, the granitic dykes observed within the

Barth Concentric Plutonic Suite on the southern shore of Nain Bay are roughly

concordant

the Ol-gabbroic-charnockitic contact, but more of such concordancy

would need to be described elsewhere to say that the granitic predominancy is
concentrically disposed.

Plutonic

For cach of the five rock-type predominancies of the Barth Conce
Suite there exist five corresponding rock-type clans (Section 1.0) of the same names. The
relationship between the two categories of rock type groups is that cach rock-type

predominancy is dominated by rock belonging to the corresponding rock-type clan. For

example, by referring to the Fe-rich diorite and gabbroic rock-type clan the author is

referring to every volume of Fe-rich diorite and gabbroic rock within the Barth

The difference between how definitely and wholly distint a unit actually is from adjacent rocks (n

definition) and how well science can articulate that natural definition (scienific definition).

* Meaning that both diorite and gabbroic rocks are Fe-rich.
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Concentric Plutonic Suite, supposing they occur lodged in another predominancy (e.g.
locally along the northern margin of the charnockitic predominancy south of Nain Bay) or
within the Fe-rich predominancy proper. By contrast, by referring to the Fe-rich rock-type
predominancy the author is referring to all rock within the bounds of all delimited

(subunits

of the Barth Concentric Plutonic Suite that are predominated by Fe-rich rock.
How are these units delimited? By mapping and description to date. For example, the

granitic rock-type is bound by the margins of dykes south

of Nain Bay that are dominated (or perhaps entirely composed of) non-charnockitic
granitic rock. Should a future study discover non-charnockitic quartz-monzonite within

these dykes then that rock becomes a known part of the non-charnockitic granitic rock-

type predominancy but is excluded from the non-charnockitic granitic rock-type clan if it

is a rare component. If, however, quartz-monzonite were a well represented, common

component then it might be appropriate to redefine the clan as non-charnockitic granitic
and quartz-monzonite.

In addition, there are some minor rock-type clans within the Barth Concentric

Plutonic Suite that do not correspond to rock-type predominancies, that is, they do not

dominate any units as defined. The rock types that definc these minor clans are rare

within the Barth Concentric Plutonic Suite. For example, Ol-specked gabbroic rock and

anorthosite, according to present sampling and observations, are very rare components of

the Ol-gabbroic predominancy of the Barth Concentric Plutonic Suite, and so occupy
their own separate rock-type clans. It would be inappropriate to redefine the Ol-gabbroic

clan as Ol-bea

2 anorthogabbroic because although accurate, fails to characterise the

corresponding predominancy by giving 100 broad an impression, by implying that Ol-



specked anorthosite and gabbroic rock are in significant abundance (i.c. are at least not

rare). Of course the matter of defining rock-type clans is somewhat arbitrary, and so the

geologist doing the defining, just as anyone geologising, must be guided by the question:

“Am 1 using language that conveys the apparent reality of the rocks accurately and

explicitly?” By defining minor rock-type clans instead of broadening existing clans,

aceuracy is maintained without implying that any units are chara Iy more

broadly composed than

s actually apparent.

Recall from Section 1.0 that the present author is making no claim that rock-type

predominan ideal or flawless ways to group bodies of rock of

and rock-type

similar or the same rock type. Rather, the author has introduced these terms out of

Y. o overcome his frustration in trying to refer precisely to groups of rocks of

neces

imilar rock type within and across units, and this thesis serves as a test of the

applicability and value of thy

bck-type predominancy” and the “rock-type clan”. That
scientific language (and language in general) should be innovated and tested, however, is
a point the author makes unreservedly and without apology.

No implication or expe

ion is made here that any individual predominancy is,

or once was before erosion, faulti ive dismemberment, wholly

2. or—perhaps—int

nally

contiguous. Any individual rock-type predominancy is simply the sum of observati

distinet bodies of rock (i.¢. units) dominated by similar rock types and meeting the erit

for inclusion in the Barth Concentric Plutonic Suite.

Based on rock type determinations made in this study (Figure 2-2; described in

Section 3.2.2.3), the “outer leuconorite” unit of Gaskill (2005 Figure 2-1), occupying the

northeast-periphery of the Barth Concentric Plutonic Suite, is regrouped here into the Fe-
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rich rock-type predominancy. Although evidently intrusive contacts reportedly exist

between the former “outer leuconorite” unit and the bounding Fe-rich predominancy

(Gaskill 2005; described in Section 3.2.2.2), these contacts are internal subdivisions of

bodies and predominancies defined by rock type. Remember that the maps used herein
except Figure 3-2 only display contacts between rock-type predominancies (commonly
rock type-contacts, but also intrusive contacts between predominancies; i.c. intrusive
contacts separating rocks of the same predominancy are not shown)

The Fe-rich diorite and gabbroic predominancy is naturally and conspicuously

subdivided into three main portions:” a central portion, outcropping only in the centre of

Barth Island, an inner portion, outcropping more towards the exterior of the Barth

Concentric Plutonic Suite than the Ol-gabbroic predominancy but more towards the
interior than volumetrically significant occurrences of the charnockitic clan (ic. the
charnockitic predominancy as presently mapped'”), and an outer portion, outcropping
more towards the exterior than volumetrically significant occurrences of the charnockitic
clan. Accordingly, the inner portion only occurs north of Nain Bay, whereas the outer

portion occurs on western Barth Island and both sides of Nain Bay. The eastern body of

? _..into which not every body of Fe-rich dioritic-syenitic-gabbroic rock evidently present in the Barth

Concentric Plutonic Suite (e.g. the pair of circular-in-map patter bodies east of centre on the north shore of

Nain Bay) is placed (hence “m;

).

10 Small, presently unmapped bodies of the chamockitic clan oceur in various loc

s throughout the

Barth Concentric Plutonic Suite

interlayered with the Fe-rich clan on the west end of Barth Iskand,
scatiered within the westem olivine-gabbroic predominancy north of Nain Bay), and these volumetrically

insignificant unmapped bodies are not used to subdivide the Fe-rich suite into its main members.



Fe-rich rock underlying Barth Island remains unassigned since no significant volume of

charnockitic rock is present there for reference. Note that the portions assigned here are

merely physical subdivisions assigned based on spatial relationships and pos

interpretations (e.g. of contemporancity or physical continuity) are implied. Additional

portions could be explicitly defined for the Fe-rich diorite and gabbroic and other

predominancies but such potential portions are still in need of definitive mapping (for
e.g. compare the de Waard and Gaskill maps) and it would be cumbersome and
pointless—and dubious with our present knowledge—to formally delincate and label

every sci arnockitic rock evidently present in the Barth Concentric Plutonic

p of, say,

Suite

“Fe-rich diogabbroi

introduced here

a convenient shortening of

diorite or gabbroic” sometimes used here to refer to rock apparently belonging to the Fe-

rich rock-type clan (Section 1.0) for which a precise rock name has not been determined.

As a shortening of “Fe-rich diorite and gabbroic”, the term is also used as gencral

adjective deseribing rock of the Fe-rich rock-type clan.

2.3.4 Summary of the structural geology of the Barth Concentric Plutonic Suite

ide from dykes and contacts, oriented structures reported for the Barth Concentric

Plutonic Suite and adjacent rocks (Figure 2-3) are limited to igneous layering and shape

ations (SPOs; i.e. foliations), and cach has been reported for all rock-type

preferred orien

predominancies of the Barth Concentric Plutonic Suite except the non-charnockitic

granitic predominancy. Most reported igneous layering is modal, but grainsize layering

has been observed in the Fe-rich predominancy.




Excepting some rare folded layers, igneous layering and foliations within the
Barth Concentric Plutonic Suite strike more or less parallel the nearest internal or external
contact, with dip directions inward and dips ranging from 33 to 89° (except for one outlier
of 14° for a secondary foliation), mean value 56° (Figure 2-4). Dip angles so far measured
show no correlation with distance inwards from the exterior contact, except south of Nain
Bay where average dip shallows to roughly the total mean value in the northern half of
the Ol-gabbroic predominancy there.

Although it seems implicit to the present author from reading previous works that
layering and foliation are concordant, the only explicit statement to that effect was made
by Gaskill (2005) referring to the Ol-gabbroic clan, and the present author has nowhere
observed both foliation and layering definitively in the same exposure and cannot say
whether strict concordance is the case, though they both broadly parallel contacts and
therefore each other in strike.

Given that the foliation and modal layering measurements from south of the Barth
Concentric Plutonic Suite south of Nain Bay dip steeply northward and that internal

s Rubins (1971 p. 40) did that “the

structures dip inwards, we are tempted to infer

contacts do also”. However, so far to date, the only structural measurement reported of a

contact dips outwards at 67° (Figure 2-5; measured by the present author), that contact an
internal one in the charnockitic predominancy south of Nain Bay. Nonetheless. it is

¢ is not one of contacts dipping inwards,

difficult to imagine that the general
Note that structural measurements from Rubins (1971, 1973) were not used to

create the compilation presented in Figure (2-3) because they are difficult to locate

precisely due to being plotted cither on an carly. relatively dissimilar map (Rubins 1971)



ortoo coarsely drawn a map (Rubins 1973). Note also that other Nain Anorthosite Project
authors de Waard, Mulhern, and Levendosky do not differentiate what the structural
symbols plotted on their respective maps represent, with those plotted by de Waard (e.g.

de Waard et al. 1976 p. 564) representing “orientation of thythmic layering and foliation

planes”, those plotted by Mulhern (1974) representing “structural features”, and those of

Levendosky (1975) representing structures unspecified.

2.4 Rocks adjacent to the Barth Concentric Plutonic Suite

2.4.1 Rocks adjacent to the Barth Concentric Plutonic Suite south of Nain Bay

South of Nain Bay the Barth Concentric Plutonic Suite is surrounded by gabbroic rock,

mostly plagioclase-dominated, and to a much lesser extent anorthosite (Figure 2-5). The

specific rock types observed are (listed as bullets for ease of reading; Figure 2-2

o clinopyroxene-specked anorthosite (H120):

« leucogabbro (H129);

« (ilmenite-magnetite)-specked leucogabbro (H115, 171);
o metaleucogabbroid (H152);

o (ilmenite-magnetite)-specked leucogabbronorite (H164);
o (ilmenite-magnetite)-specked gabbro (H105, 139);

o (ilmenite-magnetite)-specked gabbronorite (H165);

o (ilmenite-magnetite)-specked norite (H163);

« (ilmenite-magnetite)-specked metagabbronorite (H148):

(ilmenite-magnetite)-specked metagabbroid (mesocratic variety; H109);




* [(ilmenite-magnetite)] gabbronorite (H150);

« (ilmenite-magnetite)-orthopyroxene gabbro (H132);

« [(ilmenite-magnetite)]-rich gabbronorite (H154);

* [(ilmenite-magnetite)]-rich metagabbroid (mesocratic varicty; H136);
o ilmenite magnetite-rich melanogabbronorite (H142);

* (ilmenite-magnetite)-rich metamelanogabbroid (H122).

The details of the Barth Concentric Plutonic Suite’s outer contact north of these

anorthogabbroic rocks are dealt with in Section 3.1.1 which describ

the outer portion of

the Fe-rich rock-type predominancy south of Nain Bay.

Much of the rock south of the Barth Concentric Plutonic Suite exhibits foliation

defined by the alignment of more or I

s isolated, elongate mafic aggregates (constituting

an aggregate shape preferred orientation [ASPO), this variety hercafier referred to as

streak foliation; Plate 2

3 Plate 5, Ryan 2000 p. 258), and these streak foliations are

concordant with the preferred orientations of the coars

st plagioclase crystals where such

preferred orientations are manifest, and vice versa. Along with sparse though sometimes

very well developed modal a

d grainsize layering (Irvine 1981), foliations trend

approximately cast-west, except at some specific locations nearer the ferrodiorite contact

where they trend northeast-southwe:

. Most outerops do not permit satisfactory dip

meast

ments of foliation or layering, but where measured by this author, de Waard

(1976), and Voordouw (2006), the planes dip northward at 50 to 75°, most commonly in

cper part of the range.



‘The area south of the Barth Concentric Plutonic Suite was mapped by the author
into three rock-type associations'" each consisting of one or more zones distinguishable

by the presence of one or more rock types or an association of rock types: the plagioclase-

dominated mesocratic and leucogabbroid association; the anorthosite and very leucocratic
(CI > 75) gabbroid association; and the relatively Fe-Ti-oxide-rich (>15% modally)

gabbroid mixed with plagioclase-dominated m

ocratic and leucogabbroid association.

Plagioclase-dominated mesocratic and leucogabbroid, whether part of its dedicated

"' A rock-type association is defined as either 1) the sum of all volumes of rock in which two or more
specified rock types are associated in addition to all volumes in which one or more of those specified rock
types are the only rock types present, or 2) the sum of all volumes of rock in which one or more of those

certain rock types is necessarily present and one or more rock types necessarily absent. For example, the

dominated ¢ and leucogabbroid rock-typ is of the second type, consisting
of the sum of all volumes of rock in which at least one of plagioclase-dominated mesocratic or
leucogabbroid are present and anorthosite and relatively Fe-rich gabbroid are absent. By contrast, the

anorthosite and very leucocratic (C1 > 75) gabbroid association is of the first type, consi

ing of the sum of
all volumes of rock in which anorthosite and very leucocratic gabbroid are associated in addition to all

volumes in which only anorthosite is present, or in other words, all volumes of rock in which anorthosite

oceurs singly or in association with very leucocratic gabbroid. The relatively Fe-Ti-oxide-rich (=1

‘modally) gabbroid mixed with plagioclase-dominated mesocratic and leucogabbroid association is also of

the first type, consisting of all volumes in which only relatively Fe-Ti-oxide-rich mesocratic gabbroid

oceurs singly or in association with one or both of plagioclase-dominated mesocratic gabbroid or

leucogabbroid. Rock-type associations are arbitrarily dependent on scale, the judgement of the geologist

necessary to associate volumes of overlapping rock types in order (o create the most contiguous or

otherwis

appropriate associations




association or associated with relatively Fe-Ti-oxide-rich gabbroid, may be referred to

hereafter as “average gabbroid” for readability.

2.4.1.1 The anorthosite and very leucocratic gabbroid rock-type association

The anorthosite and very leucocratic gabbroid asso

ation oceurs as a very diffusely

bound, roughly 0.5 by 0.75 km body south and southeast of the "

ig pond", and as sharply

bound, decimetre- to at least decametre-scale bodies near the Barth Concentric Plutonic

Suite contaet (Figure 2-5).
rhe large body south and southeast of the "big pond" is bound by less leucocratic

plagioclase-dominated gabbroid which along the castern contact

mixed with relatively

F

oxide-rich gabbroid. The northeast portion of the body, located between the "big

pond” and the much smaller one to the southeast, appears contiguous with the zone of
sharply bound anorthosite and very leucocratic gabbroid east of the "big pond”, the
contiguity of which is a mapping interpretation —the zone might actually be underlain by

separate bodies of anorthosite and very leucocratic gabbroid set in less leucocra

gabbroid. The boundaries of the large body are crudely gradational over tens to several

hundreds of metres, such that the “body outlined is merely a gross approximation of the

south of the "big

most plagioclase-rich rock, i.c. the zone of true anorthosite oceurren

pond” to the west and south of the mixed association. Its apparent contiguity with sharply

bound similar rocks to the north-northeast constitut umstantial evidence that
the large body is bound by eryptic intrusive contacts,

The anorthosite and very leucocratic gabbroid of the large body is at many

locations apparently plagioclase-porphyritic with variably blucish, purple phenocrysts up



10 10 cm long (Plate 2-2), and in one observation south of the most southern part of the

"big pond”, pyroxene-porphyritic with brownish black phenocrysts—possibly actually

several em long and of indistinet shape. | say “apparently”

phenoaggregates—up to

plagioclase-porphyritic because in many cases the texture s perhaps better described as

iate, perhaps in all cases if we assume that groundmass milky white pla

reerystallised and that apparent phenoerysts, coloured, represent the unrecrystallised cores
of the largest primary crystals—indeed, in some observations the cores appear 1o grade

into milky whi and aggregates were not observed exhibiting

rims. Mafic grai

unambiguous angular, plagioclase-interstitial habits or crystal faces, and much if not most

of the rock exhibits an unambiguous streak foliation, textures that are evidence the rock is

recrystallised and therefore, at least in part, only apparently plagioclase-porphyritic. The

s commonly exhibit unambiguous but

plagioclase (and pyroxenc) apparent phenocrys

broad preferred alignment (Plate 2-2), concordant with streak foliation where present.

illimetre to centimetre-scale

Modal lays

sparse and in one observation cons

thick, wispy, undulatory, variably sharply bound leuco- to melanogabbroid laye
anorthosite (Plate 2-3).

Two samples of the large, diffusely bound body were thin-sectioned. A thin

section of one sample (H152), taken immediately southeast of the "big pond”, is of

metaleucogabbroid”,  millimetre-grained and finer, with plagioclase ~ evidently

¥ Meta- is used here to indicate that a significant volume (at least several 105 of percent) of one or more

specific essential minerals has apparently been replaced, but not if evidently the result of autometasomatism

(e orthopyroxene afer ol idently high-temperature biotite and horblende afier pyroxene, set

Section 3.2.4.4).



recrystallised although exhibiting some crystal faces against modally minor" quartz

inclusions (Plate 2-4) and some elongate shapes, and with relict clino- and orthopyroxene

associated with very finely fibrous aggregates of unidentified mineral(s) and lesser,
variably blucish, green amphibole. A thin section of the other sample (H164), taken in the

southwestern part of the body is of (ilmenite-magnetite)-specked leucogabbronorite with

minor sulphide, lower centimetre-grained and finer, with plagioclase evidently
recrystallised although exhibiting some elongate grains. Evidently then, at least some of
the anorthosite and very leucocratic gabbroid of this large body contains two pyroxenes

that are in some rocks largely replaced, is recrystallised to some extent, and is millimetre

10 centimetre-grained and finer.
No chilled margins are evident along the contacts of the sharply gabbroid-

bounded bodies of anorthosite and very leucocratic gabbroid. The casternmost mapped of

the these bodies (immediately south-southeast of the small pond) is the larges

of s type
that is of well-constrained delineation. The pod of white anorthosite is surrounded by
gabbroid bearing abundant coloured plagioclase cores that is @ good example of a rock
that might be described as porphyritic when seriate is more accurate. The anorthosite is
not porphyritic although a S cm wide sub- or cuhedron of very dark plagioclase was
observed. Neither pod nor immediate host exhibit unambiguous foliation. The contiguity

of the bowtie-shaped body mapped immediately to the west is an interpretation. At the

" Minor  with mode less than or equal o 1%



southeasternmost limit of this body anorthosite is interleaved' with [(ilmenite-
magnetite)]-rich mesocratic metagabbroid exhibiting an ASPO concordant with the
northeast-southwestelongation of interleaved bodies. Also very close to the Barth
Concentric Plutonic Suite contact, the westernmost occurrence observed of sharply bound

t-west-southwest

anorthosite and very leucocratic gabbroid consists of an cast-northea

clongate zone of anorthosite and very leucocratic gabbroid sporadi

lly interrupted by

gabbroid and pos or gabbroic rock. The bounding gabbroid here

sibly also Fe-rich dioriti

ioclase-porphyritic in appearance (i.c. may be better described, at least

s commonly pla

in some cases, as seriate), uncommonly evidently foliated, and cuts at low and high

angles the northea

outhwest trending streak foliation variably present in the anorthosite
and very leucocratic gabbroid (Plate 2-5), observed to dip 69° northwest at one

measurement-permitting outcrop. The foliation uncommonly developed in the gabbroid

and possible Fe-rich rocks also trends northeast-southeast. The anorthosite and very

leucocratic gabbroid of this elongate zone is variably plagioclase-porphyritic

ance.

ion of an anorthosite sample (H120) from the clongate zone is of rock

cked, lower millimetre-grained (dominant) and finer, with plagioclase

s or elongate shapes, and secondary

evidently recrystallised and not exhibiting erystal fi

minerals including variably blueish green amphibole and chlorite apparently after

clinopyroxene. A thin-section of a very leucocratic gabbroid sample (H129) is of

' Interleaved: a term referring to the altemation of distinct, clongate bodies of rock, usu

necessarily oceurring at a con

zone between larger bodies of those rock types,
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leucogabbro bearing minor (< 1 %) combined ilmenite and magnetite, upper millimetre-
grained and finer, with plagioclase evidently recrystallised although exhibiting some

erystal faces against variably oikocrystic clinopyroxene and some elongate shapes, and

yellowish orange to reddish brown unidentified secondary minerals apparently after

clinopyroxene. Evidently then, at least some of the anorthosite and very leuco

gabbroid of thi

clongate zone has primary mafic minerals clinopyroxenc, ilmenite, and

magnetite, is recrystallised to varying degree, shows variable secondary minerology after

clinopyroxene, and is dominantly'® millimetre-grained.

Separated from the Barth Concentric Plutonic Suite contact by intervening
gabbroid—unless of course the Barth Concentric Plutonic Suite contact here has been
incorrectly located, since the intervening rock was decmed gabbroid (as opposed to Fe-

rich dioriti

itic, or gabbroic rock) based on grainsize alone (coarser than typical,

syer

known Fe-rich rock and of similar grainsize as typical known gabbroid)—is the zone of

sharply bound anorthosite and very leucocratic gabbroid immediately cast of the "big
pond" and appearing contiguous as mapped with the large, diffusely bound body to the

south-southwest. As mentioned, the contiguity of thi

7one is a mapping interpretation,

The oceurrence of this zone southward is an outcrop of apparently plagioclase-

porphyritic anorthosite separated by 25 m under cover from an outcrop of streak foliated

gabbroid to the north. The apparent phenocrysts of the anorthosite are broadly aligned

cast-northeast-west-southwes ion of the

, roughly concordant with the streak fo

‘gabbroid trending 77°. 40 m to the southwest, an outerop of unfoliated anorthosite be:

" Meaning that individual rocks are volumetrically dominated by millimetre-scale grains.




10 10 20 cm thick mafic dyke trending 20°, perhaps rooted in the bounding gabbroid or,

ale thick mafic dyke that runs east-southeast-

alternately, an apophysis of the metre-s
west-southwest south the Barth south and immediately south of the "big pond” (Ryan
1990, Voordouw 2006). Nearer the "big pond" occurs a two metre thick tabular body of
anorthosite bearing an apparent, inward tapering apophysis of the bounding gabbroid

st exhibit

(Plate 2-6). Both anorthosite and the apparently plagioclase-porphyritic. h

streak foliation parallel to the cast-northeast trend of the tabular body. 125 m to the south,

the contiguous-as-mapped body of anorthosite and very leucocratic gabbroid contacts

gabbroid bearing submetre-scale thick, metre-scale long blocks of anorthosite several

metres away from and clongate parallel to the contact trending 120°. The bounding

sabbroid exhibits streak foliation and modal and grainsize layering (described in the next

mous between the observed blocks and the

subsection) trending the same and is go
anorthosite contact.
Anorthosite and very leucocratic gabbroid blocks were observed at two other

uite. Immediately

locations within a kilometre south of the Barth Concentric Plutoni

ibed above,

northeast of and probably a continuation of the block zone d

underlying at least 700 m’ are elongate and equant anorthosite (and perhaps very
leucocratic gabbroid) blocks from one decimetre to one metre thick or in diameter and

¢ hosted by

several decimetres to several metres long (Plates 2-7, 2-8). The block:

ich gabbroid (though scemingly not as rich as is typical of other

relatively Fe-Ti-oxide:

Fe-Ti-oxide-rich gabbroids so described here) exhibiting an ASPO trending 71° with

which the trends of the clongate blocks are parallel. Apparent plagioclase phenocrysts

were observed in some blocks but intense lichen cover prohibits an estimation of




prevalence. On the other, southwestern side of the "big pond”, just south of its outflow,

underlying at least hundreds of square metres is a zone of anorthosite-very leucocratic
abbroid blocks hosted by gabbroid exhibiting ASPO trending 80° and at least partly
plagioclase and pyroxene-phyric. Many blocks are difficult to outline due to cover but

where determinable their long a cale blocks

s parallel the host foliation. Two metre-s
were observed in detail: both exhibit unambiguous streak foliation, one concordant with

ion and block clongation. This

that of the host, the other nearly 90° to the host fol

di

ordancy requires that the block achieved its final position afier its own foliation had
been imparted—realistically, this means that, at least locally, the anorthosite and very

leucoeratic gabbroid acquired foliation before being intruded by gabbroic magma.

2.4.1.2 The variably Fe-Ti-oxide-rich gabbroid rock-type association
The relatively Fe-Ti-oxide-rich (>15% modally) gabbroid mixed with plagioclase-

dominated mesocratic and leucogabbroid (average gabbroid) rock-type association oceurs

as an imegularly shaped zone west of Akpiksai Bay and east and southeast of the "big

pond” and as clongate bodies within the anorthosite and very leucocratic gabbroid

association. South of the map area of Figure (2-4), similar elongate bodies were observed

sharply bound and are therefore presumed dykes, however no unambiguous sharp
boundaries with anorthosite or very leucocratic gabbroid were observed within the map

arca. Overall, no difference was detected in this study between the average gabbroid of

the mixed association and other average gabbroid surrounding the Barth Concentric

Plutonic Suite south of Nain Bay, however it is possible that average gabbroid of the

‘mixed association contains elevated modal Fe-Ti-oxide.




“The proportions of relatively Fe-Ti-oxide-rich and average gabbroid could not be
precisely estimated since outerops of the mixed association are typically very rubbly with

patchy cover. Nonetheless, the average gabbroid seems dominant, and the relatively Fe-

-oxide-rich gabbroid underlies perhaps 10-40% of the delincated area. The boundaries

of the mixed association were mapped at most location nner. No

in a cursory m

evidence was observed to indicate that the proportion of relatively Fe-Ti-oxide.

gabbroid decreases gradually into the surrounding average gabbroid and anorthosite,

although the proportion does vary within the delincated arca.

Ryan (2001) reports that the relatively Fe-Ti-oxide-rich gabbroid occurs as a

tockwork, some dykes of which exhibit some sort of laering parallel to their trend, and

his unpublished, more detailed map for that project shows that the southeastern extension
of the association mapped here contains notable sulphide. J. Hinchey er al. (1999)

examined the southeastern extension and similar rocks between there and Nain and there

and Hosenbein Lake and concluded that the semi-massive and massive sulphid i

oxide-bearing rocks are intrusive into the “anorthositic” host but probably residual with
respect o the gabbronorite to pyroxenite with which it shares composite, apparently

shallow dipping dykes.

Thin-sections (Figure 2-2) of relatively Fe-Ti-oxide-rich gabbroid are of rock

types (il ) (il Jorich ite, and

ilmenite magnetite-rich melanogabbronorite, for those samples taken in the western and

southwestern portions of the association, and of rock types [(ilmenite-magnetite)]-rich

melanogabbroid for

metagabbroid (mesocratic variety) and (ilmenite-magnetite)-rich me

those samples taken in the northeastern portion of the association. All of the samples bear




highly amoeboid composite ilmenite-magnetite grains'® enclosing more or less equant to
moderately elongate chadacrysts of plagioclase and pyroxene (Plate 2-9). Minor biotite

s conspicuously

and, less frequently, honblende are present in some samples. Apatite

absent, and besides zircon and possible quartz in the mesoeratic metagabbroid sample

(H136; Chapter 7) no other apparently high temperature were

essory minera

their

identified. The two castern most samples are considered metagabbroids beca

pyroxene has been significantly replaced by secondary minerals including tremolite,

variably blucish, green amphibole, chlorite, and unidentified reddish brown mineral(s). 1f
less pyroxene had been replaced in these two samples then we might have been able to

say that the primary rock type of the thin-sectioned relatively Fe-Ti-oxide-rich gabbroid is

ide-rich gabbroid, where

‘gabbronorite (meso- and melanocratic). The relatively Fe

of

observed, appears dominated by mm-scale and finer grains, with maximum grainsiz

imetre to lower centimetre-scale, the latter size for

thin-sectioned rock from lower

some ilmenite-magnetite composite grains and, where present, blue plagio

sed, with

ctioned plagioclase is evidently recrystal

phenocrysts (Plates 2-10, 11). Th
clongate grain shapes absent or subordinate to equant and, in some samples, iregular
shapes, and with the few phenoerysts observed in thin-section actually phenoaggregates

due to marginal or pervasive subgrain rotation recrystallisation (Passchier and Trouw

1998). Only in the [(ilmenite-magnetite)]-rich gabbronorite sample (H154) does some

abit

pyroxene exhibit facial development and unambiguously rectangular

1 A composite grain is one in which the external boundary passes smoothly between constituent grains (i.c.

jons of internal boundaries with the external boundary).

smoothly over int



Plagioclase phenocrysts in the average gabbroid of the mixed association are

purplish blu

h gabbroid. More

s opposed to just blue for those of the relatively Fe

and more objective (¢.¢. photographed, sampled) observations of plagioc!

¢ phenoerysts

in the average and relatively Fe-Ti-oxide-rich gabbroid of the mixed a

ciation are

needed to determine with certainty whether the phenocrysts of the two rock types are
differently coloured.
One sample of average gabbroid (H148), taken at the south-southeastern limit of

the mixed association, was thin-s

ctioned and found to consist of metagabbronorite

d and finer

specked at the percent level by ilmenite and magnetite, lower millimetre g

iate and

with average grainsize one millimetre, equidimensional-granular and slightly

thus evidently recrystallised,

variably blucish, green amphibole almost equal in

mode to pyroxene.(move togabbroid section) Aggregate shape preferred orientations

(ASPO) of lower millimetre-scale thick alternating plagioclase and mafic aggregates are

I

present in the | J and [(ilmenite-ma J-rich gabbronorite samples

fo

ion

(Plate 2-12). The [(ilmenite-magnetite)]-rich gabbronorite sample also manife

as preferentially oriented clongate plagioclase grains and rectangular, more or

automorphic pyroxenc grains. The foliations of this sample were faintly discerned

outcrop and trend east-southeast. Perhaps this rock, with its more or less automorphic

pyroxene and minority population of distinctly elongate plagioclase underwent

deformation

an carly erystal framework dominated by plagioclase, followed by

cessa

n of deformation (or at least a reduction of strain rate) and crystallisation of

pyroxene and Fe-Ti-oxide in the

s between aligned though deformed plagioclase

grains.



Although Ryan (2001) and J. Hinchey et al. (1999) describe the relatively Fe-T:

oxide-rich gabbroids as occurring as dykes, and indeed the present author has observed

dykes of relatively Fe-Ti-oxide-rich gabbroid intruding the average gabbroid association

(Plate 2-

 and anorthosite and very leucocratic gabbroid south of the map area, south of

the belt of mafic and anorthosite gneiss), the present author did not find any unambiguous

evidence that the relatively Fe-Ti-oxide-rich gabbroid is intrusive into the average

sabbroid of the mixed association o the rock of the anorthosite and very leucocratic
ively Fe-Ti-oxide

gabbroid association in the map area. The rela ich gabbroid and

avera

gabbroid of the mixed association are typically interleaved, with sheets variously

sharply and diffusely bound as is typical in layered intrusions (Plate 2-14), and so
whether some of the sharply bound sheets represent dykes could not be determined in the

field.

24,13 The average gabbroid rock-type association

‘The plagioclase-dominated mesocratic and leucogabbroid rock-type association may be

described as the mat nd the mixed rock-

in which the anorthosite and very leucocra

type associations occur. As mentioned above, the anorthosite and very leucocs

association appears intruded by or gradational into the average gabbroid association, and

relatively Fe-Ti-oxide-rich gabbroid of the mixed association intrusive into the average

gabbroid association, giving a basic relative chronology of most leucocratic oldest

through less leucocratic to relatively Fe-Ti-oxide-rich youngest, of lighter rocks before

denser rocks.



“Thin-sections (Figure 2-2) of samples of the average gabbroid association are of

rock  types gabbro, ite, norite, ite, and

metagabbroid (mesocratic variety), all percent specked by ilmenite and magnetite, and

(ilmenite-magnetite)-orthopyroxene gabbro. In all of these rocks distinetly clongate

plagioclase grains cither comprise a volumetric minority of plagioclase and have
maximum lengths of upper millimetre-scale or are completely absent and lower

millimetre-scale and finer. Rather, plagioclase are dominantly or completely equant or

cquant and irregular isation is that in

shape. Further evidence of plagioclase recryst
most sections of the average gabbroid association (H105, 109, 148, 163, 165) the
plagioclase is more or less equigranular, and is therefore relatively close to textural
cquilibrium. Sections in which plagioclase is not at such an advanced stage of
recrystallisation (H139, 171) contain plagioclase exhibiting bent, tapered, and diffuse
albite twins. The only section in which plagioclase exhibits any erystal faces is H139, on
plagioclase chadacrysts prescrved in clinopyroxene oikoerysts as coarse as upper
‘millimetre-scale (see Mathison 1987). Even in this section non-oikocrystic clinopyroxene
is evidently recrystallised, as is clinopyroxene in most of the other sections of the average
gabbroid association. The most commonly occurring accessory minerals are biotite and,

inerals are homblende,

in gabbros and norites, a second pyroxene. Other accessory n

sulphide(s), and zircon. Secondary minerals occur only in sections of samples taken cast

of the “big pond” and include variably blueish, green amphibole, chlorite, tremolite, and
unidentified green mineral(s) with 2-order interference colours occurring as very fine

felted masses.




The norite and gabbronorite underlying the small ridge in the southwest of the

map area of Figure (2-4) was mapped by Ryan (2001) as ferrodiorite, an understandable

call since most of the exposed rock has a field appearance, in particular a grain size, more
similar to the Fe-rich rocks of the Barth Concentric Plutonic Suite than the typically
coarser anorthogabbroic rocks south the Barth. However, besides being largely finer
‘gerained than typical average gabbroid (the difference between dominantly sub-millimetre-

ned and dominantly millimetre-grained), no features were observed of this rock that

-
distinguish it from the average gabbroid at large, nor were any features observed that

would constitute criteria for classification as dioritic or relatively Fe-rich

The average gabbroid is commonly apparently plagioclase-porphyritic (see
comments in Section 2.4.1.1), with plagioclase phenocrysts variably purplish blue west

and southwest of the mixed rock-type association and north of Akpiksai Bay, and raisin

ciation west of Akpiksai

purple (i.e. brownish purple) east and southeast of the mixed a

Some rai

Bay. in purple phenocrysts are in excess of 10 em long. Some blue phenocrysts

southwest of the "big pond” are labradorescent. The average gabbroid also commonly
exhibits foliation manifested as ASPOs, and where also plagioclase-porphyritic. the

phenoerysts are more or less aligned parallel to the foliation. Locally, such as north of

Akpiksai Bay (Plate 5, Ryan 2000 p. 258), preferentially aligned aggregates are clongate

and

olated enough that they constitute streak foliation.
Modal layering is locally present in the average gabbroid association, with

le and observed modes

observed thicknesses ranging from decimetre to millimetre-s

ranging from very leucocratic to mesocratic (Plate 2-15). The most developed modal

layering in the average gabbroid association was observed roughly 125 m cast of the




contact of the central mixed association. There, the layers exhibit the full range of

thicknesses, with the thickes

layers internally thinly layered, are more or less sharply

bound, are of varying continuity, commonly taper and swell, and may terminate abruptly
(Plate 2-16).

Sandwiched between the subvertical layers at the site is a circa 0.7 x 2 m lense-

shaped block or xenolith of coarser mesocratic rock (Plate 2-17). While some geologists

might immediately imagine a falling block impacting horizontal layers, we must

remember that there is no evidence that these rocks have been tilted and that i

perfectly

plausible for boundary layer cooling to produce vertical igncous layering. Layers

imediately south of the block appear to drape over the block uninterrupted and layers to

the sides

of the block appears to curve south, cither draping over the block or tapering
out. The relatively melanocratic layer immediately north of the block abruptly terminates

in the wes

against apparently south curving strata (Plate 2-18; as apparently does the

c rock

next, relatively leucoeratic layer as well) and terminates within relatively leucocrat

north of the block in the east, with its terminal end circa 30 em north of the terminal tip of
the block. The rest of the layers to the immediate north are of greater extent and may be
gently curved around the block, however this observation is not definite since the outerop

surface may be slightly bowed. OF course the black moved until it stopped, which may

have been caused by a narrowing of the magma column, which need not be considered

far-fetched § ible that (at least some of) the average gabbroid associat

nee it is pla

south of the Barth may have been emplaced sive cast-west sheets. Perhaps the

layers to the south were most recently crystallised and therefore ductile enough to mould

icantly around the block as the walls converged due to some combination of




tectonism or subsequent

tallisation shrinkage. The relatively melanocratic layer to the
north of equal lateral extent as the block perhaps formed from that magma contaminated

by lation of the block, crystallising adjacent to the block in the west

but in the east along side of relatively leucocratic gabbroid having cemented the block on
that side. The emplacement of this block is puzzling and the interpretations above

speculations

2.4.2 Rocks adjacent to the Barth Concentric Plutonic Suite on and near Barth Island
Before continuing the reader should be reminded that the present author has never visited
Barth Island or the north shore of Nain Bay, rather he has only analysed the thin-sections,
compiled the map, and studied other peoples” work. Thus the field observations presented
hereafier for the Barth and its adjacent rocks are those made by other authors. The thin-
section collection of Gaskill (2003) inherited for the present study came with field notes
for some samples collected for that project, and these notes are used here as applicable to
establish the field context of the Gaskill (2005) samples not described in that text

Plutonic Su

On Barth Island the Barth Concent e is surrounded by
anorthogabbroic rocks to the cast and on an islet immediately west of Barth Island the

Barth Concentric Plutonic Suite is surrounded by high-grade metamorphic rocks to the

west

2.1 Anorthogabbroic rocks to the ea

No thin-sections were described by this author of rocks to the cast, but Ryan (2001) lists

general rock types anorthosite, leucogabbro, and leuconorite, and, for the Satorsoakulluk




dyke which cuts the anorthogabbro

rocks near the eastern end of the island,

“ferrodiorite” enclosing a large va

ety of rock types as xenoliths (Plate 13, Ryan 2000 p.
263). The Satorsoakulluk dyke, constituting a several to five hundred metre-thick arc
curving clockwise from Barth Island to the southwest contact of the Newark Island
intrusion, will not be described further and readers are referred to the most recent studies
of Furlong (2004) and Goddard (2004).

The anorthogabbroic rocks cast of the Barth Concentric Plutonic Suit on Barth

Island are massive, white to pale grey weathering, and apparently recrystallised, with

unaligned black plagioclase phenocrysts of maximum observed length 40 cm (Ryan 2001,
hadacry

Gaskill 2005). Leuconorite occurs near the contact and contains plagiocl; tic

orthopyroxene suboikocrysts of maximum observed diameter circa 25 em (Gaskill 2005)

and Fe-Ti-oxide (Ryan 2001). Olivine, as a constituent of irregularly shaped “pegmatitic

patches, was observed in one outerop (Ryan 2001 p. 140)

2.4.2.2 High-grade and other rocks to the west

High-grade metamorphic rocks on the islet west of Barth island are of specific

i anorthosite,

antiperthi

I P h ultramafic  rock,
(homblende-pyroxene)-rich ultramafic rock, olivine (actinolite-pyroxenc)-rich ultramafic

rock, serpentinised herzolite, and serpentinised dunite (Figure 2-2),

" Since these high-grade metamorphic rocks are probably metaplutonic, the practice s followed here to

name them using the QAP classification scheme.
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Gaskill (2005 p. 55) indentified “two broad categories” of gneiss:

quartzofeldspathic and ultramafic, and an “anorthositic-mafic sequence™. Ryan (2000,

2001) deseribes pale buff enderbite to opdalite g

s bearing abundant angular mafic and

ultramaf

xenoliths and “anorthositic” and irregularly-shaped mafic enclaves, and
sandwiching in the western part of the island a layered body of ultramafic, mesocratic

‘gabbroic, and “anortho

" rocks and leuconorite. The quartzofeldspathic and ultramafic
gncisses of Gaskill (2005) seem to be equivalent to the xenolith and enclave-bearing
enderbite and opdalite gneisses of Ryan (2000, 2001), and the layered sequence of Gaskill
(2005) cquivalent to at least the layered body of Ryan (2000, 2001).

The casten contact of the layered body with the quartzofeldspathic gneiss is
sheared but “appears™ to have originally been intrusive (Ryan 2001 p. 132). Gaskill
(2005) described the ultramafic enclaves nearest the Barth Concentric Plutonic Suite as
fragments of layers isoclinally folded parallel to the north-south contact.

Thin-sections of samples of quartzofeldspathic gneiss are of rock types non-

charnockitic and charnockitic leucotonalite (i.c. enderbite) and antiperthitic anorthos

(Figure 2-2). Grains are mostly irregularly shaped with irregular boundarics, an
ambiguous texture that could theoretically represent mutual interference growth of

cotectic quartz and feldspar rather than an intermediate state of recrystallisation.

Grainsizes range from  dominantly ~sub-

illimetre-grained o dominantly lower-

I !

The section of (G218) is pure quartz

and feldspar, although the rock might actually be granodiorite since this author could not

determine definitively that alkali feldspar is absent. The other sections of leucotonalite

(G205, 208, 216) are charnockitic because they contain anitperthite and orthopyroxene,



and the anorthosite section (G210) very similar, bearing these charnockitic characteristics
as well as accessory quartz and antiperthite with almost cnough alkali feldspar to be
mesoperthite. The anorthosite section also contains minor sulphide and ilmenite, and,

along with one of the e sections, Of all the

sections of gnciss only a tion exhibits

as an aggregate and as a quartz SPO.

Thin-sections of samples of ultramafic and mafic gneiss are of rock types

mesocratic plagioclase-olivine - (hornblende-p b ultran

rock, (hornblende-pyroxene)-rich ultramafic roc) inolite)-

olivine (pyroxenc-possible

rich ultramafic rock, ed Therzolite, and serpentinised dunite (Figure 2-2). The
mesocratic metagabbroid section (G203) is dominantly sub-millimetre-grained, sulphide

and Fe-Ti-oxide-specked, with secondary minerals epidote, blucish green possible

amphibole, and brown and grey unidentified mineral(s) resembling a fine dust. The

nised Iherzolite are dominantly sub-millimetre-

tions of “ultramafic rock” and serpent

grained whereas the section of sed dunite appears to have been dominantly

rpenti
lower millimetre-grained before serpentinisation (1o be clear, unlike the serpentinised

Therzolite which if progressed to unserpentinised Iherzolite would still be dominantly sub-

millimetre-grained). The Iherzolite exhibits gneissosity evident in thin-section as

pyroxenc-dominated millimetre-scale thick bands alternating with pyroxene dunite. All of

the ultrama

gneiss samples contain hydrous minerals, whether serpentine (G207, 209),

211,

hornblende (G214, 215), possible actinolite (

. biotite (G207, G211), or some

thereof.

he P ich ultramafic rock exhibits fabric as

5), and a hornblende SPO, the plagioc

an aggregate, a concentration (Section 1.5
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¢ SPO, and the olivine

olivine (hornblende-pyroxene)-rich ultramafic rock as a plagiocla
(pyroxene-possible actinolite)-rich ultramafic rock as an aggregate and a biotite SPO.
Evidently, then, the ultramafic gneisses were hydrated, and, at least for some rocks,

before or while being subjected to a differential stress ficld.

Fea

ch diorite and Fe-rich gabbroic rock indistinguishable in thin-section from

that of the Barth Concentric Plutonic Suite also oceur amongst the gneisses on the islet
west of Barth Island. Thin-sections of samples of the Fe-rich diorite and gabbroic rock are
of specific rock types ilmenite-pyroxene antiperthitic diorite, [(ilmenite-magnetite)]
pyroxenc-rich antiperthitic diorite, and mesoeratic gabbroic rock—all mineralogically and

modally Fe-rich. Unfortunately the field context of these rocks is not clear: Ryan (2000 p.

265, 2001 p. 132) states that the “main unit” of layered rocks—the “structurally lowest on

the islet™—is locally rusty weathering, friable, layered and foliated, rich in Fe-Ti-oxide,

and of grey to brown gabbronorite and lesser leucogabbronorite and ultramafic rock; and

Gaskill (2005 p. 56) merely states that his samples of “anorthositic™ rock were found

upon thin-sectioning to be “mineralogically similar in detail to fine-grained outer

[ferrodiorite] of the Barth..”.
The Fe-rich rock locally contains hypautomorphic and losenge-shaped dark grey

10 black plagioclase phenocrysts of maximum observed length 5 cm (Ryan 2001). Thes

may be the same phenocrysts that Gaskill (2005) describes as being locally present in

iscovered were Ferich rocks, dark blue, relict, and surrounded by

what he later

rotational shear structures. The least deformed portions of Fe-rich rock exhibit subophitic

texture and contain dark grey, well-preserved plagioclase crystals (Ryan 2000, 2001),
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Thin-sections of samples of Fe-rich diorite and gabbroic rock arc of grainsizes

dominantly sub-millimetre and lower-millimetre:

scale (combined) and contain few if any

clongate plagioclase grains. The two antiperthitic diorite s

ions (G204, 212) contain

accessory apatite, as well as accessory sulphide(s) in the [(ilmenite-magnetite)] pyroxene-

vich antiperthitic

orite section (G212) and percent fayalite in the ilmenite-pyroxene
antiperthitic diorite section (G204; Plate 2-19). Apatite is ubiquitous and fayalite sporadic
in the Fe-rich diorite and gabbroic rocks of the Barth Concentric Plutonic Suite. The two
antiperthitic diorite sections also contain optically continuous, coarser-than-matrix,

irrcgularly-shaped, pyroxene oikocrysts (hereafier OCCIPO; Plate 2-20), a feature

common to the Fe-rich diorite and gabbroic rocks of the Barth Concentric Plutonic Suite

(Sex

ion 3.2.2.3). The optical continuity of coarser-than-matrix oikocrysts is evidence that
the rocks bearing them were not pervasively deformed after final solidification.

It is nowhere more evident that multiple intrusion constructed the Fe-rich and
charnockitic predominancies of the Barth Concentric Plutonic Suite than at the west end

of Barth Island (described in Section 3.

2; Plate 11, Ryan 2000 p. 262), and it is

perfectly plausible that sheets' of Fe-rich diorite and gabbroic rocks on the islet are
actually splays off the Fe-rich predominancy of the Barth, and are therefore physically
contiguous with the Barth at depth (or were contiguous with it before crosion, not an

implausible possibility since the Fe-rich magmas were denser than the others that formed

d

the NPS—perhaps instead of or in addition to being serendipitous entrapments ca

" The term “sheet” is here intended as a geometric description only, unlike “dyke” which indicates

intrusion and “layer™ which implies the product of magmatic differentiation.
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upwards [Emslie et al. 1994], the Fe-rich magmas were emplaced from above). It is
appropriate 1o state that these apparent dykes are possibly cognate (from the Latin for

“arose together”) with the Fe-rich rocks of the Barth Concentric Plutonic Suite, pos

ibly

cognate because they may share a common parent or have formed at a similar or the same

time. At the very least we can say that because they are of similar composition they

probably originated by the same or similar process(es), although this criteria by itself is

insufficient to say that the rocks have “arisen together”. It is also appropriate to state that

entric Plutonic

these bodies are satellite dykes or at least satellite sheets to the Barth C

Suite.

Satellite not just because they are smaller bodies around a larger one, but because
they are of similar disposition (in this case concentric) but offiet or adjacent, and because
they are of similar or related composition (in this case similar) to the main body, and

therefore are naturally groupable with that body (specifically the Fe-rich predominancy)

moreso than other rocks in the vicinity, such as the high-grade metamorphic ones. Thus
we have possibly cognate apparent dykes of Fe-rich diorite and gabbroic rock satellite to
the Barth Concentric Plutonic Suite.

A sample (G206) of a brown dyke cross-cutting “all units™ (Gaskill 2005

unpublished sample notes) consists of cruciferous metagabbroid, cruciferous (Latin for

“cross-bearing”) because the plagioclase laths are intergrown to produce, at least in

hat resemble cruciform twinned staurolite (e.¢. Hamilton ef

section, conspicuous cro

al. 1974 p. 104). Perhaps this dyke is of the same generation as some of the post-NPS

diabase dykes of the region (shown on Ryan 1990).
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2.4.3 Rocks adjacent to the Barth Concentric Plutonic Suite north of Nain Bay

North of Nain Bay the Barth Concentric Plutonic Suite is surrounded largely by

anorthosite and leuconorite, and by lesser anorthosite and mafic gneiss in a several

hundred metre thick north-south belt adjacent to the western contact. Specific rock types

i

observed are anorthosite, pyroxene i Py

pyroxenc-rich

i-oxide Fe-rich  leucogabbroic rod

charnockitic monzonite, F
antiperthitic diorite, biotite-opague mineral(s) pyroxene-rich antiperthitic diorite, Fe-rich
gabbroic rock (mesocratic variety), and, of the gneiss bell, pyroxene anorthosite and

gabbroic rock (mesocratic variety). The rocks adjacent to the Barth Concentric Plutonic

e north of Nain Bay will be described counter-clock
Gaskill (2005 p. 46) describes Webb Neck east of the Barth Concentric Plutonic
Suite as underlain by recrystallised anorthosite bearing strongly north-south aligned

plagioclase erystals, including phenocrysts of maximum observed length 20 cm, and

(concordantly) aligned elongate pyroxene “oikoerysts™ (suboikocrysts perhaps?) of

s largely

ma

mum observed length 50 cm. Ryan (2001) describes the same area
underlain by rock of an unnamed, massive to steeply north-south streak foliated unit
spanning castward and consisting variously of Ol-free and Ol-bearing leuconorite,

leucotroctolite, and anorthosite. The northernmost fraction of Webb Neck east of the

Barth Concentric Plutonic Suite was mapped by Ryan (2001) as underlain by his First

Rattle pluton which consists of massive, pale to dark grey anorthosite and leuconorite,
bearing locally aligned dark grey to black plagioclase phenocrysts.

A thin-section of an anorthosite sample (G152) from Webb Neck taken within a

few tens of metres east of the Barth Concentric Plutonic Suite is of rock dominantly
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lower-millimetre-grained with a plagioc idote and

¢ SPO, and secondary minerals cj

chlorite.
The area directly north of the Barth Concentric Plutonic Suite has been subdivided
by Ryan (2001) and Gaskill (200) into two anorthogabbroic units meeting at a contact

that within 2.5 km of the Barth is roughly coincident and more or less north-south

trending (farther out Gaskill’s contact veers to the northwest). Gaskill (2005) mapped thi

contact as intersecting the Barth Concentric Plutonic Suite immediately cast of (on the

s northern contact.

erest of) the prominent jog roughly one third of the way east along
Ryan (2001 p.138) named the eastern unit the Halfivay Point pluton and describes it as

leuconorite, pale grey to brownish grey weathering along the coast and white weathering

inland, greenish where chloritised, with plagioclase erystals typically 1 to 2 em long, and

characterised by a mottled appearance due to “irregular patches” of oikocrystic

orthopyroxene (irregularly shaped suboikocrysts, perhaps?). The oikocerysts, some of

kil

which are clongate, are of maximum obscrved dimension greater than 10 cm.

(2005) corroborates that the pluton is characterised by oikocrystic pyroxene and adds that
it also includes anorthosite and is undeformed.
The western unit direetly north of the Barth Concentric Plutonic Suite remained

unnamed by Ryan (2001) who described it as grey leuconorite, locally

y though

otherwise apparently more or less uniform, characteriscd by seriate texture and blocky,

dark grey plagioclase phenoerysts of maximum observed length 15 cm set in a white
recrystallised matrix with subophitic texture. Unfortunately this deseription cannot be

wholly accurate, since a rock cannot be both seriate-textured and plagioclase-phyric.

Admittedly Ryan (2001) uses the term “megacryst” and not “phenocryst” or “plagioclase-
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pyhric”, but recall that Vernon (2004 p. 484) in his textbook defines “megacryst” as “{a]

very large phenocryst...” and Plate 10 of Ryan (2001 p. 140) shows that Ryan used the

term accurately. CIPW (1906 p. 700) introduced the term “seriate” to describe rocks in

which “the sizes of the crystals vary gradually or in a continuous. seri

in which “the sizes are not in

distinguished it from “hiatal”, the term introduced for rocl

continuous series... the most familiay

example of which

orphyritic” texture. Perhaps
Ryan (2001) in describing the western anorthogabbroic unit north of the Barth
encountered the same difficulty this author did in describing the anorthogabbroic rocks

south of Nain Bay (Section 2.4.1), that the contrast between less stallised or

tallised matrix causes

unreerystallised coloured plagioclase cores and the whitish recry

the geologist to think “megacrystic™ or “plagioclase-phyric” when in some cases the rock

might be more accurately deseribed as seriate-textured. Indeed it scems plausible that

population of seriate-textured grains would become hiatal-textured with reerystallisation,

a gap in grainsize distribution forming as subgrain rotation recrystallisation (Passchier

and Trouw 1998)

all but the relatively unstrained cores of the coarsest grains, the

phenocrysts or porphy after But such an is besides

the issue, since Ryan (2001) does not seem to be and this author is not attempting a

description of primary or paleograinsize, rather we are attempting a des

The solution offes

ed here to the porphyritic-or-sei tion outstanding for

o fate qu

some recrystallised anorthogabbroic rocks is to say “apparently plagioclase-porphyritic”,

a phrase intended to convey the visual chara

er given the rock by coloured, coarse

plagioclase grains or cores while acknowledging that such an appearance does not

necessarily indicate a porphyritic grainsize distribution. The issue of deseribing present
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size distribution is further complicated by the common presence of subgrains,

relatively strain-fice, slightly misoriented portions of a crystal separated from the rest of

the cr, ions, but not so misoriented or discretely bound as

1o be considered a separate erystal or grain. Further development of the issue is left to
future workers,

Returning to the description of the anorthogabbroic rocks north of the Barth
Concentric Plutonic Suite, Gaskill (2005) observed the contact between the Halfway
Point pluton and the western unit nearly 2.5 km north of the Barth and describes it as

cuspate and lobate, with the western unit decidedly richer in pyroxene than the eastern at

is junction. At least near the Barth Concentric Plutonic Suite contact, the western unit

to leuconorite. Gaskill (2005) corroborates the

grades westward from anorthosi
presence of square, dark plagioclase phenocrysts of maximum observed length 15 cm in

textured and massive,

the western unit, and adds that the rock is both heterogencou:

another contradictory affirmation, since strictly speaking heterogeneity constitutes
structure and so the rock cannot be structureless. Evidently this unit casts an enchantment

upon geologists that causes them to describe its rock in contradictory ways. This author

hereby suggests the name “Contradictory pluton” for the body of anorthosite and
leuconorite west of the Halfiway Point pluton immediately north of the Barth Concentric

Plutonic Suite, to be complemented by “Contradictory plutonic perimetron” if future field

observations do warrant (see Section 1.5.3).
Gaskill (2005) mapped two enclaves within the Contradictory pluton, the more

southerly one charnockitic and the more northerly one Fe

ic enclave is highly clongate, trending 80° in plan on a southeast

The charnock




slope, foliated, and contains inclusions of Fe-rich diogabbroic rock and zones of mingled

charnockitic and Fe-rich diogabbroic rock. A thin-section of a sample (Gd4) of
charnockitic rock of the enclave is of pyroxene charnockitic leucomonzodiorite,

dominantly  sub-mil and lower mill d, with feldspar evidently

recrystallised, the most abundant variety of which is plagioclase bearing patches of

mesoperthite. The thin-seetion is specked with apatite and zircon, contains percent level

no definitively identified quartz. Just as the

Fe-Ti-oxide and minor fayalite, and contai

isses underlying the islet west

sheets of Fe-rich dioritic and gabbroic rock amongst the g

lered satellite to the Barth Concentric Plutonic Suite so too

of Barth Island may be con

may this enclosed charnockitie sheet.

The more northerly, Fe-rich dioritic enclave identified and described by G

(2005) is bound in the south by a contact trending 75° in plan on southeast-facing slope,

and tapers out in plan to the northwest further up the hillside, an outcrop pattern

stent with a more or less south dipping sheet of restricted lateral extent. The body is

sharply bound, deformed, and exhibits a mafic shape preferred orientation trending 50°. A

rich dioritic rock of the enclave is of pyroxene-rich

thin-section of a

mple (G3) of

antiperthitic diorite, dominantly sub-millimetre and lower-millimetre-grained, with

evidently recrystallised plagioclase, and percent level Fe-Ti-oxide and apatite. This

lered satellite o the

possibly sheet-like body of Fe-rich dioritic rock may also be cons
Barth Concentric Plutonic Suite.

Thi

cctions of five samples of rock taken at sites ostensibly underlain by the

Contradictory pluton are of Fe-rich gabbroid (G2, 10), Fe-Ti-oxide Fe-rich leucogabbroid

(G11), pyroxene-rich antiperthitie diorite (G20), and charnockitic monzodiorite (G1).
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Unfortunately the field notes provided with the thin-section collection of Gaskill (2005)
contain no entries for these samples, so we do not know if they were taken from the
pluton or from smaller, unmapped, associated bodies, and if taken from the pluton,
whether or not any of them are representative of the supposed leuconorite. Surely, though,

the pyr b diorite and samples,

indistinguishable from rocks of the Fe-rich and chamockitic rock-type clans of the Barth

Concentric Plutonic Suite, do not represent the reported leuconorite. The sections are
cither dominated by lower millimetre-scale grains (G2, 20), by a combination of lower

and sub-millimetre-

le grains (G10, 11, perhaps 20), or by sub-millimetre-

(G1). All sections contain Fe-rich pyroxene and accessory, commonly percent level Fe-

‘Ti-oxide, individual sections are specked in biotite (G20) or green and greenish brown
hornblende (G2), and the dioritic sections are specked in apatite (G1, 20), the charnockitic

one at the percent level. The Fe-rich leucogabbroid and dioritic sections exhibit aggregate

SPOs. The charnockitic monzodiorite section also contains optically continuous, c

than-matrix, irregularly-shaped pyroxene oikocrysts (OCCIPO), that striking feature

des west of Barth

ribed above for the Fe-rich antiperthitic diorites amongst the gneis

Island and common to the F

ich diorite and gabbroic rocks of the Barth Concentri

Plutonic Suite

Immediately west of the Barth Concentric Plutonic Suite north of Nain Bay is a

poorly exposed, several 1o five hundred metre-thick north-trending belt of highly

deformed mafi

11 2005), described at least in part by Ryan (2001) as

gneiss (Gal

foliated leuconorite, similar to the “stratigraphically highest” part of the layered gneisses
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st of Barth Island. Neither Ryan (2001) nor Gaskill (2005) observed any.

contact of the gneiss.

“Thin-sections of two samples from the gneiss belt taken at the same latitude and

less than 200 m apart are of gabbroid (mesocratic variety; G54) and pyroxene anorthosite

(GS5). The gabbroid section is dominantly ~sub-millimetre-grained, consists of

gregates in an equigranular, equidimens

preferentially oriented pyroxene a

matrix of plagioclase and accessory quartz, exhibits a pyroxene lattice preferred
orientation (LPO), and contains percent biotite as diversely oriented grains, most of which

are never the le:

ligned with the pyroxenc aggregate SPO. The pyroxene anorthosite
section is borderline leucogabbroid, dominantly lower millimetre-grained, with

plagioclase strained and evidently reerystallised and locally oceurring as domains of sub-

illimetre-scal i lar grains, s specked with Fe-Ti-
oxide, and contains minor biotite.

On the western side of the gneiss belt north of Nain Bay is the circa 20 km wide

Mount Lister pluton of white to pale grey weathering, coarse and very coarse grained,

anorthosite and leuconorite, the description of which conveyed here being that of Ryan

of the Mount

oclas

(2001). The pl er pluton is fractured, evidently recrystallised,

s less

and is of maximum obscrved length greater than 1 m. Orthopyroxene app
reerystallised than plagioclase, exhibits kinked cleavage planes, is locally surrounded by

vims of amphibole and biotite, and in the very coarse grained rock occurs as

ximum observed

suboikocrysts'” of ngth greater than | m associated with aggregates

1" Suboikocrystic indicated by Ryan (2001 p. 134) as “intercumulus habit.. partly enclos{ing] plagioclase™




of ilmenite and lesser apatite. The Mount Lister pluton exhibits diffuse modal layering

defined by alternating pale grey to white anorthosite and grey leuconorite and on such as

scale as to be most conspicuous from a distance. A deformed and recrystallised border

zone of several to five kilometres thickness

s has foliation defined by pyroxene SPOS i

leuconorite and, where manifst, plagioclase SPOs in the anorthosite.

Very similar thin-sections of two samples rock taken at a site ostensibly underlain

by the Mount Lister pluton are of dominantly sub-millimetre-grained, equidimensional-

‘eranular biotite-opaque mineral(s) pyroxene-rich antiperthitic diorite. No entries exist for

these samples in the notes inherited from Gaskill (2005), but obviously they do not

represent the coarse and very coarse-grained anorthosite and leuconorite characteristic of

the Mount Lister pluton. As antiperthitic diorites with Fe-rich pyroxene and at least five

) Fe-Ti-oxide, these rocks are similar to those dioritic of the Fe-rich

percent (possible
clan of the Barth Concentric Plutonic Suite. However these sections differ by containing a

this study. that of plagioclase

relatively high percentage of biotite and a texture uniqu

invariably bearing centamicron-scale and finer, facially developed pyroxene inclusions.

The identity of the opaque minerals could not be determined since one thin-section is unpolished and the

other covered, and the grains too fine to determine the colours of or affect a magnet
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igure 2-1 - Evidently the final geological map of the Barth Concentric Plutonic Suite by
de Waard and his Nain Anorthosite Project group studying the Barth (Rubins, Mulhern,
Levendosky; de Waard 1976 p. 295). Red lines represent “intrusive contacts”. Unit labels
(e.g. olg) as per Figure 1-2.
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. Sample sites are located in one of two places with respect to rock type labels:
1. Atthe centre of the first alphanumeric character in the label text;
2. If emanating a thin black line, at the other end of the line
Coloured correspond to rock types in the “Legend” on the next page.
Label texts of “X” represent unmodified rock type names, e.g. a light purple box
containing *X” reads “leucotroctolite.
Label texts use the mineralogical abbreviations used in Appendix C and listed
in the “Legend”, e.g. F for olivine, MPr for mesoperthit
Mineral abbreviations preceded by " are for accessory minerals in which the
sample i rich, e.g. a medium blue box with text “rF” reads “olivine-rich gabbro.”
Mineral abbreviations not preceded by “r" are for accessory minerals the rock
type name should be modified by, indicating abundances greater than 5% but
no more than 20%, .g. an orangish red box with text “F” reads “olivine norite,”
and a medium cyanic green box with text “OxPx’ reads ‘Fe-Ti-oxide,
pyroxene-ich diorite-correlative gabbroid.”
Mineral abbreviations are listed before other abbreviations that may be
necessary to indicate rock type, e.g. a pink box with text “FaPxch” reads
“fayalie-pyroxene chamocic ranite,” @ medium green box with text PxMPr”
reads ‘py and itic diorite.”
Square brackets are used to group similar accessory minerals as described in
Section 1.1, e.q. the text “[IM]" reads “ilmenite and magnetite combined,” a
medium brown box with text “I[BHIF" reads ‘ilmenite, biotite and hornblende
combined, olivine gabbronorite” (but is written “ilmenite-[biotite-hornblende-
olivine gabbronorite”). Due to space limitations, round brackets are not used in
rock type labels, thus mineral modifiers are listed in order of possible increasing
abundance, thus “I[BH]F" indicates ilmenite < biotite and homblende combined
< olivine. Appendix C contains the estimated relative abundance of accessory
minerals per thin-section.
Mineralogical abbreviations preceded by “n" are for mineralogical features not
present in that particular sample but otherwise present in that rock type, €.g. a
medium green box containing text “nAPr” indicates that the diorite actually does
not contain antiperthite:
. 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,
a medium green box with text “Pxt{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
addition to antiperthitic”.
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Figure 2-2 - Instructions for reading rock types off maps in Figures 2-2A, B, C.
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ultramafic rock: “d"unite
roctolite (mesocratic variety)

Fe-rich gabbroid (meso.):
“gabbro, “nor’ite

antiperthitic melanodiorite

chamockitic monzodiorite (meso.)
charnockitic leucomonzodiorite
charnockitic monzonite (meso.)

charnockitic leucomonzonite A, apatite m, .

AP, antiperthitic M, magnetite

B, biotite MPr, mesoperthitic

C, clinopyroxene O, orthopyroxene

F, olivine Ox, Fe-Ti-oxide

H, homblende Px, pyroxene

HYP, hypersolvus Pg, opaque mineral(s)

— ~ 1, iimenite Q, quartz

leucotonalite / “ch*amockitic LCP, light green  light pink pleochroic

“g"ranodiorite (Meso.)  pyroxene

Figure 2-2 - Legend for Figures 2-2A, B, C. (Left) Rock type legend. */" indicates that
of that color correspond to cither one of two rock types. Quotation marks around
letters (c.g. “gab”) indicate specific details or identifiers that are used as appropriate.

(Right) Mineralogical legend, as per Appendix C.
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Nain Bay

2km

Figure 2-3 ~ Structural measurements taken from in and around the Barth Concentric
Plutonic Suite. Measurements followed by: * from Gaskill (2005), with plain structural
symbols represeting igneous layering; ** from de Waard (1976) representing igncous
layering or foliation; *** for Levendosky (1975) representing unspecified structural
feature from Mulhen (1973) representing unspecified structural features.
Structural symbols not followed by asterisks from present study, with symbols without
dip ticks representing trends (approximate) strikes, arrowed symbols representing
foliations, symbols with triangular dip ticks representing igneous layering, and symbols
with circled centres representing aligned plagioclase phenocrysts / porphyroclasts.
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Histogram of dips

Figure 2-4 - Histogram of compiled dip angles for planar structures internal to the units
of the Barth Concentric Plutonic Suite, mapped in Figure 2-3.
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Plate 2-1 — Streak foliation in anorthosite. Immediately south of the Barth Concentric
Plutonic Suite, northwest of “big pond”. Foliation oriented 055/69N. Lens cap diameter =
6 cm. Photo G, station 150.

uite,

6 cm. Photo F22, station 98.



Plate 2-3 — Millimetre to centimetre-scale thick, wispy, undulatory, variably sharply
bound, leuco- to melanogabbroid layers in anorthosite. South of the Barth Concentric
Plutonic Suite, southeast of “big pond”. Lens cap diameter = 6 cm. Photo E2, station 90

RS/, ‘
.

Plate 2-4 - Plagioclase exhibiting facial development against minor quartz inclusions
‘Thin-section H152 of metaleucogabbroid, from south of the Barth Concentric Plutonic
Suite, immediately southeast of “big pond”. XPL, image width [horizontal dimension] §
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Plate 2
anorthosite, perhaps as a result of syn
Concentric Plutonic Suite, northwest of “big pond!
station 151

~ Gabbroid truncating at a high-angle streak foliation of plagioclase-phyric
nagmatic faulting. South of the Barth
Lens cap diameter = 6 cm. Photo Gd,

Plate 2-6 — Inward tapering apparent apophysis of gabbroid into a two metre thick tabular
body of anorthosite. South of the Barth Concentric Plutonic Suite, east of “big pond”. Pen
length = 14.5 em. Photo D15, station

17



Plate 2-7 - Plutonic breccia consisting of elongate blocks of anorthosite in a matrix of
relatively Fe-Ti-oxide-rich gabbroid. South of the Barth Concentric Plutonic Suite, cast of
big pond”. Hammer length = 90 cm. Photo E4, station 86,

oxide-rich gabbroid.
Hammer length = 90

ively Fe

Plate 2-8 - Faulted anorthosite block in a matrix of rek
S big pond

South of the Barth Concentric Plutonic Suite, cast of
em. Photo ES, station 86,




Plate 2-9 — Amocboid composite ilmenite-magnetite grains enclosing more or less equant
and moderately elongate chadacrysts of plagioclase and pyroxen section H122 of
(Ilm-Mag)-rich metamelanogabbroid, from south of the Barth Concentric Plutonic Suite,
northwest of Akpiksai Bay. RL, image width § mm

Plate 2-10 - Relatively Fe-Ti-oxide-rich gabbroid bearing blucish plagioclase phenocryst
exhibiting facial development. Handsample H161 from south of the Barth Concentric
Plutonic Suite, west of Akpiksai Bay.
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Plate 211 - Relaiively Fe-Tioxide-rich gabbroid bearing blucish _plagioclase
phenocrysts exhibiting facial H142, d as lim
Mag-rich melagabbronorite, from south of the Barth Concentric Plnlomc Suite, east of
“big pond”.

Plate 2-12 - Relatively Fe-Ti-oxide-rich gabbroid exhibiting aggregatc shape preferred
orientation. HIS0, th d as [(1lm-Mag)] from south of
the Barth Concentric Plutonic Suite, between “big pond” and Akpiksai Bay.
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Plate 2-13 — Northeast-trending dyke of relatively Fe-Ti-oxide-rich gabbroid hosted by
leucogabbroid. South of the Barth Concentric Plutonic Suite, on northern slope of valley,
opposite Nain Hill. Lens cap diameter = 6 cm. Photo HS, station 167.

Plate 2-14 — Modally layered “average™ gabbroid of the mixed association interleaved
with relatively Fe-Ti-oxide-rich gabbroid (dark blueish), perhaps representing igneous
layering formed by differentiation or perhaps representing intrusion of dykes (sills,
rather). South of the Barth Concentric Plutonic Suite, between “big pond” and Akpiksai
Bay. Pen length = 14.5 cm. Photo E7, station 83.




Plate 2-15 — Modal layering in gabbroid exhibiting strong aggregate SPO. Immediately
south of the Barth Concentric Plutonic Suite, north of the mouth of Akpiksai Bay. Pen
length = 14.5 cm. Photo D4, station 49.

Plate 2-16 - Millimetre to decimetre-scale modal layering in overall mesocratic gabbroid,
with layers more or less sharply bound, of various continuity, commonly tapering and
swelling, some terminating abruptly. South of the Barth Concentric Plutonic Suite, west
of Akpiksai Bay. Lens cap diameter = 6 cm. Photo 120, station 174,
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Plate 2-17 ~A lense-shaped block or xenolith of coarser mesocratic rock (upper right)
sandwiched between subvertical modal layers of overall mesocratic gabbroid. South of
the Barth Concentric Plutonic Suite, west of Akpiksai Bay. Nain Hill in background
Hammer length = 90 em. Photo 122, station 174.

Plate 2-18 — Western terminus of lense-shaped block sandwiched b
modal layers of overall mesocratic gabbroid. South of the Barth Co
Suite, west of Akpiksai Bay. Lens cap diameter = 6 cm. Photo 121, stat

ween subvertical
entric Plutonic
n |
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~ Fayalite concentration (bright colours) in IIm-Px antiperthitic diorite. Thin-
section G204 from west of the Barth Concentric Plutonic Suite, islet west of Barth Island.
XPL, image width 8 mm.

Plate 2-20 — Three individual optically continuous,
shaped, pyroxene oikoerysts (OCCIPO) in [(lm-Mag)] Px-rich
section G2121 from west of the Barth Concentric Plutonic Suite, islet west of Barth
Island. XPL, image width § mm
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Chapter 3 - Geology of the Barth Concentric Plutonic Suite

3.1 Outer contact of the Barth Concentric Plutonic Suite
Note that the term “sheet” s used here as a general term to refer to any sheet-like body
(e.g. layers proper,' dykes, intrusive splays) and the term “interleaving” is used here as a

general term to refer to any alternation of distinet sheets. Thy

rms “interlayering” and

“layering” are not used here except to refer to alteration of sheets evidently layers

proper, although “layering” is retained in some direct quotat

B

3.1.1 Outer contact of the Barth Concentric Plutonic Suite south of Nai

The earliest description of the outer contact of the Barth Concentric Plutonic Suite south

of Nain Bay is that of Rubins (1973) who stated that the contact between anorthogabbroic

country rock and the Fe-rich diogabbroic predominancy” of the Barth is difficult to define
because although the rock types are always in sharp contact they are commonly

in character” (p. 20, 1). The

ed over 10 m “without a truly gradual chany

interlea

present author located such occurrences of interleaving, described below. Overlooking

Akpiksai Bay, however, interleaving becomes absent and the contact precise (Rubins

1973). The present author did not manage to locate in the field the exposed contact

" Le. layers formed by differentiation

* Of course Rubins (1973) did not use the terms “anorthogabbroic™ and “Fe-rich diogabbroic

predominancy” (he used “anorthosite™ and “noritic zone”) but the practice is followed here that when
conveying previous work, bodies of rock referred to by previous authors are referred to according to present

usage.



overlooking Akpiksai Bay, and found that midway along (at and near metagabbroid
sample H109) gabbroic rock and Fe-rich diogabbroic rock looked confusingly similar,

me

being of similar grainsize (average 1 mm) in this area. Gaskill (2005) described the

arca midway along as underlain by interleaved anorthogabbroic and Fe-rich diogabbroic

rock, with the slightly north-of-cast-trending fabrics of both roc]

parallel the long axes

of the interleaved bodies. The present author observed that to the east-northeast (at and

near gabbro sample H105) gabbroic rock and Fe-rich diogabbroic rock are readily

distinguishable but the contact is covered.

The Fe-ri

h predominancy near the contact overlooking the head of Akpiksai Bay
(near and tens of metres east of pyroxene-rich antiperthitic diorite sample H107) contains

centimet

scale thick apparent dykes of mesoeratic, apparently gabbroic rock of

multimillimetre and perhaps lower centimetre grainsizes, coarser than the dominantly
sub-millimetre-grained host (Plate 3-1). The apparent dykes trend approximately 30° and
are thus discordant to the approximately 66” trending SPO of the host, and are bound by
irregularly shaped and variably diffuse contacts. No dykes were observed actually
emanating from the anorthogabbroic rock into rock of the Fe-rich predominancy, and the
irregular and diffuse contacts of the apparent dykes above Akpiksai Bay may constitute
evidence that the bodies are locally derived pegmatitic segregations.

Two other occurrences of apparently gabbroic apparent dykes occur within the Fe-
rich predominancy near the contact, although these bodies are more sharply bound and

finer than the speculative pegmatitic segregations, though still coarser than host Fe-rich

diogabbroie rocks. One occurrence is approximately 200 m south of the western lobe of

“left eye pond”, approximately 50 m north of the contact as marked in Figure (2-4),



immediately north of a valley probably underlain by the Barth Concentric Plutonic Suite

contact. Here, massive Fe-rich diogabbroic rock hosts an cast-trending apparent dyke of

maximum thickness 20 ¢m consisting of mesocratic, apparently gabbroic rock, 1 to 2
mm-grained. The apparent dyke bifurcates westward, has wavy contacts, and contains
relatively melanocratic portions, some of which might be partially digested host
fragments (Plate 3-2). The other occurrence is approximately 100 m to the west-
southwest, within 10 or 20 m of the contact, and consists of tapering bodics (apparent
dykes) of mesocratic, apparently gabbroic rock locally bearing millimetre-scalc to 1.5 cm

thick mafic segregations, hosted by Fe-rich diogabbroic rock also bearing similarly thick

mafic segregations as well as a 40 em thick zone with variably blucish, millimetre-scale
10 2 em diameter plagioclase phenocrysts at perhaps 10%. The boundaries of the largest
apparent dyke, the mafic segregations, and the relatively phenocryst-rich zone are grossly

concordant in trend at 90°. Perhaps these apparent dykes represent scgregations or

amalgamations of interstitial melt that have intruded from within. Or perhaps they are
actually dykes intruded from without, perhaps from some of the same magmas that
erystallised gabbroic rock adjacent to the Barth Concentric Plutonic Suite. An outcrop

supportive of such an interpretation occurs 150 m northwest-west of the latter described

apparent dykes, approximately 100 m west of a northward jog in the contact as mapped,

within 20 m of the contact on the anorthogabbroic (south) side (Figure 2-4). Here, a ler
shaped apparent xenolith almost 20 em long of apparently Fe-rich diogabbroic rock is
hosted by “average™ gabbroid locally exhibiting an ASPO trending 70° with which the
clongation of the xenolith is concordant in trend (Plate 3-3). Alternately, the lens-shaped

body may represent a tube of Fe-rich diogabbroic magma injected from the north.



Another possible oceurrence of Fe-rich diogabbroic magma having intruded rock

o the south underlies the prominent hill directly east of Pikaluyak Cove, within several
decametres of the contact. Here, a lower decimetre-scale thick dyke of brown, sub-
millimetre-grained though phaneritic rock trends 115° within anorthosite exhibiting an
ASPO of trend oblique to the dyke (Plate 3-4). The dyke seems to exhibit a contact-
parallel alignment of crystals, perhaps a flow alignment or an alignment caused by
tali

channel contraction concomitant with cr tion shrinkage. Rubins (1973 p. 21) made

a similar observation somewhere along the contact, that of leuconorite intruded by a dyke

of fine- to medium-grained norite (which is what he described the Fe-rich predominancy

of the Barth Concentric Plutonic Suite as).

West of the deep incision immediately northwest of Akpiksai Bay, the contact can
be located to beneath a strip of cover several metres wide immediately southeast of the
small pond southeast of the “left eye pond”. Bordering the thin strip of cover to the south
is a steep outcrop of anorthogabbroic rock bearing the casternmost sharply-bound
anorthosite pod described in Section 2.4.1.1. Southwest of the anorthosite pod, adjacent to

the northern portions of the interpreted bowtie shaped anorthosite body, relatively Fe-Ti-

oxide-rich rock oceurs of such appearance as to resemble both Fe-rich diogabbroic and

relatively Fe-Ti-oxide-rich gabbroic rock, although unambiguous occurrences of cach

oceur immediately to the north and south, respectively
To the west, seven tenths of the way between the northwest comer of Akpiksai

Bay and the “big pond”, the contact is exposed and appears to consist of Fe-ri

diogabbroic rock interleaved with (coarser) multimillimetre-grained, relatively F

oxide-rich, modally layered gabbroid, with individual interleaved bodi

ranging in
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thickness from the sub to at least the deci cale (Plates 3-5, 6)
Interleaved bodies and modal layering are apparently concordant with both dipping
steeply northward. Upon thin-sectioning. a sample (H134) of what was though to be Fe-

rich diogabbroic rock tumed out to be (ilmenite-magnetite)-orthopyroxene gabbro,

dominantly  sub-mill I and of I
texture—apparently a recrystallised relatively Fe-Ti-oxide rich gabbro. Interestingly,
orthopyroxene in the section occurs only, or at least almost entirely, in a pair of
millimetre-scale diameter norite patches within host gabbro perhaps bearing minor if any

orthopyroxene. Perhaps the patches represent xenoliths not unlike the millimetre-scale to

1 or 2 em diameter inclusions of Fe-Ti-oxide rich rock locally present in interleaved
bodies of apparent Fe-rich diogabbroic rock. Perhaps the coarser rock is actually Fe-rich
diogabbroic, perhaps one of the pioneer injections of Fe-rich diogabbroic magma into a
highly deformed and therefore readily reerystallisable (i.c. highly texturally unstable)

zone of relatively Fe-Ti-oxide-rich gabbroid, perhaps unusually coarse because it is a

pegmatitic variant, having assimilated enough volatiles due to a low intrusion-host ratio, a

ratio not to be matched by the main mass(es) of Fe-rich diogabbroic magma followir

Of

ourse such musings are pure speculation.

Approximately 175 m directly west the contact between the Fe-rich predominancy
and the anorthogabbroic rocks is covered but can be constrained to within decimetres and
determined to trend 78", Near the contact on the anorthogabbroic (south) side, occurs a
lower decimetre-scale thick body of rock with a 1 to 2 mm-grained mesocratic matrix
bearing blue, blucish white, and white plagioclase phenocrysts at perhaps 50% or more

and as coarse as 15 cm long, sharply bound to the north by unfoliated “average™ gabbroid,
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perhaps leucogabbroid, dominated by roughly equigranular white plagioclase grains the
coarsest of which are blueish and facially developed, and grading to the south into rock
se (Plate

resembling the north-bounding gabbroid but more mafic and with bluer plagioc!

3-7). Plagioclase phenocrysts are characteristically blue in the Fe-rich clan of the Barth

Concentric Plutonic Suite, and blue plagioclase cores and apparently and actual

phenocrysts are characteristic of anorthogabbroic rocks south of the Barth Concentric

Plutonic Suite west of and including the variably Fe-Ti-oxide-rich gabbroid association,

so plagioclase colour provides no discriminant here. That plagioclase erystals are more

commonly blue and bluer and on average coarser in the highly porphyritic body is

evidence that the rock to the north is not merely a more compacted variant of the rock to

the south. Perhaps the rock to the south, cither one or both of the highly porphyritic body
or the rock it grades into resembling “average™ gabbroid, represents a pioneer intrusion of
a or the magma that

relatively Ferich magma: cither Fe-rich diogabbroic may

h

erystallised the relatively Fe-Ti-oxide-rich gabbroid. Assuming that the relatively Fe
magma intruded from below, it is plausible that a build up of floated plagioclase would

accompany the first upward transport of host magma. Although relatively Fe-rich magma

was probably denser than its surroundings, upward and lateral emplacement may have
still oceurred by squeezing caused by crustal deformation (i.e. volume-constrained

magma redistribution in o dynamic crust; imagine o test the response of a pocket of

water within a deforming mass of modelling clay). Even if the relatively Fe-rich magma
intruded from above or laterally, it is plausible that flow entrainment could transport

plagioclase aceumulated prior to chamiber rupture by boundary layer erystallisation at the

location of eventual pioneer magma.

130



At the same location, at most 60 cm from the contact on the Barth Concentric
Plutonic Suite (north) side, Fe-rich antiperthitic diorite bears an apparent xenolith of

gabbroid perhaps 10 cm in diameter (Plate 3-8), apparent in th the

nse that perhaps

body,

slightly relieved from the outcrop surface, is an erosional remnant of a dyke or

ection (H130) of the xenolith contact c ilmenite-

segregation. A thin-

ists of magnetit
specked antiperthitic metadiorite (host) about quartz-specked metaleucogabbroid. Both

cor

ist of sub-millimetre and lower-millimetre grains, the xenolith section dominated by

the latter. Both sections appear recrystallised, with plagioclase equant or irregular in

shape with iregular boundaries in the xenolith section, and plagioclase and relict

more or less equi lar in the host. The

xenolith section is more altered than the host, the difference between no relict mafi

d plagioclase and relict clinopyroxene and relatively unaltered
plagioclase. A variety of alteration minerals are present in both seetions, although biotite
and green homblende in the host might be primary. Unlike any thin-sectioned

anorthogabbroic rocks surrounding the Barth Concentric Plutonic Suite, which are

apparently quartz fiee, the apparent xenolith of metaleucogabbroid —contains

approximately 5% quartz, making it suspect as a xenolith representative of any of these.

Aliernately, perhaps the quartz is secondary.

Ryan (2001 p. 144) described the contact underlying the prominent hill directly

east of Pikaluyak Cove (and immediately northwest of “big pond”) as consisting of the

F fis of massive to foliated anorthositic

ich clan abutting leuconorite and including *r

ed ferrodiorite like that on the hillside to the south”. The

rock as well as coarser g

author examined the same contact and observed the following, First, the “coarser




grained ferrodiorite on the hillside to the south” is actually gabbroid, one thin-section of
which (H139) consists of (ilmenite-magnetite)-specked gabbro. At the centre of and near
the castern limit of the area outlined by the 500 ft contour finer Fe-rich diogabbroic rock

of

and coarser average gabbroid appear to be interleaved. The castern oceurrence cons

non-foliated gabbroid sharply contacting Fe-rich diogabbroic rock (Plate 3-9) exhibiting a

SPO trending 93°, concordant in trend with the long axes of interleaved bodics. The
central occurrence is more ambiguous, with some contacts perhaps gradational, and
differs also in that the interleaved bodies trend northeast, concordant in trend with a weak
aggregate SPO present in the gabbroid (Plates 3-10, 11). One gabbroid body here is at
least 5 m thick. The author regrets that none of the interleaved bodies underlying the hill
were thin-sectioned and accordingly their designations as cither gabbroid or Fe-rich
diogabbroic rock must be considered tentative, especially since at another appearance of
interleaving to the east along the contact (described below) what had been decmed Fe-
rich diogabbroic rock in the field was discovered upon thin-sectioning (o be non-

mineralogically Fe-rich gabbroid® (H134).

* Recall from Section 1.2 that in this work rocks are referred t0 as Fe-rich only if they are mineralogically

Fe-rich, considered here 1o mean bearing ferrosilitic or hedenbergitic pyroxene + fayalitic olivine. Some
‘gabbroids, such as those of “the variably Fe-Ti-oxide-rich gabbroid rock type-suite” described above (to

which the interleaved gabbroid referred to belongs) are indeed modally Fe-rich, containing relatively

abundant Fe-Ti-oxide, but do not contain c nd

referred to as Fe-rich,
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Gaskill (2005 p. 57) described the contact at roughly the same location as

bordered to the south by “anorthosite™ * bearing dykes of Fe-rich diogabbroic rock, and to
the north by foliated Fe-rich diogabbroic rock bearing metre-scale xenoliths of

“anorthosite that become abundant near the contact (thereby corroborating the “rafis” of

s of leuco

Ryan [2001]). The xenoliths are associated along strike with patche rock,

upper - milli le to lower-centimetre-grained, which appear to grade into

etre-

surrounding Fe-rich diogabbroic rock bearing concentrations of thin, relatively Fe-Ti-

oxide-rich layers adjacent the patch edges. To the cast of this location the contact

and parallels the fabrics of the two bounding rocks (Gaskill 2005)

‘The contact passes from the centre of the area outlined by the 500 ft contour
through the southwestern portion of the area where the contact seems to have an irregular,
interlobate shape on the scale of metres and perhaps tens of metres. This inference of

shape comes from the observation that as the present author tried to follow the contact

southwest he encountered anorthosite, at perhaps 75% of outcrop and locally bearing

northeast-trending ASPO, sporadically interrupted by outerops most of which resemble

h

verage” gabbroid though commonly finer, the rest of which resemble typical Fe:

rained, mesoc

diogabbroic rock. One outcrop consists of largely upper millimetre

gabbroic rock with the coarsest plagioclase variably blucish, separated from apparently

¥

rich diogabbroic rock by an approximately 30 em thick, sharply bound body of colour

index intermediate between the two boun

@ rocks and of grainsize equal that of the

* In this case, the present author does not know whether Gaskill (2005) is using “anorthosite” in the IUGS.

sense or in the loose sense commonly employed by authors discussing the NPS.



apparently Fe-rich diogabbroic rock, though perhaps locally slightly coarser adjacent the
gabbroic rock (Plate 3-12). Perhaps the intervening body and the apparently Fe-rich
diogabbroic rock represent separate emplacements of Fe-rich diogabbroic magma, one

later than the other.

3.1.2 Outer contact of the Barth Concentric Plutonic Suite on Barth Island

Only Ryan (2000, 2001) and Gaskill (2005) have described the outer contacts of the Barth
Concentric Plutonic Suite underlying the castern part of Barth Island and the islet to the

west and the consensus is that the contacts are sharp.

Specifically, of the castern contact, Ryan (2000) stated that sub-millimetre-

le alka

grained Fe-rich diogabbroic rock b

feldspar is in

ring streaky trains of pos

dircet contact with grey leuconorite, Ryan (2001) that the sharp contact is exposed and

not associated with any evident thermal metamorphism, and Gaskill (2005) that weakly

foliated Fe-rich diogabbroic rock is in sharp contact with weakly foliated anorthosite.

Furthermore, Gaskill (2005 p. 59) stated that the Fe-

ich diogabbroic rock bears podlike

patches of charnockitic rock clongate parallel to the contact, and that patches of

“pegmatitic” gabbroic rock are also “present”. The unpublished, more detailed map of
Ryan (2000, 2001) and the map of Gaskill (2005) both show the contact as approximate:

to the north and as defined to the south (Figure 1-2A), therefore we may assume that their

descriptions

of the southern part of the contact where it is exposed.

Specifically, of the western contact, Ryan (2000) stated that F

rich diogabbroic

rock rests on gneisses (described above), Ryan (2001) that the contact is sharp, and




Gaskill (2005) that the contact is sharp and concordant in strike with the foliation in the

adjacent gneiss and Fe-rich diogabbroic rock.

3.1.3 Quter contact of the Barth Concentric Plutonic Suite north of Nain Bay

iptions of the outer contact north of Nain Bay are mostly of the castern part of the

contact, underlying Webb Neck. The carliest description of the contact here is that of

Rubins (1971 p. 39) who stated that “anorthosite direetly east [of the Barth Concentric
Plutonic Suite] in Webb Neck” has strong phase layering,” with [layers] of olivine-

bearing mafic and leucocratic anorthosite and occasional pyroxenite alternating a

considerable distance castward” and that at least some of the rock here is strongly
deformed, as evidenced by sheared and crushed individual grains and strongly warped
sheets.

De Waard and Mulhern (1973 p. 73) state that the “anorthositic™ rock within a few

hundred metres” of the contact bea

aggregates of pyroxene highly elongate parallel to

the contact, no doubt the same aggregates described by Gaskill (2005) as being of

ma

um observed length 50 em. Further out the pyroxene aggregates or grains are

" denotes

*To be sure, McBimey (1993 p. 181) stated that the term “phase layerin ervals defined by the

istent with Rubins® (1971)

erystalli

presence or absence ofa

par qu

deseription. The present thesis project has taught the author that it is necessary practice to cross-check the

definition of terms encountered, especially those in older works. Such a practice is not a sign of disrespect

© De Waard and Mulhern (1973 p. 73) actually said “as fir away as 1.5 km from the troctolit”, a distance

0 more than 200 m according 1o both ap and the present compilation (Figure 1.2),
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round and of maximum observed diameter 10 cm (Mulhern 1974). To the west,
“anorthositic” rock grades into “layered” leuconorite as the elongate aggregates “become™

concentrated as “mafic” sheets alternating with anorthositic sheets and increasing in

abundance until the rock is entirely “leuconorite”, homogeneous and finer than the rocks

further out (de Waard and Mulhern 1973 p. 73). Mulhern (1974) added that the sheets are

as thick as halfa metre.”

Gaskill (2005) similarly described sharp interleaving underlying two arcas along

the contact roughly a kilometre apart. The first area, directly east of the head of the small

bay south of Webb Neck, is underlain of the Barth Concentric Plutonic Suite by Fe-rich

gabbroid of the outer Fe-rich predominancy. To the east, the Fe-rich gabbroid becomes

interleaved with relati oarser and more

ely melanocratic Fe-rich gabbroid, and becomes
leucocratic until the relatively melanocratic gabbroid is interleaved with anorthosite.

adational

Restated by the present author, Gaskill (2005) described the contact here as

between Fe-rich gabbroid and anorthosite though interrupted by sharply bound sheets of

ic Fe-rich gabbroid. Assuming this description is accurate, perhaps
the Fe-rich predominancy of the Barth Concentric Plutonic Suite at this location was
emplaced westward as amalgamations of interstitial melt drained from the anorthosite (cf:

-rich

slic et al. 1994), the gradational contact then intruded by relatively mafic,

Note that de Waard and Mulher (1973) and Mulhern (1974) only state that they are describing the

northeaster contact, not specifically that part underlying Webb Neck. However, given that Rubins (1971)

and Gaskill (2003) do specify that particular location and provide similar descriptions as de Waard and

Mulhern we may assume that they are all describing the contact underlying Webb Neck.
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magma generated elsewhere. Note that the basis of stating that the relatively melanocratic

sheets consist of Fe-rich gabbroid is one supposedly exemplifying sample (G151), a thin-

section of which consists of biotite-specked Fe-Ti-oxide Fe-rich gabbroid, dominantly

lower millimetre-grained. The sample was taken of a sheet bound by (non-relatively

tic) Fe-rich gabbroid of the Fe-rich predominancy (as opposed to anorthosite

melanoc

A thin-section of a sample (G146) of Fe-rich gabbroid of the Barth Concentric

Plutonic Suite at this location is dominantly lower millimetre-grained, though with

perhaps 20 or 25% upper millimetre-scale grains, and bears percent level Fe-Ti-oxide,
possible minor quartz, and evidently recrystallised plagioclase exhibiting a SPO, an

SPO, and a LPO.

‘The sheets of relatively melanocratic Fe-rich gabbroid, whether dykes or layers

ion in the Barth Concentric Plutonic Suite, those that are

proper, qualify cither for inclus

bound by rock of the Fe-rich predominancy, or for tentative status as satellte she

ive determinations of

Tentative, because no de

those that are bound by anorthosit
rock type have yet been made for any relatively melanocratic sheets bound by country
rock anorthosite. Any such sheets that are discovered not to be of a rock type similar or

related to one found in the Barth Concentric Plutonic Suite will disqualify for satellite

status (Section 2. near end).

ed by Gaskill (2005) is

The contact underlying the more northerly arca de
similar to the contact underlying the more southerly area, with the Fe-rich predominancy

interleaved with relatively

c Suite 1o the east becomin

of the Barth Concentric Pluton

melanocratic rock and becoming coarser and more leucocratic until the relatively

. No definitive rock type determinations

melanoeratic rock is interlayered with anorthosi
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have been made for the melanocratic layers at this location and we may only speculate
that at least some of them are of Fe-rich rock, those that arc thus qualifying cither for

inclusion in the Barth Concentric Plutonic Suite or for satellite status. A thin-section of a

sample (G84) of the outer Fe-rich predominancy of the Barth Concentric Plutonic Suite

near this location consists of pyroxene antiperthitic leucodiorite, dominantly lower

ined, apatite-specked, bearing percent level combined ilmenite and

tite, with strained and partially recrystallised plagioclase.
Ryan (2001) stated that the mapped contact underlying Webb Neck is concordant
with foliation in the anorthosite. G

kill (2005) expands on this statement, stating that at

both locations described by him, the contact, interleaving, clongation of aggregates, and
SPOs in the Fe-rich predominancy and anorthosite are all more or less parallel, cither
dipping vertically or steeply to the west.

Contrary to the descriptions above, Wallace (1986 p. 10) stated that “the... [Fe-

rich predominancy]-anorthosite contact on the astern north mainland... appears to be

castward to more mafic

gradational, with composition changing from pale anorthe
pyroxenc-rich [Fe-rich diogabbroic rocks] westward. This transitional contact outcrops
entirely, with no apparently abrupt lithologic changes...” Wallace (1986 p. §) may have
nonetheless noted the interleaving described by others, stating that “the [Fe-rich

northo

ts with

ic

predominancy] may show well-defined layering close to the cont
rocks”. Indeed this statement may alternately or additionally be referring to interleaving
along the contact south of Nain Bay, or perhaps actually an increase in the presence of or
the modal or grainsize magnitude of layering near the outer contacts, something not

described by others,
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Approximately 300 m west of the midpoint between the two areas detailed above,

numerous anorthosite xenoliths, the two largest of which are several decametres in
diameter, oceur within the body of charnockitic rock intervening between the inner and
outer members of the Fe-rich predominancy (Gaskill 2005). Two anorthosite bodies of

more substantial scale occur within the Barth Concentric Plutonic Suite, one within the

northernmost outer member of the Fe-rich predominancy, underlying the southern slope
of the prominent hill immediately west of Sachem Bay, the other within the inner member
of the Fe-rich predominancy, immediately northwest of the triangular pond southwest of

h

the head of Sachem Bay. The map pattern of the northern body and surrounding
predominancy suggest that the body is a pendant relieved above a south-sloping floor,

whereas the elongate, concentrically disposed geometry of the southern body is more

ambiguous, perhaps a dyke, xenolith, or roof pendant. A thin-section (G47) of the

clongate body consists of non-Fe-rich antiperthitic metadiorite, dominantly lower

millimetre-grained, ide-specked, with primary mafies having been completely

replaced by more or less fibrous masses of tremolite and blueish green amphibole and
substantially subordinate biotite, although some biotite may be primary.
Immediately west of Sachem Bay and cast of that part of the contact most

s in colour index and encloses

irregular in map pattern, the Fe-rich predominancy increas

“a few” xenoliths of “anorthosite” near the contact with apparently undeformed

anorthogabbroic rock (Gaskill 2005 p. 49) of the Halfway Point pluton. Of the contact

itself, Gaskill (2005 p. 49) only said that “it is unclear from the contact relationships

which is the older body”.



Immediately east of the prominent jog roughly one third of the way ast along the
northern contact and southeast of the small charnockitic satellite, the Fe-rich
s rafts of oikoer

predominancy enclo anorthosite similar to that of the adjacent

Halfiay Point pluton (Gaskill 2005).
West of the prominent jog, the contact between the Fe-rich predominancy and the
anorthogabbroic Contradictory pluton is not exposed (Gaskill 200), nor is the contact

between the Fe-rich predominancy and the north-trending belt of mafic gneiss

immediately west of the Barth Concentric Plutonic Suite north of Nain Bay (Ryan 2001,

Gaskill 2005).

[rock]

nally, in the centre of Barth Island occurs a “minor outerop of gnei

which may be relict country rock, the only known occurrence of gneiss within the [Barth

Concentric Plutonic Suite] " (Wallace p. 9).

3.1.4 Summary of the outer contact of the Barth Concentric Plutonic Suite
‘Where observed, the outer contact of the Barth Concentric Plutonic Suite, between the

outer member of the Fe-rich predominancy and anorthogabbroic country rock, cither

consists of sharp interleaving or a single sharp interface. Although there exists some

confusion as o what rock types are involved in the interleaving and how rock types vary

amongst interleaved sheets underlying Webb Neck, contacts defined by sharply bound

interleaved sheets of more or less disparate rock types are most plausibly interpreted as
e contacts. Thy

contacts defined by series of intr s, the rock type contacts delimiting

the Barth Concentric Plutonic Suite are also plausibly intrusive contacts. Accordingly, the

Barth Concentric Plutonic Suite is a plutonic perimetron (Section 1.5.3), which we may
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refer to as “the Barth concentrically structured plutonic perimetron”. An awkward name
perhaps, but informative and as aceurate as present knowledge allows. Future workers

may wish {0 use a more restrictive definition for the Barth concentrically structured

c, perhaps

plutonic perimetron, excluding evident xenoliths, pendants, and non-charnocki

much younger granitic dykes.*

‘The concept of a perimetron, that of a body defined by its perimeter, need not be

limited to bodies defined by intrusive contacts, plutonic perimetrons (Section 1.5.3). For

example, we may define a rock type perimetron as any body of rock bound by defined

rock type contacts, that i, contacts characterised by a distinet pair of bounding rock types

or rock type sets. Thus we could have designated the Barth Concentric Plutonic Suite a

etron without ever inquiring whether the rock type contacts that define it

rock type peri

s with

are also intrusive contacts. Further use and development of the perimetron concept i
hope and presumption left o future workers
For the sake of continuity, the Barth concentrically structured plutonic perimetron

will continue to be referred to here as the Barth Concentric Plutonic Suite.

3.2 Rocks of the Barth Concentric Plutonic Suite

3.2.1 Introduction

s of five rock-type predominancies each

The Barth Concentric Plutonic Suite ¢

composed of the sum of readily distinguished bodies dominated by similar rock types and

* Nonetheless, all definable plutonic perimetrons remain valid (by definition) and may be referred to as

need be.



meeting the criteria for inclusion in the Barth Concentric Plutonic Suite, chiefly

concentricdisposition and contiguity with ecach other or enclosure by bodies

concentrically disposed and contiguous (Section  2.3.1). The five rock-type

predominancies are, from the outermost in: 1) the Fe-rich diorite (color lato, hereafter

implied) and gabbroic; 2) the charnockiti

3) the Ol-gabbroic; 4) the non-charnockitic

granite; and 5) the Ol-free ic. The rock-type ies may be
thought of as the rough, natural, volumetric components of the Barth Concentric Plutonic

Suite. Each predominancy is very distinet from the others, being composed almost

entirely (as observed to date) of rock belonging to corresponding rock-type clans of the

same d contacts (as

me, and each is separated from others by more or less well-def

observed to date). As spatially distinet s the roc

type predominan

study is primarily based on several hundred point rock type data (Appendix C), and

because historically the f question of anorthosi plutonic suites

cems 1o be the genesis and emplacement of particular rock types (i.c. rock-type clans), it

seen

most appropriate to describe the Barth Concentric Plutonic Suite by rock-type
clans with mention of rock-type predominancies largely in describing the contact

relationships between those most apparent ma

estations of the rock-type cl

In some

ses it would be more or less equally appropriate (ic. contextually equivalent)

to say either one of “clans™ / “clan” or “predominancies” / “predominancy”, and in these
instances the author used intuition to choose one or the other

1t should be apparent to the reader that the difference between rock-type

predomin and rock-type clans is partly one of scale. Rock-type clans are defined

virtually independent of sale and include the smallest distinet mass

s that we may



s are defined as

describe as being of a particular rock type. Rock-type predominanc
‘groupings of more conventionally defined units, in the case of the Barth, large swathes
composed of similar rock type separated from bounding units of different predominancy
affiliation by more or less well-defined contacts, contacts that are cither plausibly
intrusive contacts or rock type contacts, or both simultancously

So effectively, this study approaches the Barth Concentric Plutonic Suite by

an be placed into five

recognising that the large, readily distinguished swath

egories

ng that the rock typ:

based on predominant rock type, while also recogni haracterising

and domina ributed more finely than just between

ng those swathes may be (are) di

swathes. In other words, that the obvious rock type distinctio

between the most readily
distinguishable (i.e. gross) volumetric components may be manifest on a finer scale. As

well, this study recognises that to talk about the most readily distinguishable volumetric

components, even though distinguished primarily by rock type, is different than to talk
about volumetric components of all scales distinguished exclusively by rock type, but that
it may nonetheless be useful and instructive to talk about both,

None of this is to say, however, that rock-type predominancies consist of

absolutely all rock within certain contact-bound regions shown on a map of a particular

s may be irregular on a fine scale

scale. OF course geologists recognise that unit boundari

or topologically complex in any given section. However, where do we stop delincating,

the Ol-gabbroic rock-type predominancy? If one day we achieve delineation of every

serap of Ol-gabbroic rock within the Barth Concentric Plutonic Suite then we will have

delineated the predominancy by rock type contacts exclusively and will have in effect

delineated the Ol-gabbroic rock-type clan. But as long as we define units by contacts that




are not necessarily rock type contacts our predominancies and clans can never match up.
As well, rock-type clans are comprised of all rock of certain types delincated or not,

known or unknown, whereas rock-type predominancies are defined as a function of

informal and formal mapping-to-date (i.c.

spatially di to date),

being delineated insofar as we have recognised and designated the boundaries — even if

we have imagined the boundaries lying beneath the bog.
Note that the Fe-rich and the charnockitic clans are both mineralogically Fe-rich

and are compositionally adjacent, with the former containing antiperthitic diorites and the

latter charnockitic monzodiorites, rock typ

parated in IUGS QAPF classification by

the boundary A:(A+P) = 0.1 (Le Maitre 2002). Thus, once the compositional limits of a
rock-type clan are specified,” bodies large and small of appropriate rock type may be
assigned as they are discovered. For example, volumes of charnockitic rock, defined and
undefined, located anywhere within the Barth Concentric Plutonic Suite belong to the
charnockitic clan.

Just as the Fe-rich diorite and gabbroic clan is generally referred to for

convenience as the Fe-rich clan, even though the charnockitic clan is also mineralogically

i

ich, the Ol-bearing anorthogabbroic clan and Ol-frec anorthogabbroic clan will
generally be referred to for convenience as the Ol-bearing clan and Ol-free clan,

respectively, even though other clans contain olivine or are olivine free.

? The compositional limits of rock-type clans into which a plutonic terrane may be subdivided should be

chosen in order to group types that are most closely sp



2.2 The Fe-rich diorite broic
32, i e-ricl ¥ 1

The Fe-rich rock-type clan is defined as per Figure 3-1. As mentioned in Section 2.3.3,
the Fe-rich rock-type predominancy (and hence the Fe-rich rock-type clan) is naturally
and conspicuously divided into three main portions: a central portion underlying the
centre of Barth Island, and an inner portion and an outer portion, occurring more towards
the centre or more towards the exterior than the charnockitic rock-type predominancy,

respectively. For convenient reference, the inner and outer portions and the unassigned

portion underlying castern Barth Island combined will be referred to as the annular (ring
shaped) portion of the Fe-rich predominancy. Additionally, satellite sheets of the outer
member occur within gneisses underlying the islet west of Barth Island (Section 2.4.2.2)
and within anorthogabbroic rock north and south of Nain Bay, specifically, occurring in

the area north-northwest of the Barth Concentric Plutonic Suite (within the Contradictory

pluton; Section 2.4.3), along the contact underlying Webb Neck (Section 2.4.3), and
along the southern contact (Section 2.4.1). These satellite sheets are necessarily defined,
cither as mapped sheets (only one at present, the body of triangular map patter north of
the prominent jog in the northern contact) or as sheets of described delimitation but too

small to be mapped at the scale employed (the sheets underlying Webb Neck, the islet,

and along the souther contact).

Other bodies of Fe-rich diogabbroic rock external to but near the Barth Concentric
Plutonic Suite are undefined, inferred only from samples (G2, 10, 11, 20, 81, 82) of Fe-
rich diorite and gabbroic and rock taken by Gaskill (2005) from within the boundaries of

the anorthogabbroic Contradictory and Mount Lister plutons and accompanicd by no
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descriptions of context made available to other workers. Although these bodies are of

similar rock type to the Fe-rich clan of the Barth Concentric Plutonic Suite, only those

that are delimited as concentrically disposed in the future may at that time be considered
satellte in the sense used here which also requires the criteria of similar disposition

(Section 2.

Other more or less undefined bodies of Fe-rich diogabbroic rock are similarly

inferred from samples (G65, 92, 117, 126, 191) of Fe-rich diorite and gabbroic rock taken

from within the boundaries of the main body of Ol-gabbroic rock north of Nain Bay. The

sample notes inherited from Gaskill (2005) identify three of these samples (G6S, 117,
126) as having been taken from dykes.

Also of the F nancy are the two mapped circular bodies of Fe-rich

rich predos

diorite, approximately 360 m cast-west apart, one cach within the boundaries of the Ol-

gabbroie and Ol-free anorthogabbroie predominancies near the north coast of Nain Bay,

roughly half way across the width of the Barth Concentric Plutonic Suite (Figure 1-2)
‘These bodies were not described by Gaskill (2005) but merely shown on his map, along

with a third, smaller body within the boundaries of the Ol-gabbroic predominancy near

the coast, south of the other body so bound, but since no samples were provided which

verify its supposed non-Ol-gabbroic composition this body is omitted from the present
map. Another body, approximately 50 m in diameter, also of the Fe-rich predominancy,

was mapped by G

skill (2005 p. 84) in the north-south and east-west centre of the

charnockitic clan south of Nain Bay and described, along with a smaller, unsampled body

(also omitted from the present map), as buff-coloured xenoliths of similar mineralogy to

the Fe-rich clan. The three mapped bodies and the more or less undefined bodies are
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collectively referred to here as the seattered portion of the Fe-rich rock-type

predominancy, and will be described after the main members.

The predominant basic rock types of the F

rich rock-type clan are pyroxene-rich

antiperthitic Fe-rich diorite and Fe-rich gabbroid (mesocratic variety). Only two diorite

thin- (G47, HO [finer portion]) examined in this work do not contain evidently Fe-

rich pyroxene, and the pair are therefore excluded from the Fe-rich clan, Thus, for diorites

of the Fe-rich clan, the (by definition ubiquitously appropriate) modifier “Fe-rich” is for

casier reading generally omitted from diorite rock type names. All diorite thin-sections of

the Fe-rich clan contain antiperthite."’ Rocks of the Fe-rich clan are uncommonly

or Easily the most

abundant ac

ory minerals are Fe-T

enerally both ilmenite and magnetite and
commonly in combined mode at or greater than 5% but not observed more than 20%.

rock types are detailed below in Section 3.2.23.

Note that some mineral modifiers and rock type names are generalised to indicate

observationally undifferentiated pyroxene or Fe-Ti-oxide (c.¢. pyroxenc-rich, gabbroid,

Fi-oxide-rich) instead of specific modifiers or names indicating which pyroxenes or

Fi-oxides are present (g, gabbro, [(ilmenite-magnetite)]-rich). As mentioned in

n 15,1, the reason for not determining specific pyroxene modes for most thin-

sections of the Fe-rich clan was expediency, although both clino- and orthopyroxene were

d in most thin-s oxides were not

conclusively ident

" Only one diorie thin-section does not contain antiperthite, but rather mesoperthite (H9 [fner portion]),
and that thin-section, s previously noted, consists of non-Fe-rich diorte
" Which is 0 said that the presence of both pyroxenes was verifid for most hi

ctions of Fe-rich dicrite.
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determined for those thin-sections of the Fe-rich clan that were either unpolished or

covered.

‘The carliest general description of the rock of the Fe-rich predominancy is that of Rubins
(1971 p. 40) who stated that “textural variation [in the annular portion'?] is limited to the

appearance of” blueish plagioclase phenocrysts, 1 to 3 em long, at as much as 5 to 10%

abundance where present. Specifically of the phagioclase phenoerysts south of Nain Bay,

Rubi

$ (1973 p. 32) described them as “sparsely scattered”, 1.5 to 2 em long, unoriented,

and hypautomorphic, with minimal if any granulation of the margins, and Ryan (2000)

added that they are grey, also automorphic, and occur as aggregates and trains (Plate 12 p.

262). Perhap:

similarly, the eastern annular portion on Barth Island exhibits local streaks

of “feldspar xenocrysts” (Ryan 2001 p. 144). De Waard and Mulhern (1973), speaking of
at least the inner member north of Nain Bay, ' state that “strings of pyroxene and feldspar

" are locally present. Mulhern (1974) described the context of plagioclase-

gra

porphyritic rock of the inner member as occurring as poorly defined patches within no

porphyritic rock. Gaskill (2005 p. 78) stated of the phenocrysts of the annular portion that

they are 110 15 em long, the coarsest of which exhibit deep blue or dark grey to black

Plutoniy

" Ihe only portion known of the Fe-rich rock type-suite of the Barth Concent

at that tim
" Itis mot lear whether de Waard and Mulhern (1974 p. 73-6) in their series of ithological descriptions are

referring 1o rocks north of Nain Bay or rocks the Barth Concentric Plutonic Sute over. Mulhern (1974)

of plagioclase and pyroxene gra rring 1o the inner member only, perhaps

an indication that the de Waard and Mulhern description may have also only referred to the inner member.



cores and whiten towards the edges. Evidently, light coloured relatively coarse

plagioclase phenocrysts oceur too (Plate 2-44, Gaskill 2005 p. 132). At one undisclosed

location, anorthosite fragments of maximum observed diameter a few metres appear to
have been arrested in a

state of partial disagaregation into plagioclase phenoerysts

(Gaskill 2005). The present author noted blucis! phenocrysts within the Fe-

rich clan south of Nain Bay at two locations midway along the length of the body.'* One

oceurrence, already described in Section 3.1.1 and pictured in Plate 3-7, is located within
a possible splay of Fe-rich diogabbroic rock not far south of the main contact of the Barth

Concentric Plutonic Suite and consi

of plagiocl

phenocrysts at 50% or more and as

coarse as 15 cm. The other, les

striking oceurrence s located midway between the

western “twin pond” and “the big pond” and consists of sparse, facially developed

phenocrysts of maximum observed length 5 cm with abruptly beige partial margins of

thickness 2 mm and thinner (Plate 3-13). No occurrences of plagioclase phenocrysts have

been explicitly reporteded for the central member of the Fe-rich rock-type predominancy,

Is of intergrown pot

although Ryan (2001 p. 144) described there “scattered crys

spar and plagiocla

The carliest account of layering in the h predominancy is that of Rubins

(1973 p. 33) who reporteds for the outer member south of Nain Bay weak modal layering

* Note that the present author examined the interiors of the Fe-rich and chamockitic rock type-suites south

of Nain Bay in a r than the interiors of units (o the north and south. Accordingly,

more cursary m;

readers should not assume that sta

ents of location (e.g. observed at two locations) are also statements of

tion (¢.¢. occurring at only two locations).
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0f 10 t0 20 em thickness that “where measurable. ... is near contacts and parallel to them”.

Ryan (2000) corroborate, stating that the modal layering here is diffuse and somewhat

streaky. Mulhern (1974 p. i) and Ryan (2001) supplement, reporteding for the outer

member north of Nain Bay “good” modal layering and for the castern annular portion on

Barth Island weak modal layering, res

vely. Wallace (1986 p. 8) confusingly

described layering in the Fe-rich predominancy by saying “there may locally be small

patches of alternating coarser and finer layers (plagioclase and pyroxenc) which are

planar but not as extensive as [modal] layerin

" Gaskill (2005 p. 72) described layering

of the annular portion as “generally” of the grainsize type, centimetre to decametre-scale

thick, with sharp or gradational, straight or curved bounding surf

that may be marked

by concentrations of Fe-Ti-oxide. Some of the layers are laterally discontinuous, in some

cases by pinching out “over metres or tens of metres”, in other cases by truncation by
other layers. “Way-up structures are absent”, by which Gaskill (p. 73) probably means
that such features as scours, cross-stratification, and modally well graded layers are

absent. De Waard and Mulhern (1973 p. 75) state that local grainsize layering oceurs in

(at least [see previous footnote]) the inner member. The thin body of Fe-rich diogabbroic

rock shown here (after Gaskill 2005) as constituting the northwestern far corner of the
Barth Concentric Plutonic Suite (a mapping interpretation according to Ryan [2001] and

Gaskill [2005]) was observed by Ryan (2001 p. 145) to have a “streaky layered

character”. Gaskill (2005 p. 79) described the central memb

s “generally unlayered”,

though de Waard er al. (1976 p. 297) state that “in the very center of the structure the

thythmic layering was found to be intensely folded”.



Modal layering is common in the annular portion south of Nain Bay where it is
locally accompanied by corresponding very weak grainsize layering. SPOs as

complementary plagioclase and mafic aggregate SPOs are also common and where

unambiguously present in addition to layering the SPO and layering are concordant. A

variety of layering was observed by the present author, from relatively leucocratic,
moderately defined, lower centimetre-scale thick and thinner layers within apparently

typical though lightly patched Fe-rich diogabbroic rock (Plate 3-14), to absolutely

melanocratic, sharply to diffusely defined, lower centimetre-s

le thick layers within
apparently typical Fe-rich diogabbroic rock (Plate 3-15), to pervasive millimetre-scale
s equally

layering where both melanocratic and leucocratic varicties are more or les

represented (regrettably not photographed)

Also common, if not ubiquitous, in the annular portion south of Nain Bay are
volumetrically minor, relatively or absolutely melanocratic portions of which two
varicties have been distinguished. One variety consists of relatively or absolutely

netre to lower centimetre-

melanocratic layers proper of v

than

scale thickness, though of more irregular shape and less continuity and thicknes
‘modal layers of the more pervasive and extensive variety (Plate 3-16). The other variety

of melanoc

portion consists of absolutely melanocratic aggregates of variable

At their

concordance and continuity and typically sub-millimetre-grained thicknes

thir

est and least continuous, portions of this variety may constitute no more than trains

of clongate aggregates and concentrations (Plate 3-16). In one observation, 1

several

immediately west of the steep incision north-northwest of Akpiksai Bay,

melanocratic portions of this variety oceur staggered across strike from one another (Plate



3-17). One possible interpreta

n of the second variety of melanocratic portion is that

they represent Fe-rich interstitial differentiates amalgamated and intruded along fractures

of variable concordance developed as the crystal pile underwent brittle deformation in

response to late-stage crystallisation shrinkage or, alternately, in response to stresses

transmitted into the rigidified magma from farther afield (e.g. from

| shearing

[Voordouw 2006

Some interleaved Fe

h rocks underlying Webb Neck might represent intrusion

(Section 3.1.1); in addition, several other occurrences of internal, evidently intrusive

are known in the

contac

Fe-rich rock-type predominancy. Approximately 400 m

southwest of the southernmost head of §

hem Bay (immediately north of the mapped

body of charnockitic rock; Figure 3-2), Fe-rich diogabbroic rock of the inner member

becomes, to the cast, more strongly foliated and then sharply interleaved with

progressively coarser grained Fe-rich diogabbroic rock of the outer portion (Gaskill

2005), evidently distinguished by colour index and grainsize, a thin-section (G83) of the

inner portion at this location consisting of pyroxene-rich antiperthitic diorite, dominantly

lower millimetre and sub-millimetre-grained, in contrast with a thin-section (G84,

n Section 3.1.1) of the outer por

n a

this location consisting of pyroxene
antiperthitic leucodiorite, dominantly lower-millimetre grained though Gaskill (2005 p.
47) described the sample itself as “very coarse-grained” with pyroxene and plagioclase of
lengths greater than 1 em. For a location somewhere immediately southeast of the cusp-

shaped-in-map-pattern length of northern outer contact (located immediately west of the

prominent jog roughly one third of the way east along the northern outer contact

3-2), J. Myers in a 2002 personal communication to Gaskill (2005) des




terfingered contact within the outer member, with layering and foliation in the rock to

the west seemingly truncated by the rock to the cast. Gaskill (2005 p. 80) described in the
central member underlying the recumbently-shaped peninsula  comprising  the
northernmost portion of Barth Island, two bodics of at least several hundred metres length
of “melanocratic” rock (Figure 3-2). The caster body is mapped as beginning on the

castern flank of the prominent hill and continuing scaward, the western body is mapped

as G at the westernmost extent of the 100 fi. contour of

aped with the centre of the “G
the hill. Three samples taken within the bounds of these bodies were thin-sectioned. One,

fiom the western body, consists of faalite-pyroxene charnockitic monzonite (G196;

presumably not representative), the other two, fiom the castern body, consist of
[(ilmenite-magnetite)] Fe-rich mesocratic gabbroid (G202) and [magnetite-ilmenite]

s that these

ion exis

pyroxene-rich antiperthitic diorite (G195), thus no concrete verifi

bodies are absolutely melanocratic. Nonetheless, some distinction in actual or apparent

colour index must have allowed Gaskill (2005) to map these bodies. Gaskill (2005 p. 80)

stated that “contact relationships, though diverse, suggest the [relatively melanoratic]

bo

are large xenoliths™, that at two locations along the contact were observed

ic rock included in the bounding rock, with marked

fragments of the relatively melanocra

host grainsize reduction against fragments at one location but not the other. Conversely,
relatively light coloured apparent xenoliths of Fe-rich diogabbroic rock are abundant in
the central member, their centimetre to decimetre-scale lengths invariably north-south

trending (Gaskill 2005).

Another internal contact is inferred within the thin, southwestern portion of the

h predominancy north of Nain Bay, longitudinally through which Gaskill (2005)



mapped with approximate contacts a thin body of chamockitic predominancy, in

thickness no more than 10 to 20 m across. Taken together, the thinness

mapped, the wholly approximate contacts, and the fact that Gaskill (2005) did not

reported any observations of the body'® in his text, call into question the claim that such a

body exi . The map of de Waard et al. (1976), however, also

more or less contiguol

shows a charnockitic body running through the area, with contacts mapped specifically as

intrusive (Figure 2-1). As minimalist as previous mappers were in substantiating their
respective mappings of the area in question, in the absence of documentation to the

nt author must accept that some sort

contrary or his own observations of the area, the p
of intrusive relationship has been somehow indicated as running longitudinally through
the area

Another internal intrusive contact is evident from thin-section G33 taken from the

inner annular portion of the Fe-rich (north of Nain Bay) west

unpublished sample notes) provides no

of the g-shaped lake. Gaskill (200:

documentation of the sampled rock, however it is evident from thin-section G33 that a

chilled margin is present (asterisk in Figure 3-2). Thin-section G33 consists of pyroxene-

rich antiperthitic diorite, dominantly of sub-millimetre-scale grains, with relatively

coarse, diversely oriented plagioclase laths throughout, and exhibiting a gradation of
grainsize across the section, from >25% ~1 mm grains (laths) along one side to

completely sub-mm along other side (Figure 3-3), most plausibly representing a chilled

o conta rix, highly

margin. The section a optically continuous, coarser-than-r
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irregular in shape and outline pyroxene oikocrysts OCCIPO (described in Section 3.2.2.3)

throughout, a feature that may be interpreted as the result of experiencing a thermal pulse

in the partially crystallised state (as reasoned in Section 3.2.2.3). And so not only is an
intrusive contact evident in the longitudinal and lateral centre of the inner annular portion
of the Fe-rich predominancy, but the apparent chilled margin evidencing the contact may
be interpreted as having itself experienced a thermal pulse from a subsequent
emplacement nearby.

Three samples (G65, 117, 126) of the undefined scattered portion of the Fe-rich

clan north of Nain Bay are described by Gaskill (2005, unpublished sample notes) as
having been taken from dykes.
Before deseription of the scattered portion of the Fe-rich clan south of Nain Bay,

the undefined portions of which occur along the contact between the Ol-gabbroic and

charnockitic predominancies (Ryan 2000, 2001; Gaskill 2005; present study), note that

the Ol-gabbroic predominancy here exhibits evidently chilled margins against  the

charnockitic, and that the charnockitic, in tum, has evidently intruded the Ol-gabbroic
mass by engulfing globules of chill grainsize (lower sub-millimetre-grained) as well as
injecting apophyses as individuals and in networks northwards into coarser Ol-gabbroic
rocks. These features and others evidencing broadly comagmatic relationships between
ic and Ol-gabbroic predominanci

the charnocki along the contact south of Nain Bay are

described in greater detail in Section 3.2.4.2.

Ryan (2000) and Gaskill (2005) cach reported the presence of rock of the Fe-rich

clan along the Ol-gabbroic contact south of Nain Bay, although Ryan (2001 p. 147)

a question mark refines his identification of Fe-rich diogabbroic rock to speculation. Ryan
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(2000 p. 264) described “a veneer (a few centimetres to a few metres thick)” of rock of
the Fe-rich clan “atop the [chanockitic clan] and locally mingled with it, separating” the
charnockitic and Ol-gabbroic predominancies on Pikaluyak Islet and at least along the

castern portion of their contact on the mainland, the portion he observed the exposed.

Ryan (2001 p. 141, 147) added that the suspect Fe-rich diogabbroic veneer “may be™
gradational into the Ol-gabbroic predominancy, is locally lobate into the charnockitic

ich.

predominancy, and that “irregular streamers” of the charnockitic “interfinger” the Fe

Gaskill (2005 p. 86) stated that “in a few locations” rock of the Fe-rich clan “is present i

the contact” and closely resembles the adjacent Ol-gabbroic. Any implication conjured by

the reader of a third, separate, Fe-rich intrusive phase along the charnockitic-Ol-gabbroic

contact south of Nain Bay should be disregarded, however, as it is evident from mingled

and mixed globules of ilar in appearance to opposing, evidently chilled

grainsize,

rock of the Ol-gabbroic predominancy (Section 3.2.4.2), as well as relatively low

forsterite contents of olivine in the evidently chilled rocks (Section 5.2.2). that magma
parental to the Ol-gabbroic predominancy'® while having chilled against magma parental

to the chamnockitic

Iso mixed with it, and therefore the origin of the Fe-clan along the
contact is evidently the result of mixing and not separate intrusion
One thin-section (H53) of the scattered portion south of Nain Bay, taken by the

present author approximately 80 m north of the main charnockitic contact within the Ol-

‘gabbroic predominancy, is from a body that, as exposed, appears to have a rounded, right-

angle contact with the Ol-gabbroic predominancy (Plate 3-18; i.e. appears to contact the

' At least that portion of the Ol-gabbroic predominancy along the evidently chilled contact (3 nuanced
point, since it may be inferred [Section 5.2.2] that multiple perimetrons comprise the predominancy south
of Nain Bay).




bbroic

Ol-gabbroic predominancy on two adjacent, perpendicular sides). The Ol-
predominancy here is evidently chilled along the south facing limb of the contact, yet not
along the cast facing limb, and a review of the outcrop photograph calls into question the
field judgement that a single body occupies 270° of the right-angle contact. The thin-
section is from the body off the castern facing limb and consists of [(ilmenite-
‘magnetite)]-orthopyroxene Fe-rich gabbro of sub-millimetre, millimetre, and lower
centimetre-scale grainsizes, with most and the coarsest plagioclase distinetly elongate,
though generally bent with undulatory extinction and diffuse tapered albite twins, and the
remaining plagioclase distinetly equigranular, equidimensional granular.

Another thin-section (G251) of the scattered portion south of Nain Bay was taken
by Gaskill (2005 unpublished sample notes) from patches of the Fe-rich clan within the

charnockitic predominancy along the Ol-gabbroic boundary, approximately 250 m inland

fiom the eastern coastline. The thin-section consists of pyroxene-rich mesoperthitic and

diorite, lar, dominantly  sub-mill grained, with
feldspar-feldspar boundarics highly irregular, and bearing optically continuous, coarser-

than-matrix, highly irregular in shape and outline pyroxene oikocrysts (OCCIPO;

deseribed below), a feature speculated by the present author in the following subsection to
erystallise exclusively in magmas having experienced reheating by adjacent intrusion,

consistent with the context at this location.

157




3.2.2.3 Rock types and thin-section petrography of the Fe-rich rock-type clan

The specific rock types observed of the Fe-rich rock-type clan are (without ~specked

modifiers because thin-sections from s

amples collected by Gaskill [2005] were not

documented to that level of precision by the present author):

pyroxene antiperthitic leucodiorite (G84, 85, 65);

antiperthitic metadiorite (H130);

pyroxene antiperthitic diorite (G275, 219, 49);

orthopyroxerie antiperthitic diorite (G166);

(fayalite-pyroxene) antiperthitic diorite (G191);

. h ic diorite (H9);

o pyroxene-rich perthitic and antiperthitic diorite (G267);

« pyroxene-rich mesoperthitic and antiperthitic diorite (G273, 251, 41, 70);

o (el ch and antiperthitic diorite
(HI01);

o [l gnetite)] p ch and antiperthitic diorite (G40);

o pyroxene-rich antiperthitic diorite (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,
17y

« orthopyroxene-rich antiperthitic diorite (G66);

« orthopyroxene clinopyroxene-rich antiperthitic diorite (H107);

« (clinopyroxenc-orthopyroxene)-rich antiperthitic diorite (H97);

o [ilmenite-magnetite]-pyroxene antiperthitic diorite (G262);



« Fe-Ti-oxide pyroxene-rich antiperthitic diorite (G266, 268, 13);

« [(ilmenite-magnetite)] pyroxene-rich antiperthitic diorite (G252, 261, 263, 265,
238,239, 95, 107, 39, 48, 68, 69, 12);

« [magnetite-ilmenite] pyroxene-rich antiperthitic diorite (G195);

— 2 ] pyroxene-rich antip diorite (G193);

« (ilmenite-magnetite) pyroxene-rich antiperthitic diorite (G185);

. ch antiperthitic ite (HO2);

*  Fe-rich leucogabbroid (G59, 7, 8);

« Ferich gabbroid (mesocratic variety; G75, 26, 146, 6);

o Fe-rich norite (G163);

« orthopyroxene Fe-rich gabbro (H106);

« Fe-Ti-oxide Fe-rich gabbroid (mesocratic variety; G281, 151,
« [(ilmenite-magnetite)] Fe-rich gabbroid (mesocratic variety: G202, 87, 36, 92);
o [(ilmenite-magnetite) -orthopyroxene Fe-rich gabbro (H53);

« [(ilmenite-magnetite)]-olivine Fe-rich gabbro (H112);

« and (ilmenite-magnetite) Fe-rich gabbro (H127).

Thin-

ctions of the Fe-rich clan range from dominantly sub-millimetre-grained

[e.s. G262] to dominantly lower-millimetre-grained [e.g. G275] to combined sub-

millimetre, millimetre, and lower centimetre-grained [c.g. H92] with cach class well

represented, with most thin-s somewhere between these

Beyond local feldspar phenocrysts, lower centimetre-scale grains where present are

almost exclusively comprised of optically continuous, coarser-than-matrix, highly




irregular in shape and outline pyroxene oikocrysts (OCCIPO; Plate 3-19). More
generally, OCCIPO, where present, comprise the coarsest components of a rock beyond
feldspar phenoerysts, even if the OCCIPO are only of millimetre-scale dimensions.
OCCIPO are a common and widespread but not a pervasive feature of the Fe-rich clan of
the Barth Concentric Plutonic Suite (Figure 3-4) and constitute evidence that the rocks
bearing them were not pervasively deformed after final solidification. Of two thin-
sections (H92, 101) it was noted that the boundaries of OCCIPO, though irregular,

exhibited a preferred orientation parallel to internal- exsolution lamellae."” Of course

preferred boundary orientations parallel to distinet crystallographic planes are crystal

faces, and for optically continuous oikoerysts to form as the coa

grains in the rock
relatively high melt volume must have been available, thus some expression of
characteristic growth habit is not surprising. There is no correlation between the presence
or absence of OCCIPO and ASPO (i.e. some rocks have both, some one or the other,

some neither). In rocks bearing OCCIPO, the remaining, finer, non-oikocrystic pyroxene

grains are some combination of equant or iregular in shape with irregular, smooth, or
polygonal boundaries (Plate 3-20).

formation. At

All thin-sectioned rock of the Fe-rich clan shows evidence of d

minimum, such evidence as that most'® and the coarsest plagioclase, though distinctly

elongate, are bent and exhibit undulatory extinction as well as diffuse and tapered albite

sential minerals (non-OCCIPO, if applicable)

twins, while the remaining, finer grains of

" Which is not to
Sinetons bering OCCIPO, oly tht the o b documeed ht pref
are preseat n at least these two thin-sect

¥ 1. the majority of by volume of.

iggest that preferred boundary oriemtations are not present or ot conspicuous in other
ed boundary orientations




are some combination of equant or irregular in shape with irregular, smooth, or polygonal
boundaries (Plate 3-21). At maximum, such evidence as that the thin-sectioned rock is
pervasively cquigranular, equidimensional-granular (Plate 3-22), evidence that the rock
has been thoroughly recrystallised and texturally equilibrated.'” There has not been
observed any correlation between the presence or absence of OCCIPO or ASPO and the
degree of deformation or recrystallisation, which is not to say that correlations definitely
do not exist, just that none have been detected by the author from the data gathered

(Appendix ©).

stresses were weak

Evidently, then, deformation must have ceased before or,
enough, because of and therefore during OCCIPO formation in those magmas having
produced rocks so bearing.

One possible interpretation of OCCIPO is that they formed in magmas arrested in

their syn-crystallisation deformation by being splayed from bounding rigid masses by

renewed emplacement of Fe-rich magma. Separated from s

ess-transmitting neighbors by

and receiving heat from newly emplaced magma, the incompletely crystallised mush,
perhaps having been arrested with pyroxene alone on the liquidus afier an carlier period

of pyroxene and plagioclase cocrystalli

tion, underwent limited pyroxene dissolution in
response o elevated temperature, not only because the equilibrium melt fraction

(temporarily) increased but also because the (temporary) cooling hiatus allowed pyroxene

destabilised by stress to redissolve. After the newer, bounding magma cooled below the

temperature of original magma, upon renewed cool

i in the original, some combination

" Equilibrated in the sense of “proceeded towards cquilibrium in response to disequilibrium”, not in the
sense of "equilibrium has been achicved”
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of cooling rate was achieved or specific temperature held favouring low

nucleation:growth rate to produce the pyroxene oikocrysts, highly irregular in shape and

outline bec:

s they are crystallising into a partially disaggregated, pa

ally dissolved

mush of earlier, deformed and perhaps partially recrystalliscd grains. In- this

interpretation, OCCIPO oceur in relatively old magmas engulfid by younger magmas that

provide temporary stress relief. One problem with such an interpretation is that by the

time of renewed cooling in the original magma renewed stress transmission into it

through the more recently solidificd magma should have also taken place, although the

enveloping, younger magma may take up the strain and shield the older core (just as the
margin of an individual phenocryst strains while shielding the interior). OCCIPO are no
doubt significant features which future workers are encouraged to examine and speculate
interpretations for.

Accessory minerals of the Fe-rich clan include ubiquitous Fe-Ti-oxide at the

t level, always ilmenite and almost always magnetite. Unlike four out of the five

tions taken of the relatively ich (215% modally) gabbroid of the

mixed association south of Barth Concentric Plutonic Suite, no thin-sections of the
rich clan contain Fe-Ti-oxide at greater than 20% mode. Red-brown pleochroic biotite
and greenish brown hornblende are common minor and low percent level accessories,

oceurring with or without the other present. Zircon is a common minor accessory and

exhibits variable facial development, in many oceurrences none at all. A minority of
diorite (color lato) thin-sections contain minor quartz and it is absent from the gabbroic

sections.
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Almost ubiquitous is apatite, generally as automorphic inclusions. The thin-

sections of

rich leucogabbroid (G7, 8) taken immediately adjacent the anorthosite

2

floor pendant west of Sachem Bay possess low percent level2” apatite of unusual, though

similar textures: in the thin-section from cast of the pendant, apatite oceurs as millimetre-

scale aggregates of dominantly xenomorphic individuals, in the other section from north

of the pendant, apatite oceurs as at least lower millimetre-scale plagiocla

perchadacrystic (Section 1.5.5) oikocrysts lacking unambiguous facial development and

of variable optical continuity. Apatite is otherwise rarely percent-level abundant in thin-
sections of the Fe-rich clan north of Nain Bay, occurring only so in two sections of
[(ilmenite-magnetite)] pyroxene-rich antiperthitic diorite, one also mesoperthitic, taken
from the

ame location adjacent the Ol-gabbroie contact southwest of the prominent lake.

‘Three thin-sections of Fe-rich antiperthitic diorite taken from central Barth Island contain
percent level apatite, one at greater than 5%: a section apatite-[(ilmenite-magnetite)]

pyroxenc-rich antiperthitic diorite taken fiom the north coast of the recumbently-shaped

peninsula, the single most apatite-rich sample yet known of the Barth Concentric Plutonic

Suite. Perhaps the rock at thi

location contributed to the general observation of Wallace
(1986 p. 25) that “[in the Fe-rich predominancy] [a]patite content is relatively high and in

some heavily layered samples is a cumulus phas

 South of Nain Bay, perhaps a third of

thin-sections of the Fe-rich clan contain apatite at the percent level (Figure 3-4C).
Fayalite oceurs rarely in thin-sections of the Fe-rich clan: definitively in four and

possibly in two out of over 90 thin-seetions total (Figurc 3-4). Thin-sections that

defi

vely contain fayalite are of rock types [(ilmenite-magnetite)] pyroxene-rich

oW indi

ng less than 5%.




antiperthitic diorite (G265) and Fe-Ti-oxide Fe-rich gabbroid (mesoeratic variety; G281)

of the (outer) annular portion south of Nain Bay, pyroxene-rich antiperthitic diorite (G31,

33) and Fe-rich gabbroid (mesocratic variety; G26) of the inner annular portion north of

Nain Bay, and (fayalite-pyroxene) antiperthitic diorite (G191) of the scattered portion

within the Ol-gabbroic predominancy north of Nain Bay. Like the thin-section of the

scattered portion, the diorite section from south of and the gabbroid section from north of

Nain Bay contain percent level fayalite except less than 5%. The gabbroid section from

south of Nain Bay contains minor fayalite. The two thin-sections that possibly contain
fayalite are of OCCIPO-bearing pyroxenc-rich antiperthitic diorite, sampled ~750 m east-

west apart of the inner annular portion north of Nain Bay. Also, a thin-section (G204) of a

satellite sheet of the Fe-rich clan underlying the islet west of Barth Island is of ilmenite-

pyroxene antiperthitic diorite and contains percent fayalite (as well as OCCIPO).
Perhaps fayalite is a phase that rarely saturates during crystallisation of the Fe-rich

clan. Alternatively (or additionally), perhaps fayalite oceurs in the Fe-rich clan as

xenocrysts plucked from the charnockitic clan, where its presence is common though not

ubiquitous (Figure 3-4). Perhaps constituting circumstantial evidence against the latter

interpretation, the thin-s

ion of gabbroid bearing low percent level fayalite, from the
annular portion north of Nain Bay, was sampled at the contact with the charnockitic clan,

two thin-sections of which from nearby along the contact contain either minor fayalite

(less than the st

spected plucker; G25 of charnockitic quartz-leucomonzonite) or no

fayalite (G24 of pyroxene-rich charnockitic monzodiorite). Fayalite crystals in the Fe-rich

the charnockitic, are of indistinet habit (Plate 3
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3.2.3 The charnockitic rock-type clan

3.2.3.1 Introduction to th ook bmelcl

‘The charnockitic rock-type clan is defined as per Figure 1-0. The charnockitic rock-type
predominancy consists of several delineated clongate bodics mappable at the 1:50,000
scale as well as an arcuate, tapering body mappable at the 1:25,000 scale.

As well as the charnockitic rock included in the predominancy so defined, the

charnockitic rock-type clan also includes a “scattered portion™ comprised of more or less
undefined bodies of chamockitic rock inferred from samples taken from within the
boundaries the Fe-rich (G127, 196, 220, 221) and Ol-gabbroic (G137, 138, 139, 141, 143,

144, 176, 226, H73) predominas

. The sample notes inherited from Gaskill (2005)
identify four of these samples (G137, 138, 139, 143) as having been taken from dykes,
another (G176) either from a dyke or an inclusion. The present author collected sample
H73 from a poorly exposed chamockitic body within the Ol-gabbroic predominancy.
Additionally, a satellite sheet of the charnockitic predominancy occurs within

rock in the area north-northwest of the Barth Concentric Plutonic Suite

(within the Contradictory pluton; Section 2.4.3).
Unlike the Fe-rich clan, it is not currently possible for the charnockitic clan to

determine which basic rock types predominate. However it may be said that, according to

present sampling, monzoni rocks (sensu lato,” color lato) predominate the

charnockitic clan south of Nain Bay. The specific basic rock types of the charnockitic
an official IUGS term (Le Maitre 2002) and hence its use ha

tly defined, however, by the IUGS, since the presence of multiple
root names prefixed “monzo” cannot avoid implying the designation “monzonitic” as a collective

* And therefore inclusive of varieties prefixed “quartz-".
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clan are ite, granite, quartz- . quartz-

quartz-leucodiori ‘monzonite, iorite, and

monzodiorite. Specific rock types are detailed below in Section 3.2.3.4.

Being charnockitic, rocks of the charnockitic clan invariably contain pyroxene and

percent level perthite (sensu lato though mostly mesoperthite). In addition to pyroxene,

two fifths of itic. thin-sections contain fayalite. Both pyroxene

and, where present, fayalite, commonly occur at the percent level.

3.2.3.2 Contacts between the and Fe-rich rock-type

The earliest description of the contact relationship between the charnockitic and Fe-rich

rock-type predominancies is that of Rubins (1971 p. 42) who described: “In Webb Neck,

the [foliation of the Fe-rich rock] swings around the end of the small north-south

[charnockitic] body”.** De Waard and Mulhern (1973 p. 75, 76), speaking of at least the
inner member north of Nain Bay, state that the contacts between the charnockitic and Fe-
vich rock-type predominancies are exceptional amongst the otherwise “gradual”

predominancy contacts, consisting of “veins and sehlieren of the [charnockitic] rock near

the contact

“sheared and stretched parallel to the foliation of the [Fe-rich rock]".

me features, calls them “lens

Wallace (1986 p. 8), scemingly describing the

Mulhern (1974), perhap: more specific description of the observations made with de

Waard, locates the veins and schlieren north of Nain Bay along the chamockitic

** Apparently body more or depicted i every

p since.



contaci(s) with the inner member of the Fe-rich predominancy. Rubins (1973 p. 30, 32) in

detail on the contact south of Nain Bay:

[Locally] small apophyses of [charnockitic rock] intrude the [Fe-rich

predominancy] at the contact. These are less than 10 cm long and seem to follow
fractures extending further into the [Fe-rich predominancy). Many fine-grained
granular inclusions of rocks similar to [rock of the Fe-rich predominancy] occur
[within the charnockitic]. These are 10 to 15 em long and are found well within
the [charnockitic predominancy] as well as near the contacts. The inclusions may
show a thin (I to 2 cm) reaction rim. ... Despite evidence for [charnockitic]

intrusion into the [Fe-rich predominancy], the contact in the map area is a

surprisingly conformable one, with parallel foliations on either side.

Levendosky (1975), de Waard ef al. (1976), and Wallace (1986) depict on their
respective maps a cireular body of charnockitic rock, roughly 600 m in diameter,

underlying the centre of Barth Island located along the southern shore of the inlet there

(Levendosky, Wallace) or wholly inland immediately to the south (de Waard ef al.).

These approximate locations correspond to two aeromagnetic lows on the shaded relief
map presented in Ryan (2000 Figure 2b p. 255). Wallace (1986 p. 9) described the contact

of the body a

cataclastic” with respect to the Fe-rich predominancy into which “have
intruded” charnockitic veins and schlieren that “may display a flow nature around lenses

of [the Fe-rich clan]". Pyroxene of the Fe-rich predominancy have been altered to “blue-
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green” amphibole, perhaps from fluids given off by the small pegmatitic dykes present*

tion G225 s of such a dyke, consisting of non-

(Wallace 1986 p. 9). Perhaps thin-s
charnockitie mesoperthitic leucomonzogranite of dominantly upper millimetre and lower
centimetre-scale grainsize.

Ryan (2000 p. 264) described the Fe-rich-charnockitic contact at the west end of

Barth Island as “abrupt” and stated that “the nature of this contact and the relative age of
the two rocks are not established”. Ryan (2001) added that the charnockitic rock at the

contact is coarser than dominantly sub- 4% and relatively feldsp b

and grades upwards into variably porphyritic, dominantly sub-centimetre-grained rock

locally bearing alkali feldspar crystals with plagioclase mantles and oval quartz crystals

(Ryan 2000). The F

h predominancy west of the contact cor

ists of a metre-scale ‘
\

layered sequence in which:

Individual layers locally exhibit ascending gradational changes from massive
[rock of the Fe-rich clan] having a lobate or pillowed base, through a zone \
containing sparse perthitic. feldspar [phenolerysts, to a zone where feldspar
[phenocrysts] are abundant, into an overlying zone of coarser grained

[charnockitic rock]. (Ryan 2000 p. 269; Plates 11,20 Ryan 2000 p. 262, 270)

Furthermore, some layers crosscut others via trough structures (Ryan 2000, 2001).

* An interpretation that seems probable, given that there are no known occurrences of such lower-
temperature amphibole in the i adjacent solely to the charmockitic.

Inferred from the compar ent “grades... 10 higher levels of
147),

er grained (< Tem)... rock” (p
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De Waard er al. (1976) reported that “the [Fe-rich clan] commonly has a

lomeroporphyritic texture near the contact with the  [charmockitic

. Perhaps  this

des

ription is at least in partial reference to the contact deseribed above where Ryan

(2001) described of the porphyritic zones of the adjacent Fe-rich predominancy “variable

concentrations™ of perthitic feldspars and, or, quartz-cemented blocky plagioclase

crystals.

saskill (2005 p. 84) stated that chamnockitic layers oceur “widely” within the Fe-
rich predominancy, and that these layers range in thickness from the sub-metre-scale to

those mappable on the 1:50,000 scale (e.g. the charnockitic predominancy north of Nain

According to Gaskill (2005), at least near the portion of the Fe-rich-charnockitic
contact south of Nain Bay near the G252-257 sample suite, thin layers of the Fe-rich clan
oceur within the charnockitic predominancy and appear to grade into relatively

melanocratic zones of the bounding charnockitic clan. In general, the charnockitic and Fe-

rich clans are commonly interlayered at the contacts between their predominancies

(Gaskill 2003)

Gaskill (2005) stated that, in addition to contacts that exhibit magma mingling via

such features as lobate and cuspate structures, such as the one deseribed above by Ryan

(2000), some contacts exhibit magma mixing with the resulting rock an apparent hybrid

of the charnockitic and Fe-rich clans (Plate 2-29 Gaskill 2005 p. 125).
Approximately 125 m northwest of the western terminus of “right eye pond”, the

present author observed the contact to consist of alternating, clongate bodies of the

charnockitic clan and of the Fe-rich clan, interleaved parallel the contact on the two to
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three metre-scale (and therefore of that thickness) as well as on a finer decimetre-scale.

As many as five, two to three metre marked changes in rock type were counted

crossing the contact. The charnockitic rock within the interleaved zone has an atypical,

highly segregated appearance, consisting of strongly aligned, highly clongate, mostly

contimetre-scale long, whitish feldspar (with lesser quartz) aggregates in a sub-

millimetre-grained, mesocratic, orangish matrix. The mode of whitish aggregates varies

from perhaps 40% to 75% and can vary markedly across strike within the more or less

charnockitic bodies (Plate3-24). The ASPOs parallel their local contact and in one

as the contact curves (Plate 3-25). At one

observation an ASPO gently curves and thin

Tocation within the contact zone, a merely grair

ale segregated (and therefore locally

atypical), orangish charnockitic rock is sharply interleaved on the centimetre-scale with a

whitish charnockitic rock, more similar in appearance to the bulk of the charnockitic clan
south of Nain Bay; Plate 3-26). At several locations the present author observed the Fe-

st the charnockitic: at one location,

tich predominancy to be apparently chilled

contacting charnockitic rock with 40% whitish aggregates, (Plate 3-27); at another,

outh of

sh charnock

contacting Wi rock more similar in appearance to the bulk clan s
Nain Bay (Plate 3-28); at another, contacting the interleaved charnockitic rocks pictured
in Plate 3-26. The apparent chills consist of rock of grainsizes less than 1/3 mm grading

over several centimet ained rock. Most charnockitic rock

in the interleaved zone exhibits strong ASPOs. By contrast, ASPOs have only been twice

observed within the Fe

h clan at this location along the contact: within a lower-

metre-grained rock apparently unchilled against the adjacent charnockitic, and

locally and mildly within an exposure containing an assortment of variably concorda
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variably continuous inclusions™ of variable colour index and gr e (Plate 3-29).
Although many such inclusions are most readily interpretable as dyklets, layers proper, or

segregations of inters

tial melt, others are more ambiguous. Still others appear to be

xenoliths or septa, such as in Plate 3-28,

showing portions of the charnockitic clan

partially disaggregated into the chilled Fe-rich

A thin-section (H102) of segregated chamockitic rock (Plate 3-30) from within

the interleaved zone described above consists of (ilmenite-magnetite)-(clinopyroxene-

specked g . Perhaps one third of the section

consists of lower centimetre-s

ale felsic aggregates, another third of sub-millimetre-

grained pecked lar rock bearing lower-

millimetre-scale orthopyroxene OCCIPO, and the remaining third transitional and

intermediate between the two. Feldspars consist of perthi

erthite, mesoperthite

(very finely exsolved), and plagioclase (non-perthitic alkali feldspar is not discounted)

and exhibit highly complex, variably course intergrowths between them, amongst which
myrmekite appears almost mundane (Plate 3-31). Facially developed apatite and zircon

are minor constituents. The presence of OCCIPO in charnockitic rock of the interleaved

zone is consistent with the field observations described above as per the interpretation for

OCCIPO given in Section 3,

3. Specifically, melt parental to the Fe-rich clan intruded

against and bifurcated into highly sheared, partially crystallised magma of the

charnockitic clan thereby arresting deformation, causing redissolution of pyroxene, and

introducing a temperature.

e path conducive to low nucles

jon:growth rate.

* In the board sense of the word.
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A thin-section (H101) of the Fe-rich clan sampled 25 cm away from the last

contact  with  the con of il pecked

h itic and antiperthitic diorite bearing OCCIPO of millimetre

to lower centimetre-scale gransizes. Another plausible interpretation for OCCIPO, and

one that explains their presence in rocks such as th al

(ic. rocks app

atly the lo

intruder rather than intrudee), without interpreting that such rocks became the intrudee to

ive intrusion into the Barth Concentric Plutonic

another engulfing magma, is that su

Suite (or portions of it) established a variegated spatial patchwork of temperature-time

paths,”” some of which were conducive to nucleation and growth of OCCIPO in the Fe-

rich and clans. , stress. into rocks that would host

OCCIPO ceased as thermal inputs sufficient to cease cooling or cause heating allowed

dissolution and unri unerystallisation?) of at least magmas surrounding the

rocks that would host OCCIPO, if not these rocks themselves.

Similar interleaving also be present above the kidney-shaped pond to the

west, the only exposure of the contact found by the author west of the above location.
Poorly exposed on a slope, the Fe-rich predominancy physically underlies the
charnockitic, whitish and foliated, against which it may be slightly chilled (Plate 3-32).

nerging 20 centimetres down the bank from beneath organic cover s highly segregated

charnockitic rock as at the location to the east, with strongly aligned whitish aggregates at

perhaps 50

/% in an orangish matrix (Plate 3-33).

£ 2

Nt nagloc i loa
) reslting o gl nwusions of diffirnt szce o

and cooling rates (i. temperaturc-tim
different locations at different times




Above the eastern end of “right eye pond”, the Fe-

h clan contacts the
charnockitic, whitish, with two segments of roughly east-west contact offset by a
sigragged jog comprised of tapered interleavings of decimetre-scale lengths, similar in
appearance to how geologists depict lateral contacts between sedimentary rocks (Plate 3-
34).

Near the easternmost exposure of the Fe

ich and charnockitic predominancies
south of Nain Bay oceurs an arcuate, tapering apophysis of the chanockitic
predominancy, mappable at the 1:25,000 scale, concave towards the northeast, extending
several hundred metres into the Fe-rich predominancy. The contacts of the apophysis are
largely obseured by organic cover and rubble, although the southern contact was observed

half way along its length-as-mapped and con:

s of apparently unchilled rocks sharply

contacti

s well as, just one metre away, apparently gradationally contacting (Plate 3-

35). The charnockitic predominancy adjacent the gradational contact here appears to

contain coarser, distinetly whitish portions sharply and gradationally contacting more
typical (for this body) orangish rock. One interpretation for the apparently dual nature of

the predominancy contact at this location is that both magmas were largely melt, the

charnockitic magma_ having cleanly intruded the F

rich except where disturbed by
internal intrusions or mobile masses (c.g. blocks, globules or enclaves), causing the

multiple magmas o mix.

Locally, “synplutonic dykes” of the Fe-rich clan occur within the charnockitic

predominancy, some of which in the northeastern portion of the Barth Concentric

Plutonic Suite appear to be “partially disaggregated into globules™ (Gaskill 2005 p. 86,

Plate 2.

nul

30 p. 125). Perhaps the “granular inclusions™ of Rubins (1973 p. 32), the “widely




distributed”, “elliptical and elongate mafic enclaves™ bearing “feldspar xenocrysts™ and
exhibiting “cuspate and embayed contacts™ of Ryan (2000 p. 264, 2001 p. 147), and the
“generally” present, “subangular xenoliths™ locally bearing “oblong white phenocrysts™

of Gaskill (2005 p. 81) are

s globules necked off into the chamnockitic clan from the

Fe-rich. The long axes of such inclusions are oriented parallel to the predominancy

contacts as well as the feldspar phenocryst SPO, where developed (Rubins 1973 p. 29, 60;

Ryan 2000). Alternatively, it may be that at least some such inclusions are globules

necked off the Ol-gabbroic clan, as the present author has observed some that evidently

were (described in Section 3.2.4.2; Plate 3-36)

kitic rock-type clan

3.2.3.3 Field petrography of the cha

The earliest description of the ficld petrography of the charnockitic clan is that of Rubins

(1971 p. 41) who stated “In the field, adamellite is generally identifiable by its coarse

phenocrystic (“maggoty”) texture, the decp maple sugar brown weathering and a dark

While vivid, Rubins testimony of colour is certainly inaccurate

green fresh surface’
even as a general statement: much of the charnockitic clan does not exhibit deep brown
weathering, and certainly little of the exposed clan is dark green on fresh surfaces
However, one place the present author has found the charnockitic clan to be dark green on
fresh surfaces and decidedly brownish weathering along its castern coastal exposure south
of Nain Bay.

Rubins (1973 p. 28, 29) described the charnockitic clan south of Nain Bay as of

hiatal texture due to feldspar phenocrysts, which are commonly “ill-defined” and of

average grainsize 2 em and rarely coarser than 3 em. “Phenoerysts tend to be most
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common in the main body of the [charnockitic clan] and in the larger satellite dykes[, but]
are less common and even notably absent in some smaller dykes and apophyses”.

Where phenocrysts are abundant in the charnockitic clan south of Nain Bay they
tend 10 be weakly aligned parallel to the predominancy contacts (Rubins 1973), a
gencralisation extended to the entire predominancy by Gaskill (2003). Near some contacts
with the Fe-rich clan and in thin layers, however, chamnockitic rocks “generally have a
stronger foliation in which the mafic minerals appear as granular reddish-brown to black
streaks™ (Gaskill 2005 p. 81). De Waard and Mulhern (1973) may have been describing
the same phenomenon as Gaskill (2005 p. 81 in having said that, at least north of Nain
Bay, “{chamockitic] rock commonly shows a strong foliation”, as no portion of the

charnockitic clan north of Nain Bay is very thick. Ryan (2001 p. 147) stated that “many

outerops display a foliation that seems to have been formed prior to full consolidation of

the crystal mass™, perhaps in reference to chamockitic rocks that show an alignment of

elongate quartzofeldspathic aggregates, such as at the interleaved contact northwest of

25)

right eye pond” (e.g. Plates

Ryan (2000 p. 264) described the charnockitic predominancy at the west end of
Barth Island as “brownish-orange- to white-weathering™ and south of Nain Bay as “buff-,

grey-, pink- and white-weathering”™. Ryan (2001 p. 147) described the clan generally as

with “a blucish green cast

“pale grey to slightly rusty to pale buff” weathering,

characterising rocks in which fayalite and pyroxene are abundant, Texturally, Ryan (2000

P 264, 2001 p. 147) described the charnockitic rocks as “even grained to porphyrit

ins of quartz and, locally, “perthitic feldspar

egularly shaped to oval gra

ale grainsize.

phenocrysts™ of lower centimetr
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Rubins (1973) and Mulhern (1974) respectively state that the charnockitic clan
south of Nain Bay and north of Nain Bay is not visibly layered.

As with the Fe-rich clan north of Nain Bay and on Barth Island (Section 3.2.2.2),
internal contacts have been observed within the charnockitic clan south of Nain Bay,
Approximately 60 m north of the well exposed zone of interleaving described above and
oceurring northwest of “right eye pond”, whitish charnockitic rock, similar to that
oceurring against the contact to the south and to the bulk of the charnockitic clan at least

south of Nain Bay, cont

a distinetly orangish body, also of charnockitic rock. The

contact between the two charnockitic rocks is covered and lichen-coated, but the

transition, if not abrupt as observed further cast, oceurs over no more than a few metres.
‘The orangish body is of charnockitic rock on the whole finer grained than the bulk south
of Nain Bay, being comprised of a greater proportion of matrix to feldspar phenocrysts
(Plate 3-37). The body continues to the cast for approximately one kilometre until the
tock becomes whiter and on the whole coarser grained and thus undistinetive relative to

rest of the charnockitic clan south of Nain

Overlooking the western terminus of “lefl eye pond”, atop a steep south-facing

hill, a sharp, straight contact between the orangish charnockitic body (north) and the

whitish (south) is exposed over at least 6 m (Plate 3-38). No chill is evident in the better

exposed whitish body. The orangish body is lichen coated and weathered out along the

contact, with exposed remnants of a variety of grainsizes, from sub-millimetre, to mixed

sub-millimetre and lower-millimetre, to mixed of thos

and upper-millimetre, thus the

question of an evident chill re

ains outstanding. Unusual for the Barth Concentric

Plutonic Suite, the contact here is well exposed on a large vertical surface where it could
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be precisely orientated. Measuring 075/67S, the cont

so supposedly unusual for the

Barth Concentric Plutonic Suite in that it dips away from the centre of the structure,

prompting one to wonder how many planar structures within the Barth Concentric

Plutonic Suite are merely assumed to be inward dipping. Opposing thin-sections from
across the contact are of Opx-Cpx-specked charnockitic quartz-leucomonzodiorite (H99)
for the whitish body contrasted with (IIm-Mag)-specked (Cpx-Fa) chamockitic quartz-

monzodiorite (H100) for the orangish. Opposing thi

sections 30 m apart across the

western contact des

bed previously are of (Cpx-Opx)-specked charnockitic quartz-
leucomonzodiorite (H96) for the whitish body contrasted with Cpx-Fa-specked
charnockitie quartz-leucomonzodiorite (H95) for the organish. Two other thin-sections of
the orangish body are also fayalite-bearing, one of Cpx-Fa-specked charnockitic quartz-
leucomonzodiorite (H94), the other of (Im-Mag)-Cpx-Qtz-specked Fa charnockitic
monzodiorite (H98), thus fayalite is a distinguishing constituent of the orangish body,

being absent from the whitish charnockitic rock surrounding its known extent, although

present farther away in the whitish clan south of Nain Bay (Figure 3-4C).

Foliation as diffuse aggregate SPO:

nd perhaps concentration SPOs s locally

developed in the orangish body (Plate 3-39)

3.2.3.4 Rock types and thin-section petrography of the charnockitic rock-type clan

The specific rock types observed of the charnocki

rock-type clan are:

o charnockitic syenogranite (G22

229,230, 234);

«  [fayalite-pyroxene] chamockitic syenogranite (G226);
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charnockitic granite (G138, 257);

(H71);

charnockitie quartz-syenite (G61, 137, 255, 256);

pyroxene charnockitic quartz-syenite (G141);

[fayalite-pyroxene] chamockitic quartz-syenite (G232, 233);

charnockitic quartz-leucomonzonite (H10, 37, 38, 43, 46, 58, 67, G25, 13

ic qua HS0);

charnockitic quartz-monzonite (H66 [coarser portion], G30);

qua (H102);
homnblende charnockitic quartz-monzonite (H49);
pyroxene charnockitic quartz-monzonite (G143, 231);

clinopyroxene charnockitic quartz-monzonite (H59);

[(fayals | (G254);

charnockitic quartz-leucomonzodiorite (H94, 95, 99, G253);

(H96);

pyroxene charnockitic quartz-monzodiorite (C

fayali ic qua orite (H100);

charnockitie quartz-leucodiorite (22,

charnockitic leucosyenite (H25);

charnockitic leucomonzonite (H91, G127, 144);

clinopyroxene charnockitic leucomonzonite (HS3);

pyroxene chamockitic monzonite (G46, 176);




« fayalite-pyroxene charnockitic monzonite (G196);
« chamockitic leucomonzodiorite (H90);

« pyroxene charnockitic monzodiorite (G220);

« fayalite charnockitic monzodiorite (HOS);

« pyroxene-rich charnockitic monzodiorite (G221);

« clinopyroxene-rich charnockitic monzodiorite (H66 [finer portion]);

s h orite (H73);
«orthopyroxene clinopyroxene-rich charnockitic monzonite (H36);

o (Gl " I7 h B06 T).

Keeping in mind that many of the apparent feldspar phenocrysts of the

charnockitic clan are actually aggregates, all thin-sections of the chamockitic clan are

dominated by some ion of sub-mill and illi scale grais

monly in similar volumetric proportions, with coa

er grains as upper millimetre or

lower centimetre-scale feldspar phenoerysts proper generally present, most commonly

mesoperthite

Mesoperthite is the most abundant feldspar of the charnockitic clan, being present

in most thin-sec

fons and commonly in greater abundance than any other feldspar type

Plagioclase is ubiquitously present and therefore the most commonly present feldspar of
the chamockitic clan, though being generally of lesser (sometimes much lesser) or similar

ections examined,

abundance as mesoperthite is certainly less abundant in the thin-

Antiperthite is present in a minority of thin-scetions. Convincing perthite (sensu stricto) is

ely present and possible perthite is uncommon. Non-perthitic alkali feldspar is rare

179




(H66 [coarser portion]), though more thi

sections contain suspects, at least some of

which may be perthitic feldspar too finely exsolved for detection under 400X, a plausible

ion since barely resolvable mesoperthite is present in many of the same scctions.

Rarely are all of the definitively identified feldspars present in any one thin-section.
Mesoperthite exsolution textures are most commonly acicular, commonly of

variable coarseness within the same section, ranging in some from resolvable at 25X

(Plate 3-40) to barely resolvable at certain focal lengths at 400X (Plate 3-41). Other

exsolution textures are commonly present and generally complex and include globular,

vermicular (Plate 3-42), diffuse mixed globular and vermicular (Plate 3-43), and, rarel

cross-hatched.

Crystal faces are exceedingly rare upon essential minerals in the charnockitic clan,
being locally present only in a small minority of thin-sections upon plagioclase in contact
with other feldspar (e.g. HOS, 96, 98, 99, 100) and in a smaller minority of thin-scctions

possibly upon quartz in contact with mesoperthite (¢.g. HS0, 90, 98; Plate 3-44).

Feldspars of the charnockitic clan are complexly intergrown in many thin-
sections, sharing highly irregular boundaries that may be vermicular or even globular

(vermicular sectioned orthogonally?). Note that since crystal faces upon feldspar are

almost entirely absent in the itic clan sectioned-to-date, and that recrystallis

and textural equilibration have been observed in no section to approach that degree

cvident pervasiveness we might envision as typical of, say, granulite-facies metamorphic

rocks, the question of whether a particular section contains complexly intergrown feldspar

s largely one of degree. Vermicular and globular myrmekite are present along feldspar
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boundaries in many thin-sections, commonly™ in the same sections as complexly

intergrown feldspar (c.g. H59), and an observer could readily confuse the two.

Quartz generally occurs in the charnockitic clan as grains of indistinct shape with

smooth boundaries (as in other plutonic rocks), cither as individuals of median or

cs (Plate 3-45).

porphyritic grainsize or as phenoaggrega

The general texture of the charnockitic clan may be described as xenomorphic

sranular, comprised of modally subordinate mafic minerals occurring as aggregates,

concentrations, and individuals distributed between coarser aggregates of fel

ic miner
In foliated rocks, this texture manifests as clongate, alternating felsic aggregates and
mafic aggregates or concentrations, constituting ASPO and concentration SPO. In
porphyritic and pseudoporphyritic (c.g. aggregate-phyric) rocks, mafic aggregates,
concentrations, and individuals are distributed net-like between and as marginal within
coarser felsic aggregates, some of which may be dominated by individual phenocrysts or
‘monomineralic phenoaggregates (Plate 3-46).

As mentioned above, no thi ions of the charnockitic clan examined here

exhibit pervasive, advanced recrystallisation o textural equilibration. At most, a minority

distinet  domains  of sub-millimetre-grained, evidently

recrystallised and texturally equilibrated grains amidst coarser grains or coarser-grained
domains of more typical texture. Evidently recrystallised and texturally equilibrated

domains ay

dentified as consisting of at least relatively fined-grained xenomorphic

grains of smooth and polygonal boundaries, of at most the same of equigranular,

" If the adverb “commonly” seems overused in this work, let the reader be assured
will full ntention and for lack of a better indication of presence.
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equidimensional-granular texture. In such texturally heterogencous sections, the coarsest

grains or coarser-grained domains exhibit the most irregular grain boundaries and grain

shapes (Plate 3-47).

Accessory minerals of the chamockitic clan always include pyroxene, both

clinopyroxene and orthopyroxene in perhaps a majority of samples. Pyroxene generally
ocurs at the percent level though uncommonly above 20%, at most 40% (H36) in the

thin-sections examined. Greenish brown hornblende is commonly present, uncommonly

at the percent level and rarely above 5%, at most 10% (H49) in the sections examined.

Biotite is almost entirely absent from the charnockitic clan, being present as a minor

constituent in only one section (H46), taken within a few metres of the Ol-gabbroi

contact south of Nain Bay. Fe-

-oxide as ilmenite, generally accompanied by magnetite,

is ubiquitous, commonly occurring at the percent level though rarely in slight excess of

5% (BO6 ). Minor zircon and apatite, generally automorphic and hypautomorphic, are

more or les

ubiquitous in the charnockitic clan.

As mentioned previously, y two fifths of
contain fayalite, generally at the percent level though uncommonly above 5%, at most
15% (H98) in the sections examined (Figure 3-4). Fayalite of the Barth Concentric

Plutoy

Suite, insofar as represented by the thin-sections examined here, is of indistinct

habit, in other words, of no particular or peculiar habit, neither regular nor extraordinarily

irregular in shape (Plate 3-48). In seven thin-sections (H49, 90, 91, 94, 95, 98, G253)

faalite is partially altered to an unidentified mineral, black opaque, though red

transparent when microns thin, and with the reflectance and grey colour of zircon in

reflected light (described in Section 4.1). The mineral occurs as continuous masses that
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share iregular boundaries with fayalite, in some places by pencirating along

intracrystalline fractures within the fayalite, and also oceurs as proximal inclusions within

relict fayalite adjacent to its shared boundaries (Plate 3-49). For the record, fayalite in its

reflectance is greater than magnesian olivine, closcly approaching zircon and the

unidentified mineral.

OCCIPO oceur in less than 10% of chamockitic sections (H96, 102, G22, 221,

31 Figure 3-4) and the present author speculates that they form similarly in the

charnockitic clan as in the Fe-rich (Section 3.2.2.3), specifically, in partially crystalline

‘magmas with pyroxene upon the liquidus having undergone strain followed by a cessation
of strain and reheating caused by renewed intrusion nearby.

‘The most mafic charnockitic section (B0G T) is from an evidently chilled margin

at the eastern coastal

upon the Ol-gabbroic predominancy against the chamockiti

intersection of the contact south of Nain Bay and c of [(ilmenite-magnetite))
pyroxene-rich charnockitic monzodiorite. Although the dark coloured charnockitic chill

direetly contacts significantly coarser, light coloured chamockitic rock of the charnockitic

discrete between the two, with the chill coarsening and

predominancy, the contact
(presumably) grading in rock type with increasing distance away from the predominancy
contact into the interior of the Ol-gabbroic predominancy. Sample B0O6 T perhaps
represents a lesser degree of mixing than those rocks of the Fe-rich clan scattered against
the same contact.

ists of

The chamockitic section (G22) bearing the least alkali feldspar c

charnockitic quartz-leucodiorite and is taken from the northwest Barth Concentric

Plutonic Suite, from the edge of the Fe-rich predominancy where it has “interact[ed]”



with rock of the charnockitic predominancy (Gaskill 2005 unpublished sample notes). As

with the chill described above (sectioned as BO6 T), it is evident that magma marginal to
one predominancy can have mixed with magma marginal to the adjacent predominancy,

thereby attaining a magma composition that crystallised rock of the clan corresponding to

the opposing predominancy.

The Ol-gabbroic rock-type clan

3241 ion to the Ol-gabbroic rock-type clan

‘The Ol-gabbroic rock-type clan is defined as per Figure 3-5. The Ol-gabbroic rock-type

predominancy consists of five bodies mappable at the 1:50,000 scale, two arcuate north of

Nain Bay, one each brack

& the centre of Barth Island, and one south of Nain Bay
(Figure 1-2). It is plausible and readily envisionable that all but the small, northernmost
arcuate body formed a continuous body before faulting and today beneath Nain Bay the
components may still be in faulted contact. The Ol-gabbroic predominancy also outcrops

on two islets, on Pikaluyak Islet where it contacts the charnockitic predominancy and on

the small islet midway between Webb Neck and Barth Island where it contacts the Fe-rich
predominancy.

As well as the Ol-gabbroic rock included in the predominancy so defined, the Ol-

veral undefined bodies of

gabbroic clan also includes a “scattered portion” comprising
Ol-gabbroic rock inferred from samples (G28, 29. 35, 64, 109, 116) taken from within the

inner annular portion of the Fe-rich predominancy north of N

Bay.
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The dominant basic rock types of the Ol-gabbroic clan are olivine

olivine ite, and troctolite. A full list of rock

types is provided below in Section 3.2.4.4

rock

he Ol-gabbroic and the Fe-

-type

predominanci

respectively

Before describing the contacts between the Ol-gabbroic and Fe-rich predominancies, note

that workers before  Gaskill (2005) grouped the semicireular body of Ol-free

anorthogabbroic rock along the north shore of Nain Bay with the Fe-rich predominancy,
and therefore some carlier, general descriptions of the contacts between the Ol-bearing

and Fe-rich might have

ations made along the contact

of this semicircular body. With that said, there

0 positive indication that any author

before Gas

ill (2005) obscrved the contact of that body. For the record, Gaskill (2005)
observed the northwestern portion of that contact and described it as sharp.

The carliest description of the contact relationship between the Ol-gabbroic and

tich rock-type predominancies is that of Rubins (1971 p. 40) who described their

northeastern contact as “direct and sharp™. Rubins (1973 p. 27), cchoing the earlier

description though reporteding now for the Barth at large, stated that the “best exposures

indicate that the contact is sharp”. More specifically, the Ol-bearing rocks along the

contact a

characteristically dark”,

lense™, and “fresh” refative to those away from the

contact, and the Fe-rich rocks

re typically more weathered near the contact”™ (Rubins

anges from 1 to 4 m thick and is also present at

1973 p. 28). The “dense, border phase

t the Fe-rich (Rubins

places against the charnockitic predominancy, in addition to ag:




1971 p. 59). It is not clear from his own writing whether by “dense” Rubins is referring to
grainsize or colour index. Mulhern (1974 p. 27) stated for the Ol-gabbroic predominancy
north of Nain Bay that “grainsize increases away from the contact”, an observation which
Wallace (1986 p. 8) extends to the marginal Ol-gabbroic predominancy throughout the
Barth, the present author having verified this feature south of Nain Bay where Rubins
(1973 p. 28) described the Ol-gabbroic predominancy adjacent the charnockitic as “of the
same dense and fresh character [as on the island and north of Nain Bay adjacent to the Fe-
rich predominancy]” - all of which suggests that by “dense” Rubins (1973) is referring to
grainsize. For the record, the present author also found that the Ol-gabbroic
predominancy adjacent to the charnockitic south of the Nain Bay is distinetly fresh (c.g.

difficult to break off, minimal weathering, sparkling fresh interior) compared to the rock

at many locations beyond several decametres north the contact, being soft and locally
disaggregated.
Ryan (2001 p. 141) described the northwestem contact between the Ol-gabbroic

predominancy and the Fe-rich as sharp, with the Fe-rich predominancy containing at this

kill (2005) described the Ol-gabbroic:

location apparently “hybridis ich
contact north of Nain Bay as locally bearing small, thin bodies of charnockitic rock or

ally, in the well d, northeast-trending

charnocki

Ferich hybrid rock.

length of contact east of the prominent northwestern pocket, dykes of “yellow-white to

white rock” can be traced from the contact into the Ol-gabbroic predominancy though not
the Fe-rich (Gaskill 2005 p. 71).
De Waard et al. (1976 p. 297) deseribe the rock type contacts within the Barth

Concentric Plutonic Suite as “generally transitional”. Wallace (1986 p. 9, 10) corroborate

186



that general observation as well as elaborating specifically that the “contacts between the

[Ol-gabbroic and Fe-rich] rocks arc gradational, consisting of transitional lithologies of

olivine gabbros, gabbros, and norit

The inferred contacts between the Ol-gabbroic predominancy and the central

member of the Fe-rich predominancy, comprising the core of Barth Island, appear to be

totally obscured by Quaternary cover (Ryan 2001).
No worker to date has described the contact of the isolated arc of Ol-gabbroic

predominancy in the northeastern portion of the structure, and indeed Gaskill (2005) has

mapped its entire contact as approximate. As Gaskill (2005) points out, the acromagnetic

s that this arc is

shaded relief map presented in Ryan (2000 Figure 2b p. 255) sugg

disconnected from the main portion of Ol-gabbroic predominancy north of Nain Bay. On

that note, the acromagnetic map indicates that the body of Fe-rich predominancy

contacting the Ol-gabbroic on the islet between Barth Island and Webb Neck may be
continuous with the strip of Fe-rich predominancy along the external contact on castern
Barth Island.

“The carliest description of the contact relationship between the Ol-gabbroic and

charnockitic predominancies is that of Rubins (1971 p. 40, 41) who stated that locally

near their contacts the Ol-gabbroic predominancy is “extensively” intruded by

charnockitic rock, making the contacts “agmatitic”, and that rare dykes of charnockitic

rock occur away from the contacts. For example, south of Nain Bay, where this

relati 210 3 m blocks of Ol-

nship is “most striking”, dykes of charnockitic rock separa
bearing rock in a 3 to 10 m thick contact zone, with some smaller dykes traceable beyond

the contact zone (Rubins 1973 p. 24). De Waard and Mulhern (1973 p. 76) and de Waard



et al. (1976 p. 297) also characterisc the contacts as “agmatitic” by chamockitic intrus

into the Ol-gabbroic predominancy.

As already described near the ends of Sections 3.2.2.2 and 3.2.3.4, some of the
scattered portion of the Fe-rich and charnockitic rock-type clans oceur along the Ol-
gabbroic-charnockitic contact. In summary of these occurrences: the chilled and locally

mixed and mingled margin of the Ol-gabbroic predominancy locally consists of rack of

the Fe-rich clan and of the chamockitic clan, evidently produced by mixing of

agma
parental to the Ol-gabbroic predominancy with magma parental to the charnockitic.

Along the contact at the west end of Barth Island, the charnockitic predominancy

contains biotite-bearing “amphibolitized” angular fragments of Ol-gabbroic rock and

“straight-walled dykes™ of chamockitic rock “transect” the Ol-gabbroic predominancy

(Ryan 2000 p. 264, 2001 p. 141). Perhaps describing the same locality “on the
westernmost edge” of the Barth Concentric Plutonic Suite, Wallace (1986 p. 9) stated that
the contact is marked by “a zone of [charnockitic rock]” bearing “angular xenoliths of”
Ol-gabbroic rock “up to one metre in length”. Whether a xenolith or a pendant, Gaskill
(2005) defineated a roughly 30 m diameter section of Ol-gabbroic rock approximately
100 m southwest of the orthogonal bend in the contact at the west end of Barth Island.
Ryan (2001) described the contact on Pikaluyak Islet and south of Nain Bay as
locally lobate and locally interfingered, Gaskill (2005 p. 86) the contact south of Nain
Bay as “gently undulose”. While Ryan (2002 Plate 15 p. 147) indeed depicts a lobate
contact underlying Pikaluyak, the present author, having observed the majority of

exposed Ol-gabbroic-charnockitic contact south of Nain Bay, did not observe similarly,

although in one small exposure the contact is undulose though not decisively lobate;




Chamockitic dykes intruding the Ol-bearing predominancy are finer grained and

contain “only rare phenocrysts” if any at all, having presumably tapped marginal,
phenocryst-poor liquids, and have not imparted “visible contact effects” upon the intruded

rock (Rubins 1973 p. 29, 61). Ryan (2001 p. 141) speaking of the contact on Pikaluyak

Islet and south of Nain Bay, 12", buff-weathering,

stated that “irrcgular and anastomos

aplitic charnockitic dykes are numerous in the Ol-gabbroic predominancy near the contact

and perhaps represent magma filter-pressed out of the main charnockitic m kill

(2005 p. 86), deseribing the conta

south of Nain Bay, described such dykes as “straight-
walled”, extending not beyond 10 m of the contact, and oriented more or less normal to
the contact,

Some outerops of the northwestern portion of the Ol-gabbroic predominancy

contain anastomosing charnockitic dykes and dyklets, though these have not been
observed to emanate from the contact (Gaskill 2005)

In addition to evident chilling upon the Ol-gabbroic predominancy, the present
author has observed a number of contact relationships between the Ol-gabbroic and

charnockitic predominancies south of Nain Bay, including evidently kinetic and in situ

individuals and networks of charnockitic dykes and dyklets,

plutonic bree

nterleaving, and evidence of magma mixing and mingling. Note that a kinetic breccia is a

a in which the fr

igments appear to have undergone significant movement including

ible rotation, as opposed to an in situ breceia in which the fragment did not undergo

significant movement and could therefore be fit back together by translation over very

short distances if the matrix were removed.
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Observations of the Ol

abbroic predominancy evidently chilled, as contact-

orthogonal gradations in grainsize over centimetres to d . from dominantly lower

and decami d to dominantly sub-millimetre and lower millimetre-

srained [e.g. Plate 3-50]), were made by the present author along all lengths of the contact

designated “observed or very well constrained” on maps

Figure 1-2 and Fi

ure 2-4 (and

therefore excluding the westernmost observation south of Nain Bay, where the contact as
mapped is considered approximate).

ale charnockitic dykes

The present author observed few examples of decimetre-s

within the Ol-gabbroic predominancy. One example oceurs 250 m west of the north shore

of “third eye pond” where a dyke of 40 cm thickness separates two evidently offset

portions of the Ol-gabbroic predominancy, with the westerly portion evidently chilled

along the south-facing limb of its right-angl with the

yet not along the cast-facing limb (Plate 3-50). A thin-section (H61) of the Ol-gabbroic

h

predominancy from the easterly portion at this location consists of bitite oli

b

gabbronorite of equal volumes sub-millimetre and lower millimetre-scale grains, with

most plagioclase polygonal equigranular, equidimensional-granular with distinetly

clongate  plagioclase  throughout. Some  clinopyroxene oceurs as  plagioclas

perchadaerystic oikocrys are plagioclase crystal

s, although a minority of their bound:

faces unlike in many Ol-gabbroic rocks where a lesser volume of plagioclase is evidently

recrystallised and texturally equilibrated. No th on was taken of the charmockitic
predominancy at this location, and although the contact geometry including chill

placement is similar to another outcrop (290 m cast, immediately north of “third cye

pond”) where the apparently charnockitic rock turned out to belong to the Fe-rich clan
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(H53; Section 3.2.2.2), the rock here is whiter and thus probably belongs to the

charnocl

At many locations adjacent the contact, the Ol-gabbroic predominancy is cut by

dyklets (i.c. dykes lower centimetre-scale thick and thinner), at some locations

numerous, at some locations of diverse orientation, with the smallest, sub-centimetre-
scale thick dyklets generally relieved above the outcrop surface (Plate 3-51). Such dyklets

are inferred to be at I ise of their proximity to the contact,

st generally charnockitic bec

their commonly orthogonal disposition relative to the contact, their locally apparent
emanation from the main charnockitic predominancy (Plate 3-52), as well as several thin-

sections that confi

n a chamockitic identity (O, 66, 67).
The charnockitic dykes (and dyklets) of the Barth Concentric Plutonic Suite
appear to have originated similarly to those small granophyre dykes in the Skaergaard

intrusion that intrude the upper part of the Layered Series and are visibly rooted in

underlying ferrogabbro, “appear{ing] to have resulted from some form of filter pr

and segregation of late liquids into pipes and dilational fractures in the partly crystall
abbroic mush” (McBirney 1993 p. 202).

At some locations the dyklets effectively carve the Ol-gabbroic predominancy into

blocks thereby producing a breccia (Plate 3-53). Two well-exposed, extensive examples

of such breccia are described below

The westernmost outerop of the contact on the mainland south of Nain Bay occurs

near the northeastern shore of Pikaluyak Cove, near the mouth, and consists of an

evidently kinetic plutonic breccia with a multiclans! (charnockitic, Ol-gabbroic, and Fe-

rich) matrix bearing sub-centimetre to decimetre-scale, sub-angular blocks of Ol-gabbroic
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rock (Plate 3-54). The plutonic breccia is block-dominated in the surfa

photographed in

Plate 3-54, but in another surface 15 m to the north the breceia is charnockitic matrix-

dominated, bearing only sparse sub-angular blocks Ol-gabbroic in appearance. Referring
1o the breccia underlying the surface photographed in Plate 3-54, the matrix is visibly of
variable grainsize and rock type, with several components sampled over two thin-sections
(HS, 9).

of

Section H8, taken of a rel

ined portion of the matrix, con:

pecked ~(biotite-hornblende)-ol; gabbro bearing some  facially

developed plagioclase and minor ilmenite, apatite, and sulphides, and of dominantly

and  sub-mill grainsizes. C oceurs as upper

millimetre and lower centimetre-seale, optically continuous plagioclase-perchadacrys

oikocrysts of angular plagioclase-interstitial habit and with marginal hornblende (Plate 3-

55). a clinopyroxenc texture typical of the Ol-gabbroic clan though not typically of that

ness. Although not evident in this thin-section, relatively coarse biotite, some in

matrix.

excess of one centimetre, oceurs in the dominant, Ol-gabbroic portion of th

of

Section H, taken of a relatively coarse-grained portion of the matrix, consists

two portions, one relatively coarse-grained and chamockitic, transitional over one

metre into the other, relatively fine-grained and of non-Fe-rich diorite. The latter

portion of the section consists of ¥ h non-Fe-
rich diorite, bearing minor biotite, ilmenite, and zircon, of equal volumes sub-millimetre

and lower-millimetre grains, with mesoperthitic acicules (i.c. needles) barely resolvable at

certain focal lengths at 400X. The relatively coarse-grained, charnockitic portion of the

section consists of clinopyroxene charnockitic leucomonzonite, bearing minor quartz,
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ilmenite, apatite, and zircon, of dominantly millimetre and lower centimetre-scale

srainsizes, with mesoperthite acicules ranging from resolvable at 25X to barely resolvable

at 400X. Perhaps the relatively fine-grained portion of the section is representative of
rock transitional between the chamockitic portion of the matrix and the dominant, finer

Ol-gabbroic portion of the matrix, which would be consistent with other observations

evidencing that Ol-gabbroic magma mixed with charnockitic magma can produce dioritic

magma.

(H7) taken from a block consists of (clinopyroxene-

bearing some f

orthopyroxenc)-specked biotite-homblende troctolit lly developed

plagioclase and minor ilmenite, apatite, and sulphides — of which all four are also borne

by matrix Ol-gabbroic rock — and of equal volumes sub-millimetre and lower-millimetre

grains. Also as with Ol-gabbroic rock of the matrix, clinopyroxene is the coarsest
constituent as optically continuous plagioclase-perchadacrystic oikoerysts.

Other plutonic breccias oceur along the Ol-gabbroic-charnockitic contact but the

breccia at the westernmost location is unique for possessing a readily identifiable Ol-

gabbroic component of its matrix, and therefore also an intermediate dioritic component,

in contrast to a single chamockitic component as appears to be the case elsewhere wher

observed

ant block motion occurs

The only plutonie breceia showing evidence of sign

approximately midway along the contact, 400 m directly north of the western terminus of

“right eye pond”. At this location, the contact comprises an approximately 50 m thick

zone of block-dominated plutonic breceia consisting of charnockitic matrix bearing

phaner and aphanitic gabbroic (sensu excludo) blocks.

ic Ol-gabbroic and phanerit
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Beginning at the outlet of the small pond (the northeastern corner; Figure 2-4), the Ol-

gabbroic predominancy first becomes noticeably transected by charnockitic dyklets,

thereby constituting an in siu breceia. A few decametres south the blocks are

sub-angular
in spite of being separated by dyklets generally no thicker than 1 or 2 em, though locally

swelling to a few d

netres thickness (Plate 3-56). A thin-section (H67) of matrix from

this

area consists of charnockitic quartz-leucomonzonite (borderline granite) of sub-
millimetre and millimetre-scale grainsize and bearing minor clinopyroxene, ilmenite,
magnetite, zircon, and apatite. The coarsest grains are generally feldspars, dominantly

‘mesoperthite, and are the most irregular in shape and boundary, with amoeboid composite

grains of ilmenite and magnetite apparently having crystallised their “pscudopodia” along

such boundari ib-

(Plate 3-57). Approximately two fift

s of the section comprises a

h coan

granular matrix in wh T

are dispersed, constituting evidence that the matrix here underwent deformation. A th

section (H68) of a block immediately adjacent to the sectioned matrix consists of olivine-

biotil

specked nori imetre, lower millimetre, and lesser upper millimetr

scale grainsizes, bearing minor imeni

and clinopyroxene, and possessing an unusual
texture consisting of plagioclase laths of diverse orientation interspersed with mafic

aggregates and finer (sub-millimetre-scale) plagioclase grains of diverse shape (i.c. mixed

irregular, cquant, and clongate) which are themselves intersp

sed with relatively fine,

decamicron and lower centamicron-scale mafic grains (Plate 3-58). The coarser,

framework play

ioclase laths commonly exhibit irregular boundaries

dividual lengths

of the finer matrix,

of boundary fit multiple grai
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Further south, at a location a few decametres north the breccia’s souther extent,

charnockiti

matrix abruptly increases in overall abundance, locally dominating some
exposures, and blocks are on average more rounded, ranging from sub-angular to

apparently smooth spherical, the breceia therefore appearing more kinetic though locally

still definitively in situ. Referring to this southern portion of breccia, the charnock

matrix ranges from dominantly sub-millimetre to upper millimetre-grained, with different
grainsize portions in sharp contact at least locally, and matrix of all grainsizes enclosing

blocks (Plate 3-59). A thin-section (H66) taken containing matrices of disparate grainsize

b

consi

of a finer portion of D

charnockitic monzodiorite and a coarser portion of clinopyroxene-specked chamockitic

quartz-monzonite. The finer portion is about evenly sub-millimetre and lower-millimetre-

grained and more or less equigranular, equidimensional-granular and transitions over 1.5

em of coarsening and abrupt decrease in clinopyroxene, ilmenite, and magnetite into the

coarser portion, which is dominantly upper millimetre and lower centimetre-grained, and
o

dominated by complexly grown feldspar and coarser, composite multifeldspar (MPr, Afsp

+ PI) oikocrysts bearing facially developed chadacrysts of clinopyroxene and Fe-Ti-oxide
(Plate 3-60). Such composite plastomorphic oikocrysts are atypical of the charnockitic
clan (Section 3.2.3.4).

As with the in situ portion to the north, in situ breccias in the south also contain

sub-rounded blocks (Plate 3-61), plausibly due to erosion by partial melting and

subsequent mechanical movement of c ents by coursing

magma.
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Within apparently kinetic portions of the breceia blocks typically range in size

from several to 20 cm diameter (Plate 3-62). Some relatively small blocks in apparently

kinetic portions are distinetly browner and more o less aphanitic, perhaps have been
abbroic

entrained backwards in the Ol- predominancy from the original margin where

they were chilled against the charnockitic. A thin-section (H63) of one aphanitic block

consists of (il a blotite-specked  plagioctass-ply
dominated by a matrix of decamicron and lower centramicron plagioclase and pyroxene

grains of polygonal equigranular, cquidimensional-granular texture with- interspersed

et lower millimetre-scale

biotite and composite ilmenite-magnetite grains, in which are s

plagioclase phenoerysts of diverse orientation and lesser phenoaggregates of coarser-

matrix though polygonal equigranular, equidimensional granular plagioclase (Plate

3-63). On the one hand, the rock has an overall grainsize and hiatal grainsize distribution

cvident of having been chilled, but on the other hand, the rock has evidently undergone

advanced textural reequilibration and, as evidenced by a biotite SPO, has been subjected

to a differential st

field. Perhaps the magma, once rigidified enough to transmit str

and therefore having erystallised most of its matrix component since the phenocrysts are
matrix supported, crystallised biotite that by some combination of rotation due to

mechanical reorganisation of surrounding grai

s or pressure solution and reprecipitation

al stress field.

attained a shape preferred orientation, stable with respect to the different

Advanced textural equilibration to produce a polygonal equigranular, cquidimensional-

granular texture can theoretically occur without stressed latticy

W subscquent subgrain

rotation

formation and  subgrain rotation recrystallisation, however  subgr

recrystallisation produces the same texture within single grains and produces grainsize
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reduction, thereby facilitating an overall process of textural equilibration. In addition,

stressed lattices are  les

stable and should more readily dissolve to diffuse their

components o sites undergoing growth due to textural equilibra

stressed or not, the fineness of matrix grains would also facilitate textural reequilibration

because the volumes being equilibrated are small and therefore require less mass

diffusion to equilibrate ion from crystal habits produced kinetically and

constrained by pore geometries to crystal habits produced thermodynamically and

constrained by neighbors undergoing similar grain boundary energy  reduction

recrystallisatios antly coarser, intact phenocrysts do not

acase in point, the signi

show evidence of texturally equilibration). The s

milarly textured aggregates of

ars

than-matrix plagioclase evidently represent those phenoerysts have incurred lattice strain

and consequent subgrain rotation prior o textural The
atypical quantity of thermal energy (ie. sustained high temperatures) required for

advanced textural equilibration of even relatively fine grains must have been provided by

enclos The

ng charnockitic magmas, of which there may have been multiple pul

enclos siderable period of time

ng magma(s) may have entrained the block for a cor

before congealing metres or decametres northwards into the breceiated Ol-gabbroic

predominancy, the margin of which from which the block w

s originally plucked.

ic block within in situ breccia to

on H63, as with seetion H6S from a phanes
the north, does not belong to the Ol-gabbroic clan as defined, the finer section containing

no definitive olivine, the coarser 2% olivine. The coarser section is therefore of rock

belonging to the minor Ol-specked anorthogabbroic rock-type clan, the finer section of
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rock belonging to the O-free anorthogabbroic rock-type clan.2’ Two other sections (H72,

78) taken from chilled margins of the Ol-gabbroic predominancy consist of decamicron

and centamicron-grained ilmenite-specked gabbroic rock and a

o bear possible olivine,

and therefore n

ight also belong outside the Ol-gabbroic clan. Two other gabbroic

sections (H45, 74) from along the Ol-

broic margin definitely belong outside the Ol-
‘gabbroic clan but these have plausibly lost their olivine by alteration. Whatever the actual

abundance of olivine-poor or olivine-free gabbro

i rock along the Ol-gabbroic mary

south of Nain Bay, forsterite contents are lower in olivine of the marginal rocks (Fo 38 to

described in Seq

61) than in olivine of rocks away from the margin (Fo 60 to 7
5.2.2). It is therefore evident that the marginal rocks have been variably contaminated by

charnockitic magma even in the absence of spatially correspondant, visually evident

indications of

eraction. As elaborated on below, some lengths of the Ol-gabbro
charnockitic contact south of Nain Bay show evidence of magma mingling and mixing

and therefore visually striking evidence also exists that the two magmas exchanged

components.

The most visually striking observation of evidently mixed and mingled Ol-

gabbroic and chamockitic magmas was made 140 m west of “third eye pond™. At this

location, some exposures exhibit merely evident mingling, as rounded apparently Ol-

gabbroic bodies within charnockitic rock (Plate 3-64). Other, irregularly heterogencous

exposur

of variously coloured rock appear 1o represent mingling combined with mixing
(Plates 3-65, 66). Originally charnockitic. portions seem to have undergone crystal

fractiona

on, with pinkish feldspar phenoerysts st in a dark greenish matrix and

Unless and until olivine is found there or in 1 from a more or less identic

rred pres section.
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concentrated about the margins of these portions. Perhaps ma

of charnockitic magma,

having marginally rigidified against by embedment within the chilled margins of

originally Ol-gabbroic portions, were then intruded though their unrigidified (i.e. semi-

erystallised) interiors by fresh Ol-gabbroic magma, causing significant mixing therein and

eventually crystallising the atypical dark greenish rock. Unfortunately these colourful

exposures were too smooth to obtain a sample.

n occurs at the

‘The most exposed example of visually evident mingled intera

wave-washed eastern coastal exposure of the Ol-gabbroic-charnockitic contact. At this

location the Ol-gabbroic predominancy is evidently chilled against the charnock

rock of dominantly sub-millimetre-scale grainsize against typically coarse charnockitic

rock, grading over several centimetres into rock of coarser, though still dominantly sub-

millimetre-scale grainsize, grading in tum over a few metres into typically coarse Ol-

gabbroic rock of dominantly millimetre-scale grainsize. The contact is locally complex,

though remains sharp with the bounding rocks more or less true to colour and appearance,
and s therefore evidently mingled, with the scales of grainsize gradation as evident

chilling locally variable. Specifically, rock of the Ol-gabbroic predominancy bearing

ht-coloured feldspar xenocrysts irregularly disseets the charnockitic predominancy into
tapering and branching portions (Plate 3-67), some no more than wisps (Plate 3-68).
Scattered within the charnockitic predominancy within at least 10 m of the contact are
irregularly-shaped volumes and sub-angular to rounded blocks of the Ol-gabbroic

predominancy, several to 80 em in diameter and bearing light-coloured feldspar

xenoerysts (Plate 3-69).
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A thin-section (H35) of Ol-gabbroic rock of predominancy-typical grainsize taken

five or six metres away from the chilled contact here consists of

ilmenite-magneti

)

biotite-specked orthopyroxene-olivine gabbro of lower millimetre and lesser sub-

millimetre and upper-mil

metre-scale grainsizes, with clinopyroxene as plagioclase-

perchadacrystic oikoerysts and the coarsest component of the rock, and bearing minor

homnblende, zircon, apatite, and sulphide. Plagioclase is mostly equant, less s

o irregular or
elongate in shape, all with polygonal or smooth boundaries. A section (H37) of

charnockitic rock taken three metres from the contact consists of pyroxene-specked

charnockitic quartz-leucomonzonite of equal volumes sub-millimetre, millimetre, and

lower centimetre-scale grains, with feldspar as mesoperthite and lesser plagioclase,
ite. A

bearing minor ilmenite, magnetite, zircon, and apa abbroic

ction (H36) of the Ol-

adjacent the i i (Plate 3-70) coi

" sub-

and

monzonite, of

of

ains, bearin

ser lower mil minor quartz, ilmenite, sulphide and zircon,

as well as mill cale xenocrysts and of quartz, phenoerysts™ of

plagioclase, and phenoaggregates

of mixed quartz and feldspar. Note that though of the

charnockitic clan the rock scetioned nonctheless belongs to the  Ol-gabbroic
predominancy because it is evidently a chill thereupon, grading in grainsize and

(presumably) composition away from the contact tobecome Ol-gabbroic rock. The

sectioned rock and other evident chills are therefore integral parts of the Ol-gabbroic

predominancy and cannot be unified instead with the charnockitic predominancy due to

0 “Phenocryst” at

pregal
Xenoaggregates whereas “xenocryst

ind “xenoaggrega
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on (B06 T) also from

the sharp and obvious grainsize contact separating them. Sei

evidently chilled rock of the Ol-gabbroie predominancy though not immediately adjacent
the 1 P ch

grainsizes, with feldspar
as plagioclase and lesser mesoperthite, and bearing minor apatite, zircon, sulphide, and
quartz. Thus it s evident from the rock types present in these sections that outerops that

by field appearance show evident mingling but minimal evident mixing (c.g. in the

present case, sparse xenocrysts) may be evidently mixed according to more eryptic
criteria, such as macroscopically camouflaged intermediate rock types.

Of the four thin-sections taken from this location, only the Ol-gabbroic section

(H35), taken metres back into the Ol-gabbroic predominancy, bears any hydrous

minerals. Conversely, of the four thin-scctions, only the section (H37) taken metres back

into the charnockitic predominancy bears percent level quartz (excluding evident

Xenoerysts in H36; Plate 3-70). The intermediate sections (H36, B0G T), bearing minor

quartz, are therefore of rock evidently erystalliscd from magmas having barely achieved

silicasaturation during crystallisation. Seetion H36 from immediately adjacent the

has feldspar as and lesser plagioc

as section H37 taken within the predominancy, and in both mesoperthite

ules range

from resolvable at 25X to barely resolvable at 400X. In section BO6 T feldspar

in abundance over m

abundances are reversed, with plagioclas soperthite. Of the four
sections, B06 T and Ol-gabbroic section H3$ exclusively share the presence of percent

level Fe-Ti-oxide, and B06 T, H35, and H36 exclusively share the presence of minor

sulphide.
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Areally extensive lower metre-scale interleaving occurs at two locations along the

exposed length of Ol-gabbroic-

chamockitic contact south of Nain Bay. At one location,
370 m west of “third eye pond” (and 130 m west-southwest of the mixed kinetic and in

sifu breccia described above; Figure 2-4), lower metre-s

le thick elongate bodies of

alternately Ol-gabbroic and charnockitic predominancy interleave perhaps several times

going roughly north-south (i.c. parallel to contact). Stemmed interleaving, in which

thinner, decimetre-scale thick elongate bodies bifurcate off larger ones also occurs here.
At the other location, within perhaps 70 m east of “third eye pond”, lower metre and

decimetr

le thick clongate bodies of alternately Ol-gabbroic and chamnockitic
predominancy similarly interleave (Plate 3-71), with some bodies of Ol-gabbroic
predominancy having been observed evidently chilled along both north and south

contacts. Locally within charnockitic portions are rounded elongate bodics apparently Ol-

gabbroic (Plate ., and on that note, where termini of interleaved or included bodies

were observed in both interleaved zones they are rounded. Perhaps such interleaving
results from the relative motion between parent magmas of the two predominancies, with
one intruding upwards against the margin of the other, splaying off clongate molten

‘masses reflective of the laminar motion of the magma.

An elongate body of Ol-gabbroic predominancy in the eastern zone of interleaving

was observed 1o possess a margin evidently chilled at one location, grading ove

magnitude of grainsize over 20 cm, but where clearly observable § m west was apparently

unchilled, or perhaps with an evident chill barely developed. A thin-section (H78) of the

pronounced chill consists of ilmenite-specked gabbroic rock, in which the presence of

ne is uncertain as with se 72) of oth

evidently chilled rock of Ol-

202



‘gabbroic predominancy, of equal volumes decamicron and centamicron-scale grains, with
distinet plagioclase laths of diverse orientation throughout, and bearing minor magnetite.
A section (H79) of the non-chill or minimal chill consists of ilmenite-biotite-specked
olivine gabbronorite of sub-millimetre and lesser lower millimetre-scale grainsizes, with
plagioclase the coarsest constituent and mostly as diversely oriented laths with variably

straight boundaries, bearing minor zircon and sulphide (though evidently no magnetite),

and manife d

sting texturally as a mixture subophitic, hypautomorphic intergranular

fine equi ional granular (Plate 3-73). Perhaps magma
parental to the Ol-gabbroic predominancy did not move evenly against the boundary of
partially solidified charnockitic magma, instead some portions moving with greater

velocity and therefore not having opportunity to chill, adding heat to adjacent

charnockitic magma and thereby depriving it of the ability to chill the magma that would

eventually settle against it.

Finally, there arc scattered small bodies included within the charnockitic

predominancy that have the appearance of having been formed from magma parental to

not by

bbroic predominancy ng actually Ol-gabbroic. For example,

nately 40 m south of the zone of interleaving last described, exposed over a few

square decimetres is sub-millimetre-grained rock bearing feldspar and quartz xenocrys

or

appearing to be of more intermediate composition than Ol-gabbroic, perhaps dio

charnockitic. Convers

ly. a small body has been observed within the Ol-gabbroic

predominancy 70 m north of the western terminus of “third eye pond” that evidently

consists of rock representing a mixture of magmas parental to the charnockitic and Ol-

gabbroic predom s (Plate 3-74), similar in colour to the evident mixture described
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sists of a dark

350 m to the west-southwest (Plates 65, 66). The rock at this location cos

greenish brown matrix bearing pink feldspar erystals and centimetre-scale blocks of

apparently Ol-gabbroic rock. Where exposed the contact between the Ol-gabbroic

predominancy and the body is sharp (Plate 3-75). Perhaps this body represents a tube or
dyke of hybridised magma injected obliquely northwards into largely crystallised Ol

‘gabbroic rock from the main contact zone where it originated.

‘The field appearance of the Ol-gabbroic predominancy has been described as “pale
greyish green- to brown-weathering” (Ryan 2001 p. 141) and “buff to brown weathering,
with reddish stains where olivine is abundant” (Gaskill 2005 p. 62). The present author
generally agrees, having observed the Ol-gabbroic predominancy south of Nain Bay as

grey to pale greyish green-weathering, moreso inland, to buff tobrown-weathering,

moreso along the coast, with reddish stains locally manifest on inland exposures.

“The earliest description of the field petrography of the Ol-gabbroic rock-type clan

is that of Rubins (1973 p. 24), speaking of the Ol-gabbroic rock-type predominancy south
of Nain Bay, who stated that density-graded modal layering is common, with individual
layers a few to 20 em, and of variable orientation “over short distances”, at some
locations appearing “chaotic”. Rhythmic modal layering of “consistent orientation is
north of Nain Bay™ but is absent south of N

visible in two localiti 0 Bay. Speaking of

the Ol-gabbroic predominancy south of Nain Bay, Rubins (1973 p. 59) said that layering

is “locally contorted™ though “no slump structures have been identified”. De Waard and

Mulhern (1973), perhaps only referring to the Ol-gabbroic predominancy north of Nain
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Bay, corroborate the local presence of density graded modal layering, which Mulhern
(1974 p. i, 27), referring northwards, described as “poorly developed” and evident “on

weathered surface

Ryan (2001 p.141) stated that the Ol-gabbroic predominancy “is

gener

lly devoid of sharply developed layering, but has diffuse and discontinuous

compositional variations in places [such as on] the south shore of Nain Bay [and the] cast
end of Barth Island. Gaskill (2005) described modal layers as discontinuous and generally
one centimetre to one decimetre thick. Some relatively melanocratic layers north of Nain

Bay evidence ductile deformation as mes

copic z- and s-shaped folds (Gaskill Plates 2-
9,10 p. 114). As first pointed out by Gaskill (2005) and corroborated by the present

author, rock of the Ol-gabbroic clan’'

n*' commonly exhibits plagioclase SPO, according to

Gaskill (2005) parallel to modal layering though the present author has not observed them

both definitively in the same exposure and cannot say whether strict concordance is the
case, though they both broadly parallel the contact and therefore each other in strike.

G

ill (2005) observed that within 100 m of the charnockitic contact south of

Nain Bay the Ol-gabbroic predominancy appea

S 10 be unlayered, a generalisation the

present author views suspiciously given the lack of detailed contact relationships

reporteded by Gaskill (2005), although the present author observed no layering to
contradict it, nor any foliation. Gaskill (2005) also reporteds that the Ol-gabbroic

predominancy adjacent the contact underlying the castern end of Barth Island is

unlayered, unfoliated, and grey-weathering.

ock of the Ol * because marginal rock
s sk e e i Do v Tt sl sk oty Dy 0 e B8,
gabbroic clan
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‘The present author observed modal layering upon several, more or less clean

weathered surfaces of the Ol-gabbroic predominancy south of Nain Bay. In each case,

layering manifests as centimetre-scale thick and thinner, more or less discontinuous
relatively melanocratic layers within the dominant mesocratic rock. Pronounced modal

layering was observed at two locations, one roughly a third of the way going cast along

the length Ol-gabbroic coastline, where the layering appears only locally manifest (Plate
3-76), the other 80 m inland along a hillside overlooking the pronounced embayment
midway along the coast, where the layering “is more extensive and of somewhat

anastomosing character (Plate 3-77). Diffuse modal layering, vari

bly undulose, was
observed at only two locations though it might be common beneath the largely lichenated
surface. One location is approximately 2 km southeast of Pikaluyak Islet, approximately

100 m north of the charnockitic contact (Plates 3-78, 79), the other approximately 250 m

cast of the pronounced embayment midway along the coast (Plate 3-80).

Speaking of the Ol-gabbroic predominancy south of Nain Bay, Rubins (1973 p.
24) described the rock as generally exhibiting “well-defined ophitic texture with

plagioclase up to 5 mm long though locally “granular without ophitic texture”, As well,

scarce relatively coarse-grained inclusions “appear to have been partially assimilated by

leuconorite, but in thin

the... body. These inclusions look like a c ion prove to

contain significant olivine”. The present author did not come across the same, but at the

same location as previously mentioned approximately 2 km southeast of Pikaluyak Islet,

observed a

angular xenolith bearing ¢ le blucish white feldspar and

Tocally of graphic granite and surrounded by an apparent reaction rind (Plate 3-79)
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‘The Ol-gabbroic underlying the exposure south

of Nain Bay contains blueish xenoliths of plagioclase-leucocratic rock (perhaps
anorthosite), elongate examples of which ranging in size from 5 m long by 50 em thick to
50 em long and of lower centimetre-scale undulating thickness, and an equant, sub-

rounded example of which being 20 cm in diameter (Plate 3-81). Beige leucocratic veins

are common in the area and locally are stemmed in the boundaries of the plagioclase-
leucocratic inclusions (Plate 3-81).

Roughly 50 m southeast of the northwestern extremity of the Barth Concentric
Plutonic Suite south of Nain Bay (really, south of Pikaluyak Islet), a several square metre
exposure enclosed by cover is underlain by variably orangish light grey to beige aphyric
leucocratic rock bearing

arply-bound, centimetre-scale and larger sub-angular blocks of

apparently Ol-gabbroic rock. The host is of dominantly sub-millimetre-scale grainsize

though locally abruptly becomes of dominantly lower millimetre-scale grainsize, and the

blocks are of dominantly lower millimetre-

le grainsize and are perhaps slightly coarse
than is typical for the Ol-gabbroic predominancy. Perhaps the leucocratic matrix at this

location and the leucocratic veins common in the

rea (e.g. Plate 3-81) represent the same

intrusion, perhaps an aphyric charnockitic one, into the Ol-gabbroic predom

ancy.

Ol-gabbroic rock-type clan

3.2.4.4 Rock types and thin-section petrography of'

“The specific rock types observed of the charnockitic rock-type clan

o [biotite-olivine] gabbronorite (G29);

o olivine leucogabbro (G78, 116, 190);
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133, 135, 136, 170, 243, 249);

{(bioti it (G224);
olivine-gabbroid (H47);

olivine gabbro (GS6 172, 188, 189, 223);
orthopyroxene-olivine gabbro (H35, 62);
(biotite-hornblende)-olivine gabbro (HS):

olivine norite (H23, 32);

[biotite-hornblende]-olivine norite (G64, 124);

olivine gabbronorite (51,70, 79, G37. 86, 134, 179);
(biotite-olivine) gabbronorite (G250);

biotite-olivine gabbronorite (G28):

I ((bioti I (G128);
olivine-rich leuconorite (H11);
olivine-rich leucogabbronorite (H14, G80, 106);

olivine-rich gabbro (H17, G118);

olivine-rich norite (H24);
olivine-rich gabbronorite (H30, 48, 54, 69, 101);

biotite olivine-rich gabbronorite (H61):

[biotite-homblende] olivine-rich gabbronorite (G103, 104);
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leucotroctolite (H1, 3,4, 5, 12, 13, 20, 21, 22, 33, G44, 72, 74, 76, 77, 79, 94, 97,

.
108, 110, 114, 115, 119, 120, 132, 140, 142, 145, 155, 165, 167, 168, 169, 177,
178, 184, 192, 242, 245, 246);

« [(biotite-hornblende)] leucotroctolite (G236);

o [biotite-homblende] leucotroctolite (G105);

o metatroctolite (H19);

* troctolite (H26, 27, 28, 29, 31, 34, 40, 41, 42, 44, 56, G32, 35, 73, 88, 89, 98, 122,
148, 149, 186, 237, 247);

*  [homblende-biotite] troctolite (H43, 60);

o [biotite-hornblende] troctolite (G121):

*  biotite-hornblende troctolite (H7).

A basic patter is apparent in the distribution of gross colour index in the Ol-
gabbroic clan, that of mesocratic rocks occurring preferentially adjacent the contacts in
contrast 1o leucocratic rocks occurring preferentially away from the contacts, this pattern
being most pronounced (and most assessable) south of Nain Bay (Figure 2-2).

Lower millimetre-scale grains are volumetrically the most abundant of the Ol-

gabbroic rock-type clan, with most thin-sections either dominated by them or dominated

by a roughly equal of sub-mill and lower milli le grains. The
coarsest grains in most sections are of upper millimetre-scale, though the coarsest grains
in many sections are of lower centimetre-scale and in a smaller minority of sections lower
millimetre-scale, with plagioclase or oikocrysts of clinopyroxene comprising the coarsest

grains through any given section,



nt

Plagioclase s the only felsic mineral evident in the Ol-gabbroic clan. The pres

author has spent the far more time examining Ol-gabbroic thin-sections than all others,
often under 400X magnification, and it is therefore safe to conclude that any quartz, alkali

feldspar, or perthite present are exceedingly rare or submicroscopic.

The texture of plagioclase in the olivine-gabbroic clan is everywhere one of

evident strain and partial recrystallisation, though the degree of each varies significantly
between thin-sections, from minimal and local to pervasive. With that said, most sections
retain a significant if not majority proportion of plagioclase grains distinetly elongate and
therefore reflective of kinetically controlled primary growth. Partial recrystallisation is

evidenced as grains with polygonal or smooth boundaries, variously of elongate, equant ,

or irregular shape, and locally occurring together as relatively fine-grained, more or less

equigranular, equidimensional-granular domains (Plate 3-82). Present strain is evidenced

in development, bent, tapered, and diffuse albite twins (Plate 3-83), and rarely a:

as subgr:

inward-tapering, periclinal deformation twins (Plate 3-84). Past strain is evidenced as
relatively fine, cquant grains with polygonal or smooth boundaries having therefore
plausibly formed by subgrain rotation recrystallisation (Plate 3-85).

In general of the olivine-gabbroic clan, relatively coarse grains of plagioclase
commonly exhibit conspicuous concentric zonation, and thus crystallisation by
heteradeumulus growth is in evidence.

Thus the Ol-gabbroic clan is similar to the Fe-rich in that in both all thin-sectioned
rock shows evidence of deformation. The Ol-gabbroic clan is on the whole more

leucocratic (plagioclase-leucocratic) than the Fe-rich, and with the exception of

plagioclase plastomorphic against volumetrically minor facially developed olivine in
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some thin-scctions, all other minerals in the Ol-gabbroic clan are ultimately interstitial

with respect to plagioclase, either having ended up there by mechanical accumulation or

passive enmeshment (early olivine) or having erystallised in the interstices of the
plagioclase crystal mesh (later olivine and all other minerals). Thus any strain imposed

during early crystallisation would have been taken up by the plagioclas

erystal mesh, as
it evidently was.

The Ol-gabbroic clan is also similar to the Fe-rich in that many thin-sections

contain optically continuous pyroxenc oikoerysts that preclude the possibility of

pervasive strain after advanced erystallisation (i.c. near solidification). In contrast with
the Fe-rich clan, in the Ol-gabbroic the oikocrysts are generally clinopyroxene (some less
voluminous oikocrysts are orthopyroxene) and commonly possess the familiar angular,

space-filling, plagioclasc-interstitial habit (Plate 3-86) in which mostly longitudinal

e define angular interstices with respect to which the

crystal faces upon plagiocls

clinopyroxene oikoerysts are plastomorphic. With that said, the shapes of the oikocrysts

he oikocry

are locally modified by the impingement of other interstitial minera

plagioclase-perchadacrystic, meaning that the volume ratio of plagioclase chadacry
clinopyroxene oikocryst is high, with individual oikocrysts (minus chadacrysts) therefore

highly vacuous.

Optically continuous, extensive clinopyroxenc oikoerysts (i.e. spanning multiple
sectioned interstices) are commonly present in thin-sections of the Ol-gabbroie clan,

ctions are of

though many sections lack them. Nonetheless, all but roughly a dozen thi
rock not pervasively deformed or recrystallised, with evident strain and recrystallisation
ock

ions of

generally limited to plagioclase as deseribed above. The roughly dozen s



that could be interpreted as having been pervasively deformed and recrystallised (H60,
G28, 29, 64, 104, possibly: G37, 73, 88, 89, 94, 103, 118, 134) are all but one from north
of Nain Bay, the majority from the northwestern comer within or just outside the

prominent “pocket”, two of the remainder (G28, 29) from the

attered portion within the

Fe-rich predominancy 2 km to the northeast, one (G37) from adjacent the Fe-rich contact,
one (H60) from adjacent the charnockitic contact south of Nain Bay, the final two (G118,
134) from the prominent hill northeast of the Ol-frec anorthogabbroic predominancy.

An carlier study by the present author of five thin-sections of the olivine-gabbroic

clan south of Nain Bay (G242, 5, 6, 7, 9; Hinchey 2004) noted in some of the coarsest

plagioc

irregularly shaped evident dissolution hollows occupied by oikocrystic

se grai

clinopyroxene in addition to other interstitial minerals. The boundaries of the hollows are
cither straight and parallel to a characteristic crystallographic plane or distinctly curved,

that is, more specifically, either evidently secondary crystal faces or curved transitions

between evidently secondary crystal fa

s (Plate 3-87). The hollows were interpreted by
Hinchey (2004) to have resulted from a reheating event, with the locational irregularity of

oceurrence interpreted to have resulted from the patchy distribution of interstitial melt

about the coarsest plagioclase grains due to impingement by adjacent finer grains, and
morphological irregularity of oceurrence (incursive geometries) interpreted to have

resulted from preferential dissolution of the most strained lattice. The author adds

presently that insofar used by a reheating event, zones of lower temperature
plagioclase would also preferentially dissolve, but also that reheating may not be

necessary to form such dissolution hollows, that merely the impartation of strain energy

into the lattice may have been enough to locally destabilise plagioclase at the prevailing



earlier

temperature. Also, the author must presently expand on his terpretation that
dissolution occurred from interstitial melt inward, since some might consider it
invalidated by the basic physical fact that melting occurs de novo whenever melt becomes

stable in a system. However, in the microsystem (i.c. local system defined by scale of

most responsive diffusion) [interstitial melt + relatively coarse plagioclase, with melt :

plagioclase ratio 1:1] (Figure 3-6A) an introduction of strain energy would stabilise a
higher melt volume than in the microsystem [interstitial melt + relatively coarse
plagioclase + relatively fine impinging plagioclase, with melt : plagioclase ratio 1:3]

(Figure 3-6B), and none at all in the monomineralic microsystem [relatively coarse

plagioclase + finer impinging plagioclase] (Figure 3-6C) which would not generate any

melt, so in theory interstitial melt adjacent to plagioclase destabilised by strain will
dissolve preferentially over, if only carlier than, strained plagioclase adjacent to other

plagioclase.

Olivine occurs generally as xenomorphic grains, some of which are plastomorphic

o contain a comparatively minor

against plagioclase (Plate 3-88). Many thin-scctions

population of equant automorphic and hypautomorphic olivine grains against which

plagioclase is plastomorphic and generally oikocrystic about (Plate 3-89). Xenomorphic

olivine commonly oceurs together as aggregates with internal polygonal boundaries (Plate

3-90). As typical of plutonic olivine, olivine in the Ol-gabbroic clan is highly fractured,

with many fractures darkened by Fe-oxides that may be finely patierned (ic. dendri
Plagioclase and olivine are the only essential minerals in the Ol-gabbroic clan to

exhibit erystal faces



Orthopyroxene in the Ol-gabbroic clan is characteristically pleochroic with

endmembers colourless and light pink, though the possibility is not discounted that some

sections contain more magnesian, non-pleochroi Most

oceurs marginal to olivine in section, though is nowhere unambiguously plastomorphic

against olivine crystal faces and therefore is of evidently peritectic origin during its initial

Much ic with respect to plagioclase (i.c.
of angular, plagioclase-interstitial habit), commonly as demonstrable oikocrysts (i.c.

spanning multiple interstices), commonly marginal to olivine in section (Plate 3-91).

Orthopyroxene exsolution lamellac in clinopyroxene have been observed in perfect
optical continuity with adjacent, space-filling orthopyroxene, constituting evidence that,
at least locally, one pyroxene crystallised epitaxially with respect to the other. Epitaxial
relationships between ortho- and clinopyroxene in igneous rocks have been reporteded
several times (c.g. Tamey 1969) but there has been no systematic study of this
phenomenon to determine its prevalence. Individual pyroxene crystals in plutonic rocks

are commonly plastomorphic against numerous crystals of other mincrals, indicating that

they grow on relatively sparse nucleii, and ortho- and clinopyroxene are commonly both

present in many gabbroic rocks. These two factors indicate that epitaxy between

pyroxenes should be a common phenomenon in gabbroic racks, significant because the
spatial distribution of the earlier pyroxene will constrain the spatial distribution of the
later one. The present author predicts that epitaxy is not uncommon in plutonic rocks,
perhaps between different sets of minerals, and perhaps has produced domains of

orientational dependency proceeding from the first epitaxial host grain(s) to subsequent

epitaxially grown grains
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The most common and overall abundant accessory mineral of the Ol-gabbroic

clan is red biotite, virtually ubiquitous and only absent in a single thin-scction (H19) of
altered troctolite. Biotite modes range from minor to roughly 8% but are most commonly

Tow percent level.

Biotite-clinopyroxene symplectite occurs in many thin-sections (Plate 3-92)

though is by no means ubiquitous.” The ratio of biotite to clinopyroxene in the
gl Y P
into non-

mplectites is generally even with local biotite majorities near the transitions

symplectic biotite. The clinopyroxene limbs of biotite-clinopyroxene symplectite are
more or less optically continuous with each other and, generally where applicable, with

contiguous or otherwise adjacent non-symplectic clinopyroxene (Plate 3-93) and

commonly exhibit pre €. The

ed orientation parallel to (001) of the symplectic biot

biotite limbs are commonly optically continuous with contiguous non-symplectic biotite.

olated,

idently, then, much biotite formed or began as replacements of clinopyroxene.
non-symplectic clinopyroxene inclusions in optical continuity with nearby symplectic

clinopyroxene may constitute evidence that much non-sympleetic biotite formed as a

replacement of clinopyroxene. The presence of such biotite-clinopyroxene symplectites

fum with

may indicate an unusually potassium-rich late-stage interstitial melt, since potas

its large ionic radius diffuses relatively slowly and symplectites are interpreted to from as

ale of

aresult of relatively slow diffusion (Vernon 2004) to produce a highly localised s

reaction. Recall that no alkali feldspar crystallised in the Ol-gabbroic clan, and so

he fineness of biotite-

potassium enrichment proceeded until biotite crysta

" Samples collected by Gaskill (2005) north of Nain Bay were not checked systematically for biotite-
clinopyroxene sympleciite and so the ot produce a more precise statement of occurrence.




clinopyroxene symplectite varies greatly, in some cases within individual symplectite
patches (Plate 3-04). As suggested by Hinchey (2004), finer symplectites should result

from slower diffusion, therefore local variations in symplectite finene:

are plausibly a
reflection of changing diffusion rates during replacement

Biotite exhibits crystal faces against the essential minerals of the Ol-gabbroic clan,
very commonly against plagioclase in particular. As an evidently late-stage, interstitial
phase commonly rooted in symplectic clinopyroxene, however, it scems most plausible

that biotite crystal faces formed &

inst crystalline neighbors rather than against melt, a

process that many geologists do not consider for plutonic rocks but take for granted for

metamorphic rocks. Such a proce:

may take place in cither one if not both of the

following ways: 1) by recrystallisation as textural equilibration, with existing biotite

recrystallising to inere;

the length of lowest energy grain boundary, parallel to (001); o

of the grains it is

2) by biotite crystallisation and m
growing to transect (c./. Means and Park 1994), perhaps facilitated by an intergranular

fluid deliver

g biotite nutrients to kinetically favoured sites. The first process, by

idered further in Section 8.3.2.

recrystallisation s textural equilibration, is cons

ctions, with thin-sections

Red hornblende is present in the majority of thi
devoid of the mineral concentrated in the northeast including those sections from the

lower limb of the northeastern

. Hornblende modes are almost exclusively minor or

lower percent level, occurring greater than 5% only in two thin-sections from the plutonic

brec

southeast of Pikaluyak Islet, one from a block (H7) and one from the Ol-gabbroic
portion of the matrix (HS). Like biotite, hornblende generally occurs at the margins of

interstit

I mineral patches and with respect to clinopyroxene and Fe-Ti-oxides in
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particular isdistinctly marginal (Plate 3-95). Homblende marginal to any single

clinopyroxene grain, though typically sporadically distributed about the grain and not

itself contiguous, has been observed optically continuous wherever checked (Plate 3-96).

Such observations constitute evidence that homblende crystallised epitaxially upon

More generally, s homblende grains in any particular

erstice are commonly more or less optically continuous™, even if not rooted in
clinopyroxene. For example, hornblende distributed about composite grains of Fe-Ti-

oxide may be more or less optically continuous, even with clinopyroxene nowhere

sectioned nearby (Plate 3-97). These observations, combined with the observation that

marginal hornblende may be more or less irregularly intergrown with its clinopyroxene

itute eviden

mplectite), cons that not only did

substrate (though not to the degree of

hornblende crystallise epitaxially upon clinopyroxenc, but that hornblende crystallised by

replacement of clinopyroxene, perhaps inheriting from clinopyroxenc a margi

against compos -Ti-oxide

e grains of F

All thin-scctions of the Ol-gabbroic clan contain one or more Fe-Ti-oxides along

fractures in olivine and as exsolution inclusions in clinopyroxene and plagioclase. Such

oceurrences, relatively very fine grained, were not counted in modal estimates and are

distinguished from Fe-Ti-oxides crystallised interstitially. All thin-sections of the Ol-

gabbroic clan contain interstitial ilmenite, most in addition to magnetite, with ilmenite

ections ither conts

not generally in excess of magnetite. A minority of

commonly i

no interstitial magnetite or very little relative to ilmenite. Combined ilmenite and

and “more or less'

More or less™ in that num
that optical continuity may not be perfect,

rous grains o y continuous if not all of them,




‘magnetite modes are generally at or below 1%, with a small minority of sections bearing

low percent level Fe-Ti-oxide and a single section (G128) bearing greater than 5%.

Where present, magnetite is almost invariably associated nenite n, with

which it forms composite™ grains with smooth (i.c. smoothly curved) external and

internal boundari

Other accessory minerals in the Ol-gabbroic clan include sulphides, apatite,

terst

baddeleyite, and zircon. Sulphides, commonly as il composite grains of two or

three phases, oceur in most thin-sections, almost exclusively in minor abundance, with

one section (H11) containing sulphides at the low percent level. Apatite, minor in
abundance, is commonly present in sections of the Ol-gabbroic clan, generally exhibits

inst such bounding minerals as clinopyroxenc and ilmenite, and has been

crystal faces a

observed of angular, space-filling habit interstitial to plagioclase. Baddeleyite or zircon

jons of the Ol-

or, most commonly, both are present in very minor abundance in most s
gabbroic clan, generally as xenomorphic individuals of decamicron-scale grainsize and

finer and clusters thereof. The petrographic context of baddeleyite and zircon in the Ol-

gabbroie clan is quantified and described further in Chapter 6.
‘The geometrical relationship between plagioclase, ilmenite, and the hornblende

I patch

commonly separating the two along the margins of interstit

may, in many cases

. be described as constituting cither: plagioclase septum texture;

in the Ol-gabbroic c!
relatively thin homblende rim texture; or a texture intermediate between plagioclase

Plagioclase septum  texture involving ilmenite and

septum and  homblende i

‘omposite” in that the extemal passes y minerals, giving, p
the appearance of one grain subdivided into two.



hornblende is where a very thin plagioclase septum, generally less than 10 microns thick,
separates ilmenite from hornblende, with the effect that hornblende is thereby surrounded

by plagioclase, being boudinaged along its length into circular and bean shaped grains by

concave plagioclase columns and “half-columns™ connecting plagioclase septa to the

greater plagioclase grains with which they are optically continuous (Plates 3-98, 99)

Relatively thin homblende rim texture involving ilmenite and plagioclase is the simpler,

intuitively default texture in which a length of homblende separates ilmenite and

plagioclase without the presence of plagioclase septa between the homblende and

nenite (Plate 3-100). Textures intermediate between plagioclase septum and homblende

rim include: “incipient” plagioclase scptum texture, in which hornblende adjacent to

in some cases acr

ilmenite exhil

convex lateral termini against plagiock
concave plagioclase column from another convex termini, but without any or any

appreciable length of plagioclase septum between the ilmenite and hornblende (Plate 3-

termediate betw

101); and partial plagioclase septum texture, o incipient and full, in

which plagioclase septa exist but taper out between the hornblende and ilmenite (Plate 3-
102)
Roughly half the thin-sections of the Ol-gabbroic clan, and therefore most of the

hornblende-bearing  ones,  contain  plagioclase-hornblende-ilmenite  geometrical

relationships that can be classified as cither plagioclase septum texture, hornblende rim

texture, o an intermediate texture (thick hornblende adjacent to comparably c

ilmenite does not classify as a relatively thin rim), but uncommonly both endmembers in

the same section (less than 10% of scctions). Many sections contain one of the

endmember textures plus one or both intermediate textures, although some sections
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contain exclusively one endmember or the other. Perhaps homblende rim texture is the
“default” texture resulting from the whole replacement by horblende of clinopyroxene

separating ilmenite and plagioclase, whereas plagioclase septum texture and intermediate

textures are a modification of initial hornblende rims. One possibility is that plagioclase
septa and incipient and partial septa form by textural equilibration in a manner akin to oil

beading on water, because, perhaps, the hornblende-ilmenite boundary is of sufficiently

high energy that for it to be replaced by at least twice its length in plagioclase-hornblende

and plagioclase-ilmenite boundary results in a lower energy configuration. The prediction

under this hypothesis is that rocks having experienced the highest cumulative heat input

at sufficiently high temperatures exhibit plagioclase septum texture involving hornblende

and ilmenite. The theory and previous, more general observations behind this
interpretation are presented in Chapter 8, in addition to hypotheses that may explain two
additional textures of the Ol-gabbroic clan in terms of textural equilibration.

Local subgrain in ¥ and homblende has

been obscrved in some sections of rock bearing optically continuous clinopyroxene

oikocrysts, and thercfore having not been pervasively deformed post erystallisation. Such

an igneous petrographer, however, since the real

observations should not surpris
question is how any melt interstice in a crystallising plutonic rock can avoid deformation

to make up the volume deficit created by the 6 to 10% volume shrinkage that inevitably

oceurs as silicate magmas erystallise (Petersen 1987). Magma contiguity in a solidifying

of residual melt as

silicate erystal framework will persist until vanishingly low amour

long as textural equilibrium remains sufficiently progressed to produce tubules along

three-grain junctions (Waff & Bulau 1979). However, the rate of erystal growth during




the crystallisation of plutonic rocks may preclude, perhaps even for those slowest-cooled,
the formation or maintenance of magma tubules, thereby producing occluded porosity
containing a magma of greater volume than its uncrystallised daughter solid(s). Therefore
it is plausible that many if not all plutonic rocks accommodate erystallisation-contraction

during late-stage crystallisation by deformation of the crystal framework

3.2.5 The Ol-free anorthosite and leuconorite rock-type clan

The Ol-free anorthogabbroic rock-type clan, or, more properly, the Ol-free anorthosite
and gabbroie rock-type clan, is defined as per Figure 3-7. The Ol-free anorthogabbroic

of three bodies mappable at the 1:50,000 scale, a large

rock-type predominancy con
semicircular body chorded by the north shore of Nain Bay and enclosed by the Ol-
gabbroic predominancy, a concentrically disposed elongate body southwest of Sachem
Bay and enclosed by the inner annular portion of the Fe-rich predominancy, and a circular
body underlying the prominent hill west of Sachem Bay and enclosed by the outer

annular portion of the Fe-rich predominancy.

hat

ion 3

. the map pattern of the circular body

As mentioned in Se g

it is a floor pendant. Nonetheless, the Barth Concentric Plutonic Suite is defined as all

volumes of rock that at the present erosion level are included within the outermost

boundary of those units concentrically disposed. To address the possibility that some

volumes of rock within the Barth Concentric Plutonic Suite at the present level of erosion

are actually extensions of units that lic in part outside the Barth, as is probable for the

circular body west of Sachem Bay, the Barth Concentric Plutonic Suite may be defined

more generally as the sum of all rock that through any given subhorizontal section lies




within the outermost boundary of those units concentrically disposed in that section about

the axis of the Barth Concentric Plutonic Suite before fault displacement. Thus if we

he Barth

imagine a cylindrical or conical body with irregular (c.g. convoluted) margins

Concentric Plutonic Suite includes all units concentrically disposed, all rock enclosed by
units concentrically disposed (which taken together comprise the cylindrical or conical
body), as well as all extensions of external units enfolded vertically in the cylinder or

cone margin.

Nonetheless, underlying a hillside near the external contact, it may be that the
apparent pendant is only barely within the Barth Concentric Plutonic Suite according to

the definition above. Furthermore, we do not know the fine-scale topography of the arca

bearing the apparent pendant, and it may be that the body occurs in shallow hillside
depression and therefore cannot be considered part of the Barth Concentric Plutonic Suite

“no. matter how you cut it”. OF course deliberating at great length over matters so

arbitrary are a foolish waste of time akin to medieval scholasticism, and so the apparent
pendant should be considered simply borderline within the Barth Concentric Plutonic

Suite.

As well as the Ol-free anorthogabrbroic rock included in the predominancy so
defined, the anorthogabbroic rock-type clan also includes a “scattered portion™ comprised
of more or less undefined bodics of Ol-free anorthogabbroic rock inferred from samples
taken from within the boundaries the Ol-gabbroic (GS7, 154, 157, 171, possibly H3, 72,
78) and Fe-rich (GS0, 62, 276, H114, 134, possibly G260, 277) predominancies. The
sample notes inherited from Gaskill (2005) identify section GS7 of hornblende-rich

ection

quartz-gabbro as having been taken from the envelope of a “pegmatite” dyks




G154 of anorthosite from a “tabular, pinching, crosscutting body, small, without lateral

extent” and therefore perhaps a xenolith, and section G171 of leuconorite from on the

casten side of a contact with Ol-gabbroic rock (even though the predominancy contact is

mapped by Gaskill [2005] as occurring roughly 80 m to the east and as well-constrained;

described in Gaskill'

sample G170, s

ctioned as Ol-gabbroic,

mple notes as having
been taken from the opposite side of the contact as G171). Sections H63, 72, 78, G276
consist of gabbroic rock possibly Ol-bearing, and are therefore of uncertain clan. Sections
G260 and 277 consist of gabbronorite perhaps borderline Fe-rich as judged by pyroxene
pleochroism. Section H114 was taken by the present author from rock apparently of the

Fe-rich clan and apparently not of any particular field context except within the Fe-rich

predominancy. Section H134 was also taken from rock apparently of the Fe-rich clan,

constituting sheets between sheets of coarser gabbroic rock richer in Fe-Ti-oxides, at a
location defining, either north of or within it, the external margin of the Barth Concentric

Plutonic Suite. Only rocks certainly belonging to the Ol-fiee anorthogabbroic clan and

within the Barth Concentric Plutonic Suite will be considered further.

‘The only contact of the Ol-free anorthogabbroic predominancy to have been

described is the northwestern contact of the large semicircular body, which Gaskill (2005

p. 66) mapped as well-constrained and described as “abrupt and marked by a faint red

stain on the rock’s surface”.

Modal layering occurs in the semicircular body, with lay melanoy

70% pyroxen but not as leucoeratic as pure anorthosite, and may def

e mesoscopic z-

and s-shaped folds (Gaskill 2005




[he specific rock types observed of the Ol-free anorthogabbroic rock-type clan

o anorthosite (G152, 154, 161, 162, 180, 181);
« orthopyroxene anorthosite (G159, 182);
« [clinopyroxene-orthopyroxene] anorthosite (G158);

*leuconorite (G150, 153, 160, 171, 175, 183, 187);

homnblende-rich Qtz-gabbro (G57);

o gabbroid (mesocral

« clinopyroxene norite (G157);

biotite hornblende-rich norite (G62);

* [(ilmenite-magnetite)] gabbronorite (H114).

A

readily apparent in Figure 2-2, the sections of rock types anorthosite and

leuconorite were all cither taken from the semicircular body or the scattered portion

within the Ol-gabbroic y near the contact of the
body. Given that mode of occurrence, it must be considered whether or not the Ol-fiee
anorthogabbroic clan should be replaced by an Ol-free anorthosite and leuconorite clan,

ock

with its predominancy at least the large semicircular body, with remaining gabbro

types relegated to some sort of miscellancous Ol-free gabbroic (excluding leuconorite)
clan. The reason such an option must be considered is that the process for establishing

rock-type clans in this work has been to identify for an individual unit or a group of

ed

similar units what specific range of rack types it is or they are dominated or chara

by, establish that range as a rock-type clans, and then establish that unit or group of units



the corresponding rock-type predominancy. So out of the three Ol-frec

anorthogabbroic units, the two smaller of which we have no representative samples of,

the remaining semicircular unit, according to approximately a dozen thin-sections,
appears to be characterised by anorthosite and leuconorite, and therefore defines an Ol-
fiee anorthosite and leuconorite rock-type clan and constitutes the minimum occurrence

of its predominancy. For two reasons, however, the present author has decided in this

case to lump rather than split. The first is that the majority of thin-sections from the

semicircular body contain clinopyroxene, and we know from Gaskill (2005) that layers

oceur as melanocratic as 70% pyroxene™, therefore rock types gabbroic (mesocratic

variety) and melanogabbroic mus and so the

occur, whether norites or gabbronorite:

ion. The second reason it

range ending at leuconorite may be too narrow for characteris

that at some point a balance must be achieved between lumping and splitting, and the

present author feels that to subdivide the Ol-free anorthogabbroic clan, lly sinc

ped

the rock types of two smaller units are not known with precision, would be splitting too

far, at least for the present work. With that said, decision junctures such as this perhaps

illustrate an awkwardness of the rock-type elan / rock-type predominancy approach.

scale

All sections from the semicircular body are dominated by lower millimetre

grains, contain orthopyroxene characteristically colourless to light pink pleochroic, and

d 160 also contain

bear biotite and oxide as accessory minerals. Sections G158 a

accessory greenish brown hornblende. Most seetions from the semicireular body exhibit

ers may be composed of up to 70% of

tatement does not e presence of clinopyroxene in such layers, but mort

, compaivon of hetextof Gl mxm with the samples he collected shows that his field

of mineralogic identity were routinely imprecise, and therefore the reader has no reason to
dicount th sgaificant presenceofcliopronens

“Orhopyrocn




one or more possible or unambiguous SPO, mostly plagioclase SPO but also a

eeregate
SPO and plagioclase lattice PO. Section G160 contains ortho- and clinopyroxene

plagioclase and optically continuous over the upper

oikoerysts plastomorphic agains

millimetre-scale.

Sections G171 and 154 from within the Ol-gabbroic predominancy near the
northwestern contact of the semicircular body are also dominated by lower millimetre-
scale grains. Section G171 of leuconorite is devoid of biotite, unlike sections of similar

rock from the semicircular body, but cont ory hornblende and Fe-Ti-oxide.

ac

cction G154 of anorthosite contains evidently strained and recrystallised plagiock
with many plagioclase irregular in shape with irregular boundaries, in addition to

sts of at least lower millimetre-scale

clinopyroxenc as plagiocla:

perchadacrystic oikoery

ion G157 from cast of the

. S

optical continuity, and so resembles the Ol-gabbroic

ircular body, along the northem margin of the circular body of Fe-rich

semi
predominancy, consists of clinopyroxene norite of equal volumes sub-millimetre and
lower millimetre-scale grains and bearing accessory biotite, ilmenite, and sulphide.

tion G57 of hornblende-rich quartz-gabbro — the only quartz-gabby

from the Barth Concentric Plutonie Suite — is of lower millimetre (plagioclase) and sub-

millimetre-scale (hornblende and quartz) grainsize and contains accessory Fe-Ti-oxide

at imicron-scale inclusions of

and biotite. Homblende occurs as aggregates containing d

quartz, generally most abundant near the aggregate centres. The coarsest plagioclase grain

le

micron-sca

(of several millimetres diameter) includes approximately 2% quartz as deca

boundaries. This section was taken from the “envelope™

inclusions located along subgrais

of a “pegmatite” dyke (section GS8 of which consists of leucogranite) and perhaps
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represents an originally Ol-gabbroie rock altered by a siliccous melt from the dyke which
after converting all olivine to pyroxene crystallised quartz in flow pathways (homblende

aggregates) and in areas having been d

blised and redissolved cither by heat or

material input from the dyke.

Se

ion G62 is another unique section, consisting of biotite hornblende-rich norite

of sub-millimetre and lower-milli

etre-

le grainsize, bearing

sory apatite and
opaque mineral(s), with biotite and pyroxene SPOs and equigranular, equidimensional-
granular plagioclase and therefore having evidently undergone dynamic recrystallisation

ally

and textural equilibration yet exhibiting at least lower millimetre-scale o

continuous, ¢

ser-than-matrix, highly irregular in shape and outline homblende

oikoery n, but G

ts (OCCIHO). No sample notes exist for this sect ill’s (2005) map

places it within the inner annular portion of the Fe-rich predominancy immediately

adjacent the charnockitic.

Section G50 of gabbroic rock (mesocratic variety), taken southwest of Sachem

Bay within the inner annular portion of the Fe-rich predominancy, is dominantly sub-

11 d with sub-mill; and lower mill I

plagioclase laths

diverscly oriented in a matrix of secondary minerals, perhaps with relict pyroxene, and

i-oxide. No s

nple notes exist for this section, but judging by texture may represent

adykeor

Section H114 of [(ilmenite-magnetite)] gabbronorite, taken near the external

boundary of the Barth Concentric Plutonic Suite south of Nain Bay, is devoid of light

green pleochroic pyroxene and therefore disqualified for inclusion in the Fe-rich clan as

defined. The section is of avera

ige grainsize one millimetre, contains low percent level




biotite and minor sulphide and hornblende, with most plagioclase and all pyroxene equant
or iegular in shape with iregular and polygonal boundaries, and with pyroxene
oceurring together as aggregates of preferred orientation (ASPO). llmenite-magnetite
composite grains are amoeboid, and, more uniquely, this section contains unambiguous
plagioclase septum texture involving ilmenite and hornblende, a feature rarely observed
elsewhere in the Barth outside the Ol-gabbroic clan and nowhere else outside the Ol-

gabbroic predominancy.

3.2.6 The z granitic rock-type clan

‘The non-charnockitic. granitic rock-type clan is defined as per Figure 3-8. The non-
charnockitic granitic rock-type predominancy, located 300 m due west of “third eye
pond”, consists of several, steeply south-dipping dykes underlying a zone, roughly 15 by

70 m in gro

dimension as exposed, along the chamockitic-Ol-gabbroic boundary

relative to which the 70-80° striking dykes are slightly oblique. The possibility is not
excluded that two or more of the dykes are interconneeted at the present level of
exposure.

Although slightly obliquely oriented, the present author did not observe the
charnockitic-Ol-gabbroic contact to be decidedly “stitched” by any of the dykes. The
dykes are of at most 1 m thickness and pinch and swell. The greatest single length of dyke
observed was 30 m. One northerly dyke, enclosed by the Ol-gabbroic predominancy, was
observed to exhibit a well-defined bayonet structure (Plate 3-103). The same dyke
exhibits a distinet central portion consisting of centimetre-grained milky quartz and

bearing biotite. Another dyke exhibits a distint pink granophyric portion of uncertain



thickness and extent. A section (H77) from a locally magnetite-bearing peripheral portion

of the former mentioned dyke cons

s of magnetite-specked perthitic granite, dominantly

millimetre and lower centimetre-grained with quartz, plagioclase, and perthite of

equivalent coarseness, with the alkali feldspar portion of perthite apparently microcline,

with plagiocls her irregularly shaped or as rectangular domains of square,

 grains
rectangular, or composite rectangular individuals (Plate 3-104), and bearing
hypautomorphic magnetite with relatively thin, discontinuous ilmenite rims.

As well as the non-charnockitic granitic rock included in the predominancy so

defined, the non-charnockitic granitic rock-type clan also includes a “scattered portion”
comprised of more or less undefined bodies of non-charnockitic granitic rock inferred

from samples taken from within the boundaries the Ol-gabbroic (GS8, 100, 124, 227) and

inherited from Gaskill (2005;

identify

Ferich (G225) predominancies. The sample notes

and section G124 as a dyke. Note that it

sections GS8 and 100 as from “pegmatite” dyk

not said to be

is simply a matter of degree of definition why the “scattered” dykes

within the predominancy while the dykes described by the present author south of Nain

Bay are. In other words, the dykes described south of Nain Bay are documented here

enough to be considered defined units, whereas the dykes sampled by Gaskill (2005) are

only minimally documented in unpublished re do not yet
constitute established units.

harnockitic

of the scattered portion of the no

rock types observed so

are (sections GS8, 100, 124, 227,

leucogranite,

alkali feldspar. hornblende hypersolvus granite



(with hornblende greenish brown), and and

(with mesoperthite greater than antiperthite).

3.2.7 The Ol-specked minor rock-type clan

An Ol-specked anorthogabbroic rock-type clan may be defined for the Barth Concentric
Plutonic Suite though it does not characterise any units presently defined (and is thus
des

ated as minor), oceurring rather as a local oddity near some margins of the Ol-

‘gabbroic predominancy. The clan consists of Ol-specked anorthosite (G147, 156) and Ol-
specked gabbroic rock (H45, 68).
Sections G147 and 156 of anorthosite were sampled together™ immediately

adjacent o the contact of the semi unit of Ol-free

predominancy, and are described by Gaskill (2005 unpublished sample notes) as

representing, respectively, apparently Ol-gabbroic rock and a plagioclasc-rich “layer (2

within apparently Ol-gabbroic rock. Section G147 is of dominantly lower millimetre-

le grainsize, contains percent clinopyroxene and orthopyroxene (perhaps enough to be
borderline leucogabbronorite), as well as accessory olivine, apatite, hornblende, and Fe-

Ti-oxide. This s

ction also exhibits unambiguous plagiocla

septum texture involving

hornblende and Fe-Ti-oxide (probably ilmenite), one of the few occurrences of this
texture outside the Ol-gabbroic clan, the only one still within the Ol-gabbroic

predominancy

Section G156 is more leucocratic than G147, is of similar though perhaps

slightly finer grainsize, posscsses the same mineral assemblage minus apatite and plus

" Though apparently sampled together, G147 and G156 are not adjacently numbered because the present
author originally mistook Gaskill's (2005) location of G156,
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biotite, and lacks plagioclase septum texture. G156 also differs from G147 in that its

plagioclase is evidently strained and intensely recrystallised and exhibits unambiguous
SPO. Perhaps G156 represents rock originally of the Ol-fiee anorthogabbroic clan, now
constituting an olivine altered or impregnated xenolithic vestige of a portion of the Ol-

fiee predominancy having undergone greater deformation than the rock to the cast

preserved as the semicircular body, the deformed portion having been intrusively

dismembered by magma parental to the Ol-gabbroic clan. This interpretation does not

explain section G147, however. Perhaps magma parental to the Ol-gabbroic clan at this
location gained additional plagioclase by marginal dismemberment of the adjacent Ol-
fiee predominancy.

Section H45, sampled from the Ol-gabbroic predominancy within 20 m of the

charnockitic contact south of Nain Bay, consists of Ol-specked pyroxenc-altered rock

consisting of globular and vermicular pyroxene in plagioclase. Presumably the rock was
originally Ol-gabbroic but by addition of silica, perhaps from an ultimately charnockitic
source, had much of its olivine converted to pyroxene. H45 is perhaps best deseribed as

meta-Ol-gabbroic and could be retained in the Ol-gabbroic clan on that basis, although

the UGS (Le Maitre 2002 p. 3) recommends, as guiding principle 6 of its classification

scheme for igneous rocks, that “{rlocks should be named according to what they arc, and

not according to what they might have been. Any manipulation of the raw data used for

tion should be justified by the user”
As already discussed in Section 3.2.4.2, thin-section H68 of olivine-biotite-

d from

specked norite perhaps represents rock having crystallis ema parental to the



Ol-gabbroic

n mixed in small proportion with silici

. aphyric magma derived from

magma parental to the charnockitic clan.

3.3 Miscellancous structural considerations

3.3.1 Influence of topography on map shapes in plan view

The most basic consideration when interpreting a geological map is to what degree the

shapes of geological bodies and their bounda they appear in pla

view may be
readily attributable to topography. Of course such a consideration should have been
automatic to the reader of this or any work employing a relatively fine scale geological
map of an area exhibiting appreciable topography, but given that the current convention is
10 present geological maps without topography, the present author considers it prudent to

put such consideration in writing. Several locations in and around the Barth Concentric

Plutonic Suite exhibit shapes in plan view that may be readily explained by the interacti

n
between structure and topography.

One such location is along the north-northeastern margin where an irregular
protuberance in plan view may be explained as the intersection of a south-dipping,
approximately planar contact with the topography of the southern slope of a hill and its
summit 275+ m in height. Half a kilometre to the west the same contact exhibits in plan
view a shallow southward concavity going up a southward convex hillside, a simpler

‘manifestation of the rule of Vs,

Near the shoreline north of Nain Bay, the semicircular body of Ol-frec

ructure be a:

anorthogabbroic rock may not in moothly semicircular as it appears in

plan view, the concavity of its northwestern and northeastern lengths explainable at least




in part by the interscction of inward dipping planar lengths of contact with opposing
southeast and southwest convex hillsides, respectively. On western Barth Island, the Ol-
gabbroic-Fe-rich contact and the external contact of the Barth are very shallowly

westward concave in plan view, explainable by intersection of wes

-dipping planar
contacts with a westward convex hillside. South of Nain Bay, the curvature at the castemn

and western ends of the Ol-gabbroic-charnockitic and charnockitic-Fe-rich contacts may

be explained in part by the intersection of north-dipping contacts of lesser curvature than

apparent in plan view. Taken together, the last three observations indicate that the Barth

Concentric Pluton

uite is not quite as concentric as it appears in plan view.

ich c

A northward concavity along the charnockitic-F  south of Nain Bay,

corresponding to 4 de

se in topography not very apparent from the 30.5 m contours
but unmistakable in the field as a small cliff north of a pond (Figure 2-4), indicates that
the contact at this location is either actually steeply south-dipping or north-dipping but
actually concave northward to a greater degree than apparent in plan view. A shallower

and less certainly mapped northward concavity in the external contact is apparent in plan

view 10 the southwest and may i

3.3.2 Structures internal to the nits of the Barth Concentric Plutonic Suite

e, three

Con: internal to the units of the Barth Concentric Plutonic

dering structu

categories are recognised: 1) igneous layering; 2) primary (carly) shape preferred

orien

jons (SPOs); and 3) sccondary shape preferred orientations. Rocks in the Barth

Concentric Plutonic Suite that exhibit SPOs also exhibit variable degrees of evident

recrystallisation, from very low through to very high, and so using the criteria of



recrystallisation SPOs cannot be unambiguously designated primary or secondary.
However, where observed in the field and insofar as represented by the compiled
structural measurements (Figure 2-3), such foliations conform to the general structural

-parallel and inward dipping, and so are most plausibly a reflection of an

pattern of contact

carly process in the history of the rock, as igneous layering is, and are thus designated

primary in this work. Two types of secondary SPOs may yet be distinguished: secondary
aggregate SPOs and secondary specific mineral SPOs (e.g. biotite SPO).

ate SPO:

Secondary aggr are those ASPOs present in rocks evidencing a very

high degree of recrystallisati anular) in addition to
exhibiting an orientation that does not match the general pattern, of which only one
example has been found, an aggregate SPO oriented 246/14N in the Ol-gabbroic

predominancy south of Nain Bay, immediately adjacent the charnockitic contact. Since

the exposure, like most in the Barth Concentric Plutonic Suite, was not amenable to

obtaining a dip measurement, an oriented sample (H60) was taken and sectioned three

ways orthogonally, with the pitch of the ASPO measured in each section and plotied on a

stereonet (Figure 3-9). Seetions HG0 consist of (ilmenite-orthopyroxene)-clinopyroxene-

specked [ biotite] troctolite of lar texture

and average grainsize 0.5 mm. Perhaps the secondary foliation in question formed by

shea

ng of solid rock or mostly solid rock, having crystallised quickly by chilling against

the charnockit

neighbor, under the weight of gravity northwards into more molten, less

rigid magma. How the angle of failure could be 14° instead of 45°, however, cannot be

explained by the present author, except by invoking a ally formed weakness

dipping 14° present in the rock before deformation.
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Secondary biotite SPOs were not specifically searched for in every thin-section
examined but were noticed in six sections (G26, 28, 29, 99, 268, H63) from throughout
the Barth Concentric Plutonic Suite and were deemed possibly present in another three

(Figure 3-4; Go4, 89, 267). The local presence of biotite SPOs (in rocks bearing primary

mineral assemblages including biotite) constitutes evidence of a differential stress field

locally present during post-crystallisation high temperatures

perienced by the rocks

sectioned. The a

tivity of a differential stress field has already been invoked to explain

the local presence of OCCIPO in the Fe-rich and charnockitic rock-type clans (Sections

3.2.22,3.23.3). Unfortunately the biotite SPOs were found in unoriented samples.
Primary SPOs defined by the alignment of cither plagioclase grains, plagioclase

grains and mafic ageregates, or alternating felsic and mafic aggregates, are a common

occurrence throughout the Barth Concentric Plutonic Suite, though they are not

ubiquitous. The difference between aligned plagioclase g

and aligned felsic

aggr

is most simply interpreted to be the degree of strain and subsequent subgrain
rotation recrystallisation, with variable degrees of relict strain and recovered strain (i.c.
evident subgrains and former subgrains) present throughout the Barth Concentric Plutonic

Suite. Mafic aggregates may be present altemating with cither intact grains or

recrystallised aggregates, though are perhaps most commonly 2 ed with the latter.

That primary SPOs are associated with some degree of recrystallisation constitutes
evidence that they were imparted by compaction of erystal frameworks, though not by

simple compaction under gravity, since we know of no primary SPOs horizontally

oriented, but by compaction from shearing, either: due to erystal frameworks shearing

under their own weight causing alignment and strain of erystals in shear zones dipping




inwards towards unrigid, less crystallised magma; or by active shearing caused by

stresses transmitted into sufficiently rigidified (ie. sufficiently crystallised) and rigidly

enclosed inward-dipping sheetlike bodies of magma, either as tectonic stresses move
chamber walls relative to one another or as chamber contraction occurs to eliminate the
volume deficit introduced by erystallisation ~shrinkage. Primary SPOs of less
recrystallised components perhaps reflect some combination of easier shearing of crystal
frameworks bearing a greater fraction of melt and therefore less rigidified, thereby

imparting less strain (less structural instability) into the aligning crystals, and from less

cumulative heat input at high temperatures after alignment, and therefore less energy for

recrystallisation, the fortuitous product of placement within the thermal regime of an

evolving Barth Concentric Plutonic Suite.

As mentioned above, primary SPOs are concordant to igneous layering at least in

strike, and the compilation of structural measurements shown in Figure
mixture of igneous layering and SPOs though we do not know what proportion of the
measurements are of the latter. One measurement we know to be of a plagioclase crystal
SPO, was made by the present author southwest of Pikaluyak Islet by plotting pitches

measured on planar outcrop surfaces with pitches measured in three orthogonal thin-

sections cut from oriented sample H1 (Figure 3-10). The best-fit girdle to the pitched

lines is not a tight fit, and the resulting measurement of 285/8IN is suspect also for being.

44° steeper than a previous measurement made in the vi nted by de Waard et

al. 1976).

In considering that some primary SPOs may have resulted from shearing under the

weight of overlying erystal framework, the outstanding question is why the resulting dip
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angles are not (or are rarely) 45°. Perhaps, as suggested o explain the secondary foliation

‘measurement dis

ed above, incidentally formed planes of weakness existed in the rock
before failure, possessing strengths sufficiently low that failure occurred along them
before failure could occur along the 45° dipping planes into which the downward stress of

(which can be any

gravity maximumly resolves. Incidentally formed planes of weakn
planar heterogeneity of mineralogy [modal layering), grainsize [grainsize layering], or
pore space) may form parallel to the erystal depositional surface or erystallisation front,

low of igneous layering, either occurring upon an inclined surfa

Iy manifest as plar

lined cl

reflectin mber wall or an inclined heap of gravitationally sheared crystal

frameworks. Alternately, incidentally formed planes of weakness may conceivably form

at more or less random  orientations, propagating from vacuous imperfections in

framework forming by settling or in situ erystall

3.4 Internal plutonic perimetrons of the Barth Concentric Plutonic Suite
The Barth Concentric Plutonic Suite, or Barth concentrically structured plutonic

perimetron (Section 3.1.4), can be internally subdivided into plutonic perimetrons

(Section 1.5.3) given that the contacts between rock-type predominancies represent either

Section 3.2). With a few exceptions, correlation of

plausible or evident intrusive contac

intrusive contacts across Nain Bay cannot be inferred with confidence. Consequently, the

internal plutonic perimetrons of the Barth Concentric Plutonic Suite are not correlated

here beyond 1 km of their respective imetrons may be identified and

designated regardiess of scale, though designating (i explicitly  identifying and

labelling) relatively small scale perimetrons may be impractical, especially where there




exist multiple dykes or xenoliths, or interleaving or mingling relationships. Consequently,

the perimetrons designated here are only those mappable and readily visible at the

1:80,000 scale of Figure 3-2 showing internal plausible and evident intrusive contacts.

Figure 3-11 shows the Barth Concentric Plutonic Suite subdivided into plutonic

perimetrons designated as per the criteria above. Perimetrons are labelled according to

rock-type predominancy, with “f” for Fe-rich, “0” for Ol-gabbroic, “c” for charnockitic,

for Ol-free anorthogabbroic, and “m” for miscellaneous, with numbering assigned

roughly north to south. 22 base plutonic perimetrons are thus delineated in the Barth

Concentric Plutonic Suite (f10 + 05 + ¢5 + al + ml). This exercise reveals an
awkwardness of the plutonic perimetron approach, since the count and outlines of base

perimetrons are functions of correlation, scale of designation, and inferences of mapping

cach of which are subjective or arbitrary. Perhaps plutonic perimetrons are best reserved

for larger bodies apparent at the most common map scales and for which correlations and

inferences of mapping may be more substantiated. Also, the present author manages

throughout this work 1o refer to various components of the Barth Concentric Plutonic

Suite without using base perimetrons, finding the rock-type predominancy, rock-type

clans, and rock-type association system combined with conventional terms of reference to

be precise, versatile, and informative.

The present author maintains the view that multiple, overlapping schemes of

geological unit definition should be employed and innovated as necessary



the Fe-rich diorite and gabbroic rock-type clan (shaded)

Pl

Q +Fe-rich pyroxene

tperthite (sensu lato)
(+ for diorite)

(leucocratic)

Ol-gabbroic

‘ P ultramafic ol
Figure 3-1 — Definition of the Fe-rich diorite and gabbroic rock-type clan of the Barth
Concentric Plutonic Suite.

the Ol-gabbroic rock-type clan (shaded)

Q

ultramafic

Figure 3-5 — Definition of the Ol-gabbroic rock-type clan of the Barth Concentric
Plutonic Suite.
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Figure 3-2  Internal contacts (blue) so far discovered in the Barth Concentric Plutonic
Suite (“internal” meaning internal to a rock type-predominancy). Unit labels (e.g. olg)
and contacts as per Figure 1-2.
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@ percent level apatite

fayalite-bearing / possibly fayalite-bearing

@ @ bearing OCCIPO (optically continuous,
coarser-than-matrix, irregularly shaped,
pyroxene oikocrysts)

® #® yiotite SPO (shape preferred orientation) /
possible biotite SPO

Figure 3-4 - Legend for Figures 3-4A, B, C.

local system representative of whole =
3:5 melt:plagioclase

/// !% e

\ = 1:3 melt:plag.

C =0:1 melt:plag.

Figure 3-6 — Illustration of a local representative system within a plagioclase (or
plagioclase-dominated) crystal framework, showing three possible microsystems A, B, C
possessing unrepresentative melt:plagioclase ratios. See text of Section 3.2.3.4 for further
explanation.




the Ol-free ic rock-type clan (shaded)

Pl

px/ ° ultramafic

Figure 3-7 — Definition of the Ol-free anorthogabbroic (anorthosite and gabbroic) rock-
type clan of the Barth Concentric Plutonic Suite.

the itic granitic rock-type clan (shaded)

Q
A (field labels [e.g. 3b]
are those of IUGS)

1 g
10 3% (3 %0

Figure 3-8 - Definition of the non-charnockitic granitic rock-type clan of the Barth
Concentric Plutonic Suite. IUGS reference as per Figure 1-0.
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Figure 3-9 — Equal-angle sterconet plot of secondary foliation in Ol-gabbroic handsample
H60, measured as pitches in each of three orthogonal thin-sections. Best-fit girdle at
246/14N.

Figure 3-10 — Equal-angle sterconet plot of primary foliation in Ol-gabbroic mck
sampled as H1 (southeast of Pikaluyak Islet), measured as pitches on outcrop s
(circles) and in each of three orthogonal thin-sections of handsample H1 (plus “wi
Best-fit girdle at 285/8IN.
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Figure 3-11 — The 22 plutonic perimetrons of the Barth Concentric Plutonic Suite
designated according to the criteria that perimetrons must plainly visible at the ~1:80,000
scale (used for this map) and cannot be correlated more than 1 km across waterways. Unit
labels (e.g. olg) and contacts as per Figure 1-2. Perim
predominancy (e.g. "o" for Ol-gabbroic) except
perimetron ml is mapped as anorthogabbroic no anorthogabbroic samples have been
collected which verify this field identification).
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Plate 3-1 - Possible dyke or pegmatitic segregation of mesocratic, apparently gabbroic
rock hosted by finer grained rock of the Fe-rich rock-type predominancy. Immediately
north of the southern external of the Barth Concentric Plutonic Suite, north of Akpiksai
Bay. Pen length = 14.5 cm. Photo D6, station 47,

Plate 3-2 — Possible bifurcating “climbing” dyke of mesocratic, apparently gabbroic rock
hosted by rock of the Fe-rich rock-type predominancy. South of Nain Bay, northeast of
“big pond”. Pen length = 14.5 cm. Photo D21, station 31
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Plate 33 — Lense-shaped possible xenolith or tube dyke of apparently Fe-rich
diogabbroic rock hosted by mesocratic gabbroid. Immediately south of the southern
external contact of the Barth Concentric Plutonic Suite, northeast of “big pond”. Pencil
length = 15 cm. Photo D22, station 30.

Plate 3-4 — Dyke of brown, sub-millimetre-grained though phaneritic rock hosted by
anorthosite. Immediately south of the southern extemal contact of the Barth Concentric
Plutonic Suite, northwest of “big pond™. Lens cap diameter = 6 cm. Photo G2, station
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Plate 3-5 — Interleaved sheets of apparently Fe-rich diogabbroic rock and coarser,
relatively Fe-Ti-oxide-rich gabbroid. Along the southern external contact of the Barth
Concentric Plutonic Suite, south of “left eye pond”. Pencil length = 15 em. Photo D19,
station 32.

Plate 3-6 — Interleaved sheets of apparently Fe-rich diogabbroic rock and coarser,
relatively Fe-Ti-oxide-rich gabbroid. Along the southern external contact of the Barth
Concentric Plutonic Suite, south of “left eye pond”. Pencil length = 15 em. Photo D18,
station 32,
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Plate 3-7 - Blue plagioclase-phyric body bound to north and south by more leucoeratic,
more equigranular gabbroid (photo top to south). Immediately south of the southern
external contact of the Barth Concentric Plutonic Suite, east-northeast of “big pond”. Pen
length = 14.5 em. Photo D9, station 42

Plate 3-8 — Apparent possible xenolith of gabbroid within finer Fe-rich antiperthitic
diorite. Immediately north of the southern external contact of the Barth Concentric
Plutonic Suite, east-northeast of “big pond”. Pen length = 14.5 cm. Photo D10, station 42.



Plate 3-9 — Sheet of non-foliated gabbroid sharply bound by apparently Fe-rich
diogabbroic rock. Along southern external contact of the Barth Concentric Plutonic Suite,
northwest of “big pond”. Lens cap diameter = 6 cm. Photo G7, station 148

Plate 3-10 — Interleaving of apparently Fe-rich diogabbroic rock and coarser gabbroid
(centre and right). Along southern external contact of the Barth Concentric Plutonic Suite,
northwest of “big pond”. Hammer length = 90 cm. Photo H23, station 154.




Plate 3-11 - Poorly discernable interleaving of apparently Fe-rich diogabbroic rock and
coarser gabbroid. Along southern external contact of the Barth Concentric Plutonic Suite.
northwest of “big pond”. Hammer

Plate 3-12 — Mesocratic gabbroid mgu) “mmm from apparently Fe-rich diogabbroic
rock (left) by an approximatel . sharply bound body of colour index

‘ intermediate between the two bounding mm and of grainsize equal that of the apparently
Fe-rich diogabbroic rock. Along southern external contact of the Barth Concentric
Plutonic Suite, northwest of “big pond”. Lens cap diameter = 6 cm. Photo H20, station
157,




Plate 3-13 — Sparsely blue plagioclase-phyric rock of the Fe-rich rock-type clan, with
long axes of phenocrysts aligned with steeply north-dipping foliation. South of Nain Bay,
south of “right eye pond”. Pen length = 14.5 em. Photo D24, station 29.

Plate 3-14 — Relatively leucocratic and coarser, moderately defined, lower centimetre-
scale thick and thinner layers within apparently typical though lightly patched rock of the
Fe-rich rock-type predominancy. South of Nain Bay, northwest of Akpiksai Bay. Pen
length = 14.5 cm. Photo DS, station 45,
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Plate 3-15 — Modal layering in the Fe-rich rock-type predominancy. South of Nain Bay,
south of “right eye pond”. Pen length = 14.5 cm. Photo D17, station 36.

Plate 3-16 ~ Modal layering in the Fe-rich rock-type predominancy, cut by a thin,
discontinuous train of melaocratic aggregates. South of Nain Bay, north shore of kidney-
shaped pond west of “right eye pond”. Lens cap diameter = 6 em. Photo F1. station 126,
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Plate 3-17 — Combined grainsize and modal layering in the Fe-rich rock-type
predominancy, also present are several thin melanocratic aggregates sequentially
staggered across strike (lower centre). South of Nain Bay, east of of “left eye pond”. Pen
length = 14.5 cm. Photo D7, station 45.

Plate 3-18 — Grey body belonging to the Ol-gabbroic rock-type predominanc;
apparent right-angle contact with Fe-rich gabbroic rock. Evident chill along south-facing
contact (lower right). South of Nain Bay, north of main charnockitic-Ol-gabbroic contact,
north bank of “third eye pond”. Photo C15, station 21




Plate 3-19 — Three individual optically continuous, coarser-than-matrix, irregularly-
shaped, pyroxene oikocrysts (OCCIPO; orange upper right, blue left, darker blue lower
right) in (Ilm-Mag)-specked (Cpx-Opx)-rich antiperthitic melanodiorite. Thin-section
H92 from Fe-rich rock-type predominancy south of Nain Bay, north of Akpiksai Bay.
XPL, total image width 12.8 mm.




Plate 3-20

pyroxene of equant or irrey 2
(Cpx-Opx)-rich  mesoperthitic and antiperthitic
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Plate 3-22 — Equigranular, equidimensional-granular texture in Opx Fe-rich gabbro,
evidencing the maximum degree of deformation and recrystallisation observed in the Fe-
rich rock-type clan. Thin-section H106 from Fe-rich rock-type predominancy south of
Nain Bay, north of Akpiksai Bay. XPL, image width 8 mm.

Plate 3-23 — Fayalite grains of indistinct habit in ((Ilm-Mag)] Px-rich APr diorite. Thin-
section G265 from Fe-rich rock-type predominancy south of Nain Bay, north of Akpiksai
Bay. XPL, image width 2.5 mm.
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Plate 3-24 — Across strike variation in abundance of whitish aggregates in segregated
charnockitic rock of the interleaved contact zone between the chamockitic and Fe-rich
rock-type predominancies south of Nain Bay, north of “big pond™. Lens cap diameter 6
cm. Photo G17, station 128,

Plate 3-25 — Segregated chamockitic rock of the interleaved contact zone exhibiting
aggregate SPO gently curved and thinned against contact with the Fe-rich rock-type
predominancy. South of Nain Bay, north of “big pond”. Lens cap diameter 6 cm. Photo
GI8, station 128,




Plate 3-26 — Grain-scale segregated (therefore locally atypical) orangish charnockitic
rock sharply interleaved with whitish charnockitic rock similar in appearance to the bulk
of the charnockitic clan south of Nain Bay, located in the interleaved contact zone. South
of Nain Bay, north of “big pond”. Lens cap diameter 6 cm. Photo G20, station 128

Plate 3-27 — Rock of the Fe-rich rock-type predominancy apparently chilled against
segregated rock of the charnockitic, located in the interleaved contact zone. South of Nain
ay, north of “big pond”. Lens cap diameter 6 cm. Photo G2, station 128,
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Plate 3-28 - Rock of the Fe-rich rock-type predominancy apparently chilled against rock
of the charnockitic, located in the interleaved contact zone. South of Nain Bay, north of
“big pond”. Lens cap diameter 6 em. Photo G21. station 128,

Plate 3-29 — Assortment of variably concordant, variably continuous inclusions (in the
broad sense of the word) of variable colour index and grainsize, located in rock of the Fe-
rich rock-type predominancy of the interleaved contact zone. South of Nain Bay, north of
“big pond"”. Lens cap diameter 6 em. Photo G19, station 128




Plate 3-30 — Segregated chamockitic rock of the interleaved contact zone. Handsample
H102, thin-sectioned as chamockitic Qtz-monzonite. South of Nain Bay, north of “big
pond”.

31 - Highly complex, variably course intergrowths between assorted feldspars,

which myrmekite appears almost mundane (globular, upper center), in [(Cpx-
Opw)] charnockitic Qtz-monzonite. Thin-section H102 from the interleaved contact zone
south of Nain Bay, north of “big pond”. XPL, image width § mm.




Plate 3-32 - Rock of the Fe-rich predominancy physically underlying scgregated rock of
the charnockitic, whitish and foliated, against which it may be slightly chilled. South of
Nain Bay, steep exposure overlooking kidney-shaped pond. Pen length 14.5 cm. Photo
G24, station 127.

Plate 3-33 - 20 centimetres down the bank from exposure shown in Plate 3-32, highly
segregated charnockitic rock as at the interleaved contact zone directly the east. South of
Nain Bay, steep exposure overlooking kidney-shaped pond. Pen length 14.5 cm. Photo
G23, station 127.

265



Plate 3-34 - Two segments of roughly east-west charnockitic-Fe-rich contact offset by a
zigzagged jog comprised of tapered interleavings of decimetre-scale lengths. South of
Nain Bay, immediately northeast of “right eye pond”. Hammer length 90 cm. Photo Gi14,
station 134,

Plate 3-35 — Apparently unchilled rocks of the charnockitic ich roc
predominancies sharply contacting as well as, just one metre away,
gradationally contacting. South of Nain Bay, north of Akpiksai Bay. Lens cap diameter 6
em. Photo G 10, station 144
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Plate 3-36 - Feldspar-phyric globular inclusion of Ol-gabbroic predominancy rock within
charnockitic rock adjacent to the main predominancy contact. South of Nain Bay,
shoreline facing Rhodes Island. Lens cap diameter 6 cm. Photo F4, station 123

north of my. northwestern bank of “right

Lens cap dinmeter  om, Photo Gl4, s




Plate 3-38 — Sharp, straight contact between orangish charnockitic body (north, down in
photo) and whitish charnockitic rock (south). Contact measured 075/67S. South of Nain
Bay, “left eye pond” visible to left, Nain Hill in distant background. Hammer length = 90
em. Photo G13, station 135

Plate 3-39 - Foliation as diffuse aggregate SPO in charnockitic rock of the orangish
internal body. South of Nain Bay, midway along north bank of “right eye pond”. Lens cap
diameter 6 cm. Photo G15, between stations 131, 2
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Plate 3-40 - Acicular exsolution in mesoperthit
. Thin-s:

0 charnockitic Qtz-leucomonzon

. resolvable at 25X (typical coarseness),
jon H46 from immediately south of

charnockitic-Ol-gabbroic contact, south of Nain Bay, east of Pikaluyak Cove. XPL,

mage width 0.8 mm.

Plate 3

41 - Aci

cular exsolution in mesoperthite, barely resolvable at 400X, in Cpx

charnockitic leucomonzonite. Thin-section H9 from charnockitic matrix of plutonic

breceia south of Nain Bay, southeast of Pil

aluyak Islet. XPL, image width 0.3 mm
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Plate 3-42 — Vermicular, globular, and relatively fine string acicular exsolution in
in-section H46 from immediately

, south of Nain Bay, cast of Pikaluyak Cove.

south of charnockitic-Ol-gabbroic cont;
XPL, image width 0.8 mm.

Plate 3-43 - Diffuse semivermicular (or mixed globular and vermiculr) exsolution in

in hin-section H38 from charnockitic
rock-type predominancy south of Nain Bay, shoreline facing Rhodes Island XPL
width 1.3 mm.

age
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Plate 3-44 — Quartz inclusion exhibiting possible fa ‘\I development against mesoperthite
host, in charnockitic leucomonzodiorite. Thin-section H90 from charnockitic rock-type
predominancy south of Nain Bay, north-northwest of Akpiksai Bay. XPL, image width

Plate 345 - Quartz o in Q Thi
H43 from charnockitic rock-type predominancy south of Nain Bay, shoreline facing
Rhodes Island. XPL, image width 8 mm.

-section
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Plate 3-46 — Mafic aggregates, concentrations, and individuals distributed net-like
between and as marginal within coarser felsi aates and phenocrysts. Thin-section
H80 from charnockitic rock-type predominancy south of Nain Bay, northwest of valley
northwest of Akpiksai Bay. Thin-scction long dimension 39 mm.

Plate 3-47 - Domain of relatively fine grains exhibiting relatively smooth boundar
amongst coarser grains exhibiting comparitively irregular grain bounda
shapes, in [Opx-Cpx] chamockitic granodiorite. Thin-section H71 from chamockitic
rock-type predominancy south of Nain Bay, several metres north of Ol-gabbroic contact,
middle of landmass. XPL, image width § mm
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Plate 3-48 — Fayalite of indistinct habit in Fa charnockitic monzodiorite. Thin-section
H98 from partially delineated internal body within the chanockitic rock-type
predominancy south of Nain Bay, north of “right eye pond”. XPL, image width 8 mm.

Plate 3-49 — Unidentified opaque mineral (black) after fayalite in Fa chamockitic
monzodiorite. Thin-section H98 from partially delincated internal body with
charnockitic rock-type predominancy south of Nain Bay, north of “right eye pond”.
image width 2.5 mm.




Plate 3-50 — Charnockitic dyke separating two portions of the Ol-gabbroic predominan:
the westerly portion evidently chilled along the south facing limb (horizontal in photo) o
‘ its right angle contact. South of Nain Bay, west of “third ey pond”. Hammer length = 90
‘ cm. Photo C4, station 26.

Plate 3-51 — Ol-gabbroic predominancy cut by felsic dyklets (presumably chamockitic;
raised). South of Nain Bay, north of “big pond”. Pen length = 6 cm. Photo BI6, station
13.
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Plate 3-52 — Apparent emanation of thin, straight dykelets from the charnockitic rock-
type predominancy into the Ol-gabbroic. South of Nain Bay, north of kidney-shaped
pond. Pen length = 6 cm. Photo DI, station 58.

Plate 3-53 — Charnockitic dyklets c
breccia. South of Nain Bay, north of
station 9.

ving rock of the Ol-gabbroic predominancy into
ht eye pond”. Pen length = 6 cm. Photo B23,
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Plate 3-54 - Plutonic breccia consisting of sub-centimetre to decimetre-scale, sub-angular
Ol-gabbroic blocks in mixed charnockitic-Ol-gabbroic-Fe-rich matrix. South of Nai
Bay, southeast of Pikaluyak Cove. Hammer length = 90 cm. Photo E18, station 67.

Plate 3-55 — Plagioclase-perchadacrystic clinopyroxene oikocryst (blue to purple) with
marginal hornblende in (B-Hb)-OI gabbro. Thin-section HS from matrix of plutonic
south of Nain Bay, southeast of P uyak Cove. XPL, image width 8 mm.
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Plate 3-56 — /n situ plutonic breccia consisting of sub-angular blocks u( Ol-gabbroic
rock-type predominancy separated by charnocklitic dyklets and dykes. South of Nain
Bay, north of western “right eye pond”. Hammer length = 90 cm. Photo Al, taton &

Plate 3-57 — Amocboid compostc grins of ilmenite and magnetic apparently having
erystallised *y long oundarics, in

leucomonzonite. Thin-section Hm from matrix of plutonic breccia, south of Nain Buy.
north of western “right eye pond”. XPL, image width 2.5 mm.




Plate 3-58 — Plagioclase laths of diverse orientation interspersed with mafic aggregates
and finer plagioclase grains of diverse shape interspersed in turn with finer mafic grains,
in norite. Thin-section H68 from block within pluton
of western “right eye pond”. XPL. image width 8 mm.

Plate 3-59 — (Up to photo left) Plutonic breccia with different grainsize portions of
charnockitic matrix in sharp contact at least locally, with matrix of all present grainsizes
enclosing blocks. South of Nain Bay, north of western “right eye pond”. Photo A3, station
8.




Plate 3-60 — Chadacrysts of clinopyroxene and Fe-Ti-oxide hosted by compos

oikocrysts, in Thin-section H66 from matri
of plutonic breccia, south of Nain Bay, north of western “right eye pond”. XPL, image
width 8 mm.

Plarc 3 61 (Up to photo left) Apparently in siu plutonic breccia with sub-rounded
outh of Nain Bay, north of western “right eye pond”, Nain Bay in background.
Hdmlmr Jength 90 cm. Photo B2 néar sation 8.
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nockitic matrix. South
n. Photo A2, station

Plate 3-62 - Apparently kinetic plutonic breccia with mottled
of Nain Bay, north of western “right eye pond”. Pen length = 14
8

Plate Plagioclase phenocrysts and  phenoaggregates of _equigranular,
equidimensional granular plagioclase (centre) in gabbronorite. Thin-section H63 from
block within plutonic breccia, south of Nain Bay, north of western “right eye pond”. XPL,
image width 8 mm.
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Plate 3-64 - Evident magma mingling as rounded, apparently Ol-gabbroic bodies hosted
by charnockitic rock. Charnockitic-Ol-gabbroic contact, south of Nain Bay, west of “third
eye pond”. Pen length = 14.5 cm. Photo B6, station 15

Plate 3-65 — Evident magma mixing and mingling as an irregularly heterogencou:
exposure. Charnockitic-Ol-gabbroic contact, south of Nain Bay, west of “third eye pond
Pen length = 14.5 cm. Photo B4, station 15




Plate 3-66 — Evident magma mixing and mingling as an irregularly heterogencous
exposure. Charnockitic-Ol-gabbroic contact, south of Nain Bay, west of “third eye pond"”
Pen length = 14.5 cm. Photo BS, station 15

Plate 3-67 - Rock of the Ol-gabbroic predom nnLy h\.mn;. light-coloured. feldspar
xenocrysts irregularly dissecting the chamockitic predominancy into tapering and
branching portions. South of Nain Bay, shoreline mm Rhodes Island. Lens cap
diameter = 6 em. Photo F7, station 123,
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Plate 3-68 — Rock of the Ol-gabbroic predominancy bearing light-coloured feldspar
xenocrysts irregularly dissecting the charnockitic predominancy into tapering portions,
some no more than wisps. South of Nain Bay, shoreline facing Rhodes Island. Lens cap
diameter = 6 cm. Photo F6, station 123

Plate 3-69 — Irregularly shaped volumes of the Ol-gabbroic predominancy within the
charnockitic. South of Nain Bay, shoreline facing Rhodes Island. Lens cap diameter = 6
em. Photo F5, station 123
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Plate 3-70 — Phenocrysts and phenoaggregates of quartz, phenocrysts of plagioclase, and
leM regates of mixed quartz and feldspar, in Opx Cpx-rich charnockitic monzonite.
cy immediately adjacent
contact with charnockitic (small amount of which sectioned at right), south of Nain Bay,
shoreline facing Rhodes Island. Thin-section long dimension 38 mm

Plate 3-71 — Interleaving of lower metre and decimetre-scale thick elongate bodies of
alternately Ol-gabbroic and charnockitic rock-type predominancy. South of Nain Bay,
cast of and facing “third eye pond”. Hammer length = 90 cm. Photo €9, station 251
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Plate 3-72 - Rounded elongate bodies, apparently Ol- gate body
of charnockitic rock-type predominancy within interleaved zone. South of Nain Bay, east
of “third eye pond”. Hammer length = 90 cm. Photo C8, station 25

Plate 3-73 — Texture consisting ul three-way mixture of subophitic, hypautomorphic

and granular, in O
gabbronorite. Thin-section H79" m mdunly slightly chilled Ol-gabbroic rock taken
etres of the charnockitic rock-type predominancy, south of Nain Bay,
d length of contact. XPL, image width 8 mm.

centit

castern inl
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Plate 3-74 — Interior of a body perhaps representing magma mixing between magmas
parental to the Ol-gabbroic and charnockitic rock-type predominancies, hosted by the Ol-
gabbroic. South of Nain Bay, north of “third eye pond”. Pen length = 14.5 cm. Photo
"14, station 23.

Plate 375 — Sharp contact of body shown in Plate 3-74 with host Ol-gabbroic rock-type
predominancy. South of Nain Bay, north of “third eye pond”. Pen length = 14.5 cm
Photo C12, station 23
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Plate 376 — Locally manifest modal layering in the Ol-gabbroic rock-type
predominancy. South of Nain Bay, shoreline facing Rhodes Island. Lens cap diameter = 6
em. Photo F9, station 117.

Plate 3-77 — Anastomosing modal layering in the Ol-gabbroic rock-type predominancy.
South of Nain Bay. on slope overlooking gulf midway along north coast. Hammer lengih
=90 em. Photo A19, station |



Plate 3-78 - Diffuse modal layering in the Ol-gabbroic rock-type predominancy. South of
Nain Bay, east of Pikaluyak Cove. Lens cap diameter = 6 cm. Photo E21, station 64.

Plate 3-79 - Diffuse and variably undulose modal layering in rock of the Ol-gabbroic
rock-type predominancy hosting an angular xenolith bearing blucish white feldspar and,
locally, graphic granite, and surrounded by an on rind. South of Nain Bay,
cast of Pikaluyak Cove. Lens cap diameter = 6 cm. Photo E22, station 64.

arent re
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Pla ao Diffuse and variably undulose modal layering in the Ol-gabbroic rock-type
predominancy. South of Nain Bay, coastline bulge far north of “big pood” and acing
Casern Barth skand. Lens cap diameter = 6 em. Photo F11, station |

Plate 381 - Rounded blucish xenolth of plagioclase leucoeratic rock (possible
anorthosite) and beige leucoeratic veins (outerop appears mottled bes ying after
rain). South of Nain Bay, coastal bank southeast of Pikaluyak Islet o length = 90
em. Photo E13, station 71.




Plate
Thin-section H31 from Ol-gabbroic rock-type predominancy, south of Nain B:
shoreline facing Rhodes Island. XPL, image width § mm.

-82 — More or less equigranular, equidimensional-granular domain in troctolite.

Plate 3
troctolite (2
from Ol-gabbroic rock-type predominancy, south of N:
image width 2.5 mm,

Plagioclase grain exhibiting bent, tapered, and diffuse albite twins in
order interference colours because thin-section cut thick). Thin-section H29
Bay, north of “big pond™. XPL,
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Plate 3-84 - Inward- apering deformation twins, presumably periclinal, and diffuse albite
twins in O leucogabbronorite. Thin-section HI6 from Ol-gabbroic rock-type
predominancy, south of Nain Bay, shorcline of gulf midway alang norh coust, XbLs
image width 2.5 mm.

lase, with some

Plate 3-85 lence of subgrain rotation recrystallisation of pl s
grains perhaps insufficiently rotated to become indej pcmk‘m (ie. il in the subgrain
stage), in troctolite. Thin-section H31 from Ol-gabbroic rock-type predominancy, south
of Nain Bay, shoreline facing Rhodes Island. XPL, image width 2.5 mm.
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Plate 3-86 — Clinopyroxene oikocryst exhibiting angular, space-filling, plagioclase
interstitial habit in  troctolite. Thin-section H42 from Ol-gabbroic ~rock-type
predominancy, south of Nain Bay, near charnockitic contact, north of kidney-shaped
pond. XPL, image width 2.5 mm.

Plate 3-87 — Evident dissolution hollows in plagioclase (originally atypically coarse-
grained) occupied by oikocrystic clinopyroxene in addition to other interstitial minerals,
in Ol leucogabbronorite (Figure 2.4, Hinchey 2004). Thin-section G249 from south of
Nain Bay, south of gulf midway along north coast. XPL, field of view 7.1 mm,
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Plate 3-88 — Olivine plastomorphic against plagioclase in Ol leucogabbronorite. Thin-
section G170 from Ol-gabbroic rock-type predominancy, north of Nain
semicircular body of Ol-free anorthogabbroic rock type-predominancy. XPL, image
width 2.5 mm.

. west of

Plate 3-89 — Equant hypautomorphic if not automorphic olivine inclusion in plagioclase
in Okrich gabbronorite. Thin-section H54 from Ol-gabbroic rock-type predominancy
south of Nain Bay, south of gulf midway along north coast. XPL, field of view 2.5 mm.
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Plate 3-90 - Aggregate of xenomorphic olivine with internal polygonal boundarics in Ol-
rich norite. Thin-section H24 from Ol-gabbroic rock-type predominancy, south of Nain
Bay, south of gulf midway along north coast. XPL, image width 2.5 mm.

Plate 3-91 - Oikocrystic orthopyroxene marginal to olivine oikocryst and plastomortphic
against plagioclase in Ol leucogabbronorite. Thin
type predominancy, north of Nain Bay, west of semicircular body of Ol-free
anorthogabbroic rock-type predominancy. XPL. image width § mm.
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Plate 3-92 - Biotite-clinopyroxene symplectite with biotite limbs in optical if not
physical continuity with adjacent non-symplectic biotite, in leucotroctolite. (Figure 2.38,
Hinchey 2004). Thin-section G242 from Ol-gabbroic rock-type predominancy south of
n Bay, south of gulf midway along north shore. PPL, image diagonal 2 mm.

Plate 3-94 — Biotite-clinopyroxene symplectite sandwiched between non-symplectic
biotite and olivine (top) and exhibiting wide range of fineness over the same symplectite
patch, in leucotroctolite. (Figure 2.41, Hinchey 2004). Thin-section G242 from Ol-
gabbroic rock-type predominancy south of Nain Bay, south of gulf midway along north
shore. RL, image diagonal 0.86 mm




Plate 3-93 — Biotie-cliopyroxene symplectie with clinopyroxene limbs in opical
continuity with a non-s inclusion in non-symplectic biotite, in
leucotroctolite (Figure 2.39, Hinchey 2004 Thin-scction G242 from Olgabbroic rock-
type predominancy south of Nain Bay, south of gulf midway along north shore. XPL
(above), RL (below), image diagonal 1.4 mm.
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Plate 3-95 — Hornblende marginal with respect to Fe-Ti-oxide in [Bt-Hbl] troctolite.
Thin-section G121 from westernmost portion of Ol-gabbroic rock-type predominancy

north of Nain Bay. PPL, image width 1.3 mm.

Plate 3-96 — Optic: s well as
dispersed nearby amongst other grai fon H42
from Ol-gabbroic rock-type prcdummdm.y south of Nia Bay, north of kldncy-shaprd
pond. PPL, image width 2.5 mm.




Plate 3-97 Humblcndu uurgum] with respect to Fe-Ti-oxide with niether mineral
associated i at this location, in “Thin-section G167 from
it pur\mn of Ol-gabbroic rock-type predominancy north of Nain Bay. PPL,
image width 2.5 mm.

Plate 3-98 - Plagioclase scptum texture involving ilmenite and homblende (the six
hornblende grains arc completely separated from ilmenite by thin septa of plagioclase as
in Plate 3-99), in leucotroctolite (Figure 2.50, Hinchey 2004, p. X). Thin-section G246
from Ol-gabbroic rock-type predominancy south of Nain Bay, south of gulf midway
along north shore. PPL, image diagonal 1.2 mm.
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Plate 3-99 — Plagioclase septum texture involving ilmenite and homblende, in O
leucogabbronorite. Thin-section H15 from Ol-gabbroic rock-type predominancy south of
Nain Bay, east of Pikaluyak Cove. SEM, image width 300 pm.

Plate 3-100 — Relatively thin horblende rim texture involving ilmenite and plagioclase
(thickest hornblende [centre] insufficiently thin to be unambiguously so designated), in
leucotroctolite.  Thin-section G192 from _southeastern  Ol-gabbroic  rock-type
predominancy north of Nain Bay. XPL, image width 2.5 mm.
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Plate 3-101 — “Incipient” plagioclase septum texture, in which hornblende ad;
ilmenite exhibits a convex lateral terminus against plagioclase, in troctolite. Thin-section
G148 from southwestern Ol-gabbroic rock-type predominancy north of Nain Bay. PPL,
image width 0.8 mm,

Plate 3-102 - Partial plagioclase septum texture, intermediate between incipient and full,
in which plagioclase septa exist but taper out between the hornblende and ilmenite, in
leucotroctolite (Figure 2.51, Hinchey 2004, p. X). Thin-section G246 from Ol-gabbroic
tock-type predominancy south of Nain Bay, south of gulf midway along north shore. PPL
(left), RL (right), field of view (Ieft) and image diagonal (right) 1.2 mm.
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Plate 3-103 ~ Bayonet structure (left) along margin of non-c!
hosted by the Ol-gabbroic roc
eye pond”. Photo B20), station 11

arnockitic granitic dyke
type predominancy. South of Nain Bay, north of “right

Plate 3-104 — Plagioclase grain exhibiting composite zones of rectangular individuals in
ion H77 from non-charnockitic rock-type predominancy south
width 8 mm,

301



Chapter 4 - Geology of the central western margin of the Hosenbein pluton

4.1 Defi

ion of the Hosenbein pluton

Based mainly on the extensive observations of Ryan (2001), the Hosenbein pluton is
defined as that north-south-clongate body of gabbroic and locally Ol-gabbroic rocks,
extending from Nain Bay immediately west of Pikaluyak Cove, south-southeast across

Hosenbein Lake and the casternmost shores of Kangilialuk Lake and the C-

haped lake to

the southe:

t of Kangilialuk Lake, at least as far south as inland from the shoreline west
of Kauk Bluff Island (several kilometres further south of Figure 1-2 boundary), and

bound on the west and northeast by Archean quartzofeldspathic and layered mafic

et

s, and on the cast by a zone of plutonic breccia co

ing of centimetre- to

decametre-

le white angular blocks of anorthosite and Pl-dominated gabbroic rock

probably derived from the more leucocratic Unity Bay pluton, into which the bret

zone

grades (Figure 1, Ryan 2001 p. 128; Ryan 2000 p. 269). That the w

tern margin contacts

n

is corroborated by Voordouw (2006) and this study.

4.2 Previous work on the Hosenbein pluton
Note that although Ryan (2000, 2001) describes the bulk of the Hosenbein pluton as
“leuconorite”, the present author, having observed a greater variety of gabbroie rocks

(Section 4.3), modifies Ryan's

(sensu exeludo though also sensu lato) and colour indi

(2000, 2001) “leuconori

to “Pl-dominated gabbroic” (sensu excludo) in the following

literature review.
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Ryan (2000) desc

es the Hosenbein pluton as undeformed and layered in
central portion, with layers dipping moderately northeast. Of the locally Ol-gabbroic

western central margin investigated by the present author, Ryan (2000 p. 258) says:

“Olivine gabbro, abutting the Archean gneisses, is i

erpreted to form the base of the

pluton, although it could be unrelated to it.” More specifically, Ryan (2001 p. 136)

cribes the western central margin as locally of biotite-b rock

ing Ol-leucogabbro

internally” into “massive clotty-textured” Pl-dominated gabbroic rock.

Eastward from the western margin, the pluton grades into locally layered, “clotted-

textured” gabbroic rock bearing raf

s of foliated leucogabbroic rock and anorthosite,

which in tum transitions into seriate-textured Pl-dominated gabbroic rock with

plagiocla

¢ “white to pale grey to stecl-bluc-grey” and constituting the matrix of the
marginal plutonic breceia, with the abundance of foliated Pl-dominated gabbroic and

anorthosite blocks therein (e.g. Plate 7, Ryan 2000 p. 259; Figure 5, Ryan 2001 p. 137)

variable between outcrops (Ryan 2000 p. 258, 2001 p. 156). To be clear, centimetre to
decametre-scale blocks are widespread in the Hosenbein pluton, occurring in the western

half where they are suggested by Ryan (2001) to have been derived fiom the Mount

Lister pluton,

well as in the eastern half where they are suggested to have been derived
fiom the Unity Bay pluton, adjacent to which blocks are “especially” abundant and

thes

cfore manifest a breceia (Ryan 2001 p. 157). Ryan (2001 p. 137) advises that the

delineation of the brecciated cont;

should be considered a line of “best f

Granitic dykes are rare in the Hosenbein pluton compared to the Unity Bay pluton

to the

st, and those that are present trend northeast (Ryan 2000)
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Along the northeast margin of the Hosenbein pluton, adjacent to the
quartzofeldspathic gneiss, Ryan (2000 p. 258) distinguished an ill-defined, northwest-
trending body of Pl-dominated gabbroic rock “friable [and] weakly foliated, granular to
clotted-textured.” More generally of the “northern part (wall?)” of the pluton, Ryan (2001

P. 136) describes it as dominantly a brownish weathering, relatively oxide-rich Pl

dominated gabbroic rock with dark grey plagioclase and similar in appearance to Fe-rich
dioritic rock, as of the Barth Concentric Plutonic Suite.

According to the unpublished. 1:50,000 scale:map produced by Ryan (2001) for
that project (the published one is 1:200,000 scale), layered mafic and anorthosite gneiss
along the western margin of the Hosenbein pluton tapers out roughly 600 m north of
Kangilialuk Lake (Figure 1-2). The present author, however, observed what appeared to
be layered mafic and anorthosite gneiss (e.g. Plates 4-1, 2) at over half-a-dozen locations
within 1.7 km north along the contact from Kangilialuk Lake (though mostly within 400
m). though observations were limited to the first exposures of country rock west of the
contact and so the unit of layered mafic and anorthosite gneiss may indeed too thin to

map at the 1:50,000 scale at these northings.

4.3 Present work on the central western margin of the Hosenbein pluton
The coverage of field work conducted by the present author may be estimated by

exami

ing Figure 4-1 showing observation stations and the distribution of ground cover.

Just as with the non-gr: nd non-Fe-rich portions of the Barth Concentric

Plutonic Suite, the Hosenbein pluton may be subdivided into an Ol-free anorthogabbroic

ype clan and an Ol-gabbroic rock-type clan, with corresponding rock-type



predominancies not yet established and perhaps inappropriate since the two spectra
appear to be intimately associated on the outerop scale

Unlike for descriptions of the rock-type clans of the Barth Concentric Plutonic
Suite, the present author has chosen for the Hosenbein pluton to, broadly speaking,
field observations second, to effect that the

present results as specific rock types firs

reader should learn what the Hosenbein pluton has been sampled as first and how these

mples relate to field observations second. Also unlike for the Barth Concentric Plutonic

Suite, all thin-sections of the Hosenbein pluton were described at the same level of
relatively high detail and so more precise rock names in which minerals of mode low

percent level (1> % > 5) are indicated

‘specked” are consistently given here (Section

1.5.1). The specific rock types observed of the Hosenbein pluton are (Figure 4-2):

« (ilmenite-magnetite)-specked leucogabbro (H210, 221);
o leucogabbronorite (H233);

o clinopyroxene leuconorite (H184);

* gabbro (H203);

* titanite-bearing gabbro (H201);

« (ilmenite-magnetite)-orthopyroxene-specked gabbro (H231);

« orthopyroxene gabbro (H193);
* ilmenite-specked orthopyroxene gabbro (H194);

«  gabbronorite (H229);

« (ilmenite-magnetite)-specked gabbronorite (H196);
o (ilmenite-magnetite)-biotite-specked norite (H2:
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« clinopyroxene-specked norite (H228);

«  clinopyroxene-specked e-magnetite)] norite (H234);

«  biotite-orthopyroxene-specked olivine gabbro (H215, 217);
« olivine norite (H230);

* biotite-specked olivine norite (H191, 195);

ol specked olivine H214);
« biotite-specked olivine-rich leucogabbronorite (H197);
« ilmenite-orthopyroxene-specked olivine-rich gabbro (H213);

o ma 1 specked troctolite (H216);

« leucotroctolite (H235);

« biotite-specked troctolite (H218);
« orthopyroxene-specked troctolite (H222);

. bi Imenit ked troctolite

(H207).
Most sectioned rock of the central western margin consists of lower millimetre-scale

with or without the

‘erains in equal or greater abundance than sub-millimetre-scale grai
presence of upper millimetre-scale grains. In thin-sections of the latter case, devoid of

mineral

grains coarser than lower millimetre-scale, plagioclase is invariably the coarses

whereas in thin-sections bearing grains coarser, either of plagioclase, clinopyroxene,
orthopyroxene, or olivine may be the coarsest mineral(s) present, generally as oikocrysts

in the case of the mafic minerals.
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Underlying the hill between Kangilialuk Lake and the C-shaped lake to the south,

the Ol-free spectrum along the contact occurs locally relatively coarse-

ained, ranging

from dominantly millimetre-grained with a lesser population of lower centimetre-scale

grains (H234), to equal proportions millimetre and lower centimetre-scale grains (H228),

to dominantly (and spectacularly) lower centimetre-grained (Plate 4-3; H231).

Now that the reader has some sense of the rocks present, the field petrography of
the western central margin of the Hosenbein pluton will be described with thin-section
petrography interspersed. Once pertinent field descriptions are exhausted, miscellancous
aspects of thin-section petrography are described

According to observations and sampling for the present work, the central western
‘margin of the Hosenbein pluton may be summarised as consisting locally of Ol-gabbroic
rock in sharp contact — at least where the contact was located — with more abundant Ol-

free Pl-dominated gabbroic rock, however, as detailed below, the physical relationship

between the two rock-type clans is not straightforward.

At le:

St two exposures of plutonic breccia were recognised by the present author,
one north of Kangilialuk Lake and one south. The exposure north of Kangilialuk Lake,

st of the northern shore the

s directly we

located within several decametres of the gn

pond, oceurs as an overhung vertical surface of square metre-scale arca in which few

blacks can be clearly guished and delineated (Plate 4-4). The breccia cons

largely of decimetre-scale, relatively fine grained blocks in a relatively coarse grained

matrix, though up-close inspection revealed the presence of a matrix component of

ar grainsize as the blocks and in sharp contact with the coarser portion and possibly

also with the blocks. Thin-section H195, taken from the best delineated block, consists of
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biotite-specked olivine norite of dominantly  sub-millimetre-grainsize, equigranular,

equidimensional-granular with elongate plagiocl ersed throughout, at least half the

biotil

present exhibiting SPO, and bearing minor ilmenite and sulphide (Plate 4-5).

Section H196, taken from the coarse portion of the matrix, consists of (ilmenite-

specked dominantly  mill ined, devoid of facial
development except on some minor apatite, with plagioclase equant, clongate, and
irregular in shape with polygonal and smooth boundaries and mafics as irregularly shaped

aggregates of lower centimetre-s

cale length. Taking stock of observations so far and
making conventional interpretations, we have a block of Ol-gabbroic rock, evidently

having undergone strain and advanced recrystallisation, at least some of the time under a

differential stress field, engulfed in an Ol-free gabbroic matrix evidently having
undergone a lesser degree of recrystallisation,

s of biotite-

Section H197, taken from the fine portion of the matrix, con:

specked olivine-rich leucogabbronorite of dominantly lower millimetre-grainsize and

abbroic block sec cular:

possessed of texture different from the Ol

on, in part

plagioclase dominantly as elongate grains exhibiting crystal faces against both pyroxenes

and olivine, and locally eviden

ng strain as bent, tapered, and diffuse albite twis

4-6) and, in addition to recrystallisation, as minor domains equigranular-equid;

absent and

granular. Mineralogical differences from the block section are that sulp!

nopyroxene and hornblende are present. Taking stock again, we have a plutonic brecy

with a sharply bispectral matrix. the relatively fine portion of which is Ol-gabbroic like

the sectioned block, though differs in exhibiting n tion and

nimal strain and recrystalli

in essential and accessory mineralogy. Thus there must have been two phases of Ol-
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gabbroic magmatism along the Hosenbein margin, perhaps with the latter after the Ol-free

phase if we take relative degree of strain and recrystallisation as an indication of age

between intimately associated rocks.

Another possible block of Ol-gabbroic rock was distinguished approximately 90
m north-northeast no more than 10 m east of the gneiss. At this location, a lichen

enclosed, square decimetre-scale horizontal exposure con:

s of Ol-gabbroic rock, in
contrast to adjacent exposures of the pluton in the immediate vicinity which appear to be
devoid of olivine. With that said, the present author may be in error that the surrounding
rock contains no olivine (as he was elsewhere along the margin, though the rock of this
vicinity was examined more thoroughly by handlens). Section H191, taken of the Ol-
gabbroic exposure, is similar to block section H195 in that it consists of biotite-specked

olivine norite, of equal volumes sub-millimetre and lower millimetre-scale grains, overall

more or less equigranular-equidimensional granular with clongate plagioclase dispersed

throughout. Differences include the slightly coarser grainsize, the absence of sulphide and

presence of magnetite, the common presence of conspicuous simple zoning in plagioclase

even of irregular or equant shape and irregular boundary, and the oceurrence of the

st (though still lower mill cal as oikocrysts

ainst plagioclase (Plate 4-7).

Four thin-sections of Ol-fiee gabbroic rock taken from within 100 m of the
plutonic breccia (from within 200 m south of the possible black) consist of orthopyroxene

gabbro (H193, 194) and gabbro (H201, 203). Sections H193, 201, 203 are of rock more or

less equigranular, - equidimensional-granular, and therefore evidently strained and

of the four with lower millimetre-scale

ction H194, the
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erains the most abundant, contains plagioclase mostly devoid of crystal faces and equant
in shape, perhaps evidencing some lesser degree of strain and recrystallisation.

Noteworthy features observed in these sections

include: the presence of 5% amoeboid

ilmenite (H194); a single, 2 mm diameter grain of titanite along a hairline fracture,

irregularly intergrown with marginal ilmenite (H201); and possible biotite SPO (H203).
The exposure of plutonic breccia south of Kangilialuk Lake, within 100 m

more or

northeast of the small hilltop pond, i horizontal, oriented roughly north-
northwest, and at several hundred square metres is of much greater extent than the

northern exposure. Intervening between the breccia and unambiguous gneiss, at least

southwest of the breccia, i

apparently Ol-free gabbroic rock, sub-millimetre-grained and

exhibiting abrupt to diffuse, locally folded modal layering, and perhaps therefore actually

belonging to the country rock (e.g. Plate 4-8) rather than the Hosenbein pluton. The

breccia cons

ts of sub-rounded blocks ranging in maximum dimension from 30 cm to

lower metre-scale set in a relatively coarse grained, non-foliated matrix in slight

volumetric excess of the blocks and locally disaggregated by weathering.
‘Three thin-sections were taken from a northern location in the breccia exposure:

one (H228) from the relatively coarse grained matrix, another (H226) from a one by two

metre block bearing a tapered apophysis

of relatively coarse matrix (Plate 4-9), and
another section (H227) from another block a few metres away. Section H228 of matrix

consists of clinopyroxene-specked nor

e, of dominantly equal volumes millimetre and

lower centimetre-s

ale grains, bearing minor sulphide, ilmenite, magnetite and quartz,

with plagioclase exhibiting crystal faces against orthopyroxene, sulphide, and magnetite.

One portion of the section exhibits in

¢ alteration to_chlorite, actinolite, possible
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sericite, to which the minor quartz may be related. Section H226 and H227 of block are
very similar, differing only in that H226 contains lower millimetre-scale grains in excess

of sub-millimetre, whereas H227 contains equal volumes, in each section alongside a

lesser combined volume of upper millimetre-scale grains. The two sections consist of

(ilmenite-magnetite)-biotite-specked norite, with half of all orthopyroxene altered to

brown, barely resolvable crystals of l-order interference colours, some  relict

orthopyroxene as oikocrysts (the coarsest mineral present) exhibiting undulatory

extinction and subgrain formation, plagioclase occurring largely sub-millimetre-grained,
cquigranular, equidimensional-granular, and bearing sparse tremolite, actinolite, and
chlorite. Taking stock so far, we have at this location a block sectioned as Ol-fiee
gabbroic, in contrast to the plutonic breccia documented north of Kangilialuk Lake with a

imilar grainsize and

block seetioned Ol-gabbroic, though blacks at each location are of
exhibit evident strain and recrystallisation, and a relatively coarse matrix sectioned Ol-

10 the north,

gabbroic, the same as one of two matrix components of the bre

Three thin-sections were also taken fom a southern location in the br
exposure: one (H231) from the relatively coarse grained matrix, another (H229) from an

tioned along with

apparently more leucocratic coloured, Ol-fiee portion of a block,
some matrix, and another section (H230) from an apparently more melanocratic portion
of the same block a few centimetres away, with the two portions perhaps gradational.
Section H231 of matrix consists of (ilmenite-magnetite)-orthopyroxene-specked gabbro

with faces

of dominantly lower centimetre-scale grainsi locally exhibited by

plagioclase against clinopyroxene and clinopyroxene against ilmenite, some plagioclase

with bent, tapered, and diffuse albite twins, and bearing minor zircon marginal to ilmenite
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and magnetite near the shared boundaries of the two oxides (Plate 4-10). With that said, a

standard sized thin-section is not sufficient for examining such coarse grained rock,

which may exhibit variation in characteristic mineralogy over the centimetre-scale. From

non-microscopic observation the matrix from which H231 was sectioned may be

characterised as hypautomorphic-granular, similar in appearance to the rock pictured in

Plate 4-3. Section H229 of block consists of norite of equal volumes lower millimetre and
sub-millimetre-scale grains and lesser upper millimetre-scale grains, with orthopyroxene

as oikoerysts plastomorphic against plagioclase and exhibiting undulatory extinetion and

subgrain formation (Plate 4-11), and bearing minor biotite, ilmenite, magnetite,

clinopyroxene, and possible olivine exhibiting crystal faces agai

st plagioclase. Section

1230 of the same block centimetres away consists of olivine norite of similar grainsize

and texture as H229, sharing in common the strained orthopyroxene oikocrysts and

olivine crystal clase, as well as plagioclase with conspicuously zoned

margins. Also in common are minor minerals biotite, ilmenite, and magnetite, however

section H230 contains minor hornblende “instead” of minor clinopyroxene. Perhaps more

or less Ol-fiee gabbroic scetion H229 represents rock originally Ol-gabbroic having

converted its

olivine to orthopyroxene by peritectic reaction with magma parental to the
Ol-free matrix. However two rock-type clans came to exist in the apparently continuous

volume, we have blocks variously Ol-gabbroic and Ol-free

broic in the plutonic

breceia south of Kangilialuk Lake. As mentioned above, there are in evidence along the
western central margin of the Hosenbein pluton two phases of Ol-gabbroic magmatism

ation Ol-free

bracketing in time a third phase Ol-free, and now to this st a pre-brece

phase may be speculatively added.
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A few hundred metres to the south-southeast, on top of the rounded hill between
Kangilialuk Lake and the C-shaped lake, the outcrops are rubbly and decayed.
Nonetheless, most hilltop rock west of the gneiss appears to be relatively coarse grained,
hypautomorphic-granular, and Ol-fiee gabbroic (Plate 4-3) like the breceia matrix to the
north. Section H234 taken of such rock consists of clinopyroxene-specked [(ilmenite-

magnetite)] norite with millimetre-scale grains in greater abundance than cither lower

centimetre or sub-millimetre- ing crystal faces against both

le grains, plagioclase exhi

pyroxenes, and seemingly devoid of minor minerals save fine automorphic inclusions of

Fe

Tioxides exsolved fom pyroxene, though with that said, such coarse grained rock

ale and thus a

may exhibit variation in characteristic mineralogy over the centimetre:

standard sized thin-section is insufficient for characterisation. Scattered amongst the

-

grained rock are exposures of relatively fine-grained rock resembling the rocks of
the blocks in the breccias to the north. Section H233 of one such exposure consists of

b-milli and lower mill

of equal volumes s grains,
with plagioclase exhibiting crystal faces against both pyroxenes and commonly with
conspicuously zoned margins, and bearing minor ilmenite, magnetite, biotite, and olivine.

section H233

In bearing minor olivine and plagioclase with conspicuously zoned margins
resembles more or less Ol-free section H229 from a block also bearing Ol-gabbroic rock.

of leucotroctolite

Section H235 from another such exposure, adjacent the gneiss, cons

of equal volumes sub-millimetre and lower millimetre-scale gr: tal faces

. with erys

upon olivine and plagioclase against cach other at different locations,

ergranular

domains of equigranular, equidimensional-granular plagioclase (Plate 4-12), and bearing

nor orthopyroxene marginal to o . ilmenite, and baddeleyite. Thus the




hilltop exposure appears to represent a plutonic breccia with a coarse grained, Ol-free
matrix bearing variously Ol-free and Ol-gabbroic blocks like the breccia down the hill to
the north,

No more ertained by the present author about the physical context of Ol-

as as

gabbroic rock in the western central margin of the Hosenbein pluton except that it

underlies certain arcas. One such area s a ridge of outcrop immediately south the castern

inlet of Kangilialuk Lake, the last ridge of outcrop before the gneiss in a series of them

going westward. This particular outerop is of distinet appearance, possessing reddish

Section H22:

stains and darker. taken here consists of orthopyroxene-specked troctolite

izes, devoid of

of cqual volumes lower millimetre and sub-millimetre-scale grai

s upon plagioclase and olivine, with at least one third of

unambiguous crystal  f

ninor biotite, ilmenite, and

plagioclase as subgrains and similarly fine grains, and bea

magnetite.

Seven thin-se were taken from rock southeast of the pond 0.5 km north of

ertained in the field to be a variety of

ilialuk Lake, from what the present author

e. Nonetheless, all

Ol

e and Ol-gabbroic outcrops based on contrasting field appearan

seven sections turned out Ol-gabbroic, three troctolite (H207, 216, 218), three gabbro

(H213, 215, 217), and one norite (H214), all with lower millimetre-scale grains the most

abundant and with plagioclase locally showing evidence of strain and recrystallisation,

similar thus to Ol-gabbroic rock of the Barth Concentric Plutonic Suite. Noteworthy

features observed in these sections include: plagioclase as domains equigranular,

equidimensional-granular (H207, 213, 218); clinopyroxene as oikoerysts (H216) with

stitial habit (H213, 214); olivine as oikocrysts with plagioclase

plagioclase-int




chadacrysts (H216), variously plagioclase-perchadacrystic (H207; Plate 4-13) or peroikic
(H214; Plate 4-14); and unambiguous biotite-clinopyroxene symplectite (H207, 216) as
well as plagioclase septum texture involving hornblende and ilmenite (H207, 213, 216),
two distinet textures common in the Ol-gabbroic spectrum of the Barth Concentric
Plutonic Suite (Section 3.2.4.4).

Also included in the Ol-free anorthogabbroic rock-type clan of the Hosenbein

pluton is anorthosite, a body of which was partly delineated by the present author

underlying the northe: ibed above. Roughly 50 m northeast of

stern slope of the hilt d

the prominent breces

exposure northeast of the small pond, an obscured, north-northwest

trending contact may be constrained to within several metres, separating light grey

anorthosite  from  largely lower centimetre-grained  hypautomorphic-granular

leucogabbroic rock to the west (similar to the breccia matrices described elsewhere
underlying the hill). The anorthosite body continues at least 100 m to the northeast-cast

where it becomes locally leucogabbroic and thus exhibiting of its granularity' as largely

upper millimetre and lower centimetre-scale grains, with pyroxene plastomorphic against

plagiocla

e (Plate 4-15), beyond which the present author did not attempt to trace it

further. The well-cons

ined western contact of the body is consistent with it originating
as a xenolith with respect to the gabbroic (sensi lato) magmas that formed the Hosenbein
pluton. However, given that the western central margin of the Hosenbein pluton (at the
level of exposure) was evidently constructed by breceiation of variously Ol-free and Ol-

gabbroic rocks by variously Ol-fice and Ol-gabbroic magmas, the present author

se

s that such internally complex plutons, especially in the loose, descriptive

" Grainsize could not be reliably ascertained of the almost pu

northosite present
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of the word “pluton” advocated here (Section 1.0), cannot sensibly be lobotomised ad

infinitum. And so the present author is satisfied not to entertain the issue of whether the

Ol-fiee anorthogabbroic spectrum of the Hosenbein pluton should be redefined sans
anorthosite on the reasonable assumption that all anorthosite within the boundaries of the

Hosenbein has

field. With that said, the present author

s origins considerably farther a
has introduced the concept of plutonic perimetron to subdivide plutons by intrusive

contacts (Section 1.5.3), and all evident xenoliths of appreciable size could be (by a much

more thorough field investigator) delineated accordingly.

One kilometre cast of the central western contact of the Hosenbein pluton, thin-

section H210 of ~(ilmenite-magn:

)-specked leucogabbro was taken from a
representative outcrop in a well-exposed area where for hundreds of metres (at least to the

cast, west, and south) rock type and texture appear more or less homogencous to the

sub-

s of m

unaided eye. The section cons metre-scale grains in excess of thos

 ilmenite, magnetite,

millimetre-scale, with: plagioclase exhibiting crystal faces aga

habit;

intersti

and clinopyroxene which occurs as oikocrysts of angular, plagioclas

roughly one fifth of all plagioclase either exhibiting subgrains or as domains

equigranular, equidimensional-granular; some plagioclase exhibiting bent and tapercd

albite twins; perhaps half of all former and present clinopyroxene altered to brown barely

Is with 1-order interference colours and chlorite, chlorite also oceus

resolvable erys ing

sociated with relict clinopyroxene; and bearing minor quartz. Evidently,

then, some plagioclase of section H210 underwent strain and reerystallisation, though not
in abundance and degree comparable to those Ol-free gabbroic rocks sectioned directly

a 1o the south

west along the margin or from blocks in the bre
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Sample H210, Ol-free and seemingly representative of a large volume of the

Hosenbein pluton away from the complicated (or at least more evidently complicated)

central western margin, taken for

thus the best candidate amongst the sample:

aturated basaltic magma that

representing a dominant, voluminous emplacement of si

we may imagine originated the distinet body delineated today as the Hosenbein pluton,

and was accordingly chosen for U-Pb zircon geochronology, detailed in Section 7.5.9.

Perhaps the relatively coarse grained rock along the margin south of Kangilialuk

Lake, locally forming a breccia matrix, crystallised from the same voluminous

emplacement except under such cooling conditions as promoted high growth:nucleation

rate.
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Figure 4-1 — Geological map of the central western margin of the Hosenbein pluton
produced only from field observations made by the present author and showing
overburden. For location of mapped arca see Figure 1-2B. Unit labels and contacts as per
Figure 1-2. Small red circles are observation and sampling stations, other symbols as per
legend.
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contacts as per Figure 1-2.
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Plate 4-1 — Layered gneiss immediately west of the external contact of the Hosenbein
pluton. North of Kangilialuk Lake, west of the pond. Lens cap diameter = 6 cm. Photo
122, station 202

Plate 4-2 — Layered gneiss immediately west of the external contact of the Hosenbein
pluton. Midway between Kangilialuk Lake and Nain Bay. Hammer length = 90 cm
(perhaps 50 cm in photo). Photo 13, station 195,
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Plate 4-3 — Dominantly lower centimetre- gmumd hypautomorphic-granular, Ol-frec,
mesocratic gabbroic rock, immediately east of contact with gneiss. South of Kangilialuk
Lake, southeast of the prominent pond. Lens cap dmmclcr =6 cm. Photo K17, betweer
stations 243, 4.

Plate 4-4 — Vertical exposure of plutonic breccia, within several decametres east of
coniact m\h gneiss. North of Kangilialuk Lake, west of north shore of pond. Lens cap

=6 cm. Photo 11, station 202




Plate 4-5 — Equigranular, equidimensional-granular Bt-specked Ol norite with clongate
plagioclase dispersed throughout. Thin-section H195 from block in plutonic breccia north
of Kangilialuk Lake, west of north shore of pond. XPL, image width 8 mm.

Plate 4-6 — Dominantly
with olivine (pictured) and both pyro agai hin-
section H197 from fine portion of matrix of p!ululm brecci serth g mmlmlux Lake,
west of north shore of pond. XPL, image width § mm.
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Plate 47 — Orthopyroxene oikocryst plastomorphic against plagioclase in Bt-specked O1
norite. Thin-section H191 from Ol-gabbroic exposure north of Kangilialuk Lake,
northwest of pond. XPL, image width § mm

folded modal layering / gneissosity
Tilliop pond. Leys cap dimeter = 6 cm. Photo 12, station 234



Plate 4-9 - Block, approximatcly one metre across, within plutonic br caring a
tapered right) of relatively coarse-grained matri. South of Kangilialok Loke,
northeast of ilop pond, Photo J1, sation 236,

Plate 410 - Thi rim of zircon marginal o compsic grin .n Tim-Mag, centred on the
boundary between the two oxides (Mag lefl, Tim right), in (1im-Mag)-Opx-specked
gabbro. Thin-scetion H231 from matrix of plutonic brecein south of Kangilialok Lake,
northeast of hilliop pond. RL, image width § mm
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1y
Plate 4-11 - Orthopyroxenc oikoeryst plastomorphic against plagioclase and exhibiting
undulatory extinction and subgrain formation, in norite. Thin-section H229 from block in
plutonic brecia south of Kangilialuk Lake, northeast of hilliop pond. XPL, image width
2.5 mm.

Plate 4-12 ~ Domain of more or less equigranular, equidimensional-granular plagioclase
(centre) in dominantly hypautomorphic-granular leucotroctolite. Thin-scction H235 from
Ol-gabbroie exposure south of Kangilialuk Lake, southeast of hilliop pond, immediately
east of contact with gneiss. XPL, image width 8 mm
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Plate 4-13 - Olivine as variously plagioclase-perchadacrystic oikocryst with composite
plagioclase chadacrysts, in (Hbl-BU)-llm-(Opx-Cpx)-specked troctolite. Thin-section
1207 from north of Kangilialuk Lake, west of pond, immediately cast of contact with
gneiss. XPL, image width 8 mm

Plate 4-14 - Olivine oikocryst, peroikic, with plagioclase chadacrysts in Im-Cpx-
specked OI norite. Thin-section H214 from north of Kangilialuk Lake, south of pond.

XPL. image width 8 mm
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Plate 4-15 — Leucogabbroic domain within anorthosite, exhibiting ~pyroxene
plastomorphic against plagioclase. South of Kangilialuk Lake, northeast of plutonic
breccia. Lens cap diameter = 6 cm. Photo K20, station 240.
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Chapter 5~ Forsterite content values for oli

ine of the Ol-gabbroic rock-

5.1 Introduction
Olivine in thin-sections representing 93 samples of Ol-gabbroic rock from all over the

Barth Concentric Plutonic Suite, though concentrated in the northwest and south due to

availability, was analysed by electron microprobe (EMP). Results are presented in

Appendix E

5.1.1 Analytical method

Olivine compositions were measured using a 1991 Cameca SX-50 electron microprobe

equipped with an energy dispersive (ED) x-ray detector and three wavelength dispersive

(WD) x-ray spectrometers and controlled by Samsx software including XmasPlus for WD

spectrometry. X-ray acquisition was by spot analysis.
Each olivine analysis was for silicon, chromium, iron, manganese, magnesium,

and nickel,

h measured as Ka peaks. Oxygen was caleulated stoichiometrically.

Standards used were in-hoy

andards, specifically MUN SD SWOL for magnesium
and silicon, MUN SD OXBU for chromium, MUN SD FASY for iron, MUN SD

MnTi_ox for manganese, and MUN SD NiO for ni

kel

Analyses we

Dot precise enough to detect chrome (< 0.001 /3 cations) nor

precise enough to give all but crude nickel values (0.000 o 0,003 / 3 cations). Values of

forst alculated

ntent (Fo)

asFe /[ Fe+ Mg ] * 100,
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5.1.2 Sampling method

h thin-section, at least three, at most

An average of four spot analyses were made for

nine. Olivine in the Ol-gabbroic clan is highly factured, with many fractures darkened by

Fe-oxides, and so sites for analysi  using transmitted light microscopy to

ind alteration. For each thin-section, most

identify volumes of olivine fice of fi

sites for analysis were chosen so as to be widely separated and to represent a varicty of

petrographic contexts, ranging from relatively coarse xenomorphic grai

to relatively

fine isolated grains, hypautomorphic o ndividuals if present and possessed

tomorphi

of fiesh olivine. Thus the number of analyses per thin-section s grossly proportional to
the abundance of fresh olivine and the variety of petrographic context present,

Some geologists will undoubtedly question why this study did not adopt a

s rims. There are sever

sampling program of cores ve pecific reasons why not,

Firstly, many thin-sections do not con

acially developed olivine grains or only

contain fine, altered individuals unsuitable for core and rim sampling, and so a core

and all but

versus rim sampling program would disqualify the majority of thin-sectior
the smallest fraction of olivine in the Ol-gabbroic clan. Stated another way, facially
developed olivine grains generally comprise a minor, relatively fine component of the

olivine mode in any given thin-section where present and generally do not provide

multiple, fresh sampling sites that can be clearly designated core or rim. Secondly, no
plausibly primary compositional zoning was detected optically despite the thoroughness

with which the present author surveyed olivine for prospective sampling sites and

petrographic analysis in general. With that said, given that olivine can homogenise by the

simple substitution of Mg and Fe, which possess relatively fine fonic radii, the present
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author did not expeet to find significant compositional zoning in olivine crystallised in a
midcrustal plutonic suite active for at least 70 My (Section 1.1.1). Thirdly, the first

batches of thin-sections analysed by EMP indicated that the forsterite value of olivine in

most thin-sections sampled does not vary more than one and a half percenta

e poir

individual thin-sections, and therefore: that the ori

sampling program is appropriate

for determining an olivine for most thin-sections; that if olivine

originally possessed a broader range of compositions over individual thin-sections then in

most thin-sections it has evidently largely homogenised; and that, even if we

me

minimal homogenisation and reequilibration, it would require analyses of larger

populations of fresher, facially developed grains to properly assess concentric zoning in

olivine of the Ol-gabbroic clan.

5.2 Results and discussion

s

Introduction

Results of olivine analyses are given on maps Figures 5-1A, B, C and along with sample

description:

Appendix C, given in summary as the maximum approximate forsterite
value found and the approximate (i.¢. rounded) range below that value the other results
for that thin-section occupy, presented in the format #-#. For example, 67-1 indicates
that the maximum forsterite value was approximately 67, with the range of other results

ranging below that value over approximately 1 unit, or, to be precise, over between 0.5

and 1.5 units (since the range is rounded). Section GS7 is such a thin-section with

measured forsterite values summa

ed as 67-1, corresponding to values 67.2, 66.8, 6.6,

66.4,
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Measured forsterite values range from 37 to 71, average 63, with approximate
ranges over individual thin-sections ranging from 0 to 10, average 1. Maximun forsterite

values with ranges below are shown in Figure -

‘The relationship between measured forsterite values and the forsterite value of the

carliest primary olivine crystallised from the parent magma of a given rock is produced

by reequilibration between various mafic phases so long as the temperature is high
enough to permit diffusion of Fe and Mg between olivine and one or more exchanging

mafic phase. Considering the Ol-gabbroic rock-type clan of the Barth Concentric Plutonic

Suite, olivine, orthopyroxene, clinopyroxene, and ilmenite' have plausibly recquilibrated
with cach other over the course of cooling, in addition to with a differentiating melt phase
during solidification. The degree to which any given volume gets recquilibrated must be a

complex function of the proximities and sizes of other exchanging volumes, the partition

coefficients between exchanging phases, the scale and rate of diffusion between

exchanging phases, and the composition of the local system or microsystem over which
diffusion is most active and reequilibration most nearly achieved, the temperature and the
cooling rate, all of which will change through time, time over which the magma and rock

may experience a complicated cooling history and the crystal pile open system behavior.

I forsterite

And 50 the relationship between measured forsterite values and the hypothet

value of the carliest primary olivine must be exceedingly difficult to calculate with

certainty and precision. Attempts claiming to have achieved this feat, especially those

! Timenite is generally not considered as a participant in Fe-Mg exchange with recquilibrati
however Frost and Lindsey (1991 p. 439) report hat Mg values for imenic from mafic putonc rocke
“are significantly lower than for imenit from volcanic rocks, indicatin that the compositon of ilmenite in
‘mafic plutons has been significantly altered hange with silicates during cooling.
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which consider only one avenue of reequilibration, such as reequilibration of olivine v

interstitial melt (e.g. Li et al. 2000, Cawthorn et al. 1992), are accordingly viewed by the

present author with skepticism.
The present author resigns his own attempt at interpreting measured forsterite

values to dis r spatial patterns in forsterite value distribution under the

erning any ck

le processes. In

assumption that large scale patterns, at least in quality, reflect large

other words, that the magnitude of differences caused by variable degrees of

recquilibration modification may be less than the magnitude of primary compositional

differences over tens or hundreds of metres. Indeed, since the forsterite values generally

vary very little over individual thin-sections of the Ol-gabbroic clan, we may assume that
they have reequilibrated to reflect bulk composition, however complex that process may
have been and at whatever temperature it ceased, and therefore provide contrastable

indications of differentiation s

ratigraphy barring evidence of contamination or atypical
volumes of interstitial melt with which and with whose daughter minerals primary olivine

recquilibrated with,

orsterite content values measwred south of Nain Bay

South of Nain Bay large scale differences in forsterite value are indeed present (Figure -

1€). These differ

are most apparent when the data are contoured at levels 64, 67, 70

(red lines in Figure 5-1C), dividing intervals which may be called low, intermediate, high,

and very high, respectively. Forsterite values are low in the west, northwest, and adjacent
the full length of the charnockitic contact, rising south inland and north away from the

contact to intermediate, rising in turn to high - with these increases most rapid away from
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the contact — and locally peaking at very high in the centre of the area underlain by

olivine of at least intermediate forsterite value and along the castern coast

Evidence from the Kiglapait pluton of the northeastern Nain Plutonic Supersuite
(Morse 1969, Morse 1996) indicates that such a forsterite value distribution need not
contradiet the conventional, simple scenario of magma emplacement, that of a single
volume emplaced and fractionally erystallising from the boundarics inward, with interior
magmas becoming more Fe-enriched as more magnesian primary olivine fractionates into
the boundary layers. That evidence being the distribution of forsterite value with percent

of the magma chamber crystallised (abbreviated PCS; Figure 5-3), which shows the

expected Fe-enrichment pattern after 60% crystallised, with forsterite values decreasing

from approximately 70 to almost zero, but a spread of values before 60% crystallised,

with forsterite values ranging from 70 to 50 within 10% percent crystallised, narrowing

upwards in spread until 60%. Morse (1996) provides no clear explanation of the initial

spread, offering only the succinet statement that “{r]ising values of Fo to 30 PCS are

attributed to a combination of falling residual porosity and intermittent addition of new

batches of magma” (p. 1050). Perhaps what Morse (1996) means is that the earliest
boundary layer crystal accumulations, remaining free of overburden for a relatively long
period of time due to chamber recharge delaying or reducing continued crystallisation and

therefore accumulation, underwent minimal compaction, thereby retaining a significant

initial volume of interstitial melt in which F

enrichment oceurred accompanied by

recquilibration of that melt and its daughter phases with carlier olivine, lowering its

forsterite content. Alternately, significant compaction could be avoided by relatively rapid

boundary layer crystallisation id heat loss to the adjacent country rock,




thereby solidifying the rock before the crystallisation of overburden of weight s
1o cause compaction in the underlying pile.

In order o examine the question more fully, the pres

nt author speculates the

alternate explanation of spatially variable degrees of contamination due to country rock

partial assimilation, the country rock adjacent to the Kiglapait transeet sampled for
Morse’s (1996) olivine analyses being nominal anorthosite. Given that Nain Plutonic

Supersuite anorthosite characteristically contains some pyroxene and Fe-Ti-oxides, if not

tually being properly leucogabbroic and mislabelled as anorthosite (cf. Appendix A),

d that it would have required a sustained flow of magma to “inflate” the mammoth

Kiglapait magma chamber, we may infer that Fe-cnrich minerals were (are) present in the
Kiglapait country rock along with the relatively high quantity of heat required to lower
their temperatures and melt them. The question is really to what degree Kiglapait

magmas, especially those adjacent the boundary, were contaminated by Fe from country

rock partial assimilation, not whether the process occurred at all. Similarly, in the Barth

of

Concentric Plutonic Suite south of Nain Bay, field and mineralogic evidence exis
magma mixing and mingling between the magmas parental to the Ol-gabbroic and
charnockitic rock-type clans (Sections 3.2.3.2, 3.2.4.2), and the question is again a matter

of degree, not whether any components were transferred. The charnockitic rock-type clan

is mineralogically Fe-rich, thus its parent magma is suspect for c

Ol-gabbroic comagmatic neighbor. Morse’s (1996) explanation of forsterite content

reduction caused by minimal compaction is nonetheless plausible. Indeed, according to

the thin-

ctions taken, the Ol-gabbroic clan (south of Nain Bay) is more melanocratic

(i.e. mesocratic versus leucocratic) adjacent the charnockitic margin (Figure 2-2C),
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plausibly due to a greater volume of interstitial melt. Moreover, except near Pikaluyak

Cove, away from the steep gradients in forsterite value in question, no thin-section taken

adjacent the charnocki than 63 exhibits a

c margin with maximum forsterite value les

plagioclase SPO, the signpost of compaction, common though not ubiquitous elsewhere

in the Ol-gabbroic clan. Thus it is plausible that cont

ination and minimal compaction

cach contributed to the relatively low forsterite values adjacent the charnockitic contact
south of Nain Bay.

In the scenario under speculation, involving a single voluminous emplacement,
the eventual northward decrease in forsterite value originated, as commonly accepted for
the Kiglapait pluton, by Fe-cnrichment due to boundary layer fractional erystallisation of
mafic phases sufficiently distant from the chamber margin that the marginal effects
responsible for forsterite content reduction and scatter became insignificantly operative.

Either that or, since the shoreward decr

in forsterite value also corresponds to

decr ised closer to the inferred

elevation, the shoreward rocks may have crystal

s decreased

floor, plausibly charnockitic, than those up elevation inland, and thus poss
forsterite values due to the marginal effects responsible for forsterite content reduction,
perhaps contamination or compaction or a combination thereof. Perhaps reduced
forsterite values in the shoreward rocks reflect a combination of progressed

dif

entiation in addition to marginal effects.

In the scenario under speculation, reduced forsterite values proceeding westward

10 as low as mid 50, to some degree corresponding initially to decreased elevation, either

represent progressive differentiation away from a centrally located locus of fractional

. Th

crystallisation, marginal effects, or some combination thereo simplest explanation is



that of marginal effects, that the floor lies relatively close to the surface in the west, since

this cxplanation does not require invocation of westward crystallisation and
differentiation somehow operative instead of boundary layer fractional crystallisation. As

well, a thin-section (H3) taken from the prominent hill southwest of Pikaluyak Islet

olivine of Fo low 60s in contrast to two other sections (H4, 11) taken nearby at
lower elevations which have Fo in the mid and high 50s. Moreover, the shaded relief
acromagnetic map presented in Ryan (2000 Figure 2b p. 255) shows this area slightly
more magnetic than the poorly magnetic rock castward, which, in the absence of any
difference in the abundance of magnetite between the two areas, may be interpreted to
mean a lesser volume of Ol-gabbroic rock overlying the charnockitic floor dipping
beneath it than further westward, perhaps in part because the floor is shallower in the

west. The Ol-gabbroic rocks in the west are of similar colour indices as those to the east

and they locally exhibit a plagioclase SPO (even in thin-sections with Fo high 50s), thus
the marginal effect of minimal compaction is not directly in evidence, leaving Fe
contamination from the magma parental to the charnockitic floor as the more plausible of
the two marginal effects of forsterite content reduction considered here.

And so the Ol-gabbroic clan of the Barth Concentric Plutonic Suite south of Nain

Bay exhibits a distribution of forsterite values consistent with a single, voluminous

emplacement of Ol-gabbroic magma having undergone boundary layer  fractional

crystallisation, such an origin having been interpreted for the much better studied

ribution of forsterite

Kiglapait pluton displaying a similar though more complete

values, in the case of the Barth, adjacent a comagmatic, high Fe:Mg chamockitic magma.




Nonetheless, the distribution of forst

te values in the Ol-gabbroic clan south of
Nain Bay may also be explained by invoking a more complicated though perhaps still
plausible emplacement history. That history being two cast-west emplacements, the

younger one comagmatic with chamockitic emplacement and underlying the area of

rite value north from the charnockitic contact, having emplaced south of

and against an older emplacement underlying the arca of decreasing forsterite value

northwards (possible cryp

contact marked by questions marks in Figure 5-1C).

In this scenario, an carly emplacement of Ol-gabbroic magma differentiated (at
this location) northwards by boundary layer fractional crystallisation (perhaps above a
floor dipping more steeply northwards than present day topography’) producing a

forsterite value distribution decreasing northwards, with marginal effects of forsterite

content reduction largely absent because the volume of Ol-gabbroic magma

s small, as

would have to be to attain a forsterite value of 64 corresponding to almost 90%
crystallised (Figure 5-3) over 0.5 km northwards downslope. A relatively small volume of
‘magma might plausibly eliminate marginal effects by being insufficiently voluminous to

melt out potential Fe-rich contaminants from the country rock and to delay crystallisation

of overburden so asto allow the earliest erystal frameworks to escape compaction.

Some

e after the early Ol-gabbroic emplacement solidified, a fresh Ol-gabbroic

magma intruded along the southern contact of the older emplacement, flanked by

* Boundary layer fractional crystallisation can even occur agai
plausible processes: convection currents entaining crysials i the interio of the chamber on the up-flow
and depositing them nearer the margins on the down-flow: sheari ertical boundary crystal
frameworks under their own weight (o establish a sloping mass which can collect crystals gravitationally
g ndestablh by advcton 1 nlined thermal g
plausibly occur even in vericaly crystallised rocks by shearing of th crystal framework under
its own weigh (see previous footnote).

4 a vertical boundary by the following
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charnockitic magma to the south. Of course, as mentioned above for the simpler scenario,
the chamockitic magma evidently mixed and mingled with the Ol-gabbroic, which
erystallised mesocratic, mostly non-foliated rocks adjacent the margin, and so low

forsterite values adjacent the contact are already plausibly explained by contamination

and mi

mal compaction. The question is thus to what distance northwards did the

charnockitic magma contaminate the Ol-gabbroic with enough Fe to produce a reduction

in forsterite content detectable in the present results. Whatever the distance, if the

‘geometry of the later Ol-gabbroic emplacement s north-dipping, having pecled the carlier

one off a north-sloping floor, then it is difficult to imagine how differentiation could

proceed southwards to achieve decreasing forsterite values in that direction. Perhaps no or

minimal differentiation o

urred, with the spread of forsterite values due largely to

decreasing contamination northwards. Or perhaps both emplacements inherited the same

vertical contact (at least locally), with the later emplacement chilling against and

interacting  with the charnockitic though undergoing boundary layer fractional

crystallisation at a greater rate southwards because the older body had cooled below the
liquidus temperatures of charnockitic magma before fresh Ol-gabbroic magma intruded
along its southem contact, with a sandwich horizon therefore somewhere preserved
between the possible eryptic contact (Figure 5-1C) and the charnockitic contact. Although

this interpretation has become tenuous, the plutonic breccia southeast of Pikaluyak Islet

sampled, of Ol-gabbroic blocks in a mixed charnockitic and Ol-
sabbroic matrix (Section 3.2.4.2), and therefore two Ol-gabbroic emplacements are
indeed physically preserved, although at a location of ambiguous context in the seenario

under speculation.



Before moving on to forsterite values for thin-sections of the Ol-gabbroic clan

north of Nain Bay and on Barth Island, note that the question in ¢ n is how to
explain forstersite values below 70-71, evidently the primary olivine composition for
undifferentiated, uncontaminated Ol-gabbroic magmas parental to the Kiglapait pluton
and Ol-gabbroic rock-type clan of the Barth Concentric Plutonic Suite. So far we have

entertained compositional modification of the crystallising magma by differentiation or

and modification of primary olivine by with

atypical volumes of interstitial melt.

3 Forsterite content values measured north of Nain Bay

Considering the Ol-gabbroic clan north of Nain Bay (Figure 5-1A), only in a few places

sufficiently dense and regularly distributed enough to

are thin-sectioned sampling sites
reasonably interpolate the forsterite value distribution over a given area, and so the
approach here is to speculate on the origin of local forsterite value distributions. Beyond
using colour index to infer atypical volumes of interstitial melt, the author knows no way

to differentiate between forsterite content reduction caused by  differentiation or

cont:

tion using the present data, beyond using what insight context may provide.
Some thin-sections from north of Nain Bay contain olivine of forsterite values

& @ wide range of compositions, those being section G140 with Fo ranging from

on G43 with Fo ranging from 66 t0 62 (n = 5).
Section G140 of leucotroctolite was taken from adjacent charnockitic dykes
(Gaskill 2005 unpublished sample notes), sectioned variously as charnockitic quartz-

leucomonzonite (G139) and charnockitic granite (G138), both fayalite-specked, thus we
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may infer cither comagmatism and contamination or alteration from younger

h Fe:Mg
charnockitic magma(s). Indeed, section G140 exhibits the highly unusual texture of most
if not all plagioclase grains bearing sets of very fine birefringent plates, perhaps biotite,
perhaps parallel to cleavage direction(s) (Plate 5-1). Perhaps these plates were exsolved
fiom plagioclase crystallised from contaminated magma, or perhaps they were deposited

along microffactures in solid plagioclase from fluids input from adjacent charnockitic

magma. The latter interpretation scems most probable, since such plates were not

observed in plagioclase crystallised from evidently contaminated Ol-gabbroic magma

south of Nain Bay, and because the charnockitic sections here are cither anhydrous
(G138) or no more hydrous (G139) than the Ol-gabbroic section which contains biotite
and hornblende. Note that there also exists a spread in forsterite value in some thin-
sections of rock crystallised from evidently contaminated Ol-gabbroic magmas south of
Nain Bay (H70, 79), but the spread in these sections is over no more than two and a half

units even though the forsterite values are in the 30s and 40s. Although such a difference

in spread may be plausibly interpreted to represent different scales and degrees of Fe:Mg

magmas, perhaps the

imparted by inating o altering

presence or absence of fayalite or eventual fayalite in the metasomatising magmas also
played a part, with faalite absent along the charnockitic contact south of Nain Bay, a
possibility left for future workers to consider.

Section G43 of [homblende-biotite] troctolite was taken from adjacent the contact
with the Fe-rich predominancy, and has measured forsterite values three 66s, 64, and 62.
Unlike in section G140, where all olivine is xenomorphic and interstitial, in section Gd43

there is a correlation between olivine petrographic context and forsterite value, with the
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two low outliers from a pair of automorphic olivine grains, spaced one millimetre of cach

other, included in an automorphic rect

ngular plagioclase phenocryst seven by at least

four millimets

s in section. One of the Fo 66 analyses was taken from an olivine gra

pinging on the margin of the same phenocryst, the two other 66 analyses from olivine

xenomorphic and interstitial. It is therefore plausible that the two low forsterite value

outliers represent olivine shielded by a single crystal of plagioclase and preserved in a

state of rel

e disequilibrium with the bulk compositon duc to having experienced poor

if not totally absent diffusive communi

tion with rock outside the phenocryst during

iocl

recquilibration. The effectiveness of pl

e crystal shielding is evident in that the

two olivine grains, though only one millimetre apart, possess forsterite values as disparate
as two units (64.0 versus 61.9). By contrast, even in the absence of melt or contacting

mafic minerals, interstitial olivine can recquilibrate with the bulk rock by diffusion along

grain boundaries
Itis less casy to interpret how the included olivine grains possess lower forsterite

values than the bulk rock, since the simpl

cenario is that the plagioclase phenocryst
has preserved by inclusion the primary olivine composition of the parent magma to the

rock, whether by fractional or in situ erystallisation, and that the primary olivine

composition should be of higher forsterite value than that olivine having reequilibrated

with relatively Fe-enriched interstitial melt and minerals even if present in reduced

abundance due to porosity reduction by compaction (ot evident in section G43). Note

that while olivine reequilibrated with a more Fe-rich ph

issemblage will obviously be

more Fe-ri ich (all other

h than olivine reequilibrated with an a

emblage more M;

things being equal), olivine reequilibration itself may increase or decrease forsterite
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content. Considering olivine reequilibration with orthopyroxenc, for example, according

to the data of Medaris (1969), olivine having orig:

ally crystallised with Fo > 64 should

actually become more magnesian with recquilibration at lower temperatures, the increase

or potential increase becoming greater the higher the initial forsterite value (Figure 5-4;

disregarding the complexifying ffe

s of lowering intersection points between successive
isotherms).

Whether or not Medaris” (1969) data are accurate, that is, whether or not the

primary Fo value at which olivine will become more magnesian with reequilibration with
orthopyroxene is Fo 64 or lower (e.g. 62), it would still be difficult if not impossible to

explain the spread of Fo values over at lea

four units by a process of recquilibration
upwards from a primary value of Fo 62 (or lower) in a rock bearing multiple times more

olivine than pyroxene.

terite values

Perhaps there exists a possible primary origin for the spread of fo
observed in section G43. Given that the olivine grain nearer the margin of the plagioclase

lower than that of the

phenocryst bears the higher forsterite value of 64, though

somehow

reequilibrated (or more reequilibrated) bulk rock, perhaps the parent magm

ately produced olivine compositions in an increasing sequence rather than a
decreasing sequence as expected (ic. primary composition upwards instead of

downwards

Such a seenario is difficult to imagine. Perhaps the phenocryst began growth

in a volume of Ol-gabbroic magma contaminated by comagmatic magma parental to the

rich clan (though we have no evidence of a comagmatic relationship, the most reliable

accounts indicating that the contact is sharp [Section 3.2

2)), drifting as it settled

through magma less contaminated, ultimately settling

o place on the surfice of a
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crystal pile growing from Ol-gabbroic magma not contaminated or the least contaminated
the phenocryst encountered. The task of satisfactorily explaining the spread of forsterite
values in thin-section G43 or others like it is left to future workers.

Returning to a broader consideration of the distribution of forsterite values north

of Nain Bay, several localities provide sampling sites sufficiently numerous and regularly

distributed enough to reasonably interpolate the forsterite value distribution over a given

arca. For cach locality, for the purpose of brevity and due to relatively little constraining
evidence, only one or two of the most plausible interpretations in the opinion of the
present author will be speculated to serve as glances into the grand realm of possibility

that the Barth Concentric Plutonic Suite represents.

‘The most tempting to interpret area is the northeastern isolated arc, where four

thin-

cctions evenly distributed possess olivine of forsterite values, going first castward

and then s nd 58, Section G44 with Fo 65 is of

utheastward, of 70, 65, 60,

leucotroctolite, whercas the others are mesocratic, cither troctolite (G32 with Fo 70) or

olivine norite (G52, 86). Thus, out of the four sections, we may assume that G4

underwent the leas

forsterite reduction by reequilibration with differentiating interstitial

melt and its daughter crystals. Perhaps a single mass of parent magma to the arc

and up by settling against a sloping floor

created by shearing of successive crystal piles under their own weight, with the

proportion of orthopyroxene created cither by coerystallisation with olivine from

interst ction incre

melt or by peritectic backr i as differentiation proceeds,

cventually producing the norites sectioned. Perhaps the cause of east-southeastward

differentiation  was st

more heated surroundings  east-southeastward due to multiple
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intrusion or sustained magma flow through the Fe-rich predominancy in that arca.

Alternately, perhaps the interpolated decrease in forsterite value along the arc represents

increasing contamination by high Fe:Mg magmas due, again, to more active magmatism

going cast-southeastward,

Another area amenable to forsterite value interpretation is located 400 m east of

the prominent western pocket, adjacent to the Ol-gabbroic-Fe-rich contact, where a

transect of six thin-sections (G72, 76-80) perpendicular to the contact exhibits forsterite

values 57, 67, three 655, and 66 proceeding outwards. Though most of the outer sections

e SPOs, all six sections are of similar colour index and so an atypical

hibit plagios

volume of inters

tial melt is not in evidence. Perhaps the high S0s forsterite value along,
the margin resulted from contamination of the Ol-gabbroic parent magma by either
comagmatic Fe-rich magma, even if only by small volumes of Fe-rich interstitial
residuum drained south and down, or by the same having formed by marginal remelting

due to heat input from the Ol-gabbroic magma.

Though samples are very sparse, it is nonetheless the case that insof ctioned

and analysed, olivine in_ thin-sections nearest the sen

cular body of Ol-fiee

have for

sterite itions in the low 60s and high 505,

collectively the lowest measured north of Nain Bay. Perbaps the main body of Ol-

gabbroic clan north of Nain Bay cooled and fractionally erystallised, cither as a single
emplacement or as multiple emplacements, broadly from out to in, perhaps in response to
the locus of emplacement and therefore chamber refreshment and reheating being located

beneath the semicicular body.
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‘Thin-sections from along the main Ol-gabbroic-Fe-rich contact north of Nain Bay

contain olivine of forsterite values ranging over 10 units insofar as measured, perhaps

reflecting variable degrees of contamination by interstitial Fe-rich mel, cither melted by

cemplacement of Ol-gabbroic magma  or originally molten, those values in

mmarised form being 57-1, 61-0, 63-0, 66-4, 67-0, and 68-2. If rock along the external

margin of the Ol-gabbroic predominancy north of Nain Bay indeed erystallised from Fe

contamination of Ol-gabbroic magma, then the contamination, insofar as reflected in the

ni
olivine sampled, represents a considerably lesser degree of Fe contamination than evident
along the charnockitic contact south of Nain Bay. Unlike the charnockitic parent magmas,

which while high Fe:Mg still crystallised mostly feldspar + quartz, the Fe-

ich parent
magmas crystallised on average roughly 50% Fe-rich pyroxenc and Fe-Ti-oxides, and so

it would take a much smaller volume of Fe-rich parent magma than chamockitic magma

1o contaminate with Fe Ol-gabbroic magma, thus we may infer a much smaller input of

contaminating magma north of Nain Bay than south. And yet it takes a dis

minating eye

(e.g. Ryan 2000, 2001) to say that, except for a few select outcrops, the southern margin

of the Ol-gabbroic predominancy looks like “ferrodiorite™ and therefore contaminated.
‘Thus, small drainages of remelted interstitial Fe-rich minerals are the most plausible

contaminants north of Nain Bay.

5.2.4 Forsterite content values measured for Barth Island

Considering the Ol-gabbroic clan on Barth Island (Figure 5-1B), two thin-sections were

analysed for their olivine compositions, taken from opposite ends of the Ol-gabbroic clan,

one (G223) near the northwest extremity and adjacent the charnockitic predominancy, the




ancy. Section

other (G237) near the southeast extremity and adjacent the Fe-rich predor
G223 consists of olivine gabbro bearing perhaps 5% combined hornblende and biotite and
with measured forsterite values summarised as 522 (n = 6), mostly from olivine
interstitial and xenomorphic, the one automorphic olivine grain sampled having Fo 52.
Perhaps this section is like those taken from along the charnockitic contact south of Nain

Bay in that was cut of rock having crystallised from Ol-gabbroic magma contaminated by

high Fe:My chamockitic magma, although the descriptions of Wallace (1986) and Ryan

(2000) of the contact do not describe evident mixing, rather a plutonic breccia with Ol-

gabbroic blocks in a charnockitic matrix (Section 3.2.4.2). Section G237 consists of
troctolite with measured forsterite values summarised as 68-0 (n = 5). Perhaps this section

a having

represents mesocratic rock crystallised from undifferentiated parent may
subsequently experienced slight forsterite content reduction by reequilibration with small

tals.

volumes of interstitial melt and their daughter cr







Figure 5-14 — Forsterite content values for select Ol-gabbroic thin-sections of the Barth Concentric Plutonic Suite north of Nain
Bay. Forsterite values are presented in summary as the maximum approximate forsterite value measured and the approximate
. rounded) range below that value the other results for that thin-scction occupy, presented in the format ##-#. See Section
5.2.1 for further clarification and Section 5.2.3 for discussion. Thin, black boxes highlight thin-sections in which a relatively
wide range of forsterite values were measured. Unit labels (e.g. olg) and contacts as per Figure 1-2.

Barth Island
(Ammituk)

Figure 5-1B — Forsterite content values for select Ol-gabbroic thin-sections of the Barth Concentric Plutonic Suite ummymg
Barth Island. Forsterite values are presented in summary as the maximum approximate forsterite value measured and d
approximate (i.e. rounded) range below that value the other results for that thin-section occupy, presented in the format ##-#. See
Section 5.2.1 for further clarification and Section 5.2.4 for discussion. Unit labels (e.g. olg) and contacts as per Figure 1-2.
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Figure 5-2 - Forsterite content values measured by electron microprobe in thin-sections
of the Ol-gabbroic rock-type clan, arranged in ascending order. Ranges show spread of
forsterite values found in individual thin-sections (average 4 analyses per section).
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ariation of olivine

Figure §-3 — (Figure 8, Morse 1996, p. 1051: “Stratigraphic
) = liquid fraction

(
composition in the Kiglapait [pluton]”) PCS = percent crystallised,
of the Kiglapait magma chamber, where PCS = 100 ~100*F(L).
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ure 5-4 — Equilibrium compositions of olivine and orthopyroxene as a function of
m data of Medaris (1969)

temperature, expressed as Fo and En respectively,

fine birefringent plates, perhaps biotite,

Plate 5-1 — Plagioclase bearing sets of ver
perhaps parallel to cleavage directions, in leucotroctolite. Note patch of plagioclase
symplectite, perhaps myrmekite (right of centre). Thin-section G140 from southwest Ol
type predominancy, north of Nain Bay. XPL, image width 2.5 mm
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Chapter 6 — Petrography of baddeleyite and zircon of the Ol-gabbroic rock-type

clan of the Barth Concentric Plutonic Suite

6.1 Introduction and method
Eighty thin-sections representing sixty samples of Ol-gabbroic rock taken from all over

the Barth Concentric Plutonic Suite, though predominantly in the northwest and south,

were manually searched for occurrences

sters, or portions of relatively
large clusters) of baddeleyite (monoclinic Zr0,) and zircon (orthorhombic ZrSiOy). 581

occurrences, 365 of them baddeleyite, 216 zircon, were manually found, carefully

identified and documented.
Location and identification of baddeleyite and zircon using plane polarised

reflected light is quite casy, and there is no excuse except scarcity for anyone using these

minerals but not studying them in context, in situ in thin-section or mount. On that note,

there is no excuse except lack of equipment for any geologist not to use reflected light in

addition to transmitted light when studying rocks using polarised light microscopy. Even

s traditionally only studied using transmitted light (c.g.

many commonly abundant min

mica) can be distinguished or more positively identified based on their appearances in

hand, both baddeleyite and zircon are grey in

reflected light. Returning to the mater
reflected light, baddeleyite apparently very slightly blucish, and are less reflective than

ilmen

baddeleyite barely so and zircon significantly so (Plates 6-1, 6-2) but still more
reflective than faalitic olivine. Neither baddeleyite or zircon appeared to exhibit

anisotropy in reflected light. Conveniently though, it is the commonly conspicuous

sotropy of ilmenite in reflected light that frequently facilitated identification of




baddeleyite, with baddeleyite adjacent to ilmenite barely distinguishable when the stage

was oriented such that ilmenite appeared dimmest but becoming co

spicuous as ilmenite
brightened with rotation of the stage (Plate 6-1). Baddeleyite is clear and generally beer

bottle brown in transmitted light, with some grains exhibiting pleochroism between

darker yellowish brown and lighter llowish brown observationa

(Plates 6-3, 6-4). Some of the coarsest baddeleyite grains arc apparcntly zoned and

conspicuously pleochroic, with cores to light brown or almost colourless contrasting with
darker, not as conspicuously pleochroic rims (Plates 6-3 through 6-6, 6-8). Zircon is clear

should note that zircon

and colourless in transmitted light. Additionally, geologi

fluoresces yellow in ultraviolet light and zircon suspects can be easily located in clean
surfaces using this method.

s of an

The first criterion documented was whether an occurrence consi

individual or a cluster (i.e. is individual or composite). An individual occurrence

defined as any contiguous section of baddeleyite or zircon, regardless of whether it

any group of

single grain or an aggregate. A cluster or composite oceurrence is defined a
individual occurrences each within | mm of another in the group and together spanning at

ns

most a one by one square millimetre of section. For example, if two baddeleyite gra
are 0.5 mm apart and a third baddeleyite grain is 1.5 mm away from the nearest grain of
the two, then two occurrences are counted, one composite and one individual. Ifa group

of individual occurrences each within 1 mm of another in the group together span more

than a one by one square millimetre, cach part of the cluster underlying an additional one
by one square millimetre was counted as an additional occurrence. For example, a cluster

m of four contiguous

of zircon grains underlying an area of section outlined by a minim




one by one square millimetres would have been counted as four occurrences. The

boundaries of contiguous occurrences were not only chosen so as to outline the cluster by

netres, but also so that the subdivisi

a minimum number of one by one square milli

delineated by the shared edges of the squares correspond reasonably well to natural
clusterings within the greater cluster.

h occurrence was whether one, multiple, or

“The next criterion documented for

no dimensions of baddeleyite or zircon section exceeds 50 pm. For composite

sections (i iperegates) were evaluated. For example,

. grains or

a section with maximum dimension (i.c. widih) 55 um and minimum dimension 20 um

would be recorded as having one dimension exceeding 50 um. In addition to that 50 is a

as the lower limit of coarsenes:

commonly invoked graduation, 50 um was chosen

nto a relatively fine half and a relatively

because it divides the occurrence population

coarse half, with a small yet significant minority considered the coarsest (i.e. with two
dimensions relatively coarse), and because sections with two dimensions exceeding 50
jum are generally extensive enough to fit a 40 x 40 ym laser ablation square raster pattern

be used in the future for U-Pb

in anticipation that these  individual oceurrences

from rocks not

geochronology by LA-ICPMS as described in Chapter 7 for zircon g
considered here.

Anothereriterion documented was whether any grains in the occurrence

s for the oceurrence or absolutely

constituted distinet thin rims, either relatively thin ri

tically document this

(less than 5 um) thin rims. The author was prompted to syst

fe ainst

ature upon observing distinet, relatively and absolutely thin rims of zircon &




ilmenite in a few occurrences (Plate 6-7; Figure 6-13 [right]). Interestingly, every

subsequent distinet thin rim observed also consisted of zircon against ilmenite, in some

oceurrences in addition to magnetite.
Another criterion documented was whether any grains in the occurrence exhibited
ble or more or le

pos: unambiguous crystal faces (Plates 6-3 through 6-6, 6-8, 6-9)

This  criteri

is subjective, with “possible crystal faces” generally recorded for

occurrences consisting of or containing sections with two or more straight boundarics

(that did not appear to be crystal f

s belonging to contacting neighbours, ic. non-
plastomorphic) and a shape suggestive of a section through an at least partially developed

prism.

Another criterion documented was the mineral identities of all other sections in

contact with the baddeleyite or zircon section or sections of each occurrence, i.e. what

s are in contact with the baddeleyite or zircon of cach occurrence. For example,

for a composite occurrence consisting of two baddeleyite sections, one in contact with

ilmenite and homblende, the other in contact with ilmenite, biotite, and plagioclase,

would be recorded as the minerals

“ilmenite, hornblende, biotite, and plagioclas

contacting that occurrence. No documentation was made for each oceurrence of the

proportion of contact length oceupied by cach mineral, but the per

ntage of occurrences

in contact with each mineral may be taken as a crude indication of the overall proportion

of baddeleyite and zircon section contact length oceupied by each mineral

Occurrences of baddeleyite and zircon in § samples represented by 32 thin-

sections bearing a relative abundance of relatively coarse occurrences were imaged with



back scattered clectrons (BSE). These images are described and repre:

entatively
displayed in Section 4.3.

Before continuing, the pres

ent author reports the finding of a single occurrence of

Fe-bearing zirconolite (CaZr(Ti,Fe)0;) in thin-

ction H27 of troctolite, Fo 68-1. The 10

pm long zirconolite grain is contiguous though not composite with &

iegularly shaped
baddeleyite grain several 10s of ym in dimen

ion (Figure 6-1). The present author did not
recognise a distinet zirconolite grain until examination using BSE.
6.2 Results of manual documentation

Table 6-1 shows the results of documentation described above.

One important

nding not reported in Table 6-1 is that in not one of the 581
oceurrences of baddeleyite and zircon documented do the two minerals ever contact each
other. The closest that the two minerals ever approach is within centamicrons

The results are arranged in three

ccording to the maximum forsterite value

sured in the hosting thin

ction or the particular 1

in-scction out of a

group cut from the

me sample for which forsterite valu

were measured (Chapter $)

The first bin cont

is 102 oceurrences of baddeleyite or zircon associated with max. Fo

less than or equal to 60, the

second bin 116 occurrences associated with max. Fo greater
than 60 but less than or equal to 65, and the third bin 363 oceurrences associated with

max. Fo greater than 65 (o thin.

ctions had max. Fo = 65). The

bins are referred to
respectively as low Fo, medium Fo, and high Fo. Note that most results are reported and

described as percent values. Note that more than half of the thin-sections and,



consequently, more than half of the occurrences are associated with high Fo. And so

results totals are biased towards high Fo values.

Table 6-1 - Results of manual documentation of baddeleyite and zircon occurrences in the
Ol-gabbroic rock-type clan.
Fo< 60 60 < Fo <65 Fo>65
(bin 1) (bin 2) (bin 3)
n=102 =116 n=363
n. thin-sections. 80 15 19 46
n.occ. / n.sections 7 7 3 s
Bi zen | Ba 7z | Ba 7em
n.occ. S a8 | 38 7 [ 23 %
% oce. sow | B e |52 ‘
composite’ 1 6 8 7 9 61
o >mm’ compos. 2 0 19 0 8 0 1 ‘
% coarse / compos.* 38 52 50 55 100 6 28 64
coarse 35 60 44 56 47 62 32 60
% multidir. coarse n 18 20 17 16 21 9 16
% 0o o s o w0 1
% t. rims / compos. 18 30 16 2
% crystal faces 86 n 2| s 6 | w s
% contacting...
enite - o wm | s | s 0w
biotite 32 51 31 65 34 49 2 46
plagioclase % 50 s w0 | M se | u s
magnetite s 7w | 6 | w2
alivine 56 0 4 | 3w s 2w
orthapyroxene PR s oz | s o»m |
Wl
Wl noow

s are 10 be read



The twenty extra (duplicate) thi

sections for which baddeleyite and zircon

occurrences were documented were cut from samples for which the original thin-section

yielded cither a relatively abundant quantity of baddeleyite or zircon occurrences or
relatively coarse occurrences, and so other results are also biased. With that said, many of
ices than

the duplicate thin-sections contained | s or overall finer occu

oceurrenc

the original thin-sections. Stated more generally, for any given sample for which

duplicate thin-sections were cut for baddeleyite and zircon documentation, many of the

duplicates were as regards baddeleyite and zircon as similar to thin-sections cut from

other

nples as they were to each other and to the original thin-section. As well, the

duplicates were cut for samples exhibiting a variety of max. Fo, from 56.3 to 68.3. For

these reasons, the biases introduced by duplicate thin-sectioning are thought not to be

great

Before describing the readers should take note that no s have been

at

ics

performed upon the data collected, beyond the basic calculations of means, frequencies,

and percents. Thus, the present author uses the concept of significance in an intuitive,

non-1

igorous way.
The mean number of baddeleyite or zircon occurrences per thin-section is eight,

and does not appear to vary significantly with Fo. This result is nonetheless

of particular

relevance to those geologists who sclect samples for geochronology based on the evident
degree of differentiation. Given that baddeleyite o zircon does not appear to have

saturated in the Ol-gabbroic magma reservoirs having undergone fractional

erystallisati turated interstitiall

one or both minerals eventually s although it is

able that some differentiating magmas might never saturate a zirconium-mineral.



Baddeleyite occurrences are more abundant than zircon occurrences, comprising

63% of total, although this result is heavily biased towards high Fo valug explained

below. The relative abundances of baddeleyite and zircon occurrences vary significantly
with Fo, with (approximately) even relative abundances associated with low Fo, with
zircon oceurrences twice as abundant for medium Fo, however with baddeleyite
occurrences three times as abundant for high Fo. The Fo bin averaged relative abundance

of baddeleyite is 53%, therefore the best estimate of the overall relative abundances is

that baddeleyite and zircon occurrences are equally common.

Baddeleyite occurrences are rarely composite (Plates 6-10 through 6-12). By
contrast, two thirds of zircon occurrences are composite (Plates 6-13 through 6-15), a
ratio that does not appear to vary significantly with Fo. The vast majority of composite

ional area greater than 1 mm”

zircon oceurrences do not have a cross

The proportion of zircon occurrences either at least unidirectionally coarse (> 50
qumin at least one direction; Plates 6-13, 6-14) or multidirectionally coarse (> 50 pm in at
least two highly oblique directions; Plates 6-15, 6-16) does not appear to vary significant

with Fo, with respective ratios of three fifths and one fifth. Baddeleyite occurrences are

less commonly coarse than zircon occurrences, and, by contrast, are on the whole finer at

higher Fo, such that multidirectionally coarse baddeleyite occurrences are rare for high

ing difference between the populations of occurrences is that one fifth of
zircon oceurrences oceur as either relatively or absolutely (< 5 pm) thin rims (Plate 6-7,

Zircon thin rims are

Figure 6-13 [right]), contrasted with no baddeleyite oceurren

most common for low Fo, corresponding to one fourth of occurrences. Out of the
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population of zircon occurrences that are composite, similar proportions contain thin rims
as in the larger population.

Apparent (i.e. possible or more or less unambiguous) crystal faces are more

common in baddeleyite occurrences than in zircon occurrences where apparent crystal

faces are rare. One fifth of baddeleyite occurrences exhibit apparent crystal faces, with

oceurrences associated with medium Fo varying from the total by exhibiting apparent
crystal faces at one tenth.

The percentages of baddeleyite and zircon ocy

irrences contacting each mineral
are depicted in Figure 6-2. In decreasing order of percentage of occurrences contacting;
baddeleyite occurrences contact ilmenite, biotite, plagioclase, magnetite, olivine,
orthopyroxene, clinopyroxene, and homblende; zircon occurrences contact ilmenite,
biotite, plagioclase, orthopyroxene, hornblende, magnetite, olivine, and clinopyroxene.

contact ilmenite in

irrences

The vast majority of baddeleyite and zircon o
proportions that do not appear to vary significantly with Fo, with baddeleyite in slightly
greater proportions than zircon (Figure 6-2A). In summary, both baddeleyite and zircon
show very strong affiliations with ilmenite, baddeleyite slightly moreso.

Half of zircon occurrences and one third of baddeleyite occurrences contact biotite

(Figure 6-2B). The proportions of baddeleyite oceurrences contacting biotite does not

appear to vary significantly with Fo. By contrast, the proportion of zircon occurrences
contacting biotite varies from two thirds for low Fo to one third for medium and high Fo.

In summary, zircon shows a stronger association with biotite than baddeleyite, the

association greatest at low Fo.
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ircon occurrences and one fourth of baddeleyite occurrences contact

Half of

plagioclase (Figure 6-2C). The proportions of each mineral contacting plagioclase peak

slightly at medium Fo, with the greatest variation oceurring for zircon between low and

medium Fo, corresponding to 40 versus 56% of occurrences. In summary,

‘much stronger association with plagioclase than baddeleyite, with the associations of both
‘minerals with plagioclase greatest at mid Fo.

are cach weakly associated (~10 10 20%)

Total zircon and baddeleyite occurrences

with magnetite, olivine, orthopyroxene, clinopyroxene, and horblende, with Fo-specific
exceptions as follows (Figure 6-2D through H):

sociation with  magnetite,

at low Fo, baddeleyite exhibits very weak
clinopyroxene, and hornblende, and zircon exhibits no association with

association with

clinopyroxene, very weak association with olivine, and moderate

magnetite and orthopyroxene;

sociation with olivine and

at medium Fo, baddeleyite exhibits very weak a

netite and

orthopyroxene, and zircon exhibits very weak association with ma

ion with orthopyroxene;

borderline weak-moderate associ

zircon exhibits moderate association with hornblende.

at high Fo,
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Zoning observa

A variety of baddeleyite and zircon oceurrences were imaged using BSE' in 32 thin-

sctions representing 8 samples with maximum measured Fo ranging from 56 to 68. BSE
imaging was undertaken largely unsystematically, by choosing samples and thin-sections
fairly arbitrarily from amongst those evidently bearing the most occurrences and without
imaging every occurrence in every thin-section examined.

In the vast majority of baddeleyite and zircon oceurrences zoning, if present, is

faint o very faint. Many, if not the majority of oceurrences examined, exhibit no or

minimal evident zoning, certainly the majority of occurrences examined for baddeleyite.

Insofar as examined here, baddeleyite zoning patterns are largely different than those of
zircon.

The most commonly occurring and distinctive type of zoning in the examined
baddeleyite s that of a darker, unzoned automorphic or hypautomorphic core, generally

clongated longitudinally and exhibiting tapered prismatic habit in elongate gra

surrounded by a brighter, more or less unzoned rim generally exhibiting less facial

development (Figures 6-3, 6-4). Some grains display multiple such cores, perhaps having
formed by synneusis or impingement of originally separate grains (Figure 6-4). Banded to
oscillatory zoning also oceurs in some baddeleyite grains (Figure 6-5).

Zoning in the examined zircon is more common, more variable, and less

distinctive. Most zonation is very faint, only locally developed within grains, and

* BSE images were taken 0 as to exhibil maximum contrast, to reveal as clearly as possible the evident
zoning in each field of view. To this end, contrast and brightness settings were readjusted before taking
cach image.
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listinctive. Examples of this description include variably defined and poorly defined®

sectors or bands (Figure 6-6), intersector net zoning (Figure 6-7), and “miscellaneous”,

sparsely local, irregular, poorly defined zoning (Figure 6-8). Note that the difference

between “sector” and “zone” in this work is one of specificity, with a sector being a zone
not of high aspeet ratio and not highly irregular shape. Sectors commonly resemble basic

ive,

apes, e.g. oval, square, circle, triangle, trapezoid. Examples of other, more distinctive,
zonation patterns observed in the zircon examined include: a borderline hypautomorphic-
Xenomorphic grain containing at one end a brighter core exhibiting longitudinal banded

zonation (Figure 6-9); a xenomorphic grain containing a longitudinal zone with serrated

margins and exhibiting local banding correspondant with overall lower atomic number

(Figure 6-10); a xenomorphic grain exhibiting a dark core that on one side is twice

abruptly rimmed with chevrons of increasing brightness (Figure 6-11); an angularly

amocboid section that looks as if it formed by two or more grains of slightly different
overall atomic number joining by synneusis or pressure solution (Figure 6-12); two

neighbouring grains, apparently hypautomorphic, part of a composite oceurrence with

thin rims (Figure 6-13), one of the grains clongate and exhibiting longitudinal zoning with

brighter zones adjacent magnetite and darker zones adjacent silicates, the other grossly
equant and exhibiting faint oscillatory and local seetor zoning.

itutes evidence of

The sharp facial development of some baddeleyite cores con:

an endemic origin. Considering also the observation that baddeleyite occurrences exhibit

* “Definition” here meaning the combination of diffuseness and contrast. An individual zone exhibiting

variable definition is one whose boundary is locally ambiguous — almost non-existent, at least non-
locatable. An individual zone exhibiting poor definition is one with a largely diffuse boundary that is
locally ambiguous.




possible crystal faces more commonly that zircon occurrences, it may be interpreted that,

in general, baddeleyite saturated earlier than zircon, when there was more space available
for unconfined growth. Zircon occurrences are generally coarser and more commonly
composite. Taking the above obscrvations together, perhaps zircon saturated later but

upon s

turation crystallised in greater quantity even though on more nuclcii,

Zoning patterns that are indistinctive, or in other words, irregular and ambiguous,
are commonly interpreted to represent such processes as recrystallisation, metamorphic
growth, and metasomatism (Corfu er al. 2003). Furthermore, any appearance of a core

beckons the i

terpretation of inheritance. However, the most parsimonious explanation
for ambiguous zoning patterns in interstitially grown, xenomorphic and hypautomorphic
zircon and baddeleyite, which no geologist seems to have yet proposed, is that the amount

of trace element

vailable to any growing erystal is constantly modified by other

erystals growing at the same time (possible examples: apatite, ilmenite, biotite,

hornblende,

magnetite, clinopyroxene, perhaps other zircon or baddeleyite) from the

me
small pocket of liquid (which could conceivably be an irregularly shaped network of
interconnected interstices). In other words, competition for trace elements from a

mon, low volume reservos

Add the interplay of constantly changing chemical

(including trace element) and thermal gradients responsible for oscillatory zonation in

crystals supplied from larger reservoirs. Add again the overlap and interaction of such
gradients produced by neighbouring growing crystals. Finally, keep in mind that the

pocket volume other.

shrinking and that parts may become occluded from one a

ses it is still

Although this explanation envisions a complex interplay of proc

parsimonious becaus nvoked stand to be ruled out, not ruled in

the three processes
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(because these are processes likely [coerystallisation] or inevitable [formation and

interaction of chemical and thermal gradients] given our current understanding, though

not necessarily pronounced enough to manifest. It s therefore no wonder that we observe

ambiguous zoning patterns in some interstitially grown crystals.

We are not justified

invoking secondary modifi

tion on the grounds of ambiguous zonation alone, nor

heritance if such zonation happens to resemble a core-rim structure.
6.4 Possible origins

6.4.1 Previous intrepretation

“The previous study by the present author (Hinchey 2004) used LA-ICPMS to measure the

zirconium and hafium concentratior ctions of

s in seven ilmenite grains in two thin.

veral 40 micron

leucotroctolite (G242, 246) from south of Nain Bay. meter spot

analyses were made for each grain for a total of 24. In the data collected zirconium and

hafnium concentratior and

s exhibit proportional covari ange from 11 to 283 ppm

for zirconium and 0.5 to 28 ppm for hafnium (Figure 6-14),

Analyses of the four ilmenite grains contacting baddeleyite in the plane of the

ction (grains 1Bd to 4Bd) exhibit lower concentrations of zirconium and hafnium

nearer the contiguous baddeleyite (Figure 6-14). Analyses of the one ilmenite grain

ntacting zircon in the plane of the thin-section (grain 1Zrm), a voluminous zircon

oceurrence relative to the ilmenite sectioned, exhibit the lowest zirconium and hafnium

concentrations out of the 24 collected

. The remaining analyses, of two ilmenite grains not

associated

cither baddeleyite or zircon in the plane of the thin-section (grains 6Bd,
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7Bd) exhibit zirconium and hafnium concentrations within the spread of values found for

those grains associated.
In Hinchey (2004) the present author concluded that “the zirconium and hafhium

contents of ilmenite provide strong evidence for origination of baddeleyite and ircon by

solution from ilmenite”. A more honest pronouncement of the same idea is that the

results described constitute small-sample evidence of ilmenite as a source of zirconium

and hafnium for baddeleyite, though not necessary by exsolution as conventionally
understood, that is, by saturation of zirconium in ilmenite.

‘The ilmenite analyses exhibit a roughly inversely covariance between

Zr:Hf ratios and hafnium concentrations (Figure 6-15), with Zr:Hf ratios ranging from 24

to 10, Assuming that indeed ilmenite is a source of zirconium and hafnium for

baddeleyite and zircon, then Zr:Hf ratios in baddeleyite and zircon should be less than 10

if, as by exsolution, ilmenite is the only source. Out of the LA-ICPMS analyses of

baddeleyite and zircon separates from sample G246 collected for the same study

of baddeleyite and two of zircon, Zr:Hf ranges from 38 to 89

(Hinchey 2004), 25 analys

not be the sole source

for baddeleyite and 50 to 77 for zircon, evidence that ilmenite

of zirconium and hafnium for baddeleyite and zircon,
As acknowledged in Hinchey (2004), origination of baddeleyite or zircon by

veral hundred ppm irconium

exsolution-by-saturation from ilmenite bearing less than
is implausible given the study of Arrhenius et al. (1971) which found that ilmenite can

n of a zirconium phase. In

contain greater than 6000 ppm Zirconium without exsolu

light of this implausibility, yet secking to rectify the petrography of baddeleyite and

243, 246 (Gaskill

zircon with the appearance of multiple age populations in samples
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2005; reviewed here in Section 7.1) the present author in the previous study went on to
argue that baddeleyite and zircon originated by temporally sporadic coexsolution from
cquilibrating ilmenite and magnetite. Whatever the merit of such speculation, a more

pa

imonious

. more plausible interpretation is possible, as detailed below.

6.4.2 Present interpretation

The following statements summa

 the present interpretation as stated so far in

this chapter. The small-sample trace clement data described above combined with the

observation that baddeleyite and zircon exhibit very strong spatial affinity for ilmenite

constitute evidence of ilmenite as the source of zirconium (and hafnium) for at least the

vast majority of baddeleyite and zircon occurrences. Zoning a

d crystal morphology

obscrvations indicate that perhaps zircon saturated later than baddeleyite but upon

ed in greater quantity even though on more nucleii. The indistinctive

Zoning present in some zircon and lessy

baddeleyite is most parsimoniously explained as
of primary origin, having resulted from competition for trace clements during

cocrystallisation with other lat

ge m

ne

The observation that baddeleyite and zircon never contact each other and do not

exhibit spatial affinity beyond both being associated most strongly with ilmenite and

biotite and therefore occurring in similar petrographic environments, seems to require that

the two minerals did not cocrystallise. It is diff

ult o imagine that baddeleyite and zircon

ever cocrystallised across relatively vast distances in interstitial networks so constricted

that less than 10% of zircon occurrenc

s exhibit possible or unambiguous crystal fi

The question is thus raised of whether the systems that were the differentiating interstices
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of the Ol-gabbroic rock-type clan possess a thermal divide between two subsystems, one

crystallising baddeleyite, the other zircon. Thermal divides are defined by a common

phase that erystallises within each of the separate subsystems, ilmenite being the obvious

candidate in the systems under consideration. The common ph

se of a binary system

containing a thermal divide is of intermediate composition hetween the  divided

endmembers, therefore, a binary system cannot describe the system containing

baddeleyite- and zircon-crystallising subsystems divided by ilmenite. Two common

phases are necessary to define a thermal divide in a ternary system (e.g. FeTiOy-ZiOy-

Z1Si04or Si0;]), one of between the divided the

other of distinet composition (c.g. ilmenite). There scems to be no possible candidate

common phase of intermediate composition between baddeleyite and zircon, however,

10, phase diagram of Butterman

and indeed, no thermal divide is present in the ZtO;
and Foster (1967; Figure 6-16). Does the Zr0,-8iO; phase diagram have to be transected

by a thermal divide if one exists in any possible pha

diagram between 210, and

ZrSi04? In other words, do thermal divides transect the entirety of phase space or are they

in P-T-X conditions'

truncated and of limited extent, dividing two phases only at cer

Returning shortly to the question of ilmenite as a thermally divisive common phase, the

present author will leave the theoretical question outstanding and attempt to- proceed

cmpirically.

Foster (1967), with its minima at 1687

‘The phase diagram of Butterman and
and Z+0; erystallisation temperatures beginning at ~2700°C, exhibits phase relations that

fally late-stage interstitial ones, in

may no longer hold in real magmatic systems, espe

which the presence of additional system components reduce ZrO and  zircon
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crystallisation temperatures to the far lower values at which baddeleyite and zircon

actually form. Empirically this would scem to be the case, at least for the late-stage

interstitial systems of the Ol-gabbroic rock-type clan. Using the phase diagram of

Butterman and Foster (1967), starting with a melt composition anywhere between ZrO;
and ZrSiOy, equilibrium erystallisation produces a final assemblage of baddeleyite and

zircon, however all the zircon having formed by reaction of solid ZrO; with solid SiO,

(or, conceivably, silicious eutectic melt in more chemically varied, lower temperature

jons, fractional crys

systems). With the same initial melt compo lisation produces a

final total assemblage of baddeleyite, zircon, and quartz, with zircon again having formed

entirely by reaction of Z+0; and SiO; quartz s vanishingly rare if not absent in the
Ol-gabbroic rock-type clan and there exists in none of the 581 occurrences evidence of
reaction relationship between baddeleyite and zircon, we must conclude that the phase
relations having governed the erystallisation of baddeleyite and zircon in the Ol-gabbroic
rock-type clan differed significantly from those proposed by Butterman and Foster
(1967),

By contrast, the inference made fiom petrographic observation that baddeleyite

saturated carlier is consistent with the Butterman and Foster (1967) phase diagram,

indicating that the basic shape and relative magnitude of the Zr0; liquidus remai

more chemically v
Since baddeleyite and zircon xenocrystic cores with relatively undamaged lattices

retain intact U-Pb isotopic systems despite re-exposure to melt, melt that eventually

crystallises overgrowth baddeleyite o zircon, we may conclude that magmatic

baddeleyite and zircon effeetively form by fractional crystallisation, with carlier erystal
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not re-equilibrating with melt or later crystal. The preservation of fine-scale oscillatory
zonation may suggest the same. And so any investigation of the phase relations governing

erystallisation of baddeleyite and zircon in real magmatic systems must proceed by

assuming fractional crystallisation. Beyond the inferences made here such investigation is

left to future workers.

Whatever the phase relations, when imagining the crystallisation of baddeleyite

and zircon, or, for that matter, the crystallisation of any interstitial minerals, keep in mind

and the differentiation that results

the progressive ocelusion of pore space sparsely

nucleated liquidus or minerals (e.g. y 7) become

enclosed in some pore spaces but not in others, thereby producing pore spaces of differing

bulk composition. Roedder (1984) describes the same process for fluid inclusions

undergoing necking down. Imagine, for example, a baddeleyite crystal growing initially

from a well connected interstitial melt reservoir. Eventually, the melt reservoir becomes

ph

ically subdivided in two by the crystallisation of more voluminous minerals (c.g.

pyroxene, ilmenite, intersttial plagioclase), creating poorly connected, effectively

separate interstices with the same melt composition but with differing bulk compositions

in the system ZrO;-ZrSiO; because of the presence of a baddeleyite crystal in one of the
interstices. And so, short of large scale remelting, the eventual distribution of baddeleyite

s of

and zircon has been irevocably heterogenised. Stated generally, the int

erystallising plutonic rocks differentiate from one another (or become heterogenised)

insofar as erystallising or equilibrating phases effectively fed by an interstitial melt
reservoir become unevenly trapped as that melt reservoir becomes subdivided by porosity

occlusion.
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Considering the observation of ilmenite as the mineral by far the most strongly
associated with both baddeleyite and zircon the interpretation most consistent with these

data that the present author can imagine is one of cocrystallisation. In this

nario,
ilmenite is a thermally divisive phase of non-intermediate composition, defining a thermal
divide that truncates in phase space (i.e. P-T-Y space) before “reaching” the ZrOy-ZrSiOy
section. The imagined phase relations are shown in sketch form in Figure 6-17. Consider
the most realistic scenario of an interstitial melt composition on the ilmenite side of the
cutectic. Ilmenite saturates first and begins erystallising, the liquid composition starting

down the liquidus. Eventually the eutectic with one of baddeleyite or zircon is reached,

the specific zirconium phase to erystallise governed by the silica content (perhaps in

addition to other components) of the melt, placing the melt composition on one side or the

other of the ilmenite-defined thermal divide that truncates before reaching the ZrO,-SiO
section. limenite and baddeleyite or zircon proceed to cocrystallise.

Given the observation that zircon is more strongly associated with biotite than

stallised biotite more commonly had a composition

baddeleyite, perhaps the melts that c;

or ended up with a composition on the zircon side of the thermal divide. The same may be

speculated for each of plagioclase (interstitially grown), orthopyroxene, and hornblende,

although for these minerals. Note that zircon ex qual or stronger association with

Imenite with

all minerals except ilmenite, the slightly stronger very strong s n ol
baddeleyite making up the difference such that zircon and baddeleyite occurrences are
about equally abundant in the Ol-gabbroic rock-type clan. The question is thus raised: is

ilmenite more “integral” to the formation of baddeleyite, such that ilmenite is more

some

strongly associated with baddeleyite, the two minerals forming composite gr:




cases (Plate 6-17), a feature the present author cannot recall occurring so commonly or so

unambiguously for zircon; or, are one or more of biotite, plagioclase, orthopyroxene, and

hornblende more

tegral to the formation of zircon than baddeleyite?
Considering the ilmenite compositional data indicating ilmenite as a source of

zirconium for baddeleyite and zircon, however relatively minor a source compared to

melt zirconium, perhaps the zirconium and hafnium partition coefficients for ilment
melt decrease significantly during late-stage crystallisation in response to radically

changing, small-volume melt composition, such that some zirconium is expelled from the

Imenite lattice turation as the silica

con s

o the melt, either causing baddeleyite or z
content of the melt dictates or nourishing already growing baddeleyite or zircon. The

decrease in ilmenite-melt partition coefficient for zirconium would have to be signifi

nt,

enough to “counteract” the increase in melt zirconium concentration brought about
ilmenite crystallisation in the binary eutectic system imagined above, that is, unless other

phases coerystalli

ing with ilmenite, such as biotite or clinopyroxene take up enough
zirconium such that its melt concentration does not increase enough to actually cause

ilmenite to sequester more rather than less as

invoked. In this scenario, during carlier

ilmenite crystallisation the ilmenite-melt zirconium partition coefficient is relatively high.

Further down the liquidus, perhaps at or near the eutectic with one of baddeleyite or

melt decreases because the melt

Zircon, the zirconium partition coefficient for ilmenit

composition has changed, being more differentiated than during earlicr  ilmeni

erystallisation. ~ Zircor

n expelled from ilmenite is incorporated more or less

immediately or later into baddeleyite or zircon. Perhaps the decrease in partition

coefficient is fairly gradual, perhaps abrupt. Gradual or abrupt, perhaps the expulsion of



zirconium temporarily moves the melt composition off the ilmenite liquidus. Effectively,

once baddeleyite and zircon begin crystallising, zirconium ejected into the external melt-

of the saturation concentration would be

baddeleyite / zircon system in “ex

incorporated into the crystallising zirconium-phas

The expulsion of a trace element from a mineral due to a decrea

ing partition

nt could be termed solute repartitioning or trace element repartitioning. The

term “exsolution” is not appropriate to describe this hypothetical process because the

solute cjected from one phase may remain in solution or be initially in solution in the

ey

civing phase, and because the solute ejection is not in response to saturation.
An alterate explanation for ilmenite as an apparent source of zirconium is that

onee ilmenite and baddeleyite or zircon are cocrystallising, the three-way partitios

2 of

zirconium between melt, ilmenite, and baddeleyite or zircon leaves ilmenite with a lower

bulk zirconium partition coefficient than before saturation of a “competing” phase in

which zirconium is an essential constituent. Considering the stage where ilmenite is

contributing zirconium to crystallising baddeleyite or zircon, is the present scenario not

e

ne

ntially the the last one proposed, in which zirconium in “excess” of the melt
saturation concentration is incorporated into the crystallising zirconium phase? The

present author ion. Clearly the hypothesis that ilmenite

s c

nfused by his own qu

eventually becomes a less stable host of zirconium than its surroundings needs to be

evaluated more rigorously, a task left to future workers. Recall that the present author

intends that this thesis is fundamentally a deseriptive and speculative work, not

necessarily a conclusive one.




Given the observation that biotite is the mineral exhibiting the second strongest

association with baddeleyite and zircon, perhaps the zirconium bulk partition coefficients
st for melts

for ilmenite decrease the m stallising biotite.

‘There are other interesting patterns in Table 4-1 and described in Section 6.2 that

the present author could speculate on. | have chosen instead to leave the:

e patterns for

future workers to interpret. By inviting them to interpret my data I am attempting to bait

geologists into thinking more eritically about late

e, intersttial processes in
erystallising plutonic rocks. As I have stated in Chapter 1, re-evaluation of previous data

not undertaken enough in geology.

As for the appearance of multiple baddeleyite age populations in samples G243,

246 (Gaskill 2005; reviewed here in Section 7.1) the present author argues in Chapter 7
that these and other such arrays of U-Pb isotopic compositions of late-stage baddeleyite

and zircon are plausibly the result of varying degrees of approximately contemporary and

recent Pb los




Figure 6-1 — BSE image of Fe-be:
baddeleyite, in troctolite. Thi

ing zirconolite occurrence (brightest) contiguous with
tion H27[0], occurrence 7.

(A) occurtences contacting ILMENITE (B)

igure 6-2 — Percent of baddeleyite (left, brown) and zircon (right, grey) occurrences
contacting ilmenite (A) and biotite (B), in total and per low, medium, and high Fo. From
data in Table 6-1. Figure 6-2C through H on next page.
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Figure 6-2 (continued) — Percent of baddeleyite (Iefl, brown) and zircon (right, grey)
occurrences contacting plagioclase (C), magnetite (D), olivine (E), orthopyroxene (F),
clinopyroxene (G), and hornblende (H), in total and per low, medium, and high Fo. From
data in Table 6-1.




of baddeleyite grains exhibiting facially developed cores of ‘
relatively low atomic number. Thin-section H40[2] (upper left), thin-section G245[10]

(upper right), thin-section G245[0]. Note the polishing stria in the upper images.




Figure 64

cores of relatively low atomic nui
impingement growth. Thin-sction H40[0] (o) hin-section G

e 65

BSE images of baddele

nu

BSE images of baddele:

(ic. banded, locally oscillatory). Thin-s

Note the polishi

g striae in both images

ite grains exhibiting multiple, facially developed
the grains having perhaps formed by synneusis or
45(0] (right).

te grains exhibiting banded to oscillatory zoning
tion H22[0] (left), thin-section GI84[0] (right)



Figure 6-6 — BSE images of zircon occurrences exhibiting variably defined and poorly
defined sectors (left) or sectors and bands (right). Thin-section GI84[3] (top lefi and
right), thin-section G128{0] (botton left), thin-section G128(5] (bottom right). Note the
polishing striae in the top images
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Figure 6-7 — BSE image of zircon
H40[2]. Note the polishing striac.

ain exhibiting intersector net zoning. Thin-

ion

igure 6-8 — BSE images of sparsely local, irregular, poorly defined zoning in z
grains. Thin-section H40[4] (left), thin-section H22[2] (right). Note the polishing s
both images

con
iac in ‘
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Figure 6-9 — BSE image of a zircon Figure 6-10 — BSE image of a zircon grain
occurrence, the lower section being containing a longitudinal zone with serrated
borderline  hypautomorphic-xenomorphic margins and ~exhibiting local - banding
and containing a higher atomic number core ~ correspondant with overall lower atomic
exhibiting longitudinal banded zonation. number. Thin-section G128[9].
Thin-section H40[3].

ure 6-11 — BSE image of a Figure 6-12 - BS ge of an angularly

Xenomorphic zircon grain exhibiting a dark amocboid zircon section that looks as if it

core that on one side is twice abruptly formed by two or more grains of slig

mmed with chevrons of increasing different overall atomic number joinin

brightness. Thin-section G128[8]. synneusis or pressure solution. Thin-section
4




ure 6-13 — BSE images of two neighboring zircon grains (left), apparently
hypautomorphic, part of a composite occurrence with thin rims (right). Top left: elongate
grain exhibiting longitudinal zoning with brigther zones adjacent magnetite and darker
zones adjacent silicates. Bottom left: grossly equant grain exhibiting faint oscillatory and
local sector zoning. Thin-section G128[0].
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Figure 6-14 - Covariation diagram for zirconium and hafhium concentrations in ilmenite
as measured by LA-ICPMS. llmenite grains 1Bd to 4Bd are contiguous with baddeleyitc,
1Zrm with zircon, 5Bd (close to 4Bd) and 6Bd are not contiguous with baddeleyite but are
within centamicrons of baddeleyite in the plane of thin-sectioning, 7Bd is not near any
baddeleyite occurrence in the plane of thin-sectioning. Thin-sections G242, 246. Figure 3-
5. Hinchey [2004].
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Figure 6-15 — Covariation diagram for zirconium:hafhium and hafnium concentration in
ilmenite, zirconium and hafnium concentrations measured by LA-ICPMS. Legend as per
Figure 6-12. Figure 3-6, Hinchey [2004].
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Figure 6-16  (Figure 1, Butterman and Foster 1967, p. 884: “Proposed phase diagram
for Z10;-Si0; system’").
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Figure 6-17 — Partially three dimensional sketch of imagined phase relations in the
systems ZrO-FeTiO; (red) and ZrSiOy-FeTiO; (green). Vertical temperature axes not to
scale, neither individually or necessarily with cach other. Dotted line is of higher
temperature than adjacent liquid surfaces and represents a thermal divide.
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Plate 6-1 ~ Single-grain baddeleyite occurrence between ilmenite and biotite, barely
ble because ilmenite is oriented so as to appear relatively dim in plane polarised
reflected light, in leucotrocolite. Thin-section G184[2], occurrence 1. PPRL, image width
~0.8 mm.

Plate 6-2 - Composite zircon occurrence, ilmenite oriented so as to appear relatively dim
in plane polarised reflected light, in Ol leucogabbronorite. Thin-section G130, occurrence
6. Note the reflectivities of magnetite (brightest) and olivine (lower lefi). PPRL, image
width ~0.8 mm.



Plate 6-3 - Relatively coarse baddeleyite grain exhibiting darker, yellowish brown
pleochroic_observational endmember and possible simple concentric. zonation, in
Teucotrocolite. Thin-section G243[8], occurrence 3. PPL, image width ~0.8 mm.

Plate 64 — Relatively coarse baddeleyite grain exhibiting lighter, non-yellowish brown
pleochroic _observational endmember and possible simple concentric zonation, in
leucotrocolite. Thin-section G245(8], occurrence 3. PPL, image widih ~0.8 mm
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Plate 65 — Relatively coarse baddeleyite grain exhibiting darker, yellowish brown |
relative pleochroic endmember and possible concentric zonation, in trocolite. Thin-
section H40, occurrence 2. PPL, image width 1.3 mm.

| Plate 6-6 — Relatively coarse baddeleyite grain exhibiting lighter, non-yellowish brown
relative pleochroic endmember and possible concentric zonation, in trocolite. Thin-
section H40, occurrence 2. PPL, image width 1.3 mm.
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Plate 6-8 — Relatively coarse baddeleyite grain exhibiting crystal faces and possible
concentric zonation, in leucotrocolite. Thin-section G245(8), occurrence 4. PPL, image
width ~0.3 mm.

Plate 6-9 - Relatively coarse baddeleyite grain exhibiting crystal faces, ilmenite oriented
so as to exhibit intermediate reflectivity in plane polarised reflected light, in
leucotrocolite. Thin-section G245[8], occurrence 4. PPRL, image width ~0.3 mm




Plate 6-10 - Composite baddeleyite occurrence, ilmenite grains oriented so as to appear
relatively bright in plane polarised reflected light, in leucotrocolite. Thin-section H33,
occurrence 6. PPRL, image width ~0.8 mm.

Plate 6-17  Single-grain baddeleyite occurrence composite with respect to an ilmenite
grain, ilmenite oriented o as to appear relatively dim in plane polarised reflected light, in
Ol leucogabbronorite. Thin-section G130, occurrence 8. PPRL, image width ~0.8 mm.

390



Plate 6-11 - Composite baddeleyite occurrence, the right section exhibiting crystal faces,

the left possible crystal faces, in leucotroctolite. Thin-section G184[1], occurrence 2.
PPL, image width ~0.8 mm.

Plate 6-12 - Composite baddeleyite occurrence, the right section exhibiting crystal faces
and simple and lamellar twinning, the left possible crystal faces and possible simple
twinning, in leucotroctolite. Thin-section G184[1], occurrence 2. XPL, image width ~0.8
mm.




Plate 6-13 — Composite zircon occurrence consisting of nine individual zircon sections
(mostly in the lower half of the photomicrograph; the three most obscure indicated by
arrows), ilmenite grains oriented so as to appear relatively dim in plane polarised
reflected light, in [Bt-HbI] troctolite. Thin-section G121, occurrence 5. PPRL, image
width 1.3 mm.

Plate 6-14 — Composite zircon occurrence consisting of two individual zircon sections,
ilmenite grains oriented so as to appear relatively dim in plane polarised reflected light,
[Bt-HbI] troctolite. Thin-section G121, occurrence 4. PPRL, image width ~0.8 mm. ‘
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Plate 6-15 — Composite zircon occurrence, the upper section exhibiting crystal faces, the
right section exhibiting possible crystal faces, both of which are “multidirectionally
coarse”, in troctolite. Thin-section H31, oceurrence 12 PPRL, image width ~0.8 mm.

Plate 6-16 — “Multidirectionally coarse” non-composite zircon occurrence, biotite-
clinopyroxene symplectite, ilmenite orietned so as to appear relatively dim in plane
polarised reflected light, in leucotroctolite. Thin-section G245[2], occurrence 2. PPRL,
e width ~0.8 mm.

ima
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Chapter 7~ U-Pb geochronology of the Barth Concentric Plutonic Suite and

Hosenbein pluton

7.1 Previous geochronological results

The earliest reported radiometric age for the Barth Concentric Plutonic Suite is a U-Ph
zircon age (SHRIMP) of 1322 + 2 Ma for a sample of the Fe-rich rock-type clan taken at

the western end of Barth Island (Figure 7-1), a result based on more or less concordant (<

0.5%) analyses (Haniilton e al. 1994). According to Gaskill (2005), Hamilton in a 2002

personal communication reported a revised age for this rock of 1321 + 1 Ma. Hamilton
(1997) also reported a U-Pb zircon age (SHRIMP) of 1320 + 1.5 Ma for a sample of the

charnockitic rock-type clan taken midway along the contact with the Ol-gabbroic rock-

type predominancy south of the Nain Bay. Unfortunately the sources Hamilton ef al.

(1994) and Hamilton (1997) are unillustrated abstract

d s0 we cannot, using these

sources, consider in further detail the reported a

Before continuing some  clarification of approach is necessary. Note that

individual discord: ribed her

t results are des fler as def

ing discordia through the

present origin of 0 Ma. Two poin

are the minimun required to define a line and it is

therefore nonetheless accurate to describe individual result line

this way, as defi

with the two points 0 Ma and the upper intercept with concordia. Such statements of
description imply only the possibility that minimally defined discordia are geologically

meaningful, a realistic (though not necessarily probable) possibility considering that we
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know of no subsequent disturbance event affecting the Nain Pluton

Supersuite except
recent.

Considering that typical concordia diagrams only show a relatively small number
of analyses (ellipses) it must be somewhat “luck of the draw” the degree to which the

sample represents the population, that is, the difference between the isotope ratios

“covered” by the sample error ellipses and the isotope ratios that would be “covered” by
all possible error ellipses that are theoretically obtainable by analysing all the zircon (or

baddeleyite, etc.) in the rock using that particular analytical method. Thus, an individual

discordant analysis defining di ighbors™ in the

ordia probably has theoretical

population of possible analyses that would lic along and therefore substantiate the same

discordia, even if only overlapping the original individual analysis. And so it seems

ent with present geochronological practice to interpret individual analyses,' even

LA-ICPMS or SHRIMP analyses that sample a relatively small volume of mineral

compared to more conventional TIMS

alyses, because, again, no doub there are at least

replicates of any analysis in the theoretical population of possible analyses. With that
said, this author believes in less interpretation and more data reverence (Chapter 1), and

so_interpretations (c.g. of discordia intercepts) will be stated cautiously and with

assumptions explicit.

Lastly, before continuing, readers are advised keep in mind that every error ellipse

on a concord

iagram is no more and no less than a statistical product.

! ...of good analytical quality.
* Consider: what would be the error ellipse if all the zircon analysed to produce the rror cllipses on any

iven concordia diagram had been analysed together?
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Retuming to the matter at hand, the most recently reported geochronological

lts for the Barth Concentric Plutonic Suite are those of Gaskill (2005, U-Pb, TIMS)

and are as follows with qualitative and approximate description of the results by the
present author. For a sample of the Ol-free anorthogabbroic rock-type clan (anorthosite,

G180) taken from the southwestern portion of the semicircular body north of Nain Bay,

several analyses of generally pale yellow zircon separates define a discordia with an
upper intercept age of 1333.2 + 3.8 Ma (2-sigma; Figure 7-2). Another analysis of zircon
fom the same population of separates is concordant with an error spanning
approximately 1340 to 1350 Ma, perhaps indicating inheritance, perhaps cores protected
from weathering unlike the zircon defining discordia.

For a sample of the Ol-gabbroic spectrum (Ol leucogabbronorite, G243) taken

near the centre of the semicircular body south of Nain Bay, four analyses of generally

pale yellow zircon scparates define a discordia with an upper intercept age of 1331 + 1.4
Ma (2-sigma; Figure 7-3). For the same sample, two analyses of baddeleyite separates are
more or less concordant, each with error of 2 Ma according to Gaskill (2005; 2-sigma),
one centred on approximately 1317 Ma, the other on approximately 1314 Ma (Figure G4~
3a, 7-3). Three other analyses of baddeleyite from th