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Introduction

Layered intrusions identified in the Conuma River region
of the Nootka Sound area (Marshall et al., 2006) became
the subject of a detailed study during 2007. The layered in-
trusions consist of alternating cyclic ultramafic and mafic
units of peridotite and gabbro. Fieldwork also included ad-
ditional regional geological mapping of the Gold River area
(NTS 092E/16). This report contains an updated prelimi-
nary geological map of the Nootka Sound region and a
cross-section through the region mapped during the sum-
mers of 2004-2007. This map also shows localities with
new Ar-Ar dates.

Regional Geology

Muller etal. (1981) compiled his work and the work of oth-
ers identifying the Westcoast Crystalline Complex as con-
sisting of rocks ranging up to amphibolite metamorphic fa-
cies. It was described as a “heterogeneous assemblage of
amphibolite and basic migmatite with minor
metasedimentary and metavolcanic rocks of greenschist
metamorphic grade.” Subsequent work (Marshall et al.,
2005, 2006) revealed a lack of rocks of amphibolite grade.
Instead, it confirmed the occurrence of units that are corre-
lative with units identified in the southern portion of Van-
couver Island. The exposed rocks of the Nootka Sound re-
gion appear to have a maximum regional metamorphic
grade of middle greenschist facies. Contact metamorphic
effects are highest near the Jurassic and Eocene intrusive

Keywords: PGE mineralization, Vancouver Island, Nootka,
Wrangellia, island arc, ultramafic plutonic rocks, layered intru-
sions

This publication is also available, free of charge, as colour digital
files in Adobe Acrobat® PDF format from the Geoscience BC
website: http://www.geosciencebc.com/s/DataReleases.asp.

Geoscience BC Report 2008-1

rocks, where migmatite has been observed (Muller et al.,
1981).

Muller et al. (1981) designated a huge portion of the
Nootka Sound region as Westcoast Crystalline Complex.
Massey et al. (2005) identified the same portion of the re-
gion as Paleozoic to early Mesozoic undivided granitic
rocks and lower amphibolite—kyanite grade metamorphic
rocks. This work modified the earliest maps, which had di-
viding the region into the Mooyah Formation (Marshall et
al., 2006), Mount Mark Formation (Massey, 1991; Yorath
etal., 1999) and granodiorite, diorite and gabbro of the Ju-
rassic Island Intrusive Suite. Naming polygons on the map
was based on the dominance of a rock type in the area.

The geological map of the Nootka Sound area (Figure 1)
compiles data from geological mapping in 2004-2007
(Close, 2006; Marshall etal., 2006). The map also uses data
from Muller et al. (1981) and Massey et al. (2005),
airphotos, Landsat images and maps with aeromagnetic
anomalies (BC Geological Survey, 2007) to infer informa-
tion on regional geology and structure for inaccessible
areas.

Layered Ultramafic and Mafic Rocks
Occurrence and Previous Work

The first mention regarding the occurrence of plutonic
rocks of mafic nature in the Nootka Sound region comes
from Muller et al. (1981). These were identified as
melanosome, described as “plagioclase amphibolites with
granoblastic texture and compositions of diorite, gabbro,
quartz diorite and quartz gabbro” (Muller et al., 1981, p.
20), and were included as part of the Westcoast Crystalline
Complex.

35



Gesscience BC

Geology of the Nootka Sound Region (NTS 092E), Vancouver Island, British Columbia
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Figure 1. Geology of the Nootka Sound region (modified after Muller etal., 1981; Massey et al., 2005; Marshall et al., 2006). The map shows

new Ar-Ar dates on plutonic rocks. The black rectangle depicts an area of detailed mapping that is also intersected by the cross-section A—

B. Layering in intrusions in cross-section is shown by dashed parallel lines, based on the assumption that more layered intrusions outcrop in
the area with similar strike and dip. Some faults were inferred from Landsat images. Abbreviations: C, Cypress Creek; L, Leagh Creek; N,

Norgate Creek.
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Another brief description of ultramafic and mafic rocks co-
mes from the work of Isachsen (1987), who described the
geology of the area around Meares Island. Isachsen (1987)
identified outcrops within the Westcoast Crystalline Com-
plex on Meares Island as a unit of early Jurassic or older
Westcoast amphibolite. This unit is characterized by “me-
dium to coarse grained granoblastic diorite and uralitized
gabbro with granoblastic texture to fine-grained, well
lineated amphibolite gneiss. In places the amphibolite has a
distinctive spotted texture produced by rounded, 1-3 cm di-
ameter hornblende megacrysts in a finer grained amphibo-
lite matrix. In some places megacrysts are aligned like
beads on a string, yielding an even more striking texture,
reminiscent of a cumulate” (Isachsen, 1987, p. 2049).

Isachsen (1987) also described amphibole as a replacement
product after pyroxene, indicating a gabbroic parentage
with 5-50% plagioclase of andesine to labradorite compo-
sition; biotite is rare and quartz is absent. The sample also
shows arelatively high nickel concentration (56-211 ppm),
suggesting derivation from mafic igneous rocks.

Isachsen (1987) also identified Early to Middle Jurassic
gabbro and peridotite as “isolated dike like masses of
uralitized gabbroic rock near the central part of Lemmens
Inlet” (Isachsen, 1987, p. 2050). He described this rock
type as a “medium to coarse grained unfoliated, granular
gabbro-peridotite with 50% poikilitic augite with
plagioclase inclusions and fibrous uralitized rims, 25% to
35% of enstatite and olivine replaced by serpentine, 10% of
saussuritized bytownite, 3% of hornblende, 2% to 5% of
chromite and magnetite and minor chlorite.” Sargent
(1941) described similar rocks from a locality near the
Bedwell River intruding the Jurassic Bedwell batholith.

The work of DeBari et al. (1999) in the Alberni area and
Broken Islands area includes a description of a gabbro-
peridotite unit within the Westcoast Crystalline Complex,
identified by Muller et al. (1981) and Isachsen (1987). The
ultramafic and mafic rocks are grouped into two pyroxene—
hornblende gabbro, a pyroxenite and a sheared serpentinite
of cumulate nature. Additionally, strongly foliated
hornblendite, hornblende gabbro, hornblende diorite,
tonalite and rare granodiorite are grouped into the diorite
unit of the Westcoast Crystalline Complex. Samples
yielded Jurassic ages, implying that these rock units are
cogenetic with rocks of the Jurassic Island Intrusive Suite
and Bonanza volcanic rocks. They also show similar
whole-rock geochemistry. DeBari et al. (1999) also re-
ported an occurrence of ultramafic cumulate near Kennedy
Lake with minimal aerial extent and uncertain origin.

Larocque and Canil (2006) published preliminary results
from fieldwork in the Port Renfrew area, where they found
isolated bodies of ultramafic plutonic rock, which they de-
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scribed as peridotite, within the Westcoast Crystalline
Complex.

Ultramafic Rocks and Local Geology of the
Conuma River Area

Layered intrusions are exposed in the Conuma River area,
along the C-50D logging road. The extent of the area in
which they outcrop is approximately 70 m by 450 m (Fig-
ure 2).

Two types of layered intrusion are present within this area.
The first type consists of 20-50 cm thick, very coarse to
coarse-grained peridotite layers alternating with 20-30 cm
thick, medium-grained gabbro layers (Figures 3 and 4).
The second type comprises layers of very coarse grained
peridotite. The layers are distinct at outcrop scale, probably
due to to differential weathering of certain layers. Numer-
ous outcrops of the layered intrusions were found in the
area.

The weathered surfaces of the layered intrusions are white
and green for medium-grained gabbro and rusty brown for
very coarse grained peridotite. At some locations, weather-
ing of very coarse grained peridotite is characterized by a
green-brown weathered surface. In other places, these
rocks can be identified by typical spheroidal weathering, of
which the final product is brown soil. This is consistent
with the field observations of Larocque and Canil (2006).

All outcrops of the layered intrusions have an average
strike of 040 £20° and a dip of 50 £10° southeast. Other ig-
neous rock types in the area are fine- to coarse-grained gab-
bro—hornblende gabbro, fine- to medium-grained diorite,
tonalite and plagioclase-phyric dacite.

Joint sets and local faults are the major structures in the
area. These strike approximately southeast and dip steeply
southwest. Local faults are very narrow with slickensided
surfaces, with or without fault gouge. They strike west-
northwest and southwest and dip steeply north-northeast
and northwest, respectively. The trend and plunge of the
slickensides implies horizontal movement along these
faults, but no offsets were observed. These faults and hori-
zontal movements along them reflect local adjustments of
blocks as aresponse to the current transpressional regime.

In the southernmost portion of the study area, a 20 m wide
shear zone with cataclastic-mylonitic fabric trends east.
Due to strong deformation along the shear zone, the
sheared rock cannot be identified with any confidence.
However, the chloritic, green appearance of the shear zone
and gradual transition into a very coarse grained peridotite
and medium-grained gabbro imply that shear might have
occurred preferentially along the ultramafic body. The zone
is heavily fractured, veined and chloritized. A portion of
sheared gabbro shows plagioclase replaced by epidote and
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Figure 2. Detailed geology of layered intrusions in the Conuma River area. Location marked by the black rectangle on Figure 1.
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Figure 3. Very coarse grained peridotite from the Conuma River
area. This unit is distinctive in the field, characterized by the tan
colour, strong magnetism and pitted weathered surface with out-
lines of pyroxene-hornblende megacrysts.

Figure 4. Medium-grained gabbro from the Conuma River area.
The unit displays typical white—light grey weathering colour and is
associated with both the layered intrusions and the gabbroic units
outward from the layered intrusions.

2—4 mm garnet crystals that are likely a product of
metasomatism during shearing. A plagioclase-phyric
dacite dike, about 50 cm wide, parallels the shear zone and
appears to be unaffected by the shear. This type of dike is
common in the study area and contains 15% randomly dis-
tributed, euhedral plagioclase phenocrysts (2—-15 mm) and
5% black hornblende phenocrysts (1-3 mm) in a green-
gray dacitic groundmass. The plagioclase phenocrysts
were separated and dated by Ar-Ar. The results do not yield
a well-defined plateau but favour a Jurassic rather than
Eocene age.

Unit Description of Layered Intrusions

The Conuma phase (Marshall et al., 2006) of the Island In-
trusive Suite consists of two major rock types, as previ-
ously mentioned. These are medium-grained gabbro and
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very coarse to coarse-grained peridotite. The peridotite is
tan weathering and dark green-black on fresh surfaces, with
40% euhedral, unaltered olivine (millimetre size), enclosed
in 45% poikilitic orthopyroxene (20 mm) and 10%
poikilitic hornblende (20 mm). Minor constituents are
phlogopite, plagioclase and magnetite. The unit is strongly
magnetic. Considering hornblende as an alteration product
of pyroxene, the original rock type was probably olivine
websterite.

The medium-grained gabbro weathers a light brownish
green and is dark green-grey on the fresh surface. It is an
equigranular holocrystalline rock with 60% euhedral green
hornblende (3 mm) and 40% euhedral white plagioclase
(3 mm). The unit is weakly magnetic, with sulphide miner-
als locally ranging up to 5%.

Contact Relationships

Layered intrusions outcrop as isolated blocks that appear
discontinuous due to vegetation and Quaternary cover. No
tectonic or intrusive contacts between the layered intru-
sions and country rocks have been observed. Nor has any
lateral or vertical continuity been observed between indi-
vidual outcrops. The layered peridotite unit is observed in a
number of outcrops, either exclusively or as cyclic units of
very coarse grained peridotite and medium-grained gab-
bro. Repetition of both units occurs on a scale of approxi-
mately 20 cm. The layering is not as obvious at adjacent
outcrops, but it is still occasionally present in the coarse-
and medium-grained gabbros. This less distinctive layering
is probably due to a subtle modal and grain-size change
within a single unit. Gabbro with less distinctive layering
grades into nonlayered gabbro with variable grain sizes and
modal abundances. Where the plagioclase content in
nonlayered gabbro increases, it results in hornblende gab-
bro and hornblende diorite. Patches, pods, lenses, zones
and bands of hornblende gabbro and hornblende diorite at
the centimetre to metre scale are common in the nonlayered
gabbro (Figures 5 and 6). The nonlayered gabbro is in sharp
contact with a medium-grained diorite intrusion that in-
trudes the gabbro. The contact between gabbro and the
diorite intrusion was observed in three outcrops and tends
to have a general northerly trend that is subparallel to the
strike of the layers within the layered intrusions.

Contacts within the layered intrusions and with the
nonlayered gabbro are abrupt and are based on differences
in grain size and/or phase abundances. Contacts between
layers follow a generally planar trend with local irregulari-
ties. Contacts between tonalitic dikes and ultramafic/mafic
rocks are sharp. Contacts between medium-grained diorite
and ultramafic/mafic rocks are dominantly sharp. Contacts
between tonalite and medium-grained diorite are also
dominantly sharp.
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Figure 5. Coarse-grained hornblende gabbro from the Conuma
River area. This unit is characterized by well-developed
hornblende crystals surrounded by plagioclase, giving the rock a
mottled appearance.

5
CENTIMETHES

Figure 6. Pegmatitic pod, consisting of well-developed hornblende
and plagioclase crystals. These pods are very common features in
medium-grained gabbro and occur randomly within this unit.

Textural and Structural Features

The cumulate texture in the peridotite is characterized by

cumulate olivine crystals in intercumulus crystals of

pyroxene and hornblende. Plagioclase, if present, is also
intercumulate. Field observations indicate that crystal set-
tling by gravity was one of the depositional mechanisms

during formation of the layered intrusions. The presence of

magmatic density currents in the magma chamber during
crystallization of the ultramafic magma is exhibited by fea-
tures that resemble soft-sediment deformation and convo-
luted bedding (Irvine, 1980). Surfaces of the medium-
grained gabbro layers with already-settled crystals appear
to be disturbed by layers of very coarse grained peridotite
similar to scour marks in sedimentary rocks. The disruption
of a partially molten gabbro layer can result in partial or

40

complete separation into a gabbro layer and a dense
peridotite crystal mush. These separated or disrupted por-
tions then have the shape of lenses, pods and swirls, which
are usually visible at outcrop scale (Figures 7 and 8).

Geochronology

Marshall et al. (2006) published results of Ar-Ar
hornblende dating of the very coarse grained peridotite
unit. The dating suggests that the ultramafic intrusions are
of Jurassic age (189.9 +2.1 Ma). Additional *’Ar-*’Ar data
obtained from the Jurassic intrusions (Figure 1) are listed in
Tables 1 to 4, and the corresponding spectra are shown in
Figure 9.

Figure 7. Layered ultramafic intrusions in the Conuma River area,
showing soft-sediment-like deformation of the medium-grained
gabbro unit.

Figure 8. Detail of the convoluted bedding observed in the me-
dium-grained gabbro and very coarse grained peridotite within lay-
ered intrusions of the Conuma River area. According to Irvine
(1974), the convoluted layering is a result of deformation of crystal-
mush layers during emplacement.
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Table 1. “°Ar-*°*Ar data from sample DM05-20 (190.3 +1.4 Ma), Jurassic Island Intrusive Suite.

Laser Isotope Ratios A
power (%) A Ar SARAr AR Ar SArPAr calK CVK %Y Aram' FREAMP  YAr®ArK i
2 783.638 +0.054 36290075 28653+0.086 23730057 1534 0761 8115 013 148208 £17 137 1063.77 £82 30
23 192,647 £0.022 1.334 +0.031 2.984+0.039 06160038 2282 0282 8421 0.47 20827 #5940 267.00 +40.78
26 108.549 £0.018 076010025 2679+0.039 032910032 2139 0159 81.81 1.18 19.321 2662 17854 £23.42
29 43037 +0.009 0.804 £0.017 205840023 01050028 1666 0179 6291 284 15534 £0.910 144.80 +8.16
3.2 31.844 #0012 141540016 251140018 004010026 2037 0324 2826 586 22.489 0447 20619 £3.87
35 23792 £+0.014 180210016 268140018 001510034 21.88 0415 12.18 2012 20843 #0349 191.88 £3.05
3.8 2302020013 19250014 20350017 00130027 2308 0444 9.19 2364 20880 0300 19229 x262
4.1 22720 #0014 1917 #0017 3.069+0.021 00140021 25068 0442 936 1475 20.501 #0318 188.80 +2.78
4.4 21839 £0005 176210012 252040014 00100048 2051 0405 4.63 1155 20610 0183 189.84 +1.60
5 22162 #0018 1.821 #0020 2.821+0.021 00110043 2303 0419 7.01 1936 20546 #0364 189.28 +3.18
Totallavg. 26380 £0.003 1.783 +0.003 12.273 10.002 0.023 +0.006 0.382 100 20570 10.075
{h percentage of A in the analyzed gas fraction
“ percentage of “°Ar released relative to the total amaunt of Ar released from the sample
Flux correction factor (J) = 0.005384 £0,000008
Volume “ArK = 157.32
Integrated date = 191,97 £1.32
Violumes are 1x 1077 em’ at normal pressure and temperature
Neutron flux menitors: 28,02 Ma FCs {Fish Canyon sanidine; Renne et al., 1988)
Isotope procuction ratios: {*"Arf A K = 0.0802 0.00008; (A ArCa = 14164 0.5, ("Ar/*ArjCa = 03952 £0.0004; Ca/K = 1,83 +0.01 (" ArCar/ ArK).
Table 2. “°Ar-**Ar data from sample DM05-212A (189.9 +2.1 Ma), Jurassic Island Intrusive Suite.
Laser Isotope Ratios Age
power (%) A Ar Earar TArar BAarAr  calK  CUK %'Aratm™ f¥A/® YArPUATK
2 3548.409 +0.168 8.734 +0.183 8.658 £0.195 10.2380.171 36591 2.108 73.58 0.02 1222646 +£367.345 3653.98 +470.53
2.4 1575.382 £0.050 4.205 +0.067 5.494 0056 4.317 :0.054 3795 0.829 75.44 0.13 405209 436.995 2087.36+112.92
2.8 612.327 +0.028 1.705 +0.051 4.157 +0.052 1.829 :0.043 23021 0.219 81.1 0.27 116513 £13.453  878.07 +80.27
3.2 60232 +0011  0.881 +0.020 4.046 +0.021 0.137 =0.033 32985 0.1%6 59.36 383 24210 +1.388 220.93 +11.93
36 325410015 0.701 +0.022 3.396 +0.019 0.041 0035 2772 0158 2854 10.39 23.085 t0.577 21124 +498
4 25486 +t0.013 0.609 +0.018 2.885 +0.018 0.021 £0.031 2357 0.137 18.05 33.23 20.891 +0.359 192.19 +3.13
44 2310340016 0.575 +0.019 3.095 +0.021 0.015+0.036 2529 0.13 11.01 2381 20508 +0.383 188.85 +3.35
5 23162 10015  0.727 +0.018 3.154 +0.020 0.015+0.032 2578 0.165 11.61 28.21 20456 +0.363 188.39 +3.18
Totallavg.  30.805 +0.003  0.665 +0.005 13.766 £0.003 0.034 £0.006 0.505 100 20.640 +0.108
! percentage of “'Ar in the analyzed gas fraction
! pargentage of “Ar released relative to the total amount of “Ar released from the sample
Fiux correction factor (J) = 0.005381 £0.000006
Volume “ArK = 117,79
Integrated date = 202 46 +1 89
Volumes are 1 x 10" cm® at normal pressure and temperature
Neutron flux monitors: 28.02 Ma FCs (Fish Canyon sanidine; Renne et al., 1998)
Isotope production ratios: (A ArK = 0.0302 £0.00008; { A Ar)Ca = 1416.4 +0.5; ("An**ArCa = 0.3952 £0.0004; CalK = 1.83 20.01{ ArCarArK)
Table 3. *°Ar-*Ar data from sample DM05-162 (176.4 +1.3 Ma), Jurassic Island Intrusive Suite.
Laser Isotope Ratios A
power (%) A/ Ar TarAr AP Ar ATTPAr | CalK  CIUK % CAr atm™ fUAMD  DAr7FPArK Lk
2 579.288 +0.038 3.338+0.046 1.048 £0.116 1.465+0.057 3.031 0.712 66.19 0.18 189.228 +20.368 1267.21 £97.99
24 139.154 £0.018 0.88040.035 0.794 +0.048 0.35520.041 5429 0.186 66.87 0.77 44286 £3.992 38574 +31.31
2.8 45.711 £0.007 0.57240.022 1.879 £0.020 0.097 £0.035 15.93 0.125 54.45 3.23 20271 20994 186.84 18.70
32 24.726 +0.010 1.523+0.014 2.317 £0.016 0.021 £0.026 20.05 0.349 19.45 31.47 19902 +0.260 183.61 +2.28
35 21.336 +t0.006 1.4900.012 23020015 0.01240.021 19.91 0.342 10.48 30.88 19.063 #0.141 176.24 +1.24
38 21.246 +0.014 1656 £0.014 2.413+0.017 0.013+0.034 20.86 0.381 10.23 16.69 18.934 20.317 175.10 +2.80
4.1 21.832+0.006 1.593+0.010 2.456+0.014 001440056 21.41 0.366 1117 1517 19.240 #0262 177.79 £2.30
45 20.999 +0.013 1.56540.023 331840021 0.04410079 28.44 0.36 22.89 1.61 14.182 £1.050 13272 +9.48
Totallavg, 24.782+0.002 1.514 #0.003 10.956 +0.002 0.020 +0.007 0.353 100 19.240 +0.066

™ percentage of *"Ar in the analyzed gas fraction
2 persentage of Ar released relative to the total amourt of*°Ar released from the sample
Flux correction factor (J) = 0.005383 £0 000006
Volume A = 135.01

Integrated date = 182.89 £1.17
Volumes are 1 % 10" em® at narmal pressure and temperature
Meutron flux monitars: 28.02 Ma FCs (Fish Canyon sanidine; Renne et al, 1998)
Isctope production raties; (AR ArK = 0.0302 +0,00006; [ * Ar*®AnCa = 14164 0.5, (YA *ANCa = 0,3952 +0.0004; Ca/K = 1.83 +0.01( ArCa/ P Ark).
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Table 4. “°Ar-*Ar data from sample DM05-121 (169.3 +1.2 Ma), Jurassic Island Intrusive Suite.

Laser |Isotope Ratios A
power (%) CArAr AT Ar STATCAT ﬁArFJAr CalK_ CUK_ % Aratm f U Ar?  “Arf ArK ge
2 546.915+0.101 1.222$0.185 1.685$0.169 1.85140127 9.494 0208 7826 006 91.420453372 721.32 +347.11
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Figure 9. “°Ar-**Ar gas release spectra of four samples from the Jurassic Island Intrusive Suite, corresponding to the data in Table 1. All
samples yield Jurassic plateaus.
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Mafic Rocks and Local Geology of the Norgate
Creek Area

Mafic intrusions of the Norgate Creek area are continuous
outcrops of steep cliffs that can be followed for up to a kilo-
metre. This area shows both horizontally and vertically lay-
ered intrusions.

Horizontally layered intrusions exhibit layers at centimetre
to millimetre scale and consist of one rock type, a fine- to
medium-grained gabbro that consists of approximately
40% plagioclase and 60% pyroxene (thornblende) crys-
tals. Layers are planar, well defined at outcrop scale and
probably visible due to differential weathering (Figure 10).

Lateral change along the outcrop cliffs is marked by irregu-
lar and abrupt contacts due to changes in modal composi-
tions. No repetition in cyclic units or sedimentary-type
structures were observed in these mafic rocks at the outcrop
scale. Common rock types are very fine, fine- and medium-
grained gabbro and hornblende gabbro. A scanning elec-
tron microscope image of well-developed and abundant
magnetite grains from a medium-grained hornblende gab-
bro unit was published by Marshall et al. (2006). Besides
the magnetite abundance, interesting replacement textures
are also present in this gabbroic unit. The unit weathers
dark grey and is black on fresh surfaces and equigranular,
consisting of 60% intercumulus hornblende with pyroxene
cores, 30% cumulus plagioclase and 10% cumulus olivine
that is completely altered to serpentine. The sample in thin
section shows a high degree of alteration (Figure 11).

Individual gabbro types can be traced across different out-
crops. These gabbro units intrude the Mooyah Formation,
which is strongly hornfelsed due to contact metamorphism.
The hornfelsed Mooyah Formation contains up to 20% sul-
phide minerals. No massive diorite intrusions were found
in the Norgate Creek area.

Figure 10. Fine layering in the gabbroic rocks from the Norgate
Creek area. The layering is best observed on the weathered sur-
face.

Geoscience BC Report 2008-1

Figure 11. Photomicrograph of medium-grained hornblende gab-
bro from the Norgate Creek area. Olivine altered to serpentine and
saussuritizied plagioclase are cumulus crystals within
intercumulus zones of serpentinized pyroxene with fresh
hornblende rims. Low interference colours (crossed polars) are
due to thinning of the thin section at its edge.

Ultramafic and Mafic Rocks, and Local
Geology of the Cypress Creek Area

The Cypress Creek area is characterized by isolated ultra-
mafic bodies within mafic phases of medium-grained
diorite and by the presence of a very distinctive ultramafic
breccia (Figure 12).

The mafic unitis a coarse-grained olivine gabbro. Itis black
on the weathered surface and greenish black on the fresh
surface. It consists of 80% hornblende/pyroxene crystals
(5-15 mm) enclosing 10% anhedral olivine crystals (1 mm)
and 10% altered plagioclase (5—8 mm). The unit is strongly
magnetic.

Figure 12. Ultramafic breccia from the Cypress Creek area shows
a very distinctive brecciation of ultramafic rocks into angular clasts.
Sulphide-rich mineralized clasts are chloritized peridotite and
coarse-grained gabbro enclosed in a leucocratic matrix of quartz
and plagioclase.
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The outcrop of ultramafic breccia is 150 m long and trends
northeast. Medium-grained diorite intrudes Karmutsen
volcanic rocks and peridotite at its northeast end. Diorite
dikes brecciate peridotite in the central portion of the out-
crop and tonalite dikes brecciate peridotite at its southwest
end. The ultramafic breccia consists of 10-50 cm, angular
to rounded, deformed, fragmented, heavily veined, rusty-
weathering and dark green fresh peridotite clasts. Very
coarse grained peridotite is composed of 50% intercumulus
hornblende or pyroxene (15-20 mm), 45% cumulus olivine
crystals (1 mm) and 5% intercumulus plagioclase (2 mm).
This unit is magnetic, with up to 15-20% sulphide clusters
consisting of crystals of pyrrhotite and other sulphide min-
erals (up to 10 mm). Sulphide clusters were also found
within the dikes.

Medium- to coarse-grained equigranular hornblende
diorite intruding ultramafic rocks weathers dark grey and is
black and white on the fresh surface, with 50% hornblende
crystals (2-3 mm) and 50% plagioclase crystals (2—3 mm).

Ultramafic Rocks and Local Geology of the
Leagh Creek Area

Pyroxene-hornblende gabbro is dark grey on fresh and
weathered surfaces. It is a medium-grained rock with 40—
45% prismatic, euhedral black pyroxene and dark green
hornblende crystals (1-2 mm), 55-60% subhedral
plagioclase crystals (1-2 mm) and approximately 2% sul-
phide minerals. This gabbro is magnetic with millimetre- to
centimetre-size feldspar-quartz-epidote alteration veins.
The gabbro is also intruded by medium-grained hornblende
diorite and by north-striking, moderately dipping andesitic
dikes. The andesite weathers a medium grey-green and is
medium grey on the fresh surface. It is recrystallized in
some locations, comprising 1 mm grains of plagioclase,
quartz and altered hornblende with occasional phenocrysts
of black idiomorphic pyroxene. It contains up to 2%
sulphide minerals.

Potential for Platinum-Group-Element
Mineralization

Platinum-group-element (PGE) mineralization in layered
intrusions associated with continental magmatism has been
observed in a number of localities worldwide, such as the
Bushveld and Stella in South Africa, the Stillwater in the
United States and many other layered intrusions
(Prendergast, 2000; Maier et al., 2003). All have a tholeiitic
chemical signature and represent two types of layered in-
trusion with PGE mineralization. The ‘Bushveld type’ is a
large intrusion with PGE mineralization at deeper levels,
where the PGEs are associated with chromite. The ‘Stella
type’ is a small intrusion in which PGE mineralization is
found at shallow levels and in association with magnetite
(Maier et al., 2003). Although the Conuma layered ultra-
mafic rocks are more likely associated with island-arc
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magmatism, they may still be prospective for Stella-type
PGE mineralization.

Marshall etal. (2006) published Pt, Pd, Au and Cu analyses
from the magnetite-rich sample of the medium-grained
hornblende gabbro intrusion from the Norgate Creek area.
The values reported were relatively low, compared to a
sample of fine-grained, nonmagnetic gabbro from the same
area, collected and assayed by prospector E. Specogna. Mr.
Specogna released assay results in his open file report,
which shows anomalous values for Pt, Pd and Ni
(Specogna and Specogna, 2003).

Platinum-group-element mineralization can be correlative
with Ni, Auand Cu, and can be also associated with magne-
tite or chromite (Prendergast, 2000; Maier etal., 2003). Un-
derstanding the conditions of crystallization in the magma
chamber and considering a presence and/or absence of cer-
tain minerals/metals can lead to a reasonable interpretation
of PGE precipitation depths within the Conuma River and
Norgate Creek intrusions. The elements Os, Ir, Ru and Rh
behave as compatible elements and tend to partition into
spinel or olivine during early stages of magma crystalliza-
tion, and thus tend to be concentrated in deeper portions of
intrusions. The elements Pt, Pd, Cuand Au can also precipi-
tate during early crystallization of magma and associate
with chromite. If the magma is S-undersaturated, these ele-
ments behave incompatibly and tend to stay in the melt until
the magma reaches S and Fe-oxide saturation. Then they
precipitate in association with magnetite with (or without)
sulphide minerals during the later stages of magma crystal-
lization at shallow levels (Maier et al., 2003). Additional
geochemical studies are underway to further evaluate the
PGE potential of these rocks.

The Conuma layered intrusions are magnetite rich, espe-
cially the very coarse to coarse-grained peridotite unit, and
they may represent shallow levels of an intrusion. It is be-
lieved that PGE mineralization at shallow levels favours a
contribution from mantle melts, especially mantle plumes
and involvement of crustal assimilation. A lack of crustal
assimilation can result in early S saturation and PGE pre-
cipitation ata deeper level within the intrusion (Maier et al.,
2003). The geochronology of the Conuma ultramafic rocks
is consistent with the emplacement of the Jurassic Island
Intrusive Suite. Thus, there is the possibility that PGE ele-
ments could precipitate both at deeper levels within the in-
trusion (due to arc crust contamination) and at shallow
levels (due to association with magnetite-rich layers).

Discussion

Jackson (1971) summarized information on different types
of ultramafic intrusions worldwide. The closest analogy to
Conuma layered intrusions is ‘Alaskan peridotite’, which
also has analogues in the Urals, Russia and in the Tulameen
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region of BC. These ultramafic intrusions share similar

characteristics, such as

e Dbeing restricted to island arcs;

e synorogenic or postorogenic emplacement;

e association with andesitic volcanism or granodioritic
intrusions;

e development of a metamorphic aureole;

e cylindrical zonation, with ultramafic rocks in the centre
grading outward to mafic and intermediate rocks such as
gabbro, tonalite and granodiorite;

e the presence of olivine, clinopyroxene and magnetite;

e magnetite-rich pyroxenite dikes;

e amphibolitized border rocks; and

e PGE enrichment.

According Taylor and Noble (1969) ‘Alaskan peridotites’
represent cumulates from ultramafic melts, forming in un-
stable environments with multiple injections of ultramafic
crystal mush that mixes prior solidification. The occur-
rence of ultramafic rocks with gabbros, diorites and
granodiorites suggests that these rocks formed from ultra-
mafic melts of alkaline basaltic or andesitic parentage
(Jackson, 1971).

Irvine (1967) showed a number of images of folded intru-
sion layers, soft-sediment—like deformation of intrusion
layers, crossbedding and scours in layered intrusions. The
deformation and mineralogy of the Conuma ultramafic
rocks resembles some of Irvine’s images and rock types.

The Tulameen ultramafic-gabbro complex described by
Findlay (1969) represents a nonstratiform type of ultra-
mafic intrusion in which ultramafic intrusions intrude each
other. This type more closely resembles observations from
the Norgate ultramafic intrusions, which record at least
four intrusive events.

Larocque and Canil (2006) reported a mica peridotite unit
from the Port Renfrew area on Vancouver Island.
Lithological and petrographic description, as well as the as-
sociation of mica peridotite with rocks of the Island Intru-
sive Suite, implies a similar genesis for the Conuma and
Port Renfrew ultramafic rocks. It also implies that there
may be many more ultramafic bodies and intrusions be-
tween Conuma and Port Renfrew that would be prospective
for PGE and Ni mineralization.

Ultramafic and mafic intrusions from the Gold River study
area will be examined in detail using data from whole-rock
and mineral geochemistry in a manner similar to studies in
the Border Ranges of Alaska by Burns (1985) and DeBari
and Coleman (1989). Magma-fractionation modelling will
be used to find the composition of parent magmas responsi-
ble for crystallization of ultramafic rocks and to find any
fractionation trends within the layered intrusions and/or a
petrological relationship to the Jurassic diorite and

Geoscience BC Report 2008-1

ence BC

granodiorite. This study will also focus on interpretation of
crystallization history, mechanisms responsible for
cumulate textures and emplacement of the layered
intrusions.
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