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INTRODUCTION

Ig ne ous rocks of Ju ras sic age on Van cou ver Is land,
Brit ish Co lum bia rep re sent an obliquely tilted sec tion of is -
land arc crust called the Bo nanza arc. The struc tural depth
of rocks ex posed is cur rently un cer tain. Re cently, sev eral
iso lated bod ies of ultra mafic rock were rec og nized by G.
Pearson, a lo cal pros pec tor, within what are pre sumed to be
the deeper lev els of the arc in the area of Port Renfrew.
Ultra mafic rock out crops, in many cases, cor re spond to
strong anom a lies in the re gional aero mag net ic pat tern, as
well as soil anom a lies for nickel and chro mium in nearby
streams. The ex tent to which ultra mafic rocks are pres ent in 
the Bo nanza arc is po ten tially very sig nif i cant, as they may
be pro spec tive for nickel and plat i num group el e ments.
Dur ing the sum mer of 2006, a field study was con ducted as
part of the first au thor’s MSc the sis, in or der to as cer tain the 
ex tent of the ultra mafic bod ies, to de ter mine their re la tion -
ship to other rocks of the Bo nanza arc and to ad dress their
eco nomic po ten tial.

FIELD AREA

The field area (Fig 1) is lo cated ap prox i mately a two-
hour drive north west of Vic to ria, BC. The field area is bor -
dered by the San Juan River in the south, Cowichan Lake in
the north, Lake Nitinat and the Nitinat River to the west and
north west and the Fleet River to the east. Ac cess to the area
is pro vided by a net work of vari ably main tained log ging
roads. Many of the roads that once ac cessed some of the
more el e vated, re mote ar eas are badly over grown. Over all,
rock ex po sures are mainly con cen trated along ac tive log -
ging roads. Ex po sure is best in el e vated ar eas that have
recently been logged.

REGIONAL GEOLOGY

Most of Van cou ver Is land is un der lain by rocks of
Wrangellia as orig i nally de fined by Jones et al. (1977). The

Sicker Group forms the base ment to Wrangellia on Van cou -
ver Is land, and con sists of mafic and fel sic vol ca nic and
volcaniclastic rocks, over lain by epiclastic and car bon ate
sed i ments of the Perm ian Buttle Lake Group (Massey and
Fri day, 1987). The Sicker Group is in ter preted as an is land
arc that was ac tive from De vo nian to Perm ian time (Greene
et al., 2005). Over ly ing the Sicker Group are the Tri as sic
Karmutsen ba salt, a thick (~2500 m) se quence of sub aque -
ous pil low lava, over lain by a few hun dred metres of pil low
brec cia, which are them selves topped by an other thick
(~3000 m) se quence of subaerial sheet flows (Nixon et al.,
1993). The Karmutsen flood bas alts may be an emer gent
ocean is land built upon the ex tinct Sicker is land arc
(Greene et al. , 2005). Con form ably over ly ing the
Karmutsen ba salt is a thin (<75 m) se quence of micritic
lime stone called the Quatsino For ma tion, which is it self
con form ably over lain by the Par sons Bay For ma tion, a
35 m thick se quence of thinly bed ded ar gil la ceous
mudstone, lime stone, siltstone and sand stone (Massey and
Fri day, 1987; Nixon et al., 1995). The Ju ras sic Bo nanza arc
intrudes, as well as unconformably overlies, older units of
Wrangellia.

Jurassic Bonanza Arc

In the field area, rocks of the Bo nanza arc are sep a rated 
from the Ju ras sic-Cre ta ceous Pa cific Rim Terrane to the
south by the San Juan fault and from the Sicker Group to the 
north by the Cowichan fault. The Ju ras sic-aged rocks of
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Fig ure 1. Southern Van cou ver Is land, show ing the field area of the
pres ent study (as out lined above). The grid out lines NTS sheets
092C, 092F, 092G and 092B (clock wise from lower left).



Wrangellia on Van cou ver Is land have
been rec og nized as the prod ucts of is land
arc magmatism, based on pe trol ogy and
geo chem is try (Isachsen, 1987; DeBari et
al., 1999). From base to top, these units
in clude the West Coast Crys tal line Com -
plex, the Is land Plutonic suite and the Bo -
nanza Group vol ca nic rocks. Rocks in the
field area have un der gone ze o lite to lo -
cally greenschist fa cies meta mor phism,
but the orig i nal ig ne ous lithologies are
used in their descriptions.

WEST COAST CRYSTALLINE
COMPLEX

The West Coast Crys tal line Com plex 
has been in ter preted as the deep est-pre -
served level of the Ju ras sic arc, based on
its in tru sive re la tion ship with coun try
rock that most of ten be longs to the Sicker
Group (DeBari et al., 1999). Sicker
Group rocks, how ever, were not en coun -
tered any where in the field area south of
Cowichan Lake. Plutonic mar gins in the
West Coast Crys tal line Com plex tend to
be con cor dant with the coun try rocks
(DeBari et al., 1999).

The com plex is dom i nated by melanocratic to
leucocratic quartz diorite and gab bro con tain ing vary ing
amounts of hornblende, bi o tite, orthopyroxene and
clinopyroxene. Grain sizes vary lo cally from fine grained
to peg ma titic. As noted by DeBari et al. (1999), West Coast
Crys tal line Com plex diorite com monly con tains in clu sions 
of finer-grained mafic rock that range from well-de fined,
an gu lar shapes to faint, wispy len tic u lar bod ies. As well as
spo radic granitoid in tru sions, out crops of diabase are found 
lo cally in the West Coast Crys tal line Com plex in the field
area, south west of the Gordon River. Di rectly to the north,
two dis tinct bands of light grey mar ble oc cur as septa in the
diorite. Sim i lar mar ble out crops are found in the east ern
part of the field area, al though these are more ir reg u lar in
out crop pat tern. Mi nor mag ne tite-rich skarn bod ies, with
vari ably-de vel oped di op side-gar net as sem blages, are
found at the con tact with the mar ble. Due to the meta mor -
phosed na ture of these car bon ate rocks, they are sug gested
to rep re sent frag ments and/or faulted slices of the Buttle
Lake For ma tion, as op posed to recrystallized Quatsino
lime stone. Most sig nif i cantly, the West Coast Crys tal line
Complex contains bodies of ultramafic rock, which are
further described below.

Foliations within the West Coast Crys tal line Com plex,
de fined by pla nar fab ric of hornblende, bi o tite or plagio -
clase, strike north west and dip 60 to 75° de grees to the
south west. Roughly in the mid dle of the field area, a large
area of Karmutsen ba salt is jux ta posed with the West Coast
Crys tal line Com plex along a shear zone with the same at ti -
tude as the per va sive fo li a tion in the diorite. Shear zones
de fined by my lon ite ho ri zons within the West Coast Crys -
tal line Com plex have a sim i lar ori en ta tion in the wes tern -
most parts of the field area. The com mon ori en ta tion and
sense of shear (tops to the north east) for all these shear
zones sug gest that the West Coast Crys tal line Com plex is a
se ries of east-verg ing thrust-faulted pan els, the east ern -
most one of which has been thrust onto the overlying
Karmutsen basalt.

Re gional-scale aero mag net ic data avail able for south -
ern Van cou ver Is land (Fig 2) shows a prom i nent mag netic
high, run ning par al lel to, and ex tend ing north from the San
Juan fault. At this res o lu tion, the mag netic anom aly ap -
pears to roughly cor re spond with ar eas un der lain by West
Coast Crys tal line Com plex rocks, but de vi a tions from this
general trend exist.

ISLAND PLUTONIC SUITE

The Is land Plutonic suite oc curs as a roughly north -
west-south east aligned se ries of plutons rang ing from
quartz diorite to al kali feld spar gran ite. As noted by DeBari
et al. (1999), the Is land Plutonic suite most com monly in -
trudes the Tri as sic Karmutsen ba salt and is dis tin guished
from plutons of sim i lar com po si tion of the West Coast
Crys tal line Com plex by lack ing any fo li a tion (Mul ler et al., 
1981). Ex cept where faulted, the con tact be tween the Is -
land Plutonic suite and the West Coast Crys tal line Com plex 
is not well de fined. In the field area, rocks of the Is land
Plutonic suite oc cur mainly in the north ern and east ern
parts of the field area, sep a rated from the West Coast Crys -
tal line Com plex to the south west by in ter vals of Karmutsen 
basalt and Quatsino limestone.

BONANZA GROUP VOLCANIC ROCKS

The Bo nanza Group vol ca nic rocks are only very
weakly meta mor phosed, dis play ing as sem blages in dic a -
tive of the ze o lite fa cies (Massey and Fri day, 1987) and
vary from apha ni tic ba salt, through plagioclase, pyroxene
and/or hornblende-phyric an de site to mi nor dacite. In ad di -
tion to mas sive flows, the Ju ras sic vol ca nic rocks are also
en coun tered as pil lowed flows and flow brec cia. Lesser
pyroclastic de pos its have been noted, with rhyth mic band -
ing of apha ni tic fel sic and mafic ash flows and fall de pos its. 
The lat eral ex tent and con ti nu ity of these de pos its is ob -
scured by veg e ta tion and over bur den. Sim i lar rocks were
noted by Nixon et al. (1995) in the Quatsino Sound region
of northern Vancouver Island.

320 Geoscience BC, Re port 2007-1

Fig ure 2. Re gional aero mag net ic anom aly map of the field area (BC Geo log i cal Sur vey,
2006). Cir cles show lo ca tions of ultra mafic-cu mu late gab bro in out crop.



ULTRAMAFIC ROCKS

Previous Occurrences

Isachsen (1987) re ports the oc cur rence of iso lated bod -
ies of gab bro and peridotite, con tain ing up to 35%
orthopyroxene and ol iv ine, along Lemmens In let on
Meares Is land, north east of Tofino. These bod ies are as so -
ci ated with Isachsen’s Westcoast am phi bo lite, Westcoast
diorite and Westcoast migmatite sub units of the West Coast
Crys tal line Com plex. Their nonfoliated na ture and low
grade of meta mor phism led Isachsen to be lieve that they
were youn ger than the West Coast Crys tal line Com plex
rocks into which they intruded.

Contact Relationships

Ultra mafic rocks oc cur as dis crete bod ies within the
West Coast Crys tal line Com plex diorite, rang ing in size
from 1 m to sev eral tens of metres. Al though ob scured by
over bur den, there is some lat eral con ti nu ity of min er al og i -
cally dis tinct ultra mafic bod ies over dis tances of up to
1 km. Con tact re la tion ships be tween the ultra mafic bod ies
and the West Coast Crys tal line Com plex diorite are quite
vari able. Smaller bod ies, which tend to be more ol iv ine-
rich, have ei ther abrupt, undeformed con tacts with their
host (Fig 3), or are pres ent as sheared pods. Larger bod ies,
which are gen er ally more gabbroic, grade into the me lano
and leucocratic diorites of the West Coast Crys tal line Com -
plex. In sev eral lo ca tions, the as so ci a tion of ol iv ine
pyroxenite and peg ma titic hornblende diorite has been
noted (Fig 4). Ar eas of the West Coast Crys tal line Com plex 
that host ultra mafic rocks ap pear to cor re spond with the ex -
treme mag netic highs (see Fig 2). The ultra mafic bod ies
were first dis cov ered us ing an aero mag net ic sur vey from
1972 (G. Pearson, pers comm, 2006). If the re gional mag -
netic sig nal is con trolled by the pres ence of ultra mafic rock, 
there may be a significant amount of these rocks hidden
within the West Coast Crystalline Complex.  

Sample Descriptions

In out crop, the ultra mafic bod ies are no to ri ously dif fi -
cult to rec og nize, ow ing to their strongly weath ered char ac -

ter. Of ten, a weath ered out crop con tain ing peridotite can
ini tially be mis taken as dark soil. The ma jor ity of the out -
crop is com monly in an ad vanced stage of chem i cal weath -
er ing, with small patches of well-pre served rock dis persed
through out (Fig 5, 6). Peridotite and ol iv ine pyroxenite out -
crops weather to dun or choc o late brown and have fresh
sur faces that are dark grey to black, of ten with large
oikocrysts of am phi bole and pyroxene en clos ing subhedral
ol iv ine (Fig 7). The gabbroic out crops weather to a dark
brown or dun col our and are better pre served than their
olivine-rich counterparts.

In thin sec tion, the peridotite and ol iv ine pyroxenite
con sist of vari ably serpentinized cu mu lus ol iv ine with in -
clu sions of euhedral spinel, poikilitically en closed by ei ther 
orthopyroxene, am phi bole, or more rarely, clinopyroxene.
Orthopyroxene and clinopyroxene co ex ist in sev eral sam -
ples. Weakly to strongly al tered plagioclase is pres ent as an
intercumulus phase in some sam ples. In these sam ples, ol -
iv ine is never di rectly in con tact with plagioclase and is al -
ways man tled by a co rona of pyroxene (Fig 8).

Where pres ent, am phi bole ap pears as the re sult of re -
ac tion with pyroxene, along grain bound aries or along
exsolution lamellae. The am phi bole is of ig ne ous or i gin as
a deuteric al ter ation of an hy drous min er als dur ing ad -
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Fig ure 3. Sharp con tact be tween ultra mafic body and West Coast
Crys tal line Com plex diorite.

Fig ure 4. Ol iv ine pyroxenite (far right, black) in as so ci a tion with
peg ma tite diorite (mid dle) and leucodiorite (left).

Fig ure 5. Out crop of mica peridotite. The ma jor ity of the out crop
has weath ered to soil.



vanced crys tal li za tion of hy drous magma (e.g., Beard et al., 
2005). More over, we would not ex pect the pres er va tion of
fresh ol iv ine if these rocks were hy drated (to form am phi -
bole) by meta mor phism (e.g., Fig. 9). Ig ne ous phlogopite is 
also pres ent as a mi nor phase in some sam ples.

Cu mu late gab bro and gabbronorite dis play cu mu lus
plagioclase, ±orthopyroxene, clinopyroxene and, in one
case, ol iv ine. Much of the postcumulus clinopyroxene has
been re placed by am phi bole (Fig 10). Plagioclase in these
sam ples is in vari ably less al tered than in the peridotite and
ol iv ine pyroxenite samples.

Mag ne tite with mi nor il men ite exsolution is the dom i -
nant opaque phase in the ultra mafic sam ples. It oc curs as
mi nor dis sem i nated grains in the peridotite and ol iv ine
pyroxenite, and as both a euhedral and intercumulus phase
in the gabbroic rocks (Fig 11). A euhedral, dark grey min -
eral with low re flec tivity is pres ent in peridotite and ol iv ine
pyroxenite sam ples, pos si bly chro mite. Mi nor amounts of
chal co py rite are noted in most sam ples. Rare in clu sions of
round, white, high-re flec tivity grains in ol iv ine are noted,
possibly pentlandite (Fig 12). 

DISCUSSION

Ultra mafic rocks oc cur in sev eral dif fer ent tec tonic
set tings in the Ca na dian Cor dil lera, in clud ing ophiolite
rocks, Alas kan-type in tru sions and cumulates as so ci ated
with calcalkaline in tru sions in arc ter ranes (Nixon, 2003).
The hy drous, calcalkaline na ture of the par ent magma that
pro duced the ultra mafic cumulates in the Bo nanza arc, as
at tested to by the pres ence of pri mary am phi bole,
phlogopite and mag ne tite, is in con sis tent with an ophiolite
as so ci a tion. Fur ther more, there is no spa tial as so ci a tion of
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Fig ure 6. Peridotite sam ple with chem i cally al tered out crop in the
back ground.

Fig ure 7. Cut slab of feldspathic ol iv ine pyroxenite. Sam ple is ap -
prox i mately 10 cm across.

Fig ure 8. Pho to mi cro graph show ing intercumulus plagioclase (Pl)
with cu mu lus ol iv ine (Ol) and orthopyroxene (Opx) oikocrysts.
Field of view is 2 mm across.

Fig ure 9. Pho to mi cro graph of fresh cu mu lus ol iv ine (Ol) en closed
by pri mary am phi bole (Amph). Field of view is ap prox i mately 4 mm 
across.



man tle tectonite, pil low lava or sheeted dikes with the
ultramafic bodies or their hostrocks.

Sev eral lines of ev i dence also show that the ultra mafic
bod ies are not of Alas kan-type af fin ity. First and fore most,
orthopyroxene is a com mon phase in many sam ples, an ob -
ser va tion that is in con sis tent with Alas kan-type ultra mafic
oc cur rences (Tay lor, 1967). Un like the Alas kan-type sit u a -
tion, the par ent magma from which the ultra mafic bod ies
sep a rated must have been sil ica sat u rated. In ad di tion to the
min er al og i cal ev i dence, field re la tions also ar gue against
an Alas kan-type or i gin — the peridotite and ol iv ine
pyroxenite bod ies lack any con cen tric zoning and occur as
blocks and lozenges in diorite.

Strik ingly sim i lar pe trog ra phy and field re la tions to the 
ultra mafic rocks of the cur rent study are known from the
Gi ant Mas cot de posit of south ern BC. Nickel-cop per-plat i -
num group el e ment sul phide ores at Gi ant Mas cot are
hosted by ultra mafic rocks, in clud ing peridotite,
pyroxenite and feldspathic pyroxenite (Metcalfe et al.,
2002). As in the cur rent study, the Gi ant Mas cot rocks con -
tain cu mu lus spinel and ol iv ine, poikilitically en closed by
orthopyroxene and am phi bole (Metcalfe et al., 2002).

Based on spinel chem is try, the Gi ant Mas cot cumulates
have been in ter preted as frag ments of the root zone to the
tholeiitic Karmutsen ba salt that were sam pled by the
Spuzzum diorite (Nixon, 2003). The hy drous na ture of the
cumulates is ex plained by Metcalfe et al. (2002) as the re -
sult of anatexis of metapelitic wallrock, caus ing de hy dra -
tion and thereby in tro duc ing wa ter into the magma. Al -
though chem i cal data is pend ing for the cur rent study, it is
dif fi cult to rec on cile the pres ence of pri mary mag ne tite and
am phi bole in the Bo nanza ultra mafic rocks with the
tholeiitic na ture or the anatectic pro cesses ev i dent in the Gi -
ant Mas cot rocks. In the Port Renfrew area, the pres ence of
fresh ol iv ine in am phi bole oikocrysts rules out a
metasomatic or i gin for the lat ter and there is no field
evidence for the assimilation of hydrous or pelitic country
rock.

Peridotite and pyroxenite are noted to oc cur in as so ci a -
tion with gabbronorite to wards the mid dle and base of crust
in ex humed is land arc ter ranes in the Cor dil lera and else -
where (e.g., Burns, 1985; Takahashi et al., 2006). For ex -
am ple, an oblique sec tion of arc crust ex posed in the
Kohistan Terrane of north ern Pa ki stan con tains peridotite,
an or tho site, troctolite and ol iv ine gab bro cumulates, within 
a larger body of granoblastic diorite and gabbronorite.
(Takahashi et al., 2006).

The Bo nanza arc and its set ting are very sim i lar to the
Talkeetna arc in south-cen tral Alaska and it has been pro -
posed that the two are of sim i lar age and can be cor re lated
along strike (DeBari et al., 1999). In the Talkeetna arc,
ultra mafic cumulates are pres ent in large but spo radic oc -
cur rences at the base of the arc crust sec tion, in con tact with
man tle harzburgite and du nite (Burns, 1985; DeBari and
Coleman, 1989). The ultra mafic cumulates in the Talkeetna 
arc sec tion are thought to be ge net i cally linked to the more
evolved mag matic rocks of the arc (DeBari and Sleep,
1991). In the Tonsina as sem blage, a part of the Talkeetna
arc, peridotite and pyroxenite bod ies oc cur in as so ci a tion
with cu mu late gar net-bear ing gab bro, which grades into
cu mu late gabbronorite con tain ing Fe and Ti ox ides
(DeBari and Coleman, 1989). Plagioclase is pres ent as a
late postcumulus phase and never co ex ists with ol iv ine
(DeBari and Coleman, 1989; DeBari and Sleep, 1991).
While am phi bole is pres ent in the peridotite and pyroxenite
pri mar ily in the form of re ac tion rims on pyroxene, it ap -
pears to be a ma jor postcumulus phase in the over ly ing
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Fig ure 10. Pho to mi cro graph of cu mu late gab bro, with fresh cu mu -
lus plagioclase (Pl), am phi bole (Amph), rel ict clinopyroxene (Cpx)
and ox ides (Mgt). Field of view is ap prox i mately 4 mm across.

Fig ure 11. Pho to mi cro graph show ing euhedral and intercumulus
mag ne tite (Mgt), with mi nor chal co py rite (Cpy) in cu mu late gab bro. 
Field of view is ap prox i mately 2 mm across.

Fig ure 12. Pho to mi cro graph of pentlandite (?; Pn) in clu sion in ol iv -
ine (Ol). Field of view is ap prox i mately 1.5 mm across.



gabbroic cumulates (DeBari and Coleman, 1989). These
petrographic re la tion ships are strik ingly sim i lar to ultra -
mafic cumulates from our field area. We sug gest that the
ultra mafic rocks found within the West Coast Crys tal line
Com plex rep re sent cumulates from a prim i tive (par ent?)
Bo nanza arc magma. There may be a melt-res i due re la tion -
ship be tween the West Coast Crys tal line Com plex diorite
and the ultra mafic cumulates, the latter having been
entrained in the former during emplacement.

FUTURE DIRECTIONS AND ECONOMIC
POTENTIAL

Whole rock geo chem i cal anal y sis for ma jor and se -
lected trace el e ments will fur ther elu ci date the or i gin of the
ultra mafic and re lated plutonic rocks in the Port Renfrew
area. In ad di tion, geo chron ol ogi cal in ves ti ga tions are un -
der way to con strain the age of rocks that host the ultra mafic
bod ies, as well as to con strain the ig ne ous his tory of this
por tion of the Bo nanza arc. All of the ultra mafic sam ples
col lected have been sent for as say. In ad di tion, the Ni con -
cen tra tion of ol iv ine will be in ves ti gated in peridotite and
ol iv ine pyroxenite sam ples to test if they were in equi lib -
rium with Ni-sul phide. This may shed light on the
prospectivity of the ultra mafic bod ies for Ni-Cu or PGE
sul phide, both in the Port Renfrew field area and elsewhere
in the West Coast Crystalline Complex.

The ma jor ity of the ultra mafic bod ies are no more than
a few tens of metres wide. Al though it is dis con tin u ous at
the sur face, the ultra mafic out crops tend to be dis trib uted in
patches through out the West Coast Crys tal line Com plex.
Geo phys i cal in ves ti ga tions may re veal con ti nu ity be tween
these or other ultra mafic bod ies at depth. No sig nif i cant
con cen tra tions of eco nomic min er als were noted in out -
crop, hand sam ple or thin sec tion, apart from mi nor Cu and
Ni sul phide minerals. None the less, the West Coast Crys tal -
line Com plex is ex posed along most of west ern Van cou ver
Is land and the find ings of Isachsen (1987) on Meares Is land 
sug gest that ultra mafic bod ies are likely to be pres ent else -
where through out the West Coast Crys tal line Com plex on
Van cou ver Is land, possibly associated with concentrations
of Ni-Cu sul phide minerals.
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