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INTRODUCTION

This pa per pres ents the first ev i dence of high-MgO
picritic lavas, herein named the Keogh Lake picrite, within
the Tri as sic Karmutsen flood ba salt prov ince of Wrangellia
on Van cou ver Is land. Pre vi ously pub lished work has re -
vealed MgO con tents up to ap prox i mately 12 wt%, com -
pared to the high-MgO con tents (13–20 wt%) for mafic pil -
low ba salt re ported here. The rec og ni tion of picritic
vol ca nism within the Mid dle Tri as sic Karmutsen For ma -
tion on north ern Van cou ver Is land is strong ev i dence that
the flood bas alts orig i nated from ini ti a tion of a man tle
plume. The pres ence of the picrite also has im por tant im pli -
ca tions for min eral ex plo ra tion, as there may well be a
higher po ten tial for mag matic Ni-Cu-plat i num-group-el e -
ment (PGE) min er al iza tion in this part of Wrangellia. Ac -
cord ingly, a pre lim i nary ex am i na tion was made of part of
the sed i ment-sill com plex at the base of the Karmutsen near 
Schoen Lake Pro vin cial Park. The field stud ies con ducted
in these two sep a rate ar eas in crease un der stand ing of the ar -
chi tec ture and de vel op ment of a large oce anic pla teau. This
con tri bu tion is a re view of several significant geological
features of an accreted oceanic plateau based on these new
data.

WRANGELLIA: AN ACCRETED
OCEANIC PLATEAU

The Tri as sic Karmutsen For ma tion on Van cou ver Is -
land is an ex ten sive flood ba salt prov ince that is per haps the 
thick est accreted sec tion of an oce anic pla teau world wide.
An on go ing study in volves us ing this accreted oce anic pla -
teau, which forms most of the Wrangellia Terrane, to ad -
dress sev eral ma jor ques tions about the phe nom ena of oce -
anic pla teaus and large ig ne ous prov inces (LIPs) in gen eral. 
A great deal of re search over the past sev eral de cades has
fo cused on LIPs, which are de fined as large-scale, tran si -
tory em place ments of pre dom i nantly mafic ex tru sive and
in tru sive rocks (Cof fin and Eldholm, 1994). Most re search -
ers be lieve that these vast vol ca nic fields orig i nate by de -

com pres sion melt ing in the head of a man tle plume
(Condie, 2001). If man tle plumes rise be neath the con ti -
nents, they form con ti nen tal flood bas alts, such as the Si be -
rian Traps or Co lum bia River Bas alts; if they rise be neath
oce anic crust, they form oce anic pla teaus, such as
Kerguelen, Ontong Java and the Ca rib bean Pla teau. These
enor mous mag matic events oc cur over geo log i cally short
time spans (sev eral mil lion years) and likely have
catastrophic effects on the climate and biosphere (Wignall,
2001).

Con ti nen tal flood bas alts are more ex ten sively stud ied
than its oce anic coun ter part be cause it is much more eas ily
ac ces si ble. One of the ma jor is sues when study ing oce anic
pla teaus in the ocean bas ins is the dif fi culty of sam pling
their in te rior, since only the up per most flood bas alts can be
sam pled by drill ing. For ex am ple, al though sev eral small
sec tions of the Ontong Java Pla teau are ex posed on land in
the Sol o mon Is lands, drill ing of the oce anic pla teau, which
is es ti mated to be as much as 35 km thick, has only pen e -
trated 338 m of the up per most flows (Fitton et al., 2004). In
con trast, Wrangellia pres ents a thick ness of more than 6 km
of flood bas alts on Van cou ver Is land and up wards of 4 km
in large ar eas of Alaska (Wrangell Moun tains and Alaska
Range), al low ing the op por tu nity to sample the complete
succession of erupted flood basalts.

The Wrangellia oce anic pla teau formed by vast out -
pour ings of ba saltic and Mg-rich picritic mag mas (doc u -
mented here) that ap pear to have been emplaced within sev -
eral mil lion years (ca. 230 Ma), and even tu ally be came
accreted to the west ern mar gin of North Amer ica (Rich ards
et al., 1991; Lassiter et al., 1995). Cur rently, there is a lack
of de tailed in for ma tion about the vol ca nic stra tig ra phy of
oce anic pla teaus. The Karmutsen of fers an in valu able op -
por tu nity to ex plore the rem nants of an oce anic pla teau and
thus gain an un der stand ing of the in ter nal vol ca nic stra tig -
ra phy. A better un der stand ing of oce anic pla teaus will pro -
vide in sights into sev eral im por tant pro cesses, in clud ing
the gen er a tion of mag mas in man tle plumes (White and
McKenzie, 1995), the role of ac cre tion of oce anic pla teaus
for the growth of con ti nen tal crust (Albarède, 1998) and the 
climatic effects of such large-scale eruptions (Wignall,
2001).

This con tri bu tion is an ini tial step to ward ad dress ing
three im por tant as pects of flood ba salt vol ca nism in oce -
anic set tings: 1) the ar chi tec ture of oce anic pla teaus, 2) the
source of ba saltic mag mas, and 3) the po ten tial for mag -
matic Ni-Cu-PGE mineralization.

GEOLOGICAL HISTORY OF THE
WRANGELLIA TERRANE

The Wrangellia Terrane con sists of sev eral dis tinct
allochthonous blocks, ex tend ing from Van cou ver Is land to
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Fig ure 1. Sim pli fied map of Van cou ver Is land show ing ex po sures of flood bas alts (green) of the Karmutsen For ma tion (af ter Massey et
al., 2003a, b). Ar eas of field study are out lined with solid boxes. In set shows the ex tent of the Wrangellia Terrane (dark grey) in west ern
Can ada and Alaska (mod i fied af ter Jones et al., 1977).
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Fig ure 2. A) Com pos ite strati graphic col umn de pict ing flood ba salt se quences of the Karmutsen For ma tion and ma jor un der ly ing and over -
ly ing sed i men tary se quences on north ern Van cou ver Is land (mod i fied af ter Carlisle and Susuki, 1974). B) To tal al ka lis vs. sil ica di a gram
(wt%) for Keogh Lake picrite and other sam ples col lected in 2004 and 2005, along with com piled data from pub lished lit er a ture for the
Karmutsen For ma tion and cor re la tive Nikolai For ma tion. The vast ma jor ity of vol ca nic rocks is subalkaline ba salt. Note that the Mount
Arrowsmith flows are mildly alkalic. The bound ary of the al ka line and subalkaline fields is that of Irvine and Baragar (1971). C) TiO2 vs. MgO
plot (wt%) for the sam ples shown in B. D) Plot of to tal al ka lis vs. MgO (wt%), show ing the IUGS clas si fi ca tion fields (Le Bas, 2000). Note the
Mg-rich na ture of the Keogh Lake picrite. Ox ides are plot ted on an an hy drous, nor mal ized ba sis in all di a grams.



cen tral Alaska, that are re lated by wide spread ex po sures of
Tri as sic flood bas alts and rarely their plutonic com ple -
ments (Fig. 1; Jones et al., 1977). Im pres sive suc ces sions of 
Mid dle Tri as sic flood bas alts ex tend in a dis con tin u ous belt 
from Van cou ver Is land and the Queen Char lotte Is lands
(Karmutsen For ma tion), through south east ern Alaska and
the Kluane Ranges in south west Yu kon, and into the
Wrangell Moun tains and Alaska Range in east ern and cen -

tral Alaska (Nikolai For ma tion). This belt of flood ba salt
se quences has dis tinct sim i lar i ties and, as first sug gested by 
Jones and et al. (1977), rep re sents a once-con tig u ous
terrane that prob a bly formed within 15° of the paleoequator 
(Hillhouse, 1977).

Wrangellia de vel oped as an ex ten sive oce anic terrane
with a geo log i cal his tory that ex tends from the mid dle Pa -
leo zoic through the Me so zoic (Rich ards et al., 1991). The
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Fig ure 3. Gen er al ized ge ol ogy of the re gion be tween Al ice and Nimpkish Lakes, north ern Van cou ver Is land (lo ca tion
shown in Fig. 1). Sam ple sites and rock types are de noted in the leg end. Con tour lines are at 500 m in ter vals.



flood bas alts form the core of the terrane and is bounded
above and be low by ma rine sed i men tary se quences. Con ti -
nen tally de rived sed i men tary rocks are al most en tirely ab -
sent, with the ex cep tion of a kilo metre-thick con ti nen tal-
mar gin sed i men tary se quence at the base of flood bas alts in
the Talkeetna Moun tains of Alaska (Schmidt et al., 2003).
The Wrangellia Terrane pre serves two broad cy cles of up -
lift and sub si dence, be gin ning with a Pa leo zoic vol ca nic
arc and suc ceeded by Mid dle Tri as sic vol ca nism (Ben-
Avraham et al., 1981). Tri as sic up lift and sub si dence are re -
corded by chert, mi nor lime stone and Daonella-bear ing
shale at the base of the flood bas alts, and a lime stone se -
quence above the flood bas alts. These events are con sis tent
with the rise and ces sa tion of a man tle plume be neath the
litho sphere (Rich ards et al., 1991). Sed i men ta tion and vol -
ca nism in the Wrangellia Terrane con tin ued through the
Early and Mid dle Ju ras sic with the re sur gence of arc vol ca -
nism in the form of the Bo nanza arc (Jeletzky, 1970; North -
cote and Mul ler, 1972; DeBari et al., 1999)

The Karmutsen For ma tion ap pears to rep re sent a sin -
gle flood ba salt event (Rich ards et al., 1989). A man tle

plume ini ti a tion model has been pro posed for the
Wrangellia flood bas alts based on 1) the na ture of the un -
der ly ing and over ly ing sed i men tary rocks, 2) rapid up lift
prior to vol ca nism, 3) the lack of ev i dence of rift ing as so ci -
ated with vol ca nism (few dikes and abun dant sills), 4) the
short du ra tion and high erup tion rate of vol ca nism, and 5)
rel a tively lim ited geo chem i cal data (Rich ards et al., 1991).
The ba salt flows are es ti mated to con sti tute a min i mum vol -
ume of 1 x 106 km3 (Panuska, 1990) and were orig i nally in -
ter preted to have erupted within 5 m.y. (Carlisle and
Suzuki, 1974).

The tim ing and lo ca tion of the ac cre tion of Wrangellia
to west ern North Amer i can and postaccretionary trans la -
tion are highly de bated (Trop et al., 2002). Es ti mates of the
tim ing of ini tial col li sion range from the Mid dle Ju ras sic to
Late Cre ta ceous (e.g., Tip per, 1984; Plafker et al., 1989;
Gehrels and Greig, 1991; McClelland et al., 1992; van der
Heyden, 1992; Mon ger et al., 1982; Nokleberg et al., 1994,
2000; Trop et al., 2002). Paleomagnetic and fau nal ev i -
dence in di cate that the Wrangellia Terrane orig i nated at low 
lat i tude, far to the south of its pres ent po si tion (Hillhouse,
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Fig ure 4. Pho to graphs of picritic pil low ba salt from the Al ice-Nimpkish lakes area: A) stack of dense, closely packed, asym met ric picritic pil -
lows with ra dial ves i cle in fill ings (sledge ham mer for scale [cir cled] ~80 cm long; UTM Zone 11, 626824E, 5586126N); B) cross-sec tion of a
large pil low lobe with in fill ing of quartz in ten sion cracks (sledge ham mer for scale; UTM Zone 11, 616507E, 5598448N). C) drain-back
ledges formed in a picritic pil low tube formed af ter lava drained from the pil low (shown by quartz in fill ing; coin for scale ~2.7 cm di am e ter;
same lo ca tion as B).



1977; Yole and Irving, 1980; Hillhouse et al., 1982;
Hillhouse and Gromme, 1984). Wrangellia may have
joined or been in close prox im ity (strati graphic con ti nu ity)
with the Al ex an der Terrane by the Mid dle Penn syl va nian
(Yorath et al., 1985; Gardner et al., 1988). As early as the
Late Tri as sic, the oce anic Wrangellia Terrane amal gam ated 
with the Taku Terrane of south east ern Alaska and the Pen -
in su lar Terrane of south ern Alaska (Plafker et al., 1989).

GEOLOGICAL SETTING OF THE
KARMUTSEN VOLCANIC ROCKS

Ap prox i mately 35% of the area of north ern and cen tral
Van cou ver Is land is di rectly un der lain by the dis tinc tive
flood ba salt se quences of the Karmutsen For ma tion (Fig. 1;
Barker et al., 1989). On Van cou ver Is land, the old est rocks
of Wrangellia are the De vo nian arc se quences of the Sicker
Group and Mis sis sip pian to Early Perm ian siliciclastic and
car bon ate rocks of the Buttle Lake Group (Mul ler, 1980;
Brandon et al., 1986; Suther land Brown et al., 1986). The
Sicker and Buttle Lake groups and the Karmutsen For ma -
tion are in truded by gab bro and ba saltic sills that are most
likely re lated to Karmutsen flood bas alts (Carlisle and
Suzuki, 1974; Barker et al., 1989). The up per most part of
the Karmutsen For ma tion is lo cally in ter ca lated with small
lenses of ma rine sed i men tary rocks and over lain by the
shal low-wa ter Quatsino Limestone (Carlisle and Suzuki,
1974).

The ear li est in-depth stud ies of the Karmutsen For ma -
tion on Van cou ver Is land were made by H.C. Gun ning
(Gun ning, 1930, 1932), J.A. Jeletzky (e.g., Jeletzky, 1950,
1970), J.E. Mul ler and co work ers (Mul ler, 1967, 1977,
1981; Mul ler and Car son, 1969; Mul ler et al., 1974, 1981)
and D. Carlisle and stu dents (Carlisle, 1963, 1972; Surdam, 
1968; Kuniyoshi, 1972; Carlisle and Suzuki, 1974). This
ex ten sive work es tab lished the lo ca tion, char ac ter is tics and 
depositional his tory of the Wrangellia Terrane on Van cou -
ver Is land. More re cent de scrip tions of Karmutsen bas alts
were in cor po rated dur ing re gional map ping stud ies
(1:50 000 scale) con ducted by G.T. Nixon and co work ers
(Nixon et al., 1993, 1994a, b) on north ern Van cou ver Is land 
and N.W.D. Massey and co work ers (Massey and Fri day,
1988, 1989; Massey, 1995a, b, c) on central Vancouver
Island.

The Karmutsen vol ca nic rocks rep re sent per haps the
thick est accreted sec tion of an oce anic pla teau world wide,
along with the 3–4 km thick sec tion of Ontong Java ex -
posed in the Sol o mon Is lands (Petterson et al., 1997) and a
5 km thick sec tion of the Ca rib bean Pla teau on the is land of
Curacao, north of Ven e zuela (Klaver, 1987).

Within the densely for ested re gions of north ern and
cen tral Van cou ver Is land, the vol ca nic stra tig ra phy of the
Karmutsen For ma tion is es ti mated to ex ceed 6 km in thick -
ness (Carlisle and Suzuki, 1974). Ex ten sive fault ing
through out this re gion makes re con struc tion of the true
strati graphic thick ness chal leng ing. Nev er the less, the di ag -
nos tic units of the Karmutsen have been di vided by Carlisle 
and Suzuki (1974) into 1) a lower mem ber of ex clu sively
pil low lava (2900 ±150 m), 2) a mid dle mem ber of pil low
brec cia and aquagene tuff (600–1100 m), and 3) an up per
mem ber of massive basalt flows (2600 ±150 m; Fig. 2).

The Karmutsen vol ca nic rocks were emplaced in a pre -
dom i nantly sub ma rine en vi ron ment. Im pres sive suc ces -
sions of sub ma rine pil low ba salt at the base of the
Karmutsen For ma tion over lie a thick sed i ment-sill unit
com pris ing mafic sills in trud ing black shale of the Mid dle
Tri as sic ‘Daonella beds’. Dense, picritic pil low lavas (de -
scribed be low) have been iden ti fied within the suc ces sion
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Fig ure 5. Pho to mi cro graph un der cross-po lar ized light (~10 mm
high) of picrobasalt from just west of Maynard Lake (UTM Zone 11,
626698E, 5588266N). This sam ple shows the strik ing vario lit ic tex -
ture with wavy, branch ing sheaves of intergrown plagioclase and
clinopyroxene that is typ i cal of the picritic pil lows (sam ple 4723A2;
10.8 wt% MgOan hy drous).

Fig ure 6. Pho to mi cro graph un der cross-po lar ized light (~10 mm
across) of a picrite pil low from the roadcut along the north side of
Keogh Lake (UTM Zone 11, 629490E, 5595528N). This sam ple
has abun dant al tered euhedral ol iv ine pheno crysts up to sev eral
milli metres long (sam ple 4722A4; 19.0–19.8 wt% MgOan hy drous, 4
anal y ses).



of pil low ba salt. Mas sive amyg da loid al flows form most of
the mid dle and up per crust of the Wrangellia pla teau, in ter -
spersed with mi nor pil low-brec cia units. Intravolcanic sed -
i men tary rocks within the vol ca nic rocks of the up per most
Karmutsen are well-documented by Carlisle and Suzuki
(1974).

AGE OF THE KARMUTSEN FORMATION 
AND CORRELATIVE FLOOD BASALTS

De spite its enor mous size, there are rel a tively few pre -
cise geo chron ol ogi cal con straints on the age and du ra tion
of Wrangellia flood ba salt vol ca nism. Con straints on the
age and du ra tion of Karmutsen vol ca nism in clude fos sils in
the un der ly ing and over ly ing sed i men tary units and sev eral
iso to pic age de ter mi na tions. Daonella-bear ing shale, 100–
200 m be low the base of the pil low ba salt on Schoen Moun -
tain, and Halobia-rich shale, interlayered with flows in the
up per part of the Karmutsen, in di cate that erup tion of the
flood bas alts pos si bly oc curred en tirely within the early
Up per Ladinian (Mid dle Tri as sic) to early Up per Carnian
(Late Tri as sic; Carlisle and Suzuki, 1974). Ura nium-lead
zir con geo chron ol ogy of sev eral sills and dikes po ten tially
re lated to the Karmutsen yields ages of 217–222 Ma
(Isachsen et al., 1985), 227 ±3 Ma (Parrish and McNicoll,
1992) and 228 ±2.5 Ma (Sluggett, 2003). Plutonic rocks re -
lated to the cor re la tive Nikolai For ma tion in Yu kon yielded
K-Ar ages of 224 ±16 and 225 ±14 Ma (Camp bell, 1981). A
U-Pb zir con age from a gab bro sill con sid ered to be con -
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Fig ure 8. A) Pho to graph of pil low brec cia with an gu lar, blocky
clasts in a fine-grained tuffaceous ma trix east of Al ice Lake (UTM
Zone 11, 614756E, 5599192N; coin for scale ~2.7 cm in di am e ter).
B) Pho to mi cro graph un der plane-po lar ized light (~10 mm across)
show ing al tered euhedral ol iv ine in seriate-tex tured ba salt clasts
within the pil low brec cia from A (sam ple 5614A5; 11.6 wt% MgOan -

hy drous).

Fig ure 7. Ol iv ine-rich dike cut ting tholeiitic pil low ba salt (UTM Zone 
11, 620187E, 5599424N): A) pho to graph of subvertical mafic dikes 
ap prox i mately 1 m wide; B) pho to mi cro graph un der plane-po lar -
ized light (~10 mm across) of subophitic mafic dike from A with
abun dant, large, al tered ol iv ine crys tals and al tered plagioclase
sur rounded by clinopyroxene (sam ple 5615A2; 14.0–14.2 wt%
MgOan hy drous, 2 anal y ses).
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tem po ra ne ous with erup tion of the Nikolai vol ca nic rocks
in the Yu kon yielded an age of 232.2 ±1.0 Ma (Mortensen
and Hulbert, 1991). Most re cently, Bittenbender et al.
(2002) pub lished two Ar/Ar ages of 228.3 ±1.1 and 230.4
±1.3 Ma from phlogopite in gab bro likely re -
lated to Wrangellia flood bas alts in the Alaska 
Range. An ad di tional Ar/Ar age from the
Alaska Range of 231.1 Ma by J. Schmidt
(pers. Comm., 2005) cor rob o rates these ages.
Ac cord ing to pre vi ously pub lished geo chron -
ol ogi cal re sults, the tim ing of em place ment of 
the pla teau may have been be tween 233 and
217 Ma. This is based on very sparse data,
how ever, and there are presently no ages for
the entire succession of flood basalts from
Vancouver Island to Alaska.

KEOGH LAKE PICRITE

Dur ing field work in the sum mer of 2004, 
a suc ces sion of high-MgO picritic pil low
lavas was dis cov ered within the Karmutsen
For ma tion on north ern Van cou ver Is land.
Field work in 2005 was fo cused in the area
where the picrite was found, west of the
Karmutsen Range be tween Al ice and
Nimpkish Lakes (Fig. 3). The out crops lie in a 
roughly tri an gu lar area (~28 km across)
bounded by Keogh, Maynard and Sara lakes.
An ex ten sive net work of log ging roads pro -

vides good ex po sures in roadcuts and quar ries ad ja cent to
the roads. Ex cel lent ex po sures of picritic pil low lavas oc cur 
in roadcuts along the north shore of Keogh Lake, the type
lo cal ity. The picrite forms stacks of pil lows (typ i cally <1 m
in di am e ter) close to tholeiitic pil lows, mas sive flows, pil -
low breccia units and mafic dikes (Fig. 4).

The Keogh Lake picrite is geochemically dis tin -
guished from nor mal Karmutsen tholeiitic ba salt pil lows
and flows by its el e vated MgO con tents (13–20 wt% MgO,
on an an hy drous, nor mal ized ba sis) and in com pat i ble-el e -
ment de ple tion (Fig. 2). In the IUGS clas si fi ca tion scheme,
the picrite has >12 wt% MgO, <3 wt% (K2O+Na2O), and
<52 wt% SiO2 (Le Bas, 2000). Picrite is a pet ro log i cally
sig nif i cant com po si tion be cause it is the best can di date for
least-mod i fied par tial melt of its mantle source region.

The picritic pil low ba salt is dis tin guish able in the field
by its den sity and non mag netic char ac ter. It ap pears to have
a lower pro por tion of interpillow space than the more
tholeiitic ba salt pil lows, per haps re sult ing from the lower
vis cos ity of the Mg-rich lava. The pil low lavas pre serve nu -
mer ous fea tures from sub aque ous erup tion, such as spalled
rims and drain-back ledges (Fig. 4). The picritic pil low
lavas have strik ing fea tures in thin sec tion. The dense,
closely packed pil lows ex hibit sheaf-like vario lit ic tex tures 
com pris ing nu mer ous fans (or cone-shaped bun dles) of di -
v e rg  i n g  a c i c u la r  p l a g i o c l a se  i n te rg r o w n  w i th
clinopyroxene (Fig. 5). Many sam ples con tain clus ters of
al tered ol iv ine (<2 mm in length) set in a ma trix of curved
and branch ing sheaves of plagioclase nee dles, com monly
ex hib it ing swal low-tailed ter mi na tions. All the ol iv ine has
been re placed by ser pen tine (±talc), al though plagioclase
and clinopyroxene are mostly un al tered. Abun dant pseudo -
morphs of euhedral ol iv ine pheno crysts up to sev eral
millimetres long occupy 30–40 vol% of some picritic
pillows (Fig. 6).

Mafic dikes in the Al ice-Nimpkish lakes area may rep -
re sent feed ers to the Karmutsen flood bas alts. Sev eral of
these dikes ev i dently fed the picritic lavas and com prise
dense, fine-grained rocks con tain ing up to 40 vol% coarse-
grained ol iv ine (Fig. 7). A vol u met ri cally small pro por tion
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Fig ure 10. Pho to graph of sed i ment-sill unit on Mount Schoen, lo -
ca tion D on Fig ure 9D (UTM Zone 11, 700905E, 5557712N). Sev -
eral mafic sills are interlayered with de formed, finely banded chert
and shale.

Fig ure 11. Pho to graph of the base of the up per mafic sill in Fig ure 10. Note the
pres ence of a prom i nent 25 cm thick sul phide-stained zone along the lower con tact 
with the un der ly ing shale.



of the rocks in this area is pil low brec cia that in cor po rates
bro ken pil low frag ments con tain ing abun dant al tered
olivine phenocrysts (Fig. 8).

SIGNIFICANCE OF PICRITIC
VOLCANISM IN THE WRANGELLIA
OCEANIC PLATEAU

The Keogh Lake picrite of north ern Van cou ver Is land
may pro vide in sight into the source of ba saltic mag mas and
the po ten tial for Ni-Cu-PGE min er al iza tion in this part of
Wrangellia. Picrite is usu ally linked to large ig ne ous prov -
inces (LIPs) and the ini ti a tion of man tle plumes, where
man tle tem per a tures 200–300°C higher than am bi ent man -
tle re sult in higher de grees of par tial melt ing (Herzberg and
O’Hara, 1998). Picrite is much more com mon in Archean
greenstone belts than in Phanerozoic LIPs be cause
Archean man tle plumes were ev i dently hot ter than
Phanerozoic plumes (Nisbet et al. , 1993). Among
Phanerozoic LIPs, picrite is com monly found in con ti nen -
tal en vi ron ments (e.g., Deccan, Karoo, Paraná-Etendeka)
and has only rarely been rec og nized in oce anic pla teaus
(e.g., Caribbean plateau; Gibson, 2002).

Picrite is sig nif i cant be cause it po ten tially orig i nates
near the axis of the plume where the tem per a ture is high est
(Camp bell et al., 1989) and, be cause it may re sult from
high-tem per a ture melt ing, it may pre serve in com pat i ble
trace-el e ment ra tios of the man tle source (Camp bell, 2002). 
The rec og ni tion of picritic vol ca nism within the Karmutsen 
For ma tion on north ern Van cou ver Is land is strong ev i dence 
that the flood bas alts orig i nated from ini ti a tion of a man tle
plume. The Keogh Lake picrite may rep re sent the least
differentiated rocks in Wrangellia.

BASAL SEDIMENT-SILL COMPLEX

Dur ing field work in 2005, an ex cep tional sed i ment-
sill com plex was ex am ined at the base of the Karmutsen
For ma tion in the vi cin ity of Schoen Lake Pro vin cial Park
(Fig. 1, 9). Here, Mid dle Tri as sic ma rine sed i men tary rocks
over lie Penn syl va nian to Perm ian lime stone and si li ceous
sed i men tary rocks (Sicker Group), and both suc ces sions
are in truded by thick mafic sills re lated to the over ly ing
flood bas alts (Carlisle, 1972). This sed i men tary pack age
rep re sents the ocean floor at the ini ti a tion of Karmutsen
vol ca nism and, in deed, pres ents a rare op por tu nity to
examine the base of an oceanic flood basalt province.

Carlisle (1972) es ti mated the sed i ment-sill unit to be
ap prox i mately 600–900 m thick, with a to tal thick ness of
roughly 150–200 m of pre-in tru sive sed i men tary rocks.
The Tri as sic sed i men tary rocks range from thinly bed ded
si li ceous and cal car e ous shale to banded chert and finely
lam i nated, Daonella-bear ing shale (Fig. 9, 10; Carlisle,
1972). The youn ger, fis sile Tri as sic units were more vul -
ner a ble to sill in tru sion than the older, more mas sive un der -
ly ing Pa leo zoic lime stone (Carlisle, 1972). In some ar eas,
the sills pre serve ev i dence of in tru sion into unlithified, wet
sed i ments. The mafic sills (1–15 m thick) are fairly dense,
coarse-grained in tru sions, lo cally with co lum nar joint ing.
On Mount Schoen, a sin gle sill is char ac ter ized by a prom i -
nent 25 cm thick sul phide-stained zone along the lower
con tact with the un der ly ing shale (Fig. 11). A sam ple from
this zone con tains 1–2% blebby and in ter sti tial sul phide
com posed of >95 vol% pyrrhotite with mi nor amounts of

chal co py rite. The re stric tion of pyrrhotite to the basal con -
tact zone of the sill, com bined with the petrographic
ob ser va tion that some of the sul phide blebs are cored by
quartz within this 25 cm wide zone, sug gests that lo cal sul -
phide seg re ga tion oc curred in the mafic magma in response 
to  a ss imi la t ion  o f  the  under ly ing  sha le  dur ing
emplacement.

PICRITE AND Ni-Cu-PGE
MINERALIZATION IN THE WRANGELLIA 
TERRANE OF BC?

This on go ing study will also pro vide in sight into the
po ten tial for Ni-Cu-PGE min er al iza tion for the por tion of
the Wrangellia Terrane on Van cou ver Is land. The con ti nen -
tal equiv a lents of oce anic pla teaus are the hosts of world-
class ore de pos its. The gi ant Ni-Cu-PGE de pos its of the
Noril’sk-Talnakh re gion in Si be ria are lo cated in picritic in -
tru sions re lated to the Si be rian con ti nen tal flood ba salt
(CFB) prov ince. In Wrangellia, some of the es sen tial in gre -
di ents re quired to form a Noril’sk-type de posit — the em -
place ment of hot, picritic mag mas into S-bear ing sed i men -
tary rocks — ap pear to be pres ent. The S and Ba-rich Late
Pa leo zoic and Mid dle Tri as sic sed i men tary rocks un der ly -
ing the Wrangellia flood bas alts on Van cou ver Is land may
have been as sim i lated by the picritic mag mas and ini ti ated
sul phide liq uid immiscibility. Fu ture work will eval u ate the 
PGE con tents of the Wrangellia flood bas alts from northern 
Vancouver Island and the extent and nature of any crustal
contamination.
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