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INTRODUCTION

Vol ca nic strata of the mid-Pa leo zoic Sicker Group on
Van cou ver Is land (Fig. 1) host the Myra Falls volcanogenic 
mas sive sul phide (VMS) de posit. With com bined pro duc -
tion and proven and prob a ble re serves in ex cess of 30 mil -
lion tonnes of Zn-Cu-(Au-Ag) ore, this is cur rently the larg -
est and most pro duc tive VMS mine in west ern Can ada.
Other VMS de pos its and oc cur rences are known else where
within the Sicker, and de pos its in the Mt. Sicker area (Mt.
Sicker, Lenora and Twin J; MINFILE (2005) oc cur rences
092B 001, 002, 003; Fig. 1) have been mined on a rel a tively 
small scale. Ex plo ra tion for ad di tional VMS de pos its
within the Sicker Group, how ever, has met with only lim -
ited suc cess out side the im me di ate area of the Myra Falls
de posit. De spite the con sid er able po ten tial for such de pos -
its in the Sicker and the cur rent high base-metal prices,
VMS ex plo ra tion within the group has been at a low level
for the past de cade. A sig nif i cant im ped i ment to VMS ex -
plo ra tion within the Sicker Group is the rel a tively poor
over all un der stand ing of the ge ol ogy of this as sem blage,
which makes it dif fi cult to de velop a sound re gional ex plo -
ra tion strat egy based on typ i cal strati graphic and
volcanological cri te ria. De tailed stud ies of the group in the
past have been ham pered by gen er ally poor ex po sure and
lim ited ac cess, ex cept in the im me di ate vi cin ity of the Myra 
Falls de posit (e.g., Juras, 1987; Barrett and Sherlock, 1996;
Rob in son et al., 1996). New log ging-road con struc tion in
the 1980s and 1990s greatly im proved ac cess to and ex po -
sure of the Sicker Group in cen tral Van cou ver Is land, and
re gional map ping stud ies of this area were car ried out by
per son nel of the BC Geo log i cal Sur vey (e.g., Massey and
Fri day, 1987, 1989; Massey, 1995a, b, c; see also Yorath et
al., 1999). These stud ies did not in clude all of the ex posed
Sicker Group, how ever, and avail able data are still in suf fi -
cient to pro duce a com pre hen sive anal y sis of the stra tig ra -
phy and evo lu tion of the group.

A new in te grated geo log i cal, geo chem i cal and geo -
chron ol ogi cal study of the Sicker Group on Van cou ver Is -
land, funded by Geoscience BC, was be gun in 2005. This
study has the fol low ing main goals:

• de velop a model for the phys i cal vol ca nol ogy and
erup tive his tory of the Sicker Group

• con strain the paleotectonic evo lu tion of this por tion
of Wrangellia

• eval u ate the na ture and strati graphic po si tion(s) of
VMS de pos its and oc cur rences within the Sicker
Group

Re sults of the study will pro vide a much im proved frame -
work for VMS ex plo ra tion within the Sicker Group. Two
weeks of re con nais sance work were car ried out by the au -
thor in Sep tem ber of 2005, and a new Ph.D. level grad u ate
stu dent will be gin work on the pro ject in the sum mer of
2006.

REGIONAL GEOLOGY OF THE SICKER
GROUP AND REVIEW OF PREVIOUS
WORK

The mid-Pa leo zoic Sicker Group and cor re la tive
Skolai Group in Alaska rep re sent the old est ex posed rocks
in Wrangellia (e.g., Mon ger and Nokleberg, 1996). The
Sicker Group and the Late Pa leo zoic Buttle Lake Group
that over lies it on Van cou ver Is land and the Ca na dian Gulf
Is lands are ex posed in four ma jor struc tural up lifts: the
Buttle Lake, Bedingfield, Nanoose and Cowichan Lake up -
lifts (Fig. 1).

Most pre vi ous in ves ti ga tions of the Sicker and over ly -
ing Buttle Lake groups have fo cused on the Buttle Lake and 
Cowichan Lake up lifts. This work con cen trated mainly on
the stra tig ra phy of the two groups; how ever. a lim ited
amount of geo chron ol ogy has also been car ried out, as well
as de tailed biostratigraphic and lithogeochemical stud ies of 
a few lo cal i ties. Strati graphic no men cla ture for the Sicker
and Buttle Lake groups has changed sub stan tially over time 
(Fig. 2), and this com pli cates com par i son be tween data
pro duced by the dif fer ent gen er a tions of work in the dif fer -
ent re gions.

Mul ler (1977, 1980) sub di vided vol ca nic-dom i nated
Pa leo zoic suc ces sions on Van cou ver Is land into two for ma -
tions, the lower Nitinat and the up per Myra For ma tion. He
also in tro duced the in for mally named ‘sed i ment sill unit’
(thin-bed ded sed i men tary rocks in truded by diabase sills),
which stratigraphically sep a rates the Myra and over ly ing
Buttle Lake for ma tions. The most re cent re vi sion of Sicker
and Buttle Lake no men cla ture (Massey, 1995a, b, c; Yorath
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et al., 1999) di vides the orig i nal Sicker
Group into two groups: the Sicker Group (re -
vised), com pris ing the Nitinat and un der ly -
ing Duck Lake for ma tions (pre vi ously the
lower Nitinat For ma tion), as well as the
McLaughlin Ridge For ma tion; and the over -
ly ing Buttle Lake Group (Fig. 2). From base
to top, the Buttle Lake Group com prises the
Fourth Lake and the Mount Mark for ma -
tions, as well as the newly iden ti fied St. Mary 
Lake For ma tion. In this strati graphic ar -
range ment, the McLaughlin Ridge For ma -
tion is equiv a lent to all of Mul ler’s Myra For -
ma  t i o n .  T h i s  r e  v i s ed  s t r a t i  g r a p h i c
no men cla ture is pres ently only con sid ered
valid for the Cowichan Lake up lift (Yorath et
al., 1999).

Juras (1987) re in ter preted the stra tig ra -
phy of the Sicker Group spe cif i cally within
the Buttle Lake up lift. He re tained the Sicker
and Buttle Lake group di vi sions; how ever,
new ter mi nol ogy was pro posed for the sub -
di vi sions of the Sicker. Ac cord ing to Juras,
the low er most unit in the Sicker Group in the
Buttle Lake up lift is the Price For ma tion
(which Yorath et al. (1999) cor re late with all
of the Duck Lake For ma tion and the lower
Nitinat For ma tion). Above the Price For ma -
tion is the Myra For ma tion, which cor re -
sponds to the up per Nitinat and lower
McLaughlin Ridge for ma tions (and is there -
fore not equiv a lent to Mul ler’s Myra For ma tion; Yorath et
al., 1999). Juras’ Thelwood and Flower Ridge for ma tions
ap prox i mately cor re late with the up per McLaughlin Ridge
For ma tion of Yorath et al. (1999).

Col lec tively the Sicker Group com prises three suc ces -
sive vol ca nic and volcaniclastic for ma tions that are thought 
to re cord the evo lu tion of an oce anic mag matic arc. The fol -
low ing syn the sis of Sicker Group evo lu tion is sum ma rized
from Massey (1995a). The low er most Duck Lake For ma -
tion con sists of dom i nantly tholeiitic bas alts, which pass
up ward into calcalkaline lavas. The Duck Lake For ma tion
is in ter preted to rep re sent the oce anic crust base ment and
pos si bly the ear li est stage of Sicker arc magmatism. The
Duck Lake is over lain by mafic, sub ma rine, vol ca nic and
volcaniclastic rocks of the Nitinat For ma tion, which are in -
ter preted to rep re sent an early stage of arc de vel op ment.
The andesitic to mainly dacitic and rhyolitic McLaughlin
Ridge For ma tion that over lies the Nitinat and hosts the
Myra Falls de posit re flects a more evolved stage of arc ac -
tiv ity. Erup tion of Nitinat vol ca nic and volcaniclastic rocks
oc curred from sev eral widely scat tered cen tres, whereas
the McLaughlin Ridge For ma tion is thought to rep re sent
erup tion from one or more ma jor vol ca nic ed i fices. One
such mag matic cen tre is lo cated in the Cowichan Lake up -
lift in the Duncan and Saltspring Is land area (Fig. 1), and is
de fined by vo lu mi nous comagmatic fel sic in tru sions
(Saltspring in tru sions). Plant ma te rial and trace fos sils in di -
cate that at least some the McLaughlin Ridge vol ca nism
was subaerial. De po si tion of the Fourth Lake For ma tion of
the Buttle Lake Group on top of the McLaughlin Ridge rep -
re sents the end of Sicker arc magmatism, and scarce mafic
vol ca nic rocks con tained within the Fourth Lake For ma tion 
yield en riched tholeiitic rather than the calcalkaline com po -
si tions that char ac ter ize the McLaughlin Ridge. Massey
(1995a) spec u lated that the Buttle Lake Group may rep re -

sent a mar ginal-ba sin as sem blage that de vel oped on top of
the Sicker arc.

The most re cent study of the Sicker and Buttle Lake
groups was un der taken by Sluggett (2003) as part of a B.Sc. 
the sis at the Uni ver sity of Brit ish Co lum bia (UBC) un der
the au thor’s su per vi sion. The study in cluded de tailed
petrographic and geo chem i cal in ves ti ga tion of the Sicker
Group and, to a lesser ex tent, the Buttle Lake Group on
south ern Saltspring Is land, as well as de tailed U-Pb dat ing
of sev eral key rock units. Al though this study fo cused on a
very small geo graphic area, the re sults un der score the fact
that sub stan tial prob lems re main in our un der stand ing of
the evo lu tion of the Pa leo zoic por tion of south ern
Wrangellia. Ma jor re sults of the work by Sluggett (2003)
and Sluggett and Mortensen (2003) in clude the fol low ing:
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• U-Pb zir con dat ing in di cates that two dis tinct ep i -
sodes of fel sic magmatism are rep re sented in this
por tion of the Cowichan Lake up lift. Fel sic vol ca nic 
rocks of the McLaughlin Ridge For ma tion and most
of the geochemically sim i lar and pre sum ably ge net -
i cally re lated Saltspring in tru sions yield U-Pb ages
in the range 356.5–359.1 Ma. How ever, a some what 
older phase of magmatism is in di cated by a U-Pb
age of 369.7 Ma for a sep a rate body of Saltspring in -
tru sion at Burgoyne Bay on south ern Saltspring Is -
land. The ex tent of this older mag matic ep i sode is
un known; how ever, most pre vi ous U-Pb dat ing
stud ies of fel sic rocks in the Sicker Group (see later
dis cus sion) have pro duced im pre cise ages of
~370 Ma,  sug  ges t  ing  tha t  the  bulk  of  the
McLaughlin Ridge For ma tion re gion ally, in clud ing
the host rocks for the Myra Falls de posit, may cor re -
late with the older mag matic event rec og nized on
Saltspring Is land.

• A mi nor com po nent of in her ited zir con with ages up
to 420 Ma oc curs within the Sicker Group. This is
in con sis tent with the dom i nantly intraoceanic-arc
set ting that has pre vi ously been sug gested for the
Sicker Group. In ad di tion, all of the Saltspring in tru -
sions that were sam pled yield weakly peraluminous
com po si tions and two are gar net bear ing; these ob -
ser va tions are also in con sis tent with an oce anic-arc
set ting.

• De tri tal zir cons re cov ered from a grit unit that con -
tains fel sic vol ca nic lapilli, in the lower por tion of
the Fourth Lake For ma tion, yield con sis tent U-Pb
ages of ~320 Ma. This in di cates that this por tion of
the Fourth Lake For ma tion is at least 40 m.y. youn -
ger than the McLaughlin Ridge For ma tion that it is
in ter preted to di rectly over lie. This sug gests the
pos si bil ity of sub stan tial un con formi ties
within the Sicker Group.

• Mafic sills that in trude the Fourth Lake
For ma tion and form part of the ‘sed i -
ment sill unit’ of Mul ler (1980) yield
Late Tri as sic U-Pb baddeleyite ages and
are thus un re lated to the sed i men tary
rocks  in to  which they have been
emplaced. The mafic sills rep re sent
subvolcanic feed ers to bas alts of the
over ly ing Karmutsen Group (e.g.,
Greene et al., 2005).

VMS MINERALIZATION IN THE
SICKER GROUP

In a re view of po ten tial for VMS min er al -
iza tion in BC, Massey (1999) iden ti fied def i nite
or po ten tial VMS oc cur rences within three of
the four up lifts of Sicker Group on Van cou ver
Is land (Buttle Lake, Cowichan Lake and
Bedingfield; Fig. 1). Most known VMS oc cur -
rences are of the Kuroko type and are hosted by
fel sic vol ca nic or volcaniclastic rocks of the
McLaughlin Ridge For ma tion or equiv a lents.

How ever, ex am ples of manganiferous and/or sulphidic
chert ho ri zons that may be exhalitive in or i gin are also lo -
cally pres ent in the up per Duck Lake For ma tion and the
low er most Fourth Lake For ma tion (e.g., Massey and Fri -
day, 1989). Oc cur rences such as the Mt. Sicker and Lara in
the south east ern and cen tral part of the Cowichan Lake up -
lift (MINFILE oc cur rences 092B 001-003 and -129, re -
spec tively; Fig. 1) con sist of baritic lam i nated base metal
sul phide ac cu mu la tions within fel sic tuffaceous units of the 
McLaughlin Ridge For ma tion, and are clearly syngenetic
in or i gin. De scrip tions of some of the other oc cur rences
taken from BC MINFILE, how ever, sug gest that the iden ti -
fi ca tion of some of these oc cur rences as be ing syngenetic in 
or i gin is some what more equiv o cal, and at least some are
more likely epigenetic oc cur rences as so ci ated with a later
min er al iz ing event in the re gion, pos si bly re lated to the em -
place ment of the Early to Mid dle Ju ras sic Is land in tru sions.
How ever, Massey’s re view serves to high light the in com -
pletely tested VMS po ten tial re main ing within the Sicker
Group. Pre vi ous stud ies by Godwin et al. (1988) and An -
drew and Godwin (1989) in di cate that it is pos si ble to con -
fi dently dis crim i nate be tween syngenetic Pa leo zoic min -
eral oc cur rences and youn ger epigenetic oc cur rences
within the Sicker us ing sul phide Pb iso topes (Fig. 3).

GOALS OF THE NEW PROJECT

A re view of avail able data re gard ing the na ture of the
Sicker Group in the var i ous up lifts on Van cou ver Is land
sug gests that sig nif i cant prob lems ex ist in terms of how in -
di vid ual rock units cor re late from one up lift to an other and
at what ex act strati graphic level known VMS min er al iza -
tion oc curs. Vol ca nic and volcaniclastic as sem blages in an
arc set ting such as the Sicker typ i cally show rapid lat eral
and ver ti cal fa cies changes, and it is there fore dif fi cult to
es tab lish con fi dent cor re la tions be tween widely sep a rated
ex po sures. De tailed cor re la tions within and be tween the
var i ous up lifts must there fore be based largely on pre cise
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age de ter mi na tions. Ex ist ing age con straints for Sicker
rock units, how ever, are gen er ally very poor. Only one of
the nu mer ous pub lished U-Pb age de ter mi na tions from the
Sicker Group, as re ported by Juras (1987), Brandon et al.
(1986) and Parrish and McNicoll (1992), is con sid ered re li -
able (an age of 362 ±2 Ma for a quartz-feld spar por phyry
body on the east side of Mt. Sicker). There are at pres ent no
re li able or pre cise age de ter mi na tions at all from within the
Buttle Lake up lift. Re cent ad vances in U-Pb zir con dat ing
meth ods have made it pos si ble to pro duce much more re li -
able ages for Sicker sam ples (as ev i denced by the four new
ages re ported by Sluggett (2003) for the McLaughlin Ridge 
For ma tion and Saltspring in tru sions on Saltspring Is land),
with the high pre ci sion (±<2 m.y.) that is re quired to re solve 
the tim ing of in di vid ual mag matic events within the Sicker
Group.

The most crit i cal need in un der stand ing the evo lu tion
of the Sicker arc is there fore to es tab lish timelines through -
out the Sicker Group that will al low di rect chro no log i cal
cor re la tions to be made within and be tween var i ous ex po -
sures of these units. Cono dont biochronology may pro vide
ad di tional tem po ral con straints in some parts of the sec tion, 
al though car bon ate units are rare within the Sicker Group.
This tem po ral frame work will con strain fa cies re con struc -
tions of the Sicker arc and its im me di ately un der ly ing base -
ment and, to gether with com plete geo chem i cal and iso to pic 
stud ies from through out each sec tion, will pro vide a ba sis
for in ter pret ing the paleotectonic evo lu tion of the arc. It
will also help con strain the met al lo gen ic evo lu tion of the
Sicker and, in par tic u lar, es tab lish the strati graphic po si tion 
of the Myra Falls de posit and other syngenetic base-metal
oc cur rences in the Sicker (as iden ti fied through Pb iso to pic
anal y ses of sul phide min er als).

WORK COMPLETED AND IN
PROGRESS

A two-week field pro gram was car ried out by the au -
thor in Sep tem ber of 2005. This work was aimed at gain ing
a better re gional un der stand ing of the ge ol ogy of the Sicker
Group, es pe cially in the Cowichan Lake up lift, and also as -
sess ing the ac cess to and ex po sure of the units in this re -
gion. As a re sult of re cent and cur rent log ging ac tiv ity, ac -
cess and ex po sure are much im proved since Massey
(1995a, b, c) did his work in the area. In par tic u lar, sev eral
days were spent ex am in ing the ge ol ogy and min er al iza tion
within the south east ern por tion of the Cowichan Lake up -
lift in the vi cin ity of the Mt. Sicker and Lara de pos its (Fig.
1). Forty-two sam ples were col lected and have been an a -
lyzed for com plete ma jor, trace and rare earth el e ments at
ALS Chemex Ltd. to more com pletely con strain the geo -
chem i cal char ac ter is tics of the main Sicker rock types.
These re sults are cur rently be ing com piled with ex ist ing
lithogeochemical data from the Cowichan Lake up lift from
Massey (1995a, b, c) and Sluggett (2003), and data from the 
Sicker Group in the Buttle Lake up lift from Barrett and
Sherlock (1996). In ad di tion, 15 sam ples were col lected
from through out the Cowichan Lake up lift for U-Pb zir con
dat ing us ing the la ser-ab la tion in duc tively cou pled plasma
– mass spec trom e try (ICP-MS) U-Pb dat ing tech nique that
has re cently been es tab lished at the Pa cific Cen tre for Iso to -
pic and Geo chem i cal Re search lab o ra tory at UBC. This
method makes it pos si ble to gen er ate re li able and pre cise
U-Pb zir con ages much more quickly and at con sid er ably
lower cost than us ing con ven tional ther mal ion iza tion mass 

spec trom e try meth ods. An ad di tional five(+) U-Pb zir con
dat ing sam ples will be col lected later in the fall from the im -
me di ate mine stra tig ra phy at the Myra Falls mine in the
Buttle Lake up lift. These data are crit i cal to es tab lish a
com par a tive chronostratigraphy be tween the Buttle Lake
and Cowichan Lake up lifts.

Ex ist ing Pb iso to pic data from VMS and epigenetic
min eral oc cur rences hosted by the Sicker Group on Van -
cou ver Is land are shown in Fig ure 3, to gether with sev eral
new Pb iso to pic anal y ses of sul phide min er als from
epigenetic vein oc cur rences in the Cameron River area,
south east of Port Alberni, that have been gen er ated dur ing
the pres ent study. Sul phide Pb com po si tions in VMS oc cur -
rences within the McLaughlin Ridge For ma tion form a
well-de fined clus ter that dif fers mark edly from Pb anal y ses 
from epigenetic oc cur rences within the Sicker (Fig. 3).
This dem on strates that Pb iso topes pro vide an ef fec tive tool 
for dis crim i nat ing be tween syngenetic and youn ger min er -
al iza tion in the Sicker. Three anal y ses re ported by Godwin
et al. (1988) from the Deb bie (Min eral Creek) oc cur rence
(MINFILE 092F 079) in the north west ern por tion of the
Cowichan Lake up lift are iden ti fied on the plot. The Deb bie 
oc cur rence is hosted within the Duck Lake For ma tion and
com prises a va ri ety of styles min er al iza tion. Most pre vi ous
and cur rent work has fo cused on Au-bear ing veins and
shear zones; how ever sul phide-bear ing cherty ho ri zons are
also pres ent within the Duck Lake ba salt on the prop erty.
There are no de scrip tions of the three sul phide sam ples that
were an a lyzed for Pb iso topes; how ever, two fall within the
broad ar ray of anal y ses from other epigenetic oc cur rences
in the Sicker, but one gives a Pb iso to pic com po si tion that is 
slightly less ra dio genic than sul phide min er als from
syngenetic oc cur rences hosted by the McLaughlin Ridge
For ma tion. This would be con sis tent with this sam ple be ing 
syngenetic in or i gin with a some what older depositional
age than the other VMS oc cur rences in the Sicker. The age
of the Duck Lake For ma tion is not well con strained at this
point, but it is cer tainly older than the McLaughlin Ridge
For ma tion. Ad di tional sam pling for Pb iso topes is planned
in the Deb bie area to fur ther in ves ti gate the range of styles
of min er al iza tion pres ent and, in par tic u lar, the po ten tial for 
VMS min er al iza tion within the Duck Lake For ma tion.
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