
Preliminary Geology of the Nimpkish Map Area (NTS 092L/07), Northern
Vancouver Island, British Columbia

By G.T. Nixon, M.C. Kelman, D. Stevenson1, L.A. Stokes2, and K.A. Johnston

KEYWORDS: Van cou ver Group, Karmutsen For ma tion,
Quatsino For ma tion, Par son Bay For ma tion, Bo nanza
Group, Bo nanza volcanics, Is land Plutonic Suite, Tri as sic,
Ju ras sic, Van cou ver Is land, Nimpkish, Bo nanza Lake, re -
gional ge ol ogy, stra tig ra phy, struc ture, skarn, min eral oc -
cur rences, min eral po ten tial, min er al iza tion

INTRODUCTION

North ern Van cou ver Is land is richly en dowed in a va ri -
ety of base and pre cious-metal de pos its. For ex am ple, the
Cu-Mo-Au por phyry de posit at the for mer Is land Cop per
mine (1971–1994) pro duced ap prox i mately 345 mil lion
tonnes of ore with av er age head grades of 0.41 wt% Cu,
0.017% Mo, 0.19 g/t Au and 1.4 g/t Ag (Perello et al.,
1995). Other por phyry de pos its are known to ex ist in the re -
gion (e.g., Hushamu [MINFILE oc cur rence 92L 240] and
Red Dog [92L 200]; MINFILE, 2005) and, thanks to a re -
cent surge in metal prices, the po ten tial for bring ing these
and fu ture dis cov er ies into production is currently high.

In or der to im prove un der stand ing of the geo log i cal
set ting of min eral oc cur rences and the ex plo ra tion po ten tial 
of north ern Van cou ver Is land, a re gional map ping pro ject
(1:50 000 scale) was ini ti ated this past sum mer in the
Nimpkish map area (Fig. 1). The pro ject en com passes the
re gion be tween Nimpkish and Bo nanza lakes, and ex tends
north east to Robson Bight and south to the Nimpkish River. 
The area is con tig u ous with re gional map ping at the same
scale com pleted more than a de cade ago in the Quatsino
Sound re gion (dis cussed be low). This pa per pres ents the
pre lim i nary re sults of the 2005 field sea son. Fur ther de tails
on the map ping and geo log i cal set ting of the min eral oc cur -
rences are pre sented by Nixon et al. (in press).

The Nimpkish sheet cov ers an area of more than
1000 km2 with mod er ate to rug ged re lief and heavy for est
cover ex cept for the higher ridges. Ac cess is pro vided by an
ex ten sive sys tem of ac tive and de com mis sioned log ging
roads; how ever, road cov er age is poor in the north east ern
part of the pro ject area. Out crop is gen er ally sparse. Thick
de pos its of gla cial till and outwash typ i cally oc cupy the
main val ley bot toms and form ve neers on val ley slopes.
The best ex po sures are found in roadcuts, along ridge crests 

and form ing bluffs on val ley sides, and where streams have
incised narrow canyons.

PREVIOUS WORK

The ear li est re corded geo log i cal in ves ti ga tions of
north ern Van cou ver Is land were made by G.M. Dawson
dur ing his pi o neer ing voy age (Dawson, 1887). Early min -
eral de posit stud ies were con ducted by Dolmage (1919)
and Gun ning (1930), who car ried out the first sys tem atic
map ping of the Nimpkish area (Gun ning, 1930, 1932,
1938a, b). Hoadley (1953) in cor po rated much of Gun -
ning’s ear lier work in his study of the ge ol ogy and min eral
de pos its of the Zeballos-Nimpkish area. The most com pre -
hen sive re ports deal ing spe cif i cally with the ge ol ogy and
min eral de pos its of north ern Van cou ver Is land are those of
Mul ler et al. (1974), Jeletsky (1976) and Mul ler and
Roddick (1983). More re cently, the re sults of 1:50 000-
scale map ping com bined with geo chron ol ogi cal and
biostratigraphic stud ies in the Quatsino Sound re gion have
been pub lished in a se ries of pre lim i nary re ports by Nixon
and co work ers (Nixon et al., 1993a, b, 1994a, b, 1995a, b;
Fried man and Nixon, 1995; Archibald and Nixon, 1995).
The lithostratigraphic no men cla ture ap plied to the
Nimpkish area (discussed below) draws upon this existing
knowledge base.

TECTONIC SETTING AND REGIONAL
GEOLOGY

The ge ol ogy of Van cou ver Is land is char ac ter ized prin -
ci pally by Up per Pa leo zoic to Lower Me so zoic rocks of the
Wrangell tectonostratigraphic terrane, which ex tends north 
through the Queen Char lotte Is lands into south ern Alaska
(Fig. 1; Wheeler and McFeely, 1991). Wrangellia was
amal gam ated with the Al ex an der Terrane in the Alaska
pan han dle to form the In su lar Superterrane as early as the
Late Car bon if er ous time (Gardner et al., 1988), and was
accreted to in board ter ranes of the Coast and Intermontane
belts as late as the mid-Cre ta ceous (Mon ger et al., 1982) or
as early as the Mid dle Jurassic (van der Heyden, 1991).

At the lat i tude of the pro ject area, Wrangellia is in -
truded to the east by granitoid rocks of the Coast Plutonic
Com plex and fault bounded to the west by the Westcoast
Crys tal line Com plex, part of the base ment to Wrangellia,
and Pa cific Rim Terrane (Wheeler and McFeely, 1991).
The rel a tively low re lief and high heat flow of north ern -
most Van cou ver Is land re flect tectonism as so ci ated with
the de vel op ment of the Queen Char lotte Ba sin, a Ter tiary
transtensional prov ince re lated to oblique con ver gence of
the Pa cific and Juan de Fuca plates with the North Amer i -
can plate (Riddihough and Hyndman, 1991; Lewis et al.,
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1997). This geo log i cal his tory has re sulted in the pres ent
crustal ar chi tec ture: a dom i nant north west-trending struc -
tural grain man i fested by the dis tri bu tion of ma jor strati -
graphic units, faults and granitoid batholiths (Fig. 1). Nu -
mer ous fault-bounded blocks of homoclinal Early
Me so zoic strata gen er ally dip west ward (Mul ler et al.,
1974). The north east erly-trending Brooks Pen in sula fault
zone de lin eates the south ern bound ary of the Ter tiary

extensional re gime in the Queen Char lotte Ba sin. This zone 
of tectonism also co in cides with the south ern limit of Ter -
tiary (Neo gene) dikes and rem nants of ef fu sive vol ca nism
in the re gion (Armstrong et al., 1985; Lewis et al., 1997).
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Fig ure 1. Re gional ge ol ogy of north ern Van cou ver Is land (af ter Massey et al., 2005), show ing the lo ca tion of the Nimpkish map area.



STRATIGRAPHIC NOMENCLATURE
AND AGE RELATIONSHIPS

The strati graphic no men cla ture pro posed for the Alert
Bay – Cape Scott map sheet (NTS 092L) by Mul ler et al.
(1974), as re vised by Mul ler et al. (1981), is shown in Fig -
ure 2. Re vi sions to the Tri as sic–Ju ras sic lithostratigraphic
no men cla ture pro posed in this study, shown in Fig ure 3, are 
based on pre vi ously pub lished and un pub lished geo chron -
ol ogi cal and biostratigraphic data for the Quatsino Sound
area (Nixon et al., 1993a, b, 1994a, b, 1995a, b; Fried man
and Nixon, 1995; Archibald and Nixon, 1995). The age
ranges are based on re cent im prove ments to the geo log i cal
time scale (Palfy et al., 2000; Gradstein et al., 2004). The
pre lim i nary re sults of re cent map ping in the Nimpkish area
ap pear con sis tent with this new time-stratigraphic
framework.

De vo nian to Early Perm ian is land-arc vol ca nic,
volcaniclastic and sed i men tary rocks that form the base -
ment of Wrangellia (Sicker and Buttle Lake groups;
Massey, 1995a, b, c) are not ex posed on north ern most Van -
cou ver Is land. Lithostratigraphic units di ag nos tic of
Wrangellian stra tig ra phy form the Tri as sic tri par tite suc -
ces sion of the Karmutsen, Quatsino and Par son Bay for ma -
tions (Jones et al., 1977), which Mul ler et al. (1974, 1981)
placed in the Van cou ver Group (Fig. 2). The Karmutsen
tholeiitic flood bas alts are cur rently in ter preted to rep re sent 
a thick (~6000 m) oce anic pla teau formed by the ac tiv ity of
a man tle plume (Greene et al., 2006). The over ly ing
Quatsino lime stone rep re sents shal low-wa ter car bon ate de -
po si tion ac com pa ny ing sub si dence dur ing the wan ing
stages of Karmutsen vol ca nism (Carlisle and Suzuki, 1974; 
Mul ler et al., 1974). Sed i men ta tion con tin ued with the de -
po si tion of deeper wa ter, im pure lime stone and siliciclastic
rocks of the Par son Bay For ma tion. The vol ca nic,
volcaniclastic and epiclastic strata of the Bo nanza Group,
and co eval in tru sions of the Is land Plutonic Suite, mark a
re newed phase of is land-arc magmatism and sed i men ta tion 
(Car son, 1973; Mul ler et al., 1974; Woodsworth et al.,
1991; Debari et al., 1999, 2000).

Lithostratigraphic ev i dence for in clud ing the Par son
Bay For ma tion within the Bo nanza Group is based on the
oc cur rence of coarse volcaniclastic de pos its, and rarely
lavas, of ba saltic to rhyolitic com po si tion, in ter ca lated with 
typ i cal Par son Bay rocks. To the west, for ex am ple, in the
ad join ing Al ice Lake map sheet (NTS 092L/06), ba saltic
lapilli tuff de pos its, in ter preted as the prod ucts of
phreatomagmatic erup tions, are found close to the un dis -
turbed con tact with the Quatsino For ma tion and con tain an -
gu lar frag ments of the lime stone. In a mea sured sec tion in
the same area near Kathleen Lake, volcaniclastic de bris
flows and ju ve nile augite, hornblende and plagioclase-
bear ing crys tal tuffs (partly re worked) are con strained by
biostratigraphic ev i dence (cono dont fau nas and bi valves,
in clud ing the Late Tri as sic fauna Monotis subcircularis
Gabb; Nixon et al., 2000) to lie within the up per most Mid -
dle to Up per Norian part of the Par son Bay sec tion.
Hornblende in these de pos its has pro vided an Ar40/Ar39 pla -
teau age of 199.4 ±3.4 Ma (95% con fi dence limit; Nixon et
al., 2000). Ac cord ing to re cent time scales (Fig. 3), this date 
is es sen tially co in ci dent with the Tri as sic–Ju ras sic bound -
ary, and within er ror of the rec om mended age for the
Norian–Rhaetian stage bound ary (Gradstein et al., 2004).
Some pre vi ous work ers have also rec og nized that cer tain
vol ca nic lithostratigraphic units of the Bo nanza Group may 

be Up per Tri as sic (Rhaetian?) in age (e.g., Hecate Cove
For ma tion; Jeletzky, 1976). Thus, re cent biostratigraphic
and geo chron ol ogi cal ev i dence fa vours an Up per Tri as sic
age for the ini ti a tion of vol ca nism in the Bo nanza arc. As
de scribed be low, vol ca nic brec cias and lavas are also ob -
served within typ i cal Par son Bay rocks in the Nimpkish
area. Ac cord ingly, the au thors have pro vi sion ally placed
the en tire Par son Bay For ma tion in the Bo nanza Group
(Fig. 3). Sed i men tary strata of the Harbledown For ma tion,
which are partly cor re la tive with the Bo nanza Group
(Lower Ju ras sic; Carlisle, 1972; Mul ler et al., 1974), have
not been rec og nized as a sep a rate map unit within the
Nimpkish area. Relationships between the Harbledown and 
Parson Bay formations in the Quatsino Sound area are
currently under review.

The youn gest iso to pic ages for the Bo nanza Group
have been ob tained on subaerial rhy o lite lava and ash-flow
tuff se quences ex posed about 20 km west of the for mer Is -
land Cop per mine (de scribed in Nixon et al., 1994a). These
rocks have yielded U-Pb zir con dates of ca. 169 Ma or Mid -
dle Ju ras sic (mid-Bajocian; dates re vised since orig i nally
re ported by Fried man and Nixon, 1995). Cur rently, the old -
est U-Pb zir con dates are 199–202 Ma (R.M. Fried man and
G.T. Nixon, un pub lished data, 1992-1996) from rhyolitic
lavas on the west coast near Le Mare Lake (Nixon et al.,
1993a) and south of Win ter Har bour near Nose Peak
(Nixon et al., 1995a). Ac cord ing to the time scale shown in
Fig ure 3, these dates strad dle the Tri as sic–Ju ras sic bound -
ary. From pre vi ous work in the Quatsino Sound re gion, the
au thors con sider it prob a ble that the ear li est ju ve nile vol ca -
nic com po nents of the Bo nanza arc may date back at least to 
the Early Norian, and that ear lier (Carnian) fine-grained
siliciclastic de pos its in the Par son Bay Formation may have 
a distal arc-derived component.

Age re la tion ships be tween the Bo nanza Group and the
Is land Plutonic Suite were re cently eval u ated by Archibald
and Nixon (1995) and DeBari et al. (1999, 2000), who con -
c luded that  the  avail  able  geo chron ol  ogi  cal  and
biostratigraphic data fa vour a comagmatic re la tion ship.
Pre vi ous dat ing stud ies of U-Pb zir con and Ar40/Ar39 min -
eral sep a rates (mainly hornblende and bi o tite) in granitoid
rocks on north ern Van cou ver Is land in di cate crys tal li za tion 
ages of 197–167 Ma for the Is land Plutonic Suite (Fried -
man and Nixon, 1995; Archibald and Nixon, 1995 and un -
pub lished data 1992-1996). Thus, the old est granitoid
rocks are ear li est Ju ras sic in age and lie within ca. 5 Ma of
the old est iso to pic dates (lat est Triassic) on volcanic rocks
of the Bonanza Group.

STRATIFIED ROCKS

The main lithostratigraphic units in the Nimpkish map
area be long to the Up per Tri as sic Karmutsen and Quatsino
for ma tions of the Van cou ver Group and Par son Bay For ma -
tion of the Up per Tri as sic–Mid dle Ju ras sic Bo nanza Group
(Fig. 3 and 4). The youn gest map units are vol ca nic and mi -
nor in ter ca lated sed i men tary rocks ex posed in the core of a
broad, north erly-trending syncline be tween Nimpkish and
Bo nanza lakes (Fig. 4). The lat ter rocks are ten ta tively as -
signed to the in for mally named, sub ma rine to subaerial
‘Bo nanza volcanics’ of the Bo nanza Group (Mul ler et al.,
1974, 1981). Youn ger, Up per Ju ras sic (?) to Cre ta ceous
strata and Ter tiary rocks of the Alert Bay vol ca nic belt that
are ex posed fur ther north appear to be absent in the
Nimpkish area.
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Vancouver Group

Only the Up per Tri as sic Karmutsen and Quatsino for -
ma tions of the Van cou ver Group are ex posed in the
Nimpkish area.

KARMUTSEN FORMATION

The old est rocks ex posed in the area be long to the
Karmutsen For ma tion, which un der lies the north east ern
half of the map sheet and the west ern shore of Nimpkish
Lake. The Karmutsen bas alts typ i cally form ter rain rang ing 
from knobby hills to rug ged moun tains. The three ma jor

sub di vi sions de scribed to the south east in the Bute In let –
Schoen Lake area com prise a lower pil low lava se quence
over lain by pil low brec cia and ‘aquagene’ tuff and brec cia,
in turn over lain by subaerial flows (Carlisle, 1972; Fig. 2).
These sub di vi sions have not been de lin eated in the
Nimpkish area due to lim ited ac cess and dis rup tion by
faults. Lay ered flow se quences be long ing to the youn gest
Karmutsen sub di vi sion pre dom i nate, ex cept in the ex treme
south west ern cor ner of the map area and pos si bly in the
poorly accessible northeastern sector toward Robson
Bight.
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Fig ure 2. Strati graphic no men cla ture for north ern Van cou ver Is land used by Mul ler et al. (1974, 1981).



Typ i cal Karmutsen bas alts are dark grey-green to al -
most black, apha ni tic to plagioclase phyric and lo cally
amyg da loid al. At least two va ri et ies of plagioclase-phyric
flows can be rec og nized: lavas that carry subequant to pris -
matic plagioclase pheno crysts that are gen er ally 1–5 mm in
length and 5–15% by vol ume; and megacrystic va ri et ies
con tain ing blocky to lath-shaped plagioclase crys tals 1–2
cm in length and up to 50% by vol ume (Fig. 5). The
plagioclase-rich megacrystic flows gen er ally weather me -
dium to pale grey and lo cally ex hibit strong trachytoid tex -

tures. They are con fined to the up per most part of the
Karmutsen For ma tion and there fore serve as use ful strati -
graphic mark ers where intra-Karmutsen lime stone or the
Quatsino Formation is missing (Fig. 4).

The con tacts be tween in di vid ual flows are typ i cally
sharp and unbrecciated, and there is no ev i dence for sig nif i -
cant ero sion or paleosol for ma tion. Pri mary co lum nar
joint ing has not been ob served. Cer tain lavas ex hibit a pro -
nounced flow fo li a tion de fined by a zone of stretched and
flat tened amygdules, or by centi metre-scale lay er ing (1–
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20 cm thick) of amyg dule-rich and amygdule-
free lava (Fig. 6).

Lo cally, sig nif i cant vol umes of vol ca nic
brec cia, pos si bly wa ter-laid, con tain ma trix-
sup ported clasts (1–10 cm across) of the ad ja -
cent lava in a very fine grained, grey-green,
comminuted ma trix. Where pil lows oc cur, the 
interpillow ma te rial is dark grey to al most
black, fine grained and com monly si lici fied,
and coarse pil low fragments are very rare.

Rel a tively thick se quences of Karmutsen
pil low ba salt are ex posed west of Hustan Lake 
and the south ern tip of Nimpkish Lake in the
south west ern cor ner of the map area. The pil -
lows com prise slightly flat tened el lip soids av -
er ag ing 0.5–1 m across (Fig. 7). Pil low-frag -
ment brec cia de pos its oc cur lo cally but
con sti tute only a small frac tion of the to tal
vol ume. The brec cia com prises pil low frag -
ments up to 0.4 m across in a finer grained
hyaloclastite ma trix. Rarely, these pil low
lavas and brec cia units en close well-bed ded,
thin (3 m or less) sed i men tary ho ri zons con -
sist ing of black (fresh) to or ange (weath ered),
th ickly lam i  na ted  to  me dium-bed ded
mudstone, shale and, rarely, fine sand stone, all of which
can be cal car e ous and con tain thin lime stone interbeds.
Sim i lar sed i men tary rocks were de scribed by Carlisle and
Suzuki (1974) in ter ca lated within the up per part of the
Karmutsen suc ces sion. How ever, the most com mon sed i -
men tary units en coun tered near the top of the flow se -
quence are con cen trated along the west shore of Nimpkish
Lake. Here, small pods of pale to me dium grey, mas sive to
thinly bed ded, micritic intra-Karmutsen lime stone up to
4 m thick mark a transition to the overlying Quatsino
Formation (Fig. 4).

In thin sec tion, pheno crysts of calcic plagioclase in
Karmutsen ba salt are partly re placed by seri cite, epidote
and clay min er als, and fine-grained chlorite – opaque min -
eral prod ucts gen er ally re place for mer glass
in clu sions. Clinopyroxene forms ei ther inter -
gra nu lar subhedral crys tals or anhedral
subophitic–ophitic grains, rarely up to 2 mm in 
length, en clos ing plagioclase laths in the
groundmass. Cer tain flows are dis tinctly en -
riched in clinopyroxene and, in some cases,
ba salt with coarsely ophitic tex tures may rep -
re sent high-level sills. Euhedral to gran u lar
Fe-Ti ox ides are a com mon pri mary ac ces sory
phase and ac count for the strongly mag netic
char ac ter of many lavas. Amyg da loid al zones
tend to be con cen trated close to flow tops and
near the chilled margins of pillows.

The ef fects of low-grade meta mor phism,
rang ing from ze o lite to prehnite-pumpellyite
fa cies, are well doc u mented in the Karmutsen
For ma tion (e.g., Surdam, 1973; Green wood et
al., 1991). Nu mer ous veins and amygdules are 
com monly filled with quartz, po tas sium feld -
spar, epidote, chlorite, car bon ate, clay min er -
als and zeolites. Interpillow ma te rial may be
al most to tally re placed by one or more of these 
min er als, and pil low-frag ment brec cias lo -
cally con tain re place ment pods of coarse cal -
cite crys tals (up to 2 cm). Veins and dif fuse

zones of sec ond ary sil i cate-car bon ate may con tain finely
crys tal line py rite, which may form lay ers up to 1 mm thick
within rare interbedded sed i men tary rocks. Some joints and 
frac tures are coated with acicular actinolite, which may re -
flect lo cal ized greenschist-fa cies con di tions due to el e -
vated tem per a tures of hy dro ther mal flu ids in flu enced by
granitoid em place ment. Strong al ter ation of Karmutsen ba -
salt to epidote-am phi bo lite as sem blages is usu ally found
close to in tru sive con tacts with the Island Plutonic Suite, as
documented elsewhere (Kuniyoshi and Liou, 1976).

QUATSINO FORMATION

The Quatsino For ma tion is well ex posed east and south 
of Nimpkish Lake, where it is in truded by granitoid rocks of 
the Is land Plutonic Suite, and in the higher ground bor der -
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Fig ure 5. Pris matic and subequant plagioclase megacrysts in a Karmutsen For ma -
tion flow, Kinman Creek (lo cal ity 05GNX-6-8-1); pen cil mag net is 12 cm in length.

Fig ure 6. Amyg da loid al lay er ing in Karmutsen For ma tion ba salt flow just be low the
base of the Quatsino For ma tion lime stone, north east ern shore of Nimpkish Lake
(lo cal ity 05MEL-1-7-1).



ing Bo nanza Lake, where it forms high cliffs.
Around Bo nanza Lake, Quatsino lime stone
reaches a thick ness of about 350 m, com pa ra -
ble to that es ti mated by Mul ler and Rahmani
(1970) in the Bea ver Cove sec tion (~320 m)
near the north ern edge of the map area (Fig. 4). 
This unit is much thicker to the west in the vi -
cin ity of Al ice Lake (~750 m) but thins dra -
mat i cally far ther west on the coast around
Klaskino In let (approx. 30–40 m; Mul ler et
al., 1974; Nixon et al., 1993a).

The Karmutsen-Quatsino con tact is ex -
posed in roadcuts just north of Bo nanza Lake
near kilometre 18 on the main log ging road.
Here, mas sive grey lime stone rests di rectly on
dark grey-green, apha ni tic to sparsely
plagioclase-phyric, amyg da loid al ba salt. The
con tact is sharp and ap pears con form able, but
likely rep re sents a nondepositional un con -
formity (paraconformity). A 1 m thick zone of
epidote al ter ation is co in ci dent with the con -
tact. Lo cal lenses and pods of intra-Karmutsen 
lime stone, lithologically sim i lar to the
Quatsino, are found within flow se quences
just be low the basal con tact and mark a tran si -
tion to shallow-marine conditions.

The lower part of the Quatsino For ma tion is typ i cally a
dark to me dium grey, pre dom i nantly mas sive, fetid micritic 
lime stone that weath ers pale grey to white where
recrystallized to mar ble. Sty lo lites are ex tremely com mon
and, in many cases, are the only struc ture pres ent.
Ammonites have been col lected at sev eral lo cal i ties but are
too poorly pre served to be identified.

The up per most part of the Quatsino For ma tion is gen -
er ally com posed of thinly lam i nated to me dium or thickly
bed ded micrite to (rarely) calcarenite se quences that lo cally 
con tain laminae en riched in bioclastic de bris. Nor mally
graded beds are ob served lo cally and at test to de po si tion by
the ac tion of tur bid ity cur rents. Trans ported shell frag -
ments, largely gas tro pods up to 1 cm across and thin-
shelled pelecypods up to sev eral centi metres across (pre -
dom i nantly Halobia sp.), oc cur in both the more mas sive
and the well-bed ded ho ri zons but are more com mon near
the top of the unit. Lo cally, dark grey to black chert con cre -
tions are pres ent and some sequences exhibit pervasive
silicification.

The Quatsino For ma tion in the Nimpkish area has un -
der gone ex ten sive re con sti tu tion to a pre dom i nantly white
and pale grey mar ble and, lo cally, dark grey and green va ri -
et ies, due to the ac tion of hy dro ther mal flu ids ap par ently
driven by heat from the granitoid bod ies. In the vi cin ity of
in tru sive con tacts, a dark grey and white lay er ing,
subparallel to bed ding in some cases, is con spic u ous in ar -
eas of skarn de vel op ment (dis cussed be low). Finely dis -
sem i nated sul phide min er als and thin (<1 mm) string ers of
pyrite are also found in these zones.

Bonanza Group

Lithostratigraphic units of the Bo nanza Group in the
Nimpkish area, as de fined ear lier in this re port, in clude the
Up per Tri as sic Par son Bay For ma tion and the in for mally
named Up per Tri as sic to Mid dle Ju ras sic ‘Bo nanza
volcanics’. As de scribed be low, vol ca nic rocks oc cur as
both in di vid ual beds and mappable units within the mixed

car bon ate-siliciclastic Par son Bay sed i men tary se quences.
It is clear from the tex tures and min er al ogy of the vol ca nic
con stit u ents that most, if not all, of these de pos its rep re sent
the prod ucts of re newed vol ca nic ac tiv ity and there fore re -
cord the en croach ment and initial phases of Bonanza arc
volcanism.

PARSON BAY FORMATION

The Par son Bay For ma tion is ex posed in the core of a
north erly-trending syncline in the high ground be tween
Nimpkish and Bo nanza lakes, and at the south end of
Nimpkish Lake in a re gion of low to mod er ate re lief. The
thick ness of this unit is dif fi cult to es ti mate due to poor ex -
po sure com bined with lo cal ized in ter nal struc tural dis rup -
tion and a pleth ora of hypa bys sal dikes and sills that in vade
these rocks. In the Al ice Lake area to the west, Mul ler et al.
(1974) es ti mated a true strati graphic thick ness of about
600 m, whereas only the basal 50 m of Par son Bay strata are
re corded in their Beaver Cove section (Fig. 4).

QUATSINO – PAR SON BAY TRAN SI TION

The con tact with the un der ly ing Quatsino For ma tion
lime stone is con form able and sharply gradational to tran si -
tional over widths of 0.5–5 m. This thinly bed ded in ter val is 
gen er ally marked by in ter ca la tions of pale grey–weath er -
ing Quatsino lime stone and dark grey, im pure (si li ceous to
sandy) lime stone, cal car e ous mudstone and siltstone, and
mi nor, lo cally fossiliferous (Halobia sp.) black shale.

The age of the Par son Bay – Quatsino con tact in the
Nimpkish area has been es tab lished from col lec tions of
cono dont fauna iden ti fied by M.J. Or chard, Geo log i cal
Sur vey of Can ada. Sam ple lo ca tions are plot ted in Fig ure 4
where their age as sign ments are in di cated. Most of the sam -
ples were col lected in the north west ern part of the map area
on both flanks of the ma jor syncline. Micritic and im pure
lime stone beds from the up per most Quatsino and low er -
most Par son Bay for ma tions, in clud ing strata at sev eral lo -
cal i ties within 3–20 m of the con tact, yield Late Carnian
cono dont fau nas. A sin gle site in the north east, where Par -
son Bay rocks are tightly folded and faulted, has pro duced
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Fig ure 7. Karmutsen For ma tion pil low lavas with interpillow quartz, west of Hustan
Lake in the south west ern cor ner of the map area (lo cal ity 05GNX-20-3-1); ham mer 
is 35 cm in length.



an Early Norian fauna. Thus, the Quatsino – Par son Bay
tran si tion in the Nimpkish area may con fi dently be placed
within the Late Carnian, pos si bly close to the Carnian–
Norian bound ary. This con tact is re gion ally diachronous
be cause, to the west in the Al ice-Kathleen lakes area, it is
strad dled by late Early Norian cono dont fau nas (Nixon et
al., 2000), and on the west coast is re stricted once more to
the Carnian, ac cord ing to ammonite col lec tions sum ma -
rized by Mul ler et al. (1974).

SED I MEN TARY STRATA

Typ i cal Par son Bay sed i men tary rocks in clude grey to
black, thinly lam i nated to thickly bed ded, im pure micritic
lime stone, mudstone, siltstone, shale, and grey-brown to
pale buff, fine to coarse-grained feldspathic sand stone. Lo -
cally, thin (<5 cm), ochre to pale grey–weath er ing clay-rich 
beds may re flect lay ers rich in tuffaceous (vitric?) ma te rial.
Clastic beds are com monly cal car e ous and shale beds may
be dis tinctly car bo na ceous; graph ite com monly oc curs
where the lat ter rocks are cut by faults. Bed ding is pre dom i -
nantly pla nar, and rare wavy lami na tions in lime stone pos -
si bly rep re sent the ves tiges of al gal mats. Cer tain beds are
strongly si lici fied and py ritic, or im preg nated by finely dis -
sem i nated he ma tite, and finely dis sem i nated diagenetic py -
r i t e  i s  w i d e  s p r e a d .  L o  c a l  i z e d  b l e a c h  i n g  a n d
recrystallization of im pure lime stone to mar ble occurs near
intrusive contacts with the Island Plutonic Suite.

In the lower part of the Par son Bay For ma tion, thin-
shelled pelecypods, ten ta tively iden ti fied as Halobia sp.
(Carnian to Mid dle Norian), are com monly found in the
fine-grained siliciclastic beds and are es pe cially abun dant
in cer tain shaly ho ri zons. Higher in the stra tig ra phy, bi -
valves, ten ta tively iden ti fied as Monotis sp. (Late Norian),
are lo cally abun dant in black fis sile shale. Most of these
strata prob a bly rep re sent a low-en ergy, shal low-ma rine en -
vi ron ment, al though mudstone at one lo cal ity ex hib its des -
ic ca tion cracks, which is indicative of intertidal conditions.

Volcanogenic rocks, in clud ing feldspathic wacke,
brec cia and rare con glom er atic beds, are a dis tinc tive
though sub or di nate com po nent of the Par son Bay suc ces -
sion in the Nimpkish area (Fig. 4). These de pos its are in ter -
ca lated with typ i cal, and lo cally fossiliferous, Par son Bay
strata, and were ob vi ously de pos ited in the same shallow-
marine environment.

VOL CA NIC ROCKS

A va ri ety of bed ded volcaniclastic de pos its, in clud ing
vol ca nic wacke and lithologically di verse brec cia and mi -
nor lavas, is found at widely dis persed lo cal i ties within the
Par son Bay For ma tion. Some are mappable units of vol ca -
nic brec cia, lava and interbedded sed i men tary strata; oth ers 
form more lo cal ized de pos its at the scale of a bed, or thin se -
quence of beds, within the strati graphic succession (Fig. 4).

Two north west erly-trending vol ca nic se quences oc cur
near the south ern end of Nimpkish Lake and ap pear to sit
con form ably within the Par son Bay suc ces sion. The west -
ern se quence con tains thickly bed ded vol ca nic brec cia, me -
dium-bed ded feldspathic wacke, lam i nated siltstone and
mas sive lavas. The dark grey-green brec cia con tains poorly 
sorted, an gu lar to subangular andesitic clasts (<1.5 cm) in a
fine-grained plagioclase-bear ing ma trix. The clasts show
sim i lar tex tures: plagioclase microlites are set in a clay-
seri cite-al tered and devitrified vol ca nic glass. Their ma -
trix-sup ported char ac ter and pre ferred ori en ta tion sug gests
de po si tion by turbidites. The as so ci ated lavas are finely

amyg da loid al, plagioclase-phyric an de site. Euhedral to
subhedral plagioclase pheno crysts and glomerocrysts
(<4 mm across and up to 15 vol%) are set in a devitrified
and clay-seri cite-al tered glassy groundmass con tain ing
microlitic plagioclase. Ir reg u lar amygdules are lined with
quartz and infilled with chlorite. Thin beds of wa ter-laid
vol ca nic brec cia along strike to the north west (Fig. 4) con -
tain two ba saltic clast types: an gu lar to subangular lithic
clasts with large (<5 mm) euhedral–subhedral plagioclase
pheno crysts, and clasts en clos ing euhedral clinopyroxene
(<2 mm) that shows pro nounced nor mal zon ing. These de -
pos its are also associated with feldspar-bearing and lithic-
rich volcanic wacke.

The east ern vol ca nic se quence is partly fault bounded,
and its ex act strati graphic po si tion is un cer tain. Al though
placed in the Par son Bay For ma tion, it may lo cally rep re -
sent the base of the ‘Bo nanza volcanics’. The dom i nant
rock types are vari ably re worked, dusky red to dark grey-
green vol ca nic wacke and brec cia. Two end-mem ber types
of mono lithic brec cia have been iden ti fied, both con tain ing
an gu lar to subrounded vol ca nic clasts typ i cally less than
1 cm across. Fel sic vol ca nic brec cia con tains frag ments
with euhedral to subhedral pheno crysts (<3 mm) of
plagioclase, mi nor euhedral mafic microphenocrysts
(<0.5 mm) pseudomorphed by chlorite, and trace amounts
of resorbed to subhedral quartz set in a devitrified glassy
groundmass free of plagioclase microlites. Their mafic
coun ter parts have clasts that are gen er ally crowded with
plagioclase microlites en closed in a nearly opaque, ox ide-
charged groundmass. In one sam ple, these clasts con tain
subhedral pheno crysts of clinopyroxene with few feld spar
microlites. The vol ca nic wacke is coarse to me dium
grained, thickly bed ded to lam i nated, en riched in lithic
frag ments and plagioclase, and con tains de tri tus of mixed
par ent age. Well-bed ded se quences may be nor mally
graded and lo cally con tain worm bur rows. Mi nor in ter ca -
lated sedimentary strata include calcareous mudstone,
siltstone and limestone.

Small out crops of mafic vol ca nic brec cia oc cur close
to the con tact with Quatsino lime stone be tween Hustan and
Nimpkish lakes (Fig. 4). An gu lar to subrounded, lapilli-
size ba saltic clasts are en closed in a poorly sorted, mas sive
de posit. The clasts are weakly amyg da loid al and sparsely
feld spar por phy ritic. Plagioclase microlites in the
groundmass are set in an al tered and recrystallized vol ca nic 
glass stud ded with gran u lar sec ond ary sphene. The fine-
grained clastic ma trix is ce mented and partly re placed by
car bon ate, po tas sium feld spar, quartz, epidote, mi nor
prehnite and opaque ox ides. The clasts may rep re sent for -
merly palagonitized hyaloclastite ma te rial re de pos ited in
the shallow-marine environment.

West of Bo nanza Lake, vir tu ally mono lithic vol ca nic
brec cia con tains clasts of strongly amyg da loid al ba salt with 
euhedral and sec tor-zoned clinopyroxene pheno crysts
(<1 mm) and glomerocrysts (<2 mm) set in a devitrified
glass rich in flow-aligned plagioclase microlites. The
clastic ma trix con tains sim i lar ba saltic ma te rial, opaque ox -
ides, trace subhedral hornblende and devitrified glass
shards. Clinopyroxene pheno crysts are lo cally intergrown
with a mafic min eral (ol iv ine?) pseudomorphed by opaque
ox ide, car bon ate, and cryptocrystalline ser pen tine-
actinolite (?). These mas sive beds are over lain by thin to
me dium-bed ded py ritic siltstone and lithic-crystal
tuffaceous wacke.
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Thin volcaniclast ic se quences are
interbedded with typ i cal Par son Bay rocks on
the west ern flank of the north erly-trending
syncline east of Nimpkish Lake, and lie
stratigraphically be low the base of the cen tral
out lier of ‘Bo nanza volcanics’ (Fig. 4). Dark
grey-green, bed ded vol ca nic brec cia and buff-
weath er ing feldspathic-lithic wacke are in ter -
ca lated with dark grey cal car e ous mudstone
and siltstone. Lo cally, dewatering struc tures
are well de vel oped in the sand stone and
mudstone (Fig. 8). The vol ca nic brec cia con -
tains an gu lar to subrounded ba saltic clasts
min er al og i cally and tex tur ally sim i lar to those
ob served in the over ly ing ‘Bo nanza volcanics’ 
(de scribed be low). The tran si tion from ma rine 
sed  i  men  t ary  s t r a t a  to  p re  dom i  nan t ly
volcaniclastic de pos its, which de fines the
base of the ‘Bonanza volcanics’ at this
locality, appears conformable.

‘BONANZA VOLCANICS’

In the Nimpkish area, the ‘Bo nanza
volcanics’ con form ably over lie shal low-ma -
rine sed i men tary strata of the Par son Bay For -
ma tion. The base of this map unit is taken as
that point in the strati graphic col umn at which
vol ca nic rocks, ei ther clastic or lavas, be come dom i nant.
Due to the rap idly chang ing na ture of vol ca nic en vi ron -
ments, par tic u larly those strad dling the land-wa ter in ter -
face, lat eral fa cies vari a tions are ex pected to be di verse and
abrupt. Thus, the base of this pre dom i nantly vol ca nic suc -
ces sion is an tic i pated to be diachronous and likely to be de -
fined by dif fer ent vol ca nic rocks in dif fer ent ar eas. Fur ther -
more, where sed i men tary and vol ca nic rocks are
interbedded and ex po sure is lim ited, as in the study area,
this con tact may be dif fi cult to de fine pre cisely. This prob -
lem is fur ther com pounded by the su per abun dance of
subvolcanic dikes and sills that intrude the Parson Bay
succession.

The ae rial ex tent of ‘Bo nanza volcanics’ in the
Nimpkish map sheet has been sig nif i cantly re duced in com -
par i son to ear lier map ping (Mul ler et al., 1974; Mul ler and
Roddick, 1983). This ap pears to be a di rect con se quence of
adopt ing the above def i ni tion for the ‘Bo nanza volcanics’,
since Mul ler et al. (1974) placed the base of this unit where
they en coun tered the first oc cur rence of vol ca nic brec cia or
lava in the strati graphic suc ces sion. Since only the low er -
most part of the ‘Bo nanza volcanics’ ap pears to be pre -
served, their thick ness in the Nimpkish area can not be
mean ing fully es ti mated. How ever, based on a mea sured
sec tion near Cape Parkins at the en trance to Quatsino
Sound, the av er age thick ness of the vol ca nic suc ces sion is
es ti mated to be 2600 m (Mul ler et al., 1974).

The ‘Bo nanza volcanics’ in the study area are pre -
served in the north ern and cen tral sec tors of the north erly-
trending syncline be tween Nimpkish and Bo nanza lakes
(Fig. 4). Sim i lar vol ca nic rocks ex posed far ther south in a
struc tur ally com plex area near the west ern mar gin of the
Nimpkish Batholith have ten ta tively been as signed to the
Par son Bay For ma tion (dis cussed above). Lava flows pre -
dom i nate in the north and vol ca nic brec cia units in the
south; in ter ca lated sed i men tary strata are a minor
component of both packages.

The north ern out lier of ‘Bo nanza volcanics’ is com -
posed of pale grey to buff-weath er ing, mas sive, apha ni tic
to por phy ritic ba saltic lavas and mi nor fine-grained sed i -
men tary rocks. The bas alts are dark green-grey to red dish
grey or ma roon lavas that gen er ally carry pheno crysts of
pyroxene and rarely plagioclase, and com monly ex hibit
amyg da loid al tex tures. In thin sec tion, subhedral pheno -
crysts (<1 mm) and monomineralic inter growths (<4 mm)
of clinopyroxene are set in a fine-grained groundmass of
plagioclase, gran u lar pyroxene and opaque ox ides par tially 
al tered to clay and seri cite. Some lavas con tain mafic
pheno crysts (ol iv ine or orthopyroxene) com pletely
pseudomorphed by microcrystalline ox ides, chlorite and
ser pen tine (?). Amygdules are com monly filled with
chlorite, epidote, quartz, carbonate and zeolite.

The as so ci ated sed i men tary rocks are dark grey to
black fis sile shale and thinly lam i nated to me dium-bed ded
mudstone with poorly pre served bi valve frag ments. Mul ti -
ple thin ba saltic dikes (<2 m in width) in trude the sed i men -
tary strata but com monly can not be seen to cut the over ly -
ing ba salt. At one lo cal ity, the dense, bul bous base of the
over ly ing lava clearly transects un der ly ing shale with out
sig nif i cant de for ma tion. Rare in ter nal flow struc tures have
been ob served, but no de fin i tive flow con tacts with sur -
round ing sed i men tary strata were found. The tex tures are
clearly in dic a tive of high-level em place ment, and these
rocks may rep re sent the roots of a small vol ca nic com plex
that pre serves both in tru sive and ex tru sive fa cies. The au -
thors have there fore ten ta tively in cluded this complex as a
stratigraphic component of the ‘Bonanza volcanics’.

The cen tral out lier of ‘Bo nanza volcanics’ is com posed 
of ba saltic vol ca nic brec cia and interbedded ma rine sed i -
men tary rocks. The brec cia is yel low ish to pur plish brown
or very pale grey weath er ing and dark grey-green on fresh
sur faces. An gu lar to subrounded lapilli-size clasts in the
mas sive to crudely bed ded coarser brec cia may reach 8 cm
across; an gu lar blocks up to 1 m in length are rarely ob -
served. Max i mum clast size in the finer grained de pos its
rarely ex ceeds ~1 cm and grades down into sub-milli metre-
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Fig ure 8. Well-de vel oped load casts with ball and flame struc tures in cal car e ous
mudstone – feldspathic lithic wacke se quence near top of Par son Bay For ma tion
and just be low the ‘Bo nanza volcanics’ unit, cen tral part of core of ma jor syncline
(lo cal ity 05MEL-22-21-1); ham mer is 35 cm in length.



size frag ments. The brec cia ranges from frame work to ma -
trix-sup ported types and is mono lithic to weakly
heterolithic with sparse, an gu lar to subangular frag ments
of mudstone, wacke and lime stone. The finely comminuted 
ma trix is com monly ce mented by car bon ate and prehnite,
and lo cally si lici fied. Most out crops of coarse vol ca nic
brec cia show lit tle sort ing or bed ding. How ever, thin in ter -
vals of finer grained, vari ably sorted vol ca nic brec cia are
gen er ally well bed ded, and lo cally ex hibit trough-shaped
bed ding (Fig. 9). In ter ca lated with the vol ca nic brec cia are
pale grey to buff-weath er ing, dark grey to black, thinly
lam i nated to me dium-bed ded mudstone, shale and lime -
stone, and sub or di nate feld spar-lithic sand stone. Some
clastic beds are calcareous or silicified, and locally yield
poorly preserved fossils.

In thin sec tion, ba saltic clasts in the brec cia com monly
show amyg da loid al tex tures with car bon ate and prehnite
in fill ings, and con tain abun dant flow-aligned plagioclase
microlites (<0.5 mm) and sparse clinopyroxene set in a
groundmass of finely crys tal line plagioclase, opaque ox -
ides and grey-brown, clay-car bon ate-al tered devitrified
glass. The interbedded sand stone is mod er ately to poorly
sorted vol ca nic wacke rich in euhedral to anhedral and bro -
ken plagioclase and small (<2 mm) ba saltic clasts min er al -
og i cally sim i lar to their host volcanic breccia.

Al though the car bon ate and siliciclastic beds in ter ca -
lated with the vol ca nic brec cia are lithologically sim i lar to
the Par son Bay strata, these rocks have been pro vi sion ally
placed within the ‘Bo nanza volcanics’. This as sign ment
was in flu enced by the pre dom i nance of vol ca nic rocks and,
though by no means de fin i tive, the lack of cono dont fauna
in a sin gle sam ple of interbedded limestone (Fig. 4).

The tex tural fea tures of ba saltic clasts in the brec cia,
spe cif i cally their amyg da loid al char ac ter, for mer glassy
groundmass and hyalopilit ic fab ric dis played by
plagioclase microlites, in di cate that they formed by frag -
men ta tion of lavas flows and were de pos ited in a near-vent
en vi ron ment. Cer tain ma trix-sup ported de pos its were
clearly emplaced by mass flowage. The clast-sup ported
brec cia is more dif fi cult to in ter pret, but pos si ble em place -
ment mech a nisms in clude de po si tion by nor mal epiclastic
pro cesses and explosive hydromagmatic activity.

INTRUSIVE ROCKS

All the ma jor in tru sions in the Nimpkish area be long to 
the Is land Plutonic Suite; the vast ma jor ity of the mi nor in -
tru sive bod ies in the Nimpkish area are apophyses of these
granitoid rocks or high-level ba saltic to rhyolitic dikes and
sills re lated to Bo nanza volcanism.

Island Plutonic Suite

Granitoid in tru sions of the Is land Plutonic Suite un der -
lie sig nif i cant tracts of ter rain in the south ern half of the
map area and form the north ern ter mi na tion of the north -
west erly-trending Nimpkish batholith and its sat el lite
plutons (Car son, 1973; Mul ler et al., 1974). Con ven tional
K-Ar dates on hornblende and bi o tite from granitoid rocks
in the Nimpkish map sheet have yielded iso to pic ages of  ca.
147–173 Ma (Wanless et al . ,  1967,  1968,  1974;
Breitsprecher and Mortensen, 2004). How ever, the re li abil -
ity of these older K-Ar dates and their sig nif i cance in terms
of con strain ing the age of crys tal li za tion have been ques -
tioned (Archibald and Nixon, 1995; DeBari et al., 1999,

2000). A more re cent U-Pb zir con date of 168.6 ±5.6 Ma
(95% con fi dence level) was re ported by DeBari et al.
(1999) for a sam ple of hornblende-bi o tite quartz diorite
from the Nimpkish Batholith col lected in a roadcut on
High way 19 ap prox i mately 5 km be yond the south east ern
cor ner of the Nimpkish map sheet. This date is com pa ra ble
to U-Pb and Ar40/Ar39 dates on zir con and hornblende, re -
spec tively, which have been ob tained for some of the youn -
gest mem bers of the Is land Plutonic Suite on north ern Van -
cou ver Island (Friedman and Nixon, 1995; Archibald and
Nixon, 1995).

In the Nimpkish area, in tru sions of the Is land Plutonic
Suite are buff to pale grey or grey-green-weath er ing, me -
dium to coarse-grained, het er o ge neous granitoid bod ies
with equigranular to inequigranular or weakly por phy ritic
tex tures. Ac cord ing to the IUGS modal clas si fi ca tion
(LeMaitre, 1989), the prin ci pal rock types (es ti mated vi su -
ally) are hornblende and bi o tite-bear ing granodiorite and
tonalite, with mi nor quartz diorite, diorite, gran ite and
quartz-feld spar and po tas sium feld spar-megacrystic por -
phyry. Quartz forms anhedral, in ter sti tial grains in the
granitoid and rounded to subhedral pheno crysts in the por -
phyry. Euhedral megacrysts of subequant po tas sium feld -
spar (<2 cm) char ac ter ize a mi nor gran ite phase lo cated
near the south west ern mar gin of the east ern Nimpkish
Batholith. Weakly chloritized mafic min er als, hornblende
and bi o tite, gen er ally oc cur in subequal pro por tions and
con sti tute 5–15 vol% of the granodiorite-tonalite suite and
up to 25 vol% of the dioritic rocks. Anhedral to euhedral bi -
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Fig ure 9. Len tic u lar bed ding in mafic, mod er ately sorted, wa ter-
laid vol ca nic brec cia (ce mented by cal cite and ze o lite) near the
base of the ‘Bo nanza volcanics’ unit in cen tral part of core of ma jor
syncline (lo cal ity 05MEL-21-3-1); ham mer is 35 cm in length.



o tite crys tals lo cally oc cur as well-de vel oped books
(<6 mm), and hornblende is gen er ally pris matic and more
abun dant in the dioritic rocks. Lo cally, the Noomas pluton
con tains subhedral hornblende crys tals up to 1 cm; and bi o -
tite is the dom i nant mafic con stit u ent in the Bo nanza
pluton. A few sam ples of the lat ter in tru sion ex hibit poorly
de vel oped micrographic to granophyric tex tures. Colour -
less clinopyroxene crys tals are rare and usu ally oc cur as
resorbed rel ict grains within hornblende. Ac ces sory min er -
als in clude Fe-Ti ox ides, ap a tite and zir con. Al ter ation as -
sem blages in volve chlorite, epidote, sericite, carbonate,
hemat i te ,  sphene and c lay  minera ls ,  and minor
disseminated pyrite.

Con tacts with the coun try rock are gen er ally sharp and
steeply in clined to ver ti cal. Lo cally, pla nar to ir reg u lar vein
net works are well de vel oped in hostrocks and some con -
tacts are de fined by faults. Dark grey-green, rounded to
elon gate dioritic xe no liths, typ i cally less than 10 cm across
and rarely reach ing 1 m, are a com mon though gen er ally
sparse con stit u ent of all plutons. Lo cally, xe no lith-rich
zones ex hibit a pro nounced mag matic flow fo li a tion. In the
east ern part of the Nimpkish batholith, ex ten sive zones of
agmatite are de vel oped in Karmutsen wallrocks (Fig. 4).
The agmatite in volves subrounded to an gu lar blocks
(>1 m) of dark green-grey, apha ni tic Karmutsen ba salt set
in a net-veined granitoid mesostasis. Al though the xe no -
liths are amphibolitized and hornfelsed, orig i nal amyg da -
loid al tex tures are lo cally pre served. The oc cur rence of
agmatite zones well within the batholith most likely
indicates proximity to the roof.

Minor Intrusions

Dikes and sills (approx. 0.1–20 m in width) as so ci ated
with the em place ment of vol ca nic se quences in the Bo -
nanza Group cut older rocks of the Van cou ver Group. They
are typ i cally fine grained and range in com po si tion from
ba salt to rhy o lite. The ba saltic to andesitic in tru sions are by
far the most abun dant. Some dikes branch re peat edly to
form com plex ge om e tries with out any de for ma tion of ad ja -
cent bed ding. Sill-like in tru sive ge om e tries are pref er en -
tially de vel oped in the Par son Bay rather than the Quatsino
and Karmutsen for ma tions, pre sum ably re flect ing the well-
bed ded na ture and lower lithostatic pres sure of this part of
the Bonanza Group at the time of intrusion.

The ba saltic to andesitic in tru sive rocks are dark grey-
green to black, buff to pale green-grey-weath er ing rocks
with apha ni tic to por phy ritic tex tures. These in tru sions
have well-de vel oped chilled mar gins and com monly ex -
hibit amyg da loid al in te ri ors where amygdules are lo cally
elon gated to de fine a pro nounced flow fab ric par al lel to
their con tacts. The por phy ritic dikes gen er ally carry
euhedral to subhedral pheno crysts of plagioclase (<4 mm)
that form up to  15 vol% of  the rock. Subhedral
clinopyroxene pheno crysts (up to 8 mm in size and 5 vol%)
may co ex ist with feld spar, or rep re sent the sole phenocryst
phase, in which case glomeroporphyritic tex tures are com -
mon. The groundmass is typ i cally very fine grained and
usu ally car ries devitrified and altered glass impregnated
with opaque oxides.

The fel sic in tru sions are apha ni tic to rarely feld spar
phyric and may ex hibit a marked flow lam i na tion ad ja cent
to their con tacts. Dike in te ri ors gen er ally lack this fab ric.
Por phy r it ic  in tru s ions con tain sparse subequant
plagioclase up to 3 mm in length and con sti tut ing up to

2 vol% of the rock. Many fel sic dikes are in tensely weath -
ered and al tered to as sem blages of quartz, epidote, chlorite,
car bon ate, he ma tite, li mo nite and ze o lite (?); py rite may
form up to 5 vol% of the rock.

Many of the dikes ex ploit  fault zones where
postemplacement mo tion has re sulted in the growth of
slickenfibres of sec ond ary min er als, com monly epidote
and quartz. These min er als, to gether with car bon ate, ze o -
lite, al bite (?) and po tas sium feld spar (rare) are the most
com mon vein minerals.

Mi nor apophyses of the Is land Plutonic Suite are me -
dium to coarse grained, equigranular to por phy ritic, and
dioritic to tonalitic. These dikes and sills range in thick ness
from less than 10 m to greater than 100 m. Most of the in tru -
sions are hornblende diorite (lo cally clinopyroxene-bear -
ing) or quartz diorite, leucocratic tonalite and quartz-
plagioclase (±po tas sium feld spar) por phy ries. Bi o tite and
hornblende are the prin ci pal ferro mag nesi an min er als and
typ i cally con sti tute less than 5 vol% of the more leucocratic 
rock types and 15 vol% or more of the dioritic in tru sions.
Al ter ation min er als in clude chlorite, seri cite, epidote,
chlorite, seri cite, actinolite and clay min er als. Sili ci fi ca tion 
is lo cally per va sive and usu ally accompanied by minor
disseminated pyrite.

The por phy ritic rocks carry pheno crysts (<5 mm) of
subequant plagioclase and resorbed quartz set in a
microcrystalline quartzofeldspathic groundmass. Some
dis play prom i nent mac ro scopic quartz-eye tex tures. A rare
va ri ety of gra nitic dike con tains euhedral blocky
megacrysts (1–2 cm in length) of po tas sium feld spar. Pale
grey tonalite dikes at the south west ern mar gin of the
Noomas pluton, just south of a large screen of Quatsino
lime stone, ex hibit large (<10 cm in length) elon gate gas
cav i ties (miarolitic) infilled with coarsely crys tal line dark
green  ep ido te ,  c lea r ly  in  d ic  a  t ive  o f  h igh- leve l
emplacement (Fig. 10).

STRUCTURE

The Nimpkish map area is un der lain by a south west -
erly to west erly-fac ing, mod er ately dip ping, homoclinal
suc ces sion cut by ma jor high-an gle faults trending north -
erly to north west erly. This suc ces sion lies on the west ern
flank of a ma jor, north erly-trending an ti cli nal struc ture, the
‘Vic to ria arch’ (Mul ler et al., 1974), cored by Pa leo zoic
base ment rocks. This struc ture con tin ues south as the
Buttle Lake anticlinorium (Monger and Journeay, 1994).

The ma jor faults are gen er ally hid den by lakes and till-
cov ered val leys but marked by strong lin ea ments. The
Nimpkish-Hustan and Bo nanza faults bound a down -
thrown block con tain ing the youn gest strati graphic units
(‘Nimpkish block’ of Mul ler et al., 1974). The amount of
dis place ment by fault ing is not well con strained. How ever,
judg ing from the prev a lence of shal lowly dip ping
slickenfibres on fault planes through out the area, the sense
of motion was oblique slip.

The ‘Nimpkish block’ con tains the axis of a ma jor
north-north west erly-trending synform that pre serves the
Par son Bay For ma tion and the low er most part of the ‘Bo -
nanza volcanics’. The strata on the flanks of this open fold
dip mod er ately (20–30°) to ward the core. Su per im posed on 
this synclinal struc ture, and pref er en tially de vel oped in the
well-bed ded se quences of the Par son Bay For ma tion, are
tight, lo cally chev ron-style folds, one to sev eral metres in
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am pli tude with up right to re cum bent or over turned at ti -
tudes. In out crops with ad e quate ex po sure, these folds form 
dis crete pack ages bounded by low-an gle fault sur faces
(with ap par ent thrust mo tion) ori ented subparallel to the at -
ti tude of the bed ding out side the zone of compressional de -
for ma tion. Mi nor fold axes may be ori ented at high an gles
to the trend of the ma jor syncline. These struc tures ap pear
to have a com plex his tory and their or i gin is not well un der -
stood. They may have been formed dur ing flex ural-slip
fold ing and com pres sion in the cores of the larger
structures, or generated by transpressional strike-slip
faulting, or both.

The tim ing of re gional, east to north east-di rected
compressional de for ma tion on north ern Van cou ver Is land
is con strained to be youn ger than Mid dle Ju ras sic (post-
Bajocian, the age of the youn gest vol ca nic rocks in the Bo -
nanza Group; Fried man and Nixon, 1995) and older than
the Early Cre ta ceous (Hauterivian–Valanginian) strata that
rest with an gu lar un con formity on the Bo nanza Group
(Nixon et al., 1993a, 1994a, 1995a). This ep i sode of de for -
ma tion may be fur ther con strained to be late Mid dle to early 
Late Ju ras sic, since clastic strata (‘White Point Beds’) of
Up per Ju ras sic age (late Oxfordian to Tithonian) un der lie
Lower Cre ta ceous se quences in the Queen Char lotte Is -
lands (Gamba, 1993; Haggart and Carter, 1993). This
contractional event was fol lowed by up lift and ero sion
prior to de po si tion of Jurassic–Cretaceous sedimentary
strata.

The his tory of fault ing on north ern Van cou ver Is land is 
com plex and em bod ies Cre ta ceous transpression and Ter -
tiary ex ten sion. Extensional fault ing and diking ev i dently
oc curred early dur ing Bo nanza vol ca nism. Ma jor north -
west erly-trending faults dis place (in a right-lat eral sense),
and lo cally fold, Early to early Late Cre ta ceous sed i men -
tary se quences ex posed in the Quatsino Sound area (Mul ler
et al., 1974; Nixon et al., 1993a. 1994a, 1995a). In the
Nimpkish area, the Kokish fault and north west erly-
trending struc tures that cut the Nimpkish batholith at the
south ern mar gin of the map area may well share a sim i lar
his tory. North erly-trending struc tures, such as the
Nimpkish-Hustan and Bo nanza faults, may re cord Ter tiary
block-fault ing near the south ern mar gin of the Queen Char -
lotte Ba sin. Fault ing ap pears to have con tin ued through to
the end of Neo gene vol ca nism (Mul ler et al., 1974).

MINERAL OCCURRENCES

The Nimpkish area hosts a va ri ety of base and pre -
cious-metal de pos its, and is per ceived as a re gion of fu ture
min eral po ten tial (Massey, 1995d). The map area con tains
some 34 min eral oc cur rences (MINFILE, 2005), in clud ing
skarn and manto de pos its, Cu-Au-Mo por phyry, vol ca nic
redbed Cu, and Au, mag ne tite and sul phide-bear ing vein
and stockwork sys tems (Fig. 11). The area also has a prior
his tory of ex trac tion of in dus trial min er als, notably
limestone and marble.

The ma jor met al lif er ous de posit types in the Nimpkish
area are in tru sion-re lated skarns and mantos clus tered
about the mar gins of the Is land Plutonic Suite and hosted by 
Quatsino lime stone and cal car e ous strata of the Par son Bay
For ma tion. Min er al iza tion is par tic u larly ex ten sive at the
mar gins of the Noomas pluton and west ern part of the
Nimpkish batholith. New skarns and a manto oc cur rence
were also in ves ti gated dur ing the 2005 field sea son

(Fig. 11). Lithogeochemical as says of se lected known and
new oc cur rences are given in Tables 1 and 2.

One of the larg est Fe and Pb-Zn-Cu skarn sys tems is
hosted by an en clave of Quatsino lime stone at the south -
west ern mar gin of the Noomas Pluton (Fig. 11). The Smith
Cop per de pos its (MINFILE 92L 037/208) have drill-in di -
cated re serves of ap prox i mately 84 000 t grad ing 12.5 wt%
Zn, 3.7% Pb, 1.69% Cu and 64.4 g/t Ag. The min er al iza tion 
con tains sphalerite, ga lena, pyrrhotite, chal co py rite, py rite
and mag ne tite set in a gangue as sem blage of pyroxene, gar -
net, epidote, chlorite, quartz and car bon ate. Some of the
thin (<2 m) calcsilicate skarns also con tain subhedral to
rounded crys tals of chondrodite (?) up to 1 cm in size and
coarsely pris matic di op side up to 3 cm. The main zone of
min er al iza tion trends ~340° and dips to the south west, lo -
ca l ly  co  in  c i  den t  wi th  the  a t  t i  tude  of  the  ma jo r
lithostratigraphic units. Ex ten sive calcsilicate skarn as sem -
blages were also dis cov ered at the north ern mar gin of this
pluton, al though sul phide min er al iza tion does not ap pear to 
be as com mon. A well-min er al ized Fe-Zn skarn con tain ing
sphalerite, py rite, mal a chite and mag ne tite from the east ern 
mar gin of this pluton, and close to the Wolf oc cur rence
(MINFILE 92L 121), gave 2.3% Zn, 0.27% Cu, 7.5 g/t Ag
and anom a lous gold (50 ppb Au; Ta bles 1 and 2).

At the north west ern ter mi na tion of the Nimpkish
batholith, a Cu-Mo pros pect (92L 207) and Fe-Cu-Au-Zn
skarns (Nimpkish Cop per; MINFILE 092L 036, plus 118–
120) oc cur at the con tact with Quatsino lime stone (Fig. 11).
As says of drillcore reach 0.29% Cu and 85 g/t Au over
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Fig ure 10. Flow-aligned miarolitic cav i ties filled with ra di at ing
epidote crys tals in tonalitic dike at south west ern mar gin of
Noomas pluton near Storey Creek (lo cal ity 05GNX-4-3-1); pen cil
mag net is 12 cm in length.



small widths (0.7 m), and a nearby trench has as sayed
17.6% Zn and 0.73% Cu over 0.5 m. The min er al iza tion oc -
curs in small lensoid bod ies (6 m long by 0.5 m thick) in
Quatsino lime stone that con tain covel lite, sphalerite,
pyrrhotite, py rite, mal a chite, mo lyb de nite and bornite. A
grab sam ple of mas sive pyrrhotite-py rite ore in calcsilicate
skarn col lected dur ing this study re turned 0.18% Cu,
900 ppb Ag and 230 ppm Co (Ta ble 1). The Cu-Mo por -
phyry-style min er al iza tion is hosted by a shear zone where
a quartz stockwork carries chalcopyrite and pyrite.

Cop per-iron skarn de pos its at the east ern mar gin of the
Nimpkish batholith south of Bo nanza Lake are hosted by
Quatsino and intra-Karmutsen lime stone (Fig. 11). The for -
mer Steele Creek open pit mine (MINFILE 92L 164) pro -
duced 4718 t of 2.48% Cu and 8.7 g/t Ag in 1968–1971.
Drillcore sam ples taken in 1994 re turned up to 0.38% Cu
and 2.8 g/t Ag. The min er al iza tion con tains chal co py rite,
py rite, mal a chite, and mag ne tite in a calcsilicate gangue. A
high-grade grab sam ple col lected dur ing this study gave
23.3% Cu, 170 g/t Ag and 1330 ppm Co (Ta bles 1 and 2).
Cop per-iron skarn min er al iza tion fur ther north (MINFILE
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the Nimpkish area.



92L 134), near the Quatsino-Karmutsen con tact, car ries
chal co py rite, py rite, bornite, sphalerite, mal a chite, na tive
cop per and mag ne tite. A high-grade grab sam ple gave
18.6% Cu, 17.5% Zn, 200 g/t Ag, 95–170 ppb Au, 600 ppm
Co, 2100 ppm Cd and 100 ppm Bi (Tables 1 and 2).

A new min eral show ing was dis cov ered at the end of a
short spur off a new log ging road sys tem near the west ern
mar gin of the Nimpkish batholith. The min er al iza tion is
hosted by dark grey to black, me dium to thinly bed ded
lime stone, cal car e ous mudstone, siltstone and shale of the
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Map ID 1 2 3 4 5 6 6

Sample 05GNX-       

2-8-1

05GNX-         

7-17-3 

05DSV-       

4-1-1

05DSV-       

5-6-1

05DSV-       

6-2-1

05DSV-          

5-7-1 

05DSV-          

5-7-1
1

GSB Till 

99

GSB Till 

99  

Difference      

(%)
2

NAD83 Easting 646997 652808 650237 659796 654312 659273 659273 Internal Mean of

(Zone 9) Northing 5581282 5577604 5582166 5575629 5574048 5577002 5577002 standard 10

Ti (wt%) 0.53 0.01 0.04 0.02 0.03 <0.001 0.001 0.54 1.13 71.1

Al (wt%) 7.03 0.05 0.51 0.23 0.43 0.77 0.78 6.85 6.40 6.8

Fe (wt%) 7.92 59.19 42.92 34.72 15.93 24.80 24.94 8.31 9.20 10.2

Mg (wt%) 8.23 0.04 1.20 0.67 0.98 0.03 0.04 3.45 3.61 4.5

Ca (wt%) 8.12 0.10 8.27 6.05 15.34 1.97 1.57 1.00 1.00 0.0

Na (wt%) 0.97 0.01 0.05 0.01 0.03 0.01 0.01 1.90 1.85 2.6

K (wt%) 0.04 <0.02 0.02 <0.02 <0.02 <0.02 <0.02 0.83 1.57 61.6

P (wt%) 0.03 0.03 0.02 0.02 0.02 0.00 <0.001 0.12 0.12 0.9

S (wt%) 0.11 >10 5.25 >10 3.46 >10 >10 0.01 0.01 0.0

Mo (ppm) 0.3 2.1 1.3 0.7 0.4 19.6 18.9 0.9 0.8 11.8

Cu (ppm) 63 1798 2733 >10000 208 >10000 >10000 190 186 2.2

Pb (ppm) 0.8 3.7 4.3 174 4.7 574 656 236 241 2.1

Zn (ppm) 63 34 >10000 768 >10000 >10000 >10000 438 388 12.2

Ag (ppb) 50 919 7511 >200000 487 >200000 >200000 1366 1575 14.2

Au
3

(ppb) 6 17 51 375 3 170 95 30 36 18.2

Li (ppm) 2.7 0.2 0.8 0.1 1.2 0.4 0.4 35  

Cs (ppm) 0.2 0.1 0.4 0.1 0.1 0.1 0.1 1.5 1.9 23.5

Ba (ppm) 23 2 17 1 20 2 2 784 846 7.6

Rb (ppm) 0.9 0.3 0.8 0.1 0.2 0.2 0.2 26 48 57.7

Sr (ppm) 200 3 38 1 44 257 266 104  

Sc (ppm) 38 0.1 1.7 0.6 1.1 <0.1 <0.1 28.2 13 73.8

V (ppm) 261 <1 8 12 10 2 4 197 107 59.2

Cr (ppm) 448 6 9 6 5 1 1 323 398 20.8

Ni (ppm) 370 5 2 314 2 112 128 220 261 17.0

Co (ppm) 67 234 37 1332 300 557 604 50 53 5.0

Mn (ppm) 1520 117 17598 726 26017 671 600 1394 1516 8.4

Hf (ppm) 0.83 0.02 0.33 0.15 0.10 0.02 <0.02 0.79 3.64 128.7

Zr (ppm) 17 0.4 7 4 3 0.6 1 23 108 130.3

Nb (ppm) <1 <1 <1 <1 <1 <1 <1 9  

Y (ppm) 18.2 0.2 2.9 1.1 2.8 1.2 1.5 16.7 27 47.1

U (ppm) 0.1 10.8 1.8 1.3 0.9 0.2 0.3 0.9 1.4 43.5

Ce (ppm) 4.46 0.35 2.67 2.13 1 0.48 0.58 37.74 52.73 33.1

Ga (ppm) 13.98 1.11 3.8 4.49 1.63 2.74 2.69 17.69  

Cd (ppm) 0.07 0.63 166 81.34 601 2164 2091 1.11 0.74 40.0

As (ppm) 2.1 <0.2 11.8 77.4 22 5 5 64.3 70 8.5

Sb (ppm) 0.08 0.08 3.21 0.2 1.5 0.52 0.53 13.66 15.28 11.2

Bi (ppm) <0.04 5.87 1.63 16.15 1.36 97.91 118.68 0.22 0.13 51.4

Sn (ppm) 0.4 <0.1 0.6 13 0.1 0.5 0.6 1  

W (ppm) <0.1 0.6 58.5 4.8 0.4 8.4 4.3 0.5 0.1 133.3

Sample descriptions: 1, volcanic wacke with diseminations and veins of pyrite+chlorite; 2, massive pyrrhotite-pyrite ore in calcsilicate skarn; 3, pyrite-

  sphalerite-magnetite-malachite in calcsilicate skarn; 4, pyrite-chalcopyrite-malachite-magnetite in calcsilicate skarn; 5, massive stratiform sphalerite-

  greenockite-chalcopyrite-pyrrhotite manto; 6, chalcopyrite-pyrite-malachite-bornite-Native Cu in calcsilicate skarn

Samples jaw crushed at the BC Geological Survey (Victoria), then pulverized in a steel mill at Acme Analytical Laboratories Ltd. (Vancouver); glass

  wash between each sample; all analyses performed by four-acid digestion �  inductively coupled plasma �  emission/mass spectrometry 
1hidden duplicate
2percent difference calculated as the difference between analyzed value of GSB Till 99 and the mean of ten previous analyses
3
analysis by lead-collection fire-assay with ICP-ES finish

TABLE 1. LITHOGEOCHEMISTRY OF MINERALIZED SAMPLES, NIMPKISH AREA



Par son Bay For ma tion near the con tact with interbedded,
mafic vol ca nic brec cia (Fig. 11). The min er al iza tion forms
a thin (~0.5 m) stratiform ho ri zon com posed mainly of
sphalerite with mi nor greenockite bloom and mal a chite
stain ing. A grab sam ple as sayed 8.1% Zn, 200 ppm Cu,
600 ppm Cd and 500 ppb Ag (Ta bles 1 and 2). The show ing
ap pears to rep re sent a manto de posit as so ci ated with in tru -
sion of the Nimpkish batholith. In ter est ingly, this oc cur -
rence lies about 600 m north west of the Engl Cu-Ag show -
ing (MINFILE 92L 296), where quartz-Ag veins are hosted
by a 1 m wide fault zone. The lat ter min er al iza tion also con -
tains sphalerite and it is possible that the two systems are
related.
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4-1-1
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5-6-1
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6-2-1
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5-7-1 
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5-7-1
1
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Ag (ppm) 9 170 <2 189 201

Sample locations and descriptions given in Table 1

Samples jaw crushed and pulverized in a steel mill at Acme

  Analytical Laboratories Ltd.; glass wash between each sample;

  all analyses (0.5 g sample) performed by four-acid digestion �

  inductively coupled plasma �  emission spectrometry
1hidden duplicate

TABLE 2. ASSAYS OF ORE-GRADE SAMPLES, NIMPKISH
AREA
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