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INTRODUCTION

The Hazelton Group is one of the most widely ex posed
Me so zoic vol ca nic-arc suc ces sions in the Ca na dian Cor dil -
lera, oc cur ring along nearly the en tire length and breadth of
the Stikine Terrane (Fig. 1). De spite host ing a num ber of
sig nif i cant min eral de pos its (e.g., Eskay Creek–type
volcanogenic mas sive sul phide [ECT-VMS] de pos its, epi -
ther mal gold and as so ci ated cop per-gold por phyry de pos its 
in subvolcanic in tru sions; Diakow et al., 2002), there have
been rel a tively few re gional stud ies of the na ture of
Hazelton Group arc magmatism out side of the im me di ate
vi cin ity of known de pos its (e.g., Tip per and Rich ards,
1976; Mar sden and Thorkelson, 1992; Thorkelson et al.,
1995).

This study in ves ti gates Hazelton Group suc ces sions in
the Bella Coola and Whitesail Lake map ar eas of west-cen -
tral Brit ish Co lum bia in or der to con strain the evo lu tion of
the vol ca nic pack age and as sess its po ten tial for eco nomic
min er al iza tion. This study builds upon the frame work es -
tab lished through a joint fed eral-pro vin cial Tar geted
Geoscience Ini tia tive (TGI) that op er ated in the area from
2001 to 2004 (e.g., Haggart et al., 2004 and ref er ences
therein), and aims to re fine our un der stand ing of the tec -
tonic set ting and spe cific depositional en vi ron ment(s) of
rocks emplaced dur ing Hazelton arc vol ca nism and sed i -
men ta tion. This could pro vide controls on the existence
and/or nature of syngenetic mineralization within the
Hazelton Group in this area.

Bella Coola is lo cated within a rug ged part of the Coast
Moun tains, and in cludes the top o graphic di vide and tran si -
t ion  zone  be tween  the  Coas t  and  In te rmontane
morphogeological belts (Fig. 1, in set). Spe cif i cally, the
north east ern Bella Coola (NTS 093D) – south east ern

Whitesail Lake (NTS 093E) map area is sit u ated in south -
west ern Stikinia of the Intermontane Superterrane (Fig. 1).
In this area (pre dom i nantly the east ern half of NTS
093D/15 and 093E/02), thick, lat er ally con tin u ous, dom i -
nantly east ward-younging suc ces sions of Early to Mid dle
Ju ras sic Hazelton Group form the high jag ged mas sifs
along the west ern bound ary of Tweedsmuir Pro vin cial
Park. To the east of this area, ex po sures of the Hazelton
Group are un con form ably over lain by rem nants of a mod -
er ately dis sected Mio cene peralkaline shield vol cano that
form the Rain bow Range (Diakow et al., 2002 and ref er -
ences therein). Ex po sures of Hazelton Group de crease pro -
gres sively to the west, where they are un con form ably over -
lain by the Cre ta ceous Mon arch As sem blage and in truded
by nu mer ous Ju ras sic to Eocene plutons of the Coast
Plutonic Com plex. Volcanogenic strata within the study
area are rel a tively struc tur ally in tact, in con trast to
Hazelton Group and Mon arch As sem blage ex po sures fur -
ther to the west, which are vari ably de formed within the
Waddington Fold and Thrust belt (Mahoney et al., this vol -
ume).

PRELIMINARY RESULTS FROM
GEOLOGICAL MAPPING

Two sum mers of field map ping (2003–2004) in the
north east ern Bella Coola – south east ern Whitesail Lake
map area fo cused on the area be tween Jum ble Moun tain in
the south and Mount Pres ton in the north (Fig. 2). Hazelton
Group volcanosedimentary suc ces sions in this area rep re -
sent a north west ern con tin u a tion of the pack age of mainly
fel sic vol ca nic strata that hosts the Nifty VMS oc cur rence
in the east-cen tral Bella Coola map area (e.g., Ray et al.,
1998; Diakow et al., 2002; Haggart et al., 2004). Ura nium-
lead dat ing of a dacite brec cia that hosts min er al iza tion at
Nifty in di cates an age of 163.7 ± 0.4 Ma (M. Villeneuve,
un pub lished data), and this, to gether with sev eral ca.
176 Ma dates and Early-Mid dle Ju ras sic fos sil col lec tions
from the north east ern Bella Coola map area, dem on strates
that Hazelton Group rocks in this area are roughly age
equivalent to hostrocks of the Eskay Creek deposit.

This study tar geted four main ar eas in the 30 km
transect be tween Jum ble Moun tain and Mount Pres ton, in -
clud ing (from south to north): the Jum ble Moun tain –
Ramsey Peak area, the Tsaydaychuz Peak – But ler Peak
area, Tesla Moun tain and the Rivers Peak – Mount Pres ton
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area (Fig. 2). Fly camps were placed in cen tral lo ca tions
within these ar eas, and tra verses were com pleted in ac ces -
si ble sub al pine re gions, where out crop is con tin u ous
among snow and ice fields. In ac ces si ble ar eas were spot-
checked with he li cop ter sup port.

Field in ves ti ga tions fo cused on the iden ti fi ca tion and
de vel op ment of large-scale lith o logical sub di vi sions; de -
tail ing and mea sur ing volcanostratigraphic sec tions; de fin -
ing large-scale struc tures; geo chem i cal, iso to pic and
geochronologic sam pling; and char ac ter iza tion of min eral
oc cur rences rec og nized within the study area.

VOLCANOSTRATIGRAPHY

Geo logical map ping and anal y sis of nu mer ous
volcanostratigraphic sec tions in stud ied ar eas through out
the 2003 and 2004 field sea sons per mits a num ber of key

ob ser va tions to be made, based on in ter pre ta tion of large-
scale lith o logical sub di vi sions across the map area. Fig ure
3 shows a sche matic volcanostratigraphic fence di a gram of
mea sured sec tions within the field area (sec tion lines drawn 
in Fig. 2), and can be re ferred to through out this sec tion.
Hor i zon tal and ver ti cal dis tances are scaled ac cord ingly;
U-Pb dates, fos sil ages and lith o logical as so ci a tions are
used to correlate between the sections.

TSAYDAYCHUZ PEAK AND BUTLER PEAK
AREAS

Map pat terns and cross cut ting re la tion ships sug gest
that the Tsaydaychuz Peak – But ler Peak area forms the
base of the volcanosedimentary se quence in the map area.
Rocks of this area over lie mafic to in ter me di ate, dom i -
nantly fragmental suc ces sions west of the East Sakumtha
River, where a U-Pb date from a quartz-phyric dacite brec -
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Fig ure 1. Dis tri bu tion of Early-Mid dle Ju ras sic volcanosedimentary strata of the Hazelton Group (shown in green) within the Stikine
Terrane of Brit ish Co lum bia (out lined with dashed bound ary), show ing spe cific lo cal i ties re ferred to in the text, and the lo ca tion of the
north east Bella Coola – south east Whitesail Lake map area (black box).  The in set map il lus trates the morphogeological belts of the Ca na -
dian Cor dil lera (mod i fied af ter Wheeler and McFeely, 1991).



cia in di cates an age of 191 ± 12 Ma (R.M. Fried man, un -
pub lished data). Sep a rat ing the two sec tions is a broad,
north west-trending belt of comp lexly interfingering apha -
ni tic ba salt, and very fine to me dium-grained diorite and
lesser quartz diorite (‘microdiorite’); the lat ter may rep re -
sent recrystallized mafic flows and/or small pyroxene
diorite plug-like in tru sions (Haggart et al., 2004).  Im por -
tantly, this belt of mafic-in ter me di ate rocks may re cord the
early stages of the wide spread ba saltic-andesitic vol ca nism
that char ac ter izes the Tsaydaychuz Peak – But ler Peak
region.

Tsaydaychuz Peak is the high est mas sif within the
Whitesail Lake map sheet. At 9085 feet (2769 m) in el e va -
tion, its ver ti cal walls and ex ten sive ice cover ren der the
moun tain com pletely in ac ces si ble, and has lim ited us to nu -
mer ous spot checks along its flanks. Ex ten sive tra vers ing
has been com pleted in the But ler Peak area and, as sum ing
that no ma jor struc ture ex ists be tween the two peaks,
volcanogenic strata and field re la tion ships ob served at But -
ler Peak are pre sumed to ex tend to its sis ter moun tain to the
south. Tra verses com pleted in the But ler Peak area en com -
pass the sub al pine re gion be tween north Tsaydaychuz Peak
and north But ler Peak (Fig. 2). Strata in the area gen er ally
strike north-north west erly and dip gently to mod er ately to
the east; ex po sures west of But ler Peak are dom i nated by
volcaniclastic rocks, while rock types farther upsection to

the east are dom i nated by in ter me di ate and lesser mafic
flows and subvolcanic in tru sions. 

Volcanostratigraphy west of But ler Peak is dom i nated
by or ange-pur ple, mas sive, coarse-grained tuff-brec cia,
lapilli tuff and lesser tuff. Tuff-brec cia and lapilli tuff units
range from 1 to 25 m in thick ness and are dom i nantly very
lithic and crys tal-rich; modal phenocryst as sem blages
(plagioclase and rare quartz) sug gest an in ter me di ate to fel -
sic com po si tion for these fragmental rocks. Tuffs rare
through out this area; these units, which range from <1 to
5 m in thick ness, are typ i cally very light grey to tan in col -
our, and plagioclase is lo cally ob served as the only
phenocryst phase. Pyroclastic rocks constitute about 45 vol
% of ex posed bed rock in the west But ler Peak re gion, and
are in ter ca lated with lesser (~15%) sand stone and
mudstone beds. Ignimbrite units com monly dis play a
gradational up per con tact with over ly ing sed i men tary
beds, which are sharply over lain by sub se quent ignimbrite
units. Volcaniclastic rocks are typ i cally ei ther a deep pur -
ple-ma roon and dark green (more typ i cal of Hazelton
Group sed i ments through out the Bella Coola and Whitesail
Lake map ar eas) or white to tan to grey in col our. They gen -
er ally con sist of interbedded, thin to me dium-bed ded, dom -
i nantly par al lel, wavy and lo cally rip ple crosslaminated, ±
gran ule ± peb ble mudstone and lesser con glom er ate, sand -
stone and siltstone. Sed i men tary rocks are typ i cally im ma -
ture, rang ing from poorly to mod er ately well sorted, with
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Fig ure 2. Gen er al ized geo logic map of the north east Bella Coola/south east Whitesail Lake map area, show ing ma jor lith o logic sub di vi -
sions, struc tures and phys io graphic fea tures re ferred to in the text (mod i fied af ter Mahoney et al., 2005, this vol ume).  Lo ca tion of mea -
sured sec tions is in di cated by bold lines ad ja cent to en cir cled num bers.



a n  g u  l a r  t o  s u b a n g u l a r  c l a s t s  o f  a p h a  n i  t i c  t o
plagioclase±hornblende–phyric ba salt, an de site, dacite
and rhy o lite. Fos sils have not been found in this area.

The re main ing 40% of out crop in the west But ler Peak
re gion con sists of mafic lava flows, which oc cur in two
broad, north-trending belts across the map area. The bases
and tops of these flows are com monly not ex posed but,
where pres ent, oc cur as metre-scale brecciated zones.
Flows range from dark grey-pur ple to dark grey-green, are
aphyric to plagioclase±pyroxene phyric, vari ably amyg da -
loid al (epidote and quartz-filled) and re mark ably poorly
lay ered. Crude compositional and/or tex tural bound aries
(on a scale of tens of metres) within flow(s) that are ap prox -
i mately con cor dant with lo cal strike trends may rep re sent
dif fer ences be tween in di vid ual flows, or may sim ply be
vari a tions within a sin gle flow. One spec tac u lar ex po sure
of ra di at ing cool ing joints within the se quence (ap prox i -
mately 25 m high) may rep re sent a cross-sec tion through a
lava feeder tube. Part of the volcanosedimentary se quence
in this re gion is as sumed to be sub aque ous on the ba sis of an 
out crop of or thogo nally dis sected, pil lowed ba saltic an de -

site, which is ex posed along a ver ti cal cleft on the south -
west ern mar gin of the field area (Fig. 4). A num ber of small, 
bladed-plagioclase, an de site por phyry plugs and as so ci -
ated dikes cut the vol ca nic suc ces sions in the area, and are
in ter preted to rep re sent hypa bys sal subvolcanic in tru sions. 

Geo logical map ping sug gests that the Tsaydaychuz
Peak re gion, which lies di rectly along strike to the south,
likely rep re sents the south ern con tin u a tion of the
volcanostratigraphic sec tion doc u mented in the But ler
Peak re gion. Nu mer ous spot checks and sam ple col lec tions
com pleted along the flanks of the mas sif yielded sim i lar
rock types and lith o logical as so ci a tions, which sup ports
this gen er al iza tion.

The size and abun dance of ba salt to ba saltic an de site
lava flows and bladed-plagioclase por phyry plugs in -
creases dra mat i cally east of But ler Peak. The area is be ing
col lec tively de scribed as the But ler Peak andesitic com -
plex, and is char ac ter ized by a comp lexly interfingering as -
sem blage of ba salt to ba saltic an de site lava flows, dikes and 
hypa bys sal in tru sions, gabbroic to dioritic plugs, wide -
spread microdiorite and <10% welded lapilli tuff and in ter -
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Fig ure 3. Mea sured volcanostratigraphic sec tions of the Hazelton Group within the north east Bella Coola – south east Whitesail Lake map
area.



ca lated volcanogenic sed i ments; the lat ter are com monly
lo cally folded around in tru sive units. As in the lower por -
tion of the sec tion, in di vid ual lava flows in this area are
com monly dif fi cult to sub di vide; lava flow mar gins, where
ob served, are highly brecciated over a thick ness of 3–5 m.
In tru sive re la tion ships are com plex and the rel a tive tim ing
be tween units is of ten am big u ous; this, cou pled with the
compositional sim i lar i ties shared be tween rock types, leads 
to the in ter pre ta tion that this area com prises a mafic erup -
tive centre. Geo chem i cal com par i sons and U-Pb dat ing
stud ies are cur rently un der way to test this hy poth e sis and
po ten tially con firm the co eval na ture of rocks in this area. 

At least four rhy o lite domes have been iden ti fied that
in trude the vol ca nic se quences in the Tsaydaychuz Peak –
But ler Peak area. Domes are pink to white in col our, apha -
ni tic to plagioclase±quartz -phyric, mas sive to flow-
banded, rarely fragmental, and as so ci ated with gos sans
char ac ter ized by dis sem i nated py rite west of But ler Peak. It 
is un cer tain whether these units rep re sent in tru sive and/or
ex tru sive domes.

TESLA MOUNTAIN AREA

The Tesla Moun tain area com prises a low, east-
trending ridge im me di ately south of Tesla Lake, ap prox i -
mately 4 km north of But ler Peak (Fig. 2). Struc tural trends
sug gest that this area should rep re sent the north ern con tin u -
a tion of the east-dip ping out crop belt in the Tsaydaychuz
Peak – But ler Peak re gion; al though this can be as sumed
based upon lith o logical and struc tural sim i lar i ties be tween
the two ar eas, a num ber of dif fer ences were noted. Im por -
tant dif fer ences in clude a) a de crease in mafic vol ca nic
rocks; b) a sub se quent in crease in the pro por tion of
volcaniclastic ma te rial, in clud ing a thick sec tion of pyrit -
iferous tuffaceous mudstones; c) the ex is tence of sev eral
min eral show ings; and d) a per va sive, well-developed
deformation fabric throughout the area.

The wide spread mafic vol ca nic rocks that char ac ter ize
the Tsaydaychuz Peak – But ler Peak re gion ex tend north -
ward into the Tesla Moun tain area, but de crease in vol ume
sig nif i cantly across the 4 km dis tance; mafic flows and
subvolcanic in tru sions are sub or di nate to volcaniclastic
rocks and fine-grained volcanogenic sed i ments in this area. 
In gen eral, the west ern half of this moun tain con sists of
volcanogenic sed i men tary rocks and lesser welded
ignimbrite se quences with interbedded mafic lava flows
that in crease in thick ness and num ber to the east across the
sum mit of Tesla Moun tain. Com plex, out crop-scale fold ing 
is de vel oped west of Tesla Moun tain, where mafic plugs in -
trude volcaniclastic se quences, a lith o logical as so ci a tion
that is con sis tent with ob ser va tions made in the west But ler
Peak re gion. Pos si ble pil lows in flow-banded ba saltic
flows north west of Tesla Moun tain sug gest that part of this
sec tion may rep re sent a sub ma rine se quence. 

A thick sec tion of tuffaceous mudstone ex posed west
of Tesla Moun tain is unique to the field area. This se quence
is ap prox i mately 100 m thick and con sists of interbedded,
thin to me dium-bed ded, par al lel-lam i nated mudstone and
rhyolitic tuffaceous mudstone, and lesser siltstone and
sand stone (Fig. 5). Out crops weather rusty or ange in part,
and upon ini tial ex am i na tion ap pear to be de void of
sulphides; how ever, cut slabs re veal thin con form able lay -
ers of dis sem i nated to semimassive py rite. Petrographic
stud ies are in prog ress to de ter mine whether this rep re sents
syngenetic or epigenetic min er al iza tion.

Sev eral small rhy o lite plugs and as so ci ated dikes sim i -
lar to those de scribed near But ler Peak cut the vol ca nic se -
quence near the sum mit of Tesla Moun tain. These rhyolites
are highly si lici fied and are re spon si ble for wide al ter ation
ha loes and mi nor dis sem i nated py rite in the sur round ing
coun try rock. At least one claim has been staked and sev eral 
pros pect ing pits ex ca vated on or near the mar gins of these
in tru sions. Min er al iza tion, in the form of nar row veins of

he ma tite, py rite, chal co py rite and mal a chite,
has been ob served within mafic dikes at two
lo ca tions in the west Tesla Moun tain area. A
zone of frac ture-con trolled, comb-tex tured
quartz veins oc curs near the top of Tesla
Moun tain; these veins are de void of min er al -
iza tion, but may be re lated to “rather dis ap -
point ing”, nar row and low-grade Cu and Au-
bear ing veins de scribed in this area by Duffell
(1959).

The Tesla Moun tain re gion dis plays a
very well de vel oped, per va sive, east-trending 
closely spaced cleav age. This fab ric ex tends
to the south into the north west But ler Peak re -
gion, where it is lo cally well de vel oped, but
does not ex tend across Tesla Lake into the
Rivers Peak re gion to the north. The na ture
and lo cal iza tion of this fab ric sug gests that
Tesla Moun tain rep re sents a zone of lo cal ized
strain as so ci ated with re gional de for ma tion.
Much of the vein and dike-hosted min er al iza -
tion ob served in the Tesla Moun tain area ap -
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Fig ure 4. Cross-sec tion through a stack of ba saltic an de site pil low lavas in the west
But ler Peak re gion. Note the large pil low in the up per left cor ner. Ice axe (~60 cm)
for scale.



pears to be con cen trated along these zones of struc tural
weak ness. 

It has been hy poth e sized that the large lin ear lakes and
val leys in the Tesla Lake area may rep re sent ma jor faults
bound ing large struc tural blocks (e.g., Duffell, 1959).
South of Tesla Moun tain, Lower to Mid dle Ju ras sic vol ca -
nic stra tig ra phy forms an east-dip ping, east ward-younging
homocline, based on geo logical map ping, pa le on tol ogy
and U-Pb ages. Con versely, north of Tesla Lake be tween
Rivers Peak and Mount Pres ton, strata dip and young to the
west and north west, dem on strat ing the ex is tence of an east-
trending struc ture that lies within the Tesla Lake ba sin.

UPPERMOST VOLCANOSTRATIGRAPHY

Ura nium-lead dat ing of tuffs within the Rivers Peak –
Mount Pres ton and Jum ble Moun tain – Ramsey Peak ar eas
has es tab lished that the two homoclines are of sim i lar age,
and geo logical map ping sug gests that they rep re sent the
youn gest Hazelton Group strata in the study area. In di vid -
ual units can not be traced be tween the two ar eas; how ever,
broadly sim i lar rock types on a scale of hun dreds of metres,
to gether with U-Pb dat ing, dem on strate that these ar eas
rep re sent sim i lar vol ca nic and sed i men tary depositional
environments.

JUMBLE MOUNTAIN AND RAMSEY
PEAK AREAS

De tailed geo log i cal map ping car ried out dur ing the
2004 field sea son in the Jum ble Moun tain – Ramsey Peak
area  has sig nif i cantly ex panded the area cov ered dur ing the 
2003 field sea son. Pre vi ous work con cen trated on the area
be tween northeast Jum ble Moun tain and Ramsey Peak,
whereas work dur ing the 2004 field sea son fo cused on the
area fur ther to the north, be tween Ramsey Peak and Oppy
Lake. Re sults from work com pleted in this area dur ing the
2003 field sea son are de tailed in Mortensen et al. (2004). 

In gen eral, the area be tween Jum ble
Moun tain and Oppy Lake con sists of an east -
ward-younging suc ces sion of thick ig nim -
brites, in ter ca lated with lesser ma rine sand -
stone and siltstone, mudstone, con glom er ate
and mafic lava flows near the base. Near Jum -
ble Moun tain, the sec tion is cut by nu mer ous
mafic plugs, sills and dikes, which may be the
source of these mi nor ba saltic lava flows.
Mafic flows are gen er ally dark green to red,
apha ni tic and vari ably flow banded and
brecciated, whereas the in tru sive equiv a lents
are dark green to grey and range from apha ni -
tic to plagioclase±pyroxene±hornblende
phyric ba salt to an de site to microdiorite
plugs. Mafic rocks in this area pre sum ably
rep re sent the south ern ex tent of the mafic
erup tive cen tre in the Tsaydaychuz Peak –
But ler Peak area, which lies di rectly along
strike to the north.

Ig nim brites in this area are pink to pur ple
to grey, mas sive, un struc tured, poorly to mod -

er ately welded, lithic and crys tal rich, and range from tuff to 
lapilli tuff to tuff-brec cia.

Sed i men tary rocks are vari ably fossiliferous and con -
sist of fine to coarse-grained feldspathic lithic wacke and
cal car e ous lag de pos its. Fos sils pres ent in the coquinas in -
clude a di verse as sem blage of bi valve taxa, high-spired
gas tro pods, rare belemnoids, and pos si bly mollusc frag -
ments, most of which are thick-shelled and ro bust, and of
shal low-ma rine forms that char ac ter ize the sublittoral re -
gion. Many shells have been abraded due to high-en ergy
post mor tem pro cesses; this, cou pled with a dis tinct grad ing 
and lat eral con ti nu ity of shell beds, sug gests that these beds
rep re sent storm de pos its. The ar tic u lated na ture of shells in
some beds im plies a rapid sed i men ta tion rate. Ammonites
re cov ered from this sec tion dur ing pre vi ous field sea sons
have been iden ti fied as prob a ble Early Aalenian taxa (T.P.
Poulton, per sonal com mu ni ca tion, 2003), and a U-Pb zir -
con age of 176.6 ± 0.7 Ma was ob tained from an over ly ing
rhyolitic crys tal-lithic tuff (R.M. Fried man, un pub lished
data; Mortensen et al., 2004).

Vol ca nic com po si tion changes to a more in ter me di ate
to fel sic-dom i nated sys tem farther upsection be tween
Ramsey Peak and Oppy Lake, as ev i denced by a de crease in 
mafic lavas and subvolcanic in tru sions and a sub se quent
in crease in in ter me di ate to fel sic ig nim brites and as so ci ated 
plugs and dikes. Ig nim brites range from tuff to lapilli tuff to
tuff-brec cia and are pur ple to pink to dark grey, mas sive,
poorly to mod er ately welded, crys tal- and lithic-rich, and
typ i cally 5–20 m thick. Sev eral very coarse grained vol ca -
nic units within this sec tion may rep re sent vent-prox i mal
and/or intracaldera fa cies. These coarse fa cies range from
lapillistone to tuff-brec cia to block tuff, and com monly in -
clude lapilli to block-size, chloritized pum ice/fiamme. At
least two an oma lously thick tuffaceous units ex ist within
this sec tion, each of which in cludes a very thick, very
densely welded fa cies. These units are ho mo ge neous
through out their ob served lat eral ex tent, and are pur ple,
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Fig ure 5. Tuffaceous mudstone se quence with pos si ble syngenetic sul phide min er -
al iza tion at Tesla Moun tain. Rock ham mer (~40 cm) for scale.



mas sive, very densely welded, rhyolitic±lithic crys tal-
vitric tuff to lapilli tuff, with unwelded and lithic and crys -
tal-rich basal and up per con tacts (Fig. 6). The cal cu lated
thick ness of one of these units ex ceeds 400 m, a thick ness
that may also sup port an intracaldera or near- vent set ting
for rocks in this area.

As in the Tsaydaychuz Peak – But ler Peak re gion, pri -
mary vol ca nic units in this area com monly dis play a
gradational up per con tact, transitioning into lithic and crys -
tal-rich wacke and mudstone units that, in turn, are sharply
over lain by suc ceed ing ignimbrite units. Sed i men tary
rocks in this pack age are dark ma roon, thin to me dium-bed -
ded to mas sive, par al lel-lam i nated to structureless
mudstone to gran ule to peb ble mudstone. In di vid ual
mudstone beds com monly con tain up to 10% ar tic u late to
in ar tic u late ar mored accretionary lapilli up to 1 cm in di am -
e ter, which are in ter preted to rep re sent the ero sional re -
mains of a phreatoplinian erup tion (Fig. 7). This sec tion
also con tains sev eral thick ex po sures of mas sive, ma trix-
sup ported, polymict, peb ble to cob ble con glom er ate. Clasts 
are subangular to rounded and com prise a va ri ety of rock
types, in clud ing mafic to fel sic lavas, hypa bys sal in tru sions 
and rare in ter me di ate plutons. These con glom er ate beds are 
mas sive and ho mo ge neous, con tain ing very few sed i men -
tary struc tures. Rare par al lel and lo cally crosslaminated
sand stone lenses have been ob served within these con -
glom er ate se quences. Rocks within this volcano -
stratigraphic sec tion are re mark ably de void of fos sils and,
where ob served, fos sil frag ments are al ways as so ci ated
with very coarse grained fa cies.  

Field map ping for this study ter mi nated at the ridgeline 
3.5 km north of Ramsey Peak, ap prox i mately 4 km south -
wes t  o f  Oppy  Lake ;  how eve r,  t h i s  homoc l ina l
volcanosedimentary suc ces sion ex tends at least as far as
Oppy Lake, where Late Bathonian or Early Callovian fos -
sils have been re cov ered (H. Frebold, un pub lished data).

RIVERS PEAK AND MOUNT PRESTON
AREAS

The Rivers Peak – Mount Pres ton area con sists of an
iso lated west-dip ping block that is pre sum ably sep a rated
from the Tesla Moun tain block to the south by a fault be -
neath Tesla Lake, and from the Mount Pondosey mas sif to
the west by a north-trending struc ture that forms the
Pondosey Pass and South Creek top o graphic low (Fig. 2).
A U-Pb zir con age of 176.3 ± 3.3 Ma from a rhy o lite lapilli
tuff near the base of the sec tion south east of Mount Pres ton, 
to gether with a U-Pb zir con age of 175.4 ± 0.9 Ma from the
top of the sec tion im me di ately south of Mount Pres ton, in -
di cates that volcanogenic strata in this area are co eval with
strata in the Jum ble Moun tain re gion. Broad-scale
volcanostratigraphic sim i lar i ties be tween the two ar eas re -
in force this cor re la tion. Spe cif i cally, rock types in the
Rivers Peak – Mount Pres ton area are con sis tent with those
doc u mented in the north Ramsey Peak area, which lies
along strike 30 km to the south.

Rocks in this area are char ac ter ized by coarse-grained,
in ter me di ate to fel sic vol ca nic fa cies and mi nor in ter ca -
lated sed i men tary rocks, which in crease in abun dance and
even tu ally pre dom i nate over ignimbrite units near the top
of the sec tion south of Mount Pres ton. Pri mary vol ca nic
units in this area in clude andesitic to rhyolitic lapilli tuff to
tuff-brec cia units that are pink to pur ple to ma roon in col -
our, thick and mas sive, poorly to mod er ately welded, and
no ta bly lithic and crys tal-rich. Sed i men tary rocks con sist
of ma roon mudstone to gran ule to peb ble mudstone and
lesser feldspathic lithic wacke in ter ca lated with thin (10–
30 cm thick) lithic- and crys tal-rich chloritic lapilli tuff se -
quences. These in ter me di ate com po si tion tuff units are spa -
tially and tem po rally as so ci ated with, and may be the erup -
tive source of, bal lis tic blocks that pro duce block sag
struc tures within sev eral mudstone ho ri zons in this area.
North east of Rivers Peak, a thin, thinly bed ded lime stone

unit is im me di ately over lain by a 25 m thick
sec tion of mas sive, un struc tured, very coarse
grained, quartz-eye feldspathic sand stone
(Fig. 8). Quartz and plagioclase grains are
euhedral to subrounded and bro ken, re spec -
tively, and are as sumed to rep re sent de tri tus
shed ding off a prox i mal rhy o lite flow or gra -
nitic pluton. Rare (<1%), subangular to
rounded, apha ni tic mafic to in ter me di ate and
quartz-phyric rhy o lite clasts oc cur along the
base of this unit. This anom a lous sand stone unit 
is lat er ally dis con tin u ous, and may be in fill ing a 
paleovalley or chan nel. A col lec tion of ma rine
fos sils re cov ered from a cal car e ous sand stone
unit near the sum mit of Rivers Peak is cur rently
be ing ex am ined to pro vide ad di tional age con -
straints for this sec tion and to as sist in de ter min -
ing the en vi ron ment of deposition.

Sed i men tary rocks dom i nate in the Mount
Pres ton area, where they are char ac ter ized by
ma roon mudstones in ter ca lated with lesser
rhyolitic lapilli tuff and mafic to in ter me di ate
flows and sills. The top of the sec tion in this
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Fig ure 6.  Densely welded rhyolitic ignimbrite unit within the up per Ramsey Peak
sec tion.  This ~400 m thick unit may rep re sent an intracaldera fa cies.  Pen cil
(~8 cm) for scale.



area is marked by a thick, pur ple, mas sive, very densely
welded rhy o lite lapilli tuff unit, which may cor re late re -
gion ally with one of the afore men tioned units ob served in
the Ramsey Peak area.

South east of Mount Pres ton, near the base of the mea -
sured sec tion in the area, mudstones and lesser rhyolitic
tuffs are in ter ca lated with a se ries of plagioclase-phyric to
aphyric, vari ably amyg da loid al ba salt to ba saltic an de site
flows, pil low lavas and bro ken pil low brec cia, which are in -
truded by an apha ni tic ba saltic plug. These ba saltic pil low
lavas are in truded by a dacitic to rhyodacitic flow-dome
com plex with a well-de vel oped car a pace brec cia (re fer to
Mortensen et al., 2004 for pho to graph). Geo logical map -
ping in this area dur ing the 2004 field sea son has dem on -
strated the ex is tence of nu mer ous other ex tru sive fel sic
(dacitic to rhyolitic) domes in this area. The domes are
highly frac tured and si lici fied, with well-de vel oped car a -
pace brec cias, and are apha ni tic to sparsely quartz phyric.
Geo chem i cal anal y sis of sev eral dome sam ples yielded 68–
98% sil ica; this high de gree of sili ci fi ca tion makes the
domes more re sis tant to weath er ing than lo cal coun try
rock, and they sub se quently form round knobs along a lin -
ear out crop belt. The lin ear dis tri bu tion of these domes fol -
lows the trace of an east-trending extensional fault south of
Mount Pres ton. This fault is char ac ter ized by zones of in -
tense frac tur ing with abun dant slip sur faces, and well-de -
vel oped ferricrete over ly ing fault brec cia. It may rep re sent
a synvolcanic extensional struc ture — a zone of weak ness
through which the spa tially and po ten tially tem po rally as -
so ci ated rhy o lite domes were in truded. A small gran ite
stock in trudes the fault-dome se quence; this in tru sion is
litho logically sim i lar to a suite of ca. 148–149 Ma plutons
mapped to the south in the north east ern Bella Coola map
sheet (Fig. 9). Ura nium-lead dat ing stud ies of fel sic dome
sam ples and this gran ite stock are cur rently
un der way, and will as sist in con strain ing the
age of this extensional struc ture.

The Pond – Rivers Peak min eral oc cur -
rence in this area (BC MINFILE 093E 058)
and im pres sive gos sans de vel oped south of
Mount Pres ton are char ac ter ized by finely
dis sem i nated py rite, and oc cur in wallrocks
im me di ately ad ja cent to this struc ture. Small
(centimetre-scale) bod ies of chal co py -
rite±bornite–bearing vein brec cia were ob -
served in sev eral ar eas in the Mount Pres ton –
Rivers Peak area.

YOUNGER MAGMATISM

The up per Ramsey Peak sec tion is cut by
a small pyroxene-hornblende quartz diorite
s t o c k ,  w h i c h  i s  t e x  t u r  a l l y  a n d
compositionally sim i lar to other small dioritic 
stocks doc u mented through out the field area.
Ar gon-argon (hornblende) dat ing of this
pluton in di cates an age of 136.4 ± 1.5 Ma,
which is tem po rally con sis tent with a ca. 139–
132 Ma in tru sive suite doc u mented im me di -

ately to the south in the Bella Coola area (T.D. Ullrich, un -
pub lished data; Haggart et al., 2004).

The en tire field area is cut by nu mer ous grey-green,
cen timetre- to metre-scale (up to 10 m in width), apha ni tic
to plagioclase±pyroxene±hornblende–phyric ba salt to an -
de site dikes. These dikes are typ i cally ran domly ori ented
but are lo cally con sis tently ori ented where they in trude lo -
cal frac ture sets and faults; one such dike swarm has been
ob served at But ler Peak. The afore men tioned quartz diorite 
pluton at Ramsey Peak is cut by these dikes, sug gest ing that 
these dikes are at least partly post–ca. 136 Ma, and there -
fore rep re sent a youn ger mag matic event in the area.

The up per Mount Pres ton volcanostratigraphic sec tion 
is cut by a bi o tite-quartz–phyric rhy o lite por phyry dike,
which has been dated (Ar-Ar bi o tite) at 51.87 ± 0.79 Ma
(T.D. Ullrich, un pub lished data). This Early Eocene age is
in ter preted to rep re sent the youn gest mag matic event
within the study area, and sug gests cor re la tion with the
Ootsa Lake Group, which is dif fusely ex posed through out
the east ern half of the Whitesail Lake map sheet.

GEOCHRONOLOGY 

In ad di tion to the four U-Pb and Ar-Ar dates com pleted 
from sam ples col lected dur ing the 2003 field sea son (sev -
eral sam ples yielded in suf fi cient zir con for dat ing), 15 sam -
ples col lected through out the study area in the 2004 field
sea son are cur rently in the min eral-sep a ra tion stage for U-
Pb zircon dating.

Sev eral rhy o lite tuff sam ples from the study area are
be ing dated, which will as sist in con strain ing the age range
for each mea sured volcanostratigraphic sec tion. A num ber
of rhyolitic in tru sive (?) and ex tru sive dome sam ples from
the Rivers Peak and But ler Peak ar eas are be ing dated to de -
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Fig ure 7.  Ar tic u late ar mored accretionary lapilli in rhyolitic vitric-lithic crys tal
tuff in the Ramsey Peak area.  Accretionary lapilli are quite com mon through out
the en tire field area, and oc cur as pri mary and re worked frag ments within ma roon
mudstone and fine-grained tuffaceous units.  Rock ham mer for scale.  Field of view 
is ap prox i mately 30 cm.



ter mine if the domes rep re sent synvolcanic
in tru sions. A sam ple of microdiorite from the
But ler Peak andesitic com plex may help con -
strain the age of the thick pile of mafic lavas
and subvolcanic in tru sions in this area. De tri -
tal zir cons stud ies from one or more sand -
stones through out the field area, in clud ing the 
quartz-eye feldspathic sand stone from the
Rivers Peak sec tion, may pro vide con trols on
the source re gions that were erod ing dur ing
the Mid dle Ju ras sic.

LITHOGEOCHEMISTRY

Geo chem i cal stud ies of vol ca nic rock
units from the north east ern Bella Coola –
south east ern Whitesail Lake map area are un -
der way to char ac ter ize the geo chem i cal af fin -
ity of Mid dle Ju ras sic Hazelton Group vol ca -
nic rocks in this area and place con straints on
the paleotectonic set ting in which they were
emplaced. 

Com plete ma jor, trace and rare earth el e -
ment anal y ses have been ob tained from 64
rep re sen ta tive sam ples of lava flows, ig nim -
brites, in tru sive and ex tru sive domes, sills,
dikes and hypa bys sal in tru sions from the study area. Geo -
chem i cal anal y ses from sam ples col lected in the 2004 field
sea son have only re cently been ob tained, and have not yet
been ex am ined in de tail. These new data and the anal y ses
from the study area com pleted in 2003, to gether with re con -
nais sance data from host vol ca nic rocks at the Nifty VMS
oc cur rence in the east-cen tral Bella Coola map area (e.g.,
Ray et al., 1998) are shown on sev eral geo chem i cal dis -
crim inant plots in Figure 10. Mafic dike sam ples are not in -
cluded on these discriminant plots.

Vol ca nic and subvolcanic rock units in the north east -
ern Bella Coola – south east ern Whitesail Lake map area
geochemically re sem ble the broadly age equiv a lent Mid dle 
Ju ras sic host vol ca nic rocks at the Nifty VMS oc cur rence,
which is on strike to the south east. When plot ted on a TAS
di a gram, sam ples from the study area are mod er ately bi -
modal in com po si tion (mainly ba saltic to ba saltic andesitic
and dacitic to rhyolitic); how ever, on a discriminant plot of
im mo bile trace el e ment ra tios (Nb/Y vs. Zr/TiO2), the sam -
ples span the ba saltic to rhyolitic compositional range, and
the Nifty sam ples show a dis tinctly higher Nb/Y ra tio than
do sam ples from the cur rent study area. The fel sic units are
all subalkaline, but the mafic units in clude both subalkaline 
and al ka line com po si tions. On an AFM di a gram, the Nifty
sam ples and the fel sic in tru sive and ex tru sive sam ples from 
the study area are calcalkaline to tran si tional in com po si -
tion, whereas mafic in tru sive and ex tru sive sam ples from
the study area fall al most ex clu sively into the tholeiitic
field. A plot of Rb vs. Y+Nb sug gests that all of the vol ca nic 
rocks formed in a vol ca nic-arc set ting; how ever, im mo bile
trace el e ment plots such as V vs. TiO2 in di cate that the
mafic vol ca nic and subvolcanic units from the study area
in clude both is land-arc tholeiites and back-arc tholeiites.

These mixed vol ca nic-arc–back-arc geo chem i cal sig na -
tures are very sim i lar to those de scribed by Barrett and
Sherlock (1996) at Eskay Creek, and are con sis tent with an
over all rifted arc (intra-arc or back-arc) set ting.

ALTERATION AND IMPLICATIONS FOR 
VMS POTENTIAL

Mafic rocks through out the en tire study area have un -
der gone a high de gree of al ter ation, which is char ac ter ized
by per va sive epidotization in ba saltic and ba saltic andesitic
flows, plugs, dikes and sills. The re sult ing epidosite oc curs
as large (up to 1 m in di am e ter) clots, and is com monly spa -
tially as so ci ated with in tense quartz and epidote-vein ing
and large jasperite clots, and may re flect semiconformable,
synvolcanic al ter ation above a subvolcanic in tru sion. Al -
though no Mid dle Ju ras sic in tru sions have been rec og nized 
within the study area, at least one Mid dle Ju ras sic pluton
has been iden ti fied, ~30 km to the west-south west: the
Trap per Pluton is a large (ex posed over 200 km3), coarse-
grained gran ite pluton with a U-Pb zir con age of 177.4 ±
0.7 Ma (P. van der Heyden, un pub lished data; Fig. 2; for
more de tails, see Mahoney et al., this vol ume ). We spec u -
late that the Trap per and pos si bly other co eval in tru sions
that are not ex posed at the pres ent level of ero sion may have 
been subvolcanic equiv a lents of the lo cally abun dant
rhyolitic ignimbrite units that have been rec og nized
through out the study area and yielded sim i lar U-Pb zir con
ages. These in tru sions may have driven hy dro ther mal cir -
cu la tion that pro duced wide spread, semiconformable al ter -
ation (char ac ter ized by de vel op ment of epidosite and
jasperoid) in more per me able por tions of the se quence.
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Fig ure 8.  Very coarse-grained quartz-eye feldspathic sand stone in the Rivers Peak
area.  Gritty-look ing re gions com prise euhedral to subrounded and bro ken quartz
and plagio clase. Rusty or ange and green, more co her ent splotches com prise apha -
ni tic, mafic to in ter me di ate vol ca nic clasts that oc cur near the base of this unit.
Pen cil (~8 cm) for scale.



Spe cific re sults of our study that em pha size the high
po ten tial for VMS min er al iza tion in Hazelton Group
volcanogenic strata in the Bella Coola – Whitesail Lake
map ar eas in clude 1) the lin ear ar range ment of ex tru sive
fel sic domes; to gether with 2) in di ca tions of a synvolcanic
extensional struc ture in the Rivers Peak – Mount Pres ton
area; 3) ev i dence for shal low wa ter, sub ma rine de po si tion,
as in di cated by spe cific fos sil as sem blages, sed i men tary
struc tures and pil low lavas; 4) the pres ence of known Mid -
dle Ju ras sic syngenetic (e.g., Nifty) and epigenetic min eral
oc cur rences (e.g., Mortensen, this vol ume); 5) stratiform
py rite oc cur ring lo cally within tuffaceous mudstones at
Tesla Moun tain; and 6) wide spread epidosite clots that may
re flect semiconformable al ter ation above a bur ied
subvolcanic in tru sion. 

ONGOING RESEARCH

On go ing re search for this study in cludes: (1) com pi la -
tion of de tailed mea sured volcanostratigraphic sec tions; (2) 
petrographic stud ies of vol ca nic and sed i men tary rocks
from the study area; (3) pro cess ing of U-Pb sam ples col -
lected dur ing the 2004 field sea son; (4) de tailed
lithogeochemical com par i sons with other Hazelton Group
suites avail able from through out Stikinia and vol ca nic
hostrocks for the Eskay Creek de posit; and (5) stud ies of
the spe cific volcanologic, sedimentologic, and large scale
tec tonic pro cesses op er at ing dur ing de po si tion of Mid dle
Ju ras sic Hazelton Group rocks in this area.
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