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INTRODUCTION

The Chil cotin Group (CG) is sit u ated in the In te rior
Pla teau of south-cen tral Brit ish Co lum bia and over lies an
area of ~36 500 km2 (Fig 1; NTS map sheets 092O, P and
093A, B, C, F, G, J and K). The CG mainly com prises flat to
shal lowly dip ping mas sive to co lum nar-jointed, ol iv ine-
phyric ba salt lava with lesser vol umes of pil low ba salt and
hyaloclastite (Mathews, 1989). The ba salt ranges in age
from 25 to 3 Ma and is broadly co eval with the vo lu mi nous
Co lum bia River flood ba salt of Or e gon and Wash ing ton
(e.g., Hooper and Conrey, 1989). The CG ba salt is typ i cally
5 to <200 m thick and es ti mates of the to tal vol ume are as
high as 3 500 km3; this vol ume would make the CG a me -
dium-sized ig ne ous prov ince (Seth, in press). Pre vi ous
stud ies have con cen trated on re con nais sance-scale field -
work and geo chem i cal stud ies (e.g., Mathews, 1964, 1989;
Bevier, 1983; Dostal et al., 1996; An der son et al., 2001).

The work pre sented here is part of a larger re search
pro gram for field map ping of the vol ca nic lithofacies and
thick nesses of the CG ba salt. The goal of the larger pro ject
is to cre ate a 3-D model for fa cies and thick ness vari a tions
across the Chil cotin vol ca nic prov ince that can be used to
de lin eate ar eas where the CG is thin and ex plo ra tion drill -
ing for ‘blind’ me tal lic de pos its be comes fea si ble. As part
of that re search pro gram, re ports are done on field map ping
in and ad ja cent to Bull Can yon Pro vin cial Park (Fig 1, 2).
At this lo cal ity, 120 m of CG ba salt is ex posed, in clud ing
de pos its rep re sent ing sub aque ous and subaerial erup tion
en vi ron ments. The in ten tion of this work is to 1) de scribe
and in ter pret the vol ca nic stra tig ra phy and lithofacies ex -
posed at this lo ca tion; 2) in tro duce this strati graphic sec tion 
as a type sec tion (Bull Can yon-style) for com par ing against 
other sec tions of CG (cf. An drews and Rus sell, 2007;
Farrell et al., 2007); and 3) ex plore the im pli ca tions of this

strati graphic suc ces sion for eruption style, distribution and
thickness of the CG and pre-CG paleotopography.

GEOLOGICAL SETTING AND LOCATION 
OF THE STUDY AREA

The study area is lo cated in Bull Can yon, ap prox i -
mately 8 km west of Alexis Creek along the Bella Coola –
Chil cotin High way 20 (Alexis Creek map sheet 093B/3;
Fig 1, 2). The area was most re cently mapped and de scribed 
by Tip per (1959). In gen eral, the bed rock ge ol ogy of the
south-cen tral Quesnel map area con sists of accreted Me so -
zoic arc ter ranes (Stikine and Cadwallader ter ranes;
Wheeler and McFeely, 1991), un con form ably over lain by
early Ce no zoic fel sic volcaniclastic rocks (e.g., Eocene
Kamloops Group), which are them selves un con form ably
over lain by flat-lay ing pla teau ba salt of the Neo gene CG.

Lavas of the CG form a se ries of lat er ally semi con tinu -
ous cliffs along the north ern mar gin of the Chil cotin River
where it has in cised through the Chil cotin Pla teau, from
Hanceville (~15 km south east of Alexis Creek) to the con -
flu ence of the Chil cotin and Chilanko Rivers (~20 km west
of Alexis Creek). In gen eral, the bluffs com prise ba salt lava 
that dips gently (<5º) to the east and south east and are at
least 15 to 20 m thick. Thick nesses are a min i mum be cause
the bases of the cliffs are com monly bur ied by ta lus and the
up per sur faces have been gla ci ated and are bur ied by till.
Sub stan tially thicker sec tions (<150 m) oc cur along the
Chil cotin River val ley, where ba saltic lava over lies or is in -
ter leaved with pil low brec cia and hyaloclastite de pos its
(e.g., Hanceville, Anahim Flats In dian Re serve and Bull
Canyon; Andrews and Russell, 2007).

In the area be tween Alexis Creek and Bull Can yon, ba -
saltic rocks of the CG bury an un even paleotopographic
sur face cut into Early Ce no zoic (pos si bly Eocene
Kamloops Group) fel sic volcaniclastic rocks. The older fel -
s ic  volcanic las t ic  rocks  res t  un  con form ably on
metasedimentary base ment. The Bull Can yon is formed
where the Chil cotin River is di verted south and east around
a paleotopographic high com pris ing more re sis tant base -
ment rocks. The di ver sion pro duces a 90° bend in the river
chan nel and pro vides a three-di men sional ex po sure
through the en tire suc ces sion of CG ba salt ex posed here
(Fig 2, 3, 4). The fol low ing sec tion pres ents a se ries of
strati graphic sec tions from the Bull Can yon area based on
map ping com pleted north of the Chilcotin River during the
summer of 2006.

Geo log i cal Field work 2006, Pa per 2007-1 285

1 Geoscience BC con tri bu tion GBC034
2Centre for Ore Deposits and Exploration Studies, University of

Tasmania, Hobart, Australia
3 Volcanology and Petrology Laboratory, Earth and Ocean

Sciences, University of British Columbia, Vancouver, BC
4Geological Survey of Canada, Vancouver, BC

This publication is also available, free of charge, as colour
digital files in Adobe Acrobat® PDF format from the BC
Ministry of Energy, Mines and Petroleum Resources website at
http://www.em.gov.bc.ca/Mining/Geolsurv/Publications/catalog/
cat_fldwk.htm



LITHOFACIES DESCRIPTIONS,
DISTRIBUTIONS AND ASSOCIATIONS

The fol low ing lithofacies de scrip tions are spe cific to
the units il lus trated in Fig ure 3 and to the in ter preted fa cies
as so ci a tions sum ma rized in Fig ures 4 and 5. The vol ca nic
fa cies ex posed in Bull Can yon have been or ga nized into the 
fol low ing two prin ci pal mappable units (Fig 4): 1) a lower
pil low-dom i nated ba salt that is the type ex am ple of the Bull 
Can yon–style lithofacies as so ci a tion and 2) an up per co -

her ent ba salt. Re sults of de tailed graphic logs are sum ma -
rized in the sche matic stratigraphic columns shown in
Figure 5.

Bull Canyon–Type Lithofacies: Pillow-
Dominated Basalt (unit pB)

The pil low-dom i nated ba salt unit is best ex posed
along the tall est and steep est south west-fac ing wall of the
Bull Can yon mas sif (Fig 3), where it un con form ably over -
lies older fel sic volcaniclastic rocks that may be long to the
Kamloops Group. Unit pB con sti tutes much of the cliff,
whereas ex po sures to the north and east are thin ner and less
con tin u ous. The pB unit con tains sev eral sub aque ous vol -
ca nic and volcaniclastic lithofacies (Fig 5) in clud ing, from
most to least vol u met ri cally abun dant 1) close-packed ba -
saltic pil low fa cies (cpB), 2) ba saltic pil low-frag ment brec -
cia and ba salt brec cia fa cies (bpB), 3) hyaloclastite (HpB),
and 4) a peperitic facies (PpB).

CLOSE-PACKED BASALTIC PILLOW
FACIES (cpB)

This fa cies is, vol u met ri cally, the most abun dant in the
pB unit and con sists of re peated suc ces sions of close-
packed ba saltic pil lows (Fig 6a, 6b). In di vid ual pil lowed
fa cies are lensoid in shape, range from about 2 to 10 m in
thick ness, are ap par ently thin and be come in creas ingly dis -
con tin u ous at pro gres sively higher strati graphic in ter vals
of the pB unit. The pil lows are spher i cal to elon gate where
sec tions along the main Bull Can yon cliff face are ori ented
roughly par al lel to the elon ga tion di rec tion of in ter con -
nected lava lobes (cf. McPhie et al., 1993). The pil lows are
moulded around mu tual con tacts and dis play a wide va ri ety 
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Fig ure 1. Shaded-re lief dig i tal el e va tion model show ing the lo ca tion of the study area (Bull Can yon) within the Quesnel (093B) 1:250 000
NTS map sheet in west-cen tral BC. The map also shows 1) dis tri bu tions of geo log i cal units (Chil cotin Group ba salt and plutonic and meta -
vol can ic rocks of the Quesnel Trough); 2) ar eal lim its of mountain pine beetle in fes ta tion; and 3) dis tri bu tions of min eral oc cur rences, pros -
pects and mines (MINFILE, 2006). In set shows the lo ca tion of the Quesnel map sheet.

Fig ure 2. To pog ra phy (el e va tions in feet) of the Bull Can yon area
show ing, the dis tri bu tion of ex po sures of CG ba salt within Bull
Can yon (black cir cles), lo ca tions and ori en ta tions of strati graphic
sec tions used for graphic logs and cross-sec tions and the lo ca -
tions of geo graphic fea tures dis cussed in the text.



of tex tures com mon to pil lowed lava
for ma tions (Fig 6b, 6c), in clud ing (but
not lim ited to) mul ti ple rind struc tures,
spread ing cracks, gas cav i ties, con cen -
tric ves i cle trains and ra dial pipe ves i -
cles. Pris matic joints are com mon.
Interpillow sed i ment com prises a
mixture of massive to thinly-laminated 
mudstone or pillow fragments.

Sev eral lo cal i ties along the main
Bull Can yon cliff face dis play ba saltic
pil lows sur round ing more mas sive
zones of ba saltic lava with ra dial co -
lum nar joint ing (Fig 3, 6a). This as so -
ci a tion is pos si ble ev i dence of the
prop a ga tion of lava tubes within the
cpB fa cies (McPhie et al., 1993).
Highly ve sic u lar do mains within in di -
vid ual pil lows and abun dant mul ti ple
rind struc tures of this fa cies sug gest
that ba saltic lava was de pos ited in very
shal low wa ter (e.g., Kano, 1991).

BASALTIC PILLOW FRAGMENT BRECCIA
AND BASALT BRECCIA FACIES (bpB)

The cpB fa cies in the main Bull Can yon sec tion grades
lat er ally over ≤50 m into pil low brec cia and re worked pil -
low ba salt brec cia (bpB), re spec tively (Fig 6c, 6e). In di vid -
ual ex po sures of these fa cies are thin (<3 m) and lensoid in
shape. The com po nents of the bpB fa cies are iden ti cal to the 
interpillow fragmental ma trix found in the close-packed
pil low fa cies, ex cept that the bpB fa cies be comes pro gres -
sively and pro por tion ally en riched in the ma trix rel a tive to
co her ent pil lows.

The bpB fa cies con tains a small pro por tion (1–2%) of
in situ pil lows, iso lated pil lows and pil low frag ments, pre -
sum ably de rived from the cpB fa cies. The bpB fa cies also
con tains ‘rag-shaped’ ve sic u lar clasts of ba salt that have
large gas cav i ties. These clasts pos si bly formed on the mar -
gins of a sub aque ous, pil low-form ing lava. Poorly formed
pil lows and lava rags could have been torn from its mar gins
and fed im me di ately into a rap idly mov ing and de pos it ing
cur rent. The ba salt brec cia fa cies is mas sive to crudely me -
dium to thickly bed ded and crudely nor mally graded. The
fa cies is monomictic, clast sup ported, lacks a fine ma trix
and clasts are blocky and an gu lar. These char ac ter is tics, to -
gether with the as so ci a tion with the afore men tioned fa cies,
sup port the in ter pre ta tion that this fa cies de rives from a sin -
gle source: the pro gres sive disintegration of basaltic
pillows in a subaqueous environment.

HYALOCLASTITE FACIES (HpB)

Dis con tin u ous lenses of hyaloclastite fa cies are very
com mon in as so ci a tion with suc ces sions of pil low ba salt.
Ap par ently reg u lar, co lum nar-jointed lava, upon closer in -
spec tion, com prises a clast-sup ported, ma trix-free, jig saw-
fit, monomict ba salt volcaniclastic de posit. Clasts range
from ~2 mm to ~20 mm in size and have curviplanar mar -
gins. A sig nif i cant pro por tion of an gu lar ba salt clasts
within the ba salt brec cia fa cies (bpB) probably derive from
this facies.

PEPERITE FACIES (PpB)

The peperitic fa cies (PpB) is well de vel oped within the 
pil low ba salt unit in ho ri zons where there is sig nif i cant

mudstone. The PpB fa cies con sists of jig saw-fit, monomict
ba salt clasts with curviplanar mar gins and an evenly dis -
trib uted mudstone ma trix (Fig 6d). Some in ter sti tial
mudstone is hornfelsed. The PpB fa cies oc curs at the base
of sin gle ba salt units and is in ter preted to have formed
where ba saltic lava flows in ter acted and were quench-frag -
mented by wet, un con sol i dated mud over ly ing ear lier
flows. This fa cies com monly grades ver ti cally and lat er ally
into co lum nar-jointed basalt or close-packed basalt
pillows.

Coherent Basalt (unit cB)

The up per most mappable unit com prises a rel a tively
thin (≤30 m) and lat er ally con tin u ous aphyric ba salt lava
(cB) that fea tures well-de vel oped, widely-spaced co lum -
nar joints. The cB unit out crops along the north ern mar gin
of the Chil cotin River val ley and is best ex posed in the ar eas 
north and east of the main Bull Can yon lo cal ity. This unit is
the equiv a lent of the Chasm-style lithofacies (Farrell et al.,
2007) typ i cal of subaerial lavas through out the CG (An -
drews and Rus sell, 2007).
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Fig ure 4. Cross-sec tion il lus trat ing the gen eral strati graphic re la -
tion ships be tween Chil cotin Group ba salt and the base ment rocks
(e.g., Kamloops Group (?)) in the Bull Can yon study area. The lo ca -
tion of the cross-sec tion is shown as E-F in Fig ure 2. The cross-
sec tion ori en ta tion was cho sen to em pha size the re lief on the con -
tact due to the orig i nal paleochannel filled in by Chil cotin Group ba -
salt.

Fig ure 3. Field pho to graph show ing a pan orama of the west-south west face of the main
Bull Can yon mas sif, north of High way 20. The bluff is ap prox i mately 500 m high.



DISCUSSION

Care ful ex am i na tion of the spe cific el e va tions of the
basal un con formity be tween the Chil cotin Group and un -
der ly ing base ment fel sic volcaniclastic rocks in Bull Can -
yon de lin eates an un even paleotopographic sur face (Fig 4,
5). More spe cif i cally, in three di men sions, the mor phol ogy
of the fea ture is that of a paleochannel with a mod er ately
steep north paleowall and very steep east paleowall. The
south ern wall of the paleochannel ap pears to co in cide with
the pres ent-day south ern bank of the Chil cotin River (Fig 4) 
and was ap par ently steep as well. The paleochannel is
greater than 1 km wide and has an ap prox i mate north east
ori en ta tion (Fig 2, 4). Out side of the paleocanyon, out crops
of thin (<15 m thick), co her ent ba salt lava rest un con form -
ably on top of pre-Chil cotin Group rocks. This re la tion ship
de fines the mar gins of the paleochannel and con strains its
width to ≤1.5 km.

The pil low ba salt unit (pB) is con cen trated within this
paleodepression and is in ter preted to re cord the em place -
ment of ba salt lava flows into a lo cally deep and wa ter-
filled chan nel. The flows prob a bly dammed up the lo cal
paleodrainage sys tem, which pe ri od i cally rup tured, gen er -
at ing the cur rents nec es sary to rap idly erode pil low ba salt
(cpB), peperite (PpB) and hyaloclastite (HpB) fa cies, and

trans port and de posit ma te rial to form pil low frag ments and 
ba salt brec cia fa cies (bpB). Wide spread, thin, co her ent and
sheet-like lava flows (cB) of the up per ba salt unit cap the
infilled paleochannel, hav ing ap par ently been emplaced
over a rel a tively flat, subaerial paleotopographic surface.
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Fig ure 6. Field pho to graphs of vol ca nic units ex posed in the walls
of Bull Can yon: a) out crop (~10 m across) com pris ing pil lowed ba -
salt (pB) un der lain by lava tubes and over lain by mas sive ba salt
(cB); b) de tailed im age of closely packed pil lows (cpB) fea tur ing
small-scale (centi metre) ra dial co lum nar joints and con cen tric
struc ture par al lel to the outer sur face, de fined by band ing; ham mer 
is 35 cm long; c) pil low frag ment brec cia (bpB) within a more co her -
ent pil low ba salt unit; grey do mains are more-or-less in tact ba saltic 
pil lows; or ange-brown patches com prise clast-sup ported,
monomict, ba salt brec cia re sult ing from the dis in te gra tion of ba -
saltic pil lows and pseudopillows (HpB); d) peperitic ba salt brec cia
(PpB) formed by the en train ment of wet, poorly con sol i dated
mudstone (grey) into mas sive to pil lowed ba salt; pen cil is 15 cm
long; e) mod er ately well-bed ded, clast-sup ported, monomict, an -
gu lar volcaniclastic de posit of palagonitized hyaloclastite; pen cil is 
15 cm long; f) ver ti cal ex po sure (5 m) of mas sive ba salt
stratigraphically above pil low ba salt and hyaloclastite (partly ob -
scured by grass); the unit grades down ward and lat er ally from co -
her ent ba salt with well-de vel oped, reg u larly ori ented co lum nar
joints (right) into a less-co her ent, ir reg u lar, frag mented brec cia
(left and cen tre).

Fig ure 5. Strati graphic sec tions of Chil cotin Ba salt se quences sum ma riz ing graphic logs of the sec tion ex posed in Bull Can yon, west-cen -
tral BC. Lo ca tions of strati graphic sec tions are shown in Fig ure 2. The up per limit of each strati graphic col umn cor re sponds to the high est
el e va tion of con tin u ous rock ex po sure but does not nec es sar ily rep re sent the top of the strati graphic sec tion, which is lo cally found at an el -
e va tion of 3200 ft (975 m).
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CONCLUSIONS

Sim i lar sub aque ous-subaerial fa cies as so ci a tions have
been ob served else where in the Chil cotin and Fra ser pla -
teaus (Bevier, 1983; Mathews, 1989; Farrell et al., 2007;
An drews and Rus sell, 2007): 1) along the Fra ser Can yon
from Soda Creek south to Ca noe Creek (NTS 092O, 093A
and 093B); 2) else where along the Chil cotin, Chilco,
Chilanko and Taseko Rivers (092N, 092O and 093B); 3) at
Chasm Pro vin cial Park (092P); and 4) along Up per
Deadman Creek (092P). The au thors con sider the sec tion
ex posed at Bull Can yon to be the type lo cal ity for the sub -
aque ous Bull Can yon–style lithofacies in the CG. These
ini tial ob ser va tions, to gether with those in the Bull Can yon
area, po ten tially have ma jor im pli ca tions for the em place -
ment of the CG: 1) sub aque ous-subaerial fa cies tran si tions
over a wide area in di cate that the early stages of vol ca nism
were strongly con trolled by sig nif i cant paleotopography;
2) within paleochannels, the CG is the thick est (≤150 m);
away from paleochannels, how ever, the Chil cotin Group
lavas are typ i cally much thin ner (≤20 m); 3) paleodrainages 
were long-lived, as sug gested by the grad ual tran si tion
from sub aque ous to subaerial lithofacies; and 4) the lack of
ma jor paleosol ho ri zons or ero sion sur faces within many
sec tions, in clud ing at Bull Can yon, sug gests a short du ra -
tion of vol ca nism in in di vid ual ar eas.

This study pro vides some of the pri mary ev i dence used 
by An drews and Rus sell (2007), to sup port their as ser tion
that the ex plo ra tion po ten tial of the Chil cotin Group should
be re-eval u ated in light of an im proved un der stand ing of
the three-di men sional ar chi tec ture of the CG. Spe cif i cally,
the rec og ni tion of the Bull Can yon–style lithofacies high -
lights the im por tance of pre-CG paleotopography
(paleochannels) on the over all ar chi tec ture of the CG, and
the thick ness dis tri bu tion that is key to interpreting
geophysical exploration data.
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