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INTRODUCTION

In the sum mer of 2005, one ge ol o gist and three ge ol -
ogy stu dents work ing for the Brit ish Co lum bia Geo log i cal
Sur vey, along with three Kitselas First Na tion re source
tech ni cians, sur veyed the Usk map area, near Ter race, BC
(Fig. 1). A ma jor ob jec tive of the pro ject was to iden tify
sub di vi sions within the Telkwa For ma tion, a unit that had
pre vi ously been un di vided in the Ter race area. This ar ti cle
pres ents four cross-sec tions of the map area (Fig. 2); it is a
com pan ion ar ti cle to Nel son et al. (2006), where a full ex -
am i na tion of the phys i cal fea tures and ex plo ra tion po ten tial 
of the Usk map area is pre sented. This pa per high lights the
de tails of the newly dis tin guished units within the Telkwa,
as well as their strati graphic, (paleo)geo graphic and struc -
tural re la tion ships to one an other and to lo cal in tru sive and
older Tri as sic and Pa leo zoic units. Spe cial em pha sis is
placed on vari a tions in vol ca nic fa cies that oc cur be tween
and within the di vi sions of the Telkwa For ma tion. Twenty
sam ples have been col lected along these transects for
whole-rock ma jor, trace and iso tope geo chem i cal anal y ses.
These will be in cor po rated into a Ph.D. the sis cur rently in
prog ress by the se nior au thor at Dalhousie Uni ver sity.

GEOLOGICAL SETTING

The Usk map area falls within the west ern por tion of
the Stikine Terrane, or Stikinia. Stikinia is the larg est of the
intermontane ter ranes and is com posed of Pa leo zoic to
Mid dle Ju ras sic, is land-arc-re lated vol ca nic, plutonic and
sed i men tary rocks (An der son, 1993). The map area also
falls along the east ern bound ary of the Coast Plutonic Com -
plex, a lin ear belt of subduction-re lated plutonic rocks
emplaced af ter the ac cre tion of the intermontane ter ranes to 
the North Amer i can con ti nent (van der Heyden, 1992).

The cross-sec tions in this pa per de pict three main
strati graphic units and two plutonic units. The old est strati -
graphic unit, the Zymoetz group, is cor re la tive with Pa leo -
zoic rocks of the Stikine ‘as sem blage’ in the Iskut-Stikine
area (Nel son et al., 2006; see also Lo gan et al., 2000;

Brown et al., 1991). These units are over lain, in places, by
thin, well-bed ded sed i men tary rocks, which are thought to
be Tri as sic in age and are cor re la tive with the Stuhini
Group. The youn gest, and by far the most vo lu mi nous,
strati graphic unit rep re sented in these cross-sec tions is cor -
re la tive with the Telkwa For ma tion, the old est for ma tion of
the Hazelton Group (Rich ards and Tip per, 1976); it is com -
posed mainly of in ter me di ate co her ent vol ca nic and
volcaniclastic rocks. A large, multiphase, anastomosing
pluton, in for mally named the Kleanza pluton (Gareau et
al., 1997a, b), is rep re sented in these cross-sec tions. A sec -
ond plutonic suite, be long ing to the Eocene Coast Plutonic
Com plex, is only rep re sented in cross-sec tion D–D′–D″, as
it out crops mainly in the north west ern corner of the Usk
map area (Carpenter Lake pluton, Fig. 2).

CROSS-SECTIONS

De tailed de scrip tions of the geo log i cal units that are
shown in these cross-sec tions are pre sented in Nel son et al.
(2006) and will not be re peated here; rather, this pa per will
fo cus on ob ser va tions, made along the transects of the
cross-sec tions, that may be im por tant to the in ter pre ta tion
of the en vi ron ment of emplacement/deposition.

Section A–A′

The A–A′ transect (Fig. 3), which crosses from Cop per 
Moun tain on the south side of the Zymoetz River to the
O.K. Range on the north side of the river, high lights the fea -
tures of the Pa leo zoic Zymoetz group, Tri as sic strata, and
their in ter nal struc ture and re la tion ship to over ly ing and in -
tru sive Jurassic units.

Apophyses of the Ju ras sic Kleanza pluton out crop on
Cop per Moun tain and in the O.K. Range. The mar gins of
this in tru sive body rep re sent both orig i nal in tru sive con -
tacts and faulted con tacts. The Kleanza pluton forms a
laccolith in the north west ern and cen tral parts of the Usk
map area. The laccolith is pres ent at a shal low depth, as de -
picted on the north east ern por tion of this cross-sec tion. Its
ge om e try, in this por tion of the map, is in ferred from 1) its
re gional out crop char ac ter is tics (for in stance, plutonic
rocks com monly out crop in low ly ing drainages); and 2)
high con cen tra tions of dikes, up to 50% of all out crop, with
rock types similar to those of the pluton.

The Pa leo zoic Zymoetz group is com posed of two
units, a fossiliferous lime stone and a vol ca nic unit that is
com posed of interbedded in ter me di ate lapilli tuff and vol -
ca nic con glom er ate and sand stone. These units are con sid -
ered by Nel son et al. (2006) to be a sub aque ous-arc ed i fice
with lime stone reefs and limy banks that were pe ri od i cally
in un dated by volcaniclastic de bris. Lime stone of the
Zymoetz group is co eval with the Perm ian Am bi tion For -
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ma tion in the Iskut-Stikine area (Gun ning et al., 1994);
how ever, this lime stone interfingers ex ten sively with vol -
ca nic and vol ca nic-de rived ma te rial, whereas the Am bi tion 
For ma tion post dates volcanic activity in the Iskut-Stikine
area.

A thin band, less than 100 m thick, of well-bed ded sed -
i men tary rock over lies the Zymoetz group. These rocks
bear a close like ness to other Tri as sic rocks in the Stikine
Terrane. Radio lar ians from this unit are cur rently be ing
eval u ated to con firm its age. These sed i men tary rocks are
com posed of gray and black, py ritic radiolarian chert, in
some ar eas interbedded with sooty black py ritic argillite.
Beds are typ i cally 5–15 cm thick and, in many out crops,
folded disharmoniously on a mesoscopic scale. These si li -
ceous sed i ments rep re sent an ox y gen-starved ma rine
depositional en vi ron ment; they con spic u ously lack any of
the nor mally vo lu mi nous clinopyroxene por phy ritic vol ca -
nic rocks that typ ify the Triassic elsewhere in the Stikine
Terrane.

The Pa leo zoic and Tri as sic strata are char ac ter is ti cally
thrust imbricated within the Usk map area. Rep e ti tions of
Pa leo zoic and Tri as sic rocks typ i cally in volve layer-par al -
lel faults with up-to-the-south rel a tive move ment in the
hangingwall. The thrust faults pre date the de po si tion of the
Ju ras sic Telkwa For ma tion and are over lain by basal con -
glom er ate of the Telkwa Formation.

Pa leo zoic and Tri as sic strata are well ex posed in the
south west ern por tion of the Usk map area, de spite there be -
ing lit tle ev i dence that this area is struc tur ally lower than
else where in the map area, where they are not ex posed. This 
leads to the in ter pre ta tion that they formed a top o graphic
high dur ing the time of de po si tion of the Telkwa For ma tion. 
The pres ence of a prox i mal top o graphic high would ex -
plain the high-en ergy depositional en vi ron ment of the
Telkwa basal con glom er ate, which is com posed mainly of
clasts de rived from the Zymoetz group. The basal con glom -
er ate has strong lo cal vari a tions in clast com po si tion, which 

fur ther sup ports the lo cal presence of a Paleozoic and
Triassic topographic high.

 The Telkwa basal con glom er ate and con glom er ate of
the Pa leo zoic vol ca nic unit are very sim i lar and can eas ily
be mis taken for one an other, es pe cially be cause they both
con tain the same types of clasts, and they may be struc tur -
ally or stratigraphically in con tact with one an other. In gen -
eral, con glom er ate of the Zymoetz vol ca nic unit has a
higher pro por tion of clinopyroxene por phy ritic mafic
rocks and quartz por phy ritic dacite, and a lesser pro por tion
of plagioclase por phy ritic rocks; how ever, the Telkwa con -
glom er ate can also con tain these clasts where they are lo -
cally sourced from ero sion of the Zymoetz group. Con -
glom er ate of the Zymoetz vol ca nic unit is more com monly
interbedded with vol ca nic sand stone with a limy ma trix,
and lapilli tuff. The basal Telkwa con glom er ate can be
uniquely iden ti fied where it con tains clasts of the banded
Tri as sic chert and sooty argillite (e.g., along the northern
end of this cross-section).

The basal Telkwa con glom er ate is over lain by a thick
unit of volcaniclastic rock com posed mainly of andesitic
lapilli tuff. This unit, and its re la tion ship to the other co eval
an de site unit in the map area, are de scribed in the next
cross-sec tion.

Section B–B′

This transect (Fig. 3), which crosses from the O.K.
Range on the north side of the Zymoetz River to the Bornite
Range on the north side of Kleanza Creek, high lights the re -
la tion ship be tween the two andesitic vol ca nic units within
the Telkwa For ma tion, as well as other fea tures of its in ter -
nal stra tig ra phy.

The south west ern por tion of this sec tion shows the
Zymoetz vol ca nic unit in faulted con tact with a horst of the
Kleanza pluton. Here, the pluton has been up lifted and of -
fers a rare glimpse at its more ho mo ge neous core, as op -
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Fig ure 1. Lo ca tion and geo graphic fea tures of the Usk map area (NTS 103I/09), near Ter race, Brit ish Co lum bia.
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posed to the het er o ge neous bor der phases that are nor mally
ob served. The cen tre of the pluton is more evolved than the
bor der phases: it is a rel a tively ho mo ge neous, coarse
grained, equigranular, bi o tite gran ite with up to 60%
quartz. Bor der phases, such as those ex posed in the Kleanza 
Creek val ley, on this cross-sec tion are typ i cally more mafic
and are com posed of hornblende±bi o tite granodiorite and
diorite, rare gran ite, green microdiorite and aplite. These
bor der phases of the Kleanza suite show ex treme lo cal vari -
abil ity and mutual crosscutting relationships.

Jux ta posed across the Kleanza Creek val ley are dis -
tinct units of the Telkwa For ma tion, which Nel son et al.
(2006) re fer to as the O.K. Range – Trea sure Moun tain fa -
cies and Kleanza Creek fa cies in the south, and the Mount
O’Brien fa cies in the north. Both are com posed mainly of
andesitic vol ca nic rocks, but the O.K. Range and Kleanza
Creek fa cies are mainly volcaniclastic rocks, whereas those 
to the north are mainly co her ent vol ca nic flow units. The
dif fer ences be tween these units are not the re sult of a strati -
g r a p h ic  r e  l a  t io n  s h i p ;  r a th e r,  t h e y  r e p  r e  se n t  a
paleogeographic dif fer ence in vol ca nic en vi ron ments and
depositional set tings. The north ern Mt. O’Brien fa cies is
prox i mal to erup tive fis sures and cen tres, and is there fore
com posed mainly of co her ent vol ca nic flows. In the south -
ern Kleanza and O.K. Range fa cies, there is very lit tle co -

her ent vol ca nic ma te rial; in stead, they are com posed
mainly of pri mary and resedimented volcaniclastic ma te -
rial, par tic u larly andesitic lapilli tuff. These are more dis tal
fa cies and rep re sent a sub sid ing ba sin. The ba sin ac com -
mo dated large amounts of vol ca nic de bris that erupted
directly into it or washed into it from the volcanic edifice.

There are no ex po sures of Tri as sic or Pa leo zoic rocks,
or the basal Telkwa con glom er ate, be neath the an de site of
the Mt. O’Brien fa cies. On the north ern slopes of Kleanza
Creek, a se quence of finely bed ded green and ma roon vol -
ca nic sand stone grades tran si tion ally up ward into coherent
flows.

Two lo cally oc cur ring bod ies of dacite and rhy o lite are
de picted on the north east ern por tion of the cross-sec tion.
Both co her ent and volcaniclastic fa cies of these fel sic rocks 
form ir reg u lar and dis con tin u ous bod ies within the co her -
ent Mt. O’Brien fa cies an de site unit. Fel sic in ter vals are
rare in the O.K. Range and Kleanza fa cies, due to the dis -
tance of these rocks from the lo cal fel sic erup tive cen tres
lo cated to the north in the Mt. O’Brien fa cies. The char ac -
ter is tics of the Mt. O’Brien fa cies fel sic units and their re la -
tion ships with the andesitic units are dis cussed in further
detail in the following two sections.
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Fig ure 3. Cross-sec tions of the Usk map area. Rock unit pat terns as on Fig ure 2.



Section C–C′

The C–C′ transect (Fig. 3), which spans a length of the
Bornite Range be tween the head wa ters of Chimdemash
Creek to the north and Kleanza Creek to the south, de picts
the phys i cal dis tri bu tion of dacitic and rhyolitic units
within the Mt. O’Brien facies.

On the west ern por tion of this cross-sec tion, there is a
con tact be tween a body of the Kleanza pluton and a rhy o lite 
vol ca nic unit. Closer to the cen tre of the in tru sive body, the
rock is rel a tively ho mo ge neous, but, along its mar gin, it is
com posed al most en tirely of dikes with vari able com po si -
tion, rang ing from mafic to fel sic. Of par tic u lar in ter est is
the pres ence of highly epidotized,  f ine-grained,
holocrystalline ‘clasts’; these clasts are also found in abun -
dance in cer tain tuff lay ers in the over ly ing rhyolitic units
(Fig. 4). The close re sem blance of many of the bor der phase 
fel sic dikes to the rocks within the rhy o lite unit, and the
pres ence of holocrystalline epidotized clasts in both the
pluton and the tuff lay ers, sug gests that the con tact be tween
the pluton and the rhy o lite may be tran si tional in the sense
that the pluton was a feeder to the overlying eruptive
volcanic unit.

The rhy o lite unit is com posed of lat er ally con tin u ous
lay ers of co her ent, flow-banded white rhy o lite, lapilli tuff
and thin-bed ded apha ni tic si li ceous sed i men tary lay ers
(Fig. 5). The fine-grained, well-bed ded, si li ceous sed i men -
tary units may be in ter vals of fel sic ash tuff or exhalitive
chert. Lapilli tuff in this fel sic unit is mono to polylithic,
and some beds con tain mafic as well as fel sic lapilli. At
least one 20 m thick bed is com posed of resedimented
lapilli tuff, which has scour-and-fill struc tures at its base
and a coars en ing-up ward grad ing. Weld ing (i.e., the flat -
ten ing of pum ice clasts due to com pac tion of hot vol ca nic
ma te rial) is con spic u ously ab sent in any of these beds. The
con ti nu ity of beds in this unit, es pe cially of the co her ent
rhy o lite bod ies, is un usual for these highly vis cous vol ca nic 
rocks. It sug gests that the sec tion crosses very close to the
vol ca nic cen tre but at a dis tance where beds can be de pos -
ited with out be ing dis rupted by fur ther vol ca nic ac tiv ity,
prob a bly on the mod er ately dis tal flanks of the erup tive ed i -
fice. The lat eral con ti nu ity of beds, ab sence of weld ing, and 
pres ence of fine-grained, well-bedded sequences are all
suggestive of a subaqueous depositional environment.

The dacitic unit in this cross-sec tion is ex posed on two
limbs of what is in ter preted to be a broad syncline. The
syncline is in ferred from the op pos ing dips of the rocks on
each limb; how ever, within the dacitic unit, ig ne ous lay er -
ing ori en ta tions are highly vari able. This can be ex plained
by the vis cous na ture of the lava, the ir reg u lar to pog ra phy
of the un der ly ing andesitic unit, and the gen eral high-en -
ergy and cha otic na ture of vol ca nic cen tres. The dacitic unit 
interfingers ex ten sively with the sur round ing an de site and
typ i cally fills paleotopographic de pres sions be tween large
lobes of an de site that are typ i cally hun dreds of metres wide. 
In some places, thin ve neers of fine-grained dacitic rock
also cover paleotopographic highs. The dacitic unit is
highly vari able in its tex tures and in di vid ual fa cies are
rarely lat er ally con tin u ous. They are typ i cally brick red or
lav en der in col our and vari ably feld spar phyric and ve sic u -
lar. Co her ent bod ies are some times flow banded,
spherulitic and rarely con tain lithophysae (large vugs that
form from the devitrification of vol ca nic glass).
Volcaniclastic rocks in clude large brec cia piles, lapilli tuff,
and fine-bed ded ash and crys tal-ash tuffs. In at least two lo -
ca tions, lapilli tuff con tains clasts of lapilli tuff (Fig. 6), an
in di ca tion of mul ti ple gen er a tions of ex plo sive vol ca nism
from the same cen tre. Other vol ca nic rocks are highly
welded, with up to 1:10 as pect ra tios on flat tened pum ice
clasts. The over all ge om e try of de po si tion of the dacitic
unit is con sis tent with subaerial pyroclastic flows (Wright
et al., 1980). The ubiquity of welded rocks in this unit also
supports a subaerial depositional setting.

The an de site unit, which interfingers ex ten sively with
the dacitic unit, is com posed mainly of green or ma roon, ve -
sic u lar, co her ent flow units and mi nor amounts of lapilli
tuff. The co her ent units are fine grained to apha ni tic and
com monly have euhedral, lath-shaped plagioclase pheno -
crysts. The ves i cles and amygdules, which range in size
from 0.2 to 10 cm, oc cupy a large pro por tion of the co her ent 
bod ies, up to 60% by vol ume, and are filled with ze o lite-fa -
cies meta mor phic min er als, in clud ing chaba zite, chlorite
and nat rol ite (Fig. 7). These bod ies form an ir reg u lar
paleotopography com posed of large flow units, as well as
smaller flow lobes; no pil low forms were ob served. The ab -
sence of pil low forms and the large ves i cle size in these
units is sug ges tive of a subaerial de po si tion. In ad di tion,
there is a vir tual ab sence of interbedded sed i men tary ma te -
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Fig ure 4. Holocrystalline epidotized clasts in the Kleanza pluton (left) and fel sic lapilli tuff of the Telkwa For ma tion (right), Usk map area,
near Ter race, BC.



rial, such as would be found in most proximal subaqueous
depositional environments.

Section D–D′–D″

The D–D′–D″ transect (Fig. 3) crosses a cirque on the
north ern flank of Mt. O’Brien (D–D′) and then crosses Le -
gate Creek, near its head wa ters, to the north ern most moun -
tain range in the Usk map area (D′–D″). This sec tion
crosses a small plug of prob a ble Eocene age, and also two
Telkwa rhyolitic units. It also crosses a ma jor fault, which
sep a rates shal low-dip ping strata in the north (Fig. 8) from
more steeply dip ping strata in the south. In ad di tion, this
sec tion shows that re gional trends in the ori en ta tion of beds
are vari able through out the map area, as these beds dip to
the south west, whereas those in the other sec tions dip pre -
dom i nately to the northeast.

In the south west ern por tion of this cross-sec tion, a se -
ries of mainly co her ent dacitic and rhyolitic units

interfinger with an de site. These fel sic units are sim i lar to
those de scribed in cross-sec tion C–C′. The an de site at this
lo ca tion also has sim i lar char ac ter is tics to that on sec tion
C–C′; here, how ever, pipe ves i cles may be pres ent at the
con tacts be tween flows. Pipe ves i cles com monly oc cur in
subaerial en vi ron ments where a flow passes over a moist
sur face, re leas ing va pours into the over ly ing lava (Wilmoth 
and Walker, 1993). The pre dom i nance of an de site shown in 
the lower slopes of the Le gate Creek drain age is in ferred, as 
this area is heavily for ested and unexposed due to a thick
Quaternary overburden.

The rhy o lite unit in the north east ern por tion of the
cross-sec tion is dis tinct from those else where in the Usk
map area. It is com posed of a wide va ri ety of co her ent and
volcaniclastic, 1–40 m thick beds of lapilli, ash and crys tal-
ash tuffs, and co her ent rhy o lite flows and domes that are
tran si tional into flow brec cias. This unit is also com posed
of ap prox i mately 30% dacite and 20% an de site beds. In one 
lo ca tion, white flow-banded rhy o lite was ex truded through
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Fig ure 5. Well-bed ded rhyolitic ash and crys tal ash tuff over lain by a 20 m thick bed of resedimented fel sic lapilli tuff, Usk map area, near
Ter race, BC.

Fig ure 6. Lapilli tuff with a ‘clast’ of a pre vi ously formed lapilli tuff,
Usk map area, near Ter race, BC.

Fig ure 7. Amyg da loid al an de site, the ves i cles partly filled with pink
chaba zite, Usk map area, near Ter race, BC.



what was a nonlithified, red dacitic, crys tal-ash tuff, cre at -
ing an in ter val of peperitic white rhy o lite in a red dacitic
groundmass (Fig. 9). The an de site unit in this por tion of the
cross-sec tion is com posed of volcaniclastic and co her ent
flow rocks that are also bed ded on a 1–40 m scale. Both the
fel sic and mafic rocks in this por tion of the map area have
been af fected by high-an gle, synvolcanic faults, which
show be tween 1 and 10 m of ver ti cal dis place ment. Rare
weld ing of pum ice clasts in rhyolitic beds sug gests a
subaerial depositional en vi ron ment; how ever, lime stone is
found in the in ter stices of some an de site brec cia, which
sug gests sub aque ous de po si tion. In ad di tion, rhyth mic lay -
er ing and nor mal grad ing of some tuff beds are also sug ges -
tive of sub aque ous de po si tion by den sity cur rents. The vol -
ca nic rocks in this por tion of the map area may have been
de pos ited on a partly emer gent, partly sub merged vol ca nic
ed i fice.

GEOLOGICAL HISTORY AND
PALEOGEOGRAPHY OF THE STUDY
AREA

The old est rocks rep re sented in the Usk map area be -
long to the Pa leo zoic Zymoetz group, which con sists of
lime stone and vol ca nic rocks that were de pos ited on the
limy shelf of an arc ed i fice. It was over lain by well-bed ded
Tri as sic chert and argillite in an ox y gen-starved ma rine en -
vi ron ment. These units were thrust imbricated prior to de -
po si tion of the Ju ras sic Telkwa For ma tion. Dur ing the Ju -
ras sic, they are in ter preted to have formed an up stand ing
top o graphic high, which was pres ent in the south west ern
por tion of the map area. These rocks were eroded and,
along with a Telkwa vol ca nic in flu ence, formed a basal
Telkwa con glom er ate, also ex posed mainly in the south ern
por tion of the map area. Over ly ing the basal con glom er ate
is a thick unit of mainly andesitic pri mary and resedimented 
lapilli tufts. These are in ter preted to have been de pos ited in
a mainly sub aque ous, sub sid ing ba sin. Co eval, co her ent
vol ca nic rocks, which are vo lu mi nous to the north of
Kleanza Creek, are the prox i mal and ef fu sive equiv a lents
of volcaniclastic rock de pos ited in the south. The north ern

sec tion com prises an de site, dacite and rhy o lite erup tive
units, which interfinger ex ten sively. Ev i dence of both
subaerial and sub aque ous de po si tion are pres ent, of ten in
close geo graphic or strati graphic prox im ity to one an other,
sug gest ing that these rocks were de pos ited on a partly
emer gent arc ed i fice. Units of all ages have been in truded
by the Ju ras sic Kleanza pluton and smaller bod ies of
Eocene age that re late to the east ern mar gin of the Coast
Plutonic Com plex. The re la tion ship be tween the Kleanza
pluton and the over ly ing Telkwa vol ca nic rocks is, in part,
tran si tional, and sim i lar i ties between the border phases of
the pluton and Telkwa volcanic units suggest that these
plutons were direct sources of volcanic magmas.
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Fig ure 9. Peperitic, flow-banded white rhy o lite in a red dacitic tuff
groundmass, Usk map area, near Ter race, BC.



tions, and Jarda Dostal for his ever-pres ent sup port and
guidance.

REFERENCES

An der son, R.G. (1993): A Me so zoic strati graphic and plutonic
frame work for north west ern Stikinia, north west ern Brit ish
Co lum bia, Can ada; in Me so zoic Paleogeography of the
West ern United States – II; Dunne, G. and McDougall, K.,
Ed i tors, So ci ety of Eco nomic Pa le on tol o gists and Min er al o -
gists, Pa cific Sec tion, Volume 71, pages 477–494.

Brown, D.A., Lo gan, J.M., Gun ning, M.H., Or chard, M.J. and
Bamber, W.E. (1991): Strati graphic evo lu tion of the Pa leo -
zoic Stikine as sem blage in the Stikine and Iskut rivers area,
north west ern Brit ish Co lum bia; Ca na dian Jour nal of Earth
Sci ences, Vol ume 28, no 6, pages 958–972.

Gareau, S.A., Fried man, R.M., Woodsworth, G.J. and Childe, F.
(1997a): U-Pb ages from the north east ern quad rant of Ter -
race map area, west-cen tral Brit ish Co lum bia; in Cur rent
Re search 1997-A/B, Geo log i cal Sur vey of Can ada, pages
31–40.

Gareau, S.A., Woodsworth, G.J. and Rickli, M. (1997b): Re gional
ge ol ogy of the north east ern quad rant of Ter race map area,
west-cen tral Brit ish Co lum bia; in Cur rent Re search 1997-
A/B, Geo log i cal Sur vey of Can ada, pages 47–55.

Gun ning, M.H., Bamber, E.W., Brown, D.A., Rui, L., Mamet, B.L. 
and Or chard, M.J. (1994): The Perm ian Am bi tion For ma -

tion of north west ern Stikinia, Brit ish Co lum bia; in Pangea:
Global En vi ron ments and Re sources, Embry, A.F.,
Beauchamp, B. and Glass, D.J., Ed i tors, Ca na dian So ci ety
of Pe tro leum Ge ol o gists, Mem oir 17, pages 589–619.

Lo gan, J.M., Drobe, J.R. and McClelland, W.C. (2000): Ge ol ogy
of the For rest Kerr – Mess Creek area, north west ern Brit ish
Co lum bia; BC Min is try of En ergy, Mines and Pe tro leum Re -
sources, Bul le tin 104, 164 pages.

Nel son, J.L., Barresi, T., Knight, E. and Boudreau, N. (2006): Ge -
ol ogy and min eral po ten tial of the Usk map area (NTS
103I/09), near Ter race, Brit ish Co lum bia; Geo log i cal Field -
work 2005, BC Min is try of En ergy, Mines and Pe tro leum
Re sources, Pa per 2006-1 and Geoscience BC, Re port 2006-
1.

Rich ards, T.A. and Tip per, H.W. (1976): Ju ras sic stra tig ra phy and
his tory of north-cen tral Brit ish Co lum bia; Geo log i cal Sur -
vey of Can ada, Bul le tin 270, 73 pages.

van der Heyden, P. (1992): A Mid dle Ju ras sic to early Ter tiary An -
dean-Sierran arc model for the Coast Belt of Brit ish Co lum -
bia; Tec ton ics, Vol ume 11, pages 82–97.

Wilmoth, RA and Walker, G.P.L. (1993): P-type and S-type
pahoehoe: a study of ves i cle dis tri bu tion pat terns in Ha wai -
ian lava flows; Jour nal of Vol ca nol ogy and Geo ther mal Re -
search, Vol ume 55, pages 129–142.

Wright, J.V., Smith, A.L., and Self, S. (1980): A work ing ter mi nol -
ogy of pyroclastic de pos its; Jour nal of Vol ca nol ogy and
Geo ther mal Re search, Vol ume 8, pages 315–336.

28 Brit ish Co lum bia Geo log i cal Sur vey




