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INTRODUCTION

In 2008, the Bee tle Im pacted Zone (BIZ) pro ject fo -
cused on bed rock map ping and re source eval u a tion of the
Chilanko Forks (NTS 093C/01) and Clusko River (NTS
093C/09S) map ar eas. Lo cated be tween Wil liams Lake and 
Bella Coola, in the Anahim Lake area, these map ar eas were 
tar geted be cause of rel a tively good log ging road ac cess and 
a his tor i cal lack of min eral ex plo ra tion. Build ing upon
map ping com pleted in 2007 in the in ter ven ing Chezacut
map area (NTS 093C/08; Mihalynuk et al., 2008a, b), re -
sults of new re vi sion map ping in the Clusko River sheet to
the north and Chilanko Forks sheet to the south are pre -
sented here, to gether with re sults from iso to pic age in ves ti -
ga tion of Chezacut area map units.

Map ping and re source eval u a tion in 2007 dem on -
strated that rock ex po sures are more ex ten sive and Chil -
cotin ba salt is less ex ten sive than pre vi ously rec og nized,
and that fur ther min eral ex plo ra tion in the Anahim Lake re -
gion is war ranted. Re sults of the 2008 field pro gram echo
these find ings, pro vid ing fur ther in cen tive for fu ture min -
eral ex plo ra tion in the re gion.

The BIZ pro ject is one facet of a broad ef fort by the
pro vin cial gov ern ment to stim u late eco nomic di ver si fi ca -
tion and to help re duce the long-term neg a tive eco nomic
im pact of the moun tain pine bee tle. As re corded by the
2004 For est Health Sur vey (BC Min is try of For ests and
Range, 2005a), the area of con tig u ous pine bee tle in fes ta -
tion at that time was nearly co ex ten sive with the In te rior
Pla teau (Fig ure 1). His tor i cally un prec e dented in size, the
bee tle in fes ta tion will lead to an in ev i ta ble deg ra da tion of
the trees avail able to the for est in dus try for har vest and a
de cel er a tion of the chief eco nomic en gine in cen tral Brit ish
Co lum bia (Min is try of For ests and Range, 2005b).

PINE BEETLE BACKGROUND

In west ern North Amer ica, moun tain pine bee tles
range from north ern BC to north ern Mex ico. Across the in -
te rior of BC, the for est eco sys tem is dom i nated by
lodgepole pine, which at around 80 years of age, reach their
max i mum sus cep ti bil ity to moun tain pine bee tle at tack
(Shore and Safranyik, 1992). At the out set of the cur rent
pine bee tle ep i demic, more than half of the pine for est
stands in BC were near op ti mal sus cep ti ble age, largely as a
con se quence of fire sup pres sion ef forts. Fire sup pres sion
by gov ern ment agen cies was an out growth of the Do min ion 
For est Re serves Act of 1906 (Tay lor, 1999) and cre ation of
the BC For est Ser vice Pro tec tion Branch in 1912 (BC Min -
is try of For ests and Range, 2008). Par tic u larly ef fec tive fire 
sup pres sion mea sures have been in voked since the 1960s,
such that by 2004 ma ture pine for est was three times as
abun dant as it would be in an unmanaged state (55% ver sus
~17%; Tay lor and Carroll, 2004). To day, the BC For est Ser -
vice Pro tec tion Branch re ports an ini tial at tack fire sup pres -
sion suc cess rate of 92% (BC Min is try of For ests and
Range, 2008).

The cur rent moun tain pine bee tle ep i demic is one of
five re corded out breaks within the past 85 years (Tay lor
and Carroll, 2004), al though ev i dence for moun tain pine
bee tle in fes ta tions ex tends to cen tu ries past in the form of
tree ring scars (Alfaro et al., 2004). Pre cise dis tri bu tion and
se ver ity of in fes ta tions have been re corded only since the
be gin ning of com pre hen sive ae rial sur veys in 1959 (e.g.,
Tay lor and Carroll, 2004).

LOCATION AND ACCESS

Geo log i cal bed rock map ping com pleted in 2008 cov -
ered an area of ~1300 km2, lo cated ap prox i mately 200 km
west of Wil liams Lake, mid way on the High way 20 route to
Bella Coola. It in cludes the re sort com mu nity of Puntzi
Lake, a for mer mil i tary air base on the north ern side of
High way 20 (Fig ure 1). Just out side the east ern map bor der, 
along High way 20, is the com mu nity of Redstone (20 km
west of the of fi cial lo ca tion shown on most maps).

Six main for est ser vice roads pro vide ac cess to the map 
ar eas (Fig ures 1, 2). Two main roads ser vice the Clusko
River area: the Chezacut (100) Road crosses the area di ag o -
nally from the south east (also known as the Clusko River-
Thun der Moun tain Road be yond the Clusko River), and a
ma jor branch known as the Scotty Meadow Road crosses
the north east ern map area. Four of the main roads ser vice
the Chilanko Forks area: the Baldwin Lakes Road and the
5600 Road ex tend into the south-cen tral and south east ern
por tion of the map area, the Clusko Main ac cesses the
south west, and the Puntzi Lake Road transects the south-
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cen tral and west ern parts of the map area. In the Clusko
River area, low el e va tion road beds are partly con structed
on glaciolacustrine de pos its, which can be come greasy and
treach er ous when rain-soaked. Hun dreds of kilo metres of
sec ond ary log ging roads branch off the ma jor for estry ser -
vice roads, al though many of these are de ac ti vated and best
ac cessed by moun tain bike or on foot. On old log ging roads
or in open pine for est with sparse out crop, foot tra verses in
ex cess of 20 km are rou tine.

REGIONAL GEOLOGICAL SETTING
AND PREVIOUS WORK

The Clusko River and Chilanko Forks ar eas are part of
the Fra ser Pla teau (Fig ure 1; south-cen tral In te rior Pla teau
as de fined by Hol land, 1964). Base ment rocks in this area
are part of south east ern Stikine terrane, a De vo nian to Ju -
ras sic arc com plex, near its east ern con tact with the Cache
Creek terrane, a Mis sis sip pian to Early Ju ras sic accretion -
ary com plex. Sub se quent to Mid dle Ju ras sic amal gam ation
of these two ter ranes (e.g., Ricketts et al,. 1992; Mihalynuk
et al., 2004), the con tact was over lapped by Late Ju ras sic
vol cano-sed i men tary strata, per haps cor re la tive with the
late Ju ras sic Nechako/Fawnie vol ca nic rocks of Diakow et
al. (1997) and Diakow and Levson (1997).

The south ern Clusko River map area is un der lain al -
most ex clu sively by supracrustal Eocene con ti nen tal arc
vol ca nic strata de pos ited dur ing ~55–47 Ma extensional
ex hu ma tion and cool ing of kyan ite-grade base ment rocks
char ac ter ized by ~107 Ma deformational fab rics (Fried -
man, 1992). Up per crustal equiv a lents of these Me so zoic
base ment rocks are well-ex posed in the Chezacut and
Chilanko Forks ar eas. Mio cene, Neo gene and Qua ter nary
vol ca nic rocks drape the post-Eocene paleotopography and 
vol ca nic flows infill paleotopographic lows. Larocque and
Mihalynuk (2009) have ex am ined the petro gen esis of the
Mio cene and youn ger rocks in greater de tail.

Pre vi ous re gional bed rock geo log i cal map ping in the
Anahim Lake area was con ducted by Tip per (1969a;
1:250 000 scale, NTS 093C). In the Clusko River area, Tip -
per’s map ping was re vised by Metcalfe et al. (1997;
1:50 000 scale, pub lished at ap prox i mately 1:350 000
scale, NTS 093C/09, 16, 093B/12, 13), who fo cused on
vol ca nol ogy and epi ther mal min er al iza tion in the Eocene
vol ca nic rocks. To the im me di ate west and south, the Tatla
Lake Meta mor phic Com plex was mapped by Fried man
(1988; 1:50 000 and 1:20 000 scales) as part of a Ph.D.
study on its struc tural ex hu ma tion. His map ping was ex -
tended far ther south west by Mus tard and van der Heyden
(1997; 1:50 000 scale, NTS 092N/14E, 15). All of these
sources of bed rock map data have been com piled by
Massey et al. (2005) as part of the dig i tal pro vin cial ge ol -
ogy map, and by Rid dell (2006) to aid with pe tro leum re -
source as sess ment. Mod ern geo phys i cal stud ies in clude the 
re pro cess ing of seis mic data from hy dro car bon ex plo ra tion 
ac tiv ity un der taken in the In te rior Pla teau in the early 1980s 
(e.g., Hay ward and Calvert, 2008), as well as the ac qui si -
tion and in ter pre ta tion of new geo phys i cal sur veys, in clud -
ing pas sive seis mic to mog ra phy (e.g., Cassidy and Al-
Khoubbi, 2007) and magnetotelluric im ag ing (e.g., Spratt
and Cra ven, 2008).

Two main pe ri ods of hy dro car bon ex plo ra tion ac tiv ity, 
in the early 1960s and 1980s, re sulted in more than 12 ex -
plo ra tion wells drilled in the vol cano-sed i men tary strata,
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Fig ure 1. Lo ca tion of the Chilanko Forks and Clusko River map
area, show ing fea tures men tioned in the text. Also shown are: the
area of 2005 moun tain pine bee tle in fes ta tion, which is nearly co -
ex ten sive with the In te rior Pla teau (the south ern half of which is
the Fra ser Pla teau; Hol land, 1964), dis tri bu tion of Stikine and
Cache Creek ter ranes (Massey et al., 2005), and the ex tent of the
Intermontane Belt. Road ab bre vi a tions: BL, Baldwin Lakes; CM,
Clusko Main; FSR, For est Ser vice Road; SM, Scotty Meadow,
see text.
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Fig ure 2. Geo log i cal sketch map show ing the dis tri bu tion of ma jor units dis cussed in the text, new and ex ist ing show ings, ma jor ac cess
roads and sam pling sites. This fig ure in cor po rates geo log i cal map data from Tip per (1969a), Massey et al. (2005), Rid dell (2006) and
Mihalynuk et al. (2008a).



which over lap the Stikine–Cache Creek terrane bound ary
(see Ferri and Rid dell, 2006 for a chro nol ogy of hy dro car -
bon ex plo ra tion). Seven of those wells have cores avail able
for in spec tion at the BC Min is try of En ergy, Mines and Pe -
tro leum Re sources Core Fa cil ity lo cated at Char lie Lake
(Mus tard and MacEachern, 2007). Three of these, from
wells lo cated 7 km north, 30 km east and 54 km south east of 
the map area (see Fig ure 2), pro vide data down to 3778 m
(Ca na dian Hunter Chil cotin 1982, b-22-K/93-C-9), 1307.5
m (Hud son Bay Redstone 1960, c-75-A/93-B-4), and 1720
m (Ca na dian Hunter et al. Redstone 1981, b-82-C/92-O-
14). Rid dell et al. (2007) re ported palynological and age
data from sam ples of the lat ter two wells: Late Albian
palynomorphs from ma rine shale from 115 to 152 m un der -
lain by ma rine to ter res trial strata of prob a ble Mid dle to
Late Albian age and, in the other well, Late Albian or
Cenomanian palynomorphs from be tween 1210 and 1610
m. In an ex cel lent syn op sis of age and strati graphic data,
Rid dell et al. (2007) re port iso to pic age data from the
granitoid at the max i mum depth pen e trated (1730 m) by
Ca na dian Hunter et al. Redstone b-82-C as 101.4 ±1.9 Ma,
and a de tri tal age from clastic strata at 635–730 m of 101.7
±2.2 Ma.

An Early to Mid dle Eocene U-Pb zir con age was ob -
tained from vol ca nic rocks cored at 3121 m in Ca na dian
Hunter Chil cotin b-22-K, es sen tially the same as three de -
tri tal zir con ages ob tained from sam ples col lected at depths
of be tween 2000 and 3745 m. If the strata pen e trated by
Chil cotin b-22-K have not been struc tur ally thick ened, the
data re ported in Rid dell et al. (2007) in di cate an Eocene
vol cano-strati graphic thick ness in ex cess of 3745 m.

Re gional gla cial and flu vial phys i og ra phy and
surficial de pos its have been mapped across the Anahim
Lake area by Tip per (1971) and in more de tail in the east ern
Anahim Lake area by Kerr and Giles (1993; NTS 093C/01,
08, 09, 16), who also con ducted till geo chem i cal sur veys
(see Levson and Giles, 1997). Sim i larly de tailed surficial
sur veys were con ducted by Ferbey et al. (2009) in the area
im me di ately to the east (NTS 093B/03, 04). Mihalynuk et
al. (2008b) pos tu lated that a late gla cial lake oc cu pied most
val leys in the Chezacut area at el e va tions be low 1154 m.

FIELD TECHNIQUES

Field map ping in 2008 adapted tech niques that were
found to be ben e fi cial in 2007. In par tic u lar, 1:20 000-scale
dig i tal orthophotographs (0.5 m res o lu tion) were used ex -
ten sively for the iden ti fi ca tion of ar eas of out crop and def i -
ni tion of geo log i cal lin ea ments. Roadcuts added to the in -
ven tory of bed rock ex po sures, but only mar gin ally. For
ex am ple, rocks ex posed within 15 m of roads con sti tute
only 1.4% of those mapped within the Clusko River area, or 
even less than the mea gre 2.4% in the Chezacut area
(Mihalynuk et al., 2008b; Fig ure 2). Thus, map ping fo -
cused along road net works cre ates a falsely neg a tive im -
pres sion of the per cent age of out crop within the area. It is
no ac ci dent that roads are pref er en tially con structed so as to 
avoid the high costs of blast ing bed rock. Across the re gion,
the most ex ten sive out crop ex po sures are along gla cially
scoured ridges and along the mar gins of gla cial melt wa ter
chan nels that are vis i ble on 1:20 000-scale orthophoto -
graphs.

In ar eas with ex ten sive till cover, clast com po si tions
can be used as a guide to the un der ly ing ge ol ogy. Un for tu -
nately, this tech nique is re li able only for basal till, whereas

the most ex ten sive surficial cover de pos its in the area
mapped in 2008 are re worked glaciofluvial or po ten tially
far-trav elled hummocky gla cial de pos its. Con tacts be -
tween units with a high mag netic con trast can be re li ably
mapped in the subsurface us ing avail able aero mag net ic
sur vey data (Fig ure 3), as was done to cre ate Fig ure 2.
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Fig ure 3. Re gional aero mag net ic sur vey shaded to tal field (Geo -
log i cal Sur vey of Can ada, 1994) and higher res o lu tion to tal field
cov er age in north east ern por tion of NTS 093C/09S from the
Clisbako multiparameter sur vey; see Fig ure 1 for lo ca tion. Over -
lain con toured mag netic sus cep ti bil ity val ues range from 5 to 25,
with an in ter val of 5 SI units. Lo ca tions of mag netic sus cep ti bil ity
mea sure ments at the out crop are shown as grey dots.



LAYERED ROCKS

Lay ered rocks within the Chezacut map area were di -
vided into four suc ces sions: Me so zoic, Eocene, Oligocene-
Pleis to cene or Pleis to cene-Ho lo cene by Mihalynuk et al.
(2008b). Many of the units that con sti tute these suc ces sions 
ex tend into the cur rent map ar eas (Fig ures 2, 3); they were
de scribed by Mihalynuk et al. (2008b) and are, there fore,
not re peated here. How ever, units that sig nif i cantly change
char ac ter or may bear upon a dif fer ent in ter pre ta tion are de -
scribed be low.

Mesozoic

Poorly fossiliferous Me so zoic strata were pre sumed
by Tip per (1969a) and Mihalynuk et al. (2008b) to cor re late 
with Late Tri as sic and Early Ju ras sic Stikine terrane vol ca -
nic arc strata. How ever, some strata in the Chilanko Forks
area are now known to be Mid dle Ju ras sic or per haps as
young as mid-Cre ta ceous in age, and be long to over lap suc -
ces sions that are of par tic u lar in ter est for their hy dro car bon
re source po ten tial (e.g., Rid dell and Ferri, 2008). For ex -
am ple, the only known fos sil age de ter mi na tion in the
Chilanko Forks area is from tuffaceous mudstone on the
north ern shore of Puntzi Lake (GSC lo cal ity 79765). Fol -
low ing pub li ca tion of the Anahim Lake map in 1968, Tip -
per (1969b) re ported that it con tained poorly pre served
Mid dle Ju ras sic ammonites: “Ac cord ing to H. Freebold a
prob a ble Bajocian age is in di cated” (Tip per, 1969b,
page 23). The ammonite-bear ing tuffaceous mudstone unit
is part of a co her ent stra tig ra phy in truded by monzonite, for 
which we re port a new Mid dle Ju ras sic iso to pic age de ter -
mi na tion (see ‘Geo chron ol ogy’ be low). Co her ent Me so -
zoic strata are com mon within the Chezacut area, ex tend ing 
from Puntzi Ridge to Puntzi Lake, in the north east ern cor -
ner of the Chilanko Forks sheet, but are not ex posed far ther
south and east. Sim i lar strata are ex pected to ex tend into the 
~6 km2 of the far south west ern cor ner of the south ern
Clusko River map area (Punkutlaenkut Creek-Chil cotin
River con flu ence), but field con di tions did not per mit ac -
cess to this area, which falls out side the limit of map ping
shown in Fig ure 2. Partly cor re la tive strata cut by, and de -
formed to gether with, a vari ably fo li ated polyphase tonalite 
to ba saltic in tru sive com plex un der lie much of the re main -
ing por tion of the Chilanko Forks area, ex cept for the south -
east ern cor ner, which is un der lain by Me so zoic  (?) mas sive 
vol ca nic brec cia. An other ex cep tion, the west-cen tral part
of the map area, is un der lain by Eocene dacitic strata of the
Ootsa Lake Group.

Map units char ac ter is tic of the co her ent Me so zoic
strata in clude: a bright green, car bon ate-ce mented,
hyaloclastic lapilli tuff; indurated, tan and brown vol ca nic
siltstone; or ange, ‘monzonitic’ crys tal lapilli tuff; and py -
ritic, coarse rhy o lite brec cia. All of these units are de -
scribed in Mihalynuk et al. (2008b); units not pre vi ously
de scribed fol low.

BAJOCIAN TUFFACEOUS SILTSTONE

Low, re ces sive, fri a ble out crops of red-brown
tuffaceous mudstone to sand stone (Fig ure 4a) crop out low
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Fig ure 4. Me so zoic rock types, in clud ing a) well-bed ded out crop of 
Bajocian tuffaceous siltstone, b) mas sive vol ca nic brec cia dis play -
ing typ i cal rec ti lin ear epidote-quartz-chlorite vein sets, and c) gran -
ule con glom er ate por tion of cal car e ous tuffite and sand stone.



on the south ern flank of Mount Palmer and north ern shore
of Puntzi Lake. Mudstone ap pears to be interbedded with
finely feld spar-phyric flows <2 m thick. Out crops are
strongly frac tured and cal cite veined, such that con tact re la -
tion ships are un cer tain. Some ‘flows’ could in fact be dikes
or un usu ally uni form, wa ter-lain tuff that lacks sig nif i cant
win now ing or sort ing.

VARIEGATED SILICEOUS TUFF AND
RHYOLITIC FLOWS

Rusty, white-weath er ing out crops form re sis tant
ridges, and range from coarse brec cia to pos si ble flow
domes. The flows and pyroclastic rocks are typ i cally well-
indurated, with si lici fied clasts show ing ochre, white
and/or dark green ghosted mar gins. Thick ness var ies, but
ex po sures are typ i cally in the or der of tens of metres thick.
Py ritic zones are com mon, and py rite can ex ceed 5% by
vol ume of the rock over widths of a metre.

VEINED MASSIVE TUFF

Bright green, ex ten sively epidote-al tered, blocky, or -
ange-weath er ing and re sis tant brec cia and lapilli tuff crop
out across ~20 km2 of south east ern NTS 093C/01. A pre -
sum ably more dis tal lapilli- and ash tuff-dom i nated fa cies
crops out spo rad i cally north of Fit Moun tain. Mi nor
chlorite amyg da loid al flows and epiclastic strata are lo cally 
im por tant. A feld spar crys tal ash ma trix is com mon in all
tuffaceous fa cies. Me dium-grained feld spar con sti tutes
10–25% of the ash and up to 35% of most frag ments. Up to
5% of the rock may con sist of chloritized hornblende, oc -
cur ring as me dium-grained subidiomorphic crys tals.
Sparse, al tered pyroxene may also be pres ent, but it has not
been con firmed petro graphi cally.

Green vol ca nic strata are lo cally interlayered with ma -
roon, typ i cally more ash-rich and brec cia-poor lay ers
<~20 m thick. In some of these lay ers, vague clast sort ing
and round ing sug gest an epiclastic or i gin, but most con tain
highly an gu lar frag ments. Strain is com monly par ti tioned
into these finer-grained units.

Ex ten sive epidote-chlorite and quartz vein ing is char -
ac ter is tic of the mas sive blocky parts of the unit. Epidote-
quartz veins com monly form par al lel sets of veins which
may range from 1 mm to ~4 cm in thick ness, and are well
de vel oped across vein strike for 10 m or more (Fig ure 4b).

CALCAREOUS TUFFITE AND SANDSTONE

Per haps the most wide spread Me so zoic sed i men tary
unit ex posed in the Chilanko Forks-Clusko River map area
is grey to blue-green vol ca nic tuffite and sand stone, com -
monly with a cal car e ous ma trix. This unit is tex tur ally vari -
able, rang ing from green sand stone with gran ule-con glom -
er ate lags (Fig ure 4c) to epiclastic units with tuffaceous
interbeds, to dark grey phyllitic mudstone. Lime stone lay -
ers up to 10 cm thick have been ob served in two lo cal i ties.
If better ex posed, this unit could prob a bly be sub di vided
into sev eral mappable units.

The best ex po sures of this unit are on the hills east of
Pyper Lake and in the ther mal meta mor phic halo of the
Clusko In tru sive Com plex near Puntzi Moun tain. Ad ja cent
to the com plex, the car bon ate ma trix has been con sumed
through the pro duc tion of sec ond ary calcsilicate min er als:
epidote or actinolite/tremolite, and rare grossular gar net.

Cor re la tive units within the Chezacut map area (near
Arc Moun tain) may be the ‘cal car e ous fossiliferous sand -

stone’, ‘vol ca nic siltstone/sand stone’ and pos si bly, the
‘cal car e ous chert peb ble con glom er ate’ de scribed in pre vi -
ous work (Mihalynuk et al., 2008b). Such vari abil ity in cor -
re la tive units might be ex pected given that they are sep a -
rated from those in the Chilanko Forks map area by more
than 25 km.

A min i mum rel a tive age con straint on this unit is pro -
vided by the cross cut ting, pre- to syndeformational Clusko
In tru sive Com plex. Two sam ples of this com plex have been 
sub mit ted for iso to pic age de ter mi na tion, but nei ther has
been com pleted as this pa per goes to press. How ever, a new
U-Pb age de ter mi na tion from the mainly undeformed
‘Puntzi Ridge quartz monzonite’, which cuts the pre sum -
ably cor re la tive strata within the Chezacut map area, is re -
ported be low as 160.94 ±0.13 Ma.

Cretaceous Volcanic Rocks

Vol ca nic rocks of Cre ta ceous age have not been di -
rectly dated within the Chilanko Forks to south ern Clusko
River area. How ever, Cre ta ceous vol ca nic strata are dated
at 101 ±2 Ma im me di ately east of the map area at Puntzi
Lake, as re ported by Rid dell and Ferri (2008). Re gion ally,
these rocks may cor re late with the Spences Bridge Group
(Thorkelson and Rouse, 1989; Diakow and Bar rios, 2009).
Un dated vol ca nic rocks north of east ern Tatla Lake pos si -
bly be long to this pack age, as may rocks that un der lie
Mount Charlieboy on the south ern bound ary of the
Chezacut map area.

EAST TATLA LAKE TUFF AND
AUTOBRECCIA

Ol ive-green or ma roon, blocky to rubbly and or ange-
to tan-weath er ing tuff and brec cia crop out north of the
east ern end of Tatla Lake. They are ve sic u lar and con tain
20% by vol ume of me dium- to coarse-grained, tab u lar
plagioclase, which is com monly idiomorphic and slightly
tur bid, but in some out crops can be vit re ous. Ves i cles are
gen er ally ir reg u larly shaped, chlorite- or quartz-filled, with 
mi nor bright green celadonite (Fig ure 5a). They are less
than 5 mm in di am e ter, and make up 5% by vol ume (lo cally
up to 25%) of out crops. Mafic min er als in clude chloritized
bi o tite, less com monly hornblende, and pos si bly pyroxene; 
the lat ter is typ i cally fine- to me dium-grained, idiomorphic
and ac counts for less than 5%. Most out crops are cut by cal -
cite and/or ze o lite (laumontite [?]) veins.

EAST TATLA LAKE CONGLOMERATE

Very coarse boul der to cob ble con glom er ate (Fig ure
5b) with sparse, pla nar, arkosic vol ca nic sand stone lay ers
ap pears to be en tirely of lo cal der i va tion, sourced from the
un der ly ing East Tatla Lake tuff and autobreccia. Un usu ally
well-rounded boul ders of chloritic, amyg da loid al, coarse-
bladed feld spar por phyry flow ex ceed ing 2 m in di am e ter
in di cate a per sis tent, very high-en ergy flu vial en vi ron ment
of de po si tion.

Eocene Ootsa Lake Group

Vol ca nic units that com pose the Eocene Ootsa Lake
Group in the Chezacut map area were de scribed by
Mihalynuk et al. (2008b). These units in clude: basal con -
glom er ate, acicular hornblende dacite, amyg da loid al
pyroxene-phyric ba salt, ochre brec cia and flow lobes,
dacite ash-flow tuff, ma roon- and grey-banded rhy o lite,
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and vit re ous black dacite (Fig ure 6). Com po si tions are
over whelm ingly dacitic as shown in Fig ure 7.

Fieldwork in 2008 added two ad di tional units: a con -
glom er ate unit with pet ri fied wood frag ments that may oc -
cur at sev eral strati graphic lev els, and a vari ant of the ‘vit re -
ous black dacite’ unit, that we have named the ‘Mount
Sheringham pyroxene dacite’.

Seven new 40Ar/39Ar cool ing age de ter mi na tions for
the Ootsa Lake Group within the Chezacut area show that
the ‘vit re ous black dacite’ unit is ~46–44 Ma, sig nif i cantly
youn ger than un der ly ing units (~54–50 Ma); these data are
con sis tent with the geo chron ol ogi cal find ings of Metcalfe
et al. (1997). A full re port on age de ter mi na tions from
Ootsa Lake Group vol ca nic rocks will fol low when geo -
chron ol ogi cal data from sam ples col lected in 2008 be come
avail able.

POLYMICTIC CONGLOMERATE

Al though de scribed by Mihalynuk et al. (2008b), this
unit is in cluded here as new ob ser va tions bear upon the
geo log i cal in ter pre ta tion of the area. Bright ma roon-weath -
er ing, re ces sive polymictic con glom er ate is ex posed south
and west of Fit Moun tain, where it dis plays an un con form -
able con tact with the late Ju ras sic Chilanko in tru sive com -
plex diorite. Clasts ap pear to be de rived from the un der ly -
ing Ju ras sic ter rain, in clud ing the Chilanko in tru sive
com plex (see be low). Char ac ter is tic ma roon soil has de vel -
oped above and ad ja cent to the unit. On the ba sis of lo cal
soil col our anom a lies, the con glom er ate is pre sumed to un -
der lie an ex ten sive area west and south of Fit Moun tain,
where it is spo rad i cally ex posed. This unit may rep re sent
the base of the Eocene suc ces sion in the Chilanko Forks
area; how ever, it could also mark the basal con tact of the
Cre ta ceous sec tion.
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Fig ure 5. Good ex po sures of East Tatla Lake a) autobreccia and b)
con glom er ate.

Fig ure 6. Sche matic di a gram of strati graphic re la tion ships be -
tween the ma jor units within the Clusko River and Chilanko Forks
area. See Mihalynuk et al. (2008b) for stra tig ra phy of the in ter ven -
ing Chezacut area.



CONGLOMERATE WITH PETRIFIED WOOD
CLASTS

Re ces sive, rusty, white- to yel low-weath er ing sand -
stone and con glom er ate are com mon within the up per part
of the Eocene suc ces sion near up per Clusko River (Fig ure
8a). The pres ence of pet ri fied wood frag ments is char ac ter -
is tic of this unit (Fig ure 8b). In some lo cal i ties the unit con -
tains bands of indurated, cherty siltstone; in other lo cal i ties, 
the con glom er ate may be strongly clay-al tered and can be
carved away by hand. Con glom er ate clasts vary in com po -
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Fig ure 7. a) To tal al kali-sil ica plot (af ter Le Maître, 1989) show ing
all 2008 whole rock sam ples. b) To tal al kali-sil ica plot (af ter Le
Maître, 1989) show ing Eocene vol ca nic rocks from 2007 and 2008.
c) SiO2-K2O plot for Eocene vol ca nic rocks from 2007 and 2008. d)
Quartz-Al kali feld spar-Plagioclase feld spar ter nary di a gram show -
ing com po si tions of in tru sions mapped in 2008. Com po si tions are
based on vi sual es ti mates of phase pro por tions. F: foidite; P:
phonolite; TpP: tephriphonolite; Ptp: phonotephrite; Tp/Bs:
tephrite/basanite; T: trachyte; Ta: trachyandesite; Bta: ba saltic
trachyandesite; Tb: trachybasalt; B.And: ba saltic an de site; Alk.Fs
Qtz Sy: al kali feld spar quartz syenite.

Fig ure 8. a) Very light grey- to white-weath er ing epiclastic con -
glom er ate con tains vitric ash flow frag ments at this lo cal ity. b)
Where the unit is more typ i cally rusty and yel low-weath er ing, it in -
vari ably con tains frag ments of pet ri fied wood, as seen in the thin
sec tion shown here. Long di men sion of this photo rep re sents ~2.5
mm.



si tion, but quartz-phyric clasts are ubiq ui tous. Un du lat ing
pla nar bed ding and low-an gle cross-strat i fi ca tion, and
chan nel lags are com mon.

MOUNT SHERINGHAM PYROXENE DACITE

Mount Sheringham pyroxene dacite is a sub unit of the
‘vit re ous black dacite’ of Mihalynuk et al. (2008b) and part
of the ‘Pyroxene-bear ing As sem blage’ of Metcalfe et al.
(1997). How ever, this unit con tains con spic u ous, am ber to
light lime-green quartz eyes, not de scribed as part of the
‘vit re ous black dacite’. Col our is im parted to these quartz
eyes by a glass-in clu sion–rid dled rim (Fig ure 9a), in ter -
preted as be ing due to a pe riod of rapid crys tal growth im -
me di ately pre ced ing erup tion. An other char ac ter is tic of
this unit is the for ma tion of spec tac u lar co lum nar flows that 
typ i cally range from 1 to 10 m in thick ness (Fig ure 9b) and
in di cate atyp i cally low vis cos ity for such a silicic com po si -
tion (Fig ure 7).

One pre vi ously un re ported fea ture of some amyg da -
loid al flows that make up the ‘vit re ous black dacite’ unit, is
the oc cur rence of a ves i cle-fill ing, fi brous, leather-like
min eral (Fig ure 10). It is pre lim i nar ily iden ti fied as sepio -
lite, but this has yet to be con firmed by x-ray dif frac tion
anal y sis.

Perlitic tex tures are lo cally com mon within the ‘vit re -
ous black dacite’, but none of the perlitic sam ples tested ex -
panded sig nif i cantly when heated.

Neogene Volcanic Rocks

Neo gene vol ca nic rocks in the map area en com pass
two broad rock pack ages: the Late Oligocene to Early
Pleis to cene Chil cotin Group, which ex tends over 35 000
km2 of the In te rior Pla teau (Bevier, 1983; An drews and
Rus sell, 2007), and the Pleis to cene to Ho lo cene Anahim
vol ca nic belt (Bevier, 1989; Mathews, 1989). Their char ac -
ter is tics have been de scribed within the neigh bour ing
Chezacut area (Mihalynuk et al., 2008b) and their geo -
chem is try is the sub ject of a pa per by Larocque and
Mihalynuk (2009). Only brief de scrip tions of one lo cal ity
within the Chilanko Forks and two within the Clusko River
map area fol low. Ex po sures are lim ited to the far west ern
mar gin of those ar eas, al though, sig nif i cant thick nesses of
Chil cotin Group ba salt crop out im me di ately east of cen tral
Chilanko Forks map area, on the out skirts of Redstone vil -
lage. De spite the rel a tively steep Chilanko River val ley
sides west of Redstone, only glaciofluvial de pos its are in -
cised and no bed rock could be found.

DENSE FLOWS

South west ern-most NTS 093C/09S is un der lain by
spo rad i cally ex posed Chil cotin Group flows. They are typ i -
cal of the Chil cotin Group: grey with fine- to me dium-
grained, bright green ol iv ine pheno crysts mak ing up to 3%
of the rock. Ma trix con sists mainly of plagioclase
microlites and, lo cally, 1–2% idiomorphic plagioclase
pheno crysts up to 1 cm long. It is char ac ter is ti cally spongy,
with intersertal ves i cles and glass in ap prox i mately equal
pro por tions, to gether con sti tut ing 30% of the rock.

SCORIA DEPOSITS

Just north of the north west ern cor ner of NTS
093C/09W south half is a steep-sided hill with an apron of
un con sol i dated black and ochre sco ria and ropey bombs
(Fig ure 11) con tain ing fine-grained, zoned plagioclase
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Fig ure 9. a) Embayed quartz pheno crysts within the Mount
Sheringham pyroxene dacite unit dis play an outer growth
zone with abun dant glass in clu sions. b) An ex am ple of well-
de vel oped co lum nar flows typ i cal of this unit. c) Mount
Sheringham pyroxene dacite unit sits atop light pink flow-
banded dacite (view to the north east), which pinches out to
the south, above light grey epiclastic strata. d) Close-up of
epiclastic strata show ing trough cross-strat i fi ca tion and pla -
nar bed ding. e) This unit is 5–10 Ma youn ger than most of
the Ootsa Lake Group and tends to be more flat-ly ing than
older units, as shown by the mesa in the dis tance.



(15%). Rare blocks con tain feld spar pheno crysts up to 2 cm 
long. In di vid ual blocks are hackly and ves i cle-rich (~20%,
up to 5 cm) and dis play lit tle sign of round ing or trans port
(ex cept for sparse rounded blocks of other rock types on the 
sur face of the sco ria apron).

Very low, re ces sive out crops on the ad ja cent hill are
com posed of jet black sco ria and crusty bombs in a poorly
lithified, light brown ma trix. This bed rock could be the
source of sco ria, al though none of the un con sol i dated sco -
ria con tain light brown ash ma trix within ves i cles or ad her -
ing to their sur faces. Thus, the sco ria apron is in ter preted as
an es sen tially pri mary de posit, per haps mod i fied slightly
by Late Pleis to cene melt wa ter. These de pos its are prob a bly
part of the young Anahim vol ca nic belt.

BLOCKY FLOW TOP

Only the low, drift-cov ered north west ern cor ner of the
Chilanko Forks map area is in ter preted as un der lain by
Neo gene vol ca nic rocks con sist ing of ex ten sive monolitho -
logic block fields in ter preted as nearcrop. The blocks are
tab u lar, up to 3 m in di am e ter and 2 m thick; many of these
blocks ap pear to fit to gether in jig saw fash ion and are there -

fore in ter preted as part of the same, orig i nally in tact,
autobrecciated flow unit. No sign of over ly ing gla cial de -
bris is ap par ent. Thus, the blocks are in ter preted as part of a
late to post-Pleis to cene unit, per haps part of the Anahim
vol ca nic belt.

GLACIOGENIC DEPOSITS

Glaciogenic de pos its are wide spread within the
Chilanko Forks area, and are vol u met ri cally dom i nated by
thick glaciofluvial blan kets within the main Tatla Lake,
Puntzi Creek and Puntzi Lake val leys. Gla cial de pos its
have been dis cussed as part of a study by Levson and Giles
(1997), were mapped by Kerr and Giles (1993), and ex tend
to the east where they were the sub ject of surficial map ping
and till sur veys con ducted by Ferbey et al. (2009). Read ers
are re ferred to these pub li ca tions for more de tails.

Glaciolacustrine de pos its are pre served spo rad i cally
through out the south east ern Anahim map area. Well-bed -
ded lac us trine strata are ex posed along the Clusko River
and Puntzi Lake val leys, where they lo cally ex ceed 10 m in
thick ness. In the Chezacut area, they are in ter preted as hav -
ing been de pos ited by a late gla cial lake that in un dated ap -
prox i mately 65% of the map area up to an el e va tion of
~1150 m.

INTRUSIVE ROCKS

Pro por tional dis tri bu tion of plutonic in tru sive rocks
in creases south ward in the map area, from near zero in the
south ern half of the Clusko River area to at least 30% in the
Chilanko Forks map area. Dikes re lated to Eocene vol ca -
nism are widely dis persed through out the re gion, but to the
south are greatly out num bered by those of sus pected Ju ras -
sic age. In the south east ern map area, swarms of dikes cut a
>30 km north west-elon gate polyphase plutonic body that is 
bi sected by the Chilanko River. Col lec tively, the dikes and
pluton are in for mally re ferred to as the ‘Chilanko in tru sive
com plex’. In the ar eas mapped, the north west ern limit of
the com plex is the ‘Sweetwater Lake’ monzonite, a sep a -
rate body lo cated in the Chezacut map area.

Chilanko intrusive complex

Tonalite is the most com mon rock type within the
Chilanko in tru sive com plex (Fig ure 7), but con stit u ent
phases in clude diorite to granodiorite, monzodiorite and,
rarely, gran ite. Dikes are com mon, in some places con sti -
tut ing >50% of broad ex po sures. Dikes range in com po si -
tion from ba salt to felsite and peg ma tite of prob a ble gra -
nitic com po si tion. Dikes of in ter me di ate com po si tion tend
to be the most strongly fo li ated. Con stit u ent plutonic
phases are also com monly fo li ated. Mafic phases within
both plutons and dikes con sist of am phi bole and bi o tite,
which typ i cally ac count for less than 10% by vol ume of the
rock, al though they may ac count for as much as 25% (Fig -
ure 12a). Subhedral hornblende is of ten al tered to
actinolite±chlorite and bi o tite is com monly per va sively al -
tered to chlorite. Plagioclase var ies in habit from tab u lar
euhedral to subhedral and is partly to mostly re placed by
white mica, epidote and cal cite. It has a com po si tion of
An30 ±5, al though plagioclase as calcic as An50 was ob served 
within sam ples of quartz syenite. In ter sti tial po tas sium
feld spar is com monly tur bid due to very fine-grained clay
al ter ation (prob a bly kaolinite). Quartz typ i cally dis plays
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Fig ure 10. Pho to mi cro graph of fi brous sepio lite (?), Grey, leath ery
tongues of this min eral de vel oped as it infilled flat tened ves i cles
within flow tops of the ‘vit re ous black dacite’ unit. Long di men sion
of the photo rep re sents ~2.5 mm.

Fig ure 11. Sco ria de posit in the west ern half of the Clusko River
area (south half).



su tured mar gins; very quartz-rich sam ples con tain
cataclastically re duced quartz grains. Vein as sem blages of
quartz, cal cite, actinolite, epidote and/or prehnite are wide -
spread. Ap a tite, ti tan ite and zir con are com mon ac ces sory
min er als.

Two plutonic phases within the Chilanko in tru sive
com plex are note wor thy: a uni form body of tonalite at Fit
Moun tain, and vari ably fo li ated quartz-por phy ritic
granodiorite, herein re ferred to as the ‘quartz-first
granodiorite’. Sam ples of both units were col lected for geo -
chron ol ogi cal age de ter mi na tion, but anal y ses were not yet
com plete as this pa per went to press.

FIT MOUNTAIN TONALITE

Blocky, salmon-or ange and grey-weath er ing, me -
dium-grained tonalite un der lies Fit Moun tain, and typ i cally 
con tains hornblende and lesser bi o tite as mafic phases
(~35% com bined). Me dium- to fine-grained quartz and
milky white plagioclase ac count for ~25% and 40% of the
rock vol ume. Fit Moun tain tonalite is com monly al tered
and green-tinged with mi nor epidote and chlorite veins
rang ing from milli metres to centi metres in thick ness. Mag -
ne tite (0.25%) oc curs as gran u lar patches, giv ing the unit a
mod er ately high mag netic sus cep ti bil ity (~15 SI). Traces of 
fine-grained lemon-yel low ti tan ite are com mon. Un like
most parts of the Chilanko in tru sive com plex, this body is
only lo cally fo li ated, par tic u larly at the high est el e va tions
on the west ern side of Fit Moun tain. On the east ern side, an
area of chlorite-mag ne tite al ter ation con tains veins of chal -
co py rite and bornite (see ‘Min er al iza tion’ be low).

QUARTZ-FIRST GRANODIORITE

Blocky or tab u lar, white–pink and tan-weath er ing
granodiorite is light yel low-green on fresh sur faces due to
per va sive chloritization of mafic min er als and sericiti -
zation of feld spars. It is char ac ter is ti cally quartz por phy -
ritic and holocrystalline, with me dium-grained quartz,
feld spar and bi o tite intergrown be tween coarse knots of
grey quartz (Fig ure 13). Both strongly fo li ated and
nonfoliated vari ants are com mon within the south east ern
Chilanko Forks map area.

Eocene Tatla Lake Stock

North of Tatla Lake, a widely jointed bi o tite granodio -
rite stock weath ers into rounded, light grey to tan blocks
and ap pears light grey to nearly white on fresh sur faces.
Orig i nally mapped by Fried man (1988), who ob tained
from it an iso to pic age of 47.5 Ma, the stock cuts, and is
chilled against, strongly fo li ated granodiorite of the Tatla
Lake Meta mor phic Com plex. It is not fo li ated.

Tatla Lake stock is me dium-grained and subhedral
holocrystalline, and con tains mi nor bi o tite (3–7%) and
smoky quartz (35%). Myrmekitic inter growths of in ter sti -
tial quartz and po tas sium feld spar are com mon. Very mi nor
al ter ation is lim ited to rare re place ment of bi o tite by
chlorite, and slight tur bid ity in plagioclase due to sec ond -
ary white mica. Ac ces sory phases in clude euhedral ti tan ite
and sparse rutile.

GEOCHRONOLOGY

In the Chezacut area, three ~1 km2 in tru sive bod ies
were mapped and sam pled for geo chron ol ogi cal age de ter -
mi na tion by Mihalynuk et al. (2008a, b). One of these, the
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Fig ure 12. a) Nonfoliated quartz diorite phase within the Chilanko
in tru sive com plex. b) Fo li ated cal car e ous coun try rocks ad ja cent
to the con tact of the com plex.



Chili dacite stock, is of Eocene age; the other two, the
Puntzi Ridge quartz monzonite and the ‘Sweetwater Lake’
monzonite (Fig ure 2) are of Late Ju ras sic age. We re port on
the geo chron ol ogi cal age data from these two older in tru -
sions.

All sam ple prep a ra tion and an a lyt i cal work for the U-
Pb and 40Ar/39Ar iso to pic ages pre sented here was con -
ducted at the Pa cific Cen tre for Iso to pic and Geo chem i cal
Re search (PCIGR) at the De part ment of Earth and Ocean
Sci ences, Uni ver sity of Brit ish Co lum bia.

U-Pb iso to pic age de ter mi na tions re ported here
(Table 1) are from data ac quired by Ther mal Ion iza tion
Mass Spec tros copy (U-Pb TIMS). Ar gon-40/ar gon-39 iso -
to pic age de ter mi na tions are from data ac quired by the la -
ser-in duced step-heat ing tech nique (Ta ble 2). De tails of
both an a lyt i cal tech niques are pre sented in Lo gan et al.
(2007).

Sample Descriptions

Sam ples col lected for iso to pic age de ter mi na tion are
from south east ern and north west ern Chezacut map area. A
grape fruit-sized sam ple was col lected from the south east -
ern pluton, the Puntzi Ridge quartz monzonite (sam ple site
MMI07-45-1, Ta ble 2, Fig ure 2),  The me dium-grained, or -
ange, por phy ritic monzonite body was sam pled at this site
(Fig ure 14a) be cause it con tains vit re ous black bi o tite (5%)
and hornblende (15%) an un usual oc cur rence as  both min -
er als are nor mally dull green and tur bid due to al ter ation.
Ac ces sory min er als in clude mag ne tite (~5%), py rite
(~0.25%) and traces of chal co py rite. Out crops near the
sam ple site are cut by milli metre-thick sheeted K-feld spar
and epidote veins.

Pink, me dium-grained, holocrystalline monzonite is
the main rock type within the north west ern in tru sive body,
the ‘Sweetwater Lake’ monzonite. It con tains 3–4% in ter -
sti tial quartz (lo cally up to 10%), ~45% K-feld spar, 40%
plagioclase, 10% hornblende and 5% bi o tite. How ever,
per va sive epidote and chlorite al ter ation at tacks calcic
cores of plagioclase and ren ders iden ti fi ca tion of the mafic
min er als dif fi cult. It was nec es sary to col lect a ~20 kg sam -
ple from which a suf fi cient vol ume of zir cons could be ex -
tracted (sam ple site MMI07-48-6, Fig ure 2).

U-Pb Protolith Age

Zir con was sep a rated from an ap prox i mately 20 kg
sam ple of monzonite us ing a stan dard min eral sep a ra tion
tech nique, which in cludes crush ing, grind ing, Wilfley (wet
shaker) ta ble, heavy liq uids and mag netic sep a ra tion, fol -
lowed by hand pick ing. Eight air abraded sin gle grains se -
lected for anal y sis were pro cessed us ing tech niques re -
ported in Lo gan et al. (2007). One of these grains was lost
dur ing pro cess ing prior to mass spec trom e try and two gave
weak or un sta ble sig nals that did not yield us able data. An a -
lyt i cal re sults from the re main ing five grains are listed in
Ta ble 1 and plot ted in Fig ure 15. All data over lap con cordia
at the 2? con fi dence level (Fig ure 15a), with the five-point
weighted av er age of over lap ping 206Pb-238U dates at 160.94 
±0.13 Ma (Fig ure 15b) taken as the best es ti mate for the age
of the rock.

40Ar/39Ar Cooling Age

Both bi o tite and hornblende were sep a rated from sam -
ple MMI07-45-1. The bi o tite sep a rate yielded a humped-
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Table 1. U-Pb TIMS analytical data for zircon from ‘Sweetwater Lake’ monzonite.

Fig ure 13. Quartz-first granodiorite shows typ i cal early por phy ritic
knots of quartz within a holocrystalline ma trix.



shaped re lease spec trum with no re li able pla teau age, sug -
gest ing the pres ence of ex cess ar gon. In ad di tion, the com -
puted in verse isochron ages are not rea son able. The best
age es ti mate that can be ob tained from the bi o tite data is the
in te grated pla teau age of 155.9 ±0.5, but this is sus pect and
made re dun dant with a well-be haved hornblende sep a rate.
The hornblende pla teau age of 155.1 ±1.2 Ma rep re sents
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Table 2. Ar isotopic data from Puntzi Ridge quartz monzonite.

Fig ure 14. a) Typ i cal ex po sure of Puntzi Ridge quartz monzonite
and b) thin sec tion cut-off with yel low-stained K-feld spar from a
high-level tuffaceous equiv a lent of the monzonite. c) Chilanko Ig -
ne ous Com plex quartz diorite with finer-grained, cross cut ting
monzogranite dike and d) un al tered quartz diorite of the com plex.

Fig ure 15. a) Con cordia plots for U-Pb TIMS data for sam ple
MMI07-48-6. The 2s er ror el lip ses for in di vid ual an a lyt i cal frac -
tions are in red. Con cordia bands in clude 2s er rors on U de cay
con stants. b) Mean square weighted de vi ates (MSWD) plot for the
five frac tions. Box heights are 2s.



90.7% of the 39Ar re leased (Fig ure 16a, only the high est
tem per a ture step is omit ted). The age is con firmed by an in -
verse isochron model age for the six high tem per a ture steps
which yields 154.4 ±2.9 Ma (Fig ure 16b).

Implications of Geochronology

Polyphase, vari ably fo li ated dioritic parts of the north -
ern ‘Sweetwater Lake’ monzonite in tru sion are very sim i lar 
to parts of the Chilanko in tru sive com plex, which un der lies
much of the south east ern Chilanko Forks area (Fig ure 2).
Pen e  t ra  t ive fab r ics  are  lack ing with in the main
‘Sweetwater Lake’ monzonitic body. Sim i larly, unde -
formed monzonitic phases are seen to cut the more fo li ated
parts of the Chilanko in tru sive com plex (Fig ure 14c). If this 
cor re la tion is cor rect, a rel a tive age re la tion ship is dem on -
strated, con sis tent with the iso to pic ages re ported here.

Mihalynuk et al. (2008b) sug gested that al though the
Puntzi Ridge quartz monzonite cuts struc tur ally lower Me -
so zoic arc strata, it may be comagmatic with some of the
youn ger Me so zoic tuffaceous rocks (Fig ure 14b).

An im pli ca tion of the fore go ing in fer ences is that both
the growth of the mid dle arc suc ces sion and de for ma tion
af fect ing the Chilanko in tru sive com plex are brack eted at
be tween ~161 and ~152 Ma. This de for ma tion age is con -
sis tent with syndeformational fab rics within the com plex
(see next sec tion), and ap pears co eval with de for ma tion in
south west Anahim Lake map area (van der Heyden, 2004).

STRUCTURE AND DEFORMATION

Youn gest rocks within the re gion, those of the
Oligocene-Pleis to cene Chil cotin Group and/or Pleis to -
cene-Ho lo cene Anahim vol ca nic belt, are not folded. How -
ever, Mihalynuk et al. (2008b) showed that even the youn -
gest rocks ap pear to be cut by high an gle re verse faults. No
ev i dence of such de for ma tion was ob served in the sparse
ex po sures of these rocks within the Chilanko Forks or
Clusko River ar eas.

Per va sive deformational fab rics were prob a bly formed 
in Late Ju ras sic, mid-Cre ta ceous and Early Eocene times.
At least two stages of de for ma tion have af fected Me so zoic
rocks, in clud ing Late Ju ras sic rocks within the Tatla Lake
Meta mor phic Com plex (Fried man, 1988) and prob a ble
cor re la tive rocks de formed at a higher crustal level (Mihal -
ynuk and Friedman, 2009) and now in cluded within the in -
for mally named Chilanko in tru sive com plex. In con trast,
the Eocene Ootsa Lake Group dis plays only lo cally de vel -
oped cleav age.

Jurassic Deformation

Ju ras sic de for ma tion is in di cated by the syndefor -
mational in tru sive fab rics pre served within the Chilanko
in tru sive com plex. Such fab rics in clude cross cut ting of fo -
li ated in tru sive phases by phases that ap pear composit -
ionally iden ti cal, but which are weakly to nonfoliated. If the 
Clusko In tru sive Com plex is dated at ~161–152 Ma, as ar -
gued above, then synemplacement meta mor phism is
broadly cor re la tive with that within the Atnarko Crys tal line 
Com plex (west ern part of NTS 093C). The U-Pb meta mor -
phic ages of those rocks are in ter preted as 158.8 ±0.3 Ma
and 157 ±11 Ma, based on meta mor phic zir con from
ductilely sheared metarhyolite, and syn- to late-ki ne matic
quartz diorite (van der Heyden, 2004), re spec tively. These

ages span the Mid dle–Up per Ju ras sic bound ary of 156.6
+2.0/-2.7 Ma (Pálfy et al., 2000).

Late Eocene-Oligocene Deformation

Broad folds are in ter preted to de form the Ootsa Lake
Group with pro duc tion of lo cal, open par a sitic folds and ax -
ial cleav age. This cleav age is well de vel oped only lo cally,
but in such lo cal i ties it is ob vi ous, caus ing platy seg men ta -
tion of out crops with folia pass ing through clasts. Such fab -
ric should not be con fused with much more com mon flow
fo li a tion that also re sults in platy part ing, but does not pass
through frag ments or clasts con tained within the flows. Ax -
ial cleav age is best de vel oped 4 km south east of Thun der
Moun tain, along strike of the Me so zoic up lift and fold
hinge mapped in the Chezacut area (Mihalynuk et al.,
2008a). An other fold mapped by Mihalynuk et al. (2008a),
about 8 km far ther west, could not be ver i fied by map ping
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Fig ure 16. a) Step heat ing Ar gas re lease spec tra for hornblende
sam ple MMI07-45-1. Filled pla teau steps pro duce an age of 155.1
±1.2 Ma (90.7% of 39Ar, re jected step is open). Box heights at each
step are 2s. b) The Ar iso tope ra tio cor re la tion plots for pla teau
steps in a) pro vide a re li able age de ter mi na tion of 154.4 ±2.9 Ma,
iden ti cal within er ror to the pla teau age.



along strike to the north. It may not ex ist, as in the re in ter -
pre ta tion of fered in Fig ure 2, or it may die out as it passes
from the south ern to the north ern part of the Chezacut map
area. In most other parts of the Clusko River area, tilt ing of
Eocene strata is prob a bly due to block fault ing.

The age of de for ma tion of the Ootsa Group has not
been con clu sively con strained. How ever, the ten dency of
the up per, youn ger units (~46–44 Ma, see ‘Ootsa Lake
Group’ above) to lie flat (Fig ure 9e) while the un der ly ing
rocks (~54–50 Ma) are mod er ately tilted, sug gests an in ter -
ven ing pe riod of de for ma tion. This age of de for ma tion is
con sis tent with a rapid re gional cool ing at ~50 Ma, as de ter -
mined from fis sion tracks (Rid dell and Ferri, 2008) and
extensional fault ing in the nearby Tatla Lake Meta mor phic
Com plex be tween 55 ±3 and 47 ±1.5 Ma (Fried man, 1988),
which is herein pos tu lated to ex tend to south east ern
Chilanko Forks area; see also Mihalynuk et al., 2009)
where de formed Ju ras sic rocks are widely af fected by
block fault ing.

Beau ti fully cor ru gated and pol ished fault planes (Fig -
ure 17) have a spac ing of ~5–10 m within in ter mit tently ex -
posed, ductilely de formed Chilanko in tru sive com plex
rocks in the south east ern cor ner of NTS 093C/01. Fault
planes are lined with comminuted quartz and epidote, dip
mod er ately east and gen er ally dis play nor mal to slightly
oblique off sets (al though over printed fault plane fab rics
with re verse off set are not un com mon). These faults cut an
ear lier shal low, in tense my lon ite fab ric (Fig ure 18a) and
subhorizontal west-trending folds. My lon ite is over printed
by sets of centi metre-scale, dom ino-style nor mal faults
(Fig ure 18b); with in creas ing downdip off set on these nor -
mal faults, the my lon ite be comes brecciated (Fig ure 18c).
The brec cia con sists of ce mented quartz and chlorite. We
ten ta tively in ter pret the brecciation as re cord ing a duc tile to 
brit tle tran si tion at a de tach ment fault. The cor ru gated,
mod er ately east-dip ping nor mal faults are an ti thetic with
re spect to top-to-the-west mo tion doc u mented on
extensional shear zones of the Tatla Lake Meta mor phic
Com plex (Fried man, 1988) and are typ i cal of early brit tle
shears within the brit tle-duc tile tran si tion zone footwall of
de tach ment faults (e.g., Sacremento Moun tains core com -
plex; Stew art and Ar gent, 2000). Lo cally de rived clastic
rocks atop the sheared in tru sive rocks are likely de pos ited
in small synextensional bas ins within a few hun dred ver ti -

cal metres of the de tach ment sur face. Un like the main de -
tach ment fault, which ex humes high grade rocks in the core
of the Tatla Lake Meta mor phic Com plex, the de tach ment
fault mapped within the south east por tion of the Chilanko
Forks map area is a rel a tively mi nor struc ture and shows lit -
tle ev i dence of ma jor crustal omis sion across it.

Mid dle to up per am phi bo lite-grade lower plate rocks
of the Tatla Lake Meta mor phic Com plex are sep a rated
from greenschist-grade up per plate rocks by a 1–2.5 km
thick ‘ductilely sheared as sem blage’ (DSA; Fried man,
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Fig ure 17. Mod er ately east-dip ping, beau ti fully cor ru gated and
pol ished brit tle fault plane.

Fig ure 18. a) Well-de vel oped mylonitic fab ric lo cally in cludes
ptygmatic veins. b) Dom ino-style brit tle faults cut ting the mylonitic
fab ric. c) In creased off set on brit tle faults pro duces disaggregated
and recemented brec cia.



1988). Within the Chilanko Forks area, rocks be long ing to
the DSA crop out north and south of Takla Lake. To the
north, they con sist of strongly fo li ated bi o tite granodiorite
and, to the south, they are strongly fo li ated and lineated
green schis tose rocks, prob a bly for mer volcaniclastic
strata.

MINERALIZATION

Within the Chilanko Forks area and south ern half of
the Clusko River area, only two min eral oc cur rences are re -
corded in MINFILE: ‘Chil cotin River East’ (MINFILE
093C  014) and ‘Chil cotin River West’ (MINFILE 093C 
013). Both of these “con sist…of cop per min er al iza tion
within…Ootsa Lake Group in ter me di ate to fel sic vol ca nic
and re lated rocks” (MINFILE, 2007) north of the Chil cotin
River in NTS 093C/09S. Nei ther show ing was en coun tered 
dur ing the course of our map ping. Within the in ter ven ing
Chezacut map area, sev eral new min eral oc cur rences were
dis cov ered by Mihalynuk et al. (2008b).

Newmac Re sources Inc. is owner and op er a tor of the
CA pros pect (Chilanko River prop erty), lo cated just 6 km
west of the south ern Chilanko Forks map area. Here min er -
al iza tion con sists of dis sem i nated chal co py rite within a lo -
cally fo li ated quartz diorite-an de site dike com plex (Flem -
ing, 1996) that is al most cer tainly cor re la tive with the
Chilanko in tru sive com plex. Within, or ad ja cent to the
Chilanko com plex, three cop per show ings were found dur -
ing the course of map ping in the 2008 field sea son: the Fit,
ET and Ejowra show ings (see Ta ble 3 and Fig ure 2 for lo ca -
tions). Scat tered an gu lar seri cite-al tered float dis play ing an 
epi ther mal geo chem i cal sig na ture was also found ad ja cent
to the com plex. North of Tatla Lake, intrafolial chal co py -
rite and mal a chite were found within a ~3.5 m3 er ratic of
gneissic granodiorite. North of Chilanko River, a sam ple of
al tered Eocene tuff re turned el e vated As and Au (INAA: 18 
ppm, 83 ppb). Anal y ses of grab sam ples ob tained from
these show ings are listed in Ta ble 3.

Fit Showing

Mi nor cop per-sil ver min er al iza tion is found in scat -
tered tonalite out crops and an gu lar boul ders over a ~50 m2

area about 0.75 km north east of Fit Moun tain sum mit. Min -
er al iza tion within the in tru sion ac com pa nies chlorite-mag -
ne tite al ter ation. It con sists of veinlets and dis sem i na tions

of chal co py rite and sub or di nate bornite to gether with
epidote-mag ne tite-chlorite-quartz-cal cite vein ing (Fig ure
19a, b) and ma trix re place ment. Anal y ses of sam ples col -
lected re turned up to 0.18% Cu, 2.2 g/t Ag, and 20 ppb Au
(MMI08-6-3, Ta ble 3). At tempts to track the min er al ized
zone be yond the lo cal out crops were not suc cess ful, al -
though min er al iza tion crops out ~1.2 km to the north west in 
the ther mal-meta mor phic halo of the Fit Moun tain tonalite.
Within the con tact zone, strongly al tered (chlorite-cal -
cite±epidote±al bite+scapolite (?)) and brecciated out crop
is ex posed over a ~10 m2 area. A grab sam ple of the al tered
and min er al ized brec cia re turned 0.37% Cu, 2.87 g/t Ag
and 63 ppb Au.

Ejowra Showing

A grab sam ple col lected ap prox i mately 4 km south east
of Fit Moun tain (EOR08-13-3, Ta ble 3) re turned 0.58%
Cu, 4.2 g/t Ag and 40 ppb Au. A large an gu lar block (prob a -
ble er ratic) 1.1 km to the north west con tained more than
10% py rite and a grab sam ple col lected from it con tained
7.47 g/t Te (and lesser con cen tra tions of the above noted el -
e ments). It is worth while not ing that the prob a ble er ratic is
up-ice of the out crop sam ple and must be de rived from a
sep a rate min er al ized zone (or one that is con tin u ous for
over 1 km).

ET Showing

About 2.5 km north east of Pyper Lake and 0.8 km west
of the Chilanko ig ne ous com plex con tact, vari ably fo li ated
tuffaceous rocks (Fig ure 19c) con tain veins of quartz-cal -
cite (±rhodochrosite)-epidote-chlorite±chalcocite and
mal a chite, which make up the ET show ing (Fig ure 2). Veins 
up to 15 cm thick con tain ir reg u lar knots of chalcocite up to
2 cm across. Grab sam ples col lected from var i ous veins
con tain up to 0.12% Cu, 2.8 g/t Ag and 0.2 g/t Au (Ta ble 3).

Abun dant, fist-sized, an gu lar, rusty float is scat tered
over sev eral square metres of hill side ~1.8 km south of the
ET show ing. Por tions of five an gu lar quartz- and seri cite-
al tered clasts were com bined and an a lyzed. Re sults show
el e vated base metal val ues, in clud ing 0.4 g/t Ag, 11.9 ppm
As, 22 ppm Hg, as well as 84 and 55 ppb Au (via ICP and
INAA meth ods, re spec tively; MMI08-31-3, Ta ble 3).
These re sults cor re spond to an epi ther mal geo chem i cal sig -
na ture and may war rant fur ther eval u a tion given the abun -
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Cu Pb Zn Ag Au Te Hg As Zn Ag Au As
ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS INAA INAA INAA INAA
(ppm) (ppm) (ppm) (ppb) (ppb) (ppm) (ppm) (ppm) (ppm) (ppb) (ppb) (ppm)

EOR08-13-3 Ejowra Fit Mtn. S 52.18 -124.22 5826.64 5.84 170.6 4199 40 0.88 85 2.8 <50 <5 44 9.2
EOR08-13-5 Ejowra float Fit Mtn. S 52.19 -124.23 99.02 3.91 61.7 101 7 7.47 <5 4.3 <50 <5 <2 6.0
MMI08-2-2 no name: float Fit Mtn. S 52.16 -124.25 8.69 0.94 20.5 45 <0.2 0.80 309 1.0 <50 <5 <2 4.8
MMI08-5-1 Chili Chezacut SE 52.31 -124.03 1473.66 23.84 195.5 13186 93 4.42 <5 17.0 230 23 120 34.2
MMI08-5-1rep Chili Chezacut SE 52.31 -124.03 1565.99 24.51 188.3 14477 101 4.80 <5 15.8 240 24 120 35.4
MMI08-6-3 Fit Fit Mtn 52.21 -124.24 1861.30 7.02 95.1 2226 20 0.17 <5 1.9 <50 <5 27 5.9
MMI08-6-8B Fit Fit Mtn 52.22 -124.25 3707.11 10.25 57.5 2872 63 0.19 7 0.7 <50 <5 <2 9.5
MMI08-13-7 no name Chilanko R. N 52.12 -124.40 28.99 2.73 44.4 10 <0.2 <0.02 <5 0.5 <50 <5 83 18.0
MMI08-31-3 no name Pyper Lk. E 52.05 -124.13 131.77 42.12 52.8 443 84 4.37 22 11.9 <50 <5 55 2.7
MMI08-31-12 ET Pyper Lk. NE 52.07 -124.14 1152.92 1.42 14.2 853 15 <0.02 <5 <0.1 <50 <5 29 1.0
MMI08-31-12rep ET Pyper Lk. NE 52.07 -124.14 1214.07 1.39 13.3 987 202 0.03 5 <0.1 <50 <5 29 1.0
MMI08-41-6 Erratic Tatla Lk N of E 52.02 -124.37 4040.24 1.61 10.5 2465 11 0.12 <5 1.1 <50 <5 8 3.0

TBA08-38-4 ET Pyper Lk. 52.03 -124.04 1276.51 51.22 246.4 2857 2 0.26 5 0.9 260 <5 <2 4.0

Detection limit 0.01 0.01 0.1 2 1 0.02 5 0.1 50 5 2 0.5

Notes: INAA, instrumental neutron activation analysis; ICP-MS, inductively coupled plasma mass spectrometry

A full list of samples and elements analyzed can be obtained for both INAA and ICP-MS suites from 

http://www.em.gov.bc.ca/Mining/Geolsurv/Publications/catalogue/cat_geof.htm

Method

Longitude
Sample ID Name Location Latitude

Table 3. Analytical subset for selected grab samples.



dance and an gu lar ity of the clasts, which sug gest a nearby
source.

Erratic

North of east ern Tatla Lake an er ratic of fo li ated
granodiorite con tains intrafolial chal co py rite-mal a chite
and tetrahedrite(?). One grab sam ple yielded 0.4% Cu and
2.4 g/t Ag. Min er al iza tion is con fined to one ~20 cm thick

foliaform zone (Fig ure 20). Even though this large
(~3.5 m3) er ratic lies within 100 m of out crop, a thor ough
search of the sur round ing ~1 km2 did not re veal any min er -
al ized bed rock or other min er al ized er rat ics.

Regional Mineral Potential

Some hints of epi ther mal min er al iza tion within the
Eocene Ootsa Lake Group were re vealed by anal y sis of al -
tered tuffs from north of the Chilanko River and from
quartz- and seri cite-al tered float south of the ET show ing.
How ever, if the fre quency of dis cov ery dur ing our 2008
field map ping in the Chilanko Forks area (NTS 093C/01)
can be used as an in di ca tor, the great est po ten tial for fu ture
dis cov er ies lies within the Chilanko in tru sive com plex. Our 
find ings are con firmed by the work of Newmac Re sources
Inc. and pre de ces sors at the Chilanko prop erty in ad ja cent
parts of NTS 093C/02. Thus, this >330 km2 com plex, to -
gether with rocks in the ad ja cent ther mal meta mor phic
halo, war rants fur ther sys tem atic ex plo ra tion.
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