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INTRODUCTION

The Sitlika as sem blage com prises a belt of Permo-
Triassic vol ca nic, sed i men tary and plutonic rocks, which
crop out in the Takla Lake area of cen tral Brit ish Co lum bia.
It in cludes rocks that cor re late with the Kutcho as sem blage
of north ern BC, which hosts the Kutcho Creek Cu-Zn
volcanogenic mas sive sul phide de posit. The Sitlika belt
was mapped by the BC Geo log i cal Sur vey be tween 1995
and 1998, as part of the Nechako NATMAP fed eral-
provincial geoscience pro gram. Sam ples of rep re sen ta tive
vol ca nic and plutonic rocks were an a lyzed for whole-rock
geo chem is try dur ing this pro gram, but only some of this
data has pre vi ously been pre sented (Childe and Schiarizza,
1997; Schiarizza and Massey, 2000). In this pa per, we pres -
ent, and briefly dis cuss, the geo chem is try of the full suite of
Sitlika samples collected during the NATMAP program.

The Takla Lake map area is lo cated along the west ern
edge of NTS map sheet 093N. The most di rect ac cess is via
net works of log ging and for est ser vice roads that orig i nate
near the town of Fort St. James, which is lo cated 125 km
south east of Takla Nar rows. Ac cess from Fort St. James is
also pro vided by the CN Rail line which, in part, fol lows the 
east ern shore of Takla Lake.

REGIONAL GEOLOGY

The Sitlika as sem blage is gen er ally in cluded in the
oce anic Cache Creek terrane. It com prises a Permo–Tri as -
sic vol ca nic unit and an over ly ing Late Tri as sic–Early Ju -
ras sic (?) clastic sed i men tary unit, and two small tonalite to
diorite plutons of Early Tri as sic age (Fig ure 1). The main
strati graphic units of the Sitlika as sem blage are folded and
struc tur ally over lain by higher el e ments of the Cache Creek 
terrane across a sys tem of mainly east-dip ping, Early–
Middle Ju ras sic thrust faults (Struik et al., 2001). These
higher units of the Cache Creek terrane in clude, in as cend -
ing or der, a tec toni cally dis rupted Late Pa leo zoic ophiolite
suc ces sion and a struc tur ally imbricated as sem blage of
Car bon if er ous–Early Me so zoic chert, argillite, phyllite,
lime stone and ba salt (Fig ures 1, 2). All units of the Cache
Creek terrane, in clud ing the Sitlika as sem blage, com monly 

dis play a pen e tra tive fo li a tion and lower greenschist-facies
metamorphic mineral assemblages.

The Sitlika as sem blage is flanked to the west by rocks
of the Stikine terrane, which in cludes arc-de rived vol ca nic
and sed i men tary rocks of the Late Pa leo zoic Asitka Group,
the Late Tri as sic Takla Group, the Early–Mid dle Ju ras sic
Hazelton Group and Late Tri as sic–Mid dle Ju ras sic arc-
related plutonic suites (Mac In tyre et al., 2001). These rocks 
are sep a rated from the Sitlika as sem blage mainly by a sys -
tem of steeply dip ping, north-strik ing faults, which are, at
least in part, re lated to a re gional dextral strike-slip fault
sys tem of Late Cre ta ceous–Early Ter tiary age. Older, east-
dip ping thrust faults are pre served lo cally within the
Stikine terrane and re la tion ships be yond the Takla Lake
area sug gest that Stikine terrane was the footwall to the
Early–Mid dle Ju ras sic west-di rected thrust sys tem doc u -
mented in the ad ja cent Cache Creek terrane (Struik et al.,
2001).

Youn ger rocks ex posed in the Takla Lake map area in -
clude sev eral large gra nitic plutons in the south east and
Late Cre ta ceous sed i men tary rocks of the Sustut Group
along the west ern bound ary of the area. The mainly Early
Cre ta ceous gra nitic plutons cut var i ous units of the Cache
Creek terrane and the thrust faults sep a rat ing them. The
Sustut Group com prises con glom er ate and sand stone that
is in fault con tact with var i ous units of the Stikine terrane
(Figure 1).

THE SITLIKA ASSEMBLAGE

The Sitlika as sem blage was named by Pat er son (1974)
for greenschist-fa cies meta vol can ic and metasedimentary
rocks on the east ern side of Takla Lake, which had pre vi -
ously been in cluded in the Cache Creek and Takla groups
by Armstrong (1949). He sub di vided the as sem blage into
three di vi sions: a cen tral vol ca nic di vi sion, a greywacke di -
vi sion to the east and a nar row argillite di vi sion to the west.
Mon ger et al. (1978) cor re lated the Sitlika as sem blage with
the Kutcho For ma tion, host to the Kutcho Creek
volcanogenic mas sive sul phide de posit, which oc curs in
the east ern part of the King Salmon allochthon in north ern
BC. They sug gested that the Kutcho and Sitlika as sem -
blages might have been con tig u ous prior to dis per sion
along Late Cre ta ceous or Early Tertiary dextral strike-slip
faults.

The dis tri bu tion and sub di vi sions of the Sitlika as sem -
blage shown on Fig ure 1 are based on 1995–1998 geo log i -
cal map ping by the BC Geo log i cal Sur vey (Schiarizza and
Payie, 1997; Schiarizza et al., 1998; Schiarizza and Mac In -
tyre, 1999). This con tin u ous belt is off set by a north east-
strik ing fault about 7 km north west of Mount Olson, but a
nar row sliver of vol ca nic and sed i men tary rocks cor re lated
with the Sitlika as sem blage ex tends an ad di tional 35 km
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northwestward into the south ern part of the McConnell
Creek map area (Mon ger, 1977; Rich ards, 1990). The
south ern end of the belt is like wise trun cated by a north east-
strik ing fault just be yond the south ern bound ary of Fig -

ure 1, al though sev eral fault-bounded blocks of sed i men -
tary rocks cor re lated with the Sitlika clastic sed i men tary
unit have been mapped south ward from there to the vi cin ity
of Babine Lake (Mac In tyre and Schiarizza, 1999). A belt of
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Fig ure 1. Gen er al ized ge ol ogy of the Takla Lake area, cen tral Brit ish Co lum bia (af ter Schiarizza, 2000; Schiarizza et al., 2000).



vol ca nic rocks ex posed near Cunningham Lake in this
south ern area was pro vi sion ally cor re lated with the Sitlika
vol ca nic unit, but sub se quently yielded a Mid dle Ju ras sic
U-Pb zir con date, which dem on strates that it is not actually
part of the Sitlika assemblage (Mihalynuk et al., 2008).

The Sitlika as sem blage is cur rently di vided into two
main units: a vol ca nic unit and an un con form ably over ly ing 
clastic sed i men tary unit. The vol ca nic unit cor re sponds to
the vol ca nic di vi sion orig i nally de fined by Pat er son
(1974). The clastic sed i men tary unit forms a wide belt to
the east of the vol ca nic unit, where it cor re sponds to the
greywacke di vi sion of Pat er son. The clastic sed i men tary
unit is struc tur ally re peated as a nar row belt to the west of
the vol ca nic unit (Fig ure 2), where it cor re sponds, in part,
to Pat er son’s argillite di vi sion. How ever, part of Pat er son’s
argillite di vi sion has been re as signed to the ad ja cent Stikine 
terrane, where it is in cluded in a sed i men tary unit in the
upper part of the Takla Group (Schiarizza and MacIntyre,
1999).

Volcanic Unit

The vol ca nic unit of the Sitlika as sem blage is sep a -
rated into two sub units: a mafic vol ca nic sub unit and an
over ly ing mixed vol ca nic sub unit. The mafic vol ca nic sub -
unit com prises a mo not o nous suc ces sion of plagioclase-
epidote-actinolite-chlorite schist, semischist and
greenstone that lo cally dis plays rel ict vol ca nic fea tures
such as pil lows, pil low brec cias, amygdules and rel ict
pheno crysts of plagioclase, and, less com monly, pyroxene.
The mixed vol ca nic sub unit in cludes sim i lar mafic schist,
in ter ca lated with fel sic vol ca nic rocks and sed i men tary
rocks. The fel sic units in clude quartz-seri cite schist, with or 
with out rel ict quartz and feld spar pheno crysts, and mas sive 

to flow-banded feld spar por phyry and quartz-feld spar por -
phyry. Fragmental seri cite-chlorite schist is also com mon
and con tains flat tened frag ments of fel sic and mafic vol ca -
nic rock, lo cally ac com pa nied by rel ict crys tals of feld spar,
quartz and pyroxene, and, rarely, clasts of dioritic to
tonalitic plutonic rock. Sed i men tary rocks within the mixed 
vol ca nic sub unit in clude black phyllite, siltstone,
feldspathic sandstone, green siliceous phyllite and chert.

A mas sive, quartz-plagioclase–phyric rhy o lite unit
within the mixed vol ca nic sub unit on the north east ern flank 
of Mount Bodine has yielded a U-Pb zir con date of
258 +10/-1 Ma (Childe and Schiarizza, 1997). A sam ple of
flow-banded rhy o lite from near the top of the mixed vol ca -
nic sub unit north east of Diver Lake ap pears to be from
about the same strati graphic level (Fig ure 1), but yielded a
youn ger U-Pb zir con date of 248.4 ±0.3 Ma (M. Ville -
neuve, in Struik et al., 2007). De spite the range, both sam -
ples in di cate a Late Perm ian age, which is cor rob o rated by
Perm ian radio lar ians (Latentibifistula sp.) ex tracted from a
nar row chert in ter val in ter ca lated with vol ca nic rocks of
the mixed sub unit south of Mount Olson (F. Cordey, in
Struik et al., 2007).

Intrusive Rocks

Dikes and sills of vari ably fo li ated diorite, feld spar-
chlorite schist and quartz-feld spar por phyry are wide -
spread within the Sitlika vol ca nic unit, which also hosts
two mappable plutons. The com pos ite Maclaing Creek
pluton, east of Takla Land ing, in cludes a mafic com po nent
con sist ing of fo li ated diorite and epidote-chlorite-feld spar
schist, and a youn ger fel sic com po nent con sist ing of mas -
sive to weakly fo li ated chlorite-epidote–al tered tonalite
(Schiarizza et al., 1998). The smaller Diver Lake stock,
west of Diver Lake, con sists mainly of mas sive to weakly
fo li ated tonalite, which dis plays sev eral tex tural vari a tions
(Schiarizza and Payie, 1997). Zir cons from the Diver Lake
pluton yielded a U-Pb date of 241 ±1 Ma (Childe and
Schiarizza, 1997) and tonalite from the Maclaing Creek
pluton yielded a U-Pb zir con date of 243 ±3 Ma
(M. Villeneuve, in Struik et al., 2007). These dates in di cate
that magmatism within the Sitlika as sem blage continued
into the Early Triassic.

Clastic Sedimentary Unit

The clastic sed i men tary unit of the Sitlika as sem blage
con sists of slate, siltstone and sand stone, with lo cal in ter ca -
la tions of con glom er ate and lime stone. Where ob served,
the base of the unit is in abrupt strati graphic con tact with
the vol ca nic unit, and com monly in cludes a basal con glom -
er ate that con tains clasts of fel sic to mafic vol ca nic and
plutonic rocks, which may have been de rived from the un -
der ly ing vol ca nic unit (Schiarizza and Payie, 1997;
Schiarizza et al., 1998). Higher strati graphic lev els con sist
largely of thin-bed ded slate and siltstone, com monly in ter -
ca lated with thin to thick, mas sive to graded beds of fine- to
coarse-grained sand stone and gran ule con glom er ate. Sand -
stones range from schis tose wacke, con tain ing quartz, feld -
spar and lithic grains, to quartz-rich wacke and arenite. Cal -
car e ous rocks, in clud ing thin lay ers and lenses of
cal car e ous sand stone, calcarenite and im pure mar ble, are
scat tered throughout the unit, but may be most common in
the lower part.
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Fig ure 2. Sche matic ver ti cal cross-sec tions through the west ern
part of the Takla Lake area, cen tral Brit ish Co lum bia. See Fig ure 1
for leg end and lo ca tion of sec tion lines. Ab bre vi a tion: MSL, mean
sea level.



The clastic sed i men tary unit is dated at a sin gle lo cal -
ity, 3 km west of Tsayta Lake, where Late (?) Norian cono -
donts were ex tracted from a schis tose calcarenite bed
(M.J. Or chard, in Struik et al., 2007). In ad di tion, a sand -
stone sam ple from north east of Diver Lake was an a lyzed
for de tri tal zir cons (Fig ure 1) and yielded grains as young
as 202 Ma (lat est Tri as sic; M. Villeneuve, in Struik et al.,
2007).

GEOCHEMISTRY OF THE SITLIKA
ASSEMBLAGE

The sam ples an a lyzed from the Sitlika as sem blage are
listed in Ta ble 1 and their lo ca tions are shown on Fig ure 3.
The geo chem i cal data are listed in Ta bles 2, 3 and 4. Ma jor
el e ments and Rb, Sr, Ba, Y, Zr, Nb, V, Cr, Ni, Cu and Zn
were de ter mined by X-ray flu o res cence (ma jors on fused
disc, traces on pressed pow der pel let) at McGill Uni ver sity.
Rare earth el e ments (REE), Hf, Ta and Th were de ter mined
by per ox ide-fu sion in duc tively cou pled plasma–mass
spec trom e try at the Me mo rial Uni ver sity of New found -

land, ex cept for sam ples PSC95-16-4 and PSC95-18-6-1,
(orig i nally re ported by Childe and Schiarizza, 1997),
which were de ter mined by in stru men tal neu tron activation
analysis at Activation Laboratories Ltd.

The Sitlika rocks have been sub ject to vary ing de grees
of chem i cal al ter ation ac com pa ny ing low-grade meta mor -
phism, a pro cess which par tic u larly af fects the al kali and al -
ka line earth el e ments. De spite this al ter ation, the mafic vol -
ca nic rocks can be shown to con sist of three geochemically
dis tinct types, which de fine two belts within the Sitlika vol -
ca nic unit: an east ern belt con tain ing type 1 vol ca nic rocks,
of mid-ocean-ridge ba salt (MORB) af fin ity, and a west ern
belt con tain ing a mix ture of type 2 vol ca nic rocks, of
volcanic-arc af fin ity, and type 3 vol ca nic rocks, of al ka line
within-plate char ac ter. Fel sic sam ples are mainly from the
east ern belt and show an af fin ity with the type 1 mafic vol -
ca nic rocks. A sin gle fel sic sam ple that co mes from the
west ern belt is geochemically sim i lar to the type 2 mafic
vol ca nic rocks. A di vid ing line be tween the east ern and
west ern belts is shown on Fig ure 3, based purely on geo -
chem is try as there is no mapped struc tural or strati graphic
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Table 1. Geochemical samples from the Sitlika volcanic unit and associated intrusions. Easting and northing refer to UTM Zone 10
coordinates (NAD 83). Abbreviations: v1, mafic volcanic subunit; v2, mixed volcanic subunit; M, Maclaing Creek pluton; D, Diver Lake
stock; d, diorite; t, tonalite; f, felsic.



di vide be tween the two belts. There is lit tle lithological dif -
fer ence be tween mafic vol ca nic rocks in the two belts, al -
though rel ict pyroxene phenocrysts are more common, and
locally very abundant, within western belt basalt.

Type 1 vol ca nic rocks are a subalkaline, bi modal ba salt 
and rhy o lite se ries (Fig ures 4a, c). Rare earth el e ment
(REE) pat terns are mid-ocean-ridge ba salt (MORB)-like

light rare earth el e ment (LREE)-de pleted for mafic rocks
(Fig ure 5a) and flat for fel sic rocks (Fig ure 5d). Sim i lar
MORB char ac ter is tics are seen for both mafic and fel sic
rocks in the var i ous tec tonic dis crim i na tion diagrams
(Figures 6–8).

Type 2 vol ca nic rocks are subalkaline, ba salt to dacite
(Fig ures 4b, d). Rare earth el e ment pat terns show a mod er -
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Fig ure 3. Lo ca tions of sam ples listed in Ta ble 1. See Fig ure 1 for leg end.
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Sample Units
PSC95-

16-9-3

PSC95-

17-7-2

PSC95-

17-11

PSC95-

18-6-1

PSC95-

22-3

96PSC-7-

11

96PSC-

15-14

96GPA-9-

6-1

96GPA-

14-1-1

96GPA-

14-4

96GPA-

21-5

97PSC-

22-2

PSC95-

22-2

96PSC-

31-8

96PSC-

18-17

96PSC-

28-1-1

96PSC-15-

15-3

SiO2 % 49.00 62.09 46.98 49.89 43.91 47.90 49.38 50.77 47.05 49.13 49.63 83.12 74.14 72.90 73.98 76.62 82.16
TiO2 % 2.17 1.38 1.53 1.42 1.35 1.29 1.58 1.58 1.35 1.51 1.40 0.09 0.12 0.50 0.56 0.35 0.21
Al2O3 % 16.40 15.02 16.15 15.64 17.13 16.59 17.34 14.65 15.00 17.02 18.86 9.48 14.68 13.63 13.32 11.42 7.48

Fe2O3
t % 12.62 8.18 12.36 13.91 11.78 8.66 10.34 14.47 9.79 13.16 9.79 0.81 1.29 4.09 3.23 3.16 2.30

MnO % 0.19 0.17 0.19 0.22 0.18 0.13 0.20 0.23 0.19 0.22 0.14 0.02 0.04 0.08 0.07 0.06 0.06

MgO % 4.79 2.53 5.04 4.92 6.84 8.80 6.29 6.39 9.23 3.99 5.05 0.29 0.35 1.19 0.26 0.86 0.49

CaO % 5.08 2.68 9.05 7.70 7.89 11.78 7.04 4.45 13.17 8.94 7.09 0.09 0.31 0.44 0.50 0.82 5.08
Na2O % 5.38 7.23 4.24 4.38 4.20 2.97 5.01 5.76 1.95 3.95 5.03 4.68 7.05 6.18 7.13 5.31 0.67
K2O % 0.04 0.18 0.07 0.12 0.22 0.20 0.10 0.08 0.04 0.16 0.47 0.73 1.28 0.20 0.37 0.37 0.17
P2O5 % 0.24 0.20 0.28 0.14 0.18 0.08 0.22 0.17 0.09 0.21 0.28 0.01 0.02 0.09 0.12 0.06 0.02

LOI % 3.85 0.98 4.70 2.56 6.68 2.17 3.12 2.25 2.82 2.50 3.00 0.42 0.82 1.19 0.75 1.18 1.51

Total % 99.76 100.64 100.59 100.90 100.36 100.58 100.61 100.80 100.68 100.78 100.74 99.74 100.10 100.49 100.29 100.21 100.15

Rb ppm - 1 - - 3 3 1 - 1 2 6 5 9 1 2 3 1

Sr ppm 106 74 133 125 74 212 194 38 257 94 71 22 26 28 48 31 41

Ba ppm 191 132 135 138 119 125 139 129 100 158 198 80 125 63 87 78 77

Y ppm 44 53 38 37 28 26 40 27 26 30 28 48 86 51 53 51 57

Zr ppm 121 268 110 107 75 76 146 73 99 87 71 155 234 220 331 183 242

Nb ppm 4 4 3 3 4 2 4 3 2 4 4 8 8 4 4 4 3

V ppm 402 164 253 391 288 221 227 368 192 326 302 - - 38 20 32 13

Cr ppm 66 - 217 - 271 436 288 62 553 31 320 - - - 19 - -

Ni ppm 11 - 45 3 62 169 137 17 254 5 37 - 9 5 - 3 -

Cu ppm 46 12 27 53 89 30 45 63 13 48 13 12 23 31 14 29 6

Zn ppm 136 111 118 126 124 85 118 158 96 139 121 24 60 75 106 89 85

Hf ppm 2.9 2.240 3.703 2.000 2.043 7.374 4.362 

Ta ppm 0.3 1.054 1.214 1.257 1.252 4.486 5.120 

Th ppm 0.089 0.247 0.226 0.152 1.320 1.020 

La ppm 4.3 1.944 5.975 2.637 3.967 10.662 8.154 

Ce ppm 1.0 7.443 19.316 8.962 11.606 29.756 21.658 

Pr ppm 1.423 3.291 1.617 1.968 4.369 3.256 

Nd ppm 16.0 8.069 16.534 8.819 10.496 20.920 15.524 

Sm ppm 3.6 2.985 5.061 3.111 3.471 6.418 4.816 

Eu ppm 1.4 1.083 1.752 1.093 1.380 1.496 1.084 

Gd ppm 3.817 6.443 3.930 4.534 7.497 6.100 

Tb ppm 0.9 0.645 1.091 0.672 0.783 1.260 1.045 

Dy ppm 4.205 7.062 4.507 4.906 8.548 7.262 

Ho ppm 0.839 1.463 0.932 1.040 1.866 1.661 

Er ppm 2.565 4.470 2.770 3.129 5.631 5.365 

Tm ppm 0.333 0.629 0.394 0.423 0.845 0.804 

Yb ppm 3.6 2.218 4.190 2.546 2.508 5.924 5.584 

Lu ppm 0.5 0.329 0.656 0.372 0.390 0.965 0.855 

Mafic� intermediate Felsic

Table 2. Whole-rock chemical analyses for Sitlika volcanic rocks of the eastern belt. Dashes indicate element determinations below detection limit; blank values indicate elements not analyzed.
Abbreviation: LOI, loss-on-ignition.
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Type 2 

Sample Units 97NMA-

8-14

96GPA-

14-10

96GPA-

18-3-1

97NMA-

14-7-2

97NMA-

17-4

97NMA-

23-16

97NMA-

25-6-2

97NMA-

24-8-1

97NMA-

28-4-2

97NMA-

14-1-4

96PSC- 

7-9

SiO2 % 56.53 63.80 46.94 51.89 48.60 48.66 66.00 46.51 51.70 40.41 47.08
TiO2 % 0.84 0.55 1.08 0.71 1.01 0.75 0.48 2.31 1.04 1.97 2.29
Al2O3 % 17.08 16.97 18.81 14.11 18.03 22.02 15.37 17.50 19.14 15.45 16.81

Fe2O3
t % 7.66 5.69 11.92 10.02 9.46 8.56 4.21 9.08 8.21 8.52 9.29

MnO % 0.17 0.10 0.16 0.17 0.16 0.19 0.09 0.15 0.16 0.15 0.14
MgO % 4.23 1.69 6.84 6.91 6.68 3.88 1.37 8.75 3.15 3.60 7.87
CaO % 6.20 3.53 4.85 8.74 10.86 9.48 4.36 5.69 8.81 14.27 10.32
Na2O % 5.20 5.80 4.16 3.14 2.32 3.54 3.32 4.10 3.14 4.18 3.36
K2O % 0.36 0.61 1.24 1.27 0.04 0.39 1.91 0.91 0.83 1.01 0.36
P2O5 % 0.12 0.12 0.17 0.36 0.15 0.12 0.10 0.50 0.22 0.45 0.31
LOI % 2.20 1.55 4.52 2.67 3.66 3.22 2.96 4.77 3.70 9.79 2.83

Total % 100.59 100.40 100.70 99.99 100.97 100.81 100.24 100.27 100.10 99.80 100.66

Rb ppm 6 10 17 25 3 7 33 11 13 18 5
Sr ppm 173 106 151 283 480 416 265 179 344 276 164
Ba ppm 102 178 239 358 - 248 506 200 283 157 297
Y ppm 30 22 21 23 23 20 19 31 24 28 38
Zr ppm 114 100 46 70 71 51 119 259 135 214 233
Nb ppm 6 6 4 4 7 4 7 25 13 28 6
V ppm 161 111 263 225 273 197 79 220 180 212 248
Cr ppm 105 24 285 337 143 17 22 188 29 259 222
Ni ppm 18 6 42 64 19 7 4 72 6 135 100
Cu ppm 93 22 52 338 25 197 32 53 71 40 9
Zn ppm 67 69 124 64 68 91 39 68 67 58 75

Hf ppm 2.152 1.374 2.707 5.015 4.224
Ta ppm 0.153 0.182 0.511 1.587 1.807
Th ppm 1.333 0.424 2.266 1.422 2.137
La ppm 9.200 4.476 9.088 20.290 15.952
Ce ppm 20.205 10.473 18.423 46.763 34.939
Pr ppm 2.756 1.490 2.206 5.907 4.445
Nd ppm 12.547 7.349 8.798 24.724 18.916
Sm ppm 2.987 2.028 1.952 5.155 4.349
Eu ppm 0.895 0.809 0.701 1.726 1.463
Gd ppm 3.405 2.615 2.240 5.536 4.274
Tb ppm 0.494 0.419 0.346 0.791 0.669
Dy ppm 3.121 2.740 2.271 4.726 4.126
Ho ppm 0.696 0.615 0.515 0.993 0.945
Er ppm 2.183 1.931 1.638 2.934 2.916
Tm ppm 0.300 0.259 0.235 0.379 0.392
Yb ppm 1.898 1.665 1.600 2.319 2.465
Lu ppm 0.283 0.239 0.241 0.336 0.332

Type 2 mafic - intermediate Type 3 mafic

Table 3. Whole-rock chemical analyses for Sitlika volcanic rocks of the western belt. Dashes indicate element determinations below
detection limit; blank values indicate elements not analyzed. Abbreviation: LOI, loss-on-ignition.
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Sample Units

96PSC- 

12-1

96PSC- 

12-3-1

97PSC-   

2-3-1

97PSC-   

2-6

97NMA-

30-2

PSC95- 

16-1-1

PSC95- 

16-1-2

PSC95- 

16-2

PSC95- 

16-4

SiO2 % 60.68 54.58 61.81 67.91 53.42 74.47 66.42 48.53 74.43
TiO2 % 0.72 1.00 0.68 0.42 1.05 0.30 0.65 1.81 0.31
Al2O3 % 16.60 16.59 16.34 15.60 16.37 13.45 16.01 14.64 13.92

Fe2O3
t % 5.75 9.04 5.54 3.80 9.26 2.55 4.72 15.65 2.09

MnO % 0.08 0.16 0.09 0.07 0.18 0.05 0.11 0.24 0.03
MgO % 2.59 3.62 2.74 1.34 3.60 0.65 1.35 5.56 0.71
CaO % 6.59 6.96 5.30 4.43 5.18 1.95 3.66 6.37 2.45
Na2O % 4.99 4.55 4.32 4.22 4.98 5.09 5.56 3.79 5.16
K2O % 0.25 0.18 1.17 0.45 0.49 0.69 0.30 0.45 0.62
P2O5 % 0.15 0.18 0.13 0.09 0.16 0.06 0.18 0.11 0.06
LOI % 1.93 3.72 1.85 1.45 5.81 0.99 1.34 3.42 0.87

Total % 100.32 100.57 99.97 99.78 100.50 100.25 100.30 100.57 100.65

Rb ppm 5 4 20 7 10 9 3 6 5
Sr ppm 146 266 161 256 149 133 200 119 111
Ba ppm 110 69 360 702 169 181 170 257 258
Y ppm 33 33 30 19 34 27 40 31 29
Zr ppm 156 104 130 135 106 139 131 47 127
Nb ppm 6 5 7 7 5 4 4 3 4
V ppm 108 184 115 63 209 25 56 490 27
Cr ppm 28 63 72 25 23 - - 35 -
Ni ppm 10 14 15 7 7 - - - -
Cu ppm 21 76 33 26 104 5 4 32 4
Zn ppm 17 61 27 7 92 57 60 117 43

Hf ppm 4.5
Ta ppm 1.6
La ppm 5.8
Ce ppm 1.0
Nd ppm 16.0
Sm ppm 2.3
Eu ppm 0.9
Tb ppm 0.6
Yb ppm 3.1
Lu ppm 0.5

Maclaing Creek pluton Diver Lake stock

Table 4. Whole-rock chemical analyses for intrusive rocks from the Diver Lake stock and the Maclaing Creek pluton. Dashes
indicate element determinations below detection limit; blank values indicate elements not analyzed. Abbreviation: LOI, loss-on-
ignition.
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Fig ure 4. Geo chem i cal clas si fi ca tion of Sitlika vol ca nic rocks from the east ern and west ern belts: a) and
b) al kali-sil ica di a grams, fields af ter Cox et al. (1979), with al ka line-subalkaline di vid ing line af ter Irvine and
Baragar (1971); c) and d) sil ica ver sus zir co nium-ti ta nia ra tio, fields af ter Winchester and Floyd (1977).

Fig ure 5. Rare earth el e ment plots for Sitlika vol ca nic rocks. Nor mal iz ing val ues from Sun and
McDonough (1989). Type 1 ba salt in a) is re peated as the shaded area in b)–d) for ref er ence.
Sym bols as in Fig ure 4.



ate LREE en rich ment for both mafic and fel -
sic rocks (Fig ures 5b, d). Heavy rare earth el e -
ments (HREE) have lower con cen tra tions
than in type 1 ba salt. An oce anic-arc sig na ture 
is ap par ent in the var i ous tec tonic dis crim i na -
tion diagrams (Figures 6–8).

Type 3 vol ca nic rocks are al ka line in
char ac ter (Fig ures 4b, d). Only mafic rocks
have been an a lyzed and it is un clear if fel sic
mem bers are pres ent. Rare earth el e ment pat -
terns in these rocks show much more LREE
en rich ment than in type 2 sam ples, and HREE
have higher con cen tra tions than in type 2
sam ples, com pa ra ble to those in type 1 ba salt
(Fig ure 5c). A within-plate char ac ter is sug -
gested by dis crim i na tion diagrams (Fig -
ures 6, 7).

In tru sive rocks from the Diver Lake
stock and the Maclaing Creek pluton are
calcalkaline in ter me di ate to fel sic (Fig ure 9).
They plot in the vol ca nic-arc field on dis crim -
i na tion di a grams (Fig ure 8) and are sim i lar to
the type 2 fel sic vol ca nic sam ple. They are in -
ferred to be re lated to the type 2 vol ca nic
rocks, al though the Diver Lake stock is lo -
cated in the east ern belt (but at its western
edge).

DISCUSSION

The vol ca nic rocks of the Sitlika as sem -
blage have an oce anic sig na ture. The west ern
belt in cludes mafic and fel sic rocks with a
volcanic-arc sig na ture, but also in cludes al ka -
line ba salt of within-plate char ac ter. In tru sive
rocks of the Maclaing Creek pluton and Diver
Lake stock have a vol ca nic-arc sig na ture,
con sis tent with their lo ca tion within and
along the mar gin of the west ern belt. In con -
trast, vol ca nic rocks in the east ern belt have
MORB char ac ter is tics. They may have
formed in a back-arc setting, behind the
western belt arc.

Comparison to the Kutcho
Assemblage

The Sitlika vol ca nic unit is rea son ably
cor re lated with the Kutcho as sem blage
(Childe and Thomp son, 1997) on the ba sis of
gen eral mafic to fel sic vol ca nic char ac ter, the
pres ence of as so ci ated tonalitic in tru sive
units, the age of the vol ca nic and in tru sive
units, com pa ra ble prim i tive Nd-iso to pic sig -
na tures, and struc tural and tec tonic set ting
(Mon ger et al., 1978; Childe et al., 1998). Al -
though they both rep re sent intraoceanic arc
sys tems (and prob a bly parts of the same sys -
tem), there are dis tinc tions be tween vol ca nic
rocks of the Kutcho as sem blage, as rep re -
sented by anal y ses pre sented by Barrett et al.
(1996) and Childe et al. (1998), and the Sitlika 
vol ca nic unit. Kutcho vol ca nic rocks are
tholeiitic, with char ac ter is tics of low-K
island-arc ba salt. Con tents of the im mo bile

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

Fig ure 6. Tec tonic dis crim i na tion di a grams for Sitlika bas alts: a) Ti-Zr di a gram,
fields af ter Pearce and Cann (1973); b) Zr/Y-Zr di a gram, fields af ter Pearce and
Norry (1979); c) Ti-V di a gram, fields af ter Shervais (1982). Sym bols as in Fig ure 4.
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Fig ure 7. Tri an gu lar tec tonic dis crim i na tion di a grams for Sitlika bas alts: a) Ti-Zr-Y di a gram, fields af ter Pearce and
Cann (1973); b) Ti-Zr-Sr di a gram, fields af ter Pearce and Cann (1973). c) Ti-Mn-P di a gram, fields af ter Mullen (1983).
d) Nb-Zr-Y di a gram, fields af ter Meschede (1986). Sym bols as in Fig ure 4.

Fig ure 8. Tec tonic dis crim i na tion di a grams for Sitlika in tru sive and fel sic vol ca nic rocks: a) Nb-Y tec tonic dis crim i na tion
di a gram, fields af ter Pearce et al. (1984); b) Rb-(Y+Nb) tec tonic dis crim i na tion di a gram, fields af ter Pearce et al. (1984).



high-field strength el e ments, such as Zr and Y, and the rare-
earth el e ments, are sig nif i cantly lower in the Kutcho ba salt
than in the Sitlika lavas, even the sim i larly LREE-de pleted
type 1 flows. The LREE-en riched pat terns of types 2 and 3
Sitlika flows are not re ported from the Kutcho area. How -
ever, gab bro in tru sions within the Kutcho as sem blage are

calcalkaline in char ac ter, with REE pat terns showing
moderate LREE enrichment very similar to that of the
Sitlika type 2 volcanic rocks.
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