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Abstract 
Rubidium-strontium dating of chalcopyrite-bearing potassium feldspar veins from the 

Craigmont ore body gives an initial Sr8 7 /Sr8 6 ratio of 0.7037 + 0.0002 and an isochron 
of 200 + 2 m.y., in good agreement with Northcote's 198 i 8 m.y. K/Ar date for the 
presumed parent, the copper-rich Guichon batholith. The low initial Sr8 7 /Sr8 6 ratios 
imply that the batholithic rocks, the K feldspar gangue and associated Craigmont 
mineralization were derived from a mantle source similar to that of recent basalt. 

Sulfur in the main ore body ranges in 8 values from +0.5%* to — 9.8%» and averages 
— 3.3%c Disseminated sulfides in the Guichon batholith have 8 S34 values close to 
mantle sulfur (—0.3%» to +3.0%o) whereas disseminated sulfides in sparsely mineralized 
wall rocks have 8 S34 values averaging —11.3%*. Sulfur isotope data suggest that early 
in mineralization, light country rock sulfur was dominant (sulfurization) and during 
the late period of potash veining and chalcopyrite mineralization magmatic sulfur f 
(meteoritic values) was emplaced. Carbon and oxygen determinations on host rock 
skarn and marble agree with this thesis and indicate that while little or no magmatic 
carbon was added to these rocks during the early period of skarn formation, late calcite 
associated with mineralization has SO18 values ranging from —18.6%» to — 23.5%o and 
8C13 values that average — 4.2%o, typical values for hydrothermal calcites and carbonatites, 
suggesting a non-limestone source for a large part of the carbonate associated with late 
mineralization. 
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FIG. 1. Contact Metasomatic copper-iron deposits at 
Craigmont, on the periphery of the Guichon batholith, in 
relation to the large porphyry type copper-molybdenum de
posits of Highland Valley. 

exploration techniques at Craigmont. Comprehen
sive radiometric dating studies of the Guichon Creek 
Batholith, which is found north of Craigmont, were 
presented by White et al. (1967), and Northcote 
(1968). 

Magnetometer and soil sampling surveys provided 
the anomalies for diamond drilling that first en
countered the Craigmont copper mineralization in 
1957. Production from the Craigmont open pit 
began in 1961 and has averaged about 5,000 tons 
per day since. The Craigmont pit reached its ulti
mate depth in 1967 and then a highly mechanized 
sublevel caving method was inaugurated to recover 
the remaining ore. Ore produced and known re
serves total about 30 million tons averaging 1.7 
percent copper and 20 percent iron. 

Geologic Setting 

The Craigmont orebodies are located in a steeply 
dipping, drag-folded section of carbonate and skarn 
rocks within the contact aureole at the southern end 
of the Guichon Creek batholith. The host rocks 
belong to the Nicola Group of upper Triassic age 
and consist of siliceous hornfelsed sediments, cal
cium silicate skarns and marble closely associated 
with the ore. Chemical analyses of skarn rocks and 
impure limestone suggest that Si, Fe, Mg and S 
were added with a resultant loss of CaO and COo. 
The metasomatism seems to have taken place under 
conditions of hornblende-hornfels fades since grossu-
larite-andradite garnet and diopside are present. In 
the large skarn zones at Craigmont the process of 

metasomatism has been so intense that the original 
character of the calcareous rocks is no longer recog
nizable (Drummond, 1966). 

Apophyses of Guichon batholithic rocks, mainly 
quartz diorites, intrude the Nicola rocks within the 
mine area. These Guichon rocks form the outer 
periphery of the batholith and change in composition 
toward the periphery due to assimilation of pre-
batholithic rocks (Northcote, 1968). On the basis 
of geologic evidence, the Guichon Creek batholith is 
older than Middle Jurassic and younger than early 
upper Triassic. (Duffell and McTaggart, 1952). The 
first potassium-argon age determination of the batho
lith was made by Baadsgaard et al. (1961), and a 
date of 186 ± 5 m.y. obtained on a chloritized biotite 
from the Bethlehem copper property. Subsequently 
the Geological Survey of Canada published 11 K-Ar 
dates averaging 240 m.y. (Wanless et al., 1965). 
Northcote (1968) completed 26 K-Ar age deter
minations averaging 198 ± 8 m.y. for various phases 
of the batholith, and Dirom (1965) made 11 deter
minations averaging 195 m.y., in close agreement 
with Northcote's. The Geological Survey of Canada 
dates have recently been revised to new dates ranging 
from 184-197 m.y. (Wanless et al., 1967). 

The youngest rocks at the Craigmont mine belong 
to the Cretaceous Kingsvale Group that unconform-
ably overlay the Nicola rocks and the Guichon 
batholith. Above the Craigmont orebody, the Kings
vale volcanic rocks are unmineralized. Plant fossils 
found by Rice (1948) indicate that the Kingsvale 
rocks are late early Cretaceous (Albian) whereas a 
sample from near the Craigmont mine had a late 
Cretaceous K-Ar date of 80 m.y. (Lowdon, 1963). 

Metallization 
Two distinct stages of metallization occurred at 

Craigmont. The initial phase of disseminated mag
netite, chalcopyrite and specularite formed contem
poraneously with the skarn • minerals. The second 
phase formed when the temperature decreased, caus
ing the rocks to become brittle and to form fractures 
that acted as channels and places of deposition for 
mineralizing fluids. This phase is characterized by 
irregular discontinuous veins comprised of coarse 
pink K-feldspar with associated chalcopyrite and 
specularite. The latter mineral is commonly re
placed by magnetite. 

Within the whole orezone, chalcopyrite is the only 
ore mineral and occurs widely disseminated and 
generally interstitial to other minerals. Small 
amounts of pyrite and bornite are present as dis
seminated crystals and there are trace amounts of 
earthy hematite, ilmenite, and pyrrhotite in the ore. 
Five major orebodies extend a total of 3,000 feet 
horizontally, 1,800 feet vertically and across mining 



Rb/Sr, S, AND O ISOTOPIC ANALYSES 481 

widths ranging from 10 to 350 feet (Bristow, 1968). 
The orebodies, controlled by the host rock structure, 
as a whole tend to stand vertically, however, sinuous 
lenses extend put from the main bodies. Consider
able evidence gathered by mine geologists supports 
the concept of drag folding on the north limb of an 
east-west trending anticline. 

The only feature consistently linked with the ore-
bodies and associated metallic occurrences is the 
metasomatic aureole adjacent to the Guichon batho-
lith. Within the skarn aureole, certain calc-silicates 
might localize the ore selectively or may just reflect 
contemporaneity rather than selective replacement. 
Fissures, the result of drag folding, were likely an 
important control initially whereas secondary cross 
faulting controls the younger mineralization. Car
bonate rock and skarn at Craigmont, may act as a 
possible mineralization control, however, since the 
Number 3 orebody is not associated with carbonate 
or skarn rocks, such a control is not invariable. 

The contemporaneity of the emplacement of the 
Guichon batholith and ore mineralization, the ore 
mineralogy, abundance of skarn and proximity of 
ore to igneous contacts at the Craigmont deposit 
place this important orebody into the pyrometaso-
matic class of ore deposits as defined by Lindgren 
(1933) and elaborated by Bateman (1950). 

Isotope Studies 

Rubidium-Strontium 

Radiometric dating was used in an attempt to 
determine the age and genesis of the Craigmont 
mineralization and the relationship of the Guichon 
batholith to the orebodies. Six whole rock samples 
were dated by the rubidium-strontium isochron 
method. Four samples of potassium feldspar rich 
rock from the orezone and two quartz monzonites 
from the northern part of the Guichon batholith were 
used. The K-feldspar rich ore is contemporaneous 
with the second or veining phase of mineralization 
and is associated with sppcn1arit> and chalrnpyrite. 
Sample descriptions and locations are outlined in the 
Appendix. 

For this study the Rb87 decay constant used was 
1.39 X 10-11 years"1 (50 b.y. half-life). A six inch, 
60 degree deflection solid source mass spectrometer 
with a single filament source and a single collector 
cup was used to measure the rubidium and strontium 
isotope ratios. For each sample an aliquot was taken 
to which a strontium tracer or spike was added. 
Both the spiked and unspiked portions of each 
sample were analyzed. Data on sample preparation 
and analytical procedures used for this study are 
given by De la Cruz (1967). 

TAlLt 1 
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Results.—The six analyzed samples form an iso
chron, which gives a date of 200 ± 2 million years ̂  
and an initial Sr8T/Sr86 ratio of 0.7037 ± 0.0002. 
The analytical data are shown in Table 1, and the 
isochron plot in Figure 2. The samples show ex
cellent colinearity. This small deviation of linearity 
of the isochron falls well within usual analytical 
error limits. Replicate analyses at the University 
of Alberta geochronology laboratory yield variance 
estimates for Sr87/Sr86 and Rb87/Sr86 such that the 
error could be about ± 5 m.y. and still fall within 
general error limits. 

The date of 200 ± 2 m.y. agrees closely with 
potassium argon dating of the Guichon Batholith by 
workers from University of British Columbia and 
the recent dates by the Geological Survey of Canada. 
This agreement and the colinearity of samples lead 
the writers to postulate that intrusion (cooling) and 
mineralization were essentially contemporaneous and 

Jhat .a genetic relationship between the Craigmont 
mineralization and the Guichon batholith exists. / 

The initial Sr87/Sr88 ratio from the isochron plot I J 
may be used to indicate the source of the Craigmont \ 
mineralization. The .general principles of this ap
proach were outlined by Faure and Hurley (1963) 
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FIG. 2. 200 m.y. rubidium-strontium isochron for Craigmont 
mineralization and Guichon batholith rocks. 
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and have been applied to ore deposits by Moorbath 
et al. (1967). A meaningful interpretation of the 
genesis must consider whether the batholith and ores 
were derived by melting at depth of relatively cop
per- and iron-rich criistal metamorphic rocks or by 
differentiation from magmas derived from primary 
material below the crust, and also whether or not 
lateral secretion from the intruded Nicola rocks 
played a part in mineralization (Ney 1966). If the 
Guichon batholithic rocks and gangue minerals as-

' sociated with the mineralization were derived in part 
I from older crustal rocks, then the initial Sr87/Sr80 

ratios should fall in the range 0.706 to 0.708 or 
higher (Peterman et al., 1967). The initial Sr87/Sr86 

ratio for the Craigmont isochron is 0.7037 which 
falls into the range of values (0.703-0.706) of re
cent basalts (Hedge, 1966). It is therefore con
cluded that the ore minerals and K-feldspar gangue 
did not originate by fusion of ancient sialic basement 
or Cache Creek or Nicola rocks, but must have de
veloped in an environment with low Sr87/Sr86 ratios 

TABLE 2 

SAMPLE DESCRIPTIONS AND ANALYTICAL DATA FOR SULFUR ISOTOPES 

Sample Description ^ Mineral 0 S34%.* 

66-58A: Quartz monzonite, Guichon Batholith; 
121° 13'W, 50° 34' N; diss pyrite. 

4011 A: Quartz monzonite, Guichon Batholith; 
120° 51 'W, 50° 29'30"N; diss pyrite. 

6246A: Hornblende diorite, underground; 10, 
315N, 9570E, 3666' elev; diss pyrite. 

6246B: Quartz-sericite veinlet cutting 6246A; 
10, 315N, 9570E, 3666' elev; diss pyrite. 

6248: Greywacke wall rock; open pit; 10, 010N, 
8400E, 3534' elev; finely diss pyrite. 

6273: Marble wall rock; 10, 390N, 7470E, 3065' 
elev; finely diss chalcopyrite. 

6243: K-feldspar gangue; 10, 300N, 9370E, 
3600' elev; massive diss blebs of chalcopyrite. 

6244: Gornet epidote skarn orebody; 10, 330N, 
9410E, 3666' elev; finely diss chalcopyrite. 

6245: Mossive magnetite; 10, 330N, 9400E, 3666' 
elev; finely diss chalcopyrite. 

6249: Massive specularite; 10, 150N, 8370E, 
3534' elev; fine-grained chalcopyrite. 

6264: Massive chalcopyrite; 2852' elev. 821 
X-Cut from high grade section of orebody. 

6265: Massive platy magnetite; 2852' elev. 821 
X-cut north; diss chalcopyrite. 

6285: Limestone country rock; 10, 264N, 6851E, 
3072' elev; finely diss pyrite. 

66-60: Quartz diorite; chalcopyrite impregnation 
along minute fissure; 120° l l ' W , 50°40 'N. 

Mil l concentrates,Bethlehem Copper,Ashcroft,B.C. 
55099 Sompled May 19, 1967 
V68-1294 Sampled April 19-20, 1968 

* Standard deviation based on reproductibility = + 0.2 permil. 
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FIG. 3. Sulfur in the Craigmont ore bodies appears to be 

of mixed origin, some having an isotopic composition similar 
to the sulfur of the Guichon batholith, some an isotopic 
composition similar to that of sulfur in the wall rocks. 

similar to recent basalt. Such a source could be 
either reabsorbed oceanic crust (Wilson 1968), the 
upper mantle, or a basic layer in the lower part of 
the crust or possibly Nicola or Cache Creek volcanic 
rocks. However, the Nicola and Cache Creek rocks__ 
do not contain extensive basic volcanic layers in the 
Craigmont area. 

Sulftir Isotopes 

Stable sulfur isotope variations in Craigmont sul-
fide minerals were studied to help interpret mineral 
genesis. Six pyrite and eight chalcopyrite mineral 
separates were analyzed for their S34/S32 ratios. The 
various sample associations, descriptions and loca
tions are outlined in Table 2. A 12 inch, 90 degree 
magnetic analyzer mass spectrometer equipped for 
simultaneous collection of masses 66 and 64 was used 
to measure sulfur isotope ratios. Procedures of 
sample preparation and mass spectrometric analysis 
used for the study are similar to those given by 
Ryznar et al. (1967). The results are expressed as 
8S3* permil deviations with respect to the troilite 
sulfur of the Canon Diablo meteorite. 

The routine analyses were compared with two 
working standards: one is a pyrite from Quemdnt, 
Quebec (8S34 = +1.1 permil) and the other is a 
seawater sulfate from the Pacific Ocean (8S34 = 
+20.2 permil). The calculated analytical precision 
of the present study based on reproducibility ex
pressed as standard deviation was ±0.2 permil. 

Results.—The variance in results is graphically 
illustrated in Figure 3, with the samples grouped 
into five geologically distinct associations. Two 
pyrite samples from Guichon batholith rocks, be
lieved to be primary sulfides formed contemporane
ously with the enclosed batholith, have 8S34 values 
of +1.9 and +3.0 permil. These ratios are in the 
range normally noted for igneous sulfur of possible 
upper mantle origin .(Ault and Kulp, 1959; Thode, 
1963). Disseminated pyrite samples from intrusive 
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diorites, collected underground at Craigmont, have 
similar mantle type values (+0.2 and —0.3 permil). 

In contrast two samples from sparsely mineralized 
wallrocks, a disseminated pyrite from graywacke, 
and a finely disseminated chalcopyrite in a recrystal-
lized limestone, have 8S34 values of —7.6 and —15.0 
permil, respectively. These values, moderately en
riched in S32, are characteristic of sedimentary sul-
fides (Thode et al., 1949; Ault and Kulp, 1959). 
Sample #6285 may be considered representative of 
the country rock in the Craigmont area and its sulfur 
is highly enriched in S32 (8S34%o-33.0). 

Six samples of chalcopyrite from the main ore-
bodies have 8S34 values ranging from +0.5 to —9.8 
permil. Except for two specimens having SS34 

values of —9.8 and —5.0 permil, the data are rela
tively close to the value for meteoritic or mantle 
sulfur (near zero permil). Significantly, almost all 
Cordilleran hydrothermal orebodies of magmatic as-
sociation exhibit 8S34 values near zero permil 
(Jensen, 1967). 

Mill concentrates from the one operating mine in 
the Highland Valley area, Bethlehem, give very con
sistent 8S34 values of —3.6%o negative, but close to 
meteoritic values, and quite similar to most Craig
mont values. 

The 8S84 values of —9.8 permil for sample #6264 
and —5.0 permil for sample #6265 arc rather un
usual for products of primary igneous processes. 
Similarity between this value and those obtained 
from the wall rock sullides indicates that they have 
a common source of sulfur. If part of the sulfur in 
the orebodies was derived from the country rock 
this would explain the slight enrichment in S3- in 
most Craigmont ore samples compared to the sulfur 
in the primary igneous sulfides from the Guichon 

^Batholith. \ The origin of massive sulfide deposits 
by introduction of country rock sulfur (sulfurization) 
has been summarized by Cheney and Lange (1967). 
Sulfurization processes at Craigmont may have been 
activated by high temperatures contributing to re-
crystallization of limestone, rock fracturing and 
skarn formation. 

Data tentatively suggest two possible sources for 
the sulfur of this deposit—deep magmatic and adja
cent country rocks. Evidence based on a limited 
number of samples indicates that sulfurization may 
have occurred only during the period of initial skarn 
formation and not during the second phase or veining 
phase of mineralization. For example chalcopyrite 

sfrom sample #6243 gives a 8S34 value of +0.5 permil, 
close to meteoritic. This sample, representative of 
the second stage of mineralization carrying abundant 
K-feldspar gangue, appears to be of deep-seated 
origin in that it contains mantle type sulfur associ

ated with feldspar of an initial Sr87/Sr8C (0.7037) 
of mantle values. 

The fairly wide range of 8S34 values observed in 
samples from the main orebodies could result from 
the mixing of magmatic sulfur and country rock 
sulfur in various proportions. The possibility re
mains that sulfur isotope fractionation may have re
sulted from the sulfur-bearing minerals crystallizing 
directly from primary hydrothermal solutions with
out any introduction of country rock sulfur. How
ever, isotopic behavior during ore-forming processes 
is not well understood and to date no conclusive 
evidence has been presented that fractionation equiv
alent to that found in Craigmont's main orebodies 
could result from direct crystallization. The possible 
depth effect is intriguing; the S34 enrichment is in 
the opposite direction to that noted by Ryznar et al. 
(1967), at Quemont, but further speculation is diffi
cult because of a limited number of data. 

Oxygen and Carbon Isotopes 

Stable carbon and oxygen isotope ratios from 
Craigmont marbles and hydrothermal calcites help 
elucidate the process of skarn formation and arrive 
at the genesis of late calcite, which is in part associ
ated with the ore minerals. Thirty-one samples 
analyzed for their carbon and oxygen ratios are 
tabulated in Table 3 and graphically illustrated in 
Figure 4. 

The carbonate samples were reacted with 100% 
phosphoric acid (McCrea, 1950) and the carbon 
dioxide obtained analyzed in a 12 inch 90° mass 
spectrometer using a double collecting system. The 
data are reported as permil deviation relative to the 
PDB Chicago belemnite Standard (8 denomination). 
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FIG. 4. Recrystallized marine limestones (marbles) and 
skarns have an oxygen and carbon isotopic composition dis
tinctly different from that of late calcites associated with 
copper ore at Craigmont. 
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TABU 3 THE OXYGEN AND CAR8QN ISOIOf-iC COMPOSITION OF CAMONATES FROM CRAIGMONT, B.C. 

ROCK 
6 c ' 3 % . 

ROCK 
6 0 , B % . 6 c 1 3 % . TYPE C O M M E N T S 6 O l 0 % . 6 c ' 3 % . 6 0 , B % . 6 c 1 3 % . 

LIMESTONES F R O M N I C O L A A N D CACHE CREEK GROUPS 

4279 L i Impure black limestone, minor 
amounti of dolomite, N i c o l a Group 

• 2 0 . 4 ♦0.1 6284A Marble I recc la fragment! containing twinned 
ca lc i te , d lopi lde and quartz 

- 1 4 . 4 ♦2 .1 

C34 L I Dark foi i l l l ferou/ l lmeilone, N ico la 
Group, about 1 mile from neareit 
Intruiive 

- 1 4 . 4 ♦ 0 . 9 42S6B Colcite Calc i te cement between breccia 
fragment! of lample 6284A 

- 1 8 . 3 ♦ 0 . 2 

4287 Marble Sample taken within 5 feet of mineral  - 1 8 . 3 ♦1.9 
C M Li idem ♦ 0 . 3 izat ion. Contain! abundant ikarn 

C57 L I Idem - 1 4 . 4 ♦ 0 . 3 
- 1 4 . 7 

4274 L I l lmeilune from Cache Creak Group 
(Permian) we l l of Kamloopt, I . C . 

- 9 , 4 ♦3 .D l l a l lon 

4290 Marble Thil altered marble conlalni about 2 0 \ - 2 0 . 4 ♦ 3 . 0 

METAMORPHOSED LIMESTONE W I T H LESS T H A N 3 % SKARN MINERALS (acenl to mlnerol lzal lon 

4272 MorbU Putt marble, trace amounti of 
ikarn. mineral i 

- 1 4 . 3 - 0 . 6 6291 Marble Medium grained calcite with minor amounti 
of skarn minera l i . Col lected 10 feet from 

-20.7 - 0 . 2 

42EI Morble About 3 % ikorn mineral! preient - 1 5 . 9 +1 .5 
6293 Marble 

4283 M o r b U Leu than 3 % ikam minerali 
preient 

- 1 5 . 7 ♦ 0 . 8 feet from ore 

4292 Marble Par t i / recrystallized limeilona - 1 2 . 8 + 2 . 3 
HYDKOTHERMAl CALCITES 

About 4 % skarn mineral i preient 
METAMORPHOSED LIMESTONES W I T H MORE T H A N 5% SKARN MINERALS 6258 Colc i te Calc i te inter i t i t ia l (o chalcopyrite - 2 0 . 4 - 3 . 3 

ond quartz, from main ore z o n e . 
4255A Marble From main ore zone, contain! a 

variety of ikarn mineral i 6 2 6 4 Ca lc i te Ca lc i te interit i t ial to massive 
chalcopyrite, from main ore zone 

- 2 1 . 2 - 3 . 8 

4273 Marble Within 5 feet of known ore - 1 8 . 8 +1 .4 
4255 Colc i te - 2 1 . 5 

7274 Marble From ore zone, this banded marble 
it highly altered with considerable 

♦ 0 . 9 cite from main orezone 

V quartz groins 6275 Ca lc i te White fine grained massive calc i te - 1 8 . 6 H - 4 . 4 

' 4280 Marble N o t a typical recryital l ized l imeitone, 
contoins fine grained colcite and 

- 1 7 . 5 +1.8 . 6277 Calc i te Fine groined white calc i te veinlet - 2 0 . 5 - 5 . 8 

rounded quartz graini 6278 Calc i te Fine grained white calc i te veinlet - 1 9 . 4 - 3 . 5 

4284 Marble Slightly a l tered, contain! numerous 
feldipar grolnt. Col lected about 

- 1 8 . 6 - 0 , 5 6284 Calc i te Narrow colcite veinlet - 2 3 . 5 - 5 . 6 

300 feel from mineralization 1 6295 Ca lc i te Weathered vuggy calc i te veinlet - 2 2 . 7 - 1 2 . 8 

4283 Marble About 100 feet from minera l izat ion, 
Iron i tain around colcite cry i ta l l 

•(6.4 +1.7 

Entry 6294 immediately following 6292 Is Incomplete. Add Rock Type — Marble; tO* */».«"•—14.7. 

Appropriate corrections described by Craig (1957) 
were applied. The overall reproducibility is better 
than ±0.2 permil for oxygen and carbon. 

Results.—The least altered limestones found near 
the Craigmont mining district are the dark lime
stones from the Nicola and Cache Creek Groups. 
Their SO18 values (ranging from —9.6 to —20.4 per
mil) are not representative for Triassic or Paleozoic 
marine limestones, which have, according to Keith 
and Weber (1964), a higher O18 content. The 8C18 

values of these limestones fall in the range from 
+3.3 to +0.1 permil. 

Recrystallized limestones or marbles that are host 
rocks for the Craigmont mineralization comprise the 
largest group of analyzed samples. These marbles 
have been divided into two groups according to the 
percentage, estimated from stained thin sections, of 
skarn minerals present. The SO18 values of marble 
samples range from —16.4 to —20.7 permil and the 
8C13 values range from +4.0 to —0.5 permil. 
Marbles with less than 5 per cent skarn minerals, 
have SO18 values ranging from —12.8 to —16.3 per
mil which are slightly more enriched in O18 than 
samples containing more skarn minerals. The 8C13 

values range from +3.1 to —0.6 permil between the 
two marble groups. Two samples (#6273 and 

#6287) collected within five feet of known min
eralization, do not differ isotopically from samples 
collected several hundred feet from mineralization. 

White coarsely crystalline late calcite that is as
sociated with the second phase of mineralization and 
with massive chalcopyrite from the main orezones 
is isotopically distinct as shown in Figure 4. For 
this group of samples the SO18 values range from 
— 18.6 to —23.5 permil and the SC13 values range 
from —2.9 to —12.8 permil. These values indicate 
enrichment in the lighter isotopes for both oxygen 
and carbon. Sample #6295 which has a 8C13 value 
of —12.8 permil is anomalous and in hand specimen 
shows the effects of recent weathering. Three sam
ples (#6258, #6264 and #6255) of calcites that were 
interstitial to ore minerals from the main orezone 
have an average 8C13 value of —3.3 permil. 

Discussion of Results.—During contact meta-
morphism, Nicola rocks were recrystallized and dis
seminated skarn minerals formed along with chal
copyrite, magnetite, and specularite. Elevated tem
peratures during this process and decreasing oxygen 
isotope fractionation between water and the carbonate 
in the Craigmont limestones resulted in lighter 8Q13 

values in the analyzed marbles compared to the 
original marine limestones. It was found that 
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analyzed specimens with higher skarn content tend 
to have lower 8O18 values in agreement with their 
more pronounced higher temperature metamorphism. 
In contrast the SC13 values of the marbles became 
isotopically lighter by about only 1 or 2 permil. 
This small change in 8C13 values indicates that most 
of the CO2 present, was generated in situ. 

The 8O18 and 8C13 values distinguish the late 
calcite from the marble groups as indicated in Table 
3. Significantly, the 8C13 values for the late calcite 
are about 5-6 permil lighter than the marble group, 
whereas those for oxygen seem to have a tendency 
toward slightly lighter values. The average 8C13 

for the late calcite, excluding sample #6295 which is 
weathered, is —4.2 permil. 

Using this value as reference, the carbon isotopic 
composition of the carbon involved in the formation 
of this young calcite is estimated to be about —4 to 
—6 permil. These values fall in the upper range 
recorded for carbonates believed to be precipitated 
under the influence of magmatic carbon dioxide. 
Rye (1966) estimated that the 8C13 values were - 7 
to —9 permil for carbon deposited by hydrothermal 
ore fluids derived from a magmatic source or cooling 
intrusion. The 8C13 values of carbonatite ejecta in 
Pleistocene tuffs from Germany, believed to represent 

, primary igneous carbon derived from a gabbroic 
magma, give a range of —6.6 to —8.4 permil (Taylor 
et al., 1965). The similarity between these values 
and those obtained for Craigmont substantiates a 
non-limestone source for a large portion of carbon 
in late calcite veinlets and for calcite interstitial to 

wOxejmijLerals 
j*> The carbon and oxygen data also possibly support 

/ the hypothesis that during the initial phase of min-
( eralization (skarn formation), the orebodies may 
V have formed partially by sulfurization. The simi-

\ larity of the 8C13 values from marbles adjacent to 
the main orebodies and those from unaltered country 
rock limestone lends support to partial origin by 
sulfurization. During the second phase of min
eralization, the carbon data of the late calcites infers 
that carbon in the form of C 0 2 ascended from the 

lantle or a deep-seated source in contrast to small 
amounts, if any, during the earlier skarn formation. 

Conclusions 

During late Triassic and early Jurassic times, an 
extensive metallogenic epoch occurred in British 
Columbia. Mineral deposits indicated to have formed 
during this epoch on the basis of K-Ar dating are 
Bethlehem and the other Guichon Cu-Mo deposits, 
Copper Mountain, and Stikine Copper, forming a 
belt shaped western Cu-Mo metallographic province 
(White et a l , 1967; Sinclair and White, 1968; and 

/ 

White and Carter, 1968). Craigmont can now be 
added to the list. At each of these mineral properties 
related intrusive rocks, radiometrically the same age 
as the mineralization, indicate a genetic association 
between Triassic-Jurassic plutonism and mineraliza
tion. 

At Craigmont sulfur isotopes suggest that sulfides 
in the batholith and orebodies are related. JT-he\ore-
bodies are slightly enriched in S32 by a( limited Avail 
rock contribution through sulfurizationT ;~A~aeep 
seated source is substantiated by the low initial Sr87/x 
Sr80 ratio from K-feldspar gangue and by the( lowj 
8C13 carbon isotope values for calcite associated with >-
the ore. The principal host rocks (other than grani- / 
tic rocks) for the majority of the copper deposits in 
western British Columbia are upper Triassic and 
Jurassic volcanic rocks. These rocks are notably 
rich in trace amounts of copper (about 100 ppm) 
and this observation has led many workers such as 
Ney (1966) and Baragar, Goodwin and Souther 
(1966) to suggest that these rocks were the major 
copper source. Volcanic rocks in the Nicola Group 
are not abundant at Craigmont, but, interestingly, the 

"sulfur isotope data suggest that at least some of the 
sulfur is from the country rocks. 

Acknowledgments 

The enthusiastic support of the management and 
staff at Craigmont during the data collection phase 
of this study is gratefully acknowledged, as is their 
permission to make the data obtained freely avail
able. A forward looking management at this mine 
has encouraged a very substantial body of research 
on this important deposit. Work in isotope geology 
and geophysics at the University of AlbeSta is sup
ported by the National Research Council of Canada 
and by the University; this continuing support has 
made the present paper possible. 

UNIVERSITY OF ALBERTA, 
EDMONTON, ALBERTA, CANADA, 

January 6,1969 

R E F E R E N C E S 

Ault, W. U., and Jensen, M. L., 1962, Summary of sulfur 
isotopic standards; in Biogeochemistry of sulfur isotopes, 
Jensen, M. L., (ed.) : Proc. N.S.F. symposium, Yale 
University, April 1962, p. 16-29. 

Ault, W. U , and Kulp, J. L., 1959, Isotopic geochemistry 
of sulfur: Geochim. et Cosmochim. Acta, 16, pp. 201-235. 

Baadsgaard, H., Folinsbee, R. E., and Lipson, J., 1961, 
Potassium-argon dates of biotites from Cordilleran gran
ites: Bull. Geol. Soc. Amer., v. 72, p. 689-702. 

Baragar, W. R. A., Goodwin, A. M., and Souther, J. G., 
1966, Volcanism and mineral deposits: Geol. Surv. Can. 
Paper 66-42, p. 8-14. 

Bateman, A. M., 1950, Economic Mineral Deposits: 2nd 
edition, J. Wiley, p. 82-94. 

Bristow, J . F., 1968, The geology of Craigmont Mines: 
Paper presented to CI .M. annual meeting, April 1968, 
Vancouver, B.C. 



mm mm 

486 CHRISMAS ET AL. 

Carr, J. M., 1960, Geology of the Promontory Hills; Min
ister of Mines and Petroleum Resources: B. C. Ann. Rept., 
p. 26-40. 

Carr, J. M., 1966, Geology of the Bethlehem and Craigmont 
copper deposits; in Tectonic history and mineral deposits 
of the western Cordillera: C.I.M. Special Vol., No. 8, 
p. 321-328. 

Cheney, E. S., and Lange, I. M., 1967, Evidence for sulfuri-
zation and the origin of some Sudbury-type ores: Min-
eralium Deposita, v. 2, no. 2, p. 80-94. 

Cocktield, W. E., 1948, Geology and mineral deposits of 
Nicola map-area, British Columbia: Geol. Surv. Canada, 
Mem. 249. 

Craig, H., 1957, Isotopic standards for carbon and oxygen 
and correction factors for mass-spectrometric analysis of 
carbon dioxide: Geochimica et Cosmochimica Acta, v. 12, 
p. 133-149. 

De la Cruz, N. N., 1967, Chemical and isotopic variations 
within the Ordovician Kinnekulle Al bentonite, Kinnekulle, 
Sweden: M.Sc. thesis, Univ. of Alberta (unpublished). 

Dirom, G. E., 1965, Potassium-argon age determinations on 
biotites and amphiboles, Bethlehem copper property, B.C.: 

' M.A. Sc. thesis, Univ. of British Columbia (unpublished). 
Drummond, A. D., 1966, Mineralogical and chemical study 

of Craigmont Mine: Merritt, British Columbia: Ph.D. 
thesis, Univ. of California, Berkeley (unpublished). 

Duffeli, S., and McTaggart, K. G, 1952, Ashcroft map-
area, British Columbia: Geol. Surv. Canada, Mem. 262. 

Faure, G., and Hurley, P. M., 1963, The isotopic composition 
of strontium in oceanic and continental basalts, applica
tion to the origin of igneous rocks: Jour. Petrology, v. 4, 
p. 31-50. 

Hedge, C. E., 1966, Variation in radiogenic strontium found 
in volcanic rocks: Jour. Geophys. Res., v. 71, p. 6119-6126. 

Jensen, M. L., 1967, Sulfur isotopes and mineral genesis; in 
Geochemistry of hydrothermal ore deposits, Barnes, H. L., 

(ed.) : New York, Rinehart & Winston, Inc., p. 143-165. 
Keevil, N. B., Jr., 1965, Exploration at the Craigmont Mine, 

British Columbia: Ph.D. thesis, Univ. of California, 
Berkeley (unpublished). 

Keith, M. L., and Weber, J. N., 1964, Carbon and oxygen 
isotopic composition of selected limestones and fossils: 
Geochimica et Cosmochimica Acta, 28, p. 1707-1816. 

Lindgren, W., 1933, Mineral deposits (4th edition) : New 
York, McGraw-Hill Book Co., Inc. 

Lowdon, J. A., 1963, Age determinations and geological 
studies: Geol. Surv. Canada, Paper 62-17, pt. 1, p. 19. 

McCrea, J. M., 1950, On the isotopic chemistry of carbo
nates and a paleotemperature scale: Jour. Chem. Phys., 
v. 18, no. 6, p. 849-857. 

Moorbath, S., Hurley, P. M., and Fairbairn, H. W., 1967, 
Evidence for the origin and age of some mineralized 
Laramide intrusives in the southwestern United States 
from strontium isotope and rubidium-strontium measure
ments: ECON. GEOL., V. 62, no. 2, pp. 228-236. 

Ney, C. S., 1966, Distribution and genesis of copper deposits 
in British Columbia: C.I.M. Special Vol., no. 8, p. 295-
303. 

Northcote, K., 1968, Geology and geochronology of Guichon 
Batholith, British Columbia: Ph.D. thesis, Univ. of British 
Columbia (unpublished). 

Peterman, Z. E., Hedge, C. E., Coleman, R. G., and Snavely, 
P. D., Jr., 1967, "Sr/^Sr ratios in some eugeosynclinal 
sedimentary rocks and their bearing on the origin of 
granitic magma in orogenic belts: Earth Planet. Sci. Let
ters, v. 2, no. 5, p. 433-439. 

Rennie, C. C, Pentland, W. S., and Sheng, C. C, 1961, 
Geologv of the Craigmont Mines: C.I.M. Bull., v. 54, 
p. 297-301. 

Rice, H. M. A., 1947, Geology and mineral deposits of the 
Princeton Map-area, British Columbia: Geol. Surv. Can
ada, Mem. 243. 

Rye, R. O., 1966, The carbon, hydrogen, and oxygen isotopic 
composition of the hydrothermal fluids responsible for 
the lead-zinc deposits at Providcncia, Zacatecas, Mexico: 
ECON. GKOL., v. 61, no. 8, p. 1399-1427. 

Ryznar, G., Campbell, F. A., and Krouse, H. R., 1967, Sulfur 
isotopes and the origin of the Quemont ore body: ECON. 
GEOL., V. 62, no. 5, p. 664-678. 

Sinclair, A. J., and White, W. H., 1968, Age of mineraliza
tion and post-ore hydrothermal alteration at Copper Moun
tain, B. C : C.I.M. Bull., v. 61, no. 673, p. 633-636. 

Taylor, H. P., Jr., Frechen, J., and Degens, E. T., 1965, 
Oxygen and carbon isotope studies of carbonatites from 
Laacher See District, Germany (abst.) : Geol. Soc. Amer
ica Special Paper 82, p. 205-206. 

Tliode, H. G., 1963, Sulfur isotope geochemistry; in Studies 
in analytical geochemistry, Shaw, D. M., ed.: Roy. Soc. 
Can., Spec. Publ. No. 6, p. 25-41. 

Thode, H. G., Macnamara, J., and Collins, C. B., 1949, 
Natural variations in the isotopic content of sulfur and 
their significance: Can. Jour. Research, B-27, p. 361-373. 

Wanless, R. K., Stevens, R. D., Lachance, G. R., and 
Rimsaite, R. Y. H., 1965, Age determinations and geologi
cal studies: Geol. Surv. Canada, Paper 64-17. 

Wanless, R. K., Stevens, R. D., Lachance, G. R., and 
Edmonds, C. M., 1967, Age determinations and geological 
studies: Geol. Surv. Canada Paper 67-2, Part A, p. 35-39. 

White^ W. H., Erickson, G. P., Northcote, K. E., Dirom, 
G. E., and Harakal, J. E., 1967, Isotopic dating of the 
Guichon Batholith, B. C.: Can. Jour. Earth Sci., v. 4, 
no. 4, pp. 677-690. 

White, W. H., and Carter, N. C, 1968, The age of some 
mineral deposits in British Columbia: Paper presented to 
C.I.M. annual meeting, April 1968, Vancouver, B. C. 

Wilson, J. T., 1968, A revolution in earth science: C.I.M. 
Bull., v. 61, no. 670, p. 185-192. 

Appendix A 
i Specimens from Craigmont Mine, B.C. 
Note: Number in ( ) refers to those labelled on speci

mens. Mine coordinates are used. 
Feldspathic gangue, 10300N, 9370E, 
3,600 elev. 
Chlorite, epidote, garnet skarn; 
10330N, 9410E, 3,666 elev. 
Massive magnetite, 10330N, 9400E, 
3,666 elev. 
Diorite, 10315N, 9570E, 3,666 elev. 
Andesite hornfels, 9985N, 8560E, 
3534 elev. 
Argillite hornfels, 10010N, 8400E, 
3,564 elev. 
Skarn with specularite and chal-
copyrite, 10150N, 8370E, 3,534 elev. 
Feldspathic gangue, 10140N, 8320E, 
3,534 elev. 
Chlorite hornfels, 10210N, 8480E, 
3,468 elev. 
Andesite (Kingsvale Group), 9480N, 
8130E, 4,062 elev. 
Hornblende basalt (Kingsvale Group), 
9480N, 8130E, 4,062 elev. 
Diorite, 3,060 elev. at shaft # 2 . 
Marble with minor skarn minerals, 
3,060 elev. at shaft #2 . 
Actinolite, epidote, chlorite skarn, 
30-783 Service drift east. 
Massive specularite, 30-783 Service 
drift east. 
Chalcopyrite and skarn minerals, 
30-783 Service drift east. 

M6243 (C-1) 
6244 (C-2) 
6245 (C-3) 
6246 
6247 

(C-4) 
(C-5) 

6248 (C-6) 
6249 (C-7) 
6250 (C-8) 
6251 (C-9) 
6252 (C-10) 
6253 (C-ll) 
6254 
6255 

(C-12) 
(C-13) 

6256 (C-14) 
6257 (C-15) 
6258 (C-16) 
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6259 (C-17; 

6260 (C-18", 

6261 (C-19; 

6262 (C-20; 

6263 (C-21' 

6264 (C-22; 

6265 (C-23; 

6266 (C-24; 

6267 (C-25; 

6268 (C-26; 

6269 (C-27; 

6270 (C-28; 

6271 (C-29; 

6272 (C-30; 

6273 (G31; 

6274 (C-32; 

(C-33; 

(C-34; 
(C-35; 

(C-37; 

(C-38; 

(C-39; 

(C-40; 

(C-41; 

(C-42) 

(C-43; 

(C-44; 

Feklspathic gangue, 3,590 elev. at 771 
Ore pass. 
Diorite? highly altered, 3,590 elev. at 
foot of 3,620 
Massive magnetite and specularite, 
3,464 elev. in Haulage drift # 1 . 
Hornfclsed quartzofeldspathic sand
stone ; 3,465-3,537 Ramp, south of 
Shaft # 1 . 
Hornfels wacke, 34-751 Access drift 
Chalcopyrite, quartz skarn and calcite, 
2,852 elev. 821 Crosscut north. 
Magnetite skarn, 2,852 elev. 821 Cross
cut north. 
Hornblende diorite, 2,852 elev. at 
shaft #2 . 
Hornblende diorite, 2,852 elev. at 
shaft # 2 . 
Andesite; On Spences Bridge road 
7/10 of a mile west of the Craigmont 
road turnoff. 
Volcanic breccia from Diamond drill 
ho le#S-61 . 
Porphyritic andesite; from Craigmont 
surface diamond drilling. 
Massive magnetite with K-spar, from 
3,500 elev. Specimen was collected by 
Rennie in 1961 and a K-Ar age deter
mination was made on it. (AK-209). 
Pure marble, 10430, 7400E, 3,070 
elev. 
Marble with some skarn minerals, 
10390N, 7470E, 3,065 elev. 

Powdered limestone taken from out
side the brachial valve of a Linopro-
ducHis com (d'Orb), Permian, from 
the fossil collection of P . S. Warren 
at the Univ. of Alberta. 
10625N, 6385E, 3,533 elev. Recrystal-
lized limestone. 
Limestone, 10080N, 7550E, 3,560 elev. 
Calcite veinlet, 10175N, 8720E, 3,390 
elev. 
Impure black limestone, 9300N, 700E, 
5,165 elev. 
Recrystallized limestone, 7500N, 
2400E, 5,265 elev. 
Limestone skarn, 10970N, 2540E, 
4,550 elev. 
Young calcite veinlet, hydrothermal, 
11520N,2440E, 2,630 elev. 
Partly recrystallized limestone, 9200N, 
210E, 4,525 elev. 
Limestone skarn, 10168N, 6865E, 
3,068 elev. 
Limestone skarn, 10224N, 6857E, 
3,070 elev. 
Limestone breccia cemented with a re-
mobilized calcite, 10264N, 6851E, 
3,072 elev. 

6287 (C-45) 

6288 (C-46) 

6289 (C-47) 

6290 (C-48) 

6291 (C-49) 

6292 (C-50) 

6293 (C-53) 

6294 (C-52) 

6295 (C-53) 

Limestone skarn, 10317N, 6843E, 
3,074 elev. 
Limestone skarn, 10215N, 7460E, 
3,015 elev. 
Limestone skarn, 10270N, 7452E, 
2,985 elev. 
Limestone skarn, 10300N, 7447E, 
2,965 elev. 
Limestone skarn, 10325N, 7444E, 
2,950 elev. 
Relatively unaltered limestone, 10355N, 
7440E, 2,935 elev. 
Limestone skarn, 10105N, 7478E, 
3,082 elev. 
Relatively unaltered limestone, 9785N, 
7535E, 3,347 elev. 
Calcite veinlet, 10515N, 7406E, 
3,674 elev. 

Petrographic Descriptions and Locations of Samples 
Used for Rb-Sr Dating 

6243 Potassium feldspar gangue 
Location: 10,300N; 9370E; 3600' elev.—open 
pit 
Description: The specimen is coarse-grained, 
pink colour and holocrystalline. Perthite (K-
feldspar with intergrown plagioclase) is present 
with minor amounts of coarse microcline and 
plagioclase. The feldspars which comprise 85-
90% of the specimen are cloudy and often iron 
stained. Fine-grained quartz is found inter
stitial to the feldspar. Minor disseminations 
of chalcopyrite and specularite with trace 
amounts of calcite, chlorite, epidote, sphene and 
actinolite comprise the other minerals. 

6250 Potassium feldspar gangue 
Location: 10,140N; 8320E; 3534' elev.—open 
pit 
Description: The specimen is coarse-grained, 
buff to pink in colour, holocrystalline and com
prised of inequigranular crystals, predominantly 
cloudy grains of K-feldspar with minor amounts 
of perthite and microcline. Together the feld
spars comprise about 90% of the specimen. 
Vermicular textured intergrown quartz and 
K-feldspar is present in small amounts. Indi
vidual quartz grains comprise about 8% of 
specimen. Trace amounts of epidote, chlorite, 
chalcopyrite and specularite are present. 

6259 Potassium feldspar gangue 
Location: 3590' elev. at 771 Ore Pass—under
ground 
Description: The specimen is fine to medium-
grained, reddish buff coloured and holocrystal
line. K-feldspar 45% of total with 25% of 
quartz are intergrown forming a graphic tex
ture. Some coarse grains of untwinned feldspar 
and quartz in about equal amounts form the 
remainder of specimen. Trace amounts of epi-
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dote, chlorite and apatite are present. Specimen 
is from a vein about two feet thick. 

6271 Potassium feldspar gangue 
(AK209) Location: 3500 Level near entrance—under

ground 
Description: Specimen is medium to coarse
grained consisting of pink fragments (breccia) 
of cloudy feldspar with massive interstitial 
euhedral magnetite. The cloudy K-feldspar 
which comprises about 50% of specimen con
tains disseminated euhedral crystals of magne
tite and actinolite with minor amounts of seri-
cite. Other minerals and their approximate 
abundance are: magnetite—20%, quartz—10%, 
calcite—10% and trace amounts of chlorite, 
epidote and chalcopyrite. 

66-58A Quartz nionzonite variety of Guichon Batholith 
Location: 121°13'W; 50°34'N; On Highland 
Valley road 13.1 miles south of town of 
Ashcroft 

Description: Specimen is medium-grained holo-
crystalline and the crystals are inequigranular 
and hypidiomorphic. It is comprised of 40% 
quart/, 20% K-feldspar and 30% plagioclase 
(Oligoclase). The K-feldspar is cloudy com
pared to plagioclase and usually is sericitized. 
A few grains of perthite are also present. 
Biotite 2-5%, and trace amounts of chlorite, 
sphene, epidote, magnetite and sericite make up 
the remainder of the minerals. 

4011A Quartz monzonite-granodiorite variety of 
Guichon Batholith 
Location: 120°52'W; 50°29,3O,,N 
Description: This medium-grained holocrystal-
line specimen is comprised of about 60% quartz, 
20% highly sericitized cloudy K-feldspar and 
20% sodic plagioclase that is relatively un
altered and often shows albite twinning. Bio
tite averages about 5%. The remainder is 
made up of trace amounts of magnetite and 
epidote, the latter occurring as small veinlets. 


