
8 1 ^ 0 5 0 

x 

5 5 3 . 4 3 ( 7 1 ) 

Some C h e m i c e l Charac ter i s t i c s of the Intrus ive R o c k s of 

the Beth lehem P o r p h y r y C o p p e r Deposi ts , B . C , C a n a d a 

B y 

Shunso T S U I H A R A * 

A b s t r a c t 

The results of preliminary chemical and optical study of the intrusive rocks of the Beth

lehem porphyry copper deposits, B . C . , Canada arc reported and arc compared wi th similar intru

sive rocks of the Uni ted States. The intrusive rocks related in time and space to the porphyry 

coppcr mineralization in North America seem to have a wide range of composition, but belong 

to cak-alkal ic rock scries with two exceptions of sub-alkalic rock series. O f these rocks, the 

Bethlehem intrusives are characterized by the least potassic and most calcic nature. The propy-

litic alteration at Bcihlehcm can be regarded as the lowest grade alteration in the general sense, 

but the potassium-poor nature of the host intrusive rocks, besides P - T conditions, seems to be 

an important factor for the absence of«potassie silicate assembktges in the alteration zone. 

Introduct ion 

T h e Be th lehem copper deposits, located i n H i g h l a n d V n U c y in the southern in te r ior of Br i t i sh 

C o l u m b i a , C a n a d a (F igure 1 ) , arc general ly unders tood as p o r p h y r y copper- type ore deposits. T h e y 

are composed of four k n o w n ore bodies o f Hues t i s , Jersey, Eas t Je rsey a n d I o n a , a n d re la t ive ly new 

V a l l e y C o p p e r . H I R A T A ( 1 9 6 5 ) po in ted out m a n y s imi lar i t ies o f in t rus ive rocks, s t ruc tu ra l features, a n d 

modes o f occurrence o f sulfide d i s t r ibu t ion between the Be th l ehem copper deposits a n d the so-cal led 

p o r p h y r y copper deposits in the U n i t e d States a n d Sou th A m e r i c a . 

T h e Be th lehem copper deposits are s i tuated at the center o f (he G u i c h o n ba tho l i th , w h i c h as a 

w h o l e intrudes vo lcan ic rocks o f the U p p e r Tr iass ic K a r n i c stage a n d is u n con fo rmab ly ove r l a in b y 

M i d d l e and U p p e r Jurass ic mar ine sedimentary rocks ( G A R R , 1 % 6 ) . T h e K — A r m i n e r a l age is 2 0 0 : ' : 5 

m . y . ( W H I T E and G A R T E R , 1 9 6 8 ) . A t Be th lehem the G u i c h o n ba tho l i th is d i v i d e d into two major units 

o f o lder quar tz d ior i te a n d younger quar tz d ior i te ( H I R A T A , 1 9 6 5 ) . T h e former is the m a i n phase o f the 

G u i c h o n ba tho l i th . T h e latter consists o f s toek-l ikc fo rm o f the B e t h l e h e m quar t z d io r i t e (F igure 2 ) , 

d ike- fo rming dacife po rphy ry a n d c rowded p o rp h y ry , a n d in t rus ive b recc i a . 

C A R R ( 1 9 6 6 ) stated that 1) the younger qua r t z d ior i te contact , 2 ) p o r p h y r y i n t ru s ion a n d accompany

i n g brecc in t ion , a n d 3 ) faults, a rc impor t an t factors to locate b o t h m i n e r a l i z a t i o n a n d a l te ra t ion . 

T h e mine ra l i za t i on is a c o m b i n a t i o n o f sulfide ve in , s tock-work, a n d d i s semina t ion . C h a l c o p y r i t e , 

borni te , molybdeni te , a n d specular i tc are the major opaque minera l s , bu t py r i t e is ra ther rare. 

C h l o r i t i z a t i o n , ep ido l i za t ion a n d a rg i l l i za t ion are dist ict . Sc r i c i t c is also present. L i t t l e t ou rmal ine occurs 

i n the ma t r ix of b recc ia pipe ore bodies ( H I R A T A , 1 9 6 5 ) . 

D u r i n g a short visit i n the Be th lehem m i n e i n 1 9 6 8 , the wr i te r co l lec ted a sma l l a m o u n t o f h a n d 

specimens. F o u r selected specimens were ana lyzed a n d a few Other specimens mic ro scop i ca l l y examined . 
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t ig. 1 Location of the Bethlehem copper deposits in the Caimrlinn Cordillera. 

T h e fo l lowing desc r ip t ion is based on this p r e l i m i n a r y examina t ion . 

A n a l y z e d Specimens 

C h e m i c a l analyses o f the four specimens arc listed i n T a b l e I. T h e samples were col lected i n the 

Jersey pi t , where even rocks w i t h fresh out look were al tered to var ious degrees. T h e ana lyzed spec imen 
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Intrusive Rocks of the Bethlehem Porphyry Copper Deposits (S. I S U I H A R A ) 

Breccia Pipe and Breccia After Hi RATA (IS6S), 

E J fett/diM Stiatz Diorite. PaTl1* s'WUfleo 

Fig. 2 Location of ihc four ore bod ics distributed around ihe margin of the Bethlehem quartz diorite. 

N o . 1 o f the G u i c h o n ba tho l i t h is a ho l locrys ta l l ine m e d i u m - g r a i n e d rock w i t h the I C n u m b e r 

( G H A Y E S , 1 9 5 6 ) o f 83. T h e g r a i n size seems to be m u c h finer t han that o f c o m m o n grani t ic rocks 

exposed i n the core o f the C i r c u m Pac i f i c bel t . T h e Japanese examples o f the g r a n i t i c rocks show the 

I C n u m b e r a r o u n d 4 0 ( I S U I H A R A , 1 9 7 1 ) . T h e major constituents are, i n o rde r o f abundance , p l ag io -

clase, maf ic minera l s , q u a r t z , a n d potass ium feldspars. Potass ium feldspars occu r i n sma l l a m o u n t bu t 

are d i s t inc t i n h a n d specimens because o f the s l ight ly reddish b r o w n co lo r . T h e co lor is darker than 

that o f o r d i n a r y q u a r t z d i o r i t i c rocks. 

M i c r o s c o p i c obse rva t ion indicates that plagioclase a n d mafic minera l s are mos t ly eithcdrat . 

T h e interst ices are fi l led w i t h m a i n l y anhedra l quar tz . N o r m a t i v e plagioclase compos i t i on as the w h o l e 

is abou t A n „ ( T a b i c 1 ) . T h e plagioclase is rare ly zoned , a n d a lways conta ins specks o f a l t e ra t ion 

m i n e r a l s such as sericite, ac t inol i te , a lb i tc , a n d c l ay minerals . T h e secondary a lb i te occurs also i n the 

interstices o f plagioclase. T h e r e a rc no fresh maf ic minera ls i n the a n a l y z e d spec imen . T h e observed 

mine ra l s arc ac t ino l i te , ch lo r i t e , a n d cpidote . T h e out l ine of the p s e u d o m o r p h indicates biot i te a n d 

h o r n b l e n d e to be the o r i g i n a l minera ls . 

T h e a n a l y z e d spec imen N o . 2 o f the Be th lehem quar tz d io r i t e is v e r y s i m i l a r to the spec imen 

N o . 1, but it is s l ight ly finer { I C n u m b e r o f 1 1 4 ) , l ighter -colored , a n d p r o p h y r i t i c due to aggregates o f 

amphibo les . U n d e r d i e microscope the a l tera t ion is weaker than that o f N o . 1. P lag ioc lase is more c o m 

m o n l y zoned . N o r m a t i v e plagioclase is ca lcu la ted as A n S 5 . Potass ium feldspars are subhedra l a n d show 

m i c r o p c r t h i t i c structures w i t h i r r egu la r form o f a lb i tc lamel lae . A m p h i b o l e s have been conver ted to 

ch lo r i t e , opaque minera l s a n d carbonates, but a part o f biot i te is re ta ined i n the ch lo r i t i z a t i on . T h e 

bio t i te has Y % Z o f p a l e b r o w n , w h i c h is often described in h y d r o t h e r m a l l y a l te red zones o f some ore 
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Table 1 Chemical analyses of (he intrusive rocks from the jersey pit, Bethlehem copper 

deposits. 

Samp c No. 1 2 

*; c. 
Bulk 2. 67 2.74 2.70 2.62 

Powder 2.82 2.74 2.75 2.74 

SiO, 60.71 66.19 6-4.89 67. 60 
n o , 0. 68 0.20 0.38 0.39 
A l , O s 16. lit 17.42 17.3) ifi. 79 

2.39 1.10 1.20 0. 10 
FcO 2.66 1.51 2.20 1.47 
MnO 0. 09 0.03 0. 04 0.03 
MgO 2.69 1.25 1.51 1.40 
CaO 5. 55 4.23 4.43 , 2. 32 
Na a O 4.31 4.41 3. 77 4.32 

O 1.04 1.31 0.52 0.78 
P » 0 5 0.24 0.13 0. 15 0.14 

Cu • tr 0. 33 
Fc 0.04 0.25 . 0.63 
S <0.01 0.04 0.29 ' 0.72 

SO, <0.01 <0.0t 
H,0(-|~) 2.16 1.46 2.62 2.40 
H.Ot^) 0.32 0.16 0.0(1 0.28 

Total 99.7fl 99. 69 99.74 99.70 

a 1.29 0.55 0. 72 0. 74 
ap 0.52 0.28 0.33 0.31 
mg 3.46 1.73 1.74 0.14 

py tr 0.08- 0.54 1.35 
or G. 15 7,74 3.07 4.61 
ab 36.47 37.32 31.90 36. 56 
an 23.79 20.24 2!.08 10.67 
C 1.33 2.86 4.93 
wo 0.97 
en 6.70 3.11 3.70 3.49 

ft 1.96 1.36 2.64 2.04 
qz 15.99 24.31 28.41 31.35 

Tola! 97. 30 98.05 97. 05 96.69 
Fcmic tola! 14.90 7.11 9.73 8.07 
or -r-ab+qz 53.61 69.37 63.38 73.02 

DI 60.2 70.8 65.2 75. 5 
an/an i ab X 100 39.5 35.2 30. 8 22.6 

Analyst: K. OliTA. 
No. 1: Guichon quarts diorite, Jersey pit 1't bench; 2: tk-tlilchein quarts diorite, 4,000 h bench; (: 
Altered Bethlehem quartz diorite [chilled phase)! 4(700 fi bench; 4: Altered and mineralised Bethlehem quart* 
diorite, 4.700 0 bench. 
Fc: equivalent to each bill fur content in the form of FcŜ  itubuactcd ftoni Fc20», 

deposits o c c u r r i n g i n g ran i t i c rocks. 

T h e spec imen N o . 3 is a po rphy r i t i c rock w i t h aphani t ie m a t r i x . M a f i c minera l s are the most 

d is t inc t ive phenocrysts. U n d e r the microscope, the rock shows a porpr ryrh ic texture w i t h phenocrysts 

of plagioclase a n d mafic minera l s in the c typ tocrys ta l l inc groundmass ( F i g u r e 3) . T h i s is a c h i l l e d 

phase o f the Be th l ehem quar t z d ior i te hav ing s l ight ly more " b a s i c " compos i t ion than the proper phase 
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of the Be th l ehem q u a r t z d ior i te ( T a b l e 1). T h e rock is also al tered modera te ly i n the saute m a n n e r as 

the specimens N o . 1 a n d N o . 2. Presence o f cp ido te -g roup minera l s , ma in ly o f c l inozois i t c , is qui te 

p rominen t i n r ep l ac ing the o r ig ina l ma f i c minerals . Specks o f serieite in plagioeta.se are m u c h clearer 

than that o f the spec imen N o . 1. N o r m a t i v e pyr i te is about 0 . 5 % . T h e coppe r content is not more 

than 0 . 0 5 % . 

T h e a n a l y z e d spec imen o f N o . 4 is an al tered a n d s l igh t ly mine ra l i z ed r o r k o f the Be th lehem 

quar t z d io r i t e . T h i s rock consists o f phenocryst ic plagioclase a n d g io tmdmass o f sugar- l ike aggrrsratcs 

of qua r t z , p lagioc lase ( a lb i t e l . a n d mafic minerals (F igure 4) . T h i s g ro i l l ldmass m a y have been formed 

th rough recrys ta lhza t ion process by hyd ro thc r in . i l a l te ra t ion . T h e su rv ived plagioclase lias been par t ly 

ser ic i t ized a n d a r g i l l i z c d , as shown by specks of serieite a n d c l a y minera l s . l a rge r crystals o f flak)' 

serieite are seen in the l i m i t e d parts o f the groundniass . S o m e serieite flakes consti tute a part of 

c h l o r i t i z c d b iot i te . T h i s serieite must have been conver ted f rom b i o t i t e T h e o r i g i n a l mafic minera ls i n 

general have been comple te ly al tered to chlor i te a n d epidote . Dissemina ted c o p p e r sulfides in most 

cases occu r associated w i t h these maf ic a l tera t ion products . T h e assemblage o f the al tered minera ls 

indicates that the spec imen belongs to p ropyr i t i e a l te ra t ion o f Creasey ; 1966). M o r e advanced a l tera t ion 

o f s e t i c i t e -quanz assemblage is observed in the restricted par ts a r o u n d m o l y b d e n i t e and /or copper 

sulf ides-bearing q u a r t z veins or fractures at Be th lehem. 

Resul ts and Interpretat ion 

Intrusive rocks: T h e a n a l y z e d Be th lehem quar t z d io r i t e is re la t ively fresh, wh i l e the G u i c h o n qua r t z 

d io r i t e is s l igh t ly a l tered as descr ibed in the prev ious sect ion. H o w e v e r , these specimens may be considered 

fresh rocks a m o n g those from p o r p h y r y copper deposits. T h e two q u a r t z diorites s h o w the feldspar ra t io 

between qua r t z d ior i te a n d g ranod io r i t e (F igure 5) . T h e charac ter i s t ic is the h i g h e r contents o f qua r t z 

a n d plagioclase . A l i n e a l evo lu t ion t rend o f a ea lc -a lka l ic rock series o n this d i a g r a m should l ie f rom the 

plagioclase c o i n e r to the quar tz-or thoclase side-l ine. M o s t o f the U n i t e d States examples fo l low rough ly 

this t rend except for those f rom the B i n g h a m and R o b i n s o n . T h e B e d r l e h c m in t rus ive rocks are more 

c Htm Cctn:.';a 

5," - Ray 

C.~s:'.t Dane 

Fig. 5 Normative fHdspars and quartz of the intrusive rocki from the selected 
North American porphyry copper deposits. 
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Intrusive Rocks of (he Bethlehem Porphyry Copper Deposits (S. I S U I H A R A ) 

Table 2 Addi t ional chemical analyses of the intrusive rocks from the 
Highland Val ley area, collected by T . Tatsumi in-1970. 

Total 98. 13 94. 98 

1401 1411 1501 

SiO, 67.17 63.27 71.68 
H O , 0.27 0.36 0- 18 
Al(0, 17. 10 16.77 15.66 
Fr.O, 1.16 1. 16 0. 08 
FcO 1.20 1.26 0.68 
MnO 0.06 0.06 0.01 
MgO 1.07 1.12 0.47 
CaO 3.98 4.76 2.46 
Na-O 4.15 3.16 4.53 
KtO 1.77 2.62 2.03 
P : O s 0. 14 0. 15 0.08 
C O . 0.03 2. 00 

S 0,02 0.01 
H.O( f) 1.10 2. 60 1. 15 
H , b ( - ) 0. 23 0. 22 0.20 

Total 99.56 99.88 99. 84 

il 0.51 • 0. (58 0. 34 
ap 0.31 0.33 0. 17 
mg 1.68 1.68 0.99. 
or 10. 46 15.48 12. 00 
ab 35. 12 29. 28 38. Si 
an 18.90 22.48 11.76 
C 1.42 1.70 
WJ 0. 10 
en 2.00 2.79 1. 17 
Is 1.03 0. 88 0.46 
qz 26.04 21.28 31.57 

98.49 

Funic total 
qz | ab-f-or 

DI 
an/an fab X 100 

6. 19 
71.62 
73.0 
35.0 

6. 46 
66.04 
69.5 
43.4 

3. 13 
81.90 
83.2 
23.5 

Analyst: K. O H T A 
1401: II •thldieni quartz dim itc .tt Lorocx, TMi upccimrn ii actvally coarse-grained ac) itio 
tile-biotite vnui'Hliorite, and mw ptagtoclaic ba* been strongly nericitbtcd aod argillizcd. 
[41 Is "Porphyriie" -it Jersey pit, Bethlehem. Tlili specimen can be called altered daeitc 
porphyry. Scrii ift/aiion an.) carbmuttiaatiiMt arc dtoiocl; while epidotizalton and chloritl> 
cation arc moderate. 1501: bcth<aidc granodiorite at K)uthK«sl of the Valley Copper 
orcbody [ca. 2,00(1'). Tbi< i-< coarse-grained honiblende(?)-bioiiic granodiorile. F.pijoti-
Eation i- i athcr obt !-">ns. 

calc ic and si l ic ic than those o f the U n i t e d States. I n a d d i t i o n to the B e t h l e h e m quar tz dior i te , there 

are m a n y porphyr ies o f dac i t i c compos i t ion related to copper m i n e r a l i z a t i o n i n t ime and space at 

Beth lehem. These porphyries must be more potassic than the Beth lehem quar t z d io r i t e (e. g. i l l 1, T a b l e 

2). H o w e v e r , it seems to be true that tlte Beth lehem copper m i n e r a l i z a t i o n is related to more calc ic 

intrusive rocks than those o f the U n i t e d States. 

T h e a l k a l i - l i m e index by Peacock ( 1 9 3 1 ) also indicates calc ic cha rac te r o f the intrusive rocks at 

Bethlehem. A l t h o u g h the n u m b e r of the analyses is [united, the fo l lowing figures can be given for the 

rocks f rom the N o r t h A m e r i c a n p o r p h y r y copper deposits. 
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Fig. 6 M-F-A diagram of the intrusive rocks from the selected North American 
porphyry copper deposits. 

A b o u t 6 1 : Be th lehem, G l o b e - R a y area (Castle D o m e ) , S a n t a R i t a . 

5 9 : N e w C o r n e l i a 

5 8 : Y c r i n g t o n 

5 6 : B i n g h a m , R o b i n s o n . 

A c c o r d i n g to this i ndex , these rocks fal l into the range o f ca l c -a lka l i c suite. T h e B e t h l e h e m is i n the most 

ca l c i c side, w h i l e the R o b i n s o n a n d B i n g h a m i n the most a lka l i c side. I n the M — F - A d i a g r a m , most of 

the rocks are p lo t ted i n the zone of ca lc -a lka l ic series rock. Those o f the Las t C h a n c e a n d B i n g h a m stocks 

o c c u p y a d i s t inc t ive ly different field a n d show a different t rend (F igu re 6) . T h e t e rm ca l c - a lka l i c is des

igna ted i n m a n y ways ( K u N O , 1969), so that it is needed to examine other characters after h a v i n g more 

c h e m i c a l da ta . I n the H a r k e r ' s d i a g r a m (F igure 7) a d is t inc t ive difference be tween in t rus ive rocks of 

the B e t h l e h e m a n d U n i t e d States po rphy ry copper deposits is seen i n K 2 0 whose content is l o w at Be th 

l e h e m . 

Tab i c 3 Chemical exchange between the unaltered and altered Bethle
hem quartz diorite (mg/cc). 

No. 2 No. 4 Losses & gains 

sio, 1813.6 1771.1 - 42.5 
T i O , 8.0 10.2 + 2.2 
AI a O s 177.3 439.9 - 37.4 
F C l O , 32.6 2.6 - 30.0 
FeO 42.2 38.5 - 3.7 
MgO 34.3 36.7 + 2.4 
CaO 115.9 60.8 - 55.1 
Na aO 120.8 113.2 - 7.6 
K , 0 32. 1 20.4 - 11.7 

Cu 8.7 -i- 8.7 
FeS, 2.2 35.4 + 33.2 
H.O(+) 40.0 62.9 + 22.9 

8 — ( 5 4 2 ) 
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Chemical changes during alteration'. E a c h component of the specimens N o . 2 a n d X o . 1 was calculated i n 

m i l l i g r a m per cubic centimeter a n d c o m p a r e d to each other i n o rde r to k n o w the losses and gains 

d u r i n g the p r o p y r i f i c a l terat ion ( Table 3) . T h i s compar i son is debatable because the or ig inal composi 

t ion of the specimen N o . 4 must be different f rom that of the spec imen N o . 2 o w i n g to heterogeneity 

o f the Be th lehem quar tz d ior i te . N e v e r ! hel l ess, there are coincident losses a n d gains to the n i inera logica l 

changes observed under the microscope. T h e loss in C a O , N a a O , a n d K.O agrcss to decomposi t ion o f 

feldspars. N o considerable changes are seen on marie elements as the whole , S i C ) 2 a n d A i a O ( decrease 

s l igh t ly . 

C o n c l u s i v e R e m a r k s 

1) T h e intrusive rocks at Beth lehem belong to a ca l c -a lka l i c suite. Tin y are an example of the 

commonest intrusive rocks in Br i t i sh C o l u m b i a o f saturated series o f B R O W N (1069, p . 3 4 ) , 1 ntrusive rocks 

of .dior i te-monzoni te-syeni te series reported by B R O W N £ 1 9 6 9 ) are not observed a m o n g the area of the 

p o r p h y r y copper deposits examined i n this paper. S o m e in t rus ive rocks i n the R o b i n s o n area are 

n o r m a t i v e l y undersaturated ones, but they seem to become saturated rocks cont inuous ly dur ing the 

f ract ional c rys ta l l i za t ion . 

2 ) T h e most re la ted rocks to p o r p h y r y copper m i n e r a l i z a t i o n are classified as granodior i te to 

qua r t z monzon i t e i n N o r t h A m e r i c a ( T n x K Y and K I C K S edi t . , 1 9 6 6 ; R I D G E edit . , 1968; W I L S O N . 1963; 

G I L I . K R M A N , 1 9 6 - 1 ; B R O W N , 1 9 6 9 ) . T h e Be th lehem examples are quart/ , d io r i t e to granodior i te . T h i s 

means that the intrusive recks are charac te r ized by low content o f K a O , as c o m p a r e d wi th those o f the 

U n i t e d Slates. T h e reason is perhaps because the Be th l ehem copper deposits are loca ted close to the 

core o f the C o r d i l l e r a Orogeny . 

3) T h e m i n e r a l assemblage of the al tered in t rus ive rocks at B e t h l e h e m can be regarded as that 

of the fringe a l tera t ion zones of the U n i t e d Slates examples , w h i c h have no c o m m e r c i a l copper contents. 

L o w content ofpotassic silicates at Be th lehem, however , c o u l d be consistent w i t h the less potassic nature 

o f the host in t rus ive rocks. 

4 ) T h e m i n e r a l assemblage m a y also be related to the l o w content o f the total sulfides, w h i c h 

c o u l d have been a n impor tan t ca ta lyzer for some minera l -pa r s d u r i n g the sil icate react ion. 

5 ) T h e l o w content o f the total sulfides seems to be the p r i m e agent for lack o f chalcoci te blanket 

at Be th l ehem, as po in ted out .also by H I R A T A (1965). a m o n g various causes such as g lac ia l t runcat ion, 

c l imate c o n d i t i o n , ra ther abundan t carbonates, and others. Bu t the content was enough to form 

secondary o x i d e ores w i t h no enr ichment (c. g. I o n a o rebody) . 
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