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ABSTRACT 

The Caiml Mo-(U) deposit is situated in the Omlneca Crystalline Belt 80 km south of Kc lowna. 
Total drill-indicated reserves ore estimated at between 2* and 34.5 mill ion lonnes of 0 . 5 5 % M o S j 
with associated but sporadic brannerile . Where dri ll-inier:ec led, uranium averages 1 .0 lb/ton 

U 3 ° 8 -

The geochemlcal association of tbe two elements Is common throughout a range of geological 
environment*. In comagmatic igneous suites, U end Mo show preference for late-sfage fractions and 
ore commonly zoned. 

At C a m ! , rocks range in age from Precombrian to Terliory but only the Jurassic Nelson bathollth 
•nd the Cretaceous Valhal la Intrusion ore of Importance. The Nelson rocks are predominantly biotite-
grancdlorites while the Valhal la suite Is represented by a two mico gronitoid. The Va lha l la granitoid 
and Its derivatives are Intrusive into the Nelson, but the main body does not crop out . 

Two mineralized breccia zones hove been discovered to ckste (the " E " and "Lake " zones) and 
ore local ized within the Nelson unit. Molybdenite occurs in angular N-lson fragments ond within the 
quairz-rlch breccia matrices. Brannerlte Is restricted to the quartz, matrix of o portion of the " E " -^one. 

#orphyry-type hyd:o thermal alteration includes pervasive propylltic alteration ond quarfz-sericlte 
alteration largely confined to the breccia zones. A minor area of potassic alteration may be present in 
the zor.e. 

Eccouse the breccia fragments show no milling effects, the zones are proposed to have been formed 
by ccl lcpse of the Nelson rocks Into vapor-rich voids formed ot the Nelson-Voihal la Interface. Such 
voids might form from exsolved water released during Injection ana cooling of the Valhal la magma. F lu ic i 
from the Valhalla permeated the breccia producing the coeval mineralization, alteration and the quartz 
Cement. 

The recognition of the Mo-U association serves to Illustrate the potential of many Mo-porphyry 
p'OsoecTi ond is Important In the search for source-basements for sedlinentary-hosted Tertiary U d-positt. 
If metal zoning cpplies at Carmi, then the breccias may overlie a lower-level hypogene Mo-porpiiyry. 

The Ca rmi M o - ( U ) depos i t is s i t u a t e d in the O m i n e c a C r y s t a l l i n e Be l t a l o n g the 
western marg in of the N e l s o n b a t h o l i t h . The proper ty l i es 5 km nor th west of the h a m l e t 
of C a r m i a n d 80 km south of the c i t y of K e l o w n a . The C a r m i c l a i m g roup l ies w i t h i n a 
s l l q h t i y u n d u l a t i n g p l a t eau b o u n d e d on aff sides by d e e p l y cu t v a l l e y s . R e l i e f on the 
p l a t e a u rises to 1360 m from a base e l e v a t i o n of 600 m in the Wes t K e t t l e R i ve r v a l l e y . 
The c l i m a t e is s imi l a r to the O k a n a g a n V a l l e y to the w e s t , but r e ce i v e s more p r e c i p i t a t i o n . 

The Ca rm i area has been the target o f i n t e rm i t t en t m i n e r a l e x p l o r a t i o n s i n c e 1960 , 
but not u n t i l 1974 has a c o n c e n t r a t e d e f fo r t been a p p l i e d . S i n c e 1 9 7 4 , some 9 1 0 0 m o f 
percuss ion and d iamond d r i l l i n g has c o n f i r m e d the e x i s t e n c e of two m o l y b d e n i t e - b e a r i n g 
m i n e r a l i z e d z o n e s , name ly the " E " a n d " L a k e " z o n e i n t rus i ve b r e c c i a s . The present l y 
d r i l I - i n d i c a t e d tonnage a n d grade has been va r i ous l y es t ima ted at b e t w e e n 24 and 3 4 . 5 
m i l l i o n tonnes of a p p r o x i m a t e l y 0 . 1 5 % M o S ^ , as a to ta l o f both z o n e s . The assoc i a t ed 
uran ium m i n e r a l i z a t i o n , represented by b r a n n e r l t e , ( U T u O ) is spo rad i c a n d a t present 
of sub-economic quan t i t i e s a n d res t r i c t ed to a po r t i on o r the " E " z o n e . D r i l l - I n t e r s e c t e d 



uran ium m i n e r a l i z a t i o n a v e r a g e s a p p r o x i m a t e l y 1 l b / ton I L O a n d that at sur face in the 
order o f 0 . 5 lb/ ton L L C ) . 

o o 

M o - U A S S O C I A T I O N 

The g e o c h e m i c a l a s s o c i a t i o n o f the two e lements has been d o c u m e n t e d throughout 
a range of g e o l o g i c a l env i ronments (Buntebarth 1 9 7 6 , F i s che r 1 9 7 0 , Barsukov e t a l . 1 9 7 1 , 
M e l ' n i k o v a n d B e r z i n a 1 9 7 3 ) . It has been fur ther d e t e r m i n e d that in Igneous env i ronments 
M o and U show a common g e o c h e m i c a l b e h a v i o r in that they a r e e n r i c h e d in l a t e - s t a g e , f e l s i c , 
s i l i c i c and pofass ic members of c o m a g m a t i c Igneous suites (Bohse et a l . 1974 ) . F l u o r i d e a n d 
c h l o r i d e c o m p l e x e s are thought to be the d o m i n a n t transport mechan i sm (Rekharsk iy 1 9 7 1 ) . 
As U is more m o b i l e , i t w i l l t end to m ig ra te fu r ther in the h y d r o t h e r m a l s y s t em . A v e r t i c a l 
z o n a t i o n of depos i t i on ar ises w h i c h is c h a r a c t e r i z e d by an i n c r e a s i n g U : M o r a t i o w i t h d e 
c r eas i ng temperature ( R e k h a r s k i y a n d P l ya t t 1 9 6 7 ) . W a l l a c e et a l . (1968) report that 
b ranne r i t e is a s soc i a t ed w i t h q u a r t z - s e r i c i t e a l t e r a t i o n a b o v e the mo l ybdenum ore at C l i m a x , 
C o l o r a d o . 

C A R M I R E G I O N A L G E O L O G Y 

The r e g i o n a l g e o l o g i c a l map c o m p i l e d by L i t t l e ( 1 9 5 7 , 1961) shows P r e cambr i an to 
Ter t i a ry s e d i m e n t a r y , me tamorph i c and igneous rocks exposed in the d i s t r i c t ( M a p 1 ) . The 
P recambr i an sequences cons i s t o f l ow- to medium-grade me tamorph i c rocks of the M o n a s h e e 
and C h a p p e r o n G r o u p s . P a l e o z o i c rocks a re represented by s e d i m e n t a r y , v o l c a n i c a n d l o w -
grade metamorph ic r o c k s , o f w h i c h the Pe rmian A n a r c h i s t G r o u p m e t a s e d i m e n t a r y / m e t a v o l -
c a n i c rocks p r e d o m i n a t e . M e s o z o i c and C e n o z o i c rocks mos t l y b e l o n g to the Ju rass ic N e l s o n 
in t rus ions , the C r e t a c e o u s V a l h a l l a i n t rus ion a n d the T e r t i a r y , C o r y e l l p l u t o n i c r o c k s . A l l 
major fau l ts in the a rea a p p e a r to be r a d i a l or t a n g e n t i a l to the major intrus ions ( L i t t l e 1960 ) . 
P l e i s t o cene g l a c i a t i o n , m o v i n g in a sou ther l y d i r e c t i o n , s c o u r e d the a r ea b e l o w 2300 m 
e l e v a t i o n . 

L O C A L G E O L O G Y 

L o c a l l y , the C a r m i a r e a Is dom ina t ed by the N e l s o n - o n d V a l h a l l a - i n t r u s i o n s (Map 2 ) . 
A n a r c h i s t G r o u p rocks r e m a i n in pa r t , as roo f pendants w i t h i n the N e l s o n in t rus ion and have 
been the s i te of smal l m i n i n g opera t ions in the past ( p roduc ing p rec ious metals from m i n e r a l 
i z e d shear z o n e s ) . 

A t C a r m i , the o l d e r N e l s o n rocks a re p r e d o m i n a n t l y m e l a n o c r a t l c , m e d i u m - g r a i n e d , 
f o l i a t e d b i o t i t e - g r a n o d i o r i t e s . Sma l l e r bod ies o f N e l s o n r e l a t e d qua r tz d i o r i t e a n d qua r t z 
m o n z o n i t e have been o b s e r v e d , w i t h the qua r t z m o n z o n i t e d i s p l a y i n g a c ross-cu t t i ng r e l a t i o n 
ship to the main g r a n o d i o r i t e b o d y . The ma in body o f the y o u n g e r V a l h a l l a in t rus ion has not 
been observed in ou t c rop a n d its e x i s t e n c e is k n o w n on l y f rom d i a m o n d d r i l l i n t e r s e c t i o n . 
It is a two m i c a g r a n i t o i d a n d is massive a n d s l i g h t l y p o r p h y r i t i c . Both p l a g i o c l a s e a n d less 
abundan t potossic fe ldspar c o n s t i t u t e the phenoc r y s t s . The V a l h a l l a in t rus ion is a m u s c o v i t e -
b l o t i t e - q u a r t z m o n z o n i t e a n d has severa l l a t e-s tage d e r i v a t i v e s , I n c l ud ing fe ldspar porphyry 
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dikes and the cement o f the m i n e r a l i z e d b r e c c i a z o n e s . 

M I N E R A L I Z E D Z O N E S 

The two mo l ybden i t e-bea r i ng m i n e r a l i z e d b r e c c i a zones d i s cove red to d a t e , are 
e longate east-west in p l an v i e w and i r regu lar in sec t i on (see c ross-sec t ions ) . They appear 
to be discrete bodies unconnec t ed at d e p t h . From c ross-sec t i on , the b recc i a s appear as 
bodies l o c a l i z e d w i t h i n a th in f au l t-d i ssec ted cove r of N e l s o n g ranod io r i t e and have been 
des ignated as the " E " and " L a k e " zones r e s p e c t i v e l y . 

W i t h i n the b r e c c i a s , rock fragments range from less than 3 cm to greater than 0 , 5 m 
across (with an ave rage of 12-15 cm across ) . The fragments are angu la r and show no s p o i 
l ing or rounding of co rne r s . They are c h i e f l y composed of f o l i a t e d N e l s o n g ranod io r i t e 
w i th minor Ne l son quar tz d io r i t e and o c c a s i o n a l fragments of V a l h a l l a quar tz m o n z o n i t e . 
A cons iderab le amount of r o c k , both l a t e r a l l y a n d v e r t i c a l l y away from the b r e c c i a s , has 
been a f f ec ted by f r a c tu r ing and/or shea r i ng , but w i t h no rotat ion of f ragments . 

The b r e c c i a mat r ix consists of m i l k y q u a r t z , pegmat i t i c qua r tz- fe ldspa r intergrowths 
and minor ru t i l a t ed q u a r t z , ranging from d i s c r e t e , i r regu la r patches be tween fragments to 
massive matr ix c o n t a i n i n g d iscrete f ragments . W i t h i n the " E " z o n e , minera ls Int roduced 
w i th the matr ix i n c l u d e p y r i t e , magne t i t e , f l u o r i t e , m o l y b d e n i t e , m u s c o v i t e , b l o t i t e , 
c h a l c o p y r l t e , b ranner l te and i lmen i te In app rox ima te order of dec reas ing a b u n d a n c e . 
M o l y b d e n i t e occurs as rosettes w i t h i n f ragments , as th in l ame l l ae on f ragment/mat r ix b o u n d 
aries and as d iscrete f l akes w i t h i n the m a t r i x . B ranner l te is res t r i c ted to the " E " z o n e and 
occurs en t i re l y w i t h i n the quartz matr ix as pr i smat ic crysta ls up to 6 mm l o n g . F l uo r i t e 
occurs w i t h i n the mat r ix and has invaded fragments as has pyr i te to a lesser d e g r e e . A n 
Increase in mo lybden i t e content is a c c o m p a n i e d by an increase in f l uo r i t e and py r i t e a b u n 
dance . £ 

The minera logy of the " L a k e " zone is more v a r i e d . The b r e c c i a cha rac t e r i s t i c s are 
ch i e f l y the same but the fragments d isplay a greater degree of hydrothermal a l t e r a t i o n and 
the matrix is d i s t i nc t l y v u g g y . W i t h i n the vugs (up to 5 cm across) euhedra l c rys ta ls of 
c a l c i t e (2 phases), f l uo r i t e (2 phases), py r i te and ru t i l e occur in decreas ing order of a b u n 
dance in add i t i on to z e o l i t e s (st i lb i te and s t e l l e r i t e ) . 

Accessory meta l l i f e rous m i n e r a l i z a t i o n from assayed sect ions inc ludes t race to minor 
quant i t ies of l e a d , z i n c , g o l d , s i l ver and r h e n i u m . N o l ead-bear ing minera ls have been 
ident i f i ed and only minor spha le r i te has been n o t e d . It is presumed that pyr i te may be r e 
sponsible for g o l d v a l u e s , and the rhenium con ten t (20 to 145 ppm), is of course a t t r ibu ted 
to mo l ybden i t e . 

A L T E R A T I O N P H E N O M E N A 

Porphyry-type a l t e r a t i on inc ludes pervas ive p r o p y l i t i c a l t e r a t i o n , q u a r t z - s e r i c i t e 
(phyl l ic ) a l t e ra t ion and minor potassic a l t e r a t i o n . P r o p y l i t i c a l t e r a t i o n w i t h i n the s u r 
rounding N e l s o n host may in part be due to low-grade greenschist f a d e s r eg iona l me ta-
morphlsm con t r ibu t ing in part to the deve lopment of ep ido te and c h l o r i t e . Q u a r t z - s e r i c i t e 
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a l t e ra t i on is la rge ly c o n f i n e d to the b r e c c i a bodies and var ies in in tens i ty w i t h i n the b r e c c i a s . 
The " L a k e " zone is most in tense ly a f f e c t e d by qua r t z-se r i c i t e a l t e r a t i on w h i c h has in p l a ces , 
resulted in the comp le t e des t ruc t ion of fragments to coarse se r i c i t e /muscov i t e a n d q u a r t z . 
A smal l ha lo of minor potassic a l t e r a t i on is l o c a l i z e d w i t h i n the cen t r a l por t ion of the " E " 
z o n e . The l ack of c o m p l e t e d i amond d r i l l i n fo rmat ion has made this latter assessment some 
what tenuous. 

BRECC IA G E N E S I S 

The genera t ion of b r e c c i a s assoc ia ted w i t h porphyry-type ore deposits has been the 
subject of much discussion a n d have been w e l l - d o c u m e n t e d by G i l m o u r (1977) . The most 
common brecc ias are pipes where the v e r t i c a l d imens ion is many times greater than the h o r 
i z o n t a l d imens ion , and the matr ix consists of new igneous mate r i a l in assoc i a t ion w i t h c o m 
minuted host r o c k . Fragments c h a r a c t e r i s t i c a l l y show m i l l i n g ef fects i nduced by f l u i d i z e d 
systems. 

A t C a r m i , the fragments do not show m i l l i n g ef fects a n d the matr ix is new mate r i a l 
w i th no comminuted host r o c k . Cons ide r ing these cha rac te r i s t i c s and the b r e c c i a z o n e shapes 
and dimensions, it is proposed that the Ca rm i b r e c c i a s are the result of c o l l a p s e into a v o i d 
in a s imi la r manner to a mechanism suggested by N o r t o n and Ca th l es (1973) (Figure I) . 

A v o i d might form from exso l ved vapor phases w h i c h c o l l e c t e d at the c o n t a c t of the 
N e l s o n and V a l h a l l a intrusions dur ing c o o l i n g of the l a t t e r . The co l l apse of the o v e r l y i n g 
N e l s o n rocks into the vapor v o i d results dur ing a subsequent decrease of hydrostat ic pressure 
caused by p iercement of the vapor phase into the N e l s o n . The u l t imate s i ze and shape of 
the result ing b r e c c i a w o u l d be a func t ion of the s i z e of the vapor v o i d and the c a v i n g c h a r 
ac te r i s t i cs of the host r o c k s . The Ca rm i b recc i a s were propagated upward to at least i n c l u d e , 
in par t , the ove r l y i ng A n a r c h i s t G r o u p (as e v i d e n c e d by the o c ca s i ona l metasedimentary 
f ragment ) . 

Due to their po ros i t y , the b recc ias became h y d r o t h e r m a j ^ ^ a n ^ ^ w a y s w h i c h p e r 
mi t ted the in t roduc t ion of m i n e r a l i z a t i o n and a l t e r a t i o n . A Pb /L) date of a branner i te 
separate ( H . Baadsgaard, U n i v . A l t a . ) , i nd i ca tes the m i n e r a l i z i n g event to be a la te-stage 
V a l h a l l a event at 62 my ( i I). Tab l e 3 i l lust rates the st ructura l history of Ca rmi and F igure 
2 relates stages of m i n e r a l i z a t i o n to periods of s t ructura l d e f o r m a t i o n . That the m i n e r a l i z a 
t ion is V a l h a l l a de r i ved is supported by d isseminated mo lybden i t e in the V a l h a l l a where it 
is unknown in unbrecc i a t ed N e l s o n . In a d d i t i o n , gamma ray spectrometr ic ana lyses of a l l 
rock types (Table 1 and 2) shows the Ne l son to c o n t a i n an average U content for g r ano-
dior i tes (2 .65 ppm) w h i l e the V a l h a l l a is dep l e t ed in uranium at 3 . 4 ppm (C la rke et a l . 
1966 , He ie r and Rodgers 1963) . 

C O N C L U S I O N S 

The M o - ( U ) bear ing in t rus ive b recc ias of Ca rm i are perhaps var iants of "U r an ium 
Porphyr ies " as de f ined by Armstrong (1974) . As s u c h , they serve to I l lustrate the potent ia l s 
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TABLE 1 

A V E R A G E D U C O N T E N T O F C A R M I R O C K U N I T S 

Uppm 

Ana r ch i s t G r o u p metasediments 2 . 5 

N e l s o n g r anod io r i t e 2 . 6 5 

V a l h a l l a quar tz monzon i te 3 . 4 

V a l h a l l a fe ldspar porphyry 11 .2 

N e l s o n la te-s tage d ikes 4 .1 

N e l s o n qua r t z monzon i t e 1 . 6 

TABLE 2 

A V E R A G E U C O N C E N T R A T I O N S O F I G N E O U S R O C K S 

Uppm 

C a n a d i a n S h i e l d (Shaw 1967) 2 . 4 5 

G r a n i t i c rocks (Heier and Rodgers 1963) 4 . 7 5 

G r a n o d i o r i t i c rocks (C la rk et a l . 1966) 2 . 6 0 
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Figure 2. Stages of Hypogene M i n e r a l i z a t i o n Related To 
S t r u c t u r a l Deformat ion. 
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TABLE 3 

C A R M I S T R U C T U R A L H I S T O R Y 

stage 1: f o l i a t i o n and minor shearing of the N e l s o n in t rus ion by reg iona l 
o rogen i c events i n c l u d i n g i n i t i a t i o n o f the West Ke t t l e R iver 
shear z o n e . 

stage 2: intrus ion of the V a l h a l l a quartz monzon i t e caus ing f rac tur ing 
and shear ing and b r e c c l a t i o n of the o v e r l y i n g N e l s o n . Hyd ro-
thermal a c t i v i t y . 

stage 3: emplacement of in te r-minera l fe ldspar porphyry d ikes contempor
aneous w i t h m i n e r a l i z i n g hydrothermal e v en t s . 

stage 4 : deve lopment of horst and graben fau l t system a n d last pulse of 
hydrothermal e v e n t . 



of many Mo-porphyry prospects in the C o r d i l l e r a n as sources of nuc l ea r raw ma te r i a l s . The 
assoc ia t ion of M o and U is not uncommon in Br i t i sh C o l u m b i a (Map 3) and has been ment ioned 
prev ious ly by Soregaro l i and Suther land Brown (1976) • It is a lso important to r e c o g n i z e 
such an assoc ia t ion in the search for source-basements dur ing prospect ing for sandstone-and 
cong lomerate-hosted uranium deposits w i t h i n younger Ter t ia ry intermontane basins of the 
r e g i o n . The assoc ia t ion of resistate t i t an ium-bea r ing minera ls ( rut i le) has r ecen t l y been 
used as a prospect ing i nd i c a to r minera l in sed imentary-hosted uranium env i ronments . 

The Mo- (U ) in t rus ive b r e c c i a a ssoc i a t i on at Ca rm i seems to occupy a h igh l e ve l in the 
p lu ton i c porphyry model of Suther land Brown (1976) and If the data of Rekharsk iy and P lyat t 
(1967) app l y he re , the assoc ia t ion may be unde r l a i n by a hypogene z o n e where in the M o : U 
ra t io inc reases , such that a normal Mo-po rphy r y assoc i a t i on c o u l d o c c u p y a lower l e ve l in 
the m o d e l . 

• fcH'i "• U ****** 
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