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ABSTRACT 

The major  chemical features of lead-zinc deposits in carbonate 
rocks can be expressed in t e r m s  of two 'systems':  Cu-Pb-Zn and Pb-Zn-Ag. 
In the Cu-Pb-Zn 'system',  the o r e s  a r e  markedly bimodal in t e r m s  of the 
~ n / ~ n  + P b  atomic ra t io  and a r e  characteristically copper-poor relative to 
lead and zinc. In the Pb-Zn-Ag 'system',  mos t  o r e s  from carbonate-host 
lead-zinc deposits a r e  relatively low in s i lve r ,  except for those few orebodies 
which produce by-product copper and /or  contain polymetallic minera l s .  

Host-rock carbonate from three selected Canadian deposits were  
analyzed for  t race amounts of Cu, P b ,  and Zn. These studies show that, a s  
the s ize  ( i .  e. tonnage) of the orebody increases ,  the Cu:Pb:Zn atomic ra t io  in 
the host rock approaches that of the o re .  

Trace  element content in sphalerite f rom four Canadian deposits a r e  
presented a s  Fe-Mn-Cd, Cu-As-Ag, and Cr-Ni-Co atomic ra t ios .  Sphalerite 
f r o m  one of these deposits,  which field relations indicate has m o r e  'hydro- 
thermal  features1 than the other th ree ,  i s  distinguished by its relative enrich- 
ment  in Mn , Ag , and Ni . 



SOME CHEMICAL F E A W  RES O F  LEAD- ZINC DEPOSITS 
IN CARBONATE ROCKS 

INTRODUCTION 

For  the past  three  years  the author has been engaged in a systemat ic  
geological study of Canadian lead and zinc deposits.  F o r  severa l  reasons the 
study of this important commodity group began with those deposits which a r e  
found in carbonate rocks.  As a group, these deposits a r e  a major  factor in 
Canada's minera l  production; in the period 1956-66, 2 4  p e r  cent of Canada's 
lead and 17 per  cent of he r  zinc was produced f rom orebodies in carbonate 
rocks.  

Study of the chemistry of these  orebodies was initiated in o rder  to 
demonstrate the range in composition of the o r e s ,  to see  if they could be sub- 
divided on the basis  of their chemical make-up, to  s e e  if there  was any cor -  
relation between the composition of the o re  and the geological features of the 
deposit ,  to compare and contrast  cer ta in  chemical features of the ore  with 
the same features in the host rock, and to attempt to outline metallogenic 
belts or a r e a s  using the chemical data in conjunction with the geologicaldata. 
There  i s  not yet enough data to delineate metallogenic a r e a s  but some pro-  
g r e s s  has been made in meeting the other objectives. 

With few exceptions, these a r e  a l l  what a r e  commonly geologically 
classified a s  the Mississippi Valley type according to c r i t e r i a  suggested by 
Ohle (1959). The origin of this type of minera l  deposit has  been debated for 
many years ,  the mos t  recent suggestion being by Jackson and Beales (1967). 
I t  i s  not the author 's  intention to review these arguments;  r a t h e r ,  it is to 
present  on a factual,  or empir ical ,  bas i s ,  some of the chemical data that 
have resulted f rom the study to date.  

These data have been summarized for presentation and will be dis-  
cussed a s  groups of element ratios ra ther  than absolute values.  Fur thermore ,  
to remove the bias resulting from differences in atomic weights of the ele- 
ments ,  the ratios a r e  expressed on an  atomic ra ther  than a weight basis .  

Manuscript received: June 3 ,  1968. 
Author 1s address:  Geological Survey of Canada, 

601 Booth S t ree t ,  
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CHEMISTRY O F  T H E  ORE 

Because it i s  the chemis t ry  of the orebodies that  makes  them r a t h e r  
unique and valuable rock t ) .pes ,  i t  i s  of i n t e r e s t  to compare  the bulk composi-  
tions of lead-zinc o res  in carbonate roclcs with lead-zinc o r e s  in non- 
carbonates .  Besides i ron ,  of c o u r s e ,  copper i s  the m o s t  common 'extra!  
meta l l ic  constituent of lead-zinc deposi ts .  In F i g u r e  1 the a tomic  r a t ios  of 
Cu, P b ,  and Zn in 114 lead-  a n d / o r  zinc-bearing deposi ts  have been plotted 
and contoured.  Most of these o r e s  a r e  Canadian but a few, par t icular ly  the 
carbonate ones ,  a r e  f rom outside the country .  F o r  purposes  of i l lus t ra t ion  
the data have been contoured in the s a m e  way that points on a s t e reone tpe t ro -  
fabr ic  d iagram a r e  contoured except ,  of c o u r s e ,  that  a one-area-per  cent 
t r iangle ,  r a the r  than a one -a rea -pe r  cent c i r c l e ,  .was used ( T u r n e r  and 
Weiss ,  1963, pp. 58-64). In Figure  1 ,  note the following: 

1 .  A m a j o r  chemical  difference ex i s t s  in the bullc composit ions of 
o r e s  in the two groups of deposi ts .  Those  in carbonate  rocks  a r e  cha rac -  
ter ized by a low copper content re la t ive  to lead and zinc;  those in non- 
carbonate rocks  show a wide range of Cu-Pb-Zn ra t ios  but m o s t  composit ions 
fal l  in the s m a l l e r  tr iangle formed by a l ine joining the mid-point  of the Cu- 
Zn side with the mid-point  of the Pb-Zn  s ide .  Expressed  in another way,  90 
pe r  cent of the 'carbonate type' deposi ts  contain l e s s  than 10 atomic  p e r  cent 
Cu whereas  70 p e r  cent of the 'non-carbonate type! conta in less  than l o a t o m i c  
pe r  cent P b .  

Zn 
2.  When projected into the Zn + P b  s c a l e ,  deposits  in carbonate  

rocks  show a bimodal distr ibution a s  i l lus t ra ted  in the left  h is togram of 
Figure  1.  In other w o r d s ,  m o s t  of these deposi ts  a r e  e i ther  relat ively zinc- 
or  l ead - r i ch ,  with v e r y  few of in termedia te  composit ion.  One frequency dis-  
tribution pealc occurs  a t  a ~ n / Z n  + P b  ra t io  of about 0 .3  and the other a t  
about 0 .85.  Over 80 p e r  cent of the !carbonate type1 orebodies have a 
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Figure  1.  Cu-Pb-Zn a tomic  r a t ios  of lead- a n d / o r  zinc-bearing o r e s  in 
carbonate  and non-carbonate rocks .  

~ n /  Zn + P b  ra t io  g rea te r  than 0 .  5 ,  i .  e ,  m o s t  a r e  z inc-r ich  with r e spec t  to 
lead.  Deposits  in non-carbonate rocks ( r i g h t  h is togram) show only a single 
peak a t  0 .9 .  

3. When compared with the c r u s t a l  abundance r a t io  of Cu,  P b ,  and 
Zn (values f r o m  Mason,  1958, p .  44) ,  one can immediately s e e  that the 
'carbonate type'  has  apparently resul ted  f r o m  a s t rong part i t ioning of these  
e lements  a s  demonst ra ted  by their  re la t ive  lack of copper .  F u r t h e r m o r e ,  
that group of deposi ts  in carbonate  rocks  'peaking' a t  a Zn /Zn  t P b  ra t io  of 
about 0.85 i s  pract ica l ly  identical  to the ave rage  r a t io  of these  two e l emen t s  
in the ear th ' s  c r u s t  (0.93). Such deposits  show minimum ' f r a c t i o n a t i o ~ ~ '  
re la t ive  to the c r u s t a l  ra t io ;  max imum 'fractionationi,  h'owever, i s  shown by 
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Figure 2 .  Pb-Zn-Ag atomic ratios in lead-zinc deposits occurring in car-  
bonate rocks.  

those deposits with a ra t io  l ess  than 0 . 5 .  These o res  a r e  l eas t  s imilar  to the 
average c rus ta l  ra t io  and show a relative depletion not only in copper bu ta l so  
in zinc. 

Besides these major  constituents,  however,  such o r e s  commonly 
contain important amounts of silver and cadmium which a r e  recovered a s  by- 
products.  Cadmtum substitutes for zinc in the sphalerite latt ice and its 
abundance in the o re  will be strongly dependent on the zinc content. Si lver ,  
on the other hand, can occur in solid solution in galena, sphaler i te ,  pyr i te ,  
chalcopyrite, sulphosalts,  a s  independent s i lver  sulphides or a s  the native 
metal.  Consequently i t  i s  of in teres t  to examine the Pb-Zn-Ag rat ios  of 
'carbonate type' lead-zinc o res .  



In Figure 2 a re  plotted the Pb-Zn-Ag ratios of 36 deposits for which 
data were available. In order to get a good spread to the data, silver content 
was exaggerated a thousand-fold. From this diagram it is apparent thatmost 
of these ores a re  silver-poor relative to lead and zinc. It i s  important to 
remember that the plots a r e  ratios and bear no direct relation to the absolute 
silver content of the ore. While it is true that, in absolute te rms,  the silver 
content of most ores will r ise  with increasing lead content, one can see from 
the diagram that Pb-rich ores do not necessarily contain proportionately 
more silver than do zinc-rich ores.  In fact, Figure 2 suggests that the silver 
content of these Pb-Zn ores is more-or-less independent of the ~ n / z n  + P b  
ratio. 

The ratio Ag/pb + Zn in most of these ore deposits appears to be 
substantially less  than that in average crustal rocks (see Fig. 2 ) .  This 
implies a fractionation away from silver during the o r r fo rming  process. 
Some deposits, however, a r e  substantially enriched in silver and a r e  anom- 
alous for this reason. 

When the mineralogy of the deposits represented in Figure 2 is taken 
into consideration, it becomes apparent that the diagram can be divided into 
two, and possibly three parts .  In P a r t  I ,  the metallic mineralogy is simple 
(ZnS, PbS, FeS2, Fel-,S) and the relative silver content of the ore is low. 
Canadian examples of this type of ore would be Pine Point or any of the con- 
formable deposits in the Kootenay Arc of British Columbia (Fyles , 1966). 
Orebodies plotting in P a r t  I1 of the diagram a re  characterized not only by a 
higher relative silver content but they also contain enough copper to be recov- 
ered a s  a by-product although, a s  demonstrated in Figure 1,  the copper con- 
tent of these ores (relative to lead and zinc) is generally low. In P a r t  11, 
then, it is probably safe to say that the extra silver in the ore is brought in 
at  the expense of introducing another phase (generally chalcopyrite) into the 
'system'. Examples of this type of ore would be the Tynagh deposit in 
Ireland, the Errington Mine in Ontario, or the Silver Giant Mine in British 
Columbia. Although the data a re  meagre,  there i s  a suggestion that Figure 
2 could be further divided into a Pa r t  I11 where, in addition to or instead of 
chalcopyrite, the ores contain independent silver minerals and/or high-silver 
sulphosalts. Canadian examples would be the Walton Mine in Nova Scotia or 
the Tetrault Mine in Quebec. 

As suggested in an earl ier  paragraph, the ores ,  in general,  show 
little relation between relative silver content and the z n / ~ n  + P b  ratio. In 
P a r t  I of Figure 2 ,  however, ores with a high Zn/Zn + Pb ratio seem to show 
a rather marked tendency toward an increase in silver content with increase 
in lead content a s  shown by the dashed line passing through these points. 
This curve relating Ag and Zn/Zn + Pb ratio increases exponentially until it 
reaches the boundary between Pa r t  I and P a r t  I1 where it levels off. Beyond 
this point relative silver content in the ore rapidly increases with little or no 
relation to the Zn/Zn + Pb ratio which remains more-or-less constant at  
about 0.85. By definition, ores in P a r t  I do not contain recoverable amounts 



of copper no r  d o  they contain independent s i lve r  m i n e r a l s .  There fo re  the 
s i lve r  recovered f r o m  these  o r e s  m u s t  be ent i re ly  contained in the sphaler i te  
and galena;  f u r t h e r m o r e ,  sphaler i te  and galena f r o m  deposi ts  plotting n e a r  
the top of P a r t  I  should contain m o r e  s i l v e r  than those in the lower half of 
P a r t  I .  

In s u m m a r y ,  then,  one might s a y  that ,  in P a r t  I  of F igure  2 ,  the 
s imple  Pb-Zn  o r e  in the lower half i s  under-sa tura ted  with s i l v e r w h e r e a s  o re  
in the upper half of P a r t  I  i s  nea r - sa tu ra t ed  with s i lve r .  In P a r t  I1 the s i lve r  
content,  relat ive to  lead and z inc ,  i s  higher but the e x t r a  s i lve r  i s  probably 
contributed by an  e x t r a  phase ,  i . e .  chalcopyrite.  In P a r t  111, the ' sys t em ' ,  
including the copper phase ,  i s  ove r - sa tu ra t ed  in s i l v e r ;  ne i ther  the ZnS, PllS, 
or  CuFeS2 can hold any m o r e  s i lver  and i t  appea r s  a s  independent s i lve r  
m i n e r a l s .  Resea rch  on the t r ace  e lement  content of sulphides f rom r e p r e -  
sentative deposits  of P a r t s  I ,  11, and I11 i s  current ly  underway to t e s t  this 
' s i lver  sa tura t iont  hypothesis.  

CHEMISTRY O F  THE HOST ROCK 

Carbonate hos l  roclcs of s e v e r a l  Canadian lead-z inc  deposits  have 
been sys temat ica l ly  sa.mpled and analyzed fo r  se lec ted  m a j o r  and minor  e le-  
men t s  in an  a t tempt  to: (1) de te rmine  whether o r  not chemica l  haloes s u r -  
round the orebodies ;  ( 2 )  es tabl ish  approximate  background va lues ,  or range 
of va lues ,  for  s o m e  of the ore-bear ing carbonate hor izons;  and (3) compare  
the ra t ios  of ore-forming e lements  in the host  rocks  with r a t ios  of the s a m e  
e lements  in the o r e .  

TABLE I 

Average backgroi~nd values of base  m e t a l s  in carbonate 
host  roclcs in three  se lec ted  a r e a s  

PPm 

Southwestern 0n. tar io  ( ave rage  of 49) 

Leitch Gold Mines ( ave rage  of 49) 

P ine  Point  (average  of 35) 

Samples  of hos t  rock carbonate w e r e  collected over a distance of 
f rom a few feet  to over a mi l e  f rom known minera l iza t ion in three  locali t ies:  
Bruce Peninsula of southwestern Ontar io ,  Leitch Gold Minest  deposit  in 
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Figure  3. Cu-Pb-Zn a tomic  r a t ios  in non-minera l ized carbonate  rocks .  

nor thwestern  Newfoundland, and P ine  P o i n t ,  Northwest  T e r r i t o r i e s .  In a l l  
c a s e s ,  m e t a l  values ( C u ,  P b ,  7.n) in hos t  rock carbonate fel l  away to back- 
ground ve ry  rapidly with d is tance  f r o m  o r e .  Even the l a r g e r  deposi ts  could 
not be detected by these e lements  m o r e  than about 200 feet  away f rom the 
edge of the orebody; f o r  the s m a l l e r  occur rences  this 'detectable d is tance!  
was reduced to 75 fee t  or  l e s s .  S imi lar  negative r e su l t s  were  found for  Ni ,  

Co,  A s ,  Sb,  MnO, Al203 ,  SiO2, FezOg,  and TiO2. The samples  were  a l so  
analyzed for  total CaO and MgO in a n  a t tempt  to detect  any ma jo r  o r  consistent  
change in the dolomite-l imestone ra t io  but none was  found. Approximate 
background ave rages  for  Cu,  P b ,  and Zn in carbonate in the th ree  a r e a s  a r e  
given in Table  I. 



Figures  3 to 6 i l lus t ra te  ra t ios  of these  th ree  b a s e  m e t a l s  in non- 
minera l ized carbonate a s  well a s  in carbonates  f r o m  the th ree  study a r e a s .  
In Figure  3 ,  note that the average  for  the 38 ana lyses  f r o m  the l i t e r a t u r e  
approaches  that of the average  c r u s t a l  abundance ra t io .  The l a t t e r  i s  sl ightly 
r i che r  in copper because  s i l ica te  rocks genera l ly  contain m o r e  copper than 
do carbonates .  In Figure  4 a r e  plotted analyses  f r o m  carbonate  rocks  in 
southwestern Ontario that contain s e v e r a l  dozen,  s m a l l ,  very  low-grade 
occurrences  (Guillet ,  1 9 6 7 ) .  The i r  ave rage  composit ion i s  shown by the 

S . W .  O N T A R I O  

NUMEROUS SMALL 
O C C U R R E N C E S  

occur rences  A 

Fig.ure 4 .  Cu-Pb-Zn a tomic  ra t ios  in slightly mine ra l i zed  carbonate rocks  
in southwestern Ontario.  Composition of lcnown minera l iza t ion 
in this a r e a  i s  indicated by the a r r o w  in the lower r ight co rne r  of 
the d iag ram.  
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Figure  5 .  Cu-Pb-Zn a tomic  ra t ios  in carbonate  rocks  in the Daniel's 
Harbour  a r e a  of nor thwestern  Newfoundland. Composition of the 
contained orebody is  shown by the a r r o w  in the lower  r ight  c o r n e r .  

a r r o w  n e a r  the Zn co rne r  of the d iag ram.  Compared with F igure  3 one can 
s e e  that the average  for the Ontario carbonate  rocks  h a s  moved in a d i r ec t  
line away f rom the c r u s t a l  ra t io  toward the r a t io  of these  e lements  in the 
s m a l l  deposi ts .  Resul ts  of analyses  f r o m  Newfoundland a r e  shown in F igure  
5. The contained orebody is  ent i re ly  zinc in composit ion a s  shown by the 
a r r o w .  Here  the carbonate values f o r m  a tight concentration n e a r  the z inc  
c o r n e r ;  f u r t h e r m o r e ,  the ave rage  has  moved well  away f r o m  the c r u s t a l  
abundance r a t io ,  away f rom the average  fo r  non-minera l ized ca rbona te ,  and 
plots c lose  to the composit ion of o r e  in th is  deposit .  F inal ly ,  F igure  6 shows 
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Figure  6.  Cu-Pb-Zn a tomic  r a t ios  in carbonate  rocks  in the ,P ine  P o i n t a r e a ,  
N . W . T .  Composition of the o r e  i s  shown by the a r r o w  in the 
lower r ight c o r n e r .  

;,slues in carbonate in the P i n e  Point  a r e a .  In this c a s e  the ave rage  i s  c lose  
to the Pb-Zn side of the d iagram and c lose  to the ave rage  composit ion of o r e .  

Thus ,  in the examples  shown, i t  would appear  that a s  the s i z e  of the 
contained orebody i n c r e a s e s ,  the r a t io  of Cu-Pb-Zn in the host rockcarbonate  
approaches that of the o r e .  These  deposi ts  a r e  a l l  of the s t ra ta-bound,  
Miss iss ippi  Valley type and one in terpre ta t ion  of these  r e su l t s  c o ~ ~ l d  be that 
the deposits  a r e  a product of the rock in which they a r e  found. Both the s i ze  
of the occur rence ,  a s  well a s  i t s  composition re la t ive  to  the t r a c e  e lement  
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Figure  7 .  Locations and age  of hos t  rock carbonates  of lead-zinc deposi ts  
se lec ted  fo r  detailed sphaler i  te ana lyses  . 

composit ion of the hos t  rock,  could be a reflection of the efficiency and se l ec -  
tivity of the ore-forming ( i .  e .  concentrating) p r o c e s s e s .  

CHEMISTRY O F  SPHALERITE 

As a final presenta t ion in this review of s o m e  chemical  f ea tu res  of 
lead-z inc  deposits  in carbonate rocks ,  s o m e  resu l t s  of quantitative ana lyses  
of sphaler i te  a r e  given to i l l u s t r a t c  the range in composit ion of this m i n e r a l  
in four se lec ted  deposi ts .  The locations of these  a r e  shown in Figure  7 .  
These  were  chosen fo r  i l lustrat ion because  they span a wide range in s i z e ,  
age  of hos t  rock ,  and geographic d is t r ibut ion.  Although a l l  a r e  of the 
Miss i s s ipp i  Valley type,  the Monarch-Kicking H o r s e  deposit  in southeas tern  
Br i t i sh  Columbia (Brown,  1948; Ney,  1957) could be sa id  to have m o r e  
'hydrothermal f ea tu res '  ( in  the c l a s s i ca l  Lindgren sense )  than the other th ree .  
Some of these  f ea tu res  a r e :  (1) it i s  the only one of the four that has a n e a r b y  
poss ib le  source  intrusion ( the  Ice River  complex l i e s  18 m i l e s  to the south 
and is  r immed  with s e v e r a l  s m a l l  lead-z inc  deposi ts ;  AIlan, 1914); ( 2 )  min -  
era l iza t ion i s  associa ted  with s e v e r a l  prominent  faults  o r  other s t r u c t u r a l  
f ea tu res ;  (3) the hos t  roclc i s  essent ia l ly  l imestone but the ac tual  orebody is  
enclosed in a halo  of dolomite which could be in t e rp re ted  a s  a hydro the rmal  



Figure 8 .  Fe-Mn-Cd atomic ratios in sphalerites from four selected 
Canadian deposits. 

alteration feature. The other three deposits a r e  enclosed in a widespread 
dolomite unit; dolomitization does not appear to be a s  closely related to ore 
a s  it is a t  the Monarch Mine. 

Ratios of Fe-Mn-Cd, the most common elements to substitute for 
Zn in the sphalerite lattice, a r e  shown in Figure 8.  Analyzed sphalerites 
from these deposits were better than 98 per  cent pure concentrate and didnot 
contain any visible exsolved or  included impurities except very smallamountc 
of galena. Some of the iron in the Pine Point and Monarch sphalerite might 
be due to pyrite contamination but the other two ores do not contain pyrite.  
Although there is an equal chance for pyrite contamination in both Monarch 
and Pine Point samples, it should be noted that the former sphalerite is  a 
Mn-Cd type whereas Pine Point is  an Fe-Ccl type. The lack of iron in sphal- 
er i te  from the other occurrences can be explained by the lack of iron in the 
ore a s  demonstrated by the absence of pyrite.  In spite of the abundance of 



Figure  9. Cu-As-Ag a tomic  ra t ios  in spha le r i t e s  f r o m  four se lec ted  Canadian 
deposi ts .  Diagonal line in the d iag rams  rep resen t s  the Cu:As 
ra t io  in ideal  tennantite (Cul2As4Sl3).  

pyr i te  a t  the Monarch,  however ,  spha le r i t e  in this o r e  i s  relat ively enr iched 
in manganese  and i s  r a the r  anomalous in this r e s p e c t .  

Ratios of Cu-As-Ag a r e  plotted in F igure  9 .  The reason f o r  this  
par t icular  grouping i s  that deposits  with a high re la t ive  s i lve r  content ( P a r t  
I11 in Fig .  2 )  frequently contained s i lve r -bea r ing  te t rahedr i te  (Cu-Sb sulphide) 
o r  tennantite (Cu-As sulphide) a s  independent m i n e r a l s .  None of the sphal-  
e r i t e  f rom the four se lec ted  deposits  contains appreciable  antimony s o  the 
Cu-As-Ag grouping was  chosen fo r  presenta t ion.  Now, although a l l  a r e  f r o m  
s i lver-poor  deposits  (they would plot in P a r t  I of F ig .  Z), i t  should be noted 
that these spha le r i t e s  contain Cu and As  in about the s a m e  ra t io  a s  tennanti te 
(F ig .  9 ) .  This  m i n e r a l ,  like sphalerille, i s  i s o m e t r i c  and the data suggest  
that these spha le r i t e s  contain,  in solid solution,  varying amounts of Ag- 
bearing tennanti te.  None of the polished sect ions  of any of these  o r e s  revealed  
the p resence  of this  m i n e r a l  no r  has  i t  been r epor t ed  by other w o r k e r s .  The 
Monarch and southwestern  Ontario spha le r i t e s  have s i m i l a r  A ~ / C U  + As ra t ios  



Figure  10. Cr-Ni-Co a tomic  ra t ios  in spha le r i t e s  f rom four se lec ted  
Canadian deposi ts .  

and a r e  higher than in the other two o c c u r r e n c e s ,  implying that the clissolved 
tennantite in the two f o r m e r  deposits  contain m o r e  s i lve r .  Comparing sphal-  
e r i t e  f r o m  the Monarch-Kiclcing Horse  Mine with that f rom southwestern  
Ontario on an  absolute r a the r  than a re la t ive  b a s i s ,  however ,  shows that  the 
f o r m e r  contains much m o r e  s i lve r  than the l a t t e r .  Average s i lve r  content in 
the Monarch sphaler i tes  i s  98 ppm whereas  that f rom southwestern  Ontario i s  
2 .6  ppm ( 1  ppm = 0.032 O Z / T ) .  The re fo re ,  on an absolute b a s i s ,  Monarch 
sphaler i te  i s  cha rac te r i zed  b y  a high s i lve r  content but on a re la t ive  b a s i s ,  i t  
i s  indistinguishable f r o m  other  s i lver-poor  spha le r i t e s ,  a t  l e a s t  on these Cu- 
As-Ag d iag rams .  

Ratios of Cr-Ni-Co,  the three  m o s t  r e f rac to ry  e lements  analyzed,  
a r e  shown plotted in F igure  10.  It m u s t  be noted that the range in the ra t ios  
i s  v e r y  l a r g e  in a l l  spha le r i t e s  except those f r o m  the Monarch-Kicking Horse  
Mine. These  show a v e r y  m a r k e d  tendency to concentra te  nea r  the Ni-corner  
of the d iag ram whereas  P i n e  Po in t ,  for  example ,  shows a weak tendency to 



plot n e a r  the Co-corner .  The other two deposits  s e e m  to f a l l  somewhere  in 
between; ra t ios  in Daniel's Harbour  spha le r i t e  w e r e  considered too sca t t e red  
to contour.  Nickel in a l l  sphaler i tes  fel l  roughly in the s a m e  concentration 
range (5-  10 ppm) but,  compared with C r  and Co,  sphaler i te  f r o m  theMonarch-  
Kicking Horse  Mine shows a decided Ni-r ich  t rend.  Thus ,  in the two 
I sys t ems ' ,  Cu-As-Ag and Cr-Ni-Co,  Monarch spha le r i t e  i s  cha rac te r i zed  by 
i t s  high absolute Ag content in the f i r s t  c a s e  and by i t s  h ighre la t iveNicon ten t  -- 
in the second.  

This  analys is  of sphaler i te  composit ions shows that  a deposit  such 
a s  the Monarch,  which is  geologically s i m i l a r  to t h r e e  o the r s  yet p o s s e s s e s  
ce r t a in  dist inctive geological f e a t u r e s ,  contains spha le r i t e  which,  although 
generally s imi la r  in composition to the other t h r e e ,  a l s o  p o s s e s s e s  ce r t a in  
dist inctive chemical  fea tures  . 

SUMMARY 

F r o m  this init ial  chemical  study of lead-zinc deposits  in carbonate  
r o c k s ,  s e v e r a l  fea tures  emerge  which a r e  s o  dist inctive that  they may  even- 
tually be recognized a s  being cha rac te r i s t i c  of this  type of orebody. 

Study of the bulk composit ions of 47 deposi ts  in t e r m s  of the Cu-Pb- 
Zn Isys tem'  shows that 90 p e r  cent of carbonate-host  lead-zinc o r e s  contain 
l e s s  than 10 re la t ive  a tomic  p e r  cent copper .  F u r t h e r m o r e ,  m o s t  of these  
o r e s  show a bimodal distr ibution in t e r m s  of Zn /Zn  + P b  a tomic  r a t io .  One 
frequency distr ibution peak occurs  a t  a ra t io  of 0 . 3 ,  the o ther  a t  0 .85.  

In the Pb-Zn-Ag ' sys t em ' ,  the o r e s  fa l l  into a three-fold division of 
increas ing Ag re la t ive  to P b  + Zn. O r e s  in P a r t  I  with lowest  re la t ive  s i lve r  
a r e  the t rue  Miss iss ippi  Valley type o r e s  with s imple  minera logy and low 
precious  m e t a l  content.  In P a r t  11, with relat ively higher s i lve r  content,  the 
ex t ra  s i lver  i s  contributed to the ' sys t em1 by an addit ional  phase (chalcopyr i te) .  
In P a r t  111, o r e s  with highest  Ag content re la t ive  to lead and z inc ,  the s i lve r  
appea r s  a s  independent s i lve r  m i n e r a l s  in the o r e .  These  observations have 
been tentatively in terpre ted  in t e r m s  of a ' s i lver-sa tura t ion!  hypothesis with 
o r e s  in P a r t  I being under-  o r  jus t -sa tura ted  in s i l v e r  and o r e s  in Par l :  111 
being ove r - sa tu ra t ed  with r e spec t  to s i l v e r .  

P r i m a r y  haloes in bedroclc adjacent to orebodies  were  sea rched  for  
and fo.und to be v e r y  n a r r o w  ( l e s s  than 75 fee t  in m o s t  c a s e s ) .  The ra t io  of 
Cu:Pb:Zn in host  rock ca rbona te ,  however ,  was  found to be s i m i l a r  to that in 
o r e  and the s imi la r i ty  in the two ra t ios  inc reased  a s  the s i ze  of the contained 
orebody inc reased .  

Ratios of Fe-Mn-Cd,  Cu-As-Ag, and ~ r - ~ i - ' ~ o  in sphaler i te  showed 
that ,  in the examples  chosen ,  one deposit  with m o r e  'hydrothermal  f ea tu res '  
than the o ther  th ree  se lec ted  e x a m p l e s ,  was  dist inguished by i t s  wide range 



of Mn-Cd ra t ios  and high Ni-Co ra t io .  All  four deposits  contain sphaler i te  
with s i m i l a r  Cu-As-Ag ra t ios  and with Cu-As ra t ios  suggesting that the 
sphaler i te  contains tennantite in solid solution. On an absolute b a s i s ,  how- 
e v e r ,  the m o r e  'hydrothermal '  deposit  i s  cha rac te r i zed  by spha le r i t e  of high 
s i lve r  content ( ave rage  98 ppm v e r s u s  2-3 ppm for the o ther  spha le r i t e s )  . 
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