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I N T R O D U C T I O N 

The S u l l i v a n orebody i s one of the great base-metal sulphide deposits of the world and in some 
respects i t i s one of the f inest examples of a group of sulphide-r ich deposits that are increas ingly re­
ferred to as being of the conformable or strata-bound type. T h i s tendency for many geologists to empha­
s i z e the character i s t i c of conformability of the sulphide bodies with the sedimentary and vo lcanic units 
that enclose or are interlayered with them appears to derive from a convict ion that the genesis of these 
deposits i s in some way s ign i f i cant ly different from other sulphide r i ch deposits in which paral le l i sm 
with the enc l o s ing l i t h i c units i s s l ight or essent ia l ly absent. 

For a t ime, many massive sulphide deposits were thought by most geologists to have been emplaced 
largely through the medium of metal-bearing thermal waters derived from a deep-seated magma source 
that was undergoing di f ferentiation. A s the metal-bearing f luids rose, they deposited their metal l ic 
burdens wherever su i tab le structures and physico-chemical conditions were encountered. Not a l l geol ­
og is ts , however, have been sat i s f i ed with the hydrothermal theory as an explanation for the origin of 
these massive sulphide deposits , pr inc ipa l ly because none of the chemical mechanisms postulated for 
co l l e c t ing and transporting the metals in the thermal waters appeared to be adequate for the task at hand. 
It i s only natural then that some geologists would become attracted to the sulphide-r ich group of conform­
able metal l i ferous deposits and that they would become intrigued with the p o s s i b i l i t y that the observed 
conformability between the sulphide units and the l i t h i c units might ar ise from a direct and interrelated 
set of phenomena. That i s , the deposition of the sulphide was contemporaneous with the deposition of 
the assoc iated l i t h i c mater ia l . Vigorous and aggressive support for this concept of or ig in for these de­
posits appears to have developed at about the same time in South A f r i c a and A u s t r a l i a during the late 
forties and early f i f t ies ar i s ing from research into the Origin of the Rhodes ian copper belt deposits and 
the great s i l v e r - l e a d - z i n c lodes at Broken H i l l , A u s t r a l i a . Shortly after t h i s , more impetus was given 
to this movement by the work of Kraume (1955) at Rammelsburg and by Ehrenberg, P i l g e r and Schroder 
(1954) at Meggen, Germany. The latter geologists have presented strongly stated cases for a marine 
hydrothermal syngenetic origin for these deposits . 

Canadian geo log ists are notably exploration-minded and therefore have followed and participated 
very ac t ive ly in d i s c u s s i o n s of these problems. The i r concern over these matters increased greatly 
fol lowing the d i s cover ies of the Manitouwadge orebodies in Ontario; 1 the numerous base-metal deposits in 
the Bathurst area of New Brunswick ; and the important ore d iscover ies of th is type in the Mattagami 
L a k e area of Quebec. A s the intensi ty of argument increased, i t i s not surpr is ing that geologists who 
are antagonist ic to the v iews of the hydrothermalists would question the o f f i c ia l posi t ion of the Sul l ivan 
geological staf f that the Su l l i van orebody was formed pr inc ipal ly by some process invo lv ing se lect ive 
replacement of favourable argi l laceous beds by metall i ferous hydrothermal so lut ions derived from a body 
of di f ferentiating magma at depth. 

The S u l l i v a n geo log ica l staff through the v i s i t s and writings of geologists deal ing with other strata-
bound base-metal deposits have been keenly aware of this challenge to their pos i t ion on the origin of 
the Sul l ivan orebody almost from its inception and accordingly have been act ive in trying to discover 
new evidence that would help to c lar i fy the points at i s sue . In addit ion, we have cooperated with govern-
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ment and university geo log ica l groups on several invest igat ions that were beyond the ab i l i ty of the 
department to undertake on i t s own. The results of some of these studies have been published and it is 
hoped that reports on the others w i l l appear soon because they are a l l valuable s c i ent i f i c contributions 
toward a better understanding of S u l l i v a n geology. Perhaps i t should be mentioned here that the Su l l i van 
geological staff i s and has been a large one for over two decades and i t would not be correct to construe 
from the above statements that a l l of i ts members are or were of one mind on the question of the origin 
of the deposit . 

S C O P E A N D A C K N O W L E D G E M E N T S 

When the or ig inal request for this paper was made, i t was suggested that emphasis should be largely 
on evidence from the f i e l d and underground rather than on evidence derived from laboratory studies . 
In the main, the writer has fol lowed this suggestion. 

In preparing this paper the writer has drawn freely from a l l the published and private reports deal ing 
with the geology of the S u l l i v a n that were ava i lab le to him and of necess i ty w i l l be pass ing on ideas 
and observations that have come from such a wide variety of sources that i t would be imposs ib le for 
him to acknowledge them a l l . However, he does wish to acknowledge a very great indebtedness in this 
regard to the present and former members of the S u l l i v a n geo log ica l staff. 

It i s imposs ib le wi th in the l imi ts of the space ava i lab le to review thoroughly the detai ls of the 
regional and l o c a l geology, which have an important bearing on the problem. Good up-to-date accounts 
of the e s s e n t i a l aspects of S u l l i v a n geology have been ava i lab le for some years and many of the c r i t i c a l 
points re lat ing to the or ig in of the deposit have been dealt with in them. The writer therefore, presumes 
that most readers are personal ly w e l l acquainted wi th the publ ished accounts and so proposes to g ive , 
with the aid of i l l u s t r a t i o n s , some highl ights on the regional and l o c a l geology that he considers to be 
s ign i f i cant in regard to the question of or ig in . But he hastens to point out that he does not know of any 
evidence that unequivoca l ly establ i shes that any one of the hypotheses suggested i s the correct one. 
Never the less , i f i t i s necessary or desirable to take a pos i t ion on the question, he bel ieves that the 
weight of evidence at this time favours an epigenetic hydrothermal replacement origin over those i n ­
voking a syngenetic o r i g in . 

P R E V I O U S H Y P O T H E S E S 

Almost a l l of the ear ly workers bel ieved that the Su l l i van orebody i s an epigenetic hydrothermal 
replacement deposit . The private or published accounts of S . J . Schof ie ld (1915), G . M . Schwartz (1927), 
H . M . A . R i c e (1937), A . G . Pent land (1943), C . O . Swanson and H . C . Gunning (1945, 1948), to mention 
only some of the authors whose writings are readi ly a c c e s s i b l e , c l ear ly indicate th i s . Most, i f not a l l 
stated that they be l ieved that the ore i s related to one or another phase of l o c a l igneous ac t iv i ty and 
so their disagreements, i f any, were over dating rather than over processes of formation. For example, 
R i c e (1937) bel ieved that the deposit was formed by processes ar i s ing from the inject ion of the l o c a l 
granit ic intrus ions . A t that t ime, a l l the granit ic intrusions in the region were thought to have formed 
during L a t e Cretaceous or E a r l y Tert iary time. Swanson and Gunning (1945) on the other hand, considered 
that the evidence a r i s ing from their invest igat ions favored re lat ing the formation of the orebody to a 
period of Precambrian igneous events one manifestation of which was the in ject ion of the Moyie do ler i -
t i c intrus ions . Inasmuch as the ore was found to disrupt and replace some of the s i l l s and d ikes of the 
Moyie intrusive su i te , they considered the ore to be younger but consanguineous poss ib ly representing 
a late differentiate of a deep seated parental magma. It i s of interest to note that many years after this 
suggestion was made, s c i e n t i s t s of the G e o l o g i c a l Survey of Canada ( L e e c h , 1962) c lear ly es tab l i shed 
that the Aldr idge formation i s intruded and highly metamorphosed by a L a t e Precambrian granite that 
outcrops a few miles to the southwest. 

More recent writers on th is broad group of deposits have not been as concerned over the question 
of dating as they have over the question of the processes involved in forming these deposits , and the 
fo l lowing w i l l serve to i l lus t ra te two of the current modes of th inking on this subject : 

Su l l ivan (1957) suggested that the metals in the Su l l i van Mine are derived from 'euxenit ic s h a l e s ' 
and their concentration into the present orebody was effected during a period of l oca l grani t izat ion . 
He does not appear, however, to have been prepared to relate the time of granit izat ion to a known period 
of l o c a l igneous or tectonic ac t iv i ty as he d id not speci fy a time for the emplacement of the ore in i t s 
present pos i t ion . 
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Stanton (Stanton and R u s s e l 1959, Stanton 1960) suggests that the metals in most conformable 
base-metal deposits have been introduced into a sedimentary basin by processes a r i s ing from and asso­
ciated with a period of contemporaneous vo l can ism. The metals , presumably derived from the volcanic 
rocks and their exhalat ion products, became dispersed in the sea water and subsequently were prec ip i ­
tated, largely by biogenic agencies . The metals therefore could be deposited subaqueously during a 
period of accumulat ion , compaction and diagenesis of the associated sediments. He then suggested 
that the present form and textures of the minerals in these deposits may have developed at a later date 
by a regrouping of the minerals in response to subsequent changes in environment. Although Stanton 
does not inc lude the Su l l i van s p e c i f i c a l l y with the conformable deposits that he bel ieves formed in the 
above way, he does mention that i t has many character is t i cs that are s imi lar to them. 

In c onc lus i on , i t would appear that the most press ing questions regarding the or igin of the Sul l ivan 
orebody at this time are: 

(1) What was the or ig ina l source of the metals? 

(2) How were they co l l e c t ed , transported and f i n a l l y deposited? 

(3) Have they been s ign i f i cant ly remobil ized and redistributed s ince they were f irst deposited in 
the upper l imi ts of the crust or in their present s i te? 

(4) How w e l l do the inferred processes for i ts formation fit the observed geo log ica l facts? 

L e t us now examine some aspects of the regional and l o ca l geology as w e l l as something of the 
orebody i t s e l f to determine whether any ins ight into these questions can be achieved . 

R E G I O N A L S E T T I N G 

The Su l l i van orebody i s enclosed in Lower P u r c e l l sediments of late Precambrian age and i t l i e s 
on the east l imb of a segment of the large north-plunging P u r c e l l 'geanticl ine* (Reesor 1957, L e e c h 1961). 
The age of the strata in this large structure ranges from L a t e Precambrian to Devonian. Although this 
indicates that the structure i s at l east post -Devonian, there i s considerable evidence to suggest that it 
had a long history of development that extended w e l l back into the c l os ing stages of the Proterozo ic era. 
The secondary folds that have developed on this major ant i c l ine are mostly open but a few are over­
turned. These secondary folds are broken up by several northeasterly-trending reverse or thrust faults , 
a few of which extend for remarkable distances and the stratigraphic displacement across some of them 
is very large. Genera l ly , the northwest block appears to have been thrust to the southeast. Not much i s 
known about the manner in which these faults developed, but one i s known to be interrupted by a large 
Cretaceous or E a r l y Ter t iary batholith and the i n i t i a l development of some of these faults may go back 
to L a t e Precambrian time. 

C l o s e r i n , the orebody l i e s between the north-dipping Hidden Hand and Kimberley faults ( F i g . 17-1). 
E s s e n t i a l l y , both of these structures appear to be normal faults and the stratigraphic displacement on 
the latter could be in the order of 10,000 feet. Numerous northeasterly-to northwesterly-trending normal 
faults and fractures that dip steeply West or v e r t i c a l l y , occur in the mine and i ts general v i c i n i t y . The 
Su l l i van fault belongs to this group and these structures are generally referred to as Su l l i van type faults , 
etc. The stratigraphic displacement across this system of faults i s not usual ly large, commonly in the 
order of a few tens of feet. The latest movements on some of them in the mine have d i sp laced the ore. 
However, marked changes in the character of the ore on either side of them indicate that they probably 
have a pre-ore history . 

S T R A T I G R A P H Y A N D S E D I M E N T A T I O N 

The o ldest sediments in the region belong to the P u r c e l l system. They were l a i d down in the B e l -
tian trough or geosync l ine during the Proterozoic E r a and, in the P u r c e l l range, they may be as much as 
45,000 feet th i ck . The geosyncl ine appears to have been a re lat ive ly simple bas in of deposit ion that 
was abundantly suppl ied with c l a s t i c sediment from a l o w l y i n g borderland. Genera l ly , the upl i f t of the 
borderland in the region of the mine seems to have kept pace with the subsidence of the b a s i n of deposi ­
tion because most of the sediments in the latter were deposited in shal low water. 

The o ldest formation, the For t Steele , has been mapped on the west flank of the R o c k i e s in the 
Cranbrook area (R i ce 1937). Although i t has not been identi f ied pos i t ive ly in the P u r c e l l range, there 
i s some evidence to suggest that i ts metamorphic equivalent may be present near the mouth of Matthew 
Creek about 10 miles southwest of the mine. T h i s formation i s of interest here only because the lower 
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two-thirds of the exposed sect ion cons is ts p r i n c i p a l l y of orthoquartzites that have textures c l e a r l y i n d i ­
cat ive of deposit ion i n shal low water in which strong wave and current action preva i led . T h e top third 
of this formation cons is ts mainly of thin bedded s i l t y a r g i l l i t e , a rg i l l i t e and calcareous a r g i l l i t e , sug­
gest ing that these beds were deposited in deeper or at l eas t in quieter waters. 

A ldr idge formation conformably over l ies the For t Steele formation and i s at l eas t 15,000 feet th ick . 
It i s of s p e c i a l interest to us because i t contains the S u l l i v a n orebody near the trans i t ion between its 
lower and middle members (Reesor, 1954) .* 

T h e Lower Aldr idge i s about 4,000 feet thick in the P u r c e l l range. It cons i s t s p r i n c i p a l l y of grey-
green, rusty"weatherings thinly interbedded impure fine-grained quartzite , s i l t s t one , s i l t y a r g i l l i t e and 
a r g i l l i t e . 

T h e rusty appearance of these rocks and those of the Upper Aldridge i s so d i s t i n c t i v e that i t has 
been used as a major cr i ter ion in mapping i n this region. These rocks generally contain pyrrhotite as 
fine d i sseminat ions , as laminations or as s m a l l var ious ly shaped masses. L e s s commonly, ;pyrite, iron 
bearing s i l i c a t e s and/or carbonates are present instead of pyrrhotite. T h i s ra ises the quest ion of whether 
these sediments are more nearly related to normal po l i t i c sediments or to ironstones. T h e few chemical 
analyses on these rocks that are avai lab le indicate a total iron oxide content around 5%. T h i s seems 
to be too low and the writer would estimate that l o c a l l y , appreciable thicknesses of these rocks would 
approach 10% total iron ox ides . Pett i john (1956), in d i s c u s s i n g s h a l e s , a rg i l l i t e s and s i l t s t o n e s , g ives 
a range of 6% to 8% for the iron oxide content of normal po l i t i c sediments. He would consider 15% 
to be unusual and those with over 20% to belong to the true ironstones. It would appear then that most 
of the sediments of the Lower and Upper Aldr idge do not depart too far from normal p o l i t i c sediment 
in this regard and the rusty appearance probably i s largely due to the readiness wi th which the iron-
bearing minerals weather. 

The widespread distr ibution of the iron-bearing minerals and their tendency to be assoc ia ted with 
primary sedimentary features strongly supports the suggestion that probably most of this iron was depos­
ited contemporaneously with the common detr i ta l const i tuents . However, s ince the total amount of 
iron i s , with minor exceptions, w e l l below the amount found in true ironstones, there i s l i t t l e to support 
the suggestion that the deposi t ional environment may have been conducive to the formation of extensive 
bodies of i ron-r ich sediments. 

C r o s s - b e d d i n g and scour channels are common structures in the Lower Aldr idge sediments and 
r ipple marks are found occas iona l ly . Graded bedding i s rare in the lower part of the unit but may be 
more frequent near the top. T h i s i s part i cu lar ly true at the mine where the ore zone ser i es contains 
severa l th i ck , graded beds. Lenses of intraformational conglomerate are fa i r ly common near the top of 
the lower member, part icular ly i n the P u r c e l l range. Some of these deposits have been traced for up to 
three mi les before p inching out and are known to attain a th i ckness of approximately one thousand feet. 
These deposits have been observed to over l ie the scoured and at times deeply channeled surface of the 
underlying beds and their boulders as far as we can t e l l have been derived e x c l u s i v e l y from materials 
in the b a s i n of deposit ion i t se l f . The chaotic conglomeration of boulders of a l l types , s i z e s and degree 
of spher i c i ty embedded in an unsorted paste of mud that i s so character ist ic of much of these deposits 
can best be ascr ibed to v io lent submarine s l i d e s . The Middle Aldridge in the P u r c e l l range is about 
9000 feet th i ck . It c ons i s t s pr inc ipa l ly of success i ons of thin to medium th i ck , graded beds of fine 
grained impure quartzite and s i l ts tone that are separated by thin partings of a r g i l l i t e . T h e arenaceous 
success i ons alternate with zones of thin bedded arg i l l i t e and s i l t y arg i l l i t e of about the same th i ckness . 
Although graded bedding i s very common in the s i l i c e o u s beds, c l ean sorting of the various s i z e fractions 
i s rare. Instead, the s i z e d c l a s t i c part ic les are embedded in a paste of argi l laceous material that u l t i ­
mately becomes the pr inc ipa l constituent of the upper part of each bed. L o a d c a s t structures are not 
uncommon at the contacts between the sandy bottoms of over ly ing beds and the arg i l laceous tops of 
underlying beds. 

R i p p l e marks, scour channels , cross-bedding and other structures indicat ive of deposi t ion in shal low 
water, where the forces of currents and waves are ac t ive , are the exception. 

Iron sulphide and/or iron-bearing s i l i c a t e s or carbonates are much less abundant. Therefore, the 
weathered rocks of the Middle Aldridge are not nearly as rusty as the rocks of the Lower and Upper 
members. 

In general , it would appear that much of the Middle Aldr idge section in the P u r c e l l range accumu­
lated rapidly in a re lat ive ly deep water environment. 0 . E . Owens (1959) has studied the Aldr idge for-
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mation in tens ive ly , both in the R o c k i e s and in the P u r c e l l mountains while he was a member of the 
S u l l i v a n geological staff. He concluded that the graded beds of the middle Aldridge were deposited 
from turbidity currents, a suggestion that appears to be very wel l in accord with the cr i ter ia set forth 
by authorities on this phenomenon. 

The textures and structures in the dominantly black and white , color- laminated arg i l l i t e s of the 
/ Upper Aldr idge indicate that these rocks were deposited in re lat ive ly quiet , probably deep water. How­

ever, the textures and structures found in the younger rocks of the P u r c e l l system indicate that shal low 
water conditions returned and general ly preva i led throughout most of the remainder of P u r c e l l time. 

From the foregoing descr ipt ion of the regional character ist i cs of the rocks in the Aldr idge forma­
tion and in v iew of the general scarceness of graphitic or other organical ly derived carbonaceous material 
in these sediments r i t is reasonable to conclude that the deposit ional environment that prevai led in this  
part of the geosvnc l ina l bas in was not one that would favor the precipitation and accumulation of base-
metal sulphides in important concentrations either bv chemical or b iochemical agencies . Ev idence w i l l 
be given later on to show that th is conc lus ion holds for the area about the mine as w e l l . 

I G N E O U S R O C K S 

No vo l can ic f lows or deposits of pyroc last i c material have been identi f ied pos i t i ve ly in the A l d ­
ridge formation. In fact , the only flows that have been recognized in the whole of the P u r c e l l system 
are a few thin basa l t i c ones with c l o s e l y assoc iated tuffaceous deposits . They are found in the Siyeh 
formation or i ts equivalent , about 21,000 stratigraphic feet above the Su l l i van ore zone. Although v o l ­
canic f lows and pyroc las t i c deposits have been d i l i gent ly sought after in the Aldr idge formation and 
not found, i t i s poss ib le that some may have been missed or not recognized. However, the amount, i f 
any, must be smal l and utterly inadequate in themselves as a source of metals for a deposit as large 
and as r i ch as the S u l l i v a n . 

The Lower Aldr idge sediments , however, are extens ive ly intruded by many s i l l s and some dikes of  
the Moyie intrusives which are e s s e n t i a l l y quartz d iabases^ T h i s c lass of rocks i s generally considered 
to be re lated to vo l can i c processes in contrast to those that are normally considered to be related to 

ltonic igneous a c t i v i t y . It i s only proper therefore that some consideration should be given to the 
p o s s i b i l i t y that the mechanism and t iming of the intrusive ac t iv i ty could have been favorable for metal­
l i ferous substances to gain a c c e s s to the basin of deposit ion at the time that the Su l l i van ore zone 
beds were being deposited either by exhalat ive processes or by submarine thermal spr ings . 

A s yet , there have been no d irect measurements reported for the absolute ages of the various forma­
tions in the P u r c e l l system. On the other hand, dates us ing the K - A r method, have been assigned re­
cently to several of the Moyie type s i l l s that intrude the Aldridge formation in this region. Hunt (1961) 
in reporting on his invest igat ions employing this technique interpreted his data to mean that the intru­
s ions studied by him were in jected during two main periods, one about 1500 m i l l i o n years ago and the 
other about 1100 m i l l i o n years ago. He suggests that the latter period corresponds approximately with 
the extrusion of the P u r c e l l v o l c a n i c s which are found in the Siyeh formation or i ts strat igraphic equiva­
lent. It was noted previously in this paper that the P u r c e l l vo l canics l i e about 21,000 strat igraphic feet 
above the Lower -Middle Aldr idge contact which i s the approximate posit ion of the S u l l i v a n ore zone. 
Hunt (1961) reports that a s i l l outcropping in Irishman Creek near Yahk , B . C . belongs to the earl ier 
period and that the s i l l near the 3700 portal of the Sul l ivan mine was intruded during the later period. 
From Hunt ' s indicated pos i t i on of the s i l l on Irishman Creek, i t would appear to have intruded beds 
appreciably above the inferred pos i t ion of the Lower-Middle Aldridge contact. T h i s probably means that 
the t iming for most of the Moyie intrusions was too late to have been effective in providing metall i ferous 
compounds to the basin at the time the beds of the Su l l i van ore zone were being deposited. T h i s reduces 
considerably the p o s s i b i l i t y that these intrus ives in themselves could have been effective suppl iers of 
metal through a mechanism such as suggested by Kraume (1955) or Stanton (1960). A l s o , the reader 
who i s famil iar with the papers already publ ished on the Sul l ivan w i l l r eca l l that d ikes of s imi lar com­
posit ion and c l o s e l y assoc iated with one of these dated s i l l s have been extens ive ly replaced by s u l ­
phides where they cross the S u l l i v a n ore body. T h i s i s considered to be very compel l ing evidence that 
t^o> ore i s younger than the in trus ions . 

Granodior it ic s tocks and bathol iths outcrop in the region, the nearest exposures being about 10 
miles southeast of the mine. Recent potassium-argon dating determinations on these granit ic intrusions 
has revealed that not a l l of them are related to the Coas t orogeny as they at one time were thought to be. 
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A smal l granit ic s tock , and i ts pegmatitic off-shoot, located on Hel l roar ing Creek about 12 miles south­
west of the mine, has been found to be Precambrian (800 mi l l i on years) in age ( L e e c h , 1961). 

T h i s intrusion invades Aldr idge sediments and Moyie type s i l l s , and i t is quite poss ib le that i t 
was injected during the P o s t P u r c e l l - P r e Windermere diastrophic period. T h i s period of diastrophism 
has been referred to by White (1959) as the E a s t Kootenay orogeny. 

Although the outcrop area of the Hel l roar ing granit ic piuton i s s m a l l , a large area of metamorphosed 
Fort Steele or Aldr idge sediments that l o c a l l y contains s i l l i m a n i t e and garnet-bearing quartz-muscovite 
s c h i s t outcrops about 5 mi les southwest of the mine. T h i s suggests that a much larger body of granite 
may be present at sha l low depth ( R i c e , 1937, L e e c h , 1961). The discovery of a Precambrian granite 
in the area i s of great interest in view of the suggestion by Swanson and Gunning (1945) that the Su l l i van 
orebody and the Moyie intrusives might be products of a dif ferentiating mass of deep seated Precambrian 
magma. 

Several s m a l l lamprophyre d ikes , some breccia-bearing, have been found in faults in and near the 
mine. A c t u a l l y they may be fair ly common throughout the region but they are rarely seen because they 
decompose very readi ly and so become concealed . These dikes tend to intrude S u l l i v a n type faults 
and fractures and in the mine , one of these d ikes intruded the ore zone after the main phase of pyrrho­
tite depos i t ion , but before the l o c a l introduction of the galena (Swanson and Gunning, 1945) . Po tass ium-
argon age determinations on biotite c rysta ls from th is dike indicate that i t i s at l east 800 m i l l i o n years 
o ld and i t therefore has a Precambrian age ( L e e c h , 1961). These re lat ionships seem to substantiate  
fa ir ly c o n c l u s i v e l y that the Su l l i van orebody was formed in Precambrian time. 

SOME A S P E C T S O F T H E L O C A L G E O L O G Y 

The S u l l i v a n orebody occupies a large segment of a somewhat warped domical structure which l i e s 
on the east l imb of a north-trending ant i c l ine with ax is a few miles west of the mine. 

In general , the degree of conformability in attitude between many of the sulphide bands and the s u l ­
phide bands and the sedimentary beds i s , indeed, most remarkable. Although this feature is not as 
s t r ik ing ly apparent in the central part of the orebody, because much of the sulphide tends to be mass ive , 
the broad out l ines of the sulphide mass are conformable with the enc los ing sediments . Most of the ore 
in the outer zone 'of the deposit i s d i s t inc t l y banded and much of i t i s int imately interbanded with layers 
of sediment, some of which may be c leanly and sharply separated from the sulphide bands. E v e n in 
areas of strong fo ld ing , the ind iv idua l layers and/or laminae of sulphides or sediment may be preserved 
to a remarkable degree. However, this i s not a lways true, because i t i s not uncommon to find folds 
within which the re la t i ve ly britt le sedimentary beds have been fractured and the segments dispersed 
throughout the apparently more p las t i c sulphides and a r g i l l i t e s . 

It i s perhaps des irable to note at this point that in areas of strong fo ld ing , there i s a d i s t inc t tend­
ency for the beds to be overturned toward the east . T h i s i s not the attitude to be expected for drag-
folds that have developed on the east l imb of an ant i c l ine whose axis l i e s to the west . Swanson and 
Gunning (1945) suggested that these p u z z l i n g folds may have formed during another period of folding 
than the one which produced the ant i c l ine . The recently emerging evidence for an important orogeny 
during the P o s t P u r c e l l - P r e Windermere interval lends strong support for th is suggest ion. . 

The beds that comprise the ore zone may be up to 300 feet thick and as mentioned previous ly , they 
appear to have been deposited during a transi t ion from a long period of sedimentation in a shal low water 
environment to an even longer period of sedimentation in a re lat ive ly deep water environment in which 
submarine lands l ips and turbidity currents were prevalent and were instrumental in spreading the abun­
dant supply of sediment over wide areas of the geosync l ina l bas in . 

The composition of the ore zone beds as deduced from nearby unmineralized or weakly mineral ized 
sect ions is somewhat s imi lar to the rocks in the footwall and hangingwall zones. That i s , they are 
greyish to greenish a r g i l l i t e s , s i l t s tones, quartz i t e s , etc . On the whole, the ore zone contains appre­
c iab ly more a rg i l l i t e than either the footwall or hangingwall sect ions and the proportion of thick massive 
graded beds separating the thinbedded a r g i l l i t e s , etc . , i s greater and better developed. The charac­
ter is t i cs of these beds are maintained over a surpr is ing ly wide area in contrast to the v a r i a b i l i t y found 
in the footwall and hangingwall beds. The best marker bed in the mine i s up to 40 feet thick and con­
tains almost 16 feet of c lean fine-grained quartzite and s i l tstone at its base. Although cross-bedding 
and channel scour have been observed, these structures are not nearly as common as they are in the 
footwall strata. 
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The ore zone sequence and the hangingwall sequence resemble each other in that both contain 
graded beds. However , the former differs from the latter in that the c l a s t i c minerals are better sorted. 

Not a l l of the beds of the ore zone have been replaced, in fact most of the ore and/or sulphide 
minerals are found beneath the T marker bed in the lower part of the sec t ion . T h e ore a l so tends to 
occupy progressively higher stratigraphic pos i t ion as the deposit i s traced up d ip . T h i s i s c l ear ly 
the case toward the southwest and northwest margins of the deposit . These fortunately happen to be 
areas where the d iagnost i c charac ter i s t i c s of the marker beds have not been obl iterated by metamorphism 
or metasomatic a l terat ion and the evidence i s c l ear ly d iscernable . Pro f i tab le lenses of hangingwal l ore 
are found only in the th in bedded zones beneath the ' H * , *Hu* and ' U ' markers in s p e c i a l structural s i t u a ­
t i ons . Hangingwal l ore that fo l lows the bedding i s general ly s t r ik ing ly banded ( F i g s . 17-2, 17-3) . T h i s 
i s part icular ly true for the outer l imi t s of these l enses . However, the inner zone of most.of these lenses 
i s general ly assoc ia ted wi th a zone of strong fracturing or fo lding and the textures and structures are 
considerably more compl icated . 

Swanson and Gunning (1945, p. 652) noted that minor structures in the folded ore suggest that move­
ment and minera l i zat ion may have been partly contemporaneous. There i s considerable evidence that 
th is may have occurred on a larger s c a l e i n a s l i g h t l y different manner. In folded areas, part icular ly in 
the upper part o f the mine, there i s a fa i r ly marked tendency for thicker and better grade ore to occur in 
a n t i c l i n a l or d i latent structures in contrast to adjoining s y n c l i n a l or compressed structures. Bancroft 
(1927) noted th i s and referred to these structures as zones of decompression and compression respect­
i v e l y . A good example of th is can be seen in F igure 17-4 between departure 4500 and the d ike . The 
sulphide zone beneath the hangingwal l sag i s much thinner than i t i s in the ant i c l ines on either s ide . 
In addit ion , the zone i n the s y n c l i n a l part i s composed essent ia l l y of pyrrhotite w i th so l i t t l e lead and 
z inc that this s e c t i on i s not ore. In the a n t i c l i n a l zone, on the other hand, the sulphides are th i cker , 

,and of better grade. A somewhat s i m i l a r example i s shown in F igure 17-5 near departure 5,000. E s s e n ­
t i a l l y the same s i tua t i on maintains along the whole length of these structures. Bancroft suggested that 
the a n t i c l i n a l or d i la tant zones were more permeable, thereby enabling the minera l i z ing so lut ion to 
penetrate the structure more readi ly than i t could in the s y n c l i n a l or compressed zones . Var ia t i on in the 
intensi ty of deformation during an extended period of mineral izat ion might account for the var iat ions in 
the amount of su lphide mineral present, part i cu lar ly i f there was a tendency for the proportion of the 
various metal ions i n the incoming so lut ions to vary with time. The latter i s in accord with the general 
paragenetic re lat ions of the var ious sulphides in the deposit . A c t u a l l y , the examples shown on the 
figures are extreme c a s e s , but para l l e l s e x i s t in the v i c i n i t y of nearly a l l of the fo lds . 

In addition to the very large tonnages of bedded and massive sulphides that const i tute the main 
ore zone, there are severa l r i c h but thinner bodies of banded sulphides that have been found in the thin 
bedded zones beneath the ' H * and ' H u * marker beds and the base of the Upper or *U* quartzite . Most 
of the hangingwall bodies mined so far have been found in or near zones of fo lding and fracturing, and 
considerable wal l rock alterat ion i s commonly assoc iated with the ore and these structures. F igure 17-3 
shows some re lat ions of one of the largest and r i chest of these hangingwall orebodies. It l i e s in the 
thin bedded zone beneath the ' U * quartz i tes . The sect ion shows that the orebody has a mushroom-like 
form. There i s a narrow pipe of cross -cutt ing sulphides and assoc iated disseminated minera l izat ion 
that breaks through the hangingwal l of the main ore zone and cuts across 40 feet of hangingwal l beds 
unt i l i t reaches the th in bedded zone between the ' H u * bed and the ' U * quartz i tes . It then spreads out­
ward over a r e l a t i v e l y large area but the th ickest and r i chest ore was found in the highly disturbed zone 
near the p ipe - l ike structure. From here i t gradual ly fades away both up and down dip as i t passes into 
l e s s disturbed ground. 

Although most of the sulphide i n the mine i s conformable with the enc los ing sediments , sulphides 
that truncate the bedding on a minor to moderate s c a l e are not at a l l uncommon. L o c a l l y , fractures 
extending as much as 100 feet into the hangingwal l of the main orebody carried enough galena and 
sphalerite to permit them to be mined and weakly mineral ized sediment in some cases i s known to 
extend upward a long some of the fractures w e l l beyond the high grade lenses . F i g u r e 17-2 r evea l s 
that the footwall beds have been extens ive ly and irregularly replaced by su lph ides . A l s o tongue- l ike 
processes of ore assoc ia ted with strong fractures and intense alteration of the w a l l s are shown to 
extend w e l l into the tourmalinized footwall rocks , ind i cat ing that the ore i s not only c ross - cut t ing but 
was deposited after the rocks were tourmal inized. 

The map and sec t ions show many of the fo lds , faults and fracture zones that are assoc iated with 
the orebody. Unfortunately , owing to the l imitat ion of de ta i l that can be represented, they do not reveal 
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the extent and intensi ty of widespread brecc iat ion found in the hangingwal l and footwall r o c k s . Most 
of the brecc iat ion i s assoc iated with the area of strong fo lding and faul t ing . In the hangingwal l , i t i s 
most c lear ly d isp layed in the a lb i te rocks and these appear to have been strongly brecciated during two 
periods, one before or during a l b i t i z a t i o n in which the fractures were healed by albite and the other 
that i s pos t -a lb i t i za t i on , having fractures that are weakly sealed by ch lor i te . G a l e n a , sphaler i te and 
pyrite have been observed l o c a l l y in the chlor i te seams. Much of the brecc iat ion in the footwal l rocks 
i s post-tourmalinization and l o c a l l y these brecc ias are heavi ly mineral ized with pyrrhotite and/or minor 
galena and sphaler i te . However, the history of brecc iat ion in the footwal l rocks appears to be quite 
complex and i s the subject of a s p e c i a l study by one of the members of the geo log ica l staff , and apart 
from mentioning the presence of these important structures, i t i s fe lt that further comment should await 
the completion of th is study. 

T I N Z O N E F R A C T U R E 

The ' t in - zone ' fracture i s one of the large cross-cutt ing mineral ized fractures in the mine ( F i g . 17-6) , 
and i t could have served as one of the main feeders to the ore zone. It i s of interest here because of 
the suggestion made by some of those who favor a syngenetic or ig in for the S u l l i v a n , that the numerous 
cross -cutt ing ve ins found i n the mine may not represent primary minera l i zat ion but rather that they prob­
ably cons i s t of sulphides that have been remobi l ized in the main ore zone and then redistributed in 
the fractures by some heat generating process such as a nearby intrus ion or by regional metamorphism 
assoc iated with deep bur ia l or downwarping. 

The tin-zone fracture s t r ikes northerly and dips about 80° easter ly . It has been explored for at 
least 300 feet beneath the footwall of the main ore zone, where i t s t i l l contains s igni f i cant amounts of 
t i n , lead and z i n c . Where the structure has been explored i n t e n s i v e l y , i t was found to pass upward 
through the main ore zone, with d i m i n i s h i n g intens i ty , becoming a r e la t i v e ly ins igni f i cant structure as 
i t approaches the hangingwal l . T h e fracture zone i s widest and most h ighly mineral ized where i t passes 
from normal footwall sediments into tourmalinized footwall sediments , probably because the latter i s a 
more britt le rock than i ts unaltered counterpart. In 'normal ' footwal l sediments, the ve in system is 
narrow and tends to be confined e s s e n t i a l l y to two c l ear ly defined w a l l s . The space between the w a l l s 
i s f i l l ed with a mash of crushed and pulver ized sediment that i s cons iderably ch l o r i t i zed . Narrow seams 
of cass i ter i te -bear ing sulphides c o n s i s t i n g of pyrrhotite, sphalerite and galena penetrate the crush zone, 
and fine ve in le ts and mineral c lusters may spread for a few feet along minor fractures into the w a l l s . 
The galena and sphalerite are coarse textured and l o c a l l y , have been crushed and sheared, ind icat ing 
that some minor post-ore movement has occurred. 

The character of the fracture zone changes s t r ik ing ly upon pass ing from 'normal ' sediments into 
tourmalinized sediments. The zone of fracturing i s considerably wider ; open c a v i t i e s , some large, are 
common, having formed by the sh i f t ing of large b locks with smooth concho ida l surfaces . Minor fracturing 
and crushing that produced many sharp angular fragments may extend for 10 to 15 feet into the w a l l s on 
either s ide of the main fracture and the development of gouge i s min imal . Within the main fracture, 
mineral iz ing solut ions deposited a large irregular lens of pyrrhotite that i s quite r i ch in t i n . Genera l ly , 
the cassiterite* i s distr ibuted through the pyrrhotite as s m a l l c rys ta l s and gra ins . L o c a l l y the pyrrhotite 
may contain very r i ch pockets of th is minera l . Some pyrite and minor galena and sphalerite are l o c a l l y 
assoc iated with the pyrrhotite, and the l a s t two minerals appear to have formed after the pyrrhotite and 
cass i ter i te . 

The highly fractured tourmalinized sediments on either s ide of the main fracture are mineral ized by 
a network of ve in lets composed of the above mentioned sulphides with pyrrhotite predominating. A g a i n , 
cass i ter i te i s charac ter i s t i ca l ly assoc ia ted with pyrrhotite and where pods or Tenses of this mineral are 
veined by galena and sphaler i te , fractured grains and crys ta l s of the enc losed cass i ter i te may be veined 
by these minerals . Arsenopyrite has been observed as c rys ta l aggregates up to f i s t s i z e , but cass i t e r i t e 
has not been observed to be in intimate assoc ia t i on with this mineral . T h i s observation i s supported by 
assay data. Small scattered grains of s chee l i t e occur in the t in-bearing pyrrhotite lenses and ve in le ts . 
Surpris ingly , tourmaline and garnet are rare or absent as a vein mineral in this structure. 

The wa l l s of the fractures and ve in le ts assoc iated with this structure are moderately ch lor i t i zed in 
the 'normal ' sediments and only s l i g h t l y so where it cuts tourmalinized sediments. Some quartz and 
ca l c i te are present in the v e i n , the latter being l o ca l i zed in post -sulphide fractures. 

Inasmuch as the main ore zone near the 'tin-zone* fracture c ons i s t s pr inc ipal ly of pyrrhotite, the 
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The ore zone sequence and the hangingwall sequence resemble each other in that both contain 
graded beds. However, the former differs from the latter in that the c l a s t i c minerals are better sorted. 

Not a l l of the beds of the ore zone have been replaced, in fact most of the ore and/or sulphide 
minerals are found beneath the T marker bed in the lower part of the sec t ion . The ore a lso tends to 
occupy progressively higher stratigraphic pos i t ion as the deposit i s traced up d ip . T h i s i s c l ear ly 
the case toward the southwest and northwest margins of the deposi t . These fortunately happen to be 
areas where the diagnost ic character i s t i cs of the marker beds have not been obl iterated by metamorphism 
or meta8omatic alterat ion and the evidence i s c l ear ly d iscernable . Pro f i tab le lenses of hangingwall ore 
are found only in the thin bedded zones beneath the * H ' , ' H u ' and ' U * markers i n s p e c i a l structural s i t u a ­
t i ons . Hangingwal l ore that fo l lows the bedding i s generally s t r ik ing ly banded ( F i g s . 17-2, 17-3) . T h i s 
i s part icular ly true for the outer l i m i t s of these l enses . However, the inner zone of most of these lenses 
i s generally assoc iated wi th a zone of strong fracturing or fo lding and the textures and structures are 
considerably more compl icated . 

Swanson and Gunning (1945, p. 652) noted that minor structures in the folded ore suggest that move­
ment and mineral izat ion may have been part ly contemporaneous. There i s considerable evidence that 
this may have occurred on a larger s c a l e i n a s l i g h t l y different manner. In folded areas, part icular ly in 
the upper part of the mine, there i s a fa i r ly marked tendency for thicker and better grade ore to occur in 
a n t i c l i n a l or di latent structures in contrast to adjoining s y n c l i n a l or compressed structures. Bancroft 
(1927) noted this and referred to these structures as zones of decompression and compression respect­
i v e l y . A good example of this can be seen in F igure 17-4 between departure 4500 and the d ike . The 
sulphide zone beneath the hangingwal l sag i s much thinner than i t i s in the ant i c l ines on either s ide . 
In addit ion , the zone in the s y n c l i n a l part i s composed essent ia l l y of pyrrhotite wi th so l i t t l e lead and 
z inc that this sect ion i s not ore. In the a n t i c l i n a l zone, on the other hand, the sulphides are th icker , 
and of better grade. A somewhat s i m i l a r example i s shown in F igure 17-5 near departure 5,000. E s s e n ­
t i a l l y the same s i tuat ion maintains along the whole length of these structures. Bancroft suggested that 
the a n t i c l i n a l or d i latant zones were more permeable, thereby enabl ing the mineral iz ing so lut ion to 
penetrate the structure more read i ly than i t could i n the s y n c l i n a l or compressed zones. Var ia t i on in the 
intensi ty of deformation during an extended period of mineral izat ion might account for the variat ions in 
the amount of sulphide mineral present, part i cu lar ly i f there was a tendency for the proportion of the 
various metal ions in the incoming so lut ions to vary with time. The latter i s in accord with the general 
paragenetic re lat ions of the var ious sulphides in the deposit. A c t u a l l y , the examples shown on the 
figures are extreme c a s e s , but para l l e l s e x i s t in the v i c i n i t y of nearly a l l of the fo lds . 

In addition to the very large tonnages of bedded and mass ive sulphides that constitute the main 
ore zone, there are severa l r i c h but thinner bodies of banded sulphides that have been found in the thin 
bedded zones beneath the ' H ' and ' H u ' marker beds and the base of the Upper or ' U ' quartzite . Most 
of the hangingwall bodies mined so far have been found in or near zones of fo lding and fracturing, and 
considerable wal lrock alteration i s commonly assoc iated with the ore and these structures. F igure 17-3 
show8 some relations of one of the largest and r i chest of these hangingwal l orebodies. It l i e s in the 
thin bedded zone beneath the ' U * quartz i tes . The sect ion shows that the orebody has a mushroom-like 
form. There i s a narrow pipe of cross -cutt ing sulphides and assoc iated disseminated mineral izat ion 
that breaks through the hangingwal l of the main ore zone and cuts across 40 feet of hangingwall beds 
u n t i l i t reaches the th in bedded zone between the ' H u * bed and the ' U ' quartz i tes . It then spreads out­
ward over a re la t ive ly large area but the th ickest and r ichest ore was found in the highly disturbed zone 
near the p ipe - l ike structure. From here i t gradual ly fades away both up and down dip as i t passes into 
l e s s disturbed ground. 

Although most of the su lphide in the mine i s conformable with the enc los ing sediments, sulphides 
that truncate the bedding on a minor to moderate s c a l e are not at a l l uncommon. L o c a l l y , fractures 
extending as much as 100 feet into the hangingwall of the main orebody carried enough galena and 
sphalerite to permit them to be mined and weakly mineral ized sediment in some cases i s known to 
extend upward along some of the fractures w e l l beyond the high grade lenses . F igure 17-2 revea l s 
that the footwall beds have been extens ive ly and irregularly replaced by su lph ides . A l s o tongue-l ike 
processes of ore assoc iated with strong fractures and intense alteration of the w a l l s are shown to 
extend w e l l into the tourmal inized footwall r o cks , ind i cat ing that the ore i s not only cross -cutt ing but 
was deposited after the rocks were tourmalinized. 

The map and sect ions show many of the fo lds , faults and fracture zones that are assoc iated with 
the orebody. Unfortunately, owing to the l imitat ion of de ta i l that can be represented, they do not reveal 
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the extent and intensi ty of widespread brecc iat ion found in the hangingwall and footwal l rocks . Most 
of the brecciat ion i s assoc iated with the area of strong folding and fault ing. In the hangingwal l , i t i s 
most c l ear ly d isp layed i n the a lb i te rocks and these appear to have been strongly brecciated during two 
periods, one before or during a lb i t i za t i on in which the fractures were healed by a lb i te and the other 
that i s pos t -a lb i t i za t i on , having fractures that are weakly sealed by chlor i te . G a l e n a , sphaler i te and 
pyrite have been observed l o c a l l y in the ch lor i te seams. Much of the brecciat ion in the footwall rocks 
i s post-tourmalinization and l o c a l l y these brecc ias are heavi ly mineral ized with pyrrhotite and/or minor 
galena and sphaler i te . However, the history of brecc iat ion in the footwall rocks appears to be quite 
complex and i s the subject of a s p e c i a l study by one of the members of the geo log i ca l staff , and apart 
from mentioning the presence of these important structures , i t i s felt that further comment should await 
the completion of this study. 

T I N Z O N E F R A C T U R E 

The ' t in - zone ' fracture i s one of the large cross -cutt ing mineral ized fractures in the mine ( F i g . 17-6) , 
and i t could have served as one of the main feeders to the ore zone. It i s o f interest here because of 
the suggestion made by some of those who favor a syngenetic or igin for the S u l l i v a n , that the numerous 
cross -cutt ing ve ins found in the mine may not represent primary mineral izat ion but rather that they prob­
ably cons i s t of sulphides that have been remobi l ized in the main ore zone and then redistributed in 
the fractures by some heat generating process such as a nearby intrusion or by regional metamorphism 
assoc iated with deep bur ia l or downwarping. 

The tin-zone fracture s t r ikes northerly and dips about 80° easterly. It has been explored for at 
least 300 feet beneath the footwall of the main ore zone, where i t s t i l l contains s ign i f i cant amounts of 
t i n , lead and z i n c . Where the structure has been explored intens ive ly , i t was found to pass upward 
through the main ore zone, with d imin ish ing in tens i ty , becoming a re lat ive ly ins ign i f i cant structure as 
i t approaches the hangingwal l . The fracture zone i s widest and most highly mineral ized where i t passes 
from normal footwall sediments into tourmalinized footwall sediments, probably because the latter i s a 
more britt le rock than i ts unaltered counterpart. In 'normal ' footwall sediments, the ve in system is 
narrow and tends to be confined e s s e n t i a l l y to two c l ear ly defined w a l l s . The space between the w a l l s 
i s f i l l ed with a mash of crushed and pulver ized sediment that i s considerably ch l o r i t i z ed . Narrow seams 
of cass i ter i te -bear ing sulphides cons i s t ing of pyrrhotite, sphalerite and galena penetrate the crush zone, 
and fine ve in le ts and mineral c lusters may spread for a few feet along minor fractures into the w a l l s . 
The galena and sphalerite are coarse textured and l o c a l l y , have been crushed and sheared, indicat ing 
that some minor post-ore movement has occurred. 

The character of the fracture zone changes s t r ik ing ly upon pass ing from 'normal ' sediments into 
tourmalinized sediments. The zone of fracturing i s considerably wider; open c a v i t i e s , some large, are 
common, having formed by the shi f t ing of large b locks with smooth conchoidal surfaces . Minor fracturing 
and crushing that produced many sharp angular fragments may extend for 10 to 15 feet into the wa l l s on 
either s ide of the main fracture and the development of gouge i s minimal . Within the main fracture, 
mineral iz ing solut ions deposited a large irregular lens of pyrrhotite that i s quite r i ch in t i n . Genera l ly , 
the cassiterite* i s distr ibuted through the pyrrhotite as smal l c rysta ls and grains . L o c a l l y the pyrrhotite 
may contain very r i c h pockets of this minera l . Some pyrite and minor galena and sphalerite are l o ca l l y 
assoc iated with the pyrrhotite, and the l a s t two minerals appear to have formed after the pyrrhotite and 
cass i ter i t e . 

The highly fractured tourmalinized sediments on either s ide of the main fracture are mineral ized by 
a network of ve in lets composed of the above mentioned sulphides with pyrrhotite predominating. A g a i n , 
cass i ter i te is charac ter i s t i ca l ly assoc iated with pyrrhotite and where pods or lenses of th is mineral are 
veined by galena and sphaler i te , fractured grains and crysta ls of the enclosed cass i ter i te may be veined 
by these minerals . Arsenopyrite has been observed as c rys ta l aggregates up to f ist s i z e , but cass i ter i te 
has not been observed to be in intimate assoc ia t i on with this mineral . T h i s observation i s supported by 
assay data. Small scattered grains of s chee l i t e occur in the t in-bearing pyrrhotite lenses and ve in le ts . 
Surpr is ingly , tourmaline and garnet are rare or absent as a vein mineral in this structure. 

The wa l l s of the fractures and ve in lets assoc iated with this structure are moderately chlor i t ized in 
the 'normal ' sediments and only s l i g h t l y so where it cuts tourmalinized sediments. Some quartz and 
ca l c i t e are present in the v e i n , the latter being l o c a l i z e d in post-sulphide fractures. 

Inasmuch as the main ore zone near the ' t in -zone ' fracture cons ists pr inc ipal ly of pyrrhotite, the 
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The tin bearing mineral in the Stemwinder probably i s cass i ter i t e . In any event, tin appears to be 
more abundant in the ore lens just referred to than in the essent ia l l y barren pyrrhotite body. However, 
assay data on t in are not we l l distr ibuted throughout the deposit ahd the above relation may not be truly 
representative. Arsen ic and antimony are present as minor metals , but the minerals in which they occur 
have not been ident i f ied . Garnet has not been reported to be c l ose ly assoc iated with the sulphides as 

s in many places in the S u l l i v a n . However, smal l c rysta ls of amphibole, probably tremolite , were 
ooserved to be scattered through some of the mass ive pyrrhotite. 

The sediments enc los ing the deposit are extens ive ly but irregularly tourmalinized along both w a l l s 
and some sedimentary r e l i c s wi th in the sulphide mass are tourmalinized. 

A definite structural control has not been es tab l i shed . However, the body i s located along the 
a x i a l plane of a doubly-plunging sync l ine that trends northerly, approximately para l l e l to the S u l l i v a n -
type faults and fractures. In the S u l l i v a n , i t was found that some of these fractures appear to have 
served as channel ways or l o c a l l y to have inf luenced the distr ibut ion of the ore minerals . The Stem-
winder orebody therefore may have formed by the deposit ion of sulphides from solut ions r i s i n g along a 
set of release jo ints that developed along the a x i a l plane of the Stemwinder sync l ine fo l lowing a re laxa­
t ion of forces that produced the fold ( B i l l i n g s , 1954, p. 118) . T h i s structural picture has been estab­
l i shed largely through surface mapping and diamond d r i l l i n g . However, attitudes observed in the s e d i ­
ments underground, though l imited and infrequent are in accord with the surface data. 

The deposit i s enclosed by sediments that are thought to l i e w e l l beneath the footwall of the S u l ­
l i van ore zone. The sect ion contains numerous lenses of intraformational conglomerate that interfinger 
with lenses of thin bedded or laminated a r g i l l i t e , s i l t y a r g i l l i t e , etc. Many of the rounded fragments of 
tourmaline rock found i n the pyrrhotite along the margins of the deposit may therefore be altered pebbles 
unreplaced by su lph ides . 

The marked s i m i l a r i t y in the mineralogy of the Stemwinder and the Su l l i van ore bodies , in addition 
to s imi lar i t i e s in w a l l rock alterations and in some structural assoc ia t i ons , suggest that there i s a c lose 
genetic relation between the two depos i ts . However, the Stemwinder def ini te ly cross-cuts the enc los ing 
beds and i t i s almost imposs ib le to conceive that i t could be anything but an epigenetic sulphide de­
pos i t that formed at moderately high temperatures. 

W A L L R O C K A L T E R A T I O N S 

Much of the rock in the v i c i n i t y of the Su l l i van mine has been intensely a l tered , by processes that 
involved the transfer of large tonnages of chemical substances into and out of the rocks affected. Quan­
t i ta t ive ly , tourmalinization and a l b i t i z a t i o n are the most important processes that were act ive in the 
wal lrocks about the mine. Tourmal in izat ion i s most widespread and abundant in the footwall rocks , 
part icularly beneath the central portion of the orebody. It a l so has been act ive to a lesser degree along 
certain strongly deformed and fractured zones and so some tourmaline rock i s present l o c a l l y in both 
the ore zone and hangingwall beds. L o c a l l y , the contacts between the normal and the tourmalinized 
sediments are dec idedly conformable. However, the general boundaries of the tourmalinized zone are 
d i s t inc t ly transgressive as can be seen in F igure 17-9 

A l b i t i z e d rock i s confined largely to the sediments in the hangingwall zone but some has been 
found in the footwall zone, part i cu lar ly near the wa l l s of some diorite dikes or assoc iated with chlorite 
in certain large fractures that cut the tourmalinized footwall rocks . The effect of bedding on the d i s ­
tribution of a lb i te i s l o c a l l y evident but fractures and other cross-cutt ing structures acted as the domi­
nant controls in i t s d istr ibut ion even more than in the case of tourmal inizat ion. 

Ch lor i t i zed rocks seem to have formed under two sets of condit ions . In one, chlorite is weakly but 
pervasively developed on a regional s ca le and i s probably related to regional metamorphism and/or 
thermal effects of the Moyie intrus ions . In this case , the chlorite would not be a true form of w a l l rock 
alteration. Chlor i te that i s be l ieved to have formed as a true metasomatic alteration i s c l o s e l y asso­
ciated with the orebody and i s characterized by the development of zones of mass ive ch lor i te . These 
are found in some large footwall and hangingwall fractures and espec ia l ly near the contact between the 
orebody and the a l b i t i z e d ro cks , and in the hangingwall in the area about the central iron zone. T h i s 

^ e undoubtedly formed by the passage of magnesium-bearing thermal waters and i s therefore a true 
- veration product. Coarse biot ite and ac t ino l i te are found l o c a l l y , with massive chlorite and their for­
mation i s probably related to the same process . 
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re lat ionship between the pyrrhotite i n the fracture and in the main zone is vague. T h i s a l so appl ies to 
the cass i ter i t e . It was mentioned previous ly that the 't in-zone* fracture weakens and narrows rapid ly 
toward the hangingwall of the main ore zone and the amount of cass i ter i te assoc iated with the fracture 
fa l l s off to almost zero. 

It must be c l ear ly evident from the foregoing, that the ' t in -zone ' fracture formed large ly , i f not 
completely, as a post-tourmalinization structure. If, therefore, as some have suggested, the sulphides 
and the cass i t e r i t e that are in i t , are the products of a remobil izat ion and migration from a pre -ex is t ing 
t in-bearing sedimentary sulphide deposit , such as the main ore zone, then the sulphides and the cas ­
s i ter i te e s p e c i a l l y , have migrated an amazing distance from their source and strangely only downward. 
The writer feels that in this case deposit ion from ascending metalliferous solut ions is a much better 
explanation for the or igin of the minerals in this vein even though many aspects of the process are not 
as yet c l ear ly understood. 

A very interest ing minor feature shown on F igure 17-6 w i l l be described now because this bit of 
evidence a lso supports a post -tourmalinizat ion t iming for the development of another t in-bearing sulphide 
lens . In addit ion , i t i l lus t rates that in some places strong, l o ca l i zed thermal effects have been c l o s e l y 
assoc iated with the introduction of cass i t e r i t e and sulphides into the footwall rocks . 

The rocks for a few hundred feet north of the ' t in -zone ' fracture, on the 3900 l e v e l , c ons i s t of 'nor­
m a l ' footwall sediments. They then change abruptly, at a smal l watercourse, to strongly fractured 
tourmalinized sediments. The fractures in this tourmalinized zone are f i l l ed by narrow ve in le ts of 
pyrrhotite and the immediate borders of the ve in lets are more or l ess ch l o r i t i zed . A g a i n , the pyrrhotite 
in most of the ve in lets contains scattered grains of cass i t e r i t e . Cont inuing northward, smal l s k e l e t a l 
crysta ls of garnet and chlorite begin to appear in the tourmaline rock and they continue to become more 
abundant and better formed to the north. E v e n t u a l l y , many of the garnets are found to have a s i e v e - l i k e 
texture and they contain inc lus i ons of other minerals such as chlorite and b iot i te . The rock now changes 
rapidly to a narrow zone composed of a mixture of massive garnet and i l l -de f ined c lusters of coarse 
garnet, act ino l i te and biot ite as w e l l as minor quartz, muscovite and epidote. A few re l i c s of r e l a t i v e l y 
unaltered tourmaline rock were found in the above. L o c a l l y , the garnet-amphibole-biotite rock i s minera l ­
i zed with pyrrhotite and some galena and sphaler i te . An examination of thin sect ions of this rock revealed 
fractured garnets veined by cass i ter i te -bear ing pyrrhotite. F i n a l l y , a smal l irregularly shaped lens of 
cass i ter i te -bear ing pyrrhotite was found with in the thin s h e l l of garnet-amphibole rock. The galena and 
sphalerite present appear to have been introduced after the pyrrhotite and cass i t e r i t e . Cont inuing north­
ward the sequence of rock types i s repeated in reverse order. 

S T E M W I N D E R D E P O S I T 

In order to emphasize the point that discordant sulphide bodies are not uncommon or ins ign i f i cant 
features at or near the S u l l i v a n , although they may tend to be smal l by comparison to the huge S u l l i v a n 
orebody, the writer has chosen the Stemwinder orebody as a f ina l example of l o c a l deposits of th is k i n d . 

The Stemwinder deposit i s a large one and i t l i e s nearly half-way between the S u l l i v a n and the 
North Star mines (McEachern , 1946) . It i s of interest because mineralog ica l ly , i t is very s i m i l a r to the 
S u l l i v a n . It c ons i s t s pr inc ipa l ly of pyrrhotite with considerably less sphalerite and galena. T r a c e s of 
t in (probably c a s s i t e r i t e ) , arsenopyrite and chalcopyrite have been observed or inferred from assay data. 
Tex tura l l y , the deposit i s probably more cons is tent ly fine grained than the ores of the S u l l i v a n . However, 
the most s t r ik ing difference i s the absence of banding in the sulphides of the Stemwinder. 

The deposit i s e s s e n t i a l l y tabular in shape ( F i g s . 17-7, 17-8), is several hundred feet long and 
has been explored for an even greater d is tance in depth where it i s s t i l l open. In p laces , i t i s w e l l 
over 100 feet th ick . Although the w a l l s of the sulphide body are not sharply defined, they s tr ike north­
easterly and dip steeply to the southwest. 

The sulphide body is not an intimate mixture of the various sulphide minerals . Rather, i t c ons i s t s 
pr inc ipa l ly of a large mass of pyrrhotite that contains an abundance of unreplaced rock fragments, par­
t i cu lar ly near its northern and southern l i m i t s . Sphalerite i s more abundant than galena and these minerals 
are l o ca l i zed mostly in a smal l tablet-shaped lens that l i e s with gradational contact along the footwall 
of the main mass of pyrrhotite. Within this smal l lens of ore, pyrrhotite and sphalerite are very fine 
grained and intimately intermixed. G a l e n a , on the other hand, tends to be concentrated in a smal l core 
within the sphalerite-pyrrhotite mass and i ts texture is coarser. 



Swanson and Gunning (1945) described the pr inc ipa l character is t i cs and re lat ionships amongst the 
various types of altered rocks and these w i l l not be repeated here. However, there i s one aspect of the 
formation of tourmaline rocks that has come to l ight after their paper was publ ished . It w i l l be presented 
now because the writer be l ieves that i t may indicate that the Kimberley s i l l had intruded the sediments 
prior to the period of tourmal in izat ion . F igure 17-9 shows that as the s i l l approaches and passes be­
neath the orebody i t becomes d i k e - l i k e and, near the western margin of the deposit , i t i s in contact with 
or even par t ia l ly invades the ore zone beds. 

The thermal effects of th is intrusion can be observed best where the sediments have not been tour­
m a l i n i z e d . F o r example, as the intrusion i s approached in the southern part of the mine, the normally 
fine grained sediments become rec rys ta l l i z ed to a sugary textured chlor i te -b iot i te hornfels that extends 
to the intrus ive contact . Within the l o c a l arch- l ike structure of the intrusion i t se l f , the large mass of 
sediment that was enveloped by the magma was converted to an even coarser grained granitoid rock 
ca l l ed biot i te granophyre. 

In the zone of intense tourmal inizat ion, on the other hand, the tourmaline in the rocks w e l l removed 
from the intrusion c r y s t a l l i z e d as a f e l t - l ike mass of pale brown cryptocrysta l l ine needles surrounding 
the detr i ta l grains of quartz , feldspar, etc . T h i s tourmaline undoubtedly formed by the reconstitution 
of the o r ig ina l a r g i l l i c constituents of the matrix or their d iagenet i ca l ly transformed counterparts, through 
the act ion of thermal f lu ids carrying boron ions . A s the intrusion i s approached, texture of the rock 
again coarsens to that of a hornfels . However, brown tourmaline i s now a common mineral in addition 
to the minerals found i n the hornfels mentioned ear l ier . These tourmalines are medium grained rather 
than c ryptocrys ta l l ine . F i n a l l y , sedimentary zenol i ths found within the in trus ion , in the zone of tourma­
l i n i z a t i o n , c ons i s t of coarse partly brown, partly blue tourmaline and quartz instead of the normal min­
erals that make up biot i te granophyre. 

T h e textural changes described in the foregoing suggest that the variation i n the s i z e of the tour­
maline c rys ta l s was control led by the textures of the hornfe ls ic and granophyric rocks which had formed 
i n response to heat generated by the intrus ion . That i s , tourmalinization occurred some time after the 
intrusion of the s i l l . It w i l l a l so be remembered that the cass i ter i te and assoc iated sulphide minerals 
in the ' t in-zone* fracture had formed after the w a l l rocks were tourmalinized. If then, these conc lus ions 
are correct , they ser i ous ly weaken the argument for the S u l l i v a n being a partly remobil ized syngenetic 
deposit because the heat from the Su l l i van s i l l could not have been ava i lab le to effect this postulated 
remobi l i zat ion . 

T h e writer rea l i zes that the explanation he has suggested for the re lat ionships just described i s 
not at this time too strongly supported by the evidence at hand. F o r instance , i t might be suggested 
that the var iat ion in the textures of the tourmalines could conceivably be the resul t of the Kimberley 
s i l l intruding the sediments after they had been tourmalinized rather than before and the writer i s not 
able to present any evidence that would c l ear ly refute th i s suggestion. However, he feels that in this 
case one should expect to find more tourmaline in the granophyric sediments that are enclosed in the 
intrus ive where the latter i s assoc iated with the large mass of tourmalinized rocks rather than being 
largely confined to s m a l l scattered zenol i ths near the border of the intrus ive . 

T h i s leaves only one other probable way of r a i s i n g the l e v e l of thermal energy in the deposit , namely: 
by a general r ise of the geothermal gradient through deep bur ia l or downfolding of the sediments on a 
regional s c a l e . T h i s suggestion i s not supported by evidence . F o r example, although the sulphides 
in the S u l l i v a n orebody l o c a l l y contain moderately high temperature minerals such as spessart i te garnet, 
a c t ino l i t e , tremolite , s capo l i te and cordierite ( H . T . C a r s w e l l , 1961)*, beds that are only a few inches 
away often do not contain any minerals ind i cat ive of correspondingly high temperatures. In fact , the 
mineral assemblages in much of the sediment in question general ly indicate that the temperature of these 
rocks has been about that normally encountered during diagenesis or for the temperature range assumed 
for the lower l imi ts of the chlor i te -a lb i te metamorphic f a c i e s . T h i s point i s supported a lso by i n v e s t i ­
gations on the temperature of formation of the pyrrhotite, sphalerite and pyrite that are assoc iated with 
the cordier i te , etc . C a r s w e l l (1961) found that the minimum temperature of formation for sphaler i tes in 
the S u l l i v a n ranged from 460° - 490° C . and for pyrrhotite from 325° - 400° C . Thus the contrast in tem­
perature of formation between the minerals in the sediments and in the adjo ining mixed sediment - s u l ­
phide layers appears to be incompatible with what one should expect i f the temperature of the whole 
sedimentary p i l e had been raised appreciably by regional downwarping, etc. Neverthe less , the marked 
tendency for high temperature mineral assemblages to be more or l ess assoc iated with many conformable 
su lphide - r i ch layers favors the suggestion that thermal energy travel led through or along some beds 
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better than others. T h i s i s a mechanism for heat transfer that one would expect to be assoc iated with 
the passage of metal-bearing thermal waters through beds of di f fer ing permeabi l i t ies . 

D I S T R I B U T I O N O F M E T A L S 

In the preceding pages , highl ights of the l o c a l and regional geology were given in order to show 
that some of the recent hypotheses suggested for the or ig in of conformable base-metal sulphide deposits 
do not f it too w e l l wi th the s i tuat ion at the S u l l i v a n . A s a conc luding step , let us now examine the 
patterns of d istr ibut ion d i sp layed by several of the more important metal l i c constituents of the deposit 
to determine whether t h i s phase of Su l l i van geology w i l l shed some l ight on the question of or ig in . 

The abundance of a s s a y information required to out l ine reserves and to maintain grade control in 
a large integrated base metal complex such as Cominco , provides exce l lent opportunities to study the 
variat ion in the d is tr ibut ion of the more important metals i n the deposit . T h e geo log i ca l staff has been 
interested in this subject and has prepared distr ibut ion and ratio maps for severa l of the metals as a 
matter of s c i en t i f i c interest as w e l l as for their proven prac t i ca l va lue . The maps c l ear ly reveal that 
there are patterns to the d is tr ibut ion of many of the metals in the mine and that comparisons can be made 
and re lat ionships drawn with respect to geo log ica l features such as structures , zones of a l terat ion, etc. 
The maps a l so provide exce l l ent bases for speculat ion into the question of the or ig in of the deposit and 
some of them are being presented now because they do appear to offer some, i f not c o n c l u s i v e , support 
for an epigenetic o r ig in . T h i s of course, becomes more s ign i f i cant when coupled with other supporting 
geo log ica l ev idence . 

Pent land (1943) gave the f irst published statement concerning the d is tr ibut ion of metals in the 
deposit when he descr ibed the zoning of l ead , z inc and t in in his paper on the occurrence of t in in the 
mine. In general , he noted that there i s a marked, i f not prec i se ly def ined, tendency for these metals 
to have a concentric but not s imi lar d istr ibut ion about the central iron zone. 

Swanson and Gunning (1945) cautioned against a hasty acceptance of a concentric zonal concept 
because the subject was complicated and in their opinion required more study. T h e y suggested that a 
more intens ive invest igat ion might reveal a pattern ar i s ing from the merging of two or more l inear pat­
terns. 

Distribution of Iron 

The so - ca l l ed central iron zone, as presently out l ined , has a roughly rectangular shape and it l i e s 
somewhat south of the centre of the structural dome on which the deposit l i e s . It is a compound unit , 
the western half c o n s i s t i n g pr inc ipa l ly of massive pyrite and /or a mixture of pyrite and chlor i te . The 
eastern half on the other hand, cons is ts of vaguely banded pyrrhotite and /or a mixture of pyrrhotite and 
chlorite ( F i g s . 17-10 to 17-15) . Iron sulphide , p r inc ipa l ly pyrrhotite extends outward from this zone, 
more or l ess in a l l d irect ions beneath the commercial ore. Inc identa l ly , the latter general ly contains 
abundant pyrrhotite in addit ion to galena and sphalerite and the pyrrhotite would appear to be largely 
unreplaced host material with respect to much of the sphaler i te and galena. Iron continues to be an 
important constituent r ight to the margins of the deposit . However, toward the southeast margin, pyrrho­
tite gradually g ives way to fine grained c rys ta l l ine pyrite and magnetite in var iable amounts commonly 
accompanies the pyr i te . V iewed from the centre of the deposit , this change generally appears in the 
upper bands before it does in the main band. Another important pyrite zone has been found near the 
northeast margin of the deposit assoc iated with sediments that are d i s t i n c t l y s c h i s t o s e . The pyrite here 
i s coarsely c r y s t a l l i n e and contains considerable carbonate and somewhat l e s s ch lor i te . 

Considerable pyrrhotite i s present in the tourmalinized rocks beneath the central part of the deposit 
either as laminations or blebs in the unfractured areas or as ve ins and stockworks of ve ins in fractured 
and brecciated zones . Numerous veins of g l a s s y quartz and pyrrhotite a l so cut these rocks . 

Distribution of Lead and Zinc 

Figure 17-10 shows the broader variat ions in the lead-z inc ratio for a large part of the main orebody. 
In general , i t can be seen that there i s a marked tendency for lead to be proportionally more abundant 
than z inc in an irregular belt about the central part of the domical structure. L e a d gradually gives way 
to z inc as the dominant metal toward the margins of the deposit . Superimposed on this rudely concen­
tric pattern i s a c lear but secondary tendency for the trend of ratio values to be l i n e a l l y oriented in a 
northerly d irect ion . In most cases these l i n e a l patterns correspond in direct ion and posit ion to Sul l ivan 
type folds and fractures. 
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Figures 17-11 and 17-12 show, in undefined un i t s , the variat ion in lead and z inc content respect ive ly 
for the main orebody. Both reveal a s i m i l a r tendency for the two metals to be concentrated about the 
central part of the domical structure. A g a i n , there are secondary north-trending patterns of highs and 
lows that are associated with some of the Su l l i van type structures . 

In addit ion to the zona l d is tr ibut ion i n p lan , there i s a d i s t i n c t tendency for these metals to be 
zoned in a ve r t i ca l s ense , part i cu lar ly i n the central part of the mine. T h i s relat ion ar i ses because 
galena and sphaler i te tend to form extensive layers of r i c h , beaut i fu l ly banded ore against the hanging-
w a l l of the main ore band. T h i s w e l l banded ore passes downward into a r i ch massive mixture of pyrrho­
t i t e , galena and sphaler i te that in turn passes into a th i ck irregular zone of pyrrhotite that carr ies only 
a trace of galena and spha ler i te . Genera l ly this barren, pyrrhotite zone extends to the sulphide footwal l . 
However, in several p l a c e s , mineable ore shoots occur a long the footwal l contact owing to the introduc­
tion of galena and to a l e s ser extent, sphaler i te , into the mass ive pyrrhotite as laminat ions , streaks or 
narrow, vaguely defined bands. These ore shoots probably represent re lat ive ly more permeable zones 
caused by a d i f ferent ia l movement between the pyrrhotite mass and the footwall sediments during fo lding 
and their development apparently co inc ided more or l e s s wi th a period in which lead was the main metal 
being introduced into the ore zone. 

The d istr ibut ion of lead and z inc i n the hangingwal l ore bodies has the same general pattern as in 
the main zone. That i s , the h ighly disturbed central zone of these orebodies i s generally r icher in lead 
than z inc and z inc becomes the more abundant metal toward the margins. 

Distribution of Silver 

Most of the s i l v e r i n the mine i s assoc iated with ga lena , probably as a s o l i d so lut ion in the latter. 
Smal l grains of tetrahedrite have been observed under the microscope, but the mineral probably i s rare. 
Smal l b its of a white mineral that was thought to be native s i l v e r have been noted on o c cas ion in m i ­
croscopic studies of certa in m i l l products. 

S i lver i s not d istr ibuted uniformly throughout the mine and furthermore the s i l ver content of galena 
varies considerably . In the main orebody, the high s i l v e r zone para l l e l s fair ly c l o s e l y the high lead 
belt and both the s i l v e r content of the ore and the rat io of s i l v e r to lead gradually d iminishes toward 
the margins of the deposit . 

The ratio of s i l v e r to lead i s i n general somewhat higher for the hangingwall ore than i t i s for the 
ore in the main v e i n . There i s a l s o a def inite tendency for the hangingwall orebodies that border the 
central iron zone to have higher s i l v e r to lead ratios than hangingwal l orebodies that are more remote. 
In a very general way, the s i l v e r to lead ratio varies inverse ly wi th d istance from the central iron zone. 

Accord ing to G u i l d (1917) the maximum amount of s i l v e r that i s soluble in galena i s 0.1 percent 
(0.30 ounces per unit of l e a d ) . Inasmuch as the ratio for many samples in some of the hangingwal l ore 
shoots i s appreciably higher than t h i s , i t i s quite probable that some of the s i l ve r occurs as ex-so lved 
native s i l v e r or as other argentiferous minerals whose textures are so fine that they have escaped detec­
t ion . 

The reason for the tendency for the hangingwall orebodies to have a higher s i l ver to lead ratio than 
the main orebody i s not c l ear ly understood. The re la t ionship suggests that they may have formed at 
somewhat higher temperatures. P o s s i b l y they represent material that was deposited early in the depos-
i t i o n a l period whereas the s i l v e r i n the main orebody may have been di luted by a later phase of low-
s i l v e r lead that d id not have access to the hangingwall orebodies. 

Distribution of Tin 

C a s s i t e r i t e i s de f in i te ly the dominant t in mineral i n the S u l l i v a n Mine. Other t in minerals may be 
present i n s m a l l amounts but they have not been i so lated and ident i f ied as yet . T i n occurs in strong 
traces in the mineral boulangerite but the amount i n th is mineral i s not enough to influence s i g n i f i c a n t l y 
the d istr ibut ion pattern for t in i n the main orebody. 

Our studies on the var iat ion of t in ( F i g . 17-13) i n the main orebody reveal that most of i t i s concen­
trated in an irregular belt around the central iron zone, e s p e c i a l l y on i ts eastern s ide , and f a l l s off to 
bare traces at the margins. In addi t ion , most of the t in in the belt of highs i s assoc iated with the pyrrho-
t i te - r i ch zone that l i e s just above the footwall of the orebody and the values tend to f a l l off toward the 
hangingwal l . In d e t a i l , the d is tr ibut ion of values can be dec idedly var iable , smal l very r i ch pockets 
being assoc iated wi th certain Sul l ivan- type fo lds , faults or fractures. 
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It was mentioned previously that t i n i s a l so found in some mineral ized fracture zones in the foot­
w a l l rocks , such as the ' t in - zone ' fracture. A s might be expected, the t in-bearing footwall ve ins near the 
central iron zone carry more t in than the footwal l ve ins nearer the margins . 

L o c a l concentrations of t in have a l s o been found in the hangingwal l zone but these occurrences 
are re la t ive ly rare. They are more abundant in the central part of the mine and are generally assoc iated 
with structural ly disturbed zones i n which the hangingwall rocks have been tourmalinized and fractured 
prior to the introduction of pyrrhotite, c a s s i t e r i t e , etc . 

Although pyrrhotite i s the most common mineral assoc iate of c a s s i t e r i t e , the re lat ionship i s not a 
direct one, because there are very large tonnages of pyrrhotite that contain prac t i ca l l y no t i n . Structures 
and temperature zoning may have been the pr inc ipa l factors governing the d is tr ibut ion of this minera l , 
the s t a b i l i t y f ie ld of the t in ions i n the minera l i z ing f luid being considerably narrower than that for i ron . 

The t in content of the hangingwall ore bodies i s not w e l l documented. From the data at hand i t 
would appear to be low even where these ore shoots l i e above areas of high t in in the main orebody. 

Distribution of Arsenic 

Arsenopyrite i s the only a r s e n i c a l mineral that has been ident i f ied in the mine. A s s a y s indicate 
that most of this element in the main orebody i s concentrated in a belt around the central iron zone. 
Its d istr ibut ion pattern i s therefore somewhat s imi lar to that of t in and s i l v e r ( F i g . 17-14). 

Although both t in and arsenic appear to have been deposited early in the ore forming period, our 
information indicates that they were not deposited s imultaneously to any important extent. 

Information on the d istr ibut ion of arsenic in the hangingwall orebodies i s l imited to only one of them. 
The scanty data indicate a central high with values d iminishing toward the margins. 

Smal l scattered c rys ta l s of arsenopyrite are frequently observed in beds near the footwall of the 
main orebody, part icular ly where these beds have been tourmalinized and then fractured and minera l i zed . 
L o c a l l y rather r i ch patches have been observed in fractured footwal l sediments w e l l removed from the 
tourmalinized zone. However, most of these occurrences were observed v i s u a l l y and we do not have 
any quantitative data on the d is tr ibut ion of arsenic in this environment. 

Distribution of Antimony 

Boulangerite i s the predominant ant imonial mineral in the S u l l i v a n . Jamesonite , tetrahedrite, gud-
mundite (Ramdohr 1955) , cha l cos t ib i te ( C a r s w e l l 1961) are other ant imonial minerals that have been 
recognized but they occur only in s m a l l or trace amounts. 

Our studies on the d istr ibut ion of antimony i n the main orebody revea l that there i s a decided tend­
ency for this element to be concentrated i n an irregular belt near but somewhat i n from the margins of 
the deposit and to be low in the central zone ( F i g . 17-15). T h i s i s a reversa l of the re lat ionship found 
for t in and arsenic . Aga in the deta i l s of the d istr ibut ion pattern have been inf luenced decidedly by cer­
tain Sul l ivan-type fractures and assoc ia ted fo lds . 

Boulangerite occurs most abundantly in or near open fractures part i cu lar ly where they cut the ore. 
It c r y s t a l l i z e d as spectacular f e l t - l i k e masses of fine f lex ib le needles on the w a l l s or in openings asso ­
c iated with the fractures. The fact that most of the fragile need le - l ike c rys ta l s were not crushed and 
broken suggests that they c r y s t a l l i z e d late i n the period of sulphide depos i t ion and after the las t period 
of movement along many of boulangerite-bearing fractures. However, smeared and crushed aggregates 
of galena and boulangerite on the w a l l s of some of the fractures indicate that part of the boulangerite 
had c r y s t a l l i z e d before the las t movement. 

Summary 

In summary, i t i s evident that the dominant pattern for the d is tr ibut ion of most of the metals in the 
Su l l i van i s a c lear tendency for the var ia t i on in values to be roughly concentric to the central iron zone 
which i s located near the centre of the domica l structure on which the deposi t i s s i tuated. Superimposed 
on this broad concentric pattern are numerous smaller but important northerly trending l i n e a l patterns 
that in most cases are c lear ly assoc ia ted with certain Sul l ivan-type fau l ts , fractures and/or folds. In 
addit ion, i t is c l ear ly evident that t i n , arsen ic , probably tungsten and to a lesser extent s i l v e r , are con­
centrated near the central iron zone where the effects of wa l l rock alteration are most intens ive ly deve l ­
oped. Antimony, on the other hand, tends to be concentrated away from the central iron zone, nearer 
the margin of the deposit , where the effects of w a l l rock alterations range from weak to minimal . It 

- 2 7 6 -



should be noted that the lead and z inc content maps do not show the concentric pattern nearly as c lear ly 
as do the maps for the other metals , because so much of these metals is concentrated in the a n t i c l i n a l 
warp at the north-central part of the mine. Here , the total th i ckness of the ore-zone is very much greater 
than elsewhere. However, the lead-z inc rat io map has a very d i s t i n c t l y concentric pattern and it shows 
that the central part of the orebody i s r e l a t i v e l y r icher in lead than z i n c . On the other hand, as the mar­
gins are approached, the z i n c content of the body gradually increases unt i l i t becomes several times 
that of l ead . 

! The zonal relations of the metals jus t described are manifest ly not features that one would expect 
to find in a sulphide body that was formed i n a marine sedimentary bas in . On the other hand, the r e l a ­
tions of these d istr ibut ion patterns wi th respect to the central iron zone and the areas of intense w a l l -
rock alteration are what would be expected for an epigenetic hydrothermal deposit in which the metal -
bearing f luids emanated from a central source , wi th the spread of these f luids into the ore zone beds 
being fac i l i tated by the Sul l ivan- type fractures, etc. 

The pos i t ion of the lead-r i ch zone with respect to the z i n c - r i c h zone in the orebody i s not what 
would be expected for a s imple case of temperature zoning where the meta l l i z ing solutions spread out 
from a central source. Under these c i rcumstances , the higher temperature minerals should c r y s t a l l i z e 
near the point of d i spersa l and the lower temperature minerals farther away. Apply ing this to the S u l ­
l i v a n , one would then expect the z i n c - r i c h belt to be near the central iron zone and the lead-r i ch belt 
to be near the margins which i s not the c a s e . The history of ore deposit ion at the Sul l ivan i s therefore 
probably more complex and may have proceeded somewhat as f o l l ows : At the onset of m e t a l l i z a t i o n , the 
ore-bearing f luids were r i ch in i r on , contained some z inc and were poor i n l e a d . They spread wide ly 
and deposited iron sulphide abundantly. A s time passed the f luids became z inc - r i ch but s t i l l carried 
considerable iron and poss ib ly somewhat more l ead . Because of the warming action of the advancing 
f luids on the country ro cks , the f lu ids fo l lowing were able to move w e l l out from the central iron zone 
before the metals were prec ip i tated . Shortly after this the intensi ty of mineral izat ion appears to have 
fal len off subs tant ia l ly and by the time the f luids had become lead-r ich the ore zone rocks may have 
cooled to the point that most of the galena was deposited just beyond the central iron zone instead of 
near the margins of the deposit . 

C O N C L U S I O N 

In view of the abundance and the remarkable perfection of the interhanding of sediments and s u l ­
phides in the Su l l i van orebody, ( F i g . 17-16 to 17-18) , i t i s quite natural and understandable that some 
geologists would suggest in print or in formal d i s c u s s i o n s on the subject of strata-bound or conformable 
massive sulphide deposits that the S u l l i v a n orebody i s some form of a syngenetic sedimentary deposit 
rather than a hydrothermal replacement deposit as stated in the latest papers by Cominco geo log ists on 
the subject (Swanson and Gunning , 1945; Staff, 1954). Apparently one of the main d i f f i cu l t i es with the 
hydrothermal theory in the eyes of many who favor a syngenetic origin i s that they find i t very d i f f i cu l t 
to bel ieve that the extent and perfection of the banding at the Su l l i van could be effected by a replacement 
process. 

Because of this conf l i c t of op in ion , the writer has attempted to review the sedimento log ica l , s truc­
tura l , igneous and metallogenetic ev idence , both l o c a l l y and reg ional ly , that pertains to the Su l l i van in 
order to determine how w e l l the evidence at hand supports or i s in conf l i c t with the various theories 
proposed. 

The study of the composition and the textures of the Aldr idge beds, and the ore zone beds in par­
t i cu lar , indicates that they must have formed in a shal low to moderately deep marine environment that 
was e s sent ia l l y uniform over considerable d i s tances . At th i s t ime, this part of the B e l t i a n b a s i n appears 
to have been suppl ied with such an abundance of fine grained c l a s t i c sediment that any chemica l ly pre­
c ip i tated carbonate or sulphide or organic debris must have been we l l di luted by the incoming muds, and 
furthermore, turbidity currents appear to have been very effective in homogenizing and respreading the 
sediment widely across the floor of the b a s i n . Assuming , for the moment, that most of the sulphides of 
i ron , z inc and lead in the orebody are sedimentary, their remarkable th ickness and r ichness wi th in such 
a highly restricted area would seem to c a l l for such uniqueness in the deposit ional environment of even 
a barred basin that i t i s almost imposs ib le to ra t iona l i ze i t with the record for the c l a s t i c sediments so 
c l o se ly assoc iated with the su lph ides . 

A l s o i f submarine thermal springs of vo l canic a f f i l ia t ions had been largely responsible for the intro-
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duction of the sulphides in the b a s i n , surely other minerals that are commonly deposited in abundance 
around these springs would be present with the su lphides . And surely the rocks through which these 
mineral-charged f lu ids had passed would bear their imprint as do the w a l l rocks in the v i c i n i t y of modern 
thermal springs. 

Our study of the evidence of igneous a c t i v i t y in the region reveals that the only known lavas and 
their associated pyroc las t i cs were extruded only after many thousands of feet of sediment had accumu­
lated above the ore zone beds. E v e n the o ldest of the dated Moyie intrusions intrudes beds of Aldr idge 
sediments that are younger than the ore zone beds. The recent d iscovery of a late Precambrian granite 
pluton and i ts pegm'atitic offshoots i n the area es tab l i shes the fact that magmas capable of d i f ferentia­
tion were act ive in the area about the time the orebody was formed as postulated by Swanson and Gun­
ning (1945). 

A t the mine, the large masses of intensely metasomatized wal lrock and the .numerous cross -cutt ing 
sulphide veins and mass ive replacements of s i m i l a r mineralogy are c lear indicat ions that minera l i z ing 
solutions had been very act ive after the sediments had become consol idated and altered. T h e remark­
able zoning can a l so be explained better by an epigenetic hydrothermal than by a sedimentary process . 
F i n a l l y in v iew of the fact that orebodies are re la t ive ly rare because they are the result of unusual geo­
l og i ca l c i rcumstances , the probabi l i ty that an unusual ly large and r i ch sedimentary base metal sulphide 
deposit would be so intimately assoc iated with epigenetic orebodies and their unique structural and 
environment must be very low indeed. 

In conc lus ion , i t must be apparent that the geologic evidence at hand offers very l i t t l e support for 
a marine sedimentary or ig in for the S u l l i v a n and that i t abundantly i f not c onc lus ive ly supports an e p i ­
genetic hydrothermal or ig in . E v e n i f this i s accepted as the best working hypothesis , i t must be rea l ized 
that only the broad framework of the formative processes has been del ineated and a tremendous amount 
of research i s s t i l l needed to complete the picture sa t i s fac tor i l y . 
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Figure 17-16 

Drag folds in interbedded sulphides and a r g i l l i t e . The l ight coloured material is pyrite . 
Sphalerite is present in some of the darker beds. Mass ive a rg i l l i t e occurs above and below the 
banded sequence. 
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Figure 17-17 

Nodular and lent i cu lar pyrite units in interbedded pyrite and a r g i l l i t e . The dark, uniform 
appearing beds are a r g i l l i t e . 
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Pyrrhotite laminated arg i l l i t e compris ing the " I " laminated unit . The lateral interval 
represented by the three core specimens exceeds 1200 feet. 
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