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AN INVESTIGATION 0 ? BRECCIATIOft ASSOCIATED 

■WITH THS SULLIVAN 0RI2B0DY AT KI23E?.LIiY E . C . 

CHAPTER I 

INTRODUCTION 

Brecciation has recently been recognised to bo exten
sive in certain areas below, within, and above the Sullivan 
oro aody, affecting large volumos of rock. Studies of tho 
brecciation show that it is intimately rolatod with tho 
jnetaconiatic processes that have altered tho rocks adjacent 
to tho oro body. Certain igneous rocks have been found to 

■ \ - ■ 

bo intrusive into the breccia, and brecciatod by later novo-
nent. 

This thesis consists of a report on investigations of 
this occurrence which have been carried on at tho Sullivan 
uino, and at the University of Manitoba. Research has been 
concerned with 

1. Dotoraining tho location and extent of the breccia. 
2. Establishing the relationships of brocciated areas 

with the stratigraphy and structure of tho cur-
rounding rocks. 

3. Deducing a chronology of events rolatod to tho 
brecciation process.'' 

h. Forming an hypothesis of the cause of brecciation. 



Thanks are duo to the Consolidated Uining ar.J; 
Si-jolting Company for making information available for this 
study5 to tho Geological Survey of Canada ? for a grant to 
aid in financing the University research program, a:v- to tho 
.professors of tho Geology Department at tho University of 
Manitoba for their help and encouracement. To.these persons 
and to many of my colleagues who havo discussed the project 
and cade valuable suggestions, I gratefully offer my thanks. 

GSKERAL DISCUSSION 

Breccias are relatively unusual rock formations in 
the total volume of the earth$s crust. They are indicative 
of important processes in the tectonic history of the rocks 
in which they occur, ilany and various origins have been 
deduced for occurrences which have been studied, with a re
sulting significant contribution to understanding tho 
mobility of the earth's crust. Breccias are also rather 
commonly associated with ore bodies and have often been 
found to have played a part in localising the deposits. 

From the viewpoint of an economic geologist, the 
information to be derived regarding the regional "tectonic 
framework" and the local "ground preparation" may be of great 
practical importance. V/here brecciation occurs in connection 
with an oro deposit, as at tho Sullivan, it may contribute to 
understanding the provenance, mode of transportation, and 



a ricthod of fixation of tho metals in the body. An cttor.rvc is 
:.:r.do in tho accompanying chart to relato the v>rc;;ont stucly 
to tho other investigations co as to show soiao of tho 
rcnifications involved. (Soo Chart # 1) 

c 
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CHART i To indicate hor; the breccia study contributes to undorr-tctiidinj the 
economic geology of the Sullivan crebody. 
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The relationships indicated are not explored fully 
thesis, but are called upon at such times as they 
understand tho brocciation process• 

PLAN OV PRaOSittATIOK 

Discussion of the topic v/ill procood in the following 

1. Tho regional setting . 
(a) location, topography 
(b) stratigraphic position and tho inferred 

sedimentary environment 
(c) structure ■ , 

2. Tho local goologic setting 
(a) stratigraphic sequence of tho nine serios and 

it's position in the Purcoll formation 
(b) structural foatures in the area of the orobody 
(c) metasomatic alteration 

3« Description of tho footv/all conglomerate fabric 
and distribution. It is fundamental to the dis
cussion to show that conglomerate and breccia are 
distinct entities> formed by different processes. 

h. Description of the footv;all breccias 
(a) pre conglomerate (collapse breccia) 
(b) post conglomerate (chaotic breccia) 

(i) pro tourmalinisation 
. (ii) post tourmalinization 



4 

Q ?♦ Description of oro sono anci hancir^ v/all breccias 
6* Discussion of the origin of brocciation 

O 
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CHAPTER II 

LOCATION 0? THE SULLIVAM illNE 

Tho Sullivan Mino is located adjacent to the city of 
ivinbcrlcy in South Eastern British Columbia. ICiis-orloy is 
about £0 miles north of tho international boundary and 50 
ailes west of the Alberta boundary. 

Tho Crows Nest, Kettle Valley lino of tho Canadian 
Pacific Railway passes 20 miles south of Kimbcrlcy through 
the city of Cranbrook. The southern transprovinciai high-
v/ay follows the same route, and a branch of tho highway 
passes through Ximberloy leading Korth through Banff 
National park to Calgary. 

Kircberley is situated on the eastern flank of the 
Puree11. range of mountains, overlooking tho broad valley of 
the Rocky fountain Trench, v/hich is about twenty miles v/ido 
at this point. On the opposite, eastern sido of the valley, 
tho Rocky ilountains rise abruptly forming a precipitous wall 

1 

contrasting with the more gradual slope of tho Purcells. The 
Kooter.ay River flows southward through the Trench at an 
elevation between 2^00 and 2o00 feet. Klmberley is at an 
elevation of 3»700 feet, and tho highest mountains in tho 
vicinity attain altitudes of between nine and ten thousand 



foot above soa level. 
Tho discovery area of tho Sullivan Iiir.o lico north-

v.'estorly from Ximborlcy on Sullivan Kill at an olcvation of 
about lr600 foot, and is presently tho sight of an opsn ?i'j 
operation. Tho aiain entrance to the rnino is an adit driven 
at 3900 elevation from the valley of tho I£ark Creole, cor.o 
78COO feet south of the mine. 

Segording the topographic texture of the area around 
•Xiafccrloy (see Plato 1), it is obvious that the Rocky 
fountain Tronch separates two contrasting areas. The trellis 
drainago pattern of tho (Rockies reflects tho folding over-
thrusting and erosion of anisotropic rocks which vary from 
gypsua to limostone and quartzite. 

Tho Purcoll Mountain drainago on tho other hand is 
very irregular duo in part to tho relativo homogeneity of tho 
Purcoll systca of rocks which forra uost of the range. Also, 
a notably greater proportion of igneous rocks buttress the 
sedimentary assemblage in this area than'in the PiOckies. Tho 
igneous'lntrusives include ?re Cambrian dioritc sills and 
granite stocks, and iiosozoic granitic batholiths. 

J.T. Wilson (1953) in his postulated system of island 
arc, mountain chain development, considers that the Kocky 
fountain Trench marks the site of tho boundary betv;cen tho 
tiadianland (West of tho Trench) and the secondary arc (East 
of tho Trench). By this ho implies a fundamental difference 



in the tv;o areas during the ti/r.o of sedimentary deposition. 
The secondary arcs (in this case the Itocky fountains) are 
characterised by "normal" sediments and little recent 
igneous activity. • They represent an uplifted and folded in
land coa bottom, formed on the continental sholf and 
analogous to tho present sea of Japan. The mcdianlaiid is a 
coraplo:: of igneous and metamorphic rocks, which was involved 
.from early tines in the making of offshore island chains. 
Observations of workers in the region tend to confirm some 
of those Generalizations and are presented following, as 
background to the thesis. Somo emphasis is placed on evi
dence for Pro Cambrian tectonic activity because -it is 
directly related to the breccia problem. 

The Sullivan orebody occurs in the Aldridge formation 
• of the Proterozoic Purcell system. 0".E. Keosor (19?6) 
describes this system of rocks as follov/s — "The rocks 
comprise a series, not les3 than 3O3OOO feet thick of 
conformable, very fine grained thin bedded quartsitos, 
argillacoous quartzites and argillites, with limy and 
doiomitlc equivalents in the upper part of the section." 

Elsov/hero (Reosor J.E. 1957) he notes that in the 
Purcell fountains, primary structures such as ripple marks, 
cross bedding and mud cracks arc common to plentiful at 
some locality in every formation, v/ith the exception of tho 
Upper Aldridgo. The coarsest rocks in the entire Purcell 
system (v/ith the exception of local intraformational con-
glcmerates in tho Aldridge) were found in tho upper part of 
tho Croston formation. These comprise beds of medium to 

\ 



coarse quartsitc and intraforfiiational conijlo.Viorc.tcj located 
near tho Rocky fountain Trench on tho East flank of the 
Purcoll Mountains, 

Correlation of strata is cood from ona huivlr-c. ...11^^ 

couth of tho forty ninth parallel to Findlay Crocks ^ total 
of 200 rniles in a South-Nori-h direction." Kov/evcr, sicny un
certainties in correlation occur froa East to IVost across 
the French due to changes in1 sedimentary characteristics. 
There is a higher proportion of quartsitos in the Aldridse 
of tho Purcell Mountains than In the Rockies. 

Eecsor concludes that deposition was rapid, in a 
oasin of rolativoly great tectonic stability, possibly tho 
flood plane of a large subsiding delta. 

Only rarely as shown by the Upper Aldrid^e sediments, 
has tho rate of dovmv/arp exceeded tho rato of sedimen
tation so that shallow water features are not abundant. 
Yet even v/ith this oxcoption tho scries could only havo 
boon deposited in a region of relative tectonic 
stability over a long period. (Reosor 3.3. 19?6) 

Price R.A. (196V) in a study of the Purcoll system 
in the Rocky fountains of Southern Alberta and British 
Columbia- found it possible to correlate, formations cquiva-•I 
lent to those in tho Pureell fountains? across tho Rockies 
to exposures in Waterton Park. Ho states (pp 399) 

, All curront data concerning the character and 
regional relationships of the Pureell rocks are con
sistent v/ith tho hypothesis that the Pureell sediments 
were deposited on and adjacent to tho western margin of 
tho craton> under conditions analogous to those in the 
Gulf Coast goosynclino. This implies that the large 
volume of fine terrigenous clastic sediment that 

http://conijlo.Viorc.tcj


constitutes the bull: of the Purccll succession war; de
rived froia tho older Procaabrian roc!:s which occur in 
tho interior of the continent, far frora the cite of de
position; and that none of it noed have originated in 
so.r»o supposed western landauss. 

Perhaps tho first departure from rolr.tivc f,t̂ 1;ility 
is indicated by unconformity at tho base of tho Choppsrd 
formation, and it's equivalent (Price 196W pp Ul9) tho 
lower part of tho Gateway formation. Price (ibid pp l>-l6 
?is. 5 & PP *+19) found that in tho Galton Kan^o tho Chcppard 
lies uneonforraably upon the Purcoll lavas. Gchofiold 
(191? ppjo) reports finding pebbles of lava in tho basal 
eon^lomaratic beds of the Gateway whore it overlies the 
uiyeh in the IIcGillivary Bango south of Cranbroos. Areas of 
uplift and erosion of tho Purcell lavas existed prior to and 
during tho deposition of the Gatev/ay. Price tentatively 
correlates tho Sheppard with tho lower part of the Dutch 
Creel: formation, Upper Purcell system, therefore instability 
and uplift of aroas of the Purcoll soa bottom appear to have 
become important early in Upper Purcell time, probably not 
cuch lator than the extrusion of the Purcoll lavas. 

Abovo this lowest evidence of unconformity there are 
numerous unconformable relationships shown* where rocks of 
V.'indorruoro, Cambrian and Devonian ages lie upon Purcell 
roclcs at a nuabor of places in the area. Localized areas 
of erosion, and deposition are indicative of islands having 
been uplifted, 'perhaps the island arcs postulated by Wilson. • 
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Cenosoic 

I'eaer.oic 

and/or ' 

Cenosoie 

2AJ3L2 OJ? K)fdC£I0:*'3 

Itocli TTnit 
Period (l :hieknasa i n foot ) 

Recent and 
Plcistocono 

Litiiolocy 

Stroci.1 end &lrcV:~ tejosiAaj 
* c 1 i;c**&;«<; c ** auc *«.iue 

Juraaaic 

or lator 

Key Crook Batholith Louco-quarta' Tnor.:;crAito, 
pc^atite, a^lite. 

Relations not kaoui 

Vhito Crook 
Batholith 

Pctfsatitc and aplitc 

Mcdiviz-eraincd quarts 
cicascnitc 

Louco-qucorts r.onscnito 

Poi'phyritic (nicroeline) 
quarts ricnzonitc 

Hornblcnda-MotitQ C?Z:\Q* 
diorito (nonsotonalito) 

Biotito cranodiorito 
(nonsotonalito) 

Intrusive contact 

Palacosoic(?) 

l-}csosoic(?) 

Lato * 
Prctcrosoic 

CO 
or later 

Serpentine; 
Ultramafio 

stock 

Relations not known 

Koyio intrusions 

cerpontinisod clino-
pyroxonito 

Kcta-diorito end racta- . 
quarts diorito cilia; rare 
dykea 

Intrusive contact 



2ABIS OP SOffiulIIOICS—Conoludod 

Period 

Tipper 
Purcoll 

Lovor 
Purcoll 

£ocl: Unit 
(Thick-iQSK in ft.) 

Dutch Crock 
fox-nation 

Confcr&ablOj, grada-
tional contact 

Siyoh formation 
(2,000) 

Kitchener 
formation 
. Ut200) 

Cx^caton 
formation 
(4,100-6,500) 

Aldrid^c 
formation 
(Unpox* division 
11,000+) 

Aldrid^o 
formation 
(Lovor division 
4,500+) 

Li thole;;/ 
Buff and reddish ̂ \;atĥ rir.j; 
silty dolcsaitc, dolc;:it;'.o 
quarfcsito, end r:»uch n.r̂ illit'.; j 
co;;.o croy voaV/^ri«v;> v.xv 
fine-drained* grey quartsito 

Purplo, croon? end croy arjil-
itoj litfht and carl: green 
laminated arjillitej scr.e very 
.fine-Grained, green voathcr-
iaj;, ere on cuartsito 
Buff weathering dolor.iitic 
end calcareous quartsitcs, 
siltstoncs, and ca\:;illitcs; 
green ax\clllito and black and 
flroy bedded argillitc; ainox* 
creamy to buff dolcr.ito and 
"black lino a tone 
Gx̂ ccn and (jroy weathering, 
{proon-crcy, and purple erjil-
lacoouo quartsitosj r.ctaailt-
stonos and ar£illitea# Lovor . 
member (0-1,500 foot}; dark 
'voathorinff, black to dork 
&roy argillites, arenaceous 
argillitcs, ?CC~~JZXCX11ZQ<L 
equivalents of eiltatenca* 
Upper Ar£illito ccr.bor 
(l,000-1*500+): vex-y ruaty 
weathering, evenly lar.inated, 
black and c+zy axY;illitoa and 
arenacoous ar£illitcs» Ue-
naindor, of li£ht c^'J voather-
ins, liftht to dark c^7 cusrts-
ito with rrinor par'cin^a of 
black nav;illitc and thin-bedded 
argillaceous quartsite, and 
rusty phyiiitic equivalents. 
Very rusty weathering, thin-
boddod, laminated, lirfnt 
coloured, vexy finc-jrair.cd 
quartsites and ax-jillaceoua 
quartsitosj ninor ar^illite; 
equivalent phyllitcs, pliyliitic 
quartaitoa and schists. 



FOLDING 

Leach (19o3 pp25v6) says -
Although Procarabrian and Paleozoic unconformities 

h:\ti Ion.;: boon known in the Purcoll i^onntuin:^ tho con
census was that tho major structures data frou a 
iMaso^oic orogeny which culminated in tho intrusion of 
tho granitic rocks (...). Precambrian deformation (now 
known on siratigraphlc evidence to bo chiefiy pro 
v/;Lnclern;oro and porhaps entirely so) had been considered 
to involve important uplift and probably tilting but to 
have produced only gentle open folds. (...) 

Tho recondition of the Precambrian c;:o of granitic 
intrusions at Koliroaring Creek, and of Precambrian 
motamorphism and intrusion nearer Kimberloy* sheds new 
light on the importance of Precambrian (possibly pre 
IVindermore) orogeny and? together with the Precambrian ago of lanprophyros in the Sullivan Kino (p 2>2) > points 
to specific Precambrian structures. Precambrian folds 
were not all largo gentle onos. 

However it remains true that most of the major 
structural features wore produced by tho llesosoic mountain 
building period. Tho Purcoll geanticline lying between the 
Kocky fountain Trench and the Xootonay Lake is related to tho 
Cretaceous batholiths which cut it. 

Leech believes that -
minor north trending folds with steep east limbs and 

westward-dipping a;d.al planes (that) characterize the 
segment of the fPurcell geanticline1 in and north of the 
•vimbcrloy area (...) are Precambrian and are older than 
tho •goanticlino1 on whose flank they occur. 
(Leech Ibid pp 2^6 and 2^7) 

FAULTING 
Regional fault patterns are shown Fig. II as inter

preted by Leech. (1962 b. pp 399.) A notable feature is a 

W 
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tendency for tho Northerly trending faults to cv/ir.̂  cast\/ard 
in tho Cranbrook Kiraborley area. Tho readers attention is 
directed to Fig. 1 whore it can bo soon that tho trend 
of the P.ocky Mountains (as outllnod by tho Kooton:--yv Z.v:s:,i~v 
Bull and Elk Kivors) swings wostorly into tho Tronch in tho 
saiso area. Thore is apparently a regional reversed S bend 
in tho Eiajor structures. 

Loech correlates the tfoyio fault on tho V/est of the 
Trench with tho Dibble Creole fault in tho Rocky fountains, 
and elves ovidonce for believing that it is the site of an 
ancient structure which has had renewed activity at various 
tiaos in the tectonic history of the area. 

Tho Kinborloy fault which cuts just North of tho 
Cuilivan Hino, brings Croston rocks into fault contact with 
the Aldridge mine strata. Striking East-West and dipping 
*r5~55 degrees north this normal fault lies across regional 
trends excepting tho eastward swing of other najor breaks. 
Although it fit3 into tho rovorso S pattern of tho area, no 
southerly trending portion has boon established, and no 
continuation has boon recognized in the Rocky Mountains. 

At prosont thore aro only rather vague indications • 
that tho Kimberloy fault nay bo an ancient structure, and 
thoy aro as follows. 

1, iiline geologists at tho Sullivan interpret tho 
ovidonce available on the intorsoction of North 



Easterly trending Sullivan typo faults v/ith '.ho 
iCinborloy broak, as indicating that thu Gulliver. 
typo faults displace tho Kimberloy fault. S o 
Fig. . Ko direct observation of thoso re
lationships is possible. 

2. There is some evidence that the Sullivan struct
ures existed prior to oro deposition because of 
tho changes in mineralization in the orebody 
that at times accompanies then. (Consolidated 
.Mining & Smelting Co. of Canada Ltd. Staff 195^ 
P 153) However there has also definitely been 
post ore movement on these faults which has 
brecciat«3d the ore* 

3. Dating of tho sulphides by load isotope methods, 
and by their relationships to a cross cutting 
ninette dike dated by tho Potassium. Argon method, 
gives Pre Cambrian ago, at least 76? million year:; 
old. (Leech C.B. & Wanless X.K. 1963 p 2?2.) 

Theroforc tho Kimberloy fault may bo older than tho 
Gullivan type structures v/hich probably had some pro oro 
•expression, and it fits reasonably into a regional pattern 
of faults v/hich includes a rejuvenated ancient structure. 

Hov/over, complicated renewals of movement on old 
structures is cloarly a common occurrence, so tho inferred 
cutting of the Ximbarley by the Sullivan typo faults may well 



bo duo to a late stare or movement along those bred-::;. It 
i:i not possible as yet to put a 2r.inir.us1 date on thia 
structure othor than It's probable activity in the l./j;:o::ci.c: 
orocor.y. "he earliest time of major, activity would bo. up;*'--*" 
I-'isrcoll because Kitchener - Siyoh formations have boon dis
placed by .the fault. 

The ecology of tho Sullivan ia.no has been described-
by Sv;anson C O . & Gunning li.C. (19^), Sv/anson (19^3) 9 and 
the Consolidated Mining and Smelting Co. of Canada Ltd. Staff 
• (195J+)» 2*10 Sv/anson and Gunning paper may bo found in the 
structural Geology of Canadian Ore Deposits 19^3 v,p 

published by. tho Canadian Institute of Hiining and. 
ISofcallurgy. 

A summary of tho geology of the nine as it relates 
to a study of lead isotope ratios carried out by the 

t 

Geological Survey of Canada, is presented by Leech & 
Y/anlosa (19<$3 PP 2V8-256). 

Tho following brief account is based chiefly upon 
tho sources mentioned, and tho writers own acquaintance with 

... t 

the nine geology. ; . 
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LOCAL GEOLOGICAL SEl'SING 
(h) .iVivrnofrvnvtl 

The Sullivan ore body occurs in a broad shallovr 
do.v.ical v/arp on the east dipping eastern flan!: of t'.-.o 
Ltasoaoic Purco 11 geanticline. Minor fold structures includo 
northerly trending sharp folds with the steep east liabs 
similar to those believed by Leech to bo of Pro Cambrian age. 
Shore arc also a few easterly trending folds. The orobody 
• is in the footv/all of the Kiinberloy fault and is cut by 
Sullivan type faults which trend North Easterly, dip steep
ly west and have normal displacements measurable in tens of 
feet. Shoy rarely exceed five feet in width, of,unconsol-
idated gouge vugs, and calcito. 

Co). Strati.graphic 
Stratigraphically the oro 2one occupies bods in the 

upper part of tho Lô or..Alclridge which comprises sou:e W,500 
feet of rusty weathering thin bedded, laminated, light 
coloured vory fine grained quartzites, argillaceous quart-
sites and minor argillites. (Rcesor 19?8 p6) Included in 
this thickness are about 1,000 foot of i'oyie meta diorite 
sills. 

The upper division of tho Aldrldge is 11,000 •{• feet 
thick, composed mainly of light grey weathering, light to 
dark grey quartzito with minor partings of black argillite 
and thin bedded argillaceous quartzito. At the top, an 



Upper arglllitc maabar 1,000 to 1,500 feet thick can bo • 
distinguished locally. 

Conglomerate, having intrafornatlonal cha'ractori'st-. 
ics has.boon observed to occur locally in tho Aldridgo. 
Kbocoz* (1958 p63) notes tho proaonco or conglomerate 
sihilar to that associated with tho Sullivan orobody in tho 
mountains near tho headwators of V/hito Creole and the Xiddlo 
Fork of Findlay Creek. Othor Aldridgo conglomerate bodios 
have boon noted by Schofiold (191? PP33) on Caiuoron Crook, 
a branch of tho Goat River, and by Rico (1937 p7) on 
ICootonay Kins Mountain. 

GENERAL GEOLOGICAL FEATURES OF THE ORE BODY 

An outstanding feature of the orobody established by 
tho v/ork of Sv/anson & Gunning is it's general conforaability 
to stratigraphic boundaries. It occurs within a single 
.stratigraphic zone 200 feet - 300 foot thick and has been 
cinod for about 6,000 feet along striko and ̂ ,£00 feet down 
dip. 

Certain aspects of the geology of tho orebody change 
near the intersection of tho 3900 foot elevation and it is 
convenient to think of tho nine as divided into a v/ostern 
section whore the orobody is abovo 3900 elevation and an 
eastern v/horo it is below. The eastern section is character
ised 'ay strictly conformable ore bands dipping & 30 to ̂ 0 



do^rocs cast* with littlo motasomatic alteration of tho 
r.:otascdi;uontary rocks. In contrast to this,tho western • 
orcbody shows numerous departures from straticraphic control} 
the dip is variable with flat areas soparatqd by at;;op 
pitches7 thicknesses of tho ore zone are highly variable 
over short distances and in general the aroa shows a much 
creator decree of disturbance than the oastorn part. In 
addition the v/ostorn area is characterized by massive alter
ation of footv/all rocks to a tourmaline chert, and chlorite, 
and of the hanging wall rocks to albitito and chlorite* 

EASTERN SECTION 

In a large area of the eastern section, the ore is 
jftrictly confined to certain definite layers separated by 
argillaceous beds, (See Fig 2 Ideal section). The nankins 
wall is formed by a graded argillaceous quartsite designated 
tho "I" (intermediate) siltstone, which provides a marker 
throughout tho area. Above "I" two other graded quartsites 
are recognized, which are designated "K" and "EU" respect
ively. Each of these beds has a moderately fine massive 
quartsite base which grades upward through siltstone and 
silty argillito to a thin bedded laminated argillite below 
the succeeding quartzite base. Tho laminated zones are 
locally mineralized sufficiently to bocomo ore in the region 
whoro the orebody passes above tho 3900 foot level. 
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Stratigraphic relationships of tho sulphide footwali 
are not as clear as those of tho hangingwall because no well 
defined markar horizon has boon traced throughout tho area* 
Tho hangingwall of the footv/ail conglomerate males s tho best 
reference piano, but is available only undor tho northern 
•half to tv/o thirds of tho orabody* Tho conglomerate v/ill bo 
discussed in detail later in the thesis. 

Tho motamorphic grade of the sedimentary rocks is 
generally low in tho groenschist facios. Original clay 
material has largely been converted to very fine sorieitc, 
and there has boon some recrystallization of quarts grains* 
Biotitc is not a prominent constituent, Within tho orebody^ 
local development of high temperature minerals has occurred* 
Biotito*, garneta scapolite, actinollto and ^j^L:, Vu have boon 
observed> the first two mentioned are occasionally quite 
abundant* Sedimentary textures are well preserved in all 
but the most severely metamorphosed rocks* 

WESTERN SECTION 

Tho brocciation, which is tho subject of this thesis, 
is mostly found in the Western section of tho mine aroa3 
closely associatod with -the characteristic features of 
disturbance, motasomatie alteration^ discordant ore foatures3 
and high metal"concentrations that distinguish this area. 
The oro in general loses the(excellent banded features that 



iw exhibits in tho eastern sectiona end becomes a contin
uous sulphide deposit from footwall to hangingv:all. Banding 
within tho oro is narked by layers of sphalerite and g;.l̂ r.a 
in pyrrhotitc* 2hls banding is often quite loasy «.-;.d di^-
<contir*uouo compared to that of tho eastern section $ but is 
thought to represent bedding features. 'The mineralisation 
of the laminated zones above "I11 nJP and MKU$f has produced 
( • I -

important ore bodies in this section* In some cases ore is 
continuous through the hanging wall marker beds, towards the 
south of the western area, most of tho ore is found in these 
upper beds and comparatively little below nIfl* 

Tourmallnization has altered great volumes of rocks 
• in the footwall of the ore zone into dense, dark coloured ♦, 
very hard cherty rock* lourmaline occurs as extremely fine 
needles replacing the sericite of argillite and silty 
"argillite. The quartz grains remain unaltered excepting 
around the edges where they are penetrated for short dis
tances by the tourmaline needles and knit tightly into tho 
matrix* Sedimentary structures and textures are preserved* 
Individual bods can readily be identified* A small amount 
of tourmallnization has occurred in the hanging wall rocks. 

Chlorltlc alteration occurs prominently in the foot-
wall and hangingwall rocks adjacent to tho orebody* Prob-

. ably the greatest development is connected with tho pyrltic 
portion of tho Iron zone*, a centrally located area which has 



a very lov/ content of load and zinc. Largo volurr.os of 
chloritisod rocks occur in the hangingwall associated with 
albitito. 

Albitito is found extensively in the ha:î ii-cv;;;llv 
and'to a much lessor extent in tho footwall. Albltc and 
chlorite often obliterate original bedding foaturos making 
it impossible to trace hanging wall markers ovor considerable 
areas in the western section, Stratigraphic rolations of thq 
hanging wall are often in doubt where they would be most use
ful in elucidating structure. 

A body of iioyle diorite underlies the strata beneath 
tho orebody. In the central part of tho mine area and to the 
cast it is apparently sill like and at a dopth some £00 fc-et 
below the sulphide footwall. 

To the west it becomes dike like and risos across 
tho strata, approaching within a few tens of feet of the 
orobody, then turns down forming an elongated dome west of 
tho orobody. 

Dikes given off by the diorite body havo cut through 
tho oro zono in places, but are no longer continuous in tho 
ore. On the contrary, fragments of diorite are found 
scattered in the sulphides in tho areas where tho dikes cut 
the footwall and hangingwall rocks. In general the dikes are 
extremely variable in attitude and thickness so that it has 
only boon possible to correlate three of then for any 

?*■■> ' ' ■' ■ ' ' 



distance in the footwall, and none at all in tho hangingv/all. 
Ono younger, 2. foot lamprophyne diko known as tho Lindsay 
dike has boon traced for several thousand foot in tho north
ern part of the oast section. It has been soon to cross cut 
a dike of Uoyio diorite. In the oro zono tho Lindsay diko 
is disrupted and it's continuation in the hanging wall is 
offsot. 

Leech (Leech & V/anless 1963 p2!?l) describes in detail 
an occurrence of a lamprophyro dike intersecting the D oro 
layer on which tho hanging wall segment is displaced soven 
feet out of alignment from the footwall segment. Fragments 
of tho dike appear in the 2$ foot thick ore layer, cross 
cutting the banding in the ore which lies parallel to the 
oro contacts. This is very similar to tho observation 
noted by Swanson & Gunning (19^5 p63). (Swanson 19*+3 p5) 

At one placo in tho mino, structure shows that a 
lamprophyro dike was intruded during the period of 
mineralization. This dike distinctly cuts heavily 
mineralized sediments in which pyrrhotite and sphalerite 
are tho main sulphides, and is itself cut by a layer of 
galena a few inches wide that follows a minor fault. 

Tho age assigned to the dike by Leech & V/anless, based on 
Potassium Argon dating, is not loss than 765 million years. 
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CHAPTER III 

It is fundamental to tho discussion of tho conglom
erate and breccia to shov; that they arc distinct ontitiosj 
therefore a description or tho conglomerate fabric will bo 
Civcn in tho first part of tho report. 

* 

The footvvall conglomerate has been a familiar rock 
type to geologists at tho Sullivan Mine for many years. 
Description of it are included in the papers on Sullivan 
geology, but sinco new data has accumulated rogarding it's 
distribution and relationships, it will be reviev/od in this 
paper. 

Pebble? s • 
Q 

The conglomerate is composed of fragments of 
argillite, silty argillite, siltstone and quartzito. No 
foreign pebbles, differing from tho Aldridgo rock typos havo 
boon observed. 

Kfatrtx 
Tho pebbles aro set in a matrix that varies from 

argillaceous to locally quartzltic. A mixture of various 
sized quarts grains and grit sized particles, very similar 
to that found in breccia has beon observed. Pebblo to matrix 
ratio varies from closely packed pebbles with littlo matrix, 
to scattered pebbles with up to 60$ matrix. It is likoly 
that tho amount of matrix is ofton overestimated because the 
pobblcs do not shov/ up v/ell unless outlined by pyrrhotite or 



bleaching. Generally, in the writers experience, a high 
pobblo-to-matrix ratio prevails. 

S'vnno of Pohblos 
There is a fair correlation between the cwu^ccition 

and the shapo of pobbloa. Argiinto end oilty arcillito 
pebbles are often laminated, tabular, and cub-angular, 
whereas the siltstonos and quartzites aro raoro massive, 
spherical and sub rounded to rounded. In comparison with 
Pottijohn's illustrations of roundness (p59 2nd Sd'n Scd. 
Eocks) thoy range from sub angular to roundod with perhaps 
the average shape being sub rounded. 

7.1. thlfi cation 
The rocks from which the pebbles were derived likely 

were-quite v/ell indurated because they are rarely bent or 
mashed. Also it is improbable that the siltstono and quartz-
it o pebbles could havo been derived from unconsolidatod sand 
bods. 

Slzo 
Most of the pebbles in the conglomerate are loss 

than an inch and one half in diameter, but occasional in
dividuals up to three inches aro not uncommon. Large 
bouidors aro unusual, the only accumulation exposed is at the 
baso of the conglomerate in 3917 Drift near 3911 cross cut. 
These boulders have well rounded outlines although they 



havo boon fractured. See Plato II. -Some largo tabular 
pobblos nino inches or so lone by 1-1J* inchos thick havo 
been observed, but are raro occurrences. 

Host of tho conglomerate is a massive body 
(Pettijohn 1956 pl?9) without bodding. It presents a 
uniform appearance in which thero are no outstandingly largo 
components. In 3917 Drift thero is a gradation from tho 
boulder sized components at the base, to normal sized con
glomerate at higher stratigraphic levels. Sorting of 
pebbles into lonses of coarser and finer sizes is not 
uncommon near the top whore there aro also intercalated 
lonsy beds of grit and silty argillite. 

Summarizing briefly, the conglomerate components 
are derived from rocks similar to the underlying sediments 
which had probably reached the stage of lithification of 
sandstones and mudstones. The pebblos havo not likely boon 
transported far, but have received a certain degree of 
rounding and sorting. This relatively orderly fabric stands 
in contrast to the unsorted chaotic fabric of tho breccia. 

Sulphides 
Pyrrhotlte is the most abundant sulphide present in 

tho conglomerate. In certain localities galena and sphaler
ite are present in quantities sufficient to make ore. 
Arsenopyrite and chalcopyrite are present in small amounts. 



Tho sulphides occur In a variety of w;»ys. In places 
pyrrhotito appears mainly to be disseminated in tho matri;:, 
in others pebbles may bo rimmed* or laminated, or composed 
entirely of pyrrhotlte. Occasionally sphalorito anU 
arscnopyrite pebbles are observed, 

Distribution of sulphides throughout the conglomerate 
is variable High concentrations occur usually with numerous 
pyrrhotito veins which are commonly associated with quartz 
and carbonate. 

It has been suggested that some pyrrhotlte laminated 
pebbles may have been derived directly from pyrrhotito 
laminated beds whore tho base of tho conglomerate cuts un-

■ . i ' 

conformably across them. Similarly, certain isolated 
pyrrhotito pebbles with no visible connection to voinlots 
have boon thought to be fragments of pre-existing pyrrhotlte, 
although no source is known. On the whole though, the 
evidence suggests that tho sulphides have boon introduced 
into the conglomerate replacing some matrix and some pebbles. 

Coy? » lorn or ate ► 
Location nnfl Shape 

t 

Location 
The position of the conglomerate body has been out

lined by isophachous lines. See Fig. 3. It underlies the 
\, northern two thirds of tho mine at varying distances below 
' tho sulphido footwall. At one time "a continuous body, it 



has been disrupted in places by brecciation and later 
faulting• 

T M carters \ 

xho fifty and one hundred foot isopach lines out-
lino a thiclc portion of the conglomerate body. Thore are 
thicknesses greater than 200 feet within this areat but 
intersections to the base are few, so no detailed contouring 
has been attempted*. 

Contacts 
^cEachorn (19l>l0 noted that the base of the conglom

erate marks a disconformity" (Swanson & Gunning 19*+5)* 
Studios and observations made since that time confirm and 
amplify this observation• 

At its south and west boundaries the body increases 
in thickness rapidly from zero to over 200 feet. From 
several intersections it is knovm that the conglomerate is 

i 
in contact' with sharply truncated thin beds of argillito, 
siltstone ana quartzite, Sections along latitude ll65'0 
and departure V300 show this contact cutting steeply down 
across some 200 feet of beds. (See Figs, **-, 5, & 6) The 
north and east contacts have not been seen, but the isopachs 
indicate thickening of the conglomerate which would require 
truncation of bods for its accommodation. Such information 
as can be found* indicates an eastern contact cutting 90 



feet or so of bods at 1+0 degree to the bedding. It appears, 
therefore, that the thick part of the conglomerate is con
tained in a basin with steep south and west .walls and a less 
stoop oast wall. 

Bang 
. Tho base on which the conglomerate rests is exposed 

in some of tho 3950 level drifts and footv/all doveloprncnt, 
and is seen to bo very irregular. Llasses of thin bedded 
sediments protrude upwards at least 100 foot into the 
'conglomerate. Tho edges of some of the thin bedded blocks 
appear cracked and broken with fragments falling into tho 
conglomerate, in othor places tho bedded rocks have sharp 
straight contacts. Bedding in tho thin bedded blocks is 
often inclined at different angles on either side of con
glomerate filled fissures. Many of these blocks of thin 
bedded rocks measure in tens of feet and are not ontiroly 
exposed. 

Tho impression given is that the bottom of the stoop 
walled conglomerate basin was strewn with huge blocks of 
thin bedded rocks and that a muddy gravel was more or less 
•poured over them. . , 

To the north and east of the thick part, the conglom
erate body extends over the edge of the basin onto tho 
surrounding terrain forming a psoudo conformable bod. Tho 
baso of this bed has been observed to have a disconforaablo 



contact. Tho bed has a lensc liko cross section from north 
to south. Tho boundaries show an east-v/ost elongation of tho 
conglomerate body. 

,>-?V-̂ -on o:C,con,rfl,wqprqfoT frnifUrm ̂ U , ^ S M I P W . ^ ■ t i w + t r * \ \ 
Around tho perimeter of the conglomerate body cxept-

ing stretchos at the south cast and north east, the sulphide 
footwall is in contact with th© hanging wall of the conglom
erate Centrally however, there are thirty to forty feet of 
bodded sediments separating the two. The reason for tho 
convergence of tho two contacts away from the centre area is 
not clear. It cannot all be accounted for by crosscutting of 
bods by a discordant sulphide footwall, although this is 
known to occur, because convergence takes place in the east
ern section of tho mine whore the footwall conforms most 
strictly to stratigraphic control. Furthermore, there is a 
convergence between tho conglomerate and the base of "I", 
particularly out towards tho North'West fringe. 

Tho hangingwall of the conglomerate may have been 
somewhat concave, allowing accumulation'of thicker deposits 
in the central area. 

BRECCIA. 

K£ story. 
Breccia was not mapped as a distinct coherent unit 

of tho Sullivan rocks until 1958. During the spring of that 
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PLATE V 
Breccia in the footwall 
towards the v/estern . 
fringe of tho mine •■'!.• 
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li aalyaio ::o. 

X 2 3 4 5 e 7 C 
V w ** 

./.' • 0 :i-' *• / ; 
2203 li.D. 
i:;:0 ?-*. 0.09 0.66 0.44 0.23 0.19 . 0.03 1.03 
r.'i C2 • 0-50 0.46 0.65 0.66 Ci.CC> 0.59 2.72 2 . / 0 
liA 20 o.yo OoO 0.20 0.23 0.19 1.55 7.60 2.65 
K20 i : i i 1.55 1.72 1.25 2.92 2.41 n i l . : , i i 
Oc 0 0.10 O.pu ■Tar. Tx*. 0.10 2.G4 5.05 C.50 
v j 0 0.25 0.40 1.90 2.o0 2.40 3.10 Tr . 5.90 
J?e2 03 5.co 4.Q0 10.34 10.60 4.35 5.45 1.62 15.60 
; j .2 03 11.50 12.20 13.05 14.05 13.00 I6.O7 1G.10 15.10 
S i 02 77.0 76.0 64.5 65.2 69.75 65.26 66.7 51.0 

* Aaalysoo by X-ray fluoroaconco and flono photonotor. U. of Manitoba 
Goolocy Dopt. X. Raulal aaalyot. 

ppnc^.rttlon of ■ samples 

(a) Toui-^aliniscd rocks and rocks a l tered subsequent to 
tourmalinization 

1 . "Chert" conglomerate, dense, dark and hard. Ko v i s ib l e 

a l t e r a t i o n . Minor amounts of sulphide minorals . 

JU - 65 - 27 3930 A Rse 8.S% sulphide 

2 . Tourmalinized breccia , donsc dark hard "chert" K 

feldspar and some mica present , concentrated along 

f r ac tu re s . 

JU - 6h - > 39120 D.N. 19.9$ sulphide 

3 . Dotourmalinized "chort" conglomerate f a i r l y soft with 
* • • • 

a few "chert" pobblo remnants. 
Rock resembles slightly altered silty argillito. 
JU - 65 - 2**- D-3 38331 SA 9.*+# sulphide 

h. Chloritisod "chort" conglomerate. Soft greenish grey 
rocks. Occasional chort remnant. 
JU - 6 5 - M * D-U- 33331 SA 17.5# sulphido 

http://Ci.CC


?. Soricitized conglomerate, soft light grey rocks. 
Strongly mineralized v/ith sphalerite and pyrrhotito. 
JU - 65 - 26 B-V 39-P-19 Hsc 37.7# sulphide 

(3) reference specimen, normal scdimonts. 
6. Silty Argillito collected by Scott. 

(Scott 195^ Table II \ 

From below the sulphide footv/all 
D.D.H. ^728 

(C) Feldspar and ugreon" dikes 
7. Tho feldspar dike is a white fine grained rock 

intruded into brecciated chert and found v/ith included 
fragments. It contains considerable amounts of pyrlto. 
Rutilo and ■ leucoxene are plentiful in tho fine grained 
matrix surrounding feldspar crystallites 
JU - 6h - 3 16.3£ sulphide 

8. Tho "green"dike is a fine grained green colored rock . 
intruded into brecciated chert and found as fragments 
broken in the ore zone. It has a texturo similar to 
tho feldspar dike but tho feldspars have largely been 

i altered to chlorite and epidoto. Textures have boon 
preserved by the rutilo and leucoxene which mark tho 
original fine grained matrix. Feldspar crystallites-
remain as cloar areas with occasional remnants of 
feldspar. 
J - 937 - 6h 7.6# sulphide 



yoar, the heading 3920 Drift was driven through rocks which 
;-Jppcared to be composed of a chaotic junblo of different 
sized rock fragments. A proposal that broccia or "chaotic" 
breccia bo recognized as a raappable rock unit v/as made at ' 
that tir̂ o, and subsequently largo areas of broccia havo boon 
recognised and mapped. The following description is of the 
chaotic broccia as observed in the footwall rocks. 

2hc rock is composed of fragments of Aldridge typo 
sediments varying from grit size to piecos measured in tons 
of feet. Bedded fragments are often wispy, twisted, and 
rotated with ends that appear to have torn rather than 
broken. Blocks of conglomerate are nixed in with bedded and 
massive ploces, and the v/hole appearance is heterogeneous 
and chaotic. Apparently much of the broken rock v/as in a 
relatively soft state at tho time of breaking. 

Matrix 
Tho blocks are now completely consolidated in a 

matrix of silty argillito with a plentiful sprinkling of 
fine grained quartz. Pyrrhotite'is disseminated through the 
matrix, and is also present in irregular veinlets that lace 
through the rock. Uuch of the breccia, both matrix and 
fragments, is now tourmalinisod. 



DISTRIBUTION OF POST CONGLOMERATE BRECCIA 

» . ■ i ■■■■!■■ i i > i i ■ m ■» — »■■ mi ■■ ii ■& 

Areas in which breccia occurs aro indicated in Fig 2 
~ou:.£~vics cro appi-oi.iiî ô for tho following reasons, 

1. tho breccia commonly grades outward from highly 
disturbed and wixed zones through cracked rocks into 
relatively undisturbed rocks. 

2. in some places the boundary zone occurs against 
pro conglomerate breccia and cannot bo distinguished. 

3. the breccia may be exposed in conglomerate areas 
where it can be distinguished when mixing has brought thin 
bedded blocks into tho conglomerate, but is othorwiso vaguo. 

The method used to place the outlines was to plot all 
clearly brocciated areas first, and then to plot all clearly 
non brocciated areas. The indefinite area between was. taken 
as outlining t h G breccia zone. Benefit of any doubt was 
generally given to unbrecciated areas, so the outlines aro 
considered to be minimal. 

Tho outlines are quite irregular and do not show any 
sharply defined trends. There aro two areas elongated in a 
north south direction, and another with an irregular cast 
west elongation, iiore clearly defined aro certain I'kocl" 
structures which aro closely associated with brecciation. 
Those structures are discordant downward projections of the 
sulphide footwall trending north or northwesterly, and 



frequently are paralleled by hanging wall folds v/ith steep 
to over-turned east limbs. (See Fig. 8) 

P. t y r. •;•■ .-•', r\ f v* ■-> c t r» q 

Srocciation has been traced froa the rocks belov; tho 
conglomerate through to the sulphide footv/all. Brecciation 
of the conglomerate is certain where blocks of conglomerate 
are disced with fragments of bedded rocks and vice versa. 
See Plate V//. Below the area of footv/all development, 
breccia is found in three diamond drill core holes shown on 
section Latitude 116^0 N (Fig.7 ) This breccia is a cross 
cutting foature, extending more or less vertically belov/ the 
orobody, and cutting the earlier breccia at the base of tho 
conglomerate. The vertical attitude is well illustrated, in 
tho south end breccia channels which are relatively narrow 
v/ith sharp contacts. • 

The interpretation of breccia extending downward to . 
considerable depth (Figs 5 & 6) is based on a projection of 

v«" information mapped in development hoadings, and the inform
ation available from diamond drill core from holes, four of 
which are indicated in Fig. 6. It should be realized that 
the outlines shown are quite highly interprative, increasing
ly so with depth, but breccia is found in the core down to 
the hangingwall of tho diorito sill. 



■ - * c. v n ,<*! c o p-:. c c: •» rr. i. n n 1; i o n 
iVhcn examined in thin sections, tho broccia matrix 

is seen to bo a poorly sorted aggregato of sand and silt 
grains ranging from 0.01 m.m. to 0.5> num., oach surrounded 
by a thin coating of tourmallniaod argillito. Tho vary fino 
tourmaline noodles ponotrato tho edges of tho quartz grains 
for a short distance, leaving the centres clear. Tho quartz 
drains arc sub angular to sub rounded, and although occasion
ally fractured they do not exhibit signs of crushing, shear
ing or raylonitization. Scattorod through tho sand grains are 
tourmalinizod chips of fine grained argillito and coarsor, 
laminated silty argillito. Quartz forms upward of 80/2 of 
tho matrix in places. Views of typical matrix are shown in • 
Plates IX and X.-

It is clear from the way that the matrix has been 
tourmalinized that tourmaline was introduced aftor brocciation. 
The broccia is not merely a cemented accumulation of 
previously tourmalinised fragments. Furthermore, fragments 
of all sizes (See Plates VII, VIII and XI) show deformation 
that indicates they wore relatively soft (untourmalinized) 
when broken. It is concluded.therefore, that a great deal 
of tho brecciation predates the tourmalinization process. 

f>y 1 vh.1 da f'.inora 1 s 
Although Pyrrhotite is by far the predominant 

sulphide mineral, it is not uncommon to find a few grains of 



chalcopyrite and arsenopyrito in pyrrhotite veins. Locally 
v;i-«hir. the breccia area, galena and sphalerito aro relative
ly abundant, to tho extent of making sub oro to depths as 
nuch ns 150 feet below tho sulphide footwall. 

Pyrrhotite is relatively much more plentiful in tho 
matrix than in tho fragments, so that oxidized surfaces show 
;.-,atrix areas-dark and fragments light. In many places 
pyrrhotito is so abundant that it forms the entire rcatrix.. 
In general however it is disseminated through the matrix in 
irregularly shaped blabs amongst the quartz shifts and in 
thin veinlets in fino grained fragments. Plate XIV 
illustrates these relationships. Note in Plato XII \kert 

Pyrrhotito has filled a small quartz lined vug between 
breccia fragments, and in Plate XIII thin veinlets of 
Pyrrhotite cut straight through the various mineral grains 
of the matrix. Clearly the sulphide minerals have been 
introduced aftor brecciation of the rock. It is also 
apparent that sulphide minerals aro partly if not entirely 
later than tourmaline. Tho ovldonce for this is 

1. Veins of sulphide minerals cut through 
tour&alinized rock. 

2. Inclusions of tourmalinized rocks within the 
sulphide vainlets are common. 

3. Sulphide grains cut across tourmalinisod quartz 
grain contacts• 

file:///kert


*+. Sulphido ninorals have textural relationships 
that indicate they formed later than muscovito and chlorito 
alteration of tourraalino "chert". 

y. Rarely, larger tourmaline grains are seen v/hich 
have boon broken and the cracks filled with sulphide min
erals. See Plates XX - XXIII. 

X Fol^snar.and. Muscovite 
The presence of feldspar in tourmalinized breccia 

was first noted in very thin voinlcts of micropcrthite. 
Zlscv/hore grains similar in appearance to detrital quartz 
but partly altered to muscovite wore suspected of being 
feldspar. Subsequently staining techniques using Hydro
fluoric acid etch and sodium cobaltinitrito stain confirmed 
the presence of potassium feldspars in. several specimens. 
Presence of plagioclaco feldspar is indicated by positive 
reaction to the rhodizonate test, but this cannot bo con
sidered to bo specific for the reasons outlined in Appondix 
A v/horo the staining procedures (Bailey & Stevens i960) are 
givon. 

.MsftTlhuftlon of % minerals 
The specimens that reacted positively to the K feld

spar stain showed tv/o types of distribution. On one fine 
grained specimen, very small grains of feldspar woro abund
antly sprinkled all over the etched surface. On others the 



stain was concentrated along certain fractures, with dc-
croaain^ numbers of disseminated grains av/ay fro/a the cracks 
There is a definite close association of feldspars with 

t 

sulphide minerals. Y/hero muscovito is in contact with 
sulphido minerals it always shows well dovoloped straight 
crystal outlinos to which the sulphides conform. Sulphide 
minerals often penetrate along the cloavago planes of tho 
muscovito books. Although K feldspar and muscovito are 
always closoly associated v/ith sulphide minerals, tho 
roverso is not true:- most of the breccia does not contain 
feldspar. 

The distribution of the feldspars shows that they 
arc not dotrital although they resemble tho quartz grains in 
siso and shape. In addition they do not show the alteration 
due to weathering that might be expected in detrital grains. 
2hcir presence would seem to be due to a potassium 
metasomatism. 

POST TOURMALINE BRSCCIATION 

Keel fitrnctnren 
Kool structure is a term applied by geologists at 

tho Sullivan iEino.to downward projections of the sulphide 
footwall below the general contact surface. In some cases 
this keel has the aspect of a rather thin vertical fin of 
ore passing downvTard into a vein, in others tho keel is a 



breed trough like doprcssion. Cne typo way chango to tho 
other alone strike Cross sections through some of these 
structures aro illustrated in Pigs. J-JJQ and in more detail 
in PiC.// They aro shown in Plan on Fig. 5 

Some of the keels are continuous for hundreds of 
feet, though they say be offset in echelon. Their strike is 
northerly with considerable variation. 

A definito displacement of footwall strata accomp
anies tho keel structures. On the two longest ones the 
strata west of the keel are down some forty feat with 
respect to the east. On some of the smaller keels displace
ment is in the reverse direction. Severe brecciation of tho 
rocks adjacent to the keel is commonly observed. 

Pigs.9 & !l show a keel which has been observed in 
come detail. The following facts seem pertinent. 

1. All sulphide contacts tightly adhere to the foot-
wall rocks9 on the discordant east contact as well as on the 
core conformable v/est side. 

2. Pyrrhotito veinlets anastomose through tho breccia, 
and where they.join the massive sulphides of the orebody no 
line 'of contact can be discerned. The vein pyrrhotito and 
tho orebody pyrrhotito are continuous. 

3. Galena laminations are found to parallel both tho 
discordant and tho conformablo contacts. Tho laminations 
which are of the typo usually thought to represent relics of 



soaiaoiitary bedding, arc vory nearly continuous around tho 
sharp corner at tho base of tho kool. Similar banding has 
boon soon in tho kool where it is quito narrow andvoinlike. 

h. "Chert" fragments aro found in tha main sulphide 
body, 

5. A green fine grained chloritized epldotized fold-
spar dike occurs in tho breccia adjacent to the kool. Tho 
dike surrounds t'ournalixiized fragments, and is found as 
fragments in the sulphides. A relatively unaltorod v/hito 
fine grained feldspar diko of similar texture and feldspar 
composition is found intruding the breccia olsowhoro in the 
vicinity. Plates YX& K&l illustrate the textures of the two 
dikes. Tho chemical compositions wore determined by x ray 
fluorescence analysis as shown. Kote that tho fairly high 
titanium content (rutile & leucoxono) is common to both. 
It is thought that they represent different stages of 
alteration of tho same dike. 

6. A displaced portion of tho green dike found some 
110 foot above tho sulphide footwall is illustrated in 
Fig. /3 & Plato XIX. Note that small fragments of the dike 
at tho broken ond aro surrounded by ore much richer in 

i 
galena than most of the adjacent pyrrhotite. 

Tho points listed above indicate that the 
touraalinizcd breccia wa3 rebroken and intruded by the 
foldspar diko, which was in it's turn broken at a time when 
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•The breccia was laced v/ith pyrrhotito veins. The main ore 
::one reacted in a contrasting plastic or fluid aonr.or* This; 
contrast in the rheologic properties of the sulphic.-; zone 
vill bo .discussed, in more detail prior to consider:^ 
brecciation in the ore zone. 
~'P̂ t, ,?on,r̂ r>JJn̂  alteration 

Alteration zones cut through the tourmalinlzed foot-
v/ill rocks in many places, the alteration effects varying in 
severity and in kind, ill Id alteration is often observed 
spreading out.to short distances on either side of fractures, 
removing the cherty characteristics of the rock and leaving 
it very similar in appearance to normal argillites and sllty 
argillites. iiiore,extensive alteration usually grades from a 
sorieitized or ehloritized central zone to mildly altered 
edges. Frequently in conglomerate, the matrix has altered 
core rapidly than the pebbles, leaving what has appeared to 
be "chert" pebbles in slightly chloritic silty argillite. 

In one broad alteration zone that cuts tourmalinized 
footv/all conglomerate on the *+250 level, the main alteration 
has been to chlorite, but pebbles have been selectively 
albitized. Albitization of pebbles has been observed to 
occur into the tourmalinized rocks for a fev/ inches beyond 
the contact of the main alteration zone. 

Very severe alteration has locally decomposed the 
tourmalinized rocks to a brovmish soft muddy material with 



I ' 

cisscuinatod ealcite crystals through it. 
Chlorite is the raost abundant alteration. Large 

vciu;:;0:s> of footwall rocks «*ra chloritiscd at the v/e&t end 
of tho iron zono. Boxmints. of tour&aline chert are cĜ cjuoaly 
found enclosed in the chlorite. Chloritic alteration "is also 
often found for a few feet below the sulphide footwall* It 
is a characteristic of much of the chlorite that it is 
associated with pyrite rather than pyrrhotite. Often the 
iron sulphide will bo pyrrhotite in the tourmaline "chert11 

but will be pyrite in the chloritiscd portion of thc.saac 
bed a few inches away. The chlorite is an iron rich variety 
with anomalous brownish and berlin blue interference colors. 

Sericitic alteration produced a light grey colored 
rock that has a bleached appearance in comparison to the 
darker-grey of normal silty argillitcc? and the green of the 
chloritized rocks. Strong alteration produced in places 
Muscovite crystals much larger in size than the tiny sericitc 
flakes. Associated with the muscovite in about equal 
amount is a chlorite mineralycharacterized by a light grey-
ish color with no pleochroisra, and low "birefringence with 
iio anomalous coloring. A.n x ray powder photocraph of the 
nir.oral showed a pattern closest to chlorito variety 
aphrosiderite 
L'C 1.0 Fe i'.2 ?e 6'A (Al 1.5 Si 2.5) 010 (OH) 8 
A.S.T.K 12-2^3 



A series of 5 specimens v/oro chosen to represent 
(I) .tourmaline chert; (2) chert v/ith minor development oC 

\ orthoclasv;; (3) mild alteration; (h) chloritic deration 
(?) n̂ .vonj coricitic alteration.' The specimens ;;oiv prepared 
for analysis by x-ray fluorescence and flame photometer 
method. The specimens v/ore pulverized* Sulphide minerals. 
uaro leached out by tho chlorine methanol method .described in 
Appendix B. The results of the analysis are presented in 
Fig. & Table 

The most notable chances accompanying increased 
alteration appears to be. a decrease in silica accompanied hy 

increased iron, magnesium potassium and manganese. Titanium 
is constant but sodium shows a slight decrease. Thcro is a 
markedly higher potassium content in the soricitized rocks 
than in tho chloritic rocks and about half as much iron. The 
lovrer iron to magnesium ratio is probably because of a loss 
iron rich variety of chlorite in tho sericitic rock. Eoron 
.content has not yet boon determined for these samples. A 
specimen of chloritizcd breccia fragment, taken from a keel 
structure show micro-breccias of chlorite flakes into which 
sphalerite,.pyrrhotite and quartz have been introduced. 
(see Plates XX & XXI) Tourmaline crystals are found in this 
chloritiscd rock v/hich are much largor than usual (possibly 
recrystalisod). Hany of those have broken. Chlorite fills 
the cracks in some, sulphides in others (see Plates XXII & 



™ho evidence 7 "both macroscopic and microscopic shev/s 
tnat a number of jcictasomatic minerals have formed after 
tour^alinisation of the footv/all rocks. Orthoclaso* and 
ru/." *v\*c havo forrx* where potassium has boon introduced* 
Chlorite has formed where iron;r.:asnesiu£Q and water have 'scan 

available* and albitization attests tho local availability of 
sodium.. Introduction of these materials into the tourmalin-
isc-d roclcs. has i-nvolvcd rebreaking tho breccias more or less 
severely, ilinor amounts of igneous matorial, the feldspar 
dikes, havo been found intruded into tho breccia. Keel 
structures have formed v/hore movement has been concentrated 
alone; linear zones5 with resulting vertical displacements of 
forty or fifty feet. The relationships of sulphide minerals 
and quarts to chlorite and micas, indicates that the formor 
pair vere mobile after the latter had formed and had been 
bent and broken. Tho sulphide minerals v/ore also mobile 
after tho igneous dikes had beon intruded. The nature of 
mobility in the sulphide zone will bo discussed in tho 
following chapter. 



CHAPTER IV 

5?ho term as used hero refers principally to tho 
various ore bands of tho Sullivan ore body but includes 
mineralized cones that would bo excluded by the teria ore. 
It should be clearly understood that tho term sulphide cone 
refers to their present composition and docs not imply that 
they wore necessarily sulphide soncs in tho same sonso at 
the time thoy woî o mobile. Descriptions aro phrased in 
terms of tho nobility of sulphide minerals but v/ith the idoa 
in the background that tho sulphidos ncod not havo ousted 
at that time in their present mineral form. 
1. •'.nb.lliftv oft r>ulr>hldo 7,onr,n 

Contrasting competonco between ore bands and tho 
surrounding silicate rocks is displayed in many relation
ships ana on a variety of scales. Somo of these have been 
mentioned previously in discussing brecclation of tho foot-
wall roclcs. 

Plates XXVI &. XXVII show areillito bods near tho 
harcin^wall of tho main band of oro which havo fractured 
whilst the sulphidos and thinner ar^illite bands havo deforc
ed plastically. Plate XVIII and Fig. show how displacement 
of hanging wall beds of tho KU ore zono on small fractures 
has boon accommodated hy flow in the ore band. She faults 
do not cut through tho ore zone. On a microscopic scalo, 



(Plat^ :C\IV a "XXVI) sulphides shov; continuity around brolccn 
ond~ of chlorite' flakes ♦. Plastic flow scorns a lees iil:oly 
explanation Tor nobility of sulphides in the nicrorrccciac 
than in the macroscopic cases. The closely Msoclri^ri:--
breeciated quartz which has penetrated the* raicrobrcccia to 
•the sar.:e extent as the sulphides most likely was mobile in 
solution. . 

Regarding the state of the ore zone and tho sulphides 
during the mobile period this opinion has boon expressed 
(CtU.&S. staff pplV8) 

Folding on a large or small scale is quite common9 and apparently continued during and after tho period of 
mineralisation because in places9 the sulphides follow tiny tensional fractures developed on minor anticlines 
while ciscv/hcro they show slickensides produced by 
clipping betv/eon beds during folding*11 

One example of sulphides penetrating tensional cracks 
is found in tho HO ore zone (see Fig. ) where an argillite 
parting in the ore broke,and was thrust*upward through tho 
ore sono. Sulphides in the tension cracks woro examined 
carefully and woro found to change^ in character from the 
fine grained pyrrhotite sphalerite mixture of the ore zone 
at the open end, to moderately course crystalline sphalerite 
and galena further in tho craclc then gradually hecoining 
quarts carbonate veinlets v/ith sparse sulphide minerals into 
the tail of the fracture. Cloarly the filling is not simply 
a plastic flow of ore into the fractures. 

Further to this point Wo should note that the 



sulphides have not always behaved plastically u^lor stress; 
as is shov.ii by some of tho younger faults of thv 1'v.Miv.?.:-.' 
type which have sheared through the ore none anil i:v •./hich 
b".,on' •. oi*e f moments have been'four;d below thv i;;l4/..-.uc JJ^t 
vail. 

Dioritc and othor igneous dikos that are found 
broliea up in ore ;:ones5 provide examples of sulphide mobility. 
Other than tho dislocatod fragments9 there is no record v/ith
in tho sulphides themselves of v/hcro movement tool: place, 
There is no shearing and no obvious flcv.' lineation. Fig. 
shows fragmentation of a diorite dike in tho v/cst central 
part of the main oro zone. Pig. just below it> shows the 
fragmentation of the minotto dike described by Leech (Leech 
and V.'anless 19&3 p2^1) and referred to previously on p. 
Note tho minor': thrust faulting with movement in the ssmo 
sense as that shown by the dike displacement, found in a 
iaminatod zone above the D sulphido band. The laminations 
carry disseminated sulphido minerals. The planes of thrusting 
would be imperceptible were it not for the presence of tho 
displaced laminations. Similar tightly healed9 practically 
imperceptible fractures are fairly common in tho argillaceous 
rocks in other locations. 

A feature often observed in connection with ore which 
surrounds displaced fragments, or penetrates cracks in them, 
is that thoro is a segregation of minerals into bands 



paralleling tho contacts. 7h\iz tho frampant of altered feld
spar dilce shown in ?ig. r<: Plate XIX has a concept: kvtio;Y of 
galena around itfs broken endv and the sulphide vclnlot:; 
perorating the quartz vein shov,n In Fig* & Pl.vto :-.v:;; ;.-•*> 
banded with galena and sphalerite. Koto also that mincralisod 
conglomerate has flowed toward tho eraclc in the quartz $ and 
that mineralized sediments have flowed around the fragments 
Ox quarts vein Fig, & Plate XXIX. 

It seems clear that the property of "flowing11 ivas 
not confined entirely to sulphide hands but v/as also present 
where tho ore zone consists of disseminated mineralization in 
silicate mcta-scdiments. Furthermore3 v/hatever was the means 
of transportation of the sulphide minerals it was often 
capable of depositing them in banded concentrations. 

In summary2 the sulphide zones show many evidences 
of having been highly mobile compared to the silicate beds 
but it is doubtful that the mobility v/as due to properties 
of tho sulphide minerals as they now exist. 
2. Brr*cflj.r, in the oro zonq 

Breccia in the ore zone is most clearly apparent in 
certain fringe area stopes. A good deal of the ore in these 
locations is heavily disseminated rather than massive. In 
part it is made up of slightly mineralized fragments in a 
well mineralized matrix. Cut off grade may occur where 

* 
fragconts become very numerous. 



/ c 

Gone of the oro sono breccias arc simply vrssto can::1s 
pulled apart, in places as a result of folding. '~".';-;;.o c:.:. 
bo readily reconstructed mentally. In other plr.ee:; co;:.;---l 
ciclocation and rotation of fragment's occur. Frequently «..■„• 
fringe breccias arc confined stratigraphically botv/eon fairly 
continuous hangingwall and footv/all bands. Ono such occur
rence is illustrated in W-7-30 stopo (soo Fig. ). 

Hero a continuous sulphldo band bolov? tho "I" marker 
bed 5 overlies a mineralized broccia zone, which in turn 
overlies the footv/all conglomerate. A sill like quartz vain 
has been fragmented in the breccia zone and is now surrounded 
by mineralised breccia. Sulphides penetrate fractures in tho 
: quarts. In tho samo stope, brecciated sediments aro found in 
a quarts matrix. Clearly, repeated brecciation has occurred, 
before and after the introduction of quartz. 

Towards the central area of the mine, brecciation in 
the oro sono may bo indicated by remnants of various typos 
and sizes of silicate rocks. Some fragments of argillite or 
chloritised argillite bands noar the hangingwall aro likoly 
pieces of tho regular v.*aste partings 9 possibly still in 
place. Other fragments are obviously displaced. Fragments 
of tourmalinized footvrall rocks, including footwall con
glomerate havo been found v/oll up in tho ore. 

Plato XXXII shov;s fragments of argillito (light brov/n) 
in massive pyrrhotito of the main oro zone as scon on an 
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o:cidi.2od vail of 39109 Drift • Soao of the fragment:; enclosed 
in rric.ŝ ivc sulphides reniain as heavily mineralised ghostly 
remnants. Strong development of rauscovitc is noted in r;or:o. 
Garnets, (variety spassartine-pyrop*a) are fairly co;,..t̂ v a;vl 
aetiiiclite and talc have been notod in places* A, tendency 
for fragments to bo rimmed by sphalorito and galena 
segregations has been mentioned before•..Tho fragmentc in 
tho ore aone have tended to react with tho sulphides. Higher 
grades of notanxorphism v/ithin the oro zone indicate- it was 
hotter than the surrounding rocks• 
3. K.?.r.r?in?. V/cill hro.ncla 

Hanging v/all breccia is most noticoahle in the 
elbitized rocks 5 particularly where white albitizod fragments 
are found in green chloritized matrix. Host of tho evidence 
of this breccia has been seen in diamond drill core, and is 
found to have a broad distribution in tho albitizod hanging 
wall rocks. 

Direct observation of hanging trail rocks is limited 
by relative scarcity of development headings above the ore. 
However? .mining of hanging wall ore has exposed considerable 
areas particularly in tho HO ore band. Normally this band 
is quite continuous and conformable, but it has boon involved 
in. breccia to d' hanclngv/o 11 structures. Two of thoso 
structures aro illustrated in Pigs. '9 & Jo. 

Characteristically tho hanging wall structures have 
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a steeply dippingj to overturned oast limb. Y'ost of this is 
an uov:ard projection of ore, and immediately v/cst or? the ere 
an ai%̂ a of broeciation :aay be apparent* Beyond *;.;:.': brceci:■•;-' I 
od area r.ero or loss normal hangincwall strata v/ith low dips 

i 

arc found. 
2ho hangingvall structures trend roughly parallel to 

the footv/all keels, and in close association with thca as 
shown in Pig* S # There is not however a direct coupling . • 
between thczw In fact, the H800 Departure structures 
(ceo fi£. (0) are in opposition so that the hansin^wall 
cones down where the footv/all cones up, producing an 
attenuation of the ore zone, just east of where Hanging v;all 
&z& footv/all diverge duo to the keel, and hanging-all roll, 

In one area this opposition of hangingwall and foot
v/all structure produced an attenuated ore zone only three 
feet thick, some forty feet east of~~a portion thickened to 
2?0 feet* 

Figure shows mapping of the wall of a sub-level 
drift which was driven into an area of hanging-wall breccia •* 
2he rocks hero have not "seen albitised. A good deal of 
sulphide liberalisation has occurred and shows as dark 
brown oxidised stroaks and patches (sea Plates 7JCCIII & 
XXXIV.) Iho breccia has.entirely consolidated8 and it will 
ho noted that the fragmented nature of the rock is rather • 
obscure v/horo pieces are not outlined by sulphide ninerals. 
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Mineralised chlorite breccia formed a portion of tho 
cro ;uincd in tho hanging v:all stopes shown in l?i:;. 1̂  • 
Largo fra^r.cnts of banded sulphidesP apparently tor;* :v:.v;.;; a 

i'hc :;itri:-.: cf th3 breccia contains dissc-ninitcd pyrrhstito, 
sphalerite and galena sufficient to raake ore. Above the ore 
is brocciatcd albitito with a chloritic matrix9 similar to 
tho spec-icons shown in Plato XXXV. 

\ 
Hanging wall beds have translated towards the centre 

of tho nine from tho north, west and south. The evidence for 
this is found in the displacement of tho hanging v/all portions 
of igneous dikes. Pig. IL shows the location of-several of 
those dikes in tho footwall of tho orobody. The arrows show 
tho direction of the conponent of displacement perpendicular 
to tho strike of the dikes. The displacements are clear for 
dikes 3j **■ & 5j out due to the irregular nature of diorito 
dikes 1 & 2, their displacements are not as certain. 

Diorito dikos have boon found in 'surface exposures 
some 300 foot above the hanslngwall which indicates that at 
least this thickness of rocks v/as involved in the transnation
al movements• Furthermorev albitito extends about the samo 
distance above the oro body and must- also represent a min-
iriui?* anount of rock present when brocciation took place, 
Riwnflrv 

> I I I I M ■'■Ml » l I M I H * 

■ I t i s not known v/hothor tho brocciat ion tha t affoctcd 



the • footv.all ever penetrated through the oro horizon into 
the L;\:iwin<;v/all directly. At least part of tho br. :ooiation 
of the oro 20:10 has Leon strati;;ranhicaily co;:fir;;* anf* duo 
to lateral :r.ovoaants. 2ho sulphide aono shov/u evidence or 
h^vinj been mobile v/ith an ability to f lov/ v/hen silica to 
rocks v/cre breaking* • * 

Foliation or keol structures may havo initiated 
vluapin^ of oro zone material tov/ard then, re suiting *n thin
ning of portions ox" the ore zone and synclinal bucking of 
the han^in^vvall* 2-Iangingv7all gliding on tho lubricated1oro 
sonc may then havo pushed tho west limbs of tho synclines 
eastward and upward v/ith final rupture and brceeiation. 
Such structures would be somewhat analogous to the roof and 
wall structures formed by gravity tectonicst(Harrison J.V. & 
Falcon K.L. 1936) modified by diapyric intrusion of tho 

• • •• ' . f. 
slumping mobile sulfido zone into tho fold crest* •' 
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PLATE ECVIII 
Movement on small fault in hanging/all has been 
adjusted to by plastic flow in ore band. 
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A similar occurrence napped at a different 
location. 
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•'..'he conglomerate basin ras forced during t/,.; latter 
pai-o ox* J.OV/0-* Aldridgo tiuo. It scorns to havo boon stoop 
walled} roughly circular and floored with large blocl:c of 
thin bedded rocks sirailar to thoso forming the walls. 

0?he problem of the conglomerate basin resolves 
primarily into two questions. 

(1) was the conglomerate basin excavated from abovo 
or 

(2) was it excavated from below 
?our processes that havo laoon considered capable of 

o>:bavating tho basin from the top are 
1. (a) erosion, either sub aerial or submarine 
1. (b) slumping and gravity gliding 
1. (c) cryptovolcanic explosion 
1. (d) meteor impact 
2v/o have been considered capable of removal of 

material froa below. These are ■'» 
v 2. (a) solution cavorning 

2. (b) magmatic stoping 
Considering these possible origins in turn the fol

lowing criteria scea applicable. 



Ciii) 2ho breccia has considerable vertical 
e:ctont and is not merely a veneer on a solid rod: base. 

Elicsc ■ criteria indicate that the conglomerate basin 
■v.»as not an crocional feature. 

1. Cb) Preconcolidation slumping and eliding are 
believed to be capable of producing steep walled depressions 
in both unconsolidated and consolidated sediments. "c.&y aro 
essentially lateral movements, and v/ould not be erpoetcd to 
form a pipeline breccia column. Breccias produced by gravity 
gliding aro described by H.A. Baldry (1938) as thick zones 
alon^ low angle slip planes at 7° to 10° to bedding, and 
extending for as much as several miles. 

Kindle and Whittington (1953) describe intrafcreat
ions! breccia forced by penecontenporancous slumping and 
sedimentation. Hugh blocks and boulders of shallow water 
sediments slid out over deep water sediments, at several 
different times. The resulting breccias attained thicknesses 
up to 200 feet thick, but oxtond parallel to the strata. 

1. (c) & (d) Cryptovolcanic explosions or crypto-
o;:plosions are described by Buchor (1935) as natural e:-:-



plosive1 structures related to î anrs and dlntronos. */l;:y are 
•atto;;:ptod but abortive boginising of volcanirr;;* in r- ::j*::".on» 
C?«:o structure is produced by explosion of cases v:v-.:..* h:l;-:h 
v̂oor-'.-ro ana without orctrusion of any ̂ m a ^ o c';t ;:.■;...!. A 
cryptovoleanic oxplosion if. shallow and strong is said to 
blov/ out an explosion basin filled tfith junibled rocks and 
surrounded by.a.ring of debris♦ If deep-seated weak and 
muffled it produces a done. 

Diets 1959 summarises soiae.of the features of 
i:CryptoeMplosion Structures" as follows:-

Cl) Circular outlines with radial or somewhat 
bilateral symmetry. 

(2) A central dome shaped uplift with intense 
structural derangement0 surrounded by a ring syncline and in 
so:ie casos by other ring shaped uplifts and depressions of I rapidly diminishing amplitude* 

(3) Complex hi^h angle and mostly normal faulting 
but with ainor folding. 

(**) Sheared, brocciated9 pov/dored roclc and sometimes 
♦ 

shatter cor.es In the central uplift. 
(!?) A variation in diameter from loss than one to 

greater than si:: miles. Dicta docs not thinlc that those 
structures are necessarily cryptovolcanic explosions9 but 
favours notoorlc impact as an alternative. 

The Sullivan structure resembles the cryptoexplosion 
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ĵ ti'iicU'iivo j.n co&ic poir^t^j the outline is r;;oro or lv:r:c 
cLv2\\l:*v.i c-.nd there is a domical structure $ 1;:.?.*'. *;; v.;, '■/.-:? 
flanl; c- tl;o Purccll geanticline. 2Iio come ic/ :;ct c! uvv.r 
rulr.tofl to V/.s ̂ yc-ccis colvtr.n., *;>v/; i:; closely :;j^ociuv^ -a 
spc;cc# 

Hot/over thrco aspects of tha .typical cryptoo;-:plcsion 
structure are Missing. 

(1) there is no known ring of debris. (This could 
have been eroded away during deposition of conglomerate.) 

(2) severe crushing, shearing and powdering of rocks 
are not in evidence (sea also Schroelc & Kallotlv 1933)• 

(3) Complex high angle faulting is not a particularly 
notable feature. 

Furthermore, both cryptovoicanic and meteorite ex
plosions are single calastrophic events which would offer no 
e:q)lanstion for subsequent brecciation. 

2. (a) Proceeding now to consideration of the second 
alternative of excavation from bolov/5 we"come to 2 (a) 
solution caverning. V/o find immediately a serious objection 
in that no soluble beds have been found in the Letter Aldridgo 
The nearest limy beds are found in the Upper Fort Steel 
formation under sose ̂ j500 feet of Lower Aldridgo. Creation 
of the conglomerate basin by collapse of the roof of a 
cavern does not seem probable. 

(b) There has been considerable attention in 



L'jĉ u'v. literature to the formation of breccia pipes end 
pebble coluaus ay a proceed of uag^atic stopin;;;. '..'.•...*..'; 
process is thought to act in tho following r.:a:*-..':r , ;.!•:.,j. '. 
U:ic.",:v pr.ŵ -.urvj in a r,>. g:.ia cha;.-.ber 5 begin;; to invade -.w's 
cover rocks along linos of weakness, possibly the intersection 
of two faults. Pressures in tho magnet will vary, and at each 
point of advanco there will, be surges of pressure followed by 
relaxation. With each surge of pressure fracturing occurs, 

• ana with relaxation the fractured rock falls back. A column 
of breccia builds up in advance of the invading laagina. 
Brecciation at the advance, end of the.column ir,ay consist 
ucroiy of fractured rock, and gradually downward COCGLIOS more 
cci^iiinuted» rotated and mixed. Good reviews of Breccia and 
Pebble Columns and LSinaralizocL Breccia Pipes are given by 
Leonid Lrynor (1961) and Vincent D. Perry (1961). 

Perry states that "repeated magraa advances at 
various points, and resultant slumpage in the chinncys would 
eventually extend tho breccias to or near tho surface". He 
further suggests that collapse to surfaco would likely occur 
during a period of withdrawal of aagraa. 

i Leech (G.3.C. Papor 6^-1 p30) reports diatremo 
breccia colurans occurring in the P.ocky fountains. Ec has 

i 

this to say (Leech personal communication) 
At the highest levels the rock is fractured but not 

displaced. At a lower level the rock is brecciated with 
sc:̂ e rotation of fragments, then brecciated and contain
ing "foreign" but local sedi&Gntary fragments, with an 



.i:\eroa ;:;c in tac proportions or matrix and a r«*<## r.-f 
;:*?;•.;•;'::>nt shapo.'-: hrom .vn̂ ular to partially ro".-.".̂  V.;.' 
abrasion* An i:roor;*ont tfcr.it is that ovc„" a <y .'.. ..*,*. .. \erticul runj;o the . fragment-::X rock looks IJ./;:' & a;~p*,& 
botv:ocii a toe tonic breccia -•• **an unsortcv &*• p*^**^/" 
cor tod conglomerate, v.has-* /*-<*-r;rr.arits oorrvlarfe w^y^M' 
local •cc.vc;tiri".*.,rohic GUCCC^#*4UBU. At *still lc*w-«c i£e&»-6&t; 
cfco cor./;j.o.-oratic inspect increases because matrix (silt, 
sand and pebbles) increases, more fragments arc sub-
rcur.vT.cd or suban^uiar and because rounded pebbles or 
cobbles of igneous or metamorphic 'rocks appear* Tho 
latter' arc rounded by abrasion in their passage through 
tho pulsating column of brecciated rock, 

and elsewhere 
froin-; deeper the igneous components increase and also 
dykes may appear. The point'is that a groat depth of 
breccia has no igneous material. 

This process appears to be one capable of producing 
tho conglomerate basin during withdrawal of stagiid from be
neath a breccia column which had approached sufficiently 
close to tho surface to permit collapse* It is also a 
recurrent process which can be called on as a cause for 
later periods of breceiation. Following tho classification 
■proposed by Bryncr (1961 p**91) tho pre. conglomerate breccia 
would bo of the- pro hydrotnormal typo* 

Subsequent to tho formation of tho basin, it was 
filled with conglomerate. The pebbles originated from 
Aldridgo type sediments similar to those forming the walls 
cf the basin, but clearly if the basin existed as a hole in 
the rocks, it could not at the same time provide the material 
to fill the hole* Tho pebbles thon, were derived from fairly 
roll consolidated rocks outside of tho depression but at no 
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Z-^zt distance. Other fragmental rocks were b;:ir:;; forced at 
about the ^amo tiriCy and are r.cc; found in local *:/;•* val-.*':• i?.v., 
at or n::ar the Lov;er~uiddlc Aldridsc 'contact at vr.s-:! ■•::::;• ';.'...' •:.*.; 
in t':v: district* .,:.;..'_ 

2ho preconglomerato breccia blocks seem to have booa." 
fairly well consolidated, Judging from rectilinear out linos .. 
and lacl: of folding in cost of those observed. If the 
deduction is correct that the surface layers v/oro relatively 
hard? and were suffering erosion in placos* -chon the Lov/or-
Liiddlo JMdrid^c contact may marl: a surface of relative 
uplift^ lacl: of deposition and local erosion. 

If in addition, the proeonglomerate basin-is assumed 
to have forced "by na^matic action, there is an implication 
that the generation of ma^ma had begun v;hilo the area was 
still rocoivins sediments. Perhaps this indicates that the 
igneous activity of the island arc system bo^an- long before 
the fetation of prominent islands. Co-iceivably igneous 
intrusion beneath the deltaic v/edgo had blocked subsidence 
of the area during the latter part of lov/or Aldridrro time 
causing a period of non deposition. Relief of pressure in 
the ma;;ma chamber indicated by subsidence in the breccia 
pipe may have been of regional significance in promoting the 
subsidence interpreted from Upper Aldridge sedimentation. 

A period of quiescence is probably indicated during 
the time of deposition of the mine series sediments, but 



downward adjustments may have made a concavity in the hanging 
wall of the conglomerate• This could account for tho forty 
foot or so of sediments between the ore zone and the central 
part of the conglomerate, that are absent around the edges. 

Post Conrlomerato Breccia 
Post conglomerate brecciation in the footwail is 

essentially a vertical disturbance. Conglomerate fragmonts 
have migrated downward in the chaotically mixed breccia. No 
great shearing stresses are indicated. Quartz grains in the 
matrix have not been crushed. Torn and twisted blocks and 
fragments suggest failure in tension rather than compression. 
The breccia matrix may have been rheomorphic in the sense 
used by Goodspoed G.E. (1953)* It is certainly very 
pervasive through the breccia, and in places there are rather 
large volumes of matrix with only a scattering of small 
fragments. 

One visualizes the brecciation process grinding up 
the rocks, especially friable sandstones, into a slurry v/hich 
would have a mobility much greater than the whole mass, and 
yet would tend to float large blocks, and facilitate the 
mixing process. Some of the narrower sharp walled breccia 
zones that are observed, (particularly towards the south end 
of the mine) may bo true rheomorphic breccia dikes. 

Whero post conglomerate brecciation cuts pre conglom
erate breccia, it is practically impossible to distinguish 
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ono from tho othor. This poses tho question "why postulato 
two stages of brecciation?" Perhaps ono post conglomerate 
period of brocciatlon could have produced tho irrogulur base 
of tho conglomerate. Tho most convincing evidence that soao 
of tho breccia precedes the conglomerate is that the top of 
tho conglomerate is undisturbed over some of tho largost 

: irrogularitios of the baso, yet is disturbed and disrupted 
in areas of second brecciation. 

Post conglomerate breccia outlines tend to bo elon
gated rather than circular, extending across tho boundary of 
tho precongloraerate basin. This might be due to thoir having 
boon formed by different processes, but is more likoly due to 
a ronowal of intrusive activity. A different shape of breccia 
column could be expected due to changed conditions. Tho 
pre conglomerate breccia is thought to be due to collapse to 
surface of relatively well indurated rocks, whereas the 
lator brecciation Involved buried but still relatively soft 

:
; rocks. 

• Tho upward extent of this brecciation cannot be de-
tormlned. Tho foot.wall breccias are now separated from those 
in tho hanging wall by tho ore zone. If a straight through breccU 

zone existed it is now effectively disguised, which is what 
one would expect due to disporsal of fragments by ore zone 
nobility, and thoir destruction by replacement. However it 
cooms equally possible that the bra zone was not penetrated, 
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hut absorbed brecciation movements in the samo mannor that 
tho smaller ore bands,absorbed fracturing and displacement 
of their wall rocks. 
fifrl.-'.t.tonr.M.p ftf ...Imftonfi. ,wockg..to .brorcta 

Igneous rocks are not found us definite fragments in 
tho breccia except where tho various dikes are found brokon 
in the ore. It is known that some of the minor dikes wore in
truded into brccclated tourmaline chert and are therefore 
later than tourmalinization. Scott (195*+) presontod evidonco 
that the hornfels alteration adjacent to the diorito sills 
preceded tourmalinization. One lamprophyre dike Opt in FigJUS) 
is known to have cut the diorito sill. It is younger than 
the dirrite but older than some of the movements in the 
sulphide zone. 

Igneous activity associated with a renev/od period of 
brecciation is indicated. Just as there wore periodic 
repetitions of brecciation, so there were successive inter
vals of intrusion. 

Diorite dikes which are apophyses from the sill aro 
found in outcrop some 300 feet above the ore zone. If Scott's 
conclusions are correct, v;e may assume that the ore zone plus 
an unknown thickness of sedimentary cover (exceeding 300 ft.) 
was in place before tourmalinization and the succeeding 
brocciations, and metasomatic events. 

A peculiarity of tho feldspar dike is that it ex
hibits vory irrogular contacts in tho footwall broccia, but 



whore found well up in tho oro zono it is narrow and straight 
sided. This is taken to indicato intoruptod development of 
vortical brocciation in tho ore zone. Kov/over thoro aro too 

i 

fcw observations of dlkos in tho oro zone to allow any 
general conclusions regarding the nature of tho wall rocks. 

Brocciation in the sulphido zono appoars to havo had a 
different character from that in the footwall. Wheroas tho 

i 

footwall brocciation involved mostly vertical movement, tho 
oro zone broccias indicate lateral movement. It is postulated 
here that the ore zone had plastic characteristics compared to 
the relatively brittle footwall and hangingwall rocks. Tho 
reasons .for tho plasticity are not known, but they seem clear
ly to be related to the presence of the sulphides. Without 
entering into the current controversy on syngenotic versus 
hydrothermal origin; there seem to bo possible explanations 
frosi either viewpoint . 
j (1) Th<» syngenotic protore was in a plastic colloidal 

state prior to crystallization, able to attain stability with 
it's cover duo to it's high density, or 

(2) The sulphido zono consisted largely of clays that 
became thixatropic due to the Introduction of hydrothermal 
solutions during tho process of mineralization. 

The presence of some footwall breccia blocks in tho 
sulphide zone might possibly be attributed to floating of tho 
blocks into a plastic sulphide zone of high specific gravity, 
but the devolopmont of higher grade metamorphic minerals 
in the sulphide zone and ovldonce of roactlon botweon 



fragments and ore, suggest that the zone was hot and 
chemically active. ' 

Regardless of the composition of the sulphide zono, 
it is thought to have s?ucped towards the keel structures, 
initiating sliding or the hemglngwall beds, and resulting la 
the formation of tho hanging-rail structures with their 
attendant brecciation. Sulphides then permeated certain 
portions of the brecciated hangingwall. 

It is not thought that the ore zone and hangingwall 
breccias happened in one catostrophic event. On tho contrary 
there is the evidence that quartz was Introduced after one 
period of brecciation «.'id priior to another. In the hanging-

i ■ 
wall, nlbitite is occasionally found surrounding argillaceous 
fragments as well albitized fragments being found in a 
chloritized matrix. 

The post conglomerate brecciations with.their assoc
iated alterations fit rather nicely into Brynorfs classif
ication of cohydro-thormal type. This indicates a chango in 
the nature of "the magma during the quiescent period following 
the development of tho conglomerate basin. Conceivable 
during this time, hydrothermal solutions had separated from 
the magma, and had accumulated in cupolas such as is 
envisaged at the base of the breccia column. 

Tho literature concerning breccia pipos shows that 
they commonly occur in groups relatod to a common structure 
or /set of structures. There is evidence that this holds 



true for tho Sullivan breccia. 
A short distance to tho south west of the orobody 

drill holos encountered a thick conglomerate breccia body 
below tho arch in the complex diorite sill. This body is 
apparently sharply discordant with the enclosing bedded 
sediments. It does not have associated tourmalinization, 
chloritization and albitization and is therefore of the 
pro hydrothorraal typo. 

South of the mine about one mile in the Mark Creek 
gorge is the Stem Winder sulphide body. This steeply dipping 
lens is discordant, stratigraphically lower than the Sullivan 
ore zone in a synclinal structure. The mineralogy of the 
sulphides is very similar to that of the Sullivan ore. 
Conglomerate and breccia have been mapped in the v/all rocks 
v/hich have largely been converted to tourmaline "chert". 
At least one inclusion of conglomerate in the sulphide body 
is shown in the mapping. This occurrence overlies the 
diorite sill but the lowest point so far'explored approaches 
close to the sill. (Consolidated Mining and Smelting staff 
report, private file). Surface mapping about the Stem 
Y/inder and to the south, towards the North Star Mine, records 
a mixod zone consisting of thin bedded rocks, conglomerate, 
and massive sandy rocks in a disorderly mixture. "Chert" is 
found in this rock as irregular stringers. The descriptions 
of the rock strongly suggest that here is another 
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cohydrotheraal breccia, extending into closo association with 
tho conformable North Star orebody. Fig. shows the relation
ship botv/ocn tho threo orcbodios. Thoir North South a liniment 
strongly cuggosts a cosr-ron structural control, and by infor-
enco^ a structure controlling the location of broccia formation. 

IN. oTiCiAHY 
Brocciation of largo voluiaos of rock has occurrod, 

below, within and above tho Sullivan ore body. Two main 
stages of brocciation are recognized. 

. C D Proconglomerate - •prehydrothorcal • 
(2) Postconglomerate - cohydrothermal 

Collapse to surface above a breccia column formed by magmatic 
action is considered to bo the most satisfactory of several 
explanations considered for the proconglomerate breccia and 
conglomerate basin. 

Post conglomerate brecciation wan not a- single 
catastrophic ovont, but occurred at intervals punctuated by 

(1) diorito intrusion • 
(2) boron metasomatism 
(3) introduction of quartz 
(*0 potassium and sodium metasomatism 
(£>) chloritization 
(6) introduction of sulphide minerals 
(7) intrusion of minor igneous dikes 

Tho order of events is in general as shown above, but over
lapping, repetition, and interaction of processes is believed 
to have occurred. 
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Conglomerate pobbles, and fragment in tho pro 
conglomerate breccia wore dorl\*ed from fairly well consol
idated lower Aldridge sediments which were probably indurated 
to the extent of being sandstones and mu.dstonos. 

Other fr&graontal rocks are found at approximately the 
same stratigraphic horizon. A thick discordant conglomerate -
breccia body has boon drilled below the diorito complex a 
short distance vest and south of the footwall conglomerate 
body (sco Fig. ). Tho discordant Stem Winder ore body v/hich 
is minoralogically similar to tho Sullivan, occupies a brccc-
iated zone about one rails south. It is stratigraphically 
lower than the Sullivan, but still above the diorito complex. 

Rocks described as the mixed zone are mapped between 
the Steal Winder and the conformable North Star ore body. The 
mineralogy of tho North Star deposit is very similar to that 
of the Sullivan. 

Lead isotope ratios in the three deposits are vary 

similar. So are those ofother deposits in tho Aldridge. 
Age of the Sullivan leads deduced from the lead isotope 
ratios is 1,250 million years. (Leech and Wanloss 1963 
pp266). 

Brecciatlon below tho ore zone was mainly by vorical 
movement, that in the ore zone was at least partly duo to 
lateral movements. The plastic nature ..of tho sulphide zono 
may have blocked tho vertical development of brecciatlon and 
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is thought to have allowed slumping"of tho sulphido zone and 
sliding of hanging?/all beds. 

Collapso to surface forming, tho conelomorate basin is 
conceived of as happening v/hon magmatic support v;ac withdrawn 
from beneath a breccia column that had approached surface A 
period of subsidonce and renewed sodimentation i£ relatively 
deep v/atcr followed during Middle and Upper Aldridgo tine. 
She second or postconglomorate stage of brocciation began 
apparently while the now sedimonts wore still quite soft to 
judgo from tv/istod and torn fragments. 

She prcconglomorato breccia preceded metasomatism 
and therefore fits Bryncr's class of pro hydro thermal broccia. 
Tho post conglomerate breccia is closely associated with 
□ctasomatic events and igneous intrusion fitting Brynor's 
class of co hydrotheraal broccia. It seems reasonable to 
assume that brocciation, hydrothormal activity,' diorito dikes 
and minor igneous dikes originated from a common parent magma. 
Concentration of hydrothormal fluids, during the quioscont 
period, in tho cupola that is envisaged at tho base of the 
breccia column is to be expected according to classical 
theory. 
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SPECULATION OIJ RELATION 0? BI-IECClA TO TECTONIC SETTITIG 

Socking a plausible correlation of tho breccia 
phenomena with their tectonic setting v/ould seen to be in . 
keeping with current emphases in economic geology. Tho fol
lowing thoughts'are in many cases nearer to being queries 
than statements. . 

During Purcoll tine the area under consideration was 
part of tho continental sholf receiving sodiraonts from tho 
distant eastern craton. Evidence of orogonic uplift and 
formation of islands is found following the extrusion of 
basaltic iloyio lavas at the end of Lower Purcoll time. 

It has been suggested previously in this papor that 
in lato lower Aldridge time there was a pause in sedimentation 
during which the surface layers became fairly well consolidat
ed. Igneous intrusion into the wedge of clastic matorlal 
is believed to have approached surface at this time, pro
ducing breccia columns. Uplift v/as sufficient to allow local 
erosion of pebbles for tho scattered deposits of conglomerate. 

Y/ithdrawal of magma from the magma chamber allowed 
the breccia column associated with the Sullivan to cave to 
surface. There followed a period of subsidence and renewed 
sedimentation that formed the Upper Aldridgo series. 

Igneous activity v/as resumed with tho intrusion of 
diorito and brecciation of tho still relatively soft rocks. 
Hydrothoreal solutions that had been collecting in the 



!0 

cupolas of the magma chamber during tho period of ignoous 
quiescence, were introduced into tho brecciated roclcs during 
tho cohydrothormal breccia phase. 

Subsidence of tho aroa slowed so that by Crecton 
time shallow water features wore again being formed in the 
sediments. 

Intrusion of diorite from the parent inagna chamber is 
conceived of a3 an intermittent welling up of magma into tho 
downwarping Purcell sediments along an incipient island arc, 
finally culminating in a breakthrough to surface with tho 
oxtrusion of Moyio lavas. (See also Looch and Lowdon 1963 
p2W. , 

Kills 1963 (p372) suggests that "sills require 
1 

magmatic pressure sufficient to lift the overburden* and 
honce that they are more appropriate to shallow crustal 
depths". This would suggest that any given poriod of 
intrusion there would be one general depth at which the magma 
would form sills. A repetition of sills at various 
stratigraphic levels such as is found in the Purcell, may 
well have been due to successive intrusions. If so, the 
stratigraphically higher sills should be progressively 
younger. They might also show progressive shift in remanent 
magnetism. 

Hunt (1962) presents potassium argon dates that 
indicate Purcell plutonism extended over a period from 
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approximately 1,?S0 million to 1,000 million yoars a^o, a" 
interval equal to tho whole of Phanoroaoic timo. Acid 
igneous intruslvcs in tho St. Llary Lake - Xlnberlcy area glvo 
ages botneon 700-800 million years. Tho zninotto dike, broken 
by movement in tho oro sono is datod at not loss than 76$ 

million yoars. 
Tho area in v/hich Purcell dlorltes aro found is 

co-cxtonsivo with tho exposure of Purcoll sediments, indicat
ing cxtonsivo proportions of the parent magma. This body could 
well bo co-extensive with tho -silver lead zinc metalogenetic 
province.in the Aldridgo ago rocks, that extends from 
Couor D'Alono to Kimborloy. 1 If this magma was indeed an 
oarly foaturo of tho formation of an island arc system, it 
might wall bo an invasion of tho crust by mantle material 
Csco V/llson J.T. in Jacobs, Russoll and Wilson 1959 pp298 
and 299). This v/ould ba in accord v/ith tho theory that tho 
loads acquired their isotopic composition in an environment 
with lov/or U2^ /Pb ratios than aro found in tho crust. 

Let it bo said again that tho foregoing discussion 
of tectonic relationships is speculation, perhaps not 
entirely idlo. 

Much moro information lo noodod• Tho following aro 
areas of study that could yiold desirable knowledge. 

Cl) closer dating of individual diorito sills, and 
information regarding their roots and method of outplacement. 



(2) Dating of the potassium metasomatism to 
detormino the age of cohyrotherraal brccciation. 

(3) Thorough study of the occurrences of conglom
erate and fragmontal rocks of the Aldridfjo to assess their 
origin. 

ih) Determining criteria for distinguishing pro 
Cambrian structures. Of particular interest would be 
structural control of brecciation. 

Respectfully submitted. 

D.E. Jardino. 
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