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BnECCTATI0N ASSOCTATED WITII THE SrfLLtVÁJi OnEBODY - KIMBERLEY, B.C.

"4bstract

]-].I_

Sulliva¡r orebody.

rocks and to a

Large voLumes of breccia are associated with the

They are found in the foot-wall rocks, the hanging-wall

lesser extent i¡ ühe orebocly itself.

Brecciation I¡Ias an interrnittent processo The following periods

of activity are recognized.

1" Pre-conglorerate - pre-hydrothermal period

.2o Post-conglomerate - co-hydrothermal period

(") pre-tourmalinization

(¡) post-torrnralinization

(pre-hyd.rother¡na1 and co-hydrotherrnal are(I96L), in his classification of breccia
used here to indicate oregenesis).

terms u-sed by Br¡rner,
colurn'rs" They are not

?he pre-conglomerate pre-hyd.rothermal brecciation took place

during Aldridge üine. It is lnterpreted to have formed in a breccia
colunm in erlvance of a magmatic intrusion" the colurcr had progressed.

upward near to the surface existing at that tine, when subsidence of
fhe colu¡¡m resulted from withdra.v¡al of magma at the baseo A corlapse

of surface material followed, forming a steep r¿alled basin sorne üwo

hundred feet deep, floored with large blocks of rubbleo The basin was

subsequently fiIled. to overflor,ring by conglonerate; The rubble blocks

and conglonerate pebbles v¡ere derived fron sedimentary rocks which had,

been lith-ified to mudsùones and sandstones. The rubble found underlying
the conglorærate is designated pre-conglomerate pre -hsrothermal breccia.
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A pause i¡ breccia.tion occurred during the deposition of the con-

glonrerate and an u¡knotrn thickress of other sed.imentary beds. lühen acti-
vity resumed, wide zones of chaotically nrixed breccia were formed which

cut through the previous breccia, the conglomerate, and overlying bed.s

at least to the foot-wall of the ore zone. Twísted ard. torn fragments

found in this breccia j¡rdicate that sore relatively unconsolidated sedi-

nentary rocks were involved"

ïntroduction of pyrrhotite as disseminated blebs and grains,

chiefly in the breccia matrix fo11owed, or was cont,emporaneous with this
period of breccíationo Tour¡nalinization of boüh matrix and fragments

also occurred.

A post-tour¡mU¡e brecciatÍon of foot-raIl rocks is recognized.

Moverient seens to have been concentrated along naï?orrer zones than those

of the chaotie pre-tournaline phase" passage of netasomatic agents

through these breaks alüered large volurnes of ùourmalinized rocks to
chlorite, sericite, and. albite. \Iertical displacements of forty or fifty
feet between adjacent large blocks of fooù-¡all rocks have fornred linear
breccia zones. I{aterial fro¡n the ore zone flor¡ed in, engulfing sone of
the tournaline chert fragmenbsr and forming foot-wall keel structures"
ivtinor amounts of fine grained igneous material have been intrucled into
the keel breccias, and are also found as fragments in the sulptrides.

MaterÍal of the sulphide zone is shown to have been quite mobile

cornpared with the surrounding sedimentary rocks ard alteration products.
i'luch of the breccia found. in the ore appears to be d.ue ùo lateral move-

nent of mobi-le maüerial. The lateral movement of the plastic material



llas initiated by vertical movement of the foot-r,¡alI rocks as the keel

breccias formed.

There is eviclence that hanging-waIl rocks at least three hr¡ndred

feet thi-ck moved from the perimeter of the ore zone toward the centre.

Hanging-wall structures are characteristically northerly ùrend.ing folds

with steep east limbs, low angle west 1imbs, a¡d brecciated crests. The

folds are associated with the keel structures but are opposed in the

direction of displacement. The result is that there is very marked

pínching a¡d swelling of the ore zone. Sulphide naterial has penetrated.

the brecciat,ed crests of sorne of the anticrinar structures"

The igneous int'rusíon responsible for the deformation may harre

been derived from the earthts mantle during a period. of incipient islan¿

arc forrnation. A pause in the intrusive activity between the pre-hydro-

thermal and co-hydrothernal stages of brecciation, altowed time for
differentiation to ta.ke place in the magma, and for volatile maüerial to

accumulate" Later resumption of intrusive activity resulted in the co-

hydrothermal stage of brecciation, and the intnrsion of diorite si11s,

curminating finalry in the exbrusion of ivloyie andesi_be lava.
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AN TNÏtrSTTGATION OF BRETCTATTO}I ASSOCTATED

i{ï1ïl TftE suLLIvaN oREB0DT AT Kn,TBERLET, B.C.

CHAPTER T

ÏT{TRODUCTTO}]

Brecciation affecting large volumes of rock has recently been

recognized to be extensi-r¡e ín certain areas belolr, within, and above

the Sullivan orebody. Stud.ies of the brecciation show that it is intÍ-
rnately related to the metasomati-c processes thaü have altered. the rocks

adjacent to the orebody. Certain igneous rocks har¡e been found to be

intrusir¡e into the breccia, and to have subsequently been brecciated by

later movenent.

I{o previous description of this rock type has been published. The

material presented here is based maínly on the observations of the author

and h-is co-tnrorkers. Interpretations are the responsibility of the author

alone, and are not necessarily those of the geological staff of the Con-

solidated l.{inÍng and Smelting Co.

This thesis consists of a report, on i¡vestígations of the breccia

which harc been carried on at the Sullivan l,line, and at the University of
I'ianitoba. Research has been concerned with

(f) Determining the location and extent of the breccia.

(2) Establishing the relationships of brecciated. areas with the

stratigraphy and structure of the surrounding rocks"

(3) Ðeducing a chronology of events related to the brecciation

processo



(l+) Formi-ng an hypothesis of the cause of brecciation.

Tharks are due to the consolidated Mining and smelting company

for making information available for th-is study, to the Geological S¡rvey

of Canada, for a gra-nt to aid in fi:rancing the University research program,

and to the professors of the Geology Ðepartmenü at the University of Mani-

toba for their help and encoÌuagement. To these persons and. to many of
my eolleagues who have di-scussed the project and made valuable suggest,ions,

I gratefully offer my thariks.



f O GJI}TERAT D]SGJSSION

Breccias are relatively unusual rock formations in the total
vorulre of the earthts crust. Many are ind.icative of iniportant prrr-

cesses in the tectonic history of the r.o cks in which they occur. lvlany

and various origins have been deduced for occurrences which have been

studied, r¡ith a resulting significant contribution to understanding the

nobility of the earthts crusü. Breccias are also raüher commonly asso-

ciated with orebodies and have often been found to have played. a part in
localizing the deposits. (ItcKinstry H.E ", L9s5) (Bateman A.M.¡ ]95o)

Frorn the viewpoint of an economic geologist, the i¡lfornation to
be derived regarding the regional frtectonic frareworkrt and tÌ:e loca1
trground preparation for the deposition of orett may be of great practical
importance. Ïühere brecciati-on occurs in connection r^rith an ore deposit,

as at the Sullivan, it may contribute to understanding the provenarìce,

mode of transportation, and method of fixation of the metals of the bod.y.

'4n attempt is nade in the acconpanying chart to relate the present study

to the oÈher investigations so as to show some of the ramifications

involved. (¡'ie. #f)

The relationships indicated are not explored. fü11y in this thesis,
but' are caIled upon at such times as tÌæy hetp to und.erstand the breccia-
tion process.
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CHAPTER TT

REGTO¡IAL SETT]NG

I. GEOGBAPHTT AND TOPOGRAPHTC SETTNVG

The Sullivan lline is located adjacent to the eity of l(irnberley jn
south Eastern British columbia. Kinberley is about !0 miles north of the
international boundary and !o miles west of the Arberta boundary.

The Crows lÏest, Kettle Valley line of the Canad.ian pacific Railway
passes 20 r¡dles south of Kimberley through the city of Cranbrrook. The

southern transprovincial highway follows the same route, and a branch of
the highway passes through Kimberley leadi¡g North through Banff National
Park to Calgary. (ni_g. Z)

Kinberley is situated on ühe eastern flank of the purcel-l range of
nountai¡s, overÌooking the broad valley of the Rocþ Mountain Trench,

which is about twenty miles rnride at this poinù. On the opposite, eastern
side of the valley, the Rocky },Iountains rise abruptly forning a precipi-
tous warl contrasti¡rg with the more gradual slope of the purcell Mountai¡s.
The Kootenay River flows southward through the Trench at an elevaüion
between 2500 and 26o0 feet. Kimberley is at an elevation of 3zo0 feet,
and the highest mountains in tÌæ vicinity attaÍn altitudes of between

nine and ten ùhousand feet above sea leveln

The dj-scovery area of the Sulliva¡r I'fine lies north-westerly from
Kimberley on Sullivan Hill at an elevation of about h6OO teet, and is
presently the sight of an open pit operation. The main entrance to the
nj¡e is an adit driven at 3900 elevation frorn the valrey of the l{ark creek,
sonæ J000 feet south of the mineo



Regarding the topographic texture of the area around Kimberley (see

Fig. 2), it is obvious that the Rocky Mou¡tain lrench separates two con-

trastìng areas. The tretlis drainage patüern of the Rocky Mountains

reflects the foldi¡rg, over-thrusting and erosion of anisotropic r^ocks

r,rhich vary fron g;æsun to limestone ard' quartzite.

The Purcell Mountain drainage on the other hand is very irregular

due in part to the relative homogeneity of the Purcell system of rocks

which form most of the range. Also, a notably greater proportion of

igneous rocks intrude ühe sedimentary assemblage in this area than i¡¡

the Êocky i'4ountainso The igneous intrusive rocks include Pre-Ca¡rbrian

diorite sills and granite stocksr ffid l4esozoic granitic batholiths"

II. REGTONAT GEOTOGTC SEfISTG

Stratigraphic Position

The rocks in the area under consideration are mainly of middle

Proterozoi-c age, 850 to 1600 million years oId. (A1ta" Soc. Petrol. Geol.

L966 p. L5). This is the age range designated Helikian in the pre-

tambrian classifieation proposed by stockwetl, (stockwell, Lgâì.
These rocks are composed of a thick series of dominantly fine

clastic sedimentary rocks with intrusive basic siIls that has been named

the Purcell series. (laly, 190]+)" Description and definiLion of the

forma'bions cornprising the Purcell series are given by Daly, (190¿t & 1913),

Schofield, (r9r5), Rice, (tgll ), Reesor , (1957 ), Leech, (Lg1B), æd price,

(196h).

TÌre following table of formations, (rig. l+) is from the work of

Reesor (L957) and represents the section as it is for:nd jn the Purcell

,ì,loirntaj¡ range.



Figure !, after Price, (1961+), j¡rdicates the correlation betrnreen

formations in the Rocky llountai¡rsr æd tlose in the Purcell i,.{cuntai-ns.

l'íore detailed consideration i-s given in forlowing paragraphs to

certain pertinent features of the stratigraphy as related to the

iectonic framework of depositíon, and to orogenJr during the period of

accumulation of ProÌ;erozoic sediments"
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rIÏ. TABJ¡] OF FÐAI'IATIONS

(Âiter Reesor 1958 p. l+-6)

Rock Unit
Era Period (Thickness in feet) tithology

cenozoic 3i:i:1"ä*" ?:i:#Js :H'î:í":epos*s;
Fry Creek Batholith Leuco-quarLz monzonite,

pegmatite, aplite

Mesozoic Jurassic

and,/or or laber Relations not Imorol

Cenozo j-c

PegmaLite and apli-te

Ì4edium-grained quartz
monzonite

White Creek leuco-quartz n¡rnzonite
Babholi_th

Porphyritic (microcline )
quartz monzonite

Hornblende-biotj-te grano -
diorite (monzotonalite)

Biotite grandodiorite
(nronzotonalite )

fntrusive contact

Palaeozoic (?) Serpentine;
or Ultramafic serpentinized clino-

i'iesozoic (?) stock pyroxenite

Relations not knol,rn

Late Meta-diorite and meùa-Protemzoic lfoÊe intmsions quartz diorite si1ls; rare(?) dykes
or later

ïntrusive contact
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Era

Proterozoic

PerÍod

Upper
Purcell

Lower
Purcell

ÎABïE 0F FOFi"IATIONS -- Concluded

Rock Unit
(Thict<ness in Feet)

Dutch Creek
fornation

(trooo +)

Confornable, grad-
ational contact

SiSreh formation
(erooo )

I(itchener
fornaüion

(J+, zoo )

Cresùon
fornation
(Lr loo-6,5oo )

Aldridge
formation

ï,ithology
Buff and reddish weai;hering silty
dolomite, dolorrriiic quartzite, and
rauch argillite i solne grey weaùheri_ng,
very fine-grained, grey quartzite.

Purple, green, and grey argillite;
light and dark green laminated
argillite; sorp very fine-grained,
green weathering, green quartzite,

Buff weathering, dolomitic and
calcareous quartzites, siltstones,
and argillitesj green argitlite
and black and grey bedded argil-
lite; minor creany üo buff dolo-
nrite and black limestone.

Green and grey weathering, green-
Bre¡r¡ and purple argillaceous
quarfzites, metasiltstones and
argillites. Lower nenrber (0-1r500
feet): dark weathering, black io
dark grey argillites, arenaceous
argílIites, reerystallized equiva-
lents of siltstones.

Upper argillite member (trOOO-
11500+): very rusty weathãring,
evenly laminated, black and grey
argillites and arenaceous argil-
lites. Remainder, of light grey
neathering, light to dark grey
quartzite with minor partings of
black argillite and thin-bedded
argillaceous quartziLe, and rusty
phylliüic equivalents.

Very rusty weathering, thin'bedded,
laminated, lighÈ coloured., very
fine -grained qu-artzites ald argrl-
laceous quartzites; minor argil-
liüe; equivalent phyllitic,
quartzites and schisis.

Aldridge
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Tectonic Envi-ronnent of Sedimentation

J.T. trdilson, (tg5l), in his postulated. system of island arc,

mountain chain development, considers that the Rocþ i{ountain Trench

marks the site of the Luundary between the medianland. (west of the

Trench) and. the secondary arc (east of the Trench). By this he implies
a fundamental dj-fference in the two areas during the time of sedimentary

deposition. The secondary arcs (in tnis case the Rocky lulountai¡s) *""
characterized by |tnormalil sed.imentary ïÐcks a¡rd 1itt1e recent i-gneous

activity. they represent an uplifted ard foLded. inla¡d sea botLom,

formed on the contj¡enbal shelf and analogous to the present sea of
Japan. The medianland i-s a complex of igneous ard rnetamorphÍc rocks,
-vrhich was involved from early times in the makÍng of offshore island
chai^ns. Observations of workers in ihe region tend to confirrn some of
these generalizations and. are presented in the following paragraphs as

background to the thesis. Sorne enrphasis is placed. on evid.ence for pre-

cambrian tectonic activity because it is directly relate¿ to the brecci_a

problen.

The sullivan orebody occurs in the Ald.rid.ge formation of ühe

Proterozoic Purcell system. J.E. Reesor, (L958), describes this system

of rocks as follosrs --
The rocks_ comprise a series, not less than JOroOO feet ùhick ofconformablgr 

- 
y"ry fine-grained thi¡-bedd.ed. qúartzit,es, argilla-ceous quartzites and argiltites, with limey and dolomiiic equiv_alents in the upper part of the section.

Elsewhere he notes that in the Purcell MlountaÍns, primary struc-
tures such as ripple marks, cross bedd.ing and nmd cracks are common to
plentiful at some localities i¡t every formaiion, rnrith the excepüion of
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the Upper Aldridge. The coarsest rocks ix thÊ entj-re Purcell rystem (r+ith

the exeeption of loca1 intra-formational conglomerates in the Aidridge)

were found in the upper part of the Creston forrnation. These comprise

beds of medium to coarse quartzite and intrafornrational conglomerate

located near the Rocky Mor:r:tain Trench on the East flank of the Purcell

iuiountains.

Correlation of strate is good from one hundred miles south of

the forty-rinth paralle1 to Findlay creek, a total of 200 miles in a

south-north directj-on. I-Iowever, many uncertainties in correlation

occur fron east to west across the Trench due to changes in sedirnentary

characteristics. There is a higher proportion of quartzites in the

ll.ldridge of the Purcell Mountains than in the Rocky ivlountains.

Reesor concludes that deposition was rapid, in a basin of rela-

tivel;r great tectonic stability, possibry the fl-ood plane of a large

subsiding deLta.

0n1y rarely, as shown by the Upper,Aldridge sediments, has the
rate of downwarp exceeded the rate of sedimentation so that
shallow water features are noù abundant. Yet even with this
exception the series could only have been d.eposited in a region
of relatir¡e tectonic stability over a long period. (Reesor J.E.e
teí6)

The early opinion of geologists, concerning the basin of sedinen-

iation, seems to have been that there existed a geosynclinal trough,

flanked both east and r¡¡est by positive tectonic areas which contributed.

sedimentary materi-al to the trough.

I,úmo Hn rrtrhite, (1g59, p, 62 to S,l_¡), was of the opinion that a great

seal{ay exterd.ed from }lontana to the Arctic, in which accumulated the BeI-

tian system (of whi-ch the Purcelr systen is a part). He suggests the

existence of older Pre-Cambrian lar¡ds to the west.
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More recently, opinion favours the concept of the Purcell System

accurmlating possibly as delùas on a cont,inental shelf with provenance

being entirely from an eastern craton.

lliddle Pro'l'erozoic sedimentary rocks are described as follows:

very fine clasties derived from the shierd to the east were
deposite.d in the form of deltas arong the ord continental
margin (.".). (Nelson S.J. et aI in Geological History of
llesteryr Canada, 1966, p. 7)"

Also, in the same publicaüion the sùatement is made that:

Along the western edge of the churchilt craton, the pr:rcell
series was deposited on a slowly sinking marginal sheIf. (Burwash
R.A. et, aI in Geo1. Hist, W" Can., 1966, p" 16).

R.A. Price, (196i+), ir a study of the purcell system in the Rocky

Mountains of Southern Alberta ard British Columbia, found it possible to

coffelate formations equivalent to those in ühe Purcell Mor:ntai¡rs, across

the Rocky Mountains to exposures j-n waterton parko He states (pp. 39g) :

Á'11 current data concerning the character and regional relation-
ships of the Purcell rocks are consistent with bñe h¡lpothesis that
the Purcell sedi¡rents were deposited on and adjacent to bhe wesbern
margin of the craton, under corditions analogous to those in the
Gulf Coast geosyncl-ine. This inplies that the large yolune of fine
teruigenous clastic sediment that constitutes the bulk of the
Purcell succession ?Ías derived. fron the oLder Pre-Cambrian rocks
t¿hich occur i¡ the interÍor of the continent, far from the siùe of
deposition; and that none of it need have originated in sorre
supposed western landmass.

Price observed unconformities at the base of the sheppard ard.

Gateway formations which he tentatively correlates with the Dutch Creek

formation at the base of the upper purcelr system. schofierd, (r9L5, p.36),

reports finding pebbles from the underlying Purcell lavas, in the basal

conglomeratic beds of the Gateway for¡natj-on i¡ the McGillivary Range south

of Cranbr.ook.
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Areas of uplifb and erosion of the Purcell lavas existed prior to

and durÍng the deposition of the Gateway; therefore instability and uplift
of areas of the Pr:rce11 sea bottom appear to have become important early

Ín Upper Purcell time, probably not much later than ùhe exbrusion of the

Purcell 1avas.

Ïn the section above the rocks in rohich the oLdest unconformit,y is
nofed, there are numerous unconformable relationshr-ips shou: where rocks of
Ïtindermere, Cambrian and Ðevonian ages lie upon Purcell rocks at a nurnber

of places ifi the areao Locarized. areås of erosion, and. deposition are

indicative of islands having been uplifted, perhaps the island. arcs

postulated by inlilson.

Structure

Folding

Leech, (t963, pp. 2\6), states:

Although Pre-Cambrian a¡d Paleozoic unconformiùies had long been
knolrn in the Purcell }lountains, the concensus was that the major
sbructures date from a t"iesozoic orogeny which culninated. in the
i-ntrusion of the grali-tic rocks (...). Pre-Cambrian deforraation
(now known on strãtigraphic evidence to be chiefty pre-{rüindermere
and perhaps entirely so) n"a been considered to invólve iniportantuplift and probably tilting but to have produced only gentiu opu¡1fo1ds. (."")

The recognition of the Pre-Cambrian age of granitic intrusions atHellroari:rg Creek, and of Pre-Cambrian metamorphisrn and intrusion
nearer I(imberley, sheds lew light on the iroportance of Pre-Cambrian(possiåIy pre+,iíåd.ermere) orogeny and, together with the pre-Cambrian
age of larnprophyres in the sullivan iuiine (p. 2sz), points tospecific Fre-Cambrian structures. Pre-Canrbrian ráfäs r,rere not all-large gentle oreso

Ilowever it remains true that nost of the major structural features
were produced by the i'riesozoic mountain building period. rhe purcer-r-
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geanticl-ine lying belv¡een the Rocky }iountain Trench and bhe Kootenay

Lake is related to the cretaceous bat,holiths which cut it.

l,eech belier,'es that: -

minor north trending folds wiLh steep east limbs and westward-
dipping axial planes (tfrat) characterize the segment of therPurcell geanticliner in and north of the Kinrberrey area (...)
are Pre-Cambrian and are older than the rgeanticlinet on whose
flank they occur. (Leech, Ig63, op, 2l+6 ana 2LZ)

Faulti¡g

Regional fault patterns, as interpreted by Leech, are shornrn in

Fig. 3 (Leech, L962t b' pp. 399). A noi;able feature is a tendency for

Lhe northly trerrding faults to turn eastl¡ard in the cranbrook *

Kimberley ar'ea. Ihe readerts attention is directed to Fig. 2 where it
can be seen that the trend of the Rocky }founùains (as outlined. by the

Kooùenay, Lussier, BulI and Elk Rivers) turns weslerly inüo the Trench

in the sane area. There is apparently a regional reversed s band in
the strike of the major structures. This may be si.gnificant, in rela-

tion to the occurrence of east striking Kinberley fault.

Leech, (1963), correlates the Irioyie fault to the west of the

Trench with ühe Dibbl-e creek fault in the Rocþ l{ountains, æd gives

evidence for believing that it is the site of an ancient structure

which has had renewed activity at various times in the tecbonic history

of the år€âo

The Kimberley fault which cuts just north of the Sullivan I'fine,

brings Creston rocks into fault contact r'¡ith Aldrid.ge strata. This normal

fault whieh slrikes east and dips l+5 - lS degrees north, lies across the

regional trends and it is parallel to ùhe east trend.ing portions of the

other major faults. Thus it fits into the reverse S patùern of the area,
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but no southerly trending portion has been established, and no contin-

uation has been recognized in the Rocky iulountains.

very 1itt1e can be said r,¡ith assurance about the age of the

I(Ímberley fauLt. l4ine geologists at the SuJ.livan l{ine indicate (pig. g

and Fig. 27) small d.isplacements of the Kimberley fault by novements

along northerly trending normal faurts, but bhe evidence for this is
not conclusive.

There is some evidence that the faults 'bhat displace the Kínber-

ley fault, (ca11ed sullivan t¡re faults IocaIIy), naa soilÞ pre-ore

expression that influenced mj-neralization i¡l the orebod.y. (ConsolÌ-dated

I'tining and Smelting Co. of Canada Ltd. Staff , I95)+, p. ffi)
The Kimt'erley fault, therefore, may be older than the sullivan

type faults which in turn may be older than the ore.

Sullivan ore has been dated by leech and Wanless by lead isotope

methods and by the relationship of the ore to a cross cutting minette

dike dated by the potassium-argon method" (Iæech & l¡Janless, 1963,

p. 252) Their determinations give a pre-cambrian age, at l.eas| 765

nillion ¡æars old. Therefore the Kimberley fault may be a pre-tambrian

structure, possibly having genetic relationship to the Moyie fault which

l,eech considers to have been j¡itiated. at reast as early as cambrian

tine. (Leech, Ig63, p. ZL7)

I{owever, complicated renewal-s of movement on o1d structures is
clearry a common occurrence. The sullivan type faulùs, which appear

to have had some pre-ore expression, have definitetJr had posù-ore move-

nent r¡hich has broken and displaced ore fragments. The inferred cutting
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of the Kimberley fault may rve1l be due to a late stage of rnovement along

the Sullivan type faults.

It is not possible as yet to give a minimum date to the Kimberley

fault other than probable activity during the liesozoic era. triib-ite,

(1g59, p" Bl+) considered the major faults of ùhe East Kootenay district
Èo be probabry of i'iesozoic age and related. to the coast range orogeny.

'rhe earliest possible ti-rne of major movement woul_d. be upper purcell

because Kitchener-Siyeh formations have been displaced along the faulto



CT{A?TER TÏT

IOCAL C¡EOI.OGTC SETTn{G

lbe geolory of the Sullivan }[ine has been described by Swanson,

& Gunning, (19L5), Swanson, (fgl+B), and the Consolidatd. i{ining and

Smelting Co. of Canada Ltd" Staff. (I95LL)

A summary of the geology of the mine as it relates to a study of

lead isotope ra.tios caruied out by the Geological Survey of Canada, is

presented by Leech, & l,rianlessr Q963 pp. 2l+8-256).

The following brief account is based chiefly upon the sources

menùionedr Ðd the i,¡riterrs own acquaintance with the mine geology"

Structure

The SuJ-livan ore body occurs in a broad domical warp of low struc-

tural relief. Thi-s dome is on the east dipping eastern flark of the

iuÍesozoic Purcell geanticline. Minor fold structures on the dome are

northerly ùrending folds with steep east limbs, similar to the folds

believed by T.eech (L9$) to be of Pre-Cambrian age. Tlere are also a

few easterly trending folds. The orebody is in the footwall block of

the Kinrberley fault and is cut by Sullivan type faults which trend

norüh-easterly, dip steeply to the west and have normal displacements

measurable in tens of feet. The Sullivan fault zones rarely exceed

five feet in width, are composed of unconsolidabed gouge and calcite,

containing vugs and other openings.
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Stratigraphy

The ore zone is thoughù to occupy beds in the upper part of the

Iower Aldridge formation which comprises sone )¡r500 feet of rusty wea-

thering th:in bedded, laminated, light coloured very fine grained quart-

zites, argillaceous quartzites and minor argillites, (neesor, Lg5B,

po 6" ) Included in this thickness are about I,OOO feet of Ì'loyie meta-

diorite sills.

The upper division of the Aldridge, approximetely 1Ir000 feet

thick, cannob be directlJt relaLed to the rocks erçosed above the orebody

because definite marker beds are lacking, and faults interrupt the

continuity of exposureo

CongJomeraLe, which has intraformational characteristics occurs

belor'r part of the Sullivan orebody and has been observed 1ocaIIy else-

where i¡r the Á,ldridge. Reesor (1958, p. 63) notes the presence of

conglomerate similar to that associated with the Sullivan orebody in

the mountains near the headwaters of llhite Creek ard the Iliddle Fork of

Findlay Creek. Other 1\Lclridge conglomerate bodies have been noted by

Schofiefd (lg]r1, p. 38) on Cameron Creek, a branch of the Goat Ririer,

and by Rice (1937, p. 7.) on the Kooi,enay King Mountain.

General Geologic Features of the Ore Body

(rig. T&Fie. B)

An outstanding feature of the orebody, established by the rork

of Srranson & Gunning, (L9L$), is its general conformability to strati-
graph-ic boundaries" It occurs within a single stratigraphic zone 2OO

feet - J00 feet thick and has been rnined. for about 6rooo feet along

stril<e ard l+r!00 feet down dip.
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certain aspects of ihe geology of the orebody change near the

3900 foot elevation and it Ís convenient to think of the mine as divided
into a t¡estern section where the orebody is above JpOO elevation and. arr

eastern sect,ion where it is below" The eastern sect,ion is characterized

by stricùly conformable ore bards dÍpping JO to [o degrees to the east

with little netasomatic alteration of the metasedimentary rocks. In
contrast to thisrthe western part of the orebod.y shows numerous depar-

tures from stratigraphic contror; the dip of the ore is variable with
flat areas alternating i.rith steep dips, the thickness of the ore zone is
highly variable over shorb distances, and in general this area shows a

much greater degree of disturbance than the eastern part. The western

area is characterized by massive alteration of fooir¡a1l rocks to tour-
lrraline chert, and chlorite, and of the hangingr.iall rocks to arbitite
and ehl-orite.

.$astern Section

ïn a large portion of the eastern section, the ore is strictly
confi¡ed to certain definite layers separated. by argillaceous beds,

(rie. ó). The hanging-wall is forrned by a graded argill_aceous quart-
zite designated t,he nIû (intermed.iate) siltstone, which provides a marker

throughout the ârsâc A,bove rrür tlro other graded quartzites are recog-
nized, whi-ch are designated frln and rl{urr respectivery. Each of these

beds has a moderaùely fine, massive quartzite base which grades upward

through siltstone and silty argirlíte to a th-in-bedded lamjnated argil-
lite betow the succeeding quartzite baseo The laminated zones near tte
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top of the quartzite beds are locally mineralized sufficiently to become

ore in the region where the orebod.y passes above the 39oo foot Ievel.

Stratigraphic relationsÌri-ps of the sulphid.e foot-wa1l are not as

clear as those of the hanging-wall because no welL-defined. marker hori-
zon. has been traced throughout the area. The upper contact of the foot-
wall conglomerate makes the best reference pIane, but is available only

under the northern half to two-third.s of the orebody. The conglomerate

I^rill be discussed in detail later in the ùhesis.

The rnetamorphic grade of the sedimentary r.ocks is generally low

in the greenschist facies. Original clay materiar has largely been

converted to very fine sericite, and there has been soÍie recrystalliza-
tion of quartz grains. Biotite is not a promi-nent constituent.

.r¡Iithin the orebody, local development of higher temperature

minerals has occuryed.. Biobite, garnet, scapolit,e, actinolite, talc
and cordierite have been observed; ühe first two mentioned are in places

quite abundant. Sedimentary textures are well preserved. in all but the

most ser¡erely metamorphosed. rocks.

Wesùern Section

The brecciation, which is the subject of this thesis, is mostly

forind in the Western section of ùhe mine area. IL is closely associated.

with the cÌraracteristic features that distinguish this area; i.e.e
disturbance, meta,somat,ic alteraiion, dÍscordant ore features, and high

metal concentrations. The ore, Íl general, loses the excellent layered

features that it exhibits in the eastern section; and becomes a conti¡
uous sulphide deposiÈ fron foot-walr t,o hanging-vrall. Layering wiühin
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the ore is marked by laminae of sphalerite and galena in pyrrhotite. This

layering is often diseon'Linuous compared to that of the eastern section,

but is believed to reflect bedding (Consolidated Fiining & Srnelting Co.

Süaff, L95t4, p. 1l+S). The mi¡reraLization of the lanrinated zones abor¡e

the rÏt'r nHilr and flHUn beds has produced important ore bodies i¡¡ this

section. rn some places ore is continuous through the hanging-warr

marker beds. Towards the south of the western area, most of the ore is
found in these upper beds and comparatively little below t,he ItTn bed..

Tourmalinization has altered great volumes of rocks in the foot-

walI of the ore zone into dense, dark colowed, very hard cherù-hke

rock. Tourmaline occurs as extremely fine needles replacing the seri-
cite of argillite and silty argillite, The quartz grains remain unal-

tered except around the edges where they are penetrated for short

d.istances by the tourmaline needles and knit tightly into the matrix.

Sedimentary stmctures and text,ures are preserved. Individual bed.s can

readily be identified. .4. small amount of ùourmali¡iization has also

occurred in the hanging-wall rocks.

Chloritic al-teration occìlrs prominently i¡r the foot-waIl and

hanging-wall rocks adjacent to the ore.body. The greatest alteration is
rerated to the pyritic portion of the iron zone, a centralry located

area which has a very low content of lead ard. zinc. Large volumes of
chloritized rocks occur in the hanging-waIl asscciated wÍùh albitite.

Albitite is found extensively in the hanging-wall, and to a

much lesser extent in the foot¡.iall. Albite ard. chlorite often oblit-
erate original bedding features, making it ímpossibre to irace hanging-

wal1 rnarkers over appreciabre areas in the western sectionn
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Igneous Intrusive Rocks (¡'lg. 7 & Fig, B)

A body of üoyie diorite underlies the strata beneath the orebody.

ïn the central part of the rnine area and to the east it is apparently

sill-1Íke and at a depth some 1!00 feet below the sulphide footr^¡aIl.

to the west it becomes dil<e-like ard rises across the strata,

approaching within a few tens of feet of the orebod.ø, then turns dourn

forrning an elongated dome west of the orebody.

Dike apophyses from tlæ diorite body have cut thr-ough the ore

zone in places, but are not continuous in the ore" 0n the contrary,

fragments of diorite are found scattered in the sulphides in the areas

r¡here the dikes cut the foot-walI and hanging-wall rocks" In general,

the dikes are extremely variable i¡r at'bitude and thickness so that it
has only been possible to comelate three of them for any distance in

ühe foot=¡all, and none at all i¡r the hanging-walI. One younger, 2-foot,

lamproph¡rre dike, knom: as the Lindsay dike, has been traced. for several

thousand feet j-r¡ the northern part of the east section. rt has been

seen to cut across a dike of l{o¡rie dioriteo In the ore zone the Lindsay

dike is disrupted and its continuation in the hanging-walI is offseù.

Leech (Leech & 1¡Janless , L9(r3, p. 2rI) describes in detail an

occurrence of a lamprophyre dike intersecting the D ore layer (rig. 22)

on which the hanging-wall segment is displaced seven feet out of aIígn-

nent with the foot-walI segment. Fragments of Èhe dike appear in the 2|

foot thick ore Iayer, crosscutting the banding i¡r the ore which lies
paraIlel to the ore contactso This is very similar to the observation

noted by Swanson & Gunning (:-il+S, p" ó3).
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tlt one place in the mirre, structure shows that a lanprophyre
djke r,ras intruded durì:lg ühe period of mineralization. Ihis
dike distinctly cut,s heavily mineral-ized sediments in which
pyrrhotite and sphalerite are the main sulphidesr æd is it-
self cut by a layer of garena a few inches wide trrat folror,¡s
a mi¡or fault.

The age assi-gned to the diÌre by Leech & w-anless, based on

Potassium-Argon dating, is not less ühan 765 nLLIíon Jrears,



CHIIPTER IV

T1{,' FOOII{ALL CONGI.OÎ.ßRATE

It is fundamental to the discussion of the conglomerate and

breccia to show that they are distinct entities; therefore a descrÍp-

tion of the conglomeraie fabric wilJ. be given.

The foot-wall conglomerabe has been a farniliar rock t¡rpe to

geologists at the Sul-livan }iine for many years. Descriptions of it are

included i:l the papers on Sullivan geology. Because ner¡ data has

accumulated regarding its distribution ard. relationships, it will be

revi-ev¡ed in this section"

ï. ccl'æONENTS

Pebbles ¡ The conglomerate ís composed of fragnents of a.rgillite,

silty argillite, siltstone and quarLzite. l{o foreign pebbles, differing

from the .{tldridge ro ck types, have been observed.

Ea'Þrix: The pebbles are set jn a matrix that r¡aries from argil-

laceous to locaIIy quarlzitic. A mixture of various siøed qlJartz grains

anl small angular rock fragments very si¡rilar to that found in breccia

has been observed. The ratio of pebbles to matrjx varies from closely

packed pebbles with as little as 15% matrÍ:c, to scattered pebbles with

up to &% maLrix. ft is likely that the amou:rt of rnatrix is often

overestimated because the pebbles do not show up r,¡e1] unless outlined. by

pyrrhotite or bleachi-:ng. Generally, in the writerrs experience, a high

pebble-tomatrix ratio prevails.
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Shape of pebbles: There is a fair correlation between the cornposi-

tion and the shape of pebbles. Argillite and silty argilrite pebbles are

often Laminated, tabularr and sub-angu1ar, whereas the sÍltstones and.

quartzites are more massive, spherical and sub-rounded to rounded. rn

comparison l,iith Pettijohnts (L956, p. ig) illust,rati_ons of roundness,

they range from sub-angular to rounded,o

Lithification: It is Iikely that the rocks from which the pebbles

were derived were quite r,¡eIl i:rdurated because they are rarely d.eformed.

Also, it is improbable that the siltstone arrl quartzite pebbles could
have been derived from unconsolidated sand bed.s,

slze : j'fost of the pebbles in the conglomerate are less than an

inch and one-half in d.iarneter, but occasional individ.uals up to three
inches are common. Large boulders are unusuar; the only accumulation

exposed is at the base of the conglomerate, (plate 2). These bouklers
have well rounded. outl-ines although ühey have been fractured.. some

large tabular pebbles nine inctes or so in length and one bo one and

one-half inches ín ùhickness have been observed, but their occurrence

is raren

sorling : r'tost of i;he conglomerate is a. massive body (as defined
by Pettijohn, 1956, p" lig) wibhoui bed.ding. rt presents a u¡iforrn
appearance due to a fair d.egree of sorting" Tn one exposure there is a

gradation from the boulder-sized components at the base, to nornral- sized
conglonerate at higher sLratigraphic Ievels. sorting of pebbles into
lenses of coarser and finer si zes is conmon near the top rihere there are
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PÏ,ATE 1.

Typical loot-waIL
Conglor,rerate

Pla,15 2.

Boulder
Conglonerate
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also intercalated lensey beds of grit and silty argillite.

Sumrnarizing briefly, the conglomerate compenents are d.erived from

rocks similar to 'r,he underlying sedimentary rocks which had proba.bly

reached the stage of lithification of sandstones and mudstones. The

pebbles have noù likely been 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 tte breccia.

sulphides: P¡rrrhotite is the most abundant sulphide present in
the conglorrerate. Galena and sphalerite are present in cerùain l-oca1i-

ties.ln quan'bj-ties sufficient to make ore. Arsenop¡mite arrd chalcopy-

rite are present in small amour:.tso

The sulphides occur i-n a variety of Írays, rn places pyrrhotite

appears mainly to be disseminated. in the matrix, j¡r others pebbles rnay

be rinmed, or larninatede or composed entirety of pyr.rhotite" Occasion-

ally sphalerite and. arsenopyr.ite pebbles are observed.

The distribution of sulphi-des throughout the conglonprate is
variablen High concentrations occur usually r,rith numerous p)mrhotite

veins which are conmonly associaùed with quartz anl carbonate.

ft has been suggested that sorce pyrrhotite lanrinated pebbles may

har¡e been derived directly frorn pSmrhotite lamj¡rated bed.s where the base

of the conglomerate cuts unconformably across them. Similarly, certain

isolated pfrrhoi;ite pebbles with no visible comection to veinlets have

been thought to be fragments of pre-existing pyrrhotite, although no

source is knom" rn general, the evidence suggests that lhe sulphides

have been intrpduced into the conglomerat,e replacing so¡rre matrix and
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some pebbles.

Iocation

The position of the conglomerate body has been outlined by isopha-

chous lines based on intersecüions by diamond drilling and und.erground

development headings, (fig. g)" It underlies the northern two-thirds

of the mine ab varying distances below the sulphide foot-wall. At one

tinre a continuous body, it has been disrupted in places by brecciation

and later faulting.

Thickness

The fifty and one hundred foot isopach lines outline a thick
portion of the conglomerate body. There are thicknesses greater than

200 feet r,uithin t,his area, but intersections to the base are few, so no

detailed contouring has been attempted"

Contacts

McEachern (rp]+l+) .noted that the base of the conglomerate marksa disconforrnity (Swanson & Gururing Jgl4Ð.

Studies and observations ¡nade since that time confirm and amplify
this observation.

The body increases in thickness rapidly from zero to over 2oo

feet at its south and west boundaries. several intersections in
developnrent headings indicate that the conglomerate is in contact, wi6r
sharply tmncated t,hin beds of argillite, sirtstone and quartzite
(ptate 3). sections along latitude lL65o (¡,ig. B) .d departure IJOO
(Fig' 10) shorø ttris contact culting steeply dor,nr across some 200 feeü of
beds. The nocoh and east contacts have not been seen, but the isopachs

indicate thi-ckening of the conglomerate which would require truncation
of beds for its accommocl.ation. The infornation availa.ble, ind.icates an
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PtaTE 3

Discordant Contact at the Base of the
Foot-wall" Conglonerate.
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eastern contact cut'i;ing approximately ninety

to the bedding. It appears, 'i;herefore, that

glonerate is contained in a basin wi'bh steep

less steep east walI.

feet of beds at forty degrees

the thick part of t,he con-

south ard west i,¡alls and a

Base: The base on which the conglornerat,e rests is exposed in some

of the )$0 level dri-fts and foot-wall head.j:rgs, ard is seen to be rrery

irregular" i{asses of thi:r-bedded sediments protrud.e upwards at least 100

feet into the conglomerate. The edges of sone of the thin bedded bl-ocks

appear cracked and broken with fragments falling into the conglomerate,

in other places the bedded rocks have sharp straight contacts. Bedding

in the thin-bedded blocks is often inclined at different angles on either

side of conglomera-i;e-fi11ed fissures. I{an¡r ef these blocks of thin-bedded

rocks measure in tens of feet and are not entirely exposed.

The impression given is that the bottom of the steep waLled con-

glomerate basin was s't,reurn with huge blocks of thin-bedded rocks ard

that a muddy gravel was more or less poured over them.

To the north and east of the thick part, the conglomerate body

extends over the edge of the basin onto the surrounding teruain forming

a pseudo-conformable bed. The base of this bed has been observed to have

a disconformable contact. The bed has a fense-like cross section from

north to south. The boundaries show an east¡¡est elongation of bhe con-

glornerate body in this.âreâc

9ppg.r conùact: Around the perimeter of the conglomerate body

except for tlre southeast and northeast portion, lhe lolver contact of

the sulphide body is against the top of the congloÍerate. Central.l-y
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however, there are thirty to forty feet of bedd.ed. sedimentary rocks

separating the two. The reason for the convergence of the lwo contacts

away from the centre area is not clear. It cannot all be accounted. for
by czosscutting of beds by a discordant sulph-ide footwall, although bhis

is knomr to occur, because convergence tal<es place in ùhe" east,ern section

of the mine where the foot-wall conforms most strictly to stratigraphr-ic

control. Furthermore, there is a convergence between the conglonera.te

and the base of {lfil, particularl¡r out towards the northwest fringe.

The upper surface of the conglomerate may have been somewhat

centrally depressed making a basin r,¡hich accunulated thicker deposits

in the central ãTêã-¡



CI{APTER V

BR,SCCÏA B]IIO-!'IT TIfi] ORE ZONE

History

Breccia was not mapped as a distinct coherent unit of the Sullivan

rocks until L958" Ðuring the spring of that rearr the heading 3gzo Drift
was driven through rocks which appeared to be composed of a chaoùic

jumble of different sized rock fragments. A proposal that breccia or
Itchao'bictr breccj-a þe recognized as a mappable rock r:riit was made at

that tirne, and subsequently large areas of breccia have been recognized

and mapped"

Pre-conglomerate Breccia

A large rnass of the foot-waII conglomerate rests, apparentry

undisturbed, upon a very irregular baseo The base is composed of large

blocks of thin-bedded sedimentary rocks rotated with respect to one

ano'bher as described i:r Chapter IV in the section on the r¡Baser of the

conglomerate. ThÍs assemblage of rubble is designated ùhe pre-eonglo-

merabe breccia in this thesis. Iü lies r^rithin the 5O-foot conglomerate

isopach (pig. 9) which approximately outlines its occurrence.

Po sb-conglomerate Breccia

lwo stages of brecciation later than the deposition of the con-

glomerate are recognized.. The earlier sùage brecciates the conglomera¡e,

disrupting iü and mÍxing blocks of bedded sedimentary rocks into it.
This sùage preceeded tourmalinization as is shown by the fact thaü both

fragmenùs and matrix have been tourmalinized. A later stage of breccia_
tion broke the tourmalinized. rocks allowing introd.uction of rietasomatizing

agents.
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PLATE 6

Ttrin Bedded
Block in
Breccia.

:ìsi:s

Scqle in f"ef, aPtoxiaafe

PTATE 7

Conglomerate
Block in
Breccia
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The later stage has resulted in effects varyi-ng from chloritized

or albitized. fractures, to larger alteration zones containj¡rg chert

rennants. Pyrrhotite matrix breccias associated with keel structures

(trbontispiece) are also attributed to this stage.

The fol1or^ri-:rg description deals with the pre-tourmal-i¡rization

phase of tlæ post-conglor¿erate breccia as it is observed rnainly in the

rocks belolv the orebody.

Fragments: The rock is conrposed of fbagments of Aldricrge-üype

sedimentary rocks varying f?om sand-size to pieces measured in tens of

feet. Bedded fragments are often wispy, twisted, and robatedrwith ends

that appear to have been iorn rather than broken. Blocks of congro-

merate are njxed in with bedded and massive pieces, ahC the whole appear-

ance is heterogeneous and chaotic, Apparently much of the broken rock

was in a relatively soft state aù the time of breaking.

Matrlx: The blocks are now completely consolidated. in a matrix

of silty argillite with a plentiful sprinkling of fine-grained quartz.

Pyrrhotite is disseminated through the matrix, and. is also present in
irregular vei¡lets that lace through the rock. l"iuch of the breccia,

both matrix and fragnents, is now tourmalinized.

Disfribution ¡ Areas i¡ which breccia occurs are indicated. in
Fig. l-1.

l"

and mixed

The bou¡rdaries are approxirnate for the forlovling reasons ¡

the breccia commonly grades outv¡ard from highly disturbed.

zones through cracked rocks inlo relatively undisturbed rocks.
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2n j-n some places the bor:¡dary zone occurs against pre-conglom-

erate breccia and is difficult to recognize.

3. in conglomerate areas the breccia may be distinguished only

when mixi¡rg has brought thin-bedded blocks into the conglomerate, other-

wise, existence of brecciation can only be vaguely discerned.

The method. used to place the outlines'uras to plot all clearly

brecciated areas first, and then to plot all clearly non-brecciated

areaso The i¡definite area betv¡een was taken as outlining the breccia

zorrêo Benefit of any doubt T/'Ias general-ly given to unbrecciated areas,

so the outlines are considered to be minimal.

The outU¡res are quite irregular and do nol, show any sharply

defined trerds. There are two areas elongated in a north-south direc-

tion, a¡d another with an iruegular east-west elongation. Iulore clearly

defined are cerbain nkeeltr structures which are closel-y associated with

brecciation. These structures are discordant downward. projections of
the lower contact of the sulphide zone (nig. Z, Fig. B, Fig. :rZ).

Trending north or northr,¡esterIy, the keels are frequently parallel to

hanging-waIl folds with steep to over-t¿::ned east limbs (Fig. 1l).

$!rg.ta affected: Brecciation has been traced up section from

the rocks below the conglornerate to the lower cont,act of t,he sulphide

zorte. Brecciation of Lhe conglomerate is certain where blocks of

conglomerate are mixed ruith fragments of bedd.ed roclcs (elate Z).

Breccia is found below the mining headings in the foot.-wal1 rocks at

the 3900 level, in three diamond drill core holes shown on section

Latitude 11650 N (fig" B). Tbis breccia. is discordant with respeci;
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to the stratified. rocks, erbending more or less verùicarly below the
orebody, and cutting the pre-conglomerate breccia. Fig. B shows the

contra-st between the lveIl-bedded. lithology east of the pos'b-conglomerate

breccia and the variegated rock types encountered. in ùhe two d.Íamond dril1
holes to the i"iest, which have penetrated the chaotic breccia. Ì{ote also
in Fig. B and Fig. Ìo that normar foot-warl conglomerate, relativety
undisturbed, is found on both sicr.es of the chaotic breccia.

tr\rther evidence of the sharply discordant nature of the breccia
is v¡ell il-lustrated by a. refatiræfJ, narrow breccia zone, sharoly discor_
danü in its contacts with well-bedded foot¡¡a11 rocks, which is fomd
in the southwest parü of the mine.

The interpretation of breccia ext,ending downward to considerable
depth (Figs" 7 & B) is based on a projection of information mapped in
developmenü Ìreadings, and the informatÍon available from diamond. drill
core fron holes, four of wh-ich are indicabed in Fig. T. rt shoul-d be

realized ùhat ühe outlj¡res shown are interpretive, increasingly so with
depth. Breccia, however, is found. in the drilI core dovnr to ùhe upper

contact of ùhe diorite silI.

Post- ourmaline Brecciation :

I{ee1 structureå: rrKeer struct'rer is a term applied by geologists
at the sullivan i'fine to dor,inward projections of the sulphide-foot-watl
rock contact below the average contact reveI. rn sore cases a keer_ has

the aspect of a rather th-in vertical fin of ore passing dor,¡nward into a

vein, i:r others the keer is a broader trough-Iike d.epression. One t¡,'pe

nay change to the other arong strike. cross sections th:sugh some of
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these structures are illustrated i:r Figs. 12 e.1J and in more d.etail in
Fig. il+. They are shov¡n in pLen view on Fig. 1I"

Sone of the keels are continuous for hundreds of feet although

they may be offset en echelon. Their strike is northerly but varies

considerably.

A definite dispiacement of foobwall strata accomparri-es the keel

structures. on the two longest ones, the strata west of the keel are

dovrn soræ forty feet wiùh respect to the east. On so¡ne of the smaller

iceels displacenent is in the reverse directiono Severe breccia'bion of

the rocks adjacent to lhe keel is commonly observed.

Figs. il+ g f5 show a keel which has been observed in some detailo

the following facts seem pertitent"

In All sulphide contacts 'bightly adhere 'bo the foobwall rocks,

on the discorrlant easù contact as well a.s on the more conformable west

side.

2o Pyrrhotite veinlets anastomose through ühe breccia, and where

they join the massive sulphides of the orebody no line of contact can be

discerned. The vein pyrrhotite and the orebody p¡rrrhotite are continuous,

3" GaLena laninations are forind to be parallel to both the dis-
cordanÙ ard the conformable contact,s. The la¡ninaùi-ons which are of lhe

type usually thought to represent relics of sedinentary bedding, are

very nearlJ' continuous around the sharp corner at the base of the keel"

Simil-ar banding has been seen in the keel where it is quite narrow and

vein-like 
"

l+. Tournaline t¡chertrt fragmenbs are found. in the main sulphid.e

bdYu
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5. A green, fi:re-grained., chroritized and epidotized feJ-dspar

dike occurs in the breccia adjacent to ihe keelo The d.ike surround.s

tourmalinized fragments, and is found. as fragments in the sulphides.
(.Big' tz) {Plates 10 & 11) A relatively unaltered, white, fine-grained,
feldspar dike of texture and feldspar composition similar to the green

altered dike, is found intruding the breccia elsewhere in the vicinity.
Plates 13 a lL illustrate ùhe texbures of 'uhe two dikes, The chemical

compositi-ons shown on page l+B were determiried. by x-ray fluorescence

analysis. I'iote that the fairly high titanj_um content, (rutile & Ieuco_

xene) is common to both. It is possible that the two rock t;rpes r.epre-

sent differenL stages of arterati-on of the same di-ke"

6. A displaced porbion of the green d.ike found some rlo fee.'

above the sulphide footwall is illustrated. in Fig. 16 & plate 12. Note

that smal1 fragnients of the dike at bhe broken end are surrowrded. by

ore rm:ch richer in galena than most of i;he adjacent p¡mrhotiùe.

The points l-isted above indicate bhat the tourrnalinized breccia
was rebroken and intnrded by the feldspar d.ike, which was in its turn
broken. The breccia was Iaced. with pyrrhotiüe veins at about the sane

time, or later. The main ore uone reacted in a contrasting plastic or
fluid rnanner. This contrasü in the rheologic properties of the sul-
phide zone compared v¡ith assocíated argilla-ceous, igneous, and altered
rocks will- be discussed in rnore debail prior to considering brecciai;ion
in the orê zorrsc
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Breccia I'fatrix

I¡Ihen exami¡red in th-in sections¡ the breccia matrix is seen to be

a poorly sorted aggregate of sand and silt grains ranging from 0.01 mrn

to 0.! mm, each sumounded by a thin coating of tourrnal-inized argillite.
The very fine ùourmaline needles penetrate the edges of the quartz grains

for a short distance, leaving the centres clearn The quartz grains are

sub angular to sub rounded, and although occasionally fracùured. they do

not exhibit signs of crushing, shearing or mylonitization. Scattered

't,hr'ough the sand grains are tourmalinized chips of fine-grai¡red argil-
lite ard coarser, laminated sílty argillite. Quartz forms upward of
BO% of the ¡ratrix in places. Views of typical matrix are shor¡r¡ j¡r

Plates L5 &. L6.

Tourmaline: rt is clear from the way bhat i;he matrix has been

fourmalinized that tour¡naline was introduced after brecciat,ion. TIle

breccia is not merely a cemented accumulation of previously tourmalinized

fragments" tr\rrthermore, fragments of arl sizes (see plates B, 9 and lZ)
show deformation that indicates they were relativel;r soft (untourmalinized.)

r,rhen broken. rt is conclud.ed, therefore, thaL a great dear of the brec-

ciation predates the tourmalinizatiorr processc

Sulphide minerals: Allhough pymhoùite is by far the predominant

sulphide mÍneral, it is not unco¡nmon ùo find a few grains of charcopy-

rite and arsenopyrite in pyrrhotit,e veins. Galena and sphalerite are

relatively abwrdanÈ 1ocal1y r^riühin the brecc ia a.rea, to the exbent of



iri-6h-3
Analysis SiO2 AIZO3

66.7 l_8.10

F"a03 MeO CaO

L.62 Tr. 3'O5

PTATE 13

Feldspar Dike
from Breccia

Ivln0

0.03

PIÁTE 1l+

Green Dike,
ch-loritized
epidotized
feldspar
dilre

MnO

1.03

Ti0
2

2,72

KO
2

lla 0
2

7.&

J_937_
Analysis SiO^

¿

51.0

A.1 023 FeO
23

15"60

Naro

2"65

Ti0
2

2.h0

ivïgO CaO KZO

3.Ð 8.5013.rO



58

PLATE 15

Breccia ï'ûaÌ;ri:c
General viev¡ of
¡ratrix showing
poorly sorted
quartz and
scattered rock
fragments

rn-65-Lt

PTATE 16

Breccia }fatri:c

ldote tourmali-ne
needles penetrati-ng
quartz grains, and
pprhotite in
fractured grains"

15ï

Ju_65*rl+ 76 X.
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naking sub-ore to depths as much as 150 feet below the sulphide foott¡all,

Pyrrhotite is much more plentiful in the matrix than in the frag-

ments, so that oxidized e:cposure surfaces shovs matrix areas dark coloured

and fragments light coloured. Pyrrhotite is so abundant in many places

that it forrns the enti-re matrix. In general however, pyrrhoti'be is dis-

seminated through the matrix as irregularly-s.traped blebs or occurs in

thi-n veinlets j¡r the fine grained fragments. P1ate 20 illustrales these

relationships. Note in Plate 18, that pyrrhotite has filled a small

quartz lined vug between breccia fragments, and in Plate 19 Ùhat thin

veinlets of pymhotite cut straight through the various mineral grains

of the mairix. Clearly the sulph-ide mj-nerals have been introduced afber

brecciation of the rock. It is also apparent that the sulphide minerals

are parl,ly if not enlirely later than the tourmaline. The evidence for

this is;

1. Veins of sulphide minerals cut through tourmalinized rock.

2. Inclusions of tourmalinized rocks within the sulphide veinlets

are cotûnon.

3. Sulplr:ide grains cut across tourmalinized quari:z grain contacts.

l+. Sulphide minerals have textural relationships that indicate

they formed later than the muscovile and chlorite alteration of tourmaline

dchertl¡.

5. Rarely, larger tourrnaline grains are seen which have been

broken and the cracks fil-Ied with sutpl:ide ninerals (Ptates 26 e. 2l),
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I{ Feldspar and muscovite: The presence of feldspar in tourmalinized
breccia loas first noted. in very thin veinlets of microperthit,e" EIse-
where, graJ-ns sinrilar in appearance to detrital quarüz but partly altered
to ¡nuseovite were suspected of being ferdspar. subsequent'ry, staining
techniques using hydrofluoric acid eLch and sodiurn cobaltinitrite stain
confirmed the presence of potassium feldspars in several specimens. pre-

sence oí plagioclase feldspar is indicated by positive reaction ùo the

rhodizonat,e t,esù, but tkris cannot be considered to be specífic for the
reasons outli¡ed in _4ppendjJ 1tr.

Distribution of K minerars I The specinens that reacted positivel¡r
to the K feldspar stain indicated two types of orbhocl-ase distribution.
0n one fine-grained' specimen, very small grains cf feldspar r^rere abunl-
antly sprinkled all over the dched. surfaceo On otÏærs, the staÍn was

concentrated along cert,ain fractures, with decreasing nurnbers of dis-
seminaùed grains away from the cracks. There is a definite close
spatial association of feld'spars with sulphide nrinerals. I,{here nusco-
vite is in contact l^rÍth sulphide minerals it arways shows well-developed
straight crysùal outrines to which the sulphi_d,es conform. sulphide
minerals often penetrate along the cleavage plarres of the muscovite bookso

Although K feLdspar and muscovite are always closely associated with
sulphide minerals, the reverse is not tn:.e; most of the breccia does not
contain feJCspar.

The distribution of the feldspars shows that they are nob detriüal
although they resemble the quartz grains in siz,e and s¡ape. rn addition
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JrJ-65 -16

-65-rn

73 x.

FTAÎE 19

Pyrrhotite
vei¡aIet cutting
breecia matri:r
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Breccia

Fyrrhotite
distributíon
in matrix
(rieht) a¡d
in fine grained
fragment (feft)
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PLATE 21

Breccia Matrix

Orthoc].ase
(centre)
altering to
lrnrseovite

,IU-6h-1+

PÏ,ATE 22

Altered Tourmalinized
å,rgillite Inelusion
from Ore Zone
Orthoclase altering
to museovite
(wedge shape)
note included
tourmaline need[es

120 )r

JII - 65 - 13 (a).. 
nicols

l-92 X



6ll

they do not shot'¡ ihe alteration due to weathering that might be ex¡rected

in detriùa} grains" Their presence would seem to be d.ue ùo a potassium

metasomaùism"

Po st -'i;ourmalÍne Altera-tion

Alteration zones cut through the tourrnali¡rized foot-r.ra1l rocks

in many placesi the alteration effects varying in severity and in kind..

Detourrnalinization ¡ Mild alteration is often observed spreading

out to short disi;ances on either side of fracturesin ùhe areas of massive

tourmalinizatíon2 removing the cherty characteristics of the rock and

leaving it very similar in appearance to normal argillites ancl silty

argillites" More exùensive alteration usually grades fro¡n a sericitized.

or chl-oritized centrar zone to mildry altered. edgesu Frequently in
conglomerater the matrix has altered more rapidly than the pebbles,

leaving wkrat appears to be trchertrr pebbles in slÍghtly chloritic silty
argillite.

\rery severe alteration has IocalIy decomposed the tounnalinized

rocks to a broLrnish soft muddy material which contains disseminated

calcite crysials.

chloritization¡ chlorite is the most abundant alteration product.

Ï,arge volumes of foot-waIl rocks are chloritized at the west end of the

iron zone (¡'ig. 9). Remna¡ts of tourmaline chert are commonly found

enclosed in the chlorite. Lhloritic 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 ühan pyrrhotite.
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Cften the iron sulphide i,¡ill be pyrrhobite in the tourmaline ¡rcherbrl

but will be pyrite in the chloritized portion of the same be,L a few

inches alÀIayo The chlorite is an iron-rich variety with anomalous brovmish

and berlin bl-ue interference colors.

Sericitizat,ion: sericitic alteration produced a light grey cor-

ored rock that has a bLeached appearance in comparison to the d.arker

grey of normal silty argilliües, and ühe green of the chloritized rocks.

Strong alteration produced in places muscovite crystals nuch larger in

size than the tiny sericite flakes. ,Associated with the niuscovite, in

abouf equal amount, is a chlorite nrineral characterized. by a light grey-

ish color with no pleochroism, and. lolr birefringence with no anomalous

coloring" An x-ray por^rder photograph of the mj:reraI showed. a pattern

closest to chlorite (variety aphnrsid.erite).
aca

I'tg 1"0 Fe 3.2 Fe 0.1¡ (¿r t"5 si 2.5) olo (ou) a

A.S.T.l.li. L2-ù3

Albitization: Arbitizecl rocks in the tou¡malinized foot-wall

are fairly abundant locally in the central western area of the nine.

They are associated rather closely with diorite dikeso occurrences vary

from narrow albitized. zones along fractures through ùhe t,ourmal_ine

tfchert'lr to broad.er, ext,ensive masses of altered. rock, rn general ühe

arbitized masses are dense, fine-grained and white in color, but at

contacts wiùh rrchertrr there are narrow (two or three inch) bror¡m and.

green colored bands suggestive of reaction rims. These rj-ms were

observed at the exbernal contacts of albitized masses, and inòernaIly

where there are retnnanis of ttchertr¡o
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One broad alteration zone that cuts tourmalinized foot-waIl con-

glomerate on the )Ê.5o Level, has chrorite as the main alteration, bui;

pebbles have been selectively albil,ized. Albitization of pebbles has

been observed to occur inbo the tourmali¡ized rocks for a few inches

beyond the contact of the main alteration zone.

Chenical an s of {chertü ard post-tourmalÍne alteration
productg: A series of 5 specimens nere chosen to represent (t) tourma-

line chert; (2) ctrerù with minor development of orthocrase; (3) aetour-

malinization; (,1+) chloritic alteration; (5) strong sericitic alterationn

The specinens üIere prepared for analysis by x-ray fluorescence and flame

photometer method. The specimens ?üere pulverized. Sulphide ninerals
were leached out by the chlorine-methanol method described in Appendix B.

The results of the analysis are presented. in Fig. 1Z & IB.

The most notable changes acconpan]ring increa.sed aLteration appears

to be a decrease in silica acconpanied by increased. iron, niagnesiurn

potassium and martganese. Titanium is consta¡t but sodium shows a slight
decrease. There is a markedly trigher potassium content in the serici-
tized rocks than in the chloritic rocks and. about half as rnuch iron. The

lower iron to magnesium ratio is probably because of a less íron-rich variety
of chlorite in the sericitic rocko Boron content, decreases with increasing
alteration. A specimen of chloritized. breccia fragment taken from a keel
st'ructure shot'rs micro-breccias of biotite-chlorite flakes into which sphal-
erite, pyrrhotite ancl quartz have been introduced.. (see plates 28 &. zg).

Tourmaline crysta'Is are found in this chloriùized rock which are much larger
than usual (possibly recrystallized.). Ivlany of these have broken, Chlorite
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fi11s the cracks jn some, sulphides in others, (See Flates 26e27).
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lB. Table of Chemical A.r¡sfysss

Analysis llon

1
û

o

*
2

&
I
û

6
È

3l+5
**ü

8203
i'h0
Ti 02
lla 20
K20
Ca0
I'{g0
FeZ 03
412 03
si 02

l+,51
T-IJ ð

0"50
0,70
NiI
0010
o,25
5n00

11.90
77 "O

20go
0o09
0"1+6
0.30
r,33
0.36
0"L0
L. 86

12.20
76.0

0.97
o.66
o"65
o"20
L,72
Tro
1.90

10.31+
13. 85

Lo2g
o"hl+
o"66
o"23
t"25
Trú
2"&

10" 60
th"05

o,23
o"23
0o 68
oulg
2"92
0.10
2.1+0

\"36
13Ë Bo

N.D o

0.19
o,5g
L.55
2"hL
2"8b
3.18
5)t5

16,07
65"26

0"03
oo03
2"72
7"&
NiI
3.O5
Trn
L"62

18"10
66"7

0.03
1"03
2ol+0
2"65
I\ii].
8.50
3oÐ

15o&
13,10

# Analyses by x-ray fluorescence and fla¡e
Geology Dept," I{. Ramlal anlyst.

Description of samples

(A) Tourmalinized rocks a¡d rocks altered

1o rrCherbn conglomerate, dense, dark

6-t" 6E*2
"75 0

99"96 gB,go gh.7g 96,32 9l+.66 97"51+ 99.85 gï"zt

photomet,ero U" of Manitoba

subsequent Lo tourmalinization"

and hard, ltTo visible alteration.

tliinor amounts of sulphide minerals.

N - 65 - Zl lpJO A Rse. B.B% sulphide

2n Tourmali¡ized breccia, dense dark hard ,,chert,tr K feldspar and

some mica present, concentrated along fractures.

JU - 6l+ - )+ 39L2O D.N. Lg"g% sulphide

3. Detourmal-inized flchertil conglomerate fairly soft with a few rrcheïtt

pebble rennants.

Rock resembles slightly altered silty argilliteo
N ' 65 - zlt D-3 38331 sA 9.1+ sutphide

lJ. chloritized ttchertr¡ conglomerate. soft greenish grey rocks.
Occasi-onal chert remna.r:.t,

JU - 65 - hl+ D-J+ 3833r sa rT,5î¿ sulphide

5o Sericitized conglomerate, soft light grey rocks.

Strongly mineralized with sphalerite and p;rrrhctite.
JU - 65 ^ ze B-)4 39-p-19 Rse, 37.Tf" sulphide
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chloritized rrchert,* conglomerate. soft greenish grey rocks.

Occasional chert rerrranto

JIJ - 65 - Ltlr D-l+ 3833r s¿ V.|f, sutphide

Sericii,ized conglomerate, soft light grey rocks.

Strongly mineralized with sphalerite and. pyr.rholite.

Ju - 65 - zA B-L 3g-p-I9 Rse 37.7% sulphi_de

(n) Reference specimen, normal sed.iment,s.

6. Silty argillite coLlected. by Scott.

(Scori 1g5h Table Ir)
From belor,¡ lhe sulphide foot¡ua11

Ð.D.H. )+7ZB

(c) Feldspar and rigreenr¡ diles

7 " The feldspar dike is a white fine-grained rock intruded into
brecciated chert and found wiüh included. fragments. rt contajns

considerabre airouni;s of pyrite. Rutile and leucoxene are plen-

tiful in bhe fine-grained matrjx surrou¡iding feldspar crysùal-

lites.

JU-61+-3 L6.)+% sulphi.des

B. The t¡green'r d.jke is a fj-ne-grained green colored. rock intrud.ed

into brecciated chert and found as fragnents broken in tle ore

zoneo rt has a texture similar to the feldspar dike but the

ferdspars have largely been arùened to chtorite ard ei¡idote.

Textures have been preserved by the ru-ti1e ard leucoxene whi_ch

ma-rk the original fine-grained matrix. Feldspar crystallites
remain as clear areas with. occasional remnants of feldspar,

J ' 937 - 614 7.6% sulphide

l+'

)c
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Surnmary

the evidence, both macroscopic and microscopic, shol,¡s ihat a

number of metasornatic rni¡erals have formed. after tourrnalinization of
the foot-walL rocks. 0;rthoclase, and muscovite have formed where potas-

sium has been introduced. Chl-orite has formed where iron¡ magnesium an¿

water have been availabler Ðd albitization attests to the local availa-

bility of sodium. Introduction of these ma.terials into the tourmalinized

rocks has involved re-breaking tlæ breccias more or less severely. Hinor

a-mount,s of igneous material in the form of the feldspar dikes, have been

intmded into the breccia' Keel structur"es have forned. where nnvement

has been concentrated along linear zones, with resulting vertical disptace-

ments of forty or fifty feet. Ihe relationships of su.lphide mi¡rerals and.

quartz üo chlorite and micas, inclicate that ùhe former pair were mobile

afLer the latter had forned and had been bent and broken. The sulphide

ninerals were also mobile after the igneous dikes had been intruded.. The

nature of mobility in the sulplr-ide zone will be discussed in -r,he following
chapter.



CHAPTdR VÏ

RHEOÏ¡GY OF SIJ],PH]¡E ZONES

Definibion of Sulphide Zones

The tern 'tsurphide z,one*, as used here, refers principally üo the

various ore bands of the Sullivan ore body but j¡rcludes nineralized zones

thaË would be excluded by ùhe terrn ore. Tt should be clearly understood.

ihat the term sulphide zone refers to their present cornposition and does

noù inrply 'bhat they 'hiere necessarily sulphid.e zones i:r the same sense at
the time they were mobileo Descriptíons are phrased in terms of Ì;he

mobility of sulphide mj¡reral-s but r,rith tÌæ idea that the sulphides need

not have existed at that üime in their present mi-neral forrno

i.tobility of Sulphide Zones

ConÙrasting compet,ence between ore bands and the surroundi¡rg sÍli-
cate rocks is displayed. in many relationships and on a variety of scales.
Sorne of these ha.ve been nrentioned previously in discussing brecciation of
the footwall rocks.

P1ates 23 anð- 21+ show argilli'be beds near the hanging-wall of the
nain band of ore which have fractured whilst the sulphj-des and thinner
argillite bands have deformed prastically. prate 25 and Fie. 19 shor¡

how dispracenent of hanging-wa1l beds of the HU ore zone on small frac-
tures has beæ accommod.ated by flow in the ore band.. The faurts do not
cut tlrrough the ore zone. on a microscopic scale, (plates 28 and zg)
su-lphides show continuity around. broken ends of chlorite flakes" plastic
floi,¡ seems a less likely explanation for nrobility of sulphides in the
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PLATE 23

To Show tlobility Ín
Sulplride Bands

Note that rmvement
which fractured
thicker argillite
bands is taken up
by crumpling i¡l
sulphide bands

PIATE 2l+

Show Mobility
Sulphide Bands

To
in
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the

pp.

microbreccias than i-n the macroscopic ce.sesr The unbrecciated qua,rtz,

closely associated i^rith the sulphide minera.ls, which has penetrated the

nicrobreccia to the sane extent as the sulphides, r.ras undoubtedly mobile

in solution.

The following opinion has been e4pressed regarding the staLe of

ore zone and the sulphides during the mobile period (C.loi. & S. st,aff,

ItrB):

Folding on a large or sma1l scale is quite corrnon, and apparently
conlinued durÍng and after the period of mi¡erali-zation because
in places, the sulphides fo1low tiny tensiona.l fractures developed
on minor antj-clines while elsewhere they show slickensides pro-
duced by slipping between beds during folding.

One exarnple of sulphides penetrating ùensional cracks is found

in the IIU ore zone (¡'ig. 20) where an argillite parting in the ore, broke

and was thrust upward through the ore zone o Sulphides in the tension

cracks I{ere exa-Irtined carefully and. were founcl to change in character

from the fine-grai-ned p¡rrrhotite sphalerite mixture of the ore zone at

Ì;he open end, to moderately cosrse crystalline spharerite and gal_ena

fwther in the crack. Beyond. this, in the tail of the fracture, the

filling gradually becomes quartz and carbonate with sparse sulphide

¡rinerals. Clearly the filling is not simply a plastic flow of ore i¡to
the fracùÌlreso

F\:rther to this point it should be noted. t,hat the sulphides have

not always behaved plastically under stress, as is shoi,¡n by sone of the

younger faults of the Sullivan type which have sheared through the ore

zone and in which broken ore fragnents have been found belor,¡ the sulphide

foot-wall-o
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Diorite and other igneous dikes that are found broken up in ore

zones, provide examples of sulphide mobility" Other l,han the d.islocated.

fragmen'bs, there is no record. r,¡ithin fhe sulphides thernselves of where

movenent took pIace. There is no shearÍ:rg and no obvious floiv lineation.
Fig. 2l shows fragnrentation of a d,iorite dike in the wesi; central part of
the main ore zoneo Fig. 22 shows the fragment,ation of the minette dike

described by Leech (Leech and. i¡Janless 19ó3 p. zSL) ard. referred to pre-
viously on page 27. lrlote the ¡ninor thrust faultÍng, r.¡ith movemenù i-n

the same sense as that shotnn by the dike displacement, found. in a lamin-

ated zone above ihe D sulphide band, The ]aminations carry disseminated

sulphì-de mineraLs. The planes of thrusting wouId. be imperceptible were

it not for the presence of the displaced l-a¡ninations. Similar ti-ghtly
healed, praciically imperceptible fractures are fairly conunon in the

argillaceous rocks in other locations.

A feature often observed. in connection with ore which surrou¡d.s

displaced fragments, or penetrates cracks in them, is the segregation

of mi¡rerals inùo bands paralleling the contacts. Thus the fragment of
altered feldspar dike shown in Fig. 16 and Plate 12 has a concentration
of galena around its br"oken end., a¡d the sulphide veinlets penetrati¡g
the quartz vein shor¡l'n in Fig. 2L ard Plate l1 are barded r+ith galena and

sphalerite. ltlote al-so that mineralized conglomerate has f:lorred Noward

the crack j¡r the quarLz, and. thal mineralized. sediments have fl-owed

around tlæ fragments of quartz vei_n Fig. 23 and plate JO.

Iù seems cLear that the property of rtfloi,¡ingil was not confj¡ed

entirely to sulphide bands bu-ù was arso present where the ore zone

consists of disseminated nrineralization in meta-sedinantary rocks.
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Furthermore, whatever was the means of transportation of the sulphide

mineral.s it was often capable of depositing them in la-yered concentra-

tions.

In summarn', the sulphide zones show many evidences of having been

highty mobile compared to the argillaceous beds but it is doubtful that

the niobil-ity was due ùo properties of the sulphide minerals as they now

exist.

Breccia in the Ore Zone

Breccia in the ore zone is most clearly apparent in certai¡r fringe

area stopes" A large portion of the ore in these locations is heavily

disseminated ratlær than massive. fn part it is mad-e up of slightly

mineralized fragnents in a viell-mineral-ized natrix. Cut-off grade may

occur i¡here fragments become very numerollso

Some of the ore zone breccias are simply non-mineralized bands

pulled apart, in places as a resul-t of folding" These can be readily

reconstructed rnen¿ally. ïn other places cornplete dislocation and

ro'r,ati-on of fragnents occu.rs. Frequently'i:he fringe breccias are

stratigraphically confined between fairly conbinuous hanging-wal-I and

foot-wall bands" Cne su-ch occurrence is illus1;rated in l"l-7-30 s'bope

(¡'ig. 23) "

Here a cont,i¡luous sulphide band beloro ùhe rrln marlcer bed, over-

lies a- rnineralized breccia zone, which in turn overlies the foot-wall

conglomerate" A sill-tike quartz vein has been fragnenied in lhe breccia

zcne and is now surrounded by rdneraliz,ed brecciao Sulphides penatrate
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fractures in the quartz. In the same stope, brecciated sedirnentary rocks

are found in a quariz matrix (ptate 3e). tlearly, repeated breccia'r,j-on

has occurred, before and afLer the inroducüion of quartz.

Toi,¡ards the central area of the mine, brecciai;ion in the ore zone

may be indicated by remnani;s of various t¡rpes and sizes of silicate rocks.

Some fragments of argillite o:: chloril,ized argillite la-yers near the

hanging-wa1l are likely pieces of the regular succession, possibly sti11

in p1ace. Other fragments are obviously displaced. Fragments of tour-

mal-inized fooü-wall rocks, including fool-wall conglomeraterhave been

found well u,p in the ore.

Plate 33 shorçs fragments of argilliie (right brown) in massive

pyrrhotite of the najn ore zone as seen on an oxidized wa.rl- of a 39oo

level- drift. Some of the fragments enclosed. in massive sulphÍ-des remain

as heavily mineralized ghostly remnanbs. Strong development of tnusco-

vite is noted in sorne. Garnets, (va.riety spessartite-pyrope) are fairly
conmon, and actinolite and tal-c have been noted in places, .A tend.ency

for fragments to be rirnmed by sphalerite a¡rd galena segregations has

been mentioned before" The fragments in the ore zone have tended to

reacb with the sulphides" Higher grades of netarnorphism of j¡rclusiols

l¡j-ùhjn the ore zone indica'be it was holler then the surround.ing r.ocks.
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FIJÁ,18 26

Chloritized Fragment
from Keel Breccia.

Tourrnaline chlorite,
quartz and zulphides.

Note sulphide
minerals in fractured
tourmaLineo

PL¡.rE 27

Fractured Tournaline
Crystal, chlorite
fills fractures.

J-939-61 320r
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FTATE 2B

Chl-oritized Argillite
from Kee]. Breccia
showing Sphalerite
P¡rrrhotüe and Quartz

plane light

PL{ÏE 29

Micro Breccia '

Enlarged portion of
photo aboveo Note
brecciation of
chlorite and filling
of craeks . r¿ith
sulphide and quariz

nicols
95x







CIIAPTER VTI

BR3CCTA ABOVE T}IB ORE ZONE

The breccia a.bove the ore zone differs in character and origin
from the chaotic breccia in the foob-waL1 rocks"

Distribr,:iion - Limited ilrposure

The hanglngruall breccia is most noticeable iri the albitized rocks,

parficularly -,'rhere white al-Ïritized fragments are found in green chlori-
tized matrix. i'iost of the evidence of this breccia has been seen i¡r

diamond drill cone, and is found to have a broad distribution in the

albitized hanging-wall rocks.

Direct observation of the hanging-wall rocks is limited by rela-r,ive

scarcity of developnient headings above the ore. I{owever, mining of the

hanging-wall ore has exposed consj-derable åreas ¡a¡ticularly in the ,rlU

ore bando l"Tormally this band is quite contjnuous and conforma.ble, but

i'b has been i¡ivolved in brecciated ha:rg"ing-wa11 structures.

Hanging-i,¡all Structures

Tlee hanging-walr structures have elements of both folding, and

faulting with severe brecciation. Interpretaticn of the sbructure is
often hampered by extensive al-teration of the hanging-wall beds -bc

chlorite and albibite, wìrich obscures marker beds. Tr,¡o of the sbructures

are illusùrated in Figs, 12 & 13.

Features of the struc'bures are as follows ¡

Iu lÏanging-vraIl marker beds can be recognized to the east and the

r,¡est of the slructures.
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2. Beds to the east üurn sLeeply upward a.1ong the east flar:k of

the sfructureo

3" Beds to the west are flat-ffing and displaced dorn¡cward from

the same upturned beds on ühe east flank" There are no indications that

the beds to the west have been folded to forrn a western flank to an anti-
cline "

L" The hanging-waII of the ore is more or less concordant with

the beds of the east flank but is sharply discordant with those to the

we st.

5, Breccia. fragr,rents are found in the ore and. ad-jacent to it,
especially along the disco¡tl.ant contact.

Although the origin of the stnrctures is not fuIIy understood a

possible explanation is as follows:

The hanging-wall rocks ltere folded j¡to a monocline wlrich devel-

oped a steep east limbo ,{s tl..e fold developed., faulting with brecciation

took pJ-ace along the western a:cial plane. i.tobile material from the ore

zone rÂras injected along the brecciated fault zone, pushing the east lj¿mb

upward and eastr,¡ard.

Thickening and Thinning of the Ore Zone

The ore zone has marked variations in thickness due to the hanging-

wall structures and the fooù-walI keel structures, r,ihich trend in the same

direction and are closely associated Ín space, (tr'lg. 1l). The raised
portions of lhe hanging-wall often overlie the lowered. foot-wall- in a keel
giving a verlr thick oye zone, (nig" t3).
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An extrerp variation in thiclaness is illustrated in one area

r,¡here the hanging-wal} and foot-walI structures resulted. in an atten-

uaüed ore zone only three feet thick sone forty feet east of a portion

2$O feeb thick.

i{jne ralized Ï{an_ging-wall Breccia

Figure 25 shows a map of the walI of a sub-level drift which v¡as

drir¡en into an area of hanging-wall breccia. The rocks here have not

been albitized. A large portion of sulptrid.e mineralization has occuryed

and shorvs as dark brornrn oxidized streaks and patches (Plates 3l+ and 3!),
The breccia is entirely consolidated, and the fra.gmental nature of the

rocks is rather obscure where pieces are not outh-ned by sulphide miner-

a1s.

iviineralized chlorite hreccia forrned a portion of the ore mined

in the hanging-walI stopes shown in Fig. !2. Large fragments of banded.

sulphides, apparently torn from a once cont,inuous band, are sumounded

by chlorite breccia. The matrix of the breccia contains disseminated

pyrrhotite, sphalerite and galena sufficient to make ore. Jlbove the ore
j-s brecciated albitite ¡^rith a chloritlc matrj-x, simi-Iar to the specimens

shornrn in Plate Jó.

Translation of Hanging-wall Beds

Hanging-nal1 beds have been translated tor.rards the centre of the

mine flom the north, west and south. The evidence for this is found. in
the displacement of the hanging-wa11 portíons of igneous dil<es. FLg. 26

shows the location of several of these dikes in the foot-wa.ll of the ore-

body' The arrovrs show the direction of the component of displacement







9T

perpendicular t,o the strike of the dikes. The displacements are clear

for dikes 3rl+ and !, but due to the irregular nature of díorite dikes I

and 2, their displacernents are not' as certai-n"

Thickness of strata involved: .Diorite dikes have been found in

surface exposures some 300 feet above the hanging-wall which indicates

thaù at least this thickness of rocks was i-nvolved fui the translational

movement's. Furthermore, albitite extends about the same distance above

the ore body and must also represent a minimum amount of rock present

when brecciation took place "

Summary

It is not knowr whether the brecciation that affected the foot-

wall ever penetrated directly through the ore horizon into the hangÍng-

wal-l. At least part of the brecciation of the o*e zone has been strati-

graphically confined due to lateral noverents. The sulphide uone shows

evidence of having been mobile with an ability to flon when si-licate

rocks were breaking.

BreccÍation above the ore is largely associated with the hanging-

wall structures rvhich have elements of both folding and faulti-ng. These

strucfures trend irr the sa¡re direction as the foot-walI keels and are

spatially related to them. However, they are not faults vrhich displace

the foot-wal-l rocks, the ore zone, and the hanging-wall mcks in the

same direction.

the various effects noted may have resulted from r¡ertical adjust-

ments in foot-r'v-aLl rocks which formed keels, and gave rise to lateral
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flolúng movements in

have been transmitted

strata, faulting and

the ore zorrac The movements in the ore zone nay

to the hanging-wall rocks causing buckling of

brecciation to produce the hanging-waIl structures"
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DISCUSSION OF ,II{E ORTGTI{ OF TT{E BRJCCTAS

PRE-CONGIÐ}IaRATE BMCCIÁ.

The conglonerate basin was formed. duri:rg the latter part of Iower

Aldridge time. rt seems to have been st,eep-wa11ed, roughly circular and

floored i^rith large blocks of thin bedded rocks similar to those forming

the wa1]s.

The outline of tlæ conglomerate basin is also the outline of a

pine-like breccia body thai; erbends dor.¡nward from the base of the conglo-

lr€rate. The pre-conglomerate breccÍa can be observed. directly in nrÌning

development headings to Ìrave thiclrnesses up to one hundred and fifty
feet. It can be inferred from diamond drill core v¡ith less cerlaini;y,

that the breccj-a exi;ends downward one thousand feet to'bhe'bop of a

diorite body. The spatial relationship bet-v¡een the conglomerate basin

and the underlying breccia requires that their origin be considered

together"

the problem may be considered in terms of energy sources which

operaùe (a) at the earthts surface or (¡) rrom wiühin the earlhn The

following processes have been considered ¡

(") io Erosional processes

(f) Current erosion, either subaerial or submarine is

considered capable of producing steep-r¡aIled depressions.

Skree-t¡pe breccia rrright -bhen cover the fJooro



g'11

(Z) Slunrping a:rd gravity gliding can produce steep-

iralled separations of slrata, and breccia.

ii. I'feteor impact

lieteor impact is considered capable of producing crat,ers

and breccia colunns"

(u) i. Faulting

Faulting is capable of fornring breccia, but it is con-

sidered unlikely to produce basins and breccia pipes. Com-

binations of faulùs may influence the location of such struc-

tures"

ii" Cryptovolcanic explosion

Cryptovolcanic explosion is considered to be capable of

producing craters and breccia columns rr¡ithout erbrusion of

volcanic ma-berial.

iii. Solution caverning

Caverns excavated by solution of soluble rocks nay result

in collapse of overlyi:rg r"ocks forming a s'beep-wa}led depres-

sion a¡d a breccia co]-umno

iv. i'fagmatic stoping

fiagmatic stoping is considered to be capable of forrning

'oreccia columns which may reach near eriough to surface to

allow collapse of surface material in a period of relaxation

of magmatic pressure"

Consjdering these possible origins in turn the following

criteria seenr applicabl-e.
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Subaerial or Sub¡narine Erosion

(") Ðuted water-worn swfa.ces are not, observed at the ccnglcm-

erate contact,s.

(u) Thin-bedded brocks at the base of the conglornerate are

breccia fragrnents and trot erosional rerulants or si;acks because they

have been rotateC.

(c) The breccia has considerabl-e vert,ical extent and is nol

merely a veneer on a soli_d rock baseo

These criterj-a indica-r,e that tÌæ conglomerate basin was not, an

erosional feature.

Slumping and Gravity Glid.ing

slumping and glidirg are r¡erieved to be capa.ble oï ;:,rcducing

steep-waIled depressions in both unconsoli-d.ated and. consolidated sedi-
rnents. They are essenl,ial-lJr lateral rnovements, and woul¿ not be e4pected.

to form a pipe-l-ike breccia column" Breccias prod-uced. by grarri.by gliding
are described by R.A. Balcry (rg¡s) as ihick zones alcng low angre slip
planes ar' 7a to 1oo to bedding, and extending for as much as several

niles"

i{indl-e and i¡ihittington (1958) descrj-be intrafornial,ional- breccia
formed b¡- penecontemporaneous slu-mping and sedimeniation. lluge blocks

and boulders of shalloi'¡ water sed.irnents slid out over deep water sedi-
ments, at several d-ifferent tiræs, The resuì.i;ing breccias attained
thicknesses u-p to 200 feei thick, but exterded para1le1 to the sirata.
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Cr)rpt ovolcanic Erplo sion

Cryptovolcanic explosions or crJætoexplosions are described by

Bucher (f%5) as natural explosive structures related to maars and

diatremes" They are the attempted but abortive beginnings of volcan-

ism j:r a region. The structure is produced by explosions of geses

under hr-igh pressure and without exirusion of any rnagmatic material.

A cryptovolcanic explosion, if shallorr and strong, is said to brow

out an explosion basin fiIled with jr-tnbled rocks and surrounded by a

ring of debris. If deep-seated, ireak and. muffled, il produces a domeu

ÐLelz (f959) summarizes some of 'bhe fea.tures of rt0ryptoexplosion

Structuresri as follol.¡s: -

(f) Circul¿.r outlines with redia]. or somewhat bilateral s¡rm-

metry.

(Z) Á central d.ome-shapect uplift r,¡ith inùense s'bructural d.erange-

nent, suffounded by a ring s¡mcline and in sorne cases by obher ring-shaped

uplifts and depressions of rapidly d.iminishing ampliiud.e.

(¡ ) Complex high angle and mostly nornal faulting with mjnor

folding"

(l+) Sheared., brecciated, powdered rock and someti¡nes shatter
' cones in the centraL uplift.

ß) A variati-on j-n d.iameter from less than one to greater than

si:< niles,

Dietz does not think that these structures are necessarily cr¡p-
tovolcanic explosi-ons, but favours rneteoritic inpact: as an alternative.



97

The Sull-ivan strucùure resernbles the cryp'i;oexplosion structures

i-n so¡ne poirrüs; the outl-j:re is rnore or less circular, a¿rd i;here is a

domical stmct,ure, till;ed on the fl-a.rù< of the Furcell geanticli-ne, The

done is not clearly related to the breccia col-u.mn, bu-t is closely asso-

ciated in space,

FIonever, three aspects of the typical crSrptoe4plosion structure

are missing"

(1) There is no lf:ronn ring of debris. (This could have been

eroded ar^ray during de'position of conglomerate)"

(Z) Severe crushirg, shearing and. potidering of rocks are not in
evidence (see also Schrock & Iialloth I93j).

Ú) conrplex high angle faulting is not a particularly notable

feat,ure.

l"feteorite Irnpact

The d-iagnostic features of meteorite impact craters should be very

similar to those of cryptoexplosions. The d.ifferences are still very

much a ma-tter of discussion. Bilatera1 synmetry might be expected i-n a¡t

astrobleme rather than rounclness because meteors do nob faII vertically
to the earth but have tangeni;ial conrponents of rnove¡lent" Debris l^iould

tend to be pushed ahead of the met,eor to make a thicker rim on the side

of the crater farthest from ùhe point of contact,. Any fragments of the

meteor would lodge in the area of the piled-up debris, but it has been

estimated that a meteor would. likel¡r e,rplode and vapourize on impact,

leaving little or no identifiable material. A column of highty frac-
tured, brecciated rocks r,toulcl extend do¡mlrard fron the area of impacü.
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Buschbach T.C. and Ryan R. (L963) consider that lacic of i-gneous

rocks and a decrease of fracturing d.oLnrv¡ard is.indica.tive of meteorite

impact ra-ther than cryptovolcanic explosion.

The bedded rocks surrounding i:he conglomerate basin do not show

the disturba-nce one l'¡ould expect from a meteorite impact. Rirn effects
due to piled-up debris are missing, and- the sheared., powdered. rock,

characùerÍstic of irnpact and explosion, is not in evid.ence.

F\:rthernnore, rneteorite explosions are single caüastrophic events

wh.ich r,¡ould not show evidence of recurrent brecciation.

Solution Caverning

considering soruiion caverning, there is an immedia.te serÍous

objection jn i;hat no sol-uble bed.s have been fou¡d. in the f,ovler Aldridge.
The nearest limey beds are found. in Ì;he Upper Fort Steel formation und.er

some Jar!00 feet of Lower Aldrid.ge. Creation of the conglomerate basin
by collapse of the roof of a cavern does not seem probable.

lggletic Stoping

Considerable attention has been paid. in recent literatrire to the

formation of breccia pipes and pebbre columns by a process of magmatic

stoping. This process is thought to act in the fol-loi,ring manner. Irfagma

under pressure i-n a magma chamber, begins to invade its cover rocks along

lines of weakness, possibly the intersecùion of two faults. press'res in
the magma l'1i11 vary¡ md at each point of advarice there will be surges of
pressure followed by relaxation. idith each surge of pressure fractr:ring
occu-rst and with relaxation the fractured rock falls baclr. A col-u¡rn of
breccia builds up in ad.vance of the invading ma.gmao tsrecciation at the
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advance end of ùhe col-unn may consist rnerely of fractured rock, ard, grad-

ual11' dov¡nward becomes more coriußinuted, rotated and ¡rixed. Crood reviews

of breccia ard pebble colurns and ¡nineralized breccia. pi-pes are given by

Leonid Br;,ner (1961) and Vi:rceni Ð. Perry (1961).

Pemy states that ¡

repeated magma adva¡ces at various points, and resulta.nt slumpage
in the chimneys would eventua.Ily extend the breccias 'bo or near
the surface.

He further suggests that collapse to surface would Ìike1y occur

dwing a period of r.¡ibhdrav¡al of magmac

l,eech (G.S.C. Paper 6)¿-l- p. JO) reports diabreme breccia colu¡rms

occurring in the locky l'iountains. He has this to say (Ieech personal

communication):

At the bighest levels the rock is fractured. but nob displaced.. At
a lower level the rock is brecciabed with sone roùation of frag-
m.ents, then brecciated and containing trforeignrt but local sedinen-
tary fragments, with an increase in the proportions of matrix ard.
a. range of fragrnent shapes from angular to partially rounded by
abrasion. Àn inrportant point is that over a considerable vertical
ra:rge the fragnrental roelc looks lile a cross between a tectonic
breccia and an unsorted or poorly-sorted conglomerate, whose
fragments correlate with the l-ocal- stratigraphic successiono At
sti}l lower levels the conglomeratic asìrect increases because
matrix (silt, sand. and pebbles) incrersås, more fragments are sub'
rounded or subangular and because rounded pebbles or cobbles of
igneous or metamorph-ic rocks appea-r. The latter are round.ed by
abrasion in their passage through the pulsaling column of brec-
ciated rocko

and eLsewhere

going deeper the igneous components i:rcrease and- also d.¡7kes may
appear. The point is that a great depth of breccia has no igneous
naterialo

This process of breccia column formation is favoured by the wriler
who visual-izes the follor,ring origin of the conglomerate basinn
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ileconstruction of the Devel-cpment ?f i;he Conglomerate Basin

The magmatic stoping process appears to be one capable of produc-

ing i;he conglomerate basin during y¡ithdrawal of rnagrna from beneath a

breccia coluru: which had approached sufficiently close to the surface to

permit collapse. ït, is a.Lso a recurrent process which can be called on

as a cause for later periols of brecciation. Folloviing the classifica-

tion proposed by Bryner (L96L, p" l+91) ttæ pre-conglomerate breccia

would be of ùhe pre-hydrothermal typeo

Niatu-r'e of the rocks inrzolved: Subsequent to the formation of the

basin, i'b was filled with conglomerate. Ihe pebbles originated from

Aldridge-type sediments similar to Lhose forrning the walls of the basin,

but clearly j-f the basin existed as a hoJ.e in the rocks, it coulC not at

the same tinr: provide the material to fill i;he hole. The pebbles Lhen,

were derived fr'om fairly r¿elI-consolidated rocks outside of bhe rlepres-

sion but at no grea.ù distance" Cther fragmental rocks were being forrned

at about the same titne, and are now found in local accumulations at or

near the Lor^¡er-l'iid-d1e Àldridge conta.cü a.t various places in the district.

fmplicaticns regardi:rg sedimentary en_vironment : The pre-conglo-

merat,e breccia bl-ocks seern to have been fairl¡r well-consolidated., judging

from rectilin'¡ar outlines a:rd lack of fold.j.ng in most of those observed..

If fhe deduction i-s coruect that the surface layers were relativel¡' hard,

and were suJfering erosion in places, then the Lower-lüliddle Aldrid.ge

contact may nnrk a sr:rface of relative uplift, J-ack of deposition and

l-ocal erosiono
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Irnplicai;ions regardinglnagma'bic actir¡ity¡ If ihe pre-conglomerate

basin is assumed to have formed by nragniatic action, there is an implica-

tion that the generation of nnagma had begun while the area uras still
receiving sedimentsn Perhaps this irdicates thaù Lhe i-gneou-s activity
of 'bhe island arc sysi;em began long befoz'e the for¡nation of prominent

islards. Igneous j-ntrusion beneath the deltaic wedge may have blocked

subsidence of the area d.u¡ing the latfær part of lor¡er A1drid.ge tinre

causing a period of non deposi-tion. Relief of pressure in the magma

chamber indicated b¡¡ subsidence in the breccia pipe, may have been of
regional significance in prorno'bing the subsidence necessary for the

deposition of Upper Aldridge sedimentary rocks.

A period of magma'bíc quiescence is probably indicated d¡ring the

time of deposition of the mine series sedimenLary rocks, following the

formation of the conglomerate basin" Slight doi,rnward adjustrnents in
the breccia column may have rnade a concavity i_n the upper contact of
ihe conglomerate. This could account for the forf,y feet or so of sedí-
menta.ry materi-aI between the ore zone a¡.d. the central part of the conglo-

r,rerate, that is absent around. lhe edges"

PosT-cO¡ì GIotiERArl BfiËCCrA

Recapitulaùion

Posi-conglomerate brecciation in the foot-¡vaIl is essenùially a

verbical disturbance. Conglomerate fragments have migrated downç¡ard i¡r

ùhe chaotically nùxed breccia. Itt-o great shearing stresses are j-nd.icated.

Quartz grains i-n the mai;rix have not been crushed. Torn and twisted

blocks and fragrnents suggest that some soft roclcs'were involved in tkris
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phaseu

RheomorpÌúc Bre ccia Hatrix-

The breccia matrÍx may have been rheornorphic in the sense used by

Goodspeed G.E. (1953)" The rnarrix is cert,ainly very pervasive through

i:he breccia, and in places there are ratler large volumes of rnatrix i^rith

only a scatt,ering of snlal-} fragments.

One visualizes the brecciatioir process grinding up the rocks,

especially friable sandsûones, into a s1r.p¡y which wouLd have a mobility

nuch greater ühan the whole mass, and yet l'¡ould tend. to float large blocks,

a¡id facilitaùe the mixing processn Some of the narrot{er sharp-walled

breccia zones i,hai are observed, (particularly toi.rards the south end of

the mi¡e) *"y be true rheonorphic breccia dikes"

Where posi-conglomerate bre c ciation cuts pre-conglomerate breccia,

it is practically impossible to disbinguish one from the other. This

poses the question trwhy postulate two stages of brecciation?rr Perhaps

one post-conglomerate period of brecciation could. have produced the

irregular base of the conglomerate" The most convincing evidence that

some of the breccia preced.es the conglomerate is that the top of tlle
conglomerate is urrdisturbed over sonp of the largesi irregularities at

the conglomerate base, yet is d.isturbed and disrupted in areas of post-

conglomerate brec ciat,ion.

ishi¡ra Pre-co merat,e and Post-con rate Breccias

Post-conglo¡erate breccia oubl-ines tend to be elongated rather
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than circular, exüending across 'bhe bou¡dary of the pre-conglomeraùe

basin" 1o a certai:r extent the elongation correlates with keel- struc-

tures, especially irhe 1¡L800 Depart'aren structure. i{owever, bhe brec-

ciaied areas are much broader lhan the keers, and are largely a pre-

tourmaline occurrence, whereas t,he keels occuï in narrow belts of post-

tourmaline bre cciation.

Displacement of fooù-wa1l rocks occurs across lhe keel sùructures,

but no large displacenent can be denonstrated across the broader breccia

zones' CerLainly, displacement of large blocks within the breccia is
much more obvious than any rnisalignmenü of the conglomerate across the

zolf€so In other words the post-conglomerate breccia anpears to have

punched through the conglomerate. The keels appear to have formed. as a

late stage of movement withj:r the tourmarinized breccia mass.

It is not surprising thai; the post-conglomerate brecciation does

not conform to the outlines of the pre-conglomerate basin. The la'bter

was likely formed by collapse, whereas the former resulted from renewecl

magmatic activity wiùh some unknor"¡n thickness of new sediments blanketing

the arean Mi-Ilor amounls of igneous material penetrated the breccia at

the ore zone level. At a deeper level a core hole shows sedimentary rock

fragments i¡cluded in the fine grained diorite near the upper contact of
the diori'i:e si}1. Both of these occurrences lend weigtrb üo the theory

that renewed magma'bic sl,oping caused. the post-conglomeraLe brecciationn

The upward exten'b of thj-s brecciation cannot be det,ermined. The
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footwall breccias are nord separated from ùhose in tire hanging-waIl, by

the ore zone- If a conti¡luous zone existed it is row effectively dis-
guised, l¡hich is wha.t one wouLd expecù due bo dispersal of fragnents by

ore zone mobilitv, and their dest:.uctioir by replacement. Hoiuever, it
seems equally possible that the ore zone was nob penetraied, but absorbed

brecciation movements in tÏæ same manner that the smaller ore bards

absorbed fracturing and dÍsplacement of their waII rocks, i.e. by flowing

rather than by breaking.

lelationship of lgneous Rocks to Breccia

Igneous rocks are not found as definite fragments in the breccia
except where the various dikes are found broken in the ore" Some of the

minor dikes were intruded into brecciated. tourmaline cherb and. are there-
fore later ùhan tournalinization. Scott (fpEl+) presented. evidence th¿t
the hornfel-s alteration adjacent to the diorite sills preceded tourmalin-
ization" One larnprophyre dike (ífl+ tn Fig. 16) is known bo have cut the
diorite sill. It is younger ùhan the diorite but older ùhan some of the

movements i¡r the sulphid.e zonea

Igneous activity associated i',iith a renewed. period. of brecciation
is indicated. Just as there were periodic repetiùions of ¡recciaùion,
so t,here hiere successive intervals of inlrusion.

dikes which are apophyses fron the si1r, are found. in out,crop some JOO

feet above the ore zortêo rf scottrs concrusions are correct, it may be

assumed that the ore zone plus an unknown thickness of sedimentary cover
(exceeding 3oo ft.) was in t:lace before tourmal-inization and ùhe succeed-
ing brecciations, and metasomatic events.

ourmalinization ¡ Diorite
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Feldspar díke: A ;oeculiariùy of the fe}ìspar dike is that it

exhibits very irregular contacts in the foot-vralI breccia, but in ùhe

ore zone il is narror,¡ and straight-sided. This is taken to indicate

inberrupted developrnent of verbical brecciation in tlìe ore zone. There

are, however, t'oo few observai;ions of dikes i¡ the ore zone to al1ow any

general conclusions regarding the nature of the wal1 roclcs.

Brecciation i¡r the Sul-ph-ide Zone

Brecciation in the sulphide zone appears to ha.ve had a different,

character from that il the foot-wall. l¡lhereas the foot-waIl brecciation

-involved mostly verbical movement, the oï.e zone breccias indicate lateral
nlor¡ement. It is postulated here that the ore zone had plastic chare.c-

teristics compared to the relativel-y brittle fooi-wall and harrging-wal-l

rocl<s. The reesons for the prasticity are not known, bu_t they seem

clearly to -'be related to the presence of bhe sulphides. Withoui enter-

ing i-nto the current con'i;roversy on syngenetic versus hldrothermal origin,
there seem to be possible explanations from either viernrooint.

(f) The syngenetic protore was in a plastic colloid.al state prior

to crystalliza.tion, able to sustain ius stratiform nature due to its high

densi'b¡r, or

(2) The sulphid.e zone consisted. rargely of clays ùhat became

thixatropic diæ to the in|roduclion of hydrothermal solutions during

the process of mineralization.

R.D. MclJeíIl (lgíe) appeals to mobilization of thixaùropic cla.¡rs,

fLuid rm:-d layers, and plastic sedirnents, in the partiarly consolidated

pile of sedinentary rocks und.ergoing diagenesis, to explain confcrmable



106

breccias connecued i.rith the Orlando liine, Tennant Creek, Âustralia. i-le

su-gges.bs that'tbis serni-consolidated pile r^ra.s set in motion by gravity

gliding. In the case of the Sullivan ore zone, thixatropic liquifaction
of susceptible beds rnay have been triggered by brecciaiion movements

belorv.

the presence of some foot-wall breccia bloclcs in the sulphide zone

ndght possibly be atl,ribuì;ed to floating of the blocks into a plastic

sulphi-de zone of high specific graviüy. The Cevel-opment of higher grade

met,amorphic rninerals in the sulphide zone and evidence of reaction

between fragments and ore, suggest that the zone vüas hot and chemicall;'

aciive.

slumPing of ore zone, iranslation of hanging-wall beds: Regartl-

less of the cornposi'bion of the sulphide zone, it is ùhought to have

slurnped- tonards the keel structures, iniiiating slì-ding of the hanging-

wall- bedsr ard resulì:ing i¡ the formation of blre hanging-r,ua1l si;ructures

r,rith their ¿.ttendant brecciation. Sulphides lhen permeated. ceriain por-

tions of the breccia'bed hanging-wall.

The ore zone breccia. anl the hanging-wa1l breccias are not atÌ;ri-
bu-ted to one ca.i:astrophic event. On t,he conlrar.Jr t,here is evid.ence that
quartz lvas introduced after one period of brecciation and prior to

another. fn the hai:ging-i'ra11, albitibe is occasicnally found surrounding

a-rgillaceous -fragments and as welr, albitized fra_gnents a.re found in a

chloritized matrix

The posi;-conglonerate brecciations i,¡ith their a-ssociaied altera-
tions fit rather nicely into the co-hydrotherrnal type of Br¡ierrs cfassi-
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fication. Hydrotirermal a.ctivity at i;his stage

na.ture of ihe magna during the quiescent period

of the conglornera.ùe basin. Conceivably rlr,rri_ng

solutions had separated from the magma, arrd had

at bhe base of bhe breccia colu¡m.

0lher Breccias

indicates a change in the

following the development

this time, hydrothermal

accumulaied in a cupola

The literature concerning breccia pipes shows that they commonly

occur in groups related to a. cornmon structure or set of structures.

There is evidence thaù this hokls true for the sull_ivan breccia.

A short distance to ihe southwest of bhe orebody, drill hores

encountered a thick conglomerate breccia body below 'bhe arch in ùhe

cornplex diorite sil-l. This body is apparently sharply discordant rnri'bh

the enclosÍng bedded sedimen'bs. ft cloes not have associaied lourmalin-

izaLLon, chloritization atd albitization and is Lherefore of the pre-

hydrothermal type.

Approximately one mile souüh of the mine, in 'bhe ir{ark Creek gorge,

is the Stemr^¡inder sulphide bod.y. Thj-s steeply dipping lens is discordan.b,

stratigraphicarly lower'r,han t,he sullivan ore zoner and in a s;n:cu:rat

struciure. 1'l:e mi:teralogy of the sul-phides is ver¡- similar to that of the

sullivan ore. Conglomerate and breccia have been mapped in the wall- roeks
-u¡hich have largely been converted bo t,ourmali¡re rtchertfl. A-t l-east one

inclusion of conglomerate in the su-lphide body is shov¡n in the mapping.

This occumence overlies'bhe d.iorite si1lr but the lowest poinib so far
explored is close bo the siI}. (Consolidated Ì,lining and Srnelting staff
report, privale file). Surface mapping about the Stemwj-nder and to the
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southr towards the North Star i'fine, records a mixed zone consisùing of

thin-bedded rocks, conglornerate, and massive sandy rocks in a disorderly

mixture. lrCherürr is found in thj-s rock as iruegular stringers. The

descripüions of the rock strongly suggest that this is another co-h¡niro-

thermal breccia, extending into close association with the confornable

North Star orebody. Fig" 2Z shows the relationship between the three

orebodies. Their norüh-south alignment strongly suggests a common

sÙructural controlr altd by inference a structure controlling ùhe loca-

tion of breccia formation.

Ï]t:I SUI'N',IAAY

Brecciati-on of large volurnes of rock has occurred, below, withirr
and above the sullivan ore body. Two main stages of brecciation are

recognized.

(f) Pre-conglomerate - pre-hydrothermal

Q) Posb-congiomerate- co-hydrothermal

collapse to surface above a breccia corunm formed by magrnatic

action is considered to be the nost satisfactory of several explanations

considered for the pre-conglomerate breccia and. conglomeraùe basin.

Post-conglomerate brecciation nas not a single catastrophic event,

but occurued at intervals punctuated by:

(1) diorite intrusion

Q) boron metasornatism

(:) introduction of quartz

(l+) potassium and sodium metasomatis¡n

ß) chloritization
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(6) introducLion of sulphide minerals

(Z) intrusion of mirror igneous dikes

The order of event,s is j-n general as shor.rrn above, l¡ut overlapping,

repetition, and interaction of Ì:rocesses is believed ic have occurred.n

Conglonera'be pebbles, and fragments in 'i,he pre-conglomerate brec-

cia trere derived from fairlr well-consolidated Loi^¡er Àldridge sedirnenis

i¡irich were probably indurated to 'bhe extent of being sandstones arcl rnud-

storres.

Other fragmeni:al rocks are fou¡d ai appro:rimately the same strat-

igrapLr-ic horizon. A thick discordant conglomerate - breccia body has

been cìrilled below the dicrite complex a sì-ror"i, Cistance v¡est and south

of 'r,he foot-r^¡al-'i conglomerate body (¡'ig. 27). The discordant Stemwinder

orebody which is mineralogically sirnj-Iar to the Sullivan, occupies a

brecciated zone about one nrile south. Ii, is stratigraphicall¡r l-ower than

the Sullivan, but sbill above the diorite conrplex.

Rocks described as the nixed zone are mapped between ihe Stemwinder

and the conformable ltiorth Star orebody. The mineralogy of the North Star

deposit is very similar to lhat of the Sullivan.

Lead. isotope ratios j¡r bhe i;hree deposi-bs are veï'y similar. So

are those of other deposits in the Aldridge. ,Age of the lea.d in the

Sullivan orebcdy, deduced from the leacl isolbope rati-os is 112!0 nrillion
yearsc (Leech anl iíanless, 196J, pp. Z(ß).

Brecci¿.'i;ion belolv the ore zone r.Ias mainly produced. by vertical
movements, that in the ore zone was at reasu partty due to laLeral

rnovements" the plastic natu-re of the sulphide zone may have inhibited
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'bhe vertical developmenL of brecciation and is thought to have allolued

slumpi¡g of ihe su-lphide zone and sh-ding of hangipg-wall beds.

Collapse to surface, forming the conglomerate basin, may have

taken place when magmatic support was r,¡i'bhd.rawn from beneath a breccia

column that had approached sur-face. "A period. oÍ subsidence and- renerved.

sedimentaùion in relative3-y deep r,iater follor,red during ï.fiddle and Upper

Aldridge tirne. The second., or post-conglomerate stage of brecciation

began apparently while the new sedirnents were still quite soft, as

indicated by 'uwisied a:rd torn fragments"

'Ihe pre-conglomerabe breccia preceded metaso¡nal,ism and therefore

fÍts Brynerrs class of pre-hydroLhernal l¡reccia" The post-conglomerate

breccia is closely associateC with me'basoma.tic events and igneous intru-
sion, fitting Br¡merrs class of co-hycroihermal brecciao rt seerns

reasonable to assume bhat brecciaùion, hydrothen,ral activity, diorite
dikes and minor igneous dikes originated from a colnmon parent nagmao

concentratj-on of hydro'bhermal fluidse took place in lhe cupola at the

base of the breccia column, during the quiescent period.
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SPECULATÏC}J O}i RJLA,TION OF BR¡CCTA TO TECTC}iIIC SETTING

Seeicing a plausible correlation of the breccia phenomena with

-bheir teclonj-c seùting would seem io be in keeping r.¡ith curreni empha-

ses in economic geology. Ihe following thoughts are in many cases

nearer to being queries than statements"

During Purcell time the area under consideration l.ras part of lhe

contíneriial- shelf receiving sediments from bhe distant eastern craton"

Evidence of orogenic uplift and forrnation of islands is found following

the extrusion of basaltic I'íoyie lavas at the end of Lov¡er Purcell time.

It has been suggested previously in this Ðaper that in late

Iower A1drillge time there rras a pause in sedimentai,ion during which the

surface 1a¡rs¡5 becane fairly well-consolidated. Igneous i-ntr"usion into

the wedge of cl-astic mai;erial is believed to have approached surface at

thís tirne, producing breccia columns. Uplift l.ras sufficient, to allow

local erosícn of pebbles for the scati;ered deposits of conglor,rerate.

¿{ithdrawal of nagma from the magma chamber allowed the breccia

colunrr associated with lhe Sutlivan orebody to cave t,o surface prod.ucing

a Localized depression in wh-ich conglomerate subsequently accurmrl-ated.

There followed a period of subsidence and. renewed sedimentation tha'b

formed the Upper Aldridge serieso

Igneous activii;y Irras resumed with the inbrusion of diorite, and.

brecciation of ùhe sùilI relati''¡ely soft rockso Hydrothermal soluùions
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ühat had been collecting i¡ the cr-rpolas of the nagma chanber during the

periocl of igneous quiescence, $rere introduced. into the brecciated rocks

during the co-hyd.rothe:'ma1 breccia phase.

subsidence of the area slowed. so that by crest,on rir,e shall-ow

water features were again being formed in the sed.iments.

Intrusion of diorite from the parent magma chanrber is conceived.

of as an interrnitlent welling up of magma into the dornrnwarping Purcell

sediments along an incipient island arc, finally cul¡rinating in a break-

through io surface with the extrusion of i{o¡rie 1avas. (See also Leech

and Lor,¡don L963t p" 25h),

Hit-rs (t963, p. 3Tz) suggests ùha,b:

sills requíre nagina|ic pressure sufficient to tifi the over-
burden, and hence that they are rnoïe appropriate to shal_lo-v¡
crustal depths.

This would suggesù i;hat in any given period of intrusÍon ï;here

would be one general depüh above which the rnagna could form sills. A

repetition of sills at va.rious stratig::aphic levels such as is found.

in the Purce1l, may well have been due ùo successive intrusions, ff so,

the younger sil-ls shculd be stra.tigraphically higher i-f sedimentary

cover has accumulated in the interval between intrusjons" They m-lght

also show progressive shift in remanent nagnetism,

Hr:¡t QgeZ) presents potassium argon dates that incìicate Rrrcell
plutonism extended over a period from approximately 115Bo milrion to
11000 rnillion years ago, an jnterval equal Lo the whole of phanerozoic

time" ^{cid igneous intrusive rocks in the st. i,fary Lake - Kimberley

area give a-ges between 700 - 800 miltion years. The minet'be dike, broken
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by movement j¡ the ore zone is daied at not, less than 765 nLLLLon yearso

The area in which Purcell diorites are found is co-extensive r.rith

the exposure of Purcell sedirneni;ary rochs indicaling the extensive pro-

porüions of the parent' magma. Ihis body could r¡ell be co-exbensive i.rith

the silver-Iead-zinc meùallogenetic province in the r\ldridge age rocks,

that exbends from ûcuer drAlene to l{imberley. Tf t}ris magma i^ras irdeed

an early feature of the fornlation of an isl-and arc system, it nr.ight rrieI1

be an invasion of the crust by mantle material (see r,tlilson J.T. in Jaeobs,

Russell and -wilson, LgSgt pp" z9B arß,29g)" This would be in accord with

the theory that the leads acquired lheir isoiopic composition in an envir-

onment wibh l-owe, uz3\¡va2oh 
"rtios than are found in the crust"

The foregoing discussion of t,eclonic relationships i-s speculative,

and much more data is needed to sol'¡e the 'bectonic history. The follow-

ing are areas of study that could yield. desirabre knowledge.

(f) Cl-oser clating of indivj-du.al diorite sills, and information

regardi-ng their roots a¡cl method. of emplacemento

(2) Dating of the potassium metasomatism to determine the age

of co-hyd.roüherma.l brecciation.

(¡) Thorough study of the occurrences of conglomerate and frag-
rnent,al rocks of the Ald.ridge ùo assess their origin.

(l+) Determining criteria for clistinguishing Pre-Ca¡nbrian struc-
tures. 0f parbicular interest would be structural conùrol of brecciation.
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ÂPPEIÙDIX A" SEI,ECTIVE STATI{IIIG OF K

FELDSPARS ltND PI,II-GI0CLASE, OIIJ ROCK

SL¡.BS & TTiIN SECTIONS

The procedure usecl was .bhat outlined by Bailey and Stevens (t9óO). ¿

note of caution i-s suggested here,

The rhodizonate test gives a positive reaction with calcium

bearing mineral-s other lhan plagiocl¿.se feldspars, for example calcite"
It was fou:rd tha'u other criteria besides a rhodizonate stain l.res

necessary to deterrnine the presence of plagioclase feldspar"
The cobal-tinitrite test for K feldspar appeared lo be quite

specific in the rocks tested"



APPEI{DIX B " DIGESTION OF SIIIPHIDtr I'IINERALS

FROM SILICATE IìOCI(S USI}JG 1'ETI-iYL

,A,LCOHOL ÁiID CHLOR]ùIE GAS

1. PulverÍze ihe rock materiaÌ"
2" Place the weighed pulverj-zed malerial (about 2 gm) in

tafl- form 250 m"l-. beaker"

3, MethyJ- al-cohol is added uhtil- a pulp density of about

is obtained"

l+" The ta]-l form beaker and- its contents are placed in a

[00 m.]. beaker contaj-ning nater at approximately I00o F-
sufficient to nearþ float the tall form beakero

5, A Teflon coated stirri-ng magnet is added io the tal-l- form
beaker, and the beaker assembly is placed on a magneti_c

stirrer in a fume chamber"

6" A chl-orine cyÌinder, suitably supported, is cormected.

through rubber or teflon tubing to a glass tube ruhich

is inserted into the alcoi:ol-silicate-sulphide sluruy
until- the iip is approximately å-tn f*or the bottom.

? " A glass tube connected lo the laboratory air l_ine is
placed so as to direct a cooling stream of air at the
surface of the alcohol immediately above lhe chl_orine

tube.
8o The air, chlorine and magnetic stirrer are turned. on in

that order. The chlorine flow is adjusted to give a

steady siream of bubbles, but nol so as to splash the
sluruy up the walls of the beaker"

g, The chl-ori-ne is allo¡¡ed to bubble through the agitated
pulp for about 25 minutes (or long enough to digest all
sulphur present).

10" The contents of ihe beaker are filtered through ff{O
-i'Jhatman fitter papero Beaker and. contents of filt,er are
lyashed with methyl al_cohol" l-ive thorough washings of
the filtrate are recommended"
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11" Dry the filtrate and transfer the bulk frorri the filter
to a container and rveigh. Ignile the fil_ter and weigh

the residue" Delermine the anounl of sulphide naterial
removed"

12" The silicale residue is subsequerrtly prepared for anal¡r-
sis by the x-ray fl-uorescence method.

The purpose of the air flow over lhe alcohol surÍace is to
prevent auto-ignition of lhe air-chlorine-alcohol n-ixture during
the reacti-on of the chlorine and the sulphur. General-ly, hov,'ever,

this r¡oufd not be necessary wiLh the small quantitie" 6f su-lphur

being used" In facl , it v,ras fou-nd that the warml,¡ater bath v¡as

desirable to speed the reaction of the chforine r'¡ith the sulphur.
ft has been fou¡rd that lhe above treatment would reduce

"2 gn" of sulphide material- in the srurry to a concentration l-ess

that I p.p.a. in the sil-icate as determined by nephelometric
ê.nal¡i5f 5"


