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AN INVESTIGATION OF BRLCCIATION ASSGCIATID
- WITH THZ SULLIVAN CRIESCDY AT KIMNDERLZY B.C.

CHAPTER I

INTHODUCTION .

Brecciation has recontly been recognized to vo exion=
L cive in.cértain éreas below,‘within, and above the Suilivean
3 body, affeciing large volumos of roclk. tudics ol the
breeclation show that 1t is intimatoly rolated with tro
ncltaconiatic processcs that have alterod the rocks adjacent
o tho ore body. Cértain i1gneous rocks have bocn found to
Bb intrusivo into tﬁe broccié, and brecciatod by iater novoe=
nent. | | 4
This thesls consists of a report on investigations of
this occyrronce which nave been carried on at the Sullivan
hino, and at the University of Manitoba. Research has beea
concerncd witn
1. Dotermining the location and extent of the breccila.
2., ©s8tablishing the relatlionships - of brocclated areas
with the stratigraphy and sgsiructuro of the sur-
rounding rocks. | |
3. Doducing a chronology of events related to the
brececiation procoess.

N L, Foraing an hypothosis of tha cause of broceciation.

Y
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Taanks are due to the Consolidated iininyg cnd

40’+"n" Company for making inlormation available Zor this

‘study, to tho Goological Survey of Canada, for & gront Lo

2id in fincneing the University rescarch prooren, ol to Lhe

.prolcssors of the Geology Department at the Universi Ly o

9}

..anitoba for their help and encouragement. To thesc peroons
and to many of my collecaguecs who havae discussed the p"ojcct

and made valuable sugzestions, I gratefully ofier mJ thanlks,
GZNER.LL DISCUSSION

Brececlas are relatively unusual rock formations in
the total volume of the earth's erust. Thoy are -indicative
o important processes in the tectonic history of <thec roclis

in whica they occur. iany and various origins have becn .

Geduccd for occurrences which have been studied, with a ro-
?

ulitineg significant contribution to understanding the

(&]

'mobilﬂ“j of the earth's crust. 2reccias are also ra
comnonly assoclated with oreébodios and have often teen
found to have played a part in localizing the depocits.

From thé viewpoint of an economié geologist, the
inforration to be derived regarding the regional "tcct nic
Lrazumevrork® and the local Yground preparation® nnv be el great
nracticel importance. Where breeclation occurs in connection
witih an ora deposit, as at the Sullivan, it may contribute to

undcrstanding the provenance, mode of transportation, and




mnothod of fixatlon of the metals in the boly.  An ottonnte iz
J . L)

nado Ln the accompanying chart ©o relato thc proienlt siuly

to tho olher invastigations so as to show some ol thc

" renilications involved.  (Sea Chart i 1)
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“ho relationships indicated aro not cxzplorced fully
thosis, but are colled upon at such times as they

understand the brecciation process.

PLAN OF PREGENTALTION

Discussion of the topic will proceed ia the following

l. Tho reglonal setiing .
(a) location, topography
(v) strafigraphic position and tho inferred
sedimentury environncnt
(e) structurs .

2. The local goologic sctting

(a) stratigraphic sequence of the minc serios cnd
i4's position in the PFurcell formation

(b) structural foatures in the arca of the orabody

(¢) metasomatic alteratlon .

3. Doscription of the footwall conglozmerate fabric
‘and distribution. It is fundemental to tiic dis-
cussion to show that conglomarcto and breccia aire
distinet entitics, formecd by diffcrent processas.

L. Deécription ol the footwall breccics
‘(a) pre conglozerate (collapse brececia)

(b) post conglomerate (chgotic brecéia)
(1) pro tourmalinization
A (ii)'posﬁ tourmalinization

-




9. Description of oro zone and hanging wull breecias

6. Discussion of the origin of brecciction

-

— )
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e _ : CHAPTER II
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LOCATION OF THE SULLIVAN

Tho Sullivan iiine 13 located adjuccnt Lo the city oi
AimD rlcy in South Bastorn British Columbia. Ximtoerley Zs
cbout 90 miles north of tho international boundary ond 9C
niles west of the Alborta poundary.
Tho Crows Nest, Kettle Valley linc of thao Ccnadian
- Pacific Reilway passcs 20 miles south of Ximberlcy through
‘e c¢ily of Cranbrook. The southern transprovinciczl high-
way follows the same route, ard a branch of the highway
nacses through Kimberley leading North through Bar
™ Natlonal park to Calgary. |
Kirberley is situated on the ocastera flank of the
”u~ccll range of mountains, ovorlookinv the broad valiley of
tihc Roeky lountain Trench, which is about twenty miles wide
PR

&t This point., On the opposite, castern side of the valley,

tha Rocky lountains rise abruptly foraing 2 precipitous wall

L
‘.

contrasting with the more gradual slope of tho Purcells. The
fLootenzy River flows southward through the Tronch at an

c;cvub-on between 25 OO and 2600 feet. Ximberley is at an
clcvatlon of 3,700 feet, and the highost mountains in the

vicinity attain altitudes of between nine and ten thousand

()




(]

oot above sea level.

Tho discovory arew of the Suliivan Line lics norih-
westaorly {rom Xlmberley on Sulliivan liill zat an clevution of
avout L4600 Ffecot, and 1s presontly tho sizalt of an opon »it

opcratlion. The maln entrance to tine mino is aa &dlt driven

as J,OO clevatlon from tho valiey of tho iarlk Crcoh, cono

7:C00 fecot south of the mine.

) s

¢garding the topographic toxture of the crca around

4

Kizberley (see Plate 1), it is obvious that the Rocky

Lountain ©roench separates two contrasting arcas. The trellis ¢
aralncgo pettern of the fockies reflocts tho foldinz, cver=
thrusting and erosion of anisotropic rocks whicﬁ vary f:pm

yosua to iimostone and quartzlite.

L)

.
g
nend 1s

)

The Purccll Mountain drsinzge on the othor
very irregular dud in part to the relative homogencity of tho
Purcoll system of rocks which foram most of the ruinge. A4Also,
& notobly greater proportién of igneous rocks butiross the
sedimentary assemblage in thls area than'in the Rockies. The

-

Iznecus intrusives inclucde Pre Cambrian dioritc cills and
grenite stocks, and Hesozoic granitic batholiths.

J.T. Wilsoa (1953) in his postulated system of island
arc, zountain chain dovelopﬁont, considers that the Rocis
Jdountcain Tronch marks the sitoe of the boundary betwecen the

zedicnland (Wost of the Trench) and the sccondary are (Eas%

of tuae Trench). By this ho implies a fundamental difiorence



o

|
|

in the Wio areds during the timo of sud imﬁno““j »osition.
Theo sccondury ares (in inis cacso the Rocky Louatains)
characterlzod by "normal" scdiments and little rccent
cacous aetivity. - They represent oan uplificd cnd folded in-
iznd sea bottom, formed on tha contincnual sholf and

gous to tho present sca of Japan., Tane medlanland is a

complox of igncous and metamorphic roecks, walch was involved

from carly times in the making of ofifshorce island crhains.

- Ohcarvations of workers in the region tend to coniliyr:n cone

e JEN P I

of ihose genoralizations and are presanted following, as
background to the thesis. Somo omphasls is placed on cvi-
dance ror Pro Cambrian tectonic activity because -1t i3
directily related to the brecela pfoblom.

The Sullivan orebedy occurs in the Aldridse Tormaition
the Proterozoic Purcell systom. J.E. Recsor (19356)
scribves this system of rock as foliows -- YPha rocks
comprise a series, not less than 30,000 fcet thiclk of
coniormable, very fine fralnod thin bedded guarisltcs,
aﬂxillacooug quartzites and argillites, wi un iry ard
olomitic equivalcnt, in the upper part of the section.”

Elsowhore (Reesor J.E. 1997) he hotes that in the

Purcell iounvains, primary ,truchurou such as »ippl

0
3

¢ross bodding and mud cracks arc common to plentiful at

ome locality in overy forma?ion, with the excoption ol thoe

Unper &Lldridce. The coarsest rocks in the entire Purccll

cysica (7i£u the exception of local intraformational con-
clomeratés in the Aldridge) were found in tho upper part of

{the Crocston formatlon, Theso comprise beds of medium to

e
4
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coarse quartsite and intraformational conglomcrat

2

noar Sha Rocky Lountain Troench on the Last flanl ol (hc

«

L% Liountains.

Cerrolation of strata 1ls good from opt hundeud wlilus
south of the forty ninth parallel to Findley Croek, & %toiil
of 280 niles in a South-ﬂorﬁh direction. However, muny usn=-

ntlos in correlation occur from East to VWest acrocs

(¢]
@
L£4
(1)
%)
|._h
o]

&

vhae 2rcench due to chanpgos in' sedimentary characterictics.
aere is a higher proportion of quartzites in the Aldridge
cif tihc Purcell lounteins than In the Rockies.

Recsor concludaes that depositlion was rapid, in a
basin of ralatively great tectonlc stability, possidly tﬁo.
flood plane of & large subsiding delta.

Only rarcely as shown by the Upper Aldridge sedimsnats,

"o ad

nas tho rate of downwery excecded the rato of sedimen-
tation so that shallow water features arce not ctundant.
Yet -even with this oxcoption the series could only nhavo
toen denosited in & reglon of relative tcectonlce
stability over a lonz poriod. (Reascor J.Z. 19955)

Price R.A. (196%) in a study of the Purcell system

..

in the Rocky HMountains of Southern Alberta and British

Columbia, found it possible to correclate. formations cquiva=-
nt% to those in the Purcell llountains, across tho Rockies
to cuposures in Waterton Park. EHo states (pp 399)

A1l curront data concernlng the character and
rorional relatlonshlps of the Purcell rocks are cone
cilstont with tho hypothesis that the Purcell sedinents
were Genosited on and adjacent to the western marzin ol
theo craton, under conditions analogous to thosec ia the
Culf Coost geosynclinoe. This implies that the large
volumo of fine terrigenous clastic sedimoent that

e
L)
Q
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connblintes the bulk of the Purccll sucecszlon was e
Dived from thoe oideyr Precaubrian roclic which occur 5
“ha ilatorlor of the continent, far from the gite of de-
wosition; and that none of it nocd have originsted Iin
s0me supposed westorn landumass,

) - -,

Porneps tho first deparituro fiom rolotive Liaullily

Ly fndleated by unconformity at the basa of tho Cucumnard

Comintion, and it's oquivalent (Price 196% pp» W19) the

Zower part of the Gateway formation. Pricc (ibid »» L16
Eig. & pp L19) found that in the Galton Ranze the Chcppard'
1ics unconformzbly upon the Purcell lavas. Scholicid
(19319 pn38) reports finding pebbles of lava in %he bLacal

(3 °

conzlonaratic beds of the Gateway where it overlieg the

Siyaeh in the ieGillivary Range south of Cranbrook. Arcas of

| WwHlifs and erosion of the Purcell 1&Vﬂa oxisted prior to and

curing tho deposition of the Gateway. Price tentatively

corrclates the Sheppard wiuh the lowor part of the Dutch

Yo ™ . -

Crcelt formation, Upper Purcell system, thorefore instobility

and unlift of areas of the Purcell sea botitom apnpcar %o hove
beecome important ecarly in Upper Purcell timez, probdably not

",

such later than the extrusion of {he Purcell lavas.
“oovo this lowest evidance of unibn orieity ¥thero are

nuzerous unconformable relationships shown whore rocks of

Vindermore, Cambrian and Devonilan ages lie upon Purcell

rocits et & number of places in the area. Localized arecs
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Leoch (1963 pp2k6) says -

Althouzh Procanbrian and Palcozolce uncontfornitics
had long been koown i the rurecll Lonatalins, Tuo con-
cenous was that tba najor siiructures dduu fvoi a
L.osozole orogany vinich culmincted in the intrusicn of
the gronitic rockis (...). Frecambrizn doformation (now
h“owa on siratigrapnic cvidonce Lo bo chiceriy U‘d
winderaero and poraaps onuﬁrclj s0) had tecen ccng "rd
1o involve important uplift znd p3 obub'y Liliing cut ©o
aave produced only gentle open £01d5. (e..)

Tho recongnition of the Precambrian cre of greanltic
intrusions at dollroaring Creclk, and of Precombriun
metamorpnisa and intrusion necrer Kimborley, ciacde new
ient on the imporuqnco ol Prcceambrian (noss;bly PYC
indermoere) orogeny and, togother with the Proeombriar
0 of lzmprophyros in tha anllivun kine (p 252), noinis
to specific Pracambrian structures Precambricn folds

were not all large gentle ones. : .

vt
O

:) ’ However it remains true that most of the major

va - sy

stﬁuctural foatures were produced by thc lesozoic mountain

L)

wiléing period. The Purcell geanticline lying bo ween vac

(—’

~ocly kountain Trench and the Xootonay Lake is rclatcd to {ho
setaccous batholiths which cut 1%.
Lecech believes that -
minor north trending folds with steop cast limts and
wo e ra-dipping axial plun s (that) characterize the
czument of the 'Purcell geanticline' in and north of the
“1mber101 area (...) are Precambrian and arc older than
tho. 'peanticlinoe' on whose flank they occur. '
(Leoch 1bid pp 246 and 247)
FAULTING
Rogional fault patterns are shown rig. II ag inter-~

proved by Loach. (1962 b. pp 392) A notablo feature is a
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toadeney for the Northerly trending faults to swing cuotwerd

in the Crunbrook Kimborley arcz. Th

rcadors oG

Girccied to Fig, 1 whoro 11U caa te scen that uiic Lrond

ol the Rocky Nountains (as outlinoed by the Keotonay, Lusuiuw,

Ball and Elk Rivors) swings wosterly

into thoe TYronch Zn tho

some area. Thore 4s apparently a regional rovorsced S beand

ia the major structurcs.

ad

‘Laceh corralates the fHoyle fault on tha Vest of ta

“Ireonch with the Dibbdla Creol fault in the

and gives svidonce for bzlieving tha
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ancient structurc whieh has had ronowed activity at various

ct

izmos in the tectonic history of the

arsa. .

Tho Rinborley fault which cuts just North of %ho ,

- Sulliven liine, brings Creston rocks

into fault contact witl

the Lldridge mine strate. Striking Eesst-Vest and dipping

1

<

.

-

toends excopting the eastward swing
Llthough 1t £443 into the reverso S
soutnerly <rending portlon has been

continuation has been recognized in

+5-55 dogrcoes north this normal fault lics across regi

al

o}
3

of other major breocks,
pattern of the arca, no
establizhed, and no

the Rocky Llountains.

Lt presont there are only rather vague indications

whats the Kimberley fault may be an ancient siructure, and

thoy aro as follows,

1. Xine geologists at the Sullivan lnterpret tho

ovidence avallable on the intorscction of North
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Easﬁor.y trenGing Sullivan tyoe faults wis
Kimborley bLwroalt, as Indicating thot <iw Suliivon
typo faults displace tho Kimberley fwult. Sos
Fig. .+ No dircct observation of thusu ro~
lationships is posgibla. |

2. Thore 1s some evidonce that the Suliivan struct-
ures axisted prior to ore depositlon tocuuse of -
the changes in mineralization in the orcbody
that at times accompanics thoa. (Consolidated
ining & Smelting Co. of Canada Ltd. Staff 1954
p 153) However thore has also definiiely been
post ora~movemant on these faults which has

braceiatad the ore.

3. Dating of the sulphides by lead isotops mcthods,
| and by their relﬁtionships to a cross cutiing
minette dike dateh by tho Potassium Argon methed,
gives Pre Canmbrian age, at least 765 million yecars
old. (Leach G.B. & Wanless R.K. 1963 p 252.)
Therofore tho Kimberiey fault nay be olde: then the
Sullivan type structures which probably had some IO Or
'cipression, and 1€ £its reasonably into a regicnal pattorn
of faults which includes a rejuvenated ancicent sitructure.
Hoviover, complicatod renewals of movemont on old
siructuros is clearly a common OCCUTTGNCa, SO the inferred

cutting of the Ximborley by the Sullivan'typo faulls may well




¢ due to a late stage of movemont alongz those wreelio, I

e

s not vossible es yet to put a minimum date on Thic
svruciure othor than 1%'s probuble activity in the Tzoonclic
ovosuny. The earliest time of major cctivity would Lo wppniw
P&"ﬂoll boccuse Xitehoner - Siyeh formations have heon dice
placed by .the fault,

The geology of the Sullivan lMine hos been deseritza-
by Suanson C.0. & Guaning li.C. (19%5), ESwanson (1348),

tho Ceonsolidated ining and Smelting Co. of Canade Ltd. Stalfl

{195%). Tha Swanson and Gunnlng paper mcy o found in the

Structural Geology of Canadlan Cre Deposlits 1948 op

&

puoblished by. the Canadian Instituts of Mining and

& summary of the geology of the mine as it relates
,tuoj of lecad isotope ratios caried out by the
Geologicael Survey of Canada, 1s presen ted by Leech &
wenloss (1963 pp 248-256).
Tho following brioef account iz based cnicfly upon

tae sources nentioned, and the write own acquaintance wit

L}
»

ule nine geology.

o—
O
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LOCAL GZOLOGICAL SEILZING

(k) Strnelneal

-

Thoe Sullivan oro body occurs in a hiroad zhullow
comlzcal Wer on the east dipping eastern flunl ol oz
rocozole Purcell peoantieline. dinor fold structures include
“obcnoﬂlj trending sharp folds with the stcep cast iinbs
sizilar to those believed by Leach to bo of Pro Cambrizn ape.

“hero are also a few easterly tronding folds. Tho orcétody

. ig in the footwall of tho Kimberley fault and is cut by

.Sullivan type Taults which %rend North Easterly, dlp stcop-

ly west and have normal displacements measurable in tens of

Lfeet. They rarely exceed five feot in widtn, of unconsol-

idaved gouge vugs, and calcita.

(b) Sﬁ?ﬂﬁiﬁpanhic

cratirraphically the ore ‘zone occuples beds in the

part of tho Lower Aldridee which compriscs some U, SOO

[ 1

pper

foct of rusty weathering thin bedded, laminzted, light
coloured vory fine gralned quartzites, argillacoous quart-

zites and minor argillites. (Reesor 1958 p6) Included in

this thickness are about 1,000 feet of loyie meta dlorite

cills,

The upper division of the Aldrldge is 11,000 7 feek
taick, composed mainly of light greoy weathering, light to
darlk grey quartzito with ninor partings of black argillite

and thin oeddgd argillacoous quartzite. At the top, an




E?-

ff)

Upper arglliite member 1,000 to 1,500 feet thick con e

Glutincuiched locally.

Conzlomarate, having intrafornmational charachorlisi-.

nas . been obsaerved to occur locally ia thao Lldridgo.

5
G
[ 5}

Roecor (1958 pbd3) notes tho prosance of conglomaraio

imilar to that associated with the Sullivan oreobody in tho

(& ]

nounsains ncar the headwators of White Creck and the Middl

Forls of Findlay Creek. Othar Aldridge conglomeratc bodies

. have booa noted by Schofield (1915 pp33) on Caneron Creel,

2 branch of the Goat River, and by Rice (1937 p7) on

Kootanay King lountain,

GENERAL GEOLOGIC&LFFEATURES OF THE ORE BODY

.

An outstanding feagire of the orebody esitablishcd by
tho work of Swanson & Gunning is 1t's general conformability

to ctratigraphic boundaries. It occurs within a single

~stratigraphic zone 200 feet - 300 feaet thick and has veen

nined for avout 6,000 feet along strike and 4,500 feet down

din,.

Certain aspects of the geology of the orebcdy changd
near the intersaection of the 3900 foot elevation ané it is
conveniont to think of the mine as divided into & wasiern

scetion whore the orebody i1s above 3900 elevation arnd an

. eastorn vhore it is below. The eastern scetion is characton-

ized by strictly conformable ore bands dipping @ 30 to 40



Gozrocs cast,. wit‘ little motagopatic altoration of thc
potasedisontary rocks. In contrast to this,tho wootorn
orcbody shows numerous dopartures from stratigraphlc control;
the din is varlable with flat arsas saparated by ciucs
pitehas, thiclnosses of the orae zone are highly varichle
over short distances and in gencral the arca shows a much
ercator degroo of disturbance than tho eastorn part. In
cadition the ﬁostern area is characterized by massive alicr
~ation of footwall rocks to a tourmaline chert, and chlorilte,

and of the hanging wall rocks to alvbitite and chlorite.
EASTERN SECTION

In a large area of the eastern section, the ore is
3

4- Li¢tly confined to certain definite layoers separated vy
argillacaous beds. (See Fig 2 Ideal section). The hanging

vall 1s T

-t

ormod by a graded argillaceous quartzite desipgnated
tho "I (intermediate) silistone, which provides a marler
sarougnout the area. Above "IM two otho? eraded quartzites
are recognized, which are designated "H":and wgge respect-
ively. Each of these beds has a modoratély fine massive
quarizite baso which grades upward through siltstone and
sil“y argillite to a thin bedded laminated argillite below
thae succoeding quartzite base. Tho laminated zones are

. locally minoralized sufficiently to become ore in the rogion

vhora tho orebody passes above the 20900 foot level.
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Stratipgrapnlce relationships of tho sulphide fooluwall

)
[

&re not as clear as those of tho hangingwall becausce no vicl
Gorined aarker horizon has beon tmﬂcodAthroughout the aroc.
“ha hanziagwall of the footwall conglomerate nale
relorcnce plana, but is available only undoer tha norﬁhorn‘
2all Yo two thirds of the orabody. Tho conglomor ate will <ls}
discussed in dotall later in the thesis.

Tho motamorphic grade of tme ued&rentary rocks Is

- #anorclly 101_1n tho groonschist facios. Original clay

oty

<]
[4)

3
-

[ X3
.

L1 has largaely beean converted to very fine coriclic,

£
7]

né thera has boen some rycryotallizntioﬁ of quartz grains,
Diotitc 1s not a prominent constituent. Within tho orchody,

local devolopmant of high toaperature minerals has occurre

Gov'den-vfe

Bictit o, garnet, scapolite, actinolite and === have bacn

observod, the first two mentioned are occag;onallj quite
cbundant. Sedlmontary textures are well preserved in all

but the most scverely metamorphosed rocks.

.

WESTERN SECTION

Tho brocciation, which is the uubjocu o this theslg,

05tly found in the Westorn section of the mine arcay

}.h
[3]
13

closely assoclatod with -the charactoristic features of

¢lsturdvance, metasomatic alteration, dlscordant ore foalures,

~and nizn metal” concantrations that distinguish this arca.

The ore in goneral losss the;excellenu banded features that
i

!

»




it oxaibits in the castern section, end buccomoss a conlin-

uous sulphlde deposit frdm footvizll to henginpgwcll. Sanding

3

within the ore is marked by .‘.a"cro of sphalerite and polora

in pyrrhotite. This banding is ofiten quite lonsy i Giu-

"

conrtiruous coapared to that of tho castern sovctlon, tul Lo

-M Y -

thoushi to represent bedding features. The mineruilictlion

cf the lominuted zones above "IY "HM and "HUY" has produced
S

inortant ore bodies in this'section. In some cases ore is

'COuLlTLO“u through the hanging wall marker beds. ITowards the

souih of the western arew, most of the ore is feund in {heso
topcr beds and comparatively little balow "I,

Tourmalinization has altored great volumes of rocks

'-. .
o
c.h
&)
[a)
4y

ootmall of the ore zone into donse, dark colouirad,

d cherty rock. Tourmaline ocecurs as extremcly fino

<
P
-
<
’"3

ncedles roplacing the sorieit a of argillite and silty
'érgi lite. The quartz grains remain ‘unaltercd excapiing
around the adgas where they are penectrated for siaort dis-
taaces bJ the tourmaline needles and knit tightly into the
matrix. Sedimentary structures and textures are preserved.
Individual beds can readily be ildentis iea. 4 -small auount
o tourmalinization has occuirred in the hanging weall rocks.
Chlorltic alteration occurs prominently in the foot-

)

wall and hangingwall rocks adjacent to the orcbody. Frob-
ly the greatest development is cornocted with the pyrisic

poriion of the iron zone, a centrally located arca which has

-




)

it impossible. to trace hanging wall markers over consldercbhle

a very low content of load and zinc. Large volumos of

caloritizod rocks occur in the hangingwall associataed witn

end to a much lessor extent 1n the footwall., Alditc and

chlorific often obliterate original beddinz featurcs anaking

]
i

arcas in the western section. Stratigraphic rolations of thé
hanging wall are often in doubt whorae they would be most usc-
ful in elucidating structure.

A body of Moylie dlorite underlics the. strata dbencath
the orcbody. In the central part_of tho nine arca and to the
cast it.is apparently sill like and at a depth some 500 Tecet
bolow the sulphide footwall,

To the west 1t becomes dike like and rises across
the stratd, approaching within a few tens of fcet of tho
orabody, then‘turns down fofming an elongated domo west of
tac orebody. .

Dikes given'off by the diorite body have cut through
the ore zonoe in places, but are no longef continuous in the
ore. On the contrary, fragments of diorite are found |
scatliered in the sulpnides in the arocas where tho dikes cul

the footwall and hangingwall rocks., In goeneral the dikes are

extremely variable in attltude and thickness so that it has

only been possibia to correlate three of them for any

& SO : . .



Cistance in the footwall, and none at all in tho hanpgingwall.

Pt
~

'ne youngor, 2 foot lamprophyne dike known as the Lindzey
éiko hus boen traced for several thousand feet in the nortn-

rn port of the oast section. It hus baon soon %o crozs cub

o

-

& dile of loyile diorité, In the ore zono the Lindsay dirc
{5 dlsrupted and it's continuation in the hanging wall ic
offsetl.

Leech (Loech & ¥Wanless 1963 p251) describes in dotail

an occurrence of a lamprophyrae dike interéecting the D ore

layer on which the hanging wall segment is displaccd seven

feet out of alignment from the footwall segment. Fragments

of %tha dike appear in the 2% foot thick ore layer, cross

cutting the banding in the ore which lies parallel to the

ora contacts. This is very similar to the observation

noted by Swanson & Gunning (19%5 pé3). (Swanson 1948 p9)

-4t one place in the mine, structure shows that a
lamprophyre dike was intruded during the period of
minoralization. This dike distinetly cuts neavily
nineralized sedimentis in which pyrrhotite and sphulerite
are the main sulphides, and is itself cut by a layer of
galena & few inches wiae that follows a minor fault.

'Zho age assigned to the dike by Leech & Wanless, based on

Potassium Argon dating, is not less than 765 million years.
3
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CHAPTER 11X

It is fundamontal to the discussion of %the conzloa-
~erate and brececia to show that thoy are distinet entiiles,
tharefora a dascription ol tho conglomerate fabric will be
civen in the first part of the report.

s

The footwall conglomarate has been a femiliar rock

ct

ypc to geologists at the Sullivan Mine for many ycars.

tJ

cserlption of it are included in the papors on Sullivan
'gcology, but sinece new data has accumulated rogarding it¢'s
distribuﬁign and relationshtips, it will be reviewed In this
vaper. | |

Pabbles

The conglomerate is composed of fragzmeonts of
argillite, silty arglllite, siltstone and quartzite. " No
foroign pobbles, dlfforing from the Aldridge rock types hava
bcon obserQed.

Latris

The pebbles are set in a matrix that varies from
argillaccous to locally quartzitic. A mixture of various
sized quartz grains and grit sized particles, vory similaxr
to that'found in breccia has beon observed. Pebblo to matrix

ratlo varies from closely packed pobbles with 1ittlo mairix,

(o}

10 scattered pebblos with up‘to,60% matrix. It is likely

tact tho amount of matrix 1is often overestimated bacause the

pebbles do not show up well unless outlined by pyrrhotite or



blcaching. Generelly, in tho writers expericnco, & nign
pobbic-to-mairix ratio prevails.

Shape_of Pebbles

Thcre is5 a falr correlation hetwecn the campc;itiod
end the shapo of pebbles. Arzillito and silty arcillitc
pobbles are often laminated, tabular, and sub-angular,
wharcas the siltstonas and quartzites aro norc massive,

spicrical and sub rounded to rounded. In comparison with

‘Pottijohn's illusirations of roundness (p59 2nd EZd'n Scd.

Rocks) thoy range from sub angular to rounded with perhaps

the average shape being sub rounded.

Iithiffeation

_Tha rocks from which the pebbles were derived likely
viecre.quite woll indurated because they are rarely bent or
mashed. Also it i1s improbable that the silistone and quariz-

to pebbles could have been derived from unconsolidatod sand

‘bads.

¥ost of the pebbles in the conglomerate are less
then on inch and one half in diameter, but occasional in-
¢ilviduals up to three inches are noi uncommon. Large
bouldors are unusual, the only accumulation oxposed is at tho
base of the conglomerate in 3917 Drift near 3911 cross cut.

These boulders have well rounded outlines although they



o

have been fracturcd. Sece Plute II. —-Soma large tabular
pu&blas nino inches or so long by 1-10 inchos thick nave

been observed, but are raro occurrences.

Sortine

lost of the conglozerate 1s a massive body
{(Pettijohn l956ip159) without bodding. It prosents a
tnllorn appearance>in wnich there aroc no outstandingly largeo
compon¢nt§. In 3517 Drift there is a gradation froz the
-.bculder sized components at the base, to normal sizcd con-
clomerate at higher stratigraphlec levels. Soriting o
9abbles into lenses of coarser and finer sizes is no%
uncoumon near the top whore there aroe also intercal'*ud
lensy beds of grit and silty argillite.

Summarizihg briefly, the conglonerate componants
ara derived from rocks similar to the undarlying scediments
whici: had probably reachod the stage of lithification of
sandstornes and mudstones. The pebbles have not likely beca
trangported far, but have received a certain degree of
rounding and sorting. This relatively orderly fabfic stands
in contras%t td the unsorted chaotic fabric of the brocecia.

‘Sniphides |

Pyrrhotite 1s the most abundant sulphide prescnt in
the conglomerate. In certain localities galena and sphaler-

Vo are present in qu31 vities sufficient to malke oroc.

| o

Lrseropyrite and chalcopyrite are present in small amounts.




Tha sulphides occur In a variety of ways. In places
nyerholive uppaars mainly To be disseainated in the [ALrLiy
in othars pebbles may bo rimzud, or laminated, or composasd
c¢ntirely of pyrrhotite. Ocecasionclly spaaleritic and
avscnonyrite pobbles are obscrved.

Distribution of sulphides throughout the coaglomerate
1y variabla. High concaentrations occur usuclly with numerous
pyrrhoﬁita veins whléh are commonly associated with quartz
and carbonatae.

It has been suggested that somae pyrrhotite laminated
pabplos may nave bean derived directly ffom pyrrhot %o
laminuted beds wheore the baéo of the conglomerﬁte cuts une-
conforiaably across them. Sfmilarly, certain isolated
pyrriiotite pebbles with no visible connectiion to veinletis
anave been thought to be fragments of pre-existing pyrrhotite,
although no source is known. On the whole thougn, %he
evidence suggests that the sulphides have bccn introduced

into the conglomerate replacing some matrix and some pebbles.

Conclomerase : v

ILnocation and Shane

wocation

N\

The position of the conglomerato body has

ceen oute
lined by isophacnous lines. See rig. 3. It underlies the
northern two thirds of the mlne at varying distances below

{no sulphide footwall., At one time a continuous body, it




.
-/

lizs tecen disrupted in places by brecclation and lator

Thickners X

Tho fifty and ono hﬁndrod foot isopach lincs ocut-
1ino a thick portion of tho conglomerate body. Thore ara
thicknesses greater than 200 feet within this area, but
interscctions to the base are few, so no detailed contouring

'has been attempted.,

Contacts ‘

wilcEachern (194%) noted that the baso of the conglom~
crate marks a disconformity" (Swanson & Gunning l9h5).‘
Studios and observations made sinco that time confirm and
aaplify this observation.,

At igs south anrnd west boundaries the body incrcases

in thickness raplély from zero to over 200 feet. Fron

©

-?veral interscetions it is known that the conglomerate 1s

n contact with sharply truncated thin beds of argillita,

TN

siltstone and quartziﬁe. Scctions along latitude 11650

and departure 4300 show this cbntact cutting stecply down
teross some 200 feet of beds. (See Figs. 4, 9, & 6) The
sorth and cast contacis have not been seen, but the icopachs
indicate thickening of the conglomerate which would require‘
truncation of beds for its accommodation. Such information

a: can be found, indicates an castern contact cutting 90

1

-4




poured over thonm.

To2t or so of beds at 40 degree to the beddinz. It appears,

therafore, that the thick part of the conglomerate is con-

vaincd in a2 basin qith steep south and west walls and a less

-The base on which the conglomerate rests ls exposcd

- in some of thg 3950 level drifts and footwall dovelopment,

" and isccen to be very irregular., Lasses of thin bedded

sedimonts protrude upwards at least 100 feet into the

‘conglomerate. The edges of some of the thin bodded blocks

appear cracked and broken with fragments falling into the

conslomerato, in other places tho bedded rocks have sharp

" .streizht contscts. Bedding in the thin bedded blocks is

olten inciined at different angles on either side of con=-
clomarate filled fissures. Many of these blocks of thin
bedded rocks measure in tens of feet and are not ontiroly
cxposed.,

Tho impresSioﬁ given is that the bottom of the steop

walled conglomerate basin was strewn with huge blocks of

- thin bedded rocks and that a muddy gravel was more or less

To the north and east of the thick part, the conglom=-
crato body extends over the edge of the basin onto thae
surrounding terrain forming a psoudo conformable bed. Tho

baso of this bed has been observed to have a disconformable



coiitect. The bed has a lense like cross scction fron northa

to south. Tho boundaries show an cast-wost elongation of the

' conzlouarate body.

“elntion of Cenplomeratia haneing wall to Sulnhide Toohwall,

Lround the parimeter of the conglomerate body ocxcpi-

.inz streiches at the south ezcst and north east, the sulphide

footwall is in contact with the hanging wall of the conglon-

crato. Contrally however, there are thirty to forty fect of

boddcd scdiments separating the two. The reason for the
coaverzonce of the two contacts away from the ceatrec area is

not clear. It cannot all be accounted for by crosscutting of

'bods by a discordant sulphide footwall, although this is

lzmowm to ocecur, because convergence takes place in the casti-
crn scetion of tho mine where the footwall conforms most
strictly to stratigraphle control. Furthermore, there is a
coavergence between the conglomerate and the base of "IV,
pariicularly out towards the North West fringe.

Tho hangingwall of.yhe conglomoerate may hav; been
sonewhat concave, allowing aceuzulation’of thicker deposit;

\

in the ceniral area.’”’
~ BRECCIA

History
Broccla was not mappod'as a distinct coherent unis

T %ho Sullivan rocks until 1998. During the spring of that
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Analyois do.

A
3:103 : ' : . H-D. ’ - .
aa AN 0.09 0.65 0.44 0.2) 0.19 . 0.65 1.G5
012 . 0,50 0.46 0.5 0,65  0.60  0.59 2,72 2.6
e 200 070 0,50 0.20 0.25  0.19 1.55 - 7.60 ?::CS
K20 COREL 0 .33 1.72 0 1.25 0 2,92 2.4 Nl LNl
cx 0 0.10 0.36 e T, 0.10 2.04 5.05 G.50
¥2 0 0.2 0.40 1.60 2.60 2,40 3.18 re %90
l“c2 03 5.00 4086 10.34 10060 4‘36 5045 v l|62 1?.60
212 G35 11.90 12.20 13.85 14.C5 13.80 16.07 18,10 1%.10
51 02 77.0 76.0 64,5  65.2  69.75 65.26 66.7  51.0

% Auelynoo by Xeray fluoroscence and flame photometors Ue of lanitoba
" Geologzy Dapte K. Ranlal anslyst.

.

Jlaaerintion of samnles

(2) Pourmalinized rocks and rocks altered subsequent to
. tourmalinization

é?) ' l.'“Chcrt" conglomerato, densa, dark and hafd. No visible
‘altcration. Minor amounts of sulphide minerals .
JU - 65 - 27 3930 A Rse | 8.8% sulphidé
2. Tourmalinized breccia, donse darl hard "chort® K
feldspar andvsome mica present, coancentrated along -
fracturos. '
JU - 6% - % 39120 D.N. 19.9% sulphide
3. Dotourm@;}nized nchert" conglomerate fairly soft with
2 few "chert" pobble remnants,
Rock rosombles élightly altered siity arglllito.
JU - 65 ~ 24 'D-3 38331 °A  9.4% sulphida
L, Chloritizbd “chort" cdnglomerato. Soft greenich groy '
rocks. Occasional chert romnant. o

JU - 65 -4 D% 38331 SA 17.5% sulphida

i
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{33)

varic*t¢zen conglonarate, soft 1i"ht grey rocks.

Stronzly mineralized with srhalerite and pyrrhotite.

JU - 65 - 26 B-=L 39-P-19 Rse  37.7% sulphidc

(S) Rofercnce specimen, normal secdimonts.

~(C)

6.

el

7.

Silty Argillite colleccted by Scott.

(Scott 195% - Tablo II)

Froz below the dulphido footwall

D.D.H. 4728

1léspar and Ygreon® dikes

The feldspar dike 1s a white fine grained rock
intfuded into brecciated chert and found with included

fragmcntﬁ. It contains considerable amounts of pyritoe.

" Rutilo and' leucoxene are pleontiful in the fine grainaed

mauri" surrounding feldspar crystallitos

JU - 6% - 3 16.37% sulphido

Tho "gfeenﬁdike is a fine grained green colored rock )
intruded into brecciated chert and found as fragments
obroken 1in the ore zone. It has a texture similar to
tho foldspar dike but the feldgparu have largely becn
a2ltered to chlorito énd epidoto. Toxturog have beon
nircserved by the rutlle and leucoxene which mark the
original fine grained matrix. Feldspar crystzcllites:
remain as clear'areas'wifh.occasional romnants of
feldspar. . ‘. - |
J-937 -6+ | o 7.6% sulphide




y
Appc red to bae composed of a chaotic Jumble of diffcrent

8]

sizcd rock fragments. A piroposal that breceia or "echaotie"

2.

brceeia be recornized as a mapnadble rock unit was mude at

recogntized and mapped. The followlng descriptlon is of the

+ chaotlic braccia as observed in the footwall rocks.

Trnenonta
PO CIINTT A

The rock is composed of fragments of Aldridge type

scdinents vaerying from grit size to plecos measured in tens

of Tect., Dodded fragments are often wispy, twisted, an

rotated with ends that appear %o have torn rather than

broken., Blocks of conglomerate are mixed in with bedded angd

nassive pleces, and the whole appoearance 1s haterogeneous
and chaotic. Apparently mach of the broken rock was in a

relatively soft state at the time of breaking.

datrden
Tho blocks are now completely consolidated in a

zatrix of siliy argillito with a plentiful sprinkling of

Tinc zrained quartz. Pyrrhotite is disseminated through the

mavrix, and is also present In irrogular veinlets that lace

throuzh tho rock. Xuch of the braccla, both matrix and

frazzents, is now tourmalinized.

tha heading 3920 Drift was drdven throusnh rocks wilch

had tlzo, and subsoquantly largo areas of broccia have beon

oJ L

/




DISTRIBUTION OF POST CONGLONERATE BRECCIA

T the foctwnil

a3¢as in which brececia océurs aro indicated in Flz g
COWLELYLCS &2 wppronimuie Tor tho Tollowing reusons,

l. tho breccia counonly gradas ou;w&rd frox highly
cizturbed cnd rixed z2ones through crucled rocks into
rclavivoly undisturbed rocks. |

2. in some places the boundary zone occurs agalast

pre conglomerato traccla and cannot be distinguished.

3. the breccla may be exposed in conglomoerats arcas
wiere it can be distinguished when wixing has brought thin

budded blocks into the conglomerate, but is otherwise vaguc.

-,

P

e

Tho method used to place the outlines was to plot all

clearly brecciated arscs first; and then %o plot all clearly
non brecclated areas. The indefinite arca between was. taken
&s ouvlining the breccla zone. Benefit of any doudt was
gonerally glven to unbrecclated areas, so the outlines arc
concidored to be nminimal. '

The outlines are quite irregular ‘and do not show any
sharply defined trends. There arc two arcas elongated in &
norih south direction, ahd another with an irregular cast
wost clonzation., ore c¢learly defined are certain Mikeel®
struectures walch are closely associated with brecciztion.
Those stiuctures are discordant downward projections of the

sulphlido foctwall trending north or northwesterly, and

i



wently are peralloled by hanzing wall folds with steep

(0]

o ovar-turncd east limbs. (See Tig. 8)

oo o >y LD
SHraTN AatTaenon

L)

Srececiation has boon traced from the rocits below tho
congloncrate through to tho fulphiée footwall. DBrccciation
of thoe conglomerate is cortaln where blocks of conglozerato

ero pixed with fragments of bedded rocks and vice versa,.

- 8ce Plate VI, DBeolow the arca of footwall developaent,

breceia is found in threo dizmond drill core holes showa on
scetion Lotitude 11650 N (Fig.7 ) This breccia is a cross

cutiving foature, extending rore or less vertically below tha
orcvody, and cutting the earlier breccia at the Sase of the

conslomerata. The vertical attitude is well illustrated, in

- %he south end breccia channels which are relatively narrow

with sherp contacts.

The intorpreotation of breccias extending dowawerd to
conciderable dbpth (Figs 5 & 6) is based_bn‘a osrojection of
information mapped in development headings, and the infornm-
a?ion available from diamond drill core from holes, four orf
wnich arclindicated in Fig. 6. 1% should bo realized that
tac outlines shown are duite higaly interprative, increasing-
1y so with depth, but breccia is found in the core down tof

the hangingwall of the diorite sill.




Piavaacante ocxnnination

Vhen exemined in thin scections, the braceia mutrix

-

5 secn Vo be a poorly sorted aggrozate of sand and silt
srains rancing fﬁom 0.01 m.m. to 0.5 m;m}, oacih surroundcd .
Dy & thia coating of tourmalinized arglllite. Tho very fino
tournalino necodles penotrate the edges of the quartz grains
Tor a short'distance, leaving the contres cloar. The guariz
greings arce sud angular to sub rounded, and although occasion=
clly fractured they do not oxhibit signs of crushing, sncar-
inz or nmylonitization. Scattorad through the sand grains are

tourimalinizod chlps of fine grained argillite and coarscr,

‘lewinated silty argillite. Quartz forms upward of 8CH of

i
tag malrix in places. Views ol typlcal matrix are shown in -
Flates IX and X.

It is clear Irou the way that the matrix has been

tourumalinized that tourmaline was introduced after broecclation

The wrceclia is not merely a cemented accumulation of

previously tourmalinized fragments. IPurthermore, fragnents

of all sizes (See Plates VII, VIII and XI) show deforamation
that indicates they were relatively soft (untourmalinized)
whon broken. It is concludad therefore, that a great deal

of tho breeceiation predates the tourmalinization process.

Sulnhide liperals

Although Pyrrhotite is by far the predominant
sulphide mineral, it is not uncommon to find a few grains of




A

cuaseopyrite and arsenopyriie in pyrrhotite velns. Locally

willhin the brocels area, ralerua and sphalerite are ralative

1y abundant, to tho extent of malting sub ore to deptns acu
nuch as 150 feet bolow the sulphide footwall.

Pyrrhotite 1s relatively much more plontiful in tho

matrdx than in the fragments, so that oxldizod surfaces show

natrix arcas-dark and fragments lignt. In many. placos
pyrrho#ito is so &bundant that it forms the entire natrizi.
in general however it is dissecminated uhrough the natrix in
irrcogularly shaped blebs amongsti tha quartz grainc and in
L veinlets in fine grainad fragments. Plate XIV
1llustrates these relationships. Note in Plate XII thet
Pyrrhotito has fllled a small quariz lined vug beiween

oreccila ragments, and in Plate XIII thin veinlets of

Pyrrhovite cut straight through the various mineral grains

the matrix. Clearly the sulphide minerals have baen
introduced aftox brecciauion of thé rock. It 1s also

apparént that sulphide minerals are partly if not entirely

,iat » than tourmaline. The evidonce for this is

1. Veins of sulphide minerals cu% through
tourmalinized rock. |

2. Incluéions of tourmalinized rocks within the
sulpnide vainlets are common.

3. Sulphiae graing cut aceross tourmalinizod cuartz

grain contgcts.

Sy
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L. 3ulpnide minorals have textural rclationsnips
that indicats they formed later than muscovite and chlorito
sitercticn of tourmalino “caertih,

I

J. Rarely, larger tourmaline grains are ccea whica
have boca broken and the cracks filled with sulphide min-

a»als, See Plates XX - XXIII.

X _Toldsvar and Mscovite

| The prescncé of feldspar in téurmalinized breccla
‘was Tirst noted in very thin voinlets of microperthite.
Zlsewhere grains similar in appearance to detrital quartz

out partly altered to muscovite were suspected of being

cldspar. Subsequently staining techniques using Hydro-

+y

fluoric acid eteh and sodium cobaltinitrite stain confiraed
the prescnce of potassium feldspars in several specimens,
Presenco of plagioclase feldspar 1s indicated by positive
reaction to thne rhodizonate test, but this cannot be con-
sidcred to be speclific for the reasons outlined in Appondix
L whoro the stalning procedures (Bailley & Stevens 1960) are

L

givon, . .

Dichrihntion of i minerals

Tho specimens that reacted positively to the K feld-
spayr cuain showed two types of distribdtion. On one fins
gralned spocimen, very small grains of feldspar wore abund-

antly sprinkled all over the etched surface., On others the




"Thcro is o definite closce associatlion of feldspars wita

stain was coneentratcd alonz certain fractures, with de-

P v e T am e, cana . K D P ~ 4 ~ . - e o - mnYpe
cronsing nuabers of disscuineted gralins away from (ha cricas.

culnhildo mineréls. Yhere muscovito is in contact with
suln»nide minerals it always shows well dovoléped stralght
¢rysial outlines to which the sulphides conform. Sulphide
miﬁcrais often penctrate along the cleavage planes of the

muccovite books. Although K feldspar and muscovite are

- alvays closoly associated with sulphide minerals, the

rcverso is not trues-~ most of the breccia does not contain

The distrlbution of the feldspars shows fthai they
arc‘not detrital although they resemble the quartz grains in
gsize and shape. In addition they do not show the alteration
due <o weatherihg that night be expected in det:ital grains.
Their prasence would seem to be due to a thassium |

notasonatisn,.

POST TOURLALINE BRTSCCIATION

el shrvctures

Yoei structure is a term applied by geologlstis at
the Sullivan Xine.to downward projections of the sulphide
footwzll below the gseneral contact surface. In somo cases
thls leol has the aspect of a rather thin vertical fin of

orc passing downward into a vein, in others the kcel is a

‘\




browd trough like dopression. Cne type may change (o tac

ecitions througn some of {hese
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n fizs. 9410 and in morao deta

|

coruecltures are illustrated

ta Piz]l They aro shown in Plan on ripg. 8

Somc of the keols are continuous for hundreds of
en
feet, though they may bae offset in echelon. Their strike is

-nestherly with considerable variation.

A definite displacement of footwall strata accoap-
anies thie keal siructurss. On tha two longest ones the
strata west of the keel are dowa scnme foriy fesit with

»espect to the east. On some of the smaller keels displace=-

@mont is in the reverse direction. Jevere brecciation of the |

Tocks adjacont to the keel is commonly observed.

Flgs.9 & !l show a keel which has been ovserved in
coma cetail. The following facts scem pertinont.

1. A1l sulphlde contacts tightly adhere to the foot-
wall rocks, oa the discordent east contact as well as on the
core conformable west side. |

2. Pyrrahot ;te veinlets anastomose through the breccia,
and where they Join the massive sulphideé of the 6rebody‘no
iine ‘'of coatact can be discerned. The vein pyrrhotite and
the orebody pyrrhotite are continuous.

3. Galena lanlnations are found to parallel both tho

¢iseccrdant and the conforamable contacts. Tho laminations

wvalceh are of the type usually thougnt to reprosent relies of



[ 3

sediaaatary vodding, are vory noarly contlnuous around thc

sharp corner &t tho buso of the keel. Similer banéing hos

2oon seon in the keel whero it 1s quite narrow and veinilil:e,

L, "Chort" fragments are found in %thao main sulphids

.DOCLy.

5. A graeen Tine g*ainoa chloritized epidotized ;o’d-

my,

sner dike oceurs in the breceiz adjacent to the koel. Tho

0

¢ike surrounds tourmalinized fragments, and is found as

frugacats in the sulphides. A relatively unaltoered wnite

© 2inc grainod Teldspar dike of similar texture and feldspar

composition is found intruding the breccia elsowhore in the

vicinity., Plates X & XX illustrate the textures of the two

dikes. 1The chemical compositions woere determlned by x ray
fluorescenca analysis as shown. Iote that the falrly high

>

ciltanium content ("uuilo & leucoxenae) is common to both.

!"

It 1 thouunt that they represent different otages of
alteration of %the same dike,

6. 4 dlsplaced portion of the green dike found some
110 feot above tho‘sulphide footwall is.illustratod in
Fige. I3 & Plate A IX. Note that small ffagments'of the.dike
at the broken ond are surroﬁnded by ore much richer in
galona than most of %the adjécont pyrraotite.

Tho polnts listed abovo indicatae that the

tourazlinized breccia was rebrolen and intruded by the

foldspar dlke, which was in it's turn broxon at a time when

>
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Dhe brecefia was laced with pyrrhotite veins. The inlin orc

zona reucied Ln a contrasting plastic or fluid monvor, Thisz

a in more detail prior to conzicoaisy
trecciation in the ore zone.

v n,‘\. nﬁ‘111'\1"‘1 n\ ,-\-"L‘T'r'l \1.3.0‘1

Alncration zones cut through the tourm_linj zed feot-
viall rocks in many placesy the alteration effects varylng in
severity and in kind. 1ild alteration isg often obscrvod
sprecding out.to short distences on either side of fractures S
reomoving thé cherty.charac;eristics of the rock and leaving
it very similar in zppearance to normal argillités and silty
'argi'litc,. ilore,extensive alteration usually gradee from a

sericitized or chloritized central zong to mildly alsercd -

cdges. ~roquently in corglomc atc, the matrix has altercd

more rapidly than the p2bbles, leaving what has appeared to

be Ychert™ pehdbles in slightly chloritic silty argillite.

In one broad alteration zone that cuts tourmalinized

footwall conglomerate on the 4250 level, the main altoration

nas bgen to chlorite, but pebbles have béen selectively
elvitized. Albitlzation of pecbbles has been odserved %
ceeur into the tourmalinized rccks for a few inches beyond
the coantact of the main alteration zone.
Vary sovere alteration has locally decomposed the

tourmalinized roc&s to a brownish soft muddy material wita

LA



velusss of foot\all rocks &ra chloritizecd &t tne waoss end
of tin iron zene, ':emnunts.of tourntilne chalt Liv counusaly

J

lzo

£

found encloseé in the chlorite. Chloritic altorstion iz

oo
[¥]

citen fonnd'for a fow feat below the sulphide footwall. I
ngracteristic of much of the chlorite that it 1s
assoclated with‘pyrite rather than pyrrhotite. Often ihe
Zoon suipnhido will be pyrrhotite in the tournaline “chenrt®
tut will bo pyrite in the chloritized por tion of the sanc
bed @ few inches away. The chlorite is an iron rich variety
with anomalous brownish and berlin dlue int erfcrcncc co‘ors.
Sericitic alteration produced a iight grey colored
rock that has a bleached appearance in comparison to the
carler grey of normal silty argill*tes, and the greon of the
chlor; sized rock Strong alteration produced in places
nuscovite erystals much larger in size than the tiny sericite
fiakes. Assoclated with the muscovite in about equal
emount is a chlorite wineral,cha”acte*ized by a2 light groy-
ish color with no pleochroism, and low bi*efr*n«ence with

19 an .31007 coloring. An X ray powde nhOuograph of the

ziroral shov ed a pattern cloﬂeat to chlorite variotj

g 1.0 TFe 5.2 Fe O.h (AL 1.5 S1 2.5) 010 (0%) &

“

R
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A sorics of 9 speeimens wera chosen to reprecent

(1) .tourmaline chert; (2) chert with minor dovelopmaont of

(5) cumony sericitic clioration. The spocimens wole Proslied
Jor cuunlysis by x-ray fluorescence and flamo pnotoxcicy

i. ‘The specimens were pulverizced. Sulpnldo pinerals.
were 1o Cqu out by tha chlorine methanol method describved in
Lppenélx 2. The results of the analysis are precsentcd in .

: Table .

P.
¢
L
e

Tho most nof table changos accompanying increased
alteration apncarg to ba a decrease in silica accompanicd by
increas cd iron, magne,iua potassium and manganesc. Titanium
iz constant but sodium shows a slight decrease. Therc is a
marﬁedly higher potassium coatent in the seriecitlzed rocks
than in the chlorit 1c rocks and about half as much iron. Thae
lower Lli ~on To magnesium ratlo is probably becausc of a less
iren rich variety of chlorite in the sericitic rock. Eoron
coatent has not yet been determined for these samples. L
spccimen of chloritized breccia fragment taken froa a leel
gsiructurc show micro-breccias of chlor ite Ilafeg into vwnich
‘to,.njrrho*”te and quartz havae beon introduced.

{sce Plates XX & XXI) Tourmaline crystals are found in this
chloriuizcd rock which arc nuch largor than usual (possibly
rccrystalizcd). llany of {these have broken., Calorita £ills

the cracks in some, sulphides in others (see Platoes XXII &

LY X L
OCB-.-— ]



Tha cvidence, voth macrosedplic and microscoiic 5ncws

<

chas o numnber of netasomatic ninorals have Tormid afton

souraalininctlon of tho footwsll rocks. Orthoclace, ond

ey v mwa A . ~m. L e . . s S e . P vndeamm ey
puvcr st hawe forncd whora petaszium s boel Lnulcauclu,.

Chloritc has Tormed where iron marnosium and watar azve =cea

] U

av;Llublc, and uln*tlzumioa attests tho local availubility of

godiuaz, introduction of these materials into the tourmelin-
F.r."l’oi [T I ll
ized rocls, hes involved rebreaking the breccias more or less

“severoly. idinor smounts of ignecus matorial, the fcldspar

dikes, have been found intruded into tho breceia. KXeel

9,

structures have formed whore noveaent has been concentrated

-

clonz linecar zZones, with resul in vertical cdicplaccments of

£y feet. The relationships of sulphidec mincrals

J

forcy or fi

.

and quartz to chlerite and micas, indicates that the lorzor
pair were mobile after the latter had formed and had
bont and brolen. The sulphide minerals were also mobile

after thne igneous dlkes had been int ruded. The nature of
riobllity in tne sulphide zone wi’l be discussed in the

foliowing chupter.

ew M

O
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samiel vl of sulnhida zoncs

.4

. oo ~ oy - N NG oep s
a0 varm as usced hero »efors princinaliy Yo WhLo

o

)
o

cr

varoLows ore bands ol Sullivan orc body but includcs
mincralized zones that would be excluded by the term ora.

-~

T4 chould be clearly understocd tnat the term sulphide

tr

fo¥qlc]
refors to their prosont composﬂ“ion and docs no% imply that

thoy were nceessarily sulphide zones in tho sare songce av

the Simo they wora mobilc. Deseriptions are nhraﬂcd in

torms o’ tho nobdility of sulphiao ninerals but with the idea

‘J
o
(A
153

< bacﬁnround that the sulphidos necod not have cilsted

~

at that timo *n their prescnt nineral form.

1. ohilitvy of sulnhide zonas

Contrasting competence betweon ore bands and the
svrpounding sllicate rocks is digplajed in many relation-

-

ships and on a variety of scales. Some of those have beon

nentioned previously in discussing brecc;étioq of tho foot
vell roeks.

Platos XXVI & XXVII show argilliite bods noar tho
acnzingwall of the main band of ore which have fractured
whilsté the sulphides and thinner argillite bvands nave defora-
cd nilaciically. Plate XVIII and Fig. show how dilsnlacezent

of nenging wall beds of the HU ore zono on small fraciurcs

o]

Poto¥c] hcon accoazodated by flow in the ore band. The fault

do not eub Hrougn the ore zone. On a microscopic scale,

o




(&

aene sy

{Platos BRIV & XRVI) sulphldes show continuity cround brolien
oné. of chlorite flalies. Plastic Tilow seeows a less 1ilely

g lenatlion Lor nobility of sulbhldes in tne Eic;C‘rCCcnv

.
2

f’l

whan Ln Lho pacroscopic cuscs,. fie closcely ascociafind wne

srecciated quar whict s T Fy i
[ juartz which has penotrated tho nic“ob*ccc a to

%1

U-&-C in

Regarding the state of the ore zone and tho sulphides

%)

curing the mobile pericd this opinion has becon czpressed
(C,E.&S. stafs pplkd)

Folding on a lerge or snzll scale is QL*uc coLmon,
and dy?uLbn Ly conxinaou during and after the neriod of
oincralization because in placaes, the JUInhLQCu follow
tiny %tensional fracturcs developed on minor anticlineg
whiile ols sewvhere $hey show slickensides proauccd by
clipping beiltween veds during folding."

One example of sulphides penetirating tensional cracks

i
ic found in the HU ore zone (sso Fig. ) where an argillite
parsiag ia the ore hroke;and was thrust-upward throuzh the
ora TONv. oulphldog in the tension cracx, were exanined
o ll‘,

care “ully and were found to cnangei in character from the
Tine 5raincd pyrrhotite sphalerite mizturae of the oxc zonc
&t tho opren end, to moderately coarse .erystalline spazleritc

v,

ner in tho crack then gradually becoming

and polena furt
guarts carbon’“e veinlets with spurse sulphide minerals into
the tail c* the fracture. Clearly the filling is not simply
a plastic flow of ore into the fractures.

Purther to this point we should note that the

.

ne
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sulpaides bave net always bohoved plustically undon siresc,
1 W2 O P b -. 4.9, Ja 3 (L T ST A 4 o -
ls Loochowa wy sonme of the younzer faulis of i Iuvlliwvas
Feqsym o ' . ) h .S AN . T fee L% -t
Ly»T whlceh have sheared throuzh the ore zone and I whilll

I A orc Tramaents have becen *Ouﬂl Below thiv LUli.-CC Juvl

Diorite and othor igncous dikes that arce fournd
brelien up in ora “ones, nrovide examples of sulphide mo

Other than tho dislocatod fragmonts, there ic no rccord with-

A .

- in the sulphides themselves of whero movenent toolz placc.

Tacre Is no shearing and no ovvious fleow lineztion. TFig.
Tragzentation of & diorite dile in the west centra

% of the maln ore zone. Piﬂ Just below it shows tic

Y]
£
ie]

;ra:mchtation of the minonto aikc descr bed by Lecch (Lecea
end Wanless 1963 p251) and referred to previously ca p. .
Jote thS nlnoyx thrust faulting, w th movement in the sax o
sonse &s that shown by the dile displacemont, found in
lominatod zone above the D sulphide band. The lcminebions
disseminated sulphide minerals. The planes of thrusting
would be imper »coptible were it not for uhe presence of the

¢isplaced lznmipations. imilur t;ghtly healed, practically
impérceptiblo fractures are fairly coxzon in %ho er gillzccous
»ocks in other locations.

A featurs often observed in connoction with ore which

currcunds displaced fra gmonts, or porcurutoa ecraclks in then,

1s that thoro'is a segreg cation of minerals into bands
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e, VT b B SR TSP J (. o P1% 40 pe &% . o TP, EN Bad de po S
noveliclling tho contacts. Taue ihe fragmeny of alterod Moldl-

- P [} . » - - - - ’_&_” 2 -
ancr Gilie chovwn in fig a2 Diate XIX haes a cohneoantoilion of
AT A o o L) N (IR PR
galona avound it's broken eond, and the sulphide velnloln
poncureting tThe avartz velin shevn Iin Filg. & DAL Ll Lo

bamicd with galena and sphalerite. Nétc also that mineralized
conslonorate has flowed toward the crack in the quarcz, and
ot m;ncraliZOd sedinents have flowed around the frogmeats
quards vein Fig. & Plate XHIX.

It ceems clecar that the property of Yflowinz" was

s also prezent

o}
[&]

ot confined entirely to sulphide bands but v

miecro tho ore zone consists of disseminateéd nineralizatioa i

7.

silicato meta-sediments, rFurthormors, whatever was the neans

ol transnortation of the sulphide minerals it was oiten

O

canable of dopositing them in dbanded concentrations.

| In svmmary, the sulphide zones show many evidences
of havinz been hichly moblle compared to the silicato beds
bubt 1% is doubtful that the mobility was due to properiies
of %he sulphide minerals as they now exilst.

2. Bracelis in the ore zona

Breccia in the ore zZone is most clearly apperent in

certain fringo area stopnes. A good deal of the ore in thesc

locztions is neavily disseminated rather than massive. In
nairt 1t is made up of slightly mineralized fragments in a

well minoralized matrix. Cut off grade may occur whero

fragzmonts bocoma.very nuaerous,
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Scuc of the oro zono breccias are simply wosta bonic
»ullcd anard, In pleces as a result of folding. SRt BN Jetel
cadlily reeconstructed mentally. In othoer n*.bvu GOl
Cisloention and vet a**on 2 frapgnenls occur. Iwoquuiilly wiad
Stase breecias are coaflned stratigraphically botween feilrly
coatinuous hangingwall and footwall bands. ‘One such occur-
vonce is illustrated in W-7-30 stope (sse Fig. ).

Hero a continuous sulphlde band boelow %he "IM marker

erlics s nineralized broeoccia zone, which ia tura

o’
(o]
£y .
L]

o]
<

overlics the rfootwall conglomerate. A sill like quartz vain
ras toen fraguaented in the breceila zone and is now surrounded

by mineralized breceia. Sulphides penetrate fractures in tho

rquartz. in the samo stope, brecciated sediments are found in
& quarss matrix. Clearly, repeated brecciation has occurred,

beforc and after the introduction of quartz.

wowards the contral arca of the nine, brecciztion in
tiac ore zonc may be indicated by remnants of various types

2@ sizos of silicate rocks. Some fragmonts of argilliteior
chaloritized argillite bands near the hangingwall ars likoly
aiccqs ol the regular wastc partings, pos"iol/ till in
place.  Other fragmonts are obviously aicsplaced. rragzents
of Gournalinized footwall rocks, including footwall con-
gloxcrato have been found well up in the ore. .

Plato XXXII shows fraguments of argillite (light brown)

in zmzssive pyrrhotite of the main ore zons as scon on an
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oxidizad wall of 39109 Drift. Somo of the frazncnie cnelosnced
in miszive sulphides recain as neavily ninoraliced zhocily
) t

PR C? Camy e ) o o R 3 - lem A N ee o
semnants.  Strong development of muscovite is nolcd iu zon:.

: - o K . . A TP P, B .- - " ey
variety spassariine=-pyropc) aro Falily cuiewada, ond

s
2
&
4]
&)
hd
L]
¥
P
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a&tinolitc and talc have been notod in places. A teadeacey
e rimmed by spaalerito and galeaa

o)
ns has baen mentioned before... The fragmenis in

oy ey
sezresatio

Tiao oro zozne have tended to react with the sulphldes. Higher

scades of nmotamorphism within the ore zone indicate 1t wacs

notier than the surrounding rocks.

3. fanming wall broaceia

~

Honzing wall breccila 1s most noticoahle in the

)

albitized rocks, particularly where white albitized fragmenis

no evicéence

are found in greaon chloritized matrix. ost of ¢

of this breccia has been seen in diamond drill core, and is

found o have a broad distribution in thoe albitized hcngzing

wall rocks,

Direct ohservation of hanging wall rocks is limised
oy relative scareily of development headings above the ore.
Zowever nining of hanging wall ore has eiposcd consilderable
arecas perticularly in the HU ore band. Normally this bhand
is qulte continucus and conformable, but it has becen involved
in:brccciatod'hanaingwall structures. Two of thase

structures are illustrated in Figs. 9 & Jo.

Crnzracteristically the hanging wall structures have

14



& suce)ly dipaing, to coverturned ecast limb.

&3 avese of breeelation 2y be apparent. Doyond fix lrecelils

- o Loy e Ty - e T D PR .o s e ng oy du oy PR .o Y- N
¢d cwon o0 or loss normal nangingwall strata wiva Low GLps
. | -

Zhe azngingwall siructures trend roughly porallel o
tic I'ootwall keels, and in close associatlon with thea as

i . There is not however a dircet ccuplinr

“tetween theam. In faet, the L48CO Deoparture structure:s

~—
&)
(¢
(9]
Hy
|23
3

[0) are in opposition so that the hanginzvall
comas dewn where the footwall conmcs up, producing an

) 2

attenuation of the ore zone, just ecast of where henging wall
aad footwall diverge due to the keel, and hangingwall roll. |
In one erca this opposition of hangingwall aad foot-

well structure produced an attenualed oro zone only {arcco

fjct thick, some forty feet east ofa portion thickened o
2;0 fGG:'iZ. ' *
Tigurc shows mapping of the wall of a suv=level

drift which was driven into an area of hanzingwall breccia.
»

Tne rocks here have not teen albitized., A good decl of

sulsnido nineralizetion nas occurrced and shows as dark

AXa Yy

vrowa oxidized streaks and patches (see Platos XIIIL &
WXIV.) Tho bracela has entirely consolidated, and 1% wil

00 noted thet the fragmentoed nature of the rock is rather

obscurc waere pilceces are not outlined by sulphléc alnerals.
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wincerelized chloriie breccls forucd & porilen of the

B e R e ol e "‘!' Nrermeirie vral 1 -~ va ey P T e )
C...\, Qoo o a'es o lno [ 10 nc_.uglﬂu ".u.-. " uO]’)C...: ..-nO..n dedd &L e - .
T e So, crea o -~ ~ en™ eati s 3 . 3. P T
Lorge fecoments of barded sulpnides, apparently Lovia Mol a
Cloo on -te ;v Az e g At s (veqaq ey ey ....,':(‘,“ 0 ¢ 317 .i Is] N Le

- L% [N P e’ Las o th—aa\») Lo cobnd o Ginsetalod ¢ - “ o L3 -
Ll 3 L4 9 a ®, A & . do < o< g ~ r s, o e
Tho nmiirinoo el th2 btrgeola contalns dissexminzted Tyronhcsilise,

2 %he mine from tho norih, west and south. The evidence for

shelerite and galena sufficient to meke ore. Lbove the ore

3 brecciuted albitito with a chloritic matrix, similor o
as speeimens shown in Plate X2,

|
| L) TN

Hanging wall beds have translated towards $he centoc y

ais is found in the displacement of the hanging wall portions

Pnd

of Lgneows adikes. IMig. /16 shows the location of -several of

)

nase dikes in the fooitwall of the orebody. The arrows schow

tha dirccetion of the component of displacement perpendicular

to thac stirilke of the dikes. The displacenonts are clear for

dikes 3, ¥ & 5, but due to the irregular nature of diorit

2 4.

dikes 1 & 2, thelr displacemoents are not as certain,

o~
&

Diorite dikes have beon found in surface exposures

omd 300 foot above the hanglngwall which indicates that at

cast this thickness of rocks was involved in %the trudlotion-

al movements. Furthermore, albltite extonds about the same

’

eictance above the ore body and must also represent a min-

ladun anount of rock present wien brocciation took place.

nWenarv

" It is not known whether the brececiation that affaected
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thg-foovwull ever pornetrated thirough tho ore horizeon Lalo
tho hoen_inewall Givectly., A% least port of tho L aclintion o

~

. D -~ Qe By gc OO XY - o
of ithwe orc zZonc nas becn siratizrap

-

e m [PPSR TR ~aa
~lcally condiid ond 4o

<

. - e o uy - dopo MY - PRI} . mereee e et e . .
Lo lntoral movaenente. The sulzhide Zonc shows cvidoace of

hAnving beea nmoblle with an ability to flow when silicato

roclis were preaking.
Forpaiion of keol structures may have initviaicd

Slunping of ore zone material toward
f

~

" aing of portlons of the ore zone and synelinal bucking of
~ weehy 1A
the hangingwall. Hangingwall gliding on tho lubricaicd’ ore
h

- oonc uwy then have puched tho west limbs of the synclines

castward and uvpward with final rupture and orecceictior

Y

Such structures would he somewhat analogous Lo the roof and
wall siructures forued by gravity tOCtOﬂiCo,(p“ son J.V. &
Falcon N.L. 1936) modified by dlzpyric intrusion of the

o

slumping mobile sulfide zone into the fold crest. 7
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walled, rouzhly circuler and floored with large bloclis of

. (
thin bedded roels similer to these forming the wallc.

The problem of the conzlomeratc basin resolves-

srdzardly into two quoesticns.

-

{(2) vias it excavatced Trom bolow

~ Jouwr proeccsces that have been considered capablo of

ex?avaﬁi,; tho busin from tho top are
1. (o) ercsion, either sub acrial or submarine
1, (b) slumping and gravity gliding

1. (c¢) cryptoveclecanic e:xplosion

1. (&) mectoor impact

P

o have been coasidered cepable of removal of

material fron below. These cre i

Considering tacse possible origins in turin the fol-
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1. ¢2) (1) Pluted waterworn surfaces orn not douroysd
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(12) T™hin bvodded Bloecls at the Lac: 0L bunecin
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e o3 and net erssional wremnnnls or aioclis Lutalic vy
’ ey o m P
L...VC Baen rotated.
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. (iii) Pho brecela hag considerzble wveortical

.

solid roclt Lusc.

a
;aas the conglomerato vasin
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~
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~
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Preconcolicdation siumping end glidiag are
Sclicved To be capable of producing sitecp walled depreccions

o [

in votlh unconsolidated and consolidated scdinmentis. They aro

o

cgsentially lateral movements, and would not be expeeted To
Tor: ¢ pipelilie breeeiz colwmn. EBreccias produccd by gr avity
crLiding are describead by R.4. Baldry (1938) as thiclk zones
alon: Low cagle slip planes at 79 %o 100 to bedding, and
cxtending for as much &s several miles.

Xindle and Vhittington (1953) deseribe intraformat~
Lorncl brocela foracd by ycno;ontemnorancouﬂ slumping and

1 - <

rmentation. Hugh dlocks and doulders of shailow water

0
6]
4]
(a4
2]
£

N
£
[ 3

up to 200 feet thicl, but oxtond parzllel to t
. (cJ) & {a) Cryptovoleanic explosions or crypio-

doscribed by Bucher (1935) as natural ex-

3
(&

cuvloclons
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eryptovoleanie oxplosion i shallew and strong ics seid %o
slow out an cxnlosion basin £illed wita jumbled rocks and

surroundcd by a ring of debris. If docp~seated weak and

muiflod it nroduces a donc.

'S

8]

Dictz 1959 summarizes some of tho featurcs of

HCryniocxploci Structurcs® as Tollowsi-

(o}
ol

(1) Circular outlines with radial or somewhad

o (S —qyay . oo
vilizcteral symmairy. -

(2) 4 central dome sheped uplift with intence

L7}
[ aryd

treetural derangenont, surrounded by & ring syneline and in
soxc cases by other ring shaped upliits and dopressions of
rapidly dininishing amplitude.

- (3) Compiex high englo and mostly normal feulting

but with winor rfolding. '
(%) Sheared, brocciated, powdered rock and somctimes
..
shaticr coxnes in the central uplifs.

(5) & variztion in diamotor from loss than ono to
cercater than six miles. Dietz docs not think that these
strucetures é“o nocecsarily ceryptovolcanice oxplosions, but
fevours nctoorle lmmact as an alternativae.

Tho Sulllven structure resemblos the erypioexplosion
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Sianls ¢l Lhe Purcell geanticlize. The dome Loinol o vl
volatnd bo tha Srecein column, Wit Lo clonCly LoLCliiuva .0
SHLCC.

Mowover threo aspacis of thc\tbpical éryptocxplosion
strueiuse are nlssing.

(1) there is no known rins of debeis. (This could
Aaove boen eroded awezy during dcenosition of con*lomo:;t o)

(2) 'scvere crushing, shoaring end bovc% rinz of rockc

e not in evidenee (sce also Schrock & Mallotn)l933). T

{3) Complex high angle faulting is not a paviicularly

Furthermore, bhoia cryntovo;ccnlc and moteorite o~
plocions are single Culus trophic events whilch would offcr no
explanation for subsequent '10ccma**on.

o

2. (a) Proccading now to conu cration of dhe sccond

alserautivae of excuvation fron bclo':9 we come Lo 2 (a)

goluticn caveralny WO find immcdiately & scricus ovjectlon
. »

in that no coluble beds have beea found in the Lewer Aldridge

T :ea:e:t limy Yved ro found in {tho Upper Fort Stccl

(b) There has been considerable attention in
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cover roclis aleng lincs of weakness, possibly thae interzcetlon
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¢ Two faults., Pressurcs in the ﬁubﬂﬂ willi vary, aald at cacn
poiav ol JQV neco there will be surges of pressure followed by
welaxation.  With gach surpgo ol »ressur f;acturing occurs,

cad with relaxetion thne friactured rock fulls back. 4 column
of breceila bullds wp in advance of the invading nagma,.
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Srceciation at the adveance. cad of the.colunn may consic
wrely of fractured rock, and gradually aownwara tocones more

comalnuited, rotated and wixed, Good reviews of Dreccia cnd
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ar; us points, and rasuliaat slummage in the chimneys would
cveattally cxivend the braoccias To or near tho surface’. e

fartnoer cugpgests taat collapso to surizco would likely occur

s -,

during a poriod of witndre wal o agna.

Leeeh (G.5.C. Paper 6%-1 p30) roporis diatrome

breecia coluwans oceurring in the Rocky Lountainz. Ee hacs
this to say (Lecoch personal comamunication)

L% e hizhest 2 lev ls the rock is ITroctured but not
Glsnleecd, AT a louc lcval the roclt iz brocceicted witn
scuwe rotation of ”"agmonv,g then breeciaicd cnd containe
iny "loreign® but local sedimentary Lo agmcnts, wita an
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pouRiay. of iznuguu ohig meuuuo:y ie vTocks anpour iete
iotler are vounded by abrasien in thoir passago througzh
tae pulg* ing coiumn of brecciated rock.

ond elscwheye

going coepar the dgnodus comnonenis inergase
Gykos moy appear. The point is that & groat
broceia has no igneous metvorial.
This process zppeers Yo bo one capable of
[
aglonsrate Lasian during withdrawal ol mapnd

3 s

sgeurirent process whalcihh can ve callied on as a ca
later periods of vraceiation. Followinﬂ tho cla
proposed bty rync* (1961 phﬁl)

-t
ang

alco

éanth of

vroducing

ggilification

e of th--p;o hydrothermal typa.
Subssquent to tho formation of the basin,
led wish conglomerate. The pebbles ofiginatcd
Alérlize type sediments similar to those forming
tac bozin, but elearly i the basiu existed &s

L)
x» ko
he m

tho prre conglomerate bracela
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o, and woro suffering ¢rosion in places, thon the Lower-
iidcle Aldridge contact may mark a surioce of relative
tlon and local crosion.
If in addition the preyonrloma“"nc basin-is assumed
%0 have romaed by maznatic acvlon, thore is an lmplication
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ae arca was

that tho peoneration of nmazma had begun while t

tho Tomation of prominent islands. Coacelvahly igncous
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govmward adjustmonts may have made a concavify in tho hangzing
wall of the conglomerata. This could account for tho forty
foot or so of sodimoents between tho oro zone and tho contral

pard of the conglomerato, that are absont around the cdges.

rost Conzlomerata Breceia

Post conglomerate brocciation in the footwuall 1is
'cssontially a vertical disturbance. Conglomerate fragments
.havo aigrated downward in the chaotically mixed breccia. XNo
great shéaring stresses are indicated. Quartz grains in the
matrix have not been crushed. Tdrn and twisted blocks and
fragmcnys suggest fallure in tension rather than comprossion,
_yTho breceeia mafrix may have becn rhoomorphic in thec sonse
used by Coodspoed G.E. (1953). It is cortainly very
pervasive through the brecela, and in places thore are rather '
large volumes of matrix.with only a scattering of small
fragments., | |

One visualilizes the bracclation process grinding up
the rocks, especially friable sandstones, into a slurry which
‘would have a mobillity much zreater than the whole mass, and
yet would tend to float large biocks, and facilitate the
nixing procoss. Some of the narrower sharp walled breccia
zones that are observed, (particularly towards the south end
of tho mine) may be true rheomo:phic broccla dikes.

Whero post conglomerate bracciation cuts pre conglom-

erata oroceia, it 'i1s practically impossible to distinguish

B |

[



onsg from tho othqr. This posas the question "“why postuluté
tﬁo stagas of brecciation?® Pernaps one post conglomerato
period of bracclatlion could have produced the irrogulur base
‘of the conglomérafé. The most convincing ovidence thgt 50:0
of the breccla precedes the conglomerate is that the top of
| - the cohglomerate is undisturbed over séﬁe of thoe largast
‘1frogularities of the basae, yet is disturbed and disruptoed

in areas of second brecclation. |

Post conglomerate breccia outlines tend to be elon~
gated rather than circular, extending across the boundary of
- the preconglomeratae basin. This might be due to their having
. been formed by different processes, but is more likely due to
a renowal of Intrusive activity. A different shape of breccia
column could be expected due to changed conditions. The
pre conglomqrato breceia is thought to be due to collapsa to
.. surfacae of ralaéively well indurated rocks, whereas tha

later brecciation involved buried but still relatively soft

. rocks.

The upward extent of this brecciation cannot be de-
termined. The footwall brecclas are now'separated from those
in the hanging wall by the ore zonse. If a straight through breccia
zone oxisted 1% is now offectively disguised, which is what
one would expect due'to disporsal of fragments by ore zone
gobility, and thoir destruction by raeplacement. However it

. seoms equally possible that the ore zone was not penetrated,
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but absorbed bracciauion movements in the samo mannor that
|\ o -

tho smaller ora bands,absorbed fracturing and displacomont

of their wall rocks. '

Hhelationship of deneous v»oekls ta broecia

Ignoous rocks ere not found as definite fragments in
the braccia excapt where the varioua dikes are found brokon
in the ore. It is krown that soae of the minor dikes wore in-

truded into brecciated tourmaline chert and are theirclore

~lator thanr tourmalinization. Scott (1954) presonted evidence

that the hornfels alteration adjacont to the dlorite sills
pieceded tourmalirization. One lauprophyre dike (#% in Figlb)

. is known to have cut the diorite sill. It is younger than

the dinrite but older than soma of the movements in the

- sulphide zona.

Ignaous activity asoocisted with a renewed period of
brocciation 1s indicated. Just as there woere periocdic

repetitions of brecciation, so there were successive intor=-

 wvals of intrusion.

Diorits dikes which are apophyses from the sill are

- found in outcrop sone 300 faet 2bove the ore zone. If Scott's

conclusions are correct, we may assume that the ore zone plus
an unknown thickness of sedimentéry covar (exceeding 300 ft.)
was in place before tourmalinization and the succeedlng |
brécciations, and metasomatic ovoats.

| A pequliarity of the feldspar dike is that it oX=
hibits very irregular contacts in the footwall broccia, but
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wharo found woell up in the oro zono 1t 1s narrow and straizht

sidod. This 1s talken to 1lndicate intorupted developicnd ol

vortical brocelation in the ore zone. However there are %oo
|

fow observations of dikes in tho oro zone to allow any

gonaral conclusions regarding the nature of the wall rocks.

Brocciation in the sulphido zone appoaré to have had a

difforent charactor from that in the footwall. Vhercas tho

i :footwall drocciation involved mostly vertical movement, tho
'f~0ro zone broccias indicate lateral movement. It is postulated
here that the ore zone had plastic characterlsties compared to
- the relatively brittle footwall and hangingwall rocks. Tho
rzasons .for the plasticity are not known, but they sccm clecar-
ly to be related to the presencae of the sulphidas. without
entoring into the current controversy on syngenotic versus
nydrothermal origin; there seém to be possible explanations

froxz either viewpoint

{ ‘ (1) The syngenotic protore was in a plastic colloidal
state prior to crystallization, able to attain stability with
it's cover due to it's high density, or

(2) The sulphide zone consisted largely qf clays tﬁat
bocame thixatroplic due to the introduction of hydrothermal
- solutions during the process orf mineralization.

The presance of some footwall breccla blocks in the

. sulphide zono might possibly be attributed to floating of the

blockzwinto a plastic sulphide zone of high specific gravity,
but the devalopment of higher grade metamorphic minerals
in the sulphide zone and ovidonce of roaction botwoon



Iregoents end oro, suggest that the zone was hot and
chemically activo.

Regardless of the composition of fh; sulphidée zone,
it 1s thought to have slumpecd towards the keol siructures,
init%ating s1idinz of thae hangingwall beds, and rasulting in
the formation of the hangingwall structures with thelr
attendsnt ‘brecciation. Sulphides thon permeated certain
portions of the breceiated hangihgwall.

It 1s not thought that the ore zone and hangingwall

breccias happened in on2 catestrophic event. On the contrary

“therc 1s the evidence that quartz was introduced after one

"~ period of brecciation wxud prior to another. In the hanging-

|

. wall, albitite is occasionally found surrounding argillaceous

. fragments as well albitized fragments being found in a

chloritized matrix. ‘ . .

The post conglomerate brqcciations with. their assoc-
iated eltorations fit rather nicely into Brynor's classif-

ication of cohydro-thermal type. This indicates a chango in

 the nature of the magma during the quiescent period following

the development of the conglomerate basin. Conceivable
during this time, hydrothermal solutions had separated froax
the magmé, and had accumulated in cupolas such as is
envisaged at the base of the breccla column.

The literaturec concerning dbreccla pipes shows that

+ thay commonly occur in groups relatod to a common structure

orisat of structures., There is evidonce that this holds




true for tho Sullivan breccia.

A short distance to the south west of the orehody
drill holos encountered a thick conglomerate breccia body
below the arch in the comnlax diorite sill. This body is
arparently sharply discordant with the enclosing bedddd
sediments. It does not have associated tourmalinization,

chloritization and albitization and is theraefore of the
/N

Pre hydrothermal type.

South of the mine about ons mile in thoe Mark Creeck
gorgo is the Stem Winder sulphide body. This steeply dipping

lens is discordant, stratigraphicaliy lower than the Sullivan

ore zone in & synclinal structure. The miner&logy of the

sulphides is very similar to that of the Sullivan ore.

Conglomerate and breccia have been mapped 1n the wall rocks
wnlch have largely been converted to tourmaline "chert'.

At 1oast.dne inclusion of conglomerate in the sulphide body

is shown in the mapping. This occurrence overlies the

~diorite sill but the lowest point so far explored approaches

close to the sill., (Consolidated IMining and Smelting stafs
repoft, private file). Surface mapping Qhout'the'Stem
¥inder and to the south, towards the Nérth Star Mine, records
a mixod zone consisting of tﬁin bedded rocks, conglomorate,

and massive sandy rocks in a disordarly nixture. "Cherti" is

~found in this rock as'irregular stringers. The descriptions

of the rock strongly suggest that here 1s another

-y
.
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“eollydrotheraal breceia, eoxtending into close associatlion with

the confoinable North Star orcbody. ‘Fig. shows the relation-.
ship betwoen the threo oretodies. Thoir North South alipnment
stroagly suggests o comron structural control, and oy infor-
oncae a structureo controlling the location of ‘brocecia formation.
IN STERLARY

- Brecclation of lacrge voluwos of rock has occurraed,
below, within &nd above the Sullivan ore body. Two nsin
stages of brecciution are raoacognized.

(1) Preconpglomerate - -prehydrothercal

(2) Postconglomerate - cohydrothermal

Collapse to surface ascve a breccia column formed by magmatic

- actlion is considered to be the most satisfaétory of several

explanations consldered for the preconglomerate breccla and
conglomerata basin.
Post conpglomerate brecclation was not a. single
catdstrophic avent, but occurred at intervals puncfuated by
(1) diorite intrusion |
{2) boron metasomatism
~(3) introduction of-quartz 'ﬂ
(%) potassium and sodium metasomztism
(5) chloritization
(é) introducticn of sulphide minerals
(7) intrusion of minor igneous dikes
The ordor of events is in general as shown above, but over-

lapping, ropotition, and interactlion of processes is believed

to0 have occurred.



Conglomarate pabbles, and Lragment in the pre
conglomerate breccia wero derlived from fairly well consol-
1dated lowar Aldridge sediments which werc provabdly 1ndurat6d
to‘the oxtont of belng sandstones and mudstonos.

Other fragmental rocks cre found at app:oximaﬁely the
cane stratigraphic horizon. A thick discordant conglomorate =
brocecla bvody has boen drilled beclow the diorite complex a
short distance west and south of the fgotwall conglomaratsa
"body (sce Fig. ). The discordant Stem Winder ore bvody which
1s minoralogically similar to the Sullivan, occupiez a brecc=-
iated zone about one nils south. It is strétigraphiéally
lower than the Sulliv.n, but still above the diorite complex.

Roeks described as the mixed zone arae mapped between
the Stem Winder and the'confofmahle North Star ore body. The
nmineralogy of the North Star deposit is very similar to that
of the Sullivan. ‘

Lead isotope ratios in the three deposits are very
slmilar. So are those ofothar deposits in the Aldridge.

Ago of the Sullivan leads deduced from the lead isotops:
ratics 1s 1,250 million Years. (Leech and Wanless 1963

pp266).
‘Brecciation below tho ore zons was mainly by verical

~movement, that in the ore zone was at least partly duc to
latoral movemonts. Tae plastic nature.of the sulphide zono

. may have blocked the vertical devclopment of brecciliation and



i% thought to have allowed slumping of tho sulphide zone znd
cliding of hangingwall beds.

Collapso to surfzce formingz tho conglomexrzte basin is

concoived of as happening whon magmatic support wac witharuvi
froam bencath a brecela column that had approached suriace. 4
period of subsidence &and renewed sodimentation 1& rolatively

deep water followed during Middle and Upper Aldridge tine.

"“he socond@ or postconzlomerate stage of broceiation bezan

" apparently while the new sedimonts were stlll quite soft %o

judgo from twisted and torn fragments.
The preconglomorate breccia preceded metasomatism

and therefore fits Bryner's class of pra hydrothermal broccia.

' Tha post congzlomcerate biroccla is closely associated with

uctasomatic avents and igneous intrusion fitting DBrynor's
¢class of co hyéfothermal breccia. It seems recasonable to
assume that brecciation, hydrothermal activity,'dibrite cikes
and ninor igneous dikaes originated from a common parent magma.
Concentration of hydrothermal f£luilds, dufing the quioscent
period, in the éupola that 1s envisaged at the base of the
breceia column is to be expactedvaccordiﬂg to classical

1
'
.

theory.



part oi the conuinental sholf recelving sadimaonts frca tho

‘disdant castern craton. BEvidence of orogenic uplift and

SPECULATION ON RELATION OF DRRICCIA TO TICTONIC SIITING

Sccliing a plausible corirclation of tho broccla

phcenomena with their tectonic scttlng would sccam to be in .

om0

kecping with current euphasos in sconomle goology. Tho fol-

lowing thoughtis are in many casas nearer to being quorics

- than statcments.

'Durin~ Purcoll time'the arca under consideration wvas

formation of 1slands is found following the extrusion of

basaltic Yoyie lavas at the end of Lower Purcell tima,

It has been suggested previously in this papor that

in late lower Aldridge tiwe there was a pause in sedimentation

L4

during which the surface luyero became falrly well consolidate

od. Igneous intruaion into the wedge of claetic materlel
is believed to have approachod surface at this time, pro-

ducing breccia columns. Uplift was sufficient to allow local

Vithdrawal of magma from the magma chamber allowad
the breccla column assoclated with the Sullivan to cave io
surface. There followed a perlod of subsidence and renewod
sedimentation that formed the Upper Aldrldge series.

Ignoous activity was resumod with the intrusion of
diorite and brececiation of.the still relatively soft rocks.
Hydrothermal soiutions that had been collecting in the

erosion of pobbles for the scattered deposits of conglomarate. .
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!
cupolas of the magma chamber‘during the period of ignoous
quiescenca, were introcuced into the brecciated rocks during
the cohydrothormal bireccia phese.

Subsidence of thao aroa slowed so that by Crccton
tino shallow water features wore again being formed in tha
sediments.

Intruslon of diorite from the parent magma chamber is

conceived of as an intermittent welling up o magma into the

- downwarping Purcell sediments along an inciplent island arc,

finally culminating 1& a breakthrough to suriace with tho

oxtrusion of HMoyie lavas. (See also Loech and Lowdon 1963

p2sH) . o |
Hills 1963 (»372 suggjesté that "sills require

¢
mﬁgmatic pressure sufficient to 1ift the ovordburden, and

“hence that they are more appropriate to shallow crustal

denpths", This would suggest that any given poriod of
intrusion there would be one general depth at which the magma
would form sills., A repetition of sills at various |
stratigraphic levels such as is found~ip the Purcell, may
woll have boen due %o successive intrusions. If so, the

stratigraphically higher sills should be progressively

: younger. They might also show progressive shift in remanent

magnetism.
Hunt (1962) presents potassium argon dates that

indicate Purcell plutonism extended over a period from



)

approximately 1,580 million to 1,000 million yoars ago, an
interval cqual to the wholo of Phanorozoic time. Acid
igneous intrusives in the St. lary Lske - Kimberley urea gilvo
ages batween 700-800 nmillion years. Tho minotto dlltc, bLroien
by noveaent in tﬁo ore zone is dated at not loss than 765
rpillion yoars.

Tha area.in which Purcell dlorites are found is

co-exteﬁsivo wlth the exposuro of Purcell scdimonf®s, indicat-

“ing extensive proportions of the parent magma. This body could

‘well dbe co-extensive with the .silver lead zine metalogeneiic

province 1in the Aldridge age rocks, that extends fron
Couar D'Alene to Kimborley. EIf this magma was indeed an
curly feature of tho formation of an island arc system, 1%
night well bo an invaslon of the crust by mantle matericl
(sco Wilson J.T. in Jacobs, Russoll and Wilson 1959 pp298
ang 299). This would be in accord with the theory that the
loads acquired thelr isotopic composition in an onvironmcntA‘
with lowor U238/Pb29u ratlios than are found in the erust.

‘Let 1% be sald again that the roregoing dlscussion
of tectonic relationships is sppculation; perhaps not
entirely idla.

‘Much more informztion igs neoded. Tho following ara
aroas of study that could ylold desirable knowledgo.

(1) closor dating of individual diorite sills, and

information raegarding their roots and mothod of omplacement.

l



)

(2) Dating of the potassium metasomatism %o
daetoraino the age of cohyrothermal brecciation.
(3) Thorough study of %the occurronces of conglom-

eratve and fragmental rocks of the Aldridgo to assoecs thaiwr

. origin.

(4) Dotermining criteria for distinguishing pre

Cambrian structures. Of particular interest would be

structural control of brecciation.
Respectfull" submitdad.

D.E. Jardino.
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