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ABSTRACT

The gold and quartz bearíng vein deposits of the Rice Lake

area occur within shear and f ractul'e zones that are spat¡ally

assoc¡ ated with a large oval-shaped intrusion of quartz diorlte' 
:,,,: 

:::..,:

A fypical gold-quartz vein bearing shear zone' fhe Pl lof-Smuggler, ':: :::

has been described in detail. The study includes a description

of fhe structure, the petrology and alteration of the host rocks'

fhe rnineralization and geochemistry of the shear zone and atten- ¡"''.:':., , :.' ,'.

dant gold and quartz bearing veins' 
;,,,,,,,,¡,,,;

The gold-bearÎng quartz veins are small lenses that are ': ::"':

fractured and dtsjointed and contain ankerite and sulphide

minerals. Pyrife, the dominant sulphide mineral ' occurs as 
;

brecclatedstringersandpatcheswithintheveins.Sphalerite,'

pyrrhotite, chalcopyrite and a host of copper bearing sulphide '

minerals occur as tiny blebs and vein lets t{ïth¡n the pyrite.

The gold assays of the quartz veins are Proporfîonal to their

sulphide content.

Minor strucfures within the Pi lot-Smuggler shear zone 
,;,,,r,_,,.

suggest two stages of deformation have affected fhe break. 
'.i

.:::'-::-:::

During the initíal stage the zone ruptured and stresses wer€ 
',';-'-'"'

released by planar glide, which was followed by compression

subparallel to the shear zone foliatïon caus¡ng nurnêrous kink,
,., .. t..

chevron, and conjugate folds i...,,,ì;,

The alteratïon processes, as defermined by examinafion of

fhin section and chemical analyses of altered rocks of fhe shear

zone, have involved an inf lux of fhe volatile eleÍlents, H2O, ÇÐ2
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and S, that have caused the host dacitÍc volcanic rocks to

alter fo a serlcite-chlorite-carbonate bearing schist. Si lica

not required for the formation of the new minerals, sericite

and chlorite, has been depleted from the altered rocks and

could have migrated into the quarfz velns. The distrÎbution of

elerpnts within the altered zones suggests that many of fhe

constifuents of the minerallzed quartz veìns could be derîved

from the adjacenf altered rocks.
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CI{APTER I

INTRODUCTION

General

Gold is al present the only mineral of economic

împorfance in the Rice Lake-Beresford Lake belt of Pre-

cambrîan volcanic, sedinrentary, and derived retannrphic

rocks (Figure l, page 21. lnterest in the area u,as

sparked by ifs discovery in l9l I on fhe Gabriel le claïm

on the north shore of Rice Lake. Many smal I deposits

have been discovered sînce and nurnerous small-scale mining

operations have been at*ernpfed; however, the meaEerness

of the deposÏts and the irregularify of the gold assays,

have combïned to discouraç large financial investment in

the properties. There are, af fhis tirne, no producing

mines in the area. The San Antonio gold mine, which was

in operation since fhe early l930rs' was closed down in

the sumrner of 1968.

A detai led geological investigation, known as Project

pîoneer, a joint endeavour of the Manltoba Mines Branch

and the Geology Department of the university of Manitoba'

is being carried out on the Rice Lake gneenstone belt'

studies on the gold deposits in the area form an important

phase of the Project.

Staternent of Thesis Problem

The Rice Lake-Beresford Lake area contains numerous

shear and fracfure zoÍìes, many of which are occuPied by

gold-bearing quarfz veins. The shear and fracture zones,

'i::. r:.

t. 2.
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and attendant gold-bearing quartz veins occur to the east

and west of a large oval shaped intrusion of quarfz-diorite.

TÞris fhesis presents the results of a detai led geolog-

ícal examination of a typîcal gold and quartz bearing shear

zone, the Pi lot-Smuggler shear zone, of the Rice Lake green-

stone belt. Thïs study includes a description of the

structure, pefrology, alteration of the host rock, and the

mineralizatlon and geochemistry of the shear zone and atfend-

anf gold-bearing quartz veins. Besides presenting a detai led

description of the Pî lof-Smuggler break, a furfher objective

is to formulate a possible nrechanism of emplacenent of the

gold-bearing quarfz veins that occur withín the shear zone.

The Pilot-Smuggler shear zone' and associated gold-

bearing quartz veins, were chosen for study beoause they

are promínent and easily accessible. (Figure 3, page 5 ).

Location of Thesis Area

The Rice Lake greenstone belt trends east-soufheast

from Lake Winnipeg to the Manítoba-Ontario provincial

boundary. The Town of Bisseft ís accessible by highway

from Winnipeg via Pine Falls (Figure l, Page Z). The

property of the Gold Lake Mines Company Ltd.' situated on

the Pi lot-Smuggler break, is located approximately three

mi les south of the town. The Caribou Lake road, joining

the main Pine Fal ls-Bisseff road about fhree mi les west

of Bíssetf, crosses a section of fhe Pi lot-Smuggler break

abouf one mile norfh of Salveigh Lake (Figure 3, page 5 ).

A smal I bush road nearby connects the Caríbou Lake road

with the abandoned Gold Lake Mine.

ú: :+::..::-ì
I r¡1:: .e' 1
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lrbthod of Study

Field examination of the Pilot-Smuggler shear zone

was made duríng the sumner of 1966 whi le the writer was

working for the Manifoba Mines Branch on Project Pioneer.

Subsequently at the Univerålty of Manitoba, the field data

vrere organized and laborafory studies carried ouf on

specimens col lected during the field season.

Projects carried out relating to this fhesis problem

are I i sted be low:

(l) A general geological map, on a scale of I inch fo

l/4 ni le, of the Pi lot-Smug$ôEr shear zone ïras pre-

pared. (Î,{ap l).
(2, The orïentations of minor structural features re-

lated to the Pilot-Smuggler break were moasured and

plotfed on stereographic dlagrams.

(5) A detai led geological map, orì a scale of I inch to

25 leet, of a ¡.eefangular area, fourteen hundred feet

by eÍght hr.rndred feet, surroundlng the two explorafory

shafts on the property of fhe Gold Lake Mine Company

Lfd. was prepared (Map 2). A grid was surveyed and

cut for thís area to ensure accuracy of mapplng and

for locating specirpns for laboratory stttdy.

(4) Ten pollshed secf ions of the quar"tz vef ns and assoc-

îated sulphide minerals were prepared and studied.

(5) Approximately fiffy fhín sections wer€ prepared and

str¡dîed. The pefrology of the indlvidual rock un¡ts

and the altered rocks of the shear zone, assoclated

wÍth Eold-bearing quartz ve¡ns, vtas careft¡lly examined.

t. 4.



[Ìi.:.ia':..'-.;9ì.?

(6) Chemical analyses of representative specimens of

each rock r¡nit were made. A sr¡ite of specinens

col lected across the quartz velns and into the

country were analyzdd chemically to determine fhe

disfrîbufion of the major and minor elenpnfs.
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CI{APTER II ::::

RESULTS OF FREYIOIJS STUÐIES OF GOLD DEPOSITS

ll. l. Tvpical Features of Gold Deposits

The hlgh price of gold and the low wages effectïve

durinE fhe l930fs, made gold mîning a profitable venture .,:. :.

no*withstanding the general depression of the period.

This îs reflecfed in the geological literature of the era

which contains many articles dealing with gold deposits. ,.,,,.,,',
;',:,,:,1,, .11

The work done by geologists during the l930ts on gold ::t'

deposits was, general ly, of high cal i bre and many of their il,,.,.:t,':,,' '. ..::

observations are sti ll perf inent; some of the ñìore pre-

valent observatíons were

(a)Theassociafionofgolddeposïtswlthlargeacid
intrusives. (Bateman, 1940), (Gunning, 19371) :

(Pardie & Fark, 1943), (Gal lagher, 1940);

(b) The zonal arrangements of ore deposits around large
acid bathol¡thic intn¡sions. For example, a mineral
sfudy of the Province of Brifish 0olumbla by H.C.
Gooke(l946,,suggestedthafgolddepositsalways
occur near these igneóoes:bodies; copper deposits ,

further removed; and sî lver-lead-zinc deposifs stî I I

more di sf ant; 
. r .::,:1,,1(c) The composition of associafed granîtic bodies is a ,'.,',,',',,'

factor în governing gold occurrences, viz., granític i., ,,,,,.
bodies coriunonly grade ínto quartz feldspar por- i,11.,:,' ,

phyrïes where gold deposlts are found. (Dougherty, ''ir'::::l
1935r. The three Ímporl'ant known gold-bearing

; localif ies în Manitoba, the Elbow-l*4rcrfon, Herb Lake,
and Rice Lake-Gold Lake areas, mapped by C.H.Stockwell
(1935, 1937, 1958), were all found to be located near
Íntrusions of frquarfz eyerr granite, a porphyritic i....:,:::,,
granife with prominenf blue-quartz eyei. 'Gold 

.,¡,:'.¡,..
deposits were also considered fo be comnonly assoc-
iated wlfh sodic granite bodies of internedlate
composition. (Gal lagher, 1940);

(d) The attered rocks surrounding gold-bearing quartz
velns are fypical ly rich in carbonates, sericite
and chlorite. This has oiften been used to f ind and
trace gold bearing veins. (Clarke et al , 19391, ' ',.
(Cooke, 1947), (Dougherty, 1955), (Llndgren, 1905-6), '
Pardie & Farke, 19431;



.-1.: -.ata-:i

(e) The mineralogy of gold-bearing quarfz vein deposits
is slmple and similar for all deposits. (WhÍte, 19431.
Quar"tz ¡s the dominant vein mineral accomPanied by
small proporfions of tourmaline, beryl, albíte,
calcite, and sulphide minerals. (Cooke, 19461¡

(f) The sulphide mïneral ízation accompanying fhe gold-
bearlng quar-fz veins usually occurs as small brec-
ciafed patches and sfringers. Fyrite is the dominant
sulphide mineral with minor chalcopyrite, sphalerife,
arsenopyrite, galena, pyrrhotite, tel lurides, various
copper sulphides and sulphosalfs. The pyrite was
often found to be veined by the other sulphîdes so
that many geologîsfs have postulated flrat rnore than
one period of mineral ization is involved in the
formation of gold deposlts (Byers, 1940);

(g) That many gold-bearing quartz veins have been brec-
ciated (t{hite, 1943r. lt is thoughf that this has
faci I itated the enfry of successive periods of
mineralízing f luids;

(h) The rnajority of paragenetic cha¡-ts that have been
prepared for gold deposits include several periods
of fracturing and mineral ization, and often numer-
ous periods of deposition of gold. (ArmstronE, 19431,
(Byers, 1940), (Coleman' 19571. The interpretation
of ore textures under the reflecting microscope is
often d¡ffícult and it is likely that many of these
paragenetic charfs cor¡ld be simplif ied. lvbst of fhe
charts, however, do include fhe fol lowing two stages:

([) quartz accomPanied by pyrife (and sometirps
arsenopyrite)

xxxx fracturing xxxx

Q) chalcopyrife, sulphosalts, sphalerife, galena
gol d;

(¡) Gold values of the quartz veins increase wÎth sulphîde
concentration, especial ly with the rsecondf stage
of sulphide minerals. Often chalcopyrite, galena
and sphalerite in these veins are considered indic-
alors of the presercêof gold. (Gunning, 19371;

(j) Lode gold occurrences, almosf without exception, êft- 
depositeO ¡n or near structural breaks such as shear
or fracture zones. (Cooke, 1946).

The three major regions of gold occurrences in Canada

are lhe Cordî I lera, the Canadian Shield, and the Nova Scotian



Appalachíans. The Canadían Shield is the most important

of these regions. The rocks in which gold deposifs are

found, on the Shield, consist mainly of ancient volcanic

and sedirnentary rocks. ln a few ínstances, deposits have

been found wîthin smal I bodies of intrusive granîte,

syenite, or porphyry, Some instances are known of gold

deposifs in larger granific masses buf, în such cases, the

gold-bearing quartz veins are conf ined to the edçs of

these bodies. (Cooke, 1946). Although the mineralogy

of the gold deposits of the Canadian Shield ís símpler

fhan that of the Brîtîsh Columbian or Nova Scofîan deposifs,

the descriptions în Cookefs article ( 19461 and those by

other authors, indicate thal all of fhe gold occurrences

are similar. The slmilarity of lode gold deposits suEgests

that they may share a comnon mechanism of formafíon.

I I . 2. Theories of Gold DeposÍtion

There are two major fheorîes that have been proposed

to explain the rpchanism of formation of lode gold deposits.

One theory sugçsts that the gold-bearÎng veins have been

precipïtated from hydrothermal solutions that are genefîc-

ally related to intrusive magmatïc bodies. The theory that

some, if not rost, of fhe crcnstituents of lode gold deposits,

have been leached from the rocks hostlng the veins, has

also been considered a possible genesis for gold deposits.

I l. 2A. Masmatic Hvdrothermal Theory

According to the Glossary of Geoloqy and Related

Sciences, prepared by fhe American Geological lnstitute,
rhydrothermal t ïs a term ttappl ied to heated or hot magmatic

l0



il
emanatîons r¡ch in water, to the processes in which they

are concerned, and to the rocks, ore deposits, alferafion

producfs, and springs produced by fhem.rr The theory of

hydrothermal genesis of ore deposits was originated by

V{. Lindgren and has proven useful in explaining many geo-

logical features. According to thís theory, the gold is

retained in the residual phase of the crystal lîzîng magma

and is carried by these fluids away from the solidifying

magma to be deposited in sfructural ly favorable local ifies.

This theory explains the associafion of gold wïth granitic

bodies, which have large associated vapour phases, and

the depositíon of gold in permeable shear and fracture

zones.

I l. 29. Laferal Secretion Theory

The Glossary of Geolsgy and Related Sciences, pre-

pared by the American Geological lnstifute, defines I lateral

secretiont as rrthe theory that the contents of a veín or

lode are derived from the adjacent wal I rock.rt hl.Lindgren

(1905-6) was the first geologîst to apply this theory to

gold deposits, although he later chançd his mind în favor

of a magmatic hydrothermal origïn.

Studies by many geologists have sugçsted that the

sílica of gold-bearing quartz veins has been leached from

the vein wal I rock. Chemical analyses of altered and un-

altered wall rock by Byers ( 1940), Bateman ( 1940), Boyle,

(1959), Clarke (1939), Cooke (1946), Hurst (1935r,

Lindgren( 1905), Moore (1912), Knopf (1929) and Schmitt
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(1954r, and o+hers, support this hypothesis.

tvlany of the proponents of the tlateral secretionr

theory are wTl ling to attribute the quartz and some

sulphide minerals of the gold-bearing veîns, to having

been leached from the altered host rocks. They believe,

however, that fhe remainîng vein material and the alter-

ing solutions (rîch in C02, HZO and S) are of magmatic

hydrofhermal origin. A recenf study by R. lll. Boyle (1961)

on the Giant Yel lowknife area in the Northwest Terrîtoríes,

suggested to him thaf most, if not al l, vein materials

could have been derived from a migration of elernents under

metamorphic gradients into or away from fhe vefn sites.

Neutron Activation dnalysis for Trace Amounts of Gold

untl I recently one of the major problems confronting

çologists in their investigations of lode Eold deposits

has been the expense and d¡fficulty of analyzing rock

specimens for trace amounts of the metal. Gold is par-

ticularly well suited to analysis by neutron activafion

fechniques because of its very high activation cross-section

for thermal neutrons. t¡t¡th this nethod ít is now possible

to provfde reliable data on the distribulion of gold în

common igneous rocks, silicafe minerals, and also in the

rocks hosting fhe gold deposits.

Studfes by Vincent and Crocket ( 1960) and Shcherbakov

and Perezhogin (1965), using the neutron activation

technique have caused these authors to cone fo differing

conclusions concerning the genesis of gold deposifs, buf

further work on lode gold deposits using this analytical



I

tool should result ïn sorne valuable contributions to an

undersfanding of their rpchanism of formafion.
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CHAPTER I I I

GENERAL GEOLOGY

ilt. t. General Geoloqy of tfìe Rice LaFe Area

The Rice Lake and adjacent areas have previously been

studied by lr4cor.e (1912), Delury ( l92ll, Cooke (l92ll ,

Wright (19321, Stockwell (1938), and Davies (1953). These

arìeas are now undergoing an ïntensive invesfigation by the

Manïtoba Mlnes Branch and the University of Manitoba.

The Rice Lake greenstone belt consistlng of Archean

rfolcanic and sedinentary rocks trends east-southeast from

Lake Ìlinnipeg towards the Manltoba-Ontario provincial

boundary (Figure l, page 2 ). C.H. Stockwell (1958) divides

the rocks of the Rice Lake greenstone belt into the Rice

Lake series, intrusive rocks, and the San Antonio form-

ation (Table l, page 15). The volcanic rocks comprise

basalt, andesite, dacite, rhyolite and associated pyro-

clasfic rocks, inferbedded wïth sedimentary rocks which

include impure quartzite, greywacke, slate, and conglom-

erate. The Rice Lake series of volcanic and sedirentary

rocks has been intruded by a series of calcic intrusions,

comprisinE dÍabase dikes and sills, irregular sill-like

bodies of gabbro, bathol ithlc bodies of quarfz diorife,

and sî I ls, dikes and dtocks of quartz teldspar porphyry

(Figure 5, page 5'). ln the vicinity of Rice Lake, a

sedirentary unit known as the San Anfonio formation,

unconformably overlies the Rice Lake serîes' one of the

large quartz diorife bodies and other lntrusive rocks

l4
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(Ðavies, 19531. There is no docurpnfed or observed occur-

rence where the San Antonîo formation has been cut by dikes

of igneous material, although ¡f d¡recfly overlles the quartz

Uôorite. J.F. Davies (1963) considers the volcanic rocks

of the Rice Lake serles, which are texfural ly, mineraloglc-

ally, and composifionally similar to one anofher, to be the

exfrusive equivalents of the calcíc intrusions. Gneissic

and pofassic granific bodies occur to the north and south óf

the Rice iake greensfone belf. (Figure 2, page 4 ).

TABLE I

Table of Formatíons - Rice Lake Area

$an Anfonlo Formation
Feldspafhlc Auartzite

lntrusive rocks
Apl ite and pegmatlte dikes
Forphyry, rhyollte, and andesite dikes
Lamprophyre dîkes
Quartz díorite
ttQuartz-eyett granite
Meta-dîabase si I ls and dikes
f'4eta-gabbro, reta-diorite, quartz diorite
Porphyritic andesite si I ls and dikes

Rice Lake Series
Trachyte breccîa, porphyritic dacite breccia
PorphyrifTc andesite
Basa lt
Tuff , arkose, conglomerate
Porphyritic basalf
Rhyol ife, frachyte, andesite, breccía
Porphyrif ic andesite brecci a

(After Stockwell - 1938)

Diabase and quartz feldspar porphyry dikes are numerous.

They are common near fhe large quarfz dloríte intrusion and

are often spatial ly related fo many of fhe gold occurrences

,!, r.j t:rr
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(Figure 3, page 5 ). The diabase and porphyry dikes are

thoughf by Stockwell (1938) and Davies (1953) to have

been intruded confemporaneously. ln some instances, the

porphyry dikes cut the dlabase dîkes; in fhe others, the

reverse relationship is true. ft4ost of the cross-cuftlng

relafions, however, indicate the porphyry d¡kes to be

sllghtly younger (Stockwell 1958). The quartz feldspar

porphyry dikes emanate from the quartz diorite bodyi

transitions from quartz diorite to quartz feldspar por-

phyry have been observed fol lowing these dikes from the

quartz diorite source (Stockwel l, 1938). lt is possible

that fhe source of the diabase dikes îs basic material

remcbi I îzed by the intrusion of the quartz diorlte, or a

basic differenfiafe of this intrusion.

Gold Deposits of the Rice Lake Area

There are nuaþrous gold occurrences in fhe Rice Lake

area. fr4¡st of the gold deposifs, however, are too small,

and assays too irregular, for them to be of comnercial

importance. Many of the gold occurrences have been examined'i

geologîcally wifh înformation on them avai lable f rom the

Manitoba Mines Branchrs cancel led assessnent fi les, from

geological reports prepared by Stockwell (1938) and Davies

(1953 & 1962), and in a thesis written by J. F. Davies (1965).

Some of fhe typícal features of fhe Rice Lake gold occur-

rences are lísted below:

(l) The known gold occurrences are contalned in shear
zones or, in some cases, in fracture zones.

(2, The gold-bearing quartz veins have assocîated
alteration zones rich in chlorite, serlcite,
ankerite and pyrite.
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(5) The gold confent of the quartz vein ore bodies

is often proportional fo the concentration of
sulphide minerals în, or associated with, fhe
quartz veins.

(4) Chalcopyrite has been considered by prospectors
and geologïsts working in the Rice Lake area,
to be an indication that quartz veîns are gold-
beari ng.

(5) Although gold-bearîng quartz veins occur in
practical ly al I rock types of the RÎce Lake
distrîct, the majority of quartz veïns with
larger quantities of gold, occur in mafic
íntrusive or extrusive rocks.

The majority of shear zones and atfendant gold-bearing

quartz veins are spatial ly associafed with the large oval-

shaped body of qaartz diorîte that intrudes the Rîce Lake

serîes (Figure 2, pa.clc- Ð. The quartz veins are distributed

to fhe east and west of fhîs large body.

The shear zones of fhe Rice Lake area belong to two

groups. (Stockwell, 1938). One grouP trends north-

northwest and fhe other trends east-norfheasf; both groups

dip steeply, often slightly to the north. The two groups

appear to have developed contemPoraneously, although over

a considerable period of tire. ln sorp cases the group

frending north-northwesf cuts and displaces the ofher, or

vîce versa. The mode of formation of the shear zones is

of particular interest because the gold deposits are con-

taîned within these sfructural breaks.

lll. 5. General Description of the Pilot-smuqqler shear Zone

The Pi lot-Smuggler break ls a prominent topographic

fea$ure that appears on aerial photographs as a strong

linear sysfem of alnost continuous outcrop (Plate l, page 18).

It is approximately three miles long and fifty to one

l:,. r,': - :.'
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hundred feet wide. The zone is cornposed of schistose

rock that dips sfeeply, usually norfheast, and strikes

between 335 and 350 degrees. The break curves sl ightly,

wíth Íts northerly porfion trending more to the north

(ltbp l). i¡bst of the quartz veins, which occur as lenses

and pods within lhe shear zone, are near the site of the

abandoned Gold Lake Mine expdroratory shafts where the

break begins fo veer north. lt is possible thaf this

change in direction plays a major part in localizing fhe.

quartz veins.

The Pi lof-Smuggler ghear zone transects dacitic and

rhyol itic volcanic units of the Rice Lake series. Nunrerous

quarfz feldspar porphyry dikes trend perpendîcular to the

direction of the Pilof-Smuggler break and have been offsef

by ît. A diabase dike trends paral lel to the shear zone

and porfions of the dike have been incorporated into the

shear zone. Well layered rocks, likely of sedimentary

origin, are confained within the shear zone but are nof

found oufside the bsundaries of the break. A descrîption of

the rock fypes through which the shear zone cuts is given

be lovr:

Dacite & Rhyol ite ( l)x

The volcanîc rocks thaf host the Pi lot-Smuggler

shear zone are comprised of many varïeties. They

may be volcanic f lows (Plates 2 & 3' pages ¡g ¿ 20),

* Number of unit as gîven in legend of Map 2.
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PLATE 3
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(sane as shown in Flate 2) (lOX'

rchi I ledr contact
polarized light)

Sr (a weak
såhistosity)

Andes i te
mafri x

Rhyolife
f ragnents

!: ::1.

.PLATE 4
.fihln secf ion pnotomÏõlo-aph of typical f ragrental

volcanic rock. (10X, non-polarized light)
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Compos i te
fragment

Pyroclastic dacite breccîa that
contains fragnents of varying
composítion and size (lX)

PLATE 6
A thin section pfrotomÎffiaph of a welded tuff
containing shards and crysfal fragnenfs. ( l0X,

polarized light)



volcanic breccias (which include both flow

and pyroclastic breccias) (Plates 4 & 5,

pages 20 & 2l), and lapil li and welded fuffs

(Plate 6, page 2l). lvlost of the volcanic

rocks are porphyrltîc and contain wel I form-

ed phenocrysts. ln many cases the phenocrysts,

general ly andesine crystals fwo, to three

mil limeters long, in these porphyritic volcanic

rocks are so well fornred that íf îs diff icult

to distlnguish these rocks from the quartz-

feldspar porphyry dikes. The volcanic rocks

are typically f ragnental (Plates 4 & 5, pages

20 & 2lr. The fragnants vary consiaeraUly in

size and shape; general ly they range Ín size

from 5 mm to 500 mm. lt would appear that

mosf of the volcanlc rocks are Pyroclasfic

breccias. The f ragnrents may vary în comPos-

ition (Plate 5, page 2l) or may be of uniform

composition (Plate 4, Paç 20).

The volcanîc rocks are massive and unstrat-

ified and only two units could be mapped (Map l).

These two units consist of rocks of predomin-

antly dacitic and rhyol itic composition

respectlvely and the contacts between the

inits are gradational. Both the dacitic and

rhyolitic volcanic units are porphyritic and

fragnental . The î$yol itic rocks are variable

in color and may be black, light 9FeY, lÎght

22
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blue, a bluÎsh grey, and in some cases have

a greenish tint. The dacifes vary less in

color and are usual ly dark grey. Both the

dacitic and rhyol itic rocks weather to a

light grey color, oflen with a crearny tÎnge.

The feldspar phenocrysts stand out in rel ief

Tn the porphyritic varieties and glve fhe

rock a rough weathered surface.

Dacitic volcanic rocks host the shear zone

near the explorafory shafts of the Go,ffdl Lake

Mines Company Ltd. (Map l). These dacitic

rocks are composed essentially of plagioclase

(An 50-40) and a fibrous green amphibole,

líkely actinolite. The plagioclase occurs

both as large phenocrysts ( I - 3 mm) that

are offen twinned and zoned, and as smal ler

crystals (l/ 16 - l/8 mm) within the f ine

grained matrix wÎfh the acfinol ite. The

feldspar crystals ar€ commonly dusted with

sericite and calcife that have forned as

alterafion products. Epidote has forned as

an alteration product of both plagloclase

and acti nol ite. Gh lorite, bïotite, leuxocene,

maEnetite, apatite, and in sor¡e cases, quartz

phenocrysts are also presenf in smal I quantities'

The volcanic rocks hosting the PÎlot-Smuggler

shear zone belong to the epídofe-amphibol ite

netanorph ic f acîes.
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The fragments within the volcanic rocks

ar€ comßþnly elongated in one direction when

observed in thin sectïon (Plate 4, page 20)

or on a rock surface. A weak al ignment of the

platy minerals, such as sericite, chlorite,

and fhe fibrous amphibole, paral lel to the

elongated fragnents, forms a weak or încipient

schistosity, referred to hereaffer as S¡*.

0n the weafhered surface this schistosity is

evident as the allgnrent of the long directions

of smal I si l iceous fragnrents that weather ín

relief. This weak schistosity, which has a

constant regional strike befween 280 and 505

degrees and dips steeply, does nof render the

volcanïc rocks f issí le, excepf locally, As

fhe shear zone ls approached S¡ becomes more

pronounced and better developed, and also

veers in direction so that it becomes mone

paral lel to the trend of the shear zone.

(Flgure 9a, paç 58 ).

Ch lorife-Sericite Schist ( lS)

The volcanic rocks incorporated into the

shear zone are altered to a chlorife-serícite

schist composed of alternatîng layers of

* Both fhe planar and linear structr¡ral elements have been

flåyl3n:Vmbols--see Chapter lV, page 54tor furfher înfor-
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sericite, chlorite and albite, and albite

and chlorite, impregnated by patches of 6

ankerite and smal l 'tênses of quartz (Plate

7, page 251. The chlorite-sericíte schist

is generally cr"enulated and kinked. The

volcanîc rocks adjacent to the shear zone

are altered to chlorite, sericiüè, and

epidote or zoisîte but have not developed

a strong schlstosÍty. These rocks have

suffered a perîod of retrogressive meüa-

mörphism, assocíated with the formatîon of

the shear zohe and vein deposits, that has

altered them to the greenschist rnetanorphic

facies.

Diabase (2)

A diabase dike trending paral lel to the

shear zone is continuous along nrost of the

lengfh of the break. The diabase is a fÎne

grained massive rock wíth a disfïnstive brown

weathered surface. lt is composed of a green

f ibrous amphibole, likely acf inolite, with

small proporf ïons of plagloclase, chlorite'

calclte, epidote, zoisite, leucocene, magnetite,

i lmenîte, pyrife, and chalcopyrite. The

diabase ls considerably altered to a mînerat

assembläge belonging to the epiüote-amphibol ite

faci es.
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The intrusion of the dike preceded fhe

conclus¡on of movements on the break and

the dike has been rendered schïstose for a

large proport¡on of Ìts length. The portions

of the dike incorporated into the shear zone

have been altered fo a dark green chlorite

schist (2S) having a rough weathered

surface.

The dlabase dike offen has a sínuous contact

wifh the volcanîc rocks (Map 2) which could

represent intrusíon paral lel fo a contorted

layerîng withTn the volcanic unit.

Quartz Feldspar PorphYrY (5)

The porphyry dikes typically confaïn large

zoned and twinned plagioclase phenocrysts ( I

3 mm), quarfz phenocrysts ( I - 2 mm), often

hornblende and biotite phenocrysts, and a f ine

grafned matrix composed of these minerals

fPla*e 10, paç 29). Sericite, chlorite'

calcite, and epidote are present as alfera*ïon

products of these minerals.

The quarlz feldspar porphyry dikes have a

disfincfive light cream colored weathered

surface (Plafes I & 9' pages 25$.,79r.On fresh

st¡rfaces the porphyry dikes are dark or lïght

grey ¡n color dependïng on whether fhey have

fîne or coarse grained matrixes resPectively.

27



Color, mineralogical and fextural changes

occur along or across the strike of indivídual

dikes and are likely a result of variations

in its coolîng hîstory.

The porphyry dikes may be altered to

minerals of the epidote-amphîbolite or also

the greenschisf facies fPlate 10, paç 29).

Often fhe margins of the porphyry dk,kes and

adjacent host volcanic rocks are schisfose

over a width of a few feet (Map 2). The

conlacts of the dikes and the hosf volcaníc

rocks may also be sharp (Plate I l, page 52).

ln the schistose margins of fhe porphyry dikes

the schistosity strikes parallel to fhe trend

of the dlkes and dips steeply. This relatlon-

ship of the wel I developed schistosity to the

conlact sugçsts that the porphyry d ï kes a lso

dip steeply.

The quarfz leldspar porphyry dikes are

offset by the shear zone. Portions of quartz

feldspar porphyry dikes incorporated ïnto

the shear zone are highly altered to minerals

of the greenschist facies and develop a strong

schistosity. The quartz phenocrysts remain

unaltered in the sheared quartz feldspar

porphyry (5S) and protrude as smal I eyes that

are a dîstinctive feature of the weathered

28
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surface of this rock unîf. Chemical analyses

of the quartz feldspar porphyry and its shear-

ed equivalent show that the alterlng processes

accompanying the shearing have involved a de-

crease of S¡02 accompanied by an ïncrease of

Ff20 and @2 (Table 2, Page 5l).

Sedi rnentary Rocks

Zones of predominantly sedimentary material

(Plates 27 & 28r Page 52) have been recognized

by N. Church (personal communicafion, 1968)

within the Pi lot-Smuggler shear zone. This

maferial was previously considered by the

at¡thor fo be bands of mylonite and rocks with

layering rest¡lf ing f rom netannrphÎc segregation'

Both netarorphic layering and cafaclastic

foliation do exist wîthin the Fi lot-Smuggler

shear zone. However, the retamorphic layer-

ing is a discontlnuous layering that consisfs

of alternating layers of chlorite-alblte'

sericite, and sericite-chlorite a few mï lli-

meters in width; whi le the layering of the

sedlnentary rocks is contïnuous and often over

a foof in width. ln many instances metamorphic'

cataclastic, and schistose foliations have

developed parallel to fhe sedinrentary layer-

ing. The sedinentarfu rocks have been contorfed

into many minor folds. Alfhotlgh the volcanlc

i,.:i
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Contact

Dacitîc
volcan i c
rock

Quartz
fe I dspar
porphyry
dike

PLATE I I

Thin section photoqricrograph of contact befween a dacific
volcanic rock and a quartz feldspar porphyry dike. The
plagioclase phenocrysts of the porphyry dike are øoned
and twînned. The f ine grained matrix is mi ldly altered
to the epi dote-amphi bol ite facies.



rocks also have been subjected to the same

tectonic forces within tlle shear zone, folds

and other minor strucfurat features are not

as obvious in the volcanic rocks as in the

we I I loayered sedi mentary rocks.

The sedimentary rocks are not found out-

side the boundaries of the shear zone and are

general ly restricted to the northern portion

of the Pi lot-Smuggler break. The reason why

fhe sedimenfary rocks appear fo be confÎned

within the shear zone deserves further

attentîon.

The geological units described above show an apparent

horizonfal offset that is right !ateral. There are several

geological features supporting a righf laferal displaceneú¡t

on the shear zone, as fot lows:

(l) The fragmental rhyolite unit Is displaced across the

Pflot-Smuggler break and indicates a ríght lateral

of fset (l4ap l).
(2)1 The regional schisfosity, Sl, that llas an average

sfrike of 505, degrees and northeasterly dip of 78o,

swings as it approaches the shear zoÂe, in a manner

that lndicates a right lateral displacerpnt (Figure 9a,

page 58)

(3) The quarfz Íeldspar porphyry dikes are drawn info the

shear zone in a manner fndicating a rlght lateral dÎs-

placement (Map 2). An approximate tie-in of porphyry

33
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Fractured quarfz *#** are ioints parallel
to and perpendicular to lhe frend of the qtlartz

.vein, and a set of joints that cut díagonal ly.
across the quartz vein. The quarl'z vein paral lels
the shear zone.

!Parallelt
joints
lhat are
coi nci dent
with a
catacl asti c
fol iafion(52)

rDiagonal I

joî nts
(parallel

to 53)

Perpendi cu I arr
joi nts

Host
vol can i c
rock

Çataclastic
fol iation (52)

Conjugate
fold (F2)

PLATE I 5

-Øonjugately foldetl (F2) quartz veín
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PLATE 14.
Thin section photomôcrograph of vein quartz

a typlcal strongly developed cataclastic fol
(tOX, polarized light)

showl ng
iation (52)

PLATE 15

"Thin section photomicrograFF of strained quartz
showl ng cataclastic fol ï ati on ( 52) -with

recrystal liãation in shear and tension f ractures'
( I OOX, Pol ari zed I i ght)
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dikes across the shear zone ïs conceivable if a righf

lateral offset is assured.

The mineralogy and Eeneral geological setting of the

gotd-bearing quartz veins is described in the followîng

sectîon. The minor structural features associated with the

Pilot-Smuggler break are described in Chapter lV' paç 50.

Qr¡artz Veins of the Pi lot-Smuqqler Shear Zone

The quartz veins are nost numerous where the Pi lot-

Smuggler shear zone makes a sllght swing in direction' near

the site of fhe abandoned Gold Lake Mines Company Ltd. ex-

ploratory shafts. Surface trenching and test pitfing on

these quartz veins by the Gold Lake Mlnes Company indicafed

fuo ore zones. One was 515 feet lo,g, averaging -424 ounces

of gold per ton over a widfh oÍ 5.4 feet, and the other 175

feef long, averaging .5t ounces Per ton over a width of 3

feet (ernens, 1936). A diamond drilling program in 1955 and

underground dere topnrent work i n 1956, whi ch i ncluded a 351

foof verfical shaft and 1,919 feef of lateral work on the

150 and 300 feet levels, indicated that the irregular and

marginal ore shoots, indicated by surface work, did not

continue at depth

The gold-bearlng quartz veins are irregular lenses,

dîscontinuous veins, and pods fhat are strung out or al igned .

withln, and paral lel to the frend of, the shear zone. The

largest vein traced was 75 feet in length with a maximum

width of 5 feef (Map 2); most of the quartz veins are much

smal ler, usual ly only a few feet in length and one or two

Þt :-i-:-ì

il1.4.
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PLATE 16

-Mineral ized quartz viln:-eyrite occurs as brecciated
strîngers, ankerite in patches, and quar-tz

iiuooñeo úy chlorite ser¡c¡te schist' (lX)

Gh I ori te-
seri ci te
sch i st

Pyr i te

Quartz &

ankeri fe

Brecci ated
pyri te

Quartz

Brecciafed PYrile:
fracfures are seen

and other

Iñ pol ished sections
to be imPreEnated bY

sulphide minerals.

fhese
quartz

( rx)

;i. :
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feet in width. The quar-tz veins have been subjected to

deformation sínce their emplacement. |{hi le the relatïvely

íncompetent volcanic rocks have developed a schistosity

(S2)x in response fo shearing rpvements along the break,

fhe competent quartz veins have developed a cataclastic

foliation (Plates ¡5 & 14, pages 34 &351. The veins are

fractured (Plate 12, page)54) and are often interlaced

with sheared enclosures of the host rock (see Frontispiece).

Many of the lensoid quartz veins are sygmoidal in shape

(Map 2, between 5+50N and 6+50N) and other veîns have

been contorted înfo conjugate folds (F2) (Plate 15, page 54).

Some of the quartz veins have developed boudinage structures

whose long axes parallel the minor folds Gfl. The quartz

veins may represent a single or fwo or rþre periods of em-

placenrenT, bït the velns appear fo have been emplaced prior

to the conclusion of structural deformation which caused tbe

development of the shear zone schîstosify 52.

The mineralogy of the quartz veins ïs simple; quartz,

ferruginous carbonate (ankerite) and sulphide minerals (mainly

pyrife) are present. The mineralogy of the quartz veins and

associated sheared host rocks, has been examined in thin

sections. The sulphide mineralogy and textures have been

The symbols, representing strucfural features, are given here
so ínformafion given in this chapter can be correlated to the
discussïon of fhe structural features in Chapter lV.
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studied with a reflecting microscope. Ten pol ïshed sections

were made for this latter sfudy. Pol ished sections were

d¡ff¡cult to prepare as fhe brecciated pyrite of the quart

veins was often plucked from the polished surface during

grinding.

The sheared volcanic rocks that hosf the quartz veîns

have been altered to a sericite-chlorite schist that is rÍch

in ferruginous carbonate (Plate 7, page 251 - A more de-

tai led descripfion of these rocks is given in Chapfer V.

Small stringers of sulphides, dominantly pyr¡te, occur

In fractunes and as smal I pods wîthin the quarfz veins

(Plates 16 & 17, page 57). The pyrite is brecciated

(Figure 4a & Plates 18, 19 & 20, pages 42, 4l and 44 l,

and quartz, in turn, impregnafes the pyrite along fractures.

It is possible this quartz, fil lïng fhe fractures in fhe

pyrite, t¡,as remobi tized dr.rring the cataclasîs of the quartz

veins (Plate 14, page 55).

sarnples urere taken f rom the quartz veins near the Gold

Lake Mines Company Ltd. shafts and assayeà for gold (Table

5, page 40). The gold content of the quartz veins apPears

to be related directly to their sulphide content. A sample

of quartz wifh no associated sulphides, assayed no gold,

whereas a sampte of alnost pure sulphides assayed the high-

est gold contenf.

The sulphide samples col lected for examinatlon under

the reflecting microscope were taken from fhe area near the

exploratory shafts of the abandoned Gold Lake Mines Company
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TABLE 3

GOLD ASSAYS

Au Au Value per
Location: Sample Descrïption: [ounces,/ton): ton @ $35/ozz

6+5ON/O+76E Highly fracfured quartz O. I I $ 5.85
veîn - chalcopyrife ls
the domînant sulphide.

5+40N/0+368 Highly fractured quarfz 0.51 10.85
vein wifh stringers of
brecciated pyrite
(Plate 16, page )

rMiner Quarfz veîn with small 0.17 5i,95
Tai I îngs brecciated strlngers of

PYri fe.

3+25Nl0+00E Brecciated quartz and 0.05 1.75
pyrîte.

5+75N/0+l0E Brecciated pyrite 0.46 16. ¡0

2+60N/0+l0E Cataclasfic quartz veïn Ni I Ni I

(no assocíated sulphides).

Analysed by A. MacKay,
Chief Chemîst, Mînes
Branch Laboratory,
Province of Manifoba
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Pyri te

Pyri te

FLATE 18

Pol ished section photomicrograph of pyrite
brecciated and veined by quartz. (50X)

PLATE 19

Pol îshed sectîon photomîcrograph of pyrife
impregnated by quartz veinlefs. (50X)



(a) Fractu;'ed pyri-Le
'qv.art z str-ingers

cut by
3zx¡.

(b) Pyrite
pyrite

veìnel bj chalco-
(r¡eox).

(c) Cnatcop;r;'.iie anC
. as veir,k:is; a.ncL

pyrj-Le (22tt ) .

spìraler:ite (d )
ri¡l.ebsr in

An e-xsol.r'ed tbl-eb I in p;rrite
cont. ins borni.te, chal-cocite,
ciralcop¡r;'iLe and sph :rlerite
(r3,i-ox).

Iltìl'E!:-lr.

Te:ftirr,:l; ¡'l sr-¡'1,,-,.þ j cj.e niiner:r-l-s .
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(e) Spnaferite veining pyrite
(360x).

(S) Cha.l.cocj.l,e -;¡i'bhi.n qaarl:z
i'npre¡¡rt:'- i;i-;i-,.s i-rr pyriLc,
(zlox).

(f ) Sphal-eriLe vein-ing pyri.te -
(Note - the sphaleriLe rins

e quar'uz veinleis) (1360X).

querEz
pyr ite
chaIcopyri.Ee
spha 1er it e
chalcoci-tc
pyrrho E iü e
born ite
covellítc

(h ) .{n exsoÌulion tb-Leb I irr
pyrite conia.:Lns an inti;r,ate
¡nixture of co'¡ell-iLe, boririLe,
chal-cop;rrj-1,e, p)'ri'ìlol,it,e and
chal-ccci'¿e (éË'CX).

Tnclex Eo

Synbol s

q

PY
chpy

sp
c
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(
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PLATE 20
Pol ished section ptroTõÎ@-rapfr
brecciafed pyrite.

of quartz veining' (50x)

Pyrite

Pyri te

Cha I copyri te

tì_"t.t

PLATE 2I
Pol îshed section ptrõTõGrograph of chatcopyrite
as veins and small inclusïons within th" pl5ôðRl
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Quarfz

Pyrite

Cha I copyri fe

Pol ished section photomicrograph of
fhat occurs as blebs and veinlets in

chal copyrîte
pyrîfe (700X)

Quartz

Pyrí te

Spha I eri te

Pol ished sectTon
veinîng pyrite.

PLATE 25
photomi crograph of sphalerife

( I 400x)

PLATE, 22
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ri te

rnhoti te

Cha lcopyri te

Quartz

Pyri te

Chal cocite

ìn

Pol ished sestion
of chalcopyrife

*lgrey) in pyrite.

PLATE 24
pÌroTõmñc.rograph of- an inclusion

(light grey) and pyrrhotife (dark
( 1400X, polarized I ight)

l:, ':,
¿.: .

j

i:l::l '

i):i::i:, '

i.tt:: ,

å.** 'rl

Pol
PLATE 25

p6ãffirograph of cha I coc i te
( I 400x)

ished secfion
in quartz.

tl¡aëìa:!{::i:
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Gold

Polished section onSffiþnraph of gold in
PYrife. ( 1000X).
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Ltd. The examinatíon showed that pyrife is the major

sulphide mîneral; the other sulphide mïnerals constitute

only one or two percenf of fhe total sulphide content of

the quartz veins. The pyrite is frabtured and brecciafed.

Smal I veinlefs of chalcopyrîfe, and occaslonal ly."sphalerite,

occupy the tiny fractures ln the pyrite (Figures 4a, e & f,

and plates 2l , 22 & 23, pages 42, 43, 44 & 45 ). The pyrite

alSo confains many fTny blebs of chalcopyrlte, sphalerite,

pyrrhotite, and copper sulphides st¡ch as covellite, bornite,

chalcocite and, possibly, tetrahedrite (Figures 4c, g & h

and Plates 2l ,22 & 24, Pages 42,43,44,45& 46). lt ls

possible thaf these minerais, the metal lic ions of whîch

are compatïble with-:'the pyrite structure alhigh temperatures,

were exsolved from the pyrife structure during coolïng and

need not represent a second period of sulphîde mineraliz-

afion. Vísible gold was observed only in one polished

sectîon, occurring in pyrife (Plate 26, page47 ).

A posîtive identifícatîon of These sulphide mïnerals

by chemical etch or hardness tests cor¡ld not be made because

of their smal I surface areas. Diffractograms and powder

photographs of pyrite were made in an aftempt to identify

the minor sulphide minerals but, other than for pyrite,

there were no identifiable patterns.
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CHAPTER IV

STRUCTURAL GEOLOGY

tv. l. I ntroductíon

The Pi lot-Smuggler shear zone is a north-northwesterly

trendîng I inear belt of steeply diPping sheared rocks that

is approximately three miles long and an average of one

hundred feet in wïdfh. The shear zone becomes diffuse and

dlfffêo{rt to trace to the south and is termÍnated by a

northwesterly frending shear zone to the norfh (Map l).

This chapter outlÍnes and describes fhe structural

geology of the Pi lof-Smrrgsler shear zone. The strucfural

history of the shear zoine, as indïcated by the minor sfruc-

tural features, is quite compl icated. The complexity of

the internal structure of the shear zone was not ful ly

real ízed at the tire it was being mapped- The mappïng

that has been done and the structural dafa that has been

col lected serve to show fhe complexity of the structural

geology but are not defai led enough to provide a good

basis making any proper interpretation.

The orÎentatïons of planar and linear structural

feafures of the shear zone were measured. A large per-

centage of the structural dafa that was col lected comes

from near the exploratory shafts of the Gold Lake Mines

Company Limited, and this data has been plotted on Map 2'

sfructural data that was col lected from the shear zone

has also been plotted as stereographic diagrams.

The fol lowing section contains a descripfion of the

minor structural featr¡res, and fhe thírd section in this
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lv.

chapter presenfs sonÞ possible interpretations of the

strucfural geology of the shear zone.

2. Descripfíon of Mînor Structural Features of the Pi lof-

Smuqqler Shear Zone:

2A. Penetrative Planar Sfructures:

The varieties of penetrative planar structures are

,i rìumêrous. The pènefrafíve planar surfaces are of two

basic types. They may be a layering, where the surface

Ís defined by compositional variation, or fhey may be a

foliation, where the surface is deflned by an internal

fabrlc of the rock, usual ly fhe paral lel orientatlon of

platy and/or tabular minerals. A layeríng may be either

a prîmary strucfuFe, that is forned at the sane tlrTìe as

the rock, or it may be a secsndary structure lhat was

caused by later deformative, forces. The penetratlve planar

structures encountered whi le mapping the Pî lof-Smuggler

shear zone strucfure are secondary features caused by de-

formation of the rocks. No prlmary structures were

mapped în the volcanlc rocks hosting the shear zone

structure, and only ín a few cases, withîn the shear

zone structure, were thinly bedded silty sedîrentary

rocks found, and in these cases the prïmary layering

trvas Þpralleled by secondary layerlng and foliaf ion srl¡rfaces.

Since the penefrative planar structures ar€ forned by

deformation of the rocks several varietles of penetratlve

planar surfaces may be forned by the equivalent deformatlve

forces but may vary in type because of inhomoçneÎty of
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of the rocks being defornred and because of local variations

in the infensity of the deformative forces.

The descripfion of the penetrative planar surfaces

Pî lot-Smuggler shear zone fol lows. lt is presented

parts. The first section brïefly describes the variefies

of penetrafive planar suËáaees into categorîes of surfaces,

with slmi lar orientations and age relationships, that were

llkely fornred by the same set of deformafîve forces.

lV. 2A. (l) Variaties of Penetrafive Planar Structures

(a) Layering:

bedding: This is a contiRuous layerlng, a few millimeters
to a meter în width, observed in sl lty sedi-
mentary rocks confained wîfhîn the shear zone
stn¡cture (Plate 28, page 521.

netamorphic layering: This is a discontinuous layering,
a few mi I I imeters in wldth, observed ín rocks
contained within fhe shear zone. This layering
usual ly consists of alternating bands rich in
sercite, chlorite and albite, and albite and
chlorite (Plate 29, paç 53).

transposed layering: This is a discontlnuous layering
resulting from tbe disrupflon and transposition
of a prior layering into the movesent pfane of
the disruptîng forces. This variefy of layer-
ing is found wifhin the hîghly sheared rocks of
lhe P¡ lot-Smuggter break.

(b) Fol iation:

schlstosity: This is a foliation defined by fhe parallel
orientation of platy mlnerals. The volcanic
rocks hosting the shear zone have a weak schis-
tosîty and the rocks confained wifhín the shear
zone have a well developed schisfosity.

fracture and straîn slip cleavage: The terms fracture
and strain sllp cleavage have been used in
accordance with the definilions given by Turner
and Weiss (1963). These are discrete surfaces
of incipient transposition. The fracture
cleavaç is q parting independent of any planar
preferred orientatlon of graln boundaries that

of

tnthe

two

I r.ri
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lv. 2A.

54

- may ex¡st in the rock while straîn sliP cleav=
aEe are surfaces of incîpient transpositlon of
pre-existlng fol iaf ion surfaces in fhe rock
(Plate 29, paç 531. Two sets of fracfure and
strain slip cleavage are associated with the
shear zone structure. One set occurs along the
margins of fhe shear zone and the other within
the central porfîons of the shear zone structure.

cataclastic foliatÎon: The relatîvely rnore competent rocks,
especial ly fhe quar*fz veins, have been f inely
bnecciated by shearing movements and contain a

well developed cafaclastic foliatíon (Plates a3

to 15 inclusive, Pages 34 & 35', -

Q, Cateoories of Penetrative Planar Sfrt¡ctures

The penetrative planar sfructures have been grouped into

cafegories on the basis of: (a) their orientations, and

(b) fheir ages of formation, as suggested by crosscufting

relafionships. Three categories of s-surfaces have been

dîstinguished, on the basis of these criteria, and have

been designated as S¡, 52 and S3.*

sr ]!'i,f,; ffi:*":i":lî:oH:l'ï[;Ï:liï:'l;ål;
zone structure. This fol iation, which is of
reglonal extenf, is fhe result of the parallel-
ism of plafy and tabular minerals, and' on a
larçr scale, of f ragments of the volcanic
rocÉs. The averaç órientation of Sl is 3Ùi9ol
78oNE. This average orientation has been deter-
mined by taklng 'the surface perpendicular to
the density maxima of poles to S¡ as seen in
Figure 5, page 55. The trend of the dacific
anã rhyol itic units ïs paral lel to thîs schis-
tosity (Map l).

Note-t A symbol ic method of representing the sfrucfural features'
ñãbeen devfsed based upon that originated by Sanders (1950).

The letters are coded as fol lows:
(S
(F
(L
(A.P.
(J

- penetrative planar structures
- minor fold axes
- I inear structures
- axial planes of folds
- joint surfaces

the age of the
mosf recent' S5.

The nurerals (example: S¡, 52 and S5) indicate
indicated structure from earliest, S¡' to the
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This is a wel I developed fol iation and/or layer-
ing contained within, and approximately parallel
to, the boundaries of the shear zo,trë. lt is often
contorled by minor folds and kinks (Plate 50'
paç 53). 52 cuts across and is therefore later
thán S¡. Thè averaç orientation of 52 ls 335o/88o
NE. This orientation has been arrived at in the
sanìe manner as if was for S¡ (see Figure 6, paç 55).
Although by far the most typical S2-surface is a

schlstosity, there are several other penetrative,
planar surfaces that have been classed as 52-
surfaces; these include straÍn slip and fracture
cleavage, cataclastic fol iation, fransposed
layerlnE and netamorphic layering. All these
s-surfaces have been classed as S2-surfaces because
they have similàr oríentafíons, they often Erade
from one into the other both along and across
strike, and beeeuse they all appear to have been
the products of defornratíon relafing tothe major
movemenfs or displacements along fhe shear zone
strucfure. The S2-surfaces, in the sedimentary
rocks wifhin the shear zone, have offen formed
paral lel to the bedding Planes br¡t in other
instances have cut and transposed this sedinenfary
layering.

This is a surface of incîpienf transposifÎon of
52. lt may be either a fracture or a strain slîp
cTeavaç. The fracture cleavaç predomlnates in
fhe relatively nore massive rocks of the shear
zone while the strain sllp cleavage is restricfed
to the strongly foliafed rocks. The S5-surfaces
occur within the strongly foliafed rocks wlthin
the central portions of the shear zone. S5

transects 52 at a smal i angle. The averaç orient-
atlon of 53 is 004o/86oE (Figure 7, page 55).

These three categories of s-surfaces have been distinguÎshed

largely on fhe basis of their orientatlon and their age of

formation, as suggested by cross-cuttïng relationships-

Each category of s-surfaces is also distinctïve in its

spatial relationship to the shear zone strucfure and În

fhe varieties of penetrative surfaces that each caþgory

represents.

S¡ is a very weak fol iafion, that has been classed

as a schistosity for lack of a better ferm, that is of

s2

S¡
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regional exfent and occurs in the rocks outside the

margins of the shear zone structure. This weak regional

schístosity does not render the volcanic rocks fissíle,

excepf local ly, and has an alnrosf constant frend except

near fhe shear zone where if swings in dÍrectlon (Figure

9a, page 58) so that it approaches parallelism with the

trend of the shear zone sfrucfure. lt is as if fhe shear

zone structure was initÍated as a larç kink of the S¡

schistosity whicl¡ eventually ruptured along the s-surface,

52. As the S¡ schisfosity swings in directlon near the

margins of the shear zone it beconps more prominent, and

better developed.

The suÉface, 52, is confined to the shear zone

str¡¡cture. A+ the margins of the shear zone S¡ iös cut by

a sfrain slîp and fracture cleavage, SZ, that develops

into a strong schistoslty towards fhe cenfer of the shear

zone. The sträån slîp cleavage, 52, whlch dlsrupts S¡'

is apparenf ly a transitory stage in the developrnent of

the shear zone schistos'ity, SZ. W¡th¡n the more competenf

rock units, such as fhe quartz veins, 52 is typîcal ly a

cataclastic fol iation (Plates l4 and 15, page::35 ). A

metarnorphic layerlng is typlcal of the mosf strongly fol$-

ated rocks of the shear zone. ln sore cases, within the

sedimentary rocks contained wÎthin the shear zone, f|ie

beddîng has been transposed to form a new layering known

as transposed bedding or transposed layerîng. The shear

zone s-surfaces, 52, make a smal I angle with the regional

trend of the break (Figure l0). The poles to S2-surfaces
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plot as a single maxima (Figure 6, Page 55) vrhich represents

an average S2-surface with a strike of 3354 and a dip

northeast of 88o, whereas the regional frend of fhe shear

zone ïs ñþre northerly than this average strike.

FIGURE IO

Diagramatic plan view showîng trend of shear zone
relatlve to stríke of 52.

The s-surface, 55, is a surface of inciplenf trans-

position of 52 (Pl ate 29, Pa9e53). 55, whlch. is a surface

of strain slîp and fracture cleavage, is resfricted to the

strongly fol iated rocks of the shear zone and Îs there-

fore found in the central porfions of the shear zone. ln

this aspect especial ly it differs from the strain slip and

fracture cleavage, s2, which occurs only at the margins of

fhe shear zone structure. The shear zone schistosity, 52'

\

\

\
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befween the closely spaced partlngs of s3, is crenulated.

These cr€nulations are dominantly tst assymmetrical.

(Figure l=+, pase â2t.

lV. 28. Minor Folds and Lìnear Structures

The foliated rocks of the shear zone are deforred by many

minor folds. The orientation of the axial planes and axes of

fhese folds urere measured and thelr style and geomefrical sym-

nretry noted. The assymnetrical folds have been described as

either tSr or tZt shaped. ln the case of linear structures

the ptunge and azimuth were reasured and the variety of fhe

I inear structure r¡oted.

lv.28. (l) Mlnor Folds

The minor folds vary in sïze from smal I microcrenu-

lations on schistosity surfaces to folds several feet in

amplitude. The mlcrocrrenu,h,ations have been classed with

the linear structures because only their linear elenrent

can be measured, however, their çornetrîcal and genetic

simîlarïty to the larger fold strucfures is obvious.

There ls consïderable variation in types and orlent-

ations of folds contained within tlre shear zone structure'

Based on their çonetrical orientation, style and re-

folding relatîonships, the minor folds have been separ-

ated into two categories:'

f;j,i. ; t-; :rÌ):11;f

F¡ This is a grouP of shallow plunging tïght rZl

aisymmetriãal iolds whose slqeglV !ipping axîal
suriuces (whlch average 327o/72o NE - see

Figure ll, page 6l) are pa¡1llel to the trend
of the shear ione schistoslfy (Figures l5a & b
and Plate 31, pages 62 & 64 ). The F¡-folds
are of the intraiol ial varÎety' They have a

iendency to becore sheared paral lel to fheir
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axial planes. Folds of thls group are generally
found in the ncre competent rocks as fhey tend
to become transposed and destroyed by noverent
along theïr axîal planes in the less competenf
rocks.

F2 Thls second group of folds deforrs the surface,
SZ, into kink, chevron, and conjugate folds.
The F2-folds are younger than the F¡-folds'
which they refold. The F2-folds include both
fSr and fZr assymrætrical folds, which belong
to a conJugate set (Figure l3e and Plate 13,
pages 62 &34r. Both sets of folds plunge
steeply; the rSr folds steeply south and the
tZt Íolds usual ly steeply north. Mosf of the
F2-lolds are fSr assymmetrical with axial surfaces
fñat have an average orientatlon of 0l9o/88o E.
(Figures 9a and I I and Plate 28, pages 58,61 &52).
The nZt folds have axíal surfaces with an average
orientatíon of 2960/78o N.

The F¡-folds are scarce and reasuremenf of their

orientation, especially their fold axes, is difficult as

the fold hinges

from this group

are rarely well exposed. Only fhree examples

of folds are plotted in Figure ll. The F¡-

folds are rpst often found ìn the competent sedirentary

layers. The F2-lolds, on fhe other hand, are very comnìon.

The tSr and fZr folds of the conJugate fold sysfem (F2)

both plunge steeply buf fhelr axes plot as two faírly

distinct concentrations, as can be seen from Figure ll,

page 61. The F2-folds show a fairly wide range in orient-

ation. Some of fhe F2'folds pIunç sha!Iowly althotlgh I

nost of them plunge steePlY.

The F2-folds are dîstinctly flexural in mechanism of

formation. The F2-folds may be kifthk, chevron and conJugate

folds, whïch are fypical of folds formed when strongly

fol iated rocks are deforred.



1 l?Y-^ r

:..-,:.-:
à:. ..:-

+-t'.r'

64

(a) A shal low plunging ,Zt assymrefrical fold (Fr) developed
in a layer of quartzo-feldspathic sedinentarf material.

(b) The sedinenfary layer
folds. The lumbs of
the bedding becores a
boudi ns.

is contorted by many tZt assymmetrical
many of the folds are attenuated and
separafed* into structures simi lar to

has becorrg transposed paral lel to
fold unti I it is separated f rom

(c) The sedirentary layer
fhe axial plane of the
the rest of the bed.

PLATE 5I
A shallow plunging tzt asffii-cal fold (F¡) in a layer of

nentary rock. (Photographs by Fl. Church)
sed-
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lV. 28. (2) Linear Structures

The I inear structures found within the shear zone are

of several types. The varieties of lînear sfructures noted

include mineral I ineations, microc¡enulations, lntersection

of s-surfaces, deformed clasts, and boudina$e sfrt¡ctures.

0nly the mineral I ineafions, an elengafion or tstreaking

outr of minerals în the plane of the schisfosity, (S2), and

the microcnsnulations of the schîstosity surface (S2) were

found in larç numbers wittiin the Pî lot-Srnt¡ggler shear

zone strt¡cture

Three cafegories of I ïnear structures have öeen dis-

tinguished. Two of these three categories are micro-

crenulations of the S2-surface. Often on indlvïdual 52-

surfaces both of these categories of microcrenulations

are present. The three categories of linear structures are:

L¡ This is a grouP of microcrenulafions thaf gener-
-:- al ly plunges shal lowly fo the north (average

orienfation is 324o/20or.x lt is a'very f ine
lineatÎon that is often not nore fhan a halrline
on the schistosífY surface, 52

L2 This is a second group of microcr^enulatíons on-: fhe S2-surface. These microc¡'enulations generally
plunge steeply to the south (average orientafion
is l62o/62ar. LZ is generally a larger micro-

ì' crenulation thaic L¡, and on surfaces where both
I îneatîons occur ït is the mcre domlnant of the
fwo mi crocrenu I atîons.

The L¡-lineafions, as shown in Figure 12 0page 6l ), wene

densiiy contoured and the maxïma faken as the averag€ orlent-
ation. This was also done fo arrive at an average orientation
for L2.

*Nofe:



" PLfiTE 32
Thin section prrotoñÎ@-ph of. minor folds (F2).
Light colored bands are sericife whi le darker
bands consist of chlorite and albite.

(10X, polarized light)
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L¡ Thls îs a group of mineral lineations thaf
plunges shallowly to the north (averaç
ori entati on i s 334o / nal . These mi nera I

lineations are always nearty perpendicular
to L2 on lndivîdual S2-surfaces and aPpear
fo be fhe complementary rat lineafions to L2.

The microcrenulations cannot always be easi ly

separated info the two groups, Ll and L2, because the

orientations of the two groups of mícrocrenulations

overlap sonæwhat. However if the microcrenulations

L¡. and L2 that have been measured from the sar¡e schlst-

osity surface are plotted, as in Figure 12 (page Ol ),

ît is obvïor¡s the two groups of microcrenulations have

quite distinctly different orientatíons with L¡-l ineations

generally plunEing shallowly north whî le rpst of the L2-

lineations plunge steePlY south.

The I inear structures L2 and L5 are always very

nearly perpendïcular to one another on aR individual 52-

surface, and as sfated before the L5-l ineations apPear

to be far lineations and the L2-lineafions appear to be rbt

I ineations forred by fhe same set of deformative forces.

The L¡ and L2 I ineafions' on the other hand, which

although their average orientatîons are perpendicular,

are nof always perpendlcular on individual S2-surfaces

(Figure 12, page 6l); nor do they bear any nreanlngful

geomefrical relationship fo one another and therefore

appear to be the products of two different stress

systems

Sïnce the two microcrenulations, L¡ and L2 are

slmply exfremely small scale fold structures, they
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should, and as expedted do, bear geonetrlcal and

genetic sími larity to the larger fold structures

F¡ and F2. The microcrenulafïons, L¡, and the minor

folds, Fl, both plunge shallowly and are likely

structural ranifestations of the sane system of de-.

formative forces. This is diffïcult to substantîate

properly since so few nþasurements of the F1-folds,

especially theîr axes, were taken that there is

nothing to compare orientations of the L¡-l îneations

with. ln the case of the L2- and L3-lineations, theÎr

geometrical and genetíc connection to the F2 fold

structures ís quîte obvious. At each individual

locality where structural measurements were faken,

the L2-l íneations and fhe axes of the F2'îolds were

coincident and the L3-lîneatioRs were perpendicular
:

to L2 and F2 within the plane of the folded 52-

surface. There ïs a continuous variatton in sîze of

the fold sfructures from the microcrenulations L2

through to F2-folds several feet in ampl ítude. The

llneations, LZ, also show a simi lar disfrlbution in

orientations, as the F2 (tSt and tZ! assymnretrical)

fold structures (Fïgures ll and 12, paç 6l ).

The much more I imited occurence of L¡ fhan L2

and the rpre variable orientation of L¡ than L2 are

taken as criteria ïndîcating that L¡ was formed prior

to fhe L2-lineatïons. This ïs col taborated by the

fact that fhe L¡-l ineations ar€ folded by the F2-folds.

l:14' !./.'.!r
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lV.2C. Joints

Orientatîons and spacing întervals of joînfs wifhîn

the shear zone and to a distance of several hundred feef

on either side of fhe shear zone, were npasured. 0n the

assumption that the orientations and spacing intervals of

joints would vary wîfh theîr distance from the shear zone

structure, fhe joints were plotted, with their spacïng

fnfervals indicated, for varying distances. However, no

åîgnificant differences, with relation to dlstance from

the shear zone, were evident and the joint surfaces have

been plotted, regardless of fheîr spacing or distance

from the shear zone' and shown in Fîgure 14, page 69.

There are three dîstinct concentratìons of poles to

joinf s¡rrfaces (Figtrre 14). Two sets of joints are per-

pendicular to the Pilot-Smuggler break; one set díps

rncderately to the north (J¡) and the other dïps verf ical ly

(.Jfl. J¡ and J2 are interpreted as being tension joints

because they are perpendicular to the shear zone and the

microcrenulations L¡ and L2 are contained ln the plane of

the joints J¡ and J2 respectively. The third system of

joints consists of three closely grouped concentrafions,

fhat have been interpreted as being shear joints because

they are subparal lel to the shear zone strucfure.

lV. 3. Interpretat¡on and Discussîon of Structural Features of

the Pi lot-Smugqler Shear Zone:

lf was stafed at the begÍnning of this chapter thaf

it is diff¡cul+ +o arr¡ve at any well founded interpretations
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of fhe structural history of the Pi lof-Smuggler shear zone

because fhere is not enough facfual data. However, the

remainder of fhis chapter outlines the mosf probable inter-

pretation of the shear zone structure based on the I imíted

data that is avaîlable, The interpetation given here is

by no means considered proven. A nore detaí led struc*ural

sfudy of this shear zone conbÎned with simi lar studies of

other shear zones in the Rîce Láke area shoutd be done.

An interpretatíon of fhe structural history of the

Pî lot-Smuggler shear zone must be based on an understandíng

of the minor structurat feafures that occur within the

shear zone sfructure. The minor strucfural features, that

were descrlbed in the previous secfÎon, can be separated

into two cafegorîes on the basls of their orÎentatïons and

age relationshîps:

lst category - 52, F¡, L¡

2nd category - S3, F2 ( rSf & tZt), L2, L3

These two groups of structural features can be inter-

preted as belng the pr.oducts of two, or posålbly more,

periods of deformation fhat have affected the Pilot-Smuggler

shear zone. Vlith¡n each of these grouPs, the sfructures

bear a geometrical relatlonship that indicates they could

be forned by fhe same set of deformalive forces. The

second cafegory of structures are al I later fhan those be-

longing to fhe f îrst category; and as Ì{as evident from

section |V.2, the second category of sfrucfural features

(S3, F2 (rSt & fzf), L2, L3) deform those belongîng lo fhe

fî rst category'(S2, F¡ ' L¡ ) .
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Fígures l5A to t5C (pages'13,74, &751 i llustrate the

poss¡ble mechanisms for the developnrent of the Pilof-Smuggler

shear zone. Each of the three figures includes a diagramatic

plan víew of the shear zone and also a stereographic plot that

shows fhe averaç orientation of structural features shown

in the dlagramatîc plan views. Figure l5A (pagef3) shows

the Rice Lake serîes prior to formation of fhe shear zone.

A schisfostfy, Sl, possibly related to an early perlod of

foldlng of the RÍce Lake seríes strTkes west northwesterly.

Figure l5B, page 74, shows fhe shear zone strucfures

following the developnent of the lst category of minor

structural feafunes (S2, F¡, L¡). The lst category of

minor structural feafures shown in the synoptic stereographic

plot (Figure lñB) are or¡f lined in red. These structures

could be the products of the forces which inltiafed the

Pî lot-Smuggler shear zone and caused the rnajor offsefs on

¡t. 52 is a penetrafive planar surface that has disrupted

S¡. lf is an s-surface that inclt¡des strain slip and

fractsre cl'eavage, schisfosify, cataclastic follaf ion and

layeríng, netamorphic layering and fransposed layerlng; and

it is a rþvement plane along which the major dîsplacerenfs

of fhe shear zone structure took place. The joint surfaces

J¡ and J6 are tension and shear joints respectively formed

by the shearing movemenfs on the shear zone structure. The

shal low plunging minor folds, Fl, and associated microclenu-

latîons, Lt, have been formed by the movemenfs on fhe sl¡ear

zone. The F¡-folds are intrafolial folds that lndicate an

apparenf horizontal right lateral movement has occurred;
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this is in agreerent wifh the sense of movengnt indicated

by geological features dîscussed in the latter part of

Section lll - 3.

The second category of structural features includes

53, F2, L1 and L5. These sfructural features, the most

apparent being F2 and 53r contort the minor structures

that belong fo the first category and are therefore more

recent than them. The second grouP of minor structures

are closely related geometrically to one anofher (Figure

150, paEe75'), and can be attributed to a single set of de-

formative forces. The s-surface, 53, is a surface of

incîpient transposition of 52 and intersects 52 at a smal I

angle. The schistosity, 52, is crenulated into small rsr

assymretrical folds befween the surfaces of S5 (Figure l3f,

page62 ). These small fSt crenulations are part of a group

of folded sfrucfures, F2, that deform 52 and range in size

from microcrenulafions, desîgna+ed as L2, to folds several

feet in ampl itude. The S5-surface is general ly paral lel to

the longer limbs of the tSr assymrnetrical folds, F2, (Figure

9b, Paç58). The mineral lineatlon, which Is perpendicular

to L2 and F2lrgr¡ (Figure l5C, page75) in fhe plane of the

schistosity, S2r represents the movement of raf strain axis

of the fol ds , FZ.

The fol ds, F2, whÎch deform the shear zone schlstosity

vary in size and are both tsi and tzr assymlætrical, although

the rSt folds predominate. The axes of the tst and tzt folds

plunge in fhe plane of the Sj-surface' (the plane of incipïent
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fransposifion oÍ 52, Figure l5C, page 75); the rSr folds

plunge steeply south and the rZr folds steeply norfh. The

f Sr aod tzt folds are kink folds and conjugate krink folds

(Figure l3e, page 62) which are similar to fold structures

developed experimentally by Paterson and hleíss ( 1966, during

the compresslon of highly schîstose rocks parallel and sub-

paral lel to thei r schistosf ty (Fígure 16, page 78 ). The

schîstose rocks of the shear zone may have been deformed in

a manher simi lar fo those in the experinBnts by Paferson and

I'leiss. Some of the conclusions reached by Faterson and

ltleiss during their experîments and vùhich are relevant to the

second category of mînor structures of the Pi lot-Smuggler

shear zone are:

(l) The sharpness of a kink boundary depends upon the com-

position of fhe specir€n; " ln very micaceous specinens

the boundaries are sharp whí le in the more coarsely

folïated, siliceous varieties boundaries are generally

more diffuse and constlfufe a narrow zohe of curvature.

Q) t¡lhere fwo kink bands of conjugafe orientation approach

each other, fhe fol iation takes on fhe form of a con-

jugate fold (figure l6a, page 78).

(5) Specinìens compressed paral lel to thelr fol iation tended

fo develop both sets of conjugate kïnks, and consequently

numerous conjugate folds, whereas specinìens cornpressed

subparallel to their fol iation favored the developrent

of one sef of the conjugate kinks (Figure l6b, page fg).

Èt:-jJ:r'.2ili
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FIGURE 16 Kinks and kÍnk fol<ls forrned by
to a prevlous foliation (after

corrìpress ion subparal lel
PaEerson ancl Weiss, 1966)
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(4) Specimens compressed at angles of l0 degree to their

foliation defor¡ned by kinking at compressive stresses

lower than those compressed paral lel to their foliation.

These specimens preferably developed one set of kînks.

(5) Specimens compressed at angles greater than 25 degrees

to theîr foliatîon deformed by planar glidîng in pre-

ference to kinking. Thïs angle appears to be the

transition between deformation by planar gliding ànd

kinking.

The kink and conjugate folds withln the Pi lot-Smuggler

shear zone (Figures 9 & l5e, paçs 58&62 ) are simi lar to

the ídeal kink folds and conjugate kink folds developed

experinental ly by Paterson and Weiss but are usual ly not as

distinct and wel I developed because fhe rocks deforned are

not always well foliated and are often siliceous. The fst

assymretrical kink folds by far predomînate within the

shear zone. Thïs would suggest, by analogy to Fîgure l6b'

page 78, a stress system with a shallow plunging principal

compressive sfress axis that ls perpendicular to the axes

ol F2 and L2 and strîkes between five and twenty degrees to

the west of the north-northwesterly strikinE shear zone

schistosity (see Figure l5a).

At leasf two perÎods of deformation have been indicated

by the minor structural features. The emplacenrent of the

gold-bearlng quartz ireins likely took place príor to the

end of the fi rst phase of deformation as many of the quartz

veins have a strong cataclastic foliation, 52 (Plates 14 &

15, page35), and definltely prïor to fhe second phase of
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deformatlon as many of them have been defornred into con-

jugate folds, FZ (Plate 13, page 5$.

To summarize., the Pi lot-Smuggler shear zone has

developed, as indicated by the interpretatíon of the minor

sfructures, in two stages. Duqing the iniflal stage the

ruplure and quarfz veins r¡úere forned and during a second

phase, possibly closely related to the first, the schistose

rocks of the shear zone were kinked and folded by com-

pressîon sub-parallel to the shear zone foliation, SZ.

General Discussion of Strucfure and Aqe Relationships of

Qoloqïcal Features of the Rice Lake area.

The Pi lof-Smuggler shear zone sfrucfure is one of

many such shear and fracture zones In the Rice Lake aFea.

The shear and fracture zones and attendant gold-bearing

quartz veins, are local ized to the east and west of a

large oval-shaped body of quartz diorite (Figure 2, pâge 4).
The shear and fracture zones belong to fwo sets; one set

sfrikes east-norfheast and fhe ofher north-northwest. The

easf-northeast trending set dips steeply to the east, The

apparent lateral horizontal offsets on the two groups of

shear zones are ïn the opposite sense; the north-northwest

set has a right lateral offset and the northeast trending

set has an apparent horîzontal leff lateral offset (Stock-

well, 1938 & Davies, 1953). The two sets appear to have

developed contemporaneously, although over a consîderable

period of time, since the north-northwest set displaces

the north-norfheast set, and vice versa. Both C.H.Stockwel I
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1958 and J.F. Davies (1955) consider these two sets

of shear zones to belong to a conjugate set that has re-

sulted from a stress system with a north-northeast frending

shal low plunging axîs of principal compresslve stress

(Figure 17, paç 82).

The quartz teldspar porphyry dikes, ernanaf ing f rom the

quartz diorite ïntrusion, general ly trend perpendicular

to the shear zones. C.H.Stockwell ( 1958) has sugçsfed

that these porphyry dikes have been lntn¡ded along tenslon

fractures perpendicular to the shear zones. lf this is

so, the shear zones are either older than, or contempor-

aneous with, the emplacenent of fhe quartz dlorÍte body.

The porphyry dikes would appear to the author, however, to

have been offset by, and fherefore be older than, the shear

zones.

The Rice Lake series of volcanic and sedimenfary rocks

to fhe east and west of, and adjacent to, the quartz dïorite

body, are essenfially undeforned. These ar€as appear to be

rpressure shadowsr that were protected from deformation by

the competent quartz diorite. The Rice Lake series have been

deforr¡ed sînce the intrusion of the quartz diorîfe body.

The Rice Lake series, east of the oval-shapped intrusion

of quartz diorîte, and the San Antonio formation west of

the quar-fz dïorite body, are folded in an east-soufheasterly

directîon. (Sfockwell, 1958). lt is likely that thís

represents an east-southeasterly folding phase that deforred

the whole Rice Lake series. Since the San Antonio formation

,t: 
toonn"r than the quartz diorite lntrusion, this defor-
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þoËphyry dlkes
(tension fracfures)

shears
ip steeply NY'l)

Assured prïncipal
stress (compressive)
di rection (plunges shal lowlY

south)

Quartz feldspar

NNì¡l shears
(dip steeply

FIGURE I7

Representatîon of StrUcture Sguth of Riçe LaKg-Þy
ffi (after Davies,lg53,

mafion phase has occurred since the emplacement of the

quartz dioríte body. lt is possible that the quartz

diorite body acted as a buttress as ì.ras previously sug-

gested, during this deformatlon and caused the shear

and fracfure zones to be local ized nearby. lf this is
the case, fhe quartz diorite bodr¡, fhe most obvíous

source for magmafical ly derived hydrothermal solutíons

that cor.¡ld have deposited the gold-bearing quartz veins

within the shear zones, must have been emplaced prior to

fhe formatÍon of these deposifs and an alternative source

for the gold has to be determined. An invesfigatîon.of

the structure and aç of shear zones, as r€lated fo fhe

quartz dîorite, is a subject thaf deserves attention.
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CHAPTER V.

GEOCIIEMISTRY of fhe @LD-BEARING QUARTZ VEINS

I ntroducti on

The quartz veins ar€ one of the by-products of the

tectonic forces that caused the formation of the shear

zone structure. The quarfz veins, as indicated in fhe

disct¡ssion of the structural hlstory of the shear zonet

in the previous chapter, were emplaced during the deform-

ation thaf initiated the shear zone and caused the major

npverents on the break. ln order to betfer understand

the ¡nechanism of formation of the quartz vein deposits'

the rocks hosting the quartz veins l¡ave been carefully

examined in the field, studled in thin sectlon and

chemically analyzed.

The fol lollng fhree sections describe the alteration

of the rocks hosting fhe quartz veins as determlned in

thin section, fhe distribution of the ruaJor and minor

elewpnts as relafed to the quartz veins and alferation

zones, and, final ly, a discussion of possible nechanisms

of formatïon of the gold-bearing quartz veins.

Descriotion of l'lal I Rock Alteratîon

A suite of rock specinþns were col lected across the

shear zone and aftendant quartz veins along the grid line

5+5ON (Map 2). These speclnens along with specîmens from

other locafions have been thîn sectîoned and chemical ly

ana I yzed.

Chemical analysís of the volcanic rocks hosting the

2.V.
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snear zone, near the exploratory shafts of the Gold Lake ' ,

Mine Company Lfd., indicates that they are ryhodacites and

dacites (Table 2, paç 5l ). These volcanic rocks are

composed of a green f ïbrous amphibole ( likely trenolite or

actinol ife), a f ine feldspar maf rix and plagioclase ,, ,i,,.,

phenocrysts (ol igoclase to andesine), accompanied by

smaller proportîons of brown bíotlte and dlspersed alter-

ation consisting of a mixture of epidote, chlorite, carbon- .. ,,.;
it ,. . r..,.

ate and sericite. ': i :

Table 4, page86 shows a rough vïsual estimate of the .,,',,'¡',,

percentages of constituent minerals, as determined in fhin

section, of the rock samples taken across fhe shear zone

along the grid line 5+50N. Three zones of alteration are

outl ined that are related spatial ly fo the quartz veíns.

The qr,rartz veins are enveloped by fhe sericite-chlorife-

carbonate schist of the shear zone. The volcanic host

rocks flanking the shear zone structure are partially

alfered to the greenschist facies, whi le the volcanïe 
. : :.

rocks, unaffected by the alterlng processes assoclated ,',';:",;';

with the shear zone, belong fo the epidote-amphîbolîte ,..,,,,.,,,,,
: :.: : .:__.::

faci es.

A suggesfed sequence of steps of alteratÎon of the

volcanic rocks hostîng the quartz veins is gÍven by the
t.: ::.:': :::'

Chemical equations shown below: 
i':::.':::'
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Epidote Amphibol îte FacÎes: Greenschist Facies:

4CaAl2Si2Ag + H2O =---\ 2Qa2Al5Sî50¡2(01-l) + Al2O3 + 2SiO2 + 02
(plagioclase) (epidote)

Ca2(Mg,Fe2l5si g}22rcÐ2 ê 6Ca2Al3Si 2Op@Ð +
(f renolite) (epidote
+ lOCaAl25I20g + 6H20 (Mf,Fe)5Al25i¡0tO(OH)B + 8Si02

(anorfhite) (chlorite)

31a2Çúg,Fe ) rS i BOzZrcH, Z Ë- 5 ( Mg, Fe ) 5A I 25 i g0 ¡ g (OFl )6 + t0Oa@5
(trerp I i té ) (Ch I ori te )

+2Ca2Al3Si30¡2(0H) + + 2lSiO2
(ep i dofe)

10C02 + 8F120

Greenschist Facies: SericÎte-Ghlorïte-Carbonate Schlst: l,',

6Ga2Al,5Si50¡2(0H)+3K2ÈtzcaC03+3K2Al4Si6Al2a2grcÐ4+5H2
(c I i nozoi site) (calcife) (muscovite)

+ 12C02 + 6H20

(Mg,Al,Fe)¡2(Si,Al )6029(OFl) t6+ K2Al45 i6A12}2g(01'l)4 + 6H20

(chlorite) (muscovite)

+ l6CO2 + K2 +8Ca0 + OZ + 8Ca(Mg,Fe)(05)2
(ankeri te )

The tre1lplíte, blotite and plagioclase of the host volcanic

rocks alter fo chlorÎfe, serîcite, epidote and carbonate.

t,lithin the shear zone, these alterations ar€ accomPanled by

the developnrent of a sfrong schistose folîation composed of

alternating bands of chlorÎte, sericite and fine-grained

albite (Plafes 3A & 32, Pa9es 53&66.

The alteration reactions, as determined from fhin

sections, require an addition of H20, C02 and K20 and are

accompanied by the release of sillca. An examfnation of

the geological I iterature indÎcates that carbonate-

serícite-chlorite alteration is almost always associated
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Ep i dote

lclte

I agi ocl ase

phenocryst

PTATE 33
A thin section photomicrograph of
cryst dappl'ed by epidote, calcite,
alteration. (80X,

a feldspar pheno-
seri cite
polarîzed I îght)

Ep i dote
& calcite
beari ng
vei n let

PLATE 54
A thin section photomiñffiñ ot
epidote and calcite in a volcanic
epidote-amphibol lte facies. (90X'

a veinlet of
rock of fhe
pol arized I îght)
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A +hln section
alteration in
faci es.

PLATE 35
photomï crograph oî zo1s i te-ca I cite

a volcanic rock of the greenschist
(200X, polarized I íght)

Zoisife

Calcite

Carbonafe
stri nger

PLATE 36

A th¡n section photomicrograph of a carbonate,
Se-ricite, chlorïte schist. The ferruginous
caÈbonate is as stringers and patches.

(20X, polarízed light)
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with gold deposits. Sludy of the processes thaf forrned

these alteratlon zohes, therefore, may supply a clue as

to what mechanîsm formed the gold-bearing quar'fz úeins.

V. 3. Distribution of Elernents in fhe Alferation Zones

Chemical analysis of a suite of samples collected

from the 3+50N grid lîne, perpendicular to the direcfion

of the shear zone, indicates a distrïbution of elements

corresponding to that suggested by the chemîcal equations

given in the previous sectlon. The altered rocks, Rear

fhe guarfz veins, âÞ enrÍched (relative to the hosf

volcanic rocks) in the volatlle and light elements - @2,

S, K20 and H20 - and are depleted in silica. ln Table 5,

the íncrease and decrease of elements has been represented,

relative fo the unaltered volcanic rocks, as a weight

percentaç of.the oxide as well as by the number of

cations per unit cell, as determined'by the rnethod sugçst-

ed by Barth (1948). The latter *ttto¿ is the more meaning-

ful as ít gives the number of cations that are introduced

or removed from the rock and is not influenced by the

weight of the element involved, as are the weîght percent-

ages. For insfance, the standard cell calculations show

that the introduction of the volatile elerents, in

particular H20, correlate most closely wifh the decrease

in silica and play a major role in compensating the charge

inbalance caused by the decnease in si I ica, whi le the

weight percenfaçs do not indicate this fact so clearly.

As the largest gold-bearing quartz velns occur where
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the 5+50N grid cuts across the shear zone (Map 2), samples :

for chemical analysis were col lected f rom along this gríd

line. A factor complicating the interpretation of the

dïstribufion of elemenfs în the shear zone is the chlorite-
carbonate schist, as shown in the geological prof i le of ,,,,,,,1,

Fígure l8 (paç 92). This chlorlfe-carbonate schíst is a

dark green, rough weathered rock that has been interpreted

by the author as the schistose equivalent of a diabase dike 
:.-,:,:.:,(lvbp 2). This rsheared diabaset coincides with the decrease '.,',",'.,..

in sî lica (Figure 18, page 92) and the increase in ferro- :,,,,,:.,,...,
1:__:_':_:

magnesian elements (Figure ÅÐ, page 93). The problem í, 
,

whether to atfribute the present distríbution of elerpnts

intheshearzonefoalterationprocesSesortodifferences
:

intheoríginalcomposífionoftheserocks.Thefollowing

factors tend to favo¡: that lhe present disfríbution of

elements is predominantly a result of alteration processes:

( l) The increases in volaf i le content (H2O, C02 & S)

correlate with decrease of silica and íncrease

of ferromagnesian elemenfs (Figures 18 & 19, ,',,.,-,,,
ì _:. .:::'

pages 9A?&93 I. 
,,,¡,',,,.,',','

Q, The chemical analyses of a sample of quartz 
.'-':'¡'''::::r:-

feldspar porphyry, and its sheared equivalent,

indicate that silica has decreased markedly ïñ , ,

Ìì ::: ,: 
j ::,, 

" 
;; :, ;

the sheared specieen with an attendant incr.ease i.'i::'r'":'

in volati le consf îtuents (Table 2, page 5¡ ).
(3) The unsheared diabase contains approximately

491,- si lica, (Table 2, page 3t), whi le the

sheared chlorite-carbonate-sericite schisf , ',, .
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Flggre 20

Dislribution of Cations in Al-Leration Zones.



near the quartz vein contains as low as 40Í ' ', ,

sï lica.

V. 4. 0rîqin of the Gold-Bearing Quartz Veins of fhe Pi lot-

Srn¡goler Shear Zone

The distrlb¡¡tion of elenents in the alferation zones 
,,,,:.,,,r.,,,,,,

associafed wifh the gold-bearing quartz velns of the Pi lot- :

Smuggler shear zone appears to be dominantly a redistri-

buf ion of the elements original ly contained withîn fhe 
,;i.::::: i::

rocks, rather than an introduetion of elerpnts f rom an ,.'.: ,,. .r,.,,.,

external source. AlthoEgh there is a possib¡ lity that 
;,..,¡,,: ,:.,',,,
ì: : :::: :.

sor of the eleørents, expecíally H2O, ?,Q2 and S, could

havebeenintroducedfromanexternalsource'thereisno

overriding evidence in supporf of this. Al I of the elerenfs

presentlyconfainedinthealferationzonesandquartzveîns,

íncluding the gold, could have been released during alter-

ation of the minerals in the votcanlc rocks.

Astudyofthegoldcontentofthemineralsandrocks

of fhe Skaergaard intrusion by Vincent and Crocket (1960)

showed that these rocks contain traces of gold. ,,, .."

TABLE 6

Gold in Minerals of the Skaerqaard Dîfferentiafed
I ntrus î on

Mineral: Au ppm in mineral:

Plagioc lase ( An46) 0 .0CI29

Pyroxene (Ca35Mg54fe3¡) 0.0021

Titaniferous Magnefite 0.0045

llnenîte 0.0029

(after Vincent & Crocket - 1960)

95
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Simi lar minerals are contained in the host rocks of

the Pi lot-Smuggler shear zone. During alteration of these

mînerals, it is possible that gold was released from fheir

structures and freed to migrate. Vincenf and Crocket also

found that the more basic fractions of the Skaergaard

întrusion are richer in gold than are the acid different-

iates. The more important gold deposits of the Rice Lake

area are hosted by the basic volcanic and intrusive rocks

(DavÍes 1962). This could be a resulf of the higher gold

content, and easier suscept¡bi I ity to æètrograde alteration,

of the rnore basic rocks.

lf the elernents of the alteratîon zoRes, associated

with the quartz veins, have been mobi I ized durinE the

mineralizing process, as postulated, it is most likely

that these elernents migrated by intergranular diffusion.

The shearÍng novenrents, thaf cause nurnerous intergranular

openings and fractures, therefore, are an integral part

of the alteration and mineral izing process.

This stt¡dy of the gold-bearing quar-tz veins of the

Pi lot-Smug$ler shear zone suggests a simi larify in origin

with that of the Yel lowknife deposits, as envisaged by

Boyle (1961). The Yellowknife greenstone belt is composed

of a simi lar assemblaç of rocks as those of the Rice Lake

area. The gold ore bodies ar€ assocÍated wifh shear zones

and have a simi lar occ¡rrrence and mineralogy as the

deposifs of the Rlcs,Lake area. The gold-bearing quartz

lenses are enveloped by carbonate-sericite-pyrite-
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arsenopyrite alteration zones which grade imperceptïbty

info chlorite-albite-carbonate schist of the shear zones.

Boyle has concluded, as a result of his study, that at I

the elements present în the ore bodies have been derïved

from the counfry rocks in which the deposfts occur.

According to Boyle, the maJor factor causing fhese elements

to mîgrate into the veins ls a pressure gradient caused

by dilatent zones that were set up during movement along

the shear zoRes. The mobi le elerents such as water, carbon

dioxide, sulphur arsenic, antiññy, copper, lead, zinc,

gold, silver and silica are thought by Boyle to mlgrate

towards the di latent zones by ionic diffr¡sion through a

nearly stafic flux of wafer vapor.

A dlstínct poss¡bl I ify exisfs fhat the Fi lot-Smuggler

gold-bearlng quarf z veins have formed ln a manner simi lar

to fhat postulated by Boyle for the Yellowknife area

deposits; although magmatic hydrothermal, or hydrothermal

solufions of other origin, oannot be overlooked as possîble

agents in the process of vein formation,

The formaflon of the shear zone and the formatïon of

the gold-bearing quarfz veins are întimafely interrelated.

It ls the shear zone structure that has supplied a channel-

way into which the mobile elements, H2O, C02 and S, have

migrated. The source of these solutlons is not known but

could be magmatltíc or derived through netamorphic processes.

The influence of these volatile constífuenfs and the

temperature and pressure conditioÌìs prevaillng in the shear
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zone cause the retrograde alterafion of the shear zone

rocks. lt is this refrograde alterafion of fhe shear

zone rocks fhat has released the eleeents necessary for

the formation of fhe gold-bearing quartz veins. The

quartz velns are formed as a result of the formation of

fhe shear zone strucfure.

lf the gold deposits have formed by lateral secretion

of the constituenfs from their altered host rocks, as has

been postulated, then the sfructural breaks in basîc

intrusive and exlrusive rocks should be prîme farget areas

for exploratlon for gold deposits; and tarç carbonate-

chlorite-sericite alferatlon halos should be considered

good îndicators of mineral ized zones.
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CHAPÏER VI

SUMMARY AND CONCLUSIONS

The Rice Lake area con+a¡ns many gold-bearing quartz

veins that occr¡r within shear and fracture zones. The

shear and fracture zones are concentrafed fo fhe east and

west of a larç oval shaped întruslon of quartz-dîorífe.

It is apparently the buftress action of fhis quartz diorite

body, which vras emplaced prior fo the formation of fhe shear

and fracture zones, which caused fhe shear and fracture

zones to be fornred nearby. For thís reason fhe gold miner-

al ízation cannof be aftributed to the quartz dlorite body

as it has often been because of its associatïon with this

igneous body. According to the results of this study the

gold-bearlng quartz veins have been forr¡ed by alteratlon

sf the rocks during the formation of the shear zone. The

material necessary to form fhe quartz veins has been derived

from release of consfituents from the altered rocks and a

mîgration of this materîat into vein sïtes.

The information used fo arrive at this hypothesîs has

resulted from a detaî led geological examination of the Pi lot-

Smuggler shear zone, and attendant gold-bearing quartz veins,

which is a typical gold veingbearing shear zone sfructr¡re

of the Rice Lake area. This study includes a descrîption of

the structure, the petrology and alteration of the rocks

hostîng the veins, and the mineralization and geochemistry

of the shear zone.

The gold-bearlng quarfz veins occur as smal I discontin-
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uous lenses which are al igned approximately paral lel to
the trend of fhe shear zone. ïhe quartz veins are frac-

tured and disjointed and contain brecciated patches and

stringers of sulphfde and carbonafe minerals. Pyríte, the

dominanf sulphide mineral, contains fraces of spalerite,

pyrrhotite, chalcopyrife and other copper sulphides as

small inclusions and veinlets fhat have likely been

exsolved from fhe pyrite strucfure. The gold assays of

fhe quartz veins are proportional fo their sulphide content.

The interpretation of the minor sfrucfural features

indicates that the Pi lot-Smuggler break has been affected

by fwo staçs of deformation. During the f irst staç the

rupture was inîtlated and fhe major offsets across the

break occurred. The second perfod of deformation, caused

by compression subparal lel fo the schistose rocks of the

shear zone, caused them to be deformed into numerous kink,

chevron and conjuEate folds. The quartz veins, and the

associated mineralization were emplaced duríng the first

sfage of deformafíon.

The alteration processes, as determîned from studies

of thin sections and chemical analyses of specirnens of

altered rocks, sugçst an ïnf lux of the volati le elements,

H2O, ÇO2 and S, has caused the host dacítes to be altered

to sericife-chlorite-carbonafe schist. The breakdown of

the dacites is accompanied by the release of many elenents

not requîred for the formation of the new mÍnerals, serî-

cite and chlorÍfe. The disfribution of elernents in the
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alteration zones sugEests that the cons+ituents of the

mîneralized quartz veins could be derived from the adjacent

altered rocks. The shearing has played an important role

in providing access for the altering solutions and in

providing localífies for the emplacement of the gold-bearing

veins and is, in fact, an integral parf of the mineral izing

process.
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APPENDIX I

It4ercu¡¡l Vapor Ana lys i s

Rock samples col lected across the Pi lof-Smuggler shear

zone, alonE fhe surveyed grid lines (Map 2), were analyzed

for their rercury contenf . A type SVI ¡nercury defector,

manufactured by the Lemaire lnstrurent Corporatîon, was used

for analyzîng the samples. The mercury analyzer is based

on fhe prínciple of adsorpfion of specific frequencles of

radiation by mercury.

fvbrcury vapor is volati lized and rerrcved from heated

rock samples. The mercury-r¡ch vapor is fhen drawn off

the heafed rock sample and di luted in a specif icvolure of

air in a pump. The vapor is transferred from the pump into

another chamber at a specifíed rafe. ThrouEh thîs chamber

is directed a f ïltered beam of ultraviolef radiation of a

frequency thaf is adsorbed by mercury. A radiatlon-

sensitive detector at the oppo$ite end of fhe chamber

measures the radiation and converts it fo a rûercury con-

centration of the atmosphere of the detector chamber.

ldeally this is converted to the rrprcury concentration

of the orîginal rock sample by the fol lowing formula¡

instrument readinE ,. pump size
P.P.M. rnercury (rock sample)=(microqragrs/l itre) ^ ( lltres)

rock sample size (gms.)

It was found that the size of the sample and also the

size of pump used, affected the results of the analysis.

An attempt was made to empiracally calibrate the detection

procedure but samples wíth known Íìercury contents could not

t:,- -r.-: ::-al
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be prepared. The mercury values of samples analyzed have

been expressed as parts per mi I I ion in Figure lA.

The mercury vapor analyses of samples across the pi lot-

Smuggler shear zone were made to determine if noticeable

nìercury anomal ies are associated with the gold deposifs of

the Rice Lake area. Warren (ef al., 1966) found rnercury

values in vegetation and soil samples to be directly

relafed to Pb, 7n, and Au concentrations in bedrock samples.

However, the mercury contentrlof samples associated with the

Pilot-SmuEgler gold-bearing deposits was found to be foo

low to be properly detected by the SVI detecfor. A smal I

increase in the mercury content of the rocks nert to the

gold-bearing quartz veins was found but n¡ercury vapor analysis

of rock samples would not be of any value as an exporation

tool for gold ore bodies of the type found în lhe Rice Lake

area.
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APPENDIX I I

Gamma Ray Spectrorpter Survgy

A gamma ray spectromefer survey using a portable

instrument wîth potassium, thorium, and uranium channels,

was done on fhe sunreyed grid near the Gold Lake Mine

shaffs on the Pi lot-Smuggler break. Each of the rockst

units showed a distinctive value of K gamma counts per

mí nt¡te:

Volcanlcs (dacites) I = 98.25 counts/min.
Sheared volcanics X = l5l.B rr rr

Diabase f, = 5l.l rr rr

Sheared diabase f, = 89.7 rr rr

Quartz feldspar porphyry X = 108.6 rr rr

Sheared rocks showed a marked increase in potassium

content, as îndicated by their íncreased counfs per min-

ufe. The potassium has I ikely migrated into the shear

zone during the alteration processes assocîated with'|the

formation of the gold quarfz veins.

The volcanic units that are cut by the Fi lot-Smuggler

shear zones are very slmi lar in composition. lt was

thought that units could be oufllned by their pofassium

garnnì¿r counts. A statistical treatnent of the potassium

gamma counts per minute for the unsheared volcanic rocks

showed they plot as a normal curve with nean 98.25 counts

per minute, and a standard deviation of l7 counts per

minute (Figure 2A). Using standard deviations as contour

intervals, the potassium garnma counts per minute for the

volcanîc rocks of the surveyed grid area, were contoured.

(Map 5). Areas of volcanics with definitely high, and
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others with low K gamma counts, corrld be outlined. ln
many cases the confours appear fo outlîne volcanic units

trending ín the same direction as the regional schistosity

(S¡).



n2
APPENDIX I I I

Chemical Analyses

A suite of specinrens was col lected along the i+50N

grid line of the area of the detailed study near the

exploratory shafts of the Gold Lake Mine Company Ltd.

(Map l). Chemîcal analyses of the rock samples were

provided by K. Ramlal. The purpose of the chemical

analyses was lo determine the dîstríbufion of the major

elements in fhe alteration halos associated wíth fhe

gold-bearïng veins. The following figures graphically

illustrafe the distribufion of elements as related to

the gold-bearing quartz veins:
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MAP 3

GAÌ,ß,ÍA RAT SPECTRO},IETER SURVEY
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