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CHATER I

Introduction

During the field season of 1950, Dr, H. Thomson, Resident 

Geologist for the Ontario Department of Hines at Cobalt, suggested as 

material for an H.Sc, thesis, the wall rock alteration bordering 

quartz-carbonate veins in the ITipissing diabase sill. while mapping, 

the writer had the opportunity to see much of this type of alteration 

and to collect a representative set of specimens from surface outcrops, 

mine dumps, and from underground mine workings.

The alteration, as illustrated in Figure 1, consists of a 

narrow black band icmediately adjacent to the vein, followed outward by 

a white band; the alteration is more evident on a wet or weathered 

surface. It occurs along veins and joints only in the ITipissing diabase 

sill and always shows the same succession outward: quartz-carbonate 

vein or joint, black zone, white zone, except where overlap of 

alteration effects has eliminated the lower grade minoral assemblage. 

Each of the alteration zones averages from l-w to 2 cms. wide, the contacts 

between the two bands of alteration and between the white zone and 

unaltered diabase being gradational. The alteration zones almost always 

show good bilateral symmetry about the vein or fracture.

This type of wall rock alteration is present irregardloss of the 

geographical location of the vein or joint in the diabaso sill. For 

example, the writer has seen it on the 649-foot level of the Temisicaming
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mino which is very close to the top of tho sill, as noil as on tho 270- 

foot lovol of tho Shag Si Ivor nine and in surface outcrops of tho diabase 

on the west sido of Potorson Laho in lot 5, Con. V of Coleman Township f 

both of which aro closo to tho lower contact of tho sill* It also 

occurs on tho 1125-foot lovol of the Castle-Trothowey Eino in Gowganda 

although it is not prominently developed there.

Two other important generalisations can bo mado# Tho first is 

that this typo of wall rook alteration is not restricted to any ono typo 

of quartz-carbonate vein in tho diabase* For example, it occurs along 

veins containing silver and ruby silver as on tho 649-foot lovol of tho 

Ternislcanjing nine, as well as along chaloqpyrito-pyrite--heiaatito veins 

as at the Hoda and Kirk Budd nines. Secondly, tho alteration occurs 

along productive veins (as at tho TanisIzaDing nine) and along 

unproductive veins (or at least along an unproductive part of a vein) 

as at the Shag Silver nine.

As far as outward appearances are concerned, then, tho wall rock 

alteration along fractures and quarts—carb ana to veins is consistent 

throughout tho sill, showing tho sane relation between the two sones of 

alt oration, end occurring irregardless of tho location of tho vein or 

fracture in the sill, or ths type of vein, or whether the vein is 

productive or unproductive. Laboratory work, however, has shown that 

thoro are noticeable variations in tho minoral assemblages forming tho 

two zones of alteration depending on tho location of the specimen. It 

is for this reason that this study must bo regarded only as a preliminary 

survey of tho wall rod: alteration in tho Hlplssing diabase sill at 

Cobalt, L2uoh more will have to bo dona on this type of alteration

before a cooploto understanding of ths probion is achieved.
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Horizontal and Vertical Scale 
800 feet = 1 Inch

Nipissing Diabase Cobalt Series

Keewatin

Figure 2 After Hiller (1913)



Gonoral Goolog? of the Cobalt /xrea

Ths oldest rocks in the Cobalt district, th© "Keewatin”, are a 

complox Ox acid and basic lavas with associated pyro clastics and slate 

bands, all of which havo boon highly altered and isool inally folded* 

Upon these rocks were laid the Timislsaming sediments which now dip at 

stoop angles also* The Tinis-inning series is not prominently develops! 

at Cobalt but good exposures are found at Uaileybury and Hew Liskoard a 

few miles north of Cobalt* The above two series are cut by dikes cad 

sills of lamprophyre, peridotite and diabase generally assigned to the 

Hailoyburian* The above rocks wore then intruded by the Lorraim granite 

of Algoman age, of no cocao-ala importance in the Cobalt district* A 

prolonged period of weathering and orosion then took place followed by 

the deposition in Huronion tinea of the Cobalt series of conglomerate, 

quartsite, greywacke, slate, and arkose, possibly of glacial origin* 

These sediments are practically undisturbed with dips generally loss 

than SO0* Eiis serios is very important economically since most of the 

ore to dato lias occurred in veins in those sediments* The Hipiasing 

diabase was then intruded in IGewoonawan tir.es into the above sorios in 

tlie form of a sill about 1000 foot thiol-: and is itsolf cut by dikes of 

’’aplite” and olivine diabase* Limastono, shale, sandstone and 

conglomerate of Silurian and Ordovician age outcrop north of Cobalt at 

Haileybury and Hew Liskoard and are separated from the Preoaebrian 

rocks by a groat unconformity*
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~inoralo7,y and Oro Pot?oaits

Since its discovery on August 7, 1905 Cobalt has produced over 

390*000,000 ounces of silver, ranking third arsons the great silver 

carps of the world. The Tlmls&aming area, including Cobalt., Gotanda, 

South Lorrain, Casey Township, Eaple fountain, etc., has produced over 

442,000,000 ounces. Tho productive veins aro narrow and discontinuous 

but exceedingly rich, high-grade sections often assaying up to 10,000 

ounces of silver to the ton; the veins occur in Joints and faults with 

sone associated replacement. Although a vein may contain irregular 

patches of cobalt arsenides and native silver along most of its length, 

the valuable portions occur in shoots generally loss than 1000 foot 

long and about 500 feet in depth. Silver occurs mainly in the native 

form although It is also found in dyscrasite, argentite, and tho ruby 

silvers as well as in several rare sulfo-salts, Associated with tho 

silver are shutterudito, cobaltite, lolling it o, arsenopyrite, niccolite, 

breithauptite, minor chalcopyrite-galena-sphalorite, and many rarer 

minerals. Opinions concerning the paragenesis of tho ores vary but in 

tho latest work on the Cobalt carp, Bastin (1950, p. 012) gives tho 

following paragenesis as determined from orcs from several of tho Cobalt 

mines:

Older calcite ------
Cobaltite ------
Loll InBito ------
Smaltite ------
(Fracturing) 32ZZZSZ
ITicoolite ——
Breithauptite —.
Silver ------
Argentite ——
Younger calcite ----- ‘

Host of the silver is considered to be primary in origin although at tan
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Keeley mine in South Lorrain, Boll (1923, p, 694) states that a 

"substantial part of tho silver in certain of tho rich shoots of tho 

Kool 07 is secondary and derived from tho impoverished highly oxidised 

upper portions of tho veins'*•

The production of silver from tho three main rock formations of

tho area is given by Heid (1943, po 6) as follows:

Cobalt sadinonts 
Keewatin
Hipissing diabase

s^rr*

10,1

Those percentages, however, are currently changing in favour of the

Keewatin and Hip is sing diabase.

nipissing Diabase

At Cobalt, tho Hiyissing diabase occurs in tho fora of a gently 

undulating sill about 1000 feet thick; crcss-cutting relationships 

with the older rocks of the area are coupono Tho contacts generally 

dip at low angles although, locally, dips aro steep as, for oxatplo, in 

the vicinity of Kerr Lobo, illustrated in ono of tho accompanying 

sections. In South Lorrain Township, the sill io 675 foot thick, ani 

at Hiller Laho in Go-agenda, 1250 foot (Hold, 1943, p, 4). According to 

Knight (1924, p, 34), tho sill at Cobalt was probably intruded from tho 

southeast towards the northwest, evidence for this being found at tho 

Beaver mine ’where a largo block of granite was caught up in tho sill# in 

all probability from tho outcrop of Algomn granite a few hundred yards 

to tho southeast®

Generally speaking, tho sill is a quarts diabase although 

Sat torly has shown it to consist of a number of phases, gradational into 

other, Por tho Herr Laho (lower contact) to Brady Laks (upper contact)
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soot ion of tho sill, Sattcrly (1928, pp® 26—17) describes tho following

phases and their thioZmessos:

Quarts diabase 30 ft® (1000 ft. - 970 ft.) upper contact
Hybrid and 380 ft® (970 ft® - 590 ft®)

coarso types
Quarts diabase ? 140 ft. (590 ft® - 450 ft.)
Quartz norito 350 ft® (450 ft. - 100 ft.)
quarts diabase 100 ft® (100 ft. - 0 ft.) lower contact

an olivine—rich phase is developed occurring close to theLocally,

lever contact. Areas of pink mioropegmatito and narrow "aplite"’ dikes

cutting tho diabase uro common in the 311: Laho region and hero been

explained, as duo to differentiation (Hore. 1912, and Collins, 1917) or to

hydrothermal replacement (Bowen, 1910, and Eastin, 2935).

According to Sattorly, tho thickness of any ono of thoso phases

may control the development of silver oro shoots® From field work it

appears that the typical quarts norito phase my bo considered a barren

phase and wherever it occurs, no silver will be found®

The depth to which cro shoots will emtond in tho upper 
portions of the sill is cent rolled by the thidxoso of the 
quarts gabbro phase® Whore it is poorly developed tho ore will 
bo shallow, and if it roaches its mamimum thicknoss shoots ray 
bo found in the sill 500* from tho upper contact- (Sattorly, 
1928, p® 28)®

Tho min petrographic change in tho sill is in tho composition

of tho plagioclase which becomes more comic in the uppor portions of the

sill® Pla? structure is not evident although "in ono camo the laths of

plagioclase more or loss paralleled tho contact" (Sattorly, 1929, P® 0)*

Columnar jointing is well displayed, in the diabase of Diabase fountain

at Cobalt, and circular Jointing is developed in the diabase in the

Gcwgunda area® Sono writers regard tho quarts norito of tho hipissing 

diabase sill at Cobalt as tho beginning of tho development of tills phase 

"which reechos its culmination as norite to tho southeast in tho Sudbury
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field, whore it; is associate! with tho important nickel-coppor deposits” 

(Setterly, 1928, p, 26), Several cross-sections are included throughout 

Chapter I of* this thesis* Those are designed to illustrate the 

occurrence of tho ITipissing diabase sill in tho Cobalt and outlying 

silver carps.

Relation of the Sipissing Diabase Sill to the Oro

The intimate relation between the ITipissing diabase sill and the

silver ore lias been recognised for a long time* Pour mines had their

total or a large part of their production from this formations tho

O’Brien nine at Cobalt, the Wottlaufor mine in South Lorrain Township,

and the Hiller Lulas O’Brien and Castlo-Trethewqy ninos in Gawyandu, The

Ho* 3 Vein of tho Xcrr Lalo mine, which occurred in diabase, produced 

approximately 3,000,000 ounces of silver. The most important ore

shoots currently being mined at the Silvor Hillor wino at Cobalt arc in

the diabase.

In a broad, general way it may be said that tho dominating 
factor in tho deposition of the ore-shoots is tho ITipissing 
diabase sill, Wherever silver ore occurs, there also will bo 
found the ITipissing diabase. Ho silver ore-shoots occur in tho 
entire camo where tho diabase sill is absent, (Lnight, 1924, 
p, 6),

Tho earliest geologists working in tho Cobalt camp thought tho 

oi’o deposits to bo genetically related to the ITipissing diabase itcolf 

but further work has shewn that it is much more liholy tho ore cane 

from a deeper-sooted source, possibly a parent magma giving riso both 

to the ore and to tho diabase,

Tho ITipissing diabases were not only cccplotoly crystallize 
but had boon fractures by faults, sone of thorn of considerable 
displacement, prior to mineralisation* It is unlikely, therefore, 
that the mineralising solutions camo from tho diabase silly* • •
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Horizontal Scale, 1 Mile = 1 Inch. Vertical Distances are 
not Drawn to Scale.

ANIMA - NIPISSING
Nipissing Diabase Lower Cobalt Series

Upper Cobalt Series Algoman Granite

Keewatin

Figure 5 After Todd (1926)
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Ti; Boons probable that in tho Cohalt and neighbouring districts 
o o o tho solutions which deposited tho ores and hydrothormally 
altered tho reeks cane from mgmas of granitic or at most 
intormediato conyosit ion» (Bastin, 1959, pp* 39-40)®

Previous 7/or> on tho Alteration at Cobalt

There is an extrema paucity of published rat er lai on the 

alteration at Cobalt, particularly with reference to the type of wall 

rook alteration described in this thesis. Various writers, notably 

Collins (1913, p© 76) and Thomson (1950) have mentioned tho ’’spotting'5

in the Cobalt sediments, but as far as con bo ascertained from a careful

examination of the pertinent literature. Bustin (1925, p* 10, and 1935,

pp# 727-730) is tho oily ono who has recognised the wall rod: alteration

along quertz-cerb anate veins in trio ITipissiny diabase sill. On page 4

of his 1925 paper, under wall rock alterations. Bastin writes:

Two samples were collected from tho third level [of tho 
Frontier mine, South Lcvrcin] especially to show the character 
of tho alterations whore the wall-rock waa aipissing diabase* 
Tho vein was 4 inches wide and largely pink calcite* For £ to 
1 inch bordering tho vein tho diabase is slightly darker than 
normal® . • In tho specimen innsdlately adjacent to tho vein 
tho diabasic texture is still recognizable, but augite, epidote 
and biotite have boon completely altered to chlorite®

A more complete account of tho wall rock alteration along quartz-
S1

J

carbonato veins in the Hipissing diabase sill is contained in Bust in’s

1935 payor®

At tho Devils mine, Blk Lake, vein material on tho dumps shoved 
calcite, chalcopyrite, cobaltite, argentite, native silver, au- 
cobalt and nickel bloom, To the unaided eye, tho Fiyissing 
diabase adjacent to the vein ajycavs unaltered, but tho 
microscope shows that although tho texture is still diabasic tho 
primary minorals have been almost completely altered. • •

Co learn whether similar wall-rook alterations dharactarise 
tho dlabaoo walls in tho core productive districts, specimens 
of Hipissing diabase bordering veins in tho Frontier mine at 
South Lorraino, collected by the writer in 1232, wore studied*



On tho third lovol of tho mino, samples of tho diabaso were 
taken iinaodiately adjacent to a 4—inch vain and also 5 inches 
away from it* For £ to one inch from tho vein tho wall-rock 
la somewhat darker than farther away. • • •

V/hitehead (1920, Plato VIII, b) mentions vail rock alt oration in 

several places in his paper but neglects to say what the wall rock is. 

Of particular interest to the problem discussed in tills thesis are his 

remarks on page 132 under tho source of the silver-cobalt arsenide veins 

at Cobalts

It seems, therefore, unreasonable to attempt to connect tho 
origin of the veins with hydrothermal activity from tho diabase 
itself. The metals may, however, have been derived from tho 
cool diabase by leaching, but if this leaching wero by 
circulating waters alteration along fractures and joints 
throughout tho diabase would take place. ITo such phenomena have 
been observed.

His last statement is, of course, not true. Cao typo of wall 

rook alteration studied in this thesis occurs not only along veins in 

tho diabase but also along fractures and joints in this type of rock. 

This can be seen in surface outcrops of the ITipissing diabase on the 

west side of Petersen Lake in lot 5, Con. V of Coleman Township.

I should like to express my appreciation to Dr. Thomson who 

suggested the material for this thesis and who donated several 

photographs and two rock specimens. Thanks oro also extended to Jr. L. 

J. 0* Shaughnessy, operator of the Shag Sil vox* mine, and to hr. .osloy 

Tros ton, Hine Captain for Silanco at tho Toiniskaning nine, for thoir 

help and co—oporation underground. I an also indebted to Jr. D. LI. ^—m 

under whon this thesis was written for much help in the petrographic 

study of tho slides, to H*. H. 5. Scott for assistance in tho



photographic vor2t# and to Dr. ”., S. Armstrong; who kindly proovrsi 

several reprints for tho ’.Triter.
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CHAPTER II

ZHTRODUCTIOH

Suites of specimens were collected from tho following four

localities:

Temiskaming Hino lot 1, Con. Ill Coloma Township

Heals Silver Kino lot 2, Con. X Lorraln Township

Shag Silver Hine lot 2, Con. V Coleman Township

Hound Chutes Block 25 Gillios Timber Limit

Additional information was obtained from spool-sens collected from the

damp of tho Kirk Budd mine in Block 3 of Gillies Timber Limit, and from

prospect pits in the Hip lacing diabase at tho north end of Kirk Laho in

lot 1, Con# X of Lorrain Township, Laboratory work consisted of

examining 35 thin sections end three polished sections with tho microscope

and Podorov Universal Stage in ths usual manner.

TEL’IISKOIUG HEE =

The Tomskaning mine is one of ths Silanoo group of nines boing 

wholly owned by the Silcaco lining end Refining Company Limited end is 

situated in lot 1. Can. Ill of Coleman Township. It is located in tho 

northeast portion of tho Hcrw Laho Basin, an area of ’’KCcwatln" rocks 

underlain by the diabase sill. Tills area is the aceno of most of the 

present silver production from Cobalt as it includes the highly 

productive Silver Hiller and Cobalt Iodo nines which uro located ano-half

16
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to ono-quartor mil© west of tho Tonislsaming claim. listens ivo 

underground exploration is currently being carried on at tho Christopher, 

Silver Banner (formerly tho Victory) and Eayfair mines, all of which 

are in tho How Lalos Basin. Tho surface rocks of tho Tomislmming mino 

are all "Keewatin" which strike approximately north-south and dip 

vertically. Those aro underlain by tho ITipissing diabaso sill through 

which the shaft has boon sunk showing tho sill to bo 1000 foot thick. 

The Lorrain granite outcrops about 1,300 foot east of the main shaft 

but is not exposed underground. A generalized north-south section 

through tho Temiskaming shaft is shown in Figure 7.

The vein system at the Tomislmming consists mainly of two 

parallel veins about 200 foot apart which strike a little east of north; 

this system is approximately 2,400 feet long. Tho productive pert was 

terminated at tho north on the Boavor claim by tho Boaver Fault. All 

the ore at tho Temiskaming nine occurs at the top of the sill and in 

tho overlying "Keewatin", most of it having been mined from volns in the 

"Keewatin". As near as can be ascertained, tho silver production from 

this mine totals about 12,000,000 ounces.

Specimens wore collected by Dr. Thomson and tho writer from tho 

649-foot level. The co-ordinates of tho specimen colloctod by Dr. 

Thomson aro 500 foot south, 600 foot oast (Figure 6). Tho writer 

collected additional specimens from the same vein slightly southeast of 

the above co-ordinates. At this tlmo (Septorhor 19* 1950) native silver

and ruby silver wore soon in the face and back of the drift.
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Voin

Tho vein studied, averages 2 eras* in width and consists mainly of 

white to groy calcite with minor quarts, tho latter occurring in 

subhedral crystals projecting out from tho walls of the vein into tho 

calcite which occupies tho central portion of the voin. The calcite 

occurs in interlocking, anhedral grains averaging about 0.7 mm. in 

width. Although not soon in thin section, silver, minor chalcopyrite, 

and. a black mineral possibly one of the ruby silvers are present. Along 

each wall of the voin is a zone about 2 m. wide of slickeasiding with 

the development of Pennine chlorite (Figaro 9). In places, tho walls of 

tho voin are also coated with a very thin film of ruby silver, locally 

known as ’’ruby wash".

Diabase ;
I

The rolativoly unaltered diabase forming tho host rock for the 

voin consists of scdlc labradorite and augite in about equal proportions 

with minor amounts of tltanlferous magnetite, pyrite, biotito, apatite 

and interstitial quarts. The plagioclase and pyroxene havo, however, 

boon rather badly altered, tho former to serial to and tho latter to 

hornblonde and thence to biotite. Tltanlferous magnetite has boon 

slightly altered to leucoxene, while pyrite, biotito, apatite, and quartz 

are unaltered.

Labradorite occurs in idiomorphic lath-shaped crystals between 

which tho ferro-magnosion minerals are moulded producing tho ophitic 

texture. In alteration, tho interior of the plagioclase changes first.

Tho reaction series augito to hornblende to biotito is probably a
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doutoric on© aided, perhaps, by the hydrothermal solutions; some of the 

biotite is, however, a primary constituent of tho diabase. The 

alteration of titaniferous magnetite produces a grid-lllco structure, tho 

titanium-bearing component altering to leucoxene.

'.Thite Band of Alteration

In the specimens examined, the white band of alteration averages 

about 2 eras, in width and has a noticeably greasy appearance. It is the 

more interesting of the two bands of alteration and roprosonts the 

lower grade mineral assemblage. The contacts between the two sones of 

alteration and between the white sene and the wall rock diabase are 

gradational, in places over as much as 1 cm. Pyrito, apatito and quarts 

are unaltered in this sone and titaniferous magnetite has boon more 

extensively altered t o leucoxono. The ibldspar laths have been sevorly 

sericitised with minor but noticeable amounts of epidote and clinosoisito.

The ferro-nagnesian minerals have been altered mostly to fine­

grained magnesium-rich carbonate with important amounts of epidote, 

clinozoisite and exuded magnetite (Figure 10); for purposes of this 

thesis, this assemblage is conveniently cdlod ’’saussurite”. Detailed 

examination of tho slides with particular attention to textures makes it 

clear that it is the secondary hornblende and not the biotlto zhlch has 

altered to ’’saussurite”. That is,

Biotite
/ ’’Saussurite”

Augite----- Hornblende------- 
and not,

Augite---- -Hornblende---- -Biotlto---- -"Saussurit o”
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Any grains of primary biotite remain unaltered, in tho whlto acne of

alteration. Tho secondary hornblende has a somewhat fibrous appearsneo.

is pleochroio from blue to green, and hag slightly inolinod extinction

(maximum about 16° )•

The white colour of this band of alteration is duo to tho 

presonco of magno sium-ri ch carbonate, epidoto, and clinozoisite 

(collectively called, "saussurite”), tho alteration products (in part) 

of both the foldspars and the ferro-magnesian minerals. This was first 

observed by examining the slide in reflected light. Tho "saussurite” 

occurs as fine-grained masses, in places almost opaquo. Tho dominant 

constituent is a magnesium-rich carbonate with important amounts of 

granular opidote and clinozoisito and small or amounts of exuded magnetite 

The identification of the magnesium-rich carbonate was accomplished 

with some difficulty. A slide was chosen showing tho "saussurite" 

mineralization and the cover glass slipped off exposing the roc': chip. 

Dilute hydrochloric acid was then applied to tho areas of "saussurite” 

and weak effervescence took place indicating the presence of a 

carbonate. The slide was then washed and dried and a few drops of 

Lemberg’s solution (Fairbanks, 1925, pp. 126-127) wore applied to 

similar areas of "saussurite". The luck of staining indicates the 

presence of a magnesium-rich carbonate.

The above alteration, although it has effected each individual

grain, has not obliterated the ophitic texture, the rock being easily

identified as diabase.
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Black Band of Alteration

Generally speaking, the black band, of alteration averages about 

half a centimeter less in width than tho corresponding white band, 

although the contacts are gradational; it represents the higher grade 

mineral assemblage, Cuartz, apatite and pyrite remain unaltered, the 

titanium-bearing component of tltanlferous nagnotito has been completely 

altered to leucoxene with minor amounts of titanite, and flakes of 

primary biotito have boon altered to Pennine chlorite*

In the black zone, the soricitized foldspar laths have been 

altered to Pennine chlorite with minor amounts of epidote; this has 

also boon accompanied by the recrystallization of tho feldspar lath to 

the more sodic variety, oligoclase* In general, the foldspars in this 

band of alteration have a frasher looking appearance then in the 

corresponding white band of alteration, probably duo to the 

recrystallizat ion*

It was shown above that tho alteration products of tho ferro— 

magnoslan minerals in the white zone wore magios inn-rich carbonate, 

epidote, clinozoisite and oxuded nagnotito, an assemblage culled 

"saussurite”; in tho black band of alteration, the "saussurite" al tors 

to Pennine chlorite with small amounts of carbanato thereby giving tho 

black colour to the inner band of alteration* Thus the complete

sequence for tho alteration of tho forro-magnesiun minerals is:
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white zone 
of 

alteration

Biot it e--------------------- — Pennine

Augite —- Hornblende-------------- — "Saussurit o”—- Pennine plus carbonate

black sone of 
altoration

The Pennine occurs as irregular sasses showing rosette- or shoavo-like 

forms* It is pale green in colour, faintly pleochroic, and shows its 

characteristic anomalous blue interference colours between croccod 

niools. The alteration of tho groundmass anti forro—magnesian minerals 

to Pennine has obliterated, the ophitic tenure of the diabase. Tills 

has partly boon accomplished by the crystallisation of the Pennine in 

rosette-like forms.

As -mentioned, previously, the contact between tho two bands of 

alteration is gradational but sufficient evidence is available to show 

that the Pennine (blade zone) is replacing the '’saussurite” (white zone). 

Sections taken across tho contact show the penning engulfing ureas of 

’’saussurite” prior to replacing them. As will bo explained, lator, this 

doos not imply that the two bands of alteration aro separated by any ,

time break; both wore formed from tho same hydrothermal solution and as 

such are essentially contemporaneous.

The complete alteration sequence for tho constituent minerals of 

tho diabase is illustrated in Table 1 on the next page:

ku



TABLE I

Sequences of Alteration at the Tern islaming Hina

Fresh Diabase White Band Black Band

Labradorite

Sericite 
(sparse)

Sericite
(minor epidote and 
clinozoisite)

Sericite

Pennine
(minor epico te)

Augite

Hornblende

Biolite

Hornblende

"Saussurite” "Saussurite”

Pennine and 
Carbonate

Titaniferous 
Magnet ite

Titaniferous
Magnetite

Leucoxene Leucozone

Biotite Biotite Biotite

Pennine

Quarts Quartz Quartz

Pyrite Pyrite Pyrite

Apatite Apatite Apatite

25



26

Summary of the Alteration at tho TcEisluoing 'Ino

A consideration of the sequences of alteration illustrated in 

Table 1 shows that vory fow of the elements involved hod to bo added to 

the wall rock to of foot the observed changes. The alteration of tho 

tltanlferous magnetite to leucoxene involved the reorganisation of the 

titanium to another form - leucoxene - generally considered to bo an 

amorphous hydrous titanium dioxide (Rogers and Kerr, 1933, p. 171) which 

necessitates tho addition of water only. In the alteration of the forro— 

magnesian minerals to "saussurite”, alumina and lime wore taken up in 

epidote and clinozoisite, magnesium entered into the carbonate, part of 

tho iron was incorporated in the epidote, the rest being exuded as 

grains of magnetite. The only additions necessary aro water, the 

carbonate radical, and possibly minor amounts of magnesium and calcium. 

Tho further alteration of "saussurite" to Pennine chlorite plus minor 

carbonate implies no further additions except water. In this latter 

alteration, most of tho iron was probably extded as magnetite (Figure 

11) although some may have boon incorporated in tho pennies to approach 

delossite hi composition (Ulnchell, 1933, p. 282). Excess silica would 

be flushed out as well as some of the calcium. Some of tho latter was 

taken up by the carbonate invariably associated with the Pennine and 

very minor amounts formed titanite, probably as a replacement of sone of 

tho leucoxene. Bxcoss amounts of the caxbonote radical and of magnesium 

would bo lost to the conduit.

Although plagioclase feldspar may contain small amounts of potash 

(primary biotito indicates the presonoo of potassium in tho diabase 

magma), the great amount of sorlcite developed from tho plagioclase lathe 

nocessltlates, in the writer’s opinion, tho addition of at least
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moderate amounts of potassium (unless it is the soda-bearing varioty, 

paragonite)# In tho alteration of the plagioclase in tho white zone, 

most of tho lire anil part of tho alumina aid silica were taken up in 

the opidoto and clinozoisite. Since tho latter aro hydrous minerals, 

water was also added. Tho soda released in this alteration diffused 

back to the fracture where it joined the upward rising hydrothermal 

solation. In tho blade zono. tho sericite has boon altered to Pennine 

chlor it o acoornpcn led by the recrystallization of labradorite to the 

more sodic variety, oligoclase.

From the above, it can bo scon that most if not all of the iron, 

titanium, alumina, and silica were already present in tho diabaso before 

hydrothermal alteration took place; the necessary additions aro water, 

tho carbonate radical, potassium and some magnesium and calcium 

indicative of weakly alkaline solutions. It must bo admitted, however, 

that these conclusions aro tentative only, ponding complete chemical

analyses.



HSCLA SILVER EITESS LHII73D

Introduction

During the 1950 field season, tho writer did sone capping in tho 

vicinity of tho Hecla Silver Hinos United (formerly called tho Ciysler- 

Hiles lining Co., Ltd.) in lot 2, Con. X of Lorrain Township. Work has 

long since boon stoppod at this mine and the underground vzorkings are 

flooded, henco, no examination of veins or alteration in situ could bo 

made. However, the mine dump was carefully examined and a representative 

set of voin and alteration specimens was collected. Figaro 1 is a 

photograph of a specimen from the Hecla mino illustrating a voin 

(chalcopyrite-pyrite-quarts-oarbonate) bordered by a la cm. wide sone of 

blade alteration followed outward by a 2 cm. -wide sone of white alteration 

tho rest of tho rock being relatively unaltered ITipissing diabase.

Several thin- and polished-sections of tho alteration and veins 

from the Hecla nine wore examined with tho microscope. .Additional 

Information on the mineralogy and paragenesis of tho veins was obtained 

from polishod-sections of a vein from tho Kirk Budd mine in Block 6 of 

Gillies 2labor Limit.

The surface rooks exposed on the Hecla claim are tho lorrain 

granite and Hinissing diabase but tho contact relationships as shewn on 

naps by 7. G. Hiller uro incorrect. Ko silver or cobalt production is 

known from tho Hecla mine. Since nothing io known about tho sub-surface

28
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geolosr at thia mine, it is impossible to relate tho specimens collected 

for laboratory work to oithor contact of the diabaso sill with the 

granite.

Vein Illnorallzation

The velns\ as soon from specimens on the dump, average about 1 

cm. in width and consist predominantly of chalcopyrite, pyrite and 

carbonate with minor quartz. Hematite was seen in one of the veins 

occurring as small inclusions in quartz. Elinor malachite is present on 

the weathered surfaces. Inclusions of wail rook completely altered to 

Pennine are also present.

Quartz (S1CL)

The quartz occurs in anhedral to euhedral crystals enclosed in 

carbonate and was tho first mineral to crystallise. Vein specimens 

from prospect pits in tho Hiplssing diabaso at tho north ond of Kirk 

Lake (lot 1, Con. X, Lorrain Township) show euhedral crystals of quartz 

projecting out from the wall rode into the carbonate which occupies tho 

central portion of tho vein (Figure 12). This feature is displayed to 

a lesser extent in samples from the Hecla mine. Quartz commonly forms 

a narrow zone along the edges of a vein, an occurrence also soon in 

specimens from the Hecla mine.

There were evidently two periods of deposition of quartz, 

separated by the deposition of hematite. Tills Is Illustrated In Figures

^Only those veins occurring in tho ITipissing diabaso sill ore discussed. 
Consequently, this does not reprosont a complete description of tho 
mineralogy of this mine.
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13 and 14 which show clearly the inclusions of hematite arranged, around 

a subhedral crystal of quartz and enveloped in a second Generation of 

quartz. It is thought that the two periods of deposition of quartz 

were very closely associated with each other, no appreciable tins 

interval separating them.

Hematite (-e^l

kinor hematite was seen in a th in-seo t ion of one of the Hocla 

veins. It occurs as inclusions (up to 0.16 m. in length) in quarts 

and carbonate but its relationship to the sulfides was not observed. 

A study of a vein in the Hipissi ng diabase from the Pgaunico mine in 

lot 15, Con. I of Bucks Township, consisting of specularite, 

chalcopyrite, goethite, quartz and carbonate, showed that the 

specularite was later than the chalcopyrite (Bourne, 1950, pp. 5-9). 

However, in the Hecla vein, the deposition of hematite appears to 

have proceeded the deposition of tho sulf Idos. Its close association 

with quartz and its mode of occurrence in tho latter mineral suggest 

that the hematite was deposited after the first deposition of quartz 

but boforo tho second.

J&rneJ^S^

Pyrite and chalcopyrite comonly constitute up to 75 per cont 

of the veins with chalcopyrite slightly In excess of pyrito; in seco 

veins, sulfido minoralization is negligible. Pyrite occurs in anhedral

to subhedral grains (Figure 15) and was tho first sulfido to crystallize.
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Chalc c^ty it o (CuFoS-)

Chalcopyrite occurs in anhedral masses and veinlots traversing 

tho pyrite grains but does not replace tho latter mineral to any groat 

extent (Figure 16)* It is closely associated -vita but earlier than 

the carbonate and is altered on the weathered surface to malachite®

Carbonate

Carbonate is the dominant gangue mineral. It is fine-grained, 

white on tho fresh surface but weathers to a grey or chocolate brown, 

possibly indicating an iron content. It was tho last mineral to 

crystallise.

There aro several patches of genuine in tho veins (Figure 17), 

presumably representing completely chlor it iced wall rock fragments.

Sono of tho quarts crystals contain Inclusions of Pennine, tho latter 

occurring in rosottes and sheave-like forms, all showing anomalous 

bluo interference colours.

Listed below in tabular form is tho paragonetic sequence as 

determined from tho sections examined:

quarts ——
Hematite —
guartz -------
lyrite ——-
Chalcopyrite ------------
Carbonate ——---------
aalaohito -—-

Diabase

Tho relatively unaltered diabase consists mainly of pyrexono and

labradorite with minor amounts of primary hornblende, titaniferous
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magnetite, pyrite, quarts, biotite and apatite; th© torture is 

ophitic* Labradorite has boon slightly altered to soricite, and 

pyroxene to secondary hornblende, the other constituonts being unaltered 

Some of the biotite is douteric but much appears to bo primary • The 

primary hornblende occurs in well-developed euhodral crystals shaving 

good cleavage and although in sone cases partly enclosed la biotite, it 

doos not alter to the latter mineral. Such an occurrence is illustrated 

in Figure 18.

Uhite Band of Altoration

Although tho white bonis of alt oration at the Hecla and 

Temiskaming mines are similar in many rospocts, there are one or two 

differences. Generally speaking, the white band in the Hecla specimens 

averages 1.5 cms. in width, being slightly wider than tho corresponding 

black sone although tho contacts are gradational. It shews up woll on 

the weathered surface where it is pale greon in colour. Quartz, biotite, 

pyrite and apatite remain unaltered while titaniferous magnetite has 

altered to leucoxene and titanite.

The plagioclase laths aro very badly altered to a fino-gralned, 

granular aggregate of opidote and cllnozoislto with minor soricite. 

The alteration products epidote and clinozoisite are tho dominant 

feature of this sone and are illustrated in Figure 19. They completely 

obliterate the polysynthetic twinning but prosorvo tho lath-shape of tho 

plagioclase crystals. The forro-magnesian minorals have altered to a 

fine-grained mexture of magnoslum-rlch carbonate, clinozoisite and 

opidote with but very minor amounts of exuded magnetite; this 

association is again conveniently termed '’saussurite”. Euch of tho

i ii ii ai ii
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carbonate occurs in small but woll—developed and recognizable grains* 

A coercion feature of the "saussurites” assemblage is tho ocourronco of 

black spots which measure up to 0*035 ebj* in length by half as meh 

in width* Under high magnification (320X) these spots appear to bo 

aggregates of vary fine-grained epidote and clinozoisite. Those spots 

are white in reflected light lending added weight to tho above 

determination*

In the alteration of the forro-magnesian minerals, conclusive 

ovidonco is present to show that the secondary hornblende and not the 

pyroxene or biotite gives rise to the "saussurite” assemblage• This 

is illustrated in Figaro 20* Hany coses were seen where remnants of 

hornblende showing its characteristic cleavages are completely 

engulfed in "saussurite” while biotito is unaltered* In no instance 

does pyroxene alter to "saussurite” without first altering to hornblende* 

Clearly, then, tho alteration of the ferro-magnesian minerals in tho 

white sono is as follows:
^Biotito

Pyroxene-----  Hornblende —----------------- -  "Saussurite”

Examination of tho slides in reflected, light indicates that tho

"saussurite” as a whole, but more particularly tho opidoto and 

clinosoisite, givos the white colour to this band of alteration* Two

other observations aro worthy of note. Tho first is tho paucity of 

exuded magnet Ito in the alteration of tho ferro-sagnesian minerals to 

'’saussurite”, a deficiency probably inherent in tho original pyroxene* 

Tho second is the groat abundance of opidoto and clinozoisite from tho 

alteration of tho plagioclase, sericite being of littin - •

at tho Tomiskaming mino, tho ophitic to:±ure is wallwon .preserved in too



white band of alteration.

Blafc Band of toyed; Ion

In tho specimens collected from tho Hoda aino ten, tho black 

band of al tor at ion averages slightly groat ox’ than 1 eta. in width and is 

generally blade or a dark shade of brown in colour, yaarts, pyrite and 

apatite persist unaltered in this zono and titaniforous magnetite has 

boon more thoroughly altered to loucozone and titanite forcing a grid- 

like structure (Figaro 21). Biotite occurs in a surprisingly fresh form 

in this sone although some is bleached and evidence is available to 

show it is altering to pennino. It is very unlikely that any biotite was 

formed in this sone through alteration or recrystallization.

As at tho Tamiskaming mine, tho black none is characterised by 

tho proscnco of Pennine chlorite, tho alteration product of both tho 

feldspar and forro-nagnesion minerals; tho Pennine gives tho black 

colour to this band of alteration. Associated with tho pennino, 

especially in tho alteration of trio forro-mognosian minerals, are notable 

amounts of carbonate. The feldspar lias a faintly froshor appearance 

than in the corresponding white band probably duo to recrystallization 

to oligoclase. -Associated with the Pennine in tho alteration of tho 

plagioclase are minor amounts of clinozoisite but in all probability 

those represent unreplacod material from tho white zono. The ophitic 

texture has been obliterated in the black band of alteration. This is 

partly due to crystallization of tho ponnino in sheave-like mosses and 

partly to tho fact that ponnino replaces both the ferro-magnosinn and 

feldspar minerals tending to obscuro grain boundaries. Once again, it

is well to note the sequence of alteration for tho ferro-negnosian minerals;



55

zBiot i t o-

Pyroxene —-Hornblonde ------------------  "Saussurite"---- -

Pennine

Pennine plus
Carbonate

As mentioned above, conclusive evidence ia present to show that tho 

alteration to "saussurite11 and thence to Pennine plus carbonate springs 

from tho hornblende and not the pyroxene or biotite* As at the 

Temiskaming mine, evidence is shown in the slides that the chlorite 

zone is encroaching on tho inner edge of tho "saussurite'’ band. Sho 

lack of any large-scale veinlots of chlorite cutting the "saussurite" 

suggests rather quiet replacement of the latter mineral assemblage. 

Table 2 on tho next page illustrates the complete alteration sequences

for the constituent minerals of the diabaso at the Heeia mines



Sequences of Alteration at the Hecla Hine

TABLE 2

Fresh Diabase Unite Band Blach Band

Labradorite

Sericite 
(sparse)

Labradorite

Epidote and 
Clinozoisite 
(sericite)

Epidote and
Clinozois ite

Pennine

pyroxene
Hornblende

Hornblende

" Saussurite” "Saussurite”

Pennine and 
Carb onato

Titaniferous 
Magnetite

Titaniferous 
magnetite

Leucoxene and
Titanite

Leucoxene and
Titanite

Biotite Biotite Diotite

Pon-iino

Quarts quartz quartz

Pyrite Pyrite pyrite

Apatite Apatite Apat ite_____________
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bursary of the -literat ion at the Ilocla ~iine

Si neo much of the material which alight bo included under thia 

heeding would bo undue repetition of what was included under tho 3-.zmw.r7

of the alteration at the Temiskamii*; mine, attention will bo focused on

a few salient points only. As mentioned previously, the spatial

location of the specimens from the Hecla wino in the Hipissing diabase

sill is unJmown. Hence, it is difficult to appraise tho significance

of this alteration assemblage as far as voin mineralization is concerned.

Tho dominant feature of the white band of alteration is tho 

great amount of epidote and clinozoisite formed through the alteration of 

the plagioclase. Although most of tho feldspar laths have been too 

badly altered to determine their original composition, they do not 

appear to bo more calcic than medium labradorite, or about tho same 

composition as at tho Tomis leaning mine. It is concluded, therefore, 

that the solutions must have boon fairly rich in lime to produce the 

the epidote-clinozoisite assemblage, a richness which may account for 

tho relative abundance of titanite in tho alteration of titaniforcug 

magnetite. Tho introduction of potassium for tho formation of sericite 

is unlikely since labrador it o can contain slightly coro than 1 per cent 

ICO which was probably enough to account for the miner sericito present. 

The second point of interest is the scarcity of exuded magnetite in tho 

alteration of hornblende to "saussurite” and from "saussurite” to ponnino 

chlorito. For example, there are no concentrations of magnetite in tho 

Hecla slides cooparablo with that illustrated in Figure 11, taken from 

one of tho Tomiskaming slides. As mentioned previously, this deficiency

in iron was probably Inherent in tho original pyroxene.



SHAG SILVER HD®

Introduction

The Shag Silver Hines Limited was formed to develop the Reinhardt 

claim under Cross Lake in lot 2, Con* V of Coleman Township, a claim 

which had hitherto been unexplored. The property is being developed 

from the former Cross Lake O’Brien shaft* Mr, Carl Reinhardt is the 

owner of the property and Mr* Leo J* O’Shaughnessy is the mine operator* 

Ono small, but very rich ore shoot, part of the O’Brien Cross Lake Ho, 

1 vein, was mined in 194 9 when 94,335 ounces of silver were produced. 

The writer spent one morning underground with Dr* Thomson and Mr, 

O’Shaughnessy and collected several specimens showing the alteration 

which is extremely well-developed at this mine, particularly on the 

270-foot level at co-ordinates 3100 feot south, 6150 feet east, Tho 

specimens studied in the laboratory were collected from this location 

which is about 260 feet above tho lower contact of the sill with the 

'’Keewatin”,

The rocks on the west and east sides of Cross Laho aro separated 

by the Cross Lake Fault which strikes northwesterly into Bucko Township 

and southeasterly through Kirk, Chown and Goodwin Lakes, Although the 

dip of the fault and the displacement uloi^ it are In doubt, it is known 

that tho east side has gone up relative to tho west side. The Kiolsslsg 

diabase outcrops on the east side of Cross Lake and is underlain by 

"Kborotln" roSka. A thin mdg, of Cobalt oonslonorato la exposal on tba

SO
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270—foot level ‘between the diabase and tho "Keewatin" roohj.

The samples collected for laboratory work are complicated by 

the presence of several subsidiary veinlets, each ono being loss than 

£ cm. wide and all of which have their own alteration envelopes. Thus 

tho alteration effects of several narrow veinlets aro superimposed on 

the alteration bands adjacent to tho main voin, tending to obscure 

the General relationships.

Diabase

Tho diabase at this locality of tho Shag Silver mine corresponds 

to the quarts norite phase of Satterly. It is characterized by the 

presence of enstatite - now largely altered to hornblende - and 

plagioclase feldspar. The latter has Leon sovorly altered to sericite 

but its original composition does not appear to have boon more calcic 

than medium labradorite. Enstatite was identified by its positive 

character, faint pleochroism, parallel extinction and 27. Soso of tho 

enstatite has altered to hornblende and thenco to biotite. Hinor 

amounts of apatite, pyrite, and titaniferous magnetite aro also present, 

quarts comprises loss than 1 per cont of the rock and occurs as isolated 

grains. Iio olivine was soon. Some of the hornblende has apparently 

altered to talc, the latter poikolitically enclosing laths of feldspar. 

The significance of this latter alteration is not Imown. As at tho 

former two mines, the ophitic texture of tho diabase Is well developed,

Uhito Band of Alteration

Tho white bands of alteration average close to ly cm. In widti. 

although all contacts are gradational. The mein factor obscuring the
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alteration sequences at this mins is tho presence of much coarse­

grained carbonate, epidote and clinozoisite* Whoro this assemblage is 

well-developed (as at the veinward edge of tho white zone) the ophitic 

texture of tho diabase lias been partly destroyed; at the outer edge 

of the white zone, tho ophitic texture io well preserved* Generally 

speaking, tho alteration sequences in this band are similar to those at 

the former two mines* Pyrite, quartz and apatite remain unaltered in 

this band while titaniferous magnetite lias altered to leucoxene* 

Hornblende, the alteration product of enstatito, has altered to a fine­

grained mas of carbonate grains with granular epidote and clinozoisite 

(“saussurite”), the two latter minerals giving the white colour to 

this band* The opidote and clinozoisite occur as very small blech spots, 

similar to those described at the Hecla mine (page S3); their white 

appearance in reflected light is striking* On tho outer edge of this 

band, the plagioclase laths are completely altered to a medium-grained 

felt of sericite flakes. Towards tho black band, the feldspars have 

been recrystallized to albite.

Black Band of Alteration

In the specimens examined, the black band of alteration averaged 

2 cos. in width and occupies its normal position between tho vein and 

whlto band. Once again, it is characterized by the presence of chlorite 

which corresponds optically to Pennine although not all of it shows the 

anomalous bluo interference colours characteristic of this mineral* 

Quartz and pyrite persist unaltered in this band while titaniferous 

magnetite has been further altered to leucoxene and titanite. Anat 1 to 

was not seen in tho sections eotanlncd. The plagioclase has been 

recrystallised to untataned alblto with but eOT flakes of carbonate ani
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sericite. Some of the albite is traversed, ’ey veinlot3 of coarse­

grained carbonate*

Although partial recrystallization has obscured sane features 

of the alteration, it appears evident tint the chlorite and associated 

carbonate represent the final alteration products of the ferro-oagnesian 

minerals* Furthest out from the vein, tho chlorite occurs as anhedral 

plates and masses whereas closer to the vain tho chlorite is rather well 

crystallized, occurring as slender laths. This letter occurrence is 

attributed to recrystallization. Both types are invariably associated 

with carbonate, similar to the other two mines previously described*

.Except for ths different colour of the chlorite in these sections, 

the above alteration sequences at the Shag Sil.ver nine correspond 

closely with those at tho Ten! shard ng and Hecla nines. However, 

super imposed on the normal white zone-black zone sequence is on assemblage 

of coarse-grained carbonate, epidote and clinozoisite (Figure 22). Sono 

of the carbonate grains measure 0.55 ran. in width. Individual grains of 

epidote and clinozoisite measure up to 0.5 mm. long and commonly show a 

senary structure as illustrated in Figure 23. This coarse-gained 

assemblage is concentrated both in and close to the black Lani where it 

is associated with chlorite and albite, and becomes less frequent 

towards the outer edge of tho white bond. It itself doos not form a 

separate sone but occurs as patches in the two bends of alteration. Its 

presence completely destroys the ophitic texture. It is interesting to 

note that the coarse-grained e. ldote and clinozoisite are not noticeably 

white in reflected light; it io tho fine-Grained epidote and clinosoisite 

formal through tho alt oration of tho ferro-^gnesinn minerals in tho whlto 

zone which give tho colour* to tho outer* bond.
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Tho occurrence of this assemblage of coarse—grained, epidote, 

clinozoisite and. carbonate scorns bettor accounted for by partial 

recrystallization rathor than by Introduction of material. Its 

association with albite supports this viewpoint. Setae of the coarse­

grained carbonate occurs in narrow veinlots which traverse laths of 

albite possibly indicating some introduction of carbonate after 

recrystallization. However, nono of the main veins contain epidote or 
clinozoisite. 'There the chlorito is associated with this coarse­

grained mineral assemblage, it (the chlorito) occurs as subhedral laths 

accompanied by coarse-grained carbonate. This fact leads the writer to 

suspect that the chlorite has boen partially recrystallized. To sum 

lip, the coarse-grained nature of the epidote-cllnozoisIte-carbonato 

assemblage, the crystalline character of tho chlorite, the prosenco of 

albite, and the lack of epidote and clinozoisite in the rain veins, all 

point to partial recrystallization having tdren place, tho labradorite 

(and sericite) recrystallizing to albite and tho "saussurite" to tho 

coarse-grained assemblage and chlorite.

Although, as mentioned above, tho relationships between tho two 

bands of alteration have boon scaewhat obscured by recrystallization, 

there is sufficient evidence to indicate that hero also tho black band 

is replacing tho correspond Ing white band. It is instructive to noto 

that even adjacent to the narrowest of the subsidiary voinlets (sone of 

which measure 1 ran. in width) the sane relationship holds true. 

Shapeless masses of chlorito can be seon engulfing areas of "saussurite" 

prior to replacing them. Tho occurrence of sone of the chlorito in 

distinct veinlots suggests that here the conditions of hydrothermal 

replacement wore somewhat more "violent" them at tho other two mines



where tho loci; of chlorite veins suggests replacement unlci* tore

static conditions.

Table 3 on the next pace illustrates the sequences of alteration 

for the constituent minerals of the diabase at the Shag Silver mine:



Sequences of Alteration at the Shag Silver Hino

TABLE 3

Fresh Diabase White Band Black Band

Labradorite

Sericite Sericite Sericite

Albite

Enstatite

Hornblende

Biotite

Hornblende

"Saussurite" "Saussurite"

Pennino and 
Carbonate plus 
recsy stall ized 
Epi dot o -Curb onate- 
Clinozoisite

Titaniferous 
Hagnet ite

Titaniferous 
liable t ite

Leucoxene and
Titanite

Leucoxene and 
Titanite

Apatite Apat ite
Quartz Quartz quartz

Pyrite T^ite J*git9____________
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Sucaxv of tho Alteration ai tho 31k/: 5liver Else

Except for the greater amount of recrystallization in the 

specimens from the Shag Silver mine, the alteration sequences aro 

similar to those described from the Temiskaming and Hecla properties* 

Quartz, pyrite and apatite persist unaltered through tho two bands 

while titaniferous magnetite alters to leucoxene and titanite, behaviours 

identical with the other localities. Another similarity is in tho alteration 

of the ferr o-magnesian minerals.

-Biotite----------------------- -  Pennine

Enstatite—-Hornblende-------------- -"Saussurite" —-Pennine, Carbonate
plus 

recrystallized 
Epidote-dinozoisite- 
Carbonate

Tho above sequence is very similar to those at tho other two mines, 

excepting tho original co^osition of the pyroxene. In each case, 

Pennine and carbonate represent the final alteration product of tho 

pyroxenes, "saussurite'’ being an intermediate stage. The lack of exuded 

magnetite in the alteration of enstatite to hornblende and from hornblende 

to "saussurite" is inevitable since enstatite contains very little iron. 

Undoubtedly, some of tho "saussurite" in the Whito band recrystallised 

to give the coarse-grained opidote-clinozoisito-carbonato assoxblrge.

In the specimens from tho Shag Silver nine, the foldspars first 

altered to sericite in tho uhito band and thon rocrystallised to albite 

in tho black band. The ophitic texture of tho diabaso persists to 

within tho white zono but is obliterated in tho blade sono duo to 

recrystallization.



"APLITS” AUD VEUT AT HODBD CHUTES

Introduction

The writer and Dr. Thomson examined a narrow ’’aplite” dike 

cutting an outcrop of ITipissing diabase about 600 feet north of the 

power plant at Hound Chutes in Block 25 of Gillies Timber Limit. In 

the centre of the ’’aplite” is a carbonate vein tip to 3 cms. wide which 

strikes 43°Ast. and dips vertically. The carbonate (mainly dolomite) 

is grey in colour and in places contains fragments of red "aplite”. The 

contact between the vein and ’’aplite” is sharp and distinct as illustrated 

in Figure 24. Ho silver or cobalt mineralization was seen in this 

particular vein or ’’aplite” but cobalt mineralization has been reported 

from another ’’aplite” less than 75 feet west.

Up to about l-g cms. from the ’’aplite” the diabase is darker than 

normal. This is followed outward by a zone l&j? cms. wide of white 

alteration which appears to pass through a very narrow zone of black 

alteration into the unaltered ITipissing diabase. The existence of this 

outer zone of black alteration is questionable as no laboratory evidence 

could be found to verify its presence. Indicated in the diagram below, 

are the representative specimens which were collected and examined with 

the microscope.
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white band

vein — — black band

unaltered Hipissing diabase

"Aplite*

(Plan)

Diabase

The relatively unaltered diabase which ferns tho host rock for 

tho voin exhibits a peculiar rot tied appearance on the weathered surface, 

illustrated in Figure 25, On the basis of field evidence this was 

attributed to a glcroropoxphyrltie texture - a segregation of tho 

labradorite laths and micrographic intorgrowth into clots (see Scroll, 

1948, p. 95) - which was subsequently confirmed with tho nicroocojo. 

is a result, the ophitic texture com on to tho diabaso of tho other 

localities (Temiglaaaipg, Hecla and Shag Silver Dinos) is not scon in tho 

specimens from Hound Chutes, The diabase consists mainly of secondary 

hornblende with clusters of labradorite laths and patches of micrographic 

intergrowth* Titaniferous magnetite, pyrito, biotite and apatite are 

minor constituents of the diabase. Tho feldspar laths, including the
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feldspar associated with quarts in micrographic intergrowth, have been 

badly altered to sericite with minor amounts of epidote and clinosoisite 

The hornblende presumably represents tho alteration product of original 

pyroxene, none of tho latter being present in the slides examined. 

Apatite occurs in long needles oceassianaly 0,9 ana, in length and is 

closely associated with quarts. Some of tho biotite may bo primary but 

much is deuteric in origin,

'White Band of Alteration

Tho white band is IS*- cos, wide with an overall grey colour but 

examined closely it has a distinct mottled rod appearance due to tho 

presence of finely divided hematite in tho feldspar. The laths of 

plagioclase can be distinguished with tho aid of a hand lens, Figures 

26 and 27 show the "aplite" and vein cutting tho Hipissing diabase, 

tho white zone standing out particularly well •

Ho change in mineral composition is noticeable until slide 50010 

is reached (see Table IV), that is, slightly inside the outer edge of 

the white band. Hero, the red coloration of tho feldspar first becomes 

apparent, ponnine is tho only ferro-magnesian mineral prosont, and 

sorlcito has begun to alter to albite giving tho feldspar laths a 

fresher appearance} the texture is unchangod from that of tho relatively 

unaltered diabase, Tltanlferous magnetite has begun to alter to 

loucoxone while quartz, apatite and pyrlto remain unaltered, 

monographic intergrowth is still plentiful. Abundant carbonate is 

associated with the Pennine. The latter two minerals occur in anhedral

masses and voinlots between and around the feldspar laths.
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In tho ne:t slide inward, 59006, tho feldspar is recrystallized 

albito, Pennine end. carbonate represent tho forro-raagnesian Minerals, 

and titaniferous magnetite has completely altered to leucoxene 

preserving the grid-lUce structure (Figure 28). quarts end micrographic 

intergrowth are sparse and there are several laths of apatite and 

grains of pyrite. As a result of re crystallisation, tho grain siso has 

increased slightly.

In tho inner.most slide of the white zone, 50007, quartz and 

micrographic intergrowth aro absent. The roc* is composed entirely of 

albite, chlorite and carbonate, leucoxene and minor apatite. Tho albite 

is very frosh in appearance except for the dusting with hematite. Pre 

to recrystallization, the texture in this slide is entirely different 

from that of the unaltered diabase.

iXio general tronda of alteration in the white hand emerge from 

the description above. The first is the gradual diminution in quantity 

of quartz and micrographic intergrowth as one goes from tho outer to 

tho inner edge of this band. The second is the gradual change in tho 

plagioclase from labradorite in the unaltered diabaso through sericite 

to albite at tho inner edge of the white band. The change in texture 

is due to recrystallization. It will be noticed that the white colour 

of this hand is not due to the presence of '’saussurite”. Enamlnaticn 

of this series of slides indicates that tho white colour is due tc tho 

increasing abundance of feldspar, especially the re cry at alii sod albito, 

ani tho mottled rod colour to tho presence of finely divided hematite in 

tho feldspar.
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Black Band of Alteration

A specimen from the black band of alteration was kindly donated 

by Dr* Thomson.. Its mineralogical composition is listed in Table 17 

and. it can be seen that it presents anomalous features. Titaniferous 

magnetite is completely unaltered, quartz is more abundant than in 

50007, the feldspar is oligoclase-andesine, and the ferro^nagnesian 

minerals are represented by hornblende which has altered slightly to 

“saussurite” - an assemblage of fine-grained carbonate, epidote and 

clinozoisite. It resembles very closely the unaltered diabase, 

typified by slide 50005. Its origin might well be explained by 

recrystallization except for the texture which in places is ophitic.

“Aplite”

The red coloration reaches its maximum development in a band 2

or 3 cms. wide adjacent to the voin. Hero, tho rock is composed 

dominatcly of plagioclase feldspar determined optically to bo albite. 

Pennine and carbonate are closely associated and occur in narrow veinlets 

and irregular masses around the feldspar grains. I*uch of tho carbonate 

has been introduced. Quartz, micrographic Intergrowth of quartz and 

feldspar, and apatite are absent, pyrite remains unaltered and titaniferous 

magnetite is represented by leucoxene.

Thus there is a complete sequence (neglecting the black zona) of

mineral changes from unaltered diabase to a rock which otherwise would

be described as magmatic in origin. The toxturo of the frosh diabase 

persists to about the middle of the white band whero it is modified by

recrystallization.
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In hand specimen, there Is a thin seam of chloritic material 

between the vein and '’aplite”* In thin section, this scan averages 

1.5 to 2.0 ran. in width and consists of Chlorite, quartz, carbonate, 

tltanlferous ciagnetito and a few cubes of pyrite. The chlorite occurs 

as bladed crystals either singly or in aggregates between which Cie 

quartz occurs as fine-grained interstitial cantorial. Tltanlferous 

monetite - now airiest entirely altered to leucoxene - occurs as 

irregular casses and volnlets cutting the groundmass.

The above mineral sequences are listed in Table 4 on tho next

page:



table: 4

Sequences of Alteration at Hound Chutes

Fresh Diabase Outermost White
50011 50010 50008

Innermost White
50007

Black Band "Aplite"

Labradorite

Sericite Sericite Sericite 
(sous albite)

Sericite

Albite Albite Oligoclase Albite

Augite

Hornblende

Biotito

Hornblende

"Saussurite” "Saussurite"

Pennine and 
Carbonate

Pennine and 
Carbonate

Pennine and 
Carbonate

Hornblende

"Saussurite"

Pennine and 
Carbonate

Sericite^ 
(graphic

Quartz J

Sericlto 
graphic

Quartz ,

Sericltd)
/graphic 

Quartz )

Soricito) 
/graphic

Quartz )
(sparse)

*•

Tltanlferous 
magnetito

Tltanlferous
Magnetite

Tltanlferous
Magnetite

Leucoxene Loucoxene Leucoxene

Tltanlferous
Lagnotito

Leucoxene Loucoxene

Apatite Apatite Apatite Apatite Apatite Apatite 
(sparse)

*

Pyrite Pyrite Pyrite Pyrite Pyrite Pyrite Fyx-ite

Quartz ( Quartz Quartz Quartz Quartz Quartz Quartz
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Summary

Detailed, laboratory work regarding the origin of the "aplite” 

lias substantiated tho view of hydrothermal replacement first advocated, 

by Bast in (1935), a similar' origin being postulated by Goodspeed (1939, 

p. 7) for "aplite* dikes in the Cornucopia district, Oregon, It is for 

this reason, following Bastin, that the word aplite is enclosed in 

quotation marks to distinguish it from a rock similar in appearance 

formed by true magmatic procosses. Omitting for tho moment the black 

zono of alteration which shews anomalous variations, there is a gradual 

transition in mineral composition from diabase to ’’aplite”, replacement 

sequences which are listed in Sable 4. These mineral changes roach 

their maximum development adjacent to the voin where albite is the 

dominant constituent and tho red coloration is most apparent. It 

seems clear, then, that the ’’aplite” dike is a product of hydrothermal 

replacement outward from a fracture, rather than of straight magmatic 

origin. Tho mineralogy moreover differs from a normal aplite, which 

contains essential quartz.

There are several differences in the alteration at Hound Chutes 

as compared with the alteration at tho Teniskaminy, Heeia, and Shag 

Silver mines. The first is the presence of hematite and therefore a red 

coloration at Hound Chutes. The second concerns the differences in 

mineralogical composition in tho white zone, tabulated below:
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TemislcBining Hino Hound Chutes

Feldspar sericite with more or 
less epidote and 
clinosoisite.

sericite on the outer 
edge, albite on tho 
inner edge. Increasing 
abundance of albite 
towards the inner edge.

Ferro-magnesian 
minerals

’’saussurite" plus 
magnetite.

"saussurite” on the 
outer edge only;
mainly pennine and 
carbonate.

Tltanlferous 
magnetite

leucoxene loucoxene

Colour duo to ’’saussurite” 
especially opidote 
and clinozoisite.

albite

However, it is instructive to note that the alteration sequences 

in both localities are, broadly speaking, the sane. For example, the 

alteration of the ferr o-magnesian minerals at the Ten!shaming mine Is as 

follows:

-Biotite---------------------------  Fenn ine

Augite---- -Hornblende----------------- -"Saussurite"---- -Pennine and Carbo A.

Similarily, at Hound Chutes, hornblende has altered to "saussurite" and 

thence to Pennine and carbonate which, however, are much more widespread.. 

Tltanlferous magnetite has altered to leucoxene at both localities.

Recrystallized albite (or oligoclase) does not appear at the Temiskaming, 

Hecla, and Shag Silver mines until the black zone whereas at Hound Chutes 

albite is the dominant constituent of the white band., increasing’ in
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abundance as the vein is approached. However, the general sequence of

alteration of the feldspars is similar, namely:

labradorite sericite i epidote and clinozoisite-----albite

The second main difference is that albite gives the white colour to the 

band at Hound Chutes whereas epidote and clinozoisite ('’saussurite”) do 

the same at the other localities.

It appears, therefore, that in the main silver-producing 
areas at Cobalt and South Lorraine, wall-rock alterations 
bordering the veins are similar in most respects to those 
observed at Elk Lake and Gowganda, but only in a few places 
are they accompanied by strong hydrothermal oxidation and the 
development of red coloration in the diabase, i. e., ths 
formation of ’aplite* or ’red rock*. (Bastin, 1935, p, 730).



Summary of the Alteration at Butto, Montana

Before proceeding to a description of the mechanics of wall rock

alteration, I shall insert a brief sugary of tho wall roar alteration 

along tho ore-bearing veins in the quartz monzonite at Butts, LZontana®

Although not precisely the sama, the alteration effects in these two

mining camps are very similar® This can be seen by comparing Figaro 1

of this thesis with Figure 1 on pogo 5 of the 1346 paper by dales and

Heyer*

At Butte, successive zones of sericitized and argillized 
quartz monzonite occur around every ore-bearing fracture 
regardless of its size, attitude, or relative ago. The two 
typos of alteration always occupy tho same relative position; 
sericite adjacent to the oro-bearlng vein, clay minerals 
always between the sericitized rock and fresh quartz monzonite, 
except where overlap of alteration effects between adjacent 
fissures has eliminated tho lower grade mineralogical products, 
as is the case in much of Butte’s Central zone of pervasive 
sericitization® (Sales and Moyer, 1948, p® 1).

The argillized zone at Butte shows three phases: a white Isol hi it o-rich

portion in contact with the sericitized zone, a dark band of montmorillcnito-

rich and nontronite plus all ophane-hisinger it e-boaring plagioclase and

hornblende alteration adjacent to fresh monzonite, and a lighter green

'’mixed clay” band between. As at Cobalt, the contacts between all the

phases are intergradutional.

According to Soles and Hoyer (1949, p® 468), replacement of tho 

wall rook by vein minorals has boon the dominant process of voin formation 

at Butte. T-ie growth of a vein, therefore, is essentially tho final 

stage of tho alteration process. Whore quartz and. pyrite form tho 

marginal facies of a voin, they encroach by replacement on the wall rock

silicates.



CHAPTER III

USCHAITICS OF HYDROTHERMAL ALTERATIOU

Thera aro two different opinions regarding tho mechanics of 

hydrothermal alteration; one is championed, by T. S. Levering, the 

other by R. H. Sales. In the East Pintle districts Utah, levering 

recognizes five stages of hydrothermal activity, each stage being 

induced by a different solution.

The replacement ores comnonly have a casing of pyritic 
jasperoid which in turn is surrounded by an envelope of 
hydrothermal dolomite. Sericite is abundant close to tho 
ore and clay-mineral alteration is cannon locally at tho 
outer edge of the Jasperoid. This zonal arrangement is 
probably the result of different solutions which followed the 
sane path at different times. (Lovering* 12-^9, p. 1).

It is often tacitly assumed that the hydrothermal alteration 
associated with oro deposits is essentially contemnoruinous with 
ore deposition - that tho different mineralogical zones in tho 
surrounding rochs may be regarded as reaction rl:s representing 
tho diminishing activity of tho powerful solutions that 
deposited the ora. This interpretation contrasts with that 
'.which ascribes tho various alteration zones to differing 
solutions whoso periods of activity have been separated by 
appreciable time intervals. Tho evidence in tho Tintic district 
has led the writer and his collaborators to the latter view. 
(Levering, 19A9, p. 3).

Tho other viewpoint — that of one solution causing tho entire 

alteration was expertly presented by Dr. Sales in a discussion given at 

the meeting of the A. I. II. E. held at the Colorado School of Linos. 

Since tho evidonco at Cobalt favours this latter node of origin, I have 

made free use of Dr. Salos’ paper In tho follaving, modifying his 

conclusions to fit the Ccbalt occurrence. In Figure 31, A-A represents
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Figure 31

A B B’
•

G c* 
9

X o »w f

X o — r

.V X y Frosh diabase

9

a — 9

• 1
A 3 B» 0 c*

a joint or quartz-carbonato voin in tho diabase sill with attendant 

alteration bands as tho? occur at Cobalt and as wore described previously 

in this thesis. Under hydrothermal attack, at a given moment of time, 

wo may assume tho chlorito zone to have advanced to B-B and tho '’saussurite” 

zone to O-O. As long -s tbs wall rooi: is under solution attack, tho 

zones cannot remain stationary but must move outward free tho conduit, 

the chiorito zone invading the inner edge a? tho “saussurite” zone, and 

tho latter encroaching on fresh diabase. At tho ond of hydrothermal 

activity, wo can assume tho zones to havo migrated to B’-B* and C’-C* 

respectively. Tho limiting factor on the final widths of the two zones 

io tho length of time over which hydrothermal activity occurs, although 

as pointed out by Salos, “it is concoivablo that changes in tic chemical 

composition of tho solution from timo to tins might hive an of feet upon 

the comparative widths of individual zonos”.

It is oL.lous, however, that at any given moment chiorito and

“saussurite” are forming simultaneously at their respective fronts but
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at tho expense of earlier formed, minerals at the veinward edge of tho 

next zona (or frosh diabase) ahocd. In spite of this encroachment of 

ono zone upon tho next, we aro not Justified in concluding that the 

white band is the earlier of the two bands of sit oration# Collectively, 

the chlorite zone from V (Figure 31) to B* and tho "saussurite" zone 

from B* to C’ wore formed during the same period of time, that is, 

during tho period of time over which hydrothermal alteration was active.

In sumaation, then, the wall rock diabase is unstable against 

solution attach. The chlorite zone becomes the stable zone and 

represents the finished product; tho "saussurite” band is tho 

"preparation” zone and represent s the zone of breakdown of the minerals 

caused by the attacking solution. Obviously, the "saussurite” zone 

mast migrate outward as long as tho solution attach continues.

Although this mechanism was proposed by sales to explain tho 

vzull rock alteration along veins in the quartz monzonite at Butte, it is 

likewise eminently suited to explain the alteration along Joints end 

quartz-car bo rate veins in the IJipissing diabase sill at Cobalt. '.Thor ever 

the alteration is soon, the two bunds always show tho some spatial 

relationships: chlorite zone adjacent to the voin or fracture and 

"saussurite” zone between the chloritized rock and fresh diabase except 

where overla> of alteration effects between adjacent veins or fractures 

tins eliminated the lower grade mineral assemblage. Ko faulting or other 

evidence of any time break separated the development of tho two bonds. 

Cansequontly, tho writ ex* favours the above mechanism to account for tho 

observed alteration rathor than the one proposed by Lovorin; which doos 

not appear to bo applicable to oxplain this typo of alteration at Cobalt.



SUTZLuiY ADD COrOLUSIOHS

As the laboratory worh: carried out on this problem progressed, 

the writer was reluctantly forced to conclude that this thesis Lust servo 

only as a preliminary survey of the well roch alteration along joints 

and veins in the ITipissing diabaso sill at Cobalt# As such it has 

raised a great may more questions than it ins answered.# This, however, 

is inevitable in a report of tills hind. For this reason, ouch locality 

has been described separately rather than one description embracing the 

four localities. This has made this thesis unnecessarily long perhaps, 

but under the circumstances it was considered, tho best plan of attach.

Omitting for the moment the ’’aplite” at Hound Chutes, certain 

general features of tho alteration coman to the other three localities 

have emerged from this worh:

(1) This type of wall rock alteration is very consistent from tho 

upper to the lower contact of the sill and also over wide horizontal 

extent# Joints and veins in tho sill ore characterized by a blade band 

adjacent to the joint or vein and a white bawl between tho blach bund and 

frosh diabase. These two alteration bands always show this same spatial 

relationship except whore overlap of alteration effects between adjacent 

veins or fractures has eliminated the lower grade mineral assemblage#

(2) The inner band is characterized by the development of pennino whit 

gives the bias*' colour to tills band. Tho chlorite is invariably 

associated with carbonate# The plagioclase feldspars Levo boon altered to
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Pennine or in more extreme cases (e. g. Shag Silver mine) they have been 

recrystallized to albite* The black band represents the higher grade 

mineral assemblage.

(3) The outer band is characterized by the development of ’•saussurite” - 

an assemblage consisting of epidote, clinosoisite, carbonate plus or 

minus sericite and magnetite. The first two minerals give the white 

colour to this band of alteration. It represents the lower grade mineral 

assemblage.

(4) Contact relationships indicate that the chlorite zone is encroaching 

on the "saussurite” zone. Tills, however, does not mean that any time 

Interval separated the development of the two bands of alteration - they 

are essentially contemporaneous and were formsd from the same hydrothermal 

solution.

(5) The geological situation of a joint or voin in the diabase sill 

appears to have had a noticeable effect on the subsequent alteration. 

For example, specimens from near tho lever contact (Shag Silver mine) 

are characterized by a greater abundance of epidote and clinozoisite than 

are specimens from near the trip or contact of tho sill (Temiskaming mino). 

The specimens from the Hecla mine are intermediate in this respect.

(6) The alteration bands are genetically connected with tho veins and 

their metallic content. IThother the alteration along a productive vein or 

ore shoot is always different from that along an unproductive vein is, as 

yet, unknown.

(7) It is tentatively concluded that tho hydrothermal solutions causing

the alteration wero slightly alkaline and were characterized by tho
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prosonco of calcium, magnesium, potassium, and tho carbonate radical 

although the abundance of each varied in different purto of the sill.

Similarily, from tho study of tho vein and "aplite" at Hound 

Chutes, certain features havo emorgeds

(1) Detailed examination with the microscope indicates that tho 

"aplite" is a product of hydrothermal replacement rathor than of 

straight magmatic origin, and cannot bo considered a true aplite as 

defined by Johannsen (1939),

(2) Generally spooking, the alteration sequences adjacent to the voin 

and "aplite" at Hound Chutes are similar to those at the Temisitaming, 

Hecla, and Shag Silver mines. The main difforonco is that at Hound 

Chutes tho solutions were strongly oxidising, converting ferrous silicates 

to hematite and henco a rod coloration.

(3) It seems reasonable to conclude that both the "aplito" and voin 

wore formed from tho same solution, tho vain forming during tho final 

stages of hydrothermal activity. Where metallic mineralization is 

present in tho vein, the sequence would be "aplito", then the vein, and 

finally metallic mineralization. It is interesting to note that in tho 

highly productive area of Cobalt there aro no occurrences of aylitlc 

material whereas in tho UI- Lake region whoro "aplites" aro abundant, 

silver mineralization is much loss prominoat.

It will readily bo soon ttet much more work is necessary before 

a complete understanding of this problem is achieved. As Cobalt is at 

present experiencing a "boom", it is possible that many of tho reinos 

with extensive workings in tho diabase will bo pumped out enabling a
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noro oztonsivo suite of specimens to be collected* It is the writer’s 

opinion that the exact location of oil specimens must be known; 

specimens from mine damns would bo of little value in a more dote Hod 

description of this type of alteration* If possible, this should be 

done in conjunction with a detailed examination of the sill itself# 37 

do ins so, the effects of the different phases of tho diabaso cn tho 

subsequent alteration might be eliminated. Prom this, one slight be able 

to determine whether the alteration along a productive vein is different 

fran that along an unproductive vein, information of extreme importance 

in exploration*

Tho importance of a complete understanding of wall rock alteration 

cannot bo minimized* First, there is tho scientific importance which is a 

long range viewpoint as far as finding new orebodloa is concerned* And 

second, there are the practical applications which Involve a study 

directed toward the nature of rock alteration accompanying the deposition

of ore minerals*
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DESCRIPTIONS OP PLATES

PLATE I

Figure 1. Specimen from the Hecla nine showing the alteration. Collected, 
from the dump at tho shaft. Scale is divided in inches.

a - quarts-carbonate vein
b - black band 
c - white band

Figure 9. Scam of Pennine chlorite between calcite voin and diabase. 
Temiskaning nine. Crossed nicols. XI7^.

cv - calcite vein 
p - pennine

PLATE II

Figure 10. Titaniferous magnetite, epidote end clinozoisite grains, 
carbonate (cv). Temiskaming mine, white band of alteration. 
Crossed nicols. X72.

Figure 11. Exuded magnetite in Pennine. Tomiskaeixc mine. Black band of 
alteration. Ordinary light. X72.

PLATE III

Figure 12. Euhedral crystals of quarts projecting out from the wall rock 
into the carbonate which occupies tho control portion of tho 
voin. From a prospect pit at the north end of Kirk Loire.

Figure 13. Occurrence of hematite in quarts. Hecla nine. Ordinary 
light. X50.

PLATE IV

Figure 14. Occurrence of hematite in quartz. Hecla mino. Crossed 
nicols. X6£.

Figure 15. Occurrence of pyrite in the vein. Hecla mine. Ordinary 
light. X72.

ch - chalcopyrite
py - pyrite
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PLATS V

Figure 16* Occurrence of chalcopyrite in tho vein# Hecla nine* Ordinary 
light. X72.

ch - chalcopyrite 
py - pyrite

Figure 17. Inclusion of Pennine in the voin. Hecla mine. Crossed 
nicols. X&J.

PLATS VI

Figure 18. Solation of biotito to hornblende. Hecla nine. ".bite bend of
alteration. Ordinary light. X72.

Hb - hornblende 
3io - biotite

Figure 19. Spldoto-clinosoisite alteration of plagioclase feldspars.
Hecla mine. Ahite band of alteration. Ordinary light. X72.

PLATS YU

Figure 20. Relation of biotito end hornblende to "saussurite". Hecla 
mino. IThite band of alteration. Ordinary lir^it. X72.

Hb - hornblende
Bio — biotite 
Sau — "saussurite”

Figure 21. Tltanlferous magnetite altered to leucoxene but preserving
the original grid-li re structure. Hecla Mino. Blade band 
of alteration. Ordinary light. X72.

FLATS VIII

Figure 22. Assemblage of coarse-grained carbonate, epidote end clino eoislto
Shag Silver mine. Crossed nlocla. X72.

cv - carbonate 
ep ~ epidote 
cl - clinozoisite

Figure 23. Zoned epidote-clinozoisite crystal. Shag silver mine. Crossed 
nicols. X72.



70

FLATS IX

Figure 24-o Contact between tho vein end "opllto” at Hound Chute-Jo 
Cronaod niccls* XL?£.

Figure 25. Weathered surface of tho ITipissing diabase at Hound Chutes.
Hotice the mottled appearance. The scale io 12 inches long.

PLATH X

Figure 26. Photograph of the to in and "aplite" at Hound Chutes*
TTotice tho white band of alteration* Looking northeasterly.

Figure 27. A. closer view of tho vein and "aplite" at Hound Chutes.
Hot ice the white band of alteration end the mottled appearance 
of tlie weathered surfaco of the diabaso. Tho scale is 6 
inches long, looking northeasterly.

PLATS XI

Figure 28. Titaniferous magnetite now largely altered to loucarone but
preserving the original grid-like structure 
Slide 50008. Ordinary light. X72.

Hound Chutes

Figure 29 Hap ids on the Montreal Xivor at Hound Chutes.
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PLATS I

Figure 1

Figure 3.
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SLATS II

Figure 10

Figure 11
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HATE III

Figure 12

Figure 13
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W-TS 17

Figaro 14

ri^v 15
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PLATS V

Pigure 16

Plcure 17



SLATS VI

Plcuro 10



77

PLATS VII
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Fifur# 25



79

Fl^ux’O 34

Figure 35



PLAT] X

eo

Figure 26
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Jj^uyo 23

FiGUTO 29


