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INTRODUC TION

| The Lake Fortune Mine is(situated in the SOuthwest
quarter of Boischatel township in the Province of Quebea.
A more éxact 1ocation is givéﬁ by a key map shown on the
next page. | _ . V‘ | A,  i;{ -
| | This.proparty'Was the“firat tc be locétédnin
Boischatel township for'mining‘pﬁrpoées as early aé*lBO?.
Three years later a small steam-electric plant was installed
- to drive a four«atamp mill and a shaft was sunk to 150 feat.
In 1911 the pmoperty'was closed down nntil 1923 when another :
shéft was. éunkvon a small high-grade vein, In 1927 about
5000 fest of diemond drilling was dome.
. The object of this thesis 1s to make a petrographic
: etndy or all the ditferent rock types on the property and to
. bring out their relation to the gold bearing quartz veins  ';
”?f‘wherever possible to serve as a basis in future exploration .
work. R - |
The writer wishes to expiess ﬁiéiappreeiatiOnttoL 
Messrs. Alderson and Hackay for the'pézmieéion’tc use aliig\H
available data on the property such as mapa drill core o
.records etc., and also %o Dr. Winchell for his suggestions‘
and advice in the preparation of this thesis. o
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GENERAL GEOLOGY

The geological sequence'of events given'in the
'table below im not béﬁed entirely on information obtained
within the small area under 1nvestigation but the strue-

tural relations of the district as a whole have been taken

into conaideration.

Table of Formations

Quaternary (Posteglacial clays and gravel)

Upper Huronian (CObalt aediments)
. | Unconformity -

Lo . (0livine lamproPhyre ?

A ooy (Quartz velns

Pre~Cobalt "(Tourmaliniierous, quartz-feldspar porphyry
-~ -~ - . {(reldspar porphyry L
(Titanite feldspar porphyry h
,(Quartz diorite L

Folding — Unconformity
(Vblcanic agglomerate

Keewatin (Andesite
. (Anganite



STRUCTURE

The Keewatin lavas which are repreeented here as
volcanic agglomerate, auganite and andesite are highly |
folded end dip eteeply to the north.n The exact aip conld“}lt“'
not be determined definitely since the area hes been sub-f'
Jected to intense regional metamorphism which hae almoet
‘completely obliterated the flow contacts.’ Ascording toA
the "Summary Report of 1922, Part D“l of the Canadian _
Geologieal Survey,;which describes the general structure L
ofVthe“régieh;’theee'floweiform*a pert ofwfhe‘ee&th 1imb
of an pverturned‘syneline.: fhere weefnot<euffieientrev1-

dence within the small area under investigation to confirm

this conclueion.yv

The foldin} has setﬁup great atreeees ﬁhich

‘ proﬁuced large fanlte.;"They are quite conepicuoue on the

ﬁeurfaee since the movements along such planes of weakness

‘rhave produced shear zones which attain 200 teet in width
in some caeee.‘ The direction of the horizontal movement is
‘indicated by‘numerone minor drag folde within the shear
:zonee.v—mhe north eide of the different faulte has moved
eastward ielative to the south side. The direction of the
vertical movement as indicated'by its relation to foleing
is such that the north side of the different faults has

moved upward relative to the eouth gide,

1. Cooke, H.C., Opasatika Map-Area, Timiskaming County,
Quebec, pp. 19-74, ‘ .



throughont that time and even afterLthe 1ntrusion of the :
4'dykss, which proauoed shearing, but;not}any

The strike of these faultg'Qafies from due west
to N.'60° W. and the dip ranges frdm 460 to 80° N. No
evidence could’be found on the surfade‘or by dismond drill-

ing by which the aetual emount of displacement could be

 determined.‘ L

This perioﬂ of folding and faulting was followed
by a aaries of intruaive dykes of quartzdiorite, porphyries,
and 1ampr0phyre. Some of these dykes which intersect the

faulted and sheared zones, are equally sheared and highly

»ﬁ‘altered; yet it has not been possible to determine any , i

nnticeable displaeement. The conclnsion reached here is , g

; that the major fault movements had almost ceased at the

time of the intrusion, but that minor adjustmsnta continued

vappreciable dis-

placement, Also, much of the alteration of,the aykes within‘
~ the shear zogelmay,bé gttribntedwto fhe action of hydrothermal

aolutioné, so that very little.sﬁearing movémeht was necessary
to pr§duce th;s\mineralogical chenge. )

’ The quartz veins and quartz-carbonate veins, which
were formed as a later phase of the porphyry intrusioné,

occur within the shear zones or in fragtured'zones. These
veins have been subjected to a 1ate£ movement which pfbduced
fractures and provided openings for the infiltration of the
gold-bearing solutions. The amount of fracturing produced

in the veins has to some extent a direct bearing onm the gold
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content of the veins. They vary in width from mere stringers
a fraction of an inch to ten feet wide. Drillingvhas,indicat-
ed that the veins rake to the east. S o

After this period of 1ntrusion there followed a
long reriod of denudation and then a period of submergence
during which the Cobalt sediments were 1816 aown. Later the
area was again uplifted and the sediments are now exposed on
the surface. A conspicuous unconformity exists where the
nearly horizbntal almost unalterea sediments rest on highly
alterea steeply 1nc11ned 1ava flowa. This nnconformity is
exyosea at the foot of Swinging Hills, about three miles
west of ﬁhis area.} .

4 block diagram of the entire property is shown on
the following page.’ It is intended to represent the structure
 ‘;as nearly as possible from the data obtained by diamond

drilling. e Ry
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PETROGRAFHY

- The following chapter containa anpetrographio.
description of the different‘rock'ﬁypee; Some of the rocks
show a considerable amount of alteration when examined 1n |
thin sections, but in moat cases ‘they contain-enough-of
their original mineral constituente to clessify them. They
are described in their order of formation beginning with the
Keewatin volcanics.'
R Augeni te

Slide No. 28 - Station 49 + 100';_ 100 W

Slide No. 46 - Station 61 + 1007 | |
: y: hand specimen of thie rock does not differ
naterially from one described below aa andeeite. Microsoop~

ically it differs a gread deal. ‘The rock consists of emall ,

.lath-like crystals of partly altered feldspar which give the%u.

rock an Ophitic appearance. The foldspar was found to be .
more basic than that in andeaite. Its composition, as
'obtained by‘meaeuring egualfextinotion angles and comparing
its index with that of quartz, was found to be intermediate
between andesine and labradorite or Abg,dng,. The ground-
mass consiststofﬂchlorite, oalcite, and epidote with a small
emount of secondary qnartz, The rock has been slightly

fraotured and the fractures filled with carbonate.
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Andesite

Slide No. 12 - Station 2 + 20°
This rock consists of small subhedral crystals of

feldspar embedded in a hypocrystalline to glassy ground mass.

‘Some of the la:gerpfeidspar grains are orthoclase and are

characterized by(BayenQ twinn1hg. Most of the feldspar is
acid plagioclase and approaches the properties of aﬁdesine
AbsgAnés. The extinction angle meaaurea from the optic plane
to 001 cleavage in a section 1_to Z is 140, 1iuch of the
feldspar ig altered, Any ferric minerals originally present
in the rock have’heen completély altered to chlorite; There
is slso a large amount of carbonate present, mostly calcite.

The amount of carbonate present appears to be considerably

more than what could possible result from the breaking down
‘of 1ime~bearing minerals.‘ It seems therefore logical to
conclude that a 1arge part of the calcite has been introduced.

"f fThere is also some fine granuler quartz present which is

possibly resiﬁual.‘ Pyrite 13 irregularly and sparcely digs-
seminatea thronghout the rock.

Slide No. 25 -~ Station 38 - 100' + 70' E.

This sample is similar to No. 12, but considerably
more altered, It was obtained from about the centfe of the
shear zone. The constituent minerals are guartz, calcite,
chlorite, sericite and pyrite. _The feldspars are almost
completely destroyed. |




Slide No. 26 - Station 31 - 165! ¢ 10% W.

”Sg@pigvmp,_zé;wgs obtained f?om Ksewat1nff1ows near
the quartzdiorite contact. It is altered even more than
gsample No. 25. The feldspars are alterxred beyond recognition.
The main conatituents are chlorite and calcite with minor “
amounts of epidote, zoisite, quartz and small clnstere of ;
nearly opaque material possibly produced by the separation *
of iron from some of the basic constituvents. |

The last two‘siides‘illustréte the futility in
attempting to claasify a rock when hardly any of the original
constitnents remain.' In sample Ho. 12 there are sufficient

remnants of the original minerals to detarmine the rock with

some degree of certainty. However, in the two latter samples"

it is only a faint outline of the original texture that in

faome respects resembles slide Ro. 12...

‘ ‘ Vblcanic Agglomerate L ,
A Slides No. 49 and 50. Station 63 % 100'

‘ An outerop of this type of rook occnrs near the
,;northwast,eho:g;ofigepan;t;nake, 4 narrow strip about 75 feet
wide and exposed for 300 foet in 1ength‘may be seen on the
side of a hill.,(r | |

The 1nc1uded fragments are rounded and angular.-
They consist of quartz,,granite and lavas ranging in size
from minute fragments to pebbles three inchés in diameter.

They give the rock the general appearance of a conglomerate,




yot the pebbles are not assorted in any way to determine
top or bottom. rFﬁrthermore this agglomerate lenses out
sharply to the east between two lava flows.

| Examination of the groundmass in thin sections
shows considerable alteration. The reéulting minerals are
-chlorite, epldote, sericite, calcite, and gggrtz. The tex-
tur@ and general appearance bf‘thekgrqundmass undexr the
" microscope very strohgly suggests a volcanié origin of the
material, | |

Quartz Diorite

Slide No. 17 -~ Station 14 + 10' + 40' W.
slide No. 44 - Drill Hole No. 12 at 100°

This rock is considerably altered near the surface

~ and along the contact with the Keewatin laVas. Samples were

Vtaken f£rom a drill core 100 feet below the surfaee ana about
- 100 feet from the contact which show still some remnants of

r_the original mineral constituents.

The textnre of the rock is granitic.; The mineral

“ p&rticles are holocrystalline and medium grained, They show
,1 a slight amount of 1nterpenetratimn. |
o The chief constituents are felﬂspar and hornblende
‘with a small amount Qf quartz. o N

The feldspar is almost completeiy altered into a
mass of saussurite consisting mainly of epidote and zoisite.
A few of the grains are cbmpérafivély unaltered so that the

twinning bands can still be recognized. As‘nearly as could
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be determined by means of measuring equal extinction anglés
and comparing the index of refraction with that of quartsz,
the feldspar was found to be andesine, Aby.An,.. «‘miiére was
also & small amount of orthoclase noted. The amount of
quartz present is estimated to be about 5 to 10%

' The amphibole in this rock consists of ‘a pale green
strongly pleochroic variety of hornblende.v The maximum ex-
~ tinction angle-was found to be 230, ‘The hornblende is partly
altered to chlorite. | o | i |

| ' In slidéfﬂd. 17 a mineral was noted which consists
of an infefgrowthgof've:miculaf quartz end plagioclasé feld-
spar which wasr&eterﬁined;to‘bé'oiigbéiése; Jit'was”first
described by Sederholml geveral years ago‘}whé~ca11ed this
pecnliar intergrowtb of the two minerals myrmekite¢ Seder—
l,holm found this to be a product of recrystallization from
| potash feldspar and 1t is genarally believed to be secanaary.
Some of the other alteration products noted are small amounts
of ealcite and sericite.‘ R o Tate

The acoessory minerals are ilmenite ‘megnetite, emd

pyrrhotite. Ilmenite has been partly'alterea to leucoxene. -

Porphyries

There are three distinctly different kinds of vorphyry
on this property. They are posgibly;dertved from the same

l. Sederholm, J.dJ., On Synantetic Minerals and Related
Phenomena, Bulletin No. 48, De La Commission Geologique

De Finlan de, 1916.
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reservoir but have been brought into their present‘position
at different time intervals. It has not been possible to
disclose sny structural evidence in the field Which‘would
prove their relative age; however, it was possible to reach
some conclusion by means of texture, acidity, snd accessory

‘1 minerals as to the possible order in whichfthey‘have been
intruded.  Wherever these dykes cut across the main shear zone

- they are very much altered and sheared even the youngest of
the three, g;t there 1s no apparent dlSplacement of the dykes.
Nevertheless,thevshearing of the dykes weuld indieate that

they were intruded before or during the period of shearing.
They are described below in the order in which they are be-

. lieved %o have formed.

”’s;i;'kzkw"311aeé‘mo. sztﬁfstation 42 + 100" + 100" B.
l. Titanite Feldspar Porphzgz occurs at 100 feot

NE of Station 42. Here a dyke 50' wide striking N 86° B
'cuts across quartz diorite. 4 similar smaller dyke has also
~been cut in drill hole No. 12 at 286 Teet below the surface.
_ Rﬁcroscopically this porphyry consists chiefly of
'.euhedral albite phenocrysts having an average diameter of
1/8 inch. Scattered throughout the rock are larger pheno-

Vcrysts of microcline which have an average dismeter of 1/2

inch, The_feldspar phenocrysts are comparatively unaltered
except for the development of minute specks of sericite.

The groundmass consists of fine grained albite and biotite
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with a very small amount of quartz.
Some of the large feldspar crystals have been
broken and fractured, and the minute seams have been seéled
up b& later quartz. There are also isolated clusters of .
small grains of quartz throughout the ground mass which form
a mosaic pattern;?this also appears to be later quartz. Some
of the biotitefhaé‘been‘altered to chlorite., The optic angle
of biotite is veiy'near 00, and the birefringence is extreme-
1y high. It is therefore high in iron and possibly contains
some titanium. | | B
The sccessory minerals consist of a considerable
| smount of titanite which occurs as inclusions in albite.phen-
~'oérystafand is still more plentiful in microcline-‘it con-
' *stitutes also part of the groundmass. There are also mlnute ‘
H need1es in the groundmass which ‘have very high relief anﬁ |
resemble rutile. |

Pyrite is also a common constituent of the ground—; >

mags but has been dintroduced 1&ter.

Sligde No. 51 - Station 68 + 75' W

2. Feldspar Porp@yry occurs &8s two 1arge dykes up

to 40 feet wide which cut across the majn shear zone. They
are very much altered where they intersect this zone, even |
for a considerable distance away from 1it. ‘Severa1 sma11er
dykes of similar porphyry have also been intersecteé by drill
holes. They are possibly apophyses from the larger dykes.
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Microséopioally the rock is composed chiefly of
euhedral albife phehQ°r¥sts, AblooAno, which arevguité’uniform
in size and average about 1/8 inch'in‘diameter; ~Theylére only
slightly altered and show the development of minnte shreda of

sericite. The groundmass consists of fine grained albite,"1
guartsz, chlorite sericite and calcite.~ Some of the quartz
is secondary. Thevrock~also shows fracturine Some of the

- minute. fractares have heen filled by later quartz and calcite

'3;while others are filled by sericite.

Slide No. 6 - Station 78 -+ 80' + 20' E.

Se Tourmaliniferous Quartz-Feldspar Porggzgy occurs

'7ialong the south shore of Lake Fortume; there are geveral smallki 

f,dykas which have an. average width of five feet. The texture‘f‘

“;ﬂis mnch finer than in thekother two types. It also contains'éw&
”*;considerably more primary quartz.«
, HH“ 74 Microscopioally the rock consists of auuhedral .
:phenocrysts of albite, anorthoclase (Ab Or), and quartz.V The x
;albite crystals average about 1/16 inch in diemeter bub |
v‘oceasionally they,are,up to 1/4 inch in size. The anor tho-
Vclasé7crystaiskaregaboﬁt~1/4inch in diameter-and contain
:”inclusiohs of-m&ch smaller crystalsAof albite‘oriented>in
(éll positions; in somé grains the émaller albite crystals are
,oriehtedfat‘right ang1es to each other produoing an interwoven
texture within the large phenociyst. The guartz phenocrysts

~ average about 1/16 inch in diameter. Frequently they contain
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emall inclusions of albite.

The groundmass consists of very fine grained feld-
spar and Quartz with coﬁsiderable éalcité, sericite, and a
small amount of chlorite. Sericite is particularly well '
~developed arowmmd the ancrthoclase partly digesting the adges
of the eryatals.’ | | |

In addition to the abcve ‘mentioned minerala there
‘ is an appreeiable amount of a blueish-black variety of tour-
maline present. The tourmaline crystals are a little ‘larger
than the average grains of the groundmass 80 that they stand
out quite prominently. They are seattered throughout the
entire groundmass but are concentratad more around pheno-
crysts and along minute fractures which have - served ag
channels for the hydrothermal solutions. It appears ‘ag’ if
) ,tourmaline has been an origlnal constituent ‘of ‘the" ﬂykes as
it was found to be present in fcur different dykea as much

;jwas 1000 feet apart. Since it was one of the last canstituents

) Uulto crystallize, 1t waa deposited in any openings and fractures

1 1t could find in the aykes. Some of the vapours and solutions
may have contlnued to emanate from the magma even after the
dykes haa solidified, =m0 that any slight fracturing in the
dykes would have provided additional space for these solutioné.
Consequently‘we\find some dykes to contain considerably more

tourmaline than others.
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S5lide No. 8 -~ Station 67 -~ 120' + 80' W.
| This dyke is identically the same as described in
No. 6 except that the development of sericite is much more
marked, and tourmaline is also present but in smeller amounts.
Slide No. 43 - Station 79 + 80' W.
This sample is from another dyke of the same tyre.
It is very similar 6o 6 and 8 in texture, mineral comp031tion
and degree of alteration, but the amount of tonrmaline present

is even‘less,than in the dykes describedvabove.

Slide No. 45 - Statlion 66 f 60' 7
- This dyke occurs at the southeast shore of Lakeh

Fortune and forms the hanglnngall of a narrow high-grade
,;gola bearing qnartz-carbonate vein. It is identically the L
:lisame type of porphyry as descrlbed nnder 6 8 and 45 excebti
B ’that it is much more altered.
- The feldsPars in this dyke are almost completely
:,altered to sericite. There is also a small amonnt of ehloritel
e;present. Even the tourmaline ehowa signs of alteration, its
o’pleochroism is not as. strong as the tourmaline in the lessA
('altered dykes. This would lndicate that the tourmaline was
present in the dyke before the hydrothermal vein solutlons

A'startea the process of al tering the wall rocks. Or if tour~

maline is considered a precipitate from the vein solutions,

it must have been preclipitated at a very early stage.
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Quartz 1is practically the only unaltered constituent,
and it is by means of the quartz end the general faint outline
of the original texture that this rock could’be»recoénized‘aS"
being of the same type &s 6, 8, and 43, since the quartz grains,
are of the same size, shape"and”aistribution; They also have -
the same characteristic inclusions as the quartz graine in

the other dykes.

01ivine Lamprophyre A

‘Slide‘No. 20 ~ Station 63 - 50' + 20" V..

Slide No. 20a - Drill Hole No. a.

These dykes are only a few inches wide but persist
for a considerable distance along the strike. 'One &yke
follows the main shear gone on the surface but 1t intersects,

: thia zone along the ﬂip.‘ This dyke has a8 dip of ?0°N. /

Within the shearing the dyke is. altered almost beyond recog-A

, nition, but below the shearing some. of. the origlnal mineralsﬁj”VfL
" can still be reeognizea. A similar dyke. strikes almost at o
‘right angles to the one just describea and. has a vertieal

dip. It cuts acrcss the Kbewatin lavas, sgglomerate,- nd’l

€
Me

‘also across the feldspaer porphyry. This dyke is only about
four inches wide. It has not been possible to determine

. Whether these dykes are 1ater than the quartz veins but

since similar dykes have been found to cut golduhaarlng

quartz veins elsewhere 1n this mineral belt, it is assumed
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that the same age relatlon exists here.l
MicroscoPically the rock consists of skeletons of

olivine crystals which constitute about half of the rock.
TheSe'crystals:~é1thongh they are completely altered to
Ca - Mg carbonate . and magnetite, still retain their original
”shape, they still show the fractured surface. characteristic of
olivine, The magnetite forms a cluster of minute crystals
around the border of each olivine crystal; it also fills the
fractures within»the‘crystals,’ The?e is also considerable‘
magnetiteTthroughduﬁ the groundmaSS. The groundmass 1tself
 _\ichomposedVof.a'1axgéamonnt of small flakes of biotite mica

"ﬁhich have been partly altered to chlorite. There is also a

small amount of carbonate present in the groundmass and =a few o

”” g:ains of quartz.~'7

L

'??H  Where this dyke intersects ‘the- shear zone it 1s

7 campletely altered ‘to chlorite, carbonates and quartz.
'?ijcattered throughout tha altered masa are clusters of minute
A needles of rutila which are not present in the less altered
}?'roek. The olivine skeletons are completely destroyed.» Most

of the magnetite has also. baen removed.

1. Spurr Je. E., Basic D%ke Ingections in Megmatic Vein
Sequences, Bulletin the Geological Society of America,

Vol 56, I924 pp 545 = 582. o
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Cobalt Conglomerata

Slide No, 48 - Sample from southwest corner of

propexrty.

This rock consists of a matrix of quartz, feldspar,
and chlorite. The grains vary in size from the average size
of sand grQins'to minuteﬁalmcstqisotropic.material.» The
£eldépar grains'are conéiderably larger'than‘the quartz grains
and are of manyfvafieties."Thenyhow practically no sltera-

tion, |
| Macroscopically the size of the inclusions vary
enOrmbuély;from small pebbles to large boulders. Some are
'well rounded and water worn while others are angular,

brecciated fragments. The'pebbles,ﬁnd boulders. consist df

almost every varietyfof»:ocks knovn to exist in the district.

Alteratione of Wall Rock

@he walls of the veins and fissures. have been sub-'fb?fV

jected to intense hydrothermal alteration. ~This alteration

is definitely later than the tourmaliniferous porphyry intrue;“,,

ion as is shown by the 1arge amount of alteration suffered by f~f

.- one of ‘these aykes which forms the hanging Wall cf a hlgh- |
grade vein about 50 feet north of station 66. The amount of
alteration is much more intense immediately adjoining the
veins than it is 10 or 20 feet away from them, indicating that

the wvein fissures have served as chanmnels for the solutions
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which produced the alteration of the wall rock.
These solutions were high in lime, magnesia, potash,
and carbon dioxide, since the chief minerals of ﬁhg resulting
- rock are calclite, magnesiodolomite, and white mica or sericite.
Some of the mica hasg a peculiar green color which is beat
noted in a hand specimen. The maximum index of refraction of
this mica was found to be 1.60 it is probably the variety
known as fuchsite, a chromium miga. There has been also a
glight amount of silicification or addition of silica. This
‘may be observed by borders of quartz around original Quartz
‘grains which have different extinction,«also ﬁy a~£;ne graﬁ-
ular quartz filling;ﬁinute_fraetuigsgin the wall rock."ﬁheré
is also a mineral present with high relief and;extremeiy high
birefringence. It is unlaxial and negative; it ishusu§11y
: facéompaniedﬁby soma limonite which appears. fo result from .
its alteration. These proPerties correspond very closely
/L;,with those of siderite although siaerlte is not common hererﬂy
;; and has not been observea 1n any other section. The sample‘"ﬁj*ﬁ
' ‘containing this mlneral was obtained £rcm1the foot wall of the 
highugrade vein near station 66. |
) From the above description it is evident that the
_chief processes active in the alteration of the wall rocks
 have been sericitization and carbonation W1th a minor amount

~of silicification.
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~ECONOMIC GEOLOGY

The only mineral of economic importance found on
this property at the present time is gold. It occurs in the
free state in quartz-carbonate veins; it is found to be
~ associated with pyrite and 1t occurs also in chemical combin-
ation with telluriumfas,gold—Silver'tellurides.

In the following pages an attempt will be made to
determine something about the history of the gold-bearing.
veins., Their relation~to the igneous intrusives and the
structural conditions favoﬁrable for the formation of the
gold-bearing veins; also the paragenesis will be discussed
in detail in the following peges.

‘--Relatiénéoffrorﬁhyry~Dykesfana Quartz Veins -

: As mentioned previsusly, there have been three.
;hvdistinctly separate periods of intrusion of porphyry 6ykes.
‘ifThe first ana oldest of the three is the titanite - feldspar
porphyry. The next intrusion was a slightly more acid type
of fel&spar porphyry which is not characterized by any
typical accessory minerals as the other two - typss are. The
thira type of intrusion is a flne-grained tourmaliniferous
quartz-feldspar porphyrg; Each successive type of porphyry
increases in acidity as observed in thin sections. This
was confirmed by a Rosiwal analysis which shows the first

type of porphyry to contain 5.2%, the next type 18.5%, and
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the quartz-feldspar porphyry contains 33% of free quartz by
volume. Thus the magma residue has become extremely_high'in
silica. This siliceous residue is now_eXPellad into'any '
0peﬁing that it may find, such as fracfures fjoints;"fisanras
and faulted or ahearedizones. The filling of these oyenings
constitutes the main vein forming period.‘ These veins are
found to cut across all of the porphyries., Soma of these.

. openings or planes of weakness existed 51nce the time of |
folding and faulting. Along these planes of weakness we flnd
the largest and‘cammerclal veins- they~are up torten~feet~in
(wiﬂth while the fractures and openings. produced during the

| intrusive period usually contain short and narrow veins; -
often such fractures are confined to the porphyry dykes them-

gelves end out across them at a11 angles. The veins thua

produced cpnsiat of comparatively barren, white quartz. iéomafﬂ*"

)of these veins were fractured 1ater by'further movementa and’

5»a;the fractures filled by carbonates, quartz and ore~bearing

W?sulutionso mhis procass will e describea 1n more detail in i

{r;the following chapter.5_ |

vain Types and Their Formation

Tha veins on this proPerty may be div:ded into
'7 three classeS° ‘

1. Nonacommercial veins,

2 Gammercial veiﬁs,VV

3., Veins of later formsation,
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l. The non-commercial type of veins occurs usually
in joints and fractures along which no other movement has
‘ taken place except that which produced the opening originsally.
Veins of this type are usually short and narrow. A few of
these veins are also found along fault planes or shear zones.
After their consolidation the walls of these veins have been
subjected to slight movements which have produced a small
smount of fracturing.in the veins., These fractures have
become filled with carbonates, tourmaline, sericite, and a
small amount of sulphides of iron and copper. The constltuents
}forming these minerals were carried into the fractures as
highly agqueous solutions and vapours issuing from the megma
regervoir below, That the‘sdlutions were extreﬁely fluid is
ﬂ shown by'the minute fractures which they penetrated; also by
;the fact that the tourmaline crystals have grown quite 1arge

and are unusnally well developed. Since the emount of fractur-

" ing in this type of veins has been rather limited, the frac~

tures were sealed up with the higher temperature mineials:befOre
the gold-bearing solutions could contribute much of their val-
uable metallic constituents. Goﬁsequently these véins cqntain
low gold values and are not of a commercial type.‘ As an example
of one of these veins is the vein on which the Ho;Vl or the
inclined shaft was sunk. |

2. The commercial type of veiﬁs occurs along fault

prlanes or shear zones. Since the movements along fault planes



/f%ftn permit the precipitation of: gold and the gold—bearing miner-e~f‘

'i:ehaft has been sunk.

23

are not uniform, but are much more intense at some points

than at'others, we find some veins much~more fractﬁred‘thank:

others; some could even be described as crushed, These.open-

ings requilre eonsiderablywmore time,to,becomerseaied ep,ﬁhan N

the veins which are only slightly fractured.‘ Also:the move-,V 

ment may continue for a greater period of time at such points,
continuously producing new 0penings. The minerals filling the
openings in the veine are chiefly carbonates, eericite, quartz,

.and pyrite wi th minor amounts of tourmaline, chalcopyrite

 te11nrides, and gold,' The tourmaline crystals in ﬁheee:veins 'f;
are much smaller than they are in the veineaaesciibedeabovet ,
' indieating a decrease Of:fhe tourmaiine'constituente in the,H
eolution or 1esszluidity‘or possibly;aleoAa reduction in
‘temperature and pressure._ Thie process of filling and cement-,; 5 v i
ing of the fractures in such veins extended over a cansiderable T

"’period of time, allewing for sufficient redumtion in temperature é

Wals~ihence euch veine earry gold values euffieiently high to
I‘Cmake them cemmercially valuable. An example of~this type of g
 'vein is the high grade vein on which No. 2 or the vertical , g

3. The third type consists of veins which are seldom
more than one helf of an inch wide. DNevertheless this type
contains a distinctly later phase of quartz veinlets of which

cut across commercial veins at all angles and also extend into
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the wall rocks.rymhe qﬁar#z is a barren, glassy-looking type,
but frequently specks of free gold may be found in lt;:Thése
veinlets are in themselves of no commercial value, but their
ocecurrence in older velns is quite desirable as they help to

contribute some of the gola values.

: Source’of the ‘Gold-Bearing Solutions

The cloge and intimate association of tourmaline,
‘sericite, pyrité' ﬁelluridea and gold, as shown by a numbéf
of thin sections would indicate that they have =a eommon source.
‘It may be recalled that the youngest porphyry contains a con-
‘ siderable amount of tourmaline, and that tourmaline has bgan

foundlin'evéry'section of this type of porphyry; Some of

,lthese samples have been taken from entirely separate dykes as

}fmuch as 1000 feét Hparth:?COnsidering the widespread oesurr~~
ence and cloee association of tourmaline with this type of
‘35§,porphyry it seems logical to conclude that the tonrmaline;xv )

‘salutions have come up along the same ch&nnels and from the -
same magma from which,these;younger dykes have been dgrlyed.
"Or'the‘tourméllng”may‘haVe béen an original cpnstitugnf»of the
dykes which remained in solution nntil“the"dyKQSlsoliﬁ;figd{
and then crystallized out into any openings remaining lnlfhe'
dykes. Similarly the gold-bearing, tourmaliniferous quarbz
veins, which were formed shortly after these dykes, 2lso con-

tain a coanspicuous smount of tourmaline in minute fractures

in association with pyrite, sericite, gold, and tellurides.
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The presence of tourmeline'in these veins would indicate
that magmatic emanations continued from the time of intrusion
of the yeunger porphyry until the end: of the period of vein
‘formation. It seems logical to conclude that the tourmaline
in the porphyry and that founﬁ in the veins ‘has had a common
source, Similarly, the cloee eseociatidn of tourmaline and
the auriferous eulphidee,ltellurides, and gold in minute
' fractures would indicate that the gold-bearing,eolutions have
travelled along the same channels as the tourmaline ana mey
“be eoneiderea as of the same magmetic source. ::__;‘;

' The fact that none of the auriferous minerale was
deposited in the porphyrywalong,with~the tourmallne analeerief
eite mey'be explained on the basis of'temperaturei which Wes‘
too high at that time for euch minerals to precipitate. Later,v
'when the temperature was eufficiently low for: their precipitatian

the openinge in the porphyries had become sealed up, and sinee

quartz veins the gold bearing ‘solutions followed the path of
Alleast resistance into the veins.: A more - definite relation |
: between the different minerals will be hrought out in the next

s ?ehapter on the perageneeie.,'

,Vein Minerals and Paregeneeis

The two main constituents of the gold-bearing veins

are quartz and carbonates. The carbonates consist chiefly of

calcite with a smaller amount of magnesiocdolomite. The

the dykee have not been snbjeeted %o as much. fraeturing as. the“~/;.l;
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The maximum index of refraction for this megnesiodolomite as
determined by index liquids is 1.684. Plotting this result

1, which is shown on the next

on a graph prepared by N. Sundius
page, the molecular composition of this carbonate is found to
be 925 Calig(CO,), ana_s%,caye(coz)z. Its specific gravity

- can also be obtained from this graph and was found to be 2.89.

The nextiﬁbst abundant minerals of the veins are

- 8ericite and posaibly some‘fuehsite, also pyrite, and tour-
maline, The indices of refraction for tburmaline were found
%o be N,=1.6576 and N,=1.6275. The birefringence is 0.030.
‘These results are represented graphically by red lines on a
triangular diagram oﬁ which the indices of refraction and the
'birefringence of pure dravite, elbaite, and schor}ite2, be~
liéyed to be the common molecular constituents ofitourmaline,
;Qfé ilbftéd.fiSiﬁE;fEhefféd lines which represent optical
properties of the t6uiQa1inevoccurring in the veins,}do not

 'intersectfﬁithin thggtriangle,the ex&ct}molécular proportions
cannot be determingd. Kowefer, the resﬁltsvdd'éhowkthét the

lithium molecule elbaite is absent or at least not abundant,

and that the pr0portion of the magnesian,moleéule~dravite,

(Hsnemg8m3231834s;éo4l) to ‘the iron moletcule sbhérlite,‘

(ESNaEegF62A1834818041) is approximately 2:1. Pyrite appears

to berlater than tourméline as 1t was found to be crystallized

1. Sundius, N., Ueber die Karbonate der Mittelschwedischen
Manganreichen Skarn - Karbonaterze., Tschermaks Mineralogische
vtnd Petrographische Mitteilungen, Band 38, 1925, p. 189

2. Winchell, A.N., Eleménts of Optical Mineralogy, Part II, p.248.
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around tourmaline in severalAthin sections.

There 1is also a black, opaque mineral present whiéh
is closely associsted with tourmeline and pyrite; A chemical
analysis might possibly reveal the nature of this minersl, but

it was not possible to determine 1t optioally. |

Another groap of minerals has been determined by a
study of polished sections by means of the reflecting micros-

© cope. These miherélsﬁare chalcdpyrite, petzite, sylvanite,
~ and gold. They éppeér té'be the last minerals to crystallize.
: ';Severa1 camera lucida drawings are given cn the following
Apage to show the relation of these minerals to each other.

They occur in minute fractures in qnartz. ,The

e e e . a8

 fractures have first been filled by carbonates which are i .

'
g
X

3

{

-

later replaced by chalcopyrite, telluriﬁes, ané golad. Thé
chalcoPyrita occurs only in very small amounta and ita .
relation to the other minerals could not be established very

sﬁnearly always founa to be 1n company

“:deflnitely, but 1€’ 
: with the tellnride~minerals. ; fV}f,.;¥"» “j‘
| _ From the sections examined 1t could be concluded
f,that petzite is present in 1arger amcnnts than sylvanite
ifwwand that petzite has crystallized a 1itt1e earlier. The
‘  gold appears to be later than eluher one of the tellurides.
j F In one of the. drawxngs a minute ‘veinlet of gold may be seen
"cutting across both tellurides, but more frequently the gold

has crystallized within the carbonate .or around the outside
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of the tellurides. Iﬁ the sections examined, nearly all the
gold was found to occur in carbonéte,although a few specks
wore noted in quartz.

Another mineral occurring in the high grade vein
near station 66 is graphite. It ocours as thin films on
~sheared surfaces, Sihce'it occurs within the quartz vein,
its ofigin is possidbly igneous. |

Avsdﬁéwhat similar.occnrrence of graphite in veins
was studied by Dr. Wincheill_several'yeara ago in an srea
near Dillon, Montana. Dr. Winchell suggests that oxides cf 
carbon may exiét in magmas and in vein forming solutioné and
that graphite can be producéd by ﬁheir decomposgition accord- -
ing to the formula 2 CO = CO 5 + C. It has been shown exper-

: ~¢gimenta11y by Boudcn&rd "that €O when cooled from 1000° to =

500 c breaks up almost entirely into coé and graphite. ;
The graphite founa to occur in the quartz veins on
‘the Lake Eortune property is believed to have had a similar-
origin, The original form of the graphite deposited here is
’helieved.to;be_cryptqcrystalliné;’ Ita;temperaguxe,cf fprma-
tion as'inﬂigafgd»above would”suggest‘that,graphite w§§  ‘ N
deposited at about the‘same time as toﬁ:malinevandVEéf§fé;A

the deposition of gold, Later shearing movements‘changgd,'“”,‘

some of the graphite into macrocrystalline form which 18_‘,_“_:'

believed to have taken place after the main deposition of

gold.

- 1. Winchell, A.A., B Theory for the Origin of Graphite As
uxemplified in tne Graphite Deposits Near Dillon, uMontana.
Economic Geology Vol. &6, 1911, pp 218-280.
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Some of the macrocrystalline graphite is coated with
a very thin f£ilm of gold. This has been observed only at the
surface and may therefore be considered only as a surface |
prhenomena, Since graphite is known to be a strong reducing
agent, 1t seems logical to,assume that the gold”has hgen
~ deposited onrthe graphite from sﬁrface solutions. |
Finally, the oraér of formation of the different

- ‘minerals found in the gold bearing veinsvis given below,

'heginning with those first formedf”

Quartz .
Carbonates
Sericite
Fuchsite ~ '
Cryptocrystalline Graphite ¢
Tourmaline
Pyrite
Chalcopyrite ¢
. Petzite -
@ Sylvanite .
Gold o
lacrocrystalline Graphite
Quartz

Temperatﬁre Conditions of VGin'Formétion s

The presence in the veins of such minerals as . serlcite,
Vtourmaline carhonates ‘and possibly carbon would indicate a.
high temperature of" formation. The decomposition of ‘oxides of
carbon as described by Dr. Winchell® begins at 1000° C and is

complete at 500° C. The temperature of formation of tourmaline

1. Winchell, A.N., A Theory for the Orxgin of Graphite As
Exemplified in the Graphite Deposilts Near Dillon, lontana.
Economic Geology Vol. 6, 1911, pp £18 -~ 230,
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is generally accepted as heiween 5509 and 85000. Sericite
and carbonates are in most instances known to have fermed
under eonditions of fairly high temperatuies. There are many
variable factors to be considered in attempting to reach a
‘conclusion on the temperature of formation of an ore deposit.
However when there are minerals preeent snch as tourmaline
 which serve as’thermometers,“it'may be concludedAthat the 7
temperature of formetion'of‘theeeyfeins has been between 500°

anﬂ 7000 . fﬂﬁis:would ﬁlacefthe veins in a high temperatuxre

"01838. V
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