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ABSTRACT .

The Macassa Mine is the only remaining gold producer
of seven inter-connected mines which comprise the Kirkland -
Lake nlning district. This district has produced more than
710,000 kg Au since 1913 from quartz veins and lodes within
the Archean Timiskaming Group, a south-facing sequence of .
wacke, conglometat;, and ;rachytic flow and pyrocla;tic
rocks intruded by a comﬁoéité syenite stoék}

There are 3 types of gold ore at the Macassa Miné: 1)
native Au in chloritic fault gouge or small quartz lenses
with;n a prominent, subvertical, thrust-fault system
traversing the mine and the entire Kirkland Lake district.
This is called Break o}e. 2) gold-bearing quartz velins. in

L}

both hanging and footwalls of this fault system. This is
called Vein ore. Velns consist of quartz, wallro;k
fragﬁents, some Ca-, Fe-, Mg-, and Mn-carbonate minérals, 2
to 3% disseminated pyrite, pgeclou§ and base-metal tellur-
ide minerals and fine grained, native Au. M?}ybdenite with

or without graphite coats fractures in the quartz. 3) .
'several zones up to 15 m wide in thg deep west part of the
mine which are very fractured, bleached, silicified and
_pyritized rock containing lenses and pods of quartz with
native Au and telluride minerals. Molybdenite coats .
fractures throughout. This is called Breccia ore.

In addition to gold concentrations, the most signifi-

cant chemical features of all three types*of gold ores at

111
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"to Fe, Mg, Ca, Mn-carbonate minerals. Additions of K30 .

4

‘ ' .
the Macassa Mine are the minor overall S; in conjunction

with sporadic laiﬁg\contents of Te, Mo, and ¥ (29 ppm + {5
1g). Gold/silver averages dbout 5. Cu and Zn are trace

megals, whereas Pb ista minor element. Arsenic (5.7 ppm i.

~ 3.2 1g) and Sb (4.2 ppm + 2.6 10g) contents are minor and

variable. Calculations of chemical mass balance indicate
the priqcipal chemical transfers in hydr;thermal alteration
of walL'tocks adjzzéht to ore involve additions of COp, but
.minor additions or subtractions of Fe203, MnO, Mg0 andnCaq,
which alters Fe, Mg, Ca, Mn-silicate minerals in wall rocks
along with deplggions of Naz? reflect the hydrolysis bf
albite to muscovite, aﬁé minor ggins of Si02 plus S are-
evident in the coprecipitation of ﬁuartz‘anq pyrite.
Geostatistiéal analysls‘of gold disgributiop wit#in a
type zone of breccla ore at Macassa ingdicates a general
continuity which can be approximated by theoretical semi-
variogram models. This area has a greater}spatlal
continbity than_elther break ore or veln ore. However,

experimental semivariograms calculated along three'.

principal directions within the type zone: alone strike,

across strikb, and down dip; ﬂave zonal, diréctional and

proportional effect anisotroplés. The distribution of gold

content is“therefore only quasistatiﬁnary. The~1nhomogen-

- eity of gold distribution within the type zone of brecéia

ore is interpreted to reflect syn- and post-ore faulting
’
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'and fracturing, evidence of a tectonically active environ-

- .

ment :of gold depqsib&bn.

' The 5180 and 6D of rocks and mineral separates in
these 3 ore typeé suggest the ore was precipitated from
hyprothermalvfluiﬂs.of 5186 +7 to +9.6 pér mil, &D -35 to
-85 per milgﬁénd at 380 to 4900C, These data are consis-
tent with fluids evolved by dehydration of volcanic and
sedimentary rocks during accumulation and buriall ;hich
ascended by seismic pumping aL.'g pre«exlsting faults and
fractures. These ¥fluids repeatedly leached and scavanged
Au from primary and secondary auriferous areas within older .
volcanic.and sedimentary rocks of the Kirkland Lake |
district and deposited gold within faulted and fractured
sye;;tes and Timiskaming Group rock.

Isotopic‘aﬁundances and the oxidation state of iron iIn
rocks contalned‘within the major faults suggest that the
initlal hydrothermal regime was followed by downw;rd pene-
tration of oxidislng, sulphpte—bearing flulds, 5180 0 to
+2 per mil,-GD -20 to -70 per mil and of probable marine
origin with'or without meteoric w{ter, inftially at
temperatures of <2000°C, waninglt; 500C or less:: A third:
fluid regime 1s’ indicated for quartz-magnetite-chlorite
veins‘;hich ha;e mineral pair fractionations corresgond;ng
to fluids of -4.0 to -0.5 per mitl 6180 and 210 to zsdoc, .
consistent with hydrothermal fluids of meteoric ofiglnﬂ

These three hydrothermal fluid fegimes arg,inierpreted to

”
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. - reflect a sequence of crustal compression, relaxation fand
‘. .' . . - " L d 1Y

) L finally uplift above sea level. ° ,
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Surely there is a mine Por silver,

and a place where they refine. gold.,
Men seareh the limits of dark place%,‘
Venturing into their remotest bounds °
to obtain the -ore.

But where can wisdom be found
_and where 1is the place of understanding?
Pure gold can not purchase it;

Neither can silver be weighed as its piice.

Job 28: 1, 3, 12, 15
(Modern lgnguage)

———
Happy 1s the man that findeth wisdom,
and the man that getteth understanding.
For the merchandise of it is better than
the merchandise of silver, and the gain
t?'%eof than fine gold. ..

A

. 3

Proverbs 3: 13, 14
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« CHAPTER 1
INTRODUCTION

1.1 General Statement

Gold has traditionally beenvsought by many of the
world:s geologists. With the significant and sustained
increase in pgice which followed destandardization of the
gold price in the 1970's, the search has intensifled. H;w-
ever, gold deposits are probably the most difficult of
exploration targets. Economic occurences have an absolute
Au'conéent of 5 to 10 ppm and most have no simpie geo-
physical or geochemical expression. Therefore, the identi
fication of essential ore-related geologieal.features and {?
the environments of deposits.is of particular importance iﬂ
gold exploration, | |

Geology 1s not a static discipline but 1is rather in a.
constant flux of changing ideas and fashions. This has
been readily apparent in the evolution of’qenetic models.
applied to g:Id deposits. 'The classic magmatic hydro-
thermal model of Lindgren (1933) with its emphasis on
structure and epigenetic mineralization has been supplanted

1

in more recent years by models emphasizing the role of syn-

- ¢
veoe
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genetic concentration in the’sedimenfary*and volcanic

..environments. Both mgdel types have enfdyed periods of

. o
popularity when all gold deposits®'were fitted to their

.respective molds, sometimes at the expense of geologic

observations. ’ ‘

The gold mines in the Kl;kland Lake AIstrict, Oqtario
Sre important eiampies of Archean;lode gold deposits. "They
are spatially associated with a long, linear ione of
fractured, fau}ted and altered roqks, termed 'breaks'. The
gold~oqsurs in complicated faulf?and fracture, systems with-
in a coﬁﬁosite-ﬁyenite stock and éﬁjacent sedimentary and
volcanic rocks; These chafacteristics‘are not_compatible
with syngenetic volcanogeﬁic mpdels of 'gold deposition.

After 50 years of productfon, the Macassq Mine 1is the
onl; gold mine still in operation in Kirkland Lake. As
sych {t afforded an excellent oﬁpo;?unity to update
previous geological descriptions,'implémeqt new studies and
reassess-tﬁe seqdeqce of'éeo;ogic events for gold éoncen—ﬂ
trations -at Kirkland Lake.

. v
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1.2 Locqtzon and Access ‘|
‘ The town of Kirkland Ladke is in Teck township,

district 3f Tiniskamlng,.NOtyh;hstezn Ontaé{o at lagltgd;
4809 noith and lonaitude 8003' west (Fig. 111{: The area

is well served by. Highways 11, 66, 142 and 624 and many

logging, ‘concession and ‘recreation roads that extend from

-
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. : fhese,highyaYs. The village of Swastika, 9 km to the
southwest of Kirkland Lake, is on the Ontario Northland
Rallway line. A small .commercial airbort immediately north

of Kirkland Lake has scheduled air service by Norontair.

Teck Township is the west part zﬂph'gold producing
area that extends east for 150 km 1in B northwestern
Quebec. The entire arealis'within the Abitibi greenstone ™ .-

belt, the largest continuous Archean greenstone belt in the

- ™

Canadian Shield. )

Lac Minerals Ltd. (Macassa Division) is the only
féhaiq}%g'operational mine of eevenforiginaL gold producers
of Kirkland Lake. Its holdings a}e ﬁiftyg}eur mining
claims on the west edge of Kirkland Lake.-

1.3 Hiséory end Development of the Kirkland Lake District
. The discovery and gradual expansion of the Kirkland

Lake gold camp has been weil described in .several publicat-

lons (eg. Burrows and Hopkins, 1914, 1920, 1923; Todd,
1928)., The "Interested reader is referred to these for
detalls along with a more cOMplete list of publications
dealing with’ the Klrkland Lake area found within the ‘
reference list. An historical synopsis and summary of

- » development for each of the seven gold eroducers of the

| Kirkland Lake camp dealing with minlng activity to 1947

appeared .in Thomson et al. (1950). Charlewaad (196#)

updated this report, covering developnent to 1962
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One of the earlliest mining exploration ventures in
northeastern Ontario was-established in New'Liskerd at the

tqrﬁ of the century when a number of local people pooled

- v

thelr resources to finance prospectors in various sections

~of the region. Silver was discovered in Coleman township,

160 km north of the toqn'of North Bay, in the summer of
1903. Constructien of a railway to the north of Lake
Iimiskaming led to the-discovery of silver-bearing arsenide
near'a lake then known as Long Lake, later renamed Cobalt
Lake\(Bruce, 1933). -

** Gold was initially discovered in the vicinfty of

Larder, Lake in 1906 by prospectors fanning out from

Cobalt. Also in 1906, gold was discoveéred at'SwaQtika.

Limited m{ning operations were.éarrled on a£ the Swastika
and Lucky Cross hropqrties and small mllls were erécted
which produced some gold (Thomson, 1950). It was not until
1911 Xhat attentlon was fécused on Kirkland lake'when v,
H. Wright made the initial find of gold-quartz vein; that '
later became the Wright-Hargreaves mine. The development
of gines resulting from this and later dﬁscoveries.ove; fhe
next 30c;eérs éreated the economic base for Kirkland Lake
and other towns east to Lardef Lake. - -

The operating mines of the Kirkia?d Lake camp, from
west.to east along the 6 km main ore zone, were: Macassa,

Kirkland Lake Gold (later Kirkland Minerals), Teck-Hughes, °*

Lake Shore, Wright-Hargreaves, Syljanlte and Tough-Oakes

et P P 2 o« & et an e B { A fn o

en e S dh A
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Burnside:(later Toburn) (Fig. 1-2). First production‘ftou'
the Toburn property was in 1913, from Teck-Hughes in 1917,
from Lake Shore in 1918, from Kirkland Minerals in 1919,

from Wright-Hargreaves in 1921, from Sylvanite in 1927 and

. from Macassa 1in 1933,

During the decade preceeding World War II,~the
Kirkland Lake area was one of the most flourishing in
Qanada. At the peak of_mlng product{Pn in the late 1930'sﬁ
Kirkland LhK? had 35,000 inhabitants, more thgn double the'
present populaéiop.‘ To the ena,o? 1948, the seven mines
had milléd 30,840,000 tonnes o;-ore and produced 480,000 kg
of gold and 84,000 kg of silver, valued at 5516,743,286

f

(Thomson et al., 1950). - : 4

-

Throughout the war years, operations were severely

- ' -
hampered by the chronic laboutr shortage. After the war,

. steadily increésing production costs were not sufficlently

of fset because the price of gold was fixed at $35/oz.
Additioﬁally, all of the mines. were forced to'de;glop‘at
dgeper and deeper levels as more accessible ore zones were
depleted. F:ced with inéreased~depth of @inlng with its‘
attendant difficulties, and general decline of th; ?ize and
average grade of ore-bodies at depth, sleof the seven
mlﬁes ceqse& operations after 1948: Toburn in 1953; ‘-
Kirkland Minerals in 1960; Sylvanite in 1961; Lake Shore
and Wright-Hargreaves 4511965 and Tecksﬂhghés fnf1968.

Total production of all mines in Kirkland Lake since 1913

- -
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is over 710,000 kg of Ap (Lovell and Ploeger, 1980), second

only to the Porcupine district in North America (Bertoni,

N -
.

1981)0 -

1.4 History and Development - of Macassa Mine

The original Macassa Mines Ltd. was organized in 1926
and, in 1933,.acquired-the assets of United Kirkland Gold
Mines Ltd. Following this, the company was ama}gaﬁated in
1962 with Bicroft Uranium Mines Ltd. and Renable Mines
Ltd. to become Macassa Gold Mines Ltd. Final amalgamation
with Willroy Mines Ltd. and Willecho Mines Ltd. took place
~1n'November, 1970 with parent control by Little Long Lac
Gold_Mines based in Toroﬁto. From 1970-1976 management
rights were optioned to Upper.Canada Mine Ltd. Corporate
reorganization of thtie Long Lac Mings Ltd. inDDeeember,
1982 resulted in the formation of Lac Minerals Ltd.
(Macassa Di:lsion)'which owns and operqté% the Macassa
Mine. ’ -t

The original Macassa Mines Ltd. was made up of 11
claims but an additional 20 claims were acquired from Jeck
Corporation Ltd. and Oakdale Mines Ltd. (formerly Tegren
Goldfields Ltd.) 'in 19?7. Ad}acent to thes; Tegren mining
claims, Lac Minerals Ltd. contrpls the seven mining clalﬁs
which made up the former MclIvor Gold Hlnes'propertyi Ten -

additional mining claims further west wére'aequlred from

private sources with retained production royalties.’ A

1C



profit sharing agreement is in effect with Queensfon Gold .
Mines Ltd. for six mining claims to the west. New under-
ground development and mfging,%gwin progress on the formér
Lake Shore and Wright Hargreaves properties. In addltion;
short term options are presently in effect for mining of
the former Kirkland Minerals and Teck-Hughes properties.
Current lands owned and controlled by Lac\Hinerals Ltd. are
shown in Figure t-2.

First underground work was done by Elliott Kirkland
Gold Mines, Ltd. which sapk a shaft and did liﬁited
development on five levels. Macassa Mines lid. did further
work on thi 500-foot level in 1926 and 1927 (Ward and
Thomson, 1950). The property was successfully developed in
1931 when arrangements wére made to drive westward from the
adjoining Kirkland Minerals property on their 2475' level.
Ore was encountered along a major fault system and in
subsidiary hanging-wall veins. In the meantime, No. 1
shaft was sunk to connect with the workings at this
horizon. Since Qhen, two additional interﬁal winzes have
been pht down (No. 1 ilnzé from 3000' to 4625{ levels; No.
2 winze from 4625' to 6875' levels). A second shaft was

sunk from surface on the'p;operty some 1000' southwest of

No. 1 and extends to a depfh of 4625', Ag‘the time of thls

writing, a third shaft (No. 3 Shaft) is being sunk from
surface at the far west end of the mine workings to improve

access, ventilation and production (Fig. 1-3).

11
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Sinking of No. 3 shaft began May 1st, 1983 and has
presently advanced beyond 1500 feet (550 m) in depth.
Proposed depth of the completed, four-companent shaft is
7275 ft (2668 m) which will make it the deepest,
single-1ift shaft in the Western Hemisphere.

To date, active workings begiq at the 2325' sublevel
and -extend. to the lowest active level at 6450'. In a
horizontal plane, these Qorklnds are spread from about 1 km

"

east of No. 1 shaft to about 2.2 km west of No. 1 shaft.
1.5 Past and Present Production of the Macassa Mine

A 200 ton per day mill was constructed and began
production in October, 1933. Later, this was increased to
425 tons per day and,‘during 1956, to a capacity of }00 to
525 tons daily. The presen? mill capacity 1s about 350 to
450 tons per day. The main bfoduction schedule, upoﬁ
completion of No. 3 Shaft in 1985, is expected to rise from
126,000 tons per year to 180,000 tons per year or approxinnj:>
ately-SOO tons per calander day. )

Macassa Mine milling ;tatistics_ﬁpmpiled from mine
records for the pérfod 1933 to'1982 are summarized in Table
1-1. To the end of 1982, i,152!270 tonnes have beéen milled
giving a total metal production of 82,210 kg of gold. Ore

reserves at the end of 1983 are 1,257,738 tonnes with an

average gold eontent of 15.05 grams Au per tonne.

14



Table 1-1. Miiling Statistics for the Macassa Mine 1933-1982,

- . Pgoduction Calc. grade oz. Au. Rec. grade Percent =~ Milling Cost
Year Tons Milled oz, Au. Recovered oz. A, Recovery per ton
1933 8, 101 . 3,683 855 2.0}
1934 86,557 30,977 L84S 1.70
1935 68,627 32,117 468 X 1.49
1936 70,878 35,185 . 496 : ) 1.51
1937 90,617 L4896 T 81,921 463 94.49 1.46
1938 110,718 L4915, 51,648 L6668 94,91 1.40
1939 148, 398 443 62,392 420 %, 81 1.13

' 1940 150,674 L4859 69,749 .463 95.27 1.12
1941 152,332 N YA 68,497 .853 9,97 1.17
1962 120,400 . 5904 55,832 Y 94.56 1,25

i 1943 103,259 4352 42,414 .11 . 9%.39 1.33
1944 83,392 L4584 36,193 434 94.68 1.54
. 1945 71,988 4143 28,155 L3N 94,40 1.53
1946 87,1383 4373 35,931 411 9,03 1.82
1947 97,507 L4623 39,319 L403 94,58 1.32
1948 103,650 L4156 X 40,792 . 3% 9,71 1.39
1949 126,511 ‘L3974 47,264 .37% 94.01 1.33
1950 129,710 , W76 41,898 . 326 93.64 1.41
1951 139,460 . 3500 44,638 . 329 94,17 1.38 N
1952 139,660 L3337 43,984 ) . 315 9%.37 1.42
1953 144,175, . 3409 46, 388 L322 9% .48 1.32
1954 145,286 . . 3657 o 50,358 367 - 94,78 1.45
955 142,960 . L4875 ; én,258 W22 9,26 1.41
1956 - 140,743 4370 58,030 ’ 812 94.3s 1.57
1957 141,115 4896 64,963 . 460 93,89 1.75
1958 164,262 4452 . 638,452 ' 417 93,60 1.79
1959 158,130 L4672 69,367 439 93.90 1.73
1960 149,862 Y T3 69,778 - .66 93,85 1.91
1961 153,171 L4759 68,242 Y 93.61 1.9
1962 139,618 L4645 60,483 .h33 93.26 2.16
1963, 140, 800 L4833 63,625 452 93.50 2.03
1964 141,408 4755 62,801 444 93.60 2,20
1965 136,791 4621 58,838 .430 93.08 2.40
1986 130,909 4463 54,416 416 93.14 2.56
1967 108, 331 . L8661 47,557 T .e39 94,19 2.85
1968 ., 102,593 L5423 52,470 .51 94,30 2.84
1969 9, 265 .5023 . 40,976 ° 475 94,57 3.43
1970 76,999 15180 37,481 .u87 93.98 3.55
1971 78,532 6412 47,350 .603 9%.0) 3.79
1972 98,425 . ’ 7319 68,212 .69) 94.69 . 3.91
. 197} 98,976 . 5416 50,955 .515 95.05 - 5,10
1976 90, 186 .5082 43,610 L84 95.15 7.14
1975 88,008 . .532% 84,776 .509% 95.54 . 7.97
1976 92, 24k .5677 50, 111 543 95.469 7.98
1977 , 102,437 5642 55,675 .54 96.3) 9.16
1978 111,616 . 5096 54,388 .488 95.79 | 6.53
1979 105,510 .5167 52,798 . 500 94.85 10,22
1980 110,975 8657 . 50,000 551 98,78 8.
1981 115,161 4608 ' 21,190 845 96.47 10.90

1982 117,507 .5682 53,357 ° o 7.hSA4 96.97 11.84

-




1.6 P;evious Work

The.geology and mineral resources of the'Ki}kland Lake
area have been descfibed‘by éeblogists and engineers at
intervals dating bagck éo initial prospecting ;cti¢1ty. .The
first geological répogts of the Kirkland Lake area are
found 1in -Burrows and Hopklns 31914; 1926, 1923), Tyrrell
%ndiHore (1926) and Todd (1928). The earliest majogAitudy
%with detailed §eology of Téﬁk township and the main ore B
’z;ne of Kirkland Lake camp is in Thomson (1950) and Thomson

et.al..(1950). - , ‘ : . -

Graduélly this work expanded to include general geo-

logicél reiations in the Matachewan area to the west - Dyer
(1936), Marshall (1947), Lovell (1967) and Ridler (1975);

‘and the Skead area-to the south - Hewitt (1949);_anq Ridler

(1969, 1970). .Other 1mportant additions to the investigat-

fons of the Kirkland-Larder Lakes are; are in Hewitt

(1963), Cooke (1966), Cooke and Mooréhouse (1969), Jensen

(1976, 1978a, 1978b), Jensen and Langford (1983), Tihor and .

Crockett (1977), Hyde and Walker (1977) and Hyde (1980).

In 1975, field work was begun on a regional stratigraphic
correlation of the Timmins-Kirkland Lake map sheet by
Jensen and Pyke of the Ontario Geological Survey. Begin-

ning in 1980, a three-year multi-disciplinary gold deposit
2 , . m
study was initiated in the lnqulate Kirkland .Lake area by

. the Ontario Geological Survey. .

To date, the only éeological investigations focussed

e
3
. -

) N . v .
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on the Macassa property are Ward and Thomson (1950),
Charlewood (1964), and ﬁost recently Watson- and Kerrich

(1983) and Kerr}ch and Watson (1984).

1.7 Scope and Purpose of Thesis

This thesis is based on Investigations carri;a out at
the Macassa Mine during two and a half summers mapping and
sampling underground and laboratory research conducted at
the.University of Western Ontario. While at Macassa, the
writer worked as a mine geolbgist which afforded good
oﬁbortunity to examine, map, sample and photoérapn/%xpos-
ures underground and in surface outcrop.

Some 500 kg of host rock and gold ore was obtained
from mor; than 150 locations underground and on surface.
Of these, A8 samgles were selected for detailed whole rock
chemiecal agaiysis of major; minor and trace element
abundances. Major elemené and some transition metal
aBundgnces were determined by X-Ray Assay Labs and
Barringer Magcnta Lgbs respectively. Precious metals and
related element’ abunéances were determined by Neutron
Qctlvaflon Services as were rare earth element abundances.
Trace_elpment abqndanggs«were d;termih;d by the writer
using XRF' at the University of Western Ontar{o. Cﬁemical
compoiitions'of feldspar, chlorite, blotite and ca}bdﬁqte

mlnérals from unaltered and ore-related rocks were deter-

.mined by the wrlter using the electron mlcroprobe. Ferrous
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iron abundances in a selected number of altered and

unaltereh rocks were determined titimetrically by the

writer using the metavanadate method described by Wilson B

(1955). ‘ _
The geostatistical study i3 the result of a special

project conducted by the writer for Lac Minerals Ltd. to -

test the application of ged§tatistics_to problems of gold

distribution and gr;de control at the Macassa Mine. The

data on isotopic abundances.is the result of a joint
investigation by the writer and Dr. R. Kerrich, University
of Western Ontario, and has bheen published -in Watson and -

Kerrich (1983) and Kerrich and Watson (1984).

’ The focus of this thesis has been deliberately

restricted to the Macassa Mine in particular and, to a ‘ ’
lesser degree, the six other fo;mer golé producing mines in
the immediate vicinity of‘Kirkléh& Lake. The‘priﬁe purpose
is to reassess the nature and charaéteristics of gold
occurrences at the mine in light of the additional data and
changes iq ore deposit model? sinc; the initial description

summarized by Thomson et al. (1950). This purpose was

accomplished through examination, sampling and_ihalyiis of

- rocks and ores from the Nacas;é Mine. Valuable insight

into details of the physical distribution of gold within
the most';patlally continuous ore type, breccia ore, was
provided by geost;tistical analysis. A seconﬂary purpose

was to examine evidence regarding the nature and origlq of

hydrothermal fluids implicated in the formation of gold
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ores at. the Macassa Mine and, by inference, the Kirkland

i

Lake area. This purpose was accomplished by chemical mass

“balance calculations based on tﬁe precursor and products of

"hydrothermal alteration in wallrocks adjacent to ores,

L3

determination of oxygen and hydrogen isotope abundances in
unaltered and altered host rocks ahd ores. These were
supplemented by fluld incluslon studies, and determinatlon
of ferrous tof total .iron ratios fof'selected unaltered and
altered wallrocks. ~
Naturally,‘new_data generated by this study should he
incorporated in a larger scale regional framework. The
fipal chapter of this thesis attempts‘to do this using a
regional model proposed by Jensen (1980). Whllé the

adaptation of Jensen's model is convenient, no'attempf is

made to deny the healthy disagreements which currently

exist regarding proper interpretation of reglional strati-

graphy. The various regional. interpretations will be .

briefly discussed in Chapter.2. To mediate between any of
the conflicfingl1ntergretations or to propose a new version

would require extensive regional geologic study beyond the

scope of this theslis.



CHAPTER 2

REGIONAL GEOLOGY (

s

2.1 General Statement

The Kirkland Lake mining district is 1in the Abitibi
greenstoﬁé belt, one of the largest and best preserved
Archean greenstone belts in the world. In addition to
producing base metals, silver, gola and iron, there are
numerous sub-economic occurrénces o? otherlmetals. Excel-
lent exposure of a variety of Archean rock types along with
significant metal concentrations makes the Kirkland Lake
district a prime source 6f information on Archean geologic-
al pfoces;es.

The geology of the Abitibi belt ha; been described by

Wilson et al. (1956) and Goodwin and Ridler (1970). Recent

"detalled investigations include those dealing with strati-

graphy (Hewitt, 1963; Hyde, 1978, 1980; Jensen, 1978, 19803
Jensen and Lanford, 1983), petrography (Bass, 1961;
Boutcher et al., 1966), metamorphism (Jolly, 1974) and

economic geology (Ridler, 1969, 1970, 19763 Tihor and

‘Crockett, 1977; Lovell and Ploeger, 1980; Ploeger, 1980,

1981; Ploeger and Crockett, 1982). The following is

20 - o B
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intended as a brief synoptic overview of the general

ageology of the Abitibi belt and the salient aspects of the

geology- of the Kirkland Lake district drawing on these
previous effofts.
2.2 General Geology of the Abitibi Greenétone Belt

Thé Abitibi greenstone belt, in the.Souéheast part of
the Superior tectonic province, is approximately 7%& km
long and 240 km wide (Fig. 2-1). This east-trending belt
is truncated to-tge east and the west by the northeast
trendlng‘crystalline rocks of the Grenville province and
the Kapuska#ing subprovince respectively.

The Abitibi-lithic assemblage 1s characteristic of

many Archean greenstone belts of the Canadian Shield. O0ld--

er supracrustal and intgusive rocké, now deformed and
commonly of greenschist facles of regional metamorphism
have been intruded by fel;}c to mafic stocks and batholiths
ofnlate-Archean age. Numerous Precambrian diabase dikes,
younger by about 10 Ma and including many of the Matachewan
and Keweenawanfsygrms, are—present. Several tonguis of -
flat-lylng Proterozoic iocks protrude upon the Abitibi belt
’from the south.

The supracrustal-rocks are predominantly volcanic,
partlcularly mafic to felsic flows and pyroclastic rocks of
tholeiitic to calc-alkaline affinity. These are typlcally

in several mafic to felsic cycles or sequences. Overlying

21
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the great apparent thicknesses of mafic volcanic rocks are

numerous concentrations of felsic volcanic rocks, each

concentrationlcharacterlstically representing an eruptive

‘centre or cluster. of related centres. Principal ‘concentra-

tions occur at Val d'Or, Noranda, Kirkland Lake, Ti;mins
and Chibougamau. In addition, the regional volcanic
.accuﬁulatioﬁ includes many th‘n, extensive felsic tuff‘
‘horizons attrlbu;ed'to pgriodlc.explosive eruptions of
voléanig.ash. . e

Sedimentary rocks are predominantly of turbiditic

nature, in broad, geherally east-trend{ng, folded zones,
1 .

; prlncipally-sou@h of No;anda;'gast.qf Kirkland Lake, near ’

Timmins, northeast of Lake Abitibi, south and southwest of .-

Matagami and west of ChiLougamau (Goodwin and Ridler,
1970). This lncludq§ facies ofﬁgreywacke, argillite,

lithic sandstone, conglomerate, breccia, chert and
a A .

iron-formation ranging up to 3 km thick. Chgotic textures
and polymict, unsorted materials are distinctive features

and -are characteristic of véry active tectonic zones. Most

) N
<

sedimentary and volcani¢ rocks are-structyrally \

conformable. Local unconformities‘have been established at -

Kirkland Lake and Timmins (eg. Thomson, 1946; Roberts,
1981). ' s

Foliated to massive granitic rocks commonly undgille

” .

. the margins of the region. When intrusive relations are

apparent, the granitic rocks post-date the volcanic and

s J B
sedimentari rocks. ﬁhg large'granlﬁic complexes along the

—

s
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north an& south boundaries may include primitive, crystél-
line basement. Granitic plutons are also widely distribut-
ed within- the Abitibi belt. Thefe are nine major plutons,

each 60-160 km in éiameter. Most of these'are in the north
part of the Abitibihbelt. Several smaller plutons,
enclosed within volcanic rocks, are associa%ed with the
felsic volc;nic rocks (egq. Norandi: Malartic, Kirkland
Lake, Chibougamau) and may represent coeval intr;sive
equivalents. Numerous sidls, dikes and irregular masses of
mafic to ultramafic rocks are present, particularly in the
lower, mafic parts of volcanic sequences.

Goodwin :nd Ridler (1970) have interpreted the Abitibi
belt as a remnant of a bilaterally symmetrical, Intra-
crétonic orogen. The orggén propect is between two postu-
lated cratonic forelands, the boundaries oflﬁhicq are
&efined on the basis of the prebonderant granitic rocks
(Fig. 2-2). The first ordér structure of the Abitibi belt
is an S-shaped regional fold which is delineated by the
boun&ary surface of ;ﬁe ofogen. Two conspicubus, second-
oréét, S-shaped folds which form part of the regional fold,
are present on Both boundary surfaces. ]he axial lines of
thé regional folds trend north;est. Folding of the compo-
sitional layering within the orogen is widespreah. " These
folds héve east-trending axes, arq‘charac;eriétically'iso-

)

clina}, doubly-plunging and bifurcate iiéng str{ke'(coodwin

\

i

and Ridler, op. cit.).
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2.3 Geology of the Kirkland Lake Distrist

Physically, the Archean rocks of the Kirkland Lake

district are divided into three by a central, east-trending -

belt of sedimentary rocks and Interlayered trachytic flows
and pyroclastic rocks intruded by a composite syenite
stéck. To the north, unconformably beneath the rocks of
the central belt, there are mafic to felsic volcanic rocks
and subvolcanic intrusions. South of the central belt
there is a complex sulte of ultramafic to felsic.volcanic
gocks and related intru;ive rocks overlain conformably by
and interlayered with sedimentary rocks. Correlation with,
and strucguiﬁl relations to, rocks of the other belts {is
coﬁtroversial. i

_Early mapping in the\Kirklanﬁ Lake dlqtriét described
a great thickness of mafic and Intermediate volcanic rocks
overlain by sedimentary rocks with interbedded alkaline
volcanic rocks (Todd, 192%). Volcanic rocks were grouped
together -ard correlated with the Keewatin Series described.
from the Lake of the Woods area. In 1911, Miller named a
series of 3ed1mentary rocks containiﬁg pebbles and boulders
‘of Keewatin rééks in the Cob;lt area the Timiskaming
Series. In 1914, Miller extended the usage to include

sedimentary rocks of Kirkland Lake, applying it to areas

mapped earlier by A. G.,Bu;rows, P. E. Hopkins, M. E.

Wilson and R. W. Brock. Miller and Knight (1914) applied *

the same term to many other regions in southern Ontario.

4

-

28




v e i = e s s mvas -
.

Miller'éhsimple two-fold classification of .the Archean into-

a predomlnantly volcanic serle{, the Keewatin‘oveglain by a
predominantly sedimentary series, the Timigkaning,-persist-
ed for over 40 years. |

However, in other areas of the Archean, furthef
detailed field work indic;ted that the old two-fold divis-
lon of rock fypes alone was not supported by new observat-
ions. Thick sedimentary horizons were found interbedded
;ith.the volcanic Keewatin Series, and it 5Ecamé apparent .-
that the Keewatin was more complex than first interpreted
(Hewitt, 1963). Additionally, various workers have long
recognized that the Timiskaming of the Kirkland Lake area
is represented by volcanic and sediﬁentary rocks differing
from the type sedimentary section described on Lake
Timiskamihg (Cooke and Moorhousé)\1969).

\\

2.3.1 Stratigraphy

Stratigraﬁhic relations inqthe Kirkland Lake district
are a matter of some controversy in the literature. Three
major schemes of fnterpretatfon have been advanced sincg
the first systematic'pgogtam of detailed mappiné was do@e
in the 1930's By the Ontario Department of Mines ([homspn{
19@6, 1948;-Thomsoﬂ'an& Griffiths, 1941; MclLean, 1954; ‘
_Hewitt, 1949). Major proponents of these litterpretatfons
have been J. .E. Thombpn,nR.-H. Ridler and L. S. Jensen.

The following section provides a brief syndpsis of the

L4
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chronologie development of their stratigraphic interpreta-

tions. ' - o _ :

As stated previously, first 1n§£stigations of

‘k“?recambrianﬂrocks in:thé‘Superior:Proviace below the

-t -

. Huronian Supergroup resulted in fhe nginition of the

Keewatin and the Timiskaming series. The Keewatin series

consisted of volcanic rocks with minor interbedded se&i-

mentary rocks. The Timiskaming serles consisted of domin-

— 7

antly clastic sedimentary rocks.

-

The first geologic mapping done by the Ontario
Department of Mines in the Kirkland Lake district have a - -

lower sequence of mafic volcanic rocks and related diorite

to the south with minor interlayered sedimentary rocks.

The volcanic rocks were overlain by greywacke- with inter-
bedded conglomerate and distinctive alkalic volcanic
rocks. Also interlayered with the sedimentary rocks were =

mafic volcanic rocks markedly similar to those of the_lower .

sequence. Thomson ﬁ19k6) showed there was a‘préfound
angular unconfofmlty at the base of the upper sequence in
~Lebel Township and to the west. Elsewhere the contact was

apparently conformable due to coincidence of structures. v

The presence of the angular- unconformity led Thomson
to correlate the upper sedimentary rocks with the -

Timiskaming sépies and the underlylng volcanic'rééks with

the Keewatin. .Thomson viewed the structure of the district

¥

as an asymmetric remnant of g_grgﬂi synclinorium cut by a




O

major fault which he referred to as the Larder Lake Fault.
The primary evidence for the fault was the existence of a-
broad zone of shearing and carbonate alteration and that

south-facing Keewatin volcanic rocks occurred south of the
south-facing, ostersibly younger,. Timiskaming sedimentary

rocks. Thomson acknowledged the probable equivalence of

the Larder Lake Fault with the Cadillac-Bouzan f;ultrto the

east In Quebec and suggested a pbssible continuation of the
o

structure to the west, under areas overlain by Huronian

sedimentary rocks. He viewed the displacement on the fault

" as éreat with the south side being upthrust and eroded.

In the Yaté 1960's R. H. Ridler (19@9, 1970) re-

examined the Kirkland'Lake district as part of a Geologlical

Survey of Canada study of the Abitibi Greenstone belt.

Ridler made substantial revisions to Thomson's stratigraph-

ic and structural interpretation using A. M. Geedwin's

>

(1965) concept of volcanic cycles and related iron forma-

-

“tions. The key to Ridler's interpretation was the recog-

nition of carbonate facies iron formation among the

carbonate-rich rocks of the Larder Lake Fault. He denied

the existence of a fault, along thishzone of carbonate-rich

rocks, attributing the extensive sheéring in the area'té

the incompetent nature of carbonate facles lrgg formation.

_Ridler gorrelated this carbonate facies with oxide facies -

firon formation in Bolton township and inctgyed both in the

upper part of the Tiniskéning sedimentary rocks. The



.correlation was supported by the presence of alkali-rich
basalts near the oxide facies iron formation 1n Boston
Eownship suggestinérgffinities with the alkalic volcanic
rocks of the Timiskéming serles. -

The Keewatin-like volcanic rocks that structurally
overlie Timiskaming sédimentar;ﬁrocks west of Kirkland Lake
were said to be younger and called the Hijﬁﬁay 11 basalts.

- Ridler made majof Subdivisioh;_in the previously undivided
Keewatin volcanlic rocks below £he Timiskaming. The import-
ancerf the angular'uncbnformity at the base of the —
Timiskaming was deemphasized as’not necessarily repngsent-’
ing ény great gap in time. Ridler's revised ;tratigraphic
interpretation eliminated the asymmétric nature of the
synclinorium proposed by Thomson and appeared to provide a
simpler, more consistent model.

In the 1970's, L. S. Jensen and D. R. Pyke of the then
Ontario Department of Mines started_a systematic revision
of the geoldgy of the Timmins-Kirkland Lake area. They

made extensive use of whole“rock‘najor element abundances

-

of volcanic rocks to define cycles of volcanism similar to

those defined by Goodwin (1965). Each cycle had a

komatiitic base, a Lholefitlc middle, and a calc-alkalic _-

upper part passing upwards into intercycle se&lmentary .

rocks including iron formation.

Jensen (1976) and Meyn (1977) examined the oxide —

t4cles -‘1ron formation 1n Boston“township. They found the

32
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iron formation was interlayéréa with both calc-alkalic

felsic tuffs and komatiitic ultramafic flows. The implied
sfratigraphic position of this iro;“formation was clear,

between two major volcanic cxg}es. It was equally clear -
that the iron formation occurred below rocks that the
Timiskaming rocks overlie with profound angular unconform-
ity regardless of the time significance of the unconform-
ity. Thus the Bost&n township oxide facies iron forqgtion
could not be correlative with the Timiskaming rocks.

Jensen interprefcd whole rock elementhabundﬁnges to
suggesg—that the alkali basalts in Boston township are the
result of alkaii metasomatism assocliated with tﬁe Lebel
syenite stock,_ This 1is i}gnificant in that Ridler
justified correlation 6F*these-Lasalts with Timiskaming
;ock; o; the basis of their alkalic affinities. ‘

RidlerT; lnterp}étation was also superééded somewhat by
work of Tihor and Crocket (1977) on the carbonate-rich “
rocks of the Larder Lake area. They recognized relict
spinnifex textures in some of these rocks. Hence, at least.
some If not much of thg carbonate-rich rocks are altered
volcanic rocks and not carbonate facies iron f6fﬁat19n.

The Highway 11 basalts of Ridler (1969) were included
ﬁ;~3enseﬁ in a tholeiitic unit overlying the basal .
komatiitic rocks which include the Boston township oxidé |
iron formatloﬂ. It 1is th;s interppctéd as olde® than
Timiskaming rocks and separated by the Larder Lake Fault

A
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from the younger "but stzucturaliy lower sedinentary rocks
1w
as originally interpreted'by Thomson. The ideqtlfication

of older rocks structurally “above Tiniskaming rocks brought

the Larder Lake Fault back to its former proninence.

"\

Below and south of the basal komatiitic rocks mentlioned . .

above there is a thick,. complete komatiitic Yo, calc-alkallc
volcanic cycle. Jensen's 1nterpretation here did not
differ substantiallx_from that of Rldler.
The“To}iowing"Hescription of stratigpaphy in the
Kirkland Lak;‘district is essentlally that of Jepsep.éﬁlt

is this writer's opinion that Jensen's interpretation is

earrent, coherent and most suitable fop'the area immediate-

3
—

ly*3urroun&1ng Kir nd Lakg and hence the more restricted

area of the Macassa<§1ne piope;}y, the focue of this study.
In the Kipklaﬁd Lake district, volcanic, sedimentary
and assoclated intrusive rockewform a large e}st-plunging
synclinorium between the Lake Abitibi batholith and the |
Round Lake Bathollth (Fiq. 2-3) .Two c¢ycles of volcanism,
each~ j}th associated sedimentary and 1ntrusive rocks occur
in theferea: these are referred to by Jensen=(1975§, b '
- 1980) as the Lower—and Upper,Supqggreups.’_Eacp are
cgmposed of komatlitic rocks at the base, oveplain in turn
by tholeiitic and calc—élkalie rocks: the seconp cycle or.
Upper Supergroup 1s capped by an .upper alkalic sequence.
They are separated from eiih other by sediuantary rocks

.-

containing conglouerate, argillite, chert and iron-

sSooT
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’Jg;aphfc'tﬁickness is greater than 35 km. : The stfaqigraphy

. - . . ’ ' R
formation. Ihe upPer.aIkalic sequence is‘preserved along
the Kirkland-Larder Lake Fault and is alkalic rocks of the

Na and K sg;ies (Jensen, 1978). Total apparent strati-

» Of fhe Kirkland Lake district is summarized in Table 2-1

+* ’

.and the folloﬁing nonencla}ure and descrip;ions Sre taken
?roi’jenfen (1978, 1980). _K
’ The basal komatiitic sequence of }he first cycle,
which is rgferred‘td as the Lower Supergroup (Jensen and
Langford, 1983), is called éhe Wabewawa Group and is ultra-*
mafic komatiite, basaltic komatiite and Mg-rich tholeiitic
basaitl ‘This éroup overiies calc-alkalic tuffs, called the
?ﬁPacaud tuffsf(giéler, 1975), whiéh are 1qt§f1;ygi?d with
argillfte, éhert éh& iron-formation along the south margin
“of the regional, synclinorium adjacent to the Round Lake
Batholith.. Jhe Pacaud tuffs may represent the top‘of an
older volcanic cycle. Overlying the Wabewawa Group 1is é

-

tholeiific sequence of Mg-Fe rich basalt known as the
Cthérine Group. The Catherine'droﬁ\kls overla}n,’ln t;rn;
by calc-;lkalic basalt, andesite, dacite and rhyolite of .
;ﬁe Skead Group. Total apparent maximum thickness of the
first VOIcanib'cyclelis about 15 km.
‘At the top of the first volcanic cycle, the calc-.
alkalic tuffs and tuff breccias are interlayered by

éondlouerétq, greywacke, argillite,,chert and iron-forma-

tiod. Flows of ultramafic and basaltlé kopatilte occur

37
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Table 2-1.

N Stratlgraphy of the Kirkland Lake District.®

Group

Timiskaming Greup
(Kickland Lake-
Larder Lake -

_ Sectiom

3,000 m

L4
Rlake River Group
(RRG) .
10,000 =

-

Kinojevis Group
(KG)
10,000 »

Larder Lake Group .
(LLG)

Thickness unksiown
9,000 m

Skead Group
(5G)

Catharine Group
(cc)

Wabewawa Group
(wC)

Volcanic—Rocks

Na- and K-plch mafic
to felsic alkalic

volcanic rocks and K-rich

subalkalic felsic
volcanic rocks

Cale-aikallc’ basalt,
andesite, dacite

and rhyollte flows
and pyroclastic rocks

Minor Mn-rich
tholefiitic basait

Mg-rich and Fe-rich

‘tholefitlc basalt with

minor tholelitic
andesite, daclite and
chyollte flows ~

Peridotitic and
basaltic komatlite

and Mg-cich tholedltic
basalt, minor Fe besailt,
calc-alkdllic chyoldte
tuff toward base of

gcoup
.

Calc-dlkalic hasalt,
andeslte, dacite

and thyolite flows
and pyroclastics

Ma-rich and Fe-rich
tholelitic basalt

Sediments

Pluviatile conalomerate,
wacke and argllltite
of materlal dertved
localliv and from LLQ

Volcaniclastic
tucrbides derived
by slumping off
volcanic edifices

Hyaloclastite and
arqiilite, chert and
qraphlte

Turhlditic conqlomerate
wacke, argliilite of
material derived
locally from komatfitlc
flows and distally from
SR graphite, carbonate
and Iron formation

Pebble conalomerate
with syenite clasts

Cherts and lron
format fon

Minor d,rqll lite

Perfdotitic and basaltic ? ,

komatiite and Mg-rich
tholelitic basalt .
Minor chyolite-tuffe

+

Intrusive Rocks

Mafic to felsic
syenodiorite and
svenl'tes

Gabbro, diorite, |
quartz dlocite and
chyolite domes

Gabbro

Munite, perido-
pyroxenite and
qabbro

Relationships

Uncenformably
overiies PRG,
KG and in
placés LLG.
Mainly a
fault contact
with LLG

Conformably .
overlles KG

.

»

+
Conformahly
overlles SRG

.

Nisconform-
ahly overlies
s

. . K

Syenite intruslon?

Rhyolite porphyr-
fes

fabbro

Nunite, perido- -
tite pyroxenite
and qabbro

Conformably
averifes C0

Conformably
overlies WC

Overiies
calc-alkalte
tuffs
{Pacaud
tuffs) .

*from Jensen (19‘0) .

W
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interlayered with these sedimentary rocks and becoée pre=- ..
dominant upward 1in the stratigraphic seqdence. These
g komatiitic volcanic¢ rocks are the Larder Lake Group and
l ) form the basal sectlion of the second volcanic cycle
;eferre& to 4s the Uppér Supergroup (Jensen and Langford,
;983). Above the L;rder’Lake Group there is a sequence of
tholeiitic rocks (Mg-fFe riqh basalt and some andesite,
aacite and rhyolite toward the top) called the Kinojevis
Gtoup.‘ This -groap is about 10 km thick. Above the
'tholélitid sequence are the calc-alkalic volcanlc rocks of.
the Blake River Group. These areZMg-ricﬁ tﬂoleiitic
basalt, plus calc-alkalic basalt, andesite, dacite and
rhyolite flows{gnd pyroclastic rocks derived from two or
. more volcanic centres represented by massive rhyolite domes
at the centre of the synclinorium. The Blake River Group |
is about 10 km thick.
; . Unconformably overlying thq Kinojevis Group, the Blake
— River Group and possibly the Larder Lake Group, 1s the
Timi;kaming Grqup.. The Timiskaming Group'in?ludes both
sedimentafy and volcanic rocks consisting of conglomerates,

sandstones, siltstones, argillfte, chert, iron-formation,

\

lavas, agglomerates and-tuffs (Hyde, 1980). The volcanic

\ rocks are dominately tfaéhytesiand phonolites. Cooke and
Moorh;uqe (1969) identified leucite-bearirng volcanic rocks

. }ithin the Tlniska;ing Group. The maximum exposed thick-

ness of the Timiskaming Group 1s about S km in east Lebel




. Township (Hewitt, 1963).
2.3.2 gfrdcture T
The dominant strucfural elements;?ﬂ the Kirkland Lake
dfstr;qt are two steeply _inclined, east-trending irregular
shear zon;s: the Destor-Porcupine Break in fhe north and
the LarderAL;ke Break in_ the ssuth. Th;y follow contacts .
between sedimentary and volcanic rocks. Recent field
studies have cast doubt on their continuity and magnitude
of dislocation (Goodwin, 1965). Their‘exact nature,
whether they represent faults of undetermined movement,
carbonate-rich éxhalative sediméntary rocks (Ridler,
19@9), carbonatite flows (Stricker, 1978) or caernatlzed
”qitramafic flows (Pyke, 1973%), or a combination of these
and other relationships, rewains a matter of interpretat-
fon.
The Larder Lake quak e*éends from south of Kenogamf
Lake on the west to the Rouyn-Noranda area on. the east "
where it is called the Cadillac-Bouzan Bre?ky This fault
system 1is oﬁscured byfonly slight movement in the younger
Proterozoic rocks. The older the rocks, the gregier fs' the
displacement (Jensen, 198Q). This suggests that the fault
system ha; been an active influence thioybhoyt the deppsit-
fon of‘Qolcanlc and sedimentary rocks and their subsequent
lntru‘lrn by granite and syenite. Where idontl;led in;the
Kirkland Lake district; the Break is at or close to the

) -
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south edge of the Timiskaming éroupq ‘In Teck Township,
south of the Macassa Mine, it is close to the south
contact; To the east, however, the Break-is mainly within
Timiskaming Group sedimentary rocks (see ODM map 2205,
1972). The.Break has B;en variably defined’asz 1) a major

thrust fault with attendant hydrothermal carbonatization

(Thomson, 1950); 2) a sedimentary zone of carbonate exhala-

tive iron-formation marking the change from oxide to
carbonate facies (Ridler, 1969, 1975); and 3) a volcanic
z&ne wherein many of the carbonate rocks may be shown to be
ultramafic flows on the basis of remnant textures and
structures (Jensen, 1978).-

The first definition is favoured here based on th;
followfng evidence in diamond drill core from the south
edge of the Macassa Mine property: a surface diamond drill
hole collared north of the Larder Lake Break and drilled
south after approximately 250-300 m encountered a zone of
ver& fractured an§ bleached mafic rock rich in carbonate
minerals 10 m widé which was terminated dowq hole by a
steeply dipping chloritic gouge 10 cm wide. This structure
was assumed to be the down dip extension of the Larder Lake
Bréak. The hanging wall rocks had little or no carbonate

minerals and appeared nucﬁ less altered and fractured. The

" asymmetric pattérn of fraéturing and alteration ardunﬂ the

structure s interpreted to reflect post alteration

movement of unknown magnitude.

v
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Numerous northwest to northeast tren&ing fractures
t{ansect the supracrustal rocks. No consistent pdfte}ns_pf
horizontal offset have beensestablished. The fractures are
considered to cover'a wide age range and represent several
separate, bo;siblyArepeateq periods of development and

movement. -

The Round Lake batholith is another major structural
element of the Kirkland Lake ;zéion. The batholith is
mantled by the Skead Volcanic r&cks. Ridler (1969)
suggested that the batholith, which is itself metamorphosed
and mylonitized near its margins is.in part the basement
upon whagh the Skead volcanic rocké were originally
deposited and both basement and velcanlc rocks have been
moved to thelir present positlon.

Tﬂe Timiskaming Group of vdlcanic and sedimentary
rocks form an east trending narrow contlnuoqé belt (0.5 to
8 km wide) on the northeast of the Ro;nd Lgke batholith.
They are a south-faclhg, monoclinal sequence. There are
strike faults, cross-faults and oblf;ue faults in the
T}nlsk;ming Group. Parts of the older komatiitic sequence
to the south have been faulted in with the Timiskaming
Group 1in se;eral places.

The upper contact of the Tlmlskauigg Group is a
fault., Th;g fauit truncates:several 6f~the upper units and

several of the syenitic bodies which intrude both

Timiskaming Group and volcanic rocks te the south.

42.
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2.3.3 Metanorphism

In a study of metamorphism of part df "H% Abitibl

- - -

greenstone belt, Jolly (1974) was able’ to subdivide the*

region according to metamorphic_facies and distiqgu;sh

between regional and contact metanorphic_effects. Ne found

that burial metamorphism of much of the pre-Timiskaming

" .volcanic rocks was to the prehnite-pumpellyite facies.

Jolly also found that the Timiskaming Group contains

'~prehnite-pumpelly1te only.in detrital lithic fragments and

is largely chloritie wherever the sedimentary.rocks.are
remote from igneous intrusions. Thusy the Archean-volcanic
and sedimentary rocks of the Kirkland Lake district are
metamorphosed to the sub-greenschist and greenschist facies
except ne;r the mergins_of large intrusive bodies where
amphibolite-facies rocks a{e'founq,(Jolly, 1978).
2.3.4 Radiometric Age Determinations

In the Kirkland Lake district, the Upper Supergroup
consists of a series of volcanic cycles in an easterly
plunging synclinorium. On the porth limb, the basal Hunter

Mine Group has been dated by the U-Pb method on zircons at

2710 + 2 Ma (Nunes and Jensen, 1980)+ Unconfoimably over-

lying the Hunter Mine Group are the komatiitic volcanic -
rocks ‘at the Sfbughton-Roquemare Group (Jensen, 1976, 1978)

which have been correlated with the Larder Lake Group of

4 +

‘the Kirkland Lake district (Jensen and Pyke, ‘1980), at the

s
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base of the.Uﬁpef Supergroup,— The felsic vgiégpic rocks of
the Blake River Group ag'thgftop‘of the Upper ghperg;;ub'A
has been dated;by“the U-Pb method on zi;cons‘at 2703 + 2

Ma (Nunes "and Jensen, 1980). These are upper concordia -
inte;cept model ages, th;h pngbabiy represent minima given
thé absence of xenGE;ysth zircons (Nunes ana-Jenscn,' =
19;0); These data from rocks which span the volcanic
stratig;aphy of the'Upper Supergroup with an apparent

cumulative thickness of 30,000 m signify a time interval of

7 + 3 Ma for‘qgvelopment of much-of the Kirkland Lake

section of the Abitibl greenstone- belt. . | )

Overlying the'Blafe'River.Groub are intrusive and
extrusive alkalic 1§neou§ ;oéﬁsiof,the‘Tim}skamlﬁgACroub,
which host ;he principal gold deposits. There- are ;s yet
RO breéisq age determinations on zircons .from igneous rocks
of this Group althouéh yprk_is cufrengly in progress by the
Oﬁtaﬁlo Geoldg;cal Survey. |

~Major granitic batheliths in the Abitibi greenstone

belt are.thought to be broadly qonteﬁporaneous with volcgn-s
fc activity. Krogh et al. (1982) report that the majority '

of batholiths have ages In the_narrow’in§erva1 of 2675 to

v - i
2685 Ma (U-Pb determinations on zircons). The Lake Dufault

granadiorlte at Noranda has an age of 2701 Ma (U-Pb lif-

topic determinations on zircons by Krogh, quoigd in Nunes

.

-

.and Jensen (1980), and the Round Lake batholith south of - ..

Kirkland Lake has a,Rb-Sr‘isophrpn aﬁ?;of 2,390 Ma,

*




although this is probably a cooling age (8ISr/86sr

-

- ™ initial = 0.7009 ; 0.0009, Purdy and York, 1967).

A lower age consgraint on Abitibi belt igneous —.
activity is provided by a Rb-5Sr whq;eirock isochron age of
= 2,690 + 93 Ma (875r/868r initial = 0.700 + 0.001) on the

Matachewan diabase dike g;arn,_which transects all rock

types, batholiths and some of the ore deposits in the
473).

Timmins area (Gates and Hurley,
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GEOLOGY OF THE MACASSA MINE )(

" 3.1 General Statement

The town of Kirkland Lake and the surrounding district
is underlain by Timiskaming Groﬁp sedimentary and volcanic
rocks. These rocks extend from Kenogami Lake, through ‘Teck
Township and further east (Fig. 3-1). The Timiskaming
rocks form two e;st-trending)belts (informally called the
north and south belts) which are separated by a synclinal
axis, syenitic sfocks'and the Larder Lake Fault. In Teck

Township, in the north belt, the sequence is a south-facing

homoclinal succession about 3.5 km thick and striking

approximately 065°,

Hyde (1978, 1980) subdivided Timiskaming Group sedi-
mentary and volcdnic rocks 1nt3i12 facies based on grain
slze, nature_and thickness of bedding, type and size of
sedimentary structures and'vertfdal sequence of sedimentary
structures. Four of these'sedimeqtary facles were grouped
together to fo?m a Non-nariné Association, which is domin-
ated by pebble and cobble congldnerate and sandstone of

braided river—origln.-fSnaller amounts of floodplain, - -

.
-
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la;ustrine, and eolian deposits are also ﬁ;esept.- A
Résed{mented Association consists of four other facies,riﬁa
1nc1u§es graded -and ungraded coqgloneti&es, sandy turbid-
ites, sanJy and ;llty, lamipatedAturbidites, and oxide
irQn-form;tion.‘ These. facies wereijgierpreted to represent
agabsifion withanQubmarine f;ns.

Sedimentary and py;ocléstic rocks underlying Kirkland
Lake, most of Teck and Lebel Townships are domin;ted by
those facles assigned-to the Non-marine Association whereas
areas further east a;e characterized by Resedimented
Association facies (Fig. 3-2). More than 95 percent of
volcanlc‘rocksnne;r Kirkland Lake are pyroclastig in
contrast to areés further east where massive and porphyrit-
ic trachytic flows, including altered leucitic porphyritic
flows, commonly occur.

The Timiskaming Group sedimentary'and volcanic rocks
are intruded by a composite syenitic stock centered on the
town of Kirkland Lake. The long axis of this stock and its
satellitic dikes is roughly parallel to the strike of the

Timiskaming rocks. In plan it is somewhat wedge-shapeq< ’

broadening to the east. The dip is steeply to the south

with the north contact being somewhat steeper than the

south resulting in a general widening of the complex with
depth. In longitudinal section, the intrusive complex
pldnges down to the west at approximately 450, '

The syenite stock 1s made up of three matn phases:
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augfgg syenite, nassive‘or felsic syenite and-gérphyrittc .
syenite. The augite syenite was the eariiest of these
phases and forms irregular tabular lenses and dike-like
bodies.” It typically contains more than 15% augite pheno-
crysts. Mssslye syenite occurs in an iiregular pipe-like
form the dimensions of which ;re 250 m x-500 m at surface.
This phase plunges westward at approxinately 400 and’
contains less than 15% augite phenocrysts. In drill core
and underground‘exposure, massive syenjte is transitional
into augite syenite with increasing augite conteng or may
have a sharp, well-defingd fn;rusive eontact. The‘relative'

4

agé relationship between qassive syenite and augite syeéite.’
is thérefore ambiguous. Porphyritic syenite transects both
augite syenite and massive syenité with well-defined
intrusive conticts and is therefore the youngest phase of
the composite intrusive complex. The main po{phyritic
syenite body forms a central elongated plug, which also

" has a steep westerly plunge, from which numerous dikes and

irregularly shaped bodies emmanate. This rock is distinct- -

lyﬁporphyritic with 2-4 mm sodic plagioclase as the domin-
anq phénocrysts; Q ‘ |

The principal gold-heérlng zo?es of Kirkland Lake '
-occur dlong'a major féu1t<systeg called th§ Main Break or
the Kirkland Lake Fault. The Nﬁfn Break fault s;sten'Is a

thrust fault which.has been trace¢-§c:oss Teck Township and

a ghoit dlstaﬁke into L‘bel township. Its overail str%ke

. o | B o
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is about 0679. This is approxlnately parallel to the long
axis of the conposite syenlte stock and the trend of
T(kiskaning Group sedimentary and volcanic rocks. The
system generally has a steep dip to the séuth (750-809),
The wain plane of mo;ement has been traced in underground
workings to a depth of more than 8,000 ft (2650 m),
Estimates of the amount of vertical displacement on the
Main break were made by Tyrell and Hore (1926), Todd (1928)
and the geologists of the Kirkland Lake mlnes. All have
agreed that it is a thrust fault in which the south or
hanging-wall side has moved upward with respect to the
north -or f&btwal side. ‘Thomson et al. (1950) summarize
displacement on the Main break as rotational, amounting to
;hput 1500 ft (460 m) at thé Macassa mine in the west and
about,350 ft (110 m) at the Toburn mine in the east.

Tﬁe followiqg sections describing the qeplogy of the
Hacaséa Mine are based on undetgtggnd ;Aﬁ surface mapping
and sampling, and ‘petrographic 1qvest1gation conducted
during the course of this study, compilation of existing
mine maps and recbrds, discussions with nine.geo%ogihts and
published data in the literature.

4

3.2 Rock Types in the Mine - . ’ "

3.2.1 Tiniskanlng Group I
The Tiuiskaning Group .1is reprcsented by sedlnennary

53
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and volcanic rocks on surface and undergroun& in the
Macassa Mine workings (Fig. 3-3). There are both pebble
and boulder conglomerates exposed as widths up to 100 m
along cross-cuts extending bofh north and south from the
bottom of the No. 1 shaft Qnd to a lesser extent in drifts,
crosscuts and drilling to the west. Pebb1;s4and boulders -~
of massive and porphyritic sxenitc, granite, thyolife, |
trachyté, diorite, gabbro, quartz, jaspér, chert and
spinnifex-bearing ultramafic lavas havefbgen noted (Plate
3-1) (Thomson, f?4§).. Matrix is normally fine to medium-
grained sandstone or greywacke. Hyde (1980) has interpret-
éd-thgée rocks as representing a Non-marine facies associa-
tion.

Greywack;s and tuffs are common on the north and south
margins of th§ composite syenite stock in the east and
cenFral patts of the mine.‘ Increasing amounts of these
rocks are present in areas to the .west, away from the main
stock. Greywacke is typica11;~;*;asslve, nediuy to'fine-
grained (6.20-0.80 mm) rock with <15% angular quartz and
quartz fragments, 10 to 15% angular feldspar fragments 1in a
| matrix of quartz, cﬁiorite, biotltq, feldspar, .and aingn
carbonate minerals. Fresh sfpples are mostly dark grey and
well induratgd. With increaslﬁg quartz content the grey
colour becomes progressively whiter. Samples with abundint

secondary carbonate minerals are buff coloured. The

generally minor quartz content and scarcity of ‘metamorphic

- ’

-




Figure 3-3.

" Amalgamated Kirkland Mud Break; E

distribution of rock type nd major
st;uctures. Geology nod<f1ed from ODM map
1945-1, stratigraphic nomenclature after
Jensen, 1980. A .= Kirkland Lake Fault - Main

Break; B = North Break; C = '04 Break; D = -

Kirkland-

Larder Lake Fault Zone (Break); F = Narrows -

- Break; G = !Q"Fault;_ﬁ = Tegren crossfault

system; I = Amikougami crossfault.
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Plate 3-1. Boulder and pebble conglomerate from the

b.

Macassa Mine and area.
( *
Outcrop of pebble conglomerate interlayered with ‘
iapllll tuff of the Iimlékaming broup. Road cut on
Highway 66 approximately 0.75 km southeast from No. 1,

shaft. Scale bar is approximately 9.5 m.

Polished hand specimeh of pebble conglomerate in
diamond drill core from the Macassa Mine showing the
variety of rock types making up-the clasts.

-

Pol}sﬁgd hand specimen of pebble conglomerate in

:9iamqu drill core from the Macassa Mine showing large

'céntral clast with spinnlfex-teiture.

Photomicrograph of spinnifex-textured pebble in c.

with radiating pattéfns of clinopyroxene minerals.

Scdle bar is approximately 1 mm. '
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"feldspar,

3.2,2

Macassa Mine:

rock fragments and minerals suggest that these rocks

.

repreéent‘detrlty; from a source area dominated by volcanic

I

rocks. - B ' . -
- There are both fine-grained <herty tuffs and a varlety R

of’ mediun to coarse grained volcanlclastic rocks including

agglomerates, lapllli tuffs and tuffaceous conglomerate.

rg

(Plate 3-2). Tuffs contain up to 60% altered sodic

hornblende, pyroxene psgddombrphous after augite,

‘secondary carbonate minerals,- and 2-5% opaque minerals. -

The opaque minerals are almosts always iron-oxides. Samples’

¢

of unaltered tuff from the §425 ft level contain enough

magnetite t6 be discernable with a-hand magnet. Rock

\ .
fragments are thpi!pst abundant constituent of agglomerates

and tuffaceous codglomerates. Most ffagmeng; are composed

of .cryptocrystalline feldspar and chloritic material.s

.4 . [

Mafic volcanic fragments ‘and quartz-bearing volcanic

- fragments are rare But fragments with feldspﬁrg hornblende

5

or pyroxene are common. Some rocks contain enough rock

fragments to be called lithic tuffs.

In addition to these rocks, there are;smhll amounts of

kY

g

arkosic -greywacke, and massive and amygdaloldal ‘trachytic
flows exposed underground. ‘

Intrusive Rocks
There are three main intrusive rock types in the

augite syenite, syenite and porphyritic syen-

’ : -
< .
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N - ite. The long axes of all‘the intrusive rocks strike.060-
0800 and are generally‘p;rallel to the strike 6?/1he sedi-

.menfary’qu voiéanic rocks of the _Timiskaming Group.
Intrusive rocks have dips,nhidﬁ are steeper than those of

- ~adjoining sedimentary ‘and volcaiic rocks .(Fig. 3-4). This

~cross-cutting relationship between the syenitic complex and

Timiskaming Group rocks indicates the intrusions to be the
% later, y0uﬁger rocks. et
Augite syenite is the oldest and most wide spread .of

the intrusive rocks. The main body intrudes Timiskaming

Group conglomefaté'at surfacg in a na}row,4elongate tabular
mass, dips 75 to 859-sough'to about the 2,000' level and
appears to bulge o; 1t; south side and generally flatten
in dib (Ward and Thomson, 1950). The fresh rock is dark
green to black coloured commonly with a medium to coarse,
almost granitoid texture (Plate 3-3a) The essential
ferromagnesian mineral, auglite, makes hb 15-35% of this
rock, although this is generally pseudomorphed by chlorite,
fe-Mg carbonate, magne{ite and a;tinolite (Plate 3-3b).
Feldspar, occurring in approximately similar i;oportions,
is generally about Ab9gAn1p (Table 3-1) but is commonly

replaced by fine, mosaic orthoclase. Biotite, oitvine and
. . e

-

alkali feldspar occur in minor amounts. Accessory minerals
are magnetite, apatite and titanite. .]he augite syenite

contains subz:dial lnte}stitial growths qflsecondary alkali

feldspar, uralite, sericite, carbonate and“feucoxene (Cooke

i ' . /
X ' >
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Figure 3-4. Geol;glc sectio;'throqgh.ﬂo. 1 shaft of the
Mac;;sg Mine with digir}bution of éajorlrock
types and‘relatlgﬁshib; witg'faults (lookf;g
0659). A = Haiq Bre;K (Kifkland Lake Fault){_
ﬁB = Main Break - South Branch; AC = Main o

Break .- North Branch ('E' or R-2 Break); B8 =

s

North Break (Narrows Break?)

s

‘04 Break;.C
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-'?laﬁé 3.3, Syenites from the Macassa Mine.

-‘/_”: "a \

to eahedral augite*phenocrysts “4nd sSwalier, darker -
"laths ‘of biotite in teddspar-rich matrix. -

..Plane—polarizeﬂ, transaitted 11ight. Scale har is
1app§oxihately Tem. .

o ) ’ L - o Co

b. Detall of relict augite phenocryst 1n augite syenite

" now wmade up of secondary carbonate minerals, chlorite
and minor gpubhedral magnetite. (opaque)

" Plane- polaTAZed transnitted ligﬁt. Scale bar is -
.approxinately 0. 5 .mm. o

a L 4

»
. . L
# ot L -

. - "¢..' Photomicrograph of massive (felsic) syenite with

gypical grananlc texture and gpned orthoclase
,phtnocryst. PIane -polarized, transnltted light. Scale

bar is approximately 1 LLE U
’ Y

d, ‘Détali 6! massive (felslc) syenité with aceessory
‘ apatlte (grey euhedral lath, center of f;ane)ﬂand
séattered, euhedtalvnagnetlte grains (opaque) .
X Plane polarized, .transmitted light. Scale ‘bar is '
approxinately 0.1 uu. |

~ , . ’

s ,._. . v * R
- :

‘Polished hand sauple of porphyrit syenite, witﬁ' .
typical plagiotlase po;phytocrysts and: large, anhedrai

»

. -~ - i . .
. < . - . hd s . © 8 ¥
1. ‘Pbotquicrograph wlth typkcal porphy;\‘ic textute of

3 zoned Jnd twinned yiagioclqoe phenocrysts in ‘a fine o

’ Scalo bar tt approx&datoly 1Tom- "

. . . .
A ] 0 .
P .. sev » -~ . ¢

fgldlpar natrix. Plaue-polarlzod, trantuitti‘ light. oy

: ol Photonicrograph of augite syenite wrth large subhedral »

~

<

"xenolith at top of sample. ° SR
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and Moorhouse, 1969), | -

Syenite occurs primarily as a 'est pitching pipeolike

’ uass which enters the Macassa. aine fron Kirkland Hlnerals

property on the 1,300' level 1)‘<:e east. f\\\rock has a

graniflc texture apd is mostly orthoclase with 10!’1nter-

gfown ollgocla;e (Plete‘3-3c) (Table 3-1). Cﬁlq;;te,_Fe%Hg

carbonate, leucoxene and ser@clte are” pseudomorphous after

biotite, augite and feldspar. Accessory minerals are

apatite, magnetite and ilmenite (Plate 3-3d).. In drill

core and undergroued exposure, syenite ;ay be ttansltional

into auglte syenite with 1ncreasing augite, content or may
9

have a sharp, well-defined intrusive contact. The relative

age relationship between syenite and augite syenite-is

,;herefore ambiguous. :
+

‘The main body of porphyritic syenite forus a centrql

-elongated plug :bat extends eaatward 2.#_km from the Lake
Shore Mine. To the west, in the Macassa Mine, porphyriolo
syenite occurs as dikes and snalihirtegu;arly shapedlsille”

‘which transect both syenite'and audite~syen1te witﬁ wellv

-

defined lntrusive coptacts. The porphyritic syenite is

) therefore the youngest phpse of the conposite lntrueive

epnplex;v This rock is red to-grey. in colout and distlnctly

) porphyritic with plagioclaae (Abso-Ab95) as the doninant

phenocryst (Table 3-1). Phenocryets of orthoclaee are rare

. but have beeg noted (Hawley, 1950). Blotite, hornbleado

and ohlorite are the eoanon ferronagnesien ninerals..

1. -
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Table 3-|. .chrtunutivc microorobe miql.vm of Feldspars in Augite Svenits, Syenite and Porphvritic Svenite,
Macassa Mine. * . .
1 2 3 C s 6 ’ 7 . s . 9
810, 69.21 69.90 68.9% 69.19 69.11 69.68 68.96 68.9% 64.69
ALO, 19.44 < 19.40 14.95 19.04 19.27 19.23 19.158 19.36 17,19
a0 0.10 0.04 0.11 0.1 0.07 0.09 0.07 0.07 0.00
Na,0 11.72 11.63 11.26 11.28 11.80 11.65 11.62 11.8% 0.19
KO 0.22 0.09 0.37 0.16 0.24 0.07 0.13 0.70 16.48
Total 100.69 101.06 99.66 99.75 100.49 100.72 99.93 100.43 - ‘'99.1%
s1 12.010 12.060 12.078 12.078 12.022 12.064 12.065 - 12.003 12.068
Al 3,795 3.944 3,912 -3.920. 3.950 3.924 ©3.942 1971 s
Ly T 349 . §.890 3.824 3.8 3.98 1911 3.935 4.000 0.069
Ca 0.019 0.007 0.021 .62} 0.013 0.017 ¢.013 0Jo13 0.00
X 0,049 0.020 * 0.083 0.036 0.033 0,018 d.029 0.044 3.921-
1 . - W
Total 19.366. 19.921 19.918 19.866 20.0)8 19.996 19.964 20,03t 19.969
98.32 99.31 97.37 98.33 “98.36 99.18 99.96 98.58 1.72
0.46 019 0.53 0.53 0.32 2062 0.33 0.32 . 0.00
1.2 0,51 2.10° ﬂ 132 v 0.39 o.n 1.09 . _98.28
10 u 12 13 14 15 6 - 17 8
$40, . 6405 65.06 64.56 64.86 “N7.78 66.04 66.66 "67.39 63.90
4\1203‘ 18.29  18.14 18.54 18.11 19.% 19.67 .12 20.?3 20.75
] LR a
Gao 0.02 0.00 0.08 . 0.83 0.44 0.95 2.30 1;17 2.26
Na,0 0.29 0.29 1.21 « 0.89 7.83 8.03 9.93  10.38 9.66
K,0 16.23 16.19 14.77 15.53 4.20 .87 ‘0.43 0.91 1.25
Total 98.88 99.68 . 99.11 100, 22 100.48 98.52 100. 46 99.98 99.82
ha
8{ 11.979 12.048 11.972 11.969 1193 11.868- 11.654 11.831 . 11.646
Al 4,031 1.9 + 4.082 3.938 4.100 4,187 4,351 4,164 4,321
w2 © 0.108 0.1n% n.433 0.318 2.673 . 2.798 3.366 1.533 3.410
Ca 0.004 0.00 0.010 0.18% 077 0.183 . 0.431 0.220 0.428
X 3.872 3.824 3.494 3.65% * 0.943 0.887 0.100 0.204 0.202
. — W e —
Total 19.991 19.934 °  19.963 20.089 19.82¢4 S 19.893 |, 19.902 19.452 . 19.987
Ab | 2.64 2.65 11.08 ' 7.70 & 70,46 72.34 86,37 89.29 - 82.34
An 0.10 0.00 0.28 97 4.67 i.n " 11.06 5.36 10.63
oy 97.26 97.35 88.70 88.34 24.86 22.93 2.%7 $.18. 7.0
] . .

Aoalyses | - 8 albitic faldspar phenocrysts in sugite ‘nnuto. 4
) 9 fine, wosaic orthoclase replecing phenocryst n'uin 3nd 1n metrix of sugite syenite.
10 -'13 ‘octhoclase ph;nocrynn froa ﬁn*u. . .
w o olfgoclase mergia on phenocryed 13.
15.  oligoclase 1o metrtx. .

16 - 18 plegioclase ;hmm:l fm‘bmhvriuc syetite. - ,
) ' ' .t

’ - - . . 1 . LI




Accesgbries are apatité; nagnetite; ilnenite; sﬁkene and’
zircon., Primary quam&z ﬁs rare to‘absent. The mal ia is a
.flnelaggreﬁaté pﬂ plagioclase. ‘[Ke porphyritic syenite
commonly hés Jcattered xenoliths which are from 0.5 to {0

centiuetres in dianeter (Plate 3- 3e, f)

'

These xeholiths, diagnostic of porphyritic syenite in

areas of very altered rocks, are typically angular to sub-

rounded mafio rocgk fradments with chloritic selvaqss and

may have been derived from the.underlytng pre-Tinlskhaiqg

Group volcanic rocks. Some have a llnear fabric subgestlng

“a sedinentary or bedded pyroclastlc source. rock. In oné.
unusual instance,.a rounded granltic‘eobble wa; found to be
fncluded in porphyritic syenite immediately west of a néjor

nafth-trendlhg crossfault; the Amikougami Fault, on‘the

5725'uie#e1 approximately 1;Q:ku west of the No. 1 shaft.

L

#

i; a nearly vertical diaba;ewdlkq averaging 2.5 m wide and
.striking 1650 approximately 325 m west of No.hilshaft.
This dike cross -cuts all other rock types and therefore,.
post-dgtes thenm, Two other narrow, sub-vertical dlabase

dikes have been noted {mmediately ‘west of No. 2 winze on’
LI . CE A N L

the lover levels. - .o v .

3.3 Folding. o A

Tialskaning Group rocks exposedtundorgnound ahd on,

surface at the Hacas:a nine are ggnerglly south facing with

h ]
PR, . .- ’

In addition to the three main. phases of syenlte,-there

- 69
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-

- of No. 1 winze. Here, 0.5 m to 1 m thlék beds of tuff. are

-

an average aip of 600 south. Detalled mapping of these
rocks in long cross-cuts on thefanoﬁ' level both‘nortﬁ and
south of No. 1 Shaft showed only limited variationsﬂin dip
(4;0 to 6590 south), consistent top 1hdicators (gt;ded beds,
load'casts, cro;s-bedding) and upphangiﬁg'strike direction.
Thou;on (1550) aﬁd Thomson et al. (1930) described
‘Timiskaming Group rocks throughout the Kirkland Lake area
as a,sou§h-d1pp1ng homoclinal sequencé.' This wés inter-

preted to represent the north 1imb .of an east trending
LY .

.syncline, the south finb having been removed by reverse

faulting along the Kirkland Lake-Larder Lake fault followed

by‘eroslbn. C i )
Although” the major structural style of the Timiskaming

Group rocks is honocllpai, sgvé:al t;pes of minor folds

have been described in the former K@fkland Lake Gold and

LSRe Shor; H%nes (Thomson et al., 1950). . o '
A zone'of'folde&~T1n1§kan1ng Group rockalis also. known

in th; Macassa nineafion mapping conducted dyrlqg this'_ |

study between the 4150' and 4500' levels, lilediately ;opth'

folded into a 25 m to 30 m wide, east-trending synform - . -
about an axis plumging 150 to 200 west. The central
#pan%‘of this synform is charactetizeg'by numerous

cagbonate-f!lled fractures gné;faults orientgd aubpaiﬁllél

to the axial plane of the tyfd, which cut-thezlayqfed %uffs. - " .
into a series of fault. b Eks,. These blocRs-are progress-

* -

v A e o . A -




ively down-faulted moving in fran_the fold limbs toward the

* central axis. The synform is bordered narth and south by

augite syenite. .
It is most probable that this synform was c;ééted
during the emplacement of the syenitic rocks as a result of .

drag along the north and sou?h margins of the Timiskaming
' Group rbcks and restflcted fouhdsring arand the central
axis.’ Tﬁeze is“no evidence yet known from the Macassa mine
or elsewhere in the Kirkland LaLe area to supﬁo;t an.
lmtetprétation_of,th1§ synform as'represcntiné'a'distinct
foﬂldlég gvéﬁt. i .
3.4 Faulting and’/Fracturing

There are 2 groups of faults and fractures: pre-ore
and post-ore. Detalled analysis of the various forms and.
patterns of faultfng and fracturing within the Klrkland‘
~ Lake camp are in Thomson et.al. (1?50[ and Charlewood .
11968).

| Two dltfeflng Lnterpretatlons of the Kirklepd.take

Fault have been preposed previously. The first, détalled
in Ward et al. (19#8), describes .one contlnuous, nain fault
plane which ctosses the entire Kirkland La&g/nlning caap.
All other faults and. fractures are consldered suboidiary to .
this main structure. ThLa interpretatIOn did not account ‘.-

L3

for areas within all “of she -1naa ‘where the structure

-

defined.as the uain_fault would deindle inte a perles of
’ "v' ’.,. . o "
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weak fractufes and-slips 4dlong s{;ike and down dip naking.
pdsitive identific;tiod of any single braﬁch as the:"ﬂa1n~
Break" lnpossible. This objgctiqn was raised by Thomson et
al. (1950) citing specifically evidence from undergréund!
exposure at the Lake Shore Mine.

L)

A second interpretation regards the Kirkland Lake

Fault as a complex sys;eﬁ of discontinuous, interconnecting

N A

faulﬁs and fractures having prominent branches .which ban be’*
traced over‘varying distances. In the west part of the
Kirkland L;ke district thé Jysten is generally a single ‘or
double fault glané with local anastomosing and parallel

slips. To the east it becomes more complicated as the

fault systeb tends to subdivide into more and more branch-
- .

s T~

es, each with less displacement and the number of post- or

cross-fau?ts incrbéses parfizularly east of the Lake Shore
Fault. T - ’ ) -

The latter concept of the Kirkiand Lake*Fault,systen
best accounts for the structural complexity at the Macassa
Mine. JIn the following synopsis, -adapted ?ron Nencsok‘
(1980), the term "bregk" 1s intended to mean an ‘anastomos-

-ing nthork of chlorite-filled faults, slips and brecclated

- . . . -

seams up to 5 m wide.

» ' N | ‘ ) N . -
3.4.1 Pre-Ore Faulting .
The Kirkland Lake Fault systen, or Main Break,

travcrses the entire length, 3,2 km, “of the Hac;ssa prﬂiar— .

! ’
\J . . B :
. .
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ty (Fig. 3-3). Thomson (1950) has nbted the relatively

" insignificant appearance of this ffjgptﬁ?e on surface, .K
branch of-the Main Break is exposed near the rear of the
Macassa Miné office building where there is a shallow, ¢
délft—fllled depression about { foot wide along the contact .

between augite syenite and fiﬁiskaning'cgngionerate.

Underground, the Main Break is generally a ione of mylonit-
. ized and sometimes -brecclated wallrock, chloritic schist

and mud or';ouge; There 1is. a vertical displacement of .

approximately 1,500' (450 m) in the west end of the Macassa

Mine (Thomson et al., 1950) with the south (hanging wall)

slde up In relation to the. north (footwall). ‘

The strike of the Main Break averages ‘0659 and dips

800 south to above the 3475' level where it has a gradual

flattening in dip to about 500. The deeper levels of the ¢ °

mine have a branching fault system il;ﬁ an open split to

' ., the west below the &,125' level, forning a north and soutﬁ

-~ branch to the Main Break. The south branch has a slightly
flatter dip and is considerably south of the mine work-
ings. It has been tebte& by diamond drilling te about the
5,300' level and 1is not known to ﬂé ore bgaring beIou'the )

4,750 rbvel.' The north branch 1s productive-in the west .

' t? . - . .

part of the mine .to the bottom of the preient workings
: L

< (6 450" level).

-’

Another fault of major inportance, known as the '04

Br;ak, is subparallel to the Main Break. The '04 is con-




negted to the north branch of the Main Bneak via the S,

.’ . * . . - .
R-2 and E 8reaks (Fig. 3-5). Striking about 060° and dip-
piﬁg ?99-800 south, the '04 Break has. been explored from

the 1,560' level to the 6,500' leval, Qver the past 25

years, the '0f Break and its branches have been the main’

source of ore'fdf’tﬁe Macassa Mine.

t . . ‘ R . . wr

-

Near'.the .west end of._the mine, commencing just west of )

the post»orefTegreﬁ,Cross_fault,,there are two faults. ‘One
is oglled th€ '04;§reak, although dlnegt evidence 1s lack-;.
ing that this is indeed ghe faulted éxtension.of the ' 0&
Break to the east,.and'the other to the south ls-célled,the
So&th Break. -The South Break is the more luportant of
these two and has been traced fron Just above the 5 025°
level down to the 5, 725' level where ' it appears to re-
combine with the '04 Break.~ The Crossover Fault splits off
the '04 ‘Break at the low anglq’dust wést of the Tegren |
Crossfault and crosses ,over to the South Break.

North and south of the Main Break there are other.iore
or 1;2; parallel faults (Fig. 3-3). A strong, north dip-
ping fault ls known approxlnately 375 m nerth. of No. 1

Shaft on the 3000' level at Macassa (Fig. 3-8), This

» structure has been previously galled the Narrows‘Break at

but recent lnvestigation conducted by. this writer

fault describPed as the Narro-s Break in Thontqn'ot al.

(1950) which is further north of the Main Break. Map

\ . -
. . "ﬁ“&._
R . A * ! - 3 e

and nine geologxsts suggests it does not correldte with the ~
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.of No. 1 Shaft conducted during this study has shown thatL/a

the Haln Break has beén shifted between the 7iﬂ§ and 1700'

levels by several northbdlpping faults which are lnterprét-

“ed to be the up dip extension of this north (Narrows?)

a

>

n

break.

S

South of the Maln\é%eak, the Analganated Kirkland Mud

Break and the Kirkland Lake Larder Lake Fault, Zone ,are. the-
J i
most prominent structures (qu. 3- 3) L ,

3.4,2 Post-Ore Faulting . - AR

Major north-striking faults displace both sedinentary

and volcanic rocks, along with pre ore Stroctures described

above. Four major post ore faults of the Macassa Mine age:

The Q Fault, the Boundary Fawlt, the Tegren Crossfault s
system and the Aaikouganl Crossfault (Elg. 3- 5).
' The Q Fault is a brecclated; chlorite-fllled fault

generally 0.2 m-to 0.4 n wide located approxlnately 300 ]

west of No. 1 Shaft. It has a strike dlrectfbn of 0350 to

0400 and dips steeéply (859) to the‘baft. * The. structure has

been traced in underground workings between tﬁe 2475' and

6000' levels., ‘The Q Fault 18 known to transect the R- and
N . )

S-Breaks and ls:suspeoted to cut the Main Break although )
clear evidence 1is lacklng.underg:oundl
' 4

typically yéntalns ‘angular fragnents of altered wallrock .
i
and dlscontinuous lenses of’ dlittnctlve pink coloured
k)

carbonate minerals and lenses of Jﬁite quartz. The wall-

°

The chloritic qouge:




) .

¥

- A ‘ "- -t
e . TR .t
rocks are slightly red coloured up to 1 meter away from
: ST B
this fault. . f oY S v
‘ P Y ,

The Boundary Fault is a narrow, brecclated’ Tault

striking due north and dipping 750 west near the west end

d‘orlihe~orig;nal Macassa property boundary.approxlqately;

0.65 kn from No. | Shaft. This fault has beén traged

underground between the 4250' and 5025". levels. Vallrock

‘ alteration is typically weak to absent. The fault’contalns

nino; anounts of carbonate minerals and no, quartz. ﬁové-‘

nent on the Boundary Fault is unknowr _as nost of the upper

‘ lewels in.thernaeassa vorkﬂpgs are no longer accesstble._

" The Tegren-Crossfault systen is conposed of t';r\yf

three branchlng, sub- parallel fault segnents approxlnate%y

N

.

~pink- coIoureq carbonate ninorals and patchps of white

\

1.1 kn uest of No. 1 shaft.‘ These segnents "‘strike approx-
inately 0169 and dip 750 'to 850 eaot.. The Tegren systed
has been trabed frogp surface to the lowest levels in the

Macassa underground worklngs. A najor branch of the Togren
x

systen was ‘found to transect ‘No. 3 Shafi between 73 and 85
[ ]

metres below surface dufing napping by this writer and nine '

geolog\:ts.r The fault segnents are strong «and breccioted

and are. typlcalry 0.3 m to 1.2 m wido., The fault gouge has .

abundant cgdorite witw nany dlscontinuous lenseo‘U! bright

0

quartz. Fault segnento aro typloally aurroundad hy a red

4

altoration halo whioh extondo fron 1 to 2 meters: Lnto

surrounding wallrockg., As ‘there a ¢ ‘; dofinitivo notktt

-
:’ , A

.
o
4

!
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horizons which can be correléted ac#bss this fault stteﬁ,"\\\
éhly the relative disp;aceme;i of ore segments innédiately
ad?oining can be used to indicate the sense of ﬁdvenent.

Téire is.an a;proxinate displacement of 90 m vertical (west
side up) and 60 to 75 m hotizontal. (west side sout‘;

- The Amikougami Crossfault is a normal fault at the
extreme west end of tﬁe Macassa Mine apbroximaﬁ‘ny 1.85 km
west of No. 1 Shaft. It strikes approximately 1659 and
dips 850 east. The structdre haS been traced from surface
1 to below the 5925' level. It is a more prominent f&uii

~than those Aescribed above, having well-developed shearing'
" and fracturing of immediately adjacent wallrocks, and a

diitlnct/chlo“ritlc mud gouge. The mailn fault is approxim-

,ately 2.0 meter wide. There are eight assoclated sub-

¢ .

parallel faults and fractures up to 35 m east of this main
fault. The Amikéugami Crossfaulf has a réd alteration halo |
extending up to 1.5 m into the1wa11%ocks similar to the .~
Tegren system. However, in contrast to the Tegren system,

\ the Amikougami Crossfault ﬁas little or no carb;nate an&

: quartz’enﬂrafnéd within ‘the fault gouge. A diabase dike
has apparently been emplaced along ghis fault as dig- e

\'\
continubus lengths of it have been fo

und within and oﬁ the
west side of the fault gn the 5225f level. . Movement on the
Anikougani_Crossfauit 13 not known ‘atgprésent as there is

only one opéniﬂg into the‘stxucture on the 5725' léve{ but

slickensides observed by the writer on the hanging wall

e e
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~

plunge 100 north 1ndica’f:iing a subvertica’ component of ‘

ttanslatlon.’

In addition fo these major, post-ore crossfaults there °

are several péét-ore strike faults in the Macassa pfoperty
' &

-which have separated different mineralized zones. fﬁere is

also evidence of past-ore strike movement on major faults'
like the Hain and '04 Breaks. Thomson et al. (1950)
characterize posg-;re strike faults.in some mines ad}acent
to Macassa as containing late barren quartz, calcite and
occasionally barite and gypsum. Isolated lengtﬁg of the
'04 Break at Macassa have a fault gouge of large masses of
semi-transparent selenite crystals up to 4 cm wide and
massive, dark greeg chlorite. This unusual mineral
combination is interpreted as a disequilibrium assemblage

superimposed upon thé'pre-existing sericite, pyrite,

carbonate-ﬁineral and chlorite fault-filling.

3.48.3 'FracturinF

All of the major faults and breaki*ﬂescribed previous-
ly have associated subsidiary fra#tures. Many of the#e
fractures are tensional structures cre;ted during fault
movement. On the upper levels, subs;diary fracturea branch
off the Main Break both vertically and horizontalfy. vMost
are on the south slde or hanging wall of the Main Break. .
Hanging ;all Jfractures generall& parallel the strike and

have dips 109 to 200 flatter than the iain fault. They

H




typlcally refract\in toward the main fault.§3¥ng\qp dip on
section and goin§ :vest on pllah These fractures were
probébly produced as the south side of the fault system was
thru;t upward over the north side. In areas where there 1is
a pronounced change in dip os a roll in the main structure,
as an éhe Main Bre;k’around the 3475' level, thgre‘is a
tendency for fractures to branch off the-cr;st of the
deflection. on the main fault. These fracthr;s are dbngral-
ly‘more steeply dipping and make contact down dip with the
main fault plane.

On lower levels, in fhe east part of the mine another
fa;ourablE location for tehsion fractures is in the wedge;
shaped.block.of ground between the '04% and Main ‘Breaks.
Here, these fractures typically extend between the major
faults with relatiQely shallow dips to the north but in
some instances do not connect directly with the bounding
faults (Fig. 3-6). , ; ' .

A unique set of fractures was noted by the writer in
an antiformal structure on ;he 4250' level. Here the
fractures, now represented by the 42-5-2 vein, are curved
into a crude sémi-clrcle on plan (fFig. 3-7) abeut an anti-
formal axis plunging 0269 southeast. A simflar antiformal
vein-fracture ia; hescribed dﬁ the 4450' level in the form-
‘er Kirkland Minerals mine (Thomson et al., 1950) where
fractures are curved or horSeshoerhaped on plan and

conform with enclosing rocks ip strike and dip. Although

/

81
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Figure 3-6.

-~

a)

Geologic plan of the 5150' level, Macassa ' ';,

Minegwith relationship between '0& and ¢
Main Breaks, S and R-2 Breaks and location .

of section A-A' (from Charlewood, J964).

»
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Figure 3-6. b) Geologic section along A-A" xFigure 3-6a)
with fracture pattern between the Main
Break and '04 Break (from Char;ewoﬁd,

1964).
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l/
the.42-s-2 vein—fractu¥e:systggzgggxa simildar shape it,
transects syenitic intrusive rocks and layered Timiskaming"
Group tuffs and does not‘cﬁnform in any way with bedding

attitudes in the latter. These curQilineaf pladés méy be

the result of the deflection of fractures as they propagat- i
ed through rocks of differing competency. "Alternatively,

they may have resulted from a compensational destressing of

o e b

rocks ad}acent to dilitent zones associated-with major e
fault zones in a mannér analagous to the spalling off of"
curved slabs of roof and wall rocks in tunnel excavations.
There ls some evidence from old mining recérds at-
Macassa that th}s ghenomgnod of velns following cur;llinear
fracture sets 1ls more wi&espread than appreciatéd‘at
present. Some of the vein systems described in the follow-

ing sections may represent corresponding "limbs" of large

scale antiformal and synformal structures. "It is stressed,

however, that there is no evidence yet known to suggest _ i
~that any of the fault and fracture systems in the Macassa

mine or' in any other area of Kirkland Lake have been fold-

ed. R

3.5 Gold Occurrence at Macassa . 4
3.5.1 Minetalogy

The ores of the Kirkland Lake mines have proven to be

uniform in mlneral:content both vertically and laterally

and aré characterized by exceptionally fine-grained metal-

.

- . -
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_identified to 1950 appear in Table 3-2. Within the first

_group, magnetite-ilmenite, pyrite, molyhdenite, telluride

-section samples as graphically intergrown, primary

(4

. 1l1c species se{dﬁm exceeding one millimeter in diameter.

- Although the bulk gompositiod is somewhat governed by*the

wall-rock tyqu and the percentage diluytion during mining, ;
silica content from all sources averages 50 to 66 percent, o
but iron, caléium and magnesluﬁ carbonate minerals account
for 15 to 20 percent. The remainder 1s provided byl
aluminium silicates in the form of feldspar, mica, horn-

blende and chlorite (Hawley, 1950).

-
.

Alt known metalydc (21) and non-metallic (13) minerals

-

minerals and native gold make up the most important

species. Hagnefite-llmenite grains; observed in thin

4 5 ! .
constituents of all-phases of syenite from the Macassa

Mine, are generally replaced by pyrite to varying degreeg.

- .
e el e e e

Pyrite, the’mogt abundant sulphidé mineral, comprises less
than 2 peréent of the ore, and ébcurs as exceptionally fine
grains ranging from 0.001 mm to less than 0.5 mm. It was

obse;ved in thin secg}ons of wall-rock adjacént tp the ores

or in wallrock incluslons, more'rarely'wifhln micro-

fractures qnd intergranular boundaries of gold-bearing
quartz. Eiiremcly flne—graiﬁed inclusions of'gangue,
carbonate minerals, gold,‘chalcopyrlte, and algaite squest
contemporaneous deposition or replacement of pyrite by

these speCiesl The gold was not found to be restrict-

-
-~ v \
- “
~ 3 . ’
.
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ﬂflbll 3.2

~ Mlnerals of/tne Kirkland Lake Ores® - P
[N ! . : * " ' '
N METALLICS 7

, Hodo-of
Iype Oceurrence A Mineral Remarks o

MAGMATIC...vvrunvrenters Maghotite-ilmenite In graphlic inter-
) . : - growths; primary .
constituents of . ¥
syenites and :
perohyry N ..

. ' MYDROTHERMAL. Elements.. Cgld..................... Alloyed with ainor ) ,
‘ silver
Geaohite.....covevavenns. Minor . .

-
a

Oxides.... Specular hematite........ |

Red dusty hematite......, * Y

Magnetite....oreveacesae. Rane. . -~

' . Tellurides. Altalte, PbTe. S S
Calaverite, AuTe;.
Colaradoite, HqTe.

’ Melonite, NiTe2,......... Rare .

) : : tzite, (Aq,Aul,sTe...... Ag: Ausd:t
etradymite, alziozs..... Locallity unknown
Joseite, Al3TeS.......... Locallity unknown

" Sulphides.. . Pyrite. N .
- oo Acsenopyrite............ Very rare
Chalcopyrite. L -
Pyeehotite....coveioonaa. Very rare ~3
Mqlybdenite. ' '
LN ~ Sphalorltc.....‘......... Very rare -

*, o : . Galend.iievsessrseerssnss VEry rare

& . ¢ . -

' NOM-METALLICS . . -

. -

‘ { Occurrence &}*t“ ° Mineral Remarks .

[N VEINS Quartz. Ve :
Alblte..vciviiarecnanass Vory rare .-
Ferruainous dolomites.... 0f variadble lron
. content . .
. Calcite. s
' . Rarite. R . .
‘ = Celastlite.....o000uvases. Rare
- .o . . ‘ Cvosum. ., .vecerinsaceasa.. Rare
. Sericite, .
. Ch}orltc.“

-

« . IN ALTERED WALL ROCKS.... Tourmaline..... ...sse.... Rare .
' . Bietite, R

v Sericite. Y \

Carbonates. _
Chiorite. : o

sAfrer Hawley, 1950, ' - .




.
—

ed or related to any particular gereration of pyrite.b
Molybdenlte, though making up only a fraction of one per
cent of the eres is widespread throughout all Macassa Mine
workings. Much of it ls closely’ assoclated wlth gold and
telluride minerals. It was dbserved in thin section and .

hand specimen as bluish-black coatings'albhg}i&id planes in

quartz or wallfocks. Seven species of telluride minerals

. are listed in Table 3-2. The two gold;bearing‘species

'S

calaverite and petzite accounted for 1f/:e 19 percent of - \{

L d

the ore at Lakeshore Mine (Thompson; 1950) and locally for

as much as' 61 percent on the 12th level of the Teck-Hughes"

(Todd 1928). »

The two most commonly observed telluride mlnerals at '
’ \

the Macassa.Mine are altaite (PbTe) and calaverite (AuTez)

i.taite was the most abundant telluride ‘mineral

[

ldentified in hand specimen and thin sectiqn samples of

gold ore at the Macassa Mine. It was observed as -

A

disseminations and irregular -blebs 0.01 to 0.1 mm .wide and.:

as coarse bands 1 to-2 cm wide. Ona;rehhieuffaces in hand .
specinen, altaite,is pale yellow in eoldur and a nrighﬁ;

blue-white -colour in polished thin.;eetion.- Some hard o 0
speclmens contained a brlghe, blue-coloured mineral which 7:
was tentatively identified as coloradqite (HgTe), a tellur-'

ide mineral which was found only infrequently at . lacassa.

- Hqwever, X-ray diffnaction study showed the ulneral to be.

)

altaite with an uncharacterlstie blue tarnish, Calaverite,




the next most abundant telluride mineral at Macassa,

typically occurred iptergrown with and as inclusions in’
altaite. _

Native gold which is the form taken by much of the
precious metal, occurs in ‘a vériet& of habite, all of which
suggest that it uay have replaced or filled fractures in
many of the earlier formed mineralsan-Connonly, native gold

as fine veinlets, inclusions and rims is intimately'assdci-
s [ ‘ »

ated with the base metal telluride minerals coldradoite and

altaite. Repeated opening and closing of the tension and

shear fractures forming simultaneously with.the deposition

of minerals may be the princlpal reasons for replacement

‘and fracture- fllllng of older grains by later ones (Hawley,

1950).

o

'3.5.2 WNallrock Alteration MR ' . R B

n;Gold in the Klrkland Lake district is in the pre-ore
fault and fracture systems desctibed'in the preceeding
sections. The structures are more continuous than the gold
concentrations. Host rocks to the gold occurrences may be |

any of the types known to underlie the Kirkland Lake

district except for the late: diabase dikes. Wallrock

L

- adjacent to gold concentrations'Q ’generally altered, but

the altered rocks do ngt in themgelve$ contain sufficlent
gold to bq,pfaaslfrtﬁ as ore. "They do however'proviée a

6ract1ca1 guide to ore in areas of inconsistant or dissi- A

-/




-

‘'pating fractures. .Wallrock alteration is the resuit of two |
processes; 1) the mechanical disruptioﬁ of -rocks adjlacent :
to major structurés'during fault move;ent, and 2) chemical

and mineralogical ;hanges in wallrocks through which fluids

flowqd.

e

Massive and crystalline rocks adjacent to major faults

and some gold-bearing velns have been chénged to a banded, .

brecciated and Streaky rock (Thomson et al., 1950).‘ The

. ' ‘ é
degrée of mechanical alteration is directly related to the
amount . of movement on each structure. Wallrock near major

faults are first cracked and sheared subparallel to the

fault, then undergo progressive transgranular fracturing

(Rlate 3-4a, b).. These ‘effects. are preserved at both the
macro - gnd micr;scopic scales depending on proximity to the
. Plane ¢f mov;ment (Plate 3-4c, d). Wallrockpadjaéent to
simple, d{;atent fractures have little or no mechanical N
alteration. . -

%He alteration mineral assemblage in wallrock to ore
consists of chlorite, sericite and'leucoxeef-along

fraE?ﬁres subparallel to the main fracture. Secondary Ca-,

Fe-, and Mg-carbonate minerals occupy primary ferro-

magnesian minerals, pyrite is affer magnetite and sericite

after plagioclase feldspar (Plate 3-5). A more detailed
account of the progressive mineral changes has been provid;
ed by Hawley (1950). The chemical effect of wallrock ..

alteration wfll be discussed in detail in a following
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Plate 3-5. Mineral changes during wallrock alteration at

.

the Macassa Mine,

)

' Photomicrograph of altered augite syenite with

replacement of primary augite phenocrysts by secondary

Ca-, Fe-, and Mg-carborate minerals and the development _
b ‘>

of opaque minerals around crystal margins and aléng.

fracture planes. Plane-bolarized, transmitted light’.

f
Scale bar is approximately 1 mm.

-~

Photomicrograph of incomplete replacement of magnepite
(centre). by pyrite (rim). Plane-polarized, reflected

light. Scale hht is appfoxlmatgly‘0.1 mm.
-

B s
(AR '

Photomicrograph of altered porphyritic syenite with
remnant outlines of plagtoclase phénocrysts completely
occuplied by sericite. Plane-+polarized, transmitted

light. Scale bar is approximately 1 mm,

Photomicrograph of altered syehlte with lnaompléte

alteration of biotite to chlorite along cleavage

planes, Cross-polarized, transmitted light. ‘'Scale bar

D
H

is approximately 0.1 mm.






section. ' E SRR

-
The.netvregult of alteration processe&nis the produc-
thn of fine-grained,;discoloured rocks adjacent to ore.
zones assoclated with strong faults. These alté;ed rocks -
are ;ariously reddish, pale green, bleached and siliceous
depending on the.original wallrock type and degree of
alteration. Wallrocks adjacent to ore unrelated ta'pronln-

ent faults are commonly bleached and siliceous but with

original granitoid textures.
3.5.3 Types of Eold Occurrences
There are three types of gold occurrences: 1)'nat1ve
Au in chloritic fgult -gouge or.quattz len;es within
sections of. the major fault system ife. the Main Break and
'04 Break; 2) gold-bearing quartz veims in both hanglné and
footwalls of this fault system and %) seve;;i relatively
- wide, up to 15 m areas in the deep western areas of the’
mine of very fractured, bleached rock containing lénsesSE%d
pods of quartz with native Au and tellurides. These,
typés’are known as‘break-ore, vein-ore and breccia-o)e

respectively.

3.5.3.1 Break Ore -
Irregular and discontinuous iengths of najor‘branches
of the various faults have been mined for gold at Macassa.

Gold commonly occurs assoclated with erratic lenses of grey




.anq white quartz .within the fault gouge or sheared and
fractured ?pck_bordering the fault’ (Plate 3-8). Occasion-

ally, native gold occurs within the chloritic @ouge itself

with no quartz present. However, such instances éhe excepJ‘

tions to ‘an apparent relationship between large coicentra-

L

tions of gold and lenses of well-fractured quartz. These

+

lenses Qnd masses of quartz are on either or both of the,

. - .
hanging wall and footwall margins of these mador faults and’

‘appear tp have been deposited along the faults as opposed

s

to beling 1H$orporated from other areas during fault move-

e

ment .

2

Main Break

Gold has been mined from the Mafn Break system between '

the 1100" and 4500' levels from #1E.section to 10E

-

section. Iheﬁe.areas provided most of the ore milled from

the mine during the first 20" years of operation.‘ Grades

were éyp}célly 8.6 to-12.0 grams ﬁu per tonne. Ore shoots
have a maximum strike length of 200 m and widths of 2.5 to
3.0 m., Wallrock alteration associated with ore along the
Main pr;ak is characterized by a bleached halo extending
from 2 m. to 8 m away from the fault contact with patchy

zones of rqj alteratlon.

'04 Break . o

) The '04 Break systen has been-nined for gold in- area&

v o
- " +

o
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Plate“3-é.' Break‘oré in the Macassa Mine.’

>

a. North Break (Narrows?) in the Casakirk, cross- cut,

43000' levei Macassa Mine with relatively wide band of

sheared and alte7ﬁs'rock,(center) with quartz-ahd

carbgnate mineral-filled subslidiary frqptures'in wall-
- ’ - '
rock. Scale bar is approximately 0.5 m, ~

L - b .\

J— .

b. Section of the Main Break'on east end of 5250' lewél,
Macassa—Mlne, iith narrow, ﬂélorite filled fault gouge

surrounded by very fractured and altered wallrocks.

-~r

-

Scale bar ‘'is approxiﬁately 0.5 m.

\
\
\

c. "Detail of massive quartz lens within &plorlte-f!lled
section of North Break (MNarrows?), 3000* level, Macassa

Mine. Scale bar s approximately 0.25 h.
N ;} . .

. [ .
. y * v

d. Wide section of massive, very fractured quartz on south

margin of the O4 Break, 5300' level, Macassa Mine. .
’ 4

CeT, [}

e. View of east portion of the North Breqk (Narrows’),
3000 level Macassa Mine, with subpar;llel, mud-filled:

fault (480) adjacent to the naln fault br nech (770ﬁ and

' /

scattered lenses of quartz in walrodks.
o < _ .
I

. {//
f. Detall of 3-4a showin% mud-filled fracture in very

1

schistose chloritic wallrock.

. : ¢ . -
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bounded laterally by 16E and 48W mine section lines and

between the 5300' and 6400’ 1evels. Generally the grade

has been 15 grams Au per tonne although some areas are
signifICantly richer. Thc Central Piilaroarea between 0
and 3t sections and #600' an& 5000' levels has continuous
ore of up*to 26 grams Ru per tonne. Gold along the '04
Break is more pontinuous than the:uain Break system, with

maximum stfike‘iéngth of oxer 400 m. . Mining widthe are T m
PO

to 8 m. Commonly, the only metalLic minerals pre;\kt are

3

‘abundant pyrite with lesser amounts of fine, ‘native gold, -

T4

although some telluride min&rals,_ng&ably altaite, have

) ’ gl

l

been identified. Wallrocks ‘are typically red coloured uu
to 0.75 m frem the fault grading outward to minor bleaching

In hanging wall rogks.

5
v . - >

R-2 Break
Gold on the R-2 Break is between the 4600' and 5800

levels from 6E to 7% sections. -Qre lengths are not*con;

tinuous and have widths varying from 033 to 1.3 m. Average
grade for ore along the R-2 Break 1s' 14 grams Au per

tonne. Alteration associated ,with this R-2 Break is a
LR
distinctly red halo extending from 1.5 to 3 m into adjacent

wallrock. ) ' . . S .

South Break

Ore shoots on the South Break are in scattered lenses.

+




>

’

of fractured quartz on the footwall of the structure from
the Tegren Cfossfault system and 40W section I'ine’ between

the 5025' and 5709' levels. Gold concentrations are gener;

ally narrow, up to 0.75 m wide, and have an average gold

. congent of 17 grams Au per tonne. Gold occurs as fine

_native metal and in the Au-telluride calaverite (AuTe2).

Wallrock changes from light red in the lower parts of the

South Break, near the 5700' level, to bleaching neeg,the

upper parts.

S- and E-Brg@ks

These are less important s;ructhres than those already
described in that gold-bearing zones only occur in as:;ocia-'~ J
tion with the éoinoidenée of elther hanging wall or foot-

wall veins. Gold content is generally minor, less than 10

grams Au per tonne, gnd'ﬁallrock alteration is similar to

that described for the R-2 occurrence., -

3.5.3.2 'Vein Ore

Gold is in quartz-filled fractures occupying the pre-
ore fragfures described previously. This is vein ore and
e

is in both the hanging and footwalls of the major, faults.
. ana N
The Main Break in the east section of the mine has

relatively more subsidiary veins asioqiated’witﬁ it than

the '04 Break to the west. Velin-ore occurs as single, J‘p

well-defined quartz filled fractures from 5 cm to 0.5 m




.

wide (Plate 3-7a) to intricately connected composite veins
or lodes, sheeted zones, stockworks.hnd veln brecclas up to
10 m wide (Thomson, 1950). This change from relatively
narrow,csihple veins to wide, complex zones typlcaily
reflects increasing proximity to major faults (Plate 3-7b,
c). Vein-ore cohsists of several different generations of
quartz, wallrock fragments, some Mg-Fg carbonate'and
calcite, 2 to 3% disseminatéd sulphide minerals (chiefly.
pyrite),'précious and base metal tellurides and :?Be native
gold (Plate 3-7d, e). ‘Sericite and chlorjte occur In the
ore and waflrocks: Molybdenite with pr without graphite is
confined to s{ips in fractured vein qua;tz. Gold appears
commonly in fractures in vein quaftz perpendicular to the

;ein contacts (Piate 3-7f). "Telluride minerals are-.
typicaliy 1ﬂ narrow bands parallel to and aiong‘the outer
edges of velns or as disseminations in the vein-qhartz and
carbonate minerals. Th ost cbmmon teiluride‘mineral§ a;e
altaite (PbTe) and calaverite (AuTe2).

Some.of the vein-ore in the eést part of the mine has

distinctive mineral associations. J

"y

Hanging Wall-Vein Ore - South Dipping
A series of quartz-filled fractures dipping 359 to)750

south in the hanglhg wall of the Main Break are termed the

'G-' and 'H-'Vein systems. These velins fo;;d between the

1500' and 3100' levels of the mine from 25E to 49[

- ) ,

-

-




fand
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Plate 3-7. Vein ore in the Macassa Mine.

a.

te

Exam of simple, quartz-filled fracture. Section of

'‘A'-vein systeQ\gn\éOZS' level, Macassa Mine. -
‘ R

' Faulted section of 'A'-vein system on 5025' level near -

~

No. 2 winze, Macassa Mine. ’Scale bar is approximately

0.5 m.

]

Irregular lenses and pods of veiﬁ-quartz ad}jacent to

the North Break (Marrows?), 3000' level, Macassa Mine.

Scale bar 1is approximately 0.25 m.

Polished hand sample of 26-6 vein with wallrock

o

inclusions and altered syenite wallrock.

£ |
0
: il

Polished hand sample of 58-E veln showing subrounded

Jdnclusions of early quartz (vein center) caught up in
massive lense of latter quartz. ‘

Hand specimen of 'X'-vein from 3450' level, Macassa
Mine, with small leaf of native gold (right,drear~of
,spéc;nen) protruding above the surféce of the sample in

fracture perpendicular to velrf margin.

» L
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sections, curl into the Main Break up dip and merge with

o

the Main Break at a shallow aﬁgle to the west. They vary

-

in width from 5 ¢m to 0.75 m, commonly contain visible gold

1

- and tellurides and have avérage’ghld content of over 15
gfams‘Au per tonne. Particularly large concentrations of
gold occur near the top of these vein sets as they cufl‘
into the Main Break. Wallrecks are typically red for 6.3 m
to 1 m Eeyond vein mafgins. |

!

{§

The 'G'- and "'H'-Vein systems are continuous with the §
{

1

Nos. 5 and 6 Vein systems from seéctions 20E to 30E between

the 2100' and 3300' levels. These dip steeply about 750
south and strike subparallel to the Main Break. The Nos. 5
aﬁd 6-Vein systems are 1 cm to 0.75 m wide..and contain in
hand specimen a varied“minerfl assemblage including minor

. amoun}s of galena, chalcopyrite, specula;ite and fluorite
in addition to native gold and tellurfﬂe minerals in a

’, ) quaftz gangue. Pyrite content of both the vq‘ns anq red- -

dish ;allrocks is approximately 2% to 3%. Gold contept-of’
these vein sets 1is usually greater than 17 gramskﬂu per
tonne. ' | )

The 'P'-vein 1s also In the hanging wall of the Main
Break between the 3600' énd'3700' levels from 7€ to 10E
sections., ‘It dips south 4590 to 506, is 5 cm to-45 cm wide
and has a relatively latbe gold conte%t of 26 to 34 grams

Au per. tonne. The 'P'-vein is distinct from the 'P'-veln

system which is in the hanging wall of the R-Break. The

a




7'y . )
i ' . v
'P' system is between the 4125' and 4600' levels from 10E

to 0 sections. These-vein; have an average width of 15 cm
to 65 cm ;nd an average'é%ld content of 12 to 15 grams Au

per tonne. . :

.

A The 'X'-vein system extends 50 m to 80 m into the
hanging wall of thé& '04 Break from the 5400' level to below

the 6000' level between 15W and 23W sections. These veins

e

are 2.5 cm to 30 cm wide, contain approximately 20 grams Ay

per tonne in scéttered patches of visible native .gold and

-

more abundant telluride minerals.
Many of the individual veins and veln sets described
above narrow to a tight fracture or slip in the host rock

down dip. At such terminations there Is no precious or

gangue minerals remainiﬁg in the fracture which has a

restricted, altered and often pyrite-bearing selvage.

Hanging Wall Vein Ore - North Dipping

Some of the vein-ore in the east part of the mine has
distinctive mineral associations. The 'E'-veln system{ a -
set of vertical to north-dipp}ng quartz veins in the hang-
ing wall of the Main Break near the Kirkland Minerals
property has actinolite, Ca-garnets, Mg-Fe cérboAate,
epidote and calcite as both vein-filiing and within
surrounding wallrocks. This veig set also has minor

~amounts of scheelite, <5%, in addition to gold. -Another

vein set with‘dlstinctivé minerallasésciatlon is thg~50-04




east quartzfmagnetitélchloriye vein on }he 5000' level of
the mine. T;ig set has moderate oun of nérrow native
gold and apﬁears to postdatf other gold bearing veins. The
'E'-vein syilem is between the 4700' and 5700° ievels from
30E to 16E sections. The veinsﬁare S cm'to 1 m wide and

: . , «

have dips varying from 450 to 752 N, Gold con%apt is

greater than 17 grams Au pér‘tonne and is empirically -

related to the presence of abundant actinolite.

The 'A'-vein system is between the 4600' and 5800'
levels from 21E to S5E section. It is a set of quartz-
filled fractures dipping to the north from 450 to 600 and
plunging east 400, in the hanglng;wall of the '04 Break
between fhe '04 and Main Breaks. These are 1 m to 1.5 m
wide a:d occur as‘singie veins or braided networks. The
average gold con£ent fs 10 to 15 grams Au per tonpe. The
wallrocks are reddish up to 1 m away‘from vein margins.

Other, less impdttant Aorth-dlpping hangl&g wall veins
are the Nos. 87, 69 and 70 veins between the 3100' and
3700" levels from 0E to 30E sections and Nos. 01, 02 and
03 veins between the 4200' and 5000' levels from 12E to 2W

sections. ~

Footwall Veins
‘ Th;—oq;y set of footwali veins of importance at the
Macassa mine is the 'T'-vein system. This is a series of

east plunging stacked veins dipping into the '04 Break at
¢ A ]

amesn 8 f ey e

1
3
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450 to 600 south between 0 section and 24W section from the
5300' to 6400'Llevel#. The 'T' veins are 25 cm to 2 m wide

and are noted for thk common, visible goid and abundant -
! 1 )

telluride minerals.

i

Au per tonne. Wallﬁocks are moderately,reddish.

Gold content is greater than 24 grams

I
L] |
e i

S !

3.5.3.3 Bneccia-Oré | .
|

Breccia-ore islprlncipally in the deeép, western third

|

of the mine qi}kings; Since 1980, over 40% of -the unbroken
|

* ore reserves have been classed as breccia ore: It is host-

ed by a mixture of augite syenite and tuff which exist in a
complex, interfikngering relationship and.lessép amounts of
porphyritic syeni%e.. The. ore 1is characterized.by an errat- -
ic distribution of white and grey quartz pods and lenses
which contain native gold and tellurides (Plate 3-8).
Pyrite and sericite a;e abundant and‘molybdenite coats - -

fractures In both host rock and quartz lenses. Breccla-ore
is typicaliy confined on the north and ;outh ;Z ma jor '
faults in four area; of the Macassa mine.

Not only is the gold ore limited by the major confin- -
ing faults but the host rocks north and south of théﬁe_ |
structures are typlcally not tractﬁre@} are lesg siiiceous
and light coloured. Apparently, the mafor faults enclose
lenspid areas which were very'sheared.énd broken because of _

differential movement on the faults. Durfhg and subsequent

to these episodes of ground preparation, altering, gold-




Plate 3-8:. Breccla ore in the Macassa Mine.

a. Underground gxpoiﬁre of breccia ore 5150' level of
M;cassa Mine with erratic distribution of fractured
lenses gnd pddS'of qdaffz and poorly ‘developed linear’
fabric.
_ b. View of rocks hosting bregcia or; with large mass at
~altered augite syenite (dark) with an included fragment
of altered tuff (outlined in white chalk). Scale bar

is approximately 0.25 m.

c. View of back of stope on 5150' level, Macassa Mine,
with occurrence of isolated pods of white quartz in

mass_of dark grey quartz. S ‘ 7

d. Breccia ore cut by several direétions of post-

- emplacement faults, 5300' level, Macassa Mine. Scale ,/i:>

1 bar is approximately 0.25 m,

— e. Polished hand specimen of breccia ore with small

fragmgﬁts of white quartz in_brecciated augite syenite.

f. Polished hand specimen of breccia ore with altered and -

brecciated tuff fragments (light) in fractured augite

syenif; (dark).
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bearing hydrothermal;f}utdg hoving alongtzhe faults invaded
Qhé br:ken"rocks. Gold abundanc;s are not continuous with-
. “1in areas of breécia-oﬁé but rather are very erratic (see
h Chépter‘s). _Although, the entire area may have widths of
15 to 20 h, narrower lenses of gold concentration 3 to 5 m
wide are contained within. AlLthough the fra?ture pattern_ﬁ
within areas of breccia-ore isxcoﬁplex, ihere'ls comﬁénly a
poorly developed, linear fabric subparallel to the major
fault planes (E}ate 3-8;)2 Ut » . '
'Breccia-ore'is Eyeseﬁt"between the 5025' and 5400 -
levels fpom“ZBW to 34W'séctioné., The mé}or confining
.- structures are the. '04 éreakvto the:ho;th and South Break
tonkhe souih.L This area Is terminated by ﬁhe 1néomp1ete
convergence of these two'strﬁctufes appgoxfﬁ{fely 20 m
above the 5025 levei and range;_fiaﬁ 5Smto 15 m wide
(Fig. 3-8). |
Breccla-ore also occurs between the 5700' and 6300’
levels b;éween sections 21W and 25W. The confiﬁing
structures are the 'O4 Break to thesoyﬁh pnd a‘'prominent
qutwall:fault to the north for a width of approximately 7
m to 10 m. }uffaceoug,rock‘ftaémenés are*gleached, syenite __
“fragments are reddish and there.is 2 to 4% disseminated
pyrite. .Unlike otler e;aﬁﬁles of bfeccra-die?'there is

little or no molybdenite on fracture surfaces. Average -
. . . ” : - . !
grade for this zone is -14 to 17 grams_Au per tonne. -

A third example of breccia ore is from 33W to 38W . :

~
-
- L ’
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- Figure 3-8,

Geologic section along 30',,Hacassé Mine kitf'
relationship of breccia ore to major faults.

Complled from mine sections and drill hole

logging by Watson.
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sections between the 6100' and 6400' levels. It is also
qpproximaiely 7 mto 10 m wide. This zone is confined by
the '04 Break to the south and an unnamed footwall fault to
the 'north. Gold abundance is slightly greater fhan average
at 19 grams Au per tonne. Wallrock alteration near the '04
Break is characterized by reddishness whereas wallrocks
near the north f&ult are predominantly bleached.

The fourth area of breccia-ore is in the hang}ng wall
of the. '04 Break between the 4700' .and 5400"1evels from
17W to 21¥W sections. There is no known confining structure
to the south. Thig zone is 3 m to 8 m wide: Gold abund-
ance is from 12 to 14 graﬁs Au per tonne. It is accompan-

ied by both intense reddishness and bleaching 1in wallrocks.

© e e v aan
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CHAPTER &
l) ~
y | ( |
Iy CHEMICAL COMPOSITION OF MINE ROCKS AND ORES

a

) 4.1 General Statement

Forty eight representative ;pmple§ of tHe major rock
types, ore types and assoclated altered wallrocks from the l
Macassa Mine were analysed for éheir major, minor, selected
trace elementhand rare earth element -abundances (Tables &4-1

- to 4-3, ;ppendix A). Other analytical data for intrusive "

rbck$ from the mine provided by F. R. Ploeger of McMaster
Uni;erslty are included along with selected previédsly
published analyées‘of.rocks from other mines in Kirkland
Lake (Thomson et al., 1950). The following discussion
deals with the chemical composition of the unaltered rocks
and gold-bearing ore rocks at the mine and changes in

composition of the whole rock caused by alteration adjacent

to gold-bearing breaks, veins and brecclas.
4,2 Chemical Composition of Mine Rocks

4,2,1 Timiskaming Group Sedimentary Rocks

Hyde (1978) has discussed the chemical composition of

o
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Timiskaming sandstone and argillite from the kirkland
Lake district. Included were samples from rocks he
assigned to the Chaput-Hughes Formation immediately south
of the Macassa Mine. Hyde'noted that the abundance of
total Fe, Mg0, Ca0, Na»0 and K0, where compared to a

dacfte, an average rock of similar Si02 content, suggests

‘sediment contribution from a mafic source terrain. Also,

where compared to an average greywacke (Pettijohn, 1963),
Timiskaming Group sandstones have more MQO and Najy0 and

slightly less K20, These chemical compositions were

' attributed to nature of the source rock (Hyde, op. cit.).

The chemical coqpoéition of Timiskaming Group roéks
frz’/the Macassa Mine }samples 30 to 39, Table &-1), tis
most similar to those determined by Cooke and Moorhouse
(1969, their Table 1) for trachytic flows in and éasg of
Kirkland Lake. The Macassa Mine samples are trachytic

%

tuffs chéracterized by S$i0; content of 48 to 56 wt. %,

’ \

large absolute amounts of K0, ‘7.3 to—40.4 wt. %, abundant
Ti0,, total Fe, Mno; P20s5, and Na20:K20 ratios of 0.04 to
0.38.. Large concentrations of mafic affiliated trace ,

elements such as V and Cr and reflect the presence of

augite with or without hornblende in these rocks.

4,2.2 Intrusive Rocks and Trachytic Tuffs
Analysis of unaltered augite syenite, massive syenite
and porphyritic syenite rocks from the Macassa Mine

-




[

(samples 1 to Z9,vTable 4-1), are generally atypical of
syenites. S10) varies from 48.9 to 55.7 wt. %, 56.2 to
58.0 wt. S? and 57.4 to 66.2 wt. % in augite syenite, mass-
ive‘and porphyritié syeﬁites respectively. Porphyritic
syenite contains less K20 tﬁan the other two rocks, 2.5 to
4.q wt. % versus 4.4 to 7.8 ;t. %. Relatively abundant
concentrations of augite with or without hornblende pheno-
crysts is réflected in greater abundances of Ti102, total
Fe,” Mn0, Ca0 and Mg0 in augite syenite in comparison to
porphyritic syenite. Large concentrations of V, Cr, Co,.Ni
and Sc in augite syenite samples also reflect the greater
proportion of mafic minerals. Porphyritlé syenite contains
more Nap0 than the other two types of syenite phase;, from
3.3 to 5.6 wt. %, with an average of 4.8 wt. % versus 2.3
to 4.7 wt, %, with an ;average 3.7 wtl %.

The suite of syenitic rocks from the Maca§sa Mine
differs In several important respects from the{composition“
of typical syenitic récks (cf. Sorenson, 1974; :
Geraslmonky, 1974)., Specifically, thq minor absolute Ir
and Nb abundances result in high Ti/Zr for syenites, 13-35
compared to typical ratios of about 7;.and Nb/Y of 0.2 to
0.5 which are less by a factor of 5 to.10 than is typical
for alkaline igneous rocks (cf. Floyd and Winchester,
1978). Another aspect of interest is the relatively large
thorium conteéts of porphyritic and massive syenlté, 18 fo

26 ppm, contrasting with normal Th abundance for augtte

131




syenite of 9 ppm.

The three different phases of syenites constitute
distinct populations in terms of some major element oxide
abundances. On an alkali-silica diagram (Fig. 4-1) these’
rocks plot 1n'both the alkaline and subalkaline fields.
Augite syenite and massive syenite are clearly alkaline as
are the Timiskaming pyroclastic and sedimentary rocks of |
the Timiskaming Group. Porphyritic syenite, although plot-
ting close to the line dividing alkaline and subalkaline
fields (Irvine and Baragar, 1971), is predominantly suﬁ-
alkaline with only 1 analysis in 14 above that line.

In a Larsen diagrém, the abscissa parameters féfiect
the variation éf majlor oxide constituents.with differenti-
ation. Where smooth curves result from plots of a group of
rock analyses, these rocks are co-magmatic (Fig. 4-2). The
data set has a coherent trend foroTioz, A1203, total Fe,
Mg0, Ca0 and Ma0 reflecting the differentiation of the
syenites from the mafic to more felsic end members. How-
ever, the variations of S$107, K20 and Mn0O suggest the
existence of two separate groups of comagmatic rocks. The
augite syenite and massive syenite phases together with
trachytic tuffs of the Timi;kamlng Group belong to one
group and the porphyritic syenite to another. This is
partly supported when the same data 1Is plotted on a Harker
diagram with wt. % Si02 as the abscissa ordinate (Fig.

4-3), Again, there is a distinct grouping of data points
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Figure 4-2,

a)

Larsen diagram for syenites and rocks of "

_the Timiskaming Group from the Macassa

J =
Mine and area.  Solid triangles = augite

syenite;.solid clrclés = porphyritic
syenite; open circles = massive syenite}

-

open, invqrted'}mlﬂﬁgles = trachytlic

" tuffs. Data from Table &-1§ Thomson et

al., 1950, their Table 5.
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Figure 4-2.
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Larsen diagram continued.
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Figure &-3.

‘area.

Harker diagram.for syenites and rocks of the
Timiskaming Group from the Macassa Miﬁé'and -

Solid triangles = augite syenite; solid
circles = porphyritic syenite; open circles =

massive syenite; open, inverted triangles =

. y - .
trachytic tuff. Data from Table 4-1; Thomson

et al., 1950, their Table 5.







for Al»03 and sz which differentiate begween porpﬁyritic

syenite anq_Ehe other two-syenites. . This grouping 1e‘not
evident for Tidz, total Fe, MnO, Hgd{*GaO and Na20., —

Similar analysis of data for volcanic and intrusive

rocks of the Kirkland Lake district led €ooke and Moorhouse'

(1969, page 130T—fo conclude "on the basis of thelrlform,

distribution and chemical composition, the mafic syenite
(1e. augite syenite) and syenite (ie. massive syenite)

intrusfons were contemporaneous with the Timiskaming phase

-

of volcanisa™. -The porphyritic syenites whichAHefinitely

" . cross-cut the -volcanic rocks and other syenites are compo-

sitionally distinct and may- belong to a‘postAflmiskamlng

I

period (Cooke and Moorhouse, op. cit.). The Macassa’

-

samples only partially support the separation of .augite

‘syenite and mésSive syenite from porphyritic syenite on ‘the

basis of their major element abundances and the suggestéd
existence of two distinct magma sources for these rocks.
There are some apparent chemical afflnlties between the
former two syewltee and pyroclastic r;LRs-of the -
Timiskaming Group from the mine;

Rare earth .element petterns for unaltere& exémples of

the augite-, massive and porphyr{tic-syenltes are remark:

ably uniform, with La 100 te 200 times chondritic, and the .

HREE about 10 times chondrite abundances (Fig. &-4). This

- et

inplles a comuon magma parentage. It~1s suggeeied here

that the welight of evidence from maJor eleuent oxide and

3

* . .

<




Figure 4-4&.
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Chondrite ;g;malized rare earth element o ‘ T

abundances for varieties of syenites and their
red counterparts at

Macassa. A - Massive syenites, samples 70 and

86A unaltered, samplé 65 altered. The dashed

"lines are the REE envelope for Archean

_syenites, as reported by Condie (1980). B -

Porphyritic syenites. C - Augite syenites,
samples 73 and 121.6 unaltered, sample 86
altered, vein = k-feldspar actinolite vein in

altered augite syenite. D - denitic'

" trachytlic tuffs, sabples 79 and 141 unaltered,

7 altered (from Kenflqh énd’Watson,'1933).,
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REE abundances'is in favour of a common magmatic source for

all syenltes from the Macassa Mine. The unifornity of

. absolute- abuhdances results in consistent Lan/YbN of

© 15, Relatlve to Archean syenite in general, for which the
REEVenvelope is depicted (Fig.%#-4), Kirkland Lake rocks ‘ .
have lower chondrite normalized ratios of the lyght to
intermediate RgE, but larger rgtlos for the HREE (Condie, J

1981; Taylor et ak., 1978;. This‘is in accord with the

previous observations that the'composit{ons of Kirkland

L

Lake alkalic rocks differ in several important respects -
from conventional syenites.
All of the syenites analysed in this study are

enriched in gold by a factor of 3 to 8 times crustal abund-

ances. This contrasts with observations of Ploeger (1980)

who concluded that the syenitic rocks of Kirkland Lake did

not contain more tnanlcrustal abundances. Sporadic ninor
enrichments of As (1 to 5x), Sb (5 to SOx) arid W (2 to
100x) are also present in the unaltered rocks but sulphur
is present at normal .gontent for syenite (cf. Turekian and

Wedepohl, 1961; Gerasimovsky, 1974). It is difficult to

Establish whether these anomalies are 1) indigenous to the

parental magma, 1i) the result of magma assimilation of

~

auriferous country rock, or i11) reflect post-

crystallization penetration of auriferous hydrothermal
: ¢
fluids into syenite along microfractures. The third

alternative is favqured here based on the presence of
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carbonate-bearing microveinlets in some syenite samples and
the observation that rocks which appear fresh in under-
gfound exposurevand hand .specimen commonly have carbonaéj}
minerals pseudomorphing primary minerals (Kerrich and
Watson, 1984). - . . -
Trachytic tuffs are enriched in incompatible elements,
including Ti, P, U, Th, Rb, Sr, Y, Ir, Nb and Ba, compared

to the augite and porphyritic syenite. Specifically, the

tuffs have more Ti and significantly greater Zr, resulting s

in lower Ti/ZIr. A‘prominent aspect of their composition is -
theextremely abundant U, up to 15 ppm, and Th (26154

ppm) consistent with their”overall relative enrichﬁent in
incompatible elements. Th&fium and uranium vary sympa-
thetically, resulting in uniform'Th/p}of 2.0 to 3.5. These
ratlo; are within the magmatic Th/U rangé (Maynard, 1983),
suggesting that the greater absolute abundances are inher-
ently a primary feature of the magmas (Kerrich and Watson,a
1984). .

Such abundances of large ion llthophiie (LIL), or in-
compatible elements, in volcanic rocks are common in alka-
line plutonic;extrusive complexes, probably becauie of the
preferential concentration of the incompatible elements o
plus volatiles into an explosive extrusive phase (Taylon et
al., 1981). This enrichment is also reflected in the REE

abundances of the trachytic tuffs which havé La contents

400 to- 600 times chondrite, or about 5 times that of the




|

other syenites (Fig. &-4), Overali, the REE have greater
abgolutevabundances in the trachytic tuffs, but ‘tanN/YbN
is about 25, indiééting some systematic fractionation of
the REE between intrusive and extrusive phases.

Smith (1979) and Hildreth (1979) have shown that
ceftain incompétible elements such as Nb, Ta, Th, U, Cs,

Rb, Li, Sn, Be, B, W, Mo, F, Pb, Zn and Sn may be concen- -

_frated upward in high level compositionally ioned magma

chambers, and‘Gre’therefore preferential!yA}pcorporated

into early extrusive phases. On the other hand,\in Quch

systems Tl} Cr, Co, Sc, and Cu are concentrated dowqward,

being characteristically enhanced in late extfugive volcaﬁ-
r

ic rocks. Trachytic tuffs at K}rkland Lak; only partl&

follow this LIL enrichment pattern, and do not have the REE

fractionation between early and late phases described by

Hildreth (1979).

4.2.3 Gold-Be;ring 3ocks

Representative analyses of gold-bearing rocks from tﬁe
Macassa Mine and previéusly publisged data for bulkiore
samples from other mines in‘the Kirkland Lake district
(Tables 4-2, 4-3, Thomson et al., 1950, their Table 5) have
major element abundances similar ko that of tge ad}acent D
wallrock. In addition to greatef gold con;enf, the moati

significant feature of these rocks is the minor overall S,

together with sporadic content of telluriun. Gold/silver




in these samples average about 5. Charlewood (1964, Table
IV), “citing production data for the Macassa H$ne from 59#8
to 1962, calculates an overall average goldlsilver of 6. S 1

with aﬂ average bullion fineness of 782 fot gold., The

7
o

relatively minér base metal ‘conteirt of the -ore samples is
indicated by Cu, 22 ppm + 21 1o, and Zn, 79 ppm + 37 1.
Pb, 67 ppm + 35 16, is more abundant and‘reflects the
presence af the lead telluridg,.éltaiée, in the ore
samples. Arsenic, 5.7 ppm + 3.2 15, and Sb, 4.2 ppm '+ 2.6
16, are present at low leveis but ¥, 29 ppm + 25 1o, is

' sigalfican;ly enriched.over normal abqﬂdance whléh averages
3 ppm in syenitic rocks atithe~Hacassa Mine and 0.4 ppm in
basaltic rocks generally (Hel;on et al., 1978). Transition

metals, lncludlnd V, Sc, Cr, Co and NI are present at

abundances which reflect the amount of wallrock incorporat-

ed 'into ore. V )

-

In summary,. Macassa g?ld ores have the same o;erall
metal distribution as Archean gold deposits in general,
with large- to m&dﬁrat; enrichments of rare elements 1nélud~
ing Au, Ag,.As, SB,“W, Sc, Te coupled with minor to nega-
tive enrichhqnts of the .base metals Cu, Pb, and In (for a

review see Kerrich,'1983). #

~

4

-

4.3 Chemical Effects of Wallrock Afteration -
Bruce (1933) and Thomson®et al. (1948) citlng analyto

ical data originally published by Todd (1928) describe the

»>

effect of hydrothernal alteration of tallrock for the aihet

147
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“of the Kink}and’Lake district. They describe overall

a

.increases in Ca0, MgQ, CO» and FeO abundances and everall'

-

decreases of other major element oxides yithin’tne.wellf

‘rocks as a resu!t of their alteration. These changes were

deduced by direcp comparison ‘of the chemical composition of .

fresh wéllrdcﬁ.qO that of altered samples with the assump-

tion of constant volume relations during: the alteration

process. . T

Such sinple lnspectlon and analysis of chelical data
~ ’

ds generally not satisfabtory for deducing real changes in

elemental abundances. Because the major element oxldes are

coistrainéd‘to a constant sum (100%), no single component
is independent of the others and an infinite number of

solutions exists (Kerrieh, 1983). Gresens (1967) has
. . . ‘ . ’ i |
pointed out that the tacit assumption of constant volume

reia@lons is un;enable.if alteration {is aeconpanle&;ﬁy
.. deformation with or without changes of volatile content as

at the Macassa Mine.

4

4.3.1 Chemical Mass éalance Equation

»

Gresens (op.-cit ) derived a general equation that

expresses change in elenent abundances accoupanying the

transformation of a glven parént to 1its conplenent daughter
rock. This.-aes balanee equation incorporetes analysel of

g the whole roek,.specifle gravity, qnd-a!ﬂeduced volu-e
ehqnge"aecqupenying altereiibn? ) : [Ny

. Py
’ -

| B &~ 4



. Gresens mass balanée equatioﬁ is: .-

4 . >
Xy w fla, g, g8, xP, x4, Fy).

AXg = a(Fy «d (g4/9) - xP)

-where the parameters are:

/

" AXy = Chemical changezlfheychange in abundance of
element {. . ‘
a = Initiél quantlty'of parent Eock, prescribed
100.gms; " | | . B
Fy = The ;olumeuqhangéz ratio between the final and
Co initial volumes of rock masse;. ’
xg,d = !elghf fractfon of eleﬁent i‘in parent and
daughter rock, respectively. - ' .
gP,d = S;ecific gravity of parent and daughter rock,

reséectlvely.

+A unique solution to the general equation 1is obtained
by measuring tﬁe composition and specific gravity of parent
an¢ daughter rocE;, and inferring the change in voluné |
accompanying ;he?iraﬁsformation iﬁ question. The volume
factaor is ftound by:
"1) Estimating .the volume change based on indepqﬁdent

evideade sdeh as chanQQs in the shibe of relict

o

textureé'or structures} . - .

-

s

2; Establishing the fgochenical behaviodr of two or. more .

eleuenésLJfLwo elements probably tenained immobile

3 r L]
L d
&

N . . * ’
. .
’ ﬂ ' . Aot . ‘. e, s
. - 4 -
;- 2. . , o | 0
. A . .
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during rock alteration if their ratio in parent and

. déughter rocks is the same. Component lines for 7

] -

immobile élements will cross the zero mass change axis

N

in a composition-volume diagram at the same point
'(Greséns, }937); or
3) Assuming a reasonable volu&e factor or chemical change
for some element. ) -
In the notation used by Gresens (op. cit.;, fv ; 1 ' '
s;gn1f£e§'constant-volume mét;sonatic,alfaration of react-
ants to products; f; = 0.8 and fv-= 2.0, for ‘example
'correspopd to 20% volume reduétion and'1OQS volume
increase, respectivelyl The significance of caléulatlons
can be deduced 'by comﬁaring the results of several pairs of
parent-daughtern rocks which describe -the same transformat- . 1
fon process. Codglstent negative or positive quantities .
for Xj of a particular element 1 indicates leaching or
additiomw; respectively, of the element in question.
R s 3
4,3.2 Changes in Major and Minor Element Abundances During .
, Alteration - |
Représeqtative samples of wallrock assoéiated with
each of the three types of gold ore 1) vein, 1ii) brecci;
and 1i1) break-ore (Tables 4#-2 and 4-3) were u:}d.to .
determine and compare absolute changes in qonpositlon of

» the whble rock using Fortran pfbgrani EN?RY.FOR and

ROCKI.FOR (Note: All bonputer programs used in this study

¢ <
. ¢ ,

0
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are listed in Appendix D).  These rocks were conpared~w}th
equivalent average parent rocks (Table 4-4) whose compo-
sition 1s a mean éf unaltered and least altered rock
analyses previously discussed (Tables &-1 and 4-2). In thé"
altered rocks at the Hacassé Mine the volume factors for
T102, Al203 and Zr typlically cluster: An average of their
fv's has\beeh'applled in calculations of mass balance
_relations. ‘

For altered wallrocks associated with break ore, it
was possiPlg to sample in a direction perpendiéular to the
fault. These spatially related.sample% were ;sed to define

the net changes in” composition of altered rock and also the

lateral extent of alteration. For both vein ore and

N -

breccia ore relat;d ;amples,'individual altered samples

Y

were compared directly with appropriate average. parent rock

-
2

- compositions (Kerrich and Watson, 1984).
4.3.2.1 Break ore i o
For Break ore it was:possible to syqtematically : o
sample in a direction berpendicular fo the ore boundaries,
in order to define both tge natuf; and lateral extent of
alteration. 1In genéral, the discernqble chemical cﬁang?s
of alteration diminish rapidly within 2 to 10 m of ore
(Fig. 4-5). oy .
Significant additions of CO02, but minor vafiati;nf of

Fe203, MnO, Mg0 and Ca0 abundances Jbout zero corresqonds

"M
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Figure mk‘s.

"

Gains and losses of che@icgl coéponent;
accompanying hydrothermal alteration of break
ore (expressed as percentage chang?s relative
to abundances In paren; rock). Altered
.Srédhcts are arranged according teo distance
“from the break. Small bars indicate )
variations in gain or loss about the datga
Points, arising from one standard devlation~of

the mean volume factor (from Kerrich and

Watson, 1984).
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t; the hydrbly;is of Fe, Mg, Ca, Mn-silicate ninerals.to
“Fe,,Mg, Ca, hn-carbonafe minerals ap;fbg alteration; and
further ;1951+1es that hyd;otherhal fluids dopated the CO3 .
_whereas ihe bivalent metal cations pe}e indigenous to wall
rocks. K20 and Na0 have minor variable gains or losses in

which they behave antipathetically, reflecting the

h&drolyais pf~élb1te to muscovite accompanying additions of

¥

potassium'fnbn the hydrothermal fluids. As for the other

- L]

ore types%ﬁlscussed below, Cr, Ni, Cu and Zn vary little,
with Pp*;s the only base metal £aving pronounced A o
additions. Signi?fcant introduction of S is evident for *~ '
. qhe ‘04 Break and Narroés breaks, whereas sulfur.lis achal-
| ly leache; from the Main Break wall rocks (Kerrich and
Watson, 1984). , - IR
4,3,2.2 Vein ore in syéqite

Transfers oflchemical compohents during hydfothernal

alteration of the syenite traversed by the 26A vein (Group

1 samples)'and of syenlite adjacent to the 58E ve}n (G{gup

11 samples) are fllustrated in Fig. 4-6. The dehitei have’ -
been altered accor&ing to deduced volume factors of 1.2 to . -
1.5 and 1.2 to é.l respectlvely,'wﬁiaﬁ'represept Voluﬁe o
increases of 26—50% in the former host rock and 20-110% in

the 1akter..

Massive gains of Eold and sulfur, reflected in the .

presence of A3tive gold and pyrite, are fhp sali;nt'




Figure 4-6. Gains and losses of chemical components during
v S
hydrothermal alteration assoclated wf%h 26A
vein (group I) and 58E vein (group II) ore

(e;Pressed as percentage changes relative to

.abundance 1n average parent rock and selected

individual parent rocks). Altered products
are arranged in order of irereasing volumf
facﬁgr. Small bars indicate variations in
gain or-loss about the solid bars, arisibg
from one standard deviation of the mean volume

. factor (from Kerrich and Watson, 1984). ] ~

»
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features of alterationvin these rocks. Adgiz}dns of iron

are minor compared to sulfur, suggesting that much of the
iron present in pyrite is derived from hydrolysis of .Fe-Mg
silicate minerals indigenous “to the parental syenites,
whereas 98% of the sulfur has been added from solution.

Small net gaihs of 5107 correspond to the presence of vein

.

quartz, and of Fej03, Mno; Mg0 plus Cal0 to- the precipita-
4 .

tion of Fe, Mn, Mg, Ca-carbonate minerals..

e
.. ~\‘ hd

Sodium and potassium have variable minor gains of

losses, expressed in ¥he relative proporttons of albite and

muscovite respectlvely. Rb and Ba vary broadly with K20.

0f the transition and base metals, Cr plus Ni have been N

added overall, residing in chlorite and muscovite, whereas
there is a massive‘agdition of tungsten ds’the ubiquitous
scheelite. Copper, In and Pb have all been added to a
variable extent, hhereas As and Sb have erratic minor
variations about zero galn/loss.

Altered syenite adgacent to velns are nelther extens-
ively hydrated nor have eignlficant fixation of COy -
consis;ent with- the mihog amounts of hydroxy or carbonate

~

minerals observed.
\“

o+

-

4.3.2.3 Breccla ore ln augite syenite and tuff
Introduction of gold and sulphur oh a massive scale
are the most pronoundﬂﬁ chemical transfers involved in the

hydrothermal alteration acconpanying breccla ore whthin the




augite syenite and tuff (F;g. 4-7). Iron and S behave in‘a
manner comparable to alteration about vein ore. |

Fixation of S$i0) is more pronéunced in breccia in the
tuff versus breccla in augite syenite, consistent fith a
éreater prgggrtion of massive quartz in the fdrm;r.
Small gains or lossés of Fe203, Mn0, Mg0 and Ca0 reflect
variability in the relative abundance of Fe, Mn, Mg, Ca-
carbonate minerals. Potassium\and Rb have comparable minor
overall gains, -but whereas Ba covailes witq K20 in the‘
tuff-hosted breccla ore it beﬁaves erratiqally‘in the
brecclated augite syenite. Given‘;hgt K20 is predominantly
in fe;dspar and biotite in parentalrrocks, but 1s incorpor-
'aged into muscovite in altered equivalenfs, and further
that for the ore, Ba'plﬁs Rb do not reside in minerals
qt§er than‘muScov;te,.these relations collectively suggest
that the micas are not unusually Rb or Ba-rich, a coqjec-
ture confirmed by electron mlcroprer ana{;sls.‘ o

Chroﬁium and Ni have been added in minor: amounts to
breccia ore in tuff, where they substigake in chlorite and
muscovite: however, these elements are leached from breccia
ore in augite syenite. As for the veln ore counterpar€s,
massive 1ntrod§ction qf tungsfén is rgpresented by tﬁél
presence of scheelite. Arsenic and Sb abundanbéi are

‘essentially comparable to those for the vein ores.

KY

‘160'

[}
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. Figure &-7. .

+
-

*
Gains and losses of chemical components during

~ -

hydrothermal alteratlion asspciated with tuff

breccia (group III) and augite syenite breccia

(group IV) ore-:(expressed as percentage

~changes relative to abundance in average -

parent rock and selected individual parent
rocks)’, Alteﬂsd products are arranged in
order of increasing volume factor. Small bars

indicate variations in gain or loss about the

_solid bars, arising f;ﬁn one standard

deviation of the mean volume factor (from

Kerrich and -Watson, 1984), -

2,
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l #.Bid Changes in REE ‘abundances during hydrothermal
‘ alteration °
. “ > .
Rare earth element abundances in altered rocks remain
close to those of parent syenite, and ovejall, hydpothernal
fluids _have not fractionated the'REE‘durIng~1ntenaetlon
with wall tocns (Fig. 47;) A single excep%ion to this is
the S8E vein, a K- feLdspar, actinollte, quartz, chlorite
o fr;cture selvage, which possesses a pronounced regative Eu
anomaly relative to unaltered augite syenite (Flg. 4- b):
N . this may result ﬁpon hydrolysls of plagloclase.
' - Behayioqr-ofjgne REE‘duging hydroehernal eiperation
. . ass‘ociated‘.t'h _Arcn'ean lode gold deposit; na; been . ‘.
diieuised by Kerrleh and Fryer (1979) end,Kerrich (1983),
It appears ‘that in this e}teratlon-the REE are re;aiively ;
immobile, exceptr under'eondittonsvof intense carbonatiza- -
tion nhere the HREE ‘are-preferentially taken into ' "
" solution, For the 58E vein spechically, and at the
Macassq Mine in general, canbonatization 13 not intense,
' such that the relavaely undisturbed pgtterna 1n _rocks that
) . -~ “have reacted with the hydrotherua& fluids, is conslstent

) _+ . with essentially isochemical behaviour,nn the REE. Lo

. PP
ot

[

4,3.% Oxidation State of Iron . | . .

—

The gxidation sxate of 1ron in rock;‘ expressed e tne

- ratio of ferrous. iron to total tron (Fez+/Fetot,1), is & y

sensgyive indicator of flu;d tlcwg ;qnangeo in tegq:e to’

v .
# P . . . ”~- [



ferrqus“lrod can occur in rocks that have reacted with

large'vdiUlee o} fluid bearing oxidizing or reducing

agents. '
. The :tkﬁdance of ferrous fron in 19 selected unaltered
.and altered rocks from the Hacassa Mine was derernined
titrlmetrlcally hy the nethod described in Wilson (1955).
Frou this and other previously publlshed and unpublished -

data cited at the beginning of this chapter, the ratios of

Fe2+/Feyotal were ealculated (Table 4-5).

Unaltered syenlte has an ‘average Fez*/Fetotal ‘atlo )
;'of‘0.61. Unaltered tuffs of the Tinlskaning Group are less
reddced than the syenite with an average ratio of 0.45. " In ’
eontrast, altered syenite adiacent to goldrore 1evuoderat-

ely to very reduced with ratios varying from 0.64 to 0,93.
» ) - .
Similarly,‘samples from the Main Break, velin ore and

I
L]

. breccla ore zones are reduced wf%h respect to uhaltered_

hidcks. These data suggest the influence of fluide capable
. / . . ) ' -
of rg¢ducing the wellrocks. o .

- However, samples from the '04 and Narrdwe Break have.
Fez*/Fetotal less than the average 0.60 indicating these S
rocks are lees reduced witn respect to unaltered rocks. In:'
:both-instances, eanples taken at increasing 1nterval; awey
. from-the break itself have a gradual return to near noreal
Fez*/Fetogal within s to.5 o Thete'data suggest the -
influence. of fluids capable of . oxldizing the nalltooke. S

It 1s qﬂlikely that :educing end oxidiring fldids ‘.
‘ .' ) ‘.:‘ ‘ . . . "t'.' . ‘:v .
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~  TABLE 4 - 5(a) Ferrous to Total Iron Ratios For Selected Unaltered Rocks,
‘ Macassa Mine and Area. T

/

o

.M - — - \*
Rock Type Sample No. ~ Fe0 Fe203 Fe203*1 'Pe2+/22e
(wt.X) (wt.%) Total
(wt.%)
VA 3 . . ] v

Augite Syenite

3.55

PL-189 C e 5.10 3.33 . 0.63
PL-191 . 4.05 ¢ 2.67 0.63
~ PL-192 3.73 3.40 " 0.55
PL-193’, 4,05 - 2.76 0.62
PL-194 .05 2.51 0.64
PL-196 . 4.70 3.19 - 0.62.
PL-197 2“ 4.86 3.92 0.58
Thomeon No.6%" .~ 4.48 2.77 D.64
Wy Av.North Suitey 4,60 - -3.34 0.60
. _ Av.Main Suite* ~4.24 3.86 0.55
Felsic Syenite N 2 - '
) Thomson No.7%°, . 2.67 Q.98 . -0.75
R .. 4 A‘V -Main Suite* 2.69 ~ 1.89 + v - 9-61
Porphyritic 2 - ‘ Y
Syenite ’ Thomson No.8% 3 2.03 - 1.38 : 0.62
Av.North Suite 1.67 - 1,69 . 0.52
-  Av.Main Suite*” 1,70  ‘+1.52 - 0.55.
~ Trachytic Tuffs R 9 : R
© Thomson No.1%, 3.84 4.73 0.47
Thomsoh No.2* 4.71 6.36 . 0.45
~ C—eo N * 3-11 ’ . 7-_8 0.4‘&
; . G-85 4.56. - 11.6> - 0.44
TR - . P . - “
al Total iron expressed as rezo3, ' \
l Data_ from Thomson gt al (19%0), their Table 5. ' e
#3 Data from Plogger:(1981); Table 1. - ;_f/_,/f’/’_
~ -~
4 -t ..
1 " o . N Y
» & ‘ ! .



‘Table 4 - 5(b) Ferrous to Total Iron Ra

\:éé for Selected Altered Rocks
- and Ores, Macassa Mine and Area.

Y

-

Rock Type Sample No. Fe0 Fe203 Fe203*1 Fe2+/£re
T v W) wt.l)  Total
(wt.%) .
‘Altered Augite T )
. Syenite. 12 4,32 9.89 0.48
T 1212 ‘ §.63 8.79 ©  0.59
1214 - 4.07. ¥ 9.04 0.50
© 1216, 5.50 9.82 0.62
Thomson No. 12* 7.10° 3,00 ‘ 0.72
Altered Felsic
'SZenite 2471 2.43 4.46 - 0.60
. ) Tﬁomson No. 11* 4.78 ,0.97 0.84
Altered - .
Porphyritic | - 2 |
Syenite Thomson No.9*% 9 1.16- 1.08 0.54 .
: Thomson No.10% 2.41 0.94 . 0.74
Main Break . ’
’ 113 " 5.48 8.26 - 0,74
‘ 117A 5.99 " 9.54 - 0.70
116 4.79 9.19 0.58
115 3.79 7.76 0.54
Narrows Break Ct . '
- 140 12,32 5.57 0,46
139 . . 2.58 4 .94 0.58
138 3.91 . 6.00 0.72
L 137, 3.02 5.71 0.59
‘ o 7 135 . 5.56. - 8.62 <0.72
. , [
58-E Vein " .
I % R .} ' 5.83 0.82
. 3 86 T 5.8 9.50 ‘0:64
Breccia Ore : . : ~—
L R U . ) 7.99 0.71
' Thomson ﬂq,ls*z 6.07 1.49 0.82
“a Thomsba No.l9%". 3.00 0.78

v

al

Total 1ron ezprconod'ao-rtz 3
a2 Data fion Thomson et al (1950), thoir Tablc 5.

e d

¢
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would co-exiig/nlthln the same hydrothermal system. It |s
suggested fhat the oxidation state of iron inftpe'altered
rocks is-the ef}ect of two distinct fluid systeﬁs. Further
evidence on the natﬁré of these syéfels will be discussed

?

in followinj sectloﬁs on the relative abundance of oxygen

.

and hydrogen isotopes.

%



-

‘seawéter and connate and meteoric waters.

'vre.descilﬁ%d'previous;y at the Macassa Mine were deter-

- , CHAPTER 5

@

g OXYGEN AND HYDROGEN ISOTOPE ABUNDANCE AND

v
L

FLUID INCLUSION DATA

]

. 5.1 General Statement

Because H20 1is the déminant consfituent of or? forﬁinq‘ .
flulds, a knowledgé of its origin fs fundamental to any
tﬁeoryﬂof ore formation (Taylor, 1979).‘ Any hatu;all{
ogcurrlng ;ater is potentlally‘a; ore-forming fluid if it
becomes heated as a result of deep circulation in the cr&st

or through interactjon with a magma body. Investigation of

hydrogen and oxygin isoéope abundances of natural waters,

' fluid inclusions -trapped in hydroihernal.minerals,:ahd

rock-forming minerals have identified four different
sources of Hy0 in the earth's crust (Taylor, 1974, 1979).
These water reservolrs, each with chanacterist}c 3DH20 and
§180M;0, are designated as primary magmatic, netaiorphgc,-

*

The  oxygen 1;9tope'dbundancés of the'ghole rock and

separate minerals of the syenites and three types of gold .

.

mined by Dr. R. Kerrich atﬁthe University of Western

‘ -
- -
0 v ! 3 * > -
. N : -
' »
.
.

-
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[

Ontario following the analytical methods outlined in
Appendlx.Af .Hydrogen isotope analyses, conducted by Dr.

J. Bowman, Salt Lake City, were done for a limited number -
of chlorite and actinolite mineral separateQ from selected
gold-bearing samples. -Honogeﬁlzation temperatures of fluid
inclusions within,qéartz from selected gold ores were
studied using ; Linkham TH600 Fluid IncTusion stage at tHe
University of Western Ontario.

A iinited number of samples were selected from the.
iarger suite of igneous and volcaniclastic rocks and-
principal 961d ore types co%le;ted ffon the Haca;sa Mine
during Ehe course of this study. “Samples of unaltered rock
were selected to deternfn;\fhe origln aqd extent of
isotobic neequllibgatiqn. Samplés of gold”br?s were
selected to evaluate ther@al.conditions and fluld
reservoirs iupile;ted in" gold mineralization. ‘

Given the variety of ore types and the nuitlstage
nature of ﬁuartz veining and fracgurlng,.a large nunbef‘of
Jaotopic and fluid inclusion analyses would ldeally b§
required to under;tand the ore fqrﬁing system 1In detall.
Because of the diffi;ulty and.expénsé of ébtafnlng isotoplc
analyse{, only 65 ana1ysés are presenteq (Tablf 5-1).

.Because of the di?flcuity of obtaining ‘suitable materials

for fluid lnclasion'study, only data on homogenization
- : ' -
. temperatures as-a first approximation to trap

y

pfng tempera-

P "turGSLqre presentqﬁ;: ' . T | .

.
4

-
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e .
5.2 Calculation of temperature and isotopié composition

of hydrothermal fluids

Ambient hydrothermal temperatures for fhe varfous ore
types at the Macassa Mine have been calculated from oxygen
lsofope fractionations between mineral pdirs or triplets,
employing'approprla;e minerél-watér fractionation -
equations, acéordlng to conventional procedures (for a
discussion see Taylor, 1974, 1979;‘Bottiaga and Javoy,
1975; and Javoy, 1977). This study utilized the experf-
mentally, and empirically determined mineral-water

»

eduatiohs for quartz, K-feldspar, amphibole, and chlorite
as reported by Clayton et al. (1972), 0'Neil and Taylor
(1964), Javoy (1977) and Wenner and Taylor (1971) respegt-
ively. Isotopic teniperatures from quartz-magnetite
fractionations were interpreted.using the graphs of
Friedman and O{Nell (1977).

It is important to emphaslf; that ‘ﬂ*&%ﬁ~1?otoplc

concordancy is required among three coexisting minerals .An

lordqr to obtain a reliabie temperature estimate. Concord-
ant temperaturés were Qésigned to 1hosé samples for wh;ch
TOC quartz-K feldspar, fOC quartz-chlorite and .TOoC K
feldspar-chlorite agree to within an uncertainty in A

quartz-K feldspar, Aquar,t;-chlorite,%gc.,‘ where the error

in mineral pair fractiona¥ions el = (e2 + e%)°'5 =+ 0,17 c

§

. per mii, and the téproducipility of -values 1is 1'0i12‘pef‘

mil (cf. Bottinga and’ Javdy, 1973).




Triple isotopic concordancy is present in two of the

vein samphfs,where three or moregminerals could be separat-

&

ed. For the remaining- samples oniyitwo minerals were
isolated for analysig, and thus isotopic co:cordancy could
not be demonstrated. .Howevef, in these samples the
isotopiq temperatures calculated from the fractionation
between two minerals was found té be cloSg to those derived
from triply concordant assemblages, and with independent
estimates of temperature based on hydrothermal mineral
assemblages and fluld ipclusion filling tehperatures.
Taylor (1974) emphasizes that 1sot;pic disequilibrium
relations are the rule and not the exception in- hydro-
thermal ore deposits. Despite thls, valid conclusions can
be made of fluid isotopic abundances provided a mineral
geslséant to post-formation reequilibration, .like quartz,
s used (Clayton et al., 1968; Taylor, 1974) and an |
independent estimate of temperature,' like fluid inclusion
hbmogeniz&t}on temperature, 1is available.

Calculation of fluid 5180 was based on the measured
mineral 6-value, and temperatufes as estimated abbye,.ln
conjunction with the appropriate'pineral-water fractiona-
tfon equation,'generally the. quartz-water curve of tlayfbn\
et al. (1972)., Water 6D was.calculated by the same means
as for 5180 H70, eﬁploylng the measpredﬂsﬁ niner#l, a
teuper;ture estimate, c9up1ed with the appropr;ate

mineral-water fractionation equation (see Taylor, 1974,

v ° . -
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1979). For chlorite, the chlotite=w;ter curves of T;;TBr
(1974) and Marumo et al. (1980) were utilized.. There is ' -
little’ 1nformation on hydrogen isotope fractionatloﬂ

between amphiboles and water. Thus for actinolites at the

" Macassa Miné;‘tZe data of Graham and Sheﬁpard (1978) on.

aluminods pargasitic hornblende was used as a first

»

approximation.
Suzuki and Epstein (1970, 1974) and Taylor (1974
1979) have emphasized thd% ‘D/H fractionations among
sillcate minerals are primariky a function of the Mg, Al
and Fe contents of the minerélg; For instance Mg-rich and
Al—rléh,minerals concentrate aeut;rfug relative to Fe-rich -
minerals under the same condition;. For this teason, and
given some unégrtqintiei in temperature, a qénge qf'caicu-
lated &D Hzoﬂls‘given'beloq.‘ o L
5.2.1 4180 of Syenite aﬁl Trachytic Tuffs
Syenité that is:Eelatively fresh has oxygen'lsogspe
éompositions for the whoie rock from 6.6 to 100/,4 (Table
"5-1), .}his includes the entire span of &180 for
4lsotop1cally normal' felsic plutonic rocks, defined as
460/ .0 < 5180 < +109/,4 (Taylor, 1978), and indicates that
no signlficant component of high 6180‘getased1nentary or o
hydtotherﬁ;lly altered igneous rbqks p;rticipated in the
,sourcé reglon‘néltinb,'or cogtau;natedla primary igneous
syeni%ig'nagnq. For ayenite spebl[lcailyg'faylor (1968) : h\

-
L [y
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reported thél whole rock typibally has 6.0 to 7. Ooloo, K-
feldspar, 6.5 to 8. 80/00; and augite, 5.5 to 5 90/00.'
Hence the syenites at Kirkland Lake are isotopically -
slnilar to, or enriched by lgss than 30/,0 relative to
fresh counterparts., )
Overall, the augite syenite his. the least 180 as 1is
expected from lts greater proportion of nafic ninerals and
their lesser 180 content relative to-coexisting feldspar at -
equilibrium, The greatest content,.9. 2°/oo 1n felslc
T syeni‘b, 10.09%/,, in porphyritic -syenite, and 9. 69100
tuff, likely represent‘g_trend of .180 enrlch,emt ‘from
primary igneous abundance during eub-so&ldus,°part1a1
6x;gen isotope exchange with a fluid reservoir. ‘Vdnioei .

. >
possible fluid_regimes that would be consistent eith‘the‘

deduced trend of sub-solidus 180 enrichnent include ,
. *e . T

pristine marine water (8180 = 09/,,) at 200°C, or an iso- .7
X ® -
topically heavier reservoir such as evolved marine water,

,foraation'brines, orometanorphlc fiulds’a::greaqeg.teepera-\
tures. his multiplicity 3! pessible fiuld:akﬁeeaéién'
regimes j&\general}y‘resolved bysybasuring A150 euartz-
feldspar, an approach éh&t f$™not poesibleffor't€;~;asead7 ‘,
quart;-free syenites (Waégpn'and Ke}rich,']9§3?: .

o . | .
’ - - " o
. "

5.2.2 6180 and 60 of c ~ ,
5.2.21 Bréak Ofe - '
Massive quartz fiom the reak -ore has a relatively =
) * ’ &G ! ” ‘ ‘.
LW, , ) . - - " L I s Lt
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narrow rénge of §180 at 12.2 to‘JZ.S'(Table 5-1). Eydrtz .
| isolated from the neidhhourlng wallqiocks'ls.isotoplcally
:siﬁ!iar to breccia matrix counterparts, signifying close

isotopic equllibpghn between fluids, bregéia‘natrlx quartz,

and wall rock quartz; and in addition a fluid dominated
system alqgng fracture conduits now occupied by ores.

On the other hand, minor quartz isolated from brecci-
ated syenite at V1.59/50 (samples é; H), and accessory
quartz present in chloritg- or selen;te-doxinated break ore
at 14°/o% (sample A), are sysﬁsmatlcally lighter- and .
heavier respectively thin the massive variety of quartz in
break ore. The isotopié abundances of magnetite is\ver&
‘varlable in focks,enclot}ng break ore. Magnetite présent
in small quantitiJ. in rocks is known to undergo partial
r!trograde,isbfope exchange with coexisting minerals toward
more §18Q, and this effect may account for the Qbserved
spread of §180 abundance in mag@btite of rocks about break
ore, where the.greatest 8180 1s in rocks with < 5 weight
percent magnetite. Accordingly,‘only thése samples with

~abundant magngtite have been, utilised for computing iso-
topic temperatures from qﬁartz-magnetite f;actlonationsz
these are 4400C (A) toﬂ430°c (B). The calculated 6180.of
fluids in equilibrium wit; quaré£ and méénetlte is 8.0}fo

’

- . . -
9.69/50 (Table 5-1). Such isotopic abundances in fglids
- 3

are consistent with elther magmatic or metamorphic hydro-

™3
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thermal solutions, but are isotopically heavy tompared q“ .

‘mebveoric or mdrine waters that have undeigone high tempera-

ture isotope exchange with crustal rocks (c.f. Taylor, ‘

1974), . - L
. [
Quartz-chlorite fractienations of 11.3 and 9.49/,, for

samples A and E correspond to temperatures of 200 and 2500C

respectively, and a fluid in equilibrium with the chlorite

of +6§5 and 2.29/,o for the specified temperatures (Table

5-1). Two sample; of éhlorite from the break analyzed for
their hydrogen isotope composition have a 6D of -87 (sample
E) and -70 per mil (sample A). Assuming an equilfbration
temperature of 2000C for fluids and hydrogen in silicate
minerals,.the calculated 6D H20 would be 70 to -20 per mil
(Table 5-1). This range of fluid 8D and 8780 could plaus-
ibly reflect low-tem;hxaturp evolved meteoric water.

The large differences in temperatures and fluld iso-’
topic abundances deduced from Aquattz-magnet;;e and A
quartz-chlorite in sample A (Table 5-1) signify isotopic ’
disequilibrlum between the,threé minerals, Such r;latlons
are to be anticipated in v%ew of. the observed coexistence
éf'selenite and pyrite in sample A indicating uinerhioglcal
and redox disequilibrium. Furthermore, two varieties of
quartz are present in some samples which couid have
distinct isotopic signatures;'for instance A confains white
and citriné quartz, but white and rose quartz ar; present

" \
In sample H. Taking these features into consideration, .

}
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¢ along with the lﬁference that.uhereas quartz_does not

S~

‘readily undefgo (;'xygen 1sotdpe exchange at '(&)Oocgchloz:ite
may do so In the presence of large water/rock, then ;hé
‘quartz-chlorite fractionat}ons yield b;th maximum tenﬁera-.
tures and fluid 5180 abundance.

The disegquilibrium minefa} association and oxygen iso-
tope fractionationS of some break ;;e may reflect 601t1-\
s;age fluid reglmesz an earlier episode of fluids with_
higher 180 of probable i;famorphlc origin implicated in
the precipﬁtation of‘Au, quartz, chlorite and magnetite,
followed by a subJEquent episode involving 1ncursio£ of
S02--bearing oxidising flulds Initially at <2000C for an

anhydrous sulphate-precursor to selenite, fiﬁally waning to

500C for stability of selenite itself.

5.2.2.2 Veln Ore . | | )
Gold-bearing quartz in vein ore has a 6180 of 12.6 to.
13.6 per mil., Quartz in wall rocks te vein; is isétoﬁical-
{y similar to that of neighbouring vein quartz, indicating
close isotopic Jzuilibrium among flulds, vein quartz and

wall rock quartz; and also signifying S fluld dominated

system in rocks Bounding veins‘(Table 5-1). In one sample

(G80-60) quartz, muscovite and chlorite are in triply

concordant equilibrium, with fractionations corresponding
to' an isotopic temperature of 3800C. The calculated 8180

of water in qquilibriuu with quartz at the speciflied
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temperature is +7 per. mil,

| Quartz of the E vein system has uniform isotopic
abundances of, 11.5 and 11.99/,, (Table 5;1), or abdut:
1.5%/ 60 lightler than those characteristic for gold-bearing
vein‘org discussed bélow,1quartz-magnetite veiﬁs exclud-
ed). Quartz in the wall' rocks 1is lsotoplcally’:imllar to
vein guartz (c.f. sample G—BO-zZ, Table 5-1). Trip;y
concordant isotopic equlilibrium }s p}esent between anttz,
K feldspar, and chlorite in sample G80-71, defining an
isotopic temperature of 4200C, and a calculated s180 H20 of
+7.2 per mil, assuming equilibrium between quartz and the
fluid (Table 5-1). Magnetite in this rock 1§ close to’
isotopic equilibrium with the other minerals, but as for
examglﬁs‘discussed-above where magnetite is present 15
small quantities, there.1is a tendency for it to selectively .

re-equilibrate toward greater 180 abundance. If the

magnetite jn G-80-88 is in isotopic equilibrium with co-

~existing quartz, then the mutual fractionatibn of 10.0 per

mil corresponds to precipitation temperatures fgr the veins
of 4900C (cf. fFriedman and 0'Neil, 1977) and a }luld
isotopic compositien of +8.5 per mil. 1In view of the
inference that magnetite in other samples‘haslhndergone
variaﬁle-degrees of re-equilibration toward greater
§-abundance, the above Aquartz-ﬁagnetite should be .
considered as a minimum, thus yielding maximum estimates of

temperaiure and fluid 6180,
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The magnetite-bearing veins contain a coexisting

amphibole whiéh is actiﬁg}i;ic in composition and isotopic-

ally uniform at 4:8 tos?.0°/6°_éTablé 5-1). . No experiment-
al mineral-water calibjation exists for amphibofis, and
thus, it is difficult to'establish whethe; or not the
quartz? amphibole and magnetite are isotopically concord-
ant. Javoy (1977) gives'the equation 106 1n a quartz-
hornblende = -0.,30 + 3.15 x 10éT72(°K), deduced on a

'a: high sub-solidus téaperatures. -Use of pﬁts»eqhation
gives temperatures of 4000C for the magnetite-amphiboler'
quartz velins whic& is not in close agrgement‘with that
deduced from quartz-m;gnétlte.' Such apparent isotopic.
disequiltbrium.ﬁgs-previoqsly been reported for hydro-
thermal actinolite and cumming}onlte (Costa, 1980), and it
seems likely éither that extrapolation of the quartz-
hornblende equation to lowe} te?peratureg'ls invalia, or‘
that this equation is Inappropriate for other amphibole
cdmpositions.

‘ The 6D of two actinolitic amphibole separates from the
E veln system are -60 (G90-92) ’;'nd -105 per mil (G80-88) -
respectively (Table 5-1). Assuming dn equilibration
temperature of 400 to 4509C far H20 with the hydrogen in
siilcaté minerals, the calculated fluid 6D would bF -85 to

-35 per mil. .

The quartz-magnetite-chlorite vein has distinctively
-3

&

combined theoretical and empirical basis for fgneous rocks -

180




minor 6180 in chlorite and magnetite compared to aﬁy other
minerals analysed (Table 5-1). In sample G-82-150 quartz,
chlorife and magnetite approach triple concordancy, with
the mineral pair fraCtibﬁations corresponding to tenﬁeratk
ures of 210 to ZGO;C and fluids of -Q.Q to -0.50/00.::Ihe_
isotopic abundance of the fluld is conglsteﬂt with a hydro-
thermal reservoir of meteoric origin (6180 < 09/40), and
may signify downward penetfation of Qurface grbunawater;
from terrain above sea level.
5.2;2.3 Brecg;; Ore

Quartz fro@ the matrix of breccla ore is is&tqpically

.

uniform at 12.6 to 12.99/,,. This is in close compliance

with what is believed to be single stage and ‘isotopically

-

least disturbed massive quartz samples from break ofe -

(Table S?i). As for the instance of rocks of break ore,
magnetite in breccla ore has a wide spread in §180 abund-
ance; in this ore type, 7°9/,, from O.é to 7.69/45. If the
quarfz and abundant magnetltq present in sample G-80-32 are
assumed to be ln'equillprium, then the quartz-magnetite

fractionation of 12.09/,, corresponds to a temperature of

6200C and an isotopic ratio of the fluid 7.90/30.

5.3 Data from Fluid Inclusions
Fluid inclusions are small, udually microscopic

volumes of fluld trapped within crystals during their

1

a
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" growth from the fluid. Although usually trapped.as*é

homogenous flujd at the temperature (and pressurer of
gfowth, they are benerally multiphase when e;anined at room
témpgrature.

Inclusions that form as tﬁe host crystal is growing
are called primary. ;Secondary inclusions oplginate from
healing of cracks within cfystals and trapping of-lateé
fluids d;ffereﬁt‘from those assoclated with crystal forma-
tion. Some secondary inclusions are trapped 1n°fracturé§'
‘that occur while the host crystals are still growing -
these are termed pseudo-secondéry inclusions. The criteria
for'detiﬁgpishlng thé three types of fluid inclusions are
summarized in Appendix B from Roedder (1979)l .

Fluid inclusion study can ptbvide direct data on‘the
time and space variations of temperature,‘préssure,_density
and composition of fluids 1in gé?logic environments. -Such

u;; is based on the following major assumptions (from'

. Roedd;r, 1967): > ‘ ‘
1) as a'crystal‘érows in a fluld medium irregularities in
growth will cause the ﬁrapping of small pockets of fluid.
2) the fluid within an_irfclusion is rep;esentative of :Le
fluld at the time of trappind.

3) there has been’no significant galn or loss 6f material
within the inclugion since tﬁé time of trapping,
.

Roedder (1967, 1976) has discussed these assumptions and

- thelir llmffitioné.

"182



Séudy of f}uid 1qc1usions from selected golq-bearing
chks of ;he g;cassa Mine was limited to determination of
homogenization temperatures (Th) as a first estimate of the
temperature of formatiopn (Tf) or inclusion trapping. The
latter ‘is called also a "corrected tenbérdﬁute of homogen-

. . R
ization". On cooling from the temperature of formation,
the fluid within an inclusion shrinks ‘and .an. inclusion £h§t
originally wontained a single, hémogenous.fluld phase’
generally fqrms a vapoh:.%;bble. The homogenization |
temperature (Th) is the temperature of disappearance of
thls bubble as determined on a microscope heating staée.
If‘the pressure on a fluid at thé time of trapping was
greater than the vapour pressure of the‘flﬁid in the
inclusion at the moment of homogenization, the incluslon
will homogenize at a temperature below that at which it was
initially formed. The difference between Th and Tf 1is a

pressure correction. The homogenization temperatures

provide a minimum vaiue for Tf (Roedder, 1984).

The data was intended primarily to provide an 1ndepen7|

: A
dent method of verifying hydrothermal fluld temperatures

calculated from lsotopic’data discussed bieviousli.

‘Instrumentation limitations and the‘dlfficulpy encountpred

1n:}dent1fy1ng sﬁitable‘fluid inclusions in the generally

)
fractured and broken quartz from all three ore types did
Egg allow for fluid inclusion investigation beyond this

preliminary stage.

»

)
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5.3.1 Break Ore - oLt

“Polished grain mounts of quartz crystals isolated from

a éhlorite and'se;enite-bearing section of the '04 Break

- were used to study fluid inclusions associated with break-

ore. Two types of. primary inclusions were identified: 1) 2

"phase, fluid fich i;%lusions with filling factors rangind

from 30 to 50 percent, and 2) three phase inclusions with a

vapour bubble surrounded by a fluid (at room temperature)

within a second fluid phase. The liquid surrounding the -

vagour‘phase was determined to be COp as it was observed to
. S ;

disappear upon heating from 29.50 to 30.59C, More than 80%

of ‘inclusions observed were of the first type. Both types

were identified as primary inclusions on the basis of their

-lsolated, irregular occufence within individual quartz

grains and regular or equant habit. . All inclusions were

' [ .
very smaflt generally ranging from 3 to 6 m in diameter.

Trains of secondary inclusions (all two phase) were local-’

ized along microfractures within single grains and commonly

were smaller and thinner than primary ;ncldsions.

“, ' Provisional studies of 60 two-phase and CO2-rich three

PN

phase primary inclustons in two samples of '0h4 Bieak-relat: )

-

ed quartz grdin§ yieldeg ttomogenization temperatures in the
range -1800 to 2309C, These data are in good accord with =~

1sotopic temperatures based ‘on éugrti-chlo;ite fractiona-

.tion discussed in the preceeding .section, takgng.into

accéunt‘Pressure ‘corrections of - 100.to 1509C,

nes4
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5.3.2 Vein Ore
Samples of veln quartz from the 26-A velin systém were

used to study fluid inclusions related to veln ore.

Approximately 40 inclusions in 2 samples were subjected to

heating study. Primary inclusions were of two types: 1)
two phase, fluid rich 1nélusion with variable filling

factors, tentatively recognized as evidence for phase

separation and 2) relatively smaller, 3 phase, CO0) rich .

1nc1usions similar to fhose described for break-related

samples., Fracture-related trains of 2 phase, secondary

Inclusions were also observed (Plate 5-1).

Heatiﬁgs studies howed that both the 2 phase secondary

inclusions and three phase COj-bearing inclusions homogen-

ized in the range 220° to 2359C. Large 2 phase primary

185

inclusions revealed homogenization temperatures in é higher -

range, from.425°-440°C. The highgr temperature for 2 phase
inclusions is in apﬁroximaté agreement with ttipIQ‘concord-
ant isotopié temperaturesy of‘580°C‘to héO°C for vein ore
samples discussed previously. If the lnterp;etation of

variable filling-factors in primary inclusions as evidence

of.bhase separation is valid, these homogenfzation tepbeta-

fures are essentially equivalent to formation temperatures

as no pressure correction ‘is necessary.

’
K3
L]

5.3;3 Bréqbia-ore

. No rellable heatfng data was obtained for fluid

te.
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‘ Plate 5-1. Fluid inclusions in vein ore. ,

r

Photomierograph of fluid inclusions 1n quartz from 26-A

veln, Macassa Mine. A = primary, 3 phase inclusion with

DA L s Bt B A e e ol
¢

Co, liquid; B = primary, 2 phase 1nclusi?n; C = secondary
inclysions along microfracture. Plane-polaflzed transmit-

ted 1ight. Scale bar fs approximately .01 mm.
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_inclusions in breccla ore samples becausé of tbe.highly
fractured nature of all qhartg associated with tﬁi§ ore

type.

~

. De3.h Quarti-nagnetité Sprfnger Veins
H - . . > Y ,
Primary .inclusions in quartz from the. quartz-’

¢

Ser t

-

magnetitb»chlorite stringers were very sparse. Some Ti to

20 inclusions in 2 samples were subjected to a limited
- : r 3

number of heating runs. All‘of these’ small, two phase

inclusions homégenized in the r8nge of 1100-2300C, -
) - - . ‘ ‘ |
v . . -
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CHAPTER 6

GOLD DISTRIBUTION IN BRECCIA ORE - A GEOSTATISTICﬁL STUDY.

6.1 _ General Statement . . a !

The physloal distribution of natlye gold and gold- )

. F e
bearing telluride minerals in the ores of ‘the Macassa Mine'
1s an lnportant'cHaracferistic.' Not only interesting from -

an academié¢ perspective, a detailed assessment of -amount of

gold present, its spatlial distribution and tontinuity ére

of practical importance to the mine geologist and planning
engineer faced with the problems of grade and tonnage
-Eélculatlons in reserve éstlaation. ’

One approach to this complex problem is to quantify

the statistical characteristics of gold abundances as

- .
. -

expressed by assay data from diamond drill core samples. A
_statlstical éppro#ch is best applied to a large volume of
data taken from a physically.large ore zone. Neither the
break-ore or vein-ofe types as described previously
(Cha?ier 3) had sufficlent spat{al continu1t¥vor sampling
density by dianp;d drilling. o : -

Since 1980, over #OS of the anrok&n ore resperves at
“the Macassa Hine haye been classed ‘as breccia oré. This

-
significant part of gold ore at the mine 1is physicaily more

. | . 189 ° ' -
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continuous in three dimensions than the previous two ore

'types. Addltioﬁglly; as %his.ore type was not well uh?er—
stood apd gold somewhat more erratic tﬁaﬁ veln or break-ore~
types, a signific;ntly gréater number of samples were
required by diamond drilllng prior to underground develop-

-

. ment and extraction of individual ore zones. Thus, ,
breccia ore’'was chosen as the best type for statistical
lnvestigation ‘of gold distributio&; »

This chapter details the re;ults of a special study
conducted‘by,the writer .for Lac Minerals Ltd: to character-
ize the distribution of g;Ia within a type zone of
breccia-ore and to.assess controls to go}d distribution
‘made by host rocks versus structure.

6.1.1 Tﬁe Study Area
> Tﬁi area within the mine worklngs chosen as typical of
the“precciajore (F{q. 6-1) is bounded on east and west by
the 28 west and-24 west-mine séctlon lines respectively and
extends verticaily from 50' above the 5025 level to S0'
below the 5425 Taveligsee section 3.5.3.3 and Fig. QFB). g
The maximum known horizontal width of the ore is approxim-
ately 50(,'the maximum separation of the two confinlng
faults: the '0& Breék and South Break (Figs. 6-2A-D).

Drill nfornation used in this study includes a horizontal
50' 1in places and includos samples from outslde

the ore zone. Thus, the approxinate dimensions of the

P
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: 2000 1nd1vldual core. sample assays lFig. 6- 2, A-D; Table

"6.1.3 Preliminary Appraisal

e

study, area are 600' x 500' x 150",

6.1.2 The Data, Base
- The study area was extensively sampled in three ' :

dimensions by pre-production underground diamond drilling.

.The drill hole logs and golq assays from all the_dlanond

driiling within the study zone provided the original infor-'

mation base, * This amounted to over 150 drill holes and

6-1). Management pf this 1nformapion requlred the use of
computerized data storage and retrieval using thé DEC-10

> .

computiﬁg system at the University of‘!ez{jjj;fstarie.

The first appraisal was an eienentary statistical
analysis of the unwelghtéd ass‘ya as they were'reporf;d in ."~
the diamond drlll logs. Histograms yere prepared for theJ
entire populatlon includlng all levels and rock types, then
for subpopulations according to ropk type and underground
level where the drill holes qriéinated. ‘TheseAﬁistog;ans.
were summarized in the following siéple §tatistical para-

.-

meters: population size, mean, standard deviation, maximum," '

°

and minimum. Iaﬁlq,6~2 contalins iﬁese ;Jiaaeters for the‘

entire popuLation and each of the subpopulatiens. e

The histegram and puaulaéive frequeicy distribution

(Fig. 6-3) fér the entire population,'typtfal.alse of " the

» -
‘e - . .
-~ \ P

-
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TABLE 6-1 Distribution of Diamond Drill Holes ;nB'Sanples.
A

- " Mine Level - Na. of DDH | No. of Samples -
5025 29 865
‘ 5150 a1 - 1085
-, 5300 Y en 534
. sa2s 1 e T 17 ' 51 _
. )
Total 151 : 2095
) - [ 4
.-
!‘ ¢ o
. —~_ T Ps - -
' - - - f .
) .
\ - E
\ . P ‘ ‘
‘ e ° . ".
4 — -
_ v ) o 0
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TABLE f~2 statistical Summary Unweighted Assay Values
-

3

Augite Syen.

All Rocks

3.40

Pufs porphyry

B 382 66 1 465
z _ 0.42 0.76 0.01 0.48
Ned. 0.04 0.24 0.01 0.05
st.p. 1.34 1.1 1.31
e, 3.19 1.46 2.73
Max. 22.2 4.82 0.01 22.2
39 1045

0.28 0.48

0.04 0.10

0.60 0.99

2.14 2,06

2,79 10.0

r_..__

9¢ 534

9,22 4.3

0.06 0.07

0.44 0.73

2.00 2,35

3.40 6.95

6 51

0.03 0.20

0.04 0.04

0.13 0.50
4.30 2.50
0.04 3.18

140 2095

0.23 0.43

. 0.05 0.08
0.48 .00
2.09 2,38

22.2
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subpopulations, 1is very skewed to.the left- and has ‘a long

tapering tail to the right punctuated by erratic high
grades.., All the populations are unduly influenced by a
pronounced peak over the 0.01 ounces/ton Au brade at' the

origin. This gold content (which is also the mode) merely

reflects the lowgr detection limit of analytical facilities

at the smine. The pronounced asymmetry of the hlstpgfans is

reflected in the order of magnitude difference between the

;edign and mean for each of'fgp larger populations, a situ--

v

ation which reduces the value of the arithmetic mean as an
accurate descriptof ot_}hese p;pulations.' The random high
grades in each Sistribution reflects the erratic nature)of
the gold diStrlpytion itself. .

A further indftation of the ability of these distrib-
utions to accurately estimate<the entire population of gold

asgays within the study zone is profo;d by thecoefficient

A}

of - variation, 1i.e., the . ratio of the standard deviation teo -

the mean. For all the populations grouped in Table 6-2,

this ratio has an average of 2.32. “For any case where the

coefficient of variation 1iIs much greater than 1.0, little

or no confidence can be assigned to the statistical para-

meters as agcurate estimators_(Journel and Huijbregts,

1978).
Aside from the real limifations imposed by the erratic
nature of the preliminary distributions and their resultant

inability to accurately portray the distribution of gold,

207 °
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two ofher factors are of equal 1iportancé in limiting the
usefulness of this first approach. The first is that no

consideration was given to the relativé weight or import-

ance assigned to each sample. In this instance, the relat--

ive weight of a given sample is Anly dependent upon’ifs
length as all samples were taken from drill core of the
same diameter. Thus, a 50 foot long interval of core with
0.01 oz. ‘Au ﬁas a diétinctlx'different ﬁhygica{ importance
than 0.5 feet at .10 oz. Au even though the resulting grade
x width product is identical. The second factog is that no
consideration was glven to the reméining unsampled lengths
of core in each hole which are‘assumed to have a zero
grade. Both of these factors must be accounted for before’
a meaningful appraisal of gold distribution in the Study
‘area can be ‘attempted. L |
Accopdiﬁgly, a second, more comprehensive appraisal
was initiated using the probabilistic tools and concepﬁs of
. Geostatistics. Appendix C briefly introduces and describe
Geostatistics and its important concepts so as to pro{ide a

framework for the analysis which follows.
6.2 Geostatistical Appraisal
6.2.1 General Statement

Classically, a geostatistical study proceeds with the

Tollowing steps:

208
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.

1. Data Statistics - elementary statistical 'appraisal
of the data. - ol .

ii. Check of Stationary - thé,stationarlty (of order
2) must be chécked,rie., the local mean and variance of‘tﬁe
variable under stuyy ﬁhst be fair}facoﬁs£ant throughout the
study>zone. . H

lii. - Variography (Structural Analysis) - the purpose
is to characterize the spatial cbnéinuity pattérn of the
variable.

iv. . Kriging - three dimensional estimation and model-
fing based on initial variography.

-

v. Resources and reserve estimétion and appraisal.

fhe-followiﬁa'seqtiops will consider the first three
of these steps. -

Full ﬂe;crlption of the‘varféus statistical and geo-
statistical tools co;monly usea can be found in Journel and

Huijbregts (1978).

6.2.2 Recoﬁstitﬁtion of Data Base

) ‘.'Tﬁevprelimlnary statistical evaluation of gold
distribution within the study area utilized the ynweighted
assays of diamond drill core. The or1§1n31 splitting and
. analysis of core sa?dles was heterogeneous in that sample’
lgngths were not constakht ahd not all the drill core was ?
‘analysed.‘ The-.original data set preferentially rpflectéd

the éh;racter of narrow, distinctly auriferous zones within

¢
‘ -
R - . - » . -

, -
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L4
s

“the study zone. This is an importaqp‘consfnération in that
b d « » . *

no systemmatic information was provided for non-analysed,

ostensibly barrén sections of core which represent areas of

waste rock that will be\partially recovered during mining.

L4

One of the first requirements of geostatistical study

-

' is that the available data be gefined on a constant sample

suppqr;,.in this casé’é constant length of drill core. To
. accomplish this, the complete drill log for each of the

0

underbround diamond drill holes within the study.zone was
- - ’ y

summarized and stdre& in computer memory using the Fortran
ﬁrogram ENTRY FOR. (Néte: all coébufér programs used 1n
this study are listed in appendix D). \ihen e#ch ﬁole was
reduced -to a series of combos{te samples of equal length
using the Fortran program COMPDS FOR. The length éhoseq
initialiy w;s 2.0' to pfovide sufficiént detail bqf‘ﬁpt to
create an unmanageable data mass. A second data set ;aS
.generated dslng 4,0' composites for c&mparative purposes.
Each of the composited samples has 3-d1mension;1 coordin-
ates, Au grade in ounces per ton; and rock type. \
' ALl cdﬁppsi;éq lengths of drill core not cqntainihg .
sampled and analysed sections were assigned-a zero gold
gréde to simulate the missing data. This cdnvehtlon w;s
. gdopted as a conservative and consi;£éht AMternative to,

uncertain extrapolation of data from known points.

-

. Ty

210



6.2.3 Data Stagistics and Stationarity Check

‘Co-posited;data sets (2.0' and 4.0') were éubjected to
elementary statistical appraisal‘similqr to'that;p{3y§qusly
described for the raw sample data.‘ For the entire bopulat-
ion and a séries of sﬁbpopulations according to the mine
levels within the study zone and rock types, a histdb;am'
of gold grades was produced-  and th; mean (Z+), variance
(Vatt), coefficient of variatién‘(c.v.), ;aximum and mini}
mum value; were determined. This was done twice u#ing
bopulation cut-off limits of 0.01 and 0.04 6unces Au per
ton. The statistical parameteré for each cut-qff value are
summarized in Tgble 6-3 and 6-4.

Several important observations can be made from these
data summaries. The coefficlen£ of variation (o /Z+) .for
0.01 .ounce Au limit has an average of 2.23 and 1.89 for the
2.0{ and 4.0'.samp1; composites respectively. Where .
compargd to the average coefficient of variation préviously
calculated for the unweighted, raw assay déta (see 6.1.3),
At 1is agparent that there is no significant dééregse~15 the
.c.§. factor in the composited da;a:LSing the 0.01/oﬁnce Au’
limit. However, the average C.V. for composited sahple;
greater than 0.04 -ounces ku is 1.62 Qnd 1.36 for tﬁe‘Z.O'
and h:O' composite lengths. Clearly, "a reddction in spuri-

: ous, "noisy" data is evidenced. . The coefflcigné;ofuvarlatf .

ion 1s an~1iportant factor in'describlng-the,'rbbustneéa*‘

- -

or ability of any data set and subsequent semi-variograms

]
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TABLE 6-3 HISTOGRAM STATISTICAL DATA SUMMARY - 0.0l os. Au lil.it

’ '

‘- Augite Syen. _Tuf? porphyry All Rocks

2.0° 4.0 2.0’ 4.0 2.0 4.0° 2.0° 4.01
N 619 301 e3 37 723 3ss ©

. s| Z+| 0.208 0.224 | 0.533  0.503 0.287 - v.261
- 2 VAR 0.226  0.189 | 0.657  o.549 | . 0.286  0.234

2 | e 2.7 Loa | 1519 1476 | 2.080  1.854 i
) u max.| 3,076 ‘ 2.848 | 3.245  2.786 3.245  2.048
- N |. es3 441 'a'zas 134 22 11 1242 612
s | z+| 0.289  0.276 | o0.215 0.198 | 0.167  0.139 | 0.267  0.265

. s | var. 0.449  0.275 | 0.297 . 0.160 | 0.818  0.675 | 0.397  0.283 .

. , 3. C.V,| 2.318  1.897 | 2.532 2,021 | 1.714 1.887 | 2.361  1.997

MAX.| 7.727 3.983 4.504 2.54) 1.312 0.891 7.727 5.420

N 574 291 664 324 141 €9 14514 763 '
aE\ 5 Z+ | 0.228 0.215 0.229 0.216 0.233 0.229 0.230 0.219 '
: VAjk'. 0.305 0.191 0.306 0.183 0.669 0.356 '0.337 0.158
: c.v. 2;422 2.028 2.414 1.983 3.514 5.608 2,523 2,034

MAX. | 6.060 3.364 4.958 2,808 9.080 4,540 9.080  4.540

N . k1) S 14 83 43 27 15 146 Ll
Z+ | 0.039 . 0.032 0.145 0.140 0,036 0.038 0.099 0.094

.
0.007 0.005 0.076 0.057 0.002 0.002 0.045 0.03%

[ DIV R ST Y
<
5

C.v. | 0.923 ,° 0,668 1.903 1.714 1.161 1.188 2,170 - 1.984

.

+ 7 |MAX. ]0.1€8  0.080 |1.480 . 1,123 [0.203  0.189 |1.480  1.123

N 2106 1047 1118 $38 193 - 9s 3563 1816
2+ |0.248 0.241 jo0.242 ., o0.22% 0.198 0,188 0.243 0.238
VAR, | 0.339 * 0,224 0.319 0.197 10,505 0.270 0.336 0.229

Cc.V. [2.347 1.964 *2.338 1.974 3.639 2.767 2.387 2,007

arNeRes o>

IMX. 7.727 3.903 4.95%0 2.008 - 9.080 4,540 9.080 5.420




TABLE 6-4. HISTOGRAM STATISTICAL DATA SUMMARY -~ 0.04 ozx. Au limit

roOoww TTOW N

Vv awnm

[ 2 4

s <me

‘FuaNOo W

Augite Syen. . Tuff, Porphyry All Rocks

© 2,00 4.0 2.0' 4.0 2.0 w0 2.0 4.0

N 246 138 62 27 318 173
2+] 0.527 0.478 0.708 0.682 0.564 0.518
VAR, 0.412 0.304 0.760  0.636 0.481 0.353
c.v.] 1.217 1.152 1.230 1.170 1.229 1.146
Max,| 3.076 2.848 3.245 2.786 . | 3.285 2.848

] .
N 513 265 158 77 3] 4 7 374
Z+| o0.487 0.449 0.380 0.331 0.312 0.346 0.454 0.432
vAR| 0.681  0.384 | 0.483  0.23 0.125  0.135 | 0.612 « 0.402
é.v.= 1.696 1.379 1.832 1.468 1.135 1.063 | 1.721 1.467
‘wax 7.727 3.983 4.504 2,541 1.312 o.asi‘ 7.727 5,420
N 341 180 -432 212 86 47 908 492
2+ 0371 0.2337 0,341 0.319 0.368  .0.326 0.357 0.32¢
VAR o.‘?z 0.271 0.434 0.250 1.054 0.497 0.496 0.273
c.v 1.3%{ 1.545 1.930 1.564 2.789 2.164 1.974 1.592
MAX. e.oeo\ 3,364, 4.958 2.808 9.080 4.540 9.080 4.540
| .

{ . N

N 11 4 49 25 ? 4 70 35
Z+ | 0.075 0.062 ¥.231 0,223 0.081 0.085 0.185 0.182
VAR.| 0.020 0.002 0.112 0.083 0.004 0.004 0.084 0.064
c.v.| 0.571  0.246 1.454 1.289 .| 0.79s 0.719 1.565 1.392
MAX.| 0.168 0.080 1.480 1.123 0.20)3 0.169 1.480 |1.123
N 1111 594: 701 a1 104 1] 2007 1074
Z+ | 0.458  0.418 0.378 0.344 0.343 0.310 0.418 0.399
.VAR.| 0.552  0.331 0.462 0,273 0.868  0.438 0.527 0,330
C.V., 1.629 1.374 1,013 1.519 2,748 2.130.| 1.73¢ 1.472
MAx.] 7.727 3.983 4.958 2,810 1'9.080  4.540 | 9.080. 5.620

213
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to accurately portray the structural characteriotics of the
gold distribution.

Simple comparison of the number of composite samples (
on the basig/o(’rock type shows the drammatic distinction
og;ween'tu/; anﬁ augite syenite versus porphyritic syenite
which is volumetrically unimportant (10-12% of totzl popu-~
lation) and of much lower grade. This supports the geo- v
logical inferpretation of the porphyritic syen}te‘as a
later unit which cross-cut the augite syenite and tuff )
units. The most interestlng'observation is that thefe is 5
marked lessening of average gold grade (Z+) on the: lowest
level (5425‘) and an 1ndlcation of a tendency toward higher
average grades in the upper portionolof ‘the study zone. ) ﬁ."
This 1is supported by recent éxpcrience of mine‘staff ;ho | N
nave notod a relatively poor grade within\devoiopment oteas
around the SAéS'AIevel (G. Nemcsoﬁ, pers:‘commi,’1982). -
This suggesfion of a vertlcalltrend in gold\dtstribution
within the study zone 1is slgnificant 1n that the phenomenon
may only be quasi-otationory at best. Thia possibllity
must be-aecoun;eo for fh any geostatistical.modelling.
Further study will establish the réality of this direction-
al anisotropy and evaluate its effect on grade distri-
bution.

‘ The shapes of éne histograms generated fof all the .

"composited subpopulations at both the 0.01 and 0.04 ounce

Au cut-off iimits were d;&entially similar to those

“s

.
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-

produced for the raw sanplq,ddia. They are dominated by a .

large cluster near the origin and rapidly taper-off toward

ity.was checked By'pl&ttlng the cumulative distrib-

ution of log-transformed gold grades (ie. ln Z+) on normal
probability graph paper for both th; 2.0 Qnd 5.0 con;os—
: ite pqpul;tions (Fig. 6-& a,bi. Except‘fof gkfew extreme
, percentilés, the fit by a ltne'}s approximated but not '
'JStriqtly édhered to.

. A further test of the usefulness of log-transformed

gold grades 1is provlded by data summarized in fable 6-5 for

log-transformed values greater thaé 0.@4 6unces.Au. For
most of the subpopulations the coefflicient of varlétlon is
sfgnificantli below 1.0 (average 0.65‘and 0.63 for 2.0' and ;;-
4.0' samples respecfively). Further, the suggested . ) gf
yertical zonation of gold grade within the study zone is Q%.‘
particularly marked by the grad;al consistent trend from .a tu
low of -2.30 (5425 level)_ié -1.840 (5025 level). Accept-
ance of a lognormal model on these criteria dlone 1is T
subjecgive and will need to be cbnsidered against the ease

of applicatton o; normal (ie. lineér) ge;statistical

models. | ) -

.- |

6.2.4 Experimental Semi-Variograms

As stated, it 1is possible tofestingte the semi-

-
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TABLE 6-5  RISTOGRAN STATISTICAL DATA SUMMARY - LOGTRANSFORMEN - 0.04 oz. Audlimit add s
Augite Syen. Y " porphyry All Rocks ['. °
- ] L E3N
2.0 4.0 2.0’ -4,0' 2.0 4.0 2.0 4.0 5.
' T N 5 -
x 246 138 . 62" .27 S ns 173
s| Ze| -1.462. 1449 | -1.136° -1.07m B ©olel.393 <1363 ’
° S A
2} varg 1.870 1.600 | 1.730  1.626 : | 1.e86  1.e05 -
H . . o :
L|c.v] 0.935  0.873 | 1.174, 1.184 L 0.981  ‘o0.929
. MaxJ] 1.124 - 1.086 | 1.177  1.024 - ] 1177 1.oa7 it L
- i . M . -
R 513 (- 265 °f  1se 77 1 4 Mmoo
. )
o S| Z+| -1.605 -1.532 [-1.763° -1.797 |-1.587 ~1.428 |-1.644 -1.578 ‘
Y . "
s|var 1.650% 1.450 | 1.320 1.241 | 0.906 o.e81 | 1.5¢6 1.407 ;
° . R . .
J L*f e:v.| ©.800 0.786 | 0.654  ©0.620 | 0.600  0.657 | 0.756  0.751 - * -
MAX.| 2,045 1,382 | 1.505 * 0.833 |.0.271f -0.115 | 2,045  1.690
J‘ - R
) 341 180 |, 432 212 86 a7 *s08 492" ° LC
‘s | Z+|-1.812  -10802 |-1.902 -1.858° [-1.900 -1.979 [-1.858 -1.831 - .
. 3 ’ & A - - '_
. G yVAR.| 1.340  1.242 | 1.298  1.218 | 1.222 l.284 | 1.307 1,221
. 4] - -
& C.v.| 0.639  0.618 | 0.593  0.594 }'c.582  0.573_ | 0.€15  0.503
\—4 . 1 .
MRl 1807 1,213 1.601 ‘1,03 | 2.206 1.513 2.204 1.513
v
N A _l - .‘\.
N 11, 6 o a2 e 7 47|y 0 .+ 28
s |z [-2.722  -2.708 [-2.109 -2.049 [-2.740 -2.85%, $2,296  -2.2m
. . ]
i VAR.| 0.223  ©0.108 | 1.062  0.997° | 0.462  0.489 | 0.906 0.845 | ,
s ‘ ) ‘ v,
. L jc.v.| 0.173  0.122. | 0.490 0.487. | D.248  0.263 | 0.a18 o-a :
. ™ ~ . - ! ’
- KAX.1-1.784  -2.171 [ 0.392° 0.116 |-1.594 -i.v76> | 0.392 ° d.ue |
P , ;
.- T . :
Alnw 1 584 01 341 104 . 53 2000 1074 .
L. . ) . .
L | 2+ [-1.648  -1.605° [-1.817 -1.797 [-1.924 -1.988 |[-1.724 -1 680 , )
L fvar.] 1.618 1.436 1.7 1.276 1.182 1.226 | 1,803 1,372 !
e ' - .-. - .- ’
vV eV, ] 0.771 0,747 | 0.€46  0.629 | 0.36%  0.387 . | 0.711  0.697
+ ’ . - -
U .| 2,045 1,382 [1.681 1,032 [32.206 1.523 [2.206 ).e00 | -
|8 o : * \ . o,
. e /\A
.® .
. . Y .
g ‘. . ) -~ . " e
- e - .
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Figure 6-4., a) Normal probability blot of log transformed
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variogram function from the available sample data. The

calculation is defined as: take each pair of samples separ-

ated by a—blven_distance (assuming a constant direction);

_._ ' determine the squared difference in value between the
samples; repeat for all possible sample pairs at the given -

sggaration; divide the sum of all squared d%fferences.by

_ —_— -

twice the number of palrs. This procedure is repeated for

— various increments of distagée separating .-,g!npl;pelli".'»_l~
fbenerally up to half of the total sahpled;ﬁtmensions. The
reilaﬁl}ity‘ot_any point on the semi-variogram is, in : é
' i pracé{ée;‘directly proportionai to the number of Ssaple |

pairs used to calculate it.

-

In this case, as Is true for most three dimensional
orebodies, the most detailed anq continuous informa;ion was
—provided alomwg the length of the diamond diill hdlég.
Thus, thé-lnitial éxperiﬁental semi-var;ograms were one- -

dimension:i} ie. cqigulaté¢‘”down;the-hole". As the vast

s

majority of holes used in -these cqlghlationi were drilled

in a direction‘ppproximifely\perpeﬁdlcu{gf to the strike ‘of

the breccla-ore Qithinqzhe ﬁtudy iBne,-the lndivzaual,

gown-tﬁe—hqle semi-variograms were combined to provide

4

\} average, one-dLmeﬁ;ional semi-variograms for the entire

-

zége and subzones on the basis of mine levels. Thé;;

__—average, exper1aentaI”3eq£-!§riograas_(F;g. 6-5a, b; c) are

— ——

shown for the subpopulations summarized statistically in

“Tables 6-3, 6-5 and 6-5. = .

— -
T o ‘

= < . &
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6.2.5 Preliminary Analysis '

Inspection of the mean experihental semi-variograms.
for 0.01 and 0.04 ounce Au cut-off limi%s (Fig. 6-5a, b),

-

reveals some important preliminary trend#. Each levél
Q;nqxélly has an ihHiqajion'of an initial\sill or plateau
around 15 ft. and most tend to either brgak-ﬂown-into very
erratic fluctuations or sharply increase beyon& 50 to‘GO
ft. Thus, a preliminary interpretation would involve aﬁ
overall range of the measured phenomenon of 50 to 60 ft:
which containsvh nested structure of appro;inately 15 to 20
ft. width. These observations corfeshoﬁd favourably with
the known geological information in the study zone. The-

-

. t: average separation of the '04 and South Breaks, which

2

;?}qgturally limit tge 6re zone is on the order to 50 ft;

Within the ore zone; thgre are known to be lenses of ore
which are located near each Break and have widths of 10 to
20 ft. '
Thevpronounced drop in Y *(h) values over the 30 to 50
ft. range for some mean semi-variograms may indicate a
hole-effect phenomenon. If so, this could be explaiqu by
"a mixing of two types of mineralizatlion, ore grade zones
with barren nateria; in this case. To this point, no
;ttenpt has been made to separat;?the data points solély
within the b;eccia-ore'frou<511 data.wlthin ;he sfudy
zone. The generally "noisy" character of the semi- )

varlograms, particularly for 0.04 ounce Au linit; could bqwf
‘ *



_attributed to this mixing of mineralization tyﬁes.

The sharply attenuated and unusual mean semi-
variograms for the 5425' level reflect the small data set
and a pronounced difference in the tenor of n;neialization'
. already noted on this level. This data will be excluded
. from further modelling.

Tﬁe nean.seulevariograms fqr the log-transformed data
(Fig. 6-Sc) are snooéher and more regular than the,dthers'
due to the démping effect of the log-traﬁstorm func;iﬁn,c
ie. the logarithmic gold distribution is by definition leé;
‘'variable than the actual data. A short range pﬁpnongnon is

still indicated between 10 to 20 ft. and a longer range
changes at 60 to 70 ft. which apparently reflect the known
geology. However, the~vropou6ced'§mooth1ng effect'of the
non-linear logarithmié}transfordation combined with errors
introduced when" resolving log-transformed. variogram |
functions make this applicatl@n undésirable;' As the linear
~~varlogram fuﬁctions;are apparently aﬁle to portray the
signiflcant -details of the gold distribution and known
geology, the log;tranSform approach will not be ansidered

further.

&

6.2.6. Final Variography and Models
The keystone of any geostatistical study is to create
semivariogram models ‘which adequately describe the major

features of the variable(s) under study. The particular




~/ E . -

s

»

spatial regionalizatlon considered here is the distrihut%g&
of gold abundances in the. three dinensie}hl space repre- -
sented by the study. zone. Thus; a ynique‘3d model is
;equired which accoaodates any d{;ectional exﬁer!nenpq}
semivariogram and ac¢ounts for najbr features as anise~
troples, proporfloﬂal effect and hole-effect (Tournel and
Froldeveaux, 1982). o R
The experiwental semi - variograns previously discussed
were all calculated ‘down- the hoIe' 1 e. along the length '

19

of the diamond drill core. As the vast majorlty of drill

-

holes‘in brecclia ore of the study area were oriented
parallel to the mine section lines, the 'down the-hole'
directien is generally across the strike of the ore - gna
of the'three piﬂncibel directions for eny orebpdy. Varlees
experiﬁeﬁtal senivariograms fe; the remaining principal , )
directions, along strike and down dip, were caleulated

<

using the one and two dinensional programs GAMHAI FOR and .
CAMMA2.FOR (Appendix D). '
Data for these semi-variograms ‘were based on 4,0 ft
conposite saqples and restricned to the firsg 3 levels
with;n the study area (5025', 5150' -and 5300° levels) fer
reasons cited ;reviousl9., Further soetin; of data was
enployed to eliminate values eithér ﬁorth of the '04 Break
or south of the South Break, the structural Iiuits of the
breccia ore in this aea. This sorting effectlvely ‘\\-‘

eliminated the apparent hole-effect qhenoa@na aqd,'nSIQy"




. -
- r . -~
.

characteristics observed in the initial mean semli-

varigg;ans descrlbed above. ' | o~
22

"'Flnal seni -variograms in all three directions stabil-

'lzed beyond a range of 10—15 Tt (Fig. 6-6 “a~e) and did not

béﬁin at’Y(O)"- O._MEaeh—was therefore interpreted’Tn terms

of a sphcrical nodel with _an added’ nuggetzeffect factor."?

The experimental seai-yLriograu in the across strike

-

direction (Fig. 6-6a), corresponding to the previous one

dinenslonol semi-variograms, 1is interpreted ;n terms of a

spherical model with a range‘of 10 ft,'o sill at Yv= 0:09
and a nugget- effect factor of O. 015 .' The along strike
;direction (Fig. 6-6b) was interpreted by a spherical model
‘with a ronoe of 12 ft, a sill aty = 0.122j¢hd a nugget;
'effect factor‘of 0.02. - The down dip direction (Fig. -6-6c)
twas fitted to a spherical model of range = 15 ft,.sill at
= 0, 10 and a nugget-effect factor of 0. 015‘. All of these

ks

paraneters are readily interpretable in light of known

geology of the study area. The down dip range is gtestest

[}

because 1t 1s the most continuous dimension bf the ﬁreccia“

ore.' The across strike rande is shorteratnan alono'strike
simply because of the relative lengths of .these dimen- .

siony. - In addition to portraying the short range vari—
ability of gold abundances in breccia ore, thesc nodels
underl&ne_the'relative constancy in- all tnree oilncibcl'

“direetions. This relatosfto an overall gonsistency_in’cte :

. mineral assemblage and slterotioo'binoiol asseqbisgo_notéﬁ“"

- -
T
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‘by -others along the length and breadth of all mines in the:
Kirkland Lake dlstrict‘(lhonson'et al., 1950; Hawley,
1950).

6.3 Concluding Statement

3

. .- . The experlmental mean semi- varlograns calculated for
the one- dimensional case in sectlon 6.2.4 had dlstlnctly

dlfferent sllls for the population subgroups based on_

L -

mining levels. This reflects a general lncrease in average

-

o oold content (Z+) on-the«SOZS' level and 5150'-3hb1eve1

- noted prevlously in Tables 6- 3 and 6-4. The general shapes

of these semi- varlograms dlffer from each other by a
proportlonal effect ditectly with the experinental mean.'

This is evidence of a generay 1nhomogene1ty of gold digtri-
bytion. ‘ ) ' -

The 1ndlcatfoo of a hole-effect phooomenon and nested
S . structdres in aome of thesé.one-dinenalonal senl—variograas
correlated with' known geology in that the overall breccia-
‘ore "study area, defined by the conflnlng structures i,
approximately 50_to 60 ft wide, contalins. lenses of gold
3pncentratlons about 15 to'ZO ft wide. These characterm
istics are findicative. of another type of dlatrlbutlon

v

.-

inhonogeneity known as zonal anlsotropy (3oyrnel and

- . -~

Huijbreghts, " f978)

-
-

The effects of these two’ au}sotrOplos were tedueed by

selective sorting of data excluaively_nd;hln tpe ope'zono, X




Y . A

1

<

The resulting experinental semi~variograms calculated in
three prificipal directions within the study area were

interpreted af;éi'the spherical model with sinilar sill
values and difféerent ranges. These characteristics are

criteria for a third type of ‘inhomogeneity referred to as

' geometric anisotropy (Journel and Huijbreghts, 1978).

One conclusion of this spudy is that host rock type
does not appear to exert any control on gold distribution

within breccia-ore. The strongest control appears to be

-4

structural. The study area of breccia-ore -is confined by-

méjor faults, the '0O4 and South Breaks. The preﬁence of
\- .

~lensoid domains of greater gold abundance within the study -

"area and crudely developed linear fabric may be attribut-

able to internal ;hgaring.andidisloéation subparéliel to

- . . 4 - ,
the confining s$tructures. The three types of distribution

inhomoqeneity identified by geostatistical analysis,

Iproportionai effect, zonal and geometric anisotropies,.are

interpreted ‘to refieot faulting and_ fracturing events which'

pre- dq}ed, accompanied and post: s<dated - influx of goId-

bearing hydxcothemal fluids. ' -

.- . L. - . N R —
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conclusions from this study:

CHAPTER 7

CONCLUSIONS FROM EVIDENCE

-

The following points summarize the important

1) Gold occurs as native metal and in precious metal

telluride mineral; in 3 types of ore at the Macassa
Minelir break ore,- ;1) vein ore and 11i) breccia ore.
Each type has a distinct relationship to major
structures. - The gold ores are enriched in varying
amounts in Au, Ag, As, Sb, W, Sc and Te. .The gahéue
minerals are quartz and Ca-, Fe—,‘Mg-carbonate ‘

minerals.

Mass balance consideration of rocks about ores indicate

S105, 'S, and Kz?rhave been added to‘énd Na20 rempved ..
from wallsocks ko gold o}es. The éarbonate_gangue
miaerals do not'%ppegnﬁgo have formed by brecipitat}on'
. from solution, but réther-by~wallrock réactlons71n .
which Fe-, Mg-, Ca-, Mn-silicates are altered to Fe-,
Hg-;}Ca-, Mn-carbonate dinerals'by CO)-beéting‘hydro-
thermal flulds. éinilarly,'pyrlthin wai{roqﬁg is

forsed by breakdown of lronfbgariﬁé silicates and

~ addition of sulphur from the hydrothermal fluids.
VTR PRaT s o
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4)

5)

~ [}
LS
> - . ~
-, . f <
L ‘ —~ Val

A4

Fe2+/ Ferdtgl is 0.6% to 0.93. Hence, wallrocks to

gold ores have been mederately to greatly reduded

-

compared to gngltered-rock.‘ Some wallrock to the '04

and Narrows Breaks have Fel+/ Feygtal-of less than

:dfgb, indicéting more oxidizipg conditlong. It is

suggested these data reflect two different hydrothermal
fluids.

Qold ores were all precipit;teq from*h;drpt;érﬁal
solutions 8180 +7 to +9.6 per mil, 5§D -35 to -85 per‘
mil at 380 to u;ooc (Fig. 7-1). .These fluids probably
evolved by metamorphic dehydration reactions during the
accumulation and burial of volcanic and,sedineﬂtary
rocks of the Upper and Lower supergroups. |

Rocks contalned within sections of the '0& and Main

Breaks have isotopic and mineral assemblage dis-

edullibrium consistent with the  above interpretation of

'

Fe2*/ Feyotal data.” This has been interpreted to-

reflect downward benetration of oxidizing, sulphate-
bearing f{ul_ds, 8'1‘30 0 to +2.2 per mil, 6D -20 to -70
per mil, of probéile marine or evolvedqmeteorlc‘water
origin (Fig. #-1) initially at'teﬁpera;ures of < 200°C
(Watson and Kerrich, 1983). d

Isotopic abundances in arrays of quarti-iagnetite

origin, <6130 s -2 ﬁer mil, at tel'per'ajtur'es of 1300 to

2200C (F1g. 7-1). = L

o

241

« stringer velns indicate hydrothermal fluids of qeté@rtc-~
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7)

8)

o

-

LY rvRey

rﬁe ore aineraliasielblada aﬁd—alteiation iineral , ;'f_

assenblage is eqnsiqtent along the 3.2 k- length and.
1.8 km depth of the underground developnent ‘of the f
Macassa Mine with Tovappa;ent spap%al zonation. The
large scale céﬁsistency iéarepeafe& at the s-alié}
scale"of indlvidualnbteas ;ithih breccia ore:

Analysis of gold distribution withiff a type area,n(
bfeecia ore by geostatistics indicates zonal, geometric
and proportlonal’effect anlsotropies interpreted’to '
reflect a téctdnicaljygaeéivg énxironnent of gold |
deposition. A‘relat;d_cong}usiﬁn is that-rock type.

does not control the distribution of gold iltﬁin

breccla-ore. Structural control is a more important

factor. . -
4 . . . .
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‘ \ ang.gold deposit.lon fron a deep seated source" Hanley

-7+ . CHAPTER'8 -

L]

- . SIGNIFICANCE OF MACASSA MINE DATA T0O GOLD DEPOSITION
Lt © IN THE KIRKLANG LAKE BISTRICT °

. 8.1 General Statement . -

- ‘!I Tho-sow et al. (1950) inciuded within a suunarl of

pr;ncipal genlogle evente 1-portant to gold occurrence in

Klrkland Lake - an episode of "vein formation, nineralization'

(1950), citing evldence first preeented by Todd (1928 ’
classified the gold deposlts at Kirkland Lake as meso-, .
‘.thernal and the result of "the infiltration of ores in

hydrotherual solutltms"r Both the terliuolcgy and genetic

supposltions reflect these authors' adherence to the clqes-

1c magmatic hydrothernal theory of tindgren (1933). "
Accordlng to this theory, eplthernal velin- type deposlts

orlginated with Jracture filling by #ketal- rlch hydrothet-al

-‘bodies (usually granttlcﬁs These fluié: !ere thnugkt tp
. uigrate along thernal gradiqnts, upqard eat IateraI); awaf3

frou thelr eaoltng nagnatic soumce iato saitaile structgtei :
P or eheuleal depcsitionel oi:es, The -e‘hl deftuud L dﬁf‘et

H

< fluids de:ived fron late-stage crystallizatlpw~of intrusive _




- v 2ae

.t ®

.gcnetic link between the intruslon and the orda deposit

contained within.neighbouring eogntry rocks. The magma ias,

. * considered to- be the source of both ere-forming fluids and
. S B . N7 L
i metals. '

Substantlal, increases in ouf-understandingﬂb? the

[} R ]

détails"of ore-fornihg piocesses in reqent years has
. ptovided alternative explanatlons for the exﬂ;tence of ﬁPi'

genetic‘vein type ‘deposits in general and gold bearing .

quartz veins in pa;t;cuiar. Ove-foruing metallic and e
: . ‘

’ gangue nlneral'elenenxs are bommonly déscrlged as being
deriveq fron.dbuﬁtry £qu;-whiéh enclose éhé depgsits or | ..
N . ~ that qre'above, below, br lateral tp the deposits. £n}ﬁaf 2
.sis has beén’placed oqrthe,important r&le of hot circulat-
: ing'watersceatern;%éto tﬁe.nagna system (ie. meteoric, ° -

. LY ’ - .
ocean,. connate,and metanorphie waters% as transporting

I

.agants. The fault and fracture systems which become the
- locii of depositioﬁ for epigenetic vein type deposity are o

e
- : considered] to have an active tole througK the neaﬁanisn of - .o

o B . - -seismic punping and are not nereiy ;assive :eceptors gr TS

- c conduits for ninerpl bcaring hydrﬁtherual fluid:.

- -

Thrée basic elenhnts of any mireralizing ptoegss/aret 3

- ;-_ _ . 1)’ éxistence of a suttable sonrce area or rescrvolr for ./2 <,:

”,
o

- -etallic and géngue minetal elenents; 2) tranpportlng/lnd

L

concentratlng agents and -edla which have‘accoss to- the -
. source . area; and: 3)\depositinaal cﬂ%&; md’ efficient p:eb ‘
‘ )

cipitation -eahanisus whlghujggnlt Ln the fo:-atiap of ;n

o [ T e LI . .. ,
«, " . . .

S e
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ore-hooy. These elements will bo ddscussed 1n light of

geologic data frol the Macassa Hine and environs vlth

reference‘go appropriate recent re;earch’on Archean gold

deposits.

' -
. 8,2 Source of gold !
¢

[ ) *

THe close spatial assoclation of gold ores with _
introslve syenite 13';he Kirkland Lake disrricé'led early
w;rkers to agsume 3 magnatrc source for the gold. A
sinilar correspondenco has been recognized between felsic

' epizonal lntrusions and lode-gold deposits throughout the
R Abitlbi gr:enstone belt. Hodgson (1982) from a compilation
of‘geologic records of 725 past and present gold'ﬂeposits
in the Ooqarlo,part of the Abitibi belt stqteo that 40
percent J} tho occurences are-asoociated with felsic alkal--
' ‘ic suites of roc;s and 14 percan with quartz porphyrlos
" (Mazmont, 1983). Cheszy (1983) described a cansistent
agsog&ation.betweéo gold deposits and felstc intruslvo
‘focks in the Kirkland Lake-Larder Lake area (17 of .33
deposits, 69‘9'pereent‘of toetal Au prodoction)'and the
Porcupine nining area (15 of 48 deposits, 60.3 peroent of
total Au productlon) and suggested the inportance of this
association had been ovetlooked since hypothosos of Syn-
#zonetic gold uineralization had become popular. Despite
recognztion of this spctial asshclation, l-plicottoas

regarﬁing the geuesis of lode. gold dspoalti are unresolvcd.
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. 8.2.1 Magmatic Fluid Source | "

' Some_explanatiens for the spatial association of
Archean lode gold'deposits with intrusive focks are based
oﬁ supposed anomalous primary concentrations of‘Au in these
rocks. 'Ploeger (1980, 1581) in his fegipﬁal study of
alkaiic 1ntrusivg‘rocks in the Kirkland Lake dlsgrlct ‘noted
ﬁqraal to subnormal backgroﬁnd abundances of "Au in syeniies
"and concluded that the original gold_contgnt of these rocks
was not a facéor responsible for stsequent enrichment. .
-Similar conclusiops were drawn by Kwong and‘Crocket (1978)
for vakiods Archean.rocﬁs in northwestefn Ontario. Tilling .
et al. (1973) demonstrated that the gold content of un-
altered*igneous récks,is restricted and not norpa11y~great-
er than ¢érustal Qbund;nces. They also observ;d no par¥leu--
lar‘Felatioashfp between the gol& content of igneous rocks
and the preSeqee‘of gold-&re bodie&..

" There is little ev}ﬁeﬂéé to support the original

. comtention that gold deposited at Kirkland Lake or else-

'where was derived fron.residual nagnatic?fldlda. _Tillfqg -
.et al. (1973) conclgded tﬁat gold becomes deﬁleted in ’ |

residual silicate wmelts during differentiation 6; calc- ;

s .alkélic magmas. Kwoqg,gnd Crpcket'(i97&), in a study of'_-
| the gold content of various‘rdcks in Northwestern Ontario,
'notgd that ﬁuartz and‘feldspar are poor ietainegs of'gold &
'in comparison fo ferromagnesian ;ineraliland if gold does )

not separate from a -melt along Iltﬁ the eirllarJfo;ned T
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mafic minerals 1t would not be retained®in a felstc

’
- \

f}sidua. Boyle (1979) asserts there is coﬂsiderable diffi- t
culty on chemical grounds im deriving many -etaliic and

gangue elements which accompany gold by magma ddfferentia~

tion from basic to intermediate to-acid components. fﬁese;

elements-tend t& be enriched ‘in basic and
and any differentiation during magma p processes'jould
to redqce their concentration in residual flulds (Boyle,
1979). . h
It 1s suggested ﬁhatythe spatial ?ssociafion of gold
‘ln Kirklang'Lake.ylthﬁalkalic'intrusive rocks does. not °
imply that tﬁe gold was derived directly fron residual .
fluiQs assoglatedlaith the fyenitic melts nor is it related
to an tntrinsic briQaty ;nrichnent 61 Au within the intrus-
ive rocks themselves. It is'notFworthy, howev;r, that the
two important Canadlanr occurenc;s of prebiouslaetal tellur-
ide minerals are asaocléte& with syenites (the Kirklandﬁ
Lake deposits and the Lower H orebody of’the Horne Mine at
Noranda (Price, 1948)). It therefore seéns“possiblq th;k
1ate'sy§n1;e magmidtism has somehow provided the tellurium
_for these ores (Hutchinson and Burlinbton; 1984) .
 8.2.2 Country Rock Source
Boyle (1961) introduced the source -bed conecpt to
B explain ‘the genesls of Archean eplgcndtlc gbld 6ceur;ﬁces.
Thls ¢9ncept held that gold was d;rlyeﬂ hy latéral secre-

“
. Y
- - o
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tion from sur;ounding volcanic rocks. Viljoeﬁ et al,
(1979) suggested that the ultimate sourée of ‘gold is in -
"primitive" mafic to.ultranéfic volcanic rocks from which
it was mobilized during regional nctaiorphisn and enplace{ .
ment of granitic intrusions. . o
. Others have suggested that source areas or souicg-beds
should contain:above normal abundances. However, in many
gold provihce;, no elevated gold 9oncentrations can be
«detected in the proposed source rocks (Saager et al.,

1982). ‘ - ' | ]
) Keafs and'Scott (1576) stressed that the suitability -
of any rock as a source bed for gold is largely deternined
by the presence of 'excess" or "reactive" gold, le. by the

ogcurence of go}d-in sulphide minerals, as- native metal
along grain bohndaries, or in mesostasis phases. Al;
'qvailagple data on gold contents of minerals indicate that
sulfide minerals can possess pronounced large abundances of

.Au relative to silicate nlnerals (Boyle, 1979). The siting

“sof gold 1in sulfide ninerals includin;'those which abcur as

conuqn ;cgessory rock minerals (eg. pyrite, arsenopyrite! .
pynrwdtlt:, cﬂaicopyrite) 1sf3n;esqlveh. Howave;,.!

frrespective of th; speclflo.node'of occ&rehce, as lattice
pubptltuion, c;ysfil.dbfect giructure or s&baicroécgpic" ’

inclusions, gold contents .from 1 to >2000 ppm havq.boen‘

' ieporteq,iﬁ comiton. sulftde winerals .(¢f. Boyle, 5979, Table

11). Thus, supraerustil roeks generally oqqtéln;gold

= . . . ’

<

- . .’ . ° [
. .
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availalble to leaching by hydrothernrl soiutions. A rough

estimation, based on gold solubility data in sulfide

minerals has go{d abundances of up to 5 ppb in a rock that

can be accounted for by sulfide mineral contents of less

than 0.002 wt. i. ]
It has been commonly argued thet any given'oresbody ._
can be created by efficlent hydrothermal leaching of a’
- o ‘suff‘iciently large volune of any rock; given av.er.age crust-
t dl elemental abundances. Although the argument may be
appropriate for tase metal deposits, it is Yess suitable
for gold deposits. Given}that the goid deposits of the
Kirkland take‘district contain -Au at the 10-15 ppm level
and have produced in excess of 710,000 kg Au since°19j3
(Lovell and PIoeger; i960; Bertoni, 1983), the volune of

’

rock withnnornal aﬁerage Au content (2 to 5 ppb) required
as a source reservoir for' these deposits would be in the
. v range of. 10 to -100 Km3.- ' This assumes an extraction mechan-
£ isn that is 100% efficient and ignores the amount of gold
| reuaining in the Kirkland Lake district that could not be .
profitably mined. | '

Similar considerations discussed in Fyfe and Kerrich‘
(198#) suggest that any source rock abnornaliy rich in Au - .
.would be of great siqnificance. As stated Keays and Scott (f
. : - (1976) proposed that the suitability of any’ rock as a:

source for vein type gold is largoly dependent on the.’
¥ ' \ presence" of Au ihich is readily accessible to nlgretinc i | ;

y . . , T, 3
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‘hydrothermal solution. Recent papers by Keays (1982, 198#)

have proposed°that konatiitic .and related extrusive rocks ;
and interflow chemical sediments resulting from the sea-
water alteration of these rocks are particulariy ifporﬁant,
source rocks in that they contain elevated gold abundances
within reactive sulfide ninerals;
Kéays (198#) suggests that konatiitic and related |

magnas have enhanced levels of Au and platinoid eleaents'
relative to other magmas.

Because gold is preferentially(

hosted in sulfide minerals, it is proposed that the pren

cipitatien of gold from any q:ystallizing magma, is essen»3

< J

tially determined by its sulphur fugacity.
precious metal contents ofq;omatiitic rocks is probably

’ <
-related to their high tenperature of magna generation and

The large

subsequent late -stage saturation with respect to imniscible

sulfide liquids. ‘In some cases, sulphur-saturation of

konatiitic magmas may occur just prior to eruption.
& ’ ’ .
11 droplets of ianiscible sulfides are kept in. suspen-

. "

sion within-the silicate magma as it is erupted (Keays,

——\ %
1982)? As the magma crystallites, inniecible sulfide melts
separate from the intercumulus silicate liquid.' Precious
aetals would be scavenged. by the sulfide melts. At the end

-

of ‘the magmatic stage, the reeulting dieseninated sulfide.

m
v,

minerals would be strongly enriched in Au rélative to

concentrations in silicate and oxide ainerai phases. These

3

sulfide minerals generally reside along grain bounderies ’

252"
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concentrate Au in these rocks and the mineralogical setting

‘and are ‘very reactive compared to silicate and oxide

mineral phdseo. . _ ‘ .

JAs the ?reshly extruded hot lavas cool, shrink, and

e ° . e
’, . h

cr%ek theyJire invadedfby heated, convectively circulating
seawater, " Simple reaetion of the sulfide nineral; with
near- neutral aqueous solutions would generate the’ reduced
sulphur species:&ef ‘Ewers, 1977) required to form the'j
stabde Au(HS)2 cbpplex {Sewar?, 1973, 1984). The Au liber-
ated at the sea:floor ag%eretkon stage 1is ihcdrporated into
interflow chemicoi sed}ﬁents and intra-pillow sites during
luilg»iu voJcanicaaotivity (Keays, 1984).

Give;uthe large vglumes of “komatiitic rocks presenf'io_
both the u;per and loeer supergroup volcanic cycles in-the:

Kirkland Lake district, they plausibly reépresent a signifi- s

¥ cant source of Au for subsequent mineralizing processes.

. The mechanisms described above would effectively pre-.

of that Au would ensure. later access to potehgial leaching

.solutions. Jensen (1980) has already described the

probable existence of various zones of .gold enrichnent by

)

‘Archean sedimentary and volcanogenic processes operative in ,

the Timmins-Kirkland Lake region.

8.3 Transport Agents add Media,
» .
Almost all gold concentration precesses.involve the

Interaction of fluids with PQOKS and the dominant conpouenf- K

*



of. such fluids ls water. Fluid inclusions from gangue
> &

nlnerals and stable isotope abundance show that such fluids

-can and do transport gold and provide solutions from which

gold can be precipitated (Roedder, 1984). Such models have

been confirmed by direct measurements of gold concentra-

tions in natural thermal waters. Data presented earlier

Ry

from the Macassa Mine showed that fluids involwed with the

‘fransport add depésitlon of gold were isotopically similar

-

" to elther metamorphic waters or magnatio waters. The

1nterpretation of these fluids as netanorphic waters is

preferred here primarily because of the lack of geologic

. gvidence for a signlflcanf volume of strictly late- stage

magnatlc fluids. "At thc Macassa Mine and throughoag thé °
mines of Kickland Lake, the gold ore types occupy faults
and fractures which cut and- offset all of the igneous récks
down to the deepest level of minlng.'_;;IgﬁindICatq; these
rocks wefe~fu11y coﬁsofidated_and any processes of differ-

entiation that might have resulted in léte-stage nagnatié"

fluids had céased when the gold ores were formed. Also,
' .

. the contact zones between the composite syenite stock and

: e
"the Timiskaming Group volcanic and sediméntary rocks are

‘not characﬁerized by extensive alteratfbn of ;ny sort.
. R ‘ -
‘Rather, it is the norm for all mines in the Kirkland Lake

" © district that the wallrock alteration is controlled by and

directly p;T!tgd to the fault and fﬁaetu:d iyuten which

transoqgg all roeck types. If one can Jhdgc~frba»ihe lack




-
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‘of chemical. and nlneral changes 1n wallrocks adjacent to

# the syenlte, lt is probad&e that the magmas that produced

A

these tocks did not contain appreciable quantlties of vola-

tiles, netallic‘pr gangue mineral elenents~during late
stages of differentiation.
- One process whereby large volunes of netanorphic

fluids are nobilized involves prograde uetanorphlc dehydra-

v

tion and degassing. The general features of this process

are summarized in Fyfe et al. (1978). During progressive

metamorphism, at all major facles boundaries, large quanti-

0

ties of fluids are released from reacting minerals and

2

.fluids are produced, prior to their escape, on at least 50%

of all mineral grain boundaries of the reactiVe rock (Fyfe
and Kerriqp,‘198¢). In the context of the preceeﬂing
&iscussion on the development of Au-enriched zonéhﬁw;thin
komatiitic volcanic rogks:and associated cheuical,pedi-
pents, very efficient extraction of all trace uetalp'held
interptiitally or in solid solutiop within reactive mineral
phases (i.e. apriferous sulfide .minerals) can occur in this
environment. At noit najoi facles chpnges, f.e. ieolite
facies to greenschist, greenschist to anphibolite, the

amount of water released is norually several percent.
)

"Except ‘at extrene-tenperatures, near nelting, the'neta;

morphic fluid will have H20 > COz >> Cl. The C02-Gontént
(and CO) will rise exponentfally with thq'tenperatuie_pf

metamorphism, as will the HCl concentrations (Kerrich and

L

-
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"free lons, Au+* and Au3+, are unknown in 36;;333 media.
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A

Fyfe, 1981).

A posslble objection to the 1nvolveneﬁf/of netanorphic

“fluids in the formation of the gold ores in the Kirkland

Lake district is theAladk\gf evidence for prograde regional

metamorphism in the vicinity oﬁfthe mine. However, flulds

- are continuously released fno;'hydrated minerals during

progsade metamorphism (Fyfe et‘il., 1978).. The presehpe.af
metamorphic isograds indicating higher-grade conqltiéns
around fhe gold deposits is ﬁot a necessary condition =
(Kerrich, 1983). S I .
Gold . is usually in one of three oxidation states: 0

(native), +T "(aurous) and +3 (auric). The presence of the

Both are very complexed or hydrolysed and the mobility of

gold is dependent on suitable avaifable complexing specie
(Boyle, i979)¢ The chemistry of gold complexes has been
summarized by Puddephatt (1978). Cold can form a wide .
range of complexes with such ligands as halide ifons, |
sulphur species, carbonyls &ésed on CO, and nitrogen-

containing‘speciea. All may be present in hydrothernai

solutions (Fyfe and Kerrich, 1984). 'f’-\

The exact nature .of gold-complexing speé???“!!pable of
attalning sufficient concentratlons of Au ln hydrothernal
fluida is a uatter of contlndinc debate, .A thoroudh under-
standing of hydrothernal transport agd depositiou of gold
is inhlbgted by thq‘paucity of oxperlqental ?tpv fofihl'h.
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prime examples of this structural association.
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temperature and pressure conditions (Seward, 1984).
8.4 Deposifion - The role of st:uéyures

In the study by Hodgson (1?82, 1933)ﬂpreviousiy clte&,
dnother clear associstibn recognized was the Lnfluence of
structural control on gold o?curfences in the Abitibi
greenstone belt. Out of 149 aurif;rous zones in the’
iinnins-Kirklapd Lake area, 343 or 76:4 percent were ’»'

)

described as being confrolled‘ .or occurring within -shear

) ¢ ~
zonq;,'fractures and faults. Clearly the gold-bear;ng

zones at the Macéssa Mine and others in Kirkland Lake are '

-

2

Early workers in the Kirkland Lake district concluded .

that two types of structures had particular importance in

: contrbllinq the gold occurrences: 1) Mine scale systenﬂof

fzults and fractures direcily felatedatB the’eﬁplacenent

J - -

and cooling of the composite syenite complex within

Timiskanfng Group rocks; and 2) Reglonal scale_structures'
which 1nfluenced the location of the mining distrlct;q.!e.j

the Kirkland Lake Main Break. 'The latter type has been .

expanded in more recent years by othgrs'to ihglude thes

significance of'théfﬁain'sreak and the Kirkland Lake -
Larder Lake Break (Fault Zone) in terms of regional strati-

graphic development.

4

I 3\

g

Y
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“8.8.1 Mine Scale \ )
At this JEale, the conttol exerted by structures is
co-nonly described as "grdund prcparation' the® dcvelqpnent
-ﬂof fauI;s and fractures in and . around the sycnite intruslen
which;subsequently bechee conduits'fcr hydrothernal '
fluids. -Selidification o¥ the syenltlc melt to crystalline

rock and further thermal contraction upon cooling probably
. -

£
&

resulted in a 10 percent volume fcduct;on. ,Inteinal‘
stresses set up by‘tQIi voluue'reddctto% created‘setS"bf'
Jointsy fraccures and féults. A preferred orientation of
‘ these structures would ‘have been approxiwately parallel “to
contact surfaces of the inttusion with Tinlskaning Group
rocks.
Siﬁflariy, fracture'and jﬁint surfﬁces wcre crectcd,
within Tiniskauing ‘Group rocks during the cnpiacelent\of
the rising magma. Development-of particular curvilinear

- structures “and asSdclated ffacfures“has-already bedi'

described along the 4250' level and related to drag- folding'.

of country rocks adjacent to the intru!!cn. . ';'

A ]

. / :
, 8 4 2 Regional Scale

, [

Tne spatial asaociatlon of. Archean lode gcld depoqits -
iwith long linear and curvilineat zdnos of iatenccly fcld~
ed andwfaulted, schistd&e and a;tered rdckg terncd

“'breaks" ~has been recognized fbr dbceddt (Ikniibn, f’h&t
Thansen, 1948&. Theae hcve ﬁoct ccnnqaly ican i»tctﬂrbﬂtd

-
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‘It ﬁas bcen sugﬁc:ted recently that soie parta cf the

larger hrcakt atre faults whiich were active at thc tlac the
e —— "

-~ : .
.valeanlc and sgdinentary ‘rocks were dcposttc&x-;Scnscn =

‘~

(%&80),J1n cansldering the gold depo&tts of thc‘Kirkland

- Lake - Laqder Lake,area, proposed.that the . formative ! _
. R ' s
proccsses oucrateu in scvoraf ‘stages along and around ‘a

.. regional fault and fracture z&ne - the Kirkland Lake -
La;ﬂer Lake Bmcak - that,fLrst developed durins .accumula-

" ticn bf the second volcanic cycle. The fault zone 1s

ey -+ 7
wt®
-

. & f intcrprcted as lts%ric nornab faults assoeiated Lnitiq}ly

- s 5

S uith.crustal rtfting anﬂ basinal develop-ent. o :f E
';qu_’ fL this eontext‘ tﬂb Kirklgnd Lake Main preak may be ' *
- | e;asidcred ‘a.branch qf the moreé eutcnsivc regional systen. )
The zone of weakness now reprcsentcd‘by the Main Break T
v systcn probably existed prlor to& during apd“after thq ﬁ: l. .
o B RIS

enplacenent'of thc conposite syenitc stock,”’ controlled the

. locus of . enplaccnent of thesc rocks and their subsequent §J$;zf
: &

»

fracturing and faulting and. acfcd.as a- fcausscd dischargc . 'F

/:» - .

' . s Zone fon hych‘ot:herna.l J’lut. S
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or conduits for. flnide -oving in response to therlel or

°

pressgre g:edients. Here it is suggested that the fault

. and,fractﬁne'systens thensei«es may be key-factons in

. o A . . .
7 I _ -transporting significant velumes of mineralizing fluids.

?reﬁ-ene‘cpqstai envirenlent to another via the- mechanism

N ‘ & - Y
& | of selsmic 'nunpi.m_;.. - : i i

» T
.

S, 8.5.1 seisnic'Pdnping Model oL
- - ,
Fluid uoveuent in active nodern fault zones is an

established phenonenon fron the observation of the periodic
-surface effusion of hydrﬁthernai‘iaters following. moderate

"to large shallow- focus ea quakes in conseIidated roek M
(Sibspn; 1981). This phenouenon hae been explained by -the
dilatancy/fluid diffusion model fer enerqy release in T

- -shallow earthquakee. The fpliowing synopsis is condensed

1 ., . fron ﬁihson et al.,,1975 )

In its sinplest form, the motel supposes that prior to

eeisuic shear failure along an existinq fauit, the region y
'fe? cnnsiderabie distence around the-focus~of the subse-
quent earthquake diletes in response to rising teetonie L

. i, . 1:, &hear stress. ’Thie results in the opening of extension

’ ;;?gi i'$¥~j -cracks- anﬂ fraetures nornai to the least ptineipel eeep::é-’
f;:,"~ ;}f {‘ qive stress. The developnent cf this frectnre ponsity _
i;i‘v, ?}j::ﬂ_‘“ causes ene fluid pneesaee (pi in the cxx.eang ggng t'm ';jg“, ‘
zi.?;f'ie”; v decrease, inducing e elow,winwerds l&;retien e? Xlnie“fron

a . i sufreundlnﬂ roeks. s e h,etf'ii.'w?kyil' o

-




e B o A;‘the'onsQf of dilatancy, ‘the drop in fluid ﬁrgssurel"‘ ,
' caus&#j;.risé in thg_triqtionﬁl resistdhc? fé:shear along
-the fault. As the migrating fluids fild thé-&i}atant
| ﬁJanes; fluid'préssﬁre aga rises'and-friétlopay resistance

£ decreasé;. fSeisQ}c failure- eventually- occurs when the

. rlslngﬂghear stress equals the frlctipnaiﬁreslstance.
- The rihid,'ﬁert;al’releagé of shear stress which-

accdnpaniesﬁearthquake faulting alf&is the cracks in tné',

dilatant zone to relax and the f%yid; they contain must be , -

_ - expelled rapidly upward in the ditectibn of easiest
: = . S 0N R R
.. pressure relief. Upflow from the collapsing dilatant: zone '
. . " [ N . .
&\ ' " must take place through the fault and fracture system.

MHajor dispiaéeqeﬁt along fault, and shear zonés‘ﬁs
.. norna;ly acconplished'bf a Large number oé individuai K ; S
- seismic events related to localized shear disiocaflons
. which are‘uisqﬁniinuous gve; the ehtire surface of'the‘
. _fault-shear, zone. The dllatancylfluid -diffusion nodel”
krovfﬁes an explanation for the intermittent flow of hydro-
' thhraad flulds in and around fault zones and suggests that

- ] .

-~ sels ic faulting acta as a pu-ping leghunisn wheraby 7.




' Two 1nferenees result fron sueh evidence° 1) that 1nare-

" . - ’ . A .

nineralization episodes as opposed to d@ discrete event. <’

nental depositdion . of minerals occurred when pulses,' rather
.

than a steady flow of hydrother-al fluld, passed thrOugh

the fault- fraeture system; and 2) that the fluid puLpes >

’

were assoclated in time with increnents of shear and- o0
extensional displacement on these tau]t-fracture systens
(Sibson et alt,'l?l5{§ ‘

Tﬁeré are several aspects 6t the gold occurrences at

‘the Macassa Mine which indicate both ﬁulti stage movement

g € e 4

LS 2 -

‘along the fault all.‘racture planes and multi- stage fluld

had

. Tlow associated with the\gold ehplacenent. "Fracturing,
: "

comminution and 1ncorporat1on of wallrocKs adjacent to -

major faults. followed by re- fracturing of these naterials.

into coarse breccias and even later fracturing ofothls

‘

secondary breccia (Thomson et Tal., 1950) shons elearz

evidence of complex, sequentiai episodes of. defornation. '

~ The eeqUentlal developuent of different structural age.

groups in the uine.in *relation to the main. or;-foruing

period, i. e. pre ore, Qost ore w&th varying degrees ‘and

q -
.

.tlon.:-Tne general paragenetie ooduence defineduhi'ﬂanbey'
(1950) suggests gold- hearing veine Lneprporate # to 5 f)- o
s episodes of quar;z deposition, It io lnteresting ln this

,/z regard to note that altnough Haﬁley esslﬁhed'natlve Aﬁ and

- - 3 ]
b & . v 2N
P P .. o "
. - . - L gy o
- R X
“ - .- - U N "
‘ - ) . o le 35 -

1

_‘ senses of-noveaent also is eyidence of multi-stage deforggé

i

= I

y®

' nreolous metal telluridee to late stagee qf the -&werlllz- T ;
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tng sequence, it is equally-possible that goi: gineraliza-

t&on‘was.hssociated with several stages:of m eral

* . . . +

deposition and was subsequéntly "refined” by the later"
- . . 1 . S
teptonic reworking. This’supposition 1s supported by the

' conuon observation d! ‘leaf-Jeld occupyihg fractures norlai

[

tor vein-and fault nargins indicating the ductile native

netal had nigrate& during late defornation.' Further .

- .

-support is° given by the observation of Bloonfiqld et al.
(1996) that early generatipns of ‘auriferous pyrite dl'fhe

' forner Lake Shore Hine tended. to be silver rich (lesser '

. fineness) whereas later generation of native gold were

I
'J_

silver poor (greater fineness?.

- A notable feature of the gold Occurrences in the - o
- \ S )
ﬁirkland Lake district generaliy is the large scale ) ‘

-

'ho-ogeneity of mineral occurrences throughout the consiaer- .o
able length and depth of the Klrkland Lake Hain Break b

'systen. Thonson et al. (1950). and Hawley (1950) have -

F .

conuented on the unchanging nature of the -ore ninerais and.

e,
assoclated gangue niperais.‘ The'consistent spa;iai

relationships suggest that ninerallzing fiuids iere _not
only loving in response to. anbient therlal or pressure

v " ~ ‘ﬁ

_gradients but’ rather were punped ‘Anto the structures en

~ mass and goid depositibn oceurrhd‘essentialiy in situ as

.

. the systen cooied and stabilired. .

2 . ’ ' - . * Y.,
, .




Pl

CHAPTER 9

,_—/

GENETIC MODEL FOR THE KIRKLAND LAKE DISTRICT

s ?

2.1 Ceneral’Statenent‘

* - ‘ - .
- Jensen (1980) described the evolu;ion of the Kirkland

~ Lake - Larder Lake Break during the dedosithn of volcanlic

and sedlnentary :oeks_of-kheuubpei Supergrédp. This

\deseription‘has been adapted to form:a framework for a

<

model for gold deposltidn fh'the Kifkland Lake distrigt.

o o

9.2 A Sequence of Events

-

By the end of the flrsfxéonplete Volcanlc cycle,'Loner

Supergroup rocks consisted of calc-alkalic strata volcanoels
\

surrounded by a shallow marine shelf which extended toward

a deep wateér basin. Turbidites, chemical sediménts and

: éuffacedus rocks deposited'on the shelf-and in the nearby .

basin represent the erosional debris from the existing

valcanic'plle. The eroding terraln may have contributdd
+

claetic gold and gold in solution derived frou _pre-

-

existing, priaary volcanogeg}c ekhalative depostts. This

f <

L]

gold would have’ aecund::;ed in troughs and chcnieal treps

.\e \

along the eariy shelf , argins (Fiqf 9g1a).

-

A
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Deposition eof the second volcanic cycle, the Upccr‘

Sucergroub,‘connenced with the enplacenent of ultrénafic
rocks on the floor of the deep water basin and the scdl-
mentary and calc-alkalic volcanic rocks along shelf areas.
Ultra-qfic and mafic Lavas ‘began to fill the basin and
engulf the. rocks"aiong the shelf. 'During quiescent periods.
between volcanic episodes, gold contained within the lower 4.

komatifitic lavas would be leached by convcctiwely ciroulat-

ing heated secawater biines and deposited in'chgrfy, pytitic'

chemical sediments (cf. Hutchinson, 1976; Keays, 1982;
1988). : : .

»
' »
4

As lavas accunuiafec In the basin, their incredsing
weichg depressed the basin floor induciﬁg tensfcc reiated
- faulting, fracturing and'i}h-plng alongithd margins of %pe_
_underlying Lower Supergrpup, Ihése'itructures nay have
become zones of focussed discharge of fluids related to
early uetanorphlc dewatering reactions or hydrothernal -
ccnvective chcula}iog‘(Fig, 9-1b). R ‘

Fluid flowfﬁicﬁg'thc marginal zone precucsor;to the .

Kirkland Lake - Larder Lake Break caused extensive ca:bcng

ate alteration of rocks adjacent to major structures. ' This

.

°

flow of altering fiuids was apparently operatlve'for a . s
considerable lenqth of tlne as evidenced by the prdsence of

' carbonate-altered ultraaafic,.spinlfex -béaring clasts and
fragments within Timiskaming conglomerates. This,poriod of

fluid flow'la§ have been.geihteﬂ to'gold.cccu:poyoni withih.

] ’ : L
.
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_the Larder Lake Group ;; Virginiatown. ' | L

As ‘the Sasinal area‘ia; filled with koaag&itlé and
tholeiit;ic' volcanic and’as:..'oci_atey s‘ed_inentary récks
.(LarderlLake and Kiﬁojevls Groups); the accumulating weight
continuéd to downwarp the basin floer. “Much of the
displacement probably occurred witﬁtn the konatiitic and
sed;neﬁtary rocks near the margin of the sh;lf”andiwas

N

accommodated by movement along marginal growth faults.‘

2

Both the movement and fluid flow resulted in serpentigized

komatiitic rocks and the formation of talq{chloyife sc‘ists ¢
along the Kirkland Lake - tarder Lake..B_reak (Jensen, 1980)..
Downward displacement of rocks on.the basin side of i
the narginal fault zone, relatiée to the same robks resting\
on the shelf area of the older volcanic pile accounts for s .
,QHG‘general north dipping, north factng attitude of piIlow.

:-lavas fron the Kinoiewia~croup north- of Kirkland Lake.®

Enplace-ent of calc alkalic volcanic rocks of the .
Blake River Group toward the core of- the newly forled |
yolcan;c pile:wa;.probably asqoclated with an lnward . ‘ '
collaﬁse of the oidef vélcanié Eoéké ioward the centei of
the original basin. This collapse reaulted ln dilatlon of
the marginal faults and creation of a graben like sxructur-
al zone which was subsequently in- filled with high energy
clastic and voloiniclutic udinnts an¢ traehyuc voleanu;

R rocks’ of  the Tuukauing croup (’Hg. 9- 1&)-

’; ' \ . o -

,,; The 'g!'IMn zone prqlubly cneotpcuﬁ a ulk afes. aml | - L
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included a ndﬁbéf*o%~nornal‘fauL&g.subsidiary to th; - .
. VS

ofiginal locus of deformation and alteration along she

Kirkland Lake - Larder Lake Break (1€, Kirkland Lake Main

Break, Narrows Break, Auﬁigamated Kfrkland Mud Break).
Differential movement—along these fault structures fgsulﬁéd
in the rotation of major uflits of Timiskaming Group rocks
fnto their present south-dipping, south-facing attitude.
- Pressure release associated with deep penetration of ,

the marginal growth faults and graben block-bound{ng~faults

~ may have qausedianatexis of downdropped volcanic and sedi-

néntary rocks. . Alternatively, the major fa@lts_nay have
created zones of crustal weakness alfbwlng upward penetra-_
tion of mantle-derived syenitlg,nagmas. These melts
intruded along and around® the structural zone now repre-
sented by the-Kirkland Lake Main Break. Fracturing and
faulting a;socifted with cooling and solidification of;
these melts in’éddltion to sub{equent épisodes of fault - .

movement along the Main Break system created a very

cont{nuous zone of britéle deformation within the syenites

"and Timiskaming Group rocks.

" Continuing, lnternlttanx seismic activity and fault‘ - -

movement on these najor fault systeﬁi\acconodating crustal
[ ] 4

‘compression along the basin nargin resulted in mass uove-

ment of potentially ore- forning flulds via the dllatancyl ‘
fluid- dfffusion mechanism. Ihese fluids may have been

derived from a variefy of prinary fluld reservoirs, princi-
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/ I A -
pally metamorphic with or without a nagnatic\colponent.

.They were repeatedly drawn down and into the active fqult

systems, possibly to depths exceeding 10 km to allow for

heating to 4500C, assuming an Archean'gebtherlal'grédient
1 .

of 300C/km, and €xpelled upwards following an undetermined

residency period into the very fractured and broken rocks

atoﬁnd the Kirkland Lake Main Break. These hydrbthe;ual
fluids were Dharacterized by low redox, low salinity (<
3%), low pH; and had elevated 'COp coﬁtents coupled with
sodium to potassium ratios near unity: (Kerrich, {983). The
fluids repeatedly leached and scavanged Au from various

potential, primary and secéndary sourgces within the volcan-

.

ic and se&inentary rocks of the Lower and Upper Supergroups

and deposited. gold within quartz-carbonate ores in the Main ‘

Break system (Fig. 9519).

At séme polnt,;the upward flux of these hydrothermal
fluids decreased, ppsslbly during a_ period of crustai
relaxation. The fault and fraéture system wés affected  in
places' by .an incursion of oxidizing, sulphate-bearing ’
marine (or meteoric) waters. |

A A final, conpressi#e regionalJevent; 6ossib1y
assﬁclated with the emplacement of large batholithic
complexes; resuited in closure‘of the basin, uplift of the
faulted nargiq and shelf areas above sea-level, reverse or

thrust motion along major faultsﬁacconpanied by a change in

attitude and formation of major crossfault systems. Fluid




]

L

Figure 9-1d. CoabreSsion of grgbén'zone, seismic pumping of
hydrothermal fluids which leach Au and deposit
in fractured syenites and Tlnlskdiing Group

rocks. ﬁﬁevious.nornhl, margin faults become

) E .
‘sub-vertical reverse faults with continued.

comﬁression. LLB = tLarder Lake éreak.'

“
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, flow within the fault systems diminished and was eventually
restricted to downwagd pqi:ol'ation of surface waters.
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APPENDIX A

ANALYTICAL METHODS

Cohvehtional ptocedures were used for'the'extraction
of oxygen fron_ninerals with beoaine bentafluorid%-and
quantitative conversion.te Cbg prior to ﬁase épeefronetric
analysis (Clayton and Mayeda, 1963) Isotopic data are
. reported as 6130 values in per mille relative to Standard
Mean Ocean Water {SMOW) . The overall reprogucibillty of
_’6130 values has averaged +0.i8 per mil (two etandard
deviations) (R."Kerricﬁ;Apers. comm., 1983).

Fractionations, or differences in 6180 among minerals,

are quoted as A defined as: ‘ - .

. A A-B = 1000 Tng A-B S A -3B
: : /
where ap.g is the fractionation factor for the coexisting
‘minerals A and B. . . .

Mineral séparates for isotopic analysis were obtained
using standard techniques based on relative magnetic
susceptibility, and utilising a F;”Rz isodynanic separat-
or. Pure quartz was recovered from quartz-feldspar mix- "

tures by neans of a selective digestion of the latter ln

hydrofluorosllicic acld (HzSiFs). Quartz‘and chlorite were

278




~

. .
intimately intergrown in samples A and G>82-150, such that

[y

pure chlorite separates could not be made. For these

samples the §180. chlorite was estimated from that of the .

chigrlte:quértz mixture, knowing their relative proportions

* and the 6§80 of quartz. 1In each case relative proportions
were estimated from (a) XRD, (b) visual counting and (c)
the oxygen yield of the mixfure as compared to that of the.
two end ;enbers. . _' .

'h#le rock major eienent abundances repbrted in tpi;
study ‘ére determined by X-ray fluorescence spectrometry by

‘fX-Ray Assay Laboratories in Toronto. . Most samples were
analysed once to avoid excessive costs in duplicatien.

Five randod-samples within the #é sample géoup wefe.
analysed twice in order to-estdhligﬁ the reproducibility of
analysesf Ali duplicate anaiyses were found to 9grée'with-
‘in 5% of" each other. -
i-qu Assiy Laboratories reports a standard detection
1imit of 0.010 wt. percent for major elemegﬁs. Table .A-1
(:iyéglerizes other data on precision and accuracy routinely

achieved by the X- Ray Labs. ‘

Transition metal ahundanc;s were determiﬁed by
a:;Bar'"ri‘ngex- Mébenta.LaboratonieQ, Toronto, using induction
.ncgupled argon blasna spectro-eé}y. Published detection
'linit; supplled by .Barringer- Magenta Labs range frou 1 ppm

#qs Cu and Ni to 5 ppm for Pb’. - :

o

Au, As, Sc, Sb, ¥ and Th abundances together ‘with rare

279



Note: Mean is the arithmetic mean,

SO is standard deviation.

- .. 4 ¢
Table A-1 , v . )
. ‘ . R
. " WHOLE BOCK ANALYSTS - XRF - PW1E00 - EEFERENCE STANDARDS .
., Ss3 S=) 0eel’ MVl DRRel L @2 el §%a
810, T 60.1 © 59.5 389 8.4 40.1 .8  52.4 5,90 810, -
L 160.10) {5%.68) (39.32) (59.61) (40.61) (69.22) (52.78) (6.0
1,0 12.1 1.7 8.41  17.2--  "0.23  15.4 14.9 35,4 °
% Ll Al @) a7i1e)  0025) as.tor ason (8. 203
ca0 1.8 8.21  14.8 4.9 0.13 1.95 1.1 0.31- cCad
(7.90) " (8.26) (14.77)" (4.94) (0.14) (1.96) (10.98) (0.29)
ngo 2.n .69 - 13.4 ' 1.52 49.3 . Q.72 6.59 0.01°  mgo
(2.70)  {2.67)- (13.49) (1.52) - (49.80) (0.75) (6.63) (0,02)
'Wag0 L3 40 0.7 435 ' 0.0 s.10 2,20 0.00 wa,0
(4.34)  (4.15)  (0.71)  (4.32) (0.017) (3.06) (2.15) (0.00)
X0 t.40  E14 0.8 2.88 0.00 . 4.40 0.62  0.0L " K0
' (4.48) (4.20)0 (0.19) (2.92) (0.00) ‘' (4.46) (0.64) (0,00)
Te 0, 6.30  6.43  17.7 6.77 - " 8,61 2.70 112 5.9 re,0,
(6.28) ° (6.42) (17.82) - (6.78) (8.70) (2.69) (11.11)" (5.80)
FON - " Q N
Mno 0.32 0.32 0.16 0.10 0.12 0.03 0.17  0.02 MnoO
) (0.32)  (0.32) (0.17)  (0.10 .q.u) (0.03)  (0.17) (0.02)
110, 0.15 0.5 * 3,00 111" 0.01 0.5 1.10 2.8% Ti0,
~40.24)  (0.15) . (3.69)  (1.06)  (0.002) (0.48) . ‘(1.07) (2.78)
P,0, 0.43 . 0,53 0.06 0,49 0,00° 0.13 0.13 0,07 rzb's ,
(0.43)  (0.34) (0.06) (0.51) (0.007) (0.13) (0.14) (0.08 .
Not8$: ( ) are usable values as po: Sydney Abbay, 191_!.'
This represents only part of the group of 40 reference matsrials
s used for calibrating the simultanscus spectromster. Others are
. - available on request.
INSTRUMENT STABILITY SAMPLE PREPARATION -REPRODUCIBILITY
{10 replicatd analyses) (42 replicate analyses) -
Mean(8) 8D(V) Mean(s) SD(%) Mean(s) SD(%) Mean(V) SD(V)
810, 75.52 0.0% 49.37 0.08 9.5 0.30 52,3  0.28 sio,
A1,0, 12.85 0.02 13.70 0.03 17.8 0.10 . 16.8 0.10 A1,0,
Ca0 0.74 0400 11,68 0.04 " 8.56 0.08 8.58 0.0% ca0
" ngo 0.00 0.00 7.36 0.03 2.38 0.04 5,97 0.08 ngo
R0 376 0.04 2.04 0.04 3.91 0004 2.52 0.02 Nag0
X0 4.56 0.01 0.48 0.005 0.64 0.01 0.78 0.01 X,0
Yo 04 1,15 0.008 12,41 0.02 . 13.0 0.10 8.42 0.08 ) r.;o_.‘_
MnO ' 0.05 0.00 0.17 0.00 0.19 0,005 - 0.10 0.00S Mno
Ti0, 0.09 0.00 3.87 o0.01 1.47 0.01 0,93 0.01 40,
0, 0.01 0.00 ™ 0.28 0,00 0,14 0,008 0.11 0,005 _ P05

b

0
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earth element abundéncgs, were deteprlned by Neutrom
Actlvatioq Services, Hamilton, by INAA andlAq by atomic
'iadsopption spectrophotometry. .Aﬁalytlcal precision .
E:utinely‘achieved by this laboragofy is stated to be + L
0.02%. ' .
— Trace element a;undances, including S, V, Cr, Co, Ni,
Cu, Za, Pb, Rb,'Sr, Y, Zr, Nb and Ba were analysed by x-ray
fluotescence~spectronetry by ;hp writer it the University
- of ';stern Ontario.. Table A-2 provides some compar?tlve
&dta-ow esti;ated precision, accuracy and detection limits
Aachieved.qn this instrument (T.. W. Wu,‘pers. comm.,. ‘
1984). Macassa '‘Mine samples were analysed with reference
to Sy-2 rock standard. |
Ferrous iron abundance: reported in this study were
determined by fhe writer titriﬁetrically using the meta-
vahadate method described by Wilson. (1955) with reference
to'Sy-Z rock stahhgrd. . ~-‘ | .
- Carbon dioxide was measured in a manometer, from Co, o
evolved by exposure of rock powders to HCl.

Feldspar  mineral analyses were determihed on 25 mm
. RO , ‘ ‘
diametér polished thin sections coated ‘with carbon, using a

NAC 500 electron m;er&ppobe;;featuring three spectronetérs
w;th'kRISEL automation. An excitation voltage of 15 kV was
'ﬁspd,‘wiih a beam c;rrent of Q;OS A and a counting tin; Qf . v
30 seconds or 20,000 counts. - The s}aa&a;ﬁQ'uséd were well

i a

analysed natural minerals'and‘synthetic"glasseq, selected

] - - ' R ] . "

|
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Table' A-2 The estimated precisfon, accuracy. and detection limit

. Co from standard rocks for trace element aunalysis
. - o - - —
WO-1 ’ ) . G2 .
Element  Mean(10)* s.D. R.D.(X) R.V. Mean(5) S.D.° C.V.(Z) 1D
N 22.8, 1.78 7.8 13 12.9 1.17 9.07 2,0
ir 240.7 .27 0.5 300 P 299.1 1.75 0.59 2.0
Y . 27.1 0.720 2.6 11~ 11.1 0.21 1.90 1.5
St 210.7 3.00 . 1.4 480 478.7 1.33 0.28 3.0
Rb 198.0 1.50 0.8 170 170.7 ' 2.42 1.42 3.0
P> 32.7 2.73 8.4 . 30 30.2 2.16 - 7.16 - 5.0 .
~\ Zn 50.1  2.39 4.8 84 8s.7 3.10 .3.62 2.0
Cu 9.3 0.40 4.3 10 10.2 0.40 3.92 0.5
Ni 1.7 1.57 20.3 3.5 3.9 1.07 26.88 1.0
Co .9 3.2 13.4 S S.1 0.77 15.16 2.5
cr 13.3 1.72° 13.0 8 7.8 1.28 16.45 1.5
. Ba 566.1 16.83 3.0 1900 1784.5 30.15  1.69 8.0
v 42:1 3.61 8.4 36 3a8.7 4.82 12.45 4.5
Ga 2.4 2.36 11.0 23 22.9 1,63 7.10 4.5
. . %  Number of analyses; L . i
R.V, = Recosmanded values from Abbey (1980);
S.D. = Standard deviation;.
C.V. = Coefficient of variation; ’
LLD = Lower limit of detection (in ppm). .

Y
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to minimize nee?ssary corrections. ;All_conboi!tions were

calcuylated using MAG

4

IC- corrections. .~/
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S APPENDIX B:
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Criteria for Distinguishing the Origin of Fluid Inclu$1ons

: E (After Roedder,'1979)

‘ "./ “ e
i . C e
L )
T
. ..
i Rk

1. Criteria, for Primary OrigA
I. Based on oocurrenoe 1n a single crystal wlth or without

.....

Y;vidence of ditectiop of growth oF" gtowth zonation.

A, Occurrence as. a sid*le (or a. snall three dimensional

b
!-',0..

group): in an otherwise inclusionafree crystal.

-

B. Large size relative to‘that oﬁ the englosing»crystal'

e.g., with a diéﬁéter of >G}1 that of crystal, and

~ A
.

-

partlcularly several such inclusfong
c. Isolated occurtence, away from other ihclusionsh for

a distance of )5 times the diameter of the inclus-

" 3

ion. ., '

-

D. Occurrencé as part of ‘a random, three-dimensional
distribution throughout the crystal,
E.fDisturbénce‘of otherwisé regular decorated;dislocat-

lons surrounding Qhe inclusion, particularly if they

) appear to radiate fron 1t.

F. Occurrgnce of daughter crystals (or accldentglssolia
inclusions) ‘of the same phase(s) as occur as solid
inclusions in the host crystal of as, contemprangous

JQ"IQSQS. . .' ) t
5 . ,
1 L t &

L3

- -
_,cn.;‘

«

‘q



P

A A A e L e A

Rt )

TR N TR T

e T

II.
- o .
. .

ACf'accurrence between subparallel units of a conpésite*i

, .
.
Al . k]
LA . | ' ‘
: . i

.Based on occurrence in a single .crystal showing .ot
4 .o

.

evidence of direction of growth:

A. Occurrence beyond (lqitha direction of growth){,ahd
sometimes imnediatelg before extraneous solids (tﬁe
same or other phases) intepfering with the Qnowth
where the host crystal falls to close in complete-

ly.} (Inclusion uay be attached to the solia or at

bl

some dlstance beyond, fron imperfect growth)

B. Occurrence beyond a healed crack in an earlier

growth‘spage, where new'crystal growth has been -*

imperfect.

>

I

-

/

+ - . ]

o« *

crysfaf;

- —

.D.~ﬁccurrence at the inpersection'of sevelal growth

spirals, or -at the center of a‘graowth spiral visible

)

‘on the outer surface. .
E. Occurrence, particulalfly as relatively large,.flat,;

inclusions, parallel .to an external crystal facq,*l

and near its center (1 e.,‘from "starvation" of the
¢ P
growth ah‘the cehtcr of the crys::al face), e.g. nuch

"hopper salt".

F. Occurrence in the core of a tugular crystal (e g.,

This may be merely an ‘extreme case of

<"

beryl). . 4
previous 1tem. . ~.“ oL
G. Occurrence, particalarly as .a row, along the edge -

from the intersection of two crystal faces. ' v



" e

- ' &il. Based on occurrence in a single orystal'showing
d : ‘ ) -
. evidence of growth zonation (as determined by ceolor,

clarity, composition, X-ray darkening, trapped solid

inclusiehs, etch zones, exsolution phases, etc.).

.. A. Occurrence in random, three-dimensional distribut-
ion, with diffenent concentrations in adjacent zones.
(as from a surge of sudden, feathqry or dendritic

. ’ growth). ) 4

B. Occgprence as.subpqrallel groups (outlihing growth
dbfectlone), particulprly with different concentrat-
lons in adjacent growth zoees,;as in previohs item.

C: Multiple occurrence in planar arraxﬂs) outlining a

. growth ione. ‘(Note that if'thls is also a cleavage

’ dinection, there is anbiguity.)
mIV. Based en growth from a heterogeneous (i.e.; tyb-phase),
Y N voor a;ehanélng fluid. '
. A. Planat arrays (as in I1I-C), or other occurrenceé in°
gfowth zones, in which the compositions-of inclus-

\ L 4

fons in adjacent zonés are different (e. g., gas

inclusions In one and liquid in another, or oil and’

o

<

water).
- B. Planar arrays (as in III-C) in which trapping of

some of the growth medium has occurredhat points

where the host crystal has overgrown the surroungéd

. . adhering globules of the iauiacible, dispersed ase

L

(e.g., ofl} droplets or stl-n hubbles).

T




c. Oéherwise }rinary-appeariﬁg inclusiong of a fluid
phase that is uﬁllkely to be the mineral-forming-
*fluid, e.g., nercury‘iﬁ calcite, oil 'in fluorite or
air in sugar.
V. Based on occurrence in hosts other théﬁ.single
crystals. > |

A, Occﬁrrence on a conpronise growth Burfacéjbetween

two nonparailel crystals:' (These inclusions have
_genefally leaked; and could ‘also be se?ondary.)

B. Occu;rgnce within‘polyprystalline hosts, e.g., a;
pores in fine grained dolomite, cavities within

. chalcedony-lined g;odgs ("enhydros"), vesicles 15

‘Pasalt, or as crystal-lined vugs in metal deposits
or pegmatites. ([hese latter are among tbe largest
"fnclusions", and have almost always leaked.)
+ " C. Occurrence in noncr‘y'st.lllne.hos'ts (e.g., gas
bubbles in amber; vesicles in pumice).

45 VI. Based on ineluSIOh shape or size.‘
A. In a given sampie, larger size and/or equant shape.
B. Negative crystal shape - this is valld only in

" certain specific sam’ﬁes and is a negative criterion

in others;

VII. Based on occurrence in euhedral crystals, projecting

into vugs (suggestive, but fag-from positive).
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2. Criterfa for Secondary Origin

* I. Occurrence as planar groups outlining healing fractures
(cleavage or otherwise) that cone‘to the surface of
crystal (note that movement of(inclusions with
recrystaliization can cause dispersion -'sce also III-C
above). |

II. Very thin and flat; in process of necking down.
'~ III.,Primary inclusions with filling of representative of

'\

secondary conditions.

A.‘Locoted on secondary healed fracture, hence presum-

L o ably refilled with later flulds,

7 : : : .
B. Decrepitated and rehealed- following exposure to

higher temperatures or lower external pressures than
» « .

— at time of trapping; new filling may have orioinal;

§

- composition but lower density.

3 ) . . ‘,

3. Criteria for Pseudosecondary Origin

I. Occurrence as with secondary 1nclusions, ‘but with

fracture visibly terminating within,prystal. (See also
* o : . : ' ‘
' ‘ " II1-C under "Prinaryﬁ above.)

II Generally more. apt to be eguant and of negatlve crystal

F
E
X
5
L 2 ~ shape than secondary inclusions in sane sauplé“t

(suggestive only). ? o " -

I1I1. Gccurrence as a result of the covering of etch pits
. 7 . ",
cross- cutting growth zones. '

-
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APPENDIX C

Geostatistical Concept;

Geostatistics - A conceptual overview

3

Etynologicall}, the term “geostafistics" deslgnates
the statistical ;;udy of natural phenbmena. .G, Matheron
(1963) was the first to use the term extensively, and his
definition will be 5etained: "Geostatistics is the applic-

ation of the fo}mallsm of random functions to the recon-

naissance and'estimation.of natural phenomena",. In common

usage, geostatist¥cs refers to the application of the

Theory of Regionalized Variables (first developed by

Matheron) to prqbiems in geology and mining although

4

successful applications in such different fields as bathy?

metlcs and forest management continue to be demonstrated.
\ k]
Here, a brief introduction to the conceptual framework of

the Theory of Regionalized Variables and mining geo-

sfatistical language is provided. The synopsis 1is taken in .

large part from~30urne1 (1975).

Reglionalized Variables

’

A quqnti?ied.natural phenomenon 1is charactefizgd by,

the development in space (or‘tine) of certain measurable

P

.\ 289
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quantities called Regionalized Variables (ReV.), A pertin-
ent example 1s ore grade in 3-dimensionral space.. From a \
mathematical point of view, a ReV is simply a function f(x)
which takes a ngmber at‘éﬁéry point x of co-ordinatés (xys
Xy, Xy) in 3-D space. The definition o} a ReV a; a vari-
able qistributed‘in space is purely descriptive and doe?

not involve any probabalistic interpretatdon.

The real variation of this function in space” is

‘commonly so 1irregular as.to preclyde its direct mathemat-

fcal study. However, in many instances, a characteristic

behaviour or structure:of the spatial varlability of the

.

ReV can be discerned behind .a locally erratic ;spéct.
Generally, in most mineral -deposits, 1n'sp1tg,ot local *

fluctuations, there exists:

f ) a
1) rich ‘and poor zones - the functigs f(x) depends on the

A
position of x. ) ' e

2) phenomena of progressive enrichment or “impoverishment.

A proper formalization.must then take these two apbatently
contradictory charactpri;tlcs of randomness and structure
: ' AT
into account in such a way as to provide a simple repre-

sentation of the spatial variability. This can be athieved .

with the probabalistic language of Random Functions.:

Random Vari;bl;s_and‘Functions

-

K, !

A random yariable (RV) is one that can take a certain

| ) a—

number of values with a certain law of probability. For

e - “
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example, the result of one throw of an unbiaséd~d1e is a
random variable that can take six values (1-6),'eéch with
an equal probability (1/6). If a particular throw gave the
result(S, then 5 would be one partlcul?r reallzation of the’
random vafiqble "result of throwing the die".

Similarly, an ore grade y(xq) = 0.5 oz. Au at a
precise point xq is a particular reaflzation of a random
variable y{(xq), positioned at point x1. Consequently, the
group of grades y(x4), for all points within a given , ~
deposit (x ¢ Deposit), ie. x?e regionalized variable y(x),
is~one_particular.réallzation of the set of all the random
variab{gs y{x)1, x¢ DEposit, This infinlte set of random *~

variablés is called a Random Functlon - denoted Y(x).

. The exptesQion "random function® cbntalns the double R

aspect of a_éeglonélized variable: focally y{x1) is a .
random varlable; but Y(x) is a random function; ie. the two
random variables y(xi) ana y(x1 + h) are linked by correl-
ation (the fnnction). . - .

‘Hypotheslis of Stationarity
Thus a regionalized variable 1is interpréted as one
particular realization y(x) of a certain randon_}unction
Y(x). However, the knowlgdge of one reallzitlon;}iaited to
a certain discrete'sample set (le. the number of &rlll
//Ltles) does not permit the determination of a ﬁrobability

lav of Y1x). In the same manner that many more than one

L]
N @
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throw of our unbiased die would be necessary to deduce the

.
g

& . 4 .. v M
‘prqyablsity law, we would need several realizations yi1(x),

- -

¥2(x), y3{x) ... etc., of our fandén fuﬁctlon Q(x) to infer
the law. In most situations, particularly in niﬁing apﬁll-
«cations, there is only a single limited realization - the
ac;ual set of sample data for example. " The cost of obtain-
ing even a secoh&-realizétion - fe. a totalf?’different-
sample set, normally precludes ft#‘achievement. This very
real problem is circumvented through the Hypotﬁegis of
Stationarity.'

In practice, even if only over a certaineregion, tﬁ;
Rev under study can very often be considered as gomogenous,
ie. repeating itself in space. This homogeneity or
repetition provides the equlvalént of many realizations of

.the same random function Y(x) and permits a certain amount

Qf statistical inference.

Intrinsic Hypothesis | ‘ ‘
Geostatistics requires a weaker hypothesis. Interest
is not focussed on the values of the random variables y(x)

and y(x + h), but only on their diffe;eﬁces [y(x) - y(x.y

L :
- h)] and it is the stationarity of these ‘increments that

§eostat£stics requires. Thus, two pai;qtof’data [y(xy) -

y(x1 + h)] and [y(x2 + h)] are considered as two different

1 3

realizat;onﬁ of the same random increment [y(x) - y(x +

h)]. This stationary hypothesis, limited to the incre-

LI
n 4
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ments, is called the Intrinsic Hypothesis. "

"

The ar;ogranhfuncgjbn Tn geostatistics is defined as
the s d-order moment (tné variance) of the increment

[Z(x). - Z{(x + h)], and is written as

T2 (x, h) = Var-L(xi - Z(x + h)

In general, the variogran 2'(x, h) is a function of

-

" both the point (x) and the vector h that sepanatps (x) from

(x +.h). Thus, ‘the ;stination of this varlogran would

[ ]

require several different realizations of the palr of

randon vari bles [Z(x), Z(x + h)]. In practice, “at least

“in mlning applications, only cne such realization is

available, the actual neasured pair of valuss’tie. hssays)e
af noints x and x + h. This problem is overcome through

the assunption of the Intrinsic Hypothesis discussed prev1~
ously. Under this assumption, the variogran function 2y (x,
h) denends only on the separ?tion vec;or ] (nodulus and ‘

directlon).énd not on the location of point x. It is then'

'possible to. estimate the varlogran 2Y(h) from the available

data. The estimator ZY*(h) As defined as the arithmetic
mean of .the squared differences between experinental

measures at any two points separated by theé

-~

vector . For each ; and 1 |: N
1 [ ' C
2Y(h) =NhY J 1 = 1 F2(xq) - 2(xg + W)12 . T 3
l . i ' - £ oA .

~
N
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In practrce, it is usual to plot the function as a
gr;ph‘of Y versus | |. This function is equal to.one-half
of the variogram function and ;Q'terned the semi-variodqan.

In the definltion,of‘thedeeni-eariggren Y{(h), h
represents a vector of ncdulus.lhl and*\irectlcnnu For a
given o, a sen.t-var!.ogram begins at Y(ﬁ = 0 ;nd increases
in general with the modulus.] ' " This is sinply an expreij
sion of the.fact‘that, on average, the difference betneen
two values measured at two polnte increases as the
distance l I between then increases. The manner in which
this seipl- variogram increases for small values of | l
characterizes the degree of spatial continuity of the

variable studies.

‘x,; Often; the semi ~-variogram stops increasing beyond a

D e SN

R certaln distance and becomes more or less stable around a !
. 1imit value called a "sill" value. . The distance a beyond
‘which y(h) remains stable 1scthe range and-dt'represents a
transition }roe.the.stgfe in which spatial’ correlation
exlsts (lh‘ia). When such a sill exists, the eill value C
is equal to the nornel sample variance of the distribution.

Thus the semi-variogram may be viewed as a quantifie;
summary of all the available structural information which

can then be used' in resource and reserve estiuation proced--

ures, : . !
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Theoretical Senivariogram-"oﬂeﬁs' St

The experinental semivarfbgram is a data summary

-

technique describlng the behaviour of a variable in 3d

14

space. Conclusions must be ptoduced‘ty a process of infer-q

ence. This process is analogous to constructlng a histo-

gram from a set of sample values, and JLthen inferring from

'n

the histogram a theoretical distrLbutgon for the entIre

L]
L4 A <
-

p?pulatibn represented by the sample ;;t; Thus; experi-

mental semivariograms must be related to some theoretical ':

PIRY

" model if conclusions are to be made,

There are only a few simplistic models for a
theoretical semivariogram. These divldefjnfo two groups,.
those in which the semivariograme?h) Increases with

distahce h and those that increase , at firsf and then tend

tg leuel.off at a constant value of Y. The latter are sald.

to have a 5111, usually denoted by C.

-

of the models without a sil}, the most frequently used

is the linear model. Thi; is simply a straight line pass- .

'1d§ through the origin of the graph and is defined by its

slope p. A generalization of this model exists in which

the value of Y Is reLated to the distance h ralsed to some

. power A that lies between zero and 2.

There are three nodels that, possess a sdll. The‘two

most'cénnonly used are the spherical and the exponential

.model.. Both nodels are vlrtually linear fot small values

of ‘h, but the slope at the lin) is different. fThe

295
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epherical model rises rapidly, then'gradually curves until

it reaches a-sill (¢) beyond a.certain distance. This

- . « -

distance, generally denoted by a, is the range. The expon-
ential model 1s elso defined by tdebe two parameters (sill

and range), bdt it rises ﬁore"slewly tﬁan the sphericql

‘e "model and nerr qdite reaches its _sill. The other model
- - with & slll does not behave llnéarly near the origin but s

\ parabolic. It . takes ‘the same shape as the spherical uodel

in that it rises steeply toward the 3111 _but 1t~reaches' :

<

L

the sill in a smooth curve, rather than with the definitive .

- . break of the spherical model. o - -

Ta “ El

< ' : One other model element Qf note, particulariy 1n*geo&

statistical study of gold-bearing deposits, is termed the'
-

} — nugget effect.) In gold-bearing deposits this’ is due to
large differances in grades in two samples that are very
close together when one of them contalns grains or L

»

"nuggets" of gold and the other does not. A nugget effect

ot TR YT
-

appears on the semivariogram as an apparent discontinulty

’

at the origin of amplitude Co, which 1s termed the nuéqet_

constant.

rd
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APPENDIX D ~ ‘

'FORTRAN IV PROGRAM LISTINGS
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h 1
C PROGRAM ENTRY,FOR
¢ N -
¢ A DATA ENTRY PROGRAM WHICH CREATES INDIVIDUAL FILFS
¢ OF «CHEMICAL DATA FRUM »HOLE ROCK ANALYSES FOR ‘USE
C »ITH COMPANION CHEMICAL MASS BALANCE PROGRAM nUCK1,FPOR
’ c i : i . T .
. c ° - : "
c .
¢ THIS VERSION BY G,P,wATSON, UNIVERSITY OF WESTERN UNT,, 1943,
. c‘ * ‘a .
Y C
. A POUBLE PRECISIUN FILOUT,SAMPLE
. v . INTEGER NAME(S50) ' . T :
_ kAL VALUE(SY) . o o
DATA VALUE/SV0®0,/ v iy
"DATA NAMEZ’S102°,°T1Q2°, ‘leOJ' *rg203°, -uuu' 'ngo'
1 * eCAU’,¥K20°, 'quu' *pUS°, 'uoxf.'coz’ *5°,7Au%, PAG, LLY,
2 *BE’, ouo 'F' 'Cb' 7‘30 033* Oscl 'V' ’CR' ’CO' vplv 'CU'
.3 PN, 'nu' 'su- *ne, 'ac' ’950 ’TH‘ 'nl' 'su' '1'
‘4 PZR*; B, °CLY, 'aA',soc -
rype "100,
C N ‘
c ) - * +
! ¢ THME PRUGRAM: KEWUIRES A NAME FOR THE DATA FILE THAT WILL
1 ¢ CUNTAIv Wk ANMALYTICAL DATA=eNAME UP [U 6 cunuacrtns wITH
c UPTIONAL 3 CHARACIEF EXTENSIOWN,
r €
c » .
100 FURMAT(/® ENTER THE NAML OF THE rxye TO BE CREATEDY *,8) !
ACCLPT 101,FILOLT
101 runnuwtnxoy 2
! OPEN(UNIT®2,F1LESF [LOUT) ' N
i 2000 Inpmo B .
¢ - I1PE 999 _ _ v -
c R
c . ..
.C Vo .
C SAMPLE NUMBER CAN BE UP 1y 10 CHARACTERS
¢ . t -
. c . N , .
999 FORMAT(///,° ENTER THE . SAMPL& NUMBER 1 ".8) :
ACCEPT 994,SAMPLE
999 tUhMAT(AIO) .
. 1YPE 190V . :
c “ ) '
. C' _ . .
C "
¢ ANALYTICAL DATA IS5 ENTERED FREE FURMAT -
c .
c : . ,
c 1k ANY ELEMENTS NUT DETERMINEVD IN ANALYSIS,ENTER 0,0 VALUE,
c
» c \ . ‘ H
1000 « FURMAT(///,° PULASI ENTER THE AIALYTICAL RESULT FOR cacn',o
r * ELLMENT?,/) .
; ' 1 CUNTINUVE . . )
: " ANDEENU L ' ' . )
) IF(NAME(IND) EW,* *) GU TO 10 '
r .
kY

L




naonnaonan

1610,

10

1030

1082
1080

-
-]
(7 ]
[

1000

1001
990
1071

1080

-

Y

TYPE 1030,NAME(IND) , - .
FURMAT(® °)A5,3X,8) " .
~ACCEPT #¢VALUE(IND)

G0 TO A, ’

CUNTINUE

I¥PE 1030 : -
FURMAT(/® SPEC, GRAV = 7%¢8) I
ACCEPT #,8PC

INDEIND=] B

PRINT 1052,8AMPLE - .
FORMAT(SX,A10)

PRINT 1050, (NAME(I), VALUB(L),L181,1IND)

FORMATC® “sAS5,5X,F10,3) .

PRINT 10%1,8PG ' :
FURMAT(® 8PEC, GnAv.'Jx.FIO.J) :

LN

THE PRUGRAM walLL ASK IF USER IS SATISFIED DAIA
15 CORRECT A3 VISPLAYED, ,

1K DATA I8 NOT CORRECT ANSWER NO (N) AND BEGLN AGAIN

1YpE 1060

PURMAT(/® 1S TH1S DATA CURRECT (Y¥/N)-2°%,8) .
ACCEPT 10631,1ANS : U
FURMAT(AL) .

IF(IANS EU "'NT) GU TO 2000

WRITE(2,990) SAMPLE .
FUKMAT(1X,A10) '
oR{IE(2pA071 ) (VALUE(T), Lol 10D) .
wHITE(2,1071)SPG -
BURMAT(F10,43) )

CLOSE(UNIT=2)

PKINT 1.0¥0,FILOVT

FUKMAT(/? DATA FILE wRITTEN ON DISK FILEs *,A10)
ST0P

END . [

e
: [‘\“
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300
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PROGRAR ROCK1

"

(] o
C : ‘ : . .
g - qukgxiagkvsggigu OF CHENICAL MA88 BALANCE PRUGRAM FOR
c - , .
c THIS PROGRAM WILL ONLY DEAL WiITK DATA FILES
c - PREVIQUSLY CREATED BY PROGRAM ENTRY,FOR
C . ' :
g 2
¢ THIS VERSION BY G(P,wATSON; UNIVERSITY OF WESTERN ONT,,1983
¢ o
_ DOUBLE PRECISION PARFIL,PROFLL,PAR,PROD,FILOUT
INTEGER NAME(S50) . .
REAL PARENT(50),PROPCT(50),FV(50),GAL(50),POP(50) .
LUGICAL NU(S0) i - -
DATA PARENT/S0#0,/,PRODCT/S50%0,/ ‘
DATA NAME/°S102°,°TI02°,°AL203°, °FEQ03°, N0, *MGO"*, °
2 "CAU' 'KZD' ‘NA:D' lpzos’ 'LOl. Ocozl O.l OAut OAGO ‘Ll'
3 - "BE%,"B’,°F’)’CL","AS’ ‘SB' *8Ce,*V?,°CR?, °CO?, *NI°, cu’, ezNe
4 +"MO%, 'su' 'u- +2HG?, °PB?, 'rn' 'Ra' 'sa' '!'
L) 'za' 'naw 'GD' QA" , 89 '/
100 TYPE 900 P : '
900 . FURMAT(/? ENTER NAME OF THE PARENT ROCK DATA FILE t *,3)
ACCEVT 901 ,PARFIL
903 FORMAT (A10) ' .
TIPE 9v2 - .
902, FURMAT (/° ENTEN TﬂE NAME or rus vaonucr BOCK DATA FILE 3 */»8)
ACCEPT 903,PROFIL
903 FORMAT (AL10) -, ¢
c
c . L ]
¢ THE PROGRAM WILL CREATE AN UUTPUT FILE CUNTAINING
c ORJGINAL PARENT/PRODUCT ANALYTICAL DATA AND RESULTS
¢ Of ALL THE FOLLUWING caucvyt:tons
¢
(o ) .
‘ rrpz 904 .
904 FORMAT (/° ENTER THE NAME UF QUTPUT FILE 1° 1))
ACCEPT 995,FILOUT
908 FORMAT (A10)
. GPEN (UN1T®2,FILERPARFIL) ’
OPEN (UNITe3,FILESPROFIL) >
_OPEN (UNIT:Q.FIL(IFIbOUT) S
‘READ(20802)PAR .
802 FURMAT (3X,A10) ’ . i
" 2 REAP(3,904)PROD
004 LFORMAT (1X,A30)
, WRITC(4,13009). y .
T 1009 FORMAT(® 7,20X,° PARENT “,11X,’ PRODUCT °*,7//)
wHITE(4,101G)PAR,PROD . *
¥tpE 1009 ..
T¥PE 1010,PAR,PROD
© Anpao 3
% CuNTINVE o
INpwIND®L . o ’ .
JP(NAME(IND) £Q,° ®) GO 10 10 ‘ .
’ . f&'. ‘ ’
4



1010

1020
1011

10

1030
1012

3Q1]

FURMATC® *920XsA10,33XpA10,7//)

READ (2,1020) PARENT(IND)

READ (3/1020) PROPCT(IND) ’ ’
FORMAT(F)

-hRITl(4olOll)lAHl(!ND)oPARBNT(IND)rP§ODCT(INDJ

FORMAT(® “oAS,10X,F12,3%80X,712,3)

TP 1011.unn:(xuo).rnntl1(1n0§yagoocr(xno)

GU TO 1 - .

CUNTINUE

READ(2,1030)8GPAR

READ(3,1030)8GPRD . -

FORMAT(F) .

wRITe (Qp!OIZJSGPAR.SGRBD .
FURMATC//® *,°3PEC, GRAV,®,4X,F12,3,10X,F12,1)
TWE 1012.scvaaoscvao

c...‘.CAbCULaTS THE VOUPHE FACTORS 000 ¢

1045

1059
20
40-
1060

4070

wRITEC(4,1048)

FURMATC(//,® VOLUHE FACTOR@"/)

TYPE 1045

INDRIND=}

LO 20 [=1,IND

IF (PARENT(1),E4W,0,0) PARENI(I).O 001

IF (PROOCT(I) iy 0.,0) NO(L)m, fRUE.

EF (NO(1)) GO TO 29
FY(1)8(PARENS(I)/PRODCT(I))*(SGPAR/SGPRD)
wRITE(S,10S50)INAME(L),FV(I)

FURMAT(® *,A5,F16,9) ' . -,
T(PE 1050,NAME(L),FV(I) . .t
CONTINVE

CUNTINVE

Trpe 1060

FURMAT(//,* PLEASE GIVE VOLUME FACTOR ((CRTL) 2 rn STQP) *,8)
HEAD (5, 1070,ENDEmY99)FVC
FURMAT(F) e

€00 sCALCULATE THE GAINS AND LUSSESeeess. )

1071

1073

WRITE(4,1073)FVC

FURMAT(/’FOR A VOLUME FACTUR uFy ‘rlo.hn ’
WRITE(4,1078)

FURMAT(//7,° GAINS AND LU&S:&'.I) ‘

TYIPE 1078 - -

WU 50 [s3,IND

Ik (NO(1)) GO TO S0 -
gp(;)-(rvcoscvanornuocr(x)/39PAR)-PARsur(1)

wHITE( 4, 1080INARE(L),GAL(T)

FIPE 1050,NAMEC]),GAL(L) /

CUNTINVE

. %0
CevsseCALCULATE THE PENCENT OF PARENT,,,

1090

wRITE(4,1090)

EURMAT(//)* PERCENT OF PARENT®,/)
TIPE 1090 .
LU by [®),IND

IF (NOCX)) GO TO 60
POP(LYmGAL(L)®100,/PARENT(I)
PUP(1)eABS(POP(1))
WRITE(4+1050)INAME (L) ,POP(T)

TIPE 1osoo“AN¢(x).Pov(x)

CUNTINVE

GO TO 40

TYPE 99,FLLOUT

.
. -
3 . . . -

FORMAT(///° DATA WRITTEN ON FILEYI *,A10) a “
CALL EXIT '

[ {7] ' : } .




PROGRAM HISTO '
l& 6 ~

AN INTERACTIVE PROGRAM DESIGNED TU SELECT DATA FROM
INPUT FILE (FILIN) CALCULATE AVERAGE, VARIANCE,

_ CUEFFICIENT OF VARIATION,MARIMUM AND MINIMUN VALUES OF
THE GIVEN POPULKTION Aqututu annr A ﬂllrocnhu,

THIS VERSION ADAPTED FOR USE wITH FILES CREATED BY
CUMPANION PRUGRAM CUMPO3,r10, .
THE FOLLOWING VARIABLLS wiLlL BE USED:

FILIN s NAME UF INPUT FILE

NVAR = NUMBER OF VARIABLES ON EACH LINE OF INPUT FILE |
NHIST ® -NUMBER OF HISTOGRAMS REQUIRED ™

IX(I) = & OF VARIABLE(S) TO"BE USED IN HISTUGRANCC)
LAB(1) = NAME(S) ASS8IGNED YO VARIABLE(S)

DTEST(I)s LOwER LIMIT FOR VARIABLA(S)
CHAN 8 VALUE Of FIXED CHANNEL WIDTH (OPTIONAL)

© PROGRAM WILL ASSIGN CHANNEL WIDTH BY DEFAULT:

NK 8 NUMBEK UF SURTING VARIABLES (OPTIONAL)
KEY(IK) @& 8 UF VARIABLE(8) USBD TO SORT DATA
LUw(IK) s LOWER LIMIT QF SORTING VARIABLE(S)

UP(IK) @ UPPER LIMIT UF SORTING VARIABLE(S)

....PROGR‘H HAS OPTIUNAL LOG=TRANSFORMATION OF DITI.......

OURIGINAL PROGRAM PRUVIDEDL BY R,FRUIDEVEAUX

MUDIFIND BY G,P,wATSOM, DEPT, GEOLOGY ,Uw0,

Y

ONOODHOHNOHOHODNDOHDONOODNOHANNOOOONNND

; aimension 2(2%),x(9500),5vec(91)/KAN(300)
s ' \ DIMENSION PM(7),IX($0),LAB(25,2),1Fn(80)
' DIMENSLON xzxtzs).uP(zSJ.nrtar(sz UTEST(25)
INTEGER TITLE(90)
DUUBLE PRECISION FILIN,FILOUT
REAL LUW(2S)
100 PRINT $00
- $00 FURMAT(® ENTER TITLE®)
ACCEPT 290,TITLE
PRINT $01
$01 FURMAT(/? ENTER NAME OF INPUT DATA FILES *98)
BCCEPT S02,FILIN .
502 FURMAT(AL0)
OPEN (uuxrsz,iluclrxbxn)
PRINT 499
499 FURMAT(/® ENTER NAME OF ourvur FILE *,/ , ’ ‘
17 (WETH EXTENSION «DAT)} %) Vo
i ACCEPT 902,FILUUT
~ OPLN (UNITw3,FilgeriLovr) - S
7 PRINT %03
303 FURMAT(/* ENTER -NB- or VARIABLES ON rlbtt *8)
ACCEPT 3504,NVAR
304 * FUORMAT(1S)
1 140 CUNTINUE
PRINT 308 ' .
508 FORMATC/® HOW MANY uxaranAnar ’l)
ACCEPT SOQ.INIIT :




o

*

304

. 908

10
$09

S10

13

S11 .

812

i1

$13

S14
412

$1s

S1e

.l’

113

130

400

404

' 303

PRINT SO0

FTORMAT(/® ENTER VAR NUMBERS °,/

1 ¢ >(ALL ON ONE LINE, SEPARATED BY COMNAS): °8)
ACCEPT #,(IX(1),Iny, nfl!)

- PRINT Soi..-.

FURMAT(7’ ENTER NAME OF EACH vAnxasp: (MAX, 1V CHAR,),

170NE PER LINE’)

DO 10 Iwi,mNHIST -

Sctvre}oepbAotx.1).&AB(I.2)

RMATC

PRINT . 510

FORMAT(/? ENTER LOWER AND UPPER LUWER LIMITS FOR EACH VARIABLE®/

1Y ONE SET OF LIMITS PER LINE, EACH SEPARATED Y COMMAS?)

DO 1S Im|,NHIST .

ACCEPT »,0TEST(1), Utzst(xi g

PRINT S11 ! «
FORMAT(/* D0 YOU wANT TO Loc-raanaroau THE DATA (Y/N) P *3)

ACCEPT 512,IANS -

FORMATCAL) ) .
‘IF (LANS,NE,°Y") GU IO 111}

DO 5 [®1,NdI8T A $
DIEST(I)-AHAXI(DTEST(I) 0,00001) .
CONTINUE

PRINT 513 T T

FURMAT(/® DO YUU WANT TO FIX THE CHANNEL WIDTH CY/N) ? °,8)

ACCEPT 512,1ANS2 - .

LF (IANS2.NE.*Y?) GU TO 112 °

PRINT S14

- PURMAT(/® ENTER wlDTHI *48) ” A

ACCEPT #,CHAN
CONTINUE

PRINT 418

PURMAT(/® nOw MANY BURTING VARIABLES 2 °s)

ACCEPT »,nNK .

1¥ (NK.LE.O) GQ TO 113

PRINT 510

FURMAT(/* ENTER VAR 8, LOWER AND UPPER LIMITS FOR EACH SDRT;NG *
1 /+° VARIABLE, ONE BET PER bluto EACH NUMBER SEPARATED BY 7,

1° A CUMMA®)

VO 17 [Ke1,NK

AGCEPT #,KEY(IK),LOW(IK),UP(IR)
CONTENUE

DU+220 IHE1,NNIST

AMINEY ,0E3S

AMAASeXMIN

SAsU,

SA2m0,

KMA XSO

VU 130 Is1,150

RAN(L)®Y

NBY

RLAD(2,¢400,ENDEZ) PM
FURMAT(AG,4X,5F12,3,F10,0)
NOmPM(])

LU 3§ [s),n8D

RRLAD(Z,401) (ztu).anx.nvaa)
funnkr(lvrlz.l)

16 (MK LE,0) GU TO 119

Vo 4 xK'x.”K .. Bted




-

135

160

200

r3y)
220

IF (2(KEY(IK)) LT, LOW(IK) OR,Z(KEX(IK)), G:.ua(lx)) G0 10-3 -
CUNTINVE
CONTINUL
vaz(Ix(in)) ‘
ir (V, LT, OTEST(IN),0R,V Gt.gr:lrtlu)) GO 10 3 .
1P (IANS,EU,°Y°) VEALOG(Y)
NaNel Y ' RN
A(N)aV ‘ ,
SXeSX+X(N} '
SX288X24X(N)#X(N) '
XMAXSAMAXL (XMAX,X(N))
. RMINBAMINL(XMIN,X(N))
CONTINUE '
GO TO )
AnNgN »
TYPE 101, XN Ly .
PURMAT(/® AT 2 XN8°,F12,3) ,
VARSSX2e8X08X/XN  ° ' ' *
ABARESK/ XN : ,
VARBVAR/ (XNel,0) ¢
—~ CUEFBSURT(VAR/(XBAR#XBAR))
1F (IANS2,E@,°Y%) GO TO 138 s s s
CHANB(XMAX®XMIN)/(10,#ALOGLIVUCXN))
EmioesINT(=ALOGIQ(CHAN)*S)
CHANSINT (CHANGF 0 ,5) /F ‘ ‘
CUNTINUE ~ _ . .
XINFRINT (XMIN/CHAN)®CHAN
LE(XINFLT,0) AINFESXINFwCHAN
XSUPB(INT(XMAX/CHAN) +1 ) #CHAN
NINTERS (XSWPeXINF)/CHANSL
0U 1o0 Isi,N
IFLAGR(X(I)eXINP ) /CHANSL .
RANCIFUAG)BKANLIFLAG) +1
AMAXBMAXQ(KMAX,KANCIFLAG))
CunTINUE
lopvarMAX/St+l
wRITE(3,230) TITLE
WRITEC3,260) LABCIH,1),0AB(LNH,2)
I¥ (LAND.EQ,’Y") WRITE(3,320) + -
WBITE(3,250) XBAR,VAR,COEF ,XMLN,XMAX,N
arITET Iy 260) )
Cum=0,0 * ~
D6 200 Jmi,51 - -
1VeC(J)=iHe !
CUNTINUE
00 210 La3,NINTER
LFLAGaKANCL)Z7IDLY
L (IFLAG,EW,0,AND KANCI) ,GT,0) IFLAGSY
XL1Ma(Le) ) *CHANCXINF
I¢f (ABS(XLIM) LT ,0,0001) XLim®o,
Ptal(fLOAt(KAN(IJ)IXNJCIO0.0
CUMBCUM+PER
AF (IFUAG,EQ,04) WRITE(3,270) KANCI)/PER,CUM,ALIM
IF (LFULAG(NE,0) WRITE(3,270) KAN(I),PER,CUM,RLIN, ‘
1 (xvsc(K).xnt.xrbAG) o
CuntinvE . )
REWIND 2 )
CUNTINUE
WRITE(I,209)
PRINT 83v




820
» ’?1 .

321
600
230

240
359

260
270-
ri D)
290

320

FOURMAT(/® DO YOU WANT TU DO ANOTHER RUN T (Y/N),8) .
ACCEPT S12,1ANS" .

IF CIAN3,NE,°Y’) GO TO 221

PRINT S21

FORMATC/* UBING THE SAME FILE T (X/N)%,8)

aCceEPY s;z.t&ua

IF CIand te,’Y?) GO 10 110 .

Ir (luul.nt.'!¢$ GO TO 100

CONTINUE

PHINT 900,FILOUT .

FORMATC/¢ NISTOGRAMS ON FILE °,Al10) .
stop

FORMAT(20A4)

FURMAT(//7/721X,*SAMPLE STATISTICS FOR *,2AS)
iunnlr(/lzxx.'AV:RAGE'.zsx.bxs.blzxxa'VARIANCI’.zzxocxs 731X,
3 °COEF, OF VARIATION®,13X,G)8.6/°

1 21K, "MINIMUM®,23X,G15,6/21K) "MAXINUMY,23X,G15,0,

1 /7,214,°NB OF SAMPLES?,17X,110/77),
FURHAT(Soxg'CHAﬁNEL’I'2IX.’FR£0. 'sx.'a'.GX.'cun. a'.sx,

1 PLUNER?, /50X, °LIMIT*/7)

'UR"AT(ZQK.I’.Z(SK,FO 2),31'615:002"50‘1)

FURMATC1n1)

FURMAT(O0AL)

FURMATCLHL, 20X, *PROJVECT & *»8UAL)
tuannr(nnf.szx.'(LOGTRAusronn;o DATA?)

END " .

"
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8000 FURMATIALY)

PROGRAM DRILL

AN INTERACTIVE PRUGRAM THAT wlll CRIAT‘ DATA FlLES FROH
DIAMUND DRILL WOLE LOGS,

-

INTEGER DMN,R(40),ANS

REAL I1C(40),1F(480),0¢40), NRO".I&:DP.AZOI"(‘OJ01'(4030
1 IV(40), xun(§0),1:8(oo).l:b(io).cosor

DUUBLE PRECISION UFILE,RFILE

THE FOLLOWING VARIABLES wIllL BE USED IN THE PROGRANMI

PHN = DRILL HOLE NUMBER
NR ® NORTH

ES = BAST .

EL * ELEVATION

AZ = AZIMuTH .-
DP = INCLINATION '

THE FULLOWING ARRAYS HOLD THE INFURMATION cbuc:aupwc EACH xurtusccrlou
Il «BLGINNING UF THE INTERSECTION

If = €MD OF THE INTERSECTION

U e THE ASSAY VALUE

R o THE NOCK' TYPE (DESIGNATED BY A 3 CHARACTER CODL)

IM = THE MIOPOINT OF THME INTERSECTION .

la @ WwiDTH UF THE INTERSECTIUN *

IV = wiDTH XK ASSAY VALUE

INR o NORIHING OF THE INTERSECTION

L€S « EASIIwG OF THE INTERSECION

IEL o ELEVATION .OF. THE INTERSECTION

N o THE NUMSER OF INTERSECTIONS - -
CUSOP = WULOS THE COB(ABSULUTE VALUE OF_0P)

PROGRAM wRITeS A REPOKT OF CALCULATLONS OoN ‘A Flbl NAMED

BY IME USER (RFILE)

ROGRAM wRITES THE CALCULATIONS TU A FILE NAMED sx THE U1SER (OFILK)
ROGHAM ALLO#S UP TO 30 INTERSECTIONS FUR EACH DRILL HOLE )
PROGHAM #RITTEMN BY D,GOLOSTRIN, UwO COMPUTING CENTER FOR

G.P,mALSON , DEPT, G;uuUG« Uw0

TYPE 9000

. FURMATC(® OUTPUT DATA TO FIiLe NAME?"/' (UP TO © CHAR, NARE ","°,
1 * 3 CHAR EXTENSLION) $°,8)
ACCEPT 8900, OFILE

’

UPEN(UNITII,FILEIUFILI)

_ 1IPE 9008
9005 ~ FURMAT(/® QUTPUT REPORT TO FILE NAME? °8)
ACCLPT ¥000,RFILE ’
OPeN(UNITS2,FILERRFILE) - T .
C . ’
10 CONTIMNUE
~
TYPE 9010 "

9010 FURMAT(® INPUT DRILL Lﬁ?ORhAIlOl’p/' ODRILL HOLE NUMBERS®,8)

ACCEPT 4010,DHN -1 .

i

306

L



so0t0
9020

9030
8020
2040
8040
9056
. 9080
9060
9060
- our0

- 9080
8080
-9Q90

9100

9140

8110
. €

91720
$120

FORMAT(IS) .

TIPE 9020 °* .
‘FURMAT(® NORTHI®,8)
ACCEPT 8020,NR

TYPE, 9030

FORMAT(® CASTI®.0)
ALCEPT 8020,E8
FORMAT(F?,1) «
TIPE 9040

FURMAT(® tb:vattoua 8
ACCEPT 9040,EL .
FORMAT(PS5,0)

TYPE B0SO -
FURNAT(® AZIMUTH3® ,s)
ACCEPT 9030,A2
FORMAT(FO,2)

TEPE 9060

FURMAT(® 1ucu1ﬁntxuu:'.3)

ACCEPT 8006D,0DP
EORMAT(FI,0) -
_TYPE 9070

-

.

FURMAT(/I.’ LNPUT THE INTER&ECTIDNS')

Nag *
“CONTINUE
n-uot

LF (N,GT,40) GO TO S00
TIPE "90800 - !

-

FORMAT(® BEGINNING OF THE INFERSECTLUNl '8}

.3 ACCEPT 8080,11(N)

FORMAT(FO,2)
1YPE 90YY

FURMAT(® END OF THE xurzasscrxunz '8)

ACCEPT BOBO,1IF(N)
TYPE 91v0

FURMAT(® ASSAY VALUEI’U.)

ACCEPT 80%0,0(N)

TYPE 9110

PURMAT(® ROCK TYPL3® o8)
ACCEPT 8110,R(N)
FURMAT(AJ)

TYPE 9120

FURMAT(/,* ARE THERL MORE INrtnaECTIONSr (Y OK N)E®oss)

ACCEPT B120,ANS
FURMAT(ALS

IF (ANS,E9,°Y° ) GO TO 200

¢
c cutcs INTERSECTION DATA .

€
9700.

’

. 9710

.

TYPL 970°'DHN,NR'ESQELrAZQDP °

FUKHAT(II.

pnlbb HULE!?

,19,4X, *NORTHS ",F7.1,4X,

CEASTS PP, ),

1’ /oﬂﬁp'tb;VlTIUH' 'QFQ.O.‘xO'AZIFUTﬂl 'orb.Zon.'lICbllATZOﬁl ’

1 F4,0)
. TYPE 9710

ruanartll.sx.'xuruasnc110~',sx;fsucxnnxnc'.lxo':un'.cxc’hllll'

-1 8X,°TEIPE?)
DU 250 LIsi,N

TYPE 912001511(l)al'(l)OO(lloNC!J ,. -

. Py

-l



©

. .
< »

9720 runnartxox.xz.1&x,r1.2.7x.r1.z.sx.r7.z.lx.as) °
250 CONTINUVE
TYPE 9730
9130 FURMAT(/,° DATA OKAYY (Y OR N)t'ol)
. ACCEPT 8730,ANS
8730 FORMAT(AL)
IF (ANS,EQ,’Y°) GO TO 290

, TYPE 9740 °

9740  FURMAT(/,* DRILL HOLE INFORMATION AND INTERSECTION DATA NUT?, .
1 ¢ aRITTEN TO THE FILE OR REPURT®,/,° CONTINDL INPUTTING DATA®,//)
GU TO 10

c

C START CALCULATIUNS

¢ . - - * -

200 CUNTLINUE X .
CUSDPECOSD (ABS(DP))

Ul 300 Isi,N
1~(1)-(xxtx) e IFC13)72,0 -
le(I)alF(l) = L1(1)
IveLl)mln(l) & O(I)

T INRCI)SNR ¢ (IM(I) # COSDP # COSD(AZ)) '
L1ESC(E)HAES ¢ (IM(I) ® COSOP * BIND(AZ)) .

. LCI)SEL « (IM(L) # SIND(OP))
300 - UNTINUR

C
€ OUTPUT THE REPORT AND THE DATA FILE

c -

nRITE(2,9500)

9500 . FURMATC1H1,//43X, ORILL HOLE®,0X,"AZIMUTH®,4X, *INCLINATION®,SX,
1 *NURTH®, 11Ky "EAST® 10K, "ELEVATIUN® )/, 4X, *NUMBER®,///) |
WRITE(2,9310) OHN,AZ,DP,NR,ESVEL —

9%10 - PURMM’(SMISoNx.rb.z,1&!-'4.0,0)(.1"0.2.0X.FB.ZJX,I‘S.O)
wriTe(2,9540)
9520 EUkﬂAT(II"SX,'NORTHING'.BX;'lA&leG',lX,‘ILIVATION',DX"HlDTN’
1 17X,°WIDTH?,/, 1x,’1ursnssctlou'.3sx,'or'.1AX,'0r'.14x.'or'
14X, °0F*%,9%,
PASSAY® 0Ky °K”, 0Ky "RUCK®,/, 10X, “NUMBER ;27X " INTERSECTION?,
jl,'lNTERSSCTION',GXp'INT&R&CCTION',4X,'lNTlRSkCTION‘.QlO -
) 'vnnuu'.tx.'Adsux'.4x.*rtis’.///) ~
¢ ' 7
VU 400 Iei,N L
 ARITE(209530) L INRCL),IES(L)LEL(T)oIn(1),0(1),IVCE),R(L) T
9830 ,° FURMAT(12X,12,31X,FB,2,9X,F8,2,0X,F8,2,0X,F8,4,6X,F5,2,3X,
1 FTe3/4%,A3,/)

.
- g

RITEC)09540) INR(ID IES(I)oLEL(L) EW(I)s0(I)eIV(T)R(L)
9840 {xunur(4(ra 2.2x).rs.2,2x.r1 J.zx.aa) -
400 CUMTLINVE . . T ~

c / . i
C ASK USER IF [HERE ARE ANY MORL DRILL HOLES TO ENTER?
o ) ‘ -
) TYPE 9600
9600 FURMAT(® ANY MORE ORILL WULES? (Y OR u)u e8)
: ACCEPT $600,ANS’
0600 FORMAT(AL) ”
1F JCANS EQ,°Y*) GU TO 10 :
c ’ . .
. CLOSE(UNITSZ) . . ot
CLOSE(UNITEY) , .
. PIPE 9620, RFILE,VUFILE .



9620

S0

FORMATC //° REPORT ON DISK FILE » ',Arq.//.
17¢ DATA FILE WRITTEN ON Dlll TILE = °*,A10)
sTOP ‘

TIPE $10

, FORMAT(® PROGRAM SET UP TO DEAL WITH Olb! 40 INTERSECTIONS PER’,

1" ¢ DRILL HOLE®/,® eeeeaMUST CRANGE PROGRAN ro ACCEPT MORE THAR®,
1 ¢ 40 INTERSECTIONS®)

CLOSE(UNITS®Y) -

CLOSE(UNITS2)

TYPE S20

FORMAT{//,° REPURT AND DATA FILE WRITTEN WITH ALL BUT LAST®,

i ¢ DRILL HOLE lnro:narzou-)

TYPE 9020 o hd

SToP
ENp
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PROGRAN COMPOS - ' : .
4 - ' N
_ . \ .

AN INTERACTIVE PROGRAM DESIGNED TU USE DATA FILES CREATED
8Y COMPANION PRUGRAR DRILL,10 FROM DIAMOND DRILL MOLE LOGS,

PROGRAM wILL CREATE A NEW FILE FOR CACH DRILL HOLE BY

ASSIGNING VALOES rOR LOCATIUN, GRADE, ROCK TYPL ETC, TO

S8LGMENTS OF FIXED LENGTH ( USER Dsrxuto ) ALONG rus DRILL HULE
FROM KNOWN VAuUto. . .

EACH NEW FILE (FILOUT) WILL FIRST RECORD LOCATOR INFORMATIUN

FOR THE CULLAR OF THE REAL DIAMOND ORILL MNOLE,

THIS 18 FULLOWED 8Y LISTING OF COMPOSITE SAMPLES WITH

CAnrssxAu _COOROLNATES,GRADE,RUCK TYPE AND INDICATOR VALUE FOR EACH,

FINAL UUTPUT Ni® NUMBER OF INTERVALS IN ORIGINAL LOG FLLE
N2® NUMBER OF CoAposiTE INTIRVADS IN NEW FILE o

- USER ASKED TU INPUT THE FOLLOWING INFORNATION §

FILIN @  NAME OF INPUT FILE CREATED PREVIOUSLY BY ORILL,F10
FILOUTs NAME . OF UUTPUT FILE 10 Be CREATED BY COMPOS,F10
H = DESIRED LENGTH OF CUMPOSITE SAMPLE
NVAR = NUMBER UF DESCRIPTOR VARIABLES PER xur:astcrxon IN .
. INPUT FILE

ORIGINAL VERSION SUPPLIED BY K,FRUIDEVEAUX
MODIFIED FUOR G,P,wATSUN, DEPT, GELLUGY , UWD, '

acuble precision eflout,HOLE,FILIN
dimension up(3000),down(3000),v(3000,5),T(6)
. TIPE 901
: ' 901 FURMAT(® NAME OF INPUT FILE? $1°/4)
e ACCEPT 801, FILIN .
$ot FURMAT(ALV)
type 990
900 gormat(® OUTPUT DATA T8 FILE WAME?’,® (UP TU & CHAR. NAME ",*¢,
#’ J CHAR EXTENBION)3’,8) ° y
ACCEPT 800,FILUUT .
900 FURMAT(ALO) v
OPEN(UNIT®Z,FILERr ILIN)
UPEN(UNITSL ,FILESFILOUT)
TIPE 910
. 910 FURMAT(/° ENTER CUMPUSTITS LENGTHS’,$)
I ACCEPT Ww10,H - .
810 FORMAT(F1S,5) )
- TIPE 940 -
920 FURMAT(/°® ENTER uunatn or VAﬂlAHbLll’l)
ACCEPT 820,NVAR
820 . FORMAT(ILV)
. NimO - : :
‘ndw0 ‘ ‘ :
- 100 COITINUt
c.....RsAB LOCATOR IAFORMATION FOR URLGINAL DRILL HOLL COLLAR, .4,

) C




QOONn D000

101

110

c
C

CooesoNRITE DDH COLLAR LOCATOR INFORMATION HEADER TO UUTPUT FILE,ee.
c o ‘ .

c

READ(2,401,CND®]130)HOLE,X,Y,Z,8, DOND
NiaNieND

Bu430=8

IF (8,6T,180,0) l.""@
PH1I00.0170533

‘LPHAI.'.Q‘T‘sil

NTa0

TOLAST®=9998999,

DO 110 Imi,ND

veseseREAD INFORNATION SET DESCRIBING ORIGINAL INTEHSECTIONS,,q0s

7

RLAD(2¢410)FROM,T0,(T(J)sJul NVAR)

veeeesTEST THAT INTERSECTIONS IN ORIGINAL FILE ARE CUNSECUTIVE,,s

1F (FRQM,LT,TOLAST) TYPE 600,HOLE

1F (FROM,LT,TOLAST) PRINT #», FROM,TOLAST
IF (1,LE.1,0R,FROM,EQ,TULAST) GO 70 10§
NTeNT+1 i

UP(NT)STOLAST

DUWN(NT)SFROM

DO | Ju3,NYAR

VI(NT,J)®0,

CUNTINUE . .
NTeNT+1 ' .

VP (NT)WFRUM

DUWN(NT)STQ

DU 2 Jm1,NVAR
VINT,J)aT(J)

TULASTaTO

CUNTINUE
Z1sINT(UR(1)/7A)OH .
ZLwCINT(DUWN(NT)/H) et ) on
NSm(ZL=ZT)/H

NZEBN24NS

-wRITE(1,300) HO_LE,X,!,Z.B,D. N_ﬁ

I18=}

DU- 3 Iilmy,ns

Z102T+(1Z=1)oH

LisZlieH ; ' .
PO 10 J!l,NVAR

T(J)=Q,
E'ANlNl(22000"“(101)-Aﬂhll(tloUP(IS))
DO § Jsi,NVAR

T(JINT(J)+EeV(18,J)

¥ (DOnN(IG).Gt.Z?) (o) TO 6

I18s18¢1

IF (I8,LE,NT) GU-TO 4

0O 7 JR1,NVAR

T(JINT(J)/N
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‘c\

Ce22an/2 T
. X0sX+C*COB (PRI ) *COSCALPHA) -
!0-!¢C'¢08(PHI)001N(ALPHA) ‘ .
zo-z-cOSIN(Pu!) : -

.

c o 3
Coess"RITE SET UF ASSIGNED DATA FOR ALL COMPOSITE INTERVALS T0 OUTPUT FILE,,
c . - . > R %

c
3
130

951

300
2300
409
$00
600

401
410

TIPE 951,FILOVT
FORMAT(//° DATA FILL WRITTEN UN DISK FILE » ‘aAlO)
- PRINT S00,N1,N2
FURMAT(AL0,5F12,3,110)°
FURMAT(10F12,3)
FURMATCIX,A10,2(1310,3F10,3),F10,2)
ronnAttxx,'Tornu'.sx.ztxxo.zox))

FORMAT(///° #we ERROR IN HOLE °*,A10,2X,

# (INTERVALS NOT IN SEQUENCE)*//) - .
FURMAT(A!O.SFIZ 3slt0) .

= ruanarcwrxz 3) ’

- END
- ]
L]

- Y] A




R T

——a—ry.

10
%00

4
901

%03

20
920

930

931

T 940

PROGRAM GAMMAQ .

-

‘A GEOSTATISTICS PROGRAN FOR CALCULATING

UNE DIMENSIONAL SEMI=VARIQGRAMN DATA FROM .
DIAMONO ORILL uou:s.

_THIS VERSION MODIFIED BY G,P WATSON, .

UNIVERSITY OF #ESTERN ONT,,194), FROM

ORIGLIONAL PROVIDED BY R 'RO!D?V:IUX.
» R}

THE PROGRAM USES DATA FROM DRILL HOLE LOGS IN

FILES CREATED BY COMPANION PRUGRAM COMPOS,F10, .
THE FILES CONTAIN INFORMATIUN ABOUT™ connua LOCATION .
AND ATRITUDE OF EACH DRILL HOLE, J=DIMENSIONAL
COORDINATES OF COMPQOSITED -SANPLES,; GRADE v&uul FOR
EACH SAMPLE AND RUCK TYPE con:.

o

-~

THE FOLLOWING vanzuduss ARE USED1

NVARS o or DESCRIPTORS PER COMPOSITE (MAX,=8)
IV = VARIABLE # FOR WHICH VARIOGRAM 18 DESIRED
STEP= LENGTH OF COMPOSITE SANPLE
KMAX® 8 OF LAGS TO BE CALCULATED
ZMIN® LOWER THRESHOLD VALUE ALLOWED
ZAAX® VPPER THRESHOLD YALUE ALLOWED
IS ® USER PRUGRAM UPTION{ O® PRINT
VARIOGRAM FOR EACH ORILL HOLE)

1= PRINT AVERAGE VARIOGRAM FOR ALL WOLES,

BMINS LUWRR LIMIT FUR DRILL HOLE AZIMUTH

oMAXS UPPER LIMIT FUR DRILL HOLE AZIMUTH
" OMINm LUWER LIMIT FOR DRILL HOLE DIP

OMAXS UPPER LIMLIT FOR DRILL ROLE DIP

VUOUBLE PRECISION FILIN,FILOUT,LAB

UIMENSION T(10),X(7)

DIMENSIUM VRllGOO)'NC(IOOJnb(lOO)vGAM(100),Nlr(ioo)
INTEGER TITLE(9O)

TYPE 900 :

FURMAT (/° ENTER NAME OF INPUT DATA FILE:®,$)
ACCEPT 903,FILIN

FURMAT (A1Q)

OPEN (UNITw2,FILESFILIN)

IIPE 9903 '

PURMAT (/° ENTER NAME OF QUPUT FILEY‘,S$) . .
Ty .

ACCEPT 901,FILOUT ‘ .

OPEN (UNLITa3,FILEWFILOUT)

[YPE 920

FURMAT (/° ENTER TITLE$1®,8)

ACchPr 921, r;rnt

TIPE 930 ‘

FURMAT (/° ENTER PARAMETER SAME;’,8)
ACCEPT 931,LAB
FURMAT (A10)
TYPE 940

FURMAT (/° ENTER nvAn,xv,srsv.xnux,zuxu.lnll.xls'./

~~
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980,

960

-

*(ALL ON ONE LINE,SEPARATED 8% CORNAS):’,s)
ACCEPT #;NVAR,IV,BTEP; KNAX,SNIN,ZhAX, 38

TIpE 990

FORNAT (/° ENTER TOLERANCE LINITS (LOWER AND VPPER) FOR

SEARING AND DIP;®,8)
ACCEPT ‘n'ﬂlﬂo.‘llobﬂlloolhl

U TIPE 900

961

30

$001}
40
oo

Joi
50

v
‘89,
’ -

¥,

A

|

FORMAT. (/° DO X0y IAIT TO WORK ON LOGTIAUOIORHID DATA (!II)?t'o')

ACCEPY 901,1AN8
FURMAT (AL)

. D@ 39 Im1,5%0

GAn(l)e0,

NEF(1}n0,

CUNTINUE

ADARSQ,

VAR®O,

NIQTsO, :
NDH'O * ! ~
PRINT 9001 ,FILIN .
FORMAT(® INPUT FILLW *,2AS)
BEAD (2,3006,ENDBT0)X :
FGRKAT Ab.&X.SFl! 3,F10, 0)
HULE aX(})

NOBX(7) . e

DO So Isi,ND

READ (2,301) (T(J),Js1,NVAR)
FURMAT (10F12,3)
YR(1)sT(IV)

CUNT INUE

IF (X(S)oLT,BMIN UR,X(5),GE,BMAX)
IF (x(0), LT, anu.oa X(6),GEBMAX) GO °

IF CONDJLELL) GO TO 40

MOHEBNDHL . -
U0 3 [Bm1,ND -

VayRr(l) :

IF (V. LT, ZMIN, OR,V,GE,ZMAX) GU TO 8§

1r (Ians, so.'v‘i VEALOGCY)
ABARRXBARSY

VARSBVARSVOV .-
NTOTENTOTe1” \*‘
COUNTINUE

CALL GAMAL cva.uo\unAxfsr:P.nc.c‘xa,znxu,zuq‘.uauc,bnl.rxrbs.
<

IANS)

DU 50" Im},KMAX
GAR(I)BGAMCL)eNC(1)8G(1)
utr(l)-usrxz)o~C(1)

"CONTINUE

60 TU .40
vua-(van-xsaaoxsan/urut:/urur
SBARQXBAR/NTOT .

WRITE (3,90)TIZLE,LAB,NDH .
wRITE (3,100) xﬁan.vna.uror
IF (3ANS WE3,°Y%) wRITE ta.tzct
50 8 I'l'“‘x

‘DajesTEP, -
can(xJ-GAntx)/nutocutr(t).17

. WR1TE (39110) LoDcﬂl’(l)oGlﬁ(ll

CONTINUE
T¥PE 970 T
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970

980

1000
1001

90
100

110
120
921
140

10

810
800

> W " e

. FORMAT (//% BEAI«VARIOGRAN DATA oN r:utu *4A10)
" &¥op

© NC(I)m0 . . )

- Ir (lAN‘.EO.’Y‘)VRJIALOG(VRJ)

. i It

~ ~»_\ . . . N .' .
FORMAT(7¢ DO YOU wANT TC RUN ANOTHER JOB (Y/N)? 3°%,8)
ACCERT 961,IANE" ] Y
ir Gxull.ll.’!'l GO 20 1000 R .
TYPE 990 .
FORAAT (/° UBING THE lllt FILE (XY/N)23° ol) _
ACCEPT 961 ,IANS" e
REwinp 2 . :
ir crAus.ta.'t'> 60 T0 20 . N
GO 70 10
PRINT 1001,FILOVT

N -

FURMAT (IHIpSSX,'8!NI-VAR1068AN'ISQX.14(1!')14!X,’RlGUbkn Glxo'.

1X,%1 oxn:uaxon'llsox.'PROJICi 1°980A1/50Xs *PARAMETER; 7AW/
10X, "NUMBER OF ORILL HOLES - *y 13/14) Co

FURMAT (IO0X’AVERAGE '.rtz $/10X,°VARIANGE 1 *,r12,8/10x%,
788 OF DATA- R .ISIllllo’blG'oOXo’DIlTANC ® 14X, °NC?, 10X,
*GAMA®//) )

FORMAT czox.x:.vx.rc.z.sx.xe.cx.rxz 8) :

FURMAT (48X,°(LOG TRANSFORMED OATA)'II) .

FORMAT (90AL) = . :

FORMAT (1H1) . )

enNp . :

SUBROUTINE GAMAI(VR,ND,KMAX,STEP,NC,G,]8,ZNIN,ZMAX,HOLE, d

LAa, FITLE,IANS) R

DIMENSION VR(1000),NCT100),G(100) -

ANTEGER TITLL(BO) - ]

DU 10 [=1,KMAX . o

G(liay

CUNTEINVE

LF(IH(ND).hT ZHIN OR,VR(ND) oGEJZMAX) GO TO 610
GO 10 800 *

usg, .

Ve, N .
VRRIVR(ND)

1F¥ (IANS, tO.'!‘)VRRlALOG(VRR)
UmVRR .

VEVRReVRR

[TT}

NDianDeg

DU 3y Img,NDY

4F (VR(I),LT, ZHIN OR,VR(1), bi.lHAX)GO 0 30
VRIWVR(I)

1F (IANS.aQ.'!'JVRI.A&OG(VRl) f

NSNS L -//

Usy+VR] ' '

VEyeVRIOVR]I - e

Ilaléy . N
JMaMINOCI#KMAX¢ND) . .

00 20 Jsli,Jn

Aaje]

IF (VR(J) oUToZMIN,OR,VR{J), Gt ZMAX)GO 0 320
YRJRVR(J)

NC(KIaNC (K)ol //‘ N
YRRRVRI®YRJ .

G(K)BG(K)+0,39VRROVAR .
CONTEINUE . : .
CUNTINVE .

(9]




a8
g

60
70
80

90

100
110

ie

- e

[-

. cONTINUE

' \ .; - . .
IF (#,EQ,0) GO TO 110 ’ >
ya(velUnl/n) /" . e - . N
usy/N ~ , . : ;
DO 40 EKW1,KMAX T A . .
G(ll)nﬁ(!l)lﬂlxotlulC(!K)) :

IRcLI8,8Q,1) GO TO £10 .
wRITE (3,80) rltbtoLAl.uOLt
WRETE (3,90) 0o ¥, ;
DO 60 K@ty KMAX .
DEKWSTEP ; . ~
WRITE ¢3£100) K:Dolctllgctx}
CONTINUE -
FORMAT (tul.ssx.'s:ninvuaxocaau */ i .538,1‘(1u-)/¢lx.

*REGULAR GRID®-

* 1 D1 oxncus;on'//,1ox,'PaOJccr ' .uont.xox.'rnaunlttﬂ §°
¢+AB710X,°DRELL HOLE *sA0/7/) o

FORMAT (10X/°AVERASE *,F13,5/80X, *VARIANCE 3 *,F12,5/10X,

*wd OF DATA} '.ISIszx,'LAG',S;.’DI&tAR@:',‘X.'NC'.IOX..
*GAMA* /)"
FURMAT (20K,13,7K,F¥, 2.¢x.xto~x'rlz $):
RETURN
&ND ' . N
o 3 i
S
’ T
’ >
[~ K
» ' . : .
i
Y /‘ I":, -
\ .
. A
~ ¢ . !




100
104

102
10
11
. 103
110

120
1 . 111

112

113

900

9

0

114 -

4 : 118

130 -

PROGRAN cunna:

DIindNSION LAB(2), vtIOJalont 0.2)

QOUBLE PRECISION FILIN,FILOVUT

INTEGER TITLE(20),FMNT(80)

connuuzonfut:txoo&).x(tooci»!&tooo:.rnxtxOJ-u.unax.irse.nr.
1 lbgr,p81 . -

TYpt 101

FORMAT (/° ENTER NAME OF IIPUT DATA FILEs’,8)

v ACCEPT 102,FILIR’

FORMATCALO)

TIPE (10 N
FORMAT (/' ENTER THE nanc or UyTPUT rluts *48)
alceer iy, FiLOOTY

FORMAT (A10) ﬁ ) <
TipC 103 ’

FURNAT {/° . ENTER rltbtt o8)

AlcEPT 110.111&;

FORMAT (20A4) - n . '

TYPE 113

,FURMAT (/° :nr:n NO.S OF X, x, AND 2.1%,8)

ACCEPT $,1K,8%,12 e
TIPE 111 :

FORMAT (/°* ENTER BTEP, MAX,
1 *YPPEN LIMIT FOR' Z 3 *,8)
ACCEPT &,8TEP KMAX,BINF ) BORN

N8, UF LAGS, Loagn AND °,

1IPE 113 - A Y

FORMAT {/° ENTER NB, Of VAnxoonAns utllatos .0) w
ACCERT #,I10IR - . Lo Ce
it UIDIR,GT,10)10IRe10 L ' . L gy
IF (KMAX,GT,20)KuAXado S
TYeL 9oo.1nxa s B R
ruanar(/' IDIRs ‘e18) S
TIPE 114
_+ FORMAT (/° ENTER DIRECTION FUR EACH !tnxoanua'.n)
~ACCEPT #, (PHI(1)/181,1DIR) , ‘ :

TP 118
FURMAT (/° ENTER WIDTH OF ANGbE AND wxoru or uxaranc:u‘oO).
ACCEPT #,P81,0P° - . .
TIPE 118, . "
FURMAT (/° DO tDU. WANT TO LUG rntnsrunu Z (!IN) 4%,8) . - -
ACCEPT 117,1ANS N ST
FURMAT (A1) ‘ . ¥

oPEN (uuxnpz.rlu:-rxbxu)
UPEN (uuxrns.rxh;-rxuuur)
™MPE 1198

PORMAT (/% ENTER THE ﬁUﬂBER or VARiL’&Il ON LNPUT Flblt "i,

ACCEPT 1§94 WYAR Triree

FORMAT (IS) - ’ v '

READ (2.110)((“Ultlsd1odl%c2§olul.NVAR) oL
LABC1)@NOM(IZs1) Lo e e
LAB(2)anOM(IZ,2) . - R

PRINT 999,LAB(1J,LAB(2) .
FORMAT (2A4) R ~.,,¥, w

Lo Sioncg '
READ (Zozo.tnontoo.:an-xloJ(th)addtoHVAR)
FURMAT (10F1233) '

IF (V(1Z),LE.BINF,OR, i?xzyict.ooaajeo ™ xao e P

IFCIANS NE,"Y’) GU TO ti1
LF(V(12),LE,0,0)G0 70 130

- 317



LR e

131

140

142

143

150
160
161 .

170
190

1

woo -

. 318

vtxz:-Aboc(vtxt))

I8+l

x(pisveix) - .
S1cI)ev(lY) .

‘2(1)evVeIL)

GuU TO 130 ’

NSl :

CALL VARIO(TITUE,LAB)

‘TYPE 190 .
REWIND 2

TIPE 141

FORMAT (/¢ DO YUU WANT TO' RUN Anorutn Jos 1 (1/N)1°%48)
AUCEPT 142,1ANS v,

FORPAT (A1) .

IE{IANSNE,*Y*) GO TO 100

TYPE 143

FURMAT (/° USING THE SAME FILE ? (Y/N)1',8) n

@

ACCEPT i43,1ANS”

. IP(IANS,£G,°Y*) GO TO 130
"IFCIANS,NE,*Y*) GO TO 100 . .
GU TU 160 - - ~

PRINT #,],(V(J)sJui,NVAR) o _
PRINT j6t, FILOUT .
. FORMAT (/7° DATA FILE wRITTEN ON'DISK FILE P ’, Alo) .
8¥op .

tunnerxx.zoa~) . - o

runnAftsut) .

END .

Sueaaurxus=vanzu;:xruu.uus:

- DIMENSION unatzb.naczbJ.Ac(zo:.auczo).Ao(zo).AV(zo)

UTMENSIUN TANC10),8AN(C10),G(20,10),0(20,30),NC(20,10)

. UIMENSION N1(20,10),U1(20,10),V1(20,10)

INTEGER TITLE(40)
CUsnuuloArA/vntxooo).xc1000).x(xooo).Aupcno).uo,anx.srtr.DP.

holluk r
Ple3,14159205 ’
15=0

TOL8DP

1F{TOL,LE, o.Jtouulrtvlz.

UALPHARDA

1F(DA,LE,OQ, )DALPHA!Q!. -
TYPE 901 -
FURMAT(/* AT 100 DO LOOP IN VARIU *»8) .

TIPE 909,8D1. - v : o
FURMAT(/® | uuxn 1;1201 . .

NDI®)

DU 100 no-;,upx .

. ALPHARP I #ALP(KD) /180 - '
TYPE 9UZ,ALPHA .

FURMAT(/? ALPHA ® *,F7,3) ' .
ALPHARO,524 - o

CAN(KD)COS(ALPHA) *

SANC(KD)SSIN(ALPHA) - , o
TYIPE 900, (CAn(lo),lAN(ROJ,anlt,qu) . " _— -
FORMAT (/° CAN AND SAN ARE: */F7,:%,5X,F7,5)
THETAmPIWOALPHA/1BO, . o -
CDAlCOI(TleA) ) : . d ‘ \
TypE 980, THETA,CDA .
"FORMAT(/® THETR AND COA'AREY  *,F7,5,8X,77.8) '
KMMSKMAX - . , ' . J R :

=]

At GHEN
K3



110

120

960
130

140

150
1690

170
1980

DO 110 IKiai,ND]

DU 110 IKs3,KMN
NC(1K,IK1)®0
DUIK,IK1)n0,0
G(IK,IK1)®m0,0

p0 120 Sl!,KNl
AS(L)m0, R
AG(l)moO,

AD(I)=0,

AV{1)=0,

AM(I)s0,

NsQ

vag,

Vso,

NDi®NDel

PRINT #,ND1}

DU 160 l®i,NDY

NBNSY .
UsSUeVR(1)
VaveVR(I)eVR(I)

11sle}

DU 150 Jmli,ND
VAmX(J)*=X(]) o
VisY(J)eX (L) . :
HESURT(OX*DX4DY®DY)
Fen.&f, 1.,£=03)G0 TO 123%
PRINT 210;1,!(1) !(1),J.l(d!o!(d)
GO TO 150 it
KsINITH/STEP4Q.5)+1
H18ABS (He (K=} ) #STEP)

1IF(K,GT, nnax.oa H1,GT,TOLIGU TO 150

LU 130 KDEi,NDI ’

CUSLS(DX®CAN(KD) +0Y#8ANCKD) ) /H
1F(AUS(CDSD).GI.CDA)GO T0 140
TYPE 90b,CU8L

FURMAT(7® COSDs *,F7,3)
CUNMTINVE

T QU TU. 150

CUnTINUE . .
NC(K,KD)BNC(KsKD) 2}

D(K,KD)SD(K)KD)*H

VRKSVR(J)eVR(I)

(K XKD )BG(K,KD)¢0 ,S#VRROVRR
NUICKoKD)BNL (K KD)*2
VI(K,KD)BUL(R,KD)*VR(J)SVR(I)
v|(n.xu)-v1(n.nu)ovu(J)OVR(d)OVR(I)OVR(I)
CUNTINVE .

CUNTINUE - .
F(N,EW,0)G0 TV ju0Q

VagveUsu/N) /i

usy/n

D0 170 IK1®1,KMAX

LU 170 IKsi,N0L"

DOIKY,IK)BO(XRE, IK)/MAXOCL,NCCEKL,IK))
G(IKL,IKJIG(IKI.ll)/HAXO(l.NCixKIcIKl)
CONTINUE .

IF(18,8Q,1)RETURN

. bo 190 IMmy, Nl

WRITE (3,220)
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190

194
192

200
195
210
220
240

360

. ’ 70
S XA

2600

390

300

" wRITE (3,220)

WRITS (30200)rlthtohh5

WRITE (3,250)U¢ALP(IN),DALPHA,YV,8TEP,TOL,N .

wBITC (3,260) - : .

00 190 PKei,Kknn . : . i .

ASCIK)BAS(IK)eNC(IK,IN) . .
AG(JK)IAG(IK)OGstK,lN)ONC(llolﬂi L
AD(YKR)SADCIK) ¢D IK.IA)ONC(IloIﬂ) -
DUMLIB(IK®])#STEP=TOL - . - .
ALOWSAMAXL (DURL,0,) o . ’

" UPm(IKel )*STEP+TOL

uunz-(vxtxx.tu)-ux(xx.xn)ouzcxk m))

OUMISMAXQCL,NL (1K IN)) - ' '
Vas{DUM2/0UN3)/bum) : o

ULICIK AM)BUICIR,) IM) /MAXO( 1o NI CIK2IN)) ' JE
AVCIK)BAVCIK)ONC (LK, IN)®V2 ————T e
M3mUL(IK,IM)SUITIK, IH) O
AMCIK)BAM(IK) #M2#NC (1K) IN)

"WKEITE (3,271)XLOW,UP,NC(IK,IM),D(IK,IN),G(IK,LM)

wRITE (§,290) 4
TIPE 191 '
FURMAT (/° DU YUY WANT AN AVERAGE VARIOGRAM (Y/N) T1°%,8)
ACCLPT 192,1AN83

EURMAT (A}) ) .

L¥ (1ANS2,NE,*Y’) GO TO 195 ‘ R

#RITE (3,240)TITLE,LAB
WRITE (3,3%0)

DO 200 Imy,KmmM
ALOWEAMAXL( (Lol )#STEP=TOL,0,)

UPs([=])e8TEP+IOL

Ascx)-AG(x)/AnAxtct.ous(x))
AD(CI)SAD(I)/AMAXY(144AS(1))

VARSAV(L)/7AMAXL (S 4,A8CI))

MIRAM(L)/AMAXL(1,,A8(1))

WRITE (J.I7OJXL0u,UPoA8(l)oAD(I)olG(l)

CUNTINUE

FURMAT - (5X, *##4DQUBLY DEF INED Poluooov.:(lxo,zrga 2)). - .
FURMAT (LH1,///44X,°8 E M I = YV ARI1OGRWA H"/C‘X.l?(lﬂﬂl) - .
PURMAT(/42X, *( IRREGULAR GRID-z‘DLHENlIQNS)'Illlzoxo'PROJICT g Ty,
d0A4/20K, "PARANETER § 2A0///)

FURMAT( 20X, *AVERAGE L .r;o.s.zsx.°oxnsc110n ] .r!.lolxXa
? [OLERANCE 3 rs, z/zox,'vunxuuc: ' F10.5,25X,°LAGC 3 ¢,

ro, 2.101.'rouanne: 1 °F6 z/iox.‘un OF DATA °14//74)

ruuunt (luo.lox,'bl;TAncc'.tlx.vuu or PAxnl'clox.

PAVERAGE DISTANCE®,4X,°GCAMMA®, /) ’

FURMATCLH o4X,F7, 20°°2=° ,FT02010XsF8,0,8X%,2(34,F1)3, ")

TFURMAT (1M 4KoF7,2, %=’ F742/1QKs18+9X,2(3X,F13,4)) . . )
FURMAT(IH .xx.li,'/',s(la.tx'FT 201Xor11.!o'l‘)) : . - i
FURMAT(3d])

vuunurtgox.'A VERAGE 'ISox.tscxu-))
RETURN -

eND




R LR
e e v e e e s e et e B e L
kY ..

.

- " ¥

- ’ i éEFERchEs
ﬁass, M. N., 1961,.Regionai tectonics of part of the south- -
~ern Canadian Shield: J. Geol., v. 62, p. 668-702. -
‘ﬁertoni, C.—.H.,' 198'.1~,=Go-l.& producflon in’ the Sueerior
P Province of the Canadian Shi;la. CIM Bull., v. 53;
no. 857, p. 62-69.

-

Bloomfield, A. L.; Rood, H. S.,_Qrocker& B. S., and
¥illiamson, C. L., 1936, Milling investigations into
the ore as océur;ing at the lLake §ppre éine. . Can.
Ifst. Min. Metall., Trans., v. 39, p. 279-434,

Bottinga, Y. and deoy, Mf, 1975, Oxygen lsotbﬂe partiéiod-
‘ing among the ulneral; in igneous and ﬁetanogphic‘ |
rocks: Rev. Geophys. Space Phys., v. 13, 5..401-415.

Bodtcher, S.M.A., Davis, .6, L., and Moorhouse; W. ¥.,
1966, Potassium and ur;niun lead..ageés from two

"localities. Can. Mineralogist, v. 8, p. 198520§.

} Edhorn, A..S., and Mooghouse, w. ., 1966,

_~Archean conglomerates and lithic sand;todes of Lake -
Timlskaming;'oﬁtaylo:_ceola Assoc. Can. Proc., 17, p.
21-42, - L

Boyle, R. w.; 1961, The geology, geochenistry_anq_origzn-
‘of the gold deposits of the Yellowknife district.
Geol. Surv. Com, Men.‘BIQ, 193'p;. ’ A -

¢ 1979, The geochemistry of gold and its
deposits. Geol. Surv. Can., Bull: 280, 584 p.

B . 321



Sl e - L 322

, 1981, Rock Alterations by Hydtothermal

Soluéions in Certain Canadian Localities. Trans.
“Bruce, E. L., 1935, Little Long Lac gold area. Ont.
F Dept. Hinés, Annual Report, pt. III, p. 1-58. .
ﬁoy. S;c, Can., 3rd series, .v. 35,_séct. 4, pt. 1.

Burrows, A.:G., and Hopkins, P. E., 1914, The¢ Kirkland Lake

and Swaﬁtika Gold Areas: Ont. Bur. Mines, v. 23, pt.

2. - . ' .

i ‘ » and.Hopkins, P. E., 1920, The Kirkland Lake
Gold Area (seconq report): Ont.\Dept. Miﬁes, v.'29,

pto “, p. 1‘48.

, and Hopkins, P. E., 1923, Kirkland Lake Gold

- Area: Ont. Dept. Mines, 9.‘32,-pt. 4, p. 1-52.
Charlewood, G. H., 1964, Geology and Deep Developments on
~ the Main Ore Zone at Kirkland Lake: Ont. Dépi. Mines;“

* Cj.l‘c. NO. 11, .“9 p.‘.". . . ) 'A
Chﬁrry, M. E;, 1983, The a;sociqtioh of gold and felsic

. Intrusions - examples fron'thd Abitib{ Belt. in The

Geology of Gold in Ontario, A. C. Colvine ed., Ont.

Geol. Surv. Misc. Pap. 110, p. 48-55.

e

Clayton, R. N., and Mayeda,- T. K., 1963, The use of

e - broainepéntafiuoride‘}n the extfaction of oxygen f;on"
oxides and silicates: Geochim. et Cosmachim. Agta, Ve

_ 27, ﬁ. §3-52. s+ ' ;

N ) , 0'N811,-3. R,, and Mayeda, T. K., 1972,

Oxygen isotope exchange between quartz and watert
e - : : C e T
LI . T,
<o

-

3 = . ean



. 323

Jour. Geophys. R;s., v. 77, p. 3057-3067.

Condie, Kent C., 1981, Arc;ean Greenstone Beits; Develop-
ments in Precanbtian Geoiogy, v. 3. Elsevier |
Scientific Publishing Co., Amsterdam, 43& p. ~ _

Cooke, D. L., 1966, The Timiskaming volcanics and associat-

; : ed sediments of the Kirkland Lake area: Unpub. Ph.D.

thesis, Univ. Toronto, 147 p.

y» and Moorhouse, W. W., 1969, Timiskaming volcan-

ism in the Kirkland Lake area, Ontario, Canada: Can.
L, Jour. of Earth Sclences, v. 6, p. 117-132,
Costa, v. R., 1980, Footwall alterafion and ore formation'

at Mattagami Mine, Quebect: Unpub. Ph.D.“%hesis, bniv.

) Western Ontaikio, London, Canada, 289 pp.
Dyer, W. S:,.1936, Geology and ore deposits of the
Métachewaanenogami area: Ont. Dept. Mines, v. 44,
| pt. 2.
Ewers, G. R., 1977, EXpeti@ental hot watér-rock inter-
" actions and their significance to natu;ai hydrothermal
' systems in New Zealand. Geochim. Cosmochim. Acta, v.
. &1, p. 143-150. )
E&éyd, P. A. and Winchester, J. A., 1978, Identlf[bafion
| and disc;iminaﬁ}on of altered aqd netaaprphosed : .. .
volcanlc*rocks using inﬁbbilq elsn?nts:‘then. Geoi..
D , V. 21;-p. 291-306.-

. Freidman, I., and 0'Neil, J. R., 15777’Coupilation of

/ ‘ssabIé_sttEBEMFrdéQL§E§§ion Factors of Geochemical -
= ¢ . , ‘ .

P e

/ . ’ .




et e r vmvies - marm vy cvertom s Feommrmn © 1 ienm -

Intérest: U.S.G.S. Prof. Pap. 440-KK, Data of
-Ge%éhemlstry, 6th Ed. 12 p.
Fyfe, W. S., Price, N. J., qnd%%hompson, A. B., 1978,

3

Fluids in the Earth's Crust. Elsevier, AnS;erdam, 383

p. . |
, and Kerrich, R.,, 1984, Gold: -natural concen-
tration processe;. iﬂ Gold '82: The geology, 9807~
chemistry and genésis of gold deposits. R. P;lFoster
ed., Geol. Soc. of Zimbabwe Spec. Publ. Nou 1, p. 99-
127.
Gates, T. M., and Hurley, P. M.f 1973, Evaluation of Rb-Sr
dating methods applied to Matachewan, ASitlbi,
"Mackenzie, and‘Sudbur& dike Qwarms in Canada: C&nadian
| Journal of Earth Science, v. 10, p. 900-919.
Gerasimovsky, V. I., ]974,'Trace eléments in selected
groﬁps of alkaiine rocks,'ig Sorenson, H., ed., The
Alkaline Rocks: John Wiley and Sons,;Ltd., p. 402-412.
Goodwin, A. M., 1965, Mineralized volcani% complexes in
the Porcupine-Kirkland Lake - N;ranha regién, C;;ada.
Econ. Geol., Vol. 60, p. 955-971.
, and Ridler, R. H., 1970, The -Abitibil
orogenic belt; in Symposium on Basins and Geosyncliﬁes
of the Canadian Shield: Geof. Surv. Can., Pap.'70-¢0,
p. 1-30. L S

, and Hidler, R. H.,.1977, The Abitib§ Orogenic

Belt, in McCall, G.J.H., ed., The Archean: Dowder,

-

-




;

ber e e oo

e e o e 4 2 e = s i

~

Hutchinson and.Ross Inc., Pennsylvania;'qu P.

Graham, C. M., and Sheppard,'s.ﬁ.F., 19?8, Hyd;ogén isotope
fractlonation between aluminous-hor;blenge and water:
Prog. Exp. Petrol. Natural Environﬁ;nt Re;earch
Couyncil Publ. Ser. D3 No. i1, P. 15&-153.

, and Sheppard, S.M.F., 1980, Experimental

Gydfégen isotope studies. I1I, Fracfionations in tﬁe
syste;s epidote-NaCl-HZO, epido£e¢CaC12-H20, and
epldote seafater, aﬁd the hydrogen isotope composition
of natural epidotes: Earth Plane}..Sci. Lett., v. &9,

p. 237-251,
Gresens, R, L., 1967, Composition-volume relationships of
meta§omatism: Chem. Geol., v. 2,‘p; 47-65. .
Rawley, J. E., 1950, MLuerq}oéy of the Kirklan& Lake
Ores, in Geology of.the Main Ore Zone of Kirkland

Lake: Ont. Dept, ﬁines, Ann. Rept. 1948, v. 57, pt. 5,
k48
~

p. 108-124,

c

Hewitt, D. F., 1949, Geology of Skead Township, Larder

Lake area: Ont, Dept, Mines, v. 58, pt: 6, 43 p.

 , 1963, The Timiskaming Serles of the Kirkland

™~

Lake area: Can. Mineral., v. 7, pt. 3, p. #97-523. .

Hil&reth, V.,-1979, The Bishop Tuff: evidence for the
. origin of conpositional‘zonation; In! éhapin, C. E.,
and Elston, W, G. (eds.), Ash-Flow Tuffs: G.S.A.
Special Paper 180, p. 43-75..

325



v —— e renme o e L

[}

Hodgson, C. J., 1982, Gold deposits in the Abitibi Belt,

Ontario. in Suﬁnary of Field Work, 1982, by the

Ontario Geological Survey, J. Wood, 6. L. White, R.

B. Barlow and A. C. Colvine, eds. Ont. Geol. Surv.

~

Misc. Pap. 106, p. 192-197.

, 1983, Preliminary report on a computer file

~ Portland Oregon, 1975, Oregon Department of Geology.

of gold deppsits of the Abitibi Belt, Ontario. in The
Geology of Gold in Ontario, A. C. Colvine, ed., Ont.
Geol. Surv. Misc. Pap. 110, p. 11-37,

_Hutchinson, R. W., 1976, Lode Gold Deposits: the Case for

Volcanogenic Derivation. . in Proceedings Volume,

Pacific Northwest Mining and Metals Conference,

and Mineral Industry, p. 64-105,

Hyde, R. S., 1978, Sedimentology, volcanology, stratigraphy

- Abitibi Greenstone Belt, Norfheasteru Ontario, Canada:

y and Burlington, T. L., 1984, S&me broad
characte;lstics of greenstone belt golﬁ lodes. 1in
Gold '82: The geglogy,-éeochemistry and genesis of
gold deposits, R. P. Fost;;; ed,, Geol. Soc. of
Zimbabwe, Spec. Pap. No. 1, p. 339-372.

and tectonic ‘setting of the Archean Timiskaming Group,

Unpub. Ph.D. thesis, McMaster Univ.,. Hamilton %22 p.
, 1980, Sedimentary Facles In the Archean

Tlniskaniﬁg.croup and’ their Tectonic Igplleatidps, ‘

Abitibi Greenﬁtone Belt, Northeastern Ontario, Canada: ,

\ . L -




327

5\J
Precambrian Res,, v. 12, p. 161-195.

]

s and Walker, R, G., 1977, Sedgmentary environ-

'_nents and the evqlution of the Archean greenstone belt

in the Kirkland Lake area, Ongarior Geol, éurV. Can.,

Paper 77-1A, p. 185-190, ,‘ . | .
Irvine, 7. N., and Baragar,’W.R.A., 1971, A guide to the‘

chemical classification of the common volcanic roqks.

Can. Jour. Earth Sci., v. 8, p;,523-5h8. h .'.
Javoy, M., 1977, Stable Isotopes and Geochemistry: Jour. |

Geol. Soc., v. 133y p. 609-636. . : -
Jensen, L. S., 1976, Regional Stratigraphy and Structure of

the Timuins-Kirkland Lake Area, D;;trtct of Cochrane

and fimiskaning and Kirkfa?d Lake Area, District ofy-'

Timiskamigg, lg'Mllné, V._C., Cowan,‘y. R., Card, K. .

D., and Robertson, J. A., éué., Summary of Field Work,

1976, by the Geological Branch: dnt.'ue;t; Mines,

Misc. Papér 67, 1{3 Re

Y

", 1978a, Archean konatitic, tholeiitic, calc-

alkalic, and alkalic- volcanic sequences in the
Klrklaﬁd Lake area. 1in Currie, A. Lr, and MacKasey,
M: 0., eds., Toronto '78 Fleld frip Guidebookz Geol. _‘
Assoc. of Canada, 361 P /A\\

y 1978b, Regionab stratigraphy and structure of

the Timmins-Kirkland Lake area, Dlstrict of Cochrane
and 11uiskan1nq§and the Kirkland-Larder Lake arca,
joistuct of mazskauug.. tn su.mry of Field 'ork,



o ¢

. . . r ‘ . ' .

* .

rd
o
e

Journel, A. G, 1975, 0re grade distributions and

. ’ “
L] - . N ’ N . y
. - . .

\3. \1978k Ontf Geol. Surv. Misc. Paner 32, Pe. 67 72.‘

'?‘ ’ 1980, Archean gold -1neralization in*the

'Klrkland Lake-Larder Lake ag;a"in prerts, R, G..

e ed., Genesls of Archean, Volcaﬁic hosted. Gold*‘ f

: Depostts: Ont. Geol. Surv., Open Fille Rept 5293, p.

zso 302.. ~ - S,
Jensen, L. S., and Pykg¥ D.-R., 1980, Konatiltes in the
sOntario portion of the ‘Abitibi belt, in Konatiites,

N. T. Arndt and E G. Nisbet (eds ), Allen and Unwin,‘

London. T o ' y

i

. ! . PR .
’ and LangforQ,\F‘ F,y 1983, Geology and Petro-

genesis of the Archean Abitibi Belt in the Kirkland
Lake Area, Ontar10° Ont. Geol. Surv. Open Fifﬁ Report '
5455. . P -
Jolly, ' R., 197# Regional metanorphic zonatlon as an’ qid
" gn study of Archean terrains; Abitibi‘Reglon,,
Ontqrio:' Canadian Hin., ve 12, p. ¢99—508

» Y. R., 1978, Hetaaorphlc history of the

_ Archean Ahit}bi Belt, in Hetanorphisn in ‘the Canadian
Shield. Geol. Surv. Can. Paper 78-10, p. 63- 78.

condit!onal sinulations - two‘jeostatistieal .
ipproaches.» Proeeedlngs of the NATO A s I. “ccostct |
75% Reidal Publishino Corp., Dorﬂrecht, pp. 137-16141'

7“‘; . and Huijhregts, cn..aa. 1978, ﬂining N
Gpostatittie:; Aaadunle Presl, tn#dﬁn, £00 . » e

'
oy
»




P,
2’ et

i ey v————— e =L

. . . . 329
’ and Ftoideveaux, R., 1982 Aaisotrgpic~ , '
. C . \_-_,‘K,,
; ﬂ,holeseffcct uodering.' Mathematical Geology, Vol. 14, :
No. 3, p. 217-239. v ' | -

- W
Keays! R. R., 1982 Palladiun and 1r1d1u- in konatiites and

-

_asspciated rocks: application to’ petrogenetic .
problems, 1n Konatiites, N. T. Arndt and E. G. Nisbet
4eds.). A?en and Unvin, London, p. h35 457, o

s 1984, Archean gold deposits and their‘source

L4

rocks: the upper mantle connection.' in Gold_'SZ:,Thq
geology, geochemistry and geéesis of-gqid deposity, .
R. P. Foster, ed., Geol. Soc. of Zimbabwe Spec. PRub..
No. A, p. 17-51.. )

, and Scott, R. B., 1976, Preéiqus ietali‘qn

ocean-rldée basalts: implications fqr basdlts as

-

source‘focks for gold mineralization. Econ. é;ol;t
ve 71, p. 705-720.
Keri;ch,~R., and Fryer, B, 3.,'1979,'Archééan'preciousf

metal hydrothernai systems, Done'Mine, Abitibi green-

stone belt, f1. REE and'oxygen isotope relations:

LN
* ~

Can. J. Earth Sci., v. 15, p. 480-458. a
, and Fyfe, W. S.,-1981, The golg;carbpnate j
- assocliation: source o} CO0p and COz-fixatlon react{gﬁfﬂ
7. ~in Archean iode'dqpniits. Ch:n. Geol.,‘Q. 33,,p;ﬁ
265-29. " |




o . ‘ , .330
T . J . S

'~ and Metallury Special.Paper, Volume 27, 75 PP.

y and Watson, G. P,, 1984, The Hacatsa;ﬂ;ne ,

Archean }ode gold deposit, Kirkland Lake, bniario:
geology, patterns of alteration and hydrothermal
regin;s. Econ. Geol. (in press). .
€ Krogh, T. E., Davis, D. W., Nunes, P. D., and Korfu, F., -
1982, Archéan evolution from precise U;Pb isotopic
dating: GAC/MAC Progs. with Abstracts, Winnipeg, v.
17, p.'61. . | _
K;ong, Y.T.S5., and Crocket, 3: H.,=197§, Backg}ound and
aﬁénalous gold in rocks of an Archean greenstone
. assenblage, Kakagi Lake area, Northwestern Ontario.
| Econ. Geolgu V. 73 p. 50-63. |
Lindgren, ¥., 1933, Mineral Deposits, &4th ed. McGtaqf
. MHill, New York. - | .
. - Lovell, H. L:, 1967, Ggology of the Matachewan area:'
. Ont. Dept.Mines, Gebl: Report 51, .61 p.

y-and Ploeger, F. R., 1980 1979 Annual Report

of the Kirkland Lake Resident Geologist, in Annual

"Report of the Regional and Resident Geologists: Ont.

¢ ) -

Gegl. Surv., Misc..Paper 91, p. 77-96.
MacLean; A., 1944, Gepiogy of Lebé{ctownship, East Kirkiand

Lake area: Ont.'Dept. of Mines Ann. Rept., v. 53, pt.
. 2 . - .\: - .

Matmont, S., 1983, The role of felsic ‘intrusions in gold -

- ’

mineralization. . in The Geoloi} eﬁfﬁolﬁ tq Ontario,



2

A. C. Colvine, ed., Ont. Geol. Surv. Misc. Pap. 110,
p. 38-47, o '

PR '

Marshall, H. I., 1947, Geology of Midlothian Township.

Ont;rio Dept. of Mines, Annual Rep., Vol. 56, Part 5:
| 24 p. . - © |

Marumo, K., Qagasaw?, K., and Kurodo, Y., 1980, Hiner#iogy
and hydrdgen isotope geochemistry of clay minerals in
the Ohnuma.géothermal area, Northeﬁste;n Ja;ans Earth
Planet. Sci. Letés.; v. &7, p. 255-262.

Mathéron, G., 1962, Traite delGeostatistiqué Appliquee.
Vols. 1 and 2.

, 1963, Principles of geostatistics. Econ.

Geol., v. 58, p. 1246-1266,

Maynard, J. B., f9a33“ceochenistry of sedlnentary'ore
;deposits: Springe& Verlag, New York, 305 pp.

Meyn, H: b.? 19?7, Iron depog}ts of Optario, in. Ont. Geol.

Surv. Misc. Pap.‘75, p. 190.

« Millﬁr, ¥. G., and Knight, C. ¥., 1914, The Precambrian

geofog} of Bouiheaste;n Ontario. Ont. Dept. of Mines,
Annual Report, Vol. 22, ét. 2. ‘ |
Nemcsok. G., 1980, é‘glogy of the ﬁa;assa Gold ﬁinei i
Unpub.Company report: ‘ -, & %
Nunes, P, D., aﬁdﬁnqnsgn, L. S., 19965 Ge;cnrOnology of the
Abitibl metavolcanic 6e1t,.Kirk§and Lake Area -
- 'gress Report. - In: E. G. Pye (ed.), Summary of

Geochronology Studies 1977-1979: Ontario Geologfcal .
- .

/l




it e e — e g

332

SQrvey?nisc;jpépgr 92, pa}&ﬂzﬁé;‘
0'Neil, J. R., and ?;yldi, ﬂﬁ P., jr.z‘?§61% The oxygeﬁ ;fn
lsptope and cation exchange chegistfi of téldspﬁré

Am. Mineral., v..52, p. j#14;1437.
Ploeger, F. R., 1980, Kirkland Lake Gold Study, District
" of Timiskaming. in Milne, V. G., White, 0. L.,
Barlow, R. BQ, Robertson, J. A., and Coivine, A. C.,
edg:, Suﬁnary of Field Work, 1980, by the Ontario
Gq&lqglcal Survey: Ont. Geol. Surv., Misc. Paper 96, .

p. 188-190.

s 1981, Kirkland Lake Gold Study, District of

Timiskaming. in Wood, J., White, 0. L., Barlow, R. .
,ﬁ., and Colvine, A..C., eds., Summary .of Field Work,
1981, by the Ontarlolceologicai Surve&. Ont. Geol.
Surv. Misc. Pap. 100, p. 248-250.

“ , and Crockett, J. H., 1982, Relationship of
Gold to Syenitic Intrusive Récks 1ﬁ Ki;kiand Lake, in
Geoiogy of‘anadlan Gold Deposits: Can. Inst. of Min.
Met., Spec. Vol. 28, p. 69-72. . |
Price, P., 1948, Horne Mine. 1in Structural Geology ;f
Canadtan Ore Deposits, v. 1, Jubllee Volume, Can. : *
Inst. Min. Metall., p, 763-772.
Puddephaft, R. 3., 1978, The Gheiistry pflcoldq Elsgvier;
Ansterdau;°27# P. | . o
Pu;dy, J. W., and Yo}k, D., 1968, Rb-Sr uhoieirock and K- -

Ar mineral ages from the Superfor Province near

L)



Kirkland Lake, norﬁheastern Qntariﬁ, Canada: Can.
Jour. Earth Seci., v. 5, p. 699-705.\\\\

Pyke, D. R., 1975, On the relationship of gold
miheralization and ultramafic volcanic rocks lh the
Timmins area. Ont. Div. Mines, Misc. Pap. 62,'23 P.

", and Jensen, L. . G., 1976, Preliminary

-

Stratigraphic Interpretation of the Timmins-Kirkland

Lake Area, Ontario: Geol. Assoé. Canada. Program with
Abstracts, v. 1, p. 71,

Ridier, R. H., 1969, The relationship of mineralization
to vélcan{c stratigraphy ip the Kirkland Lake area,
Nonghern dntarlo, Canada: Unpub. Ph.D. theslis, Un{v.

-
-

Wisconsin.,

-, 1970, Relationship of mineralization to volcan-

1c stratigraphy in the Kirkland Lake-Larder Lake‘area,

Ontario: Proceedings, Geal. Asspc. Canada, v.=21, p.
33-452.

, 1935, Reglonal netallogzgy—add volcanic strati-

graphy of the Superioi Province, in Report of
Activities, Part A: Geol. Surv. Can. Paper 75-1A, p.

353-358, -

, 1976, Stratigraphic keys to the gold aetaie

logeny of the Abitibi Belt: Can”'ﬂlpu°3., v. 97, No.
) - 6" -p‘ -81‘370 . . .
Roberts, R. cl, 1981, The Volcqnic-Tgaiqnic.Settihq‘o?‘éild'wf

Deposits in the Timmins Ares; Ontirgé, ig Bqnosgs'of °




S S

e

- . o . - 334

-

Archean, Volcanic-Hosted Gold bibdﬁiﬁi{!Syﬁbpsdyi held

at University of 'dteriod, Har. 7, f?dE?“Ong. Geok.

D PRTS

Surv. Misc. Pap. 97, p. 16-29. 2l L. .

Roedder, E., 1967, F1u1d>fncipsions as samples of q}e
fluids. 1In Bérnes, H. L. (ed.), Geqqﬁbiispry of
“Hydrothermal Ore Deposits: New York, Holt ‘Rinehart and

linsﬁon, p. 515-574,

, 1976'-Fiu1d inclusion Lvidence on the

A
”

N - genesis of ores in sedimentary and volcanic rocks. - in
Handbook of Stratabound and Stratiform Ore Deposits,
K. H. Walfg, ed., Ve Z, p. 67-110,

’ 19]9,‘F1u1d inclusions,a;»sanplés-of ore ’

© fluids, in Géocheﬁistry of Hydrothermal Ore Deposits
(2nd Edition), H. L. Barnes, ed., p. 684-737,

’ 1984 Fluid inclusion evidence bearing on

the environnents of gold deposition. in 'Gold '82: The -

-geology, geochenistry and genesls,of!lold deposits,

R. ﬁ..ngter, ed., Geol. Soc. of Ziabé?wé~spec. Pub. .

No. 1, p. 129-163. )
Saager, R., Meyer, M.; and Muff, R., 1982, old

distribution in supraciustallrocks from Archean

§reenstoné belts of qu£ﬁerh Afgica and from Paleoz#ic

ultranaf!o complexes of the European Alpst

'-etallogenic and geocheaical 1nplications. Econ.

Ceol., \ 2 77, p. 1- 2#.,

ro- ' e . ' .
’ e



Seward, T. 4., 1973, Thio conplexes of gold in hydro-
thernal ore solutions. Geochim. ‘Cosmochim. Acta, v..
73, p. 379-399. .

y -198&4, The transport and deposition of'>gold

'Y

in.hydrothermal systems. in Gold '82: The geology,
ngochee{;try and genesls of gold deposits, R.-P.
. Foster, ed., Geol. Soc. of Zimbabwe Spec. Pub.jNo. 1,
p- 165-180. I - R o
Sibson, R:.H.,.Meore; J. McM., and Rankin, A. H., 1975,
- _Seisnic pumping - a‘hyd;ethepnal fluid transgen;’. -
mechanism. Journ.'Gegl..§oci Lond., v. $1, p. 653-

6o, - T - .-

~

"y 1981, Fluid flow acconpanying faultlnga

_fieLd evidence and nodels. 1n Earthquake prediction'

and Internatlonal Review, D. W, Sinuson and P G.

-

© . Richards; eds., Anerican Geophys. Union; Horris Ewing
%

Serles, &, p. 593-608, L

énibh, R L., 1979, Ash f-low magmatism. In: Chaping'c. E,,"

and Elston, W. E. (eds.), Ash- Flow qufs, G S A.
Speeial Paper 180, p '5- 27, '

N

_"Sorenisp, H., 1974, Alkali syenites, feldspatholdal

syenites and related lavae4 in Sqrenson, H.y ed., The

Alkaline Roekss 3ohn Wiley and Sons, Ltd., LA 22- 52.

-

Stricker, S. 3., 1938, The Kirkland Lake - Eander Lake -

stratiforn carbonatlee. Hineral. Dbpos. 13:»1 ), v.‘;~~
13, »p, 355 367, - o~ f: ‘-{_ . :;;h"'f_ . ;:

333

Sl

A



- T - 336

Suiuokl, S. R., and Epsteln,'s., 1970, "Hydrogen isétope ‘\\

fractionation factors ( 's) between muscovite,
biotite, hornblefnde and water: Am. Geophys; Union
Tl‘aﬂs., V. 51, po “51-“520

s and Epstein, S., 197#,'Hydrogen isofope

Taylor, H. P,, 1968, The oXygen isotope geochemistry of

fractionation between -OH-bearing silicate nineralg and

water: Geochim. Cosnj:;}n. Acta, v. ., P. .

4 igneous rocks: Contrib. Mineral. Petrol., v. 19, p.

1"‘17. - 70' | S

, 1974, The ‘application of oxygen and hydrogen

isotope studies to probYems of hydrothermal alteration

and ore déposftion: ECON. GEOL., v.’ 69, p. 843-883,

) 1978 Oxygen and hydfoéen isotope studies of

’ plutonLc granite rocksﬁ -Earth'Plan. Sei. Letts., v.

38, p. 1797- 210, | ‘ .-

, 1979, Oxygen and hydrndéﬁ'iédtopé relations in -~

Taylor, R, P., Strong, o. Foy and Fryer, 8. J., 1931, s

. .-

<

*
-~

-}

. butlons in Qeralkaline‘ﬁranitic and volcanlc nocks.

%

hydzéthérial mineral deposits. In Geochemistry o! .

—

-

Hydrotherual Ore Depasits, 2nd Editlon, ed by H. L:ﬂ

”

-Barnes. John~'11ey and¢Sons, New York, p. 236- 277,

Volatlle contrnl of contrasting trace elenentadlstri- N

-

Contrib. ﬂineral. Fetrol., v,‘77}-p..267 271. il ,Q*] o
Thonson, 3. E., 19#1 ccnlogy of NoGarnz,!gﬂ McVittle Ste T
<, . ‘,“‘sg ' ‘-. :
- tonnships, Lardor Lak‘ 3roaz Ont. Bapt. o* Hlnes. L et
N A r>;1,°.3\ ‘;ikijl' T f“ ) -



\!'

Ann. Rept,, v. 505 pt. 7.

» ~1946, The‘Keewatfn-Tiaiskaning unconformity

in the Kirkland Lake district: Trans. Roy. Soc. Can.,
Ser. 3, v. 40, p. 113- 128, | '
s 1948, Regional structure of the Kirkland Lake- -

Larder Lake area, in Structural Géology of Canadian

.’

' Ore Deposits: CIM Special Vol., P. &27-632.

o
)_*}\

y 1950, Geology of Teck Township and Kenogami

Lake area, Kirkland Lake Gold Belt: Ont. Dept:‘of

Mines, v. 57, pt. 5, p. 1-53., .

Thomson, J. E., Fharlewood, G. H., Gaiffin, K., Hawley, 3.

| E., Hopkins, H., MacIntosh, C. G., Ogriziy, S. P., -
Perry, 0. S., ang Ward, W., 1950, Geology of the Main
ore zone at Kirkland Lake: Ont. Dept. of Mines, v. 575
pt. 5, p. 54-196. | ”

Tihor, L. A., and Crocket, J. H., 1977, Gold Distribution
- T in the Kirkland Lake-Larder Lake area with Enpnasis on

Kerr Addison Type Ore Deposits - a Progress Report, ép

‘ < . Report of Activities, Part A: Geol. Surv. of Canada,
¢ - Paper 77-1A, p. 363-369. '
Tilling, R. 1., Gottfried, D., and Rowe, J. 3., 1973,
Gold abundances in ignequs;rocks, nearingion gold
. mineralization. Econ. Geol., v. 68, p. 168-186.
Todd, E. W., {1928, Kirkland' Lake Gold Areas Ont. Dept. of
. Mines, v. 37, pt. 2. . S '\ ";
-, § . ‘ _ . Y
- ‘—‘ - . ; . - '\ ) 4

.
2

\ . .- N e . - . -



. e ; . ~ .
- R - - v .

- Turekian, K. K.iand wedepohl, K. W) 1961 Oisfribution of
- the elenents in some najor unitv of. the earth's . crust:
Geol. Soc. America Bull., v. 7, ' 175 192, :

" Tyrrell, 3. 8., and Hotre, R. E., 1926, The Kirkland Lake

‘Fault: Trans. Roy. Soc. Can., 3rd seties, v. 20, pt.

~
e

.1, sect. &.. t - .
Yil}oen, R. P., Saager, B., and Vil joen, ﬁ.DJ., 1970,
" Some fhoughts on the origin and processes u;sppn&@p}e -
. ' . for the conqentiation of gold in thé ehr;y Precanbfiaﬁ
of southern Africa. .Mineral. Dep., v. 5, p. 164-180.
Ward, W., and Thomson; J. E., 1950, Geology'of theAMacassa
" Mine, in Geology of the Main Or; Zone of Kirkland
- .Lakez Ont. Dept. Minﬁs, Annual Rept. for 1948, v. 57,
’ pt. 5, p. 125-132. ‘ . q
Watson, G. P. and Kerﬁich, Ra% i983, Macassa Mine, Kirland
Lake -‘Production history, geology, Pold o?e types and
hydrothermal regimes, in The Geology of,Gold in
Ontario, A. C. Colvine (ed.), Ont. Geo}. Surv., Misc.

.

Pap. 110, p. 56-74,

. Wenner, D. B. and Tayfgr; H. P., 1971, Temperatures ot746é}f”f\\\
| - serpentinisétion 9f ultramafic rocks based on 180 A
' f}actionations bet;eeﬁ co—eilsting serpentine‘and |
A ’nagnetite:,Contr. Mineral. Petroll, v. 32, p. 165?165.1

Wilson, A. D., 1955, A new method for the determination of

ferrou$ iron in rocks and ninerals; Great Brffian.

..

-

Geol. Surv. Bull., v. 9, p. 56-58,

»




339

\'r |
. Y , ~
N .- . ) - .
"7 Wilson, D. B., Andrews, P., Moxham, R. L., and Ramel, K.,
1965, Archean Volcanism in the Canadiah Shield: Can. v
Jour. Earth Science, v. 2, p. 161-175. Lo
. _ 0 N
~ ) . *
i W
' 4 ’ :
‘
’ . \
’ . ™ * -
. - ]/\ . ’ .
N . ) -
. » \ ‘.'
' . .v , ; ,
. - (4
' ’ ' g' -
. . ‘ “ '.“‘ ,-'-
. ¥ )
- -~ » At v ' '*,,’
. ¢ . ) BN Yo, -,‘ ..:’"r P







	Western University
	Scholarship@Western
	1984

	Ore Types And Fluid Regimes: Macassa Gold Mine, Kirkland Lake
	Gordon Peter Watson
	Recommended Citation


	tmp.1410230060.pdf.HNRok

