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INTRODUCTION ============ 

This . report presents the results of the firs t year 's work under the four-year 
(1975-1979) Canada-Manitoba Non-Renewable Resource Evaluation Program (NREP) 
which was begun April 1, 1975. The program was originally proposed by the 
Federal Department of Energy, Mines and Resources at the Western Economic 
Opportunities Conference held in Calgary in July of 1973, as a method for 
conducting joint f ederal-provincial resource appraisal studies. 

The rationale for programs such as NREP is that there is a need to i mprove 
systematic documentation of Canada's mineral reserves and resources and to 
develop better methods f or making forecasts of the existence and amounts of 
undiscovered resources. The necessity for this type of reSOl1rce knowled~e 
has been dramatized recently in the case of energy resources and Canada now 
has a variety of programs and research activities aimed at providing accurate 
dat a on t he nation' s energy resource base. 

Definition and quantification of the reSOl:TCe base from which future mineral 
supplies wil l be derived is the basis for mineral r esource appraisal and 
mineral based economic development. NREP ob jectives are the collection, 
synthesis and dissemination of met allogenic data on known mineral deposi t s 
3.nd t he estimation of probabilities of existence and amounts of uncLi..scovered 
r esources. 

NREP-M3.nitoba will attempt t o do five things: 

1. Inventori 7.e known reserves and r esources , and document their 
geological environments, 

2. Make estimates of additional or "extended" reserves in and near 
known deposits or camps, 

3. Identify favourable geological environments for exploration, 

4. Make estimates of resource potential of such environments, 

5. Provide mineral resource data for r egional economi c planning. 

NREP activities can be grouped into seven categories : 

1. Mineral Inventory, 

2. Computeri 7.ation of mineral deposit data and assessment records, 

3. Mineral deposit and metallogenic studies, 

4. Exploration history review and evaluation, 

5. Ore mineralogy studies , 

6. Mineral economic s tudies, 
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7. Resource estimations: 

(a) 

(b) 

quantitative (probabilities of tonnages and grades) 

geographic (probabilities of locations 
maps, mineral capability maps, etc.) 

metallogenic 

The major product of the program will be quantitative estimates of resources 
of Cu, Zn and Ni of Preca~brian age, and the identification of most favour­
able areas for their locations. Interim products such as this report, will 
present the results from ongoing projects in a progress report fo rmat. 
These reports will be incorporated toward the end of the program (1979) 
in a series of final reports. 

In the interests of making public the results of NREP work as quickly as 
possible, this report is released with a minimum of editing. 
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maps, mineral capability maps, etc.) 

metallogenic 

The major product of the program will be quantitative estimates of resources 
of Cu, Zn and Ni of Preca~brian age, and the identification of most favour­
able areas for their locations. Interim products such as this report , will 
present the results from ongoing projects in a progress report format . 
These reports will be incorporated toward the end of the program ( 1979) 
in a series of final reports. 

In the interests of making public the results of NREP work as quickly as 
possible, this r eport is released with a minimum of editing. 



SUMMARY OF MANITOBA-NREP PROJECTS AND COSTS 
=========================================== 

The program contains 11 main projects funded at a total cost of about 
$1.6 million over the 1975-1979 period o Costs are shared equally between 
the Manitoba Department of Mines, Resources and Environmental Management 
and the Federal Department of Energy, Mines and Resources. Projects are 
carried out by permanent and contract personnel of the Mineral Evaluation 
and Administration Branch of the Manitoba Department. Each NREP project 
l eader (Manitoba) has a federal counterpart (mainly personnel of the 
Economic Geology Subdivision, Geological Survey of Canada) whose function 
is to provide consultation and, where feasible , active participation in 
the program. Table I summarizes NREP proj ects, objectives and approx­
imate four-year costs. Additional details are given in the individual 
project progress reports that follow. Table II provides a list of NREP 
personnel. 
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Project 
No. 

NM 7501 

tIM 7502 

NM 7503 

NM 7504 

TABLE I 

SUMMARY OF MANITOBA-NREP PROJECTS AND COSTS 

Title Purpose 

NREP Management Direction and administration of the 
program. 

Mineral Inventory To prepare and publish a comprehensive 
mineral inventory file of all known 
mineral deposits and occurrences in 
Manitoba. 

Data Management To develop and implement a computerized 
mineral occurrence and mineral deposit 
file using input from Project NM 7502. 
To develop a parallel file for the 
storage and retrieval of provincial 
assessment records. 

Evaluation of Nickel To investigate known and potential 
Environments Mar.itoba nickel deposits and environments, 

including those of the Thompson and Lynn 
Lake belts; to develop deposit models to 
w1derstand the genesis of known deposits; 
to apply cumulative knowledge to the 
evaluation of geologically favourable 
parts of the Province for undiscovered 
nickel potential. 

(cant " ) 

Estimated Costs 
1975-1979 

(thousands of 
1975 dollars ) 

188.9 

189.8 

200.3 

184.5 

I'-' o 

f--> 
o 

Project 
No . 

NM 7501 

tIM 7502 

NIvl 7503 

NM 7504 

TABLE I 

SUMMARY OF MANITOBA-NREP PROJECTS AND COSTS 

Title Purpose 

NREP Management Direction and adminis tration of the 
program. 

Mineral Inventory To prepare and publish a comprehensive 
mineral inventory file of all mown 
mineral deposits and occurrences in 
Manitoba. 

Data Management To develop and implement a computerized 
mineral occurrence and mineral deposit 
file using input from Project NM 7502. 
To develop a parallel file for the 
storage and retrieval of provincial 
assessment records. 

Evaluat i on of Nickel To investigate mown and potential 
Environments Mar.itoba nickel deposits and environments, 

including those of t he Thompson and Lynn 
Lake belts; to develop deposit models to 
w1derstand the genesis of mown deposits; 
to apply cumulative knowledge to the 
evaluation of geologically favourable 
parts of the Province for undiscovered 
nickel potential. 

(cant " ) 

Estimated Costs 
1975-1979 

(thousands of 
1975 dollars) 

188.9 

189.8 

200.3 

184.5 



Project 
No. 

NM 7505 

NM 7506 

NM 7507 

NM 7508 

NM 7509 

Title 

Evaluation of Massive 
Sulphide environments 

Investigation of 
Disseminated Base 
Metal Environments 

1 Vacant 

Vacant · 

Exploration Review 
and Evaluation 

TABLE I (cont.) 

Purpose 

Investigation and evaluation of 
copper-zinc deposits and en­
vironments, as for nickel. 
Initial emphasis to be on the 
FliE Flon-Snow Lake and Lynn Lake 
belts; later in the program to 
include Superior Province 
greenstone belts. 

Investigation and evaluation of the 
base metal (mainly copper) potential 
of possible "bedded" environments such 
as the Sickle-Wasekwan contact zone 
and porphyry-type copper environments. 

Evaluation of recorded geophysical, 
geological and geochemical exploration 
data to determine past exploration 
coverage as an input to resource 
appraisal and as a measure of residual 
exploratio;'l potential of such 
environment,s. 

10tt er projects may be ~dded in later years of the program. 

Estimated Costs 
1975-1979 

(thousands of 
1975 dollars) 

234. 8 

125.3 

265.4 

(co: _t.) 

Project 
No. 

NM 7505 

NM 7506 

NM 7507 

NM 7508 

NM 7509 

Title 

Evaluation of Massive 
Sulphide environments 

Investigation of 
Disseminated Base 
Metal Environments 

1 Vacant 

Vacant 

Expl oration Revi ew 
and Evaluation 

TABLE I ( cont .) 

Purpose 

Investi gati on and evaluation of 
copper-zinc deposits @1d en­
vironments, as for nickel. 
Initial emphasis to be on the 
FliE Flon-Snow Lake and Lynn Lake 
bel t s; later in the program to 
include Superior Province 
greenstone belts. 

Investigation and evaluation of the 
base metal (mainly copper) potential 
of possible "bedded" environments such 
as the Sickle-Wasekwan contact zone 
and porphyry-t ype copper environments . 

Evaluat ion of recorded geophysical, 
geological and geochemical exploration 
data to determine past exploration 
coverage as an input to resource 
appraisal and as a measure of residual 
exploratioj.l potential of such 
environments. 

10tter projects may be Jdded L~ later years of the program. 

Es t imated Costs 
1975-1979 

(thousands of 
1975 dollars) 

125.3 



Project 
No. 

NM 7510 

NM 7511 

TABLE I (concluded) 

Title 

Ore Mineralogy 

Mineral Economics 

------- - --- - - - - --------

Purpose 

Investigation of ore mineralogy of known 
Manitoba deposits to determine further 
beneficiation possibilities and to provide 
a mineralogical basis for classification 
and correlation. Initial emphasis on 
Thompson Belt and Flin Flon-Snow Lake belt 
deposits' 1 Laboratory work is being done 
at CANMET , Ottawa. 

Three sub-projects: 

-1) Capital Expenditure analysis 
investigation of capital expend­
itures required to bring a given 
mineral deposit into production in 
a particular region of the province 

-2) Mineral Production analysis 
- development of a "life-index" model 

to investigate viability of mining 
communities and required infrastructure 

Estimated Costs 
1975-1979 

(thousands of 
1975 dollars) 

83.7 

-3) Economic Exploitability of Mineral Resources 
development of a computer model to assess 
economic parameters of mineral exploitation 69.4 

- -------------- ----- -- -- -

r;54T.l 
57.9 

1,600.0 

lCanada Centre for Mineral and Energy Technology (Department of Energy, Mines and Resourc es ) . 
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Project 
No. 

NM 7510 

NM 7511 

Title 

Ore Mineralogy 

Mineral Economics 

TABLE I (concluded) 

Purpose 

Investigation of ore mineralogy of known 
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Three sub-projects: 

-1) Capital Expenditure analysis 
investigation of capital expend­
itures required to bring a given 
mineral deposit into production in 
a particular region of the province 

-2) Mineral Production analysis 
- development of a "life-index" model 

to investigate viability of mining 
communities and required infrastructure 

Estimated Costs 
1975-1979 

(thousands of 
1975 dollars) 

83.7 

-3) Economic Exploitability of Mineral Resources 
development of a computer model to assess 
economic parameters of mineral exploitation 

Sub 1,542.1 
Contingencies 57.9 

--- -- ------ ------- ------- - - - - ---------------- - Total _____ -=l-J-, 6-=--O=----=O'-----".'--=-O __ ~ 

1 Canada Centre for Mineral and Energy Technology (Department of Energy, Mines and Resources). 
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Li st of N. R.E. P. per sonnel 

Project NM 7501 - Program Management 

NM 7502 - Mineral Inventory 

NM 7503 - Data Management and 
Computerization 

NM 7504 - Evaluation of Ni environments 

Manitoba 

F. J. Elbers 

J. Bamburak 
S. Haskins 
G. Josse 
D. Kowerchuk 1) 
R. Matthews 2 ) 

H. Ambach 
M. Merson 3) 

P. Theyer 
R. Pinsent 

NM 7505 - Evaluat ion of massive sulphide G. Gale 
environments J. Koo 

NM 7506 - Evaluation of disseminated 
base metal environments 

NM 7509 - Exploration History Review 

NM 7510 - Ore Mineral ogy 

NM 7511 - Miner al Economic St udies 

1) te rminated Sept. '75 
2 ) te rminated April '76 
3) from Sept.'75 to May ' 76 
4) te rminat ed April '76 
5) te rminated April '76 
6) f rom July '76 
7) ten tinat ed Sept. '75 

D. Baldwin 

G. Burton 4) 
G. Southard 
L. Solkoski 

J. Grice 5) 
D. Scott 6) 

R. Bagnall 
L. Skinner 
R. Cairns 7) 

Canada 

D. C. Findlay 
(G.SoC.) 

K. Ewing 
(M.D.S.) 

D. Picklyk 
(G.S.C.) 

o. R. Eckstrand 
(G.S.C. ) 

D. F. Sangstr' r 
(G.S.C. ) 

R. V. Kirkham 
(G.S.C.) 

L. Cabri 
( CANMET) 

J. Zwartendyk 
(M.D.S.) 

Tfl.nI,F.fT 

List of N.R.E.P. personnel 

Project NM 7501 - Program Management 

NM 7502 - Mineral Inventory 
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Manitoba 
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J. Bamburak 
S. Haskins 
G. Josse 
D. Kowerchuk 1) 
R. Matthews 2) 

H. Ambach 
M. Merson 3) 

P. Theyer 
R. Pinsent 

NM 7505 - Evaluation of massive sulphide G. Gale 
environments J. Koo 

NM 7506 - Evaluation of disseminated 
base metal environments 

NM 7509 - Exploration History Review 

NM 7510 - Ore Mineralogy 

NM 7511 - Miner al Economic Studies 

1) terminated Sept. '75 
2 ) terminated April '76 
3) f rom Sept.'75 to May ' 76 
4) te rminated April '76 
5) te rminated April '76 
6) from July '76 
7) ten tinated Sept. '75 

D. Baldwin 

G. Burton 4) 
G. Southard 
L. Solkoski 

J. Grice 5) 
D. Scott 6) 

R. Bagnall 
L. Skinner 
R. Cairns 7) 

1 l 

Canada 

D. C. Findlay 
(G.SoC.) 

K. Ewing 
(M.D.S.) 

D. Picklyk 
(G.S.C.) 

o. R. Eckstranri 
(G.S.C. ) 

D. F. Sangstr·r 
(G.S.C. ) 

R. V. Kirkham 
(G.S.C.) 

L. Cabri 
(CANMET) 

J. Zwartendyk 
(M.D.S.) 
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SUMMARY OF 1975-76 WORK 
======================= 

During the first year of the Non-Renewable Evaluation Program projects were 
started on the evaluation of massive sulphide, nickel and disseminated base 
metal environments, complemented by mineral inventory and computerization 
of mineral deposit and assessment data projects. A review of exploration 
history was carried out in the Flin Flon - Snow Lake, Lynn Lake and Gods 
Lake areas. A mineralogical study was started on ores of present producers 
in Manitoba . 

The evaluation of massive sulphide environments has been focussed on the 
mineral-producing Flin Flon - Snow Lake and Lynn Lake - Rusty Lake belts. 
St udies were directed towards the gathering of data which are necessary for 
deposit type modelin& such as lithologic and stratigraphic data, alteration 
pat terns, mineralogy of sulphide deposits, and structure. It is hoped that 
a r esource potential estimation can be carried out in the later years of 

14 

t he program on the basis of the formulated deposit type models. The collection 
of data will continue and extend into the Superior Province of Manitoba. 

The evaluation of nickel environments had a belated start as a result of 
whi ch no progress was made during the first year of the program. This 
project will focus on the nickel belt and the Lynn Lake belt. 

The evaluation of disseminated base metal environments has been concentrated 
on disseminated copper mineralization in basal arkoses of the Sickle Group 
near Kadeniuk Lake. A geological environment has been outlined which has 
many characteristics of syngenetic copper mineralization. 

The mineral inventory progressed with the systematic documentation of 
known mineral occurrences and deposits in Manitoba. Over half of the 
esti mated total number of mineral occurrences were described by the end 
of thf~ firs t year. 

The computerization project progressed with the definition of fil e content 
of three different computer fil es. Coding of input document took place 
during the report year. 

Review of exploration data was conducted in support of the massive sulphide 
project in the Flin Flon - Snow Lake, Lynn Lake and Gods Lake areas. This 
is a large task which will continue throughout the 4-year program. The 
data are compiled and plotted in a way that will be of assistance to the 
mining industry in their review of exploration history. 

The mineralogy project started with a sampling program of producing Manitoba 
mines. During the winter season samples were analyzed and described. This 
project is addressing itself mainly to sulphide deposits. 

Mineral economic studies were started on the analysis of past and projected 
mineral production data, and the formulation of a ccrrputer model to t est 
economic viability of simulated mineral deposits in Manitoba. 

In the second year of the program data collection will continue to be 
directed towards the formulation of deposit models which will form the 
basis of future r esource potential estimations. It is anticipated that 
the miner al inventory and computerization projects will progress to a 
point where they can be of assistance in regional metallogenic analyses. 
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the program on the basis of the f ormulat ed deposit type models. The collection 
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The evaluation of nickel environments had a belated start as a result of 
which no progress was made during the first year of the program. This 
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PROJECT REPORTS 
================= 

NM 7501 PROGRAM MANAGEMENT - by F. J . Elber s Qnd D. C. Findlal 

Overall NREP Management is provided by a two-man committee cornpos(:ri of 
:1 provincial r epresentative (r. J. Elbers, Miner31 Evaluation and 
Administration Branch) and a federal representative (D. C. Findl!1.Y , 
Geological Survey). In addition, a federal :1dvisory commi t tee composed 
of representatives from the Geological Survey, Mineral Devel opment 
Sector and CANMET (Canada Centre for Mineral and Energy Technology ) 
provides technical advice. Figure 1 illustrates the NREP management 
structure. 

Project 7504 (Nickel environments) did not commence until March 1976 
because of delays in recruiting a project l eader . 

Project 7502 (Mineral inventory), 7509 (Exploration review) and 7511 
(Mineral economics ) were interrupted due to staff turnover (see Table II). 

Work conducted during 1975-76 was aided significantly by cooperation 
extended by Sherritt Gordon Mines Limited. Discussions concerning 
cooperation and participation are continuing with Hudson Bay Mining 
and Smelting Ltd., Inco Limited and Falconbridge Nickel Mines Limited. 
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NM 7502 MINERAL INVENTORY - by J. Bamburak 

Int roduction 

The ob ject ive of the Manitoba Mineral Inventory Project is to provide a 
readily a cces si bl e file , in index card fo rm, summarizing all available 
info rmation on known mineral occurrences in the Province. Two types of 
i ndex cards, illustr ated in Figures 2 and 3, are used to record data on 
ea ch occurr ence. One card (Fig. 2 ) r ecords the locati on and available 
r eferences on each occurrence, plus a summary of its exploration, 
development and producti on history . The second card (Fig. 3) swmnarizes 
all geosci entific data for those occurrences on which sufficient information 
is availabl e . 

For retrieval convenience, the Mineral I nventory cards are filed by area, 
using the National Topographic System (N.T.S .), and by principal mineral 
commodities. Also, the cards are cros s-referenced by property name, claim 
number and corporat ion name, if the latter was i nvolved to a significant 
extent in t he pr operty history. The locations of all occurrences included 
in the file are plotted on 1:63 360 scale aeromagnet ic maps. 

During 1975/76, t he Miner al Inventory Pro ject attempted to complete the 
inventory of much of t he Precambrian area lyin~ south and west of the 
heavy black line i n Figure 4. The predece ssor of the present project 
had complet ed a t otal of 378 Precambrian Mineral Inventory cards over an 
area north and east of l ine during i t s two year s of operation. 

Results of Work 
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A total of 251 cards we r e compiled between April 1, 1975 and Mar ch 31, 1976. 
Including t he 378 cards previousl y compiled for the National Mineral Inventory , 
this comprises 63% of an esti mated t otal of appr oximatel y 1000 cards . 

During 1975-76, the Mineral Inventory r eceived 83 requests for information . 
Of this t otal, 29 originat ed from within the Mineral Resources Divisi onj 
25 wer e f rom outsi de t he Division, but within the Provincial Governmentj 
20 came f rom i ndus t ry; and 9 wer e from other sources. 

Work Planned, 1976/77 

The complet ion of t he inventory of all known Precambrian mineral occurrences 
i n the Province i s expected between October 1, 1976 and April 1, 1977. An 
at t empt wil l be made to update t he previously completed Mineral I nventory 
cards in t he fo r mer Winnipeg Mining District by April 1, 1977 and a start 
will be made on the i nventory of known Phane r ozoic mineral occurrences 
( i ndustrial miner als, excluding sand and gravel) during the l ast half 
of the year. 

I nf orma t ion f rom complet ed cards i s being t rans f erred onto MIND computer 
coding f orms ( see Proj ect NM 7503 , following ). I t i s expected that all 
of the requi r ed information will be stored in the comput er file by April 1, 1977. 

* In 1973 Manitoba began contributing Miner al I nventory cards to the National 
Mine r al Inventory Section of the Department of Ener gy , Mines and Resources, 
Ot tawa. 
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PRODUCT NICKEL I 
PROVINCE OR 
TERRITORY 

NAME OF PROPE RTY RESERVATION 34 , AREA 1 

OBJECT LOCATED Centre of Fred 16 

UNCERTAINTY IN METERS 500 m L.1. 54
0
05 . 3 ' 

MIn'"g D 'Y I,ion (The Pas) D istrict 

Cou nt V To ..... nsh ip or Parish 

Lot ConceSSion or Range 

Tp. 59 

OWNER OR OPERATOR AND ADDRESS 

1975 - Amax Potash Ltd ., 
7 King Street, E., 
Toronto 1, Ontario. 

DESCRIPTION OF DEPOSIT 

See Ca rd n: 

AuoclQled mln!!!fllll, Of producU o f value 

HISTOR Y OF PR OD UCTION 

MAP REFERENCES 

R. 

Long. 

12 WP~I 

~Iap 63J/3 , Gladish Lake (Topo . ) ,l: 50 ooo ;Surveys & Mapping 
Br ., Ottawa 

*Map 25 71G, 63J/3 (Aeromag.) ,1 :63 360 ; Man. Mines Br. and 
Geol. Surv. Can . 

Map (Figure 9) ,Detailed Magnetics :Area 1,1:48 000 - Accomp. 
Publ. by Roth (1975) ; CIM Bulletin 

Map (Figure 14) , Interpreted Regional Geol ogy : ~lanitoba 
Nickel Belt-Accomp .Publ.by Roth (1975) ;CIM Bulleti n 

#f.laps , SE3 , 63J (Claim) , 1:3 1680; "Circa 1975" Claim Map 
Series , ~lining Recording , 14an. MRD. 

REMARKS 

Five kilometres southwest of Fred 16 , Amax Potash Ltd 

I N.T.S. AREA Manitoba 63J /3 I REF.Nl1 
SE 

HISTORY OF EXPLORATION AND DEVE LOPM ENT 
The deposit is l ocated midway between t he f-tinago and Wil­

liam Hi vers , about 14t km northeast of William Lake and 30 
km northwest of Limestone Bay on Lake Wirmipeg . The dep­
osit is al so about 2t km t'1est of Pr ovincial Hwy. No . 6 . 

In 1966, under Airborne Permit 66 , Amax Exploration, Inc. 
conducted regional AFMAG and magnetomete r surveys ove r an 
area south of the known Ni ckel Belt . Numerous AFMAG anomalies 
we r e detected. Sift ing of the anomalies on the basis of 
anomaly character and amplitude reveal ed a number of l ong , 
semi- continuous featur es . On the basis of the AFMAG results, 
combined with the limited esc aeromagnetic cove rage and the 
br oad- scale esc gravity data available at that time , Ex­
ploration Reservations 33 and 34 \O"lere taken out in Octobe r, 
1966 (Roth , 1975, p . 74 ) . 

Host of the early \'lOrk \'/aS done on Reservation 33 , but at 
the end of the 1968-69 ,linter program, attention turned t o 
the Nestern central portion of Reservation 34 (Area 1 ) . The 
last drill hole (MXB-69- 27) of the program :intersected a wide 
serpentinized ultramafic carrying substantial sections of sub­
economic nickel sulphide (Roth, 1975 , p . 75 - 77) . 

In the spring of 1969 , J . Crait staked C. B. 469 ove r the 
deposit and immediately assigned it to Amax Exploration,Inc. 
During the 1969- 70 program , DDH HXB- 70-48 Nas drilled into 
the tlnose" of a linear magnetic anomal y of moderate amplitude . 

Intervals grading 0 . 73% Ni over 225 feet and 0.70% Ni over 
336 feet Nere penetrated in this second hole. As an aid in 
assessing these intersections and as a guide in future drill­
ing , detailed magnetometer and gravity surveys were carried 
out in the serpentinite zone (Roth , 1975, p . 77) . 

The cl aim block Nas converted into conventional mining 
claims in 1971. Fred 16 (P3 548E) was s t aked in the v1.c:Lnity 
of DDH HXB- 70-48 by F. Beauchamp . Thi s claim s hould cover a 
portion of the deposit . Shortl y after , the claim was assigned 
to Amax Potash Ltd. 

Subsequent drilling by Amax Potash Ltd . has outlined sev­
e r al mineralized zones within t he "nose" of the serpentinite . 
Drill- indicated tonnage within these zones is about 7 . 3 mil­
lion tons of 1.33% Ni (1% cutoff) to a depth of 1,200 fe et. 

( continued reverse) 
'IIIWI JI I< l',UUh C' IJ IJlh h l ll'pJllllll' nl u l I n~'I~\ , \ l lII l" ,md I< t'.tllir l ~', () II .I\\.!. 

REFERENCES 

Airborne Permit 66 , Non- confidenti al Assessment File ; 
Mineral Administr ati on Section ; ~Ian. HRD. 

Amax Explorati.on , Inc ., SE1) , 6)J i Corporat ion Files , 
Han . r-ffiD. 

Reservation 33 , Non- confidenti al Assessment File ; r.fi.neral 
Adminis tration Section ; Han. HRD. 

Roth , J . t 1975 : Explor ati on of the Southern Extension of 
the Hanitoba Nickel Belt; CHI Bulletin , V. 68 , no. 761, 
p . 73-80 . 

HISTORY OF EXPLORATI ON AND DEVELOPMENT - continued 

The deposit is open at depth and the potential of the "limb" 
portion has not been fully assessed (Roth , 1975 , p. 77) . 

In 1972, a 21-year lease (~l-9434) was i ssued to Amax 
Potash Ltd. on Fred 16 . In 1975, in orde r t o con.fo rm to 
n ew mining regulations, Amax has applied for an Explored 
Area Lease over Fred 16 and other adjacent claims . 

has applied f or a second Explor ed Area Lease over t he WAS Gro p of 
claims. Thi s may indicat e that anothe r anomaly similar to 
t hose in Area 1 is pr esent at thi s l ocati on . 

Comp.lRev. By I JDB I I I I I I 
Date I 9- 75 I 1 I I I I 

Figure 2 Mineral Inventory Card I 
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PRODUCT NICKEL I 
PROV INCE OR 
TERRITORY 

NAME OF PROPERTY RESERVATION 34 , AREA 1 

OBJECT LOCATED Centre of Fred 16 

UNCERTAINTY IN METERS 500 m Lol. 54
0
05 . 3 ' 

M rnlngD ry rslOn (The Pas) D lstrlc i 

Covnl V Township or Pall~h 

La! ConceSSIOn or Range 

Tp. 59 

OWNER O R OPERATOR AND A DDRESS 

1975 - Amax Potash Ltd. , 
7 King Street , E., 
Toronto 1, Ontario . 

R. 

Long. 

12 wpt·j 

I N.T.S. A REA Manitoba 63J /3 I REF.Nl1 
SE 

HISTORY OF EXPLORATION AND DEVE LOPMENT 
The deposit is l ocated midway between the Minago and Wil­

liam Hi vers , about 14t km northeas t of William Lake and 30 
km northwest of Limestone Bay on Lake Winnipeg . The dep­
osit i s also about 2t km >lest of Pr ovincial Hwy . No . 6 . 

In 1966 , under Airborne Permit 66 , Amax Exploration , Inc . 
conducted r egional AFMAG and magnetomete r surveys over an 
area south of the known Nickel Belt. Numerous AFMAG anomalies 
wer e detected. Sifting of the anomalies on the basis of 
anomaly character and amplitude r ev eal ed a number of l ong , 
semi- continuous featur es . On the basis of the AFMAG r esults , 
combined ,lith the limited GSC aeromagnetic coverage and the 
br oad- scale GSC gr avity data available at that time , Ex­
ploration Reservations 33 and 34 we re taken out in October , 
1966 (Roth, 1975 , p . 74 ) . 

Most of the early \'lork \'las done on Reservation 33 t but at 
the end of t he 1968--69 ,linter program, attention turned to 
the western central portion of Reservation 34 (Area 1). The 
last drill hol e (MXB--69- 27) of the program intersected a wide 
serpentinized ultramafic carrying substantial sections of sub­
economic nickel sulphide (Roth, 1975 , p . 75 - 77) . 

In t he spring of 1969 , J . Crait staked C. B.469 ove r the 
-------------------------------i deposit and immediat ely assigned i t to Amax Exploration,Inc . 

During the 1969- 70 pr ogram , DDH MXB--70-48 was drilled into 
DESCRIPTION OF DEPOSIT 

See Card TI 

Auocla l f!d millera l, 01 p l od uCIS 0 1 yalue 

HISTORY OF PR ODUCTION 

MAP REFERENCES 
~lap 63J /3 , Gladish Lake (Topo . ) ,1: 50 ooo ;Surveys & Mapping 

Br., Otta\'la 
*Map 2571G, 63J/3 (Aer omag . ) , 1 :63 360 ; Man. Mines Br . and 

Geol. SUI'V. Can. 
Map (Figure 9) , Detailed Magnetics:Area 1,1 :48 000 - Accomp. 

Publ. by Roth (1975) ; CIM Bulletin 
Map (Figure 14) , Interpreted Regional Geology : Manitoba 

Nickel Belt-Accomp. Publ . by Roth (1975) ;cm Bulletin 
#f.laps , SE3, 63J (Cl aim) , 1:31680; "Circa 1975" Claim Map 

Series , ~tining Reco rding , Man. ~ffiD. 

REMARKS 

Five kilometres southwest of Fred 16 , Amax Potash Ltd 

the "nose" of a linear magnetic anomaly of moderate amplitude. 
Intervals grading 0 . 73% Ni over 225 feet and 0 .70% Ni over 

336 f eet '.<er e penetr ated in this second hole. As an aid in 
assessing these intersections and as a guide in future drill­
ing , detailed magnetometer and gravity surveys were carried 
out in the serpentinite zone (Roth, 1975 , p . 77) . 

The cl aim block was converted into conventional mining 
claims in 1971. Fred 16 (p3548E) was s taked in the "ricinity 
of DOH ~!XB--70-48 by F. Beauchamp. Thi s claim s hould cover a 
portion of the deposi t . Shortly af ter, the claim was assigned 
to Amax Potash Ltd . 

Subsequent drilling by Amax Potash Ltd . has outlined sev­
eral mineralized zones \·rithin t he "nose" of the serpentinite . 
Drill- indicated tonnage within these zones i s about 7 . 3 mil­
lion tons of 1.33% Ni (1% cutoff) to a depth of 1, 200 f eet . 

(continued reverse) 
'I ml IJll<nuun I!\ Bran, h IkpJlrrll t'nl 01 I n~' I ~\. ~hl\ ," .md 1< "'IIlH,"', ( 11 1.1 1 •. 1. 

REFERENCES 

Airborne Permit 66 , Non-confidential Assessment File ; 
Mineral Administration Secti on ; ~lan. ~ffiD . 

Amax Exploratj,on, Inc ., SE1J , 6)J ; Corporation Files, 
Han . ~!RIl. 

Reservation 33 , Non-confidential As sessment File ; t-1i.neral 
Administration Section; Han. ~ffiD . 

Roth , J ., 1975 : Exploration of the Southerrl Extension of 
the ~lanitoba Nickel Belt; CHI Bulletin , V. 68 , no . 761 , 
p . 73--80. 

HISTCRY OF EXPLORATION AND DEVELOPMENT - continued 

The deposit is open at depth and the potential of the "limb" 
porti on has not been fully assessed (Roth , 1975, p . 77) . 

In 1972 , a 21-year lease (~~9434) was i ssued to Amax 
Potash Ltd . on Fred 16 . In 1975 , in orde r t o conEo I'm to 
new mining r egulat i ons, Amax has applied for an Explored 
Area Lease over Fred 16 and other adjacent claims . 

has applied for a second Explor ed Area Lea se over the WAS Gr o p of 
claims. This may indicat e that another anomaly similar to 
t hose in Area 1 is present at this l ocation. 

Comp.lRev. By I JOB I I I L I I 
Date I 9-75 I I I I I I 

Figure 2 Mineral Inventory Card I 



PROOUCT NICKEL I PROVINCE Manitoba 

NAME OF PROPERTY RESERVATION 34 , AREA 1 

STATUS Developed Prospect 

TYPE OF DEPOSIT Stratiform 

MINERALOGICA L COMPOSITION 

Ott Miner,l, pentLmdi te and millerite 

s e rpentinite 

NATURE OF MI NERA LIZATION 

Finely disseminated pentlandite and millerite ,lith 
mino r viol9.rite and hea zle\'10odite . Pyrrhotite is 
essentially absent . 

AGE OF MINE RALI ZATION 

HOST ROCKS 
Rodt TyPft 

A .. 

early Hudsonian 

olivine peridotite \flthin vol cani cs wd 
and sediments 
Aphebian 

W.II Rode "'11~.tion serpentinization 

METAL/MINERAL CONTENT 

I N.T.S. AREA 63 J/3 
SE I REF NI 1 

STRUCTURE OF DEPOSIT 

I 
Length 6000 feet 

Size Wid th 1000 feet 
Thidln ... 1000 feet 

" ttltude I Su lk. 

Dip 

Plunge 

macro-boudins 

STRUCTURA L FEATURES AND SETTING 

Prominent faulting, pnralleling the long axis of the 
WabO\'Jden Subpr ovince , i s generall y accepted as the primary 
control for the empl acement of nickel sulphide minerali z­
ation and serpentini zed ultramafic s . 

TECTONIC EN VI RONMENT 
The Wabowden Subprovince is a pr ominent tectonic and chrono­

ogic boundary zone , beb-Ieen t he Churchill and Superior provinces. 
he zon e is characteri zed by major f ault i ng sympatheti c to the 
ong axi s of the belt, high regional metamorphi sm and Hudsonian 

r adiomet ric ages. 
The bel t repr esents an accumulati on of vol canics and sedi­

~ent s deposi ted in a r estricted geosynclinal t r ough at the mar­
gins of t he Superior cr aton (si mil ar to and coeval ,·lith the 
Ungav~ geosyncline) . The ult ramafi cs were either a flow or 
shallow intrusive sheet ... li t hin t he geosyncl inal pil e. 

ORE GENESIS 
"The geosyncl inal pile , nO\,1 designated the Wabowden Sub­

province , was subjected to consi de r able deformati on and met­
amorphism during the earl y Hudsonian or ogeny . The ult r amafi cs , 

____________________ _________ -1already perhaps par t i ally serpentini zed , were affected by t hi s 
defo rmation and may h~ve been squeezed up'lard al ong a strike 
fault , so that today they r esemble macr o- boudi ns . As at the 
Mani bridge deposit (Coats , 1970) , t he sulphides in Area I are 
t hought t o be an origin al magmati c component , but have suff ered 
def a m ation and/or remobilization durin g regional metamorphism 
a l ong \-li th the serpen tinite . I ntrusion of a graniti c pl uton 
(now metamorphosed to a gr anitic gnei ss) further def ormed the 

RESERVES / REOOURCI!:S 

7 . 3 million ton s of 1.33% N: (1% cutof f) 
to a depth of 1 , 200 feet . 

l inear serpentinite at its southern and and may 'Iell have 
____________________ _________ -jpr omot ed r ecrystallization and/o r remobilization of the nickel 

sulph3.de phase", (Roth, 1975) . 
GEOPHYSICA L EXPRESSION 

1. Linear magnetic anomal y of moderate amplitude t e:nninating 
at its south end i'lith a suggesti on of a f ol d or "nose". 

2 . Weak: EH anomaly associ sted with magneti c anomal y . 

3 . IP surveys indicated anomaly was moder atel y conductive 
and weakly polarizabl e . 

GEOCH EMICA L EXPRESSION 

PHYSIOGRAPHIC SETTING 
Under bOrn of overburden and Paleozoic cove r . 

REMARKS 

Figure 3 Mineral Inventory Card II 

19 
PROOUCT NI CKEL I PROVINCE l1anitoba 

NAME OF PROPERTY RESERVATION 34 , AREA 1 

STATUS Developed Prospect 

TYPE OF DEPOSIT St.ratiform 

MINE RALOGICAL COMPOSITION 

Or. Miner,ls pentlcmdite and millerite 

s e rpentinite 

NATURE OF MI NERALI ZATION 

Finely disseminated pentlandite and millerite ,lith 
minor viol3.rite and he~lzlet·loodite . Pyrrhotite i s 
essentially absent. 

AGE OF MINE RALIZATION 

HOST ROCKS 
Rock Types 

early Hudsonian 

olivine peridotite " i thin volcanics and 
and sediments 
Aphebian 

W.II Rock "'11~.tion serpentini zation 

METAL/MINERAL CONTENT 

I N.T.S. AREA 63J/3 
SE I REF NI 1 

STRUCTURE OF DEPOSIT 

I 
l ength 8000 feet 

Size Width 1000 feet 
Thidtn ... 1000 feet 

.. ltltu .. 1 

Strlk. 

DI. 

Plunge 

Sh.pe macro-boudins 

STRUCTURAL FEATURES AND SETTING 

Prominent hulting, p'l r alleling the long axis of the 
WabO\'lden Subprovince , i s generally accepted as the p rimary 
contr ol for the empl acemen t of nickel sulphide mineraliz­
ation and serpentini zed ult ramafic s . 

TECTONIC ENVI RONMENT 
The Wabowden Subprovince is a prominent tectonic and chrono­

ogic boundary zone , bebleen the Churchill and Superior provinces. 
frh e zone is char acterized by major f aulting sympathetic to the 

cng axis of the belt, high regional metamorphism and Hudsonian 
r adi ometric ages . 

The bel t repres ent s an accumulati on of vol canics and sedi­
Iment s deposited in a restricted geosynclinal t r ough at the mar­
gins of the Superior cr a ton ( s i mil a r to and coeval ,·lith the 
Ungav~ geosyncline). The ult ramafics " e r e either a flow or 
shallo" int rusive sheet ,lit hin the geosynclinal pile . 

ORE GENESIS 
"The geosynclinal pil e , no\'1 designated the Wabowden Su~ 

province, >las subjected to considerable def ormation and met­
amorphi sm during the early Hudsonian orogeny. The ultramafics , 

_____________________________ -lalr eady perhaps par t i ally serpentinized, "ere aff ect ed by this 
deformation and may h~ve been squeezed up'lard al ong a strike 
fault, so that today they r esemble macr o- boudins . As at t he 
l1anibridge deposit (Coats , 1970) , t he sulphides in Area I a r e 
thought to be an origin3.1 magmatic component , but have suff er ed 
def a m ation and/or remobilization during regional metamorphism 
a l ong \-lith the serpentinite . Int rusion of a granitic pl uton 
(nDl"I metamorphosed to a granitic gneiss) further def ormed the 

RESERVES / KESOIlRCI!S 

7 . 3 million tons of 1.33% N: (1% cutoff) 
to a depth of 1, 200 f eet . 

linear serpentinite at its southern and ;md may 'Iell have 
_____________________________ -lPromot ed r ecrystallization and/or r emobilization of the nickel 

sulph3.de phase", (Roth, 1975). 
GEOPHYSICAL EXPRESSION 

1 . Linear magnetic anomaly of moderate amplitude tenninating 
at its south end i·lith a suggestion of a fold or "nose". 

2 . Weak D1 anomaly associ 3ted with ma gnetic anomaly. 

3 . IP surveys indicated anomaly >las moderatel y conductive 
and weakl y polarizabl e . 

GEOCHEMICAL EXPRESSION 

PHYSIOGRAPHIC SETTING 
Under 60m of over burden and Paleozoic cover .. 

REMARKS 

Figure 3 Mineral Inventory Card. II 
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The possibility of r eproducing the complet ed cards in a reduced loose-leaf 
format or on microfiche for inclusion into binder s is being investigated . 
A system of mineral occurrence maps is also being considered. Complete 
sets of cards and maps would t hen be available. A deci sion on these 
matters should be made by Oct obe r 1 , 1976. 

The production of Miner al Deposit - Land Use Maps similar to those used 
in British Columbia will also be investigated. 

Conclusions and Recommendations 

The Manitoba Mineral Inventory Proj ect moved significantly closer towards 
completion of its object i ve during 1975/76. The number of r equests for 
information shows that there is a need for such a compilation of the 
Province's mineral r esources . I n addition , increased demand from planners , 
at various government levels , f or regional mineral resource appraisals 
has made the need for mineral capability maps more urgent. 
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The possibilit y of reproducing the completed cards in a reduced loose-leaf 
format or on microfiche for inclusion into binders is being investigated. 
A system of mineral occurrence maps is also being considered. Complet e 
sets of cards and maps would then be available. A decision on these 
mat t ers should be made by October 1, 1976. 

The production of Mineral Deposit - Land Use Maps similar to those used 
i n British Columbia will also be investigated. 

Conclusions and Recommendations 

The Manitoba Mineral Inventory Project moved significantly closer towards 
compl et ion of i ts objective during 1975/76. The number of r equests for 
inf ormation shows that there is a need for such a compilation of the 
Province's mineral resources. In addition, increased demand from planners , 
at various government levels, for regional mineral resource appraisals 
has made the need for mineral capability maps more urgent. 
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NM 7503 DATA MANAGEMENT AND COMPUTERIZATION by H. Ambach 

Introduction 

Since the mid 1930's the Province of Manitoba has been responsible for 
administering its mineral r esources . During this time several thousand 
reports of geological - geophysical exploration activity have been submitted 
to the Mining Recorder as evidence of work performed on mineral dispositions. 
Twenty per cent of these reports are presently confidential and are not 
available for public viewing. The remaining eighty per cent are "cancelled"; 
that is, the claims to which they refer have been dropped. This latter group 
of "assessment" reports forms the nucleus of our mineral resources invento ry 
data base. Concomitant with these assessment reports a r e "mineral inventory 
cards" (see NM 7502, this r eport). These "cards" describe mineral occurrences 
in greater geological detail, at the expense of activity detail. A third 
group of records, associated with claims assessment reports, is drill logs. 
These logs are submitted by exploration companies as part of exploration 
and development reports. They generally contain a great er amount of 
geological detail, as compared to the mineral inventory and claims 
assessment reports. 

To date these three sources of geological data have been combined into 
the Manitoba mineral inventory data base. Within the data base, three 
separate data files have been defined; CLASS, MIND and CORE, data for 
which is obtained from CLaims ASSessment r eports , MINeral inventory cards, 
and drill CORE logs, r espectively. 

Data Files 

A. CLASS 

As previously noted, this file forms the nucleus of the Manitoba minerals 
data base. As a stand-alone fil e , it is an index to exploration activity. 
Combi ned with the MIND f ile , it presents a historical re sum~ of exploration 
activity. 

The data comprising the CLASS file may be categorized into four main 
groups (Fig. 5): 

1) Proprietary 

2 ) Geophysical exploration 

3 ) Surface expl oration 

4) Drilling exploration 

1) Proprietary information (line 1, Fig. 5) includes current (at time of 
SUbmission) holder of mineral disposition, identity of the disposition, 
the location (referenced to both the National Topographic System, and a 
prominent topographic f eature ), mo~t r ecent year of activity, date of 
initial r eport submission, current total dollar value of exploration, 
major work type performed. 
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NM 7503 DATA MANAGEMENT AND COMPUTERIZATION by H. Ambach 

Introduction 

Since the mid 1930's the Province of Manitoba ha s been responsible for 
administering its mineral r esources. During thi s time several thousand 
reports of geological - geophysical exploration activity have been submitted 
to the Mining Recorder as evidence of work performed on mineral dispositions. 
Twenty per cent of these reports are presently confidential and are not 
available for public viewing. The remaining eighty per cent are "cancelled"; 
that is, the claims to which they refer have been dropped. This latter group 
of "assessment" reports forms the nucleus of our mineral resources inventory 
data base. Concomitant with these assessment reports are "mineral inventory 
cards" (see NM 7502, this report). These "cards" describe mineral occurrences 
in greater geological detail, at the expense of activity detail. A third 
group of r ecords, associated with claims assessment reports, i s drill logs. 
These logs are submitted by exploration companies as part of exploration 
and development r eports. They generally contain a greater amount of 
geological detail, as compared to the mineral inventory and claims 
assessment reports. 

To date these three sources of geological data have been combined into 
the Manitoba mineral inventory data base. Within the data base, three 
separate data files have been defined; CLASS, MIND and CORE, data for 
which is obtain ed from CLaims ASSessment reports, MINeral inventory cards, 
and drill CORE logs, r espectively. 

Data Files 

A. CLASS 

As previously noted, this file forms the nucleus of the Manitoba minerals 
data base. As a stand-alone fil e , it is an index to exploration activity. 
Combi ned with the MIND f ile, it presents a hi storical re sum~ of explora~ion 
activity. 

The data comprising the CLASS fi l e may be categorized into four main 
groups (Fig . 5): 

1) Proprietary 

2) Geophysical exploration 

3 ) Surface exploration 

4) Drilling exploration 

1) Propri etary information (line 1, Fig. 5) includes current (at time of 
SUbmission) holder of mineral disposition, identity of the disposition, 
the location (referenced to both the National Topographic System, and a 
prominent topographic f eature ), most r ecent year of activity, date of 
initial r eport submission, current total dollar value of exploration, 
major work type performed. 



The method of locating the disposi tlon (NTS cb.irn map stl(~ct plu" Lopor;r';j ph i c; 

feature) is used primarily because of the diverse and irregular shap(;s of ' 
t he dispositions . A point-location system would give no indication of 
orientation or configuration of the disposition. 

Codes for geographic location and holder have been employed t o el iminate 
confusi on in the spelling of a name for retrieval purposes and also to 
reduce computer storage requirements. (These, and subsequent codes, are 
contained in an unpublished Guide to Indexing.) 

2) Geophysical information (line 2, Fig. 5) includes survey t ype, contractor 
and an indication of the detail employed (line spacing, total distance). The 
pr esence, or absence, of any maps included in the report is indicated by 
the map scale. 

3) A broad collection of exploration activities acceptable as claims 
assessment work is grouped under "Surface" work (line 3, Fig. 5). Generally, 
any activity, other than geophysics and drilling i s i ncluded i n this group. 
Again, codes have been employed to assist in data r etrieval. 

4) The last major data group is drilling (line 4, Fig. 5). The principal 
information i ncluded in this group is number of holes and total distance 
drilled, and the broad classes of mineralization present. Greater detail 
on the drilling is in the CORE fi le. The last three formatted lines are: 

Assay (A) - if assays are contained i n the report, this line is 
completed for each sample assayed. 

Log (L) 

NTS (N) 

completed for each drill hole which indicates base 
metal mineralization. 

cross r eference to any other NTS area int o which 
the mineral disposition extends. 

The remaining five lines of the form a r e provided for r epetition of any 
of the first seven l ines. 

B. MIND 

Mineral Inventory "Cards" ( see NM 7502, this repo r t) are summarized onto 
a compute r input document which consi sts of four separat e forms (Figs. 
6a-d) • 

Page 1 (Fig. 6a) contains proprietary information . Page 2 (Fig. 6b) 
contains the l ist of commodities, tonnages and grades, mineralogy and 
lithology. Page 3 (Fig. 6c) contains a historical resum~ of ownership 
and r eferences to the CLASS files, if any, which contain pertinent data. 
The last page (Fig. 6d) provides for r emarks and published r eferences . 

Defi nitions of all data items conform to the definitions established for 
the National Mineral Inventory Reserves File maintained by the Mineral 
Devel opment Sector, Department of Energy, Mines and Resources, Ottawa. 

The method of locating t he disposition (NTS claim m:lp s h(~ct plu;; LOfJur; r';j ph i c 
feature ) is used primarily because of the diverse and irregular shnpr! s of' 
the dispositions. A point-location system would give no indication of 
orientation or configuration of the disposition. 

Codes for geographic location and holder have been employed to eliminate 
confusion in the spelling of a name for retrieval purposes and also to 
reduce computer storage requirements. (These, and subsequent codes, are 
contained in an unpublished Guide to Indexing.) 

2) Geophysical information (line 2, Fig . 5) includes survey t ype, contractor 
and an indication of the detail employed (line spacing , total distance). The 
presence, or absence, of any maps included in the report is indicated by 
the map scale. 

3) A broad collection of exploration activities acceptable as claims 
assessment work is grouped under "Surface" work (line 3, Fig. 5) . Generally, 
any activity, other than geophysics and drilling i s included in this group. 
Again, codes have been employed to assist in data r etrieval. 

4) The last major data group is drilling (line 4, Fig. 5). The principal 
information included in this group is number of holes and t otal distance 
drilled, and the broad cl asse s of mineralization present . Greater detail 
on the drilling is in the CORE file. The last three formatted lines are: 

Assay (A) - if assays are contained in the report, this line is 
completed for each sample assayed. 

Log (L) 

NTS (N) 

completed for each drill hole which indicates base 
metal mineralization. 

cross r ef erence to any other NTS area into which 
the mineral disposition extends. 

The remaining f ive lines of the form are provided for repetition of any 
of the first seven lines. 

B. MIND 

Mineral Inventory "Cards" ( see NM 7502, this repo r t) are summarized onto 
a compute r input document which consists of four separate forms (Figs. 
6a-d ) • 

Page 1 (Fig . 6a) contains proprietary information. Page 2 (Fig. 6b) 
contains the list of commodities, tonnages and grades, mineralogy and 
lithology. Page 3 (Fig. 6c) contains a his torical r esume of ownership 
and r eferences to the CLASS fi l es, if any, which contain pertinent data. 
The l ast page (Fig. 6d) provides for r emarks and published r eferen ces . 

Definitions of all data items conform to the definitions established for 
the National Mineral Inventory Reserves File maintained by the Mineral 
Development Sector, Department of Energy, Mines and Resources, Ottawa. 
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C. CORE 

The largest and mos t complex data file, in t erms of data items and hierarchicaJ 
r elationships, i s th e CORE f ile. The CORE fi l e , based on diamond drill IOG0, 
uses a f ive-page document, shown in Figures 7a-e , for data collection. 
Proprietary data is contained on page 1 (Fig. 7a). Pages 2 throueh 5 
successively refine the definition of a drilled interval, increasine in 
detail from hand-specimen identification of rock-type (Fig. 7b), mineralogy, 
form, texture and alteration (Fig. 7c), local structure (Fig. 7d), to 
composition obtained by analytical techniques (Fig. 7e). As is the case 
with CLASS and MIND , codes are used wherever possible. 

This file is currently in the pilot-project stage. Following evaluation 
of test resul ts, the structure , content and definitions may be change s to 
reflect - a) the us es of this data and -b ) the availability of sound 
geological data. Following the final definition, all drill logs availabl e 
in Manitoba's asses sment files will be entered. 

Data Collection 

Input documents for each of the data files are completed by indexers. 
These documents are forwarded to an editor, whose responsibility is to 
ensure that required data is present, and t hat codes and data values 
conform to standards. 

Following manual editing, the data is keyed off-line to an i n-house 
t erminal, a Sycor 340B Intelligent Comrmmications Terminal. This terminal, 
equipped with 3 K bytes of programmable memory and twin tape cassett e 
drives performs a second phase of editing. Data entered i s type-verified 
(numeriC, alphabetic or alphanumeric), range-verif ied (only a certain range 
is acceptable for some numeric fi elds, for example 0 to 100 percent for grade 
values ) , code-verified (a table l ookup is performed t o ensure a keyed code is 
acceptable), and occurrence-checked (for example, in the CLASS file, claim 
holder must be present), as it is keyed. Data records that pass verification 
are written automatically onto one of the t ape cassettes. Incorrect entries 
are immediately f lagged and an error message displayed on the terminal screen. 
The operator must correct the invalid field prior to keying the next field. 

Periodically, the "clean" data ar e transmitted to a t emporary file, which 
r esides on a 3330 model 11 disk drive availabl e on the IBM 370/168 computer, 
operati ng under 0S-VS2 rel ease 1.7 operating system, provided by Manitoba Data 
Services, a Government-operated Crown-Corporation. Transmission is accomplished 
by loading a communication program into the t erminal and t el ephoning the 
main-frame computer. Access to the disk-bound f iles is through TSO (a time 
sharing option of the IBM System/370 Operating System). At present, data is 
transmitted one record at a time. However, in the near future, r emot e dial-up 
capabilities will be made avail able enabling us to transmit data in batch 
mode, thereby r educing processing costs. 

After dat a is stored on the main-frame disk file , a batch COBOL program is 
run to update the master data file. 
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DRILL CORE LOG 

30 

Page _ of_ 

HOLE NUMBER ___________ YEAR _____ CLASS REFERENCE ___ _ 

Owmffi ________________________________________________________________ _ 

PROPERI'Y NAME _____________ TarAL LEIDTH ________ _ 

DRTI..LER ---------------------------------------------------------------

CORE SIZE NT5-AREA ______________________ _ 

GRID NORl'HING GRID EASTING ___________ _ 

INDEX DATE ---.J ---1.__ INDEXED BY _______________ _ 

Figure 7::.' - CORE Index Document, Propriet3.ry Data 
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Page _ of_ 

HOLE NUMBER ___________ YEAR _____ CLASS REFERENCE ___ _ 

O~ _________________________________________________________ ___ 

PROPERI'Y NAME ________________ TarAL LEr-GTH ___________ _ 

~R _____________________________________________________________ _ 

CORE SIZE NTS-AREA -----------------------------------------

GRID NORl'HING GRID EASTING -------------------------

INDEX DATE ---1'---.1.__ INDEXED BY ________________ _ 

Figure 7(1 - CORE Index Document, Propriet3.ry Data 
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LOG 
Page _of_ 

Hole Number ____ _ 

REF. FOOT. ROCK TYPE AZIMUTH PLUNGE MODIFIER MODIFIER MODIFIER 

Figure 7b GORE Index Document , Hand Spe ci men I dentification 

PETROLOGY 
Page _ of _ 

Hole Number ____ _ 

REF. SECT. MINERAL FORM TEXTURE ALTERATION 

Figure 7c CORE Index Document, Petrology 

SAMPLE DATA 
Page _ of __ 

Hole Number ____ _ 

REF. FOOT. SAMPLE LOCALE. THIN SECT. CORE ANGLE FEATURE 

Figure 7d CORE Index Document, Structure 

DETERMINATION RESULTS 
Page __ o f __ 

Hole Number ____ _ 

REF. FOOT LOCALE TYPE COMMOD. ID VALUE MEMBER MEM. VAL . 

Figure 7e CORE Index Document, Analyses 
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File Processing 

SYSTEM 2000, a general data base management sys tem, is used for file 
mai ntenance and access. Two methods of access to the data f iles exist 
through SYSTEM 2000: (a) natural, and (b) procedural-language. 

The chief advantage to using the natural language access method i s that 
users, with very little command training, can perform retrievals and some 
r estricted manipulations by themselves. The chief disadvantage lies in 
attempting massive updates to the data file, for which each data item and 
identifier must be specifically defined. 

With the procedural language access method, characteristics are reversed; 
that is, massive updates a r e relatively simple to perform (once the 
procedural - language program is written), whereas individual retrievals 
necessitate writing a separate program for each new application. 

Conclusions and SummarY 

32 

The methods of data capture used in constructing the CLASS and MIND files 
have evolved over a period of 11 months, and are still continuing to evolve. 
As old procedures become familiar, they are evaluated and changes may be 
made. The CORE file, because it is relatively new, has as yet not received 
the same l evel of t esting as the other two fil es. The chief handicap en­
countered to date has been the lack of reliable indexers. It has been found 
that the t i me r equired to become proficient in all aspects of the job is in 
the order of 3 to 4 weeks for a CLASS indexer. At present (June, 1976) two 
full time summer students are employedo Because the MIND indexers (personnel 
from the Mineral Inventory project ) are already intimately familiar with the 
data, familiarization time is almost nilv It is still too early to fully 
assess the merits of the SYCOR terminal, but indications are that with 
additional memory, "cleaner" data can be entered into thf~ data files, at a 
net r educt ion in cost. 

Specific applications of the data base will evolve with use. 
However, s ever al uses are self-evident. CLASS, for example may be used 
as an index to exploration reports. In the past, company and government 
geologists have spent considerabl e time searching the entire Cancelled 
Assessment Reports fi l e for, in many cases, only one report. With CLASS, 
the number of r epor ts to be examined will be reduced by careful phrasing of 
r etrieval statements. Analysis of exploration activity, with r egard to 
time, geographic area, or type of activity may be performed, with results 
presented in graphical, tabular or report form. Data in CORE, in addition 
to allowing for indexing capabilities, may be used in metallogenic studies, 
such as preparation of metallogenic maps. MIND may be used to monitor 
on-going development and product ion activities. Apart from these specific 
applications for each data file, the entire data-base will be an invaluable 
r esearch tool, ultimatel y containing geological data and literature references 
to the geology of Manitoba. 
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retrieval statements. Analysis of exploration activity, with r egard to 
time, geographic area, or type of activity may be performed, with results 
presented in graphical, tabular or report form. Data in CORE, in addition 
to allowing for indexing capabilities, may be used in metallogenic studies, 
such as preparation of metallogenic maps. MIND may be used to monitor 
on-going development and product ion activities. Apart from these specific 
applications for each data file, the entire data-base will be an invaluable 
r esearch tool, ultimatel y containing geological data and literature references 
to the geology of Manitoba. 



NM 7504 EVALUATION OF NICKEL ENVIRONMENTS IN MANITOBA - by P. Theyer 

Work on the project "Evaluation of Nickel Environments in Manitoba" was 
initiated with the hiring of an Economic Geologist as a project l eader 
in March 1976. The following is a summary of planned activities. 

Office Work 

The initial phase of this program involves both i nventory and recording 
of relevant geological data related to nickel-copper miner alization i n 
the Province. 

Main data sources at the moment are: 

a) cancelled assessment files 

b) confidential asse ssment f iles 

c) mineral inventory files 

d) various sources such as scientific papers, published 
maps, etc. 

This data base will be supplemented during the summer fi eld season by 
property visits and evaluations and some research. 

The data will be presented on maps, generally at a scale 1:50 000 . 
Larger scales will be used only in cases of complex geology or drilling 
patterns. These maps will display areas in which "work" in search of 
nickel-copper mineralization has been done. Recorded "work" can consist 
of geological, geophysical or geochemical surveys, diamond drilling, 
pitting, trenching, sampling, etc. 
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The results of this work, such as distribution and patterns of mineralization, 
rock distribution patterns, sulphide distribution patterns, etc. will also 
be recorded. Finished maps will display amount, type, location and results 
of any exploratory work done on any area in Manitoba. 

Field Work 

Field work i n 1976 will center initially on locations along the Bird fliver 
Sill and in the Rice Lake region. These visits are intended for f amiliarization 
with various types of nickel-copper mineralization in southea st Manitoba. 

Later in the program, a study of all accessible mines in the "Manitoba 
Nickel Belt" and their diverse mineralization patterns will be undertaken. 

The main efforts of this field season will be directed towards an analysis 
of the copper-nickel deposits of Lynn Lake and the geology of surrounding 
gabbroic plugs. The objective is to find a deposit model for this type of 
mineralization and apply the acquired knowledge in the search of similar 
mineralization in similar geological environments. 

The r emainder of the year will then be spent on laboratory work and 
analysis of fi eld data. 
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NM 7505 EVALUATION OF MASSIVE SULPHIDE ENVIRONMENTS - by G. Gale, J. Koo, 
L. Solkoski, and G. Southard 

Abstract 

Activities of the Massive Sulphide Project group were concentrated mainly 
on evaluating assessment work reports. Mining properties and mineral 
occurrences were investigated during a six week field season. Forty 1:50 000 
map sheet (E & W halves) compilations for diamond drilling and mineral 
occurrences have been completed. Examples and preliminary results of the 
compilations, which will be made available to the public as open files, 
are presented. 

Introduction 

The overall objectives of this project are (a) to provide an estimate of 
knO'~1 and potential Cu-Zn resources in Manitoba; and (b) to provide a 
picture of the metallogenesis of massive sulphide deposits in Manitoba in 
terms of deposit-type models. A comprehensive and integrated picture of 
the massive sluphide type mineralization in Manitoba may serve as a basis 
for sophisticated resource potential evaluation, as well as establishing 
a data base for efficient exploration. 

The objectives for the year to April 1, 1976 were: 

(a) to visit the producing Cu-Zn mines and study their geological setting 
and stratigraphic position, 

(b) to review exploration history, 

(c) to review deposit type models; and, 

(d) to visit and evaluate the potential of kno~m mineral occurrences. 

The massive sulphide project (MSP) commenced on April 1, 1975 with the 
appointment of two assistant geologists to review and synthesize informa­
tio n containe d in the Cancelled A55e55ment Files (CAF) of the Mineral 
Resources Division. Two economic geologists were engaged in the MSP in 
early July and spent 6 weeks each in the field before the end of the fi eld 
season. As of April 1, 1976, a total of 39 man/months (3.25 man/yrs) have 
been expended on the MSP. 

The initial efforts have been concentrated in the greenstone belts of Lynn 
Lake - Rusty Lake, Flin Flon - Snow Lake, and Oxford Lake - Knee Lake -
Gods Lake; the first two belts contain producing Cu-Zn mines and the last 
is the largest non-producing greenstone belt in the province. Due to a 
l ate start (early August), field activities were limited mainly to 
visiting mining properties and becoming familiar with the general geological 
setting of the producing massive sulphide deposits and selected mineral 
occurrences in the Flin Flon - Snow Lake and Lynn Lake areas; no fi eld 
activities were carried out in the Oxford Lake - Gods Lake area. Outside 
the field season, the main emphasis has been directed towards compiling 
information on mineral deposits and occurrences contained in the assess­
ment files of the Department, and from published source5. In preparing 
this report only non-confidential information has been used. Additional 
information of a confidentlal nature has been gathered from exploration 
companies and will be useful in the appraisal of regional resource potential. 
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The areas for which assessment data compilations have been completed and are 
currently in progr ess are shown in Figure 8. Treatment of the data for 
individual map sheets varies from a plot of known diamond drillin~ locations 
to a plot of diamond drilling and geophysical anomalies plus a detailed 
summary of drill logs and a detailed geological description of individual 
occurrences; data availability and quality as well as the number of personnel 
employed in the study of each greenstone belt have differed considerably and 
the various segments of this report reflect these differences. 

It should be noted that this report is not designed to present a complete 
picture of information obt ained or conclusions drawn in the report year 
due to the confidentiality of much of the data base, incompleteness of data 
reduction in some areas and the l arge volume of data available. Consequently 
only typical examples of data syntheses and maps are presented here. 

GENERAL GEOLOOY 

The Flin Flon - Snow Lake " greenstone" belt in Manitoba is exposed in an 
el ongated east-west belt approximately 150 x 50 km. Recent exploration 
has shown that volcanic ro cks extend underneath Palaeozoic cover and that 
the actual width of the greenstone belt is probably in excess of 100 km. 
In the exposed portion of the greenstone belt approximately 50% of the 
area is underlain by volcanic and sedimentary rocks, the r emainder is 
underlain by gabbroic and granodioritic intrusions. The oldest rocks in 
the area, known as the Amisk Group, consist mainly of subaqueous volcanic 
rocks and mi nor sediments; these are unconformabl y overlain by the arkoses 
and conglomerates of the Missi Group. 

Massive sulphide deposits are associat ed with Amisk Group volcanic and 
sedimentary rocks. The volcanic rocks consist of basaltic, andesitic, 
dacitic and rhyolitic lava flows and variable but generally abundant 
volcanogenic clastics which contain considerable reworked material. 
Sedimentary rocks include greywacke, sandstone, argillite and conglomer­
ate and are generally r estricted to t hin discontinuous units which locally 
can form important stratigraphic marker units (e.g. White Lake, Snow Lake). 

Various lines of evidence suggest that the rocks of the Flin Flon -
Snow Lake Amisk Group have f ormed in an island arc environment of Aphebian 
age (Bailes, 1971 ; Sangster, 1972a; Mukherjee et aI, 1971 ; Stauffer et aI, 
1975; Bell et aI, 1975). Available geochemical data indicates that the 
volcanic rocks are mainly of island arc tholeiite affinity and may be calc­
alkaline in part (Stauffer, et aI, 1975). 

The Lynn Lake - Rusty Lake greenstone belt is an arcuate, approximately 
east-west trending belt 150 km in length and 10-50 km in width . Similar to 
the Amisk Group in the Flin Flon - Snow Lake belt is the Wasekwan Group, 
which consists of volcanic rocks, associated volcaniclastic material and 
minor sediment . Basic to intermediate volcanics and detritus derived 
from them are the dominant rock types; only minor acidic flows and vol­
caniclastics are present (Milligan, 1960; Roy and Haugh, 1971). 
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Zwanz,ig (1974.) Illca:3Ureu a s tr<ltigraphic section of Wasekwan Group rocks 
:;ouLhwl~ :;t. 01' D:lrr,jtl~ton 1.ak(\ Cit least 5,100 rn thLckj he alGo docwTllmteu 
L\ll' vol c:lI1 i.:;m [is cyelLc<ll, Ln that basic to inL(:r'll\(!diate flow" and 
pyr oclastic:, are 1'0] lowed by acid flows and pyroclo.stic rocks. The 
volcanic cycles can Gomctimes be followed by argillite, calcareous phyllite 
:md cherty iron formation laterally or vertically. The Wasekwan Group rocks 
ar e stratigraphically overlain by the Sickle Group arkoses and conglomerates 
at Lynn Lake (McRitchie, 1974). The Sickle Group is similar to t he Missi 
Group in the Flin Flon - Snow Lake belt. 

The Fox and Ruttan massive sulphide deposit s are contained within the 
Wasekwan Group ro cks. Geochemical data obtained from basaltic lavas of 
the Rusty Lake area have shown that they have stable-trace-element 
characteristics (J. A. Pearce per. comm.) of modern day island arc 
tholeiitic magmas. Radiometric dat es available for the Lynn Lake - Rusty 
Lake greenstone belt suggest that Kenoran and Hudsonian orogenic events 
affected the area (Stockwell, 1964, Turek, 1967). 

MASSIVE SULPHIDE ENVIRONMENTS 

Due to the short field season in 1975 a detailed study of the geological 
setting of t he known massive sulphide deposits was not possible. The 
following is a brief summary of results to date and will be augmented by 
further Geological studies in the 1976 season. 

Mineral Deposits 

The distribution of massive sulphide deposits in the Flin Flon - Snow Lake 
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area is shown in Figure 9. In the Flin Flon area the deposit s are predominantly 
massive pyrite deposits containing chalcopyrite and sphalerite; pyrrhotite is 
abundant in the Pine Bay deposit. Pyrrhotite is also the dominant sulphide 
i n the Dickstone, Stall Lake and Osborne deposits of the Snow Lake part of the 
belt. Although the Dickstone and Snow Lake area deposits are of higher 
metamorphic grade than those of the Flin Flon area, the dominance of pyrrhotite 
over pyrite cannot be attributed solely to the effects of metamorphism since 
both the pyrite-rich Anderson mine and Rod deposit are situated on either side 
of the pyrrhotite-rich Stall Lake mine and all three deposits occur in the 
same metamorphic zone. 

The Chisel Lake and Ghost Lake mines differ from other deposits in the 
Fl in Flon - Snow Lake area in that the dominant sulphide is sphalerite; 
galena is also present in addition to the "normal" pyrite and chalcopyrite. 

It can be seen from Figure 9 that the major massive sulphide deposits of 
the Flin Flon area can be separated into 4 groups on the basis of their 
metal ratios: namely, Cu-, Cu>Zn, Zn2Cu, Zn)£li deposits. These deposit 
types do not exhibit any regional distribution trends that can be corr elated with 
metamorphic zones or tectonic environments as presently understood in this 
area (Bailes, 1971). 

Other deposits of subeconomic massive sulphides are known to be present in 
the area; however, there are at present insufficient data available to us 
to establish their metal ratios. 

Zwanzig (1974.) measured a stmtigraphic section of WLlsekwan Group rocks 
:;ou thWl~ :' t. 0 I'D:) rr'j tl t;ton Lak(' nt least 5, 100 rn t,h Lek j he also docwTlfmted 
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In the Lynn Lake area there are at least 48 known massive sulphide occur­
rences; only one of these ,the Fox Mine, a Zn~Cu deposit, is a producing 
mine (Fig. 10). In the absence of adequate analytical information to 
classify the Lynn Lake occurrences into deposit types such as recognized 
i n the Flin Flon - Snow Lake area (Fig. 9) , the available drill core 
analyses have been used to separate the occurrences into polymetallic 
(Cp-Sph-Py-Po) and Py-po deposits. It can be seen from Figure 10 that both 
deposit types are distl~buted throughout the Lynn Lake area from Laurie 
Lake to Barrington Lake (compilations have not yet been completed for the 
eastern portion of the Lynn Lake - Rusty Lake greenstone belt) . However, 
massive sulphide deposits containing Cu ( ~ .5%) and/or Zn (~1%) are 
clustered in three different segments of the Wase~van belt centered near 
Fox Lake, Lynn Lake and Barrington Lake. Thf.: distance between these 
"centres" and between Barrington Lake and the Ruttan Lake deposit is 
approximately 50 km. It should also be noted here that the polymetallic 
deposit s can be associated laterally and/or vertically with Py-Po deposits . 

Stratigraphic control 

After a long history of interpretation as "epigenetic" replacement deposits 
dating from the early days of the Mandy deposit (Bruce, 1916) to post 1957 
(see "Structural Geology of Canadian Ore Deposits , 1957), the massive 
sulphide deposits of the Flin Flon - Snow Lake area are now generally 
recognized to exhibit features that are typical of volcanogenic massive 
sulphide deposits (Martin, 1966, Coats et al, 1970; Sangster, 1972a, 
1972b; Koo and Mossman, 1975) . The deposits are essentially 
conformable and strat abound, although in detail some deposits may 
exhibit minor crosscutting relationships due to mobi lization (probably 
in a plastic state) relative to t heir surrounding host rocks during 
the late stage regional metamorphism (e. g. Stall Lake and Osborne 
Lake Mines). 

Individual lenses of an ore deposit are known to occur at the same strati­
graphic l evel , e .g. in the Flin Flon, Schist Lake , and Sta ll Lake deposi ts 
(Howkins and Martin, 1970; Martin, 1966). It has been suggested that the 
Flin Flon, Mandy and Schist Lake deposits occur at or near the same strati­
graphic horizon (Howkins and Martin, 1970), however, in the absence of 
distinctive marker horizons this contention is difficult to verify. 
Observations in the Schist Lake mine indicate that the steeply eastward­
dipping ore lenses at Schist Lake have eu-rich f ootwalls and Zn-rich 
hanging walls. This same relationship has been noted by HO,",lkins and Martin 
(1970) for the Schist Lake deposit, and by Bruce (1916) for the Mandy 
deposit. The deposits of the Flin Flon mine also exhibit a zoning in 
which the Zn-rich ores occur to the east of the Cu-rich or es. In the 
generalized model for volcanogenic massive sulphide deposits (e.g. 
Sangster, 1972a) the Zn-rich zone occurs stratigraphically above the Cu­
rich basal zone. This would indicate that (1) both the Flin Flon and 
the Schist Lake - Mandy deposits are eastwards younging; ( 2) the Schist 
Lake - Mandy sulphide horizon does not occur on the east limb of the Burley 
Lake Syncline (Howkins and Martin, 1970) but on the east limb of an anti­
cline with its axial plane to the west of the Schist Lake deposit; and 

In the Lynn Lake area there are at least 48 known massive sulphide occur­
rences; only one of these,the Fox Mine, a Zn~Cu deposit, is a producing 
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Individual lenses of an ore deposit are known to occur at the same strati­
graphic l e vel, e . g. in the Flin Flon, Schist Lake, and Sta ll Lake deposits 
(Howkins and Martin , 1970; Martin, 1966). It has been suggested that the 
Flin Flon , Mandy and Schist Lake deposits occur at or near the same strati­
graphic horizon (Howkins and Martin, 1970), howe"er, in the absence of 
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Observations in the Schist Lake mine indicate that the steeply eastward­
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(1970) for the Schist Lake deposit, and by Bruce (1916) for t he Mandy 
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which the Zn-rich ores occur to the east of the Gu-rich ores. In the 
generalized model for volcanogenic massive sulphide deposits ( e .g. 
Sangster, 1972a) the Zn-rich zone occurs stratigraphically above the Cu­
rich basal zone. Thi s would indicate that (1) both the Flin Flon and 
the Schist Lake - Mandy deposits are eastwards younging; ( 2) the Schist 
Lake - Mandy sulphide horizon does not occur on the east limb of the Burley 
Lake Syncline (Howkins and Martin, 1970) but on the east limb of an anti­
cline with its axial plane to the west of the Schist Lake deposit; and 
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(3) the Flin Flon deposit and the Mandy - Schist Lake 
probably locat ed at different stratigaphic horizons. 
pretation i s presented in Figure 11. 

deposits are 
A tentative inter-

The ruler-shaped White Lake and Cuprus deposits occur in similar litho­
logies; while detailed mapping and structural analysis of the area are 
needed before it can be established whether these two deposits occur 
on the same stratigraphic horizon, they can be considered as belonging to 
the same stratigraphic zone since they are adjacent to a well-defined 
clastic sedimentary unit which probably overlies the volcanic r ocks G 

Another zone of massive sulphide mineralization can be outlined in the 
Sourdough Bay area. On the basis of detailed mapping and geophysics it 
can be shown that the Centennial, Pine Bay, North Star, Don Jon, and 
several prospects in the area occur at a number of different stratigraphic 
horizons. This zone, outl ined on Figure 12 , contains a large volume of 
acidic volcanic rocks and appears from a preliminary investigation to 
contain at least several volcanic vents. Since this zone contains one 
of t he larger areal exposures of acidic volcanism in the Flin Flon area, 
and has several base metal deposits (see Fig. 12), further studies will be 
made to delineate the different stratigraphic horizons on which there is 
known mineralization and to establish whether all or only some of the 
cycles of "basal t-andesi te-rhyoli te" have a base metal potential. 

In the Snow Lake area five mines are located close to the contact of 
acidic and basi c vol canic rocks but within the acidic rocks (Moore and 
Froese, 1973). Individual ore lenses at several of the mines (e.g. 
Chisel Lake - Martin 1966; Stall Lake - Howkins and Martin, 1970) occur 
at a single stratigraphic horizon. Although it has not yet been established 
whether all the or e deposits occur at the same horizon or not, the five 
producing mines and several other known deposits (e.g. Joannie and Rod 
Lake) appear to be contained within a single stratigraphic zone as can 
easily be deduced from published geological maps. 

Although detailed mapping has been initiated in the File Lake area (Bailes, 
in prep.) and there are 4 known deposits in the Reed.Lake - Dickstone area, 
the data base is insufficient to establish the stratigraphy in these areas. 

A detailed survey of massive sulphide occurrences in the Lynn Lake area 
indicates that the deposits are commonly contained within acid volcanic 
pyroclastics and flows, and/or siliceous to argillitic sediments. These 
host rocks are generally stratigraphically underlain by basic to inter­
mediate volcanic flows and breccias, particularly in the case of poly­
metallic massive sulphide deposits with "high Cu-Zn" grades (i.e. 
Cu)0.5%, Zn ;> 1%). 

One aspect of the lithostratigraphic control is that the high Cu-Zn 
sulphide zones, including the Fox mine, are associated directly with acid 
volcanics (flows, dikes, tuffs) plus silicic volcanoclastics, and the 
"l ow Cu-Zn" (Cu < 0.5%, Zn < 1%) and barren sulphide zones are associated 

41 

with siliceous to argillaceous sediments. These sulphide-bearing lithological 
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at a single stratigraphic horizon. Although it has not yet been established 
whether all the ore deposits occur at the same horizon or not, the five 
producing mines and several other known deposits (e.g. Joannie and Rod 
Lake ) appear to be contained within a single stratigraphic zone as can 
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the data base is insufficient to establish the stratigraphy in these areas. 
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~ ;( ' qumw ( ' :.; ;11'0 commonly ovC'rlain by grcywackco, rmd/or by the Sickle: arkose 
:mci l'on[r,lomcr.:1tc GS l'cportcd [or the Fox mine area (Stanton, 1949; Coats 
cL :11. , 1972; Obinna, 1974). The high Cu-Zn sulphide - acid flow .- tuff 
suites are, in mnny rJacr", ,'1,,;.orj :ltrrl ,.'ith barren sulphide - siliceous to 
Grgilli t ic sui tcs l;lter:l11~r ,<1nc1/'1r vertically in the Wasekwan volcanic­
s edimentar y stratigraphy. It is also found that graphite occurs in a 
majority of t he low Cu-Zn and barren massive sulphide zones in the area. 
Since gr aphite is commonly associated with the argillitic and/or impure 
siliceous sediments, it is suggested that the barren and/or low Cu-Zn 
massive sulphide deposits accumulated preferentially in the quar tzite­
argillite sequences. The high Cu-Zn massive sulphide deposits are vir­
tually devoid of graphite. 

Within the Wasekwan volcanic-sedimentary sequence southwest of Barrington 
Lake , bar ren sulphicle zones are overlain by cherty Fe-oxide zones. 

Alteration mi nerals reported are principally chlorite, sericite, quartz 
and/or carbonate. These principal types of alteration appear to be asso­
ciated only with the polymetallic sulphide deposits. 

The Cu-Zn massive sulphide deposits may be differentiated to some extent 
from the bar ren massive sulphide deposits on the basis of their detailed 
host rock strat igraphy at various localities. However, the two types 
of deposits are mutually transitional and closely associated with one 
another within nar row stratigraphic intervals. Therefore, the barren 
zones may still be important as path-finders in the exploration for 
new Cu-Zn deposi t s in their immediate vicinity. It is still a major 
question as t o whether the basic to acidic volcanic sequences 
recognizable i n the Fox, Lynn Lake and Barrington Lake segments are 
simply peripheral to or entirely different cycles of volcanism 
from a possible volcanic center localized further east of the Lynn Lake 
area as suggested by the regional distribution pattern (i.e. eastward 
thickeni ng) of pyroclastic map units. 

Detailed mapping and diamond drilling in the Oxford Lake - Gods Lake gr een­
stone belt have revealed that at least some of the sulphide mineralization 
in that area is located at or near the boundaries of different volcanic 
cycles ( see Appendix B this report). 

Exploration History 

44 

Information on the exploration history of the various areas is being extracted from 
company expl or at ion files and the Cancelled Assessment Files (CAF) of the 
Department. 

Infor mation contained in the CAF is being evaluated and synthesized. An 
Open File report on each NTS 1:50,000 map sheet is being prepared and will 
be made available to the public as completed. 

The dat a obtai ned will be presented on 1:50,000 topographic and geological 
bases as : (1) a 1:50,000 index map showing areas for which detailed geo-
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from a possible volcanic center localized further east of the Lynn Lake 
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bases as: (1) a 1:50,000 index map showing areas for which detailed geo-



logical maps are available in t he CAF plus a pl ot of known sulphide 
occurrences; ( 2) a 1: 50,000 plot of known diamond dril l hole locat ions; 
and (3) a short description of known sulphide occurrences , and a skeleton 
log of the rock types and mineral i zation i n individual dri l l holes. 

In addition t o informat ion on rock types and sul phide mineralization 
encount er ed in drilling, t he di amond drill r ecords in some instances' 
contain information on the type of wall rock alteration present or what 
can be interpreted as wall rock alt erat ion (i. e. chlor itization silici­
ficati on , carbonatization, pyri ti zation). Because of the comm~n association 
of volcanogenic massive sulphide lenses with a feeder zone or alteration 
pipe (Sangster , 1972a) at tention has been directed towards the identification 
of alteration zones during t he initial search of the file s . The known sul­
phide deposits i n the Fli n Flon - Snow Lake area which have a zone of alteration 
(feeder ) as soci at ed with them are shown i n Figur e 9 (most of the deposits 
shown wi thout an al teration pipe are t hose for which littl e data are avail­
able ) • 

The s car ci t y of analyti cal data in the CAF precludes any attempts Gt 
statis tical treatment of t he compositions of sulphide layer s encountered 
in diamond dril ling. 

A synopsis of inf ormat i on ext r act ed from the CAF for G portion of the 
Flin Flon - Snow Lake ar ea is given in Appendix A of this report. Ex­
Gmples of the pr eliminary compilations ar e al so pr esented . Appendix B 
contains a brief description of some of the mjner al occurrences and CAF 
compilations f or the Oxford Lake - Gods Lake area. 

Massive Sulphide Deposi t Production and Potential: 

Since production began at the Mandy Mine i n 1917 , the Fl i n Fl on - Snow 
Lake a r ea has pr oduced a t otal of 76.4 mil lion tons of ore from massi ve 
sulphi de deposit s. Production fi gur es a r e given in Table XIV accompanying 
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Known ore reserves of the H.B.M. & S. Co. have been maintained at approx­
imately 18 million tons since 1930 when the Flin Flon mine began production. 
Although the reserve calculations are based on a number of economic factors, 
it is reasonable to assume that the known reserves will be maintained at 
the present level for a number of years due to the continuity of the ore 
zones below the deepest mine levels in 6 of the existing mines and known 
but unexploited satellite deposits in the area. Thus a 15-20 year life 
expectancy for the Flin Flon - Snow Lake mining camp is reasonably assured 
without the discovery of any additional new deposits. 

Proven reserves of Cu-~n ore in the Fox and Ruttan mines at the end of 
1975 were 8.7 million tons (1.92% Cu / 2.08% Zn) and 43.6 million tons 
(1.45% Cu / 1.45% Zn) respectively. These r eserves should provide a 
minimum life of 8 years for the Fox Mine and 13 years for the Ruttan Mine 
at the present mining rates and with favourable economic conditions. 

Future activities 

Future activities will be directed t owards completing the evaluation of 
assessment fil es and presenting compilations of the CAF data as open 
fil e reports. 

Field studies will be directed towards establishing the detailed strati­
graphy in and around prospects, and past and present producing mines; 
detailed geological and geochemical studies will be carried out in 
selected stratigr aphic zones to t est the applicability of whole rock 
geochemistry as a local exploration tool and examine the feasibility of 
discriminating Py/Po layers associated with Cu-Zn mineralization from 
those that are not. . 
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Appendix A 

Compilation of Cancelled Assessment Work for N.T.S. 63K-10 

The first geological mapping of the area was undertaken by J. B. Tyrrell 
in 1846, followed by Alcock 1917; J. F. Wright 1930; Stockwell 1934; 
Shepherd 1943; Stanton 1945; Harrison 1949; Hunt and Rousell 1965-66. 

Prospecting started in the pre-1920's, carried on into t he 1930's and 
40's. The primary interest during these years was gold. Base metal 
exploration was being carried on during this time as well, but it wasn't 
until the 1950' s and 1960's that any significant amount of exploration 
for base metals was carried out. 

This report i s a brief summary of information compiled from cancelled 
assessment files. Approximately 100 diamond drill holes were plotted 
on N.T.S. 1:50,000 topo 63K-10. Brief notes were made of the rock types, 
mineralization and alteration products encountered in each diamond drill 
hole. On the basis of these data, three major areas of high exploration 
intensity were identified in 63K-10 as Area A (Fig. 13), and areas Band 
C (Fig. 14). From an examination of Manitoba Mines Branch map 66-3 
(N.T.S. area 63K-10E) by D. Rousell (1966) , it can be seen that diamond 
drilling in Area A was conducted in both basic volcanics and intrusives; 
lithologic units mapped by Rousell comprise chlorite schists, hornblende 
schists, and gabbro. Thirty-eight of 49 hole s drilled in Area A intersected 
mineralization. Of the 38 holes, 12 intersected graphite and/or pyrite. Some 
of the latter hole s also contain pyrrhotite, chalcopyrite, sphalerite, and 
magnetite; 3 holes intersected only magnetite and pyrite; 1 hole intersect ed 
only magnetite; and 8 holes intersected only pyrite. The r emaining 14 holes 
were apparently free of graphite and contained various combinations of 
pyrrhotite , pyrite, magnetite , chalcopyrite, sphalerite, bornite and 
millerite. Only 4 drill logs contain any assay values. 

Siliceous andesite, tuff, graphit ic and talcose schist, gabbro, dacite, 
rhyolite, trachyte, serpentinite , quartz feldspar porphyry, greywacke, 
argillite , and limestone are the main r ock types noted in the drill l ogs. 
In only one diamond drill log is there any not ation of brecciated rocks; 
this hole contained a one foot section of brecciated rhyolite which could 
have been produced by tectoni c r ather than volcanic processes. 

The largest single unit of clastics (tuff, tuff breccia) mapped by Rousell 
lies outside Area A on an island some 1.5 miles west of the Reed Lake 
massive sulphide deposit of H.B.M. & S. (just north of Fourmile Island) . 
Other smaller outcrops of clastic rocks occur within 1.25 t o 1.75 miles of 
the Reed Lake deposit. 

Most of Fourmile Island was mapped by Rousell as tonalite, "quartz-eye" 
tonalite , and plagioclase porphyry. Cancelled fil es do not contain any 
r ecord of drilling here although numerous gold-bearing quartz veins have 
been trenched. This unit of massive silicic rock and the Reed Lake 
sruphide deposit occur within the centre of an apparent zone (Fig. 13) of 
volcaniclastic rocks (tuff, tuff breccia). In addition to the outcropping 
of "quartz-eye" tonalite, on Fourmile Island, diamond drilling some 3 
miles to the north of the island (and the Reed Lake deposit) intersected 
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CjU:lrtz feldspar porphyries stratigraphically underlain by basic volcanic 
flows. It i s quite possible that the silicified tonalite on Fourmile 
Island may be a sub-volcanic equival ent of t he same lithology and therefore 
should be investigated closely to see if it may represent a volcanic center. 
If the Fourmile I sland does represent a center of volcanic activity and 
the Reed Lake deposit can be related to this activity, then it is possible 
that other massive sulphide deposits formed laterally from the vent area; 
establishing the nature of the volcanism in this area will enable a better 
estimation of the base metal potential t o be made. 

Area B (Fig. 14) was mapped by G. Hunt (1965) as ultramafic, sprpentinitic, 
and meta-gabbroic intrusives, talc-chlorite schists, amphibolites and 
clastic rocks . The area is surrounded by tonalite, "quartz-eye" tonalite, 
leucogranodiorite , and adamellite. Two faults run through the area, 
intersecting at the centre of Barb Lake. Cancelled files contain the 
locations of 7 diamond drill holes; 4 holes intersected magnetite, 2 
intersected graphite, and all 7 holes intersected sulphide mineralization 
in various combinations of pyrite, pyrrhotite, chalcopyrite and millerite. 
The sulphide mineralization occurs primarily in the serpentinite and talc­
chlorite schists. Assay values were given f or only 2 holes. 

In Area C (Fig. 14) , of 55 diamond drill holes, recorded logs for only 21 
are available. The dominant rock types intersected in diamond drilling 
were andesite , schists (talc carbonat e and talc chlorite); narrow inter­
sections of rhyolite and feldspar porphyry are present. Various combina­
tions of pyrite, chalcopyrite, pyrrhotite and magnetite were encountered 
in 18 holes. Of these, 8 intersected graphite and 7 intersected magnetite-. 
One hole intersected "limestone" , at a dept h of 168' t o 200', containing 
graphite, pyrite, "massive sulfides" and hematite. This "limestone" unit 
is overlain and underlain by talc-carbonate schists which grade into 
andesite with grains of magnetite. This 32' section of "limestone" 
alternates with layers of pyrite and graphite and is probably of Precambrian 
age. 

Assays available for 6 of the 55 holes in area C indicated Au values from 
nil to 0.70 oz/ton ; the mineralization occurred in andesites. 

More than 15 of the 55 holes were drilled in a unit of clastic rocks 
mapped by G. Hunt as Iskwasum Lake pyroclastics. The remainder of the 
holes were drilled in andesites, serpentinites and amphibolites. 

Recommendations 

The geology of Fourmile Island and the surrounding area of clastic rocks 
should be examined in detail in order t o establish whether Fourmile Island 
represents a volcanic center (acidic dome?). 
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Appendix B 

COmpi lation of Cancelled Assessment Work for the Oxford Lake - Gods Lake Area 

A compilation of the cancelled assessment data has been completed for the 
Oxford Lake - Gods Lake area as outlined in Figure 15. Diamond drill hole 
locations and significant surface showings were plotted at a scale of 
1" = 1 mile (for eventual enlargement to 1 - 50,000) . Where applicable, 
airborne electromagnetic and magnetic conductors were also plotted at t.he 
same scale (Fig. 16). 

Since a separate open file report is being prepared for CAF data, only 
a few of the more interesting occurrences are presented here. 

Most of the explorat.ion activity has taken place in the Knee Lake - Cinder 
Lake volcanic belt, the Oxford Lake - Hyers Island area, and the volcanic 
belt eA~osed along the Carrot River. Volcanic rocks are present elsewhere 
in the project area but have not been as intensively explored due to 
either poor exposure and/or discouraging initial results. 

Exploration work on the volcanic belts began in 1918 with the 
discovery of gold at Knee Lake. Gold provided the initial impet.us for 
exploration work and it was not until several years later that base metal 
exploration began in earnest. Since the early 1950's base metal exploration 
programs have far outstripped those of gold exploration. 

To date the best base metal mineralization f ound is a small copper deposit 
on the south-west tip of Hyers Island. The mineralization occurs in a 
pipe-like semi-massive sulphide body containing approximately 400,000 tons 
of 2.55% copper (Haskins & Stephenson , 1974). 

Knee Lake Area 

Detailed mapping has shown that a number of volcanic cycles are present 
in this area, which has subsequently been substantiated by geochemical 
analysis (Hubregtse , in prep .). Locally the cycle boundaries are marked 
by abundant sulphide mineralization. A number of electromagnetic anomalies 
situated along the cycle boundaries have been drilled and sulphide inter­
sections of 10-20 m were encountered in several drill holes . The main 
sulphides are massive pyrite and pyrrhotite with occasional bands and 
stringers of sphalerite and/or chalcopyrite. 

The sulphide mineralization is associated with a felsic volcanic unit 
containing porphyritic rhyolite and dacite . This unit is exposed in an 
area to the east of Cinder Lake and along the Pain Killer Bay area of 
southern Knee Lake (Fig. 17). As shown in Figure 18a a massive sulphide 
horizon occurs at the rhyolite + rhyolite fragmental/andesite interface . 
Irregular chloritic bands are found in the rhyolite and l ocally the frag­
mentals are contained within a matrix of chlorite + pyrite. This 
chloritization is interpreted as an alteration zone. 
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[<'l L':llT'(, 1 Rb reprcsf'nts data from diamond dri 1line in an area 800 m to LlI(! 

sou Lh :.lIld west or stratigraphically below the units represented in }'iguro 18a. 
In this area a sequence of quartzites and siliceous sediments (possibly 
rhyolites, cherts?) overlie graphitic sediments. A 20 m layer of nearly· 
solid sulphide (pyrite, pyrrhotite) occurs just below the graphitic sediments 
and above a locally chloritized tuff-sediments horizon. 

Beca~se these areas are contained within a single volcanic cycle it is 
tempting to assume that they also represent a single period of mineralization. 
However, the available data are insufficient to conform this assumption. 

Another area of particular interest is a roughly crescent-shaped body of 
felsic to intermediat e pyroclastic breccias and tuffs extending from just 
east of Pain Killer Bay to central Knee Lake (Figure 17 ). The eastern 
boundary of this unit is overlain by massive and pillowed basalts which 
young to the southeast. The contact zone between the pyroclastic and 
basalt unit coincides with a series of electromagnetic conductors v at 
least one of which appears to have a short strike length and magnetic 
correla tion. 

This contact zone has a strike length of ca 13 km, and from assessment 
work submitted appears to have been tested by only two diamond drill 
holes. In these holes, two seven-foot layers of massive pyrite were 
intersected at a tuff-argillite/acid agglomerate interface and at an acid 
agglomerate/tuff interface (Figure lac). Sphalerite occurs as bands and 
narrow stringers within the andesit.e tuff and intermediate tuff units. 
Chalcopyrite i s present as fine specks and blebs within the andesite tuff 
unit. 

The association of massive sulphide minerali zation with cycle boundary 
zones is not restricted to the isolated occurrences mentioned above but 
is a common feature of the ar ea. 

The same situati on is evident approximately 21 km southeast of Cinder 
Lake in Map Sheet 53L/14. Diamond drilling of an electromagnetic and 
magnetic anomaly revealed a sequence of andesite:massive pyrite and 
pyrrhotite with rare chalcopyrite (50 cm thick) + feldspar porphyry (dyke ) 
andesite:massive pyrite and pyrrhotite (15 cm thick):rhyolite, with pyrite 
and pyrrhotite:argillite. The thickest mineralized zone is found at the 
andesite/rhyolite interface. 

Although most of the massive sulphide intersections are barren pyrite and 
pyrrhotite, polymetallic mineralization does occur within the area under 
discus sion. 

Diamond drilling approximately 11 km northeast of Cinder Lake indicated 
polymetallic mineralization in a sequence of dacite:andesite:acid-to 
intermediate tuff:rhyolite:argillite. The andesite locally contains a 
few grains of sphalerite and rare specks of chalcopyrite. Sphalerite 
and pyrrhotite occur in narrow stringers and bands along the contact 
between the acid to intermediate tuff units. Trace chalcopyrite and 
galena ar e also found in the tuffs. The rhyolite unit contains sphalerite 
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bands (to 2.5 cm) and traces of chalcopyrite. 

The number of areas in which massive sulphide mineralization can be 
correlated with cycle boundary zones, and the number of cycle boundary 
zones that have not been t ested by diamond drilling, suggest that the 
residual exploration potential for massive sulphide deposits in the 
Knee Lake - Cinder Lake greenstone belt is high. 

Carrot River Area 

Sulphide mineralization is present in shear zones throughout the green­
stone belt exposed along the Carrot River . The mineralized shear zones 
vary in width from a few centimetres to several metres and have l engths 
of several hundred metres. Pyrite and pyrrhotite are the most common 
sulphides. Chalcopyrite, sphalerite and galena are also present. 

Significant base metal mineralization occurs in a northeast trending shear 
zone (?) on the south shore of the Carrot River. Barry (1960) reports 
a l ength of 50 m with a width varying from .07 to 1.7 m. The zone contains 
chlori te, tremolite, zoisite, quartz stringers and sulphides. Assay of 
a chip sample across a two foot interval shows: Au - nil, Ag - 3.5 oz/ton, 
Cu - 0.0&%, Zn - 17.4%, Pb - 9.59%. 

A sample from the occurrence shows a highly chloritized basalt (?) con­
tai ning galena, sphalerite, chalcopyrite and pyrite. Further work is 
needed to determine if the chloritization i s part of an alteration zone 
and related to a massive sulphide deposit. 

Recommendations 

Detailed mapping of all known occurrences is consider ed the next logical 
step in this project. 
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Introduction (General Project) 

This project is designed to evaluate the potential for conformable dis­
seminated base metal and porphyry-type deposits in the Precambrian Shield 
area of Manitoba. The objective is to be attained by studying t he geology 
of known mineralized localities in geological settings favourable for these 
deposit types . Favourable geological settings are determined from the study 
of published geological maps and reports. 

Field work in the Churchill and Superior provinces of the Precambrian Shield 
will extend through a four year period - 1975-1979. 

This report contains the results of field investigations carried out along 
the Sickle Group - Laurie River Group contact zone with emphasis on the 
Kadeniuk Lake copper occurrence. Field work was conducted during the 
months of June and July 1975. 

Sickle Group - Laurie River Sub study 

Introduction 

Bateman (1945) named the "Wasekwan Series" for rocks in the McVeigh Lake 
area. In that work he made an eight-fold division in wluch five of the 
formations are predominantly of volcanic origin ar.d the remainder sedi­
mentary. Allan (1946) extended the series to include the rocks south and 
west of Lynn Lake, which are continuous with those described by Bateman. 
Milligan (1 960) further extended the name to include volcanic and vol­
canic-derived sedimentary rocks from Laurie Lake east to Barrington Lake. 
Campbell (1969) proposed formal group status for the volcanic and volcanic­
d erived metasedimentary rocks in the Lynn and Granville Lakes area . In 
1972 Manitoba Mines Branch geologists engaged in the "Southern Indian Lake 
Project" extended the group to include metasedimentary rocks that are 
similar in appearance to and possibly were derived from Bateman's Wasekwan 
Series • 

The "Sickle Series" was named by Norman (1934) for the occurrence of meta­
arkosic rocks at Sickle Lake. The name remained i n the geological literature 
until Campbell (1969) proposed the name "Sickle Group" to include arkosic 
metasedimentary rocks in the Lynn and Granville Lakes area. The name 
"Sickle Group" has subsequently been extended to include all arkosic meta­
se~mentary rocks in t~e ~rntwood, Granville, Southern Indian and Lynn Lake 
reglon, the base of which lS marked by conglomerates or amphibolite and 
which appear to overlie Wasekwan Group rocks . ' 
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Baldwin (1974) proposed group status for a thick (up to 250m) succession 
of amphibolite rocks in the Kadeniuk Lake area. This "Amphibolite Group" 
of thinly interlayered amphibolite, calc-silicate rock, quartzite, marble 
and garnet amphibolite , conformably overlies the Laurie River Group and 
is conformably overlain by the Sickle Group. The Amphibolite Group has 
subsequently been recognized in the Kamuchawie Lake, McCallum Lake and 
McKnight Lake areas (Zwanzig, 1975; McRitchie, 1975; Lenton, 1975). 

Controversy over the usage of the name Wasekwan Group flourished in the 
years 1969 - 1974. McRitchie (1974, p. 19) proposed the name "Wasekwan 
Group" for the predominantly metavolcanic terrain north of the Sickle 
Group and the name "Laurie River Group" for the predominantly meta­
sediment ary rocks of greywacke composition south of the Sickle Group 
(Figure 19). 

The use of the name Sickle Group in this report conforms to the proposal 
made by Campbell (1969). The use of the name Laurie River Group conforms 
to the proposal made by McRitchie (1974). 

Contact relationships between rocks of the Sickle Group, Wasekwan Group 
and Laurie River Group have been a subject of much discussion since the 
work of Norman (1934), Bateman (1945) and Milligan (1960). McRitchie 
(1974) adequately summarizes the debate and it need not be repeated in 
this report. 

During the 1975 field season the contact between rocks of the Sickle and 
Laurie River Groups was examined at Russell Lake, along the Laurie River 
and at Granville Lake , in addition to which a detailed study was made of 
a possible sedimentary type copper occurrence in the Kadeniuk Lake area. 

The regional map coverage of the Granville Lake area (N.T.S. 64C) is 
extensive. McRitchie (1974) gives a complete account and review of the 
work prior t o 1974. 

Almost all exploration activity in the area i s confined to the Lynn Lake 
Greenstone Belt. The metasedimentary rocks outcropping to the south of 
the greenstones have received little attention. Where work has been done 
in the metasediments, E.M. conductors associated with amphibolitic rocks 
of unknown origin have been the tar gets. Diamond drilling has shown the 
conductors to be caused by barren massive sul phide or graphite. The meta­
sedimentary gneiss belt was therefore given low priority by the exploration 
companies. 

Regional Geology 

Regional geology and lithologi es are summarized on the eeological map 
(Fig. 19) and in the Table of Formati ons. 

South . and west of ?ranvi~le L~e! the Amphiboli te Group (Baldwin, 1974) 
o~cuples the ~tratlgraphic posltlon between the Sickle Group and Laurie 
River Group; It has not yet been described between the Sickle Group and 
Wasekwan ?rouP .from areas to the north and north-east of Granville Lake. 
The relatlonships ~etween the Amphibolite Group and Sickle conglomerate 
are not clear and It may be that the two lithologies are stratigraphic 
equiValents. The Table of Formations is compiled from Milligan (1960) 
Barry (1965), Baldwin (1 974), Campbell (1972), and Zwanzig (197 5). ' 
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Structure 

ReGional structural interpretations are based on the dis tribution of Sickle 
Group rocks. This is mainly because of the lack of structural marker 
horizons in the Wasekwan and Laurie River Group rocks. Detail ed accounts 
of structural geology are given by Milligan (1960), Goddard (1966), 
Pollock (1966), Campbell (1972) and Schledewitz (1972). 

The sequence of folding may be summarized as follows: 

(i) East trending isoclinal folds. 

(ii) Cross-folding on northeast trending axial planes deforming 
the rocks into a r egional Z shaped structure. 

Depositional Environment of Sickle Group Rocks 

Sickle Group rocks are generally considered to have been deposited in a 
basin marginal to the Lynn Lake Greenstone belt. Arkose, sandstone , grey­
wacke and conglomerate, plus sedimentary f eatures such as crossbedding, 
scour-and-fill and possible ripple marks of the oscillation type imply 
shallow marine deposition. 

Mineral Occurrences 

In the Lynn, Granville and Southern Indian Lake areas numerous minor mineral 
showings occur near and along the contact of the major lithostratigraphic 
groups (the Sickle, Wasekwan and Laurie River Groups). Fifty kilometres 
south of Lynn Lake in the Kadeniuk Lake area forty-one occurrences of 
disseminated sulphides occur in two narrow zones associated with the Sickle 
Group and Laurie River Group. Thirty of these are disseminated pyrite or 
pyrrhotite but eleven contain chalcopyrite in Sickle Group metasedimentary 
rocks. 

One of the se showings, which wa s discovered by the auth or while mappin8 in the 
Kadeniuk Lake area (Fig. 20), locally assays 3% Cu in selected hand sample. 
The mineralization could be sedimentary in origin, a type not previously 
r ecorded in the Shield area of Manitoba. 

Geologists of the Geological Survey Branch of the Manitoba Mineral Resources 
Division have confirmed that the Sickle Group - Laurie River Group contact 
in the Russell Lake region continues beyond the Kadeniuk Lake area and con­
tains traces of chalcopyrite. In the Kamuchawie Lake area twenty-five new 
sulphide (Py + Po and eu) occurrences have been found (Zwanzig, 1975). 
McRitchie (1 975 ) r eports six sulphide (Py + Po) occurrences in the McCallum 
Lake area (Fig. 20). The majority of these occurrences are iron sulphide in 
Amphibolite Group rocks. Nevertheless, a few are from Sickle Group rocks 
indicating that t he mineralizing processes were operative locally, within a 
large area. 

66 66 

Structure 

ReGional structural interpretations are based on the distribution of Sickle 
Group rocks. This is mainly because of the lack of structural marker 
horizons i n the Wasekwan and Laurie River Group rocks. Detail ed accounts 
of structural geology are given by Milligan (1960), Goddard (1966), 
Pollock (1 966), Campbell (1972) and Schledewitz (1972). 

The sequence of folding may be summarized as follows: 

(i) East trending isoclinal folds. 

(ii ) Cross-folding on northeast trending axial planes deforming 
the rocks into a r egional Z shaped structure. 

Depositional Environment of Sickle Group Rocks 

Sickle Group r ocks are generally considered to have been deposited in a 
basin marginal to t he Lynn Lake Greenstone belt. Arkose, sandstone, grey­
wacke and congl omerate, plus sedimentary features such as crossbedding, 
scour-and-fi l l and possible ripple marks of the oscillation type imply 
shallow marine deposi t ion. 

Mineral Occurrences 

In the Lynn , Gr anvi lle and Southern Indian Lake areas numerous minor mineral 
showings occur near and along the contact of the major. lithostratigraphic 
groups (t he Sickle, Wasekwan and Laurie River Groups). Fifty kilometres 
south of Lynn Lake in the Kadeniuk Lake area forty-one occurrences of 
disseminated sulphides occur in two narrow zones associated with the Sickle 
Group and Laurie River Group. Thirty of these are disseminated pyrite or 
pyrrhotite but eleven contain chalcopyrite in Sickle Group metasedimentary 
rocks . 

One OI the s e showings, which wa s discovered by the auth or while mappin8 in the 
Kadeniuk Lake area (Fig. 20), l ocally assays 3% Cu in selected hand sample . 
The miner ali zati on could be sedimentary in origin, a type not previously 
r ecorded i n the Shi eld area of Manitoba. 

Geologi s t s of the Geological Survey Branch of the Manitoba Mineral Resources 
Division have confi r med that the Sickle Group - Laurie River Group contact 
in the Russel l Lake region continues beyond the Kadeniuk Lake area and con­
tains traces of chalcopyrite. In the Kamuchawie Lake area twenty-five new 
sulphide (Py + Po and eu) occurrences have been f ound (Zwanzig, 1975). 
McRitchie (1 975) repor ts six sulphide (Py + Po) occurrences in the McCallum 
Lake area (Fig. 20 ) . The majority of these occurrences are iron sulphide in 
Amphibolite Group rocks. Nevertheless, a few are from Sickle Group rocks 
indicati ng t hat t he mineralizing processes were operative locally, within a 
large ar ea. 

66 



67 

/1lJ/"'OD' 

.... __ ____ J_~':301 

, 
I Ilt '4 c/'I I ,,~ c./~ J. 

___ ~cC.l/u",~~~ L_Mtl<ll~ht L.«~ \l 

Sickle Group 

o Laurie Hi ver Group t H Hi ~ 'i 20 
I 

• Mineral localities with greater than 0.02% Cu 

Figure 20 Map showing distribution of Sickle Group rocks 
and sulphide localities in the Russell Lake 
region 

I 
I 
I 
I 

--I 

I 
I 
I 

67 

/Q/~OD' 

.... __ --- _ J_~{.·!lOI 

1 
I \\! 

'4c/# I t..~ c./~ J. 
___ -.!cC.l/u",~~~ L_Mel<ll~ht L.~ \l 

Sickle Group 

o Laurie Hi ver Group t R Hi ~ 'i ,s 
I 

20 
I 

• Mineral localities with greater than 0.02% Cu 

Figure 20 Map showing distribution of Sickle Group rocks 
and sulphide localities in the Russell Lake 
region 

I 
I 
I 
I 

--I 

I 
I 
I 



68 

The Sickle Group - Laurie River Group contact extends from Saskatchewan east­
wards to the Thompson Nickel Belt, a distance of some 250 km. Pyrite and 
traces of copper minerals are known to occur locally along the entire zone o 

As part of the F ederal-P rovincial "Non-renewable Resources Evaluation 
Program", it was decided to investigate known mineral occurrences along 
the Sickle Group-Laurie River Group contac~with emphasis on environments 
of sulphide deposition and type and control of mineralization. The 
Kadeniuk Lake occurrence was chosen for detailed study to document the 
characteristics of the mineralized rocks and to form a base from which 
the potential for disseminated copper deposits along the contacts of the 
Sickle-Wasekwan and Sickle-Laurie River Groups could be assessed. 

Kadeniuk Lake Copper Occurrence 

Introduction 

The study area of approximately 6.3 sq. km (Fig. 19) is situated in the 
central north-western portion of the Kadeniuk Lake area (N.T.S. 64C/6). 
The area i s underlain by Precambrian (Aphebian) migmatites derived from 
greywacke and arkosic sedimentary rocks. The greywacke-derived migmatites 
of the Laurie River Group (McRitchie, 1974) are the most abundant of the 
supracrustal rocks in the Kadeniuk Lake area. Sickle Group migmatites, 
derived from arkoses and lithic arenites, lie in fold controlled outliers. 
Amphibolite Group rocks (Baldwin, 1974) occupy an apparently conformable 
position between the Laurie River and Sickle Groups . The geology of the 
area and copper showing are shown on the accompanying maps (Fig. 21 and 
21(a». 

Polyphase deformatio~and metamorphism to upper amphibolite facies, have 
obscured primary features and resulted in a complex geological history 
that is extremely difficult to unravel. Intense polyphase deformation 
and high grade metamorphism have obscured stratigraphic detail. Never­
theless,from the examination of diamond drill core it appears that there 
is continuity of layers (beds) down dip toward the north and that the 
layer s (beds) thicken in that direction. 

Disseminated copper minerals occur in the basal part of the Sickle Group. 
The mineralization is conformable with the local tayering and stratigraphic 
contacts. On surface the copper mineralization is traceable for 600 m 
along strike,and from a few centimetres to three metres across the strike . 
Chalcopyrite , bornite, native copper and chalcocite have all been observed 
but chalcopyrit e predominates . Individual minerali zed units are copper 
rich at the base,and Cu:Fe ratios decrease gradually upwards with decreasing 
copper and increasing iron in the sulphides. 

The disseminat ed, conformable, stratabound and zoned distribution of the 
copper minerals in metasedimentary host rocks indicates a possible sedi­
mentary or early diagenetic origin. 
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Prdimin3ry obser'V3ti.ons wer e m3dc during the summer of F)7h. In the 
~,UI1I11H~l ' of 1971) ::>cai.L ('r(~d b(~clrock f,eochemical ~lampJ (' :::; w(~ r'( ~ L:Jkcn ov(~ r ttl( : 
;l r'l' ;1 wlli]l~ mappinl': :11,:1 !,r.:1Je or 1 inch = 500 ,'pd,. I'ro:;p(!cl;in[~ :l 'l onl ~ 

LIlt' contact 7.0nl~ (~ x.L(~nd ( ~d Lho Gtd.kc length of Lhc; fn'cvloU!,l.y known 
mincr:llizatlon. Thrl ~ l ! diamond drill holes totalling two hundr(;d f (;ut 
were put down to intl~r3cct the inclined layering at right angles. Thr; 
dr i ll core was logged (Appendix A, B and C), split, as sayed , and sample:::; 
were taken f or t hin sections. The data presented in this r epor t are 
based on outcrop mapping and examination of the diamond drill core . The 
data that have been collected from the Kadeniuk Lake copper occur r ence are 
at present insufficient to formulate a comprehensive depo sit type model. 
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Although the occurrence of sedimentary type copper mineralization i n Si ckl e 
Gr oup rocks is interesting from a regional metallogeni c viewpoint , t he 
mineralization has been observed only locally and i n minor concentrations, 
and is not in itself economically significant at present. 

Stratigraphy and Lithology 

Field mapping in the McKnight Lake area (Lenton, 1975), the Kamuchawi e Lake 
a r ea (Zwanzig, 1975), and the McCallum Lake area (McRitchie , 1975) has con­
f i rmed that the succession established in the Kadeniuk Lake a r ea (Baldwin, 
1974) continues beyond the Kadeniuk Lake area and contains traces of copper 
mineralization along t he contact zone of the Sickle Group and Laurie River 
Gr oup. 

Table III summarizes the stratigraphy in the Kadeniuk-Kamuchawie Lake areas. 

TABLE III 

Stratigraphic Column of the Kadeniuk-Kamuchawie 
Lake Areas 

=============================================== 

Si ckle Group 

up to 300 m 

300 to 500 m 

o to 250 m 

o to 350 m 

Amphibolite Group 

o to 250 m 

Laurie River Group 

1000 + m 

TOP Ore Mineralogy 

top not exposed 
faserkiesel) knotted arkose ( s illimanite 

gradational 
biotite-meta-arkose 

gradational 
hornblende-meta-arkose, minor 
biotite-meta-arkose 

gradational 
meta-greywacke 

conformable - sharp 

Cp, En, Native 
Cu, chalcocite 

thinly interlayered amphibolite, Py, Po, minor Cp 
quartzite, marble, and garnet 
amphibolit e 

conformable - sharp 

greywacke migmatite 

BASE 

minor Py, Po 
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a r ea (Zwanzig, 1975), and the McCallum Lake area (McRitchi e , 1975) has con­
firmed that the successi on established in t he Kadeniuk Lake area (Baldwin, 
1974) continues beyond t he Kadeniuk Lake area and contains traces of copper 
mineralization along the cont act zone of the Sickle Group and Laurie River 
Group. 
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Sickle Group Rocks 

The Sickle Group rocks comprise meta-greJrwacke, hornblende meta-arkose, 
biotite meta-arkose and calc-silicate gnei sses. 

The meta-greywacke appears to mark the base of the Sickle Group. It is 
fine 8rained, equigranular, well fol iated, grey, contains 1 mm garnets 
and is locally graphitic. Microscopically the rock has an equigranular 
granoblastic mosaic of quart z and plagioclase . Biotite is dark brown 
and nematoblastic. Garnet is subhedral porphyroblastic and some grains 
show poikiloblastic t exture. 

Hornblende meta-arkose varies in colour from pinkish gr ey, buff-pink to 
tan. The colour of the rock depends upon the hon1blende plus biotite 
content. The rock is variably foliated. Textures show every gradation 
from hornblende clots set in an equigranular matrix of quartz and feld­
spar, to alignment of the hornblende giving a schistose texture to the 
rock. Quartz, plagioclase, potassium feldspar , hornblende, + biotite, 
~ magnetite , ~ ilmenite, and ~ sphene have been identified. 

The biotite meta-arkose is light grey to bright pink in colour depending 
upon the relative concentration of biotite and potassium feldspar. Grain 
size is slightly variable but is generally fine. The rock is very well 
foliated (schistose ) except where bi otite makes up less than five modal 
percent of the rock. Mineralogically the rock is composed of quartz, 
plagioclase, potassium feldspar and biotite ~ magnetite ~ ilmenite ~ sphene. 

Calc-silicate gneisses are i nterlayered with the hornblende meta-arkose 
and biotite meta-arkose throughout the Sickle Group at Kadeniuk Lake. 
The calc-silicate gneisses are generally slightly coarser grained than, 
and not as well foliated as the meta-arkosic rocks. A distinctive greenish 
grey or green-buff colour typifies the calc-silicate gneisses. Diopside 
is always euhedral and forms distinct individual grains 1.0 mm to 1.5 mm 
across. The mineralogy varies with calcium content. The most abundant 
calc-silicate rock is quartz, plagioclase, diopside, scapolite, calcite, 
sphene and sulphides. Quartz plus plagioclase make up less than 25 percent 
of the rock. 

The mobilisate fraction (20%) of the migmatitic rocks is medium grained 
to pegmatitic sills of pink granite and quartz monzonite. Dykes of pink 
pegmatite which cross-cut the metamorphic layering are present but not 
abundant. 

Amphibolite Group Rocks 

A pronounced, thinly layered (2 cm to 4 cm) garnet-rich amphibolite appears 
to mark the base of the group. Garnet is abundant and occurs as deformed 
porphyroblasts and aggregates. Together with amphibole it is found in 
very garnet rich (90 - 95%) layers. In outctop the amphibolite is a 
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striking contrast of dark green, pal e gr een and brown-red. Mineralogically 
the rock is composed of quartz, plagiocl ase, hornblende, garnet and epidote. 

A thinly layered amphibolitic gneiss devoid of garnet is very prominent 
in the area. The r ock has 4 to 6 cm. layers of alternating hornblende rich 
and calc-silicate rich r ock . The hornblende layers contain less than 15 
percent quartz with about equal amounts of hornblende and plagioclase 
making up the remaining 85 percent of the rock. The calc-silicate layers 
are quartz, plagioclase and diopside. Diopside accounts for about 15 
percent of the rock . Minor layers of quartzite and marble have been 
observed. 

The Amphibolite Group rocks typically contain minor iron sulphides. Minor 
chalcopyrite has been noted locally. The rocks vary slightly in grain size 
from fine to medium grained. The origin of these rocks is questionable , 
but because of their thinly layered nature, the presence of minor quartzite 
and marble and since they occur within a sedimentary sequence they are 
tentatively considered as metasediments. 

Laurie River Group 

The oldest rocks in the area are meta-greywackes. They compris:e psammitic, 
semi-pelitic and pelitic gneisses. Quartz, plagioclase, biotite + hornblende 
± garnet ± graphite are the mineralogical constituents of the rocks. 

Semi-pelitic gneisses are the most abundant rocks with only minor inter­
layered psammitic and pelitic gneisses. 

The rocks are compl)sitionally well layered. Layering is pronounced, and 
defined by changes in lithology (psammite, semi-pelite, pelite) and/or by 
thin biotite concentrations along layer boundaries. 

Mobilisate in the metatexites is represented by sills of medium grained to 
pegmatitic, white to buff quartz monozonite - granodiorite. 

A more detailed description of these rocks is given by McRitchie et . ale 
(in prep.). 

Structural Analysis 

Three phases of maj or folding have been recognized in the Kadeniuk Lake, 
Kamuchawie Lake and McKnight Lake areas (Fig . 22 and 23 a-c), (Baldwin, 
1974; Zwanzig, 1975; Lenton, 1975). 

The earliest recognizable folds (F ) are large scale isoclines which 
apparently were initially r ecumbent structures (Zwanzig , pers. comm). 
Because of the intense polyphase deformation and metamorphism,nothine is 
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During the second fold event the presumably recumbent Fl structures were 
refolded on west northwest trending, steeply dipping axlal planes. 
Regionally the plunge on F2 folds is variable but in the study area it 
appears to be plunging shallowly eastward. The F2 event has resulted in 
very tight refolded first phase structures. 

The youngest folds (F ) have axial planes that trend northeast and are 
probably near vertica1. The plunge is shallow to the northeast. Broad 
open warps have resulted from the interference of F3 with the earlier 
formed folds. 

The very tight structures produced by the superimposition of F2 upon PI 
and the absence of top criteria make a detailed structural analysis 
difficult. Nevertheless two possible interpretations are presented. 
Both require that Sickle Group rocks occupied F1 synclines (Fig. 23a) 
and that the axial plane of the F2 fold passes through "X" Lake (Fig. 22). 
Regardless of whether the F2 fold is a syncline or anticline the dis­
tribution of the rock types in the study area is the same (Fig. 23b and 
23c). But, the choice of interpretation has important consequences 
r egarding the positioning and distribution of the copper bearing unit. 

If the F2 fold is a synform (Fig. 23b) then the known mineralization 
oCCurs on the overturned limb of an F fold. The copper bearing unit 
may therefore continue down dip for sbme distance. If the mineralization 
is continuous it may then outcrop south of "X" Lake (Fig. 24) - on the 
north side of the upright limb of the FI fold (Fig. 23b). 

The alternative interpretation (i.e. F2 is an antiform) places the known 
mineralized unit on the upright underlimb of the Fl structure. The 
mineralization may continue down dip for a considerable distance. If the 
mineralization is continuous then it may outcrop south of "X" Lake (Fig. 24) -
on the north side of the overturned limb of the Fl fold (Fig. 23c) . 

In either of these interpretaions there exists a good possibility that 
the minerali zation has been concentrated by mobilization into the hinges 
of the F2 structure (Fig. 23b) or the Fl structure (Fig. 23c). 

I f the mineralized unit was originally continuous over a vast area it may 
outc rop at points A (Fig. 23b and 23c). However, geological information 
indicates that stretching has occurred on these fold limbs. It is there­
fore considered unlikely that mineralization is preserved at points A 
(Fig. 23b and 23c). 

are Mineralogy 

Primary ore minerals are pyrite, pyrrhotite, chalcopyrite, bornite, native 
copper, molybdenite and magnetite. Malachite, chalcocite, native copper, 
marcasite and hematite are secondary ore minerals near surface and along 
fractures but are generally present in only minor amounts. 
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Except for molydbenite and native copper, the primary minerals occur as 
disseminated equidimensional grains uniformly distributed throughout the 
mineralized rocks, generally having the same size as the silicate crystals 
(grnins). Iron sulphides nre most abundant with lesser chalcopyrite and 
minor bornite in some localitieso The copper and iron sulphides are 
zonally distributed. The zonation in the mineralized rocks is from a 
copper sulphide rich base passing stratigraphically upwards into more 
iron rich sulphide minerals. 

Native copper occurs as thin foils which are interstitial coatings on 
and in quartz and feldspar grains. Fine native copper dust occurs 
included in feldspar grains giving them a copper red colour. 

Molybdenite is concentrated in anatectically derived mobilisate within 
a few centimeters of the contact with the host (restite). It forms 
disseminated blebs which are unequally distributed in the mobilisate. 

The secondary minerals form coatings on fractures and shear planeso 

Malachite encrusts silicate grains and, rarely, occurs as pseudomorphs 
after native copper. Dendritic chalcocite and marcasite coat quartz 
and feldspar grains. Native copper also occurs as thin smears and 
foils on shear planes and in fractures. Hematite occurs as pseudomorphs 
after iron sulphides, particularly pyrite, and occasionally replaces 
magnetite. 

Ore Mineral Relationships 

Iron sulphides (pyrite, pyrrhotite) and magnetite occur in two modes 
by themselves, and with chalcopyr~te. 

Where chalcopyrite and iron sulphide co-exist, the chalcopyrite is either 
included within the iron sulphide or is interstitial b etween the iron 
sulphide and silicate minerals. In some zones chalcopyrite is present 
as the only ore mineral. 

Bornite occurs with chalcopyrite and by itself. Where it is present with 
chalcopyrite it can be included in chalcopyrite, interstitial between 
chalcopyrite and silicate minerals or enclosing the chalcopyrite. Bornite 
has not been observed in association with the iron sulphides. 

Where native copper is present it occurs as the only ore mineral in the 
rock. 

Magnetite often occurs in association with iron sulphides but not in direct 
contact with them. Where magnetite and chalcopyrite co-exist, the latter 
is a very minor constituent; the two minerals have not been seen in con­
tact. Bornite and magnetite have not been found in the same rock. 
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Host Rock - Ore Mineral Relationships 

Iron sulphides and l ess so chalcopyrite have been found in all of t he 
rocks present (Laurie River Group, Amphibolite Group, Sickle Group). 
Bornite, native copper, magnetite and ilmenite are confined to Sickle 
Group rocks. Iron sulphides (Po, Py) are dominant in the Laurie 
River Group rocks and the Amphibolite Group rocks. Chalcopyrite i s 
very minor within these two groups. Iron sulphides, chalcopyrite and 
bornite occur in all rock t ypes of the Sickle Group. Native copper 
observed in drill core and hand sample is confined to the biotite 
meta-arkose 0 Magnetite and ilmenite are more prevalent in the horn­
blende meta-arkose and though present in minor amounts in the biotite 
meta-arkose, are never seen in association with copper sulphides. 

Mineral Zoning 

Although the rocks are highly deformed and r ecrystallized , primary 
mineral zoning is preserved (Appendix D, E and F). 

In di amond drill hole 3-3-75 a fifteen foot intersection of sulphide 
mineralization is as follows: 

23'0" 25'8" Fe sulphide 
25'8" 30'0" Fe sulphide plus chalcopyrite 
30'0" 30'6" Barren 
30'6" 32'0" Chalcopyrite 
32'0" 35'4" Barren 
35 ' 4" 37'0" Bornite plus chalcopyrite 
37'0" 38'0" Native copper 

Similar zoning is present in a twenty-five f oot intersect ion from 
diamond drill hole 3-2-75. 

2'6" - 3'0" 
3'0" 4'6" 
4'6" - 20'13" 

20'8" - 23 '6" 
24'6" - 25'8" 
25'8" - 26' 1" 
26 ' 1" - 26'9" 
26'9" - 27'6" 

Fe sul phide 
Barren 
Fe sulphide plus c ha lcopyrite 
with amount of chalcopyrite 
increasing with depth in hole 
Bornite plus chal copyrite 
Barren 
Native copper 
Barren 
Bornite plus chalcopyrite 

Zoning in diamond drill hol e 3-1-75 is not as well defined as in holes 
3-2-75 and 3-3-75. But in general, intersect i ons mineralized with 
sulphide show a copper-rich to iron-rich zonation (Appendix D,E and F). 
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Mineral zoning is not always facing in one di rec t ion. 
seem to occur in D.D.H. S-1-75 (Appendix D), but t hese 
been drilled deep enough for positive document at ion . 

Vertical reversals 
holes have not 

The zoning could be a primary feature, but may als o have resulted from 
t ransposi t ion of primary features. 

Copper profiles f rom diamond drill core are shown i n Appendix D, E and F. 
The analyses were done by atomic absorption with a det ection limit of 
one ppm. Samples for analysis were split dr ill cor e. The assay interval 
is i ndicated on the profiles by the width over whi ch t hat percentage of 
copper occurs. 

Or igin 

The available geological data are insufficient to apply a deposit t ype 
model to this mineral occurrence. 

The copper mineralization appears to be confined t o the basal part of 
the Sickle Gr oup rocks. Repeated zoning from copper rich to iron r ich 
sulphides is present in layers within the mineralized strata. The nature 
of the mineralization suggests that sulphide depositi on was pre-metamorphism 
and pr e-consolidation. Rocks of the Amphibolite Gr oup ar e rich in iron sul­
phide but are very poor in copper. 

Mechanisms i nvolving the circulation of copper-enriched ground waters have been 
i nvoked by some authors to explain the zoning in syn-sedimentary sulphide 
deposits . In a reducing environment where such wat er s pass thr ough rocks 
rich in i r on sulphide, the copper in soluti on is postulated to r eplace the 
iron sulphide, resulting in primary ore minerals such a s chalcocite , bornite 
and chalcopyrite. If this mechanism was operati ng duri ng the f ormation of 
the Kadeniuk Lake deposit the ground water did not pas s through the amphi­
bolite, otherwise the iron sulphide presumably would have been r eplaced by 
copper sulphide. 

Recommendations 

(1) Eval uation of Exploration Technigues 

(i) GeochemistrY 

In the 1975 field season approximately 150 samples of bedrock from the study 
area were analyzed for Cu, Pb, Zn, Ni, Co, Ag and Au. The data were pl otted 
on sampl e location maps. The distribution of Pb, Zn , Ni, Co, Ag and Au is 
so erratic that attempts to contour the data were unsuccessful. 

It appears that none of these elements behave as an i ndicator f or copper 
mineralization in the study area. 

Nowhere in the area have copper values that are above background been r ecorded 
without there being visible sulphide or native copper i n t he sampl e . 
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Consequently, it appears that the copper mineralization does not show 
secondary dispersion and that the contact relationship of mineralized 
and non-mineralized rock is extremely sharp. 

It is therefore considered that rock geochemistry is of very limited 
value as an exploration tool for this type of copper deposit i n Sickle 
Group rocks. 

(ii) Geophysics 

Considering that the mineralization in the s t udy area is disseminated , 
the choice of geophysical methods is limited and expensive. 

In comparing existing geological maps and aeromagneti c maps in the 
Kisseynew Belt, Sickle Group rocks have a high magnetic signature 
(;> 2300 gammas). This is due to their magnetite content. It has 
been observed during this study that copper bearing Sickle Group 
r ocks are devoid of, or contain very little magnetite. 

A study should be made across the zone of known mineralization with a 
ground magnetometer to see if the copper bearing zone i s expressed as 
a magnetic low within rocks that are r egional magnetic highs. If 
this method proves successful, then it may be used in the early stages 
of exploration to delineate target areas within Sickle Group rocks o 

(iii) Prospecting 

Because quartz and feldspar comprise the bulk of their modal composition, 
Sickle Group rocks are generally hard and resistive. Where these rocks 
outcrop they form ridges of fairly continuous exposure that generally 
parallel the strike of the layering (bedding)o 

Except for native copper the mineralization is in the form of sulphides 
which are visible upon careful examination. The native copper forms thin 
foils interstitial to rock grains. Its identification in hand sample i s 
very difficult and except to the well trained eye may be easily overlooked. 

Copper staining on the surface of outcrops i s absent, but within a few 
millimetres of the weathered surface the rock may be heavily stained with 
malachite and/or azurite. 

Therefore, prospecting for disseminated copper occurrences in Sickl e Group 
rocks requires extensive rock breaking and careful examination. Neverthe­
less, because of the good exposures and the nature of the mineralization 
it is probably the best exploration method t o employ in the initial 
exploration stage. 

(iv) Diamond Drilling 

In 1975 three holes were drilled in the study area. None of these was 
deep enough to intersect Amphibolite Group rocks. The stratigraphic 
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thickness or the minerali zation is therefore still unknown. Consequently, 
it is of utmost import::mcc that drill holes intersect Amphibolite Group 
rocks .:md ensure that the entire mineralized zone is penetr ated to 
gain insight into the stratigraphy below surface. 

(2) Potential Exploration Areas: 

The Sickle Group - Laurie River (Wasekwan) Group contact zone extends 
f rom the Thompson Nickel Belt westward into Saskatchewan over a distance 
of some 250 km. East of Mynarski Lake and Notigi Lake the contact i s 
not well defined. Post 1969 mapping by the Geological Services Branch 
of Manitoba Mineral Resources Division has defined the contact from 
Mynarski and Notigi Lakes west to the Mani toba-Saskatch.ewan bordel·. 

The geology along the contact is similar t.o that described in this 
report, fOl' the Kadeniuk Lake Area. 

Dissemiflated chalcopyrite occurs in -the base of the Sickle Group rocks 
which outcrop on the Wp.st Rhore of Notigi Lake (B. Esposito, pers. comm.). 
The nature and extent of minero.lization at this Jocality has not yet been 
j nvestigat~J. 

Mineralization has not bcen ctocllmented in the Sickle GroL'p rocks out­
cro~ping south of the northeast arm of Rut.:sell Lake. The proxinIi ty and 
similar ~eol~gy of these rocks to the KadenitUc Lake occurrenCE suggest that 
tbis area should be further investigated. 

In the K8JJ1uchawie Lake area twenty-five very minor copper showings have 
been discovered (Zwanzig,1975). Copper values of grab samples range 
from trace to 0.2 percent copper. Chalcopyrite, malachite and azurite 
were noted during the course of mapping. More recently, microscopic 
inspection of hand samples has revealed the pr esence of minor bornite , 
native copper and possibly chalcocite. 

In summary, areas along the Sickle Group - Laurie River Group contact., 
worthy of further investigation, are Kamuchawie and Kadeniuk Lake ar eas 
N.T.S. 64C/5 and 64C/6),despite the fact that most of the known occurrences 
appear to be quite minor. The occurrence at Notigi Lake is now under 
water as a result of the construction of the Notigi Lake water control 
structure. 

Conclusions 

FrOIn the limited geological data available from the Kadeniuk Lake copper 
occurrence the following tentative conclusions can be made : 

1) Copper mineralization in the metasedimentary supracrustal rocks of 
the region is concentrated in the basal Sickle Group rocks. 

82 82 

thickness or the mineralization is therefore still unknown. Consequently, 
it is of utmost import.JJ1cc that drill holes i ntersect Amphibolite Group 
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2) The mineralization appears to be syn-sedimentaryo 

3) The mineralized unit contains more than one mineralized layer. 

4) The mineralized zones are themselves zoned with respect to the 
copper sulphides. 

5) Native copper is the only ore mineral that is restricted in 
occurrence to a specific rock type (biotit e meta-arkose). 

6) Layering appears to thicken down dip. 

Metamorphism and polyphase deformation have obliterated pri mary 
sedimentary features and make interpretation of s edimentary processes 
and the environment of ore deposition mos t difficult. 

Much more data are r equired to gain insight into the source of the copper, 
the mechanism of copper deposition, and the shape and grade of the 
occurrence at Kadeniuk Lake o (Since this report was prepared, more data 
has become available. The analysis of this data may result in a further 
understanding of the mineral occurrence). 

Future Activities (entire project) 

In t he 1976 field season areas with potential for porphyry environments 
will be investigated in Flin-Flon - Snow Lake belt. 

Furt her field investigations along the Sickle Group - Laurie River Group 
contact will be made in the Kamuchawie, Russell, Lasthope and Notigi 
Lake areas. 

Trenching is presently (June, 1976) underway at Kadeniuk Lakeo Upon 
completion of this work the area will be re-visited to gather additional 
information on the geology of the mineral occurrence. 

83 

2) The mineralization appears to be syn-sedimentaryo 

3) The mineralized unit contains more than one mineralized layer . 
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FOOTAGE 

0'0" to 4'11" 
4'11" to 21'11" 

21'11" to 32' 2" 

32'2" to 40'6" 
40'6" to 42'6" 
42'6" to 42' 10" 
42'10" to 43'2" 
43'2" to 46'9" 
1.6'9" to 48'8" 
48'8" to 49' 1" 
49 '1" to 49'11" 
49' 11" to 50 ' 7" 
50'7" to 51'7" 
51'7" to 53'7" 
53'7" to 57'3" 

57'3" to 72'0" 

72'0" to 94'4" 

APPENDIX "A" 

DIAMOND DRILL LffiS D.D.H. 3-1-75 

ROCK TYPE MINERALIZATION 

Hornblende meta arkose Minor py 
Calc-silicate gneiss 

Biotite meta arkose 

Calc Silicate 
Biotite meta arkose 
Calc Silicate gneiss 
Pegmatite 
Calc Silicate gneiss 
Biotite meta arkose 
Hornblende meta arkose 
Biotite meta arkose 
Calc Silicate gneiss 
Core missing 
Biotite meta arkose 
Biotite schist I-lith 
layers of Quartz, 
pl ag., scapolite rock. 
L~terlayered hornblende 
~~d biotite meta arkose 

Biotite meta arkose 

4'11" to 11'0" Cp 

11'0" to 14'6" Cp & En 
14'6" to 15'10" Cp 
15' 10" to 16' 3" Cp & En 
16'3" to 18'3" Cp 
18'3" to 19'9" Cp & Py 
24' 1" to 26'0" py, Po, 
very minor Mt 
27'2" to 28'1" Bn 
29'7" to 32'2" Py & Cp 
32'2" to 38'0" Py 
40' 6" to 41' 5" Cp 

Py, Po 

Py & Cp 

57'3" t o 60'6" Native 
Cu, Secondary Cc in 
fractures 
60 ' 6" to 60' 11" Cp & En 
61 ' 4" to 63' 8" Cp & Py 
63 '11" to 65'0" Native Cu 
68 '4" to 69'0" Py & Cp 
69'0" to 69'3" Cp 
69' 3" to 70'0" Native Cu 
secondary marcasite 
71'0" to 72'0" Py 

72' 5" to 72' 6" Native Cu 

ASSAY 

10'5" to 11'3" 0.11% Cu 
13'0" to 13'6" 0.01% Cu 

0.02% Cu 

0.009% Cu 

42'9" to 53'0" 
0.005% Cu 

0.081% Cu 

0 .018% Cu -

SPECIFIC NOTES 

Minor diopside, sphene -
Diopside, sphene, carbon­

ate 

Diopside, sphene 

Scapolite 

Sheared, 
Scapolite 

Fractures coated with 
minor malachite 

~.inor malachite 
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94'4" to 96'6" 

99'3" to 121'0" 

Pegmatite 
Calc Silicate 
Qtz. plag. Bioti te 
gneiss (possible 
meta greywacke) 

72'6" to 73'1" Cp 
73'2" to 80'3" Native Cu 
secondary Cc in fractures 
Malachite 
80'3" to 83'8" Py & Cp 
83'8" to 84'3" Native Cu 

84'3" to 92'0" Cp 

92'0" to 99' 2" Py & Cp 

99'3" to 99'8" 
Molybdenite in 
mobilizate 
99'8" to 107'0" Py & Cp 
107'0" to 121 '0" Py 

End of hol e 

0.04% 

1 ft @ o.Zfo Cu 
3 ft @ O.O&{o cu 
4 ft @ o.oZfo Cu 

0.05% cu 

0.017 % Mo 

0.05% Cu 

D.D.H. S-1-75 - cont'd 

Identification con­
firmec. by X-ray. 
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FOOTAGE ROCK TYPE 

0'0" to 12'0" Calc-Silicate gneiss 

12'0" to 15'5" Hornblende meta-arkose 
15'5" to 24'0" Calc-Silicate gneiss 

24'0" to 25'10" Biotite meta-arkose 
25'10" to 26'0" Calc-Silicate gneiss 
26'0" to 27'4" Pegmatite 
27' 4" to 27' 9" Biotite meta-arkose 
27'9" to 28'8" Calc-Silicate gneiss 
28' 8" to 29' 3" Biotite meta-arkose 
29' 3" to 29' 7" Calc-Silicate gneiss 
29'7" to 30'0" Biotite meta-arkose 

30'0" to 30' 6" Calc-Silicate gneiss 
30'6" to 38'0" Horneblend meta-arkose 
38'0" to 40'2" Biotite meta-arkose 

APPENDIX B 

DIAMOND DRILL IffiS D. D. H. 5-2-75 

MINERALIZA TION 

2'7" to 2'10" Py 
4' 6" to 4' 7" secondary 
Cc in fractures 
4' 7" to 5' 8" Py & Cp 
6'0" to 6'1" secondary 
Cc in fractures 
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FOOTAGE 

OO'-{)" to 36'-8" 

36'-8" to 38'0" 

38'-{)" to 38'-4" 
38'-4" to 43'-{)" 

43' -{)" to 43' -8" 
43'-8" to 46'-3" 
46'-3" to 51'-6" 
51'-6" to 55'-6" 

APPENDIX C 

DIAMOND DRILL LCGS D.D.H. &-3-75 

ROCK TYPE MINERALIZATION 

Hornblende meta-arkose 23' -{)" to 25' -9" Py 
25'-9" to 29'-11" Py+Cp 
30'-4" to 32'-7" Cp 
35'-6" to 36'-8" Cp+Bn 
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Cu in fractures 
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NM 7509 l~XPJ,OHATTON HIS'IDRY REVTEW OF AIRJ30IlNF. GEOPHYSICAL SUR.vEYS 
CONDUCTED IN THE fo'l,IN F1JON - SNOW LAKE BELT - by G. Burton 

Editors Note 

This paper is an attempt to provide an objective evaluation of the 
effectiveness of various airborne electromagnetic survey systems used 

91 

in the Flin Flon - Snow Lake r egion. The conclusions are based on analysis 
of data in the open assessment files of the Mineral Resources Division. It 
is recognized that such analyses may contain elements of value judgement; 
however, it is considered that these and similar analyses may be of use to 
exploration companies, and they are essential in r esource appraisal studies. 

Int roduction 

This is a sum~ary of preliminary investigations made to date into the evaluation 
of airborne geophysical surveys conducted in the Flin Flon - Snow Lake Mineral 
Belt. The scope of this initial report is necessarily limited since it does 
not go into details regarding the airborne systems nor into any discussions 
of their individual results. It will serve only to illustrate the work 
that has been accomplished to date, plus indicating the AEM Systems used 
and a brief assessment of their qualities, as well as setting out plans 
for future investigations. 

Only airbo:ne ge?physical surveys, primarily airborne electromagnetics (EM), 
have been lnvestlgated. Ground coverage will be evaluated at a later date. 
An index of all the airborne work in the project area has been plotted on 
a scale of 1 inch to 2 miles (using A. Bailes' geological compilation map 
of the area as a base). Lists of all the airborne geophysical data available 
on the area, both open and confidential, have been prepar ed. A list for the 
airborne EM data available, and areas for which airborne permits have been 
issued but for which data have not been submitted, ar e presented in Tables IV 
and V respectively. These lists are incomplete and will be updated in the 
final report. 

General Information 

The first airborne geophysical surveying began in 1948. This consisted of 
aeromagnetic investigations. Airborne EM investigations were initiated in 
1955. Surveying continued r egularly until 1971. Hudson Bay Exploration and 
Development (HEED) carried out the bulk of the work during this period . Other 
prominent companies involved were Inco, Newmont, Selco, and Cerro Mining. A 
tremendous increase in airborne surveying occurred after 1971. More airborne 
surveys were carried out in the area during the period 1972-75 than were 
conducted in t he previous 16 years (18 areas as compared to 14 areas previously). 
Companies involved in performing these surveys were Manitoba Mineral Resources 
(MMR), Noranda, Geosearch , NorAcme Gold Mines, Granges, Falconbridge, HEED and 
recently Sherritt Gordon. Many other surveys were conducted further south 
over the Paleozoic-covered zones, notably from Goose Lake through Cormorant 
and Moose Lakes dom1 to the north end of Lake Winnipeg, as well as areas in 
the Nickel Belt and Nickel Belt Extension from Setting Lake and Wabowden to 
Lake Winnipeg. However, they were not included in the present study and 
surveys pertaining to them have been omitt ed from t his r eport . 

NM '7509 1~XPJ,OHATTON HIS1DRY REVTF.W OF AIRI30nNF. GEOPHYSICAL SUR.vEYS 
CONDUCTF;D IN THE !"LIN F1JON - SNOW LAKE BELT - by G. Burton 

Editors Note 

This paper is an attempt to provide an objective evaluation of the 
eff ectiveness of various airborne el ectromagnetic survey systems used 

91 

in the Flin Flon - Snow Lake region. The conclusions are based on analysis 
of data in the open assessment files of the Mineral Resources Division. It 
is recognized that such analyses may contain elements of value judgement; 
however, it is considered that these and similar analyses may be of use to 
exploration companies, and they are essential in resource apprai sal studies. 

Introduction 

This is a sum~ary of preliminary investigations made to date into the evaluation 
of airborne geophysical surveys conducted in the Flin Flon - Snow Lake Mineral 
Belt. The scope of this initial report is necessarily limited since it does 
not go into details regarding the airborne systems nor into any discussions 
of their individual r esults. It will serve only to illustrate the work 
that has been accomplished to date, plus indicating the AEM Systems used 
and a brief assessment of their qualities, as well as setting out plans 
for future investigations. 

Only airborne geophysical surveys, primarily airborne electromagnetics (EM) 
have been investigated. Ground coverage will be evaluated at a later date.' 
An index of all the airborne work in the project area has been plotted on 
a scale of 1 inch to 2 miles (using A. Bailes' geological compilation map 
of the area as a base). Lists of all the airborne geophysical data available 
on the area, both open and confidential, have been prepared. A list for the 
airborne EM data available, and areas for which airborne permits have been 
issued but for which data have not been submitted, are presented in Tables IV 
and V r espectively. These lists are incomplete and will be updated in the 
final report. 

General Information 

The first airborne geophysical surveying began in 1948. This consisted of 
aeromagnetic investigations. Airborne EM investigations were initiated in 
1955. Surveying continued r egularly until 1971. Hudson Bay Exploration and 
Development (HEED) carried out the bulk of the work during this period. Other 
prominent companies involved were Inco, Newmont, Selco, and Cerro Mining. A 
tremendous increase in airborne surveying occurred afte r 1971. More airborne 
surveys were carried out in the area during the period 1972-75 than were 
conducted in the previous 16 years (18 areas as compared to 14 areas previously). 
Companies involved in performing these surveys were Manitoba Mineral Resources 
(MMR), Noranda, Geosearch, NorAcme Gold Mines , Granges, Falconbridge, HEED and 
recently Sherritt Gordon. Many other surveys were conducted further south 
over the Paleozoic-covered zones, notably from Goose Lake through Cormorant 
and Moose Lakes dOM1 to the north end of Lake Winnipeg, as well as areas in 
the Nickel Belt and Nickel Belt Extension from Setting Lake and Wabowden to 
Lake Winnipeg. However, they were not included in the present study and 
surveys pert aining to them have been omitted from this report. 



94 94 

A large part of the airborne surveying under discussion has been conducted 
over the Paleozoic cover just south of its contact with the rocks of the 
Precambrian shield extending from Lake Athapapuskow to Wekusko Lake . Other 
areas of concentration of the surveys are in the Reed Lake and Wekusko - Snow 
Lake regions. For the Flin Flon, Athapapuskow, Cranberry Lakes areas and 
regions to the north a number of airborne permits have been filed to carry 
out aerial surveys . The surveying was probably done during 1972 through 
1975 on these permits; however, results will not be available until 1976 and 
1977 (refer to Table V). It appears that a large portion (if not all) of 
the most favourable areas for base metal mineralization have been covered 
by airborne geophusical (EM) surveys in the Flin Flon - Snow Lake Mineral 
Belt. 

Airborne Systems Employed 

Most surveys have been electromagnetic in conjunction with either magnetic 
or radiometric coverage. The radiometric surveys , which have been carried 
out mainly by HEED, have been generally of poor quality and have not been 
helpful in defining any radioactive source or delineating geology. Therefore , 
they are not discussed further. Aeromagnetic surveying has been largely 
confined to the Paleozoic cover. One large region was flown by Inco in 
1948-51 in the Snow Lake area. The results of this survey have been 
incorporated in the government published 1"= 1 mile aeromagnetic maps. 

The airborne EM systems used are illustrated in Table VI. Both fixed-wing 
and helicopter EM methods have been utilized. Systems measuring only the 
quadrature (phase) responses were employed initially. The Hunting helicopter 
EM method, measuring in-phase and out-of-phase components, was used often in 
the sixties by HEED. With the advent of newer and more sophisticated airborne 
equipment, usage of airborne EM surveying accelerated in the early 1970's. 
By far, the most popular method was Barringer's INPUT System which was used 
on about 60% of the properties surveyed during the last four years. 

Discussions on the Quality of the various Airborne EM Systems 

The quality of each airborne EM System employed has been 
studied in a "first look" assessment of the available data. This general 
assessment is discussed under the following headings: 

A. Data Recovery An evaluation of the reduction and recovery of the 
airborne data with respect to flight path, pick­
ing of anomalies and analysis of flight records. 

Bo Record Quality Discussion of the noise level of the system and 
its sensitivity. 

C. Data Presentation An assessment of the method of presentation of 
airborne results and the type of information 
supplied. 

D. Rating A categorization of the overall effectiveness o£ the 
airborne systems. 
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AREA COMPANY 

OPEN 

Res. 2-6. Atha- Parwlee 
pap - Cranberry -
Reed L. 

Airborne Permit HEED 
10. File - Reed 
Lake. 

Airborne Permit :mCO 
19. Snow Lake 
Wekusko Lake 
area. 

Ai rborne Permit INCO 
26. Reed Lake -
s outh of Forewell 
Lake. 

Res. 121 (122). HBED 
Goose Lake -
Rock Lake Area 
plus area to 
south. 

Airborne Fermi. t Selco 
J~9. Goose Lake 
(T) 

eer 1 cl., RHR Cerro 
35 & CBt s • At ha-
pap Beach. (T) 

TABLE IV 

DATE 

March/57 

May 1955 

May 1957 

May 1959 

Aug. 1973 
July 1974 

Oct. 1963 

Quadrature 
single freq. 
(Aerophysics) 

Quadrature 
Two Freq. 
(Huntillg) 

Quadroture 
'I'wo Freq. 

Quadrature 
Two Fl'eq. 

In phase 
out of 
phase. 

INPUT 
~!K. III 

July 1971 lllPUT 
MKV 

95 

DATA ON FILE 

Reports, EM anonlJ.ly map, ( s colc 
1" = -} mi.), mag. contour map, 
compo:;i 1.e mClp (1" = 1 mile), 
ground surveys , D.D. In Open 
Reservo.tion file. 
(No Airborne fl iGht records) 

Report, EM anorl.J ly r~Clp (~; cale 
1" = 200 ft . In open airborne 
Pennits i·'ilc (No flieht record::; ) 

EM anomaly maps only. In open 
s tacor fUes. (No flight. records) 

EM anomaly maps only. In open 
si:.acor fil es. (No flight record::;) 

Report, EH AIlomo]y map ( scd e 
1" = -1- mi., eround E!1 al'1G DO . 
No fliGht topes ~;ubmitte cl , but 
availoble from l!l~ i~D UPOli rr.·qw"~; L. 
Tn confidcntiol reservations file. 
ParLly opell. 

Report, EH .:molnaly m3p she·di.ng frlC:/T.. 

correlaticn. File under oVm <; i r ­
borne permits. Orielnal rH!j1~~ 

tapes on f ile . Ground [:;C! ophy::;ic;c l 
data & DD. 

Report, EM Anomoly map and Hag. 
contour map on rnicrofilm. D·l 
Anomaly map & m:J.G contour map 
(scale 1" = i- mile) in stacor f i le . 
Orisin~ fli ght tapes on file. 
Original fil e in storage file. 

AREA COMPANY 

OPEN 

Res . 2-6. Atha- Parwlee 
pap - Cr anberry -
Reed L. 

Ai rborne Permit HEED 
10 . Fil e - Reed 
Lake . 

Ai rborne Permit INCa 
19. Snow Lake 
Wekusko Lake 
area. 

Airborne Permit INCa 
26. Reed Lake -
south of F3rewell 
Lake. 

Res. 121 (122). HEED 
Goose Lake -
Rock Lake Area 
plus a r ea t o 
south . 

Airborne PCrJIli t Selco 
119. Goose Lake 
(T ) 

eer 1 cl., mm Cerro 
35 & CB t s • Atha-
pap Beach. (T) 

TABLE IV 

DATE 

March/57 

May 1955 

May 1957 

May 1959 

Aug. 1973 
July 1974 

Oct. 1963 

SYSTFJ1 

Quadrature 
single freq. 
(Aerophysic~) 

Quadrature 
Two Freq. 
(Huntillg) 

Quadroture 
'I'wo Freq. 

Quadrature 
Two Fl'eq. 

In phase 
out of 
phase. 

INPUT 
~!K. III 

July 1971 INPUT 
HK V 

95 

DATA ON FILE 

Reports, EM anonl.Jly map, (scale 
1" = -~- mi.), mag. contour map, 
compo:ii t e mwp (1" = 1 mile), 
ground surveys , D.O. In Open 
ReservGtion file. 
(No Airbo~ne fliGht records) 

Report, EM anorl.J ly r~3p (~;cale 
1" = 200 ft . In open airborne 
Pennits :i.o'ile (No flie,ht record::;) 

EM anomaly maps only. In open 
stacor flles. (No flight records) 

EM anomaly maps only. I n open 
sta.cor files. (Ho fl i ght rt:cord:3 ) 

Report, EN AIlom,,}y map ( scde 
1" = -1- mi., eround E!1 a11G DO. 
No fliGht tapes ~;ubmittccl , hut, 
availabl e from l!l! i~D UPOli nqU!;~; L. 

Tn confidential rescrva t j.on::; file. 
ParLly 0pCll. 

Report, EH anolna.ly map ::; h c 'lIin~ rn;:;~. 

correlation . File under opr;n <:LLr ­
borne permits . OriGinal fli·Utt, 
tapes on file. Ground [:;eophy::;ic<) l 
data & DD. 

Report , EM Anomoly map and Hag. 
contour map on microfil m. £1·1 
Anomaly map & moe; contour map 
(scale 1" = i- mile ) in stacor f ile . 
OriBin~ flight tapes on fi l e. 
Original f ile in storage fi l e . 



TJble IV - cont'd. 

AREA COMPANY 

Res. 109. East MMR 
of Cimonhouse 
Lake. (T) 

Res. 107 & 108. Geosearch 
m[lrk Duck Lake. 
Palcozoics south 
of Reed L. 

Res. 110 & 113. MMR 
McClnrty Lake, 
In paleozoics 
south of Res. 
10'1 & 108. (T) 

Pot and Pan Ne\-rmont 
claims. East 
of Wch-usko L. 
(1') 

OZ claims. HEED 
Kisseynew Lake 
(T) 

Wim claims - HEED 
performed tmder 
A.P. - large area. 
Squall L. to Wim-
apcdi L. (T) 

U1M cl[dms -
Iskw.Jsum Lak,} 
(1') 

Airborne Perr.U t 
54. Trarnping­
Wekusko Lakes 
area. 

flBED 

HEED 

DATE 

Jan. 1972 

Jan/June 
1972 

Jan/June 
1972 

Aug. 19&:1 

Aug. 19&:1 

Aug. 1961 

July 1964 

May/June 
Nov/Dec 

1965 

SYS'l'n·1 

INPUT ~1K V 

INPUT MK V 

ThTFUT l-IK V 

Helicopter 
1P/OP 
Newmont/Aero 

Helicopter 
lP/OP 
(Hw1ting) 

Hel i.cooter 
IP/Or . 
(Hunting) 

Helicopter 
lP/OP 
(Lockwood) 

Helicopter 
!P/OP 
(Lod~'liood ) 

DATI; ON FJ Lli: 

Report., EH In!1 pS (2) with magnetic 
indic:al:.ion f"cale 1" = -} mi. , .. ground 
surveys and DD. Tapes on microfi.lm. 

Report, El>1 rr,,1ps tii th maenetic 
incii..cation on scale 1" = * mi. 
In open reservation file. 
Original t apes on fil". 

Report, EM maps with m3&"1etic 
indications sCClle 1" = -~. mi. 
In open re::.(:rvation file. Flif ht 
~ecords on microfilm. 

Mag. contour map with EH anom­
alies, snle 1" = } mi. <!nd 
flig.'tt r;::c:ords on microfilm i n open 
assessment files. (NE12-6JJ) 

Report, E.1-1 anomaly maps (scale 
1"= i mi.) and flight r ecords 
on microfilm in assessment files 
(NEI3-6.3K) 

Report I EM anomoly maps (sc::dc 
1" = ~. mi.) filed under eonf"ic­
cntial assessment file (J5~1-6)o). 
Most of the crca open ~;ornc !'.J"ouIld 
still eonfi dcnti<:I3.. Tapes.in 
storage at.. Century. 

Report and ::0:11 anomaly roO! ) ( sea] (! 
1" = -Ie mi.) located in Confic c;ni.i .: l 
Assessment Fi] ')S (N~110-63K). 
Only sm:tll part is still confid­
ential. Flight tapes on file 
separately. 

Report a~d EM anom~ly map (scale 
1" = t mi.) In Open Airborne 
Permit FilE-. Flight records 
submitted but not loc2.ted yet. 

Table IV - cont'd. 

AREA COMPANY 

Res. 109. East MMR 
of ~imonhouse 
Lake. (T) 

Res. 107 & 108. Geosearch 
Bl[lrk Duck Lake. 
Paleozoics south 
of Reed L. 

Res. 110 & 113. MMR 
McClurty Lake, 
In paleozoics 
south of Res. 
10'1 & 108. (T) 

Pot and Pan Nel'1IDont 
claims. East 
of Wch-usko L. 
(1') 

02 claims. HEED 
Kisseynew Lake 
(T) 

Wim claims - HEED 
performed tmder 
A.P. - large area. 
Squall L. to Wim-
apcdi L. (T) 

La", cluj ms -
Iskw:1sum Lak-} 
(1' ) 

Airborne Perr.lit 
54. Trarnping­
Wekusko Lakes 
area. 

flBED 

HEED 

DATE 

Jan. 1972 

Jan/June 
1972 

Jan/June 
1972 

Aug. 19tfJ 

Aug. 19tfJ 

Aug. 1961 

July 1964 

May/June 
Nov/Dec 

1965 

SYSTF.!·I 

INPUT t-1K V 

INPUT MK V 

ThTPUT l-IK V 

Helicopter 
IP/OP 
Newmont/Aero 

Helicopter 
lP/OP 
(Hw1ting) 

Hel i.cooter 
1r/Op . 
(Hunti ng) 

Helicopter 
lP/OP 
(Lockwood ) 

Helicopter 
lP/Op 
(Lockwood) 

DATI; ON F'JLF. 

Report., EH rnnps (2) with maenetic 
indic:at.ion ~ ' cale 1" = -} mi., .. ground 
surveys and DD. Tapes on microfilm. 

Report, EH maps \iith magnetic 
ind.i.cation on scal e 1" = ~ mi. 
In open reservation fil e . 
Origi nal tapl's on fil". 

Report, EH maps lvith mll~"1etic 
indications scale 1" = -b' mi. 
In open r e:J(:rvation file. Flif ht 
~ccords on microfilm. 

Mag. contour map with 1::1-1 anom­
alies, s C11e 1" = -!- mi. and 
flig.~t r ::: .:ords on microfilm in open 
assessment files. (NE12-6JJ) 

Report, :&,1-1 anomaly maps (scale 
1"= i mi.) and flight r ecords 
on microfilm in assessment files 
(NE13-6.3K) 

Report I EM anomaly maps (se de 
1" =~. mi.) fil ed under conf'icl­
ential assessment file (35W-6)O). 
Most of the " r ea open ~;orne [fOund 
still confidentiDl. Tape s in 
storage at. Ce ntu ry. 

Report and ;';I,j anomaly rna!) ( scaJ':! 
1" = -} mi.) locatc.:d in Con fic1 r;ni.i .:; l 
Assessment. Fi J <; s (N~Jl0-63 K). 
Only smJ.ll part is still confid­
ential. Flight tapes on file 
separately. 

Report ~~d EM anomJ.ly map ( scale 
1" = t mi.) In Open Airborne 
Permit FilE-. Flight r ecords 
submitted but not loce.ted y (; t. 



Ta11e TV - cont'd. 

Airborne Permit 
67. Reed Lake 
(T) 

IDS and Creek 
claims. Barb L. 
(T) 

Bart cl. 8lld 
CD's. Herblet 
Lake ('1') 

Res. 116. South 
of Athapap Lake 
(T) 

CONFIDENTIAL 

Airborne Permit 
102 Morton .- File 
Lakes (T) 

Res 111 & 112. 
East of Farewell 
Lake. (T) 

Claim Blocks. 
East of Wekusko 
Lake (T part) 

Claim Blocks. 
Trampin Lake 
&. east. (1') 

COMPA..rrr 

HEED 

HEED 

Fosco 

Nor-Acme 

Noranda 

HMR 

Gcosearch 

n~TE 

June 1967 
Apr/May 

1968 

July 1970 

May 1971 

Feb 1973 

Mar 1972 

Jan/Feb 
1972 

Oct 1.972 

SYSTEM 

Helicopter 
lP/OP 
(Lockwood) 

Hel icopt ,' r 
lP/OP 
(Lockwood) 

LHEH 200 
m/op 
Can. Aero . 

Helicopter 
IP/OP 
Aerodat 

INPUT 

INRIT HK VI 
(Res. 111) 
14K V (Res 112) 

lNPUT 
HK VI 

Sept 1973 INRIT VI 

DA'f A ON FILE 

Report and EM cno:naly rr.:1p ( :,;3.1e 
1" = -1- mi.) in Open Ai r bo rne 
Permit File. Fli Ght r ecords 
;filed separ.J.tely . 

Report and EM mlOmal y rP 'lP (scale 
1" 1 .) . .r··l . = -2" nu . 0 11 rrr:... r oJ.. l ...... li1 In 

Assessment File (11'.-!10-6JK). 
Flight records in criQJ1al f i nal 
in storage. 

Reports, EM anomal y map. Hag . 
contour map, aIlS. intcrpr ctc,tio!1 
map ( scal e 1" = -{- ;;ri. ) e;round 
geophysi cs , geol ogy , and DD. 
}<'light r ecords . All i nfon;;ntion 
in Conf idential As::;eS3/TiCnt Fi les 
(NWl3-6JJ) 

Report , EM anomaly maps , 
Mag. contolIT and mJg fi l t er ed 
maps (scale 1" = { - mi) in Con­
fidential Reservz.t inn File • . 
Flight records on fl l e 

Report, EM anomaly map ( s cale 
I" = {- mi.) copies of Flight 
records in Confidential Air­
borne Permit File. 

Report, EM anomaly maps ( s cale 
1" = -} mi). Ground d:'. t. a . In 
Reservation File . Flight tapc~ 

on microfi:!.rn. 

Reports, FM anomaly map ( s cale 
1" = -~- mi) & r.r ound d,3. ta. 
I n Confidenti a l A::; ~~ s~~ent Fi18~ 

(NW12-63J). Flight t ::l!:' (: ~ f or 
li~es 1-22 only on file. 

Reports & fl1 map (scale I" } mi) 
:in Confidential Assess:l1ent Fil e 
(SE-63K). Flight r ecords cn 
microfilm on file. iJraw'er 6. 

Tal>le TV - cont'd. 

Airborne Permit 
67. Reed Lake 
(T) 

IDS and Creek 
claims. Barb L. 
(T) 

Bart cl. and 
CD's. Herblet 
Lake (1') 

Res. 116. South 
of Athapap Lake 
(T) 

CONFIDENTIAL 

Airborne Permit 
102 Morton .- File 
Lakes (T) 

Res 111 & 112. 
East of Farewell 
Lake. (T) 

Claim Blocks. 
East of Wekusko 
Lake (T part) 

Claim Blocks. 
Trampin Lake 
&. east. (1') 

COMPANY 

HEED 

HEED 

Fosco 

Nor-Acme 

Noranda 

MMR 

Gcosearch 

no\TE 

June 1967 
Apr/May 

1968 

July 1970 

May 1971 

Feb 1973 

Mar 1972 

Jan/Feb 
1972 

Oct 1972 

SYSTEM -

Helicopter 
lP/OP 
(Lockwood) 

HelicopL'r 
IP/OP 
(Lockwood) 

LHEH 200 
m/op 
Can. Aero. 

Helicopter 
lP/OP 
Aerodat 

INPUT 

INRIT HK VI 
(Rcs. 111) 
MK V (Res 112) 

llIPUT 
HK VI 

Sept 1973 INRIT VI 
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DATA ON FILE 

Report and EM Dno:naly Ir.:lp (:,;3J.e 
I" = -} mi.) in Open Airborne 
P ermit File . Fli[,ht r ecords 
;filed separ.:ttely. 

Report and EM <JJlomaly ffi1P (scale 
1" = -~. mi.) on Irr\. c rofill~ in 
Assessment File ([ ".nO- 63K) . 
Flight records in criD_nal final 
in storage. 

Reports, EM anomal y map. Hag. 
contour map, anc! interprct::-,tio!1 
map (scale 1" = -} ;;ri.) e;round 
geophysic s , geology, and DD . 
J<'light records. All infonlntio!l 
in Confidential As::;es3lTicnt Files 
(NWl3-63J) 

Report, EM anomaly maps , 
Mag. contonr and m:lg fi l tered 
maps (scale 1" = { - mi) in Con­
fidential Reservatinr: File •. 
Flight records on file 

Report, EM anomaly map (scale 
1" = {- mi.) copies of Flieht 
records in Confidential Air­
borne Permit File. 

Report, EM anomaly map5 (scale 
1" = -} mi). Ground d:.t. a . In 
Reservation File. Flight tapc~ 

on microfi::.m. 

Reports, FM anomaly map ( s cale 
1" = -t- mi) & [,round d,:lta. 
In Confidenti a l A5~~S5~ent Fi18~ 

(NWI2-63J). Flight tJ.(:;(;5 for 
li~es 1-22 only on file. 

Report5 & EM map (5cale 1" = -;, mi) 
in Confidential Assess:l1ent File 
(SE-63K). Flight records en 
microfilm on file. iJr -al-ier 6. 



'Pa ll] (' IV - conc]udf:c1 

DJ\TE SysrEM 

CB's & Res. 123 MMR Sept 1973 rnruT MK VI 
South of Wekusko 
(T) 

CB 1048. South Granges Oct 1973 rnPUT MK VI 
of Morgan Lake 
(T) 

CB's. Krug L. Granges Feb 1974 INPUT MK VI 
(T) 

EF claims & CB's 
Chisel-Horgan­
Squall Lakes 

Falconbridge Nov 1973 Helicopter 
IP/OP 
Aerodat. 

(T camp.) 

DJ\TA ON FTI ,r;: 

Repor t & EM map in Confidential 
Reservations File. Flir:hi rc:cord~ 
on microfilm on file. Drawer 6. 

Report , D1 anomaly map (scale 
111 = } mi) and mag contour map' 
(scale 111 = i mil & Flight r~c­
ords in Confidential Assess~ent 
File (NE9-63K). Drawer 7 •. 

Report , EM anomaly map and Hag 
contour map (scale I" = -} mi) 
& flight records in Confident ial 
Assessment File (SE15-63K). 
Drawer 7. 

Report, computerized E1 profiles, 
anomalies & filtered Hag map & 
EM Anomaly map & Mag contour ma p 
(scale 1" = {- mil in Confidential 
Assessment. File (SE16-6) K). 

'rab] l' IV - conc]nd0<1 

Am::A roMPANY DhTE SysrEM 

CB's & Res. 123 MMR Sept 1973 rnruT MK VI 
South of Wekusko 
(T) 

CB 104$. South Granges Oct 1973 rnPUT MK VI 
of Morgan Lake 
(T) 

CB's. Krug L. Granges Feb 1974 INPUT MK VI 
(T) 

EF claims & CB's 
Chisel-Morgan­
Squall Lakes 

Falconbridge Nov 1973 Helicopt.er 
IP/OP 
Aerodat. 

(T comp. ) 

DhTA ON FTI,r;: 

Report & EM map in Confident i al 
Reservations File. Flir:ht r(:c ord~ 
on microfilm on file. Drawcr 6. 

Report , L~ anomaly map (scale 
111 = -~- mi) and mag contour map' 
(scale 111 = i mi) & Flight r <!c­
ords in Confidenti~l Assess~ent 
File (NE9-63K). Drawer 7 •. 

Report, lli anomaly map and Hag 
contour map (scale 1" = -} mi) 
& flight records in Confidentiol 
Assessment File (SE15-63K). 
Drawer 7. 

Report, computerized E1 profiles, 
anomalies & filtered Hag map & 
EM Anomaly map & Mag contour map 
(scale 1" = {- mi) in Confidential 
Assessment. File (SE16-63K) . 
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TABLE V 

Airborne Permits for which data is not available. 

Iflsue Data Due 
A.P. Company File Date Date Area System ---
104 Sherritt 69984 Har . 14/72 Mar·/76 Sherridon Newmont type 

Gordon IP/OP'? 

109 HEED 70710 Jan. 22/73 Jan. /77 Flin Flon - HBED GCOniC3 

Cranberry IF/OP. ? 
North t o 
Kisscynew 

112 Granges 71067 July 27/73 July/77 Tramping- D1PUT 
Reed-Woosey-
Chisel -
Wekusko. 

113 Man. Min- 71149 Aug. 15/73 Aug. 177 Hoose L. -. INPUT 
eral Res- File L. to 
ources Kiski Lake 

114 Sherritt 71169 Sept. 11/73 Sept·/77 FEn Flon to Newmont type 
Gordon Sno;~ Lake lP/OP? 

116 }o'alcon- '11170 Sept. 27/73 Sept./?7 4 Areas . Aerodat? 
bridge lA, IE-

Athapap-
11abishkok 
east of Reed L. 

[1c Chisel- Aerodat 
Woosey L. 

already flown 
and data sub-
mitted] 

1D Wekusko- Aerodat? 
watts R. 

120 Granges 71388 June 18/74 June/78 Flin Flon- INP1IT? 
(extended to Wabishkok-
July 31/75) Noosap 
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TABLE V 

Airborne Permits for which data is not available. 

Iflsue Data Due 
!!E. Company File Date Date Area System ---
104 Sherritt 69984 Har.14/72 Mar·/76 Sherridon Ncwmont type 

Gordon lP/OP? 

109 HEED 70710 Jan. 22/73 Jan. I?? Flin Flon .- HBED GcorUC!) 
Cranberry IF/OP. ? 
North to 
Kisscynew 

112 Granges 71067 July 27/73 July/77 Tramping- Th"PUf 
Rced-Woosey-
Chisel-
Wekusko. 

113 Man. Min- 71149 Aug. 15/73 Aug. I?? Hoose L •.. INPUT 
eral Res- File L. to 
~ces Kiski Lake 

114 Sherritt 71169 Sept.U/73 Sept·/77 l"lin Flon to Newmont type 
Gordon Snm .. Lake JP/Op? 

116 Jo'alcon- '11170 Sept.27/73 Sept · I?7 4 Areas. Aerodat? 
bridge lA, IE-

Athnrap-
ilabishkok 
east of Reed L. 

[lc Chisel- Aerodat 
Woosey L. 

already flown 
and data sub-
mitted] 

1D Wekusko- Aerodat? 
watts R. 

lZJ Granges 71388 June 18/74 June/78 Flin Flon- INP1IT? 
(extended to Wabishkok-
July 31/75) Noosap 
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TABLE VI 

Airborne FN Sv:>Lc::1:> lJ::cd j n n:i n F] on - SncJlol T..1kc Belt:. 

------1--'fu\N:-:":": SMI TTl'1::-'-t--:C;-;:'O""'1~1-, -------:::C-:::O-:-lL~----:-:Fj;-:, Y-:-l~iJ:-:-G;-' -;-;IUI:C~1~-L·-"Vl""~""'lt-L'--1-t-j 1-~ -----:I=--_,l-r ):--j':-; - - . -j .lNE 
SYSTF11 F11~Ul'NCY CONFIGURATION SEPARATION HEIGHT H.E' GHT SI'ACJNG DUM:;'j 'lGN i '~iLE 

1. Quadrature 140 Hz 
sinGle frequen--
cy (Acrophysics) 

2. Quadrature 
"l'wo Frequency 
(Hunting) 

400 Hz 
2)00 Hz 

vertical co­
planar 

250 ft 

400 ft 150 ft t mile NW-SE 

4JY) ft 150 ' - 1/8 mi E-vl 
2CX:l' 

Quadrature 
"i'wo Frequency 
(INCO) 

bet:-.reen co-axial & 400 ft 500 ft 275 ft t mile m~-SE 
100 Hz &. co-planar 
2500 Hz 

(horizont-
al) 

3. Inphase­
out of phase 
(Geonic HEED?) 

1185 Hz 

4. INruT HK 285 Hz 
lII. 

INPUT HK V & 285 Hz 
VI. 

(1) 
5. HEJ.1 - Inphase 390 Hz 
out, of pbase 
(Newmont/Aero) 

HEM-Inphase - 4000 Hz 
out of Phase. 
(Hunting) 

liEN - Inphase 
out of phase 
IJIEM-200 

l~ Hz 

6.- HFM - Inphase 918 Hz 
out of plnse 
Aerodat 

3 coils 
vertical, 
maximum 
coupled & 
horizontal 

Tx. horizon­
. tal •. 
Rx. vertical 

Tx. Horizon­
tal. 
Rx. Vertical 

vertical co­
axial. 

vertical co­
axial. 

on 500 ft 
cable 

on 500 ft 
cable. 

50 ft 

20 ft 

vertical co- 30 ft 
axial 

vertical 22' or 
co-a ial 30' 
&. min. coupled? 

Note: (1). Helicopter-borne EH System 

400 ft 150 ft 1/8 mi E-W 

380 ft 150 ft. 1 mi E-W 

380 ft 150 ft 1/8 mi NW-SE, 
E-W, 
N-S, 
NE-S\OI. 

200 ft 100 ft 1/8 mi E-rl 

200 ft. 100 ft. 1/8 mi NH-SE 
E-W 
N-S 

200 rt 100 ft 1/8 mi N-S 

200 ft 100 ft 1/8 mi E-vl 
m!-SE 

5438 
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TABLE VI 

Airborne Hr Sv:-;tC::1S lI~ ('ct j n F)1 n F] on - SncM L.1ke Belt:. 

------ 'l--'1lAN:-:7. SMI Trr1:-:-t---;C7::'O::-:1~1-. ------;:;C-:::-O~lL;-----J~;l:-.;, Y-;-:l-:Ci~'"'"'G:---;-;HII:C:l~ L""'Vl~~l""'~ -L,.....~-I r-j b-' - --I=-.,l-r-:-jj·-:-; - -. -j .lNE 
SYSTEM F11~U1'NCY CONfIGURATION SEPARATION HEIGIiT HE ' GHT SJ 'ACJNG Dunr:'J'lGN i'!lLE 

1. Quadrature 140 Hz 
sinGle frequen--
cy (Ac rophysics) 

2. Quadrature 
Two Frequency 
(Hunting) 

400 Hz 
2)00 Hz 

vertical co­
planar 

lPJ ft 150 f t i mile NW-SE 

250 ft 400 ft 150' - 1/8 mi E-vl 
2OJ' 

Quadrature 
~'wo Frequency 
(INCO) 

bet~"een co-axial & 400 ft 500 ft 275 ft t mile m~-SE 
100 Hz &. co-planar 
2500 Hz 

(horizont-
al) 

3. Inphase­
out of phase 
(Geonic HEED?) 

1185 Hz 

4. INruT HK 285 Hz 
lII. 

INPUT HK V & 285 Hz 
VI. 

(1) 
5. Hili - Inphase 390 Hz 
out of phase 
(Newrnont/Aero) 

HEM-Inphase - 4000 Hz 
out of Phase. 
(Hunting) 

liEN - Inphase 
out of phose 
Lll.EM-200 

1.000 Hz 

6.- HFM - Inphase 918 Hz 
out of ph.:lse 
Aeroda t 

3 coils 
vertical, 
maximum 
coupled & 
horizontal, 

Tx. horizon- on 500 ft 
. tal.. cable 
Rx. vertical 

Tx. Horizon- on 500 ft 
tal. cable. 
Rx. Vertical 

vertical co- 50 ft 
axial. 

vertical co- 20 ft 
axial. 

vertical co- 30 ft 
axial 

vertical 22' or 
co-a ial 30' 
&. min. coupled? 

Note : (1). Helicopter-borne EH System 

lPJ ft 150 ft 1/8 rni E-W 

380 ft 150 ft. 1 mi E-W 

380 ft 150 ft. 1/8 mi NW-SE, 
E-W, 
N-S, 
NE-S\OI. 

200 ft 100 ft 1/8 mi E-rl 

200 ft. 100 ft. 1/8 mi NH-SE 
E-W 
N-S 

200 ft 100 f t 1/8 rni N-S 

200 ft 100 ft 1/8 mi FAl 
m!-SZ 

5438 

183 
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A. Data Recovery 

A proper assessment of reduction and record qualities of the Quadrature Systems 
which were utilized during the initial period has not been carried out since 
the flight records were not submitted for these areas. An analysis of the 
features concerning airborne surveying on HEED's Airborne Permit #54 in the 
Tramping - Wekusko Lakes area has not been made. Although flight t apes were 
submitted for this survey, they have not as yet been located. Also HEED's 
recent survey in Res. 121 and 122 in Goose Lake area was not analyzed since 
they were not required to submit the flight records. 

An insight into the fUnctions of, and the efficiency and effectiveness of 
the remaining systems was properly achieved by reference to the flight r ecords. 
These were submitted with the reports on the airborne surveys and ~re avail­
able in the files. 

Data recovery of the systems which did not have any accompanying flight tapes 
can be described in a very general way. The Single Frequency Quadrature system 
seems to have been recovered quite well. Recover~ of HEED's Hunting survey 
was fair. Inco's data recovery and presentation is very poor. HEED's r ecovery 
of their new fixed-wing in-phase/out-of-phase system appears to be fair. 

Of the airborne systems for which flight tapes are available, the Aerodat 
helicopter system showed the best data recovery. This is likely due to the 
fact that the data has been reduced by computer. Selco's recovery of the 
results from the INPUT Mark III survey was fair. Later INPUT surveys by 
Questor showed an improvement in the data recovery. Data reduction on the 
Newmont/Aero system was fair as was that for Lockwood's helicopter EM. HEED's 
recovery of data from their helicopter EM surveys was poor to very poor. A 
number of l egitimate conductors have been omitted from some of the EM anomaly 
maps, particularly in those areas flown by Questor. 

B. Record Quality 

There is normally a wide difference in the quality of the flight records from 
fixed-wing survey systems as compared to helicopter-mounted rigid-boom systems. 
Coupling between transmitter and receiver coils is affected more in the heli­
copter rigid-boom systems than in coil configurations used for the fixed-wing 
systems. This contributes to the high noise level. Airframe noise is also a 
factor. In the INPUT system, noise l evels are generally very low because of 
the nature of the transmitting signal. 

Again, because of the lack of flight tapes for the earlier system, adequate 
assessment of the flight records was not possible. However, reports on the 
noise levels given in previous publications can be used as a general 
indication. 

For the Single Frequency Quadrature System of Aerophysics the noise level has 
been reported to be high for the total response. The noise level of the phase 
response has been r eported as fair at 1000 ppm. The geological noise for this 
system is reported as quite low. However, its sensitivity is also low. 
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A. Data Recovery 

A proper assessment of r eduction and record qualities of the Quadrature Sys t ems 
which were utilized during the initial period has not been carried out since 
the flight r ecords were not submitted for these areas. An analysis of the 
features concerning airborne surveying on HEED's Airborne Permit #54 in the 
Tramping - Wekusko Lakes area has not been made . Although flight t apes were 
submitted for this survey, they have not as yet been located. Also HEED's 
recent survey in Res. 121 and 122 in Goose Lake area was not analyzed since 
they were not required to submit the flight r ecords. 

An insight into the fUnctions of, and the efficiency and effectiveness of 
the remaining systems was properly achieved by r ef er ence to the fli ght r ecords . 
The se were submitted with the reports on the airborne surveys and dre avail­
able in the files. 

Data recovery of the systems which did not have any accompanying flight t apes 
can be described in a very general way. The Single Frequency Quadrature sys t em 
seems to have been recovered quite well. Recovery of HEED's Hunting survey 
was fair. Inco's data recovery and presentation is very poor. HEED's r ecovery 
of their new fixed-wing in-phase/out-of-phase system appears to be fair. 

Of the airborne systems f or which flight tapes are available, the Aerodat 
helicopter system showed the best data recovery. This is likely due to the 
fact that the data has been reduced by computer. Selco's recovery of the 
results from the INPUT Mark III survey was fair. Later INPUT surveys by 
Questor showed an improvement in the data recovery. Data reduction on the 
Newmont/Aero system was fair as was that for Lockwood's helicopter EM. HBED's 
recovery of data from their helicopter EM surveys was poor to very poor. A 
number of l egitimate conductors have been omitted from some of the EM anomaly 
maps, particularly in those areas flown by Questor. 

B. Record Quality 

There is normally a wide difference in the quality of the flight r ecords from 
fixed-wing survey systems as compared to helicopter-mounted rigid-boom systems. 
Coupling between transmitter and r eceiver coils is affected more in the heli­
copter rigid-boom systems than in coil configurations used for the fixed-wing 
systems. This contributes to the high noise l evel. Airframe noise is also a 
factor. In the INPUT system, noise levels are generally very low because of 
the nature of the transmitting signal. 

Again, because of the lack of flight tapes for the earlie r system, adequate 
assessment of the flight records was not possible. However, reports on the 
noise levels given in previous publications can be used as a general 
indication. 

For the Single Frequency Quadrature System of Aerophysics the noise l evel has 
been reported to be high for the total response . The noise level of the pha se 
response has been r eported as fair at 1000 ppm. The geological noise for thi s 
system is reported as quite low. However, its sensitivity is also low. 
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The instrument noise for Hunting's Dual Frequency Quadrature System has been 
reported as fair. However, geological noise is very high. Sensitivity is 
low to moderate. Inco's Quadrature System has been reported to have a f ai r 
to poor noise level at less than 1500 ppm. The system is susceptible to high 
noise due to turbulence and aircraft maneuvering. Sensitivity is fair. HEED' s 
newly operational fixed-wing in-phase/out-of-phase system is reported to have 
a good signal to noise ratio. Levels are r eported to be less than 300 ppm. 
Sensitivity appears to be fair to good. 

A wide range of signal to noise ratios is evident in the various INPUT 
surveys conducted in the project area. The noise l evels range from very low 
to very high. On the whole the noise l evels for the majority of the flight 
records have been quite good. Very noisy readings have been encountered when 
the sensitivity gains have been set too high. Good noise levels range between 
5 to 10 ppm and up to 20 ppm. The sensitivity of the earlier system is fair. 
Lat er model s show an increase in sensitivity. However, when increased noise 
has been affecting the system, gains have been low and sensitiveness has 
subsequently decreased. There seems to have been a noise problem with the 
introduction of the MK VI model in early 1972. In later surveys this problem 
seems to have been much reduced. 

The Newmont/Aero helicopter EM systems have a fair to good noise level (o.pprox­
imately 1 div.). This is likely due to choice of frequenci es and proper 
selection of flying times to eliminate air turbulance. Sensitivities are fair. 
The in-phase/out- of-phase helicopter system employed by HEED has a very high 
noise l evel and sensitivity is low to very low. A later model of the Lockwood 
system shows an improved signal to noise ratio, however, it still retains a 
fairly high noise level. In-phase responses are noisier than quadrature 
readin~s. Sehsitivity is very low. These high frequency systems are more 
susceptible to geological noise. 

Aerodat's in-phase/out-of-phase helicopter system has introduced a greatly 
improved signal to noise ratio by e liminating t h e rigid boom concept o£ the 
earlier helicopter systems. A patented "floating" transmitter-receiver 
mechanism has been responsible for improving the coupling between transmitter 
and receiver. This has eliminated much of the noise inherent in the "rigid" 
systems. Sensitivities are fair for the system. 

c. Data Pr esentation 

Generally, presentation of airborne geophysical data has improved greatly 
over the years. Early presentations were poor. Anomalies and conductivities 
were not properly identified. Recently there has been greater precision in 
plotting and better identification of geophysical parameters measured. In 
the last several years, computerization has added its improvements to map 
presentation. 

Presentation of the data by Aerophysics for the airborne EM survey over the 
large tract of ground over the Paleozoic limestone has been good. Proper 
identification of the various types of conductors has been made. Map 
identifications are good. Information on Aeromagnetic's survey flown for 
HEED in the File Lake - Reed Lake area was poorly presented. Anomaly 
identification and conductivity indications are very poor. Inco's anomaly 
maps of their geophysical surveying in the Reed Lake and Snow Lake areas 
are extremely poor. There is no proper anomaly definition nor any proper 
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indication of anomaly conductivities or magnetic correlation. HBED's 
presentation of their helicopter EM data has been poor. However, presentation 
has improved in more recent r eports. Presentation of early INPUT data was 
fair to poor. However , the information from later surveys has been presented 
Vl'ry wPll. Proper identification of anomalies, conductivity and topographic 
fl'aturl's using mosaics has provided a great improvement. 

Early presentation of h elicc~ter EM data was poor. HBED's maps are very 
simple and do not provide adequate information. Presentation of airborne 
data on the latest surveys by Aerodat has proven to be the best so far. 
Maps are excellent and provide very accurate data. 

D. Rating 

An overall comparison of the individual characteristics of the airborne EM 
systems employed in the Flin Flon - Snow Lake belt, has led to a general 
categorization of their effectiveness. Earlier systems necessarily have 
lower ratings than the later, more advanced systems. These two groups are 
therefore listed separately. The systems are listed in decreasing order 
of ef fectiveness. 

Early Systems (1955-60) 

I nco Dual Frequency Quadrature System 
Newmont/Aero HEM System 
Aerophysics Single Frequency 
Quadrature System 

Lockwood HEM System 
Hunting HEM System 
Hunt i ng Dual Frequency Quadrature System 

Later Systems (1961-75) 

INPUT MK V and MK VI 
INPUT MK III 
Aerodat HEM 

HEED Fixed-Wing In-Phasc/Out-Of -lJha~j(; 
Hunting/Lockwood HEM 

I NPUT has proven to have the greatest penetration depth of all the systems 
used in the area. The earlier systems lack this depth sensitivity. Better 
resolutions are afforded by the INPUT and Aerodat HEM system. Also, the 
later model Lo(:kwood systems show better resolution than the previous models. 
These characteristics were not assessable for the new HEED fixed-wing IP/OP 
system because no tapes were submitted. 

Frequencies and coil cOllfigurations employed during airborne surveying of any 
areas influence the effective responsiveness of the system. These factors 
have to be taken into account when assessing the various airborne systems. 

Some Results and Comparisons 

The capabilities of s everal airborne systems could be compared in some 
inst ances in which they were flown over the same areas and the same 
mineralization. 

The Freeport Sulphur deposit located on Spruce Point on Reed Lake was covered 
by Inco system in 1955, by Aerophysic's Single Frequency Quadrature system in 1957, 
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and more recently by INPUT and HEED's Hunting helicopter EM systems. The 
first two systems (Aerophysics and Inco) did not show any response over the 
deposit. Since the flight tapes are not avai l able for these surveys, it is 
not known whether the systems did not actually pick up the response or if any 
response was considered too weak to plot. The INPUT system showed a good 
r esponse over the deposit. The HEED helicopter survey in 1967 did not pick 
up the deposit itself. This is possibly due to the angle of approach to the 
strike of the deposit. Hm-.rever, a weak respons e was indicated on one line 
which crossed the north end of the deposit. The aeromagnetic survey f lown 
in 1956 showed a weak, single line magnetic response over t he deposit. 

The geological features enveloping HEED's Rail deposit, Copper- Man's deposit 
and HEED's Wim deposit appear to have been picked up by all the airborne sys t ems 
that were fJ own over them. The systems involved are as follows: 

HEED Rail Lake Deposit: 

~~ 
c) 
d) 

HBED's fixed-wing Hunting type IP/OP system in 1955 
Ince 's Quadrature System in 1959 
INPUT 
HEED's Hunting type Helicopter System 

Copper-Man's Deposit, Wekusko Lake: 

a) Inco's Quadrature System 
b) HBED's Hunting Helicopter System 

Wim Deposit: 

a ) Inco's Quadrature System 
b) HBED' s Hunting Helicopter System 

The Dickstone de~Qsit was not indicated in Inco's survey over the area. 
HBED's survey in 1955 may have picked up the minerali zation. However, this 
was only on one line and positioning is questionable. Although INPUT was 
flown over the deposit, proper identifi cation of any response over the min­
eralization was hampered by extremely high interfer ence in t he area due to 
power l ines and mine buildings. 

The Inco system did not show any response over HEED's Reed Lake deposit, 
nor any of the mineralization and mineral deposits in Snow Lake-Chi sel Lake­
Cook Lake area. HEED's airborne EM response over their Reed Lake deposit was 
very good but limited in strike length. 

The Aerodat helicopter system responded to the formational feature related to 
the Pot Lake deposit southwest of Snow Lake. However, the same survey did 
not r espond to the Bomber deposit on Cook Lake. Exact inf ormation on the 
nature of these deposits is not known , so the success of the Aerodat syst em 
cannot be determined properly. 
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Plans for Future Investigations 

Immediate plans are to produce index maps that will indicate the coverage 
for both EM and magnetic airborne surveys in the project area on a scale 
of 4 miles to the inch. Five maps will serve as overlays to the Geologic 
Compilation Map of the Mineral belt. 

The government fil es will be r echecked to ensure that all available 
geophysical data has been compiled. Thereafter, the ground geophysical 
data will be organized. 
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After the results of the airborne surveys have been studied in more detail, 
a compilation of all the data will be made. Reinterpretation of airborne 
survey results in more selected areas will follow. 
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survey results in more selected areas will follow. 
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NM 7510 ORE MINERALOGY - by J. Grice 

This r eport describes mineralogical in'vestigation of the base metal deposits 
in the Thompson, Snow Lake, Flin Flon, and Lynn Lake areas. 

I. The Thompson, Birchtree, Pipe, and Manibridge Nickel deposits. 

Introduction 

The Thompson-Wabowden belt is a well known nickel producing area which 
extends 170 km from Moak Lake in the northf~ast to Kiski Lake in the southwest. 
To date all known nickel deposits of thiE belt lie within the Wabowden sub­
province. 

In July 1975 the author collected located samples in the four operating mines 
Thompson, Birchtree, Pipe and Manibridge within this belt. A list of samples 
per mine and methods of investigation are given in the Appendices. 

The author would like t o thank the Inco and Falconbridge companies for thei r 
cooperation in this investigation. 

Mineralogical Descriptions - Thompson Mine Mineralogy 

The main ore minerals in this deposit are pyrrhotite, pentlandite and pyrite 
with minor to trace amounts of magnetite,graphite, chalcopyrite, sphalerite, 
and gersdorffite . In gener al the sulfides a r e coarse grained massive (0.5 -
3 mm) on major and minor fold noses and fine grained disseminated or network 
(0.05 - 0.5 mm) on the limbs of the fold. 

EYrrhotite is the main sulfide constituent within the Thompson Mine ore. The 
pyrrhotite coexisting with pentlandite is usually the ferromagnetic monoclinic 
polytype; the only exceptions to thif', observation were in areas of faulting 
or shearing where the pyrrhotite is two phase with i rregular hexagonal cores 
surrounded by the monoclinic form (Figure 25 ). Two areas of pyrrhotite barren 
of coexisting pentlandite were examined. One area on the 2800' l evel, 890 
stope formed a spike approximately 3 m wide by 30 m in l ength extending from 
t he end of the major fold nose in the ore :7,one. This spike consists of massive , 
coarse gr ained, hexagonal pyrrhotite (non-ferromagnetic ). Not e in Figure 26 
the decrease in Ni content with distance from the spike end with .36 wt % Ni 
to t he ore/barren sulfide contact with .13 wt % Ni. The four probe analyses 
f or samples G75-T15, T16, T17 and T18 are given in Table VII. The other barren 
pyrrhotite zone studied runs parallel to the fold limb ore ~one , 30 m to the 
east. Inco kindly provided a series of drill core samples along the zone . I t 
consists of two phase pyrrhotite (hexagonal and monoclinic) plus pyrite and 
minor magnetite. The pyrrhotite in G75-T27 (Table VII) from t his zone is very 
low in Nio In this sample as in other two phase pyrrhotite samples the r e is 
always more Ni in the hexagonal phase than in the coexisting monoclinic phase; 
thi s was also not.ed by Harris and Nickel (1972). Probe analyses of the Ni­
bearing pyrrhotites are given in Table VII. 
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Figure 25 Photomicrograph showing the textural relationships of 
hexagonal pyrrhotite (dark grey) to monoclinic pyrrhotite 
(light grey) in the coarse grained Thompson Mine ore. 
Black inclusions are gangue. Sample i s etched with HI. 
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Figure 25 Photomicrograph showing the textural relationships of 
hexagonal pyrrhotite (dark grey) to monoclinic pyrrhotite 
(light grey) in the coarse grained Thompson Mine ore. 
Black inclusions are gangue. Sample is etched with HI . 

107 



lO B 

.4 

• 
. 3 • 

1 

20 40 60 80 100 

FOOTAG E 

Figure 26 Diagram showing the Ni contents of hexagonal pyrrhotite 
in the Thompson Mine "barren spike". Zero footage is at 
the ore zone contact. 
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Figure 26 Diagram showing the Ni contents of hexagonal pyrrhotite 
in the Thompson Mine "barren spike". Zero footage is at 
the ore zone contact. 
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Photomicrograph of a Thompson l4ine sample showing pent­
landite flames in monoclinic pyrrhotite (grey) adjacent 
to silicates (black). 

figure 27 
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Photomicrograph of a Thompson l4ine sample showing pent­
landite flames in monoclinic pyrrhotite (grey) adjacent 
to silicates (black). 
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TABLE VII ELECTRON MICROPROBE ANALYSES OF THOMPSON MINE SAMPLES 

Pyrrhotites 

Sample Phase Fe Ni S Total 

G75-T1 M 60.3 .7 39.7 100.7 
(46. 3) (.6) (53.1) 

G75-T4 M 60.3 .6 39.5 100.4 
(46.5) ( .4) (53.1) 

G75-T8 M 60.7 .3 39.7 100. 7 
(46.7) (. 2) (53. 1) 

H 61.0 .4 39.6 101.0 
(46.8) (.3) (52.9) 

G75-T9 M 60.1 .5 40.2 100.8 
(46.0) ( .4) (53.6) 

G75-T10 M 60.0 .9 39.9 100.8 
(46.0) (.7) (53.3) 

G75-T1'?' M 60.4 .4 39.9 - 100.7 
(46.4) (.2) (53.4 ) 

G75-T15 H 61.3 .4 38.9 100.6 
(47.4) (. 2) (52.4) 

G75-T16 H 61.4 .3 39.3 101.0 
(47.2) (.2) (52.6) 

G75-T17 H 61.6 .2 39.4 101.2 
(47.3) (.1) (52.6) 

G75-T18 H 61.3 .1 39.4 100.8 
(47.1) ( .1) (52.8) 

G75-T 20 M 59.8 1.1 40.1 101.0 
(45.8) (.8) (53.4) 

G75-T22 M 59.5 1.3 40.2 101.0 
(45.4) (1.0) (53.6) 

G75-T .?5 M 60.8 . 2 39 . 6 100.6 
(46.7 ) (. 2) (53.1) 

H 61.2 .4 38.7 100.3 
(47. 5) (. 3) (52. 2) 

G75-T27 M 61.0 .1 40.3 101.4 
(46.5) (53.5) 

H 61.8 .1 39 .1 101.0 
(47. 6 (52.4) 

Cont'd 
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III 

1'i\13U: VII (con-tId - Th()mI),;~)T) Mint') 

G75-T37B M 60.6 • L. 39. g 100.8 
COdr se (46. 5) (.3 ) (53.2) 

H 60.7 .7 39.1 100.5 
(46.9) (.5) (52.6) 

Fine M 60.4 .4 39.7 100 .. 5 
(46.5) (.3) (53. 2) 

Average M 60.3 .6 39.9 100.8 
(46.3) (.4) (53.3) 

Average H 61.3 .3 39.2 100.8 
(47.2) ( .2) (52.6) 

Pentlandites 

Sample Ni Fe Co S Total 

G75-T1 37. 5 29 .7 .1 32.9 100.2 
(29.1) (24 .2) (46.7) 

G75-T4 35.6 31 .1 1.0 33.5 101.2 
(27.2) (25 .1) (.7) (47 .0) 

G75-T8 34.5 32.2 1.4 33.5 101.6 
(26. 3) (25 . 8) (1.1) (46.8) 

G75-T9 37. 2 29.7 .6 33.5 1.01.0 
(28.6) (23.9) (. 5) (47 .0) 

G75-T10 36. 9 29 .9 .5 33.7 101.0 
(28.3) (24.0) (.4) (47.3) 

G75-T 12 35.8 30.5 .6 33.L. 100.3 
(27.6) (24.8) (.5) (47.1) 

G75-T20 36.0 30.3 .7 33.5 100. 5 
(27.7) (24.6) (.5) (47. 2) 

G75-T22 36 .7 29 .6 .8 33.4 100.5 
(28.3 ) (24.0) (. 6 ) (47.1) 

G75-T25 34. 7 31 .7 .1 34.0 100.5 
(26. 6) (25 .6) (.1) (47.7) 

G75-T37B 
COQrse 33.9 31.6 .5 34.1 100.1 

(26.1) (25.6) ( .3) (48.0) 
Bor der 35.7 31. 1 .5 33.1 100.I. 

(27.6) (25.2) ( .4) (46.8) 
Fine 35.0 .31 .0 .5 .33.0 99 . 5 

(27.3) (25 .3) ( .4) (47 .0) 

Cont' c~ 

III 
11' i\BU~ vn (cont,'d - Thl1ml )~;L)TJ Millt') 

G75-TJ7B M 60 . 6 • L. J9. t.~ 100.8 
COdrse (4.6.5 ) (. 3) (53. 2) 

H 60.7 .7 39.1 100. 5 
(4.6. 9) (.5) (52.6) 

Fine M 60.4. .4. 39.7 100 .. 5 
(4.6.5 ) (.3) (53 . 2) 

Average M 60.3 .6 39.9 100.8 
(4.6. 3) (.4.) (53.3) 

Average H 61.3 .3 39 . 2 100.8 
(4.7.2) ( .2) (52. 6) 

Pentlandites 

Sample Ni Fe Co S Total 

G75-Tl 37.5 29 .7 .1 32.9 100.2 
(29.1) (24..2) (46.7) 

G75-T4 35 . 6 31 .1 1.0 33.5 101.2 
(27.2) (25.1) (.7) (47.0) 

G75-T8 34.5 32.2 1.4 33.5 101.6 
(26.3) (25 . 8) (1.1) (4.6.8) 

G75-T9 37. 2 29 .7 .6 33. 5 1.01.0 
(28.6) (23.9) (.5) (47.0) 

G75-T10 36.9 29 .9 .5 33.7 101.0 
(28.3) (24..0) ( .4) (47. 3) 

G75-T12 35.8 30 . 5 .6 33.L. 100.3 
(27.6) (24.8) (.5) (47.1) 

G75-T20 36.0 30 . 3 .7 33.5 100. 5 
(27 .7) (24.6) (.5) (4.7. 2) 

G75-T22 36 .7 29 .6 . 8 33.4. 100.5 
(28. 3) (24.0) (.6) (47. 1) 

G75-T 25 34.7 31 .7 .1 34..0 100.5 
(26. 6) (25 .6) (.1) (47.7) 

G75-T37B 
COClrse 33 .9 31 . 6 .5 34.1 100.1 

(26 .1) (25.6) ( .3) (48.0) 
Border 35.7 31. 1 . 5 33.1 100.1. 

(27.6) (25 . 2) (.4) (4.6. 8) 
Fine 35 .0 31 .0 .5 33 .0 99. 5 

(27.3) (25 .3) (.4.) (4.7.0) 

Cont' c~ 
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TABLE VII ( Cun t'd - Thomp~30n Mine') 

Average 36. 6 30.1 .6 33.4 100.7 
+ mpo (28.1) (24.4) (.5) (47.0) 

Average 34.4 31_.8 .7 33.9 100.8 
+mpo+hpo (26 . 3) (25.7) (. 5) (47.5) 

Pyrites 

SLlmplc Fe Co Ni S TotLll 

G75-T5 45.6 1.1 n.rl. 54 .1 1_00.8 
(32.3) (. 7) (67.0) 

G75-T9 44. 2 209 n.d. 54.1 101.2 
(31.3) ( 1.9) (66.8) 

SEhalerit e Gersdorffite 
G75-Tl G75-T23 

Zn 61.7 Ni 22.3 
Fe 4.9 Fe 5.9 
Cd n.d. Co 7.2 
Mn n. d. As 46.0 
S 33.0 Sb .4 
TotLll 99.6 S 18.0 

Total 99.8 

Notes 

1) Microprobe Operator: Mr. P. Carriere 
2) Phase : M ----'>monoclinic , H ----} he agonal 
3) Atomic per cent in brackets 
4) Co not detected in pyrrhotites 
5) Pyrites non homogeneous re metals 

TABU: VII (Clint r d - Thomp~;on Mind 

Average 
+ mpo 

Average 
+mpo+hpo 

Pyrites 

G75-T5 

G75-T9 

Zn 
Fe 
Cd 
Mn 
S 
Total 

Notes 

36.6 
(2S. 1) 

34.4 
(26. 3) 

Fe' 

30. 1 
(24.4) 

Co 

1.1 
(. 7) 

Sphalerite 
G75-T1 

61.7 
4. 9 
n.d. 
n. d. 

33 .0 
99:b 

.6 
(. 5) 

.7 
(.5) 

Ni 

n.rl. . 

n.d. 

Ni 
Fe 
Co 
As 
Sb 
S 
Total 

1) Microprobe Operator: Mr. P. Carriere 

33.4 
(47.0) 

33.9 
(47.5) 

S 

54 .1 
(67.0) 

54.1 
(66.S) 

Gersdorffite 
G75-T23 

22.3 
5.9 
7.2 

46.0 
.4 

lS.0 
99.8 

2) Phase : M ~monocllnic, H )he agonal 
3) Atomic per cent in brackets 
4) Co not det ect ed in pyrrhotites 
5) Pyrites non homogeneous r e metals 

100.7 

100.S 

Tot3.l 

100.S 

101.2 
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Pentlandite i s the major ore mineral. It is generally subhedral to anhedral 
with the (111) cleavage and shrinkage cracks commonly visible . Pentlandite 
also occurs as flame-like segregations in the coarse grained monoclinic 
pyrrhotites, particularly along silicate grain boundaries as seen in Figur e 
27. Table VII gives microprobe analyses for pentlandites and their coexist­
ing pyrrhotites. Note that pentlandites coexisting with two phase pyrrho­
tites are Ni-poor r elative to those coexisting with only monoclinic 
pyrrhotite. 

pyrite is less abundant than pyrrhotite or pentlandite but it is found 
throughout the ore body in varying amounts. On the limb of the fold where 
it is one of the major sulfide minerals it t ends to have euhedr al grains 
(~ .1 mm) being only in part replaced by pyrrhotit e and chalcopyrite along 
fractures within pyrite grains. In coarse grained material (fold nose ) 
there is only remnant euhedral pyrite grains , almost entirely replaced by 
monoclinic pyrrhotite . Two pyrite analyses are given in Table VII, in G75-
T5 pyrite is a major constituent and in G75-T9 a minor constituent. Ni was 
not detected in either but Co was present in zones. 

Magnetite is ubiquitous but is more predominent in the coarse grained, 
massive sulfides where it occurs as euhedral crystals. It is also seen as 
disseminated grains and stringers within serpentine. 

Chalcopyrite and closely associated sphalerite are late-forming minerals. 
Chalcopyrite is fracture-filling within silicates and pyrite and it also 
occurs as anhedral grains adj acent to or within pentlandite. One analysis 
of the Zn-rich sphalerite is given in Table VII. 

Gersdorffite occurs as small blebs primarily in the massive sulfides of the 
fold nose. In addition to the analyses given in TableVII an effort was made 
on several grains to detect the precious metals Pt, Pd and Rh by el ectron 
microprobe. As this proved unsuccessful several bulk samples were sent for 
atomic absorption analyses but the results are not yet available. 

Birchtree Mine Mineralogy 

The main ore minerals in this deposit are pyrrhotite, pyrite and pentlandite . 
The accessory minerals are magnetite , chromite, ilmenite, galena, marcasite, 
sphalerite, gersdorffite, nickeline, maucherite and wehrlite . Most of the 
samples examined were medium to coarse grained massive sulfides but finer 
grained stringer and breccia or e are also pr esent. 

Most of the pyrrhotite at Birchtree is monoclinic. In only one sample of 
breccia sulfide was hexagonal plus monoclinic pyrrhotite observed. Much of 
the pyrrhotite shows a zebra-like texture due to differing crystallographic 
orientations probably caused by pressure twinning. Pyrrhotite probe analyses arr 
given in Table VIII and it appears ther e is generally~ .3 wt. % Ni in solid 
solution . 
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Pyrite has two forms at the Birchtree Mine and an analysis of each from the 
one polished section G75-B2 is given in Table VJIL The anhedral pyrite in 
massive sulfides,being replaced by pyrrhotit e and chalcopyrite or in some 
samples marcasite,is presumably early-folwed while the euhedral pyrite in 
silicates is probably later. Both types of pyrit e are non-homogeneous with 
respect to Co and Ni. The Co content seems significantly higher in the 
earlier-formed pyrite. 
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Pentlandite at Birchtree occurs as fine to coarse grains and there is a 
large amount of flame-like exsolved pentlandite in monoclinic pyrrhotite. 
The wide variation in grain size might give rise to mill ing problems . The 
majority of pentlandite analyses given in Table VIII are fo r pentlandites 
coexisting with monoclinic pyrrhotite ffi1d pyrite. The average Ni ane Co 
contents for these pentlandites are 35.7% and .8% respectively. Sample 
G75-B5 is from a fold limb on the 700' level and it is of special interest. 
The assemblage in this area is pentlandite-pyrite (notably no pyrrhotite). 
The significance of this assemblage is the sharp increase in-Ni contents to 
39.4 wt. %. This increase in Ni occurring within this assemblage was also 
noted by Harris and Nickel (1972) for the Texmont and Marbridge No.4 Mines. 

Magnetite is a common accessory mineral in this ore. It occurs as subhedral 
grains , fracture-fillings in sulfides and as an asbestiform replacement in 
sili cates. Commonly magnetite forms as overgrowths on earlier-formed chromite . 
This chromite is Zn-bearing and in some instances it is replaced by minor 
amounts of ilmenite. 

Sulfarsenides and arsenides are common constituents in the massive coarse 
grained sulfides while none were observed in the interstitial or network 
sulfides. Gersdorffite is much mo r e common than the associated minerals 
maucherite and nickeline. These minerals are probably formed late within 
the sulfide crystallization sequence_ Within the group itself nickeline 
forms first and is sometimes replaced by maucherite., Gersdorffite is the 
l ast to crystalli?,e and may contain blebs of' nickcline with or without 
maucherite. fu1alyses of these minerals are given in Table VIII; maucherite 
and nickeline are homogeneous while gersdorffite is non-homogeneous with 
respect to metals. Attempts at detecting precious metals in these minerals 
by electron microprobe were not very successful. Only two spots within one 
of two grains gave any significant detection; Pd .05 and .,09 wt. %; Rh .18 
and .35 wt. %; Pt not detected. Bulk sampl es have been submitted to the 
G.S.C. for trace element analysis. 

Galena and wehrlite are rare at the Birchtree Mine. They appear to have 
crystallized late,at about the same time as the arsenides with which they 
a r e associated. A wehrlite analysis is given i n Table VIII. 

Pipe Mine Mineralogy 

The major opaque minerals in the open pit at Pipe Mine are pyrrhotite and 
pentlandite" The common accessory minerals are magnetite, chromite, mack­
inawite , violarite, cubanite and chalcopyrite. The r e are also minor to trace 
amounts of gersdorffite, nickeline, maucherite, sphal erite, goethite , rutile 
and graphite. The ore occurs as fine grained disseminations and medium to 
coarse grained massive stringers in sheared areas . 
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'l'flHU: VIn ft:J.I':(;I'HON MICnOl '110m: ANflLY:JI':S OF' lllHCHTI?I':F. MINE ~)flMI ' LI':0 

I'yrrllotLtl':') 

Sample Phase Fe Ni S Total 

G75-Bl M 60.2 .6 39 . 7 100. 5 
(46.4) (. 5) (53.1 ) 

G75-B2 M 60.3 . 3 39. 5 100. 1 
(46.6) ( .2) (53. 2) 

G75-B8 M 60.4 .9 40.2 101.5 
(46.0) ( .6) (53.4) 

G75-B15 M 60.4 .4 40.0 100.8 
(46. 5) (.3 ) (53.2) 

Average M 60 . 3 . 6 39 .9 100.8 
(46 .3 ) ( . 4) (53 .3) 

Pentlandites 

Sample Ni Fe Co S Total 

G75-B1A 36.2 29 .1 .7 34.2 100.2 
(27.4) (24. 6) (.5) (47.5) 

G75-B2 33.6 32. 1 1.0 34.4 101.1. 
(25.6) (25 . 7) (.7) (48.0) 

G75-B5 39.4 26.7 .5 33.4 100.0 
(30.5) (21 . 7) ( .4) (47.4) 

G7 5-B8 38. 8 29.8 .4 33 .5 100 .5 
(28.4) (24. 1) ( .2) (47.3) 

G75-B15 36. 1 30 .0 1.2 33.3 100.6 
(27. 8) (24.3) (.9) (47.0) 

Average 35.7 30.3 .8 33 . 8 100.6 
+ mpo (27.3) (24.7 ) (. 6) (47 . 4) 

Average 39.4 26.7 . 5 33 .4 100.0 
+ py (J0.5) (21. 7) (.4) (47.4) 

F.zritcs 

Sample Fe Co Ni S Total 

G75-B2 
Anhedr3.l 44.5 1.0 . 5 53. 1. 99.1 

(32 .1) (.7 ) (. 3) ( 66 .9) 

Cont'd 
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'l'flHU:\THr I':J.I':GI'HON MICnOl'H.om: flNflI.Y!>I';S 01" nlHLiITII.I':F. MINE ~)flMI' LI':0 

T',Yrrhot i.tt ':J 

Sample Phase Fe Ni S Total 

G75-B1 M 60.2 .6 39 .7 100.5 
(46.4) (.5) (53.1) 

G75-B2 M 60.3 .3 39.5 100.1 
(46.6) ( .2) (53. 2) 

G75-BS M 60.4 .9 40.2 101.5 
(46.0) ( .6) ( 53.4) 

G75-B15 M 60.4 .4 40.0 100.S 
(46.5) (.3) (53. 2) 

Average M 60.3 .6 39.9 100.8 
(46.3) ( .4) (53.3 ) 

Pentlandites 

Sample Ni Fe Co S Total 

G75-B1A 36.2 29 .1 .7 34. 2 100.2 
(27.4) (24.6) (.5) (47.5 ) 

G75-B2 33 .6 32.1 1.0 34.4 101.1. 
(25.6) (25.7) (.7) (4S.0) 

G75-B5 39.4 26.7 .5 33.L~ 100.0 
(30.5 ) (21.7 ) ( .4) (47.4) 

G75-B8 38.8 29.8 .4 33.5 100. 5 
(28.4) (24 .1) (. 2) (47.3) 

G7 5- B15 36.1 30.0 1.2 33.3 100.6 
(27.8) (24.3) ( .9) (47.0) 

Average 35.7 30.3 .8 33 .8 100.6 
+ mpo (27.3 ) (24.7) ( .6) (47.4) 

Average 39 .4 26.7 .5 33.4 100.0 
+ py (30 . 5) (21.7) (.4) (47.4) 

F,y:ritcs 

S:lmpl e Fe Co Ni S Total 

G75-B2 
Anhedral 44.5 1.0 .5 53.1. 99 .1 

(32.1 ) (.7 ) (. J ) ( 66.9) 

Cont'd 
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TABLE VIII (Cont' cl - Binhtrf'(' Mine) 

Euhedral 45.9 .J+ .6 53.2 100.1 
(33 .0) (. 2) ( .4) (66.4) 

G75-B5 45.5 .7 .4 53.3 99.9 
(32.6) (. 5) (. J) (66 .6) 

Ger sdorffitC' Nickeline Maucherite Wehrlite 
G75-B5 G75-B5 G75- B5 G75-BS 

Ni 18.1 43.3 51.2 Bi 61.6 
Co 13.3 .3 .1 Pb 3.3 
Fe 5.3 .2 .0 Te 33.9 
As 48.4 55.4 48.1 Sb .4 
S 16.9 . 1 .1 S .1 
Sb .0 .5 . 2 AS n.d. 

Total 102.0 99.S 99.7 Total 99.3 

Notes 

1) Microprobe Operator: Mr. P. Carriere 
2) Phase : M----- -)!llonoclinic 
3) Atomi c per cent in brackets 
4) Co not detecte'd in pyrrhotites 
5) Cu in G75-B2 anhedral pyrite is .05% 
6) Pyrites non-homogeneous re metals 
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TABLE VIII (Cont' cI - Dinhtrcl' Mine ) 

Euhedr3.l 45.9 .4 . 6 53.2 100.1 
(33 .0) (.2) ( .4) (66.4) 

G75-B5 45.5 .7 .4 53 . 3 9ge9 
(32.6) (.5) (. J) (66.6) 

Gersdorffitc Nickeline Maucherite Wehrlite 
G75-B5 G75-B5 G75-B5 G75-B8 

Ni 18.1 43.3 51.2 Bi 61 . 6 
Co 13.3 .3 .1 Pb 3.3 
Fe 5.3 . 2 .0 Te 33.9 
As 48.4 55.4 48~1 Sb .4 
S 16.9 .1 .1 S .1 
Sb .0 .5 .2 AS n.d. 

Total 102.0 99.8 99.7 Total 99.3 

Notes --

1) Microprobe Operator: Mr. P. Carriere 
2) Phase: M- --- -}ffionoclinic 
3) Atomic per cent in brackets 
4) Co not detecte'd in pyrrhotites 
5) Cu in G75-B2 anhedral pyrite is .05% 
6) Pyrites non-homogeneous re metals 
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Much of the pyrrhotite at Pipe comprises both the hexagonal and monoclinic 
types. The two-phase pyrrhotite in the disseminated ore is like that shown 
in Figure 25 for the disseminated Thompson ore. From samples across the 
massive sulfide ore zone on the 350' and 510' benches it appears that the 
outer portions of the ore body adjacent to the wall rocks contain predominantly 
monoclinic pyrrhotite with very minor amounts or no hexagonal pyrrhotite, where­
as the central portions of the ore zone contain much larger amounts of hex­
agonal pyrrhotite. Figure 28 shows the two phases coexisting and it can be 
seen that the monoclinic phase borders silicate-filled fractures and contains 
pentlandite flames. In samples where both types are present, the hexagonal 
pyrrhotite contains more Ni (.26% average) than the monoclinic (.16% average). 

Pentlandite at the Pipe Mine is either mediuJIl to coarse, fractured grains, or 
flames. Generally the shallower pentlandites are considerably altered along 
fractures to mackinawite (20-100~ in size) and very fine violarite « 20»). 
These fine inclusions might affect milling. The mackinawite contains'" 8 wt. 
% Ni (Table IX) but the violarite was too fine to analyze. Table IX gives a 
number of pentlandite analyses; note that pentlandite in coexistance with 
two-phase pyrrhotite averages 34.1 % Ni while pentlandite coexisting with 
just-monoclinic pyrrhotite has a higher average of 35.8% Ni. 

Gersdorffite, often found with inclusions of nickeline and maucherite, is 
found as small euhedral grains in pyrrhotite. These minerals are concen­
trated in the massive sulfides and the associated veins. 

Cubanite appears to be more abundant than chalcopyrite . Both minerals occur 
as anhedral grains up to a few hundred microns in si?e and generally in 
pyrrhotite, but also sometimes in pentlandite fractures. 

Chromite generally occurs as cores within large euhedral overgrowths of 
magnetite. These grains which are up to a few millimeters in diameter are 
probably primary. There is also secondary magnetite which occurs as fine 
anhedral grains or as an asbestiform replacement. In one section goethite 
was replacing magnetite. 

Manibridge Mine Mineralogy 

The major ore minerals in this deposit are pyrrhotite, smythite, pentlandite 
and pyrite with accessory phases of magnetite, violarite, chalcopyrite, 
marcasite { ilmenite and goethite. Most of the ore occurs as fine grained 
« .5 mm) intercumulus blebs disseminated in altered peridotite. In a few 
places massive, coarse grained (1-3 mm) remobilized ore was observed g 

Pentlandite is the primary ore mineral. It has two characteristic occur­
rences; as l arger grains (~ .5 mm) which are often extensively altered to 
violarite along partings and as fine (I\, 20 .l1) flame-like "recrystallizations" 
within smythite either along fractures or at the surrounding silicate boundary 
(Fig. 29). It should be noted that these pentlandi te recrystallizations do 
not have the same characteristics as the "flame-like exsolutions" often seen 
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as anhedral grains up to a few hundred microns in size and generally in 
pyrrhotite,but also sometimes in pentlandite fractures. 

Chromite generally occurs as cores within large euhedral overgrowths of 
magnetite. These grains which are up to a few millimeters in diameter are 
probably primary. There is also secondary magnetite which occurs as fine 
anhedral grains or as an asbestiform replacement. In one section goethite 
was replacing magnetite. 

Manibridge Mine Mineralogy 

The major ore minerals in this deposit are pyrrhotite, smythite, pentlandite 
and pyrite with accessory phases of magnetite, violarite, chalcopyrite, 
marcasite ( ilmenite and goethite. Most of the ore occurs as fine grained 
« .5 mm) intercumulus blebs disseminated in altered peridotite. In a few 
places massive, coarse grained (1-3 mm) remobilized ore was observed o 

Pentlandite is the primary ore mineral. It has two characteristic occur­
rences; as l arger grains ('" .5 mm) which are often extensively altered to 
violarite along partings and as fine (f\, 20 .u) flame-like "recrystallizations" 
within smythite either along fractures or at the surrounding silicate boundary 
(Fig. 29). It should be noted that these pentlandite recrystallizations do 
not have the same characteristics as the "flame-like exsolutions" often seen 
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figure 28 
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Photomicrograph of a Pipe Mine sample showing pentlandite 
flames enveloped in monoclinic pyrrhotite (light grey) 
adjacent to fractures (black). The monoclinic pyrrhotite 
is in hexagonal pyrrhotite which has a darker etch. 
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Photond.crograph of a Pipe Mine sample showing pentlandite 
flames enveloped in monoclinic pyrrhotite (light grey) 
adjacent to fractures (black). The monoclinic pyrrhotite 
is in hexagonal pyrrhotite which has a darker etch. 



Figure 29 
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Photomicrograph of a Manibridge Mine sample showing 
smythite (light grey) replacing monoclinic pyrrhotite 
(dark grey). There are fine grained recrystallizations 
of pentlandite along fractures in the smythite. Sample 
is etched with HI. 

Figure 29 
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Photomicrograph of a Manibridge Mine sample showing 
smythite (light grey) replacing monoclinic pyrrhotite 
(dark grey). There are fine grained recrystallizations 
of pentlandite along fractures in the smythite. Sample 
is etched with HI. 
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TABLE IX ELECTRON MICROPROBE ANALYSES OF PIPE MINE SAMPLES 

Pyrrhotites 

Sampl e Phase Fe Ni S Total 

G75-F7 M 60.3 .1 39.7 100.1 
(46.6) (.1) (5.3-3) 

H 61.6 . 2 39.1 100.9 
(47.4) (.2) (52.4) 

G7 5-P8 M 61. 2 .2 39.8 101.2 
(46.9) (.1) (53.0) 

H 61.2 .3 39 .1 100.6 
(47 .2 ) (.2) (52.6) 

G7 5-P10 M 60.9 .3 40.01 101. 2 
(46.5) (. 2) (53.3) 

G75-P15 M 60.5 .3 39.3 100.1 
(46.8) (.2) (53.0 ) 

H 60.2 . 5 38.5 99.2 
(47.1) (.4) (52.5 ) 

Average M 60.7 . 2 39.7 100.6 
(46. 7) (. 2) ( 53 .1) 

Average H 61.0 . 3 38 . 9 100.2 
(47. 2) (.3) (52.5 ) 

PE'lltlandites 

Sample Ni Fe Co S Total 

G75-P7 34.2 30 .6 1.7 33.9 100.4 
(26.3) (24.7) (1. 3 ) (47.7) 

G75-P8 34.3 31.0 1.8 33 . 8 100.9 
(26.3) (24. 9) ( 1.4) (47.4) 

G75-PlO 35.8 28.7 1.9 34.1 100.~ 
(27.5) (23. 2) (1.4) (47.9) 

G75-P15 34.0 31.6 1.7 33.8 101.1 
(26.0) (25.4) (1.3) (47.3) 

Average 35.8 28.7 1.9 34.1 100.5 
+mpo (27 .5) (23.2) ( 1.4) (47. 9) 

Average 34. 1 31.1 1.7 33.9 100.8 
+hpo+mpo (26. 2) (25 .0) (1.3 ) (47.5 ) 

Cont'd 
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TABLE IX ( cont' d - Pipe Mine) 

Mackinawite 

Sample 

G75-P7 

Notes 

Fe Ni 

8.0 
(5. 9) 

Co 

1.1 
(.9) 

S 

1) Microprobe Operator: Mr . P. Carriere 
2) Phase: ' M --~ monoclini c , H ------'). hexagonal 
3) Atomic per cent in brackets 
4) Co not detected in pyrrhotites 
5) M~ckinawite has .02 wt % Cu 

121 

Total 

101.2 
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in monoclinic pyrrhotite. These recrystalli zations are a continuous phase 
across the form and show partings or crystal boundaries,whereas t he ex­
solutions are discontinuous and feather-like ( Fig. 27). An analysi s of 
an interstitial or network pentlandite and its associ ated phases i s given 
in Table X. It coexists with monoclinic pyrrhot ite and smythit e and i s 
N~rich as noted by Harris and Nickel (1972). 

Pyrrhotite appears as remnants within the centr al portions of smythite 
grains and as a replacement of pyrite. The probe analyses (Table X ) 
reveal ed that this is the monoclinic form and that it contains .9% Ni and 
no Co. 

Smytbite occurs as a flame-like replacement of pyrrhotite extending inward 
from the silicate sulfide bOlmdary (Fig. 29). I t is Ni rich (~ 2. 2%) 
compared to the coexisting pyrrhotite. 

Pyrite in t he disseminated sulfides appears early-formed, the rounded 
anhedral grains being replaced by pyrrhotite and smythite. It i s char acter­
istically non-homogeneous in chemical composition , Co varying f r om 1.61 to 
.39 wt. % and Ni varying from .26 to .03 wt . %. In one s&~ple of remobilized 
or e pyr~te was slightly altered to marcasit e. 

Violarite occurs extensively as a secondary phase along t he octahedral 
partings of pentlandite. Within the violarite ar e many fine inclusions of 
pyrrhot ite. Great care was taken to find an area sufficiently l a r ge for a 
good probe analysis (Table X ). It is iron rich,as noted for some viol arites 
by Mis ra and Fleet (1974). The metal:sulfur ratio of 3 .08:4 indicat ed the 
sample is free of pyrrhotite and pentlandite impurities . 

Magnetite is ubiquitous and common g It is anhedral t o asbestif orm,and i s 
probably a product of serpentinization. I n some cases magnetite has been 
altered to goethite to a very minor extent. 

Discussion and Conclusions 

The major ore-bearing sulfide assemblages encountered at the Thompson, 
Birchtree, Pipe and Manibridge deposits are plott ed on t he Fe-Ni-5 diagr am 
in Figure 30. The composition of the pentlandite (averages f rom Tables VII 
to X ) and its coexisting iron sulfide(s) is joined by tie lines . The 
assemblages with pentlandite are; (a) hexagonal pyrrhotite + monoclinic 
pyrrhotite + minor pyrite, (b) monoclinic pyrrhotite + pyrite , (c) monoclinic 
pyrrhotite + smythite + pyrite, and (d) pyrite. Note-the i ncreasing Ni 
content of the pentlandite as the coexistin~ assemblage be comes more sulf ur 
rich (i.e. as one proceeds from assemblage ta ) t o assemblage (d». The 
phases violarite and mackinawite are surpergene alt erati ons of pentlandite . 
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Violarite occurs extensively as a secondary phase along the octahedral 
partings of pentlandite. Within the violarite are many fine inclusions of 
pyrrhotite. Great care was taken to find an area sufficiently large for a 
good probe analysis (Table X ). It is iron rich,as noted for some violarites 
by Misra and Fleet (1974). The metal:sulfur r atio of 3.08:4 indicated the 
sample is free of pyrrhotite and pentlandite impurities. 

Magnetite is ubiquitous and common g It is anhedral to asbestiform,and is 
probably a product of serpentinization. In some cases magnetite has been 
altered to goethite to a very minor extent. 

Discussion and Conclusions 

The major ore-bearing sulfide assemblages encountered at the Thompson, 
Birchtree, Pipe and Manibridge deposits are plotted on the Fe-Ni-S diagram 
in Figure 30. The composition of the pentl andite (averages from Tables VII 
to X ) and its coexisting iron sulfi de (s) i s joined by tie lines. The 
assemblages with pentl andite are; (a) hexagonal pyrrhotite + monoclinic 
pyrrhotite + minor pyrite, (b) monoclinic pyrrhotite + pyrite, (c) monoclinic 
pyrrhotite + smythite + pyrite , and (d) pyrite. Note-the incr easing Ni 
content of the pentlandite as the coexistin~ assemblage becomes more sulfur 
rich (i. e . as one proceeds f r om as semblage (a ) to assemblage (d». The 
phases violarite and mackinawite are surpergene alterations of pentlandite. 
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TABLE X ELEGrRON MICROPROBE ANAI.YSES OF MANIBRIOOE MINE SAMPLES 

Mineral Fe Ni Co S Total 

Pyrite 45.,5 ,,1 1.1 53.5 100.,2 
(32 .. 6) ( .1) (.7) (66.6) 

Pent.landJte 28.3 37.5 .3 33.9 100,,0 
(23 .. 0) (28.9) (.2) (47.9) 

Viola rite 30.00 28.4 .7 43.0 102.,1 
(22.,6) (20.4) (.5) (56.,5) 

Pyrrhotite 60.0 .9 n.d. 39.5 . 100.,4 
(46.,3) (.7) (.00) (53 .. 0) 

Smythite 57. 2 2.2 n.d., 41.1 100.,5 
(43.7) (1.6) (.00) (54.7) 

N·otes 

1) Microprobe Operator: Mr., Pe Carriere 
2) Atomic per cent in brackets 
3) Pyrite non-homogeneous re metals 
h) Pyrrhot.ite is monoclinic type 
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Thompson Mine . 

At the Thompson Mine th~ major assemblage is (b) with pyr ite prndominant on 
the fold limbs and pyrrhotite predominant on fold noses. Assnmblag(! (a) is 
evi dent in sheared zones. The assemblage hexagonal pyrrhoti t() + mal3ncti te 
is barren of pentlandite. This series of assemblages represents continuous 
desulfurization from ~old limb to fold nose to shear zones, possibly due to 
an increasing pressure gradient; i.e. as pressure increases pyrite ~ pyrrhotite 
(Toulmin and Barton, 1964) and S contents decrease with pyrrhotites (Morimoto 
et al., 1~7 5). 

One sample of particular interest from the Thompson Mine is G75-T37 which 
was kindly forwarded by Inco. This sample labelled "breccia sulfide" i s 
shown in Figure 31. The breccia fragments are 1 to 5 cm in size, subangular 
to rounded and approximately equi-dimensional. In general the surface of 
one fragment parallels that of its neighbour and i s separated by 1 - 3 mm 
of interbreccia material. The breccia fragments are fine grained ( 50-100 p) 
wit h monoclinic pyrrhotite and pentlandite (~ 20%) as major phases and 
chalcopyrite, graphite and silicates as minor phases. Bordering the breccia 
fragments is a band .2 to 1 mm wide consisting primarily of fine grained 
(100-200p) pentlandite (~70%) with concentrations of graphite and some 
silicates. The interbreccia material is coarse grained (~1 mm) consisting 
mainly of hexagonal and monoclinic pyrrhotite and pentlandite. There are 
grains of pentlandite as well as exsolved flames in the coarse monoclinic 
pyrrhotite. Like the breccia fragments,there are blebs of chalcopyrite,and 
the graphite is well crystallized in the silicates. Chemical analyses are 
presented in TableVII and a photomicrograph in Figure 32. 

The breccia sulfide sample described above might represent a hand specimen 
of a major geological event undergone in the Thompson de~osit. On the basis 
of textural r elations of adjacent breccia fragments I would discount a 
hypothesis of two phases or ore deposition in this locale. The initial fine 
grained sulfide assemblage, monoclinic pyrrhotite + (pyrite) + pentlandite, 
was possibly derived from a basic intrusion which I s in limited evidence at 
the location of this sample and in other parts of the mine. The ore could 
have been hydrothermally emplaced along a permeable sedimentary formation now 
represented by the biotite schist. The graphite observed in the ore samples 
would be formed by crystallizing the carbon derived from the sediments. Later 
the deposit underwent regional metan:orphism, the effects of which have been to 
remobilize the sulfides, resulting in a coarse grained assemblage as seen in 
the interbreccia zone of the sample described, and in fold noses. Where the 
two-phase pyrrhotite persists the Ni content in the pentlandite is lower, 
the excess Ni is absorbed by hexagonal pyrrhotite, keeping a constant bulk 
composition. 

Birchtree Mine 

The Birchtree Mine has a mineralogy similar to that of the Thompson Mine. 
The major assemblage is .(b) in Figure 30 with one observed area of assemblage 
(d) on a fold limb. The finer grained assemblage (d), pyrite + pentlandite, 
may r epresent the primary phases. Upon regional metamorphism r esulting in 
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wit h monoclinic pyrrhoti te and pentlandite (~ 2010 ) as major phases and 
chalcopyrite, graphite and silicates as minor phases. Bordering the brecci a 
fragments is a band .2 to 1 mm wide consisting primarily of fine grained 
(100-200p) pentlandite (~7010) with concentrations of graphite and some 
silicates. The interbreccia material is coarse grained C~l mm) consisting 
mainly of hexagonal and monoclinic pyrrhotite and pentlandite. Ther e are 
grains of pentlandite as well as exsolved flames in the coarse monoclinic 
pyrrhotite. Like the breccia f ragments,there are blebs of chalcopyrite,and 
the graphite i s well crystallized in the silicates. Chemical analyses are 
presented in TableVII and a photomicrograph in Figure 32. 

The breccia sulfide sample described above might represent a hand specimen 
of a major geological event undergone in the Thompson de~osit. On the basis 
of textural r elations of adjacent breccia fragments I would discount a 
hypothesis of two phases or ore deposition in this locale. The initial fine 
grained sulfide assemblage, monoclinic pyrrhotite + (pyrite) + pentlandite, 
was possibly derived from a basic intrusion which Is in limited evidence at 
the location of this sample and in other parts of the mine. The ore could 
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the interbreccia zone of the sample described, and in fold noses. Where the 
two-phase pyrrhotite persists the Ni content in the pentlandite is lower, 
the excess Ni is absorbed by hexagonal pyrrhotite, keeping a constant bulk 
composition. 

Birchtree Mine 

The Birchtree Mine has a mineralogy similar to that of the Thompson Mine. 
The major assemblage is .Cb) in Figure 30 with one observed area of assemblage 
Cd) on a fold limb. The finer grained assemblage Cd), pyrite + pentlandit e, 
may r epresent the primary phases. Upon regional metamorphism resulting in 
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Figure .31 

Figure .32 

Photograph of Thompson Mine "breccia sulphide". Sample 
size 18 x 12 em. 

Photomicrograph of Thompson Mine ''breccia sulphide" 
sample. Fine grained breccia material to the right, 
pentlandite border zone center and coarse, interbreccia 
pyrrhotite and pentlandite to the left. 
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Figure 31 

~gure 32 

Photograph of Thompson Mine "breccia sulphide". Sample 
size 18 x 12 em. 

Photomicrograph of Thompson Mine ''breccia sulphide" 
sample. Fine grained breccia material to the right, 
pentlandite border zone center and coarse, interbreccia 
pyrrhotite and pentlandite to the left. 
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remobilized sulfides and desulfurizo.tion, as described for the Thompson de­
posit.s , the monoclinic pyrrhotite + pyrite + pentlandite assemblage (h) 
~il:,03blizes. Extensi.v(' flame struc turr. pentlandi te mieht be evidence of a 
r etrograde transition of hexagonal pyrrhotite to monoclbic pyrrhotit.e 
exsolving excess Ni as pentlandit(~ fl ames. Thr secondary pyrite, in silicates, 
(described previously) may have formed from t he excess sulfur derived fronl th p 
desulf urization reaction . 

Pipe Mine 

The major ore assemblage at the Pipe Mine i s (a) in Figure 30, hexagonal 
pyrrhotite + monoclinic pyrrhotite + pentlandite. The distribution of 
the pyrrhotite phase~ described earlie~points to an oxidation reaction. 
Taylor (1971) showed that at lower t emperatures (T=250oC) hexagonal pyrr­
hotite could be converted to the monoclinic t ype by oxidation. As the dis­
tribution of monoclinic pyrrhotite is controlled by the fracture system in 
the massive ore zon1 it could be a result of oxidation by a hydrous fluid. 
The conversion of Ni-rich hexagonal pyrrhotite to monoclinic r esult s in 
exsolved pentlandite flames. Further evidence of hydrothermal acti on is 
the alteration of pentlandite to mackinawite plus minor violarite and 
minor alteration of magnetite to goethite. 

Manibridge Mine 

The primary sulfide assemblage at the Manibridge Mine appears to have been 
pentlandite + pyrite + monoclinic pyrrhotite, assemblage (b) in Figure 30. 
The secondary assemblage (c) consists of smythite + pyrite + monoclinic 
pyrrhotite + pentlandite + violarite. It is probable that this secondary 
assemblage is a r esult of oxidation by an i:1queous solution giving rise to 
the reac ti ons : monoclinic pyrrhotite ? smythi t e and pentlandi te ~ violari t e 
+ pyrrhotite . This solution might also have pr ovided a transDort medium 
for Ni ions r eleased during serpentini zation o.!' Ni-bearing olivine and/or 
r eleased during the formation of violarite. The secondary flame-like pent­
landi t e, on smythite grains (Fig. 29), could represent the r ecrystallization 
of freed Ni ions. 

Recorrunendations 

In continuing the investigat ion of the Ni deposits it would be of i nter est 
to s t udy the foll owing: 

(1) Compositions of coexisting oxides. 
(2) Coexisting silicate phases . 
(3) Microscopic investigation of heavy miner al concentrates to look 

for precious metal phases. 
(4) Trace element geochemistry of ore-associated and barren 

pyrrhotites. 
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the pyrrhotite phase~ described earlie~ points to an oxidation reaction. 
Taylor (1971) showed that at lower temperatures (T=250oC) hexagonal pyrr­
hotite could be converted to the monoclinic type by oxidation. As the dis­
tribution of monoclinic pyrrhotite is controlled by the fracture system in 
the massive ore zon1 it could be a r esult of oxidation by a hydrous fluid. 
The conversion of Ni-rich hexagonal pyrrhotite to monoclinic r esult s in 
exsolved pentlandite flames. Further evidence of hydrothermal action is 
the alteration of pent landite to mackinawite plus minor violarite and 
minor alter3tion of magnetite to goethite. 

Manibridge Mine 

The primary sulfide assemblage at the Manibridge Mine appears to have been 
pentlandite + pyrite + monoclinic pyrrhotite, assemblage (b) in Figure 30. 
The secondary assemblage (c) consists of smythite + pyrite + monoclinic 
pyrrhotite + pentlandite + violarite. It is probable that this secondary 
assemblage is a result of oxidation by an i:1queous solution giving rise to 
the reac ti ons: monoclinic pyrrhoti te ~ smythi te and pentlandi te ~ violari t e 
+ pyrrhotite. This solution might also have provided a transport rncdium 
for Ni ions released during serpentini zation 0':- Ni-bearing olivine and/or 
r eleased during the formation of violarite. The secondary flame-like pent­
landite, on smythite grains (Fig. 29) , could represent the recrystallization 
of freed Ni ions. 

Recommendations 

In continuing the investi gat ion of the Ni deposits it would be of interest 
to study the following: 

(1) Compositions of coexisting oxides. 
(2) Coexisting silicate phases . 
(3) Microscopic investigation of heavy mineral concentrates to look 

for precious metal phases. 
(4) Trace element geochemistry of ore-associated and barren 

pyrrhotites. 
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II. The Flin Flon - Snow Lake - Lynn Lake Area. 

Int roduction 

In the Flin Flon , Snow Lake and Lynn Lake Areas el even massive copper-zinc 
deposits plus one nickel-copper deposit (Lynn Lake) were visited in August, 
1975 . In Appendix I the mines visited and the numbers of located samples 
collected ar e listed. 

The following report contains brief descripti ons of the ore mineralogy for 
each mine,and the r esults are summari zed in Table XI. The me thods of 
investigation are described in Appendix II . 

Mineralogical Investigation 

Flin Flon Mine Mineralogy 

The major ort~ minerals in the Flin Flon Mine are pyrite, chalcopy:dt.e and 
sphale:dt e,with minor amounts of arsenopy:dte, galena, altaite, marcasite , 
ilmenite, and magnetite. The sulfides are generally fine grained (.1-.2 mm), 
massive to network,but some coarser grained (.1 to .4 mm) massive ore is 
also presento 

Pyrite is the most abundant sulfide. It is euhedral in silicates and 
sphale:dte and rounded, subhedral in chalcopy:dte . In the coa rser grained 
samples py:dte aggregates are evident. 

Chalcopyrite and sphale:dte are interstitial and massive amongst pyrite 
grains. Chalcopy:dte is also seen as blebs (20 p) in sphalerite and as 
blebs, often with pyrrhotite, in pyrite. In general chalcopyrite is 
c·oncentrated toward the footwall and sphale:dte toward the hanging wall • . 

pyr rhotite is of minor importance and is usually onl y seen as larger grains 
in the coarser grained massive material where it is two-phase (hexagonal + 
monoclini c). Where it occurs as blebs in py:dte ,or fine gr ained disseminations, 
i t is monoclinic. 

Arsenopy:dte has two forms: (a) anhedral fine grained r eplacement of 
pyrite , (b) coarse grained euhedral crystals coexisting with coarse altaite 
and &alena. Form (a) is more usual but an analysi~ of form (b) is given in 
TableXITwith its associated al taite analysis. The altaite i s Se-bea:dng 
(TableXIT), containing more Se than the Se-bearing altaite f rom Sudbury (Cabri 
and Laflamme , 1976). 

Centennial Mine Mineralogy 

From the one cross-section sampled in the Centennial Mine ,it appears that 
py:dte , chalcopyrite and sphalerite are the main sulfides,with minor amounts 
of magnetite and arsenopyrite. The ore minerals in general are fine grained 
(.05 - . 2 mm) and banded. 
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ilmenite, and magnetite. The sulfides are generally fine grained (.1-.2 mm), 
massive to network,but some coarser grained (.1 to .4 mm) massive ore is 
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Pyrite is the most abundant sulfide. It is euhedral in silicates and 
sphalerite and rounded, subhedral in chalcopyrite. In the coarser grained 
samples pyrite aggregates are evident. 

Chalcopyrite and sphalerite are interstitial and massive amongst pyrite 
grains. Chalcopyrite is also seen as blebs (20 p) in sphalerite and as 
blebs, often with pyrrhotite, in pyrite. In general chalcopyrite is 
c·oncentrated toward the footwall and sphalerite toward the hanging wall • . 

pyrrhotite is of minor importance and is usually only seen as larger grains 
in the coarser grained massive material where it is two-phase (hexagonal + 
monoclinic). Where it occurs as blebs in pyrite,or fine grained disseminations, 
it i s monoclinic. 

Arsenopyrite has two forms: (a ) anhedral fine grained replacement of 
pyrite, (b) coarse grained euhedral crystals coexisting with coarse altaite 
and galena. Form (a) is more usual but an analysi~ of form (b) is given in 
TableXITwith its associated altaite analysis. The altaite is Se-bearing 
(TableXIT), containing more Se than the Se-bearing altaite from Sudbury (Cabri 
and Laflamme, 1976). 

Centennial Mine Mineralogy 

From the one cross-section sampled in the Centennial Mine ,it appears that 
pyrite , chalcopyrite and sphalerite a r e the main sulfides ,with minor amounts 
of magnetite and arsenopyrite. The ore minerals in general are fine grained 
(.05 - .2 mm) and banded. 



TABLE XI FLIN FLON - SNOW LAKE - LYNN LAKE AREA MINES 

~Iine Major Ore Minerals Minor Ore Minerals Major Host Rock 

Flin Flon pyrite, chalcopyrite, 
sphalerite 

pyrrhotite, arsenopyrite, chlorite-sericite schist 

Centennial 

Schi st Lake 

pyrite, chalcopyrite, 
sphal crite 

pyrite, chalcopyrite , 
sphalerite 

galena, altaite, marc asi te, 
magnetite, ilmenite 

magnetitc, arsenopyrite 

arsenopyrite, galena 

White Lake pyrite, pyrrhotite, galena, arsenopyrite 
chalcopyrite, sphalerite 

DicJ.,stone pyrrhotite, chalcopyrite,pyrite, sphalerite, 
magnetite wehrlite 

Stall Lake pyrrhotite, pyrite, magnetite, ilmenite 
chalcopyrite, sphalerite 

Anderson Lake pyrite, chalcopyrite, 
pyrrhotite 

Osborne Lake pyrrhotite, pyrite, 
chalcopyrite 

Chisel Lake pyrite, sphalerite, 
chalcopyrite, 
pyrrhotite 

Fox pyrrhotite, pyrite 
sphalerite, 
chalcopyrite 

sphalerite, magnetite 

sphalerite, arsenopyrite, 
galena, marcasite, rutile 

galena, arsenopyrite, 
rutile, tetrahedrite, 
marcasite 

ilmenite, magnetite 
arsenopyrite 

chlori te-sericite schist 

chl ori te schist 

chlorite-sericite schist 

hornblende gneiss 

staurolite-garnet­
cordierite gneiss 

hornblende-biotite gneiss 

st aurolite-garnet gneiss 

hor nbl e nd e-biotite gneiss 
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TABLE XI FLIN FLON - SNOW LAKE - LYNN LAKE AREA MINES 

Mine Major Ore Minerals Minor Ore Minerals Major Host Rock 

Flin Flon pyrite, chalcopyrite, 
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pyrrhotite, arsenopyrite, chlorite-sericite schist 
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Dickstone pyrrhotite, chalcopyrite, pyrite, sphalerite, 
magnetite wehrlite 
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chalcopyrite, sphalerite 

Anderson Lake pyrite, chalcopyrite, 
pyrrhotite 

Osborne Lake pyrrhotite, pyrite, 
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Chisel Lake pyrite, sphalerite, 
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Fox pyrrhotite, pyrite 
sphalerite, 
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sphalerite, arsenopyrite, 
galena, marcasite, rutile 

galena, arsenopyrite, 
rutile, tetrahedrite, 
marcasite 

ilmenite, magnetite 
arsenopyrite 

chlorite-sericite schist 

chlorite schist 

chlorite-sericite schist 

hornblende gneiss 

staurolite-garnet­
cordie rite gneiss 

hornblende-biotite gneiss 

staurolite-garnet gneiss 

hor nblend e-biot ite gneiss 



TABLE XI (cont'd - Flin Flon - Snow Lake - Lynn Lake Area Mines) 

Ruttan Lake 

Lynn Lake 

Notes: 

pyrite, chalcopyrite, 
sphalerite 

ilmenite, pyrrhotite, 
arsenopyrite, galena, 
rutile, magnetite 

pyrrhotite, pentlandite, magnetite, pyrite, 
chalcopyrite marcasite, ilmenite 

amphibolite 

peridotite 

(1) ~inerals are listed in decreasing order of abundance as viewed in polished 
~ections. 

(2) Lynn Lake Mine is not classified as a massive copper-zinc deposit. 
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TABLE XI (cont'd - Flin Flon - Snow Lake - Lynn Lake Area Mines) 

Ruttan Lake 

Lynn Lake 

Notes: 

pyrite, chalcopyrite, 
sphalerite 

ilmenite, pyrrhotite, 
arsenopyrite, galena, 
rutile, magnetite 

pyrrhotite, pentlandite, magnetite, pyrite, 
chalcopyrite marcasite, ilmenite 

amphibolite 

peridotite 

(1) ~inerals are listed in decreasing order of abundance as viewed in polished 
~ections. 

(2) Lynn Lake Mine is not classified as a massive copper -z inc deposit. 
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TABLE XII ELECTRON MICROPROBE ANALYSES OF FLIN FLON, DICKSTONE 
AND OSBORNE LAKE MINE SAMPLES 

Pyrrhotites 

Sample Phase Fe S Tot al 

G75-D3 M 60.9 39 .9 100.8 
(46.7) (53.3) 

H 61 . 3 39.1 100.4 
(47.4) (52.6) 

G75-D7 M 60.6 40.0 100.6 
(46.5) (53. 5) 
61.6 39.2 100.8 

(47 . 4) (52.6) 

G75-0S3 M 61.1 40.0 101.1 
(46. 8) (53 .2) 
61.5 39.3 100.8 

(47.3) (52.7) 

G75-0S8 M 61.0 39.7 100.7 
(46.9) (53.1) 
61.7 39.0 100.7 

(47.5) (52.5) 

G75-0S14 M 60.9 40.5 101.4 
(46.3) (53.7) 
61.2 39.0 100. 2 

(47.4 ) (52.6) 

AvcrJ.ge M 60.9 40.0 100.9 
(46.6) (53.4) 

Average H 61.5 39.1 100.6 
(47.4) (52.6) 

ArsenoElrites Altaite 
G75-FF24 G75-S15 G75-FF24 

Fe 33.8 34.5 Pb 63.4 
Co 1.5 .0 Bi n.d. 
As 4309 45.5 Te 32. 7 
S 20.9 20.1 Se 2.4 

Total 100.1 TOO:'1 Total 98.5 

Dickstone "Burned Ore" G75-DlO 
Troilite Ye1lm\' Orange 

(av. 5 analyses) (av. 5 analyses ) 

Fe 63.4 (49.6) 37. 2 (30.8) 20.3 (17.7) 
eu 1.0 ( .7) 28.6 (20.9) 49. 2 (37.8) 
Zn 1.0 ( .7) ---------
S 36.5 (49.8 ) 32.9 (47.6) 29 . 2 (44.5 ) 
Total 100.9 99.7 98.7 
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TABLE XII (cont'd - Flin Flon, Dickstone and Osborne Lake Mines) . 

Notes: 

(1) Microprobe Operator: Mr. P. Carriere 

(2) Atomic percent in brackets 

(3) Pyrrhotites: Cu, Co, Ni not detected 

(4) Arsenopyrites: Cu, Sb, Ni not detected 
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TABLE XII (cont'd - Flin Flon, Dickstone and Osborne Lake Mines) . 

Notes: 

(1) Microprobe Operator: Mr. P. Carriere 

(2) Atomic percent in brackets 

(3) Pyrrhotites: Cu, Co, Ni not detected 
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Pyrite i s generally fine grained and euhedral, but there is some evidence 
of a porphyroblastic pyrite where grains are l a rger,and subhedral to anhedral. 
In two sampl es anhedral arsenopyrite forms a f ine grained, vein-like replace­
ment across pyrite grains. 

Chalcopyrite and sphalerite have no apparent zonal distribution with respec t 
to the hanging wall/footwall rocks, in the polished sections examined. They 
are banded with pyrite, pyrite being subhedral when either chalcopyrite or 
sphalerite is the major phase. 

Magnetite occurs as fine grained (~50~), subhedral disseminations in 
silicates at t he hanging wall (stratigraphic footwall) contact. 

Schist Lake Mine Mineralogy 

The major ore minerals at the Schist Lake Mine are pyrite , chalcopyrite and 
sphalerit~ with accessory minerals arsenopyrite and galena. There are three 
major sulfide textures; disseminated, stringer and massive g The sulfides 
are fine grained (.05 - .2 mm) with some porphyroblastic pyrites. Some of 
the massive are is banded. 

Pyrite is fine grained and euhedral in the disseminated are where it occurs 
with only minor amounts of chalcopyrite and sphalerite . In the massive ore, 
pyrite is coarser grained and subhedral, many of the grains having an aggre­
gate texture (Figure 33). 

As in the Flin Fl on deposit chalcopyrite is generally concentrated toward 
the footwall and sphalerite t oward the hanging wall. Chalcopyrite and 
sphalerite are interstitial amongst pyrite grains except in the banded ore 
where there are bands with very minor pyrite. In the North Zone and Mandy 
there are greater concentrations of chalcopyrite stringer ore. 

In TableXII there is a probe analysis of the arsenopyrite replacing pyrite 
along a fracture. 

White Lake Mine Mineralogy 

The major sulfide minerals in the White Lake deposit are pyrite, pyrrhotite , 
chalcopyrite and sphalerite,with minor amounts of galena and arsenopyrite. 
The sulfides range from fine to coarse grained ( . 1 to .3+ mm) and are 
generally massive, but some disseminated and stringer ore was noted. 

Pyrite and pyrrhotite occur in approximat ely equal proportions. The White 
Lruce Mine represents the only deposit in this study of the Flin Flon Area 
where pyrrhotite is a major phase. Pyrite is generally medium grained, 
subhedral in form, and sometimes seen with zoned inclusions of silicates. 
There is also a second f orm of pyrite as fine grained euhedral crystals in 
veins. The pyrrhotite is two-phase, monoclinic plus hexagonal,as shown in 
Figure 34 for the Dickstone Mine. 

13! 

Pyrite is generally fine grained and euhedral,but there is some evidence 
of a porphyroblastic pyrite where grains are larger,and subhedral to anhedral . 
In two samples anhedral arsenopyrite forms a fine grained, vein- like replace­
ment across pyrite grains. 

Chalcopyrite and sphalerite have no apparent zonal distributi on with respect 
to the hanging wall/footwall rocks, in the polished sections examined. They 
are banded with pyrite, pyrite being subhedral when either chalcopyrite or 
sphalerite is the major phase. 

Magnetite occurs as fine grained (~50~), subhedral disseminations in 
silicates at the hanging wall (stratigraphic footwall) contact. 

Schist Lake Mine Mineralogy 

The major ore minerals at the Schist Lake Mine are pyrite, chalcopyrite and 
sphalerit~with accessory minerals arsenopyrite and galena . There are three 
major sulfide textures; disseminated, stringer and massive g The sulfides 
are fine grained (.05 - .2 mm) with some porphyroblastic pyrites. Some of 
the massive ore is banded. 

Pyrite is fine grained and euhedral in the disseminated ore where it occurs 
with onl y minor amounts of chalcopyrit e and sphalerite. In the massive ore, 
pyrite i s coarser grained and subhedral, many of the grains having an aggre­
gate texture (Figure 33). 

As in the Flin Flon deposit chalcopyrite is generally concentrated toward 
the f ootwall and sphalerite t oward the hanging wall. Chalcopyrite and 
sphalerite are interstitial amongst pyrite grains except in the banded ore 
where there are bands with very minor pyrite. In the North Zone and Mandy 
there are greater concentrations of chalcopyrite stringer ore. 

In TableXII there is a probe analysis of the arsenopyrite replacing pyrite 
along a fracture. 

White Lake Mine Mineralogy 

The major sulfide minerals in the White Lake deposit are pyrite, pyrrhotite, 
chalcopyrite and sphalerite,with minor amounts of galena and arsenopyrite. 
The sulf ides range from fine to coarse grained (.1 to .3+ mm) and are 
generally massive,but some disseminated and stringer ore was noted. 

Pyrite and pyrrhotite occur in approximately equal proportions. The White 
Lruce Mine represents the only deposit in t his study of the Flin Flon Area 
where pyrrhotite is a major phase. Pyrite is gener ally medium grained, 
subhedral in form, and sometimes seen with zoned inclusions of silicates. 
There is also a second form of pyrite as fine grained euhedral crystals in 
veins. The pyrrhotite is two-phase, monoclinic plus hexagonal,as shown in 
Figure 34 for the Dickstone Mine. 
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Figure 33 

Figure 34 

Photomicrograph of a pyrite agglomer at e within fine 
grained disseminated pyrite. Schist Lake Mine sample. 

Photomicrograph of a Dickstone Mine sample showing the 
textural relationships of hexagonal pyrrhotite (dark 
grey) to monoclinic pyrrhotite (light grey) . Sample is 
etched with HI. 
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Figure 33 

Figure 34 
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Photomicrograph of a pyrite agglomerate within fine 
grained disseminated pyrite. Schist Lake Mine sample. 

Photomicrograph of a Dickstone Mine sample showing the 
textural relationships of hexagonal pyrrhotite (dark 
grey) to monoclinic pyrrhotite (light grey). Sample is 
etched with HI. 
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Chalcopyrite and sphalerite a r e massive and interstitial amongst pyrite and 
pyrrhotite; banding is sometimes evident . 

Galena is minor but is more evident than in the mines described previously 
Arsenopyrite forms an anhedral replacement of pyrit~ as well as coarser 
discrete euhedral grains. 

Dickstone Mine Mineralogy 

The No. I orebody at the Dickstone Mine is primarily pyrrhotite and chalcopyrite 
with a considerable concentration of magnetite and minor amounts of pyrite, 
sphalerite and wehrlite. The sulfides are massive and coarse grained (0.2 to 
1.+ mm) . 

Pyrrhotit e is two-phased (hexagonal plus monoclinic) with the characteristic 
exsolution t exture shown in Figure 34. Analyses of some Dickstone Mine 
pyrrhotites are given in TableXII. The high pyrrhotite concentration in 
this mine has given rise to ore heating problems. It should be noted that 
although pyrrhotite oxidizes more readily than pyrite other factors mus t be 
consider ed for t his type of heating problem; i.e. amount of water in the mine, 
pH of water, bacteria content and grain size of sulfides. A sample of the 
heated ore is described in t he summary sect ion. 

The chalcopyrite is massive, often pitted and containing blebs of sphalerite. 

Magnetite is very common, occuring in large rounded grains with a good 
cleavage. 

Stall Lake Mine Mineralogy 

The main ore mineral s at the Stall Lake Mine are pyrrhotite, pyrite, chal­
copyrite and sphalerite with minor amounts of magnetite and ilmenite. 
Sulfides are massive and coarse grained with pyrites up to 20 cm across. 

The pyrrhotite is primarily the hexagonal type with lesser amounts of 
monoclini c alon g £ractures and adjacent to silicates. 

Pyrite is usually large euhedral crystal~with some rounding in massive 
chalcopyrite. 

Magnetite generally forms large subhedral crystal~often with inclusions of 
pyrite , pyrrhotite or ilmenite. 

Anderson Lake Mine 

The Anderson Lake ore deposit is comprised mainly of pyrite, chalcopyrite 
and pyrrhoti t e with minor amounts of sphalerite and magnetite. The ore is 
medium t o coarse grained (.02 t o 1+ mm) with some large porphyroblasts like 
the Stall Lake deposit. 
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Chalcopyrite and sphalerite are massive and interstitial amongst pyrite and 
pyrrhotite; banding is sometimes evident. 

Galena is minor but is more evident than in the mines described previously 
Arsenopyrite forms an anhedral replacement of pyrit~ as well as coarser 
discrete euhedral grains. 

Dickstone Mine Mineralogy 

The No. I orebody at the Dickstone Mine is primarily pyrrhotite and chalcopyrite 
with a considerable concentration of magnetite and minor amounts of pyrite, 
sphalerite and wehrlite. The sulfides are massive and coarse grained (0.2 to 
1.+ mm). 

Pyrrhotite is two-phased (hexagonal plus monoclinic) with the characteristic 
exsolution texture shown in Figure 34. Analyses of some Dickstone Mine 
pyrrhotites are given in TableXII . The high pyrrhotite concentration in 
this mine has given rise to ore heating problems. It should be noted that 
although pyrrhotite oxidizes more readily than pyrite other factors must be 
considered for this type of heating problem; i.e. amount of water in the mine, 
pH of water, bacteria content and grain size of sulfides. A sample of the 
heated ore is described in the summary section. 

The chalcopyrite is massive, often pitted and containing blebs of sphalerite. 

Magnetite is very common, occuring in large rounded grains with a good 
cleavage. 

Stall Lake Mine Mineralogy 

The main ore minerals at the St all Lake Mine are pyrrhotite, pyrite, chal­
copyrite and sphalerite with minor amounts of magnetite and ilmenite. 
Sulfides are massive and coarse grained with pyrites up to 20 cm across. 

The pyrrhotite is primarily the hexagonal type with lesser amounts of 
monoclinic along £ractures and adjacent to silicates. 

Pyrite is usually large euhedral crystal~with some rounding in massive 
chalcopyrite. 

Magnetite generally forms large subhedral crystal~often with inclusions of 
pyrite, pyrrhotite or ilmenite. 

Anderson Lake Mine 

The Anderson Lake ore deposit is comprised mainly of pyrite, chalcopyrite 
and pyrrhotite with minor amounts of sphalerite and magnetite. The ore i s 
medium to coarse grained (.02 to 1+ mm) with some large porphyroblasts like 
t he St all Lake deposit . 
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Pyrite is far more abundant than pyrrhotite. Pyrite crystals are euhedral 
to subhedral. Pyrrhotite,where observed,is interstitial to pyrite, and is 
two phase (hexagonal being minor compared to the monoclinic type). 

Chalcopyrite is interstitial amongst pyrite,or occurs as blebs in pyrite 
or silicates o 

Magnetite grains are anhedral and show prominent cleavage. 

Osborne Lake Mine 

The major ore minerals in the Osborne Lake ~~ne are pyrrhotite, pyrite, 
chalcopyrite and sphalerite, with minor amounts of arsenopyrite, galena, 
marcasite, and rutile. The ore is coarse graine~massive,with large por­
phyroblasts. 

The pyrrhotite i s two-phase, usually with approximately equal proportions of 
hexagonal and exsolved monoclinic. The pyrrhotite in this deposit has also 
resulted in minor ore heating problems. One area within the mine has massive 
coarse grained hexagonal pyrrhotite with only very minor monoclinic type 
along fractures (analysis G75-0S8)j this particular ore does not heat up. 
Under the discussion section the products of heating are briefly reviewed. 
Marcasite and arsenopyrite occur as minor replacements of pyrrhotite. 

pyrite is medium to coars e grained, subhedral to euhedral crystals. The 
crystals are rounded when in a chalcopyrite matrix. 

Chisel Lake Mine 

The major ore minerals in the Chisel Lake Mine are pyrite and sphalerite, 
with lesser amounts of chalcopyrite , pyrrhotite and galena and minor amounts 
of a rsenopyrite, tetrahedrite, marcasite and rutile. The sulfides are very 
coarse grained and massive. Unlike the d eposits d escribe d previously, 
the major product of Chi sel Lake Mine is zinc, not copper. 

Pyrite grains, a few mm in size, are usually rounded. The sphalerite is 
interstitial t o pyrite in very coarse grallled massive material. 

Gal ena and tetrahedrite occur as blebs in massive sphalerite. The tetra­
hedrite has Ag in solid solution. ArsenopYrite,usually associated with galena, 
is medium grained and euhedral in form. 

Fox Lake Mine 

The maj or phases at the Foy Lake Mine a re pyrrhotite, pyrite, sphalerite and 
chalcopyrite, with minor amounts of ilmenite, magnetite and arsenopyrite. 
The ore consists of fine to medium grained disseminated and coarse grained 
massive sQlf ides. 
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Pyrite is far more abundant than pyrrhotite. Pyrite crystals are euhedral 
to subhedral. Pyrrhotite,where observed,is interstitial to pyrite,and is 
two phase (hexagonal being minor compared to the monoclinic type). 

Chalcopyrite is interstitial amongst pyrite,or occurs as blebs in pyrite 
or silicates o 

Magnetite grains are anhedral and show prominent cleavage. 

Osborne Lake Mine 

The major ore minerals in the Osborne Lake ~~ne are pyrrhotite, pyrite, 
chalcopyrite and sphalerite, with minor amounts of arsenopyrite, galena, 
marcasite, and rutile. The ore is coarse graine~massive,with large por­
phyroblasts. 

The pyrrhotite is two-phase,usually with approximately equal proportions of 
hexagonal and exsolved monoclinic. The pyrrhotite in this deposit has also 
resulted in minor ore heating problems. One area within the mine has massive 
coarse grained hexagonal pyrrhotite with only very minor monoclinic type 
along fractures (analysis G75-0S8)j this particular ore does not heat up. 
Under the discussion section the products of heating are briefly reviewed . 
Marcasite and arsenopyrite occur as minor replacements of pyrrhotite. 

pyrite is medium to coarse grained, subhedral to euhedral crystals. The 
crystals are rounded when in a chalcopyrite matrix. 

Chisel Lake Mine 

The major ore minerals in the Chisel Lake Mine are pyrite and sphalerite, 
with lesser amounts of chalcopyrite, pyrrhotite and galena and minor amounts 
of arsenopyrite, tetrahedrite, marcasite and rutile. The sulfides are very 
coarse grained and massive. Unlike the deposits described previou5ly, 
the maj or product of Chisel Lake Mine is zinc, not copper. 

Pyrite grains, a few mm in size, are usually rounded. The sphalerite is 
interstitial to pyrite in very coarse graDled massive material. 

Galena and tetrahedrite occur as blebs in massive sphalerite. The tetra­
hedrite has Ag in solid solution. ArsenopYrite,usually associated with galena, 
is medium grained and euhedral in form. 

Fox Lake Mine 

The major phases at the Foy Lake Mine a r e pyrrhotite, pyrite, sphalerite and 
chalcopyrite, with minor amounts of ilmenite, magnetite and arsenopyrite. 
The ore consists of fine to medium grained disseminated and coarse grained 
massive sQlfides. 
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pOl'Lilm~;. rYl'l'hotit(; i::; LW(l-phd~;( ' with :1 pr<'domin:mc(' of th e; h (;Y.:ilr.~onill type 
compared t,o t.he' cxsolvcd monoclinic Lypf'. P,yrl Lc i:j subheclrill to cuhcclrQl 
wi t h shQrp l'yrl'llOtit l'/pyritc bound;1ries. 

Sphalerite and chalcopyrite are interstitial with sphal erite more abundant. 

Magneti te and arsenopyrite are minor. Magnetite forms anhedral grains while 
arsen0pyrite forms cuhedral crystals. 

Rut t an Lake Mine 

The major ore minerals in the Ruttan Lake Mine are pyrit e , chalcopyrite, 
and sphQlerite,with l esser to minor amounts of ilmenite, pyrrhotite, arseno­
pyrite, galena, rutile and magnetite . The ore consists of fine to coarse 
grained disseminated and coarse grained massive sulfides. 

Pyrite in the disseminated ore is euhedral but in the massive ore it forms 
anhedral aggregates. Rarely arsenopyrite r epl aces pyrite. Pyrrhotite , 
wher e observed,is with pyrite and it is two-phase (hexagonal plus monoclinic). 

Chal copyrite and sphalerite are interstitial in pyrite, usually in smQll 
amounts. 

Ilmenit e needles and blebs are fairly common, often occurring with lesser 
amount s of magnetite and rutile. 

Lynn Lake Mine 

The Lynn Lake Mine is a major producer of nickel, as well as copper. The 
major ore minerals are pyrrhotite, pentlandite, ~d chalcopyri t e , with l esser 
to minor amounts of magnetite, pyrite, marcasi te and ilmeni te. The sul f ides 
are medium t o coarse grained, disseminated to massi ve. 

Pyrrhotite. is the. mnjor suli'ide . It is the monoclinic type and is often 
Fitted. 

Pentlandite is present as discrete grains and fl ame-like e)csolutions which 
are often <:llong fractures. Coexisting wit h pentlandite is chal copyrite 
in lesser ~unounts. 

Pyr ite is usually anhedral, often being replaced by mar casi te. 

Magnet ite is generally anhedra~ sometimes associat ed wi t h minor amounts 
of ilmenite. 

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

The above miner al ogical descriptions, based on rout i ne ore microscopy,rep­
resent the initial phase of this project's investigation in the copper -zi nc 
deposits. Some el ectr on microprobe analyses have been compl et ed and they are 
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The major ore minerals in the Ruttan Lake Mine are pyrite , chalcopyrite, 
and spho.l erite,VJith lesser to minor amounts of ilmenite, pyrrhotite , arseno­
pyrite, galena , rutile and magnetite . The ore consists of fine to coarse 
grained disseminated and coarse grained massive sulfides. 

Pyrite in the disseminated or e is euhedral but in the massive ore it forms 
anhedr81 aggregat es. Rarely arsenopyrite r epl aces pyrite . Pyrrhotite , 
wher e observed,is with pyrite and it is two-phase (hexagonal plus monoclinic). 

Chalcopyrite and sphalerite ar e interstitial in pyrite ,usuo.lly in smo.ll 
amounts. 

Ilmenite needles and blebs are fairly common, often occurring with lesser 
amounts of magnetite and rutile. 

Lynn Lake Mine 

The Lynn Lake Mine is a major producer of nickel, as well as copper. The 
major ore minerals are pyrrhotite , pentlandite, and chalcopyrite , with lesser 
to minor amounts of magnetite , pyrite, marcasite and ilmenite . The sulfides 
are medium t o coarse grained, disseminated to massive. 

Pyrrhotite is the major suli'ide . It i s the monoclinic type and is often 
Fitted. 

Pentlandite is present as discrete grains and fl ame-like e)csolutions which 
are often .:llong fractures . Coexisting with pentlandite is chalcopyrite 
in l esser ~mounts. 

Pyrite is usually anhedral, oft en being replaced by marcasite. 

Magnetite is generally anhedr a4 sometimes associated with minor amounts 
of ilmenite. 

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

The above mineralogical descriptions, based on routine ore microscopy,rep­
r esent the initial phase of thi s project ' s investigation in the copper-zinc 
deposits . Som el ectron microprobe analyses hay been completed and they are 
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presented in Tabl e XII. Continued study of the fol lowing miner als might 
help interpret the genesis of these deposits . 

(1) Pyrrhotite : a ) presenc e or absence in deposit 
b) t extural rel ati onships with other 

sulfide phases 
c ) composition( s ) of phase(s) 
d) correl ati on of Fe atomic percent 

with metamorphic grade 
e ) trace el ement geochemistry of 

barren and ore-associated 
pyrrhotites 

(2) Pyrite: <3.) zonal distribution of Co , Ni, Cu (if present) 
and its correlation to pyrite genesis 

(3) Sphalerite : 3) composition and homogeneity index correlated 
with geological environment 

b) geobaromet er 

(4) Ars enopyrite: a) compari son of composition, cell dimensions, 
form and homogeneity index with geol ogical 
environment 

b) As :S geobar ometer 

Although the above minerals are not always major phases, they are ubi­
quitous and could thus be used in comparisons of a wide range of geo­
logical envir onments. 

Pyrrhotite 

Pyrrhotite from the massive Cu (+Zn) deposits is i nv:J.riably two-phase upon 
E'tching. From the Dickstone and-Osborne Lake samples already analyzed it 
3ppears th3t the two phases are; a ) hexagonal (dark etch) with an ave rage 
of 47 .4.2 atomic % Fe,and 2) mono clinic (light etch) with an avera~e of 
46. 63 atomic % Fe. Cu, Co and Ni Ivere not detected by the el ectron micro­
pl 'obe and are t hus l ess than .03 wt. %. 

Th E' textur al r elationship between the two pyrrhotite phases is con:::;i s t ent 
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for all deposits i nvestigated . It is typically that shown in Figur~ 34, a 
hexagonal cor e surrounded and cr osscut (crosscut intersections ~ 120 ) by 
monoclinic . Thi s texture is one probably caused by crystallographic i nversi on 
due t o a change in physical paramet ers, i.e. a lowering of t emperature and/or 
pr essure,to invert the hexagonal s tructure t o the monoclinic structure . It 
should be noted that the t exture j ust described is not like that of Figure 35 
f or the massive pyrrhotite at Osborne Lake Mine ,or that of Figur e 28 for the 
Pipe Mine,which i s more typical for the Ni deposits . Thi s t exture ,where the 
monoclinic pyrrhotite parallels f ractures and silicat e boundaries ,is prob­
ably controlled by changes in chemical pRr amet ers; i. e . oxidati on or desul­
furi zation of the hexagonal phase resulting in the monoclinic phase . 

The Dickstone and Osborne Lake Mines have had probl ems with ore heating,with 
the high concentrations of pyrrhotite . The or e t hat was heating at Osborne, 
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for all deposits i nvestigated . It is typically that shown in Figur~ 34, a 
hexagonal cor e surrounded and cr osscut (crosscut intersections ~ 120 ) by 
monoclinic. Thi s texture is one probably caused by crystallographic i nversion 
due t o a change in physical parameters, i.e. a lowering of t emperature and/or 
pressure,to invert the hexagonal structure t o the monoclinic structure . It 
should be noted that the t exture just described is not like that of Figure J5 
f or the massive pyrrhotite at Osborne Lake Mine,or that of Figure 28 for the 
Pipe Mine,which is more typical for the Ni deposits. This t exture ,where the 
monoclinic pyrrhotite parallels fractures and silicat e boundaries,is prob­
ably controlled by changes in chemical prtr ameters; i.e. oxidati on or desul­
furi zation of the hexagonal phase resulting in the monoclinic phase . 

The Dickstone and Osborne Lake Mines have had problems with ore heating,with 
the high concentrations of pyrrhotite. The ore that was heating at Osborne, 



Figure 35 Photorr~crograph of a s~~ple of massive hexagonal 
pyrrhotite (dark etch) with monoclinic pyrrhotite (light 
etch) localized along fractures. Osborne Lake Mine. 
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Figure 35 Photorrdcrograph of a s~~ple of massive hexagonal 
pyrrhotite (dark etch) with monoclinic pyrrhotite (light 
etch) localized along fractures. Osborne Lake Mine. 
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and dumped, i s a good example of Taylor's (1971) low temperature oxidation 
series; h~xagonal pyrrhotite ~ monoclinic pyrrhotite ~ pyrite ~ geothite. 
For the Dlckstone ore these oxidation reactions are probably realized but 
no evidence has been seen of them being due to self-combustion of the 'ore . 
T~e resulti~g "?urn-L ore" is shown in Figure 36, with a correspondi ng photo­
mlcrograph In Figure 37. The combustion in air gives rise to a series of 
desulfurization reactions: 

(1) chalcopyrite + O2 
heat? bornite + yellow 

phase + magnetite + S02 1 

(2) h t Ot 0 heat t °lot tOt SO ~ pyrr 0 l e + 2 ---~ rOl l e + magne l e+ 2 T 
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In Table IX the analysis labelled "yellow" has a formula (Fe2 5q CUI 76 Zn f..' 
S~ which is similar to haycockite;but unlike haycockite the X~ray powder pA~t6rn 
appears to be cubic with a = 5.305(2)A. Unfortunately the quality of the 
pattern does not permit a-more detailed interpretation at this time. The 
phase labelled "orange" is most likely an admixture of bornite and "yellow", 
similar to that described as orange bornite by Satapeva et ale (197L,). 

Arsenopyrite 

Two arsenopyrite analyses have been completed and are presented in Table XII. 
The arsenopyrite from Flin Flon Mine is euhedral, coarse grained (~250p) 
and coexisting with pyrite. The .Schist Lake Mine arsenopyrite forms a fine 
grained (~40p), anhedral replacement of pyrite. The Schist Lake arseno­
pyrite is notably lower in Co and higher in As than the Flin Flon arseno­
pyrite. 

These arsenopyrite samples were chosen from mines wi th s imilar host rocks 
(chlorite schist) and hence probably similar metamorphic histories. The 
evident difference in the As:S ratio for these two samples could bring 
serious doubts to Clark's (1960) ar senopyrit e geothermometer/geobarometer, 
which is based on this ratio. It is apparent from these very limited re­
sults that there are several factors that must be considered when choosing 
arsenopyrites for geological interpretations. 
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Figure 37 

Photograph of a lump of Dickstone Mine "burnt ore". 
Sample size 4 x 2.5 em. 
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Photomicrograph of the Dickstone Mine ''burnt ore" showing 
the fine intergrowth of magnetite (dark grey) and troili te 
(light grey). 

Figure 36 

Figure 37 

Photograph of a lump of Dickstone Mine "burnt ore". 
Sample size 4 x 2.5 em. 
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Photomicrograph of the Dickstone Mine ''burnt ore" showing 
the fine intergrowth of magnetite (dark grey) and troili te 
(light grey) . 
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APPENDIX I. 

Mine --

Thompson 

Birchtree 

Pipe 

Manibridgc 

Schist Lake 

Flin Flon 

Dickstone 

Wh ite Lake 

Centennial 

Stall Lake 

Anderson Lake 

Os bo r ne Lake 

Chisel Lake 

Farley 

Fox Lake 

Ruttan Lake 

SA~IPI.E COLI.ECTION 01: TilE BASE ~IETAL DEPOSITS IN TilE 
TIlO~IPSON, SNOW LAKE, FLiN FLON AND LYNN LAKE AREAS 

Company Date visited No. of Samples 

Inco 07/22-23 37 

Inco 07/24 15 

Inco 07/25 16 

Falconbridge 07/28 13 

HB~IS 07/30 26 

HBMS 07/31 24 

(HB~IS + ) 08/01 9 

HB1-1S 08/05 10 

HBMS 08/05 6 

HBMS 08/07 14 

HBMS 08/07 6 

HBt-IS 08/08 14 

HBMS 08/08 9 

Sherritt Gordon 08/12 11 

Sherritt Gordon 08/13 17 

Sherritt Gordon 08/14 14 
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APPENDIX II. METHOD OF INVESTIGATION 

Polished sections were prepared of selected pieces of each sample collected 
in the mines. These were studied under an ore microscope to identify the 
opaque minerals and to study their textures and grain s izes. Phases that could 
not be identified by their optics alone were dug out for powder ~ray analysis 
or were analyzed f or their major element s by energy dispersive techniques on 
the electron microprobe. 

Samples containing pyrrhotite were etched with pure hydriodic acid (HI) for 
15 t o 30 seconds. This etch delineates the different polymorphs of pyrrhotite, 
s ince the hexagonal phase etches more readily than the monoclinic phase,as 
verified by electron microprobe analyses. The discrepancies found in the 
literature as to which dimorph etches more readily are probably due to the 
fact that changes in crystallographic orientation also alter the degree of 
etching. Grains cut perpendicular to the c-axis etch l es s than those cut 
oblique to the c-axis,due to the alternating layers of Fe and S atoms per­
pendicular to the c-axis. In some fine grained samples a chromic acid stain 
(Gaudin, 1935) was used to enhance pentlandite as well as the pyrrhotite 
phases. 

Al l mineral compositions reported here were obtained by electron microprobe 
analyses. The analyses were done by Mr. P. Carri~re using a Materials 
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literature as to which dimorph etches more readily are probably due to the 
fact that changes in crystallographic orientation also alter the degree of 
etching. Grains cut perpendicular to the c-axis etch l ess than those cut 
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pendicular to the c-axis. In some fine grained samples a chromic acid stain 
(Gaudin , 1935) was used to enhance pentlandite as well as the pyrrhotite 
phases. 

All mineral compositions reported here were obtained by electron microprobe 
analyses. The analyses were done by Mr. P. Carri~re using a Materials 
Analysis Company Model 400 electron microprobe. Each analysis shown is an 
average of ten spot analyses made on different grains where possible. Ten 
second counts were taken except when analyzing for precious metals, where 
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100 second counts,the minimum detection limits for the precious metals 
were: .03% for Pt, .02% for Pd and .07% for Rh. Synthetic standards close 
to the composition of the mineral being analyzed were used wherever possible. 
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NM 7511 MINERAL ECONOMIC STUDIES - by L. Skinner and R. Bagnall 

Mineral Product i on Analysi s 

During the 1975-76 proj ect year only a limited amount of research was 
Jllotted to this proj ect due to the commitments on provincial and internal 
studies. 

During this time attempts wer e made to collect and analyze historical data 
on production by the present producing mining companies. Difficulties 
were encountered in this data collection since companies such as Inco and 
Falconbridge publish data on total company production and do not separate 
out in detail their Manitoba operations. Historical production information 
on Sherritt Gordon and Hudson BaY,on a mine by mine basis,is available and 
is summarized in Table s XIII and XIV. 

Historical data on employment, on a mine by mine basis, have been collected, 
with emphasis on those mines on which the mining communities of Flin Flon, 
Lynn Lake, Leaf Rapids and Thompson depend for their exis tence. Communities 
such as Wabowden and Lac du Bonnet are also included in the analysis. 
Tables XV and XVI summarize historical employment levels of Manitoba's 
mining industry. 

Meaningful analysis of such parameters of a "life indexing" model 
as reserves, extensions, depletion rates, mine by mine production forecasts 
and the socio-economic consequences of future mineral development will have 
to await data gener ated by the individual commodity geologists. 

Economic Exploitability of Mineral Resources 

.This project was undertaken by R. Cairns from about June 1975 until his 
departure in September 1975. 

Activity in this period involved establishing various contacts to obtain 
capital and operating costs which would be used in a computer model. The 
model to be used is one developed at The Pennsylvania State University. The 
release of the Penn State model i s awaiting authorization from The U.S. Bureau 
of Mines, Washington. This is expected in June or July of 1976. Parallel 
to this, a computer model for economic evaluation of a mineral deposit (using 
the Monte Carlo technique ) is being developed by A. Azis of Mineral Develop­
ment Sector, EMR, Ottawa . This model i s now operating for Ontario and should 
be r eady for Manitoba application later this year. 

No further work was done on the project until March 1976 wh 't d 
by Rob' B 11 Th P en l was un ertaken 

In agna., e enn State model was still not available, so work be an 
on a model that ffilght be applicable to Manitoba. During March a computer 8 
program ~as deve~oped to calculate and minimize royalties as they would a 1 
to a proJect subJec t to assessment under the Metallic Minerals Royalty AC~: y 

This will become part of a program to (1) calculate [and minimize] income 
taxes on a proj ect; ( 2 ) calculate profits on a project, and (3) calculate 
cash flows and the IRR. The program may eventually be developed to the 
point wher e it would calculate the optimum size of project for development 
of an ore body. 
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TABLE XV EMPLOYMENT - ALL MINING OPERATIONS - 1965-1975 

(Number of Employees Reported Monthly - Average for 12 Months) 

Developing Mines Mine 
Producing*- and Mining Construction 

Year Mines Contractors Contractors 

Sand and Contract 
Gravel Pits, Diamond 

Quarries Clay, Peat Drilling 

1975 7169 217 162 190 675 144 

1974 7226 265 248 176 601 278 

1973 7166 198 133 138 511 242 

1972 6956 474 192 122 456 296 

1971 7398 670 342 114 327 455 

1970 7259 914 506 129 375 639 

1969 6674 1085 742 142 436 499 

1968 5872 939 1070 161 441 474 

1967 5496 752 737 179 469 459 

1966 5018 617 173 568 476 

1965 5006 323 177 481 388 

* Includes mining, milling, smelt ing, refining and support personnel. 

Total 

8557 

8794 

8388 

8496 

9306 

9822 

9578 

8957 

8092 

6852 

6375 
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1967 5496 752 737 179 469 459 

1966 5018 617 173 568 476 

1965 5006 323 177 481 388 

* Includes mining, milling, smelt ing, refining and support personnel. 

Total 

8557 

8794 

8388 

8496 

9306 

9822 

9578 

8957 

8092 

6852 

6375 
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