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A FIELD GEOLOGICAL STUDY AND ANALYSIS OF JOINT PATTERNS
RELATED TO .
THE FRANCOEUR-ARNTFIELD (GOLD MINES) SHEAR ZONE,
BEAUCHASTEL TOWNSHIP, TEMISCAMINGUE COUNTY,
ABITIBI GREENSTONE BELT, QUEBEC.

ABSTRACT
by
Dean R. Cutting

Field mapping (1:5000) and study of joints in an area
of 7.3 square kilometres centered around the Arntfield Gold
Mines, during the summer of 1679, forms the bvasis for this
study. _

East-striking, north-dipping rccks of the Archean Age
Blake River Group, consisting predominantly of metamorphocsed
intermediate (andesitic) and felsic (rhyolitic) volcaniclastics
and flows, occur in the south limb of a regional syncline.
They are intruded by small bodies of diorite, guartz-feldspar
perphyry and syenite. Meta-greywackes and conglomerates of
the Preterozoic Cobalt Group unconformably overlie all the
above rocks.

Now-abandoned and inaccessible gold mines lie within
the Francoeur-Arntfield shear zone, an east-irending, sinuous,
wide {(over 100 mj), regional feature that traverses the area.
Field relationships seem to indicate that the formation of this
major fault was later than the deposition of the volcanic pile
but earlier (or synchronous with ?) than the intrusions.
Metamorphism to greenschist facies has affected all rocks.

Analysis of cover 400 joint sets in different structural
domzins in the area and comparison with experimental data for
rock deformation suggest that the major shear zone evolved as
a "Riedel" type sinistral {left lateral) stirike slip shear.
The joint patierns are distinct in the proximity ¢f the shear
zone, even in the absence of outcrops of sheared rock.
Systematic studies of this kind may provide a practical tool
for locating the shear zone in the field and thus may provide
a useful guicde to the controls of gold-ielluride-quartz-carbon-
ate mineralization locally associated with the shear zone.
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 CHAPTER 1
INTRODUCTION

GENERAL STATEMENT

The Abitibi region of Ontario and Quebec has been the
target of many exploration programs and, more importantly,
mining developments. The mining operations of this region of
the Canadian Shield have exploited rich and varied ore deposits
of metals such as copper, lead, zinc, gold, and silver. As the
prices for these metals increase in modern markets, mining
companies and their associated exploration divisions have
renewed the search for new mineral deposits in the region. As
well, detailed re-assessments of many old mining operations and

-1,

[ 9 . - -4 > o U] : -
> <Y i) k= . P R aR S 2] are Y AT 5 e Nallals LS e P o P T alkal
cthelr cre depocite have utilized the up-to-da
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techniques available to the science. As a result of the
particularly sharp increase in the price and demand of gold,
mining companies have renewed active exploration and re-assess-
ments of the past-producing gold districts of the Abitibi
region of northwestern Quebec. This project was conceived as
a result of this renswed interest. The detailed mapping cf an
area of 7.3 square km with an emphasis on the distribution and
character of lithologies and on structural observations is the

basis for this thesis.

LOCATION AND ACCESS
The study area is lccated in western Quebec at Latitude
48°3 2" North, Longitude‘79°lé‘ West. The area lies in the

viéinity of the wvillage of Arntfield, on the eastern boundary






of Beauchastel Township in Temiscamingue County, approximately
- 24 xm (15 miles) west of the towns of Rouyn-Noranda, Quebec
(Figure 1).

The study area was comprised éf three coﬂtiguous
properties (claim groups) (Figure 2). The names assigned to
the properties (Beauchastel 2-77, Beauchastel 1-78 and
Beauchastel 4-78) are Noranda company designations whose code
indicates the township, the number of the claim group staked
in the township, and the year the group was stsked. These
property names will be used tc refer to the subdivisions of
the stﬁdy area throughout this paper, where each property was
treated as an individual unit.

The study area has approximatel& 627 ha (1550 acres).

AP

atle 1 contains a iisting of claim numvers, mining blocks,

k3

and land and water areas for the three properties.

Good access to the properties from the towns of Rouyn-
Noranda ic provided by paved Highway 101-117. Road access to
the Beauchastel 2-77 and Beauchastel 1-78 properties is guite
convenient from a network of secondary gravel roads and
private camp access roads.

Direct access to the western exitremity of the study area,
the Beauchastel 4-78 property, is less convenient because there
are no roads on the southwestern corner of fhat property. Foot
traverses of over 0.5 km (0.33 miles) along the Dasserat-
Beauchastel township cut line or canoe traverses via the lake

" system are the only means of access.
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Table l.' Claim nﬁmbers, mining blocks and land and water areas for the three properties in
the study area.
0Id series Approximate area covered by Total
Property mining blocks
and Beauchastel water land area
claim number Township
Beauchastel 2-77
C.366681-claims 1 to 5 Blocks H,J,19,
C.366682-claims 1 to 5. U, V,L and . .
C.366683-claims 1 to 3 Sections of negligible 370.3 ha 370.3 ha
Section added to blocks 22,23,0 - - e s
original group and 157 (915 acres) (915 acres)
C.370662~claims 1 to §
C-370889-Claim8 192,3’5
C.3708%90-claims 1 and 2
Sub total 24 claims
Bezauchastel 1-78
66760-claims 1 to 5 Blocks 10,11, 48.1 ha 112.2 ha 160.3 ha

C.2
C.370890-claims 3 to 5
€.370891-claims 1 to 3

Sub total

Beauchastel 4-78
C.372072~claims 1 to 6
3

11 claims

C.372071-claim 1
Sub total 7 claims
Totals h2 claims

12013’lq,15212,

and Range 4,
Lots 8,9,10

Block B and

part ef Range 5

Iots 1 to 6

(109.8 acres)

L4 44 ha
(11%.7 acres)

9k.5 ha
(224.5 acres)

(286.2 acres)

50.3 ha
{(124.3 acres)

532.8 ha
(1325.5 acres)

(396 acres)

¢6.7 ha
(239 acres)

" 627.3 ha
(1550 acres)

(%21



~ PHYSICAL FEATURES

Average elevation of the region under investigation is
approximately 300 m (1000 feet). Occésional knolls or inter-
mittent ridges give the area variaﬁle low to intermediate
relief. Elevation variation within the area is not great,
with a maximum relief of approximately 90 m (300 feet).

Surface waters in the study area and vicinity drain down
the creeks and streams into the three lake basins partially
on the‘properties. The lalkes drain through Lake Renaud south-
ward via the Ottawa River into the Great Lake system (Figure 3).

The topograrhy and vegetation cover are quite variable.
Figure b indicates the major topographic features.

Three sections of the study areé and vicinity are,
relativel graphic highs. These sections are
located southeast of the’stUdy area (Kekeko Hills) and in the
northeast and northwest corners of the Beauchastel 2-77
property (Plate 1). These sections of high ground are
typified by large expanses of relatively unobscured rock ocut-
crop with occasional clumps of jack pine or other scrubby
softwoods in the surface depressions. As 1in all boreal
forests, large populations of lichens and mosses cover the
surfaces of the rocks.

Large areas of swampy, low-lying ground are located
primarily along the edges of the lake system on the Beauchastel
4-78 property; on Beauchastel 1-78, at the head of Lake Renaud
- where Lake Mud and Wasa crecks flow into the lake; and in the

center and southeast corner c¢f the Beauchastel 2-77 property.



Figure 3. General surface water drainage pattern on the

Beauchastel study area, Arntfield, .Quebec.
Explanation:
oo Leke
k// Minor volume of water flow
éﬁyf Major volume of water flow

Note: Water flow quantificaticns made {rom empiirical

observaticns only.
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Figure 4. General %opographic features of the Beauchastel

study area, Arntfield, Quebec.
Explanation:
High ground

Swamp

liine tailings
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The swamps between the lakes on Beauchastel 4-78 are
particularly wet, with cattails (and minor sedges) as the
primary vegetation cover. The other swamps on the property
are not as wet; these areas’aré primarily populated by
heavy growths of alders and other shrubby hardwoods.

A series of o0ld farm fields with a series of beaver
ponds and swamps running north-south is located in the west-
central part of the Beauchestel 2-77 property. The fields
are becoming overgrown with a succession of hardwood shrubs
and small conifers (Plate 2).

On the southwest corner of the Beauchastel 2-77 property
extending socuth into the Beauchastel 1-78 property and just
to the north of the Beauchastel l~78lproperty are located old
tailings ponds.  These tallings ponds were in use when the
Francoeur and Arntfield Cold Mines were in operation. The
ponds now take the form of well-packed, deeply grooved flats
composed of fine grains varying in size from sand to silt.
The deep grooves on the surface of the sand flats are erosion
features formed as the surface runoff carries the fine
particles out of the dammed ponds to areas of lower elevation.

Forest vegetatiovn cover generally falls into two
categories, (1) hardwood forest with a population of
intolerant hardwoods primarily birch and poplaf species or
(2) mixed forest with a population of both coniferous and
deciduous species including fir, spruce, pine, birch, poplar,
“alders, and the occasional maple. This vegetation cover is

the result of environmental influences, the major ones being
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(1) aistribution of soil cover (glacial drift) and (2)
repeated forest bﬁrnings. Understory growth is typically
heavy.

Outcrop exposure is estimated to be approximately one
guarter of the surface area. Natural outcrop exposures can
be predicted with a substantial degree of accuracy, being
almost exclusively on topographic highs, lake éhores, or
in areas of changing relief (Plate~3). Other outcrop
exposures are found where Man has influenced the surficial
environment, . such as along rights-of-way of roads, railrcads
and power lines. The limited outcrop exposure and logs of
diamend drillings indicate the substantial mantle of glacial

drift material covering most of the area ranges in thickness

~u

to 25 m {82

N~

gcv

by

-

Surface water supply is abundant and should be sufficient
to provide for some industrial pufposes such és a diamond
drill program. At present, there would appear to be no
conflict with other land or water uses and a drilling progran

or mining operation.

MINING HISTORY

The study area and immediate vicinity have been the site
of fairly intensive, and successful, gold mining activity
intermittently from about 1905 to the late 1940's when both
money and manpower ran out because of the economic stresses
created by world War II. Data obtained by these mines in
their last days of operation give reasonable indication of

the presence of mineable gold ore at depth. The gold mines
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have complicated, somewhat poorly documented history. Many
of the mine recofds have been lost since thé mining opera-
tions ceased. General information can, however, be obtained
from mining reports submitted to the government and from
reports written by staff of government agencieé.

One of the earliest gold mines operated in northwestern
Quebec was located just outside the study area, to the south
of the southwestern corner of the Beauchastel 4-78 property
approximately one-half kilometre (one-third mile) south of
the southern shore of Lake King of the North approximately
250 metres {800 feet) from the eastern end of Lake Fortune
toward Lake Renaud. This mine has had two names, the Lake

Fortune Gold Mine and the Renfor® Gold Mine (Figure 2).

-

m PR R 2T 3= “"‘f “+ T w
Th mineralizaticn at Lake

oy

gol:

§

aleng with the deposit in Larder Lake, Ontario, in the summey
of 1906. The depcsit located in the Lake Fortune Shear Zone
has been interpreted to be a part of the major Horne Creek
Fault System, in turn related to the regional structure, the
Val d'Or-Larder Lake Break.

The Pontiac and Abitibi Mining Company carried on the
first development work on that mine from 1907 to 1910. From
1910 to 1914 the property was worked by the Union Abitibi
Mining Company. Details regarding the nature of the develop-
nent work done on the property in these early years are not
readily available from the literature. The Lake Fortune
Mining Company was formed and took control cf the property
in 1922. During this year, the.mine workings were drained

and sampled (Bruce, 1933).
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In 1923, yet another‘company took over control of the
mine property, a éompaﬁy called Towagmac Exploration Company
Limited. In subsequent years this company did much develop-
ment work on the property. The surface was examined by
stripping and trenching. Later, a 150-foot (46 m), two;
compartment, inclined shaft was sunk into the shear zone at
an attitude of 550 from the horizontal on a Nofth azimuth.
Associated with this shaft were 550 feet (170 m) of lateral
workings.

Towagmar Exploration Company Limited carried cut an
extensive diamond drilling program in 1926 and 1927 to try
to delineate the ore zone. Encouraging assay results were
obtained. An ore body was deiineated at between 300-and 500-
foct (9C-15C wm) depth, averaging 3 feet 7 inches {1 wm) in
width and being approximately 500 feet (lSO'm) long \Quebec
Bureau of Mines, 192?)1 Operatioﬁs at the miﬁe ceased about
1930 fer some unexplained reason.

In 1934, Lake Fortune Gold Mines, Limited was formed,
and work at the‘miﬁe fesumed during the summer. Work during
the year included the construction of several new mine
buildings, the acquisition of electricai power for the mine,
installation of a large compressor, and finally the installa-
tion of a larger ¢apacity hbist. During the same summer,
though late in the season, another vertical, two-compartment
shaft was sunk intp the shear zone approximately 500 feet
(15¢ m) east of Lake For mne. By December, the shaft had

reached a depth of 365 feet (110 m), the first level was
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driven at a depth of 355 feet (108 m) (Quebec Bureau of
Mines, 1934). Considerable surface trenching across the
shear zone revealed encouraging assay Qalues. In addition
the company drilled 15 diamond driil holes frdm the surface
to intersect the shear zone. Those 15 drill holes totﬁged
6675 feet (2035 m) in length (Fritzsche, 1934).

A second vertical shaft was completed to a depth of 490
feet (150 m), in addition to the establishment of a second
level at thz 465-foot (140 m) depth in 1935. This same year,
the mine did a considerable amount of cross-cutting, and
driftiﬁg‘was completed on toth levels (Quebec Bureau of Mines,
1935) .

Early in the summer of 1935 allimining operations were
diccontinued. The minc remained closed for many years, with
no record of any'work being done on the property (Quebec
Bureau of Mines, 1935).

In 1944, Renfort Gold Mines Limited dewatered the old
shafts. There is, however, nc¢ record that the mine actually
was reworked snd put back into production. A magnetic survey
was run over the property, as well as other geophysical
surveys. A large diamond drilling program was initiated,
which resulted in the sinking of approximately 36 holes
representing a total of 14 691 feet (4480 m) of drilling
(Quebec Bureau of Mines, 1i944).

During 1945, 15 holes were completed, totaling a further
"~ length of 8120 feet (2480 m) {Quebec Bureau of Mines, 1945).
The completion of the drill program in 1945 is the last

reference to the mine that could be located in the literature.
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the property was censtructed; and, as well, several buildings
were constructed (Quebéc Départment ef Mines, 1924),

Although the exploration program on the property is .
known to have continued in 1925, there is no record of the
results obtained. The company changed its name from the
Arntfield Syndicate to Arntfield Gold Mines Limited. This
same year, Porcupine Goldfields Development and Finance
Company of London, England, was gi&en an option on the
property (Quebec Bureau of Mines, 1925).

Porcupine Goldfields Development put dovn a series of
four drill holes in 1926, totalling approximately 2050 feet
(625-m). This drilling extended the known ore-bearing zone

westward, to over 6000 feet (1830 m) in length (Arntfield,

o

1928).

Records of the development work on'the‘prOperty in 1927
seem somewvhat confused. It appeafs, however,'that ‘the
Towagmac Exploration Company took an option on part of the
property. Towagmac drilled 1291 feet of core and did a
considerable amounf of trenching on the western extremity of
the property (Fritzsche and Armstrong, 1927).

About the fall of 1929, the first vertical, two-compart-
ment exploration shaft was sunk into the Francoeur-Arntfield
Shear Zone. This‘first shaft can still be located on the
Beauchastel 2-77 property as a large "glory hole" just to the
south of the main road across the property, just to the east
of the western boundary of the property. = There is littie

detalled information regarding this first shaft.
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It appears that, after completion of the exploration
shaft, the mine closed and remained dormant until 1935 when
the first productioﬁ figures were compiled (Table 2). A
second, inclined (-45°N) shaft was completed at an attitude
of h5o from the horizontal on approximately a North azimuth,
and then a third shaft was sunx. No data on this shaft were
available for the early pericd of its existence (Ambrose,1945).

The Arntfield Gold Mine went into production early in
1935. In this year, development continued on the inclined
(-45°N) Number 3 shaft, a total mining distance of L4553 feet
{1390 ﬁ){ As well, 6002 feet (1830 m) of surface and 7740 feet
{2360 m) of underground diamond drilling were completed. The
calculated ore reserve at the mine as.of December 31 was
112 400 tors {101 968 tonnes) of a grade of U.24 oz./ton
gold. This reserve included 97 400 tons {88 360 tonnes) above
the 375-foot (115 m) level.

Gold production continued from 1936 to 1940. During this
period, production increased at a steady rate with calculated
ore reserves of 123 800 tons (112 310 tonnes) @ 0.162 oz./ton
gold above the 650-foot (200 m) level in 1636, 138 700 tons
(125 830 tonnes) @ 0.143 oz./ton in 1937, and finally 252 000
tons (228 610 tonnes) @ 0.120 oz./ton. The production figures
for this period can be found in Table 2 (0ille, 1947).

The mining continued from 1940 to 1942; however, the
company was falling further into debt with losses increasing

"as each year went by. On April 10, .1942, the Arntfield Gold

Mines suspended operations when the banks refused to meet the



rntfield gold mine production figures (0ille,

Table 2. 19L'r7).:L
1935 1936 1937 1938 19739 1940 1941 1942 Totals
Tons milled 26 082 67 881 65 692 95 259 121 730 84 L25 L5 111 23 809 529 989
Daily rate 165 186 150 - 231 334 293 182 222
(tons)
Grade - 0.162 0.143 0.120 0.100 0.148 - -
(oz./ton)
Average grade 6.83 5.15 4.53 4,21 3.88 3.75 3.78 3.80
($/ tor%r :
Rebovered grade 6.83 L.50 3.64 3.69 3.17 3.27 3.86 4.26
(%/ten) | : , :
Total (co?‘t/ton - 5.31 6.03 4,50 3.64 3.91 - --
$
Ore reserves - 123 800 138 700 252 0G0 120 000 54 971 -- -
(tons) :
Produc?%gn value 178 045 305 679 238 819 351 676 386 232 276 337 174 059 101 486 2 012 333
Gold % Odtjlced 5 037.48 8 706.?5 6 801.89 9 960.82 10 660.60 7 168.05 - 2 622.06° 50 957.65
OZ »
Silver produced 505.24 - 1 958.03 2 520.736 2 535.13 - - 2 300.54 9 819.730
(oz.)

Ino production in 1946 and 1947, although there was activity at the mine.

(44
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Table 3. Results of exploration drilling program below the

end cof the 1075-foot level cross-cut, Arntfield
Gold Mine, Number 2 Shaft, 1944.

A Depth of )

Hole Core intersection Gold
e (fost) ety (0z./ton)
769 - | - L.v.t
776 2.8 146 0.39
771 2.9 155 ‘ 0.24
772 - ——— L.V.
773 - -—- L.V,
Y 7.7 108 0.31
775 5.6 155 0.46
776 - - L.V,
779 --- - L.V,
782 19.5 186 0.237
783 2.5 215 0.19
784 12.6 | 182 | 0.23
797 2.6 205 0.20
gok ——- R | L.V,

11..V. means low values.
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Mining operations were suspended by New Arntfield Mines
Limited early in 1947 (Steward, 1947), the last closure of the
mine. Since that date, there has been no mining activity on
the property. The new ore body identified before the mine
closed was never exploited. The current price of gold pro-
vides good incentive for further exploration and/or develop~-
ment around the identified ore body.

The horizontal projections of the apprbximate locations
of the mine workings of the Arntfield Gold Mine can be seen
on the detailed geological survey map of the Beauchastel 2-77
property included in the pocket of this report (Figure 5).

"On the western extension of the Francoeur-Arntfield Shear
Zone to the west of the study area was located yet another
series of mine shafts. The Francoeur Gold Mine waz operational
at approximately the same time asAthe otherﬁmines in the‘area.
The history of thié mine, as with the other mines, is
complicated and, because it is not located in the study

area, 1is noct described.

PREVIOUS GEDLOGICAL WOR!

Much geological work has been done in the region of the
Beauchastel study area. The most primitive mapping investiga-
tions were done by prospectors during the pfeparation for the
mining activity in the area. As described above, much of this
work was done during the period from approximately 1907 to the
late 1920's. The information obtained from these early surveys
is very sketchy. The terrain descriptionrand location of out-

crop exposures is very good; however, the descriptions of the
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various rock types encountered are not very detailed. Much

of the data obtained from these ‘surveys may have been

destroyed or lost iﬁ the interim period, leaving the
appearance of incompleteness.

In 1933, E. L. Bruce, under the Quebec Bureéu of Mines,
produced a report on the region including a surficial
geological map and a preliminary examination of the active
mining operations. ‘

AIn 1940, G. S. MacKenzie, under the Quebec Department of
Mines, mapped and described the surficial geclogy of the areas
to theleést and west of that described by Bruce in 1933. Part
of the Lake Fortune map area described in MacKenzie's report
ocverlaps with the area being examined in this paper.

After working as mine geologist, first at the Arntfield
Gold Mine then aé the Franéoeur Gold Mine, S. E. Malouf wrote
a Ph.D. thesis at McGill University in 1941. 1In the thesis,
Malouf described in detail the geolcgy of the two gold mines.
This thesis is a valuable piece of work because its interpre-
tations are not only drawn from the surface exposures of the
geology but in addition include data obtained from detailed
examinations of the underground workings.

In 1945, J. W. Ambrose and S. A. Ferguson working under
the Geological Survey of Canada again mapped and examined the
mining operations in the region. This paper was essentially

written as the Canadian Government's version of the reports

- produced by Bruce and MacKenzie.



The final major published work dealing with the geology
of the study area waé written in 1948 by E. A. Hart, and
J. E. Gill. This paper was written for the Canadian Institute
c¢f Mining and Metallurgy as a general description of the
geology and structure of the Arntfield Gold Mine to be used
as a comparison with several other ore depoéits in Canada.

- The paper by Hart and Gill ih 1948 was the last papef
dealing specifically with the geology of the western
Beauchastel Township region for many years. In 1977, as
part of a major regional project accessing the geology of
northwestern Quebec, the Ministere des Richesses naturelles
of Québec produced a large scale (1:10 000) geological
compilation map of the study area. This map (Carte De
Compilation Géoscientifique) is adequate Tor a large-scale
examination of the region; however, for detailed geological
examinations the map is not sufficient.

In 1978, Noranda Explorestion Company Limited undertook
an exploration ?rogram on the properties making up the study
area. One drill hole was sunk on the Beauchastel 2-77
property to try to infersect the ore zone located in the
1075-foot (330 m) level drilling of the mid 1940's. The
drill hole, AR-78-1, with a total depth of 1630 feet (497 m),
did not make an intersection with the ore zoﬁe. Late that
same year, Noranda put down two, shallow, x-ray, diamond
drill holes in the northeastern corner of the Beauchastel
1-78 property near the center of the -study area. Also,

several geophysical surveys were run over the northern
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section of the study area (Beauchastel 2-77), including
induced polarization, VLF electromagnetics (Radem), and
magnetics. Finally, in the summer of 1979, a detailed

surficial geological mapping survey was carried out.

PURPOSE AND SCOPE

The main purpose of this thesis is to provide an
internally consistent description of the surficial geology
exposed in the study area. The projéct includes the prepara-
tion and interpretation of a set of three detailed geologic
maps, one of.each property included in the study ares;
general descriptions of the rock lithologies encountered
in the study area; and an analysis and evaluation of struc-
tural data acquired by mezsurements made during the mappin
" procedure.

The thesislproject reports on information collected by
the author during four months of field mapping during 1979.
The project is therefore not an academic study of one
particular subject, but instead a rather detailed field
geological report. Detailed studies of any particular aspect
were beyond the scope of this project. The only strongly

cadenically oriented section of the study ié an investigation

of the relationships of the-shear and jointing patterns with
formation of major shear zones which host the gold ore making

this area an attractive target for exploration.
METHODS

The field work for this project was done by the author

during the summer of 1979 while employed as a summer project
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geologist by Explorations Noranda Limitée of Noranda, Quebec.
‘The project was supgrvised by Dr. W. A. Hogg, Exploration
Manager, Quebec Division.

Standard pace and compass procedures were utilized
during the surficial mapping of the study area. The geologi-
cal maps of the three properties included in the back pocket
(Figures 5, 6, and 7) of thisﬁreport are in two different
English unit scales. The Beauchastel 2-77 property had a
cut line grid upon it. The grid was the last English unit
grid cut by the company. The cross-lines were placed at
L00-foot intervals along the east-west base line and run
perpendicular to the base line. Cross-lines were picketed
at 100~-foect intervals. To allow ease of mapping with good
ground control énd to provide compatibility with previous
surveys 1t was decided hest to map the property in English
units (200 feet to the inch) without conversion to metric
units.

The mapping of the Beauchastel 1-78 and Beauchastel 4-78
properties was not‘as convenienf since there was no cut grid
placed o¢n them. Mapping was done using lakeshores, roads,
township lines, and railroad rights-of-way as the basic
ground control for the cross-country pace and.compass
traverses. Because the outcrop exposure in the area proved
to be quite predictable to occur on topographic highs,
extensive use was made of air photo coverage and topographic
observations from the ground to choose the traverse routes.

To be compatible with the other maps of the study area these
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two properties were again mapped English units. As the
ground control was extremely poor, a scale of 400 feet to
the inch was chosen.

The mapping incorporated all outcrops located on the
properties, gross lithological variations in the rocks,
measurements of representative planar strucfural features
such as Jjoints and shears, accuréte locations of t0pographic
features such as beaver ponds, etc., and finally the location
of culturzl features such as diamond drill collars, shaft
collars and buildings. The position of the underground
workings shown on the geological maps were scaled down from
assorted maps provided from the files of the Ministere des
Richesses naturelles du Quebec.

Thin sections of the hand specimens of some lithologies
were cut by Noranda to facilitate identification. The
drafting and report writing was completed during the fall
of 1979 and winter of 1980 at the Geology Department of

Dalhousgie University.



REGIONAL GEOLOGY

The area under investigation lies within the Abitibi
Greenstone Belt of the Superior Structural Province of the-
Canadian Shield (Figure 1). The Abitibi Belt is crossed by
a major sitructural feature in the form of a series of large,.
east-west-trending, discontinuous,.sinuous strike-slip
faults and shear zones. The region in the brecad vicinity of
the study area is well-knovn throughout the world for the
large number of gold mines (including the Renfort, Arntfield,
and Francoeur Gold Mines) along this series of faults and
shear zones known generally as the Val d'Or-Larder Lzke
Breax. Thﬁse mines as a rule exploit the econovmic gold
mineralization associated with "dilation zones" formed in

the rocks within these regional structural features.

STRATIGRAPHY

In general, the rocks of the Superior Province ar
considered to be of Early Precambrian Age (Archean). The
rocks have been dated by K/Ar (Potassium/Argon) technigues

which indicate the last major tectonic event was the earliest

0]

knowni orogeny in the Precambrian Era, the Kenoran Orogeny
approximately 2480 million years ago (Douglas, 1970). Field
relations indicate subsequent orogenies had relatively minor
effects on the rocks of the Superior Province as compared

with the effects of these orogenies on the Canadian Shield.



The effects of this tectonic activity on the rocks will be
dealt with in a little greater detail later in this chapter.

The rocks of the Superior Province have been categorized

by Latulippe, et al., (1979) into three major.subdivisions:

(1) Greenstone "Belts" consisting of a series of
volcanic lava flows ranging in composition from
mafic to feleic but primarily being of intermediate
(andesitic) composition. Also included in this
category are the contempcraneous intrusive bodies
associated with the volcanic pile.

(2) Synclinal troughs of primarily clastic sediments
such as greywacke, conglomerate and sandstones
believed to be deposited oﬁ top of the volcanic
piies. ,

(3) Granitic intrusive bodies intruding the lava-
sediment complexes.

(Jolly, 1974)
The Superior Province has been divided into a seriles of
mappable belts and plates on the basis of the three rock
categories described above and the structures contained
within them (Douglas, 1970; Price and Douglas, 1972).
However, the relationships between the belts and rocks of
the province are very complicated and a detéiléd stratigraphy
for the entire Superior Province has not been yet constructed.

The Abitibi Belt has had its stratigraphy studied for

" many years and the stratigraphy of local areas has been put

together. It is however, very difficult to correlate the
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stratigraphy between the.areas because of the discontinuous
nature of the volcanic flows and lateral facies variations.
The following progress reports of projects describing
the stratigraphy of the Rouyn-Noranda region have been
recently published by the Ministére des Richesses naturelles
du Québec: Dimroth et al., 1973; Dimroth et al., 1974;
Dimroth et al., 1974; Dimréth gjvg;., 1975; and Gelinas
et al.y, 1976. The complex stratigraphy described in these
papers appears to be conclusive, however, it is not yet

fully accepted by workers in the region.

REGIONAL STRUCTURE OF THE ROUYN-NORANDA REGION

The Archean volcanic and sedimentary rock sequences

ey
L
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;

Qf the Abitibi Belt in the Rouym- Noranda
measured thickness of close to 10 700 m (35 odo feet)
(Douglas; 1970). The rocks of the Abitibi Belt, along with
the other rocks of the Superior Province have been deformed
and regicnally metamorphosed by the Kenoran Orogeny (2480
million years). Minor periods of deformation have occurred
later than the Kenocran Orogeny with mincr effects on the
rocks of the Abitibi Belt; thece were the Hudsonian (1735
million years) and the Elsonian Orogenies (#1300 million
years). These deformation periods (primarily the Kenoran
Orogeny) deformed the volcanic-sedimentary rock sequences
into a series of broad, gentle folds with regionally east-

west-trending axes generally plunging moderately to the east

or west. The later minor deformation periods caused some
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cross-folding of yariable orientations, faulting, and the
intrusion of igneous bodies of various descriptions to
further complicate the situation (Douglas, 1970).

The most pertinent regional structural feature relating
to the gold mineralization and this study is the system of
rather large-scale faults and shear zones that cross the
region, such as those found at Destor-Porcupine, Larder Lake,
Cadillac, Malartic, and Val d'Or. The entire length of this
fault system covers hundreds of kilometers, it trends easterly
and normally occurs at, or near, the synclines'of the broad
regional folds described above.

"The rocks in the faults and shear zones exhibit strong
dynamic metamorphism with primarily a chlorite-cartonate
mineralogy, but this effect can only be detected for a few
hundred metres away frem the maln bhear p1anes. Lead lsotope
studies of the gold deposits related to this series of faults
indicaté initial deformation during the Kenoran Orogeny

(Douglas, 1970).

METAMORPHISH

The rocks of the Abitibi Belt have been regionally
metamorphosed during orogenic activity. The deformation
effects on the rocks and the intensity of these effects sezms

to be different

V2iT e ViV

g upon the lithologic character
and bedding characteristics of the basement rocks (Douglas,
1970).

The periods of deformation have regionally metamorphosed

the rocks of the Abitibl Belt to greenschist facies with



higher metamorphic grades, such as amphibolite facies and
contact metamorphic hornfels in .close proximity to the
granitic intrusives. Locally the development of the

me tamorphism seems to be governed ﬁy the lith&lOgic char-
acter of the rocks, regional stratigraphy, proximity to
major faults or shears, and the proximity to intrusive

igneous bodies (Price and Douglas, 1972).

35
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CHAPTER 3
GEOLOGY OF THE STUDY AREA

The Beauchastel study area occupies the southern limb
of a regional east-west-trending synciine, the axis of which
1ies immediately to the north. The basement rocks are a-

series of east-west-striking, northerly dipping (approximately

o - . e eas
- 40° to 60 )s. lens-1ike volcanic flows of the Abitibi Greenstone

Belt. These intermediate to felsic flows have been intruded
by intermediate to basic igneous bodies of various descrip-
tions. In the east-southeast section of the property, the
volcanics {and intrusives ?) are uncomformably overlain by a
late~deposited serieg of clastic sediments.

The volcanic pile 1is cut by at least two se?araté
regional east-west trending shear zones. These shear zones
are of prime interest to any geological investigation of this
area because they provide the structural control for the gold
ore.

The detailed geology of the three properties comprising
the Beauchastel study area is shown in Figures 5 (Beauchastel
2-77; 6 (Beauchastel 1-78); 7 (Beauchastel 4-78) located
in the rear pocket. It should be noted here'that,‘due to the
disconnected configuration of the three properties, it is
nearly impossible to draw any major conclusions regarding the

geology between them.
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STRATIGRAPHY

The rocks exposed in fhe study area have been interpreted
by previcus workers to be of Archean or Proterozoic Age
(Gunning and Ambrose, 1940; Wilson, 1962). The general
stratigraphy worked out for the region is tabulated in
Table 4, the simplest and most generally accepted stratigraphy

used by most present workers in the region.

Keewatin Ssries, Blake River Group

The cldest and most abundant rocks in the. Beauchastel
study area are the volcanics of the Keewatin Series, Blake
River Group. The volcanic flows of this group regionally
strike approximately east-west. The dip of the flows is some-
what more difTicult To asceriain, due to Tie poor exXposure and
lack of visible bedding. The contacts between the flows were
either covered, or so gradational that no clean contact could
be cutiined. These observations are similar to those of others
that have worked in the area. The regional dip of the flows,
obtained from diamond drill data or from observations made
within the mine workings when they were operational, average
approximately 45° +to 500 to the north.

The exposures of the discontinuous, apparently lens-like,
interfingering volcanic flows of this group are sparse. The

. _
lack of continuous well-exposed outere

. .
1 4+ aAvdtraAamna
W e3 u cmbined with extre

p C i 44 AMIT
variability in flow lithology both along the apparent regional
strike, as well as'stratigraphically;made the mapping and the

correlation difficult and incenclusive.



Table 4. Formations in region including study area.

Era or period Series or group Lithologies
Cenozoic Post-Glacial Stratified clay, sand and gravel
Glacial Bculders, gravel, sand and boulder clay
Uncenformity
Prbterozoid Quartz diabase-gabbro dykes

(Late Precambriarn)

0livine diabase-gabbro dykes
Quartz diabase-gabbro

Intrusive Contact

Cobalt Group | Conglomerate and greywacke

Unconformi ty

Archean
(Early Precambrian)

Quartz diabase-gabbro ?

Intrusive Contact

Post-~Timiskaming Lamprophyre dykes

Syenite porphyry dykes, sills and masses
Potassic granite dykes and masses
Albite granite dykes and masses

- Amphibolite ' _
Quartz diorite dykes, sills and masses
Andesite and related rocks in dykes and sills
Rhyclite (quartz-albite) porphyry dykes and

sills

Irctrusive Contact

g€



Era or pericd Series or group Lithologies

Temiskaming Series Conglomerate and greywacke
Cadiilac Group

Unconformlty

Amphibolite

Quartz diorite dykes, sills and masses

Andesite and related rocks in dykes and sills

Rhyolite dykes and sills

Rhyolite (quartz-albite) porphyry dykes and
sills

Intrusive Contact

Pontiac Group Mica schist, amphibolite, amphibolite-schist,

andesite and andesite tuff

Keewatin Series

Abitibi Group
Biake River Group Volcanic rocks
Kewagama Group Sediments
Malartic Group . Yolcanic rocks

Adapted fromw Gunning and Ambrose, 1940, and Wilson, 1962.

6€






41

significant quantities of magnetite {(®#10-15 percent), and
major amounts of orthoclase, plagioclase, some free quartz,
and amphiboles usuaily in the form of hornblegde. Chlorite
is very abundant in all samples, in general as the alteration
product of the fe%omagnesian minerals, influencihg the dark-
ness of the green color.

The lithologies of the andesitic flow units are subtly
variable throughout the study area. The internal variations
within the flow units cannot be traced over great distances.

Several of the more common, notable lithological
variatioﬁs of the andesites are listed below. No order of

abundance is implied.,

214 A3 02 A ~2 X7 hoaoca Ira hear = +rikineg
Silicified Andesizte (,7" « ), These rocks hear a sir iking

resemblance to the "normal andesité" withArespect'to color,
texture, grain size, and texture. The major difference is
that these rocks are very hard, similar to what one would
expect to encounter with a more siliceous extrusive. These
rocks, in field examination, appear t0 possess a higher quartz
content. The guestion at the time was whether the higher
quartz content was due to an initial greater silica content

or due to post depositional alteration. The auther assumes
from observation and personal communication with other workers
in the region that the rocks have been hydrothermally
silicified. Microscopically the silicified andesites seem

10 be similar in composition to the "normal andesite", how-
ever, they have a much greater prOpbrtion of very fine—grained

vartz, and a marginally greater proportion of chlorite.
q £ y & b
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pyrite grains, and small chlorites. Chlorite alteration
seems to be more strongly developed in the andesite near the

margin of the amygdules.

Sheared Andesites (Vg¥Xor Vgv/). In outcrop these rocks

appear quite different from the other andesites in the area.
These rocks have been dynamically deformed to such a severe
extent that they now have the extreme platy appearance of
a phyllite or schist. The rocks in the shear zones weather
50 heavily on the surface that it is difficult to obtain a
sizable sampie because the rock splits readily into thin
plates (Plate 4 ). Quartz veinlets between the foliation plates
are eommcn, Microscopically the rocks appear to be almost
totally composed of quartz present both in ths rock Itselfl
and in fine veinlets; chlorite, sericite, and carbonate in
foliations; and disseminated opaque minerals, -such as

magnetite, pyrite, and hematite.

There 1s one other major andesite lithology present on
the property. Its physical appearance is not related to its
deposition but instead to its post-depositional deformation.
These are the sheared andesites found in close proximity to
the major shear zones traversing the study area.

The exact original composition of these rocks 1is not
cnown; however, since many of the fiows in the vicinity of
the shear zones are of andesitic composition and the shear
zones seem to trend sub-concordantly along the flow contacts

(Malouf, 1941), it seems probable that the dynamically deformed

rocks in the shear zones are originally of andesitic composition.
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The Ministére des Richesses naturelles du Quebec took
two drill core samplés from Noranda Explorations drill hole
AR-78-1 which is located roughly in the center of the
Beauchastel 2-77 property. The whole rock chemical analyses
on both of these samples, which under the hand sample class-
ificaticn system used in this project would fall in the
category cof fine-grained, élightiy porphyritic andecsite
(intermediate volcanic). The results of these analyses are
shown in Table 5.

On the basis of average SiDs (silica) content, these
rocks would fall chemically broadly in the category of
interﬁediate volcanic rocks, which include andesites {Table 6 ).
If these two samples were classified solely on the basis of
their Si0p content, they woula rall 1in the rhyodecite 1o
dacite range (Table 7). While classifying these rocks
solely according tc their chemical content, it should be
remembered that the rocks in this region are not fresh and
essentially unaltered, as were the rocks in the tabulated
analyses. The rocks of this region have been considerably
altered and/or metamofphosed to varying degrees. It is
likely; taking their alteration component into consideration,
that the rock analyses do not reflect the true chemical
character c¢f the driginaily deposited rock'bﬁt instead give
an enriched value for 5i0p if the rocks have undergone
silicification or give a reduced value if the rocks have

had thelir silica leached out.

-



Table 5.

46

Vhole rock chemical analyses of two rbck samples
from the AR-78-1 diamond drill hole, Beauchastel
2-77 property, Arntfield, Quebec.

Depth in drill hole

Parameter 121 feet 771 feet
Major Element Oxides (wt. %)
Si0p 66.60 64.00
Al205 12.50 11.05
Fep03 2.25 3.15
FeO 2.90 2.45
Mg0 1.13 0.85
Cal 2.60 4,65
Nas0 6.50 3.30
KZO 0.13 2.10
710, 1.19 0.95
¥nO 0.11 0.10
Ho0 1.40 2.20
S 0.03 0.02
otal 55.02 GG, 42
Minor Elements
Au (oz./ton) 0.006 0.002
Ag (oz./ton) 0.018 0.002
Cu (ppn) 71 73
Zn. (ppm) 70 37
Pb (ppm) 7 2
Ni (ppm) Tr Tr
Ti (ppm) 3 3
Ba (ppm) 28 220
As (ppm) 0.2 1
Classification when logged by Trachyte Syenite-Trachyte
Dr. W. A. Hogg
Classification by this author Andesite Andesite

in present project
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Table 6. Average SiOp (silica) content in a general rock
classification system.

ACID Si0p > 66 percent

Example: granites (average 72 percent); granodiorites
(67 percent)

INTERMEDIATE Si0p, 52 to 66 percent

Example: andesites (average 57 percent); trachytes
(62 percent)

BASIC Si0Op 45 to 52 percent

Exemple: baszalts (average 48 to 51 percent

ULTRABASIC $SiOp, < 45 percent

Example: peridotites (average 41 to 42 percent);
nephelinites (40 percent)

(Carmichael et al., 1974)
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Table 7. Average composition (oxides, wt %) of five classes
of volcanic rocks.* ' .

Constituent Rhyolite Dacite Andesite Basalt Phonolite

Si05 73.66 63.58 54,20 50.83 56.90
Ti0, 0.22 0.64 1.31 2,03 0.59
Al507 13.45  16.67 . 17.17 14,07 20.17
Fe 03 1.25 2.2 3.48 2.88  2.26
FeO 0.75 3.00 5.49 9.05 1.85
MnO | 0.03 0.11 0.15 0.18 0.19
MgO 0.32 2.12 4,36 6.34 0.58
Ca0 1.13 5.53 7.92 10.42 1.88
Nay0 2.99 3.98 3.67 2.23 8.72
K50 5.35 1.L0 1.11 0.82 5,42
Py0s ~0.07 0.17 0.28 | 0.23 0.17
Ho0 0.78 0.56 0.86 0.91 0.96
Total 100.0  100.0  100.0  100.0 100, 0%

*From Nockolds (1954).
##Total includes 0.23% Cl and 0.13% S03.

(Carmichaei et al., 1974)
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Andegite Fragmentals

The second most common major volcanic rock division
encountered in the study area is mapped under the heading of
andesite fragmentals. This category was defined and adopted
to include a wide range of fragmental rocks based more on
composition than inferring depositional origin. The category
of andesite fragmentals is defined to include éll rocks
containing major proportions of frégments of any size or
composition in an andesitic matrix. To divide this category
further +to imply any sort of genetic mechanism would require
a large amount of time and effort; thus, for the purposes of
this-mapping project, no attempt was made to subdivide them.

These andesite fragmentals (Vg (type of fragments)) in
the fileld generally have angular to subrounded fragments of
rhyolite (Vo) or chert (Ch). The size of these fragmenté is
variable from millimeters to several centimeters. The density
of fragments in each flow unit is also variable from being |
very tightly packed autobreccia to widely spaced in flow
breccias. Fragmehfal contacts with the matrix are generally
fairly sharp, although on occasion thé fragmeﬁt margins appear
to be heat altered, or conversely the matrix contact with the
fragment is chilléd.

These fragmental units'were quite useful because they
sometimes exhibited striking flow structures (Plate 5).

These flow breccia units gave an indication of relative
direction of fiow from which one could infer at least a

general strike direction.






Rhyolites

The rhyolite (siliceoué) fiow units as a general rule
seem to alternate fairly regularly with the flow units with
andesitic compositions though they are more common in the
northefn half of the study area. The outcrop.morphologies
also assisted in the field mapping in a similar way to the
andesitic cutcrops. The rhyolités and other more siliceous
rocks are much harder and mors brittle than the andesites,
therefore the outcrops appeared to be much moré shattered and
fractured (Plate 6). Though cenverse to andesites, the hard-
ness of these rocks contributed major criteria to the outcrop
. identification. The rocks were categorized as rhyolites if
the blade of a good quality knife would not scratch them,
using the assumption that the hardness could be used as a
general indication of relative silica content.

The rhyolites (Vy) in the study area were, as a rule,
very hard and tended to shatter in a brittle nature when
struck with & hammer. The colors of.the various rhyolite
lithologies varied greatly from light green to black. All
rhyolites are very fine-grained. DMicroscopically most of the
rhyolites contain large proportions of fine-grained granular
quartz, larger grains of orthoclase feldspar, some plagioclase
feldspar, epidote, and chlorite. The chlorite appears to be
the alteration products of ferromagnesian minerals, but it
'océurs also in the feldspar. Few opaque minerals seem to be
present, although in some units considerable quantities of

pyrite and magnetite were observed.
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The rhyolitic units on the property are almost as variable
-as the andesitic units with regafd to lithology. Most litholeg-
ical variations wifhin flows could not be traced with any con-
fidence over great distances. Only one major rhyolite litho-
logical variation could be traced across the stﬁdy area and
accurately identified., The “rhyolite "marker" unit" is located
in the north-central section of Beauchastel 2-77 near the north
tie line. This flow is mainly massive in nature but becomes
somewhat breccizted (in large fragments) towards the west of
the property. In hand specimen, the rocks are light green in
color.with distinctive, small feldspar laths (0.1 mm) and
small spherical, black quartz-eyes (;—2 mm) (V20Q).

Microscopically the rock is very fine-grained and is
similar in compeosition to many of the rhyclites in the study
area with quart:';9 feldspar; and chlorite as the major com-
ponents. ‘Tnhe spherical, black quartz-eyes take two forms, 2s
individual guartz crystals or as tightly packed aggregates of
5 or 6 crystals. Alteration to chlorite or epidote often
appears along crystal boundaries in the quartz crystal
aggregates, Large feldspar crystals appear to be primarily

crthoclase.

Rhyolite Fragmentals

The rh
manner similar to the andesite fragmental category. The basic
assumption regarding size of fragments, shape, and genetic
vimplication c¢f origin are identicai to those outlined in the

description of the andesite fragmentéls. The category of
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rhyolite fragmental was défined during mapping to include all
rocks with major probortions of fragments of any size or
composition in a rhyolitic or siliceous matrix.

The rhyolite fragmentals (V,f (type of fragments)) tend
to be gquite variable in their lithologiles relating to factors
such as grain size, size and shape of fragménts, composition
of fragments, and fragment densify. In general, these rocks
have a "typical" rhyolitic matrix with a primarily cherty or
rhyolitic fragments composition. The rocks are usually
totally fine-grained with sharp fragment-matrix contacts.

The rhyolite fragmental flows were used in a manner
“similar to the andesite fragmentals to indicate the general

strike direction of the flows in the volcanic pile.

Post-Keewatin Series - Pre-Cobalt Group Intrusives

Several types of intrusive rocks are present in the
Beauchastel étudy area, The exact age of the emplacement of
the intrusives is a matter of some controversy and seems to
change from area to area in the region (Gunning and Ambrose,
1940; WMalouf, 1941; and Wilson, 1962). Field relations
indicate that some of the intrusives were possibly emplaced
contemporanesously, but more likely the major prcportion were
emplaced post-deposition of the volcanics of the Blake River
Group of the Keewatin Series. The intrusive bodies of
compositions similar to those in the study area are not
observed to penetrate the later deposited sediments of the
Proterozoic Age Cobalt Group. Obvioﬁsly the field relations

indicate a probable wide period of intrusive emplacement
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beiween the early and late Precambrign. No conclusive field
relations (i.e., éross;cutting relationships) relating timing
the emplacement of the different intrusive phases were
observed on the study area because the intrusive rock
exposures are isolated.

The relative ages of the intrusive rocks are not known.
As with the descripticns of the rocks of the Blake River Groﬁp,
they will be described in order of.decreasihg relative

abundance.

Diorite

Several dioritic intrusives are exposed in the study
area: Twe dioritic bodies have been mapped in the southern
half of the study area (Beauchastel U4-78 and Beauchactel 1.-78
- properties). kThsse vodies are locatedAjust,to thé soﬁth of.
Lake King of the North and Lake Mud. The major dicrite
bodies in this section seem to have a pluton-like appearance
with somewhat sill-like concordant pods along the edges.

The northern half of the study area (Beauchastel 2-77
property) has four areas of major diorite expcsure. The
major "plutonic" body is located in the extreme north-west
corner of the property. The second "plutonié" or sill-1like
body ié located on the main road to the Arntfield Gold lMine
south-east of the major tailings pond. An interpreted diorite\
dike with a general east-west trend is located in the north-
west corner of the property. No surficial outcrop as evidence
for the diorite was found during this mapping program but its

approximate location is interpreted using old diamond drill
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logs, results of magnetic and induced polarization surveys,
and topographic observations. Juet to the north-east of this
interpreted dike, a-single outcrop of diorite was located.
From this outcrop and the results of the magnetic survey,

the presence of a sill-like body was interpreted (Figure 8

in back pocket).

The diorite outcrops seem tc have a knoll-like rounded
type of morphology. There does not appear to be any major
jointing trends between the diorite outcrops; however, on
individual outcrops the jointing is blocky in nature. No
shearihg is manifest in the diorite in the vicinities of the
shear zones (structure will be discuesed later), indicating
the shearing and associated tectonic activity occurred either
synchronously or before the emplacement.

In hand samﬁle the diofites (2D) are massive and grey-
green in cclor. The grain size tends to be variable from
medium coarse-grained in the center of the plutonic bodies
becoming marginally finer grained near the edges. No contacts
with the country rock were located, therefore it is not known
if the edges exhibit chilling as would be exﬁected if the
rocks intruded a cooled velcanic pile.

A typical diorite in thin section contains major amounts
of large hornblende crystals (2.0 mm) to a greet extent
altered or altering to fine-grained (micrographic texture,
0.1 mm) chlorite, small laths of plagioclase feldspar, and
scattered graihs of magnetite and pyrite. There is little

or no quartz in the rock. The wvariability in the shade of
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green exhibited in hand sample can be attributed to the degree

of alteration to chlorite.

Quartz-Feldspar Porphyry

One large, fresh, sill-like, concordant to sub-concordant
body of quartz-feldspar porphyry (lR).was mapped just north of
the road on Line 8% on the Beauchastel 2-77 property. This
sili—like intrusive is exposed for an area about 11 m (35.feet)
wide and 61 m (200 feet) in length. Shérp contacts are visible
both top and bottom of the proposed sill across much of the
exposure.

A second exposure of the intrusive porphyry in a more
rounded, less-well-defined body is located just east of the
large tailings pond on the Eeauchastel 2-77 propsrty.

In hand épecimen, the intrusive is somewhat pinkish in
color. Distinctive, white-weathering, 0.60 cm, feldspar
porphyroblasts are visible in a fine-grained matrix. No
macroscopic preferrcd orientation ¢f the feldspar porphyro-
blasts is apparent.

5 .

Under the microscope, the large, well-formed, complexly

o}

twined phenccrysts can be identified as plagioclase. The
feldspar phenoccrysts show considerable alteration to sericite,
giving the crystals a finely poikilitic texture. A large
proportion of the matrix of the porphyry consists of fine-
grained quartz, feldspar, and sericite. Approximately 15
percent of the rock consists of small, poorly formed, laths

or aggregates of hornblende. The hornblende is relatively
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fresh and only locally altered to chlorite. -Opaque minerals
such as pyrite and magnetite are present as disseminated

grzins scattered throughout the sample section.

Syenite Porphyry

'One major, sub-concordant, pink syenite porphyry dyke
was mapped on the Beauchastel 2-77 property. The dyke has
an approximate northeast-wouthwest orientation and is locate
near the north tie line on Line 4 east. The dyke has an
apparent thickness of approximately 15 m (45 feet). True
thickness is not known due to the fact that no dip msasure-
ment could be obtained.

Previous workers in this region, such as S. E. Malouf,
neted the occurrence of several other intrusive bodies of
similar syenitic character. They noted that the syesnite is
the youngest intrusive phase. However, clear cross-cutting
relationships are not observed in this study.

In surficial exposure +this dyke can be easily mapped due
to its rather anomalous pink coloration and strongly porphy-
ritic texture. The contacts of this dyke with the surrounding
country rock {(acid volcanics) are sharp although ragged. The
ragged appearance of the contacts may be accounted for by the

dyke stoping and incorporating pieces of the heavily fractured
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country r uring its emplacement. Occasiconal angular
xXenoliths 5-30 cm in diameter can be seen in the outcropping
- dyke.

In thin section, the syenite porphyry is made up of

approximately 40-50 percent ccarse-grained (¥*6 mm), sub-
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' rounded, heavily altered feldspar phenocrysts. Most of the
large phenocrysts are plagioclaSe‘feldspar though some
orthoclase feldspar-is present. The plagioclase feldspar is
strongly sericitized. The matrix of the porphyry is a fine-
grained aggregate of quartz, feldspar, sericite,kchlorite, and

opague minerals such as pyrite and magnetite.

Cobalt Group

The sedimentary rocks of the Proterozoic (Late Precambrian)
Age Cobalt Group are exposed on the eastern edge of the
Beauchastel 1-78 property in the southern half of the study
area. The rocks of this group form the major, east-west-

trending topographic feature, the Kekeko Hills (Wilson, 1962).

+

»

The clastic sedimentary rocks of the group in the study

f

area uncoriformably overlie both the intrusive rocks and the-
volcanic series of the Blake River Group (Wilson, 1962).
Measurements taken of the bedding on the outcrops on the
eastern shore of Lake Renaud and east of the highway indicate
the rocks have a general east to northeast strike and a gentle
dip (10—150) to the south or southeast. No direct field
relationships between the sediments and the underlying
volcanics and intrusives were observed since the outcrop
exposures were separated by a great distance} ‘However, a
major unconformity can be inferred.

The rocks of the Cobalt Group were not examined in detail
. during this mapping progfam because they are considered younger
than the Blake River Group rocks which host the gold minerali-

zation and thus of lower priority.






Cenozoic Age Depqsits

The study area has undergone a period of glaciation.
This period of glaclation left a thick mantle of pleistocene
mixed boulder till over much of the area. In the northern
extremities of the study area there are gravel deposits of
glacio-fluvial origin. These glacio—fluviai deposits
consist of alternating bands of cross-bedded clastic material.
The material in the deposits is well rounded or sub-angular
and ranges in grain size from sand to coarse gravel.

Many of the large outcrop exposures on the three
properties exhibit a smooth, well rounded, knoll-like
nmorphology (roches moutonnées). This morphology, at least
in part, was developed by the passage of the glacial ice
scraping cléan, polishing and plucking the expescd bedrock.
On several outcrops well-developsd striae and grooves of
glacial origin were observed and measured (Figure 9). The
glacial striae measured ranged from 003° to 011° with an
average direction of 008°. Regionally, the glacial movements

appear to0 have been from the north.

METAMORPHISNM
The Arntfield study area can be, within limits, considered

to be typical as compared to many other areas of the Abitibi
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undergorie {(Malouf, 1941; Wilson, 1962; and Douglas, 1970).

The major metamorphic influence on the rocks in the study area
has been regional in nature. Only extremely rarely, in the

contact aurecles of some of the intrusive bodies in the area,



Figure 9. NMap of major glacial striae measured on the

Beauchastel study area, Arntfield, Quebec.
Explanation:

7 Glacial siriation (direction unknown)
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From general observations made of the rocks in hand
sample and selected thin sections the rocks have undergone
only a relatively low grade of regional metamorphism, quite
probably only to greenschist facies (Barrovian Chlorite Zone).
The main evidence leading to this conclusion is the presence
of secondary minerals such as sericite, chlérite, some
plagioclase and carbonate, in large quantities. These second-
ary minerals are considered to be indicative of greenschist
facies metambrphism (Joily, 1974; and Miyashiro, 1973).
Malouf in 1941, after a considerably more detailed investi-
gation of a suite of rocks from the area also arrived at a
similar conclusion.

The dynamically metamorphosed rocks (Vg¥.7 ) associated
with the shear zcones in the study area are still only
metamorphosed to greenschist facles. The major secondary
mineral components are similar to those in the unsheared
rocks except that the platy minerals such as chlorite and
sericite appear to have been aligned to form foliation
planes. These rocks from the most intensely cheared section
of the shear zone could be classified as a well-developed
phyllite or poorly-developed schist. The rock in hand
sample appears to have a definite foliation,'and the surfaces
of the foliation have a éhiny lustré, but no mica flakes are
visible as would be expected in a well-developed schist
(Moorhouse, 1959). In thin section some of.the larger
crystals of pyrite, quartz and feldspar ? seem to have been

ground and fréctured by the movements along the fault zcne.
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The shear zones.haverbeen a channel for the movement of
hydrothermnal solufions; The evidence supporting this theory
is the presence of numerous gquartz-carbonate veins between the
foliation planes. In certain areas along the shear zones,
rrimarily where they dilate, the quartz-carbonate veins of
hydrothermal origin carry economic gold mineralization

(Malouf, 1%41).
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CHAPTER 4

STRUCTURAL GEOLOGY OF THE STUDY AREA

The study area appears to be traversed by sections of
at least two major, regional fault systems. Theée two fault
systems do not however manifest themselves as individual
straight, discrete fractures as one might expect to see in
brittle rocks, but instead appear as broad sinuous shear
zones. It has been recognized that the regional shear zones
in this part of the Abitibi Creenstone Belt contain and
control gold ore concentrations. Major gold deposits have
been discovered and exploited in areas where major dilation
occurs zlong the shear zones, for example the maximum ore
concentraticns for these structurally controlled ore zones
have been found ﬁhere the shear zones change both strike and
dip (Boyle, 1979). During the past 60 years or so, many
hundreds cf feet of diamond drilling and surficial trenching
have been done by both individuals and companies endeavoring
to locate and analyse the behavior of these shear zones with
hopes of finding economic gold ore concentrations.

There are two major shear zones surficially exposed in
the Beauchastel study area. It is in these shear zones that
the gold mines operated. Diamond drilling, suificial
trenching, mapping and underground mining in the past has;
at least in general terms, outlined the location and attitudes
~of the shear zones. FigurelOshows +the general location of the
major fault (shear) structures in the.vicinity of the study

area.
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Figure 10+« General location plan of major fault structures

in the Beauchastel study area, Arntfield, Quebec.

Explanation:
AN ANAN NN Faults cobserved in surface exposure
AAL A AN Faults observed in drill holes

AA A A Interpreted regional faults
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FRANCOEUR-ARNTFIELD SHEAR-ZONE

The most importént structure examined is the Francoeur-
Arntfield shear gzone which represents a major ore control for
gold mineralization in the area and the focus of interest that
prompted this study. The shear zone hosts no less than seven
separate mine shafts, with three of these shafts on the
Beauchastel 2-77 property.‘ |

The shear zone trends in a gentle arc and lies approxi-
mately east-west across the middle of the Beauchastel 2-77
property. Just to the north of the Arntfield Number 3 shaft
two distinct shear trends can be measured, indicating that
the shear bifurcates, or alternatively it is crossed by
another north-east trending fault. The branch seems to be

~

of approximately the same intensity as the major shear and
is therefore believed by the author to represent a bifurcation
of the major shear. |

The Francoeur-Arntfield shear zone tends to have an
extremely variable dip and strike. The western end cf the
shear (near the Arntfield Number 1 shaft) dips be tween 51° and
81° to the north. The central section of the shear (near the
Arntfield Number 3 shaft) dips between 68° and 80° to the
north. The extreme eastern end of the exposed shear 1is
somewhat anomalous in that it dips approximafely 52° o the
south. These present surficial observations as well as
observations made underground lead to the belief that the
shdar zone fcllows the lava flow contacts in a sub-concordant

manner (Malouf, 1941). This irregularity in the shear zone
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can be likened to_a hanging,cloth sheet, and appears to be
consistent with a strike slip displacement for the structure
{(see below).

The surficial exposures of the Francoeur-Arntfield shear
zone are very distinétive in appearance. The rocks in the |
center of the shear zone are very intensely deformed but the
effects of the deformation die out.as one moves away from the
axis of the shear. The major effects of thé shearing are
only distinctly discernible at a maximum distance of 60 to

75 m (200-500 feet) away from the axis of the shear.

LAKE FORTURE SHEAR ZOKE
The Lake Fortune shear zone 1is the second ore hosting

)
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shear zone 10 cross the study aiea. This shear zone 18 ag
- gently cﬁrved and east-west trending. It crosses the northern
part of the Beauchastel 1-78 property to pass south of the
Beauchéstel L-78 property (Figure 10).

The Lake Fortune shear zone is believed to be related to
the regional Horne Creek fault system (Ambrose and Ferguson,
1949), These two fault zones have very similar trends, how-
ever their'characteristics are somewhat different. The Horne
Creek fault is not exposed on the surface in the study area,
however, there is some faulting noted in a diamond drill
hole in line with the fault trend and believed to possibly be
the extension.

The Lake Fortune shear zone is exposed in several limited
outcrceps across the Beauchastel 1-78 property. It appears as

a wide, strongly schistose zone with a high degree of carbon-



71

atization. Surficial exposures indicate a shearing with a
general trend varying from 90°Az fo lZOOAz. The dip
direction and the eitent of the influence of the shear zone
could not be readily determined from the surficial exposures.
The Lake Fortune shear zone may bifurcate with a branch
trending slightly northwest to the shore of Lake Mud. The
character of the shear exposed on the lakeshore appears to
be very similar in character to the Lake Fortune sﬁear Zone,
however the relationships of the shear exposures is not

gdefinitely known.



CHAPTER 5
SHEAR ZONE INVESTIGATIONS

INTRODUCTION

The shear zones of the Abitibi Region are important
mineralization controls in the gold deposité of the area.
Keeping the importance of these shear zones in mind, it is
logical to analyse the available structural data *o discover'
~as much as possible of the genesis of the Francoeur-iArntfield
shear zone. It was felt that the joint and related planar
structures in the rocks in the study area might possibly be
related to the formation c¢f the shear zones.

As an integral part of the mapping program, major planar

tures were measured and noted cn each outcrop.

Hy

structural fe

v

The planar features normally were in the form of joint sets
and minor shears; in the major shear zones these directions
were also noted. The joints were defined for this investiga-
tion as sets of parallel, sharp fractures with the distance
betwean the fractures on the order of several centimeters.
Minor shears were similar to the joint sets exceptrthe inter-
fracture distance was less than 2 cm, for ease of nomenclature
minor shears will be considered as joints also.

In order to standar&ize the measurements of the planar
structures and make them statistically valid, certailn
procedures were followed and assumptions made. Each outcrop
when mapped was examined carefully to discern individual sets

of joints or discrete shears. One member of each set (joint
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or shear) was measured and assumed to show an average attitude
for the feature. .Repeéting the procedure on each outcrop
examined in the entire study area it can be assumed that .
statistically the measurements made indicate the orientation
of joint set concentrations and give a general indication of
the relative magnitudes of these concentrations.

The attitudes of the planar structures meésured in the
field were plotted along with the 6ther data on the preliminary
geology map. Upon visual inspection there were no major trends
to be noted except the‘shearing of the rocks in the identified
shear zones. It was felt that another analytical method
should be used to test the data for trends.

The planar structures were considered in terms of four
domains determined by the Francoeur-Arntfield shear zone, since
this is the majcr structural feature of interest in the étudy
area and it is alsb believed to be the source-of the strongest
structural effects observed. The four domains were chosen
to be (a) north of the Francoesur-Arntfield shear zone, (Db)
within the FranCoéﬁr—Arntfield shear zone, (c) south of the
Francoeur-Arntfield shear zone, and finally (d) the entire
study area (Figure 11).

The structurél data for each domain was analyzed and
plotted using a standard stéreographic~projection program on
the Dalhousie University computer. The program yielded
contoured stereographic plots of poles to joint surfaces on

a Schmidt Lethod iower hemisphere equal area projection.
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Figure 11. General location plan of domains used in the

structural analyses.

Explanation:

o

Domain (a)
North of the Francoeur-Arntifield shear zone

Domain (b)
Within the Francoeur-Arntfield shear zone

Domain (c)
South of the Francoeur-Arntfield shear zone

Domain (d)
Includes the above three domains
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DATA AND OBSERVATIONS

Domain (a): North of the Francoeur-Arntfield Shear Zone

A total of 237 joints were meésured in tﬁis domain. The .
domain was defined as the area on the Beauchastel 2-77 property
north of any visible shearing effect on the rocks in the
Francoeur-Arntfield shear zone.

The contoured stereographic projection plot of poles to
joint surfaces 1s shown in Figure 12. From this diagram, there
seem to be two well-defined "major" concentrations of poles
and one "minor" (lower magnitude) pole concentration. The
orientaticn of these pole concentrations, as well as the ﬁ?

representation of the plot are interpreted as follows:

"Major" Pole Orientaitions doint Plane Orientations
(1) 018°/22° - 108°/68°s
(23 308°/05° 038°/85°SE

"Minor" Pole Crientation 024°/85°SE
(3) 279°/05° 009°/85°

Note: Concentrations 2 and 3 are treated as one.
The stereographic projcctions of the jcint planes reprasented

gy

by the pole concentrations are shown in Figure 13.

Domain (b): Within the Francoeur-Arntfield Shear Zone

A total of 66 joints were measured in this domain. The
domain was cefined as the area on the Beauchastel 2-77 property

within which the strong effects of the shear zone were

"manifested in the rocks.



Figure 12.

7

Contoured stereographic plot of poles to joint

surfaces: Domain (a).
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CONTOURED STERECGRAPHIC PLOT OF POLES TO JOINT SURFACES
237 POLES OF JOINTS NORTH OF THE FRANCOEUR-ARNTFIELD SHEAR ZONE
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Figure 13.
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Stereographic projection of traces of joint
planes represented by the pole concentrations
on the complementary representation for Domain

(a), north of +the Francoeur-Arntfield shear zone.

(Schmidt method, lower hemisphere equal area

prcjection)



80




81

The contoured stereographic projection plot of poles to
joint surfaces is shown in Figure 14. There are a total of
seven pole concentrations visible in the diagram. The pole
concentrations do not as a rule seem to be as compact and well
defined as those noted in Domain (a).. The reasons for this
scatter are possibly attributable to/the low number of measure-
ments taken and the very complexAinfrastructure of the shear
zone itself.

The pole concentrations have been divided on the basis
of the magnitude of the concenfration and the amount of scatter.
The orientation of the pole concentration and the joint plane
‘representations of the concentrations listed in decreasing
order of magnitude are interpreted as follows:

"Major"' Pole Orientation Joint Flane Orientation
(1) 006°/00° 096°/90°
"Minor" Pole Orientation
(2) 332°/10° 062°/80%
"Sub Minor" Pole Orientation
(3) 290°/30° 1020°%/60°E
The stereographic projections of the joint planes

represented by the pole concentrations are shown in Figure 15.

Domain (c): South of the Francoeur-Arntfield Shear Zone

measured in this domain. The

A total of 102 joints were
domain is defined as the Beauchastel 1-78 property, Beauchastel
L-78 property and the area of the Beauchastel 2-77 property

south of any major visible shearing effects on the rocks in.

the Francoeur-Arntfield shear zone.



Figure 14. Contoured stereographic plot of poles to joint

surfaces: Domain (b).
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CONTOURED STEREOGRAPHIC PLOT OF POLES TO
" JOINT SURFACES. '
66 POLES OF JOINTS MEASURED IN THE FRANCOEUR — ARNTFIELD
SHEAR ZONE :
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Figure 15.

Stereographic projection of traces of joint

‘planes represented by the pole concentrations

on the complimentary representation for
Domain (b), within the Francoeur-Arntfield

shear zone.

(Schmidt method, lower hemisphere equal area

projection)

8k
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pigure 15 ‘-
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The contoured stereographic prejection plet of poles to
joint surfaces is.shown'in Figure 16. A total of four pole
concentrations are clearly visible in the diagram. The pole
concentrations generally seem to be well-defined.

The orientation of the pole concentration and the joint
planes representation of the pole concentrations are interpreted
as follows: |

"Major" Pole Orientations Joint Plane Orientations

(1) 176°/03° 086°/87°N
(2) 038°/08° 128°/82°%wu
(3) 134°/12° ob°/78°Nw

"Minor” Pole Crientations
(4) 089°/44° 079°/16%u
The stereographic projections of the joint planes

represented by the pole concentrations is shown in Figure 17.

Domzin {(d): Entire Study Ares

A total of LOS5 joints was measured during the course of
the mapping investigation. All measurements are included in
this onalysis. The demain is defined to include all three
properties in the study area.

The contoured stereographic projection plot of the poles
to joint surfaces is shown in Figure 18. A total of three
Qell—defiped although moderately scattered pole concentrations

are visible in the diagram.



Figure 16.

Contoured stereographic plot of poles to joint

surfaces: Domain (c).
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CONTOURED STEREQGRAPHIC PLOT OF POLES TO JOINT SURFACES.

102 POLES OF JCINTS SOUTH OF THE FRANCOEUR —ARNTFIELD SHEAR ZONE

LOWER HEMISPHERE
EQUAL AREA PROJECTION

DENSITY CONTOURS:
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1-2°%

- 2-3%%
- 3-49,

4-5°,

5-MAX 69 %
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Figure 17. Stereographic projection of traces of joint
planes represented by the pole concentrations on
the complimentary representation for Domain (c),

south of the Francoeur-Arntfield shear zone.

(Schmidt method, lower hemisphere equal area

projection)
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Figure 17



Figure 18.

Contoured stereographic plot of poles to joint

surfaces: Domain (d).
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CONTOURE TEREOCGRAPHIC PLOT. OF POLES TO JOINT SURFACES .
| 5 JOINT SETS MEASURED IN STUDY AREA »

POLES OF ALL 40

SCHMIDT METHOD

LOWER HEMISPHERE
EQUAL AREA PROJECTION

DENSITY CONTOURS:
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Y 2-3% o Figure 18
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The orientations of the pole concentrations and the joint

plane representation of the pole'concehtrations are interpreted

as follows:

"Major" Pole Orientations Joint Plane Crientations
(1) 018°/21° 108°/69°%
(2) 310°/03° ' 040°/87°E

 "Minor" Pole Orientations
(3) 277°/02° 007°88°E
The stereographic projection of the Jjoint planes
represented by the pole concentration is shown in Figure 19.
Uﬁoh examination and comparison of the domains several
general trends can be noted. Some of these trends are obvious,
others poorly defined. Some of the éeneral trends are:
(1) At least one generally east-west trending
ﬁreferred jbint direction.
(2) All domains have at least one roughly northeast
to north-northeast preferred joint direction.
{(3) All domains have onc preferred joint direction
trending approximately north-south.
| These similarities in the pointing directions conly hold true
with respect to the strike directicns. The magnitude and
direction of dip of the Jjoint planes do not correlate
particularly well. For simplicity, since most>joint planes
are nearly upright, the precise dip value will not be

considered in the discussion to follow.



Figure 19.
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Stereographic projection of traces of joint
planes represented by the pole concentrations on
the complimentary representation for Domain (d),

the entire study area.

(Schmidt method, lower hemisphere equal area

projection)
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DISCUSSICN OF JOINT DATA

The theory of the development of shear zones and their
asgociated structures has beenvthe subject of many scientific
investigations. The sgtructures have been investigated on -
many different magnitudes, from microscopic to regional
large-~scale fault systems.

Tchalenko (1970) reported on experimentally produced
joint sets related to a model shear zone, and compared these
with joint pétterns found in actual shear zones in the field.

In general terms he found that when stress is applied

to & medium, the material does not immediately release the

stress by sharply fracturing (faulting) when the siress has

reached the fracture strength but instead will slowly yield
and deform by a series of minor slippageé along joint and
sheéar plares in a "regular" predictable pattern.

Tchalenko repeated an experiment first described by

Riedel (1929). In this experiment Riedel placed a slab of

h
/

-t

lay {plastic) materia

o]

in a horizontal position on two

o

djoining boards making sure the material adhered firmly

to the surféce. He then proceeded to increase the shear
stress to which the slab was subjected by horizontally sliding
the boards one past the other. It is”believed that within

experimental bounds this -apparatus approximates geologic

conditions.
In the experiments performed with this apparatus
researchars found that as the shear stress applied to the clay

slab was slowly increased and approach the shear strength of



the material a regular pattern of low displacement joints and
shears appeared in the clay slab. The pattern appeared
roughly as follows:

GENERAL DIRECTION OF MOVEMENT
_~
BOARD

Width of shear zone
Riedel shear

Conjugate Riedel shear
Principal displacement
shear

[ L

oo =]

1

CLAY SLAB

BOARD

7

(Tchalenko, 1970) |
The first set'of,joints to appear form at a high angle to the
direction of the applied shear stress. This first set of low
displacement joints Riedel called “conjugate Riedel shears"
or (R/). As the shear stress increased further, a second sct
of joints eppeared at a lower angle to the shear stress, these
Riedel called "Riedel shear" or (R ). With a yet further
increase in shear stress to near the failure point of the

material the "Riedel shears" deform further by extension and

)

T3 ohd+
L1 EN

- e
14 11

. . . .. P e .
ion. At this point, just bvefore structural fail-

J

slig
ure of the material, as the Riedel shears became interconnected
to form another type of shear termed by Riedel as "P shears".
As the material finally fails all deformation movement occurs

along one "principal displacement shear" (P) which forms in
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the experiments along the contact.between the two boards
(Tchalenko, 1970). |

Upon close examination very similar deformation
structures were observed with relation to a much larger
scale example. The example examined was the Dasht-e Bayaz
earthquake fault which occurred in Iran on August 31, 1968.
The deformation structures mapped with relation to the regional
fault system are shown in Figure 20(Tchalenko, 1970).

Very similar jointing trends can be observed with
relation to the regional Francoeur-Arntfield shear zone.

The trends and their relationships are not exactly "text-
book" in nature because of variables ‘in the geologic environ-
ment cuch as curves in the eagt-west shear zone and the
presence of a second shear zone in the southern part of the
study area, the Lake Fortune shear zone. The evidence appears
to be conclusive enough to lead the author to believe the
theory that the joints olserved in the rocks in the study
area are directly related to the deformaticn period which
formed the Francceur-Arnitfield shear zone.

The general trends in the Jjointing pattern observed in
the domains of the study area have direct analogies with the
jointing patterns observed in the Riedel experiments performed
by Tchalenko. The author believes the following _nalogies'to
be valid.

(1) The east-west trending set of joints noted
in the domains représent the main shear zones

present in the area. These joints can be
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100 miles

DIAGRAM OF PEAK STRUCTURE IN THE
DASHT-E BAYAZ EARTHQUAKE FAULT

CONJUGATE RIEDEL SHEARS

ot

ey g A L e
?f FLRIEDEL SHEARS

'ROSE DIAGRAM 3HOWING RIEDEL AND CONJUGATE
. RIEDEL SHEAR DIRECTIONS -

( TCHALENKO 1970 )

i . & 1wl lation
icure 20. Deformation structures mapped with relz
Faew to the Dasht-E Bayaz Earthquake Fault 1in Iran.
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correlated direct}y with the "P shears" or
"Riedel shears" (R) observed in Tchalenko's
experiments depending upon at what stage of
development the shear reached.

(2) The second joint trend observed iﬁ the domains
is the generally northeast trending set of
joints. These joints the author believes to
be analogues to the "conjugate Riedel shears"
(R/) cbserved in Tchalenko's experiments.

(3) The final set of joints observed in the
domains trend roughly north-south approximately
perpendicular to the direction of the east-west
shear force. These joints may represent: a)
"a further deformation stage of the “"conjugate
Riedel shears” (R”) as they rotate or b) cross
joints developed as the result of the gentle
regional east-west folding the rocks have
undergone. The present author prefers the
se&ond interpretation. _

Figure 21 illustrates these general trends and the
experimental analogues believed to correlate with them.

The dynamic metamorphism manifested asvcleavage or
foliations in the rock is only well—developed within or in
close proximity to the shear zone. The noticeable lack of
dynamic metamorphic effects at distance from the shear is

evidence of a definite strain/stress gradient. Obviously,



Figure 21.
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General Jjointing trends observed in Arntfield
study area domains compared with experimental
analogues from Riedsl experimental results and

observations by Tchalenko (1970).



Cross joints

; ' 102
related to _ | Con}j t
east-west > ) gggizle
folding < shears

l (R )

.
P

oY) ICANSECIN

- I-\'/\‘-I-!\

- Pt

PR AR
.7, \L"

Riedel shears
(R)

or (P) shears

Rose diagram of = 400 joint sété) Arntfield study srea, Quebec.
(Note: Joint data all in dip-to-the right form)

‘COnjugate ,
Ajufffgiedel shears (RA)

Rose diagram showing Riedel (R) and conjugate Riedel (R/)
shear direction Dasht-E Bajaz Edrthquake Fault, Iran.
_(Tchalenko, 1970)
Figure 21



103

the magnitude of the shear stress to which the rock was
subjected would decrease with diStance:from the zone of major
dynamic effect (Ramsay et al., 1970).

The general situation appears to be typical of the
observations one would expect to note as the result of
sinistral (left lateral) shear stress. In this situation of
the Francoeur-Arntfield shear the northern side of the shear
zone appears 1o have moved toward the west with respect to
the southern side, no estimation of the relative strike slip
movement has been made. Due to the relatively clear relation-
ship between the three general jointing trends in the domains
of the study area it can probtably be concluded that the move-
ment on the Francoeur-Arntfield shear zone was the result of
orie continuous périod of'deformation, iT there had been more
than one deformation period there would be likely a more

complex jointing pattern represented in the rocks.
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CHAPTER 6
SUMMARY AND CONCLUSIONS

From the results of the observations made during this
field oriented geological survey of the area in fhe vicinity
of the gold mines on the regional Francoeur-Arntfield shear
zone there are several preliminary conclusions that could be
brought forward. These are:

(1) The study area is underlain by an Archean Age series
of interfingering volcanic lava flows belonging to the Blake
River Group of the Keewatin Series. These lavas are very
diverse in lithology and range in composition from felsic

to intermediate. Nec mafic volcanics were encountered in the

study. There is a high proportion of fragmental rocks with
matrix compositions of both felsic and intermediate classifi-
cations. The flow structures visible in these lava units
indicate a generally east-west flow direction in the moderately
north dipping volcanic pile. The high properticn of felsic
Tlows seem to inuiéate a volcanic center fairly close to the
study ares beceause due to the viscous behavior of the flows
when they were extruded it is likely they did not flow far from
the source. The volcanic center was not located in this study.

(2) The volcanic series has been deformed into a series

(@)
D

broad folds. The study area lies on the southern limb of
an east~-west irending syncline, the axis of which lies just
to the north of the study area. The volcanic flows strike

generally east-west and dip between 45° to 50° to the north.
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(3) The»vo;canic pile has been intruded by é number of
intrusive bodies of varying morphology and composition. The
largest proportion of the intrusives on the property are of
dioritic composition. The dioritic intrusives generally take
the form of small plutons or sub-concordant sill-like bodies.
There are also dykes present of syenite and.quartz—feldspar
porphyry. The absolute ages of these intrusives are not
known. Relative ages for the bodies are also not positibely
known as there does not seem to be any cross-cutting relation-
chips visible in surficial exposures. The relationships of
the intrusives to the shear deformation described later is not
"knowm, however 1t can be hypothesized that the emplacement was
either synchronous or after the deformation event because
diorite bodies in the vicinity of the major shear zones show
no evidence of sheéring.

(4) The volcanic pile has been dynamically deformed by
at least two east-west trending, sub-concordant regional
shear zones. The Francoeur-Arntfield shear zone crosses the
northern part oi the study area (Beauchastel 2-77 property)
and the Lake Fortune éhear zone crosses the southern half of
the study area (Beauchastel 1-78 propérty and just to the
south of the Beauchastel 4-78 property). These regional
shear zones are exfremelj important és they host the gold
mineralization in their dilations. Analyses of the joint
systems believed to be related to the majer-Francoeur—Arntfield
shear zone lead to the conclusion that the shear is of the

"Riedel Type". The Francoeur-Arntfield shear is sinistral
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(left-lateral). This implies that the northern side of the
shear zone appears to have moved toward the west with relation
to the southern side. There has been no estimation made of
the magnitude of the strike slip movement. The gold minerali-
zation in the depoeits in this area are definitely related to
the originszl formation of the shear zone. These are explora-
tion implications in that there may be more economic gold
mineralization "pode" found whére there are joint concentra-
tions. A further benefit may be gained from this joint system
analysis in that,if other areas in the region along strike

th the regional shear zones héve no outcrop exposure of the
shear zones,it may be possible to “"remotely detect" the
position or presence of the shear zones by analysis of the

- joint sets mapped in the rock exposures.

(5) The gold mireralization, as stated before, is found
in economic quanfities in the deposits of the area in loca-
tions where the shear zone changes both strike and dip. The
factors dealing with the genesls, paragenesis, or emplacement

of the gold ore were not examined in this paper because all

[

mineralization lef%t behind is in the sub-surface. The study

t

[ d

O}

area has had surface exploited both when the mine was

)

operational, and by prospectors and interested individuals inv
the forty years or so since the mine closure, therefore there
is no "ore" of any description left on the surface. The
literature indicates the gold in these deposits is found not
as visible native gold but instead occurs as tellurides in

quartz-carbonate-pyrite veins of hydrothermal origin. These
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deposits also host some silver mineral;zation. It has been
hypothesized with relation to some of the other gold deposits
of this type in the area that the origin of the hydrothermal
solutions may be the diorite intrusions which always seem to
be found in the vicinity of the deposits. No evidence to‘
either substantiate or disprove the hypothesis regarding the
genesis of the mineralizing fluid was found in this study.

(6) The area is unconformably overlain by a series of
clastic metasediments of the Proterozoic Age Cobalt Group.
These rocks were not directly related to the gold deposits
around which this program was designed therefore they were
afforded very little attention. The -rocks appear to be a
poorly sorted greywacke with very angulesr and assorted
fragments.

(7) All the rocks encountered on the property have
been regionally metamorphosed to greenschist facies. With
few exceptions the rocks exhibit varying degrees of

chloritization which gives all the roczks a greenish tinge.

~3

Other forms of =2lteration noted in the rocks of the area
seem to indicate that during their history the rocks have
been permeated by hydrothermal solutions.

(8) The entire area has been glaciated in the
Pleistocene. The évidence for this is the presence of a
thick mantle of drift covering a large proportion of the area
~and many glacial striae and grooves on the polished surfaces
of outcrops. The crientation of the grooves indicate the

glacial ice moved in a north-south direction.
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RECOMMENDATIONS FOR FUTURE WORK -

This study was designed to provide a general synthesis
of the geological setting of the area in the vicinity of the
Francoeur-Arntfield shear zone. This project is far from
conclusive with respect to many topics, and_there are a
multitude of studies that could be undertaken to expand the
scientific knowledge regarding the geology of the area as well
as assist in the exploration for larger gold ore reserves.
Some possibiiities would be:

(1) Detailed petrologic and lithogeochemical studies
to examine and investigate the rocks in the vicinity of the
shear zone as well as at distance from it to decipher the
chemical effects of hyvdrothermal alteration. Cowparisons
vith similar studies carried out at othef mines in the region
could prove fruitful in determining slteration gradients help-
ful in locating the major structures.

(2) Detailed compilation of the underground geology
found in the diamend drill logs and the maps of the underground
vorkings to obtain a three dimensional view of the area to gain
an understanding of the behaviof of the velcanic flows and the
erratic shear zone. With this information the outlining of
the ore zone below the lQ?5—foot level in the Arntfield Gold
Mine, Number 2 shaft, through the use of surficial diamond
¢rilling may be possible.

(3) If samples of the ore from the mines in the area
coﬁld be obtained from government agencies, university

collections, or private individuals, an investigation of the
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paragenesis of the gold mineralizaticn would be useful to
develop a well-defined genetic model for the gold deposits

in the area.
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DOMAIN (a) NORTH OF FRANCOEUR-ARNTFIELD SHEAR ZONL
(BEAUCHASTEL 2-77 PROPERTY)

Joints

068/65S 314/84NE 013/85E 101/708
040/88SE 180/80W 122/518 025/50E
328/80NE 300/43NE 235/85Nw 070/90
078/?88 265/57N 176/53W 260/50N
036/85S 131/435u 318/70NE 113/59SW
085/64S 065/37SE 032/90 100/90
030/79SE 238/73NW 085/848 295/58N
040/80SE 165/873W 092/78s 060/60SE
130/725Y] 161/755u 035/75SE 110/72sw
100/85S 039/L1E 325/79NE 042/74SE
208/70:% 277/ 561 230,761 105/585
070/ 54SE 223/61NU 016/83E 140/90
030/68SE 250/88N 020/74E 106/68s
110/75Su 036/90 353/87E 084/718
0L48/82SE 249 /42N 230/86NW 206/63u
104/63S 195/81u 101/74suW 08L4/68s
0CkL/70E 059/53S 006,/90 312/43NE
112/85S% 274 /60N 245/8 31w 115/60SW
1L40/605H 28L4/59N 154/80u 108/57SW
290/201 007/75E. 013/86E 006/74E
3L0/5LE 184/87w 052/75SE 060,525
070/7LSE 35l/68E 090/52S 173/530
243/55N 060/83SE 310/60NE 084/55S
24L/82N 032/90 158/82W 186/84wW



Domain (3) Joints (continued)

262/56N
015/90
070/46S
090/625
0L5/66E
107/68s
260/73N
185/71W
295/80NE
0L5/90
215/82%
120/868Y
255/81N
115/?85w
095/675
11¢/69S
185/76u
056/628
311/71NE
243/79NH

098/9¢
220/75HW
008/83E

110/27su

265/62NE
113/518W
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