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GENERAL GEOLOGY AND STRUCTURE

IN 

THE KIRKLAND LAKE AREA *

In the past there has been a tendency on the part of the prospector to 
over-emphasize favourable rock types when looking for deposits of economic 
value. The importance attached to the porphyry in the Porcupine camp made 
porphyry the most sought-after rock in Northern Ontario. Nowadays we rea 
lize that it was the structural conditions that permitted the porphyry to be 
intruded and the subsequent structural readjustments in the wall rocks and 
within th'e intrusive itself that provided channelways for the later vein depo 
sits that carried the values. We know now that in the seven producing mines 
at Kirkland Lake ore is found in every one of the various rock types of the 
Timiskaming sedimentary series and Algoman intrusives present in the ore 
zone.

The oldest rocks exposed in the Kirkland Lake area are the Keewatin 
series, a group of volcanic rocks that is Widespread and practically devoid 
of sedimentary members,, Long and relatively narrow bands of diorite and 
gabbro are associated with the lava flows,, Some of these are probably 
intrusive sills; other narrow bands may be only the coarse-grained portions 
of thick flows. Overlying the Keewatin lavas with great unconformity is the 
Kirkland Lake belt of predominantly sedimentary rocks. This sedimentary- 
volcanic group, generally known as the Timiskaming series, occurs in a long 
and relatively narrow belt0 Conglomerate, greywacke, tuff, and trachyte are 
the most widespread rock types in this series.

Before the deposition of the Timiskaming series the Keewatin lavas 
were subjected to pressure in a north-south direction, which resulted in 
intensive folding. This folding was followed by a long period of erosion. On 
the erosion surface the sediments, tuffs, and trachytes were laid down. Fur 
ther pressure downfolded the Timiskaming series into a synclinal structure. 
Continuing pressure, which could obtain no further relief by folding, caused 
the rocks to fracture and produced a great overthrust fault dipping steeply to 
the south, which is known in the area as the ''Larder Lake break.

The Larder Lake break is the outstanding faulted zone in the area and 
is now considered to be the westerly extension of the Malartic-Cadillac fault, 
giving it a known length of more than 100 miles across Northwestern Quebec 
and the Larder Lake and Kirkland Lake areas. It is a strong, wide, carbona- 
tized shear zone, characterized by the presence of green mica and quartz 
stockworks.

This break may be regarded as the "main break" through the Larder 
Lake camp, for it or its branches appear to have had some structural 
influence on the localization of most of the ore bodies. It has been traced at 
intervals on surface from a point beyond the Chesterville mine westward 
across McGarry and Mcvittie townships and part of Gauthier. In the western 
half of Gauthier township it is heavily drift covered, and in the south central 
part of Lebel township later syenitic intrusives appear to have cut out most 
of the structure. The break is exposed again in the southern part of Teck 
township and has been traced southwestward to where it is overlain by the 
later Cobalt series in Eby township.

The amount of displacement along the Larder Lake break is not known. 
It cannot even be definitely stated whether the displacement is measurable in 
hundreds of feet or in miles0 Nevertheless, the length of the fault zone, com 
bined with the alteration along it and the deformation of adjoining formations, 
strongly suggests that the total displacement has been very great. There is
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evidence to show that the south side moved upward and eastward with respect 
to the north side.

The rocks of btith the Keewatin.arid! Timiskaming.seriea.wera then 
invaded by Algoman intrusives, which occur in the form of stocks, dikes, and 
irregular-shaped bodies ranging in composition from granite to diorite or 
lamprophyre. The syenite intrusive, which occupies most of the southern 
half of Lebel township and cuts out the Larder Lake break in that vicinity, 
has already been mentioned.

In Teck township the most important of the intrusives are the syenite, 
augite syeniite, and syenite porphyry, the longer axes of which roughly parallel 
the strike of the sediments. The syenite (A2) is in the form of an irregular 
pipelike body 1,600 by 900 feet at surface, where it is seen at the Teck- 
Hughes, and plunges westward at 43 degrees through the Kirkland Lake Gold 
on to the Macassa. The augite syenite (A5) at surface extends westward from 
the centre of the Lake Shore into the Macassa and the syenite porphyry (A9) 
extends at surface from the centre of the Lake Shore eastward through the 
Wright-Hargreaves and Sylvanite on to the Toburn. Both the augite syenite 
and syenite porphyry stocks are characterized by a steep dip on the north side 
with a flatter dip at the south contact, so that the widths of these stocks 
increase with depth. Each has a general westerly plunge.

Following the emplacement of the intrusives, hot circulating solutions 
produced carbonate replacements along pre-existing faulted zones, of which 
the Larder Lake break is the most important. This carbonatization was 
followed by the faulting that opened up channelways for the later solutions that 
produced the gold-bearing veins in the Kirkland Lake camp. The principal 
vein structure, known as the Main break or Kirkland Lake fault, is a thrust 
fault of some magnitude, striking N. 67OE. with a steep southerly dip. The 
south side has moved up. Further movement took place on the Larder Lake 
break at this time, and it is possible that the Kirkland Lake fault branches 
away from the Larder Lake break in the vicinity of Kenogami lake.

The Main break or Kirkland Lake fault passes through all the seven 
producing mines and has been identified to a depth of 7,000 feet. It has cut 
through the Timiskaming sediments and the various.intrusive rocks, and geo 
logical sections enable the formations: on either side of the fault to be matched, 
thus giving the amount of movement that has taken place. The south side 
moved up almost vertically for 1,400 feet relative to the north side.

The fault is represented in some places by a single plane, in others by 
two or three planes spaced within a few feet or by fault planes forming bows 
in the structure, which may be separated over distances of several hundred 
feet. Where more than one plane is present the ground between the faults is 
fractured by cross-over faults, and regions where these are plentiful provide 
the widest ore bodies.

Two important faults, on which the North and South veins occur, branch 
off the Main break in the centre of the camp. These faults are also thrust 
faults with the south side moved up relative to the : north side. The South ve in 
fault branches off on the hanging-wall side at the Wright-Hargreaves and is 
traced westward through the Lake Shore, Teck-Hughes, Kirkland Lake Gold, 
and probably as far as Macassa. The North fault branches off on the footwall 
side of the Main break at the Lake Shore and is traced eastward through the 
Wright-Hargreaves and Sylvanite to the Toburn, where it is seen to die out. 
Other minor faults in this series branch off the Main break and have been 
important sources of ore.

Besides the thrust-fault vein structures just described, veins are 
found on numerous subsidiary structures. Some of the minor faults formed 
coincidentally with the larger ones and others on tension fractures that were 
formed during release of the compressive forces. The tension fractures may 
parallel the major faults or may angle between these structures with dips 
varying from vertical to flat. Favourable locations for tension fractures are 
in the wedge-shaped blocks between the main faults.

The veins in which the ore deposits are found are associated with the 
structures just described. It is due to the fact that this three-dimensional 
latticework of thrust faults, cross-over faults, and tension fractures was 
formed in the east half of Teck township following the emplacement of the 
intrusives that Kirkland Lake owes its gold mines.
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An apparent feature of the structure of the ore zone is the transfer of 
subsidiary veins from one side of the Main break to the other in the east and 
west halves of the camp. One theory suggests that torsional strains across 
the camp may be responsible for this transfer of vein fractures from the 
hanging-wall to the footwall of the main plane of movement, going eastward. 
On the other hand, if the vein-fracture pattern at the east end of the camp is 
considered to be related to a branching-fault system rather than to a single 
fault plane, the entire picture is changed and any transfer of subsidiary veins 
to a footwall is not noticeable. The vein-fracture pattern of the North vein 
and its flatter southern subsidiaries in the east end of the camp is generally 
similar to that of the Main break and the southern subsidiaries at the west 
end of the camp. It is also a fact that ore shoots are more concentrated 
along the North vein zone than the main line of displacement in the Wright - 
Hargreaves, Sylvanite, and Toburn mines. There is no appreciable change 
in the dip of the main shear plane at either end of the Kirkland Lake camp, 
as would be expected if there had been torsional movements.

If no further rock movements had taken place, outlining and mining 
the Kirkland Lake ore bodies would have been a very straight-forward propo 
sition, but following the introduction of the gold-bearing veins, faulting again 
took place. The earliest post-ore faulting appears to be the horizontal move 
ments that are evidenced by the offsetting of later diabase dikes on the Main 
break and South vein fault. The later faults are mainly distributed in the 
eastern half of the ore zone. At the Lake Shore and the mines to the east, 
post-ore strike faults, both .northward- and southward-dipping, and major 
and minor transverse faults are recognized.

i

The Lake Shore post-ore fault is the largest transverse fault and has 
been traced from surface to the deepest workings. This fault dips steeply to 
the southeast. The east side moved down and jiorth relative to the west side. 
The horizontal component of the movement is about 650 feet, and the vertical 
component is more than 300 feet.

The displacements occuring in the ore bodies as a result of these later 
movements necessitate very close co-operation between the geological and 
production departments in all of the Kirkland Lake mines. The mining 
engineer, who in the past was inclined to scoff at thegeologist as a visionary, 
is having demonstrated to him every day the practical value of geological 
interpretation,,

The foregoing description has outlined in a general way the structural 
control that influenced the deposition of the Kirkland Lake ore bodies and the 
displacements brought about by post-ore faulting. The mines elsewhere 
along the belt owe their existence to structural deformation of the same 
periods followed by economic mineralization coincidental in time with the 
vein formation at Kirkland Lake,

In the Larder Lake camp the main ore bodies appear to be associated 
structurally with the periods of deformation that followed the carbonatization 
of the Larder Lake break. Only a fraction of the ore bodies lies within the 
original zone of intense shearing. The remainder lies in adjacent hard, 
competent rocks, which failed under stress during different periods of move 
ment along or near this line of weakness. It is thus important to note that 
unless there is some evidence of post-carbonate deformation the fracturing 
tends to be weak and the gold content is low. Much of the drilling along the 
Larder Lake break has revealed low gold values in areas devoid of these 
favourable conditions.

The faults at the Bidgood and Upper Canada tend to converge with the 
Larder Lake break and could be subsidiary branches of this structure formed 
during the later period of deformation that produced the Kirkland Lake fault.

The Amikougami Creek, Sylvanite, Long Lake, and Misema River 
faults probably belong to the same period of post-ore transverse faulting as 
the Lake Shore fault.

The exceedingly rough topography produced during the various periods 
of faulting just described has been eroded during the passage of hundreds of 
millions of years by weathering and glaciation to the relatively level surface 
that exists today. The south half of the syncline of Timiskaming sediments, 
which was moved up when the Larder Lake break occurred, is almost com 
pletely gone. The sediments exposed in McElroy, Mcvittie, and Hearst
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townships, south of the Larder Lake break, are shallow remnants of the bot 
tom of the syncline, and another small remnant can be seen in the northeast 
corner of Eby township.

ORE OCCURRENCES

In the Kirkland Lake camp fissure veins are the commonest type and 
are responsible for the larger ore bodies on the various faults. Other struc 
tures are representative of stockworks, breccia, and gash veins. Quartz is 
the principal gangue mineral, though its proportion in the ores milled is 
relatively small. Some calcite is usually associated with the quartz. Other 
minerals in small amount are albite, orthoclase, ankerite, barite, tourmaline, 
actinolite, and apatite. Secondary minerals are represented by sericite, 
carbonates, chlorite, and pyrite.

Gold, last to be deposited, is found native in the gangue and in frac 
tures in the wall rocks and earlier-formed vein minerals, and is present in 
calaverite (AuTe2) and petzite, (AgAu)o Te. It is also associated with fine 
pyrite, which mineral comprises about 2 per cent of the ore by weight. Silver 
is associated with the gold and is also present in the petzite. Other minerals 
in the ores are chalcopyrite, hematite, galena, sphalerite, molybdenite, 
graphite, and the tellurides altaite (PbTe), coloradoite (HgTe), and melonite

The longest stoping length of ore is at the 3, 000-loDt horizon, where a 
length of 6,400 feet of ore was shared by the Teck-Hughes, Lake Shore, and 
Wright -Hargreaves. Of this, 2,600 feet lies on the Main break and the 
remainder of the North vein fault.

The gold deposits in the Larder Lake camp occur as fissure or com 
posite quartz veins, quartz stockwork deposits in the carbonate zone, quartz- 
sulphide deposits in lavas and tuffs, and sulphide bodies without much quartz, 
and in talc- chlorite schists and mineralized dikes.
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