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“Don't bite my finger, look where it's pointing.”
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VISIBLE GOLD

GOLD GRAINS OBSERVED DURING
THE STUDY OF KLIP SAMPLES (J.L.
and J.F.)

Introduction

A unique subset of the geochemical and mineralogical
information obtained from basal tills and related mate-
rials during the KLIP project concerns the visible gold
grains observed during the sample preparation tech-
nique (Figure 4).

From the viewpoint of geochemistry, visible gold is an
element and as such may be considered in relation to
data for the abundance of gold in racks and minerals.
From the viewpoint of descriptive mineralogy, visible
gold grains are indicator minerals for gold occurrenc-
es. Consequently, data on the occurrence of gold in
samples occupies a unique place in the study of gla-
cial materials in relation to mineral deposits. Because
af this, it was decided to extend the scope of this re-
port in relation to the data for visible gold to include the
whole KLIP area and not just the corridor, and to in-
clude data for gold grains in:

1. Basal till only (Figure 7A)
2. Basal and Upper tills (Figure 7B)

3. Basal and Upper tills, gravels, sands, and related
materials (Figure 7C)

This section also includes another function, partic-
ularly in relation to Figure 7A. This is to introduce read-
ers to the study of the data plots for basal till geochem-
ical, mineralogical, and weight data.

Gold Grains in KLIP Samples of
Glacial Materials

The observation of gold grains in subsamples from the
basal till as observed with a binocular microscope is
exceedingly rare. However, there is an opportunity to
observe gold grains during sample preparation. This
occurs on the shaking table (Figure 5A), where the
gold grains form a small tail of ultra-heavy material
after the garnet, magnetite, sulphides, and other
heavy minerals. The procedure adopted was to count

Figure 7. Flow diagram showing the origin of data on gold
grains included in Figures 7A, 78, and 7C.

Total GOLD GRAINS from
adrilihole (or backhoe pit)
(Figure 7C)

Total GOLD GRAINS from  Total GOLD GRAINS from
tills in a drillhole gravels, sands, and other
(or backhoe pit) materials in a drillhole
(Figure 7B) (or backhoe pit)

Total GOLD GRAINS from  Total GOLD GRAINS from
Upper Tills BASAL TILLS
(Figure 7A)

Because it was impractical to include township names
on Map 1 and Figures 7A, 7B, and 7C, a system of
numbers in circles (see Figure 1A) is used to identify
them. These are included in the legend of Map 2 to fa-
cilitate study of the KLIP area using townships. These
numbers are also printed in brackets after the town-
ships which are discussed in this section.

The 326 sample sites from which basal till material was
collected are identified by a series of numbers (i.e. 1
to 326), which refer to the sample sites on Map 1.
These numbers are also printed on the index map
(Fortescue et al. 1984, Map |l in back pocket) in brack-
ets after the original sample site number. This site
number was allocated in the field and used in the de-
tailed Open File Reports. For example, on Figure 7A in
Clifford Township (4), a single sample point is located
in the northern part of the township. On Map IV (For-
tescue et al. 1984, in back pocket) this sample site is
plotted as:

. 82-15(6)

This means that the sample was included in the 1982
winter drilling program (Averill and Fortescue 1983) as

Anotl
Figul
(18).

her good example of the relationships between
res 7A, 7B, and 7C occurs in Gauthier Township
In backhoe sample #81-279, located in the vicin-

ity of Beaverhouse Lake, 20 gold grains were found.
Because the sample was a reworked till containing a

high

content of oxidized material, the figure “20”

shows on the total sample map (Figure 7C) and the to-

tal ti

Il map (Figure 7B) but not on the basal till map

(Figure 7A).

These examples illustrate the relationships between
the numbers of gold grains on the 3 maps (Figure 7A,
7B, and 7C). They also indicate the potential impor-

tanc
they

e of gold grains counts to exploration and why
were included in this report regardless of their ori-

gin with respect to sample materials. Information re-
garding the details of the location of the gold grains in
the samples is given in the series of KLIP Open File
Reports listed in Chapter 1 of Fortescue et al. (1984),

and
othel

it is advised that these by referred to along with
r pertinent material when considering further

geoscience work.

More Detailed Information on the
Occurrence of Gold Grains in Selected
Townships

In Teck (14), McVittie (17), and Hearst (23) Townships,
detail backhoe work was undertaken as a part of the
KLIP program (Fortescue et al. 1984, Map Il in back
pocket). Because of the higher density of the sample

poin
wou

ts, it was expected that data from these townships
Id show a greater number of sample points with

gold grains than in townships where no detail work

was

undertaken. From a total of 48 sample sites in

McVittie (17) Township (Figure 7C), a total of 36 gold
grains were found, 20 of them in the basal till (Figure

7A).

In Teck (14) Township, which had a higher sam-

pling density with 58 sample sites present, 15 gold
grains were found in the samples as a whole (Figure

70),

8 of which were found in the basal till (Figure 7A).

Teck (14) Township is the location of 9 gold mines, 1 of
which (the Macassa) is still producing. Immediately

sout

heast of the mines, gold grains in basal till are

"Boston (21) and Gauthier (16) Townships are exam-

ples of areas where regional overburden sampling
was completed (Fortescue et al. 1984, Map Il in back
pocket). In each of these townships, a total of 13 gold
grains were found in the basal till. Because the Larder
Lake break traverses Gauthier (16) Township and is
associated with known deposits, for example the
McBean, Queenston, and Beaverhouse Lake gold
mines, the presence of the gold grains can be easily
explained.

In Boston (21) Township, gold grains occur in the ba-
sal till in the central part of the area. For example, 4
grains occur in hole #81-241 (240) and 3 grains in
#81-254 (212) (Fortescue et al. 1984, Map Il in back
packet) (Figure 7A). The gold grains in both sites were
found in basal till, and they are likely down-ice from
their source or sources.

It is interesting to note that #81-254, which is in the vi-
cinity of the Adams Mine (SMDR-ADAMS) (iron mine
from which no gold has been reported), contains 3
gold grains. In this area, the main gold mines of the
Kirkland and Larder Lake break are some 10 km up-
ice and not likely to be the sources.?

There are also a number of other areas included in the
KLIP study where gold grains in basal till (Figure 7A)
and gold grains in other glacial deposits (Figures 78
and 7C) are apparently not related to the known
sources of gold. These should be further examined
using:

1. the 3 maps included in this chapter

2. the plot maps included in Part || of Fortescue et al.
(1984)

3. other geological, geophysical, and geochemical
data which may be available

Summary

In order to use the KLIP basal till data for gold explor-
ation purposes, it is desirable to proceed in 3 steps as
follows:

. Examine Figures 7A, 7B, and 7C for information on

GOLD IN TILL SAMPLES

THE ABUNDANCE OF GOLD IN
TILL SAMPLES

Figure 7E. Gold—Fine Heavy Fraction (GF-8).

It is interesting to compare the data for gold observed
on the shaking table during sample preparation (Fig-
ures 7A, 7B, and 7C) with the patterns obtained for the
abundance of gold in the 3 fractions of till samples
which were selected for geochemical analysis (Figure
4). The latter were included as 7D, 7E, and 7F. A de-
tailed discussion of these patterns is quite beyond the
scope of this broadsheet. Briefly, there is a relatively
good regional correlation between gold in the coarse
heavy mineral fraction (Figure 7D) and the visible gold
grain counts. High gold values are prevalent in areas
where gold deposits and occurrences are common
(for example, Kirkland Lake, Larder Lake, Catharine
(26), and Skead (27) Townships). However, there are
other areas where high gold was indicated but no
showings have been reported. Examples here are in
Boston (21) and Marter (28) Townships, in southwest
Otto (20) Township, Grenfell (13) Township, and
across the northern part of the area. Gold in the fine
fraction of the heavy mineral concentrates is more dis-
persed than in the coarse fraction.

In addition to the areas already mentioned for gold in
the coarse fraction, there are above normal amounts in
the fine heavy fraction (Figure 7E) of samples derived
from unknown sources in the Maisonville (7) and Bern-
hardt (8) Townships. The lack of gold in the coarse
fraction from these areas probably reflects the style of
gola mineralization and possibly the lack of coarse-
grained gold mineralization in the underlying rock. An-
other complication is that in samples of the -63 micron
fraction, the gold determined may not accurately re-
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Methodology

In order to understand the approach adopted to the
collection of the information required, it is necesary to
discuss briefly relationships between bedrock geol-
ogy (including mineral deposits) and Quaternary
cover of areas such as that around Kirkland Lake. The
simplest way to introduce this complex problem is by
means of a logical series of simple, hypothetical, con-
ceptual models (Figure 2) where aspects of the com-
plexity of the Quaternary cover types are portrayed.

Briefly, in the most simple case, a mineral deposit
(shown as a heavy black line in Figure 2) is exposed at
the surface of the geological section. There are 3 main
types of Quaternary deposit in the area: tills, glacioflu-
vial deposits, and glaciolacustrine deposits. Clearly, if
a layer of glaciofiuvial deposits directly overlies be-
drock (Figure 2D) or a layer of glaciofluvial, glaciola-
custrine, and perhaps a layer of peat (Figure 2D) com-
plicates the landscape, such deposits mask the
presence of the mineral deposit and obviate the use of
traditional prospecting methods. The second row of
models on Figure 2 depicts a single layer of till lying on
bedrock, making geological mapping of bedrock by
direct methods impossible, and indicates how layers
of glaciofluvial or glaciolacustrine deposits may further
complicate the landscape. Complications due to an
‘undulating bedrock surface and deep till, or intermit-
tant till deposits overlain by other Quaternary deposits
are shown in the bottom row of Figure 2.

When relationships between bedrock and Quaternary
deposits are studied in the area around Kirkland Lake,
the simplistic nature of these models is evident, espe-
cially when one considers variations along a line trav-
erse. It is because of this local, and in some cases re-
gional variation in the Quaternary section that ‘basal
till' was chosen as the sampling medium of interest in
the KLIP report. Although other materials may be of
considerable importance at the local scale of explor-
ation and at the level of work described in the report,
‘basal till' was considered by the planners of the work
to be most representative.

The method for the collection of the 'basal till' samples
(including samples from the other Quaternary forma-
ions encountered during drilling to bedrock) is indi-
cated in Figure 3. Briefly, Figure 3 is a cartoon de-
signed to explain the technique of reverse circulation
drilling in relation to basal till sampling. The direction
of ice flow is from left to right. The illustration depicts a
landscape section similar to Figure 2. In Figure 3, the
bedrock (1) includes a mineral deposit (2), which is ta-
bular and oriented at right angles to the ice direction.
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Figure 5. Model of a hypothetical landscape, with data sets for geochemical and mineralogical information obtained from a
single basal till sample collected from the bottorn of each of 10 reverse circulation drillholes located along the sec-

tion

ogy involved the visual examination of minerals pres-
ent in éach of 4 subsamples obtained from the till, 2
from the heavy fraction (S.G. +3.3) and 2 from the
mid-density fraction (S.G. +2.8-3.3). Over 80 varia-
bles were involved in each study of each mineral frac-
tion. This indicates the complexity of the data base for
the mineralogical examination.

In Figure 5 at the left of the diagram, the number of
gold flakes seen on the shaking table is graphed in rel-
ation to a hypothetical landscape section of the type il-
lustrated in Figure 2B. Note that the pattern for flake
gold observed on the shaking table is confirmed by
the data for gold determined chemically in the coarse
heavy (+3.3 8.G.- 125u) fraction and the ‘whole’ frac-
tion. These are hypothetical model curves and do not
relate to any known mineral deposit. Their purpose is
to provide very general information regarding the in-
terpretation of basal till data in terms of source. An ex-
ample ot an indicator element which often accompa-
nies gold is silver. Geochemical data for this element
in the 3 fractions used as a basis for the geochemical
data, are also illustrated in Figure 5. The indicator min-
erals pyrite and tourmaline, in the 4 mineral fractions of
the basal till samples, are graphed at the right of Fig-
ure 5. These curves show that for a heavy mineral
such as pyrite, the values occur in the heavy fraction in
contrast to the lighter mineral (tourmaline), which oc-
curs in the medium density fraction. As in the case of
the gold and silver patterns, the data for pyrite and
tourmaline provide a guide to the interpretation of pat-
terns in basal tills and do not refer to any particular de-
posit.

Whether the mineral or geochemical anomaly occurs
in the coarse and/or the finer fractions will depend
upon the grain size of the in situ mineralization, as well
as the distance of transport. The picture can be further
complicated if there is more than one ‘up-ice’ source.
Hence, the graphs shown here in the conceptual mod-
els are, by necessity, simplified and cannot represent
details of the many and varied situations which are
found in the real world. What Figure 5 does illustrate

Mineralized Block in Till % Glaciolacustrian or Glaciomarine Deposits

G Holocene Peat

Figure 2. Conceptual mode! sections illustrating hypothetical landscapes with increasing complexity of glacial cover,
common in the Canadian Shield of Ontario (from Fortescue 1983).

Note that the bedrock lithology is similar in both the
footwall and hangingwall (3) of the deposit. A layer of
basal till (4) overlies the bedrock, which includes ma-
terial derived from the mineral deposit (5). Glacioflu-
vial gravels (6) and glaciolacustrian sediments (7)
overlie the till layer. Under these conditions, reverse
circulation drilling from the surface (8) would bring up
samples of glaciolacustrine and glaciofluvial material
(9) before the till material was sampled. The till sam-
ples would first be low in material derived from the
mineralized zone (10), then higher and then low again
as the bedrock surface is reached (11). The reverse
circulation drill would drill below the lower surface of
the till layer in order to obtain samples of bedrock (12).
The importance of drilling to bedrock is discussed be-
low.

The reverse circulation drill collects samples by
pumping a mixture of water and air down between
concentric cylinders (pipes), which are joined to form
the drill rod. The sample, mixed and diluted by water
and air, is carried to the surface within the drill stem. At
the surface, a geologist logs changes in the lithology
of the samples and collects samples of mineral matter
at frequent intervals.

Once the samples of till (or other material) had been
obtained, they were processed to provide a number of
subsamples for chemical and mineralogical analysis
(Figure 4). Briefly, the geochemical work involved the
determination of Au, As, Cu, Pb, Zn, Ni, Mo, Ag, and U
on each of 3 subsamples from the 326 basal till sam-
ples including fine (-.126 mm), coarse (+.125 mm),
and whole (-63u) subsample. The descriptive mineral-
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clearly, is the utility of using geochemical and minera-
logical data from several subsamples of basal till for
exploration purposes in areas of complex glacial cov-
er, such as that at Kirkland Lake and its vicinity.

The idealized conceptual models (Figures 2B and 2D)
both assume, for purposes of simple description, that
only 1 till layer occurs in the geological section and
that the till layer is always derived from the rock up-ice.
In practice, this simple state of affairs is not always the
case for 3 important reasons, which are apparent from
the cartoon (Figure 2E).

In Figure 6, the bedrock surface is uneven (1) and true
basal till (2), derived from the bedrock surface up-ice,
is overlain by a second till layer (3) with a poorly de-
fined contact between the 2 layers (4). These 2 layers
of ‘basal till’ are overlain by glaciofluvial sediments (5)
and by yet another till layer (6). Above this layer are
glaciolacustrine sediments (7), which are exposed at
the surface (8). In this type of situation, which is com-
mon in the Canadian Shield of Ontario, reverse circu-
lation drilling without proving bedrock could end in
layer (6) which would be far away from the true basal
till material. A second situation is that a reverse circu-
lation drillhole sited in the vicinity of (9) would pass
through a layer of till on the bedrock which was not the
lower most basal till. A second hole positioned in the
vicinity of (2) would pass through till resting upon the
bedrock which included 2 (or more) till layers, with
only the bottom one being ‘basal till' of relatively local
origin. ~
n summary, in reverse circulation drilling for basal till
sampling, it is important to bear in mind 3 problems:

. The term ‘basal till’ refers to a depositional process
and not a particular stratigraphic position. Conse-
quently, a till layer encountered on bedrock may not
be basal till but a supraglacial till of distal prove-
nance. Similarly, a till high in the section may be a
basal till which was not laid down on bedrock at that
particular point. These complexities signal caution
in the interpretation of till information from borehole
data.

. A sample of basal till (Figure 6, unit 2) lying on be-
drock may be overlain by one or more layers of su-
praglacial till derived from remote locations. The
contacts between the different till layers (Figure 2,
unit 4) may be distinguished by reverse circulation
drill samples.

Solutions to these problems are difficult and may re-
quire several other drillholes in the same general area
in order to prove true ‘basal till'. The general solution to
the third problem is to place more importance on the
sample collected directly above bedrock than on
others collected higher in the section which may relate
to different supraglacial till layers. In Fortescue et al.
(1984), the material collected from till layers on be-
drock is always assumed to be the true basal till.
Clearly, further drilling in some localities may be re-
quired to establish if this is correct.

n

Figure 3. Idealized conceptual model illustrat-
ing the use of basaltill as a prospe-
cting medium in glacial terrain, using
reverse circulation drilling as a
sampling technique.
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than 1 till layer occurs.
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Figure 4. Flow sheet of the operations included in sample preparation, and geo-
chemical and mineralogical analysis of basal till samples.

HIGHLIGHTS OF THE KLIP BASAL TILL STUDY

1. The project was completed on a relatively large scale involving the study of 395 sample sites located in 29 town-

ships.

n

. The project involved 326 sample sites from which basal till was collected. The systematic processing of these

samples to produce subsamples of different seive size and specific gravity prior to geochemical and mineralogi-
cal analysis has provided a unique data set for interpretive purposes.

w

. Although the data obtained for the distribution of gold in the tills may not be in line with the most modern practice,

information regarding gold particles observed on the shaking table during sample preparation provides direct
evidence for the presence of gold in the samples of basal till.

S

. A comparison made between the geological map and the patterns obtained for selected geochemical or minera-

logical parameters measured in the basal tills may be interpreted in terms of the regional geology of the area.
This focuses attention on the importance of till study and glacial dispersion in the exploration process in areas of
deep cover such as those around Kirkland Lake.

(5]

. For interpretive purposes, it was concluded that a knowledge of the configuration of the bedrock surface in the

vicinity of the borehole is as an important factor as a knowledge of the geochemical and mineralogical properties
of samples of basal till collected from the hole.
The data on the geochemistry and mineralogy of basal till displayed on this broadsheet has been specially
selected and summarized for display purposes. For complete and detailed information on the basal till, the
reader is referred directly to Ontario Geological Survey, Open File Report 5506 (Fortescue et al. 1984).

GEOLOGY

BEDROCK GEOLOGY (L.J.)

The Kirkland Lake area is underlain by Late Archean
volcanic, sedimentary, and intrusive rocks belonging
to the Abitibi Greenstone Belt. Map 2 shows the lithol-
ogy of rocks underlying the KLIP area plus sample site
locations. The Abitibi Greenstone Belt is approxi-
mately 800 km long and 240 km wide, and includes
within it the mining communities of Timmins, Kirkland
Lake, Noranda, Chibougamau, and several other
smaller centres of mining. Mineral production consists
of gold, silver, copper, zinc, nickel, lead, tin, molybde-
num, lithium, iron, and asbestos. Mineralization of bari-
um, tungsten, arsenic, cobalt, antimony, uranium, and
platinum are also known. In places, the Abitibi Green-
stone Belt is cut by swarms of north-trending Matache-
wan diabase dikes, and to the south it is overlain by
Proterozoic rocks of the Cobalt Series. A few diabase
dikes of Keweenawan age cut all the rocks. Mesozoic
age kimberlite intrusions also occur within the Kirkland
Lake area. Pleistocene deposits resulting from the re-
treat of the Wisconsin glacier (Boissoneau 1976) un-
conformably overlie the Precambrian and kimberlite
rocks of the area.

Around Kirkland Lake, the volcanic rocks of the Abitibi
Greenstone Belt are preserved in a synclinorium lo-
cated between the Lake Abitibi Batholith and the
Round Lake Batholith (Fortescue et al. 1984, Map IIl in
back pocket). The axis of the synclinorium occurs mid-
way between the 2 batholiths and plunges east (Jen-
sen 1975). The northern and southern limbs of the syn-
clinorium are cut by 2 large east-striking fault zones:
the Destor-Porcupine Fault Zone, and the Kirkland Lak-
e/Larder Lake Fault Zone, respectively. The 2 fault
zones divide the area into 3 large fault-blocks with
smaller fault-blocks occurring in the fault zones. The
rocks of the area have been affected by subgreen-
schist regional metamorphism (Jolly 1974, 1978).

Volcanic racks were formed during cycles of volcan-
ism associated with sedimentation and plutonism.
Each cycle consisted of komatiitic volcanism followed
by tholeiitic, calc-alkalic, and finally, alkalic volcanism
(Jensen 1979). Rocks of the older volcanic cycles are
restricted to the outer parts of the synclinorium near
the margins of the Lake Abitibi Batholith and the
Round Lake Batholith, and are referred to as the Lower
Supergroup (Fortescue et al. 1984, Map Il in back
pocket). Rocks of the younger volcanic cycle form
most of the synclinorium and are referred to as the Up-
per Supergroup. The stratigraphic succession is indi-
cated in Fortescue et al. (1984, Map IV in back pock-
et).

The Lower Supergroup on the southern limb of the
synclinorium located southeast of Kirkland Lake, con-
tains a cycle of komatiitic, tholeiitic, and calc-alkalic
volcanic rocks represented by the Wabewawa, Cath-
erine, and Skead Groups, respectively (Jensen 1979).
Studies have been made on these rocks by Goodwin
(1965), Goodwin and Ridler (1970), and Ridler (1969,
1970, 1975). A trachyte-pebble conglomerate at the
top of the Skead Group, suggests that a phase of al-
kalic volcanism may have occurred at the end of the
cycle of volcanism. Below this cycle, the calc-alkalic
volcanic rocks of the Pacaud Tuffs (Goodwin 1965)
suggest that an even older volcanic cycle was devel-
aped inthe area.

The volcanic cycle represented by the Upper Super-
group consists of komatiitic lavas of the Larder Lake
Group succeeded by tholeiitic rocks of the Kinojevis
Group and calc-alkalic rocks of the Blake River Group.
Alkalic volcanic rocks of the Timiskaming Group un-
conformably overlie the Blake River and Kinojevis
Groups.

On the northern limb of the synclinorium, the oldest
rocks are calc-alkalic volcanic rocks of the Hunter
Mine Group which are believed to be the top of a vol-
canic cycle, the lower rocks of which are either de-
stroyed or not exposed. Unconformably overlying the
Hunter Mine Group is a komatiitc succession called
the Stoughton-Roquemaure Group (Jensen 1976a,
1978b), which forms the basal section of the main vol-
canic cycle of the Upper Supergroup. The Destor-Por-
cupine Complex is thought to be analagous to the al-
«alic volcanic rocks of the Timiskaming Group.

The Larder Lake Group and Stoughton-Roquemaure
Group komatiitic successions extend west and join at
the nose of the synclinorium in the Timmins area (Jen-
sen and Pyke 1980), where they were referred to as
the Lower Formation of the Tisdale Group by Pyke
(1980) (Fortescue et al. 1984, Map |1l in back pocket).
Rocks of an older volcanic cycle, called the Deloro
Group (Pyke 1980), underlie these komatiites. The
Hunter Mine, Deloro, Skead, and associated groups
probably represented separate, but roughly time-e-
quivalent volcanic piles that were present on the mar-
gins of a basin prior to the deposition of the komatiitic
rocks belonging to the younger volcanic cycle (Fortes-
cue et al. 1984, Map 1ll in back packet). Sediments
represented by the Porcupine Group were deposited
in the basin at the edges of the Deloro volcanic piles
prior to and during the deposition of the komatiitic
rocks of the Tisdale Group (Pyke 1980).

Komatiitic volcanism, at the start of the younger vol-
canic cycle, occurred throughoui the basin and ex-
tended onto the margins of the older volcanic piles to
form a continuous unit, which can now be traced all
the way around the synclinorium. The komatiitic vol-
canic rocks were probably thicker in the central part of
the basin than on the edges of the older volcanic piles.
Thick successions of tholeiitic and calc-alkalic lavas
were also deposited in the basin above the komatiitic
succession. For this to have occurred, the original
floor of the basin probably sank under the accumulat-
ing volcanic rocks to continuously make room for the
upper volcanic successions. Jolly (1978) came to a
similar conclusion based on the metamorphism of the
lavas throughout the area.

The sinking of volcanic rocks during their accumula-
tion would explain the origin of the synclinorium. If the
greatest amount of sinking occurred near the centre of
the basin, the outer volcanic lavas would tilt and face
inward (Fortescue et al. 1984, Map Il in back pocket).
Likewise, the Destor-Porcupine and Kirkland Lake-
Larder Lake Fault Zones probably resulted from differ-
ential vertical movement between the older volcanic
piles to the north and south and the floor of the basin.
Initially, the boundary between the older volcanic piles
and the basin would have acted as a hinge zone as
the basin began to sink. As the basin continued to
sink, the volcanic strata at the hinge zones would have
sheared and been displaced downward on the basin
side of the fault zones. The tilt of the strata at the same
time would have caused tensional forces along the
fault zones and allowed fault blocks to drop and cre-
ate grabens in the fault zones. The grabens would
have then filled with alkalic volcanic rocks and sedi-
ments of the Timiskaming Group.

Trondhjemitic batholiths probably formed in the cores
of the older volcanic piles by the partial melting of bur-
ied volcanic rock. As the batholiths grew, they in-
truded the upper felsic volcanic rocks of the older vol-
canic cycles and in places extended, so that they
intruded the komatiitic rocks at the base of the
younger volcanic cycle.
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MINERALIZATION IN THE
KIRKLAND LAKE AREA (L.].)

The mining of gold with associated silver forms the
economic base of Kirkland Lake and its nearby com-
munities. The gold deposits are proximal to the east-
striking Kirkland Lake-Larder Lake Fault Zone which
has been traced as far east as Val d'Or and Malartic,
Quebec, where additional gold mineralization occurs.
Lesser amounts of gold mineralization have been
found away from the fault zone both to the north and
south.

The important gold deposits along the fault zone can
be divided into 2 groups (Jensen 1980). The first
group, represented by the Kerr Addison Mine and
other past producers in the vicinity of Larder Lake, oc-
cur in strongly folded sedimentary rocks within the ko-
matiitic volcanic rocks of the Larder Lake Group. The
second group, represented by the Macassa Mine and
other past producers located in the town of Kirkland
Lake, are hosted by trachytic volcanic and intrusive
rocks and sedimentary rocks of the Timiskaming
Group, which is much younger than the Larder Lake
Group.

Gold deposits of the Larder Lake Group occur in fine-
graihed sedimentary beds either rich in carben, car-
bonate, or chert and in quartz-carbonate veins. Gold
in the sedimentary rocks is in auriferous pyrite associ-
ated with arsenopyrite and fuchsite, and in some
places, with chalcopyrite, sphalerite, galena, barite,
and scheelite. The gold-bearing beds occur interlay-
ered with mass-flow turbiditic conglomerates largely
of peridotitic komatiite clasts. Tholeiitic pillowed lavas,
iron-formation, argillites, and wackes are also present
in the rock sequence. The conglomerates have been
variably altered. Better preserved conglomerates
have komatiitic clasts preserved in a chloritic matrix or
are cemented by primary amorphous calcium carbo-
nate. In altered form, the conglomerates are talc-chlor-
ite schists or fuchsite-rich carbonates and carbonate
schists. Gold in native form occurs in quartz-veins
which cross-cut the fuchsite-rich conglomerates proxi-
mal to the gold-bearing sedimentary rocks

Not at the Kerr Addison Mine, but elsewhere in the
area, gold is associated with syenite stocks which
have intruded the same group of sedimentary rocks
oelonging to the Larder Lake Group. In mines such as
the La Garre Mine at Larder Lake, gold, in native form
and in auriferous pyrite, is erratically distributed in the
metamorphosed and hybrid country rocks, in irregular
quartz veins, and in the margins of the syenite bodies.
The source of gold may have been the auriferous sedi-
ments cut by syenite.

In Kirkland Lake, gold is concentrated in quartz-filled
fractures cutting trachyte, syenite, and fluvial sedi-
mentary rocks of the Timiskaming Group. Ore minerals
include native gold, various tellurides, and auriferous
pyrite. Limited chalcopyrite, arsenopyrite, sphalerite,
galena, molybdenite, and hematite occur in some
places with the gold mineralization as do gangue min-
erals such as tourmaline, chlorite, pyrite, barite, cal-
cite, and graphite.

Outside the Kirkland Lake-Larder Lake Fault Zone,
gold occurs mainly in subeconomic sulphide-rich
zones associated with the felsic volcanic rocks in the
Blake River Group and the Gauthier Group north of the
fault zone and the Skead Group south of the fault
zone. Pyrite and chalcopyrite are the main minerals
with lesser amounts of sphalerite, galena, and arseno-
pyrite occuring as well.

Quartz-carbonate veins are common throughout the
Kirkland Lake area. Most are <10 cm wide and a few
carry minor native gold with pyrite and chalcopyrite.
North of the Kirkland Lake area, along the Destor-Por-
cupine Fault Zone, occurrences of gold have been
found which are similar to those described along the
Kirkland Lake-Larder Lake Fault Zone.

Base-metal sulphide occurrences are found mainly in
the Blake River Group near the axis of the synclinori-
um. They occur as chalcopyrite, sphalerite, galena,
and molybdenite with pyrite in calc-alkalic volcanic
rocks altered to chlorite, uralite, actinolite, epidote,
and albitite. Some carbonatization and silicification
occurs as well

Minor weakly disseminated pyrite grains 0.2 to 2 mm
in size are found in all the volcanic, sedimentary, and
intrusive rocks of the Kirkland Lake area. Rusty gos-
sans with 10 to 30% euhedral to anhedral pyrite in
metasomatized volcanic rocks occur randomly
throughout the area. In the sedimentary rocks, pyrite,
in cubic and in concretionary form, is concentrated in
the carbonaceous shales and cherts and iron forma-
tions in amounts of up to 25%. Trace amounts of gold,
silver, chalcopyrite, sphalerite, pentlandite, and ga-
lena can be associated with the pyritic gossans and
carbonaceous rocks.

Magnetite-rich iron formation is mined for iron ore at
the Adams Mine in Boston Township, south of Kirkland
Lake. This iron formation occurs near the base of the
Larder Lake Group and intercalates with volcanic lava
flows of peridotitic komatiite. Numerous units of mag-
netic iron formation (1 to 10 cm thick) are also found
throughout the Larder Lake Group and are uneconom-
ic. lron formation is largely absent in the other groups
of volcanic and sedimentary rocks of the Kirkland
Lake area.

Asbestos and talc minerals occur in the peridotitic ko-
matiites and associated ultramafic intrusions of the
Larder Lake Group.

High background uranium and thorium occur in some
of the trachytes and syenites of the Timiskaming
Group. As well, fluorite and scheelite mineralization
occurs near the margins of some syenite intrusions in
Eby and Otto Townships southwest of Kirkland Lake.

It is evident from the outline presented above that the
bedrock geological conditions and the associated
mineralization are complex and include much repeti-
tion in the Kirkland Lake area. This is reflected in the
geochemical and mineralogical patterns found in the
basal tills which represent a mixing of lithological ma-
terial often derived from several rock types, which may
or may not contain gold or other indicators of interest.

QUATERNARY GEOLOGY (C.B.)

The KLIP area was undoubtably subjected to several
maijor periods of glaciation during the Quaternary peri-
od. The effects of all but the last, the Wisconsinan, are
unknown and subject to speculation. All surficial mate-
rials encountered during the KLIP project are deemed
to be Late Wisconsinan in age, although the possibility
exists that older sediments (Missinaibi Formation) may
be encountered in boreholes (Brereton and Elson
1979).

Striae, chatter marks, and flutings indicate that glacial
movement across the area was in a south-southeast
direction (165° to 170° azimuth). This advance re-
sulted in the deposition of a silty sand to sandy silt till.
The majority of fresh till exposures show the material to
be dense and massive, although fissility is common.
This material was deposited subglacially as either
lodgement (basal) or subglacial meltout till. In a num-
ber of instances, banded or stratified till was encoun-
tered. Such material is considered to represent a flow
till having originated on the glacier surface and subse-
quently ‘flowed’ downslope. The till was thus sub-
jected to processes which produced sorting and stra-
tification.

Till thickness of between 0.5 and 1.0 m are usual, al-
though depths of several metres are common. Surface
exposures of till are highly oxidized and weathered to
a depth of about 0.5 m, giving this part of the till a san-
dier appearance.

Glaciofluvial ice-contact deposits were developed in
the area during the last phase of ice cover. The most
dominant form of these deposits are the large esker
systems which trend southward across the area. The
eskers, composed of sand and gravel, are easily rec-
ognized by their crests, or bell-shaped ridges, which
vary between 1 and 3 km in length. The crests are sur-
rounded by hummocky to level terrain consisting pri-
marily of sand. These sediments were deposited as
either subaqueous fans, deltas, or outwash directly in
front of, or adjacent to, the ice mass.

As the glacier wasted northward, glacial lakes Barlow
and then Ojibway inundated the area. Fine-grained
glaciolacustrine sediments deposited in the lakes are
represented by clay, varved clay, and silt. Varved clay
material is by far the most common material with indi-
vidual couplet thicknesses ranging from5mmto 1.0 m
and averaging 10to 12 mm.

Coarse-grained glaciolacustrine sediments, sand and
gravel, have 2 principle origins: 1) as a facies of gla-
ciofluvial deposits, and 2) reworking of till and glaciof-
luvial deposits in a nearshore zone. The former is best
developed on the flanks of eskers where the sedi-
ments undergo a lateral facies change from sand to
clay as the distance from the eskers increases. Till and
glaciofluvial material reworked by glacial lake waters
ranges in appearance from a stony, poorly sorted di-
amicton to well sorted sand.

As the lake drained and the sand plains became ex-
posed to eolion activity, sand dunes formed. The
dunes, composed of fine- to medium-grained sand,
are parabolic in shape, indicating a paleowind direc-
tion from the west-northwest. After emergence, or-
ganic deposits began to accumulate in rock basins
and along stream courses.

GEOCHEMICAL AND MINERALOGICAL PLOT

MAPS

INTRODUCTION

In OGS Open File Report 5506 (Fortescue et al. 1984),
a total of 243:map plots, each displaying a set of data
for each of the 326 sampled tills, are included. Al-
though many of these maps include patterns which
are difficult to relate directly to bedrock types or
known mineral deposits, others are considered to
show such relationships. Examples of both geochemi-
cal and mineralogical patterns which are directly re-
lated to known geological features are included in this
section. The maps for molybdenum and uranium are
provisionally interpreted as examples of geochemical
patterns and sphene and amphibole are selected toiil-
lustrate mineralogical patterns in the tills directly re-
lated to geological features. In addition, pyrope, and
chrome diopside were chosen to illustrate the use of
mineral patterns to delineate areas where kimberlite is
indicated.

Figure 8A. Molybdenum—Whole Till (GW-23).

All samples with >4 ppm

INTERPRETATION OF
GEOCHEMICAL DATA PATTERNS

Molybdenum

Plot maps for the abundance of molybdenum in each
of 3 fractions of till (see Figure 4) samples are plotted
on Figure 8, using a simplified system derived directly
from that described in the Fortescue et al. (1984).
Briefly, triangles have been used to illustrate “high”
values for molybdenum. On Figure 8A, the sample
sites with >4 ppm Mo in the “Whole” fraction are
shown overprinted on the generalized geological map
which is included as Map 2. On Figure 8B, the Mo
values >5 ppm in the coarse heavy fraction are plot-
ted. Inspection of the 3 maps included as Figure 8
leads to the conclusion that in general, the patterns
are related to 3 rock types. These have been high-
lighted in black on Figure 8 (for example syenitic rocks
in Figure 8A, alkalic volcanic and associated sedimen-
tary rocks of the Timiskaming in Figure 8B, and tron-
dhjemitic rock bodies in Figure 8C).

In Figure BA (GW-23), there are 31 sites with values
>4 ppm of which 8 are located in the area of the Timis-
kaming Group rocks. Four of these sites are near the

All samples with >5 ppm

Figuré 8B Molybdenum—Fine Heavy Fraction (GF-5).

gold deposits at Kirkland Lake. where molybdenite is
a known accessory mineral. There is also a cluster of 4
relatively high molybdenum values in central Maison-
ville Township (7), where gold/molybdenum minerali-
zation is known. Elsewhere, above-normal molybde-
num values are found in the southern part of Morrisette
(9) and Arnold (10) Townships, where gold mineraliza-
tion has been reported associated with porphyry dikes
containing minor molybdenite. Other high molybde-
num values occur in Boston (21) and McElroy (22)
Townships down-ice from syenite stocks.

The molybdenum in the coarse heavy fraction of the till
(Figure 8B) is peripheral to syenitic rocks and the
granitic batholith in the southwest of the area. Cu-Mo
and/or Cu-Mo-Au occurrences are known in these
areas.

The molybdenum in the heavy fine fraction of the tills is
shown in Figure 8C. In general, there is little similarity
between the patterns for molybdenum in the whole till
(Figure 8A) and the heavy mineral fractions (Figures

£

molybdenum ..
Back-hoe Pit..

Figure 8C. Molybdenum—Coarse Heavy Fraction (GC-14).

All samples with >5 ppm

Reverse Circulation Drill Hole...s

8B and 8C). This suggests that the molybdenum asso-
ciated with the Timiskaming rocks is fine grained and
as a result, not concentrated in the heavy mineral frac-
tions. Above normal molybdenum in the fine heavy
mineral fraction was related to the syenitic rocks in
Otto (20) and McElroy (22) Townships. The granitic
batholith in the southwestern comer of the area is
ringed on its eastern.border by seyeral high molybde-
num values (Figure BC). Cu-Mo-Au deposits and
showings are known in this area. Other highs for mol-
ybdenum over the Blake River rocks are related to
small granitic stocks which occur in the area.

From the regional perspective, it is quite practical to
explain the patterns for molybdenum in terms of geo-
logical features of the area. An important aspect of this
interpretation is that the data from different types of till
subsamples is interpreted in different ways. One of the
reasons why molybdenum was chosen for this exam-
ple is that molybdenite is rarely seen in tills although
the distribution of the metal has significant patterns
from the geochemical viewpoint.
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Uranium

A total of 30 of the 326 till samples have >2 ppm ura-
nium in the -63 micron fraction (Figure 9A). Because
the Timiskaming Group is known to contain minor ura-
nium mineralization, it is not surprising that above nor-
mal uranium vaiues were found in sample sites in Le-
bel (15) and Gauthier (16) Townships. Many of the
highest uranium values are clustered over and along
the periphery of the syenite stocks in Otto (20) and
McElroy (22) Townships (Figure 9A). Radioactive min-
erals are known along the northern and northeastern
boundaries of the stock in Otto (20) Township. Several
interesting .above-normal uranium values are tound
also along the boundary of the Proterozoic sedimen-
tary rocks which like along the western boundary of
the area (Figure 9). The association of uranium and
gold in till samples from this area might be of interest
in exploration.

Figure 9A. Uranium—Whole Till (GW-27).

A [ B

In the coarse heavy fraction of the tills, values >9 ppm
uranium were selected as being of interest (Figure
9B). The source of these high values, which are largely
confined to the syenitic rocks of Otto (20), Boston (21),
and McElroy (22) Townships, is almost certainly radio-
active minerals in the alkalic intrusive rocks; down-ice
transport of uranium minerals appears to be minimal.

The uranium values in the heavy fine fraction were
found to be relatively uniform with 150 results between
18 and 36 ppm. Consequently, a large number of tri-
angles denoting values in the plus 18 ppm range ap-
pear on Figure 9C. As expected, many of the high
values are associated with the Timiskaming rocks with
limited downr-ice movement. It is of interest that at the
western end of the Timiskaming belt uranium highs are
found 5 km down-ice from the presumed source. Ura-

Calc-alkalic Volcanic Rocks (Blake River Group).............c.c.ccc.co.....

Figure 9B. Uranium—Coarse Heavy Fraction (GC-18).

nium is more abundant in the fine heavy fraction
higher because the uranium mineralization in this
group of rocks tends to be fine grained. In this fraction,
higher than normal uranium values are also found over
and down-ice from syenitic rocks especially in Otto
Township. Here, down-ice dispersion for a distance of
5 to 10 km is indicated. Above-normal uranium values
were also found associated with the Kinojevis Group
and the Blake River Group calc-alkalic rocks in the
north. The source of the uranium here is likely to be the
pattern for molybdenum in the -63 micron fraction and
the uranium in the fine heavies, for example, in Mai-
sonville (7) Township. Copper-gold-molybdenum
showings in the area may have associated uranium
minerals as well giving rise to this pattern. As in the
case of the -63 micron data (Figure 9A), high uranium

Komatiitic Volcanic Rocks
Diabase, Granophyre, Sheets and Dikes
Calc-alkalic Volcanic Rocks (Blake River Group) ............coooooovovvvoooooreverecere.

was found in the fine heavies along the Proterozoic
boundary.

The geochemical patterns for molybdenum and ura-
nium in the basal tills as interpreted here, indicate
clearly that basal till may provide geochemical data
which can be interpreted under favourable conditions
in terms of the bedrock lithology and glacial disper-
sion. In the KLIP area, such pattern recognition is pos-
sible even though the uniformity of the sample site lo-
cation density was not uniform. The data for these 2
elements supports the contention that more than 1
fraction of till is required to exploit fully the potential of
this material as a regional sampling medium in aid to
mineral exploration.

Figure 9C. Uranium—Fine Heavy Fraction (GF-9).

INTERPRETATION OF THE
MINERALOGICAL DATA
PATTERNS

In this section, the accessory mineral sphene is used
as an example of a mineral associated with a partic-
ular rock type, amphibole is an example of a common
mineral which is significantly enriched in a specific ge-
ological environment. As an example of minerals
which indicate the presence of a particular rock type,
chrome djopside and pyrope garnet are used as indi-
cators of kimberlite.

Sphene

Sphene is a common accessory mineral of the syenitic
rocks of the Kirkland Lake area. This association is
shown clearly in the distribution pattern for coarse
sphene in the S.G. + 3.3 fraction (Figure 10A).
Greater than 5% sphene is found over and down-ice
from the major syenitic stocks, as well as in the vicinity
of the smaller intrusive rocks within the Timiskaming
Group. Down-ice dispersal of coarse sphene (+5%)
tfor a distance of up to 8 km is evident-areund the
McElroy (22) stock. The above associations are also
well illustrated for coarse-grained sphene in the 2.8 -
3.3 S.G. fraction (Figure 10B), with an additional clus-
ter in the vicinity of the Kirkland Lake gold deposits.

Amphibole

The amphibole patterns were chosen as an example
of patterns for a common mineral which have geologi-
cal implications on a regional scale. Amphibole in the
coarse fraction of the +3.3 S.G. fraction (Figure 11A)
is relatively abundant over the komatiitic sequences,
espegcially where these rocks fringe the syenitic stocks
in Otto (20), Boston (21), and McElroy (22) Townships.
The abundance of ‘heavy' amphibole could be the re-
sult of the presence of iron-rich amphiboles in this unit,
especially where iron formations are prevalent. Some
of these heavy amphiboles may also be derived from
the rims of the syenite stocks where iron and alkali-rich
amphiboles may be found. By contrast, the lighter
coarse amphibole (Figure 11B) tends to be abundant
not only in association with the komatiitic sequences
but also over the Timiskaming Group, especially in
Teck (14) and Lebel (15) Townships. The marked drop
in the quantity of amphibole in the northern part of the
region reflects the relative paucity of amphibole in the
Blake River calc-alkalic volcanic rocks.

Figure 11A. Amphibole—Coarse Fraction (MHIC-72)
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Figure 10A, Sphene—Coarse Medium Densily Fraction (2.8 - 3.3 SG) (MMIC-173).

berlite) are discussed using spinel, chrome diop-
side, and pyrope patterns.

These examples are just a few of the important ones
which are included in OGS Open File Report 5506
(Fortescue et al. 1984). Readers interested in a
more detailed interpretation of the geochemical and
mineralogical patterns should consult the Open File
Report.

IS

Figure 10B. Sphene—Coarse Heavy Density Fraction (3.3 + S.G.) (MHIC-79).
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Figure 12A. Kimberlite indicator Mineral—Spinel (MHII 125, 126, 127).

tary Rocks

Figure 128.

Kimberlite Indicators

Spinel, chrome diopside, and pyrope have all been
used as indicator minerals for kimberlite. In the Kirk-
land Lake area, these 3 minerals were studied in the till
and a selection.of the data obtained is included here.

The distribution of spine! in the +3.35 S.G. fraction is
shown in Figure 11A. Clearly, in this area spinel is not
suitable as an indicator on the regional scale although
its use in detailed studies in specific localities should
not be ruled out.

Chrome diopside, which is considered to be an indi-
cator of kimberlite, was found at 81 of the till sample
sites. The highest concentrations are located in the
Timiskaming rift structure within Gauthier (16), McVittie
(17), Hearst (23), McElroy (22), Catharine (26), and
Skead (27) Townships. Kimberlite dikes have been
found at the Upper Canada Gold Mine in Gauthier (16)
Township, and kimberlite boulders are known from the
esker gravels in Gauthier (16) and Hearst (23) Town-
ships (Baker 1984). The presence of chrome diopside
farther along the rift in Bisley (3) and Morrisette (9)
Townships would indicate the presence of more kim-
berlite occurrences, as do clusters of chrome diop-
side in the southern sector of the area in Pacaud (25),
Catharine (26), and Marter (28) Townships, in the Kirk-
land Lake area, in Katrine (11) Township, and to the
northwest in Benoit (1) and Melba (2) Townships (Fig-
ure 12B).

Another indicator of kimberlite is pyrope garnet which
is found (Figure 12C) to have a distribution similar to
that for chrome diopside (Figure 12B), although the
occurrence of pyrope is more limited in the northem
part of the area.

Kimberlite Indicator Mineral—Chrome Diopside (MHil-120).
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Figure 12C. Kimberlite Indicator Mineral—Pyrope (MHII-121).

Compiled by J.A.C. Fortescue and Chris F. Gleeson,
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This sheet was compiled from material selected from
Ontario Geological Survey, Open File Report 5506
(Fortescue et al. 1984). Other members of the team in-
clude Larry Jensen, Cam Baker, and Jeanette Lourim.

Every possible effort has been made to ensure the ac-
curacy of the information presented on this map; how-
ever, the Ontario Ministry of Natural Resources does
not assume any liability for errors that may occur.
Users may wish to verify critical information; sources
include both the references listed hers, and informa-

tion on file at the Resident or Regional Geologist's of-
fice and the Mining Recorder's office nearest the map

area.

This project was part of the Kirkland Lake Initiatives
Program (KLIP) which was funded equally by the Fed-
eral Department of Regional Economic Expansion
(DREE) and the Ontario Ministry of Nerthern Affairs un-
der the Community and Rural Resource Development
Subsidiary Agreement.
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