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FOREWORD

This collection of papers is drawn largely from a special session ‘‘Mineral Exploration in Glaciated
Terrain’’, which was part of the 12th International Congress of the International Union for Quaternary
Research, held at Ottawa in 1987. These papers show the variety of types of research being carried out
in different geological settings in Canada and Finland, where drift prospecting has been most widely
and successfully used. The authors have emphasized the value of grassroots studies in glacial geology.
They have shown how the basis for drift prospecting is a thorough understanding of the provenance,
stratigraphy, and ice flow directions of glacial sequences, backed by data on the geochemistry, lithology,
and mineralogy of glacial sediments.

We thank R.A. Klassen, Y.T. Maurice, E. Nielsen, B.T. Schreiner, W.W. Shilts, K.G. Steele, L. H.
Thorleifson, and J.J. Veillette, who took the time to help in critical review of the manuscripts. K. A.
Maclnnis found many ways to improve the clarity of the manuscripts during her proofreading stint. The
editors assume sole responsibility for any errors.

R.N.W. DiLabio
W.B. Coker

AVANT-PROPOS

La présente collection d’articles provient en grande mesure d’une séance spéciale intitulée ‘‘La
prospection minérale en région glaciée’’, laquelle avait été organisée dans le cadre du Xlle Congrés
international de [’Union internationale pour [’étude du Quaternaire, tenu a Ottawa en 1987. Ces articles
se font le reflet des divers genres de travaux de recherche entrepris dans différents milieux géologiques
au Canada et en Finlande, ou les techniques de prospection des matériaux de transport glaciaires sont
utilisées le plus couramment et avec le plus de succés. Les auteurs ont souligné la valeur d’études
préliminaires en géologie des formations glaciaires. Ils ont ainsi démontré que la prospection des maté-
riaux de transport glaciaires exige une connaissance approfondie de la provenance et de la stratigraphie
des séquences glaciaires ainsi que de la direction de |’écoulement des glaces au sein de ces séquences,
le tout étayé par des données sur la géochimie, la lithologie et la minéralogie des sédiments glaciaires.

Les rédacteurs remercient R.A. Klassen, Y.T. Maurice, E. Nielsen, B.T. Schreiner, W.W. Shilts,
K.G. Steele, L.H. Thorleifson et J.J. Veillette pour le temps qu’ils ont consacré a faire une lecture critique
des manuscrits. K.A. Maclnnis a éclairci les manuscrits de maintes facons a l'étape de la correction
d’épreuves. lls assument en outre l’entiere responsabilité de toute erreur dans les articles.

R N.W. DiLabio
W.B. Coker






Application of glacial geological studies
in prospecting in Finland

H. Hirvasl

Hirvas, H., Application of glacial geological studies in prospecting in Finland; in Drift Prospecting,
ed. RN.W. DiLabio and W.B. Coker; Geological Survey of Canada, Paper 89-20, p. 1-6, 1989.

Abstract

The research group at the Geological Survey of Finland, established for applying glacial geological
studies in prospecting, has developed the following research procedure. Exploration pits are dug at ore
boulder sites. The till stratigraphy and directions of ice flow are established from these pits, the distance
the boulders were transported is assessed, and samples for till lithology and geochemistry are taken.
A probability sector for the source rock of the boulders is determined from the directions of ice flow.
The study is continued by tracing ore boulders and unique heavy mineral contents through the till unit.
The procedure has proved very useful in Finland, where the surficial deposits are shallow, the average
thickness being a mere 6.7 m. During the last nine years, the source rocks for forty-five boulder trains
or geochemical anomalies have been found.

Résumé

Le groupe de recherche de la Commission géologique de la Finlande, mis sur pied dans le but
d’adapter des études de géologie glaciaire a la prospection, a mis au point la méthode de recherche
suivante. Des puits d’exploration sont creusés a ’emplacement des blocs de minerai. La stratigraphie
du till et les directions d’écoulement des glaces sont établies a partir de ces puits, la distance sur laquelle
les blocs ont été transportés est évaluée et des échantillons sont prélevés pour établir la lithologie et
la géochimie du till. Un secteur de probabilité pour la roche mére des blocs est déterminé a partir des
directions d’écoulement des glaces. L’étude se poursuit par le dépistage du cheminement des blocs de
minerai et l'identification des minéraux lourds uniques a ['unité de till. La méthode s’est avérée trés
utile en Finlandé ol les gisements de surface sont peu profonds, I’épaisseur moyenne atteignant a peine
6,7 m. Au cours des neuf derniéres années, les roches meres de 45 trainées de blocs ou anomalies géochi-
miques ont été repérées.

! Geological Survey of Finland, Department of Quarternary Geology, SF-02150 Espoo, Finland.



INTRODUCTION

Finland is located in the centre of the Scandinavian glacia-
tion area (Fig. 1). Finland has experienced multiple glacia-
tions, each with minimal glacial erosion and deposition. The
Quaternary cover of surficial deposits on the mostly
Precambrian bedrock is thin, averaging only 6.7 m.

It is commonly thought that the surficial deposits only
cover and hide the ore deposits. However, due to their ori-
gin, the surficial deposits and especially till, give excellent
clues in exploration for ore deposits. Glacial erosion and
deposition distributes minerals from a small ore subcrop
over a large area, greatly increasing the likelihood of initial
discovery.

The significance of the surficial deposits to ore prospect-
ing in Finland becomes very evident when the following
statistics are considered. Less than 3 % of the area of Fin-
land is exposed bedrock, whereas 63 % is covered by till.
More than half of the presently operating mines in Finland
were discovered as the result of studies of ore boulders
found in till. At present, the Geological Survey has informa-
tion on about 7500 ore boulders found in till that have
unknown source rocks. The systematic mapping of till
geochemistry has revealed several hundred geochemical
anomalies, which have to be checked for their significance
in prospecting.

In Finland, an observation of great importance to boul-
der tracing and geochemical mapping has been made during
the last decade. It is now known that in many areas in Fin-
land there are at least two till beds of different ages (Fig. 2).
Each till bed was deposited by ice moving in different direc-
tions (Hirvas 1981, Hirvas and Nenonen 1987). Boulders
and finer grains of ore material found in till may have
experienced multiple episodes of glacial and glaciofluvial
transport. This has been termed ‘‘complex transport’ by
Hirvas et al. (1977).

A factor of equal importance is that the older till or
sorted material may cover and protect the ore subcrop. In
such cases, the youngest till bed has not received any ore

Younger till
Older till
Sand and gravel

et

Ml o subcrop
[*2] Ore boulders
—

Direction of glacier flow

material from the source rock, and any ore material it con-
tains has been redeposited and diluted from the older till
(Fig. 2 B) (Hirvas 1981).

In 1979, the Geological Survey set up a Quaternary
research group to serve exploration in its Department of
Quaternary Geology. The regular staff of the group com-
prises three geologists and one research assistant. For the
field season, five geology students and an excavator are
hired. The annual budget of the group is about $250 000
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Figure 1. Finland within the area of the Scandinavian ice
sheet. The maximum Weichselian boundary is also shown.

Figure 2. Schematic drawing of the topo-
graphic control of glacial erosion of an ore
subcrop (A) and complex transport of ore
boulders (B) (From Hirvas 1981, Fig. 1).




COLLECTION OF SAMPLES
for geochemical,
microfossil etc analysis

gramn size,

DISCOVERY OF TARGET MINERALIZATION !

> RECONNAISSANCE VISIT TO STUDY AREA

DISTANCES

stone counts

vertical position of indicator boulders

CETERMINATION OF TRANSPORT

heavy mineral analysis
roundness, quantity and

|
]

COLLECTION OF BACKGROUND MATERIAL
DIGGING OF EXPLORATION PITS

EXTENDED DIGGING OF EXPLORATION PITS

DIRECTIONS

o

—

J—

DETERMINATION OF ICE FLOW
glaciotectonic structures
drumlins, flutings, and

other orientated glacial
forms

till fabrics
striae

SELECTION OF STUDY AREA

Figure 3. Flow chart for practical indicator tracing applied in Finland in an area of moderate or thin glacial sediment cover.

INTERPRETATION OF GLACIAL STRATIGRAPHY AND
GENESIS. CONSTRUCTION OF PROBABILITY SECTOR

OBSERVATION ON GLACIAL STRATIGRAPHY
physical properties: structure, texture,

compactness, stoniness, color,
dominant clast size, roundness of

clasts

US, i.e. approximately 1 % of the amount of money spent
annually for exploration in Finland. The group investigates
the origin of ore boulders and geochemical anomalies by
utilizing glacial geology. The group works in collaboration
with the Exploration Department and the Geochemistry
Department. The procedure used by the research group in
exploration work is described below, and presented sche-
matically in Figure 3.

METHODS OF STUDY

Field work begins by the digging of exploration pits at the
sites where geochemical anomalies or ore boulders have
been discovered. In each pit, the glacial stratigraphy and the
directions of glacial flow are studied, and the transport
distance of ore boulders is estimated. A typical exploration
pit is four to five metres deep. If necessary, pits can be
deepened to seven metres. To unravel the stratigraphy as
much data as possible is gathered. For each till unit, physi-
cal properties such as colour, structure, and grain size distri-
bution are noted. Compactness, stoniness, clast size, and
average roundness of the clasts in the till, are noted on a
scale from one to five, where one represents the lowest and
five the highest degree of each property (Hirvas et al.,
1976).

In each till unit, clast orientations are measured, pebble
lithologies are identified, and heavy minerals are deter-
mined. Samples for trace metal and grain size analyses are
taken. In this way we try to ascertain which of the till units
in the stratigraphic sequence are only variations of the same
till bed, and which are till beds of a different age, deposited
during other glacial phases.

The directions of glacial flow are determined from till
fabric analyses, striae, and streamlined landforms (Fig. 4).
The distance of glacial transport of the ore boulders is esti-
mated from pebble counts, and from the frequency of ore
boulders, their number, size, roundness, and stratigraphic
position (i.e., their vertical distribution) within the till bed.

Recent investigations have proven that the heavy mineral
content of the till can be a very useful tool for estimating
the distance of ore boulder transport. When the heavy
mineral fraction of the till contains an abundance of the same
ore minerals as the boulders that are being traced, the boul-
ders proved to be from a short distance, i.e. between some
tens of metres and some hundreds of metres away. On the
contrary, when the heavy mineral fraction of the till was
lacking the minerals of the ore boulders, the boulders came
from far away, i.e. up to kilometres away.

BOULDER TRACING

With data on the genesis and transport direction of the till
bed that contains ore boulders, the probability sector of gla-
cial transport for the boulders is defined and drawn on the
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map (Fig. 4). The sector delimits the area where the source
rock of the boulders is most likely to be found. This, of
course, implies that the determinations of the direction of
glacier flow are correct, and that the ore boulders were only
transported by the glacier flow in question.

Since boulder trains and concentrations are often discon-
nected and of irregular shape, the probability sector is
drawn from the so-called proximal boulder, which is the far-
thest up-ice boulder of the train. Often the back limit of the
sector can also be defined, i.e. there are petrological or
geophysical reasons why the boulders in question cannot
originate from certain bedrock areas.

After delimiting the probability sector, further investiga-
tions are carried out inside the sector by digging exploration
pits from the proximal boulder towards the direction from
which the ice sheet advanced. If the boulder train or the
probability sector is narrow or the boulders are assumed to
be local, exploration trenches are dug completely across the
probability sector. This is to make sure the boulder train is
found, even if it is narrow, in which case it might not be
discovered with the normal pattern and spacing of explora-
tion pits.

VIITASAARI, Niinilahti

= TEST PIT
= HIGH Zn-CONTENT IN TEST PIT

= Zn-MINERALIZATION N BEDROCK
= Zn-0ORE BOULDERS IN TEST PIT

=PROXIMAL BOULDERS AND PROBABILITY SECTOR

MAGNETIC ANOMALY

Based on the distribution of ore boulders and heavy
minerals in till, the test pits are systematically located
towards the subcrop. Closer to the subcrop the boulders
become more frequent, larger, and less rounded, and they
are found progressively deeper in the till bed being traced.
When there are no more boulders in the same till bed, dig-
ging has proceeded beyond the subcrop. At that stage, either
a row of pits or a trench is dug in the direction of glacial
transport, until the subcrop is found. The subcrop is usually
found by digging, in areas of thin drift. In areas of thick sur-
ficial deposits, the subcrop is delimited to as small an area
as possible, where it can be found by further investigations,
such as drilling.

DETERMINATIONS OF HEAVY MINERALS IN
TILL SERVES BOULDER TRACING

The use of heavy minerals in till for guiding tractor excava-
tions has given very encouraging results. Frequently, gla-
cial erosion of small ore subcrops produces only a limited
number of boulders, which are hard to find. It is difficult,
and sometimes impossible, to find ore boulders below the
groundwater table where till is wet and liquefies when dis-
turbed. This means that ore boulders may exist in some
exploration pits but have simply not been found.

Figure 6. Typical example of the distance
between proximal boulder and source rock. The
proximal boulders of the zinc boulder train at
Niinilahti, Viitasaari, have surfaced about 400 m
from their source (From Hirvas & Nenonen 1985,
Fig. 1).



On the other hand, the till matrix contains ore minerals
from the subcrop, provided that they have not been
weathered or dissolved completely. These so-called ‘‘mini
boulders’ are reliably obtained from the heavy mineral
fraction of the till.

The method is suitable for the tracing of oxide ore
minerals and native gold, as well as some sulfide minerals,
such as galena and chalcopyrite.

The great advantage of the heavy mineral determinations
compared with, for example, determinations of the trace
metals in till, is that analyses can be done quickly in the
field. The results are available only one or two hours after
a pit is excavated. We can draw far-reaching conclusions
regarding the distance to the source rock on the basis of the
number, size, and roundness of the heavy mineral grains.
In this way, heavy mineral determinations can be used
immediately to guide the siting of exploration pits.

The concentration of heavy minerals from till is always
done on a standard size sample (12 litres) in order to make
the results comparable. In the past, the concentration was
done manually by panning, but nowadays a mechanical
spiral gold panner is used.

The study of the heavy mineral content in till is an impor-
tant method in northern Finland. For vast areas of this
region, the bedrock, in places 100 m below the ground sur-
face (Virkkala, 1955), consists of completely loose, pregla-
cially weathered rock. In such areas, the surfaces of ore
subcrops are totally weathered, and as such no boulders can
enter the till from them. Instead, the ore indications are
traced in the finer fractions by heavy mineral determinations
or by geochemical methods.

OTHER AIDS OF BOULDER TRACING

Inside the probability sector, it is possible to speed up and
guide the pattern and locations of excavations. It is possible
to draw a new sector, narrower than the former one, in order
to delimit further investigations (Fig. 5).

Sometimes the petrophysical properties of the boulders,
e.g. magnetism or electrical conductivity, are such that their
source rock may be assumed to cause a definite geophysical
anomaly. In such cases, pits may be dug directly over
geophysical anomalies which occur inside the sector
(Fig. 5).

Elevated bedrock areas in Finland typically have only
one till bed, deposited by the youngest glacial flow. Older
tills and sediments from ice-free intervals are found in bed-
rock depressions. There are cases where ore boulders are
found @nly in the youngest till in areas where an older till
bed is preserved in some bedrock lows. In these cases, the
source of the boulders is probably located in an elevated
bedrock area in the direction opposite to that of the most
recent glacial advance, where only the youngest till bed
covers the bedrock (Fig. 2A).

Evaluation of the topographgic position of the subcrop
on the basis of the stratigraphic position of the boulders has
proved to be a useful method. The method, called “*topo-
graphic control’’ (Hirvas, 1981), has been applied with suc-
cess at many boulder tracing sites.

6

CONCLUSIONS

The methods presented have been very useful in Finland.
During the last nine years, investigations by these methods
have been carried out at 57 sites. The source rocks of 45
boulder trains or geochemical anomalies have been located,
a success rate of 79 %.

The distance from the proximal boulder on surface to its
bedrock source was O to 1.4 km. In some areas with thin
till cover, the proximal boulders were directly over their
sources. In general, the proximal boulders have risen to the
surface or upper part of the till at a distance of a few hundred
metres, down-ice of the subcrop. For example, in a train of
zinc boulders at Niinilahti, Viitasaari, the proximal boulder
is 400 m away from the subcrop (Fig. 6).

In general, it takes the research group two or three weeks
to investigate one distinct concentration of boulders. The
unsuccessful cases are scattered single boulders on the sur-
face or in the upper part of the till, where no others have
been found by excavating. Even trace metal and heavy
mineral analyses have shown nothing at these sites. Some
of these isolated boulders have probably traveled to their
place of discovery by complex glacial transport, perhaps
over long distances. Some may have dropped onto the sur-
face of the till from icebergs during deglaciation, when a
great part of Finland was covered by the Baltic Sea.

The success of boulder tracing in Finland is due to a
number of factors. First, the Quaternary cover is so thin that
in most cases it may be penetrated by tractor excavator.
Second, the bulk of the till, including the distinct concentra-
tions of ore boulders, was transported only a short distance
by the ice.
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Tracing of uranium-rich boulders at Pahtavuoma,
northern Finland

Heikki Hirvas! and Kalevi Mikinen?

Hirvas, H., and Mdkinen, K., Tracing of uranium-rich boulders at Pahtavuoma, northern Finland; in
Drift Prospecting, ed. R.N.W. DiLabio and W.B. Coker; Geological Survey of Canada, Paper 89-20,
p. 7-12, 1989.

Abstract

A great number of uranium-rich boulders located in a number of separate boulder trains have been
found in Pahtavuoma area, northern Finland. The most extensive boulder train in the area lies to the
northeast of the known uranium subcrop, and is composed of over 400 uranium-bearing surface boulders
arranged in a broad but intermittent train following the youngest trend of glacial transport in the area.
A second train similar boulders rich in molybdenum and copper has been identified to the south of the
known mineralization. These are located in discharge sediments laid down as a result of an outflow from
a glacial ice lake situated northwest of the mineralization. A futher 120 uranium-bearing surface boulders
have been discovered about 700 m west from the known uranium subcrop. These differ in type from those
described above having low molybdenum and copper contents, and are arranged in a boulder train which
runs almost exactly north-south. The mineralization was found at the northern tip of this boulder train.

Résumé

Un grand nombre de blocs erratiques a forte teneur en uranium appartenant a des trainées de blocs
distinctes ont été trouvés dans la région de Pahtavuoma dans le nord de la Finlande. La plus longue
trainée de blocs se trouve au nord-est de l'affleurement d’uranium connu et se compose de plus de 400
blocs a teneur en uranium disposées a la surface en une trainée, large mais intermittente, suivant la
tendance de transport glaciaire la plus récente dans la région. Une deuxiéme trainée de blocs semblables
riches en molybdéne et en cuivre a été repérée au sud de la minéralisation connue. Ces derniers gisent
dans des sédiments de décharge d’un lac glaciaire situé au nord-ouest de la minéralisation. Une autre
trainée de 120 blocs de surface riches en uranium a é1é découverte a environ 700 m a l'ouest de l'affleure-
ment uranifére connu. Ces blocs différent des blocs des trainées précitées par leur faible teneur en molyb-
déne et en cuivre, et sont disposés en une trainée qui est orientée presque exactement dans [’axe nord-sud.
On a détecté la présence de la minéralisation a la pointe nord de cette trainée de blocs.

! Geological Survey of Finland, Department of Quarternary Geology, SF-02150 Espoo, Finland.
2 Geological Survey of Finland, Department of Quarternary Geology, P.O. Box 77, SE-96101 Rovaniemi, Finland.



INTRODUCTION

The Pahtavuoma site near Kittild is located in central
Lapland, in the center of the Scandinavian glaciation area,
about 140 km north of the Arctic Circle (Fig.1). The area
is located within the ice divide zone, where glacial erosion
has been slight. This is reflected by the abundance of pregla-
cial weathered bedrock and organic deposits underlying till
(Hirvas et al., 1977). In the area there are generally two till
beds of different age, deposited from different directions
(Fig. 2). The older till was deposited from the northwest
(320 to 340°) and the younger one from the south-southwest
(200 to 220°). The till cover of the area is thin, generally
only 0.5 to 3.0 m thick. During the last deglaciation there
were glacial lakes in the region (Kujansuu, 1967) which dis-
charged to the southeast and south as the ice receded to the
southwest.

Ore prospecting in the Pahtavuoma area began with the
search for copper ore by the Outokumpu company (Inkinen,
1979). In connection with that work, molybdenum- and
copper-bearing uranium mineralization was found (Fig. 3).
A low-altitude airborne survey carried out by the Geological
Survey found a radiometric anomaly northeast of the miner-
alization. When it was checked, a great number of uranium-
rich boulders were found in the investigation area (Fig. 4).
They form several different boulder trains, whose source
rocks all have now been located.

BOULDER TRAINS

The most extensive boulder train in the area lies northeast
of the known uranium mineralization (Fig. 4). The train
consists of over 400 uranium-bearing surface boulders,
which form a wide but intermittent boulder train. It is
1.9 km long and 500 m wide. The boulder train reaches its
greatest boulder density at a distance of 900 to 1000 m from
the known mineralization. After this point, the boulder den-
sity drops clearly and the form of the boulder train becomes
scattered.

Because there were separate concentrations of boulders
in this boulder train, it had to be clarified whether all the
boulders of the train originated from the uranium minerali-
zation already known, or from several different sources.
For this purpose, 38 test pits were dug by tractor excavator
into the boulder train, and about 70 new uranium-bearing
boulders were found. All the boulders were found in the
younger till, which was deposited from the south-southwest.

The direction of glacial flow according to the results of
till fabric analyses and orientation of striae is south-
southwest towards north-northeast, which supports the idea
that the boulders originate from the known mineralization.
Except for 20 boulders in the north-northeast part of the
train, the boulders are of the same type (molybdenum- and
copper-bearing) as the known mineralization. Because the
boulders form a continuous train from the known minerali-
zation, except in the peatlands, it is evident that the
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Figure 1. The location of Pahtavuoma and the greatest
extension of the Scandinavian ice sheet during the Weich-
selian glaciation. The arrows show the directions of ice flow
in the immediate vicinity of the study area during the late
Weichselian.
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Figure 2. Typical till stratigraphy of the Pahtavuoma area.
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Figure 4. The uranium-rich boulders found in the area and the uranium mineralization
found by the Outokumpu company. (1 = uranium-rich boulder, 2 = uranium mineraliza-
tion, 3 = peatland, 4 = lake)
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Figure 5. Schematic drawing of the stratigraphic position of the uranium-rich
boulders in the younger till from the mineralization in the direction of glacial flow.
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large boulder train (high in molybdenum and copper). (1 = uranium-rich boulder from
local mineralization, 2 = local mineralization, 3 = local boulder train. Other symbols

explained in Fig. 4.)
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Figure 7. Schematic drawing of the stratigraphic position of uranium-rich boulders
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eroded away the younger till from the mineralization (cf. Fig. 5).
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Figure 8. Transport of uranium-
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glacial lake, 2 = ice flow direction,
3 = ice margin, 4 = direction of dis-
charge. Other symbols explained in
Fig. 4.)




molybdenum- and copper-bearing boulders really originate
from this mineralization. This conclusion is also favored by
the stratigraphic position of the boulders. In the test pit
closest to the mineralization, which is 200 m north-
northeast of it, there are boulders only at the base of the
younger till, and farther away, in the direction of glacial
transport, there are boulders only in the surface part of the
same till bed, which shows the shearing effect of the glacier
(Fig. 5).

In the north-northeast part of the boulder train, there are
twenty uranium-rich boulders with a low content of
molybdenum and copper, differing from the main type of
the train. Their source rocks were traced separately. Investi-
gations showed these boulders to be quite local, and their
source rock was only a few metres away in the up-ice direc-
tion. The difference in directions of glacial transport is
probably due to the effect of Kolvakero hill (see Fig. 4) on
the local direction of ice flow. Therefore, inside the large
boulder train there is a small, local boulder train (Fig. 6),
where the direction of ice flow according to striae observa-
tions is 190 to 195°, somewhat differing from the main
direction.

South of the mineralization found by Outokumpu, there
is another concentration of boulders, which are of the same
type (with a high molybdenum and copper content) as in the
large boulder train just described (Fig. 4). The boulders
occur entirely within a deposit of sand and gravel on top of
the till (Fig. 7). The boulders are not rounded, which means
that the distance of transport was short. In the younger till
bed underlying the deposit of sand and gravel, no uranium-
rich boulders were found. The sand and gravel deposit was
formed during the deglaciation phase, when the glacial lake
west of Kolvakero was discharged (Fig. 8). The boulders
of this train did not travel with the glacier, but the discharge
waters from the glacial lake loosened the boulders directly
from the fissured and weathered surface of the ore outcrop
and deposited them in the discharge delta.

West of the main boulder train (Fig. 4), 120 uranium-
bearing surface boulders were found. They represent a type
that differs from the uranium-rich boulders of the trains
mentioned before. The molybdenum and copper content of
these boulders is low. The boulders form a train aligned
almost north-south with a length of 450 m and a width of
only 50 m. In the test pits that were made into the train, a
great number of new uranium-rich boulders were found. All
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boulders are located in the discharge sediments of the ice-
dammed lake. No uranium-rich boulders were found in the
younger or in the older till bed found under the discharge
deposit. The stratigraphic position and mode of transport of
the new boulders correspond to those of the train in
Figure 8, that is, the boulders have been transported only
by the waters of the discharging glacial lake (Fig. 9). The
northern end of the boulder train is on the mineralization
that was found in connection with the boulder tracing. In the
northern end of the boulder train, near the mineralization,
the boulders are considerably larger and more angular than
in the southern end.

SUMMARY

In the area of Pahtavuoma there are boulder trains and con-
centrations formed by both glacial transport and discharge
waters. The glacial transport was towards the north-
northeast, while the flowing water transported the boulders
in an entirely different direction, from north to south.

The uranium mineralization located by Outokumpu has
yielded two boulder trains, one of them formed by the youn-
ger glacial transport and the other by the waters discharged
from the ice-dammed lake. In the distal part of the largest
boulder train a small occurrence of uranium mineralization
was found, which has yielded a small local boulder train
inside the main train.

In the Pahtavuoma area, locating the source rock for the
uranium-rich boulders was facilitated by different factors:
thin Quaternary cover, the directions of glacial transport are
clear, the distances of transport are short, and the boulders
are easy to identify because of their radioactivity.
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Abstract

The transportation distance and mode of deposition of garnets from known source rocks were studied
in the 1-0.5 mm size range on nine traverses in the esker systems crossing the Salpausselkd I and Il end
moraines.

The highest garnet values were found within 8 km of the source area. The garnets can be traced over
a distance of 79.5 km extending from the source area to the Gulf of Finland, where some garnets still
remained in the last sample site, having been concentrated by littoral processes. The highs were regis-
tered in the Salpausselki end moraines, especially Salpausselkd 11, while low values occur 1 to 2 km
up-esker from Salpausselkd Il. The Salpausselki end moraines and eskers differ in their behavior with
respect to garnet concentrations. The high-low variation in the garnet content between sampling sites
results from the rhythm of deglaciation.

Résumé

La distance de transport et le mode de mise en place des grenats provenant de roches meéres connues
ont été étudiés, dans la fraction granulométrique de 1 a 0,5 mm, le long de neuf cheminements dans
les systemes d’eskers qui recoupent les moraines de Salpausselkd I et IL.

La plus forte concentration de grenats a été trouvée a moins de 8 km de la région mére. Les grenats
peuventétre suivis sur une distance de 79,5 km depius la région mere jusqu’au golfe de Finlande ou on
a noté la présence de quelques grenats, concentrés dans la derniere zone d’échantillonnage sous ’action
de processus littoraux. Les fortes concentrations ont été relevées dans les moraines de Salpausselki,
notamment Salpausselkd 11, tandis que les trés faibles concentrations se trouvent a 1 ou 2 km en amont
des eskers, a partir de Salpausselkia Il. En ce qui a trait aux concentrations de grenats, les moraines
et les eskers de Salpausselkd présentent des caractéres fort différents. Les variations de fortes a faibles
des concentrations de grenats d’un point d’échantillonnage a l'autre sont fonction du rythme de la dégla-
ciation.

' Geological Survey of Finland SF-02150 Espoo, Finland.
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INTRODUCTION

The purpose of the study was to determine the distances of
glacial transportation and mode of deposition of garnets
from known source rocks, in order to understand better the
sedimentation of glaciofluvial deposits as well as to assist
mineral exploration. Previous work in the same context had
been done by Lee (1965) in Canada.

Garnet was chosen as the indicator mineral because it is
hard, resistant to abrasion and easy to identify. A suitable
area for the study was found in southeastern Finland
(Fig. 1), where the rapakivi granite does not contain garnets
but is surrounded by a large area of garnetiferous rocks. The
rapakivi granite area in southeastern Finland is extensive.
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Ice flow direction

Wiborg rapakivi granite
batholith and the satellitic
rapakivi granite batholiths

\ Esker systems including
. short ice- marginal standstills

§ Border of Finland and USSR

Figure 1. Generalized geological map showing bedrock
(Simonen, 1980), (Salpausselka |, Ss |, and Salpausselka I,
Ss 1l), esker systems including short ice-marginal stillstands
(Kujansuu and Niemel&, 1984) and main ice-flow directions
during the last Weichselian glaciation (Geological Survey of
Finland, 1986).
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The Wiborg batholith is about 18 000 km?, the Ahvenisto
batholith 242 km? and the Suomenniemi batholith is 365
km? (Vorma, 1976). Eskers of the Weichselian glaciation
are abundant in the area, providing deposits that are easy
to sample.

GLACIOFLUVIAL DEPOSITS
AND THE SEDIMENTS

The most prominent landforms of Weichselian age are the
Salpausselkd I and II (Ss I and Ss II) end moraines running
west to east across the study area (Fig. 1). The eskers join-
ing them have a roughly north-south trend, varying from
southeast to southwest. In the Salpausselkd I foreland, the
trend is the same. The eskers can be followed to the Gulf
of Finland. Between Salpausselkd I and II, low-lying esker
deltas indicate brief ice-marginal stillstands (Saarnisto,
1982). The eskers have some tributaries and contain ridges
of different lengths and small separate hills. Salpausselké I
and II form ridges and marginal plains, sandur deltas and
esker deltas. In the Salpausselkd I foreland, some separate
hills of glaciofluvial deposits show brief ice-marginal still-
stands; hence the eskers are not very uniform (Tynni,
1985).

Figure 2 shows nine traverses along the assumed flow
directions of the glaciofluvial streams. Especially in the Ss I
foreland, some of the traverses cross hills and ridges of two
or three esker systems (J. Niemeld, pers. comm., Tynni
1985).

According to Saarnisto (1982), Salpausselka II and most
of the higher parts of Salpausselkd I are supra-aquatic,
whereas many of the lower plains are shore terraces. The
highest parts of the esker ridges in the Salpausselki II hin-
terland and in the area between Salpausselkd I and II are
supra-aquatic, but their slopes contain shore terraces
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Figure 2. Traverses 1-9. See Fig. 1.



(H. Rainio, pers. comm.). In the Salpausselkd I foreland,
widespread sandy-silty areas occur in the vicinity of eskers.
Most likely they were originally glaciofluvial, but littoral
forces have reworked them (Valovirta, 1972).

Typical sedimentary structures of eskers and esker deltas
occur. The Salpausselkids were formed during three stages
in the glaciofluvial environment, by a readvancing ice sheet
and by littoral processes (Hyyppd, 1951, cf., Saarnisto,
1982). The proximal glaciofluvial sediments of the ice-
marginal formations of Salpausselkd I and II are in many
cases till-covered, and the distal part regularly contains fine-
grained sediments with cross-bedding and ripples.

The grain size of the sediments varies from cobbles, peb-
bles, gravel and sand to silt; usually there is a mixture of
these grain sizes. According to the inventory of the gravel
and sand resources of Finland done by Geological Survey
of Finland (Kurkinen and Rainio, 1972, Koho, 1973), the
glaciofluvial sediments in the study area are mainly fine-
grained, especially in the Ss I foreland. Seismic soundings
indicate the thickness of the deposits to vary in the eskers
from a few metres to 20 m and in the Salpausselkis up to
100 m.

The area lies between 0 and 159 m a.s.l. with a relief
of 10 to 20 m. The land uplift in the area is at present 2 to
3 mm/y (Kakkuri, 1987). The elevations of the sample sites
within the glaciofluvial deposits vary from 15 to 130 m
a.s.l. for the eskers, from 80 to 115 m a.s.l. for Salpaus-
selkd I and from 85 to 125 m a.s.l. for Salpausselkd II. The
supra- aquatic area lies over 120 m a.s.l. in the hinterland
of Salpausselkd I (Hyyppa, 1966).

BEDROCK GEOLOGY AND OCCURRENCE
OF GARNETS

The study area is underlain by Precambrian bedrock, which
belongs mainly to the postsvecokarelidic Wiborg rapakivi
granite batholith, including the Ahvenisto and Suomenniemi
rapakivi granites, with the gabbro-anorthosite surrounding
the Ahvenisto rapakivi granite as a horseshoe arc (Fig. 1).
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Figure 3. Coarse grained sediment, consisting of cobbles,
pebbles and gravel. Compass 12 cm in length.

These rocks are devoid of garnets. The surrounding rocks
to the north, northwest and west of the rapakivi granite area
belong to the so-called Savo schist area, of the Precambrian
Svecokarelidic orogenic belt, which includes garnetiferous
metapelitic rocks like granite, mica gneiss, cordierite gneiss
and quartz-feldspar gneiss (Simonen and Lehijérvi, 1963,
Simonen and Tyrvidinen, 1965, 1981, Simonen, 1965,
1975, 1978, 1980, 1982, Lehijarvi and Tyrvainen, 1969 and
Tyrviinen, 1986). The granites and mica gneisses are rich
in garnets, with grains ranging in size from less than 0.5 mm
to 2 cm in diameter. The garnet content in the rocks sur-
rounding the Ahvenisto batholith varies between 1.1 and
4.2 % (Savolahti, 1956) while farther to the north, it varies
between 0.7 and 4.1 % (Simonen, 1982).

The terrain is undulating. The bedrock is very well
exposed in places, mainly in the Salpausselki II hinterland.
The well-exposed zone extends about 35 km north of this
moraine (Kujansuu and Niemeld, 1984). According to
Lundqvist (1987), this exposure area could be caused by
glaciodynamic factors conducive to erosion. In other parts
of the study area, good exposures are also common, except
in the Salpausselkd end moraines.

METHODS
Field methods

Samples from 481 sites along nine traverses were collected
over an area of 8 400 km? along the esker systems and the
end moraines, Salpausselkd I and Salpausselkd II (Fig. 2).
Gravel pits were used for sampling, where available ; other-
wise pits were dug and samples taken at a depth of one
metre. Samples were collected from the cores of the eskers,
avoiding slopes where shore accumulations commonly
occur. Samples were collected from the upper or basal por-
tion of the gravel pits above ground-water level. The
material collected varies in grain size. The ‘‘coarse
material’’ discussed in this paper consists predominantly of
cobbles, pebbles and gravel, but the ‘‘fine material’’ con-
tains a certain amount of gravel and/or sand (Figs. 3 and 4).

Figure 4. Fine-grained sediment, consisting of gravel and
sand. Compass 12 cm in length.
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Samples were sieved in the field to minus 4 mm; 10
litres of this material were then panned in the field in prepa-
ration for laboratory treatment. During sieving, 200 peb-
bles, ranging in size from 2 to 10 cm, were collected from
106 sampling sites for pebble counts. If the sample did not
contain fragments over 2 cm, pebbles were collected else-
where in the gravel pit, if available.

Laboratory methods

The minus 4 mm panned concentrates were dried at 80° C,
and sieved into 4 to 2 mm, 2 to 1 mm, 1 to 0.5 mm and
< 0.5 mm fractions. The heavy minerals of the 1-0.5 mm
fraction were further isolated with bromoform (s.g.
2.810 to 2.830). The light and heavy fractions were then
weighed. The magnetite was separated with a small hand
magnet and the nonmagnetic heavy mineral fractions (here-
after ‘‘heavy mineral fraction’’), were weighed.

Three hundred grains of heavy minerals, in the 1 to
0.5 mm size range, were split from each sample, the garnets
were identified and counted using a binocular microscope,
and the percentages calculated. Other fractions were kept
for future studies.

GARNETS IN THE GLACIOFLUVIAL
SEDIMENTS

In the 1 t0 0.5 mm fraction, garnets occur as mineral grains
or as grains in rock fragments. The most common garnet
is an almandine (s.g. = 3.93 t0 4.32, Deer et al., 1982, and
Mineral Data of Finland, Geological Survey of Finland,
Petrological Department). Its colour is mainly pink. Some
red garnets have been found. Based on microprobe analyses
(B. Johansson, Geological Survey of Finland), all the grains
are almandine, with different chemical compositions. Near
the contact with rapakivi granite, the range of MgO (5.0 to
5.3%) and MnO (0.1 to 1.0 %) in the metapelitic garnets
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is significant (Korsman, 1977). The almandine grains are
mostly angular and very angular, some being subangular
and subrounded (Fig. 5). Some euhedral almandines as well
as broken rounds have been found (Pettijohn, 1975).

DATA AND DISCUSSION

The transport and deposition of garnets in the 1 to 0.5 mm
fraction have been studied along nine traverses in the esker
systems, except in the Ss I foreland, where the gravel pits
available for sampling may represent two or three different
esker systems (Fig. 2). The traverses cross the Salpaus-
selkd I and II end moraines. Along the longest traverse, the
garnets can be traced over a distance of 79.5 km.

The transport and deposition of garnets from the source
area into the non-garnetiferous rapakivi granite area will be
discussed in detail for traverses 2, 3 and 7 (Figs 6, 8 and 9).
A summary of all traverses will be given in the conclusions.
As regards their bebavior, the garnets can be divided into

Figure 5. Garnet grains of almandine type in the size
range of 1 to 0.5 mm. Colour is pink. Photo: J. Vaatéinen.
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Figure 6. Transport of garnets along traverse 2.
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five groups: 1) the glaciofluvial systems (mainly esker
chains) in the Salpausselké II hinterland ; 2) Salpausselka II
(Ss 1I), 3) the glaciofluvial systems (mainly esker chains in
the area between Salpausselkd II and I); 4) Salpausselkd I
(SsI); and 5) the glaciofluvial systems (mainly esker
chains) in the foreland of Salpausselké I.

The Traverses
Traverse 2

The garnet source area of traverse 2 (Fig. 6) is the large
garnetiferous bedrock area, cut for a short distance by
gabbro-anorthosite, which is devoid of garnets. The length
of the traverse beyond the source area (from the contact of
the rapakivi granite) is 79.5 km.
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Figure 7. Transport of rocks along traverse 2.
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As might be expected, the percentage of garnets in the
glaciofluvial deposits in the garnetiferous bedrock area is
high, up to 17 %, but values as low as 1 % were also found.

In the Ss II hinterland, 5.4 to 7.5 km down-esker from
the source area, the percentage of garnets is 5 to 6.3 %.
Within 1 km up-esker from Ss II, the garnet content has
decreased to only 2 %. This is also the case along other
traverses. In Ss II, the garnets show highs of 10 to 10.7 %,
though values of 3.7 to 6.3 % were also found. Between
Ss IT and Ss I, the percentages have fallen to 0 to 3.7 %;
Ss I has a high of 8.3 % and low values of 0.7 t0 2.7 %.

Down-esker from Ss I, the garnets have decreased to
constant low percentages, O to 3%, though as far as
79.5 km from the source area, at the end of the traverse,
a surprising high of 3 % occurs. The most probable explana-
tion for this is that the area in the Ss I foreland, 15 to 65 m
a.s.l., was covered by postglacial seas and lakes (Hyypp4,
1966, Valovirta, 1972). The concentrating influence of the
littoral processes, although slight owing to their brevity
(. Donner, pers, comm.), may have affected the garnet
percentage.

Pebble counts (Fig. 7) from the glaciofluvial deposits
along the traverse show that non-garnetiferous rocks
(rapakivi granite and gabbro-anorthosite) appear (6 %) in
the eskers at a distance of 8 km from the contact of these
rocks. At 10 km, the content of these pebbles increases to
66 %, and at 20 km they predominate (90 %). Whereas the
non-garnetiferous rocks have increased, the garnetiferous
rocks have decreased. These rocks were crushed and
abraded faster than the garnets in the fine grain sizes, as is
well known from till transport studies (Perttunen, 1977).
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Figure 8. Transport of garnets along traverse 3.
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Traverse 3

In the garnetiferous bedrock area, the garnets (Fig. 8) are
abundant (12.3 to 33.3 %) in the glaciofluvial deposits, but
a low value, 1.3 %, was also found. Down-esker from the
source area, the lowest value (5.3 %) lies within 0.5 km of
Ss II. Ss I has a high of 10.7 % as well as a lower percent-
age, 4.7 %, in the distal portion. Between Ss II and Ss I, the
garnets have decreased to 1.7 to 2.7 %. Again, there is a
high 0of 5.3 % in Ss T and low values 0f 0.7 to 1.3 %. Down-
esker from Ss I, the garnets are 1.7 to 2 % and the traverse
ends with the garnet content down to zero. Evidence from
other traverses indicates that this does not represent final
transport and deposition, but rather the normal high-low
variation between sample sites.

Traverse 3 exhibits features similar to traverse 2 and
they represent the western part of the area studied.

Traverse 7

The traverses (Fig. 9) of the eastern part of the area studied,
differ from those in the western part. The first two sample
sites on traverse 7 are situated in the distal portion of the
Suomenniemi rapakivi granite batholith, 10.5 to 11.6 km
from its contact. The garnets, having been transported at
least 10.5 km, represent 3.7 to 11.3% of the grains
counted. In the following 4 km of garnetiferous bedrock,
the garnets have increased to amounts of 18.7 % in a narrow
esker. After a decrease to 5% in the rapakivi granite area
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1 km up-esker from Ss II, the high in Ss II is 17.7 %. This
is almost the same content found in the eskers in the gar-
netiferous bedrock area. Ss II has one garnet content of only
1 %. Very low garnet percentages and a high-low variation
between Ss II and Ss I can be noted along the traverse. In
the middle of the traverse, between Ss II and Ss I, the
behavior of the garnets is different from that observed along
the traverses in the western part of the area. The garnet con-
tent increases, although the distance from the source area
increases. An exceptional increase of garnets to 8 % occurs
in a small ice-marginal esker delta and continues down-
esker with amounts of 8 to 8.3% in the Ss I foreland.
According to the pebble counts, rapakivi granite (the non-
garnetiferous rock) predominates at the site where the per-
centage of garnets has increased (Fig. 9). This shows the
difference in the behaviour of the fractions in transport and
deposition. The Ss I sample site on this traverse is not a high
in garnets.

According to some researchers (Hyyppéd, 1951, Rainio,
1985), the Weichselian ice sheet had retreated inland before
readvancing and depositing Salpausselkd I. The eskers in
the Ss I foreland and some in the hinterland were formed
by the ice sheet that retreated inland before Ss 1 was
deposited. This behaviour does not explain all the high gar-
net contents starting in the mid-hinterland of Ss I on the
eastern traverses (Fig. 9). The explanation has to be found
in the glacial geology — especially the glaciodynamics of
the ice sheet (Drozdowski, 1985, Lundqvist, 1987), which
has not yet been studied.
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CONCLUSIONS

The percentages of garnets in the samples from the nine
traverses, in relation to the distance from source area, are
shown on Fig. 10. They exhibit a distinct high, close to the
source, and a stepwise decline away from it. A simple model
of garnet transport has been derived from this diagram
(Fig. 11), in which three levels of garnet abundance are
identified and explained.

High garnet contents (11.0 to 40.0 percent) occur within
8 km of the source. At its widest, this zone extends to Ss 1I,
which shows a high in every case. This shows the concentra-
tion of heavy minerals during stillstands of the ice sheet. The
Salpausselkd moraines and eskers differ with respect to their
garnet concentrations. Glaciofluvial sedimentation plays an
important role, as shown by Shilts (1984). However, low
contents are also common in the eskers and Salpausselkis.
This high-low variation in the garnet content between sam-
ple sites (Figs. 6, 8, 9) can be attributed to the fact that the
amount of sediment transported and deposited varied greatly
in accordance with the rhythm of deglaciation. There is a
difference in the transport and deposition mechanism of the
till and glaciofluvial deposits.

Intermediate garnet contents (highs in the range of 3.0
to 11.0 percent) occur between Ss II and I. From Ss II, in
the high-abundance zone, the percentages drop steeply
between 8 and 37 km from the source area. Low and zero
contents are also common. Ss I, where this zone ends on
western traverses 1 to 4, shows the lowest peaks for the most
part. The intermediate level continues exceptionally on east-
ern traverses into the Ss I foreland.
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in Fig. 10.

Low garnet contents (3.0 to zero percent) are found
between 37 and 79.5 km from the source area in the Ss I
foreland.

The data gathered from this study permit some broad-
scale applications to sedimentologic questions, in particular
to variations in garnet contents with grain-size (in coarse
sediments, 20 cm to 2 mm, vs. fine sediments 6 mm to
0.2 mm), as well as variations in the depth of deposits. The
amounts of garnets 1.0 mm to 0.5 mm in diameter con-
tained in coarse and fine surficial sediments in relation to
distance from source area is shown in Figure 12. Close to
the source area, the coarse sediments have higher garnet
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contents than the fine ones ( <26 per cent vs. < 11 per cent).
At intermediate distances, the contents are the same in
coarse and fine sediments, whereas at >45 km garnets are
sparse or non-existent in the coarse but sporadic in the fine
sediments. This suggests a longer garnet transport distance
in fine sediments.

In basal sediments, the amounts of garnet do not seem
to differ markedly between coarse and fine sediments
(Fig. 13), although somewhat higher contents appear in
coarse sediments close to the source area.

Regarding the garnet content in the main eskers and a
few small tributary eskers, no significant differences were
found at similar distances from the source area.

Applied to practical exploration problems, this study
shows that large amounts of garnets (or minerals with a
similar specific gravity and hardness) indicate a close source
area. This is an expected conclusion. The converse is not
necessarily true; low contents are encountered close to the
source as well as distant from it. Initial discovery of a low
content should therefore be followed up by detailed studies
to establish the broader pattern of distribution.

In the light of the encouraging results obtained from the
study of garnet transportation, it is intended that further
studies including other heavy minerals will be carried out
in the future.
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Ice flow history and glacial dispersal patterns, Labrador!

R.A. Klassen? and F.J. Thompson?

Klassen, R.A., and Thompson, F.J., Ice flow history and glacial dispersal patterns, Labrador; in Drift
Prospecting, ed. R.IN.W. DiLabio and W.B. Coker; Geological Survey of Canada, Paper 89-20,
p. 21-29, 1989.

Abstract

Studies of drift composition and ice flow history in central Labrador demonstrate marked regional
variations in the shape and orientation of glacial dispersal trains. Dispersal trains vary from simple ’rib-
bons’ streamed down-ice from the bedrock source in the directions of last regional ice flow, to broad
fans, to complex ‘patches’ centred about the source. The variations relate directly to the regional history
of ice flow as recorded by streamlined glacial landforms and striae. Although drift composition may
predominantly reflect transport during the ‘last’ phase of ice flow, ‘older’ flow trends can also be signifi-
cant controls on dispersal patterns in surface drift. The record of ‘older’ phases of ice flow occurs on
outcrop surfaces protected from erosion during later flow, and is most commonly preserved where buried
by drift around the margins of bedrock exposures. The work emphasizes the need to develop programs
of mineral exploration by drift prospecting within the broader context of the Laurentide Ice Sheet and
regional ice flow history.

Résumé

L’étude de la composition des matériaux de transport glaciaires et de !’histoire de ’écoulement glaciaire
dans la région centrale centre du Labrador démontre qu’il y a d’importantes variations régionales de
forme et d’orientation au niveau des trainées de dispersion glaciaire. Ces derniéres vont de simples
“rubans’’ s’étendant dans le sens des glaciers depuis la roche mére dans les directions des écoulements
glaciaires régionaux les plus récents, a de larges éventails et des zones complexes centrées sur la source.
Les variations se rapportent directement a I’histoire régionale de ['écoulement glaciaire telle qu’en font
Joi la topographie et les stries du modelé glaciaire. Méme si la composition des matériaux de transport
glaciaires peut essentiellement indiquer que le transport s’est effectué au cours de la ‘‘derniére’’ phase
d’écoulement glaciaire, des écoulements ‘‘plus anciens’’ peuvent aussi influer considérablement sur la
dispersion en surface des matériaux de transport glaciaires. L'empreinte des phases ‘‘plus anciennes”’
d’écoulement glaciaire se retrouve sur les surfaces d’affleurements « protégées » de l’érosion pendant
une période d’écoulement plus récente et est en général mieux conservée sous les matériaux de transport
glaciaires autour des marges des affleurements du socle rocheux. L’étude fait ressortir le besoin de meitre
sur pied des programmes d’exploration minérale basés sur la prospection des matériaux de transport
glaciaires dans le contexte plus large que présente ['histoire de ['inlandsis des Laurentides et I’évolution
régionale de |’écoulement glaciaire.

! Contribution to the Canada-Newfoundland Mineral Development Agreement, 1984-1989.
Project carried by Geological Survey of Canada.
2 Geological Survey of Canada 601 Booth St., Ottawa, Ontario, K1A OES8.
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INTRODUCTION

Prospecting in glaciated terrain requires knowledge of ice
flow directions to trace indicators of mineralization to their
bedrock source. For large areas of Canada, however, the
history of ice movement is poorly known, particularly in
remote regions of the Canadian Shield. Flow directions
shown on the Glacial Map of Canada (Prest et al., 1968) are
based primarily on airphoto interpretation of streamlined
landforms, and portray late-glacial conditions that can differ
markedly from older trends. Older flow trends can be
important controls on drift composition and patterns of gla-
cial dispersal (see Veillette, 1986; Bouchard and Marcotte,
1986) and they are, consequently, of significance to mineral
exploration.

The Geological Survey of Canada has been developing
a Quaternary geological basis for mineral exploration by
drift prospecting in central Labrador as part of the Canada-
Newfoundland Mineral Development Agreement. The
work is designed to establish models of glacial dispersal that
illustrate the relationship between drift composition and ice
flow history. The models are based on dispersal trains der-
ived from distinctive bedrock sources and on the record of
striae on glacially polished bedrock surfaces. The area of
investigation extends >600 km from the ice sheet margins
along the Labrador coast to dispersal centres in central

Labrador-Quebec. Consequently, the patterns of glacial dis-
persal presented here represent a wide range of glacial
environments, and are well suited to illustrate the impor-
tance of glacial history to drift prospecting programs.

Previous work

Until aerial photographs became available during the late
1940’s, knowledge of ice flow in Labrador was based on
striae measured by Low (1896), who concluded that they
were the product of a shifting dispersal centre in Quebec.
More recently, the principal basis for interpretations of
regional glacial history has been glacially streamlined land-
forms (Prest, 1984; Dyke and Prest, 1987), which are a
record of the ‘‘last’’ imprint of the ice sheet. Collectively,
the landforms describe regional flow trends that originate
at a large ‘‘U-shaped’’ area centred about Ungava Bay with
its base in the Schefferville region. Between the arms of the
U, ice flow trends are convergent northwards towards the
bay, and outside of it they are divergent outwards, trending
east-northeast to east-southeast across central Labrador, and
south to southwest across central Quebec. The U has been
described both as the location of a major dispersal centre
of the ice sheet that was active throughout a significant part
of the last glaciation (Hillaire-Marcel, 1981), and of a resid-
ual centre developed only during late glacial conditions
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(Ives et al., 1975). The Labradorean Sector of the Lauren-
tide Ice Sheet is thought to have ‘* ...consisted of a number
of semi-autonomous dispersal centres which developed,
shifted and disappeared during the late Wisconsinan.”
(Prest, 1984, p. 23; Dyke and Prest, 1987). Whatever the
history of ice flow, Schefferville has been identified as the
area occupied by the last remnants of the ice sheet in
Labrador-New Quebec (Ives, 1960).

Detailed field studies have been concentrated in the
Schefferville region, due in part to the logistical support
available there (Henderson, 1959; Ives, 1960; Kirby,
1961,1966), and near Churchill Falls (Morrison, 1963).
Quaternary geological maps of eastern and central Labrador
illustrate the occurrence and orientation of streamlined land-
forms and serve as a guide to the ‘‘last’’ directions of glacial
flow (Fulton et al., 1980 a,b,c; 1981, Fulton, 1986).

Detailed examination of striae has revealed a history of
shifting ice flow across central Labrador that is far more
complex than that recorded by the streamlined landforms
and may represent flow during a significant part of the last
glaciation (Klassen and Bolduc, 1984 ; Thompson and Klas-
sen, 1986; Klassen and Thompson, 1987; 1988). The sig-
nificance of that complex history to drift composition is the
subject of this report.

Bedrock Geology and Physiography

The study area lies within the Canadian Shield, spanning
parts of the Grenville, Nain, Superior, and Churchill struc-
tural provinces, and includes assemblages of supracrustal
sedimentary and volcanic rocks (Fig.1) (Greene, 1974). The
supracrustal rocks comprise the Central Mineral Belt to the
east, and the Labrador Trough to the west, and they have
significant economic mineral potential (Ryan, 1984; War-
dle, 1982). The crystalline basement is lithologically com-
plex and includes quartzofeldspathic gneisses within the
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Figure 2. Striae associated with periods of ‘older’ ice flow
are commonly found on surfaces that are protected from ero-
sion during later periods of glacial flow. In Labrador, the
older record, as shown on the near surface, was found to dis-
play striking consistencies in trend over large areas, and is
considered to be the product of regional phases of ice flow
(GSC Photo 203810C).

Grenville Province, gneisses within the Nain and Churchill
provinces, and granites and gneisses within the Superior
Province (Ashaunipi Complex). Helikian anorthosite and
gabbro, and associated intrusive rocks, occur throughout
the Churchill, Grenville and Nain provinces.

The region occupies parts of the Laurentian and James
physiographic regions (Bostock, 1970), and is characterized
by the rough, undulating topography that is typical of much
of the Canadian Shield. Distinct physiographic characteris-
tics, however, can be associated with the dominant geologi-
cal features (Greene, 1974). Rugged highland plateaus are
associated with the Ashaunipi Complex, west of the
Labrador Trough, and with the Harp Lake Complex and
other Helikian intrusives. Distinctive linear ridges and val-
leys, with relief of 100 to 200 m, characterize the Labrador
Trough in the west and the Seal Lake Group in the central
part of the study area.

METHODS

Ice flow trends are based on the orientations of both large-
scale features, such as glacially streamlined landforms, and
small-scale features, such as striae and grooves on bedrock
surfaces. The sense of ice flow was determined from glacial
streamlining and crag and tail features (e.g. abraded ledges;
stoss and lee; rat tail striac) (Prest, 1983). The relative ages
of striae having different trends are based on cross-cutting
relations and the association of ‘‘older’’ striae with pro-
tected (lee) surfaces (Fig.2). Older striae occur rarely on
exposed surfaces, and are considered to have been abraded
from those surfaces during later periods of ice flow. Youn-
gest striae, which occur on the most exposed outcrop sur-
faces, are generally parallel with streamlined landforms and
reflect the same phase of ice movement. The relations used
to establish relative ages are illustrated by Prest (1983, Fig.
17a,b; p. 32), and have been used by Bouchard and Mar-
tineau (1985) in west central Quebec, and by Veillette
(1986) in the Timiskaming and Abitibi regions to determine
ice flow history.

Evidence of older flow trends is widespread throughout
central Labrador and can occur on surfaces that appear only
slightly protected from later flow (Fig.2). The older record,
however, is commonly buried on the flanks of outcrops and
is easily overlooked. Within the study area, its recognition
was facilitated by exposures created by road construction
along the TransLabrador highway, and by mining activities
in the Schefferville and Wabush areas. Elsewhere, digging
around the margins of exposed bedrock was necessary to
expose it.

The significance of striae in terms of ice flow history and
transport of debris cannot be reliably established by the
record on any one outcrop. Measurements obtained at
hundreds of sites, however, have demonstrated striking con-
sistencies in striae trends and relative age relations from site
to site over large areas. Despite the small size of the features
measured, they are considered to reliably represent large-
scale movements within the ice sheet in central Labrador
and to have a close linkage to drift composition and the
development of dispersal trains.
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DRIFT COMPOSITION

At more than 3,000 sites, till was collected for analysis of
lithological and geochemical characteristics, and a field
record was made of the occurrence and relative abundance
of erratics. The distribution of distinctive ’indicator’
erratics was mapped to establish distances and directions of
glacial transport, and to map glacial dispersal trains as
predictive models for mineral exploration. The term *‘indi-
cator’’ is used to describe erratics derived from bedrock that
is distinctive, either lithologically or geochemically, and is
well-defined in areal extent. Indicator erratics constitute an
important geological basis for mapping glacial dispersal
trains and identifying glacial transport directions because
they can be recognized at extremely low levels of abundance
(<0.1 % by volume) and are readily traced in the field. Esti-
mates of relative abundance derived both from qualitative
field observation and from quantitative determinations have
proven useful in defining dispersal patterns. Quantitative
analysis of lithology is based on the examination of the 4 to
5.6 mm size fraction (pebbles), and the proportions of litho-
logical categories are recorded as weight per cent.

Bedrock Sources of Indicator Erratics

Four distinct sources of indicator erratics, which are
described below, are presented to portray models of glacial
dispersal in Labrador (Fig. 3). The sources are areally large
(10-100 km?) and have contributed significant volumes of
debris to the ice. They are well suited to characterize disper-
sal patterns at scales of 10°s to 100’s of km. Mineral explo-
ration targets, in contrast, are generally much smaller, and
consequently the volumes of debris and recognizable dis-
tances of transport associated with them can be more res-
tricted. However, the overall configurations of trains
derived from smaller sources are expected to be similar to
those derived from larger sources, in the absence of local
topographic effects on ice flow.

Flowers River Igneous Suite

The Flowers River Suite (Fig. 4) comprises felsic volcanic
rocks and peralkaline granite intrusive rocks at the boundary
between the Nain and Churchill structural provinces, near
the Labrador coast (Hill, 1982). The dominant volcanic
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Figure 3. An interpretation of regional Phases of ice flow affecting central Labrador, based on striae
and drift composition. Directions of ice flow are indicated by arrows, and their relative ages by numbers
(oldest (1) to youngest (7)). Arrows are not shaded where later ice flow is superimposed on older. Solid,
narrow arrows indicate late glacial, minor phases of ice flow.
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lithology is a distinctive red to grey quartz feldspar por-
phyry characterized by deeply embayed phenocrysts, allow-
ing it to be distinguished from similar porphyritic phases of
the intrusive rocks. The porphyritic volcanic rock used as
an indicator erratic underlies an elliptical area of 50 km?.

Red Wine Complex

The Red Wine Complex (Fig. 4) underlies an arc 45 km by
15 km along the southern margin of the Central Mineral
Belt, between sediments of the Seal Lake Group and
gneisses of the Grenville Province. It comprises dismem-
bered lenses of agpaitic alkaline rocks within peralkaline
granitic rocks of the Arc Lake Suite (Curtis and Currie,
1981). The alkaline and peralkaline rocks are spatially
associated with peralkaline volcanic rocks of the Letitia
Lake Group (Thomas, 1981). The distinctive green and blue
agpaitic alkaline rocks are compositionally and visually dis-
tinctive and are used to define glacial dispersal patterns from
the Red Wine Complex.

70°

570 s

Montagnais Intrusive Suite

Martin Lake Rhyolite (Fig. 4) of the Montagnais Intrusive
Suite, a red feldspar porphyry, outcrops in the eastern part
of the Labrador Trough. Although its sub-cropping distribu-
tion may be more extensive than presently mapped
(6 km?), unmapped occurrences would lie along the
northwest- southeast strike of host rocks (R. Wardle, pers.
comm., 1987). The Martin Lake Rhyolite is characterized
by pink to white feldspar phenocrysts up to 0.5 cm in length
in a very fine-grained red groundmass. The rock is visually
distinctive, and easily identified against the dark coloured
mafic volcanic and gabbroic rocks that are characteristic of
drift in the eastern part of the Labrador Trough.

Nepheline Syenite

Three nepheline syenite plutons (Fig. 4), each of which is
less than 10 km?, outcrop in the Superior Province north-
west of Schefferville (Fumerton and Barry, 1984). The plu-
tons occur within an area 15 km by 15 km. The syenite is

58°
57°

BEDROCK SOURCES AND DISPERSAL TRAINS
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Figure 4. Glacial dispersal trains (indicated by patterns) derived from four distinct bedrock sources (indi-
cated by solid colour). The shape and orientation of the dispersal trains is the product of regional ice
flow history, as portrayed in Figure 3. A detailed map of dispersal from the Red Wine Complex is given
in Figure 5.
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coarse grained and contains nepheline, perthite and up to
15 % mafic minerals. Erratics of nepheline syenite exhibit
a distinctive lumpy or etched appearance, with nepheline
weathering recessively and perthite in relief.

ICE FLOW HISTORY

Glacial flow patterns demonstrated by the distribution of
erratics and by striae have been used to unravel a sequence
of events, referred to here as glacial ‘‘Phases’’, that repre-
sent large scale movement within the ice sheet, because of
the large areas (> 10 000 km?) that they influenced and the
glacial transport distances (>100 km) associated with
them.

No single outcrop or area can be used to characterize
regional ice flow history across central Labrador and a sum-
mary (Fig.4) has been constructed by establishing relations
among flow patterns characteristic of different subareas.

The Phases are assumed to represent events within the
course of the last glaciation (Wisconsin), although limited
stratigraphic evidence near Wabush (Klassen and Thomp-
son, 1988) indicates that the earliest Phases could be the
product of glacial events prior to the last glaciation (Wis-
consin).

Phases of ice flow that effected either all or large parts
of Labrador are presented from oldest to youngest.

Phase 1

Ice flow towards the northeast across most of central and
eastern Labrador originated from a dispersal centre south-
west of the Churchill River. Erratics that can only have been
transported during this Phase are rare, although debris from
the Red Wine Complex occurring east of Harp Lake Com-
plex represents an important exception. In that area, later
phases of ice flow appear to have had limited effect.
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Figure 5. Glacial dispersal of agpaitic rocks originating from the Red Wine Complex include a broad
‘fan’, originating at the bedrock source and extending up to 100 km eastward, and a narrow ‘ribbon’
originating 150 km northeast of the source and extending a further 70 km northeast. Within the fan,
elevated concentrations of indicator debris define a ‘core zone’ originated along the last direction of ice

flow.
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Phase 2

Ice flow toward the east-northeast, east-southeast and west-
southwest originated from a dispersal centre located within
or near the Labrador Trough. Phase 2 is considered to have
been predominant during the last glaciation and to have
extended across most of Labrador and eastern Quebec. The
dispersal centre controlling Phase 2 was first recognized by
the regional distribution of Labrador Trough debris within
areas controlled by later Phases 4,5,and 6 (Ives, 1960;
Peterson, 1965), and probably represents the southward
extension of the Payne Centre in northern Ungava
(Bouchard and Marcotte, 1986).

Phase 3

Flow was towards the east-southeast in the area north of
Smallwood Reservoir. Although locally important, the
regional significance of this phase is not clear for recon-
struction of the ice sheet, and its effects on glacial transport
cannot be distinguished reliably from either Phase 2 or late
glacial, topographically-controlled flow around the north-
ern margin of the Hamilton Uplands.

Phase 4

In eastern Quebec, flow was directed northwards off the
Ashuanipi Complex. Trough debris transported during the
earlier Phase 2 flow is an important component of till in the
area where Phase 4 flow is recognized, despite erosion by
ice during the latter event.

Phase §

Flow was to the north-northwest, south, and south-southeast
from the Schefferville region. Ice flow associated with
Phases 4 and 5 defines regional patterns that are convergent
northwards towards Ungava Bay and appears to have been
initiated during late glacial time. South of Schefferville,
northward flow of Phase 5 is matched by southward flow,
and the zone between could define the location of a dispersal
centre operating during late glacial time.

Phase 6

A locally dominant phase of eastward ice flow originated
within highlands underlain by the Ashuanipi Complex and
extended across the Labrador Trough. Although significant
amounts of crystalline debris from the Complex were trans-
ported into the southern part of the Trough, some Trough
debris transported westward during Phase 2 remains as a
rare component of till on the highlands where Phase 6 origi-
nated. The eastward extent of this Phase is not clear and
east-southeast flow identified south and east of the Small-
wood Reservoir may be related to Phases 2, 3 or 6.

Phase 7

In the Labrador Trough, this last phase of ice flow was
towards the northeast, in a direction more or less parallel
with earlier flow during Phase 2. Based on the delicate

character of striae, Phase 7 was a relatively minor phase of
flow, likely operative during late glacial time and of limited
duration.

All of the phases of ice flow portrayed are consistent
with glacial transport directions demonstrated by indicator
erratics (described below), and with striae. Detailed studies
could reveal additional complexities to ice flow, such as
may be related to topographic control on ice flow during the
waning stages of glaciation. Evidence for such flow is
known along the margins of highlands underlain by the Harp
Lake Complex, and the northern end of the Hamilton
Uplands (Fig. 1).

GLACIAL DISPERSAL PATTERNS

The configurations of glacial dispersal trains (Fig.3) vary
markedly between the margin of the Laurentide Ice Sheet
near the coast and its dispersal centres in the region of the
Labrador Trough. In the Flowers River area near the
Labrador coast, there has been a relatively simple history
of ice flow comprising dominant flow to the east-northeast
(Phase 2), with limited evidence of earlier flow to the north-
east (Phase 1). Glacial transport from the Flowers River
Igneous Suite is correspondingly simple, and erratics of vol-
canic porphyry define a ribbon-shaped dispersal train of out-
crop width (30 km) streamed >50 km down-ice, in the
direction of last regional ice flow. The northern margin of
the train displays a slight ‘‘dog leg’’ that could reflect either
northward transport during earlier flow or dispersal from an
unmapped extension of the bedrock source.

Inland, away from the margin of the ice sheet, dispersal
trains become more complex and assume a fan-like aspect,
recording transport during more than one phase of ice flow.
Indicator erratics from the Red Wine Complex, for exam-
ple, form two distinct dispersal trains that are the net prod-
uct of transport and erosion during several phases of ice
flow (Phases 1, 2, 3), (Fig. 5). Further, the relative impor-
tance of those phases of flow on drift composition appears
to vary. The trains comprise: 1) a broad ‘fan’ that originates
at the bedrock source and 2) a ‘ribbon’ that originates
150 km northeast of the source.

The margins of the broad fan trend east-northeast and
east-southeast, consistent with regional flow trends in
Phases 2 and 3. The overall shape of the fan is based on the
distribution of all known indicator erratics and represents
net dispersal of all the regional phases of flow. Variations
in the abundance of Red Wine debris, however, indicate that
not all phases are equally recorded. Within the fan, for
example, an elongate ‘zone’ characterized by 0.1to 1 wt. %
indicator erratics extends up to 80 km east and east-
southeast from the source area (Fig. 5). That distribution
suggests that regional flow to the east-southeast (Phase 2
or 3) is a more important control on drift composition than
earlier flow to the east-northeast (Phase 2). The southern
margin of the zone (0.1 to 1 wt. %) is linear and well-
defined, lying directly across the northern end of the Hamil-
ton Uplands, which extend northwards to the Red Wine
River (Fig. 5). The northern margin of the zone curves
generally around the Uplands, parallel with the youngest
striae, and its form suggests that it has been modified by

27



topographically controlled ice flow during late-glacial time.
Within the central part of the zone, a ‘core’ containing 1 to
10 wt. % indicator erratics extends 30 km east-southeast
from the two largest bedrock sources.

The ribbon-shaped dispersal train of the Red Wine Com-
plex formed during the earliest period of flow towards the
northeast (Phase 1). The train extends >70 km northeast
from its point of origin, and maintains a width of about
5 km, which is narrower than the width of the bedrock
source crossed by northeast-flowing ice. In the region
between the up-ice ‘head’ of the train and its bedrock
source, compositional evidence of Phase 1 dispersal to the
northeast is presumed to have been eroded during later
Phase 2. No clasts of indicator erratics were found in that
intermediate area, despite intensive search. Within the rib-
bon train, however, indicator erratics occur at almost all
sites, although they can be rare. An important exception
occurs at a hilltop site at the up-ice ‘head’ of the train where
erratics comprise >1 wt. % of the till. The large size of
indicator erratics at that site, some of which were > 10 cm,
indicates little or no comminution of debris during glacial
transport. The abundance and size of the debris is likely
related to the dynamics of the ice sheet and the manner in
which the debris was transported during glaciation. It
appears likely to have been eroded from a bedrock source
projecting into the ice and transported as a debris band
within ’clean’ ice above the base of the glacier. Deposition
appears to have been initiated when the englacial debris
encountered the topographic obstruction 150 km down-ice.
In the area of the ribbon train, ice flow during Phase 2 does
not appear to have been erosive, and striae associated with
that phase are of delicate character, and are directly
superimposed on striae of Phase 1. Consequently, the nar-
row ribbon shape of the train has been maintained despite
the later ice flow.

The most complex ice flow history is in the region of the
Labrador Trough, near the geographic centre of the
Labradorean Sector of the Laurentide Ice Sheet. There, evi-
dence for five distinct flow directions is recorded (Klassen
and Thompson, 1987). Martin Lake Rhyolite (Fig. 4) has
been dispersed in all directions from the bedrock source,
defining a dispersal train shaped as a "patch’ rather than as
a ribbon or fan. Although the net dispersal of erratics is in
all directions about the source, the greatest concentration of
debris extends north-northwest and south from the bedrock
source, consistent with the last prominent flow trends
(Phase 5).

Over the Ashuanipi Complex west of the Trough, the
distribution of nepheline syenite (Fig. 4) describes a broad
fan that originates at the bedrock source area and opens to
the northwest. The margins of the fan trend west-southwest
and north-northeast, and are aligned with Phases 2 and 4,
respectively. The greatest concentrations of syenite in till
occur northwest of the source and appear to be associated
with transport during Phase 5, the last phase of ice flow in
that area.
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SUMMARY AND CONCLUSIONS

Glacial dispersal trains can display significant variation in
size, shape and orientation as the direct result of ice flow
history. Regional ice flow patterns, as portrayed on the Gla-
cial Map of Canada, are essentially records of the ‘last’ flow
directions and do not reliably indicate older phases of ice
flow that can also be significant controls on drift composi-
tion and the shape of dispersal trains. Ice flow history can
be revealed by field examination of striae on glacially
polished bedrock surfaces. The record of ‘older’ flow is
most commonly found on the flanks of outcrops and is easily
overlooked, although it can be of great significance to estab-
lishing controls on the directions of glacial transport. Field
studies based on the geological record, such as this one, pro-
vide a framework for establishing the transport directions
of mineralized erratics and for developing effective explora-
tion programs.

Along the Labrador coast, near the ice sheet margin, dis-
persal trains have a relatively simple configuration, and
appear as ribbons streamed down-ice in the main direction
of flow. Progressively toward the centre of the Ice Sheet,
dispersal trains become increasingly complex and are the net
product of glacial transport in different directions of ice
flow. Depending on their location relative to former disper-
sal centres, glacial transport directions can have marked
variation and dispersal trains correspondingly vary from
narrow ribbons, to broad fans, to ‘patches’ centred more or
less about the bedrock source. Although the work presented
here is derived from Labrador, other large-scale dispersal
centres existed within the Laurentide Ice Sheet, in the Dis-
trict of Keewatin for example, and complex patterns of ice
flow and glacial transport may characterize large portions
of the Canadian Shield elsewhere.

The dispersal patterns are derived from bedrock sources
that are larger than typical exploration targets but are con-
sidered to represent models that can be applied to investiga-
tions at more detailed scales. They indicate that mineralized
erratics or mineralized till found during the course of
prospecting can have a relatively distant bedrock source and
may have undergone transport in directions that are not
obvious from examination of glacially streamlined land-
forms alone. Although streamlined landforms provide a use-
ful guide to ‘last’ ice flow directions, they should not be
uncritically used to establish directions of glacial transport
and to trace the source of mineralized erratics. Glacial drift
should be seen as the product of both bedrock and pre-
existing deposits, including components that have under-
gone transport during several phases of ice flow. Although
the most important control on the shape and composition of
dispersal trains may commonly be the ’last’ phase of ice
flow, that is not true everywhere. The northeast-trending
ribbon associated with the Red Wine Complex, for example,
further indicates that elevated concentrations of an indicator
erratic do not necessarily indicate proximity to a bedrock
source but could be the product of either topography or the
manner in which debris was carried within the ice, or both,
a conclusion also reached by Batterson (this volume) in the
Strange Lake (Lac Brisson) area of northern Labrador.



The work in Labrador serves as a caution that no one
particular dispersal model applies to drift prospecting, and
that pre-conceived ideas on the configuration of dispersal
trains can be misleading. It further emphasizes the need to
consider an exploration area within the context of the
Laurentide Ice Sheet, and the need for critical field studies
of ice flow history at both local and regional scales during
the course of exploration.
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Glacial dispersal from the Strange Lake alkalic complex,
northern Labrador!

M.J. Batterson?

Batterson, M.J., Glacial dispersal from the Strange Lake alkalic complex, northern Labrador, in Drift
Prospecting, ed. R.N.W. DiLabio and W.B. Coker; Geological Survey of Canada, Paper 89-20,
p. 31-40, 1989.

Abstract

A fortuitous combination of unique geology, topography, and an uncomplicated glacial history has
led to the development of a well-defined glacial dispersal train from the Strange Lake alkalic complex.

Nine hundred and ninety one samples over a 1100 km? area were lithologically and geochemically
analyzed. North-south lithological variation across the bedrock source is mirrored by pebble distributions
in the dispersal train, which maintains a width comparable to the outcrop of the source rock along its
length. Single-element geochemical patterns for ore-related elements (yttrium, zirconium, niobium,
beryllium, lanthanum) define a ribbon-shaped dispersal train continuous for at least 40 km down-ice
Jrom the complex. Although dispersal follows a classical pattern of peak values close to source and declin-
ing values down-ice, several anomalous areas (both lithological and geochemical) were located. These
anomalies correspond with topographic highs, notably crag and tail landforms. This suggests that topog-
raphy acted to modify dispersal trends by intercepting material transported either englacially or high
in the basal load.

This study suggests that regional till geochemistry should be conducted as part of detailed anomaly
evaluation to determine if any anomalies are displaced ones within larger dispersal trains. In the Strange
Lake dispersal train these anomalies correspond to topographically high areas on the underlying bedrock
surface.

Résumé

Une combinaison fortuite de caractéristiques géologiques et topographiques uniques et une histoire
glaciaire simple ont mené a la formation d’une trainée de dispersion glaciaire bien définie s’étendant
depuis le complexe alcalin de Strange Lake.

Sur une superficie de plus de 1100 km?, on a procédé & ’analyse lithologique et géochimique de
991 échantillons. La variation lithologique nord-sud en travers du socle est reflétée par des répartitions
de galets dans la trainée de dispersion dont la largeur est comparable a celle de ’affleurement de la
roche meére sur toute sa longueur. La répartition géochimique de chaque élément des minerais (Y, Zr,
Nb, Be, La) définit une trainée de dispersion en forme de ruban, continue sur au moins 40 km en aval
de la glace a partir du complexe. Méme si la dispersion affiche une distribution classique allant des
valeurs maximales prés de la source a des valeurs décroissantes en aval de la glace, on a trouvé plusieurs
anomalies (tant lithologiques que géochimiques). Ces anomalies correspondent a des crétes topographi-
ques, notamment a des formes de terrain avec striage en amont et sédimentation en aval, et révélent
que la topographie a contribué & modifier les tendances de dispersion en interceptant les matériaux trans-
portés soit dans la masse de glace, soit dans la partie supérieure de la charge de fond.

L’auteur propose dans la présente étude que ’analyse géochimique du till a ’échelle régionale consti-
tue une étape essentielle de toute étude d’évaluation détaillée des anomalies entreprise en vue d’établir
si ces derniéres sont des anomalies secondaires déplacées au sein de trainées de dispersion plus grandes.
Dans le cas de la trainée de dispersion de Strange Lake, ces anomalies correspondent a des crétes topo-
graphiques sur la surface du socle sous-jacent.

! Contribution to the Canada-Newfoundland Mineral Development Agreement, 1984-89.
Project carried by the Newfoundland Department of Mines.
2 Geological Survey Branch, Newfoundland Department of Mines P.O. Box 4750, St. John’s, NF A1C 5T7.
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INTRODUCTION

In Newfoundland and Labrador, and indeed over much of
Canada, mineral exploration activity has traditionally out-
paced Quaternary mapping. Numerous occurrences of
mineralized float and geochemical anomalies exist that have
not been traced to bedrock sources. This commonly results
from a lack of detailed information on the glacial history and
sediment genesis and the consequent inability to formulate
a suitable exploration strategy. Quaternary mapping pro-
grams would greatly increase the number of explainable
drift anomalies and the efficiency of mineral exploration in
glaciated areas.

This paper details the effects of glacial dispersal from
the Strange Lake alkalic complex in northern Labrador. The
zirconium-niobium-yttrium-beryllium-rare earth element
deposit has a unique geochemical and mineralogical assem-
blage and is distinct from surrounding bedrock, making it
an ideal deposit for glacial dispersal studies.

Background

The Srange Lake alkalic complex (64°10°W, 56°20°N;
Fig. 1) was discovered in 1979 through boulder tracing dur-
ing follow-up of lake sediment anomalies found by the Can-
ada — Newfoundland Uranium Reconnaissance Program
(Geological Survey of Canada, 1979). The deposit is situ-
ated on a low-relief (150 m) topographic high on the Nain
plateau, approximately 145 km west of Nain, Labrador and
straddles the Atlantic-Ungava Bay watershed which deline-
ates the Labrador — Quebec border. East of the complex
is an elevated, dissected peneplain surface of Pliocene age
(Cooke, 1929). The mean elevation is 500 m a.s.lI, although
individual highs may reach 600 ma.s.1. The climatic regime
is insufficient to maintain a continuous tree coverage and
vegetation is classified as ‘low arctic tundra’ (Rowe, 1972).

During the late Wisconsinan, the Strange Lake area
was completely covered by eastward-flowing ice of the

INDEX MAP

Figure 1. Location of study area.
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Laurentide Ice Sheet from a centre to the east of Hudson Bay
(Shilts et al., 1979; Shilts, 1980; Hillaire-Marcel et al.,
1980). Deglaciation began about 10,500 years B.P., and the
study area was probably ice-free some time before 9,500
years B.P., based on a date of 861014925 years B.P. on
basal sediments from Kogaluk Plateau Lake, located about
30 km south of Strange Lake (Short, 1978).

The Strange Lake region reveals evidence of only late
Wisconsinan ice, which exhibited a remarkably consistent
regional flow direction, with a mean trending 070° (Batter-
son et al., 1985). Till comprises 60% of the surficial
deposits and underlies both organic materials and glacioflu-
vial sediments (Fig. 2). Till thickness is variable, ranging
from a veneer (less than 2 m) to over 16 m in places.
Glaciofluvial deposits occur as a veneer (less than 2 m) of
well sorted sand or gravel over till, or as distinct esker
ridges (up to 10 m high). Bedrock outcrops are rare and
constitute less than 1% of the surficial terrain.

Two diamicton types were identified. A rarely exposed
unit is thin (50-60 cm), massive and compact, with a silty
to fine sandy matrix. Clasts are commonly subangular to
subrounded, striated and of predominantly local origin.
Together these characteristics suggest a subglacial (lodg-
ment?) genesis (Boulton, 1976; Dreimanis, 1982; Ashley
et al., 1985). Overlying this unit is a normally consolidated
diamicton with a sandy to silty matrix. It has thin (less than
3 ¢m) ovoid inclusions of well sorted sand, and contains
sub-angular to angular clasts of more distal origin than the
underlying unit. These characteristics suggest a basal melt-
out till, which is defined as a till formed by ‘‘the slow
release of debris from glacier ice that is not sliding or
deforming internally’’ (Ashley et al., 1985, p. 38).

Geological Setting

The Strange Lake alkalic complex is a 1271 +30 Ma (Zajac
et al., 1984) peralkaline granite that intrudes rapakivi gran-
ite and gneissic rocks of Aphebian age. The margins of the
complex are delineated by a ring fault. The complex is com-
posed primarily of quartz, albite, potassium feldspar, rie-
beckite and aegerine. The deposit is ‘strange’ because it
contains ‘exotic’ minerals, some of which are rare and cur-
rently unnamed, and it is enriched in incompatible elements
(Miller, 1986).

The complex has been sub-divided into three units
(Fig. 3): an exotic-poor phase containing less than 5%
‘exotic’ minerals and comprising about 70 % of the com-
plex, predominantly the outer margins; an exotic phase con-
taining 5-10% and locally up to 15% ‘exotic’ minerals,
occupying the central part of the complex; and an exotic-
rich phase containing greater than 10 % exotic minerals and
the highest grade mineralization (Miller, 1986). The exotic-
rich phase is the smallest in area (approximately 1 km?) but
contains 3.25% ZI'Oz, 0.66 % Y203, 0.56% Nb205,
0.12 % BeO and 1.3 % total rare earth elements (REE). The
units can be further subdivided on the basis of grain size and
the presence or absence of inclusions.
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Post-glacial

IE‘ Organics: Poorly drained bog of variable thickness. Commonly overlies till.

Glacial
Glaciofluvial Veneer: Thin (< 1m) cover of fine to medium sand and associated gravels over till or bedrock.

\E‘ Glaciofluvial:  Generally fine to medium stratitied sands and associated gravels. Generally confined to
paleochannels. Gravel-rich esker ridges (5-25m high) are common.

Streamlined Till:  Till with fine sand matrix, 10-30% clast content, some fine sand to silt lenses. Probably
of basal glaclal origin. Occurs as flutes or crag and tail hills up to 50m high and 5000m
long.

Till:  Description as in 3. Surface may have gullied or featureless expression. Commonly greater than 2m
thick.

Pre-glacial
Bedrock: Area dominated by bedrock. Numerous pockets (< 1m thick) of glacigenic sediment common.
Symbols
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—~+—> Crag and tail hill
Figure 2. Surficial geology of the Strange Lake area. The margins of the Strange Lake Alkalic Complex

(SLAC) are shown by the dashed line. Adamellites are to the south of the complex and gneisses to the
north and east.
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SAMPLING METHODS AND ANALYSIS

Till was sampled from over 500 sites producing a total of
991 samples collected from an average depth of 40 to 60 cm
below surface. This provided a nominal sample density of
1 site per 1.97 km? , although in the vicinity of the com-
plex the sample density was increased to about 1 site per 0.5
km?. Soil profile sampling of B, BC, and C horizons was
completed where possible.

Samples were split and sieved, the 16 to 64 mm fraction
being retained for lithological analysis. The silt/clay (finer
than 0.063 mm) fraction was analyzed for beryllium, cad-
mium, cobalt, copper, iron, lithium, manganese, molybde-
num, nickel, lead, and zinc by atomic absorption
spectrophotometry after a nitric acid digestion and a hydro-
chloric acid leach; barium, cerium, chromium, gallium,
lanthanum, niobium, rubidium, strontium, thorium,
vanadium, yttrium, and zirconium were analysed by X-ray
fluorescence; fluorine by ion-specific electrode, and ura-
nium by delayed neutron activation.

DISTRIBUTION OF PEBBLE LITHOLOGIES

Adjacent to the complex, high concentrations (maximum
52 %) of Strange Lake Complex clasts occur. Generally,
within 1 km down-ice of the complex, the percentage of
mineralized clasts in till falls to below 10 %, and it continues
to decline gradually down-ice. However, even at 40 km
down-ice from the complex, 1-4 % of surface clasts were
derived from the Strange Lake alkalic complex (Fig. 4).
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Figure 3. Bedrock geology of the Strange Lake
Alkalic Complex (after Miller, 1986). Refer to Figure 2
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Figure 4. The distribution of mineralized clasts from the Strange Lake Alkalic Complex (shaded area).
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Within the dispersal train are a series of inter-related and
over-lapping boulder trains that originate from the sub-units
identified by Miller (1986). A transect anywhere across the
whole dispersal train, perpendicular to ice flow, reveals a
sequence that mimics the outcrop distribution of the sub-
units in the bedrock source (Fig. 5).

Exotic clasts have the broadest distribution pattern; they
are found across the entire width of the boulder train,
although dispersal from the northern part of the complex is
not so clearly defined being covered by outwash sediments.

Clasts of exotic-rich debris occur up to 5 km down-ice
and on hilltops 25 to 30 km down-ice. A number of exotic-
rich boulders were observed south of the expected flow lines
down-ice of mapped outcrop and may relate to dispersal
from small, unmapped sources. The distribution of exotic-
rich clasts overlaps the northern part of the dispersal train
derived from exotic-poor bedrock which occupies the south-
ern part of the complex. Exotic-poor clasts that occur north
of the projected distribution are down-ice of a small inlier
of exotic-poor bedrock within the exotic group.
Anomalously high concentrations of exotic-poor clasts also
occur 25 to 30 km down-ice of the complex.

GEOCHEMICAL PATTERNS

Geochemical patterns have been described in detail by
McConnell and Batterson (1987). For consistency, data
from near-surface C-horizon or mudboil samples have been
considered. A total of 23 single-element maps were

produced, with data arbitrarily divided into classes at the
50th, 70th, 85th and 95th percentiles. The geochemical pat-
terns vary widely between different elements. The patterns
for a group of elements including beryllium, lead, uranium,
thorium, yttrium, and zirconium match the train delineated
by mineralized clasts whereas the patterns for others (e.g.
cobalt, nickel, and copper) reflect dispersal from the gneis-
sic terrain to the north of the complex or the rapakivi
granites to the south (McConnell and Batterson, 1987).

Several element associations are apparent in the data. A
Pearson correlation coefficient matrix shows that elements
with strong correlations (greater the 0.8) fall into two
groups. The first association is cobalt-nickel-copper, which
likely reflects a mafic component in the gneiss complex. The
second is beryllium-lanthanum-niobium-lead-thorium-
uranium-yttrium-zirconium, made up of lithophile elements
associated with the ore minerals of the Strange Lake alkalic
complex. Geochemical patterns of these lithophile elements
are broadly similar (Figs. 6 and 7). The highest values occur
over the peralkaline complex, particularly over the mineral-
ized zone. The dispersal train extending down-ice from the
source in the direction of ice movement, is ribbon-shaped,
and is clearly delineated for at least 40 km down-ice from
the complex. The geochemical contrast between the
peralkaline-related dispersal train and local background
over the gneissic terrain to the north is sharp. The difference
between the peralkaline dispersal pattern and the one overly-
ing and down-ice from the rapakivi granite is clear, although
less pronounced. This is a reflection of more elevated ore-
related element values within the rapakivi granite.
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Figure 5. The distribution of mineralized clasts from sub-units of the Strange Lake Alkalic Complex.
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DISCUSSION

Ribbon-shaped geochemical and lithological dispersal trains
extending at least 40 km have been documented from the
Strange Lake alkalic complex. Airborne spectrometry data
{(Geological Survey of Canada, 1985) suggest that the
Strange Lake dispersal train may be traced to the vicinity
of Anaktalik Brook, 55 km down-ice of the complex.

Ribbon-shaped trains have been described from a wide
range of localities (DiLabio, 1979, 1981; Dil.abio et al.,
1982; Dreimanis, 1956; Holmes, 1966; Miller, 1984;
Shilts, 1972, 1975). In other parts of Labrador, however,
extensive fan-shaped dispersal trains are documented by
Klassen and Thompson (1987) and Thompson and Klassen
(1986). The form of a dispersal train is dependent on source
rock characteristics (area, bedrock topography, resistance
to erosion), down-ice topography, and the processes of gla-
cial erosion, transportation and deposition of material
(Minell, 1978; Shilts, 1982). A narrow, ribbon-shaped train
may be expected from a single, prominent glacial event,
assuming no topographic obstruction (e.g. river valleys or
hills, Hyvarinen et al., 1973; Klassen and Shilts, 1977,
DiL.abio, 1979), whereas a fan-shaped train may result from
more than one flow (Flint, 1971, Hyvarinen et al., 1973)
or dissected topography. There are common characteristics
to most dispersal trains. At the up-ice end (the head), the
frequency or magnitude of a lithological or geochemical
indicator increases rapidly to a peak and subsequently
declines gradually (the tail) (Fig. 8; Shilts, 1976). Most
material is transported a relatively short distance from its
source. At greater distances down-ice, an indicator compo-
nent becomes diluted by increasing amounts of local debris.

The Strange Lake dispersal train largely follows the clas-
sic pattern outlined above. One difference is the presence
of well-defined areas of anomalously high geochemistry and
lithological components within the dispersal train, espe-
cially at about 15 km and 25 km down-ice from the complex.
It is considered unlikely that these highs relate to unknown
sources of mineralization (R. Miller, personal communica-
tion, 1988). Throughout the Strange Lake area numerous
crag and tail hills are evident, ranging from small features
5 m high at the crag with 100 m-long tails, to large ones
50 m high with 4 km-long tails. These anomalies coincide
with these landforms.
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Figure 8. lIdealized dispersal curve (after Shilts, 1976).

Crag and tail hills form through the deposition of sedi-
ment within a cavity or low pressure zone down-ice of a bed-
rock obstruction (Sugden and John, 1976). The shape and
dimensions of the cavity and therefore the tail are deter-
mined by a series of factors including horizontal and vertical
ice velocity, height of the bedrock obstruction and its length
parallel to flow, and subglacial hydrostatic pressure
(Boulton, 1982; Eyles, 1983). On the up-ice side, debris-
rich ice stagnates or debris is lodged, as active ice shears
over and around the obstruction (Eyles, 1983). Upon
deglaciation a till ramp remains.

The crag and tail hills within the Strange Lake dispersal
train have anomalously high geochemical and complex-
related clast concentrations compared to the surrounding
lowlands, irrespective of distance from source. At 40 km
down-ice of the complex, geochemical values for beryllium
and yttrium are in the 95th percentile of values (Figs. 6 and
7). This suggests that these topographic highs acted as
“‘interceptors’” of complex-derived sediment transported
either englacially or high in the basal debris layer. In con-
trast, the topographically lower areas may have been zones
of net erosion during periods of active ice movement, with
deposition occurring only during deglaciation.

Near-surface sampling was conducted over seventeen
crag and tail hills to determine if they can be sampled with
confidence in regional drift exploration programs and to
assess their significance within the Strange Lake dispersal
train. Ateach feature, one C-horizon sample was taken from
the ramp (up-ice of crag), one from the crag and between
one and four samples from the tail, at sample intervals of
500 to 1000 m. Internal or stratigraphic variations and their
potential effects on geochemistry and lithology are presently
unknown. Within the train, crag and tail features have the
greatest geochemical concentrations on the ramp or at the
crag. Values are least, directly down-ice of crag, and
increase farther down-ice (Fig. 9). Outside the train, there
is no compositional variation along the length of the crag
and tail.

Four major crag and tail features were selected for clast
analysis, based on the tail length, which exceeded 1 km. The
abundance of mineralized clasts along crag and tail features
has the same longitudinal profile as the geochemistry.
Within the crag and tail features, the content of Strange
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Figure 9. Typical mineralized clast distribution along a
crag and tail hill located within the Strange Lake dispersal
train.
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Lake clasts increased down-ice within the tail from the low
nearest the crag (within 1 km). In two cases, the site within
1 km down-ice of the crag revealed no mineralized clasts.

The distribution of clasts and the geochemistry suggests
that dispersal along crag and tail hills represents two over-
lapping dispersal trains, one reflecting regional dispersal
from the Strange Lake alkalic complex and the other reflect-
ing local dispersal from the non-mineralized crag (Fig. 10).
At point A, on the up-ice side of the crag, material derived
from up-ice of and within the dispersal train contains miner-
alized material from the Strange Lake alkalic complex. The
ramp is geochemically and lithologically enriched compared
with till in adjacent areas at lower elevations.

deposition of
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Figure 10. Model of the relationship of crag-related
material and Strange Lake Complex-related sediment over
a crag and tail hill within the Strange Lake dispersal train.

Bedrock erosion took place as ice flowed around the
crag, as shown by numerous striac and grooves. Deposition
of crag material occurred within a short distance of the
source, the distance being a function of the source width
along the ice flow path (Shilts, 1976). Strange Lake crags
commonly have a source width of less than one hundred
metres and the maximum concentration of material eroded
from the crag is likely within several hundred metres of the
crag (point B). Consequently, at point B, concentrations of
peralkaline-related lithologies and geochemistry derived
from englacial sources are diluted by the local material. Far-
ther down the tail (point C), the proportion of local material
diminishes with a consequent increase in complex-related
sediment.

MINERAL EXPLORATION IMPLICATIONS

Although ice flow history and glacial dispersal are simple
in the Strange Lake area, there are several aspects of the dis-
persal patterns that have important implications for mineral
exploration in areas of glaciated terrain.

In many respects the Strange Lake dispersal train is a
classic ribbon-shaped train. It is long and narrow, and it has
a concentration of indicator components close to source,
with values tailing-off down-ice. Description of the disper-
sal train is simplified by the known bedrock source of the
mineralization. Case studies such as these are useful in
describing glacial dispersal patterns, suggesting optimal
sample spacing (e.g., 1 sample per 3 to 5 km given in
McConnell and Batterson, 1987), and defining elements
suitable for characterizing mineral deposits. However, in
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the initial stages of exploration a regional till geochemistry
database is not commonly available, and exploration compa-
nies may rely on regional lake geochemistry for the defini-
tion of anomalies. As an example from the Strange Lake
area, in reconnaissance lake sediment geochemistry data,
lead delineates an elongate anomaly that parallels the till
geochemistry train with the highest lead value (31 ppm)
occurring adjacent to the complex (Fig. 11). However, a
significant lead anomaly occurs about 40 km down-ice.
Follow-up till geochemistry would have produced a coinci-
dent till anomaly and a high concentration of mineralized
clasts, and may have stimulated a search for local minerali-
zation. Regional till geochemistry and mapping of surficial
geology shows the anomaly to be coincident with a crag and
tail hill and probably part of the long dispersal train originat-
ing at the Strange Lake alkalic complex.

In other areas of Labrador the glacial geology is more
complex, the topography more diverse, and the vegetation
dominated by boreal forest, which hampers exploration.
Geochemical anomalies may therefore not be assigned eas-
ily to regional dispersal trains. However, if anomalies are
associated with topographic highs, consideration should be
given to potentially long distances of transport, and detailed
surveys around anomalies should be supplemented by
regional Quaternary mapping. Through this approach,
erroneous conclusions concerning the source of anomalies
may be avoided.

SUMMARY

1. Late Wisconsinan glaciation of the Strange Lake alkalic
complex in Northern Labrador has produced a well
defined ribbon-shaped dispersal train that extends at least
40 km down-ice from its source.

2. The extent of the dispersal train is attributed to a fortui-
tous combination of the unique geology of the source,
topography that has the complex as an upland, a plateau
surface down-ice, and unidirectional glacial flow pat-
terns

3. High contrast, ribbon-shaped, multi-element geochemi-
cal dispersal patterns are well defined on single-element
distribution maps. Beryllium, lead, uranium, thorium,
yttrium and zirconium best delineate the complex.

4. A transect across the boulder train perpendicular to ice
flow, has a sequence coincident with the outcrop distri-
bution of the sub-units. This suggests glacial transport
was along well-defined, persistent flow lines.

5. The dispersal train exhibits a series of well-defined
geochemical and lithological highs. The suggestion that
these anomalies are related to local, presently undisco-
vered sources of mineralization is rejected based on
known bedrock geology and their coincidence with
topography, notably crag and tail hills. It is likely that
these topographic highs acted as ’interceptors’ of
complex-related sediment transported either englacially
or high in the basal debris layer. Geochemical concentra-
tions were generally elevated on constructional features

compared to adjacent lowlands. This may be related to
the continued deposition of sediment on crag and tail
hills, whereas lowlands were zones of net erosion, where
deposition of sediment occurred only during deglacia-
tion.

6. Variations in the concentrations of complex-related com-
ponents along crag and tail hills likely relates to their
depositional history. In particular, a geochemical/litho-
logical low within 1 km down-ice of crags is suggestive
of two overlapping boulder trains, a regional train from
the Strange Lake complex, and a local dispersal train
from the non-mineralized crag. This latter train would
have its maximum concentration close to source, thereby
diluting the complex-related components. Farther down
the tail, the dilution factor is less pronounced and an
increase in complex-related components occurs.

7. Mineral exploration programs in areas of glaciated ter-
rain should include a regional Quaternary mapping and
till sampling component. In this way geochemical or
lithological anomalies, especially if coincident with
topographic highs, may be placed within a regional dis-
persal train rather than being considered local in origin.
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Abstract

Trace and minor element concentrations were determined in the < 63 um fraction of over 1500 sam-
ples of till from the Estrie-Beauce region of the Quebec Appalachians. Till facies and weathering status
of each sample, though locally important, were found to have little effect on the overall patterns of
geochemical dispersal. This conclusion does not hold for fractions containing easily weathered minerals,
such as sand-sized heavy minerals.

Glacial dispersal patterns reflect dominant southeastward transport direction of the last, Lennoxville,
glaciation, in spite of earlier southwestward and late-glacial northward flow widely documented in strati-
graphic sections and by striations. Large glacial dispersal trains of chromium and nickel from the ophio-
lite belts provide dispersal models with which smaller, less well-defined anomalies associated with
various types of mineralization can be interpreted. For instance, the topographic setting of ophiolite out-
crops bears a direct relationship to the strength and size of the train developed. Greatest erosion occurred
where outcrops forming prominent massifs projected into the glacier and where channelling along valleys
increased the velocity and resultant erosive power of glaciers.

In general, the trace element patterns from this regional till study reflect known mineralization and
contain intriguing anomalies in areas underlain by bedrock with potential for mineralization.

Résumé

Les éléments en traces et accessoires ont été dosés dans la fraction <63 um de plus de 1500 échantil-
lons de till de la région de |’Estrie et de la Beauce des Appalaches, au Québec. Le faciés du till et I’état
d’altération de chaque échantillon, quoique marqués par endroits, auraient eu peu d’effet sur les configu-
rations générales de dispersion géochimique. Cette conclusion ne vaut pas pour les fractions contenant
des minéraux facilement altérés comme les minéraux lourds de la taille du sable.

Les trainées de dispersion glaciaire indiquent que la direction dominante de transport durant la der-
niére glaciation de Lennoxville a été vers le sud-est, méme si des études de coupes stratigraphiques et
de stries montrent que l’écoulement s’est fait d’abord vers le sud-ouest, puis vers le nord. De longues
trainées de dispersion glaciaire de chrome et de nickel a partir des zones d’ophiolites constituent des
modéles de dispersion permettant d’interpréter les anomalies moins bien définies associées a divers types
de minéralisation. Par exemple, le cadre topographique des affleurements d’ophiolites influe directement
sur la densité et la taille de la trainée formée. L’érosion est la plus marquée la ou des affleurements
Sformant des massifs proéminents s’avancent dans le glacier et ou le ravinement le long des vallées a
augmenté la vitesse et le pouvoir érosif résultant des glaciers.

En général, la répartition des éléments en traces de la fraction de < 63 um dans cette étude régionale
du till représente bien la minéralisation connue et renferme de curieuses anomalies dans des zones repo-
sant sur un socle a fort potentiel de minéralisation.

! Geological Survey of Canada, 601 Booth St., Ottawa, Ottawa, Canada K1A OES.
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INTRODUCTION

Studies of the physical and compositional characteristics of
continental glacial sediments in the Appalachian region of
southeastern Quebec have for some years provided models
for the application of drift prospecting throughout the
Appalachians and in other topographically rugged, geologi-
cally complex terrain. The Appalachians are underlain by
complexly folded and lithologically diverse bedrock which
forms an undulating, high-relief surface (Fig. 1) across
which several continental glaciers flowed. This paper
presents a summary of geochemical and sedimentological

research based on mapping of surficial geology and on sam-
ples collected by various scientists, starting in 1963 and con-
tinuing through 1987. We emphasize copper and arsenic
dispersal in this paper because of renewed interest in explo-
ration for base metals and the well-known gold placer
deposits of the region, but we also discuss data on elements
associated with the extensive outcrops of ultramafic rock.
Drift compositions influenced by ultramafic sources can be
used to develop sedimentological models that pertain to gen-
eral conditions of mineralization and glacial dispersal in the
Appalachians.
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As a result of various mapping and thesis projects car-
ried out in Estrie-Beauce! over the past two and a half
decades, well documented till samples, collected from road
cuts, natural river bank and man-made sections, and from
nearly 50 boreholes to bedrock, has been assembled and
curated at the Geological Survey of Canada.?

RELATIONSHIP OF SEDIMENTOLOGY
TO GEOCHEMISTRY OF APPALACHIAN TILL

Geochemical data derived from the finer fractions of near-
surface till samples theoretically should represent the glacial
load of the last glacier to cross the region, regardless of
facies sampled. However, experience gained in 20 years of
working in the Quebec Appalachians and in adjacent New
England dictates that the discussion of dispersal should
begin with descriptions of: 1) the glacial sedimentological
processes typical of this region of high bed relief; 2) late-
glacial flow history; and, 3) postglacial alterations that
weathering and ground-water processes have effected on the
glacial sediments.

It should be borne in mind that the erosional and trans-
portational history of glacial debris that eventually becomes
till is often divorced from the mechanism by which the
debris is ultimately released from ice. For example, clasts
bearing facets and striations formed by differential move-
ments within the dense basal load of a glacier can be
deposited as or with supraglacial debris, if thrust to the sur-

face by compressive flow, particularly in the terminal zone
of a retreating, actively flowing glacier. Basal debris also
can be thrust into the englacial position by being dragged
upward over bed irregularities, to be released ultimately by
meltout from a downwasting glacier surface. The geochemi-
cal composition, regardless of release mechanism, is usually
a fair surrogate for the mineralogy of the load the glacier
was carrying in the vicinity of the sample point. Thus,
although there are several mechanisms of release, each of
which produce distinctive facies of till, the mechanism and
resulting facies is not as important as the position of the
debris in the ice during transport. Whether a sample is
properly assigned to one facies or another is not particularly
important in interpreting compositional data from widely
spaced sites in the Quebec Appalachians, but it may be
important in the more rugged terrain of New England,
where debris was entrained and transported over a wide
range of levels in a continental glacier.

Our principal geochemical sample type in the
Appalachian region has been till, and a discussion of its
sedimentological characteristics is important if composi-
tional parameters are to be interpreted correctly. It is first
necessary to point out that the glacial bed beneath the con-
tinental glaciers that traversed the Appalachians had a total
relief of about 1000 m, and it is not unusual to observe
individual protuberances of the bed standing 500 m above
the surrounding countryside (Fig. 2). These protuberances
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Figure 2. Simplified topographic map of
Estrie-Beauce and adjacent regions.
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! Estrie-Beauce will be used to describe the region of SE Quebec lying within the Appalachian mountains north of Vermont, New
Hampshire, and northwest of Maine (USA), and south of Quebec City and Montreal. Estrie includes the Eastern Townships
region of Quebec and Beauce includes Beauce County and adjacent areas south of Quebec City.

2 Contributors to the collection include, in addition to the authors: A.P. Blais, S. Courtney, N.R. Gadd, C.A. Kaszycki, P. LaSalle,
J. Locat, G. Lortie, B.C. McDonald, M. Parent, W. Podolak, and their assistants,
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are commonly lithologically distinct, often being formed on
harder igneous rocks, such as granites, gabbros, ultramafic
rocks, or varjous types of mafic and felsic metavolcanic
rocks. Glacial debris from these sources contrasts signifi-
cantly with debris derived from the metasediments that
generally, but not universally, form the lower parts of the
landscape. Consequently, debris carried in and released
from the higher parts of a glacier may be mineralogically
and geochemically differentiated from more basal debris.

Lithologically differentiated debris was entrained at a
wide range of levels within the lower 1000 m of glaciers that
crossed the Appalachians. The debris eventually was melted
out to form the till facies packages of each glacial advance
and retreat cycle. The basal part of the facies packages
represents a compressed cross-section of the sediment load
of the lower one half or one third of the glacier. Sediment
once dispersed vertically through 100’s of metres of ice is
now represented by beds less than five metres thick on the
average. As in modern glaciers, the densest sediment load
must have been concentrated in the basal 50 m of the glacier.
This sediment would have been transported through the
lower elements of the landscape, being blocked and
deposited against or diverted by the numerous irregularities,
massifs, and hills projecting above the Appalachian glacier
bed (Shilts, 1976a).

BASAL FACIES

The basal load of Appalachian glaciers is represented by a
dense, stony, matrix-supported diamicton with a matrix
composed of subequal amounts of sand, silt, and clay
(Fig. 3). It is commonly 2 to 3 m thick but can exceed 25 m
in valleys, and is thin or absent over many highland areas.
When unoxidized, it is typically olive grey, but it may have
reddish hues either where the glacier incorporated red slates
or volcanogenic erratics from the lower Chaudiere valley,
or where it reworked underlying proglacial sediments with
red clay layers.

This basal till may be a lodgment facies, deposited from
the glacier’s sole; although it appears massive in excava-
tions or natural exposures, where it is washed by running
water it often can be seen to have well-developed and varied

figure 3. Typical cobbly, silty Lennoxville Till overlying
vertically dipping slates of Connecticut Valley-Gaspé Syn-
clinorium. (GSC #204411-H)
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structures. Among the most common structures are sub-
horizontal, planar to undulating partings occurring at verti-
cal intervals from a few centimetres to a metre or more
(Fig. 4). The reason for their preferential etching by run-
ning water is difficult to establish but is thought to be caused
by very thin (1 mm or less) layers of silt between massive
stony till beds. Small stones are sometimes concentrated
along these partings and at two sites the partings were
observed to expand into metre-wide oval cavities filled with
thin bands of laminated clayey silt interbedded with crudely
cross-stratified and deformed gravel (Fig. 4). At several
sites, the partings define massive till beds that seem to be
draped over irregular underlying beds or bedrock (Fig. 5).

The structures described above are seen in basal tills of
all ages in the Appalachians, but are only obvious where the
till has been cleaned by strong water flow (river water, sur-
face drainage, pumps, etc.). We feel that these structures
are inherited from the glaciers themselves, that the partings

R

Figure 4. Closely spaced partings in Lennoxville Till.
Cavity etched out above shovel is filled with alternating
layers of laminated silt and gravel. Cavity is thought to be
a conduit through which basal meltwater flowed. (GSC
#204411-0)

‘igure 5. Basal meltout till with structures typical of tills of
Estrie-Beauce region. Note draping of till beds, thought to
represent former debris bands, boundaries of which have
been accentuated by washing during spring floods. (GSC
#204411-C)



represent the boundaries of debris bands that were separated
from each other by clean ice near the base of the glacier,
a feature common in modern glaciers. The structures would
have been preserved by slow melting of inactive basal ice
so that meltwater was dissipated with almost no reworking
of the sediment. The stony layers and gravel-filled cavities
may represent conduits through which some of the melt-
water was channelled. The draping of till layers over each
other certainly suggests some such basal melt-out mecha-
nism. If this model is correct and appropriate to generalize
typical till depositional conditions in the Appalachians, true
lodgment till is probably thin or rare, and the landscape is
dominated by basal melt-out till lying directly on bedrock
or on a thin lodgment facies. The melt-out till represents a
*‘fossilized’” glacier base with all the basal elements except
ice. The original attitudes of glacial structures and fabric
would have been altered significantly by removal of the ice.

It has been important to establish the validity of this
model with respect to geochemical sampling, because if the
partings define former debris bands, the till between them
may change composition from band to band as noted in mod-
ern glaciers (DiLabio and Shilts, 1979). Although minor
subhorizontal compositional variation has been noted in a
detailed study of one of the basal till sheets in this region
(Shilts, 1978) it is thought to be usually so slight as to consti-
tute little problem in regional sampling of near-surface
exposures.

In some sections and boreholes, we have noticed marked
tectonization of unconsolidated deposits, presumably
caused by drag of overriding glaciers. The form of tectoni-
zation varies from unidirectional deformation of laminated
sediments by drag to stacking of one or more tills and
associated waterlain sediment, thrust from their original
beds into the ice, then melted out, one on top of the other
(Shilts, 1981; Smith and Shilts, 1987). This phenomenon
is particularly well illustrated at the base of a section on
Riviere des Plante, where the two oldest tills are intercalated
in a series of compositionally contrasting thrust plates

RE RS

Figure 6. Tectonization of base of Riviére des Plante sec-
tion. Dipping structures are traces of thrust faults bounding
packages comprising Johnville and Chaudiére Till and of
interstadial fluvial and glaciolacustrine sediments. Fluvial
sediments form gravelly lens just above water in right fore-
ground. (GSC #204680-3)

(Fig. 6). Although confined to the older tills at this site,
such thrusting and stacking can occur in youngest tills as
well and should be considered when planning a sampling
strategy or when interpreting sample data. At Rivicre des
Plante, the two older tills involved in stacking were formed
by glaciers moving in radically different directions, with the
result that their chemistry and mineralogy are markedly
different (Poliquin, 1987 ; Shilts and Smith, 1986, p. 274).

ENGLACIAL FACIES

Above the debris-rich basal zone, the lower several
hundred metres of the glaciers that crossed the Appalachians
contained significant but comparatively less concentrated
debris, contributed preferentially by the higher elements of
the landscape that projected upward into the glacier (Shilts,
1973). The density of the englacial load was probably
proportional to the texture of the relief— the isolated high-
lands and hills standing above the rolling Appalachian
topography of Quebec contributing less englacial debris
than the rugged, closely spaced hills of New England
(Shilts, 1973; 1981).

Whatever the concentration of the load in the englacial
position, this debris appears to have been ‘‘let down’’ on
to the underlying basal facies as each glacier retreated. In
Quebec the englacial debris consists of a layer of boulders
with little identifiable matrix. The generally coarse size of
blocks that form this surface mantle (ablation mantle of
Shilts, 1973) reflects both the large initial size of joint-
bounded blocks plucked from the highlands and the low fre-
quency of clast-to-clast contact during transportation in ice
with low debris concentrations. The boulders and associated
minor fine-grained waterlain or diamictic sediment cap the
underlying basal till facies, forming a regionally continuous
surface mantle (Fig. 7). There is little chance of mistakenly
sampling this facies for geochemical analysis, since it con-
sists either of boulders alone, or of boulders with less than
one metre of recognizable diamicton.

Figure 7. Surface mantle of englacially transported,
supraglacially released granitic blocks lying on basal till near
St. Sébastien, Quebec. Called “‘ablation mantle” by Shilts
(1973). (GSC #204411-A)
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However, in the mountains along the U.S. border and
in New England, this bouldery mantle thickens into a recog-
nizable deposit of sandy, matrix-supported, bouldery
diamicton that forms a blanket as much as 20 m thick over
hard, silty, cobbly basal facies (Fig. 8). This deposit has
been called ablation till by Stewart and MacClintock (1969
1971) who cite its regional fabric as evidence of englacial
transport. Although fabric cannot be measured confidently
in the equivalent Quebec facies because of its thinness, it
is thought to have been transported and released the same
way. Although some of the englacial material ultimately
may have been altered or reworked as a result of release by
melting at a downwasting surface or may have been
reworked by supraglacial or englacial meltwaters, it is
generally thought to have been released by melt-out with
minimal disturbance, just as for the basal facies. In these
areas, virtually all near-surface exposures may be of this
englacial facies and caution must be exercised in comparing
geochemical analyses from different facies.

SUPRAGLACIAL PROCESSES

Both the basal and englacial sediment load potentially may
reach the glacier’s surface and be reworked by slumping and
meltwaters. This is particularly probable where deglaciation
has been effected by retreat of actively flowing ice. In this
case the basal and englacial loads may be lifted to the surface
along thrusts of active ice over stagnant ice in the terminal
zone. The fact that such reworking seems to be rare in Que-
bec (and generally in northern New England, too) suggests
that the glaciers were relatively inactive during the latter
part of their retreat phases and that sediment release accom-
panied downwasting of relatively stagnant ice, a concept
championed many years ago by Flint (1929, 1942), among
others, and one that is quite reasonable for an ice sheet that
thinned over a bed with relief one third to one half as great
as its total thickness.

In summary, we recognize in the Appalachians two main
sediment facies packages, both consisting of debris released
directly from the ice with a minimum amount of reworking
by englacial, subglacial or supraglacial meltwater. Where
both are preserved, they usually consist of basal meltout till
made up of vertically stacked diamicton layers representing
former debris bands in the ice, which may or may not over-
lie lodgment till. The basal facies are overlain in much of
Estrie-Beauce by a mantle of englacial boulders (with minor
waterlain and diamictic sediment), which thickens in the
more mountainous border region and in adjacent areas of
.New England into a mass of englacial or supraglacial melt-
out till, a sandy diamicton as much as several metres in aver-
age thickness. There is generally a strong compositional
contrast between the basal and englacial/supraglacial facies
packages, and both may show evidence of minor reworking
by either internal or supraglacial meltwaters.

The significance of these two facies, basal and englacial,
for mineral exploration in the Appalachians is profound.
Since the higher debris reflects derivation from the higher
elements of the glacier bed, and since these elements often
owe their superior altitude to lithologies that contrast
strongly with surrounding terrain, the englacial debris often
has a sharply different composition from the immediately
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underlying basal facies (Shilts, 1973). In the Appalachians
this means that ablation till can reflect composition of
nearby as well as distant hills (i.e., it can be local) compared
to basal facies that were carried longer distances through the
lower elements of the landscape. In other words, no general-
ization can be made as to which facies represents the more
distal provenance because local topographic factors
influence provenance of any given sample. In any case, it
is important to recognize the presence of these two facies
groups because compositions derived from analysis of sam-
ples of one or the other can give significantly different dis-
persal patterns, as demonstrated by Shilts (1973; 1976a).

TILL WEATHERING

Unaltered Estrie-Beauce tills are typically blue grey to
olive grey and commonly contain visible, mostly untar-
nished pyrite cubes. When these tills are subjected to post-
glacial oxidation, they assume a tan colour caused by
precipitation of iron and manganese oxides/hydroxides de-
rived from the breakdown of pyrite and other labile
minerals, including sulphides that contain cations of eco-
nomic significance. Oxidation and other weathering
processes alter till to the depth of the water table, effectively
removing sulphides and most carbonates above it. Removal
or replacement of sulphides does not have a particularly
severe effect on geochemical composition of silt and clay,
partially because, as a result of their physical properties,
some sulphides are not easily crushed to these sizes by
glaciers and partially because many cations released by sul-
phide destruction have been reprecipitated in other forms or
adsorbed by fine-grained till constituents. However,
destruction of these components in the sand-sized fraction
of till and of postglacial sediments derived from till can
cause a severe distortion of the geochemistry of the

Figure 8. Typical “ablation till”" in Vermont (Stewart and
MacClintock, 1969). Note sandy, bouldery texture and
sorted sandy beds representing supraglacial or englacial
meltwater flow. Pick in right centre is 25 cm long. (GSC
#204411-P)
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Table 1. Concentrations of chalcophile elements in oxi-
dized (OX) and unoxidized (UN) till samples.

Cu Pb Zn Co Ni Cr

SITE OX | UN | OX | UN | OX | UNJ OX | UN | OX | UN | OX | UN

U 13 16
PL 60 66| 29
U 28 18
U 103 33
U 531

580| 19 | 88 | 23 |226)| 10 | 92 | 16 [107| 14 | 10

455| 39 (147 | 41 |219] 34 | 195] 65 | 438| 94 | 18

465| 16 | 73 | 33 |169)| 24 | 92 | 25 | 86 | 19 | 13

512 17 | 58 | 52 (263 29 (133 | 40 132 27 | 16

142 (600| 24 (176 ]| 36 |360| 26 | 235| 30 | 200

sand-sized heavy mineral (s.g. >3.3) fraction, which
commonly contains, in unaltered Appalachian tills, more
than 10% pyrite and small amounts of other sulphides.
Sand-sized non-magnetic heavy minerals from oxidized till
show severe depletion of both background and anomalous
concentrations of such chalcophile elements as zinc, lead,
copper, cobalt, iron, etc. (Fig. 9a,b; Table 1). Because of
the volume of minerals destroyed by oxidation, even
comparing concentrations of stable heavy minerals, such as
gold and tin, among oxidized and unoxidized samples can
be misleading, particularly where pyrite made up a large
proportion of the original sediment. Removal of pyrite can
cause the stable minerals to be over-represented in the heavy
mineral suite.

To deal with these weathering problems, a simple proce-
dure was developed to allow even inexperienced samplers
to make judgements about oxidation state in the field,
thereby reducing considerably the chances for sample error.
Because the colour contrast between oxidized and unoxi-
dized till is generally so striking in Estrie-Beauce, it was
chosen as the main basis for assigning tills descriptors
according to a “‘class’’ system.

Class I till samples are calcareous, hard, compact, vari-
ous shades of grey (rarely maroon or mauve in northern
Beauce County) basal till with, in most cases, visible, untar-
nished pyrite grains or rock clasts with unaltered pyrite
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inclusions. This class constitutes unaltered till and is gener-
ally found below the water table, which may be as deep as
4 or 5 m in high stream sections to less than 1 m beneath
poorly drained areas, such as bogs or floodplains. For
assessing the exploration implications of geochemistry or
mineralogy of sand-sized heavy mineral concentrates, only
this class of sample should be used, particularly for chal-
cophile elements.

Class II'till is grey basal till that has been gleyed by being
submerged beneath the water table after exposure to oxida-
tion (as in a floodplain where a stream may migrate over
a previously well-drained area) or is collected from the nar-
row transition zone between oxidized till and unoxidized
till. It is identified by inclusions of rust-coloured goethitic
pseudomorphs after pyrite or by a brownish hue reflecting
the first stages of oxidation. The sulphide weathering proc-
ess is so fast that a grey class I till, freshly exposed by spring
flood waters, may be already stained brown and show
noticeable tarnish of its sulphides by the end of the summer.
Geochemistry of heavy mineral samples from class II tills
yields variable and unpredictable results.

Class HI samples are of compact, thoroughly oxidized
tills that, except for their tan colour are physically identical
to class I tills from which they have been altered. Their sul-
phides have been thoroughly leached and they are generally
devoid of carbonates with the exception of siderite. The
lower contact between this zone and underlying unoxidized
till is usually very sharp and marks a major geochemical
break in the sand-sized heavy minerals (Fig. 9a,b). The
chemistry of the silt-clay and clay-sized fractions, domi-
nated as they are by silicates, is relatively unaffected. In rare
cases where the class I till had reddish colour, the pigmenta-
tion provided by the secondary oxides does not provide
enough contrast to judge the true depth of oxidation.

Class IV samples are of diamicton that is derived from
till that has been disturbed or severely altered by mass-
wasting, frost, or soil-forming processes. Till, in the
exposures from which these samples were collected, often
has structures and/or crude layering created by downslope
creep, or is mottled brown and grey by interaction with the
biomass or by other chemical processes. When possible,
this type of sample is avoided, but in many areas, exposures
are so rare and shallow that no other type is available. Ana-
lyses of these types of samples may yield geochemical
results that are so dominated by the secondary effects of
cation redistribution due to weathering, that the chemical
signal of glacially dispersed minerals is obscured.

The analyses on which the dispersal maps are based are
largely of class III till (80 %), since oxidation generally
affects sediments a metre or more below the approximately
one-metre-thick postglacial solum, with smaller numbers of
class IV (10 %), class I (5 %), and class II (probably <5 %).
In the maps discussed in this report, if samples representing
more than one class were available at a site, the analysis of
a class III sample is reported. Table 1 shows the contrasts

in geochemistry among chalcophile elements for heavy
mineral separates from oxidized and unoxidized samples
(class 1 and III) collected at common sites.

APPALACHIAN STRATIGRAPHY-EROSIONAL
AND DEPOSITIONAL

The major stratigraphic units and glacial events of the Que-
bec Appalachians have long been known, in their broadest
expression at any rate. In the recently completed Asbestos
Initiatives Program!, the stratigraphy and origin of buried
gold placers were investigated by continuous coring to bed-
rock or preglacial regolith. No new glacial stratigraphic
units were recognized in the 45 holes drilled, suggesting that
the stratigraphic model originally proposed in Vermont by
Stewart and MacClintock (1964) and elaborated upon by
McDonald and Shilts for Quebec (1971) is adequate to
describe the glacial events affecting Estrie-Beauce.

From stratigraphic evidence, it has been postulated that
one or more continental glaciers crossed the area southward
or southeastward before or early in the Wisconsin Stage.
Johnville Till was deposited during the first glaciation for
which there is any evidence. Retreat of the Johnville glacier
was followed by a period of weathering and unrestricted
northward drainage to the St. Lawrence River.

The subsequent Chaudiere glaciation was initiated by a
glacier that flowed across the region from an eastern
Appalachian source, probably in New Brunswick or north-
ern Maine (Rappol, 1988). This glacier removed and
reworked most of the older deposits, and its till generally
rests directly on bedrock, except in several deep valleys
where it rests on older, unconsolidated sediments. The early
westward flow phase was superseded in the study area by
flow from a Laurentide source, southeastward across the
region. Even though much of the Chaudiere Till was subse-
quently reworked by southeastward-flowing ice of the later
Lennoxville glaciation, it was an important event with
respect to the composition of surface till. Components trans-
ported southwestward during its early, but main erosive
phase, were retransported southeastward during its Lauren-
tide phase and during the main phase of the later Lennoxville
glaciation. Although greatly diluted by sediment produced
by later glacial erosion, southwestwardly transported
erratics can still be found southwest of their original sources
(McDonald, 1966a; Elson, 1987). The possibility that mul-
tiple vectors of transport may distort compositional anoma-
lies in Lennoxville Till must be considered when evaluating
geochemical maps.

The front of the glacier representing the Laurentide
phase of Chaudiere glaciation retreated northwestward only
to the northwestern edge of the Appalachians, damming a
large lake, Glacial Lake Gayhurst, in the Chaudiere and St.
Frangois River valleys (Shilts, 1981). As this lake expanded
down these valleys in contact with the retreating Chaudiere
ice, tremendous amounts of coarse proximal sediment were

' The Asbestos Initiatives Program was a federal government project, carried out from 1984-1986, in the Estrie-Beauce region.
The phases carried out by the Geological Survey of Canada were designed to introduce new mineral exploration techniques and
data into the region economically affected by decline in asbestos production since 1983.

48



deposited as subaqueous fans and substantial quantities of
fine-grained sediment debouched into deep water from sub-
glacial meltwater conduits. Closely spaced pulses of dense,
cold, sediment-laden water formed density underflows
which sought and filled the lowest depressions on the lake
floor with laminated, fine grained sediment. Gayhurst For-
mation is thus a unit of extremely variable thickness, being
thickest where depressions occurred proximal to sediment-
laden basal meltwater tunnels. Thickness of Gayhurst For-
mation sediment varies from zero to more than 100 m, often
over short distances. It is not draped over the landscape but
occurs only in depressions, a distribution also typical of
sediment deposited in late-glacial proglacial lakes.

Southeastward readvance of the Chaudiere glacier from
its maximum retreat position at the Appalachian front, was
continuous across Quebec and New England. The read-
vance is called the Lennoxville glaciation and represents the
major late Wisconsin glacial event in the region. It was
formerly thought to have deposited a simple facies package
of lodgment till overlain by a mantle of englacial or
supraglacial boulders that were deposited during regular
northwestward retreat (Shilts, 1970). The (re)discovery, in
the early 1970’s (Chalmers, 1898; Lamarche, 1971), of
northward pointing striae, clearly inscribed after those
formed by the southeastward, main Lennoxville flow (Fig.
10), caused a significant reevaluation of the possible
interpretations of geochemical data. The northward striac
were ultimately attributed to the formation of the Quebec Ice
Divide (Gadd et al., 1972; Shilts, 1976b, 1981). The ice
divide marks a northeast-trending linear axis of outflow of
an ice mass stranded south of the St. Lawrence River as a
result of northward drawdown toward a re-entrant caused
by ice calving rapidly into eustatically rising marine water
in the lower St. Lawrence estuary (Thomas, 1977).

After the reversal of ice flow late in the Lennoxville
glaciation, ice apparently readvanced southward against the
Appalachians and several kilometres up the Chaudigre and
St. Frangois valleys as long, low gradient, narrow tongues.
This event was accompanied by ponding of ephemeral
proglacial lakes in the major valleys, probably to altitudes

Figure 10. Northward trending rat tail striae behind quartz
veins through red slate, Beauce region, Quebec. (GSC
#204411-)

of about 400 m above sea level, the lowest level of overflow
eastward through Daquaam-Famine River valleys into the
St. John River system. Sediments deposited in these late gla-
cial lakes are thin and rare except near ice-contact subaque-
ous fans, such as the massive complex at Vallée Jonction.

One perplexing problem associated with northward flow
is that, although there is abundant and incontrovertible stria-
tion evidence for its occurrence late in the Lennoxville glaci-
ation, there is almost no recognizable depositional evidence
of it in the study area. Consequently, although the final flow
direction north of the ice divide is northward, in this zone,
as elsewhere, the glacial dispersal direction is overwhelm-
ingly southeastward (Shilts 1973, 1976b). At this writing,
only near Petit Lac, northeast of Thetford Mines, has till
been found that bears a fabric and compositional evidence
of northward flow (Shilts 1976a; Fig. 10). Even here, the
high nickel concentrations seem to be displaced northward
from a southeastward-trending dispersal train and not
directly from an identifiable bedrock source.

This apparent lack of significant dispersal and lack of
sediment (till) specifically related to the reversal of flow or
to post-reversal southward readvance up the Chaudiére and
St. Francgois valleys (Shilts, 1982 ; Bouchard et al., 1987)
suggests that we may deduce glacial events from two types
of ‘‘stratigraphy’’ in this region: 1) a (conventional) deposi-
tional stratigraphy, based on the number of till facies pack-
ages in sections; and, 2) an erosional stratigraphy based on
comparing the superposition of striae on individual outcrops
among several sites.

Erosional stratigraphy is an absolute indication of glacial
events, and a fairly complete sequence of events can be
ascertained by examination of hundreds of outcrops. How-
ever, not all glacial events are represented by recognizable
striae, as later events may have eroded earlier striae from
all but the most protected, and, therefore, inaccessible
areas. Striae representing different glacial advances also
may be indistinguishable because they were formed by ice
flowing in the same general direction (i.e. Johnville and
Lennoxville movements to the southeast).

Furthermore, depositional stratigraphy does not neces-
sarily correspond to erosional stratigraphy, as some phases
of glacial flow do not seem to have produced enough sedi-
ment to leave a recognizable deposit, the lack of sediment
deposited during late-glacial northward flow being a case in
point.

The above discussion highlights a real problem in both
mineral exploration and reconstruction of glacial history:
drift sheets do not necessarily exist or are not easily recog-
nizable for every regional set of striations. This paradox is
abundantly illustrated in this region and is very apparent in
the geochemical maps discussed below. The relict dispersal
effects of the penultimate, Chaudiere glaciation are easier
to discern within the general southeastward dispersal pattern
in Lennoxville Till than are those of the latest northward and
even younger southeastward phases of Lennoxville glacier
flow, the latter being almost impossible to detect.

To summarize, the dispersal patterns reflected by near-
surface till samples dominantly reflect the southeastward
flow of the latest Lennoxville glacier. Nevertheless, coarser
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erratics are found in locations west or north of their outcrops
as a result of southwestward flow before and northward
flow late in the Lennoxville glaciation. Shilts (1976a) and
Parent (1987) describe geochemical evidence for northward
displacement of fine-grained debris as well. All composi-
tional patterns must be interpreted with these possible per-
turbations in mind.

GLACIAL DISPERSAL PATTERNS
IN SURFICIAL SEDIMENTS

Introduction

Bearing in mind all of the possible ramifications of the
sedimentological, weathering, and stratigraphic models dis-
cussed above, the authors selected a sample from each site
and analyzed the silt-clay (<63 um) fraction for several
trace and minor elements. At the many sites where multiple
samples were collected, we selected the uppermost class I
(oxidized) sample or, if no class III was available, a class
I or class IV. Thus, the bulk of the analyses on which these
maps are based were performed on oxidized basal till, for
the most part thought to have melted out of the ice rather
than having been lodged beneath the sole of the glacier. The
maps, therefore, reflect regional geochemical dispersal pat-
terns for debris carried near the base of the Lennoxville
glacier, regardless of how or when it was released from the
ice.

Chromium and other ultramafic debris

The map of chromium dispersal (Fig. 11), updated from
maps that were produced of this area in the early 1970’s,
demonstrates how a glacier dispersed debris from the litho-
logically distinctive Appalachian Ophiolite belt over a rough
glacial bed (Shilts, 1973). Since that time, parts of these and
accompanying nickel data (Fig. 12) have been highlighted
in many publications (Shilts, 1975, 1976a, 1978, 1981;
Rencz and Shilts, 1980) because they demonstrate so well
the effects of topography and lithology on patterns of disper-
sal and permit discussion of the anatomy of dispersal trains.

From Figures 11 through 13 it can be seen that there are
only four discrete trains of chromium and nickel-rich debris
extending from the chromium/nickel-enriched serpen-
tinized ultramafic lithologies of the ophiolite belt, even
though the belt itself is relatively continuous along strike.
Whether a train has been developed or not depends largely
on three factors.

First, if the ultramafic outcrops stand high and were
exposed to the full force of glacial erosion, without protec-
tion of surrounding hills, trains were formed. Although not
thoroughly sampled, one such train extends southeastward
from Mount Orford and nearby hills, which are cored by
ultramafic rocks that stand several hundred metres above the
surrounding terrain.

Second, the size of the outcrop is important. The nar-
row, serpentinized peridotite outcrop of the Pennington
“*dyke’’, extending northeastward from Thetford Mines, is
less than 100 m wide and has shed relatively little debris
through glacial erosion. Thus, dilution by high sediment

concentrations from surrounding chromium and nickel-poor
rocks has all but obliterated its geochemical signature. The
large (10 km x 5 km) outcrop of various types of serpen-
tinized ultramafic rock that strikes southwestward from
Thetford Mines, on the other hand, has presented ample
area for glacial erosion, which probably was enhanced by
its higher altitude. The huge ultramafic train trailing
southeastward from these outcrops can be traced geochemi-
cally for over 80 km and has been discussed at length in the
publications cited above. Its effect on composition of mod-
ern (stream) sediments is discussed by Shilts (1976a) and
Maurice (1988).

A smaller, prominent dispersal train has been developed
where the ophiolite suite widens along strike just east of
Chaudiére River. This train, which can be traced geochemi-
cally over 15 km down-ice, is probably distinctive because
of the relatively large size of outcrops, but also may have
been enhanced by higher flow velocities and accompanying
higher rates of erosion in ice moving up the Chaudiére Val-
ley, a major trough across the topographic grain of the
Appalachians. A similar but less well developed train
extends up the St. Francois River valley from the narrow
ultramafic outcrops that cross it downstream from Sher-
brooke. It was likely enhanced by high ice flow velocities
with accompanying augmented erosion in the valley.

Third, trains are not well developed down-ice from parts
of the ophiolite belt that occur in or form depressions that
preferentially served as sites of glacial or intergla-
cial/interstadial deposition. Such is the case for the ultra-
mafic complex at Asbestos where more than 70 m of
glaciofluvial and glaciolacustrine sediment covers the ultra-
mafic outcrops. This sediment was presumably deposited as
a subaqueous fan complex when the Chaudiere glacier mar-
gin stood along the northernmost range of the Appalachian
foothills, just before readvancing through Glacial Lake
Gayhurst at the onset of Lennoxville glaciation. As a result
of the protection afforded by the thick blanket of waterlain
sediment, this relatively wide part of the ophiolite belt
provided virtually no geochemical signature for Lennoxville
Till deposited down ice (southeast) from Asbestos.

These glaciological conditions and geological charac-
teristics of source outcrops account for many of the details
of chromium and nickel dispersal in this region. However,
the shapes of dispersal trains were further modified by
topography in the dispersal area. The granodiorite stock that
underlies Little Megantic Mountains, for example, stands as
much as 500 m above the surrounding terrain and has
blocked part of the ultramafic train, splitting it into two
lobes that pass around either end of the highest parts of the
stock.

The dispersal patterns of chromium and nickel have one
anomalous aspect with respect to the known ice flow history
of the region. As described above, in the Thetford Mines
region and along the Quebec Ice Divide, ice flow reversed
at the end of the Lennoxville glaciation to flow northward
toward the marine calving bay in the lower St. Lawrence
estuary (Thomas, 1977; Shilts, 1981; Lortie and Mar-
tineau, 1987). The flow reversal, marked by striations
trending north +£20° on literally hundreds of outcrops in the

51



‘[ jo vonpeyy wrl ¢9> Ul jesiedsip |oYoIN  *gL aanbi4

J383no

00 Sk
ﬁ\

j,.ﬂmﬁ%lllll'||l

S3YLIUOTIA
- o vl - ]

0¢g ot og 02 o1 c
A\

(XIANIWNGD Wodd)

3ONIJANII0 TIINIING

0e 9r
00 0Z

S3TdHYS TkST

NIW —0°8
52 i 0" 3%
05 st 07 59
s¢ po°s01
06 |orose
s6  |otozr
86  [0°0S8
66 |0°0001
XU - ﬁo.omm:
37112 Wdd
SNOYJIW £9 HNHUYHL $s37
Jmthz

0 &2

52



region, has caused almost no distortion of the distinctive,
southeast-trending geochemical pattern of ultramafic
enrichment in the Thetford Mines and Beauceville areas.
Although ultramafic surface erratics are found north of their
outcrops, their concentrations are commonly low and the till
on which they lie has background concentrations of chro-
mium and nickel.

The reason for this apparent lack of dispersal northward
is unknown, but a similar phenomenon has been noted also
around the Keewatin Ice Divide (Shilts, 1984). Among the
possible causes are:

1. The low ice-flow velocities associated with the ice
divide. As with other flow systems, velocities increase
exponentially away from the origin of flow (Boulton et
al., 1977) so that erosion would have been slight, and
displacement of entrained material would have been
negligible after the ice divide came into existence. Prior
to formation of the divide, however, ice in the vicinity
of Thetford Mines would have been charged with basal
and englacial debris during the phase of high velocity
southeastward flow that existed when this area was far
out on the limb of an eastern Laurentide Ice Sheet flow
centre. Restricted transport away from other late glacial
ice flow centres, such as those in Nova Scotia, relative
to long-distance transport during earlier regional flow
from distant ice dispersal centres likewise may be related
to the low flow velocities characteristic of ice divides;

2. Debris might be eroded and entrained most efficiently
during some particular phase of glaciation. Patterns of
glacial dispersal may reflect transport (flow) directions
during that phase. If this is true, glaciers would have

accomplished most erosion and entrained debris most
effectively early in the Lennoxville glaciation, when
regional flow was southeastward. Once the easily eroded
material that formed the glacier’s substrate (i.e. frost
shattered or weathered bedrock, previously deposited
unconsolidated glacial or non-glacial sediments, etc.)
was entrained, subsequent flow may have accomplished
little beyond scratching rounded outcrops by dragging
the entrained basal load across them in various direc-
tions. Lobes of chromium and nickel-rich drift project-
ing northward from the northern edge of the
southeastward-trending dispersal train from Thetford
Mines (Shilts, 1976b; Figs. 11, 12) suggest a >90°
deflection of the southeastward transport vector of
already entrained and displaced ultramafic debris.

3. The duration of flow in a northward direction may have
been very short, so that little transport was effected,
regardless of proximity to the ice divide. The fact that
some ultramafic erratics do appear to have been trans-
ported several kilometres northward, as well as the
several kilometre length of the documented northward
projection of chromium and nickel-rich till from the
main dispersal train suggests, however, that significant
transport was possible.

Considering all of these characteristics of the ultramafic
dispersal trains, the authors conclude that, although any one
or all of these explanations may account for the restricted
northward transport of debris, the second one seems to us
to be the most important. This is because of the demonstra-
ble northward transport of several kilometres of small
amounts of ultramafic debris from sources virtually on the
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Figure 13. Three-dimensional representation of nickel dispersal in till. Irregular edge is U.S.A. border,

relief is proportional to nickel concentration.
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ice divide!. In a related study, Shilts and Kaszycki (in
press) note similar northward dispersal patterns for granodi-
orite from the northernmost plutons of the New Hampshire
Plutonic Series.

Copper

The copper dispersal map (Fig. 14) shows two main fea-
tures:

1. The range and magnitudes of copper concentrations are
relatively low, probably as a function of rapid dilution
of copper from its relatively small source outcrops by
copper-poor silt and clay-sized detritus eroded from
“‘soft’’ local rocks. A general depression of geochemical

. signatures of Appalachian bedrock is also indicated by
regionally high carbonate concentrations in till (442 %).
High carbonate concentrations suggest that significant
amounts of metal-poor detritus were carried across the
Appalachian terrain from sources within the
Appalachians as well as from the unmetamorphosed
Paleozoic platform strata underlying the St. Lawrence
Lowlands. Nevertheless, several discrete areas of
copper-enriched till can be differentiated on the maps,
and of these, three are closely related to economic grades
of copper mineralization. The association of copper-rich
till with the Harvey Hill and Disraeli copper mines sug-
gests that other anomalies on the map, not associated
with presently known mineralization, should be followed
up, particularly where located in areas of favourable
geology. Most copper anomalies occur on or just down-
ice from mafic to felsic volcanic outcrops. The effect of
southeastward dispersal is not so pronounced as it is for
chromium and associated elements. Some of the more
diffuse zones of enhanced copper concentration appear
to represent tails of dispersal trains, probably from bed-
rock terranes generally enriched in copper, but they can-
not be tied to specific source outcrops at this low
sampling density ;

2. Down-ice from the Thetford Mines ultramafic outcrops,
there is a pronounced depletion of copper in till. In fact,
the pattern of this depletion is a mirror image of the pat-
tern of ultramafic dispersal. Similar patterns have been
noted for other base metals mapped-arsenic, lead, zinc,
etc.

This dispersal-related phenomenon, called a ‘‘negative
dispersal train’’ (Klassen and Shilts, 1978, p. 84; Shilts,
1984), is caused by dilution of the debris eroded from local
bedrock by abundant debris eroded and transported from a
distant source. In this case the diluting debris is the nickel-
cobalt-chromium-magnesium-rich rock flour derived from
easily eroded ultramafic outcrops. Debris of ultramafic
affinity forms such a large proportion of the finest fractions
of till, that it suppresses the background levels of non-
ultramafic metals, and, presumably, any anomalous levels
of metal that might exist in till that covers bedrock in the
area of the ultramafic train.

In the same sense, surface till in the whole of Estrie-
Beauce can be thought of as forming a negative train, diluted
by fine-grained, metal-poor detritus from both the St.
Lawrence Lowlands and the northwesternmost front of the
Appalachians. This would account for what appear to be
dampened contrasts between background and anomalous
values for many metals.

The common occurrence of negative dispersal trains in
geologically complex terranes, such as the Appalachians,
makes application of conventional geochemical statistics to
drift geochemical data sets risky. Even if sampling errors
can be held to a minimum, the natural regional variations
in degree of dilution, caused by differential erodability of
the varied lithologies and topography of the substrate, will
be reflected by shifts in local background values that exceed
the background/anomaly contrast in the more distal parts
(tails) of dispersal trains. The only way these variations can
be handled effectively is to correct the maps, after produc-
tion, by hand, or to transform the background variations
through a high order trend surface analysis, contouring only
the residuals on this surface. The concept of a statistically
determined ‘‘threshold’’ value, even in an area as small as
the one represented by these maps, is not particularly useful
where various sampling and geological factors cause back-
ground variations so significant as to constitute a significant
proportion of the background to anomalous signal in any
given sector.

Arsenic

Much of the discussion of copper dispersal may be
repeated for arsenic, but the overall dispersal pattern is quite
different (Fig. 15). If arsenic concentrations are related in
any way to gold potential, the strongest anomalies certainly
would confirm such a relationship. Anomalies in the vicinity
of Beauceville, southwest of Lac Mégantic near Mining
Brook, and south of Sherbrooke are in areas either mined
for buried preglacial placer gold (Beauceville, Mining
Brook) or reported to have modern placers and auriferous
till (McGerrigle 1936; McDonald, 1966b). However, in
neither place has any indication of a bedrock source for the
gold been confirmed, and the placer gold is not reported to
be arsenical.

Arsenic anomalies south of Sherbrooke are in terrain
where gold has been reported in modern alluvium and where
Maurice (1986; 1988) has reported high concentrations of
gold in heavy minerals from streams. Maurice suggested
that the gold was reworked from till carrying auriferous
components originally glacially dispersed southeastward
from the massive sulphide deposits of the Eustis, Howard,
and Suffield mines, southwest of Sherbrooke. If arsenic was
associated with gold in those sulphide deposits, it does not
seem to have formed a dispersal train, the strongest anoma-
lies being isolated and apparently reflecting local arsenic
sources in the Coaticook area. Although the high arsenic

! Gadd (1978) and Y.T. Maurice (1988 and pers. comm., 1988) show northward displacement of ultrafamic boulders and chromite,
respectively, on uplands on either side of the Chaudiére River Valley. While neither equated these patterns with northward flow,
the present authors feel that they are a result of flow reversal. The lack of ultrafamic components in the valley, itself, is probably
a result of reworking by the readvance lobe, discussed above. This [obe was confined to the Chaudiere Valley and flowed south-

ward up the valley.
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concentrations in the vicinity of Coaticook correspond with
a region of auriferous till mapped by McDonald (1966b),
no visible gold was seen in heavy mineral separates from
arsenic-enriched tills. Of over 100 samples collected in the
Coaticook region, only two or three samples of arsenic-rich
till yielded gold above the 10 ppb detection limit of
geochemical anlayses of the <63 um fractions. Unpub-
lished reports by Terrain Analysis and Mapping Services,
Ltd. indicate that gold is present in significant but uneco-
nomic amounts in till at some sites in the Coaticook
region. !

Arsenic from unknown sources has formed northwest-
southeast trending belts of arsenic-enriched till in the north-
ern part of the map area. These belts are presently thought
to represent dispersal trains from sulphide sources within
volcanic belts, but their economic significance is not known.

As with copper, arsenic displays a negative dispersal
train southeastward from Thetford Mines. Any arsenic
sources in bedrock beneath this train are not likely to pro-
vide enough of an imprint on the till to overcome the effects
of dilution by ultramafic debris. In other words, if arsenic
is related to gold mineralization in this region, the lack of
arsenic anomalies in the area covered by the negative disper-
sal train does not rule out gold mineralization; it merely
means that more sensitive statistical or analytical methods
of determining background to anomaly contrast must be uti-
lized.

Other elements

At the time of writing, geochemical data from this
project are in the process of being plotted and evaluated, and
only a few general comments can be made. Trace and minor
elements particularly enriched in the ophiolitic complexes
(cobalt, iron, magnesium, etc.) show dispersal patterns
similar to those of chromium and nickel. Most chalcophile
elements (zinc, lead) have dispersal patterns grossly similar
to copper (zinc) and arsenic (lead). The negative train in the
area of extreme ultramafic enrichment is well developed for
these elements as well. Non-chalcophile elements, such as
tin, tungsten and uranium have concentration patterns that
resemble neither those of the above two groups nor those
of each other. Uranium, for the most part, is enriched
around granodiorite stocks and Mount Mégantic. Tin, possi-
bly reworked from pre- or interglacial northward-flowing
streams, is slightly enriched in till north of the granodiorite
pluton on the Vermont/Quebec border, southeast of Coati-
cook. It is also rich in till east of Beauceville, for presently
unknown reasons.

One more detail of the dispersal patterns in Lennoxville
Till should be mentioned. As has been described previously
(Shilts, 1973 ; 1981), the upper Chaudiere valley, east of the
Little Megantic Mountains, is covered by an extremely clay-
rich till, the Drolet Lentil, composed almost wholly of

reworked, laminated silty clay of the Gayhurst Formation.
The St. Frangois River valley between Lennoxville and Lac
Aylmer, east of Stoke Mountains, is covered by a similar
clay till, formed by reworking of underlying laminated silty
clay (McDonald, 1967). Both of these units, stratigraphi-
cally equivalent to Lennoxville surface till, reflect only the
geochemistry of the underlying silty clay and cannot be
expected to represent regional or local geochemical trends.
Like the area of the negative dispersal trains in the lee of
the Thetford Mines ultramafic outcrops, these areas can be
regarded as negative trains where geochemical signatures of
underlying bedrock or mineralization are not likely to be
expressed. Minor areas of similar clay till exist at various
stratigraphic levels in drift throughout the Appalachians but
these two regions are by far the largest and most important
in interpreting regional geochemical patterns.

The same caveats about application of statistical manipu-
lations in areas where significant negative dispersal trains
are likely to occur should be considered where mapping rev-
eals significant areas underlain by till reworked from older,
unconsolidated, waterlain glacial sediments.

DISCUSSION AND CONCLUSIONS

Geochemical maps based on till sampling in the
Appalachians reflect areas of known mineralization and
areas where geological factors suggest that anomalies may
represent as yet undiscovered mineralization. Nevertheless,
other areas of known mineralization are not indicated. The
reasons for this are complex, but understandable if the sam-
pling is viewed in light of the Quaternary history and
sedimentology of the region. One of the reasons for present-
ing these data is that the intense study of the glacial geology
of the Estrie-Beauce region over the last 25 years has
provided a sound conceptual and factual base with which to
evaluate the apparent paradoxes in drift (and postglacial
sediment) geochemical patterns.

First, the history of diverse ice flow directions in each
of at least three glaciations must be recognized and the effi-
ciency of the glaciers in eroding and transporting sediment
during each flow event must be evaluated. For instance, it
is known that ice flowed westward or southwestward during
the earliest stages of the penultimate glaciation. To what
extent did the westward-flowing glacier displace debris and
how much of the westward dispersal pattern is reflected in
the strong southeastward dispersal patterns of the following
(Lennoxville) glaciation? How great an effect did the late-
glacial northward flow of the Lennoxville glacier have on
southeastward patterns developed during the Lennoxville
maximum? Did the northward flow in Estrie-Beauce create
significant thicknesses of surface till with northward fabrics
and south-to-north provenance, as it did to the east in north-
ern New Brunswick and adjacent Quebec? Although the

! Since writing this paper, large, class III till samples were collected from 2 sites where Terrain Analysis and Mapping Services
personnel had identified high gold concentrations, but no visible gold, in heavy mineral separates. Preliminary processing of

the till has yielded several <250 um grains of gold from each site.
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answers to these questions are important and still beg defini-
tive discussion, it is possible to say from our data that the
effects of Chaudiere (westward phase) glaciation on
geochemical patterns for surface till are minimal, and the
reversal of flow to the north late in Lennoxville time moved
already entrained debris northward but otherwise had little
effect on geochemical patterns, in contrast to New
Brunswick-Eastern Quebec, where the same or a similar
event produced significant dispersal (M. Rappol, pers.
comm. 1987).

Second, it is important to recognize that the till deposited
during a single glaciation may be represented at or near the
surface by several distinctive facies, and that the facies rep-
resent how the till was released from the ice, not how the
debris of which they are composed was eroded and trans-
ported. For the purposes of this study, based on widely
spaced samples, till composition can be assumed to be
representative of till deposited for a distance of as much as
a kilometre from the point of sampling. However, the bould-
ery mantle that litters the boulder-poor till of this region is
often compositionally distinct as a result of its derivation
preferentially from the higher parts of the landscape and its
transportation in the higher englacial positions. If it is mixed
with a finer matrix, geochemical analysis of this matrix
could yield spurious results. Therefore, sampling should be
carried out at as great a depth as possible and away from
any structures that suggest meltwater reworking of the till
during or after deposition.

Most of the basal till deposited during the last (Lennox-
ville) glaciation of Estrie-Beauce is thought to be composed
of englacial debris, melted out from the basal part of the
Lennoxville glacier. In some cases, this debris and the inter-
stitial ice which formed the base of the glacier, was moved
northward during the reversal of flow that followed its dis-
persal southeastward. Differential erosional etching, by
water, of basal till exposures in this region, reveals tectonic
structures that are thought to represent the boundaries of
debris-rich and debris-poor bands, preserved by slow melt-
ing from the basal parts of the glacier. It has been shown
that these bands can be compositionally differentiated
(Shilts, 1978), and care must be taken to sample in such a
way as to deal with such variation.

After deposition, tills in this region were subjected to
oxidation by weathering to depths of up to 4 m. Samples
must be classified according to their weathering state, easily
done by noting whether the till has been stained brown in
contrast to its normal olive grey colour. Heavy mineral
separates from brown, oxidized samples will lack elements
derived from non-resistate minerals, such as sulphides,
which are destroyed readily under oxidizing conditions.

Dispersal patterns for the elements discussed in this
report can be subdivided into three types: 1) The first type
is dominated by trains of nickel, chromium and other ele-
ments preferentially enriched in the ultramafic components
of the ophiolite belt that strikes northeastward through the
map area; 2) The second type includes several anomalies
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for chalcophile elements (mainly arsenic, copper, lead,
zinc) that correspond either to known mineralization or to
parts of felsic to mafic volcanic belts that have high potential
for mineralization. The concentrations of these elements are
depressed in areas of strongest ultramafic dispersal because
of dilution caused by erosion of large quantities of ultra-
mafic debris from certain parts of the ophiolite belt; 3) Non-
chalcophile elements (gold, uranium, tin, etc.) have patterns
that are either indistinct, because of their relatively low con-
centrations relative to background (gold) or are related to
late felsic intrusive bodies in the region (uranium, tin).

Finally, the geochemistry of the <250 mesh (<63 um)
fraction of tills of this region is a useful guide to potential
mineralization, if a sampling protocol based on a firm
understanding of glacial history, glacial sedimentation, and
glacial sediment diagenesis/weathering is rigorously
designed and followed.
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Abstract

The Ontario Geological Survey carried out a reconnaissance-scale overburden sampling project in
the Matheson area of northeastern Ontario. In the period 1984-1985, a total of 643 till and 311 sand
samples were analyzed for gold in three size fractions. Comparison of results indicates gold values for
the heavy mineral concentrates, <250 mesh (<63 um) and <10 mesh (<2.0 mm) fractions are not
directly comparable. Gold values 'normalized’ for the weight of the heavy mineral concentrate relative
fo the total weight of the sample, do not correspond directly with <250 mesh and <10 mesh results.
Samples are ranked differently when the heavy mineral concentrate gold assay values or the 'normalized’
gold values are considered. In general, the number and size of gold grains are indicative of the gold
assay value of the heavy mineral concentrate. Occasionally, samples with abundant visible gold have
low reported gold assays. Further studies are warranted to explain gold grain to gold assay value rela-
tionships.

Résumé

La Commission géologique de I’Ontario a mené un projet d’échantillonnage, a des fins de reconnais-
sance, des morts-terrains de la région de Matheson dans le nord-est de I’Ontario. En 1984-1985, on
a dosé l’or dans trois fractions granulométriques dans un ensemble de 643 échantillons de till et 311
échantillons de sable. La comparaison des résultats indique que les titres d’or dans les concentrés de
minéraux lourds et dans les fractions passées dans des tamis de calibre <250 mesh (<63 um) et <10
(<2.0mm) ne sont pas directement comparables. Les titres d’or, ‘‘corrigés’’ pour le rapport de la masse
du concentré de minéraux lourds a la masse totale de [’échantillon, ne correspondent pas directement
aux résultats des fractions passées aux tamis de calibre <250 et <10. Les échantillons sont cotés diffé-
remment selon qu’on considére les teneurs en or dosées dans des concentrés de minéraux lourds ou les
teneurs ‘‘corrigées’’. En général, le nombre et la taille des granules d’or sont des indices de la teneur
en or du concentré de minéraux lourds. On observe parfois des titres d’or faibles dans des échantillons
ou l’or visible abonde. Des études plus poussées des relations qui existent entre les granules d’or et
les teneurs dosées sont justifiées.

! Analytical Solutions, 214-665 Roselawn Ave., Toronto, Ontario M5N 1L1
% Ontario Geological Survey, 704-77 Grenville St., Toronto, Ontario M7A 1W4
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INTRODUCTION

The Ontario Geological Survey’s Black River — Matheson
(BRIM) reconnaissance scale overburden sampling project
was designed to establish the regional Quaternary (glacial)
stratigraphy and a till geochemistry database as an aid to
mineral exploration.

The study area covers a 40 km-wide band from the
Ontario-Quebec border 100 km west to the Timmins city
limits (Fig. 1). The area, within the Abitibi Greenstone
Belt, is underlain by geology similar to that in the mining
camps of Timmins and Kirkland Lake, and is cut lengthwise
by the Destor-Porcupine Fault Zone. Numerous gold occur-
rences are known, but most are concentrated in small areas
of thin drift cover.

An extensive drift cover, up to 100 m thick, masks the
geology and geophysical responses for a large portion of the
study area. In areas with thick overburden, there has been
limited exploration success for gold; with the exception of
some recent discoveries such as the St. Andrew Goldfields’
deposit and American Barrick’s Holt-McDermott Mine.

Overburden sampling programs are an alternative explo-
ration method for outlining zones of gold mineralization.
Various factors, including sample collection procedures and
analytical methods, contribute to the success of such pro-
grams. Preliminary conclusions, from the first two years
(1984-1985) of the five-year BRIM project, on distribution
of gold in three fractions of till samples are presented.

SAMPLE COLLECTION

This paper includes data from two drilling programs and
two backhoe sampling programs performed in 1984 and
1985; additional sampling was carried out from 1986
through 1988. The distribution of the 1984 and 1985 sample
sites is shown in Figure 2. A total of 243 till samples were
collected from surface pits, usually dug by a backhoe, and
400 till and 311 sand samples were collected during the
drilling programs.

The rotasonic drilling method was employed for this
project. The rotasonic drill furnishes a continuous, rela-
tively undisturbed, 88 mm diameter core from all forma-
tions including bedrock. The core provides large, complete
samples for geochemical analyses. Some of the results of
this study may not be directly comparable with surveys
which use other sampling methods, such as reverse circula-
tion drilling.

Sampling of drill core was done on a stratigraphic basis.
Where possible, till units were sampled over a 1.5 m length,
and sand units were sampled over intervals of 3 to 10 m.
A7 to 10 kg bulk sample and a separate 250 g sample were
collected for each sample interval.

Till samples from surface pits were collected below a
depth of 1.0 m whenever possible. Sampling depths ranged
from 0.3 to 3.0 m with the average being 1.7 m. An attempt
was made to collect samples within 0.5 m of the till-bedrock
interface. The same sample sizes were collected as in the
drill programs.
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Figure 1. Matheson study area.
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Figure 3. Sample preparation flow chart (after Baker et al.,
1985).

10 kg bulk samples were submitted for heavy mineral sepa-
ration. The heavy mineral concentrates were prepared on a
shaker table where the sample material is water-sluiced to
remove lighter mineral grains. Samples with gold grains
visible on the shaker table were further refined by a secon-
dary panning procedure of the heavy mineral concentrate,
to obtain the exact number, shape and size of gold grains.
The entire non-magnetic heavy mineral (>3.3 s.g.) concen-
trate was analyzed for gold by instrumental neutron activa-
tion, as the method is non-destructive and the samples can
be recovered for detailed examination.

The two other fractions, the pulverized <10 mesh
material and <250 mesh material, were analyzed for gold
by fire assay in combination with a direct current plasma
finish. Each of the three fractions were also analyzed for a
suite of 14 trace elements, many by emission spectrometric
methods using a nitric-hydrochloric acid digestion.

THE DISTRIBUTION OF GOLD

The distribution of gold values in heavy mineral concen-
trates, for both till and sand units, is lognormal (Fig. 4).
The geometric mean for all till samples is 118 ppb gold and
61 ppb gold for sand samples. The gold values range from
below detection limit (2 ppb) to 96,000 ppb. The distribu-
tions of gold for tills collected from surface pits (oxidized)
and by drilling (unoxidized) are also presented (Fig. 4).

63



% OF TOTAL SAMPLES

BRIM(1984,1985}

The distinction between till samples from surface pits
and drilling cannot be made based on histograms of gold in
heavy mineral concentrates (Fig. 4). Some of the subtle var-
lation may be due to the fact that near-surface and drill sam-
ples were collected from different locations.

Till collected by drilling was believed to be unoxidized,
as most of the sampled intervals were from below 20 m.
Several studies (Shilts 1975, 1984 ; DilLabio 1979, 1985)
have demonstrated that the chemistry of unoxidized and oxi-
dized till samples are different for many elements. The dis-
tribution of copper was studied to verify that the distinction
between samples collected in surface pits and by drilling was
synonymous with oxidized and unoxidized samples respec-
tively, and that gold distributions were not effected.

For till samples collected by drilling, the copper value
in the heavy mineral concentrate is greater than the value
for the <250 mesh fraction for 95 % of the samples. There-
fore, the ratio of copper in the heavy mineral concentrate
to copper in the <250 mesh fraction is greater than one
(Fig. 5). In contrast, almost 90 % of the till samples, col-
lected from the near surface environment, have ratios of less
than 1 (Fig. 5).
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Figure 4. Distribution of gold in heavy mineral concen-
trates.
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Figure 5. Distribution of copper between oxidized and
unoxidized till samples.
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The copper-rich minerals, such as sulphides, are decom-
posed in oxidized samples. Copper and other metal cations
are released and then adsorbed on phyllosilicate and secon-
dary minerals concentrated in the <250 mesh fraction. This
process is also apparent for elements such as zinc, cobalt
and nickel.

The distribution of gold in the <250 mesh fraction is
different from that in the heavy mineral concentrates. In the
<250 mesh fraction, the mean gold value for each of the
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Figure 6. Distribution of gold in <250 mesh fraction.
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four groups presented in Figure 4 is estimated to be <5 ppb
(Fig. 6). All of the distributions are highly skewed. The
majority of values occur at or near the detection limit of
2 ppb. The distributions of gold in the <10 mesh fraction
are also skewed (Figure 7). The mean gold concentrations
are at the detection limit.

The low gold values in the finer fractions of till and sand
are consistent with the regional distribution of gold in bed-
rock. Bedrock samples were collected from 92 of the 102
rotasonic drill holes. The mean value for gold in these sam-
ples is 4.5 ppb, and 92 % of the values are less than 10 ppb.
The highest value encountered was 1,700 ppb gold in a
magnesium-rich tholeiitic basalt.
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Comparison of the Distribution of Gold
in Three Fractions

The type, size and residence sites of gold in till are different
for each of the three fractions analyzed. The heavy mineral
concentrates contain free gold (except those gold grains with
a size or shape that results in their loss during shaker table
processing), gold tied up in sulphide minerals, and gold tied
up in oxide and silicate minerals if the mineral aggregates
have a specific gravity greater than 3.3.

It is thought that the <250 mesh fraction gold assays
reflect fine free gold, gold released from sulphides and any
gold reprecipitated by postglacial processes. The <10 mesh
fraction includes the gold types listed for the above two frac-
tions. Assays of <10 mesh fraction material will yield
reduced concentrations due to dilution by the large amount
of common rock-forming (silicate-dominated) minerals.

As a result of the complex interactions of the type, size
and residence sites of gold in till, there may or may not be
an optimum fraction to analyze for gold in the BRIM area.
In general, the analysis of heavy mineral concentrates for
gold is a popular and effective means of developing mineral
exploration targets. However, the analysis of heavy mineral
concentrates is expensive and time-consuming. In order to
test whether the <250 mesh and/or < 10 mesh fractions of
the till could be considered as less expensive alternative test
media in the study area, gold results of the heavy mineral
concentrates, the <250 mesh and the <10 mesh fractions
were compared.

The plot of gold results from the <250 mesh and heavy
mineral fractions demonstrates that there is no direct rela-
tionship between the values (Fig. 8). A comparison of the
results for the <250 mesh and <10 mesh fractions shows
poor correspondence between values, although it is true that
for slightly more than half the samples, both results fall
below the detection limit (Fig. 9).
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Most elements other than gold, reflect a strong correla-
tion between values in the <250 mesh and < 10 mesh frac-
tions. As an example, the copper values in the <10 mesh
and <250 mesh fractions for unoxidized till samples show
a strong correspondence (Fig. 10).

The lack of correlation when comparing gold values
between fractions is primarily due to low concentrations of
gold and the difficulty in preparing a ‘‘representative’’ sam-
ple. Only 10 g of material was assayed for the <250 mesh
and <10 mesh fractions in this study, although sampling
theory (Clifton et al., 1969; Harris, 1982) dictates that an
adequate sample size would be 200 g of material.

Normalized Gold Values

The lack of correspondence between gold values in heavy
mineral concentrates versus the other two fractions may be
due to the variable proportion of heavy minerals in the bulk
samples. As suggested by Sopuck et al. (1986) and Lavin
etal. (1986), it may be necessary to ‘‘normalize’’ the weight
of the heavy mineral concentrate relative to the total weight
of the sample.

The weight of the <10 mesh material which was
processed for heavy mineral concentrates varied from 2 to
12 kg and the weight of the non-magnetic heavy mineral
concentrate varied from 1 to 50 g (Fig. 11). The majority
of samples fall within the bounds of 0.1% to 0.5% non-
magnetic heavy mineral concentrate by weight.

In a case where two heavy mineral concentrates contain
the same weight of gold particles, say 1.0ug, but one weighs
2 g and the other sample weighs 50 g, then reported gold
concentrations will be 500 ppb and 20 ppb respectively.

In order to smooth the effect of the weight of the heavy
mineral concentrate it is possible to ‘‘normalize’’ the data.
One method of normalizing the gold values is to multiply
the gold result, reported in ppb or nanograms per gram, by
the weight of the non-magnetic heavy mineral fraction. The
result is the weight of gold in the sample in nanograms
(Equation 1).

(1) Weight of gold in = Au
non-magnetic (ng/g
heavy mineral or ppb)
concentrate (ng)

X Weight of the
non-magnetic
heavy mineral
concentrate (g)

The weight of gold is then redistributed over the total
weight of the <10 mesh table feed (Equation 2).

(2) “Normalized””  Weight of gold (ng)
gold value =
(ng/g or ppb) Weight of the < 10 mesh table feed (g)

The plot of ‘‘normalized’’ gold concentrations of the
non-magnetic heavy mineral fraction indicates no clear rela-
tionship with the gold concentration of the <250 mesh frac-
tion (Fig. 12). However, the ‘‘normalized’’ results are
within the same range of values as the <250 mesh fraction
results.
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The lack of correspondence of the gold values may result
from a variety of circumstances which include:

1. The gold is concentrated in the <250 mesh fraction and
some of this fine material remains in suspension in the
water and is lost when the sample is processed on a
shaker table. This could account for samples where the
gold value of the <250 mesh fraction is greater than the
“‘normalized’’ gold values

2. The 10 g <250 mesh sample analyzed by fire assay is
not representative of the sampled interval, as discussed
previously.

3. The analysis by instrumental neutron activation of heavy
mineral concentrates with large gold grains is prone to
error caused by self-shielding effects.

Self-shielding is a phenomenon that for some elements
including gold, may result in a large grain not being com-
pletely irradiated. Atoms on the outer edge of the grain will
shield inner atoms from irradiation. Studies by Zweifel
(1960) showed that reported gold results would be low by
13 % for gold wires of a 400 ym diameter, and reduced by
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44 % for 2000 um diameter wires. Another cause of inac-
curate gold analyses by instrumental neutron activation
analysis is the inconsistent geometry of large samples.

The ‘‘normalized’’ gold data are plotted against the
original gold values for the heavy mineral concentrates
(Fig. 13). There is good correlation between the two sets
of values but there are interesting discrepancies on a sample-
by-sample basis.

On ranking the till samples by high gold values, the same
top 3 samples are selected from both data sets. However,
for samples with less than 15,000 ppb gold in the heavy
mineral concentrates, the significance of some samples over
others between the two data sets is not uniform. This is
apparent in Figure 13b, which is an expanded version of
Figure 13a.

It has not been determined, at this time, which of these
data sets demonstrates a clearer relationship to mineraliza-
tion, but both the raw and calculated (‘‘normalized’’) gold
values may be useful in defining follow-up priorities.

THE DISTRIBUTION OF GOLD GRAINS

Another clue to the exploration significance of overburden
samples is the number, size and shape of gold grains. In the
study area gold grains up to 1575 um X 925 pm have been
recovered from till. In an effort to determine the relationship
of the number and size of gold grains to assay results a crude
‘‘gold grain scale’’ was devised. Using a standard ‘‘grain
unit’” of 50 um X 50 um and ignoring the possible complica-
tions arising from varying thicknesses, all gold grains were
converted to ‘‘grain units’’. As an example, a gold grain
with reported dimensions of 100 um X 100 ym is equivalent
to four 50 um X 50 ym ‘‘grain units’’.

The unoxidized till samples were separated into four
groups based on the number of gold ‘‘grain units’’ in the
sample. Histograms of assayed gold values (Fig. 14) were
generated for the groups of samples with (a) no gold grains,
(b) 0.5 to 17 *‘grain units’’, (c) 17.5 to 35 ‘‘grain units’’
and (d) greater than 35 “*grain units’’. As expected, the 50th
and 95th percentiles for gold assays rise as the number of
‘‘grain units’’ increase.

However, there are troubling details. The instrumental
neutron activation gold analyses range up to 1800 ppb for
samples with no gold grains The most likely explanation is
that gold is present in forms other than free gold, such as
contained in sulphides. A second explanation is that the gold
is too fine grained to be visible on the shaker table during
processing. At the other extreme, and perhaps of greater
concern, six samples with greater than 35 ‘‘grain units”’
have less than 500 ppb gold reported. These samples contain
at least one grain which is large enough to cause reduced
gold assays due to self-shielding. The gold grain data for
these six samples are presented in Table 1. However, other
samples with equally large gold grains generate much higher
gold values, as illustrated in Table 2. The size of the gold
grains is certainly not the only determining factor. Further
studies are warranted to explain this phenomenon.

Table 1. Samples with large gold grains and low gold
assays

Sample
Number 85-01-08 | 851211 | 851307 | 85-24-14 | 85-39-14 | 854593

Gold  [1275%400| 126%25 | 226x50 | 126x25 | 125%50 |1 350x450

Grains 150x75 | 125x75 | 12550 | 12575
(number) 150x100 [ 150x50 | 150x75 | 15075
&size | 175x125| 15075 | 150%150 {1125%175
[um))
1150x250 | 175%75 [1300x350(1200%225
1150350 | 1 100x 125 1250450
1250%350
(old 91 100 180 220 200
Assay
(ppb)

Table 2. Samples with large gold grains and high assays

Sample
Number 84-28-09 85-31-02
Gold 150x100 2 25%25
Grains 1100x 100 2 25%50
(number & 1100x 150 1 50x50
size [um]) 1 100200 15075
1 250% 350 150x100
1150% 150
1150350
Gold 8800 1600
Assay (ppb)

CONCLUSIONS

In this preliminary examination of data collected during
1984 and 1985, several important points have been identi-
fied. These include:

1. The gold values for the heavy mineral concentrates,
<250 mesh and <10 mesh fractions are not directly
comparable.

2. The ‘‘normalized’’ gold data for heavy mineral concen-
trates does not correspond directly with <250 mesh and
<10 mesh results.

3. Samples are ranked differently using the heavy mineral
concentrate gold assay values or the ‘‘normalized’” gold
values.

4. Oxidized and unoxidized samples, as represented by
samples collected from the near-surface environment (to
3.0 m depth) versus samples obtained by deep overbur-
den drilling, respectively, have different chemical
characteristics. However, the two groups cannot be dis-
tinguished on the basis of gold data.

5. The gold data for the <250 mesh and <10 mesh
material using 10 g assay aliquots are not representative
of the sampled interval.
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Effective mineral exploration for gold using geology,
Quaternary geology and exploration geochemistry
in areas of shallow till

C.F. Gleesonl, V.N. Rampton?, R.D. Thomas?, and S. Paradis?

Gleeson, C.F., Rampton, V.N., Thomas, R.D., and Paradis, §., Effective mineral exploration for gold
using geology, Quaternary geology and exploration geochemistry in areas of shallow till; in Drift
Prospecting, ed. R.N.W. DiLabio and W.B. Coker; Geological Survey of Canada, Paper 89-20,
p. 71-96, 1989.

Abstract

Shallow surficial materials from a 180 km? area in eastern Ontario were systematically sampled at
1 km centres and two areas were sampled at 100 m centres. The object was to establish the most effective
sampling techniques for regional and detailed geochemical exploration for gold in areas of shallow over-
burden. At each sample site a humus, a ‘‘B’’ soil and three till fractions were analyzed for gold. Heavy
mineral identifications, pebble counts, and surficial and bedrock geology maps were used to determine
the nature of the gold dispersal in the surficial deposits and to interpret the geochemical patterns.

The research area is underlain by a series of supracrustal rocks composed of mafic metavolcanics
and intercalated carbonate metasediments with subordinate clastic metasediments which are flanked on
the west by granite gneisses (Addington Gneiss) and on the east by the Lavant Gabbro Complex. Locally,
small late stage granitic bodies intrude the gabbro complex and metasediments. The area is traversed
by a major northeast-trending shear zone which encloses mylonitized and fractured gabbro, metavolcanic
rocks, clastic metasediments and carbonates. Gold occurrences are hosted in altered rocks in the shear
zone. They consist of quartz-carbonate veins and massive sulphide occurrences in mafic mylonite.

Most of the area is underlain by a loose relatively thin layer of sandy stony ablation till, deposited
by glaciers moving in southerly directions, and rock rubble. Glaciofluvial complexes cross the central
and eastern part of the area. A short-lived glacially dammed lake in the Clyde River Valley resulted
in thin lacustrine sediments being deposited there.

The regional survey was effective in outlining the extent of the gold belt and in establishing promising
targets for further exploration. Although all sample types are more or less effective on the regional scale
some are more effective than others. For the detailed surveys all sample types are relatively useful in
reflecting known gold mineralization. The results of this program indicate that regional shallow till sam-
pling programs are not only cost-effective but technically effective in locating gold mineralization in areas
that are covered with extensive but relatively thin glacial deposits.

Résumé

Des matériaux superficiels peu profonds provenant d’une zone de 180 km? dans ['est de I’Ontario
ont été systématiquement échantillonnés a tous les kilometres, et deux zones ont été échantillonnées de
Jacon plus détaillée a tous les 100 m. Le but était d’établir le type de technique d’échantillonnage le
plus efficace aux fins de recherche géochimique régionale et détaillée de l'or dans les zones de morts-
terrains peu profonds. a chaque point d’échantillonnage, I'or a été dosé dans [’humus, le sol ‘B’ et
trois tranches granulométriques de till. Des relevés des minéraux lourds, des décomptes de galet, et des
cartes géologiques des formations en surface et du socle rocheux ont été utilisés pour déterminer la nature
de la dispersion de ['or dans les dépdts de surface et pour interpréter les résultats géochimiques.

! C.F. Gleeson & Associates Ltd., Lakeshore Drive, P.O. Box 10, Iroquois, Ontario, KOE 1L0
2 Terrain Analysis & Mapping Services Ltd., P.O. Box 158, Carp, Ontario, KOA 1L0
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La zone de recherche repose sur une série de roches supracrustales composées de roches métavolcani-
ques mafiques et de métasédiments carbonatés intercalaires accompagnés de métasédiments détritiques
subordonnés qui sont flanqués a l’ouest par des gneiss a granite (gneiss d’Addington) et a l’est par le
complexe de gabbros de Lavant. Par endroits, de petites masses granitiques récentes pénétrent le com-
Plexe de gabbros et les métasédiments. La région est traversée par une importante zone de cisaillement
se dirigeant a l'est du nord et au sein de laquelle se manifestent du gabbro, des roches métavolcaniques,
des sédiments détritiques et des roches carbonatées de nature mylonitisée et fracturée. Les manifestations
d’or sont logées dans des roches altérées dans la zone de cisaillement. Elles se présentent sous forme
de veines de quartz et carbonatées, et de masses sulfurées dans de la mylonite mafique.

La zone repose en grande partie sur une couche meuble et relativement mince de till d’ablation sableux
et caillouteux, mise en place par des glaciers se déplagant vers le sud, et de la blocaille. Les complexes
glaciofluviaux traversent le centre et [’est de la zone. Un lac de barrage glaciaire de courte durée dans
la vallée de la riviere Clyde a laissé une couche mince de sédiments lacustres a cet endroit.

L’étude régionale a permis de délimiter l’étendue de la zone aurifére et d’établir des cibles prometteu-
ses pour de futures explorations. Certains types d’échantillons sont plus révélateurs que d’autres a
I’échelle régionale. Aux fins des études détaillées, tous les types d’échantillons caractérisent assez bien
la minéralisation d’or connue. Les résultats du présent programme indiquent que les programmes
d’échantillonnage régional des tills peu profonds sont non seulement rentables, mais aussi techniquement
efficaces lorsqu’il s’agit de repérer des minéralisations d’or dans des zones recouvertes d’une couche
de sédiments glaciaires étendue, mais relativement mince.

INTRODUCTION
General

What sample media, sample density and sample fraction to
use? This paper deals with these questions and the effective-
ness of exploration geochemical techniques applied to the
search for gold in an area of extensive, but relatively shal-
low overburden.

Location and Access

The area is located 82 km southwest of Ottawa and 50 km
northwest of Perth (Fig. 1). Access is generally good from
a series of gravel roads within the project area.

Past Investigations

Government- and industry-sponsored low density regional
geochemical surveys in Canada have concentrated mainly
on stream and lake sediment surveys. For precious metal
exploration in glaciated areas, however, low density lake
sediment surveys are not always adequate and stream sedi-
ment surveys may not be appropriate because of disjointed
drainage.

Systematic regional shallow till sampling has been the
practice for some years now in Sweden and Finland. In Can-
ada the first integrated Quaternary-geochemical study on
metals in tills was carried out in the mid 1950s in the
Chibougamau area by Ermengen (1957). In more recent
times, shallow till geochemical studies have been published
for the Mt. Pleasant area, New Brunswick (Szabo et al.,
1975), and for the Lac Mistassini area (Icon Mine), Quebec
(DiLabio, 1981). In Ontario, Closs and Sado (1982a,b) have
published studies on overburden geochemistry and Quaternary
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studies for base metal exploration and investigation of car-
bonatite complexes. Shilts (1976) has emphasized the
importance of analyzing the clay fraction of near-surface
tills for regional till surveys. Geochemical data on twelve
trace elements in the clay fraction of tills from 1500 sites
in southeastern Ontario (Kettles and Shilts, 1983) showed
that several samples taken from the present research area
contain anomalous amounts of copper, zinc, cobalt, nickel,
silver, arsenic, cadmium and mercury.
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Publications dealing with till geochemical studies specif-
ically related to gold exploration are not plentiful, although
with the increased emphasis on gold more literature on this
topic is appearing. Lee (1963) was one of the first in Canada
to publish on the use of shallow till sampling in the search
for gold. He was able to define dispersal trains down-ice
from mines in the Kirkland Lake area by counting gold
grains in heavy mineral concentrates from till. In the
Beardmore-Geraldton area Closs and Sado (1981) found
gold in ‘‘B’’ horizon of soils was effective only if the soils
were developed on till. Where the bedrock source contained
fine-grained gold, the gold in till anomalies were found in
both heavy mineral and silt-clay fractions. However, where
the bedrock source of gold was coarse-grained gold, anoma-
lies were found only in the heavy mineral fraction.

Regional near-surface till studies, using a one per square
kilometre sample density, over the St. George Batholith in
southern New Brunswick (Thomas et al., 1983, 1987;
Rampton et al., 1986) defined gold dispersal trains in heavy
mineral concentrates up to 2 km in length. Cassiterite-
bearing greisen zones were defined by anomalous tin values
in the heavy mineral concentrates up to 14 km down-ice
from the source area. Other Canadian examples of dispersal
trains in near-surface till related to mineral occurrences
include those in papers by Sinclair (1979), DiLabio (1981,
1982), Snow and Coker (1987) and McConnell and Batter-
son (1987).

One of the first applications of humus sampling to gold
exploration in Canada was carried out in Duparquet area,
Quebec (Gleeson and Boyle, 1979) in 1974. This work
demonstrated that gold analyses of humus in areas underlain
by pertneable glacially transported overburden was effec-
tive in defining gold mineralization. Generally, soil samples
of the “‘B”’ horizon over known occurrences gave poor or
no gold anomalies. Earlier, a great deal of research had been
completed by the USGS on the geochemistry of gold (Curtin
et al., 1968, 1970,1971 and Lakin et al., 1974) in which
they had established the effectiveness of humus sampling in
defining gold mineralization.

Sampling of humus, soils and till for gold are now rou-
tinely used by exploration companies during exploration.
However, much doubt about the proper application of these
techniques still exists. Simple parameters such as the most
effective sample density, the best media, and the proper size
fraction to analyze in glaciated areas have not been estab-
lished. This research project sets out to better define these
parameters for geochemical exploration.

Present Investigation

The field work for this project was completed in 1983 and
involved three phases: sampling of surficial materials, map-
ping of surficial geology and mapping of the bedrock geol-
ogy (Gleeson et al., 1984, 1985, 1986; Rampton et al.,
1986). In the regional sampling program, surficial material
was systematically collected at one kilometre centers. In the
vicinity of two gold occurrences more detailed sampling at
100 metre centers was completed. The detailed grids were
designed to determine the most effective sample media and
fraction for delineating gold mineralization, as well as to

determine the optimum sampling pattern. At all sites,
decomposed humus and “‘B’’ soil samples were taken. In
addition, 0.5 to 1.0 m deep pits were dug to obtain samples
of the parent material, generally till. In places where till was
not present within a reasonable depth or distance from the
desired location then glaciofluvial material was sampled.
For the regional program 154 sites from 180 km? were
sampled, and on the detailed grids 79 sites were sampled.

The surficial mapping program was designed to outline
the distribution of the surficial deposits, to determine the ice
flow or transport directions of the materials, and to deter-
mine the interrelationships of the surficial deposits. This
information is required to properly interpret the geochemi-
cal data and to design follow-up programs. The bedrock
mapping program was designed to up-date the geological
data shown on maps by Peach (1948, 1958), Pauk (1983,
1984) and Carter (1981). Special emphasis was placed on
differentiating between mylonitized gabbro and mafic vol-
canics and defining structure and alteration patterns that
might be related to gold mineralization. Where possible,
rock samples for gold analyses were obtained near each site
sampled on the regional program. In addition, all mineral
occurrences that could be found were sampled and analyzed
for gold. For each sample site, 50 pebbles were identified
and counted and a 2 g representative sample of heavy
minerals was examined and the minerals were identified.
Gold in all sample media, pebble counts and mineralogy
were plotted. Basic statistical parameters were calculated
for both the regional and detailed data. All data have been
published by the Ontario Geological Survey (Gleeson et al.,
1986).

PREVIOUS GEOLOGICAL INVESTIGATIONS
AND MINERAL EXPLORATION

One of the earliest geological maps of the Lavant-Darling
area was made by Vennor (1876) who outlined the Robert-
son Lake Shear Zone (RLSZ), and indicated several other
probable shear zones and splays. He also commented on the
economic geology of the area and noted a cupriferous belt
in Lavant Township. Subsequent work concentrated on
evaluating the magnetite, hematite and pyrite deposits of the
area (Charleton et al., 1890; Ingall, 1901 ; Frechette, 1910).
Ells (1904) completed a regional geological study of the
region and reported several assays from Lavant and Darling
townships ranging from 0.111 to 0.195 oz/ton gold and up
to 5.2 oz/ton silver. In the 1940’s, regional mapping of
Darling and Lavant townships was completed by Peach
(1948, 1958) and Smith (1958). Peach identified the RLSZ,
which he extrapolated northward from Smith’s area to Joes
Lake. Sangster (1970) completed a regional metallogenic
study which incorporated this area. A compilation by Gor-
don et al. (1979) lists the gold occurrences in Darling and
Lavant townships as comprising the Ranworth (boulder)
occurrence (1.5 oz/ton gold, 12 oz/ton silver) in the Little
Green Lake area, and the Robertson occurrence (0.11
oz/ton gold over 5.6 feet of diamond drill core) in the
Robertson Lake area some 10 km south of Joes Lake. The
Ranworth boulder was found in 1962 on the Little Green
Lake claims about 400 m south of the Little Green Lake
gold occurrence (Northern Miner, 1962).
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Jackson (1980) mapped mylonitic rocks lying adjacent
to, and on both sides of the leucogranitic (Addington) gneiss
in the White Mountain area adjoining the central west sector
of the research area. Unlike Peach, she did not identify vol-
canic rocks to the east of the Addington gneiss but showed
that they were mylonites derived from the gabbro with atten-
dant retrograde metamorphism of the amphiboles to chlo-
rite.

Carter studied the copper-antimony-gold-silver deposits
of the Lavant-Darling area (Carter 1981, Carter et al.,
1980), mapped part of the area and extended the RLSZ north
of Joes Lake.

Pauk (1983) mapped the area south of the Clyde River
and showed that the RLSZ lay between the Addington
Gneiss and the Lavant Gabbro Complex.

Gleeson et al. (1984, 1985, 1986) produced surficial and
bedrock maps of the area. The bedrock mapping showed the

RLSZ north of the Clyde River to be much wider than
shown by Carter (1981), extending northeast to Darling
Long Lake.

Early records of base or precious metal exploration are
sparse ; however it appears that the Darling, Joes Lake and
Robertson Lake occurrences were discovered prior to 1900.
Vennor (1876) reported that a shaft was sunk on a copper
occurrence on Lot 6, Conc. VII, Lavant Township.

Assessment reports have been filed for areas which
include the Bradford, Darling and Little Green Lake gold
showings (Robertson and Gleeson, 1981, Campbell, 1968,
Hammerston, 1968 and Rankin, 1962).

South of Joes Lake, Taylor (1957) has reported the pres-
ence of trace amounts of chalcopyrite and tetrahedrite in
drill core. Gleeson (1975) reported 0.45 oz/ton gold, 2.92
oz/ton silver, 1.85% copper, 1405 ppm zinc and 0.83 %
antimony from a grab sample of the Joes Lake occurrence.

0 10 20km
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Figure 2. Sketch map of some principal geological elements of the southwest

Grenville Province, Ontario.
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1. Jonasson (pers. comm.) of the Geological Survey of Can-
ada found that the tetrahedrite and pyrite from the Joes Lake
gold occurrence contained 100 ppm (3 oz/ton) and 5.3 ppm
(0.15 oz/ton) gold respectively. Selco completed VLF-EM,
soil geochemistry (gold) and geological surveys prior to
drilling three diamond drill holes at Joes Lake (Sinclair,
1978). One hole intersected 0.45 m of massive pyrite which
assayed 5160 ppb gold, 5280 ppm copper, 475 ppb mercury
and 1919 ppm antimony. Other analyses gave up to 0.02
oz/ton gold.

Most recently, Easton and DeKemp (1987) and Easton
(1987a,b) have been investigating the geology of the area
for the Ontario Geological Survey, and they have published
geological maps at a variety of scales covering the area. The
results of their investigations appear comparable to those
reported herein.

GEOLOGY

The geology as herein described is primarily based on
1:10000 mapping (Gleeson et al., 1985) completed subse-
quent to the research work. The results of other workers
have been synthesized and incorporated where possible;
however as Easton and DeKemp’s (1987) and Easton’s
(1987a,b) investigations were not available until after the
completion of this paper, no attempt has been made to com-
ment on or integrate their results with our observations and

mapping.

Regional Setting

The area lies in the eastern portion of the Hastings Basin
(Fig. 2), which forms part of the Central Metasedimentary
Belt, a subdivision of the Grenville Province defined by
Wynne-Edwards (1972). The Hastings Basin contains the
thickest succession of supracrustal rock in the Grenville
Province. The base of its stratigraphic section is character-
ized by a sequence of mafic volcanic rocks containing inter-
calated metatuffs and carbonate metasediments. The top of
the section comprises an alternating sequence of carbonate
and clastic metasedimentary rocks.

According to Sangster (1970) the basal volcanic rocks
in the project area are a spilitized basaltic sequence with
interbedded marble. These are overlain by carbonate
metasedimentary rocks, which contain beds of clastic
metasedimentary rocks. The clastic rocks have been inter-
preted as volcanic detritus eroded from adjacent volcanic
highlands. According to Lumbers (1982) the carbonate
facies was deposited both during and after volcanism, so that
this facies is intercalated with most of the volcanic and vol-
caniclastic rocks. The supracrustal assemblages have been
intruded by a variety of felsic to mafic syntectonic and late
tectonic intrusive rock sequences.

Tectonism has affected all supracrustal rocks in the
region; generally they have been folded around axes that
trend northeast and north-northeast. One major fault zone,
the RLSZ, can be traced from the project area southerly and
southwesterly for 90 km to where it is covered by Paleozoic
rocks. The northern sector of the region is cut by a series
of late east-trending faults associated with the Ottawa-
Bonnechere Graben.

Local Geology (Fig. 3)
Metavolcanic rocks (Map unit 1)

The intermediate to mafic metavolcanic rocks are found
mainly along the west border of the area. They are fine- to
medium-grained, dark grey hornblende, plagioclase (minor
biotite and quartz) gneisses and amphibolites. Within the
limits of the RLSZ, the rocks are highly sheared and
difficult to distinguish from highly sheared gabbro. Mafic
mylonites (map unit 7a) in the western part of the area may
be derived in part from the metavolcanic rocks.

Metasedimentary rocks (Map unit 2)

Clastic metasediments underlie the extreme western side of
the map area and occur also as small isolated shear slices
within the RLSZ south of Joes Lake and north of Darling
Long Lake. Generally, the metasediments are well banded,
fine- to coarse-grained, medium to dark grey, biotite-
muscovite-hornblende-quartz-plagioclase schists and
gneisses.

Carbonate rocks (Map unit 3)

Major carbonate occurrences are southeast of Joes Lake,
southwest of Peter White Lake and south and west of
Darling Long Lake. Between these areas, carbonate units
occur in a linear, northeast trending belt within the RLSZ.

Crystalline calcitic marble is the most common car-
bonate unit away from the shear zone. These rocks are
medium- to coarse-grained, white to light grey, massive to
well banded and locally they may include bands of graphite.
Dolomitic marbles are fine- to medium-grained, grey and
finely laminated. In places the dolomitic marbles contain
fracture fillings and veinlets of iron-rich carbonates which
host some of the gold occurrences in the area (eg. Darling
Long Lake, Darling, Green Lake and Joes Lake occur-
rences).

The ferroan dolomites (map unit 3x) are restricted to the
RLSZ and are quite variable in appearance. Visually they
are microcrystalline to medium-grained and white to buff on
fresh surfaces. They weather to an earthy rusty-brown
colour. Within the RLSZ the ferroan dolomite is frequently
associated with silicification (in the form of quartz), chlo-
ritization, sericitization and pyritization. The carbonated
shear zones shown on Figure 3 are ferroan dolomite veins
which occur mainly in gabbro. The ferroan dolomites are
of hydrothermal origin and they are typical of the iron-
carbonatization alteration that is frequently found associated
with gold deposits in such gold camps as Timmins, Larder
Lake and Red Lake.

Lavant Gabbro Complex (Map units 4 and 5)

In the map area the Lavant Gabbro Complex (LGC) is com-
posed of late-stage intrusive bodies. Most range in composi-
tion from dioritic to ultramafic; the gabbroic phase being
most prevalent (map unit 5). The LGC measures some
44 km long by 6 to 10 km wide. The western border of the
complex is highly sheared (part of the RLSZ) and altered,
and probably comprises the majority of the mafic mylonite
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unit (map unit 7a). Mylonitized LGC rocks are fine grained,
schistose and composed of chlorite as a metamorphic retro-
grade after hornblende, and andesine plagioclase, which
frequently exhibits sericite overgrowths. Xenoliths and roof
pendants of carbonate and metasedimentary rocks lie within
the Complex, as do tectonically controlled ferroan dolomite
zones and trondhjemite dykes and sills. Magnetite and dis-
seminated pyrite (trace to 1 %) are common in the Complex.

Addington Gneiss (Map unit 6)

The Addington granitic gneiss complex forms a south-
trending body in the western part of the area. The main
body, 2 to 3 km wide, is bounded by two mylonite zones.

" The Addington gneiss is a fine to medium grained, pink
to greyish pink to red, granite and quartz monzonite. Along
its sheared borders it becomes more gneissic (felsic mylo-
nite) and may contain carbonate, chlorite and sericite as
alteration products.

Mpylonites (Map units 7a, 7b)

Rocks contained within the RLSZ and shown as map unit 7a
have previously been mapped as mafic metavolcanic rocks.
However field and petrographic studies from this project
indicate that usually these rocks are intensely deformed and
altered gabbroic rocks of the LGC. Shearing of the gabbro
has produced mafic mylonite, whereas shearing of the more
felsic rocks (eg. Addington gneiss) has produced felsic
mylonite (map unit 7b).

Rocks in the mylonite zone have a layered appearance,
ranging from gneissic to phyllitic. Mafic minerals have been
retrograded to chlorite. Intense shearing and microbreccia-
tion parallels the western contact of the LGC and the eastern
contact of the Addington Gneiss Complex (Fig. 3). The
mylonite zone extends the full length of the map area
(21 km), varies in width from 1 to 3 km and dips 20 to 60°
east. Dolomitic rocks and locally metasedimentary and
metavolcanic rocks are also incorporated into the mylonite
zone. Besides being mylonitized and brecciated the rocks in
the RLSZ have been chloritized, carbonatized (ferroan
dolomite), silicified, sericitized and pyritized. These altera-
tion zones frequently host gold mineralization.

Trondhjemite

Trondhjemite dykes and sills are present in the RLSZ and
in the LGC (Fig. 3). Where they occur in the mylonite zone
they are oriented parallel to the schistosity and they are
sheared to varying degrees. Commonly they are silicified
(quartz veins and stockworks) and in places contain secon-
dary carbonate and pyrite. Pyritized zones generally are
auriferous.

Gold Occurrences

The gold occurrences in the area are shown on Figure 3.
Five identified styles of gold mine;alization, with some of
their associated minerals, are listed below:

Type 1. quartz-carbonate veins in dolomitic marble
(tetrahedrite, chalcopyrite, pyrite and gold)

2. quartz-ferroan dolomite zones in altered mafic
mylonite (pyrite, chalcopyrite)

3. quartz-ferroan dolomite veins in gabbro
(pyrite, arsenopyrite)

4. quartz veins in altered trondhjemite (pyrite,
arsenopyrite, bismuthinite, gold, tourmaline)

5. conformable massive sulphide zones in altered
mafic mylonite (pyrite,pyrrhotite, graphite,
7chalcopyrite, arsenopyrite).

Of the sixteen gold occurrences that have been identified
in the map area, six (all of type 1) were previously known;
the remainder have been found as a result of exploration
(Gleeson et al., 1985) carried out subsequent to this research
project.

QUATERNARY GEOLOGY

Regional striae patterns indicate that during the Late Wis-
consinan the region was glaciated by ice moving in a
southerly direction (Gadd, 1980). This is supported by the
majority of striations observed in the map area (Fig. 4). Ice
flow during part of the Late Wisconsinan may have been
minimal, as the main components of regional ice flow were
channelled down the St. Lawrence Lowlands to the east and
across the Madawaska Highland to the west. During the
waning stages of the Late Wisconsinan glaciation, glacial
and subglacial tunnels developed in the ice, channels were
eroded in the subglacial bedrock, and eskers, kames, and
kame deltas were formed. Further ice wastage resulted in
partial uncovering of the area and development of a glacial
lake in the Clyde River valley as evidenced by deltas in the
valley. This lake must have been short-lived because no sig-
nificant amount of glaciolacustrine sediment was noted
within the Clyde River Valley and the deltas show structures
and morphology characteristic of the melting out of buried
ice-blocks.

In the Ottawa Valley, glacial ice flow in a southeasterly
direction may have persisted for a short period after deglaci-
ation of the Madawaska Highland (Gadd, 1980). South-
southeast trending striations in the northern part of the
research area support this hypothesis. During this interval,
ice-contact stratified deposits likely formed in a marginal
zone parallel to the scarp marking the northern edge of the
Madawaska Highland (Barnett and Clark, 1980); meltwater
flowed in a general east-southeast direction.

The Champlain Sea did not directly affect the study area
as its maximum elevation was only 175 m (Fransham and
Gadd, 1977; Barnett and Clark, 1980).

Ablation til] covers most of the area (Fig. 4). It is gener-
ally characterized by a light yellowish brown colour and is
loose to compact. It varies in textural composition from
sandy, with sand constituting 50 to 80 % of the till and clasts
forming 10 to 20 % of the remainder, to stony with pebble-
sized and larger clasts commonly constituting 15 to 35 %
and sand forming 40 to 70 % of the till. The stony tills at
a few localities may contain a significant portion of rock
fragments dislodged by frost action from the underlying
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bedrock especially where the till is relatively thin. In addi-
tion, some of the ablation till at the base of slopes may have
incorporated rock fragments that have moved downhill
under the influence of mass wastage processes.

The ubiquitous distribution of the ablation till throughout
the area has made it the prime sampling medium for this
exploration program. Ablation till is generally believed to
be much farther travelled than lodgment till, and thus a more
difficult medium to utilize in the search for mineral deposits.
However, it is clear from the results of this study that gold
from known occurrences has been incorporated into the
glacier, and a recognizable amount of it has been deposited
with the ablation till. Generally, the dispersal trains of all
media parallel the glacial flow directions determined from
glacial striae.

Glaciofluvial deposits in the form of ice-contact strati-
fied drift and outwash occur mainly in a belt in the north-
central and southern parts of the area (Fig. 4). Glaciofluvial
deposits include those sediments deposited by meltwater
both ilders to stratified well sorted sand and gravel. Drill
holes (Gorrell et al., 1985) indicate that the sand and gravel
varies in thickness from 9 m to 32 m.

Care must be taken in interpreting geochemical anoma-
lies found in glaciofluvial deposits because the down-ice dis-
tance from their source may be much greater than that for
anomalies in till. In addition, the direction of transport by
water depositing the glaciofluvial materials may also differ
from the flow direction of glacier ice. For example, in the
north-central part of the map area meltwater flow (accord-
ing to the trend of esker segments and cross-bedding in these
areas) appears to have been southeasterly (Fig. 4). Thus,
anomalous gold values found in glaciofluvial deposits south-
east of the gold occurrences in the north central part of the
area could be interpreted as reflecting local bedrock sources
of gold or as gold transported from the area surrounding the
occurrences.

Within the study area, brown forest soils have developed
on calcareous tills, whereas Podzols have developed on
glaciofluvial deposits and noncalcareous tills. The “‘B”’
horizon generally extends to a depth of 0.2 to 0.4 m. The
*“‘C”” horizon in parent materials shows evidence of oxida-
tion due to groundwater percolation.

Regional Survey
Statistics

A statistical summary for gold in the various sample frac-
tions and media from the 154 regional sites is shown in
Table 1. Because of the lognormal nature of the data, the
geometric mean will be used in this report. The humus is
definitely enriched in gold relative to the mineral soils.
Depletion of gold in the ‘‘B’’ soils relative to the tills is also
apparent.

Gold in humus (Fig. 5)

Gold in humus generally increases to greater than 10 ppb
over and near gold-bearing structures. The trends of the
anomalies more or less follow the attitude of the underlying
geological formations along the RLSZ. In the north-central

Table 1. Statistical summary for gold (ppb) in regional
samples.

Horizon Arith.  Std.  Geom.  Log. Range

Mean  Dev. Mean  Dev. Min Max

Humus 7.4 14.9 42 .26 <1 119
“B" soil 5.7 21.7 1.5 36 <1 223
(<80 mesh)

Till {<5 mesh) 8.4 419 2.2 35 <1 506
Til (<250 mesh) 115 28 34 40 <1 460

Till (heavy minerals) ~ 91.3 4259 53 78 < 4358

part of the area the continuity of the gold trend along the
RLSZ is broken over the area underlain by glaciofluvial
deposits. In this area gold values decrease to less than 5 ppb.
To the northeast, values increase again (11-119 ppb gold)
over and near the gold occurrences. South of Joes Lake
along the RLSZ there is relatively poor response for gold
in humus. Presently known occurrences there are not
reflected in the humus results.

A second southeasterly-trending anomaly follows from
the east edge of the RLSZ, along Highway 511, to the Geor-
die Lake splay where mylonitized and altered gabbroic
rocks predominate. The trend continues weakly southeast-
ward over gabbroic rocks to the east boundary of the map
area. An easterly-trending increase in gold also occurs over
the LGC south of Clyde River.

Gold in <80 mesh ““B’’ horizon soils (Fig. 6)

Values greater than 5 ppb gold in “‘B”’ horizon soils are
clustered mainly over and near the gold occurrences. Con-
tinuity along the auriferous RLSZ is lacking. This is likely
due to the “‘B’’ horizon soil in many places being developed
in colluvium, loess or lacustrine materials, rather than till.
Better anomaly definition is attained where the soil has
developed on till. Little evidence of appreciable glacial dis-
persal of gold in the ‘‘B’’ horizon soils exists. Gold occur-
rences fall within circular anomalies that show little
down-ice distortion.

Gold in total till (<5 mesh, Fig. 7)

Gold in the total till increases over most of the RLSZ and
gold occurrences. The trend starts at the south edge of the
project area and continues to Highway 511 where it comes
to an abrupt end. The presence of glaciofluvial materials in
this area may account in part for this interruption. The
anomaly picks up again near Darling Long Lake where a
value of 506 ppb gold occurs in the till and where subsequent
work uncovered a gold occurrence of Type 1. A southeast
trend to the high gold values on the west side of Highway
511 continues to the east edge of the project area. This
anomaly may be related to the Geordie Lake Splay, which
is underlain by altered gabbro and carbonate rocks. Other
local increases in gold remain unexplained. The anomaly
patterns around the gold occurrences indicate relatively
short (less than 1 km) dispersal distances.
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Gold in till (<250 mesh fraction, Fig. 8)

Anomalous gold patterns in the silt and clay fraction of the
till over the RLSZ and gold occurrences are not markedly
different from the total till anomaly patterns. Interruptions
along the RLSZ are caused, in part, by the presence of
glaciofluvial deposits in these areas. Other increases in gold
values occur over and down-ice from the Geordie Lake
Splay and west of the RLSZ where Addington gneiss is
mylonitized. Maximum gold values (50-400 ppb) are related
to gold occurrences. Anomalous patterns over and near the
known gold occurrences suggest dispersal distances of 1 km
or less. Isolated anomalies near Harts Lake and near the
eastern and western borders of the area are unexplained.

Gold in Till (heavy mineral fraction s.g. >2.96, Fig. 9)

The distribution of gold in the heavy mineral fraction of the
till samples shows a dominant north-northeast trend over the
RLSZ and its associated gold occurrences. The central part
of the anomaly (868 to 2276 ppb gold) between highway 511
and the west boundary of Darling Township proved to be
caused by gold mineralization in a massive sulphide zone
and quartz veining in altered trondhjemite. To the northeast
near Darling-Long Lake, an anomaly (319 ppb) proved to
be related to auriferous quartz-carbonate veining in dolo-
mitic marble. A northeast trend enclosing a maximum value
of 4358 ppb gold occurs along the Geordie Lake Splay.
These results as well as high arsenic values in the heavy
minerals (Gleeson et al., 1985) and the presence of altered
mylonitized gabbro and carbonates along this splay suggest
that gold mineralization is associated with this structure.
Other anomalies in the southeast and western sectors of the
area remain unexplored and unexplained. The gold results
from the heavy mineral fraction of the till show limited dis-
persal distances (1 km or less) but better continuity,
anomaly contrast and definition than other till fractions.

Clasts and heavy mineral dispersal

Relatively short glacial dispersal distances are also indicated
by pebble counts of such distinctive lithologies as the
Addington gneiss (Fig. 10) and Lavant gabbro (Fig. 11).
The Addington gneiss pebbles constitute from 10 to 60 %
of the total pebbles over its area of outcrop. Down-ice trans-
port of pebbles from the main body of gneiss is about 1 km.
Further dispersal is due to glaciofluvial transport.

Gabbro clasts over the unaltered gabbro constitute from
30 to 67 % of the total pebbles. The relationships between
areas of gabbro outcrop and gabbro pebble counts in excess
of 30% are shown on Figure 11. The results indicate a
down-ice glacial dispersal distance of 1 to 2 km. The low
percentage of gabbro clasts within the northwest-central
part of the area, underlain by gabbro, is caused by the pres-
ence of glaciofluvial deposits there (Fig. 3). The low counts
within the western gabbro high, between highway 511 and
the western boundary of Darling Township, is an area where
many quartz-ferroan dolomite veins occupy shear zones in
gabbro. Increases in gabbro pebbles north of the main gab-
bro body in the RLSZ are caused by ‘‘islands’’ of non-
mylonitized gabbro within the shear zone. An area charac-
terized by gabbro pebbles in excess of 10 % along the west

edge of the gabbro outcrop and north of Joes Lake is related
to glaciofluvial transport along the RLSZ (Figs. 3 and 4).

The heavy minerals show an abundance of chlorite
(Fig. 12) and a relative depletion of amphibole (Fig. 13)
over and near the RLSZ. These patterns reflect the zone of
mylonitization and alteration which marks the RLSZ. As a
result of shearing and retrograde metamorphism, the fer-
romagnesian minerals have reverted to chlorite in the shear
zone. Again, dispersal distances, as best shown by the chlo-
rite abundances, appear limited to 1 km or less. Similar
increases in magnetic aggregates (i.e., magnetite enclosed
in platy minerals, especially chlorite) and pyrite were also
noted in the heavy mineral concentrates over and near the
RLSZ. Non-aggregated magnetite ranges from less than
1 t0 49 % of the heavy mineral concentrates. Samples con-
taining greater than 20 % are closely related to magnetite
occurrences in the area. In the west portion of the area,
magnetite falls from 30 % near the magnetite occurrences
to 20% 1 km down-ice from the occurrences and to 9%
2 km down-ice from the occurrences (Gleeson et al., 1986).

Discussion

The lowest background value for gold from the various
materials sampled is 1.5 ppb for the *‘B’’ horizon soils. This
value contrasts sharply with the humus material which aver-
ages 4.2 ppb gold. The tills are more auriferous than the
““B’’ soils. One reason for the low values at many locations
in the “‘B’” soils may be that they are developed on collu-
vium, loess, or lacustrine materials, which have quite differ-
ent compositions and origins than the underlying till. *‘B”’
soils developed directly on auriferous tills are generally not
depleted in gold. Low values in ‘‘B’’ soils are generally not
a problem when dealing with labile elements because they.
are transported hydromorphically from bedrock or underly-
ing tills and enriched in the higher exchange capacity
medium of the ‘B’ soil. However, gold bypasses the ‘‘B’’
soil horizon because it is mainly taken up by the root systems
of the overstory vegetation and returned to the surface when
the leaves fall and decompose to form the humus. This
phenomena has been reported by Gleeson and Boyle (1979)
for the Duparquet area. Robertson and Gleeson (1981) sam-
pled soil profiles in the Little Green Lake area; they also
noted that the lowest gold values (5 ppb) occurred in the
brown silty *‘B’” horizon soil, versus 150 to 220 ppb in the
underlying till and 10 tol5 ppb in the humus.

The regional anomalous patterns for gold from the vari-
ous sample media and sample fractions are in a general way
similar, although gold appears more dispersed in humus
samples than in the other fractions. Most humus samples
from the east and central parts of the area contain 5 ppb or
more gold, however, significant differences occur in detail.
For instance, gold in humus does not reflect the presence
of gold mineralization defined by all other sample media
south of Joes Lake at this scale of sampling. Areas with gold
occurrences frequently contain relatively low gold values in
humus (slightly less than 10 ppb). However, in the central
portion of the area, where gold in massive sulphides has
been traced along strike for some 3.5 km, gold in humus
ranges from 18 to 34 ppb. Similarly, over the gold occur-
rence near Darling Long Lake humus contains 119 ppb gold.
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Gold in the “‘B’’ horizon soils defines gold occurrences
in the central and northeast sectors of the area. The anoma-
lies are limited to soils developed on till. Soils developed
on other materials (e.g., loess or lacustrine deposits) are not
anomalous.

In the till samples, the heavy mineral fraction gives the
best anomaly definition (values greater than 50 ppb) and
anomaly contrast for gold. The <250 mesh fraction also
gives good anomaly contrast, but anomaly limits (10 ppb)
are more diffused. This might be an expected feature for
glacially dispersed fine grained gold. In some places the dis-
persal distance for gold in the silt-clay fraction appears con-
siderably longer than for the heavy mineral fraction. For
example, near Harts Lake the <250 mesh gold anomaly can
be traced some 2 km down-ice, whereas the heavy mineral
anomaly shows little down-ice dispersal. Similarly, the
southeast edge of the <250 mesh anomaly associated with
the RLSZ and Geordie Lake Splay northeast of Joes Lake
is smeared about 1 km farther down-ice than the heavy
mineral anomaly.

A sample density of one till sample per square kilometre
is sufficient to define gold targets. The areas hosting gold
mineralization are best defined by the heavy minerals, but
sites of gold mineralization at Joes Lake, Darling Long Lake
and in the central part of the area are defined by all till frac-
tions. The effectiveness of this type of survey is illustrated
by the fact that the majority of the gold occurrences (10 of
16) were found by subsequent exploration programs
designed to follow up the regional geochemical results.

The distribution patterns based on pebble counts from till
samples indicate limited down-ice movement of material.
Most Addington gneiss and Lavant gabbro pebbles have
been transported less than 1 km and 2 km respectively from
their source areas. Short dispersal distances (1 km) also are
indicated by heavy minerals that can be related to minerali-
zation. Depletion of amphibole (due to chloritization) and
increases in chlorite, pyrite and magnetic aggregates are
common over gold-bearing rock units in the RLSZ. Peak
magnetite values are associated with known iron occur-
rences. The examination of distinctive rock types and/or
heavy minerals in tills aids in determining the location and
character of mineralization. These procedures are also valid
in areas of thicker glacial cover where overburden drilling
is required to obtain till samples. In such situations, our
experience has indicated similar transport distances for
gold, heavy minerals and pebbles.

Detailed Investigations

Detailed sampling (100 m centres) was carried out in the
vicinity of two known gold occurrences in Darling Town-
ship to test follow-up procedures. The Darling and Little
Green Lake gold occurrences and grids are indicated on
Figure 3. Both occurrences are quartz-dolomite veinlets
hosted by fine grained dolomitic marble near the north con-
tact of mafic mylonite. Fractures in the marble are filled
with quartz-carbonate stringers containing blebs and dis-
seminated grains of tetrahedrite, chalcopyrite, pyrite and
occasionally native gold. In places, fine-grained sericite fills
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fractures in the dolomite. Both grids are primarily underlain
by a blanket of relatively thin sandy till, although glacioflu-
vial deposits occur over portions of the grids.

Thirty-six sites were sampled on the Darling grid and
43 sites on the Little Green Lake Grid. Field and laboratory
procedures were the same as those used in the regional
study.

Statistics

A summary of the geometric means for gold in all sample
fractions and media from regional and detailed samples is
shown in Table 2. The means for gold are substantially
higher for samples from the detailed areas than from the
regional survey.

Table 2. Average gold content of surficial materials for
regional and detailed areas.

Geometric Means for Gold (ppb)
Sample Type Regional Darling Grid  Little Green
Samples Samples Lake Grid
Samples
Humus 4.2 15.3 8.8
“B”* soils 1.5 8.2 6.4
Till (<5 mesh) 2.2 13.0 13.0
Till (<250 mesh) 3.4 20.5 22.3
Till (heavy minerals) 53 81.7 105.6

Darling grid results

Gold in all sample types and fractions effectively defines the
site of known gold mineralization (Figs. 14 and 15). Maxi-
mum gold values over the zone for each sample type are as
follows: humus — 1795 ppb, ‘B’ soil — 540 ppb, <5
mesh till — 373 ppb, <250 mesh till — 676 ppb, and heavy
minerals in till — 5360 ppb. Values drop off very quickly
down-ice. In the heavy mineral samples, gold drops to
14 ppb 150 m down-ice from the gold occurrence. All maps
show second and third anomalous zones about 360 m and
670 m respectively south of the known gold showing. Gold
values over the former are very high: humus — 30 to 516
ppb, ‘B’ soils — 20 to 601 ppb, <5 meshtill — 18 to 1174
ppb, <250 mesh till — 72 to 807 ppb and heavy minerals
— 617 to 12,158 ppb. The zone is open along strike to both
the east and west. The third anomalous zone occurs at the
south limit of the sampled grid. The sources of these last
two anomalies have yet to be found.

All gold values in these anomalous zones are very high
and in marked contrast to the regional results from this area.
The only regionally sampled media that provided positive
results near the Darling grid were the heavy minerals
(Fig. 9). The Darling grid is located between one regional
site to the west, which is in glaciofluvial material, and one
to the east, which is over barren gabbro. This might explain
the lack of anomalous results for other regional sample
media.
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Pebble counts show an abundance of quartz (5-22 %) and
carbonate (dolomite) pebbles (14 -60 %) over the two north-
ern most anomalous geochemical gold zones on this grid
(Gleeson et al., 1986). Heavy minerals such as sericite,
pyrite, hematite and chlorite also are more abundant over
these gold anomalies (Gleeson et al., 1986). An angular
grain of gold (0.3 X 0.2 X 0.05 mm) was seen in the heavy
mineral separate from the central anomaly which contains
12,158 ppb gold. Limited down-ice transport (100 m or
less) from the known gold showing is evident for all indica-
tors. Thus the source of gold in the central anomaly is inter-
preted to be locally derived from the underlying altered
mafic mylonite,

Little Green Lake grid results

The Little Green Lake gold occurrence is not marked by
large or intense gold anomalies in the surficial materials
(Figures 15 and 16); however it does lie on the north flank
of gold anomalies in all sample media. This small gold
occurrence is not well pinpointed by sampling at 100 m
centres. However, Robertson and Gleeson (1981) found
values up to 2440 ppb and 225 ppb gold in humus and ‘‘B”’
soils respectively over the trenched showing at a more
detailed scale of sampling (30 X 15 m).

Much stronger and mote extensive anomalies in all sam-
pled materials trend west-northwest across the north central
portion of the grid. The zone is some 100 m wide and 500 m
long and it is open to the west and east. Ranges of gold

values enclosed by this anomalous zone are as follows:
humus — 10 to 518 ppb; ‘‘B’” soil — 14 to 113 ppb; <5
mesh till — 17 to 174 ppb; <250 mesh till —35to231ppb;
and, heavy minerals in till — 52 to 3448 ppb. At the south-
east end of the grid the gold anomalies have a northeasterly
trend and range as follows: humus — 17 to 35 ppb; “‘B”’
soils — 22 to 40 ppb; <5 mesh till — 32 to 63 ppb; <250
mesh till — 38 to 80 ppb; and, heavy minerals in till — 80
to 1071 ppb. In the central-southwest portion of the grid
there is a strong northwest-trending humus gold anomaly
(75 to 110 ppb) with associated weaker ones in ‘B’ soils
(6 to 22 ppb) and <250 mesh till (23 to 31 ppb).

The results would suggest that gold in the Little Green
Lake area is controlled by northwesterly and northeasterly
structures. This is compatible with the gold trends found in
the regional study. The magnitude and extent of the gold
anomalies further suggest that gold mineralization is more
extensive in the Little Green Lake area than previously real-
ized. The results also indicate that gold mineralization is not
only within the dolomite, but is also within altered mafic
mylonite.

Most pebble counts (Gleeson et al., 1986) showed no
distinctive patterns with respect to the gold anomalies. How-
ever, there is an appreciable increase in quartz pebbles (2 to
52 %) over portions of the grid. The quartz is derived from
quartz veins and quartz-ferroan dolomite zones in the under-
lying mafic mylonite. In fact, it was gold in quartz-ferroan
dolomite boulders that first attracted the attention of
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prospectors to this property in 1962. These boulders are
located in the central-southwest part of the grid where they
are enclosed by a northwest-trending anomaly of >50 ppb
gold in humus (Fig. 15).

Heavy minerals that are more concentrated over the till
anomalies include chlorite, sericite, magnetic aggregates,
pyrite and limonite-goethite (Gleeson et al., 1986). All these
minerals are known to be associated with gold mineraliza-
tion in the area. In addition, two grains of angular gold (0.3
X 0.2 X 0.01 mm) have been found in a heavy mineral con-
centrate from about 50 m southwest of the Little Green Lake
occurrence and one grain (0.08 X 0.05 X 0.05 mm) has
been found within the gold anomaly in the southeast.

Discussion

The detailed geochemical study over and in the vicinity of
the Darling gold occurrence shows that at 100 m centres,
all sample media and fractions effectively define the known
gold mineralization and outline two additional anomalous
gold zones to the south. The distribution of pebble litholo-
gies and heavy minerals in till associated with the gold
occurrences suggest down ice transport of less than 50 m.
The rather rapid down ice decrease in gold values in all till
fractions over a distance of 100 to 150 m from the known
gold showing and from the central anomalous belt at the
Darling grid, confirms that down-ice transport of materials
is confined to short distances. Glacial smearing seems most
prevalent in the <250 mesh fraction.

The best heavy mineral indicators for gold on the
Darling grid are sericite, pyrite, hematite and chlorite.
Associated increases in quartz and carbonate pebbles over
the geochemical anomalies reflect the style of gold minerali-
zation causing the anomalies (i.e., quartz-carbonate veins in
altered mafic mylonite or dolomite).

Geochemical results for gold from the Little Green Lake
grid show a low intensity humus (6 ppb) anomaly and higher
gold values in the other media 60 m down-ice from the
known gold occurrence.

Other results from the Little Green Lake grid demon-
strated that relatively intense and extensive gold anomalies
occur in all sample media and fractions. These results define
two major lineaments; one trending northwest in the north
part of the grid and the second trending northeast in the
southeast part of the grid. A northwesterly trending gold
zone is defined by humus samples in the central-southwest
sector of the grid where early prospectors found auriferous
quartz-carbonate boulders. The linear character of the
anomalies suggest structural controls for the gold minerali-
zation. The anomalies are open both to the west and east of
the grid.

Clasts containing quartz and heavy minerals such as
pyrite and goethite-limonite (after pyrite) are more concen-
trated over the gold anomalies. Alteration patterns
associated with the gold anomalies can be recognized by the
increasing abundances of chlorite and sericite in the heavy
mineral fraction of the till. Presence of visible gold in some
of the heavy concentrates adds credibility to the gold anoma-
lies in the north and southeast portions of the grid.
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From the above geochemical patterns and data on the
clasts and heavy minerals it is suggested that the gold miner-
alization in the detailed areas occurs in northwest- and
northeast-trending, silicified, sericitized and pyritized shear
or fault zones in mafic mylonite.

Analyses of the detailed grid samples have outlined new
areas of probable gold mineralization, which require addi-
tional evaluation. These results effectively demonstrate that
gold mineralization is more widespread in this area than
previously realized, as was shown with the regional gold
patterns.

SUMMARY AND CONCLUSIONS

The area covered by this investigation is underlain by
supracrustal volcanic, volcaniclastic, calcareous and clastic
sedimentary rocks of probably late Precambrian age. The
sequence has been intruded by granitic and gabbroic com-
plexes. Bounding the western edge of the gabbro complex
is a major fault zone (RLSZ) that trends north and northeast
through the area and is underlain mainly by mylonitized
gabbroic and carbonate rocks with subordinate volcanic and
granitic rocks. Along the RLSZ extensive areas of chloriti-
zation, carbonatization, sericitization, silicification and
pyritization are present. Most known gold occurrences in
the region are found within this structure. They are
associated with quartz and quartz-carbonate filled fractures
and veins in fine-grained grey dolomite; quartz-ferroan
dolomite zones in mafic mylonite; quartz-ferroan dolomite
veins in gabbro; quartz veins in trondhjemite sills and dykes
intruding mafic mylonite; and massive sulphide zones in
altered mafic mylonite. The associated metallic minerals
include pyrite, chalcopyrite, tetrahedrite, arsenopyrite, pyr-
rhotite, bismuthinite and gold.

The surficial cover in the area is extensive but relatively
thin. The deposits consist mainly of sandy to stony ablation
tills with lesser amounts of glaciofluvial, lacustrine and
organic deposits, mainly in the valleys. The dominant direc-
tion of ice advance was from the north, but glacial meltwater
followed both southerly and southeasterly drainage direc-
tions.

The regional surveys were effective in outlining the
extent of the gold belt and in establishing promising targets
for further exploration. Although all sample types are more
or less effective on the regional scale of sampling, some
were more effective than others. Gold in the heavy mineral
fraction of the till gave the best anomaly definition and con-
trast. Gold in the <5 and <250 mesh till fractions were
relatively effective in providing exploration targets. Caution
must be exercised when using the ‘B’ soil horizon for gold
geochemistry. The <250 mesh fraction is the most cost-
effective of the three till fractions to use in geochemical till
sampling for gold. Sampling and analysis of the <250 mesh
till fraction at 0.5 km intervals would probably result in
anomaly definition equal to or better than that obtained
through sampling and analysis of the heavy mineral fraction
at 1 km intervals, and could be completed at a lower cost.
However, coarse grained gold mineralization could be
missed by analyzing for gold only in the fine fraction of the
till. Another advantage to using heavy mineral concentrates



in regional till studies is that additional useful geological and
mineralogical data can be obtained from examination of the
heavy mineral separates. For instance in this study, heavy
mineral separates indicated that a depletion of amphibole
and increase in chlorite, pyrite, sericite and magnetic
aggregates are indicators of the presence of mylonitized and
altered rocks, which host the gold mineralization. In places
tetrahedrite and gold have been identified in the heavy
mineral separates. This helps to confirm the heavy mineral
gold anomalies and to define the form in which gold may
be present in the bedrock. The heavy mineral mineralogy
is also useful in studying glacial dispersal patterns and thus
assisting in interpretation of geochemical results. For
instance, in this research program, dispersal distances in the
order of one kilometre were determined by using such indi-
cator minerals as magnetite, from magnetite iron formation,
and chlorite, related to the RLSZ. Pebble counts can provide
valuable data in determining direction and distance of gla-
cial transport. In this study the indicated maximum glacial
transport of significant amounts of Addington gneiss and
gabbro pebbles was only 1 to 2 km.

In the detailed surveys, all sample types adequately
reflect known gold mineralization. In this area, the use of
humus for detailed surveys is relatively inexpensive as well
as technically effective.

A better understanding of the geology and mineralization
and a more complete evaluation of the geochemical data
were obtained by mapping the bedrock geology and Quater-
nary deposits. For example: (1) multiple possibilities for the
origin of certain geochemical anomalies were determined by
delineating the extent of glaciofluvial materials and their
direction of transport; (2) mapping of shearing and altera-
tion along structures that coincided with linear geochemical
anomalies confirmed that gold mineralization was concen-
trated along these features; and, (3) dispersal patterns were
determined from analysis and comparison of the trend of
contoured geochemical anomalies, from the distributions of
pebbles and heavy minerals, from the location of different
bedrock lithologies and from the direction of independently
determined glacial flow patterns.

Shallow till sampling programs are not only cost-
effective but technically effective. They would appear to be
applicable to many areas of the Canadian Shield that are
covered with extensive but relatively thin glacial deposits.
Experience has shown that the techniques used here can also
be effective in areas with thick overburden where samples
have to be obtained by drilling. The key is systematic sam-

pling.
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Abstract

Approximately 2500 samples of till and related sediments have been collected over the Frontenac
Arch and adjacent areas of southeastern Ontario and southwestern Quebec. Although the primary objec-
tive of the sampling was to map components in the overburden that might be related to sensitivity of
the terrain to the effects of acid rain, the data can be applied also to mineral exploration in the area.

The <2um fraction of the samples was analyzed for 14 trace and minor elements. Dispersal of these
and other mineralogical components can be related to effects of glacial transport, composition of underly-
ing bedrock, sediment facies sampled, or degree of weathering. Arsenic, for example, is enriched in an
area where mining of arsenical gold was carried out in southeastern Ontario. The area of arsenic enrich-
ment is larger than that underlain by arsenic-bearing bedrock as a result of glacial dispersal of arsenic-
rich detritus. Concentrations of copper and chromium, for example, are consistently and uniformly low
and high, respectively, in glaciomarine silty clay along the Ottawa and Gatineau valleys, compared to
concentrations in the till cover in adjacent highland areas of southwestern Quebec. The mean concentra-
tions in glaciofluvial and highly weathered till samples are markedly higher than those in unweathered
to slightly weathered till. This likely reflects the presence of weathering products with high exchange
capacities in the clay-sized fraction of these samples.

Carbonate analyses of till demonstrate that the physical nature of source outcrops significantly
influences glacial erosion processes. Carbonate minerals derived from horizontal beds of unmetamor-
phosed Paleozoic limestone northeast of the Frontenac Arch, have been transported southwestward onto
the Canadian Shield, effectively diluting the compositional signature of underlying bedrock for over
70 km down-ice from their source areas. In contrast, massive marble outcrops produced very small and
weak dispersal trains.

Résumé

Environ 2500 échantillons de till et de sédiments connexes ont é1é prélevés dans ’arche de Frontenac
et les zones adjacentes du sud-est de ’Ontario et du sud-ouest du Québec. Méme si l'objectif premier
de l'échantillonnage était de cartographier des éléments des morts-terrains qui pourraient étre liés a
la sensibilité du terrain aux effets des précipitations acides, les données peuvent aussi servir aux travaux
d’exploration des minéraux dans la région.

Quatorze éléments accessoires et en traces ontété dosés dans la fraction <2um des échantillons. Leur
dispersion et celle d’autres éléments minéralogiques peuvent étre associées aux effets du transport gla-
ciaire, a la composition du socle sous-jacent, aux faciés sédimentaires échantillonnés ou au degré d’alté-
ration. Par exemple, l'arsenic est enrichi dans une zone du sud-est de |'Ontario ou de l’or arsénical
a é1é exploité. La zone d’enrichissement de 1'arsenic est plus étendue que celle qui repose sur un socle
arsénifére suite a la dispersion par les glaciers de détritus riches en arsenic. Par exemple, les concentra-
tions de cuivre et de chrome sont systématiquement et uniformément faibles et élevées, respectivement,
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dans largile limoneuse d’origine glaciomarine, dans les vallées de I’Outaouais et de la Gatineau par
rapport aux concentrations dans la couverture de till dans les hautes terres adjacentes du sud-ouest du
Québec. Les concentrations moyennes dans les échantillons de till glaciofluvial et trés altéré sont nette-
ment plus élevées que celles du till légérement ou aucunement altéré. Ce phénoméne indique vraisembla-

blement la présence de produits d’altération 4 capacités d’échange élevées dans la fraction
granulométrique argileuse de ceséchantillons.

Le dosage du contenu en carbonates des tills révéle que la nature physique des affleurements méres
influe considérablement sur les processus d’érosion glaciaire. Les minéraux carbonatés provenant de
couches horizontales de calcaire paléozoique non métamorphisé dans le nord-est de ’arche de Frontenac
ont été transportés par les glaces vers le sud-ouest sur le Bouclier canadien, diluant la signature, en
termes de composition, du socle sous-jacent sur plus de 70 km en amont de leurs sources. Par contre,
des affleurements de marbre massif ont produit des trainées de dispersion trés petites et trés fragiles.
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INTRODUCTION

In 1980, a sampling programme was initiated in the Fron-
tenac Arch and surrounding areas in southeastern Ontario
and in southwestern Quebec (Shilts, 1984a, Hornbrook et
al., 1986). The main objective of the project was to quantify
regional variation in drift composition in order to provide
baseline data for use in assessing the sensitivity of the terrain
to the effects of acid rain. For this purpose, two groups of
compositional characteristics in till and derived sediments
were determined: (1) texture and carbonate composition
(the buffering components) and (2) concentrations of natu-
rally occuring trace and minor elements (potential sources
of environmental contamination if released by acid leaching
or by exchange reactions with groundwaters). Geochemical
and other information obtained from this project can also be
used for mineral exploration using drift prospecting tech-
niques.

Geochemical mapping was based on systematic sam-
pling of glacial sediments (Fig. 1). Because the project was
designed for environmental purposes, sampling strategies
were different than they would have been, had the project
been designed for drift prospecting purposes alone. The
rationale behind the sampling plan was to collect, wherever
possible, the surficial sediments most representative of the
debris load carried by the last glacier to pass over the sample
site, and, where true glacial sediments are covered by a
mantle of late or postglacial sediments, to sample those sedi-
ments which have the greatest influence on the near-surface
environment.

Because of this strategy, the database (over 2500 sam-
ples) generated during this study (Kettles and Shilts, 1983)
is composed of information for disparate sample popula-
tions. Till, which has been transported only by ice, is con-
sidered most representative of the glacial load (Shilts,
1975). In upland areas, it was generally readily available for
sampling, but where absent or inaccessible, glaciofluvial or
outwash sands and gravels were collected. Glaciolacustrine
and glaciomarine clayey silts were sampled at low altitudes,
where they formed the predominant surface cover along
major river valleys in the study area. Because each of the
latter four types of sediment have undergone one or more
cycles of fluvial transport before being deposited at the sam-
ple site, their physical and chemical characteristics are less
representative of the glacial load than those of till.

In this paper, regional distribution patterns of carbonate
minerals and selected trace elements in drift are examined.
Possible causes of geochemical variation and their impor-
tance to drift prospecting are discussed. For ease of discus-
sion, the two regions, one in southeastern Ontario and the
other in southwestern Quebec, are treated separately
although they are contiguous.

GEOLOGIC SETTING

Relatively flat-lying Paleozoic sedimentary rocks, domi-
nated by carbonate lithologies, form flaggy outcrops in the
Ottawa Valley and in the West St. Lawrence Lowland
(Bostock, 1970) (Fig. 2 and 3). The remaining parts of both
areas are underlain by Precambrian metasedimentary and

igneous rocks (Baer et al., 1977), referred to collectively
as ‘‘crystalline’’ bedrock, which are characterized by mas-
sive outcrops and sharp but low relief. Most Precambrian
rocks are part of the Central Metasedimentary Belt of the
Grenville Structural Province. The belt is dominated by
extensive areas of carbonate-bearing metasedimentary
rocks, felsic and mafic plutons, and metavolcanic and non-
calcareous metasedimentary rocks. The Central
Metasedimentary Belt includes the Frontenac Arch, a
prominent geological structure that connects the main body
of the Canadian Shield in the north to the Adirondack Moun-
tains south of St. Lawrence River. The remainder of the
crystalline terrain comprises medium to high grade meta-
morphic gneisses of the Ontario Gneiss Belt.

The dominant ice flow direction during the late Wiscon-
sinan was southerly down the Gatineau valley in Quebec and
south-southwest over southeastern Ontario. During the last
stages of glaciation, one lobe of ice flowed southwestward,
retreating from Lake Ontario towards the St. Lawrence Val-
ley and another flowed south-southeastward and retreated
up the Ottawa Valley (Richard, 1975; Gadd, 1980).

Stratigraphically, only one unit of till, which is
associated with the last (Late Wisconsinan) glacial expan-
sion of the Laurentide Ice Sheet, has been identified in the
areas sampled (Gadd, 1980; Richard, 1975). This till was
referred to as Fort Covington till in the Merrickville map
area, (Sharpe, 1979) at the eastern edge of the area covered
by this work. Till is the most widespread deposit, forming
a thin cover (0 to 5 m thick) over both Precambrian and
Paleozic bedrock of the region but it can be thicker in
depressions, along valley walls, and on the up-ice side of
bedrock ridges.

Along the Ottawa, Gatineau, and St. Lawrence valleys
and in low-lying areas near Georgian Bay, glaciomarine and
glaciolacustrine sediments predominate. The Ottawa, lower
St. Lawrence, and lower Gatineau valleys were inundated
by the Champlain Sea and the upper part of the Gatineau
valley by a late glacial lake; the limits and history of which
are at present poorly understood (Dadswell, 1974). Low-
lying areas in the southern and western parts of the Ontario
study area were flooded by glacial Lakes Iroquois and
Algonquin, respectively.

Field and Laboratory Methods

Samples were hand-dug from natural or man-made
exposures along roads and streams as well as from sand and
gravel pits. Sample locations and types are shown in
Figure 1. Care was taken to collect materials from below
the solum, except in the best exposures of till and other sedi-
ments, where samples were collected in profile over the
entire sequence.

In this study, emphasis was put on studying the fine (silt
plus clay (< 63um) and clay-sized (<2 pm)) fractions of the
sample matrix. Results of experiments undertaken to study
chemical partitioning in till (Shilts, 1984b), indicate that
there is a disproportionate amount of metal in clay-sized
compared to the coarser parts of the till matrix. Because of
the greater internal surface area than in coarser fractions,
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the fine component probably reacts preferentially with solu-
tions passing through the drift; even small amounts of clay-
sized detritus can have a major effect on the chemistry of
ground or surface waters.

The clay-sized (<2um) fraction of till, silty clay and
some sand and gravel samples was separated by centrifuga-
tion and analyzed for selected trace and minor elements —
copper, lead, zinc, cobalt, nickel, silver, chromium,
molybdenum, manganese, iron, cadmium, mercury, ura-
nium, and arsenic, after treatment with a hot nitric-
hydrochloric acid leach. All elements were analyzed using
atomic absorption techniques, except for uranium and
arsenic, which were analyzed using fluorimetric and colori-
metric methods, respectively.

Paleozoic Sediments

Iimestone, dolomite, minor shale and sandstone

Precambrian Rocks

V///, carbonate metasediment rock

: non—carbonate metasedimentary rock
metavolcanic rock

mafic intrusive rock

;%] felsic intrusive rock

|:| medium to high grade metamorphic gneiss

0 25 50 7|5 km

ro

2IO 4|0 miles

The carbonate content of the silt plus clay-sized (<63
um) and fine sand (63 to 250 um), fractions was determined,
after a method devised by Foscolos and Barefoot (1970),
using a Leco carbon analyzer to measure carbon concentra-
tions which were converted to percent calcium carbonate
equivalent. Paleozoic limestone and dolomite erratics were
separated from the granule-small pebble fraction (2 to 6 mm)
and their weight percent of the total fraction was calculated.
Grain size analyses were performed by standard methods.

Results of analyses along with sample locations and
descriptions were stored on computer files. Geochemical
data for a representative sample from each site were plotted
and contoured using a computer package (APPMAP) devel-
oped by D.J. Ellwood of the Geological Survey of Canada.
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DRIFT COMPOSITION

Data generated during this study confirm that drift composi-
tion is controlled by: (1) glacial transport processes; (2)
composition of the underlying and up-ice bedrock; (3) sedi-
ment facies sampled; and, (4) degree of weathering. For
individual samples, one or more of these factors affects
composition; a fact well illustrated by some of the results
of this study.

The distribution of carbonate minerals and changes in
textural composition in drift in southeastern Ontario con-
strain interpretations of the processes of glacial erosion and
transport. As would be expected, carbonate contents of silt
plus clay (Fig. 4) and fine sand fractions (not shown) of drift
are high ( >10% ) in areas underlain by Paleozoic rocks
east and south of the Frontenac Arch. However, high con-
centrations also are found over all types of crystalline rocks
in the eastern and southern parts of the Frontenac Arch
itself. In contrast, concentrations of carbonate are low over
the western part of the region, from Barry’s Bay and Kala-
dar west to Georgian Bay, even where drift overlies marble.
Weight percent Paleozoic limestone and dolomite erratics in
the total granule fraction (not shown) produce regional pat-
terns that have similar configurations.

The high frequency of Paleozoic erratics in carbonate-
rich till overlying crystalline rocks and the widespread
occurence of relatively carbonate-poor drift overlying mar-
ble suggest that carbonate components were more readily
eroded from the flaggy, flat-lying unmetamorphosed rocks
of Paleozoic basins than from the massive, little fractured
Precambrian marble. This is reflected by dispersal of high
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Figure 3. Map showing physiographic regions, southeast-
ern Ontario and southwestern Quebec (modified after Free-
man, 1979).

concentrations of erratics and finer carbonate debris derived
from Paleozoic rocks more than 70 km southwestwards
over the crystalline rock of the eastern Frontenac Arch. In
contrast, in areas where crystalline material was carried
from the Shield onto Paleozic rocks, it was quickly diluted
by glacial erosion of large quantities of Paleozoic debris.
Carbonate concentrations in till increase dramatically
directly on and down-ice from numerous Paleozic outliers
that occur near the southern edge of the Frontenac Arch. On
and down-ice from marble outcrops of similar size, how-
ever, there is little enrichment of carbonate in the drift. The
reason for the contrasting effects of these two mineralogi-
cally similar lithologies probably lies in the relative resis-
tance to glacial erosion of the massive marble outcrops
compared to the jointed, flaggy nature of the limestone out-
crops.

Carbonate-poor till in southeastern Ontario generally
has a smaller component of silt and clay-sized material than
carbonate-rich till (Fig. 5). There appears to be little differ-
ence in texture between carbonate-rich till overling
Paleozoic sedimentary rocks and carbonate-rich till overly-
ing Precambrian crystalline rocks of the eastern Frontenac
Arch.

Dispersal patterns of many trace elements reflect compo-
sition of the underlying bedrock. For example, the large
areas of arsenic enrichment in southeastern Ontario (Fig. 6)
broadly outline prominent belts of metavolcanic and
metasedimentary rock. Two known sources of arsenic
(Sangster, 1982) in these rocks are quartz vein-hosted sul-
phide deposits in metavolcanic and clastic metasedimentary
rocks and arsenic-enriched pyrite in sulphide iron formation
in clastic metasedimentary and carbonate rocks. These
deposits are small, however, and the occurence of elevated
arsenic concentrations over such a large area may indicate
that there are high background concentrations of arsenic in
the belts of metasedimentary and metavolcanic rocks them-
selves. Two detailed studies in the eastern Frontenac Arch
area (Sinclair, 1979 ; DiLabio et al., 1982) indicate that dis-
persal from small sulphide occurrences in the marble is on
the order of 1 km. In any case, enlargement of the area
covered by arsenic-enriched drift to a size greater than the
outcrop area of any of the known source rocks reflects
processes of glacial erosion and transport of debris from the
probable sources.

Distribution patterns of zinc and uranium in drift in
southwestern Quebec also reflect underlying bedrock com-
position (Figs. 7 and 8). Almost all areas of zinc enrich-
ment are underlain by marble, and the large area of uranium
enrichment centered on and extending southeastward from
45°50’N and 76°35’E is underlain by granitic intrusive
rocks. Marbles of the Central Metasedimentary Belt are
known to be enriched in zinc (Sangster, 1982). The uranium
enrichment likely represents high concentrations of this ele-
ment in felsic accessory minerals such as apatite, zircon, or
monazite in granitic intrusive or pegmatic rocks. Alterna-
tively’ uranium may be associated with carbonatitic intru-
sivé> rficks which are known to occur in this part of
southwdstdrn Quebec (Hogarth, in Currie, 1976, p. 132).
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Figure 7. Map showing distribution of zinc in clay (< 2 um) fraction of till and glaciolacustrine/glacioma-

rine silty clays, southwestern Quebec.
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Some chemical variation in glacial sediment composition
may also be attributed to postglacial weathering. To inves-
tigate the effects of weathering on carbonate content, sam-
ples were collected in profile through the entire stratigraphic
sequence, including the solum, in the best exposures of till.
Table 1 summarizes results of carbonate measurements on
some profiles collected in carbonate-rich drift in southeast-
ern Ontario. Results indicate that at depths of one metre or
less, severe leaching occurs regardless of the original car-
bonate content of the parent material. Below one metre,
there is little or no depletion of carbonate, even in till which
shows signs of weathering. Indications of weathering
include colour changes from grey to grey brown, precipita-
tion of oxides, and the presence of chemically disag-
gregated, coarsely crystalline clasts. In contrast, depths of
leaching in carbonate-poor tills in the Thetford Mines area
of Quebec, where weathering of the tills was studied in
detail (Shilts and Kettles, in press), are much greater (over
2 m and often up to 4 m).

The degree to which weathering affects the carbonate
content of drift appears to be controlled largely by the inher-
ent provenance-related composition of the sediment. In the
Thetford Mines area, which is part of the Appalachian High-
lands, original carbonate contents in drift are low (4%
CaCOj; equivalent) compared to the eastern part of the
Frontenac Arch, where concentrations are frequently higher
than 15% CaCOs equivalent. In New York, Merritt and
Muller (1959), studying leaching depths of tills, found that
there are critical levels of carbonate in till, above which
buffering capacity is disproportionately increased. In addi-
tion, in the Thetford Mines area, there are abundant pyrite
fragments visible in the till matrix. Rates of leaching are
thought to be further accelerated when sulphuric acid,
produced from the breakdown of pyrite and other sulphides,
reacts with any remaining sulphide and carbonate minerals
in the soil (Levinson, 1974, p. 77). Thus, the low sulphide
content and the high carbonate contents of the eastern part
of the Ontario study area combine to keep leaching depths
to a minimum, in spite of the coarse texture and permeable
nature of the drift.

Concentrations of iron, sometimes of manganese, and
frequently other trace elements, tend to be high in samples
of till and other glacial sediments that were described in the
field as being highly weathered. A large porportion of the
clay-sized detritus of highly weathered samples is composed
of secondary minerals consisting primarily of iron and man-
ganese oxides and hydroxides, and probably some authi-
genic clay. These secondary minerals form as sulphide and
silicate minerals break down (Shilts, 1973). Because these
secondary clay-sized materials have high cation exchange
capacity compared to the clay-size fraction of adjacent
unweathered till, they scavenge cations from groundwater
solutions. In this way, metal levels are built up in weathered
sediment which are in excess of those in primary ‘‘glacial”’
clay fractions of adjacent deposits.

Another cause of variation in chemical composition of
drift can be related to sediment facies sampled. Frequency
distribution histograms were plotted using data for samples
from each of four sediment groups — till, glaciofluvial or
outwash sand and/or gravel, glaciolacustrine siity clay, and

Table 1. Carbonate measurements on sample profiles in
areas of moderate to high carbonate drift in southeastern
Ontario. Carbonate contents measured as %CaCOy4
equivalent.

Profiles of CaCO, equivalent through oxidized and unoxidized till
% CaC0; % CaCO, Sample
Till sample no.  Location, notes (silt and clay}) (sand) depth (m)
SAR 0008 C Packenham,
Ontario; 1.3 38 1.0
8B 8B and8C oxidized 14.3 12.6 2.0
8 A 2383 13.3 2.3
8 241 13.9 3.0
SAR 0023 A highly oxidized 1.4 0 0.5
SAR 0023 thin till on 16.0 10.2 1.5
weathered marble
SAR 0027 K section on 0.8 0 1.0
274 Madawaska River, 14.8 5.3 1.5
27 Burnstown, Ontario; 13.8 5.4 3.0
27 H secondary carbonate 12.5 5.8 45
276G along roots in 271, 13.3 5.9 6.5
2F 27J; 27K highly 14.8 45 8.5
21E oxidized ' 13.8 58 10.5
271D 14.2 53 13.0
271G 14.9 79 15.0
278 13.3 55 18.0
2T A 14.3 45 19.7
27 14.8 5.3 21.0
SAR 0033 highly disturbed, 13.4 2.3 1.0
oxidized till
SAR 0033 A till 18.6 6.4 2.0
SAR 0036 B oxidized till 0.4 0 1.0
SAR 0036 A till 17.5 10.5 2.0
SAR 0036 till 20.3 10.3 3.0
AR 0001 A oxidized 1ill 15.9 5.9 1.0
AR 0001 B till 26.6 6.7 2.0
AR 0001 till 26.3 7.3 2.0
AR 0013 C oxidized il 13.1 9.1 1.5
AR-0013 B unoxidized till 1.7 14.5 3.0
AR-0013 A unoxidized till 21.1 13.1 3.0
AR-0013 unoxidized till 21.8 13.8 3.0
AR 0014 E oxidized till in 18.9 8.3 2.0
AR-0014 D marble quarry 16.3 6.9 3.0
AR 0014 C till 16.8 8.3 4.0
AR 0014 B till 15.1 6.9 6.0
AR 0014 B til 17.3 9.3 7.0
AR 0014 till on marble 17.4 8.8 8.0
AR 0023 B till 25.6 10.2 05
AR 0023 till 319 12.6 4.0

glaciomarine silty clay for each trace element. Histograms
of copper and chromium, which typify results for the other
trace elements, are shown in Figure 9 for each study area.

For each trace element, there is a narrow range of trace
element concentrations in samples collected in glaciolacus-
trine and glaciomarine silty clay compared to till and
glaciofluvial or outwash sand and/or gravel. The trace ele-
ment levels in glaciomarine and glaciolacustrine sediments
probably reflect the average composition of the clay fraction
of rock flour suspended in the meltwater flowing into the
lake or marine basin. The rock flour, in turn, was derived
from many lithologically different source areas on the
glacier’s bed before being homogenized in the lake or sea
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and widely dispersed over the flooded areas. In contrast, the
wide range of concentration levels for samples collected in
till and glaciofluvial or outwash deposits, represents local
variability in bedrock lithologies either at the sample site or
just up-ice from it.

The compositional disparities among sediment types are
clearly reflected by the regional distribution patterns of
some trace elements. For example, concentrations of copper
(Fig. 10), uranium (Fig. 8), and cobalt (not shown) in the
clay-sized fraction are consistently and uniformly low, and
chromium (Fig. 11) is consistently and uniformly high
along the Ottawa and Gatineau valleys in southwestern Que-
bec, where glaciomarine and glaciolacustrine samples pre-
dominate. In the cases of copper (Fig. 9b), cobalt (not
shown), and uranium (not shown), there is a wide range of
concentrations in samples of till and glaciofluvial and
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outwash sediments, but the means, around which values for
glaciomarine and glaciolacustrine samples also cluster, are
low. In contrast, the mean concentration levels for chro-
mium for samples from all sediment groups fall around the
median, with samples of glaciomarine/glaciolacustrine
sediments having a distinctly higher mean. The elevated
levels of chromium in fine-grained sediments most likely
reflect enrichment in chromium derived from the mafic
rocks in the upper Gatineau valley. Similar chromium
enrichment in marine clay was also found on the Boothia
Penninsula, District of Keewatin (Shilts, 1980). In Keewa-
tin, enrichment reflects the presence of debris in the
glaciomarine sediment derived from fuschite-bearing
supracrustal rocks which outcrop throughout the region, but
a specific source in southwestern Quebec is presently
unknown.
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Figure 9. Frequency histograms of copper and chromium data in the clay-sized fraction of till, glacioflu-
vial or outwash sand and gravel, and glaciomarine and/or glaciolacustrine silty clay; (a) southeastern

Ontario, (b) southwestern Quebec.
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Figure 10. Map showing distribution of copper in clay (<2 um) fraction of till and glaciolacus-

trine/glaciomarine silty clays, southwestern Quebec.
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In both study areas, the frequency curves for copper and
chromium (Fig. 9), as well as for most other trace elements,
exhibit similar relationships with respect to sediment type.
The compositional disparities caused by changes in sedi-
ment facies sampled, however, are reflected much more
strongly on the trace element maps for southwestern Quebec
than for southeastern Ontario. Silty clay predominates along
the Ottawa and Gatineau valleys in Quebec, as it does along
the Ottawa and St. Lawrence valleys in southeastern
Ontario. In Quebec, however, the silty clay cover makes up
a much larger and more areally continuous part of the study
area than it does in Ontario, and silty clay samples comprise
over one third of the total sample population, compared to
only one tenth in Ontario.

Figure 9 also shows that a larger number of glaciofluvial
samples have higher trace element concentrations in clay,
on average, than do samples of till. Because glaciofluvial
and outwash deposit samples are generally more coarse-
grained than till and other samples, a larger proportion of
any clay-sized detritus present in their matrix is composed
of secondary minerals, formed by weathering of labile
minerals (Shilts, 1973). Because it is difficult to interpret
which part of the geochemical signal for these samples
represents provenance and which part the presence of
weathering artifacts, data for these samples were not
included among the samples from which the concentration
maps were derived.

CONCLUSIONS

Distribution patterns of carbonate and trace and minor ele-
ments in drift over both study areas can be related to one
or more of the following: (1) effects of glacial transport;
(2) composition of the underlying and up-ice bedrock; (3)
sediment facies sampled; and, (4) degree of weathering.

Regional distribution patterns of carbonate and different
textural components in drift are influenced most strongly by
glacial transport. In the area north of the St. Lawrence River
in southeastern Ontario, the compositional influence of bed-
rock is partially masked by the exotic composition of gla-
cially transported debris overlying it.This is reflected by
high carbonate contents of till derived from Paleozoic ter-
ranes of the Ottawa valley. The carbonate-rich till lies on
a variety of non-calcareous igneous rocks. Carbonate-poor
till in southeastern Ontario and southwestern Quebec gener-
ally has a smaller component of silt and clay-sized material
than the carbonate-rich till north of the St. Lawrence.

Because of the lack of dilution by Paleozoic debris, sam-
ples outside the areas of carbonate-rich drift are more likély
to have trace elemefit compositions that are more closely
related to the average composition of the underlying bed-
rock than to the effects of glacial transport. Nevertheless,
even in high carbonate areas, geochemical signatures of
mineralized bedrock do stand out, albeit subdued in some

cases. The fact that the distortion of underlying bedrock sig-
natures by glacial processes is not so important outside the
area of Paleozoic dispersal probably reflects low sediment
production in the hard crystalline shield terrane.

In some cases, compositional changes reflect changes in
the sediment facies sampled. Concentrations of copper, ura-
nium, and cobalt were consistently and uniformly low, and
chromium consistently and uniformly high in glaciomarine
silt/clay samples collected over large areas along the Ottawa
and Gatineau valleys. The geochemistry of these sediments
reflects no more than the average composition of the clay
fraction of rock flour suspended in the meltwater flowing
into the basin in which they were deposited. As a result,
their presence can, in a similar manner to that of Paleozoic
carbonate debris in till in southeastern Ontario, effectively
mask the composition of the underlying till and bedrock.
Therefore, these sediments are of little value when used in
mineral exploration studies.

In some areas, only sand, gravel or badly weathered till
were available for sampling. When the clay fraction of these
samples was analyzed, a disproportionate number were
found to have high concentrations of one or more trace ele-
ments including most frequently iron and often manganese.
High metal levels in these sediments are thought to reflect
the high exchange capacities of postdepositional weathering
products, rather than the original mineralogic composition
of the sediment (see discussion in Shilts, 1973). As a result,
interpretation of anomalies found in these sediments is
difficult. Unless careful consideration is given to trace ele-
ment and other data generated for these types of samples,
they should be avoided as sampling media wherever pos-
sible.

The presence of chemical variations associated with
changes in sediment facies and degree of weathering,
demonstrates that in all drift geochemical studies carried out
for the purpose of mineral exploration, particular emphasis
should be put on careful selection or correct identification
of glacial sediment type for sampling, and also on obtaining
sample materials that are as unweathered as possible. This
is especially important for detailed studies. By minimizing
the amount of compositional variation caused by weathering
and changes in sediment facies, those changes related to
provenance can more readily be identified and properly
understood.
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Quaternary geology and its implications to gold
exploration in the La Ronge and Flin Flon domains,
Saskatchewan
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Campbell, J.E., and Schreiner, B.T., Quaternary geology and its implications to gold exploration in
the La Ronge and Flin Flon domains, Saskatchewan; in Drift Prospecting, ed. R.N.W. DiLabio
and W.B. Coker; Geological Survey of Canada, Paper 89-20, p. 113-126, 1989.

Abstract

The general Quaternary stratigraphy for the La Ronge and Flin Flon domains is lower till, overlain
by stratified sand and gravel and/or silt and clay, an upper till, and an upper stratified drift. Bedrock,
glacial till and glaciolacustrine sediments are the predominant surface deposits. The main ice flow direc-
tion was towards 180° to 225°. A minor readvance occurred later with a direction of 215° to 240°.

The more extensive lower till is the preferred sampling medium whereas the thin, discontinuous upper
till, deposited by the readvance, is unsuitable. Glacial Lake Agassiz covered much of the southeastern
Precambrian Shield. The lake sediments occur below 427 m and are an impediment to surface geochemi-
cal and biogeochemical surveys. Till deposits within the lake were subjected to wave action and are often
reworked, rendering them unsuitable for sampling.

In the Waddy Lake area, bedrock and till constitute 65 to 70 % of the surface material and can be
prospected using surface sampling methods. The major hindrance to drift prospecting is the presence
of thick glaciolacustrine sediments particularly in the southeast.

The drift cover in the Sulphide Lake area is thinner and less extensive. Glacial lake sediments are
not as prevalent. In places the tills have undergone extensive weathering and/or reworking, making them
unsuitable for drift prospecting. Gold dispersal in the lower till generally reflects known gold occurrences
in this area.

East of Amisk lake, glacial drift is less prevalent than in the La Ronge Domain. The most useful tech-
nique for drift prospecting is overburden drilling in topographic lows which are commonly muskeg-filled
and underlain by stratified sediments.

Gold is its own best pathfinder in drift prospecting in these regions. The morphology and chemistry
of the gold grains in till resemble known gold sources. Dispersal trains are best defined by heavy mineral
analyses and gold grain counts from bulk till samples (>4 kg). Analysis of the fine fraction (< 0.1 mm)
of the bulk till samples is recommended to ensure detection of total gold content.

Résumé

La stratigraphie générale du Quaternaire pour les domaines de La Ronge et de Flin Flon comprend
un till inférieur, recouvert de couches de sable et de gravier ou de limon et d’argile, ou les deux, un
till supérieur, et des matériaux de transport glaciaires stratifiées au sommet. Le socle rocheux, le till
glaciaire et les sédiments glaciolacustres sont les dépots les plus répandus en surface. Les principales
directions d’avancée glaciaire varient entre 180° et 225°. Une nouvelle avancée s’est produite plus tard
dans une direction de 215° a 240°.

! Saskatchewan Research Council, 15 Innovation Blvd., Saskatoon, Saskatchewan S7N 2X8
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Le till inférieur, plus étendu, est le milieu d’échantillonnage préféré tandis que la mince couche dis-
continue de till supérieur, mis en place lors de la nouvelle avancée, ne se préte pas a I’échantillonnage.
Le lac glaciaire Agassiz couvrait la plus grande partie du bouclier précambrien au sud-est. Les sédiments
lacustres gisent sous 427 m et nuisent aux levés géochimiques et biogéochimiques de surface. Les dépots
de till dans le lac ont été soumis a [’action des vagues et sont souvent remodelés, ce qui les rend non
propices a l’échantillonnage.

Dans la région du lac Waddy, le socle rocheux et le till constituent de 65 & 70 % des matériaux de
surface et se prétent a la prospection par des méthodes d’échantillonnage de surface. Le principal empé-
chement a la prospection des matériaux de transport glaciaires est la présence de sédiments glaciolacus-
tres épais, particulierement dans le sud-est.

La couverture de matériaux de transport glaciaires dans la région du lac Sulphide est plus mince
et moins étendue. Les sédiments de lac glaciaire eux sont moins répandus. Par endroits, les tills ont
subi une altération ou un remodelage intense, les rendant non propices a la prospection des matériaux
de transport glaciaires. La dispersion de l'or dans le till inférieur correspond en général aux manifesta-
tions connues dans cette région.

A Uest du lac Amisk, les matériaux de transport glaciaires sont moins répandus que dans le domaine
de La Ronge. La technique de prospection de ces matériaux la plus utile est le sondage des morts-terrains
dans les dépressions topographiques qui sont habituellement remplies par une fondriére et recouvertes
de sédiments stratifiés.

L or lui-méme est le meilleur indicateur d’or dans la prospection des matériaux de transport glaciaires
de ces régions. La morphologie et la composition chimique des granules d’or dans les tills ressemblent
a celles des sources d’or connues. La meilleure facon de définir les trainées de dispersion des tills est
de procéder au dosage des minéraux lourds et au décompte des granules d’or dans de gros échantillons
de till (4 kg et plus). On recommande [’analyse de la fraction fine (moins de 0,1 mm) des gros échantillons
de till si I’on veut s’assurer de repérer tout [’or présent.

INTRODUCTION

In recent years, there has been renewed interest in gold
exploration in northern Saskatchewan. Much of the explora-
tion activity has been centred in the southeastern part of the
Precambrian Shield between La Ronge, Reindeer Lake and
Flin Flon. This area comprises the La Ronge, Kisseynew,
Glennie Lake and Flin Flon domains. (Fig. 1). Because
more than 50 per cent of this area is covered with glacial
drift, surface geochemical surveys, such as biogeochemical
and overburden sampling have become an integral part of
exploration programs. The selection and effectiveness of a
geochemical survey method to be used depends to a large
degree on the nature of the overburden cover. Therefore,
a good understanding of the Quaternary geological condi-
tions is an essential component of any surficial geochemical
program.

Regional mapping of the Quaternary geology for the
southeastern shield was done as part of the reconnaissance
mapping and drilling program carried out by the Saskatche-
wan Research Council (SRC) for the whole Precambrian
Shield region of Saskatchewan (Schreiner, 1984). This
work, published at a 1:250,000 scale, provides the regional
framework for ice movement direction, surface deposits,
stratigraphy, glacial history and approximate extent of gla-
cial Lake Agassiz, but is not detailed enough to provide all
the needed information for exploration.

In order to assist mineral exploration, SRC has carried
out site-specific investigations in three strategic locations
(Fig. 2): Waddy Lake (Campbell, 1986), Sulphide Lake
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(Campbell, 1987a) and Amisk Lake (Campbell, 1987b).
The former two are situated in the La Ronge Domain and
the latter in the Flin Flon Domain. These sites were chosen
as typical of the Quaternary geology of these regions as well
as, providing specific information concerning the materials,
stratigraphy, sampling media, nature of gold distribution
and other factors critical to drift prospecting. In each area
surficial mapping was carried out at a scale of 1:20 000. A
till geochemical program involving bulk till (6 to 9 kg) sam-
pling for geochemical analysis of the fine (< 0.1 mm) and
heavy mineral fractions as well as gold grain documentation
was conducted at the same time.

This information, combined with that from the regional
mapping program, is used to compare the general Quater-
nary geology and till geochemistry of the study areas and
to outline the implications for drift prospecting for gold.

REGIONAL QUATERNARY GEOLOGY

The thin drift and stratigraphy of the glacial sediments sug-
gest that the last Wisconsinan glacial advance obliterated
many of the features and eroded deposits of earlier glacia-
tions. Therefore, glacial sediments and ice movement indi-
cators are considered to be predominantly late Wisconsinan
in age (Schreiner, 1984). The generalized distribution of
surficial deposits of the southeastern portion of the Precam-
brian Shield is shown in Figure 3. Thin till and bedrock out-
crops comprise 45 to 70 % of the surface, and 30 to 50 %
comprise glaciolacustrine sediments related to glacial Lake
Agassiz (Sopuck et al., 1986). Glaciofluvial material makes



up less than 5 % of the surface deposits, and the remaining
arca is classed as organic terrain. Commonly, the drift is
less than 5 m thick, except where glacial Lake Agassiz
deposits occur. Thickness can exceed 20 m, particularly in
the east where the lake deposits dominate. These values are
based on augerholes drilled throughout the area (Schreiner,
1984 ; Campbell 1986, 1987a,b). Although glaciofluvial
deposits account for less than 5 % of the surface materials,
a thin patchy veneer of sand overlies till on a much broader

scale.
Ice Movement Directions

The dominant ice flow was toward the southwest between
180° and 225°. At a few locations, finer, more weakly

110 102°
0*

developed striae cut across an earlier set at directions of
215° to 245°. The origin of these striae is not clear but they
are thought to be related to a minor readvance of a thin ice
lobe into the glacial Lake Agassiz basin (Schreiner and
Alley, 1975). Rare but notable occurrences of glacial striae
trending west to northwest occur (Johnston, 1978) around
Reindeer Lake and crossing striations trending east-west
occur in the central La Ronge Domain (Schreiner, 1984).
The relative age of these striae are unknown but Johnston
suggests they are older than the southwesterly direction but
still Wisconsinan in age. Local variations are attributed to

ice flow deflections caused by the irregular bedrock topog-
raphy.

In the La Ronge Domain the ice flow direction is gener-
ally parallel to sub-parallel to the regional structural fabric

PREDOMINANT ROCK TYPE:

Pluton
Pelite /psammopelite
:[ Metapsammite

@ Meltavolcanic
Complex terrain
m Phanerozoic cover

Figure 1. Location and generalized bedrock geology of the southeastern Precambrian
Shield in Saskatchewan. The ‘‘complex terrains’’ include plutonic and supracrustal
units. The Central Metavolcanic Belt contains about 40 percent plutons. The La Ronge
Domain comprises all terrain west of the Stanley Shear Zone and its northerly extension

(modified from Schreiner, 1986).
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of the bedrock (Fig. 3). This has several implications for
mineral exploration. Known glacial dispersal trains tend to
be long and narrow following the ridge-and-valley topogra-
phy that parallels the ice flow direction (Sopuck et al.,
1986). This may lead to problems of overlapping dispersal
trains complicating the task of identifying the source or
sources of mineralization.

Proglacial Landforms

Proglacial Lake Agassiz covered much of the southeastern
portion of the Precambrian Shield (Schreiner, 1983). As the
ice retreated, Lake Agassiz inundated the low-lying areas
as far north as Reindeer Lake and just west of the La Ronge
Domain. The minimum area covered by the lake cor-
responds approximately to the area outlined by the extent
of the glaciolacustrine sediments (Fig. 3). Glaciolacustrine
sediments are also common under bogs and lakes, below the
elevation of the highest beaches (commonly 427 m) and in
topographic lows within areas mapped as dominantly till and
bedrock.

10 6°

Thick deposits of glaciolacustrine sediments are a major
impediment to surface geochemical surveys. Till in the Lake
Agassiz basin was subjected to wave action and reworked,
rendering it largely unsuitable for drift prospecting.

Drift Stratigraphy

The generalized Quaternary stratigraphy sequence is based
on information from 90 augerholes and 11 roto-sonic drill
holes along roads in the area, roadside exposures, excava-
tions and overburden geochemical surveys (Campbell 1986,
1987a,b; Schreiner, 1984): (1) lower till; (2) stratified
sands and gravels and/or silt and clay; (3) upper till; (4)
upper stratified drift. The lower till is widespread and com-
monly lies directly on bedrock. The upper till and stratified
deposits were encountered only at a few locations but are
widespread. The stratigraphy of the two type sections is
shown in Figure 4 and the locations are shown in Figure 2.
A more complete discussion of the stratigraphy is given by
Schreiner (1984, 1986), and Sopuck et al. (1986).

102°
57°
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YSMITH
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Figure 2.

DESCHAMBAULT,
LAKE

Location of study areas: Waddy Lake (1), Sulphide Lakes (2) and Amisk

Lake (3). The location of the sections (Jaysmith Lake and Deschambault Lake) illus-
trated in Figure 4 are identified (Modified from Schreiner, 1986).
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The lithologic composition of the lower till reflects the
changes in local bedrock, making it the preferred sampling
medium. The thin, discontinuous upper till, deposited by the
readvance, reflects the incorporation of underlying sedi-
ments and is not representative of the local bedrock.

Soils

The more common soils found in the southeastern portion
of the Shield are brunisolic, luvisolic, and to lesser extent,
podzolic soils developed on well drained uplands (Canada
Soil Survey Committee, 1978). Gleysoic and organic soils
are restricted to poorly drained areas and are associated with
peat deposits. Regosolic soils are related to unstable areas
such as slumps or to recent deposits such as floodplains.

The following descriptions are modified from more
detailed descriptions by Acton and Padbury in Schreiner
(1986). Brunisols are the most widespread soils, which are
developed primarily on the more permeable glaciofluvial
and till deposits. The main characteristics of these soils are
the presence of a weak to well developed Ae-horizon,
depending on the degree of leaching and an underlying B
horizon which shows no distinct accumulation of weather-
ing products.

Cree Lake Moraine

Organic

Glaciolacustrine (Silt and Clay)
Glaciofluvial (Sand and Gravel)
Glacial Till

Rock

JELEN

Ice Movement Direction

10 20 30 40 50km
S N S — —

Luvisolic profiles are developed most commonly on
glaciolacustrine silt and clay. The general characteristics of
the soils are a well developed forest litter mat (L-H), a weak
or absent organic (AH) layer and a (Bt) horizon of clay
accumulation.

Podzolic soils are developed on well drained till and
glaciofluvial parent material. These soils are characterized
by a leaf-litter horizon (LH) underlain by a well developed,
eluviated (Ae) horizon. The B-horizon shows an accumula-
tion of iron and aluminum colloids with little organic matter.
This soil type is rare in this part of the Shield.

WADDY LAKE AREA
Quaternary Geology

The distribution of surficial deposits in the Waddy Lake area
is shown in Figure 5. The ice flow direction ranges from
188° to 205° with the most common direction ranging from
190° to 192°. Cross-cutting striae were not seen in this
study area. With the exception of the Byers Fault, ice flow
direction is nearly parallel to the regional bedrock trend.
The drift is relatively thick and widespread, averaging five

Flin Flon

Figure 3. Surficial geology for the southeastern Precambrian Shield. Only the dominant surface
materials are shown (Modified from Schreiner, 1986).
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metres in thickness and covering approximately 70 % of the
area. The composition of the deposits is glacial till 35 to
40 %, glaciolacustrine sediments 15 to 20 %, glaciofluvial
sediments <5 % and organic deposits <10%.

Two till units were identified in the Waddy Lake area.
The upper till is thin (<1 m) and discontinuous. This unit
was identified at nine locations overlying lacustrine sedi-
ment. It is characteristically clay rich, brown, oxidized and
clast-poor. The clasts are more rounded than those of the
lower till, similar to the occurrence at Jaysmith Lake (Fig.
4). This till is the result of the minor readvance of ice into
the Lake Agassiz basin as reflected by the incorporation of
lake sediments into the till matrix.

The lower till is the most common till found in the area.
Its thickness is generally less than four metres. This till is
commonly greenish grey (due to the incorporation of inter-
mediate to mafic volcanic bedrock) and dense. It contains
abundant granules and has 30 to 50 per cent angular to
subangular clasts in a silty-sand matrix (Fig. 6). The lower
till, which was deposited subglacially, reflects the local bed-
rock lithology, and has undergone short transport distances
of <800 m (Campbell, 1986). Therefore, it is considered
the best sampling medium for drift prospecting. A sandy
ablation phase of this till was noted in several locations.
Reworking of this till by wave action is restricted to lower
slopes and the reworked part is generally thin (<1 m) over-
lying undisturbed till.

Deschambault Lake
A EC-118

25 Sand,silty, pebbly, light gray
(Ablation till}
* Till,noncalcareous,light olive gray

(2=1)—| /NN
A4

< Silt,noncalcarsous,light gray

lo Sand, mediumn to coarse,
pebbly naar base

Feet

Till,noncalcareous, sandy,
< light gray

20

A. Lithologic log from augerhole at
Deschambault Lake.

Jaysmith Lake

B EC-6
0,
{1=1)—= <><> - TIli,silty and clayey, noncalcarosous,
- -
{1-2)—» IS lignt gray
(2=1)—s|_— |« Clay,noncalcareous, light gray
-

Faet

(3-1)—
H

4 - Clay,slity, noncalcareous, light gray

g— —. [-10 and gray, laminated
(3-2)=— — |
{4-1)—-_T_[= Siit,cloyey,noncalcareous

(5-1)—=123 S{]= Till,noncalcaraous, sandy,light gray
5 Rock

B. Lithologic log from augerhole at
Jaysmith Lake.

Clayey silt to sandy silt was the predominant
glaciolacustrine material deposited in glacial Lake Agassiz
(Schreiner, 1983). The Waddy Lake area coincides with the
western limit of this lake. The glacial lake sediments are
extensive but discontinuous and vary greatly in thickness
(<1 mto >20m) as indicated by surface mapping and sub-
surface drilling. The majority of lake sediments are found
below the elevation of 427 m but have been found as high
as 439 m. A cobble beach at approximately 457 + 7 m is
evidence of the highest lake level found to date. Thick lacus-
trine cover is restricted to the low-lying southeastern portion
of the area and to topographic lows (Fig. 5).

Gold Occurrence in Till

Gold has been known to occur in the till in the Waddy
Lake area since the 1960’s (Averill and Zimmerman, 1986).
Geochemical and heavy mineral analyses of lower till sam-
ples reflect known gold occurrences and also indicate the
presence of other previously undetected sources (Campbell,
1986). Forty-one per cent of the samples analyzed contained
gold. Due to the presence of numerous gold showings, the
threshold gold value for the lower till is high, 40 ppb (< 0.1
mm fraction) in the region just west of Waddy Lake.
Excluding this anomalous population, the threshold gold
value drops to 20 ppb (< 0.1 mm fraction). The gold grain
counts varied from O to 300 with a threshold value of 10 gold

AUGERHOLE_UNITS

— Organic material - peat,gyttja
— Clay
- st
~ Sand

XX
L% 04 — Gravel

NN -
Y3 - e

N/N/,
— Sandy till
- Rock: bedrock, smooth drilling, no penetration

m — Base of augerhole

EXPLANATION

[s]
Samples analyzed {I~i)— Samples take

Figure 4. Lithologic logs of till overlying lacustrine and fluvial sediments which
are underlain by an older till deposit. Approximate locations are shown on Figure

2 (Modified from Schreiner, 1984).
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grains per bulk till sample. Seventy-five per cent of the
grains are irregular to delicate based on a classification
scheme established by S.A. Averill, Overburden Drilling
Management Ltd. The grain size of the gold grains ranges
from < 50um to > 1500um with 70 % <20um and only 3 %
> 500um. The gold appears to be associated with the fine
sand-silt fraction of the till.

The size of the gold grains in the till reflects the fine-
grained nature of gold mineralization in the area. Although
there is only a weak correlation between gold in the fine and
heavy mineral fractions, for many of the samples analysis
of either fraction indicated the presence of gold in the till.
However, a number of samples have anomalous values in
only the fine fraction. This probably is due to the fine nature

of the gold mineralization or the presence of gold occluded
with other minerals and lost during heavy mineral separa-
tion (Sopuck et al., 1986). Based on present geochemical,
mineralogical and lithological studies, gold itself is the best
pathfinder (Averill and Zimmerman, 1986; Harper, 1984,
1985; Mellinger, 1986).

Examples of dispersal trains in the lower till in this
region have been well documented. The EP gold zone was
discovered by tracing the auriferous lower till of the Riddle
train beneath lake sediments (Averill and Zimmerman,
1986). Bulk till surveys at Star and Tower Lakes outline dis-
tinctive surface dispersal trains extending down-ice from the
known sources (Sopuck et al., 1986).
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Figure 5. Generalized surficial geology of the Waddy Lake area.
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Drift Prospecting Problems

Since 65 to 70 % of the surface material is bedrock or
locally-derived till, surface sampling methods have been
applied successfully in the Waddy Lake area. However,
there are several problems. The narrow dispersal trains may
overlap because the mineralization strikes parallel to the ice
flow. These trains can be undetected if sampling stations are
too far apart. The possibility of multiple sources must be
considered when interpreting geochemical results.

The upper till and lacustrine material complicate surface
sampling and interpretation of the geochemical results.
Although the upper till is discontinuous, identification of the

Waddy Lake
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504 a Lower Till
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1 2 3 4 5 6 7
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Waddy
Upper till sand 36.2
silt 54.3
clay 9.5
Lower till sand 61.5
silt 34.5
clay 4.0

till, if present, is essential to proper sampling. In approxi-
mately 15 to 20% of the area, surface exploration tech-
niques will be affected by the glaciolacustrine silt and clay
cover particularly in the area southeast of Waddy Lake,
where this cover exceeds 20 m in thickness. The presence
of lake sediments constitutes the major impediment to gold
exploration in the area. Nearly all the gold prospects found
to date are located above the 427 m elevation (Sopuck et al.,
1986). The exception is the EP gold zone near Round Lake,
which was discovered beneath the lacustrine cover (Averill
and Zimmerman, 1986). A thin but discontinuous veneer of
sand is present in the area. It is not related to the underlying
till unit and has been found to be unsuitable for drift

Sulphide Lake
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Figure 6. Till textures: mean grain size distribution of till matrices in the study area shown as

weight percent.
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prospecting. This material has often been the main sampling
medium for B-horizon soil surveys. Because there is good
access in this area, both backhoe and overburden drilling are
economical methods of subsurface sampling.

SULPHIDE LAKE AREA
Quaternary Geology

The distribution of surficial materials is shown in Figure
7. The areal distribution is: bedrock, 30 to 35 % till, 30
to 35 % ; glaciolacustrine sediments, 15 to 20 % ; glacioflu-
vial sediments, <10%; and organic materials, <10%.
Bedrock relief is high in this region, producing a rugged ter-
rain which has influenced the local Quaternary geology.
With the exception of low-lying areas, the drift is thin, and
less extensive than in the Waddy Lake area. The average
drift thickness is less than four metres but overburden
drilling indicates thickness greater than 13 metres in topo-
graphic lows.

Crossing striae indicating two ice-flow directions were
noted at four sites; an older set ranging in direction from
190° to 218° and the younger set from 212° to 240°. The
most common ice-flow direction is 212° to 218° and
represents the Jast major glacial advance in the late Wiscon-
sinan. The ice-flow direction is sub-parallel to the regional
bedrock geology (Campbell, 1987a).

Both the upper and lower till units found in the Waddy
Lake area are present in the Sulphide Lake area. The tills
vary considerably in texture, composition, colour and
appearance throughout the study area reflecting the different
source materials, modes of deposition, and postdepositional
alteration. The till at the surface is generally weathered
and/or reworked.

Althouth the upper till is thin (< 1 m) and discontinuous,
it is more prevalent than in the Waddy Lake area (Campbell,
1986, 1987a). In the field, it appears similar to the lower
till. The upper till has a low clay content and a high silt to
sand ratio (Fig. 6) reflecting the incorporation of the under-
lying sandy sediments. Generally, this till is completely oxi-
dized.

Although the lower till is sandy (Fig. 6) and clast-rich,
it is very similar to the lower till in the Waddy Lake area
(Campbell, 1986). Variations in lithology reflect the
changes in the local bedrock although the colour is com-
monly grey. This till was subglacially derived and has
undergone short transport (<1 km). An ablation phase of
this till has been noted in localized pockets throughout the
study area.

A very sandy till, often associated with boulder lags, is
also present in the area. It does not represent a separate till
unit but rather the modification, primarily by wave action,
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My - moraine veneer (<3m);
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GL - glaciolacustrine sediments (silt and clay)
GLd - glaciolacustrine deltaic sediments
(sand and silt)
GF - glaciofluvial (sand and gravel)
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Figure 7. Generalizzed surficial geology of the Sulphide Lake area.
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of existing till deposits, particularly the lower till. This till
is relatively thin and patchy but widespread throughout the
study area. In places it overlies undisturbed lower till.

Lake sediments comprising sandy-silt are found up to an
elevation of 419 m but for the most part occur below 410
m. The highest evidence for Lake Agassiz are wave-cut ter-
races and a cobble beach at approximately 427 m. Due to
the higher relief and rugged terrain, the effects of Lake
Agassiz are much different than at Waddy Lake. Erosional
features, indicative of a higher-energy environment, are
common and wave-cut terraces and associated boulder lags
commonly ring highlands. There is a widespread evidence
of till that has been winnowed by wave action. Lacustrine
sediments are restricted to the low-lying or gentle relief
areas.

There are several significant deposits of glaciofluvial
material in the Sulphide Lake area (Fig. 7). A broad belt
of interlobate ice-contact deposits extends along the western
edge of the study area (Schreiner, 1984). Several sandy san-
dur and fluviolacustrine plains occur throughout the study
area. Overall, the surficial deposits are thinner and less
extensive than in the Waddy Lake area (Campbell, 1986).

102°08" 102°00'
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Gold Occurrence in Till

Gold dispersal in the lower till reflects known gold occur-
rences in this area. Regionally, the content of gold in the
lower till is low in comparison to Waddy Lake (Campbell,
1986, 1987a). Regional geochemical threshold values for
gold for the fine fraction (<0.1 mm) are 20 ppb and 1 visi-
ble gold grain in the heavy mineral fraction. Only 19 % of
the samples analyzed contained visible gold. Gold grain
counts varied from O to 100, and the grains ranged in size
from <50 um to 500 um. The gold does not appear to be
associated with any particular grain size. Sixty per cent of
the gold grains are irregular to delicate. This suggests the
nature of the primary gold varies with the type of minerali-
zation, and with the size and form of the mineral deposit.
The till geochemistry reflected a trend of bedrock enrich-
ment in gold, arsenic and copper east of Contact and Hebden
Lakes (Fig. 7). Otherwise, on a regional scale, gold is the
best indicator of mineralization. Dispersal trains with
known sources have not been located to date, although
several anomalous areas have been delineated.
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Figure 8. Generalized surficial geology of the East Amisk Lake area.
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Drift Prospecting Problems

In the La Ronge Domain, drift prospecting may be compli-
cated by several factors: 1) drift that can be sampled effec-
tively is less extensive; 2) topographic lows are commonly
filled with stratified sediments; 3) the lower till is the pre-
ferred sampling media; however, the upper till is more
prevalent in this area; 4) due to its similarity to the lower
till, upper till is difficult to identify except where both tills
occur at one site; and 5) the till is often weathered and/or
reworked where exposed. The reliability of the gold content
in this type of deposit depends on the degree of disturbance
and on the transport distance of the material. Winnowing
due to wave action will create anomalies that are more
difficult to trace back to the source.

Glaciofluvial deposits inhibit surface sampling in several
locations. The interlobate moraine along the western border
of the study area is composed predominantly of sand and
gravel with localized till pockets. Collection of both
glaciofluvial and till samples would greatly complicate the
interpretation of a geochemical survey conducted over this
deposit. Extensive sandur plains occur in the central and
southern portions of the area. Overburden drilling has
shown that till deposits have been eroded from many of the
topographic lows and the stratified sediments lie directly on
bedrock.

Although glaciolacustrine sediment is not as widespread
or thick as in the Waddy Lake area (Campbell, 1986,
1987a), it is still an impediment to surficial geochemical sur-
veys. All organic deposits tested were underlain by lake
sediments >1 m in thickness. The rugged terrain and
limited access in the Sulphide Lake area limit the use of a
backhoe or overburden drill for subsurface sampling.

EAST AMISK LAKE AREA
Quaternary Geology

The entire study area was inundated by glacial Lake Agas-
siz, yet bedrock and till are the dominant surface deposits.
Lake sediments occur sporadically throughout the area and
reworking of tills and other deposits is evident. As illus-
trated in Figure 8, the approximate proportions of the surfi-
cial materials are: 40 % bedrock, 25 to 30 % glacial till, 15
to 20 % glaciolacustrine silts and clays, 10 to 15 % organic
material and <5% glaciofluvial sand and gravel. Drift
cover is thin, discontinuous, and highly variable in composi-
tion, in comparison to the areas in the La Ronge Belt (Camp-
bell 1986, 1987a) with the exception of the south part of the
East Amisk Lake area, where bedrock relief is lower. Based
on hand-dug test pits and drillholes, the average drift thick-
ness is <3 m but depths greater than 21.5 m have been
recorded in topographic low areas (Campbell 1987b).

Glacial striae, grooves and roche moutonnées are preva-
lent throughout the study area. A set of crossing striae indi-
cate an older ice movement direction ranging from 190° to
208° with a younger direction of 216°, suggesting a read-
vance in a slightly more southwesterly direction. The most
common ice-flow direction noted ranged from 204° to
208°.

As in the La Ronge Domain, two till units are present
in the Amisk Lake area. Both tills differ texturally from
those found in the La Ronge Domain (Fig. 6). The lower
till in the East Amisk Lake area is sandier than in the La
Ronge area, has a higher sand to silt ratio but has similar
clay content. The clast content is also higher. This till is
locally derived and, for the most part, is a resuit of subgla-
cial deposition. It is the most widespread till and often
underlies the upper till or stratified sediments.

The upper till is thicker and more widespread in this
region, although it is less than two metres thick and occurs
only sporadically throughout the area. This till is typically
brown, due to oxidation, with a silty-sand matrix and a low
percentage of small rounded clasts. Its texture is similar to
the lower till with only a slightly higher silt content (Fig.
6). The incorporation of bedrock, lower till and stratified
sediments during the readvance may account for the coarse-
ness of the upper till matrix in comparison to the upper till
in the La Ronge Domain, where lake sediments are more
prevalent. Two depositional phases of this till, ablation and
subglacial meltout, were recognized in several exposures.

Glaciofluvial deposits occur predominantly in associa-
tion with deltaic sediments and are interpretated as having
been deposited in an ice-contact/glaciolacustrine environ-
ment at the ice sheet front during deglaciation. They may
be associated with an ice-frontal position mapped to the
northwest of the study area (Schreiner, 1984). Small kame-
like gravelly deposits and channel fills are also associated
with this ice-frontal environment. Till has been noted on
topographic highs within these deposits.

The glaciolacustrine sediments are commonly restricted
to gently sloped and low-lying areas, and predominate
around Amisk Lake and in the south part of the area.
Glaciolacustrine sediments extend to an elevation of 338 m
but generally occur below 320 m. As the maximum level
of glacial Lake Agassiz is estimated to have been 400 to
427 m, complete submergence of the study area is probable
(Schreiner 1983, 1984).

Organic terrain constitutes a greater percentage of the
surface deposits than in the other study areas. Muskeg
occurs sporadically throughout the area. However, in the
southeast portion of the area, the terrain is dominated by
large organic deposits interspersed with outcrop ridges.
Limited drilling of several large organic deposits indicates
that they are commonly underlain by glaciolacustrine sedi-
ments. Often a thin till unit is encountered directly above
bedrock.

Gold Occurrence in Till

Gold was found, by geochemical and visual analyses, in
both the upper and lower tills. This is probably due to the
greater amount of outcrop and associated mineralization
exposed to erosion by the readvancing ice. The sporadic
occurrence of the upper till makes it difficult to trace
mineral dispersal in this unit. The results of geochemical
analysis of the lower till reflected known mineral occur-
rences (gold, copper, zinc, tungsten, etc.) and outlined
regionally anomalous areas such as Phantom Lake.
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Regional threshold values for gold in the East Amisk
area are 17 ppb in the fine fraction (< 0.1 mm) and 5 gold
grains for the heavy mineral fraction. There is no correla-
tion between gold in the fine and heavy mineral fractions.
Ninety-one per cent of the bulk till samples contained visible
gold. The gold grain counts varied from 0 to 13 and the
grains ranged from <50 ym to 800 um in size. The gold
is predominantly fine grained (94 % <200 um) and appears
to be associated with the silt and clay fractions. The gold
grains are primarily irregular (46 %) to abraded (45 %) in
shape. The large grains tend to be irregular to delicate.

Regionally, gold does not appear to be associated with
any particular minerals which may be expected, because
several types of gold mineralization occur in the area. How-
ever, the till geochemistry reflects the various mineralogical
relationships down-ice from known gold occurrences.
Although no glacial dispersal trains have been delineated in
the East Amisk Lake area, the regional structural trends and
ice movement direction would result in fan-shaped glacial
dispersal trains. Preliminary geochemical results suggest
bulk till sampling is more effective than soil sampling for
regional geochemical surveys in this area.

Drift Prospecting Problems

Drift prospecting by surface sampling has limited applica-
tion in the East Amisk Lake area. The major impediment
to surface geochemical surveys in this area is the stratified
drift cover and the organic material underlain by thick
glaciolacustrine sediments. Backhoe trenching and overbur-
den drilling would be necessary to obtain bulk till and bed-
rock samples for prospecting in these terrains. Because
much of this area is accessible by road, these methods of
exploration should be cost-effective.

Geochemical surveys are complicated by the presence of
two till units and by the occurrence of gold in both tills.
Proper identification of the upper and lower till as well as
the various depositional facies is necessary to ensure effec-
tive sampling and accurate interpretation of the results. Soil
surveys are not recommended in the area downwind from
the stack in Creighton. Geochemical analyses have shown
elevated values of sulphide elements in the B-horizon,
because of contamination by stack emmissions.

IMPLICATIONS FOR GOLD EXPLORATION
Quaternary Geology

Because 60 to 70 % of the La Ronge and Flin Flon domains
are covered with till, drift prospecting is becoming an
increasingly popular method for mineral exploration. The
Quaternary geology and gold occurrence in till for the study
areas are summarized in Tables 1 and 2, respectively.
Similarities among these three areas make regional extrapo-
lations possible concerning Quaternary geology conditions
and gold occurrence in till as well as concerning problems
associated with drift prospecting. However, each study
identified local variations illustrating the need to document
the local Quaternary conditions prior to the commencement
of geochemical surveys.
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Information on the local ice flow directions is critical in
determining the dispersal of trace mineralization. Various
factors affecting ice movement, such as bedrock topogra-
phy, the orientation of linear mineralized structures with
respect to the ice flow direction, and the form of mineraliza-
tion will create different dispersal patterns.

Throughout the southwestern portion of the Shield, bed-
rock and till are the dominant surface materials. As drift is
generally thin, surface sampling can be done effectively and
inexpensively.

The most widespread till in both domains is the lower,
grey, silty sand till. The till was subglacially derived and
has undergone relatively short transport distances. Litho-
logical variations in this till reflect changes in the local bed-
rock source. Gold occurrences in the lower till can be traced
to their origins.

Table 1. Comparison of the Quaternary geology in the
Waddy Lake, Sulphide Lake, and East Amisk Lake areas
East
Waddy Lake [Sulphide Lake [ Amisk Lake
¢ |ce direction | south southwesterly | southwesterly
o Drift cover 70% 65% 55-60%
 Drift thickness | 5 m 3m <3m
e Upper till clayey-silt silty-sand silty-sand
o | ower till greenish greyish greyish
o | ake Agassiz | silty sediment | sandy sedi- clayey-silt
lacustrine ments rework- | sediments
cover ing of till lacustrine
cover
* Soils moderate well moderate
« Weathering moderate intense moderate

Table 2. Comparison of the gold occurrence in till in the
Waddy Lake, Sulphide Lake, and East Amisk Lake Areas

East
Waddy Lake |[Sulphide Lake | Amisk Lake
o Till lower lower both
e Size fine fine to coarse | fine
» Shape 75% irregular | 60% irregular | 91% irregular
to delicate to delicate to abraded
e Count
(threshold
value) 10 grains 1 grain 5 grains
* Geochemistry
{threshold
value) 20 ppb 20 ppb 17 ppb
e Trains long and nar- | long and nar- | flame
row (ribbon) row (ribbon) | shaped?




The ablation phase of this till occurs in small localized
deposits. It is characteristically a loose, gravelly, brown to
grey, sandy till. The upper till, derived from a readvance
into the Lake Agassiz basin, is prevalent but sporadic
through the area. It is commonly a thin, brown, clayey silt
to sandy silt till rarely found lying directly on bedrock.
These deposits are not preferred sampling media as they are
composed of material that has undergone long and/or multi-
ple transport making it difficult to find their sources.

Glacial Lake Agassiz, as well as other minor glacial
lakes, covered much of the southeastern portion of the
Shield. Its deposits are extensive but discontinuous, gener-
ally occurring below 427 m in the La Ronge Domain and
below 320 m in the Flin Flon area. The thickness of these
sediments is highly variable, ranging from <1 m to >20
m. With the exception of the EP gold zone, all known gold
occurrences are found above these lake deposits, illustrating
the effectiveness of the silts and clays in inhibiting mineral
exploration by sealing off anomalous bedrock and till from
any surface expression. Areas covered by glaciolacustrine
and fluvial deposits remain virtually unexplored. Recent use
of improved backhoes and overburden drills have proved
effective for drift prospecting in this type of terrain.

Boulders, cobbles, and pebbles are common in the silts,
especially overlying till or bedrock. In areas with high con-
centrations of clasts, the silt may be misinterpreted as till.

Organic deposits, depending on their thickness and
extent, can inhibit geochemical surveys. These deposits are
commonly underlain by glaciolacustrine silts and clays.
Humus samples can be effective in defining gold zones in
bedrock if the lacustrine deposits are less than one metre
thick (Rampton et al., 1984, and Sheehan and Gleeson,
1984). Where organic deposits are extensive, the most use-
ful drift prospecting technique is overburden drilling.

Glaciofluvial sand and gravel are not very prominant but
can complicate drift sampling programs locally. The largest
deposit occurs in the La Ronge Domain in the form of an
interlobate moraine. Although small till deposits occur
within this moraine, surficial geochemical surveys are not
recommended. In many areas, a thin sandy veneer (<1 m
thick) is often present. It commonly forms the B-horizon of
the soil and has been the sampling medium for soil surveys.
This is not a suitable medium as anomalies may be due to
concentrations of heavy minerals by water.

Soil Implications

There are several pedological factors which must be taken
into account when conducting soil and bulk till surveys.
Brunisolic soils are the most prominent soils sampled.
Factors involved in the formation of this soil should be
considered. The soil profiles are generally well developed.
The leached Ae-horizon can be > 30 cm deep and must be
avoided when sampling. The B-horizon is often highly
oxidized and greater than 100 cm deep. Elevated gold
values due to the presence of hydromorphic gold may be

encountered when using this soil horizon for sampling. This
means bulk till sample pits commonly must be greater than
one metre deep to obtain parent material (C-horizon). Silt
and clay translocation from the upper part of soil profile to
the lower part of the B-horizon and into the C-horizon by
pedogenic processes have been noted in this region. This is
manifested by fine sediment coatings on the upper side of
pebbles. Work carried out in the SRC laboratory has shown
that a significant amount of fine gold is tied up in these coat-
ings. Therefore, care must be taken to include this material
in any analyses.

Gold Occurrence in Tills

From detailed descriptions of known dispersal trains and
gold grain characteristics in the La Ronge area (Averill and
Zimmerman, 1986; Campbell, 1986, 1987a; Sopuck et al.,
1986) the till geochemistry appears to reflect the nature of
its mineralized source. Gold is its own best pathfinder in
drift prospecting since it is rarely associated with other
minerals. The morphology and chemistry of the gold grains
in till resemble known gold sources. Heavy mineral concen-
trates and description of gold grains from bulk till samples
have proven to be the most effective in depicting dispersal
trains at greater distances from the source (Sopuck et al.,
1986; Sopuck and Earle, 1987).

Results from the three study areas indicate that region-
ally there is no correlation between the gold content in the
fine (<0.1 mm) and heavy mineral fractions. In some
anomalous samples, the gold is found in only one of the frac-
tions analyzed. This may be due to one or more reasons,
such as ; type of mineralization, size of gold grains, the pres-
ence of occluded gold, analytical error and/or sample con-
tamination. Since the clay content of the lower till seldom
exceeds 10 %, loss of gold in clay is minimal (Sopuck et al.,
1986). Therefore, in addition to heavy mineral concentra-
tion and analysis followed by gold grain documentation,
analysis of the fine (< 0.1 mm) fraction is recommended to
ensure results that are representative of the total gold con-
tent of the till samples.

Concluding Statement

Studies in the LLa Ronge and Flin Flon domains have illus-
trated that the method and application of drift prospecting
varies from area to area. Establishing both the regional
Quaternary geological setting and local site characteristics
are essential for geochemical drift sampling programs. This
involves identifying the drift deposits, their characteristics,
their origin and significance to prospecting. In conjunction
with establishing the geological setting, the regional till
geochemistry must also be determined to identify the nature
of the gold and any associated minerals in the till. With this
framework established, it is then possible to define the most
dependable and productive sampling materials, and to
choose the methods and analytical techniques to employ in
the search for new gold deposits.
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Models of glacial stratigraphy determined from drill core,
Matheson area, northeastern Ontario
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and W.B. Coker; Geological Survey of Canada, Paper 89-20, p. 127-138, 1989.

Abstract

An overburden drilling program in the Matheson area of northeastern Ontario has enabled the iden-
tification of six basic glacial (Quaternary) stratigraphic models. Stratigraphy and/or trace element chem-
ical data were used to separate drift associated with different glacial events. One model contains drift
from three glacial events and represents the composite stratigraphy of the Matheson area. Three models
include Matheson drift and Middle drift, which are associated with ice advancing toward 170° and 240°
respectively. Two models, representing approximately 70 % of the holes drilled, contain only Matheson
drift. The composite stratigraphy of the Matheson area can be correlated with Quaternary stratigraphic
sequences encountered in the Timmins area and in northeastern Quebec.

Résumé

Un programme de sondage des morts-terrains de la région de Matheson dans le nord-est de [’Ontario
a permis de reconnaitre six modéles stratigraphiques glaciaires (Quaternaire) de base . Les données
stratigraphiques et chimiques des éléments en traces ont €été utilisées pour distinguer les matériaux de
transport glaciaires associés a différents événements glaciaires. Un modeéle renferme les matériaux de
transport glaciaires de trois événements glaciaires et représente la stratigraphie composite de la région
de Matheson. Trois modeéles renferment les matériaux de transport glaciaires de Matheson et de Middle
qui sont associés a des avancées glaciaires respectives en direction de 170° et 240°. Deux modéles,
représentant environ 70 % des trous forés, contiennent seulement les matériaux de transport glaciaires
de Matheson. La stratigraphie composite de la région de Matheson peut étre corrélée avec les séquences
stratigraphiques du Quaternaire observées dans la région de Timmins et dans le nord-est du Québec.

! Ontario Geological Survey, 77 Grenville St., Toronto, Ontario, Canada M7A 1W4
? Department of Geological Sciences, Queen’s University, Kingston, Ontario, Canada K7L 3N6
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INTRODUCTION

The Ontario Geological Survey has undertaken a
reconnaissance-scale overburden drilling project in the
Matheson area of northeastern Ontario. The object of the
project is to establish the glacial stratigraphy and a till
geochemical database as an aid to mineral exploration.
Interpretations presented in this paper are based on drill logs
and analytical data from 102 holes drilled during 1984 and
1985, and preliminary results from 72 holes drilled in 1987.

The study area is 40 km east of the Timmins-Porcupine
mining centre and 20 km north of the Kirkland Lake gold
camp. The study area of approximately 3700 km? is located
between the Ontario-Quebec provincial boundary and the
Timmins city limits (Fig. 1). The town of Matheson is situ-
ated in the west-central portion of the area.

PHYSIOGRAPHIC SETTING

The study area is immediately north of the Hudson Bay —
St. Lawrence River drainage divide and is located in the
Great Clay Belt physiographic region. The area contains
three generalized physiographic sub-regions: bedrock
upland, clay plain and sand plain. A bedrock upland
associated with the drainage divide extends into the southern
portion of the study area. Small bedrock uplands occur
throughout the central and eastern portions of the area. A
flat clay plain covers extensive portions of the west and cen-

tral regions. Varved clay deposits reach a maximum eleva-
tion of 381 m (Baker et al., 1982), below which most areas
between bedrock knobs are infilled with clay. Major north-
south oriented esker complexes rise above both the clay
plain and the bedrock uplands. Across the study area, there
is, on average, approximately 5 percent outcrop, with some
townships totally devoid of outcrop.

BEDROCK GEOLOGY

The study area is centrally located in the Abitibi Greenstone
Belt of the Superior Province. The area is predominantly
underlain by mafic volcanic and sedimentary rocks of low
metamorphic grade (Fig. 2). All rocks in the study area,
except diabase dikes, are Early Precambrian (Archean) in
age. The northern half of the area is largely underlain by
tholeiitic, komatiitic and calc-alkalic volcanic rocks of the
Hunter Mine and Stoughton-Roquemaure Groups (Jensen
and Langford, 1983). Two belts containing Porcupine
Group sedimentary rocks, and various mafic and ultramafic
layered sills are also found in the northern portion of the
study area. Mafic and intermediate volcanic rocks of the
tholeiitic Kinojevis Group and calc-alkalic Blake River
Group (Jensen and Langford, 1983) underlie most of the
southern half of the area. Isolated trondhjemite and granodi-
orite stocks and batholiths are found throughout the study
area. All Early Precambrian rocks are cut by Late Precam-
brian diabase dikes.
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Structurally, the study area contains the northern limb
of the Blake River Synclinorium, a large west-striking struc-
ture bounded by two major sub-vertical fault zones: 1) the
Destor-Porcupine Fault Zone along the northern edge, and
2) the Kirkland Lake-Larder Lake Fault Zone to the south
(Fig. 1). Both fault zones are important because of the
numerous gold deposits and showings which are associated
with them.

In the Matheson area, gold exploration has been success-
ful along the Destor-Porcupine Fault Zone, but only where
it outcrops or is covered by thin drift. Gold has been found
within quartz or quartz-carbonate veins either along the fault
zone or within faults related to it.

Away from areas with thin drift, there has been limited
exploration success for gold in the study area. East-west
oriented faults, the zones with the greatest potential for gold
mineralization, tend to form bedrock valleys and are often
covered by thick drift.

SURFICIAL GEOLOGY

The most recent ice mass to cross the study area is consid-
ered to be of Late Wisconsinan age. This advance is respon-
sible for, or has directly influenced, the deposition of all
Quaternary sediments exposed at surface. Overburden
drilling has indicated that pockets of older material exist at
depth.

The most recent ice advance produced striae and
associated directional features indicating regional ice flow
was to the southeast at approximately 170°. Older Striae
oriented at 240° have been noted on some bedrock faces

protected from the most recent glacial advance. These ice
flow directions are consistent with the findings of Veillette
(1986) who completed an extensive study of striae and other
ice flow indicators in the Abitibi region of northwestern
Quebec. Veillette’s work is discussed in the Regional
Quaternary section of this paper.

The ice front receded northward through the region
approximately 10 000 years B.P. (Prest, 1970; Baker,
1980). At that time the area was inundated by the waters of
glacial lakes Barlow and Ojibway. Fine-grained sediments
were deposited on the lake bottom (Fig. 3). Meltwater flow-
ing from the ice mass into the glacial lakes deposited sand
and gravel in the form of eskers and ice-contact deltas.

Surficial Deposits
Till

The uppermost till unit in the region has been informally
referred to as the Matheson formation by Hughes (1959).
On surface this till occurs as a thin, discontinuous veneer
on the bedrock uplands. The till is highly oxidized and
weathered to at least 1.0 m depth. In the subsurface, this
till has been reported to exceed 30 m in thickness, although
it more commonly ranges from 0.5 m to 6 m in thickness.
Its distribution is influenced by the high relief of the bedrock
surface. The thickest till sequences are located at stoss and
lee positions of bedrock knobs and in steep-sided bedrock
valleys. Unoxidized till is generally massive and compact,
with a sandy silt to silty sand matrix. Clast content varies
from 5 to 25 percent. Clast angularity ranges from
extremely angular to subrounded. In general, volcanic and
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Figure 2. Bedrock geology of the study area.
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sedimentary clasts are more angular than intrusive clasts.
The majority of the till examined was interpreted to have
been deposited subglacially by either lodgment or meltout
processes. This was based on: 1) the abundance of locally
derived clasts, 2) the overconsolidated nature of the till, and
3) clast shapes. In a number of locations stratified till was
encountered. Most of this material is considered to represent
flow till or debris flow deposition.

Ice-Contact Deposits

Esker systems contain the bulk of glaciofluvial deposits in
the area. The orientation of most eskers follows bedrock
lineaments and fault systems which trend to the north and
northwest. The Munro Esker (Fig. 3) is by far the largest
esker in the area; being 10 km wide and extending the 40
km width of the study area. Topography of the esker sys-
tems ranges from well defined crests flanked by kettles to
flat plains mapped as sub-aqueous fans or deltas. The eskers
are composed primarily of sand although layers of gravel
are occasionally encountered. Ice-contact deposits not
associated with eskers include small morainic ridges and
kame deltas.

Glaciolacustrine Deposits

The deposits formed in glacial lakes Barlow and Ojibway
have been formally named the Barlow-Ojibway Formation
by Hughes (1965). The deposits can be divided into two
units: 1) glaciolacustrine fine-grained sediments consisting
of clay, varved clay and silt; and 2) coarse-grained material,
primarily sand with minor gravel. Fine-grained deposits,
mainly varved clay, form an extensive plain which onlaps
bedrock uplands and esker complexes. In the study area, the

average thickness of fine-grained materials is 17 m,
although a maximum thickness of 75 m has been recorded.

The coarse-grained sediments have two principal ori-
gins: 1) a transitional facies from glaciofluvial sediments
occurring along the sides of major esker complexes; and 2)
reworking of glaciofluvial or till deposits in the high energy
nearshore zone as the glacial lake level fell.

Swamp Deposits

Large areas of swamp are scattered throughout the region
and usually occur on impermeable glaciolacustrine clay.
Swamp deposits also occur in small bedrock basins in
upland areas.

DRILL PROGRAM

The drill core data described in this paper were obtained
from overburden drilling programs completed during 1984,
1985 and 1987. These programs were major components of
a reconnaissance-scale till sampling project undertaken by
the Ontario Geological Survey in the Matheson area. In
areas of thick drift, a rotasonic overburden drill was used
to recover cores for stratigraphic studies and geochemical
sampling. During the period from 1984 to 1987, 174 holes
were drilled (Fig. 4). Drilling was complemented by a pro-
gram of till sampling by backhoe trenching in areas of shal-
low drift.

Drilling Method

The rotasonic drilling method utilizes both rotation and res-
onance on the drill string to obtain continuous, relatively
undisturbed core from the ground surface into bedrock. No

[1]
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Figure 3. Surficial geology of the study area.
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drilling fluid is required, except when drilling bedrock and
large boulders. The 88 mm diameter core allows interpreta-
tion of the stratigraphic record and depositional environ-
ments and the collection of large, complete samples for
geochemical analyses. The rotasonic drilling methodology
has been described in detail by Averill et al. (1986).

In order to recover the most ‘‘complete’’ glacial strati-
graphic record present in the study area, many drillholes
were sited over bedrock valleys oriented perpendicular to
the most recent ice advance direction. These valleys were
delineated through interpretation of airborne and ground
electromagnetic geophysical data. Other drillholes were
sited south of the Destor-Porcupine Fault Zone, in areas of
complex or unknown geology, and in some areas to provide
an even distribution of sample sites over the study area.

Sample Processing

All drill core was logged in detail, and till and glaciofluvial
sand units were sampled. A 8 to 10 kg bulk sample and two

Drillhole locations and other data sites.

250 g samples were collected from each sample interval.
The bulk samples were sent for heavy mineral separation.
Processing steps are outlined on a flow chart presented in
Baker et al. (1985). Mineralogical study of the heavy
mineral (>3.3 s.g.) concentrates consisted of a 100-grain
point count, plus a scan of the entire heavy mineral concen-
trate for indicator and accessory minerals. The non-
magnetic heavy mineral concentrates (HMC) were analyzed
for: gold, arsenic, antimony, cobalt, chromium, uranium
and tungsten by instrumental neutron activation analysis;
silver, copper, lead, zinc, nickel and molybdenum by direct
current plasma spectroscopy; and titanium and zirconium
by X-ray fluorescence spectroscopy of a pressed disk.

From one of the 250 g samples, <63 yum and <2 mm
subsamples were obtained. These fractions were analyzed
for the same suite of trace elements as the HMCs. In addi-
tion, major oxide analyses were carried out on the <2 mm
material. The second 250 g sample was submitted for till
matrix (<2 mm) textural analysis and carbonate content
determination on the <74 um material (Dreimanis, 1962).
A summary of the analytical data available for stratigraphic
interpretations is presented in Figure 5.

GLACIAL STRATIGRAPHY

Six basic stratigraphic sequences have been identified from
the drillhole data. These sequences differ in the number of
till units, types of till as classified by depositional processes,
and the amount and position of glaciolacustrine and
glaciofluvial sediments. The six model sequences are
presented and illustrated by field examples.
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All drillholes encountered sediments deposited by, or
associated with, the most recent southward flowing (170
degrees azimuth) glacial advance. Till deposited during this
glacial event has been informally referred to as Matheson
till. In this paper, Matheson till, overlying Barlow-Ojibway
Formation sediments, and any intervening glaciofluvial
sediments are referred to as Matheson drift. In approxi-
mately 30 % of the drillholes, sediments associated with an
older glacial event or events were encountered. Sediments
of these older glacial events have been informally termed
Middle drift and Lowest drift.

Model 1 — Matheson drift — homogeneous till

The stratigraphic sequence of Model 1 contains only the
Matheson drift consisting of Barlow-Ojibway Formation
varved clay and silt overlying Matheson till on bedrock
(Fig. 6). The till varies in thickness from 10 cm to greater
than 30 m. In this model the complete till interval is
homogeneous in appearance, texture, mineralogy and
chemistry. At each drillhole for which this model is used,
all till is believed to have been deposited by the same
process.
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Drillhole 85-32 is an example of Model 1 (Fig. 6). Cop-
per values in each of the three sample fractions display rela-
tively consistent downhole concentrations for the fourteen
till samples. The spread of copper values within any fraction
is attributable to the poor sorting of till. Most other elements
determined are also relatively uniform in value for the four-
teen till samples.

The logarithmic scale used in Figure 6 to present the
copper values, emphasizes the different orders of magnitude
of trace element values from the three sample fractions.
Two generalizations can be made for all the data. For most
elements in unoxidized samples, trace element values for the
heavy mineral concentrates are 5 to 10 times larger than for
the other two fractions. Secondly, values for <63 um
material are usually slightly larger than for the <2 mm
material.

Model 2 — Matheson drift — multiple till types

Model 2 is similar to the first model in that only Matheson
drift is present, however, Matheson till of Model 2 was
deposited by two or more different processes (Fig. 7). Dur-
ing visual examination of the core, parameters such as
matrix texture and sorting, structure, compactness, colour
(particularly with respect to underlying bedrock colour),
and clast lithologies and angularity, are combined to sepa-
rate till units deposited by debris flow, meltout and lodg-
ment processes. Usually, there are no, or only minor,
geochemical and mineralogical differences between till
intervals associated with the same glacial event but
deposited by different processes.

In drillhole 85-13 (Fig. 7), till of the uppermost six sam-
ples is faintly laminated and interbedded with poorly sorted
sand and occasional thin silt and clay layers. Till of this

interval is interpreted to have been deposited as debris
flows. The massive till below this interval was deposited by
meltout and/or lodgment processes. All till samples, how-
ever, have similar chemical responses as illustrated by cop-
per, chromium and zirconium values for the heavy mineral
concentrates.

Model 3 — Drift from two glacial events

The stratigraphy of Model 3 consists of complete drift
sequences from two glacial events (Fig. 8). The Matheson
drift contains fine-grained glaciolacustrine sediments of the
Barlow-Ojibway Formation overlying till. The older Middle
drift has glaciolacustrine and/or glaciofluvial sediments
overlying till, which usually rests on bedrock. In Model 3,
there is an easily recognizable separation of the two drift
sequences based on the stratigraphy. There is, in some
instances, a significant corresponding discontinuity in the
analytical data.

In drillhole 84-27, Matheson drift and Middle drift are
well defined on the basis of stratigraphy (Fig. 8). Matheson
drift occurs as interbedded till and sand overlain by clay.
At the top of the Middle drift, a 1.2 m thick layer of alluvium
containing shell fragments and organic material is present.
The alluvium overlies 16 m of varved clay which was over-
consolidated during a subsequent glacial advance. Chemical
differences between till units of the two drifts are subtle. A
major factor in the similar chemical values is that the ice
sheets, from which these till units were deposited, advanced
across the same bedrock lithologies up-ice of hole 84-27.
If the till units were in contact, separating them on the basis
of chemistry would be, at best, difficult. Plots of nickel,
copper and chromium values for the heavy mineral concen-
trates illustrate these subtle differences (Fig. 8). In drillhole
84-27, the Matheson till has twice the clay content of the
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Middle till, resulting from the incorporation of underlying
glaciolacustrine sediments and from deposition by different
processes. The textural data indicates distinct till units,
though not necessarily associated with different glacial
events. At this drillhole there are no discernible differences
in the mineralogical data between the till units.

Model 4 — Matheson drift overlying an older till

In Model 4, the Matheson till and a till unit of an older gla-
cial event are stratigraphically in contact with each other;
no glaciolacustrine or glaciofluvial units separate the till
units (Fig. 9). The till units can, in some instances, be
differentiated by detailed visual examination of the drill
core. Separation of a till interval, with mostly uniform phys-
ical properties, into multiple drift sequences is based on the
identification of distinct statistical discontinuities in the ana-
lytical data. A zone of relatively consistent geochemical
values within a till interval is cause to separate till units if
these values are significantly different from values for over-
lying and/or underlying zones. The older till unit in this
model is usually Middle drift.

In drillhole 85-42, two till units are in contact at a depth
of 33.5 m. These units, the uppermost being the Matheson
till, were initially differentiated during detailed logging of
the core by an abrupt change in colour and density. Analyti-
cal data revealed that the five till samples above 33.5 m are
geochemically and mineralogically distinct from those
below, indicating different provenance. The most probable
explanation is deposition from separate glacial advances. A
less likely interpretation of the different provenance is vary-
ing distances of debris transport by the same ice sheet, prob-
ably due to subglacial versus englacial transport. The
analytical discontinuity is well defined for several elements
in the <63 um fraction, including cobalt, copper and nickel
(Fig. 9). In this drillhole, heavy mineral geochemistry, with
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the possible exception of zirconium, cannot be used to sepa-
rate the till units. However, garnet and pyroxene abun-
dances in the heavy mineral concentrates can be used to
confirm the separation of the till interval into two units,
probably associated with separate glacial events.

Model 5 — Middle till only

The stratigraphy of Model 5 is glaciolacustrine sediments
of the Barlow-Ojibway Formation overlying till deposited
from ice of an earlier advance (Fig. 10). The stratigraphy
of this model was recognized during field work at the Maude
Lake pit, an exploration excavation located near the centre
of the study area (see Fig. 4).

At the Maude Lake pit, an east-west trending bedrock
valley contains pockets of Middle till resting on bedrock
(Fig. 10). Beneath these till pockets, the bedrock is striated
at 240° only ; the long axes of pebbles in the till are likewise
oriented at 240°. Elsewhere in the pit, the bedrock displays
striae oriented at both 240° and 170°. The pockets of till
are overlain by a unit of poorly sorted sand containing




occasional diamict layers. The sand and overlying varved
clay are interpreted to be associated with the most recent
170° (Matheson) glacial advance.

Although the stratigraphy of this model has yet to be
recognized in drillcore, its existence must be acknowledged.
Some drillholes interpreted to be Model 1 may actually have
Model 5 stratigraphy.

It is probable that Model 5 stratigraphy would only be
recognized in drill core if a distinctive bedrock lithology
occurs up-ice to the northeast and glacial processes eroded
that lithology and deposited the debris at the drillsite. Upon
identification of that debris, it could then be reasoned that
the till was deposited from ice advancing to the southwest
{240°). The distinct lithology may be recognized through
examination of clast lithologies or chemical results.

Model 6 — Drift from three glacial events

Model 6 has three drift sequences, each consisting of
glaciolacustrine sediments overlying till (Fig. 11). Sedi-
ments of the Matheson drift and Middle drift overlie Lowest
drift, about which little is known. Lowest drift has been
recognized in less than 5 % of the drillholes and is very res-
tricted in areal extent. Model 6 represents the composite gla-
cial stratigraphy of the Matheson area.

Drillhole 84-28 is used to illustrate Model 6 (Fig. 11).
The till interval of the Middle drift is thin and only one sam-
ple was collected from it. This presents problems firstly in
recognizing the unit and its stratigraphic significance and,
secondly, makes comparisons of analytical data with other
till units suspect due to the poor sorting of till. The thin till
unit at hole 84-28 is definitely separate and distinct from
those above and below because it thickens and maintains its
stratigraphic identity in nearby drillholes. This Middle till
has a sandier matrix and slightly different density and colour

from tills above and below. Geochemical data indicate the
Matheson and Middle tills often have similar trace element
concentrations compared to the Lowest till. This is illus-
trated in the plots for cobalt, nickel and zirconium values
in the <63 um material and chromium in the heavy mineral
concentrates (Fig. 11). For some elements, Middle till
geochemical values are intermediate between values for the
Matheson and Lowest tills; as illustrated in plots of copper
and nickel] values in the heavy mineral concentrates (Fig.
11). In drillhole 84-28, the chemical differences between till
units were subtle, therefore, separation of the till units into
drift associated with three glacial events required the com-
bined use of a detailed drill core log, textural data, and
multi-element, multi-fraction geochemical data.

REGIONAL QUATERNARY STRATIGRAPHY

In the Matheson area, the composite glacial (Quaternary)
stratigraphy as determined by this study is represented by
Model 6. The three drift sequences identified correlate to
some degree with the Quaternary stratigraphic sequences
encountered at the Owl Creek Mine (Bird and Coker, 1987),
Timmins area (DiLabio et al., 1988; Alcock, 1986; P.W.
Alcock, personal communication, 1987) and in the Abitibi
region of northeastern Quebec (Veillette, 1986) (Fig. 12).
The proposed stratigraphy is consistent with the sediment
record encountered at two overburden test holes drilled to
bedrock in Currie Township, 11 km southwest of Matheson
(Brereton and Elson, 1979).

Lowest drift

Sediments associated with the oldest glacial advance
recorded in the Quaternary stratigraphic sequence are col-
lectively and informally referred to as the Lowest drift. In

"the Matheson area, the Lowest drift has only been
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Model 6 — Drift from three glacial events
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encountered in drill core. Sediments of this drift are areally
restricted and preserved in isolated bedrock depressions.
The Lowest drift has been encountered more often in the
western portion of the study area, with the largest known
subcrop located in central Currie Township. The most
easterly known occurrence of this drift is McCool
Township, 28 km east of Matheson. Sediments which corre-
late with the Lowest drift have not been reported in Quebec
(Veillette, 1986).

Presently available analytical data from the Lowest drift
provides no evidence to allow the direction of ice advance
to be determined. In the future, it is possible that clast
microfabric data or lithology and/or trace element dispersal
patterns, may indicate the ice flow direction.

At the Owl Creek Mine, approximately 24 km west of
the study area, a lowermost glacial stratigraphic package
was tentatively correlated with an ice advance toward 240°
(Fig. 12) based on striae and streamlined bedrock forms
measured in the Timmins area (Bird and Coker, 1987). This
package, informally referred to by Bird and Coker as the
““‘Oldest’’, and the Lowest drift in the Matheson area can
be correlated based on stratigraphic position. Bird and
Coker (1987) indicated the ice flow directions associated
with the two lowermost till units exposed at the Owl Creek
Mine needed further investigation; and with new data the
assigned directions may be changed.

Recent work in the Timmins area by Falconbridge Mines
Ltd. (P.W. Alcock, personal communication, 1987) has
found a stratigraphic sequence similar to that in the Mathe-
son area. Drift resting on bedrock is tentatively correlated
with ice which flowed toward 150°. Striae at this orientation

are common on outcrops around Nighthawk Lake, which is
situated between Timmins and Matheson.

In the Matheson area, the Lowest drift consists of either
meltout and/or lodgment till overlain by glaciolacustrine
and/or glaciofluvial sediments. Commonly the drift consists
of till unconformably overlain by varved clay.

Middle drift

In approximately 30 percent of the holes drilled in the
Matheson area, Matheson and Middle drift were encoun-
tered. Middle till is also exposed in the walls of the Maude
Lake pit in Beatty Township (see Fig. 4). The subcrop of
this drift is extensive enough to allow correlation between
drillholes in small bedrock basins. Middle drift has been
identified west of Harker and Lamplugh Townships. Glacial
sediments at the same stratigraphic position are frequently
encountered in drillholes in the Timmins (Bird and Coker,
1987), Selbaie (Bouchard et al., 1986), Casa-Berardi
(Sauerbrei et al., 1987) and Amos (Veillette, 1986) areas
of the Great Clay Belt and Abitibi Greenstone Belt.

A few striae and streamlined bedrock forms indicating
an ice advance toward the southwest at 240° occur across
the study area. Based on these striae and pebble fabric data
from the Maude Lake pit, Middle drift is correlated with a
240° ice advance. Veillette (1986) completed an extensive
study of ice flow indicators east and south of the Matheson
area and concluded that the ice advance immediately preced-
ing the Late Wisconsinan glacial maximum advance, flowed
to the west-southwest (230° to 270°). This glacial advance
is correlated with the Middle drift in the Matheson area
(Fig. 12).

CORRELATION OF GLACIAL STRATIGRAPHY - NORTHEASTERN ONTARIO, NORTHWESTERN QUEBEC
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At the Owl Creck Mine, the glacial stratigraphic package
below the Matheson has been tentatively correlated with a
150° ice advance based on clast fabric and dispersal patterns
(Bird and Coker, 1987). This “‘Older’’ package (as referred
to by Bird and Coker) consists of fluviolacustrine and
glaciofluvial sediments overlying till. The “‘Older’’ pack-
age and the Middle drift of the Matheson area have the same
stratigraphic position, separated from Matheson drift by a
unit of nonglacial sediments. The Middle drift of the Mathe-
son area consists of glaciolacustrine sediments, usually
varved clay, overlying till. Occasionally glaciofluvial sand
separates the clay and till. As mentioned previously, recent
work in the Timmins area (P.W. Alcock, personal commu-
nication, 1987) has proposed that the glacial sediments
immediately below the nonglacial interval can be correlated
across the Timmins-Matheson area and assigned to a 240°
ice flow direction. This interpretation will remain tentative
until clast fabric data and stratigraphy differences between
the ‘‘Older’” and ‘‘Oldest’” packages at the Owl Creek Mine
and the Middle drift of the Matheson area are resolved.

A discontinuous layer of organic material separating the
Matheson and underlying drift sequences has been identified
in the Matheson-Timmins area. These nonglacial sediments
have been informally named the ‘‘Owl Creek beds’’ by
DiLabio et al. (1988). The layer is often developed on
varved clay of the Middle drift. In this study, significant
thicknesses of organic material at this stratigraphic position
were encountered in drillholes 84-27 (Taylor Township)
and 85-17 (McCool Township) (see Fig. 4). In drillhole
84-27, 1.2 m of horizontally bedded, alluvium containing
small wood and shell fragments was encountered at the
23.8 m depth (Ontario Geological Survey, 1986a). This
interval overlies 16 m of varved clay assigned to the Middle
drift. In drillhole 85- 17, a 20 cm thick layer of peat at the
32.0 m depth separates the Matheson till from older drift
(Ontario Geological Survey, 1986b).

Brereton and Elson (1979) have reported fossil plant
detritus dated at > 37,000 years BP (GSC-2148) from strati-
fied beds beneath the Matheson till in two drillholes located
in Currie Township, southwest of Matheson (see Fig. 4).
In these drillholes, the organic-rich layers were underlain
by 2 m and 9 m of clay. Occurrences of wood in drill core
from the Timmins area have been reported by Dil.abio
(1982) and DiLabio et al. (1988). The wood fragments were
found in and below the Matheson till. At the Owl Creek
Mine, fluviolacustrine sand and silt containing twigs and
leaves occurs at the top of the *‘Older’’ glacial stratigraphic
package which lies immediately below the Matheson strati-
graphic package (Bird and Coker, 1987).

The nonglacial interval (Owl Creek beds), immediately
preceding the most recent ice advance, was long and warm
enough to allow the growth of shrubs, trees and other vege-
tation (DilLabio et al., 1988). To date in the study area, there
is insufficient data to determine if the interval should be con-
sidered of interglacial or interstadial rank. Dil.abio et al.
(1988) have suggested that the Owl Creek beds can be cor-
related with the Missinaibi Formation of the Moose River
basin which is regarded as representing the Sangamon inter-
glacial (Skinner, 1973).

Matheson Drift

The composite stratigraphy for the Matheson drift is
Barlow-Ojibway Formation clay coarsening downward to
sandy ice- proximal varves, overlying glaciofluvial sand
with minor gravel, which in turn overlies Matheson till.
Matheson till subtypes deposited by a variety of mechan-
isms, such as debris flow, meltout and lodgment, have been
identified. Till deposited by the first two mechanisms is
most common. Approximately 70 per cent of holes drilled
away from esker complexes encountered Matheson till.
Nearly all of these drillholes penetrated Barlow-Ojibway
Formation clay. The Matheson drift can be correlated across
the Great Clay Belt. In the Timmins area, including at the
Owl Creek Mine, the Matheson drift has the same stratigra-
phy and flow direction as in the Matheson area (Bird and
Coker, 1987; Richard, 1980; Richard and McClenaghan,
1985; Tucker and Sharpe, 1980).

In the Abitibi region of northwestern Quebec, Veillette
(1986) has recorded evidence of a south-southwest (180 to
220°) ice flow direction which he assigned to the last glacial
maximum. Veillette (1986) noted that the absence of
differential weathering on cross-striated outcrops and the
distance of transport of rock fragments from known sources
suggest that this 180 to 220° flow and the last regional flow
toward the south-southeast (170°) occurred within a single
glacial episode during Late Wisconsinan time. All deposits
associated with this glacial advance, independent of flow
direction, are correlated with the Matheson drift (Fig. 12).

SUMMARY

A composite glacial (Quaternary) stratigraphy has been
developed for the Great Clay Belt of northeastern Ontario
and northwestern Quebec. Matheson drift, associated with
the last ice advance, is correlated across the region. A non-
glacial interval, marked by the deposition of glaciolacus-
trine clay and scattered organic material in the
Matheson-Timmins area, occurred previous to this advance
and provides a stratigraphic marker horizon. In Ontario two
drift sequences occur below the Matheson till, whereas only
one has yet been identified in adjacent Quebec. The younger
of these drift sequences is associated with ice which
advanced toward 240°. The lowest (and oldest) drift is
poorly preserved. It has been tentatively assigned to a 150°
ice flow direction, based on recent work in the Timmins
area.

This stratigraphy was developed from: 1) drillhole data,
and 2) detailed studies at excavations which exposed glacial
sediments below the Matheson till. These studies provided
data on ice flow directions through examination of striae,
clast fabric and dispersal patterns.

DISCUSSION

In the Matheson area, the highly variable bedrock geology
and topography makes it difficult to characterize till units
on a regional scale. Data obtained from drill core logging
and sample analyses should first be divided into separate and
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distinct units on a hole by hole basis. At an individual drill-
hole, all or some of the following data is used in the separa-
tion of till units: 1) stratigraphy from detailed logging of
drill core (including pebble counts) ; 2) non- magnetic heavy
mineral concentrate geochemistry; 3) <63 um geochemis-
try; 4) mineralogy of heavy mineral concentrate; and 5)
matrix texture. For individual drillholes, the concentrations
of the following elements are useful to distinguish till units:
copper, nickel, zinc, cobalt, chromium and zirconium. In
some instances, where precious metals are present in signifi-
cant amounts, gold, silver, arsenic, antimony, motybdenum
and tellurium are also useful.

The identification of separate till units is relatively
straightforward when all available data are combined. How-
ever, determining the stratigraphic significance of these
units, such as separating and correlating drift sequences, is
more difficult. At present, this task is best accomplished
through a combination of stratigraphy and trace element
data. In the future, dating of organic material and clay, clast
microfabrics from oriented till cores and detailed statistical
tests on trace element concentrations of till samples may
make the assignment of units to their regional stratigraphic
position almost routine. The models of glacial stratigraphy
presented in this paper may be refined as more recent infor-
mation becomes available.
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Abstract

Recent and extensive overburden drilling for mineral exploration purposes has unveiled a complex
glacial stratigraphy that constitutes a complementary new tool for the interpretation of the ice flow history
of the Abitibi-Timiskaming region. From oldest to youngest, ignoring isolated occurrences of older,
poorly known glacial sediments not discussed here, widespread till sheets consist of (1) a lowermost till
assoctated with dominant west-southwestward and southwestward flows, (2) the Matheson till associated
with both former west-southwestward and south-southwestward flows and a later south-southeastward
Sflow and (3) the Cochrane till associated with southwestward, south, and southeastward flow directions.
The change in flow direction that took place while the Matheson till was being deposited accounts for
the lack of Paleozoic erratics from the James Bay Lowland in the easternmost and southernmost portions
of the Matheson till. Deglaciation history inferred from bedrock-inscribed ice flow indicators and
geomorphological indicators is supported by the distribution of 43 radiocarbon ages on basal postglacial
organic materials.

Résumé

De nombreux forages dans le mort-terrain effectués récemment pour ’exploration minérale ont mis
a jour une stratigraphie glaciaire complexe qui s’avére un nouvel outil complémentaire des plus utiles
a Uinterprétation des écoulements glaciaires dans la région d’Abitibi-Témiscamingue. Des plus ancien-
nes aux plus récentes (si on écarte quelques cas isolés de sédiments glaciaires trés anciens et mal connus),
les nappes de till d’importance régional comprennent 1) un till inférieur associé aux écoulement WSW
et SW dominants, 2) le till de Matheson associé d’abord aux écoulements WSW et SSW et subséquemment
a un écoulement SSE et 3) le till de Cochrane associé aux directions d’écoulement SW, S et SE. Le change-
ment de direction d’écoulement qui a eu lieu pendant la mise en place du till de Matheson explique
U’absence de blocs erratiques paléozoéiques provenant des basses terres de la baie James aux limites
est et sud du till de Matheson. Les modalités du retrait glaciare déduites a partir d’indices géomorpholo-
giques de stries et autres marques gravées sur le socle rocheux sont confirmées par la distribution de
43 Gges radiocarbones de la matiére organique basale.

' Geological Survey of Canada, 601 Booth Street, Ottawa, Ontario K1A OE8
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INTRODUCTION

This paper presents a brief overview of the major glacial
events and associated till sheets of part of the Abitibi-
Timiskaming region of northwestern Quebec and north-
eastern Ontario (Fig. 1), with particular emphasis on glacial
transport in the Matheson till. The reconstruction is based
on five types of evidence: (1) sequence of events inferred
from glacial deposits; (2) ice-flow indicators on bedrock;
(3) lithological indicators of glacial transport; (4) deglacia-
tion sequence from landform distribution; and, (5) from
radiocarbon chronology. The existence of a major and rapid
shift in ice-flow direction, from west-southwestward and
southwestward to southeastward, that took place in the ice
mass early in deglaciation is demonstrated. The shift has
important implications in the interpretation of glacial trans-
port data.

Extensive mineral exploration, mainly for gold, in
Abitibi-Timiskaming during the last few years, has stimu-
lated interest in the prospecting techniques applicable in
glaciated terrain. The thick glaciolacustrine sediments of
Lakes Barlow in Timiskaming, and Ojibway in Abitibi,
masking till and bedrock over large areas of economic
interest, are in part responsible for this situation. Drilling
(reverse circulation method) in the vicinity and down-ice
from geophysical anomalies, is used extensively by mineral
exploration companies to study the dispersal of indicator
minerals and gold grains in till. To interpret these drilling
results and correctly explain transported anomalies in the
drift, which locally exhibits a complex stratigraphy,
requires a good knowledge of the broad regional ice-flow
patterns and their chronological order.

MAJOR GLACIAL MOVEMENTS AND
ASSOCIATED TILL SHEETS

Three major ice flows of different ages and directions (Fig.
2) have been identified in western Abitibi-Timiskaming
(Veillette, 1986a). Striae from the two former flows? an
oldest, rare, west-southwestward (230° to 270°) flow
crossed by a younger, widespread flow, to the south-
southwest (180° to 220°) — are crossed by ubiquitous striae
from a last flow, to the south-southeast (130° to 170°). This
chronology was established from measurements at over
2000 locations. Marks from the three flows occur together
only west of the Lake McConnell-Harricana glaciofluvial
complex (Fig. 2), a major interlobate moraine. It has been
traced to the vicinity of North Bay, Ontario, and probably
extends farther south (Veillette, 1986a). Hardy (1976)
referred to the complex as the Harricana Moraine for that
part south of James Bay where it marks a line of parting in
the Late Wisconsinan ice sheet, with a lobe retreating, to
the northwest, and another retreating to the northeast. These
two lobes, resulting primarily from internal adjustments in
the ice sheet at deglaciation, produced the last south-
southeastward flow, west of the interlobate moraine, and the
last south-southwestward flow east of it. Earlier, but still in
Late Wisconsinan time, a single, major south-
southwestward (180° to 220°) flow prevailed over the
whole area (Fig. 2).
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Natural exposures, showing more than one till sheet, are
absent in the study area. However, overburden drilling in
various parts of the region, has provided the basic informa-
tion needed to construct a composite stratigraphy, charac-
terized by several till sheets (Fig. 3). The relative ice flow
chronology, obtained from erosional marks on bedrock, is
here correlated tentatively with the uppermost two tills
below the Cochrane Till.

Ancient glacial sediments at the very base of the strati-
graphic column were encountered at the base of deep drill
holes in the Casa Berardi area of western Quebec (Averill,
1986; D. Green, pers. comm., 1987; P. LaSalle, pers.
comm., 1987), and in Ontario (Bird and Coker, 1987). Lit-
tle is known about the direction of ice movement associated
with these ancient diamictons, although Averill (1986) sug-
gested a south to southwest trend.

A till of regional extent below the Matheson till

The presence of a distinct till sheet below the Matheson and
separated from it by nonglacial or glaciolacustrine sedi-
ments (Sauerbrei et al., 1987) is now a common and well
established occurrence in boreholes located north of the
Kirkland Lake-Val d’Or axis (Fig. 3). Organic materials,
present in the sediments below the Matheson till, both in
Ontario (DiLabio, 1982 ; DiLabio et al., 1988), and Québec
(D. Green, P. LaSalle, S.A. Averill, pers. comm., 1987),
suggest a possible correlation with the pre-Missinaibi tills
of Skinner (1973) in the James Bay area. The precise
regional extent of this till and its physical properties remain
poorly known, since most of the information available is
from borehole data. A program aimed at mapping this till
sheet from subsurface data has been undertaken by the
author.

Figure 1. Location of study area.



In an open pit at the Selbaie Mine, Québec (Fig. 2),
Bouchard et al. (1986) described a till below the Matheson
till, and separated from it by sand containing gravel lenses.
The underlying bedrock showed a stoss and lee topography
to the southwest, which was found to match glacial transport
in the same direction. The intertill sand gave a ther-
moluminescence age (Regen method) of about 100 000
years BP. Bouchard et al. (1986) concluded that the intertill
sands mark an ice-free episode of interstadial or interglacial
rank.

This lowermost till is perhaps the stratigraphic equiva-
lent of the *‘Older Till’’ of Bird and Coker (1987) and Steele
et al. (1986) in northwestern Ontario, and Averill (1986) in
Québec and may be associated with the former west-
southwestward (230° to 270°) flow of Veillette (1986a).

Recent observations at the Selbaie site, however, suggest a
cautious approach (see discussion) before inferring the pres-
ence of an older till at this site.

The Matheson till

The Matheson till (Hughes, 1955) is the regional surficial
till commonly associated with the last major south-
southeastward (130° to 170°) flow, south of the Cochrane
readvance, in northeastern Ontario (Fig. 4). Hughes (1955)
suggested that its southern limit may be as far south as the
contact with the multi-till area of southern Ontario. In the
western Abitibi-Timiskaming region of Québec, geologists
engaged in overburden drilling commonly refer to the surfi-
cial till as Matheson. However, the easternmost limit of the
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Figure 2. Chronology of ice flows in Abitibi-Timiskaming. Number 1 is oldest. Azimuths
130° to 170° refer to the area west of the Harricana Moraine.
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Matheson till has not yet been established. It is proposed
here to retain the name Matheson in Québec, but to consider
the convenient natural limit formed by the Harricana and the
Lake McConnell moraines as the easternmost and southern-
most limits of the Matheson till. These limits in Quebec give
the Matheson till sheet a common characteristic, i.e., a
dominant south-southeastward direction of ice flow over
most of its extent — up to the interlobate position. East of
this position, the last dominant flow is to the south-
southwest and southwest, from central Québec. In the north
of the study area, the Matheson till is overlain by the
Cochrane Till (Fig. 4) but its relationships to other tills far-
ther north in the James Bay basin remain to be clarified.
Stratigraphic position and ice-flow history suggest a proba-
ble correlation with the Adam Till (Skinner, 1973) in the
Moose River Basin, Ontario.

Quaternary stratigraphy
of Abitibi, Quebec

Cochrane Till

Glaciolacustrine sediments
of Lakes Barlow and

Ojibway
020 0% o . O
.°°'?°,°'o°°-ooo°-°oo.
0 %%, 0%0 0%0 o Ice-contact sand and
00’0-00-2 °°‘g'°.°'o'
o000 0%0,0%0,0" d gravel

o0 |

09 29

Matheson Till, west of
Harricana Moraine

Nouveau-Québec Till, east
of Harricana Moraine

Stratified sand with minor
gravel

Locally organic-bearing
glaciolacustrine and
lacustrine sediments

Till, west of
Harricana Moraine

Sand and gravel

Till

Figure 3. Simplified composite stratigraphy of north-
western Québec. Arrows indicate azimuths of ice flows com-
monly associated with the till sheets.
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The Cochrane Till

The youngest unit is the Cochrane Till (Hughes, 1955)
which overlies the glaciolacustrine deposits of Lake Ojib-
way (Figs. 3 and 4) and the Matheson till. It was formed
by southward and southeastward readvances into Lake Ojib-
way between about 8500 years BP and 8000 years BP
(Hardy, 1976; Hughes, 1955). Its southern limit has never
been mapped, but thin cappings of the till occur in gravel
pits in the Joutel and Matagami areas, Québec (Vincent et
al., 1987). The till is found in low-lying areas, as far south
as 30 km north of La Sarre, Québec. Its southern limit, in
northwestern Québec, is now recognized 30 to 50 km far-
ther south than that previously mapped (Prest et al., 1968;
Hardy, 1976). The till appears to contain abundant
Paleozoic carbonates right up to its distal margin.

A MAJOR SHIFT IN ICE-FLOW DIRECTION IN THE
ICE THAT DEPOSITED THE MATHESON TILL

In northwestern Quebec and in northeastern Ontario, the
Matheson till is normally associated with the last south-
southeastward ice-flow direction on the basis of deglaciation
landforms, striae, and direction of glacial transport. It
seems, however, that at some locations, two superimposed
ice movements of widespread regional extent have con-
tributed to the formation of the till. Ice-flow history and
glaciological models from several sources (see Veillette,
1986a), show, that in Late Wisconsinan time, the dominant
ice-flow direction was towards the southwest, both east and
west of the Harricana-Lake McConnell interlobate moraine.
It follows that ice-flow indicators on bedrock associated
with the last south-southeastward flow are strictly glacial
retreat features which have nearly obliterated marks from
an earlier direction of retreat within the same ice mass.

The proposed sequence of ice flow trends from early to
final deglaciation is illustrated in Figure 5. In western
Abitibi, ice flow directions changed by as much as 90°, west
of the Harricana Moraine. Evidence for this major shift is
provided by ice-flow indicators on bedrock, lithological
indicators of glacial transport, landform distribution, and
distribution of radiocarbon ages.

Ice-flow indicators on bedrock

This type of evidence has already been discussed in Veillette
(1986a). Since then, additional fieldwork in central Abitibi,
Quebec, has confirmed a dominant crossed-striae pattern
consisting of a first south-southwestward (180° to 220°)
flow crossed by a younger (deglaciation) south-
southeastward (130° to 170°) flow, west of the Harricana
Moraine (Fig. 2). None of the numerous (over 400) crossed-
striae sites examined show evidence of differential weather-
ing between the two striated planes. This observation, in
conjunction with the other types of evidence described
below, suggests that the shift occurred in the same ice mass,
without an intervening ice- free period. At some sites, inter-
mediate striac between earlier southwestward and final
southeastward striae on the same outcrop, suggest that the
shift was gradual.



Lithological indicators of glacial transport

Phanerozoic rocks, mainly carbonates from the Hudson Bay
and James Bay Lowlands, deposited on the Precambrian
substrate to the south, have been used in several studies of
glacial transport in Ontario (see Karrow and Geddes, 1987)
and in northwestern Quebec (Veillette, 1986a). In the Lake
Timiskaming area of Quebec and Ontario, detailed mapping
of carbonate content in the till matrix (less than 63 um) and
granule counts (Fig. 6) show that carbonate distribution is
erratic and does not conform to the common negative
exponential curve distribution typical of several indicator
trains (Shilts, 1976). The carbonate limit obtained is farther
south than the carbonate limit of Karrow and Geddes
(1987), shown on Figure 7. These authors, adding to the
observations and measurements of earlier workers in north-
ern Ontario, produced a map showing the distribution of
carbonate (presumably derived from Paleozoic rocks to the
north) in the till matrix between upper Lake Superior and
a north-south axis, roughly between Timmins and Sudbury,
Ontario. In Timiskaming, carbonate in the till matrix and
carbonate granules are believed to be derived mainly from
the Paleozoic outlier of upper Lake Timiskaming (Lovell
and Caine, 1970), since Paleozoic rock fragments are absent
or rare immediately north and east of the outlier (Fig. 6).
The dispersal pattern from this presumed source agrees with
striae towards the southwest and south-southwest in the
area, but also requires a south-southeastward component of
flow to explain the presence of anomalous Paleozoic erratics

in the stratified ice-contact deposits of the eastern portion
of the Lake McConnell Moraine. Although Paleozoic clasts
are rare in the moraine, it supports kettle lakes and ponds
with high pH (up to 8.4) and total alkalinity values. Fos-
siliferous marl deposits up to 60 cm thick were measured
at the base of a 8 m gyttja column at one location on the
moraine. Paleozoic rock fragments are absent south of the
moraine and the carbonate content of the till matrix is also
very low (<1%). Dispersal patterns from the Paleozoic
outlier (Fig. 6) indicate that large areas of the till, down-ice
from the source, and even at relatively short distances from
it, do not contain Paleozoic granules or carbonate in the till
matrix. On the other hand, large pockets of carbonate-rich
till occur at random, south-southwest from the source, as
is the case around Temagami, Ontario, and at specific loca-
tions (not shown on Fig. 6) in the lower Montreal River Val-
ley. South of Montreal River, in Ontario, Paleozoic pebbles
and cobbles are abundant at the surface in low-lying areas
at several locations, but are absent in the till even below the
weathered zone. Ice rafting associated with a late and shal-
low Post-Algonquin-Early Lake Barlow phase of
glaciolacustrine submersion (Veillette, 1988), may be
responsible for the distribution of these surface erratics
(Fig. 8). The submerged area was reconstructed from wash-
ing limits and shoreline altitude measurements, and from the
distribution of biological indicators of lacustrine submer-
gence mapped by Martin and Chapman (1965) and Dadswell
(1974).
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In the Abitibi region (Fig. 7) north and northeast of the
Paleozoic outlier of Lake Timiskaming, carbonate content
in the matrix of the Matheson till is abnormally low, and
Paleozoic gravel-sized clasts are absent up to Joutel, Qué-
bec, where Paleozoic fragments occur in the Cochrane Till,
but not in the Matheson till below it. A similar situation
exists near the provincial boundary in Quebec (D. Green,
pers. comm., 1987) at the latitude of Matagami. P. LaSalle
(pers. comm., 1987), on the basis of a regional overburden
drilling program, reports very rare occurrences of car-
bonates in the till for a large area of northwestern Quebec,
west of Matagami and west of the Harricana Moraine. The
scarcity of Paleozoic fragments in the Matheson till (below
the carbonate-rich Cochrane Till) only 100 km down-ice (as
inferred from surficial ice flow criteria) from its presumed
source in Quebec, is in marked contrast with the highly cal-
careous till reported by Geddes (1984) at Hemlo, 200 km
down-ice from the presumed source (Fig. 7). Hughes
(1955), had reported a drop from a range of 10 to 32 %
Paleozoic pebbles in the area west of Lake Abitibi in
Ontario, to a range of 1 to 3 % west of Kirkland Lake. Simi-
larly, carbonate content in the matrix of till samples from
several boreholes in the Matheson area (Fig. 7) drops from
about 15 to 30 % to a low of 5 to 8 % near the provincial
boundary (Ontario Geological Survey, 1986).

It is thus apparent that an abrupt decrease in Paleozoic
erratics occurs eastward, i.e., toward the Harricana
Moraine, from Ontario. From Lake Timiskaming (Fig. 4)
to the Joutel area, the Matheson till in Quebec appears to
be devoid of Paleozoic fragments, in spite of abundant and
obvious ice flow indicators to the south-southeast, down-ice
from the source (Prestet al., 1968 ; Veillette, 1986a). These
differences in dispersal patterns suggest a major difference
in the behaviour of the Late Wisconsinan ice sheet between
central Ontario and northwestern Quebec. It supports Skin-
ner’s (1973) suggestion of a northeastern provenance for the
Adam Till, the stratigraphic equivalent of the Matheson till,
farther north in James Bay. A study is in progress to test
this assumption and to accurately map the dispersal of car-
bonate in the Matheson till towards James Bay.

Geomorphological Indicators

The orientation of the Harricana-Lake McConnell glacioflu-
vial system itself, and that of the large eskers of northeastern
Ontario and northwestern Québec, constitute convincing
evidence that a major shift in ice flow direction occurred
during deglaciation of the region (Fig. 9). In the vicinity of
Val d’Or, the directions of meltwater flow and ice flow shift
from a general southwesterly direction (associated with the
former south-southwestward (180° to 220°) flow) to a final
south-southeastward flow (associated with the last south-
southeastward (130° to 170°) flow). The Roulier Moraine,
in Timiskaming (Veillette, 1986b) marks a frontal position
of the ice lobe retreating to the northwest.

Evidence from absolute chronology

In the course of reconstructing the deglaciation chronology
of the Timiskaming region, radiocarbon ages were obtained
from cores of basal gyttja in small lakes and ponds at 32

locations (Veillette, 1983, 1988). An additional 11 dates
from the work of earlier investigators, mainly in the North
Bay area, were included for a total of 43 radiocarbon ages
(Fig. 10) covering the entire upper Ottawa River area.
Allowing for anomalous ages due to late melt-out conditions
and old carbon contamination (Veillette, 1988 ; Richard et
al., in prep.), the distribution of the ages shows an older
zone with younger ones on each side. This corridor of older
ages coincides with the longitudinal axis of the Lake
McConnell-Harricana glaciofluvial system. The dates thus
support the deglaciation history proposed on the basis of ice-
flow indicators and glacial transport.

The problems associated with the interpretation of these
minimum ages were discussed by Veillette (1988), and by
Richard et al. (in prep.). A regional pollen zonation has
been worked out from gyttja cores in the 32 basins and is
in general agreement with the deglaciation sequence pro-
posed (Richard et al., 1987). Because Lake Oj ibway drained
into the Tyrrell Sea at around 8000 BP (Hardy, 1976), ice
retreated to the northwest for a period of about 1000 to 1500
years, from Val d’Or. It is during this short period that the
glacial landscape of Abitibi was formed.

DISCUSSION

The occurrence of more than one regional, superimposed
ice-flow direction in the Abitibi-Timiskaming region creates
difficulties for the interpretation of glacial transport data.
Till sheets, of limited extent and revealed only by drilling,
as is the case for the till sheets below the Matheson till, can-
not be associated with confidence with bedrock-inscribed
ice flow indicators preserved at the surface. At this time,
not enough is known about the oldest tills to make any valid
inference about the regional flow directions of the glaciers
responsible for their formation. These older sediments are
not discussed in this paper.

In Abitibi, however, the youngest till below the Mathe-
son till covers a substantial portion of the territory and
shows an apparent correlation with a definite southwestward
direction of ice movement observed on cross-striated sites
at the surface. The term ‘‘apparent’”” must be stressed
because of the speculative character attached to the correla-
tion of erosional marks on bedrock with discrete till sheets.
The presence of a distinct till sheet below the Matheson till,
at first well documented in the Timmins area of Ontario
(DiLabio, 1982 ; Bird and Coker, 1987 ; Steele et al., 1986,
DiLabio et al., 1988) has now been verified (or suggested)
at several locations in the mining districts of northwestern
Quebec (Averill, 1986; Bouchard et al., 1986; D. Green,
pers. comm., 1986, 1987; C.F. Gleeson, pers. comm.,
1985, 1987; P. LaSalle and M.A. Bouchard, pers. comm.,
1987), west of the Harricana Moraine. More direct observa-
tions from sections and large exposures are necessary before
assigning firm glacial transport directions to this till.

Although the distribution and the directions of ice flow
of the Matheson till are better known than that of the under-
lying till, the possibility that two major different directions
of flow were responsible for its formation requires caution
in interpreting glacial transport directions associated with it.
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This duality of provenance for the constituents of the till,
is not to be automatically interpreted as a consistent and
widespread characteristic throughout its whole area of
occurrence. More detailed transport studies are required to
assess the validity of this interpretation.

Two interesting case studies, conducted by Dreimanis
(1958) in the Rouyn-Noranda area, illustrate the duality of
provenance in this area. While studying the abundance of
detrital minerals in indicator trains around sulphide ore bod-
ies at Noranda, Québec, Dreimanis mapped an indicator
train to the south-southwest of a large mineralized outcrop
(Horne Mine) from striae and glacial .transport data. He
noted that megascopic ore fragments and even mineralized
pebbles, were extremely rare in the train (less than 1% at
0.1 to 4 km from the ore source). Similarly, the analysis of
thousands of heavy mineral grains from till samples,
showed an insignificant amount of sulphides (less than
0.01 %), at short distances down-ice from the outcrop of sul-
phides. To explain this unusual situation, Dreimanis specu-
lated that many of the megascopic fragments may have been
removed by the inhabitants of Rouyn-Noranda, which is
built on the train, and that the finer sulphides in the thin
sandy till could have been removed by oxidation. The trace
metal levels were also found to be very low. A similar study
in the vicinity of the MacDonald Mine (Dreimanis, 1958),
only 9 km north-northeast of Noranda, showed an indicator
train oriented to the south-southeast, but this train showed
a higher proportion of megascopic fragments than at
Noranda. The detailed study of the train was impaired by
thick glaciolacustrine deposits.

The different orientations of the indicator trains at these
two sites are believed to correspond with the two main direc-
tions of ice flow mapped in the area (Veillette, 1986a), as
indicated by crossed-striae involving a former south-
southwestward flow and a younger (deglaciation) south-
southeastward flow. The Rouyn-Noranda area contains
several striking examples of these two major flows
(Veillette, 1986a). Comparison between the two sites sug-
gests that glacial transport is the resultant of the two compo-
nents of flow but that one may dominate locally. It would
now be of interest to study the composition of the till south-
southeast of the Horne deposit and compare glacial transport
data with that found by Dreimanis to the south-southwest.

Another example illustrating the difficulties in attempt-
ing to match erosional stratigraphy to depositional stratigra-
phy is provided at the Selbaie mine open pit. Close
inspection of the deposits and the bedrock exposed in the
excavation during the summer of 1988 raised some ques-
tions regarding the occurrence of a distinct till sheet below
the Matheson till at this site (Bouchard et al., 1986). All
remnants of the original bedrock surface, which occur from
6 m to several tens of metres below the former ground sur-
face within the perimeter of the excavation, bear marks of
a unique, consistent, west-southwestward (240° to 270°)
flow. Striae from a younger south-southeastward flow are,
however, numerous in the general area outside the perime-
ter of the excavation. A till sheet (without intervening
intertill deposits) covers bedrock with a stoss-and-lee topog-
raphy streamlined to the west-southwest over most of the
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excavation. Till fabrics performed by M. Parent and myself
point to a west-southwestward direction of movement near
the base of the till sheet and a south-southeastward direction
of movement near the top. The gravelly sands reported by
Bouchard et al. (1986) as intertill sands may have a subgla-
cial origin associated with early Matheson till deposition.
Examination of large-scale detailed topographic maps of the
excavation, updated monthly by Les Mines Selbaie, shows
a topography of rock bosses favourable for the development
of subglacial cavities on their down-ice sides. Thus, it
remains to be demonstrated that a glacial event older than
that responsible for the deposition of the Matheson till
occurs at this location.

The most important implication of the results presented
in this paper may be the relationship between the duration
of a particular ice-flow event and its competence as an agent
of glacial transport. In western Abitibi, the majority of the
constituents of the Matheson till are probably derived from
the northeast, due to the dominant southwestward direction
of flow during Late Wisconsinan time. Later, the short-
lived, superimposed southeastward and south-
southeastward flows, resulting primarily from deglaciation
processes, moulded the glacial landscape into its present-
day shape, because they were the last ones to occur. This
overprinting of one short glacial event on one of longer
duration may lead to serious misinterpretation in glacial
transport studies. In fact, the former southwestward flow
was probably the main long-distance carrier of glacial debris
in western Abitibi. Only detailed boulder tracing studies,
conducted at a regional scale (Salonen, 1986) could help elu-
cidate this problem. Recent observations by J-S. Vincent
and myself in the lower reaches of the Nottaway River, in
the James Bay basin, confirm the presence of a till deposited
from the northeast, below the Cochrane Till. If this till
correlates with the Matheson till to the south, and with the
Adam Till to the west (Skinner, 1973), then it explains why
the Matheson till in Québec is locally devoid of or contains
only rare Paleozoic carbonates.

CONCLUSIONS

Extensive overburden drilling programs, carried out in
recent years in Abitibi-Timiskaming, have unveiled a com-
plex glacial stratigraphy. This new information, analyzed in
conjunction with the relative chronology of ice flows deter-
mined from surficial indicators on bedrock, from land-
forms, and from long-distance lithological indicators of
glacial transport has led to the following conclusions:

1. Three tills; from oldest to youngest, a regional unnamed
till below the Matheson till, the Matheson and the
Cochrane occur in the region. Older glacial and nongla-
cial sediments occur at depths below the regional
unnamed till, but are poorly known at this time (Fig. 3).

2. The older till below the Matheson occurs throughout
Abitibi, west of the Harricana Moraine, and has been
associated with ice flowing to the southwest. Its extent
is unknown. It may correlate with the pre-Missinaibi
till(s) of Skinner (1973) in the Moose River basin of
James Bay.



3. The Matheson till is the surficial till of northeastern
Ontario and northwestern Québec, south of the Cochrane
limit. In Québec, it is believed to have been deposited
by ice flowing first to the southwest and south-southwest
in Late Wisconsinan time, and to the southeast and south-
southeast during deglaciation (Fig. 4). Its probable
correlation with the Adam Till of Skinner (1973) in the
Moose River basin of James Bay and with a till sheet
along the Nottaway River, deposited by ice flowing from
the northeast, is under study. In Québec, at least south
of the Cochrane limit, the Matheson till does not contain
Paleozoic erratics from the James Bay Lowland to the
north.

4. The Cochrane Till is a thin, clayey, carbonate-rich till,
deposited by surges in Lake Ojibway by Hudson Bay and
James Bay ice before 8500 BP. It overlies the
glaciolacustrine sediments of Lake Ojibway and the
Matheson till. Detailed mapping of its southern limit in
northwestern Québec is in progress, but preliminary
work indicates that its southern extent is 30 to 50 km far-
ther south than shown by previous work. In Ontario,
Skinner (1973) has suggested a correlation with all or the
upper part of the Kipling Till of the Moose River basin
in James Bay.

5. A short-lived glacial flow in one direction, superimposed
on another, larger glacial flow in a different direction,
without an intervening ice-free period, presents difficul-
ties in the analysis of transport data. Both erosional and
depositional landforms from the younger flow have

destroyed or masked those from the earlier flow. In the
western Abitibi portion of Québec the existence of a
major shift in the flow direction of the ice mass that
deposited the Matheson till has been demonstrated.
Provenance studies of till constituents support this
model.

The primary mineralized belts of Abitibi are located, in
part, in areas where complex ice flows have occurred (Fig.
11). This, rather than discouraging the application of drift
prospecting techniques in the search for new ore deposits,
should instead be a stimulus to attain a better understanding
of ice sheet dynamics and, consequently, to improve our
knowledge on the distribution of lithological indicators of
ore sources. Glacial history of the Abitibi-Timiskaming area
shows that the unveiling of the sequence of events that led
to the identification of major ice flows and associated till
sheets requires the use of several different methods of analy-
sis. It follows that exploration surveys based on a quick,
superficial assessment of the glacial history of a given res-
tricted area, without the benefit of broader regional knowl-
edge, may lead to disenchantment with exploration
techniques normally used in glaciated terrain.

Much work remains to be done to assess some of the
interpretations discussed in this paper. A detailed, three-
dimensional reconstruction of the Quaternary sediments of
Abitibi must be produced eventually, to maximize the use-
fulness of Quaternary sediments for mineral exploration
purposes and to understand fully the regional glacial history.

Harricana
Moraine

Volcanic rocks

— Major synclinal
boundaries of
tectonic blocks

Figure 11. Relationships between mineralized areas and major axes of glacial transport in western
Abitibi in Late Wisconsinan time. The two arrows illustrate the chronological order of the directions of
glacial transport west of the interlobate moraine. Geology after Jolly (1978).
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Abstract

A complex pattern of ice flows was imprinted on the landscape of Nova Scotia by the interplay of
external and local ice divides. Four major Wisconsinan ice flow events (phases 1 to 4) have been defined.
The shape and magnitude of dispersal trains in Nova Scotia are a result of the net effect of these ice
Sflow events. The migration of ice divides during the Wisconsinan Stage from areas north of Nova Scotia
to local areas produced a series of zones, areas with distinct dispersal trends defined by a pattern of
mapped ice flow features. Dispersal studies in the zones confirm that the patterns of mapped ice flow
features used to define the zones are mirrored by the shape of the dispersal trains. Topography and ice
dynamics of the various glaciers controlled the deposition and composition of till units during the succes-
sive ice flow phases. Tills produced by the later phases (3 and 4) are characterized by dominance of
clast over matrix modes and relatively local dispersal. Tills produced during the earlier phases (I and
2) tend to be dominated by matrix modes and have greater percentages of far-travelled components.

Résumé

Un réseau complexe d’écoulements glaciaires a laissé son empreinte sur le paysage de la Nouvelle-
Ecosse suite a Uinteraction des lignes de partage des glaces extérieures et locales. Quatre grands écoule-
ments glaciaires du Wisconsinien (phases 1 a 4) ont été identifiés. La forme et 'importance des trainées
de dispersion en Nouvelle-Ecosse sont le résultat de [’effet net de ces écoulements glaciaires. La migration
des lignes de partage des glaces pendant le Wisonsinien, depuis des régions au nord de la Nouvelle-
Ecosse Jusque dans des régions locales, a produit une série de zones présentant des tendances de disper-
sion distinctes définies par un réseau de formes de relief faconnées par l’écoulement glaciaire que [’on
a cartographides. Les études de dispersion effectuées dans les zones confirment que ces réseaux, qui
ont servi a définir les zones, correspondent a la forme des trainées de dispersion. La topographie et
la dynamique des glaces des différents glaciers ont contrdlé la mise en place et la composition des unités
de till durant les phases successives d’écoulement glaciaire. Les tills produits pendant les phases finales
(3 et 4) sont caractérisés par la dominance des modes détritiques sur les modes matriciels et par une
dispersion relativement locale. Les tills produits durant les phases initiales (I et 2) tendent a étre dominés
par des modes matriciels et renferment des pourcentages plus élevés de constituants d’origine lointaine.

! Contribution to the Canada-Nova Scotia Mineral Development Agreement, 1984-89. Project carried by the Nova Scotia

Department of Mines and Energy.
2 Nova Scotia Department of Mines and Energy, P.O. Box 1087 Halifax, Nova Scotia, Canada B3J 2X1
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INTRODUCTION

Continental ice sheets and local ice caps have imprinted a
complex pattern of ice flows on the landscape of Nova Sco-
tia. Quaternary mapping and till geochemistry programs
(Stea and Fowler, 1979; Stea et al., 1985; Finck and
Graves, 1987) in mainland Nova Scotia have led to the defi-
nition of four ice flow phases based on mapped ice flow fea-
tures. Ice flow phases are defined as discrete, regionally
mappable, trends of ice flow features. The sequence of ice
flow phases is determined through correlation of superim-
posed striation sets and till sheets formed during these
flows. Till sheets formed during separate ice flow phases
in Nova Scotia generally have distinct provenance,
geochemistry and dispersal patterns.

Mainland Nova Scotia is characterized by two juxta-
posed tectonic terranes, each with distinct geology (Fig. 1).
The Cobequid Fauit system separates the Cobequid Terrane
from Meguma Terrane (Donohoe and Wallace, 1982). The
Cobequid Terrane consists of a highland massif of Precam-
brian to Carboniferous volcanic, metasedimentary and igne-
ous rocks flanked by basinal sedimentary rocks of
Carboniferous and Triassic age. The Meguma Terrane con-
sists largely of Cambro-Ordovician metasedimentary rocks

intruded by Devono-Carboniferous granitoid rocks. These
rocks form a large part of the Southern Uplands physio-
graphic province (Goldthwait, 1924). The bedrock terranes
provide useful indicator erratics for the reconstruction of ice
flow events.

Wisconsinan glaciations have produced distinct
glaciated landscapes on upland and lowland regions of Nova
Scotia. The lowland regions, underlain by Carboniferous
and Triassic rocks, are characterized by thicker drift cover
with occasional multiple- till sections exposed in coastal
regions. The surface of the upland regions, however, are
usually bare of drift, especially at elevations greater than
300 m. Glacial erosion features such as striations, reveal
several discrete ice flow trends that can be traced consis-
tently across the upland areas. These trends relate to specific
glaciers that eroded and transported debris and deposited
tills at different times on the lowlands.

Exploration companies in Nova Scotia have employed
differing till prospecting techniques in the search for
mineral deposits in these bedrock-physiographic terranes.
Drilling has been used in thick drift areas of the lowland
regions (Boyd, 1982); surface till and boulder sampling in
the areas of till veneer (Felderhof, 1979).
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Figure 1. Generalized geology and physiography of mainland Nova Scotia.
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This paper will present a model of glacial dispersal for
the province. Dispersal patterns in different regions will be
contrasted against ice flow phases based largely on striation
patterns.

ICE FLOW PHASES

Striations were mapped as part of the till mapping programs.
They provide detailed information on ice flow patterns.
Because they provide a quick assessment of prevailing flow
directions, they are a useful tool for exploration geologists.
The patterns of ice flow mapped by striations are verified
by the orientation of glacial landforms such as eskers and
drumlins, and by till fabric and dispersal studies (Stea,
1984). The sequence of ice flow phases has been discerned
from superimposed striation sites, and through correlation
with stacked till sheets. (Stea, 1984). Each of the ice flow
phases produced at least one recognizable till sheet, some-
times with genetic facies, such as lodgment and melt-out.

Phase 1

Striation patterns, distinctive erratics, till fabric, and stri-
ated boulder pavements suggest that the earliest, and most
extensive ice flow was initially eastward then shifted to
southeastward (Figure 2a). This flow is believed to be Early
Wisconsinan in age (Grant and King, 1984 ; Stea, 1984;
Stea et al., 1985). A till unit found at the base of many sec-
tions along the Nova Scotia coast and in the core of drumlins
along the Atlantic shore (McCarron Brook Till; Stea et al.,
1985; Hartlen Till of Stea and Fowler, 1979) was formed
during this ice flow. It is generally a silty till with few clasts
and numerous erratics and is characterized by homogeneity
of composition and grain size over different geological ter-
ranes. Erratic trains of igneous rocks from the Cobequid
Highlands and trains of basaltic rocks from the North Moun-
tain are oriented southeastward and can be traced to the
Atlantic Coast, up to 60 km down-ice (Nielsen, 1976). This
phase may represent the main Laurentide ice flow. The
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Figure 2. Compilation of striation sites and inferred ice flows in Nova Scotia during the Wisconsinan Stage.
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Laurentide Ice Sheet may have crossed the Bay of Fundy
but evidence of its passage has not been unequivocably
traced across New Brunswick (Rampton et al., 1984). Anor-
thosite boulders in western Prince Edward Island of a pre-
sumed Canadian Shield source suggest that Laurentide ice
did cross the region at some time (Prest and Nielsen, 1987).

Phase 2

The second major ice flow trend was southward and south-
westward from the Escuminac Ice Center in the Prince
Edward Island region (Rampton et al., 1984; Fig. 2b). This
flow phase is analogous to the Acadian Bay Lobe of Goldth-
wait (1924) and the ‘‘Fundian’’ glacier of Shepard (1930).
Goldthwait envisioned a southward flow from a Laurentide
source across the Gulf of St. Lawrence. However, ice flow
features in Prince Edward Island (Prest, 1973) and adjacent
New Brunswick (Rampton et al., 1984) do not reflect a per-
vasive southward flow, but suggest radial flow from a local
center. This event is recorded by southward striae crossing
earlier southeastward trending striae at many localities on the
upland regions. Material from the vast area of redbeds in the
northern mainland and Carboniferous basins in the Prince
Edward Island region was transported southward onto the
metamorphic and igneous Cobequid and Meguma Terranes
of mainland Nova Scotia. The distinctive reddish clay-rich
till formed during this flow phase (Lawrencetown Till of
Grant, 1975) is the surface till on drumlins and some areas
of ground moraine along the Southern Uplands. Southward
dispersal of distinctive Cobequid Highland erratics occurred
with the dispersal of the red material (Grant, 1963 ; Fig. 3).
Evidence of southward dispersal of red clastic material from
the Bay of Fundy has also been noted in sediment cores in
the Gulf of Maine (Schnikter, 1987).

Phase 3

During phase 3, granites from the South Mountain Batholith
were transported northward onto the North Mountain basalt
cuesta (Fig. 1; Hickox, 1962). Erratics from the Cobequid
Highlands can be found throughout the Carboniferous
lowlands to the north (Stea and Finck, 1984 ; Felderhof,
1979). A stony, autochthonous till was produced during this
flow phase. The thickest deposits of this till unit are found
along the Atlantic Coast away from the proposed ice divide
(Fig. 2c). Northward-trending striations can be traced
across the northern mainland of Nova Scotia (Fig. 2¢). This
well documented northward ice flow was clearly in response
to the development of an ice divide in southern Nova Scotia
(Fig. 2c). Ice flow was northward and southward from this
divide across the axis of the Nova Scotia peninsula. This
divide may have formed as a result of marine incursion into
the Bay of Fundy (Prest and Grant, 1969) or a climatic event
(MacNeill and Purdy, 1951; Hickox, 1962). Northward ice
flow from the Scotian ice divide was probably synchronous
with the Mid-Wisconsinan ice dome off Cape Breton Island
proposed by Grant (1977). The divide can be traced from
areas south of the Antigonish Highlands (Myers and Stea,
1986) offshore into Chedabucto Bay on the basis of north-
ward ice flow features.

Phase 4

During this final phase remnant ice caps developed from the
Scotian Ice Divide (Fig. 2d). Eskers and striations cut across
features formed by earlier ice flows. The margins of ice caps
or glaciers that formed over the Chignecto Peninsula and
southern Nova Scotia are represented by moraines, ablation
till, glaciofluvial deposits, and the pinch-out of till sheets
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(Fig. 2d). Ice flow during this last phase was strongly fun-
nelled westward into the marine basins. Erosional features
and deposits relating to these late-glacial ice caps are res-
tricted to low- lying areas.

ZONAL CONCEPT OF GLACIAL DISPERSAL

The interplay of the regional ice sheets and local ice caps
and the physiographic variation of Nova Scotia produced
distinct zones of erosion and deposition, each of which is
characterized by discrete transport histories (Fig. 4). These
‘‘zones’’ are a result of the migration of ice divides. The
former ice divides and centers were defined by the patterns
of ice flow indicated by striations and landform orientations
and are the net result of the migration of these divides during
ice flow phases 1 to 4. In Zone A the main flow trends are
southeastward and southward. The erosional evidence for
earlier ice flow phases (1 and 2) is dominant, while evidence
for subsequent ice flow phases is lacking. Zone A was under
the Scotian Ice Divide (Fig. 2¢) where little erosion or depo-
sition occurred after the earlier ice flow phases. In Zone A,
older till units, such as the Hartlen and Lawrencetown Till
outcrop on the surface, and deposits of residuum are often
found, suggesting relatively little erosion or deposition dur-
ing subsequent ice flow phases. In contrast, Zone B, which
is located distal to the Scotian Ice Divide, shows ice flow
trends and till deposits relating to the earlier ice flows as
well as till formed during phase 3. It is assumed that flow
from the Scotian ice divide was southward in this zone. In
Zone C the earlier ice flows are represented, as well as late-
stage southwestward ice flow (Phase 4). No evidence for ice
flow during phase 3 is noted, however. Zone D records the
earlier ice flows (phases 1 and 2) as well as the strong north-
ward ice flow (Phase 3) from the Scotian ice divide. In
Zones E and F, striations and till sheets relating to all four
ice flow phases can be found, but Zone E lacks northward
ice flow.

DISPERSAL ZONES
ICE FLOW PHASES
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Figure 4. Map of the dispersal zones in mainland Nova
Scotia related to the migration of external and local ice
centers. Dispersal studies:

(1) Sangster Lake
(2) Gold River

(3) Joggins

(4) Ballantynes Cove

(5) East Kemptville
(6) Garden of Eden
(7) Oldham

These zones are a result of the position of ice centers and
divides over time. The position of the divides control the
complexity of the ice flow patterns shown by striations and
associated dispersal patterns. This is because little move-
ment occurs near an ice divide (Denton and Hughes, 1981).
Exploration geologists working within these various zones
have contended with widely differing patterns of dispersal.
Some areas show relatively simple patterns of southeast-
ward dispersal whereas others are complicated by north-
ward flow. Glacial dispersal trains originating from
distinctive rock bodies and mineral deposits are described
along with provenance studies of till sections to establish the
validity of the zonal concept. These studies provide models
of glacial dispersal within each of the zones shown on Fig-
ure 4.

DISPERSAL STUDIES
Sangster Lake (Zone A, No. 1)

Sangster Lake is located 20 km south of Guysborough in
eastern mainland Nova Scotia (Fig. 4). This area is an exam-
ple of dispersal from a geochemically specialized granite.
It is in Zone A, a region where the dominant ice flow pat-
terns are the two earlier phases (1 and 2; Fig. 2a,b). The
Sangster Lake area has abundant surface boulders which are
part of extensive areas of ablation till (Stea and Fowler,
1979). The ground moraine unit in this region was formed
during the southeastward flow phase ( Phase 1 ; MacEachern
and Stea, 1985).

Figure 5 (adapted from Ford and O’Reilly ,1985) shows
the geology of the Sangster Lake and Larry’s River Plutons
and their respective airborne radiometric signatures. Both
plutons consist of various textural varieties of mon-
zogranite. The Sangster Lake Pluton is distinct from the
Larry’s River Pluton being deformed, metasomatically
altered, and enriched in uranium (G.A. O’Reilly, pers.
comm., 1988). The anomalous equivalent uranium response
correlates with the altered area of the pluton except for a
lobe-shaped area of higher values southeast of the pluton.
Boulders of the Sangster Lake granite are found within this
area of higher radioactivity (G.A. O’Reilly, pers. comm.,
1988) and therefore the lobe-shaped area probably
represents a southeastward-oriented dispersal fan. There is
no evidence of northward dispersal from the enriched gra-
nitic body, consistent with the striation evidence in the
region. A study by MacEachern and Stea (1985) on the
nearby Forest Hill gold district also showed that the domi-
nant flow pattern and gold dispersal was southeastward dur-
ing phase 1. The preservation of a Wisconsinan paleosol on
the surface of the till unit formed by ice flow phase 1
(MacEachern and Stea, 1985) suggests that erosion during
later flow phases had little effect on this till surface.

Gold River (Zone B, No. 2)

The Gold River area, located 60 km west of Halifax along
the Atlantic coast, lies within Zone B, and has been affected
by southeastward and southward ice flow of phases 1 and
2 (Fig. 2a,b). In Zone B, deposits of these earlier glacial
phases are overlain by deposits related to the Scotian Ice
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tons, Guysborough County, Nova Scotia.
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Divide (phase 3). The till stratigraphy and glacial landforms
typical of the Meguma Terrane in this region are shown in
Figure 6. Drumlins in the region are composed of the
Lawrencetown and Hartlen Tills formed during phases 1
and 2. A stony, autochthonous till sheet overlies the drumlin
tills and forms the surface ground moraine over most of the
region. This surface till could have formed during either
phases 3 or 4. It is characterized by poorly developed fabric
and predominately local clast content. In Zone B the disper-
sal patterns of this till sheet are generally southward (Finck
and Graves, 1987) but can vary widely from area to area.
In Zone D the patterns trend northward (Fig. 4). The stony
till sheet is characterized by ‘‘renewal-distance’” values in
the range of 100 to 200 m. This is the distance it takes for
tills to take up 50 % of the new rock lithology down-ice of
a contact (Peltoniemi, 1985). The Lawrencetown drumlin
till on the other hand, has a renewal distance value between
1 and 10 km. A renewal distance value given by Peltoniemi
(1985) for till formed by the Scandinavian ice sheet was 16
km. The extremely local nature of the stony till unit, and
its relative immaturity (preponderance of clast over matrix
fractions; Dreimanis and Vagners, 1971) suggest that the
glaciers present in Nova Scotia, responsible for its forma-
tion had different dynamics than the regional ice sheets that

Figure 7 shows the distribution of clasts in the stony till
sheet in the region of a granite-metasedimentary contact in
the Meguma Terrane near Gold River, Nova Scotia. Disper-
sal ranges from southeastward to southwestward. It can be
seen that granite clast attenuation is immediate, within a few
hundred metres of the contact. Areas in Zone B either
underlain by older till units or adjacent to drumlin fields will
reveal more extensive southward and southeastward-
oriented dispersal trains due to the mixing of clasts dis-
persed during earlier phases of ice flow. A study by DiLabio
(1982) (Fig. 8) in the Oldham gold district in Zone B shows
a southward-oriented dispersal train, although sampling
may have not been sufficient to identify if any dispersal
occurred during subsequent ice flow phases.

Joggins (Zone C, No. 3)

One of the most complete sections in Nova Scotia is at Jog-
gins on the shore of Chignecto Bay (Stea, et al. 1985; Fig.
9). This section is located in Zone C, as it was influenced
by phase 1, 2 and 4 glaciers (Fig. 4). This is an example
of a depositional area where complex till stratigraphy
produces three-dimensional patterns of dispersal. Surface
till sampling only intersects the youngest dispersal fan.
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Figure 7. Pebble lithology of the stony till sheet in Zone B near Gold River, Nova Scotia.
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Depositional areas in multi-phase zones (C, D, E, and F)
will require more sophisticated mineral exploration
methods. Three tills are exposed from the base to the top:
a reddish-brown, compact silty till; a grey clay till; and a
yellowish-brown, sandy till. The lowest till overlies a bed-
rock surface striated at 110° parallel to regional eastward
striae (Fig. 2a) which correlate with ice flow phase 1.

The three till units have distinct lithological signatures
suggesting differing source areas. Significant variations can
also be seen within one till unit. The base of the McCarron
Brook Till (lowest till) has a high percentage of igneous and
volcanic erratics derived from the Caledonian Highlands to
the west (lithologies I; Fig. 9). Concomitant increases in the
percentages of calcareous red mudstone clasts (lithology H)
and limestone (lithology F) upsection in the McCarron
Brook Till suggest a change in ice flow to southeastward
over Carboniferous evaporitic rocks and redbeds in New
Brunswick (ECW ; Fig. 9). The Joggins Till has distinctly
higher percentages of coal and limestone clasts (lithologies
B and C; Fig. 9) than the McCarron Brook Till. The ice
flow direction inferred from the pebble data is southwest-
ward, across coal measures which outcrop along the shore
to the northeast of the section and curve to the southwest
a short distance offshore (R. J. Ryan, pers. comm., 1987).
The Joggins Till outcrops over much of the local area. The
upper till can be differentiated from the lower two units by
the preponderance of local feldspathic sandstone (lithology
J; Fig. 9) which is derived from the Joggins Formation (1Cj,
Fig. 9).

Changing pebble assemblages in the lowest till record
the eastward and southeastward ice flows during phase 1,
while the middle and upper till record subsequent south-
westward ice flows directed through Chignecto Bay (phases
2 and 4). The net effect of these dispersal events would be
to produce a broad southeastward to southwestward disper-
sal fan in the three-dimensional sense, from an orebody
buried by the three tills at Joggins.

Ballantynes Cove (Zone D, No. 4)

The lowland regions that flank the Cobequid Highlands and
the Antigonish Highlands, where northward ice flow during
phase 3 is pervasive, generally display two to three till units
in stratigraphic section (Fig. 10). The type section is at Bal-
lantynes Cove south of Cape George where 3 till units are
exposed (Figs 4, 10). The lower till (unit 1) is red, matrix-
rich and contains shell fragments derived from flow across
the Northumberland Strait and can be correlated with shell-
bearing basal units along the Northumberland Strait (Stea
et al., 1987).

One of the distinguishing characteristics of the three till
units at Ballantynes Cove is the stone content. The lowest
till unit contains less than 10 % clasts, and exhibits little
sample-to-sample variation. The middle till unit contains
>10% clasts while the till unit above the boulder horizon
has >15% clast-sized particles.
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The abundances of red-brown coarse sandstone and con-
glomerate (lithology 1; Fig. 10) decrease towards the top
of the lowest till unit (Unit 1) and grey feldspathic sand-
stones (lithology 2) remain fairly constant throughout.
Black metasiltstone and shale clasts show a marked increase
in abundance at the top of unit 1 and remain high to the top
of the section. Green hard conglomerate and basalt (litholo-
gies 7 and 8) increase markedly in abundance towards the
top of unit 2 and in unit 3 near the boulder horizon. Diorite
clasts are restricted to unit 2.

The relative abundance of reddish sandstone and con-
glomerate clasts, and the presence of well rounded plutonic
clasts (lithology 6; Fig. 10) in till unit 1 are the result of
southeastward ice flow across Devonian to Carboniferous
conglomerates north of the section (Boucot et al., 1974;
Fig. 10). Till fabric at the base of the section, shows a strong
east-west orientation with a minor southeast mode. Shell
fragments in the till and an overall low percentage of clasts
confirm a correlation with till on the Northumberland Shore
formed by southeastward ice flow.

The marked increase in the proportion of black metasilt-
stone clasts in unit 2 and the presence of dioritic clasts indi-
cate erosion of Precambrian Georgeville rocks and a change
in ice flow from southeastward to northeastward. The
northeastward-striking till fabric in unit 2 confirms the
change in ice flow direction.
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Figure 8. Dispersal of gold ( <230 mesh) levels in the Old-
ham Gold district (after DiLabio, 1982)
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The upper till (unit 3) is differentiated from unit 2 by a
higher percentage of stones and an increase in greenish,
hard conglomerates and basalt clasts. Basalt is found in the
McAras Brook Formation which underlies the section and
outcrops in an east to west zone between the Georgeville and
Devonian conglomerates. (Fig. 10) Their presence indicates
a swing in ice flow either to the east or west. The till fabrics
measured in unit 3 however, strike northeast to southwest.
If the till fabric is parallel to ice flow, the only way to recon-
cile this contradictory evidence would be a 180° swing to
southwestward ice flow or an unknown source of basalt.
Striations along the Northumberland shore near Treen Bluff
(Stea and Finck, 1984) attest to late southwestward ice flow
although erosional evidence of this ice flow in Ballantynes
Cove area is lacking.

The abundances of black metasiltstone clasts is directly
correlated with the amounts of copper, lead, and zinc in the
clay fraction. (Fig. 11). The black metasiltstones may have
higher background copper, lead, and zinc values than the
Carboniferous sedimentary rocks which are the source of
the lower till. This plot illustrates the importance of defining
till sheets when conducting till geochemical surveys. The
higher copper, lead, and zinc background values in the
upper till unit are controlled by the clast content of the till.
This result has been supported in a synthesis of regional data
(Stea, et al. 1986) as well as in other areas (Saarnisto and
Taipale, 1985). The till sheets defined in this study each
have a distinct lithogical character which translates into sig-
nificant geochemical variation. This variation has to be
assessed when conducting geochemical surveys (streams,
soils, lake sediments) in till-covered regions.

East Kemptville (Zone E, No. 5)

The East Kemptville (Rio Algom) tin deposit is located in
southwestern Nova Scotia 60 km northeast of Yarmouth
(Fig. 1). It is the only primary tin producer in North Amer-
ica. It consists of mineralized greisens and greisen zones
within a granite-metasedimentary rock contact (Chatterjee
and Strong, 1984). The primary ore mineral is cassiterite
with secondary chalcopyrite, wolframite and sphalerite.
The discovery of the deposit was in large part due to the
results of a regional till sampling program (McAuslan et al.,
1980).

Figure 10a. Schematic diagram showing the stratigraphy,
till fabric and vertical variation in pebble lithology of the Bal-
lantynes Cove Section and (b) geology of the Cape George
area.

Clast types:
(1) Reddish-brown and (6) Well-rounded igneous

purplish sandstone clasts
and conglomerate (7) Green hard con-

(2) Grey feldspathic glomerate
sandstone (8) Amygdaloidal basalt
(3) Black-grey metasilt- (9) Diorite
stone, shale

(4) Well-rounded
sedimentary clasts
(5) Volcanic clasts

The area is blanketed by a thick, stony till unit composed
primarily of the underlying bedrock unit. Ribbed and hum-
mocky moraine areas are common in the area (Stea and
Grant, 1982). This till unit overlaps several older till units
in the coastal regions of Yarmouth County. The major ice
flows mapped in the region are southeastward and south-
ward (phases 1 and 2) and southwestward (phase 4) (Fig.
2). Evidence of northward ice flow or dispersal has not been
documented in the region.

Various companies have run till geochemical surveys in
the region and published their results as mineral assessment
reports for the Nova Scotia Department of Mines and
Energy (Wilson and Richardson, 1980). Figure 12 is a com-
pilation of several of these surveys by Rogers and Garrett
(1987) showing the patterns of tin levels around the ore
body. Till within the area surrounding the Rio Algom
deposit was sampled at a minimum spacing of 1 km x 3 km
(McAuslan et al. 1980). A till matrix fraction termed the
“‘whole till”’ fraction (< 10, > 100 mesh) was crushed and
analyzed. The average grade of the orebody has been
defined at 0.165 wt % tin, although locally levels of tin in
the orebody can attain the percent range (D. Kontak, pers.
comm., 1988).

33m
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Figure 11. Vertical variation in percentages of black
metasiltone, copper, lead, zinc, and silver, Ballantynes Cove
Section.
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Contoured ‘‘whole till”’ levels exhibit a fan of elevated
levels extending 6 km in a southward to southwestward
direction. The higher levels (200 to 300 ppm) appear to be
displaced as much as 2 km from the orebody and there are
“‘hot spots’’ 6 km down-fan. This dispersal train does not
follow the classic linear train pattern with rapid down-ice
depletion (DiLabio, 1987) . There may be several reasons
for this:

1. A redistribution effect of local ice flow phases on an
original southward-oriented train. The earlier ice flows
trended southeastward and southward and were probably
responsible for considerable erosion and transport in the
region. Till units formed during these ice flows are
exposed along the coast. It is likely that vestiges of older
tills subcrop in the East Kemptville area.

2. Englacial transport; the area exhibits ribbed-
disintegration moraine features (Stea and Grant, 1982)
indicative of ice-marginal ablation areas. Some of the
tin-bearing rock debris may have been transported for a
distance higher in the ice mass, above the substrate in
this marginal area.

3. Additional mineralized zones. It is possible that hot spots
east and south of Davis Lake may relate to alternative
sources of tin. (R. Mills, pers. comm., 1988). Alterna-
tive sources of tin may also be found in the region east
of the mine site in the Meguma Group (D. Kontak, pers.
comm., 1988). The general depletion of tin south of the
mine, however suggests that the tin level patterns can be
related to glacial dispersal from the mine area.

The dispersal fan falls within the range of ice flow as
indicated by the local striations, which show three main ice
flow directions (Fig. 12). Northward ice flow is not indi-
cated either by dispersal or by erosional evidence and the
lack of evidence does not support Gravenor’s (1974)
interpretation that the Yarmouth drumlin field south of the
area formed by northward ice flow from an offshore ice
dome. '
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Figure 12. Computer plots of tin in ““whole till"’ fraction of till (— 10 + 100 mesh) samples in regional
and local surveys around the East Kemptville ore body (after Rogers and Garrett, 1987).
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Garden of Eden (Zone F, No. 6)

Garden of Eden is located on the southern edge of the
Antigonish Highlands (Fig. 1). Distinctive hornblende
diorites (appinites) dispersed from a stock in the Garden of
Eden area are easily recognized in the background of
sedimentary and felsic volcanic rocks. The Eden Lake Com-
plex is a late Precambrian rock suite composed of appinite,
hornblende syenite, pegmatite, and microgranite (Murphy,
1985; Fig. 13). The Chedabucto Fault separates these rocks
from the Carboniferous rocks to the south. The Moose River
Shear Zone runs through Eden Lake and marks the eastern
boundary of the appinite complexes to the west of the lake
(Murphy, 1985).

Garden of Eden has been affected by four major ice flow
events as illustrated in the modes on the rose diagram of stri-
ation trends in the region (Fig. 13). The relative ages of
these ice flows have been recorded at two striation sites near
Eden Lake. These sites reveal ‘‘mini’’ crag and tail features
and striations relating to four ice flows. In each case crag

and tail features from the earlier flow are cut by striations
from a younger flow. A summary sequence of these flows
from oldest to youngest is phase 1- 140°, phase 2- 165°,
phase 3- 005°, and phase 4- 220°.

Two main till sheets are found in the region. A reddish
silty till is associated with southeastward-trending drumlins
south of Eden Lake. A stony, sandy till is associated with
north-south trending ribbed moraine. The stony till overlies
the reddish drumlin till. For the study, boulders (200 to 300)
were counted at each site, taken largely from farmer’s boul-
der fences and from deposits adjacent to major till sections.
Till samples were also taken and counted where boulder
piles were not available.

Figure 13 shows the dispersal pattern of boulder-sized
appinite erratics from the Eden Lake Complex. The two
long southeastward-trending dispersal trains are clearly the
dominant pattern. The longest dispersal pattern is the 1 to
5 % contour trending 140° to 160°, which extends up to 20
km. This is parallel to drumlin trends of the region and

% Lochaber

LEGEND
> 35% APPINITE CLASTS
15 - 35%
5-15%
5%
D< 1%
EDEN LAKE COMPLEX

“=APPINITE ERRATICS FROM
BOULDER PILE o

% APPINITE PEBBLES FROM
TILL SAMPLES

Figure 13. Plot of the dispersal of boulder sized Appinite clasts from the Eden Lake Complex based
on counts from boulder piles and till sections. Rose diagram of striation trends in the 1:50 000 map sheet

region.
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represents dispersal during ice flow phase 1. The eastward
extent of the 140° to 160° dispersal train is not known as
it intersects with dispersal from the appinite complex east
of Eden Lake. However, the 5% to 15 % contour of appinite
erratics extends about 5 km in this general direction. The
I to 5% contour also extends southward in lobate fashion
between 170° and 180°. This southward-trending lobe may
represent dispersal during phase 2. The 1 to 5% contour of
appinite boulders forms a broad fan extending up to 10 km
northwest of Eden lake. This dispersal occurred during ice
flow phase 3. The 5 to 15% contour shows two distinct
lobes, trending northward and northwestward, which paral-
lel modes in the regional striation rose diagram (Fig.13).
This may be the result of changes in the ice direction during
phase 3 (Fig. 13). Erosion and dispersal during phase 4 is
represented by southwestward deflection of the 1 to 5%
appinite contour. One appinite boulder was found 40 km
southwest of the Eden lake area. Two areas with greater
than 40 % appinite clasts are located directly over Eden Lake
Complex. These areas may be coincident with zones of
appinite within the complex.

CONCLUSIONS

The mainland of Nova Scotia can be divided into ‘‘zones”’,
each defined by a pattern of ice flows that represent from
2 to 4 discrete ice flow phases. Dispersal trains within each
of these zones have differing trends and shapes. Dispersal
trains in zones A and B can be linear and unidirectional,
while dispersal in zone F takes on a more irregular form.
The zones are a result of changes in the position of ice
centers throughout the Wisconsinan Stage. The dynamics of
these ice sheets controlled the erosion, entrainment and
deposition of rock material, selectively forming tills and
boulder trains and leaving other areas bare of drift. The
shape and magnitude of dispersal trains in Nova Scotia were
largely controlled by the location and dynamics of regional
ice sheets and local ice caps and glaciers.
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Figure 14. Shifting ice divides and the development of
three compositionally and texturally distinct tills during Ice
Flow Phases 1 to 4.
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Dispersal studies confirm that the pattern of striations
that were used to regionally define the zones are mirrored
by the shape of the dispersal trains. In regions where topog-
raphy or ice dynamics favoured till deposition during
several ice flow phases, such as near Joggins and Ballan-
tynes Cove, dispersal fans are three-dimensional in nature.
When combined, the shape of these fans confirm the stria-
tion evidence of ice flow phases. In areas of drift veneer and
bedrock exposure, surface dispersal fans can have irregular
shapes, reflecting the net effect of several ice flow phases.
Surface till and boulder dispersal studies in areas of variable
till cover (East Kemptville ; Garden of Eden) display this net
effect. The Garden of Eden region is an area characterized
by episodic deposition during the four ice flow phases,
producing a patchwork of till units. Ablation boulders are
samples of older as well as surface till units, either directly
or by reworking. The net effect is a dispersal pattern con-
firming a multi-phase ice flow history.

Topography and ice dynamics of the various glaciers
controlled the deposition and composition of till units during
the successive ice flow phases. Tills produced by the later
phases (3 and 4) are characterized by dominance of clast
over matrix modes and relatively local dispersal. Tills
produced during the earlier phases (1 and 2) tend to be domi-
nated by matrix modes and have greater percentages of far-
travelled components (Fig. 14). Clark (1987) suggests that
basal ice velocity is a dominant factor controlling dispersal
and till composition. The greater the velocity the less mixing
of local basal debris with entrained allocthonous englacial
debris. The shift in ice divides from external to local areas
in Nova Scotia had the effect of reducing ice velocities and
increasing mixing rates during the last phases of till forma-
tion (Fig. 14).

Mineral exploration companies can use the zonal con-
cept along with surficial geology maps of the associated
deposits in the development of strategies for mineral explo-
ration based on sampling glacial sediments.
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