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ABSTRACT

A survey of geomorphology and shallow overburden
geochemistry was conducted to ascertain factors which
control the distribution of gold in overburden from an area
of 26400 km? in southwestern Gaspésie, Quebec. The area is a
dissected upland underlain by faulted and gently folded
Siluro-Devonian strata. Complex geomorphic and glacial
histories are reflected in the mainly non-glacial character
of the landscape, the preservation of ancient erosional
landforms and the large variation 1in the distribution and
composition of overburden. The overburden consists of glacial
drift, colluvium, rubble and alluvium. Three broad zones are
recognized where overburden distribution and composition are
the result of a combination of physical factors and
geomor phic processes. Geochemical and heavy mineral
characterlstics of overburden also define three broad zones
which correspond to the geomorphic zones. Gold analyses of
non-magnetic heavy mineral concentrates (NM HMC), corrected
to compensate for dilution by Shield-derived material,
provide an estimate of gold variations 1n overburden and
bedrock 1n the three 2zones. Heavy mineral studies are
essential to the interpretation of the patterns of zold

variation in NM HMC of overburden.




RESUME

Une étude de la géomorphologie et un leve pgéochimique
des sols ont été effectués afin d’'évaluer les facteurs qui
controlent la répartition de l1'or dans les dépots meuables qui
recouvrent une région de 2400 km? dans le sud-ouest de la

Gaspéslie, La région est un plateau fortement disséqué qui
trongonne une séquence de sédiments plissés et faillés d’age
Siluro-Devonlien. L'aspect largement non-glaciaire du

paysage, la préservation de formes d'érosion ancienne et la
répartition des types de dépdts meubles témoignent d'une
histoire géomorphologique et glaciaire complexe. Les dépots
de surface consistent en des diamictons glaclaires, des
colluvions, des dépdts anguleux d’'origine locale, et des

alluvions, La région est découpée en trolis zones dans
lesquelles la composition et la répartition des dépdots
meubles sont le produlit d’une assoclation de facteurs

physiques et de processus géomorpholopgiques. La géochimie des
sols et 1’étude des minéraux lourds détinissent troi1s zones
qui correspondent aux zones géomorphologiques. Le traitement
des teneurs en or de la fraction non-magnétique des
concentrés de minéraux lourds (CML-NM) au moyen d'une
correction qul neutralise 1’effet de dilution causé par
l1'addition de débris provenant du Bouclier, permet d’'estimer
la répartition de 1l'or dans la couverture de dépots meubles
ains1 que la roche sous-jacente. L'analyse minéralogique des
concentrés est essentielle 4 l1'interpretation des données sur
l1’or dans la fraction CML-NM des sols.
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PREFACE

This thesi1s 1s the result of a research contract awar
by the Geological Survey of Canada to J.A. Elson and G
Webber of the Mineral Exploration Research Instirtute (
Contract Serial Nos. 0sQ 85-00052 (1985) and 23233

0407/01-82 (1986 ; IREM-MER! Project No. PB85-15).
project is a contribution by the Geological Survey of Can
to the Economic Development Plan for the Gaspé and Lo
St-Lawrence Mineral Program (1983-1988) . The resea
project was carrtied out by the author. The contract work
supervised by J.A. Elson and G.R. Webber, 1n accordance w
specrfications by Y.T. Maurice of the Geological Survey
Canada, the scirent fic authori1ty for the project.
results of the research project are presented in an open-f
report (Bernier et al., 1987) and are the bastis of a pa
recently accepted for publication (Bernyer and Webber,
press). The materia! presented in the paper forms the sec
part of this thesi1s (pages 57 - 93). The first part, on
geomorphology of the area, has not appeared previously.
author 1s responsible for the originality of all the mater
presented n thais thes1s with the exception of s
observations on the geomorphic features of the area by J
Elson. The format of the thesis <conforms with the
guidelines of the Department of Geological Sciences.
style used 1s that acceptable to the Journal of Geochemn

Exploration.
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INTRODUCTION

In the summers of 1985 and 1986 a survey of surficaial
geology, geomor phology and shallow overburden geochemistry
was conducted in an area of 2400 km® in southwestern
Gaspésie, Quebec (Fig. 1). The two main objectives of the
survey were (1) to evaluate t he role of glacuial and
non—-glacial processes 1n producing gold and other heavy
mineral anomalies 1n stream sediments of the Assemetquagan
River basin (Maurice, 1986), and (2) to suggest areas of
possible gold mineralization in bedrock through mineralogical
and geochemlcal analysls of shallow overburden, Two
geochemical surveys were <carried out, a regional survey
including major, trace element and heavy mineral concentrate
(HMC) analyses, and a local HMC survey 1in a 36 km? area
surrounding the principal alluwvial gold occurrence in
southwestern Gaspésie, at the mouth of the Assemetquagan
River. Geochemical data from these surveys together with
preliminary interpretations have been reported (Bernier et
al., 1987). This thesls examines parameters which control
the distribution of gold in overburden across the area in an
attempt to determine factors that should be considered in the
design and interpretation of shallow overburden surveys as
an aid to gold exploration 1n the region.

Parameters examined in the interpretation of the
geochemical and mineralogical data can ‘be grouped into two

sets: (1) lithological parameters - compositional and



Figure 1.

Location of the thesis area and tectono-
stratigraphy of western Gaspésie (after Poole
and Rodgers, 1972; Kirkwood and St-Julien, 1987;

Malo, 1987).

T.D. = Taconic Domailn
C.G S. = Connecticut Valley - Gaspé Synclinorium
G.T. = Gaspé Trough
A.P.A. = Aroostook - Percé Anticlainorium
C.B.S. = Chaleur Bay Synclinorium
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structural features of bedrock wunits and (2) overburden
parameters - compositional characteristics and distribution
patterns of overburden types. The extent to which overburden
parameters reflect underlying lithological parameters 1is

determined by the processes that have formed or modified the

overburden. In the project area, such processes include
pre-glacial weathering and erosion, glacial erosion,
transport and deposition, and post-glacial slope, fluvial
and groundwater action. An understanding of how these

geomorphic processes influence the composition of overburden
is required for the interpretation of the geochemical and
mineraloglcal patterns, and is essential to the design and
interpretation of all overburden surveys.

The thesis area is characterized by faulted sequences of
gently folded and recrystallized Siluro-Devonian sedimentary
rocks, complex geomorphic and glacial histories and
relatively discontinuous and thin glacial dri1fr cover. These
characteristics are recorded in various degrees by heavy
minerals in the overburden. Heavy minerals are examined 1in
the interpretation of the geochemical data and are used to
evaluate shallow overburden surveys as an aid to gold

exploration in the region,

LOCATION OF THE THESIS AREA
Gaspésie Peninsula comprises that part of the Province
of Quebec between the St-Lawrence River to the north and

Baie-des-Chaleurs to the south, and extends from the




Matapédia valley in the west to the Gulf of St-Lawrence in

the east. The thesis area (Fig. 1) is in the southwestern
half of the peninsula. It is bounded by Latitudes 66° 30°
and 67° 30', and Longitudes 48° 00' and 48° 30°. The area

covers parts of National Topographic Series maps 22-B2, B3,
B6, and B7, at a scale of 1:50 000, and includes the
following topographic regions: the Matapédia valley south of
Amqui, The Causapscal and Assemetquagan River basins, parts
of the Milnikek, Moulin and Escuminac River basins, and the
upper section of the Baie-des-Chaleurs drainage basin east of
the Matapédia River and west of the Escuminac North River.
PREVIOUS INVESTIGATIONS OF SURFICIAL GEOLOGY, GEOMORPHOLOGY
AND GEOCHEMISTRY

There have been numerous investigations of surficial
geology in Gaspésie Peninsula over the rast 100 years but
these have largely been conducted along the easily accessible
perimeters, especially along the north coast and in the
Shickshock Mountains, With the exception of a few
reconnaissance traverses along the Matapédia valley (Alcock,
1935; McGerrigle, 1950) the first detailed studies of the
surficial geology of southwestern Gaspésie began in the early
1970’s at the same time as large-scale surveys of stream
sediment geochemistry were being initiated. Early
information on the physiography and geomorphic history of the
peninsula is largely the result of work done by F.J. Alcock,

although discussions of physiography are included in many




geological reports. The following is a chronological summary
of previous investigations. Emphasis 1is placed on the
studies which have dealct with the glacial geology,
geomorphology and surficial geochemistry of southwestern
Gaspésie. Previous investigations <concerning the 1local
survey area are reported on pages 87-89.

The earliest studies of surficial geology were
conducted along the <coasts of the peninsula (Bell, 1863;
Chalmers, 1881, 1882, 1886, 1887a, b, 1905; Goldthwait, 1911,
1912). The contribution of R. Chalmers, who investigated the
glaci1al geology of the Appalachian region of Canada in the
period 1874-1904, is of historical importance, His classic
studies of ice flow indicators and drift transport across
southeastern Quebec and the maritime provinces were
synthesized in the first model of glaciation of the northern
Appalachians (Chalmers, 1890) and later led to the
development of the first theory of glaciation of the Gaspésie
peninsula (Chalmers, 1906). The surficial deposits of the
region bordering Baie-des-Chaleurs were first examined by R.
Chalmers between 1874 and 1886 and later by F.J. Alcock 1in
the period 1928-1931. Alcock’'s comprehensive (1935) report
contains a detailed treatment of the physiography and
geomorphic evolution of the Gaspésie, 1ncluding a discussion
on the development of the Matapédia drainage system (Alcock,
1935; p.116-118). On the basis of detailed observations of

topography and drainage, and following Davis’ (1909) popular




peneplain theory, Alcock (1935) proposed a polyphase
geomorphic history for the Gaspésie peninsula, He attributed
the development of the upper plateau of the Gaspésie

(Shickshock Peneplain; Alcock, 1944) to a first cycle of

erosion which ended in late Cretaceous or early Tertiary
times, Uplift of about 500 m inaugurated a new cycle of
erosion. The lower plateau of the Gaspésie represents the

development of a second peneplain (Gaspé Peneplain; Alcock,
1944) on the sedimentary rocks surrounding the Shickshock
Mountains, Further uplift resulted 1in the inauguration of a
new cycle of erosion and the development of the present
valley system, Alcock (1935) suggested that the steep lower
cross—-profiles of several wvalleys was the result of a
relatively recent uplift episode in late Pliocene times.

The surficial geology of the interior of the peninsula
was first examined in the region of the Shickshock
Mountains, The summit plateaus of Mounts McGerrigle and
Albert were visited by A. Mailhot and A. Coleman i1n 1918,
Their opposing views regarding the glaciration of the highest
summits of the peninsula (Mailhot, 1919; Coleman, 1922)
initiated a controversy. From 1918 to 1952, the Shickshock
Mountains were the <¢entre of numerous 1investigations and
debate aimed at resolving whether or not the summit plateaus

were glaciated (Fernald, 1925; Alcock, 1922, 1924, 1926,

1935; Jones, 1933, 1939; Aubert de 1la Rie, 1941; Flint et

al., 1942; Carbonneau, 1949; McGerrigle, 1650). McGerrigle
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(1952) summarized the work of his predecessors and the
results of his own investigations, and described the
surficial geology and glacial history of the peninsula.
These investigations brought a4 wealth of new 1information
regarding the extent of glaciation of the Shickshock
Mountains as well as their preglacial and post-glacial
histories. This 1information still forms the basis for
geomorphic and glacial research in the area (Gray and Brown,
1979; Allard and Tremblay, 1981; Hétu and Gray, 1980, 1981,
1985; Chauvin, 1982, 1983, 1984; David and Lebuis, 1985;
Prichonnet and Desmarais, 1985; Chauvin et al., 1985).

The gradual loss of popularity of the Davisian concepts
of erosion cycles and peneplains prompted some researchers to
examine in more detail the relation between topography and
underlyaing bedrock characteristics. Mattinson (1958)
constructed projected profiles across the Shickshock
Mountains in the region Mount Logan and made comparative
cumulative counts of summit altitudes. He found only
moderate accordance of summits at 550-670 m and 700-880 m
above sea level (a.s.l.). Ollerenshaw (1963, 1967) made
comparative cumulative counts of summit altitudes and
obtained accordances at several levels which he attributed to
lithological control. Lespérance (1960) conducted slope
analyses and constructed a series of 12 projected profiles
across the Lake Temiscouata region, to the west of the

Matapédia valley. He found a <correspondence between the




altitude of the area’'s surface and the order of resistance to

erosion of the bedrock. Raudsepp (1969) conducted frequency
distribution measurements of summit altitudes from 20 rock
types in western Gaspésie. He found that frequency
distribution of altitude parameters were related to base
level and that arithmetic mean altitude was an index of
relative bedrock erodibility.

In 1967 and 1968 the Société Québécoise d’Exploration
Miniére (SOQUEM) conducted detailed stream sediment surveys
to outline possible zones of mineralization in the west half
of Bonaventure county (Dionne, 1968, 1969; Kelly and
Tremblay, 1971). In 1972 the Government of Quebec decided
to extend the stream sediment sampling to obtain a
geochemical inventory of the entire Gaspésie peninsula
(Tremblay et _al., 1975; Tremblay and Choiniére, 1978a, b;
Tremblay and Wilhelm, 1978; Choiniére, 1982)., The results of
the 75 000 sample survey were published in 7 geochemical
atlases and later compiled in a set of 1:50 000 scale maps
(Choiniere, 1984). One of the main findings of the massive
survey was that the concentration of trace elements in the
stream sediments varies characteristically across the
peninsula with changes in underlying rock types,. Choiniere
concluded that Pleistocene glacirations had little 1nfluence
in shaping the observed geochemical patterns except in the
north-central part of the peninsula where north-northeastward

geochemical dispersion could be associated with northeastward
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e glacial transport of drift as documented by Chauvin (1982).
§ il Tremblay and Wilhelm (1978) analyzed heavy mineral
concentrates from 800 stream sediment samples collected in

northwestern Gaspésie. They divided the region extending from
Ste-Florence to the St~Lawrence River into fives zones based
on heavy mineral assoclations, The upper half of the thesis
area falls within Tremblay and Wilhelm’s (1978) zone of high
garnet, Ti-mineral and 2zircon in heavy mineral concentrates
of stream sediments.
To coincide with the program of stream sediment
surveys, the Government of Quebec 1nitiated 1n the early
| 1970's a project of systematic mapping of surficial deposits
; in the western half of the peninsula (Lebuis and Davaid, 1972;
L Lebuis, 1973a, 1973b). A set of 1-50 000 scale surficial
|
; geology maps was presented by Lebuis (1975) (revised by
Gauchlier, 1984) and later formed the basis for the development
of a stratigraphic framework for the glacial deposits of
western Gaspésie (Lebuis and Davad, 1977). Follow up work,
mainly by Lebuis, led to publication of a revised theory of
glaciration (David and Lebuis, 1985). According to the
authors, western Gaspésie can be divided 1nto four zones on
the basis of the areal distribution of glacial erosion and
deposition features, and erratics . They attribute the zonal
distribution of glacial features to variations in basal ice

conditions beneath an 1ce sheet derived from the fusion of

southeast flowing Laurentide 1ce and a local 1ce cap. Breakup




of ice in the St-Lawrence river during the deglaciation stage

of the area would have caused an inversion of the surface
slope of the ice mass which provided the necessary conditions
for late glacial reversal of flow and transport of material
from south to north as documented by Lebuis (1973). The
stratigraphic framework and the various concepts proposed by
David and Lebuis (1985) have provided background for recent
compositional and dispersion studies in the western half of
the peninsula (Prichonnet and Desmarais, 1985; Maurice, 1986;
Chauvin and Davaid, 1987, Bernier et al., 1987) and in
eastern Gaspésie {(Cloutier and Corbeil, 1986; Veillette,
1987, 1988). The data collected by the various authors 1is
the focus of a 1:250 000 scale regional compilation of the
surficial deposits of the peninsula by the Geological Survey

of Canada (Veillette, 1988).

GEOLOGICAL SETTING
Regional Setting

Gaspésie peninsula lies at the northwest margin of the
Appalachian orogenic belt on the continental mainland
(Poole, 1976). It consists of Paleozoic assemblages of
sedimentary, metamorphic and volcanic rocks deformed into
broad, northeast trending, fault-controlled belts. Four
tectono-stratigraphic divisions are defined in western
Gaspésie (McGerrigle, 1954; Neale et al., 1961; Poole and

Rodgers, 1972) (Fig. 1; Table 1): The Taconic Domain in the
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1 Gaspé Sandstone 5 Shickshock South fault

2 Gaspé Limestone 6 Ste-Florence fault

3 Chaleur Group 7 Matapédia (Restigouche) - Grand Pabos fault

4 Matapédia Grouwp 8 Sellarsville fault

Table 1, Lithostratigraphy of western Gaspésie, (after Stearn, 1965; Lachance, 1974, 1977,

1979; Bourque and Lachambre,1980; Kirkwood and St-Julien,
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1987; Malo, 1987)




Figure 2.

Geological map of the thesis area (modified after
Skidmore, 1977, 1980) showing mineral occurrences

(after Maurice, 1986;
Bellemare and Germain,

Bergeron et al., 1986;
1987).
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north is a belt of highly contorted Cambro-Ordovician flysch,
metasediments and metavolcanics (Québec Super Group),
deformed and uplifred during the Taconic Orogeny (Middle-
Late Ordovician), and later intruded by Upper Devonian
ultramafic and felsic igneous rocks (Mounts McGerrigle and
Albert complexes). To the south are the Connecticut Valley
- Gaspé Synclinorium, the Aroostook - Percé Anticlinorium
and the Chaleur Bay Synclinorium, structures formed during
the Acadian Orogeny (Middle-Late Devonian) which consist of
gently folded and faulted Upper Silurian to Lower Devonian
strata locally intruded by, or interbedded with intermediate
and felsic volcanic rocks. The Carboniferois sands of the
Bonaventure Formation, exposed along the southern margin of
the Chaleur Bay Synclinorium, unconformably overlie the rocks
affected by Acadian tectonic deformation and display minor
deformation features attributed to the Alleghenian Orogeny
(Carboniferous-Permian) (Malo, 1987).

The four tectono-stratigraphic belts are separated by
major southwest to northeast trending faults (Table 1, Fig,
1). The Shickshock South fault in the north is an east
trending and south dipping fault displaced by a system of
secondary north to south trending strike-slip faults
(Ollerenshaw, 1963; Lachambre, 1987) and 1t separates the
Taconic Domain from the Siluro~-Devonian strata of the
Connecticut Valley - Gaspé synclinorium to the south., The

southern boundary of the Conrnecticut Valley - Gaspé
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Synclinorium is the Matapédia (Restigouche) fault (Lachance,
1977, 1979). The Matapédia fault merges with the Grand Pabos
fault in the east, forming a strike-slip fault system with a
dextral displacement estimated to be clouse to 250 km (Malo,
1987). The Seilarsville fault, which separates the Aroostook
- Percé Anticlinorium from the Chaleur Bay Synclinorium to
the south, 1s a northwest dipping reverse fault (Kirkwood and
St-Julien, 1987). It merges in the southwest with the

Rafting Ground fault of northern New Brunswick,

Bedrock Geology

The numerous bedrock geology maps of Gaspésie peninsula
(Alcock, 1926, 1935; Parks, 1931; Jones, 1933; McGerrigle,
1950, 1953; Carbonneau, 1953; Bélan, 1957, 1958, 1960;
Ollerenshaw, 1961, 1963, 1967; Stearn, 1959, 1965; MacGregor,
1961, 1964) were compiled by McGerrigle and Skidmore (1967)
and Skidmore (1977, 1980), to provide a framework for the
region under study. Details of the lithostratigraphy and
structure were obtained from Bélan (1960), Stearn (1965),
Lachance (1974, 1977, 1979), Hubert and Bélan, (1978);
Bourque and Lachambre (198C), Malo (1987), Kirkwood and
St-Julien (1987), and Dalton (1987).

The northern 90%7 of the ©project area lies in the
Connecticut Valley - Gaspé Synclinorium (Figs. 1, 2). Second
order divisions 1in the synclinorium are separated by the

Ste-Florence fault, a south dipping reverse fault (Kirkwood
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and St-Julien, 1987). The portion of the synclinorium north

of the fault <consists of a succession of Siluro-Devonian
strata gently deformed into broad northeast trending
anticlines and synclines. The oldest outcropping member of
this succession is the St-Léon Formation (Fig. 2, Unit 2), a
lower Silurian calcareous siltstone exposed in the crests of
anticlines on the east and west sides of the Matapédia River
(Crickmay, 1932), and in a narrow belt along the Matapédia
fault in the southeast corner of the thesis area. The
St-Léon Formation 1s conformably overlain by lower Devonian
argillaceous limestones of the Cap Bon Ami Formation (Unit
3) and silty limestones of the Grande—-Gréve Formation (Unit
4., In fault contact with the Cap Bon Ami limestones to the
north is a broad syncline in which are exposed the youngest
rocks in the area, the red arkosic sandstones of the Lake
Branch Formation (Unit 8) and the underlying argillaceous
sandstones of the York River Formation (Unit 7). The York
River and Lake Branch Formations belong to a4 sequence of
Lower to Middle Devonian terrigenous c¢lastic sediments
referred to as the Gaspé Sandstones (Lachambre, 1987).
Included in the sequence are the arkosic sandstones and
calcareous siltstones of the York Lake Formation (Unit 6)
which outcrop in the northeast corner of the area. The York
Lake Formation grades downward into the Grande-Greve
limestone and upward into the York River sandstone. The

weakly metamorphosed, Lower Devonian siltstones and slates of
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the Fortin Formation (Unit 5) outcrop in a 25 km wide trough

south of the Ste-Florence fault (Dalton, 1987). The
siltstones and slates along the northern faulted boundary
are interbedded with intermediate volcanic and pyroclastic
rocks known as the Ste-Marguerite volcanics (Stearn, 1965).
The southern limit of the Fortin Formation, the Matapédia
fault, marks the boundary between the Connecticut Valley -~
Gaspé Synclinorium and the Aroostook -~ Percé Anticlinorium to
the south. The part of the anticlinorium 1n the lower
fringes of the thesis area exposes the Lower Silurian banded
argillaceous and silty limestones of the White Head
Formation (Unit 1), the youngest of two formations in the
Matapédia Group (Malo, 1987)(Table 1).

Mineral Occurrences

Known mineral occurrences in southwestern Gaspésie
(Fig. 2) are found south of the Ste-Florence fault. Most are
south of the Matapédira fault in bedrock of the Matapédia and
Chaleur Groups (Bellemare and Germain, 1987). The occurrences
are small base metal and gold showings close to major faults
or in their shear zones. A description of mineral occurrences
in the study area is given 1n Appendix 1.

The more 1mportant base metal occurrences are in the
Matapédia group, a few kirlometres south of the Matapédia
faulte. The Matapédia fault 1s the western extremity ol the
Grand Pabos fault, a major Acadian structure and mineral

exploration target (Savard, 1085) which extends across the
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southern margin of the peninsula. The mineralizations are in
limestone skarns intruded by felsic dykes and sills. The

hydrothermally altered rocks are host to a suite of sulphide

minerals, mainly pyrite, pyrrhotite, arsenopyrite and
bornite, with minor malachite, sphalerite, galena and
molybdenite (Lachance, 1974, 1977, 1979). Several of the

large copper ore deposits in the northeast part of the
peninsula are of this type (Maurice, 1986).

Three small mineral occurrences, two of which are
auriferous, are in large quartz veins which transect
siltstone and slate beds of the Fortin Formation (Fig. 2).
The Fortin Formation is cut by a complex system of massive
quartz veins, with widths of up to 2 m. Bergeron et _al.
(1986) surveyed the gold potential of Fortin quartz veins in
the Assemetquagan River basin. They found that Au was
correlated with As and Sb and that the highest
concentrations of these elements were associated with pyrite
and arsenopyrite in both quartz vein and wall rock host.

Bedrock formations south of the Ste-Florence fault

(Fig. 2) are also sources of a number of alluvial gold
occurrences. The most important of these is in the 1lower 2
km segment of the Assemetquagan River, The occurrence has

been the focus of several investigations (Girard, 1985;
Maurice, 1986; Bergeron et al., 1986), but no obvious bedrock

source for the gold has been found.
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Surficial Deposits and Glacial History

Surficial deposits 1In southwestern Gaspésie include
glacial drift (mainly ¢till but some stratified deposits),
alluvium of mixed fluvioglacial and non-placiral origin,
colluvium, rubble, organic deposits and diamict materials of
uncertain origin (Lebuzss, 1973, 1975, Lebuis and Davaid,
1977). In the northern half of the project area, ¢till
thicknesses average as much as 2 m, and eskers and other
ice-contact stratified drifec and outwash are common (Fig.
3, Plates 1, 2). The till on the upland areas and in valley
bottoms has a low matrix-to-clast ratio, a s1lty to sandy
matrix, varies from light brown to dark gray 1in color, and
contains a large component of locally der rved bedrock
fragments with a smaller component of c¢oarse tar-travelled
material, Colluvium on valley slopes 15 not extensive and 1s
commonly derived from the till,

In the southern half of the study area (south of Ste-
Florence), glacial deposits are limited to a tew occutrences

of ice—-contact stratified drift in the Matapédia valley (Fig.

3, Plate 3). The valley contains much sand and gravel on the
floor and in terraces. Some of this 1s outwash, much of
which has been reworked by the present triver,. Alluvial fans

deposi1ted by tributary streams are numerous and are still
active, The upland areas are mostly covered by a thin veneer
of rubble in which occasional erratic clasts are ftound. the

upper horizon of the overburden in certaln places conslsts of
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Figure 3.

Generalized map of surficial deposits with ice flow
indicators shown (modified after Lebuis, 1973,
1975). The 0.1 wt.% heavy mineral abundance line
defines the approximate southern boundary of thick
glacial drift on the upland surface.
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Plate 1. Southern panorama across a segment of the upper
Matapédia valley. View toward the southwest.

a: Undulating upland surface and gently sloping
west wall.

b: Flat valley bottom underlain by floodplain
alluvium,.

c: Ice-contact stratified drift deposits (kames)
restricted to the east side of the wvalley.

Photographs taken at site 262, 2.5 kw north of
Ste-Florence (d). The Matapédia River meanders
across the floodplain in an overfit fashion. At
point {(e) the river flows against the west wall
of the valley, from right to left across the
photographs.
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Plate 2.

Plate 3.
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An example of the thick fluvioglacial sediments
which cover the upland west of Causapscal.
Photograph taken at site 129 (Appendix 6).
Crossbeds give a north-northwest melt water flow

direction.

View north of the main 1ce-contact stratified drift
deposits in the southern, narrow segment of the
Matapédia valley. Photograph taken at site 265,
2.8 km south of Ste-Florence. The deposit occurs
on the east wall of the valley.
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Plate 4.

Thick layered colluvial
deposits at the foot of the
southeast wall of the lower
1 km segment of the
Assemetquagan valley. The
colluvial deposit 1s
composed entirely of Fortin
bedrock and may predate the
last glaciation of the area.

Plate 5. Formation of rubble (1) from dctive physical

weathering of fissile Fortin slates (2).
abrasion and polishing (3) protects tLhe
weathering Photograph of an cutcrop on

wall of the Matapédia valley, 500 m south

mouth of the Moulin River.
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well sorted silt and may be windblown. David and Lebuis

(1985) noted that in places the upper horizon of the rubble
showed evidence of remobilization. They suggested that the
upper horizon was a monolithological till formed during the

final stage of deglaciation of the area.

Valleys eroded into the fissile slates and siltstones
of the Fortin Formation are lined with extensive and
commonly thick sheets of colluvium (Plates 4, 5). Some of

the colluvial deposits examined along the lower 2 km segment
of rthe Assemetquagan valley are monolithologic, consisting
entirely of Fortin rock, and possibly predate the last
glaciation of the area.

Erratics are found throughout the area, in stream beds,
on valley slopes and sparsely scattered over the wupland
surface, The most abundant erratics are derived from
resistant formations within or adjacent to the area. The
most common indicators of short-range transport are sandstone
and siltstone cobbles and boulders of the York Lake, York
River and Lake Branch Formations, and white orthoquartzite
erratics of the Val Brillant Formation which outcrops north
of the Shickshock South fault 1n the vicinity of Lake
Matapédia (Ollerenshaw, 1967; Lachambre, 1987). Rare
anorthosite, gneiss and granite erratics irregularly
dispersed over the area are evidence of long-range transport
from Precambrian sources on the north side of the St-Lawrence

River and suggest that the main transport direction was
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toward the southeast,. Evidence for ice transport and

deposition of Shield debri1s across westetn Gaspeéstie 1s well
documented (Alcock, 1935; McGerraiple, 1952; Lebuis, 1973,
Lebuis and David, 1977, Prichonnet and Desmatais, 1985,
Lortie and Martineau, 1987) and assigned a Middle to Late
Wisconsinan age (David and Lebuirs, 1985, Dredge and
Thorleifson, 1987). Much uncertainty exists however, as to
the exact timing, limits and patterns of Laurentide 1ce f{low
and deposition, especially 1in southwestern Gaspésie. Grant
(1n press) has suggested that some of the glacial deposits ot
western Gaspésie are derived from an Early Wisconsinan
Laurentide ice flow episode.

The few glacial striations observed (Fi1g. 3) mostly
record ice movement directions during the deglactation stage
of the area (14000-12000 years b.p.), as restdual Laurentide
ice flowed outward from a divide running along the south-
central part of the peninsula (David and Lebuls, 1985).
Residual Appalachian 1ce in Baie-des-Chaleurs during this

time temporarily blocked drainage o! the Matapédia River,

resulting in thick accumulations of outwash 1n the lower
reaches of the Matapédia wvalley (Fi1g. 3) Rate ecast-to-
northeast trending striations reflect an  older tce tlow
episode from the west, A small number of erosional and

depositional features 1n northern New Brunswick recotd pre-
late Wisconsinan glacial movements from the west southwest

(Rampton et _al., 1984) and support the tenuous evidence 1n
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the study area for an early glacial flow episode from the

west.

GEOMORPHOLOGY
Physiographic Setting
Gaspésie Peninsula forms the northeastern extremity of

the Appalachian Physiographic Region 1in the Province of

Quebec (Bostock, 1970). The Shickshock range at the
northeast end of the Notre Dame Mountains is the dominant
topographic feature, rising 600-1200 m above sea level
{a.s.1.) in a narrow southwest-to~-northeast trending belt,
25-40 km 1nland from the northern coast (Fig. 4). The

mountains are flanked by a series of flat to gently
undulating pleteau-like uplands with altitudes of 400-600 m
a.s.1., which have been interpreted as remnants of erosional
surfaces, or peneplains developed at the end of the Mesozoic
or at the beginning of the Cenozoic (Goldthwaict, 1924 ;
Alcock, 1926, 1935; Blanchard, 1935; McGerrigle, 1959;
Mattinson, 1964; Skidmore, 1965; Stearn, 1965; Birot, 1970).
The plateau—like uplands rise steeply from the north coast
and gently from the east and south coasts and are dissected
by a well developed network of rivers and streams. The main
valleys have floors ranging 1n altitude from 50 to 300 m
a.s.1l. and contain rivers which flow transverse to the
structure with smaller subsegquent tributaries developed along
the direction of structure. The highest summits 1in the
peninsula are the table-top plateaus of Mounts McGerrigle and
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Figure 4. Physiography of western Gaspésie.
(Landsat image E-1760-14440, 22 Aug. 1974)

1. Shickshock Mountains (alt.: 600-1200 m a.s.1l.)
2. Mount McGerrigle Plateau (alt.: 1000-1200 m a.
3. Mount Albert Plateau (alt.: 1000-1100 ma.s.l.
4, Notre Dame Mountains (alt.: 200-1200 m a.s.1l.)
5. North-facing Upland (alt.: 200-600 m a.s.1l.)
6. Lake Matapédia (alt.: 157 ma.s.l.)

7. Lac-au-Saumon (alt.: 148 ma.s.l. )

8. Lac Mitis (alt.: 270 m a.s.1.)

9,

South-facing Upland (alt.: 400-600 m a.s.1l.)

s.1.)
)

10. Baie-des-Chaleurs Lowland (alt.: 200-400 m a.s.l.)

11. Baie-des-Chaleurs
12. Restigouche River
13. Matapédia River
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Albert at the east end of the Shickshock mountains. Several

peaks are over 1000 m a.s.1., including the highest peak of
the Canadian Appalachians, Mount Jacques Cartier (1267 m

a.s.1.), which is in the Mount McGerrigle plateau.

Geomorphology of the Thesis Area

The thesis area extends south-southeast from the
southern flank of the Shickshock Mountains to a few
kilometres south of the divide between waters flowing into
the Matapédia River to the west and Baie-des-Chaleurs to the
south (Fig. 1). The area is described as a platcau (Alcock,
1928, 1935; Sctearn, 1965; Raudssep, 1969; Lachance, 1979;
Girard, 1885) and the term 1s apt as far as the wupland
surface 1s concerned. The topography 1is an upland with
altitude of 250-600 m a.s.1. (Fig. 5), crossed by subparallel
chains of low, rounded asymmetric ridges and elongated hills
oriented 1in the direction of structure. Projected profiles
(Appendix 3) show the hills on this upland to be relatively
low relief features with gentle to moderate slopes and
rounded summits. The summits are between 30 and 90 m above
the surrounding upland which has 30 to 50 m of relief. The
upland surface 1s dissected by a well developed system of
southeast trending valleys and southwest trending subsequent
tributary valleys (Fig 6). The alternation of hi1ills and
ridges, flat interfluvial areas and steep-sided incLsed
valleys forms a rugged topography (100-450 m) below a gently
rolling to undulating, relatively low relief (30-50 m) upland
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surface (Plate 6.).

The upland surface rises gently from the north and south
and steeply from the west toward an east-central highland
underlain in part by resistant York River sandstones, but
mostly by weak Fortin slates and siltstones (Fig. 5). Summit
altitudes are between 260 and 640 m a.s.1l., and floors of the
major river valleys range from 46 to 229 m a.s.l. The
highest point (640 m a.s.1.) is a ridge top on a north-facing
fault-line scarp which separates the York River sandstone
from the weaker Grande-Gréve limestone to the north, and the
Causapscal River basin from the Assemetquagan River basin to
the south. Two other summits have elevations greater than
600 m a.s.1. The first (603 m a.s.1.) 1is the top of a
southwest dipping bed of York River sandstone in the upper
Assemetquagan River basin, and the second (602 m a.s.l.) a
hilltop developed on Fortin slates where they are drained by
an east flowing tributary of the Escuminac River at the east-
central margin of the area. The lowest point, at the south
end of the Matapédia River, has an altitude of 30 m a.s.l.
Thus the maximum relief in the area is 610 m.

Projected profiles (Appendix 3) show upland surfaces at
varicus levels. In the north half of the area (north of the
Ste-Florence fault) two upland levels are identified (305-420
and 260-305 m a.s.l.), corresponding to areas east and west
of the Matapédia valley (Fig.5). These low level wupland

areas show evidence of glacial erosion (Lebuis, 1973) and
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are 1important sites of accumulation of thick drift and

fluvioglacial sediments (Fig. 3). Several upland levels are
identified in the south half of the area. The ridges and
hills developed 1in bedrock of the Fortin Formation on the
east side of the Matapédia valley are separated by gently
rounded and inclined uplands with levels at 366-427 m a.s.1l.,
427-503 m a.s.l., and 503-533 m a.s.l. The upland between
the Milnikek, Matapédia and lower Assemetquagan Rivers forms
the floor of a broad southeast trending depression which
transects geological structure at an altitude of 244-290 m
a.s.1l. In the southern quarter of the thesis area, south of
the southern divide of the Assemetquagan River, the ridge and
depression topography of the upland is less pronounced. The
upland 1is underlain by weak Fortin slates and White Head
Formation limestones which are truncated by surfaces at the
290-375 and 411-457 m a.s.l. levels., The upland surfaces
slope south toward Baie—~des-Chaleurs.

Drainage

The thesis area drains southeast to Baie-des-Chaleurs
(Figs. 1, 5). The northern two-thirds of the area is drained
by the Matapédia River and its tributaries. Four tributarlies,
the Assemetquagan, Causapscal, Milnikek and Matalik Rivers
(Fig., 6; Appendix 2) have drainage basins which cover more
than 80% of this area. The area south of the southern divide
of the Assemetquagan River basin drains directly 1nto Baie-

des-Chaleurs via a system of subparallel rivers and strecams.

29




Color contoured relief map of the thesis area,
southwestern Gaspésie. Sketched and reduced
from National Topographic Series, 1:50 000
maps 22-B2, B3, B6, B7, Bl10 and Bll1.

Figure 5.
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Figure 6.

Drainage map of the thesis area, southwestern
Gaspésie. Sketched and reduced from

National Topographic Series, 1:50 000 scale
maps 22-B2, B3, B6, B7, B10 and Bll1l.
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Plate 6.

Plate 7

North-northeast view from the top of Mount Angus
(UTM 624000E 5161750N) showing the undulating
upland surface drained by the Causapscal River
basin The upland rises gently to the north to
form the southern margin of the Shickshock
Mountains (Background).

[

View notth showing the lower Matapdédia valley The
ancient valley floot torming the upland between the
Matapédia and lowel Asscmetlyudgan KRivers 165 seen on
the east (right) side ot the river
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These include Flatland, Fraser and Moulin Brooks in the west,
The Kempt River and its tributaries in the central part, and
western tributaries of the Escuminac River in the east (Fig.
6; Appendix 2). All but one of the lakes in the study area
are in more vresistant bedrock north of the Ste-Florence
fault. The highest concentration of lakes, including the two
largest lakes 1in the area, Lac-au-Saumon and Lac Casault,
occurs in sandstones of the York Lake and York River
Formations and silty limestones of the Grande-Greéve
Formation, Ollerenshaw (1967) noted that 70% of the lakes in
the Cuog-Langis region to the north were in bedrock of these
formations. Lac Casault, Lac-au-Saumon and Lac-des-Huit-
Milles are 1n the cores of two of the broad synclines in the
area (Fig. 2).

DPrainage lineaments (Fig. 7) indicate that the drainage
pattern, espec1ially that of the first and second order
streams, 1s strongly controlled by lithology and structure
Drainage lines follow two main orientations, either parallel
to the northeast trending structural grain of the rocks or
perpendicular to 1it. Structure and lithology have imparted a
general weakness to the rocks which 1s reflected in the
tendency of low order streams oriented parallel ¢to the
direction of structure to be much longer than those crossing
structure. Low order streams combine to form higher order
drainage lines with segments following one of the two main

orirentations. The Assemetquagan and the Causapscal Rivers
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Figure 7. Map of drainage lineaments, sovuthwestern
Gaspésie thesis area.
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have arcuate reaches resulting from combinations of channel
segments with these two main orientations.

Streams in the northwestern third of the area trend
southeast across broad anticlinal and synclinal structures
with smaller subsequent tributaries flowing n valleys
between resistant beds. On the west side of the Matapédia
River, drainage has an 1irregular, partly deranged pattern
which 1s the result of pglacial erosion and latet deposition
of drift and fluvioglacial sediments. The Causapscal basin
has a modified dendritic pattern. The large atcuate patltern
of the main channel which gives the system an clement of
radial drainage reflects an adjustment to structure.
Strucctural control is reflected n (1) the patrallel-to-
bedding course of the river along the noith margin ot the
area and (2) the change of flow direction ftrom west to
southeast, as the river flows on weak Yotk Lake sandstone
beds which are folded around the core ot a large northeast

lungain syncline where the York River sandstone 15 e¢xXposed
*

(3) the shift of tlow from southeast to southwest atound the
nose of an anticline whete the si1ltstones and limestonces of
the Cap Bon Am1 Formation are exposed, and (4) the retuin to
westward flow parallel to bedding along the lower } km

segment of the river (Figs 6, 7)
Low order strcams in the Causapscal River basin trend
northeast 1n the dire~ti1on ot structute and have junctions

with higher order streams varying from acute to right angles
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The drainage in the west half of the basin has a higher
degree of integration than in the east half where glacial
activity has resulted in a local modification of drainage
density and pattern. The Causapscal South River drains the
flat low-lying area east of Lac—des-Huit-Milles and west of
the main Causapscal Rxver channel (Appendix 2) The thick
accumulations of organic deposits which underlie this area
are characterized by a very 1low drainage density (< 0.5
km/kmy), and they give the Causapscal South River a very
s1nuous and i1rregular pattern with very few tributaries,

Iin <the central part of the area, between the Ste-
Florence fault and the southern divide of the Assemetquagan
watershed, streams have a modified dendritic pattern with
first and second order streams forming sharply rectangular
patterns. Southeast trends tend to be to be closely spaced
while northeast trends are farther apart. In several places
the asymmetric, coarsely pinnate pattern of low order streams
is a response to the dip direction of the rocks. All but
two of the main tributaries of the Assemetquagan River trend
southeast across the 1lithology and structure. A second
tendency 1s for higher order cross-structure streams to be
much longer than those parallel to structure. The greater
dissection perpendicular to the main direction of weakness of
the rocks suggests that factors other than the structure have
influenced the larger drainage features of this area.

In the southern quarter of the area (south of the
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southern boundary of the Assemetquagan basin), the streams

have a subparallel pattern trending southeast. Tributaries
of the Kempt and Escuminac Rivers in the southeast corner of
this area form sharp rectangular patterns 1n response to
structure and lithology. Drainage over the White Head
Formation has the highest density 1in the thesas area (1 5-3.5
km/kmz).

Valley forms

Valleys transect the upland surface in a trellis-11ke
pattern following two main orientations, one northeast,
parallel to structure and litiology, and the other southwest,
at right angles to the structure,. Length and si1ze of valleys
depends partly on orientation. The principal valleys or major
tributaries have axes perpendicular to the direction of
structure. Ma)or cross-structure valleys 1incliude those of the
Matapédia, Milnikek, Moulin, Escuminac, Kempt, Creux, Castor,
McDavid, Assemetquagan East, Assemetquagan West and
Causapscal Rivers (Appendix 2).

A striking feature of the area 1s the deep (100-450 m)
incision of major valleys 1nto the gently rolling wupland
surface (plate 8). Projected profiles transverse to the
valleys show that several of the main wvalleys tributary o
the Matapédia (Assemetquagan, Creux, Castor, Assemetquagan
East and West, Causapscal, Causapscal East, Huit-Milles)
have mnarrow, steep lower cross-profiles and broad gentle

upper cross-profiles 1ndicating 1nner valleys 30-150 m below
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| Plate 8. Steep 1ncision of Clark Brook, a tributary of the
Matapédia River, 1nto fissile Fortin slates.
Photograph taken at site 328 (Appendix 7). View
upstream.
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broad older valleys with floors which are now at 250-305 m

a.s.l. In the upper halves of the Assemetquagan and
Causapscal River basins, rejuvenated streams occupy shallow
but steep V-shaped notches 1n broad (500-2500 m), shallow
valleys ervded into the sandstones and the slates. These
broad and shallow ancient valleys are some of the oldest
landforms 1n the area. They are now partly filled by
alluvium and organic matter in their lower parts, and glacial
drift on the upper slopes and 1interfluves.

The Matapédia valley 1is the master valley, forming a
broad, deep southeast trending depression 1n which 1s exposed
a complete cross section of the lithology and structure of
the thesis area. Transverse projected profiles across the
Matapédia valley, between the Milnikek valley 1n the north
(Appendix 4) and the lower Assemetyguagan valley in the south
(Appendix 5), show a broad ancient valley floor at 244-290 m
a.s.l. (Plate 7). A striking feature 1s the difference in
cross—-profile between the upper and lower halves of the
valley. North of Latitude 48° 15' the Matapédia River flows
in a broad, 2.5 km wide flat-floored valley with a wide
floodplain, except at the junction with the Causapscal River
where the valley narrows to a few hundred metres for about
1.5 km. South of this latitude, the Matapédia River |is
confined in a narrow, locally sinuous canyon |.5-2.5 km wide
wlth little or no flood plain Alcock (1928, 19Y35) suggested

that the difference 1n valley form was the result of erosion
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of the upper wvalley by a northward flowing river, to which

the present Causapscal River was tributary. He attributed
the diversion to capture, at Causapscal, of part the
northward flowing river by a tributary of the original
Matapédia River eroding headward from the south. Stearn
(1965) proposed an alternative hypothesis, suggesting the
change in valley form was related to a change in character of
the bedrock over which the Matapédia river flowed, fron
resistant sandstones and siltstones in the upper part of the
valley, to fissile slates 1n the lower part.

Some of the valleys i1n the south half of the area show
anomalies that indicate that a major shift in the direction
of drainage to the southwest has occurred (Fig. 7), and that
the Assemetquagahn River basain developed from the
northeastward headward growth (in the direction of structure)
of a tributary of the Matapédia River, and progressive
capture of Streams that originally flowed southeast to
Baie—-des-Chaleurs. An upper segment of the Assemetquagan
River flows south-southwest for 10 km to a point where it
shifts abruptly to the west to follow structure (Fig. 8,
point 1). In line with the upper axis of the Assemetquagan
River, and 3 km south of the abrupt bend, the Kempt River
North follows a southerly course to join the Kempt River
which discharges 1nto Baie-des-Chaleurs. The presence of a

lake at the divide and a large depression to the north
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Figure 8.

Former drainage routes, southwestern Gaspéosie
thesis area. Solid arrows indicate drainage
modifications as a result of stream piracy.
Open (triangular) arrows show former meltwater
flow directions. The boundary between the
fissile Fortin slates and the resistant York
River sandstone (Ste~Florence fault) is shown
by the solid line. The outlaines of the
Assemetquagan and Causapscal River basins are
shown by dashed lines. Note the northward
headward growth of Assemetquagan River
tributaries across the lithological boundary
resulting in capture of Causapscal River
drainage and progressive northward shift of
the divide. Numbers refer to drainage
modifications discussed in the text. Refer
to Appendix 2 for location of major rivers
and streams.

Assemetquagan River basin
Causapscal River basin
Escuminac River basin
Kempt River basin
Milnikek River basin

I RTmOQ

41




18%15'4
48700

20 xm

66°45"

55°145'

67°00°

67300'

DRAINAGE

¥
87%30
L ag®30’
L. a8%15




suggest a relict through valley, and a former southward

drainage route for the upper Assemetquagan River. A large
windgap at an altitude of 300 m a.s.1l. separates the head of
Gendron Brook from a sharp bend where the upper Creux River
turns west to follow the structural trend (Fig 8, point 2),
suggesting that the upper Creux River once flowed south to
Castor River through Gendron Brook. The floor of the Creux
valley at the sharp bend 1is 80 m below the floor of the older
through valley. A prominent windgap also separates the
valley of the St-Etienne North Brook from a short south
flowing segment of the Assemetquagan River, where the Castor
River enters (Fig. 8, point 3), suggesting a former southward
drainage route for the Castor River. An arcuate valley as
wide and deep as the Matapédia joins the head of St-Etienne
Brook to the Kemptr West River (Fig. 5, Frg. 8, point 4) and
may have been the outlet for the Castor - St-Etienne basin
before headward growth of 4 southwest flowing tributary of
the Assemetquagan River captured the system. Nort heast
growth of the Assemetquagan River would also have captured
tributaries of the Escuminac River. A large depression north
of the divide between the Assemetquagan East River and the
Escuminac River (Fig. 8, point 5) suggests that the
Assemetquagan East and West Ri1ivers were tributary to the
Escuminac River prior to capture. Further evidence for the
rapid northeast growth of the Assemetgquagan River and

capture of southeast flowing drainage lies 1n the gradients
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of tributary streams. Several of the small southeast flowing
tributaries of the Assemetquagan River have gentle wupper
gradients which steepen abruptly a few hundred metres
upstream from the confluence with the main southwest flowing
channel of the river. The abrupt change 1n gradient of the
southeast flowing tributary streams as they enter the main
channel 1is a response to a change in base level caused by the
rapid northeast headward growth of the Assemetquagan Raiver
and progressive capture of socutheast flowing drainage.
Geomorphic Evolution

A close examrination of the geomorphology of the area,
through projected profiles, Landsat image, airphoto and
drainage pattern analyses, reveals a highly developed
landscape system in which topography, drainage, lithology and
structure show evidence of a long history of subaerial
erosion extending back possibly to late Paleozoic time, with
relatively little modification by Pleirstocene glacial events.
The juxtaposition at the surface of bedrock formations with
concordant positions in the stratigraphic column together the
presence of relict landforms (broad ancient valleys, relict
through valleys), the gentle ridge and depression topography
of the upland, the presence of multiple upland levels and the
low relief, undulating or “worn down® character of the upland
are evidence of fluctuations 1n diastrophic activity over
long peri1ods of time. The present pattern and intensity of

denudation, as shown by the steep incision of valleys into a
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gently undulating surface, the active headward advance of the
north divide of the Assemetquagan basin (Fig. 8), the abrupt
change in profile of southeast-flowing tributaries joining
the main channel of the Assemetquagan River, and the strong
tendency of low order streams to adapt ¢to the present
structural arrangement of the rocks reflect a geomorphic
response Cc a relatively recent tectonic uplift event and/or
climatic wvariation.

The starting point i1n the geomorphic development of the
area was the differential upliftr of fault-bounded blocks of
gently folded Upper Ordovician to Lower Devonian sedimentary

rocks during the Acadian orogeny of Middle to Late Devonian

age., In the study area the three main blocks of strata
affected are (1) The Siluro-Devonian sediments of the
Connecticut Valley - Gaspé Synclinorium north of the Ste-

Florence fault, (2) The Siluro-Devonian sediments of the
Gaspé Trough, and (3) the Upper Ordovician strata of the
Aroostook - Percé Anticlinorium south of the Matapédia fault
(Figs. 1, 2). At the time of the Acadian orogeny the area
was entirely covered by the terrigenous Gaspé Sandstone, at
least 4550 m of which 1s still preserved 1n the block of
strata north of the Ste-Florence fault (Stearn, 1965). The
Acadlian compression resulted 1n faulting, uplifec and
thrusting of sediments 1n the Gaspé trough over the scquence
of deeper water limestones formed at the north margin of the

basin and overlying Gaspé sandstone (north ot the Ste-
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Florence fault), exposing the sandstones which filled the
{ trough, Early consequent drainage lines would have developed
flowing both north and south of a northeast trending divide
which was somewhere above the present position of the Fortin
Formation. Drainage discharged toward basins north and
south of the divide. The upper Causapscal River basuin
drained north through the Tamagodi River to the Matane Riwver
during this time (Ollershaw, 1967). A basin at the site of
the present Baie~-des-Chaleurs has been a feature of +the

region since Upper Ordovician times when the Matapédia Group

limestones were deposited The sandstones of the Bonaventure
Formatlon were deposited in this basin during the
Carboniferous Period (Malo, 1987). Long continued uplift and

subaerial erosion removed an estimared 11-12 km of sandstone
which overlay the Fortin Formation and filled the Gaspé
trough in western Gaspésie (Dalton, 1987). As much as 5-7 kn
of Gaspé sandstone north of the Ste-florence fault was also
removed during this interval. Assuming a rate of weathering
for sandstone of 0.3 mm per year (Ch{:rley et _al., 1984) the
removal of 12 km of sandstone in the Gaspé trough could
account for approximately 40 of the 360 million years since
the 1initial Acadian wuplift. The removal of the sandstone
resulted 1n a superimposition of consequent dralnage 1lines
onto the Fortin Formation, causing the present anomalous
southeast and elongated trends of the main tributaries. In

south-central and eastern Gaspésie, Gaspé sandstones still
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overlie the Fortin Formation. The absence of Gaspé sandstone
over the Fortin Formation to the west may be the result of a
higher rate of wuplift in the western part of the Gaspé
trough, assuming sandstone thicknesses were similar
throughout the basin.

A renewal of uplift resulted in a 1ncrease i1in the rate
of erosion and the northeastwaid growth of the Assemetquagan
River which resulted 1in the diversion of a considerable
proportion of the upper Baie-des—Chaleurs drainage to Che
Matapédia River. The capture of the Causapscal drainage by
headward erosion of the Matapédia River, as envisaged by
Alcock (1935), would have occurred during this more recent
phase of uplifc. The acceleration of erosion is expressed in
the steep V-shaped incision below the floors of the ancient
valleys, and the development of low order streams parallel to
the structural trend,.

Subsidence took place beneath the 1ice sheet and local
glaciers in the Pleistocene. The Laurentide 1ce sheet
covered most of the area, with little evidence of erosion and
deposition except 1n parts of the north half of the area.
There is little evidence outside of the Matapédia valley that
1t reached Baie-des-Chaleurs. This was tollowed by a local
glaciation which saw ice spread north and south of a divide
above the Fortin Formation (David and Lebuis, 1985) .
Evidence of the glaciations are limited almost exclusively to

the north half of the area. Topography may have 1nfluenced
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the pattern of flow and deposition of the ice sheet. Drift
deposits and fluvioglacial sediments occur mostly in the low
lying areas west of Causapscal and north of the upper part
of the Assemetquagan River basin.

The area has evolved, and is presently progressing under
metastable equilibrium <c¢onditions, Relict landforms in the
present landscape are evidence of recent fluctuations of
tectonic uplift, and unequal rates of geomorphic response to
the rate of fluctuation, indicating that the long term,
decay—-type equilibrium (Davis, 1909) which may have bheen
achieved in the development of the upper relict topography,
has been disturbed. Individual elements of the present
landscape system are sti1ll adapting to the recent change in
conditions. The high degree of integration of the drainage
system, the strong correlation of low order streams with
structure and the relation of upland topographic features
with present lithology, rock —competency and structure are
indications of a geomorphic trend <toward an equilibrium
between form, lithology, structure, recent deformational

forces and the present climatic regime.

GEOMORPHOLOGY AS AN AID TO GOLD EXPLORATION
The basic premise underlying the use of geomorphology
in mineral exploration is that mineral deposits are in some

way physically reflected 1in the configuration of the terrain,

or genetically associated with geomorphic processes
(Thornbury, 1969, Verstappen, 1983). The type and degree of
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applicability of geomorphic approaches in the search for
economic mineral resources varies according to (1) the type
of mineral deposit and its mode of formation, (2) the
physiographic setting, geomorphic history and climatic regime
of the region of interest, and (3) the relation to other
methods (geophysical or geochemical) employed in exploration,.
Geomorphology has a limited but direct application 1in the
search for mineral deposits with strong surface expressions
or associations with ancient relief forms (Mills and Eyrich,
1966; Smith, 1977; Rowan and Lathram, 1980), and 1n the
search for surface or buried placer deposits (Biliban, 1955;
Kuzvart and Bohmer, 1986; Sivadas, 1987). The use of
geomorphology as a aid to mineral exploration rather than as
a direct prospecting method is more common, The indirect
applications of geomorphic approaches to mineral exploration
are in (1) the mapping of lithology, structure and overburden
types (Ray, 1960; Howard, 1967; Paarma et _al., 1977), (2) the
study of physical and pgeochemical alluvial dispersion
(Slingerland, 1984; Bonham-Carter et al., 1987; Fletcher and
Day, 1988), (3) the study of element mobility and migration
in overburden (Webster and Mann, 1984), and (4) the study of
mineralogical, geochemical and boulder dilspersion in
glaciated terrains (Chauvin and David, 1987; Stea et al.,
1988).

The geomorphology of the southwestern Gaspésie study

area was examiped L1nu the context of the first and last

48




categories of indirect applications. The principle
application of geomorphology to gold exploration using
shallow overburden surveys is in providing basic information
on the various parameters (lithological and overburden) and
processes that control the composition of overburden and the
shape of mineralogical and geochemical patterns.
Geomorphology as an indication of lithology and structure
Structure and lithology are revealed in the morphology
of 1ndividual landforms, in the arrangement of topographic
features and low order streams, and in the density and
pattern of drainage. Once the effects of cross—-structural
negative features (maj)or southeast-trending depressions) are
removed, alignments of hills and ridges become evident and
they outline boundaries of resistant beds striking northeast
and dipping either northwest or southeast as part of large
anticlinal and synclinal structures. Dips of major resistant
beds are indicated by smooth backslopes on asymmetric hills
and ridges and by flat-iron forms, some of which are clearly
visible on Landsat images. Boundaries between major beds are
determined by the step—-11Kke arrangement of hills and
depressions on the upland surface, the alignment of valleys
containing low order streams, and the trellis-1like pattern of
drainage. The Fortin Formation, whose complex lithology and
structure have yet to be mapped, appears on airphotos as a
succession of thick beds of relatively uniform competency but

varying lithology, folded into broad, gentle anticlines and
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synclines, and faulted and fractured in several places.

Structural control is evident in the straight, parallel
northeast trending arrangement of low order streams (Fig. 7),
the northeast-trending straight segments of the main channel
of the Assemetquagan River 1ncluding the lower 1 km segment
where there 1is an alluvial gold occurrence, and in the
arcuate patterns of the Causapscal River. Fault-line
structures are also responsible for the progressive shift to
the west of the Matapédia River (Fig. 2), first along the
fault-line scarp 2 km south of Causapscal, then along a sect
of faults separating two beds of the Fortin Formation at the
mouth of, and 2 km above the Milnikek River, and farther
south along a succession of bedding planes <crossing the
Matapédia River between the mouths of the Assemetquagan and
Moulin Rivers,.

Faults appear as allignments of steep, V-shaped valleys
(fault-line valleys), as steep scarps on asymmetric ridges
(fault-line scarps), or as narrow depressions on the upland
surface, Fault-line valleys outline the position of (1) the
Matapédia faulc and a tributary fault which <crosses the
Matapédia River 1.25 km to the north, (2) the faulted
geological boundary between the York River and Cap Bon Ami
Formations which crosses the southern end of the Causapscal
airport at Laville Brook, and (3) a set of faults which cross
the Matapédia valley near the mouth of the Milnikek River,

one of which crosses the entire Fortin Formation. This last

50




s

fault has an important bearing on the structural arrangement
of the Fortin Formation and as such should be examined in
future structural and bedrock investigations, and mineral
exploration programs. Prominent fault-line scarps occur 2 km
south of Causapscal and at the boundary between the York
River and Grande-Greéve Formation in the northeast corner of
the area. The Ste-Florence fault, a major structure in
southwestern Gaspésie has little topographic expression. Its
approximate posittion can be determined by the <change of
topography, relief and drainage associated with the change 1n
rock type from siltstones and sandstones in the north to
fissile slates to the south. On airphotos the fault appears
only as a narrow notch on a hill west of Ste-Florence, and
less than 1 km north of a string of low rounded hills of

volcanic rocks.

Geomorphology, Overburden Distribution and Composition and
Overburden- +rming Processes

The thesis area can be divided into three broad
geomorphic zones Wwhere overburden distribution and
composition reflect particular combinations of pgeomorphic
parameters (lithology, bedrock composition and competency,
structure, draltnage, topography, and relief) and processes
(pre-glacial geomorphic activity, glacial erosion, transport

and deposition, post-glacial weathering, fluvial erosion and

deposi1tion) (Fig. 9).

Zone 1.

Zone 1 corresponds roughly to the northeast third of
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Figure 9
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the area. It 1s characterized by an upland with low relaief
and 1ntermediate altitude (305-420 m a.s.l1l.) developed on
folded and faulted sandstones of the York Lake, York River
and Lake Branch Formations, and siltstones and limestones of
the St-Léon, Cap Bon Amy and Grande-Greve Formations.
Landforms of glacial 1ce erosion are rare and limited to a
few southeast-trending valleys which show evidence of
scouring. The wupland surface 1s covered by a thin (< 2 m)
but almost continuous blanket ot glaciral dri1ft (t11l)
initially deposited by Laurentide 1ce and later remobilized
by local 1ce movements, The more extensive cover of t1ill
occurs on the higher ground of Zone 1A The large upland
depression which forms the northeast part of the zone (Zone
2A) contains thick (> 2 m) glacral outwash and organic
sediments The Causapscal River and 1ts tributarires drain
this zone

The boundary between Zone 1 and Zone 2 1s defined by
contrasting differences in the altitude of the uplands and 1in
their lithology and structure, by the presence of glacial
erosion features, and the distribution of the overburden.

Zone 2

Zone 2 (Fig. 9) 15 west of the Matapédia valley and
north of the Ste-Florence fault It 15 a large, low rtellief
and low altitude (260-305 m a.s.1.) upland surface developed
on folded and faulted Ili1mestones and slltstones of the

St-Léon and Cap Bon Ami1 lormations 1n the notthern two-thirds
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of the area, and resistant sand tones of the York Lake and

York River Formations along its southern edge. Numerous
landforms of glaciral ice erosion (meltwater channels,
southedst trending U-shaped wvalleys) and deposition (eskers,
kames, outwash deposits, hummocky terrain) are evidence of
extensive glacial activity on the upland surface and in
valleys The litholeogy of Zone 2 1s masked by an extensive
cover of overburden which includes thick (1-30 m )
lce-contact stratified drift and fluvioglacial sediments,
thin (1-2 m) glacial drift (t1ll) and wundifferentiated
diamictons. Zone 2 1s drained by the upper Matapédia River
and two mailn tributaries, the Humqui and Matalic Rivers

The boundary that separates Zones | and 2 from Zone 3 1s
the Ste-Florence fault. The change from relatively competent
sandstones, siltstones and limestones 1n Zones 1 and 2 to
fissi1le slates and siltstones 1a Zone 3 1s reflected 1in the
topography. Most noticeable 1s the change 1n valley form
from broad and shallow <citoss—-profi1les 1n Zones 1 and 2 to
steep and narrow cross—profiles itn Zone 3 (best seen 1n the
Matapédia valley); the change to a more pronounced ridge and
depression topography of the upland and the 1lncrease 1n
density of structurally controlled depressions occupled by
low order streams from Zones 1 and 2 to Zone 3; the north to
south decrease of glacial erosion features and the absence of

landforms of glacial deposition on the upland surface 1n Zone

3.
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Zone 3.

Zone 3 extends from the Ste-Florence fault to the
southern limit of the area. This zone 1s characterized by
1ts multiple level wupland surface, pronounced ridge and
depression upland topography, steep dissectilion, high relief,
absence of glacial erosion and depositional features on the
upland and 1n valleys other than the Matapédia valley, and
the preservation of the preglacial topography and drainage.
The upland surface 1s formed by extremely fissile slates of
the Fortin formation except along the southern margin of the
zone (Zone 3A) where older limestones are exposed. Thin (1-2
m) glacial drifr (till) is st1ll preserved on the wupland
surface along the north margin of Zone 3, and on the wupland
between the Milnikek and Matapédia Rivers. The upland
surface 1s mostly covered by rubble derived from the physical
breakdown of the underlying rock. Valley walls are lined by
thick sheets of colluvium. The presence of extensive and thin
rubble on the upland surface and thick colluvium on wvalley
slopes reflects the rapid weathering and slope transport
which characterize the particular combination of physical
factors (steep dissection, high relief fissi1le bedrock)
under post glacial climatic conditions. The drainage pattern
is modified dendritic with a trellis element, The boundary
between the Fortin slates and the White Head Formation
limestones to the south 1s marked by a disticrct 1ncrease in

drainage density and a change in tone from dark gray to light



gray on Landsat imagery (Fig. 4). The boundary between the

two formations 1s marked by a distinct alignment of
fault-line valleys (Matapédia fault).

The processes that are responsible for the distribution
and composition of overburden in the thesis area are
associrated with past glacier 1ce dynamics and post-glacial
weathering, erosion and deposition,. Geomorphology provides
an 1ndication of the distribution of glacial sediments and
the relative 1nfluence of glacial erosion and deposition on
topography. However, 1t does not provide a sufficient basis
for determining the complex patterns of l1ce movements across
the area or predicting the effect of glaciration on the
composition and provenance of the overburden The absence of
landforms of glacial erosion and deposition in Zone 3
complicates the problem of determining the pattern of flow of
Laurentide 1ce and, more 1mportant to the problem of gold
exploration 1n southwestern Gaspésie, the extent of
deposition of far~travelled and foreign debris and the degree
of mixing with local bedrock-derived material in the
overburden

The glacial and post—glacial processes that control the
composition and distribution of overburden operate under
topographic and climatic constraints. Climacte 1s an
independent variable. It 1nfluences the overburden primarily
through 1ts effects upon drainage, runoff and erosion, and to

a lesser degree, vegetatlon cover. Topography, 1s a function
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of lithology, bedrock composition, and structure. Raudsepp
(1969) was able to express the relationship between the
lithology, structure and topography of western Gaspésie 1in a
quantitative manner using frequency distribution measurements
of altitude as an index of the resistance of the various rock
formations. The division of the thesis area 1i1nto the three
zones in which overburden composition and distribution
reflects particular combinations of physical factors and
processes (Fig. 9) is wessentially based on the relation
between topography and the other physical characteristics,
with the assumption that the overburden-forming processes
operate under these physical constraints. The mineralogical
and geochemical patterns obtained from the overburden
surveys should reflect the combinations of physical factors
and processes that characteri1ze each of the three broad

zones.

OVERBURDEN SAMPLING, PROCESSING AND ANALYTICAL METHODS
Field Methods

Shallow overburden sampling was carried out durlng the
summers of 1985 and 1986. The 1985 sampling program was
designed to provide a representdative coverage ol the project
area and of the various overburden types. Samples were
coilected at 1.5 to 3 km 1ntervals along roads accessible by
two-wheel-drive wvehicle. Limited access to most of the
southern half of the project area resulted 1n uneven sample
density., Approximately 10 litres of overburden were
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collected from the C horizon of hand excavated pits at 295

sites (Appendix 6). Samples with a high matrix (sand size
and tiner)-to-clast ratio were collected where possible, but
where the matrix fraction was small, larger samples of up to
20 litres were taken. In 1986 82 overburden samples were
collected 1n a 36 km? area surrounding the auriferous lower
segment of the Assemetquagan River (Appendix 7) The sampling
procedure was modified to take 1nto consideration the low
content ot heavy minerals 1n overburden samples collected 1n
the surrounding area in 1985, Approximately 25 litres of
<4.75 mm (-4 mesh) material were collected at every site.

Samples were taken from the C hori1zon where possible.

However, at most sites the overburden was thin and lacked
distinct soirl horizons. Sixty-nine samples were collected on
the upland surface at a spacing of 500 to 700 m A further

13 samples were <collected on the wvalley slopes within the
lower 2 km segment of the Assemetquagan River.

Sample treatment 1S 1llustrated in Figure 10.
Approximately 1 litre of material was separated from 300
1985 -ser1es samples and then dry screened to <250 um (-60
mesh) 1n preparation for geochemical analys:is, The remaining
portion of the 1985-series samples were then wet si1eved to
obtain the 63-250 um (230-60 mesh) fraction for heavy mineral
separation. The 19Y86-series samples were wet s1eved to
obtarn the 63-450 pum (230-40 mesh) fraction for heavy mineral

separation The upper si1ze limit of the 1986-series samples
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Figure 10.
Sample Treatment Chart
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was doubled to ensure maximum recovery of heavy minerals, a
concern tor geochemical methods.
Geochemical Methods and Heavy Mineral Studies

The 300 <250 uym (-60 mesh) samples from the 1985 survey
were analyzed for gold content by a commercial laboratory
using combined fire assay and plasma emission spectrometry
(detection limit of 2 ppb). One hundred <250 um (-60 mesh)
samples were also analyzed for major and trace elements using
a Philips PW 1400 X-ray spectrometer 1n the Department of
Geological Sciences at McGi1ll University. Heavy minerals
were extracted from 185 1985-series samples and all of the
1Y86-seri1es samples using a Mozely MK II mineral separating
table and then concentrated by density-dependent settling 1in
methylene iodide (3.3 s.g.). Magnetic minerals were 1emoved
from the concentrates using a Sepor automagnet. The resulting
fractions were welghted to provide percentages of heavy
minerals in the +total sample and percentages of magnetic
minerals 1n the heavy mineral fraction (Appendices 8, 9).
The heavy mineral concentrates were examined under a
stereoscopic microscope to determine (1) the characteristic
mineral assemblages, (2) the approximate proportion of local
and far-travelled components and (3) the mineralogical
form(s) of gold. Two hundred and forty non-magnetic heavy
mineral <concentrates Wwere then sent to a commercial
laboratory and analyzed for gold and 25 other elements by

neutron activation, Ninety-six of the samples were from the
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1986 survey. The results of the analyses, including 19
duplicate sample analyses are listed 1in Bernier et al.
(1987).

The chemical composition of various siliicate, oxide and
sulphide heavy minerals was obtain by electron microprobe
analysis, Individual mineral grains were handpicked and
mounted 1n Araldite epoxy resin onto standard 27x46 mm glass
slides. Grinding and polishing of the individual graain
mounts was performed by the thin section laboratory of Ecole
Polytechnique. Chemical analyses were conducted at McGill
University using a Cameca Microbeam MBl1 electron microprobe
equipped with four wavelength dispersion spectrometers
(Appendix 10). Oxide and s1licate analyses were recalculated
into their molecular proportions using the Cameca STRGEO

software file.

REGIONAL SURVEY RESULTS

Major Element, Trace Element and Gold Analyses (<250 pam
Samples)

Major and trace element averages and standard deviations
for 100 <250 um samples of overburden are given as a function
of underlying rock in Table 2. Major element averages show a
general pattern of wvariation related to changes 1n bedrock
composition from north to south across the area. Overburden
samples collected over silica-rich lithologies north of the
Ste-Florence fault show the highest contents of §i0; (75.45 -

78.1%) and the lowest contents ot Aly05
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Table 2
Summaty of major and trace element averages in ovettatden (<250 um) as a function

My of
Sample

Iake Branch York lake Cap Bon Am1-
Formit1on York River Mms Gt -Greve Fms
Meany Std Dev Mean Mean Std Dev
M 56 755 771 387
70 01 86 66 08
11s 285 128 1 118 183
512 223 5 56 511 114
44 00 05 06 o
49 02 L Y 129 52
25 0h 28 35 20
132 20 148 1 07 24
1 6} 14 195 1 9% 58
Q69 B3 613 785 149
lake Branch York Lake- Cap Bon Ami-
Formation York River Fms  Gr -Greve Ims
Mean Std Dev Mean Mean Std Det
269 328 414 178
7 13 8 5
31 2 4 2
0 49 39 16
7 4 73 2]
14 15 13 5
R 317 223 50
14 17 20 i
7R 89 77 13
66 56 93 23
17 40 23 4
11 12 11 2
11 11 11 2
2 19

of undet Iving bedrock, repional suney, southwestern Gaspésie
are recalculated to exclude 101 1n summition

St Iéon
formit 1on
Mean  Std Dev
76 9 7
75 12
120 72
4 26 10
4] 02
140 oM
5% 45
1 56 as
200 (/R
4 83 23
St -1énn
Format 1on
Mean Std Dev
304 8
s 0
23 2
13 1
89 10
9 1
389 211
22 !
104 35
86 10
2 4
12 2
HU i

HMijor elemnt analyses

Fortin

Fotmat yon
Hean  Std bey

White Head
Formition
Mean Std Dex

716 44
A7 10
15 7 2 55
6 50 of
O 02
1 €2 a5
20 2
137 26
2 07 k)
10 & 6 27
Fortin

65 5

8a
16 9
753
08
26
70
50
7
85

DN =N

White Head

Formataon Formtion
Mean  5td De. Mecan
318 71 320
17 9 26
2 12 26
5 19 73
70 17 82
16 4 20
269 42 218
20 4 23
63 12 93
96 13 121
21 3 23
13 1 14
1 2 9
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(11.54-12.84%), Fey03 (4.26~5.56%), MgO (0.99-1.4%) and K30

(1.61-2.00%). Samples collected over clay mineral and mica
rich Fortin slates and si1ltstones 1n the central part of the
area, and <calcareous and clay mineral rich siltstones and
limestones of the White Head Formation to the south show the
lowest contents of SiOQ, (65.48-71.55%) and the highest
contents of Al,03 (15.74-16.85%), Fe,03 (6.56-7.58%), MgO
(1.62-2.26%) and Ko0 {(2.07-2.78%). The calcareous nature of
the White Head Formation 1s reflected 1n the two highest
concentrations observed in overburden (7.85 and 24.57%) but
1s not evident from the average CaO content of the 13 samples
analyzed, The high standard deviation of Ca0O (6.90) 1is
attributed to compositional varrations in the White Head
Formation with possible 1loss of CaO in overburden through
groundwater leachaing.

The parallelism of major element variations in <250 um
overburden with that of the underlying rock confirms field
observations that the overburden 1n general contains a strong
component of the wunderlying bedrock The north to south
trend of decrearing 5105 and 1ncreasing Al,03, Fe 043, MgO
and KoO in <250 pm overburden reflects decreases 1n bedrock-
supplied quartz with corresponding lncreases in clay
minerals, clay-sized micas, feldspar, sulphide and carbonate
minerals,

Specimens of the sedimentary formations 1n the thesls

area were also collected and analyzed for major and trace
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element analysis (Appendix 1l1). The few rock samples analyzed

do not permit estimation of <compositional ranges within

bedrock formations or comparison of S10, concentrations in

overburden 1n relation to underlying bedrock The bedrock
samples roughly match their corresponding overburden
equivalents, The principle exception is the rock specimen

from the Grande-Gréve Formation which is high in Ca0O and low
in §109 in contrast to till and <colluvium samples which are
high in S§107 and low 1n Ca0. A second exception 1s the
single Fortin Formation specimen with a Ca0 concentration
(1.74%) well outside the range of the Ca0O (0.07-0.43%) in the
coriresponding overburden.

A comparative summary of trace element averages for the
ma jor overburden types and the stream sediment data of
Choinitéere (1982) 1s shown 1in Appendix 12. Concentration
differences among upland overburden, stream sediments and
npedrock formations cannot be readily explained without taking
into account variations associated with differing analytical
procedures and detection limits, and the number of sample-=
analyzed. Trace element concentrations in ovetburden (Table
2) show <considerable overlap and no trends are observed,
Overburden samples collected over the White Head Formation
show the highest concentrations of Co, N1, Nb and Rb.

The regional distribution of gold 1n <250 um overburden
1s shown 1n Figure 11, The <250 pm results show that the

overburden contains very low concentrations of gold, with
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only 15 samples registering above the detection limit of 2

ppb. The highest concentrations, 30 ppb and 7 ppb, are 1in
samples collected over White Head and Fortin Formations, the
two formations hosting mineral and alluvial gold occurrences
1in the area,

Analyses of Non-Magnetic Heavy Mineral Concentrates (NM HMC)

Trace element data from the reglonal survey of non-
magnetic heavy mineral concentrates (HM HMC) were subjecred
to factor analysis (Table 3), and geometric mean and
standard deviations were calculated (Table 4) Selenium and
Ag were excluded from all statistical treatment because of
abundances below the detection limit 1n almost all cases.
Because detection limits were highly variable for certain
elements (a function of sample s17e and composition),
analyses below the detect 1on limit were consi1dered as
missing wvalues dand treated by pair-wise deletion 1n the
factor analysis.

The distribution ot trace elements can be summarized as
follows: (1) NM HMC 1n overburden collected over Cap Bon AmJ
and Grande-Greve Formations show the lowest contents of rare
earth elements (REE), Mo, Ni and Th; (2) overburden from the
Fortin Formation shows the highest c<oncentrations of REE, Hf,
Sc, W, U and Ni, with intermedra.e concentrations of As, Go
and Sb; (3) As, Co, Sb, Fe ann Zn are highest 1in NM HMC ot
overburden collected over the White Head Formation;

(4) overburden from the York Lake and York River Formations
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Figure 11.

Concentration of gold in 63-250 um samples of
overburden form the regional survey area,
southwestern Gaspésie.
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Table 3
Factor analysis, Varimax-rotated loadings on log
transformed NM HMC data, regional survey, southwestern
Gaspésue.
Element Factors
1 2 3 4
HE | 0.95 | -0.08 -0.01 -0.16 0.09
Lu | 0.95 } -0.13 -0.17 -0.08 0.12
Yb | 0.95 | -0.15 ~-0.15 -0.08 0.14
Th | 0.92 | -0.17 -0.22 -0.12 0.20
U i 0.90 | -0.16 -0.16 -0.23 0.18
Ce |} 0.89 ! -0.23 -0.22 -0.02 0.24
Sm | 0.88 | -0.27 ~0.24 -0.05 0.25
La | 0.86 | -0.30 -0.24 -0.06 0.26
Eu | 0.82 | -0.31 -0.31 -0.05 0.24
Cr | 0.76 ! 0.03 0.18 -0.34 -0.09
Sc | 0.74 | -0.08 0.07 -0.30 -0.25
W 1_0.60 | -0.23 -0.46 -0.26 0.08
As 0.20 iy -0.91 | -0.05 0.05 .12
Co 0.27 j -0.85 | -0.16 -0.16 -0.05
Sb 0.34 i -0.78 | -0.12 -0.12 _0.07
Fe -0.09 | -0.59 ! _ 0.05 0.08 1-0.63
Ni 0.23 -0.40 i -0.86 | -0.33 -0.01
Na 0.24 0.03 . -0.81 | _0.01 0.12
Ta 0.43 0.19 0.01 ) -0.76 | -0.01
Zn 0.08 -0.44 -0.15 i -0.76 { _0.08
Au 0.16 -0.10 -0.28 1 -0.63 1 | 0.70
Ba 0.14 -0.39 0.13 -0.23 1 0.70
| Mo 0.33 0.06 ~-0.27 0.00 1 0.63
Variance explained by rotated components:
9.51 3.54 2.29 2.15 1.93
Percent of total variance explained:
41.4 15. 4 9.97 9.33 8.39




Inble 4
(hatacteristics of trace elemrnt concentrations 1 63 250 yum BT IPK 1 relatieon
to umnrder lying bedrock, regional surves, soutlmestern Gaspesie

pmo As, By, Coy G, HE, Moy Hi, Shy S, Sy L,

Cap Bon Amy (rawvde

Greve Formitions

n teom
Mean

18 €4 H2
13 9 4y
20 1253 1
4] 275
39 76 02
33 5035 01
Y 2223
358 40l W9
17 121
33 it}
3 54325
3 [
M 44
37 1716
Be) 37 90
37 19 u]
13 20 a9
T 250 0%
Ele T S ARV
o205 12
9 20 42
! [}
3 27 R
35 S L0
{eom

Dx

-~

~i N

e R R R R N N e T T e U O RN

lop Sud

0z

Geome te 1

= Antilog of

Flem Fortan

termat ron
n (eom  log, Std

Mean Dey
As 122 116 95 2 42
Au 48 368 11 13 (9
Ba A3 1177 € 21
(G ] 4 7 82 1 9n
G 124 UK 0G 184
(r 124 70% 36 1 56
e 124 20 8D 193
ht 124 1073 99 1 Bh
Mo 5 23 KR 2 1
N 103 10 1t
W1 16 1253 14 197
sh 123 740 216
G 12 ST AR 10
T 117 140 169
Ih 249 124 82 219
U 124 5n 010 2w
W 73 A a5 200
n 21205 12 175
Ta 124 597 04 2
Ce 1249 90 70 22
Smo 2% 60, 225
Pa 123 1155 2 1
v 124 B I6 1 %
1o 124 15 67 1K

Elem - Flewent

Top St Den

7 ta, ke, ha

ppb

At

York lake-youk

River

n

n

Geom Jop

Mcan  Dev

37 24 2
ab 67 ]
669 3
57 8% 1
10351 42 1
2097 )
€74 5) ]
1.93 2
11

Hl)(’ r” 0
a7 1
4920 ]
1681 ]
68 71|
(TR
2001
Jary u)
PIES NI |
406 T
W oug |
5 4]
at) an )
oy

Yhamber of
standard devnatron of the Ty
M, 1, W,

Formtions

White
Tormt ton

Std n Geom
Mean

2 G 24D 6
74 2174062
74 4 1737 80

2 1122
&} qa 179 K2
) 9 1053 7
59 g 35 2%
IA] a3 s
06 3 S0 5K
(] 5 11
(%) 1130 17
a7 a 12 8
N a 290,
£9 611 0w
PRl 9 5% W
o) 0 M 67
137 2 5 K1
71 7 o4l
70 9 3T
75 Q57 ki
H q i Ha
f51 9 721
n 9 2h 64
07 q LR

mal, s

thita

M, la, (o, Sy

Heard

lopg Std n

Den o

v

D ,‘
00 81
20
7
B
25
12
m
af

PG = PO R0 e PO e
=
T N d BTN e o~ T

S e P e
[
M—Xxx £

1

Jdw
[
[ERY 83
15 R
Lo 4
20% 08
PP

Fuy, b, T

St leon
Formition
Goom Loy Std
Mean Doy
Toug D omy
27 ] 29
10 RY 10 %S
187 1 4
o) a5 ] 05
K Y] 2 O
P EEE I NP
R RVETES W)
2707 1 67
o1
350 2 0n
ST o162
1219 210
42 % 1 aY
2246 1
2600 600
RILTCE I !
166 ¥ Y KA
246 0 1y
Jrap 1 el
AV Y
Lafbe T
6of, 16U

Lave Branch
formit 1on

(o

Mean

a3

M
1

ta
Tunl
2
any

1

A

7%
00
12
IR
“
il
42

a7

55
r‘(’
97
St
L
1]
(34
79

fry

ap
]

!

Top, Std
Det

145

n

)
25
H
a4
6l
16
1]

(Y]
1
an
56
nHi
65
74
6l
15
a0
24
4l
&)

68




shows the highest contents of Cr and Ta.

A striking feature of the trace element distribution 1is
the high concentration of REE, Hf, Th, U, W and Nir in NM HMC
of Fortin overburden These elements also show a
particularly strong loading on Factor 1 1n the table ©of

factor analysis (Table 3), the REE, Hf, Th and U displayuing

the highest correlation coefflcirents among each other
(Appendix 13) The strong correlation among the REE, HF,
Th, and U suggests an associatlon with zircon. X-ray
fluorescence analysitlts of one sample with a high HE

concentration (4700 ppm) showed a high Zr content and the
presence of zircon wds contfirmed by X-ray diffiraction
analysits The main source of the zZ1ircon carrying these
elements 1n Fortin overburden appears to be the underlying
bedrock This 1s suggested because the Fortin Formation 1s a
major uranium anomaly over CGuaspésie Peninsula (Choiniere,
1982, 1984) and =zircon, the main U carrying mineral, 1s the

dominant heavy mineral species 1n the rock (Dalton, 1987)

The other factors rn Table 3 are less readily
lnterpreted. Factor 2 (As, Co, Sb and Fe) 1s a possible
indircator of sulphide minerals, The highest concentratirons

of Factor 2 elements are 1n NM HMC from overburden collected
over the White Heud Formation, where sulphide occurrences
are common (Lachance, 1979) and strong As concentrations 1n
stream sediments are reported (Choiniére, 1987). The

correlation of Au with Zn and Ta 1s accidental and reflects
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the effect of a very high outlier value (2100 ppm Au) on the
calculation of the factors.

The regional distribution of gold in NM HMC is shown in
Fig. 12. In contrast to <250 um analyses, NM HMC data show
considerable spread 1in gold concentrations and define several
anomalies across the area Anomalous gold concentrations are
observed 1n four geological settings (1) 1n four overhurden
samples collected over Fortin bedrock (including the highest
gold concentration, 2100 ppm), (2) i1n three samples collected
along the sectrion of the Ste-Florence fault where volcanic
rocks are interbedded with Fortin slates, (3) Ln one
overburden sample underlain by bedrock of «cthe White Head
Formation; and (4) 1n tive samples collected over the Cap Bon
Ami1 Formation on the west s1de of the Matapédia River, The
Cap Bon Amy anomalies provide the first indication of
possible gold mineralizarion 1i1n Siluro-Devenian strata north
of the Ste-Florence fault

The NM HMC data show erratic gold concentrations and
considerable spread in values, The pattern produced 18
complex and reflects the effect of several varlables on the
heavy mineral chemistry of t he overburden (1) the
composition and distribution of overburden types; (2) the
composition and distribution of bedrock types; (3) the nature
of bedrock contributions to overburden; and (4) the degree of
oxirdation of the overburden. The combined effects of these

variables on the gold chemistiy of NM HMC are recorded 1n
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Figure 12.

Concentration of gold in 63-250 um NM HMC of
overburden from the regional survey area,
southwestern Gaspésie.
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the mineralogical characteristics of the samples.

Information necessary to the interpretation of the complex
pattern of gold variation in NM HMC can therefore be obtained
through detailed mineralogical studies.

Heavy Mineral Studies

Heavy maineral abundance, assemblapgpes and distribution

patterns

The project area can be divided 1nto three broad =zones
using heavy mineral assemblages, distribution patterns and
total abundance 1in the 60-250 gum fraction of overburden
(Table 5). These zones correspond almost exactly with the

zones defined on the basis of geomorphology (Fig. 9).

Zone 1: Zone 1 corresponds hroadly to the
northeastern third of the project area. In this zone

magnetic minerals, ilmenite and garnet form between 80 and
95% of the heavy mineral fraction of overburden. The
remaining 5 to 20% 1s epidote and clinopyroxene, with minor
orthopyroxene, hematite, zircon, limonite, goethite, rutile,
amphibole, chromite, kyanite and corroded sulphide minerals.
The enrichment of magnetic minerals, ilmenite and garnet is
also reflected in the total heavy mineral and magnetic
mineral contents of the overburden (Figs.13, 14). Zone 1
corresponds to the zone of highest abundance of heavy
minerals (>0.5 wt.%) and magnetic minerals (l10-320 wt.% of
heavy minerals) 1n overburden. Maurice (1986) found similar

heavy mineral concentrations in adjacent stream sediments and
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Table 5 |
|Heavy mineral abundances and asscmblages, and proportions of far + a,el o tr tory 4 |
|derived corponents 10 the 63-250 un fraction of overburden, ceouth.egsnse fasons » |
| l
- — -
I I Zoned el el !
| | |
{A  Heavy Mincral | High ¢ > 05wt. X) Intermrdiate (01 75 . %, I 3 i
| M) Andance | \
- — — e R -
[B Magnetic Minerat| High € 10 20wt %) | tow (<0 10w %) I=tarned 3%8 £ 5 5 ue %,
| Content * | |
} ; - e oo
Jc. Meavy Fraction | Major magnetic minerals, jHajor imenite, Limooita, My, et geetc ce g v, ~r
| Mineralogy | tmenite, garnet | goethite, ziremn, barite Mo maoeet - om oaes s = .
| | Minor epidote, pyrite, zircon, JMinor  clincpyrorene, arphibcle, v ot oz, 4me o .
|  and | pyrrxene, rutile, hematite | prroxene, epidote, pyrite, i LR A R TS
| | barite, chromte, kyanite | arsenopyrite, girnet [ ga e
i Chemcat [ - leuwzoxr ne atteration | - extenstve limonite replacerent eALPrS o gt v . e \
| atreration | of fe T1 oxide mnerals | of sulphde mnerals, alteration, of ~edra .- ve
| Features | - goethite alteratior of | of Fe-Tr oxide mnerals | - esterstve Vrmen e rrz prome
| | ewhedral pyrite | goethite alteration of euhedral | of sulphide rire g's
| | - mnor Limonitic alteration of |  sulphide mnerals | - Limonite alteration of #¢ ~
| | feTy oxide minerals | i oxide minerals
| | | — - -
|0 Local (L) and | F (60 90%) heno 1lmenite, 1lmeno | L (50-100%) Limonite, goethite, | L (70 100%) g-ethite, z1rcon, !
| Far-Travelled | magpetite, t1tanomagnetite, | pyrite,barite,z1rcon, | Umnite, pyrite, epidote, !
| (F) M | rutite,leucoxrne, | clinopyrexene, anphibole, | barite, arsenopyrite |
| A=scublages | pyrope/grossularite almandine, | arsenopyrite,fe- Ty Oxide mnerals I
| ad | kyamte,z1rcon | | |
! % of Total 1M | | ] |
| Fraction | L (10 40%) goethite, Limonite, | F (0-50%) hem 1imenite, timeno | L (0 30X) hemo tlmenite, 1lmono |
| | ferrian 1lmenite, zircon, pyrite] magnetite,titanomagnetite,rutile, |  magnettte, t1tonomgnetate, rutile|
| | titanmmagnetite,cpidote, barite,| pyrope/grossularite almandine, | pyropesgrossularite slmandine, |
] | chromite,barite, arsenopyrite | zitcon ] 2ireon |
- — - — ; -
JE. Drlution by | Extensive - Moderate | Moderate Nrglectable | Neglectable |
| Far-Travelled | L= 1 - 100 | F/L=001 - 1 | F/L < 0 O1 |
Heavy mperals | L/(l#r) =D 5 - 001 | L/(L¢F) =05 - 09 | L/(L+F} > 09 |
Y [ L. - PR ——
I
|
|

* Magnetic Mineral Content = ( wt Magnetic Minerals / wt Total Heavy Minerals )*100
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also aefines the area as a zone of high abundance of heavy

minerals,

Zone 2 and 3 Heavy mineral concentrates from the

northwestern (Zone 2) and southern (Zone 3) thirds of the
area show differences in mineral assemblages, proportions and
abundances., Overburden 1n Zone 2 displays i1ntermediate heavy
mineral abundances (0 1-0.5 wt.%) and low magnetic mineral
contents (<5-10 wt.% of heavy minerals) (Figs. 13, 14).
Ilmenite, limonite, goethlte and magnetic mlnerals are the
dominant heavy mineral species (60-80%). Subordinate minerals
(10-40%) include bari1te, zircon, eprdote, amphi1bole,

clinopyroxene and strongly corroded pyrite and arsenopyrite.

Overburden samples 1n Zone 3 have the lowest contents of
heavy minerals (0.1 wt.%) and low contents of magnetic
minerals (<5-10 wt.% of heavy minerals) (Figs. 13, 14).

Goethite, limonite, 1ilmenite, magnetlic minerals, =zircon and
epidote are the major heavy minerals with minor barite,
fluorescent minerals, corroded pyrite and arsenopyrilite,
garnet, orthopyroxene and clinopyroxene.

Degree of oxidation of HMC

Heavy mineral assemblages show moderate to strong

degrees of oxidation across the area, Differences in
oxidation are related to wvarying degrees of chemical
alteration of sulphide and Fe~Ti oxide minerals. Fresh

sulphide grains are found 1n all three zones but rarely in

abundance of more than 12 of their oxidized equivalents.
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Figure 13.

Total abundance and zonal distribution of 63-250 um
heavy minerals in overburden from the regional
survey area, southwestern Gaspésie.
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Figure 14. Abundance and zonal distribution of 63-250 um
magnetic minerals in the heavy mineral fraction of

overburden samples from the regional survey area,
southwestern Gaspésie.
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Zone 1: Heavy mineral assemblages in this zone

are predominantly composed of angular and fresh looking
particles. Limonite and goethite replacements of rare (<X
12) sulphide minerals and leucoxene alteration of Fe—Ti oxide
minerals provide evidence of oxidation of HMC below the depth
of the C horizon.

Zones 2 and _3: Heavy mineral assemblages in these

zones show moderate to strong oxidation. Heavy minerals in
Zone 2 show extensive limonite alteration of sulphide and
Fe-Ti oxide minerals and goethite replacements of euhedral
pyrite and arsenopyrite grains. In Zone 3, over 90% of
original sulphide minerals are either replaced by goethite
pseudomorphs or completely weathered to anhedral goethite and
limonite. The remaining 10% of original sulphide minerals
show surficial goethite-hematite alteration.

Relation of gold to mineralogy

Particulate gold was not observed in any of the NM HMC.
Studies of mineral associations with high gold concentrations
suggest that gold 1is present in locally derived <corroded
sulphide or hydrous iron oxide minerals. Possible <carriers
include anhedral limonite and goethite pseudomorphs after
sulphide minerals in highly oxidized NM HMC of Zone 2, and in
moderately oxidized samples along the Ste~-Florence fault 1in
Zone 1, and goethite and limonite replacements of original
pyrite grains in highly oxidized NM HMC of Zone 3. Corroded

arsenopyrite grains may be carriers of gold in anomalous
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samples with high As contents (Fig. 15). Free gold may have
been present in sample 181 (Zone 2) which contains 180 ppm Au
and less than 1% secondary oxide and sulphide minerals. Using
a diameter-to-thickness ratio of 10 (Clifton et _al., 1969),
minimum and maximum numbers of gold flakes which can account
for the 180 ppm Au concentration are 2 flakes with diameters
of 230 um and 95 flakes with a diameter of 64 puam. The
absence of gold grains and the low abundance of possible
carriers 1n the split sample examined suggests that the
anomaly reflects the presence of a few gold grains in the
portion of the sample analyzed.

The ©presence of gold 1n limonite, goethite and othet
secondary oxide minerals in alteration 2zones of mineral
deposits and overlying soil 1s well documented (Boyle, 1979).
DiLabio (1985) reported high concentrations of gold 1in
oxidized fractions of ti1ll in which no particulate gold was
observed. He attributed the gold to secondary oxide minerals
and suggested that it had been concentrated in oxidized
fractions of till by groundwater movements. The presence of
high gold concentrations 1n strongly oxidized overburden
across the project area along with the distinct association
with secondary oxide minerals replacing primary, locally
derived sulphide grains indicates that gold is at least
partially retained 1n the fine sand fraction of overburden
during oxidation, Some of the gold removed from the fine

sand fraction of overburden during oxidation may be
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Figure 15.

Concentration of arsenic in 63-250 um, NM HMC of
overburden from the regional survey area,
southwestern Gaspésie.
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concentrated 1n finer fractions. Shilcs (1975, 1984)
advocates the use of the clay fraction of oxidized overburden
in geochemical exploration because of the capacity of «clay
minerals to scavenge elements lost to coarser fractions
during oxidation.

Proportion of locally derived and far-travel,ed

components

Drlution of locally derived heavy minerals by far-
travelled, glacirally transported Fe-T1 oxide minerals,
garnet, and other associated high grade metamorphlc minerals
1s the most i1mportant cause of regional variations 1n mineral
proportions (Table S5S). Dilution is greatest 1in Zone 1, where
far-travelled magnetic minerals, ilmenite and garnet show the
highest abundances, Electron microprobe analyses of oxide
and garnet minerals (Appendix 10) define speci1fic high
grade metamorphic assemblages characterlstic of Canadian
Shield rocks north of the St-~Lawrence River. The most common
association is that of titano-magnetite, 1lmenomagnetite,
hemo-i1lmenite, and rutile. This mineral assemblage 1s
diagnostic of Fe-Ti-rich anorthositic complexes in the Shield
terrain north of the St-Lawrence River (Rose, 1969). The
anorthositic bodies are in a highly metamorphosed basement
consisting predominantly of granitic gneisses, with local
occurrences of pyroxenites, amphibolites, quartzites and
crystalline limestones, These lithologies are likely sources
for the remaining high grade metamorphic minerals pyrope/
grossularite-rich almandine, kyanite and various types of
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zi1r1cons Possi1ble secondary soutces ot high grade

metanor phic minerals ate parnet and Fe Ti1 mineral tich beach
sands that form extensive deposits along the notth shore of
the St-Lawience River, as sugpested by Maurice (1986)

Iton-tirtanitum oxi1de and garnet contiributions trom bedtock
within o1t adjacent to the project area ate minot Multiple
phase Fe Ti1 oxides along with patnet, chromite and hematite
are detiital minerals 1n varlous atenaccous formations 1n
westertn Gaspeste (Carbonneau, 1953, Théroux, 1975) Fstimated
abundances of these mincerals 1n the local bediock are tar too
low, however, to account for thett high contents 1n  the
overburden ot Zone |

Locally derived heavy minerals are ecasily 1dentitired in

Zones 2 and 3 where dilution by Shield-dersved heavy minerals
1s weaker. These 1nclude single phase Fe T1 oxide minerals,
physically wunstable and highly altered sulphide grains, low
grade metamorphic epidotes, barite, pytoxene and z1iticon
grains.

Effect of dilution on Au concentration in HMC

Calculations of heavy mineral abundances 1ndicate that
the concentration of 63-250 um heavy minerals in the far-
travelled component of overburden is two to three orders of
magnitude greater than in the component derived {rom the
local bedrock (Table 5). Even in small amounts, the presence
of Far-travelled material In overburden causes important

variations in heavy mineral abundance across the area

81




(Fig.12). Mineralogical studies also suggest that the far-

travelled component <contains litcle gold. If it did, high
gold values in NM HMC would be expected 1n Zone 1] where the
abundance of far-travelled materi1al 1s highest, Zone 1,
however, is the zone of lowest gold abundance.

Some of the erratic behaviour of gold concentrations 1n
NM HMC relates to the variation of heavy mineral abundances
across the area and can be corrected by converting gold
concentrations 1n NM HMC to gold concentrations 1n total size
fraction. Shelp and Nichol (1987) suggested a simi1lar
correction 1nvolving the recalculation of gold concentrations
to weight contents in the sample. Like the total size
fraction conversion, their correction fails to differentiacte
variations in heavy mineral abundances associated with
dilution by far—travelled material from that associated with
changes 1in local bedrock contributions. Variations in
abundance of heavy minerals caused by incorporation of far-
travelled material are most 1important because they result in
significant dilution of the mineralogical and geochemical
contributions of underlying bedrock.

Figure 16 models the effect of progressive dilution by
far—~travelled material on gold in HMC and total size fractioen
under <conditions estimated for the project area. A
simplifying assumption 1is that all gold in the diluted
sample occurs 1in the heavy mineral fraction of the local

component. Because of the nature of the conversion, the
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Figure 16.

Ef fects of dilution by far-travelled material {(under
conditions estimated for the project area) on the
gold concentration in heavy minerals (HM) and Total
Size Fraction (Total Sample). Points A and B
simulate strong dilution conditicns in Zone 3 and
weak dilution conditions in Zone 1 respectively.

L = local component, F = far-travelled component,
HMA = heavy mineral abundance.
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proportionate variations of gold concentrations in HMC and
sand Ffraction of overburden during oxidation may be total
size fraction. However since dilution is much greater in HMC
than 1in total size fraction, gold <concentrations 1in HMC
decrease drastically with slight dilution while decreases in
total size fraction only Tbecome apparent at stronger
dilutions. For a typical sample 1in Zone 1 (point A) the
concentration of gold in HMC is 5% of that in the 1local
component, and the concentration of gold in the total size
fraction 1is 847% of that in the 1local component,. For a
typical sample in Zone 3 where dilution is weak (point B) the
concentration of gold in HMC is 95% of that in the 1local
component and the <concentration of gold 1n the total size
fraction 1s 99.5% of that in the local component. Conversion
of gold concentrations in NM HMC to total s1ze fraction thus
corrects for incorporation of far-travelled material when it
causes strong dilution such as in Zone 1. Where the diluting
component jis local, such as in Zones 2 and 3, conversion to
total size fraction will tend to correct variations in heavy
mineral abundances related to differences in bedrock
contributions.

The corrected NM HMC gold concentrations are plotted in
Figure 17. Anomalous gold concentrations in Zones 2 and 3
remain anomalous after <conversion, reflecting the lower
dilution conditions in these zones. Conversion of NM HMC gold

concentrations in Zone 1 reinforces some lower level
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Figure 17. NM HMC gold concentrations corrected to total size
fraction (63-250 um), regional survey area,
southwestern Gaspésie.
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concentrations, but does not produce new anomalous values,

indicating that the local component contains very low
concentrations of gold or is extremely diluted by Shield-
derived heavy minerals,. The median value of corrected gold
concentrations suggests a contribution from NM HMC of 0.07
ppb to the background in the 63-250 um fraction of
overburden.

Although gold concentrations in NM HMC remain anomalous
after conversion to total size fraction and no new anomalies
are produced, the <conversion removes some of the erratic
behaviour of NM HMC data caused by varying heavy mineral
abundances and corrects for 1incorporation of far-travelled
material, the conversion provides a better estimate of gold
variations 1in individual zones and allows for a <clearer
rdentification of anomalous areas. Where the diluting
component is local, the conversion simply removes the effect
of varying heavy mineral abundances caused by differences in
bedrock contributions and does not necessarily provide a
better estimate of gold wvariations in underlying bedrock. A
comparison of both patterns in all <cases will ©provide
information regarding the nature of some of the parameters

which <control the distribution of gold in overburden and

underlying bedrock.

LOCAL SURVEY RESULTS
The local HMC survey was carried out in the 36 Km? area
surrounding the mouth of the Assemetquagan River (Figs. 1,
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18; Appendix 7). The purpose of the survey was to evaluate
the overburden, mainly colluvium, rubble and alluvium, as a
carrier of gold and other alluvial heavy minerals found in
the lower 2 km segment of the river (Plate 9).
Previous Investigations

The occurrence of alluvial gold at the mouth of the
Assemetquagan River is known since the 1950’'s (Maurice,
1986). The first documented study is by Girard (1985) who
investigated gold and associated minerals in heavy mineral
and fine fraction samples of stream sediment collected near
the mouth of the river. He proposed, on the basis of physical
appearance, that garnet and magnetite have a long transport
history and that pyrite, hematite, 1lmenite and gold are of
local origin. The possible association of the alluvial gold
with quartz veins in the Fortin Formation, as suggested by
the presence of quartz gang on one gold grain (Girard, 1985)
and the 1local occurrence of quartz veins with auriferous

snowings (Dumont, 1961, 1963; Appendix 2), led Bergeron

et al. (1986) to systematically sample quartz veins and their

enclosing lithology throughout the Assemetquagan River basin.
They found that gold was correlated with As and Sb, and that
the highest abundances of these (Fig. 2) were associated with
the presence of sulphide minerals (pyrite, arsenopyrite)
independent of host lithology, whether quartz veln or country
rock.

Maurice (1986) made regional and detailed stream

87




Plate 9.

Downstream view of the lower 300 m section of the
aurrferous segment of the Assemetquagan River.
Alluvial gold 1s preferentially found in northwest
dipping <cleavage fractures in Fortin slates seen
at the front and left side of the photograph, and
in moss on outcrop surfaces in the floodplain, The
Assemetquagan River joins the Matapédia River
behind the bridge.
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sediment surveys for gold in southwest Gaspésie. From an
orientation survey in the auriferous lower segment of the
Assemetquagan River, he found that alluvial gold is
concentrated in crevices and cleavage openings of fissile
bedrock and also in moss on surfaces of boulders and bedrock,.
He suggested that gold may have been eroded from Fortin
lithologies by the Laurentide ice sheet during its
southeastern movement across western Gaspésie. Deposition of
gold and Shield-derived heavy minerals in the Assemetquagan
valley would have been promoted by the retardation or
obstruction of the debris-~-rich basal part of the ice sheet by
the northwest—-facing wall of the valley, which is 40-60 m
higher than the opposite wall,
Geological Setting

The local area 1s underlain by Fortin Formation slates,
siltstones and sandstones, Lithology and structure are

obscured by a prominent <cleavage nearly parallel to the

strike of bedding. Airphoto studies 1ndicate an alternating
sequence of resistant and non-resistant beds striking
northeast (Fig. 18). Curved drainage lines, assymetric

ridges and a prominent flat-iron landform show that beds 1in
the southern half of the area dip steeply toward the
northwest. The axis of a broad syncline to the northeast
(Fig. 2) when extrapolated, crosses the local area between 1
and 1.5 km north of the mouth of the Assemetquagan River.

Structural control is evident in a segment of the Moulin
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Figure 18.

Concentration of gold in 63-450 um NM HMC of
overburden from the local survey area, southwestern
Gaspésie. Projected bedding traces and dips of major
beds were obtained from airphoto studies.
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River and is also expressed in the straight channel of the
lower 1 km segment of the Assemetquagan River.

The area 1is part of Zone 3 (Figs. 9, 13). Surficial
deposits consist of a thin mantle c¢f rubble on the upland
surface, extensive <colluvium on valley slopes, reworked
outwash sands 1n the Matapédia valley, and younger flood
plain alluvium (Fig. 19). Glacial striations (Fig. 3) record
Laurentide 1ce flow along the axis of the Matapédia wvalley
and localized 1ce flow to the north within the valley.

Distribution and Origin of Alluvial Gold and Shield-Derived
Heavy Minerals

The lower 900 m section of the Assemetquagan River
contains the highest concentrations of detrital gold 1in
southwestern Gaspésie (Maurice, 1986). Strong hydraulic
activity (past and present} in this narrow, rapid and
turbulent section of the river appears to have controlled the
distribution and mode of occurrence of the gold. Detrital
Gold 1s found, along with high concentrations of Shield-
derived heavy minerals, in cleavage fractures in the fissile
slates and in moss on outcrop surfaces subjected to seasonal
flooding. Panned concentrates of material 1n these settings
yield coarse detrital gold (>500 um diam.). Geochemical
analyses of the same material show high gold concentrations
in the 2106 um fraction (Maurice, 1986) and 1ndicate that
gold grains are present in the 63-450 um size range selected
for overburden HMC analyses. The <106 um fraction of the
sediment trapped in these settings contains low gold
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Figure 19. Map of surficial deposits, local survey area,
southwestern Gaspésie.
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concentrations and does not reflect the presence of the
coarse gold., Panned concentrates of loose sediment collected
in the river or in gravel bars on its banks yield 1large
volumes of Shield-derived heavy minerals but no detrital
gold. Gold is also geochemically undetected in the loose
scdiment (Maurice, 1986).

Inclusions of arsenopyrite, gersdorfite and quartz 1in
the detrital gold grains along with the correlation of Au
with As and Sb in the local rock suggest a source in Fortin
bedrock for the alluvial gold (Grrard, 1985, Maurice, 1986,
Bergeron et _al., 1986). The presence of high concentrations
of Shield-derived heavy minerals with the gold in the lower 2
km segment of the Assemetquagan River, along with the failure
to detect gold in moss and outcrop fissures upstream from the
auriferous segment led Maurice (1986) to suggest that the
gold was eroded from Fortin bedrock to the north or northwest
by Laurentide ice and transported along with large quantities
of Shield-derived heavy muinerals to the lower Assemetquagan
valley. In such a model, the heavy mineral and geochemical
composition of overburden to the north or northwest of the
lower 2 km segment of the Assemetquagan River would reflect
the high <concentrations of gold and Shield-derived heavy
minerals in the stream sediments.

Results of Overburden HMC Analyses
Gold concentrations in NM HMC and heavy mineral

2

abundances in 63-450 um overburden from the 36 km area
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surrounding the mouth of the Assemetquagan River are shown in

Figures 18 and 20. Heavy mineral abundances (Fig. 20)
reflect the distribution of overburden types and show that
alluvium contains five to ten times more heavy minerals than
rubble and colluvium. Analyses of NM HMC (Fig. 18) show
several anomalous gold concentrations, with the single
highest concentration (73 ppm) in a sample collected on a
small plateau south of the Moulin River. Corrected NM HMC
concentrations (Fig. 21) show that the majority of anomalous
concentrations, however, are in rubble and colluvium from an
area beocunded on the south by the lower reach of the
Assemetquagan River and on the west by the Matapédia River.
High gold concentrations 1in the Matapédia wvalley south of the
Assemetquagan River are all in alluviunm, Free gold was not
observed in any of the NM HMC examined, In anomalous samples
gold 1s associated with hydrous iron oxide replacements of
locally derived pyrite grains.

Maurice’s model suggests that gold and Shield-derived
heavy minerals in the lower 2 km segment of the Assemetquagan
River have the same local overburden source,. The overburden
in the lower Assemetquagan basin, however, contains very
little far-travelled material, so that a local overburden
source for the Shield-derived heavy minerals is improbable.
Although gold and Shield-derived heavy minerals show
anomalous concentrations in the lower segment of the river,

two 1lines of evidence suggest that these have different
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Figure 20.

Abundance (wt.%) of heavy minerals in the 63-450 um
fraction of overburden in the local survey area,
southwestern Gaspésie.
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Figure 21.

NM HMC gold concentrations corrected to total
sample (63-450 pm), local survey area southwestern
Gaspésie.
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provenance: (1) high concentrations of detrital gold are
confined to the lower 900 m section of the Asscmetquagan
River, while Shield-derived heavy mineials are dispetscd
throughout the drainage basin; (2) panned concentrates of
sediment in favorable settings 1n other parts of the raver
yreld appreciable concentrations ot Shi1eld det1ved heavy
minerals but no detrital gold. The high concentirations ot
Shield-derived heavy minerals 1n the auritferous segment of
the Assemetquagan River appear to be the result of repeated
reworking of outwash material transported by the river
earlier. The Assemetquagan basin drains an extensive area
and contains important sources of Shield-deraived heavy
minerals in its upper reaches so that 1t must have carried
appreciable outwash as the Laurentide ice-front rettreated to
the northwest. The i1mportant accumulations of outwash sands
plastering the sides of the Matapédia valley below the mouth
of the Assemetquan River 1ndicate that the Matapédia, Moulin
and Assemetquagan Rivers transported apprecirable
fluvioglacial sediment.

Although evidence to support Mauri1ce's model of
Laurentide ice transport was not tound, and visible gold was
not detected in any ot the overburden samples, a local source
for the alluvial gold to the north or northwest of the lower
reach of the Assemetquagan River 1s not precluded Most high
gold concent.ations 1n overhutrden occur north ot the

auriferous scgment of the river. The hiph gold concentrations
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are expected to reflect similar highs in underlying rocks

since the overburden there consists essentjially of rubble and
colluvium, and gold occurs in iron-oxide alteration products
of locally derived sulphide minerals. Future gold exploration
in the local area should involve detailed bedrock and
structural mapping with geochemical studies being directed at
the bedrock on the upland surface between the Matapédia and
Assemetquagan Rivers and the lower north wall of the

Assemetquagan valley.

SUMMARY AND CONCLUSIONS

1. The southwestern Gaspésie thesis area 1s a dissected
upland underlain by gently folded and faulted Siluro—-Devonian
sedimentary rocks of the Connecticut Valley - Gaspé
Synclinorium in the northern 90% of the area, and the
Aroostook - Percé Anticlinorium along the southern edge.
Known mineral and alluvial gold occurrences are found south
of the Ste-Florence fault, Surficial deposits consist of
thin and discontinuous glacial drift (till), alluvium of
fluvioglacial and non-glacial origin, colluvium, rubble,
organic deposits and diamict material of uncertain origin.
The overburden is composed largely of locally derived bedrock
fragments with a smaller component of far-travelled material.
Sparse to rare granite and gneiss erratics irregularly
dispersed over the area provide evidence of long range
glacial transport from Precambrian sources on the north side
of the St-Lawrence River, and along with local indicators and
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rare striations, indicate that the main glacial transport
direction was toward the southeast.

2. Investigations on the geomorphology of the area show
that Pleistocene events had little 1nfluence 1n shaping the
topography and drainage features of the area. The topography
is an upland crossed by subparallel chains of low rounded
asymmetric hills and ridges oriented 1i1n the direction of
structure. The upland is cut by a well developed system of
southeast trending valleys and southwest trending subscquent
tributaries. Summit altitudes are between 305 and 360 m above
sea level (a.s.1l.) and floors of the main valleys range trom
46 to 229 m a.s.l. Projected protiles 1ndicate Lwo main
levels of upland in the north half of the area (305-420 and
260-305 m a.s.l.), corresponding to areas east and west of
the Matapédia valley, Several upland levels are 1dentified 1n
the south half of the area (244-290, 366-427, 427-503 and
503-533 m a s.1.). The alternation of hills and ridges, flat
interfluves, and steep-si1ded valleys {forms a rugged
topography below a gently rolling to undulating upland
surface with 30-50 m of relief. Drainage lineaments show
that the drainage pattern, especially the low order streams,
1s strongly controlled by lithology and stiucture Streams
in the north half of the area trend southwest across broad
anticlinal and synclinal structures with smaller subsequent
tributaries flowing 1n valleys between resistant beds.

Streams 1n the <central part of the area have a modified
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dendritic pattern with first and second order streams forming
sharply rectangular patterns. Streams in the southern
quarter of the area have a subparallel pattern trending
toward Baie-des-Chaleurs and display the highest drainage
density in the thesis area (1.5-3.5 km/kmz).

3. Transverse projected profiles show that the main
valleys are incised 30-150 m below broad older valleys with
floors now at 250-305 m a.s.l. The Matapédia River 1is
incised 100-300 m below the floor of a large ancient valley,
cross—axial to the present structure, North of Ste-Florence
the Matapédia wvalley 1s broad and typical of glaciated
valleys. South of Ste-Florence the Matapedia River is
confined in a narrow, locally sinuous <canyon. Drainage
anomalies (windgaps, through valleys, drainage alignments and
changes in the gradient of stream profiles) indicate former
southerly drainage routes for the main tributaries of the
Assemetquagan River and suggest that the Assemetquagan basin
developed from the rapid northeast growth of a tributary of
the Matapédia River capturing the headwaters of southeast
flowing streams,

4. The major geomorphic features of the area are the
product of differential uplift and long-continued erosion of
fault-bounded blocks of Siluro~-devonian strata. The Acadian
compressicn resulted in uplift of the Gaspé trough relative
to the block of strata to the north, and the development of

an early divide somewhere over the Fortin Formation. Long-
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continued subaerial erosion removed an estimated 11-12 km of

Gaspé sandstone which overlay the Fortin Formation and ftilled
the Gaspé trough in western Gaspéste, The removal ot the
sandstone resulted in the superimposition ot southeast
trending consequent drainage lines onto the Fortin Foirmation
A relatively recent renewal of uplift r1esulted 1n northeast
growth of the Assemetquagan River and diversion ot a
considerabhble proportion of the upper Bal1e des-Chaleurs
drainage to the Matapédra River. Plei1stocenc glacial cvents
had little influence in shaping the observed topography and
drainage. Topography may have i1nfluenced the pattern ot flow
and deposition of the Laurentide ice sheet and local
glaciers. Glacial drift deposits and fluvioglacial scdiments
occur mostly in the low lying upland areas to the north ot
the Ste-Florence faulrt.

5. The principle application of geomorphology to gold
exploration using shallow overburden surveys 1s 1n providing
information on the physical factors and processes that
control the distribution and composition of overburden, and
thus the shape of mincralogical and geochemical patterns.
Structure and lithology are revealed 1n the morphology of
landforms, in the arrangement of topographic fteatures and low
order streams, and 1n the density and pattern ot drainage
Broad northeast trending anticlinal and synclinal sttuctures
are 1dentified south of 4 tault which crosses the Fortan

Formation 1n 1ts middle. The thes1s area 1s divided 1nto
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three geomorphic zones on the ©basis of the relation of

topography with other physical factors (lithology, structure,
bedrock composition) and geomorphic processes (pre-glacial
geomorphic weathering and erosion, glacial erosion, transport
and deposition, and post-glacial weathering, slope and
fluvial action). The geochemical and mineralogical features
of the overburden should reflect the combination of physical
factors and geomorphic processes that characterize the three
zones identified.

6. Analyses of <250 um (-60 mesh) overburden samples
along with mineralogical studies and multi-element analyses
of non-magnetic heavy mineral concentrates (NM HMC) show
changing overburden composition across the project area 1in
approximate correspondence with changes in underlying bedrock
and indicate three ©broad zones which <correspond to the
geomorphic zones identified. Gold analysis of the <250 um
fraction of overburden generally shows very low
concentrations of gold and is insensitive to variations on a
regional scale. A better estimate of gold variation is
obtained from chemical analysis of non-magnetic heavy
mineral concentrates (NM HMC). The NM HMC data show variable
distribution of gold and are not readily contoured. However
clusters of anomalous values can be used to define zones of
higher elemental abundance. Individual anomalous values are
potentially significant if they can be related to locally

derived components in the NM HMC. Although sample density 1is
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uneven, and the spread of wvalues is erratic, NM HMC data

point to four types of anomalies which can be related to
particular bedrock and structural settings. Patticulate gold
was not observed 1n any of the samples. Mineralogtical
studies suggest that gold in NM HMC occurs i1n locally derived
hydrous iron oxide or sulphide minerals. Anoma lous gold
concentrations in overburden in the local (1986) area are
related to locally derived sulphide phases. The high
concentrations of gold in overburden within reach of the
lower Assemetquagan valley support the hypothesis ot a local
bedrock source to the north or northwest for the alluvial
gold in the lower 2 km segment of the river.

7. Heavy mineral studies also show that dilution of
locally derived heavy minerals by far-travelled, Shield-
derived minerals is the most 1important cause of regional
variation in heavy mineral proportions The far-travelled
component of overburden <contains at leasct two orders of
magnitude more heavy minerals that the 1local <component.
Conversion of gold concentrations in NM HMC to
concentrations 1n total si1ze fraction eliminates the effect
of wvarying heavy mineral abundance and corrects tor the
effect of dilution where the propoirtion of heavy minerals 1in
the far-travelled component of overburden 1s much greater
than in the local component. Where the diluting component 1is
local, conversion of NM HMC data will eliminate variations 1in

heavy mineral abundances related to differences 1n bedrock

103




contributions. Where dilution by far-travelled components 1is

excessive, analyses of NM HMC of overburden are inadequate to
reflect compositional characteristics of underlying bedrock.
8. Results of this study indicate that shallow
multiple—-type overburden NM HMC surveys integrating
lithologic, geomorphic and glacial data, and controlled by
detailed mineralogical studies, can be effectively used to
measure gold variations in overburden as an aid to the
evaluation of the gold potential of the Siluro-Devonian

sedimentary rocks of western Gaspésie.
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e Appendix 1. Summary of mineral and alluvial gold
‘i occurrences in the thesis area.

A. Mineral Occurrences

1. Fauvel No. 1
A. Location: Map 22 B-2; Kempt River basin.
UTM: 66310CO E ~ 5338700 N

B. Mineralization: Au (trace)

C. Host Lithology: 0.6-2.4 m wide quartz veins
crosscutting Fortin Formation slates
and siltstones.

D. Structural Setting: Veins oriented N60PE, parallel
to shear zones associated with
the Matapedia fault to the south.

E. Mineral Assemblage: Pyrite - Carbonate - Quartz

F. Note: Alluvial gold anomaly in stream adjacent main

showing.

G. References: McGerrigle, 1949a; Dumont 1961,63;

Duquette, 1981 (Mineral Occurrence File
22B/2-1).

2. Milnikek No. 1
A. Location: Map 22 B-3; Matapédia River basin.
UTM: 638700 E - 5330500 N
B. Mineralization: Cu (trace)
C. Host Lithology: 1.6 m wide quartz vein crosscutting
Fortin Formation siltstones.
D. Structural Setting: Mineral occurrence adjacent to
northeast trending fault
E. Mineral Assemblage: Malachite ~ Quartz - Pyrite
F. References: Denis, 1922; Savard, 1985.

3. Causapscal No. 1
A. Location: Map 22 B-6; Matapédia River basin
UTM: 631250 E - 5347400 N
B. Mineralization: Au-Cu {trace)
C. Host Lithology: 1.0 m wide quartz vein crosscutting
Fortin Formation slates.

D. Structural Setting: Occurrence 300 m south of the
Ste-Florence fault. Possibly
associated with andesitic volcanics
200 m to the north.

E. Mineral Assemblage: Chalcopyrite - Quartz - Pyrite

F. References: McGerrigle, 1950; Girard, 1985.

4. Ristigouche No. 1
A. Location: Map 22 B-2; Flatland Brook
UTM: 655200 E - 5326250 N
B. Mineralization: Cu (trace 2Zn)
C. Host Lithology: Felsic dykes and sills and enclosing
limestone skarns, White Head Formation.
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Appendix 1. (Cont.)

Alteration zone 1s 800 m long, approx.
100 m wide.

D. Structural Setting: Alteration zone oriented NS5SCE, 3
km south of Matapedia fault.
E. Mineral Assemblage: Pyrite - Chalcopyrite -~ malachite -
carbonate
F. References: Lachance, 1979; Duquette, 1982 (Mineral
Occurrence File 22B/2-3); Savard, 1985.
B. Alluvial Gold Occurrences
1. Assemetquagan River Basin

1.1 Major

Assemetquagan No. 1

A. Location: Map 22 B-3; Lower 1 km segment of

Assemetquagan River.

B, No. of Gold Grains detected: 1~-25 grains per 3 1 of
trapped sediment (mosses,
outcrop fissures); In panned
concentrate,

C. Geological Setting: Fortin Formation slates. Lower 1
km segment of the river is
structurally controlled.

D. Note: Sulphide-bound gold detected 1n quartz veins

and slates near the alluvial gold occurrence.

Strong geochemical anomaly 1n >106 m fraction
of stream sediments. Low Au conc. 1in <106 m

fraction.

E. References: Girard, 1985; Bergeron et al., 1986;

Maurice, 1986; Bernier et al., 1987,
Bernier and Webber (1n press).
1.2 Minor

Assemetquagan No. 2,3,4

A. Location: Map 22 B-3, 22 B-3, 22 B-2: 2.9, 3.5, 20 km

from mouth of the Assemetquagan River,.

B. No. of Gold Grains Detected: 1, 1, 1; from panned

concentrate

C. Geological Setting: Fortin Formation slates,

si1ltstones and sandstones.

D. Reference: Maurice, 1986

Creux River No. 1,2
Castor River No. 1l

Assemetquagan No. 5
A

Location: Map 22 B-3, 22 B-3, 22 B-3, 22 B-7. Creux
River, Castor River, Assemetquagan
River West,

No. of Gold Grains Detected 2, 1, 1, 1; from
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2.

panned concentrate.
C. Geological Setting: Fortin Formation slates,
siltstones and sandstones.
D. Reference: Maurice, 1986.

Clark and Milnikek River Basins
Clark River No. 1
Milnikek River No. 1

A. Location: Map 22 B-3, 22 B-3: Clark River South;
Milnikek River, lower 1.5 km.
B. No. of Gold Grains Detected: 1, 1; from panned
concentrate.
C. Geological Setting: Fortin Formation slates,
siltstones and sandstones.
D. Reference: Maurice, 1986.

Kempt and Escuminac River Basins
Kempt River No. 1, 2
Fauvel No. 1
A. Location: Map 22 B-2, 22 B-2, 22 B-2: Kempt River;
Kempt River East; Kempt River North.
B. No. of Gold Grains Detected: 1, 1, several; from
panned concentrate.
C. Geological Setting: Whits Head Formation limestones;
Fortin Formation slates,
siltstones and sandstones.
D. References: Kempt River No. 1, 2; Maurice, 1986,
Fauvel No. 1; McGerrigle, 1949b;
Dumont, 1961, 1963.

Escuminac River No. 1, 2
A. Location: Map 22 B-2; 22 B-2: Upper Escuminac River;
Lower Escuminac River.
B. No. of Gold Grains Detected: 2, 1; from panned
concentrate.
C. Geological Setting: Fortin Formation slates,
siltstones; White Head
Formation limestones.

D. Reference: Maurice, 1986.
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Appendix 2. Drainage hierarchy and location of rivers,
major tributaries and major lakes, "ﬁ

southwestern Gaspésie thesis area.

Baie~des-Chaleurs Drainage Lakes

Map Reference No.

I. Restigouche River (south of map) (34) Lac-au~-Saumon

]
]

A. Matapédia River ! (35) Lac Casault
1. Humqu: River (1) ! (36) Lac Causapscal
2. Sauvages River (2) ! (37) L.-Huit-Milles
3. Matalic River (3) ! (38) Lac Matalic
4, Causapscal River ! (39) Lac Indien

4.1 Quatre Milles Brook (4)
4,2 Laverendrye Brook (5)
4.2.1 Huit Milles Brook (6)
4.3 Causapscal South River (7)
4.4 Levesque Brook (8)
5. Fraser Brook (9)
6. McCormick Brook (10)
7. Milnikek River

7.1 Cing Milles Birook (11)

8. Assemetquagan River
8.1 St.-Etienne Brook (12)
8.1.1 St, Etienne N. Br. (13)
8.2 Creux Brook (14)
8.3 Castor Brook (15)
8.3.1 Albert Gendron Br. (16)
8.4 McDhavid Brook (17)
8.5 Assemetquagan West R. (18)
8.6 Assemetquagan East R. (19)
9. Moulin River (20)
10. Clark Brook (21)
10.1 Clark East Brook (22)
11. Gilmour Brook (23)
II. Flatland Brook (24)
III. Moulin Brook (25)
1V, Kempt River (26)

A. Kempt West River (27)
B. Kempt North River (28)
C. Kempt East River (29)

V. Escuminac River

A. Riviére du Loup Brook (30)
B. Patricia Brook (31)
C. Rachel Brook (32)
D. Daudin Brook (33)
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Appendix 3. Selected projected profiles, southwestern
Gaspésie thesis arca.

Profile 1, NW-SE, 1 km-wide prtojected profile showing
the ridge and deptession topogitaphy and the
major stuctural teatures of the Fortin
Formation between UTM coordinates 641L5147N

(left) and 651E5124N (Right).

A: Assemetquagan River valley
F. Fault
Profile 2. NW-SE, 5 km-wide projected profile across

the eastern half of the thesi1s area (Zone 1 -
Zone 3) between UTM coordinates 638E5178N
(1eft) and 670E5133N (right).

A: Assemetquagan River Valley

C: Causapscal River Valley

1: 305-420 m a.s.1. upland level (Zone 1la)

2: 366-427 m a.s.1 uvland level (Zone 1b)

3: 427~-503 m a.s.1l. uptand level (Zone 3)

4 : 503-533 m a.s.!1l upland level (Zone 3)

5: 290-375 m a s.1 upland level (zone 3a)
rofile 3 SW-NE, 2 km-wide projected profile dacross

the northern half of the thesis area (Zone 2 -
Zone 1) between UTM cootdinates 611ESI55N
(left) and 646ESI80N (right).

m: Matapédia River valley

c: Causapscal River valley

6: 260-305 m a.s.1. upland level (Zone 2)

Profile 4  SW-NE, 1 km-wide projected prcfile across
Lavendrye Brook between UTM coordinaces
645E5163N (left) and G649E5]160N (ri1ght).
Lavendrye Brock (L) (Appendix 2) 1s 1ncised
below the floor of broad ancirent valley,

L: Laverendrye Brook valley

F: Fault separating the York River sandstones
(right) fiom the Grande-Gréve silty
limestone to north (left)

Profile 5 E-W, 1 km-wide projected profile across the
Matapédia valley at Ste-Florence. The
Matapédia valley (m) 1s 1ncised 100-150 m below
the tloor of an ancient vdalley (o) Protile

modi1fied from an original by J A Elson
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Appendix 3. (cont.)
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Appendix 3. (cont.)
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Appendix 4,

Transverse projected profile, 2 km-wide, across
the Mi1lnikek (mil) and Matapédia (mat) River
valleys between UTM coordinates 632ES5135N and
638E5144N,

1. 244-290 m a.s.1 upland level
2. 366-427 m a.s.l. upland level

Appendix 5.

Transverse projected profile, 2 km-wide, across

the Matapfdia (mat) and lower Assemetquagan (A)

River valleys, between UTM coordinates 638ES129N
and 642E5134N.

1. 244~-290 upland level

2. 366—-427 upland level

123

v



MILNIKEK — MATAPEDIA PROFILE

Vertical Exageration: 8 X

:
v
'g 300
3
<
200 —
100 —
0 T —T T — T T T
4] 2 4 o a
{Thousandn)
Horizontal Distance (m)
MATAPEDIA-LOWER ASSEMETQUAGAN PROFILE
Vertical Exageration: 8 X
600
400 =
g
300 —
:
0
3 200 —
d
d
100 —
0 T T T 1 T

] {
!
4] e 4
(Thousands)
Horizontal Distance (m)




Appendix 6,

Sample location map, regional

southwestern Gaspésie,

(1985)

survey area,
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Appendix 7.

Sample location map, local (1986) survey area,

southwestern Gaspésie,
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Appendix 8. Heavy mineral separation data (85-serics samples).

Sample We, Wc HM Wc. MM ZH.M. “M.M. | Sample Wt. Wr, HM, We. MM, ZH.M. 7M.M.

No. (g) (g) (g) X_100 i _No (g) (£) (g) X_100
4 237.66 1.39 .2599 .59 18.64 | 131 250.99 1.02 1188 Nl 11 61
5 611,67 3.58 . 7873 58 22 02} 132 129.21 .05 . 0051 .04 10.85
6 401.32 101 . 1270 .25 12 52} 133 143 81 .20 .0140 .14 7.04
10 32127 .20 . 0257 .06 12.85 | 134  279.01 1.61 . 1640 .58 10.17
12 293 69 .29 . 0435 .10 1500 § 136 217.74 .85 . 1040 .39 12.31
16 64 73 .02 .0017 .03 8.02 | 137 310.69 .56 L0419 .18 7.47
20 258. 56 .61 .0611 .24 9.97 | 138 179.33 .25 .0185 .14 7.52
30 166.98 .18 . 0082 .11 4.56 | 139 357.54 .61 .0390 17 6 35
31 272,96 .59 L0714 .22 12.16 | 140 262 63 .78 .0812 .30 10.45
35 435.88 1.36 . 2396 .31 17.59 | 142 61 86 .18 .0216 .29 11 87
42 288 60 .39 .0280 .14 711} 1446 303.85 162 . 1944 .53 11.99
45 317.05 .09 . 0043 .03 4 83 ) 147 405.97 .71 0277 17 393
50 89.34 .03 .0018 .03 720 ) 148 87.74 .76 . 1603 .87 20 98
52 386.80 1.18 .0950 .30 8.07 | 149 97.98 01 . 0002 .01 1.57
53 202.89 1.97 .2190 .97 11.12 |} 151 300.87 193 .0658 .64 3.42
56  509.08 1.36 . 1756 .27 128 | 153 459,77 3.58 . 1220 .78 3.41
57 318.87 02 .0019 .01 8.26 | 157 516 87 4.19 . 1850 .81 4,42
58 593.17 2.93 L2766 .49 9.44 | 159 648.67 3.82 .3560 .59 9 32
59 415.77 .87 L0431 .21 4 97 7 162 417,27 2.8l L1173 67 4 17
65 190.43 .17 . 0100 .09 5.85 ! 163 291.66 99 0747 .34 7.55
66 233 04 .34 .0315 .15 932! 164 45897 214 . 1505 47 7.02
67 405.75 .20 .0137 05 675 ) 165 25221 .46 .0226 .18 4.90
69 106.90 1.44 . 1934 .35 13.43 } 166 362,52 180 0426 .50 2.37
70 212.35 Y L0470 .17 12.81 |} 167 310.19 .70 .0291 22 4,18
7% 621.17 6.02 . 1030 .97 18.32 } 168 212 82 41 L0271 .22 575
78  493.67 4.63 L4064 94 8.77 | 169 21406 .24 0164 11 6 83
84 181.91 .43 . 0405 .24 9.35 ] 170 20563 27 .0273 .13 10.15
86 179.87 40 .0232 .22 587 } 171 37945 34 L0250 .09 7.29
89 276.51 7.96 .2331 .88 15.49 | 174 132 34 .88 1031 .66 11.76
93 321.80 .37 .0184 .11 4,97 } 175 346 53 .52 0226 .15 4.39
102 98. 36 .08 .0068 08 8.35 1 179 28679 .57 .0335 .20 5.92
106 262.30 121 .0419 46 3.46 | 180 449 27 :3/0 0270 .08 7 94
107 228.39 14 .0261 .06 18,51 | 181 254 15 .21 . 0029 .08 139
108 50.10 .05 . 0067 .10 13.40 | 182 430.50 109 0683 .25 6 25
109 175.03 .25 .0243 .14 9.60 | 18 359 53 .74 L0472 .20 6 42
110 150.31 .55 .0941 .31 17.08 } 185 350.91 .72 0229 20 3.19
111 324.06 1.47 . 1268 45 864 | 186 207,84 2.4l L3141 1. 16 13.05
112 63.54 .13 0107 .20 8.56 | 188 138 8 2.55 2916 1.83 11 45
113 148 03 .45 .0620 31 13.66 | 189 89.25 07 0044 .08 6 20
116 168.35 .36 .0011 21 30 ) 192 326.82 2.8 0811 88 2 82
119 387.25 .83 L0454 22 5.45 1 193 23930 1.24 L2141 .92 17.32
122 116 83 1.12 . 1876 .96 1675 ) 194 37043 2 06 1050 .55 5.11
i 128 296.88 .58 L0361 19 6,26 { 199 189,06 1 90 . 1540 .79 10.55
130 295 59 .75 .0388 .25 518 | 200 509.67 4 34 LINT7 85 17.22
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Apperdix 8. (Cont.)

Sample Wt. Wt, HM Wt M.M. ZHM. 7MM | Sample Wt. Wc, HM Wt. MM, ZH.M. MM, |
No (g) (g) (g) X 100 i_No (s) (g) (g) X100 |
201 191 39 .19 .0267 10 1413 | 280 234 95 .07 . 0005 .03 .71
204 252.80 48 L0496 .19 10.25 | 283 358.15 1.28 0685 .36 533
207 378.78 123 . 1906 .33 15.50 | 284 369 07 .64 .0303 .17 4.70
209 306 80 82 L1276 .27 1564 | 293 414 37 .98 0892 .24 9.10
211 37591 1 32 .2058 .35 155 | 295 320.52 .17 .0166 .05 9.82
214 627,97 2 88 .1932 46 6.71 | 29 155.80 08 0076 .05 10,13
215 18513 2 76 6197 149 22 49 | 297 302 97 .11 .0057 .04 5.00
222 474,07 5.43 7707 114 1420 § 298 356 39 .31 .0165 .09 532
226 331.78 4.70 .9606 1.42 20 44 1 299 323 92 23 0024 .07 9.78
228 20283 2.50 .5038 1.23 20.19 | 300 552 57 .46 0205 08  4.47
231 42452 623 1.4760 147 2368 | 301 115.21 .03 0020 03 6.9
234 201 02 .ol .0967 .25 18 90 } 302 326.98 .15 0077 O4 5.24
237 233.35 .06 .0036 .02 6.55 } 303  339.91 .03 .0016 01 47
239 453.55 4.77 .5913 1.05 12,39 | 304  309.65 .11 .0031 03 295
241 299.38 1.9 1860 65 927 |

242 172 97 19 .0171 11 924 |

243 310 70 .12 .0023 04 1.98 |

244 48588 611 1.2828 126 20.99 |

245  254.83 .09 .0058 .04 6.30 |

266 335.49 .19 .0079 .06 4,07 |

250 213.83 28 0237 13 8.53 |

251 187 67 .28 ,0152 .15 5.53 |

254 208 89 .47 .0654 .22 13.94 |

255 217 45 .15 .0140 .07 9 52 |

257 359.18 2.04 .3683 .57 18 07

258 232 52 .33 L0494 a4 15.11 |

260  334.11 35 0227 .10 6.54 |

261 22513 .34 L0496 A5 14.42 }

263 286.57 .07 .0031 02 4 49 )

264 34519 .19 .0096 .06 4.97 |

266 180 81 06 0035 .03 6.25 |

271  235.22 .04 .0014 .02 318 |

272 246 53 .05 0012 .02 2.26 |

274 345.9% .30 .0180 .09 6.06 |

277 198.27 .26 .0500 .13 19.53 }

278 215 59 04 L0016 02 364 )

279  207.99 .40 0057 19 1.44 )

Wt Weight HM Heavy Mtneral Fraction

M M. * Magnetic Mineral Fraction

ZH M. : Heavy Mineral Abundance = (.M. / Wt. of Sample)~100

YM.M. *+ Magnetic Mineral Abundance = (M.M / H.M.)*100
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Appendix 9

Heavy mneral separation data (80 scries suple) sorted

Sanp  Comp
Ho_
33
387
341
364
372
31
338
368
316
318
364
362
353
3067
321
354
355
312
363
350
31
186
174
309
305
113
352
87
329 Cc
33l R
308 C
391 ¢
119 h
it A
332 R
322 R
307 R
328 D
(
R
R

TONAaA>>2D000002>20T>20205>2>2>03>»>

347
6
306

Wt

[ ¢ SN 0 R
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1000
569 80
151 97
1177 80
1000
1002 40
824 90
1175 40
816
0t 70
1000
1000
1861 62
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1000
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1n0
2079 79
115) 90
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10n}
145 57
W0 %
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1541 10 35
[$REYY a4 47
1V 9 HO
(%07 R T4
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0216 861
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0931 7 (6
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4953 [N
0549 O 79
551 6 70
(intr IR
1341 643
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11
12
1
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9
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Appendix 10.

Electron microprobe analyses of selected heavy mineral grains.

We. Z 1 2 3 4 5 6 7 8 9 10 11 12
FeOQ .56 80 1539 1532 3106 3173 3192 318l 333 333 2712 12751
Fe203 »= 2 23 205 40 12 0 00 0 00 000 0 00 0 00 0 00 11 0 00
A1203 20.62  20.79 229! 2303 22.00 2217 218 217 2159 2137 2112 2130
5102 38 62 3857 40.30 40 33 3803 3306 378 3801 37.70 3699 3093 3718
Ca0 357 3570 5 61 5 08 .96 105 105 113 70 .98 1.76 1.70
Cr203 04 .04 0 00 0.00 01 0 00 02 .03 08 09 .01 0.4}
MgO 42 48 15 09 14 91 7 92 7 81 729 7 16 5 86 2.71 4.49 4 38
MnO 06 01 30 .31 47 45 .54 53 1 14 4 81 7.98 798

ToTal 98 29 98.43 100 00 99 70 100 45 101 27 100 51 100 40 100 67 100 29 99 51 100.15

* Recalculated

No. of 1ons on the basis of 24 O

fe 07 10 189 1 89 4 04 4 11 4 17 4 16 4 42 4 49 364 367
Fe .26 24 04 0l 0 00 0 00 0 00 0 00 0 00 0 00 01 0 00
Al 375 377 3.97 4 00 4 G4 4 05 4 02 4 01 4 01 4 06 4 00 402
S1 5 95 5.%4 593 5 94 5.92 5 89 5 92 5 95 5.9 5 96 593 5 94
Ca 590 5 88 88 90 16 17 18 19 13 17 30 29
Cr 01 0.00 0 60 0 00 0 00 0 00 0 00 0 00 01 01 0 00 01
Mg 10 11 3 31 32 1 84 180 170 1 67 138 65 108 104
Mn .01 0 00 0% .04 06 06 .07 07 15 o0 1.09 108

Total 16 04 1605 1606 1605 1606 1608 1606 1605 16,04 1600 1600 1605

Propor tions (%)

Alm 119 169 3092 3095 6626 6685 6820 0833 7273 7528 5965 6037
Pyr 159 18 505 5371 3010 293 27.76 2741 2265 10,90 1759 1712
Spe 14 02 . €0 64 102 .97 116 1.15 251 1101 17.79 1773
Gro 90 58 90 55 13 35 14 37 259 2.83 2 81 3.00 1 88 2 52 4 63 4 64
And 6.38 5 83 109 33 0 00 0 00 0 00 01 0 00 0 00 .31 0 00
Uva 13 10 0 00 0.00 .03 0.00 .07 09 23 .30 .03 14
M Ratio 46 49 37 37 69 .70 .71 72 77 89 82 82
Analysis Grain no Desctiption ¥+ Analysis Grain no Description "

1, 2 25 Colot less gatnet 9 223 light pink gatnet

3, 4 3 19 Very light pink garnet 10 210 light orange-pink parnet

5, 6 J 18 light pink garnet i1, 12 327 light orange-pink garnet

7, 8 3 21 Iight pink garnet

Binoculdtr stereoscopic mictoscope, ait mount




Appendix 10. (cont.)
WL % 13 14 15 16 17 18 19 20 21 22 23 24
FeQ " 3126 3135 2442 2399 2004 2479 22,72 227y 2176 2208 7W.15 3011
Fel03 .09 07 05 0 00 01 0 00 15 He 40 .07 23 e
A1203 21,18 2113 2165 2175 21.60 2169 2154 2136 2231 2245 2145 2134
$102 37 22 3703 3778 3773 3779 379 378 3773 391 39 47 37 41 37 59
Cu0 399 399 1039 1045 961 10 41 12 53 12 67 5 52 4 80 297 2 92
Cr203 .02 01 0t 0 00 02 03 .01 0 00 00 04 0 0o Ul
MgO 2 96 272 3.52 3 48 372 3 32 3 57 3 N 10 97 10 95 6 20 6 40
M0 369 390 2 47 2 52 135 2 0 1. 14 1 05 23 26 1.42 1 37
Total 100 39 100 19 100 29 99 91 100 17 100 23 9947 99 48 100 34 100 10 99 89 100 24
* Recalculated
No of 1ons on the bdasis of 24 O
Fe 4 18 4 21 321 316 342 3.25 2 99 2 99 275 279 398 3 96
Fe 01 0l 01 0 00 0 00 0 00 02 05 0s 01 03 V)
Al 4 00 4,00 4 01 4 03 4 01 4 0L 39 396 3 97 4 00 399 3 96
S1 5 96 5.95 5 93 5 94 5 94 5 96 595 5 % 5 92 5 Y6 591 5 92
Ca .69 69 175 176 162 175 21 2 14 89 78 50 49
Cr 0.00 0 00 0 00 0 00 0 00 000 0.00 0 00 000 0 00 000 000
Mg, 71 .65 82 82 87 78 84 83 247 246 1 47 1 50
Mn 50 .53 33 .34 13 27 15 i4 03 03 19 14
Total 16 04 16.04 16.06 16.04 1605 1603 1605 105 1607 1603 1608 1607
Proportions (%)
Alm 68.88 69.28 52 52 5200 5620 5378 4907 4909 4477 46 00 64 7T 0415
Pyr 1162 1072 1348 1343 1430 1282 1375 13 5% 40 21 40 &4 23 97 24 4h
Spe 8 23 8 72 5 38 5 4 2 94 4 47 2 49 2 30 48 55 309 2 98
Cro 1093 1105 2845 2903 2646 2884 3420 3% 1343 129 751 6 6
A 27 21 14 000 04 000 45 1 22 1 21 00 142
Uva 08 02 o1 0 00 06 09 .03 0 00 0 00 10 000 M
M Ratio 87 88 81 81 81 82 79 79 53 n3 T4 73
Analysis Grain no, Descraiption Analysy . Grain ho Descr iptron

13, 14 325 Light orange pink pgarnet 19, 20 323 orange pink garnet

15, 16 3 20 Fipht otange pink gatnet 21, 22 3 24 orange garnet

17, 18 3 22 light otange pik gat net 23,2 3 26 orange gathet

Binocular sterecoscoplic microscope; it mount
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Appendix 10, (Cont.)
Wt. % 25 26 27 28 29 30 31 32 33 34 35 36
FeQ 24 59 24,58 2833 2428 2439 25060 2562 2736 2846 2714 2700 31.61
Fe203 » .88 122 .86 50 48 76 .60 81 68 60 88 82
Al203 2121 2089 2121 21,93 21.78 2124 2142 2077 21,11 20.93 20.98 20 60
5102 3843 38,26 38.05 3886 3843 3807 3842 3745 3743 37.45 3776 36 80
Ca0 7 44 720 6 57 6 26 6 14 673 6 76 6 64 6 44 9 0l 9.36 8 11
Cr203 c 00 0 00 06 L1 .10 0 00 0 00 04 0.00 01 0 00 0 00
MgO 571 568 503 8 16 8.11 6 00 5 97 4 68 4.79 3.02 3.20 1 42
MO 178 190 95 105 99 136 1 30 112 104 1.30 1.20 70
Total 10004 9973 10105 101.17 100 42 99 76 100 09 9887 9995 99 47 100.38 100 12
* Recalculated
No. of 1ons on the basis of 24 0
Fe 3 2] 322 3.70 3.10 3.14 3 35 3 34 365 377 362 356 4 26
Fe .10 14 10 .06 .06 09 07 10 .08 07 10 10
Al 390 3.86 3.90 3 9% 3.95 392 393 390 3 9% 393 3 90 3.91
Si 599 599 594 593 5.92 5 96 599 5 97 5 92 5 97 5 96 593
Ca 1.24 121 1.10 102 102 1.13 113 113 1 09 1 54 158 1 40
Cr 0 00 0 00 .01 01 01 0.00 0.00 .01 0 00 0 00 0.00 0 00
Mg 1 33 133 1.17 1 86 1.86 140 1.39 111 1.13 72 .75 34
Mn .23 .25 .13 o 13 18 .17 .15 14 18 .16 10
Total 16.01 16,00 16.05 16.06 16 07 1603 1601 1602 1606 1603 1603 16.06
Proportions (%)
Alm 53.34 5359 6071 5067 5113 5530 55.40 60.3% 6145 59.79 58 79 69.78
Pyr 22 08 2208 1920 3036 3029 2311 2302 18 38 18.45 11 86 12 43 5 58
Spe 380 4 21 2.05 223 210 2 98 285 251 228 291 2.65 1 70
Gro 1810 1653 1536 1500 14.83 1641 1698 1624 1584 2359 23.55 20.48
And 2 57 359 2 50 140 1.36 221 175 2 41 197 180 2 57 2 46
Uva 0 00 000 .18 .34 .30 0.00 0 00 12 0 00 LG4 0 00 0 00
M Ratio .72 .72 77 Ned .64 .72 .72 77 78 .84 83 93
Analysis Grain no Description & Analysis Grain no. Descl1ption %

25, 26 2.18 orange gatnhet with multiple 30, 31 3 30 datk orange garnet

oxide 1inclustons 32, 33 331 dark orange garnet
27 2,12 otange garnet with oxide 34, 35 3.28 datk orange garnet
1nclusion 36 3.32 dark otange garnet
28, 29 329 orange garnet

““* Binocular stereoscopic mcioscope, alr mount
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Apperdix 10, (cont.)
We. % 37 38
FeQ 3177 30 02
FelQ3 432 I el
Al203 20 09 1392
5102 Iy 94 30 74
CaQ 8 14 9 08
Cr2o3 VRV 06
Mgo 1 39 40
MO 77 2.1
lotal 100 37 100 19
* Recalculated

[
L

9 20

Mo of tons on the basis of 240

Fe 4 27 407
Fe 10 20
Al 3 a2 3 81
S1 593 R
Ca I a1 1 58
or 0 00 0l
Mg 33 11
Mn 10 32
Total b 06 1o (4
Analysis Gratn no

37 3 32

38, 39 3 34

40 2 8
Wt 7% 47 "8
Fed ~ 10 46 4 95
Fe203 < 76 72 66 26
Cr203 01 0 00
A1203 10 10
MpO 28 39
5102 0 00 03
T102 1224 1773
MO 13 10
Total 99 % 99
" Recalculated

4 0o

7

37
5498
155
0 00
9]
31

1o 02
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20

2
RIS
5

O
1
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RN
00
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N
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1o U4
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Appendix 10. (cont.)

No of ions on the basis of 6 0

Fe 46 66 39 171 176 185 188 189 172 175 .16 15
Fe 303 2 62 320 37 27 .21 000 03 .36 31 3.59 3 66
Cr 0 00 0.00 0 00 0 00 0 00 0 00 0.00 0 00 0 00 0 00 0 00 0.00
Al 01 0l 02 0.00 0 00 0 00 0 00 0 00 01 0 00 .01 01
Mg 02 .03 01 09 09 .02 01 01 08 08 .01 .01
Si 0 00 0 00 0 00 0 00 0 00 000 0 00 0.00 0 00 0 00 0 00 000
T1 .48 69 39 1 81 1 86 189 201 198 1 82 1 84 20 16
Mn .01 .01 0.00 01 01 03 09 .09 .02 .02 .03 .01
Total 4 00 4 00 4 00 4.00 4 00 4.00 399 4,00 4 00 4 00 4 00 4 00
IM Ratio .96 96 99 .95 .95 99 99 99 96 96 95 95
W, Z 59 60 61 62 63 4 65 66 67 68 69 70
FeQ = 181 179 3.54 179 354 285 4032 375 42,58 11 18 8.63 39.63
Fe203 = 97 19 0 00 0.00 0.00 000 9 67 11.42 18.85 8 83 7521 8189 7.64
Cr203 0 00 04 26 04 26 21 59 13 06 36 .04 02
A1203 06 03 02 .03 .02 0.00 .02 07 03 15 01 0 00
MgO 02 0 00 02 0 00 02 03 04 .07 13 02 0 00 22
5102 0 00 01 0 00 01 0 00 04 02 .01 0l 01 0 00 0 00
1102 2,06 9740 9509 97 40 9509 316 4505 41.93 47 78 12 26 975 48 46
MO 03 0l 0.00 .01 0.00 .04 .40 12 .19 07 16 3.53
Total 10117 9929 98 94 99,29 9894 101.01 9785 9874 99 62 99 27 100.47 99 49
* Recalculated

No. of 1ons on the basis of 6 0 (except analyses 62, 63)

(20) (20

Fe .08 06 12 02 04 .13 175 1 62 1.81 50 38 169
Fe 3.83 0 00 0 00 0.00 0.00 37 45 73 .34 2.99 3.23 29
Cr 0.00 0 00 01 0 00 0 00 .01 02 01 0 00 02 0 00 0 00
Al 0 00 0 00 0 00 0 00 0 00 0 00 0.00 0 00 0 00 .01 0 00 0 00
Mg 0 00 0 00 0.00 0 00 0.00 0.00 0 00 .01 01 0 00 0.00 02
S1 000 0 00 0 00 0 00 0 00 0.00 0 00 0 00 0 00 0 00 0 00 0 00
T .08 2.97 2 93 99 98 .13 1.76 1 63 183 49 38 185
Mn 0.00 0 GO0 0 00 0 00 0 00 0 00 02 .01 .01 0 00 .01 15
Total 4.00 3.03 3 06 101 102 4,00 4 00 4 00 4.00 4 00 4.00 4 00
IM Ratio 98 I 00 .99 1 00 99 98 1 00 100 .99 1.00 100 .99
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Appendix 10.

(cont.)

Total

Analysis no.  Grain no. Description

47, 48, 49 18 Hematite phase within a 2-phase hematite-ilmenite grain coexisting with
pyrope-grossulatite almindine (Analyses 25, 26)

50, 51 .18 Ilmenite phase within a 2-phase Lematite-ilmenite grain coexisting with
pyrope-grossularite almandine (Analyses 25, 26)

52 2,13 I-phase 1lmentte grain coexisting with epiudote (Analyses 9, 10)

53, 54/55, 56 37/3.38 l-phase 1lmenite grain

57, 58 39 1-phase hemitite grain

59 49 Hemit1te phase within a multi-phase hematite-1102-Feli03 grain

60, 61 .49 T102 phase within a multi-phase hemot 1te-Ti02-FeT103 grain

62, 63 49 T102 phase within a multi- phase hematite-1102-FeT103 grain

% 49 Hematite phase within a mulri-phase hematite-T102-FeT103 grain

65 49 Ilmenite phase within a multi-phase hematite-T102 -Fel103 grain

66, 67, 68 .09 Ilmenite phase within a weakly magnetic 2-pluse hematite—ilmenite grain

69 L1l Hematite phase within a weakly magnetic 2-plvse hemitite—1lmenite grain

70 11 Ilmenite phase within a weakly magnetic 2-phase hematite-ilmenite grain

Wt. 7 71 72 73 74 75 76 77 78 79 80 81 82

Co .05 00 04 0 00 0 00 05 0 00 0 00 0 00 0 00 02 0 00

Cu 0.00 0! 01 0 00 32 27 08 02 0 00 0 00 0 00

N1 0 00 00 .09 0.00 .08 0 00 04 0 00 0 00 0 00 0 00 0 00

Si 04 01 N 05 .06 .05 03 03 02 .01 05

As 02 00 02 0 00 0 00 02 0 00 0 00 0 00 0 00 0 00 0 00

Pt 0 00 .00 0 00 0 00 0 00 0 00 0 00 0 00 0 00 0 00 0 00 0 00

Au 91.23 .67 9423 95,08 9943 9960 9396 9370 9229 9249 9347 9548

Ag 8 93 68 6 61 6 37 1 51 99 6.47 6 08 7 27 713 5 87 5 82

Sh LG4 02 0 00 0 00 03 08 01 0 00 02 0 00 0 00

S .05 .08 .06 07 11 10 03 Q9 06 03 08

Ba .00 06 O+ 000 000 00O 02 07 03_000__ 08 __ 00

Total 100 42 100 52 101.14 101 57 101 54 101 18 100 64 99.98 99 70 99 66  99.56 101 65

We. % a3 84 85 86 87 88 89 90 91 92 93 9%

Co .02 .08 0 00 000 05 0 00 0 00 0 00 01 05 0 00 0 00

Cu .12 0 00 0 00 10 0 00 .01 05 0 0o 02 0 00 000

N1 .01 000 .03 04 000 .15 03 0} 04 10 12 0 00

Si .03 03 03 04 0 00 117 0 00 0 00 0.00 01 0.00 1.18

As 02 0 00 0 00 0l 0 00 01 08 0 00 02 02 0 00 0 00

PL 0 00 0 00 0 00 0 00 0 00 0 00 V] 0 00 03 000 0.00 0 00

Au 94 59 57 9% 73 94 19 0 00 0.00 0 00 0 00 0 00 03 01

Ag 6 38 6 36 6 02 6.41 0 00 04 06 0 00 0 00 000 04 0 00

Sb 03 000 0 00 ¢ 0o 0 00 02 04 000 000 0 00 03 O O

S 0 00 0 06 07 5 03 10 55 99 5% %2 5% ¥ 53 135 08

Ba 000 06000 0% ___000__000__ 000 QU _ 06 _ U6 __ _06__ 000

101 24 101.32 100 B7 100 90 5408 149 5629 5555 55.52 5302 5434 .
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Apperdix 10.  (cont.)
Analysis no. Grain no Description

71, 72 301 Alluvial gold grain (anhedral, subrounded edges, long axis (1 a.) = 800 pm)

73, 74 3.02* Alluvial gold grain (elongate, rounded edges, 1 a. = 1200 pm)

75, 76 303« Alluvial gold grain (ellipsoidal, rounded edges, 1 a = 800 jun)

77, 78 304 Alluvial gold grain (anhedral, subrounded edges; 1 a = 950 um)

79, 80 3 1ix Alluvial gold grain (anhedral, subrounded edges, 1 a = 900 um)

81, 82 3 10¢ Alluvial gold grain with quartz inclusions (ellipsoidal, tounded edges;

1 a = 1000 yum)

83, & 308~ Alluvial gold grain (anhedral, angular edges, 1 a = 800 pm)

85, 86 3 06¢ Alluvial gold grain (elongate, rounded edges, ! a = 1000 um)

87 312 Pyrite from Fortin bedrock (elongate, euhwedial, unoxidized, 1 a, = 700 pum)

88 313 Guethite pseudomor ph after cuhedral pyrite (cubic form; 1 a = 500 jm)

89, 91 314 Pyrite cote of goethite pseudomorph (cubic form, 1 a = 500 jm)

90 3.17 Pyrite core of goethite pseudomorph (elongate, euhedral, 1 a = 600 ym)

92 2.35 Pyrite phase in limonite gramn, 146-H (brown and black, anhedral)

93 2 34 Pyrite phase 1n lmmonite gramn, 146-1 (brown and black, auhedral)

%4 2.48 Core of goethite pseudomorph after euhedral pyrite, 277-H (1 a = 300 um)

Assemetquagan River alluvial gold occurrence 1l a =long axas

We. %2 95 96 97 98 99 100 101 102 103 104 105 106
Co .01 0 .03 04 0.00 0.00 33 0 00 .02 0.00 0.00 .07
Cu 0l 07 0.00 02 .06 03 .01 03 04 05 .08 .07
N1 0 00 0 00 000 000 04 0 00 03 01 02 0 00 .03 13
S1 0 00 .01 0 00 01 06 0 00 0.00 .01 000 0 00 02 02
As 01 02 0 00 .04 04 0 00 .05 01 03 .01 04 05
P 0 00 04 02 0 00 04 0 00 0 00 05 05 0 00 0 00 0 00
Au 02 02 .06 000 04 0 00 0s 0 00 0 00 0.00 0 00 0 00
Ag 0 00 .04 .01 01 0 00 05 01 07 000 03 0 00 0 00
Sb 0 0g 0 Q0 01 0l 0 00 02 0 60 0 00 0.00 04 0 00 0%
S 8 80 8 62 8 79 9.32 88 5271 5398 52,77 53.02 5427 5307 5280
Ba 38 97 60 68 59 14 6009 57 G4 05 000 0 0o 0_00 0vo___0 v .08
Total 67 82 69 50 6807 6953 66 15 52 85 54.47 52.9 5318 5440 53.23 53 26
Analysis no Grain no Description

95, 97 2 37 Barite, l46-H (anhedral, cloudy, white-gray; 1 a. = 150 pm)

96 2 38 Bar 1te, l46-H (anhedral, cloudy, white-gray, l.a, = 200 ym)

98 2 68 Barite, 207-H (anhedral, cloudy, white-gray; L a = 250 ym)

99 2.69 Barite, 207-H {anhedral, cloudy, gray, 1 a = 200 pm)

100 249 Pyrite cote of goethite pseudomorph, 277-H (cubic form, l.a. = 200 pm)

101 243 Fuhedtal unoxadized pyrite, 272-H

102 2 55 Pyrite phase in lmonite grain, 146-H (brown-yellow-black, anhedral)

103 262 Pytite phase 1n goethite pseudomot ph,276-H (ethedral grawmn,l.a = 200 um)

104 2 96 Fuhedial unoxadized pyrite, 277 H

105 2 102 Pyrite phase 1n limonite grain,29-H (brown black, anhedraly 1 a = 300 jm)

106 2 104 Pyrite pluse 1n linonite grain, 181-1f (brown-black, anhedial;l a = 250 pm)
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Appendix 10 (cont.)

Wt.Z 107 108 109 110 111 112 113 114 WL.Z 115 116
FeO 7 53 8 83 7.31 16 15 16 20 9 52 12.72 12 64 FeO 10 56 10 20
A1203 4 87 518 3 89 263 2 38 7 52 4.39 h 22 A1203  24.28 2447
$102 48 97 47.74 50 10 52 80 52 88 49 25 52 81 52.85 $102 37 91 37 M
Ca0 22.18 20 54 21 75 .36 28 5 34 29 .32 Ca0 23 27 22 69
Cr203 .39 43 .31 10 .09 49 .25 25 Cr203 .02 02
MgO 12.96 13.95 13.80 26 73 27 13 20.55 28.88 28.84 MgO 0 00 01
MnO .19 .20 .20 .25 .31 10 21 25 MnO 12 12
OH 3.52 3 50
Total 97.10 96 86 97.35 99 02 93 27 92 77 99 54 99.38
Total 99.68 98.79
No. of ions on the basis of 6 O
No.1ons on the basis 15 0
Fe .24 .29 23 49 .49 .30 38 38 Fe 75 73
Al 22 24 .18 11 10 .34 19 18 Al 2 44 2 47
S1 1.88 1.84 1.91 193 193 189 1.89 1.89 Si 323 326
Ca .91 .85 .89 01 01 22 .01 01 Ca 2.12 2 08
C1 .01 01 .01 000 0 00 0l 01 01 Cr 0 00 0 00
Mg 74 .80 78 146 147 117 1.54 1.54 Mg, 0.00 0 00
Mn 01 .01 .01 01 01 000 01 .01 Mn 0l 01
o Oil 1 00 100
Total 4 01} 4 03 4.00 4,01 4.02 394 4 02 &4 01
Proportions (%) Total 9 55 9 53
Wo 47 97 43 70 46 47 72 55 12 88 57 63 FM Ratio 1 00 100
En 39.00 41 31 41 01 73.84 74.12 69 00 79 40 79 44
Fs 13.03 14.99 12.52 25 44 25 33 18 12 19 97 19 93
FM Ratio .25 27 23 20 26 21 20 20
Analysis no. Grain no. Description
107, 108, 109 316 Brown pytoxene
110, 111 2.26 Brown orthopytoxene
112, 113, 114 227 Brown orthopyroxene
115, 116 2.13 Yellow fiosted epidote coexisting with 1-phase 1lmenite grain

(Analysis no. 52)
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Apperdix 11.
Chemica: analyses of bedrock samples collected from various formtions

in the southwestern Gaspésie thesis area.

Rock St. Léon Lake Branch York River  Fortin  Ste,- White Head Grande Greve
Type s1ltstone sandstone sandstone shale Margucrite siltstone siltstone
andesite
Sample 85-7 85-2 85-3 854 85-1 85-5 85-6
Major Elements (%) recalculated to exclude LOI 1n sunmation
S102 81.23 79.68 76.99 66.67 63 35 61.85 50.25
T102 43 .55 .49 .87 1.25 74 .19
A1203 8.15 9 54 10 40 15.96 16 99 13 71 4.04
Fe203 3 16 319 317 6 72 5 34 549 1.84
MgO 1.77 123 2 05 2.68 2.14 3.03 4 08
Ca0 1,27 462 1.14 174 174 9 74 36 97
Na20 .90 2.31 1.83 191 6 83 221 .34
K20 1.94 2.13 2.69 2.99 1.09 278 1 01
101 2,82 1.89 3.19 4.60 283 10 36 25 43
Trace Elements (ppm)
Ba 124 192 228 248 537 192 226
S w.d nd 40 n.d nd nd. n.d
Cr 196 111 102 9% n.d 57 nd
Co 13 18 21 15 5 4 n d.
N1 31 27 202 78 n d. 37 n d.
Cu 124 45 106 78 6 nd, n d.
Zn 60 37 33 84 111 72 23
Nb 12 15 14 18 29 17 10
Zr 386 230 184 221 417 185 63
Y 23 21 22 27 45 29 14
Sr 58 74 71 135 589 199 387
Rb 70 66 72 115 34 101 41
Pb 18 12 16 22 24 21 10
Th <10 <10 <10 <10 13 11 <10
u 10 <10 <10 <10 16 10 16
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Appendix 12
Comparison of trace clement analyses of overburden fram the regional

survey with averages for alluvium (obtained from Qoiniére, 1982)

Sample Formation  No of Cu {ppm) Zn (ppm) b (ppm) N1 (ppm) Co (ppm) U (ppm)
Type or Group Samples Arith Std  Arith  Std  Arith Std  Arith  Std  Arth  Std  Arith  Std
Mean Dev  Mean bDev  Mean Dev Mean Dev  Mean Dev  Mean Dev

Coll Fortin 27 33 12 69 17 21 58 18 19 10 10 1

Diam *  Fortin 10 31 9 73 19 21 1 65 23 11 5 10 2

Alluv Fortin 1968 13 5 81 33 19 10 35 11 11 4 4 5

Diam * Gr Greve 14 40 24 70 22 22 4 37 14 8 ) 11 2
Cap Bon Ami

Alluv Gr Greve 2730 31 30 100 42 22 8 39 15 20 10 2 2
Cap Bon Ami

Diam * York Raiver 13 33 12 56 17 21 3 49 17 12 9 11 2
York Lake

Alluv Yotk River 1102 9 5 76 32 10 7 40 12 14 5 3 4
York Lake

Lake Branch
¥ Diam = Glacial Diamicton
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Appendix 13.

Correlation coefficients for log transformed data, NM .MC analyscs.

U W la Ce Sm EBu Yb Lu

As Ay Ba Co Cr Fe Zn Hf Mo Na N1 Sb Sc Ta Th
As 1 00
Au 201 100
Ba 361 425100
Co B20 271 354 1 00
Cr 113 213 145 245100
Fe 348- 252- 129 447- 043 1 00
Zn 374 437 397 513 294 1131 00
HE 279 354 270 355 761~ 130 2541 00
Mo 001 303 333 056 175- 291 12! 352 1 00
Na 088 148 150 223 145- 192 202 338 380 100
Ni 408 647 14l 522 078 247 525 437 225 7201 00
Sb 812 133 318 724 251 249 506 414 180 148 532 1 0O
Sc 130 221 180 338 588 206 269 709 128 222 169 265100
Ta- 086 435 075 075 515~ 224 485 485 242 068 279 197 502 1 00
Th 380 383 317 425 675~ 140 295 950 432 392 524 497 €23 446 100
U 38 435 315 433 745- 136 374 963 415 383 460 498 624 513 969 1 00
W 347 355 247 437 481- 125 405 702 340 369 789 519 477 345 125 711100
la 477 405 356 517 573- 066 312 898 477,389 554 553 553 369 968 925 683 1 00
Ce 613 360 357 456 982- 074 223 899 474 390 507 SO5 597 365 957 912 672 968 1 00
Sm 452 368 3% 493 S71- 074 301 005 492 612 512 545 591 371 970 924 706 985 970 1 00
Fu 479 373 375 524 S519- 073 285 866 406 391 687 579 570 360 925 887 689 953 932 95 1 00
Yb 344 332 295 403 6%- 110 240 908 401 354 435 466 726 427 964 938 705 930 931 %6 913 100
L 334 326 281 387 655~ 115 223 974 384 358 468 458 724 429 963 940 706 923 922 938 906 996 10
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