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ABSTRACT 

A survey of geomorphology and shallow overburden 

geoc hemist ry was conducted to ascertain factors which 

control the distribution of go Id in overburden from an area 

of 2400 km 2 in southwestern Gaspésie, Quebec. The area is a 

dissected upland underlain by fauited and gently 

Siluro-Devonian strata. Complex geomorphic and 

folded 

glacial 

histor~es are reflected in the mainly non-glac~al character 

of the landscape, the preservation of anc1.ent erosional 

landforms and the large var~ation ~n the distribution and 

composit~on of overburden. The overburden consists of glacial 

drift, colluvium, rubble and alluvium. Three broad zones are 

recogn1.zed where overburden d1.strlbutlon and composition are 

the resuit of a combination of physicai factors and 

geomorphlC processes. Geocheml.cal and heavy m~neral 

characterlstl.CS of overburden also define three broad zones 

WhlCh correspond to the geomorphic zones. Gold analyses of 

non-magllet~c heavy mlneral concentrates (NM HMC), corrected 

to compensa t e fol' dl.lution by Shleld-der~ved material, 

provJde an estimate of gold varl.atl.ons 1.n overburden and 

bedrock ln the three zones. Heavy mineraI studies are 

essential ta the lnterpretation of the patterns of gold 

variation in NN HMC of overburden. 
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RESUME 

Une étude de la géomorphologie el un levc géochimique 
des sols ont été effectués afin d'évaluer les fùcteurs qUI 
contrôlent la répartition de l'or dans les dépôts me.Jbles qUI 
recouvrent une régIon de 2400 km 2 dans le sud-ouest: de la 
Gaspésle. La région est un plateau fortement disséqué qui 
tronçonne une séquence de sédiments plissés et faillés d'âge 
Siluro-Devonlen. L'aspect largement: non-glaciaIre du 
p a y s age ,la pré s e r vat Ion d e for mes d' é 1" 0 S Ion il n cie n n e e t 1 a 
répartItion des types de dépôts meubles témolgnent d'une 
hlstoire géomorphologlque et glaclillre complexe. Les dépôts 
de surface consIstent en des dlamictons glaclalres, des 
colluvions, des dépôts anguleux d'origine locale, et des 
alluvions. La réglon est découpée en trolS zones dans 
lesquelles la composltlon et ta répartItIon dl'~ dépôts 
meubles sont le prodult d'une associatIon de facteurs 
physiques et de processus géomorphologiques. La géocblmle des 
sols et l'étude des mlnéraux lourds détinissent trOIS zones 
qui correspondent aux zones géomorphologlque~. Le tril itement 
des teneurs en or de la fraction non-magnétique des 
concentrés de minéraux lourds (CML-NM) au moyen d'une 
correctIon qUl neutrallse l'effet: de dilution caubé par 
l'addl.tion de débrIS provenant du BouclIer, permet d'estimer 
la répartitlon de l'or dans la couverture de dépots meubles 
aInSI que la roche sous-jacente. L'analyse minéralogique des 
concentrés est essentielle à l'interpretation des données sur 
l'or dans la fraction CML-NM des sols. 
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PREFACE 

ThIS thesls ,s the result of a research contrac awarded 

by the Geologlca Survey of Canada to J.A Elson and G.R. 

IJebber of the MIneral ExploratIon Research :nstltute (GSC 

Contract SeriaI Nos. OSQ 85-00052 (1985) and 23233-6· 

0407/01-S2 (1986); IRE"-MERI Project No. P85-15). The 

project is a contrIbutIon by the Geologlcal Survey of Canada 

to the Economlc Oevelopment Plan for the Gaspé and lower 

St-Lawrence MInera program (1983-1988). The research 

project was carrled out by the author. The contract work was 

supervised by J.A. Elson and G.R. Webber, ln accordance wlth 

specIfIcatIons by Y.T. Maurice of the Geologlcal Survey of 

Canada, the sClentlflc authorlty for the project. The 

results of the research project are presented ln an open-flle 
report (BernIer et al., 1987) and are the basls of a paper 

recently accepted for publIcatIon (BernIer and IJebber, ln 

press) The materlal presented in the paper forms the second 

part of thls thesls (pages 57 93). The tlrst part on the 

geomorphology of the area, has not appeared prevlously. The 

author IS responslble tor the orIginal 1 ty of aIL the materl al 

presented ln thls thesls wlth the exceptIon of sorne 

observatIons on the geomorphlc features of the area by J.A. 

Elson. The format of the thesis conforms wlth the new 

gUldelines of the Oepartment of Geologlca SCIences. The 

style used IS that acceptable to the Journal of Geochemlcal 

ExploratIon 
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INTRODUCTION 

In the summers of 1985 and 1986 a survey of SUrflCl.al 

geology, geomorphology and shallow overburden geochemlstry 

was conducted ln an are a of 2400 in southwestern 

Gaspésie, Quebec (Flg. 1). The two maln obJectlves of the 

survey we re ( 1 ) to evaluate the raIe of glacIal and 

non-glacial pl"ocesses ln produclng gold and other he a vy 

mineraI anomal.les ln stream sed.lment!:> of the Assemetquagan 

River bas.ln (MaurIce, 1986), and (2 ) to suggC'&t drcas of 

posslule gold minerllllzation ln bedrock through mlneraloglcal 

and geochemical analysls of shallow overburden. Two 

geochemica l surveys were carried OU t , il reglonai survey 

Includlng major, trace element and heavy mlnerai concentrate 

(HMC) ana 1 yses, and a 1 oc al HMC survey in a 36 a r ea 

surrounding the princlpal aIluVlill go Id occurrence ln 

southwestern Gaspésie, at the mouth of the Assemetquagan 

River. Geochemical data from these surveys together with 

preliminary interpretatlons have been reported (Bernier tl 

.!Ll. , 1987) . This the sis examInes parameters WhlCh control 

the dlstribution of gold in overburden across the area in an 

attempt to determine factors that should be considered in the 

des.lgn and interpretation of shallow overburden surveys RS 

an aid ta gold exploration .ln the region. 

Parameters examined in the interpretation of the 

geochemical and mineralogical data can be grouped Into two 

sets: ( 1 ) lithological parameters compositional and 

l 



F .l.gure 1. Loca tion 0 f the thes ~ S li rpa and t ec Lono -
stratlgraphy of weslern GaspésIe (afLer Poole 
and Rodgers, 1972; K.lrkwood and St-Jullen, 1987; 
~1alo, 1987). 

T.D. = Tacon.l.c DomaIn 
C.G S. = ConnectIcut Valley - Gasp~ Synclinorium 
G.T. = Gasp~ Trough 
A.P.A. 
C.B.S. 

= Aroostook - Perc~ Anticl~norium 
= Chaleur Bay Synclinorium 

2 

) 

1 



• 

1. 

_Qu~peç __ _ 
New Brunswick 

o 
1 

'C---' 
QUEBEC --:--\(----.---,., 

( f 

) 
, 
'. - - :-. '1 s:::;;>fJ' 

-'---,----) ~~ 

20 
1 

- -" 
/~OC! 

~ Il 
1 



structural features of bedrock units and (2) overburden 

parameters compositiona 1 character istics and distribution 

patterns of overburden types. The extent to which overburden 

parameters reflect underlying lithological parameters is 

determined by the processes that have formed or modified the 

averburden. In the project area, such pracesses includt' 

pre-glacial weathering and erasion, glacial erosian, 

transport and deposition, and post-glacial slope, fluvial 

and groundwater action. An unGerstanding of haw these 

geamorphic processes influence the composition of overburden 

is required for the interpretation of the geochemical and 

m1.neralogl.cal patterns, and ls essential to the deSl.gn and 

interpretation of aIl overburden surveys. 

The thesis area is characterized by faulted sequences of 

gently folded and recrystallized Siluro-Devonian sedimentary 

rocks, complex geomorphic and glacial historier.. and 

relatively discontinuous and thin glacial drl.fr caver. These 

characteristics are recorded in various degrees by heavy 

mineraIs in the overburden. Heavy ml.nerals are examined in 

the interpretation of the geochemical data and are used ta 

evaluate sha llow overburden surveys as an aid to go Id 

exploration in the region. 

LOCATION OF THE THESIS AREA 

Gaspésie Peninsula comprises that part of the Province 

of Quebec between the St-Lawrence River ta the north and 

Baie-des-Chaleurs ta the south, and extends from the 
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Matapédia valley in the west to the Gulf of St-Lawrence in 

the east. The thesis area (Fig. 1) is in the southwestern 

haIt of the peninsula. It is bounded by Latitudes 66 0 30' 

and 67 0 30', and Longitudes 48 0 00' and 48 0 30'. The area 

covers parts of National Topographie Series maps 22-B2, B3, 

B6, and B7, at a scale of 1:50 000, and includes the 

following topographie regions: the Matapédia valley south of 

Amqui, The Causapscal and Assemetquagan River basins, parts 

of the 1'11Inikek, 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 in\estigations of surficial 

geology in Gaspésie Peninsula over the past 100 years but 

these have largely been conducted along the easily accessible 

perimeters, especially along the north coast and in the 

Shickshock Mountains. Wi th 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 

sed1ment geochemistry were being init1ated. Early 

information on the physiography and geomorphic history of the 

peninsula is largely the result of work clone by F.J. Alcock, 

although discussions of physiography are included in many 
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geological reports. The following is a chronological summary 

on the of previous investigations. Emphasis is placed 

studies which have dealt with the glacial geology, 

geomorphology and surficial geochemistry of southwestern 

Gaspésie. Previous investigations concerning the local 

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; G01dthwait, 1911, 

1912). The contribution of R. Chalmers, who investigated the 

g1acl.a1 geology of the Appa1achian region of Canada in the 

period 1874-1904, is of historical importance. His c1assic 

studies of ice flow indicators and drift transport across 

southeastern Quebec and the maritime provinces were 

synthesl.zed in the flrst mode1 of glaciation of the northern 

Appalachians (Chalmers, 1890) and later led ta the 

development of the first the ory of g1acl.ation of the Gaspésie 

peninsu1a (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. A1cock in 

the period 1928-193l. Alcock's comprehensive (1935) report 

contains a detai1ed treatment of the physiography and 

geomorphic evolution of the Gaspésie, l.ncluding a discussion 

on the development of the Matapédia drainage system (A1cock, 

1935; p.116-118). On the basis of detai1ed observations of 

topography and drainage, and f0110wing Davis' (1909) popu1ar 

5 
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theory, Alcock ( 1935) proposed peneplain 

geomorphic history for the Gaspésie peninsula. 

the development of the upper plateau of 

a polyphase 

He attributed 

the Gaspésie 

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

erosion 

times. 

erosion. 

which ended in late Cretaceous or early Tertiary 

Uplift of about 500 m inaugurated a new cycle of 

The lower plateau of the Gaspésie represents the 

development of a second peneplain (Gaspé Peneplain; Alcock. 

1944) on the sedimentary rocks surrounding the Shickshock 

Hountains. Further uplift resulted ln the inauguration of a 

new cycle of erosion and the development of the present 

valley system. 

cross-profiles 

Alcock (1935) suggested that the steep lower 

of several va1leys was the result of a 

relative1y recent up1ift episode in late Pliocene times. 

The surficial geology of the interior of the peninsula 

was f i r s t examined in the region of the Shl.ckshock 

Mountains. The summi t plateaus of Mounts McGerrigle and 

Albert were visited by A. Mailhot and A. Coleman l.n 1918. 

Their opposing views regarding the glacl.ation of the highest 

summits of the peninsula 

l.nitiated a controversy. 

(Mailhot, 1919 ; Coleman) 1922) 

From 1918 to 1952, the Shickshock 

Mountains were the centre of numerous investigations and 

debate aimed at resolving whether or not the summit plateaus 

were glaciated (Ferna1d. 1925 ; Alcock, 1922. 1924, 1926, 

1935; Jones, 1933, 1939; Aubert de la Rüe, 1941; Flint il 

1942; Carbonneau, 1949; McGerrig1e, 1950). McGerrig1e 
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(1952) summarized the 

results of his own 

work of his 

investigations, 

predecessors and 

and described 

the 

the 

surficial geology and glacial history of the peninsula. 

These investigations brought a wealth of new lnformation 

the extent of glaclation of the Shickshock regarding 

Mountains 

histories. 

as weIl as thelr preglaclal and post-glacial 

This lnformation still forms the hasls for 

geomorphic and glacial reseat"ch 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 a 1., 1985). 

The graduaI loss of popu1arlty of the Davisian concepts 

of erosion cycles and peneplains prompted some researchers to 

examine in more detail the relation between topography and 

underlylng 

constructed 

bedrock characteristlcs. Mattinson ( 1958) 

projected profiles across the Shickshock 

Mountains in the reglon Mount Logan and made comparative 

cumulative counts of summi t altitudes. He found only 

moderate accordance of summits at 550-670 m and 700-880 m 

above sea leve1 (a.s.1.) 

comparative cumulatlve 

Ollerenshaw (1963, 1967) 

counts of summit altltudes 

made 

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 

7 



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 altit'.lde parameters were related to base 

level and that arithmetic mean altitude was an index of 

relatIve bedrock erodlbillty. 

In 1967 and 1968 the SocIété Québécoise d'Exploration 

Minière (SOQUEM) conducted detai1ed 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 ta obtain a 

geochemica1 inventory of the entire Gaspésie peninsu1a 

(Tremblay et al., 1975; Tremblay and Cholnlèl'e, 1978a, b' , 

Tremblay and Wilhelm, 1978; Choinière, 1982). The resu1ts of 

the 75 000 sample survey were pub1ished in 7 geochemica1 

at1ases and la ter compiled in a set of 1:50 000 scale maps 

(Cholnière, 1984). One of the main findings of the massive 

survey was that the concentration of trace e1ements in the 

stream sediments varies characteristical1y across the 

penl.nsula with changes in underlying rock types. Choinière 

conc1uded that Pleistocene glacIations had little Influence 

in shaping the observed geochemical patterns except in the 

north-central part of the peninsu1a where north-northeastward 

geochemical dispersion could be associated with northeastward 

( 
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glacial transport of drift as documented by Chauvin (1982). 

Tremblay and Wilhelm ( 1978) analyzed heavy mineraI 

concentrates from 800 stream sediment samples collected in 

northwestern GaspésLe. They divided the region extendlng from 

Ste-Florence ta the St-Lawrence River into fives zones based 

.)n heavy miner-al assoclations. The upper half of the theslS 

are a f aIL s w 1 t h J. n T rem b 1 il yan d W I 1 h e lm' S (I 9 7 8 ) zan e 0 f h i g h 

garnet, Ti-mlner-a1 and ZIrcon in heavy mineraI concentra tes 

of stream sediments. 

Ta coinclde wi th the program of stream sediment 

surveys, the Government of Quebec lnl.tiated ln the early 

1970'5 a proJect of systematlc mapping of surflclal depOSl.t5 

in the western half of the peninsula (Lebuis and DavId, 1972; 

Lebuls, 1973a, 1973b). A set of 1·50 000 scale surficial 

geology maps was presented by Le bu i s (1975) (revl1;ed by 

Gaucllt!r, 1984) and later formed the uas.ls for the development 

of a stratigraphic framework for the glacl.a1 deposits of 

western Gaspésie (Lebuls and DavId, 1977). Follow up work, 

maInly by Lebul.s, Led to publication of a revl.sed theory of 

glaCIation (Davl.d and Lebuis, 1985) . Accordl.ng ta the 

authors, western Gaspésie CiJn be divided lnto four zones on 

the basis of the areal dl.stributl.on of glacl.al erOSlon and 

deposition features, and erratics They attribute the zonal 

distributIon of glaCIal features to variations in basal ice 

conditions beneath an Ice sheet derived from the fusion of 

southeast flowlng Laurentide lee and a local l.ee cap. Breakup 
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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 whieh provided the necessary conditions 

for late glacIal reversaI of flow and transport of material 

from south to north as documented by Lebuis (1973). The 

stratigraphie framework and the various concepts proposed by 

David and Lebuis (1985) have provided background for recent 

eompositional and dispersion studles in the western half of 

the peninsula (prichonnet and Desmarais, 1985; Maurl.ce, 1986; 

Chauvin and Davl.d, 1987; Bernier et a 1 . 1987) and in 

eastern Gaspésie (Cloutier and Corbeil, 1986; Veillette, 

1987, 1988). The data collected by the various authors is 

the foeus of a 1:250 000 scale regiona1 compilation of the 

surfl.cial deposl.ts of the peninsula by the Geological Survey 

of Canada (Veillette, 1988). 

GEOLOGICAL SETTING 

Regional Setting 

Gaspésie penl.nsula lies at the northwest margin of the 

Appaiachlan orogenic belt on the continental mainland 

(Pool e, 1976) . l t consists of Pa1eozol.c assemblages of 

sedimentary, metamorphic and voicanic rocks deformed into 

broad, northeast trending, fault-controllcd belts. Fou r 

diVisions are defined in western tectono-stratigraphic 

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 TECTONO-STRATIGRAPHIC DOMAIN 1 

1 1 1 1 
1 Taconic Comectlcut Valley - 1 Aroostook - Percé 1 Chaleur Bay 1 
1 AGE Domain Gaspé Syncl inorll,J;J 1 Anti cllnoriLm 1 Syncl inoriun 1 

1 r 1 1 r 1 
1 1 Gaspé Folded Belt 1 Gaspé Trough 1 1 Sellarsville 1 Restlgouche 1 

1 1 1 Splay 1 Syncl ine 1 

1 r / / / / 

1 Middle 1 Lake 1 1 1 1 
1 Devon i an 1 Branch Fm. / / 1 1 
/---I-----J 1 f-·----t----+I-----t-I ---·--+1-----11 
1 IYork River Fm. 1 1 1 1 
1 IYork Lake Fm. 1-----11 1 1 / 

1 Lower 1 1 1 1 1 
1 Devonian IGr. Grève Fm. Fortin Fm. 1 1 1 1 

1 1 2 ICap Bon Ami Fm·1 1 1 1 1 
1 ~I 41-------r1-----41 1 1 1 
1 1 1 1 1 1 1 1 
II----f---~I 1 St.-Léon Fm. / St.-Léon Fm. 1- / / 1 

1 1 f-I ----+1-----11 1 r 1 1 
1 1 1 Sayabec Fm. 1 1 1 1!l'dian Pt. Fm·1 1 

1 1 3 1 1 1 13 I\lest Point Fm·1 1 

1 1 / 1 1 1 r 1 r 1 
1 Silurian 1 1 l , , , 'Dalhousie Fm.' 

/ 1 1 Val 1 1 1 1 INew Hills Fm·1 
, , 'Brilliant Fm. 1 1 1 13 Ilaviche Fm. 1 
, , l , , , , 'Anse a P. Fm.' 
, , 1 1 l , , , Hann Fm. 1 
1 1 1 1 1 1 1 1 
1-1 ---jI----+,--------"1, , ,\lhlte Head Fm·1 1 1 
, , 1 / 4 1 / 1 

1 late l , 1 1 Pabos Fm. l , 
IOrdoVIClanl 1 1 1 1 1 1 

1 1 1 1 1 4 1 Garin Fm. 1 1 
1- 1 1 l' 1 1 
1 Cambrian IShickshock l '1 l' 
1 to Middle 1 Québec 1 / 1 1 / 
IOrdoviclanl Gps. 1 1 1 1 1 

5 

1 Gaspé Sands tone 

2 Gaspé Limestone 
3 Chaleur Group 

4 Hatapédla Group 

1 1 1 1 

6 7 

5 ShTCkshock South fault 
6 Ste-Florence fault 

8 

7 Hatapédla (Restlgouche) - Grand Pabos fault 

8 Sellarsville fault 

Table 1. lithostratigraphy of western GaspésIe, (after Stearn, 1965; Lachance, 1974, 1977, 

1979; Bourque and Lachambre, 1980; Klrkwood and St-Julien, 1987; Halo, 1987) 
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Figure 2. Geological map of the thesis area (modified after 
Skidmore 1 1977 , 1980) showing mineral occurrences 
(after Maurice, 1986; Bergeron et al. 1 1986; 
Bellemare and Germain 1 1987). 

12 f 



, 
\ 

\ 

\ 

____ ~ ____ ~~~ ____________ ~6_6_04_5_, ____ 48000'1 



( 

( 

north is a belt of highly contorted Cambro-Ordovician flysch, 

metasedlments and metavolcanics (Québec Super Group), 

deformed and uplift:ed during the Taconic Orogeny (Middle-

Late Ordovician) , and later intruded by Upper Devonian 

ultl-amafic and felsic igneous rocks (Mounts MeGerrigle and 

Albert complexes). To the south are the Connecticut Valley 

Gaspé Synelinorlum, the Aroostook Percé Antielinorium 

and the Chaleur Bay Synclinorium, structures formed during 

the Acadian Orogeny (Middle-Late Devonian) which consist of 

gently foided and faulted Upper Silurian to Lower Devonian 

strata locally intruded by, or interbedded wlth intermediate 

and feisie volcanic rocks. The Carbonifero lS sands of the 

Bonaventure Formation, exposed along the southern margin of 

the Chaleur Bay Syncllnorium, unconformably overlie the roeks 

affected by Acadian tectonic deformation and display minor 

deformatlon features attributed to the Alleghenian Orogeny 

(Carboniferous-Permian) (Malo, 1987). 

The four teetono-stratigraphie 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 dipplng fault displaced by a system of 

secondary north to south trendlng strike-slip faults 

(Ollerenshaw, 1963; Lachambre, 1987) and lt separates the 

Taeonic Domain from 

Connecticut Valley 

southern boundary 

the Si1uro-Devonian strata of 

Gaspé synclinorium ta the south. 

of the Connecticut Valley 

13 
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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, formlng a strike-sllp fault system with a 

dextra1 displacement estimated to be close to 250 km (Malo, 

1987). The Sellarsvil1e fault, WhlCh separates the Aroostook 

Percé Anticlinorium from the Chaleur Bay Synclinorium to 

the south, lS a northwest dipping reverse fault (Klrkwood and 

St-Julien, 1987). It merges in the southwest wlth the 

Rafting Ground fau1t of northern New Brunswick. 

Bedrock Geology 

The numerous bedrock geology maps of Gaspésie peninsula 

(A1cock, 1926, 1935; Parks, 1931; Jones, 1933; McGerrigle, 

1950, 1953; Carbonneau, 1953 ; Bé1an, 1957 , 1958, 1960; 

011erenshaw, 1961, 1963, 1967; Stearn, 1959, 1965; MacGregor, 

1961, 1964) were compiled by McGerrlgle and Skidmore (1967) 

and Skidmore (1977, 1980), to provlde a framework for the 

region under study. Details of the llthostratigraphy and 

structure were obtained from Bé1an (1960), Stearn (1965), 

Lachance (1974, 1977, 1979), Hubert and Bé1an, (1978) ; 

Bourque and Lachambre (1980), Malo (1987) , Kirkwood and 

St-Julien (1987), and Dalton t1987). 

The northern 90% of the proJect area Iles in the 

Connecticut Valley - Gaspé Sync1inorium (FlgS. l, 2). Second 

order divisions in the synclinorium are separated by the 

Ste-Florence fault, a south dipping reverse fault (Kirkwood 

14 
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and St-Julien, 1987). The 

of the fau1 t consists of 

strata gent ly deformed 

anticlines and synclines. 

porïion of the synclinorium north 

a succession of Siluro-Devonian 

in t 0 broad northeast trending 

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 be1t along the Matapédia 

fault in the southeast corner of the thesis area. The 

St-Léon Formation is conformab1y over1ain by lower Devonian 

argillaceous limestones of the Cap Bon Ami Formation (Unit 

3) and silty limestones of the Grande-Grève Formation (Unit 

4). In tault contact with the Cap Bon Ami 1imestones 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 a sequence of 

Lower to Middle Devonian 

referred to as th e Gaspé 

Included in the sequence 

terrigenous 

Sandstones 

clastic sediments 

(Lachambre, 1987) . 

are the arkosic sandstones and 

calcareous si1tstones of the York Lake Formation 

which outcrop in the northeast corner of the area. 

(Unit 6) 

The York 

La k e Formation grades downward into the Grande-Grève 

limestone and upward into the York River sandstone. The 

weakly metamorphosed, Lower Devonian siltstones and s1ates of 

15 



the Fortin Formation (Unit 5 ) outcrop in a 25 km widc trough 

south of the Ste-Florence fault (Dalton, 1987 ) The 

siltstones and slates along the northern flluited boundary 

are interbedded wlth intermedlate volcanlc and pyrociastic 

rocks known as the Ste-Marguerite volcanics (Stellrn, 1965). 

The southern limit of the Fortin Formatlon, the Matapédja 

fault, marks the boundary between the Connecticut Valley 

Gaspé Synclinorium and the Aroostook - Percé Anticlinorium to 

the south. The part of the antlcllnOL"lUm ln the lowcr 

fringes of the thesis area exposes the Lower Siiurllln banded 

argillaceous and sil ty limestones of the Wh i t e Head 

Formation (Unlt i), the youngest of two tormatlons in the 

Matapédia Group (Malo, 1987)(Table 1). 

Mineral Occurrences 

Known minerai occurrences in southwestern Gaspésie 

(Fig. 2) are found south of the Ste-f'lorence tallit. Most al-e 

south of the Matapédl.a fault in bedrock of the Matapédla and 

Chaleur Groups (Beilemare and Germaln, 1987) The occurrences 

are s mal l bas e met a 1 and g 0 Ids h 0 win g s cio set 0 m a J 0 r t Il U 1 t s 

or in their shear zones. A description ot mineraJ occurrences 

in the study area is given 111 Appendix 1. 

The more lmportant base metal occurrences are in the 

Matapédia group, a few kl.lometres south ot the M li t ,1 Il é d i cl 

fault. The Matapédla fault IS the westclll extr('mlty 01 the 

Gra'1d Pabos fault, li major Acadian structure and mineraI 

expl?r,1tion target (Savard, l Cl 8 5) Will che x t (. fi d Il der 0 Il & t Il e 

16 
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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 

ma in 1 y pyrite, pyrrhotite, arsenopyrite mineraIs, 

bornite, wi th minor ma 1 a chi te. sphalerite, galena 

and 

and 

molybdenite (Lachance, 1974, 1977 , 1979). Several of the 

la r g e copper ore deposits in the northeast par t of the 

peninsu1a are of this type (Maurice, 1986). 

Three sma 11 mineraI occurrences, two of which are 

auriferous, ar e in large quartz velns which transect 

si1tstone and slate beds of the Fortin Formation (Fig. 2). 

The Fort1n Formation is cut by a complex system of massive 

quartz ve1ns, with widths of up ta 2 m. Bergeron et al. 

(1986) surveyed the gold potential of Fortin quartz veins in 

the Assemetquagan River basin. 

corre1ated with As and Sb 

They 

and 

found 

t ha t 

that 

the 

Au was 

highest 

concentrations of these elements were associated with pyrite 

and arsenopyrite in both quartz vein and wall rock hast. 

Bedrock formations sou t h of the Ste-Florence fau l t 

(Fi g . 2 ) are also sources of a number of alluvial gold 

occurrences. The most important of these is in the lower 2 

km segment of the Assemetquagan River. The occurrence has 

the f ocus of severa1 investigations (Girard, 1985; 

Maurice, 1986; Bergeron et al. 1986), but no ObV10US bedrock 

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

Surficial deposits in southwestern Gaspésie include 

glacial drift (mainly tiii but sorne strlltified deposits), 

alluvium of mixed fluvioglac1.al and non-glacial origln, 

colluvium, rubble, organic deposits and d1.amict mater1.als ot 

uncertain origill (Lebul.s, 1973, 1975; Le bu l S and DaVid, 

1977) . In the northern half of the proJect area, t i 1 1 

thiek.nesses average as mueh as 2 m, and eskers and other 

iee-contact stratified drift and outwash are common (Fig. 

3; Plates l, 2). The till on the upland aL"CaS and in valley 

bottoms has a low ma tri x - t 0 - c 1 Il 5 t ratio, il S l.lty ta sandy 

matrix, var1es from light brown ta dark gray 1n eolor, and 

contal.llS a large component of 10cally bedrock. 

fragments with a smaller component of coarse tar-travelled 

material. Colluvium on valley slopes Iii not extensIve and IS 

commonly derived from the til1. 

In the southern haIf of the study areel (f>outh ot Ste­

Florence), glacial deposl.ts are lim1.ted to a tew occutrences 

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

3; Plate 3). The valley contains much sand and gravel on the 

floor and in terraces. Sorne of thls 1.S oUlwaslI, mucll of 

which has been reworked by the present 1 iver. AllUVIal funs 

deposl.ted by tributary streams arc numcrous IJnd {1re stIll 

active. The upland arcus are mostly covered by il thin veneer 

of rubble in WhlCh occaslonal crratic clasts ilre tound. the 

upper horIzon of the overburden in certuln places conslsts of 

18 



Figure 3. Generalized map of surficial deposits with ice flow 
indicators shown (modified after Lebuis, 1973, 
1975). The 0.1 wt.% heavy mineraI 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 
alluvi um. 

c: lee-contact stratified drift deposi ts (kames) 
restricted to the east side of the valley. 

Photographs taken at site 262, 2.5 km 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. 

( 

,., 

An example of the thlck fluvioglaclal sediments 
WhlCh cover the upland west of Causapscal. 
Photograph taken at slte 129 (Appendix 6). 
Crossbeds give a north-northwest melt water flow 
direction. 

View north of the main lee-contact stratlfled 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 
depos1ts at the foot of the 
southeast wall of the lower 
1 km segment of the 
Assemetquagan valley. The 
colluv1.al deposit 1.S 
composed entirely of FortIn 
bedrock and may predate the 
last glaclation of the area. 

Plate 5. For mil t l 0 n 0 f r \l IJ b J e (1) 1 r fJ ln d ( t i V C' P Il Y 1> i ( ,tl 
weatherlTlg of fJi:>~Jle l'oelit! i:>lnlcb (2). GIIJLJdl 

abrasion and pOllShl/lg () protecLb the rock trom 

we a the r j Tl g Ph 0 t 0 g r <1 ph 0 f il Il 0 ut CIO Il 0 n t li (' C.I b t 

wall of the Matapédlél valley, 500 m south 01 the 
mouth of the Moullll River . 
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weIl sorted silt and may be windblown. David and Lebuis 

(1985) noted t ha t in places the upper horizon of the rubble 

showed eVl.dence of remobilization. They suggested that the 

upper horizon was a monoll.thological till formed during the 

final stage of deglaciation of the area. 

Valleys eroded into the fl.ssile slates and slltstones 

of the Fortin Formation are lined with extensive and 

commonly thick sheets of colluvium (Plates 4, 5) Sorne of 

the colluvial deposits 

of the Assemetquagan 

examined along the lower 2 km segment 

valley are monolithologic, consisting 

entirely of Fortin rock, and possibly predate the las t 

glaciation of the area. 

Erratics are found throughout: the area, in stream beds, 

on valley slopes and sparsely scattered over the upland 

surface. The most abundant erratics are derived from 

resistant formations wlthin 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 whl.te orthoquartzite 

erratics of the Val Brillant Formation which outcrops north 

of the Shickshock South fault in the vicinity of Lake 

Matapédla (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 t ha t the main transport directl.on was 
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toward the southeast. EVIdence for ice transport li n Il 

d e p 0 s i t ion 0 f Shi e 1 d d e b r l sac r 0 S S w est e 1 n G <1 S P é S 1 t' I S W (' 1 1 

docurnented 

Lebuis and 

(Alcock, 

David, 

1935; 

1 977 ; 

McGerrlgle, 

Prichonnpl 

1952 ; L<>Ollis, 

a Il li Dt"l>lIIdl t! 11>, 

1973; 

1 C) fi 'i ; 

Lortie and Martineau, 1987) {lnd cl S SIg n (' Il il MIll li 1 (' t 0 L ,1 t e 

WlsconSlnan age (DaVId and LebuIS, 1985, DI' <-,dge il n d 

Thorlelfson, 1987). Much ullccrtaillty eXll>ls however, Ils ta 

the eX'lct tIming, limlts and patterns ot Lllurentide 1('(' llow 

and deposition, especial1y ln southwestt'rn Gd:,p~sie. 

(ln press) has suggestcd that sorne of the glacllJl dCpuslts ul 

western Gaspésie are derlved f rom an Ed r 1 y W i scon:, i nan 

Laurenticte ice flow episocte. 

The few glacial stri,ltions obbE'rved ( Fig. '3 ) ma st 1 Y 

record ice movement direction:, durlng the dl'gl,lcldtlon stûge 

of the area (14000-12000 years b.p.), ab resIdu,ll Lflurl'nlldc 

ice flowed outward trom a dIvlde runnlng dl ollg 1 hl' l>ulIlh-

central pa rt of the penlnsula (Dnvlù lInd LE'buIS, 1985). 

Rf'sidual Appalachian lce in Bale-des-Chaleurs durlng th i s 

t ime temporarily blocked drainage 01 the Mlltdpédlll Hlv(,'r, 

resulting in thick accumulatIons 01 OUIWd . ..,h III l il c lower 

reaches of the Matapédia valley (Fig. 3 ) Il dl (' (',ll>l-lO-

northeast trending strIatIons refl('ct HIl 01 cl (' r 1 (. <> t low 

episode trom the west. A s mll 1 l number Dt (' r 0 S 1 0 1\ il ) li n d 

ct e p 0 S l t ion a l f e a t ure s l Il n 0 r the r n N (' w fi r u Il 1> W leI< [e COI rj P r ('-

1 cl t e W i seo n sIn a n g ) a C lai m 0 v e m l' n t S 1 rom t Il (' w (' il 1 !> 0 Il t Il w (' s t 

(Rampton et: ill., 1984) and support t h (> t (' n U U \J Il (' V 1 Il (' n c (' l ri 



• the study area for an ear1y glacial f10w episode from the 

west. 

GEOHORPHOLOGY 

Physiographic Setting 

Gaspésie Peninsula forros the northeastern extremity of 

the Appalachian Physiographic Region in the Province of 

Queb e c (Bostock, 1970). The Shickshock rang e a t the 

northeast end of the Notre Dame Mountains is the dominant 

topographie feature, rising 600-1200 m above sea 1 ev el 

(a.s.1.) in a narrow southwest-to-northeast trending belt, 

25-40 km 1nland from 

moun tains are flanked 

the northern coast (Fig. 4) 

by a series of fla t to 

The 

gently 

undulating pleteau-like uplands with altitudes of 400-600 m 

a. s. 1., which have been interpreted as remnants of erosiona1 

surfaces, or peneplains deve10ped at the end of the Mesozoic 

or at the beginning of the Cenozoic 

Alcock, 1926, 1935 ; Blanchard, 1935 ; 

(Goldthwait, 

McGerrigle, 

1924 ; 

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 weIl developed network of rivers and streams. The main 

valleys have floors ranging 1n altitude from 50 ta 300 m 

a. s. 1 . and contain rivers which flow transverse t a th e 

structure with smaller subsequent tributaries developed along 

the direction of structure. The highest summits in 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 (aIt.: 600-1200 ma. s. 1.) 
2. Mount r-lcGerrigle Plateau (aIt.: 1000-1200 m a.s.1.) 
3. Mount Albert Plateau (aIt.: 1000-1100 ma. s. 1. ) 
4. Notre Dame Mountains (aIt.: 200-1200 m a.s.1.) 
5. North-facing Upland (aIt.: ~00-600 m a.s.l.) 
6. Lake Matapédia (aIt.: 157 m a.s.1.) 
7. Lac-au-Saumon (aIt.: 148 m a. s .1. ) 
8. Lac Mitis (aIt.: 270 m a.s.1.) 
9. South-facing Upland (aIt.: 400-600 m a.s.l.) 

10. Baie-des-Chaleurs Lowland (aIt.: 200-400 m a.s.1.) 
Il. Baie-des-Chaleurs 
12. Restigouche River 
13. Matapédia River 
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Albert at the east end of the Shickshock rnountllins. Several 

peaks are aver 1000 m a.s.l., 111cluding the highest peak of 

the Canadian Appalachians, Mou n t J a c que s Car t i (> L" (1267 rn 

a. s.l.), wt:ich is in rhe Mount McGerrigle plateau. 

Geomorphology of the Thcsis Area 

Th e thesis li r e a extendl:: south-southeast from the 

southern fla nk of the Shickshock Mountains to a few 

kilometres south of the divide between waters flowing into 

the f-fatapédia River to the west and Baie-dea-Chaleurs to the 

south (Fig. 1). The area is described as LI plateau (Alcock, 

1928, 1935; Stearn, 1965; Raudssep, 1969 ; Lachance, 1979; 

Girard, 1985) and the terrn is apt as far as the up1and 

surface is concerned. The topography is an upland wlth 

altitude of 250-600 m a.s.l. (Fig. 5), crossed by subparallel 

chains of low, rounded asymmetric ridges and elongated hills 

oriented 1n the direction of structure. ProJected prof1 tes 

(Appendix 3) show the hills on thib uplanù to be relallvely 

low relief features wlth gent1e ta moderate slopes and 

rounded sumrnits. The surnmlts are between 30 ilnd 90 rn alJove 

the surrounding upland WhlCh has 30 to 50 ln of relief. The 

upland surface 18 dissected Ly a weIl developed system of 

southeast trending valleys and southwest trending subsequent 

tributary valleys (Flg 6) The aiternatlon of hlils and 

ridges, fla t interfluvial are as and ateep-slCled II1Clsed 

valleys forrns a rugged topography (100-450 m) IJclow li gent1y 

rolling to undulatlng, relatlvely low relief (10-50 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 Fortln slates and siltstones (Fig. 5). Summit 

altitudes are between 260 and 640 m a.s.l., and floors of the 

major river valleys range from 46 to 229 m a. s.l. The 

hlghest 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-Grève limestone to the north, and the 

Causapscal River basin from the Assemetquagan River basin to 

the south. Two other summits have eievations greater than 

600 m a.s.l. The first (603 m a. s. 1.) is the top of a 

southwest dipping bed of York River sand stone in the upper 

Assemetquagan River basin, and the second (602 ma. s.!.) a 

hilltop developed on Fortin slates where they are drained by 

an east flowlng trlbutary 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 ma. s. 1. 

Thus the maximum relief in the area ls 610 m. 

Projected profiles (Appendix 3) show upland surfaces at 

various levels. In the north half of the area (north of the 

Ste-Florence fault) two upland levels are identlfied (305-420 

and 260-305 m a. s.l.), corresponding to areas east and west 

of the Matapédia valley (Fig. 5). These low level upland 

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

fluvioglacial sediments (Fig. 3). Several 

thick 

upland 

drlft 

levels 

il nd 

li l'e 

identified in the south half of the area. The ridges llnd 

hills developed in bedrock of the Fortln Formation on the 

east side of the Matapédia valley are separated by gently 

rounded and inclined uplands wlth levels at 366-427 m ,1.5.1., 

427-503 m a.s.l., and 503-533 m a.s.l. The uplllnd between 

the Milnikek, Matapédia and lower Assemetquagan Rlvers forms 

the floor of a broad southellst trendlng depression whlch 

transects geological structure at an altitude of 244-290 m 

a. s. 1. 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 is underlain by weak Fortln slates and Whlte Head 

Formation limestones which are truncated by surfaces at the 

290-375 and 4 Il -l, 5 7 m a.s.l. levels. The upland surfaces 

slope south toward Baie-des-Chaleurs. 

Drainage 

The thesis area draIns southeast to Bale-des-Chaleurs 

(Figs. l, 5). The nortbern two-thirds of the area il> drained 

by the Matapédia RIver and its trlbutaries. Four trlbutarles, 

the Assemetquagan, Causapscal, Milnikek and Matalik Rivera 

(Fig. 6; Appendix 2) have dralnage baSIns which cover more 

than 80% of this area. The area south of the southern dlvlde 

of the Assemetquagan River baSIn draIns directly IlIto Baie­

des-Chaleurs via li system of subpdrallel rlv{'rl> [Ine! I>trelJms. 
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Figure 5. Color contoured relief map of the thesis area, 
southweRtern Gaspésie. Sketched and redueed 
from National Topographie Series, 1:50 000 
maps 22-B2, B3, 86, B7, B10 and B11. 
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Figure 6. Drainage map of the thesis area, southwestern 
Gasp~sie. Sketehed and redueed from 
National Topographie Series, 1:50 000 seale 
maps 22-B2, B3, B6, B7, BIO and B11. 
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Plate 6. 

Plate 7 

North-northeast Vlew trom the top of Mount Angus 
(UTM 624000E 5161750N) showlng the ulloullltlng 
upland surface drailled by the Cdusapscal Hiver 
basin The upldnd t"lses gently tu the north to 
form the southern margln of the Shtckshock 
Mountains (Background). 

Vie w n () 1 t li ~ Il Cl W 1 /1 g t li (' 1 C) w (' 1 Md 1,11)(: cl J,j V il 1 1 f' Y Til (' 

a n (. 1 e n l v cl J 1 e y t 1 (J () 1 t fi r ln 1 n g t Il ~ u P l ,1 Il d 1)(, t w \' (' Il tilt' 

Md t d il é cl J dan d J 0 W {' 1 A..,:., (' III C' t q U tI P, oS Il H 1 V (' 1:" J..... ~ (' l' Il () n 
t h {' e a !> t (r l g h t) bIll (' () f t Il e r J v (' r 
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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 Escumlnac River in the east (Fig. 

6; Appendix 2). AlI but one of the lakes in the study area 

a re in 

tault. 

largest 

occurs 

more resistant bedrock north of the Ste-Florence 

The highest concentration of lakes, including the two 

lakes in the area, Lac-au-Saumon and Lac Casault, 

sandstones of the York Lak.e and York River 

Formations 

Formation. 

and silty limestones of the Grande-Grève 

Ollerenshaw (1967) noted that 70% of the lakes in 

the Cuoq-Langis region to the north were in bedrock of these 

formations. Lac Casault, Lac-au-Saumon and Lac-des-Huit-

Ml11es are ln the cores of two of the broad synclines in the 

area (Fig. 2). 

Dralnage lineilments (Flg. 7) indicate that the drainage 

pattern, especlally that of the flrst and second order 

streams, is strongly controlled by 11thology and structure. 

Drainage lines follow two main orientations, elther parallel 

to the northeast trending structural grain of the rocks or 

perpendlcular to It. Structure and lithology have imparted a 

general weakness to the rocks which lS reflected in the 

the tendency of low order str2ams orlented parallel to 

directlon of structure to be much longer than those crossing 

st ructure. Law order streams combine to form higher arder 

drainage lines with segments following one of the two main 

or1entations. The AssemetljlJagan and the Causapscal Rlvers 
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Figure 7. Map of drainage lineaments, svuthwestern 
Gaspésie thesis area. 
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have arcuate reaches resulting from combinlltions ,)f chllnnel 

segments wlth these two IDIlLn orientations. 

Streams in the northwestern third of the llrefl trenc1 

southeast across broad anticlinal and synclinal s t l' \1 C l Il r (~ s 

with smaller subsequent tribut.JrLes flowing 1 n vnlleys 

between resistant beds. On the west SLdc of the MlltapédiLJ 

Rlver, drainage has an 1rregulllr, partly dc)"angcd plI t t (' r n 

which lS the result of glacial erOSlon and lntt'l depoblllOn 

of dr1ft and fluvioglacial sediments. The CdUSllpSCt.! ba sin 

has a modlfled dendritlc pattern. The lat'ge dl c..Udlc l'dlt ern 

of the main channel which givcb the systcm an cl('ment 01 

radial drainage reflects an adJustment str'ucllll"C. 

Structural control is reflectt:'d ln (1) the P d t' il Ile 1 - l 0 -, 

b e d d l n g cou r seo f the r ive raI 0 n g the n 0 J t h m Il r p, 1 n olt h e 

area and (2 ) the change of f l 0 w d l L' e c t Ion j rom wpsl t 0 

southeast, as the river flows on wcak YOlk I.dk!' I>dlldhlonl' 

beds which are folded lIround the ('ore ot cl lat 8<' !lorthCIJ:,l 

plu n g 1 n g s y n CIl n e wh e r eth e Y 0 r k R l V (' r S IJ n d 1> l 0 Il Cl:' ('){ Il 0 B (' d , 

( 3 ) the ShI f t 0 f t l 0 w t rom sou t h (' .J Ij t t 0 S 0 Il t h W (' 1> t .J 1 () II n cl Il (' 

nos e 0 f II n a n tic 1 i n l'wh (' let h PSI l t 1> t () Il (' 1> d n cl J i RI (' fo l () n (. sot 

the Cap Bon A ln l For mil t l 0 Il II r (' (' x po!> l' cl, d Il d ( f, ) t Il l' J' (' l Il 1 Il t () 

westward flow pé1rallel t 0 bpclclll1!~ ,jJung t Ile IOWPl" km 

segment of the rIver (FIEb (, J 7) 

Low order strc.ams in tilt' CaUbrlpscdl R 1 ver IJ d .... 1 1\ t r (' n cl 

no r the cl st 1 n the cl i r (' r t 1 0 Il n 1 .... t r Il C 1 li 1 (' d Il cl Il d V {. J Il Il ( t 1 () 1\ 1-. 

W l t h h 1 g h e r 0 r der sIr (' d ml>\' d 1 Y 1 Il P, t r () ln d ( '1 t (' t () r 1 y. Il t d Il Y. 1 !' :; 
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ThE:: drainage in the west half of the ba sin ha s a higher 

degree of int:egration than in the east half where glacial 

activity has resulted in a local modification of dra1.nage 

denslty and pattern. The Causapscal South Rlver dralns the 

fIat low-lying area east of Lac-des-Huit-Milles and west of 

the main Causapscal R..'..ver channel (Appendlx 2) The thick 

accumulations of organic depos1.ts which underlie this area 

are characterized by a very low drai.nage dens1.ty ( < 0.5 

km/kmz), and they give the Causapscal South R.lv«;:r a very 

Slnuous and lrregular pattern w1.th ver) few trlbutaries. 

in the central part of the area, between the Ste-

Florence fault and the southern dl.vl.de of the Assemetquagan 

watershed, streams have a mod1.f1.ed dendritic pattern w1.th 

f1.rst and second arder streams form1.ng sharply rectangular 

patt:erns. Sout:heast trends tend ta be to be closely spaced 

whlle northeast trends are farther apart. In several places 

the asymmetric, coarsely pinnate pattern of low arder streams 

is a response to the dip d1.rection of the rocks. AlI but 

two of the ma1.n trlbutaries of the Assemetquagan Rlver trend 

southeast across the lithology and structure. A second 

tendency lS for higher order cross-structure streams to he 

much longer than those parallel to structure. The greater 

dissectlon perpendicular to the main direction of \o:eakness 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 a r ea (south of the 
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southern boundary of the Assemetquagan baSIn), the streams 

have a subparallel pattern trendlng southeast. Trlbutarles 

of the Kempt and Escuminac Rivers in the southcast corncr of 

this area form sharp rectangular patterns ln responhe t 0 

structure and Ilthology. Dralnage over the Whlte 

Formation has the highest dens1ty ln the thesls areil (15-3.5 

Valley forms 

Valleys transect the upland surface in a tt'eills-llke 

pattern fo110wing two ma i n orientatlons, one northeast, 

parallel ta structure and l.lt'101ogy, and the other southwest, 

at rlght angles to the structure. Length and Size of valleys 

depends partly on orientation. The principal valleys or major 

tributarles have axe s perpend1cular ta the direction of 

structure. Major cross-structure valleys Include those of the 

Natapéd18, Nllnikek, MoulIn, Escuminac, Kempt, Creux, Castor, 

McDavid, Assernetquagan E a st, Assemetquagan West and 

Causapscal Rivers (Appendlx 2). 

A st:rlklng feature of the aree IS the deep (100, 450 m) 

incislon of major valleys lnto the gently rol11ng upland 

surface (plate 8). Projected profiles transverse ta t: he 

val1eys show that several of the maIn valleys tr1butary to 

the Natapédla (Assemetquagan, Creux, Castor, Ahsemetquagan 

East and West, Causapscal, Causapsca l HUIt-MIlles) 

have l1arl:"OW, :,teep lower cross-profll.es and br oa d gentle 

upper cross-proflles ~ndlcatlng 1nner valley/' 30-150 m below 
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Plate 8. Steep lncision of Clark Brook, a trlbutary of the 
Mat:apédia River, lnto fissile Fort:in slates. 
Photograph taken at site 328 (Appendix 7). View 
upstream. 
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broad oider valleys with floors which are now at 250-305 m 

a. s. l. In the upper halves of the Assemetquagiln and 

Causapscai River basins, rejuvenated streams occupy shallow 

but steep V-shaped notches 1.n broad (500-2500 m), Shllilow 

valleys erùded into the sand stones and the slates. These 

broad and shallow ancient valleys are sorne of tht' oldest 

landforms 1 n the area. They are naw partly fill('d by 

alluvium and organic matter in their lower parts, and glllclai 

drift on the upper slopes and 1.nterfluves. 

The Matapédia valley is the master valley, farmlng il 

broad, deep southeast trending depresslon 1n wlllch 18 exposed 

a complete cross section of the llthology and structure of 

the thesis area. Transverse projected profiles across the 

Matapédia valley, between the Mllnlkek valley 1n the north 

(Append1X 4) and the lower Assemetquagan va lley in the south 

(Appendix 5), show a broad anCl.ent valley tloor at 244-290 m 

a. s. 1. (Plate 7). A str1king feature 18 the d1fference in 

cross-profile between the upper and lawer halves of the 

valley. North of Latitude 48° 15' the Matapédla Rlver flows 

in a broad. 2.5 km wide flat-floored valley wlth a wid e 

floodplain, except at the junction with the Caubapscal River 

where the valley narrows to a few hundred metres for about 

1. 5 km. South of this latitude, the Matapédia Ri ver i s 

confined in a narrow, locally SlnUOUb canyon 1.5- 2.5 km wide 

WJ.th little or no flood plaln Alcock (1928, 1915) suggested 

that the difference ln valley form WilS the rcsult 01 erosion 
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of the upper valley by a northward flowing river, to which 

the present Causapscal River was tributary. He attributed 

the diversion to capture, 

flowing river by 

at 

a 

Causapscal, 

tributary of 

of 

the 

part the 

northward 

Matapédia River eroding headward from the south. 

original 

Stearn 

(1965) proposed an alternatlve hypothesis, suggesting the 

change in valley form was related to a change in character of 

the bedrock over WhlCh the Matapédla rlver flowed, from 

resistant sandstones and siltstones ln the upper part of the 

valley, to fisslle slates ln the lower part. 

Sorne of the valleys ln the south half of the area show 

anomalies that indicate that a major shift ln the dlrection 

of drainage to the southwest has occurred (Flg. 7), and that 

the Assemetquagan Ri ver bas 1 n developed from the 

northeastward headward growth (in the direction of structure) 

of a tributary of the Matapédia River, and progressive 

capture of streams t ha t orlg1nally flowed southeast to 

Bale-des-Chaleurs. An uppe r segment of the Assemetquagan 

River flows south-southwest for 10 km ta a pOlnt where it 

shifts abruptly ta the west ta follow structure (Fig. 8, 

point 1). In Ilne wlth 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 

wh i c h dis cha r g es ln t 0 Bai e - des - Cha 1 eu r s . The presence of a 

lake at the divide and a large depression ta the north 
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Figure 8. Former drainage routes, southwestern Gaspé~ie 
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 outllnes of the 
Assemetquagan and Causapscal River basins are 
shown by da shed 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. 

A: Assemetquagan River basin 
C: Causapscal River basin 
E: Escuminac River basin 
K: Kempt River basin 
M: Milnikek River basin 
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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.l. separates the head of 

Gendron Brook from a sharp bend where the upp€'r Creux River 

turns west to follow the structural trend (Fig 8, point 2), 

suggestlng that the upper Creux Rl.ver once flowed south to 

Castor River through Gendron Brook. The floor of the Creux 

valley at the sharp bend Is 80 m below the floor of the aIder 

through valley. A proml.nent wlndgap 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 (Flg. 8, point 3), sugge5tlng a fOlmer ::.outhward 

drainage route for the Castor River. An areuate valley as 

wl.de and deep as the Matapédia joins the head of St-gt ienne 

Brook ta the Kempt West Rlver (Fig. 5, Flg. 8, pOlnt 4) and 

may have been the outlet for the Castor - St-Etl.enne basln 

before headward growth of d southwest fluwlng trlbutary of 

the Assemetquagan Rive r captured the system. Northeast 

growth of the Assemetquagan River would also have cdptured 

tributaries of the EbCUml.nae River. A large depression north 

of the dlvide between the Assemetquagan East Rlvel and the 

Escuminac Rl.ver ( Fig. 8, pOL nt 5 ) sugge::.ts th il t the 

Assemetquagan East and West Rl.vers wer e trlbutdry to the 

Escumlnac River prlor to capture. Further evidence tur the 

ra p id northea~t gr owt h of the Al:>1-.l>lnl.'t4 11d g an River ilnd 

capture of southeabt flowlng drainage lle1> 111 thp gradl.cnts 
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of tributary streams. Several of the small southeast flowing 

tributaries of the Assemetquagan River have gentle upper 

gradients which steepen abruptly a few hundred metres 

upstream from the confluence with the maIn southwest flowing 

channel of the rIver. The abrupt change ln gradient of the 

southeast flowlng tributary streams as they enter the maIn 

channel is a response to a change in basE' Level caused by the 

rapid northeast headward growth of the Assemetquagan RIver 

and progressIve capture of southeast flowing drainage. 

Geomorphic Evolution 

A close examlnatlon of the geomorphology of the area, 

through projected profIles, Landsat ima g e, airphoto and 

draInage pattern analyses, reveals a highly developed 

landscape system ln which topography, drainage, lithology and 

structure show eVldence a f a long hlstory of subaerlal 

erosion extendlng back possibly to late Paleozoic tIme, with 

relatlvely llttle modIfication hy PleIstocene glacIal events. 

The JuxtaposItIon at the surface of bedrock formations wlth 

concordant pOSItions in the stratigraphic column together the 

presence of rellct landforms (broad anClent valleys, relict 

through valleys), the gentle ridge and depression topography 

of the upland, the presence of multiple upland Levels and the 

low rellef, undulatlng or "worn down" character of the upland 

are eVldence of fluctuatlons ln dlastrophic actlvlty over 

long perl.ods of tlme. The present pattern and intenslty of 

denudation, as bhown by the steep inCISIon of valleys into a 
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gently undulating surface, the actlve headward advance of the 

north divide of the Assemetquagan baSIn (Fig. 8), the abrupt 

change in profile of southeast-flowing trIùutarles 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 to a relatively recent tectanic Upilft event and/or 

climatic variatIon. 

The start1ng paInt ln the geomorphic development of the 

area was the differential uplift of fault-bounded blocks of 

gently folded Upper Ordovician to Lower Devonian sedlmentary 

rocks during the AcadIûn orogeny of MIddle ta Late Devon1an 

age. In the study area the tht'ee mai.n blacks of strata 

affected are (1) The Siluro-Devonian sedIments of the 

Connectlcut Valley Gaspé Sync llnorlum narth of the Ste-

Florence fault, ( 2 ) The Slluro-Devonlan &edlments of the 

Gaspé Trough, and (3) the Upper Ordovlclan strata of the 

Aroostook Percé Antlcllnolium south of the Matapédla fault 

(FIgS. l, 2). At the tlme of the Acadlan orogeny the area 

was entlrely covered by the terrigenous Gù::,pé Sanùstone, at 

least 4550 m of WhlCh lS st111 pre~erved 111 the block of 

strata north of the Ste-Florence fault (Stearn, 19(5). The 

Acadlan compression resulted ln taultlng, Upllft [] n d 

thrusting of sediments ln the Gdspé trough OVl'r the st'que:1ce 

of deeper water llme::,tonel> fOlmed at the north rnarglll of the 

üverlying C;,llil'é ~dlJdstonp (north ot thl' 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 d1.scharged toward basins north and 

south of the divlde. The upper Causapscal River baSln 

drained north through the Tamagodi River to the Matane River 

dur1.ng this time (Ollershaw, 1967) A basin at the site of 

the present Bale-des-Chaleurs has been a feature of the 

region since Upper Ordovician tlmes when the Matapédia Group 

11.mestones were depos1.ted The sandstones of the Bonaventure 

Formatlon were deposited 1.n th i s ba s 1. n during the 

Carbonl.ferous Perlod (Malo, 1987). Long cont1.nued uplift and 

subaerlal erOS1.on removed an estimared 11-12 km of sandstone 

WhlCh overlay the Fortin Formation and filled the Gaspé 

trough in western Gaspésle (Dalton, 1987). As much as 5-7 km 

of Gaspé sandstone north of the Ste-florence fault WdS also 

removed dur1.ng this interval. Assuming a rate of weathering 

for sandstone of 0.3 mm per year "" (Cha rley et 
'--" 

al. , 1984) the 

removal of 12 km of sandstone in the Gaspé trough could 

account for approxlmately 40 of the 360 million years since 

the initial Acadlan up1ift. The removal of the sandstone 

resulted in a superl.mposit1.on of consequent drainage Ilnes 

onto the Fortln Formation, caUS1.ng the present anomalous 

southeast and elongated trends of the mal.n tributaries. In 

south-central and eastern Gaspésie, Gaspé sandstones sti Il 
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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 uplift in the western part of the Gaspé 

trough, assuming sandstone thicknesses were similar 

throughout the basin. 

A renewal of uplift resulted in a l.nerease ln the rate 

of erOSlon and the northeastwatd growth of the Assemetquagan 

River which resulted in the d1.vers1.on of a cons1.derable 

proportion of the upper Ba1.e-des-Chaleur~ drainaBe ta the 

Hatapédia River. The capture of the Causapscal drainage by 

headward eroslon of the Matapédl.a R1.ver, as envisaged by 

A 1 c 0 c k (1 9 3 5 ), wou l d h LI V e 0 c c u r r e d d u 1- i n g t h i s m 0 r e r e c e n t 

phase of Upllft. The acceleration of erOSlon is expressed in 

the steep V-shaped incision below the f 100rs of the anCl ent 

valleys, and the development of low arder streams parallel ta 

the structural trend. 

Subsidence took place beneath the iee sheet and local 

glaclers in the Ple1.stocene. The Laurent1.de lce she e t 

covered Most of the area, with 11.ttle eV1.ctence of Erosion and 

depos1.tion except ln parts of the north haif of the area. 

There is little eVIdence outside of the Matapédia valley that 

lt reached Baie-des-Chaleurs. This was tollowed by a local 

glaciation which saw ice spread north and south of a dlV1.de 

a bave the Fortin Format1.on (David and Lebuis, 1985). 

Evidence of the glaclations are lim1.ted almost eXc.luslvely to 

the north half of the area. T ü P 0 g r cl p h Y m a y h a v (' 1 Il f 1 U e n c e ct 
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the pattern of flow and deposition of the ice sheet. Drift 

deposlts and fluvlog1aclal 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 present1y progressing under 

metastable equilibrium conditions. Reliet landforms in the 

present landscape are evidence of recent fluctuations of 

tectonlc Upllft, and unequal rates of geomorphic response to 

the rate of fluctuatl0n, indlcating that the long te rm, 

decay-type equillbrium (Davls, 1909) WhlCh may have been 

achieved in the development of the upper reliet topography, 

has been dlsturbed. Individual elements of the present 

landscape system are stl11 adapting ta the recent change in 

condlt.l.Ons. The high degree of integratl0n of the drainage 

system, the strong correlat10n of low order streams with 

structure and the relation of upland topographlc features 

with present: Iltho]ogy. roc k competency and structure are 

indicatlons of a geomorphic trend toward an equl1ibrium 

between form, Iithology, &tructure, recent deformationa1 

forces and the present c11matic reglme. 

GEOMORPHOLOGY AS AN AID TO GOLD EXPLORATION 

The basic premise under1ying the use of geomorphology 

ln mineraI exploratIon is that mineraI deposits are in sorne 

way physica11y reflected ln 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 approa ches ~n the seareh for 

economic Mineral resourees varies accord1ng to (1) the type 

of mineral deposit and i t s mode of for ma t ion, (2 ) the 

physiographic setting, geomorphic history and climatie regime 

of the region of inter est, and (3) the relation to other 

methods (geophysical or geochemical) employed in exploration. 

Geomorphology has a limited but direct application in the 

search for mineraI deposits with strong surface expressions 

or associations with anC1ent relief forms (MUls and Eyrich, 

1966; Smith, 1977 ; Rowan and Lathram, 1980), and 1 n the 

search for surface or buried placer deposl.ts (Bl.llban, 1955; 

Kuzvart and Bohme r, 1986; Sivadas, 1987) . The use 0 f 

geomorphology as a aid to mineral exp10rat1on rather than as 

a direct prospeeting method is more common. The ind1rect 

applications of geomorph1c approaches to mineraI exploration 

are in (1) the mapp1ng of lithology, structure and overburden 

types (Ray, 1960; Howard, 1967; Paarma et a!., 1977), (2) the 

study of physical and geochemica 1 allUVial dispersion 

CSlingerland. 1984; Bonham-Carter et al. 1987; Fletcher and 

Day, 1988), (3) the study of e1ement mobility and migration 

in overburden (Webster and Mann, 1984), and (4) the study of 

minera 10gicB l, geochem1cal and bOlilder d1spersion in 

glaciated terrains (ChaUVin and DilV1d, 1987; Stea et aL, 

1988). 

The geomorphology of the bouthwestern GaspéSie study 

last area was examip~d 111 the context of the first and 
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indirect applications. The principle categories 

application 

of 

of geomorphology to go Id explora t ion using 

shallow overburden surveys is in providing basic information 

on tl'e various parameters (lithological and overburden) and 

processes that control the composiclon of overburden and the 

shape of minE>raloglcal and geochemical patterns. 

Geomorphology as an indication of lithology and structure 

Structure and lithology are revealed in the morphology 

of lndividual landforms, in the arrangement of topographic 

features and low arder streams, and in the denslty and 

pattern of dralnage. Once the effects of cross-structural 

negative features (major southeast-trending depressions) are 

removed, alignments of hills and ridges become evident and 

they outline boundaries of reslstant beds striking northeast 

and dlppl.ng either northwest or southeast as part of large 

antlcllnal and syncll.nal structures. DlpS of major resistant 

beds are indicated by smooth backslopes on asymmetric hills 

and ridges and by flat-Iron fOlms, some of which élre clearly 

VlSlole on Landsat images. Boundaries between major beds are 

determlned by the step-llke arrangement of hi Ils and 

depresslons on the upland surface, the alignment of valleys 

containing low order streams, and the trellis-like pattern of 

dral.nage. The Fortln Formation, whose complex lithology and 

structure have yet to be mapped, appears on airphotos as a 

succesSlon ot 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 eVldent in the straight, parallel 

northeast trending arrangement of low arder streams (Fig. 7), 

the northeast-trending straight segments of the main channel 

of the Assemetquagan River .lncIudlng the lower km segment 

where there is an alluvIal gold occurrence, and in the 

arcuate patterns of the Causapscal Rlver. Fault-line 

structures are also responslble for the progressive shlft to 

the west of the Matapédia RIver ( FIg. 2), first along the 

fault-llne scarp 2 km south of Causapscal, then along a set 

of fdults separating two beds of the Fortin Formation at the 

mouth of, and 2 km above the Milnikek River, and farther 

south aiong a succeSSIon of bedding planes crossing the 

Matapédia River between the mouths of the ASl:.emetquagan and 

Houlln Rlvers. 

Fdults appedr as alignments of steep, V-shaped valleys 

(fauit-line vélileys), as steep scarps on asymmetric ridges 

(fault-line scarps), or as :ïarrow depressions on the upland 

surface. Fault-Ilne valleys outilne the position of (1) the 

Matapédia 

Matapédia 

fault 

Ri ver 

and a trlbuLlry 

1. 25 km ta the 

fault WhlCh crosses the 

north, (2) the Llulted 

geological boundary between the York R1ver and Cap Bon Ami 

FormatIons which crosses the southern end of the Causapscal 

airport al LaVIlle Brook, and (3) a set of faults WhlCh cross 

the MatapédIél valley near the mouth of the Milnikek River, 

one of WhlCh crosses the entire Fortin Formation. This last 
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fault has an important bearing on the structural arrangement 

of the Fortin Format~on and as such should be examined in 

future structural and bedrock invest~gations, and mineraI 

exploration programs. PrODllnent fault-11ne scarps occur 2 km 

south of Causapscai and at the boullùary between the York 

Rlver and Grande-Grève Formcltlon in the northeast corner of 

the a r ea. The Ste-Florence fault, a major structure in 

southwestern Gaspésle has little topographic expression. Its 

approx1mate pos1t1on c an be determlned by the change of 

topography, relief and drainage 8ssociated wlth the change 1n 

rock type from siltstones and sandhtones in the north to 

fissile slates ta the south. On airphotos the fauit appears 

only as a narrow notch on a hill west of Ste-Florence, and 

less than l km north of a string of low rounded h11ls of 

volcanlc rocks. 

Geomorphology, Overburden DistribuLion and Composition and 
Overburden- .rming Processes 

The thesis area can be divlded into t hre e broa d 

geomorphlC zones where overburden dlstr1but10n and 

compositlon refiect partlcular comblnat ions of geomorph1c 

pclrameters llthology, bcdrock composlt1on and compe t ency, 

structure, dralnage, topography, and relief) and processes 

(pre-glacial geomorphic activity, glacial erosion, transport 

and deposlt10n, post-glac1al weatherl.ng, fluvial erOS10n and 

deposl.tl.on) (Flg. 9). 

Zone 1. 

Zone 1 corresponds roughly to the northeast third of 
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the area. It IS characterlzed by an upland with low relIef 

and Intermediate altItude (305-420 m a.s.l.) developed on 

folded and faulted sandstones of the York Lake, York RIver 

and Lake Branch Formations, and sllthtones and Ilmestones of 

the St-Léon, Cap Bon AmI and Grande-Grève Formations. 

Landforms of glacIal lce erosion are rare and limited to a 

f e w southeast-trendlng valleys wh l c h show eVldence of 

scourlng. The upldnd surface IS covered by a th ln « 2 m) 

but almost contlnuous blanket ot glaclal (tl11) 

initially deposlted by Laurentlde lce and later remoblllzed 

by 1 oc aI lce movements. The more extenslve cover of tl11 

o('curs on the hlgher ground of Zone lA The large upland 

depression WhlCh forms the northeast part of the zone (Zone 

2A) contaills thick (> 2 m) glaclcll outwash and organlc 

sedIments The CausapscdJ 

thlS zone 

The boundary betweell ZOl1e and Zone 2 1.!> de f 1l1erl by 

contrasting dlfferences il1 the dititude of the upldnds and ln 

thelr lithology and structure, I.J Y the p 1- e sen c e a f g lac 1 a l 

erosion features, and the dl.!>tribution of the overburden. 

Zone 2 

Zone 2 (FIg. 9) lS west of 

no r t h of the Ste-Florence fault 

and low altitude (260-305 ma . .!>.!. 

the Matapédid valley and 

It I.!> a large, low tell.ef 

upland surface developed 

on folded and faulted J Imehtones ilnd blltstones of the 

St-Léon and Cap Bon Aml !'ol-rnatiollb ln the llolthern two-lhlrds 
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of the area, and resistant sand tones of the York Lake and 

York Rlve r Formations a Ion g its southern ed ge. Numerous 

land forms of glaclal ice eroslon (meltwater channels, 

southedst trending U-shaped vdlleys) and deposltion (eskers, 

kames, ouewash deposlts, hummocky terra ln) are eVldence of 

extenslve glaclal aet IVlty on the upland surface and ln 

valleys The llthology of Zone 2 lS masked by an extenslve 

co ver of overburden WhlCh Includes th i c k ( 1- 3 0 m 

lce-contact stratlfied drlft and fluvlog1aclal sedlments, 

thln (1-2 m) ct r 1ft (tlll) il nd undlfferentlated 

dlamictons. Zone 2 lS drained uy the upper Matapédlû Rlver 

and two main trlbutarlcs, the Humqui Jnd MütüllC Rlvers 

The boundary that separates Zones and 2 tram Zone 3 lS 

the Ste-Florence füult. The change from relatlvely competent 

sandstones, slltstones and 11mestones ln Zones and 2 ta 

fIS sIl e s 1 il tel. and s J 1 t s l 0 Il e S 1 .1 Z 0 n e 3 l S r e fIe ete d i n the 

topography. Most notlcedble 15 the change ln valley for-m 

from broad and shallow closs-proflles ln Zones and 2 ta 

steep and narrow cross-profIles ln Zone J (best seen ln the 

Matapédla valley) the change to a more prollounced fldge and 

depresslon topography of the upland and the Increase ln 

denslty of structurally c.ontrolled depleSSlons occupled by 

low order streams from Zones 1 and 2 to Zone 3' , the north ta 

south decrease of glaclal erOSlon features and the absence of 

landforms of glaclal deposltion on the upland surface ln Zone 

J. 

( 
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Zone 3. 

Zone 3 extends from the Ste-Florence fault to the 

southern lirolt of the area. ThlS zone lS characterized by 

Its multlple level upland surface, pronounced r l d g e and 

depresslon upland topograph~, steep dlssectlon, high relIef, 

absence of glacIal erOSlon and deposltlonal features on the 

upland and ln valleys other than the Matapédla valley, and 

the preservatlon of the preglaclal topography and drainage. 

The upland surface lS formed by extremely flsslle Illates of 

the Fortin formation except along the southern margln of the 

zone (Zone 3A) where aIder llmestones dre exposed. Thin (1-2 

m) glacial d r 1ft (till) is stlll preserved on the lIpland 

surface along the north margln of Zone 3, and on the upland 

between the Mllnikek and ~latapédla Rlvers. The upland 

surface lS mostly covered by rubble derlved from the physlcal 

breakdown of the underlying rock. Valley wall& are llned by 

thick ~heets of colluvium. The plesence of extenslve and thln 

rubble on the upland surface and thlck colluvillm on valley 

slopes refleets the rapld weatherlng and slope transport 

WhlCh eharacterlze the partleular comblnatlon ot physlcal 

factors (steep dissection, hlgh relIef, fiSSile bedrock) 

lInder- post glacIal cllmatlc condItions. The dralnage pattern 

is modlfled dendrltic wlth a treilis element. The boundary 

between the Fortln slates and the WhIte Head FormatIon 

limestones ta the south 15 marked by a dlstil'ct Increase in 

draInage density and a change in tone from dark gray to light 
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gray on Landsat imagery (Fig. 4). The boundary between the 

two formations 1S ma r ked by a distinct al1gnment of 

fault-line valleys (Matapéd1a fault) 

The processes that are responsible for the d1stribut10n 

and composition of overburden ln the thesis area are 

assoclated wlth past glacJ.er 1ce dynamics and post-glacial 

weather1ng, erosion and deposition. Geomorphology provides 

an 1nd1catlon of the distribut10n of glac1al sedIments and 

the relative l.nfluence ûf glacl.al erosion and depos1t10n on 

topography. However, 1t does not provl.de a suff1Cl.ent basls 

for determinlng the complex patterns of lce ~ovements across 

the area or predictillg the effect of glaCIation on the 

composition and provenance of the overburden The absence of 

landforms of glacl.al eroslon and depositlon 1n Zone 3 

complicates the problem of determ1nlng the pattern of flow of 

Laurentlde lee and, more lmportant to the problem of gold 

exploration ln southwestern Gaspésie, the extent of 

deposltlon of far-travelled and forelgn debrlS and the degree 

of mIxlng with local bedrock-derived material ln the 

overburden 

The glael.i1l and post-glacial proeesses that control the 

compOSItIon and dlstrlbutl.on of overburden operate under 

topographIe and ellmatl.C constraints. Climate 15 an 

Independent varl.able. It l.nfluences the overburden primarlly 

through l.ts effects upon draInage, runoft and erosl.on, and ta 

a lesser degree, vegetatIon cover. Topography, 15 il functl.on 
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of lithology, bedrock composltlon, and structure, Raudsepp 

(1969) was able to express the relatlonship between the 

l~thology, structure and topography of western Gaspésle ~n a 

quantitative manner uSlng frequency dlstribution measurements 

of altltude as an index of the reslstance of the VarlOUS rock 

formatlons. The dlvlsion of the thesls area lnto the three 

zones ln WhlCh overburden composltion and distrlbution 

reflects paL'tlcular comblnatlons of physlcal factors and 

procebses (Fig, 9 ) is essentlally based on the relatIon 

between topography and the other physica1 characteristlcs, 

with the assumptlon that the overburden-forming processes 

operate under these physlca1 constralnts. The mlneraiogicai 

and geochemlCdl patterns obtalned fram the overburden 

surveys shauld ref1ect the camblnatlons of physlcal factors 

and procesbes that characterlze each of the three 

zones. 

OVERBURDEN SAMPLING. PROCESSING AND ANALYTICAL HETHODS 

Field Hethods 

broad 

Shallow overburden sampling was carrled out durlng the 

summers of 1985 ilnd 1986, The 1985 sampllng program was 

deslgned to provide a reprebentdtlve coverage of the proJect 

area and of the various overburden types. Samples were 

collected at 1. 5 ta 3 km Intervals along raads accessllde by 

two-wheel-drive vehlcle. Limited accebS t 0 mo st of the 

SOU the r n h ail 0 f t Il e pro J e c t are are sul t e cl l n une v l' n sam pie 

density. Approximately 10 
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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 tin e r ) -- t 0 - c las t rat IO we r e col l e ete d wh e r e po s si b le, but 

where the matrlx fraction was small, larger samples of up to 

20 lItres were taken. In 1986 82 overburden samples were 

collected ln a area surrounding the aurlferous lower 

segment of the Assemetquagan River (Appendix 7) The sampling 

procedure was modlfled to take 1nto conslderation the low 

content ot heavy m1nerals 1n overburden samples collected 1n 

the surrounding area in 1985. Approximately 25 litres of 

<4.75 mm (-4 mesh) m.lterictl were c011ected at every site. 

Samples were ta ke n from t.he C hor1zon \,,:here possible. 

However, .lt most SItes the overburden was thin and lacked 

dlstinct SOLI horIzons. Sixty-nine sdmples were collected on 

the upland surface at d spac lng of 500 to 700 m A further 

13 samp1es were collectpd on the valley slopes within the 

lower 2 km segment of the Assemetquagan River. 

Sample 

ApprOxlmately 

tredtment 

lItre 

l S Illustrated in FIgure la . 

of materlal was separated from 300 

1985-serles samples and then dry screened ta <250 }JIU (-60 

mesh) ln preparatIon for geochemical anaIys1s. The remain1ng 

portIon of the 1985-ser1es samples were then wet s1eved to 

obta1n the 63-250 )lm (230-60 mesh) fractIon for heavy mineraI 

separatIon. The I986-serles samples were wet sieved to 

obtllin the 63-450 )lm (230-40 mesh) fractIon for heavy mineraI 

separation The upper S1ze Iimlt of the I986-serles samples 

58 



Figure 10. 
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was doubled to ensure maxiMum recovery of heavy mineraIs, a 

concern tor geochemical methods. 

Geochemical Methods and Heavy Mineral Studies 

The 300 <250 \-lm (-60 mesh) samples from the 1985 survey 

were analyzed for gold content by a commerc1.al laboratory 

uS1.ng combined f1re assay and plasma emission spectrometry 

(detection ll.mit of 2 ppb). One hundred <250 ~m (-60 lIlesh) 

samp1es were a1so analyzed for major and trace elpments using 

a Phill.ps PW 1400 X-ray spectrometer 1.n the Department of 

Geological Sciences at McG1.11 University. Heavy mineraIs 

were extracted from 185 1985-serlt's samples and aIl of the 

1986-serles samples uSl.ng a Mozely MK II mineraI separating 

table and then concentrated by densl.ty-dependent settling ln 

methylene iodide (3.3 s.g.). Magnetic mineraIs were lemoved 

from the concentrates using a Sepor automagnet. The resuItin6 

fract10ns were wel.ghted ta provlde percl~ntages of heavy 

mlnerais in the total sample and percentages of magnetic 

m1.nerals ln the heavy mIneraI fraction (Appendlces 8, 9). 

The he a vy mIneraI concentr-ates wel'e examined und el' a 

stereoscopie microscope ta determine (1) the characteristic 

mineraI assemblages, (2) the approximate proportion of local 

and far-travelled components and (3 ) the mineralogical 

formes) of gold. Two hundred and [art y non-m.3gnetic heavy 

mineraI concentrdtes were then sent to a commercial 

Iaboratory and analyzed for gold and 25 other elements by 

neutron actlvatlon. Ninety-six of the samples were from the 
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1086 survey. The results of the analyses, including 19 

duplicate sample analyses are listed in Bernier et al. 

(1987) . 

The chemical composltl0n of various silicate, oxide and 

suLphide heavy mineraIs was obtain by electron microprobe 

analysis. Indivldual mineraI gralns were handpicked and 

mounted ln Araldite epoxy resin onto standard 27x46 mm glass 

slldes. Grinding and polishing of the individual graln 

mounts was performed by the thin section laboratory of Ecole 

Polytechnlque. Chemlcal analyses were conducted at McGill 

University using il Cameca Microbeam MBI electron microprobe 

equipped with four wavelength dlspersion spectrometers 

(Appendix 10). Oxide and sIllcate analyses were recalculated 

into thelr molecular proportions using the Cameca STRGEO 

software file. 

REGIONAL SURVEY RESULTS 

Major Elellent, 
Samples) 

Trace Element: and Gold Analyses (250 }lm 

Major and trace elemellt averages and standard deviations 

for 100 (250 pm samples of overburden are glven as a function 

of underlying rock in Table 2. Major element averages show a 

general pattern of variatlon related to chllnges ln bedrock 

compositlon from north to south aCl"OSS the area. Overburden 

samples collected over silica-rlch lithologies north of the 

Ste-Florence fault show the hlghest contents of 8i0 2 (75.45 -

78.1%) and the 10west contents ot 
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(4.26-5.56%), MgO (0.99-1.4%) and K20 

(1.61-2.00%). Samples collected over clay mineraI and mica 

rich Fortin slates and slitstones 1n the centra l part of the 

area, and calcareous and clay minerai rlch siitslones and 

limestones of the Whlte Head Formatlon ta the south show the 

lowest contents of (65.48-71.55%) and the highest 

contents of A1203 (15.74-I6.8j%), (6.56-7.58%) , MgO 

(1.62-2.26%) and K20 (2.07-2.78%). The calcareous nature of 

the White Head Formation IS reflecteù ln the two hlghest 

concentrat1ons observed in overburden (7.85 and 24.5 7 %) but 

lS not evident from the average CaO content of the 13 samples 

anaIyzed. 

attrlbuted 

The high standard devlatlon of CaO (6.90) is 

toc 0 m po.; i t l. 0 n a l varlatlons 

Formatl.on with possible 10ss of CaO in 

groundwater leachlng. 

ln the W:11 t e Head 

overburden through 

The parallelism of major element variations in <250 jlm 

overburden with that of the underlYlng rock conflrms fleld 

observations that the overburden ln general contallH a strong 

component of the underlylllg b('drock The narth ta south 

trend of decreap.lng Sl02 and lncreasing A1203. MgO 

and K20 in <250 jlm overbt.rden reflects decredses 111 bedrock-

supplled quartz \Vl t h correspondlng .lncreases ln cl a y 

mineraIs, clay-sized mlca::., feldspar, sulphlde and carbonate 

minerais. 

Specimens of the sedlmentary fortndtlans ln the thesls 

area were also collected anù analyzed for mdJor and trace 
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element analysis (Append~x Il) . The few rock samples analyzed 

do not perm1t est1mation of compositional ranges 

bedrock formations or comparison of 5102 concentrations in 

overburden 1n relat10n to underlying bedrock The bedrock 

samples roughly match the i r correspond1ng overburden 

equivalents. The prlnclple exceptlon 13 the rock specimen 

from the Grande-Grève Formatlon which is high in CaO and low 

in contrast ta t111 and colluvlum samples wtllch are 

high in S102 and low 1n CaO. A second exceptl.on 1S the 

sl.ngle Fort1n Forma tIan specImen Wlth a CaO concentration 

(1.74%) weIL outslde the range of the CaO (0.07-0.43%) in the 

corl esponding overLurden. 

A comparatlve summary of trace element averages for the 

ma j or overburden type s and the stream sediment da ta of 

Choinlère (1982) lS hhown ln Append1X 12. Concentrat10n 

dl.fferences among upland overburden, stream sediments and 

oedrock formatlons cannat be read11y explalned without tak1ng 

into account varIations assoclated with differing analyt1cal 

procedures and detection 11mIts, and the number of sample~ 

analyzed Trace element concentratIons ln ovelburden (Table 

2 ) show considerable overlap and no trends are observed. 

Overburden samples collected over the White Head Formatlon 

show the highest concentrat10ns of Co, Nl, Nb anù Rb. 

The reg10nal distrlbut10n of gold 1n <250 ~m overburden 

15 shawn 1/1 FIgure 11. The <250 pm results show that the 

overburden contains vel y low concentrations of gold, W l th 
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only 15 samples registering above the detection limit of 2 

pp b. The highest concentrations, 30 ppb and 7 ppb, are ln 

samples collected over White Head and Fortin Formatlons, the 

two formations ho::.tlng mineraI and alluvial gold occurrences 

ln the area. 

Analyses of Non-Hagnetic Heavy Mineral Concentrates (NH HMC) 

Trace element data from the reglollal survey of non-

magnetic heavy mlnerai concentra tes (l'lM HHC) wer,' subJecred 

to factor analysis (Table 3 ) , and geometrlc mean and 

::.tandard deviatlons were calculated (Table 4) SelelOlum and 

Ag were excluded from aIL statlstlca1 treatment because of 

abunddnces below the detectlon Ilmlt ln almost aIl cases. 

Because detectlon llmlts were hlghly varlable for certaln 

elements ( a fUllctlon of sample ::'l~e Jnd composltlon) , 

ana lyses be 1 ow the detectlon Il m l t were consldered as 

mlsslng values dlld trcated by deletlon ln the 

factor analysls. 

The dlstrlbutlon ot trace elementl> can be summarized as 

follows' (1) NM HMC ln overburden collected over Cap Bon Am] 

and Grande-Greve Formatlons show the lowe::.t contents of rare 

ea r t h elements (REE), Mo, Nl and Th; (2) overburden from the 

Fortin FormatIon shows the hlghest '_oncentratlonb of REE, Hf, 

Sc, W, U and Ni, with intermedIél'_e concentratlons ot A.s, Co 

and Sb; (3 ) As, Co, Sb, Fe il nI, Zn are hlghest ln NN HMC ot 

overtJurden collected ove r the Wh i te Head Formation; 

(4 ) overburden from the York Lake and York Rlvel Format lons 
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Figure Il. Concentration of gold in 63-250 ~m 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, reglonal survey, southwestern 
Gaspésl.e. 

Element 
1 

Hf 1 0.95 
Lu 0.95 
Yb 0.95 
Th 0.92 
U 0.90 
Ce 0 . 89 
Sm 0.88 
La 0.86 
Eu 0.82 
Cr 0 . 76 
Sc 0.74 
W :_~: 
As 0.20 
Co 0.27 
Sb 0.34 
Fe -0.09 
Ni 0.23 
Na 0.24 
Ta 0.43 
Zn 0 . 08 
Au O. 16 
Ba O. 14 
Mo 0.33 

2 

-0.08 
-0.13 
-0.15 
-0.17 
-0.16 
-0.23 
-0.27 
-0.30 
-0.31 
0.03 

-0.08 
-0.23 
-0.91 
-0.85 
-0.78 
-0.59 
-0.40 
0.03 
0.19 

-0.44 
-0.10 
-0.39 
0.06 

Factors 
3 

-0.01 
-0.17 
-0.15 
-0.22 
-0.16 
-0.22 
-0.24 
-0.24 
-0.31 

0.18 
0.07 

-0.46 
-0.05 
-0.16 
-0.12 

0.05 -==-
: -0.86 

-0.81 
0.01 

-0.15 
-0.28 

0.13 
-0.27 

4 

-0.16 
-0.08 
-0.08 
-0.12 
-0.23 
-0.02 
-0.05 
-0.06 
-0.05 
-0.34 
-0.30 
-0.26 
0.05 

-0.16 
-0.12 
0.08 

-0.33 
0.01 

-0.=96 
-0.76 
-0.63 
-0.23 
0.00 

Variance explained by rotated components: 

9.51 3.54 2.29 2. 15 

Percent of total variance explained: 

41.4 15.4 9.97 9.33 
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5 

0.09 
0.12 
0.14 
0.20 
0.18 
0.24 
0.25 
0.26 
0.24 

-0.09 
-0.25 

0.08 
0.12 

-0.05 
0.07 

: -0=:=63 
-0.01 

O. 12 
-0.01 

0.08 
0.70 
0.70 
0.63 

1.93 

8.39 
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shows the highest contents of Cr and Ta. 

A strlklng feature of the trace element distrIbution is 

the hlgh concentratIon of REE, Hf, Th, U, W and NI in NM HMC 

of FortIn overburden The se elements also ~,how a 

particularly strong 10adlng on Factor 1 n the table of 

factor analyl:>ls (Table 3), the REE, Hf, Th and U dlsplay.l.ng 

the hlghest correlatlon coefflclents among each o th er 

(AppendlX 13 ) The strong correlatlon amollg the REE, HF, 

Th, and u suggests an aSSOCIc.ltlon W 1 th ZIrcon. x- ray 

fluorescence analYSlb of one sdmple WItl1 a 111gh Hf 

concentratlon (4700 ppm) showed il hlgh Zr content and the 

pt esence of ZIrcon WolS conl1rmed by X-Lay dlfflact.lOn 

analybis Th e mdln source of the Zlrcon cdrrylng these 

elementb 

bedrock 

ln Furtln overburdcn dppears ta be the underlYlng 

Thls 15 buggested ~ecause the FortIn FormatIon 15 a 

ma J 0 1" LI r il n 1 u m anomaly over Penlllsuld (ChOInlère, 

1982, 1984) <Inù ZI rcon, the /Daln U carrylng mInera l, lS the 

dominant heavy mlnelal specleb ln the rock (Dalton, 1987) 

The other t..IctOl"1> 1. n 

Interpreted. Factor 2 (A s , 

Til b le J are 

Co, Sb and Fe) 

less 

l s a 

read1.1y 

possl~le 

Indlcator of suIphlùe mIneraIs. The hlghest concentratIons 

of Factor 2 elementb are 111 NH HMC from overburden collected 

over the White Hec.ld Forn,atlon, where sulphide occurrences 

are common (Lachc.lnce, 1979) and strong As concentratIons .ln 

stream sediments are reported (Cholnlère, 1987). The 

correlatlon of Au with Zn and Td lb accLdental and reflects 
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the effect of a very high outller value (2100 ppm Au) on the 

ca1cu1ation of the factors. 

The reglonal distribution of gold in NM HMC is shown in 

FIg. 12. In contrast to <250 ~m analyses, NM HMC data show 

consIderable spread ln gold COllcentrdtlons and deflne several 

anomalIes across thE area Anomalous gold concentratIons are 

observed ln four geologica1 settlngs (1) ln four overhurden 

sarr.ples col1ected over FortIn bedt'ock (1llc1udlng the hlghest 

gold concentratIon, 2100 ppm), (2) ln three samples col1ected 

along the sectIon of the Ste-Florence fault where volcanlc 

rocks are interbedded wlth Fo r tIn slates, (3) ln one 

overburden sample underlain by bedrock of the WhIte Head 

FormatIon; and (4) ln tive samples collected over the Cap Bon 

AmI. FormatIon on the webt side of the Matapédla RLver. The 

Ca p BOIl Amt anomalLes provide the firbt of 

possLble gold mlnerdllzatlon ln SLluro-DevonLall strata north 

of the Ste-Florence fdult 

The NM HMC data show erratLe gold coneentrdtlons and 

con1>iderable spread ln valuC's. The pattern produced l b 

complex and reflects the effert of several vdrldbles on the 

he a v y mLneral ehemlbtry of t Il e ovC'rburden (1) the 

composition and dlbtrlbutlon ot overburden types; (2) the 

compOSItIon and dibtrLbutlon of bedrock types; (3) the nature 

of bedroek eontrLbutLOn., ta overburden; and (4) the degree of 

oXLdatÎon of the overburden. The combÎned effects of these 

varLables on the gold chemistlY of NM HMC are recorded ~n 
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Figure 12. Concentration of gold in 63-250 pm NM HMC of 
overburden from the regional survey area, 
southwestern Gaspésie. 
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the l!\inera logl.ca l characteristics of the samples. 

l nfor ma tian necessary to the interpretation of the complex 

pattern of gold varIatIon in NM HMC can therefore be obtained 

through detailed minerBlogical studles. 

lIeavy Minera 1 Stud ies 

Heavy m~nerai abundance. dssemblage5 and dl.strlbutioo 

patterns 

The proJect area can be dlvided loto three brond zones 

using heavy mineraI assemblages, d~stribution patterns and 

t ota l abundance in the 60-250 j.lm fract~on of overburden 

(Table 5). These zones correspond almost exactly with the 

zones defined on the bas~s of geomorphology (Fig. 9). 

20 n e l : Zone 1 corresponds broadly ta the 

northeastern th II d of the proJect area. In th l S zone 

magnetic mineraIs, ilmenite and garnet form between 80 and 

95% 0 f the heavy mineraI fraction of overburden. The 

remaining 5 to 20% IS epldote and clinopyroxene, with minor 

orthopyroxene, hematlte, zircon, limonite, goethJ.te, rutile, 

amphibole, chromite, kyanite and corroded sulphide mineraIs. 

The enrJ.chment of magnetic mineraIs, ilmenite and garnet is 

mineraI and magnetic also reflected in the tata l heavy 

mJ.neral contents of the overburden (Figs.13, 14). Zone 1 

corresponds to the zone of highest abundance of heavy 

mJ.nerals (>0.5 wt.%) and magnetic mineraIs (10-30 wt.% of 

heavy mineraIs) ln overburden. Maurice (1986) found similar 

heavy mineraI concentrations in adjacent stream sediments and 
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I Table 5 

1 HCilVy mlnerol abu'ld.1r'K'CIj ard assemblages, and propcrtlU"l'" r:Jf 'fIr • ~,pl ... .., t .. b,",' f 

Idenl/cd conponcnts ln the 63-250)..ln fraction of overburdr-n • .. rhti"~f>C;-"''''''' ... .:t~(".~ .. 

"1 
1 
1 
1 

1 1 

~'------r---------------------------------------------------~~ 
1 Zone 1 ~'[;) _ ~:'=~ol. 1 

1 1 
lA He.vy Mmoral Hrgh (>05wI.X) Interrrrdi tlte (1) .' X, 1"", ' .... ! •• ~ ) 

1 (lIH) Abtndance 1 

1- -----1-------- ,-- - ----- --

lB M.gocllc M.nerall ( 10 20 wt X) 1 Law (,1 0 10 w· x ) 
1 Conlenl' 1 1 
I-----t------------I--------
le. Hcnvy fraction 1 Major magnet!c mineraIs, 

1 M.neralogy 1 .lm<'I1,te, ga"'''t 

1 1 Hlner r'pldùte, P)r1tc, t 1 rcnn, 

\ and 1 pyrnxenf!, rutIle, hCfn .. ,tltc 

1 1 bnrltc, chrcrnltC', rY'JnI te 

1 Chcmlcal 1 lcu:o}(( "lC' al tC'rtlt Ion 
1 al t cratlon 1 of Fe TI oXlde mlncralc; 

1 Featurcs 1 goethltc al terat,Of, of 

1 1 euhodral pyrr te 

l , . mlnor tlffiOnltlC alteratlon of 

IM3jOr llmenlte, l IIY...t"1 t p , 

1 gOf'thlte, Z'fC~, br1flte 

l''''nor ctlflCP')ro}lP-...:", .rV1,bç.tc, 

! P(fOJl.Cr'IC, cpldote, r',rlte, 

1 arscnopyrltc, glrnf"t 

1 extenSive llm':)nlte replac".....ç.nt 

w .. ___ .. 

-,-- ... :. I~"" 

1 of sulphldc m,nC'rnlc;, altcrat ,on, 

1 of Fe-T, o"de mll",rals 1 eltN'C;I.~ 1 1"~f' ,,, ~!;: ~~U"~'" 

gocthlte altc, LltHXl of cuhcdral 1 of sul~'1jI'I r-\r~ e',; 

i 
! 1 re~ll o,..,dc mmCfn\c; 

1-·--- +-----
1 

----1---

1 
1 o)(lde mlnerale; 

--------1---- - ------
10 Local Cl) ard 1 F (6090X) he." .lmcn.te,.lmcno 1 

1 Far-Travctted 1 m.19fX1tltC',t 1 tanOOl,lgnctl te, 

1 (F) HM 1 rut.le,leuco.ene, 

1 Ao;c:.CfrtJtngcs 1 pyropc/9fosc;.ulnnt~ olm"r~::hnc, 

1 o"ld 1 k)'nlte,zlrcon 

1 ~ uf 10t,1 HM 1 
1 F ract 'on 1 l C 10 40~) goethlle, l "",nlte, 

1 

1 

1 

1 

1 
1 

L (50-100~) 1.,."nI te, go<> th Ile, 1 l C70 100'1) g'othlle, zlfe,,", 

pynte,barlte,zlrcon, 1 lummte. pyr1te, Cf'ldote. 

cllnopyroxcnc, anphlblle, 1 btlr!te, arscnopyflte 
8r<;.cnopyrlte,re~tl û)l.,lœ mlo\!ratsj 

1 
1 

f (0-50);) hein) ,1fT1cnltC', JtfT!erlo 1 l (0 30X) hcfTYJ 1 Imelll te, 1 lo .... na 

1 1 fCrrllln Ilmcnlte, Zircon, pyrltel rn.lgnf'tlt~,tlt;mt1m.lgnctlt~,rutlle, 1 ffilgnet'tc, tl tonCXTl.lgnetltc, rutile! 

1 1 t 1 tann'flôlgnct 1 te,cpldotc J b,lr 1 te.1 pyropc/gro'lsulan te ttlm.lldHV!, 1 pyropc/grossut "nte olm.'\ndlnc, 1 

1 1 chrcrnlte,bante, Ilr'ienopyrltc 1 ll/con 1 ZlrCOO 1 

1----------01----------- +---- ---------j----------- 1 
lE, D. lullon by 1 Exten<lve - Moder'te 

1 Far-Tr.velle<! 1 
1 Hcavy m,nerals 1 

Fil = 1 - 100 

l/Cl'f) = 0 5 - 001 

1 Moderate Nrglectoble 1 Neglectnble 1 
1 FIL < 0 01 1 1 FIL < 0 01 1 
1 LI ( l' f) • 0 5 - 0 9 1 LI (L' f) > 0 9 1 

_________ L ____ . _____ _ ___ -1. _________________ 1 
1 

1 

1 • Magnetlc MIneral Content = ( wt H.1gnetlc MInerale; / wt Tot,l He,,..y M,neral, )'100 
IL. _____________________________ ---____ --__________ _ 

1 

1 
1 
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also aeflnes the area as a zone of high abundance of heavy 

mineraIs. 

Zone 2 llnd 3' Heavy mlneral concentrates from the 

northwestern (Zone 2) and southern (Zone 3) thirds of the 

area show dlfferences ln mineraI Ilssemblages, pL-opal-tians and 

abundances.Ovcrbul-den 111 Zone 2 displays lntermedlate heavy 

mineraI abundances (0 J-0.5 wt.%) and low magnetic mIneraI 

contents «5-10 wt.% of heavy minerais) (FlgS. 13 , 14) . 

Ilmenite, lImonite, goethlte and magnetlc mInerais are the 

domInant heavy mlneral specles (60-80%) Subordinate minerais 

(10-40%) include ZIrcon, epidote, amphIbole, 

clinopyroxene and strongly corroded pyrite and arsenopyrite. 

Overburden samples ln 

heavy minera l s «0.1 

Zone 3 have the lowest contents of 

wt.%) and iow contents of magnetic 

minerais (<5-10 wt.% of heavy mInerais) (Figs. 13 , 14) . 

Goethite, limonlte, ilmenlte, magnctl.c mInerais, ZIrcon and 

epidote are the major heavy minerais Wl.th minor barite, 

fluorescent minera 1 s, corroded pyrl.te li nd arsenopyrlte, 

garnet, orthopyroxene and clinopyroxene. 

Degree of oxidation of HMC 

Heavy mineraI assemblages show moderate ta strong 

degrees of oxidatlon across the a r ea. Differences in 

oxidatlon are related to varying degrees of chemical 

alteration of sulphide and Fe-Ti oxide mineraIs. Flesh 

su1phide grains are found ln aIl three zones but rarely in 

abundance of more than 1% of their oxidlzed equivalents. 
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Figure 13. Total abundance and zonal distribution of 63-250 ~m 
heavy minerals in overburden from the regional 
survey area, southwestern Gaspésie. 
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Figure 14. Abundance and zonal distribution of 63-250 pm 
magnetic mineraIs in the heavy mineraI fraction of 
overburden samples from the regional survey area, 
southwestern Gaspésie. 
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are 

Zone 1: 

predominantly 

Heavy mineraI assemblages 

composed of angular and 

in this zone 

fres h looking 

particles. Limonite and goethite replacements of rare «< 

1%) sulphide mineraIs and Ieucoxene aiterat10n of Fe-Ti oxide 

:ninerals provide Evidence of oxidation of HMC below the depth 

of the C horizon. 

Zones 2 and 3: Heavy mineraI assemblages in these 

zones show moderate to strong oxidation. Heavy mineraIs in 

Zone 2 show extensive limonite alteration of sulphide and 

Fe-Ti oxide ml.nerals and goeth1te replacements of euhedral 

pyrite and arsenopyrite grains. In Zone 3, over 90% of 

original sulphide mineraIs are e1ther replaced by goethite 

pseudomorphs or completely weathered to anhedral goethite and 

limonite. The remaining 10% of orig1nal sUlphide mineraIs 

show surficial goeth1te-hematite alteration. 

Relation of gold to mineralogy 

Particulate gold WBS not ob~erved in any of the NM HMC. 

Stud1es of mineraI assoc1ations with h1gh gold concentrat1ons 

suggest t ha t gold is present in locally derived corroded 

sulphide or hydrous iron 0~1de m1nerals. 

include anhedral 11monite and goethite 

possible carriers 

pseudomorphs after 

sulphide mineraIs in highly oxidized NM HMC of Zone 2, and in 

moderately oxid1zed samples along the Ste-Florence fault in 

Zone 1, and goethite and limonite replacements of original 

pyr1te grains in highly oxidized NM HMC of Zone 3. Corroded 

arsenopyrite grains may be carr1ers of gold in anomalous 
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samples with high As contents (Fig. 15). Free gold may have 

been present in samp1e 181 (Zone 2) WhlCh cùntalns 180 ppm Au 

and less than 1% secondary oxide and sulphidc mlnerals. Using 

a dlameter-to-thlckness rdtio of 10 (C1ifton et al., 1969), 

mlnimum and maximum numbers of gold fl.lkes wh.lch can account 

for the 180 ppm Au concentl-atlon ,1re 2 flakes wlth dlameters 

of 230 ~m and 95 flakes with a dlameter of 64 I-Im. The 

absence of gold gralns and the low abundance of poss.lble 

carriers ln the split sample ~xamlned suggebts t. ha t the 

anomaly ref1ects the presence of él few goid grains in the 

portion of the sample analyz~d. 

The presence of gold .ln l.lmOnlte, goethlte and other 

secondary oX.lde mlnerais .ln alteratlon zones of mIneraI 

deposits and overlying SOlI .lS weIl documented (Boyle, 1979). 

DiLablo (1985) reported hi gh concentratlons of gold ln 

oXldlzed fractlons of tlll in WhlCh no partlculate gold was 

observed. He attributed the gold to secondary oXlde mineraIs 

and suggested that it had been concentrated in oxidized 

fractions of till by groundwater movements. The presence of 

hlg h gold concentrat.lons .ln strongly oXld.lzed overburden 

across the proJect area along W.lth the dlstlnct association 

with secondary oxide mineraIs replacing primary, locally 

derived sulphide gralns ind.lCéltes that go l d i s a t le a st 

partlally retained ln the fine sand fraction of overburden 

during oxidation. Sorne of the gold removed from the fine 

sand fraction of overburden during oXldation may be 
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Figure 15. Concentration of arsenic in 63-250 pm, NM HMC of 
overburden from the regional survey area, 
southwestern Gaspésie. 
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concentrated ln flner fractions. Shilts (1975, 1984) 

advocates the use of the clay fraction of oxidized overburden 

in geochemical exploration b~cause of the capllclty of clay 

mineraIs to scavenge elements lost to coarser fractions 

during oXJ.dation. 

Proportlon of locally derlved and far-travelLed 
components 

Ollution of locally derlved hellVY mineraIs by far-

travelled, glacullly transporterl Fe-Tl oXlde mineraIs, 

garnet, and other llssociated high grade metamol'phlC mlneralb 

lS the most lmportant cause of regional varlatlons ln ml.neral 

proportions (Table 5). Dllution is greatest ln Zone 1, where 

far-travelled magnetlc minerais, limenite and garnet show the 

highest abundances. Electron mlcroprobe analyses of oxide 

and garnet mIneraIs (Appendix 10) define speclflc 

grade metamorphic assemb 1 ages characterlstlc of Canadian 

Shleld rocks north of the St-Lawrence River. The most common 

associatl.on is that of titano-magnetite, l.lmenomagnetite, 

hemo-Ilmenite, and rutl.le. This mIneraI assemblage lS 

dl.agnostic of Fe-Tl-rich anorthosltlc complexes in the Shield 

terrain north of the St-Lawrence River (Rose, 1969). The 

anorthositic bodies are in a highly metamorphosed basement 

consistlng predomlnantly of granltlc gneisses, wlth local 

occurrences of pyroxenites, amphlbolltes, quartZl.tes and 

crystalline limestones. These lithologies are likely sources 

for the remaining high grade metdmorphic mineraIs pyrope/ 

grossularite-rlch almandlne, kyanlte and various types of 
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grade met<1mürphic epidotes, bllritl', pyr oxc'ne il Il Il z~tc()n 

graIns. 

Effect of dllutlon on Au cOllcentralion III IIMC 

Calculatlons of heavy mInerai nhuncllJnces Ind cate t ha t 

the con c e n t l' 11 t ion 0 f 6 '3 - 2 5 0 Il m heavy minerais 111 the f81'-

travelled component of overburden is two to three orders of 

magnitude greater than in the component de1'lved i rom the 

local bedrock (Table 5). Even in smaJl amounts, the presence 

of far-travelled material in overburden causes important 

var1ations ln hea vy minerai abundance ilcross the a rea 
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(Fig.12) . Minera10gical studies also suggest: t ha t the fa r-

travel1ed component contains llttle gold. II i t d ld, hi gh 

gold values in NM HMC would be expected ln Zone where the 

abundance of far-travelled materlal 1S highest. Zone l , 

however, lS the zone of lowest gold abundance. 

Sorne of the erratlc behaviour of gold concentratlons ln 

NM HMC relates to the variation of heavy mineraI abunddnces 

across the area and can be corrected by convertlng gold 

concentratlons ln NM HMC to gold concentrations ln total Slze 

fraction. Shelp and NichaI (1987) suggested a simllar 

correction Involving the recalculatlon of gold concentratlons 

to we i g h t contents in the sample. Like the total size 

fraction conversion, their correction fails to differentiate 

varlations ln heavy mineraI abundances assoclated wlth 

dilution by far-travelled material from that associated with 

changes in 10 cal bedrock contributions. Variat10ns in 

abundance of heavy minerais caused by incorporation of far-

travelled material are most lmportant because they result in 

signlficant dilution of the mineralogical and geochemical 

contributl0ns of underlYlng bedrock. 

Figure 16 models the effeet of progressive dilution by 

far-travelled material on gold in HMC and total size fraction 

und e r conditions est i ma t e d for the project area. A 

simplifying assumptl0n ls t ha t aIL gold in the diluted 

sample occurs in the heavy mineraI fraction of the local 

component. Because of the nature of the conversion, the 
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Figure 16. Effects of dilutIon by far-travelled material (under 
condItIons estlmated for the proJect area) on the 
gold concentratIon ln heavy mIneraIs (HM) and Total 
Slze FractIon (Total Sdmplel. POInts A and B 
Slmulate strong dIlutIon condItIons ln Zone 3 and 
weak dIlution condItIons ln Zone 1 respectively. 
L = local component, F = far-travelled component, 
HMA = heavy mIneraI abundance. 
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proportionate variations of gold concentrations in HMC and 

sand fraction of overburden during oxidation may be total 

size fraction. However since dilution is much greater in HMC 

than in total size fraction, gold concentrations in HMC 

decrease drastically with slight dilution while decreases in 

total size fraction only becorne apparent at st ronger 

dilutl.ons. For a typical sllmple in Zone 1 (point A) the 

concentration of go Id in HMC is 5% of that in the local 

component, and the concentration of gold in the total size 

fraction is 84% of that in the local component. For a 

typical sarnple in Zone 3 where dilution is weak (point B) the 

concentration of gold in HMC is 95% of that in the local 

cornponent and the concentration of go Id 1.n the total Sl.ze 

fraction is 99.5% of that in the local component. Conversion 

of gold concentrations in NM HMC to total Sl.ze fraction thus 

corrects for 1.ncorporation of far-travelled rnaterial when it 

causes strong dilution such as in Zone 1. Where the diluting 

component is local, such as in Zones 2 and 3, conversion to 

total size fraction will tend to correct variatl.ons in heavy 

minera l abundances related to differences in bedrock 

contrlbutions. 

The corrected NM HMC gold concentrations are plotted in 

Figure 17. Anornalous gold concentrations in Zones 2 and 3 

r ema in anornalous after conversion, reflecting the lower 

dilution conditl.ons in these zones. Conversion of NM HMC gold 

concentrations in Zone 1 reinforces sorne lower level 
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Figure 17. NM HMC gold concentrations corrected to total size 
fraction (63-250 pm), 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 ShJ.eld-

derived heavy mineraIs. The median value of corrected gold 

concentrations suggests a contribution from NH HMC of 0.07 

ppb to the background in the 63-250 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 sorne of the erratic 

behaviour of NM HMC data caused by varying heavy mineraI 

abundances and corrects for i.ncorporation of far-travelled 

material. the conversion provides a better estimate of gold 

variations in individual zones and allows for a clearer 

J.dentification of anoma lous areas. Where the diluting 

component is local, the conversion simply removes the effect 

of varying heavy mineraI abundances caused by differences in 

bedrock contributions and does not necessarily provide a 

better estimate of gold variatJ.ons in underlying bedrock. A 

comparison of both patterns in aIl cases wi 11 provide 

information regarding the nature of sorne 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 2 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 mineraIs found in 

the lower 2 km segment of ~he 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 mineraIs in heavy mineraI 

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, llmenite and gold are of 

local origln. The possible assoclation 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 local occurrence of quartz veins with auriferous 

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

et al. (1986) to systematically sample quartz velns 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 assoclated with 

the presence of sulphlde mineraIs (pyrite, arsenopyrite) 

independent of host lithology, whether quartz veln or country 

rock. 

Maurice (1986) made regional and detailed stream 
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Plate 9. 

( 

Downstream view of the lower 300 m section of the 
aurlferous segment of the Assemetquagan River. 
Alluvial gold lS preferentially found in northwest 
dipping cleavage fractures in Fortin slates seen 
at the front and left side of the photograph, and 
ln moss on outcrop surfaces ln the floodplain. The 
Assemetquagan River joins the Matapédia River 
behlnd the bridge. 
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sediment surveys for gold in southwest Gaspésle. From an 

orientation survey in the auriferous lower segment of the 

Assemetquagan River, he found that alluvial gold is 

concentrated in creVlces 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 

llthologles by the Laurentide ice sheet during its 

southeastern movement across western Gaspésie. Deposition of 

gold and Shield-derlved heavy mineraIs in the Assemetquagan 

valley would have been promoted by the retardation or 

obstructlon of the debrls-rlch basal part of the ice sheet by 

the northwest-facing wall of the valley, WhlCh is 40-60 m 

higher than the opposite wall. 

Geological Setting 

The local area lS underlain by Fortln Formatlon slates, 

siltstones and sandstones. Lithology and structure are 

obscured by a promlnent cleavage nearly parallel to the 

strike of beddlng. Airphoto studles lndicate an alternating 

sequence of resistant and non-resistant beds striklng 

northeast (Fig. 18) . Curved drainage llnes, assymetric 

ridges and a prominent flac-iron landform show that beds ln 

the southern half of th e area dip steeply t owa r d the 

northwest. The axis of a broad syncllne to the northeast 

(Fig. 2) when extrapolated, crosses the local ilrea 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 

10wer 1 km segment of the Assemetquagan River. 

The area is part of Zone 3 (Figs. 9, 13) Surficial 

deposits consist of a thln mantle of rubble on the upland 

surface, extensive colluvium on valley slopes, reworked 

outwash sands ln the Matapédia valley, and younger flood 

plaln alluviurn (FIg. 19). Glacial strlations (Flg. 3) record 

Laurentide Ice flow along the axis of the Matapédla valley 

and localized lce flow to the north within the valley. 

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

The lower 900 m sectlon of the Assemetquagan River 

contains the high~st concentrations of detrltal gold in 

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 

distrlbution and mode of occurrence of the gold. Detrital 

Gold lS found, along with hlgh concentrations of Shield-

derlved heavy mlnerals, in cleavage fractures in the fissile 

slates and in moss on outcrop surfaces subjected to seasonal 

flooding. Panned concentra tes of materiai ln these settings 

yleld coarse detrital gold ( > 5 00 ~m dIam.). Geochemical 

analyses of the same material show high gold concentrations 

in the >106 ~m fraction (Maurice, 1986) and Indicate that 

gold grains are present ln the 63-450 ~rn size range selected 

for overburden HMC analyses. The <106 ~m fraction of the 

sedlment trapped in these settlngs contains low gold 
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Figure 19. Map of surficial deposits, local survey area, 
southwestern Gaspésie. 
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-- concentrat~ons and does not reflect the presence of the 

coarse gold. Panned concentra tes of loose sediment collected 

in the river or in gravel bars on its banks yield large 

volumes of Shield-derived heavy mineraIs but no detrital 

gold. Gold is also geochemically undetected in the loose 

&crhment (Maurice, 1986) 

IIIclusions of arsenopyrite, gersdorfite and quartz in 

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 (GJ.rard, 1985, Maurice, 1986, 

Bergeron et al., 1986). The presence of high concentrations 

of Shield-derived heavy mineraIs with the gold in the Iower 2 

km segment of the Assemetquagan RJ.ver, along wJ.th 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 nor.h or northwest 

by Laurentide ice and transported along wJ.th large quantitJ.es 

of Shield-derived heavy mineraIs to the lower Assemetquagan 

valley. In such a model, the heavy mineraI and geochemical 

compositJ.on 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-derJ.ved heavy 

mineraIs in the stream sediments. 

Results of Overburden HMC Analyses 

Gold concentrations in NM HMC and heavy m~neral 

abundances in 63-450 pm overburden from the area 
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surrounding 

Figures 18 

the mouth of 

and 20. 

the Assemetquagan River are shawn in 

Heavy mineraI abundances (Fig. 20) 

reflect the distribution of overburden types and show that 

alluvium contains five to ten times more heavy mineraIs 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 (Fl.g. 21) show that the majority of anomalous 

concentrations, however, are in rubble and colluvium from an 

a rea bounded on the south by the lower reach of the 

Assemetquagan Rl.ver and on the west by the Matapédia River. 

High gold concentrations in the Matapédia valley south of the 

Assemetquagan River are aIl in alluvium. Free gold was not 

observed in any of the NM HMC examined. In aôomalous samples 

go Id l.S associated with hydrous iron oxide replacements of 

locally derl.ved pyrite grains. 

Maurice' s model suggests that gold and Shield-derived 

heavy mineraIs in the lower 2 km seement of the Assemetquagan 

Rl.ver have the sa me local overburden source. 

in the 

little 

lower Assemetquagan basin, however, 

The overburden 

con tains very 

far-travelled material, so that a local overburden 

source for the Shl.eld-derived heavy mineraIs is improbable. 

Although gold and Shl.eld-derived heavy mineraIs show 

anomalous concentrations in the lower segment of the river, 

two 1 i ne s of evidence suggest that these have different 
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Figure 20. Abundance (wt.%) of heavy mineraIs in the 63-450 ~m 
fraction of overburden in the local survey area 1 

southwestern Gaspésie. 
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Figure 21. NM HMC gold concentrations corrected to total 
sample (63-450 ~m), local survey area southwestern 
Gaspésie. 
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provenance: (1) high concentratIons of detrillli goll1 Il ! t' 

conflned to the lower 900 m sectIon 01 t ht, Alosc'lIIet !JulIgnll 

River, while Shield-derived hedvy III i n l' 1 <.1 l S a r (" dIS P l' 1 S (' cl 

throughout the drainage basin; ( 2 ) plll1ned con c (> n t l' Il les 0 f 

s e d i men tin f a v 0 r cl b les e t t l 11 g ;, l n 0 the l' p ;,\ t' t li 0 t tilt' rIver 

yleld appreclable concentrilt 10n1> o t SIlICld dellved Il l'Il vy 

ml.nerals but no detrital gold. The 111gh COllce11llallUllS 0t 

Shield-derived heavy lIIineraIs ln the dUtlteroUIl st'gm('nl of 

the Assemetquagan River appeilr ta be the l'esult of repellted 

reworking of outwash ma ter laI transported by lhe rIVer 

earlier. The A s sem e t q U II g a n bas l Il d r <.1 i Il S II n e x t e n S Ive Il r e II 

and contains important sources of ShleId-derlved heilvy 

mineraIs in its upper reaches so lhat lt must have c<lrried 

appreciable outwash as the Lllurentlde ice-front retledtcd ta 

the northwest. The lmportant accurnuldtl.ons of outwlIsh Sllllds 

plastering the sldes of the Matapédill volley uelow the l!Iouth 

of the Assemetquan Rlver lndleate that the Matapédla, MoulIn 

and Assemetquagan RIVer1> trall&portcd dPPI-eClable 

fluvioglacial sedIment. 

Al thaugh eVldene!? t 0 sllpport H<.IU 1 1 Cl' l 'l mod (' 1 () 1 

Laurentide ice transport WilS not tound, I1nd V11l1blp gold WII;, 

not detected in any ot the overburdpn &lIlOp1('s, Il local sourLC 

for the a 1 1 u v i a l g 0 l d t a the n 0 r t Il 0 r Il 0 r t II weI, t. 0 t t Il e 1 0 W (' r 

reach of the Assemetquagùll River lS not prpcluded Most. 1111',11 

gold cancent.ations ln overbllldcn ocellr l10rth o t tht' 

auriferous sé.gment of lhe rIver. The hlp,h gold COI1C('ntrdtlons 
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are expect:ed to reflect similar highs in underlying rocks 

since the overburden there consists essentially of rubble and 

cOlluvium, and gold occurs in iron-oxide alteration products 

of locally derived sulphide mineraIs. Future gold exploration 

in the l oc al area should involve detailed bedrock and 

structural mapping with geochemlcal 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 lS a dlssected 

upland underlain by gently folded and faulted Siluro-Devonian 

roc ks of the Connecticut Va Il ey Ga spé 

in the northern 90% 0 f the a r ea, and the 

sedlmentary 

Synclinorium 

Aroostook Percé Anticlinorium along the southern edge. 

Known minerlll 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, 

organ.lc deposits and diamict material of uncertain origln. 

The overburden is composed largely of locally derived bedrock 

fragments with a smaller cornponent of far-travelled rnaterial. 

Sparse ta rare granite and gneiss erratics irregularly 

dispersed over the area provide evidence of long range 

glacial transport from Precarnbrlan sources on the north side 

of the St-Lawrence River, and along with local indicators and 
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rare striations, i n die a t eth ,1 t the m a 1 n g 1 Il C 1 ii 1 t r il Il S P 0 r t 

direction was toward the southeast. 

2. Investigatlons on the geomorphology of the lll"t'il show 

that Pleistocene events had 11ttle lnfluence ln shllping the 

topography and drainage features of the arf'il. 'l'he topogr,1phy 

is an upland crossed Ly bubp.lrallcl chllins of low l"ounded 

asymmetrlc hills Ilnd rldges ol"lellted 1 n the dIrectIon of 

structurE'. The upland is cut by a well developed system of 

southeast trending valleys and southwe~t. trelldl.llg subsequent 

tributarles. Summit altitudes are belween 305 dnd 360 m above 

s e ale v e 1 ( a . S • 1 .) a n ct f 1 00 r S 0 f t. hem il 1 n v.} Ile y s r il Il g e t 1" 0 m 

46 ta 229 m il.S.!. Projected protiles lndlcûte lwo maill 

levels of upland in the 110r1:11 half ot the area (j05-/~20 and 

/60-305 fi a. s. 1.), correspondlng to dreas cast and west of 

the Matapédia valley. Several uplanù levels are lùl'ntilied ln 

the south half of the area (244"-290, 366-427, 427-503 dnd 

503-533 ma 5.1.). The alternatlon of hl11s and rldges, flût 

interfluves, and steep-sl.ded valleys 101" ms Il rugged 

topography be 1 ow il gently 1" 0 Il l n g to unclulatlng upland 

surface wl.th 30-50 m of relIef. Drdlnage l nellments bhow 

that t.he draInage pattern, especially the low ut"der ~lredmt>, 

15 strongly controlled by ll.thology and btluctur(' Stredms 

i n the n 0 r t h h il 1 f 0 f t il e éI r e a l r l' n Ù 1> U u t Il weI> t ,1 C rOb s Il 1 () a Il 

a n t l C 1 i n a l a n cl s y n c lin cl l s t r u c t Il r e S w l t h b III Il 1 1 (' 1" b Il Il t> e li U (' n t 

tributarles flow1ng l.n valleYI> belween re~lstant hed S. 

Streams ln the centra 1 pa r t of the tl r (' il h Il V (> il nt u d J f l (' d 
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dendritic pattern with first and 

sharply rectangular patterns. 

second order streams forming 

Streams in the southern 

quarter of the area have a subparallel pattern trending 

toward Baie-des-~haleurs and display the highest drainage 

density in the thesis area (1.5-3.5 km!km2). 

3. Transverse proJected praflles show that the maln 

vaileys are incised 30-150 m below broad aIder valleys with 

floors now at 250-305 m a.s.1. The Matapédia Rlver 18 

incised 100-300 m below the floor of a large ancient valley, 

cross-axial to the present structure. North of Ste-Florence 

the Matapédia valley lS broad and typlcal of glaciated 

vaileys. South of Ste-Florence the Matapedia River is 

conflned in a narrow, locally sinuous canyon. Drainage 

anomalies (wlndgaps, through valleys, drainage alignments and 

changes in the gradient of stream profiles) indicate former 

southerly dralnage routes for the main trlbutaries of the 

Assemetquagan Rlver and suggest that the Assemetquagan basin 

developed from the rapld northeast growth of a trlbutary of 

the Matapédia River capturlng the headwaters of southeast 

flowing streams. 

1 .. The major geomorphic features of the area are the 

product of differentlal upllft and long-continued erOS10n of 

fault-bounded blocks of Slluro-devon1an 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 removtll an estunated 11-12 km of 

Gas p é san d s ton e wh 1 c h 0 ver 1 a y the For tin For m ,1 t l a Il a Il d t i 1 1 (' d 

the Gaspé trough in western Gaspésie'. The r('mOVEll 01 the 

sandstone resulted ln the supel'lmpOhl t lon nt southellst 

trending consequent dralnage lineb onto the Fort 1 n FOI mdt ion 

Are 1 a t l V e 1 y r e c e n t L' e n e W LI lot li P 1 l t t 1 t> s Il 1 t l' d J n Il 0 l' t h (' d li t 

growth of the Assemetquagan Hiver Ilnd diverSIon ot Il 

considel."ahle proportion of the> upper Bd 1 (' li e li - C Il li 1 eu 1 li 

drainage to the Matapédla RIver. PleIstocene glacLal ('vents 

had 11ttle influence in shaplng the observed topograplly and 

drainage. Top 0 g r a p h Y m a y h a v e l n f lue nec d l hep ,J t tel n 0 t f 1 \l W 

and deposition of the Laurentlde i c e and 1 0 cal 

glaciers. GlaClal drift deposits and fluvioglaclLlI svdiments 

a ecu r m 0 s t 1 yin the 1 0 W 1 yin g li Il 1 and il r e il s t 0 l h (' n 0 r t hot 

the Ste-Florence fault. 

5. The princlple applLcation of geomorpholugy to gold 

exploration using shallow overburdell surveyb LI, III (lIOVldll1g 

information on the phYSlcal factors and lhat 

con t roI the ct i s l r l but Ion fi n d C 0 m p () S 1 t 1 (J n 0 t () ver bill (1 l' n , Il Il Il 

thus the shape of mlneraloglcal and gpoLhemlC'dl pdtt('lns. 

Structure and Ilthology are revE:'lIled III th!' IrIorphology 01 

1 and for ms, i n the arr a n g e men t 0 f l CJ fi 0 gril Il Il 1 C t (' il l li r (' b d n cl 1 0 W 

order streams, and 1 n l h e cl (e n bIt Y Il n d Il d l t {> r 1\ 0 f cl l ,1 L 1\ Il Y., C 

Broad northeast trendllig iJntlclllldl [Jill! synclinal htlllllllrCh 

ilre Identl[led bouth of d i.Jull Wlll(h LIOhhPh t Il (> /, Il r t 1 Il 

Formation ln Its middie. Th (' l h (' b 1 ~, d 1 (' Il Ih dlVlt!('r! 1 Il t 0 
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three geomorph1c zones on tl.e basis of the relation of 

topography with other physical factors (lithology, structure, 

bedrock composition) and geomorphic processes (pre-glacial 

geomorphic weathering and eros1on, glacial erosion, transport 

and deposition, and post-glacial weathering, slope and 

fluvial action). The geochemical and mineralogical features 

of the overburden should reflect the combinat ion of physical 

factors and geomorphic processes that characterize the three 

zones identlfied. 

6. Analyses of (250 )lm (-60 mesh) overburden samples 

along with mineralogicai studies and muIti-element analyses 

of non-magnetic heavy mineraI concentrates (NM HMC) show 

changing overburden composition across the project area in 

approximate correspondence with changes in underly1ng bedrock 

and indicate t hre e broad zones which correspond to the 

geomorphic zones identified. Gold analysis of the <250 Jlm 

fraction of overburden generally shows very low 

concentrations of gold and is insensitive to variations on a 

regional 

obta1ned 

seale. A better 

from chemicai 

estimate of gold variation is 

analysis of non-magnetic heavy 

mineraI 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 abundanee. 

potentially significant if 

lndividual anomalous values are 

they can be related to locally 

àerived components in the NM HMC. Although sample density is 
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uneven, and the spread of values is erratic, NM UMe data 

point to four types of anomalies which CRn be related to 

particular bedrock and structural settings. 

was not observed ln any of t Il e samples. 

Palticulnte golll 

Mlneraloglcal 

studies suggest that gold in NM HMC occurs ln locally derlved 

hydrous iron oxide or sulphide mIneraIs. Anuma lous gold 

concentrations in overburden in the local (1986) are II Il r e 

related to locally derived suiphide 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 mineraI studies also show that dllution of 

locally derived heavy mineraIs by far-travelled, ShieId-

derived mlnerals is the most Important cause of reglonal 

variation in heavy mineral proportions The far-travelled 

component 

magnitude 

of overburden contains at le as t 

more heavy mineraIs that the 

Conversion of gold concentratlons i n 

two orders of 

component. 

NM HMC t 0 

concentratlons ln total Slze fractlon l'lImlnatel> the eftect 

of varying heavy mineraI abundance anll corrects tor the 

effect of dilution where the propoition of he:lvy mineraIs in 

the far-travelled componl'nt of overburden IS much greater 

than in the local component. Where the dllutlng component IS 

local, converSlon of NM HMe data WIll eliminate Vd1"l/ltlons ln 

heavy mlnerai abundances reldled to dlflerencps ln hedrock 
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contributions. Where dilution by far-travelled components is 

excessive, analyses of NM HMC of overburden are inadequate to 

reflect compositional characteristics of underlying bedrock. 

8. Results of thi s stud y indicate t ha t shallow 

multiple-type overburden NM HMC surveys integrating 

lithologie, geomorphie and glacial data, and controlled by 

detailed mineralogical studies, ean be effectively used to 

measure gold variations ln overburden as an aid to the 

eva l uation of the gold potentlal of the Siluro-Devonian 

sedimentary rocks of western Gaspésie. 
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Appendix 1. Summary of mineraI and alluvial gold 
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 N60 oE, parallel 
to shear zones associated with 

E. Mineral Assemblage: 
F. Note: Alluvial gold 

showing. 

the Matapedia fault to the south. 
Pyrite - Carbonate - Quartz 
anomaly in stream adjacent main 

G. References: McGerrigle, 1949a; Dumont 1961,63; 
Duquette, 1981 (Mineral Occurrence 
22B/2-1) . 

2. Milnikek No. 1 
A. Location: Map 22 B-3j Matapédia River basin. 

UTM: 638700 E - 5330500 N 
B. Mineralization: Cu (trace) 

File 

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-2j Flatland Brook 

UTM: 655200 E - 5326250 N 
B. Mineralization: Cu (trace Zn) 
C. Host Lithology: Felsic dykes and si Ils and enclosing 

limestone skarns, White Head Formation. 
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1 Append ix 1. (Cont.) 

Alteration zone IS 800 m long, approx. 
100 m wide. 

D. Structural Setting: Alteration zone oriented N5S o E, 3 
km south of Matapedia fault. 

E. Mineral Assemblage: Pyrite - Chalcopyrite - malachite -

F. References: 
carbonate 

Lachance, 1979; Duquette, 
Occurrence File 22B/2-3); 

1982 (Mineral 
Savllrd, 1985. 

B. Alluvial Gold Occurrences 

1. Assemetquagan River Basin 
1. 1 Major 
Assemetquagan No. 
A. Location: Map 22 B-3; Lower 1 km segment ot 

Assemetquagan River. 
B. No. of Gold Gralns detected: 1-25 grains per 3 1 of 

trapped 
outcrop 

sedlment 
flssures); 

(mosses, 
in panned 

concentrate. 
C. Geological Setting: Fortin Formation slates. Lower 

km segment of the rIver ls 
structurally controlled. 

D. Note: Sulphide-bound gold detected ln quartz veins 
and slates near the alluvial gold occurrence. 
Strong geochemical anomaly ln >106 m fraction 
of stream sediments. Low Au conc. ln <106 m 
fraction. 

E. References: Girard, 1985; Bergeron et ...Q-L., 

1.2 Minor 

Mau r i ce, 1 9 8 6; Ber n 1er ~~_ Il 1 . , 
Bernier and Webber (ln press). 

A~semetquagan No. 2,3,4 

198 fi ; 
1987; 

A. Location: Map 22 B-3, 22 B-3, 22 B-2: 2.9, 3.5, 20 km 
from mouth of the Absemelquagan Rlver. 

B. No. of Gold Grains Detected: l, l, 1; trom panned 
concentrate 

C. Geological Setting: Fortln FormatIon slates, 
siltstones and sandstones. 

D. Reference: MaurIce, 1986 

Creux Rlver No. 1,2 
Castor River No. 1 
Assemetquagan No. 5 
A. Locat.lon: Map 22 B-3, 22 B-3, 228-3, 22 B-7. Creux 

Rlver, Castor RIver, AssemelquHt',an 
RIver West. 

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

1 1 7 
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Appendix 1. ( Cont. ) 

panned concentrate. 
C. Geological Setting: Fortin Formation slates, 

siltstones and sandstones. 
D. Reference: Maurice, 1986. 

2. 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.~ km. 

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

C. Geological Setting: Fortin Formation slates, 
silts~ones and sandstones. 

D. Reference: Maurice, 1986. 

3. Kempt and Escuminac River 
Kempt River No. l, 2 
Fauvel No. 1 

Basins 

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: l, l, several; from 
panned concentrate. 

C. Geological Setting: White Head Forma~ion limestones; 
Fortln Formation slates, 
siltstones and sandstones. 

D. References: Kempt River No. l, 2; Maurice, 1986. 
Fauvel No. 1; McGerrigle, 1949b; 

Dumont, 1961,1963. 

Escuminac River No. l, 2 
A. Location: Map 22 B-2; 22 B-2: Upper Escuminac River; 

Lower Escu~inac 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, 
southwestern Gaspésie thesis area. 

Baie-des-Chaleurs Drainage Lakes 

Map Reference No. 

1. Restigouehe River (south of rnap) 
A. Matapédia River 

1 . Hu rn q u 1 Ri ver 
2. Sauvages River 
3. Matalie River 
4. Causapseal River 

4.1 Quatre Milles Brook 
4.2 Laverendrye Brook 

4.2. 1 Huit Milles Brook 
4.3 Causapseal South River 
4.4 Levesque Brook 

S. Fraser Brook 
6. MeCorrniek Brook 
7. Milnikek River 

7.1 Cl.nq Milles Blook 
8. Assemetquagan River 

8.1 St.-Etienne Brook 
8.1.1 St. Etienne N. Br. 

8.2 Creux Brook 
8.3 Castor Brook 
8.J.1 Albert Gendron Br. 

8.4 MeDavid Brook 
8.5 Assernetquagan West R. 
8.6 Assemetquagan East R. 

9. Moulin River 
10. Clark Brook 

10.1 Clark East Brook 
Il. Gi 1rnour Brook 

II. F1atland Brook 

III. Moulin Brook 
IV. Kernpt River 

A. Kempt Hest River 

B. Kernpt North River 
c. Kempt East River 

V. Eseuminae River 
A. Rivière du Loup Brook 

B. Patrl.cia Brook 

C. Ra elle 1 Broo k 
D. Daudl.n Broo k 

(1) 
( 2 ) 
( 3 ) 

(4) 
( 5 ) 
( 6 ) 
(7) 

( 8 ) 
( 9 ) 

(10) 

(11 ) 

( 12) 
(13 ) 
( 14 ) 
(15 ) 
(16 ) 
(l7 ) 

( 18 ) 
( 19) 
( 20) 
( 2 1 ) 
( 22) 
( 23) 

( 24) 
( 25) 
( 26) 
(27) 

( 28) 
( 29) 

(JO) 
( 3 1 ) 
( J 2 ) 
( J J ) 

(34) Lac-nu-Saumon 
(35) Lac Casault 
(36) Lac Causapseal 
(37) L.-Huit-Milles 
(38) Lac Matalie 
(39) Lac Indien 
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Append ix 3. 

Profile 1. 

Profile 2. 

Profile 3 

Profile 4 

ProfIle 5 

Selected projected profiles. southwestcrn 
Gaspésie thesis area. 

NW-SE, 1 km-Wille plojected profile bhowlng 
the ridge and depiession topoglaphy IInd the 
major stuctural teatures of the Fortin 
FOrln<ltlon bctwcen LJ'rH coordllllJtes 641ESlt.7N 
(left) and 65lE512 llN (RIght). 
A: Assemetquagan RIver Valley 
F. Fault 

NW-SE, 5 km-wide projected profile acrObS 
the eastern half of the thesls alea (Zolle 

Zone 3) between uni coordlnates 638E5l78N 
(left) and 670E5133N (rlght). 

1 -

A: Assemetquagan River V,Jlley 
C: ClJus.:tpscal River Valley 
1: 305-420 m a.s.l. upland level (Zolle 
2: 366--427 ln a.s.l. ulliand level (Zone 
3: 427-503 m a.s.l. upllind levcl (Zone 
4: 503-533 ln a.s.l. llplilnd level (Zone 

1 cl ) 

1 b) 

3 ) 
3 ) 

5: 290-375 ma 5.1. llpl<llltl level (<..lne 3<1) 

SW-NE, 2 km-wlde projected profile dcrObB 
the northern hait of the thcsis ilrCd (Zone 2 -
ZOlle 1) betwecn [jTH cooldillates 61lE5lS5N 
(left) and 646E5l80N (right) 
m: Natapédla RIver valley 
c: Causapscal River valley 
6: 260-305 m a.s.1. up1<lnd levc1 (Zone 2) 

S\~-NE , km-wide projeeted prcfi1e aerOb" 
Lavendrye Brook between IJTN eai)rdlnate" 
645E5163N (left) and 6t.9E5160N (llght). 
Lavendrye Brock (L) (Appendlx 2) lB ll1CIi>ed 

below the floor of broad anClcnt vdllpy. 
L: Laverendrye Brook valley 
F: Fault separat Ing the York RLvel bulld~loneb 

(rlght) flom the Grande-Grève SIl ty 
limestone to narth (le[t) 

E-W, 1 km-wlde pro]ected pro t 1 1 e dC[~O!)::' t Il e 
Matapédla valley dt Ste-Flol ence. The 
Matapétlla valley ( m) 1 b Inclbcd 100-150 ni bclow 
the floor of <ln ancient V<lll e y (0 ) PI () 1 1 1 c 
modified from an orIgInal hy J A l;lboll 

1 2 () 

• 

• 
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AppendlX 4. 

Appendix 5. 

Transverse projected profile, 2 km-wide, across 
the Mllnikek (mll) and Mùtapédia (mat) River 
valleys between UTM coordlndtes 632E5135N and 
638ES144N. 

1. 
2. 

244-290 m a.s.l. 
366-427 m a.s,l. 

upland 
upland 

level 
level 

Transverse projected profile, 2 km-wlde, across 
the Matapédla (mdt) and lower Assemetquügùn (A) 
Rlver valleys, between UTM coordlnates 638E5129N 
and 642ES134N. 

l. 244-290 upland level 
2. 366-427 upland level 

1 2 3 

J, 
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Appendix 6. Sample location map, regionlll (1985) survey area, 
southwestern Gaspesie. 
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Appendix 7. Sample location map, local (1986) survey area, 
southwestern Gaspesie. 
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Appcndix 8. IIcavy mineraI separation data (85-series saq>1cs). 

SampIe Wt. Wt liN Wt. H H ')'JI. ~1. ')'.1-1. M. 1 Sample Wt. Wt. Il ~1. Wt. ~1.H. ')'JU1. 7J.1. M. 1 

No. (g) (g) (g) X 100 1 No (g) (g) (g) X 100 1 

4 237.66 1.39 .2599 .59 18.64 1 131 250.99 1.02 1188 .41 11 61 1 

5 611.67 3.58 .7873 58 22 02 1 132 129.21 .05 .0051 .04 10.85 1 

6 401.32 101 .1270 .25 12 52 1 133 143 81 .20 .0140 .14 7.04 1 

10 321. 27 .20 .0257 .06 12.85 1 134 279. Dl 1. 61 .1640 .58 10.17 1 

12 293 69 .29 .0435 .10 15 00 1 136 217.74 .85 .1040 .39 12.31 1 

16 64 73 .02 .0017 .03 8.02 r 137 310.69 .56 .0419 .18 7.47 1 

20 258.56 .61 .0611 .24 9.97 1 138 179.33 .25 .0185 .14 7.52 1 

30 166.98 .18 .0082 .11 4.56 1 139 357.54 .61 .0390 17 6 35 1 

31 272.96 .59 . 071{~ .22 12.14 1 140 262 63 .78 .0812 .30 10.45 1 

35 435.88 1.36 .2396 .31 17.59 142 61 86 . 18 .0216 .29 Il 87 
42 288 60 .39 .0280 .14 7 11 144 303.85 1 62 .1944 .53 Il.99 
45 317.05 .09 .0043 .03 4 83 }l,7 405.97 .71 0277 17 3 93 
50 89.34 .03 .0018 .03 7 20 148 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 Il. 12 151 300.87 1 93 .0658 .64 3.42 

56 509.08 1.36 .1756 .27 IL S8 1 i3 459.77 3.58 .1220 . 78 3.41 
57 318.87 02 .0019 .01 8.26 1 157 516 87 4.19 .1850 .81 4.42 

58 593.17 2.93 .2766 .49 9.44 1 159 648.67 3.82 .3560 .59 9 32 1 

59 415.77 .87 .cy.31 .21 1. 97 1 162 417.27 2.81 .1173 67 l, 17 1 

65 190.43 .17 .0100 .09 5.85 1 163 291.66 99 07!,7 . JI. 7.55 
66 233 04 .34 .0315 .15 9 32 1611 458 97 2 Il, .1505 .47 7.02 
67 405.75 .20 .0137 05 6 75 165 252 21 .46 .0226 .18 4.90 
69 106.90 1.44 .1934 1. 35 13.43 166 362.52 1 80 0426 .50 2.37 

70 212.35 .37 • ()t170 .17 12.81 167 310.19 .70 .0291 22 4.18 
74 621.17 6.02 1.1030 .97 18.32 168 212 82 .L,7 .0271 .22 5 75 

78 493.67 4.63 .4064 .94 8. 77 169 21/, 06 .24 0164 .11 6 83 
84 181. 91 .43 .0405 .24 9.35 170 205 63 27 .0273 .13 10.15 

86 179.87 .40 .0232 .22 5.87 171 379 l,~ 311 .0250 .09 7.29 

89 276.51 7.96 l. 2331 2.88 15. l ,9 174 132 31, .88 1031 .66 Il.76 

93 321.80 .37 .0184 . Il 4.97 175 3/,6 53 .52 0226 .15 1 •. 39 

102 98.36 .08 .0068 08 8.35 179 286 79 .57 .0335 .20 5.92 

106 262.30 1 21 . ()td9 .46 3.46 180 44927 .31, 0270 .08 7 911 

107 228.39 .14 .0261 .06 18.51 181 254 15 .21 .0029 .OB 1 39 

108 50.10 .05 .0067 .10 13.40 182 430.50 1 09 06'33 .25 6 25 

109 175.03 .25 .0243 .14 9.60 1811 359 53 .71. • CYl 72 .20 6 42 

110 15ù.31 .55 .0941 .31 17.08 185 350.91 .72 0229 20 3.19 

III 32lt,06 1.47 .1268 .45 8 61, 186 207.811 2.111 . 31lil l. 16 13.05 

112 63.5!J .13 0107 .20 8.56 188 138 86 2.55 2916 1.83 Il 115 

113 1/<8 03 .45 .0620 31 13.66 189 89.25 07 00'111 .013 6 20 
116 168.35 .36 .0011 21 30 192 326.82 2.FlJ:l 0811 88 2 82 

119 387.25 .83 .CYIStI 22 5.115 1 FH 239 30 1.2/, .2 JI,l .'52 17.32 1 

122 116 83 1. 12 .1876 .96 16 75 1 19/, 370 Id 2 06 1050 .55 5.11 1 

128 296.88 .58 .0361 19 6.26 1 199 189.06 1 'i0 .1580 .79 10.55 1 
.. ,...... 

130 295 59 .75 .0388 .25 5 18 1 200 509.67 II JI, .7/,77 8'5 17.22 1 
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Appenlix B. (Cont. ) 

Samp1e Wt. Ht. H H Ht M.M. iJI H. iJ-1 M Saulp1e Wt. Wt. Il H Wt. H.H. iJl.H. iJ.I.H. 
No (g~Jg2 Cg) -- X 100 No -(gL (&1 ----.C&2 X 100 

201 191 39 .19 .0267 10 ]l, 13 280 234 95 .07 .0005 .03 .71 
204 252.80 48 .0496 .19 10.25 283 358.15 l. 28 0685 .36 5.33 
207 378, '38 1 23 .1906 .33 15.50 2&', 369 07 .64 .0303 .17 4.70 
209 306 80 82 .1276 ,27 15 64 293 414 37 .98 0892 .24 9.10 
211 375 91 1 32 .2058 ,35 15 54 295 320.52 .17 .0166 .05 9.82 
214 627.97 2 88 .1932 .46 6.71 296 155.80 08 0076 .05 10.13 
215 185 13 2 76 6197 1 49 22 49 297 302 97 .11 .0057 .04 5.00 
222 474.07 5.43 7707 1 14 14 20 298 356 39 .31 .0165 . Q9 5 32 
226 331. 78 4.70 .9606 1.42 204', 299 323 92 23 0024 .07 9.78 
228 202 88 2.50 .5038 1.23 20.19 300 552 57 .46 0205 08 4.47 
231 424 52 6 23 1.4760 1 47 23 68 301 115.21 .03 0020 03 6.90 
234 201 02 .--,1 .0967 .25 18 90 302 326.98 .15 0077 04 5.24 

237 233.35 .06 .0036 .02 6.55 303 339.91 .03 .0016 .01 471 

239 453.55 4.77 .5913 1.05 12.39 3(}!1 309.65 .11 .0031 03 2 95 
241 299.39 1.94 1800 65 9 27 
242 172 97 19 .0171 11 9 24 
2/d 310 70 .12 .0023 04 1. 98 
244 485 88 6 11 1. 2828 1 26 20.99 
2/15 2S.~. 83 .09 .0058 .04 6.30 
246 335.49 .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 13.9', 

255 217 45 .15 .0140 .07 9 52 1 

257 359.18 2.04 .3683 .57 18 07 
258 232 52 .33 .0494 .14 15.11 
260 334.11 35 0227 .10 6.54 
261 225 13 .34 . ()/~96 .15 14.42 

263 286.57 .07 .0031 02 4 49 
264 345 19 .19 .0096 .06 4.97 
266 180 81 06 0035 .03 6.25 
271 235.22 .04 . 00 1[~ .02 1 18 

272 246 53 .05 0012 .02 2.26 

274 345.9!1 .30 .0180 .09 6.06 
277 198.27 .26 .0500 .13 19.53 

278 215 59 04 .0016 02 364 
279 207.99 .40 0057 19 1.44 

Wt Welght I1M Heavy Hlllerdi Fr-dCLioll 

H H. t-lagnetic ~l1nera1 Fr-actloll 
l'.JI ~l. Henvy Mineral Abwldance = (lI.M. / Wt. of S.1l11p1e)::100 

( l'JUI. Hagnellc Hlnera1 Abundance = (M.M / II. H. ):·100 
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AppeaUx 10. 

Electron microprobe analyses of selected heavy DlÎncrai grains. 

Wt. '%. 

FeO .'. 

Fe203 ,', 

A1203 
8102 
CaO 
Cr203 
HgO 

HrO 

.56 
2 23 

20,62 
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35 74 
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06 
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2 05 
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-----------_.- ------------_._--------------- ---------------
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o 00 
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77 
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2 23 
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Appenhx 10. (cant. ) 

Wl. % 

FL'O " 

Fe203 .~ 

AllO] 
S102 

CùO 

Cr203 
~lgO 

HnO 

13 

31 24 
.09 

21. 18 
37 22 

3 99 
.02 

2 96 
3 69 

14 

31 35 
07 

21 13 
3703 

3 99 
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272 
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15 
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al 
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16 
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AppenHx JO. (Cont.) 

Wt. % 

FeO ,', 

Fe203 ,'. 

A1203 

S102 
CaO 

Cr203 

~lgO 
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.88 
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20 77 
37 1.5 

664 
Q./, 

l, 68 
1 12 

33 

28 f,6 
(,8 

21. 11 
3743 

6 ll4 
0.00 
4.79 
1 CJ.'. 

34 

27 II, 
UO 

20.93 
37.tlS 

9 al 
01 

3.02 
1. 30 

35 

27 00 
88 

20.98 
37 76 
9.36 
a 00 
3.20 
1.20 

36 

31.61 
82 

20 60 
36 80 
8 Il 
o 00 
1 42 

76 

Total 100 (YI 99 73 101 05 101.17 100 42 99 76 100 09 98 87 99 95 99 47 100.38 100 12 
,', Recalculated 

No. of Ions on the b.1S1S of 2-'1 0 

Fe 

Fe 

Al 
Si 
Ca 

Cr 
Hg 
Hn 

Total 

3 21 

.10 
3 90 
5 99 
1. 24 
a 00 
1 33 
.23 

16. al 

PropxtlO'lS (%) 

ALlO 53.34 
Pyr 22 08 
Spe 3 90 
Gro 18 10 
And 2 57 

Uva 0 00 

HI Rr1t 10 .72 

3 22 
1{~ 

3.86 
5 99 
1 21 
o 00 
1 33 
.25 

1b.00 

53 59 
22 08 
l. 21 

16 53 
3 59 
o 00 

.72 

GraU! no 

25, 26 2.18 

27 2.12 

28, 29 3 29 

3.70 
.10 

3.90 
594 
1.10 
.01 

1. 17 
.13 

16.05 

60 71 
19 20 
2.05 

15 36 
2 50 

.18 

77 

3.10 
.C6 

394 
5 93 
1 02 

01 
1 86 

. 1(, 

16.06 

50 67 
30 36 

223 
15 00 
1 40 

.31. 

.64 

IX>'iCIIptlon :", 

3.111 

.06 
3.95 
5.92 
1 02 

al 
1. 86 

13 

16 07 

51 13 
30 29 

2 10 
11 •• 83 

1. 36 
.JO 

.6!j 

3 35 
09 

3 92 
5 96 
1.13 
0.00 
1 1.0 

18 

16 03 

55.30 
23 Il 

2 98 
16 41 
2 21 
0.00 

.72 

or,mge gmllel wlth mlltrple 
oxide lllC lUSlOlIS 
QI <1l1p,e ganlet wah oXHle 

ll1clU~101l 

orallge gdnlet 

"-', B l'!OCU lm' stel eo!ocoplC mlL! OC;COPP, aIr nlJlJllt 

131 

3 34 

07 
3 93 

5 99 
113 
0.00 
1. 39 
. 17 

16 al 

55.l,O 
23 02 

2 85 
16 98 
1 75 
o 00 

.72 

3 65 

10 
3 90 
5 97 
113 
.01 

1.11 
.15 

16 02 

60. JI, 

18 38 
2 51 

16 24 
2 41 

12 

77 

Ana1YSlS 

30, 31 
32, 33 
YI, 35 
36 

3 77 

.08 
3 91~ 

5 92 
l 09 
a 00 
1.13 
. li • 

16 06 

61 115 
18.1,5 

2 28 
15 84 

1 97 
000 

78 

3 62 
07 

3 93 
5 97 
l 54 
o 00 

72 

18 

16 03 

59.79 
11 86 
2 91 

23 59 
1 80 

.01, 

3 56 

10 
3 90 
5% 
l 58 
0.00 

.75 

.16 

16 03 

58 79 
12 L,3 

2.65 
23.55 

2 57 
000 

83 

Gnlin 110. [)eqCllptlon ,,,', 

l, 26 

JO 
3.91 
5 93 
1 t,O 

o 00 
31, 

10 

16.06 

69. 78 

5 58 
1 70 

20.48 
2 4ü 

o OU 

93 

3 30 datk orange g,lrllet 
3 31 dar k orilnge garnet 
3.28 d,II k or,lllge g,lI11et 

3.32 d,lI k QI ange gclillet 
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Appcnl.lX 10. (cout. ) 

Wt. % 

Ft{) 

Fp':'OJ 

Al:!OJ 

Sll)2 

C.JÙ 

C1"203 
~lgO 

.'bD 

37 

31 77 
'12 

20 lJ9 
III '11. 

8 19 
o IJO 

1 39 
77 

100 37 

, Recalculùted 

38 

JO (J2 
(>1 

JG ;" 
9 (JI) 

Ob 

!UO l~) 

-: 2 12 
1<) lm 20 25 
J6 r\.'~ 1(, 7t, 

8 Hb 7 c,q 

02 [JJ 

',b ~~ 

2. !..tt 2 u./~ 

q~ ~O !llO 17 

20 lù 
l(, ')1 

,') "() 

U \lU 
1 lb 

l, llU 

,') Il'' 

,8 

.'0 O'i 

lb ,>,') 

') ~l 

Ll LlU 
1 l, 

~;o of lun~ un the 1.1:'lS (Ji ';', 1) 

Fe 

Fe 

\1 

Si 
Cd 

CI' 

~lg 

~bl 

rotdl 

Anali Sis 

37 
38, 39 
40 

HL % 

Fe'J ~ 

Ft'20J 

Cr203 
A1203 

~18Û 

Sl02 
'1'102 
HnQ 

Total 

10 
J q2 

5 9J 
1 .1 
o [J(] 

JJ 
10 

Il] OG 

'. 07 
20 

J 81 

l 'i8 
01 

Il 

32. 

ItJ~ 

Grd LIl !lU 

10 46 

76 72 

01 

10 
213 

o 00 
12 2/, 

JJ 

J J2 
3 J4 
2 8 

1:, <J'i 

b6 26 
o (JO 

lO 
JI) 

(J1 

17 ',1 

lO 

'J'J 26 

l, Ob 
21 

J ;<l 

5 <lB 
;'j 

o llO 

II 

JI 

10 02 

1'1 
3 ')7 

5 <lU 

1 .1'; 

C' !JO 

l'l 

2>3 

10 0', 

Ot'!>Ll 1 pt t un 

,0 

li) 

'il 

'i qe) 'ï)7 

,J ',1 

Ll OU () {'U 
1\ lt, 

SJ ~q 

Ùd 1 k UI .Illge f,d IIK'l 

d.\! k ur .JIlt',L' Il't! t'," 1 !Id 

Li,1! k ut .U1r,l' 1 L'Li t'" 1 t r ll'l 

'l 01 

79 iJ 
OS 

!,ll lb 

q 02 
o 00 

O! 
21 

000 

.'() 

<JI! Jll 

.'11 VI 

7 (JH 

o UU 
(J\ 

2\ 

li 0<.1 
l,li lJ 1 .. 
1).) ..' 7 

. , 
li PU 

1)1j ',') 

Id 

l'i li 
lÙ 

';0 U,y 

l'i ·11 

o IJU 
21 

yq lu 

'Il 
u; 

.1 
{i {'li 

Il ' 

,\ 

:H li' 
o (I() 

lI', 

(lI 
1.' 

() l~) 

2 l'i 

'ifj 1>1 

\r, Il 

li Illl 

\l 
Dl 
!O 

"l' 

U '10 

li! 

il 
(11111 

Il, 

l' 1<1 
\', 

I"'} l)!, 

~<; ';2 

() (lU 

lU 

1" li.! 

" lI\ 
l, 

" IliI 

(Ii 

l' Ih 

III Illl r!(' 

1') I,ll 
, ,.,,7 

LY ()') 

u 20 

Ll..! 

\ 7 

t, III 

2 q 

II 

l, 

d,llk "1 dt 11'." t,li ",dlr'lt 

ILllk \qrlll~~ ... Ild gllllt't 

d,II k t,li f',dr IIV! 

'" \ \ ,ll '''1 ,1 ',li 

71 Il \'1 'i l', 

(Il () \ li (10 

III {l'l (It, 

l, 0, 'l~'1 

III 01 li (JO 

'd 7'1 ,'j l', :,'1 /,' 

Ijl) Ill, 1 (JO l' 1 Wll Ull 

',1 

b'i 

,'i') t." 
W, 

lIl) 

Il 

li.! 

h\ 

,1) 

'II lJl) 

07 

Iii 

\1 
II (HI 

(1 lib 

21 

1)') 'J2 

BlllOClILIt ,,1 ('!t'tI',tI'!,\( Itllt tll',1 "1". dit 111'/1111 

Il.' 
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Appendix 10. (cant. ) 

No of ions on the œSls of 6 0 

Fe l,6 
Fe 3 03 
Cr 000 
Al Dl 

Hg 02 
Si a 00 
Tl .48 
Hn .01 

Total 4 00 

1'~1 Rat~o .96 

Wt. ~ 59 

FeO ,~ 1 81 

Fe203'~ 97 19 
Cr203 a 00 
A1203 06 
NgO 02 
S102 0 00 

66 
2 62 
0.00 

01 
.03 

a 00 
69 

.01 

4 00 

96 

60 

l 79 
o 00 

()i, 

03 
a 00 

01 

39 l 71 1 76 1 85 
3 20 37 27 .21 
000 000000000 

02 0.00 000 000 
01 09 09 .02 

000 000 000 000 
39 1 81 1 86 1 89 

0.00 01 01 03 

t,DO 4.00 4 00 4.00 

99 .95 .95 99 

61 62 63 fIf 

1 88 
o 00 
0.00 
o 00 

01 
a 00 
2 01 

09 

3 99 

99 

65 

3.54 
0.00 

26 
02 
02 

l 79 
0.00 

Q..', 

354 
000 

26 
.02 
02 

000 

2 85 40 32 

a 00 

.03 
o 00 

01 

94 67 Il. 42 
21 59 

0.00 .02 
03 04 
QI, 02 

1 89 l 72 
03 .36 

000 000 
a 00 Dl 

01 08 
0.00 a 00 

1 98 1 82 
.09 . 02 

4.00 L, 00 

99 96 

66 67 

1 75 .16 
31 3.59 

000 000 
a 00 .01 

08 .01 
000 000 
1 84 20 
.02 .03 

400 400 

96 95 

68 69 

15 
366 
0.00 

01 
.01 

o 00 
16 

.01 

4 00 

.95 

70 

37 56 42.58 11 18 8.63 39.63 
18.85 8 83 75 21 81 89 7.61, 

lJ 06 36 .0', 02 

07 03 15 0 l 0 00 
.07 13 02 0 00 22 
.01 01 01 0 00 0 00 

'1'102 
~I!() 

2.06 97 40 95 09 97 40 95 09 3 16 1,5 05 41. 93 47 78 12 26 9 75 1,8 1,6 

03 Dl O. 00 . 01 O. 00 .04 .40 12 .19 07 16 3.53 

Tolal 101 17 99 29 98 gt, 99.29 98 94 1Ol.01 97 85 98 74 99 62 99 27 100.47 9949 
,'. Hecalculated 

No. of ions on the œSls of 6 0 (except analyses 62, 63) 

Fe .08 
Fe 3.83 
Cr 0.00 

Al 000 
~lg 0 00 
51 0 [JO 

Tl .08 
Hn 0.00 

Total 4.00 

Hl &ltlo ()B 

(2 0) (2 0) 

06 12 02 
o 00 0 00 0.00 
a 00 01 0 00 
000 OUO 000 
a 00 O. 00 0 00 
000 UOO DUO 
2.97 2 93 99 
000 000 000 

3.03 3 06 l 01 

1 00 .99 1 00 

()LI 

0.00 
o 00 
o 00 

0.00 
o 00 

98 
o 00 

1 02 

99 

133 

.13 
3 7t, 

.01 
o 00 
0.00 
0.00 

.13 
o 00 

4.00 

98 

75 
.45 
02 

0.00 
o 00 
o DO 
1. 76 

02 

4 00 

1 OU 

1 62 1. 81 
73 .34 
Dl 0 00 

000000 
.01 01 

000000 
l 63 1 81 

.01 .01 

4 00 4.00 

1 UU .99 

50 
2.99 

02 
.01 

o 00 
o 00 

49 
o 00 

4 00 

1.00 

38 
3.23 
o 00 
o 00 
0.00 
o 00 

36 
.01 

4.00 

100 

16') 

29 
o DO 
o 00 

02 
o 00 
1 85 

15 

/, 00 

.CJCJ 
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Appcndix 10. (cont.) 

Analysls 110. 

47, 1~8, 49 

50, 51 

52 

53, 54/55, 56 
57, 58 
59 
60, 61 
62, 63 
6l. 
65 
66, 67, 68 
69 
70 

Wt. 7. 

Co 
Cu 
NI 
51 

71 

.05 
0.00 
o 00 

04 

GraIn lia. 

2 18 

2.18 

2.13 
3 37/3.38 
3 39 
3 49 
3.49 
3 1,9 
3 t.9 
3 1,9 

1. 09 
1.11 

11 

72 

o 00 
01 

o 00 
01 

Descr iptlon 

/Ienutlte phase wlthin d 2 -ph.1se henutlte-ilmclute grall1 cOexlsting with 

pyrope-grossuléllite lllmlmllne (AmlysE'h 25, 26) 
Ilmenlte phllle wHlull a 2-plwse l.=tlte-llmcIl1te grain coexist111g w1th 
pyrope-grossularlte alm111l1lne (Analyses 25, 26) 

I-plklse 11melllte gr<1W COexlhtlllg wlth epHlole (Analyses 9, 10) 
l-phase Ilmelllte grdlll 
1-(J11.1Se IICli\Jl1le gr,llll 

lIeli\lllte phasE' wHlull a llultl-pll.1se lIelllltlte-lI02-FeTiûJ gWlIl 

'l'J02 phase wnlll Il a nld tl-pl11sC h(·1I.11 J lc-Ti02-j'e'I'lû3 gnlll1 
1'102 phase wlllnl1 a ffilltt- pll.1se helllltltc-1J02-FeTI03 glalll 

lIC11l1tlte plkl<;e WHlul1 11 nul rt -pha~(' IIcnl1lJ t C-TI02-FeTI03 graul 
Ilmcmte pl!.ls!' WltlUll 11 nul tl-pll1se henl1llte-TI02 -Fe[103 g1<1I11 

IlmeIllte plllhe Wl tlun a \o,pakly nl1gnetlc 2- phdse henm llc-llmclll te gnllll 
lIenntite phdse WltlUll 11 \o,coIkly m.1gnetlc 2-plklbP lIenl1tlte-lllTlcnltE' gnllll 

Ilrœl1ltc phase \·;ltlun 11 \o,co1kly ffilgnctlc 2-l'lloJSP lWlIutltc-llrœ!Ute gl<llll 

73 

04 
01 

.09 

o 00 
o 00 
0.00 

05 

75 

o 00 
32 

.08 

.06 

76 

O'i 
27 

o 00 
.05 

77 

a 00 
08 
CY. 
01 

78 

o 00 
02 

o 00 
03 

79 

o 00 
a (JO 

80 

o 00 
000 
000 

.DI 

81 

02 

a 00 
000 

05 

82 

o 00 
16 

o 00 
OS 

As 02 0 00 02 0 00 0 00 02 0 00 o (J() 

o 00 
02 

() (JO 

() (JO 

92 29 

o (JO o 00 
(J (JO 

93 1.7 

5 87 
a (JO 

U~ 

o 00 
Pt 0 00 0.00 0 00 0 00 (J on [) Of) 0 (J(J o (J(J 

93 70 Au 91. 23 91. 67 9/. 23 95.08 99 1.3 99 60 93 96 
Ag 8 93 8 68 6 61 C! 37 1 51 'J9 6.!,7 6 OH 

5b .04 02 a 00 a 00 03 OB 01 a (J(J 

5 . OS . 08 . 06 07 Il lO 03 Ol) 

07 &'0-1 ==~_~. o~ ~ ___ -QfL;= ~=_~_~ __ Q=Q~~ __ O~ go== __ 0 (Jo. ~ _ =-9~~- _ 
Tutal 100 42 100 52 101. 14 lOI 57 lOl St. lOl 18 100 611 9!J.!JH 

Wt. 7. 

Co 
Cu 
Nt 

si 
Ah 
Pl 
Au 

Ag 

Sb 

83 

.02 

.12 

. 01 

.03 
02 

a 00 

94 59 

6 38 
03 

85 

.08 0 00 
000 000 

o 00 .03 

03 OJ 
000 000 
o 00 0 00 

9/, 57 90'1 7J 

6 36 6 02 
o 00 0 00 

86 

000 
10 
O/~ 

(J.'. 

01 
o 00 

9'. 19 
6.1d 
o 00 

87 

05 

o 00 

ooa 
o 00 
o 00 
o 00 

o 00 
o 00 
o 00 

88 89 90 

000 000 000 
.01 050UO 
.15 03 01 
117000000 

(JI OH 0 (JO 

000 (V, 0 (J(J 

0.00 0 00 0 O(J 

0'. 0(, 0 (J(J 

02 <V, 0 00 

S a (J(J (}'. OC! 07 :>" (n 10 ';1 'J'J 'J'j 'i2 

~ ____ ~:~~ ____ =~~(~_=.E! __ go ___ =~~'I =~(LQQ==~ a \JQ._~_ =(! ~!(~==_ (2 ~(J 
Total 101 2/, 101.32 100 87 JOO 90 51 .. 08 Il,l) 5(, 29 55 55 

7 27 
02 
OC! 
01 

99 70 

91 

01 
02 
Q.' • 

0.00 
02 

OJ 
o (J() 

o (JO 

o 00 

51. 52 

o (JO 

92 1.9 
7 1) 

000 
01 

o 00 

99 66 

92 

05 
o OU 

10 
01 
02 

o 00 
(n 

(Ji} 

99. 'i6 

91 

o 00 
o 00 

.12 
(UJO 

o DO 
0.00 

01 

o 00 
9'i liB 

S H2 

OB 
07 

o 00 
101 65 

000 
01 

o 00 
1. 18 
o 00 
o 00 

03 
o 00 (Y. 0 (JO 

(J (JO (J 3 0 0() 

53 1'1 y, O/i 02 

06 Ou 0 O(J 
- ::: -=.=- -_-:::.~==---=-=:-;: 

53 62 
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AppcnJix 10. (cent.) 

AnalySlS no. Grain no DescnptlOn 

71, 72 
73, 74 
75, 76 

77, 78 
79, 80 
81, 82 

83, 81, 

85, 86 
87 
88 
89, 91 
90 
92 
93 
94 

3 Or:: 
3.02 " 
3 03', 
3 0.',', 

J li~: 

3 W', 

3 08" 
3 00" 

AllUVial gold grain (arùledrdl, subrounded edges, long ilXIS Cl a.) = 800 J.lm) 
Allllviai gold grain (elongnte, roum.kd etlges, 1 a. 1200 pm) 

Alluvial gold gt,11t1 (elllpboidal, loutldpd cdgcs, l li ~ 800 Jun) 

Alluvwl gold glaln (dlùledral, subrollnded cdees; l il = 950 lml) 
Alluvlnl gold E,1c11l1 (.::uùledlal, sllbroll/ltJed edges, 1 a = 900 Jim) 

AlluVldl gold grdln wuh quattz lllclllSlOlIS (elllpsolddl, toWlded euges; 
1 il = 1000 ~ml) 

AllUVIal gold gl<1111 (dll.lledt il 1 , angular edges, l cl = 800 pm) 

AllUVIal gold gra1l1 (elongate, tOllmled edgf's, ! il = IOOO )1In) 

3 12 I)rlte [tom FotlUl bedtOLk (elongclte, eUhedlal, Ulluxllhzed, 1 il. = 700 )1111) 

3 13 Guet/ute pseulÎollmph aitel' ellhedral pynLe (cubic [OIm; l a = 500 pm) 

3 VI I)Tlte cote of goetllltE' pseudollulph (cuille form, l a = SOO JllII) 

3.17 Pyrite core of goetlllte pt-.eudollurph (elong,lle, euhedral, l il = ClOO ~n) 
2.35 PyrIte phase 111 lUTDlIile gtalTl, 11,6-/1 (lltO\m ami black, anhedraI) 
234 Pl'n.te phase 111 IlllDll1te gl<llll, It,6-1l (btm,ll nllu black, ilIlhedraO 
Z'!,8 Core of goet/Ilte pseudollDrph after euhedld1 pyllte, 27/-1l (l il ~ 300 j.ll1I) 

, 
Assemetqu,1gan Rlver alluvlal gold occurrence 1 il Long ilXiS 

Wt. % 95 

Co .01 

Cu 01 
Ni o 00 
Si a 00 

As 01 
Pt a 00 
AIl 02 

Ag a 00 
~b a 00 

S 8 80 
Ba 'if) 97 
TOtill 67 82 

Alla 1 ySls no 

95, 97 

96 
98 

99 
100 
101 

102 
103 
l().'~ 

105 
J06 

96 97 98 99 100 101 102 103 104 105 106 

0 .03 ()II 0.00 0.00 JJ 000 .02 0.00 0.00 .07 

07 0.00 02 .OG 03 .01 03 04 05 .08 .07 
o 00 000 000 O!, o 00 03 01 02 a 00 ,01 13 

.01 a 00 01 06 o 00 0.00 .01 o 00 a 00 02 02 

02 o 00 • ()l, 04 a 00 .05 al 03 .01 04 O'i 
0.', 02 a 00 O!, a 00 o 00 05 05 o 00 o 00 a 00 
02 .06 o 00 04 o 00 05 000 o 00 0.00 o 00 o 00 

.04 .01 01 o 00 05 01 07 o 00 03 a 00 a 00 
o 00 01 01 a 00 02 o 00 000 0.00 04 o 00 O!, 

8 62 8 79 9.32 8 83 52 71 S3 98 52.77 53.02 54 27 53 07 52 80 

QQ_~~_.22~ Ji-~'§\L.~~_~7 ()!~ 05 a 00 000 ==~====~.~====~==~~,~~~~~0=~~9 ___ ~01~==~QO _==_9§ 
69 50 

Grdill 110 

2 37 

2 38 

2 68 
2.69 
2 ',9 

68 07 69 53 66 15 52 85 ':/-1.47 52.94 53 18 54 L,O 53. 23 ~3 26 

Det-.cr IptlOlI 

Ban te, lt,6-1I (anhedral, cloudy, v.illte-gra)'; 1 a. = 150 )1111) 

fulHe, l!,G-II (anhedral, cloudy, white-gray, I.d. = 200 ilm) 
&lnte, 267-1I (nnhedral, cloudy, wlllte-gray; 1 a = 250 \A~) 

&'lrlte, 267-11 (onhedral, cloud)', grd)', J a = 200 )1111) 

l'yr 11 e COI e of goetlllte pseudü1lDl ph, 277-1l (lUblC fouo, 1. il. = 200 )1111) 

2 Id Euhedtdl lUlOXlOl7ed pjllle, 272··1/ 

2 55 Pynte phase III 111lDlute gra1l1, 1/,6-11 (bl Q\.11-)elluw-black, atùl('drol) 
262 l'yllte l'1~1t-.(' III goethlte PSl'UtlIJIIJJlph,276-1I (elllwdlili gUlltl,l.a = 200 pm) 

2 96 

2 102 
2 10.', 

1"11/1('<11.11 1lIloXlllJ7('r! P)I He, 277 1/ 
Pyrlte phdse 111 IllllJIlIte ~ldll1,29-1/ (brO;"11 bLlC.k, allhf'dt<ll; l iJ = 300 pm) 

Pyrite plldfie III IlllDlllte gt,lin,181-11 (I11O\.m-black, atùleUlo1;1 il = 250 ~m) 

135 



r 
ApperJiix 10 (cont.) 

Wt.~ 107 lOB 109 110 III 112 113 11/, WL.% 115 116 

FeO 7 53 8 83 7.31 16 15 16 20 9 52 12.72 12 6'1 FeO 10 56 10 20 
A1203 4 87 5 18 3 89 2 63 2 38 7 52 1,.19 l, 22 AI?03 2/1. 28 2/, 47 

S102 48 97 1,7.71, 50 10 52 80 52 88 49 25 52 81 52.85 5102 37 91 37 79 
CaO 22.18 20 54 21 75 .36 28 5 34 29 .32 CIO 23 27 22 69 
Cr203 .39 43 .31 10 .09 49 .25 25 CI 203 .02 02 
~lg0 12.96 13.9S 13.80 26 73 27 13 20. S'j 28.88 28.81, HeO a 00 01 
NnO .19 .20 .20 .25 .31 10 21 25 NnO 12 12 

OH 3.52 3 50 -----
Total 97.10 96 86 97.35 99 02 99 27 92 77 99 y, 99.38 

Totdl 99.68 98.79 
No. of lOns on the uasis of 6 0 

No.10ns on the uasls 15 0 

Fe .2E, .29 23 49 .49 .30 38 38 FI" 75 73 
Al 22 24 .18 11 10 . )l, 19 18 AI 2 1~4 2 47 

Sl 1. 88 1.84 1. 91 1 93 1 93 1 89 1. 89 1. 89 Si 3 23 3 26 
Ca .91 .85 .89 Dl Dl 22 .01 Dl Ca 2.12 2 08 
Cl .01 Dl .01 o 00 o 00 01 01 01 Cr o 00 o 00 
Ng 74 .80 78 1 1,6 1 47 1 17 1. St. 1. St~ ~Ig 0.00 o 00 
Nn 01 .01 .01 01 01 o 00 01 .01 Hn 01 Dl 

Ol! 1 00 1 00 
Total 4 01 403 4.00 4.01 4.02 3 94 l, 02 li 01 

-_.- --------_._-
ProportlOfls (%) Tolal 9 5S 9 53 

Ho 47 97 43 70 46 117 72 55 12 88 57 63 FN Rann 1 DO 1 00 

En 39.00 41 31 41 01 73. St, 74.12 69 00 79 46 79 l,l, 

Fs 13.03 14.99 12.52 25 4/, 25 33 18 12 19 97 19 93 

FH RLluo .25 27 23 26 26 21 20 20 

Ana1ys1s no. Grain no. Descnpt 10n 

107, 108, 109 J 16 BI 0\0,11 p) 1 axent' 

110, 111 2.26 BIO\o,lI 0[ thOPYl oxene 
112, 113, lIt, 227 Brown orthOP)Tox!'lle 

115, 116 2.13 Yellow flosled l'jlldole CoeXlSl111g wlth I-pl1lse llmelllte gldlll 

(Amlysls no. 52) 
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Appemix Il. 
Olanica~ analyses of bcdroc.k saJIllles coUected frem various focontions 
in the soutm;estern Gaspésie thesis arca. 

Rock St. Léon l.:lke Bl"illlch YOl'k Rlver Fortul Ste.- \-ilute Head Gr-ande GrèvE' 
Type slltstonc salldstolle salld~tolle shale Margucn.te siltstolle siltstone 

andesite 

Sample 85-7 85-2 85-3 85-4 85-1 85-5 85-6 

~1ajor Elements (%) r-ecalculatcd to excludc ID! ~n sunmlt~on 

S~02 81. 23 79.68 76.99 66.67 63 35 61. 85 50.25 
T~02 43 .55 .49 .87 1. 25 74 .19 
Al203 8.15 9 S'I 10 40 15.96 16 99 1371 4.04 
Fe20J 3 16 3 19 3 17 672 5 34 549 1.8/1 
HgO 1.77 1 23 2 05 2.68 2.14 3.03 4 08 
GaO 1. 27 .t~2 1. 14 1 74 1 74 9 74 36 97 
Na20 .90 2.31 1.83 1 91 6 83 2 21 .34 
K20 1. 94 2.13 2.69 2.99 1.09 2 78 1 01 
IDI 2.82 1. 89 3.19 4.60 2 83 10 36 25 43 

Tr-ace Elemellts (l'pm) 

Ba 12LI 192 228 248 537 192 226 
S Il.d n d LlO n.1l Il d n d. n.d 
Cr- 196 III 102 94 n.d 57 Il d 
Co 13 18 21 15 5 4 n d. 
N~ 31 27 202 78 n d. 37 Il d. 
Cu 124 45 106 78 6 n d. Il d. 

Zn 60 37 33 84 111 72 23 
Nb 12 15 III 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 Il <10 
u 10 <10 <10 <10 16 10 16 
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Appenhx 12 
Caq1ansoo of trace clBœnt I1Mlyses of ovcrumlen t["CID the r<'RlOnal 

rurvey Wltll lIVerageB 10r alluvulD (rotalll8l lrCID OlOllUère, 1982) 

Sllmple FOnIDuon No of Cu (ppm) Zn (Pfn) Pb (ppm) Nl (Pfn) Co (Plxn) U (Plxn) 

'1)1'" or Group Sanples ArIth Std Arith Std ArIth Std Arith Std Ar-th Std Arlth Std 

Mean Dev Mean Dev Me"n Dev Mean Dev Mp,an Dev Mean Dev 

Coll Fortw 27 33 12 69 17 21 3 58 18 19 10 10 
D18In -'t Fort ln 10 31 9 73 19 21 1 65 23 II 10 2 

Alluv FortUl 1968 13 S 81 33 19 10 35 11 Il 4 4 

Dllun l'r Gr c,rève }l, 40 24 70 22 22 4 37 14 8 II 

C<lp Bon Aml 
Alluv Gr Grève 27JO JI 30 100 42 22 B 39 15 20 10 2 

C<lp Bon AnU 

Dlam " 'fOlk Rlver 1J 33 12 56 17 21 3 (,9 17 12 9 II 2 

\ork I.1ke 

Ali uv \olk RIver 1102 9 5 76 32 1° 40 12 14 3 4 

York L.~ke 
t.1ke Br anch 

1, DllIffi = Glaclal DJ/lIlllcton 
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''l'penhx 13. 
CorrellltlOn coc[üclents for loe trolls[onœd data, lf'J .u.; nnalyscB. 

As AJJ Bi! Co Cr Fe Zn lif No Na Nl Sb Sc Ta lit U W 1.1 Ce Sm Eu Yb IJJ 
Asl00 
Au 201 100 
Bi! 361 425 100 
Co 820 271 :w. 100 
Cr 113 213 145 245 100 
Fe 348- 252- 129 447- (Y,J 1 00 
Zn J74 437 397 513 294 113 100 
!If 279 350', 270 J55 761- DO 254 1 00 
Ho OQI 303 333 056 175- 291 121 352 100 

Na 088 }l,B 150 :.?2J 1115- 192 202 JJ8 380 1 00 
th 408 EI.7 141 522 073 247 525 1,37 225 720 100 
Sb 812 \3) 318 724 251 21.Q 506 1114 180 Il.8 532 100 

Sc 130 221 180 338 588 206 269 709 128 222 169 265 1 00 

1a- 086 435 075 075 515- 224 485 (fil'; 2(,2 OG9 279 197 502 100 

lh 380 383 JI7 425 675- !f.0 295 950 432 392 52/. 1.97 623 t~~6 100 

11 Y.8 435 315 433 745- IJb 37(, 96J t.15 383 460 (.98 624 513 969 1 00 
Iv Y,7 J55 247 437 1181- 125 l,OS 702 340 JG9 789 519 t,77 31.5 725 711 100 

UJ 1,77 405 356 517 ';7)- 066 312 8<18 l,n .389 55', 553 553 369 968 925 683 1 00 

Ce 413 J60 357 456 582- 074 223 899 1,74 J'ID 507 505 597 365 957 912 672 968 lUO 
Sm 452 368 35t, 493 571- 074 JOI QQ5 4q2 412 512 51\5 ';91 371 970 924 706 985 970 1 00 

~il 479 373 375 521, 519- 073 285 866 406 391 687 ';79 570 360 925 887 689 953 932 954 100 

\b J44 332 295 403 6',1,- 110 2/.l0 968 401 354 1,35 1,66 726 427 961. 918 70S 930 931 91.6 913 100 

lJJ J34 326 281 J87 655- 115 22J 97/, 384 358 468 t.58 72/, 1,29 963 940 70G 923 922 938 906 996 1 0 
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