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ABSTRACT 

The stratigraphic record of the Asbestos-Valcourt region indicates 

that glacial sediments deposited during at least two regional glacial 

advances (drift units A and C) underlie ice-contact and glaciolacustrine 

sediments deposited during the last deglaciation (Late Wisconsinan); 

glaciolacustrine sediments of unit B which were deposited during a 

rather short-lived interstade underlie till deposited during the Late 

Wisconsinan glacial maximum (drift unit C). 

Till deposited in the Appalachian Uplands during the earlier gla-

cial advance (drift unit A) contains only rare Precambrian (Shield-type) 

erratics and has a distinctive Appalachian provenance. Till geochemis-

try as well as till clast lithology and fabrics indicate that drift unit 

A was deposited by a glacier that was advancing westward from Appala-

chian outflow centers. However, the presence of some northwest-derived 

clasts in till of drift unit A provides evidence for an earlier phase of 

southeastward ice-flow. This glacial unit is believed to be a correla-

tive of Chaudière Till. The upper part of drift unit A contains no 

record of an influx of northwest-derived debris that should be expected 

from a long episode of coalescence with the Laurentide Ice Sheet, such 

as that proposed by earlier workers. Instead, ice-flow sequences re-

corded in drift unit A suggest that a shift of outflow centers within ah 

Appalachian-based glacier took place toward the close of glacial phase 

A; it is during this part of glacial phase A that a northward ice-flow 

episode occurred in uplands of the Asbestos region. 

Glaciolacustrine sediments of unit B were deposited in a glacial 

lake (or a series of glacial lakes) that was impounded in front of the 

glacier which subsequently deposited drift unit C. The age of these 

mainly proximal glacial-lake sediments remains poorly known; unit B is a 

probable correlative of the Gayhurst Formation (Middle Wisconsinan). 
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Till deposited during the last regional ice advance (drift unit C) 

commonly contains Precambrian erratics as well as abundant northwest-

derived local debris. Glacial dispersal trains, subtill glacitectonic -

deformations and till clast fabrics consistently indicate that drift 

unit C and its equivalent, Lennoxville Till, were deposited by ice that 

advanced southeastward from a Laurentide outflow center and that this 

ice-flow pattern was maintained until final ice-retreat. 

During northward ice-retreat that followed glacial phase C, a 

series of recessional end-moraines (Cherry River / East-Angus, Mont Ham 

and Ulverton-Tingwick Moraines, in order of decreasing age) were depo-

sited and glacial lakes were impounded south of the ice front. The Mont 

Ham Moraine is coeval with the maximum extent of the Sherbrooke phase of 

Glacial Lake Memphremagog while the Ulverton-Tingwick Moraine was built 

after glacial-lake level had fallen to that of the Fort Ann phase of 

Glacial Lake Vermont. Subsequent glacial retreat along the edge of the 

Appalachian uplands together with deglaciation of the Québec City nar-

rows allowed marine waters to invade the isostatically depressed Central 

St. Lawrence Lowland, thus forming the Champlain Sea about 12 000 years 

BP. 	Patterns and gradients of marine-limit isolines closely resemble 

those of previous glacial-lake isobases, thus providing additional sup-

port to the proposed deglacial history. 

Absence of Lake Vermont strandlines in valleys northeast of Warwick 

together with regional deglacial patterns suggest that a large mass of 

residual Laurentide ice may have been isolated in uplands of the 

Thetford-Mines area as a result of marine incursion. A late-glacial 

northward ice-flow reversal may have taken place in that region as a 

result of drawdown toward a calving bay that retrograded up. the St. 

Lawrence River estuary. However, this ice-flow reversal apparently did 

not produce the northward- and westward-trending striations recorded in 

the Asbestos-Valcourt region; the latter are best interpreted as resi-

dual features that were formed during glacial phase A. 
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CHAPTER 1 

INTRODUCTION 

1.1 Statement of project  

The main objectives of this study are: 

(1) to provide a stratigraphie framework for Pleistocene glacial 

and non-glacial events in the study area; 

(2) to investigate relationships between till stratigraphy and 

ice-flow patterns, as revealed by glacial striations, glaci-

tectonic deformations, till fabric and till provenance; 

(3) to evolve a temporal framework for regional late-glacial 

events, particularly the formation of the Highland Front 

Morainic System and of other Late Wisconsinan end moraines, 

the development of proglacial lakes, the inception of the 

Champlain Sea and an inferred late-glacial ice-flow reversal. 

1.2 The study area  

The study area (Figure 1-1) extends over an area of about 5400 km2  

and lies entirely within the Appalachian uplands and piedmont of south-

eastern Quebec; its latitude is from 45°15'N to 46°15'N and its longi-

tude, from 71°30'W to 72°30'W. The Asbestos-Valcourt region, as defined 

herein, includes the following NTS 1:50 000 topographic sheets: 21 E/12 

(Dudswell), 21 E/13 (Warwick), 31 H/8 (Orford) and 31 H/9 (Richmond); it 

also includes parts of 21 E/5 (Sherbrooke), 21 L/4 (Arthabaska), 31 I/1 

(Aston) and most of 31 H/16 (Drummondville). 

On the basis of previous work (see section 1.3), the study area was 

delineated so as to include areas where a Late Wisconsinan ice-flow 

reversal had been recognized (Asbestos region) as well as areas where a 
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reversal event had not been recognized (Valcourt region); this was re-

quired because an important objective of this investigation is to clari-

fy relationships between the inferred reversal event and the regional 

stratigraphic and deglacial record. Other reasons for selecting the 

study area were: 

(1) preliminary investigations had revealed the presence of hither-

to unrecognized morainic belts; 

(2) it was expected that this investigation would uncover sections 

likely to supplement the regional Late Pleistocene stratigra-

phic record; 

(3) the Asbestos-Valcourt region includes areas where surficial 

geology maps were available (21 E/5, 31 H/9, 31 H/1b, 31 H/8 E) 

as well as areas in which, at the outset of this study, surfi-

cial geology mapping was by-and-large incomplete (21 E/12, 

21 E/13, 21 L/4, 31 H/8 W); 

(4) a fairly dense road network provides easy access to most of the 

area; 

(5) the investigator had previous experience mapping Pleistocene 

deposits in the region (Parent, 1978). 

1.3 Previous work  

Prior to the 1960's, several authors had contributed occasional 

articles, reports or theses dealing with various aspects of the Quater- 

nary record in the southeastern Quebec Appalachians. 	Most of these 

contributions were the result of dominantly local studies; a few others, 

including a report by Chalmers (1898), were more regional in scope but 

only dealt with a few aspects of the Quaternary record, and thus lacked 

'some of the insight which is usually gained when multiple aspects of the 

geologic record are investigated. 	Several summaries of these early 

contributions are available (McDonald, 1967a; Shilts, 1970, 1981; 
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Lortie, 1976; La Salle et al., 1977a). For the above reasons and for 

the sake of brevity, this early work will not be reviewed in the present 

thesis. 

1.3.1 Development of a regional stratigraphic framework (the Tra-
ditional Framework) 

A fairly comprehensive assessment of the Quaternary record in the 

southern Quebec Appalachians evolved mainly from surficial geology map-

ping projects carried out in the Sherbrooke-Richmond region (McDonald, 

1966, 1967a, 1967b, 1969) and later in the Lac-Mégantic region (Shilts, 

1970, 1981). 	Stratigraphic aspects of this work are summarized by 

McDonald and Shilts (1971) while deglacial events and chronology are 

outlined by Gadd, McDonald and Shilts (1972a). For the purposes of this 

summary, their comprehensive framework may be conveniently termed "Tra- 

ditional Framework". 	Stratigraphic and chronologic aspects of this 

Traditional Model are shown in Table 1-1. 	The "Revised Traditional 

Framework", that which is presented in Figure 1-2, upholds all of the 

stratigraphic relationships contained in the original framework, except 

those involving units or events which are presumably related to a pro-

posed Late Wisconsinan ice-flow reversal. These aspects of the revised 

model will be discussed in section 1.3.2. Also shown in Figure 1-2 are 

stratigraphic units of the St. Lawrence Lowland (Gadd, 1971; Occhietti, 

1980) as well as suggested correlations between the two regions 

(McDonald, 1971; Gadd et al., 1972b; Gadd, 1976; Shilts, 1981). 

The Traditional Framework holds that, following the last intergla-

cial, three separate glacial events of full glacial severity occurred in 

the southeastern Quebec Appalachians. These glacial events are repre-

sented, from oldest to youngest, by the Jonnville, Chaudière and Lennox-

ville Tills. The sedimentary record of pre-Johnville events consists of 

oxidized fluvial gravel beds exposed at two widely separated localities; 

these beds are believed to date back to the last interglacial (Sangamo-

nian). Sub-till saprolites which have been uncovered at several locali-

ties in the southern Quebec Appalachians (Clement and de Kimpe, 1977; La 

Salle et al., 1985) are believed to be of Tertiary age. 
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Table 1-1: "Traditional Stratigraphic Framework" for Late Pleistocene 
units, southeastern Quebec (from McDonald and Shilts, 1971: 
Table 1). 

Time-Stratigraphic 
Unit 

Rock-Stratigraphic Unit Chronologic Control 

3
 
H

 U
) V

  0
 Z

  
t
/
)
 H

 Z
 	

tn
 H

.
4
 U'  

4
1

 

L 
A 
T 
E 

post-Lennoxville sediments 12,640 ± 190 (GSC-312;peat)* 
12,570 ± 220 (GSC-419;peat)** 
12,000 ± 230 (GSC-936; 

marine shells) 
11,500 ± 160 (GSC-475-2; 

marine shells) 

M 
I 
D 
D 
L 
E 

Lennoxville Till 

. 	Gayhurst Formation 
- 

>20,000 B.P. (GSC-1137) 
ca. 4000 varves 

Chaudière Till 

E 
A 
R 
L 
Y 

Massawippi Formation >54,000 B.P. (Y-1683) 
>41,000 B.P. (GSC-507) 
>40,000 B.P. 	(GSC-1084) 

Johnville Till 

pre-Wisconsin 
stage(s) 

pre-Johnville sediments 

* GSC-312 comes from organic clay at the base of the Petit Lac Terrien core 
and is considered as probably anomalous due to contamination by old 
carbonates (Mott, 1977) 

** GSC-419 comes from clay containing "some plant detritus" and may also be 
anomalous (see discussion in Terasmae and Lasalle, 1968: p. 255-256) 
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after Gadd alai. (1972 b) and Shifts (1981). This revised framework includes a late-Lennoxville ice-
flow reversal which brings into question the status of both pre-Champlain Sea glaciolacustrine 
sediments and the Highland Front Moraine. 
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Mostly on the basis of lithological and fabric data, McDonald and 

Shilts (1971) inferred that Johnville, Chaudière and Lennoxville Tills 

were deposited by glaciers originating from Precambrian Shield terrains 

and advancing southeastward across the southern Quebec Appalachian up-

lands and into the New England uplands. Thus they considered that all 

three units recorded separate advances of the Laurentide Ice Sheet. 

However, the Chaudière glaciation was recognized as a more complex 

event: during an early phase (Maritime Ice Cap of Shilts, 1981), gla-

ciers advanced from the east and northeast and deposited a lower till 

member (Appalachian till zone in Figure 1-2); as Laurentide ice centers 

began to take over, glacial flow shifted from southwestward to south-

eastward, an event which is recorded by the deposition of a "Laurentide 

till zone". 

Ice-retreat following Johnville glaciation was more extensive than 

that which followed Chaudière glaciation. During the earlier deglacial 

event, when the Massawippi Formation was deposited, it is believed that 

the Appalachian uplands were largely free of glacier ice, allowing 

streams to flow north toward the St.Lawrence River. Because of this and 

also because the Massawippi Formation contains organic detritus of infi- 

nite radiocarbon age (Y-1683: 	>54 000 BP; GSC-507: >41 500 BP; GSC- 

1084: 	>40 000 BP), as well as pollen suggesting a cool boreal forest 

environment, the Massawippi Formation has been correlated with the St. 

Pierre Sediments (Early Wisconsinan). Since high-level proglacial lakes 

remained impounded in Appalachian valleys throughout the next deglacial 

event (Gayhurst Formation), McDonald and Shilts (1971) inferred that the 

ice-front had only retreated to a position well within the uplands, and 

thus suggested that the Chaudière Till — Gayhurst Formation -- Lennox-

ville Till succession in the Appalachian uplands represents a time span 

roughly equivalent to that of Gentilly Till in the Lowland. As sedi-

ments of the Gayhurst Formation are generally devoid of organics, the 

unit was assigned to a Middle Wisconsinan interstade on the basis of a 

single 14C date of >20 000 years BP (GSC-1137). Subsequent 14C dating 

of calcareous concretions (QC-508: 32 900 + 2300/ -1800 BP; QC-558: 20 

640 ± 640 BP) from varves at the type section (Gayhurst dam), as re- 
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ported by Hillaire-Marcel (1979) and Occhietti (1982), is in apparent 

conflict with the reported 4500 years maximum duration of the Gayhurst 

episode (Shilts, 1981) and, partly because of the nature of the dated 

material, does not help to assess the true age of the unit. 

According to the Traditional Framework (Gadd, McDonald and Shilts, 

1972a: Figure 4), the retreat of the Lennoxville glacier started well 

before 13 000 years BP, perhaps as early as 14 900 years BP. As the 

margin of this last ice sheet retreated northwestward across the region, 

a series of discontinuous end-moraines was formed. Because the re-

treating ice margin blocked free drainage of northward-flowing streams, 

proglacial lakes were impounded in most valleys of the Appalachian up-

lands. Later, these lakes expanded onto the Appalachian piedmont as the 

ice margin retreated from the position of the Highland Front Morainic 

System to that of the Drummondville Moraine (Figure 1-3); shortly af-

terwards marine waters invaded the isostatically depressed St. Lawrence 

valley to form the Champlain Sea. In early Champlain Sea time (ca 11 

500 BP), the retreating ice-front formed much of the northern shore of 

the marine water body while the southeastern Quebec Appalachians were 

largely free of glacial ice, except for a possible small remnant ice-cap 

centered in the vicinity of Thetford-Mines. This local exception had 

become necessary after Lamarche (1971) had uncovered several crag-and-

tail striae indicating a late-glacial northward ice-flow episode in the 

Appalachian uplands around Thetford-Mines. 

1.3.2 Regional extent of the northward ice-flow episode and the 
need for a revision of the Traditional Framework 

Subsequent fieldwork (Lamarche, 1974; Gauthier, 1975; Lortie, 1976; 

La Salle et al., 1977a) revealed that crag-and-tail striations indica-

ting northward ice-flow are common throughout a vast area of the south-

eastern Quebec Appalachians (Figure 1-3). Recognition of the consider-

able areal extent of these striations and of their persistant northward 

trend soon led most investigators to set aside the idea that they were 

produced by a remnant, ice mass supporting radial outward flow. 
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Rather these findings led them to infer that an ice-flow reversal 

occurred near the close of Late Wisconsinan (Lennoxville) glaciation 

along the northwestern margin of the southeastern Quebec Appalachian 

uplands (Lamarche, 1974; Gauthier, 1975; Lortie, 1976; Shilts, 1976b, 

1981; Gadd, 1976; La Salle et al., 1977a). In the above interpreta-

tions, the regional ice-flow reversal was presumably caused by the de-

velopment of a calving bay in the St. Lawrence Estuary. Ice being drawn 

preferentially toward the ice-sea interface at a time of globally rising 

sea level, a saddle was formed at the ice-sheet surface, and this re-

gional reversal of the ice-surface gradient caused the ice-flow rever- 

sal. 	Reports of older-than-expected 14C dates (GSC-1859: 	12 800 ± 

220 BP; GSC- 1646: 12 200 ± 160 BP) on marine shells from the Ottawa 

Valley (Richard, 1974, 1975) led to further suggestions that this cal-

ving bay may have retrograded rapidly into the central St. Lawrence 

Lowland (Gadd, 1976; Shilts, 1976b; Thomas, 1977), and perhaps into the 

Ottawa Valley as well (Gadd, 1980). 

Regardless of the true extent of this marine incursion, it is im-

plied that Appalachian ice, either in the form of a single large body or 

consisting of several more-or-less distinct masses, was cut off from its 

original Laurentide source. This hypothesis had been expressed earlier 

by Antevs (1925, p. 66) who proposed that: "... a large mass of ice was 

isolated southeast of the St. Lawrence". 

The most interesting attempt to reconcile the northward ice-flow 

episode with the other aspects of the regional Quaternary record is 

perhaps that of Shilts (1976b, 1981). This hypothesis, which is a key 

part of the "Revised Traditional Framework", was aptly summarized in a 

schematic cross-section (Shilts, 1981: Figure 11) and was discussed more 

fully in a later paper (Shilts, 1982). Briefly stated, his thesis holds 

that a diachronous ice divide, which he named the Quebec Ice Divide, 

formed within Appalachian ice as it was being cut off from its Lauren-

tide source. Thus, in regions lying north of the divide, ice was drawn 

toward a calving bay and northward ice-flow replaced the earlier south-

easward flow; in regions lying south of the divide, southeastward ice- 
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flow persisted as the ice margin retreated northward during its wastage 

(Figure 1-2). 

This revised framework has the advantage of encompassing much of 

the data that were available at the time: 

(1) The inferred relative chronology (southeastward, then north-

ward and westward) of glacial striations (Lamarche, 1971, 

1974; Lortie, 1975, 1976; La Salle et al., 1977a) and their 

known areal distribution are, at least broadly, in agreement 

with the hypothesis. 

(2) Most features of the prominent southeastward Thetford-Mines 

indicator train (Shilts, 1973a, 1975, 1976a) as well those 

indicating northward and westward glacial dispersal in the 

vicinity of Thetford-Mines (Lortie, 1976) can be accommodated. 

(3) The more-or-less northward ice-retreat pattern and coeval 

ice-dammed lakes in the upper Chaudière valley (Shilts, 1970, 

1981) and in southern tributary valleys of the upper Saint-

François River (McDonald, 1967a: Figure 12; 1969: Figure 6; 

Clément et Parent, 1977: Figure 6) may then be associated with 

glacial retreat toward the Quebec Ice Divide rather than 

toward a Laurentide ice center. 

(4) Sedimentary structures indicating paleocurrent toward the 

St.Lawrence Estuary within several ice-contact bodies (Dionne, 

1972; Gadd et al., 1972b; La Salle et al., 1977a) forming the 

easternmost segments of the Highland Front Morainic System 

(St-Antonin Moraine of Lee, 1962) would accordingly result 

from meltwater activity at the seaward margin of the remnant 

Appalachian ice. 

In spite of the above, several remaining key points must be .adres- 

• sed before this Revised Stratigraphic Framework becomes fully coherent: 
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(1) The central and western segments of the Highland Front Mo-

rainic System (those extending from the vicinity of Saint-

Sylvestre to the Lac Brome area, as shown in Figure 1-3) were 

reportedly built at the margin of southeastward-flowing ice 

(McDonald, 1967a, 1968; Gadd, McDonald and Shilts, 1972a; 

Gadd, 1976, 1978; Prichonnet et al., 1982a, 1982b). Yet, 

several of these moraine segments lie within terrain where the 

latest glacial movements are reportedly toward north and west. 

In order to resolve this difficulty, Shilts (1981, 1982) post-

ulated that, within terrains lying north of the moraine, 

southeastward- flowing ice replaced northward-flowing ice and 

that Laurentide ice may have readvanced across an early arm of 

the Champlain Sea to build the Highland Front Morainic System. 

However, no evidence supporting such a readvance could be 

found in the Québec City area (La Salle et al., 1977a: p. 54), 

a region in which deglacial events prior to and during the 

early Champlain Sea incursion have long been recognized as 

very significant elements of any regional deglaciation frame-

work. Moreover, such a readvance would not really solve the 

problem as it would still imply a final southeastward ice-flow 

event within areas where the latest glacial striations indi-

cate northward and westward ice-flow (see Figure 1-3). 

(2) Some reconnaissance work by the author (Parent, 1977, 1978; 

Clément et Parent, 1977) in the Appalachian uplands east of 

Asbestos (a region where the last ice-flow events are repor-

tedly toward north and west) revealed the presence of several 

recessional moraine segments which were clearly built at the 

margin of a glacier which was retreating toward northwest and 

which, conceivably, was still moving toward southeast at the 

close of the last glacial episode. Thus deglacial features 

similar to those which have led to postulate a readvance were 

known to extend into the area east of Asbestos as well. 

(3) The proposed readvance also aimed to resolve some of the dif-

ficulties pertaining to the history of proglacial lakes in the 
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Saint-François River valley (Shilts, 1982). In this region, 

high-level proglacial lakes, such as the Sherbrooke phase of 

Glacial Lake Memphrémagog, can be impounded only if the ice-

front stands at a position several kilometers south-of the 

Highland Front Morainic System (McDonald, 1967a, 1968). This 

is apparently what led Shilts (1982, p. 50) to suggest "... a 

surge-like readvance... with deep lobes extending up the major 

valleys (Champlain, St.François, Chaudière)..." Because such 

an extensive readvance had not been recognized during previous 

work in the Saint-François River valley and adjacent areas 

north of Sherbrooke (McDonald, 1967a, 1968; Parent, 1978), it 

became necessary not only to investigate this possibility but 

also to further assess the paleogeographic and stratigraphic 

record of glaciolacustrine water bodies relative to regional 

glacial and deglacial events, including the Champlain Sea 

incursion. 



CHAPTER 2 

GEOLOGIC AND PHYSIOGRAPHIC SETTING 

The study area lies entirely within the Appalachian geologic pro-

vince and, except for small areas near Lake Memphrémagog and around the 

Stoke Mountains, it is underlain by rocks of Cambrian and Ordovician age 

(Figure 2-1). 	In the southeastern Quebec Appalachians, strongly 

deformed Paleozoic strata generally strike northeast with steep, near-

vertical dips; this tectonic alignment imparts a strong northeast-

trending topographic grain which stands out at all scales, from that of 

regional physiographic units to that of most bedrock ridges or ledges. 

2.1 Bedrock geology 

The bedrock geology map (Figure 2-1) was compiled at a scale of 

1:500 000 from several sources (Avramtchev et al., 1985; Avramtchev, 

1985; St-Julien and Hubert, 1975; Harron, 1976; Cooke, 1950; St-Julien, 

1970; Osberg, 1965; Lamarche, 1973; de Römer, 1980, 1981, 1984; 

Globensky, 1978; Clark, 1964a, 1964b, 1964c, 1977; Clark et Globensky, 

1973, 1976; Charbonneau, 1980, 1981; Marleau, 1968; Caron, 1983a, 

1983b; Hébert, 1982). Names of representative lithostratigraphic units 

listed in Table 2-1 were compiled from the same sources. 

Although a compilation map at a scale of 1:500 000 became available 

recently (Avramtchev et al., 1985), reliable intermediate-scale (ca 

1:50 000) geologic maps are not available for several areas within and 

outside the Asbestos-Valcourt region. As a result, the reliability of 

bedrock geology maps varies significantly from place to place. This 

evidently poses some problems for an investigation such as the present 

one which utilizes provenance as one of several criteria for deciphering 

a presumably complex glacial history. Bedrock units or contacts based 

on somewhat outdated reports had to be dropped, added or modified in 

several instances, because more reliable reports have been published 

since. For example, recent mapping by Caron (1983b) shows that basaltic 
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Table 2-1: Main lithostratigraphic units corresponding 
fully or partly to bedrock geology map-units 

MAP UNIT # 	 LITHOSTRATIGRAPHIC UNITS  

24 	* Monteregian (Cretaceous) intrusives 

A) ST. LAWRENCE .PLATFORM (Cambrian and Ordovician system) 
23 	Richmond Group (Bêcancour and Pontgravé Formations) 
22 	Lorraine Group (Nicolet Formation) 
21 	Les Fonds Formation and Saint-Germain Complex 

B) ACADIAN OROGEN (Silurian and Devonian system) 
20 	* Devonian granites 
19 	St. Francis Group and Compton Formation 
18 	Lake Aylmer Formation, Glenbrooke Group, and correlatives 
17 	* Saddle Hill intrusives 
16 	Frontenac Formation (sedimentary member) 
15 	Frontenac Formation (volcanic member) 

C) TACONIAN OROGEN (Cambrian and Ordovician system) 

INTERNAL DOMAIN 	 EXTERNAL DOMAIN 

14 Chesham Formation 
13 Drummondville Wildflysch 
12 Bulstrode and Saint-Sabine. 

Formations 

11 Magog Group (Saint-Victor and 
Beauceville Formations) 

10 Ascot and Weedon Formations, 
and correlatives 

9 Saint-Daniel Formation 
8 Caldwell and Armagh Groups Saint-Flavien Formation 

(volcanic members) 
7 Mansonville and Bromptonville Granby and Sillery Groups 

Formations; 
Caldwell and Armagh Groups 
(sedimentary members) 

6 * Mont Orford, Asbestos and 
Thetford-Mines ophiolite 
complexes 

5 	* Vianney amphibolite 
4 	Rosaire Group 	 Stanbridge Group 

3 	Oak Hill Group 	 Shefford Group 

2 	Tibbit Hill Formation 
1 	Arnold River Formation 

(Precambrian) 

* These are listed as useful terms; they are not formal lithostratigraphic 
units. 
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rocks of the Tibbit Hill Formation (map-unit #2) crop out only over a 

small area at the southwest end of Monts Notre-Dame, instead of the much 

larger area which had been shown on previous geological maps (e.g. 

Harron, 1976) . Another example is the addition of a 5 km-long outcrop 

of amphibolite (map-unit #5) located about 25 km east of Victoriaville 

(Caron, 1983a), a rock unit which had gone unreported in previous geolo-

gical reports and maps. Other examples could be pointed out. Every 

effort was made to utilize what appeared to be the most reliable sour-

ces. 

Comprehensive summaries of the bedrock geology of the southeastern 

Quebec Appalachians are provided by Cooke (1937, 1950), Cady (1960, 

1969), St-Julien et al. (1972) and, more particularly, St-Julien and 

Hubert (1975). Thus, only those concepts and observations which will be 

utilized herein will be reviewed. 

Clastic-dominated Cambro-Ordovician strata of the southeastern 

Quebec Appalachians were deformed mainly during the Taconian orogen, 

forming a foldbelt which lies southeast of the relatively undeformed 

sedimentary cover of the St. Lawrence Platform (Figure 2-1). A belt of 

younger Siluro-Devonian strata, which are also clastic-dominated and 

which were deformed during the Acadian orogen, lies southeast of the 

Taconian foldbelt and runs parallel to it; this belt is commonly desig-

nated as the Connecticut Valley-Gaspfi Synclinorium (Cady, 1969; St-

Julien and Hubert, 1975). The regional metamorphic grade for both Taco-

nian and Acadian foldbelts is greenschist. 

St-Julien and Hubert (1975) recognized two main tectonic domains 

within the Taconian foldbelt: an internal domain (map-units #2 through 

#11) and an external domain which in turn comprises an outer belt of 

thrust-imbricated structures (map-unit #21) and an inner belt of nappes 

(map-units #3, 4,. 7, 8, 12, 13). These two belts are separated by a 

major regional thrust fault (Logan's Line), as are the internal and 

external domains. Because the external domain includes'a belt of gravi-

ty nappes derived from the internal domain (St-Julien and Hubert, 1975; 
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fig. 6), several map-units (#3, 4, 7, 8) of the internal domain are 

repeated in the external domain. 

Much of the Asbestos-Valcourt region is underlain by rocks-of the 

internal Taconian domain. St-Julien and Hubert (1975) subdivided these 

rocks into two regional sequences: 	(1) a continental rise sequence 

(map-units #2, 3, 4, 5, 7, 8) which has been deformed into two anticli-

noria, the Sutton Anticlinorium and the Notre-Dame Anticlinorium, and 

(2) an oceanic crust sequence (map-units #6, 9, 10, 11). The proposed 

boundary between these two lithologic sequences, the Baie Verte-Brompton 

Line, is the northwest limit of the ophiolite suite (map-unit #6) in the 

study area and has been recognized throughout the Canadian Appalachians 

(Williams and St-Julien, 1982). 

Strata of both the internal and external Taconian domains predomi-

nantly consist of slate (or shale) - sandstone assemblages (Figure 2-1). 

Because lithologic assemblages within several of the map-units closely 

resemble those of other map-units and also because several map-units are 

repeated as separate near-parallel belts, most hand-size rock fragments, 

hence till clasts, cannot be readily assigned to specific outcrop belts. 

In spite of this somewhat monotonous bedrock lithology, a few additional 

observations are warranted: 

(1) Schistose rocks, which are very common within the continental rise 

sequence of the internal Taconian domain, are quite uncommon within 

the oceanic crust sequence and are conspicuously absent in nappes 

of the external Taconian domain. 

• 

(2) Strata which make up the oceanic crust sequence of the internal 

Taconian domain are generally more pelite-dominated than those of 

the continental rise sequence. 

(3) Because most of the Taconian foldbelt strata are non-calcareous, 

calcareous shales and argillaceous limestones of the Bulstrode 

Formation (map-unit #12) as well as calcareous sandstones and 

shales of the St. Francis Group and of the Lake Aylmer Formation 
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(map-unit #18) constitute fairly distinctive lithologic assem-

blages. 

Ultramafic rocks (map-unit #6) consisting mainly of serpentized 

peridotite, dunite and pyroxenite (Lamarche, 1973; Laurent, 1980; 

Hébert, 1982) are the most distinctive rock units of the Asbestos-

Valcourt region. They constitute the basal units of ophiolite suites 

which have been labelled as (1) Mont Orford, (2) Asbestos and (3) 

Thetford-Mines ophiolite complexes. The Asbestos ophiolite complex is 

the smallest of the three and it lies entirely within the study area 

where it crops out as a generally narrow 55 km-long belt. 

Metabasalts of the Tibbit Hill Formation (map-unit #2) are also 

distinctive rocks. However, mafic volcanic rocks are present in other 

rock units such as the ophiolite complexes and the Ascot-Weedon Forma-

tions (map-units #6 ans #10). Since all three units extend across the 

study area as separate outcrop belts, the usefulness of these volcanic 

rocks as provenance indicators is hindered. 

2.2 Physiography 

Physiographic divisions and subdivisions within, and adjacent to, 

the study area are delineated in Figure 2-2 and listed in Table 2-2. 

Much of this work represents an original contribution; its main purpose 

is to provide a physiographic framework so as to ease description and 

discussion of Late Pleistocene stratigraphy and events in their regional 

context. The units proposed herein differ somewhat from previous sug-

gestions (Bostock, 1970; Dubois, 1974), mainly because of differing 

purpose and work-scale, and also because significant insights into the 

regional bedrock geology were made since the time of the earlier propo-

sals. 

Tectono-stratigraphic domains, as defined by St-Julien and Hubert 

(1975), together with major topographic features, provide an excellent 

basis for characterizing and delineating distinctive physiographic divi-

sions and subdivisions. Thus the present assessment of the physiography 
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Table 2-2: Physiographic divisions and subdivisions, 
southeastern Québec 

Divisions  

St. Lawrence Lowland 

Appalachian Piedmont 

Green Mountains 

Notre-Dame Mountains 

Appalachian Uplands 

Subdivisions 

Central St. Lawrence Lowland 

Sutton Mountains 
Richmond Hills 

Outer Appalachian Uplands 
Inner Appalachian Uplands 
Orford Mountain Belt 
Ham Hills 
Thetford Hills 
Lac Etchemin Hills 
Stoke Mountains 
Bunker Hill Belt 
Upper Saint-François Valley 
Portage Uplands 
Weedon Hills 
Scotstown Hills 
Little Mégantic Mountains 

Boundary Mountains 	 (Boundary Mountains) 
Lac aux Araignées Basin 

Monteregian Hills 
	

Mont Yamaska 
Mont Shefford 
Brome Hills 
Mont Mégantic 



22 

of the southeastern Quebec Appalachians is derived from an updated geo-

logic data base and from major landscape features. 

2.2.1 St. Lawrence Lowland 

The St. Lawrence Lowland, whose elevation ranges from 10 m to about 

90 m ASL, is a plain underlain by horizontal strata of the St. Lawrence 

Platform. Within the area covered by Figure 2-2, bedrock topography of 

the Lowlands is concealed underneath a thick cover of Late Quaternary 

sediments, most commonly by Champlain Sea deposits. The landscape con-

sists of extensive level surfaces into which the main rivers are cut to 

depths of 10 to 30 m. Terraces are quite common along major streams, 

particularly at lower elevations along the St. Lawrence River. Gully-

ing occurs mainly along river banks and less commonly along terrace 

scarps. 

Except for the Monteregian Hills (see Table 2-2 and section 2.2.6) 

which are prominent summits isolated within several physiographic units, 

the remaining physiographic divisions and subdivisions shown in Figure 

2-2 are part of the Appalachian region. 

2.2.2 Appalachian Piedmont 

The Appalachian Piedmont is a slightly inclined surface consisting 

of low and broad strike ridges underlain by folded strata of the exter-

nal Taconian domain. Bedrock control on topography is less evident here 

than elsewhere in the Appalachian region. This is due in part to the 

low relief of the drift-mantled Piedmont, where elevations gently rise 

southeastward from about 90 m to about 175 m ASL. This is also due to 

the fact that, as the inner limit of the Piedmont coincides quite close-

ly with the upper limit of the Champlain Sea incursion, extensive areas 

adjacent to the main rivers are covered by deltaic sediment bodies (see 

Figure 3-1). 
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2.2.3 Green Mountains and Notre-Dame Mountains 

Both the Green Mountains and the Notre-Dame Mountains are the topo-

graphic expression of northeast-trending anticlinoria belonging to the 

internal Taconian domain. Although they are underlain by strata of 

similar lithology and age, they may be considered as distinct physiogra-

phic divisions. The main reason is that they are separated, in the 

vicinity of Asbestos, by a 30 km-wide gap which results from the north-

eastward plunge of the Sutton Anticlinorium as well as from the south-

westward plunge of the Notre-Dame Anticlinorium. 

The Green Mountains are subdivided into two units, the Sutton Moun-

tains and the Richmond Hills. The Sutton Mountains, where summit eleva-

tions commonly exceed 600 m ASL, reaching as much as 872 m (Roundtop) , 

are the northern part of a mountain range, extending from Vermont into 

southern Quebec. Although altitudes range from about 150 m to as much 

as 709 m (Pinnacle Mountain), the Richmond Hills form a belt of hilly 

terrain whose altitude averages only about 225 m and where local relief 

rarely exceeds 100 m. Strike ridges, which are typically steep-sided 

when underlain by more resistant strata (e.g. metabasalt, quartzite), 

are quite prominent features of the Richmond Hills landscape; yet, their 

summits only occasionally attain altitudes of 300 m. 

The Notre-Dame Mountains are a low mountain range where most sum-

mits rise to altitudes of about 600 m, thus standing 200 to 300 m above 

the general level of the surrounding uplands. A few through-valleys, 

such as the Palmer River and Osgoode River valleys, extend across this 

range which is otherwise characterized by a mature fluvial dissection 

landscape, a rather unique feature among physiographic divisions of 

southeastern Quebec. 

2.2.4 Appalachian Uplands 

The Appalachian Uplands are by far the most extensive pnysiographic 

division of southeastern Quebec. In addition to the many bedrock knobs 

and knolls, and the numerous strike ridges standing above the general 
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level of the upland surface, there are several well-defined groups and 

belts of hills or mountains whose description as distinct physiographic 

subdivisions is warranted. 

Inner and Outer Appalachian Uplands 

The Inner and Outer Appalachian Uplands form a low-relief hilly 

surface whose general level rises southeastward from about 250 m ASL 

near the Piedmont to about 450 m ASL near the Boundary Mountains. The 

general slope of the Uplands is thus only on the order of 0,25%. The 

Inner and Outer Uplands share characteristics of gentle slopes and wide 

valleys, with local relief generally less than 100 m. Within both sub-

divisions, slopes in the lower half of valley sides tend to be steeper 

than in the upper half. As it has been shown previously (Clément et 

Poulin, 1975; Shilts, 1981), Quaternary sediments tend to form a thicker 

cover in valleys than on interfluves where bedrock is usually veneered 

by a thin layer (less than 1 or 2 m) of till. As will be seen later 

(see sections 4.1 and 4.2), there are several exceptions to this rule. 

Admittedly, the distinction between the Inner and Outer Appalachian 

Uplands is introduced chiefly for convenience. 	Yet, there are good 

reasons to do so: 

(1) the two subdivisions are neatly separated by the broad, parallel-

to-strike, Upper Saint-François Valley in the vicinity of the study 

area and, north of it, by the Notre-Dame Mountains; 

(2) the Outer Uplands are underlain by Cambro-Ordovician rocks that 

were deformed mainly during the Taconian orogen while the Inner 

Uplands are chiefly underlain by Siluro-Devonian strata that were 

deformed mainly during the Acadian orogen; 

(3) general altitude within the Outer Uplands varies between 250 and 

350 m and is thus lower than within the Inner Uplands where it 

varies between 350 and 450 m. 
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Other subdivisions of the Uplands consist of series of hills or 

mountains, except of course for the Upper Saint-François Valley, which 

owe several of their characteristics to underlying bedrock types. 

Orford Mountain Belt, Ham Hills and Thetford Hills 

Three subdivisions, the Orford Mountain Belt, the Ham Hills and the 

Thetford Hills, are associated with ophiolite complexes. Their main 

landscape features, that is the location and form of mountains, hills 

and knobs, are apparently controlled (1) by tectonic structures within 

the ophiolite complexes and (2) by variations of resistance to chemical 

and mechanical weathering within and between the rock types of the 

ophiolite suites. Most summits are, for instance, underlain by gabbroic 

or mafic volcanic rocks rather than by ultramafic rocks. 

The Orford Mountain Belt consists of a series of small and large 

mountains which are dominated by the Mont Orford Massif (876 m); this 

belt extends from the international boundary to the vicinity of Brompton 

Lake and includes such summits as Owl Head (762 m), Sugar Loaf (671 m), 

Mont Chagnon (610 m), Mont Chauve (594 m) and Mont des Trois-Lacs (472 

m). Contact zones with the adjacent Sutton Mountains and Appalachian 

Uplands coincide respectively with the Missisquoi River Valley and the 

Lac Memphrémagog basin. 

The Ham Hills are a somewhat disconnected series of large hills and 

mountains whose summits attain altitudes of about 465 m, roughly 150 m 

above the surrounding uplands. They extend northeastward from Petit 

Mont Ham (457 m) to Mont Louise (488 m) near Lac Nicolet; the main sum-

mit of the series is Mont Ham (716 m). 

The Thetford Hills are similarly characterized by a northeast-

trending suite of large hills and mountains which are underlain by the 

Thetford-Mines ophiolite complex; their height relative to the uplands 

is usually in excess of 150 m. The belt extends from Colline Nadeau 

(450 m), across the upper Bécancour valley, and hence to Le Grand Morne 

(602 m). 	In addition to numerous steep-sided knobs and hills, the 
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Thetford Hills include summits such as Colline Belmina (495 m), Mont du 

Caribou (557 m), Quarry Hill (518 m) and Mont Adstock (712 m). Knobs 

and hills located near both the northeast and southwest extremities of 

these hills occur as large strike ridges underlain by resistant mafic 

rocks, while those of the core area occur mostly as aligments of near-

circular masses underlain by ultramafic rocks. 

Lac Etchemin Hills 

The Lac Etchemin Hills are characterized by a series of prominent 

northeast-trending strike ridges stretching out along the southeastern 

flank of the Notre-Dame Mountains east of the Chaudière River valley. 

Summits generally reach altitudes of 520 m or more; their height above 

the adjacent Inner Uplands is thus on the order of 175 m. The Lac 

Etchemin Hills are underlain by strata of the St-Victor Synclinorium 

(upper part of the oceanic crust sequence of the internal Taconian 

domain; Fig. 2-1: map-unit #11) which were locally intruded by dioritic 

and gabbroic rocks during the Acadian orogen. 

Stoke Mountains and Bunker Hill Belt 

Both the Stoke Mountains and the Bunker Hill Belt are underlain by 

volcano-sedimentary strata of the Ascot Formation. Because it is 

flanked by deep valleys along much of its length, the Bunker Hill Belt 

appears as a rather prominent suite of hills, especially when viewed 

from the south. Summit elevation is about 400 m, which is in fact only 

about 125 m above the level of surrounding uplands. 

The Stoke Mountains are the continuation of the Bunker Hill Belt. 

They consist of a closely spaced series of summits rising to about 550 m 

ASL, the highest being Chapman Peak (655 m); their height relative to 

the adjacent Uplands thus exceeds 250 m. 
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Weedon Hills, Scotstown Hills and Little Mégantic Mountains 

The Weedon Hills, Scotstown Hills and Little Mégantic Mountains are 

isolated series of large hills and mountains commonly rising 150 to 200 

m above the level of the Inner Uplands. All three subdivisions are 

underlain by Devonian granitic stocks. Summits of the Weedon Hills form 

a near-circular pattern; the main ones are Mont Aylmer (518 m) and an 

unnamed summit (556 m) northeast of Fontainebleau. The Scotstown Hills 

consist of a series of hills encircling rock basins occupied by Lake 

Magill and Lake Moffatt; the highest of these hills reaches an altitude 

of 541 m. 	The Little Mégantic Mountains consist of several aligned 

summits, the most prominent of which are Mont Sainte-Cécile (887 m) and 

Morne de Saint-Sébastien (831 m). 

Portage Uplands 

As for other physiographic units of the Lac-Mégantic region (Mont 

Mégantic, Little Mégantic Mountains, Lac aux Araignées Basin), the 

Portage Uplands are a physiographic subdivision which has been aptly 

characterized by Shilts (1981). This unit, like those listed above, 

lies well outside the study area and will therefore be described rather 

succinctly. 

Because the Portage Uplands share a number of characteristics with 

the Appalachian Uplands division, it is herein considered as one of its 

subdivisions. It consists of a high, relatively level upland with alti-

tudes ranging between 525 and 640 m; they are separated from the adja-

cent Inner Uplands by a prominent 100 m-high escarpment. 

Upper Saint-François Valley 

The Upper Saint-François Valley is a broad valley which stretches 

out, paralled to strike, over a distance of roughly 110 km. It is occu-

pied by the upper Saint-François River and by a tributary stream, the 

Massawippi River. At the confluence of these two streams, near Lennox-

ville, the Saint-François River abruptly changes direction and thence 
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flows across strike toward the St. Lawrence Lowlands. Valley flanks are 

commonly 100 m-high and are typically asymetric, the southeast-facing 

slopes being almost everywhere higher and steeper than the opposite 

ones. 

The valley is underlain mostly by calcareous sandstones and shales 

of the St. Francis Group and of the Lake Aylmer Formation. The forma-

tion of the valley is probably due, at least in part, to higher rates of 

weathering and erosion of the calcareous substrate. In the absence of 

adequate borehole data, the role and extent of glacial overdeepening 

relative to preglacial or interglacial weathering remains somewhat spe-

culative. What is clear is that, at several localities in the valley, 

the bedrock floor lies well below the level of buried bedrock sills 

(Ascot Formation: map-unit #10 of Figure 2-1) near Sherbrooke 

(McDonald, 1967a; Clément et Poulin, 1975). 

Between East-Angus and Lake Massawippi, the valley floor is covered 

by thick drift accumulations through which the modern Saint-François and 

Massawippi Rivers are entrenched down to an altitude of about 135 m ASL. 

Starting about 5 km upstream of the bedrock sill at East-Angus, post-

glacial downcutting is more moderate and the valley floor gently rises 

from 190 m ASL to about 250 m ASL around Lake Aylmer. 

2.2.5 Boundary Mountains 

The Boundary Mountains, a northeast extension of the White Moun-

tains of New England, form a range whose summits stand, at altitudes 

above 750 m; the highest is Mont Gosford (1219 m). The range owes its 

high altitudes to the underlying erosion-resistant Arnold River and 

Frontenac Formations (Shilts, 1981). Relative to the area originally 

defined by Shilts (1981), the unit has been extended southwestward so as 

to include an unnamed mountain range south of Martinville. This range 

includes Mont Hereford (876 m) and several other summits with altitudes 

of 600 m or more. 
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The crest of the range forms the divide between the Saint-François 

River and Chaudière River watersheds on one hand and, on the other, the 

Kennebec River and Connecticut River watersheds; this divide also serves 

to delineate the International Boundary over a distance of more than 130 

km. 

Lac aux Araignées Basin 

The Lac aux Araignées Basin is herein considered as a subdivision 

of the Boundary Mountains; its floor (425 m ASL) is underlain by a Devo-

nian intrusive body of granodiorite which erosion has "barely unroofed" 

(Lord, 1938; Shilts, 1981). The basin extends southeastward into north-

ern Maine and includes the depression surrounding Arnold Pond. 

2.2.6 Monteregian Hills 

The hills and mountains of the Monteregian Hills are distinctive 

and isolated features which stand well above the level of the surround-

ing terrain. They are underlain by erosion-resistant Cretaceous intru-

sive rocks (mostly gabbroic rocks). The isolated hills are irregularly 

disposed along an east-west array extending from the vicinity of 

Montréal to Mont Mégantic. The circular outline of individual mountains 

or series of hills is a typical feature (see Figure 2-2), and so are 

their steep-sloped outer flanks. 

Four of these hills lie within the area of Figure 2-2: these are 

Mont Yamaska (411 m), Mont Shefford (526 m), Brome Hills (including Mont 

Brome: 356 m) and Mont Mégantic (1150 m) . Their relief is thus on the 

order of 300 m or more, 700 m in the case of Mont Mégantic. 



CHAPTER 3 

METHODS OF INVESTIGATION 

In order to meet the objectives stated in the introduction (Chapter 

1), several methods of investigation have been utilized in the field and 

in the laboratory. The majority of these methods were aimed at acqui-

ring directional and compositional data (provenance, in particular) that 

were expected to contribute to establishing direct relationships between 

the stratigraphic record and former ice-flow patterns. 

3.1 Field methods 

Fieldwork was carried out mainly during the summers of 1979 and 

1980 and intermittently during the 1981 and 1982 field seasons. Only 

occasional field visits have been made since. 

3.1.1 Mapping glacial and deglacial landforms and deposits 

Because surficial geology maps (McDonald, 1966, 1967b; Warren et 

Bouchard, 1976; Parent, 1978; Chauvin, 1979a) were available for about 

half the study area and because the author conducted fieldwork without 

the help of field assistants, this study did not include a surficial 

geology mapping project. 	However, aerial photographs at a scale of 

1:40 000 along with field investigations were utilized not only to 

locate natural and artificial exposures but also to prepare a regional 

map of glacial and deglacial deposits and landforms (Figure 3-1). For 

obvious reasons, the emphasis was placed on areas that were not pre-

viously mapped, such as the northern and eastern parts of the Dudswell 

map-area (21 E/12), the whole of the Warwick map-area (21 E/13) and, to 

a lesser extent, the west half of the Orford map-area (31 H/8). 

30 
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3.1.2 Section description and surface till sampling 

Stratigraphie sections were described following standard methods of 

sedimentology. For instance, every effort was made to describe strati-

fied sediments with terminology utilized in Blatt, Middleton and-hurray 

(1980). However, since tills and related glacigenic sediments are im-

portant components of the stratigraphie record of tnis region (both in 

terms of volume and of significance), recognition of different varieties 

of till, when possible, was made following descriptions and criteria 

discussed mainly by Boulton (1968, 1970a, 1970b, 1971, 1978) and by 

Dreimanis (1969, 1976); the nomenclature that was "... tentatively 

adopted by the Till Work Group of the INQUA Commission on genesis and 

lithology of Quaternary deposits" (Dreimanis, 1983: p. 301) has been 

utilized during the write-up stage of this thesis. Locations of strati-

graphic sections are given in Figure 3-1; descriptions are given in 

Appendix I where sections are listed according to their order of appear-

ance in text. 

In addition to about 150 samples (mainly till and other diamictons) 

that were collected in stratigraphie sections, a surface till sampling 

programme was also carried out; this was done in order to facilitate 

interpretations of compositional variations recorded in stratigraphie 

sections as well as to test these interpretations, much as suggested by 

Shilts (1978). Because ultramafic rocks of the Asbestos ophiolite com-

plex (see Figure 2-1 for location) were expected to provide an excellent 

local provenance indicator, as in the nearby Thetford-Mines area 

(Shilts, 1973a, 1975, 1976a), a suite of about 20U surface till samples 

were collected in terrains lying both northwest and southeast of the 

ophiolite complex. This network of samples essentially covers the cen-

tral half of the study area. 

3.1.3 Glacial striations 

Since glacial striations on bedrock have been measured by several 

authors (McDonald, 1966, 1967a, 1967b; Lamarche, 1974; Lortie, 1976; 

Warren et Bouchard, 1976; Parent, 1978) throughout much of the study 
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area, little emphasis was placed on further measurements of striae 

during the present study. However, because of conflicting interpre-

tations in the area east of Asbestos (northwestward ice-retreat versus 

westward and northward "late-glacial" ice movements; 	see section 

1.3.2), several outcrops were investigated in the vicinity of Asbestos. 

Following Lamarche (1971, 1974) and Lortie (1976), ice-flow direction 

was assigned only on the basis of crag-and-tail features. Other types 

of striations and ice-marks, such as nailhead striae, p-forms, lunate 

fractures, crescentic gouges and fractures, which may also yield fairly 

reliable directions of ice-flow, are much less common in this region; 

hence, there is no need to discuss their reliability as indicators of 

ice-flow direction. Glacial striations measured during this investiga-

tion are plotted in Figure 3-1. 

Although crag-and-tail striations Ç'rat tails" in Flint, 1971) are 

regarded as "absolute" criteria of ice-flow direction by a number of 

authors, including Lamarche (1971, 1974) and Lortie (1976), some puz-

zling features were observed during this investigation. For instance, 

on a large outcrop located 3.7 km due south of Warwick, grooves that 

contain abundant SE-trending crag-and-tail striations were also found to 

contain a few NW-trending crag-and-tail striations; in one case, the two 

sets, rigorously parallel but facing one another, were obviously pro-

duced by the same ice-flow event. The criterion may therefore not al-

ways be definitive. 

Moreover, determination of ice-flow direction, even on the basis of 

crag-and-tail striations, does involve some subjectivity; for instance, 

Lortie (1976: 	p. 68) reports that he (accompanied by McDonald and 

Shilts) assigned a southeastward ice-flow direction at two sites near 

Richmond where Lamarche (1974) had reported NW-trending crag-and-tail 

striations; in another such site near Kingsey-Falls, they could not 

assign a reliable direction. 	Doing so allowed them to dismiss 

Lamarche's contention that a late-glacial northwestward ice-flow event 

had taken place in the Saint-François River valley. 
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For these and other reasons, glacial striations have simply been 

considered as one of several directional criteria during this investiga-

tion. Since the interpretation of cross-cutting relationships is also a 

rather subjective matter, relative chronology of glacial striations at 

sites shown in Figure 3-1 is based on superimposition of one set of 

striations upon an older glacially abraded surface; in most cases, sim-

ple crosscutting relationships were not accepted as reliable evidence. 

3.1.4 Till clast fabric measurements 

Till clast fabrics were measured in stratigraphic sections distri-

buted across much of the study area. Measurements were carried out in 

order to establish ice-flow directions (or sequences of ice-flow direc-

tions) recorded in exposed till units and in order to recognize ice-flow 

patterns associated with respective till sheets. 

The orientation (azimuth and plunge) of the A-axis (long) of elon-

gated till clasts was measured in addition to the length of the long 

(A), intermediate (B) and short (C) axes; sampling was restricted to 

prolate (B/A < 0.67; C/B 	0.67) and bladed (B/A and C/B < 0.67) pebbles 

between 16 and 64 mm in length. In order to help distinguish between 

transverse and parallel fabrics (Boulton, 1971), orientation of the 

B-axis of bladed pebbles (between about 70 and 85% of measured pebbles) 

was also determined; C-axis orientation (poles to clast A/B planes) can 

then be easily obtained on the stereonet. Most commonly, 50 elongated 

till stones were measured in freshly excavated, undisturbed exposures of 

matrix-dominated lodgement till; sampling area was restricted to about 

50 cm vertically and about 75 cm laterally. 

3.1.5 Paleocurrent measurements 

Generalized direction of paleocurrent indicators was summarily 

investigated in a large number of ice-contact stratified drift exposures 

(mostly eskers and subaquatic outwash bodies). However, in a few ins-

tances, in order to meet specific needs, paleocurrent measurements were 

carried out in trough-cross-bedded sand or gravel and in ripple-drift- 
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laminated sand. Most commonly, five (5) cross-bed measurements (direct-

ion of true dip) were obtained from each of several tabular or trough 

sets that were exposed at different levels or locations within the in-

vestigated sediment body or unit. In cross-laminated sands, a subhori-

zontal bench was excavated within ripple-drift cosets; again, the orien-

tation of five (5) different ripple trains was measured in each of 

several cosets that were exposed at different levels and locations with-

in the investigated unit. 

3.1.6 Till clast lithology 

The lithology of till clasts was carefully examined in stratigra-

phic sections and at over 200 surface till localities. Early investiga-

tions quickly revealed that distinctive indicator pebbles, consisting 

mainly of ultramafic and Precambrian (Shield-type) clasts, are commonly 

present, though in low percentages, in tills of the study area. Mainly 

because of these obviously low percentages, particularly in areas where 

provenance data was most needed (e.g., uplands east of Asbestos), pebble 

counts were not carried out, except in a few cases such as in tills and 

other diamictons of the Norbestos section (see Table 4-2). 

However because ultramafic clasts constitute distinctive local 

provenance indicators while Precambrian clasts (mainly gneiss and 

several varieties of granitoid rocks) constitute distinctive distant  

provenance indicators, the relative abundance (or absence) of these two 

lithological groups in tills of the Asbestos-Valcourt region was system-

atically noted in the field. Given the large number of clasts that 

commonly lie at the surface of till outcrops in this region, this has at 

least the advantage that abundances as low as about one per thousand can 

be detected. 

3.1.7 Altimetry 

The altitude of about half of the strandline features which were 

recorded during this study was measured with a Paulin surveying alti-

meter (model M-1). The "Single Altimeter. Method" described by Hodgson 
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(undated) was utilized; hence, altimeter traverses were made only during 

periods of presumably stable barometric conditions. All traverses were 

closed to a bench mark or spot elevation in less than one hour; readings 

were corrected for temperature and for barometric variations. Two du-

plicate traverses were carried out and results varied by 0.5 and 1.0 m, 

respectively; thus, measurement error should be within 4 m (± 2 m). 

Results are listed in Appendix IV, together with strandline features 

whose altitudes were read from topographic maps: measurement error is 

then considered to be equivalent to the contour interval of the map, 

that is 8 m or 25 feet (± 4 m) in the study area. 

3.2 Laboratory methods  

Laboratory analyses were carried out mainly in the Pleistocene 

Laboratory of the University of Western Ontario, and computer work was 

also done there. 

3.2.1 Granulometric analysis 

Grain size analysis of the <2 mm fraction was carried out on 100 g 

subsamples; 50 g subsamples were utilized for a few silt- or clay-rich 

samples. Granulometry of the silt-clay fraction (< 0.063 mm) was deter-

mined by hydrometer analysis (ASTM, 1972); following wet sieving, granu-

lometry of the sand fraction was determined by dry sieving. Percentages 

of sand (2.0 - 0.063 mm) , silt 0.003 - 0.004 mm) ana clay (. < 0.004 mm) 

were determined from cumulative curves drawn on probability paper. 

Standard grain size statistics (Me: 	Graphic mean; 	0'1: 	Inclusive 

graphic standard deviation, an index of sorting; Ski: Inclusive 

graphic skewness; KG: 	Graphic kurtosis) were calculated using for- 

mulae given in Folk and Ward (1957). Results are listed in Tables A-2, 

A-3 and A-4. In order to avoid sample contamination for subsequent geo-

chemical analyses, only stainless steel sieves were utilized during this 

study. 
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3.2.2 Carbonate analysis of the silt-clay fraction 

Calcite and dolomite contents of the silt-clay fraction ( <0.063 

mm) were measured using Chittick apparatus (Dreimanis, 1962).- Since 

Pleistocene sediments in the study area contain relatively small amounts 

of carbonates, 1.7 g samples were used; results are listed in Tables 

A-2, A-3 and A-4. Duplicate measurements were made on all samples and 

were found to be consistently similar to initial measurements. 

3.2.3 Trace element analysis of the silt-clay fraction 

The <0.063 mm fractions of most of the samples (mainly till) col-

lected during this investigation were analyzed for Ni, Cr, Co, Cu, Pb 

and Zn concentrations. These were determined commercially (Bondar-Clegg 

and Co., Ltd) by atomic absorption techniques after a partial, two hour, 

hot mixed-acid (HC1-HNO3) leach. This analytical procedure was followed 

mainly to ensure that results can be compared directly with large bodies 

of data acquired by Shilts (1973a, 1973b, 1976a, 1978, 1981) in the 

nearby Thetford-Mines and Lac-Mégantic regions; his work has convincing-

ly shown that Ni and Cr concentrations in the -0.063 mm fraction of 

till can be excellent indicators of debris derived from ultramafic rock 

sources. Since the Asbestos ophiolite complex includes a belt of ultra-

mafic rocks that runs SW-NE across much of the study area (see Figures 

2-1 and 4-21), a situation which compares well with that of the 

Thetford-Mines region, it was expected that Ni and Cr concentrations in 

till would reveal glacial dispersal patterns of ultramafic rocks and 

would also provide provenance data for till units exposed in stratigra-

phic sections. Results are listed in Tables A-2 and A-3. 

As a test of the applicability of the method in the study area, 

four samples of serpentinized peridotite (the most abundant ultramafic 

rock-type in this part of the ophiolite belt) that were collected at 

scattered sites along the ultramafic rock belt were crushed and sub-

mitted to the same analytical procedure as till samples; Ni concentra-

tions varied between 710 and 7900-  ppm (R = 4578 ppm) while Cr concen-

trations varied between 330 and 984 ppm (R = 630 ppm). This suggests 
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that ultramafic rocks of the Asbestos ophiolite complex are major local 

sources of Ni and Cr in till; for instance, a sample of gabbroic rock 

collected in the Mont Burbank quarry, near Asbestos, was found to con-

tain only 4 ppm Ni and 6 ppm Cr. 

Work by Shilts (1973a, 1975) also indicates that till samples 

richer in clay tend to contain higher amounts of Ni and Cr, especially 

in tills that have only background Ni and Cr concentrations. A scatter 

diagram of Ni content versus % clay in the silt-clay fraction was pre-

pared for the surface till sample suite (Figure 3-2); the suite includes 

204 samples of both unoxidized and oxidized till collected within or 

outside of ultramafic dispersal trains. Contrary to diagrams prepared 

by Shilts (1973a: fig. 14), Figure 3-2 shows no obvious relationships 

between Ni content and % clay in the silt-clay fraction. This is per-

haps best explained by the fact that clay contents (relative to the 

total silt- clay fraction) are much lower (between about 10% and 40%; 

R = 25%) in tills of the Asbestos-Valcourt region than they are in 

tills of the Lac-Mégantic region (between about 30% and 70%). 

3.2.4 Heavy mineral analysis 

In this study, heavy minerals are defined as fine sand (0.250 -

0.125 mm) particles of specific gravity greater than 2.85. Separation 

of the heavy mineral fraction was accomplished by standard techniques 

(Carver, 1971), using bromoform (S.G. = 2.85) as a separating medium. 

Since 10 to 15 g of fine sand were used for separations, weight of the 

heavy mineral fraction was sufficiently high to be measured directly; 

heavy mineral weight of till samples varied between about 3 and 8%. 

The magnetic fraction was subsequently removed from the heavy miner 

ral fraction with a small hand magnet; weight of the non-magnetic frac-

tion was used as a basis for computing the percentages of magnetic mine-

rals. Weight of the magnetic fraction in till varied between about 6 

and 16%; results are listed together with heavy mineral weight (%) in 

Table A-2. Following McDonald (1967a) and Shilts (1973a, 1975, 1981), 
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it was expected that magnetic mineral content would provide additional 

information on glacial dispersal of ultramafic components. 

3.2.5 Analysis and presentation of paleocurrent data 

Paleocurrent data were grouped into 10°  classes and their frequency 

distribution was plotted on conventional rose-diagrams. The data were 

analyzed statistically by the method of Curray (1956) in which the 

direction of preferred orientation is given by Xv  (vector mean) and 

the degree of preferred orientation is given by L (% vector magnitude); 

using the Raleigh test of significance, L values are then tested against 

the probability that orientation data were drawn from a random distribu-

tion. All paleocurrent distributions are strongly non-random. 

3.2.6 Analysis and presentation of till clast fabric data 

Scatter and contoured diagrams of clast fabric data were plotted 

onto the lower hemisphere of the Lambert equal-area projection (so 

called Schmidt net) using a computer program written by Starkey (1970, 

1977); in this program, the counting area for preparing contoured 

stereograms is (100/N) % of the area of the stereonet, where N is the 

number of observations. Contoured stereograms of A-axis and C-axis data 

are presented in Appendix II. 

The eigenvalue method (Scheidegger, 1965; Mark, 1973, 1974) was 

used as a data reduction technique as well as to provide a statistical 

assessment of clast fabric data. The computer program written by Mark 

(1973) carries out a three-dimensional vector analysis in order to ex-

tract the eigenvectors and eigenvalues of a 3 x 3 matrix (A). This 

matrix is constructed by converting each measured axis to Cartesian 

coordinates and summing each resulting matrix and its transpose: 

A = I xi  X3 
j=1 

(3-1) 
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where Xj is a unit vector paralleling the (j)th observation axis, 

(Xi is the transpose of Xj, and N is the number of observations. 

Eigenvalues ( )̀1 	)`2 ) )`3) and eigenvectors (V1, V2, V3) of matrix A 

are then computed. The orientation (azimuth and plunge) of the largest 

eigenvector (V1) indicates the direction of maximum clustering; the 

smallest eigenvector (V3) refers to the direction of minimum clustering. 

Normalized eigenvalues, S1 3 S2 	S3, are also computed: 

Sj = ~j/N (3-2) 

Sj values provide a measure of the degree of clustering about eigen-

vectors (Vi). Also computed is an angle, 

	

ej = arccos ( aj/N) 	 (3-3) 

which Scheidegger (1965) termed the "standard scattering angle". 

Results are listed in Table A-1. 

Woodcock (1977) proposed a method of evaluating fabric shape and 

strength on the basis of the eigenvalue ratios; fabric strength (C) and 

shape (K) parameters are computed by the following formulae: 

	

C = ln (S1/S3) 	 (3-4) 

	

K = ln (Si/S9) 	 (3-5) 
ln (S2/S3) 

The value of C is proportional to fabric strength, with C tending toward 

0 for uniformly distributed data and reaching a maximum of about 6 or 7 

in naturally occurring distributions (Woodcock, 1977). For 0 	K < 1, 

fabric elements plot as girdles on the stereonet while they plot as 

clusters for 1 < K < 0). Eigenvalue ratios of clast fabric measurements 

from the Asbestos-Valcourt region are shown in Figure 3-3 and listed in 

Table 3-1. Figure 3-3 shows that A-axis fabric data plot mainly in the 

girdle/cluster transition zone (K = 1), with more than half of K values 

comprised between 0.5 and 1.0; C-axis data distinctly plot as clusters,. 
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with K values most commonly above 2.0. Although fabric strength varies 

between about 2 and 5 for both A-axis and C-axis data, C-axis fabric 

strength is somewhat higher. The strength (C) of A-axis clast fabrics 

measured during this investigation is noticeably higher than that cur-

rently recorded in debris flows or flow tills (Stewart, 1982, Lawson, 

1979). 

Since the main objective of till clast fabric measurements in this 

study is to recognize ice-flow directions recorded in till, further 

statistical tests are required. Prior to this however, the orientation 

of V1 is compared to contoured stereograms in order to check whether 

maximum eigenvectors fall within clast fabric modes or whether they fall 

between modes, as this may happen when fabric data are bimodal or multi-

modal. The only sample in which V1 falls between A-axis fabric modes is 

FT-28, a sample which is rejected as a result of testing procedures 

outlined below. 

Eigenvalue data were submitted to two additional tests prior to 

accepting preferred orientation as statistically significant: 

1) As proposed by Anderson and Stephens (1972), Si must be suffi-

ciently large to reject the null hypothesis that the data were 

randomly drawn from a uniform population. A table of signifi-

cance points for Si is available in Anderson and Stephens (1972: 

table 1). The null hypothesis was rejected at the 99% confi-

dence level for all samples (Table 3-1). 

2) The estimate of precision parameter (k) must be greater than 3 

(Andrews and Smith, 1970); for 0 < k < 3, analysis ceases as the 

distribution under consideration is probably not spherically 

normal. Values of k, which may be calculated from Si values, 

were read from a table prepared by Watson (1966: 	table 2). 

Only two clast fabrics, FT-28 and FT-37, were rejected as a 

result of low k values for A-axis orientation data. 
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The next step consists of establishing a 95% zone of confidence 

about V1 in order to verify: 

whether preferred A-axis orientation, V1(A), departs signifi-

cantly from the horizontal (or from the depositional plane if 

this is known), 

whether preferred C-axis orientation, V1(C), departs signifi-

cantly from the vertical (or from the pole to the depositional 

plane if this is known). 

The zone of confidence is an ellipse whose major axis ( *2) is parallel 

to V2 and whose minor axis ( iy3) is parallel to V3. By analogy with an 

equation given by Mark (1974), the angular distance ( 41) of the peri-

meter of the ellipse around V1 is given by 

sine ( j ) =( 
'Cm  (3-6) 

k . N . (Si-Si) 

  

where X,2  is the value of chi-square with two degrees of freedom at con- 

fidence level 	a(95%); the other variables were defined earlier. Com- 

puted values of 4'2 and +3 are listed in Table 3-1. Zones of confi-

dence about V1(A) and V1(C) are then plotted on the stereonet in order 

to verify whether or not they intersect the reference plane or axis 

being tested; significant dip for preferred A-axis and C-axis orienta-

tion is acknowledged only when the zone of confidence does not intersect 

the horizontal and does not include the vertical, respectively. Results 

of the test are given in Table 3-1. The procedure is analogous to that 

suggested by Mark (1974), except that the dip of largest eigenvectors 

(S1) is being tested directly rather than being tested on the unverified 

hypothesis that the smallest eigenvectors (S3) of A-axis data provide a 

correct estimate of the preferred orientation of C-axis data. 

The procedure outlined above is designed as an attempt to objecti-

vely distinguish transverse clast fabrics from parallel fabrics, hence 

to assign measured till clast fabrics to one of four fabric types which 
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commonly occur in lodgement and melt-out tills (Figure 3-4). Several 

studies of modern glacial sedimentation (Boulton, 1970b, 1971, 1976; 

Lindsay, 1970; Mills, 1977, 1978; Lawson, 1979) have indeed shown that: 

1) clast A-axes may lie parallel or transverse to the direction of 

ice-flow; in parallel fabrics measured in basal ice or in sub-

glacially deposited tills (basal melt-out and lodgement tills), 

clast A-axes commonly show preferred upglacier plunge (fabric 

type B); however clast A-axes may lie more-or-less subhorizon-

tally in both parallel (fabric type A) and transverse (fabric 

type C and D) fabrics; 

2) clast A/B planes (normals to C-axes) in basal ice and in subgla-

cially deposited tills commonly show significant upglacier im-

brication whether A-axes lie parallel (fabric type B) or trans-

verse (fabric type C) to the direction of ice-flow. 

Till clast fabrics measured during this investigation were assigned 

to fabric types A, B, C or D on the basis of internal fabric character-

istics (Figure 3-4), and directions of former ice-flow were inferred 

only after fabric types have been determined: 

Types A and D: In fabric types A and D, the zone of confidence 

about V1(A) intersects the horizontal plane and the zone of 

confidence about V1(C) does not depart from the vertical; type A 

fabrics cannot be usually distinguished from type D fabrics on 

the basis of internal characteristics. Yet, mainly because of 

greater C-axis orientation strength, the vertical sometimes 

falls outside of the zone of confidence about V1(C); if V1(A) 

and V1(C) lie in subparallel directions, fabric type A is in-

ferred. Five type A fabrics were recognized. 

Type B: In fabric type B, the zone of confidence about V1(A) does 

not intersect the horizontal plane and the zone of confidence 

about V1(C) departs from the vertical; V1(A) and V1(C) lie in 
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Table 3-1; Summary of statistics and interpretation of clast fabric analyses 

Sample 
Number 	Axis (N) 

Maximum eigenvector (V1) 

 

Fabric shape 	Fabric 	Inferred 
parameters 	type**** 	ice-flow 

direction 

 

Zone of confidence (95%)  

    

Azimuth Plunge Ho* k** w2 `F3 DIP*** C K 

FT-16 A (50) 345' 9°  +++ 11.2 6.5°  6.3°  Yes(H) 3.94 1.68 8 165°  
C (38) 161°  81°  +++ 12.1 7.1' 6.9°  Yes(V) 3.95 1.89 

FT-19 A (50) 347°  16°  +++ 7.6 8.4' 8.0°  Yes(H) 3.37 1.43 B 167°  
C (47) 150°  74°  +++ 12.6 6.2°  6.2' Yea(V) 3.17 20.15 

FT-20 A (50) 343°  10°  +++ 8.8 7.6°  7.2°  Yes(H) 3.83 1.25 8 163°  
C (41) 155°  80°  +++ 20.0 5.1°  5.0°  Yes(V) 4.13 8.31 

FT-21 A (50) 332°  18°  +++ 4.6 13.0' 11.0' Yes(H) 3.27 0.56 8 152°  
C (33) 140°  74° +++ 13.0 7.3°  7.2°  Yes(V) 3.63 3.24 

FT-22 A (50) 170°  11°  +++ 5.4 11.3°  9.7°  Yes(H) 4.45 0.42 8 350°  
C (38) 357°  80° ++t 18.3 5.6°  5.5' Yes(V) 3.89 4.65 

FT-23 A (50) 162' 12°  +++ 6.0 10.2°  9.2°  Yes(H) 3.58 0.77 B 342' 
C (37) 350°  79° +++ 13.0 6.9°  6.8°  Yes(V) 3.70 2.92 

FT-24 A (50) 116°  05°  +++ 3.8 16.3°  12.4°  No (H) 3.93 0.28 A, 	(D) 296°  
C (34) 006°  84° ++h 18.3 5.9°  5.8°  No (V) 4.33 2.46 

FT-25 A (50) 008°  16°  +++ 4.4 13.6°  11.4°  Yes(H) 3.16 0.54 B 168°  
C (29) 168°  80° +++ 11.9 8.3°  8.0° Yee(V) 3.86 1.98 

FT-27 A (50) 162' 20°  +++ 6.4 9.6°  8.8°  Yes(H) 3.66 0.84 B 342°  
C (35) 352°  69° +++ 11.6 7.5°  7.5°  Yes(V) 3.19 7.75 

FT-28 A (25) 255°  09°  +4-4- 2.1 53.6°  30.0°  No (H) 1.84 0.27 Rejected (k < 3) 
C (20) 038°  86' +++ 5.5 16.6°  16.2' No (V) 2.17 6.37 

FT-29 A (50) 357°  13°  +++ 11.2 6.6°  6.4°  Yes(H) 3.49 2.27 8 177°  
C (38) 189°  79° +++ 13.0 6.8°  6.7°  Yes(V) 3.89 2.22 



Table 3-1 (continued) 

FT-30 A (50) 097°  05°  +++ 4.1 14.4°  12.1' No (H) 2.66 0.70 A, 	(U) 277°  
C (30) 250' 88°  +++ 11.9 8.0°  8.0°  No (V) 3.28 5.97 

FT-31 A (50) 345°  19' +++ 6.0 10.1°  9.2' Yes(H) 3.45 U.bb B 1b5°  
C (35) 162 °  72° +++ 13.8 6.8°  6.8°  Yes(V) 3.45 6.50 

FT-32 A (50) 347' 09°  +++ 7.2 8.8°  8.2°  Yes(H) 3.55 1.09 B 1b7°  
C (43) 165°  81' +++ 13.2 6.4' 6.2°  Yea(V) 3.72 2.89 

FT-33 A (50) 344' 13' +++ 18.3 4.9' 4.8' Yes(H) 3.99 3.78 B 164' 
C (38) 142°  78°  +++ 20.0 5.3°  5.3°  Yes(V) 3.90 6.43 

FT-34 A (50) 352°  21°  +++ 4.8 12.5°  10.8°  Yes(H) 3.10 0.68 B 17'2°  
C (34) 160°  69' +++ 10.4 8.2°  8.1°  Yes(V) 2.88 37.56 

FT-35 A (50) 038°  05' +++ 5.5 11.0°  9.7°  No (H) 3.43 0.22 C 128°  
C (36) 167°  79°  +++ 14.2 6.7' 6.5' Yes(V) 4.00 2.30 

FT-36 A (50) 356°  11°  +++ 3.9 15.9°  12.3' No (H) 3.64 0.33 A 176°  
C (31) 161°  81°  +++ 18.5 6.1°  6.1°  Yes(V) 3.66 12.36 

FT-37 A (50) 010°  12' +-++ 2.7 25.2°  16.3°  No (H) 2.69 0.24 Rejected (k < 3) 
C (36) 191°  79° +++ 8.8 8.9°  8.6' Yes(V) 3.25 2.35 

FT-38 A (50) 015°  16°  +++ 3.9 15.1°  13.6' Yes(H) 2.53 0.69 B 195' 
C (35) 231°  75° +++ 8.7 9.1° 8.8°  Yes(V) 3.12 2.84 

FT-39 A (50) 359°  05°  +++ 3.1 19.7°  15.2°  No (H) 2.15 0.56 A, (C) 179°  
C (40) 222°  78° +++ 6.3 10.7° 10.2°  Yes(V) 2.72 2.19 

FT-40 A (50) 010°  14°  +++ 4.3 14.0°  11.6°  Yes(H) 3.19 U.11 B 190°  
C (37) 198°  77°  +++ 16.3 6.0°  6.0°  Yes(V) 3.58 8.52 

FT-41 A (50) 326' 23' +++ 6.3 9.9' 9.1°  Yes(H) 3.02 1.14 8 140°  
C (32) 156°  69°  +++ 9.4 9.1°  8.8°  Yes(V) 3.33 2.44 

FT-42 A (50) 070°  19°  +++ 4.2 14.1°  11.8°  Yes(H) 2.84 0.63 B 250°  
C (44) 240°  71' +++ 13.8 6.1°  6.0°  Yes(V) 3.53 4.90 



Table 3-1 (continued) 

FT-43 A (50) 305' 06' +++ 9.4 1.3' 6.9' No (H) 4.22 1.04 A 125°  
C (40) 161' 83° +++ 16.0 5.9°  5.8°  Yes(V) 3.77 4.40 

FT-44 A (50) 207°  12' +++ 5.9 10.3°  9.3' Yea(H) 3.30 0.90 B 27' 
C (34) 009' 75' +++ 14.4 6.8° 6.7' Yes(V) 3.94 2.52 

FT-45 A (50) 069' 13°  +++ 4.2 14.7' 11.6' Yes(H) 4.56 0.27 B 249' 
C (40) 249' 77' +++ 20.0 5.1° 5.0' Yea(V) 4.75 6.57 

FT-46 A (50) 255' 03' +++ 7.0 9.0° 8.3' No (H) 3.60 1.01 C 165' 
C (38) 158°  79' +++ 20.0 5.2°  5.2' Yes(V) 4.14 19.54 

FT-47 A (50) 352°  17° +++ 3.3 19.4°  14.0' Yes(H) 3.05 0.30 B 172' 
C (46) 173°  74° +++ 14.2 5.8°  5.8' Yes(V) 3.45 12.49 

FT-48 A (50) 047' 19' +++ 3.7 16.6' 12.8' Yes(H) 3.15 0.38 8 227' 
C (29) 267' 68' +++ 11.3 8.5° 8.3°  Yes(V) 3.36 3.80 

FT-49 A (50) 126°  21' +:+ 5.0 12.1° 10.4' Yes(H) 3.46 0.58 B 300' 
C (39) 294°  70° +++ 13.7 6.5°  6.4' Yes(V) 3.31 12.02 

FT-50 A (40) 318' 24° +++ 6.5 10.5° 9.8' Yes(H) 3.08 1.43 B 138' 
C (25) 144° 66' +++ 15.6 7.6' 7.5' Yes(V) 3.73 4.51 

Hypothesis of isotropicity for preferred orientation (V1) rejected at 99% confidence level (+i-f); 95% (++); 90% and lower (+). 

If k 3 3, distribution is spherically normal; if k < 3, distribution is probably not spherically normal and fabric is thus rejected. 

Zone of confidence about VI does (Yes) or does not (No) depart from the horizontal (H) or the vertical (V) for A-axis or C-axis data, 
respectively. 

Parallel (A or B) or transverse (C or D) fabrics according to internal fabric character (see Figure 3-4); when an alternative fabric type is 
also possible, the first of two letters indicates the most probable type, given the geological context. 

ig" 
m 
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subparallel directions. Type B fabrics are the most common of 

measured till clast fabrics (23 out of 32). 

Type C: In fabric type C, the zone of confidence about V1(A) in-

tersects the horizontal plane but the zone of confidence about 

V1(C) departs from the vertical; the direction of V1(C) is more-

or-less perpendicular to that of V1(A). Only two type C fabrics 

have been recognized. 

3.2.7 Organic matter content 

Organic matter content of the <0.063 mm fraction was measured in a 

series of samples from the Rivière Landry section (MP-79-16). The ana-

lytical procedure (modified Walkley Black method) described in McKeague 

(1978) was carried out on duplicate sample sets of 1.0 and 1.5 g; re-

sults of the two sets of measurements were almost identical and were 

thus averaged (Table A-4). 

3.2.8 Extraction and identification of microfossils 

Microfossils (foraminifers and ostracodes) were extracted from a 

series of 18 samples collected in the Rivière Landry section (MP-79-16). 

About 75-150 g of sediment, usually 100 g, were soaked overnight in a 

dispersing solution (sodium pyrophosphate, N/2.5) and washed through a 

200 mesh sieve (0.074 mm). Ostracode valves were hand-picked from the 

sediment. 	Foraminifer tests were separated by flotation in carbon 

tetrachloride; sediment was re-examined after flotation and remaining 

tests were hand-picked. 	Samples typically yielded between 0 and 10 

microfossil specimens; one sample contained about 150 ostracode valves 

but no foraminiferal tests. 

Ostracodes were identified after photographic plates prepared by 

Cronin (1977a: plates III and IV). Foraminifers were identified only 

to genus level. Plates prepared by Cronin (1977a: plates I and II; 

1979b: plates 1 through 6) were used during examination of foramini-

feral tests. 



CHAPTER 4 

LATE PLEISTOCENE GLACIAL UNITS AND INTERCALATED NON-GLACIAL SEDIMENTS 

4.1 Introduction 

Investigation of stratigraphie sections of the Asbestos-Valcourt 

region reveals that glacial units are a prominent component of the Late 

Pleistocene stratigraphie record. Three superposed lithostratigraphic 

units underlie sediments associated with the last deglaciation (Late 

Wisconsinan). These three units, from top to bottom, are: 

Drift unit C, a unit which constitutes the regional "surface 

till" and which comprises a lodgement till, as its main consti-

tuent, and related glacigenic sediments; 

- Unit B, a glaciolacustrine unit which includes muddy proximal 

deep-water sediments as well as sandy subaquatic outwash sedi-

ments; 

Drift unit A, a unit which includes the oldest sediments ob-

served in the study area and which consists of lodgement till 

and related glacigenic sediments. 

The locations of stratigraphie sections which will be discussed in 

the present chapter are shown in Figure 4-1. A more accurate location 

of these sections may be found in Figure 3-1 (in pocket). 

Largely because of the fairly monotonous bedrock lithology, the 

physical characteristics (e.g., colour, texture, compactness) of equiva-

lent facies of drift units A and C are similar and they are not useful 

for distinguishing the two units. Furthermore, several of the measured 

properties, such as grain-size parameters or heavy mineral and trace 

element content, show considerable overlap, even in a single section. 

The identification of units A and C in sections must therefore rely on 

50 
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stratigraphie position, at least initially; this identification is then 

tested against appropriate area-specific or site-specific criteria. The 

most useful criteria were found to be those pertaining to provenance and 

to ice-flow direction, such as: 

- nickel content of the silt-clay fraction of till, 

- till clast fabric orientation, 

attitude of subtill glacitectonic deformations, 

till clast lithology. 

Key stratigraphie relationships within and between sections are 

thus established not only on the basis of superposition but also on the 

basis of the characteristics of depositional (or erosional) events. 

Such a procedure is essential because stratigraphie units, particularly 

those underlying drift unit C (surface till), have only limited lateral 

continuity and thus cannot be visually traced from section to section. 

This procedure provides at least a partial check for the presence of 

significant stratigraphie hiatuses and pinch-outs and also for the pos-

sible repetition of units due to glaciotectonic overthrusting. In view 

of the fact that, in several of the investigated sections, stratigraphie 

units are exposed laterally over distances of only a few tens of meters, 

this procedure is seen as an essential precaution. Lastly, it must be 

added that the apparent absence of dateable organic material within 

drift units A and C as well as within the intervening glaciolacustrine 

sediments (unit B) precludes utilizing conventional geochronologic 

methods (such as radiocarbon or amino-acid dating) as stratigraphie 

tools. 

The procedure outlined above indicates that distinctive provenance 

and ice—flow patterns are associated with each of the two drift units; 

this in turn suggests that only two main drift units are present in 

sections of the Asbestos—Valcourt region. When glacial or non—glacial 

sediments observed in sections are assigned to units A, B or C, it is 

done on the basis of inferred geologic events (which are similar in 

scope to stadials and interstadials) rather than on the basis of strict—

ly lithostratigraphic criteria. There will thus be no attempt, at the 
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Figure 4-1: Location of stratigraphic sections described in this chapter. Also shown are the outcrop patterns of 
distinctive bedrock units and the location of the Ascot River sections (MP-81-1 and MP-82-3). 



53 

present time, to propose a formal lithostratigraphic nomenclature; not 

only would this not really serve the primary objectives of this thesis, 

but it would also contribute to undue lengthening of this text. 

As will be shown in this chapter, provenance and ice-flow patterns 

for drift units A and C differ significantly from those which had been 

previously suggested or which could be deduced from work carried out in 

neighboring regions (McDonald, 1967a; McDonald and Shilts, 1971; Lortie, 

1976; Shilts, 1981). 

4.2 Drift unit A 

Drift unit A is the oldest sedimentary unit exposed in four sec-

tions (MP-79-18, MP-79-9, MP-76-1 and MP-79-1). All four sections are 

located within the Outer Appalachian Uplands. A probable equivalent 

unit is exposed in a fifth section (MP-82-4) located within the Appala-

chian Piedmont. The possibility that Quaternary sediments older than 

drift unit A occur in the study area should not be ruled out; this 

investigation can only report a lack of direct evidence for earlier 

units. Furthermore, it must be kept in mind that the basal contact of 

drift unit A with bedrock is exposed in only two of these five sections. 

4.2.1 Norbestos section (MP-79-18) 

The Norbestos section is located on the north side of an abandoned 

open-pit asbestos mine. Except for a 500 to 600 m segment at the west 

end of the narrow east-trending pit, steep bedrock walls extend up to 

ground surface level. In the west half of the pit, the bedrock surface 

plunges westward to a depth of about 30 m, which is about the level 

reached by water now filling much of the pit, and is overlain by a thick 

sequence of Quaternary sediments. Except for a few places where small 

brooks flowing into the pit keep the section relatively clean, the sedi-

ments are concealed under a substantial slump cover. 
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Because the better exposed sediments showed considerable lateral 

variability in thickness and facies, three subsections (A, B and C) were 

measured and investigated in detail. Stratigraphie logs, along with 

clast fabric and other structural data, are shown in Figure 4-2. The 

Norbestos section is a most significant component of the regional stra-

tigraphie record because: 

1) essential characteristics of the three main regional units, 

particularly those of drift unit A and of unit B, can be esta-

blished quite clearly; 

2) the ENE-trending belt of ultramafic rocks (Asbestos ophiolite 

complex) which lies a few tens of meters south of the section 

provides an excellent opportunity to obtain unequivocal prove-

nance data for both drift units. 

The lower unit exposed in all three subsections is a very compact, 

matrix-dominated, fissile, gray, calcareous diamicton; it is inter-

preted, by its structures and fabric, to be a subglacial till, dominant-

ly of lodgement origin. It is unoxidized and typical for the region. 

Pebble content, as indicated by the weight of the +2.0 mm fraction of 13 

samples, is quite variable; it ranges from 7% to 46%, values of about 

25% being most common. Boulders tend to be concentrated at discrete 

levels; such "boulder zones" occur at similar depths in subsections B 

and C (13.6 m and 11.5 m, respectively), but they do not appear to form 

true boulder pavements. 	The till shows distinct textural layering, 

similar to that reported by Shilts (1978) in the neighboring Lac-

Mfigantic region. Numerous shear planes are visible in exposures where 

the till is "etched out" by running water, as in subsection C; here, it 

is obvious that shearing and textural layering are coeval and were pro-

duced during subglacial deposition. 

The till matrix (-2.0 mm) has an average content of 42% sand, 43% 

silt and 15% clay; its average grain size mean (Ma) and sorting .(6I) 

are 4.8cp and 3.l4, respectively. Observed range of granulometric data 

along with means and standard deviations are given in Table 4-1. As the 

ternary diagram (Figure 4-3) shows, the grain-size composition of drift 

unit A is quite variable, especially when compared to drift unit C. 
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Table 4-1: Comparative granulometric, heavy mineral, trace element and 
carbonate data for drift units A and C, Norbestos section 

DRIFT UNIT A (n=13) 	DRIFT UNIT C (n=12) 

X S.D. Range 	X S.D. Range 

GRAIN SIZE (-2.0 mm) 

MZ(cp) 4.8 0.5 3.9-5.8 4.0 0.4 3.6-4.7 
OI(cp) 3.1 0.3 2.7-3.7 3.0 0.2 2.7-3.4 

Sand (%) 42 6 30-52 55 6 45-61 
Silt (%) 43 5 32-48 34 3 29-41 
Clay (%) 15 5 8-24 11 3 8-18 

HEAVY MINERALS 
(0.250-0.125 mm) 

% heavies/fine sand 5.7 0.5 5.0-6.6 4.7 0.7 4.1-6.30 
% magnetic/heavies 7.4 1.2 5.9-10.1 9.4 1.4 6.3-11.0 

TRACE ELEMENTS 
(-0.063 mm) 

Ni (ppm) 50 26 20-87 33 5 26-41 
Cr (ppm) 24 8 14-38 18 4 14-26 

*Clay ratio (%) 26 7 14-39 25 4 22-34 

CARBONATES 
(-0.063 mm) 

Dolomite (%) 2 1 1-3 **0-2 
Calcite (%) 4 1 2-6 0-5 
Total (%) 6 3 3-9 0-7 

* Calculated as 	% clay ** Only 3 samples were not completely 
. 100 leached of carbonates. 

%clay+%silt 
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This greater variability is largely due to an increased clay con-

tent in the upper part of the till (Figure 4-4: samples C-2, C-10, C-3 

and B-4). This increase is interpreted as resulting from subglacial 

incorporation of fine-grained glaciolacustrine sediments by ice that 

readvanced toward north during the closing stages of this glacial epi-

sode. 

Strong evidence to support this interpretation comes from, a 6 m-

thick unit of deformation till which overlies "normal" lodgement till in 

subsection A and is absent in subsections B and C (Figure 4-2). The 

deformation till consists of stacked thrust-slices of glaciolacustrine 

muds, which greatly resemble the overlying ones (unit B). Major shear 

planes dipping toward south are clearly visible between thrust slices 

(Plate 4-1A). Within the deformed muds, there are three additional sets 

of features which indicate not only a glacitectonic origin for the unit 

but also the general northward direction of the subglacial stresses. 

These are: 

limbs and hinges of overturned and recumbent folds (metric to 

submetric amplitude) are strongly sheared toward north (up-

slope) while fold axial planes dip toward south (Plate 4-1B); 

2) synthetic sets of small low-angle normal faults with northward 

throw and dip are interpreted as shear faults (Plate 4-IA); 

3) 30 to 90 cm-thick lodgement till beds which occur between some 

of the thrust slices have sharp, erosional upper and lower 

contacts; the uppermost one contains a clay-till wedge which 

strikes N 100°  and dips about 75°  toward north (Figure 4-2). 

Northward-flowing ice is further corroborated by clast fabrics 

measured in the upper part of drift unit A in adjacent subsections. 

Three type B fabrics (FT-22, FT-23 and FT-27; see section 3.2.6 and 

Table 3-1) show a significant A-axis plunge toward south; preferred 

A-axis orientations are N 170°, N 162°  and N 162°, respectively. 

Because of the strong imbrication shown by A/B planes and because of the 
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Plate 4-1 

A) Stacked thrust-slices of the deformation till unit (drift 

unit A), Norbestos section (MP-79-18A). Thrust slices #1, 

#2 and #3 are bounded by south-dipping thrust faults (q). 

Minor, north-dipping, low-angle normal faults which occur 

in thrust slice #2 are interpreted as shear faults that 

were also produced by northward-flowing ice. Photographed 

at a depth of 14 m. Intervals on staff are 30 cm-long. 

B) Sheared limb and hinges of recumbent fold in deformation 

till unit (drift unit A), Norbestos section (MP-79-18A). 

The head of the hammer (33 cm-long) rests along the 

sheared upper limb of a syncline whose axial plane dips 

south (right). Photographed at a depth of 11 m. 

Arrows indicate direction of subglacial shear (toward north). 
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parallel orientation of the largest eigenvectors (V1) for A-axis and 

C-axis data (Figure 4-2), there is no reason to believe that these may 

be transverse fabrics. Clast fabric data thus provide independent evi-

dence of northward ice-flow during at least the closing stages of this 

glacial phase. 

Clast fabrics were also measured in the lower part of drift unit A 

in subsection C (Figure 4-2: FT-24 and FT-30). FT-24 and FT-30 show 

strong preferred A-axis orientation plunging at shallow angles (5°  in 

both cases) toward N 116°  and N 097°, respectively. Because clast A/B 

planes lie close to the horizontal, there is a possibility .that FT-24 

and FT-30 are transverse fabrics. However, the alternate interpretation 

that both are parallel fabrics indicating westward ice-flow is preferred 

for the following reasons: 

1) minute crag-and-tail striations trending N 265°, which cut 

across larger ones trending N 135°, are present on a bedrock 

outcrop less than 50 m east of subsection A; this indicates 

that there was at least one westward ice-flow episode in the 

immediate vicinity of the section; 

2) westward-trending striations are common on outcrops of the 

Asbestos region (Lamarche, 1974; Lortie, 1976; see also Figure 

3-1) and it is clear that at least some of them, perhaps all of 

them, are older than northward-trending striations (Plate 

4-2A); 

3) reports of clast fabrics measured in basal tills•(lodgement or 

melt-out) deposited by modern glaciers (Boulton, 1970b, 1971; 

Lawson, 1979) indicate that the vast majority are parallel 

fabrics; 

Although most compositional attributes of drift units A and C show 

much overlap (Table 4-1), the Ni and Cr content of the silt-clay frac-

tion of till shows vertical variations that permit a clear distinction 

between the two units (Figure 4-4). Ni content is highest (65 to 87 
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Plate 4-2 

A) Striations trending N 020°  at the bottom of a westward-

trending (N 280°) groove, south of Les Trois Lacs, near 

Asbestos. 	The pencil (14.5 cm-long), at the bottom of 

this large groove, points toward west (right). Abundant 

crag-and-tail striations were observed within this groove 

and elsewhere on this group of outcrops (meta-volcanics). 

A few feet from this site, small crag-and-tail striations 

which trend in the same direction as simple striae within 

the groove suggest that the westward ice movement was 

followed by a northward ice-flow episode. Elsewhere on 

this group of outcrops, a few simple striae, which trend N 

165°, cut across glacialy polished surfaces that were 

produced by the northward ice-flow event; however, the 

flow direction of the glacier which produced the latter 

striae cannot be established on the basis of glacial 

striations at this site. 

B) Slightly oxidized (?) till of drift unit A overlain di-

rectly by non-oxidized till of drift unit C, Chemin des 

Ecossais section. Hammer head indicates the contact bet-

ween the two till sheets. Hammer is 33 cm-long. 
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diamicton. The olive lodgement till still contains between 4.0 and 8.3% 

carbonates (silt-clay fraction) and thus seems only moderately leached 

and oxidized. Colour changes and HC1- effervescence variations suggest 

that leaching and oxidation are less intense in the upper 1.5 m of the 

stratified diamicton than in the lower 1.1 m: sediment is olive and 

slightly calcareous in the upper part while it is buff and non-

calcareous in the lower part. The fact that oxidation seems more in-

tense in the sandy gravel bed (at 7.5 m) and in the underlying strati-

fied diamicton suggests that it is caused by aeration of "modern" 

groundwater flowing through more permeable sediments that are underlain 

by an aquiclude (lodgement till). This interpretation is further sup-

ported by the fact that limestone pebbles are unweathered both in the 

stratified diamicton and in lodgement till. 

Lodgement till of drift unit A shows some textural layering, parti-

cularly in the upper 1.2 m. As is shown in Figure 4-5, matrix grain 

size is rather homogeneous: Mz  and ôi average 5.6cp and 3.7cp 	res-

pectively, which corresponds to an average content of 3b% sand, 38% silt 

and 26% clay. Lodgement till matrix is finer-grained than that of a 

diamicton layer sampled in the overlying stratified diamicton (sample 

#10: 46% sand, 43% silt, 11% clay). 

The stratified diamicton unit consists mainly of poorly sorted, 

pebbly, matrix-supported diamicton containing numerous layers and lenses 

of pebbly sand or sandy gravel. Because the unit was exposed laterally 

for only a few meters, it is difficult to tell whether or not some of 

the diamicton layers were emplaced as flow-tills, and whether the unit 

was deposited in a subaerial or a subaquatic environment. Observed fea-

tures, together with the apparent lack of silt laminae within the unit, 

suggest that the stratified diamicton was deposited in a supraglacial 

environment. Particularly because of the presence of abundant gray and 

brownish sandstone pebbles which also abound in till of drift unit A but 

which are seemingly absent in till of drift unit C (see Table 4-3), 

clast lithology of the stratified unit resembles that of the underlying 

till sheet much more than that of the overlying one. Because of this 

and also because the overlying till sheet includes upsheared lenses and 

clasts of laminated silt and clay that are thought to lie stratigraphi- 
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cally above the stratified diamicton, the unit is assigned to drift unit 

A rather than to drift unit C. 

Clast fabrics were measured at two levels within lodgement till of 

drift unit A (Figure 4-6). FT-45 is a type B fabric measured in the 

lower, gray subunit. Preferred A-axis orientation (V1) plunges at a 

rather shallow but significant angle of 13°  toward N 069°; clast A/B 

planes are also closely imbricated toward ENE. This suggests that gla-

ciers advanced westward during at least part of glacial phase A. 

FT-44 was sampled within the upper, olive lodgement till and it is 

also a type B fabric. Preferred A-axis orientation (V1) plunges at an 

angle of 12°  toward N 207°  and clast A/B planes have a significant im-

brication toward SSW. FT-44 thus suggests that ice-flow tiad shifted 

toward north during the latter part of glacial phase A. 

Because compositional data obtained from till matrix analyses did 

not yield results which can be readily interpreted in terms of till 

provenance, the lithology of clast fabric samples was investigated. 

Results are listed in Table 4-3. Since samples include only elongated 

pebbles, some lithologic types are likely excluded from the samples; 

however, the resulting bias is expected to be evenly shared by all four 

samples. Because of the relatively small sample size (50 pebbles per 

sample), small variations between samples should not and will not be 

taken into account. As Table 4-3 reveals, the lithology of elongated 

pebbles in drift units A and C is nearly similar in some respects but 

differs significantly in others. Both units contain abundant pebbles of 

dark gray limestone and calcareous slate (#1) and phyllite and slate 

(#3-A) as well as occasional pebbles of red slate (#4). However, drift 

unit A also contains pebbles of sandstone (#2), quartz and quartz-veined 

phyllites (#3-B), graywacke (#3-C), volcanic rocks (#5) and muscovite 

schist (#6). 

After due consideration is given to bedrock outcrop patterns in the 

vicinity of the section, two out of ten observed lithologic types can be 

used as till provenance indicators: 
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Figure 4-6 : Till clast fabrics from the Rivière des Rosiers section. (See legend in Figure 4-12) 
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Table 4-3: Lithology of elongated pebbles in tills 
of the Rivière des Rosiers section 

Drift unit A 
(Gray till) 	(Olive till) 

FT-45 	FT-44 

Drift Unit C 
Gray till 

FT-46 	FT-47 

Indicators of northwest 
provenance (Bulstrode Fm) 

1-A) Dark gray limestone 
or calcareous slate 12 4 8 5 

1-B) Gray slate with 
calcite veins -- -- 2 2 

(SUBTOTAL) (12) (4) (10) (7) 

Indicators of southeast 
provenance 

2-A) Brownish sandstone -- 7 -- -- 

2-B) Gray sandstone -- 3 -- -- 
(SUBTOTAL) (0) (10) (0) (0) 

Other lithologies 

3-A) Gray and greenish 
phyllite or slate 29 24 39 42 

3-B) Quartz or quartz-
veined phyllite 5 3 -- -- 

3-C) Gray and greenish 
graywacke 4 5 -- -- 

4) 	Red slate -- 1 1 1 

5) 	Volcanic -- 2 -- -- 

6) 	Muscovite schist -- 1 -- -- 
(SUBTOTAL) (38) (36) (40) (43) 

TOTAL 50 50 50 50 
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1) dark gray limestone and calcareous slate of the Bulstrode For-

mation constitute unequivocal indicators of northwest prove-

nance; starting less than 1 km northwest of the section, these 

distinctive rocks crop out as a 20 to 25 km-wide belt (Glo-

bensky, 1978; see also Figure 2-1: map-unit #12); 

2) impure sandstone of the Caldwell Group is an excellent indi-

cator of southeastern provenance, particularly if clasts are 

present in significant amounts; this reservation stems from the 

fact that sandstone is also common within rocks of the Granby 

Group which outcrop some 25 km northwest of the section. 

Pebbles of dark gray limestone and calcareous slate derived from 

the Bulstrode Formation are common in samples of both drift units. 

Their presence in the lower, gray till of drift unit A is of particular 

interest: it indicates that ice advanced southeastward, at least as far 

as this section, during glacial phase A. This is in apparent contradic-

tion with the westward ice-flow event deduced from clast fabric analysis 

(FT-45). A possible explanation is that glaciers first advanced south-

eastward across the Appalachian Piedmont and beyond at least this sec-

tion and that this ice was subsequently replaced by westward-flowing 

ice. The alternative is that near-identical pebbles were transported 

from an unmapped bedrock source located somewhere east of the section. 

Recycling from older sediments is excluded because of the relative abun-

dance of these pebbles in drift unit A. 

Several distinctive pebbles of brownish and gray sandstone, typical 

of Caldwell Group rocks, are present in the olive till member of drift 

unit A and in the related stratified diamicton; and they are absent in 

other lodgement till units of this section (Table 4-3). Their absence 

in drift unit C which was unequivocally deposited by ice advancing 

toward southeast (see section 4.4.2) confirms their local value as 

southeast provenance indicators. Because of this and also because there 

is a significant two- to threefold decrease of northwest provenance 

indicators in the olive till, the possibility that the sandstone pebbles 

are derived from distantly located Granby Group rocks must be excluded. 
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Pebble lithology thus indicates that the olive till member has a south-

eastern provenance, a conclusion that is in close agreement with the 

northward ice-flow event recorded by a till clast fabric (FT-44). 

As shown in Figure 4-5, heavy mineral content is distinctly lower 

in till of drift unit A (2 = 3.6%) than in that of drift unit C (x = 

5.4%). The reason for this difference is not known; however, it seems 

unrelated to the magnetic mineral content which is nearly equal in tills 

of drift units A (x = 9.4%) and C (x = 9.5%). 	A small Ni peak in 

the olive till subunit of drift unit A (samples #13 and #12: 33 and 29 

ppm Ni, respectively) may indicate some contribution from ultramafic 

sources located southeast of section MP-79-9 (see Figure 4-1); however, 

this higher Ni content (which is not paralled by a higher Cr content) 

may also be related to oxidation processes or to a higher clay content 

in the silt-clay fraction (Figure 4-5). 

In any event, evidence gathered from this section as well as from 

the Norbestos section indicates that there was some transport of glacial 

debris during the northward ice-flow event which occurred during the 

latter part of glacial phase A. 

4.2.3 Willow Brook section (MP-76-1) 

The Willow Brook section is located within the Outer Appalachian 

Uplands, about 5 km southeast of the Asbestos ophiolite belt (Figure 

4-1). In the vicinity of the section, the brook is entrenched into a 

till plain which has but a few glacigenic streamlined features; these 

are two small SE-trending drumlins located less than 1 km northwest of 

the section. 

The section was summarily described in a previous report by this 

author (Parent, 1978: Figure 8) but was re-investigated and sampled for 

the purposes of the present study. 	A,stratigraphic log, along with 

clast fabrics and other structural data, is presented in Figure 4-7. 

The 13.6 m-high section shows drift units A and.0 separated by a 6.8 

m-thick sequence of glaciolacustrine sediments (unit B). 
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Drift unit A is exposed at the base of the section near river 

level; it consists of a single lodgement till unit. The till is a very 

compact, fissile, gray, calcareous, matrix-supported diamicton which has 

an exposed thickness of 1.8 m. "Etching" of the till exposure produced 

by flood-stage streamflow allows within-till structures to be observed. 

A conjugate set of loosely-spaced vertical joints extends upward to the 

level of well-defined shear planes (Figure 4-7). Main joints trend N 

055°  and secondary ones trend N 095°. The shear planes occur in the top 

40 cm of the unit and dip toward east at shallow (<10°) angles. 

The joints are thought to be shear joints induced by subglacial 

stresses; if so, the stresses were directed either toward N 075°  or 

toward N 255°. The latter is preferred because shear planes above dip 

toward east and because axial planes of small overturned folds are also 

inclined toward east. The folds occur in a narrow zone where the till 

includes a few thin sandy lenses; they strike N 165°  and dip 78°  toward 

east and are interpreted as subglacial drag folds produced by a glacier 

moving toward WSW. 

This ice-flow direction is corroborated by a clast fabric (FT-48) 

measured just below the shear zone. FT-48 is a type B fabric with pre-

ferred A-axis orientation (V1) plunging toward N 047°  at an angle of 

19° . Since clast A/B planes dip at about the same angle toward east, 

there remains little doubt that FT-48 is a parallel fabric produced by 

ice moving toward WSW. 

In the field, the lower till appears as a more homogeneous dia-

micton than the upper till and the lower variability of compositional 

data in drift unit A compared with that in drift unit C is in part a 

reflection of this (Figure 4-8). Of course, the smaller exposed thick-

ness and lower number of samples must also contribute to this low varia-

bility. Matrix of the lower till has an average content of 43% sand, 

49% silt and 8% clay, which corresponds to a mean grain-size 

sorting (6I) of 4.69 and 2.49, respectively. 	The relatively high 

carbonate content (x=7%) of the silt-clay fraction indicates that the 

lower till is unleached 'and unoxidized. 
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Ni and Cr contents in the lower till average 65 and 29 ppm respec-

tively, which is above regional background but considerably less than in 

the upper till where Ni and Cr contents average 142 and 50 ppm respecti- 

vely. 	Those values thus indicate that some ultramafic debris were 

transported to this site during glacial phase A, an interpretation which 

is confirmed by the presence of occasional ultramafic clasts and rare 

Precambrian clasts in drift unit A. 

Considering the proximity and the outcrop pattern of the ultramafic 

belt on one hand and, on the other, the structural and clast fabric 

data, it seems difficult to escape the following provenance history: 

1) ultramafic debris were transported by ice advancing toward the 

southeast sector during an earlier part of glacial phase A; 

2) a subsequent episode of westward ice-flow caused the observed 

depletion of ultramafic components in till of drift unit A. 

The scarcity of Precambrian clasts in the lower till further suggests 

that the early southeastward ice-flow phase may have been a short-lived 

event. 

4.2.4 Chemin des Ecossais section (M2-79-1) 

The Chemin des Ecossais section is located well within the Outer 

Appalachian Uplands, about 7 km northwest of Sherbrooke (Figure 4-1). 

The section was exposed for a few weeks during the summer of 1979 while 

a Transquébécoise Highway underpass was under construction. 

The base of "section MP-79-1 consists of glacially abraded bedrock 

(gray slate and metagraywacke) which is directly overlain by two super-

posed tills sheets which are in turn overlain by glaciolacustrine sedi-

ments (Figure 4-9). The contact of the two till sheets is marked by an 

unusually abrupt colour change: 	the upper till is olive gray in its 

basal zone while the underlying till is olive (Plate 4-2B). The colour 
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of the lower till is analogous to that which is commonly observed for 

slightly oxidized till, much as in the basal part of post-glacial weath-

ering profiles in the region. However, the rather uniform 2.3% car-

bonate content of the lower till (Figure 4-9b) suggests that its olive 

colour may not have a pedogenic origin. 

The two tills differ not only in colour but also in stoniness and 

clast composition. Although both tills are matrix-supported diamictons, 

the lower till is distinctly more pebbly and cobbly. Its clast litho-

logy is also less diverse: most significantly, ultramafic clasts are 

absent in the lower till while they are quite common in the upper till. 

This is corroborated by the uniformly low Ni content (R=37 ppm) 

of the lower till compared to the fairly high Ni content (R=75 ppm) of 

the upper till (Figure 4-9b). Because of this section's proximity and 

location relative to ultramafic rock outcrops (see Figure 4-1), the 

absence of ultramafic clasts and the low Ni content constitute evidence 

that the lower till has neither a northwest nor a west provenance. This 

is further confirmed by the fact that SE-trending tails of the younger 

(drift unit C) Asbestos ultramafic dispersal train run through a wide 

belt of terrain on both sides of the section (see Figure 4-21). 

There are other compositional differences between the lower and 

upper tills, but these are of somewhat lesser interest. Matrix of the 

lower till contains an average of 43% sand, 42% silt and 15% clay and 

has an average grain-size mean (Mz) of 4.69 and an average sorting 

(ai) of 3.29. The upper till has a slightly coarser matrix: it con-

tains 46% sand, 47% silt and 7% clay and its average Mz  and di are 

4.3q and 2.49, respectively. Mainly because the lower till has a poorer 

sorting and a higher clay content, particularly in its upper half, this 

small grain-size difference is at a maximum near the contact between the 

two units (Figure 4-9b). 

Carbonate content of the lower till is almost identical to that of 

unoxidized upper till (sample #5): 	average carbonate content is low 
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(2.3%) and this is likely a result of the remoteness of significant 

sources of carbonate bedrock (see Figure 2-1). 

The fine sand fraction of both tills contains identical heavy mine-

ral weight (3.4%). However, the average weight of the magnetic fraction 

in the lower till is only 7.7%, which is about half as much as in the 

upper till (16.1%). This contrast is likely related to the presence of 

ultramafic debris in the upper till, an interpretation which is similar 

to that of McDonald (1967a) and Shilts (1973a, 1975) for nearby areas. 

Additional evidence on ice-flow directions during deposition of the 

lower till comes from glacial striations and till clast fabric. At the 

base of the measured section, an excellent exposure of glacially po- 

lished bedrock shows two sets of striations (Figure 4-9a). 	One set 

consists of abundant scratches and fine striae trending between N 90°  

and N 115°; this set is crosscut by another one consisting of a few 

deeper striae which trend N 140°. In both cases, there were no direc-

tional features, such as crag-and-tail striations, which would allow 

determining the direction of glacial movement. However, the absence of 

ultramafic debris in the lower till at this section strongly suggests 

that glaciers which produced the early set of east-trending striae ad-

vanced toward west rather than toward east. 

A clast fabric sample (FT-19) provides evidence on the direction of 

ice-flow during the event that produced the younger set of striations. 

FT-19 is a type B fabric with preferred A-axis orientation (V1) plunging 

toward N 347°  at an angle of 16°. 	Since clast A/B planes also dip 

toward northwest, and at the same angle, FT-19 is interpreted as a pa-

rallel fabric produced by ice moving toward SSE. However, the absence 

of northwest provenance indicators throughout the lower till suggests 

that this southeastward ice-flow event was short-lived or, perhaps, that 

glacial transport was much more sluggish than during the later phase of 

southeastward ice-flow which deposited the upper till. Another possibi-

lity is that the glacial advance which deposited the upper till (drift 

unit' C) caused re-orientation of all clasts within the upper meter of 
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the lower till, a suggestion which requires that a large number of 

closely-spaced shear planes be present within the lower till or that 

extensive post-depositional flowage occurred within the lower till; no 

field evidence was found that may support this "re-orientation hypothe-

sis". Either interpretation finds some support in the fact that, where 

the upper till directly overlies bedrock, as at the west end of the 

roadcut (Figure 4-9a), the east-west striations were apparently obli-

terated by subglacial erosion and replaced by a set of striations tren-

ding between N 140°  and N 150°. 

To summarize, combined evidence from glacial striations, from a 

till clast fabric and from till provenance data suggests that: 

1) the lower till records an early phase of westward ice-flow; 

2) this westward ice-flow phase was probably followed, at least 

briefly, by a phase of southeastward ice-flow. 

In spite of the absence of inter-till sediments or paleosol that would 

positively indicate a subsequent deglacial interval, the lower till is 

considered as an equivalent of drift unit A. The main reasons to do so 

are (1) that it records a significant westward ice-flow phase, as in 

drift unit A of previously described sections and (2) that the overlying 

till, which has an unequivocal northwest provenance and which is confor-

mably covered by glaciolacustrine sediments, is obviously equivalent to 

drift unit C. 

4.2.5 Rivière Noire section (MP-82-4) 

The Rivière Noire section is located within the Appalachian Pied-

mont, about 14.5 km southeast of Acton Vale (Figure 4-1). In the vici-

nity of section MP-82-4, the river is entrenched to a depth of about 25 

m into a till plain which features several SE-trending crag-and-tail 

ridges and drumlins (see Figure 3-1). A blanket of marine sand, as 

mapped by McDonald (1966), covers part of the till plain surface on both 

sides of the valley. McDonald (1967a: p. 143-144) previously investi- 
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gated this section and considered that it recorded a readvance to the 

Highland Front Moraine. 

This section remains one of a few two-till localities of the Appa-

lachian Piedmont; other known localities include the Ange Gardien. sec-

tion (Prichonnet, 1982a) and all are within the Granby map-area, west of 

the study area. The 24.5 m-high Riviare Noire section shows two till 

sheets (drift units A and C) separated by a 17.8 tar-thick sequence of 

glaciolacustrine sand (Figure 4-10). 

The top 5 m of the section are currently concealed by thick, 

vegetation-covered slumped sediments. As a result, the top and basal 

contacts of the upper till could not be investigated adequately during 

this study; the upper 6 m of the stratigraphic log are thus mostly drawn 

from observations recorded by McDonald (1967a). Although the upper till 

unit was poorly exposed, an in situ till sample (#1) could be recovered. 

Below 6 m however,tthe section is fairly well exposed. 

The lower till unit has an exposed thickness of 1.5 m and extends 

below river level. It is a compact, fissile, gray, calcareous, matrix-

supported diamicton. A single sample (#4) indicates that its matrix 

contains 31% sand, 53% silt and 16% clay, which corresponds to a granu- 

lometric mean (Mz) of 5.29 and a sorting (di) of 2.99. 	The lower 

till thus seems distinctly finer grained than the upper till (5d% sand, 

32% silt and 12% clay; Mz  = 4.3g and 61  = 2.89). $owever, McDonald 

(1967a) had reported the presence of a 60 cm-thick silt-rich till layer 

at the base of the upper till unit. 

The lower till is unoxidized and appears unleached of carbonates; 

its silt-clay fraction contains only 2.4% total carbonates, which is 

hardly a surprise since there are few carbonate bedrock sources in the 

vicinity of the section. Bright orange-red iron-oxide staining observed 

in the basal 1.5 m of the overlying cross-bedded sands does not seem 

related to an interstadial weathering episode; rather it appears to 

result from the aeration of modern groundwater. 
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The lower till contains abundant clasts of green and red slate, 

typical of rocks of the Shefford Group and particularly of the Granby 

Formation (part of Shefford Group). These rocks outcrop in a wide NE-

trending belt (see Figure 2-1) whose southeastern limit passes only 1.5 

km northwest of section MP-82-4. This indicates that the lower till has 

a northwest provenance, an interpretation which is further supported by 

the presence of occasional Precambrian clasts and by the apparent ab-

sence of clasts derived from rocks of the Oak Hill and Caldwell Groups 

which outcrop only 3 km southeast of the section. 

Moreover, a till clast fabric (FT-50) also indicates that the lower 

till was deposited by a glacier that advanced from northwest. FT-50 is 

a type B fabric with preferred A-axis orientation (V1) plunging toward N 

318°  at a significant angle of 24°; clast A/B planes are also inclined 

toward northwest at an angle of 24°. These results are thus consistent 

with those of a two-dimensional till fabric reported by McDonald (1967a: 

figure 20). 

The lower till of section MP-82-4, unlike that of all four pre-

viously discussed sections, contains no apparent record of a westward 

ice-flow episode and thus cannot be assigned to .drift unit A on that 

basis. The difficulty is further compounded by the fact that the upper 

till, as indicated by nearby SE-trending crag-and-tail ridges and drum-

lins and by subtill thrust faults (Figure 4-10), was deposited by a 

glacier advancing toward southeast, as is the case for the lower till. 

Thus the suggestion by McDonald (1967a) that the lower till is equi-

valent to Lennoxville Till (surface till) and that the upper till sheet 

records a readvance to the nearby Highland Front Moraine remains at 

least a possibility. 

However this author believes that the upper till sheet does not 

record a Late-Lennoxville readvance, but that it is equivalent to the 

regional surface till (drift unit C) and that the lower till sheet is 

equivalent to drift unit A. The main reasons for this interpretation 

are the following: 
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1) in upland sections that are located close to the Piedmont (MP-

76-1 and MP-79-9), the lower till also contains the record of a 

southeastward ice-flow episode; 

2) glacial striations indicating a westward ice-flow episode have 

not been reported from the Rivière Noire area (Lortie, 1976: 

carte 1); this may thus be an indication that there was no 

westward ice-flow event in this area; 

3) surface till which can be observed in crag-and-tail ridges and 

drumlins located less than 1 km from the section has a sandy 

matrix, much like that of the upper till sheet (drift unit C); 

4) perhaps more importantly, there is no evidence to indicate that 

the nearby Ulverton-Tingwick Moraine (local name for ice-

marginal features which include sediment bodies formerly as-

signed to the Highland Front Moraine; see section 5.1.3) was 

formed during a significant glacial readvance; on the contrary, 

deglacial landforms and sediments (see Figure 3-1), surface 

till characteristics and glacial striations on record suggest 

that the Ulverton-Tingwick Moraine is simply a recessional 

ice-front position and that it does not represent a regional 

drift boundary. 

The above interpretation which suggests that the upper till sheet is 

equivalent to drift unit C and that the lower till sheet is equivalent 

to drift unit A appears as a working hypothesis that is in much better 

agreement with the overall geologic record. 

4.2.6 Summary of provenance interpretation and ice-flow sequences: 
evidence for Appalachian centers of glacial outflow 

Characteristics of drift unit A were previously presented and dis-

cussed from a mainly site-specific point of view. The main ice-flow 

patterns and sequences which emerged from the analysis of both composi- 

tional and directional data are summarized in Figure 4-11. 	Evidence 
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gathered from the five previously discussed sections reveals some con-

sistent ice-flow and provenance characteristics of drift unit A as well 

as significant local variations. These are now examined in a more re-

gional context. 

Early phase of southeastward ice-flow 

The only section which contains unequivocal evidence of southeast-

ward ice-flow during glacial phase A is located within the Appalachian 

Piedmont (Riv. Noire / MP-82-4). At this site, both clast fabric and 

clast composition indicate that the lower till has a northwest prove-

nance. However, only the top part of the till is exposed and, because 

of this constraint, it is not known whether or not any other ice-flow 

event, westward ice-flow for instance, occurred earlier in that area of 

the Piedmont. Nevertheless, it can concluded that Laurentide ice ad-

vanced southeastward at least as far as this section during the latter 

part of glacial phase A and that this may well be the only ice-flow 

event recorded in the lower till at the Rivière Noire locality. 

An early southeastward ice-flow event is inferred from clast compo-

sition of the lower till in two other sections (Riv. des Rosiers / MP- 

79-9 and Willow Brook / MP-76-1). 	In both sections, the lower till 

contains only scarce Precambrian clasts but it does contain clasts which 

must have been transported southeastward from local Appalachian sources. 

Both sections are located within the Outer Appalachian Uplands but are 

situated in valleys that open widely toward northwest; this may have 

favored an early incursion of Laurentide ice in at least some valleys of 

the Outer Uplands. The scarcity of Precambrian clasts in the lower till 

at Norbestos further suggests: 

- that Laurentide ice impinged only slightly upon the Outer Appa-

lachian Uplands during the early part of glacial phase A, 

r 

- or that its advance was soon blocked and superseded by an ice 

mass that was advancing westward from Appalachian ice centers. 
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It must also be kept in mind that the base of lower till at Norbestos is 

not exposed and that an earlier ice-flow event, toward southeast for 

instance, may not have been directly recognized yet. The SE-trending 

striations which are crosscut by westward-trending striations are per-

haps a record of this early southeastward ice-flow event. 

Main phase of westward ice-flow: local evidence for 
Appalachian centers of glacial outflow 

Westward-flowing ice deposited much of the lower till at all four 

sections located within the Outer Appalachian Uplands (Figure 4-11: 

sections #1 through #4). In sections that extend across much of the 

study area, from the vicinity of Asbestos to that of Sherbrooke, till 

clast fabrics and attitudes of glacitectonic deformations indicate a 

consistent pattern of westward to slightly southwestward ice-flow during 

deposition of drift unit A (Figure 4-11). 

As indicated by clast lithology and by trace element data in con-

veniently located sections such as Norbestos, glacial phase A produced 

significant westward transport of local Appalachian indicators. In the 

three other Uplands sections, drift unit A is dominated by debris 

derived from local and eastern bedrock sources. Even in sections where 

an earlier phase of southeastward ice-flow is inferred, drift unit A 

contains few debris derived from northwest sources. 

Evidence of westward ice-flow begins at or near the base of the 

lower till in sections where the unit is exposed more completely. To-

gether with provenance and with directional data, this suggests that the 

westward ice-flow phase constitutes a prominent characteristic of gla-

cial phase A in uplands of the Asbestos-Valcourt region. However, evi-

dence from the Rivière Noire section indicates that westward-moving ice 

may not have reached that part of the Appalachian Piedmont; here again, 

it must be kept in mind that only the top part of the lower till sheet 

is exposed above river level. 
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Because of the consistent pattern of westward ice-flow recorded in 

drift unit A and because of the general eastern provenance of the unit, 

it is very tempting to suggest that Appalachian centers of glacial out-

flow were in existence throughout much of glacial phase A. The hypo-

thesis is by no means entirely new; however, previous suggestions for 

Appalachian-based glaciers in this area were made in a different context 

and their discussion is thus withheld until after regional correlations 

have been considered (see sections 6.2 and 6.4). Only evidence from the 

Asbestos-Valcourt region is thus considered herein: 

1) because a lasting phase of westward ice-flow is recorded in a 

belt of hilly terrain which is at least 50 km-wide and because 

this event is recorded in a variety of topographic situations, 

outflow from Appalachian centers appears as a realistic working 

hypothesis; 

2) westward-trending striations occur throughout much of this 

region and are particularly abundant in uplands east of As-

bestos (see Figure 1-3); these striations have been interpreted 

mainly as features of the last deglaciation by previous workers 

(Lamarche, 1974; Lortie, 1976); yet, the upper till sheet 

(drift unit C) as well as subsequent deglacial features contain 

no record of the "expected" phase of westward ice-flow (see 

section 4.3 and Chapter 5); 

3) considering that the edge of the Canadian Shield is only about 

100 km northwest of the edge of the Outer Appalachian Uplands 

and of the Richmond Hills, and considering that there are al-

most no topographic obstacles between the Shield and the 

Asbestos-Valcourt region, the scarcity of Precambrian clasts in 

drift unit A, particularly when compared with the overlying 

drift unit C, is considered as highly significant supporting 

evidence; this further suggests that Appalachian outflow cen-

ters are to be preferred over possible readjustments of Lauren-

tide Ice Sheet flowlines in order to explain the westward ice-

flow pattern. 
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Late phase of northward and southward ice-flow 

In the two sections north of Asbestos, directional and composi-

tional data from drift unit A indicate that the main phase of westward 

ice-flow was followed by a phase of northward ice-flow. iecause a re-

cord of intermediate directions is lacking at both the Norbestos and 

Rivière des Rosiers sections, the change of direction is thought to have 

occurred quite suddenly. At Norbestos, slices of glaciolacustrine sedi-

ments were deformed and dragged at the base of the northward-moving 

glacier. This indicates that a glaciolacustrine water body entered into 

at least part of the Rivière Nicolet-Centre valley towards the close of 

the westward ice-flow phase or, alternatively, that there were local 

subglacial water bodies during the phase of northward ice-flow. If the 

first interpretation is retained, the proximal character of the deformed 

sediments then indicates that the northward readvance across the valley 

occurred only shortly after recession of the westward-flowing ice. In 

any event, the ensuing northward flow event lasted long enough to bring 

about significant compositional changes in the upper part of drift unit 

A at both Norbestos and Rivière des Rosiers. 

The northward flow event is not recorded at other drift unit A 

localities. At Chemin des Ecossais, southward ice-flow replaced west-

ward ice-flow for at least a short time prior to the end of glacial 

phase A. However, the ice-flow shift was apparently not paralleled by a 

significant compositional change at this locality. This is perhaps to 

be expected since monotonous slate-dominated bedrock outcrops for 

several kilometers east and north of the section. What is clear is that 

either the southward flow event did not last long enough for ice to 

transport ultramafic debris to this section or that the southward-

flowing ice had not moved across ultramafic rocks. 

The latter is possible only if an ice-divide was formed in the 

Appalachian Uplands between, say, Sherbrooke and Asbestos. This hypo-

thesis is worth considering since both the northwara and southward ice-

flow events occur in a similar stratigraphie position. In this context, 

the southern limit of occurrence of northward-trending striations, as 
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Jeffrey Mine because of hazardous conditions; moreover, important dis-

turbances resulting from several phases of man-made reworking around the 

asbestos mine pit made it nearly impossible to obtain a reliable strati-

graphic record. Figures 4-1 and 4-12 show that unit B is recorded at 

localities throughout much of the study area. Examination of aerial 

photographs further reveals that most of these localities are located 

within till plains which are underlain by thick Pleistocene deposits; 

since there are several similar terrains where no sections are avail-

able, it is strongly suspected that unit B underlies surface till over a 

more extensive area of the Outer Appalachian Uplands and Richmond hills 

of the Asbestos-Valcourt region, particularly alongside valleys. 

Glaciolacustrine sediments of unit B may be subdivided into two 

main lithofacies assemblages: 

1) Facies group I: proximal deep-water muds and diamictons; 

2) Facies group II: subaquatic outwash sediments (sand-dominated). 

Since no single section contains a stratigraphic record which shows 

distinct superposition of the two facies groups and since both .groups 

have been observed to extend from the top of drift unit A to the base of 

drift unit C, age relationships between the two groups cannot be unequi-

vocally established. At the present time, the two facies groups are 

considered as laterally equivalent, time-transgressive subunits; facies 

differences are thus interpreted as resulting from lateral contrasts or 

glaciolacustrine depositional environments. 

Because they lack dateable organic material, glaciolacustrine sedi—

ments were assigned to unit B without chronological control, mainly on 

the basis of their occurrence below drift unit C (surface till) which, 

as it will be shown in section 4.4, can be considered as a regionally 

distinctive marker bed. Tnis assignment is further confirmed by the 

fact that, at least in a few sections (Norbestos / RP-79-18; Willow 

Brook / MP-7b-1), sediments of unit B are superposed to drift unit A 

which, unlike drift unit C, has a distinctly Appalachian provenance. 



95 

4.3.1 Proximal deep-water muds and diamictons 

Assemblages of glaciolacustrine muds and diamictons are exposed 

between drift units A and C in the Norbestos (MP-79-18) and Willow Brook 

(MP-76-1) sections. These assemblages consist of recurrent sequences 

which show distinct thinning-and-fining-upward internal trends (Figure 

4-2). Some of the sequences are coarse-grained and diamict-dominated 

(sections MP-79-18B and MP-76-1) while others are rather fine-grained 

and mud-dominated (section MP-79-18A). 	In subsections A and B at 

Norbestos (MP-79-18), unit B consists of as much as seven such se-

quences, while the adjacent subsection C shows two sequences at the most 

(Figure 4-2). 

Coarse-grained sequences show considerable lateral facies and 

thickness changes; these sequences typically consist of a basal bed of 

massive matrix-supported diamicton overlain by massive or plane-bedded 

pebbly sand which is in turn overlain by plane-laminated sand or by 

graded sand and silt. In some sequences, a layer of matrix-supported 

imbricated gravel may lie either above or below diamictic beds. Con-

tacts at the base of sequences and within sequences are usually sharp 

and non-erosional; a channelized contact was observed only once, at the 

base of sequence #3 in section MP-79-18B (Plate 4-3A). Diamictic beds 

are generally less than 1 m thick; yet they make up 40 to 507. of the 

total thickness of unit B in sections MP-76-1 and MP-79-18B (Figure 

4-12). Reverse grading was observed in the diamicton bed at the base of 

sequence #2 in section MP-79-18B (Plate 4-3A); other diamictic beds are 

massive. Their matrix grain-size composition resembles that of either 

overlying or underlying lodgement tills (see Debris flows in Figure 

4-3). However the diamictic beds contain few boulders, if any; cobbles, 

and to a lesser extent pebbles, are noticeably less abundant than in 

lodgement tills. 

Close relationships of diamictic beds with beds deposited by trac-

tive undercurrents (imbricated gravel, plane-bedded pebbly sand, plane 

laminated sand) and with typical turbidite beds (graded sand, graded 

sand and silt) suggest that these diamictons were deposited by sediment 
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Plate 4-3 

A) Coarse-grained fining-and-thinning-upward sequences of 

sediment gravity flows and turbidites, unit B, Norbestos 

section (MP-79-18B). 	Sequence #2 shows an inversely 

graded diamicton overlain by mainly plane-laminated sand 

and massive silty sand layers; only minor ripple-laminated 

sand occurs immediately above the diamictic bed. Notice 

the channelized basal contact of the diamictic bed of 

sequence #3. Pencil is 15 cm-long. 

B) Slump or drag fold overturned toward east in the upper 

part of sequence #5, unit B, Norbestos section (MP-79- 

18B). 	This and other similar folds are the result of 

syndepositional deformations. This fining-upward sequence 

of graded sand and graded silt layers contains abundant 

ice-rafted clasts. Staff intervals are 20 cm-long. 
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gravity flows rather than from grounded or floating glacier ice. 

Because primary structures are quite uncommon within diamictons, it is 

difficult to recognize whether they were emplaced by fluidized sediment 

flows, by grain flows or by debris flows (nomenclature of Middleton and 

Hampton, 1976). However, the lack of stratification or other internal 

contacts within diamictons, the fairly large maximum clast-size, as well 

as the near-absence of features indicative of grain flows or fluidized 

sediment flows suggest that most of the massive diamictic beds were 

deposited by debris flows. 	Coarse-grained sequences, such as those 

observed at Norbestos and Willow Brook greatly resemble sequences des-

cribed as subaquatic mid-fan sediments by Walker (1984). If this inter-

pretation is correct, these "distribution-graded" sequences are likely 

derived from unsorted glacial debris which were deposited subaquatically 

at a nearby ice margin and which episodically became liquefied, thus 

inducing debris flows or other types of sediment gravity flows, even on 

low-gradient depositional slopes; these flows may have initiated, or at 

least contributed to initiate, turbidity currents which deposited the 

stratified sandy sediments overlying the diamictons. 

A clast fabric (FT-28) was sampled in an unusually thick (2 m), 

till-like diamictic bed in subsection B at Norbestos (sequence #4: see 

Figure 4-2). Although this sample consists of only 25 clasts, it shows 

that the attitude of clast A/B planes (normal to C-axes) is much less 

planar than that observed in lodgement tills of this region; C-axis 

fabric strength (C) is only 2.17, lowest of all measured C-axis fabrics 

(Table 3-1). A-axis data also show lowest fabric strength (C=1.84) of 

all samples (Figure 3-3) and their density distribution departs from 

that of the spherical normal distribution (k=2.1). *  Nevertheless, FT-28 

shows a weak preferred A-axis orientation (V1) plunging toward WSW; this 

A-axis plunge is not statistically significant (see Table 3-1), yet it 

may suggest that this diamicton was deposited by a debris flow moving 

toward ENE. This direction is the same as that indicated by small over-

turned folds observed in graded sand and silt of the overlying sequence 

(sequence #5 in Figure 4-2; Plate 4-3B); 	these folds may be inter- 

preted as slump overfolds or as drag folds produced during deposition of 

sequence #6. If they are drag folds; it may be inferred that coarse- 
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grained glaciolacustrine sequences at Norbestos were deposited by sedi-

ment gravity flows and turbidity currents directed toward east; if they 

are slump overfolds, it may be further suggested that the subaquatic fan 

on which these sequences were laid down had a paleoslope dipping at a 

low angle toward east. 

Over a distance of only about 65 m at Norbestos, diamict-dominated 

sediments pass laterally (eastward) to finer-grained, mud-dominated 

sediments. As mentioned earlier, these muds display several thinning-

and-fining-upward sequences in subsection A (Figure 4-2). Each sequence 

begins with single or multiple layers of graded or massive silty sand 

whose overall thickness ranges from 3 to 30 cm; these are overlain by 

fairly thick (1 m or more) series of graded silt and clay layers. These 

sequences thus consist of series of (A) DE turbidites (nomenclature of 

Walker, 1984); 	B- and C-division layers are very uncommon, perhaps 

because of the high silt content and low fine sand content of tills and 

diamictons from which the turbidites are presumably derived. a division 

layers are represented by the massive or graded silty sand layers which 

are present at the base of the thinning-and-fining-upward turbidite 

sequences and also by sandy partings which are frequently observed with- 

in the overlying silt and clay turbidites; 	diamictic layers, whose 

thickness varies between about 3 and 10 cm, commonly occur at the base 

of multiple layers of graded silt and clay in subsection A at Norbestos 

and may also be considered as A-division layers. A similar silt and 

clay turbidite sequence with thin diamicton layers was also observed 

near the middle of unit B at Willow Brook (Plate 4-4A). 	DE(t)- 

division layers make up the major part of these turbidite sequences; 

they consist of multiple, thin (most are less than 1 cm-thick) layers of 

graded silt and clay which grade upward, at irregular intervals, into 

1.5 to 2.0 cm-thick, clayey layers (E(t,h)-division layers). These 

clay layers are interpreted as rain-out sediments deposited during in-

tervals of reduced turbidity current activity; they may thus represent 

the winter layers of varves. If so, single varves in section MP-79-1BA 

have a thickness on the order of 10 to 15 cm, and only a few tens of 

varves are recorded in unit B at Norbestos. DE layers also contain 

abundant ice-rafted clasts (small pebbles, granules, coarse sand) and 



1 U 0 



Plate 4-4 

A) Fining-and-thinning-upward sequence of (A)DE turbidites, 

unit B, Willow Brook section (MP-76-1). A 10 cm-thick 

diamictic layer is present below massive sand layers (A-

division) of the thickest turbidite unit. Arrowheads at 

right of photograph indicate the top of single turbidite 

units. This sequence, at a depth of 7.4 m, shows the most 

distal glaciolacustrine muds of unit B at Willow Brook. 

Pencil is 14 cm-long. 

B) Ripple-laminated sand in subaquatic outwash sediments of 

unit B, Wotton section (MP-79-5). Paleocurrent is toward 

SE (right of photograph). The thrust fault (9), which 

belongs to a series of glacitectonic deformations that 

were produced by subsequent glacial overriding (glacial 

phase C - southeastward ice flow), dips toward NW. 
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diamictic pellets. These fine-grained sequences may thus be interpreted 

as lower fan sediments or as proximal lake-bed sediments (see Walker, 

1984). 

4.3.2 Subaquatic outwash sediments 

Unit B consists mainly of stratified sand in other investigated 

sections (Figure 4-12: 	sections MP-82-4, MP-79-15, MP-79-17, MP-79-5 

and MP-80-2). 	Dominant lithofacies are cross-laminated and plane- 

laminated medium and fine sand at the Rivière Noire (MP-62-4) ana Wotton 

(MP-79-5; Figure 4-13) localities; elsewhere, plane-bedded sand, trough-

cross-bedded sand or pebbly sand, and graded sand and silt are more 

common lithofacies. Occasionally, these sandy sediments also contain 

diamictic beds that were deposited by sediment gravity flows; excellent 

examples of this were found at the Wotton (MP-79-5) and Notre-Dame-de-

Ham (MP-79-17) localities. 

These lithofacies assemblages are interpreted as subaquatic outwash 

sediments, mainly because there is ample evidence indicating that they 

were deposited in standing water by currents flowing toward southeast, 

thus in a direction opposite to that of modern drainage. Given the 

regional topographic context, this can only happen if glacial meltwater 

is introduced into a glaciolacustrine water body ponded by an ice-margin 

which is advancing toward south or southeast or which is retreating 

toward north or northwest. Moreover, these lithofacies assemblages 

closely resemble those of sediment bodies described as subaquatic fans 

deposited in a water body at the mouth of subglacial tunnels (banerjee 

and McDonald, 1975) or as subaqueous outwash deposits (Rust and 

Romanelli, 1975; Rust, 1977). 

The Wotton section (Figures 4-13 and 4-14) discloses several or the 

essential characteristics of subaquatic outwash sediments assigned to 

unit B. These glaciolacustrine outwash sediments underlie surface till 

(drift unit C) and have a maximum exposed thickness of only about o to 7 

m; however the unit probably extends to a much greater depth. Exposed 

sediments consist mainly of alternating beds of plane-laminated and 
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stratified sediments at Bromptonville are tentatively assigned to unit 

B, mainly because their origin compares well with that of sediments 

exposed at Wotton and other localities where straightforward evidence 

indicates that they were deposited in a proglacial lake by high-energy 

bottom currents which may have originated near the mouth of subglacial 

or englacial tunnels. 

4.4 Drift unit C — Surface till  

Characteristics of drift unit C were investigated in detail at all 

sections shown in Figures 4-1 and 4-12. The unit was also examines and 

sampled at over 200 surface till localities; while most of these locali-

ties are shown on the Ni dispersal map (see Figure 4-21), several others 

were examined or sampled outside of the limits of this main sampling 

area. 

Because of its stratigraphic position, drift unit C is assumed to 

represent the regional surface till; however, this initial assumption 

was looked at as a simple working hypothesis and was thus repeatedly 

tested by means of site-specific and area-specific criteria. This ap-

proach was utilized at all localities shown in Figures 4-1 and 4-12. 

Section-to-section correlations shown in Figure 4-12 are the result of 

this work. 

4.4.1 Norbestos section (MP-79-18; Figures 4-2, 4-3 and 4-4) 

In subsection A, drift unit C consists of a single, 1.8 m-thick 

lodgement till sheet while in adjacent subsections b and C, the unit 

also includes a supragladial till complex which has a thickness ranging 

between 1.1 m and 2.5 m and which overlies lodgement till (Figure 4-2). 

Although the basal contact of the lodgement till bed is snarp in all 

three Norbestos subsections, drift unit C appears to overlie conformably 

glaciolacustrine sediments of unit B; in fact, drift unit C does not 

show here a clearly erosional lower boundary. 
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However, the diamicton beds which are interpreted as lodgement till 

units rather than as debris flow sediments were investigated in detail 

and were found to contain several features which, when considered to-

gether, indicate a subglacial origin: 

(1) the lodgement till unit, unlike debris flow diamictons pre-

viously described, does not appear to have an upper clast-size 

limit and it contains boulder zones whose level corresponds 

with that of apparent within-till shear planes (see Figure 

4-2); 

(2) till matrix has a distinctly planar fissility and, unlike 

fabrics reported from flow tills or debris flows (Boulton, 

1971; Lawson, 1979), clast A/B planes were consistently found 

to have a strongly planar attitude dipping at a shallow (about 

10°) angle in the same direction (toward north); 

(3) during clast fabric measurements, the till was found to con-

tain "break-away pebble fragments"; this newly coined term 

describes a situation where two flat-lying and perfectly 

matching fragments of the same till pebble are found, with an 

almost identical orientation but a few centimeters apart, at 

the same level in the diamicton; since it does not appear that 

there was any rotation of fragments about their A, B or C 

axes, it is inferred that a pebble fragment was simply broken 

off and dragged away for a short distance as a result of sub-

glacial shear. 

Lodgement till of drift unit C in the Norbestos section is a rather 

compact, fissile, olive to olive gray, generally oxidized and non-

calcareous, matrix-dominated silty sand till. The till commonly shows 

textural layering that lies parallel to its subhorizontal fissility.. 

Till matrix (-2.0 mm) has an average content of 55% sand, 34% silt and 

11% clay; its average grain size mean (Ni)  and sorting (si) are 4.09 

and 3.09, respectively (Table 4-1; Figures 4-3 and 4-4). Matrix of this 

upper lodgement till unit is thus somewhat coarser than that of the 
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underlying lodgement till (drift unit A) and, as Figure 4-3 shows, its 

grain size composition is distinctly less variable. 

In subsections B and C, lodgement till of drift unit C is overlain 

by loose, oxidized, crudely stratified, sandy to gravelly till; most 

commonly, this subunit consists of matrix-supported diamicton containing 

several lenses of waterlaid gravelly sand. 	Because the top part of 

subsections is usually slumped over at Norbestos, few distinctive sedi-

mentary structures were clearly exposed. Nevertheless, this glacigenic 

material is interpreted as a supraglacial till complex which may include 

both melt-out and flow till layers in addition to lenses of poorly 

sorted glaciofluvial sediment. No features which may suggest a subaqua-

tic origin were found within the subunit; it is thus suggested that 

these supraglacial sediments formed subaerially. Diamicton of this 

supraglacial complex is distinctly coarser-grained than that of the 

underlying lodgement till; a single diamicton sample was recovered from 

the subunit (sample #6 in section NP-79-18C) and was found to contain 

68% sand, 24% silt and 8% clay (Figure 4-3). 

In the absence of subtill glacitectonic deformations, directional 

data for drift unit C at Norbestos consist simply of till clast fabrics 

that were sampled in lodgement till at each of the three subsections 

(Figure 4-2). FT-25, FT-29 and FT-31 are type B fabrics showing pre-

ferred A-axis orientation 0V1) plunging toward north tN OOb°, N 357°  and 

N 345°, respectively) at angles of 16°, 13°  and 19°, respectively (Table 

3-1); clast A/B planes are also imbricated toward north at near-similar 

angles. These clast fabrics are thus interpreted as parallel fabrics 

indicating that lodgement till of drift unit C was deposited by a south-

ward-flowing glacier. 

The most significant compositional data for lodgement till of drift 

unit C were already discussed together with those of drift unit A (see 

section 4.2.1). Briefly, low Ni and Cr concentrations in the silt-clay 

fraction together with low percentage of ultramafic pebbles (u.3%) and 

"high" percentage of far-traveled Precambrian pebbles (2.0%) indicate 

that till of drift unit C has a northwest provenance, a conclusion which 



109 

is in close agreement with clast fabric data. Available heavy mineral 

and carbonate data (Table 4-1) seem to be of little use for differentia-

ting tills of drift units A and C at Norbestos. On the other hand, it 

is tentatively suggested that the coarser-grained matrix of the upper 

lodgement till (drift unit C) may result from an increased content of 

sand-size debris derived from schistose rocks which lie northwest of the 

Norbestos section. By similar reasoning, slate-dominated bedrock that 

lies southeast of the ultramafic belt at Norbestos may explain the 

finer- grained matrix of the lower lodgement till (drift unit A) which 

was deposited by ice advancing from the east and, later, from the south. 

4.4.2 Rivière des Rosiers section (MP-79-9; Figures 4-5 and 4-6) 

In the Rivière des Rosiers section, drift unit C consists of three 

subunits: (1) a basal, brownish (2.5Y 6/2) lodgement till is overlain 

by (2) a thick, dark gray (5Y 5/1) lodgement till which is in turn over-

lain by (3) a series of three massive diamicton layers which are sepa-

rated by thin sand layers and interpreted as subaquatic flow till units 

(Figure 4-5). 

Both lodgement till beds consist of compact, fissile to massive, 

calcareous, matrix-dominated till; a sharply defined shear plane sepa-

rates the lower, 50 cm-thick, brownish till bed from the overlying, 3.1 

m-thick, dark gray till bed. The brownish till contains several pebble-

size clasts of laminated silt and clay; because this till bed has a 

somewhat undulating lower boundary, its thickness may reach up to about 

1 m. Matrix of this brownish till is distinctly finer-grained than that 

of the overlying dark gray till (Figure 4-5); sample #9 contains 22% 

sand, 51% silt and 27% clay and its mean (Mz) and sorting (6i) are 

6.29 and 2.99, respectively. The overlying dark gray till has a fairly 

uniform granulometric composition (Figure 4-5: samples #5 through #8); 

its matrix contains as average 53% sand, 27% silt and 20% clay and its 

average grain-size mean (Mz) and sorting (III) are 4.79 and 3.69, 

respectively. A few upsheared lenses of laminated silt and clay are 

present in the lower meter of the dark gray till bed. 
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Massive, dark gray, matrix-dominated diamictic layers whicn under-

lie glaciolacustrine turbidites (graded silt and clay couplets) at the 

top of the section closely resemble the underlying dark gray loagement 

till; this is further reflected in compositional trends shown in Figure 

4-5. However, these diamictons are interpreted as subaquatic Clow till 

units because of the presence of intervening thin layers of massive sand 

and also because the wavy sand-diamicton contacts are parallel and dis-

tinctly non-erosional. 

Two clast fabrics were measured within the dark gray loagement till 

(Figure 4-6: FT-46 and FT-47). FT-46, which was sampled slightly above 

the basal shear plane, is a typical transverse fabric (type C); pre-

ferred A-axis orientation (V1) is nearly horizontal, plunging at an 

angle of only 3°  toward southwest (N 255°), while clast A/B planes have 

a strong preferred imbrication toward northwest (N 338°) at an angle of 

11°. FT-46 thus indicates that the lower part of the dark gray till was 

deposited by ice advancing toward SSE. Transverse fabrics sucn as FT-46 

are somewhat uncommon in lodgement tills; however, they may be formed by 

compressive stresses on the upglacier flank of subglacial obstacles 

(Boulton, 1971: p. 64). The presence of upsheared silt lenses at this 

level of the lodgement till bed indicates that there were indeed sub-

glacial compressive stresses. Tne other till clast tabric (FT-47) was 

sampled near the top of the dark gray lodgement till bed. FT-47 is a 

type B fabric whose preferred A-axis orientation 0V1) plunges at an 

angle of 17°  toward N 352°; clast A/B planes are also imbricated toward 

north (N 353°) at about the same angle (16°). FT-47 thus suggests that 

ice was still flowing more-or-less southward near the close of glacial 

phase C. 

Southward to southeastward ice-flow is further corroborated by 

pebble lithology of drift unit C; as discussed earlier (see section 

4.2.2), till of drift unit C contains abundant calcareous pebbles de-

rived from the Bulstrode Formation which outcrops northwest of the sec-

tion, but it contains no sandstone pebbles derived trom nearby south-

eastern sources. Several Precambrian clasts were also found in drift 

unit C at this locality. Moreover, the dark gray colour of the main 
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lodgement till unit is characteristic of tills that overlie calcareous 

bedrock of the Bulstrode Formation on the adjacent Appalachian Piedmont. 

Very low Ni content (R = 19 ppm) and Cr content (R = 14 ppm) in 

tills of drift unit C provide negative evidence in favor of a north or 

northwest provenance; such low values suggest that drift unit C contains 

virtually no ultramafic debris that might have been transported from the 

ophiolite belt which is located only 10 km south of the Rivière des 

Rosiers section. 

The origin of the brownish colour of the lower lodgement till bed 

is not known; however, since the unit contains 6.6% carbonates, which is 

as much as in the upper part of the overlying, dark gray, unweathered 

till, it may be tentatively suggested that the brownish colour is due to 

slight oxidation by groundwater, as in the upper part of drift unit A. 

In any event, the brownish lodgement till is interpreted as a local 

facies resulting from the incorporation of muddy glaciolacustrine sedi-

ments (unit B). 

4.4.3 Willow Brook section (MP-76-1; Figures 4-7 and 4-8) 

At the Willow Brook locality (Figures 4-7 and 4-8), drift unit C is 

the uppermost exposed lithostratigraphic unit and it consists of two 

subunits: 	a basal, vaguely stratified, rather pebbly till, which is 

interpreted as a subglacial melt-out till, is overlain by a typical 

lodgement till unit. 

The subglacial melt-out till unit has a tnickness of 2.1 m and 

directly overlies glaciolacustrine sediments of unit B; it consists of 

compact, gray (5Y 6/1), calcareous, pebbly, matrix-supported till con-

taining a few sand lenses which have a maximum thickness of about 15 cm. 

This till unit is distinctly coarser-grained than the overlying lod- 

gement till unit. 	Its matrix, for instance, contains an average 70% 

sand, 26% silt and 4% clay; this corresponds to an average grain-size 

mean (Mi) and sorting (6i) of 3.29 and 2.29, respectively. 



112 

The overlying lodgement till has a thickness of 2.9 m and consists 

of compact, fissile matrix-dominated till; the till is yellowish brown 

(2.5Y 6/4) and oxidized above a depth of 1.7 m while it is olive gray 

(5Y 6/2) and calcareous below that depth. Vertical trend of carbonate 

content (Figure 4-8) suggests that the zone of leaching extends to a 

depth of about 2.3 m; below that zone, till of drift unit C contains an 

average 4% carbonates. Matrix of the upper till has an average content 

of 57% sand, 35% silt and 8% clay; average grain-size mean (Me) and 

sorting (T1) are 3.99 and 2.79, respectively. 

Graded silty sand layers which immediately underlie drift unit C 

are cut across by small thrust faults which strike N 072°  and dip 8°  

toward NNW; their throw ranges from 1 cm to about 3 cm. These subtill 

thrust faults were produced by an overriding glacier which was advancing 

toward SSE. Ice-flow toward SSE is also indicated by a till clast fa-

bric which was sampled in the upper lodgement till. FT-16 is a type B 

fabric which shows preferred A-axis orientation (V1) plunging at an 

angle of 9°  toward N 345°; clast A/B planes are also closely imbricated 

at an angle of 9°  toward N 341°  (Figure 4-7). Ice-flow direction indi-

cated by this till clast fabric and by subtill thrust faults is nearly 

parallel to the southeast trend of two small nearby drumlins (Figure 

3-1); there is thus little doubt that ice-flow toward approximately 

southeast lasted throughout glacial phase C. 

This conclusion finds additional support in the high Ni and Cr 

concentrations in the silt-clay fraction of both melt-out and lodgement 

tills (Figure 4-8); as mentioned earlier (section 4.2.3), drift unit C 

at Willow Brook has an average Ni content of 142 ppm and an average Cr 

content of 50 ppm. The section is within the head of the Asbestos ul-

tramafic dispersal train (see Figure 4-21). Drift unit C also contains 

several ultramafic clasts as well as far-traveled Precambrian clasts. 
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#1) appears as typical, well-mixed, lodgement till. 	Till facies 

sequence in drift unit C at Rivière Noire thus closely resembles that 

observed in drift unit C at Rivière des Rosiers. 

Southeastward ice-flow during deposition of the upper till at 

Rivière Noire is inferred from the southeastward trend of nearby crag-

and-tail ridges and drumlins (Figures 3-1 and 4-10). A two-dimensional 

clast fabric which was sampled by McDonald (1966, 1967a) shows a strong 

A-axis maximum trending east-west and may be tentatively interpreted as 

a transverse fabric. 	In any event, the presence of small, 'subtill 

thrust faults dipping toward northwest suggests that the glacier which 

overrode glaciolacustrine sediments of unit B was advancing toward 

southeast during the early part of glacial phase C as well. Two of 

these small thrust faults could be measured at a depth of about 1 m 

below the base of drift unit C: respective strikes and dips are N 018°, 

12°  NW and N 030°, 26°  NW (Figure 4-10). 

4.4.6 Wotton section (MP-79-5) 

The Wotton section is located well within the Outer Appalachian 

Uplands, about 3 km southeast of the Asbestos ophiolite complex (Figure 

4-1). The section consists of three adjacent excavations which provide 

a good opportunity to study Pleistocene sediments underlying an upland 

till plain. Because of continued gravel pit operations, thickness and 

facies of exposed sediments show interesting changes from year to year; 

Figure 4-13 shows the section as it appeared during the summers of 1979 

and 1980. Because the till plain surface lies several tens of meters 

above the level of adjacent streams, its edges have been somewhat dis-

sected by postglacial gullying; this explains the rather abrupt topo-

graphic variations shown in Figure 4-13 as well as the occurrence of 

slope lag deposits. 

For the purpose of present descriptions and discussions, pit A 

constitutes the main reference section; unless otherwise indicated, 

basic descriptions will refer to this main section and more specifi-

cally, to a vertical section which includes the location of FT-21. Two 



1,3,5 points /2%area 1,3,5 points / 3% area 

poles to 
thrust faults 

n=40 

N 

SE Pit B NW 	— 	Pit C 

A 
1 =' — 

	 -z•-• r •E—E  

f 	̀ 	_ -' fi .e  

WOTTON / MP-79-5 

Pit A 

till fabric FT-21 

slope lag 
Road 

A 	 conjugate 

normal faults 

conjugate 
thrust faults 

40m 

IOM 	 Vertical exaggeration 2.5 X 

A 

lodgement till 

subglacial allo-till 

deformation till 

fractured sand bed 

plane- and cross-laminated sand: 
paleocurrent toward SE 

graded silt and sand 

FT-21 
n=50 A-axes 	C-axes 	 n=33 

~.~ 

1,3,5 points / 2.5% area 

• 

Figure 4-13 : Stratigraphy and lithofacies at the Wotton section (MP-79-5), showing lateral relationships of lithofacies units and glacitectonic 
deformations. Contoured stereograms of poles to thrusts faults and of a till clast fabric are also shown. 

C 

B 

A A 
A 

SA'•• 'A. 

! 4"
-' wott,ir," 



116 

main lithostratigraphic units are exposed in these three 8 m-deep borrow 

pits (Figure 4-13); from top to bottom, there are: 

1) drift unit C, which consists of three main till facies (lod-

gement till, subglacial allo-till and deformation till); 

2) unit B, which consists mainly of plane- and cross-laminated 

sands that are interpreted as subaquatic outwash sediments 

deposited in a proglacial lake. 

Lodgement till of drift unit C is a compact, fissile, oxidized, 

yellowish brown (2.5Y 6/4), matrix-dominated sandy till. This till unit 

reaches a maximum thickness of 2.2 m in the main section but thins out 

to 1 m or less in adjacent pits. The till has a sharply defined lower 

boundary in the main section and has a distinctly erosional basal con-

tact in adjacent pits; in pit B, the base of the lodgement till is 

marked by a boulder zone, that extends over a lateral distance of about 

20 m. A few meters southeast of this boulder zone, a 2 m-deep, 40 cm-

wide till wedge protrudes from the base of the lodgement till bed into 

the underlying glaciolacustrine sands (Figure 4-13; Plate 4-5 B). The 

till wedge strikes N 020°E and dips 75°  toward ESE; its tapered lower 

end is slightly curved, a feature which is commonly observed in till 

wedges (Omer, 1972, 1973; Humlum, 1978). The attitude and shape of 

the wedge constitute clear evidence that the overriding glacier was 

advancing toward southeast. A till clast fabric (FT-21), measured at a 

depth between 1.4 and 2.0 m (Figure 4-13), provides further evidence of 

southeastward ice-flow during deposition of the lodgement till unit. 

FT-21 is a type B fabric with preferred A-axis orientation (V1) plunging 

at an angle of 18°  toward northwest (N 332°); the attitude of .0-axes 

indicates that clast A/B planes are also imbricated toward northwest (N 

320°) with a near-identical, 16°  dip (Figures 4-13 and 4-14 B). 

Unlike the underlying till subunits, the upper lodgement till at 

Wotton has a well-mixed matrix and a well-mixed clast lithology, two 

features which are typical of the regional surface till. The till con-

tains several ultramafic clasts and, although it is less pebbly than 
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lodgement till beds observed at most other localities in the study area, 

it also contains a few Precambrian clasts. This, together with the 

fairly high Ni content (2=74 ppm) of its silt-clay fraction, indicates 

that it has a northwest provenance. 

A large, lens-shaped body of glacigenic sediment which is inter-

preted as subglacial allo-till locally underlies the upper lodgement 

till sheet (Figure 4-13). The allo-till is also oxidized and it con-

sists of substratified to massive, matrix-dominated sandy till. Its 

matrix has an average content of 69% sand, 26% silt and 5% clay; al-

though it appears to be less well mixed, this compares well with the 

matrix of the overlying lodgement till (68% sand, 27% silt, 5% clay; 

Mz=3.3cp aI=2.2cp ). 	In places, the allo-till contains abundant 

sheared silt clasts and lenses and may then be interpreted as a defor-

mation till (Elson, 1981; Dreimanis, 1983) or as a local lodgement till; 

in other cases, the till contains sandy and silty lenses which show 

little or no deformations and may then be considered as a subaquatic 

melt-out till (Dreimanis, 1983). Several intergradational genetic types 

of till are likely present in this subunit and it seems preferable to 

simply call it a subglacial allo-till. 

In the main section, the subglacial allo-till is underlain by a 

small, lens-shaped body of typical deformation till. This brecciated 

material contains clasts of massive and substratified till as well as 

clasts of laminated silt and silty sand together with admixed foreign 

stones, much as that described by Elson (1961, 1981). The deformation 

till unit has an erosional basal contact below which SE-dipping exten-

sion fractures and wedges can be seen extending into glaciolacustrine 

sand of unit B (Figure 4-13; Plate 4-6A). These small extension frac-

tures form a conjugate set whose attitude seems similar to that of a 

nearby set of conjugate normal faults (Figure 4-14B). These fractures 

and wedges can be seen to intersect NW-dipping shear fractures; this 

confirms the subglacial origin of these subtill fractures and thus of 

the overlying deformation till and allo-till as well. 
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Plate 4-6 

A) Erosional contact between deformation till (drift unit C) 

and underlying glaciolacustrine sand (unit B), Wotton 

section (MP-79-5: pit B). Notice that SE-dipping exten-

sion fractures and wedge cut across NW-dipping shear frac-

tures. Ice flow toward SE (arrow). 

B) Thrust faults in glaciolacustrine sand of unit B, Wotton 

section (MP-79-5: pit C). Notice that thrust faults die 

out in very fine sand beds (top end of staff) which are 

locally densely fractured and which probably acted as 

décollement  planes. Staff divisions are 30 cm-long. Ice 

flow toward SE (arrow). 



Plate 4-6 
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In pits A and B, subtill glaciolacustrine sands are intersected by 

a series of closely-spaced thrust faults (Figure 4-13; Plate 4-4B). 

None were seen in pit C where the upper lodgement till directly overlies 

these laminated sands along an erosional, but otherwise featureless, 

basal contact. 	Several thrust faults were observed to "die out" in 

finer-grained beds (ripple-laminated very fine sand; Plate 4-6B) which 

may have acted as décollement  planes. Observed throws vary between only 

1 and 25 cm; thrust slices thus appear to have undergone only minor 

forward displacement. The faults were observed and measured in exposure 

faces trending in a variety of directions; no relationships were found 

between their attitude and exposure face or location. This is further 

confirmed by the fact that poles to thrust faults are tightly clustered 

about a mean axis (V1) plunging 63°  toward N 126°  (Figures 4-13 and 

4-14B). The 40 thrust faults that were measured thus have a preferred 

strike of N 036°  and a preferred dip of 27°  toward northwest. This 

indicates that the overriding glacier was advancing toward southeast. 

Moreover, the 27°  dip indicates that the major shear stress (61) was 

nearly horizontal, much as that expected from subglacial drag. 

Further analysis of the attitude of thrust faults reveals that 

their strikes form a conjugate set rather than a parallel set. This is 

shown in Figure 4-14 A where dip directions are clustered into two main 

modes trending N 285°  and N 315°, thus with a dihedral angle of 30°. 

Maximum principal shear stress, as inferred from this simple diagram, 

was directed toward N 120°, which compares very well with the direction 

(N 126°) determined by the eigenvalue method (V1). More importantly, 

this analysis reveals that the intermediate principal stress (62) was 

subvertical, thus suggesting that thrust faults were formed at a fairly 

large confining pressure (at low confining pressures, it is the minimum 

principal stress (63) which is expected to have a subvertical direc-

tion). These thrust faults were thus probably produced under a fairly 

substantial ice thickness. 

The till wedge in pit B intersects an intensely fractured (shear 

fractures), massive sand bed as well as the already discussed NW-dipping 

thrust faults in the underlying laminated sands (Plate 4-5B; Figure 
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4-13). This indicates that subglacial tensional stresses were subse-

quently transmitted into the glaciolacustrine sand body. The brecciated 

material (deformation till) which fills in the wedge is in structural 

continuity with the basal "layers" of the lodgement till bed, indicating 

that at least part of the subglacial debris load was not frozen. This 

may also suggest that the subtill sand body was not frozen during forma-

tion of the thrust faults, a suggestion which finds additional support 

in the presence of a thin, presumably upsheared, silt layer along some 

of the fault planes. 

4.4.7 Notre-Dame-de-Ham section (MP-79-17) 

The Notre-Dame-de-Ham section (MP-79-17) is located on the south-

west flank of the upper Rivière Nicolet valley (Figure 4-1); this site 

thus lies within the Outer Appalachian Uplands, near the southwest ex-

tremity of the Notre-Dame Mountains. The section is exposed in a small 

borrow pit excavated along the edge of an upland till plain which, as 

with the Wotton locality, has been dissected by postglacial gullying. 

At this locality however, the till plain surface is capped by small till 

ridges and intervening ice-marginal channels formed during the last 

deglaciation. 

In the 16 m-deep borrow pit, lodgement till of drift unit C over-

lies sandy glaciolacustrine sediments (Figure 4-15). The latter unit 

(B) consists of graded sand and silt layers which grade upward into 

plane-bedded medium sand. Unit B also includes a 70 cm-thick bed of 

sandy matrix-supported diamicton which contains a few flowage structures 

and which shows overall grading; the diamicton unit is interpreted as a 

debris flow sediment. 

The upper 5 m of the lodgement till unit consist of compact, fis-

sile, oxidized, olive to olive gray (5Y 6/3, 6/2), matrix-dominated, 

silty sand till which contains a few thin, discontinuous sand lenses. 

This well-mixed lodgement till sheet is underlain by a 0.9 m-thick bed 

(or lens?) of rather sandy lodgement till which contains upsheared silt 

lenses and which is interpreted as local lodgement till. The two till 
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units are separated by a distinctive, 25 cm-thick till layer containing 

sandy lenses and which may be interpreted as a shear zone. Only the 

lower till bed is below the zone of weathering; its silt-clay fraction 

contains about 3% carbonates. 

Matrix of the lower, local lodgement till bed contains an average 

69% sand, 25% silt and 6% clay, which corresponds to an average grain-

size mean (Me) and sorting (6I) of 3.39 and 2.49, respectively. 

Matrix of the upper lodgement till is better mixed and somewhat finer-

grained; it contains on average 59% sand, 35% silt and 6% clay, and its 

mean (Me) and sorting (°I) are 3.89 and 2.4cp , respectively. 	Sub- 

glacial incorporation of glaciolacustrine sand during the early part of 

glacial phase C likely produced the coarser grain-size of the local 

lodgement till unit. 

This is to some extent corroborated by the fact that the lower till 

bed has a heavy mineral content (x=5.1%) which is about intermediate 

between that of the underlying debris flow unit (x=5.7%) and that of 

the overlying lodgement till unit (x=3.9%). Other compositional at-

tributes show rather uniform trends within tills of drift unit C; this 

suggests that there were no significant changes of provenance during 

till deposition. Average magnetic mineral weight is about 7.8% while 

average Ni and Cr contents are about 15 and 11 ppm, respectively. Such 

low Ni and Cr contents indicate that drift unit C contains virtually no 

ultramafic debris: given the location of section MP-79-17 relative to 

ultramafic outcrops (see Figure 4-1), this suggests that drift unit C 

has a northwest provenance. 

Till clast fabrics were measured in both, till beds (Figure 4-15). 

FT-33 and FT-34 are both type B fabrics which show preferred A-axis 

orientation (V1) plunging toward northwest (N 344°  and N 352°, respecti-

vely) at angles of 13°  and 21°, respectively; clast A/B planes are also 

imbricated toward northwest. These two parallel fabrics thus indicate 

that tills of drift unit C were deposited by ice that advanced toward 

more-or-less southeast; the fabrics further suggest that southeastward 

ice-flow was maintained throughout glacial phase C. 
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Plate 4-7A). A normal fault with a downthrow of only 2.5 cm extends 

downward from the north edge of the till wedge into subtill glaciolacus-

trine sand; it strikes N 100°  and dips 75°  toward south. This also 

gives the attitude of the till wedge. Field relationships (see inset of 

Figure 4-16) indicate that formation of the till wedge and of the normal 

fault is coeval; subglacial shear toward the south caused extension 

(normal fault) of glaciolacustrine sands which also slipped forward 

along a plane of décollement  (silt lens), at which time the till wedge 

was instantaneously injected. Subsequent build-up of subglacial hydro-

static pressure caused the obliteration of primary sedimentary struc-

tures (cross-lamination) within a narrow zone on the upglacier (north) 

side of the rather impervious till wedge; release of hydrostatic pres-

sure under the wedge in turn produced the flame structure observed on 

the lee side of the till wedge. 

Subtill glacitectonic deformations at this locality were clearly 

produced by southward-flowing ice. This is further corroborated by a 

till clast fabric measured about 1 m above till base. FT-32 is a type B 

fabric which shows preferred A-axis orientation (V1) plunging toward 

N 347°  at an angle of 90; clast A/B planes are also imbricated toward 

NNW (Figure 4-16). 

Lodgement and melt-out till subunits both contain several Precam-

brian clasts; this suggests a northwest provenance for drift unit C at 

the Tingwick locality. The melt-out till subunit also contains several 

clasts of red slate that are likely derived from the belt of Granby 

Group rocks which outcrop about 25 km northwest of the section. The 

6.5% average carbonate content of the silt-clay fraction of the under-

lying lodgement till subunit suggests that calcareous debris were trans-

ported at least 10 km southeast of the Bulstrode Formation outcrop belt. 

Other measured compositional attributes provide little direct evidence 

for assessing till provenance. Heavy mineral content and magnetic mine-

ral content average 4.55% and 9.64%, respectively, and are quite uniform 

throughout drift unit C; uniformly low Ni (x=22 ppm) and Cr (x=13 

ppm) contents indicate that no ultramafic debris were transported north-

ward to the Tingwick locality during glacial phase C. 
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4.4.9 Bromptonville section (MP-80-2) 

The Bromptonville section (MP-80-2) is located in a gravel pit 

excavated within the core area of a small SE-trending drumlin (Figure 

4-17). This drumlin is one of a few streamlined subglacial landforms 

that occur on low uplands east of the middle Saint-François River valley 

(see Figure 3-1); there is little doubt that these streamlined features 

were formed during glacial phase C. 	During the summer of 1980, the 

northeast face of the pit provided an almost continuous, 250 m-long, 8 

to 10 m- high section along one flank of the drumlin. 

In section MP-80-2, a sheet of lodgement till, which is locally 

underlain by lenses of substratified till, overlies stratified sand and 

gravel beds that are assigned to unit B. As mentioned earlier (section 

4.3.2), these subtill stratified sediments are interpreted as subaquatic 

outwash sediments; they were deposited in a proglacial water-body, by 

southeastward currents that were presumably issued from subglacial or 

englacial streams as ice advanced southeastward into the region. High 

shear strength and permeability of this outwash sediment body may be 

factors that favored subsequent drumlin formation (Menzies, 1979). 

Lodgement till of drift unit C was closely inspected in six well-

exposed subsections (A through F in Figure 4-13); it generally consists 

of fairly compact, fissile, massive, olive to olive gray, sandy silt 

till. Its basal contact is sharp and erosional in four of the subsec-

tions (A, B, C, E); in subsection C, a small, SE-dipping till wedge 

which protrudes from the base of the till sheet into slightly deformed 

gravel beds (Plate 4-7B) provides independent evidence of southeastward 

ice-flow. Elsewhere, subtill sediments seem undeformed. In subsections 

D and F, the till unit has a sharp but conformable basal contact and its 

lower part, which is substratified, may consist of subglacial melt-out 

till. In subsection A, at the upglacier end of the drumlin, the lodge-

ment till bed is underlain by a 2 m-thick, lens-shaped unit of coarse 

substratified till which contains numerous striated boulders and large 

cobbles. This till unit, which locally contains clast-supported lenses 

as well as a few waterlaid gravel lenses, is tentatively interpreted as 
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a subglacial allo-till. Few features were found that can further clari-

fy its origin; a subglacial origin is inferred because of its strati-

graphic position and also because of the occurrence of SE-trending 

striations on the top surface of some boulders. 

Drift unit C contains several Precambrian and ultramafic clasts; 

this indicates that it has a northwest provenance. Four samples which 

were taken in lodgement till at subsection A indicate that the unit has 

a fairly uniform matrix composition. Till matrix contains an average 

46% sand, 41% silt and 13% clay and its grain-size mean (My) and 

sorting (oi) average 4.59 and 2.9 gyp, respectively. Altnough the unit 

is generally thoroughly oxidized, the silt-clay fraction of the lower-

most till sample, at a depth of 2.3 m, still contains 4% carbonates. 

The fine sand fraction of the till contains an average 3.3% heavy mine-

rals; this compares well with that of the upper till sheet at the nearby 

Chemin des Ecossais locality (MP-79-1). However its magnetic mineral 

content (1=11.7%) is somewhat lower. 

Fairly high Ni (1=73 ppm) and Cr (1=28 ppm) concentrations in 

the silt-clay fraction indicate that drift unit C contains ultramafic 

debris that is likely derived from outcrops located some 20 km northwest 

of section MP-80-2 (Figure 4-1). 	Moreover, regional geochemical 

sampling indicates that this section is located within a prominent SE-

trending tail of the Asbestos ultramafic dispersal train (see Figures 

4-21 and 4-22 A). 

4.4.10 Arthabasca section (4P-79-14) 

The Arthabasca section (4P-79-14) is located on a small bedrock-

controlled bench lying on the lower slopes of the northeast flank of the 

Rivière Nicolet valley (Figure 4-1). 	Although this site is located 

within the Outer Appalachian Uplands, it lies only about 1 km from the 

southeastern limit of the Appalachian Piedmont. Because drift unit C is 

the only exposed lithostratigraphic unit, this section has not been 

included in the correlation diagram (Figure 4-12). However this loca-

lity is an important one as it may serve as a reference section for a 
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reddish-brown surface till unit which is quite common in the vicinity of 

Victoriaville, both near the edge of the Outer Appalachian Uplands and 

on the adjacent Appalachian Piedmont. 

Section MP-79-14 shows two sheets of brown (10 YR 5/3), sandy lod-

gement till that are separated by a 0.8 m-thick unit of stratified drift 

and flow till (Figure 4-18). 	The unusually reddish hue and sand-

dominated matrix of these tills are outstanding field cnaracteristics. 

The lower lodgement till unit has a thickness exceeding 2.4 m ana con-

sists of very compact, fissile, grown, slightly calcareous, matrix-

dominated, silty sand till. The upper 30 cm contains a few sheared sand 

stringers that rise toward SE. Till matrix is well-mixed and contains 

on average 76% sand, 21% silt and 3% clay; its average grain-size mean 

(My) and sorting (6I) are 2.99 and 1.9q, respectively. 

The overlying, 0.8 m-thick unit is best described as an assemblage 

of flow till and ice-contact stratified drift. Most commonly, the unit 

consists of brown, substratified, matrix-supported sandy diamicton con-

taining numerous lenses and pods of stratified medium sand; since these 

waterlaid inclusions have been slightly deformea by flowage rather than 

by shearing, the enclosing diamicton is considered as a flow till. In 

other parts of the borrow pit, this unit consists of stratified sand and 

gravelly sand containing abundant lenses of brown flow till. H single 

sample (#4) taken from a flow till layer was found to contain 83% sand, 

14% silt and 3% clay. 

The upper till bed has an observed thickness of 1.4 m, to which 

should be added about 50 cm of removed solum; it consists of compact, 

massive, brown, oxidized, matrix-dominated sandy till. Basal contact of 

the unit is sharp. Matrix of this till is also well-mixed and has an 

average content of 85% sand, 13% silt and 2% clay; its average grain-

size mean (Mz) and sorting (° i) are 2.39 and 1.6m, respectively. 

The upper till bed is thus somewhat coarser-grained than the lower one. 

Till clast fabrics were measured in each of the two till beds. 

FT-35 is a transverse (type C) fabric that was measured in the lower 
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till; preferred A-axis orientation (V1) plunges at a very shallow 5°  

angle toward northeast (N 038°) while clast A/B planes are imbricated at 

a preferred angle of 11°  toward northwest (N 3470). FT-35 thus suggests 

that the lower lodgement till was deposited by ice that advanced from 

northwest. 	As discussed earlier (section 4.4.2), transverse fabrics 

such as FT-35 may form as a result of compressive stresses transmitted 

into till on the stoss side of subglacial bosses; this is a situation 

that applies particularly well to the Arthabasca site which is located 

less than 1 km northwest of a large strike ridge that obstructs the 

course of the Nicolet River valley. 

FT-36, which was measured in the upper till bed, is a type A fabric 

with preferred A-axis orientation (V1) plunging at a non-significant, 

11°  angle toward north (N 356°). However clast A/B planes do have a 

strongly preferred imbrication that dips at a significant 9°  angle 

toward NNW (N 341°). FT-36 is therefore interpreted as a parallel fa-

bric and thus suggests that the upper lodgement till was also deposited 

by ice that advanced from approximately northwest. 

Both reddish-brown till beds contain several northwest-derived 

Precambrian clasts as well 'as abundant clasts of red and green slate 

that are most likely derived 'from bedrock sources (Granby Group: map-

unit #7 in Figure 2-1) which outcrop less than 12 km northwest of the 

Arthabasca locality. 	Since Granby Group rocks and equivalent units 

(Sillery Group) also contain abundant sandstone beds (Globensky, 1978; 

Clark and Globensky, 1973), it is further inferred that the high sand 

content of the reddish-brown tills at Arthabasca and at other nearby 

localities very likely owes its origin to sand-sized glacial debris 

derived from these rocks. Lastly, the reddish hue of these tills is 

most likely due to thin reddish coatings on particles; these coatings 

may reflect the presence of minor amounts of red shale debris derived 

from the Bécancour Formation (Figure 2-1: 	map-unit *'23) in the St. 

Lawrence Lowlands. 	Alternatively, this reddish debris may originate 

from Granby Group rocks which, as mentioned above, contain much red 

slate. However, this would not alter the basic inference that reddish- 
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brown tills in the vicinity of Victoriaville were deposited by ice that 

advanced southeastward across the St. Lawrence Lowlands and Appalachian 

Piedmont. 

Except for the minor grain-size difference previously noted, the 

two till beds at Arthabasca have an essentially similar composition. 

Average heavy mineral content of their fine sand fraction is 7.3%; this 

is distinctly higher than in other lodgement tills of the study area. 

However, no reasonable explanation for this can be offered. Magnetic 

mineral content averages about 12.3%, a fairly common value in the re-

gion, and therefore provides no explanation for the high weight of the 

heavy mineral fraction. Although large sources of carbonate bedrock 

(Bulstrode Formation) lie only about 1 km northwest of the section, both 

reddish-brown tills contain only up to about 1% carbonates (silt-clay 

fraction). This may of course be a result of postglacial weathering. 

However, the lower till bed, particularly at depths below about 3 m, 

seems to have undergone only slight to moderate weathering; yet it con-

tains only 1% carbonates at a depth of 3.6 m (sample #1). If the lack 

of carbonate debris is indeed a primary characteristic of these reddish-

brown tills, this may suggest that their constituent debris are derived 

chiefly from englacial transport; this would not only explain the near-

absence of debris derived from nearby carbonate bedrock sources but it 

would also explain low comminution rates of sand-size debris derived 

from more distal sources (Granby Group). 

The superposition of two reddish-brown till beds at Arthabasca 

seems to be a rather local occurrence. Other nearby sites, although 

less well exposed, showed little evidence that may lead one to infer 

that a significant glacial readvance took place during the latter part 

of glacial phase C. Moreover, there remains at least a possibility that 

the upper till bed at Arthabasca may be a flow till bed rather than a 

lodgement till bed; however this possibility has been set aside because 

the strong planar attitude of clast A/B planes tFT-36) in the upper till 

is a fairly good indicator of subglacial deposition. 
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2) In uplands northwest of the ultramafic belt, surface till com-

monly contains 30 to 70 ppm Ni; this belt of "anomalous" Ni 

content has a width of up to about 8 km and extends along al-

most the entire length of the ultramafic belt, from the vici-

nity of Lake Brampton to that of Lake Nicolet. Since surface 

till of this terrain belt also contains occasional ultramafic 

clasts, the presence and extent of this "anomalous" surface 

till belt are considered to be very significant. This indi-

cates that ultramafic debris which had been transported west-

ward and northward during glacial phase A were not completely 

re- entrained by southeastward ice-flow during glacial phase C. 

The presence of contour re-entrants (Ni < 30 ppm) in valleys, 

near Asbestos for instance (see also profile B-B'), indicates 

that southeastward glacial transport was more effective in 

valleys and gaps than on adjacent uplands (profiles A-A', C-C', 

D-D') . 

The Ni and Cr contents of surface till thus not only serve to esta-

blish that the SE-trending Asbestos ultramafic dispersal train was 

formed during glacial phase C but they also provide an indirect record 

of westward and northward ice-flow during the earlier glacial phase 

(drift unit A). 

4.4.12 Summary of provenance interpretation and ice-flow patterns 

Observations in stratigraphic sections and in numerous shallow 

surface exposures indicate that typical till of drift unit C contains at 

least minor amounts of Precambrian clasts; yet, because of the abundance 

of debris derived from local bedrock sources (mainly slate, sandstone 

and schist), Precambrian clasts commonly make up less than one percent 

of till clasts. However, by comparison with the underlying drift unit 

A, Precambrian clasts are abundant in drift unit C.; an excellent example 

of this is provided by pebble counts in tills of the Norbestos section 

(Table 4-2). 
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The best overall provenance record of drift unit C is provided by 

the SE-trending Asbestos ultramafic dispersal train (Figure 4-21). The 

dispersal train extends over a distance of at least 25 km southeast of 

the ultramafic belt; this distance, given the fact that the Asbestos 

ultramafic belt is much narrower and has a much smaller outcrop area-

than the Thetford-Mines ultramafic belt, compares well with that of the 

Thetford-Mines ultramafic dispersal train (about 80 km-long; Shilts, 

1973a, 1975). 	Additional site-specific provenance criteria, such as 

those discussed for the Arthabasca and Tingwick localities, provide 

further evidence indicating that drift unit C was deposited by the 

Laurentide Ice Sheet. 

Till clast fabrics and subtill glaciotectonic deformations at all 

investigated localities (Figure 4-23: localities #1 to #10) consistent-

ly indicate that drift unit C was deposited by ice that advanced toward 

approximately southeast throughout the study area. Moreover, available 

directional and provenance data strongly suggest that southeastward 

ice-flow was maintained until the Laurentide Ice Sheet had finally re- 

treated from the study area; 	surface till in uplands surrounding 

Asbestos provides no evidence that may lend support for a late-glacial 

northward (or westward) ice-flow event. 
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DRIFT 	UNIT C 
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SUGGESTED CORRELATIVES 
1. 	Norbestos 6. Wotton 

2. 	Riv. des Rosiers 7. N.-D.-de-Ham 11. Lennoxville 	Till 	(Ascot River section) 

3. Willow Brook 8. Tingwick 12. Upper till 	(Ange-Gardien section) 

4. Ch des Ecossais 9. Bromptonville 

5. 	Riv. 	Noire 10. Arthabasca 

Figure 4-23 : Southeastward ice-flow pattern recorded in drift unit C and suggested correlatives. Till of drift unit 
C contains no evidence which may suggest that a northward ice-flow reversal took place toward 
the close of glacial phase C. The Ascot River (#11) and Ange-Gardien (#12) sections will be 
discussed in Chapter 6. 
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CHAPTER 5 

LATE WISCONSINAN STRATIGRAPHI AND DEGLACIAL EVENTS 

Because it has proven difficult to reconcile a late-glacial ice-

flow reversal event with significant aspects of the deglacial record 

(see section 1.3.2), an assessment of deglacial patterns and events is 

required as it places a series of constraints on any attempt to recons- 

truct late-glacial ice-flow patterns. 	Deglacial features shown in 

Figure 5-1 combine the results of work previously carried out by 

McDonald (1966, 1967a, 1967b, 1968) and by the author (Parent, 1978; 

Clément and Parent, 1977). Additional fieldwork was done by the author 

throughout the Asbestos-Valcourt region, particularly in areas that were 

previously unmapped, for instance east of Asbestos and Warwick (21 E/13) 

and south of Valcourt (31 H/8 W). A detailed map of deglacial landforms 

and sediment bodies is presented in Figure 3-1. Although the investiga-

tion of new exposures and the mapping of new areas call for some modifi-

cations to regional deglaciation patterns and in the history of degla-

cial events, the basic deglacial history remains essentially similar to 

that proposed earlier by McDonald (1967a, 1968). His work is aptly sum-

marized by this statement: "An active ice-front retreated northward ana 

northwestward down the topographic gradient in the Appalachian region 

and deposited a series of discontinuous moraines, largely composed of 

ice-contact stratified arift, in the glacial lakes at the ice-front" 

(Gadd, McDonald and Shilts, 1972a: p. IV). 

5.1 Morainic belts  

Three main recessional morainic belts extend across the Asbestos- 

Valcourt region (Figure 5-1; see also Figure 3-1). 	From oldest to 

youngest, these are (1) the Cherry River / East-Angus Moraine, (2) the 

Mont Ham Moraine and (3) the Ulverton-Tingwick Moraine. These are dis-

continuous end-moraines which mainly consist of ice-contact sediment 

bodies and of assemblages of morainic ridges and intervening ice-mar-

ginal meltwater channels (Figure 3-1). un the basis of the extent and 
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depth of proglacial lakes impounded by the retreating ice-front, two 

main types of ice-marginal environments can be recognized in the study 

area: 

1) In terrains where large, deep proglacial lakes were impounded 

at the ice-margin, such as in the Saint-François River valley 

between, say, Sherbrooke and Richmond and on low adjacent up-

lands, morainal sediments consist mainly of subaquatic outwash 

deposits, several of which are evidently esker-fed sediment 

bodies. End-moraine segments are particularly discontinuous in 

such areas; however, numerous esker ridges and small stream-

lined subglacial landforms (drumlins, drumlinoid ridges, crag-

and-tail ridges, lineaments) are commonly present in low-relief 

terrains. The area of occurrence of these ice-marginal envi-

ronments is approximately given by the area of occurrence of 

eskers in Figure 5-1. The fact that McDonald's mapping work 

was mostly carried out in such areas seems to explain the pre-

viously cited statement that moraines are "largely composed of 

ice-contact stratified drift". 

2 In terrains where only small or shallow proglacial lakes were 

impounded at the ice-margin, morainic belts consist mainly of 

assemblages of till ridges and intervening meltwater channels. 

These transverse morainic landforms, which most commonly lie on 

north- or northwest-facing slopes, may extend over distances of 

up to 8 km; their trend reflects quite closely that of the 

retreating ice-front (Parent, 1978; Clément et Parent, 1977). 

Small bodies of ice-contact stratified drift, which locally 

include deltas, commonly occur at the downstream extremity of 

ice-marginal meltwater channels; when present, these deltas 

allow specific ice-front positions to be tied with levels of 

coeval ice-dammed lakes. Similar, though much more scattered, 

transverse landforms are present on terrains between the main 

morainic belts. This type of deglacial environment in which 

eskers seem virtually absent occurs mainly in the eastern part 

of the Asbestos-Valcourt region (Figure 5-1). 
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5.1.1 Cherry River / East-Angus Moraine 

The Cherry River / East-Angus Moraine extends along the southern 

edge of the study area (Figure 5-1; see also Figure 3-1). It consists 

of two main segments: 

1) the Cherry River Moraine (McDonald, 1967a, 1968), which is a 

rather discontinuous morainic belt extending from the vicinity 

of Magog to that of Sherbrooke; 

2) the East-Angus Moraine  (Clément et Parent, 1977; Parent, 1978), 

which is a fairly continuous morainic belt that wraps around 

the northwest and northeast flanks of Monts Stoke and which 

includes a few ice-contact sediment bodies (near Stoke) that 

had been previously assigned to the Cherry River Moraine by 

McDonald (1967a, 1968). 

The two segments are separated by yet unexplained gaps in the vici-

nity of Sherbrooke (Figure 5-1). These gaps have led to slightly dif-

ferent reconstructions of ice-retreat patterns near Sherbrooke 

(McDonald, 1967a; Clément et Parent, 1977; Boissonnault et Gwyn, 1983). 

Since little firm evidence has been presented to suggest that the 

earlier interpretation must be changed, the outline of the Cherry River 

Moraine depicted in Figure 5-1 is essentially that proposed by McDonald 

(1967a, 1968) for the area between Sherbrooke and Magog. In any event, 

these slightly different interpretations of ice-retreat patterns do not 

alter two basic facts: 

1) the Cherry River Moraine consists mainly of ice-contact strati-

fied drift bodies that were deposited by southward-flowing 

meltwater streams as they entered a proglacial lake (McDonald, 

1967a, 1967b, 1968); 

2) the altitude of ice-contact deltas associated with the morainic 

belt indicates that it.  was built while Glacial Lake Memphre- 
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magog stood at the level of the Sherbrooke phase (McDonald, 

1968). 

Because of this, the matter of ice-retreat patterns near Sherbrooke 

seems of rather local interest and was not further investigated in the 

course of the present study. On the other hand, McDonald's proposed 

outline of the Cherry River Moraine between Magog and the vicinity of 

Valcourt (see Figure 1-3) has been dropped: between these two locali-

ties, there are almost no ice-marginal deposits (see Figure 3-1) to 

support the suggested ice-front position. Instead it is suggested that 

ice-marginal deposits in the vicinity of Valcourt, because they are in 

line with deposits of the Mont ham Moraine, are a southwestern extension 

of this younger morainic belt (Figure 5-1). 

The East Angus Moraine consists mainly of assemblages of till 

ridges and ice-marginal meltwater channels. The moraine was fully des-

cribed and discussed in earlier reports (Parent, 1978; Clément et 

Parent, 1977); this material will not be repeated here. This morainic 

belt was also built while Glacial Lake Memphremagog stood at the level 

of the Sherbrooke phase, hence the suggested correlation with the Cherry 

River Moraine. The East-Angus Moraine is named after the town of East-

Angus (Clément et Parent, 1977), near which McDonald (1967a, 1969) first 

described and mapped large cross-valley morainic ridges underlain by a 

distinctive clay-till sheet and by deformed varves. McDonald (1967a) 

inferred that a glacial lobe, flowing southwestward down the upper 

Saint-François River valley, readvanced over glacial-lake sediments to 

build the morainic ridges. 

The best reference locality for the East-Angus Moraine is a clay 

pit in the town of East-Angus, originally described by McDonald (1967a: 

p. 37-38). The clay pit (Figure 5-2) was visited by the author mainly 

for the purpose of sampling calcareous concretions which had been 

observed by McDonald within deformed varves. It was hoped that radio-

carbon dating of these concretions might provide at least an estimate of 

the age of the deformed varves and, hence, of the overlying till. No 

concret ions were found. 
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The clay pit is excavated within a large morainic ridge. Exposed 

sediments consist of a 0.9 to 1.2 m-thick bed of clay till that overlies 

unconformably thrust-imbricated and brecciated silty clay varves (Figure 

5-2), much as McDonald had described. The subtill deposit is cut across 

by a series of high-angle, subparallel, slightly concave-up, closely 

spaced (5 to 30 cm apart), and striated fault planes. Their attitude, 

which was measured at two well-exposed sites within the pit, is given in 

Figure 5-2. The high angle of these reverse faults suggests that shear-

ing occurred at low confining pressure and thus tends to support 

McDonald's view that the deformations were produced near or at the mar-

gin of a glacier which was advancing toward SW. A suggestion by Shilts 

(1978, pers. comm.) that the origin and age of the deformed varves-clay 

till sequence at East-Angus may be similar to that of the "early Lennox-

ville" Drolet Lentil of the Lac-Mégantic region (Shilts, 1973a; see also 

Figure 1-2) cannot be confirmed nor denied: there are, within or above 

the clay till bed, almost no stones whose provenance might have allowed 

the inference that a significant episode of southeastward ice-flow 

(drift unit C) succeeded the local southwestward ice-flow event that 

deformed the varves and deposited the clay-till unit. 

In any event, the East-Angus Moraine is recorded by a series of 

rather prominent ice-marginal features (see Figure 3-1) that stand on 

their own as evidence for this ice-front position. These may or may not 

be related to events recorded in the East-Angus clay pit. However, the 

occurrence of the clay till sheet overlying deformed glaciolacustrine 

muds does suggest that a glacial lobe readvanced for at least a few 

kilometers in the vicinity of East-Angus to build the East-Angus 

Moraine. 

5.1.2 Mont Ham Moraine 

The Mont Ham Moraine designates a series of discontinuous ice-

marginal deposits that extend from the vicinity of Valcourt to that of 

Weedon (Figure 5-1). This morainic belt was originally described and 

defined by the author (Parent, 1978: figures 24 and 25; see also Figure 

1-3). At that time, the belt was named "moraine du Nicolet" (Nicolet 
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River Moraine) but it was later renamed Mont Ham Moraine (Parent, 1984a) 

in order to avoid confusion with stratigraphic terms in current usage 

(Nicolet Stadial and Nicolet Formation) as well as to better reflect the 

region where it was first recognized (Rivière Nicolet, although its 

upper watershed is within the Outer Appalachian Uplands, is much better 

known as a stream of the St. Lawrence Lowland and Appalachian Piedmont). 

Features of the Mont Ham Moraine are best developed in the area 

east of Asbestos where they consist of assemblages of morainic ridges 

and intervening meltwater channels that rest on north-facing slopes of 

the Outer Appalachian Uplands (Figure 3-1). The morainic belt also 

includes large cross-valley ridges of ice-contact stratified drift that 

were built on the left flank of the Saint-François River valley between 

Windsor and Richmond (Parent, 1978). Recent field work indicates that 

the morainic belt extends southwestward into uplands near Valcourt where 

it consists of a mixed assemblage of till ridges and ice-contact sedi-

ment bodies (Figure 3-1). 

Relationships between the morainic belt and coeval ice-dammed water 

bodies defined by McDonald (1967a, 1968) allow firm correlations to be 

made between discontinuous segments of the moraine. On the basis of his 

study and of earlier work by McDonald (1966, 1967a, 1968), Parent (1978) 

established that the Mont Ham Moraine was built during the maximum ex-

tent of the Sherbrooke phase of Glacial Lake Memphremagog. This inter-

pretation is based on three main lines of evidence: 

1) Ice-marginal retreat from the position of the Cherry River / 

East-Angus Moraine allowed glacial-lake waters to expand north-

ward in the Saint-François River valley and on low adjacent up-

lands. Several small ice-contact deltas between Sherbrooke and 

Windsor were built at the level of the Sherbrooke phase during 

this ice-retreat interval; several shoreline features that were 

formed at the level of the Sherbrooke phase have also been 

recorded throughout that area (see Figure 3-1). 



158 

2) Ice-contact deltas associated with the Mont Ham Moraine were 

built at altitudes that correspond to the level (265 - 270 m 

ASL) of the warped waterplane of the Sherbrooke phase (Parent, 

1978). For instance, ice-marginal features suggesting that a 

small late-glacial lobe occupied the upper Saint-François River 

valley upstream of Weedon (Figure 5-1) are assigned to the Mont 

Ham Moraine because associated ice-contact deltas were formed 

at an altitude (about 240 m) corresponding to the local level 

of the Sherbrooke phase. 

3) Strandline features of the Sherbrooke phase are absent on the 

proximal side of the Mont Ham Moraine (Parent, 1978). Field 

evidence acquired earlier (McDonald, 1967a, 1968; Parent, 1978) 

as well as during this study indicates that Glacial Lake 

Memphremagog drained following ice-retreat from the position of 

the Mont Ham Moraine and that water levels fell by about 50 m. 

5.1.3 Ulverton-Tingwick Moraine 

Judging from the weak development of ice-marginal deposits, except 

perhaps for a few till ridges (and meltwater channels) resting on north-

facing slopes near Asbestos and on the north side of the Ham Hills (see 

Figure 3-1), ice-retreat that followed deposition of the Mont Ham 

Moraine must have been quite rapid. However ice-marginal retreat slowed 

down or halted about 15 km northwest of the Mont Ham Moraine to build 

the Ulverton- Tingwick Moraine (Figure 5-1). This morainic belt may be 

subdivided, on the basis of geomorphic characteristics, into two main 

segments, the Ulverton and Tingwick segments. 

The Ulverton morainic segment, which rests on the inner Appalachian 

Piedmont a few kilometers northwest of the Richmond Hills, extends from 

Colline Elliot (near Asbestos) southwestward to the vicinity of Béthanie 

(northwest of Valcourt) where it may extend beyond the study area. This 

50 km-long morainic segment is particularly discontinuous since it con-

sists mainly of esker-fed subaquatic outwash bodies that were deposited 

in a proglacial lake at the ice-front. Several well-defined strandline 
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features (deltas, wave-cut terraces, beaches) which have been recorded 

by both McDonald (1966, 1967a) and the author (see Figure 3-1) in ter-

rains lying on the distal side (southeast) of the morainic segment indi-

cate that the warped water-plane of this proglacial lake stood at an 

altitude of about 230 m ASL near the Ulverton ice-margin. 

Numerous sand or gravel pits which have been excavated into depo-

sits of the Ulverton segment reveal that the subaquatic outwash bodies 

consist mainly of plane-and ripple-laminated sand that was deposited by 

currents flowing toward the southeastern sector. Eskers on both the 

distal and the proximal side of the morainic segment were also deposited 

by southeastward paleocurrents. These observations essentially corro-

borate those of McDonald (1966, 1967a) who had assigned these morainal 

deposits to the Highland Front Moraine (Gadd, McDonald and Shilts, 1972; 

see Figure 1-3). Although the Ulverton morainic segment generally lies 

above the marine limit (165-175 m ASL), a few of its deposits, such as 

those at Ulverton, are below the marine limit and their upper surface 

has been reworked by current and wave action or partly buried during the 

Champlain Sea episode. 

One of the most significant localities of the Ulverton morainic 

segment is the Colline Elliott delta-kame (Figure 5-3): at this loca-

lity, over 40 m of subaquatic outwash sediments, consisting mainly of 

plane- and ripple-laminated sand but also including a few flow till or 

debris flow beds, are capped by discontinuous, up to 1 m-thick, topset 

beds consisting of trough-cross-bedded sandy gravel. 	It is inferred 

that the high rate of sediment supply, provided by englacial or sub-

glacial tunnels (recorded by the Warwick-Asbestos esker), allowed the 

subaquatic outwash fan to build up to water level, at which time the 

cross-bedded gravels were deposited in shallow channels that formed at 

the surface of the flat-topped sediment body. The surface of the 

Colline Elliott delta-kame lies at an altitude of about 226 m. 

The Tingwick morainic segment, which extends northeast of the 

Colline Elliott locality, is also coeval with this proglacial lake: 

near Tingwick, ice-contact deltas and lake terraces were built at alti- 
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tudes between 225 and 230 m by ice-marginal meltwater channels that are 

associated with the morainic belt. Unlike the Ulverton segment, the 

Tingwick segment consists mainly of series of till ridges and inter-

vening meltwater channels that rest on north-facing slopes of the Outer 

Appalachian Uplands (see Figure 3-1). 	Deposits of this part of the 

morainic belt extend northeastward to the vicinity of Notre-Dame-de-Ham 

where they lie at an altitude of about 300 m. However the morainic belt 

could not be traced further northeast into the Notre-Dame Mountains. 

The Ulverton-Tingwick Moraine is therefore coeval with a proglacial 

lake whose water-plane stood at an altitude of about 230 m near the 

glacier-lake interface; this proglacial lake thus covered much of the 

Appalachian Piedmont in the Asbestos-Valcourt region. McDonald (1967a; 

1968) had also reported strandline features at altitudes between 220 m 

and 230 m on the Appalachian Piedmont west of Richmond; he assigned 

those features to a "lower lake system" which extended up in the Saint-

François River valley to at least the vicinity of Sherbrooke and whose 

isobases "... conform roughly to levels of the Fort Ann phase of Lake 

Vermont, described in the Lake Champlain Basin by Chapman (1937)..." 

(McDonald, 1968: p. 672). Recent surveys by Prichonnet (1982a, 1982b, 

1984) and co-workers (Prichonnet, Doiron et Cloutier, 1982; Prichonnet, 

Cloutier et Doiron, 1982; Doiron, 1981; Cloutier, 1982) in the Granby 

and Cowansville areas also include reports of glaciolacustrine strand-

line features at altitudes between 210 and 230 m in the Appalachian 

Piedmont southwest of the Asbestos-Valcourt region. Therefore, evidence 

from the study area and from adjacent areas strongly suggests that 

waters of Glacial Lake Vermont (Fort Ann phase) had expanded onto the 

Appalachian Piedmont of southeastern Quebec during construction of the 

Ulverton-Tingwick Moraine. This conclusion is further corroborated by 

the fact the altitude difference separating the "Fort Ann" strandline 

features from the upper Champlain Sea strandline features varies between 

50 and 60 m in the study area, much as in the Lake Champlain and. Upper 

St.Lawrence valleys (Chapman,. 1937; Denny, 1974; Clark and Karrow, 

1984). 
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5.2 Warwick-Asbestos esker 

Deposits of the Warwick-Asbestos esker (Figure 5-3) were originally 

mapped as an "ice-front accumulation" which Gadd, McDonald and Shilts 

(1972) considered as part of the Highland Front Moraine (see Figure 

1-3). However, judging from the areal extent of surficial geology map-

ping that had been carried out at the time of their regional synthesis, 

one may suppose that these deposits had not been fully investigated. 

Because of this difference of interpretation, deposits of the Warwick-

Asbestos esker were investigated more specifically. Other eskers of the 

study area (Figure 5-1) were simply checked for direction of meltwater 

flow; all were found to have been deposited by paleocurrents flowing 

toward S or SE, much as suggested by McDonald (1966, 1967a, 1967b). 

Except for the Warwick-Asbestos esker and for a few eskers located in 

the previously unmapped west half of the Orford map-area (31 H/8), 

eskers shown in Figure 5-1 were already reported by McDonald (1966, 

1967a, 1967b). 

The Warwick-Asbestos esker consists of a series of diachronous 

esker segments that were deposited as the ice-front retreated northward 

from the position of the Ulverton-Tingwick Moraine: typically, subaqua-

tic outwash bodies lie at the distal end of single-ridged esker segments 

(Figure 5-3). Sediments of these segments consist mainly of plane- and 

cross- bedded pebble gravel and pebbly sand; cobble gravel beds were 

also observed, particularly in the core area of single-ridged segments. 

Excellent exposures reveal that only minor faulting or collapse has 

occurred and thus that these segments were probably deposited in subgla-

cial tunnels, much as in the Windsor esker (Banerjee and McDonald, 1975; 

McDonald and Shilts, 1975). Paleocurrent was toward south, more-or-less 

parallel to esker ridge; an example of this is provided by the orienta-

tion of cross-beds at locality #1, just south of Pine Hill (Figure 5-3). 

Subaquatic outwash bodies consist mainly of plane- and ripple-

laminated fine to medium sand but also include plane- and cross-bedded 

sand; sand beds most commonly appear as tabular sets or as very broad 

trough sets with almost no sedimentary dip or with low-angle ( < 5°) 
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Marine limit (165-175m) 
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Figure 5-3 : The Warwick-Asbestos esker and its relationships with the Ulverton—Tingwick Moraine, 
the Colline Elliott delta-kame and the upper marine limit. Paleocurrent data indicate that 
the esker was deposited by southward-flowing meltwater. Also shown are the locations • 
of several of the sections described in this chapter. 
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southward dips. 	Exposed thickness of these sandy outwash bodies is 

usually about 20 m, but reaches 40 m at Colline Elliott. Orientation 

measurements from cross-bedded and cross-laminated cosets (Figure 5-3: 

rose diagrams #2, #3 and #4) indicate that paleocurrent was toward the 

south; this provides further evidence that these sediments were not 

deposited on the east side of an ice-front with a local north-south 

trend, as should be expected if this sediment body were part of the 

Highland Front Moraine. 

Except for the Colline Elliott delta-kame, all deposits of the 

Warwick-Asbestos esker lie below marine limit (165-175 m ASL). Distinc-

tive outwash bodies at Colline Elliott, Pine Hill and Warwick allow 

convenient subdivision of the esker complex into three main segments for 

the purpose of further description and discussion. The west side of the 

Colline Elliott esker segment has been extensively reworked by wave 

action and is partly buried under deltaic and littoral sands deposited 

during the Champlain Sea incursion (see Figure 3-1); its east side how-

ever has retained typical esker morphology (ice-contact slopes) except 

at the north end of the segment, near Riviére des Rosiers, where it is 

contiguous with thick, poorly exposed, sandy sediments which have been 

mapped as ice-contact stratified drift but which may eventually prove to 

be deltaic sediments deposited over stagnant ice blocks. The Pine Hill 

segment, because it lies east of a large bedrock ridge that formed an 

island during the marine episode, was well protected from wave action 

and has retained a typical esker ridge morphology (Figure 5-3). How-

ever, the Warwick esker segment was not only reworked by wave action but 

it was largely buried under fossiliferous marine silts as well as by 

deltaic sediments supplied by Rivière des Pins (see Figure 5-8); the 

existence of this segment would have likely remained unsuspected were it 

not for the series of gravel pits that have been excavated into it. On 

the other hand, the Warwick subaquatic outwash body was well protected 

from wave action, much as the Pine Hill esker segment, and has retained 

its kettled surface. 
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5.3 Glaciolacustrine and marine sediments younger than drift unit C  

Glaciolacustrine and marine sediments younger than surface till 

(drift unit C) have been mapped by a number of authors (McDonald, 1966, 

1967b; Warren et Bouchard, 1976; Parent, 1978; Chauvin, 1979b) in ter-

rains that lie within the study area; sand-gravel facies of littoral or 

deltaic origin as well as silt-clay facies deposited at greater water-

depths-(below wave-base) have been reported and mapped for both glacio-

lacustrine and marine sediments. Because facies of glaciolacustrine 

sediments may resemble those of marine sediments, particularly when only 

small or shallow exposures are available, the presence of marine fossils 

(mainly shells) remains the best way of distinguishing Champlain Sea 

sediments from those deposited in anterior glacial lakes. 

However, marine sediments, particularly littoral or deltaic sands 

and gravels, are commonly unfossiliferous or only sparsely fossili-

ferous; this seems to be the result of several combined factors: 

1) harsh environmental conditions flow temperature and salinity) 

that prevailed during at least the early part of the Champlain 

Sea incursion (Wagner, 1970; Hillaire-Marcel, 1979, 1980; 

Cronin, 1977a, 1977b, 1979a) may have caused not only low fau-

nal diversity but also low faunal density; 

2) abundant detritus derived from freshly deglaciated, sparsely 

vegetated (Richard, 1977, 1978; 1985; 	Davis and Jacobson, 

1985) adjacent terrains as well as from glaciers within the 

marine basin (Hillaire-Marcel and Occhietti, 1980; Occhietti, 

1980) must have resulted in nigh sedimentation rates, hence 

further decreasing apparent faunal density; 

3) marine shells lying at shallow depths, particularly in sandy or 

gravelly deposits, may have been dissolved as a result of in-

tense Holocene weathering. 
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re 5-4 : Measured sections recording occurrences of pre-Champlain Sea varves along the northwest 
edge of the Appalachian uplands, Asbestos-Valcourt region. Relationships with the elevation 
of the Fort Ann shoreline and of the marine limit are also shown. (See legend in Figure 4-12) 
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Rivière Danville section (MP-79-10) 

At Riviére Danville near Asbestos, about 3 km southeast of the 

Ulverton-Tingwick Moraine (Figure 5-3), lodgement till of drift unit C 

is overlain by a 2.2 m-thick varve sequence which is in turn overlain by 

2.8 m of plane- and cross-laminated glaciolacustrine sand. Varve 

couplets consist of 2 to 3 cm-thick summer layers (single- or multiple-

graded silt layers) overlain by thinly laminated clayey winter layers. 

The thinning-upwards trend which characterizes the summer layers rather 

than the winter layers suggests that the Rivière Danville site became 

increasingly distal during the glaciolacustrine episode. The overlying 

sand unit may reflect either shoaling of the impounded water-body or 

perhaps a return to proximal (deep-water) sedimentation. 

Melbourne section (MP-82-1) 

In the Melbourne section (MP-82-1), which lies at an altitude of 

only 122 m in the Saint-François River valley near Richmond, about 7 km 

southeast of the Ulverton-Tingwick Moraine (see Figure 3-1), a 7.0 m-

thick varve series directly overlies ice-contact stratified drift 

(Figure 5-4). 	The varve series consists of two thinning-and-fining- 

upwards sequences that are essentially recognized through changes of 

thickness and texture of the summer layers. The upper sequence is at 

least 1.9 m-thick (top of section has been extensively disturbed); it 

consists of 23 or more couplets whose silty summer layers contain trace 

fossils (Pascichnia: 	grazing traces; 	nomenclature of Seilacher, 

1964; see also Frey and Pemberton, 1984). 	The lower sequence has a 

thickness of 3.6 m and consists of 33 couplets whose summer layers de-

crease in thickness from 1.1 m in the basal varve to 0.5 cm in varve 

#33; thickness of winter layers (thinly laminated clay) decreases only 

slightly, from 3 to 2 cm. Summer layers grade from thick sandy turbi-

dites in basal varves, to graded sandy silt, and to laminated calcareous 

silt near to top of the sequence, much as in some sequences reported by 

Banerjee (1973). Ripple-lamination in turbidite layers indicates that 

paleocurrent was toward southeast (upvalley) and thus that turbidity 
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silt. 	Very fine sand partings are present within almost all summer 

layers; in two varves, these partings show distinct, NW-SE trending, 

parallel lineations that must have been produced by turbidity currents. 

Moreover, following examples given by Banerjee (1973) and Ashley (1975) 

for instance, these varves are best interpreted as turbidites with 

(C)DE(t,h)-divisions (nomenclature of Walker, 1984). 	A few thick 

(30 cm or more), contorted (convolute lamination) summer layers occur in 

the lower 3.5 m of the varve unit (varves #4, 7, 12 and 17). A plot of 

mean grain size (Ma) versus depth shows that the thinning-upwards 

trend is paralleled by a fining-upwards trend which is best recorded 

within summer layer samples (Figure 5-7). The winter layers consist 

mainly of thinly laminated or faintly laminated, stiff, non calcareous, 

dark gray clay. 

Annual rhythmicity of these varves is demonstrated by the fact that 

the occurrence of trace fossils is restricted to the coarser, light-

coloured, summer layers. Trace fossils are most common in sandy par-

tings that are present in summer layers throughout the varve unit; they 

consist mainly of grazing traces (Pascichnia), but crawling traces 

(Repichnia) were also observed together with grazing traces in a few 

varves. 	Feeding structures (Fodinichnia) which are present within 

laminated silt layers above a depth of 15.5 m disappear at the contact 

with the overlying marine silt, much like Pascichnia and Repich-

nia (Figure 5-5). Above a depth of 13 m, the varves contain sparse 

valves of Candona subtriangulata, a benthic ostracode species which 

typically inhabits arctic freshwater lakes but which, according to 

Cronin (197-7a, 1977b), may also be tolerant to low salinity environments 

such as those which he thought characterized the Transitional phase of 

the Champlain Sea. However, given the characteristic sedimentology of 

the varves and given the absence of other ostracode or foraminifer spe-

cies that characterize Cronin's Transitional phase, this author believes 

that the varves were deposited in a typical glaciolacustrine environ- 

ment. 	In samples below 13 m, Candona s. is apparently absent 

(Figure 5-5); this however may well be a consequence of the high sedi-

mentation rates (10 to 20 cm.a-1) recorded in the lower part of the 

varve unit. 	A fragment of Candona sp. which was found in sample 
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species belong to faunal assemblages that characterized the Hiatella 

arctica phase of the Champlain Sea (prior to about 11 000 years BP). 

Above a depth of 4.5 m, the marine silt unit contains sandy inter-

beds whose thickness varies from 2 to 3 cm and is fairly oxidized; pre-

sumably as a result of dissolution during the Holocene, the upper part 

of the marine unit was found to be devoid of microfossils. However 

several molds of Macoma balthica (in growth position) were observed 

in silt layers up to the base of the regressive sand unit (Figure 5-5). 

5.3.2 Champlain Sea sediments 

A full description of marine sediments observed in the Asbestos-

Valcourt region is beyond the scope of this thesis; excellent summaries 

and descriptions of Champlain Sea sediments and fauna are available 

elsewhere (Hillaire-Marcel, 1977, 1979, 1980; Occhietti, 1977, 1980; 

McDonald, 1967a, 1968; Elson, 1969a, 1969b; Cronin, 1977a, 1979a, 1979b; 

Gadd, 1971; Wagner, 1970). 	Let us simply say that numerous marine 

beaches, deltas and littoral terraces have been recognized up to alti-

tudes of about 175 m in the Asbestos-Valcourt region (see Figure 3-1); 

however, the marine limit decreases to altitudes of about 165 m in mar-

ginal embayments (Saint-François River and Landry River valleys). This 

assessment of the marine limit (from 165 to 175 m ASL, depending upon 

location) is essentially in agreement with a previous assessment (165 m 

ASL) by McDonald (1967a, 1968) and with surficial geology maps published 

since (Warren et Bouchard, 1976; Chauvin, 1979a, 1979b). 	The tairly 

large altitude difference (50 to 60 m) which separates marine-limit 

strandline features from those formed during the earlier glaciolacus-

trine episode (Fort Ann phase of Lake Vermont) provides fairly conclu-

sive evidence, even in the absence of marine fossils, for the recogni-

tion of marine-limit features. Moreover marine shells are now being 

reported up to altitudes of 149 m in the Asbestos-Valcourt region (Table 

5-1; Figure 3-1). The main purpose of this section is to present the 

stratigraphic context of marine faunas that were 14C aated in the course 

of the present study. 



Table 5-1: RADIOCARBON DATES 

LABORATORY 	ACE 	ALTITUDE 	 LOCALITY 	 DATED MATERIAL 	 SEDIMENT 	COLLECTOR 	REFERENCE 
NUMBER 	(years BP) 	(m ASL) 	(latitude, longitude) 

1. Early Champlain Sea fauna, southeastern part of central basin 

I- 13342 11 700 ± 170 127 Warwick, Qc Hiatella arctica 	Reworked esker Parent Parent, 1984d 
(45°56'29" N) 
(72°00'05" W) 

*Balanua crenatua 	gravel and silty 
sand 

GSC-187 11 410 t 150 122 Kingsey Falls, Qc Macon& calcarea 	Stratified silty Gadd Dyck et al. 
Mya truncate 	 sand and clay 1965 
Hiatella arctica 

**UQ-290 11 370 ± 200 149 Danville, Qc Macon& balthica 	Deltaic sand Parent Parent, 1984c 
(45°46'49" N) 
(72°01'28" W) 

GSC-505 11 880 t 180 1 L'Avenir, Qc Macon& balthica (90%) 	Pebbly gravel McDonald Lowdon and 
122 9istella arctica (8%) 	and sand Blake, 1970 

CSC-936 12 000 ± 230 Ilya sp. (1%) 
Yoldia ap. (1%) 

CSC-475-2 11 500 ± 160 1 Ste-Christine, Qc Hiatella arctica (mostly) 	Silt McDonald Lowdon and 
145 JI{ Maco■a ap. (fragments) Blake, 1970 

GSC-475 11 530 ± 160 Yoldia ap. (fragments) 
Mytilue *dulls (fragments) 

UQ-29 11 360 ± 110 105 Adameville, Qc Macoma balthica 	 Sand Prichonnet Prichonnet, 
1982a, 1984 

I-4489 11 740 ± 200 145 Freligheburg, Qc Macon& balthica 	Lena of sand and 
clay in deltaic 
material 

1 Parrott and 
Stone, 1972 
Wagner, 1972 

QC-200 11 665 ± 175 79 (95?) Plattsburg, NY Macon& balthica 	 Unspecified Cronin Pardi, 1977 
Cronin, 1977 

CSC-2338 11 900 ± 120 101 Peru, NY Macon& balthica 	Pebbly sand Cronin Lowdon and 
Blake, 1979 

GSC-2366 11 800 ± 150 96 Plattsburg, NY Macon& balthica 	Silty sand Cronin Lowdon and 
Blake, 1979 



Y 	 V 
C 

m 	
L 

P. 	 P. 

P
ri
ch
on
n
e
t  

S
t-
D
o
m
i
ni
qu
e
,
  
Q
c
  

M
o
n
t  
R
o
ya
l
,
  
Q
c
  

B
u
r
l
i
n
g
to
n
,
  
V
t
  

.+ 	.. 
tO 	n 

... 

*
**
W-
2
3
11

 

T
ab

l
e
  
5
-
1
 
(
c
on
ti
n
ue
d
)
  

U
n
id
e
n
ti
f i
ed
 
s
h
e
l
l
s
  

W 
V 

U
n
id
en
t
i
f
i
ed
 
p
e
l
ec
y
po
d
s
  
S
i
l
t
  
a
nd
 

1
1
 4
2
0
 
±
 3
5 0
 

11
 
4
9
0
 ±
 11
0
 

1 2
 

4
8 0
 
±
 2
4 0
 

l
a
t
e
  
v
i
c
i
ni
t
  

W 

~ 

a
s
i
v
e
  m
a
r
i
n
e
  

G 
-4 
W 
la 
4. 
V 

P
o
r
tl
an
d
i
a
  
a
r
c
t
i
ca
  

H
i
a
t
el

l
a
  
a
r
c
ti
ca
  

H
y
*
  
t
r
u
n
ca

t
a
  

C
h
a
r
l
ea
b
o
u
r
g
,
  
Q
c
  

S
t-
H
e
n
r
i
-d
e-
L é
v
i
s
,
  
Q
c
  

~O 

+1 

O O 

1 2
 
40
0
 
±
 16
0
 

12
 
2
3
0
  
±
 
2
5
0
  

Du
n
c
a
n
,
  
Q
c
  

S
t-

Ge
rm
a
i
n
,
  

10
  
3
5 0
  
±
 
10
0
  

1 0
 

59
0
 
±
 1
0 0
 

3 

a m 
• 
L W . W . 

O CO 
d O 

0 e B 
• }I .O 
tn 	e+1 
..+o .+ 

tn 
. u o.0 
Ô W O m 

W W "0"6 W .003 

4. 	W 
O ..1 '7 ••1 w W W 

> W > 
â ~ z •W+ u 
u 212, u W 

g ~ S 
7 

� W 	W m > 0,0 
+1 

a.. W .-1 W 
O W U 
G W 	W 

4. b 4. 
a+ 00 G 00 

p i M W W. u 
� W .4 41 

••4 
0,6, 4G1 a.l m 

..01 

• ra 
 

• W 	41 a u W u 
W W 

W • 41 X W 
M 4,14

3, O 

 Y 

B W 

L 

W  
O. u 

W ~ w 'Wq 
4+ 
0103/0 W 

44 0 
.~,..0 Ot 
O F 3 

f # # # 
# # # 

# 
# 

176 

B
i
so
n
,
  
1
9
6 9
a
  

W 	co 	W 
..1 	.y 	.•1 
.4 	... 	.•1 

eÂ 	O • 	CO 

2 3 â 

.d 
W 

• 

an 	 un 
ea 	 e•1 
V1 	 N 
.-. 	el 	̂ 
1 	O. 	1 

ca 	 con 
0 O' 0  

.d 
L. 
W W 
ad W 
~ 

C 
na 
W 

m 

Y .1 

i 
A

~ 	 Ç 	C 

	

00 eÂ 	t~ 

• 
M 

12 

û~ a.~-1 • Ws 	W ~t ç 	û U 

         O 

	LŸ7 	
.11 ..4s4 M .~ W  

wo
a

~
34 11 

C./
•.1  

~
• 

• 
 W 2 	a

u
a a 

� I 	'~ I
ÂO

es 0 

â
Ÿ 	

•~ 

û 	N. 

~û

UW 

	

u..i ,+• 	r u 	4.1 	é 
g y

T  
4 Ps ON i~k* S ~~ x 0
~   

 

2 

W 

3 

O 
~ ... 
+I 
O 
O 
n 

O 
.i 

44 • u• û• O 	u 	• N m l+ 

W �  
~ 
y 
T 
00 • • 	W 



177 

Warwick section (MP-79-13) 

Though the Rivière Landry section provides an excellent stratigra-

phic record of regional events prior to and during the marine incursion, 

its disseminated molluscan fauna could not be i4C-dated. The Warwick 

section (MP-79-13) provides an excellent opportunity to date the marine 

incursion as well as to further clarify relationships between ice-

contact sediments and early Champlain Sea sediments (Figure 5-8). The 

section actually consists of several subsections that are exposed in a 

gravel pit which has been excavated mainly into sediments of the 

Warwick-Asbestos esker (see Figure 5-3 for location). Near Warwick, the 

esker is largely buried by marine and deltaic sediments whose surface 

lies between 136 and 138 m ASL; present relief of the esker has been 

reduced to only a few meters. 

The most complete stratigraphic record is provided by subsection A 

where esker gravels are overlain by fossiliferous marine silts which are 

in turn overlain by regressive deltaic sands (Figure 5-8). At the very 

base of the marine silt unit, a 30 cm-thick bed of resedimented silty 

gravel and sand contains a slightly displaced fauna consisting of Hia-

tella arctica (valves commonly unbroken and closed) and of Balanus 

crenatus (commonly unbroken and still attached to pebbles). According 

to Hillaire-Marcel (1980), this type of epibiontic assemblage commonly 

inhabited coarse-grained substrates at intermediate water-depths (0-30 

m). 	Since the overlying laminated clayey silts which contain only 

sparse shells of Macoma balthica must have been deposited mainly 

below wave base, it is inferred that the Hiatella arctica - Balanus 

crenatus assemblage, dated 11 700 ± 170 years BP (I-13 342), was 

displaced from the ridge or flank of the esker during occasional large 

storms. At that time, water level may have already started to recede 

from beaches at the marine limit (about 175 m ASL in the vicinity of the 

section). The resedimented sand and gravel unit which overlies esker 

gravel in the contiguous subsection (B) includes abundant, slightly 

displaced specimens of Hiatella arctica, Balanus crenatus and 

Macoma balthica, a few valves of Mya truncata uddevalensis and 

some fragments of Mytilus edulis; this mixed faunal assemblage (f-3) 
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may be slightly younger than or contemporaneous with the Macoma bal-

thica fauna of the clayey silt unit. In subsection A, the silt unit 

grades upward into foreset sands which are also present in subsection B. 

The age of the foreset and topset beds is given by a 14C date (10 780 

± 190 years BP,. UQ-289) on a shallow-water faunal assemblage that was 

found in well-sorted sand and gravel overlying esker gravel on the oppo-

site flank (Figure 5-8); shells of this assemblage consisting of Hia-

tella arctica, Macoma balthica, Balanus crenatus, Mytilus edulis and 

Mya truncate ovata (in order of decreasing abundance) were mostly 

unbroken and in growth position. 

Danville section (MP-79-19) 

The 	1000-years off lap history provided by the Warwick locality is 

nicely supplemented by a 14C-dated deltaic sequence near Danville (see 

Figure 5-3 for location); the Danville section (MP-79-19) is exposed in 

a gravel pit excavated into a regressive delta whose surface stands at 

153 m ASL. In the gravel pit and adjacent roadcut, an 8 m-thick unit of 

bottomset silt and sand is overlain by foreset sands and topset gravels 

(Figure 5-9). 	The bottomset beds consist of a coarsening-and- 

thickening-upwards rhythmite sequence; the rhythmites consist of alter-

nating silt and fine sand layers. The faintly laminated silt layers 

contain sparse shells of Macoma balthica that are in growth position 

throughout the unit, and they also contain burrow pits (Domichnia) 

that were most likely made by Macoma balthica. 	Thickness of the 

sand interbeds reaches up to 15 cm in the upper bottomset beds but de-

creases gradually downward to become simple partings in the lower 2 m of 

the unit. The contact of the silt and sand rhythmites with the over-

lying foreset sands is gradational and this contact zone is deformed by 

ball-and-pillow structures throughout much of the exposure. The contact 

zone locally contains a slightly displaced molluscan fauna (valves at-

tached and mostly closed) consisting of a single species, Macoma bal- 

thica, dated 11 370 ± 200 years BP (UQ-290). 	This date gives the 

age of a regressive sea-level stand at 153 m ASL, about 12 m below the 

local altitude of the marine limit; this date is thus consistent with 
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14C dates from the Warwick section and with dates previously obtained by 

McDonald (1967a, 1968) in the western part of the study area (listed in 

Table 5-1). 

The occurrence of minor step faults that cut across all units of 

the Danville section (Figure 5-9) suggests that small blocks of stagnant 

ice persisted during construction of early Champlain Sea deltaic ter-

races in the Danville embayment. Elsewhere in the study area, parti-

cularly in more open sites, little evidence was found to suggest that 

early marine sediments were deposited over, or adjacent to, stagnant ice 

blocks. 

Near St-Wenceslas, a few km northwest of the study area (co- ordi-

nates are given in Table 5-1), at an altitude of 81 m, a 1 m-thick lit-

toral sand unit which overlies deep-water marine silt contains a typical 

intertidal faunal assemblage consisting of Mya arenaria and Macoma 

balthica, dated 10 350 ± 100 years BP (UQ-947). This date, together 

with GrN-2034 (10 590 ± 100 years BP) obtained on a similar faunal 

assemblage (Elson, 1969a; see Table 5-1) near Duncan, also at 81 m ASL, 

just west of the study area, indicates that, by about 10 500 years BP, 

level of the Champlain Sea had regressed to altitudes of 90 m or less 

and thus that the marine incursion had ended in the Appalachian Piedmont 

of the Asbestos-Valcourt region. 

5.4 Late Wisconsinan glaciolacustrine episodes  

Proglacial lakes impounded at the ice-front provide a relatively 

independant means of testing deglacial patterns depicted in Figure 5-1. 

Strandline features consisting mainly of ice-contact and fluvial deltas, 

ice-contact lake terraces, littoral terraces (mainly wave-cut) and beach 

sediments have been recognized throughout much of the Asbestos-Valcourt 

region (see Figure 3-1) during this and earlier studies (McDonald, 

1967a; Parent, 1978). Elevations of features that were compiled from 

previous reports or determined during this investigation are plotted in 

Figures 5-10, 5-11, 5-12 and 5-13 and listed in Tables A-5 and A-6. The 

shoreline diagram (Figure 5-10) and paleogeographic maps (Figures 5-11, 
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Figure 5-10: Shoreline diagram for the Sherbrooke phase of Glacial Lake Memphremagog (a) and for the 
Fort Ann phase of Glacial Lake Vermont (b). Location of shoreline features and line of section 
are given in Figures 5-11 and 5-12 with the same symbols. Dashed vertical lines represent 
probable measurement errors of altitude data. 
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5-12 and 5-13) were constructed so that data points show minimum overall 

departure from reconstructed isobases; given the flexural rigidity of 

the lithosphere in tectonically stable areas (Walcott, 1970, 1972, 

1973), isobases were constructed so as to show only smooth variations of 

trend and gradient. 

The shoreline diagram indicates that, in addition to features rela-

ted to the marine limit, two main groups of strandline features are re-

corded within the study area: 

(1) A series of features whose altitudes rise northwestward from 

about 233 m south of Sherbrooke to about 270 m near Windsor 

(Figure 5-10a). Most of these features belong to the warped 

water-plane of the Sherbrooke phase of Glacial Lake Memphre-

magog (McDonald, 1968); maximum tilt of the water-plane is 

about 1 m.km-1  toward northwest (N 320°). 

(2) A series of features whose altitudes rise northwestward from as 

low as 190 m near Sherbrooke to about 230 m near Richmond 

(Figure 5-10b). 	The features belong to two distinct warped 

water-planes that are only about 10 to 15 m vertically apart. 

The lower features of this series are thought to belong to the 

Fort Ann phase of Glacial Lake Vermont while the upper ones 

probably belong to a fairly short-lived, intermediate glacio-

lacustrine water-body which had only local extent. Maximum 

tilt of these water-planes is also about 1 m.km 1  toward north-

west (N 310°); their parallelism with earlier water-planes 

suggests that the lakes were short-lived and that deglaciation 

was quite rapid. 

5.4.1 Sherbrooke phase of Glacial Lake Memphremagog 

As stated by McDonald (1967a, 1978), the level of the Sherbrooke 

phase of Glacial Lake Memphremagog was controlled by the Lac Nick outlet 

(Figure 5-11: 	feature #1) through which waters impounded within the 

Saint- François River watershed drained into Glacial Lake Vermont via 
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the Rivière Missisquoi Nord valley. During at least the latter part of 

the Sherbrooke phase, waters of Lake Vermont had fallen to the level of 

the Fort Ann phase (Dubé, 1983; Parent et al., 1985). 

The Sherbrooke phase is the last of a series of glacial-lake levels 

that have been recognized mainly in the southern part of the Lake 

Memphremagog basin (McDonald, 1967a, 1968; Boissonnault et Gwyn, 1983; 

Dubé, 1983); however, contrary to terminology utilized by Boissonnault 

and Gwyn (1983), subsequent water-bodies that may have existed in the 

Lake Memphremagog basin at levels slightly above present-day level 

should not be assigned to Glacial Lake Memphremagog since their outlets 

must have been located well outside of the lake basin drainage area (see 

Figure 5-12) and since these lake levels had little, if anything, to do 

with high-level glacial lakes that were impounded in the Lake Memphre-

magog basin during deglaciation. Much as McDonald (1967a, 1968) had 

realized, strandline features of the Sherbrooke phase are absent on the 

proximal (northwest) side of the Mont Ham Moraine (Figure 5-11); this 

indicates that glacial-lake levels fell rapidly after the ice-front 

retreated from the position of the Mont Ham Moraine. 

The occurrence of ice-contact and fluvial deltas (#3 and #11) which 

lie on the distal side of the Cherry River Moraine and which were built 

into Glacial Lake Memphremagog indicates that the Sherbrooke phase was 

already in existence at the time that the moraine was emplaced. Retreat 

from the position of the Cherry River Moraine (see Figure 5-1) allowed 

waters of the Sherbrooke phase to expand into the Saint-François River 

valley north of Sherbrooke; the areal extent that was reached by the 

proglacial water-body favored fairly strong beach development in the 

vicinity of Windsor and Bromptonville (features #8, #16 and #17). It is 

probably during this ice-retreat episode that, given the required water 

depth, thick verve series, which were observed by the author at several 

localities in the Saint-François River valley near Windsor and Brompton-

ville, were deposited. 

The occurrence of ice-retreat deltas on the proximal (northeast) 

side of the East-Angus Moraine (features #14, #15 anu #21) provides 
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independent evidence that a small glacial lobe retreated northeastward 

in the upper Saint-François River valley and that this lobe remained 

active until the ice-front had retreated from the position of the Mont 

Ham Moraine south of Richmond; hence, the suggested correlation between 

these two parts of the morainic belt (Figures 5-1 and 5-11). As indi-

cated earlier, it is uncertain whether or not varves that underlie the 

clay till at East-Angus (Figure 5-2)- were deposited in Glacial Lake 

Memphremagog prior to construction of the East-Angus Moraine. Small 

glacial lakes that were impounded in the upper Nicolet River valley 

drained southwestward into Glacial Lake Memphremagog via ice-marginal 

meltwater channels; the altitude of a small ice-contact delta south of 

Wotton (feature #20) further suggests that one of these lakes became 

confluent with waters of the Sherbrooke phase during construction of the 

Mont Ham Moraine (Figure 5-11). 

5.4.2 Fort Ann phase of Glacial Lake Vermont 

During ice retreat from the position of the Mont Ham Moraine, low 

cols southwest of Richmond became ice-free, causing level of proglacial 

lakes in the Saint-François River valley to fall rapidly. Prior to 

lowering to the level of the Fort Ann phase of Glacial Lake Vermont, 

water levels stabilized at least briefly 10 to 15 m above the level of 

the Fort Ann phase (Figure 5-10b); the level of this transitional water-

plane may have been controlled by one of three possible outlets at alti-

tudes between 251 and 254 m in the area south of Valcourt (Figure 5-12). 

As shown in Figure 3-1, all three outlets were utilized as meltwater 

channels at some time during deglaciation: however on the basis of 

altitude relationships (Figure 5-10b), outlet C probably controlled the 

level of the transitional water-plane. 

Subsequent ice-retreat to the position of the Ulverton-Tingwick 

Moraine caused glaciolacustrine water-levels to fall to the level of the 

Fort Ann phase of Glacial Lake Vermont (Figure 5-12). Strandline fea-

tures recording this water plane occur within the middle Saint-François 

River valley and along the edge of the uplands (Richmond Hills and Outer 

Appalachian Uplands) throughout much of the Asbestos-Valcourt region. 
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Littoral features such as beaches and wave-cut terraces are particularly 

well developed in the vicinity of Valcourt perhaps because of the longer 

fetch in that area; on the other hand, mainly ice-contact deltas and 

terraces associated with the Ulverton-Tingwick Moraine are recorded in 

the vicinity of Asbestos. Investigation of areas northeast of Warwick 

have failed to provide any evidence that the Fort Ann phase may have 

extended beyond Warwick along the edge of the Appalachian uplands, an 

observation which is an agreement with mapping by both Chauvin (1979a) 

and Dubé (1971). 

The occurrence of both varves and Fort Ann strandline features on 

the proximal side of the Ulverton-Tingwick Moraine indicates that Gla-

cial Lake Vermont continued to expand onto the Appalachian Piedmont for 

some time prior to Champlain Sea incursion. Figure 5-12 gives the pro-

bable ice-front position near the close of the Fort Ann phase of Glacial 

Lake Vermont. 

Reconstructed water-planes shown in Figures 5-10b and 5-12 differ 

somewhat from those suggested by McDonald (1967a, 1968) for his "lower 

glacial-lake system" perhaps because the limited number and areal dis-

tribution of strandline features which were available to him did not 

allow differentiating features of the transitional water-plane from 

those of the Fort Ann phase. Recognition of the Fort Ann phase of Gla-

cial Lake Vermont in the Asbestos-Valcourt region rests mainly: 

(1) on the 50 to 60 m altitude difference which separates the lower 

glaciolacustrine strandline features from marine-limit fea-

tures, 

(2) and on the absence of possible outlets that may have controlled 

the level of the lower water-plane; fieldwork in the area east 

of Warwick and Victoriaville showed no evidence that cols in 

that area were ever utilized as northeastward drainage routes; 

on the contrary, a small glacial lake which was impounded in 

the upper kivière des Pins valley overflowed southwestward into 

Glacial Lake Vermont via a distinctive meltwater channel 

(Figure 5-12). 
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In order to further verify correspondance of the lower glacio-

lacustrine water-plane of the Asbestos of the Asbestos-Valcourt region 

(Figure 5-12) with the water plane of the Fort Ann phase of Glacial Lake 

Vermont in its "type" area, the Lake Champlain valley (Chapmàn, 1937; 

Denny, 1974), strandline features recognized by earlier authors in the 

intervening areas of southeastern Québec and northwestern Vermont were 

compiled (Figure 5-13 and Table A-6). In Vermont (including the upper 

Missisquoi River valley in adjacent Québec), only features (#38 to #53) 

which were previously assigned to the Fort Ann phase (Parrott and Stone, 

1972; Wagner, 1972; Dubé, 1983) are included in Figure 5-13; however, 

features that were located upstream in narrow valleys were deleted from 

the reconstruction as they may have formed in small, local lake basins. 

In the Granby area of southeastern Québec, recorded shoreline fea-

tures (#29 to #37) have not been assigned to a given phase of Glacial 

Lake Vermont by Prichonnet and co-workers çPrichonnet, 1982a, 1982b; 

Prichonnet et al., 1982a, 1982b; Doiron, 1981; Cloutier, 1982). Since 

these authors have recognized abundant littoral features between about 

245 m ASL (Coveville phase ?) and about 210 m ASL (Fort Ann phase ?), 

only features which could be identified on aerial photographs have been 

included in the reconstruction (Figure 5-13). Fort Ann features in New 

York and adjacent Québec (#54 to #71) were compiled from the original 

work of Chapman (1937) as well as from more recent work by Denny (1974) 

and Clark and Karrow (1984) which have essentially confirmed Chapman's 

main interpretations; features of the Upper Fort Ann level of Clark and 

Karrow (1984) were utilized since their lower, better developed set of 

features lie somewhat below the level of the Fort Ann phase of Chapman 

(1937). 

The latter problem is not especially critical _since the occurrence 

of several ice-contact deltas and terraces (features #1-A, 2-A, 3, 14, 

17, 32 and 49) confirms earlier suggestions that the Fort Ann water-

plane is diachronous and thus that glacio-isostatic uplift likely took 

place throughout the duration of the episode. A perfect fit of shore-

line features with reconstructed isobases should therefore not be ex-

pected. Analysis of Table A-6 reveals that departures from the proposed 
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Figure 5-13 : Fort Ann phase of Glacial Lake Vermont in southern Québec and adjacent United States. Isobases on the former water-plane indicate an 
average geoidal flexure of - 1 mlkm. Lake level fell when low terrains northeast of Warwick became ice-free. 
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poses a problem. Lack of information on the dated species (Mya are-

naria or Mya truncate ?) and on associated biofacies or litho-

facies makes it difficult to assess the validity of this date; the pro-

blem was previously discussed in a regional context by the author 

(Parent et al., 1985) and will not be repeated here. Let us simply say 

that such an early age for a faunal assemblage dominated by any species 

of the genus Mya would be very surprising. 	It seems best to con- 

sider QC-475 as anomalous. 

In order to assess possible synchroneity of the marine limit along 

the Appalachian uplands of southeastern Québec and in the adjacent Lake 

Champlain valley, altitudes of upper marine shoreline features were 

compiled from much the same sources as for Fort Ann strandline features 

(Figure 5-14 and Table A-7). Isolines drawn on these marine features 

indicate that the average gradient of the geoidal flexure during the 

early Champlain Sea incursion is about 0.9 m.km 1, slightly less than 

during the Fort Ann episode. This may suggest that, as a result of 

northward ice-retreat, the marginal zone of steeper geoidal flexure nad 

already undergone slight northward migration or, alternatively, that the 

marine limit is slightly diachronous in the area (stippled) shown in 

Figure 5-14. 	In any event, marine-limit isolines show patterns and 

gradients that are nearly similar to those shown by isobases on Fort Ann 

features. However, marine-limit features at the edge of the Appalachian 

uplands near Laurierville (#41, 42 and #43) show appreciable departures 

from the projected 175 m ASL isoline; this may reflect a somewhat dif-

ferent deglacial history of the Appalachian uplands in the area south of 

Québec City. 	Features on Mont St-Hilaire (0444) and Mont Royal (#45) 

were dropped during construction of the isolines as they may be signifi- 

cantly younger than other marine-limit features plotted in the stippled 

area of Figure 5-14. 

Stratigraphic relationships that were established between Late 

Wisconsinan glacial, glaciolacustrine and marine sediments during this 

investigation are schematically depicted in Figure 5-15. 	This NW-SE 

cross-section summarizes the following conclusions: 
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CHAPTER 6 

CORRELATION WITH SELECTED REGIONS, AND REGIONAL IMPLICATIONS 

Because the stratigraphic records of the combined Sherbrooke and 

Lac-Mégantic regions (McDonald and Shilts, 1971; Shilts, 1981) and of 

the Central St. Lawrence Lowland (Gadd, 1971; Occhietti, 1980; Lamothe, 

1985) have direct bearing on the stratigraphic record of the Asbestos-

Valcourt region, correlation with these two regions will be discussed 

primarily. Moreover, these two stratigraphic records are well docu-

mented and are more comprehensive than those of other regions of south-

eastern Quebec (Prest and Hode-Keyser, 1977; Prichonnet, 1982a, La Salle 

et al., 1977b; La Salle, 1984; Chauvin, 1979a, 1979b) or adjacent New 

England (Borns and Calkin, 1977; Genes et al., 1981; Lowell et al., 

1986; Koteff and Pessl, 1985; Stewart and MacClintock, 1969). 

The stratigraphic record of the Asbestos-Valcourt provides key 

evidence for the existence of Appalachian outflow centers during Early 

(?) to Middle Wisconsinan time as well as for the assessment of Late 

Wisconsinan deglacial events prior to and leading to the Champlain Sea 

incursion. 

6.1 Stratigraphie record of the Ascot River sections  

The Quaternary record of the Sherbrooke region is based mainly on 

stratigraphic units exposed in two sections located on the banks of 

Ascot River (McDonald, 1967a: 	fig. 4 and 5); units that McDonald 

(1967a: fig. 11) considered as correlatives are exposed in other sec-

tions located between Sherbrooke and the international boundary. The 

stratigraphy of the Sherbrooke region was subsequently extended into the 

Lac-Mégantic region (Shilts, 1970). 

Because of its exceptionally good record, the main Ascot River 

section (herein labelled MP-81-1) was selected by McDonald and Shilts 

(1971) as the type section for Lennoxville Till, Chaudiêre Till and 
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Massawippi Formation and as a reference section for Gayhurst Formation. 

A close-by section (herein labelled MP-82-3) was selected as the type 

section for Johnville Till and pre-Johnville sediments (McDonald and 

Shilts, 1971). 	Their interpretation of these units was summarized 

earlier (see Chapter 1). 

The Ascot River sections were investigated by the author mainly for 

the purpose of obtaining a data base which could then be compared 

directly with that utilized in the adjacent Asbestos-Valcourt region. 

6.1.1 Ascot River I section (MP-81-1) 

Except for minor thickness and facies differences which are likely 

due to retreat of the exposure caused by recent slumping and fluvial 

erosion, the stratigraphic log of the Ascot River I section (Figure 6-1: 

MP-81-1) is essentially the same as that recorded by McDonald (1967a; 

see also McDonald and Shifts, 1971). 	Stratigraphic units shown in 

Figure 6-1 are described in Appendix I and will therefore not be re-

peated in full. 

At the base of section MP-81-1, non calcareous, organic-bearing 

lacustrine silts of the Massawippi Formation (dated > 54 000 years BP, 

Y-1683, in McDonald, 1967a) are directly overlain by the 16.3 m-thick 

Chaudière Till. The latter consists mainly of gray, unoxidized, matrix-

dominated lodgement till which also includes a few thin (less than 30 

cm-thick) lenses or layers of sorted sand or pebbly sand. The basal 2 m 

of the till unit locally contain sheared lenses of slightly oxidized 

laminated silt; these lenses are located on the southwest side of sub-

till bosses of compact lacustrine sediments (Massawippi Formation). The 

lenses were obviously dragged subglacially toward west or southwest; 

this direction is further corroborated by the occurrence of minor, NE-

dipping thrust faults in the upper part of the Massawippi Formation. 

Five till clast fabrics that were measured within Chaudière Till 

suggest that ice-flow shifted from westward to approximately southward 

during the Chaudière episode. This shift of ice-flow direction is re- 
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corded by changes of A-axis orientation that are paralleled by orienta-

tion changes of clast imbrication. The best examples of this are pro-

vided by FT-42, FT-40 and FT-38: these are unequivocal parallel (type 

B) fabrics whose preferred A-axis orientation (V1) plunges toward 

N 070°, N 010°  and N 015°, respectively. The other two fabric samples, 

FT-37 and FT-39, also show preferred imbrication of clast A/B planes 

toward north (N 011°) and northeast (N 042°), respectively; however, 

FT-37 is rejected on statistical grounds (A-axis distribution is pro-

bably not spherically normal; see Table 3-1) while it is somewhat uncer-

tain that FT-39 is a parallel (type A) fabric. Yet, it must be noticed 

that, even if FT-39 were interpreted as a transverse (type C) fabric, 

the overall interpretation of clast fabric data in Chaudière Till would 

remain essentially unchanged. 

Till clast fabrics measured by the author at the base (FT-42) and 

at the top (FT-38) of Chaudière Till are almost identical to those re-

ported by McDonald (1967a) at equivalent levels (his fabrics g and b, 

respectively). Clast fabrics from the middle part of Chaudière Till, 

though they cannot be compared directly with two-dimensional fabrics 

reported by McDonald (1967a), also seem in agreement with previous mea-

surements; however, these fabrics do not show intermediate directions 

that may support the idea that the change from westward to southward 

ice-flow was gradual, as had been suggested earlier (McDonald, 1967a; 

McDonald and Shilts, 1971). 

Striations were measured on the top surface of a few boulders 

belonging to boulder zones within Chaudière Till. Striae trend between 

N 080°  and N 120°  on large embedded boulders at the base of Chaudière 

Till, an observation which is in agreement with the inferred westward 

ice-flow direction. Striae recorded in boulder zones at depths of 23.2 

and 26.5 m trend mainly within a sector comprised between N 330°  and 

N 030°; again, these are in broad agreement with the southward ice-flow 

direction inferred from till clast fabrics in the upper part of 

Chaudière Till. 
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Chaudière Till is overlain by a 4.8 m-thick unit of laminated silt 

which constitutes the basal member of the Gayhurst Formation; because of 

its distinct fining-upwards trend (Figure 6-2), the silt unit is be-

lieved to have been deposited in a deep proglacial lake during retreat 

of Chaudière ice. However, the paleo-environmental context in which the 

overlying, 1.9 m-thick, slightly oxidized, sandy silt unit was deposited 

seems less clear: the unit may record a significant drop of lake level 

or, alternatively, it may simply signal the encroachment of glacier ice 

(Lennoxville ?) in the vicinity of the section. 	At this time, the 

second interpretation, that is a return to proximal sedimentation, is 

tentatively retained because of the occurrence of pebbles that were 

probably ice-rafted and also because of the occurrence of black lenses 

which likely consist of disseminated sulfides: if so, a reducing envi-

ronment is implied, which is in agreement with proximal, deep-water 

conditions. 

The upper member (sandy silt unit) of the Gayhurst Formation is 

much thinner than the 5.6 m observed by McDonald (1967a); this is pro-

bably due to the absence, at the time of McDonald's fieldwork, of a 2.5 

m-thick local till unit which now occurs at the base of Lennoxville Till 

and which overlies intensely deformed silty sand of the Gayhurst 

Formation. The lower half of the local till unit consists of defor-

mation till containing numerous sheared lenses and layers of sorted 

material (laminated clayey silt and sandy silt) as well as a bouldery 

zone. The textural variability of the unit (Figure 6-2) reflects the 

admixture of debris derived from both members of the Gayhurst Formation. 

A till clast fabric (FT-41) was measured within the better mixed, 

matrix-dominated, upper half of the local till unit: FT-41 is a pa-

rallel (type B) fabric which shows preferred A-axis orientation (V1) 

plunging toward northwest -(N 326°) and which also shows significant 

imbrication of clast A/B planes toward northwest. 

A till clast fabric (FT-43) was also measured within the overlying 

"normal" lodgement till member of Lennoxville Till. FT-43 is a parallel 

(type A) fabric which shows significant northwestward (N 341°) imbrica-

tion of clast A/B planes; however, preferred A-axis orientation (V1) 
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only plunges at a shallow 6°  angle toward northwest (N 305°). A-axis 

distribution pattern of FT-43 greatly resembles that measured previously 

at an equivalent level (McDonald, 1967a: fig. 5, fabric a). 

Lennoxville Till is overlain by a 0.9 m-thick lacustrine silt unit; 

however the thickness of this unit varies laterally and, since McDonald 

(1967a) had reported a 1.2 m-thick lacustrine sand unit, significant 

lateral facies changes are also inferred. The lacustrine unit is over-

lain by a 2.5 m-thick unit of sandy fluvial gravel in which modern soil 

has developed. 

Investigation of matrix composition of till units exposed at Ascot 

River, along with field observations of clast lithology, has revealed 

that: 

1) provenance of Chaudière and Lennoxville Tills cannot be clearly 

differentiated on the basis of compositional data (grain size, 

trace element geochemistry, carbonates, weight of heavy and 

magnetic minerals) obtained thus far from till matrix samples 

(Figure 6-2); however, the increase of Ni content at the top of 

Lennoxville Till (samples #12 and #13) suggests that a dispersal 

tail of ultramafic debris may extend to the vicinity of the 

section (see Figure 4-21); this Ni peak, in contrast to that 

recorded near the base of Chaudière Till (sample #24), coincides 

with an increased content of magnetic minerals and, since it 

does not coincide with a higher clay content, it may not be 

attributed to a textural control effect (see section 3.2.3); 

2) distinctive granodiorite and granite clasts, presumably derived 

from Devonian intrusives located northeast of the section 

(Figure 4-1), occur in low abundance throughout Chaudière Till, 

but are absent in Lennoxville Till; 

3) Chaudière Till contains virtually no Precambrian clasts, and 

only rare ultramafic clasts were found near the top of the unit; 



2U3 

on the other hand, ultramafic and Precambrian clasts are quite 

common, though in low abundance (< 1%), in Lennoxville Till. 

These investigations further indicate that provenance signals at 

Ascot River are somewhat diffuse because the section is remotely located 

from distinctive bedrock sources (see Figure 4-1). Except for a few 

details, the above observations on clast lithology are in agreement with 

earlier observations and pebble counts by McDonald (1967a). 

6.1.2 Ascot River II section (MP-82-3) 

As a result of bank undercutting caused by floods, the base of 

section MP-82-3 was particularly well exposed during the fall of 1982. 

At the base of the section, oxidized cobble gravel is directly overlain 

by laminated, organic-bearing silt of the Massawippi Formation which is 

in turn overlain by Chaudière Till (Figure 6-3); these units are uncon-

formably overlain by Recent fluvial sediments (cobble gravel and strati-

fied sand) that underlie a 5 m-high post-glacial terrace. 

The oxidized cobble gravel is imbricated toward east (upstream of 

Ascot River in this area), thus indicating that free drainage conditions 

were in existence at the time of fluvial sedimentation; however, the 

presence of Precambrian clasts in the gravel unit suggests that Lauren-

tide glaciers had invaded the Appalachians at least once prior to this 

fluvial episode, much as McDonald and Shilts (1971) have suggested. In 

subsection D, a bed of unoxidized, cross-laminated sand is both under-

lain and overlain by oxidized gravel beds (Parent, 1984b: photo 3.2); 

this indicates that oxidation and cementation of the gravel unit did not 

occur during an episode of "... prolonged weathering prior to deposition 

of Johnville Till" (McDonald and Shilts, 1971: p. 685-686). However, 

no evidence was found to indicate the presence of Johnville Till in this 

section where this 30 cm-thick till unit had been reported to overlie 

the oxidized gravel and to underlie sediments of the Massawippi 

Formation (McDonald, 1967a). The difference of interpretation is per-

haps related to the presence of interstitial muds in the upper part of 

the clast-supported gravel unit; the author believes that these muds 
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As a result of these observations, the lithostratigraphic record 

of the Ascot River sections, hence of the Sherbrooke region, now stands 

as follows (from top to bottom): 

1) fluvial gravel (a post-Lennoxville informal unit); 

2) lacustrine sediments (a post-Lennoxville informal unit); 

3) Lennoxville Till; 

4) Gayhurst Formation: - upper member; 

- lower member; 

5) Chaudière Till; 

6) Massawippi Formation: - lacustrine member; 

- fluvial member. 

It is proposed that the lithostratigraphic terms "Johnville Till" 

and "pre-Johnville sediments" (an informal unit) be abandonned: 

- because Johnville Till as well as the Laurentide ice advance it 

was meant to designate are not recorded at the type section or 

in its vicinity; 

- because the name "pre-Johnville sediments" as well as the events 

that the unit was meant to represent have lost their meaning 

(the Massawippi Formation includes fluvial gravels in reference 

sections of the Lac-Mégantic region; see McDonald and Shilts, 

1971). 

It is also recommended that new stratotypes for lithostratigraphic 

units older than Massawippi Formation be found and defined, preferably 

in the Sherbrooke region so as to avoid possible correlation problems. 

Pre-Massawippi units have been reported in the Chaudière valley (Shilts, 

1981; Shilts and Smith, 1986) and may also occur in the Sherbrooke 

region. 
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6.2 Correlation between the Asbestos-Valcourt and Sherbrooke regions  

Following the previous assessment of glacial and non-glacial events 

in the Asbestos Valcourt region (see Chapters 4 and 5) and following the 

re-assessment of glacial and non-glacial units at Ascot River, a corre-

lation scheme between the Sherbrooke and Asbestos- Valcourt regions may 

now be discussed. 	It is herein proposed that drift unit A, unit B and 

drift unit C of the Asbestos Valcourt region are correlatives of Chau-

dibre Till, Gayhurst Formation and Lennoxville Till, respectively 

(Figure 6-4). 

In the absence of sound chronological control, particularly for 

unit B and Gayhurst Formation, the proposed correlation is based mainly: 

1) on similar stratigraphic position of the correlated units, 

2) on the similarities of glacial and deglacial events recorded in 

both regions. 

Till clast fabrics from local and well-mixed lodgement facies of 

Lennoxville Till indicate that ice initially advanced toward southeast 

at Ascot River and that southeastward ice-flow was maintained throughout 

the Lennoxville episode, much as McDonald (1967a) had suggested. The 

common occurrence of Precambrian and ultramafic clasts in Lennoxville 

Till further indicates that it is a Laurentide till unit, a conclusion 

which is in excellent agreement with earlier reports (McDonald and 

Shilts, 1971). This fully supports the proposed correlation with drift 

unit C of the Asbestos Valcourt region: drift unit C is also a Lauren-

tide till unit that was deposited by an ice-sheet that maintained south-

eastward ice-flow until final deglaciation (see section 4.4.12). Degla-

cial events that postdate drift unit C and Lennoxville Till will be 

discussed in section 6.6. 

Regional ice-flow patterns during this last major glacial episode 

are given in Figure 4-23. It may also be suggested, on the basis of 

clast composition and fabric data reported by Prichonnet (1982a), that 
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the upper till in the Ange-Gardien section (Prichonnet, 1982a: 	fig. 

29.3) is at least a partial correlative of drift unit C. 

Directional and compositional data recorded by the author (see 

section 6.1) as well as by McDonald (1967a) suggest that Chaudière Till 

is an Appalachian till unit and that it is a correlative of drift unit A 

of the Asbestos-Valcourt region. Like most of the till units assigned 

to drift unit A (the lower till at Rivière Noire is the only exception), 

Chaudière Till at its type section has a distinctive eastern provenance 

and records a regional episode of westward ice-flow (Figures 4-11 and 

6-4). This interpretation of an "Appalachian" Chaudière Till rests on 

the fact that the shift to southward ice-flow, which was previously 

thought to represent a significant southeastward advance of Laurentide 

ice across southeastern Québec (Shilts, 1981; see also Figure 1-2), 

failed to produce expected compositional changes. 	Rather this work 

suggests that the shift to southward ice-flow at Ascot River was pro-

duced by a shift of Appalachian ice-dispersal centers (Figure 6-4). 

The proposed sequence of ice-flow patterns can also account for 

changes in clast lithology that were documented by McDonald (1967a) at 

Ascot River; not only had he pointed out the significance of Devonian 

granite erratics in Chaudière till, but he also showed that volcanic 

clasts (presumably derived from rocks of the Ascot-Weedon Formations) as 

well as other clasts derived from local "northwest" sources are more 

abundant at the top than at the base of Chaudière Till. Provenance and 

ice-flow patterns recorded in drift unit A and in Chaudière Till will be 

further discussed in section 6.4. 

Correlation of unit B and Gayhurst Formation is based mainly on the 

fact that both units consist of glaciolacustrine sediments that were 

deposited prior to the last regional ice advance (drift unit C - Lennox-

ville Till) and also on the fact that both units were apparently neither 

followed nor preceded by an episode of weathering or fluvial erosion. 

As McDonald and Shilts (1971) rightly pointed out (see also Shilts, 

1981), this means that glacial lakes remained impounded in the Appala-

chian Uplands of southeastern Québec throughout the interstadial. The 
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proximal nature of glaciolacustrine sediments assigned to unit B 

throughout the study area indeed suggests the nearby presence of gla-

ciers; coarsening-upwards sequences recorded at Rivière Noire (MP-82-4), 

Notre-Dame-de-Ham (MP-79-17) and Wotton (MP-79-5) further suggest that 

at least part of unit B was deposited during advance of glacial phase 

C. 

However, the present correlation scheme, as depicted in Figure 6-4, 

raises the question of the paleogeographic context that was defined by 

McDonald and Shilts (1971: 	fig. 3) for Glacial Lake Gayhurst. For 

instance, glaciolacustrine sediments of unit B are recorded at several 

localities north of their "inferred ice-front position at maximum re-

treat during the lake episode"; the occurrence of unit B at several 

localities well north of the Mont Ham Moraine makes it unlikely that a 

large glacial-lake could have remained impounded throughout southeastern 

Quebec at a level as high as that (about 370 m ASL) suggested by 

McDonald and Shilts (1971). 	Considering the levels of glacial lakes 

that were impounded in the study area during late-glacial time (see 

Chapter 5), lake levels must have fallen to at least about 300 m ASL in 

the Saint-François River watershed. However, Shilts (1981) has argued 

convincingly that the level of Lake Gayhurst in the upper Chaudière 

valley did not fall below about 370 m ASL; this may also suggest that 

the lowest col (at La Guadeloupe: 305 m ASL) between the Saint-François 

and Chaudière Rivers watersheds remained obstructed by a remnant ice 

mass (or ice cap) that may have persisted on Appalachian uplands in the 

vicinity of Thetford-Mines, a situation which would be analogous to that 

suggested in Figure 6-4 for the closing stages of glacial phase A. 

In any event, the extent of glacier ice in southeastern Quebec 

prior to the last regional ice advance (drift unit C - Lennoxville Till) 

remains, in the author's opinion, an open question. Glaciolacustrine 

sediments recorded in sections reported in this thesis and in other 

studies (Chauvin, 1979a, 1979b; Shilts and Smith, 1986) suggest that 

large areas, valleys and low uplands in particular, were at least partly 

deglaciated prior to the last advance of the Laurentide Ice Sheet; on 

the other hand, these sections also indicate that only proximal glacio- 
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lacustrine sedimentation took place in Lake Gayhurst and its correla-

tives at sites located within the area of occurrence of northward-

trending striations (see Figure 1-3 for location). It is thus possible 

that the northward ice-flow event which occurred towards the close of 

glacial phase A and which probably contributed to maintaining proximal 

glaciolacustrine environments (unit B) in the Asbestos-Valcourt region 

(Figure 6-4) also occurred in the Thetford-Mines and Beauceville areas. 

If so, the presence of local, remnant ice masses in uplands of those 

areas prior to the last Laurentide ice advance is a possibility. 

6.3 Correlation with the St. Lawrence Lowland  

The traditional stratigraphic framework of the St. Lawrence Low-

land (Gadd, 1971; Occhietti, 1980) as well as long-held correlations 

with units of the Appalachian uplands (McDonald, 1971; Gadd et al., 

1972b; Gadd, 1976; Shilts, 1981) were presented in Figure 1-2. 	The 

traditional framework holds that the last episode of glacial coverage in 

the Lowland, represented by Gentilly Till and related sediments, lasted 

from about 65 ka until about 12 ka, at which time the Lowland was in-

vaded by the Champlain Sea. This traditional framework has been chal-

lenged by Lamothe (1984, 1985; see also Lamothe et al., 1983) who re-

ported several TL and 14C dates which suggest that deposition of 

Gentilly Till may have commenced as recently as about 30 ka. 

Since both Chaudière Till and drift unit A (except at Rivière 

Noire) are herein considered as essentially Appalachian till units 

(Figure 6-4), the chronology of glacial and non-glacial events which 

predate drift unit C becomes partly detached from the chronology of the 

Lowland. The stratigraphic record of the Asbestos-Valcourt can be cor-

related with that of the Lowland in the context of either a long-span or 

a short-span Gentilly Till. 

Schematic correlations depicted in Figure 6-4 suggest that drift 

unit A at Rivière Noire (MP-82-4) records an "early" advance of the 

Laurentide Ice Sheet to at least the edge of the Appalachian Uplands, an 

event- which is tentatively correlated with an early southeastward ice- 
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flow episode inferred from clast lithology of drift unit A in the 

Norbestos (MP-79-18), Rivière des Rosiers (MP-79-9) and Willow Brook 

(MP-76-1) sections (see section 4.2.6 and Figure 4-11). Because of the 

suggested correlation between drift unit A and Chaudière Till, it is 

implicitly suggested that drift unit A is younger than the Massawippi 

Formation and its probable correlative in the Lowland, the St-Pierre 

Sediments. If so, Gentilly Till, which was deposited by the last major 

advance of the Laurentide Ice Sheet across the Lowland and the Appala-

chian Piedmont, may then be a correlative of botn drift units A and C; 

in this context, Gentilly Till and drift unit A at Rivière Noire may 

have been preceded by an episode of impounaed drainage and hence be 

underlain by glaciolacustrine sediments as shown in Figure 6-4. 

This hypothesis indirectly supports the view that Gentilly till 

records a prolonged glacial episode in the St. Lawrence Lowland. This 

correlation may find some support in the stratigraphie record of a 

section just recently reported by La Salle et al. (1986): according to 

their abstract, the Béthanie section, which is located in the close 

vicinity of the Rivière Noire section (MP-82-4), shows 6 m of varved 

sediments (unit B?) overlying 3.5 m of organic-bearing fluvial sediments 

which apparently lie above a till unit (drift unit A?). 	The varved 

sediments were TL-dated about 56 ka and fluvial sediments yielded pollen 

spectra similar to 'those of the St Pierre Sediments. The Béthanie sec-

tion thus suggests that ice-retreat prior to deposition of unit B may 

have been more extensive than shown in Figure 6-4; the occurrence of 

fluvial sediments at Béthanie re-opens .tne possibility tnat zones of 

oxidation observed at the top of drift unit A in the Rivière des Rosiers 

(MP -79-9) and Chemin des Ecossais (MP-79-1) sections may represent bona 

fide weathering episodes. However, the absence of weathering zones at 

the top of drift unit A in other sections of the Asbestos-Valcourt 

region would remain unexplained. 

However, because of significant chronological uncertainties in the 

Lowland and because of the lack of sound chronological control for 

Gayhurst Formation and unit B in the Appalachians, correlations between 
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the two regions are tentative and must be considered as such. The pro-

blem is further compounded by several stratigraphic uncertainties in the 

Lowland (Lamothe, 1985). 	For instance, new exposures along the St. 

Lawrence River and recent borehola data (Lamothe, 1986, written communi-

cation) indicate that two units of organic-bearing fluvial sediments 

underlie Gentilly Till and that a till bed and varved sediments are 

intercalated between the two organic-bearing units. 

6.4 Evidence for Appalachian outflow centers throughout the Chaudière 
glaciation  

The expression "Chaudière glaciation" is used informally for the 

purpose of the following discussion; it is understood as a diachronous 

unit represented by Wisconsinan till units deposited during the penul-

timate glacial "maximum" in southeastern Quebec. As used herein, the 

Chaudière episode thus encompasses Chaudière Till of the Sherbrooke and 

Lac-Mégantic regions as well as drift unit A of the Asbestos-Valcourt 

region. 

Evidence for Appalachian outflow centers during the Chaudière epi-

sode was presented some time ago by McDonald and Shilts (1971). 

Evidence then available suggested that Chaudière Till "... was likely 

deposited by a glacier which entered the area from an ice-flow centre to 

the east and which, after coalescing with the continental Laurentide Ice 

Sheet flowing from north and northwest, was incorporated into a general 

southeastward glacial flow" (Shilts, 1978: p. 2). Figure 1-2 which is 

partly based on a schematic cross-section by Shilts (1981: fig. 11), 

summarizes previous thinking on the subject. 

Sequences of ice-flow patterns recorded in sections of the 

Asbestos-Valcourt region show that, if indeed there was coalescence of 

the two glaciers during the Chaudière glaciation, westward ice-flow was 

re-established and maintained during much of the episode. Because this 

prominent westward ice-flow event is recorded in sections close to the 

St. Lawrence valley and because it was followed by a northward ice-flow 

event rather than by southeastward ice-flow, it is suggested that Appa- 
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lachian outflow centers probably persisted throughout the Chaudiére 

glaciation. Evidence to support this hypothesis comes from a variety of 

observations by this author as well as by previous authors. 

As mentioned earlier, drift unit A of the Asbestos-Valcourt region 

contains very few Precambrian erratics and the few which could be found 

occur in till that was deposited by ice advancing from the east. At 

Ascot River, Chaudière Till contains virtually no Precambrian erratics; 

the same was noticed also in the Lac-Mégantic region where Shilts (1981, 

p. 21) observed that: "In all exposures Chaudière Till... has few, if 

any, Precambrian 'shield-type' erratics". 

Westward transport of ultramafic deoris during the Chaudière gla-

ciation is indicated by the relatively high Ni content of drift unit A 

at Norbestos. Many of these ultramafic components were re-entrained by 

ice advancing toward southeast during the next regional glacial phase; 

however, "residual" amounts are present in surface till west and north 

of the Asbestos ophiolite complex. Their minimum area of occurrence in 

surface till outside of the southeast-trending Asbestos ultramafic dis-

persal train is given by the 30 ppm Ni contour line (Figure 6-5). 

Ultramafic debris was thus transported westward, and locally northward, 

over at least 10 km during the Chaudière glaciation. Moreover, the 

presence of occasional ultramafic clasts in late-glacial ice-contact 

sediment bodies in the vicinity of Durham-Sud (McDonald and Shilts, 

1971: fig. 2) suggests that these clasts were transported westward over 

as much as 30 km during the episode. 

In areas south of Sherbrooke, at the Ascot River locality for ins-

tance, the occurrence of distinctive granitic clasts throughout 

Chaudière Till provides direct evidence of regional westward glacial 

transport during the Chaudiêre glaciation. 	Investigations by this 

author fully support the earlier interpretation by McDonald (1967a) that 

these clasts are derived from Devonian granitic stocks located in the 

vicinity of Scotstown and Lakes Aylmer and Saint-François (Figure 6-5), 

northeast of the Ascot River section. Devonian granite erratics also 

occur as surface boulders at a number of localities outside of main 
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southeastward-trending dispersal trains (McDonald, 1967; McDonald and 

Shilts, 1971). Additional localities north and northwest of the Stoke 

Mountains were found by this author; these, along with localities pre-

viously reported by McDonald and Shilts (1971), are plotted in Figure 

6-5. The areal distribution of these occurrences discloses a fairly 

distinct, although residual, dispersal pattern extending westward of 

Devonian granitic stocks; this provides further evidence of westward 

transport over distances exceeding 40 km during the Chaudière glacia-

tion. 

Whether or not the Laurentide Ice Sheet advanced into or across 

southeastern Quebec during the latter part of the episode, as it has 

been suggested earlier by McDonald and Shilts (1971), remains an impor-

tant question. However, compositional changes that can be expected as a 

result of such an event have yet to be recorded. At Norbestos and 

Rivière des Rosiers, near the edge of the Appalachian uplands, the upper 

part of drift unit A contains no record of an "expected" influx of Pre-

cambrian clasts; instead, a shift to northward ice-flow is recorded. At 

Ascot River, changes in till clast composition and fabric in the upper 

part of Chaudière Till are explained equally well, perhaps even better, 

by a late shift to southward ice-flow which is currently interpreted as 

the counterpart of the northward flow event recorded at Norbestos and 

Rivière des Rosiers (Figures 6-4 and 4-11). 	An hypothetical late 

Chaudière ice-divide, such as that shown in Figure b-4, may also explain 

why Shilts (1981, p. 20) could not find evidence for an expected enrich-

ment in feldspar and granodiorite within the upper portion of Chaudière 

Till in his provenance region III near Lac-M gantic. 	This lack of 

evidence for significant southward or southeastward glacial transport 

during the Chaudière episode was recently extended to sections along 

Rivière des Plantes and to Rivière Gilbert boreholes in the vicinity of 

Beauceville (Shilts and Smith, 1986). 

6.5 Ice-flow sequences recorded by glacial striations - A discussion 

Irrespective of interpretation differences that may occur between 

different observers on a given outcrop (see section 3.1.3), studying 
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of glacial striations whose relative age can be independently esta-

blished and consistently tested. This author believes that drift unit C 

and the associated deglacial record provides such a datum; this leads to 

the conclusion that many of the glacial striations found on outcrops of 

the Asbestos region are most likely residual features that were formed 

prior to glacial phase C. 

This proposal may explain why glacial dispersal studies have failed 

to find significant evidence for northward and westward transport in 

surface till of the Asbestos (this study; see also Lortie, 1976) and 

Thetford-Mines (Shilts, 1973b; Lortie, 1976) regions in spite of the 

large number of westward- and northward-trendings striations that have 

been recorded throughout much of the southeastern Québec Appalachians. 

Gadd (1978) also observed that "... little erosion or sediment trans-

portation was effected during the northward flow event." (p. 3) in the 

Saint-Sylvestre area. 	A main exception is the occurrence of large 

amounts of amphibolite boulders that Lortie (1976) reported in terrains 

northwest of their presumed bedrock sources (about 10 km2) at Belmina 

ridge, near Thetford-Mines; however, Caron (1983a) subsequently mapped a 

14 km2  amphibolite outcrop located just northwest of the amphibolite 

dispersal train. 	Boulders counted by Lortie (1976) may therefore be 

derived from both bedrock sources. 

This author finds it difficult to reconcile the idea of finding 

little or no evidence of northward glacial transport in areas where 

northward-trending striations are so common: the very presence of these 

striations indicates that northward-flowing glaciers had a significant 

basal debris load and that those debris were indeed transported. More-

over, maps prepared by Lortie (1976) as well as observations made during 

this investigation show that northward- and westward-trending striations 

are just as "pervasive" on outcrops of their area of occurrence as 

southeastward- or southward-trending striations are in areas where no 

late-glacial ice-flow reversal event has been inferred; 	this argues 

against the often cited idea of "short-lived" or "ineffective" ice-flow 

reversal events. This further suggests that northward- and westward-

trending striations reported as late-glacial features in other Appala- 
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chian regions may be, as they are in the Asbestos region, residual 

features; yet this does not exclude the possibility that some of these 

striations may be true late-glacial features. 

Sudden shifts of ice-flow direction, such as that recorded during 

the latter part of the Chaudière glaciation in the Asbestos-Valcourt and 

Sherbrooke regions (Figure 6-4), may be typical deglacial events in the 

Appalachian Uplands; however their context (shift or reversal) and their 

areal extent may have differed depending on whether the last degla-

ciation (Lennoxville) or prior ones are considered. Investigations such 

as those carried out by Lamarche (1971, 1974), Lortie (1976) and several 

others are extremely valuable as they at least provide regional data on 

the direction and areal extent of glacial movements. 

6.6 Regional deglacial patterns  

An updated map of selected deglacial features (eskers and morainic 

belts) was compiled from the available literature (mainly McDonald, 

1967a, 1969; Clément et Parent, 1977; Parent, 1978; Gadd, 1964, 1978; 

Shilts, 1970, 1981; Prichonnet et al., 1982a, 1982b; Gadd, McDonald and 

Shilts, 1972a; Dubé, 1971; Chauvin, 1979a, 1979b; Dubé, 1983) and from 

the author's field investigations (Figure 6-6). As a result of several 

new regions being investigated since the last regional compilation map 

of deglacial features (Gadd, McDonald and Shilts, 1972) was published, 

the regional picture of ice-retreat patterns and associated deglacial 

events contains significant changes. Considering the fairly advanced 

state of surficial geology mapping in southeastern Quebec, ice-retreat 

patterns depicted in Figure 6-6 seem generally robust. 

Brief comments and discussion on salient points shown by Figure 6-6 

now follow: 

(1) Eskers are relatively common in the southwestern half (west of 

longitude 71°30") of the southeastern Québec Appalachians; 

investigations carried out thus far reveal that most of these 

eskers formed subglacially as fairly short diachronous seg- 
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ments (Banerjee and McDonald, 1975; Parent, 1978, 1984c, this 

study; Gadd, 1983: p. 411). This suggests that, west of this 

Warwick - Martinville line, the predominant subglacial thermal 

régime during deglaciation was one of basal melting (Boulton, 

1972), an idea which finds additional support in the common 

occurrence of streamlined subglacial landforms in low-relief 

terrains of that region (Figure 3-1; see also Gadd, McDonald 

and Shilts, 1972, and Prichonnet, 1984). Although no causal 

relationship is inferred, it may be further noticed that large 

proglacial lakes were impounded at the ice-front during degla-

ciation of this region (see Chapter 5). 

(2) In uplands lying east of the Warwick-Martinville line, eskers 

seem almost totally absent; this suggests that the predominant 

subglacial thermal régime during deglaciation was one of 

either basal freezing or of cold-based ice (Boulton, 1972). 

If so, this may have been a region of weak subglacial erosion 

during the last deglaciation; moreover, this hypothesis may 

provide at least a partial explanation for the preservation of 

older (westward and northward, and (?) southeastward) stria-

tions in the Asbestos region and perhaps in the Thetford-Mines 

region as well. 

(3) Known recessional ice-front positions indicate that northward 

retreat of an active ice-front took place in the southern and 

western regions of the southeastern Québec Appalachians; ex-

cept for the fact that ice-front positions trend about WSW-

ENE rather than SW NE, this ice-retreat pattern resembles that 

suggested by Gadd, McDonald and Shilts (1972a). As a result, 

the Dixville Moraine, a previously unnamed morainic belt whose 

features were first reported and discussed by Clément and 

Parent (1977), now appears as a correlative of either the 

Ditchfield or the Frontier Moraine of Shilts (1970, 1981). 

The next younger morainic belt, the Cherry River / East Angus 

Moraine, may be of about the same age as the Mégantic Moraine 

of the upper Chaudière valley. The Sutton moraines, a conve- 
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nient name for a series of slightly diachronous morainic depo-

sits mapped by Prichonnet et al., (1982a, 1982b) on the north-

west flank of the Sutton Mountains, record ice-retreat posi-

tions which seem roughly coeval with the Cherry River / East-

Angus Moraine and slightly older than the Mont Ham Moraines; 

ice-contact deltas and terraces associated with the Sutton 

moraines (Prichonnet et al., 1982b) suggest that waters of 

Glacial Lake Vermont (Chapman, 1937) fell from the level of 

the Coveville phase to that of the Fort Ann phase during ice-

retreat from the outer to the inner Sutton moraines. The Fort 

Ann phase is therefore a partial correlative of the Sherbrooke 

phase of Glacial Lake Memphremagog (Parent et al., 1985); the 

Sherbrooke phase reached its maximum extent during construc-

tion of the Mont Ham Moraine (Parent, 1978, this study) which 

may be nearly coeval with construction of the Saint-Ludger 

moraine (a convenient name that designates morainic deposits 

mapped by Shilts (1981) near Saint-Ludger, in the upper 

Chaudiêre valley). 

(4) Ice-retreat from the position of the Mont Ham Moraine allowed 

incursion of Glacial Lake Vermont (Fort Ann) onto increasingly 

large areas of the Appalachian Piedmont of southeastern Quebec 

(See Chapter 5). 	As discussed earlier, the next younger 

Ulverton-Tingwick Moraine was formed only slightly more than 

100 varve years prior to final drainage of the Fort Ann phase 

of Lake Vermont and hence prior to Champlain Sea incursion 

about 12 000 years BP (shell dates). Absence of Fort Ann 

strandline features and of glaciolacustrine sediments in the 

vicinity of Victoriaville suggests that Lake Vermont did not 

drain northeastward along the Appalachian Piedmont of the 

Plessisville area. 

(5) Deglacial patterns along the edge of the Appalachian uplands, 

between Lac Brome and Plessisville, have little in common with 

the concept of the Highland Front Morainic System as defined 

by Gadd, McDonald and Shilts (1972a); the concept is now obso- 
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lete and the name should definitely be abandoned and replaced 

by local names, such as the Ulverton-Tingwick Moraine, in 

order to designate morainic deposits that were formerly as-

signed to the Highland Front Morainic System. Similar rea-

soning has already been applied in the Lower St. Lawrence 

region (Chauvin et al., 1985). 	In order to avoid possible 

confusion, it is informally suggested that morainic deposits 

which were mapped by Gadd (1978) in the vicinity of Saint-

Sylvestre be simply called Saint-Sylvestre moraine. As Figure 

6-6 shows, there are virtually no morainic deposits that sup-

port the connection between the Saint-Sylvestre moraine and 

the Ulverton-Tingwick Moraine. 	Chronological relationships 

between the two features remain to be worked out; however, the 

Saint-Sylvestre moraine seems younger than the Ulverton-

Tingwick Moraine. 

(6) In a large area surrounding Thetford-Mines, very few ice- 

marginal deposits or eskers have been reported. 	However, 

Chauvin (1979a) reports that the youngest lodgement till sheet 

is commonly overlain by a melt-out till unit (his "membre 

supérieur") in sections of the Thetford-Mines region. This, 

together with the absence of eskers and ice-frontal deposits, 

suggests that a large mass of cold-based (?), stagnant ice may 

have been left stranded on uplands of the Thetford-Mines re- 

gion. 	A small esker with northward paleocurrent which has 

been reported by Lortie (1976) and Gadd (1978) near Saint- 

Sylvestre may be associated with the residual ice mass. 	A 

similar ice mass may also have been isolated on uplands east 

of the Chaudière valley (Shilts, 1981; Lowell, 1985; Lowell 

et al., 1986). Isolation of this residual ice mass may have 

followed an ice-flow reversal event and may have occurred as a 

result of the retrogradation of a marine calving bay up the 

St. Lawrence River estuary to the vicinity of Québec city, 

much as Chauvin et al. (1985) and Parent et al. (1985) and 

several other previous authors (see Lhapter 1) have inferred. 

Parent et al. (1985: fig. 1) also suggested that incursion 
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of the calving bay to vicinity of Québec City, about 12.5 to 

12.2 ka, may be approximately coeval with constructions of the 

Mont-Ham Moraine and of its correlatives. 

Because periglacial desert and tundra conditions succeeded 

deglaciation of the southern Quebec Appalachians (Richard, 

1977, 1978, 1985; Mott, 1977), a fairly long delay between 

deglaciation and the onset of organic sedimentation is in- 

ferred. 	Available bog-bottom dates (Figure 6-6) seem of 

little help for assessing deglacial patterns, particularly 

since palynological studies by Mott (1977) have shown that 

GSC-1339 (14 900 ± 220 years BP) and GSC-1404 (12 700 ± 

280 years BP) which were obtained from calcareous organic 

sediments (Mott, 1977; Gadd, McDonald and Shilts, 1972a) are 

probably contaminated by old carbonates; dates from other 

sites indicate that terrestrial organic sedimentation was well 

underway in the region by about 11 000 years BP. 



CHAPTER 7 

CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE STUDY 

7.1 Conclusions  

The main conclusions of this study are: 

(1) During the Wisconsinan stage, the Asbestos-Valcourt region was 

invaded by at least two regional glacial advances (drift units 

A and C) with an intervening, rather short-lived, glaciolacus-

trine episode (unit B). 

(2) Drift unit A, which was deposited during the earlier glacial 

advance and which is considered as a correlative of Chaudière 

Till, was deposited by a glacier that advanced mainly toward 

west or WSW from Appalachian outflow centers. This Appala-

chian till unit contains some northwest-derived debris that 

provides evidence for an earlier phase of southeastward ice-

flow which may either predate or postdate deposition of the 

Massawippi Formation (Early Wisconsinan). The upper part of 

drift unit A contains no record of an influx of northwest-

derived debris that should be expected from a long episode of 

coalescence with the Laurentide Ice Sheet, such as that pro-

posed by earlier workers. Instead, recorded ice-flow patterns 

suggest that a shift of outflow centers within an Appalachian-

based glacier took place toward the close of glacial phase A; 

it is during this part of glacial phase A that a northward 

ice-flow episode took place in uplands of the Asbestos region. 

(3) Glaciolacustrine sediments of unit B were deposited in a gla-

cial lake (or a series of glacial lakes) that was impounded in 

front of the glacier which subsequently deposited drift unit 

C. However, the lower part of these sediments may be locally 

coeval with the northward ice-flow episode which occurred 
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during the latter part of glacial phase A. Sediments of unit 

B, which are probable correlatives of the Gayhurst Formation, 

were deposited in mainly proximal glaciolacustrine environ-

ments. Because of the apparent lack of dateable organics, the 

age of this Middle Wisconsinan interstade remains poorly 

known. 

(4) Drift unit C was deposited during the last regional advance of 

the Laurentide Ice Sheet and is believed to be a correlative 

of Lennoxville Till. Available evidence indicates that south-

eastward ice-flow was maintained throughout glacial phase C in 

the Asbestos-Valcourt region. Northward- and westward- tren-

ding striations which were interpreted by previous authors as 

the result of a late-glacial ice-flow reversal are best inter-

preted as residual features that were formed during the ear-

lier glacial phase A. 

(5) Three main recessional morainic belts (Cherry River / East-

Angus, Mont Ham and Ulverton-Tingwick Moraines, in order of 

decreasing age) were constructed during northward retreat of 

the Laurentide Ice Sheet. These morainic belts have yet to be 

dated directly; however, varve series that overlie drift unit 

C suggest that the Cherry River / East-Angus Moraine probably 

formed some 500 years prior to Champlain Sea incursion (about 

12 ka) and that the Ulverton-Tingwick Moraine was constructed 

at least 100 years prior to marine incursion. 

(6) Deglacial patterns along the edge of the Appalachian Uplands 

have little in common with the concept of the Highland Front 

Morainic System as defined by previous authors; this pioneer 

concept is now obsolete and should be abandoned and replaced 

by locally defined morainic belts, such as the Ulverton- 

Tingwick Moraine. 	Regional ice-retreat patterns bring some 

support to the hypothesis that a large residual ice mass be-

came isolated in uplands of the Thetford-Mines region, north-

east of the Asbestos-Valcourt region. Northward ice-flow may 
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also have taken place within this cut-off mass of Laurentide 

ice; if so, this northward ice-flow reversal may be the result 

of early marine incursion (12.5 to 13.0 ka) in the St. 

Lawrence River Estuary, as postulated by several authors, and 

may therefore be correlative with the northward ice-flow event 

recorded by Chauvin et al. (1985) and by Lowell (1985) in 

uplands east of the Chaudière River valley and in the northern 

Maine uplands. 

Glacial lakes were impounded south of the ice-front during 

Late Wisconsinan deglaciation of the Asbestos-Valcourt region. 

As a result of differential post-glacial isostatic rebound, 

shoreline features of the former water-planes are tilted up-

ward to the northwest with a gradient of about 1 m.km 1. 

During construction of the Cherry River / East-Angus Moraine, 

waters of Glacial Lake Memphremagog had already fallen to the 

level of the Sherbrooke phase; ice-dammed waters remained at 

the level of the Sherbrooke phase until the ice-front had 

retreated slightly northwest of the position of the Mont Ham 

Moraine. 	Glacial retreat to the position of the Ulverton- 

Tingwick Moraine allowed waters of Glacial Lake Vermont (Fort 

Ann phase) to expand onto the Appalachian Piedmont of south-

eastern Quebec and to merge with waters of Glacial Lake 

Memphremagog; glaciolacustrine water levels remained at the 

level of the Fort Ann phase for at least some time following 

construction of the Ulverton-Tingwick Moraine. The next lower 

series of shorelines are those formed during early Champlain 

Sea incursion. 

The Danville Varves, which contain a typical arctic freshwater 

ostracode fauna (Candona subtriangulata), together with 

other late-glacial varve series provide key additional evi-

dence for regional glaciolacustrine water-bodies prior to 

Champlain Sea incursion. 	The presence and extent of these 

glacial lakes provide further evidence that the uplands of the 
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Asbestos-Valcourt region were essentially ice-free at the time 

of Champlain Sea incursion, 

(9) The upper marine shorelines are also tilted upward to the 

northwest; the marine limit thus stands at altitudes ranging 

from 165 to 175 m ASL in the study area. By about 12 000 

years BP (shell dates), marine waters had replaced glaciola-

custrine waters in the Appalachian Piedmont of the Asbestos-

Valcourt region. Champlain Sea incursion likely took place 

only after the Laurentide Ice Sheet had retreated from the 

edge of the Outer Appalachian Uplands in the vicinity of 

Warwick and Victoriaville. Off lap history of the Champlain 

Sea had already begun by about 11 500 years BP; by 10 500 

years BP, marine waters had locally receded to about 80 m ASL 

and had thus withdrawn from this part of the Appalachian 

Piedmont. 

7.2 Recommendations for future study  

(1) This study proposes that Chaudière Till and its correlative, 

drift unit A, were essentially produced by an Appalachian 

glacier complex (except at the Rivière Noire section); this 

hypothesis should be further investigated in stratigraphic 

sequences of the Thetford-Mines area and of the middle and 

lower Chaudière River valley. 

(2) Because this study found solid evidence contrary to the hypo-

thesis of a late-glacial ice-flow reversal in the Asbestos 

region, the latter concept should be re-investigated in the 

Thetford-Mines region, particularly since there is at least a 

possibility that there may be two distinct episodes of north-

ward ice-flow in that region and in other regions of the 

southern Quebec Appalachians. 

(3) As stated earlier (see section 6.1.2), a new stratotype should 

be sought to designate glacial sediments that underlie the 
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Massawippi Formation: since the Ascot River sections consti-

tute the type sections for major regional units and since 

"Johnville Till" is absent at its type section (Ascot River 

II), this new stratotype should be preferably located in the 

Sherbrooke region. 

(4) The possibility that the Saint-Sylvestre moraine was emplaced 

by a glacial readvance, as suggested by Lortie (1976) and 

Shilts (1976b, 1981) in the former context of the Highland 

Front Morainic System, should be investigated since the rela-

tionships between the postulated ice-flow reversal and glacio-

lacustrine water bodies remains problematical or, at best, 

poorly documented in the lower and middle Chaudière River 

valley. 

(5) Stratigraphic drilling should be carried out in the Asbestos-

Valcourt region with at least the specific objective of find-

ing out whether a southeastward (Laurentide) ice-flow episode 

took place during the early part of glacial phase A or whether 

it took place during an earlier, distinct glacial phase. 

(6) Given the paucity of dateable organics in glaciolacustrine 

sediments of unit B and of the Gayhurst Formation, TL dating 

of these units should be at least attempted; however, there is 

a distinct possibility that the TL signal of these deep-water, 

mainly proximal sediments may not have been set back to "zero" 

at the time of deposition. 
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APPENDIX I 

STRATIGRAPHIC SECTIONS 

Sections are listed in the order in which they appear in text. 

Appendix I includes descriptions of the following sections: 

- Section MP-79-18A (Norbestos) 

- Section MP-79-18B (Norbestos) 

- Section MP-79-18C (Norbestos) 

- Section MP-79-9 (Rivière des Rosiers) 

- Section MP-76-1 (Willow Brook) 

- Section MP-79-1 (Chemin des Ecossais) 

- Section MP-82-4 (Riviêre Noire) 

- Section MP-79-5 (Wotton) 

- Section MP-79-15 (Tingwick) 

- Section MP-79-17 (Notre-Dame-de-Ham) 

- Section MP-80-2 (Bromptonville) 

- Section MP-79-14 (Arthabasca) 

- Section MP-82-1 (Melbourne) 

Section MP-79-10 (Rivière Danville) 

- Section MP-79-16 (Riviére Landry) 

- Section MP-79-13 (Warwick) 

- Section MP-79-19 (Danville) 

- Section MP-81-1 (Ascot River I) 

Section MP-82-3 (Ascot River II) 
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Unit 
	

Thickness Depth of 
(w) 	base (m) 

Section MP-79-18 (Norbestos) 

North side of abandonned open-pit asbestos mine (Norbestos mine); 
Warwick map-area (21 E/13); about 2.75 km northeast of Les Trois Lacs. 
UTM grid zone 19T: 278.70 E and 5077.50 N. Altitude: approx. 250 m. 

(Because the slump cover was generally thick and because exposed sedi-
ments showed important lateral facies changes, three subsections were 
investigated and measured at most favorable locations, working toward 
the west end of the abandoned excavation. See Figure 4-2). 

Subsection A 

Drift unit C: Lodgement till. Compact, olive 
oxidized, fissile, pebbly, sandy silt diamicton. 
Sharp, conformable basal contact. Precambrian 
cleats common. Upper part (solum) removed. 

Unit B: Glaciolacustrine ands. Gray and 
calcareous below 4 m; oxidized above that 
level. Turbidite bedding, consisting of A, 
D and E divisions, is common throughout unit. 
A-division layers range in thickness from 3 
to 30 cm and consist of graded silt and silty 
sand containing granules and small pebbles; 
they are arranged in S overall thinning-and-
fining-upward sequences. D- and E-division 
layers have a thickness between 1 and 3 cm 
and consist of clayey silt with abundant ice-
rafted clasts. ,Uppermost 90 cm of unit consist 
of a massive diamicton bed grading upward into 
pebbly sand and sand layers. 

	

1.8 	1.8 

	

7.2 	9.0 

Drift unit A: Deformation till and lodgement 	7.0 	16.0 
till complex. Very compact, gray and calca-
reous diamicton. Deformation till consists of 
stacked thrust-slices of glaciolacustrine muds 
(resembling those of unit B). Major shear planes 
between slices dip south. Axial planes of over-
turned and recumbent folds within slices also dip 
south while synthetic sets of small low-angle normal 
faults dip north (Plate 4-1). Contacts of lodge-
ment till beds with intervening deformation till 
units are sharp and erosional. A clay-till wedge, 
striking N 100°  and dipping about 75°  north, is 
present within the upper-most lodgement till bed. 
Lowermost lodgement till unit contains some ultra-
mafic clasts, but no Precambrian clasts were noted. 

(Slumped sediments) 
	

(>4.0) 	(>20.0) 
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Unit 	 Thickness Depth of 
(m) 	base (m) 

Subsection B 

Drift unit C (2 subunits): 

1) Supraglacial till complex (0 - 1.1 m): 
Loose, oxidized, sandy to gravelly diamicton 
containing several thin lenses of plane-
bedded gravelly sand. Crudely stratified 
unit. Contains some boulders. Precambrian 
clasts are common; no ultramafic clasts were 
seen. 

2) Lodgement till (1.1 - 2.7 m): Oxidized, 
olive, fissile, rather pebbly diamicton. Silty 
sand matrix shows distinct textural layering. 
Boulder zone occurs near middle of unit. 
Precambrian clasts are common; only one ultra-
mafic clast was seen. 

2.7 	2.7 

Unit B: Assemblage of glaciolacnstriae turbi- 	10.1 	12.8 
dites and other mass flow sediments. Seven 
overall sequences of variable thickness show 
fining-and-thinning-upward trends. Most se- 
quences consist of a basal bed of massive 
matrix-supported diamicton (one of these (#2) 
is inversely graded), overlain by massive or 
plane-bedded gravelly sand layers and by plane- 
laminated or graded sand layers. A layer of 
imbricated gravel is present at the base of 
sequence #6. Basal contacts of sequences are 
sharp and occasionnally channelized (see 
Plate 4-3A). Sequence #5 consists of a 1 m-thick 
series of AD(E) turbidites with abundant ice- 
rafted clasts: the thickness of graded sand 
layers varies from 2 to 5 cm, and that of silt 
layers varies from 0.5 to 1.5 cm. Two small 
overturned folds were observed near the top 
of sequence #5: their axial planes strike 
N 26°  and N 133' and dip 28°  and 31°, res- 
pectively, toward west. The massive 2 m-thick 
diamicton at a depth of 7.8 m is considered a 
debris flow sediment. Overall unit resembles 
a subquatic mid-fan sequence. Unit is oxidized 
to a depth of 5.8 m. 

Drift unit A: Lodgement till. Very compact, 
gray, calcareous, pebbly, sandy silt diamicton. 
Boulders in boulder zone (not a pavement) 
near top of unit have SSE-trending long axes. 
Ultramafic clasts are present, but no Pre-
cambrian clasts were noted. 

(Slumped sediments) 

6.2 	19.0 

(>1.0) 	(>20.0) 
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Unit 	 Thickness Depth of 
(m) 	base (m) 

Subsection C 

(Removed sediments, including soil zone; 
thickness estimated) 

Drift Unit C (2 subunits) 

	

(2.0) 	(2.0) 

	

4.4 	6.4 

1) Sapraglacial till complex (2.0 - 4.5 u): 
Loose, oxidized, sandy to gravelly diamicton. 
This matrix-supported diamict includes 
several lenses of plane-bedded sand and 
gravelly sand. Crudely stratified unit. 
Precambrian cleats are common; no ultra-
mafic cleats were seen. 

 

2) Lodgement till (4.5 - 6.4 m): Olive to 
light olive gray, fissile, silty sand diamicton. 
Degree of oxidation and leaching decreases 
with depth; till is calcareous near base. 
Sandy lens at the level of boulders, near 
top of unit, is sheared toward the SE 
sector. Precambrian cleats are common 
while ultramafic clasta are very rare. 

Unit B: Glaeiolacnstrine sediments. Exposed 
	

1.2 	7.6 
unit consist of only two thick turbidite 
beds with ABDE divisions. Upper turbidite 
contains rip-up silt cleats and seems only 
slightly deformed near contact with over- 
lying glacial unit; its basal contact is 
loaded. 

Drift unit A: Lodgement till. Very compact, 	7.8 	15.6 
hard, gray, calcareous, sandy diamicton. 
Distinct shear planes are present throughout 
unit, particularly near top. Textural layering 
is associated with shear planes. Below boulder 
zone at a depth of 11.5 m, till is more stony 
and more sandy. Ultramafic cleats are common; 
a few "in situ" Precambrian cleats were noted. 

(Slumped sediments) 	 .(>4.4) 	(>20.0) 
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Unit 
	

Thickness Depth of 
(m) 	base (m) 

Section MP-79-9  (Rivière des Rosiers) 

Left bank of Rivière des Rosiers, 3.4 km southwest (S 40' W) of 4-way 
intersection in Tingwick; Warwick map-area (21 E/13). UTM grid zone 
19T: 269.25 E and 5082.25 N. Altitude: approx. 152 m. 

(Vegetation covered slumped sediments; 
thickness of about 1.5 m) 

Claciolacustrine silt and clay: gray, non- 
calcareous DE turbidites; 1 to 3 cm-thick 
couplets; probably varves. 

Drift unit C (3 subunits): 

1) Flow till (1.0 - 2.4 mm): gray calcareous, 
sandy silt diamicton layers are interbedded 
with thin sand layers (lenses ?); diamicton-
sand contacts are wavy and non-erosional. 

2) Lodgement till (2.4 - 5.5 m): dark gray, 
compact, fissile to massive, calcareous silty 
sand diamicton; upper half shows textural 
layering while lower half contains a few large 
up-sheared silt lenses (rising toward SE); a 
major shear plane forms basal contact of 
subunit. 

3) Lodgement till (5.5 - 6.0 a): brownish, 
compact, silty diamicton containing several 
pebble-size cleats of laminated silt and clay. 

Drift unit A (2 subunits): 

1) Stratified diamicton (6.0 - 8.6 m): this stra-
tified diamicton and gravel complex consists of 
poorly sorted pebbly matrix-supported diamicton 
with numerous layers and lenses of pebbly sand. 
A 30 cm-thick bed of better sorted and rounded 
sandy gravel occurs at a depth of.7.5 m. Sedi-
ment is olive and slightly calcareous above the 
gravel bed; below, it is more oxidized, non-
calcareous and buff. 

1.0 	1.0 

5.0 	6.0 

6.6 	12.6 

2) Lodgement till (8.6 - 12.6 m): very compact, 
fissile, calcareous, pebbly, sandy silt diamicton; 
textural layering present in upper 1.2 m; till 
is slightly oxidized (pale olive) in upper 1.2 m, 
but it is gray and strongly calcareous below that. 

(Slumped sediments obscuring base of section) 
	

(1.0) 	(13.6) 

Bedrock to river level. 	 (>0.4) 	(>14.0) 
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Unit 	 Thickness Depth of 
(m) 	base (m) 

Section MP-76-1 (Willow Brook) 

Right bank of Willow Brook, 6.8 km north of new bridge in Windsor; 
Richmond map-area (31 N/9). UTM grid zone 18T: 732.75 E and 5057.00 N. 
Altitude: approx. 198 m. 

Drift unit C (2 subunits) 

1) Lodgement till (0 - 2.9 a): compact, 
fissile, silty sand diamicton; olive-gray and 
calcareous below 1.7 m; oxidized and leached 
of carbonates above 1.7 m; contains several 
ultramafic and Precambrian clasts. 

2) Subglacial melt-out till (2.9 - 5.0 a): 
vaguely stratified, compact, gray, calcareous, 
pebbly, silty sand diamicton; contains a few . 
sand lenses. 

Unit B: Glaciolacustrine sediments. 
Unit comprises four overall fining-and-
thinning-upward sequences of subequal thick-
ness. Four beds of gray, calcareous, massive, 
matrix-supported diamicton which lie at the 
base of individual sequences make up to 45% 
of the unit. Diamicton beds are overlain by 
plane-bedded or massive sandy gravel layers, 
and by plane-laminated, massive or graded 
sand layers. Graded silty sand layers occur 
in uppermost sequence where they are cut 
across by small thrust faults (strike N 072°; 
dip 8°  N). Muddy facies (ADE and DE turbidites) 
with dropstones occur at a depth of 7.4 m. 
The overall sequence resembles a subaquatic 
mid-fan sequence. 

	

5.0 	5.0 

	

6.8 	11.8 

Drift unit A: Lodgement till. Very compact, 	>1.8 	>13.6 
fissile, gray, calcareous, sandy silt diamicton. 
Several east-dipping shear planes are present 
in upper 40 cm. A few thin sandy lenses are 
also present and deformed by small overturned 
folds whose axial planes strike N 165°  and 
dip 78°  toward east. A conjugate set of 
vertical joints is visible in till near river 
level: main joints trend N 055°  and secondary 
ones, N 095°. Several ultramafic clasts are 
present in this unit, but only one Precambrian 
cleat was found. 

(River level) 
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Unit 
	

Thickness Depth of 
(m) 	base (m) 

Section MP-79-1  (Chemin des Ecossais) 

Roadcut on the south side of Chemin des Ecossais, about 150 m east of 
Transqu8becoise highway (#55); Sherbrooke map-area (21 E/5). UTM grid 
zone 19T: 268.95 E and 5036.80 N. Altitude: approx. 206 m. 

Glaciolacustrine sediments (3 subunits) 

Laminated sand (0 - 1.8 m): Plane-laminated 
medium to fine sand; buff and oxidized; 
soil zone extends to ad depth of about 1 m 
below irregular top surface (postglacial 
gullying); considered a near-shore lake 
sediment. 

Pebbly sand (1.8 - 2.0 a): Poorly sorted 
matrix-supported pebbly sand; cleat content 
increases toward top; oxidized. Unit may be 
a local lag deposit formed during a sudden 
(?) fall of glacial-lake level. 

Laminated silt and clay (2.0 - 2.7 m): Thin 
laminae of yellowish brown silt and clay; 
non-calcareous and oxidized; fine structures 
are not discernible, perhaps because of 
oxidation; considered a deep-water glacial-
lake sediment. 

Drift unit C: Lodgement till. Compact, 
fissile, sandy silt diamicton; olive gray and 
calcareous at base; olive, non-calcareous 
and slightly oxidized above a depth of 4.0 m; 
contains several ultramafic cleats. At the 
west end of excavation, the bedrock surface 
rises and, where it is directly overlain by 
this till sheet, it bears striations trending 
between N 140°  and N 150°. 

2.7 	2.7 

2.0 	4.7 

Drift unit A: Lodgement till. Compact, olive, 
calcareous, sandy silt diamicton; bouldery zone 
from 5.2 to 5.5m; fissile above bouldery zone; 
sharp contact with base of overlying till unit. 
Where this till overlies bedrock, the polished 
bedrock surface bears two sets of striations; 
one set consists of fine striae trending bet-
ween N 90°  and N 115°  which are crosscut by a 
few deeper striae trending N 140°. 

Bedrock (slate) to road level.  

2.0 	6.7 

>1.3 	>8.0 
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Unit 
	

Thickness Depth of 
(m) 	base (m) 

Section MP-82-4  (Rivière Noire) 

Left bank of Rivière Noire, 1.7 km upstream of bridge north of Roxton-
East; Richmond map-area (31 H/9). UTM grid zone 18T: 697.00 E and 
5045.30 N. Altitude: approx. 155 m. (This section was previously 
reported by McDonald (1967b: section MS-65-85). 

(2.0) (2.0) 

3.2 5.2 

17.8 23.0 

(Vegetation-covered slumped sediments) 

Drift unit C: Lodgement till. Light yel-
lowish brown, oxidized, fissile, pebbly, 
silty sand diamicton. Because of thick 
slump cover, top and base of unit were not 
exposed; however, McDonald (1967b: p. 143) 
observed "contorted sand lenses" and a 
"basal silt rich ... unit" containing "cleats 
of varved lake silts" in the basal 1.2 m of 
unit. 

Unit B: Stratified sand. Light yellowish 
brown to light gray, medium-to fine-grained 
sand. Ripple-drift lamination is more common 
than climbing-ripple and horizontal lamination. 
Paleocurrent toward SE sector. Below a depth 
of 17 m, unit also contains several sandy silt 
layers. Lower 1.5 m of unit consists of cross-
bedded coarse sand containing a few thin gra-
velly lenses; this material is stained with 
orange-red iron oxide. This unit is inter-
preted as subaquatic outwash sediments depo-
sited in a glacial lake. Thrust faults dip-
ping toward NW are present between depths of 
6 m and 7 m; two measured faults strike N 018°  
and N 030°  and dip 12°  NW and 26°  NW, respecti-
vely. 

Drift unit A: Lodgement till. Compact, 
fissile, gray, calcareous, silty diamicton. 
Contains a few Precambrian cleats. 

(River level) 

>1.5 	>24.5 
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Unit 
	

Thickness Depth of 
(m) 	base (m) 

Section MP-79-5 (Wotton) 

Gravel pit on east side of highway #216, about 1.3 km southwest of 
bridge at Moulin-Samson (2.5 km due north of 4-way intersection in 
Wotton); Warwick map-area (21 E/13). UTM grid zone 19T: 281.40 E and 
5070.90 N. Altitude: approx. 260 m. 

(This section consists of three adjacent excavations; pits A and B are 
only a few tens of meters apart and are located on the east side of the 
road; Pit C is about 60 m west of the road; see Figure 4- ; the strati-
graphic log of pit A is presented, along with a few notes on sediments 
exposed in adjacent pits). 

Drift unit C (3 subunits): 

1) Lodgement till (0 - 2.2 m): compact, 
fissile, oxidized, yellowish brown, sandy 
diamicton. Till is not very pebbly, but 
contains several ultramafic clasts and a 
few Precambrian clasts. This till has a 
sharp basal contact. In pit B, basal 
contact is erosional and marked by a boulder 
zone; a 2 m-deep till wedge protrudes from 
the base of unit into the underlying sandy 
sediments; till wedge strikes N 020°  and 
dips 75°  toward SE. 

2) Subglacial allo-till (2.2 - 3.4 m): sandy, 
substratified to massive diamicton containing 
several silt clasts and sand lenses, several 
of which are distinctly sheared. Several 
till facies were observed, the most common 
being subaquatic melt-out till. 

3) Deformation till (3.4 - 4.6 m): Brecciated 
material consisting mainly of clasts of sub-
stratified diamicton and of stratified silty 
sand; subunit is a lens-shaped body not found 
in pits B and C. 

4.6 	4.6 

Unit B: Subaquatic outwash sediments: 
	

>3.4 	>8.0 
Glaciolacustrine sediments consist of al- 
ternating layers of plane-and cross-laminated 
fine sand; ripple-drift and climbing ripple 
lamination are common. Water-escape structures 
(vertical pillars) were observed. Paleocurrent 
toward SE. In pit B, a large lens of massive 
fractured sand forms the top of the unit and 
is injected by the till wedge. Numerous thrust 
faults which dip toward NW occur throughout the 
unit in pits A and B. In pit C, sand is unde- 
formed and grades downward into layers of graded 
silt and sand. 

(Floor of gravel pit) 
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Unit 
	

Thickness Depth of 
(m) 	base (m) 

Section MP-79-15 (Tingwick) 

Borrow pit on east side of country road leading from Tingwick to 
Chesterville, 5.1 km northeast of 4-way intersection in Tingwick; left 
flank of Rivière des Pins valley; Warwick map-area (21 E/13). UTM grid 
zone 19T: 274.70 E and 5088.90 N. Altitude: approx. 215 m. 

(0.7) 	(0.7) (Removed solum; estimated thickness) 

Drift unit C (2 subunits) 

1) Supraglacial melt-out till (0.7 - 2.5 m): 
Loose, oxidized, yellowish brown, massive, 
sandy diamicton. Unit is crudely substra-
tified, but contains almost no lenses of 
stratified sediments. Till contains several 
Precambrian cleats. 

2) Lodgement till (2.5 - 6.4 u): Very compact, 
fissile, brownish gray, calcareous, silty sand 
diamicton; contains several Precambrian claims. 
A 60 cm-deep and 15 cm-wide till dike protrudes 
from till base into underlying sand. Till dike 
trends N 100°  and dips 75°  toward S; a coeval 
normal fault with a 2.5 cm throw has the same 
attitude as the till dike and is aligned with 
its north edge. A few other smaller till 
injections were observed at the base of this 
till sheet which has a sharp, erosional basal 
contact. 

Unit B: Sebagnstic outwash sediments: 
Glaciolacustrine unit consists of plane-
bedded and trough-cross-bedded medium sand 
and of ripple-drift-laminated fine sand. 
Silt layers are occasionnally present between 
cosets of cross-laminated fine sand. 

5.7 	6.4 

2.6 	9.0 

(Slumped sediments: sediments similar to those 	(>11.0) 	()20.0) 
of unit B were observed under slumped material 
to a depth of about 20 m.) 
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Unit 
	

Thickness Depth of 
(a) 	base (a) 

Section MP-79-17 (Notre-Dame-de-Ham) 

Borrow pit on east side of country road, about 2.2 km southwest (S 30' 
W) of 3-way intersection in Notre-Dame-de-Ham; Warwick map-area (21 
E/13). UTM grid zone 19T: 286.65 E and 5085.05 N. Altitude: approx. 
308 m. 

Drift unit C: Lodgement till. Very compact, 
fissile, silty sand diamicton. Till is olive-
gray and calcareous below 4.8 m, and olive and 
oxidized above that depth. Thin sand lenses 
are present at depths of 3.0 and 3.8 m. Lower 
0.9 m of unit consists of a more sandy till 
which contains sheared lenses of glacio-
lacustrine silt at its base and which is 
overlain by a 25 cm-thick zone containing 
sandy lenses. 

Unit B: Glaciolacustrine sediments. Above a 
depth of 10.6 a, unit consists mainly of plane-
bedded medium sand. A 70 cm-thick bed of rather 
sandy matrix-supported diamicton which contains 
a few flow structures and which shows overall 
grading occurs at a depth of 7.1 m; it is 
interpreted as a debris flow sediment. Interval 
between 10.6 and 12.6 m is slump-covered. Below 
a depth of 12.6 m, unit consists of graded sand 
and silt layers; thickness of single layers is 
about 2.5 cm. 

	

5.9 	5.9 

	

8.7 	14.6 

(Slumped sediments to road level) 
	

(>1.4) 	(>16.0) 
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Unit 
	

Thickness Depth of 
(m) 	base (m) 

Section MP-80-2  (Bromptonville) 

Gravel pit on northeast side of country road, 3.7 km northeast (N 73°  E) 
from north end of bridge in Bromptonville; Sherbrooke map-area (21 E/5). 
UTM grid zone 19T: 273.80 E and 5041.10 N. Altitude: approx. 240 m. 

(This measured section (subsection A) is located at the northwest end of 
the gravel pit; however, units described below are exposed almost conti-
nuously along the 250 m-long, 8 to 10 m-high, northeast face of the 
gravel pit. Subsection A is one of six investigated sections; see 
Figure 4-17). 

4.5 	4.5 Drift unit C:  (2 subunits) 

1) Lodgement till (0 - 2.5 a): Fairly compact, 
fissile, massive, olive to olive gray, sandy 
silt diamicton; except for basal 0.5 m which 
is calcareous, unit is oxidized. Contains 
several Precambrian and ultramafic clasts. 
In moat subsections (A, B, C, E), basal con-
tact of unit is sharp and erosional; basal 
contact is sharp but conformable in subsec-
tions D and F where the lower part of the till 
contains several sand lenses. In subsection C, 
a small (40 cm-deep, 35 cm-wide), SE-dipping 
till wedge protrudes from the base of the till 
bed. 

2) Subglacial allo-till (2.5 - 4.5 a): Compact, 
cobbly, massive to substratified, olive gray 
diamicton. This boulder-bearing diamicton is 
locally clast-supported and contains a few 
gravel lenses. This unit pinches out toward 
southeast and is absent in other subsections. 
Sharp, erosional basal contact. 

Unit B: Subaquatic sutuash sediments. 
Mainly cross- and plane-bedded sand and 
gravel. Locally contains large lenses of 
massive silty sand or massive sand (turbi- 
dites). Consists of plane- and cross-laminated 
sand in subsection F. Paleocurrent toward 
SE. (Subaquatic origin is also inferred 
from previous observations by the author; 
see section 4.3.2). 

(Floor of gravel pit) 

>3.5 	>8.0 



2 4.2 

Unit 	 Thickness Depth of 
(m) 	base (m) 

Section MP-79-14 (Arthabasca) 

Borrow pit on east side of Highway #161, about 1.8 km south of main 
4-way intersection in Arthabasca; Arthabasca map-area (21 L/4). UTM 
grid zone 19 T: 274.50 E and 5100.30 N. Altitude: approx. 185 m. 

Drift unit C: (3 subunits) 

1) Lodgement till (0 - 1.4 m): Compact, 
massive, oxidized, brown, matrix-dominated, 
sandy diamicton. Sharp basal contact. 
Contains many Precambrian clasts. Boulders 
are more abundant near base of subunit. 

2) Stratified drift - flow till assemblage 
(1.4 - 2.2 m): Consists mainly of sub-
stratified, brown, oxidized, matrix-supported, 
sandy diamicton containing numerous slightly 
deformed lenses and pods of stratified sand. 
In other parts of the exposure, this subunit 
consists of stratified gravelly sand and sand 
containing lenses of diamicton. 

3) Lodgement till (2.2 - 4.6 a): Very compact, 
fissile, brown, slightly calcareous, matrix-
dominated, silty sand diamicton. Upper 30 cm 
contain sandy stringers that rise toward SE. 
Contains several Precambrian cleats. Base of 
unit not exposed. 

(Gravel pit floor) 

>4.6 	>4.6 
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Unit 
	

Thickness Depth of 
(m) 	base (m) 

Section MP-82-1 (Melbourne) 

Borrow pit on east side of Highway #143, 1.6 km northwest (N 50°  W) of 
4-way intersection in Melbourne; Richmond map-area (31 H/9). UTM grid 
zone 18 T: 720.90 E and 5060.75 N. Altitude: approx. 122 m. 

(Sediments disturbed by heavy machinery) 
	

(0.5) 	(0.5) 

Verves (2 distinct thinning-and-fining-upwards 
	

6.5 	7.0 
sequences are present) 

Sequence 02 (0.5 - 2.4 a): Consists of 23 
couplets whose thickness decreases from 15 
cm at the base to 2 cm at the top (upper 20 
cm could not counted and may contain another 
10 to 15 couplets). Thickness of thinly lami- 
nated clay (winter) layers decreases from 3 
cm at the base to 1.5 cm at the top. Summer 
layers contain trace fossils (Pascichnia: 
grazing trace) and consist of graded-to-laminated, 
calcareous, silty sand in lower 10 couplets and 
of thinly laminated, calcareous, silt in upper 
13 couplets. 

Sequence #1 (2.4 - 7.0 a): Consists of 33 
couplets whose thickness decreases from 1.1 m 
in basal verve to 2.5 cm in couplet #33. Thick-
ness of thinly laminated clay (winter) layers 
decreases upwards only slightly, from 3 cm in 
the 1.1 m-thick basal verve to 2 cm in upper 
couplets; sandy summer layer of verve #1 consist 
of several Bouma sequences (paleocurrent toward 
SE); subsequent summer layers consist of graded-
to-laminated, calcareous, silty sand grading 
upwards into thinly laminated calcareous silt. 

Ice-contact stratified drift: Mainly plane-
bedded gravel (best exposed in a contiguous 
gravel pit); collapsed bedding due to melting 
of buried ice blocks. 

(Floor of borrow pit) 

>2.0 	>9.0 
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Unit 
	

Thickness Depth of 
(a) 	base (m) 

Section MP-79-10  (Rivière Danville) 

Right bank of Rivière Danville, 9 km due north of 4-way intersection in 
Saint-Claude; Dudsvell map-area (21 E/12). UTM grid zone 19T: 268.45 E 
and 5069.30 N. Altitude: approx. 200 m. 

Glaciolacustrine sediments (2 subunits): 5.0 	5.0 

1) Laminated sand (0 - 2.8 a): Plane-
and cross-laminated, oxidized, buff, fine 
sand; a few silt layers in basal meter of 
unit. 

2) Varves (2.8 - 5.0 a): Couplets consist of 
2 to 3 cm-thick graded silt layers overlain 
by thin (1 to 2 cm-thick) fine clay layers; 
thinning-upwards sequence; lower couplets con-
tain multiple graded silt layers, some of 
which have thin sandy partings. Slightly 
oxidized, brownish gray, non-calcareous. 

Drift unit C: Lodgement till. 
Compact, dark gray, calcareous, matrix-
dominated silty sand diamicton. Contains 
a few ultramafic clasts and several Pre-
cambrian clasts. 

>7.0 	>12.0 

(River level) 
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Unit 
	

Thickness Depth of 
(m) 	base (m) 

Section MP-79-16  (Rivière Landry) 

Right bank of Rivière Landry, in a sharp bend (meander), 1.2 km north-
west (N 27°  W) of 4-way intersection in Danville; Drummondville map-area 
(31 H/16). UTM grid zone 18 T: 730.75 E and 5075.40 N. Altitude: 
approx. 122 m. 

Regressive sand (Champlain Sea): Mainly 
plane- and cross-bedded sand; overall 
fining-upwards sequence starting with 
pebble and cobble gravel at base; sharp, 
erosional basal contact. Oxidized unit; 
soil developped in upper meter of unit. 

Marine silt (Champlain Sea): Mainly plane-
laminated, unctuous, clayey silt; thin 
fine sand partings between depths of 8 
and 6 m; above 6 m, sandy partings gra-
dually thicken to form 2 to 3 cm-thick 
layers that are interbedded with 4 to 7 
cm-thick silt layers near the top of unit; 
coarsening-and-thickening-upwards sequence. 
Unit contains a few ice-rafted pebbles, 
cobbles and boulders. Oxidized above a depth 
of 4.5 m, but gray and calcareous below that. 
Above a depth of 7.5 m, unit contains sparse 
shells of Mimosa balthica in growth posi-
tion; a few displaced valves of Hiatella 
arctica were also found between depths of 
6 and 4 m. 

	

2.0 	2.0 

	

8.0 	10.0 

Glaciolacustrine (Danville) varves: Silt and 	>9.0 	>19.0 
clay varves consisting of 103 couplets whose 
average thickness decreases from about 25 cm 
near the base of unit to about 2.5 cm near top. 
This thinning-upwards trend is predominantly 
recorded within summer layers which consist 
mainly of plane-laminated, light gray, calcareous, 
slightly bioturbated silt; a few thick (30 cm or 
more), contorted summer layers are present in 
lower 3.5 m of unit. Very fine sand partings, 
which occur in summer layers throughout the unit, 
contain trace fossils, mainly grazing traces 
(Pascichnia) but also occasional crawling 
traces (Repichnia); rare current lineations, 
trending NW-SE, also occur within these partings. 
Feeding structures (Fodinichnia) are present 
within laminated silt layers above a depth of 
15.5 m. Trace fossils are absent within winter 
layers which consist of thinly laminated or faintly 
laminated, stiff, dark gray, non calcareous clay 
and whose thickness only decreases from about 
4 cm near the base of unit to about 1.5 cm near 
the top. The contact with the overlying marine 
silt is marked by a 15 cm-thick transition zone 
where a few non-varved graded silt and clay layers 
pass upward to thinly laminated silt and sand layers 
and hence to thinly laminated silt. 

(River level; varves extend at least another 70 cm 
below river level) 
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Unit 
	

Thickness Depth of 
(m) 	base (m) 

Section MP-79-13 (Warwick) 

Gravel pit on east side of Highway #116, about 1.2 km southwest (N 202') 
of 4-way intersection in Warwick; Drummondville map-area (31 H/16). UTM 
grid zone 18T: 732.40 E and 5091.70 M. Altitude: 137 ± 1 m. 

(This measured section (subsection A) is located on the west flank of a 
buried esker ridge; subsection A, which is one of several subsections 
that were investigated in this gravel pit, contains the most complete 
stratigraphic record; see Figure 4-31). 

Regressive marine sand (2 subunits) 7.0 	7.0 

1) Deltaic topset beds (0 - 0.9 ■): Trough-
cross-bedded pebbly sand; tabular unit with 
a sharp, erosional basal contact; soil zone. 

 

2) Deltaic foreset beds (0.9 - 7.0 ■): Sandy 
foresets inclined at an angle of 27' toward 
NW; gradational basal contact; non-fossiliferous. 

(This unit is indirectly dated by the 14C age 
(10 780 ± 190 BP, UQ- 289) of a shallow-water 
marine fauna (Hiatella arctica, Macoma balthica, 
Balanus crenatus, Mytilus edulis, Mya truncate ovate, 
in order of decreasing abundance) collected in wave- 
reworked, regressive sand and gravel in an adjacent 
subsection. See Figure 4.31). 

Marine silt  
Coarsening-and-thickening-upwards sequence 
consisting of fossiliferous plane-laminated 
clayey silt grading upward into laminated silt 
with minor sandy partings. Contains sparse 
shells of Mimosa balthica in growth position. 
Contains a few dropstones. 

Resedimented marine gravel and sand  
Stratified matrix-supported silty gravel with 
thin sandy interbeds. Contains a slightly dis-
placed marine fauna consisting of Hiatella 
arctica (valves commonly unbroken and closed) 
and Balanus crenatus (several specimens unbroken 
and still attached to pebbles). Sharp basal 
contact. Interpreted as slightly wave-reworked 
esker sediments. 14C-dated 11 700 ± 170 BP 
(I-13 342). 

	

2.5 	9.5 

	

0.3 	9.8 

Esker sediments 	 >4.0 	>13.0 
Tabular sets or broad trough sets of cross- and 
plane-bedded pebble gravel and pebbly sand; non- 
fossiliferous. Unit is best exposed in other 
parts of the gravel pit. 

(Gravel pit floor) 
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Unit 
	

Thickness Depth of 
(m) 	base (m) 

Section MP-79-19 (Danville) 

Gravel pit on west side of Highway #116, approximately 0.6 km south of 
4-way intersection in Danville; Drummondville map-area (31 H/16). UTH 
grid zone 18T: 731.30 E and 5073.70 N. Altitude: 153 ± 1 m. (Delta 
of Rivière Landry into the Champlain Sea). 

1.0 1.0 

3.0 4.0 

>8.0 >12.0 

Topset gravel: 
Trough-cross-bedded pebbly gravel; 
erosional basal contact. Soil zone. 

Foreset sand: 
Sandy foresets inclined at a shallow angle 
( 10°) toward N; minor ripple-laminated 
sand in the lower meter of unit. Base of 
unit is gradational with underlying silts 
and is extensively loaded (ball-and-pillow 
structures); this loaded unit contains a 
slightly displaced (valves attached and mostly 
closed; periostracum present) molluscan fauna 
(Macoma balthica), dated 11 370 ± 200 BP 
(UQ-290). 

Bottomset silt and sand: 
Coarsening-and-thickening-upwards sequence 
consisting of alternating silt and fine sand 
layers (rhythmites). Silt layers are between 
2 and 15 cm-thick and commonly contain burrow 
pits (Domichnia) that were likely made by 
Macoma balthica; sparse shells of Mimosa 
balthica in growth position are present in 
silt layers. Sand layers reach a thickness of 
up to 15 cm in the upper part of unit, but their 
thickness decreases gradually downward; only 
sandy partings are present in the lower 2 m. 

(Base of section; road level) 
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Unit 	 Thickness Depth of 
(a) 	base (m) 

Section MP-81-1  (Ascot River I) 

Right bank of Ascot River, 3.4 km due west of 3-way intersection in 
Johnville and 6.2 km southeast (N 128°) of 4-way intersection in Lennox-
ville; Sherbrooke map-area (21 E/5). UTM grid zone 19 T: 281.05 E and 
5023.35 N. Altitude: approx. 220 m. 

(This section was designated by McDonald and Shilts (1971) as the type 
section for Lennoxville Till, Chaudière Till and Massawippi Formation 
and as a reference section for the Gayhurat Formation; the section was 
originally described in McDonald (1967a) where it was labelled M-64-3). 

Fluvial gravel: 	Trough-cross-bedded gravel 2.5 2.5 
and sand; contains ultramafic and Precambrian 
clasts. 	Oxidized; soil zone in upper 90 cm. 

Lacustrine sediments: 	Laminated clayey silt; 0.9 3.4 
a 20 cm-thick layer of massive sand is present 
at the base of unit. 	Gray and calcareous. 

Lennoxville Till (2 subunits) 7.3 10.7 

1) Lodgement till (3.4 - 8.2 a): Compact, 
fissile, gray, calcareous, matrix-dominated, 
sandy silt diamicton. Upper 0.5 m slightly 
oxidized. Contains Precambrian and ultramafic 
clasts. Erosional basal contact. 

2) Lodgement till/local facies (8.2 - 10.7 a): 
Compact, gray to olive gray, calcareous, mainly 
matrix-dominated, diamicton; includes a 1 m-thick 
bouldery zone; lower meter of unit shows distinct 
textural layering and contains abundant sheared 
lenses of silt and sand that are presumably derived 
from the Gayhurst Formation. Except in bouldery 
zone, diamicton is matrix-dominated; matrix texture 
varies from clayey to sandy. Erosional basal 
contact. 

(continued next page) 
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Unit 	 Thickness Depth of 
(m) 	base (m) 

MP-81-1 (continued) 

Gayhurst Formation (2 subunits) 6.7 	17.4 

1) Laminated sandy silt (10.7 - 12.6 ■): 
Compact, plane-laminated sandy silt; coar-
sening upwards. Upper 70 cm are intensely 
deformed and contain contorted black lenses 
(disseminated sulfides?). Lower part of unit 
is also slightly oxidized (yellowish brown, 
slightly calcareous) and contains sparse pebbles 
(dropstones?). Base of unit consists of a 30 
cm-thick layer of matrix-supported silty dia-
micton. Sharp basal contact. Lacustrine sedi-
ment. 

 

2) Laminated clayey silt (12.6 - 17.4 m): 
Compact, gray to olive gray, calcareous, lami- 
nated clayey silt; laminae are faintly graded; 
fining-upwards sequence. Upper 2.5 m contain 
several black organic stringers; convolute 
lamination in lower 1.5 m. Ice-rafted clasts 
(granules, small pebbles) are present throughout 
the unit. Lacustrine sediment. 

Chaudière Till: Compact to very compact, 	 16.3 	33.7 
fissile, gray, calcareous, generally matrix- 
dominated, sandy silt diamicton. Unit is 
dark gray-brown immediately above Massawippi 
Formation and contains sheared lenses of silt 
and silty sand. Contains thin (10 - 20 cm) 
pebbly layers at depths of 20.8 and 31.2 m; 
boulder zones at depths of 23.2, 26.5 and 
28.3 ■. Light-gray granodiorite clasts are 
present throughout unit; no Precambrian clasts 
were found; only a few ultramafic clasts were 
found in upper 3 m. 

Massawippi Formation: Compact, olive, non 	>1.8 	>35.5 
calcareous, laminated silt and sandy silt; 
vivianite present in organic-rich (dissemina- 
ted plant fragments) sandy layers; oxidized 
along joints; minor thrust faults striking 
N 144°  and dipping 28°  toward NE. Plant 
material dated >54 000 BP (Y-1683; in McDonald, 
1967a). Lacustrine sediment. 

(River level: McDonald (1967a) reports that two 
boreholes penetrated another 3 m into Massawippi Fm 
prior to striking bedrock) 
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Unit 	 Thickness Depth of 
(m) 	base (m) 

Section MP-82-3 (Ascot River II) 

Left bank of Ascot River, about 200 m downstream from MP-81-1; Sher-
brooke map-area (21 E/5). UTM grid zone 19T: 280.85 E and 5023.15 N. 
Altitude: approx. 195 m. 

(This section was designated by McDonald and Shilts (1971) as the type 
section for Johnville Till and pre-Johnville sediments; this section was 
originally described by McDonald (1967a) where it was labelled M-64-49. 
As a result of a flood during the fall of 1982, the section became well 
exposed; 4 subsections were investigated; basic descriptions are given 
for subsection A, along with notes on subsections B, C and D.) 

Fluvial sediments (2 subunits underlie a 	 2.1 	2.1 
5 m-high post-glacial fluvial terrace) 

1) Sand and silt (0 - 1.5 ■): Mainly plane- 
bedded sand and silt; commonly vaguely stra- 
tified; contains sparse pebbles; oxidized. 
Interpreted as a flood plain deposit. 

2) Cobble gravel (1.5 - 2.1 m): Crudely 
bedded, mainly clast-supported, cobble 
gravel; oxidized. Sharp, erosional basal 
contact. Interpreted as a channel lag deposit. 

Chaudière Till: Compact, fissile, olive gray to 
	

2.6 	4.7 
olive, non calcareous, matrix-supported, sandy 
silt diamicton. Contains a sheared lens (up 
to 30 cm-thick) of organic-bearing sandy silt 
(Massawippi Fm); sand laminae are oxidized at 
the surface of the exposure but not inwards. 
Below silt lens, diamicton is oxidized (bright 
red-orange) along fissility planes but is olive 
away from them; rusty coatings "intersect" 
pebbles; post-depositional groundwater oxidation. 
Directly overlies "oxidized" gravel in subsection 
C. Erosional basal contact. 

Massawippi Formation: Compact, olive, non cal- 	0.2 	4.9 
careous, laminated silt and fine sand; con- 
tains finely divided organics. Unit reaches a 
thickness of 1.3 m at west end of exposure (sub- 
section D). Lacustrine sediment. 

Oxidized fluvial gravel: Compact, cemented 
(mainly by bright red-orange oxide), clast-
supported cobble gravel; imbrication dips 
toward east; locally, cement consists of black 
(Mn?) oxide. In subsection D, a bed of gray 
silty sand is overlain and underlain by "oxi-
dized" gravel. Groundwater oxidation. Unit 
contains Precambrian clasts. 

>0.8 	>5.7 

(River level: gravel unit extends at least another 
60 m below river level) 
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APPENDIX II 

RESULTS OF TILL CLAST FABRIC MEASUREMENTS 

The first part of Appendix I consists of contoured clast fabric 

stereograms (Figures A-1 through A-13). Field data (azimuth and plunge 

of clast A- and C-axes) were contoured with the help of a computer pro-

gram written by Starkey (1970). The stereograms are grouped according 

to sections and units described in Appendix I. 

The second part of this appendix consists of a listing of eigen-

vectors and eigenvalues (Table A-1) obtained by a computer program writ-

ten by Mark (1973). 



CONTOURED AT 1 2 3 4 5 

POINTS PER 2.0 % AREA 

T 
CONTOURED AT 1 2 3 4 5 

POINTS PER 2.6 % AREA 

1 

2 5 2 

FT-29A NORBESTOS/79-18A* 1.4M (N=50) 
	

FT-29C NORBESTOS/79-18A• 1.4M (N=38) 

FT-31A NORBESTOS/79-186.- 1.7M (N=50) 
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Figure A-1: Contoured clast fabric stereograms, drift unit C, 
Norbestos section (MP-79-18). (continued next page) 
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FT-25A NORBESTOS/79-18C• 6•0M (N=50) 
	

FT-25C NORBESTOS/79-18C• 6.0M (N=29) 

Figure A-1 (continued) 



T 
CONTOURED AT 1 2 3 POINTS PER 4.0 X AREA CONTOURED AT 1 2 3 4 5 

POINTS PER 5.0 % AREA 

254 

FT-28A NORBESTOS/79-18B.- 8.8M (N=25) 
	

FT-28C NORBESTOS/79-18B• 8.8M (N=20) 

FT-27A NORBESTOS/79-188.,  14.8M (N=50) 
	

FT-27C NORBESTOS/79-186• 14.8M (N=35) 
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CONTOURED AT 1 2 3 4 5 
POINTS PER 2.0 % AREA 
	

POINTS PER 2.3 % AREA 

Figure A-2: Contoured cleat fabric stereograms, unit B and drift unit A, 
Norbestos subsection B (MP-79-18B). 
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FT-22A NORBESTOS/79-18Cr 8.2M (N=50) 
	

FT-22C NORBESTOS/79-18C• 8.211 (N=38) 

CONTOURED AT 1 2 3 4 5 
	

CONTOURED AT 1 2 3 4 5 

POINTS PER 2.0 X AREA 
	

POINTS PER 2.6 X AREA 

FT-23A NORBESTOS/79-18C• 11.211 (N=50) 
	

FT-23C NORBESTOS/79-18C• 11.211 (N=37) 

CONTOURED AT 1 2 3 4 5 
	

CONTOURED AT 1 2 3 4 5 

POINTS PER 2.0 X AREA 
	

POINTS PER 2.7 X AREA 

Figure A-3: Contoured clast fabric stereograms, drift unit A, Norbestos 
subsection C (MP-79-18C). 	(continued next page) 
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FT-24A NORBESTOS/79-18C4- 12.0M (N=50) 	 FT-24C NORBESTOS/79-18C• 12.0M (N=34) 

CONTOURED AT 1 2 3 4 5 

POINTS PER 2.0 % AREA 
CONTOURED AT 1 2 3 4 5 

POINTS PER 2.8 X AREA 

FT-30A NORBESTOS/79-18C4-  13.5M (N=50) 

CONTOURED AT 1 2 3 4 5 
POINTS PER 2.0 % AREA  

FT-30C NORBESTOS/79-18C• 13.5M (N=30) 

CONTOURED AT 1 2 3 4 5 
POINTS PER 3.3 % AREA 

Figure A-3 (continued) 



CONTOURED AT 1 2 3 4 5 

POINTS PER 2.0 % AREA 

F 

CONTOURED AT 1 2 3 4 5 
POINTS PER 2.6 % AREA 

2 5 7 

FT-47A RIV-DES-ROSIERS/79-9. 2.8M (N=50) 
	

FT-47C RIV-DES-ROSIERS/79-9. 2.8M (N=46) 

CONTOURED AT 1 2 3 4 5 
	

CONTOURED AT 1 2 3 4 5 

POINTS PER 2.0 % AREA 
	

POINTS PER 2.2 % AREA 

FT-46A RIV-DES-ROSIERS/79-9. 5.2M (N.50) 
	

FT-46C RIV-DES-ROSIERS/79-9. 5.2M (N=38) 

Figure A-4: Contoured clast fabric stereograms, drift unit C, Rivière des 
Rosiers section (MP-79-9). 
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FT-45A RIV-DES-ROSIERS/79-9. 11.5M (N=50) 
	

FT-45C RIV-DES-ROSIERS/79-9. 11.5M (N=40) 

CONTOURED AT 1 2 3 4 5 
	

CONTOURED AT 1 2 3 4 5 

POINTS PER 2.0 % AREA 
	

POINTS PER 2.5 X AREA 

FT-44A RIV-DES-ROSIERS/79-9. 9.411 (N=50) 	 FT-44C RIV-DES-ROSIERS/79-9. 9.4M (N=34) 

CONTOURED AT 1 2 3 4 5 
	

CONTOURED AT 1 2 3 4 5 

POINTS PER 2.0 % AREA 
	

POINTS PER 2.9 % AREA 

Figure A-5: Contoured clast fabric stereograms, drift unit A, Rivière des 
Rosiers section (MP-79-9). 
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FT-16A WILLOW BR/MP-76-11 1.5M (N=50) 

CONTOURED AT 1 2 3 4 5 
POINTS PER 2.0 1 AREA  

FT-16C WILLOW BR/MP-76-11 1.5M (N=38) 

CONTOURED AT 1 2 3 4 5 
POINTS PER 2.6 X AREA 

FT-48A WILLOW BR / 76-1.- 12.3M (N=50) 
	

FT-48C WILLOW BR / 76-1. 12.3M (N=29) 

CONTOURED AT 1 2 3 4 5 
	

CONTOURED AT 1 2 3 4 5 
POINTS PER 2.0 X AREA 
	

POINTS PER 3.4 X AREA 

Figure A-6: Contoured clast fabric stereograms, drift units C and A, 
Willow Brook section (MP-76-1). 



CONTOURED AT 1 2 3 4 5 
POINTS PER 2.0 Z AREA 

T 
CONTOURED AT 1 2 3 4 5 

POINTS PER 2.4 Z AREA 

FT-19A SCOTCH RD/79-1. 5.SM (N=50) FT-19C SCOTCH RD/79-1. 5.5M (N=47) 

1 

CONTOURED AT 1 2 3 4 5 
POINTS PER 2.0 % AREA 

CONTOURED AT 1 2 3 4 5 
POINTS PER 2.1 % AREA 
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FT-20A SCOTCH RD/79-1. 3.7M (N=50) 
	

FT-20C SCOTCH RD/79-1. 3.7M (N=41) 

Figure A-7: Contoured clast fabric stereograms, drift units C and A, 
Chemin des Ecossais section (MP-79-1). 
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FT-32A TINGUICK/79-15*- 5.75(1 (N=50) 
	

FT-32C TING4IICK/79-15►  5.7511 (N=43) 

CONTOURED AT 1 2 3 4 5 
	

CONTOURED AT 1 2 3 4 5 
POINTS PER 2.0 Z AREA 
	

POINTS PER 2.3 % AREA 

FT-50R RIVIERE NOIRE/82-4: 23.4M (N-40)  FT-50C RIVIERE NOIRE/82-4: 23.4M IN25) 

CONTOURED AT 1 2 3 4 5 
	

CONTOURED AT 1 2 3 4 5 
POINTS PER 2.5 Z AREA 
	

POINTS PER 4.0 % AREA 

Figure A-8: Contoured clast fabric stereograms, drift unit C (Tingwick / 
MP-79-15) and drift unit A (Rivière Noire /MP-82-4). 



r' 
CONTOURED AT 1 2 3 4 5 

POINTS PER 2.5 Z AREA 
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FT-21A WOTTON/79-5• 1.4-2.0M (N=50) 
	

FT-21C WOTTON/79-5• 1.4-2.0M (N=33) 

CONTOURED AT 1 2 3 4 5 
	

CONTOURED AT 1 2 3 4 5 
POINTS PER 2.0 Z AREA 

	
POINTS PER 3.0 Z AREA 

WOTTON/79-Sr POLES/THRUST FAULTS (N=40) 
WOTTON/79-5• POLES/THRUST FAULTS (N=40) 

Figure A-9: Contoured stereograms, till clast fabric (drift unit C) and 
subtill thrust faults, Wotton section (MP-79-5). 



2 6 3 

FT-34A N-D DE HAM/79-17.- 2.6M (N=50) 
	

FT-34C N-D DE HAM/79-17.-  2.6M (N=34) 

CONTOURED AT 1 2 3 4 5 
	

CONTOURED AT 1 2 3 4 5 

POINTS PER 2.0 X AREA 
	

POINTS PER 2.9 X AREA 

FT-33A N-D DE HAM/79-17.- 5.5M (N=50) 
	 FT-33C N-D DE HAM/79-17.-  5.5M (N=38) 

• 

                            

                            

                            

                            

                            

                            

                            

                            

                            

                            

                            

                            

                            

 

T 
CONTOURED AT 1 2 3 4 5 

POINTS PER 2.6 X AREA 
CONTOURED AT 1 2 3 4 5 

POINTS PER 2.0 X AREA 

 

Figure A-10: Contoured clast fabric stereograms, drift unit C, Notre-Dame-
de-Ham section (MP-79-17). 



V 
CONTOURED Al 1 2 3 4 5 

POINTS PER 2.0 % AREA 
CONTOURED AT 1 2 3 4 5 

POINTS PER 3.2 % AREA 

CONTOURED AT 1 2 3 4 5 

POINTS PER 2.0 % AREA 

T 
CONTOURED AT 1 2 3 4 5 

POINTS PER 2.8 Z AREA 

2 6 4 

FT-36A ARTHABASCA/79-14r 1.1M (N=50) 
	

FT-36C ARTHABASCA/79-10- 1.1M (N=31) 

FT-35A ARTHABASCA/79-10-  4.0M (N=50) 
	

FT-35C ARTHABASCA/79-10- 4.0M (N=36) 

• Figure A-11: Contoured clast fabric stereograms, drift unit C, Arthabasca 
section (MP-79-14). 
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FT-43A ASCOT RIVER/81-1. 5.0M (N=50). 
	 FT-43C ASCOT RIVER/81-10- 5.011 (N=40) 

CONTOURED AT 1 2 3 4 5 
	

CONTOURED AT 1 2 3 4 5 

POINTS PER 2.0 % AREA 
	

POINTS PER 2.5 % AREA 

FT-41A ASCOT RIVER/81-1. 8.3M (N=50) 

CONTOURED AT 1 2 3 4 5 

POINTS PER 2.0 % AREA 

T 

CONTOURED AT 1 2 3 4 5 

POINTS PER 3.1 X AREA 

Figure A-12: Contoured clast fabric stereograms, Lennoxville Till, Ascot 
River I section (MP-81-1). 



,0111116-45p 	

2 6 6 

FT-38A ASCOT RIVER/81-1' 19.8M (N=50) 
	

FT-38C ASCOT R1VER/81-1,. 19.8M (N=35) 

CONTOURED AT 1 2 3 4 5 
	 CONTOURED AT 1 2 3 4 5 

POINTS PER 2.0 X AREA 
	

POINTS PER 2.9 X AREA 

FT-39A ASCOT RIVER/81-1- 22.6M (N=50) 
	

FT-39C ASCOT RIVER/81-1r 22.6M (N=10) 

CONTOURED Al 1 2 3 4 5 

POINTS PER 2.0 % AREA  

CONTOURED AT 1 2 3 4 5 

POINTS PER 2.5 % AREA 

Figure A-13: Contoured clàst fabric stereograms, Chaudière Till, Ascot 
River I and II sections (MP-81-1 and MP-82-3). (continued 
next page) 
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FT-37A ASCOT R1VER/81-1 21.9M (N=50) 
	

FT-37C ASCOT RIVER/81-I'- 24.9M (N=36) 

CONTOURED AT 1 2 3 4 5 
	

CONTOURED AT 1 2 3 4 5 

POINTS PER 2.0 X AREA 
	 POINTS PER 2.8 % AREA 

FT-40A ASCOT RIVER/81-1.-  27.9M (N=50) FT-40C ASCOT RIVER/61-10- 27.9M (N=3?) 

CONTOURED AT 1 2 3 4 5 

POINTS PER 2.0 % AREA 

CONTOURED AT 1 2 3 4 5 
POINTS PER 2.7 % AREA 

Figure A-13 (continued next page) 



CONTOURED AT 1 2 3 4 5 

POINTS PER 2.0 Z AREA 

1 

T 
CONTOURED AT 1 2 3 4 5 

POINTS PER 2.3 Z AREA 
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FT-42A ASCOT RIVER/81-1. 33.311 (N=50) 
	

FT-42C ASCOT RIVER/81-1. 33.311 (N=44) 

FT-49A ASCOT RIVER II/82-3R: 3.9M (N-50) 	FT-49C ASCOT RIVER II/62-3R: 3.9M (N-39) 

CONTOURED AT 1 2 3 4 5 

POINTS PER 2.0 Z AREA 

	

~ ~̂ 
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	 ri 	  

	~~ ~......x<7.73:• 
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	  —L  	

CONTOURED AT 1 2 3 4 5 

POINTS PER 2.6 Z AREA 

Figure A-13 (continued) 
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TABLE A-1: Results of numerical analyses of clast 
fabric measurements 

Sample Azimuth Plunge S e 

FT-16 A-axes (n=50) V1 345°  9° 0.90534 17.9°  
V2 253° 1°  0.07699 73.9°  
V3 156° 81° 0.01766 82.4°  

C-axes (n=38) V1 161°  81° 0.91338 17.1°  
V2 251° 0° 0.06901 74.8°  
V3 342° 9° 0.01760 82.4°  

FT-19 A-axes (n=50) V1 347° 16°  0.85341 22.5°  
V2 76°  2° 0.11722 70.0° 
V3 176°  74° 0.02937 80.1°  

C-axes (n=47) V1 150°  74° 0.91648 16.8°  
V2  264° 7° 0.04488 77.8° 
V3 356°  14° 0.03864 78.7°  

FT-20 A-axes (n=50) V1 343°  10° 0.87619 20.6°  
V2 73°  5° 0.10470 71.1°  
V3 192°  79° 0.01911 82.1° 

C-axes (n=41) V1 155°  80° 0.96055 11.5°  
V2 12°  8° 0.02403 81.1°  
V3 282°  6°  0.01542 82.9°  

FT-21 A-axes (n=50) V1 332°  18°  0.74227 30.5°  
V2  238° 8° 0.22951 61.4° 
V3  127°  70°  0.02822 80.3°  

C-axes (n=33) V1 140°  74° 0.91855 16.6°  
V2  244° 4° 0.05718 76.2°  
V3  336° 16° 0.02427 81.0°  

FT-22 A-axes (n=50) V1 170°  11°  0.78307 27.8°  
V2  259° 0° 0.20782 62.9°  
V3  351°  79°  0.00911 84.5°  

C-axes (n=38) V1 357° 80° 0.94261 13.9°  
V2 104°  3° 0.03820 78.7°  
V3  193°  9°  0.01918 82.0° 
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TABLE A-1: Results of numerical analyses of clast 
fabric measurements (continued) 

Sample Azimuth Plunge S 6 

FT-23 A-axes (n=50) V1 162°  12° 0.80670 26.1°  
V2 253°  9°  0.17077 65.6°  
V3 19° 75°  0.02253 81.4° 

C-axes (n=37) V1 350°  79°  0.91922 16.5°  
V2 202° 9° 0.05816 76.0°  
V3 112°  6°  0.02262 81.3°  

FT-24 A-axes (n=50) V1 116°  5°  0.69334 33.6° 
V2 205° 6° 0.29308 57.2° 
V3 346°  83°  0.01358 83.3°  

C-axes (n=34) V1 6°  84° 0.94412 13.7° 
V2 231° 4° 0.04347 78.0° 
V3 141° 4°  0.01241 83.6°  

FT-25 A-axes (n=50) V1 8°  16°  0.72983 31.3°  
V2 276° 9°  0.23932 60.7° 
V3 157° 72° 0.03085 79.9°  

C-axes (n=29) V1 168° 80°  0.91088 17.4°  
V2 770 0° 0.06998 74.7° 
V3 348° 10° 0.01913 82.0° 

FT-27 A-axes (n=50) V1 162°  20°  0.82302 24.9°  
V2 253° 7° 0.15570 66.8° 
V3 2°  69°  0.02128 81.6°  

C-axes (n=35) V1 352°  69° 0.90882 17.6°  
V2 198°  19°  0.05381 76.6°  
V3 106° 9° 0.03737 78.9°  

FT-28 A-axes (n=25) V1 255°  9°  0.54477 42.4° 
V2 168° 19° 0.36839 52.6° 
V3 10°  69°  0.08684 72.9° 

C-axes (n=20) V1 38° 86°  0.78917 27.3° 
V2 293°  1° 0.12083 69.7°  
V3  202° 4° .0.09000 72.5° 
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TABLE A-1: Results of numerical analyses of clast 
fabric measurements (continued) 

Sample Azimuth Plunge S 6 

FT-29 A-axes (n=50) V1 357°  13°  0.89376 19.0°  
V2 266°  1° 0.07910 74.7° 
V3 174° 77° 0.02715 80.5° 

C-axes (n=38) V1 189°  79° 0.91851 16.6°  
V2 96°  1°  0.06278 75.5°  
V3 5°  11°  0.01871 82.1° 

FT-30 A-axes (n=50) V1 97° 50 0.71238 32.4°  
V2 186°  0° 0.23791 60.8° 
V3 282°  85°  0.04971 77.1°  

C-axes (n=30) V1 250°  88° 0.91109 17.3° 
V2 144° 1° 0.05473 76.5°  
V3 53°  2°  0.03418 79.3°  

FT-31 A-axes (n=50) V1 345°  19°  0.80941 25.9°  
V2 253°  2° 0.16485 66.4° 
V3 157°  71° 0.02574 80.8°  

C-axes (n=35) V1 162°  72°  0.92415 16.0°  
V2 58°  4° 0.04650 77.5° 
V3 328°  18°  0.02935 80.1° 

FT-32 A-axes (n=50) V1 347° 9°  0.84302 23.3°  
V2 255°  5°  0.13277 68.6° 
V3 138°  79°  0.02421 81.0°  

C-axes (n=43) V1 165°  81°  0.91970 16.5° 
V2 65°  1° 0.05802 76.1°  
V3 336°  9° 0.02228 81.4° 

FT-33 A-axes (n=50) V1 344° 13°  0.94258 13.9°  
V2 249° 14° 0.04005 78.5° 
V3 115°  71° 0.01738 82.4° 

C-axes (n=38) V1 142°  78° 0.94820 13.2° 
V2 259° 6°  0.03254 79.6° 
V3 351°  11°  0.01926 82.0° 
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TABLE A-1: Results of numerical analyses of clast 
fabric measurements (continued) 

Sample Azimuth Plunge S 6 

FT-34 A-axes (n=50) V1 352°  21° 0.75136 29.9°  
V2 258°  8°  0.21478 62.4° 
V3 149° 68° 0.03387 79.4°  

C-axes (n=34) V1 160° 69°  0.89594 18.8°  
V2 59°  4° 0.05398 76.6°  
V3 328° 21°  0.05009 77.1°  

FT-35 A-axes (n=50) V1 38° 5°  0.78804 27.4°  
V2 308° 10° 0.18650 64.4° 
V3 156° 79° 0.02546 80.8°  

C-axes (n=36) V1 167° 79°  0.92625 15.8°  
V2 318° 10° 0.05686 76.2° 
V3 48°  5°  0.01689 82.5°  

FT-36 A-axes (n=50) V1 356°  11°  0.69674 33.4°  
V2 85°  0° 0.28500 57.7° 
V3  177° 79°  • 0.01826 82.2° 

C-axes (n=31) V1 161°  81°  0.94371 13.7°  
V2 309° 7° 0.03197 79.7°  
V3 38° 5° 0.02431 81.0° 

FT-37 A-axes (n=50) V1 10°  12°  0.60209 39.1°  
V2  101° 1° 0.35711 53.3°  
V3  195°  78°  0.04080 78.3°  

C-axes (n=36) V1 191°  79° 0.87629 20.6°  
V2 58°  8° 0.08971 52.6°  
V3  328° 8° 0.03400 79.4° 

FT-38 A-axes (n=50) V1 15°  16° 0.69752 33.4°  
V2  110° 12° 0.24705 60.2° 
V3 235°  70° 0.05543 76.4°  

C-axes (n=35) V1 231° 75°  0.87479 20.7° 
V2 95°  11°  0.08675 72.9°  
V3  1°  10° 0.03846 78.7° 
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TABLE A-1: Results of numerical analyses of clast 
fabric measurements (continued) 

Sample Azimuth Plunge S 8 

FT-39 A-axes (n=50) V1 359° 50 0.63313 37.3°  
V2 89°  12°  0.29289 57.2°  
V3 245°  76°  0.07399 74.2°  

C-axes (n=40) V1 222°  78°  0.81926 25.2°  
V2 107°  5°  0.12672 69.1°  
V3 15°  10°  0.05402 76.6°  

FT-40 A-axes (n=50) V1 10°  14°  0.72438 31.7°  
V2 281° 1° 0.24576 60.3°  
V3 184°  76°  0.02985 80.1°  

C-axes (n=37) V1 198°  77°  0.93604 14.6°  
V2 98°  2° 0.03794 78.8°  
V3 6°  13°  0.02603 80.7°  

FT-41 A-axes (n=50) V1 326°  23°  0.80108 26.5°  
V2 56°  2°  0.15983 66.4°  
V3 151°  67°  0.03910 78.6°  

C-axes (n=32) V1 156°  69°  0.88520 19.8°  
V2 52° 50 0.08318 73.2°  
V3 321°  20°  0.03162 79.8°  

FT-42 A-axes (n=50) V1 70°  19°  0.71898 32.0°  
V2 340°  4° 0.23890 60.7°  
V3 239°  70°  0.04212 78.2°  

C-axes (n=44) V1 240°  71°  0.92387 16.0°  
V2 91°  17°  0.04914 77.2°  
V3 358°  9° 0.02699 80.5°  

FT-43 A-axes (n=50) V1 305°  6°  0.88405 19.9°  
V2 34°  5° 0.10293 71.3° 
V3 162°  82°  0.01302 83.4°  

C-axes (n=40) V1 161°  83°  0.93491 14.8°  
V2 16°  6°  0.04345 78.0°  
V3  287°  4°  0.02164 81.5° 



TABLE A-1: Results of numerical analyses of clast 
fabric measurements (continued) 
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Sample Azimuth Plunge S e 

FT-44 A-axes  (n=50) V1 207°  12° 0.80273 26.4°  
V2 116°  7° 0.16772 65.8°  
V3 356°  76° 0.02955 80.1°  

C-axes (n=34) V1 9°  75° 0.92705 15.7°  
V2 136°  9° 0.05500 76.4°  
V3 227°  12° 0.01795 82.3°  

FT-45 A-axes (n=50) V1 69°  13° 0.71754 32.1°  
V2  340° 0° 0.27499 58.4° 
V3 248°  77° 0.00747 85.0°  

C-axes (n=40) V1 249°  77° 0.97583 8.9°  
V2 132°  6° 0.01576 82.8°  
V3 39°  12° 0.00841 84.7° 

FT-46 A-axes (n=50) V1 255°  3°  0.83878 23.7°  
V2 347°  11° 0.13823 68.2°  
V3 151°  78° 0.02300 81.3°  

C-axes (n=38) V1 158°  79° 0.96572 10.7°  
V2 52°  3° 0.01886 82.1°  
V3 323°  10° 0.01542 82.9°  

FT-47 A-axes (n=50) V1  352°  17° 0.64835 36.4°  
V2 260° 3° 0.32085 55.5°  
V3 162°  73°  0.03080 79.9°  

C-axes (n=46) V1 173° 74° 0.92573 15.8°  
V2 30°  13° 0.04172 78.2°  
V3 299° 9° 0.03255 79.6°  

FT-48 A-axes (n=50) V1 47° 19° 0.68449 34.2° 
V2 145°  19° 0.28626 57.7° 
V3 277°  62° 0.02925 80.2°  

C-axes (n=29) V1 267°  68° 0.90550 17.9°  
V2 151°  10° 0.06315 75.4°  
V3 57° 20° 0.03136 79.8° 
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Table A-2: Granulometric, heavy mineral, carbonate and trace element data of samples from stratigraphic sections. 

SAMPLE 

Y 

UNIT* COLOUR/ 
MUNSELL 
(dry) 

GRANULOMETRY 
(-2.0 mm) 

HEAVY MINERALS 
(0.250-0.125 mm) 

CARBONATES 
(-0.063 mm) 

TRACE ELEMENTS (ppm) 
(-0.0o3 mm) 

SAND 
(Z) 

SILT 
(x) 

CLAY 
(X) 

MZ  
('D) 

ci  
('p) 

Ski  KG WEIGHT 
(x) 

MAGNETIC 
(x) 

Dol. 
(x), 

Calc. 
(z) 

Total 
(x) , 

Ni Cr Co Cu Pb Zn 

76-1-0 C 2.5Y 6/4 55.3 31.9 12.8 4.16 3.03 0.30 1.10 4.2 11.3 0.0 0.0 0.0 153 66 12 29 5 53 
-1 C 5Y 6/2 53.9 38.1 8.0 4.01 2.58 0.16 1.01 4.1 11.9 0.9 0.4 1.3 134 40 15 26 10 47 
-2 C 5Y 6/2 60.5 34.8 4.7 3.66 2.38 0.21 1.10 4.4 10.5 1.5 3.0 4.5 155 45 17 30 11 55 
-3 C 5Y 6/2 71.5 25.0 3.5 3.13 2.08 0.20 1.52 4.1 14.7 1.3 3.2 4.7 144 48 12 22 11 43 
-4 C 5Y 6/1 68.5 27.3 4.2 3.17 2.30 0.14 1.23 4.7 11.4 1.5 1.8 3.3 137 48 19 34 16 46 
-5 C 5Y 6/1 68.8 27.0 4.2 3.23 2.23 0.24 1.20 4.4 9.4 1.5 2.2 3.7 131 50 17 23 12 44 

-6 B 5Y 6/1 49.2 42.6 8.2 4.23 2.48 0.16 1.03 4.5 10.3 2.2 4.2 6.4 88 43 12 18 4 41 
-7 B 5Y 6/1 66.9 28.9 4.2 3.18 2.33 0.14 1.14 4.7 10.4 2.4 2.5 4.9 88 37 10 14 4 32 
-8 B 5Y 6/1 73.3 22.7 4.0 3.01 1.99 0.23 1.32 4.6 9.8 2.4 2.1 4.5 93 34 12 13 5 30 
-9 B 5Y 6/1 61.7 34.5 3.8 3.58 2.11 0.22 1.15 3.9 11.3 2.0 2.1 4.1 127 48 12 20 13 42 

-11 A 5Y 6/1 43.1 48.2 8.7 4.58 2.45 0.08 0.99 4.4 9.7 2.7 4.6 7.3 67 32 9 13 4 34 
-10 A 5Y 6/1 43.1 49.4 7.5 4.51 2.34 0.06 0.98 4.3 10.2 2.7 4.6 7.3 62 26 8 18 4 33 

79-1-2 /C 2.51 6/4 17.0 43.4 39.6 7.03 2.79 -0.10 0.79 0.0 0.0 0.0 63 43 lb 33 12 80 

-3 C 5Y 6/3 50.0 44.6 5.4 4.06 2.27 0.05 1.07 3.6 15.5 0.0 0.0 0.0 67 22 b 20 o 36 
-4 C 5Y 6/3 45.2 46.6 8.2 4.44 2.50 0.07 0.99 3.2 16.4 0.0 0.0 0.0 78 27 8 18 8 41 
-5 C 5Y 6/2 44.3 49.4 6.3 4.28 2.28 0.02 0.98 3.3 16.3 1.1 1.3 2.4 80 32 11 19 9 43 

-6 A 5Y 6/3 42.1 39.6 18.3 4.80 3.29 0.06 0.88 3.3 6.2 0.9 1.3 2.2 31) 26 15 27 17 66 
-7 A 5Y 6/3 49.8 41.9 18.3 4.93 3.25 0.02 0.91 3.7 8.0 0.9 1.3 2.2 38 26 14 25 16 63 
-8 A 5Y 6/3 48.0 42.6 9.4 4.04 2.94 0.02 1.01 3.3 9.0 1.1 1.3 2.4 37 25 Lu 19 12 3b 

79-5-1 C 2.5Y 6/4 71.3 24.5 4.2 3.24 2.04 0.43 1.14 4.2 8.4 0.0 0.0 0.0 74 15 10 13 4 32 
-2 C 2.5Y 6/4 65.3 28.5 6.2 3.39 2.32 0.40 1.06 4.3 11.1 0.0 0.0 0.0 74 17 14 26 4 44 
-3 C 2.5Y 6/4 73.4 22.6 4.0 2.97 2.03 0.32 1.11 4.7 13.0 0.0 0.0 0.0 37 1b 12 22 5 49 
-4 C 2.51 6/2 65.5 29.1 5.4 3.41 2.21 0.35 1.06 4.6 11.5 0.0 0.0 0.0 27 12 7 20 4 43 
-5 C 2.5Y 6/2 69.5 23.5 7.0 3.51 2.24 0.53 1.14 4.9 8.9 0.0 0.0 0.0 31 14 8 18 3 43 

-6 B 2.5Y 6/2 89.6 10.1 0.3 3.03 0.69 0.23 1.08 2.3 4.2 0.0 0.0 0.0 9 8 5 10 5 2b 



Table A-2 (continued) 

SAMPLE 

Y 

UNIT* COLOUR/ 
MUNSELL 
(dry) 

GRANULOMETRY 
(-2.0 mm) 

HEAVY MINERALS 
(0.250-0.125 mm) 

CARBONATES 
(-0.063 mm) 

TRACE ELEMENTS (ppm) 
(-0.063 mm) 

SAND 
(Z) 

SILT 
111_ 

CLAY 
 (Z) 

H=  
(9) 

ai  
(9) 

Sk i  KG  WEIGHT 
(Z) 

MAGNETIC 
(Z) 

Dol. 
(Z) 

Cale. 	Total 
(Z) 	(Z) 

Ni Cr Co Cu Pb Zn 

79-9-2S /C 5Y 6/1 1.7 57.1 41.2 7.94 2.68 0.33 0.95 0.0 0.0 0.0 30 34 11 18 15 68 

-3 C SY 5/1 38.0 36.8 25.2 5.69 3.64 0.18 0.84 5.7 9.9 1.5 4.4 5.9 20 Lb 11 20 7 64 
-4 C 5Y 5/1 45.0 35.2 19.8 4.96 3.41 0.26 0.90 5.3 9.7 2.2 3.5 5.7 18 12 10 18 8 54 
-5 C 5Y 5/1 50.0 28.8 21.2 4.82 3.48 0.36 0.90 5.6 10.2 2.2 4.4 6.6 17 14 9 19 b 58 
-6 C SY 5/1 55.1 24.9 20.0 4.68 3.77 0.46 1.20 5.6 9.5 2.4 6.7 9.1 18 13 9 17 7 48 
-7 C 512 5/1 54.7 24.6 20.7 4.72 3.69 0.45 0.93 5.7 9.8 2.7 7.2 9.9 16 13 9 18 7 49 
-8 C 5Y 5/1 53.5 27.5 19.0 4.64 3.58 0.43 1.04 5.5 10.3 2.9 8.1 11.0 18 13 8 lb 6 45 
-9 C 2.5Y 6/2 21.8 51.5 26.7 6.24 2.90 0.03 1.03 4.5 6.9 2.2 4.4 6.6 23 18 13 22 9 55 

-10 A 5Y 6/4 46.2 42.5 11.3 4.46 2.86 0.10 0.92 4.2 9.3 0.7 0.2 0.9 27 10 13 20 9 bU 
-12 A 5Y 6/2 34.7 37.7 27.6 5.78 3.73 0.05 0.93 3.8 9.1 1.5 6.8 8.3 29 18 15 28 12 71 
-13 A 5Y 6/3 38.9 35.1 26.0 5.47 3.92 0.17 0.90 3.4 12.8 1.5 2.5 4.0 33 18 17 34 12 82 
-14 A 5Y 5/2 37.7 39.1 23.2 5.30 3.55 0.05 0.93 3.7 8.8 2.7 12.5 15.2 25 16 13 28 11 61 
-15 A 5Y 5/1 32.8 41.0 26.2 5.80 3.59 0.06 0.97 3.5 7.7 3.2 12.4 15.6 21 16 9 21 10 50 

79-10-7S /C 2.5Y 6/2 1.8 75.2 23.0 6.94 1.47 -0.20 1.18 0.0 0.0 0.0 24 20 lU 19 6 70 

-6 C 5Y 5/1 44.4 41.6 14.0 4.64 2.95 0.14 0.93 --- --- 2.4 4.2 6.6 57 26 12 22 7 47 
-5 C 5Y 5/1 52.5 30.9 16.6 4.51 3.38 0.37 1.03 5.0 9.3 1.8 7.1 8.9 44 27 11 19 5 47 
-4 C 5Y 5/1 52.2 29.7 18.1 4.64 3.53 0.41 1.11 -- --- 3.7 13.4 17.1 21 13 9 17 b 46 
-3 C 5Y 5/1 52.2 28.5 19.3 4.76 3.68 0.42 1.07 --- --- 3.1 12.6 15.7 34 21 9 lb 7 45 
-2 C 2.5Y 5/1 52.5 25.6 21.9 5.01 4.10 0.45 0.97 4.7 10.6 2.9 16.2 19.1 53 34 9 14 4 38 
-1 C 2.5Y 5/1 55.5 25.0 19.5 4.74 3.76 0.48 1.11 -- --- 2.6 17.4 20.0 24 lb 7 13 7 39 

79-14-6 C 10YR 5/3 87.8 10.9 1.3 2.21 1.46 0.24 1.18 7.3 12.6 0.0 0.0 0.0 8 9 5 11 4 24 
-5 C 10YR 6/3 83.2 14.5 2.3 2.47 1.67 0.26 1.26 7.3 10.6 0.7 0.4 1.1 8 10 5 14 b 32 
-4 C 10YR 5/3 83.2 14.4 2.4 2.47 1.69 0.30 1.34 8.5 11.3 0.0 0.4 0.4 10 10 5 lb 6 3b 
-3 C 10YR 5/3 79.3 18.4 2.3 2.72 1.76 0.26 1.17 6.4 13.7 0.0 0.4 0.4 9 12 5 14 4 41 
-2 C 10YR 5/3 76.0 20.4 3.6 2.94 1.94 0.32 1.23 7.1 13.2 0.0 0.4 0.4 11 13 b 15 5 45 
-1 C 10YR 5/3 73.8 22.6 3.6 3.03 1.96 0.29 1.18 7.0 12.3 0.7 0.2 0.9 11 14 7 17 6 50 



Table A-2 (continued) 

SAMPLE 

i 

UNIT* COLOUR/ 
MUNSF,LL 

GRANULOMETRY 
(-2.0 mm) 

HEAVY MINERALS 
(0.250-0.125 mm) 

CARBONATES 
(-0.063 mm) 

TRACE ELEMENTS (ppm) 
(-0.063 mm) 

SAND SILT CLAY MZ  

.i'PZ 

0 

_ 

Ski  

_ 

KG  

_ 

WEIGHT 
(Z) 

MAGNETIC 
(Z) 

Dol. 
(Z) 

Calc. 
(x) 

Total 
(Z) 

Ni Cr Co Cu Pb Zn 

79-15-10 C 2.5Y 6/4 61.7 24.4 13.9 3.88 3.17 0.50 1.07 4.9 9.9 0.0 0.0 0.0 19 13 10 18 8 55 
-8 C 2.5Y 6/4 66.0 22.2 11.8 3.62 3.05 0.51 1.20 4.9 9.4 0.0 0.0 0.0 20 13 10 19 9 58 
-9 C 2.5Y 6/4 62.0 26.2 11.8 3.82 2.94 0.44 0.95 4.9 10.1 0.0 0.0 0.0 23 12 12 22 8 b4 
-7 C 2.5Y 6/3 54.9 33.2 11.9 4.04 2.89 0.28 1.18 3.7 9.6 1.8 5.0 6.8 29 14 15 23 13 76 
-6 C 2.51 6/3 55.0 34.2 10.8 4.02 2.82 0.27 1.09 4.4 10.3 1.8 5.0 6.8 25 14 12 21 11 70 
-5 C 2.5Y 6/3 53.5 33.6 12.9 4.23 2.97 0.29 1.06 4.3 9.9 1.1 5.8 6.9 22 13 12 21 10 67 
-4 C 2.5Y 6/3 53.5 32.5 14.0 4.32 3.04 0.31 1.02 4.6 8.9 1.3 4.7 6.0 21 12 11 20 9 b4 
-3 C 2.5Y 6/3 54.0 31.2 14.8 4.31 3.16 0.33 1.00 4.7 9.0 1.5 4.7 6.2 20 13 10 20 11 65 

-1 B 2.5Y 6/2 95.9 1.9 2.2 2.29 0.69 0.20 1.18 7.4 5.7 1.3 5.5 6.8 14 9 8 13 7 38 
-2 B 2.5Y 6/3 31.7 63.1 5.2 4.41 1.27 0.58 1.66 --- --- 1.3 2.0 3.3 8 b 3 8 2 24 

79-17-8 C 51 5/3 60.8 30.0 9.2 3.77 2.71 0.39 0.99 4.1 9.2 0.0 0.0 0.0 18 13 10 21 b 7U 
-7 C 51 6/3 56.0 36.4 7.6 4.00 2.48 0.26 0.93 3.5 8.7 0.0 0.0 0.0 15 14 9 18 b 72 
-6 C 5Y 6/3 57.0 37.2 5.8 3.86 2.38 0.22 0.87 4.0 7.0 0.0 0.0 0.0 16 10 10 17 b b5 
-5 C 51 6/2 61.5 34.8 3.7 3.59 2.17 0.23 0.94 3.8 6.0 0.0 0.0 0.0 14 9 9 14 5 59 
-4 C 51 6/2 71.0 22.9 6.1 3.13 2.41 0.42 1.13 5.3 8.4 1.3 1.4 2.7 13 12 9 lb b b5 
-3 C 5Y 6/2 67.2 27.2 5.6 3.36 2.32 0.38 1.03 4.8 7.6 1.3 1.4 2.7 15 10 9 15 b 61 

-2 B 2.5Y 6/2 70.4 22.5 7.1 3.26 2.50 0.44 1.12 5.9 10.0 1.3 1.4 2.7 18 13 11 18 b 70 
-1 B 2.5Y 6/2 85.3 9.7 4.9 2.31 1.84 0.40 2.01 5.5 7.8 0.9 0.6 1.5 lb 13 11 18 5 7U 

79-18A-8 C 5Y 5/3 47.5 34.5 18.0 4.68 3.41 0.23 0.92 4.1 7.7 0.0 0.0 0.0 38 24 12 35 11 65 
-5 C 5Y 5/3 55.0 33.8 	' 11.2 4.10 2.92 0.26 0.93 4.2 9.3 0.0 0.0 0.0 36 23 13 32 13 75 
-7 C 51 5/3 44.8 37.7 17.5 4.73 3.28 0.15 0.90 4.8 6.3 0.0 0.0 0.0 41 2b 11 36 13 76 
-6 C 5Y 5/3 55.2 33.3 11.5 4.00 3.03 0.24 0.90 4.1 9.0 0.0 0.0. 010 35 20 13 33 12 75 

-9 B 51 5/1 21.2 45.4 33.4 6.78 3.40 0.02 1.05 2.8 5.6 8.4 23 17 11 34 7 58 
-48 8 51 6/1 1.8 71.2 27.0 7.19 1.83 0.20 1.29 --- -- 2.5 5.7 8.2 23 18 11 20 4 55 
-4A B 5Y 6/1 27.0 45.5 27.5 6.11 3.44 0.06 1.04 6.0 8.0 3.0 4.4 7.4 20 17 12 19 9 52 



Table A-2 (continued) 

GRANULOMETRY 
	

HEAVY MINERALS 
	

CARBONATES 
	

TRACE ELEMENTS (ppm) 

SAMPLE 

A 

UNIT* COLOUR/ 
MUNSELL 

(-2.0 mm) (0.250-0.125 mm) (-0.063 mm) (-0.063 mm) 

SAND SILT 

IL_ 

CLAY 

ID- 

MZ 

ID_ 

o~ 

/IL 

Ski KG WEIGHT 
(X) 

MAGNETIC 
(X) 

Dol. 
(x) 

Cale. 
(X) , 

Total 
(X) 

Ni Cr Co Cu Pb Zn 

78-18A-3 A 5Y 6/1 38.3 45.6 16.1 5.07 3.07 0.17 1.15 5.0 6.9 3.0 4.2 7.2 20 14 11 18 7 53 
-2 A 5Y 5/1 39.0 37.3 23.7 5.52 3.68 0.15 0.96 5.8 7.6 3.0 5.1 8.1 20 16 11 20 8 60 
-1 A 5Y 5/1 46.0 37.0 17.0 4.81 3.42 0.23 1.04 5.3 7.0 2.7 4.2 6.9 32 20 13 23 7 60 

79-188-8 C 5Y 5/3 58.4 32.0 9.6 3.79 2.87 0.29 0.89 4.4 10.9 0.0 0.0 0.0 34 15 17 37 15 74 
-6 C 5Y 5/3 58.4 31.0 10.6 3.76 2.96 0.28 0.96 4.2 10.5 0.0 0.0 0.0 35 16 14 34 37 80 
-7 C 5Y 5/3 57.0 33.0 10.0 3.92 2.90 0.28 0.94 4.6 8.7 0.0 0.0 0.0 34 14 lb 32 13 77 

-9 B 5Y 5/3 62.5 28.1 9.4 3.56 2.94 0.33 1.03 5.7 8.9 0.7 0.6 1.3 60 24 13 36 16 71 
-5 B 5Y 6/1 44.5 33.6 21.9 5.03 3.80 0.23 0.96 6.3 7.3 2.2 5.9 8.9 33 18 10 23 9 59 

-4 A 5Y 6/1 51.1 31.9 17.0 4.48 3.37 0.29 0.92 5.7 7.0 2.7 5.4 8.1 24 14 9 2U b 54 
-3 A 5Y 5/2 41.0 43.3 15.7 4.72 3.22 0.04 0.95 6.4 6.3 1.3 2.2 3.5 74 30 16 29 12 63 
-2 A 5Y 5/2 40.8 44.1 15.1 4.73 3.21 -0.01 0.94 6.6 6.0 0.9 2.2 3.1 74 31 15 28 13 62 
-1 A 5Y 5/2 38.0 46.9 15.1 4.79 3.13 0.00 0.98 6.2 5.9 0.9 2.2 3.1 71 28 17 27 12 58 

79-18C-6 C 5Y 5/3 67.8 24.2 8.0 3.32 2.76 0.38 1.09 6.5 11.9 0.0 0.0 0.0 3b 17 15 55 15 85 
-5 C SY 6/2 47.2 41.0 11.8 4.38 2.85 0.13 0.91 5.5 9.9 0.0 0.0 0.0 31 22 15 36 11 77 
-13 C SY 5/3 60.2 29.2 10.6 3.71 3.05 0.30 1.01 6.3 9.0 0.7 0.6 1.3 37 15 17 58 18 81 
-12 C 5Y 6/2 61.0 30.5 8.5 3.56 2.82 0.25 0.99 4.3 10.7 1.8 5.2 7.0 27 15 12 27 11 66 
-4 C SY 6/2 55.0 35.3 9.7 3.90 2.82 0.25 0.88 4.7 11.0 1.8 4.6 6.4 26 17 12 33 9 61 
-11 C 5Y 6/2 61.0 30.5 8.5 3.60 2.74 0.27 0.98 4.7 10.1 1.8 5.2 7.0 28 14 11 28 11 65 

-3 A 5Y 6/1 35.5 45.5 19.0 5.31 3.14 0.14 1.05 5.0 8.5 2.7 4.4 7.1 23 15 11 21 5 55 
-10 A 5Y 5/1 30.0 46.0 24.0 5.82 3.07 0.07 0.94 5.7 6.6 2.8 5.8 8.6 23 16 11 21 7 60 
-2 A 5Y 5/1 39.3 46.7 14.0 4.66 2.98 0.04 0.90 5.8 10.1 2.7 3.2 5.9 87 38 18 27 b 62 
-9 A 5Y 5/1 44.3 47.9 7.8 4.30 2.68 -0.04 0.92 5.8 7.0 1.3 2.0 3.3 70 30 16 38 12 60 
-1 A 5Y 5/1 51.5 40.2 8.3 3.96 2.91 0.06 1.02 5.8 9.2 2.5 3.0 5.5 65 28 17 29 9 55 
-14 A 5Y 6/3 50.4 41.4 8.2 4.01 2.76 0.06 0.97 5.1 7.7 2.8 3.5 6.3 72 27 14 24 9 54 



Table A-2 (continued) 

SAMPLE 

r 

UNIT* COLOUR/ 
MUNSELL 
(dry) 

GRANULOMETRY 
(-2.0 mm) 

HEAVY MINERALS 
(0.250-0.125 mm) 

CARBONATES 
(-0.063 mm) 

TRACE ELEMENTS (ppm) 
(-0.063 mm) 

SAND 
(Z) 

SILT 
(Z) 

CLAY 

(Z) 
Mx 

(0) (9) 
Ski  KG  WEIGHT 

(Z) 

MAGNETIC 

(Z) 
Dol. Cale. 

(X) 

Total 

(Z) 

Ni Cr Co Cu Pb Zn 

80-2-4 C SY 6/3 39.3 44.0 16.7 4.97 3.05 0.02 0.92 3.4 14.5 0.0 0.0 0.0 95 33 11 26 9 54 
-3 C 5Y 5/3 46.8 41.0 12.2 4.41 2.87 0.09 0.97 3.2 10.8 0.0 0.0 0.0 61 25 11 25 11 52 
-2 C 5Y 6/2 48.8 40.1 11.1 4.33 2.78 0.13 0.86 3.3 10.6 0.0 0.0 0.0 67 26 12 25 11 52 
-1 C 5Y 6/2 48.8 40.1 11.1 4.29 2.88 0.11 0.98 3.2 11.0 1.3 2.7 4.0 67 26 12 25 10 58 

81-1-14 /LT 5Y 6/1 0.1 74.7 25.2 6.76 1.75 -0.05 0.74 0.9 2.5 3,4 50 28 

-13 LT 5Y 6/1 28.7 56.8 14.5 5.36 2.52 -0.03 0.96 3.0 10.8 0.9 1.1 2.0 65 32 
-12 LT 5Y 5/1 29.5 52.2 18.3 5.40 2.91 -0.08 0.98 3.5 12.0 U.9 1.5 2.4 56 32 
-11 LT 5Y 6/1 28.9 51.1 19.1 5.44 2.99 -0.09 0.97 4.6 9.7 1.8 2.7 4.5 44 28 
-10 LT 5Y 6/1 28.4 49.4 22.2 5.68 3.08 -0.04 0.98 4.6 8.3 1.5 2.7 4.2 46 24 
-9 LT 51 6/1 35.3 48.5 16.2 5.07 3.09 -0.09 0.94 4.5 8.9 1.3 2.7 4.0 4b 24 
-8B LT 5Y 6/2 47.5 45.0 9.3 4.26 2.85 0.04 1.06 4.5 9.9 0.9 2.5 3.4 45 22 
-8 LT 51 6/2 57.5 33.2 9.3 3.84 2.86 0.22 1.03 5.0 9.9 1.3 2.5 3.8 42 23 
-7 LT 5Y 6/1 14.0 48.5 40.2 7.39 3.22 0.12 0.95 2.9 9.5 1.1 2.0 3.1 46 24 
-6 LT SY 5/1 37.2 40.3 22.5 5.54 3.28 0.26 1.00 2.5 6.3 1.1 1.5 2.6 39 19 

-1 GF 5Y 6/2 48.0 49.7 2.3 1.05 1.05 0.28 1.68 0.8 2.2 0.0 0.0 0.0 24 12 
-2 GF 2.5Y 6/4 27.4 71.2 1.4 0.89 0.89 0.16 1.83 --- -- 0.7 0.8 1.5 21 10 - -- 
-3  GF 5Y 6/2 1.4 83.6 15.0 1.06 1.06 0.14 1.25 0.9 1.5 2.4 56 24 - -- 
-4  CF SY 6/1 4.8 80.2 15.0 6.69 1.39 0.01 1.36 --- --- 1.1 2.0 3.1 44 22 - -- 
-5  GF 5Y 6/1 15.0 77.2 7.8 5.69 1.66 0.02 1.03 2.6 4.7 1.8 2.0 3.8 26 14 

-15 CT 5Y 6/1 24.2 59.3 16.5 5.56 2.78 -0.14 1.21 3.7 8.9 1.3 2.0 3.3 44 22 
-16 CT 5Y 6/1 26.2 58.0 15.8 5.39 2.80 -0.11 1.18 3.5 9.7 1.3 2.0 3.3 44 20 
-17 CT SY 5/1 26.0 52.8 21.2 5.72 3.12 0.05 1.19 3.1 7.8 0.9 1.8 2.7 49 22 
-18 CT 5Y 5/1 29.8 52.0 18.2 5.39 3.16 0.01 1.19 3.3 8.3 1.3 2.8 4.1 44 23 
-19 CT 5Y 5/1 40.4 45.8 13.8 4.80 3.00 0.13 1.12 3.0 6.4 1.3 2.2 3.5 46 19 
-20 CT 5Y 5/1 42.0 41.0 17.0 4.73 3.44 0.08 1.03 3.2 7.0 1.3 2.5 3.8 54 20 
-21 CT 5Y 5/1 30.6 49.2 20.2 5.47 3.23 0.04 1.13 3.5 9.1 1.1 2.2 3.3 47 20 
-22 CT 5Y 5/1 21.5 56.1 22.4 6.04 2.76 0.03 1.12 2.6 6.2 0.9 1.8 2.7 43 22 



Table A-2 (continued) 

SAMPLE 

/ 

UNIT* COLOUR/ 
MUNSELL 

(dry) 

GRANULOMETRY 
(-2.0 mm) 

HEAVY MINERALS 
(0.250-0.125 mm) 

CARBONATES 
(-0.063 mm) 

TRACE ELEMENTS (ppm) 
(-0.0b3 mm) 

SAND 

(X) 

SILT 

(X) 

CLAY 

(x) 

MZ  

(0) 

ai  
(W) 

Ski  KG  WEIGHT 
(X) 

MAGNETIC 

(x) 

Dol. Cale. 

(x) 

Total 

(x) 

Ni Cr 	Co 	Cu 	Pb 

81-1-23 CT 5Y 5/1 16.4 58.1 25.5 6.43 2.71 0.02 1.20 2.5 b.7 0.9 1.8 2.7 4b 22 

-24 CT 5Y 5/1 17.5 45.3 37.2 6.87 3.37 -0.06 1.16 3.5 5.6 0.9 2.0 2.9 59 28 
-25 CT 5Y 5/1 24.5 45.3 30.2 6.20 3.46 -0.05 1.10 3.6 6.6 0.9 2.0 2.9 53 27 

-26 CT 5Y 5/2 24.0 58.8 17.2 5.40 2.90 -0.10 1.25 3.3 10.0 0.9 1.1 2.0 44 2b 

-27 MF 5Y 5/3 3.4 90.8 5.8 5.28 1.13 0.39 1.21 0.9 0.6 1.5 lb 12 

-28 MF 51( 	5/2 3.5 84.3 12.2 6.02 1.63 0.25 1.09 --- --- 0.9 0.6 1.5 23 18 

-29 MF 5Y 5/2 47.1 46.6 6.3 4.52 1.66 0.42 1.43 1.2 2.6 1.3 0.8 2.1 21 17 

82-4-1 C 2.5Y 6/4 56.0 32.0 12.0 4.29 2.79 0.40 1.61 0.0 0.0 0.0 16 18 

-2 B 2.5Y 7/2 92.1 7.9 0.0 3.00 0.63 0.19 0.98 0.0 0.0 0.0 b b 

-3 B 2.5Y 6/4 29.0 67.6 3.4 4.51 0.98 0.34 1.42 0.0 0.0 0.0 9 6 

-4 A 5Y 6/2 31.0 53.4 15.6 5.21 2.90 0.01 1.11 1.1 1.3 2.4 34 2b 

* A (drift unit A); B (unit B); C (drift unit C); /C (poet-drift unit C); /LT (post-Lennoxville Till); LT (Lennoxville Till); GF (Gayhuret 

Formation); CT (Chaudière Till); MF (Hassawippi Formation). 

Zn 



Table A-3: Trace element and grain-size data of surface till samples. 

SAMPLE 
# 

NTS 
SHEET 
# 

UTM 
COORD. 

DEPTH 
(m) 

CLASS* 
TRACE ELEMENTS (ppm) 

(-0.063 mm) 
GRAIN SIZE 
(-2.0 mm) 

Ni  Cr Co Cu Pb Zn X SAND X SILT X CLAY 

78-01 21 E/12 19T878512 1.0 III 48 28 12 34 21 62 41.4 43.6 15.0 
78-03 19T856508 1.5 III 67 36 16 30 20 67 38.8 38.4 22.8 
78-05 9. 19T829464 1.0 III 54 32 16 26 19 59 35.2 44.8 20.0 
78-09 19 19T754484 1.2 III 66 37 18 35 21 63 43.6 39.1 17.3 
78-10 9. 19T751470 1.8 III 79 42 14 27 23 73 42.0 38.2 19.8 
78-14 19T825446 1.0 III 67 37 16 32 22 67 44.5 41.3 14.2 
78-15 " 19T845480 1.3 III 45 29 12 21 18 52 46.0 42.2 11.8 
78-17 09 19T865523 2.7 III 72 29 18 30 20 70 49.7 40.0 10.3 
78-18 19T902542 1.5 III 57 25 18 32 22 72 49.1 33.2 17.7 
78-26 19T689460 1.2 III 111 55 19 26 20 59 40.0 42.1 17.9 

78-28 19T702518 1.5 I 64 30 18 29 21 60 38.2 44.0 17.8 
78-32 19T758539 0.9 III 79 42 18 33 20 65 48.8 31.6 19.6 
78-34 " 19T710532 1.8 I 61 50 18 25 20 65 45.0 39.9 15.1 
78-36 19T761548 1.0 III 77 50 19 32 22 62 41.2 35.2 23.6 
78-37 19T825574 1.8 III 69 40 17 34 22 73 55.2 29.6 15.2 
78-38 19T723506 1.5 III 60 35 19 38 25 66 38.5 41.5 20.0 
78-39 19T713456 1.5 III 90 44 lb 30 20 56 48.0 39.1 12.7 
78-41 " 19T834489 1.8 I 48 25 15 19 17 53 43.8 42.3 13.9 
78-42 90 19T854501 2.4 III 53 24 15 25 19 59 51.0 40.7 8.3 
78-43 19T720538 1.8 III 64 37 15 38 21 68 43.5 42.0 14.5 

78-44 19T773445 1.2 III 39 29 12 20 16 42 44.0 48.7 7.3 
78-45 19T744425 0.9 III 91 45 15 30 20 62 41.2 42.1 16.7 
78-46 19T735457 0.9 III 67 39 17 25 18 55 42.0 41.4 16.6 
78-47 19T696472 1.0 III 100 48 16 26 16 63 41.8 43.5 14.7 
78-49 19T792537 1.2 III 63 36 16 28 17 76 44.5 39.7 15.8 
78-51 09  19T831516 1.2 III 65 40 13 32 20 60 39.4 40.8 19.8 
78-53 19T796548 2.4 I 55 35 15 23 19 58 46.8 37.6 15.6 
78-54 19T809554 0.9 III 67 36 18 29 18 b9 40.4 35.8 23.8 
78-56 19T826552 1.3 III 46 30 10 28 18 65 42.0 42.1 15.9 
78-57 OP 19T859558 0.9 III 59 32 15 32 21 63 46.2 35.4 18.4 



Table A-3 (continued) 

SAMPLE 
I 

NTS 
SHEET 

OTM 
COORD. 

DEPTH 
(m) 

CLASS* 
TRACE ELEMENTS (ppm) 

(-0.063 mm) 
GRAIN SIZE 
(-2.0 mm) 

Ni  Cr Co Cu Pb Zn Z SAND X SILT X CLAY 

78-58 21 E/12 19T877583 1.2 I 67 28 17 25 20 58 49.5 41.3 9.2 
78-60 19T758516 0.8 III 61 36 14 28 18 53 44.2 44.0 11.8 
78-61 04 19T773492 1.0 III 62 36 16 28 20 57 43.8 38.2 18.0 
78-62 19T778608 0.8 III 53 29 12 24 17 58 43.2 41.5 15.3 
78-64 19T677632 1.4 I 64 34 16 26 20 55 49.7 35.4 14.9 
78-68 19T791613 1.6 I 49 29 18 32 20 63 53.5 39.0 7.5 
78-69 19T776580 1.0 III 52 32 14 27 18 63 35.0 47.0 18.0 
78-70 19T788485 0.9 III 60 36 18 28 19 72 45.8 38.3 15.9 
76-1-0 31 H/9 18T337570 1.5 III 153 66 12 29 5 53 55.3 31.9 12.8 
78-71 18T335533 1.2 III 136 60 18 29 20 51 55.0 39.1 5.9 

78-72 18T336549 0.7 III 195 100 28 47 29 70 59.7 30.1 10.2 
78-73 18T321588 1.5 III 142 51 22 26 20 67 48.2 40.5 11.3 
78-74 18T302594 0.6 III 92 46 14 25 14 48 58.3 38.9 2.8 
78-75 18T286582 0.5 III 73 39 17 20 19 50 70.2 25.3 4.5 
78-76 18T324629 1.3 III 136 69 20 32 18 63 53.2 38.2 8.6 
78-77 18T321654 0.8 III 78 38 27 64 28 78 63.8 30.6 5.6 
78-78 21 E/12 19T669654 1.7 III 59 24 14 26 17 55 69.3 27.4 3.3 
78-79 19T760622 1.2 I 53 26 18 25 20 70 42.2 42.4 14.4 
78-80 19T728667 1.3 III 61 34 16 36 20 65 47.3 37.7 15.0 
78-81 19T702676 1.8 III 94 42 19 28 20 65 59.0 32.1 8.9 

78-82 19T748651 1.0 III 53 33 18 32 21 63 52.0 38.8 9.2 
78-83 19T767635 1.2 I 51 28 20 28 21 63 54.3 38.1 7.6 
78-84 19T747560' 1.0 III 48 22 13 30 5 59 50.1 39.8 10.1 
78-89 31 H/9 18T328538 1.1 III 108 52 15 26 7 50 50.0 36.1 13.9 
78-90 18T308552 1.0 III 165 61 18 36 11 55 53.4 33.5 13.1 
78-91 21 E/12 19T674589 0.9 III 61 28 12 33 12 b4 49.5 37.4 13.1 
78-92 19T663598 1.0 I 112 37 16 28 b 52 b3.3 29.7 7.0 
78-93 40 19T669611 1.6 III 55 27 9 29 8 52 b7.8 28.0 4.2 
78-94 19T697622 1.1 II 38 23 12 32 7 63 54.0 34.9 11.1 
78-98 19T723610 1.0 I 61 27 17 43 10 86 47.9 40.3 11.8 



Table A-3 (continued) 

SAMPLE NTS 
SHEET 

OTM 
COORD. 

DEPTH 
(m) 

CLASS• 
TRACE ELEMENTS (ppm) 

(-0.063 mn) 
GRAIN SIZE 
(-2.0 mm) 

Ni  Cr Co Cu Pb Zn X SAND Z SILT Z CLAY 

78-100 21 E/12 197699569 0.9 III 84 30 19 45 15 71 53.0 35.2 11.8 
78-101 19T676564 0.8 III 148 48 19 34 12 69 42.0 3o.2 21.8 
78-102 19T687534 0.9 III 81 38 16 40 13 68 40.0 39.3 20.7 
78-103 19T806664 2.0 III 63 27 11 36 8 73 55.2 35.8 9.0 
78-105 19T892620 1.3 II 50 22 16 31 10 73 45.1 36.2 18.7 
78-107 19T818615 1.3 II 57 22 17 35 10 80 45.5 38.1 10.4 
78-110 19T795673 1.5 I 42 23 14 33 9 60 55.5 35.0 9.5 
78-111 19T831606 1.2 I 45 20 12 25 7 60 54.0 36.0 10.0 
78-112 19T709637 1.4 III 135 33 13 25 6 3b 52.0 39.5 8.5 
78-113 19T727656 1.1 III 37 24 9 20 7 46 54.2 32.8 13.0 

78-115 19T839669 1.2 III 50 18 13 21 9 42 72.0 22.6 5.4 
79-1-4 21 E/5 19T689368 3.6 III 78 27 8 18 8 41 45.2 46.6 8.2 
79-109 21 E/13 197679734 1.0 III 19 12 11 19 7 55 66.4 19.7 13.9 
79-110 19T735706 1.6 III 27 17 11 26 7 53 51.5 31.8 16.7 
79-111 31 H/8 18T342407 1.5 I 84 38 13 17 7 42 30.1 51.0 18.9 
79-113 21 E/13 197727722 1.5 I 48 25 15 31 11 68 47.0 39.5 13.5 
79-114 197728738 1.2 III 47 25 12 32 11 63 51.0 34.0 15.0 
79-115 31 H/8 18T313396 1.0 III 92 50 10 14 5 29 54.0 38.2 7.8 
79-118 21 E/12 19T677695 1.5 III 24 13 8 54 7 62 75.0 22.3 2.7 
79-119 21 E/13 19T771872 1.1 III 21 12 12 26 9 62 77.4 18.1 4.5 

79-120 19T758856 1.2 III 18 14 10 17 10 55 58.5 30.2 11.3 
79-122 197754818 1.6 III 25 14 10 31 13 72 67.6 2b.2 6.2 
79-123 19T754818 2.7 III 25 11 12 33 11 70 55.0 35.9 9.1 
79-124 19T701883 1.5 II 15 12 7 20 7 45 66.1 25.0 8.9 
79-126 19T782796 1.2 III 27 18 12 39 7 79 55.0 33.3 11.7 
79-127 19T803758 1.2 III 32 19 13 29 8 b4 59.8 28.3 11.9 
79-128 19T797749 2.0 III 28 17 15 30 7 73 69.5 20.0 10.5 
79-129 Oa  19T785710 1.2 III 59 29 13 35 7 61 53.8 30.7 15.5 
79-130 21 E/12 19T842668 1.2 III 57 22 14 28 7 60 58.5 25.0 16.5 
79-131 19T848689 1.8 III 46 18 11 23 5 59 55.5 34.b 9.9 



Table A-3 (continued) 

SAMPLE 
# 

NTS 
SHEET 
i 

UTM 
COORD. 

DEPTH 
(m) 

CLASS* 
TRACE ELEMENTS (ppm) 

(-0.063 mm) 
GRAIN SIZE 
(-2.0 ms) 

Ni  Cr Co Cu Pb Zn X SAND X SILT Z CLAY 

79-4-2 21 E/13 191676738 2.1 III 11 8 7 13 2 35 75.5 20.3 4.2 
79-5-1 191814709 1.2 III 74 15 10 13 4 32 71.3 24.5 4.2 
79-6-3 31 H/16 18T315720 2.0 II 26 28 14 27 7 76 29.0 42.4 28.6 
79-7-2 21 E/13 19T772776 1.4 III 25 21 12 32 11 66 44.0 37.0 19.0 
79-8-5 19T681757 1.2 III 37 22 14 38 8 58 52.0 35.9 12.1 
79-9-6 191693823 3.7 I 18 13 9 17 7 48 55.1 24.9 20.0 
79-10-5 21 E/12 19T685693 6.5 I 44 27 11 19 5 47 52.5 30.9 16.6 
79-12-2 21 E/13 191742894 1.0 III 22 14 11 24 9 80 54.9 29.8 15.3 
79-15-8 191747889 1.5 III 20 13 10 19 9 58 66.0 22.2 11.8 
79-17-8 191867851 1.5 III 18 13 10 21 6 70 60.8 30.0 9.2 

79-18C-13 191785774 5.2 III 37 15 17 58 18 81 60.2 29.2 10.6 
77-2-2 21 E/12 191807632 2.0 III 58 18 11 25 7 58 53.0 36.2 10.8 
80-2-4 21 E/5 19T738411 1.0 III 95 33 11 26 9 54 39.3 44.0 16.7 
80-101 21 E/13 191692754 1.5 III 63 20 10 30 9 67 51.2 34.9 13.9 
80-102 19T704754 1.2 III 34 22 10 21 9 46 50.3 34.7 15.0 
80-103 19T733763 1.3 III 60 26 12 32 10 65 48.0 37.0 15.0 
80-105 19T712807 1.0 III 26 11 10 24 8 60 69.0 25.2 5.8 
80-106 " 191704784 1.5 III 85 18 22 67 19 87 60.0 29.8 10.2 
80-107 31 H/9 181282652 1.0 III 39 16 14 38 17 63 43.0 43.5 13.5 
80-108 181258602 2.0 III 38 10 14 28 9 43 70.9 27.1 2.0 

80-109 181306653 1.2 III 26 14 8 14 7 34 66.8 28.4 4.8 
80-110 181273611 1.2 III 38 18 11 25 9 66 50.0 39.1 10.9 
80-111 181241617 2.0 III 39 15 11 30 9 70 49.0 44.6 6.4 
80-112 18T254645 1.0 III 32 17 9 21 7 46 54.7 34.4 10.9 
80-113 181268672 1.5 III 56 20 11 32 8 61 65.3 21.7 13.0 
80-114 181293701 1.2 III 31 19 9 25 8 52 52.2 31.7 16.1 
80-117 21 E/12 191782636 1.6 II 57 26 19 45 13 68 56.0 30.7 13.3 
80-118 21 E/13 191717710 1.5 II 29 14 9 18 8 50 60.1 31.5 8.4 
80-119 21 E/12 191726692 2.0 III 46 18 9 24 9 5S 68.7 25.4 5.9 
80-120 191783682 1.0 III 58 26 13 27 9 64 50.0 39.0 11.0 



Table A-3 (continued) 

SAMPLE NTS 
SHEET 
i 

UTH 
COORD. 

DEPTH 
(m) 

CLASS* 
TRACE ELEMENTS (ppm) 

(-0.063 mm) 
GRAIN SIZE 
(-2.0 mm) 

Ni  Cr Co Cu Pb Zn Z SAND X SILT Z CLAY 

80-121 21 E/12 19T806694 1.5 III 42 22 7 29 8 62 55.2 37.4 7.4 
80-122 19T833641 1.2 I 50 20 13 22 9 57 47.5 42.1 10.4 
80-123 4. 19T881633 1.2 III 68 24 13 32 14 75 58.0 31.6 10.4 
80-124 19T865647 1.0 III 90 26 15 29 12 66 52.0 38.6 9.4 
80-125 19T877666 1.6 III 40 22 11 21 7 70 43.1 44.6 12.3 
80-126 " 19T929665 1.2 III 53 35 13 22 11 53 46.4 35.5 18.1 
80-127 21 E/13 19T959715 1.0 III 113 38 15 38 14 74 44.5 35.4 20.1 
80-128 19T944728 0.8 III 165 80 18 32 11 80 39.2 41.7 19.1 
80-129 21 E/12 19T878687 1.0 III 36 22 9 21 7 57 58.0 31.8 10.2 
80-130 21 E/13 19T868698 2.0 III 42 24 12 22 12 70 44.0 35.8 20.2 

80-131 19T876711 1.2 III 83 39 17 39 18 81 40.9 3b.5 22.b 
80-132 19T923744 0.8 III 45 25 10 24 11 72 43.0 38.4 18.6 
80-133 19T893743 0.7 III- 74 34 12 27 12 76 39.1 42.4 18.5 
80-134 19T829742 0.6 III 51 27 9 22 10 73 43.4 41.0 15.6 
80-135 19T846741 1.2 III 63 28 7 23 8 61 52.8 35.9 11.3 
80-136 1111 19T882769 1.0 III 62 24 12 28 17 63 56.8 31.9 11.3 
80-137 08 19T879812 1.2 III 31 16 8 29 12 73 52.4 34.7 12.9 
80-138 19T801726 1.0 III 63 30 13 30 15 62 45.8 35.3 18.9 
80-139 et 19T861770 0.8 III 46 22 12 31 17 75 39.7 40.3 20.0 
80-140 19T904801 1.2 III 26 16 12 25 11 70 52.1 31.8 16.1 

80-141 19T925788 1.2 III 50 26 9 16 7 45 40.0 49.8 10.2 
80-142 31 H/9 18T328704 1.5 III 71 29 13 23 8 65 48.3 34.5 17.2 
80-143 31 H/16 18T321709 1.2 III 54 25 12 27 11 65 64.0 28.1 7.9 
80-146 21 E/12 19T677487 1.6 III 110 40 12 23 9 46 42.3 45.5 12.2 
80-147 31 H/9 18T329487 4.0 III 120 38 11 14 5 46 43.9 48.3 7.8 
80-149 18T304470 3.3 III 230 70 17 16 6 48 41.8 46.2 12.0 
80-150 18T213502 1.3 III 96 33 15 25 8 56 48.1 38.8 13.3 
80-151 IO  18T182490 1.2 III 28 15 8 15 3 39 62.8 31.9 5.3 
80-152 " 18T289532 2.0 III 180 40 11 11 4 31 42.4 45.6 12.0 
80-154 18T293529 3.4 II 185 42 13 14 4 36 o3.3 31.6 5.1 



Table A-3 (continued) 

SAMPLE 
I 

NTS 
SHEET 
I 

UTM 
COOED. 

DEPTH 
(m) 

CLASS* 
TRACE ELEMENTS (ppm) 

(-0.063 mm) 
GRAIN SIZE 
(-2.0 mm) 

Ni  Cr Co Cu Pb Zn X SAND X SILT X CLAY 

80-155 31 H/19 18T274543 3.0 I 450 160 25 18 8 48 41.2 31.6 27.2 
80-156 18T322501 1.2 III 275 95 18 16 6 47 46.0 38.9 15.1 
80-157 18T216629 1.0 III 24 16 9 20 7 48 48.6 37.1 14.3 
80-158 18T218672 1.3 III 16 11 5 12 6 32' 37.5 49.9 12.6 
80-159 94 18T238658 1.2 III 21 12 9 15 7 38 58.7 33.4 7.9 
80-160 31 H/16 18T300718 1.2 III 60 19 12 30 11 58 64.0 27.3 8.7 
80-161 18T276740 1.0 III 30 18 9 27 13 70 54.8 33.1 12.1 
80-162 31 H/9 18T170452 1.0 III 46 29 10 22 8 53 58.4 31.2 10.4 
80-163 31 H/8 18T276420 1.2 III 112 50 10 11 7 27 57.0 40.0 3.0 
80-164 31 H/9 18T271435 1.3 III 71 31 9 16 9 51 40.5 50.5 9.0 

80-165 31 H/9 18T286453 1.5 III 265 36 15 17 9 50 40.2 46.3 13.5 
80-166 31 H/16 18T257791 1.4 III 18 13 7 19 8 52 58.7 28.3 13.0 
80-167 18T273781 1.4 III 26 19 10 30 11 70 55.3 32.1 12.6 
82-101 31 H/9 18T228574 1.5 II 21 13 -- -- -- -- 55.1 38.9 6.0 
82-102 18T207594 1.5 III 47 20 59.3 32.8 7.9 
82-104 21 E/12 19T928628 1.2 III 72 20 - - - 45.3 33.1 21.6 
82-105 19T966685 1.0 I 77 30 40.3 38.1 21.6 
82-106 be 19T953671 1.0 III 65 30 - - 37.8 47.2 15.0 
82-107 4t 19T915612 1.4 III 66 22 43.5 41.0 15.5 
82-108 • 19T936586 1.5 III 64 22 - - - 44.0 36.8 19.2 

82-109 19T941565 1.2 III 60 17 45.8 36.5 17.7 
82-110 19T953618 1.4 III 63 24 - - 44.0 37.1 18.9 
82-111 19T969604 1.0 III 57 20 - 41.6 38.7 19.7 
82-112 19T978660 0.9 III 22 10 - - 50.5 33.5 16.0 
82-113 21 E/13 19T976705 1.0 III 79 42 - - 41.5 39.0 19.5 
82-114 19T982728 0.9 III 170 58 - - 37.0 42.7 20.3 
82-115 19T995756 2.5 I 126 46 42.7 46.8 10.5 
82-116 19T972789 1.2 III 47 17 - - - 47.8 37.5 14.7 
82-117 19T983802 0.8 III 42 19 42.0 -39.2 18.8 
82-118 19T937761 1.2 III 40 20 - 55.7 36.0 8.3 
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Table A-4; Grain size, carbonates and organic matter, Rivière Landry section. 

SAMPLE UNIT 

GRANULOMETRY CARBONATES 
(-0.063 mm) 

ORGANIC MATTER 
(-0.063 mm) 

(z) SAND 
ix2_ 

SILT 
(z). 

CLAY 
i . _ 

Md 
(0P) 

Mz  
(0) 

di  
(W) 

Ski  KG  Dol. 
(z) 

Calc. 
(z) 

Total 
(z) 

79-16-1 Marine silt 6.1 71.0 22.9 6.33 6.61 2.18 0.25 1.03 1.2 0.4 1.6 0.29 
-2 6.9 62.6 30.5 6.70 6.91 2.44 0.17 0.95 2.2 3.6 5.8 U.45 
-3 " 0.3 64.7 35.0 7.20 7.48 2.27 0.27 1.01 2.8 2.8 5.6 0.45 
-4 0.8 62.4 36.8 6.93 7.58 2.18 0.45 0.99 2.3 3.3 5.6 0.56 

79-16-5W* Danville Varves 0.2 7.8 92.0 10.33 10.34 1.63 -0.02 1.07 1.4 2.3 3.7 0.89 
-5S " 0.1 19.7 80.2 9.06 9.05 1.39 -0.11 1.27 1.4 2.5 3.9 0.60 

-6 0.1 20.9 79.0 9.60 9.58 1.96 -0.004 0.99 2.1 8.1 10.2 0.97 

-7W 0.1 10.6 89.3 11.00 11.00 2.41 -0.03 1.07 0.8 0.3 1.1 0.93 
-7S 0.2 55.8 44.0 7.80 8.04 1.67 0.25 1.08 2.4 3.7 6.1 0.58 

-8W " 0.0 10.6 89.4 9.33 9.30 0.78 -0.31 1.89 1.5 1.4 2.9 0.83 
-85 " 0.2 78.3 21.5 7.10 7.08 1.31 0.02 1.11 3.1 7.4 10.5 0.51 

* W and S at the end of sample number designate winter and summer layers, respectively. 
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Table A-5: Elevation of strandline features related 
to the Sherbrooke phase of Glacial Lake Memphrémagog 

FEATURE ELEVATION (m ASL) 
AND ERROR 

DEPARTURE (m) FROM 
SHERBROOKE PHASE ISOBASES* 

METHOD OF 
MEASUREMENT 

FEATURE LOCALITY REFERENCE 

1 249 +/- 2 -1 Altimeter Floor of spillway Lac Nick, Qc McDonald, 1967 
(Fig. 14: 	17) 

2 233 +/- 4 -1 Map contours Delta (fluvial) Ayer's Cliff, Qc McDonald, 1967 
(Fig. 	14: #15) 

3 248 +/- 2 0 Altimeter Delta (fluvial) Castle Brook, Qc McDonald, '1967 

(H of 2 measurements) (Fig. 14: #8 and #10) 

4 249 +/- 2 0 Altimeter Delta (ice-contact) Cherry River, Qc McDonald, 1967 
(Fig. 	14: 	16) 

5 249 +/- 2 -1 Altimeter Delta (ice-contact) Cherry River, Qc McDonald, 1967 
(Fig. 	14: 	15) 

(6) 246 +/- 3 N.A. Altimeter Delta (ice-contact) Cherry River, Qc McDonald, 1967 
(Fig. 	14: #4) 

7 255 +/- 2 -1 Altimeter Terrace St-Denis-de- McDonald, 1967 
Brompton, Qc (Fig. 	14: #3) 

8 259 +/- 4 0 Map contours Wave-cut terrace C8te St-Joseph, Qc Parent, this study 

(9) 254 +/- 2 N.A. Altimeter Delta (fluvial) Lac Brompton, Qc McDonald, 1967 
(Fig. 	14: 	#2) 

10 273 +/- 2 +1 Spot elevation Ice-contact lake 
terrace 

St-François-Xavier-
de-Brompton, Qc 

Parent, this study 
(replaces McDonald, 
1967, 	Fig. 14: #1) 

11 240 +/- 4 0 Map contours Delta (ice-contact) North Hatley, Qc Parent, this study 

12 233 +/- 2 Altimeter Delta (fluvial) Waterville, Qc McDonald, 1967 
(Fig. 	14: 	#14) 

13 248 +/- 2 +3 Altimeter Delta (ice-contact) Ascot Corner, Qc McDonald, 1967 
(Fig. 	14: 	19) 

14 244 +/- 2 +3 Altimeter Delta (ice-contact) Brookbury, Qc Parent, this study 



Table A-5 (continued) 

15 242 +/- 2 0 Altimeter Delta (ice-contact) Biahopton, Qc Parent, 

16 254 +/- 2 0 Altimeter Beach gravel Moat Carrier, Qc Parent, 

17 255 +/- 2 -1 Altimeter Beach gravel Windsor, Qc Parent, 

18 251 +/- 4 -1 Hap contours Delta (fluvial) Ruisseau Niquette, Qc Parent, 

(19) 262 +/- 2 N.A. Altimeter Delta (ice-contact) St-Claude, Qc Patent, 

20 267 +/- 4 0 Map contours Delta (ice-contact) Wotton, Qc Parent, 

21 240 +/- 4 +1 Map contours Delta (ice-contact) Bury, Qc Parent, 

this study 

this study 

this study 

this study 

this study 

this study 

this study 

* Elevation of feature minus elevation of isobase; mean departure - 0.1 m (s.d. 	1.3). 

( ) These features were not used for constructing isobases. 

N.A. Not applicable. 



FEATURE 
I 

ELEVATION (m ASL) 
AND ERROR 

Table A-6: 

DEPARTURE (m) FROM 
FORT ANN ISOBASES* 

Elevation of strandline features related 
to the Fort Ann phase of Glacial Lake Vermont 

METHOD OF 	 FEATURE 
MEASUREMENT 

LOCALITY 

1-A 227 +/- 2 -1 Altimeter Delta (ice-contact) Tingwick, Qc 

1-B 229 +/- 4 0 Map contours Ice-contact lake 
terrace 

Tingwick, Qc 

2-A 226 +/- 2 +3 Altimeter Delta (ice-contac) Tingwick, Qc 

2-B 221 +/- 4 +6 Map contours Delta (fluvial) Moulin Samson, Qc 

3 226 +/- 1 +1 Spot elevation Delta (ice-contact) Colline Elliott, Qc 

4 221 +/- 4 +3.5 Map contours Beach sediments Pinnacle Shipton, tie 

(5) 225 +/- 2 N.A. Altimeter Beach sediments Chevrefils, Qc 

6 210 +/- 4 -3 Map contours Beach sediments St-Claude, Qc 

(7) 225 +/- 2 N.A. Altimeter Beach sediments Perkins Corner, Qc 

8 206 +/- 4 -1 Map contours Delta (fluvial) Riv. Watopéka, Qc 

9 202 +/- 4 -4 Map contours Delta (fluvial) Riv. Stoke, Qc 

(10) 216 +/- 2 N.A. Altimeter Wave-cut terrace Mont-Carrier, Qc 

11 229 +/- 4 -3 Map contours Delta (fluvial) Denison Mills, Qc 

12 214 +/- 2 -6 Altimeter Wave-cut terrace Richmond, Qc 

13 213 +/- 2 -6 Altimeter Delta (fluvial) Kingsbury, Qc 

14 227 +/- 2 -5 Altimeter Delta (ice-contact) Dalling, Qc 

15 229 +/- 2 -3 Altimeter Wave-cut terrace Dalling, Qc 

16 229 +/- 4 0 Map contours Delta (fluvial) Valcourt, Qc 

REFERENCE 

Parent, this study 

Parent, this study 

Parent, this study 

Parent, this study 

Parent, this study 

Parent, this study 

Parent, this study 

Parent, this study 

Parent, this study 

Parent, this study 

Parent, this study 

Parent, this study 

Parent, this study 

McDonald, 1967 
(Fig. 14: 018) 

McDonald, 1967 
(Fig. 14: #19) 

McDonald, 1967 
(Fig. 14: #16) 

Parent, this study 

Parent, this study 



Table A-6 (continued) 

17 220 +/- 2 -15 Altimeter Delta (ice-contact) Béthanie, Qc McDonald, 1967 
(Fig. 	14: 	117) 

18 209 +/- 4 0 Map contours Wave-cut terrace Petit Lac St- Parent, this study 
François, Qc 

19 229 +/- 4 -1 Map contours Littoral boulders Martin Corner, Qc Doiron, },981 

20 217 +/- 4 -2 Map contours Delta (fluvial) Lawrenceville, Qc Parent, this study 

(21)  206 +/- 2 N.A. Altimeter Wave-cut terrace Bromptonville, Qc McDonald, 1967 
(Fig. 14: #20) 

(22)  210 +/- 2 N.A. Altimeter Beach sediments Chemin Duvernay, Qc Parent, this study 

23 195 +/- 2 -5 Altimeter Delta (fluvial) Key Brook, Qc McDonald, 1967 
(Fig. 	14: 	#22) 

(24)  203 +/- 2 N.A. Altimeter Beach sediments Lennoxville, Qc McDonald, 1967 
(Fig. 	14: 	#21) 

(25)  **200 +/- 4 N.A. Map contours Delta (fluvial) Huntingville, Qc McDonald, 1967 
(Fig. 	14: 	#23) 

26 192 +/- 2 +1 Altimeter Delta (fluvial) Capelton, Qc McDonald, 1967 
(Fig. 14: 	#24) 

27 190 +/- 2 0 Altimeter Wave-cut terrace Ayer's Cliff, Qc Boiasonneault et al., 
1981 (p. 29) 

28 229 +/- 4 -7 Map contours Wave-cut terrace St-Joachim-de- Parent, this study 
Shefford, Qc 

29 223 +/- 4 -12 Map contours Beach sediments Savage Mills, Qc Prichonnet, 1982a 
(Fig. 29-6) 

30 229 +/- 4 -4 Map contours Wave-cut terrace Mont Shefford, Qc Parent, this study 
(also Doiron, 1981) 

31 224 +/- 4 0 Map contours Wave-cut terrace Pine Mountain, Qc Parent, this study 

32 216 +/- 4 -4 Map contours Delta (ice-contact) Brome Centre, Qc Prichonnet et al., 
1982 

33 
213 +/-.4 -1 Map contours Delta (fluvial) Brome, Qc Prichonnet et al., 

1982 



Table A-6 (continued) 

34 213 +/- 4 0 Map contours Delta (fluvial) Sutton Junction, Qc Prichonnet et al., 
1982  

35 219 +/- 4 +3 Map contours Beach ridges Farnham Corners, Qc Prichonnet, 1982b 
(Fig. 3) 

36 215 +/- 4 0 Map contours Beach ridges Lac Selby, Qc Prichonnet, 1982b 
(Fig. 3) 

37 210 +/- 4 +1 Map contours Delta (fluvial) Alva, Qc Prichonnet et al., 
1982 

38 200 +/- 4 0 Map contours Delta (fluvial) Dunkin, Qc Dubé, 1983, p. 106 

39 187 +/- 4 -11 Map contours Terrace (fluvial?) Maneonville, Qc Parrott and Stone, 
1972 (Fig. 	1: 	#31) 

40 191 +/- 4 -11 Map contours Terrace (fluvial?) Travor Road, Qc Parrott and Stone, 
1972 (Fig. 1: 	#34) 

41 203 +/- 4 -2 Map contours Terrace (fluvial?) Potton Springs, Qc Parrott and Stone, 
1972 (Fig. 	1: 	#39) 

42 186 +/- 4 -9 Map contours Littoral terrace Troy, Vt Parrott and Stone, 
1972 (Fig. 	1: #28) 

43 198 +/- 3 -3 Map contours Delta-terrace East Richford, Vt Parrott and Stone, 
1972 (Fig. 1: 	029) 

44 186 +/- 3 -12 Map contours Delta, terrace East Berkshire, Vt Parrott and Stone, 
1972 	(Fig. 	1: 	#27) 

45 183 +/- 3 -11 Map contours Terrace (fluvial?) Montgomery, Vt Parrott and Stone, 
1972 (Fig. 	1: 	#26) 

46 186 +/- 3 -6 Map contours Terrace (fluvial?) Montgomery Center, Vt Parrott and Stone, 
1972 (Fig. 1: 	#25) 

47 183 +/- 3 -12 Map contours Beach sediments West Enoeburg, Vt Parrott and Stone, 
1972 (Fig. 	1: #23) 

48 183 +/- 3 -12 Map contours Beach Bellevue Hill, Vt Wagner, 1972 
(Fig. 	1: 	F-32) 

49 186 +/- 3 -1 Map contours Delta (ice-contact) Buck Hollow, Vt Wagner, 1972 
(Fig. 	1: 	F-31) 



Table A-6 (continued) 

50 174 +/- 3 -10 Map contours Delta Binghamville, Vt Wagner, 1972 
(Fig. 1: F-30) 

51 168 +/- 3 -12 Map contours Delta Cambridge, Vt Wagner, 1972 
(Fig. 1: F-28) 

52 162 +/- 3 -18 Map contours Delta Fairfax, Vt Wagner, 1972 
(Fig. 	1: F-2b) 

53 171 +/- 3 -14 Map contours Beach Arrowhead Mountain, Vt Wagner, 1972 
(Fig. 1: 	F-29) 

54 180 -2 Leveling Beaches Peru, NY Chapman, 1937 
(Fig. 15: #23) 

55 182 -4 Leveling Beach Schuyler Falls, NY Chapman, 1937 
(Fig. 15: 	#24) 

56 183 -6 Leveling Beach Beckwith School, NY Chapman, 1937 
(Fig. 	15: 	#25) 

57 190 -3 Leveling Beaches Morrisonville, NY Chapman, 1937 
(Fig. 15: 	#26) 

58 192 -2 Leveling Delta Morrisonville, NY Chapman, 1937 
(Fig. 15: 	#27) 

59 197 0 Leveling Beaches West Beekmantown, NY Chapman, 1937 
(Fig. 	15: 	#28) 

60 198 0 Leveling Littoral terrace West Beekmantown, NY Chapman, 1937 
(Fig. 15: 	#29) 

61 203 +2 Leveling Beaches Shelter's Corners, NY Chapman, 1937 
(Fig. 15: #30) 

62 206 +1 Leveling Beaches Cobblestone Hill, NY Chapman, 1937 
(Fig. 	15: 	#31) 

63 210 0 Leveling Beach Pine Ridge, NY Chapman, 1937 
(Fig. 	1: #32) 

64 215 +1 Leveling Beaches Dear Pond, NY Chapman, 1937 
(Fig. 	15: 	#34) 



Table A-6 (continued) 

65 	 222 	 +3 	 Leveling 	 Beaches 	 Cannon Corners, NY 	Chapman, 1937 
(Fig. 15: 035) 

66 	 223 	 0 	 Map contours 	Beaches 	 Cannon Cornera 	Denny, 1974 
Road, NY 	 (Fig. 6) 

67 	226.5 +/- 1.5 	 -1 	 Map contours 	Beach 	 Maritana, Qc 	 Clark and Karrow, 
1984 (Fig. 2: 018) 

68 	220.5 +/- 1.5 	 -1 	 Map contours 	Beach 	 Earlville, NY 	 Clark and Karrow, 
1984, (Fig. 2: 017) 

69 	214.5 +/- 1.5 	 0 	 Map contours 	Beach 	 Burke Center, NY 	Clark and Karrow, 
1984, (Fig. 2: 016 

70 	208.5 +/- 1.5 	 -1 	 Map contours 	Beach 	 Malone, NY 	 Clark and Karrow, 
1984, (Fig. 2: 015) 

71 	205.5 +/- 1.5 	 +1 	 Map contours 	Beach 	 East Dickinson, NY 	Clark and Karrow, 
1984, (Fig. 2: 014) 

* Rlevation of feature minus elevation of isobase. Mean departure -•-3.4 m (s.d. - 5.1); when features from the Vermont-Missisquoi region 
(039 through 053) are excluded, mean departure falls to -1.6 m (s.d. - 3.5). 

** Recent map (1:20 000) shows several spot elevations at 200 m on extensive flat surface. 

These features are assigned to a transitional water-plane (Figure 5-10) and were not used for constructing isobasea shown in Figures 5-12 and 

5-13. 

N.A. Not applicable. 

( ) 



Table A-7: Elevation of strandline features defining the marine limit 

FEATURE 
# 

ELEVATION (m ASL) 
AND ERROR 

DEPARTURE (m) FROM 
MARINE LIMIT ISOLINES* 

METHOD OF 
MEASUREMENT 

FEATURE LOCALITY REFERENCE 

1 161.5 +/- 1.5 -6 Map contours Beach Maritana, Qc Clark and Karroo, 1984 
(Fig. 2: 	#41) 

2 160 -4 Leveling Beaches Covey Hill, Qc Chapman, 1937 
(Fig. 	15: 	#57) 

3 164 +3 Leveling Beaches English River, NY Chapman, 1937 
(Fig. 	15: 	#56) 

4 162 +4 Leveling Beaches Cannon Corners, NY Chapman, 1937 
(Fig. 15: #55) 

5 157 +1 Leveling Delta North Branch, NY Chapman, 1937 
(Fig. 	15: 	#54) 

6 152 -1 Leveling Beach Woods Falls, NY Chapman, 1937 
(Fig. 15: #53) 

7 148 -2 Leveling Beaches Sciota, NY Chapman, 1937 
(Fig. 15: #52) 

8 142 0 Leveling Beaches West Chazy, NY Chapman, 1937 
(Fig. 	15: 	#51) 

9 138 0 Leveling Beaches West Beekmantown, NY Chapman, 1937 
(Fig. 15: 	#50) 

10 131 -1.5 Leveling Beaches West Beekmantown, NY Chapman, 1937 
(Fig. 15: 	#49) 

11 130 -1.5 Leveling Delta Morrisonville, NY Chapman, 1937 
(Fig. 	15:'#48) 

12 123 -5 Leveling Terrace Schuyler Falls, NY Chapman, 1937 
(Fig. 	15: 	#47) 

13 121 -5 Leveling Beaches Schuyler Falls, NY Chapman, 1937 
(Fig. 15: 	#46) 

14 122 -3 Leveling Delta Schuyler Falls, NY Chapman,1937 
(Fig.#45) 
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