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ﬁacustrine sediments and‘as striated clasts 1n tills provide ev1dence

ABSTRACT

For three decades, a Traditional Concept of stratigraphy involving

one glacfation with twe major ice advances separated by one brief inter-

‘stade'has been 1nvoked to explain the.distr1butfon of Pleistocene depo-

sits in the StzkawrenCe Lowland. The Bécancour T111 {egrly Wisconsinan ?),
the St Pierre Sedfment3 (eanly to. middle Uisconsinan) and the Gentilly
Ti11 with associated pescha1{1ons Varves (midd1q £o late~wisconsinan)

are the kéy—1fthostratigrapﬂic units of this framework .

P 4

In this thesis, f1e1d wnrk and seddmentoYogic analyses document ‘the.,

"'Mw

11thostratigraph1c units in’ the Pierrevi11e and St-Pierre tes Becquets

areas. Eight sections and tuo geo1ogic cross sectians are- presented A-

new stratigraphic nomenc1ature 15 proposed

@

" Isotopic studies—o§~c31careous concretfons found ine 3$tu 1n g1ac1o~

a

that those carbonates are the product of an garIy diagenetic process The

concretions show a m1nute radiocarbon activity but most are found or

o ;ﬁ_'\\lferived from sediments undoubtedly“o1der than 60 ka. Contaminatton by a

second generation of carbonate is 1ike1y

s e -

Stadiﬁﬂ and int@rstadiaT sedamgnts as we}l as modern si?? co1lected o
in the St~ Lawrence ﬁ%ve?ehaveabeen dated by thermo1uminescence (TL) us1ng '

- R-Gamma " method. The major prob?ems encauntered were only part1y solved:

(a) anomalous fading of the polymineralic fraction, (2) estimation of

-

i . %
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the TL growth curve, . (3) deﬁerminat{on of the eest water content .
and (4) laboratory overbleacﬁing of the inherited TL in recent, sediments.
h The data reporfed,-ﬁerefn, provide evidence that
‘, - the succession of geologic events may be as. foi]bws'
CLT) an {111noian glacfal event the St Lawrence Stadial, represented
By the Odanak Formation, o1der than 135 ka; '

2) an early wfsconsinan glacfal event the Nicolet Stadia], represented
\\&\\4; - by glaciofacustrine sediments ‘and tills (Rivigre aux Vaches
i Formation; Lévrard Formation), dated at 70 to 86 ka by TL;

3) A middle Hisconsinan nonglacial even%° the St- Pierre Interstadial,
represented by organic- rich sedfments {St-Frangois du Lac Form;tion)
dated at 60 to 75 ka (Pierreville) and 28 to 65 ka (St»Pierre

T les Beequets) by TL and }46' and ; > ’ -
45 ‘va late. (?) uisconeinan glacia} event: the Tro1s RTviéres
.Stadia1, represented by the Gentf]Ty Formgtion,,the timing of the -

. L onset of this g1aeia1 advance is probJematjc and ranges from

, R 66 to 30 ka. . . - ' ) : ‘ ’ - 7

r »

Three formations, Les Becquets, Deschaillons and Pierreville) have

an equivocal stratigraphic posfgion. o " .

= "This framework can be summarized as a three-stadial model,

spanning the Tast 135,000 yéars. - It-fis presented as an alternative ‘
_to the TradftiOna1:Concept of ea¥l4dr workers. Recommendations .

for future work are proposed.in order)to confirm either model.

.

-
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CHAPTER 1

INTRODUCTION

1.1 Objectives-

During tﬁe last-aecade,Jthe isotopic deep ocean f]oor'gtrati-
graphy has dfsclosed the complex nature of the late Cenozoic Ice Age.

It suggests indeed that-at least squnteen{events of full glécia]
I

"severity pulse the dﬁQternary time scale. Traces of each of those

drastic ;1imatid‘fﬁ§%ges have yet to be found on the 1and. This may
"be achieved only Sy means of correlations with the'cgntinental
Quaternarylstrétiéraphy. ‘Howevér, land dgposits are djscoptinyous
and chronological control on continental referenck seections is

+poor. Correlations between ihese two types of stratigkaphy a;e
conseQuentlj difficult to demonstrate. o |

« Among important North American continental igctions, the

St-Pierre interstadial site (Gadd, 1955) found in the Central

- St-Lawrence Lowland- has become a classical reference for the Early

“Wisconsin jn northeastern North America (Dreimanis and Karrow, 1972).
A1tho§gh the St-Plerre 1nterstad1a}.deposits and bounding sediments

_are of great stratigraphical significance, their éhronostratigr;phy'
ha; beén bdsed on ]4C datesAat the maximum 1imit of this method.
This Intersta81a1 dispTays a complex sequehce of sedkmént facies

and chronology. Consequently, most of the suggested_corre1ations'

with the oxygen isotopic stages are speculative.

~

\’



. r ’
This. thesis presents a’‘study of the strat1graphy of the Quaternary

deposits of the Centra] St Lawrence kow]and in which the St Pierre
sediments are found Lithologic and geochrono]ogic ana1yses ‘
are the most specific objectives of this investigation. They are o

presented in Chapters 2, 3 and 4. The stratigraphic framework derived

" from these data is described in Chapter 5. Regional and land-ocean

correlations shall be discussed in Chapter 6.

% - ' T

p— ' .

1.2 Location of the study area

]
b

The investigated stratigrabhfc sections 11ekgithin the central ;.

part of the St-Lawrence River Lowland (sensu légg),between Mdntree]
and Quebec City (Fig. 1sf); Particular attentionlwas paid to the
sections found on the south shore of the St-Lawrence -jver and along.
the banks of its tributeries. This area is deTimited%gy'1atifude
46°00", longitude 72°00' and by-the south shore of Fhe St-Lawrencé
River. \ ‘ ) . | | ’

| From earlier work (see eext section); and the preliminary inves-‘
tigations ofsthis study, it becamé clear that a comp?ete stratx-
graphic  framework can be built through a comprehensive exam1nation

of selected sections from two distinct sub-ar%gs outTined on Figure 1-1

(i.e. Pierreville and St-Pierre-les-Becquets).

1.3 Previous MHork

1.3.1 The first hundred years of investigations

A general acceptance of, the Glacial Theory folloved one of the
t s '{V
most raging disputes in the history of geology. Among the ‘opponents






to the Continental Glaciation concepts was Sir J..William Dawson (1893 ) to

whom modern Quaternary geologists are'nevertheless ﬁgstly indebted.
Dawsonés work,ginaccuratéﬁy neportgq by Logan 51863), contained

the }1rst comprehensive study of the unconsolidated depo;fts fourid
1n'the St-Lawrence Valley. Stratigraph}c classifications prdposed'
by Dawson and Loéan were based on a single "glacial or marine-drift
event" followed by a marine episode.” Evidences of multiple glaciations
ip Southern,-Quebec were reported‘by Chalmers (1899) who probably
yielded the most stimulating contributions in the history of

"~ ‘Pleistocene Geclogy in Eastern Canada.

The concept of two till sheéts in the present study area has
originated from Keele (1915) who described zn older "red boulder

clay” (with incorporated "red Medina shale") and a younger "dafk grey
boulder clay" in the sections found aleng the St-Frangois River (ibid,
pp. 8]-52@, Hé also reported.stratifie& clays containing concretions

and a buried peat layer.

1.3.2 1950-1960 A decade of formal stratigraphical work
buring the next forty years, not much was'édded to the above
concepts. Dresser and Denis (15@4) summarized the prevailing fdeas on
the matter. ’ . ¢ é
In 1955, N.R. "Gadd pfeseﬁted a PhD dissertation at the..
Univ;rsjty ofllllinois‘on the "Pleistocene Geology of %he Bécancour-
Map-Area, Québec" (Gadd, 1955).- He recognized two glaciations

separated by a major "Interglacial interval”. The basal red t111,was‘

defined as the Bécancour ti11 of prbbable pre-Hisconsin age. The

L]




1ntergla61;1k?) degosits,'ma161y‘s$nd, and beéi, Qere named the SEIPierrg.
sedfmenté,,and the yaqnge§t grey til1, the Gentilly t1i1. A1l these -
terms were later formalized in Gadd (J96Q}%',H£ray" varves were
thought to have been deposited during‘fhé ?épance of Gentilly ice,
§ome of Gadd's ?1nd1ngs were Supportgé~by ?1é1d'work.pursue¢ in the
Yamaska area, along the St-Frangois R%ver; As a member of the
Geological Survey 6f éénada, he mapped th; Aston (1953), Yamaska (1954
and Gpton (1955) sheets and collaborated with Karrow to map the
Trois-Rivi8res sheet (Gadd and Karro;, 1959?;

During 1955 and 1956, the Grondines sheet was mapbed by P.F.
Karrow whose PhD thesis at tﬁe Unimersity~of I1Tinois was entitled:
"Pleistocene Geology of the Gron&iné%'Mép-A;;ic Quebec” (Karrow, 1957).
Gadd's work was extended in the Grondines area and sections outside
theA&ap afea'were also describedi(e.q., the Vietlles Forges section).
Karrow defined the "“Gray" varves as the DeschailTons Formation.
ﬁe propbsed the name of Hochelaga, Formation, following Woodworth
(1905), for the deep water facies of the Champlain Sea Eu& this

. o 3

name was soon forgotten.

Terasmae (1958) shed some 1ight on the paleoclimate of the

St-Pierre Interval through his "Cantributions to Canadian Palynology"”.

He revealed the boreal nature of fhe pollen spectra (that fg, cooler
than today) built from these non-glacial peat and organic-rich layers
found in the $t-Lawrence Lowland. | '

In terms of chronology.»tbe f?rst'finite'radfocarbon dates were .
pérformed by De Vries and reported by Dreimanis (1960) at'the |

International Geological Congress (Norden). They gave an approximate



;Z,aée‘of 65,000 140 year§_BP fer both Pierreville and St~P1erre les
ﬁécquets peat sites. 'DisEussion of -these ]4C results together wfth the

R rekent radiocarbon data are found in Chapter 3. .

hY

Gadd (1971) 1ater synthes1zed the data for the six map-areaE.

The origina] manuscr1pt Was submitted %0 the Geologica1 Survey of

\

Canada in 1963 and accepted jn its fina] form in 1966, Pub]icat1on
of the Memoir 359 was delayed until 1971. The "P1e1stocene Geology
of the Centra1 St- Lawrence Lowland" 1s therefore- based mainly on

field and laboratory data acquired during the fifties. The present

writer feels that this point is relevant for further discussion.
7 et
"= The Quaternary stratigraphy established through these years is

11lustrated in Figéne 1-2.and w1li be referred herein to as the
"Traditional '%Bn&eﬁfw"' For the sakéng clarity, the writer prefers
to quote‘Gadd (1976) who summar1zed th1s concept in the following
words: .

“St. Lawrence Lowland Region

Important stratigraphic relationships bet--
ween 1ithologic unlts estab11sh their sequence and
continuity:.

1. Bécancour Til1 rests on bedrock or on
thin deposits of varved clay and is overlain in
a number of places by varved clay. No older
1ithologic unit of Pleistocene age is known in
the areas of the St. Lawrence Lawland studied.

2. An erosional discgntinuity exists bet-
ween Bécancour glacial deposits and overlying
St. Pierre fluvial beds. These latter beds are
-nonglacial and have both a wide distribution and
a consistency in their nature; this suggests that
the” fluvial system in which they were formed was of
magnitude similar to that of modern

. St. lawrence River system.’ Therefore they fepre-

sent a major nong]ac1a1 interval. ' -

Ry ‘
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(comment: of 5 to 6 000 years duration, Terasmae, 1958)

3. Peat and wood in compressed beds up to

1 m thick are in excess of 50,000 14C years
- (GSC-1927) and have finite dates of the order of
66,000 14C years (GrN-1799). This is the appro-
ximate age of open drainage to the sea of the .
central part of the St. Lawrence Valley. Because
. the radiocarbon dates are at or beyond the test

_ Vimit of most radiocarbon laboratories, St. Pierre
beds and the older Bé&cancour Till, therefore,
~ should be designated as being early Wisconsin or
older.

(comment: The Pierreville peat has been recently dated at
74 700 -2000, +2700 BP, by Stuiver et al., 1978)

4, There is no evidence of marine submer-
gence of the St. Lawrence Lowland during ‘the
St., Pierre Interval,

5. Ripple marks on the surface of St. Pierre
sand at the Deschaillons brickyard section are
preserved by conformable beds of varved clay of
glacial Lake Deschaillons (Karrow, 1957). In
addition Terasmae's (1955) study of pollen in the
St. Pierre beds and superjacent varved sediments
shows a c¢limatic cycle represented by tundra vege-
tation, ameliorating to boreal forest conditions,
. and then reverting to tundra; evidence of the
younger tundra sequence is found in pollen ex-
tracted from the lower .Strata of Deschaillons
glacial lake sediments. According to these
data, the St. Pierre Interval was closed by an
advance pof ice (presumed to be.laurentide) that
blocked 'the St. Lawrence Valley below Quebec
city to produce glacial Lake Deschaillons
“shortly after 66,000 BP (or eartier). Inter-
stratification of the indicator pollen with
sediments of the glacial lake, which represents
the beg1nn1ng of Gentilly G1ac1at1on, shows -
that there was no time break between the non- ‘
glacial St. Pierre Interval and Gent111y Gla-
c1at1on

6. In the brickyard section at Deschaillons
the upper layers of Deschaillons varved
sediments are disturbed and broken to a depth
of several feet and are overlain by sandy, grey =+ o
Gentilly Till, The base of the till incorpo-
rates numerous pebbles and cobbles of rhyth-
mically banded silt, derived from the under-
Tying varves, Laurentide ice, therefore, depo-

“
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sited Gentilly Ti1l as it advanced southward .
through glacta} Lake Deschaillons. .

(comment: Karrow (1957) estimated 500 varves, at the

Deschaillons brickyard). .
‘7. In several sections varved clay, or

varve~1ike rhythmites, are superposed on

Gentilly Ti11.and grade upwards into fossili-

ferous marine ¢lay of the Champlain Sea.

Coupled with Deschaillons' varves these represent

a normal sequence of ponded glacial

sediments preceding and- following emplacement

of Gentilly Ti11. There is no-evidence of any

subaerial -erosional break in the sequence.

The varves that predate Gentilly Till are in

conformable contact with St. Pierre sediments.

The post-Gentilly Ti1l varves, or rhythmites,’

are in gradational contact with deep~water ’

sediments of Champlain Sea.

The foregoing evidence is the basis for .

the interpretation that Gentiily Till, and
the glaciation it represents, span all the
Wisconsin between at least 66,000 years BP
and approximately 13,000 years BP. Support

»~ of this hypothesis comes from the fact that
none of the studies carried out in the central
St. Lawrence Lowland region over the past
twenty-five years has provided intermediate
dates. Two groups ‘of radiocarbon. dates for
nonglacial events have emerged: those grgater
than or near the laboratory Timit for C = dating,
and those < 13,000 years BP, This fact also '
supports the concept of a single glaciation of
the ‘central Lowland' region during most of the :
Wisconsin (Gadd, 1971)". , o

Q

(Gadd, 1976 pp. 41-43)
Data in.brackets are the writer's comments.

; This concept is based on a short and almost continuous chronology

characterized by a.single non-glacial interval.

1.3.3 Recent conf1icting data and the specific objectives of this
investigation

In his work on thé sediments and fauna of the Champlain Sea,




‘ Hillaire-Marcel (1979) included a gebchemica] study of older 1itho-
stratigraphic units from the St-Lawrence River Valley., 1In a paper
preseﬁtéd wifh Pagé in 1979 (published as H%11aire;Marce1 and Pagé,
1551) a new interpretatioﬁ was given to Lake Deschaillons through
stable isotope ahalyses and radioéarbon dating of calcareous concre-
tions previously ascribed by G§dd (1971) to a secondary concentration
of salts througﬁ groundwﬁter activity. -The Hillaire-Marcel and Pagé
{1981) geochemical model tends to support a syngenetic origin for
these carbonat¢5.< The carbon is of organic origin and, therefore,

the activity of its radioactive- isotope is significant. The
14

C ages (~ 35,060 years BP) equate more or less with the. age

of the Take. Total duration of the Take was also extented to

3,600 years by varve cobnting i.e. about an order of magnitude higher
than Karrow's (1957) and Gadd'slk1971) estimaqu.

In another PhD:disser;;tion, Occhietti (1979) mapped the
'Shawinigan shéet an& parts 6f the Mattawin and Montauban sheets.
Tﬁe’Gent111y ti11 was divided into sub-units and the Bécancour till
was described for the first time up-river from the Vieilles Forges
section. At thjs‘section,(a 15 m ¢ilty sand unit conforgab]y overlying
the Deschailions varvés,and truncated by the‘Gent111y till, was
formally described as the "Sables des Vieilles-Forges", & member
of the Deschaillons Formation (Occhietti, 1977).

Both Occhietti (1979} ana Hillaire-Marcel (1979) stressed that
assigning absolute ages to most of the units found in the
St-Lawrence Lowland is problematic. Nevertheless, they both felt
that Nicolet stadial (B&cancour till) should be correlated with mariﬁe

isotope stage 4 as defined by Shackleton and Opdyke (1973).

10
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Dreimanis and.Karrow (1972) tentatively propoéed an early Wiscoﬁsin
age for the Nicolet stédig] and the St-Pierre Interstadial.

However, Dreimanis and é;ukas (1975) correlated the St-Pierre Iﬁter—
stadial and the Nicolet $tadial with the events of the Tatest part
of ma;ine stage 5 and Dreimanis.hds adhéred to this correlation in
his subsequent papers. Stuiver et al. (1978) placed the St-Pierre
Interstadial at the boundary of marine stages 4 and 5 on the basis
o a e date of 74 700 2700 years g (qL-198).

' Fré& tpgsé studies, it became clear that 2’ reliable geochrono-
logicdl technique that could overlap the radiocarbon range was
needed. Pagt1y from discussions with Drs Maurice Morency and
Claude Hillaire-Marcel from Université du Québec & Montréal and
Aleksis Dreiﬁanis from University of Western Ontario, iﬁ’appeared
that_application of the thermoluminescence techniq&e could be worth-
while, even as a relative dating tool. However, during ppe first
fie}d sea;on, it became apparent that the 1ithostratigraphic frame-
work was’more complex than expected. The use of lithological criteria
for correlation purboses became compulsory. The thesis then gradually
evolved to this final form. .

Consequently, this thesis is divided into three parts. First,
"the lithostratigraphy of the Pierreville and St-Pierre les Becquets
areas is presented in the next chapter. Key sections and strati-
gréphic Togs are described and a general discuasion on 1ithological
indicators is presented. For both areas, tentA%ive fence diégrams-

]4C dates obtained

are proposed. The third chépter presents the
on organic mattew, shells and concretions and discusses the chronological

significance of the radiocarbon data. Chapter 4 describes an




exhaustive thermoluminescence dating program in which 19 samples have
been analyzed in an attempt to build an absolute time scale. Chapter
5 summarizes the stratigraphical framework derived from this study and
the Chapter 6 ﬂs concerned with continental ;nd land-ocean correla-

tions,

1.4 Bedrock geology and its relation to Quaternary events

The Central part of the St-Lawrence Lowland is underlain by
an Early to Middle Ordovician shelf composed of (1) a series‘
of mainly 1imescones ) - (Black River and Trenton groups) overlain
by (2) shales and sandstones (Utica, Lorraine and Richmond groups).
This sequence is gently folded into a large synclinorium (fig. 1-3).
North of the -area, paragneiss, marbles and quartzites of the Gren-
ville SuperGroup are unconformably superimposed on Archean gneiss,
migmatites, metavolcanics and amphibolites, Large bodies of
anorthositic and granitic rocks intrudg the series,
. In the southeastern part of the area, the Ordovician sequence was
affected by the Appa]acﬁiig/GFgg;n (Taconic phase). Shales, slates
and sandstones are divided into a thrust-imbricated para-autochtonous
belt and an a11ochton$us beit of gravity néppes, both parts of the
External domain-as defined by St-Julien and Hubert (1975).
The Tithology and structure of the bedrock exerted a strong

control on the configuration of the sedimentary basins during the

o Jﬁ:}ﬁuaternary (Fig. 1-3 and 1-4),

(1) The "preglacial™ landscape affected the iceflow at least during

the'¥etreat1ng stages. The Lower Paleozoic shelf and parts of the

External dom;in were periodi&a11y inundated by large bodies of marine

2
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and/or lacustrine waters during most of the P]eistocéné: Moreover,

the structure countour mao (Fig' 1-4) clear]y shows two deep negative

structures separated by a smooth pos1t1ve feature These are herein

4O /‘

named Yamachiche and Bat}scan,Bas1ns and-St~Nences]as Ridge° These .

> : . ~

depressﬁons are partly structura1 due to tnewpresence of tne Cnanb1y;
Fort1erv111e axis and partly 11tho1og1ca1 1n origin since erosaon ,
has been more pronounced in the Lorraine Group ' Thexr eastern f1anks
were favourable sites for the g]ac1o 1acustr1ne sedxmentat1on pr1dr

to the last g1ac1a1 advance .ﬂ -

(2) The stratigraphic indxcators mainly reflect "provenance” of some, -

_key 1ithoTogical elements, For glacial sediments, as aTready noted

by Keele (1915) and_Gadd (19?5), the igggl‘ﬁnprint to tills was a
reddish colour due to comminution d} the Riviére B&cancour red sha1%s.
The distal indicators are the Precambrian “crystalline" rocks. In
the next.chapter, other prbvenance indicators will oe added; }g;

The 1nf1uence of Aooalachian rocks is.belieyedAto'oe'less

eronounced since no evidence for strong ice flow from the east has

ever been documented in the study of these t11ls. Nevertheless, these ‘

rocks were lying inside the dra1nage basin and must have
contributed to the detr1ta1 Anflux brought into the former glacia]

lakes,

15
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* CHAPTER 2
e LITHOSTRATIGRAPHY

Ggr 0 fo

The'pvaditiona1 ﬁithostqatigraphic framework proposed by earlier
worké#étis based on field criteria such as texture, colour or relative
stratigraphic position of the 1ithologic units. In this chaptef,'%he
description of.the sections }rom the:two suBQaréqs as defined in Chap-
ter 1 intludes. new fig]d ob;ervagTohs and measurements as well as

///(43§ora y ana}y;es;,iCorrgTation of\units may be demonstrated through

' ihéiﬁsé é? gpecific 1ithologic criteria such as carbonate content or

o clay mineralogy. 'However; where pogsfble, lateral 1{tho1ogic conti-
nuity‘js considered to be the prevailing criterion.

The original description of the following sections by Gadd (1955,
1971) and Karroﬁ (1957) may be found in Appendix I.

The methods of .investigation are described in Appendix.II.

2.1 Pierreville

The Pierreville area is located at_4q km NE of Montreal, along the
St-Frangois River, some 10 km pefore it reaches Lake St-Pierre (Fig.
2-1). 'The sections are fqund on both sides of the river, inside a 30 m

(als.].) terrace that is mosﬁ probably related to the Montréa1 phase
of the proto-St-Lawrence River (MacPherson, 1967). Gadd's section
numbers were ysed. .Aé previously noted, the sediments described here "

have been laid down in the eastern sector-of the Yamachiche Basin .

(Fig. 1-4). -

, '44
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{
St-ElphegefS

Location of {he Pierreville sections.

FIGURE 2-1:
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2,1.1 The Pierreville section (98).

‘ The section is located 2 km southeast of Pierreville Village,

on the northeastern bank of the St-Frangois River {Plate 2-la). It

was described by Keele (1915), Gadd (1955, 1971) and Terasmae (1958).

Six units are found (from the bhse to the top; Fig. 2-2):

Unit A: 10 m of Taminated grey (5 Y 4/1) to greenish (5 Y 5/2) clayey
‘ | silt. The lTaminmations consist of distinct clayey layers that

appeai  rhythmically in the unit alternating with silt layers

3 to 5 cm thick (Plate Z:Jb).f.They show parallel stratifi-

-

—

cation de,rare'fiﬁss-beddingﬂ :The silt 1s‘re1ativ91y rich
in carSona%es (=10%).. Clay.layers are 1 cm thick and have lgss -
carbonates { 7 %, 1 sample). They are dark grey (5 YR 4/1)_
although some layers have a readish (7.5 YR 6/2) or'greenisﬁ
(5 Y 5/2) tint. Sucp rhythm?tes in which the silE layers are
consistently thicker than the clay 1éyers belong to thé
Group III varves of Ashley (1975) sedimented typically in
pra}imaT position relative to the source. In this unit 235
couplets were coUnted. In the first hundred cquglets,‘nine
definite levels of sflt tayers were found to contain ellip-
tical calcareous concretions (~50% carbonates) (Plate 3-1b).
No dréé%tones vere found.’.The top cduplets are leached and
truncated by an erosional d?scontinuity (Plate 2-1c).

Unit é: Im ofrw;Ti-§orted non-éa]careous yellowish grey (10 YR 7/2)
sand .beginning with a gravelly sand 1ens-ove;]yfng unit A.
At the base, the sand shows graded bedding and parallel strati-

fication. Upward, the silt content increases and ripple-drift

18
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PLATE 2-1

a: The’ P1errevi1]e section; man stands on the top of un1t 98-A and po1nts
to the peat layer, v1ew .Jooking West

b: Type I rhytm1tes 1n unit 98-A; kn1fe is 25 cm,

¢: Unconformable contact between units 98-A and 98-B.

d: Organic-rich sand below, the peat layer (shown by tfiéng]e)



I>

=
“
Q

D

PLATE 2—1|




Unit C:

Unit D:

Unit E:

cross-lamination (type B) appears together with some defor-

mation and peat balls (Plate 2-1d). The sedimentary structures

suggest a paleocurrent direction from NNE towards SSW.
Thesg,ﬁgdiments are indicative of a shallow lacustrine envi-
éonment; *

30cm oflhighly compressed dark brown (10 YR 3/2) peat.

Largeiétems and branches of wood extend out from the sec-

" tion. From this peat, Terasmae (1958) described a cold

climate pollen assemblage dominated by Picae and Pinus.

Fossii‘Sghagnum and beetles are also very abd;dant.

4 m of silt resting conformably on the peat (Plate 2-2a).

In the lowermost 2 m, tﬁe silt is clayey, grey (16“YR 5/1),
weakly calcareous ( 2%) and shows a faint rythmicity. |
They nevertheless do not exhibit a distinct clay laminae and
are de?oidfof-dropstones. In the uppermost 2 m, sand

1ense§ become important and they show.ripple-drift'cross—
lamination, ]oad'structure§ and flaser bedding (Plate 2-2b).
Sedimentary structures have a preferential dip towards -the
NE. This coarsening~upward unit is interpreted as a slowly
shoaling non-glacial lacustrine enviromment.

3 m of weakly calcareous oxydized brownish-grey (7.5 YR 7/4)
diamicton disconformably overlying the preceeding unit.

fhe diamicton is moderately compact. It is rich iﬁ silt,
with approximately 15%_of particles greater than 2 mm.

These are mainly Precambrian (40%). The pebble fabric and

shear planes su

st emplacement from NNW towards SSE (Fig. 2-10).



PLATE.2-2

: Cdnformab]e contact between the peat layer (dark) and the overlying
uhit 98-D; camera protector is 5 cm wide.

: Flaser bedding and load structures at the top of.unit 98-0; rule is
15 cm,

: Striated concretion embedded in the upper diamictic unit 98-E.
::Lower bouldery brick-red til]-atosection 109 seen locally overlying
massive silt; contact is.shown by triangle; west bank of Riviere

aux Vaches.
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Smudges of brick-red (5 YR 6/4) clay lenses are §bund§nt. This
ﬁiamicton is interpreted as a til1 and it has probably been
emplaced by lodgement at the base of the ice. The basal
30 cm are dark grey (5 YR'4/1), clayey and more-calcareous (5 %)
and contain numerous elliptical striated €oncretions (Plate
2-2¢) with about 50% carbonates (Fig,2-9), which guggests
f‘fﬁgt the base of this diamicton is composed éf the underlying
unit A. /

“Unit F: 60 tm of weathered brownish grey (7.5 YR 7/4) vertically jointed

i

.

sitt.

2.1.2 The Riviare St-Frangois section (99)

~

This section is located 5 km up-river from Pierre;i11e Vi11a§e,
on the northééstern bank of the river. It is described in 'Gadd
(1971). From base to top, the sect%on consists of seven units™
(Fig. 2-3): - )

Unit A: Red (5 YR 5/4) to greenish (5 Y 5/2) calcareous (9 % carbona-
tes) siltstone of the Ordovician Rividre B&cancour Formation

, oytcropping at Tow-river level. 5
Unit B: 4 m of brick-red (5 YR 6/2) sandy and silty diamicton. The
- diamicton has approximately 10% of carbonates, shows a _few

shear planes and is véry compact. Most probablyy it has
been emplaced bx ) og1ac%a1 lodgement.  Towards the base: 30
cm of this unit is slightly greenish (5 Y 5/2).

Unit C: 7 m of weakly calcareous, dark grey (5YR 7/1) thinly laminated
clay. The contact with the under1yiﬁg ti11 is sharp (Plate

2-3b); basal couplets are not calcareods and show equally

{d
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PLATE 2-3

.

a: Boulder pavement in diamictic unit 109-A; west bank of St-Francofs.
‘River; view looking down'river. .
b: N-S fluting at the top of unit 99-B (base of pen) in sharp contact
with the overlying unit 99-C; view looking northwest.
¢: Calcareous crust (base of knife) and droﬁstone in unit 109-C.
; :

d: Micro laminations in basal part of unit 99-C; bar is 1 cm.

N~ |—
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4,

Unit D:

Unit E:

Unit F>a)

thin silty and clayey laminae (Group 11 varves of Ashley,.

1975) with an average thickness of 0. 13 cm/coup1et (Plate 2- 3d)

. Upward, the’ s11ty 1aminae tend to dfsappear (tendency to group [

.varvesf, except for some sand parting. _Tﬁg avérage thfckngss

increase tb 0.75 cm/couplet and the carbonaté content reaches
3 R . L

oo

D, there appear a few red (5 YR 5/2) !

4 %. Towards the to
laminae. The top layers are sl1ght1y shea»ed a1though the

uppermost ones are not There is a minimum of 2 000 coup]ets o

Disc-shaped concretions (60% carbonates).are found towards the top .

£ '

(Plate 3-1c). Dropstones are common (P]afeﬂ2-3p). This unit is inter-
preted as being éedimén%ed in a dista{ glaciolacustrine environment.
5 mof yellow stained (10 YR 5/5) well-sorted sand with some
gravel at the base. They show majo}'tibular cross-bedding
dipping towards the NH, shoﬁn on the log. However,.directiona]
current data measured on the minor laminae are.ériented towards
- . ;
3 m of brown stained (10 YR 5/2) sandy and clayey silt with
faint riythmicity slightly deformed towards the top.
5 m of calcareous brownish grey (10 YR G/é) silty diamicton
with 20 % of particles greater than 2 mm. The orientation of
their Tong axesAis aligned along a N-S trend. A pebble count
revealed a high amount of Precambrian rocks (80%). This unit
is very compaét and contains numerous striated concretions.
It is interpreted as a . lodgement till.

b) 2 m consisting of 2 layers of weakly calcareous reddish
(5 YR 5/4) and brownish grey (§ YR 6/1) silty diam1ctons inter-.

; ~ Y

¥ “Pop
»
<

~



}' . T .

stratified with discontinuous Tenses of silty and gravelly sand.

' The top diamicton shows a Harge hook fold with a NH shallow
dipping axial plane. The fabric of the diamicton 35 diffuse and
has & preferred orientafion toward the NW. (Fig. -2-10). The
unit is lobsely pom;actéd, It hgs been%depogjted probab1y by'
Supfagjaéié] orlice-m&rgipal flowage.
‘uqit Gf‘? g o%'dark gre; brbwnigp (10 YR 6/2) clayey siit{ weathered and

wertically jointed. The silt is massive and weakly-calcareous.

> %

2.1.3" The Rivigre aix Vaches sections ({OQY

TQeijunctiqn of the Rivilne aux Vaches with Rivigre St:Fkéhgdis has =
exposed a number of sections showp in Figure 2-4. _Sectioﬁ 109 as
0r197n617y'descf1bed by Gadd (1971) is located at the junction of the -
two rivers. Because éf poor exposure Figure 2-5 is a composite sect1on'
bul]t from’ sub sect1ons b c and d. It shows essent1a11y the, same stra-'_
tigraphic succession as sect1on 99, However*, : :JA' B .

(1)the basal brick-red (5 YR 6/2) ti11 exhibits a strong NMH-SSE"
fabric (Fig.2-10). The lower metrq‘isié'b%%ck-rea §i1é:@%th few
stones (ﬁ1ate 2-2d). ’ - _‘ A ' -j SR

" (2)the top of unit C shows a fold wifh.an axial plane dipping
towards the northwest. | o o

(3)Pieces of wood have been collected at the base ofluﬁit D;

(4)The lodgment facies of the upper grey till f; absent. _

(5)The uppermost brownish grey till Exhibits a moderately strong

+ fabric towards the N¥ (Fig 2-10). The fabric was measured at

i
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FIGURE 2-5:

Stratigraphic log for section 109.
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site d. It is interpreted, herein, as a flow till. Shells
of Portlandia arctica are scattered through this til11 which
1s interbedded w{;h marine clay at the top. -
The geo]odical cross-section shown on Figure 2-4 reveals further
information: |
(1)A boulder pavement on which one set of striations have been
" measured (N22W), divides the red till into a lower brick-red
unit and an upper reddish Brown (5 YR 5/4) unit (P]até 2-3a).
In the lower most part of this»unit, discontinuous gravel- and
sand lenses are abundant.
(2)50m eastwards from 109, a 3 m thick unit
can be found under the-sand unit 99-D. It consists of grey
(10 YR 5/1) clayey silt and brownish-grey k10 YR 5/2) fine
sand.
(3)An jso]ated hill can be seen approximately 100 m downriver from
109 . This section, labelled 109%a, {s described, herein, for.thg
first time. The descriptiqn begins at the top of the Tower
ti11 (fig. 2-6): | , ‘
Unit A: 1 m of reddish-brown (5 YR 5/4) to grey {10 YR 5/2) diamicton

. ‘ﬁ" v

in 1ithological continuity with 109 8.

Unit B: 20 cm of dark grey (5 YR 4/1) to brownish red (5 YR 6/2) weék1y
calcareous (@ % carbonates), laminated silty clay with disc-
shaped concretions (=60% carbonates). The uni£ is massive
close to thekuppef contact.

Unit C: 4Vm of calcareous laminated clayey silts (10% carbonates)

consisting of 5 to 6 cm thick 1ight grey (5 Y 4/1) silt laminae

33
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with T cm thick dark grey (5 YR 4/1) clay laminae. This unit i
gently fo]dgd with axial plane sfrikiﬁg ENE-WSH and dipping

t% the NNH. The unit is rich in elliptical concretions (=50%
carbonates). |

Unit D: 1 m of deformed non-calcareous yellow (10 YR 5/5) medium sand,
with some clasts of lacustrine silt.

Unit E: 5 m of grey and brick-red laminated very clayey silt. The
couplet thickness is 0.8 cm. This unit is weakly calcareous
and contains blade-shaped concretions (66% carbonates, one sam-
ple). It is highly deformed and sheared towards the -South.
The sediment is compact and shows some flowage

of probably glaciotectonic origin,

2.1.4 Discussion: Lighostratigraphy of the Southern Area
As already mentioned in the first chapter, Keele (1915) des-
cribed two tills in this area. They are exposed at section 99 which
apparently displays a cpmplete 11acia1 to non-glacial to glacial
cycle. However, a major unit is missing: the peat layer. Consequently,
to illustrate the complete lithostratigraphic framework of this area,
it is necessary to correlate sections 98 and 99. The latter is a
more or less complete image of the Rividre aux Vaﬁhes sections.
According to Gadd (1971), sections 98 and 99 can be simply correla-
ted by drawing tie lines at the boundary of most of the lithostrati-
graphic units as shown in Figure 2-7. Although not explicitly discussed
by Gadd but hinted at through his lithological descriptions, lateral

facies variations must account for such correlation.
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The upper grey till thickens from 98 to 99. In this section,
subglacial and supraglacial fa;ies represent the last glacial
advanc;. N L

The Tower till is only found in section 99. It is interpreted
as a : Todgement till1. This unit disappéars under the river

Tevel at mid-distance towards section 98, Both upper and 1owér tills
seem to have Seen deposited by'{ce flowing southward.
Non-glacial sediments are exposed in both sections but, in
the Rivigre aux Vaches dPea, the only organic remains are pieces
of wood in the sand unit D of section 109. Units 98-B and D are
~ therefore correlated with 99-D and E.
However, since the early part of our work, it was broposed

(Lamothe, 1982) that lateral facies variation cannot alone account

for the differences found in the pre-St-Pierre laminated units

formaly defined by Terasma 4_1§5%) and Gadd (1971) as the Pierreville
Varves. The following distussion is therefore concerned with the

relative stratigraphic position of units 98-A and 99-C.

Both units are composed of varved sediments, Even though the annual

nature of the rythmicity is hard to demonstrate, it is generally belie-

ved that the rythmicity by itself, the constant thickness and
.extensive lateral confinuity in the unit of the clay laminae and the
lithological discontinuities found at the base and at the top of the
clay laginae and some other criteria such a bioturbation and pollen
fragments being found only in the silty laminae (Banerjee, 1973;
ferasmae, 1963) suggest an annual rythmicity. The number of couplets

(2000 - 2500 in 99-C; 235 in 98-A), the average thickness of the
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couplets (0,4 cm in 99-C; 4 cm in 98-A) and the thickness ratio of the
summer to the winter laminae suggest that these two units were formed
- in two different glacio-lacustrine environments,

Grain size analysis of 99-C and 98-A samples submitted to the
Pleistocen¢ Laboratory of the Univefsity of Western Ontario have been
displa n Figure 2-8, The 99-C sqmgi@s are very rich in clay,

a consequence of their probabTe distal provenance whereas 98-A samples
are much ricaer in"silt-size particles.

Di%ferences in overall mineralogy between these types of sediments
aré probably not significant and may be the result of different textures.
It is therefore convenient and actually a routine procedure in strati-
graphy to select some specific mineralogic criteria if they are found
to be constant inside a particular unit. Herein, the total carbonate.
content of the sediment and the concretions are relatively constant
inside each unit éut differ between units.

The carbonate analysis of the sediments in this study revealed that,
as a general rule, the carbonate content of the Quaternary sediments
found in the St-lLawrence Lowland is low. There seems to be a general
backdround value of 2 to 4% (99-C is an example) with higher carbonate
contents in tills and glacio-lacustrine sediments of the proximal type
e.g. unit 98-A. The carbonate contents have‘been obtained by.the
£echnique described by Dréiman}s (1962) in which individual values of
calcite and dolomite, are measured (Appendix II). Figure 2-9 presents the
results for the samples c611eqtéd in the Pierreville area. Also shown

are the carbonate analyses for the Rividre Bécancour shale, Black

38
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FIGURE 2-8: Textural ternary diagram, Pierreville area.
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River, Trenton and Lorraine limestones and Utica shale. The lower red
ti11 (109-B; 99-B) plots very close to the Riviere Becancour shale. Sam-
pleé*co]1ected in unit 98-A are not far apart from this lower till. The
carbonate qontent of the concretions found in unit 98-A ( 50%) is lower
than the ones that are found in 99-C ( 60%).

Based on the above lithologic data, it is therefore proposed that
98-A and 99-C represent two distinct glaciolacustrine units. However,
their relative stratigraphic position is not clear.

" The only contact between these two units can be observed at section
109a. Iﬁ this section, units 109a-C, D and E are thrusted over units A
~and B. Unit B is in lithologic continuity with 109-C and 99-C. The textu-
re, structure and the carbonate contents of tHeAsediment and concretions
é&early demonstrate that units 10§a-C and 98-A are the same (Fig. 2-6,
2-8 and 2-9). If the thrusting is local, then 98-A (i.e. 109a-C) is
younger than 99-C (i.e. 109a-B). However, unit 109a-E could be correlated
with 99-C on the basis of the carbonate contents of the sediment ‘and
concretions (Fig. 2-9) although it is richer in silt (Fig. 2-8). If
109a-E and 109a-B (i.e: 99-C) are part of the same unit, the thrusting
is of greater-gxtent and the result is a repetition of strata. In this
case, 99-C ( and 109a-B) is younger than 98-A ( and 109a-C).

The two following arguments Qould support this last hypothesis:

(1) Unit 98-A is lithologically much closer to the lower red till mainly

" because of (a) its proximal facies; (b) its texture,
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PROPOSED CORRELATIONS 1
PIERREVILLE AREA
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FIGURE 2-11: Suggested correlatiens of sections 98 and 99.

In tﬁe_ﬁirst case ( hypothesis I), 99-C is younger

than 98-A. In the second case ( hypothesis II), .
99-C is older than 98-A. Zig-zag line means facies
change; dotted line represenés Tithostratigraphic

boundaries. . T
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and (c) its sediment total carbonate content. According to
Terasmae (1958), this unit is underlain at section 98 by red silt -

which are believed to grade into the lower red till.

(2) There is most probably a lithologic Adiscontinuity at the contact
between fhe red til1l and the overlying varves at section 99.
There is a clear break in terms of texture and carbonate content
(Fig.‘2-3). In one site, unit 99-C can be seen as draping the
fluted surfaée of the red till (P]&te 2-3b) .
Therefore, two different correlations are possible. They are

shown on Figure 2-11,

2.2 St-Pierre Les Becquets

From Gentilly to Leclercville, a 30 m (a.s.1.) terrace
displays a very complex stratigraphy which has retained the attention
of geologists since Logan's time (1863) (Figure 2-12). This strati-

graphy was worked out by Gadd (1955) and Karrow (1957) in their Ph.D.

studies and synthetized in Gadd's memo{r (1971.). More ' recently,

H{11aire-Marce1 and Pagé (1981) proposed a reinterpretation of the

Deschaillons section. 1
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According to them, the major stratigraphic units in the northern area
can be described from the following sections: the St-Pierre
sections (58-59), the Cap Lévrard sections (60 and 65) and the
Deschaillons section (400). Tﬁese_sections are located in the north-
eastern sector of the Batiscan Basin.
2.2.1 The St-Pferre Sections (58 - 59)
Secti&n 58 is Jocated 500 m upstream from its intersecCtion
with highway 132,along a small-brook. This is thg,ﬁype-section
for the St-Pigrre sediments. At 160 m downstreém;'a sub-secti;n
(59) exposes sediments uﬁde%1ying the peat-bearing silt (Fig. 2-13):
Section 59: I
\ »
Unit Az " 1.5 m of dark gré& (5YR 4/1) and reddish clayey (7.5 YR 6/2)
| silt laminated for the first metre and then slightly
deformed with concretions (Plate 3-2 b). The silt and
clay laminae of the rhythmites are of equal thickness,
totalling 1 cm (Plate 2-4a). ' One sample showed that little |
éarbonate is present (2 %). .
S;ction 58:
At this sectign, uhit A is unconformably overlain- by 2 m of sand

with one peat layer and then by a sequence of laminated silt .

The other units have been described at section 58.

Unit B: ° 2.25 m of well-sorted sediments (from the base):

10 cm: 1ight grey (5Y 4/1) ﬂass1yé‘c1ay
P
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PLATE 2-4

a: Microlaminations in unit 59-A; bar is 1 cm:

b: Silty laminations in basal part of unit 58-C.

c: The Cap Levrard section 60; top of unit 60-A (1), unit 60-B (2) and

base-of marine deltaic sand (3) are shown by triangle; section

is oriented NE (left) to SW ( right); the St-Lawrence River can

be

seen in the foreground.
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1 m: brown to black (10 YR 3/2) silt ricﬁ in érganic
matter, becomi"_-more clayey to the top. A 10 cm
discontinuous sand zone occurs at 20.cm.

30 cm: woody peat. rich in minefal grains

10 cm: 1ight brown silty clay
§ cm: peat .
710 cm: clayey sand and silt
30 cm: dark compact peat (Plate 3-3)

30 cm: .massive grey clayey silt.

o~

These sediments show large lateral variations so that it may

be more convenient to describe this unit B as being composed of

clayey silt interbedded with peat layers and sand.

Unit C:

16.5 m of rhythmitesthe couplets are dark grey (5 YR 4/12
clay and 1ight grey (5Y 4/1) silt; the basal céuplets

have a small amount of sand (Plate 2-4b); from the
base to the top, although the thickness ratio of the clay
layer remains at approximately 25%, the thickness of the
couplets increases from 2.5 ¢cm to a mgximum of 15 cm

and then slightly decreases (Fig. 2-21); the rhythmites
are not calcareous in the first 5 m although eight Fe-

rich calcareous lenses were counted (41 % total carbonate)
upward, tﬁasilt laminae become calcareous when thicker

and show parallel stratification. Some of these laminae

are rich in biogenic tracks; at the base,




S

ey,

"séction. They gradually thin southwestward and are reduced to

-

those rhythmites unconformably overly the St-Pierre
unit, they exhibit numerous penecontemporaneous deformations
cemented by the same Fe - rich carbonate; some lenses of the

underlying silts are found interstratified in the basal rhy-

thmites ; 1100 couplets were counted.

Unit D: 1 m of massive yellowish brown (10 YR 5/2) silt;

Staplin (in Gadd, 1955) described a foraminiferal assemblage

in this unit; where observed, the contact with the undér1y1ng

rhythmites seems gradational; i.e. ‘some rhythmites can
be found inside the massive silt layer.

€

Unit E: 1 m of cross-bedded yellow (10 YR 5/5) gravelly Sgnd.

- b

& o

2;2.2 The Cap LéQfard sections (60 - 65)

o/
These sections ;re Tocated ;1d—way between the St—Piet£2; ‘
type-section and the Deschaillons brickyard (Figure 2-12). ;\
The. first of them, section 60, has a large exposure due .to the
presence of a small post-glacial marine delta incised in the giacia1
deposits. This section is %6und at the confluence of a small brook

with the St-Lawrence-River. A generalized section can be seen

on Plate 2-4c. DiamictonS'dohinate the northeastern part of the

a two-diamicton complex with rhythmites underlying each diamicton.

51
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] The description is restricted to the sub-section shown in Figure 2-14: |

Section 66 !

Unit A: 3.5 m of thin-bedded weakly calcareous, light grey (5Y 4/1)

- clayey silt; the first 1.5 m‘is laminated; the'c]ay laminae
thickress is approximately 25 % of the total couplet thch makes
0.3 eém; in the upper 2 m, the same rhythmites are contorted
-probably because of glacial overriding; discontinuous sand len-
ses can be seen at the‘top; one cé]careous concretion was‘found //A\‘
in this sand.

Unit B: 5 m of silty and clayey diamicton, slightly pinkish grey ( 10 R
5/1), compact, with 20 % clasts; some of these are striated con-
cretions; the fabric of thié'diamicton suggests compre§sive ice
flow toward southwest sinée the C axes are concentrated in
this quadrant Figl 2-25); in the diamicton, the«led Riviere
Becancour shale fragmgnfs are absent whereas the limestones—and
crystalline rocks are abundant; they both outcrop nor%hward,a
generally southward ice f]ow‘direction isﬁihdicated; a secend

%abric measured in the same till at_sect&on 65 (FT-108-109) shows

the C axes are concentrated in the northwest quadrant; these <& .

fabrics may be locally jnf]uenced by the subglacial topography;

the tqp of the underlying units 60-A and 65-B is dipping toward

south; differential meTé—out (Lawson, 1979) may have shifted the

C axes in their actual position; the top of the till is discon-

93

tinuously covered by laminated silt; the upper surface is

oxydized as is the base of the overlying unit, suggesting that
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FIGURE 2-14: Stratigraphic loa for section 60,
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at least part of this is due to recent groundwater

activity.

Unit C: 4.5 m of thin-bedded 1ijght grey (5Y 4/1) clayey silt
(greenish (5Y 572) when wet); thickly bedded towards the
southwest, this unit is draped over unit B (Plate 2-5a);
clay laminae form 25% of the couplets; at the southwest
of the section, a large block of the rhythmites 1is slumped
and contorted; elsewhere they show deformations
towards the -north-northwest which could be attributed
to either slumping or glacial overriding (Plate 2-5¢);

a small (3 cm) piece of broken peat was found in the

Towermost laminae (Plate 2-5b); 850 couplets were counted.

Unit D: 1 m of light grey (5Y 4/1) clayey and silty diamicton
oxydized at the top; the sediment is massive and has 152
clasts ; the fabric is weak (Fig. 2-25); therefore, this
diamicton may have been emplaced by a supra-glacial
process or more Tikely could be the fé5y1t of reworking

of the'under1y1ng diamicton.

.
@

This unit is overlain by a thick sequence of deltaic sands, rich

in fossil fragments (Macoma baltica).

-

A second section of interest in the area s section 65,
Tocated 500 m down river from section 60. The basal units of .

section 60 (60-A and B) can be traced . The lower pinkish gré




'
PLATE 2-5

: Draping of unit 6C-C over 60-B along the beach at Cap Levrarc;

view looking south.

: Peat fragment (friang]e) at the base of unit 60-C; fragment is

3 cm wide. A

: Contact between units 60-C and 60-D; rhythmites in 6C-C are slightly
fo?ded. .
: Disc-shaped pebble in pinkish diamictic unit 65-B; C axis plunges

toward northwést; view looking ;outhwest.

|-
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FIGURE 2-15: Stratigraphic log for section 65.
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ti1l1l (Plate 2-5d) exhibits a north-northwestward fabric and is

discontihuously covered by a clayey silt layer as is 60-A. Two new

units can be obéerved.

Unit C:

Unit D:

£

8 m of yellowish grey (10 YR 7/2) sand with parallel
stratification and some slight deformation; a discon-
tinuous layer of gravel is preseﬁt towards the base;
under the gravel the sand is slightly calcareous

(5 % total carbonate).

5m of grey (10 YR 6/1) sandy and silty diamicton w{th
20% of clasts most of which are 1imestone and shale
(79%) this diamicton may have been emplaced by sub-'
glacial melt-out or lodgement; the outcrop did

not revealed shear structures but exposure was very

poor; whatever the origin, the fabric is southeastward.

2.2.3 The Deschaillons Brickyard section (400)

This section has been described by Karrow (1957) and Hillaire-

Marcel and Pagé (1981). Their description can be found in

Appendix 1.

Unit A:

The section is shown in Figure 2-15.

5 m of slightly oxydized yellow (10 YR 5/5) sand with
parallel stratification and small scale ripples at the
top (A = 10cm): sedimentary structures are oriented |
toward the northeast. Some silty layers appear towards
thé top of this unit; pieces of wood have been

found in this sand by Gadd (1955).
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| SECTION 400 (DESCHAILLONS)
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FIGURE 2-16: Stratigraphic log for section 400.




Unit B::

definitely pinkish (10 R 4/1

e
. 60

17'm of very clayey laminated silt; the contact with the
underlying sand is marked by a slightly asymmetrical undulating
surface (Plate 2-6a);at the base, these couplets have a
thickness of 0,25 cm; the clay laminae form 25% of the total
thickness; towards the middle part of the unit, the

thickness "increases to a maximum of 4 cm, the clay laminae ma-
king 50% of the total (Fig. 2-21) (varves II of Ashley,

1975); the silt laminae are light grey (5 Y 4/1); they show

at the base some disseminated organic matter and vivianite
(Plate 2-€b), a piece of wood was discovered’ by M. Parent
during a field trip with the writer (Plate 2-6¢);

from the middle part of the section, the rhythmites are
frequently reddish-brown (5 YR 5/4) and may contain 5%
carbonate as well as numenous'calcareOUS concretions

(Plate 3-2a);at the top, some of the rhythmites are

); some silt laminae are
bioturbated; the upper 11 m are deformed (Plate 2-6d,

2-7 a, b, c);according to Hillaire-Marcel and Pagé (1981) in the

undeformed part of the section, 1800 couplets can be .counted;

they therefore suggest the deformed part contairsat

least the same number of 1aminationé; this point will be
discussed later; the pattern of deformations in the folded and
fractured beds is complex (Fig. 2-25b); poles to shear planes
are oriented toward northeast-and northwegt; the intensity

of the deformations suggests that the agent responsible for the

5



PLATE 2-6

: S1ightly asymmetricalrippled surface between sandy unit 400-A and
rhythmic unit 400-B; view looking east.

: Specks-d% vivianite in basal part of unit 400-B; spherule shown by
triang]e'has a diameter of 2 mm, ~ ™~ .

: Compressed wood fragment in basal part of unit 400-B; mean thickness

of couplets is 0.2 cm; view looking east.

: Déco?iement plane in the middle part of unit 400-B; view looking

southeast.
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PLATE 2-7

: Upper section of the Deschai]ibns section at the brickyard; highly
deformed rhythmites of the uni§ 400-8; 1ocat16ns of a waterlain
diamicton (1) and of the overlying unit 400-D (1),shown by triangles;
view looking south.

: Drag fold in unit 400-B; couplets thickness is 2cm; folding is
southward.

: Highly deformed rhythmites in unit 400ﬁg§ couplets thickness is

3 cm; view looking east. ,

: Contact between sandy unit 400-C and diamictic unit 400-D, shown

by a triangle; vie& Tooking southwest.
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deformation was pfobab]y glacier ice flowing toward east
or north ; at the very top, appears discqntinuous1y a thin
(5-10 cm) layer of a sandy'diamicton (sample 11Q) very -

rich in limestone clasts (84%) followed by 1 m of massive

¢

pinkish grey silt with brecciated fragments‘of the underlying

rhythmites. ‘ ’ : ¢

L]
A

Unit C: 20 cm of oxydized greenish (5 YR 5/2) and brownish yellow

13

(10 YR §/6) sand that 'is slightly deformed.

.
]

Y

Unit;O:';1.5 m of brownish grey,§7.5,YR'7/4) silty diamicton
with 20%'of cﬁasts,.most of which are limestone and shale

(79%) (Plate 2-7d): this diamicton is sheared and show a

’

strong fabric towards the northeast. It ishinterpreted

-—

as a lodgement till.

2:2.4 Discussion: Lithostratigraphy of the Northern Area
i ) T . P ) : .
Most of -the’ Traditional Concept as defined in the first . .

Y

. chapter was deve]bpea from the sectiohs~jﬁst described. . The

modern stratﬁgraphic nbmenciature,derivé3'ffom type;1oca11tieslsuch'as

4 +

Deschaillons, Cap Lévrard:'Sthierré; Bécancour and Gentilly which

are all located in' the northern argaz
The sections exposed along the St-Lawrence River were '
correlated by'Géddr(lQSS, 1971) and Karrow (1957)‘using fhg following

logic (Fig. 2-179. - " - R '

-

-
- - ) ’ -\Q: ‘ .
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ESands with disseminated organic mattor

EManne, clay, chielly massive

DSand's

Dﬁlaclo-"uvlal samds and gravols associated with grey tald @Cnlcar-ou: sandy red til]
.

Esray varved siits

v
»

@Calcarcous sandy qrey till

LY

Eﬂoddlsh varved. siits

to Gadd (1971),

ing

ions accord

t

lver secC

.

-

f the St-lLawrence R
figure 8,Gsligﬁt1y modified

ion o

Corretat

F;GURE 2-17

10ns

section 400, the biack pinch-outs and concret

in %ﬁ%ﬂ of section 60 { reported by Karrow, 1957) are added.
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1] non-glacial sediments radiocarbon dated at 65 ka are exposed
at secfion 58§_ o ' .
) - 2} . these St-PierrgjsedTments are undeé]ain by a reddish to red
3 : ti11 at se,c"\c%fons‘ 63, 59 and 50; this till is correlated with

~—

the Bécancour Titl;

i

3) “ the 1ower,reddisﬁ ti11 at Cap L&vrard sections 60 and 65 is
also correlated with the Bécancour Till;
4} varves underlying th%s ti1j'are called thquap Lévrard
Varves; they are believed to represent the oldest Quaternary
deposits in the area; |
5) a gréy till is fpund directly overlying the St-Piérre sediments '
‘at sections 56, 50 and 65 and this “grey-till - non glacial sand"
relationship is very common in ‘the area south of Rivigre
aux Orignadx;vfor these reasons, the upper grey'till,pf
these 3 seétions is correlated with the surficial till of the
area, the Gentilly TH1, with its txpe-seétgon deffned in the
. exéa&ations for Théatre Genty and fire-protection reservbirs
<

~in the village of Gent111y,

6) varyes over1y1ng the St- P1erre sediments at section 58 are - A,

t ' - 9 ,"‘
", .. - called the Gray Varves and since these varves are covered by a //
v ) I . . {
thin (60 cm) layer of grey till at section 53, they afe !

.- & \
" believed to represent a.glacial lake dammed by the glacier that /////

has eventually deposited the grey'¢i11~ _ ' "/’/

/
77 these Gray Varves are theri correlated with the Deschaillons

“~




(@R}

Varves because . RN
RO »{\\
H A

a) the varves at the brickyard are capped hy a grey tt@}; tﬁ;

.7

s

Gent11]y Till;

b) the varves at the brickyard are underlain by sand in
which pieces of wood were found; this unit is therefore
correlated with the St-Pierre sediments;

¢) "varves ocrupy the entire escarpment below the Roman
Catholic Church at St-Pierre les Becquets, about 75 feet
are exposed; these are in continuous outérop with an eighty-‘g‘
foot vertical §gction of varves in the'brickyard at A

Deschaillons". (Gadd, 1955, p." 106)

& C,
However, it can be clearly seen fromgFigure 2-17 (a s]ight1y modi fied

version of Figure 8 of Gadd, 1971 in which the Deschaillons section
is added) fhat this last argument cannot hold since, midway
between sections 400 and 58, are the Cap Lévrard sections in . .{“\}

which no pre-Gentilly and post-BéEancour varves can be observed. The RS
; . K
dark triangles in Figure 2-17 are the Tocation of the expected pinch-outs.
v ‘ ' .
Moreover, nq thick accumulation of til11 can be observed over the Gray

0 -
Varves (i.e. Unit 58-C] wherever they can He traced. This point

ts alsoaddressed by Gadd (1955) in the following terms:
, A ' : ‘ A
"In the vicimity of the St-Pierre Section
a concentration of large boulders attests to the
former existence of gl%§§91 til1 above the varves" ‘
(Gadd, 1955, p. 71) . ‘
( Lo

——



The writer walked the entire 2C km distance bétween Rivigre aux
Orignaux and Deschaillons Village. A general geologic cross-
section is shown on Figure 2-18. Most of the original work by

Gadd and Karrow has been confirmed. Figures 2-17 and 2-18

*are not much different indeed. The depth to the bedrock in the

RiviBre aux Orignaux is deduyced from the preliminary geopHysical

work of Gagné (1984). In the Deschaillons area, a hydrogeological

survey carried by Babineau (1976) for the Quebec goverment identified

the bedrock surface in numerous locations in the village ( e&ﬁmp]e
is drill hole P-13),. This surface is, in many places, covered .

by "very gravelly sand" , underneath 400-A. It is impossible to .

.ascertain from these exclusively textural descriptions if this is

L

till. Howéver, whgre there was no exposure, the origiﬂa] descriptiqn'of
these authors was used in the cross-section, such\as sections 63

and;SO% In the vicinity_of the St—PierFe sections, no lower red-

dis; t{11 was-observed.‘\%owever a new and major stratigraphic
relationship was-found. The Deschaillons Va:VES\an~Ehe under-

lying sana can be traced over most of the distance fro;\the brickyard

as far as C;p Lévrard, under the lower pinkish till, I) other

words, the Deschaillons and Cap Lévrard varves are in almost litho-
Togic continﬂity. This.was expected ;ince concretions can be

found in units 65-A and 60-A as well as in the overlying till.

Karrow (1957) himself described "Time concretions" in this till,

[
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? .

The consequence of this stratigraphic relationship is major.

In the strétigraphic Traditional Concept, the Deschaillons Varves are
post-St-Pierre, the Cap Lévrard Va%ves.are pre-St-Pierre. Being
correlated? their true stratigraphéc relationship with the St-

Pierre sediments has to be found, )

The lithosome geometry may in itself give part of the answer
since the Deschaillons Varves (from nd%‘on referred as 400—8)’ ¢
and the Cap Lévrard Varves (referred as 60-A) are found at river
Tevel at Cap Lévrard while the base of the Gray Varves (refer-
red as 58-C) arevfound approximatefy 15 m higher up.i However,
the vertical exaggeratiaon (X31) of Figure 2-18, distorts the
true geologic cross-section, Figure 2-1? (x5) gives ; better image.
The precise question is two-fold: a] does unit 400-B (65-A,
60vAj correlate with 58-C or 59-A? b) does unit 60-C correlate

“

withf 58-C, 59-A or is it of limited extent?

i N

. . <

' The correlation of these units is hampered by their 1ithological
similarities.

These sediments pay for instance be all described as clayey silt
(Fig. 2-20). None of the samples analyzed containedhmore than 5%
" of sand-size particles. b

In terms of structufes,ﬂthey are all rhythmites. Whatever these
rhythmites represent , it is suggested thatqthose laminations do
reflect a particu1af environment of ‘sedimentation.
However, as can be seen from Figure 2-21, the number of these 1am1n;-

tions are largely different. Unit 58-C has 1700 couplets. Unit 60-C

’ : )
has 850 couplets. Unit 400-B, according to Hillaire-Marcel and

LY

-
4
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Clay -

Sand ’ Silt
o 5§8-A ~1: 68-B
5
o 58-C 2: 60-B, 65-B"
w3
s 400-B, 65-A, 60-A 3. 656-D, 400-E
A 80-C '

\ ’ A

FIGURE 2-20: Textural ternary diagram, St-Pierre les Becquets area.
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Pagé (1981) exhibits 1800 couplets in the undeformed part of this'
unit (7.5 m). They suggest that the upper 12.5 m contain at least

as manj couplets. However, the stratigraphic thickness may have to be
reduced by half if the average dip due to fo1din§ is 45° (Fig. 2-25)
'and there are no micro-varves such as the ones found at the base of the
unit, in the deformed member. , Using an average thickness of 1.5 cm

and a stratigraphic thickness of 5.5 m, a total of 500 couplets is
indicated. Since most‘of éhe deformation§ have been measured at the

top of the varves, it can be argued that the averagé dip max,ge

N

Tower. Consequently, it is proposed herein that the total nuﬁber ofﬁ
couplets cannot exceed 2500. ThiS number still exceeds greatly the
1100'coup1ets of 58-C. Exiguity of the outcrop impedes any counting
for 59-A. Howevef, along the St-lLawrence River,gﬁmn the same varves
are exposeq,‘a tentative estim;tion of at least 500 coup]eti has
" been done. ~Concernikg the structural pattern of thesg units, it
may be pointed out once again thét unit 58-C is not deformed whereas
unit’goo-B is strongly onded.

In terms of mineralogy, these units have never more than 5% total
"carbonates (Fig}'2;22). ﬂh\important difference however'1iés in the

fact thaf'units 400-B and 597A have authigenic cohcretions and 60-C

and 58-C are’devoid of concretions. In the next chapter, the genesis

and significance of these concretions are discussed but it may already
A3

be' reported herein that they are a primary feature of the sediment

a

and thérefore Characterize it. ‘ ’

*
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The clay minerals were also investigated. I11ite and chlorite are
the major clay minerals to be found in the Quaternafy deposits of the
Lowland (Fig. 2-23). They are mainly derived from the bedrock and there-
fore detrital. Chlorite is identified by its first-order 143 and second-
ordér 73 reflections. The 1OK peak is due to the reflection of the first-
order peak of illite (Grim, 1968)7 Since a warm HC1 treatment led to
eradication of the 14 and 7A peaks, it is believed that no kaolinite is
present. The chlorite to illite peaks .height ratios (7/10; and 147103)
and the illite "crystallip}ty" (L/1OE) have been measured by a technique
described in Appendix I}. Results are presented on Figure 2-24. No clear
difference is revealed. It is suggested that this ref]eﬁts the heteroge-
neity of grain-size as this has been commohly observed elsewhere (Carson
and Arcaro, 1983).

Finally, in terms of stratigraphic relationship, unit 400-B is co-
vered by a grey till at the brickyard and by two tills at the €ap
Lévrard sections. The pink%sh color of the lower till is due to incorpo-
ration of pinkish rhythmites that are relatively common towargs the top
of unit 400-B. It should be remembered that the till does not contain_ .
any red shale fragments. This means that the ice that déposited the lower
till in th? vicinity of Cap Lévrard-Deschaillons was probébly an ice
stream originating from the Laurentide area. The upper tills 400-D and
65-D have exactly the same amount of ecambrian pebbies (21%, Fig. 2-15
and 16), they have fabrics toward northeast and soutﬁeasf and should be
correlated. The number of ti1l fabrics is unfortunately still too small

.

to draw definite conclusions. ™~
. . \\
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. FIGURE 2-23: X-Ray diff?actograms of the clay fraction for
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FIGURE 2-24: Peak-heights and peak-width ratios.
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ThlS supposes that the Deschaillons Varves are covered by two different
%111 sheets. Unit 59-A is, according to Gadd (1955 1971)

overlaip by red till (sections é9—63) which should corre1ate with
units’§©»8 and 65-8 . A similar p1nklsh grey t111 was observed at
Rfviére'aux Orignaux (Fig., 2-18) hut the upper grey till is absent

In thls sect1on, the p1nk1sh grey till 1nc1udes calcareous concretians and’

L)

pver11es p1nk1sh varves w1th concretlons (Plate 3- 2d)
Ynit 58 C 1s not covered by-a thick 1odgement ti11. It is 1nste7d
overlain’ by a mass1ve 511t in wh1ch foram1n1fera were‘descr1béd

_ by Staplin (in- Gadd 1955]. Rhythmites at the top of unit 58-C ‘ -

-~

are, spme.places, ‘interbedded xith'this massive §#1t. However, the

[N

‘writer did not find any marine fossils.,
' » . T a4
Thergfore, three hgpetheses of correlation are possible (Fig. 2-26),

-In the first and ]east11ke1y hypothes1s, unit 400-8 (65-A, 60-A)

would corre1at6'w1th 58-C In the second case, Un1t 60-C would be Rl
a slumped equ1va1ent of 58 C and 400~ B wou]d be o1der than the

St~Pierre peat. In the third case, the.whole 400-§ (§O—A),

" 60-B-C and D would be older than the St-Pierre peat and would
. . g -

_correlate in terhsibf st%atigraph%c position with 59-A, The second
and third hypptheses are favoured by- the writer because of ‘

1) lithosome geometry - *

2) presence of multiple-till sheets over 400-B. (60-A - 65-A) and .
.J' none over 58-C: ' ' . -ﬁ% .
3) presence «of concretions in 400-B and 59-A and their absence in
58-C. .
/f iy
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However, in these hypotheses, the Degcﬁa111ons Varvés are
older than the St-Pierre Sediments and are overlain by what has
been traditionnally consjdéred‘;;“}he Bécancour Ti11. Moreover, the
wood-hearing sand unit 400-A could represent an oider Interstade
than the St-Pierre. These conclusions, if adopted, would lead to &
major revision of the St-Lawrence Lowland Quaternary stratigraphic
framework. Arguments on which these hypotheses are built have
obviously to be improved. For instance, geochronologic data are needed.

The;?are presented in the next chapter,

-
W

Y
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deve10pmeﬁt of dating techniques in Qu§$ernary geology.

"CHAPTER 3
RADIOCARBON DATING

e~
?
.

x .
Until the second E??f of this century, age estimates of }Ttho-ﬁ' |
Strétigraphic units relied on relationships’ such as thé depth o%\1each1ng
at the top of tills, Radiocirbon dating later provided Quaternarists
with finite numbers’from whith mo;t of the current chronostratigraphy
evo]vé¢. Nevertheless, the time rangelof thfs dating technique only
spans the very last pa}t of the Quaterﬁary Period. Consequgnt}y, t?e Tast
decade has been a period of major developments in a]ternaticé‘tech;f
niques; the most promising being amino-acid racemizat{on, thermolumines-
cence (TL) and uranium-thorium daﬁidg.] |
These‘teéhniques have been recenf&y applied to various materials
from the St-lLawrence Lowland. For iﬁstance, in this study, the
ﬁésuits of a thermoluminéscenceﬂdéti;g_progfgh are reported in the
nzit Chapter. New radgocarQOn dates obtained en organic mdtfer,

shells and calcareous concretions are found below.

3.1 Introduﬁtion

The St-Pierre peat was among the first materials dated by the

f radiocarbon dating technique :(Gadd, 1955). The "evolution” of the
14, '

C age of this peat, first reported as 11,000 years BP, to- the

‘.mést.recent result of 75,000 years BP, belongs to the history of the

Most of the ‘5c dates that will be discussed herein are higher -

than 25,000 years BR . Indeed, Stuiver et al. (1978) fepérted a ]4C age of

74,700 + gggg years BP (QL-198)‘for a plece of.wood collected from the

85 ¢



Pierreville peat unit. To the ?uthor's knowlédge, this is the oldest
finite 140 date ever published. Strong doubts haye been cast on fhese
dates, however,'the early and middle Wisconsinan chfonostratigraphy
is largely based en such data (Dreimanis and Karrow, 1972).
Conseeuently, a b51ef comment ~on some of the theoretical and
practical aspects of the technique is given.

Upon- death of biqgepic carbon, or from.the time of precipi%ation
for.ca}bonates, the:radioact1Ve isotope of‘carbon decays with a

‘half-11fe of 5730 years. Therefore, a 35,000 year-old wood has an

14

age of 6 ha]f—lfves (? e. the °C activity of this samp]e s on?y

(é)6 of the orig?nal actfvity of the organic matter grown in equi1ibrium
with normal preanuc1ear atmOSphere7 -This’ astivity would produce
0.2 counts per minute (cpm) per gram of carbon In 1iqu1d scinti]la-<

tion counting, the environmentaT background may yield as mugh as 4 cpm
’Q
A very long counting time is needed in-order to statistically

T)

.discriminate thie minute activity. At,the'GEOTOP( laboratory, the

background count isrcommany around 3.9 cpm and the counting time

is be%ween&1400-§nd 2000:m1nutes° Table 3-1 compares activities and

14

age calculations of a Finfte-and infinite '€ age obtained from a

conqr§;ion and from a piece af wood collected at the St Pierre type-
section. As the reader may note pre treated samp]e UQ-312, which was

the first striated concretion dated_(Lamothe et al., 1983), shows

. o ‘ . o

.{1) GEOTOP: Laboratoire de G&ochimie Isotopique de 1'Université du
Québec & Montréal. Seven'dates on calcareous concretions were

measured in this laboratory

Y
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14

a measurable ac¢tivity, whereas the "°C activity of the piece of wood,

1f it has any, is less than two standard deviation%. ;The 1'-&(} agé in

. this 1atter case is considered as a minimum, a qpmhdn practice in
. S
radiocarbon dating. A .

The upper age limit in 11qu1d scinti]]ation counting is 40,000

‘4C years {4 g of carbon) The use of the proport1ona1 carbon dioxide

counter has extended this 1imit to the GO\QDO yéar range and 1sotop1c

14

enrichment of 'C through thermal diffusfon™ ha? lowered the. detection

1imit to 8.1 per mil of the original activity (for wood', therefore

/\
extending the age 1imit to 75,000 years BP rootes, 1978; Stu1ver
et al., 1978)\ Consequently, even though dates obtained by sc1nt11]a-

)

» tion are criticized , in most cases they show a measurable

:‘radiocarbon activity. Other variables affecting the.re]iabillty of

MC‘dates, such as sample contamination,'reservoik'effed{'and varia-

- tion of the original etmospheric 1ac, are discussed in the next section.

L%
~ o

' . . I L]
3.2 Organic matter ) . e

In the s"tudx area, mar'ine fossils have @een found only-in 1ate-
glacial seéiments Early radiocarbon dating of units o]deggthan the
ﬂ
cla351Ca1 Hisconsin was therefore restricted to wood and peat fragments .-

T
]4C dates

1mbedded in the sediments. Table 3-2 present§ aelist of
. obtained on organic‘matter in the area up “to {934_
The ffrst.sémplé of Qood su&uitteh by N.R. Gadd to the Lamont
Geologica1 Observatory yielded an age of 11,050 years BP (L~190A)
suggesting a Two Creekan age’ for the St-Pierre type~sectfon peat (Gadd,

, 1953). This result has not. been publ?shed and is believed to be due = °

to modern contamfnafioh. Sample Y-242, collected from the same middle
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peat layer unit at the type section showed an apparent finite age of
20,390 years BP, but it was considered at that ;1me, quite reasonably,
that all radiocarbon ‘dates over 10,000 years be reported as infin1te‘
since the "black carbon” techniqug was very sensitive to contamination
(see discussion in Gadd, 1955). Most of the other sampies failed to
show any detectable activity. A piece of wood from the basal layer
was recently studied at the GEOTOP laboratory to detect contamination
or the presence of a laboratory artifact such as memory effect, The
age obtafned (UQ-605: »>41500) is infinite,

Only three finite dates have been published. The first two
were performed by H, de.Vries in Groningen and.variously reportedzas
Gro 1711, Gro 1766 (Dreimanis, 1960) and GrN-1711, GrN-1799 (Muller,
1964). -Fol]owigg the discussion in Gadd et al. (1972), only the dates.
abbreviated GrN will be considered. Updated results are published'in
Vogel and Haterbolk (1972). Th; £h1}d date (QL-198) was obtained
%hrough thermal dif%usion_isotopic enrichments (Stuiver g}_gl,,'1978).

In order for T%ff?ages to correspond with calendar years, some

restraining conditions should be met. Obviously, no contamination

should be added during laboratory treatment. In the cases of GrN,

L]

such contamination might have occurred since, according to Grootes (1978),

(-]

. a slight and speci%;c laboratory contamination was present in the
Groningen laboratory at the timé dé Vries was working.‘

“No.in situ cont&mination is also required . For a .
60, 000 year=o1d sample, the- addition of 0.1 per mil of modern carbon
would yield an age of one Libby period younger ({.e. 5,568 years)

This type of contamination may be detected when the leached humic ac1ds

.
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and other organic constituents obtained during a pre-treatment with
a hot alkali solution shows a greater activity than the remaining
samplg. According to this test, the Pierreville wood (QL-198) was found

4

to be uncontamihated. -
) Reéérioir effects can be easily corrected with the help of 13C '

measurements. In any case, they are rather systematic and may be

. disregarded.

Another assumption is tﬁat the original MC cbncentration in the
atmosphere wgg equal to the one that Qou]d have been measured before
the first nuclear tests in the 1950's. Grootes (1978), following a
discussion held at the 12th Nobel symposium, suggests that the original
T concentration should not have }ﬂuctuated by more than a factor
of two during the last 100,000 years. If so, in the 50,000 years
range, the discrepancy between a MC age and the calendar years would
not exceed 10% (1.5. one Libby period). ' N

Because of this last assumption, it is considered that(The aon§

three finite dates are not geologically different and that the 14C age

of these organic layers is most probaﬁly 70,000 2 10,000 years BP,

3.3 Carbonates

3.3.1, Shells
For purposes of comparison with a TL date performed on the sediment, -

labelled MC-Des, a population of Balanus hameri was dated at 11,130 180

years BP (UQ-651). This sample is from a massive marine c]ayklocaied

2 km south from the Deschaillons brickyard. |

.
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3,3.2 Calcareoud concretions

Keele (1915) was ;pparent1y the fi?st to report the p;esence.
of calcareous concretions in the St-lLawrence Lowland from the
Pierreville sections., Terasmae (1958) also noted numerous gpngretions
in the Pierreville varves, at section 98.~ In the St-Pierre Tes
Becquets area, Gadd (1955, 1971) and Karrow (1957) described calca~
reous concretions from the Deschaillons varves. This Tlast author

also noted the presence of "lime" concretions in the Bécancour £i31

of the Cap Lé&vrard section. As demonstrated in Chapter 2, these

concretions are derived from the Deschaillons varyes. Gadd (1955, 1971) .

believed these were the result of groundwater activity. Recently,

Hillaire-Marcel and Pagé (1981) analyzed a suite of concretions collec-
18, 13 14

ted at the Deschaillons Brickyard for their "0, “C and C contents.
They proposed an agfﬁ}gég?z\aF?;;:’for these carbonates and suggested
that the ]40 activities may date the period of glacial lake

- Deschaillons. -Fina11y; in the course of thjs study, concretions of the
same age were found as striated clasts "in the Gengi]ly Ti1l and

it was proposed, considering tﬁ% radiocarbon dates of these striated
conprétions, that the 1ncéption of the classical Wisconsin glaciation

was an event younger than what was generally assumed (Lamothe et al.,

1983).

Description. of the concretions

The different types of concretions are shown in Plates 321 and 3-2.

‘ Most concretions are circular to elliptical in shape. In situ con-
&

cretions are found in discrete layers where they crop out from the

/
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PLATE 3-1

: Wood and remains of aquatic plants in uppermost peat layer layer of
unit 58-B, from the S%uPierre type-section; wood fragment is 30 cﬁ.A
: Calcareous concretions from unit 28~A,:P1errevi11e section;
grid is 1 cm équare .

: Calcareous concretions from unit 99-C, Riviere St-Francois’
section. |
: Striated calcareous concretion collected from unit 98-k, Pierreyi]]e'
+ 1800 ’

~section; this concretion was dated at 34 000 _ 1470 Years BP

(uQ-312).
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PLATE 3-2

: Calcareous concretic&scollected'in unit 400-B, Deschai]loﬁs.brickyard.

: Calcareous concretions collected in unit 59-A, alon§ the St-lLawrence

River. | |

: Striated calcareous concretion collected in unit 60-B, at Cap Levrard;
this concretion was dated at >41 000 years BP {I1-13 317). _

:.Calcareous concretions collected in a pinkish rhythmic unit at section

50a, Riviere aux Orignaux.
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surface of the sections. The host sediment laminae cam be seen in

thejconcretions in hand specimens as well as in thin-sections(Plate 3-3)
{ ,

Indeed, micrqécopic examination of these concretions provides useful
lithologic  information about the host sediment since they actual-
- - . fir b
&

1y preserved the original finefkca1e,sedimentary structures. However,

3

~ the-individual calcite cé}sta]é can notVbe observed. This calcite «
i3 micritic Septar1an fractures are seen in thin- sect1on {Plate -3 3)
They do not extend to the outs1de of the concretion, - Carbonate . )
contehts are conswstantly 50% for concret1ons of un)@ 98-A and 60- % for
those ofg@g&t 9943The Deschaillons concretions have a carbonate '
contﬁnt averaging 50% but vglues range ‘from 35 to. 60%. Their

‘cafcite to dolomite ratio 1s,h1gh (10 eg 25). This carb%?ate

" is therefore a 10@—Mg‘ca1cite, which is typical of fresh weter.‘ \ "

" The concretions shown on Plate 3-2b have a carbonate content of

\

50 %. They were co]iecteﬁ in unit 59-A. Other concretions collected in

‘the same unit yielded a carbonate content of 60% . However, |

chemical analysis reported by Cloutier (1983) revealed that this carbonate

is siderite, with 38 to 40% total iron. This mineral is indicative of

reducing conditiens. .
TQe carbon and oxygen isotopic ratios measured on the carbonate -

ef these concretions are 1isted in Appendix II1I and,presented in

18

and -12%mfor

Fjgure,3—1.' They focus around -20%.for ]3C 0

POB PNB.
VoIt sﬁou1d be noted that vivianite is very common in the host
sediment. Some specks of this mineral have been found covering the
egterna1 surface .of one of the concretions found under the $t-Plerre

. : g
peats atlthe type-section, \

i N L »”
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v PLATE 3-3

a: Phofomicrog,%aph of a concretion collected in unit 400=B; s_couring gl),
graded ‘b‘edding '(2)‘and septarian f/raéti:res (3) are shown by triangles;
plane of view is 1 cm wide. R o
b Photomicrograph, .of a siderite rich carbonated crust'goﬂected in
, unit 58-C; triangle shows sand size grain; plane of view is ] cm.
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‘Stratigraphic positiens and 14 ages of the concretions

\ o

The radjocarbon dates obtained on the concretions are listed in
) Tgb;; 3-3. 0f a total of 13 datés, 5 were collected in the.Gentilly Till
.as striated clasts (UQ-312, UQ-494," 1-12894, section 98 ; UQ-484, UQ-525
section 99), 5 from the Deschaillons Forma@ioh (Qu-279, QC-559, 

QC-357, GX-9531, section 400), 2 from the Pierreville Varves (UQ-@OG,
UQ-698, section 98), 1 from the 9§-C unit (UQ-IéO, section 99), and 1
* from theﬁlower diamicton at Cap Lévra}d also as a striated clast \
(1-13317, section 65). |
. Samples abbreviated Qc(dueen’s College, New York), Gx (Krtiger
Enterprises Inc..‘Cambridge, Mass.) and I (Teledyne Isotopes, New
Jersey) weré measured in a proportional counter whereas the other samples
Qere countgd by liquid scintillation.

14¢ dates are finite and strongly focus

Except for 1-13317, the
in the“30-35,000 years range. QC-353 (Hi!lairé-Marce¥ and Pagé, 1981)
is a secondary concretion, occurring as molds in fractures and folds of

the Neschatlions rhythmites.

Discussion . "3
i

DU
- As shown in a2 preceding section, the concretions have a minute .

radiocarbon activity. However, the question must be asked if this acti-
vity is geo%ogicaﬁly significant.
Some of these concretions dated at 35,000 BP have been collected -

4n undoubtedly older sediments, such as those found .under the

L4
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8

. " Plerreville peat layer, This raises the question of ‘their origin.

j' A cbhc]usibg mode of genesis for these concretions, has not yet

N :
© - been demonstrated.

~ \ » '
Gadd (1971, 1980),strongly favours a recent precipitation event
reldted to ground water géfivity'ma;n1y on the basis of the shape of
some calcareous "coﬁéretibﬂé" observed in the upper 'rhythmites of the

St-Pierre type~sect16n; and because of their hig‘er degree of consoli-

-~ *

dation when found at the-face of the exposure.\ Based on the present

observations, these "concretions" are secondary cglcareous "lenses"
U

+# such as the ones found overlying the St-Pierre Sediments at the type-

F ~

o Hillaire-Marcel and Pagé (1981) and Pags et al., (1982) proposed
y s

section .

a synsed{mentdry o early diagenetic origin for these carbonates on

the basis of the following a}guqents: (1) 13C and ]80 are highly

dep]etéd in heavy isotopeg (Fig. 3-1) ;uggestingthe carbon is biogenic and
was precipitated in glacial Qatérs; (2) most of theirxstructura1 rela-
tionships with thé host sediments suggest a synsedimentary ‘precipitation
event. Moreover, in the deformed upper Deschaillons rhythmites, a

second event of precipitation molded éhe folds and fractures of the host
seaimenf as well as the eakfyﬂconc%etions. These concretions are c1eafly
secondary and yielded, as expeéﬁgdg a much younger radiocarbon age,

i.e., 8,670 I 460 .years BP ¢QC~353); (3) theymineralogical association

of this calcite with authigenic vjvianite in glacio-lacustrine

sediments and with sulfides in marine sediménts 1nd1c§tes precipita%jon

in a slightly reducing environment. The present writer favourspa\gene-

contemporaneous orig;n, for this carbonate. It,may be the result of an
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4

early diagenetic process which has occured during the early compaction
of the enclosing sediment. The isotodpic composition of these carbonates
suggests that precipitation must have been in cold water and the carbon
is b%ogenic.

The concretions cannot be precipitated by groundwater since this

13

aggressive water tend to dissolve the Paleozoic limestones. Their °C

PDB
rarely exceeds -11 °/,,. Also, & sphericél shape would not be expected
since this carbonate would have precipitated in  porous 'silty lamina-
tions behaving as an anjsotropic.medium (three last sentences : P. Pagé,
1984, personal communication). The carbonate content should reflect the
initial pdrosity of the sediment. For example, coné}etions in unit 109-C
have a carbonate content of 60-70% and an actual porosity of 54% (mea-
sured by a watgr content) ; for concretions in unit 98-A, ﬁ%gbers are
50% @ota1 carbonate versus 37% porosity ; for codcfetighs-in ufiit 40G-8,
carbonate content range from 35 to 50% whereas sediment porésity if?33%:
Because of the large range in carbondte content; mo;e data on porosity s
are needed. However, it is fé]t that the precipitation took place early
after deposition but before compaction since the host;sediments have a
smaller average modern porosity. If precipitation is'reéent, two unlike-
ly processes would have to be invoked : (a) replacement of silicates by
" carbonates or (b) displacive precipitation: ’ '
However, the precipitation cannot be truly synsedimentéry since
concretions cement numerous sedimentary laminations and even post-depo-
sitional structures such as pseudo-noaules (Plate 3-3). Following
Pettijohn (1975), the septarian fractures necessitate case hardening of -
the exterior part of the original "nodule" and dehydration of the inte-

rior in order to generate the shrinkage-crack pattern. Raiswell (1§71)

considers these are characteristi¢ of highly porous water-saturated sedi-
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ments. The original nodule must therefore be anterior to compaction.

For all the above reasons, it is suggested that the late Quaternary
concretions found in the St-Lawrence Lowland are early diagenetic and
were precipitated in equilibrium with glaciolacustrine water trapped
in pores of the host sedimen&. Ionic activities of this formation water
may have increased through salt-sieving. In this process, concentration
of ions increases under semi-impervious laminae during expulsion of wa-
ter (White, 1965). Upon saturation with CqCOB, a low-Mg calcite is able
to precipitate. According to P. Pagé (1984, personal communication), the
solubility of calcite may be lowered with increase of pH due to produc-
tion of NH3 during an early stage of decomposition of organic matter.
Authigenesis of vivianite supports this concept of slight decomposition
since any more severe decomposition of organic matter would have relea-
sed sulfur. Pyrite would then have been ‘the stable form of fgrrous iron
instead of vivianite. Therefore, (1) field evidence demonstrates the
concreticas are older than the last glacial advance ; (2) the high car-
bonate contents togéther with the stable isotope geochemistry require
the concretionary event to be early with respect to the host sediment.
It may herein be noted that both the TL dafg for the Deschai]]ong
rythmites and preliminary U-Th measurements for one of the in situ
concretion (C. Causse, 1984, personal communication) suggest ages in the
80-100 ka range. ‘

The minﬁte radiocarbon activity of these carbonates can be explai-
ned by the following two hypotheses :

(1) If the activity is true, there must have been some contamination.
Contamination by recent carbon seems unlikely because of the ;omplete
absence of any permeabi1%ty in both in situ and striated concretions.:

Furthermore, whatever the intensity of the pre-treatment (20 to 60%) and

’



whatever the type of sediment in which they are foupd, they consistently
yield the same smail activit}l i.e. 1.5% of.the oxalic acid standard.

If recent random contam1nét1on had occurred,a large distribution of ages
rang1ng from 15,000 years to infipite, for examp]e, should be found
Contamination under phreatic cond1t1ons’cou1d have occurred in late
Wisconsinan time. In this case, a primary permeabi]ié& in the conere~
tions wou]d have been present. This would have permitted a second event
of cementation. However, this second generation of carbonate cement
should have left some traces. This fact remains unexplained. In order

_ to yield a 1.5% activity today for the total carbenete, the second, gene-
ration would have to be almost as important in volume when compared to
‘the-first generation of ("dead") carbonate, if this event occurred
30,000 grears ago. In thin-sections, this micritic calcite is, however,
'bomogeneeus, except for the Septariaﬁ fractures. This second cement
generation, if present, ﬁight only be detected by more sensitive techni-
ques sueh as cathoquuminescence. The secend phase of cementation may
also have 1;volved some dissolution of the first generation fo]fowed by .
diffuse reprecipitation. This event would not have occurred after late
Wisconsinan time since the concretions must have been 1ndurated before
being 1mbedded in the Gentilly Till. It should be noted that whatever
the apparent age of this ground water and whatever the amount of detri-
ta] (mainly Ordovician) carbonates, they would in all cases give a higher
apparent age to the secondary contamination event and, therefore, to the
inception of the following glacial event. Moreover, the infinite age
(~40, OOd 1-13317) measured on a striated concretion collected from the
]ower till at the Cap. ‘Levrard section (Becancour Till ?7), which is be-
lieved to be older than the St-Pierre peat of the type-section, supports

this latter hypothesis since contamination in this weakly permeable unit

106
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must have been less severe than in the under]yi%g rhythhites.
(2) The activity 1s‘the‘resuit of an artifact : this would have been
fouﬁd in the 5 radiocarbon laboratories from which 12 concretions were
dated at 35,000 years BP. A

An interesting ﬁybothesis has been proposed by L. Dever (1983,
personal communication) who suggested that the chemical éttack'on the
carbonate during beniéne synthesis releases radon which decays.with the

14 . NS
C beta decay. However, even if the time

same spectrum of ene?gy as the
elapsed between benzene syntﬁesis and beta counting is not documented
jn the radiocarbon dating datd, it is proposed by the writer that this

14

type of artifact should have produced random results in terms of °C

ages. It is also a standard ]45 laboratory procedure to allow a few days
between preparétion.and counting. The half -life of radon-222 is 3.83
days. The hypothesis cannot, at the moment;‘be carried further.

In summary, -the gegchemica1, mineralogical, textural and.structural
features described above advocate for a penecontemporaneous origin for
this carbonate. Theréfore, it is tentatively proposed that its radio-
carbon activity is true andlmight be the result of some poorly understood

secondary contamination which woudd have occurred before the Tast glacial

advance. .

.




! ‘ : CHAPTER 4

THERMOLUMINESEENCE DATING

Light emitted by a crySt§1 when heated is termed thermolumines-
cence (TL). This thermaf1§ stimu1atéd procéss has béen,used for dating
archaeological objects for two decades. Its abp]ication in gethro-
nology is more recent and still under develgpment.

The TL dating technique is part of ;xgroup of methods based on‘

" solid state physics, which include Electron Spin Resonance (ESR),
Thermally Stimulated Curreﬁt (T5C), etc... They are measures of trapped
electrons in minerals, a fact which is largely a consequence of radio-
active decay.

'Randa11 and Wilkins (1945).demonstrated that the release Qf
electrons trapped in crysta11ine.defects was responsible f&r thermolu-
«minescencé and 1qu=period phosphorescence. A few years later, Daniels

¥

g;~§l;1(1953) proposed many potential uses of the TL process including
correlation and dating. Research was then directed towards carbonates,
and partly for this reason, it met with many difficulties. In fact,

in 1966, at fhe "Thermoluminescence qf Geological Materials" Conference
(McDougall, 1968), the technique was still bound with many set-backs.
One major problem was the occurrence of "spurious” non-radiation-induced
TL. A technical suggestion by Aitken et al. (1963) to perform heating
in an oxygen-free atmosphere of an inert gas (nitrogen or argon), led

to an évadication of this problém. The technique then evolved quite

N

“rapid1y. Today the TL dating method is used on a routine basis in

archaeology as®*research is now directed towards refinements of

-

various aspects within the technigue. -
4 108
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Unfortunately, app11cat1ons to geochronology of sediments -is not

straight forward. The p1oneer1ng work of Shelkop]yas (1971, 1974)

kept aliye the interest in the technique in spite of methodological mis-
conceptions. Recently, -new hﬂpes have been generated by a-series of
papérs (Huntley and Johnsony 1976; Hltt and Raukas, 1977; Wintle 329
Huntley, 1980 and Qint1e, 1981) which proposed solutions to specific
problems of geological dating. An exhaustive review'of the published

TL work on sediment dating up to 1981 will be found in Wintle and
Huntley (1982).

. .
The results of the present TL dating program are presented below,

- However, since most Quaternary geologists are unfamiliar with this

technique, the general principles 6f the thermoluminescence process
are outlined and the age equation is given. Most of the next two sec;

tions is taken from Lamothe et al. (1984).

4.7 The TL Process

An exhaustive treatment of this subject can be found in Levy
(1974), Aitken (1974) and Fleming.(1979). |

Most minerals previously subjected to ionizing radiation will
emit 1ight when heated. Since this is an irreversible phenémenon, the

mineral will not emit 1ight when heated again un1ess it is irradiated.

”“P’ At moderate doses, the interfsity of the light is dlrect1y related to

the 1rrad1at1on dose (Fig. 4-1). Therefore, TL can reflect the total

radiation a material has received, b

<
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Radiation

In Fhe natural environment, radfa%ion derives mainly fnﬁmﬂTitho—
spheric decay to which may be added a minute -contribution from cosmic.
rays. Alpha (a) and heta (g) rays are particle-1ike radiations whereas
the gamma-rays are parf g? the'e]gctromagﬁetic spectrum, Entering a'

those three types of radiation will differ largely in -

&

crystal
4

terms of electron-hole pairs production efficiency. For example, the
@

~alpha contribution, because of its small range(=22um ), is restricted to
i C e
the surface of quartz grains, because tiey are frequently free of
. R . 14 ,
internal radioactivity. The bgta and gamma rays penetrate completely

the fine silt and clay sized pgrtic1és.

'Storagg of Energy

3
i

A1 minerals (quartz, feldspars, calcite) in sedime6t§ absorb the
incoming radiation. Ionfgiﬁg radiétfon c&h expell an electron from its
normal orbit. This electron may become‘trapped at.a latffce cha;ge
" disequilibrium site, thereby called an elé@trdn-trap; ﬁne%gy'is storéd.
A1ternat{ve1y, by mutual exchanges‘of peripheral'é1ectrons between agoms,'
an "absence of electron” (a "hole") will trave1'f% the'1attiCe and will
eventually be also tfaépéd. Immediate reebmbinqtion of the ejec;ron
with a trabped hole is,neverthe}eés, by far a mo}e frequent'proc;sé
(99%, according to Levy, 1974}, 'The.traps are vacancies, imbyritiés,-. ,

“interstitial atoms, etc... (Marfunin, 1979); for examp?eu,it has been

suggested that aluminium %mpurities act as hole traps %p quarti, with
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1ithium, sodium and sométimes germanium as charge compensators

L)
- while oxygen vacancies act as electron traps (McMorris, 1971).

> : ;- -

_.geo1o§fca1 time and release it when heated.

Release of the Energj L T ; - Ny

. ) .
! . N

When an irradiated crysia] is Heated, the~electrons gain ebough
energy to escape from the traps. The electron release rate is tempe-
rature dependent and is expressed by the Randa11—W}Jkins equation

/e .

.

dn - -E/kT Where 'n : trap charge concentrat1on at
9B nse : v time t
dt

R
.

- s i "attémpt to escape" frequency
k f Boltzman constant

E : Activation energy fok_;‘if
thermal charge release

o R tempefaid%é "

" The pand model 15,?? enerﬁy represéntation of thfs process (Fig:
4-2). Haying gained f%eedom{ the‘eTectrdn ﬁ&%ders‘in the conduction
band. If the electrdn:re¢bﬁbines at a Tuminescent center, usua11; a
hole trap;Jeneﬁgy ﬁa}iﬁhen be released in the form of 1ight, This con-

duct1on band charge transfer is not the only possmble route for the

&

- electron, There are processes n wh1ch no 11ght is émitted e.g., radia-

tionless recombination mqy,occur t TKiTTer" centres.
-In a simp]if{ed'&ay, minerals receive ionizing radiation. They
¥ K3 . L , .

behave as natural dosimetefs jf they‘éaﬁ-store.part of this energy over:

”
PO

¢



4,2 The Age Equation = 4 ' =

From the preQngjng séétion it follows that if the radiation dose-
- rate and.the number 6f traps are constant, the J1ight emitted upon hea-
tfnérhay be a measure of time. Thérefore, if one can find the dose that
can reproduce the natural TL level (equivajent QOse)‘and compufe‘%he
annual dose from the radio;activg‘elementf'fodﬁq fn the sample, an age

g

can be calculated from:

EQUIVALENT DOSE (grays)

AGE (years) -
' DOSE-RATE (grays/year)

Equivalent pose; '

The equivalent dose (Eb) is defined as the artificial dose that can
simulate the natural TL level. It is expressed in grays (1'gray= 1J/Kg =
10Q rads).

InAthe case of pottery or any fired‘material, the calculation of
the ED is achievéd by the additive method in which the artificial dose

<::e ED is found at tée inter-

is gradually added to the natural sample;

tion of the TL growth curve with the abcissa (Fig. 4-1).

As a. function of temperature, the ED normally increases and reaches

a stable value. A plateau identifies the stable part of the glow

curve where leakage of electrons should not have occurred during archaeo- -

logical time. A sample which fails to exhibjt such alp1atéau will be

rejected for TL dating. Howéver, jt‘may show a plateau and yet, have

o

» . .
- .
. ’ T
. ’ - R
.
' . +
’ - ,9
N . i T
‘

i
f
/
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suffered leakage of electrons from traps of any-depth by wave-

mechénical "tunnelling". This phenomenon is termed anomalous fading

and has been a major obstacle in TL dating (Wintle, 1973). An ano-

malpus fading test compares the TL-gmitted by two sets of éhe same
sample which were irradiated at different times before measurements.
There will be no anomalous fading if the TL emitted by the two sets
1s the same. This is not always the case,

Another problem linked with the determination of the equivalent
dose is the shape of the,TL'growth curve. At moderate doses (100
grays} the growth curve is fairly linear. However, it has a tendency

to flatten at high doses and might even saturate (Troitsky et al., 1980).

Dose-Rate
The Dose-Rate is the lower term in the TL age equation and it fis

defined as the rate at which energy is deposited in the material.

It is expressed in grays-year‘]

where 1 gray (Gy) equals 1 J/kg.

In con%inenta] deposits, this energy comes from'the radicactive decay
of potassium 40, thorium 232, %?an/;;\é38 aﬁa 235. Part of this
energy is also delivered Sy the cosmic ray;.

The K-40 content is easily determined by atomic absorption. The others
may be found by gamma-ray spectrometry, neutron activation anaT&s%s"
or, more commonly, by alpha-counting. Bell (1979) computed the most
recent valuaes of dose-rate contf%butions for unit quantity of.each ele-
ment. Typicé] dose-rate values in sediments are in the order of a few

H

mgrays per year.

»
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Thus, the dose-rate.valhe is easily computed. The possibility
remains, however, that this dose-rate could have fluctuated during‘
geological tiﬁe because of various factors, the two most critical
befng the water content of the sediment and r;don escape.

Water acts as a barr?er for all three types of radifation to
varfous degrees. It decreases the effectf&e dose-rate by a factor of:

1

1 + Ha

where H : ratio related to the stopping power of water to dry sedfment
' (different fora , gand § ; see Table 4-1)

A : water to solid weight ratio in the sample

- For unsaturated sediment;: the evaluation of %he avérage water

content can pe fairly spéculative.

Radon 222 is a'gaseous product. highly mobile in dry soil. Its
depletion is importqnf because 98% of the y’contribut%on in the
uranium series s produced beyond radon. However, Yater gnhances
radon escape from minerals but greatly prevents its mob%lity. Radon
escape from a dry sample can be detected in the laboratory by comparing
5a1phafﬁounté of sealed and unSea]ed aliquots of the same-sample. There
is yet no way to -correct for such depletion.

Dfsequiiibrium of the radioactive chains, removal of radiocactive

elements .by the ground water and even inhomogene1ty of the radiation

field (Sutton, 1979), are also possible.
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Analytical Techniques .. 9

‘.'

R

Due to di%ferent microdosimetries, two techniques have been deve-
loped. ,
a) Tﬁe Quartz Inc]usion'ijﬁniqueA(?]eming, 1970)

This method makes“uge éf éuartz gra;ns(=100um) isolated from then
matrix by heavi 11quids'aﬁd/br magnetic separation. By etching the
sample in.HF, the other iight minerals (mainly calcite and feldspars)
are removed and moreovir; the outer‘surface of the quartz grains is dis~ !
solved, théreby elimindt1ng“the alpha dose contribution. The age.

equation is then:

- EDi Where. ED, : equivalent dose for inclusion
AGE= —= T datin
Dg* D+ Dc 9

Dc: dose-rate from the g, vy
and cosmic rays respectively

b) The Fine-Grain Technique (Zimmerman, 1971)

This technique has been Lsed in the present test program. It
involves very fine grains (4-11 um) sedimented on lcm diameter alu-
minium disks. In this %aShion, as compared to loose sand grains, sam-
ples are found to be more homogeneous and easier to hand]e (particu1ar1y .
for irradiation purposes). For this particle size, the alpha dosage

attenuation fs negligible and the gamma and beta contribution impor-

tance is reduced. An efficiency factor, k, is introduced in the age




:equaéion and defined as:

y = JL per gray of a radfation ' .

TL per gray of 8 radiation
so that the dase-rate is expressed in beta equivalents. For sediments,
the alﬁﬁa radfation is generally 1/10 as efficient in inducing TL as
compared to beta radfation. The age equatioﬁ in fine-grain dating 13

then:

ED Where Eng .: equivalent dose for

AGE = fg ' fine-grain dating

kDa ¥ DB+ Dy+ Oc D,D ,D , Dc: dose-rate from the a,B8;Y
and cosmic rays

P ‘

The TL per gray of irradiation varies with the energy. However,
"the TL per unit of alpha particle track length is not,

Therefore, the k-value has been replaced by the a-value defined as:

a = X/ 135S
. . P
Y where X: number of grays of gamma radiation that produces the
same TL as 1 mn of alpha irradiation from a source
of strength S um mn-{,

" A more complete discussion om this "track length $ystem" is
given by Aitken and Bowman (1975) and Bowman and Huntley (1984).
< [

4.3 AppTicatfon’to Quaternary Geoloqy: the R-Gamma method

Specific problems related to thie application of the technique
'to sediments are discussed in Dreimanis et al. (1978) and KWintle and
Huntley (1982). The most critical problem is the TL zeroing of the

sediments.



-

Archaeologiéa1.dating assumes complete drainage of the previously
acquired TL due to firing of the ceramic. For secondary detrital depo-
sits, this thermal event has not occurred. Nevertheless, some zeroing
mechanism must have taken place since (1) traps in Quaternary detrital
minerals are not saturated and (2) their TL commonly increases with
depth. Morozov (1969), Shelkoplyas (1971) and Vlasov et al. (1978b)

@ 7 s
suggested that sunlight bleaches part of the initial TL signal. This
max be attributed to photon interaction with trappggse1ECtr0nS (D.J.
Huntley, personal communication, 1980). Vlasov et al. (1978a) measured
total TL for sediments naturally exposed to sunlight from river bars and
terrares which yield apparent TL ages of'up to 9400 years, wifhout any
correlation with the geéloéical ages of these units. Thus an initial
level of thermoluminescence is inherited at the time of sediﬁentation.
From that time on, in a c;;tinuous manner, the environmental radiation
supplies electrons to trapping centers until the sediment is remobi-
lized in the sedimentary cycle (Fig. 4-3).

Therefore, this residual contribution (I0) must be subtracted
from the natural glow curve in order to date the last sedimentation
event. Wintle and Huntley (1980) suggested that traps in detrital mine-
rals can be subdivided in@o light sensitive and 1ight insensitive traps.
Consequently, the TL glow curve is the sum of two components:

I= Id + lo, lo being the presumably inherited TL at time of sedimentation

118

and Id, the TL acquired since sedimentation. In their paper, they proposed

three methods to determine Io. In laboratory, Io was measured through
bleaching experiences using a 275W Sylvania sunlamp. This provides a

standard and uniform illumination for the different sets 6f natural and

4
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irfadiated samples. The basic assumption is that the event being dated
is the last exposure to sunlight. o

A very iengthy exposure to either direct sun or to the sunlamp
could cause ejection of electrons from defects which were already trap-
ped at time of sedimentation (Fig. 4-4). The sunlamp exposure should
therefore be small. In method a (now known as the regeneration methﬁd),
the irradiation dose (G) necessary to regenerafe the natural TL level
. after the samples have been exposed under the sunlamp for a standard
time (say 40 mn) should be measured first. The ED is then =G/(1-f) where
f is theﬁf}action of the TL left after (1) bleaching the sample under the
sunlamp enough to reduce the TL to a negligible value, (2) giving the
sample a larg; irradiation dose and (3) bleaching the same gamp1e under
the sunlamp for 40 minutes. TL dates obtained on oceanic sediments
(Wintle and Huntley, 1980) and toess (Wintle, 1981) by method 'a' were
found to be in good agreément with stratigraphi; evidences. However,
changes in the TL sensit%vity of the samples after they have been
bleached §hed.some Houbts on the EDs obtained by this method 'a’
(D.J. Huntley, 1982, personal communication). A second method (G -y )
was used in which those sensitivity changes could be eliminated but the
procedure implies lengthy and tedious measurements. Therefore, a method
based on the reduction (R) of the TL caused by a standard sunlamp expo-
sure was developed. This is the R-Gamma method (method 'c' of Wintle and
Huntley, 1980). The equivalent dose is taken at the intersection of the
unbleached TL growth curve (N +y ) with the bleached growth.curve cons-
tructed from natural and irradiated discs which have been exposed to a
* short sunlamp exposure (N +y + Sunlamp ; Fig. 4-4). This should be
considered as the sedimentary dose. Furthermore,/in order to cut off the

undesirable UV portion of the sunlamp, it is common‘practice at the
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SFU-TL laboratory to introduce an optical filter between the mercury
sunlamp and the discs. )
From the above introduétion, it is clear that the TL dating techni-
que, when applied to sediments, is more complex than the common routihe
. used in dating archeological material. In their review paper of 1982, ‘,/‘*
Wintle and Huntley conclude that most TL dates published in the lite-
rature were unacceptable since very few methodological details were
given on how the TL dates were obtained and which event was actually
dated. They therefore suggested a set of criteria that would have to be
met before giving any credibility to a suite of TL dates. These criteria
are listed in Table 4-5, Thgy later added, "simple publicatién.of dates

alone is quite inadequate". This is clearly deﬁonstrated by what has been

discussed above and by what will e presented below.

4.4 The TL dating program
| \

In the course of this study, 14 samples were collected for TL dating
from which 19 TL dates were Bbtained. A11 TL measurements were performed
at the Phyﬁics Department of Simon Fraser University (Burnaby, BC). The
fine-grain technique (4-11 um) was used aﬁd the ED was ﬁeasured using the

/

R-Gamma method. Experimental details are given in Appendix IV. The age

equation that was used is shown in Table 4-1.

-

&
4.4.1 Nature and stratigraphic pbsition of the selected samples

The samples collected for TL dating are shown on figure 4-5. They

can be classified into four categories$, according to their presumediégepe—‘j




”~,

TABLE 4-1

. AGE EQUATION
/

AGE (years)= ED (grays)
i dpK N dyx
O\ T5Hsa T T+HyA

|

\ 1.80a dpu dyu
N TR T TR T T A
N 174 a N dpth dyTh
T ATh 1+HoaA  1+HpA  1+HyA
+ ¢ - (grays-year~?)
~ T+HyaA

|
|

. Ha= 149, Hp=125, Hy=100 .

Dose rates (rad/year) for the d'ecay of K-40, U-238,

U-23S, Th-230, and Pa-231
A. Dose rate for K40 per 17, X,0

K40 . dw = 0.0682  dy = 0.0205

0

B. Dose rates for an alpha count rate of 1.00 cm~32 ks~*

d, dy ' d,

L

U-238 ’
uzss% day = 2330 dyy = 0.1226  d,, = 0.0983

Th-232 dopy = 2.093  dyry = 0.0819  d,p, = 0.1414

( 1 gray =100 rads ),

(WINTLE & HUNTLEY, 1980)

r

122



L4
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FIGURE 4-5: Location of the samples selected for TL dating:
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%
2

Precise sampling 1is shown on individual Togs.
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Modern sediments:

CLTO:

CCTO:

4

silt collected in the water ‘o? the St-Lawrence River, at
Cap L8vrard, 20 cm under %he surface of water.
gravelly sand collected on the Cap Charles beagh, 5 cm from

o

the surface; beach sand.

Late-glacial sediments: Those sediments weré laid down in the Champlain

LP:

Mc-Des:

Inters

SP:

RS:

SS:

‘ .
Sea basin (9,500 - 12,500 BP).

z

clayey silt; collected 30 cm over the Gentilly till at section

99; apparently non fossiliferous; Portlandia arctica bearing

silts are found on the top of the same till at section 109;

shallow water marine clay (unit 99-G).

massi&e'si1%y and sandy clay collected in a St-Lawrence

River section found approximately 2 km upstfée&_from the
Deschaillons brickyard (Fig. 2-12); Balanus hameri collected
in these silts yielded a 14t date of 11,130 +180 years BP

(UQ-651); deep water marine clay . he

dial sediments: These sampies were collected in 1ithdstratigraphic

units related to the St-Pierre Interstadial.
These sediments are presumably 70,000 « 10,000
years old,

silty sand collected 30‘2m below the peat, section 48

beach sand (unit 98-B).

clayey silt collected 30 cm above the same peat, section 98

(Plate 2-2a); shallow lacustrine silt ; (unit 98-D).

clayey and sandy silt collected in a unit correlated



StP:
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with RS, section 99: (unit 99-E).

sandy silt collected 30 cm above the uppermost peat layer at

the St-Pierre type section ( 58); alluvial silt; (unit 58-).

Stadial sediments: The following set of sediments 1S older than the

RY:

VP:.

SP1:

VDw:

St-Pierre peat layers and younger than Ehe brickred
sandy basal tif] of the Rividre aux Vaches sections
-which ciﬁ not be reasonably o]dgr'fhan the'I11iﬁoiah;
their presumed age is therefore 70,000 - 130,000 e
years old.

silty clay of 99 or 109C. :

99RY; 2m above the brickred ¢ill1 ', section 99, (unft 99-C).

109RY; séme unit, section 109 ; Im below thg overlying

St-Pierre (f) sand.; (unit 109-C).

These sedf%gﬁts are interpreted as distal glacio-lacustrine

clay .

clayey silt , of the Pierrevilie varves , section 98; 30cm

under the base of the St-Pierre sand ; {unit 98-A).
VPw: winter laminae of an equivalent sample;

pﬂBXimal gTaciolacustrine sediments,

clayey silt collected 30 cm below the St-Pierre sand , section

59; glaciolacustrine sediments; (unit 59-A).
elayey silt from the Deschaillons Formation; section

400; winter laminae of a sampie co]]ected.Zm under the firé;

" deformations, in the middle part of the unit; (unit 400-B). .
4 .

i



The presumed age of this last sample is younger than 70 k§ -f

unit 400-B overlies true St-Pierre Sediments or blder «if unit 40078

>
!

is corre]ateq with 59-A.

4.4.2 TL characteristics of the samples ,

This program used the fine-grain technique in which was separated;

. the 4-11 um #raction of the samples., The(carﬁbnatés were remo¢ed'by,a

A}

dilute HC1 treatment. The resu]t{ﬁg_gamﬁ]eé~were composed of quartz_and;
feldspars, mainly, wigh minor amount of-amphibgle, chlorite and i]]i;e.' .
Typical glow curves are shown in Fiéure 4-6f_ It sﬁdﬁséiad natural o
peaks centered at 240°C and 3éo°c (heating rate: 3°C/s).

A hydrofluosiljcic treatment, described 1p,Bg}§er énd Huntley (1982),
isolated the quartz fraction in sample RS. This fraction yields a

single peak at 320-330°C, with low light intensity (Fig.4-6 ).

Feldspars are therefore the“chief source of the TL. This has impor?gnt
consequence since this minerai may show anomalous fading (see next sec-
tion). i .
| growth curve generated on the LP’sample (=10ka; Fig. 4-7)

showed that the growth of the TL in these sediments is best approximated by
an‘exponenti§1 or a quadratic best-fit curvé; the TL accumulates in

traps in an\a]most 1inear fashion at low dosés and gradually flattens

at high doses. - Apparently, traps of the po]yﬁ?nera]ic fraction of

“this sample were not saturated even after addition of an artificial
irradiation of 1500 grays. Therefore, assufiing d dose-rate of 4

grays/ka and providing a precise knowledge of the growth curve, appa-

rent TL dates of over?400,000 years should bgépossible in this particular

.

geological context.
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4:4.3 Determination of the eduivalent dose: thé problem of anomalous
- fading. : ~ : '

The equivalent dose was obtained using the R-Gamma method. Backward

extrapolation of the ﬁnbleacﬁed growth curve was achieved through an
exponential besf—fit program devised at the laboratory (Fig. 4-8 and 4-9).
However, becguse of processing limitations, khe quadratic best-fit had
to ?e used for sample VP. It was found that hoth types of ext%apo]ation
gave the same result within one standard-deviation. The bleached growth
curve was approximated by a Tinear best-fit.’ '

A1l the samples measured %n this test program yielded good plateaus
(Fig. 4-10). The condition of thermal stability of E;e electrons in
the traps is consequently met. Neverthe]ess,’anoma1oué fading‘tegmﬁ

rried over 6 to 8 weeks showed'a decrease of the TL signal during

storage’ (Table 4-3 and 4-4). Unfortqnatg1y, this prob]em became
apparent after mﬁst of the samples had Seen glowed since anomalous
" fading tests are rdutinely ran after the ED measurements. The ED
of such a sample is there%ore Tower than the true equivélent dose.
A‘de]aygd measurement abproach was sought to solve this problem.

An anomalous fading test (AF) compares TL emitted by two sets of
ihe same ‘sample which were'i;hadiated at different times before measu-
rements (Fig. 4-11). There is no énoma]ous fading if the TL emitted
by the two sets is the same. It was shown bx'ﬂintle (1977) that part
Jf the curve of anomalous TL loss in feldspars is iogarithmic. Visocekas
(1979), by graphically compiling fading data fqr’various mineré1s,,§howe¢
that the TL losses for these minerals are directly proportional to the
logarithm of the time elapsed since irradiation. (These studies

were carriéd on individual minerals. Wintle (1978). suggested that since

- TL in fine-grains derives from a number of minerals, it is to be expected
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that phe anoma]ou; fading may be caused by only a very small fraction
of the grains which fades badly. With this in mind, some of
the units were resampled and the measurement of their éﬁuiva]ent
dose was delayed for three months after irradiation. The purpose
was to store the samples until cessation of fading and then obtain
an apbarent TL age on the.non-fading,component of the polymineralic
assemblage. Results obtained on the suite of interstadial sediments
from the Pierreville area are described bé1ow.

} total of 6 apparent TL ages was obtained on the 4 to
11 um fraction of these samples which had been stored for different
periods of time. Samples RS-2, RS-0, and SP-2 were glowed appro-

ximately 2 hours after irradiation. This delay is an average

since the glowing of unbleached irradiated discs takes about one

hour. Samples RS-24 and ‘ #24 were glowed one day after irra-
diation. Sample RS- 5U§:wés glowed twelve weeks after irradia-
tion. Sample RS-Q ig éhefqdartz extract of RS.

The apparent TL ages obtained are listed in Table 4-3 and
shown oﬁ Figure 4-12.

Anomalous fading tests were carried out for periods of

2, 71, 163, 1000, and 2000 hours for sample RS. Because of

. practical Timitations, TL losses have to be compared to an initial

"first glow set 6f’discs" which was measured approximately 20 minutes

after irradiation.

N
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FIGURE 4-12: Anomalous fading and apparent TL ages for the
_suite of interstadial ‘sediments , Pierreville

, area (Lamothe, 1984).
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A§ expected, apparent TL ages increase with storage time. However,
the age increment is greater than the TL losses monitored by the anoma-
Tous fadjng test penfo%med“onnthe RS samples _This is probably due to
the fact that the TL ages were obtained on different samfles which showed
slightly different @éding. Correﬁting for the anomalous fading values
observed on RS-24 (17% + 4%; 6 weeks/24 hrs) and 5S-24 (16% + 3%

6 weeks/24 hrs) would have yielded TL ages in the lower 60 ka range.
Although the fading corrected aées agree closely with the RS-2000 appa-
rent TL age, these should not be reported in the 1§terature as finite |
ages. The polymineralic fraction of sample RS-2000 yielded an apparent
TL age of 61.2 + 9.2 ka when stored for 12 weeks after irradiation. A TL
age of 51.1 £ 11.1 ka was obtained for RS-Q. If i5 generally ob-

served that quartz does not fade (Wintle, 1978; Berger and Huntley,
1982; Divi§a1pitiya, 1982). The agreement bet@een the ages obtained

on quartz and on)the delayed polymineralic fraction suggests cessa-
tion of fading for thi§ sample. In this study, tge emitted TL ‘is
dominated by feldspars in ali'samp1es whatever the dg]ay, suggesting
that some of these feldépars fade badly or that most of them suffer

_a small short-term TL loss.” The first case B believed to be more
likely since Wintle (1978) reported that in most case studies, "voj-

canic" feldspars seem to exhibit this fading behaviour and the

<

volcanic" do not. In Figure 4-12, the fading curve has flattened

non-

after approximately three days. This fading curve may be interpre-

ted as a two-component curve, one of which has a slope typical of

fadin§ minerals (1ine 1 on Fig. 4-12). This component is, herein,

~
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\§§*\‘¥e;€ampa;ed~with.TL Tosses measuredoby Wintle (1977) on a strongly -
fading laboradorite. | '
A similar agreement between equivalent doses measured on poly-
mineralic (feldspar dominated) g{ains and on the quartz extracted
/irom.the same sample was also reported by Wintle (1982) during a
dating study of loesses. According to her, this agreement confirmed
that these feldspars were not subject to anomalous fading. Very
recently, delayed measurements were used b} Temp]er.(1984) in order
éo remove anomalous fading in zircon. |
Alternative pfocedures for circumventing anomalous fading in sedi-
ments have been proposed where the non-fading components of the
. original sahple; were isolated through mineralogical separations (Berger
and Huntley, 1982; Mulhern ggﬁgi,, 1981). Quartz and the magnetically
susceptible minerals were‘used to measure the ED. However, these
mineral extractions have the following disadvantages{ (1) it is belie-
Ved that the required chemical tfeatment (e.g., use of H25i2F6 to
isolate quartz) may affect the quartz grain surfaces and thus lead
to unpredictable TL characteristics; (2) their light output is very low;
(3)~?he TL of quartz saturates at much lower laboratory doses than feld-
spars (Wintle, 1977, 1982; Berger and Huntley, 1982; Divigalpitiya, 1982)
g%yihg rise to non-linear growth curves with error-prone extrapolation
. g .
to original ED; (4) their ex;:§ction is time consuming. This point
ﬁs important if TL becomes a routine dating technique .
Storage of samples for at least a short period after irradiationv

"~ has been suggested in the past (Fleming, 1979). However, the intro-

duction of a Tong delay between irradiation and measurément in this
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study permitted reporting the first agreement of apparent TL ages
between a po]yﬁinera1ic and a quartz extract ffa@;ion of a sample which
exhibited anomalous fading (Lamothe, 1984).
Since sediments contain a wide.variety of.minerals, it should be
expected that, in most cases, they will show at least short term fading.
The above case study demonstrates that the TL datesoobtained
after a 2 hrs delay are too young: they ére labelled as ”grgater
than"; Dates obtained after a 24 hrs delay are also reported as
"greater than" even if, for weakly fading sedimentsy they may be
close to the finite apparent TL age. TL dates obtained after a 12
weeks delay are considered as finite. In the case of VDw, fading exceeded
? (6 weeks/24 hrs); consequently, the age is reported as "greater than |

or equal to" (=z).

4.4.4 Determination of the dose-rate: the problem of the water content

Dose rates are listed on Table 4-2. (1) They rrange :
between 3 and 4 grays per/ka with extremes as 1ow as 2.8 and as
high as 4.7. In this study, the natural annual dose,is 1arqe1y domina-
ted by potassium. It is fortunate that the determination of this element
which contributes to 50% of US total dose-rate is very precise (+.05%).
(2) The alpha eff1c1ency factor was measured for 5 samples (using R-a)
{Fig. 4-13).7he ajva1ue was close to 0.1 and this value was used
as an approximation for the other samples. (3) The cosmic dgse‘}ate
was estimated at 0.14 grays per ka in post-glacial sediments (Wintle,

n

1981, Prescott and Stephan, 1982) and to half of this value for those

sediments whigh have been under a thick ice-cover for part of their

geological histo}y. (4) Radon escape was encountered in many-samples.



TABLE 4-2
DOSE-RATES

Water Rn Dose-rate
Ko0 u Th a c
Sample content escape +10%
t (% 20.5) (per Ks~cm?) +10%
+25% (%) {mgrays-y~1)
LP 2.94 437 + 044 178 % .042 41 .143 15¢5 .14 3.87
MC-Des 3.88 .385 + .040 133 * .03§ ) .30 .880 T4 14 405
Sp-~2 2.58 .310 £ .039 ,1013 038 21 .087 - 07 3.08
RS~2 2.91 .342 £ 080 .209*+ 057 .25 .084 - 07 3.55
RS-24 307 .253 + .047 .298 ¢ 045 .25 :084 no .07 3.65
55-24 2.74 .214 * 045 ,268: 043 .21 .100 105 .07 3.47
RS-2000 3.07 .268 t.088 .284* 082 .25 .084 no .07 3.61
g1p 2.68 .263 £ .040 .168 ¢ .038 .22 .100 22+ 4 07 3.7
109RY .3.98 414 £.057 .150 +.053 44 114 13¢4 07 3A.91
98RY 3.91 .241 £.033 277 £ .035 .44 114 no .07 3.89
VP 2.70 .238 +.052 .218 * 0489 .31 100 - s 3.06
VPw 234 167 £.022 170 *.021 "3 100 .- 07 253
SP 3.44 318 +.088 .340 * 082 .34 100 14+ 8 o7 401
VDw 3.98 259 *.048 318 * 046 .33 .100 133 .07 427
(352) 4
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It.is impossible to correct for this. It is tentatively assumed that
this waste is counterbalanced by 1néoming radon from the underlying
strata. ) | |

When discussing dose-rate evaluations, most authors stress_thé
very limiting aspect of the water céntent in the samples, This
problem can be easily exemplified as following: the apparent TL age
of sample 99 RY §s 86 ka , given a-water content of 44% (average value
of the in situ and saturation ) as compared to 70 ka for a water con-
teﬁt of 33% (Tﬁ situ value). The estimation of the saturation value is
not straightforward in sediments because of the lack of cohesiveness
in unconsolidated deposits.

If care is not taken during 1a50ratory saturation of the samples,
the sediment may be disturbed. The saturation value is then over-
estimated. The fb1]owing procedure was taken to minimize this effect:
(1) the samples were collected with a plastic tube gently pushed into

the sediment at the section site; (2) they were slowly driéd in the
| oven (75°C during 3 té 4 days; 100°é during a few hours), to'obtain
the in_situ value; (3) samples were, then, stabilized in the tube
with corks into which was drilled a 5mm hole; (4) the tube was
“immersed in water for 3 to 4 days; (5) the cork was removéd and the
outer part of the sample which could be slightly disturbed was scrapped;
. (6) the saturated seaiment was slowty dried to obtain the saturation
value. The resu]fing in situ and saturation values were then
averaged -and used in the age equation g¢ipce it ié.expected that
these sediments were under ice and therefore saturated during at

least half of their geological history.



4.4.5 Apparent TL ages: results and discussion

The apparent TL ages measured‘on‘samples from the Central
St-Lawrence Lowland are listed in Tables 4-3 and 4-4, They range from
4 to 135 ka. . They have been tabled according (1) to the sampling
area and (2) to the unit in which they were found. Apart from the
modern samples, it should be hentioned that among 17 TL ages,5
finite apparent TL ages were obtained. The TL dates presented herein
carry large uncertainties which are majnly due to the estimation of
the past water content (+25%).

Wintly and'Huqt1ey (1982) proposed criteria to be met before giving
a geological significance to TL dates on sediments. They are listed
in Table 4-5. Plateaus, anomalous fading, a value and non-linearity
of the TL growth curve (herein, at h{gh doses) have been discussed
in preceding sections. Zeroing of modern and older sediments is
discussed below..
Criterion 1:modern: CCTO: this silt , collected from the actua].
beach, gave an apparent TL age of 7 ka. CLT0: these were collected in
the St-Lawrence River water; they yielded a slightly younger age of
4-5 ka. Theoretically, these samples should give a zero age. However,
it seems that whethgr some of the grains may not have been zero;d
or that the sunlamp may have overbleached the grains. Jungner (1983}
and Huntley (;984) have proposed tﬁét, in some cases, the central part
of ﬁhese si1ts aggregates would not be exposed to sunlight and would
therefore give a discrete "sedimentary” TL signaT.' Sample CCTO was :
collected on a sandy and gravelly beach. These silt grains were

probably transported in water and sedimented with the sand grains as

Tumps. In this sample, the Humps can be observed under the binocular.
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TABLE 4-5

PROPOSED CRITERIA FOR JUDGING TL DATES OF SEDIMENT
(from Wintle and Huntley, 1882)
1) For sach type of material and method used on it,the method shouid

have been shown to yield 29ro age for recently deposited material.

2) For the type. of material and the method used, the method should
have been shown to give correct ages for at least three suites of
sampies for which reliable ages have been determined independently.

These should cover the time span in question.

3) The results of a number of tests which have been found necessary
shouid be reported. T‘\ese inciude, but are not limited to, in order of
importance: a) ‘pla!eau test, iy

b) anomglous fading test,
c) alphabeﬂectiveness value and

d) test for non-iincarity at low doses.

-
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Voo £

During the initial preparation of the bu]é sample,
prior to settling on the aluminum discs, the grain-size segregation
frees these inner siits which ar; then exposed to the sunlamp.

The CLTO, sampled in the river itself, af a water depth of 1 m,
yielgﬁg a smaller ED suggesting that rgcyc1ing of these grains may
lower the ED progressively. The length of sunlamp exposure affects
also the ED value since a 30 minutes exposure déCﬁeases this malign
ED by‘ZO% when compared to the standard 2 hours exposure (see Table
4-3). As suggested by G. Berger (1984, personal communication), the
"use of the 052 filter may lead to a slight "overbleach". These-
two samples were originally derived from sediments exposed in the Cap
Lévrard and Cap Charles cliffs , that are 70 ka old or more .,

It is believed that these data do not diSprove the other results
for the following reasons: 1) in-the other samples, the silt grains
were probably all deflocculated ét the,time‘of sedimentation since
most of them are of marine or lacustrine origin; 2) this inherited
TL is barely significqnt for old samples; and 3) most of-the other
samples showed a.good agreeﬁént between the TL agg'and the expected

: - /
age. . . /
Criterion 2:Late-glacial: LP: this sample cowgé from a marine unit “
with very few fossils, suggesting a ]4C age/;ange of 12500 to 9500 —
years BP. The'most probable age '0f this 4nit is =11 ka. The apparent TL
| age of >10.3 #1.7ka is therefore geolobgically reasonable and demoné—
trates that, in the case of weakly faling sediments, the TL age may be

L}

close to the true age.




I

MC-Des: the apparent TL age of 215.7 ka + 3.0 ts 4 ka older than the
8¢ age obtained on thgégffgnus(UQ~651: 17 130 + 180 years BP), a
value comparing with the apparent TL age of the modern river silt CLTO,

suggesting that "overbleaching" may be responsible for the inherited TL.

It should be noted here thgt considering this ]4C age, this body of

massive clay has been sedimented under a water depth of at least 150 m
which éhou1d have preventedgthese grains from being exposed’to sunlight.
They nevertheless, have been. However, the delay of 48 hrs may not have
been sufficient since a faint fading (=5%) has b;en measured  on the
2000 hrs/48 hrs AF test. This complicates the interpretation.
Interstadial: The apparent TL ages obtained on the $t=Pierre suite (SS,
RS, and SP), exposed at Pierreville, have been discussed briefly
béfore, in the section 4.4.3.

The Tacustrine member of the St-Pierre Sediments (RS) is dated
by thermoluminescence at 61.1 = 9.2 ka. This result has to be compared
with the radiocarbon ages obtained on pieces of wood collected from

14 . date measured

the peat layer. This TL date agrees with the finite
by DeVries (66.5 + 1.6 ka; GrN-1711; Vogel and Waterbolk, 1972).
Howevep, dates obtained before 1967 may have to be disregarded since,
accoraing to Grootes, cont?mination was present in the Groningen labo-

ratory during these first years. The ]4C date of 74,700 t 2888 é&ars

. BP (QL-198) and the TL date are believed to be coherent since (1) 4°C

years-do not necessarily equate calendar years because of possiﬁﬁé fluc-
tuations in the original 14C concentration in the atmosphere; (2)

the peat layer may well represent 3 to 5,000 years of sedimen-

- tation (Terasmae, 1958); and (3) the large uncertainties still

carried by the TL dates may themselves account for the difference.
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In the St-Pierre area, sample StP, collected in unit 58-B, yielded
a TL age of 27.7 + 4.3 ka. This age is considered as possible even

if it is much younger than the underTying peat layerss ‘Their ]4C

e date

age should be in the 60 ka range. So far, only one finite
has been reported (67.7 + 1.3 k;; GrN-1799; Vogel and Waterbolk,
1972). The TL sample was collected in silts overlying the uppermost
peat layer. A lacuna betweenthe peat and these silts cannot be .demons-
trated but may exist.

The possibility exists that these s$ilts may have been zeroed
at the end of the interstadial whose age is sti]] a matter of controversy.

~

The apﬁarent TL age of this sample can be explained by this nypothesis:

T8¢ dates are significant, the St-Pierre peat

If the TL age and the
bearing sediments of the type-section would represent 30 to.40 ka
The upper part of the sequence would be 30 ka old-or would have been zeroed
at that moment bf'exposure to suﬁ]ight or by pedogenesié. This
process 1is respons%b1e for the bleaching of TL in the upper horizons
of modern soils (Huﬁtley g;_gl.,1§83 ).

From the above discussion, it can be concluded that the apparent
TL dates reported for modern, late-glacial and interstadial sediments are
in relatively good agreement with the stratigréphic evidence . The
“zeroing error" of 4 ka could hardly be applied to older sedimentgﬂsince
it is geologically not‘siénificant. .

This TL dating program meets most of the criteria listedyby

“~~Hintle and Huntley (1982). It is therefore suggested that the apparent

TL ages measured on the stadial sediments, which are pre-St-Pierre,
should be geologically significant, particularly if one takes into

consideration the large uncertainties attached to theée numbers.
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Samples 99RY, SP1 and VDw yielded apparent TL ages in the order
of 70 to 85 ka, that is early Wisconsinan. Since these TL ages are
close to. but still slightly higher than the TL ages obtained on St-Pierre
sediments,“;eroing before sedimentation must have ,taken place.

Unit 59-A seems therefore to correlate with the Deschaillons Forma- .
tion , as suggested in the Chapter 2, not only in terms of AL
age but also in terms of TL behaviour since they also show edua] values
of anomalous fading and radon escape. This 1dst point deserves atten-
tion. if TL is not yet an undisputable absolute chronological method,
it may prove, in the future, to be-a : strong correlation tool.

Samples VP yielded two apparent TL ages, one of which is finite
and in the order of 135 ka, that is late Illinoian. Following the
diseussi&n in Chapter 2, the lithostratigraphic relationship of 98-A
to 99-C "and of 98-A to the Tower red till cannot be clearly observed.
It was proposed that because of their 1ithological affinity ( carbonatew
content and.proxima1 facies of 398-A), unit 98-A should be related to the
-retreat of the ice,that laid gown the red till. The finitetapparent
TL fage of 135 + 26 ka supports this hypothesis. HoweigF, two pgints need
to be mentioned : 1) only one finite date is available; 2) this unit
is composed of proximal rhythmites which deposition is commonly -
quick and foliows grains transportation by turbidity cdrrenfs. Zeroing,
may have been inébmp1ete.

In conclusion, thermoluminescence dating is promising since it

_gives, for the first time, pre1imiﬁary absolute ages for sediments.older

than the upper 1imit of the radiocarbon method. It can be-performed on

1
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detrital gra{hs that are ubiquitous and is not dependent on the presence
of fossils or grganic matter. However, TL ages reported herein are
"apparent". They‘cannot be compared to calendar years at the present
gtate of knoﬁ]edge. Tﬂey are "strictly analytical products® (0din, 1982)

which are believed to date a sedimentation event.

Y

§
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CHAPTER 5
QUAfERNARY STRATIGRAPHY IN THE ST-LAWRENCE LOWLAND

The 1ithostratigraphy ajd gedchrono]ogy of the two sub-areas
under study have been prese té& in Chapters 2, 3 and 4, In this chap-
ter, these data are compiled - in order to present a complete
stratigraphic framework for_both areas. As superposition of glacial and
non-glacial 1ithostratigraphic units suggests changes in geologic
environments, the correlation between the two areas has to be based
on geologic-events referred to as  stadials and Tnterstadials.

This section also proposes a new stratigraphic nomenclature
which tries (1) to preserve the existing formal names; (2) to restrict
the use of genetic names and (3) to eliminate the lithostratigraphic
units which, at this point, have equivocal stratigraphic positions. In
terms of strétigraphic terminology, the use of genetic terms in
naming lithostratigraéhic units should be avoided because these units
are defined on the basis of objective 1itﬁologic characteristics.
It is proposed to.remove from the nomenclature terms such as Tills and

o

Varves and use Formation throughout. This nomenclature is actually a
working hypothesis.’ Indeed, its forma]izé;ion will have to be done
through a scientific'medium and it is hoped that the arguments on which
it is based are improved during further work. .

A striking feature ofvghe St-Lawrence Lowland stratigraphy is the
importance, in terms of Tithosomes of glaciolacustrine
Isediments, particularly in the St-Pierre Les Becquets area. In conse--

quence, a brief review of their geologic characteristics precedes

J
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the stratigraphic discussion. Y

£, GBlaciolacustrine sediments in the St-Lawrence Lowland

Gadd [797'! suggested that 4 distinct glaciolacustrine episodes

are recorded in *he Lowland; they are based on the existence of /1)

LFER!
1:

Pre-Becancour sitt ; 72} Post-Becancour Ti' silt ; /2 Pre-
Gentilly Deschai’lons varved sediments and 74’ Post-Gentilly Ti:

silt . In this scheme, group (?f is represented by the Cap Levrard

- L4 '

varves e.g. unit 6dLC; group {2; by the Pierreville Varves e.g. units
98-A and 99-C; group (3 by the Deschaillons Varves e.g. unit 400-8;
they are correlated to the "Gray VYarves" of Cadd {1955' e.g. unit
58-C; group (4 includes varved sediments grading into Champlain Sea
- sediments; these were not considered in this investigation.
- Tabie 5~° tists a'' the available data for the glacioiacustrine
units investigated ; "Some important aspects are ‘stressed be’ow:
{1 The stratigraphig position of the\f51?owing units ¢ unequivoca®
with respect to St-Pierre: 98.A, 99.C and 5G-A ar; older, 58-C
is  younger: Unit 400-8 overlies sand in which pieées o% wood were
found. ’

r2: TheanuAber of coup1etsidi‘fers1arge1y but 99-C and 400-B have
comparable number of appqgii@a§e1y 2,500 cdup1ets,

3) C&gcreiﬁons dated at 35 ka are f0uﬁd in 39-C, 98-A, 59-5, 400-8
and 60-A |

(4) In terms of facies, type Il varves (Ashley, 1975) are common in

units 58-C and 98-A.
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(5) Except fér 98-A, the carbonate content is low.

(6) Apparent TL ages of 59-A, 99-C and 400-B are in the range of
60 to 86 ka. 58-C is younger than ?8 ka. 98-A is tentatively ;
dated at i35 ka.

(7) At section 60, unit 400-B is overlain by a pinkish till that was
correlated with §hé Béééncour Till. The same is true for 59-A.
At the type-section, unit 400-8 is.overlain by a layer of sand
apd a grey till. é8—C is mostly covered by marihe deposits.
Unit 98-A overlies a'local sandy brick-red tf11 as well as 99-C. S

From this, it is proposed that a major early Hisc0nsin§n0 )

glaciolacustrine cuvent is recorded in the Lowland. - It wou1d be

represented by the concretion-bearing'units'QQ-C, 59-A and 400-8.

Units 400-B and 99-C show indeeq many common characteristics and

should be correlated However, unit 400-8, the Deschaillons Varves,

has been traditionally considered as younger than the St-Pierre

Sediments.This is based on the correlation of the underlying sand

(Unit 400-A) from which pieces of wood were excavated by Gadd (1955),

with the St-Piérre Sediments axposed at the fype-section (e.g. section

58). " This study hoﬁéver reveals that a pre-St-Pierre assignation

for 400-A"and 400-B is more probable. However, the arguments presented

in this investigation are not yet conclusive. Consequently, the

stratigraphic position of the Deschaillons Varves is considered’

ezuivocal and the name should be removed from the current stratigraphic'

nomenclature. This discussion wiT] be carried further in section 5.3.




5.2 Stratiqraphy of the Pierreyille area

The superposition and geochronology of the lithostratigraphié
units of this area is compiled in Figure 5.1;

The Tower red till was originally defined as the Bécancour Till
by Gadd (1960; 1971) since it is the oldést glacial sediment of this
area. However, the type-section of the Bécancour Till (section 21
of Gadd, 1955, 1960, 1971) is located 40km northeastward from Pierreville.
This section is not dated and correlation can only be tentative.
Therefore, a local name for this brick red .till at Riviére aux
Vaches is proposed : Odanak Formatiom. This name comes from
an indian village located 2 km west of Pierreville. This till is
at least older than 86 ka (=17) and possibly 135 ka (:26). Uhere
observed, 1its upper surface is erosional and in sharp contact with
the overlying varves. It is also high%y compacted. Therefore, it is
believed that this till is most probably I11inoian.

Overlying the Odanak Formation,_varved silt and ¢lay formerly
referred as the Pierreville Varves by Gadd (1971) are divided in two
different units. Unit 98—A should be known as the Pilerreville
Formation because they were first described by Terasmae (1958) at
the Pierregille section 98. The age of these glaciolacustrine sediment§
is at least early Wisconsinan (>82 kaz-5) and possibly late I11inoian
(135 ka +26), in which case they would be associated to the underlying
ti11. Unit 99-C should be differentiated from the Pierrevilile Formation

for reasons discussed in Chapter 2. The name Rividre awr Vaches
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Formation i§ proposed because they are well exposed at the junction
" of this river with the St—Franébis River. This férmation is early
Wisconsinan. ! |

Non-glacial units 98-B, C and D'and 99-D and E were named
St—Pférre‘Sedimentskby Géﬁd (1971). St-Pier;e should not be. used
as a formaT 1ithostfatigraphic name since. it has been used as a
- geo]ogféiclimate ﬁnit for now moré than three decades (Dreimanis and
kar;ow, 19;2; Terasmae, 1958; Karrow, 1984b). The formal name proposed,
© herein, is St-Frangois du Lac Formation. The age of these sediments
is approximately 60 ka,'that is early to middle Wisconsinan.

The reader is referred to section 5.4 for a more complete discussion
on the age of>the corresponding geologic event.

Finally, the upper grey and reddi;h brown tills (units 98-E,

99-F) are  younger than the underlying sediment dated at 60 ka and
probably younger .than the incorporated striated concretions dated

at 35 ka. These tills are probably late Wisconsinan . They-are inclu-
ded in the Gentillé Formation.

At least three and possibly four geologic events are recorded
in this area. They are numbered from top to base -in order to be
easier to compare with the oceanic stratigraphy (Fig. 5-3).

Thq Gentilly Formation has been deposited during the'Trois-
EiviéreS'StadiaZ (Occhietti, 1980), that is Stade I. The St-Frangois
du Lac Formation was sedimented during the G5t-Pierre Interstadial
- (Gadd, 1955), that is Interstade A. The Rividres aux Vaches Formation
are glaciolacustrine sediments deposited during an €arly Wisconsinan

ice advance, Stade II that is herein considered as the WNicolet
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Stadial (Dreimanis and Karrow, 1972). The Odanak Formation

has been deposited during an ice advance that may be much older than
the subsequent one. It is proposed to name this glacial event,

Stade II!, the St-Lawrence Stadial. Depending 6n the importance
of the hiatus between the Odanak and Rivigres ‘aux Vaches formations,
the two stadials may represent two aifferent fce advances or Stade

IT could reflect a minor fluctuation of the ice that deposited the
lower ti11 (99-B) . In other words, Stade IIl may represent

a full glacfal event and Stade II a late-glacial event. I[f the
Pierreville Formation is indeed.re1ated to the lower till and was
deposited during the St-Lawrence Stadial, an important hiatus separa-
tes these two stadfals. If the Plerreville Formation is related to
the Nicolet Stadial, the finite ‘apparent TL age of 135 ka would be
disproved and the true age of the lower red till would remain annown.

The stratigraphic position of the Pierreville Formation is ecuivocal.

5.3 Stratigraphy of the St-Pierre Les Becquets area

The proposed stratigraphic succession and the geochronology of
the Quaternary sediments exposed in this area are presented on Figure
. ;
5-—2/
Following the discussion in section 5.1, the stratigréphic/posi-
tion of unit 400-B, e.g. the Deschaillons Formation, is evuivoea?,
Consequently, it is proposed that, in a first step, only tpe

superposition exposed in the vicinity of the St-Pierre type-section
I7a
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should be considered.

The Tower sediments are glaciolacustrine sediments ( 59-A) capped
by a red till that was described by Gadd (1955, 1971), but not observed
during this investigation. If is strongly believed by this writer that
the correlation of unit 59-A and the associaied till with the units ex~
posed at the bottom of the Cap Levrard sections (60 A-B ; 64 A-B) is

highly probable. This correlation was proposed by Gadd (1955, 1971),who

also demonstrated that the reddish varves--red till superposition is
common in the Lowland. However, the best exposed sample is at Cap Levrard.
[t is therefore proposed to name_this assemblage, the Levrard Formation. °
The age of this formation is early Qisconsinan. Correlation of this pif-

J .
rated.

kish till with B&cancour tillcannot be demonst
The peat-bearing silt and sand of the type-section (unit 58-B) have
been known as the St-Pierre Sands {(Gadd, 1955) and St-Pierre Sediments
(Gadd, 1971). Following the discussion in 5.2, it is felt that another
name should be given to these sediments. Since (1) the correlation,
with the St-Frangois du Lac Formation is undoubtful (sgg next section)
and (2) proliferation of new names Should be avoided as far as possi-
ble (Hedberg, 1976),. it is tentatively proposed that the unit 58-B
should also be part of this formation.

The upper grey till, not present at the type-section but intensi-

vely exposed in the area as the surficial till, is the Gentilly Till.

Unit 58-C has been traditionally considered by most workers in

Quaternary stratigrabhy as the Deschaillons Varves or the



Deschaillons Formation. However:

. ()

(2)°

tﬁe Deschaillons Formation sersw s:zriz:c is defined as glacio-
lacustrine sediments exposed at the Deschaillons brickyard.
Corre]atioq of'ghese sediments with the glaciolacustrine sedi-

ments overlying the peat-bearing sediments at the St-Pierre
type-section("Gray Varves" of Gadd, 1955) was based on (a) the
assumption that these units were in lithologic continuity or

could be "walked out" in the senge'of Krumbein and Sloss (1963 ;

p. 339); as demonstrated in section 2.2.4, this assumption is not
valid; and (b) the correlation of the lower wooi-Fearinz sand at the
brickyard (unit 400-A),wjth unit 58-B; these pieces of wood cannot’
be dated at the moment and may have been the witnesses of a

much older non-g1a§1a1 épisode[‘

Over much of the distance along which they can be traced, the

"Gray Varves" are ro* capped by a true lodgment till which would
suggest full glaciation. Therefore, a new name has £o be giVen

to this unit in order to remove confusion. ‘es 2ecquets Formation is
proposed. It may be younger than 28 ka and may even be late-glacial.

Geologic-events recorded in this area are: (1) Stade I, the

Trois-Rividres Stadial representéd by the Gentilly Formation and

possibly by Les Becquets Formation; (2) Interstade A, the St-Pierre

Interstadial represented by the St-Frangois du Lac Formation; (3) Stade

IT, the Nicolet Stadial represented by the Lévrard Formation..

AN
\



N 162

5.4 Correlation across the St-Wenceslas Ridge

4

The sedimentsldesckibed above have been deposited in two negative -

s -

areas, in terms of structure-countour e.g. the Batiscan and Yama -

_ chiche Basins (Fig. 1-4). Th¥re. is no possibility of tracing any

" -

of the lithostratigraphic units across the St-Wenceslas Ridge. ‘
. X e .
Therefore, the proposed cerrelation shown on Figure 5-3 is based

solely on geologic-events and geochronology.

The correlation is straightforward for the St-Pierre Interstadial

14

as well as the Trois-Riviares Stadfal. The ' 'C dates obtained oq.the

'

pégélTayers of both areas are strong evidence for these corré]ations.
An early Wisconsiaan glaciolacustrine event is recorded in both areas
and is represented by the Rivigre éux Vaches and Levrard formation.
The existence of a distinc¢t and q]der‘glacial event depends largely
on the age of the Deschaillons Format?on.' Would fﬁese sediments, be
definitely older than the St-Pierre’Interstadial se&iqgnfs,_tha1, the' -

existence of an older non-glagial episode would be recorded by the

- A

organic remains found in the basal sand of the Deschaillons Formation. e

Following the discussion in Section 2.2.4, the presence of a sub-surface

i

ti11 directly superposed on the bedrock is possible and would then.

represent an I1linoian ice advance to which could correspond the

LY

Odanak Formation. This correlation depends on the ex4§tence of this -
sub-surface till, It is felt that such a stratigrapﬁ?ﬁ discussion”
cannot be carried very far since it now deals with something that

A}

"was not observed.
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5.5 Chronology of the géo]ogic events

¥ ]
o

4

The 16Qer'and upper.boundaries of the geologic events described
above .are ‘difficult to ascertain since they are chronostratigraphic
units which are 1mpenfect1y represented by 11thostrat1graph1c un1ts It
is generally agreed that h1atuses ex1s; in continental sequences
but the 1mportance in terps of 1ehgtp of time is disputed.
In this investigatio&,'the radiocarbh and thermo1uﬁinescence
dating methods . yielded a relatively large. number of dates with

which the geologic events can be bracketted.

- @ ' ) ,
(1) 130 ka should be taken as the age-of the upper boundary for the
StJqurence Stadial in the case it represents a tru]y'distinct

glacial episode. The possibility of the TL date 6f 135°ka being

an artifact has however to be consideg;d.

4

(2) " the following period, from whith apparently no&sedipents have been
*described, 15 probab1y,£he 1a§t interglacial; its lower limit
would be set at 130 ka,‘ité upper 1imit at approkimate1y 90 ka;
’the wood fragments found at whe base of thegDescha111ons Formation

may have been the witnesses of the end of the last Interglacial.
g

(3) the N1c01et Stadza1 is a geologic ever® which cou1d be bracketted

14

by the apparent T age of unit 99-C (86.ka = 17)-and the " 'C

‘and’ apparent -TL ages obtalneﬁ~on the St-Frangoié'du Lac Formation,

-

discussed below:

(4) the oldest date obtained on the St-Pierre woods is the 14¢ date

1
]




At
:§"‘“\:\\,’\\
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of 75 ka (Stuiver et al., 1978). However,the re1iabi1it§iof tﬁé

E e

-5

14C dating technique may be questioned, in this range; how close
these 14C years are to the calendar years is unknown. Since the
. appqrent TL-ages obtained on the St-Francois du Lac Formation at
Pierreville agree cioseiy with the two 65 ka ]4C dates already
reported by Dreimanis (1960; see also Vogel and Waterbolk, 1977),
it is proposed that the lower age of the St-Pferre Interstaﬂia]
should be between 65 and 75 Ka. ~ . oy
The age of the upper 1imit of this interstadial has become fheﬁéubject
of large disagreement amongst Quaternary stra%igraphers in northeastern
America, basically because it has important implications in the eSfimation
of the extent of the last ice sheet in middle Sﬁscons1nan timefqve;’
Eastern Canada.
In.the Traditional Concépt,-the St-Lawrence Valley has Been occu-
pied by ice from 66 ka (BP) to 13 ka (BP). This is still based on (1LffH%

oy

assumption thats at the Deschaillons brickyard, the underlying sand R
. ¢
is part of the St-Pierre sequence and grads conformably into superjacent

varves fhat,suggest the. inception of @he Gentilly "glaciation"
and (2) the agzence of finite radiocarbon dates in the range 66-13
" ka (Gadd, 1976). )
Hi11aire-Marc;H and bagé (1981) were the first to reporf']4c dates in .
the 35 ka'rdnge. They were,eg&ained on calcareous concretions found
‘in'situ in the Deschaillens Fo;mation. '
Sin;e these concretions are.found-iﬁ”the Gentilly Formation (Lamothe

et al., 1983), as striated clasts, the inception'of the last ice advance
=24 : ) . 3 p ;

in the Lowland is younger than 35 ka untess (1)-the second
' N

LY



genération of carbonates which should be responsible for the measured
1AC activity has originated sub-glacially and (2) the tills themselves
are deposited towards the end of the glaciatién. In other words, the
age of the whole Gentif]y glacial sequence (see Chapter 3) would be

late-glacial. That is unlikely. However, since tills cannot be dated

directly, the question of their age remains unanswered.

)

Those ]4C dates are close to the apparent TL age,of 28 ka measured

at the top of the peat-bearing silt of the St-Pierre txge-sectionv
Herein, 30 ka BP is proposed as the upper limit of the St-Pierre Inter-
stadial. . ‘ : -
(5) the Trois-Riviares Stadial is bracketted betv"en 30 and 13 ka
BP, because late-glacial marine invasion in the Lowland did not

14

occur before 12,700 + 100 BP years (GSC-1859; .'C dateon marine

shells, near S%tawa Romane111 1975).

AL

5.6 Note on the paleoenvironments - \3

A stratigraphic framework based on geologic events implies drastic
changeS"%n the Quaternary paleoenvironments. However, in the Low1énd,
these are poorly known. Analysis of paleoenvironmental factors has

to be baséd:on detailed Sediﬁeﬁto]ogy which was outside the scoHe of

-this fﬁgéstigation. Consequently, only a brief discussion is given below.

A full discussion on ice flows during the glacial episode 13 nof

L

possible aﬁ‘thé moment, -because (1) ti11 fabrics are too scarce,jand
: © . ;

-

M
EanY




,reBound after the Nicolet Stadial may have been different than

'

(2) g00d71ithologic indicators and outcrops of striated bedrock

are lacking. However, full glaciation characterized the St-Lawrence

and Trois-Rividres Stadial, with a generally southward to eastward

ice flow. éadd (1971) reported s8% to $28%°W striations from a bedrock

outcrop immedfate1y south from Rivigres aux brignaux, along high-

way 132. The Nicolet Stadial, is typically represented by glaciola- =

custrine sediments. In the past, Antevs (1957) did demonstrate

that rhythmites may Be annual. 1If thei; rhythmicity is annual and .

if the Deschaillons and Rivi2res aux Vaches are correlated, a

major glacial Take has covered the St-Lawrence Lowland during

3 000 years wiih the ice margin being located probably in thg Quebec

vicinity until it reached the St-Pierre les Becquets area. This jmp]ies a

less extensive ice advance in the Lowland, in early Wiscons}nan time.
During the St-Pierre Interstadial, elevated lacustrine sediments

(=25 m a.s.1.; section 98) needed the St Wenceslas Ridge or some

other positive feature down the St-Lawrence River be relatively

higher than today relative to these silts. These sediments can

not be considered as glacigenic. This suggests that isostatic

1

"generally assumed. It is generally believed that the peat-bearingl .

silty sediments of the’St~Pierre type-section were probably deposi?gd
in an abandonned channé1 of the St-Lawrenge Rfver. A modern ana]dg
could be Lac St-Paul, located a few km south of BécanCOLHE.(FTS. 1-1)
It is also well known that the climate was probab]yHZOC'co1der than-
today, at least when the oréanic sédiments were,depoéited (Terasmae,
19§8). A discﬁssion on the Quaternary palecenvironmental conditions

.
L4

having existed in the Lowland may be found in Occhietti (1979, 1982)
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- CHAPTER 6

- ’ CORRELATION OF THE STUDY AREA WITH SELECTED

CONTINENTAL AND DEEP-SEA SITES

For the past 25 years, the Traditional Concept of a two- d
stadial stratigraphy of Gadd (1955, 1971) has been considered as the

3p1y stratigraphic model in the Lowland and Has beeg correlated as

~ such with other areas in the St-Lawrence River drainage basin.

]

\-
In the preceding chapter, a revised scheme of stratigraphic nomenclature

in the central part of the St-Lawrence Lowland was described and it is
sgggested on the basis of absolute dating techniques that the inferred
geologic events may be time-bracketted as shown in Figure 5-3.

This investigation demonstrates tha{, at least, hiatuses,which were
not identified before, are common in the St-Lawrence Lowland. If
., Is indeed ‘proposed they may isolatean I1linoian glacial event from_
the two already known Wisconsinan glacial events. This Altermative
Concept needs much further investigation but since it is ambitious

and méy stimulate discussions, this model of stratigraphy is favou-

red in the following text.

6.1 Correlations in the St-Lawrence River drainage system

8 5

Since most other Quaternary reference sites found in this drainagg
system lack chronological control, correlations must be based on
geologic events and on some other indirect arguments. The following

%our Quaternary sequences are of interest in these regional correlations.

4
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6.1.1 The Toronto area
The metropolitan area of Toronto is underfain by a thick
Quaternary sequence displaying a complex stratigraphy well exposed at
three main sites: the Woodbridge Cut, the Don Valley brickyard and
—fhe impressive Scarborough P]uffs. The stratigraphy is summari;ed
as follows (Karrow, 1967, 1984b). The lowermost unit is represented
by the York Till. It is overlain by the Don Beds .
This.formétion consists of fluvial and Tacustrine sand, silt and
clay deposited up to 20 m above the present Lake Ontario level.
According to palynological evidence (Terasmae, 1960),the Don Beds
" must have been sedimented at a time when the climate was warmer than
today by possibly 2°C. Since no other warm assemblages have been
found in the overlying strata, this unit is referred to the last'’
interglacial. Amino-acid data on wood fragments and freshwater shells
tend to support this age (Karrow, 1984b). Consequently, the underlying
York Ti11 is assigned to the IT11inoian Glaciation. The top of the .
Don Beds -is weathereé (Gray, 1949). Overi}{ng the interg1ac1§1 sedi-
ments, a thick sequence of silty clay and sandy silt, the Scarborough
Formation, occurs up to an altitude of 45 m above the present level
of the lake and it contains plant remains and invertebrate fossils
typical of a climate -colder by 6°C than today (Terasmae, 1960;
Williams et al., 1981). Thi¢ formation is in some places cut
by va11eys up to 50 m deep fi11ed;with fluvial sediments described
7 as the Poftery Road Formation (Karrow, 1974). It is unconfo;mably over-

Tain by the Synnybrook Till (Terasmae, 1960). ' This unit has

been re-interpreted by Eyles and Eyles (1983) as glaciolacustrine

169
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diamicts deposited under a floating ice which does not need to be
attached to an ice sheet, thereby casting Qome doybts on the true

stadial character of this diamicton. Ié is arqued, however, by

Karrow (1984a), Dreimanis (1984) and Sharpe (1984) that there a'e'many'l
sites where the Sunnybrook Till shows multiple evidence of thefp;e- \
sence of a glacier in the Lake QAtario basin during its deposition.
Overlying fhe Suﬁnybrook Drift, a g%ﬁggex 1ithostrat{graphic assemblage
has been described as C9nsisting of.members of the Thorncliffe Formation
separated by the Seminary and Meadowcliffe Tills, The discussion

on iie true.glacial origin of the Sunnybrook Till by Eyles and Eyles
(1982) has been extended t; the Seminary and Meadowcliffe whereas
‘the interstadial character of the Thorng1iffe sediments has been
demonstrated by Berti (1975). At the top of the Toronto sequence, 0
the Halton Ti11 (Karrow, 1974) has been described as the Late Wiscon-

4

sinan glacial deposit. The unit is overlain by the late-glacial °
Lake Iroquois lacustrine sediments.

Correlation of the St-Lawrence Lowland sequénce with the Toronto
aféa is hampered by the Tack of a good chronological control in the
latter beyond 45 ka and by the continuing disputs err the-genesis
of some of these units. Figure 6-1 shoﬂs the correlations proposed by
earlier workers as summarized by Karrow.(1984b); This correlation

.debends on the two-fold stadial character.of the Traditional Concept:
of Gadd (1971), on the length of the "Gentilly Stadial" (ibid.) and
on the elevation o% the Scarborough sediments. Since no true inter-
glacial deposits are éound in the St-Lawrence Low1and; and,vas the

elevation of the Scarborough Fofmation is up to 45 m above the present

A : g,
Take Tevel, it was proposed that the ice responsibl¢ for ;Zeposition



of the Becancour Till raised the Lake Ontario water level

permitting the deve]op;ent of the Scarborough delta. Tﬁe St-Pierre
sediments are then correlated with the Pottery Road Formation which
suggests a return to normal drainage conditions du?'to the

opening of the St-Lawrence Lowland. A1l tﬁe overlying units are
correlated with the Gentilly Ti11 because (1) Gadd (1971, 1976) propo-
sed that this till spans a large part of the Wisconsinan i.e. from

66 ka to 13 ka BP, and (2) KarroQ (1967) suggestedvthat d&ring the
Por% Talbot interstadial, the drainage to the Lowland was blocked.

A three stadial sequence in the St-Lawrence Lowland e¢3uld be

~correlated with the Toronto sequence as follows (Fig. 6-4): e

(1) the York Ti11 is correlated with the Odanak Formation, being botﬁ
“assumed to be I11inoian. : g
Lowland.

(3) Since the Scarborough Formation 1s-bounded by hngohformjties
and bears a cold fossil biota, it may represent tke very end
of the Sangamonian or an earliest Wisconsinan 1nter§t;de which
apparently would have no equivalent in the Lowland; it is

proposed that its e1€vétion (25 m higher than the top of the

Don Beds) is not a sufficient argument to command the presence

of an ice‘sﬁeet in the St-ngrence Lowland; it may be due par?]y

to differential rebound of the crust during the last 100 ka ofr
"even to Tocal subsidence in thg Don kiver Valley due to thé

weight of its own sediments (Eyles and Eyles, 1983 ); it should

_be kept in mind that the Sangomonian may have lasted for 50 ka,

172

. A‘(’"
(2) The Don Beds have no stratigraphic equivalent in the St-Lawrence o '



(4)
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a time interval sszicient to a{]ow the Frontenac Axi$ to have

uanrped much more than generally assumed: |

The genesis of the Pottery Road Formation s still obscure (Karr;w, 1984b).
Those sedfments and the channelling structures are interpreted as evidence
for a sudden lowering of the lake level It is believed herein that the

Pottery Road Formation may as well be part of a proglacial delta
Nevertheless, a Lowland equivalent is lacking.

*»

Guildwood Stadial is éorre1ated with the Nicolet Stadial, the

former being represented by the Sunnybrook Drift. Even though ics

true glacial origin may be questionned. there is a ge IH agreement that
glacier ice was close to the -Toronto area. Therefore this unit may repre-
sent a 1;55 ekténsive glacier expansion than the I1linofan and the 1$te~
ﬁisconsinan‘g1acja1 maximum. This may be compared with the smaller ice deve-
Topment in the Lowland evidenced by the Ni;o1et Stadial deposits.

Very recently, aﬁ apparent TL age of 66.5 + 6.8 ka has been reported byl
Berger (1984) for the non-fading comgpnent of thé Sunnybrook Till collected

at the Woodbridge Cut by P. Karrow. In the same paper, apparent TL ages

L o

of 36.9 + 5.4 ka and > 140 ka are reported for the Upper Thorncliffe
sediments and the Halton Ti1l. Exposure to sunlight is Tikely for the

Sunnybrook Ti1l, a fact which supports, partly, the "pelagic rain-out"

* process of Eyles and Eyles (1983).

"However, for samples WC-HT and WC-ST an unknown water

loss occurred between collection and analysis, so the assumed
A values for these two samples are Tower than would other-
wise be the case, though the assigned uncertainties

are large enough to accommodate this effect". :

(Berger, 1984, p. 1394), ‘



It is therefore believed by the present writer that .the age of the
Sunnybrook Tii] ( samp]é WC-ST) 1is probably in the 80 ka range
since a higher water cogtent would Tower the dose-rate and raise
the final age. The apparent TL ages measured on the Nico1et'Stadia1
deposits are in the range of 70 to 85 ka..

Dreimanis and Raukas (1975) concluded from regional comparison

that the middle Wisconsinan of the Eastern Great Lakes area lasted

from 65 to 24 ka. The whole middle Wisconsinan of this area may then

‘be correlated with the St-Pierre Interstadial if the latter is

bracketted between 65-75 and 30 ka BP. In other words, Port Talbot I
and Il and Plum Point interstadials would be equivalent in time with
the St-Pierre geologicevent. In the Toronto area and in the Lowland,

radiocarbon dates are insufficient and, in the case of St-Pierre,
14, |

‘the dates are at the limit of the method. However, the ''C dates

obtained on organic material from Lake Erie interstadial sites have
consHstent]y clustered in the 25-28 and 40-48 ka ranges. Therefore,
the middle Wisconsinan may be considered as a long interstadial
interval during which nonglacial sediments were deposited in the
St-Lawrence River basin. They need not be synchronpus.
The.Hafton_and Gentilly tills represent the classical late Wiscon-

/

sinan advance.



6.1.2 The Upper St-Lawrence River and the Montreal area

Thé stratigraphy 1in this area has been described by MacClintock
and Stewart (1965) and Prest and Hode-Keyser (1977). Until recently,
not much has been added to their ;ork since most of the sections used
in developing the stratigraphic record were exposed only\puring the
construction of fhe St-Lawrence Seaway and are not-accessible today.
.There are nosfgnifica&t 14¢ dates available iﬁ this area. The follo-
w{nd discussion is, therefore, brief, and is not included in Figure
6-4.

Two major glacial advances are recorded in this area, separated by
glacioldcustrine sedimenfs. No true inters£adia1 or interglacial

. sediments have been described from this area. The stratig;aphy can be
summarized as fo1lows:(]3 at the base, the Malone Till is overlain
by (2) a sequence of varved sediments and waterlain tills defined as

the Middle Ti1l Complex which are believed to be associated with the

" retreat of the Malone ce; (3)‘At the top, the Fort Covington Till

represents the lagf major glacial advance in the area. Clarke and

Karrow (19 proposed recently. that the surficial diamicton exposed

at Malone should be correlated with the upper till described in

the Seaway. They propose the term Malone should be removed from the

Tithostratigraphic nomenclature. Thig is disputed by Dreimanis (1985).
It is broposed that (1) tH; Fort Covington correlates with the

Gentilly Foma,‘fion (2) the Malone Ti11 and the Middle Till Complex

may bhen be correlated with the Nicolet Stadial drift, in which case

3
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an unconformity should exist at the bottom of the Fort Covington Till.

6.1.3 }he.Appa1achian area
This sequence, represented at th major sifés, tﬁe Ascot River
section and the Gayhurst Dam site, has been studied “in detail by
MacDonald (1967) aﬁﬁ Sﬁi1ts (1970, 1981). They reported the following
sequence o% events (McDonald and Shilts, 1971):
(1) én early Laurentide ice advance deposited the Johnville Till;
this £i11 fs underlain by oxydized gravel
(2) the overlying Massawippi Formation°registers interstgdia] condi-
tions during which drganfc matter-rich lacustrine silt was depo-’
sited; it yielded an iﬁfinite radiocarbon date qf >5i'000
years BP (Y-1683); -
(3) a second ice advance deposited the Chatidiare Til1 which, at the
base, exhibits a westwa;d trending fabric gra&ua]]y shifting to

>
.

a southward fabric at the’top;

(4) 'g1ac1olacustr1ne. conditioqs“were prevalent after tﬁg retreat of
the Chaudizre ice and before the advance of the Lennoxville
ice, particularly in the Chaudi2re River Valley where the Gayhhrst
Formation consists of 4 000 varves; a radiocarbon date of 422 000
years ‘BP (GSCi1137) has been obtained on the orgaffic matter

" disseminated in the sediment.» ‘
(5) the classical Wisconsinan advance deposited the Lennoxvf11¢ Till

.

, .
These units have been correlated with the St-Lawrence Lowland as

follows (Fig. 6-2). .



L e e SV 77

(1) Johnville with_B&cancour ' . Do, .

(2) Massawippi with St-Pierré
(3) ChaudjEre-GayhurstﬁLennoxvi11e assemblage with Deschaillons

and,Gentilly.

" Shilts (1981) suggested that conformab]e'}e}atioqship exists -

between the Chaudigre Till, the Gayhurst Varves and the Lennoxville

Ti11 and stressed the regional importance .of this stratigraphic relation-

ship 1in these terms: -7 : f

"o

The sediments exposed in this vicinity prov1de

the critical key for interpreting the relation-

‘ ship of Chaudigre Ti1l to Lennoxville Till .

.- “in the Appalachians and to Gentilly Till in the
St-Lawrence Lowland. In fact, they provide, along - _
with the St-Pierre beds, the "peg" on which all ' '
modern interpretations of the Quaternary his-

tory of southern Quebec are hung

(a1} ¢ | SRR

oG
N

The Tdck of an erosional break within the period
of Gayhurst sedimentation explains the presence
of only one post-St-Pierre till, the Gentilly, in
the St-Lawrence Lowland. Only one till was depo-
sited in the St-Lawrence Lowland because ice cover
was continuous from the gnset of Chaudigre glacia-
tion to-the end of Lennoxville glaciation; in other
words, the Gentilly Ti11 is stratigraphically
equ1va1ent to the Chaudigre Till, Gayhurst Formation
?nd Le?noxv111e Til1l of the Appa1ach1an Mounta1ns "
p 42 ey

However, this study strong]y suggests the Gentilly T111 spans
0n1y the very 1ast part of the Wisconsinan. Dur1ng.the N1c01et StadiaT,
ggac1er ice does not seem to be extensive in the Lowland. Moreover,

Parent (1984 a,b)  found no evidence.for a Laurentide: provenance in

el
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P{errevi]le peat unit. To the ?uthor‘s knowledge, this 4s the oldest
ffnite>14C date ever published. Strong doubts have been cast on these
dates. however,'the early and middle Wisconsinan chfonostratigraphy
is largely based 6n such data (Dreimanis and Karrow, 1972).
Conse&uentTy, a bfief comment ~on some of the-thebreticaT and
practical aspects of the technique is given.

Upon- death of biqgepic carbon, or from the time of precipiﬁation
for.ca;bonates, theﬂradioactiVe isotope of carbon decays with a
.hélf-}ffe of 5730 yeays; Therefore, & 35 ,000 "year-old wood ha; an

Cage of 6 half-lives (f.e. the '*

C activfty of this samp1e s on]y .
(é)6 of the orig?nal actfvity of the organic matter grown in equi]!brium
_with normal pre-nuclear atmosphere) -This’ astivity would produce

0.2 counts per minute (cpm) per gram of carbon. In liquid scinti]la-..
tion counting, the eﬁvironmental background may y1e1d as muﬁh as 4 Cpm.~
A very long countiﬁ; time is needed in-order to statistically
discriminate this minute activity. At,the'GEOTOP(T) laboratory, the
background count‘ishcqmmqnly around 3.9 cpm and the counting time

s between” 1400 and 2000 minutes. Table 3-1 compares activities and

age ca1cuﬁations of a finfte and infinite 14? age’ obtained from a
conqrg;ion and from a piece of wood coI]eCted at the St Pierre type- . -

section. As the. rgader may note pre treated Samp1e UQ-312, which was

the first striated concretion datgd_(Lamothe et al., 1983), shows

(1) GEOTOP: Laboratoire de Géochimie Isotopique de 1'Université du
Québec & Montréal. Seven'dates on calcareous concretions were
measured in this laboratory.

A3
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the, whole Chaudiere Till. Hfthjthe use of numerous t%T]‘fabrics.and
a c§refu1 study of glaciotectonic s;ructﬁ?es* he believes that the LT
overall deformation pattern in.the'Chaudiéré T111 could be explained
by a ﬁ{gratjpg ice flow center of an autonomous.Appa]ichian ice. The
Nicolet.§tadi$1 deposits which suggést minor Laurentide ice\e}pan-
sion may then correlate with the Chaudizre even ? (Fig. 6-4).

N\

The Johnville Ti11 would correlate with the Odanak Formation and

~

the Lennoxville Ti11 with the Gentilly Formatfon. o,

fn this scheme, the ﬁassawippi does” not have a lateral eduiva?ent
" in the Lowland unless it can be demonstrated that the wood‘zeafing :
sand at the base of the Deschaillons Formation is older than the
Nicolet Stadial dfift. The Gayhurst Varves have to be fe1;ted to
either the retreat of Chaudi2re ice or to the advance of Lehnokuine

if they

*

ice but not to both. The 4 000 years duration théy'sﬁggegt,
are true varves, is not e;plainedi ' '
6.1.41The Northern Shore of %he St-Lawrence Léwfan&. ’

Two sections are yorthy of mention:
A(&) Viei]Tes-Fbrges Section {Gadd and KarroQ, 1959 ; Occhigg%i (1979))
At the, base, Occhie£ti (1979) described a lateral equ1§a1eht of the
Bécancour }111. It is overlain by organic'rikh ;11ts in whigh two

, , . L 'Y .
peat layers-are found;. .Radiocarbon dafes.performed so far have

16

~

yielded infinite ages except a récgnt C date of 32,000 + 2.800 BP
(UQ-588:-11qu1d benzene; S. Occhietti,'personal communication, 1984)
obtained on tﬁe uppermost péat tayer. Over these peét layers a sequence

' ) .
of 800 varves were assigned by these workers to the Deschaillons Formation.
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" probably covered a large area. :

. heré mafn]y because of the lack of geochronologic data; .' |

vy
They are separated from the over1y1ng Gentilly T111 by a sandy ‘and silty

unit described by 0cch1ett1 (1979) as a prograding delta 1n the Deschai]-

lons glacial lake and formale defined as the V1e111es~Forges member of
. P - A g

' the Déschaillons Formation. It is herein proposed that the Deschaillons

Varves are not preéenf at this site since (1) no concretion havéﬂevev
been found in tﬁe"%hythmiﬁég and (2) the number of laminations differs
by at least one ordertof ma'gnitude, Consequént]y, thé upper 800 ;
"varves"” may be corretated with Les Becquets Formation if ever theyb
are pre-Gentilly, the Tower till 1s probably a lateral equiva?ent of

the Odanak Format?on or the Levrard Formation

o N [ —

- (b) Grondines section (Karkow, 1957); this.section  shows two tilTs,

an upper "highly calcareous gray ti11" and a lower "dark gray mdderate]y

calcareous silty ti11" in wh1c§'$iregu1ar.masses of "pink gray varved .

clay" are included (Karrow, 1957, p. 94). The ogccurence of these varved

sediments in the Tlower thlv(assigned to B&cancour, by Karrow, 1957 -

~ v

~ -and Gadd, 1971) is strong evidence that the glacioiacustrine event

of eariy Hﬁscohsiman{age was major and it is believed that its sediments

9

t

- ’ '
- ‘ \ T
-

Other sites have been recently described in the Sﬁ-Lawrence

5

River area (Prichonnet 1984 LaSa11e, 1984) 1n which two distinct

t111s are Exposed Correlations with those Sections are not d1§eﬁssed

s .
4 . .o « 4 N . -

P - e *
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. 8.2 Land and deép-Sea correlations through icé—volume synchronization .

v . ' - -
’ . b v
. .

A general consensus exists today among Quaternary geoqogists in.

considering E%??fani 's (}955) and Shackleton and Opdyke s (1973)

‘foraminiferal assemb1ages as reference chronozones fon-most of the -

Quaternary system '

1 r

This stratigraphy is based on oxygen 1sotop1c ratios of benthic

foraminifera which should refTect global tce- vo1umes on land, the

. temperature of the bottom sea water being a minor factor in the isotopic

A

ratio: -In this scheme, 6180 changes correIate w7th climatic changes

which is the fundamental feature of the upper Cenozoic chronostratigraphy.

'Boundaries are set at 1nversfons in. 6180 and they define 1sotop1c N

stages in the sense of -Emiliani (1955). Odd stage numbers are related

to co1d phases and even numbers’ to warm phases The majof time- bounda-
ries.are placed af the ends of the maJor cold phases the glaciations,
and are termed ferminations (Broecker and van Donk 1970) Since this
study is concerned with the last glacial 1ntergiac1a1=glacia1 Cycle. the
information which forms: the\basis of the discussion 1s restricted

to. the Tast'150 ka. On Figure 6 5 ‘the deep-sea stratigraphic data

are smoothed by an’'ice volume 'changes curve pubTisheg in Imbrie and

Imbrie (1981). The absolute chronology 1s'baseg on sedimentation.'

‘rates as well as on U-Th dates obtained on raised coral terraces found

. on the west coast of Barbados’ (Shack1eton and Matthews, 1977) and in -

New Guinea (Bloom et a] , 1974) The%major features of the deep- seq

stratigraphy are: - o . T : .

a
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(1) stage 6, the-last cold phase of the pénu‘t%“ﬁﬁate glaciation ends
. at 128 ka; this defines terminatfon II. - Lo
(2) Stage 5 defines the last major. 1nterglac1a1 period and part of
it {s cons {dereg "to, represent a’ warmer episode than the Ho]ocene’
it ends at 82 k& .and ehpu{thave 1asted for 45-50 ka; it was broken
apart by two brief colder episodes and thereby~5p11t into sebstageé-
. %e,.d, ¢, b and a; there has been a. 1ong-1a§é5ng d%spute°es to whether '
or not the 1ast 1ntergiac1a1 period shouid be represented by 5e aTone ' i .
or by the entire stage 5 this d?scussion 1s mostly academic and restric- _ ':
| ted to ghe west European Tand stratigraphy which appears to be more .
Vv . easiTy divided into sub-stages because-iong -and continuous po11en
v_t | sequence§ can be found iﬂ former per§g1ac1a1 area (u0111ard 1978).
; (3) the f%rst mejor co?d pu?se of the last glaciat1on defines stage 4 -
and is represented by a short cooling with 2 3upposed Tess extensive ". .
ice cover on Tand aceording to Shackleton (cited as-persona] communi- B
.catiqn.in Rudd iman 2&.21;9" 1980), 1f “the 1ce volume in stage
as 2 '1s defined as 1009, the‘ice voluine dUring stage 4 would have attail
| ned 75-90%. ° However, this is an average estimate for the entire globe
(4) @ warmer episcde, but st111 cooler, than the Holocene, would “then
' have taken place between 64 ka and®32 ka; this def?nes stage 3;
= (5) the maximum of ‘the last glaciation is represented by stage 2
in the deep-sea stratfgraphy, it ends at 13 ka; this defines termihation I
. B The cheono=corre1ation of the St-Lawrence continental stratigraphy

1

and the deep-sea stratigraphy seems straightforward. The major feetures

are: ¢

. R .
) N . .
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and s, moreover, based on different dating techniques,

185

9\

4 ° o ?

(1)vthe corrdlation of a glacfation event represénted on land by the

N
N

‘St-Lawrence Stadial of the ITTinoian GXacfation with stage 6, both termi-

. nating at" 130 ka; T e ' ]

(2) 3 warm episode ﬁgif displayed in 5%2 deep-sea stratigraphy and

spo?adfca11y on land (e.qg. Dﬁn Beds) because_of the discon-

A}

tinuous naturg of‘the continental record

(3) a‘short=lived fhd Ness extensive glacial advance represented

.‘by«ﬁhe stage 4 and‘by the Njcolét Stadial; the 82 ka U-Th date

stage 4 (BIOOﬁ‘e% al.
Q
and marine chronology 1s not §fgn1f1cant

represents the very en 19745 tﬁé difference -

in agés betwzen, the lar

(8) stage 3, a cool ep1sode 1n ‘the deep-sea stratigraphy is represented

on land by a series of discontinuous nqn:g}aciﬁi'sed#ments q?positgd during
the St-Pierre InterStédfa?-d&tad aé 30 to 65-75 ka. | |
(5)'the_1ﬁception of the last glactal max fmur 1 dated on land as well "

as in the 1sotopic stratigraphy at =30 ka;‘ ' ‘

(6) the disinteg?ation of the last major ice sheets on land corre1ates

cﬁose1y with terminat1on 1, d»e%gﬁt 13 ka.

o
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CHAPTER 7
CONCLUSIQNS AND FUTURE WORK _

7.1 Conclusions

For- three decades, a Traditiondl Concept of étratfgraphy 1nv61~"

ving one g]aciation with two major ice advances separated by one brief

interstade has beenggnvoked to explain the distribution of glacial

-and non-glacial deposits in the St-Lawrence Lowland. The Bécancour

T111, the St-Pierre Sediments and the Gentilly Ti1l with the associa-
ted Deschaillons Varves are the key Tithostratigraphic units of
this stratigraphfq framework .

In this thesis, it 1s proposed that a new A1terﬂat1ve Concept

 of continen;al stratigraphy may equally or better 'explain the

-

stratigraphic'relationshjpsgobserved in the Lowland. It can be

- sunmarized as a three-stadial model, spanning the last 130,000 years.

Radiocarbon and thermoTumghegcehce dating as wall.as sed{mentologib
j‘ .f; -

and field work provide evidence that the succession of

geologic events may be as follows:..

1) an Ilinoian_glacial event: the St-Lawrence Stadial;
-

2) an- garly Uisconsinanglacial event: the Nicolet Stadfal;

3) a mainly middle Wisconsinannonglacial event: the St-Plerre

Inte%stad1a1 and -

-4) a 1ate uisconsinan glacial event the Trois- Riviéres Stadial.

" The key Tithostratigraphic units are: the Odanak, Rivigre aux Vaches,

Lévrard, St Frangofs du Lac and Gentilly Formations. The Les Becquets,

4 .

-




187

Deschaillons and Pierrev11fe)formations have an eﬁuivoqqal strati- .
graphfc poéition.

This'ﬁew stratigraphic frameéogknna1ses'numerous qyest1ons and’
need to he te%ted. Consgquent1y, a set of recommendations for future

work fs<presented below.

7.2 Future work

Four different types of investigation should be carried out.

¢ . - -

1. Fleld work B

In order to confirm the‘three.stgd1a1 model, the ;xistegée of an
older glacial diamicton on the bedrock Burfaéé has to be confirmed
fn the St-Pierre les Becquets and Deé;ﬁai]Tons area. This has to
be done by driTliﬁg and cdriﬁg the surficial deﬁosits that are to be
found under the St-Lawrence River 1ev;]f A pmifT hole should also be
planned ?§>the Cap Lévrard vicinity, at po%nt C (on G) of Figure
2419'66 confirm the expected pres;nce of the De;cha?l1ons and/or
Lévrard Formation ﬁnder'the non glacfal sediments. In the Pierreville
area, aq'exploration ﬁrogram should confirm the true stratigraphic
rexationsr;ip of the P‘ler:revﬂlé Formation with the Rivigre aux
Vaches'and’Odanak'formatfons. If the Tatter is indeed I11inoian, sedi:
" ments of Séng&monian'hqg may exist in the .Lowland and s&buld'be searched.
2. sedimentology . T

A deta11ed‘sed1mentolbgic'abalysis of every section,'is

.t

sti11 mich needed. Sedimentary structures and ti11 fabrics should be




| measured systematically. Ro clear pa1eogeograﬁhig picture can
yet  emerge because .knowledge about the sedimentary environments
and, in particular, about the direction of ice flows, is lacking.
3. Radiocarbon Dating | ‘

The radiocarbon activity measured on ca1care6us concretions
which are, according to'this study, found in glaciolacustrine sedi-
g?;ts older than‘the Timit of the radiocarbon method has to be
understood. The two generations of carbonates have to be confirmed
an& distinguished. Future investigation should be based on
geochemical anq cathodoluminescence analysis. Finally, the U-Th
and ESR datingutechniques should be applied to these Concretions.

" The timing of the last ice advance in the Lowland ahd the length of

the St-Pierre Interstadial are. based on the very small radfocarbon

activity measured on carbonates that are sensitive to tontamination.

4. Thermoluminescence Dating

It 1s not known, at this moment, if every mineralogic grain'
1n every sedimentary unit have been equa11y exposed to suh11ght
It is believed that this is probably not the case. In future work,
a new approach suggesggd by Mejdahl (1584) in which artificial
bleaching procedures are done on isolated miﬁéré]s_should be

-

tested on sediments of known age from different environments, such

as the ones that have been deposited in the late-glacial Champlain Sea.

Haowever, it should be remembered that the determination
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of the ‘residual TL signal is not critical for old sediment.
“lsolation of a non-fading component in the'St-Lawrence'Lowland
sediments is already under way in order to confirm the delayed

measurement procedure proposed in this investigation.

7.3 Concluding remarks

Ig conclusion, this study presents new ideas on the continental
stratigraphy and geochronology that have to be tested. The hypotheti-
cal three-stadial stratigraphy discussed in this thesis is ambitious
and much more work need to be done before it reaches the status of
a solid stratigraphic framework. However, the agfeement between
the major fce-volume changes suggested by . the isotopic composition of
deep sea foraminifera and the ones dedﬁcted from the St-Léwrencé
Lowland glacial stratigraphy is particularly gratifying %or the
chronostratigraphic -correlation of the Nicolet Stadial with
1sotopé stage 4. They both suggest a less extensive ice cover on
land in Early Wisconsinan time, as compired to the last glacial
maximumt )

It is therefore- believed that the concept of the oxygen isotop}c
ratios of benthic foraminifera as reflecting global ice-volumes |
- and theféfore global g]acia1.events as put forward b& Shackleton
and Opdyke (1973) is well-founded. This study indeed presents a
regional evidence of such timing between glacierized lard environments,

deep-sea sedimentation and climatic changes. ®



APPENDIX I:

Sections are from

°

75

17s
!
9

65

2]

Locaton

3

105

€5

Gadd (1971)
* Karrow (1957)

PUBLISHEN DESCRIPTIONS OF THE SECTIONS INVESTIGATED

** Hillaire-Marcel and Pagé (1981)

Section 98

GpaiLy STans Usirs
Brownish grey cakareous sandy tll

. 5t. Punrg Inreevar Unrrs

Stratfied, fne-grained bufl 10 brown sand, becoming silty in lower § feet
Compressed pest wath som: wood -
Straufled fins-gramed sand and silty sand grading downward 110 sube

jocestt silt

Bicancoun Stadz Unrs

Grey (0 drowmsh grey varved sht (in lower part of secuon beds are re-

pested by slumiping, some cortacts apparently are fault zontacts)
Seotion covered by slump debns L.

Section 99

Locauon: i L/I St-Frangois Ruver, northeast bank, [ 6 miles upstream from .bndgz on
ghway 3, the Pierreville section. 46°03 N, 2°47°20°W, clev 100 foet appros.

-5 N

2
%

38

311 2St-Frangor River east bank. 3 mules upstrearr fror h ghway 1 36°02 10°N,

7246 W, clev 80 feet approx

' CHaxPLAIN SEa U3

Massine grey manne ciay
. GesTieLy Sraos Usrrs
Grey 10 reddish grey sandy ull
St Puxat IntexsaL Usrs

Fine-graned brown and grey-brown silt and fine sand. thin &dded
Crossbeddéd coarse sand - .

Becascoir Srane Larrs
Glaciolacustnne silt, raned. grey “summer™ «iery and red “winter”
fayers
Sandy red ull

3 _Bmrocx
Red sandyone of Bicancour River Formauon

Section 109 *

Location 31 1/2 St-Frangors River, west bank. at mouth of R viere aux Vaches, 3 miles .
upstream (rom highway 3 46°01'35°N, 72°46 25"W elcy 100 feet approx

03

2
23

Post-Cramriar Sta Unrs
Medium-graned alluvial sand L
Craxtam Sea Unars
Ligin grey, stratificd, cakareous and fosshiferous manipe wh
Grey 10 brown-grey sandy slt, varve-like strauficanon, fossiiferous,
proding upward nto grey maring silt
QuwritLy StaD3 Untrs
Strotificd, apparcatly varwed red and grey silt, eon-fossiliferous, greding
uprward mio fossiliferous varve-like strats
Sandy reddish grey 1ift
Stmu@ad cro1sdadded, buffl medium-graned sand

Btealicour Stane Unrrs
Regularly aliernating varve.like thin strata of Ane-grained wand and wh,
grey. weathenng buff. grade downward nto grey s vane
Grey vaned sih, thin bedded near base and with red * w.~v¢- layers wv
lower 4 feat
Coarse, sandy brick-red till
. Benaocx
Red shake of Bicancour River Formaton

95
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't - . 4 . Section 38 .
. . v
- . * Locawon 31 ] 8§ Lawrency Ruver, south shore, rasine 3t 0 4 mile southwest of north * .
! * L . * margin of Becancolr map-area along highway 3, section 04 mile upstream
.. 2 {east and scwrhi from highway on left band of intermiient"siream Discovery
N N * . and type seenon for St Pierre interstadial sediments 46 VISR M,
a elev 121 feet (bar ) .
N ' '.‘ T ' PosT-CHaMPLAIN SEn LarTS
i -’ ' - 3 S Fine-gramned duff alluvial sand . 3s
B . ) .
. ) * Craspriars Sea Unrs |
- c R H Massive, soft,dhght grey st s
i ) ’ v \ : Govtuuy Srane Unars '
‘ o o €5.5  Approximawly 500 vorves of cakareous grey ah, thin-beddod at top
o 20d botiom of retlon Lo I
e . B ’ * ! -
‘ = - . - St Puaxy InrervaL Unirs e P
‘ @ . 1.5  Fine- 10 mediumgramed sand heavily charged dath drssemimated frag- i
. . ° mants of organk matier, brown : %8
1.8 Coms d peat with abund wood 33 fi d siems, dranch
| tengy %2
‘ 3 Saraufied mrdium- 10 fink-gramed sand, some sii, alluvial 802
) 05 Compresstg peal, some wood 8175
‘ B s 1S Medium- fine-grained ssnd, 3 few pebbity, slluvial 83.28
. 1.25 Comp past. beetie remains Most common in thes bed ] -
‘ . 3 Fune- 0 m-gramed 1and and ully sand, slluvgl 9.5 ’
N . ¢
| * e’ P
| i ks

‘ : S O Section 60 *
. Location- 31 1/8 St Lawrence River, south shore, ravine 04 mile ;omh'»e.sl of north

- margin of Bécancour map-ares along highway 3. section 0 | mule west of highway .
: on nght bank of ravine ¢6'29°4S™N, T2°12°20°W, elev 100 feet approx.

.

-~ \ r - Quansrram Sta Uniny « - . -
- - -] Finz to madium-grainzd buff sands, croasbeddzd and having
. like daha forg-tats dipping tovrards the St T Tew vahvss of ‘
* : : Maroma pressm . — ©
. 1S Fossiliferous (Porfiaa) blua-grey soft marinz clay st with black 8
. . potehes of disominated erpansc matter, suiphurous odeur 7% .
w . . Cicancoum Stapl Usars
T 10 Cokorcows, browmish to reddish prey silty til) .
~10 Erownish to reddish gy varved silt (loser 30 feat of soetion obtgncd by
hand auger borng) .
* ]
i [ ’ R . . R
noto.t: ;n fadd, 1955: 2.4 mi east of the parish church at St-Plerce les
. - ecquets, at the St-Lawrence River escarpmert.
&
Nyt . Section 63
Location 31 1/9 St Lawrence River, south shore, Cap Lévrard, 24 mules downsiream
from Romen Cathohic church at St-Paerre-les-Becquets 46°32'N, 72°10°W,
. , ¢izv 100 feet approx.
Posv-CrartPram Sta Unirs
3 Alluvial sand 3
L]
R CuarpLany Sua Unrns
12 Stroufizd silts, marine 15 =
GermtLy STaps Unrrs
1 Medium grave) 1%
2 Duff sand - 18«
4 Calkareous grev sandy il , n
20 Strausfied crosusbadded medium sand 62
) Caka*ecus grey sands nll 43
10 Sirarfied crosshedded medium sand - ’ P LI
. B
“Bécascour STapt Unirs
b Very sandy brick-fed il &0
] Reddish grey and red varved ults . 3]
. ) ' .
*  SECTION 402 . '

Tocatfon: south shore of St-lawrence River, 2.4 mf northesst of St-Pierre Chyrch.
70': stratified, yellow sand; gray gﬂt bands near bottom
5¢¢ gray %11ty sand with marine fossils ) )
8': dark pinkish gray, weakly calcareous, silty till

10°: red, weakly calcareous, varved silt and clay. : -
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15': stratified, yellow, cross-bedded sand; wood has been found 1n this tayer.

Yocation Brickyard at Neschaillons
1 .
15': buff tiN
70': gray, thin-bedded, varved silt and clay
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_APPENDIX II METHODS: FIELD WORK

AND SEDIMENTOLOGIC ANALYSES,

Methods used in Chapter 2 are briefly described below and the

original data for grapulometric, carbonate, pebble petrography, direc-

tional data and &?Y mineralogy analyses are tabulated. "\
. . _ ' o

hd -

II-A Field Work .

Field work was carried out. intermittently during the summers of 1980 .
through 1984. Stratigraphic sections were described following the
classical methods of sedimentology. A Jacob's staff and metre stick -

was used for section measurements. Colors were assigned using the Munsell
’ . .

soil color Charts (1975 edition), samples being in the wet state.

/
=

11-B Granulometric and carbonate analysis - ’ wk\
Samples collected during the field work were sent to the

Pleistocene Laboratory of the University of Western Ontario where they

4 ' s

.havé been. analyzed. : ) ., =

The silt and clay contents of the <2mm grain-size fraction were v

determined by the hydrometer method (ASTM, 1964)followed by wet sieving of

‘the sand fraction. Sand, silt and clay percentages were then cal-

" culated by computer. The weight of the original sample was 50g

except for clay-rich samples for which 25 g aliquot 'were used.

=

[4
Results are shown on Table A-1.
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Calcite and dolomite contenés of the siIt and clay fraction of

- &

each sample on wﬁich granulometric analysis had been performed

wvere measured using: the Chitf&ck apparatus (Dreimanis, 1962)

Congretions«ﬂ;scussed in Chgpter 3 were also analyzed for their carbo- *

;

v _ nhge contents. .Results are shown on Table A-1.. Dyplieate analys2s

" weré made using 0. 85 8 samples For carbpnate-rich samples, 0.425 g were”

also analyzed to check for abnormal dolom#re which was detected in

" some samples (Qteimanis, 1962)..'QQ Chap;gr 2,.the first measurement
g%%%' (0.85 g)'gas used@for all %amples;'in _the spratiéraphic logs as-wgll
‘ ' a8 on Figures 2-9 ‘and 2-22, |
fn Table Ao1, thé anaI;tical reﬁu]ts aréalisted\ds repogted, to
. ‘the néa;es% 0.1 percent for granulometric data and to 0;2'peﬁcent for
e ' carbonate cdntent The accuiacy of the analytical data~}s prébably, not
‘ better than to "the nearest full percent, and therefore, full percen-

tage data on]y are used 1n the text.
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II~& Directional data

T;il fabrics, shea{ planes and current directional‘déta vere
measured using a Brunton comp;ss and aluminium knitting needles.
,Three—?imensionallf;bric used the long (A), intermediate (B)
and short (C) axes of elongétea pebblesv(é/B > 1.5) and the A-Blplane;
(i.e. C axes) of disc-shaped pebbles.: Data have been procesgea using

s

a computer program written by Starkey (1977)‘and; eigenvectors

1

calcula;ed by’thé method discussed‘by'Mark (1971, 1974). ' Results
are shown on Table A-3 . Comparison of the vectorial data with |
‘ the contoured diagrams é%ig. 2-10 and 2-25) reveals that, in éome
cases, eigéE&ectors , may be ;;atistical artifacts. S values

'reflect clustering of the\bigén vector whereas 6 is a measure of
dispérgion around it. It should be noted that major Aeigenvector

of'the A~-axis fabric may fall outside the A/B'plane since this

plane is related to the C-Axis fabric which is constructed from the

A and B axis of elongated pebbles as well as the C axis of disc—shaped.

hY
»

pebbles. .
Directional data on non-glacial units were measured using the
lee side of cross~bedded sedimentqry.struétures. Rose diagrams were

constructed by grouping measurements into 20° intervals.
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TABLE A- 3 TILL FABRIC

STATISTICAL PARAMETERS

ECHANT. N Azimuth(®) " pip (9 S 8 ()
' 1Y 3
" FT-001 25 .y 347 15 0.08797 26.0
5 092: - 43 0.12499 69.3
v, 242 43 0.06703 75.0
FT-002 49 vy 137 67 0.65317 36.1
v, 337 22 0.24637 60.2
v, 243 07 0.10045 71.5
FT-003 25 v, 013 .- 16 0.63131 37.4
v, 104 02 0.25685 59.4
vy 201 74 0.11184 70.5
FT-004 50 v 249 - 05 . 0.52086 _ 43.8
5 155 47 0.30563 56.4
vy 345 - ' 42 0.17351 65.4
FT-005 50 v, 349" 27 0.54073 42.7
- v, 257 01 0.27632  58.3
vy 165 63 0.18294 64.7
PT-006 25 v, 281 26 0.52821 43,4
. v, 024 26 0.41479 £9.9
v 153 . 51 _0.05700 76.2
FI-007 36 v, 343 44 0.55766 41.7
v, 139 Y 0.30223 56.6
v 240 12" - 0.14010 68.0
' Y L

FT-008 28 v, 135 55 0.41483 S 49.9
V5 014 19 0.31739 55,7
Vs 275 28 0.26777 . 58.8
FT-101 48 v 336 05 0.59963 . 39.3
) 067 18 0.29795 56.9
vy 232 71 0.10242 7 71.3
« FI-102 34 v, 180 ' 18 '0.59316 - 39.6
v 303 59 - 0.27978 58.1
vg < 082 25 0.12706 69.1
. FT-103 _ 49 v, 251 21 0.72206 31.8
v, 139, 45 0.16880 1 65.7
Va 359 37 0.10913 70.7



4

ECHANT

PSO-104

FT-105 -

FT-106

FT-107

FT-108
FT-109

e

FT-110

FT-111

=

47

38

30

49

35

< g <

< < '

Azimuth () pip ()
1 _
070 70
323 07
230, 19
044 65
188 21
285 13
235 60
067 30
335 05
311 65
131 25
040 00
145 28
051 05
313 61
316 61
074 15
172 24
318 .29
047 00
139 61
119 58
000 17
260 26

0
0.16261
0

' 0.48921

0.29567
0.21511

. 70234

0
0.18395
0.11370

.76612
.07126
.48364

.34570
.17066

S o oo

.73941
.15933
.10126

OOOoO

77220
18840
.03940

.62021
.30242
.07737

OO O OO O

0.81723
0.09803
0.08474
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I1-D Clay mIferalogy

Preparation 'of the samples for X-Ray diffrac;ion is" discussed
below and the results are shown.on Table A-4. N
The clay fraction (<2ym) of selected'samples was geparated

Sy sedimentation in a sodiunf oxalate solution after removal of
organic matter, calcium carbonate and iron oxide following methods
described by Carson and Arcaro (1983). Sodium hypochlorite was

" tused to remove organic matter (Anderson, 1961). Calcium carbonate was
dissolved with sodium acetate and iron coatings were exfracted

]

with a sodium citrate-bicarbonate-dithionite golution, these proce-

R
dures are described by Mehra and Jackson (1960). Mounts of the

samples were prepared following the filter-membrane péel technique“
propdsed by Drever (1975) uéing 75 mg aliq&ots.

+ Another serieSof samples was irradiated without chemical prepadi
ration. All samples we?e glycolated by a glycerol spray prior to ‘
diffraction. The samples have been irradiated in a Siemens |

5

diffractometer using a Cu cathode (CuKa = 1.54183). Goniometer )

"

rate was 2° 20 /min..
Peak heightswere measured following the suggestion of Rieck
et al, (1979) and the width at middle-height of the {llitefirst-order peak
measured go give a geperal idea of the amount of'interstratified |
- clay minerals which are selieved to cause the presence ©f a shoulder
on the low-angle.side of the 9.9% peak. .The width to height peak
& -

ratio (L/108 ) should reflect the cwytallinity of illitebut , in ‘this

case, it probably does not.
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TABLE A-4

CLAY MINERALOGY CHARACTERISTICS-A

L/108

7/108

14/10%

SAMPLE

UNIT

235
a

.000.

O+

~ 0~
N

O OO

O
O

coo
+ o+ o+
00 T WO
T~
—

kY

OO N

—
[ I I i
SO O
+ T

o O
=R e IS

. s e
S OO

98-A

0.99 + 0.08
* 0.02

1.02

*+ 0.04
t 0.01
.29 £ 0.03

99-C

0.25 * 0.07

0.74 = 0.04
0.93 * 0.11

0.25 + 0.06
0.406 * 0.03

59-A

0.25 * 0.06

0.29 t 0.06
0.24 + 0.01
0.36 * 0.06
0.26 + 0,07

+ 0.02

1.52

0.77 * 0.07

58-C

1.44 * 0.08
1.36 + 0,07
1.46 + 0413

0.06
0.01

0+ 0.03

+l
(o)

OO O

10
11

+!
~r

12

1.38 + 0.17
1.43 + 0.11
1.64 *+ 0.25

0.30 £ 0.12
0.28 + 0.03
0.52 £ Q.19

0.48 £ 0.09

13
14
15

60-C

0.65 + 0.08,
0.54 * 0.10

+ 0.03

0.33 + 0.07
0.19 + 0.02
0.17 + 0.03
0.25 + 0.06

0.32

1.15 £ 0.05
1.50 £ 0.21
1.44 + 0.32
1.28 + 0.04
1.43 £ 0.19

0.77 * 0.02

16
17

400-B

18
19
20

0.46 = 0.05
0.33 + 0.01

N.B.: For above, three measurements per samples; with chemical pretreatment.




W
J

99-C

59-A

58-€

60~C

400-B

?

'CLAY MINERALOGY CHARACTERISTICS-B

SAMPLE- - 14/108 7/108 L/108

21 0.62 1.40 0.20 ‘
22 . 0.60 . © 1.23 0.20
23 0.51 . 1.01 20.19
26 0.36 1.07 0.18
25 0.44 0.83 0.10
26 0.26 0.36 0.08
27 0.24 0.40 0.08
28 0.23 0.41 0.07
2954 1 0.25 . 0.55 0.08
30 - 0.34 “a 0.75 0.05
31 . 0.34 0.75 0.10
32 0.42 0.76 0.09 -
33 0.29 0:77 0.08 )
34 .31 0.94 0.06
35 0.44 1.00 0.07
36 0.32 ~ 0.89 0.09
37 0.26 o 0,92 0.10 &
38 0.34 . 0.88 . 0.07 .
39 - 0.36 0.89 o.ké
40 . 0.37 0.73 0.06 .
41 0.41 0.99 0.14
42 * 0.30] 0.78 0.08
43 0.29/ 0.94 0.19 .
( " . . . o
44 0.28 0.64 0.08
45 0.31 0.52 0.12
46 0.34 0.80 0.11
47 0.644 0.97 0.09
48 0.34 0.71 0.05 o
49 - 0.32 0.68 0.07
50 0.38 0.79 0.07
" 51 0.35 -0.82 0.06-
" 52, 0.25 0.78 0.05
53 0.29 , 0.83 0.05
54 0.27 0.94 ¥ 0,07 .

N.B.: For above, one measurement per sample; no chemical pretreatment.

-~



APPENDIX IIIIESOTOPIC ANALYSES OF CONCRETIONS

o | 3

4

" Carbon and oxygen isotopic ratios have been measured at the GEOTOP

*

laboratory of §%e Département des Sciences de la Terre (Université i

: o o 1
du Québec a Montréal). Powdered samples of calcareous concretions

e -
found in tills and glaciolacustrine sediments have been analyzed on

b R
a Micromass 602C mass spectrometer following standard gas extrac-

: e .
tion. Analytical error is fOrlo/OO for ¢ l80 and $0.2%/00" for

8 13C. Isotopic ratios are given with reference to PDB (Craié,

'1957). Analyses were carried out by M.-A. Cloutier dnder the

3

superviéiqn of -P. Pagé 6f GEOTOP. Results sre shown on Table A-5.

i
1

4 *

208 . - -
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"TABLE A-5: RESULTS OF ISOTOPIC ANALYSES

209
‘Sample ' "« Unit 6%3C[Pbﬁ © joo 5180/PDB ° oo
° . . . ey - ’ !
3a ' 98-A -20.9 ' --14.9 ¢
4 - 98-A . e=21.2 -15.0
5 98-A ¢ . - -21.8 -15.1 x
6 98- 4 o -20.6 e -15.3 .
, 7 98« - -21.3. -15.3 .
.8 . 98-A . e -21.8 . . =101 .. Y -
10 . © 99-109C R -21,1 - 9.6 Y
11 ‘ 99-109C : -17.7 ~ -12.5" L
12 ST 99-109¢ ~20.2-~ ., -13.8,
% 99-109¢ * - -19.6 T, -13.0
s 99-109¢C- ‘ -20.7 ©-14.2
18 " . 99-109C ~16.1 . -13.5
19 . . 99~109C ~17.7 -13.3 s
62a .- v 99-109¢ -18.8 ~13.2 LSt
62b © . 99-109C -19.3 -13.6 |
79 1 99-109C -18.3 - - 7.4
83 o 99-109C -19.8 o-13.6
9 . 99-F - -22.3 . TL14.8
12-2, ’ . 99-F : -19.2 - -13.6,
16 ' . 99-F S ~20.6 ~14.2
64 o 99-F ~20.2 - -15.5
80. . 99-F . - T =23.5 .. ~10.9
81 ' 99-F - , : - 9.4 ¢ -15.4
65 , 98-E (striated)’ ~21.0 -15.3 -~
72 - - - 98~E (striated) =~  -19.9 -12.9., .- "
73 ‘ 98~E (striated) .- ~21.2 B2 13 N
74 - ‘ . '98-E (striated) - =21.7 | -15.0 -
75 . . 98-E (striated) -20.3 - -14.9
76 s 98<E (striated) . ~19.3 -14.8
7 ' 98-E (striated) .  =20.4 ~14.7%
8. - ' 98-E (striated) ~+ =20.0 ~-14.1
70 60~A . T -19.4 -10.0
60 59-A {iron rich) - -10.1 . "~ 5.2
63 : ~.* " 59-A (dirom'rich) .. - 8.3 - 6.7
68 S 59-A {iron rich) ., ~10.9 - 6.0
- 69 : 59-A«{iron rich) - 8.7 - 5.6
99 - .+ .59-A" (iron.rich) o =21.4 -10.9
98 - _ v 58=C , + 4.0 - 8.4 .
» co ) AE‘
. ’ i
’ o R []
, : ;
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+APPENDIX IV THERMOLUMINESCENCE DATING APPARATUSES

N #

By o <,

The TL reader used at the Physics Department qf'Sian_Fragerf

‘University 1s similar o the one described in Aitken (1974).

2 . \ A ! '3
The mineral grains settled on a small aluminum disc are hﬁii?d

. - PN .

on a kanthal heating strip. A thermal compound (from Wakefield Eng.)

!

insures g,goqdﬂkherﬁal eontact between the disc and the strip.

.The glow 5ven is evacuable 'and, durinf heating; Argon flows consti-
.t ,' - Ig - .

nuously iﬁ the oven at~lL/min at a pressure of 20um. A 5 ml
beakér'of PZOS is placed at thé bottom‘of the chamber to remove
moisture. The heating rate was 3°C/S.
+Light' is measured by a photqmultiplier tube (EMI 9635).
Two.fiIFers are placed hetween the tube and the gample: ahiiqfra~red
(heat apsorbing) and a Corning 5~§8 (blue transmitting) filter.
Due to the very high amount of light generated b& tﬁe samples,
neutral density filters were also added'in some cases. Photon
counts are fed'to a multiple channel analyzer from which glow
qurveé can be tragsferred onto a magngtic tape forhéfocessing.
'Ggmma irradiations<;;re provideé by a Gammacell-200 Co-60 (\

source that yielded dose-rates to’ Quartz of 2.23, 2.11, 1.95 and

- 1,89 Gy/min, during the four perlods during which investigation

J 4

was carried out. At this stage of research, it was considered

that the dose delivered fo the sample.during its up and down

movement should not be taken into account (0.2 Gy).

}
=

- 210.
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A multiple-source alpha irradiator (Am-241, 2mCi) was_usqg to
* measure the a-value. o~ l
Description of the alpha-counting equipment can be found in

Huntley and Wintle (1978). Potassium was measured by atomi¢ absop-.

tion at the Département des Sciences de la Terre (Université du

Québec # Montréal), . .

21
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APBENDIX V

"GENERAL LEGEND
STRATIGRAPHIC LOG

SECTION 9

{PIERNEVILLE)

ERTUOE r

s

THl tapric
No of fabric

’

Sample for

TL dating

Sample for
granulometric and
- carhonatg analysis

Sampic for
14¢ dating

mineralogy analysis

UNITS

Diamicton V.
E=] Rhythmites
sint

I3

5 Brecciated

Sand
Bedrock

——

Sample for clay R

3
DAL C 1HORAL TQ1A
AR ¥
Pl S O ' Y
) PU1RO0RAPHY|
.
a

[}
BN £
. £
; =
', =
~

(

NUMBER
Of
14
TL< C
SAMPLES

fliin

—————e i1t

River levei

. —= Poat layer
L <3 Wood fragmonts

Concretions*
L]

] ;/Qg Ctoss bads
. z‘zq Stumped’

-F Fossils

nS, Poles to
stratitication

TiCL. FABRIC
A ) A/B plane

A axis

C azxis

Shear planes
(polog
Individual data

°

ROSE DIAGRAM FOR
CROSS-BEDDING

Large scale
cross-beddin

’

Shales
ConAcreHons

Sedimentary rocks
not red,
Pierrevitie area

212

Crystalline rocks
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