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/' ABSTRACT

Aécording to new radiocarbqn dates, the Champlain Sea waé'weTI
established in tﬁe mouth of the Gatineau River Valley and the Ottawa area
by about 12-200 years B.P., which is much earlier than previous1y believed.
An upli( curve “including these dates indicates that this early and rapid

~melting of the ice sheet caused very rapid vertical movemgnt of the_land.

much fgster than the euﬁtatic rise in sea level du;ing the éar1y phase of
e Champlain Sea episode. Hence a transgressiﬁe phase of the -sea cannot

be pospgiated for the period from 12,200 to 10,000 years B.P. A high energy

-environment, probably pro-glacial, prevailed in the Gatineau River Valley

durjng the Champlain Sea gpisode. Mostlexpoﬁjres are of sediments deposited
against steep valley walls, wpich shbw very poor sorting, due to the proximi%y
of the source and narrowness of the inlet where 1ittle wave energy could be
generated. Variation in seé water temperature and salinity were_g;timated

from trends in size charhcter1st1cs of fossi1 populations of the m011usks

Macoma balthica (Linne) and“ant211a arctfca (Linng). These trends indicate

a cool early phase of the Champlain Seadwith progressive warming of the sea

water with time. Salinities remajned normal to near normal throughouf'the

I

episode, but were lower in proximity to the ice front where mixing with

glacial melt water occurred.
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area of study easily accessible from Hull or Ottawa, see figs, 1.

N

INTRODUCTION

This is a study of Qu@térnary sedfmeqts in the Ottawg-Hull
area. These deposits belong to both the Pleistocene and Holocene
ﬁRecent) Epochs since their age varie§ from about 12,000 to 6,000
radio carbon years B.P. '

‘ L

The.1owér reaches of the Gatineau River Valley, and most of
the localities d1scussed in this study are situated with1n areas of
the prov1nces of Quebec and 0ntar1o bounded by 45015’ and 45%s5" north
latitude and 75030' to 75 10' west longitude The area is covered by-
the fb]10w1ng ‘topographic maps at scales of 1:50,000; 31F/16E (Kazabaz
31G/13H'(Low), 31F/9€ (Quyon),‘316/12w (Wakefield) and 31G/5 (Ottawa).

1. v -" ) :
A mgjor highway on the west bank of the Gatineau River and

many other paved or uﬁpaved roads on either side of the river make the

™
»
\

Physiography ' L _ : ‘ .

The Gatineau River flows through a.narrow_depreséion cﬁtging
. . Ay

S

ua),
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across ;wo‘majorur%hysidgraph1c regions of Canada; "the Laurentian Re-

gion and the Saint Lawrence Lowlands (Boétock, 1970}. The main featu- a

P

-

res of these regions are in many aspects different in the present area.

N,
The rocks of the Laurentfan Highlands underlying mos% of ‘the

drainage basin consist 6f highly deformed and intruded metasediments

of the Grenville Series such-as: marbles, quartzites, a variety of
gneissic and calc-silicate rocks. Intrusive rocks . include syenites,
diorites, granites, anorthosites and pégmati;es in all manner of ofcur-
ences from dykes to sills, and stocks to plutons. The geology of the
area is described in many reporfs; Dresser and Denis (1944), Maufette

(1950), Beland (1954), Sabourin {1965), Hogarth (1962, 1970).

Paleozoic sediments, mostly limestones, shales, and dolomites,
outcrop near the mouth of the river where it debouches into the Ottawa
River. These flat iying and faulted Ordovician sediments are .character-
istic of the Central Saint Lawreﬁce LowIandsuin the Ottawa-Hull .area

(Wilson, 1946).

The northern boundary between the two physiographic regiﬁﬁs
is expressed fopographica?ly by a scarp whicﬁ rises abruptly some 300
to 400 feet above the lowlands, which have a very susﬁheﬁ7topography,
never rising more than 400 feet in elevation. The highlands in the
immediate area near the Gatineau River rise up to 1,500 feet above

present sea level, n

R RS S = e
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The relief of fhe Gatinéaﬁ;River Valley is asymmetric; the
J:§a11ey floor rises more gently on the western side than on the eastern
'side, where the valley walls rise abruptly. This is reflected in the
drainage pattern of the-basin where most of the 1ﬁportant rivers dis-
charging into the Gatineau come from the western, broader side of the
drainage basin. B

by . .
Drift cover is concenttated in the low lying areas of the ":?

valley floor or against rocky ridges as terraces. These sediments will .

be discussed in more detail subsequently.

The ﬁatjneau Valléy area near Hull and Ottawa was once a
very active mining district. ﬁ%cas, feldspars, brucite, apatite, gra-
phite, and iron deposits were extensively mined until recently {Hogarth
1962). In recent years tﬁg”etonomic potential of the area hds shifted
from mines to the many duarries and sand pits, which are extensively

exploited for the construction industry.

Concern about the eﬁvi}onment and the rapid deve10pmenF of
urban areas have élso triggered fhvestigatiOns of the geotechnical Ch63
racteristics of‘the clay deposits which are very sensitive and thus prone
to frequent landslides. ' |

3

Aims and Methods

The purpose of this study is to characterise the sedimentary
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environments prevailing in the Gatineau Valley during the Champlain Sea -
episode. The Champlain Sea episode is the time taken for an arm of the -
Atlantic dcean to invade the continent immediately after or contempora-

neous with the melting of the g]aciers,and'to recede following gradual

uplift of the uncovered land. This time period is roughly bracketed

between 12,000 and 10,000 years B.P. Such environmental characteristics

" as energy, temperature and salinity of sea water, and tﬁé~nesponse of
~.

the Tand to the unloading of the glaciér jce are investigated using in-
formation about the sediments, their fossil content, ~and thgir relative
age.

A method of environmental interpretation of textural features
of a suite of sediments using scatter diagrams of textural parameters
(Folk and Ward, 1957) was applied to the sediments of the area and the
efficiency of the method in ideﬁtifying environments is discussed. Tem-
perature and salinity of the Champlain Sea waters were‘approximated by
comparing the size characteristics of certain species of the fossil fauna
with those of living representa;ives of the same species in recent seas.
Finally a model describing postglacial uplift (Andrews, 1970 b), using
the elevations of radiocarbon. dated fossils, is applied to the area, and
is discussed in relation to the QaTidity of its underlying assumptions

and the precision of its predictions.

Field work was started in the fall of 1970 and continued during

the summers of 1971 and 1972. Because of the very irregb]ar distribution




of the sediments, it was not_the aim of the author to map the surficial

deposits in the area of study. Instead, the greatest number of available

exposures, such as gravel and sand pjts, were visited and the best expo-
sure§‘were sampled and described in detail (see Appendix II). The fossi-
11ferous’horizons when present in the sections were sampled and their
e]evatioﬁ measured with.an aneroid Eg;gmeter on different traverses.
Mechanical analysis df the sedimentg was, done by sieving, the size para-
meters were ca]cq1ated, and tabulateq (sée Appendix I). Thellengthfaﬁd
heighf of the fossils found in the sectiops were measured and radiocar- -
bon dates were obtained from two localities in the study area. ///’T
L . ) . » :
Previous work ) g
, :

Sedimentary deposits in the Gatineau River Valley proper have
not received direct attention until very fecent]yi Buckley (19@8, 1970),
Scott (1971), Gadd (1973} ) - In earlier times, thé difficulty of accesé
of the Gatineau Valle relative to that of the fiat land in the Ottawa
area, was possibly thémain yeason for the lateness of the investiga-
tions. Specific inform 'OZ on the‘sedimentarj‘covér at Tocalities in
the Gatineau Valley was in most casés related to more extensive studies
in the Ottawa area, or to other studies of regional interest. This is
true of the Kingsmere locality first investigatéﬂ by De Geer (i892) for the
purpose of identifying the limit of matine‘submergence in north eastern
America during late Glacial time. De Geer's deterﬁipation of the
elevation of the beach at Kingsmere (705 feet) was subsequently remeasured
by many workers; Chalmers (1901), Keele and Jbﬁ@ston (1913) and Johnston
(1916), and fixed at an elevationof 690 feet. |




Johnston (1917) 1nvé;tigated the surf1c1a1f;ed1ments in the
Ottawa area and prqduced a map of their distributipn including- portions
of the present Gatineau Park and a small area at the mouth of the Gafi-
neau River, where he mentions the occurrence of beach terra es cut in }
marine clay. His map and interpretation of the events that(}pok place
in the area are still accepted today, and his works are basic reading
for investigators in this area. A ‘?¥1t

Goldring (1922) suggested that the sa]initiiof the sea waté?b].
decreased westward, on the basis of size comparison of the Champlain Sea
fossils,and the abundance of species. '

However, the fossils she measured frop the present area were not
given any more specific location thén Ottawa and Vicinffy} Wagner (1970),
using the same approach found less variation between the size of fossils
from the Ottawa and Montreal areas, and suggested that conditions were brackish
throughout the major part of thé'Champ]ain Sea, with waters in the farthest
éﬁtremities being the Teast saline.

Wilson (1924) noted that depressiong in the highlands to the
north of the Ottawa area (Maniwaki area) were occupied by wide flat areas
underlain by stratified clay, silt, and sand, seldom rising more than 600
feet above sea level. These deposits were similar to others. in the 1owér
parts of the Gatineau Va]ley which contained marine‘foséils. The debo-
sits in the Maniwaki area were‘suggestéd to be related to the Champlain

Sea; the fact that they did not contain fossils was probably because the

water in the further reaches of the sea was not favorablé palececologically.

N




Wilson (1924) concluded that the maximtm elevation of the sea in the drea

was not less than 600 feet. ‘ | '

H

-

Antevs (&925),;fromgobservations-of-sedimentary successibnsaand
well defined beach terraces at about 250 feet, both 1n ‘the Ottawa area
and the Gatineau Val]ey, attributed them to Lake Ottawa, a fresh water
body held up by a dam near Hawkesbury and extending to the west and
northwest. Some confusion as to a mdrine or fresh water origin of sets
of clay beds in the same areas led him (Antévs, 1928} to suggest that i
Lake Ottawa was_estab11shed by a transgression of the Champlain Sea from
below the 250 feet level to about 340 feet a.s.1; he thus renamed the .
lake the Ottawa Sea. The situation was later clarified by Gadd (1961),
who identified the Tlower clay unit, below the 250 feet level as a redepo-

s1ted older marine clay.

‘Indications of the norther1y‘extension of the Chamﬁ]ain Sea
into the Gatineau River Va]]ey were in the form of marine fossils Jin
sedﬂments near Venosta (Antevs, 1928), and at Farrelton in .the Gatineau
Valley and Val-des Bois (Maufette, 1949) in the Lidvre Valley. A more
recent report describes marine fosﬁ?js in bottom sediments of Manitou

»
0

Lake, a few miles north of Martindale (Bickel, 1970).
. i
w1th the advent of radio carhon dating, the chronology of
events that had taken place in the area cou]d be better descrlbed Or-

ganic deposits such as peat and shelly horizons could be dated and used -

v?




p
as time markers. Potzg;r and Courtemanche (1956), dated a basal 1ayef
of a peat bog on the Kazabazua sand plain at 9910§=2b0'years B.P. (G.S.
C. - 680) at an elevation of 580 feet; this is a minimum date for the
recession of the Champlain Sea from the Gatineau Valley.

) o Revision of thé map of the surficial sediments of the Ottawa’
area (Johnston, 1917) by Gadd (1961 and 1963) did not chénge the general
history of the area as described by Johnston (1917}, but put the events

that had occurred here in better perspective with information available .
from otherliyrroundiﬁg dreas. Rdd%o carbon chrono]ogy he]pe& to put
some order in the general scheme of events{ see Romanelli 1975).
;

Sabourin {1965} published a map of the geology o% the Bristol-
Masham area including the sedimentary cover of parts of the Gatineau Park
with information of fossit? occurrences'and the gjrection of glqpia1 striae.
The distribution of seq%ments‘in the Gatineau Park and small areas along
the shores of the Gatineau Biver was investigated by Buckiey (1968). This
is the most recent published information on the surficial sediments in

the Gatineau River Valley.

Studies presently under.way,( Scott (1971), Gadd (1973)),will
yield much needed fnformation on the general distribution of sediments
in the valley so that more detéi]ed wo?k can be done in the future.
These.studies barticularly relate. to the geotechnical properties of the
c]af deposits. whereas; the present study is an investigation of all types

of Quaternary sediments in relation to their stratigraphic occurrence.



o | SEDIMENTOLOGY

Stratigraphy

N

« Mapy of the exposures of the Quaternary sediments in the
Gatiheau‘Va11ey*are adjéCent to steep walls of bedrock, againstrwhich
rest till (rarely exposed)ﬁor beds of pert]y cemented gravel contain-
ing well rounded cobbles. fhgse depos{gs are overlain by an unfossi-
liferous succession of inter&$dded sand aﬁd gravel, which varies
greatly in thickness due to tﬂe high bedrock relief in the valley.

At most exposurestépe sand and\grave] are unconformably overlain by
a relatively thin unit of grey silty clay, the lower part of which has
a Taminated, varve-like appear&;ce, and contains marine fossils. La-
mination gradually dies out upwards as the unit passes into faintly

stratified gray silty clay, which is abundantly fossiliferous and at

many localities is overlain by fossil-bearing sand and gravel. The macro-

. fossjls present are diagnostic of a marine environment and include species

such as Macbma balthica (Linné), Hiatellaarctica (Linng), Portlandia arc-

tica (Gray), Mytilus edulis (Linn&), Balanus balanus (Linn&), and

Balanus crenatus (Bruguizre). The sediments also contain micro-fossils

such as Ostracoda-and Foraminifera. A discussion of the stratigraphy is
given by Rust and Romanel11 (1975), in which a mode of dep®sition is
postulated for the non-marine massive sand and gravel unit overlying
the basal till. The authors conclude that these sediments, termed
subaqueous outwash, were deposited under déep water ponded in front
of the retreating glaciers ddéjxo isostatic depression of the land. The
relatively high position of the water plane at that time is indicated

bx.the marine clay unit overlying the outwash. -



Grain size analysis

Character%éation of sedimgntary environments using grain size
distribution parameters has never been attempted for surficial sediments
in the Ottawa-Hull area. Previous workers limited their reports to
qualitative description of the sermgnts.

Grain size is a very important descriptive property of a se-
diment, but the analysis of many samples is necessary to discu%s'ﬁts
significance. In order to do so, the author has incorporated into
the data from the present study in the Gatineau River Valley, earlier
data from unpub]ishéd manuscripts dealing with specific sand and gravel
pits in the Uplands area (Romanelli, 1970), and Stittsville area (Smith,
1970).

The depositional environments for the.two last mentioned
localities have been discussed in some detail and a comparison of the
textural features of the sgdiments of the Gatineau Valley with those
of these areas will serve as the basis for environmental interpfetation -
in the Gatineau Valley. .

Method

Sijeving waé the most frequently used method of analysis be-
cause of the obvious bias of the suite studied towards the coarser
grained sediments; pipetting offihe finer portion (less than 4 §) was
also performed on a smaller number of samples. Sieving was performed
on an Endecott Test Sieve Shaker, for about 20-25 minutes, using U.S.

Standard sieves stacked at interva}s of + @ units.
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If the mud fraction {silt+clay) was estimated at about 5%
or less by weight, the sample was drjed at room temperature,, disaggre-

gated and weighed before dry sieving.} If the mud content was suspected

| to be higher than 5% by weight, the s p1e was wet sieved through 40

sieve and the fine fraction was analysed by the pipette method {Gale-
house, 1971, p..79), and the coarse fraction was dried, weighed, and
sieved. If the mud content was estimated to be more than 30 to 50% by
weight, the sample was split and analysed using the moisture replicate
method (Folk, 1968, p. 22). This method consists of estimating the
percentaée“of water (by weight) in homogenous sub-samp]és, and finding

by ~subtraction the amount of sand and mud in the sample.

Each sieve fraction was weighed to the nearest 0.01 gram and
the weight of each pipette fraction to the nearest 0.001 gram. The ba-
sic data, Weight in grams per sieve interval phi () units was punched

on computer cards for further mechanical célcu]ations.

/‘\.-» '

Statistical Parameters used in the analysis - ~;\\\~’/)

There are many methods of obtaining grain size parameters,

wh1cE’E;e grouped intg two maJor categories: the mathematical methods

fgf moment method), and the graphical methods A recent Titerature re-

view of grain size parameters (Folk, 1966) a1°fié:)th investigation of

the efficiency of methods (McCammon, 1962) and t ting of aécuracy re-

lative to sieving (Isphbrding, 1972), all came to similar conclusions.

L e v
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Folk (1966, p. 80) summarizeg theseviews as follows: “Th;\a thor agrees
with Friedman (1962) and Middleton {1962) that the method ofu;;aéﬁts
measures a slightly different property than the graphié method; but

that iéﬁhas no specially sacred aura of fundamentality; each method

has its advantages and its drawbacks, and each is equally valid for
comparing a suitg of samp1es".;

In v:::<§; these conclusions, a graphical method was chosen

for théfgnalisislbf the samples. The method p;oposed by Folk and Ward
(1957) was used by previous workers (Rdmane]]i, 1970; and Smith, 1970)

and was retained so that direct comparisons could be made. The iirst
. step of this method consists of plotting a computed cumylative weight
frequency distribution curve on probability paper. Secondly, phi (@)
units measurements are taken from this curve at the following fixed
fvbercenti]e points:. #5%, @16%, .825%, $¢50%, G?S%,lﬁ84%land @95%, to calculate
the four grain size distribution parameters; Graphic Mean (M) Inclusive
Graphic Standard Deviation (Uf), Inclusive Graphic Skewness (SkI), and
Graphic Kurtosis (KG),for which formulae are }isted in Appendix I.

Modal Characteristics of the Sediments \\Hf/

\/ “\.
\
The mode of a sample was chosen as thexggﬂt frequently occurr-

ing grain size diameter, represented by a peak on the non-cumuiative
frequency distribution curve. This method of finding the mode is not’

~ as precise as others, such as finding the slope of the curve at every
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1@ interval, but it nevertheless gives a good&approximation of the po-

sition of the mode. The frequency 6f modal c]asé occurrence (fig. 2)
shows a definite bimodality in the distr1but10n for all the sample
from the Gatineau area, the Uplands area and the Stittsv111e area&& Ihefe _
is a high frequency of modes in the pebb]e range (-2¢0 to -3¢), and a
higher frequency of samples having a _sand mode g1.sa to 37). There are
very few samples that have modes in the intermeéiate size ranges; from
granules. to coarse sands (-2¢ to 1¢), and from coarse silts tb clays
(48 to 89). | -
The typ;/;;H;;E;;/E1ass distribution obserJ;;/:i qufte zommbn

for all suites of sediments, and was noted very early in the literature

"(Wentworth, 1933). The modal distribution is apparently due to The fact

that nature proviﬂéé ciasts of three predominant size populations; gra- .
vel, sand plus coarse silt, and clay. In the ppeSent, study the lack of a
modaT;p]ass in the clay range would be accounted for by the bias of the

4,

sample towards the coarser grain ‘sizes as mentioned before, and is an

indication of the high energy of the depositional environment in the

Gatineau Valley. %(‘7,‘_/

However, the data on the frequency of ‘modal class occurrence

~ for the sediments at each area taken semrately (Apﬁghdix I), shows a

change in the relative abundance and position of the moda] class. In

the Gatineau Va]leﬁ}*the iments have a modal class- 1n the gravel

range at about -2.5@, and a large sand mode from about 1.0¢ to 2 SG

with a re]at1ve1y large number of samples with modes in the finer sizes

up to 10f. The sediments from the Uplands area are coarseT; in that

m
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there are relative]y féw samples in the finer size range, the gravel..

mode is well defined at -2.5¢ to -3.09, and'the sand mode is also we11
defined from 2 0p to 3.00. The sed1ments from the Stittsville area

' - complete1y 1ack a gravel or fine clay mode and have a sand mode 1n a

finer size class than the other two areas; the- sand,mode is between

3.00 and 3.50. . Iy
g \ w
Interrelationships'of the four grain size parameters | ,T

1

The following exercise is identical to bne.of Folk and Ward
+.(1957), on sagd_bars in thé'Brazos River, Texas, and part of %t is also
similar to the method used by Friedman (1967). It is used here inan attempt
to determine which part-o# the Folk and ward,and Friedman methods are

most useful. The exercise cansists of the 1nterpretat16n of depositional .
environments from trends shown on a series of d1agrams on which pairs

of the grain size parameters have been- p1otted against one another: Al]

the diagrams have been'tr1ed and a discussion of the trends on each of them
is given. Some diagrams afe better tﬁan others as will be seen Iafér in
the discussion. On every diagram, all samples are shown and differentiated
by a different symbdi,'and.thé trends on the scatter diagrams are dis-
cussed in relation to the theoretical trends proposed by Folk and Ward

. (1957).

Mean size versus standard deviation

The trend on this diagrém (fig. 3) apbroximates a sine curve,
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where the minima of best sorting co{ncide with dominant modes in

the sediment suite and maxima of peor sokting occur in samples

having mean sizes in the ranges between the modal sizes. Clean
gravels with mean sizes (Mz) areund -2.50 have a sorting value

(TI) of 1.25 to 2.50. As the pure gravel mdde is mixed with a
sma]]rémountlof the sand mode, the meen size decreases and the

degree of sorting decreases until it reaches a maximum of poor
sorting when the two modes are present in about equal proportions

(M, = =18). As the sand mode increases in abundance, the mean

size becomes finer and the sorting imp?oves until the sediments con-
§35ﬂilzfthe pure saedrmgde where gireaches a minimum between 0.3¢ to 1.0p.
The:?brting worsens agsie.when small amounts of the third mode (in
the clay size range) are added. A maximum of eoor sorting appears

to be reached at values of meen size at about 79 to 89 at the fine
end of these analyses, although there is no indication of a downward
trend on the right side of the diagram at mean size of about 79 to 8p.
If more clayey samples had been analysed, this trend would

have probably continued until it ;ed reached a minimum of best

sorting in the clay size range.

In the samples from the(ﬁ%]ands area the fact that mean sizes
are close to the sand mode. indicates-thatﬂthey are much better sorted
than samp1es from the other two areas. Where sediments have a wide
range of mean sizes, Tike the Gatineau area and the Uplands, area, the
trend in the diagram is more sinusoidal than that of a sediment suite
from an area where the mean size is restricted to the sand range 1§ke as

in the Stittsville example. The trend from such a Tocality has a V shape.
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Standard Dev1atibn versus Skewness

The distribution of pointsion this diagram (fig. 4) was

interpreted by Folk and Ward as being almost circular, which they explained

- M B ‘
as follows. Unimodal samples with good sorting or poorly sorted samples

'having equal portions of two modes, have symmetrical curves and thus

normal ‘skewness values. Op the other hand, sediments which are miixtures
of one dominant mode and another subordinate mode give high positive or
negaéive skewness with moderate values of sorting (c&). The trend on
the diagram between the finer grained sedimentsand coarser grained
meswould go from silty sands (A), to pure sands (B), to sands with a
little gravel (C). The dashed line on the diagram gives the theoretical

trend; the actual data depart considerably from this model.

Friedman (1967) used the same parameters to differentiate

between river sands and beach sands. The Tine (F-F ) separating the field of

beach sands and the field of river sands on a scatter diagram of the two
parameters is included 'onfigure 4. The samples from the Uplands area
fall mostly into the field of beach sands and are broadly differentiated
from the sediments of the two other areas. The samples from Stittsviile
are moderatelyto poorly sorted and have a high positive skewness. The
samples from the Gatineau area cover a wide range of sorting and are

either positively or negatively skewed. !
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FIGURE 4

Scatter diagram of Inclusive Standard Deviation (WI).versus Inclusive
_ Graphic Skewness (SKI). The line separating the fields of beach and
river sands from Friedman {1967) is indicated on the diagram by Tine

FF'. Symbols are as in figure 3.

The dashed 1ine on the diagram is the theoretical trend from Folk
and Ward {1957, pp. 20). The generalized fields of silty sands (A),
pure sands (B), and k@nds with a 1ittle gravel (C) are included in

the diagram.

LEGEND: @ Samples from Gatineau River Valley area
A  Samples from Uplands area

©  Samples from Stittsville area




20

. FIGURE 4 =

I
l .

-~ . Curve

river
sands

beach
sands

074

0.6+

-O_ B

-0.6-

0.7

o
DEVIATION (&)

'STANDARD



21

Mean Size versus Skewness

The trend on this diagram (fig. 5) is again approx{mated

by a sine curve. The pure sand mode has a symmetrical.distribution
j.e. the skewness of these samples varies around 0.0. The addit1on of
a small amount of the grave] mode imparts a negative skewness to the se-

diments and a maximum negative skewnes$ of about -0.7 is attained at
| mean sizes (M) between 1 to 1.5¢. As more gravel is added and the two
- modes become about equal in proportion, the sediments have again a
nearly symmetrical distribution with skewness values around 0. 0. When
the gravel mode becomes the dominant mode in the sediments, the skewness
becomes increasingly positive until it reaches a maximum at mean sizes
of about -2.08. The pure gravel mode is approximately between -2 to
~2.50,and at this mean size the skewness should theoreticaly decrease to

0.0 (Folk and Ward, 1957, pp. Ig)k\a1though samples to prove that“are lacking.
, /
) /
Ve
If on the otherePénd, the Sand mode is mixed with minor
amounts of the finer E?hy_st fmode the sediments become very positively
skewed, like those of the Stittsville area, and the skewness reaches a
. maximum of about +0.7 at mean sizes around 4p. The trend of the diagram
“" should theoretical |y pass thrbugh values of skewness around 0.0 for sedi-
ments in which the sand and clay mode.would be in equal proportions. The

trend is not shown very well $n this region of the diagram, again because of

the bias of the sample suite towards the coarser grained sediments.

-



@ Samples from Gatineau River V'a]}ey‘ area : 22
A ' Samples from Uplands -area

-0  Samples from Stittsville area

0.7+ o o

. . ‘ °
o
: 0.6- : . o /"“\\ _
- v / \‘\\\
0.5 o . / N
o ° SN .
0. 4~ . ao ~
) Il * N \\\ .
0'3-/“"-\ , o.-' o oo[ ' \\ ~
X \\ o O ’I o .\\ .
5024 ° N\ | ol o ANE
™ \ . ° .o:.n.no'n, >
'E 01-‘, \ \ o I. Aoa:.. I:. . ~ .
w N \ . .I-. .l ‘A :‘IOO i
N 0.0 \ N i R Norma
E o '\.' * \\_/]:. ._,: *tr o Curve .
s ) ‘A‘ . & ‘ & I L 1] :
3'0.1- \\ . - '.I
\. '. 4 * a
_ _ . \. a . oA /
S 0.2 . . ‘o, 3‘, .
I \ /
'0.3'— \ ..‘ / I °
e N V4
: N~ a
-0.&—- a
. _ | .
-0.54 . e, "- . L | -
-0.6- "
. a -
'0'7' Bkt I A TR ROV IS N RN S N Er AE N TN S R NN R N

o Mz ) .
MEAN . SI1ZE(D).

FIGURE &

. Scatter diagram of Mean Size (Mé) versus Inc]usive' Graphic Skewness
(SKI).. Symbols are as in figure 3. Theoretical trend fram Folk and
Ward (1957, pp. 19). I ‘ :

-

~

&



23

Mean Size versus Kurtosis

The ;:;;E"Bnﬁthis diagram (fig. 6) has been drawn largely
from theoretical considerations (Folk and Ward, 1957, p. 20) because
the data on hand did not give any clear indications. However the
trend still appears to be oscillatory due to the relative abundance.
of the prominant modes in the sediments. It can be s;en from the

\

broad env%leﬁe on this diagram that these parameters are not very
efficient }; ebaracterising the sediments. However, the general
?éatures of this diagram are as follows: sediments with mean sizes
in the sand 6r gravel mode have normal kurtosis values of 1.0,

while the addition of véfy small amounts of either a coarser or finer
. ng? ines the sediments kurtosis values much greater than 1.0, Se-

“diménts with equal proportions of the two modes have kurtosis values

smaller than one.
S
The kurtosis (K;) has been modified and shown on every
diagram as KG and K'G wheré necessary. This modification involves a
normalisation of the kurtosis va]ugshbgpausé of the very skewed
distribution of values of kurtosis ;nhngturaT sediments, ranging
from about 0.5 to 8.0, with normal ku#&osis values of about 1.0. The

normalisation gives normal kurtosis values of about 0.5 with a range

from 0.3 to 0.9.
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A  samples from Uplands area

C  Samples from Stittsville area
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Kurtosis versus Standard Deviation

The sinusoidal trend in this diagram (Fi. 7), (Folk and

11
Ward 1957, p. 21), is easily explained when one considers that the
p. 21) y exp one g

lowest degree of sorting is found in sediments which are mixtures of‘two
modes in equal proportions, and that these sediments a1§o have the Towest
_kuktosjs. The highest kurtosis values are found in sediments-which are
a mixture of one dominant mode and the other subordinate, these sediments
also have moderate sorting. Unimodal sediments are best.§orted and ha-
ve normal kurtosis va]ues\about 1.0.

‘ The path followed on the diagram, going from coarser

sediments to finer ones is as follows: from the field of sandy gravel

(A), to the field of pure sands (B), back to (A) which is also fhe field

fo silty sands and finally to (C) which is the field of sediments with equal

proportions o sand and clay.

Skewness versus Kurtosis

As both of these parameters are dependent on the proportions of
des in the sediments, a regular path is followed on the diagram
X . as ;:i\;ghn\Qifg/Ehan'és, because of the variation in the abundance of the
different modes (fig. 8). A U-shaped trend from fields A to E 15 dis~‘
played by plotting the skewness and kurtosis values of sediments of

decreasing mean size from nearly pufe gravels in field (A). These gravels

usually contain a little sand, giving their distribution a positive

A T W T TS T

2% et
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FIGURE 7

Scatter diagram of Inclusive Standard Deviation (g7) versus Graphic Kurtosis (KG).
Included dn the diagram are the fields of sandy gravels (A), pure sands (B), and
silty sands (C). Symbp]_s as in figure 3. The dashed line represents.the theoreti-
cal trend shown by Folk and Ward (1957, p. 2I).
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diagonal line pattern The fields of nearly: pure gravels (A),
gravelly sands (B) and (C), grave]ly sands* (D), and pure sands
(E), are indicated 'on the diagram. Symbols as in figure 3. The
theoretical trend ( dashed 1ine) is shown as 1n Fo"lk and Ward
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skewness with'a'high kurtosis (greater than 1.0). As more and more

" sand is added to the sediments, the modes become equal or subeqhal in
lproportion and the kurtosis values approach 1.0, with minor change in

the skewness. Hhen_the'grave1 mode becomes éybordinate, the skewness
becomes very negative with values ranging.from‘-0.3 to -0.6, the kurtosis
does not vary much, such as in field (C), gravelly sands. when¥%n1y a
fractien f the gravel mode is still present in the sediment, the
kurtosis values are very high,with skewness values rémaining negative, i -
fier (D):" ‘As the gravel mode disappeafs,.the sediments become pure -
. sands having normal values of kurtos1s and skewness, field (E). The
field of nearly pure graVEI (A). would coincide with that of the silty
sands, because these sediments also have high Kurtosis values and po-
sitive skewness. This overlapping of the fields of silty sands and
sandy gravels is shown on the diagram by the similar position of the
sambﬁes frpm'Stittsville, which are silty sands,and a few samples from

Uplands and Gatineau areas which are nearly pure gravels.

Discussion °

From the preceding exercise, it is seen that the sediments
from the three areas chosen;(Gatineau, Uplands, Stittsville), have dif-
ferent textural features. The: sediments from the Gatineau area cover
a wide range of grain sizes with mean sizes from -2@ to 8.0p; they are
moderatelyto pooriy sorted, w1th values as high as 3.5@. Skewness

v
values vary from norma]-(SKI = 1.0} to negative for samples'with
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mean sizes between 0.0 and -2@ and 6 to 8@; the standard deviation of
these samples is usually very high from (Mé) of 2 to 30 units, and their
kurtosis values are less than normal (KG = I). Some samples.with mean

sizes of about 20, have high kurtosis values up to 2.0.

Samples collected from the Uplands area cover a restricted
size range with mean sizes from -1 to 3. They are usually well to
moderate]y'we11sorted,withq;varying from 0.35 to 1.09, although some samples
are also poorly sorted. Those poorly sorted samples display very ne-
gative skewness values (SKI = -0.7} and high kurtosis values up to 2.0 at
mean sizes of ?bout 1.5@. Lower than normal values of kurtosis (0.8) are
encountered in samples with mean sizes between -1.0 and 0.09; these are
poorly sorted withqivalues as high as 2.09.

i
Lastly, the samples from the Stittsville area cover a very
; restricted size range, with mean sizes from 0.0 to 4.00. They are moderately
/,#// to poorly sorted GE values from 0.5 to 1.5p) and display very high posi-
tive skewness (SKI = 0.7), and high kurtosis values (KG = 1.4),especia11y

at mean sizes between 3 and 4.@.

The variation in the textural parameters has been discussed
in terms of the mixing of the modesin a suite of samples, but this mixing
of the modes is firstly a function of the source area and the efficiency

of the processes active in the depositiona] environment, at separating

these modes.
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The sedimentary environment in which the sediments at
Uplands were deposited was investigated earlier (Gadd, 1963 and Romanelli
1970), and it was proposed that the origin of the-sediments be attributed
to the reworking of morainic ridges by shore currents of the Champlain Sea.

The wide areal extent of the sea at that time provided suitable conditions

for high_w&ve energy and steady bottom currents near the shores. This is
" reflected in the textural features of the sediments from the area; they
are well sorted and the high negative akewness is due to the presence of
a minor amount of gravel in the samples, probably transported by rolling j
on the sea floor. The source of the gravel -is the polymodal sediment of

the morainic ridge; the proximity of the source causes an excess of sand,

and thus the high kurtosis values observed (Folk and Ward 1957, p. 26).

The sediménts from the Stittsville area (Smith, 1970), :
although lacking fossils, are thought to have a submarine origin, but in L
close proximity to the ice front (Rust and Romanelli, 1975). The sediments,
which contain;a great variety of structures, could have been deposited by
N stréams flowing from englacial tunnels down from a ‘ridge under deep,
probably marine water, as in.turbidity cﬁrrents. This mode of deposition
would account for thé moderate to poor sorting and kurtosis values of
these sediﬁents, and is a reflection of the inefficiency of the environment
at separating the mode§ (sahd and silt), eithe} because of the poor winnowing |

capacity of the current,or the proximity of the source.



32

The depositional .environment in the Gatineau Valley cannot be postulated
from the textural characteristics of the sediments alone. This is because,
contrary to the suite of sediments from the Uplands and Stittsville areas.'

the\SQ% from the Gatineau area shows. the widest range in grain size modes.

In view of the above difficulty, an important part of the
environmental interpretation should be based on the stratigraphic'
succession. The thick sand and gravel unit found adjacent to bedrock
ridges in the Gatineau Valley area contains sediments sometimes structureless,
with very poor sorting values. Their position, underlying marine clays and
sands, suggests a deposition in a g]aciai or pro-glacial envifonment of
very high energy. The very poor sorting of these sediments in this high
energy environment is probably.due to the close proximity of the source
ahd an excessive rate of supply, as in the Stittsville area. The
depositional process active in such an enviromment » under these conditiops
could be of the same type as mentionned for the Stittsville area; meltwaters
issuing from tunnels in the glacier and flowing over bedrock ridges under

deep water conditions, as indicated by the overlying marine clays and sand.

The marine sands found at the top of the succession in the
Gatineau Valley area show similar textural characteristics to those found
in the marine beaches in the Uplhnds area, but to a lesser degree. As
shown on figures 3 and 4, the marine sands from the Gatineau Valley area

show poorer sorting and lesser skewness values than the sands from Uplands.
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Considering that fhe major sorting agent acting on marine
beaches is wave action, it could be postulated that the marine sands
from the Gatineau Valley beaches were subjected to a weaker wave energy
than those from the Uplands area. The narrowness of the Champlain Sea
in the Gatinéau Valley area could be the reason for this diminished wave
energy, due to the lesser fetch of the waves, as compared to the nearly
open sea conditions prevailing in the Uplands area during the Champlain

Sea episode.

For comparison of the textural features of sediments

from the three areas chosen, it would appear that the most useful diagrams
are  those shown in figures 3, 4 and 5. The reasgn for this is that
the processes active in fhe glacial or near glacial environments usqa11y
do not separate.the modes in the sediments efficiently enough to permit
the use of d%agrams with very sensitive parameters like skewness and
especially kurtosis. The mean size, standard deviation and skewness

are the most useful parameters of a distribution for broad environmental
investigations. This is shown by the simpler and clearer trends on

figures 3, 4 and 5.

The continuation of the method in the manner of Folk and
Ward (1957) and others (see Folk 1966), into a three dimensional relation-
shiﬁ in the fofm of a'he1iébida1 trend between the four grain size parameters
Seamiunnece§%ary in this study. This is due to the reasons previously
mentioned, i.e., the bias of the sampling, and the great sensitivity of

kurtosis to errors due to the method of analysis and treatment of data.

L
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FOSSILS AND PALEOENVIRONMENT

Introduction

-

Pleistocene and.Holocene fossils from the Ottawa area, espe-
cially those of the Chaﬁp]ain Sea, have stirred continuous attention
amongst the scientific community for more than a centufy. A list of
published references on Champlain.Sea fossils (Wagner, 1967), indicates
that Lyell (1845) commeﬁtéd on a concretion from near Bytown (Ottawa)

Canada, containing the fish Mallotus villosus {Muller). The very first

workers observed that some fossils found in Champlain Sea sediments
were the same species as those living in northern parts of the Gulf
of Saint Lawrence, and that the climate at that time was generally col-

der than at present, probably subarctic.

Because of the above mentioned fact, the fossils of the Cham-
plain Sea were subsequently used as paleoclimatic indicators. Goldring
(1922) suggested that the salinity of the Champlain Sea waters decreased south-
westward, from Montreal to the Champ]ain Valley of New York‘and Vermont,
énd Ottqwa, Her conc]usfon was based on the decrease in size of cer-
taih”ﬁo11usks and also a decrease in the species density westward
within these regions. Elson (1960, 1969a) suggested that ai the
Champlain Sea withdrew from the contihent, because of 1and"upiift, the
salinity decreased and  the iemperatufe increased. The indication

of such changes is from trends in size characteristics of the mollusks



Macoma balthica {Linn&) and Hiatella arctica (Linn&), with decreasing

gelevation. Elson found that the.modal length of Macoma increases while

the hoda1 length of Hiatella deé;éases with decreasing elevation.

Vertebrate fossils of the Champlain Sea have also yielded \\\
broad indications of climatic conditions. Remains of cold-adapted marime '
mammals which are stil11 living today, such as the white whale (Beluga),
the humpback whale, and the harp seal, are found fossilized in sediments
around Ottawa, suggesting an early cool (subarctic) phase of the Cham-

plain Sea (Harrington, 1971 and 1972).

AThe following study is an attempt to approximabe the temperature
and salinity of the Champlain Sea waters from comparison of size characteris-

tics of fossil populations of mollusks.
Method
Fossil horizons froim different elevations in ithe Gatiredua Valley ;

and Ottawa area were sampled, and size characteristics of popula-

tions of Macoma and Hiatella were measured, namely the length of

the shell, and the height of the shell. The length is taken as the
maximum distancg measured between the posterior and anterior edges of
the shell; the height of-the shell is measured from the umbo to the
middle of the shell edge. The tabulation of the measurements is given
in table I and in figure 9 and 10, in the‘form of hiséograms. A1l the

~

measurements were made on the left valve of the shell because in most -~ N~
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cases the fossils were found very well preserved, with poth valves
present, hinged and in growth position. A growth curve was drawn for three

populations of Macoma balthica wﬁere preservation was good and a sufficient

number of non-eroded shells were available for determining the ages of
individuals’ using the growth ring interpretation method (Sergerstrale, 1960},
figure 12. Comparison of the size characteristics of the fossil populations
of Macoma with those of 1iving populations in the Gulf of Saint Lawrence,

the Baltic Sea, and the Wadden Sea, was made to approximate the salinity

and temperature at which these fossil popu]at{bhs Tived.
Hardy (1970) has employed the same method as the one used
here with fossil populations of Macoma from the Laflamme Sea (Elson, 1969 b,

and Laverdidre, 1967), in the Lac Saint Jean area.

Results and Discussion

The comparison of modal length of fossil mollusks is not
necessarily a direct measure of the effects of salinity and temperaturf.
It is the combined effect of the growth rate of a fossil population and
its time of exposure, i.e. the Tife duration of the population. Consequent-
1y, a trend of size versus elevation such as that in figure 11, for popula-
tions of Macoma found in the study area, cannot be directly interpreted
in terms of paleotemperature of pateosalinity, as done by Elson (1960). This
js because some of these populations could have different growth rates,

and the 1life duration of the population could affect the modal size.
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FIG. 9 — FREQUENCY HISTOGRAMS OF LENGTH AND HEIGHT FROM -POPU -
LATIONS OF Macema balithica TAKEN AT DIFFERENT ELEVATIONS., N IS THE
NUMBER OF LEFT VALVES MEASURED AT EACH LOCALITY,

Locality numbers (i.e. loc. 9) are listed in Appendix II, as shown on Fig. 1
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~Locality numbers (i.e. Toc. 9) are listed in Appendix II, a5 shown on Fig. 1
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To test this, growth curves were drawn (figure 12) for
three popu]atioﬁs, one from the Cantley area (loc. 11), another from

Meach Lake (loc. 12), and the third from the Uplands area {loc. 13).

It can be seen that the population at Meach Lake had a
slower growth rate fhan the population at Uplands, but that they have
roughly the same mean size. (This means that the Meach Lake population 1ived
longer than the population at Uplands, which is not apparent on graphs of
size versus elevation, fig. 11. For this reason, the method of comparing t:£;7
different modal length of mean size (Elson, 1960) of a particular species

at different elevations is not reliable as a paleoclimatic indication.

The comparison of growth rates of fossil populations with
recent oées, seems a more reliable approach to the question. This‘has
been done for the three populations at Cantley, Meach Lake and Uplands,
where 63, 81 and 41 measurements of age (growth rings) have been made,
respectively. The average age, ength, and growth rate of these three

»
populations are shown in table II.

The environmental conditions and size characteristics of

six recent populations of Macoma balthica are given in table I1I, and the

growth curves for these populations as given in figure 13. The growth
curve for the population from the Wadden Sea (1), (Lammens, 1967) has
been drawn from the information given by the auégpr since he measured

growth in terms of height and projection area. The other curves all

Bt S R
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FROM THE OTTAWA-HULL AREA

ST R
TABLE II: GROWTH CHARACTERISTICS OF THREE POPULATIONS of Macoma Balthica

LOC. 11

‘LoC. 12

(mm/year)

LOC. 13
CANTLEY MEACH LAKE UPLANDS
Number of measurements 63 81 41
Average length (mm) 10.75 12.38 ©13.70
_Average age (years) 12.7 14.5 131.2
Average growth rate .0.83 0.85 0.96

AT FAL R TSR

LT T PC Sl S
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FIGURE 112

Growth curves of three fossil -populations of Macoma balthica(Linne)

of different ages and elevations from the Ottawa-Hull area. (Data

from Table II).
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a . \ .

méasure growth in terms of lendth. By comparing the shape of the growth
curves for the three fossil popu1ations'to those of the recent populations

it is seen that the population from Cantley has sim%]dr characteristics

to the one from the_Tvarminﬁe area (5) (Sergerstrale, 1960), while the

' growth curve from Uplands is more similar to that of populations (3) and

(4) from the Gu)f of Saint Lawrence and the Tvarminne areas respectively.
The growth curve from the Meach Lakeﬁarea is intermediate between these
two exémp]es. From this compafison it is suggested that the fossils at
Uplands T1ived 1; waters with a temperature range from winter to surmer
of about 4°C to 15°C, and that the salinity, although uncertain was probably
higher than at Cantley. The population from Cant?ey—]jyéd in much colder .
waters,with temperatures from 2°C in winter months to 8% during the summer
months, with a salinity of about 8 parts per thousand (80/00).

The indication that the temperature and salinity of the Cham-
plain Sea waters were both low during the very early stage of the sea
(12,200 B.P.), is supported by the fact that the fossil assemblage at
Cantley contains Hiatella, which is slightly less tolerant to reduced salinity
than Macoma (Zenkevitch, 1963) but also needs temperature lower than 11°¢
during the summer months to rebroduce (Hunter, 1949). These conditions
indicate proximity to the ice front, which would influence the temperature
and salinity of the waters by the volume of glacial melt-waters flowing
into the sea. The salinity of the sea water was probably higher than

80/60, in areas further from the ice front.

The increase in growth rate of Macoma from Cantley to Uplands

i

[ LA guibd v FLALEFLl
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FIGURE 13

Growth curves froin five recent.populations of Macoma balthica (Linng).

The population numbers correspond to those described in Table III.
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can be correlated with an increase in the temperature of the sea water,

ki

on the basis of the growth curves from the Tvarminne area. The temperature
range at Uplands from w1nter to SUmme":LLh

onths wds probably from 4° to about 15°C
and probably higher in véry sha]1ow reg1ons of the sea during the summer
months. The contradictory evidence from both curves (3 & 4, figure 13}

is an indication that the species is very tolerant to changes in salinity.

Indications of the salinity conditions at Uplands can
also come from the fossii assemb]ages.contemporanedus‘with. Macoma
populations. INman et al. (1970) commented on the marine algal deposit
dated at 10,800 £ 150 B.P. (G.S.C. -570), reported by Mott (1968). The
alga was identified as Laminaria,which is indicative of waters of normal
or near normaj salinities and a cold-water environment similar to present
day conditions élong the eastern coast of Canada. Since this algal
material come§ from a nearby locality and the age of the material is roughly
that of the deposits at Uplands, this wou]d seem to indicate that the sea
water in which the fossil population of ﬂgggmg_from the Uplands area Tived

was approximately of normal salinitﬁ,'frdm 26 to 340/00.

Similar comparisons of growth or size characteristics of
fossil populations of marine mollusks of the Champlain Sea with growth
conditions of recent populations of ‘the same species havg;y1e1ded similar

conclusions about the salinity and temperature conditions of the fossil
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populations. Hillaire-Marcel (1972) has concluded from the study of

a Mya arenaria (Linné) population from the St-Joseph-du-Lac area that

the salinity and temperature of the Champlain Sea during the Mya arenaria

phase (Elson and Elson, 1959), were from 20 to 6°/00 and from 12 to 15°C.
Since the fossils from this Tocality have been dated at about 10,200 years
B.P.; GrN-2035, 10,330 % 100, Elson (1969b), and GIF-2107, 9950 * 185 B.P.,
Gangloff and Moign (1972), and are therefore younger than the fossil
_populations from the Ottawa area, the trend is one of increase in sea

water temperature and a decrease in sa]iﬁity‘with the withdrawal of the

Champlain Sea. ~
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CHRONOLOGY AND POSTGLACIAL UPLIFT

Introduction

During the course of this study, a sample of marine shells

from Cantley, P, Q. was submitted to the Geological Survey of Canada for

radiocarbon~dating. The results came as a surprise since the age of these
shells was much older than any other previously pbtained from the same

area; G.S.C. - 1646, 12,200 £ 160 years B.P. To check this presumably
F$n0m310us date a second sample of marine shells was collgcted near Martindale
P.Q.,some 20 miles (32 km) north of the Cantley 1oc§1ity. The result of

this second radiocarbon dating; G.S.C. - 1772, 11,900 £ 160 years B.P.,

corroborated the previous date and thus gave it a certain reliability.

Before the publication of the second date (6.s.c. -1772),
Romanel1i (1975) emphasized the good agreement between G.S.C. - 1646 ,
12,200 # 160 and others obtained from the early phase of the Champlain Sea
from the Drummondville and Brockville areas, G.S.C. - 396, 12,000 ¢ 320

and G.S. c- - 1013, 11,800 £ 210 (Lowdon et al. ,1968); and suggested an
earlier 1nva51on of the St.Lawrence Lowlands by the Champlain Sea than g

was previously assumed (Prest 1970).

These old dates from the Ottawa~Hull area indicate that
the invasion of sea water and the colonization by marine mollusks is

synchronous with the withdrawal of the glaciers from the area. Considering
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that the immediate response of the land to this rapid unloading is a very
rapid rebound, the possibility of a true transgression by the Champlain

Sea is remote.

These recent additions to the list of radiocarbon dates
from this area havelprompted an attempt to illustrate the chronology and
approximate re1ati§e movement of the land and sea level during the Champlain
Sea episode or early postglacial time. With the results of such an
investigation, the possibility of a marine transgression or mdltip]e deep
water stages of the Champlain Sea in the Ottawa-Hull area can be examined
more critically. \

: S

Previous work

\
™~

Johnston (1916, p. 14) stated, "It seems jmprobable thaf
depression of the land took p]&ce in the Qttawa Valley during the time of
the retreat of the ice—shget from this region, for the results of inves-
tigations by numefgps geologists of raised beaches of the Great Lakes

region, has shown that differential uplift took place almost continuously

as the ice withdrew,...".

Antevs (1928, 1939) introduced the concept of the Ottawa Sea,
based on the stratigraphic position of two units of clay below the 240

foot .level in the Ottawa area. The upper clay unit below that level was
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Rresumed to have been deposited in a deep water stage of the Champlain
Ség established by a transgression. This upper clay was later shown to
be a redeposited older marine clay (Gadd, 1961).
Q

Kenney (1964) published a diagram showing sea level and post-
glacial crustal movements at Ottawa. A eustatic sea level curve was
constructed from world wide data, but the information (radiocarbon dates),

used in constructing the uplift curve was not abundant or reliable. Kenny

nevertheless concluded that there had been only one period of submergence

during which the land was at all times rising with respect to the sea level.

Elson (1969a) postulated a deepening of the Champlain Sea partly
on the evidence of three pairs of radiocarbon dates. At each 7Jocality
the lower shells dated were consistently older than the higher shells.
Elson (1969b) suggested that the probability of a transgression would be
increased if major oscillations are shown-on the eustatic sea level curve
from Curray (1965). This need of confirmation arises because of the
unreliable 4§;ure of the data from the radiocarbon dates, in terms of
counting errors inherent to the method and also the error in the'infer-
rence of actual sea ?eve] position from the 1iving depth of the fossils
dated.

-t

p It can be seen from this brief review that the knowledge of
past sea levels and a quantification of the process of postglacial up1ift
are necessary pre-requisites to a valid discussion of the relative

movement of land and sea level. The present state of the research in
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those fields only permits approximations of the movement.

Method

Andrews (1968} proposed that uplift in Arctic Canada could ;
be predicted from the elevation of the marine Timit and the date of de- ?
glaciation of a specific area. The establishment of the marine 1imit

is assumed to be syachronous with deglaciation at a particular point.

Assuming that: (1) the phenomenon of uplift is sufficiently
well understood to permit simplifications such as expressing it as a
simple exponential decay function; (2) . the eustatic sea level
curve for the past 13,000 years B.P. is preéisely known; and (3)- the
uplift remaining at the present day is negligijble in terms of total
uplift.accomplished, the amount of uplift remaining at a time t (expresseﬂ7"
in thousands of yeafs) after deglaciation, at any locality, can be ex-

pressed as follows:

——

where § is uplift remaining at time t after deglaciation, which is the k
sum of the inferred sea level posit%on and the eustatic correction at
that time, and U0 represents the amount of uplift remaining at the time

of deglaciation (or t = 0.0). The decay constant k (independent of time)

s variable within regions such as North America, Fennoscandia; but it
“-4s constant at a fixed tocality and can be estimated by a single observa-

tion of the elevation and age of a past sea level, preferably the marine
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limit., | '

. -+
! t,

These, briefly summarized are the basic assumptions of the

model subsequently used by Andrews (1970a, 1970b) for the interpretation

of uplift and rates of uplift in glaciated areas of eastern North America.

(/ Grant and Walcott {1971) strongly criticized this model and
attacked the basis of the previously stated assumptions. They suggested
firstly -that uplift is not well enough understood to warrant any sim-

plifications, and secondly that the eustatic sea level curve is less

precisely known for the period from 13,000 to 6;00qhyears B.P., which is

:;
|

a critical period for the model. Furthermore, they pointed out that
according to Andrews' own data (Andrews, 196 , table I, pp. 40), the
decay constant, k, was not constant and varieq within a specific region
by a factor of almost two. This last observation led Walcott (1970) to
suggest that the shape of the uplift curve was best approximated by a

function

e e T R L B2

ich is the sum of two exponential terms. This t&pe of function

agrees well with What is known about uplift;  that a fast rate of uplift is
observed immedidtely after deglaciation, and is fo]]&wed by a slower rate

of uplift to the present day. However, the constants of su;h an equation are
not yet known relialily-although the form of Ebg proposed..equation is similar
to other types of equations used in geophysical earth models, to g‘ndy ?
the elastic effects of the lithosphere on the shape of an isostatic de- .
pression produced by an ice sheet. | ' g

Considering the limitations of thé previously mentioned model 7
(Andrews, 1968), an application of it is made for the available dati/jtom
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this area and a discussion of the results are made in view of the critical

remarks discussed ahbove.

.
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Uplift in the Ottawa-Hull area

=
vd
-~

Table IV Tists 25 radiocarbon dates from the area, from

which a selection of six (table V) was made on the basis of reliability.

The dates chosen are those that.provide a good estimate of sea level po-
sition, because they come from fossil horizons -in beach sediments. The f?
g

eustatic correction'(co1qmn 5, table V), is obtained from -the following

equation:

y = 0\0506t - 0.0023t° - 0.000072t3
) S
which is similar/to that of Andrews (197(b, p. 24), where y is the sea
level position (Shepard, 1963) in meters at time t, expressed in hundreds
of years B.P.. The equation'descffbes a sea level-rise from -70m, 14,000

years B.P., to Om at the present day. Postglacial uplift remaining (co-

lumn 6, table V, is obtatnegﬁin the fo]?owing manner; 1if a past sea level

is recorded at 122m above preé“ht sea TeVe1, and is dated at 10,000 years
B.P., the sea level has risen some 30m since that time (eq. 2) and it i
follows that fhe amount of uplift remaining at that locality 10,000 years
- B.P. is the sum of the inferred sea level (122m) and the eustatic correc-

Il
.

tion (30m), about 152m (498 ft). ' <j
° 1

Thé marine 1im¥E-in the 0ttawa-Hu]1 area is assuﬁed fixed by a

-

radiocarbon date from Cantley, Quebec, at 12,200160 years B.P. (G.S.C.-

o

1646, Lowdon & Blake, 1973) at an elevation of 198m (650 ft), because this

SR S i R

date is until now the highest and oldest recorded for the Champlain Sea epi-
sode\jn this area. Furthermore, the position of the fossil horizon{see p.118),

Qs3‘-suggest§ an even higher marine limit.

—

)
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The data in table V, columns 6 and 7, plot as a straight Tine on semi-

lTogarithmic paper, fig. 14. They are therefore assumed to obey a simple

exponential decay function, the equation of the line having th

Lny = Ln 828 - 0.425t ..*.;..(£3}//)

where y is the ordinate and represents the amount of uplift remaining

(feet) at- t1m;\t3 after deglaciationy -0.425 is the stope of the Tine, and
828 is the intercept of the line with the ordinate axis. Since, n:;;;>

all of the elevations of the radiocarbon dates have been reported in feetj
the uni; used for the manipulation and analysis of the data is in feet, and

'

equivalents are given in brackets.

This equation represents the best fit as determined by
least square method with an error of estimation of the slope of 0.01 and

a correlation coefficient between y and t of -0.998.

The equation of the best fit of the data of table V is of

similar form to equation 1) since :lg .
-t

Lln U - Lnu o kt .i ...... (4)
The small difference (15 feet) between the data, i.e. the

amount of uplift remaining at time t = 0 after deglaciation, 248m (813.6 ft)

(column 6, table V) and the calculated value from the least square fit on

N
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~

semi-logarithmic paper (i.e. 8287?t) is considered negligible in terms
of total uplift accomplished.

The reasons for this discrepancy are due firstly to the
simplification of the uplift process and also to the fact that U , repre-

sents the sum of total uplift accomplished to the present day, and the

future uplift
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TABLE IV: LIST OF RADIOCARBON DATES FROM THE OTTAWA/HULL AREA

Ve nae

DATE MATERIAL { ELEVATION

NUMBER LOCALITY YEARS B.P. | DATED m(ft.} REFERENCE
G.S.C. - 1646 |Cantley, Qué. 12,200£160 | shells | 193.5 (635) %gggon & Blake
G.S.C. - 1772 |Martindale, Qué. |11,900t160 | shells |[176.2 (578) ngdon & Blake
' 1973.
G.S.C. - 842 [Meach Lake, Qué. |11,600£150 shells | 169.8 (557) lig\ggon & Blake
G.S.C. - 1612 [Masham Nord, Qué.|11,500£150 | shells | 166.1 (545) $S;g. pers.comn
[-639-B 01d Chelsea, Qué.|11,320¢200 | shells | 152.4 (500) |6add, 1964.
G.S.C. - 982 |Mahon lake, Qué. |11,300£180 | shells | 157.0 (515) %gggon & Blake
6.S5.C. - 1672 |Almonte, Ont. 11,200¢160 | shells | 153.9 (505) |Scott, 1973.
G.S.C. - 587 |Ottawa, Ont. 10,620%200 | shells | 103.6 (340) [Mott, 1968.
G.S.C. - 570 [0Ottawa, Ont. 10,800£150 | seaweed | 97.8 (321) {Mott, 1968.
G.5.C. - 588 |Ottawa, Ont. 10,880£160 | shells | 96.9 (318) |Mott, 1968. :
Y-Zlﬁk{? Ottawa, Ont. 10,850t330 | shells { 98.5 (323) ﬁ;g;tcn et al.,
y-215 Hull, Qué. 10,630%330 | shells | 119.5 (392) ?;EEtO” et. al.,:
L-604A Ottawa, Ont. 10,700¢200 | shells | 79.2 (260) ?;§$n & Broecke
6.5.C. - 623 {Ottawa, Ont. 10,720t150 | shells | 64.0 {210) %8230" et.al., .
L-604B Ottawa, Ont. 10,550£200 | shells | 80.8 (265) ?;g?n & Broeck¢
6.S.C. - 454 {Ottawa, Ont. 10,820£150 |whale bond 91.4 (300) [Dvck et. al., 1¢
L-604D Ottawa, Oqg. 10,200%200 { shells | 106.7 (350) ?gg; & Fyles,
6.$.C. - 1553 |Russell, Ont. 10,000£320 | shells | 70.1 (230) [cott, 1972.
G.S.C. - 680 [Kazabazua, Q%;. 9,910¢200 | gytja |176.8 (580) %8230” & Blake
G.S.C. - 546 [Ottawa, Ont. 8,830%190 | aytja 61.0 (200) {Lowdon et.al.,

1967.
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-|{TABLE IV: LIST OF RADIOCQRBON DATES FROM‘ THE- OTTAWA/HULL "AREA
E
DATE 8¢ pge | MATERIAL | ELEVATION
-NUMBER - LOCALITY ‘YEARS B.P. DATED m(ft. ) REFERENCE
G.S.C. - 547 | Ottawa, Ont.. 8,220-150 | woody peat | 71.6(235) l].g\gc;on et. al.,
G.S.C. - 621 | Ottawa, Ont. 8,010-180 gytja 30.0( 98) %gg??n et. al., {
G.S.C.‘- 628 | Ottawa, Ont. 7,870-160 gytg;z\ 67.1(220) ll.g‘g;i(.m et. al., |
G.5.C. - 681 | Ottawa, Ont. 7,650-210 gytja‘x\ 64.0(210) %gggon % Blake
G.5.C. - 548 | Ottawa, Ont. | 6,750-150 | peat | 67.1(220) |Lowdon et.al.,
/
.
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Uplift curve

-

Uplift can also be described in terms of uplift accomplished
in feef or metersat a time' t, expressed in thousands of years after

deglaciation, such as in the following équation:
Uta ua(1-e*h L (8)

where U' is the uplift accomplished at time t after degiaciation and Ué
is the total amount of uplift accomplished since deglaciation and is
constant. Using the same parameters as those defined in equation (3)
and using the data on table V, an uplift Eurve was calculated and p]ofted
as curve A,on figure15. On the same figure, an emergence curve was also

drafted (curve B} along with actual data points. The emergence curve is ;

obtained by correcting the uplift remaining for eustatic sea level variations.

Rate of uplift

The rate of upiift at a time. t. after deglaciation can be es-

timated by the first derivative of equation (5):

gt

Similarly, the rate of sea level rise can be obtained from the first
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"FIGURE 15

Postglacial uplift curve (A) calculated from equatigﬂl 5 for

the Ottawa-Hull area. The emergence curve (B) is obtéined from the
uplift curve by correcting the amount of uplift remaining for eustatic
sea level. The actual radiocarbon dates used to calculate the curve are

shown with their standard deviations.
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FIGURE_ 16

Rates of land uplift and sea level rise for the Ottawa—};!uﬂ area,

Nroed
calculated fron the derivative of equation'5; d U' -and from the first de-\

: “dt
rivative of equation 2, (eustatic curve from Shepard 1963).
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defivative of equation 2. The compafison of the rate of uplift and.sea

Jevel rise is given in figure 16.

\ It is observed that the\rate; of Tand uplift in theiitpst few |
thousands of years after deglaciation in the Ottawa-Hull area‘were from
2 to 10 times greater than the rates of eustatic pise in sea level catcu-
lated from Shepar&'s (1963) curve. The geperal similarities of the eusta-
tic curves of Milliman and Emery (1968), Curray (1965)and that of Shepa;d
(1963) for the time period 13,009 to 6,000 years B.P., Strongly suggest
that similar differences in the ordér of magnitude of the rates of land
uplift and sea level variation would be observed if either of these other
curves were used in Andrews' model. Thé possfbi]ity of osc111af10n$ on

Curray's curve remains doubtful and is not proven.

As shown in figure 15, the present rate of land uptift is esti-
mated at about 0.1m/100 years, However, Clark and Persoage (1970) show a
rate of present‘upiift for the narthern pbrtion of the Great Lakes region
of about 0.45 to'd:Sm/IOO years based on water level meaéurements, and .
Gale (1970) shows a present rate of uplift of 0.4 to 0.8m/100 years based
on geodetic relevelling for the Lac Saint-Jean area, more specifically

the Saint-F&licien area.

Discussion

The author agrees with the conclusions of Walcott (1972) con-
cerning Andrews' model (1970 b) for the interpretation of rebound data. The

generalization is not a totally adequate description of glacio-eustatic

v Lo 3 £ T e e e RN
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rebound, but the method appears to have a definite use which in this case
is the study of a specific problem, i.e. the possibility of a marine trans-
gression between 11,000 and 10,000 years B.P. Furtﬁermore, the use of

any model is strongly affected by the amount of data and the very narrow
period into which reliable radiocarbon dates are clustered, from 12:000

to 10,000 years B.P.

Howevers the use of Andrews' (1970 b) model, even if it is somewhat
inadequate, shows that for a period of 2,000 years immediately after
deglaciation in the Hu11¢0tt?ya area, the amount of Tand up]jft accomplished
was\about 150 m (495'). The first derivative of the proposed uplift
equation shows that the rate of land uplift during that time exceeded the

rate of sea level rise.
/ .

Thus the critical period, from 11{QOO to 10,000 years B.P., for 1’
which a rise of sea level or transgressive phase of the Champlain Sea is )
posﬁu]ated by Elson (1969 a) seemgeto be a period of rapid land uplift at
Teast in the area studied. Similar conclusions have been reached by Hillaire-

Marcel et. al. (1974) in the Oka area, where it is concluded that for

a period extending from 12,000 to 9,800 years B.P., sediments were
deposited by stages during slow regressive phases separaped by periods
of faster regréssion of the éea. At no time is there any evidence of a

faster rise of sea level than that of land uplift.

A-readvance of the Laurentide ice sheet contemporaneous with

"the Champlain Sea at about 10,500 years B.P. is suggested for the for-
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mation of the Saint Narcisse moraine in the area north of Trois Riviéres.

Such a phenomenon in the context of a ris1ng sea level would produce a
transgression because of the 1nherent 1and subsidence due to ice loading.‘
However, Gadd (1971) suggests that the moraine was deposited from ice
centered in the Laurentian Highlands, extend1ng only a short distance
into the Champlain Sea basin, and because of inSufficient evidence the
moraine should be considered as recessidnnal rather than terminal. Thus,
the magnitude of this readvance is not cons1dered high enough to cause

overall Tand subsidence in the Champ]ain Sea basin and is at best only a

local phenomenon.

Bl

»

.
—

Lastly, the rate of land uplift depends on the rate of retreat
of the ice sheet, md it % inférred that where the rate of retreat is Fapid,
very rapid vertica)l movement would occur_(wa]cott, 1972). rThe two dates
G.S.C.-1646 and G.S.C.-1772 (table Iv) shom.that the ice had retreated
very rapidly from the Dttawa-Hull area'to‘ﬁermit Tnundation by the
Chambiain Sea. It is 1nferred from these, observations that the response of

the earth to this un]oading gave way to very rapid vertica] movement,

thus preventing any real transgression of the sea,
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, "
CONCLUSIONS /
‘f"/

From the discussion and comparison of the textura]kfeatures of
; . 1y
suites of sediments from three areas, it is suggested that a high energy
environment prevailed in the Gatineau River Valley during the early phase

of the Champtain Sea episode.
The depositional environmént of the sediments in the Gatineéu
Valley grea is deduced froﬁ their textural paﬁ%meters. stratigrgphﬁc
succession and origin. The textural features of the mar1ne:sand$ in
the Gatineau Valley area suggest that.fﬁe wave energy hissipated on
theﬁe_beaches was much lower and less effic{ent than ié\the Uplands area,
whereopen sea conditions prevailed. This lesser wave energy was a result
_of the narrowness of the inlet during the Champlain Sea episode in the | a
\\Gatineau Valley area. The non-mgrjne sediments found in thick suécegsions
near bedrock ridges are thouéht to have been deposited by turbidity
currents ssuing from glaciers under standing water conditions. This
depositional ‘process, along with a close proximity to the ice front and
an excessnc |

ive_rate of supp]y'account for the poorly sorted, ﬁo1ynmda],

sometimes structureless dutwash deposits in the area.

The macrofossils found in the‘Gatineau River Valley, especial]yv:

the mollusks, indicate a cool subarctic .climate at the beginnfng of‘the

o
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Champlain Sea episode. The temperature and salinity of the sea water at
that time, approximated from the 1iving conditions of present day popula-

tions of Macoma balthica, were from 2° to 8°C and normal salinities

respectively. The low salinity (8%/00) estimated for a population at
Cantley is probably due to the mixing of large volumes of glacial me1twater
into the sea. The temperature of the sea water increased and the salinity
remained approximatéT}xthg\same‘as the_sea withdrew. During the latter
phase'of the ChampTain Sea episode in the area, the temperature had risen
to a range of 4° to 15° C, whichis indicated by an increase in the

growth rates of Macoma balthica from older to younger popuJations in the -

area. Comparable estimates of temperature for the younger Mya arenaria

phase of the Champ]ain Sea (Hinaire- Marcel, 1972) have been made.

The withdraha] of the Champlain Sea from the Gatineau and Ottawa
Valleys is attributed to the rebound of the land due to unloading as a
result of the me]ting ice sheets. Eustatic sea 1eve1 was r1s1ng during
the Champ1a1n Sea episode, but the uplift of the land took p1ace at a much
faster rate so that the resu]ting movement was one of apparent fall in .
sea level, or withdrawaI The possib111ty of a transgression during the

Champ1a1n Sea episode cannot be substantiated with certainty because of

the imprecisions in elevatton and age of the radiocarbon dates. On the

* other hand, a subsidence of the land permitting marine waters to transgress

over the area, would need a major readvance of the ice sheets.

~ al - A

At the present time there is no evidence for such a readvance 1n

. the Gatineau VaT]ey and Ottawa area; uplift is thought to have proceeded
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smoothly and continucusly since the time of deglaciation. The
approximation of the phenomenon of uplift as a simple exponential decay
is not mathematically sound and should be avoided if rigourous studies
of uplift are attempted. Nonethe?ess, the results in terms of uplift
and rates of uplift are broadly similar to those obtained from non-
manipulated data, and thus shouid be used within the.limitations and

aims of the model from which they are obtained.
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APPENDIX I

1

GRAIN SIZE DISTRIBUTION PARAMETERS OF SAMPLES FROM:

_— Y,
- 1-R) Uplands area (Romanzlli;#;970)
1-B) Stittsville area (Swith, 1970)

1-C) Gatineau River Valley area (Romanelli, present study)
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The parameters Tisted in the foltowing appendix are derived

‘from the cumulative frequqncy distribution curves using the percenf11e

method (Folk and Ward, 1957)7 They are calculated using the following

formulas:

Graphic Mean (Mz) or mean size:

M. = 916 + @50 + P84 .
Fd - 3 '

Inclusive Graﬁhic Standard Deviation (OI).or sorting:

QI = P84 ; pie - 956-; 5

. \ .
Inclusive Graphic Skewness ISKI) or skewness:

Sk, = 916 + P84 - 2(850)  , g5+ P95 - 2(g50)
2(p84 - P16) - 2(p95 - p5)

Graphic Kurtosis (Kﬁ) or kurtosis *:

1]

K = 995 - 95
2.44(p75 - Pp25)

- * The normalized kurtosis K'G is expressed as:

Grain size is measured in @ (phi} units, which is a logarithmic transformation

of the millimiter grain‘size scale, :
¢ = -1g, diameter (mm)
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APPENDI! IAPGRAIN SIZE DISTR!BUTION PARAHETERS DBTAINED FROH

MECHANICAL ANALYBIS OF SAMPLEB FROM THE

g

UPLANDS AREA (RDMANELLI:!97B)a

19,00 1.62  @,81

- NUMBER HEAN ' SORTING = SKEWNESS -
= 1.09 1,70 870 gtz
2,00 1,98 2,50 ~0,.05
3,80 2,32 ' 0,57 »@,06
' 4,00 1.72 2,70 “f, 86
5.00 - 1,42 1,55 ap.51
6.0 o101 1,77 -8,14
7.00 1.76 9,61 ‘B, 17
B.0W 2,12 T ' 9.086
9.00 1,64 1,81 -p.41
v 10,00 2,15 " B,56 ~d,25
11,00 1,80 1,52 «p,51
12,080 1,53 8,56 .90
13,00 1,31 . 0,84  ap.18
143,00 © B.B2T . §,69 -.25

15,00 1,57 i,Qg/%ypﬁ.a.aa

16.00 1,70 8,89 0,12 -
- . 17.00 1,53 1,38 2,49

_ 18.9Bl_ a;as_, 2,78 . wp,21 -
. -0,31 o

KURTOSIS
1,22

1,10
1,09
1,00
1,23

B.T1

1,21
1,08
1,73 .

e am

K'G
8,55

~ B,52
8,52
'e;én .
8,55 .

8,41
2,55
9,52

9,63
9,58"

8,60
8,48

- 0,58
08,46
8,55

8,54
9,54
2,58
2,56

Y




20,00
21,00
22,00
23,00

28,00
- 25,00

26,00
27,00
28,00
29,00

- 30,8m

32,90
33,09

34,00

35,00 i

36,00
37.00
38,00
39.00

40,00 °

41,00

42,00

2.3dl

1,78
1.41
2,50
1,64

2,54

24,65

1,77

2,59
2,56

2,73

2,58
2.06
2.52
2,48

2,62

2.55

2.74

2,72
2.59
2.58

2,63

2.81

8,51 .

0,64
2,86

9.52
9460

2,51

8,52

B.BB
B,45

‘B;SQI

3,63

8,56

8,63
2,8
8,56
.48
0,46
253

9,5

- B,52

8,50
8,50
9,56




93, |

"

83,00 2,79 8.1 B0 1,29 8,56
84,88 - - 2,85 - B8y -~ -p.BE .- 1;aq e oLﬁs
45,80 2,92 0,64 - =0,03 1,88 8,52
46,00, 2,97 8,78 0,17 117 ' 0,54
Baee 0,07 2,80 8,18 - B,96 2,49
‘ss;ga S22 B 6 ' .33 1,36 0,58
59,00 .15 . 3,08 :j"-a;sz_' 1,91 09,66
60,02 - 1,63 2.6ah"'{ p.12 - 1,08  g,52
61,00 =223 1,23 .10 1,22 0,55

T 62,00 'j ?a.ﬂs - L.21 -0.10 1.11 09,53
63,08 2,25 2,65 9,03 1,32 8,57,

" 6,00 -p,20 3,13 -p,29 1,22 8,55
67,02 1,38y . 2,38 8,82 1,62 0,62
68.99\\&\““::31 2,67 9,08 2,98 2,49

. Te.00 .38 @,a3 P.10 1,17 - | a,54
- 72,90 ;a.es\ T 2,23 2,87 0,73 0,42
- 73,00 1,88 . 0,64 . ap.13 1,23 0,55

74,09 .42 1,20 2,07 8,69 a;iz;
. _ N

FREQUENCY OF MODAL CLASSES, SIZE IS IN PHI UNITS
SIZE<5.0m0,570, 053,523,002, 5+2,0+1,5+1,0+0,5 8,0 8,5 1.8 15
o t. 8. 3, 6. 7. 7. @, 3, 8, 3, 6, 8 3. S,
SIZE 2,0 2,5 3.0 3,5 4,0 4,5 5,0 5,5 6,0 6,5 7,8 7,5 8,8 8,5

1S5. 17, 18,- 8, @, - ®, @, ©, 4, 3, ©®, O, 0, O,

SIZE 9,8 9.518,0

2, o, @8,
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APPENDIX 18-GRATN. SI1ZE- o:svnxaur:ou PARAMETERS OBTAINED rnon
MECHANICAL ANALYSIS. OF BAHPLEB FROM THE: ~~-%~~ ,
 BTITSVILLE AREA tauxvn.avva). '

NUMBER ' MEAN.  SORTING SKEWNESS KURTOSIS  Kig
1,00 p.02 1,06 i1, 1,38 |
2,00 3,17 R.,62 a 19 ' 8,89
3,00 3,76 8,69 . 0,42 1.8
4,00 2,98 0.5 .29 ~  1.08
5.08 ' 'q,57 1,20 .0.37'.' 1,13
6.0 2,77  @.52 0,57 1,20 .
7.00 2,42 0,47 2,25 1,29 .52
8,00 2,91 0,68 g.68 1,30 . 9,56
9,00 3.5 0,61 : 8,28 1,05 2,51
10,00 3.33 . 9,45 0,60 1,15 9,54
11,00 3.13 . 8,70 . 9.15 2,82 0,45
12,80 8,52 1,17 0,37 1,08 8,52
13,00 2.49 2,58 . p,41 1,20 8,55
14,00 3429 8,76 -0,01 9,89 8.47
15,00 3,87 ., 9.86 R 8.96 8,49
16,00 3,17 2,80 0,84 }-1.97 C eisa
17,00 3,37 1,12 8,05 1,87 . 8,52
18,00 2,98 2,84 0413 1,04 8,51

19,00 2,20 8,62 BL19 2,96 2,49

—mm g o ———— ——— mem mmmmemn r e e e —————— e e —



20.00 2,80
21,00 2.16
22,00 1,52
) 23,00 0.80
-23,00{1) 2.53
24,00 3,44
25,00 3.02
26,00 2,07
27,00 1,40
aﬁ.an 3,30

1,17

.
8,58 .

0,85

‘9,88
8,86

T
2,50

2,70 .

@,97

0,60

o
113
1,04

1,96

1,27

1,23
1,30

1,082

1,09

1,09

FREGUENCY OF MODAL CLASSES, SIZE.IS IN PHI UNITS

'é&”

0,53
9.51 -
{0.66‘\‘J
0,47
0,56
9,55
0,57
8,52

9,51 \

2,52

sxzs-S.a-a.s-aLa;s;sns.agé;s;a.a.:.s-:.a.a;s 2,0 9,5 1,8 1,5

g. ©. o, ®, @, @, 8 @ 4, 9 2, o, 3, .0,
S1ZE 2,0 2,5 3.0 3.5 4,8 4,5 5,0 5.5 6,8 6,5 7,8 7,5 8,8 8,5

3, 3, 8,
SIZE 9,0 9,510,

8.
)

. .
¢, B, 9, .

.

3,

i e e e o T
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APPENDIX IC-GRAIN BIZE DISTRIBUTION PARAHETERS DSTAINED FROH
HECHANIGAL ANALYSIS DF SAHPLES FROM ‘THE -
GATINEAU VALLEY AREA (RDHANELLI.I‘"S)

NUMBER  MEAN  SORTING  SKEWNESS KURTOSIS. k(g
1,00 2,99 1.84  »p,08 1,15 9,54
2,80 3,71 0,69 .0 ° 1.16 0,54
9,08 7.87 145 wp,27 2,00 - Bt
5,00 a »21 2,83 ~2,02 ' 1,03 @,51

' s.e0a 2,5 1,96 .20 8,9 2.9

.00 -1,85 1,62 2,21 | .99  @.58
7.00 8.35 3.7  .olde 8,79 9,44
8,00 2.22 " * 8,98 0,03 2499 0,50
908 ~1,45 1,83 p,15 0,89  B,a7. -

‘10,00 2,58 8,57 - @.,10 8,96 0,49 -

11,00 - 2,38 3,82 - @,19 1.89 | 9,65
12,00 . 3.40 8,53 . B.12 1.1 8,53
13,00 Cotes 1.27 - ep,02 1,32 9,57
15,98 1,98 8,77 9,17 1,85 8,51
16,00 1,90 8,75 =-0,06 1,06 9,52
‘17,00 9.60 1,20 -e,20 - 1,22 ' . 0,55
19,00 0,52 2,81 ~2.14 8,98 @47
20,00 2,99 1,86  =p;23 1.73 9,63

21,00 1,00 2,11 =18 .86 . 8,36
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231,00

‘20,00
25,00
26,00
27,00
26,00
29,00
31.00
33,00
SQ{BB'
35,00

935,00

363,00
361,00

37,00
837.20
937,90

38,08

39,02
- 19,00
41,00

22,00

'23.30. -

\

8,93
3.18
3.42
7.58

3.27 -

2,37
6,55

2,14

1,58
1,55
1,15

~0,37

-2.81

~2.15
7L38

“o.07
2,07

1,92

1.51

‘-a. nz.

2,58

»0,43
[

3,29

1,29

0,69 -
.61
2.66“-f
- 8,81

2,79
2,25

0,67

0,80
2,71
1,49
2,41
2,40

2,67

2,67

2,36
i

8,95

‘1,02
2,69

2.40
2,68

1,79

9.71

w21

“a. BB
B.BQL
8, a0™

© wda22

kqﬂ;!a
P,19

8,02
8,03

Cp.10
~?,31
8,35
~B,17
0.12
-0,08
8,24
2.16
2,18
2,85
"0, 16

8,15 .

ﬂﬂ.93.
p,09

8,53
‘8,51

ﬂﬁ. 58 .
9,47
8,55

e,a2

9,48
8,54
9.50
8,51

8,50

8,52
e}ha
p.aq
é;qs
2,58
9,50
2,51
8,52
8,43
9,49

9,49

. 8,53




42,00

a3.00

44,90

45,00
C?ﬁr~u~ab.dﬂ
. 47,00

* 48,09

49,080

58.00
51,00

53,00

54,00
55.08
56,00

57039 N

58,09

59,80
69,00

61.00

62.e0

63,00
64,00
65,00

2,65
2.3%
6,50
1,06
»1,52
1,04
B,80
8.8t -
0,75
1,57
1,64
-!{61
735
-1,37

' '-1.32

1,482
-1,28
1,47
| 1,19

~ 1,33

1,88
1,76
~B,58

1,93

-0,13

8,90  ep.m2
0,69 .15
1,57 . we,44
1.05'35 ~0.05
‘247 0,35
1,61 9,02
-0,80. " 9,02
- 8,57° . g4
tag bta
8,76 8,14
9,89 Bat6
2,85  wh.03
330 .32
2,95 - 8,20 -
2,14 g 10
1.43 - B. 05
T4z - s
8,47 9,01
' 8,95 - ap,07
.93 cp.16
1.1¢ mp.01
.9¢88 8,13

1.42

1,01

B,95

0,99

1,17
8.91

1.18
17
lo‘al

1,00

1,07
2,78

00\16

8,72

- 3.70 ’

1,13
1,17

1,13

a,94

1,18 .

1,00 .
1,01

8,65

0,59
9,59
2,49
9,58
8,54

.48
_a;sa ,
. 9,54
© 8,59

2,50

8,52 -
9,484
e,a1

9,43 -

e;ha
8,53

0,54

0,53

' P.48

. {854
T 0,50,

. 2,50

2,39
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P e ) —"_""6"3"“ o - ":c——h
66,00 1,87 1.48 'ue;gg_hu_k}aaq_Fq“_a.sq “d
67.00 2,97 1,54 ?--n-nLan ,mvf?iaoa-'i¥~*o;sn 5-~ 

68,00 1,59 L 891 . eiee 154 © p,53
69,00 1,84 "> b;oi* . 2,98 'a;§éf,.__ 9,49
70,808  =0,52 2,14 818 8,78 .‘E‘La;na
71:00 1,76 ﬂj 0.87 . e, 1, LI b;sa
72,80 2,95 . 8,50 2,09 1,26 9,52
73.00 a;as 1.11 0,07 . 1,05 6151 ‘
74,00 17 0,57 © 8,22 . 4,22 - 8,55
75,00 1,07 1,52 "~9,20 L 1423 0 B,55
76,00 1,74 .90 . =9,06 1:16 . 9,54
77,00 4,28 3.35 8,31 8,73 . . 0,42

FREGUENCY OF MODAL CLASSES, SIZE 1S IN PHI UNITS ,
S1ZE=5,8=4,5=0,0~3, 5-3 B=2.502,8n1,5n1, 8«0,5 2.0 .9, 51,0 1,5
4, B, 6, 1, 1, 1T, 2. 4, 3, S5.. &, 1,18, 6,
SIZE 2,8 2.5 3,8 3.5 4,0 4,5 5,0 5.5 6.8 6,5 7.0°7,5 8,8 8,5
22,12, 1. 8. 3, 2, 1, @ 7, B o, 8, 4. 1.
SIZE 9.0 9.510.0

2., ©, 5,

Y
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. APPENDIX 11

b,

Colurmar sections of exposures at Tocalities #1 to #14 from the
study area.

Figures 17 a, b, ¢ and d. .
Locality. List o B
‘ ‘ ] ]
Locality. 1a, 1b - ' Martindale
Loca]i}y 2 Martindale area
Locality 3 S Martindale area
Locality 4 ' Farrellton
Locality. 5 Alcove area
Locality 6 i -~ Wilson Brook area
Locality 7 | ~ Wilson Brook area
Locality 8 . | Edelweiss area
Locality 9 L Wakefield area
Locality 10 : Wilsons Corners area
Locality 11a, b, Cantley area ' -
Locality 12 . Meach Lake area
Locality 14 ' 'g' .. Tenaga =~ - -

-

NOTE: Locality 13 (Up!ands) is described 1n detail in Romane]]i (1970}, ',__,//)
and is not shown 1n Appendix II. '

Yo



A\

. T 101

NOTES | ' ‘ - ' i

~ Lacalities are situated to the nearest100 meters, within

a map area &giﬂg.tﬁé?mi1itary grid reference (easting and

northing) with the one thousand meter uhiversa]utransverse Mercatar
. grid.

N\

.
- \ .
- ‘Stratigraphic sections were measured in feet and inches,

and elevations are shown in feet and meters above sea level. Elevations

were measured from barometric traverses from bench marks. ]

LEGEND

PO, “:l Wedge shaped sand units.
‘_."_)

N . @Fossﬂ horizon

. h . , |; Nl.-o"
‘«‘ S Gravelly sand units.
...-_.-,...- a-"Jvi""- ‘*:

. b . .
o .‘ R TN \“o e

Crossbedded sand units.

I

Massive sand units.

. — - — . Gravelly clay’units.

= ' Blocky clay units.

‘Laminated silty clay units.

Coarse gravel units.

Exposed bedrock.
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FIGURE 17a : COLUMNAR SECTIONS OF EXPOSURES AT LOCALITIES
la, 1b, 2 and 3 ‘

’




103

‘€ PUR 2 *GL ‘B[ S3L31[EO0[ 3B S3UNsodXd 4O SUOI309S JBUL [0 - B7| JYNSIA

TYANIIYYWN - C : o V3NV FIVONILYYIW

" o091 = V el *9017 @001 : z "001 - €307
B 1 : : ’ . )
] oeg
894 |- . \ , : — oss
— 05§
-’ i -
0Lt —-— _ . ,
. o -— - _ . =4 085
: oS
mh— o .
_. ~ o0ss
[ . — 08§
SY3LIN
i ~ 009



' . 104 .

FIGURE 17b:" Columnar sections from localities

4, 5 and 14.
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FIGURE 17d: .Columnar sections from Tocalities

10, 11a and 11b, and 12.
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Descriptions oflbtratigraphy at localities studied.

-

- Position of some samples are indicated.

- When diplof foresets is indicated, it is usually an average

measurement for this unit, in the exposure,

- MWhere glacial striae are identified, the direction is an average

of measurements on exposed outcrops.
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Locality 1a (Martindale)

a

Location: 31G/13W %ﬁi. west bank®of Gatineau River (266766), elevation

! 580 feet (bar.). 7 /- | (

(4) Buff fossiliferous (Macoma balthica), gravelly sand, over- (4)

tain by a thin soil horizon. Fossils in growth position at .
the lower contact (Radiocarbon‘ date G.5.C. - 1772, 11,900 t
160 years B.P.). -

¢ o
(2) Grey mud with blocky fracture, contains large boulders. (16)
Lower portion is laminated, fossiliferous (Macoma) "and aisp Aj
microfossils, sample 4. }
_ . ‘
(4) Fine grained sand in a lens shaped unit, sample 5. . (20) ° - ?
(20) Very coarse, bouldery gravel with grey, muddy sand matrix; - (40) g{
the boulders are very well rounded. Striated marble bedrock, ?
striae 165°. 3
- + §
& '
S~ Locality 1b (Martindale) ‘%
Location: approximately 200 feet south of locality la.
|
* Measured from the top of the section o {f
Vo
< s
. o . ) . L
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(10)  Buff colored fine grained sand. ,Bedding is shown by al-  (10)

ternating ?1ne and coarse sand layers, sample 5A.

(15) . Truqcated, cross-bedded sandy gravel unit, foresets dip. ) (25)
30° towards 130°. o ': s

L _
Locality 2 (Martindale area)

. . - N . ‘1
Location: 31G313W Low, west bank of Gatineau River (251747), elevation
I 565 feet (barﬁ);‘ . '

(15) Blocky grey colored mud, laminated in lower portion of (15)
.unit. Fossiliferous, contains pelecypod shell fragments,

sample 7.

{20) Buff colored fine grained sand wifh interbedded thin gra- (35)

vel beds, (sample 8), bottom 5 feet are sandy gravel,

- samp]e-Q.T‘Bedrock: marble

\ .
. ) :

Locality 3 {Martindale areaf

Location: 31G/13H Low, west bank of Gatineau River (261749), elévation
:‘BOQ feet approximaﬁely. -

 §
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Thickness " Lithology Cumulative

Thickness *

(20)

" Very fine grained cross-bedded silty sand, foresets dip . (20)
15° towards 090°. ' ' '
) Locality 4 (Farrellton)
Locdtion: 31G/12W Wakefield, west bank of Gattneau River (291653), ele-
vation ! 545 feet (bar.).
»
%ff- N, -
(5) % . Grey laminated, varve-like fossiliferous (Macoma) silty (5) -
rud, sample 55. ' ‘
(100) - Sandy gravel and gravelly saﬁd, beds inclined and dipming (105)
14° towards 2820, samples 56, 57, 58, 67.
(10) Sandy gravel, sample 54 _ o (115)
(10) Buff colored rippled medium grained sand unit dipping 15°
towards 219°, samples 53, 60, 66 (125)
(15) Apparently massive channel f{11 of medium grained sand - {140)
becoming coarser at the base, samples 61 to 65. Channel
axis plunging 18% towards 230°. .
(10) Massive fainfly-bedded medium grained sand, samples 51 © (150)
to 53. . ' '
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Thickness *

Locality 5 (Alcove area)

Lecation: ’3IGI1ZW‘Nakefield, west bank of Gatineau-River (281617), ele-
vation 2 480 feet (bar.). '

(10) Sandy gravel, §amp}e 46 and 44 . - e . (10)

(50) Medfﬁm grained cross-bedded gravelly sand, foresets dip (60)

20° towards 1550. sample 45.

(30) Coarse grained sandy gravel, sample 47, and gravelly (96)
sand, sample 48, units, dipping 25° and 29° towards 250°

and 270°, respectively. Bedrock outcrop (marble)

(20) Horizontally bedded bouldery gravel with a coarse well (110)

rounded gravelly sand matrix, sample 49.

Talus underlain by marblé bedrock, glacial striae 170°.

Locality 6 (Wilson Brook area) .

Location: 31G/12W Wakefield, east bank of Gatineau River -{307589) ele- L
vation ¥ 540 feet (bar.). "’ |

(3) ~ Gravelly sand overlain by a thin soil horizon o (3)
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Thickness *

(3)

. (6)

(8)

. - N .
Steeply .dipping very coarse gravelly sand, dip is 25°

towards 200°, .sample 21.

' Steeply d{pping; buff co1qred coarse gravelly sand wedge
_'fbssiTiferous (Macoma and microfossils), dip is 22° |

towards 2200, sample 22,

Gravelly muddy fine sand with interbedded thin gravel
.strings, the fine sand is highly fossiliferous (Macoma,
Hiatella, and microfossils), sample 20. Beds dipping

24° towards 2400.

(6) .

(12) ..

(20)

Locality 7 {Wilson Brook area)

’

Location: 3iG/12N Wakefigld, east bank of Gatineau River (310586), ele-

vation ¥ 560 feet (bar.). -

(5)
(5)
(2)

(8)

Gravelly sand unit overlain by a thin soil horizon.
Sandy gravel with Macoma in growth position, sample 19

Laminated (3 to % inch laminae) grey mud, fossiliferous
(Hiatella and microfossi1s), steeply dipping 19° towards

253°, sample 18.

Partly cemented coarse gravelly sand pasﬁing downwards in-

tc a well rounded cobble gravel, sample 17.

(5)
(10)

(12)

(20)
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Thickness . Lithology ' Cumulative

Thickne;g?*

Locality 8 (Edelweiss)

Location: 31G/12W Wakefield, Edelweiss ski area (337551), elevation ! 495
feet (bar.).

"~ (6) Gravelly muddy fine grained sand, the gravel size clasts (65
are well rounded mud fragments, sample 23 and 23I
(3) Silty sand. - S (9)

(10) Laminated and contorted silty mud and sand beds (1 to % (19)
inches) interbedded with thicker (6-8 inches) mud and sand
layers, the sandy bed are fossiliferous and contain Macoma

and microfdssils.

Locality 9 fWakefield area)

Location: 31G/12W Wakefield, west bank of Gatineau River (276523), ele-

vation 2 510 feet (bar.).. )

ot _ ‘ 7
(3) -Buff colored fine grained rippled sand, sample 10 (3)
(4) Highly fossiliferous gravelly muddy fine grained sand,

fossil assemblage is 95% Hiatella, 5% Portlandia and Macoma -

. and microfossils, sample 11 (7)
/

(15) Contorted grey silty sand, sample 12. The three units (22)

-
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Thickness ‘Lithology o ‘ Cumulative
C ' Thickness *

described are dipping towards the slope of the ﬁi]]
against which they rest; they have probably slumped’

down.

(28) . Slightly gravelly sand, with a few thin gravel beds near (50)
the base, sample 13. '

M

Locality 10 (Wilson Corner area)

Location: 31G/12W Wakefield, Wilsons Corners area west bank of Gatineau

River (386487), elevation ¥ 617 feet (bar.).

(9) Crossbedded fossiliferous (Macoma), buff colored sand.Fore- (9)

sets dip 8° towards 300°. Fossils are found in growth position

{65) Grey blocky fossiliferous sandy silt. Fossils are Portlan- (74)
dia and microfossils, sample 27. Striated marbie bedrock,

striae ]500.

Locd]ity Tla (Cantley area)

Location: 316/12W Wakefield, west bank of Gatineau River {393459), ele-
vation 2 640 feet (bar.).

(3) Gravelly sand, fossiiiféfous'(ﬁacoma), sampTe 40 (3)

o T rvp———
LT T, S
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Thickness Lithology’ | Cumulative

, ) Thickness *

(4) Wedge shaped fine grained to silty sand unit, samples N
41,42, 43, dip is 20° towards 350°.

(3) Grey mud, highly fossiliferous, fossil assemblage consists {10)
of 95% Macoma, and 5% Balanus, Mytilus, Portlandia, and
microfossils, sample 361 (Radiocarbon date G.S.C. - 1646,

12,200 2 160 years B.P., is from top of mud unit.

(60) Coarse grained sands interbedded with well rounded gravel (70)

units. Marble bedrock. 6lacial striae, 174° and 186°.
Locality 11b (Cantley area)

Location: 100 feet west of section 113, e]evatioEj; 610 feet (bar.l.

(5) Fossiliferous (Macoma) gravelly sand, samples 35 & 935 (5)

(15) Grey mud, highly fos§jli§grous (same assemblage as in (20)
sample 361); slump probably occurred between Tocality 11a &
11b, sample 363.

-.(15) Fine-grained sand and érave]]y sand (sample 37, 837 and (35)
937) becoming more gravelly near the bottom, sample 38
(15) Interfingering sand (sample 29, 30, 39) and silty sand “(50)

units. with clayey lenses, samples 30 and 32. This unit

also contains pockets of foss111ferous Macoma sand and

' graval (samp]es‘33 & 34). Beds are inclined 12° towards 330°,

[}
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Thickness , ' Lithology Cumulative

. Thickness *

chaIity 12 (Meach Lake area)

L 4

W

Location: 3167124 Wakefield, Meach Lake area (328415), elevation 590

feet approximately. (//ﬁ
(25) Coarse grained crossbedded sands (sample 17) becoming (25)

silty near the base, dip of foresets is 20° towards 250°.
{ ’ .
(5) Buff colored, fossiliferous (Macoma) medium grained sand (30)

lens (sample 16). This lens changes Tlaterally with a sharp
contact to a disturbed unit of Taminated (1 tor2 nches} sand

and silty sand 1ayer§, conta1nipngiate11a

(15) Gravelly sand grading into a cobble grével (45)

Locality 14 (Tenaga area)

Location: 31G/12W Wakefield, Tebaga area (383413), elevation 415 feet

approximately.

(10) Fossiliferous (fragment; of Hiaté]]a), gravelly mud unit (10)

containing cobbles up to 8 inches long, sample 77.

"

(40) - Medium grained sand interbeddediwith units of fine and

gravelly sand, samples 69 to 76. Striated.marbIe‘bedrock(so)

striae 149°.
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| @ Locality number
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Highlands, over 650' above sea level
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