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; | A—BSTRACT

A detailed inveétiga;ion of the stratigraphic sections in
the basinlof the Richardson and Rae Rivers has led to a Setter
understanding of the Late Quaternary history of deglaciation in
this part of the Northwest Territories. .

Regional lithostratigraphic-cérrelaticn-confirmed thé exis-
tence of a major glacial lake which evolved througﬁ differént I
phases prior to its traﬁsition to a postglacial sea following
the easterly retreat of “a lobe of the Laurentide Ice Sheet from.
the study area. The glaciolacustrine to marine transition is
chagacterizéd by an upward-fining trend representing the pro-
gladﬁkl lacustrine environment where sedimentation was control-
led by a receding ice front, succeeded by an upward-coarsening
trend corresponding tb the regressive marine sequencelresulting
from isostatic uplif;; No intermediate terrestrial phase 6r
marine transgression is recorded, as the marine incursion was
instantanéous since seaievel and the last proglacial lake lével
were approximately at the same elevation.

The complete sedimentary succession is coﬁposed of: a) ba-
sal and/or flow till, bi stratified subaqueous sand andlgravelh
c¢) glaciolacustrine silty clay rhythmites, 4) massive.marine
silty clay, and e) 1i£%oral marine sand. The sudden passage
from lacustrine to marine environments is reflected in the
abrupt chénge in depofitional mechanishé. Turbidity currents

prevaliled in.the proglacial lake as inferred from thick sequen-

ces of varve-like couplets, whereas the salinity of marine
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waters, impeding the sediméntaﬁion of fines by.heavy-dehsity
bottom flows, led to the deposition of structureless marine
silty clays by flocculation.

Faunal evidence is indicative of near-normal marine condi-
tions in.the deeﬁer parts of the\sea, and brackish~-water margi-
nal marine énvironments in the upper part of the water mass
resulting from the dilution of nearshore marine waters in an

estuarine environment. AN



 RESUME

Une &tude détaiilée de la stratigraphie du bassin des ri-
viéres Rae_e£ Richardson permet de mieux définir l'historique
du Quaternaire supé&rieur. dans éette région des Territoires du
Nord-Ouest. )

Une corrélation lithostratigraphique régionale confirme
l'existence d'un lac glaciaire important et précise 1'&volution
sédimentologiqué\de ce lac & mesufe gqu'il se transformait sui-
vant les'phases de retrait d'un lobe de giace de la calotte
glaciaire laurentidienne. Suite au‘retrait du glacier du bas-
sin, le lac glaciaire subit une transition 3 un environnement
marin, -sans phase intermédiaire terrestre ou de transgression
marine puisque Ees deux masses d'eau é&taient environ & la méme
altitude. La transition de l'épisode'glaciolacustre a2 la phase
marine est caractérisée par une granodé&croissance vers le som-
met des coupes représgntant la phase lacustre ol la sé&dimenta-
tion &tait controlée par le glacier, suivie d'une granocrois-
sance qui correspond 3 la phase de régression marine ré&sultant
du reldvement isostatique.

La succession stratigraphique compléte comprend: a) un
till de fond et/ou un "flow till", b) des sables et graviers
interstratifiés sousglaciaires, c¢) des rythmites silto-argi-
leuses glaciolacustres, d)/Qgs silts argileux marins massifs,

et e) des sables marins littoraux. Le passage soudain d'un en-

vironnement lacustre d un environnement marin est caractérisé



par un changement brusgue dans léé processus de sédimentation. -
Des courants de turbidité sont responsables des dépSts de ryth-
mites glaciolacustres, tandis que la salinité& des eaux marineé‘
empécha le dévelopement de cburants sous-marins et f;vorisa la
sédimentation d'argile massive résultant de -la flocculation des

particules fines.
La faune marine indique d'une part des conditions normales.
pour les eaux profondes de la mer postglaciaire, et d'autre
part des conditions marginales dfeiux saumdtres pour la masse
d'eau supérieure. Ces dernilres résultent de la dilution de

l'eau marine littorale dans un estuaire.
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CHAPTER 1

1. INTRODUCTION
1.1 Purpoge and Scope

The objectives of this thesis are to investigate -the
nature of Late Quaternary stratiéraphy exposed élong
river sections in the basin of the Richardson a;d Rae
Rivers, Northwest Territories (Figure 1). This study,
providing new data pertinent to the deglaciation history
of the region, is based primarily on a systematic inves-
tigation of glacial, glaciofluvial, glaciolacustrine-and
marine deposits. A discussion on the succession of depo-
sitional environments is presented, beginnina with the
retxeat of the Late Wisconsin Laurentide Ice Sheet through
to the Holocene marine regression. A regional lithostra-
tigraphic correlation shows the extent of the sedimentary
facies and their relationships with one another.

A study of thelpostglacial marine fauna, i.e., fora-
minifers, ostracodes, and macrofossils, was also under-
taken in order to determine palaeoenvironmeﬁts throughout
the marine episode, and provide reference lists of Late

Quaternary micro and macrofossils for this part of the

Northwest Territories.

1.2 Location of the Study Area
The Richardson and Rae River basin is situated at the
western end of Coronation Gulf, District of Mackenzie,

Northwest Terxritories. "The study area is deliniated by
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the limits of this drainage basin,'between the longitu-

des 115° 15' and 119° 45' West, and the latitudes 67°

15' and 68° 30' North. The area covers portions of the

N.T.S. topoéraphic map sheets 86 M, N, O and 87 B.

This region was chosen as a suitable study aréa for
a variety of reasons. Firstly, its Quaternary history-
is poorly known and has received very little attention{
to date. A regional study of the surficial deposits b§
Stqpnge (1980) in the Coppermine River valley (Figure lf
and by Mercier (1986) in the Richardégﬁ River basin, in-
dicated that a stratigraphid study of Quaternar‘ deposits
was reqﬁireé, since no detailed stratigraphic investiga-
tions had previously beéh carried out in the basin of
the Richardson and Rae Rivers. ~As a result, the present
study was parﬁiéily undertaken in cooperation with Geo-

logical Survey of Canada mapping projects in the area,

 which facilitated logistical support in this relatively

.3

inaccessible region. The presence of numerous, well ex-
posed river-bank sections were also considered to be an
asset in the choice of this researcﬁ area. |
Methodolbgy

The methods employed in this research project can
be divided into those carried out in the field, and in a
laboratory. Available geological evidence came from a
numbef qf sources: regional studies, stratigraphy and se-

dimentology, paleontology and sedimentary geochemistry.



The field work was carried out from two different
camp sites during the summé;s of 1984 and 1985, Cox Lake
and Coppermine respectively. Rotary—wing and fixed-wing
alircraft were used to gain access to the most promising
sites; In places with little or no slumped material on
the cliff face, sections were clearéd, measured, des-
cribed and sampled for grain-size and microfossil analy-
ses. Mq}luscs were collected where they were readily
observed. Samples were carefully chosen so as to be re-
presentative of each unit as a whole. Whenever possible,
organic matter such as wood fragments and marine bival-
ves were collected for radiometric dating. . During these
field seasons, profiles were examined at 40 localities,
-£he majority of them along the Richardson and Rae Riverg.

Grain size anﬁlyses were carried out iplthe Sedi-
mentology Laboratory of the Geological Survey of Canada.
Two methods of grain size analyses were empioyed: dry-
sieving and pipette, (Appendix A). These résults pro-
vide a description of the particle size distribution in
each sample. The purpose of these analyses ié to.iden-
tify specific associations between strqtigraphic type
and grain size and to illustrate the trends in‘grqin-
size characteristics.

Identification of ciay minerals from certain litho-
facies was accomplished by X-ray diffraction at the Mine-

ralogy Laboratory, Geological Survey of Canada, Ottawa.



Wood and marine bivalve collections were submitted
to the Radioéarbon Laboratory, Géolog}ggl.sd%vey of |
Cénada for dating. ﬁﬂén such.dates‘we;e unavailable,
stratigraphic principles of 'superposition were used for
relative dating'purposes to interpret the depositional
history. , .

For microfossil analyses, approximately 50 g of se-
diment from certain samples were wét—sieved through a
4.0 @ mésh-wire éieve. The fésidueg on the screens were
dried and examined for micrbfossils. Ostracodes and
foraminifers were handpicked with tﬁe use of a binocular
microscope and identified by the writer using published
references. Althougb it is advisable to obtain at least
100 specimens in ordér to provide an accuraﬁe represen—.
tétién of the fauna,-it was not always possible to do so

due to the rarity of specimens, notably of ostracocdes.



CHAPTER -2

2. REGIONAL GEOLOGIC SETTING
2.1 Physiégraphy
' The basin of the Richardson andrRae Rivers covers

more than 10,500 km2. It is restricted to the north by
_highlands north of the Rae River, to the east by the
éoppermine River draina&é divide and Coronation Gulf, tb
the south, by Dismal Lékes and the Coppermine Mquntains
(Figure 1), and to the west by the Melville Hills and
Bluenose Lake (Figure 1). It can be subdivided ‘into two
distinct physiographic zones:; the southern'part of the'
basin is-chafacterized by a relatively unbroken pléteau
whose altitude decreases eastward, and which is marked
by extensive bedrock outcrops with minor, isolaﬁed till

" patches. The central ;nd northern}é?r?s;of the basin,
extending east-west, are relatively flat-lying lowlands
which dip towards the south and east. The gently rol-
ling to hummocky topography is due in part to the vary-
ing thicknesses of Quaternary sediments of glacial, gla-
ciolacustrine and marine origin which fill depressions )
between outcrops. The latter, protruding through the{;

- surficial deposits, often show evidence of glacial str 'é

and are commonly fluted.



\
The easterly flowing Richardson and Rae Rivers are

the main components of the drainage system. The Rae
River descends 600 m over a distance of approximately
180 km, whereas the Richardson River descends 278 m over
a distance of 167 km before terminating in the waters of

Coronation Gulf.

Bedrock Geology
The unéonsolidated Quaternary deposits in the basin

averlie bedrock belonging to parts of the'Bear Province,

the Arctic Plgiform,_and the Interior Platform of the

Canadian Shield (Dept. of. Energy, Mineé and Resources,

1980). The geology consists of three principal litho-

logic rock groups, of volcanic and sedimentary origin.
The northern part of the 5asin is composed of

dolomite, limesto?e and minor gypsum, belonging to the

Rae Group, defined b& Baragar and Donaldson (1973) as
Hadrynian in age (Upﬁer Préterozoic). These are be-

lieved to belong to a shallow-water succession of shelf
deposits that aécumulated in a broad basin (Campbell,

1983). They dip gently north, at 2° to 5°, forming part.

of the Coppermine Homocline, whose dolomite-dominated

unit is intercalated with gabbroic sills. As a result

of this structure, numerous cuestas of dolomite overlain

e

by gabbro (Coppermine Sills) were developed, which con-

stitute the major landform unit in this portion of the
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basin. At the base of some stratigraphic sections,
the;e are the characteristic red and green sandstones of
the Rae Group. Unconsolidated sediments directly over-
lying these two rock types freguently exhib}t faint to
moderately strong hues of red or green in their maérix.

The southern half of the basin is underlain by a
compléx sequénce of basalt and sandstone, alsc dipping
north, 2° to 15°. Thesé rocks form the Coppermine River
Group of Helikian age (Baragar and Donaldson, 1973).
Rocks from this group are cross—cut by a series of N.E.-
S.W. and N.W.~S5.E. trending faults, as well as diabase
dykes §f various orientations. f;pographically, this
area is dominated by hills attaining‘elevations several

: ;
hundred metres higher than the relatively flat region of
the northefn part of -the basin.
 J

The most northern and western extremities of the

basin are underlain by Lower Paleozoic carbonates

{Campbell, 1983) which overlie the Proterozoic rocks of

the Bear Province.

* 2,3 Surficial Geology
Late Quaternary and Holocene unconsolidated sedi-
ments are found throughbut the basin of the Richa;dson
and Rae Rivers. four principal types of surficial -

deposits have been defined in the region.

:



1. Glacial

2. Glaciofluvial | S
. 3. i i
~, Glaciolacustrine

) 4, Marine

A till bjanket (2 m to 10 m thick) and till veneer
(0.5 m to 2 m) (Mercier, 1986) predomipafe in the south-
ern half of the basin, above 260 m a.s.l. However, scat—_
tered till deposits are also p;esent on the surface of
more elevated areas in.other parts of the basin.which
were not submerged either by glacial lakes or by the
postglacial sea. Varying in thickness from a few deci-
metres to 10 m or more, the till is also fluted and drum-
linized, notaﬁly in the southeastern part of the study
area. |

Glaciofluvial sand and gravel, found at all eleva-
tions, are predominantly in the form of eskers, which
may locally grade into esker—deltas. Their sinuous forms
usually consist of short linear segments tens of metres
in length, but larger glaciofluvial complexes extending %
over 25 km in length exhibit surfaces pitted by kettle-.
lakes and are frequently flanked by kame terraces. 'Gla-
ciofluvial ridges may also grade into outwash plains,

and have a general east-west orientation.
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Glaciolacustrine deposits, consisting of sand, silt
and_clay, form a uniform blanket of sediments in the
ndrthwestern part of the basin. They are present be-
tween the altitudes of 150-170 m a.s.l. and approxima-

e
tely 600 m a.s.1l. or more to the west of the study area
(St-Onge, personal comm., 1986). However, in stratigra-
phic sections they have been observéa at elevations as
low as 3 ' to 5 m a.;fl. along the Richardson River. Such
exposures show the .true characteristic nature of these
silty-clay stratified deposits which cannot be seen when
they occur as surficial sediments. Asséciated with these
lacustrine deposits are perched deltas. Situated in the
southern, western and northern parts of the basin, they
occur betwéen the altitudes of 520 m and 180 m a.s.l.,
representing the successively decreasing water planes of
a series of proglacial lakes.

Below 150-170 m a.s.l., sand, silt. and clayxof

~ ¢

marine origin overlie most other deposf?}; These sedi-
ments vary greatly in thickness throughout the basin,
from as litti; as 20 cm in their western-most location
to as much as 20 m in the eastern parts. Sandy lit-
toral deposits have only been recorded below an eleva-
.tion of 90 m a.s.1l., and become increasingly important
in distribution below 45 m a.s.l. Raised beaches are

conspicuously absent from this area, possibly because

of the predominance of fine-grained sediments.
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Marsh environments are widespread in topographic’
depressions. Minor alluvium and fluvial deposits are
>

also present restricted along stream and river beds,

although these are of little stratigraphic importance.

Previous Studies | ) ;
a) J. 0'Neill
~The Canadiaﬁ Arctic Expedition of 1913—19i8 led

to the geological investigation of éarts of the
Arctic coast, which included most of the area studied
by the present writer. At the ﬁbuth of the Croker
River (Figure 1), Pleistocene deposits were noted to
attain over 30 m in thic&hess (0'Neill, 1924, p. 29A).
These sediments consist of silt and clay, reddish
brgyn to buff in colour and contéin well-rounded peb-
bles and slabs of sandstone and limestone. These
widespread depoSits were noted all along the coast
and as far inland as the head of the Rae River.
North of this river, 0'Neill noted the presence of
three ridges about 61 m high, composed of reddisﬁ
clay and well-rounded gravel. These are most likely
the landforms interpreted by Craig (1960)- as end
moraines. Southeast of the study area, hills of
silty-clay containing marine fossils were also noted
over a distance of 14 km south of the mouth of the

Coppermine River {O'Neill, 1924, p. 293).
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Pleistocene fossils were collected during this
early expedition from a numbef of.sites, two of which
are located just outside of £he study area.- From
Station 5284 (0O'Neill, 1924, p. 30A), B8 km west of
the Coppermine River mouth, the following species

were recorded: lLeda pernula Miller, Cardium ciliatum

fabricius, Macoma calcarea Gmelin, M. balthica Linn#&,
and M. g;égg Dall. These fossils were ﬁound in a
clay bank 15 m high. Similar species were noted 5 kﬁ
east of the mouth of the Coppermine River. Marine
fossils were found up to elevations of 152 m a.s.l.
at the eastern end of Coronation Gulf and indicate a
former submergence of at least this amount, and pos-
sibly even more (ibid). 0'Neill concluded thatlas
indicated by striae, the ice movement was towards the
northwest and that these sediments represent the
closing phase of the Pleistocene period.
b) B. Craig
In the north-central District of Mackenzie,

Craig (1960) mapped ice-flow indicators in the area
*(Figure 2) and concluded ‘that ice flow was generally
from the southeast to the northwest, as recorded.by
numerous striae and roches moutonnées throughout the

‘basin. He also concluded that the ice retreated

easterly over this area, and proposed that an ice
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lobe from Victoria Island (Fﬁgure 1) to the northeast
merged with northwestern-moving ice from the conti-
nént and continued to flow in a northwesterly difeé-
tion. The southern lobe became separated in£o two
actively flowing sub-lobes. One of these sub-lobes
was directed along the valley of the Richardson River
and deflected to the southwest and to the northwest
by the highlands north and south of Bluenose Lake.
The second lobe stagnated in the- Great Bear Lake
area, forﬁing'large deposits of hummocky moraines
tCraig, 1960). .

Most glacial lakes encountered by Craig were
relatively small and resulted from the bloék{ng of
natural drainage by the retreating ice front shg by
end moraines. Cralg (1960) made no reference to\th
thick sequences of silty-clay rhythmites widely e;—a
posed along the Rae and Richardson Rivers. However,
given the large area mapped, it is understandable
that detailed stratigraphy could not be undeftaken
over the éntire map sheet.

Although end moraines are rarely found in the
basin of the Richardson and Rae Rivers, Cralg (1960)
mapped numerous, large N-S trending moraine ridges
immediately east and west of Bluenose Lake, composed

of bouldery clay till, rising some 46 m above the

sufrounding topography.
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Abandoned strand lines along the coast and vast
deposits of silt and clay are believed to record
higher sea levels. Craig used diétinct ehanges in
the surficial deposits related to reworking by marine
processes'té;preciselyidefine the extent of sub-
mergence. lIt was sometimes necessary to identify
marine sediments by the presence of fossils, as well
as by their similarities to known marine deposits.
Craig reported that the limit of marine submergence
decreases in elevétion from east to west: from 146 m
a.s.l. just east of Cbppermine to 46 m a.s.l. west of
the mouth of thé Croker River (Figure 1). Blake
(1970) attributed this decrease to differential post-
glacial uplift. Radiocarbon dates on marine bivalves
indicate that the coast was free of ice 10;000 years
ago, but, as the present writer has also observed, no
fossils were recorded within an altitude of 50 m
below the limit of submergence. .

Along Dolphin and Union Strait (Figure 1), peb-
bly mud at the base of thick marine clay.and silt
.deposits was interpreted by Craig (1960) as probably
being the result of coarse debris that was dropped
from melting icebergs. However, the exact location

of these sediments is .uncertain.
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¢) W. Baragar and J. Donaldson, and R. Allan et al.

Although the principal interest of study by
Baragar and Donaldson (1973) 'lay with the bedrock
geblogy of the Coppermine and Dismal. Lakes map areas,
some general observatioﬁé‘concerning the Quaternary
geology were made. It was noted that Pleistocene
surficial deposits are widespread in the area, and
that ice-flow was generally from the southeast. They
reported that marine deposits of white silt are pres-
ent along.the coast of Coronation Gulf and in the
valleys of the Rae and Richardson Rivers. These sedi-
ments extend to about 117° 30' W along the Richardson
River, at an elevation of about 107 m a.s.l. Baragar
~and Donaldson (1973) concluded that these marine de-
positsdmark an advance of the sea in thé immediate
postglacial pericd.

Allan et al., (1972), concefned with geochemical
explcration studies of lake sediments in the southern
part of the basin mapped the'surficial deposits of
the area on the sole basis of aerial photograph in-
terpfetation. A division of the glacial deposits
into four groups resulted in the following classifi-
cation: till with minor rock outcrop, rock with till,
water laid deposits and colluvial deposits. Based on
their obsérvations, Allan et al., (1972) believed
that the till had not travelled far, and may be pre-

dominantly local in origin.
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d) D.A. St-Onge and H. Bruneau

South of the study area, St-Onge (1980) mapped
the Qu;::rnary geology aléhg the Coppermine River
valley. This led to the discovery of extensive de-
posits of a major late glacial lake (St;Onge and
Geurts, 1982). Glacial Lake Coppermine was formed
when the lower Coppermine valléy was dammed by a
glacial lobe covering the lowlands north of the
Cop?ermine Mountains and Dismal Lakes, i.e., the
region represented by the Richardson and Rae River
basin. The lake eventually drained in part westward
through the Dismal Lakes system and into a high-level
Great Bear Lake. St-Onge's study represents the
first attempt to define detailea ice-retreat phase;
in the region based largely on the occurrence of gla-
cial lakes and outlets.

Systematic mépping of the surficial deposits in
fhe lower Coppermine River valley (St-Onge and
Bruneau, 1982) has revealed a series of raised deltai
and beaches which mark the postglacial marine limit
and successively lower phases of the marine regres-
sion. The limit of submergence was determinéd to be
170 m a.s.l., as evidenced by the presehce of an’
esker—delta built at the ice;sea interface. Further
north, four other deltas were identified,’one at
140 m a.s.l. a second at 100 m a.s.l. and two more at

70 and 40 m a.s.1.
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Up to 40 m of rhythmically bedded sand, silt and
clay were deposited in an estuarine environment of
the postglacial sea (ibid, p. 51). These‘deposits
have been interpreted as turbidites (Bruneau, 1984),
formed as the result of density‘currents originating
from sediment-laden water of -the Coppermine River
entering a brackish estuarine environment and flowing
along the sea b;ttom, and/or subaqﬁeoﬁs flows
generated by unstable deltaic deposits. The source
of these sediments is thought to have been the de-
éésits of Glacial Lake Coppermine which were supplied
by the downcutting of the Coppermine River. A.summary
of the deglaciation phases in this region is presented

by St-Onge (manuscript, 1986).

A. Mercier and D. Kerr

A more reéent study carried out in the basin of
+the Richardson River is that.of Mercier (1986), who
mapped sﬁrficial deposits and refined the deglacia-
tion history from Late Wisconsin time to the present.
The proposed model established a chronologic sequence’
of events beginning in the waning stages of glacia-
tion through to the marine trahsgression and subse-

quent marine regression.

.
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Mercier (1984) reconstructed the evolution of a
seriés of Late Pleistoéene proglacial lakes, identi-
fying four major stages. However, stratigraphic evi-
dence for this lacustrine phase was lacking in cer-
tain areas,'ﬁhilst in others, it raised a number of
questions about the extent and duration of the.gla—
cial ldKes. The mos£ striking of these questions waé
the restriction of rhythmically bedded sediments to
areas below the marine limit. This left some doubt
as to their origin, i.e., marine Or lacustrine, since
si&ila; deposits in the lower Coppermine River valley
were intefpreted as marine (Bruneau, 1984).

The present writer carried out field work during
the summer of 1984 with Mercier and St-Onge. .Kerr
and Mercier? (1985) presented a brief overview of the
éedimentary.facies and typical stratigraphic sections
studied by Kerr; these.sectioné were also briefly
discussed by Mercier (1986} .

Further research during the summer of 1985 by
the present writer led to'the discovery of several
key stratigraphic sections, included in this thesis,
which not only confirm the existence of a series of
relatively large proglacial lakes, but also provided
néw information as to their extent and mode of for-
mation. The associated 1aéustrine sediments are des-
cribed herein in détail and a model for the glacio—

lacustrine to marine transition is presented.

v



With respect to the marine regression and re-
lated deposits, Kerr (1984a, 1984b) analyzed an off-
iap coarsening-upward sequence, typical” of the marine

" sediments found throughout the basin of the
Richardson and Rae Rivers. The present study dis-

cusses ‘the evolution of the postglacial marine‘

regression in more detail.

)
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CHAPTER 3

SEDIMENTARY FACIES
Severélulitﬂological units have beén identified within

. the stratigraphic sections from the basin of the Richardson
‘and Rae Rivers. In order facilitate their d;scription, they
have been.claSSified as facies on the basis of the distin-
gquishing characteristics of grain size, primary sedimentary
structures, organic content and spatial felationships. These
facies not only reflect a wide range of energy levels, from
upper to -lower flow fegimes, but are also rep;esentative of
a wide spectrum of environments of%deposition.

H In this chapte}, a description of the characteristic
properties of e;;h sedimentary facies is presenged. The
colour-bf.air—dri?d samples of the different facies was de-
termined with the use of aJMunsell Colour Chart. The results
of grain size analyses for each lithofacies are listed in

Appendix b, as are histograms and cumulative frequency

cu;vés plotted with an arithmetic scale. With respect to

~granulometric parameters, mean refers to graphic mean, sort-

ing feﬁers to graphic standard deviation and skewness refers

‘to graphic skewness. These par;meters were derived graphi-
célly using the Folk and Ward (1957) formﬁlae {Appendix A),
and represent the average data of three samples from each

lithofacies. Nomenclaturé}of sand, silt and clay mixtures is

after Shepard (1954), as indicated in Appendix B.

.

n
H
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A total of niﬁe'Sedimentar§ facies has been defined for
classification, without implying any génetic connotations. |
These facies fall into three assemblages:

1. Diamicton facies assemblage
2. Coarse-grained facies assemblage
3. Fine-grained facdies assemblage ;'

The term diamicton is used in the sénse deflned by the
INQUA Comm1551on on Genesis and thhology of Quaternary
Deposits (1982): a descriptive term referring to any non-
sorted or poorly-sorted sediment that contains a wide range
of particle sizes. The distinction between coarse-grained

-

and fine-grained facies is defined as mean sizes above and
. L
below the very fine sand-coarse silt boundary of ‘the Went-

worth size classification.

3.1 Diamicton Facies Assemblage
a) Facies A |
- Facies A is a very poorly sorted matrix-
supported diamicton (Appendix A) whose silty-sand
matrix has a mean grain size of 3.6 @. It is
strongly coarse-skewed, indicating an excess of
coarse material (Appendix A). On the average, this

facies contains 6% clay, 42% silt and 52% sand as

]

matrix (Appendix C-1) as well as clasts ranging up to

boulders. The dominant class size is coarse GO

medium silt, represenﬁing approximately 30% of thg
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matrix. Its colour ‘according to the Munsell Chart is
7.5 YR 6/2. This corresponds to a light beige,.al-
though in the field where it has a high moisture con-
tent, it often appears as dark gray. However, where
Facies A is observed directly overlying bedrock, . its
colour may vary fromoreddish brown to graYish green.
The matrix-supported clasts consist of well-rounded
gravel, cobble and boulders of various lithologies,
through toc angular slabs of sahdstone and limestone,
indicating that some material is derived from local
Precambrian rocks. This diamicton is relatively com-
pact and no preferred orientation of clasts was noted.
Facies A is predominantly massive, as no internal
structures were observed. It varies in thickness from
1mto 6 m, forming distinct structureless beds, in-
terstratified with Facies B. Lower contacts with Fa-
cies B and bedrock are sharp and irregular, whereas
upper boundaries can be either sharp, planar to irre-
gular or more rarely, gradational with Facies B, and
sharp with respect to Facies H. Weathered surfaces
of Facies A do not appear to differ in colour or tex-
ture from fresh exposures. Analysis of the clay-
‘sized fraction from unweathered samples indicated the
presence of tpe clay minerals chlorite and illite, as

well as minor traces of dolomite, guartz and feldspar.
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Shilts (1978) noted that chlorite and-illite are the
predominant phyflosilicates detectable in unweathered

glacial sediments from the Canadian Shield.

Facies B

Facies ‘B consists of a very poorly sorted hete-
rogeneous mixture of variﬁble sized-clasts with |
random orientation (Plate 1). The sandy sSilt matrix
contains an average of 11.5% clay, 60% silt and 29.5%
sand, but gravel, cobbles and boulders up to 2 m in
diameter are common. The matrix mean grain size is
5.08 ¢ and its dominant classes are very fine sand to
medium silt, representing 60% of the matrix. The
latter is fine-skewed, with an excess Ef fine mate-
rial and has a light tan colour, 10 YR 6/1. This
matrix-supported diamicton incorporates a wide range
of particle-sizes, from angular clasts of fragmented
bedrock (limestone, dolomite and ééndétonef to well-

rounded clasts.of variable composition, some of which

.are striated. Although riot as compact as Facies A,

this facies exhibits both massive texture and poorly
developed bedding, with thickness of beds ranging
from less than 0.5 m to 15 m. Occasionally, the up-
per zone of this factes is characterized by small
lenées of sandy gravel which do not exceed 20 cm in

thickness and" 2. m to 3 m in length (Plate 2). When
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Facies B exhibiting the poorly sorted nature
of the diamicton.
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PLATE 2. Facies B overlain and underlain by units
of Facies A. Note sandy gravel lenses in
Facies B.
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interbedded or occurring as lenses in Facies A, lower

and upper contacts are sharp and pla ar.‘ldpper gra-
dational boundaries exist over a vertical distance of
.0.3m to 1 m where it is overlain by |Facies H. Facies
B can also occur interbedded with Fadies H in which
strata vary in thickness from as little as 5 cm to
4 m. - In this, context, internal lamjhations may be
deformed by small rounded gravel asts, and cobbles
at the lower contact of Facies disturb the under-
lying rhythmites of Facies\H///There is no evidence
for erosion of these rhythmites, nor is there any 2
' indication of flow in the diamicton unit. Weathéred
and fresh surface% resemble each other and éhow no

‘obvious differences.
3.2 Coarse-Grained Facies Assemblage

a) Facies C

Facies C is a moderately sorted cross-stratified
sand, with a mean grain size of 1.13 @. It is gene-
rally fine-skewed, with grain sizes ranging from 0.9%
clay, 1.4% silt and 97.7% sand (Appendix C-3): The
asminant class sizes are medium to coarse sand, ma-
king up B0% of the facies, and it is light gray
(7.5 YR 4/0) in -colour. 'Well‘rounded graVel sized

clasts up to 15 cm in diameter may bé present, but
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oﬁly as a minor component, and are restricted to oﬁe
site where they occur at the base of the unit
(Section 25, Appendix D-25). Facies C is composed of
poorly to well-bedded 10 cm to 40 cm thick tabular
cross-bedded cosets that commonly dip from 18%.to 30°
towards 280° and 3000, as well as very minor parallel
bedded sands. The lower boundary surfaces of the
cosets form planar erosional contacts. dpper-sur—
faces may be sharp or transitional to ancother coarse
unit (Facies D}. Occasionally these cross-bedded
strata alternate between medium and coarse sands,

10 cm to 20 cm thick. ©Only rarely is horizontal
parallel bedding observed, between cosets of cross-
bedded sand. Where this occurs,-the latter units are

truncated by planaxr pebbly éands; 5 cm to 10 cm thick.

"Units of Facies € vary in thickness from 2.0 m to an

observed maximum thickness of 4.5 m in Section 40

{Appendix -D-40).

Facies D

Facies D is a moderately well sorted sand which
consists of 0.8% clay, 0.9% silt and 98.7% sand with
rare granules. The dominant class size is fine to
medium sand (84%), with a mean grain size of 1.53 @.
It is near symmetrical with respect to skewness

(Appendix A), and light gray (5 YR 4/1) in colour.
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It is generally composed of massive structureless
sands, but locally may exhibit faint planar bedding
and horizontal laminations, although bedding defini-
tion is poor and shows -no well defined structure.
This facies.is variable in thickness, f;om 0.4 m to
greater than 12 m' (Section 24, Appendix D-24). The

nature of the upper and lower contacts with the

horizontally bedded sands of Facies C and E is grada-

tional. At one location (Appendix D-40), it contains
what appear to be sandy gravelly mud rip-up clasts

derived from the underlying deposits of Facies A.

Facies. E

Facies E is a moderately sorted silty sand,
which is light gray (10 YR 6/2) in colour. Grain
sizes range from 1.4% clay, 30.8% silt to 67.8% sand
(Appendix C-5), but the dominant grain size is very
fine sand to coarse silt, representing approximately
78% of the sample. Facies E is strongly fine skewed
and has a mean grgin size of 3.79 Q.l Its minimum
and maximum unit thicknesses are 30 cm and 16 m
respectively. This facies is composed of alternating
cosets of planar laminations, ripple-drift cross-
laminations and sinusoidal ripple laminations as
described by Jopling and Walker (1968). Cross-

laminated cosets are vertically stacked, and are
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separated from one another by horizontal boundaries
whigh may be either erosional or transitional. A
typical sequence consists of gradatiohal type A and
type B climbing ripples commonly found superimposed
on one another, and overlain by draped undulating
laminae which may in turﬁ grade into or be truncated
by horiz;ntally laminated fine to medium sands.

The least common bedform is entirely composed of
climbing sets of well-defined lee-side laminag with
no preservation of stoss-side laminae (Plate 3).
These are typezA cosets, which are developed in the
coarser sand fraction and have low angles of clifmb.
Those observed were fdund to be not more than 10 cm
thick.

The second type of ripple-drift cross-lamina-

S '

tion, type B, is composed of climbing sets of lee-
side laminae with comﬁlete preservation of stoss—side
laminae (Plate 3). These 1aminaé are continuous from
one asymmetrical ripple to another. Each set,
varying from 1 cm to 20 cm in thickness, may oc-
casionally be overlain by a draped layer consisting
of parallel clay laminations ranging in thickness
from 0.2 cm to 0.5 cm which mimic the form of under-
lying ripples. Sequences of uninterrupted cosets of
type B cross-laminations do not exceed 1 m in thick-

ness, and have higher angles of ¢limb than those of
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A PLATE 3. Sequence of type A ripple-~drift cross-lami-
nations overlain by type B ripple-drift
cross-laminations with clay draped lamina-
tions.
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type.A. " Closer exémination of some of theée sets
reveals that they are composed of alternating light
and dark parallel laminae as evidenced by mica flakes
which are diétributed equally both on stoss and lee
fa§e§. For the most part, the crests and troﬁghs of
ripples are éently rounded, although sharp¢crested
peaks sometimes occur at the base of the individual
cosets where there is a transition-fro%;i:fe A to
type B ripples. Palaeocurrent measureﬁ‘ s of-type B
ripple—drift cross-laminations indicate variable flow
directions towards 240° through to 315°.

Undulating laminae or sinusoidal ripple lamina-
tions are also present, but only as a minor component.
They consist of superimposed sinusoidal laminations
of silt and clay, which are laterally continuous.
Both lee-side and stoss-side of tﬁe ripples are equal
in thickness; ‘

This facies is not particularly common in the
stratigraphic sections studied, except in Section 22
(Appendix D-22}). 1In all cases, upper and lower
boundaries are gradational with both Facies D and G.
TF? only effect of weathering on these sediments is
differential erosion which emphasizes the clay—rich

laminations overlying the sandier ripples.
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d) Facies F
'This facies consists of 1.2% clay, 1.5% silt and

97.3% sand, and with 95% of the compbnenfs falling
into the fine to medium sand classes, Facies F is the
best sorted of'the lithofacies in this study (Appen-
dix A). Mean grain size is 2.02 @, and skeﬁness'is
close to zero. Units of Facies F range from 1 m to
5m in thiéknesé, and consistently overlie Facieg I.
A gradational boundary always exists between these.
twolfacies. Although Facies F is generally composed
of structureleés light brown sand (10 YR 5/2), it may
locally change upwards to'discontipuous laminations,

. small pebbly‘lenses, and more rarely grade into al-
ternatipg aners of silty sgﬁa and sandy silt, over-

r

lain_by another unit of'magéive sand. Thg silty sand
beds average 10 cm thick dhd'do not show any internal
stratification. The upper and lower congécts are

: dradational.with the saﬂdy silt beds. The latter
contain no internal laminations and range in thick-
ness from 2 cm to 10 cm. These rhythﬁites occuf over
a vertical distance of no more than 2 m within a
section and have previously been described byfyerr
(1984b) . ' , )

This predominantly massive sandy facies is fos-

siliferous, containing both marine micro and macro-

‘fauna. Aithough articulated bivalves, some in life
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positioﬁ, and disarticulated bivalves are equally
common, no biotp:?ation features were observed., Cer-
tain horizons within these sands are moré oxidized
than others, suggesting preferred horizons of ground-

water flow or an increase in the amouné_of groynd-

water.

3.3 Fine-Grained Facies Assemblage
a) Facies G

Facies G is a moderately sorted light beige

{10 YR 6/1) silt with grain size éonsisting'of 3.5%
clay, 94.4% siit and 2.1% sand. Mean grain size is
5.35 @#, as indicated by the predominance (78%) of
medium to coarse silt. It is moderately fine-skewed
with an excess of fine silt and clay. Structure
varies from massive to horizontal finely laminated

. silts, to type A and type B ripple-drift“crdss—
laminations, overlain by silty sinusoidal laminations.
This vertical sequence, whether pgrtiél or complete,
forms individual beds 0.2 m to 3 m thick, that are
separated by 1 cm to 8 cm thick red-brown to gray
clay layers which may have either sharp or transi-
tional upper and lower contacts. Although massive to
finely laminated—strataldominate the succession, type
B. cross—-laminations are nevertheless relatively com-

. 3
" mon (Plate 4), and only rarely does type A occur.
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PLATE 4. Type B ripple-drift cross-laminations of
F?cies G. ,
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Type B climbing ripples are restricted to 20 cm to
40 cm thick cosets which .are usually overlain and’
underlain by transitional undulating laminae. Some

of.these ripples appear to have sharper crests and

steeper angles of climb than those of Facies E.

Neither draped c¢lay laminations nor alternating dark

and light laminae were observed within the ripple

cosets. Palaeocurrent directions towards 250°

through to 340° have been recorded at various sites.

The thickneés of Faciles G varies from 0.4 m to 10.5 m.
In all sections, this facies is overlain by Facies H
and ungerlain either by Facies H or Facies E. The
nature of the boundaries with respect to Facies G is

always gradational.

Facies H

This facies is.a major component of most of the
sections studied. It is characterized by couplets
consisting of two texturally distinc; layers:.a light
gray-(}o YR 6/1) silty clay (Hb, Appendix C-9) and a
darker brownish gray (10 YR 8/1) clay (Ha, Appendix
C-8). The silty clay layers are poorly scorted, and
on average consist of 57% clay and 43% silt. The
mean grain size of Hb is 8.2 @, and the dominant size

classes are fine silt to clay (68%), indicating a
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fine-skewed distribution. The clay-sized .fraction
consists largely of illite and chlorite, as well as
minor dolomite, feldspar and guartz.

The silt layers, being consistently thicker than
the clays, are composed of discrete horizontal lami-
nations of varying grain size and thickness,
numbering up to 45 per layer (Plate 5), which may
show normal and reverse grading. These internal
laminae are éharacteristic of the silt layers within
the basal coupiets of sections? oﬁly on occasion are
such laminae found in tﬁe rhythmites stratigraphi-
cally highéi. Sandy laminations are also present
within some of these layers, and more rarely couplets
are séparated by thin diamicton beds (Facies B), as
seen in Plate 6, frequently less than-20 cm thick.
Although the thickness of thé.silty clay layers is
relatively constant within a given vertical range,
the samples measured within the basin varied from
less than 1 cm at the top of sections to 40 cm thick
at the base of sections. |

| The thinner, darker moderately sorted clay
layers have a mean grain size clpsé“to 9.3 @#. The
particles consist on average of 91.4% clay and 8.6%
silt. These sedimehts are strongly coarse-skewed,
having an excéss of relatively coarse material. Clay

minerals consist of chlorite and illite, although



PLATE 5. Proximal glaciolacustrine rhythmite
showing multilaminated nature of the
summer layers.



PLATE 6.

39

Thin diamicton bed (Facies B) interbedded
with glacioclacustrine rhythmites.
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clay-sized quartz, feldspar and dolomite are also
present. The clay layers vary in thickness from a
few mm in the fhythmites near the stratigraphic top
of sections, to_lO cm in baéal couplets. They appear
to be predominantly massive, but may exhibit 1 to 5
internal laminations 1 mm to 2 mm thick within.the
thicker clay layers and occgsionally, contain thin
gand laminae with rare pebbles.

Within a couplet, the contact between silty clay
and overlying clay can be either.sharp or gradational
over a very short vertical distance. Boundaries
separating clay ;ayers from overlying silty clay
layers are sharp and planar, but irregular erosional
contacts have also been observed ‘in some localities.

Generalié, there is an overall trend for the
couplets to decrease in thickness upwards (Plate 7),
although there is locally considerable fluctuation
within this trend. The rhythmites do not'appear to
thin or thicken laterally over a distahce\of up to
200 m within-a given section, although on a regional
scale the thickness of Facies H varies cqnsiderably,
from approximately 1 m in the eastern part of the
basin to at least 26 m in the central part.

Other features present in Facies H are intfa—
formational deformation structures and faulting.

There are several cases of contorted bedding showing
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PLATE 7. Distal varved couplets

® -

averaging 2 cm thick.
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smfall-scale folding and diapiric structures, 0.2 m to
1.5 m in amplitude, Qﬁerlain and underlain by undis-
turbed horizontall§ bedded rhythmites (Plate 8).
Present in only two sections is high-angle normal
micro-faulting of the finely laminated basal couplets,
with a displacement of no more than 5 cm. Also com- .
monly found in Facies H are isolatéd,dropstones which
disturb }aminae, depressing the underlying rhythmites
and which are overlain by draped rhythmites. There
is a distinct difference in colour bhetween the silty
clay and ciay layers which does not appear to be due
to any mineralogical variation, but rather to changes
in grain size. The colour difference appears also to
be dependent upon the water content;ilayering becomes
apparent in samples with a high moisture content, but
sections which have dried out completely do not show
any noticeable layering. In addition to this, some
rhythmites directiy overlain by Facies I are salty,
i.e., have a salty taste. ' N -
Facies H is overlain by either Facies B, G or I
and the nature of the upper contact is sharp with
respect to Facies B and G, and gradational with
Facies I. It is underlain by Facies A where lower .
contacts are sharp, by Facies B where contacts are
sharp or gradational, and by fécies G where contacts

are transitional.
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PLATE 8. Soft sediment deformation consisting of intra-
formational crumplings and diapir structure.
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¢) Facies I
This facies is composed of poorly sorted dark

(10 YR 672) silt, and on average contains 20.3% clay,
77.6% silt and 2.1% sand. Mean grain size is 6}74,¢,
and the dominant class sizes are fine to medium silt,
representing 56% of the sediment: It is strongly .
fine—ékewed, indicating an excess of fine material.
Composition of the clay minerals is identical to that
of the other lithofacies: chlorite, illite and clay-
sized accessory minerals such as dolomite, feldspar
and quartz. Facies I is for toe_most part massive
and structureless. It varies in thickness from 4 m
to 17 m in the eastern and central parts of the
basin{ and decreases-to as little as 0.4 m Further
west.' Upper contacts are gradational with overlying
facies, whereas the lower boundaries are sharp and
‘planar to irregular with Facies B and H (Plate 9}.
Like Facies F, this unit is also fossiliferous, con-
taining both marine micro and macrofossils., Pebbly
sands with gravel sized clasts up to 4 cm in diameter
were observed at the base of this facies at the con--
tact with Facies H, but only in one section (Section

35, Appendix D-35).

-

e



PLATE 9. Massive marine silt of Facies I overlying the
silty clay rhythmites of Facies H.

Wi
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. CHAPTER 4

4. STRATIGRAPHY
4.1 Facieé Relationships

In order to describe the spatial and temporal dis-
tributions of lithofacies, a number of stratigraphic
sections were measured in different parts of the basin
of the Richardson and Rae Rivers. The locatish\of these
.sections is shown in Figure 3. The stratigraphic data
were projected onto a single base line oriented E-W
throughout the basin, as seen in Figure 4 (in pocket).

A total of 40 stratigraphic sections have been
studied. The characteristic properties of each are pre-
sented in Appendix C. They are numbered from Section 1,
repreSenting the most elevated and western location, to
Sectién 40, the eastern-most site along a tributary of
the Richardson River. Elevations were determined from
1:50,000 scale topographic map sheets of the area.

As noted by Karrow (1984), individual lithofacies
are sometimes difficult to interpret when considered
alone, but the recognition of lithofacies assocliations

and vertical sequences is a useful analytical tocol. It

-
e

is therefore necessary to define specific associations
which group together different sedimentary facies that
are env1ronmentally or genetlcally related. Any pre-

ferred vertical position of a facies may also have an
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important bearing on the interpretation of a sequence
(Shaw, 1975), and must be considered. According to
Boulton (1972), sequences of deposition can be estab-
lished based on‘patterns of sediment distribution when
they occur repeatedly.

In this study, five differeﬁt lithofacieé assoﬁia—
tions have been identified from sedimentary successions:

l. Facies A and B ‘

2. Facies B with interbedded subaqueous
outwash

3. Facies C, D and E
4, Facies G and H
5. Facies I ?nd F
The first four are the result of deglaciation pro-
cesses. During the eaSteriy down-gradient retreat of a
lobe of the Laurentide Ice Sheet from the basin of the
Richardson and Rae Rivers, ponding of meltwater between
the ice front and the surrounding highlands led to the
formation of a series of proglacial lakes. Both till

and glaciofluvial sediments were deposited individually

+

‘and simultaneously along the ice margin. As the ice

liberated the highlands to the northeast of the basin,.

the marine inéursiOn took place,. permitting seawater to

mix with the freshwater of Glacial Lake Richardson. The
fifth lithofacies relatiénship is the product of the

marine regression resulting from péstglacial uplift of
1
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the land. This period is characterized by a coarsening-
- upward off-lap sequence. Uniform rates of deglaciation‘
over a wide area of similar topography may produée a
widespread single style of deposition (Boulton, 1972).
However, this éOES not seem to have been the case in the
present study‘as three stylgs‘of deposition have been
inferred:
1. Glacial till, occasionally lying on
smooth and striated bedrock, is the
only sediment\ﬁeposited by the re-
treating glaciér.
2. The retreat of a glacier can be re-
presented largely by beds of gla-
cial drift of differént origins,
with minor stratified beds of sand
and gravel within them.- Outwash
deposits may also occur above and
below glacial drift, aithough the
latter case was not,obserﬁed in the
study area.
-
3. In'some areas, subaqueous outwash
deposits dominate the environment
of deﬁosition.
I the first case, there is an association between

Facies A and B, as suggested by their bedding relation-

ships and the nature of the various types of contacts.
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In Sections 6 and 34 (Appendices D-6 and D-34), these
two aiamid%on facies occur as interg;dded units of 4if-
ferent-thicknesses: Although abrupt boundaries are more
common (Plate 10}, vertical.gradational contacts are
also possible between these facies, as seen in Plate 1l1.
No lateral variations or transitions in the composition
of the glacially-derived diamictons were detected.

.A second sedimentary association is expressed in
Section 32, where Pacies B contains a sand and gravel
lens (Plate 2), and in Section 40, where Facies A ap-
pears to grade up vertically into Facies D. This sug-
gests that the deposition of both diamicton facies
alternated, at least locally, with periods of-subaqueous
glaciofluvial activity.

In his model of glaciolacustriﬁe sedimentary en-

" vironments, May (1977) stated that.barious types of till
can Be fouqd fn stratigraphic sequences in close rela-
tionship with lacustrine deposits, notably varved silts =
and clays. As observed in the stratigraphic record from
the basin of the Richardson ana Rae Rivers, such asso-
ciations are relatively -common. Three types of transi-
tions occur between Facies A and B, and Facies H. Sharp
contacts frequently separate the silty clay rhythmjtes
of Facies H from the diamicton of Facies A (Plate 12).

In other cases, Pacies B grades directly into Facies H,

as seen in Plate 13. A third possibility is the passage
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PLATE 10. Poorly sorted diamicton of Facies A sharply
overlain by silt-rich diamicton of Facies B.



T

PLATE 11. View of Facies A grading upward into
Facies B. '

52
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PLATE 12. Diamicton layer of Facies A sharply
overlain by glaciolacustrine rhythmites
of Facies H.
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PLATE 13. Direct gradational contact between rhythmites
of Facies H underlain by diamicton unit of
Facies B.

e



of Facies B into Pacies H by-an intermediate process of
alternating horizons of thinly bedded silty layers and
diamicton layers over a short vertical distance (Plate
14). However, the latter transition was observed only
in Section 8. .

As noted earlier, distinct beds of Facies B are
found interbedded with Facies H. They occur throughout
the basin and vary in thickness from 0.1 m to 4.25 m..
The relationship of Facies B with Facies A and H is in-
dicative of an environment dominated-by.glacial in-
fluence.

A third lithofacies association is inferred from
the 6céurrence of Facies C, D and E 6ver short vertical
distances in a number of stratigraphic sections. These
are all basically coarsé—grained sediments charécterized
by the presence of Facies C ét the base (Segtion 25),
overlain by Facies U which is in turn followed by Facies
E, a transitional phase between Faéies D and G. Séveral
variations of this basic suéceséion may exist, as shown
in Sections 11, 16, 22, 28 and 40. It is however, the
vertical position of these three facies within tﬁe séc-
,%¢5$====§?ig3: studied which has interpretative importance. They

R : .

occdw consistently throughout the basin, underlyingthick

Y
sucge%sions of silty clay rhythmites (Facies H), forming
!

part.‘of a general fining-upward sequence.
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PLATE l4. Thinly interbedded diamicton and rhyth-
mite layers at contact between Facies H
(top) and Facies B (bottom).
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Cheel and Rust (1982) described a similar vertical .
succession of sediments from a retreating ;ce front,
comprising a fining-upward sequence, with gravelly sands
at the base énd increasingly distal fine-grained sedi-
ments at higher stratigraphic levels, passing into a
marine environment, as opposed to a lacustrine water
body as is the case in the present study.

Lithofacies associated with proximal positions
close to an ice margin are transitional between glacio-
fluvial and glaciolacustrine environments. For example,
at Sections 25 and 40, thicﬁ bodies of cross-bedded
(Facies C) and massive beds (Facies D) are predominant
in the lower parts, and are developed in the coarser
sediments. The stratigraphic position of these sands
suggests that they were déposiﬁed in a proximal lacus-
trine environment.

Each lithofacies associgg}bh can be related to
changes in sedimentar& processes which are a function of
seasonal variation and distance from the ice front
(Agterberg and Banerjee, 1969). Distance from the ice
front has a significant influence on sediméntary asso-
ciations, and a single depositional process may generate
a number of different lithofacies in the downcurrent
direction. Althougﬂ lateral variations between Facies

'C, D and E were not directly observed, field evidence

i‘“‘.
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suggests that lateral transitions are probable in which
Facies C grades downstre;m into Facies D and eveﬁﬁhally
to Facies E in a more distal environment.

According to Banerjee and McDonald (1975}, the
downstream relationshi? of relatively coarse-grained
esker sedipents with rhythmically'bedded silt and clay
illustrates the important genetic relationship between
glaciofluQial (Facies C, D and E) and glaciolacustrine
(Facies G, H) sediments.

The fourth sedimentary relationship is that of
Facies G and H, the latter dominating the majority of
the éections in the basin. The silt-rich sediments of
Facies G appear to be gradational from Facies E to
Facies H. [fn this context, they are laterally extensive,
occurring at the base of Facies H at many sites
throughout the basin (Sections 11, 16, 24, 25, 28, 29
and 40). An exception is found in Sections 19 and 20
where Facies G is underlain and overlain by Facies H,
and is of considerable thickness. This poses a parti-
cular problem with respect to the interpretation of
these sequences and will be discussed in Chapter 5.
Figure 5 illustrates an ideal downcurrent transition
between lithofacies resulting from a dominant deposi-
tiénal process{ these transitions have been previously
described by Ashley (1975) and Smith and Ashley (1985),
and afe-largely attributed to the action of turbidity

currents over a one year period.
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FIGURE 5. llypothetical lateral facies variation of

an annual couplet in a glac1olacustr1ne
environment.
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increasing distance from glacier f{front

Subagueous outwash deposits dominated by current-bedded
structures characteristic of Facies E.

Proximal (basal) rhythmites of Facies G that consist of
multiple normal-graded flat beds composed of silt “and
very fine sand, grading upward into clay.

Thin silty-clay couplets of Facies Il are the more distal
lateral equivalent of ripple-drift laminae of Facies E.
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Facies‘I and F comprise the fifth lithofacies asso-
ciation inferred from the Late Quaternary deposits in
the study area. Together they form a coarsening-upward
cycle in which clayey-silt grades‘upward éhrough to é
thin siltf’sand.horizon and into well sorted sands. In
two'sectiong studiea, the fine-grained se&imenté of

Facies I are overlain by a coarsening upward sand se-

quence which 1s not characteristic of Facies F. These

. two sections, 20 and 423, are described in further detail

in Chapter 5.

Correlative Stratigraphy }

In order to discuss depositioﬁal processes and en-
vironmental conditions, it is first necessary to con-
sider proportional thicknesses of facies and their

vertical position. This approach provides a more com-

plete overview of the stratigraphic record which may

"then be incorporated'with specific discussion in Chapter

’

5 on sedimentary properties and processes in variéhs
glacial and marine envifonments. As noted earlier,
lateral variations in lithofacies must be considered in
a stratigraphic context when interpretation of several
profiles are made from widely separated sections.
Therefore, profilés in Figure 4 (in pocket) were placed

in the context of a stratigraphic datum so that proper
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relationships could be established. A lithostratigra-
phic corfelétion of facies between sections was
undertaken in order to establish a more accurate re-
construction of the depositionhl environments which'
evolved during the retreat of ¢ last glacier and in
postglacial timé.

Correlation of time equivalent units between sec-
tions has not been attempted as it was not possible to
define specific lateral variations 'in facies based on
field observations. The lack of apprqpriately situated
sites where significant facies gradations were expected
did not permit a cﬁronostratigraphic study of the relds
tively widely separated sections. In addition, such a
study would have been complicated by the fact that at
any one locality, aspeéts of both proximal*and distal
facies can be expected, and that local variations in
depositional style'coﬁld result from topographic diver-
sity, a disorderly retreat, and an irregularlconfigura—
tion of the ice sheet. |

The spatial distribution of.the principal litho-
facies is present in Figure 4. In the western part of
the basin. the rhythmltes of Fac1es H are dominant in
,most sections and have an overall high proportlonal
th;ckness; The present study shows that Facies H can be
considered the most Qidely distributed lithofacies in

the Richardson ‘and Rae River basin. Rhythmites were
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previously reported only between 30 m and 145 m a.s.l:
and said to be restricted to the western part of the
Richardson River basin (Mercier, 1986, p. 84, 87). How-
ever, the present writer has recorded-Facies H in altl.
parts of the basin ranging in altitude fream as low as

3 ma.s.l. (Section 35) to greater than 205 m a.s.l.
(Section 1), 50 m above the marine limit. . The fine
grain size and laterzl continuity of Faé&es H suqqests
that the sikty clay couplets resulted from turbidity
cdrrénﬁs, a process/ﬁﬁzzh transported fines over several
kilometres, enabling them to cover relativgly wide arfas{
The thickest depoéits o% Facies H occur in depreésions.
in what ‘would have been low-lying regions of the lake -
fioor, wﬂereas the thinner deposits normally are found
over topographic highs in the basin.

In the eastern part of the basin, the marine silts
of Facies I are the most impbrtant deposits observed in -
stratigréphic sections. They are thickest in Sections
35, 36, 37 and 38, and thin towards the west in the form

of a wedge. Their presence has been noted at elevations

r&%qiné.from 4 ma.s.l. (Section 36) to 76 m a.sll.

(Section 22) in stratigraphic sections, but are commonly

found up to 150 m-170 m a.s.l. as surficial deposits.

e
v

This facies 1s overlain by the sands of Facies F which
occur between 18 m a.s.l. (Sections 37 and 38) and
80 m a.s.l. (Section 22). These sands hav so been

r

€3
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found up to 90 m a.s.l. as surficial deoggsfs.'kThus,
the upper zone of most sections in the"ea®ern part of

the basin are characterized by a sedimentary succession

dominated by two facies, namely Facies I and F. These

sequences illustrate the close association between the
silts and overlying sands.

In the central part of the basin, there is an

overlap of the two most volumetrically significant

“lithofacies, i.e., marine deposits of Facies I over-

lying the glaciolacustrine rhythmites of Facles H,
either directly/or they may be locally sebarated from

each other by/Facies B.

LY

The oldest unconsolidated deposits in the regidén

are probably the dlamlcton fac1es Whlch lie dlrectly on

'?bedTogk as seen’ at 'the base of Sectlons 32, 33, 34 and

39 (Flgure_d). Fa01es A at the first three sectlons can.
be laterally cor lated, although the contlnulty of thlS
facies easg of Section 34 and west of_Sect!on'BZ cannot

-ty

be determined. Depending on the site, Facies A is cov-

e T

ered by either: rhythmltes (Facies H) at Sections 32 and
33 or sands (Facies C D and E) in Section 40, Facies B

appears to have of a reglonal distribution as it

_ . 1»
occurs at a'number BFf sites throughout the ba51n, at the

v

base of Sections 2, 3, 5, 6,-7, 8, 9, 32 and 34. It can

i ) .
be correiated almost continuously 'in the western part of

the basih over a distance of over 40-km (Figure 4).

o
.
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Where it is found interbedded with Facieé H (Sections 21
énd 26), its'spatial distribution cannot be established.
However, in Sections jokand 31; Facies B can be corre-
lated over a dispance of ten's of metrés, decreésing in
thickness towards the west.

Three commonly associated lithofacies, Facies C, D
and E, are also relatively widesbread. Séctions such as
24°, 25 and 40 clearly show the_pfeferred positions for
these three facies, and provide importaht evidence as to
the nature 6f sedimgntation and the,environmentﬁof depo-

sition for a large part of the basin. Their proximity‘to

eskerine surficial deposits suggésts a close relation-

ship between eskers and Facies C, D and E. These facies

are also found as more isolated dccurrences such as in

Sections 11, 16 and 28 which make it impossible to trace

them laterally to sections on either side of them. In

. contrast, Section 25 passes from Facies C which can be

T~

‘correlated with Facies D in 59ctioﬁ 24 and Facies E of

‘Section 22 (Figure-4).' This type of correl tion is.

based on the assumption that Facies C gradeé into Facies

"prand E in a downcurrent direction to the west. Basin-

" ward, this variation in lateral facies changes is rela- /f/

ted to differences in slope and energy conditions-in the
lacustrine eﬁvironment, as material was transported up-
gradieﬁt away from the glacier. The generally.thick
sequences are indicative of a proximal, major source of

sediment.

&
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These three coarse-grained facies (C, D and E) -
grade up ve;ticaliy into Facies G and H, as observed in
a‘ﬁﬁmber of stratigraphic sections throughout the basin.
In most sections, Facies G contributes only relatively
small thicknesses {Sectieons 11, 16, 24,-25, 28 and 40)
and is not considered to be a laterally extensiye unit,
although it can be correlated between Sections 24 .and 25
over a short distance. An exception to this can be
fouqd in Sections 19 and 20, where Facies G occurs as a
comparatively thick unit. This deposit may be the.dis—
tal equivalent cofresponding.to the cgarser grained out-
wésh sediments at the base of Sections 22, 24 and 25,
singe Séctions 19 and éO are generally aligned with the
palaeocurrent measurements of Sections 24 and 25. How-

‘

eveg, the presence of rhythmites unde; Faciaes G in
Seétions 19 and 20, and their aprarent absence uﬂderl

- Facies C, D and E in Sections 24 and 25 is problematical,’
and will be furéher discussed in Ch¥pter 5.

| IAsan&ted earlier, Facies ﬁ dominates in successicns
aepésited iwkdistél poéiti&ns in the.laké. Noticeable
Eegfonal variations in thickness of thics facies_hgve
béen.observed in the eastern, central and western parts
of tﬁe Riqpardson ;hd ﬁae River basin. In general,'the
thickness is-dréatest in.the central area and becomes

thinner to the east and to the west. In the east, this

facies attains a maximum thickness of 2 m (Section 40},

-
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‘whereas to the west, a minimum thickness.of 5 m was
noted (Section 1), although this section has undergone
a certain amount of surficial erosioh which ﬁannot be
determined. Thickness increases gradually towards the
basin center, where 24 m to 26 m thick sequenceé are
common (Sections 12,. 13 and 17).

Facies H.is sharply overlain by Facies I (Plate 9),
a contact which is readily visible in Sections 20, 22,
25, 27, 29, 35 and 40. Facies I has been correlated
between Sections 35, 36, 37 and 38 (Figure 4). East of
this last site, it has beén'erdded in more elevated
areas, but'feappears in . Section 40. West of Section 35,
Sections 32, 33 and 34 have also been eroded down to
Facies H. However, Facies I reappears'in-Section 31 and
can be correlated almost continuously (Figure 4) through
to Section 20, over a distance of 14 km.. West of tHis
site, it was not observed in stratigraphic sections as
most river-bank sections form part of a "badlands" topo-
graphy in which the tops of seéEfgggxgre.frequently
missing due to erosion. Other than in areas where sur-
face erosion has taken place, Facies I and F overlie all

+

others, completing a diverse sedimentary succession.

e
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CHAPTER 5

ENYIRONMENTS OF DEPOSITION

In this chapter an interpretation of the lithofacies is
presented, based on a comparative study of modern sedimen-
tary environmenfs as well as other well-studied gimilar de-
poéits of Pleistocene age. In‘the context of the regional
setting, the principal sedimentary enviroﬁments have been‘
classified ihto four phases. These constitute a succession
voﬁ depositional environments which accounts for both litho-
‘facies reiationships and spatial distribution. As a result
of deglaciation of the Richardson and Rae River basin and
the subsequent marine transgression and regression, a dis-
tinct relationship was developed between environments of
deposition and the resulting stratig;aphic seguences.

An'eastward retreating ice front of a lobe of the
Laurentide Ice Sheet, blockigg ®he natural drainage system
of the basin, led to the Eonding of glacial meltwater be-
tween the ice front’:hd surrounding highlands. As a result,
a dammed glacial, lake evolved tﬁéouqhout‘%he deglaciation of ,
the basin. This series of glacial lakes, called Glaciél
Lake Richardson (Mercier, 1984), provides a framework around

which different depositional environments developed.

: A
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5.1 The Glacial Phase

In the stratigraphic record, ice deposited material
is restriéted to Facies A and B, which are closely as-
sociated in stratigraphic.seﬁuences, and have been in-
terpreted as ﬁiils. In some areas the retreat of a
glacier is initially represented stratigraphically by
till containing minor stratified beds and lenses which
tends to lie on smooth or striated bedrock (Boulton,
1972). Similar sequences are recorded in Sections 32,
33, 3# ané 39, where either Faciés A or B directly over-
lies bed;ock, and in Section 6, where Facies B is under-
lain b{,Facies‘A. Such multi-till sequences have fre-
quentlf been misinterpreted in the past as due to
muitiple giaciations, as noted'by Boul ton {1972y,
Clayton (1973), Shilts (1981), and Eyles et al., (1983).
Herver, in the present case a study of the individual
facies shows that they were deposited in a similar en-

vironment but by different processes.

Facies A has béSP interpreted as basal f(lgdgement)

till on tEF basis of imentological and sfratigraphic

evidence. Basal till is us lly a dense Matrix-sup-

ported diamicton with locally high clast concentrations
in the lower portions (Eyles et al., 1983), which can .
appear compact and may not show ipy preferred orienta-

tion of clasts (Krugdfr and Marcussen; 1976). Facies A

does not occur as successive tabular stratabound units
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and therefore is probably not the product of mudflow
pgocesses. The similarity of Facies A to sui;icial till
within the basin that is fluted and drumlinized also
suggegts that this lithofacies is a subglacial lodgement
till aepositedlfrom actively moving ice, as opposed to
s£ationafy dead ice.

With respect to températe glaciers; Boulton (1972)
noted that basal melting almost alwafs deposits lodge-
ment till, which is generally massive, with an absence
of stratified-horizons. 1In addition, as menhtioned éar—

P S
lier, the mineralogy of Facies A Feflects the composi- : .
tion of the bedrock in the drainage basiﬁ. Thué; Facies
A geﬂerally represents a lower, structureless unit which
has not been reworked during or subsequént to its depo-
sition. -

The close association of Facies B with Facies A and
minor stratified sands and gravels is an important indi-
cator of fhe environment of deposition. The ogcurrence'
of interléyered massive diamictons and sératified rese-
dimented diamiqtoné has' been noted by a number of resear-
chers (Shaw, 1982; Haldorsen EE gl.; 1982; E?les et al.,
1983). Sections;32 aﬁd 40 show the ciose stratigraphic
association between Facies A, B and outwash sediments'
which are indicative of an -ice-proximal environmenpl The
Eharacteristics of Facies B suggest that it could be a

“flow till, although it is difficult to attribute its
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widespréad deposition £o'a specific“mechanism on'the
basis of the available evidence. Boulton ({1968, p. 391)
stétéd that flow tills may be derived from englacial or
supraglac1al orlgln, and were defined by Shaw (1982,
p. 1549) as tllls dep051ted by gravity flow of debris
,subsequent to its release from ice. In this context,
the.definition of till approaches that of Dreimanis
(1982), descrlbed as a sedlment that has been trans-
ported and deposited by or from glacier ice, with little
or no sorting by water. Francis (1974) stated that flow
tills (supraglacial £ills flowing off glaciers) commonly
flow down o;.tp margihai or proglacial glacioaqueous se-
dimenps,land also réported that giaciolacustriné-tills-
should generally reseﬁLle the associated regional tills
in content, which is the case in the present study with
respe?t to Facies A and B. ‘

Méy_(l9??) proéosed the term lacustrotill for a
till-like sediment'déposited in a lacustrine environment
by flow‘mechanisms, and which cor;esponds to Boulton's
(l972)_flowrtill. May (1977) also defined the term water-
laid till ésua sediment®eposited beneath a floating gla=-
ciér ;erminus,'where the qé%er depth aoes not allow any
major amduht of sizeéseparation dﬁrihq settling. This
d99051t con51sts of glac1a1 drift dumped in standlng

'water at the snout of a glacier and which may be massive

. or exhlblt a crudg stratlflcatlon Mij s deflnltlon



resembles that-of“Dreimanis {1976), a crudely stratified
vadriety of tfll deposited in water containing giacially
abraided and striated clasts, clay and silt pebbles,
with a random alignment of ciasts. o
Therefore, Facies A could be considered as a lodge—

ment or basal till, or a waterlaid till; whereas Faciee
- B can be classified as a flow till or lacustrotill.
Francis (1974) noted that the latter, when deposited
largely by slumping off the ice front, is unllkely to
pofsess any preferred orientation of fabric elementsy a
feature also observed by the wrlter in Fac1es B

| It is believed that flow tlll may be released di-
rect;ylinto a proglacial lake by sliding off the ioe
front jBoulton, i968; Francis, 1974; May, 1977; Shilts,
1978; Smith and Ashley, 1985) or, if - the élacier is* l
floating, by dropplng from the subglacial surface Mas-
sive waterlqld tllls.up to 30-m thick a thought-to
have been depoéfted in this way below the floating Lake
Huron ice lobe (Quigley, 1980). Although suoh‘thicknes—
ses were not encountered due to-tﬁe‘shailer scale of the
study area, Boulton (1968, p. 391) noted tﬁat flow tills -
.mey.attain'a_thiogpess of 5 m, which is comperablebto -
occurrences in Sections 3, 5; 6,.7} 14, 33, 34 and 39.
Bouiton (ibid) concluded.that flow tills may‘ouild op to

-considerable thlcknesses in topographlc depr ss;ons

Crudeiy stratlfled flow tills have also been reported
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'overLQingImore'massive, compact basal till (May, 1977),
a common occurrence in the study area where Facies A is
overlain by Facies B. A poorly developed fining upward
seqg:ence in which Facies A grades up into Facies B
(P1.te 11) may represent a deposit which melted out from
ber :ath the floating ice front and which sett}ed—out'
fairly rapidly before another layer of till accumulated’
abcve it. o -y

-In ice-proximal'environments (Sections 32, 33, 34
and 40) where subaqueous cQtwash activity at a paf;icu—
lar locality is sporadic, interstratification of £il1l
ard outwash may occur (Boulton,-1972: Shaw, 1982), pro-

d' zing multi—t;ll sequences with sharp planar bases and

~n disturbance of . derlylng sediments. Meltwater
evs

C rrents are bell J}be respon51b1e for the gravel
lzg.deposits found at contacts between Facies A and B in
~ Sections 32‘and 40. ‘Thin sand lenses or discontinuous
ﬂayers of sand may have  accumulated in a channel on a

: ubagqueous flow till surface ang>then were covered by a

“urther unit of flow till.

In Sections 17, 21 and , Facies B is found inter-

. * ‘ "
>edded in distal envirozﬁents with the rhythmites of

"

racies H. Four possmbl ties have been envisaged to in-

terpret the occurrence of Facies B in these sections. It

may have orlglnated as ice rafted debris {(Domack ‘and -

Lawson, 1985), it may be a till deposited during a minor

-
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glacial readvance (surge), it could be the result of
slumpipg of deposits accumilated along emerged lake
shorelines (Gilbert, personal comm., 1984), or it could
be the product of'slumpisg of a semi-fluid till off the
ice front. Upon c¢loser consideration, the first three
models appear unlikely foﬁ_a.number'of different reasons.
In the first case, ice rafted .debris does not form con-
tihuousltabular units which extend ten's of metres la- ~_
terally. Seaiments released. (dumped) suddenly from ice-
bergs tend to form conical mounds of poorly sorted dia-
micton, 1 m to 5 m ip length and 20 cm to 2 m in height
(Thomes and Conﬁell, 1985). Therefore, this~mechanism
does not satisfacterily explain the presence of rela-
tively thick, strateboupd diamicton beds. } .

In the second case, a readvance also seems doubtful,
as there is no stratigraphic evidence for sech an event.::
A glacial advance into the lake would be expected to‘_ '.-“ffﬂm
cause shearing or deformation of the 1acustrine‘sediments
if they were asseciaeed with tills }Shilts,'1981),_but
this was not observed. .in the stuqy'area.'

The ‘third possibility of sluﬁﬁing of till fremAthe
sides of the basin could fesult in till-like msterial
flowing out over normal rhfthmic lacustrine sediments. ' .
Although this interpretatien is more plausible, it:reéu ‘f
mains éifficult to accept as no equivelent.of_Facies é .
‘exists as a surficial deposit ig the basin of the
Richardson and Rae Rivers.

ro
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An alternative explanation is that flow till melted
from the glacier front and spréad over theilake bottom,'
where some of the larger clasts may-havé settled-into
lthe soft undeflying'rhythmites shortly after deposition

_or latér’during compaction (Plate 15). Following this

- -

interruption, n&rmal lacustrine sedimentation resumed.
Thus, this ;ppeafs to be the most probable model of em-
placement, as flbw tills may extend for considerable
distance, from 0‘5 km to 1 km or more from their source
(Francis, 1974). . As noted by Rust (1977), initiation of
slumping ané flow tills could result from wave activity
or underwater turbulence resulting from calving'of ice-
bergs along the.submerged ice front.

- Boulton (1972), Shaw (1982) and Haldotéen é& al.,
{1982) noted that a third type of élacial déposit can be
a relatively common constituent in ice-proximal. strati-
graphic seduences. Melt;qut tilis are teleased either
supraglacially or subglaciallyffrom Staénant ice beneath
a confining overburden  (Boulton, 1972, p. 379) and are
defined as havigg a preferred fabric parallel to the di-
rection of ice flo* (Haldorsen et al., 1982, p. 276).
However,®the present writer has not attributed aﬁy of

the stratigraphic units to a melt-out till origin.
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PLATE 15. Rhythmites of Facies H sharpl? overlain by
diamicton unit of Facies B.

<3
£



5.2 The Glaciofluvial Phase

Numerous eskers and glaciofluvial complexes Gith a

 predominant N.W.-S.E. orientation (Figure 2) were de-

veloped during.ice retreat. These deposits-are readily-
v151ble throughout the basin as esker ridges composed of
glaciofluvial sedlment formlng raxsed, sometimes sxnuoub

landforms. Sgratlgraphlcally, thex are represented,by

Facies C, D and E.

Although there is evidence off outwash activity in
Sections 32 and 34 associated with basal and.fiow'tills,‘

these sands and gravels represent only a relatively

minor corponent. More repreggntative sites such as Sec-

tions* 11 16, 22, 24, 25, 28 and 40 show the full spec-
trum of mnergy levels, sedimentary strucpurgs and éedl—
ments.a:;ociated with subglacial meltwater aﬂgiv%ty.

Stfatigraphic %ssociations ;how‘thgglFaciés C, D

and E ¢ uld qnly have formed in afl jce-~ prox1mal env1ron‘

ment of a relatlvely deep glacial lake. These Eacxes

are believed to represent subaquecus outwash sediments,

a term aroposed by Rust and Romanelli (1§75). They con-
sist or stratlfled sand and gravel removed from a qlacler

front by subglac1a1 meltwater streams and deposited in

“the tuinel, or in front of and beyond the glacier margin

into ¢ standing body of water. Boothroyd (1984) dec*
cribe: simjlar deposits as lacustrine fans. TAs meltwnte}

strea-s entered the ice-dammed lake which;dccupied the

-

- . +
-~ - . t
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basin 'of the Richardson and Rae Rivers, the coarser
esker sediments wére deposited near the méuth of a sub-
giacial tunnel and as the competency of the flow de-
creased in.the distal direction, sediments became pro-
gressively finer-grained in a glaciolacustrine environ-
ment. Déposition of most of the sediment load took
place just beyond the ice front and downstream, the flow
energy was rapidly dissipated by turbulent mixing with
standing water (Banerjee and McDonald, 1975; Harrison,
1975; Saunderson, 1975; Rust, 1977; smith and Ashley,
1985). The resulting sedimentary succession consists of
Facies C which may have .been deposited at or near the
apex of the gan in the form of small-scale foreset bed-
ding (Mode et al., 1983) 'which progressed basinwards as
long as the glacier was relatively stationary and abun-
dant sediments were being intrbducéd. When stream cur-
rents flowing across the fan surface reached the front,
their high.density made them flow down the foreset face
as turbidity curreﬁts. Massive structureless sand units
(Facies D) were then deposited by rapid deposition by
ﬁurbidity currents. (Banerjee and McDonald, 1975). How-
ever, interpretation of Facies D is difficult to deter-
mine with certainty because parallel bedding in coarse
sediments may be produced both in lower and upper flow
regimes (Soﬁthard, 1971). Nevertheless, in view of its

™
association with Facies C, pfor sorting and poorly o~
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def}néd”parallel bedéing suggest that rapid sedimenta-
tion in -upper flow regimes may have existed. The low
stratigraphic position and coarse grain size.also indi-
cate that deposition of Facies C and D oééufred under
relatively high flow velocities. In Section 40, cross-
bedded sand (Facies C) alternates with flat-bedded and
massive sand (Facies D) and cross-laminated sand (Facies
E). This variation in gréin sizes and sedimentary.
struétures within alternating beds indicates that it is
possible to have latefal variations between these types
of sequences due to a change in the flow direction of
meltwater, retreat of the tunnel mou£h‘or to fluctua-~
tions in discharge éuring accumulatiqn, diurnally to
seasonally, a characteristic feature in glaciofluvial
environments (Arnborg, 1955; Cohen, 1979).

The absence of exposures at certain sites did not
permit a three-dimensional assessment of these outwash
deposits. Possibly*as a result of this, channel deposits
were not observed, although they are the most environ-
mentally‘significant feature in subaqueous outwash depo-
sits from the Ottawa area (Rust, 1977). Whether deposi-
tion resulted from an individual ice'tunnel in the form
of a fan extending out over %he lake floor or a series
of ice tunnels producing overlapping forms or a sheet-
like deposit as described by Rust and Romanelli (1975,

p. 190) cannot be determined. Isolated occurrences of

¥
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Féﬁies C, D and E at the base of Sections il, 16 and.28
which are widely séparé@ed from each_dther could be in-
terpreted as evidence for broad subaqueous outwasﬁ blan-
kets Eovering large areas of the lake floor.

Pulsating turbidity currents geﬁerated hy varia-
tions in stream disqharge énd éedimeng load distributed
finer-grained sediment by traction and suspension fall-
out from decelerating flow across the lake floor away
from the ice—fgont where bottom topography controlled
its path. In this manner, parts cf the lake:bottom were
covered locally by a subaqueous fan regressing from west
to east.

In areés where glaciers are retreating down gra-
dient, gravels ana varves have commonly been found lo-
cated adjaceﬁﬁ to each other (De Geer, 1940: Saunderson,
1975). These gravels may chaﬁge laterally into varved
couplets, becoming finer-grained in a distal direction.
In the Richardson and Rae River basin, a similar sequence
occurs at 4 sites (Sections 11, 22, 24 and 40) in which
a vertical equivalent to a single time-stratigraphic
unit was deposited. The succession of facies c, D, E
and G can be explained by a gradual increase in the ra-
tio of suspended load to bed load in the downcurrent
direction due to retreat of the ice ont from the point
of -deposition. Saunderson (1975) Jgjied that this par-

ticular facies sequence is diagnostic of the transition
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‘that occurs, between eskerine deposits and sediments that
are deposited in relatively deep water; As discussed
earlier, a deep, glacial lake {up to 200 m) was in con-
tact with the ice Iront dﬁring deposition of outwash de-
posits and proximal, as well as distal rhythmites. Field
observations reveal that in a vertical sequence, there
is a distinct liti ofacies change which is thought to re-
present an esker 0 varve transition:
a) Basal plarar and cross-bedded coarse sand and

“"gravel (Fzzies C)

b) Massive to bedded,-poorly sorted medium to
coarse said (Facies D) <:

c) Cross-lar :nated fine sands and sﬁlts exhibi--
ting tyr A and B climbing ripples (Facies E)

d) Upper r! thmites consisting of Sandy silt and
clay cot :lets (facies G) which érade to dis-
tal silty éléy couplets (Facies H).

Although eskersldeposited in water show rapid down-
stream transitions into fine-gréined lacustrine facies
(Eyles and Mia.l, 1984), well defined complete sedimen-
tary successicas are not always visible. Ripple cross-
lamingtions_occur relatively frequently as part of a
' subggﬁeous fan, whereas there is usually an absence of a
well defined foreset slope which makes.it difficult to
precisely define true bottomset and topsets. However,
Gustavson (1¢75) noted that some.prodelta slope deposits

-



may .consist larggly of fine sands and silts deposited as
sequences of ripple-drift overlain by draped laminati;ns,
and Jopiiﬁg and Walker (1968) observed tha£ foreset-
bottomset beds can have a gentle inclination and transi-
tional character in which a clear distinction is not al-
ways apparent. '
Facies E is an important member of this succession
beczuse of its position in the tfaﬁsitiOn from proximal
bedload deposition to more distal suspension deposition.
This lithofacies consists primarily of type.A and type B
ripple-drift cross-laminations, as well as sinusoidal
laminations. These structures originate from densitf
underflows of sediment-laden meltwater transported over
the gently §lobi g subagueous fan surface during the
summer melt seaspn (Leckie and McCann, 1982). Thus,
large:amounts of\coarse to fine sedimeﬁt are transporteé
"onto the lake floor as fan-shaped deposits at the tunnel
mouth or in the form of esker ridges. The origin of
these forms may be explaihed as a function of the rate of
suspended load to Eed locad during sedimentation.fJopling
. " AV
Iand Walker, 1968). As the suspended load contributed
iﬂcreasingly to sedimentation, there was a change in the
ripple type from cross-laminations with stoss side ero-

sion, through cross-laminations with stoss side preser-

vation, to sinuscidal laminations. S

o
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’ »
Type A ripple-drift cross—-lamination (Jopling and

Walker, 1968) refiects deposition from suspension which
was pot-rapid'eqéughft? bury the grains moving on the
bed, andltherefore aid‘not preserve stoss-side lamina-
tions. These erosional-stoss climbing ripples are as-
sociated with higher.current velocities (Ashley et al.,
1982). : \/

. - Type B ripple-drift cross-laminations (Jopling and
Walker, 1968) represent conditions where bedload move-
ment and depgsition from suspension were equally impor-
tant in its formation. They.are referred to as deposi~
tional-stoss climbing ripples by Ashley et al., (1982)
which are produced by aggradation rates thatjare lafge
relative to ripple migration rates, and are associated
with lower current veloeities.

'sinusoidal laminations represent an end member in
which traction load is virtually absent, and suspended
load is dominant (Jopling and Walker, 1968). The struc-
tures produced are also known as draped laminations re-
sulting from conﬁinued féll—out of fine-grained sediment
from suspension after ripple migration ceases. |

There are very‘few scoured or erosional-surféces
between cosets of ri;ple cross—laminae, suggesting that
even’duri g acceleration of the currents where type A

overlies type B ripples, deposition rather than erosion

was taking place. .Sequences of climbing ripples overlain
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by clay layers (Plate 3)*ére probably the result of fe-
peated flow events in one season and are not &onsidered
to be annual depoL@ts. Because turbidit§ currents are
frequently the result of a more or lgss continuous, al-
thoﬁgh pulsating density underflow, sequences of Facies
E may show intgrmittent influx of coarser sedimerit, fo%z//
lowed by a succession of sedimentary structures indi- (
cating a gradual deceleration, resulting in the deposi-
tion of fines between coarser layers. However, since
the de?osits originated from glacier;fed streams, it is
possible that the cyclicity is seasonal in certain sec-
tions, with the coarser units accumulating during periods
of high discharge during late spring and summer. Whether
seasonal or not, alternating cosets generally reveal
fluctuations in flow due to weather conditions during the

,

ablation season (Shaw, 1975).

Palaeocurrent directions determined from cross-bed-
ding and ripple-drift cross-laminations show a genéral
divergent flow pattern (Figure 2). The broad relatively
flat basin floor provided an ideal environment 6f depo-
sition with few topégraphic constrictions, except in the
southwestern part of the basin. Several palaeocurrent
measurements towards the northwest are approximately
parallel to many esker ridgés, showing that the general
direction of ice retreat waé also parallel to glacial

striae in the basin.,
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Subaqueous outwash sedLments were dep051ted direc-
tly on the lake floor and ware not built over buried,
stagnant ice. No evidence >f ice-cored esker ridges or
collabse structures was observed in stratigraphic sec-

tions, although kettle-lakes are associated with ice-

i

‘contact deltas and esker-deslta complexes along the

periphery of the drainage basin. .

The Glacioclacustrine Phase
Where subaqueous outwash sediments are associated
with lacustrine facies, *the transition between these two

environments is a gradua one. This may be seen in sec-

tions where eskerine de- »sits can be traced vertically

into glaciolacustrine r -thmites. A characteristic end
member of this trend is Facies G. This lithofacies is
interpreted as a dista! fan sediment deposited from
waning high sédiment cc icentration flows originating
from a subglacial tunnéL; Facies‘G separates the clim-
bing ripples of Facies E from‘the,typically distal la-
custrine rhythmites of ggcies H (Sections 11, 16, 22, 24,-
28 and 40). It is alébrfound at many other sites under-
iying Facies H and has been interpreted as proximal
rhythmites. ’

- However, in Sectzons 19 and 20, Facies G is found
interbedded between r=latively thick deposits of silty

clay distal rhythmites. This is accompanied by an
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increase ?ﬁ grain size in the silf_layer, a changé in ,
the dominant sedimentary structures and a significant
increase in the thickness of the couplets, from 10 cm-
20 cm to 3 m (Plate 16). : .\\\

This comparatively sudden upward increase in thick-
ness can either be caused by é; ice readvance or by an
increase in the. rate of retreat (Agterberg and Banerijee,
1969). ,However,- neither of these models takes into ac-
count the effects of a change in direction of meltwater
discharge issuing from a subglacia(rconduit. This chAnge‘
in flow direction causes a lateral shift of lithofacies .
which can éccount for a temporary-reyersal in the upward-
thinning trend, until the predominant flow direction

: .
resumes. Thick sequences of climbing ripples record pa-
laeocurrent directions derived from type B ripples con-
sisting of greater than 90% silt with a few percent each
of sand and ciay. Hg;rison (1975) optained similar gra-
nulometric results from this type of ripple in glacio-
lacustrine sediments. However, as type A and sihusoidgl-

. /
laminations are also present, it can be inferred that a

gradual increase’in the ratio of suspended load to bed-
load in the downcurrent direction-played an important

role in sedimentétion. During construction of gubaque-
ous fans, sites of depbsition are likely to shift rapi-
dly and often (Ashley, 1975). Therefore, it seems impro-

bable‘that late-glacial oscillations of the retreating



PLATE 16. Proximal rhythmite of Facies G appro-
ximately 70 c¢m thick.
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ice shee£ are responsible for the occurrence of Facie; G
between more distal depo§its} because as discussed ear-
lier, there is no evidence of the lacustrine sediments
being overriden by ice.-

The change from thick ;andy silt proximal rhythmites
(Facies G) to thinner distal lake rhythmites (Facies H)
is a gradual one, and as noted by Smith and Ashley {1985)
in lakes where the principal solurce of sediment is gla-
cial meltwater, bottom deposits thin and fine from pro-
ximai to distal portions of the basin. .

Copsidering the large amount of sediment involved
in lake-wide deposition of each couplet of Facies H, the
consistent repetition of sedimentological processes in
thiqk sequences (up to 24 m, Sections 12, 13, 17) is .
best explained by thé& annual climatic cycle. Although
the annual nature of the Glacial Lake Richardsom rhyth-
mites haé not been proven conclusively, it seems’ likely
that the couplets are varves. Varves are rhythmically.
layered sediments deposited in glacial lakes; a single

p
varve is a couplet composed of two distinct layefs: a
summer silt unit and a winter clay unit, each varve fe-
presenting one year of deposition (De Geer, 18912). Each
couplet represents seasonal variation in melting and is

the result of two separate sedimentary processes.

Turbidity currents (sediment flows in which the
grains are suspended by turbulence, Middleton and

Hampton, 1973; Lowe, 1979}, are generally accepted as

—
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the principal depoéitionai mgchaniSm for the relatively
coargse-grained current-bedded summer layers whereés the
clay-rich winter 1ayérs'a§e deposited by fallout from
suspeﬁsion when most currents cease to flow (Kﬁenen, .
1951; Banérjee, 1973). These turbidity currents may be
the product of a continuous flow.(sgveral days to weeks)’
or shorter, sporadic pulses related to short-~term cli-
matic oscillations (hours), leading to high mé;twater
discharge. These cycles may also be génerated by a.
variety of processes associated with an ice front, i.e.,
calving, a sudden change in flow direction of meltwater,
a glacial burst or slumpiné. Lambert.ana Hsii (1979) de-
monstrated that graded lﬁminae of silt aﬁd clay‘are not
necessarily deposits of annual cycles, however, the scale
of the sediments with which they worked cannot compare
to that pf the present study. ‘

In the glacial environment, turbidite bedding can
result from a continuoGs undercurrent. This may f£luc-
tuate during the melt seasoﬁ to produce the alternations
of fine and coarée—grai&ed laminae observed in the sum-
mer layers of pr;ximal (baéal) varves (Shaw, 1975).
Short pauses in the density underflow currents *permit-
ted fines to settle out of suspenéi;n forming thin gra-
ded beds. The proximal summer layers are composed of
discrete horizontal laminations of varying grain size

and thickness (Plate 5). This multilaminated texture is
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thought to'be the result of these intermittent lake-
bottom flows whose greatest influence is felt near
their point of origin, that is close to the glacial
source.

According to Smith and .Ashley (1985{, the thick-
ness of the silt layer depends upon the effectiveness
of the sediment dispe%sal mechanisms, particularly
underflows. .Bottom tdggidity currents may flow for
several kilometres, depositing a éraded bed of sand
and silt, and represent tﬁe major mechanism for sedi-
ment distribution (Qu1g1ey,‘1980) Deposité which
accumulate from underflow5<f?€ more.commonlY-fo;ﬁd in
topographic lows of the lake basin where they are
thickest. However, as the basin depreSsions were
slowly fllled, the turbidity currents travelled fur-
ther. west over a more gentle sloplng lake bottom
Some turbidity currents have been known to flow up-
slope 4OQ m in: elevation over a distance of-up to
40 km (Damuth et al., 1979, p. 825). However, even-
tually they decelerate and are stopped by a rising lake
floor at the distal end of the basin or on steeper
sloping sides where the momentum of the underflows is
dlSSlpated (Kenney and Chan, 1972; Pickrill and Irwin,
1983). Fq; this reason, varves are absent on‘topqgra-
phic highs. Their absence in the southern, more ele-

vated areas of the basin may also be a function of the
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energy level of the énvi:onment of depositién. This
area reméined largely an ice p;;ximal environment
where marginal 1ékes persisted throughout most of the
stages of ice retreat. .Locélly, washed till and gla-
ciofluvial esker systems attest to an environment.
where most of the fine-grained outwash wa? transpor-
ted out of this area, into the western and‘cenéral
regions of the bagin. The latter region represented
a more open 1acustrin¢ phase where deposition occurred
iﬁ a more tranguil environment.

Each varve couplet Qas completed by the deposi-
tioﬁ of a clay unit from suspension when continuocus
underflows ceased during the winter months. During

this period, the clay layer accumulated gradually

from the suspended fine silts and clays dispersed

3

throughout the lake by overflow and interflow cur-
rents. interflou§ occurred during the melt season
when the densitie§ of mel%ﬁater discharging into the
lake were less than the maximum lake-water density,
but greater than the minimum lake-water density
(Gustavson, 1975). Distal areas may alsc have been
supplied by surface spreading of overflows which gra-
dually mixed with lake~water.. - Therefore, the thick-—~
ness of the clay layer is essentially a function of

settling time and basin depth.



Any inflowing water during the winter would be
comparatively deficient in sediments, and conseguen-
tly its density would be less than that of the lake
waters. This difference produces overflows and inter-
flows whose gffect upon slow settling of clay parti-
cles deeper in the water columnvis ﬁinimal. However,
recent studies by Grosvenor et al., (1985) show that
bottom-flowing curren£s may persist throughout most
of the winter, intermittently depositing sands during
a brief period of higher flow. If the enviropment.of
deposition remains undisturbed the clay layé itself
will show‘evidence of an upward-fining trepd (Ashléy,
1975). Shaw (1977) noted occasional sand partings in
the clax‘layers of varves and attributed these fea-
tureslto slope failure at a delta front as a result
of oversteepening. Thin sand laminae in the winter
layer of varves from the study area may have origina-
ted from a similar process. Similarly, sediments may
have slid or slumbed do&n subaqueous ﬁan slopés pro-
.ducing the same effect.

Slumping of a metastable delta front which has
become toc steep to support itself can,occur at any

.—‘,\_"

time. This process may create accumflations at the

foot of the delta slope as slump mou s which may be

. . . \ .
misinterpreted as evidence of l1ce-co ct in a gla-

{

ciolacustrine environment (Leckie and McSann, 1982,

Fig. 6).
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Occasionally, diamictic varves (Banerjee, 1973)
are present,-although they were observed only at the
base of Section 29. They consist of a poorly sorted
silty diamicton with numerous granules to small cob-
bles which are covefed by draped laminations of the *
same material (Plate 17).- Thef differifrom Facies B
in that they show evidence of internal laminations
and flow structures. These coarser uﬁits grade up to
regular winter clay layers, and are believed to be
deposited by a combination of dense mudflow slurry,
high density turbid¥ty cﬁrrents.and possibly ‘ice-
rafting.

Although boundaries separating clay layers from
overlying silt layers are generally sharp, irregular
erosional contach may also occur due to relatively
powerful and erosive early sp;ing turbidity currents
of diverse origin.

According to Shaw (1977), where the glacial re-
treat rate is high compared to the rate of sedimenta-
tion, varved silts and clays are expected to dominate
the succession. This.phenomenon is most noticeable
in the‘central part of the basin where 24 m sequences
composed entirely of glaciolacu;trine rhythmites;are
located (Sections 12 and 13). The upward decrease in
thickness of these rhythmites is attributed to depo-

sition in increasingly distal positions as the ice

N



PLATE 17. Diamictic varve showing poorly sorted
nature of the summer layer.
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front retreated. This trend is characteristic of
classica; glacial lake sediments deposited during ice
retreat (Shaw, 1977). Although Agterberg and Banerjee’
{1969) concluded that thickness of varves decreéses-
exponentially upwards in a section, it was not possi-'
ble to determine whether this trend applies to the
varves of Glacial Lake Richardson.

Soft sediment deformation, occurring in several
sections from the study area, is reiatively common in
Pleistocene varved clays. Two forms of contorted
bedding'are found associated with Facies H: convolute
zones which are bounded above and below.by undistur-
bed bedding (Plate 8), and diapirs which‘deform sur-
rounding horizontal rhythmites (Plate 8).I These
structuées could have resulted from either overriding
of élaciers, overriding turbidity currents or postde-
positional movement during compaction, Pettijohn and
Potter (1964, Plate 107B) attributed décollement
structures in overturned folds to thru;t of over~
riding glaciers, however, no such.features were ob-
served. Harrison (1975) suggested that convolute bed-
ding can result from overriding turbidiﬁy currents
which would likely erode ﬁhe tops of the deformed
zones, and\Morgenstern (1967) noted that subagueous
slumping can occur on lake bottom slopes as low as 1°,

but the deformations in Facies H do not appear to have
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undergone any erosion. They are also not the result

of slumping due to buried ice masses, a widespread

feature in glaciolacustrine sediments (Reineck and

TN

Singh, 1980). These deformation structures aE§ more
,likely to have formed in response to Qifferential
downward pressure exerted by the weight of overlying
sediments (vertical loading). éompaction and de-
watering of o&ersaturated sediments may result in di-
apirs and mass movement down very gentle_ slopes be-
tween horizontally bedded deposits (Banerjee and
Mchnéld, 1975; Rust, 1977).

‘DfopStones'are a second feature common to Facies
. H. Where coarser grains are present in Qhaé are
usually fine-grained sediﬁents, more than one source
maf have contributed (Hooper, 1975). As it is highly
imprbbable that these clasts, rangihq up to 1.5 m in -
diameter, were transported by'currént action, it
' seems likely ;pat they are ice-rafted debris and pro-
viae evidence for floating ice. Icebergs and floes
can transport material iﬁzahantity over great dis-
tances and on melting, deposit isolated stones to till
(Haéland gE-g;,, 1966; Anderson et al., 1980; Drewry
and Cod@er, 1981; Keys and Williams, 1984). The most
gommon top and bottom contact associated with drop;
stones found in Facies H is bending (Thomas and

Connell, 1985, Fig. Z), where the varves are simply
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downfolded and conformable with the base of the clast.

Ovenshing (1970) observed that sediments within ice-
bergs are released continuously from the submerged
part as it melts whi%g drifting. Séé?ments above the
=,
waterline may leave the  iceberg by tilting or over-
turnidg of the iceberg, mudflow and slumping, and by
meltwater streams. B >
More rarély, microfaulting of the varves'wa;‘ob—

served. TIE is believed that these normal faults are
the expression of a readjustment'within'thg section
(Smith, 1959), formed as a result of slumping along a
riverbank undergoing erosion, and are in no way re-
lated to melting of buried ice. |

. Varve deposition of the glaciolacustrfne phase
persisfed throughout most of the various stages of
Glacial Lake Richardson. Figure 6 summarizes the
principal periods of lake evolution, shéwing the re-
lationship between deltas and proximity to the ice
front, as well as between sedimentary facies and the .
relative extent of the proglacial lake at the time of
deposition. Figqure 7 illustrates the geographic ex-
tent of seven consecutive phases of Glacial Lake
Richardson. Although it is not the purpose of this
thesis to g;ve a detalled description of the history
of the lake, this synthesis of its development

through time facilitates the interpretation of stra-

tigraphic successions in the study area. Each major

-

L



97

(2TeOS 03 30N)
.COmUuszHm aje] [eToe(o Jo“uorinyoas butinp o

uoTjejuswIpasS SUTIISNORTOTORTD JO Topow saToel *9 FUNOIS
H'D seded [O] 3'0'n seided D a sedes [oF VAR TIELY m_
or NOILDIS
03} Yum
o .J..\- L T 2 NG 15 . e« 931 Ylim }9FJUOD ul ON |+.. 1D%IU0T (D8NP Ul -
\.\rn‘l'-’lrr;l- A . A "
é‘n!ﬂl.ﬁ:ﬂﬂﬂﬂnwy ejusnbes wxE|
é +«— osuyd o:.:n_._ua_ usdo o.o-.‘lan.nc_u:E 921 Ul JInQ  SERQ N
‘)‘ A 11 NOILD3S . - ’
H3I1DVID ....-\._-.I..Mr '
\ o O o
MNOILD3S
"/
' Wit
R,
wgol 'Ll LVVYVV\‘VV b.,rrr 204038
w ogL'9l ’ R
w Q,N 51 ! : 2y
/ worZ’yl 7 N

. . w09z ‘€1
w SEE'TL
NS Wol) eI 8D
Buimol|o) pelIsodap SIAJRA '§
feuun) 821 WoiI)
Sumngs ysemino snoenbuqng ‘g

1se woTs 't

1910e|B yiwauaqg
paiisodap 1) [RIMIV) L




98

¥ o ) 1 °
118 h'"'\...__._\_,.\/—_.»«/"‘114
Te

o
\bq=
88~
- o<
- " -—
\
Y = \
‘\
f Ice margin 871
»- Deltas
Glacial lake
oo Lake outlets
. Sections undergoing sedimentation
0 50
e ———
km
1 ] ]

-

IGURE 7. Evolution of Glacial Lake Richardson during

deglaciation (modified from Mercier, 1986)
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phase was controlled by successively lower outlets,
All seven phases can be related to perched deltas in
or just beyond the basin of the Richardson and Rae
Rivers, indicating that each lake level was stable
for some unknown length of time. It should be'rémeﬁ-
bered that a number of other different phases p?oba—
bly existed between those indicated in Figures 6 and

7, since the retreat of the glacier was a continuous

process.
r
Section 10 (Appendix D-10) is representative of

the many deltas built at the'various-stages of Glacial
'Lake Richardson. This delta was built in an environ-
ment wheré'there was an absence of tides, effective
waves énd longshore currents. which commonl? redistri,
bute deltaic sediments. As a surficial deposit, it is
fan shaped, with its apex toﬁtﬁe south. Many of the
glqpiolacustrine deltas are of the lobate type, with
an arcuate front. This form is typical 6f delfas cgm-
posed of &earse material, whereas digitate forms such
- as the Mississippi delta tend to be composed of finer-
grained sediments (Sellgy, 1970; Miall, 1984).

Most commbnly, topsets (Unit 5, Appendix D-10)
consist of crudely plénar beds. They are fluvial sedi-
ments w@ieh\represent braided stfeam deposits. This
interpretation is based oﬁ the presence of braided pa-
laeochannels preserved on the subaerial surface of the

delta.
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Foreset bedding (Units 2, 3, 4, Appendix D-10)-
in the lo&er and""ddle sections of the delta consist
of subparallel b;::}of sand and gravel, showing con-
sistent aips in théborder of 23° to 30°, typical of
c¢lassic Gilbert type deltas (Shaw, 1977). The absence
of ripples and the coarse nature of the sediment sug-
gest the rapid deposifion of a large amount of sedi-
ment over a short period of time (Cohen, 1979). This
seems likely as braided streams with large bedloads
tend to occur in arctic environments where precipita-
tion is erratic and vegetation sparse (Miall, 1984).
The contact between topset and foreset beds in gla-
cioclacustrine deltas is erosional and could corres-
pond to the elevation of the lake into which the
delta was built (Gustavson et al.;, 1975, p. 269).

Delta growth is influenced by -the position of
distributary mouths along the delta front. Each dis-
tributary supplies a lobe-shaped mass of dediment to
the delta front and lake bottom. As the position of
the distributaries changes, the lakeward progradation
of the delta front proceeds by overlapping lobes of
sediment. This process is responsible for the growth
of arcuate-front glaciolacustrine deltas in modern
and Pleistocene glacial lakes (Gustavson et al.,-

1975).  °
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The distribution of the sediments is the result
of a decrease in current velocity as sediment-laden
fluvia} waters enter a standing body of water. This’
decrease in velocity is accompanied by a decrease in
the transport capagity of the-water which consequen-
tly deposits its sediment load (Reineck and Singh,
1980). This depositionél ﬁrocess is responsible for
the coarsening upward sequence resulting from the -
progradation of the delta (Coleman and Prior, 1981).
The streams and rivers originating from the initially
deglaciated areas (highlands surrounding the basin)
are not likely to have been major sediment supplying
agents. The large volume of glaciolacustrine sedi-
ments and palaeocurrent data suggest that the bulk of
the sedimentation took place when glacial ice~QE§P-
pied the eastern part of the drainage basin. Thié
aésumption is also based on the relatively small num-
ser of deltas and their limited extent in coﬁparison
to the length of the lake shore bordered by land.
Ahother indication is the absence of palaeocurrent
data and more complex sedimentary patterns which
would be expected if streams and rivers draining ice-
free terrain were primary sources of sediment. These
streams probably entered the lake as interflows,

overflows and minor underflows.
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Figure 8 illustrates the associations between
the glacial, glaciofluvial and glaciolacustrine pha-
ses which may have existed at almost any stage in the

evolution of Glacial Lake Richardson.
. -:h
5.4 The-Marine Phase
a) The Marine Incursion
The continuous eastward retreat of the ice front

permitted lake levels to fail, as lower glacial lake .
Qutlets were freed of ice. Shortly after Phase 7

. (Figure 7, T7), the ice front retreated still further
east and eventually permitted the incursion of the
sea to its maximum elevation, which marked the end of
the Glacial Lake Richardson sequence.”'It is believed
that just prior.to this stage, tﬁe glacial lake and
the sea were approximately at the same elevation, be-
cause the marine limit was established at 170 m a.s.l.
in the Coppermine River valley. However, this region’
‘has experienced considefable differentiél isostatic
uplift, and consequently, a single relatively stable
water plane at a certain point in time can in fact

be associated with several differenﬁve;gvations over
a wide area. For example, the marine limit at 170 m
a.s.l. .in the Coppermine area decreases- to approxima-
tely 160 m a.s.1. near the mouth of the Rae River,
and to 150 m a.s.l. in the northwestern part of the

basin of the Richardson and Rae Rivers. It is known
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to be approaching the present-day sea level to the
west of Croker River (Figure 1). Because of this,
there is always some degree of uncertainty in chro-

nostratigraphic correlation of features over wide

‘areas on the basis of elevation alone. To further

complicate matters, the marine limit cannot always be

- directly observed in the field and must be extrapo-.

‘lated in certain areas. However, this does not pose

Ll

any serious problems in the present Study..

The relatively sudden marine incursion is re-

flected in the stratigraphic record by two features.

The first is the presence of a thick bed ofiFacies B
in Sections 30 and 31, lying between the varves of
Facies H and the massive silts of Facies I. This de-
posit is interpreted as a flow till which may have
orlglnated from the ice front or a large iceberg
during a possible break-up of the ice margin or ac-
celerated melting and retreat of the glacier fol-
lowing the invasion‘bf the sea. A discontinuous gra-
vel layer at the base of Facies I (Section 35) may
also have resulted from a similar process.

Secondly, the marine incursion is characterized

by an abrupt change in the mechanism of sedimentation

- which resulted in the subsequent deposition of a li-

thofacies totally dissimilar from that which was de-’

posited in the glaciolacustrine environment. This
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can be seen in Sections 20, 22, 25; 27, 29, 35 and 40,
‘éhd'in~Pla§e 9 where the structureless fossiliferous
marine silts of Facies I overlie the glacielacustrine
rhythmites of Facies” H.

When the marine waters entered the basin and
mixed with the freshwater of Glacial Lake Richarason,
flocculation occurred. Flocculation is the process
by which small clay particles form aggregates known
as flocs or floccules (Kraﬂck, 1981). The latter con-
tain grains of all sizes from the suspension and con-
sisﬁently lie within the silt range (4 @ to 8 @).
Silt and flocculated clays (whicﬁ behave more like
silt-sized particles) settled together to form mas-
sive silt deposits (Torrance, 1983).

Locat (1982) reﬁorted that flbccﬁlation occurs
at salinities above 0.5 g/1 (0.5 ppt). Previous stu-
diés (Kranck, 1975; Syvitski, 1978) have shown that
in salinities above 3 ppt, fine particles in a sus-
pension'are unstable and flocculate readily upon con-
tact, and that salt promotes flocculation. Kranck
(1975) noted that sediments in suspension that are
thoroughly floccu}ated will contain particles that
have all the same settling speed. As smaller parti-
cles have a large relative surface area, they tend to
flocculate first and most readily. Larger grains ‘

(silt-sized) are not sufficiently surface-active to
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flocculate with other grains, but will adhere to
flocs composed of many smaller particles. Kranck
(ibid) concluded that_particle size rather than mine-
ralogf becomes a controlling factor in flocculation,
although this claim has been disputed (Whitehouse

et al., 1960).

In addition to inorganic floccules, organic ag-
glomerate§ are relatively common in some marine envi-
ronments. Agglomeration of particles by the feeding
of orgénisms in the form of fecal pellets can répre—
sent a major source of sediment‘aggregates (Reineck
and Singh, 1980). This process is also“responsible
for the large amount of clay-sized particles depo-
sited in summer laygrs of a glacier-fed lake (Smith
and Syvitski, 1982). Due to mixing of seawater and
river water, precipitation and flocculation of fine
colloidal .organic particles are'aléo likely to take
place (Sholkovitz, 1976) and can contribute-siéqifi—
cantly to sedimentation rates.

Studies undertaken at Hodé—Sound, B.C. (Syvitski,
1978) show that low-salt flocculation of clay parti-
cles begins within the first 5 m where mixing of
freshwater overflows and saltwater proceeds by diffu-
sion and turbulence. Below this zone, bioloéical acti-
vity modifies the clay flogs by;ingestion, a process
vhich is responsible for some types of mottling com-

monly associated with marine clays (Quigley, 1980).
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. The salt dissolved in normal seawater (salinity
of 35 ppt) giﬁes it a very high density, 1028 g/1
(Kuenen, 1951). Bearing in mind that near normal sa-
linities of 35_ppt are to be expected in .the deepest
part of the sea, anduthat suspeﬁded sediment concen-
trations in meltwater streams are probably 1 to 4 a/l
and rarely exceed 12 g/1 (Gilbert, personal comm.,
1984), then all freshwéter interflows and underflows
should rise to the surface after entering the sea at
the ice front. Coﬁéequently, bottom turbidity cur-
rents appear to be a remote possibility, even under
brackish water conditions, since abnormally high sedi-
ment concentrations (greater than 40 g/l, Gilbert
(1983)) are required to overcome the buoyant effect
of salinity in normal marine waters. However, den-
sity underflows may easily occur if they develop from
an accelerating submarine slump (or simiiar procesé)
already containing saline pore fluid (Quigley, 1980).
Figure 9 shows the relationship between salinity, and
suspended sediment concentrations and water density.
It can be observed that even in dilute seawater (5 to -
10 ppt), an above'average sediment load is regquired
to generate an underflow originating directly from

glacier meltwater.
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In the present study, a rapid desintegration of
the ice sheet is inferred immediately following the
marine incursion,(St-Onge, personal comm., 1988), as
there is little.evidence that the glacier had ; sig-
nificant influence on marine sedimentation. Buoyancy
exerted by the sea is known to reduce friction at the
base of ice sheets and can cause rapid thinniné
(Edwards, 1978). Thus, it is believed that the ice
sheet or possibly an ice shelf over Coronation Gulf
receded steadily south towards the mainland where a
number of ice-contact glaciomarine deltas record the
limit of marine submergence along the coast to the
east of the study areé. -

This model differs from more conventional gla-
ciomarine sedimentation models due to the absence.of
glaciomariné deposits, which is interpreted as an in-
-dication of a rapidly thinning and floating ice mar-
gin, or possibly a desintegration of the ice sheet
itself along shear planes and crevasses due to the

buoyancy of seawater.

Most published studies on modern glaciomarine

" sediments deal specifically with fjord en?@ronments

(Powell, 1981; Gilbert, 1982; Mode et al., 1983),
although some of thF sedimentary processes discussed
by these authors may apply to most ice-marginal ma-

rine environments. In general, proximal glaciomarine
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zones are characterized by lodgement and meltout till
where ice is grounded, and by sand and gravel deposi-
ted as ice-contact fans by subglacial meltwater '-IN\L

G
streams (De Geer, 1912; Rust and RomanelIi, 1975;

Mode et al., 1983). The cﬁanging posifion; of the
ice margin and meltwater tunnels produces non-corre-
lative but repetitive patterns at various sites along
the ice front. Underflows may Be generated if sedi-
ment loads are sufficiently high; they carry away ”
sand and form thin laminae within mud which is depo-
sited during periods of low stream-discharge when un-
derflows are suppresse&. Domack (1984) reported gla-
ciomarine rhythmites of silty sand and pébbly mud,
resulting from turbidity currents, flocculation and
ice rafting, and attributed these to seasonal fluctu-
ations of meltwater discharge. However, the environ-
ment of deposition was a brackish submarine fan in
water less than 10 m deep. '

-Stevens (i985) stated that glaciomarine ‘varves
may develop in ice—proximal environments if density
stratificatiqn occurs which delays flocculation and
allows a greater separation of silt”and clay frac-
tions. The meltwater flowing out from a submarine
front forms a fresh to brackish surfacé layer where

suspendﬁﬁ sediments eventually begin to settle as the

~meltwater spreads out and its velocity decreases.

-
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Meanwhile, flocculation takes place as the salinity

in the lower part of the surface. layer increases to
0.5 to 3.0 ppt. |

‘ Iﬁ the outer part of the proximal zone, massive
sediment consisting of silt and very fine sand ac-
cumulates, although the interaction of tidal currents
and sediment-laden plumes of freshwater which floc-
culate on meeting more saline water, produée finely
laminated and graded silty mud and sand lithofacies
(Mode et al., 1983; Miall, 1984).

The distal zone which is characterized by mas-
sive sandy silts and clays with occasional isolated
dropstones, is supplied by surface currents (Kuenen,
1951). ' ’

A number of factors have been proposed for the
absence of varved sediments in mést glaciomarine en-
vironments: the rapid settling of flocculated muds
and the density contrast between marine waters and
inflowing meltwater which leads to ‘the suppression of
density current underflows in thé marine enviéonment
(Gilbert, 1983). Unlike the lacustrine environments,
more open marine systems.may be affected by various
types of curfents which may remove clays (Powell,
1981}, so seasonal influence is greatly reduced. Fur-
thermpre, bioturbation may also play an impo{}ant
role in destroying any primary bedding in marine sedi-

ments (Gilbert, 1982).
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b) The Marine Regression

* The marine limit of 150 m-170 m a.s.l. in the
basin of the Richardson and Rae Rivkrs results from
the maximum subsidence of the earth's crust under ' the
weight of the continental ice sheet. During ahd fol-
lowing ice retreat, isostatic uplift caused the gra-
dual regression of sea level. During this'period,
massive silts accumulated over the glaciolacustrine.
rhythmites of Facies H. Under these congitions, it
is oolieved that saline woters penetrated the already
oversaturated lacustrine varves by.diffusion, The
oversaturated nature of clay layers of the varves de-
creased their impermeability, permitting a relatively
free CJrculatlon of water (Torrance, 1983). Although
dlfoSlon through such sediments is probably a slow
process, it canwpenetrato downward up to 4 m deep over
several.hundred yoars during the prolonged marine sub-
mergence. The fact that*these sediments remain salty
to this day following their emergence indicates that
little or no 1each1ng has occurred, since the major—
ity of these sediments remalntfrozen throughout the
year due to the presence of petmafrost. It is unlikely
that the salt content is original, ile., deposited
simultaneously with the varvos, as the rock types in

the region are not particularly abundant in halite or

gypsum.
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The spatial distribution and thickness of Facies

I are a function of the relative length of

mentation took place in the basin. At the
the marine incursion, isostatic uplift was

tively rapid (see below), resulting in the
{

time sedi-
- ff‘
time of .
7

compara-

initial

.emergence of the more elevated regions following a

brief period of submergence during which little sedi-

mentation occurred over a short period of time. Con-

versely, the low-lying areas were submerged for.a

longer period of time and are characterized by.thi-

cker accumulations of mariné sediments, as seen in

-Figqure 4.

The marine regression is also responsible for

the coarsening upward sequence preserved in many

sites. Sections 22, 25, 27, 29, 31, 35, 36, 37 and

38 show a typical off-lap sequence in which deep-

water silts grade upward into littoral or deltaic

sands. Falling sea level results in waves reworking

older marine deposits exposed on topographic highs,

with sediments redeposited in the basin, a process

observed today in Arctic fjords (Piper et al., 1983).

rd

Sand is retained in coastal zones as regression pro-

ceeds, resulting in coarser-grained sediments being

deposited in the littoral zone. Occasional severe

storms may concentrate gravel and cobbles, and leave

them stranded as raised beaches.
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Most commonly, déep-water silts which settled
out of suspension in a relatively tranquil environ-
ment, grade into silty.sand, and then.either massive
sand or fﬁythmically bedded stf%ta {Facies F). Depo-
sited in a shallow water environment, the élterﬁating'
layers of sandy silt and silty sand may represént
cycléé'of discharge (related to drainage of the ba-
sin) and sediméntation occurring in response to an-
nual climatic cycles or to short-term weather caﬁnges-
within the annual cycle. Kerr (1984b! described a
lenticular, wavy and flaser bedded‘séquencé overlyiné
these rhythmites, which are characteristically found
in tidal environmentg.(Reineck and Singh; 1980) . How-

.
ever, poorly laminated to massivé sand, interpreted
as littoral deposits (Facies F}, are more widespread.
Their high degree of sorting could be representative
of a constant energy level over a relatively long
period, common to the littoral environment (Folk; g
1980). 1In opposition to this, a diverging view is
presented by the abséﬁée of beaches or wave-cut ben~/'
ches which suggest that wave activity was probably'
minimal in the poééglaciél'sea, Although the degree
of softing is diagnostic of the energy 1evelvof wavés‘-
(Conybeare, 1979}, it is possible tﬁét beaches were -

not developed as they are frequently associated with

periods of relative stillstand (Conybeare, 1979).
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Where rivgfs enter the sea, coarse-qgrained sedi-
ment is depoéited near their mouths, and fine suspen;
ded sediments are carried out away from the mouth and .
deposited relatively slowly from suspension. In this
environﬁent, deltas are formed as seen‘in Sections 20
and 23 (Appendices D-20 and D-23}. Unfortunately,
both stratigraphic sequences are poorly exposed, ma-
king the following.interpretation only tentative. 1In
Sectio: 20, the gradational contact between Facies I
and Unit 1 is interpreted as bottomset beds, although
stratification is not discernible due to fhe fine-
grained nature of the sediment. The foresets diplat
22° powards the northeast. They are unconformably
overlain by trough croqg—bedding {topsets) which may
represent sahd-dominated.braided stream deposits
(Rust, 1978), or small scour and channel-fill fea-
tures (Reineck and Singh, 1980), where reverée gra-
ding may occur. In Section 23, the distinction be-~
tween bottomsé£ and foreget bedding is not clear.
Topset beds may represent a fluvial dominated tidal
environment which Bas been overlain by prograding

n
fluvial deposits and subsequently overlain and stabi-
lized by peat.
| During and following ice retreat, the coastal

region® rose with respect to sea level in respgnse to

isostatic adjustments. A number of stages in the
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postglacial marine regression have been identifieq on
the basis of deltas and sedimentary structures charac-
teristic of littoral environments. Althdugh regres-
sion was a continuous event, five major phases are -
particularly wg}l represented, corresponding to eleva-
tions of 110 ;; 90 m, 70" m, 45 m.énd 25 m a.s.l. (Fig-
ure 10).

The first stage at 110 m a.s.l. (Section 23) is
charactew®zed by a large delta which is actually a
series of poorly defined overlapping fans at 120 m,
130 m and 140 m a.s.l., which are believed to be a
single deitaic complex. However, the 110 m stage is
clearly mérk;d by an arcuate front meésuring 3 km
wide, while the delta attains 6 km in length, from
. its front to the apex at 140 m a.s.l. This delga con-
sists of sand and silt, and was found to be banééh of
micro and macroféssils. Its marine origin can only
be establiShed by.its altitude in the regional con-
text. Approximately.SO km to the east, Bruneau (l9§4)
mapped a comparable delta at 100 m a.s.l. in the

Coppermine River valley (Figure 10).

{f;
The second phase is marked by two deltas situa-
ted along tributaries of the Richardson and Rae Riv-
efé, ‘as well as a raised beach ridge, all occurring
at 90 m-a.s.l. Both deltas have their surfaces scar-

red by abandoned braided stream channels and neither

,



123

-uoTssoibsx suTiRW JO $IDEIS BATSSIIONS
pue 3ITWTI] SUTIBW 3L3 putmoys dew osrydeaboosboseled 0T TEAOI4

‘-o:onoa pesi|ey

reTh
LLRTL 0] -4
I's'ef WGET 00— ———
— 0t LY 88 WEy 00— ——-
° ‘I's'e w ol
- ‘I's'e w08 S
\\ e WOk ...
— \\J.\\. .. ‘I's'e W 0L1-051 -————-
R : NOILLVHNDIINOD INIBVA
- " \\..J
\.\.“...\... /
R N
..‘ulu.. \...Itl
— 5 2R
o
41N \ -
-
NOILYNOHOD LS .
— 89 ﬂl.......r..... . ..:;/
.-.l..- ..I. e -
R ..mmm././fﬁ.../
‘An’ e Y L
ll..l.ll.. )f . ..f.l. - -/
_— /l.l/ . /..\.. - P
b +» * )
8kl
i °)
—




124

appears to have any marine fossils. However, one of
the beach segments mapped by Mercier (1986) was found

to be fossiliferous (Macoma calcarea). These bivalves

provided an age of 10,300 * 240.yéars B.P. (GsSC -
3663}, and since some bivalves wére found in life po-
sition, it is believed that this date can be as;oci—
ated with a water plane at 90 m a.s.1l. (Mercier,
1986). The beéches consist of glaciofluvial material
which has been reworked, forming long narrow strand-

lines. They are the only beaches reported from the
étudy area. The rarity of raised beaéheé could re-
sult in part from extensive solifluction and cryotur-
bation of the surficial deposits which may have obli-
terated such features elsewhere.

The third marine stage is associated with two
deltas at 70 m a.s.1., @ne in the study area (Section
20), the other in the Coppermine River valley (Figure
10). Samplgf_taken from.Section 20 (Appendix D-20)
were found to contain both marine bivalves and micro-
fossils. Apart from this relatively small delta, no
éther‘evidence for this regressive phase was observed
.in the study area. However, in Section 25.(Appendix
D-25), fossils of Mya trﬁncata situa%éd at an alti-
tude of 73 m a.s.1. yielded an age of 9,430 * 110
years B.P. }GSC‘f 3941). Ugfortunately, it is not

possible to state with certéinty that these specimens

5;'\
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are at or near the sea level of their age, although
faunal assemblages and stratigraphic evidence suggest
that they represent a relatively shallow water envi--

ronment.

A fourth phase has been identifiéd at 45 m a.s.l.

o
based on the surficiel distribution of a widespread‘
littoral sand facies and stratigraphic evidence (Sec-

tion 31). Faunal evidence is indicative of shallow

sublittoral gnd littoralkeﬁvironments {cf. Palaeocen-
vironmental Recénstruction). This phase, or one clo-
sely associated to it, may be related to a delta in-
the Coppermine River valley located at 40 m a.s.l.
{Bruneau, 1§84)J .

Finally, a fifth phase establiéhed at 25 m a.s.l.
is charactérized by a succession of sedimentary struc- -
tures indicative 'of intertidal conditions in an estu-
arine environment (Kerr, 1984b). Driftwood‘iggliﬁ
sp.) recovered from these sediments was dated at
‘6,100 + 80 years B.P. (GSC - 4009) and is bélieved to
be at sea level of this age.

From the features described above, it is not pos-
sible to determine whether‘the retreat of the sea
from the study area was a gradual decline in sea le-
vel, or one or a series of relatively rapid falls

followed by periods of greater stability. However,

postglacial uplift curves can be used to approximate
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the rate of emergence, and thus permit a more accu-
rate interpretation of the marine regression. Post-
glacial uplift represents the vertical displacement
. of the crust following deglaciation and can be'esti—
-mated by add%ng a correction for eustatic changes in
sea level to the altitude of the marine limit
(Jelgersmae, 1966). Eustatic variations are simul-
taneous worldwide changes in sea 1éve1 (Walcopt, 1972,
p. 855). In the Canadian Arctic, corrections for
eustatic sea-level rise are between 0.15 m and 0.3 m/
100 years (Andrews, 1970).' Possible sources of er-
rors in this calculation include the measurements of
the elevations‘of the samples dated, environmental
interpretations af sites and errors in radiocarbon
dates themselves. |
In the Coronation Gulf region, there are few ab-

solute postglacial uplift values. Walcott (1972) es-
tablished an emergence curve for the Bathurst Inlet |
area (Figure 1), which indicates an average rate of
glaciocisostatic uplifg?of 2.5 m/100 years (Figure 11).
Andrews (1970), based on a mathematical model, calcu-
lated a mean rate of rebound of 2 m/100 years to

2.5 m)lOO'ygars for this same area. He also estima-
ted uplift rates of 3 m to 3.5 m/100 years at 8,000

years B.P., and 1.5 m/100 years at 6,000 years B.P.,
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FIGURE ll. Postglacial uplift curves for the
.Coronation Gulf area, N.W.T.(modificd
from Walcott, 1972).
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which are comparable to Walcott's values of 2.5 m/100
years at 8,000 years B.P. and 1.3 m/100 years at
6,000 years B.P.

Figure 11 illustrates the maximuh and minimum
- probable sea level positions for the Bathurst Inlet
area. The curve proposed by the present author for
the study area differs significantly from the uplift
curves in the Bathurst Inlet area because of differ-
‘ential isostatic Yebound. The marine limit near
Bathurst In}et approaches 200 m to 250 m a.s.l.,
whereas in the western part of the'Richardson and Rae
River basin, it attains only 150-170 m a.s.l. The
dashed curve (Figure 11) is based on four radiocarbon
dates of mariné bivalves. It is extrapolated to the
left of B and D as these two dates represent bivalvés
which probably lived in shallow waters and do not re-
present sea level at their age. Similarly., site C is
unlikely to have been at sea level 10,300 years ago.
The present author beliéves that these fessils (GScC -
3663) once lived in waters ten's of metres deep, as

Macoma calcarea is'a relatively deep water species,

not associated with littoral environments (cf. Palae-
cenvironmental Reconstruction). In addition, if the
curve were to pass through this point, the marine in-
cursion would be pushed further back into time to ap-
proximately 12,000 B.P., a date which is not compati-

ble with the present model of deglaciation for the

\

/.
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Coronation Gulf area. The average rate of uplift for
the study area is 1.4 m~1.6 m/100 years, which is in

accordance with the less important isostatic rebound ;

in .the western part of Coronation Gulf (ﬁiake, 19(§Lf

Palaeoenvironmental Reconstruction

A total bf 15 samples representing 6 stratiqgaf
phic éections (Appendices D-25, 20, 40, 31, 37, Bé)u
were found to contain both marine micro and macro-
fossils. These sections, located at elevations of

76 m, 70 m, 65 m, 42 m and 20 m a.s.l. respectively,

'~ are believed to be representative of the postglacial

. P
marine sedimentary record.

No species were recorded from the marine shore-

line during maximum inundation (150-170 m a.s.l.).

Although macrofossils have been noted up to 90 m
gls.l., microf;ssils appear to be absent above 76 m
a.s.l.

A rapid emerdénce during the Late Plei;tocene
Eould be responsible fér both the absence of fauna at
higher elevatiqps, as well as for the lack of shore-
line features indicating that long periods of time
with a constant sea level seem unlikely. The initial

marine environments following the incursion must have

been characterized by extreme environmental condi-

tions developed in the vicinity of the glacier front.
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Reduced salinities, ice movement, rapid sedimentation
and other adverse condltlons qre llkely to have im-

peded the colonlzatlon of theée waters, thus render-

ing the sediments barren of ﬁlfe (Mode EE al., 1983).
It ie hoped that the following analysis of the
marine fossils, i.e., foreminifers, ostracodes and
mollusks, will contribute to a better understanding
of Late Pleistocene and Holocehe'Arctic‘fauna, and
that this informatiop may. be used in future studies

to estimate ancient Arctic environmental conditions.

1) Foraminifera

A total of 33 foraminifera species have been
recorded in postglacial marine sediments from the ’
study area (Appendix E). Apart from Craig (1960)
who listed 7 foraminifera species outside of the
study area, no other investigation dealing w1th
Plelstocene fossils has been carried o6ut in the
region.

Based primarily on the distribution and rela-
tive abundance of different spec;es, three bio-

facies have been established (Table 1). This in-

terpretation is also supported by*lithological data

‘Since distinet granulometric trends exist in all of

the sections studied.

Pt



TABLE

SPECIES

1. Distribution

and abundance (%) of Foraminifera.

BIOFACIES

e |

SAMPLE

NUMBER

F1s

1

F7

Fi4 F12 F8

1

FYO F9

Fe

F3

F4 F3

F2

ELPHIDIUM ORBICULARE
€. CLAVATUM

€. WILLIAMSONI
€. BARTLETTI .

ELPHIDIUM SP,

BUCCELLA FRIGIDA -
PSEUDOPOLYMORPHINA  NOVANGLIAE
QUINOUELOCULINA 'STALKERI
SCUTULORIS TEGMINIS
CORNUSPIRA  [NVOLVENS
REOPHAX CURTUS

R. SCORPIURUS

ALVEOPHRAGMIUM CRASSIMARGO

A, cf. JEFFREYSI

HAPLOFRAGMOIDES SP.
HYPERAMMINA  SP,
CASSIDULINA RENIFORME

ISLANDIELL A
1. WORCROSS|
VIRGULINA
ELPHIDIELLA
ELPHIDIELLA
DENTALINA

HELENAE

LOEBLICHI |
GAOENL ANDICA
SP,

FROBISHERENSIS

0. ITTAI .

PYRGO WILLIAMSONS
QOLINA MELO
OOLINA SP.
FISSURINA

$h.
PARAFISSURINA  SP.

sp.
GRACIL LIMA
L. SEMILINEATA

POLYMORPHINA
LAGENA

TRILOCULINA TRIHEDRA

a0

<t

<1

<1

19

1

14

<1

AR

25

50‘-

12

<1

12

94 86

80 1"

1

10

57
28

-1

14

ae
“

Te
20
-1

77
1]

9

82 WO

kA

NUMBER OF SFPECIES

FORAMINIFERAL NUMBER

14

140 300 16

0

3 3 4

W0 3 WS

4

M7 193 Wy W N

2

T

4

3

.2
22

1
?

L) 1
192 2



e

132

Biofacies A

"Biofacies A, represented by samples F7., F13
and F15, is characterized by a relatively high spe-
cies diversity (29 species) and generally, a
greater numbér of specimens. The sediments asso-
ciated with this biofacies consist of clayey-silt
representing an off-shore lithofacies of the post-
glacial sea. Foraminifera and stratigraphic evi-
dence suggest thaﬁ deposition took place inucompa—
A@tively deep water (app;oximately'SO to 150 m in
depth) with near-normal marine conditions in the
central parts of the basin which reflect environ-,
ments far from ancient shorelines at‘their time of
deposition. This high divers{ty assemblage is pro-
babiy related to rapidly improving environmental
conditions in EarlylHolocene times following the
iﬁVaéion of the sea. No traiisition from an earlier
low diversity highly glacial fauna was observed. No
fossils were recorded in marine clay 1 m above the
glaciolécﬁétrine-marine contact, so it is possible
that no such early assemblage existed or iébmay
have been overlooked during the sampling process’

The characteristic species of this assemblage

are Cassidulina reniforme, Islandiella helenae, I.

norcrossi, Virgulina loeblichi and the presence of

215 other different species (Table 1)} which are

o



i’ 133

restricted to Biofacies A. Cassidulina reniforme

has been_reﬁorted as a typical species of a Pleis-
tocene gléciomarine fauna from North Norway (Héié
et al., 1984), as well as from Holocene glacio-
marine'deposits of Svalbard archipeiago (Nagy,
1984). Elverhdi et al., (1980) noted its presence
in Spitsbérgen from an area 1ying‘juif outside the
front‘of a grodnded glacier in water depth of about
50 m. Although C. reniforme is réstricted to dee-
per water environments in the present study, it was
found at all depths in the Gulf of St. Lawrence
(Rodrigues and Hooper, 1982a) and is associafed
with silty clay of variable depth in Frobisher Bay,
where it reflects present marine conditions
(Dowdeswell et al., 1985). The latter also noted a
decrease in its abundance in ice-proximal glacial
conditions. Nagy (1984) noted that C. reniforme
was a dominant species where bottom saliniéy was
around 33 ppt;.it is also indicative of a bottom-
water temperature of 3°C {(Rodrigues, personal comm.,
1985).

A second importaﬁt constituent of Biofacies A

is Islandiella helenae. This species is considered

to be esgentially an arctic species (Feyling-Hanssen

et al., 1976) and was noted in Pleistocene marine

deposits from Baffin Island (Feyling-Hanssen, 1976).

1
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It is essentially a deeper-water species which has.
been reported frém a number of various 10caiities:
it isiresent in Hudson Bay from 50 m to 230 m
depth (Leslie, 1965), in the Bering Sea in waters
100 m to 200 m deep (Anderson, 1963), and from
depths of 13 m to 223 m off Alaska, Canada and

- Greenland (Loeblich and Tappan, 1953). I. helenae
is also associated with silty clay of variable
depths iﬁ\Frobisﬁer Bay, reflecting present marine
conditions (Dowdeswell et al., 1985). Rodrigues
and Hooper (1982a) noted that it‘was a dominant-
species at 50 m to 200 m depth in the Gulf of St.
Lawrence, and was associated with salinities of

31 ppt to 34 ppt and water temperatures of - 2° to

4° c.

Islandiella norcrossi, also restricted to Bio-
facies A, is present in the Bering éea from depths
of 100 m to 200 m (Anderson, 1963), and is also an
abundant species in Hudson Bay at 100 m (Leslie,
1965) and a predominant species between 140-m and
150 m (Wagner, 1968). Rodrigues and Hooper (1982a)
found I. norcrossi to dominate at appfoximately
250 m deptﬁ in the Gulf 6f Sff‘Lawrence, although
its depth range was variable. This species was
also recorded in Pleistocene marine dep051ts from

Baffin Island (Feyling-Hanssen, 1976).
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A third foraminifera species which is moést

abundant in Biofacies A is Virgulina loeblichi. 1t
is considered to be a typical species of a Pleisto-

cene glaciomarine fauna in North Norway (Hald et

.al., 1984) and reflects present marine conditions

in Frobisher Bay (Dowdeswell et al., 1985) where it
is associated with silty clay of variable depth,
and which does not tolerate ice-proximal glacial
conditions of lower salinity. Unlike the present
study, V. loeblichi was reported to have a shallow
depth range by Loeblich and Tappan (1953) of about
21 m to 64 m in_Alaska. However, Rodrigues and
Hooper (1982a) noted that although its depth rangé
varied from 125 m to sio m, it was a dominant spe-
cies at 390 .m depth,.éssociated with salinities of
33 to 35 ppt and water temperatures of 1° to:5°c.

A number of other deep-water foraminifera’ spe-

cies are found only in Biofacies A (Table 1). One

of these is Triloculina trihedra, found associated

with cold water high latitude environments (Cronin,
1979) but according to Loeblich-and Tappan (1953),.
restricted to the Arctic. It was reported by Vilks
{1569) to occur below 200 m in the Canadian arctic
archipelago, and also between 200 m and 400 m in
waters of 4° to 5°C and 34 ppt to 35 ppt in the

Gulf of St. Lawrence (Rodrigpes and Hooper, 1982a).
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Its presence has also been recorded by Mafkussen et
al., (1985) in cores at depths.of 3,000 m from the

eastern Arctic Basin.

Pyrgo williamsoni, found between 400”m and
520 m depth in waﬁers of 34 ppt to 35 ppt and 4° to
5°C in the Gulf of St. Lawrence (Rodrigues and
Hooper, 1982a), has also been noted by Do_wdeswell¢
et al., (1985) from Frobisher Bay where it can to-
le?ate ice-proximal glacial conditiops of low sali-
nity.

Another species, Buccella frigida, is referred

to‘by'Todd and Low (1967) as typical of cold water
areas and has been récorded in marine Pleistocene
depositg-from“Baffin Island (Feyling-~Hanssen, 1976). .
It is found today in thelGulf of Sst. Lawrqug be-
tween 55 m ﬁo 400 m depth, associated with salini-
ties of less than 33 ppt to 35 ppt, an&-temperatu—
res of - 2° to 5°cC. (Rodrigues ané Hooper, 1982a).
Wagner (1968) found the range of B. figida variable,
from 43 m to 256_m, but was most abundant between
117 m and 126 m depth in Hudson Bay.

The ge:ts Lagena is represented by L. semi-
lineata and L. graciliima. Both are distributed
throughbut the Arctic and.are found in Alaskan wa-
‘ters of less than 50 m (Loeblich and Tappan, 1953).
Leslie (1965) found L. gracillima to be a dominant

— -
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species around 100 m in Hudson Bay, whereas Vilks !
(1969) noted its occurrence,below 200 m depth in
the Canadian arctic archipelago. It was also re-

ported from the Bering Sea (Anderson, 1963) with a

. depth range of 100 m te 200 m. L. semilineata was

found at variable depth, from 55 m to 200 m in wa-
ters of the Gulf of St. Lawrence with salinit%gs of
less than 33 ppt to 34 ppt apd temperatures ranging
from - 2° to 4°cC (Rodrigues and'Hooper}_ISSQa).

Two forms of the genus Dentalina are associa-
ted with Biofacies A. Although both species are
rare (Table 1), their appearance should be noted.
2;'33323 has been‘reported from different regions
and at variable depths: 25 m in the Bering Sea
(Anderéon,'1963)d from Alaskan waters of 'less tﬁan
50 m (Loebligh and Tappan, 1953), 52 m to 100 m in
Hudson Bay (Leslie, 1963), and from 55 m to 400 m
depth in the Gulf of St. Lawrence,_where'salinities
range from less than 33 ppt to 35 ppt, and tempera-
tures vary between - 2° and 5°C (Rodrigues and

Hooper, 1982a). D. frobisherensis was also repor-

ted from a number of arctic and subarctic regions:
40 m to 152 m depth in Hudson Bay (Leslie, 1965;
Wagner, 1968), greater than 200 m in the Canadian

arctic archipelago (Vilks, 1969), and from between
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125 m and 520 m depth from the Gulf of‘St. Lawrence,
associated with salinities of 33 ppt to 35 ppt and
water températures of 1° to 5°% (Rodrigues and
Hooper, 1982a).

A species which is common in one sample from

this assemblage (Table 1) is Elphidiella groenlan-

dica. 1In the Gulf of Alaska, Todd and Low (1967)
found it associated with a muddy substrate which is
a comparable environment to the present study. How-
ever, Loeblich and Tappan ?1953)'noted its presence
in Alaskan waters less than 50 m‘deep. The’occu£-

.rence of E, groenlandica in Biofacies A suégests

that this species is not necessarily restricted to
shallow waters and cag.be found at greater depths.

Biofacies A is characterized by the occurrence
of five agglutinatéd fora@inifera. Although rare,
their presence in this assemblage is of some impor-
tance as they are associated with a clayey-silt
substrate as opposed to a muddy sand or sand sub-
strate of a more shallow environment. This aspect
of arenaceous forms will be discussed further under
Biofacies C.

Two species of the genus Alveophragmium have

been found in the marine sediments of the stﬁdy

area. This genus is more characteristic of deeper-

-

water environments as A. crassimargo is present at
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depths of 100 to 200 m in both the Bering Sea
-(Anderson, 1963} and Hudson Bay (Leslie, 1965). It
has been reported by Vilks (1969) from the Canadian
arctic archipelago in waters less than 200 m deep
and as a predominant species in samples from 145 m
(Wagner, 1968), but with a range of 43 m to 276 m
in Hu@son Bay. Hooper (1975) noted that in the St.
Lawrence Estuary, mean depth for this species was
only 40 m, and that the water temperature and sali-
nity varied from - 1° to 8°C and 21 ppt to 32 ppt

respectively. A. crassimargo was alsc associated

with a silty sand substrate as opposed £o a muddy
substrate as in the present study. A. jeffreysi is
found in the upper 200 m from the Canadian arctic
archipelégo (Vilks, 1969) and is a dominant species
in samples 'from 199 m depth in Hudson Bay (Wagner,
i968), although it occurs in waters 43 m to 276 m
deep.

The species Reophax scorpiurus appears to have

a variable raﬁge in depth since it is found in
Alaskan waters of less than 50 m deep (Loeblich and
Tappan, 1953) and in Hudson Bay (Wagner, 1968)
where it varies from 43 m to 276 m, becoming a pre-
dominant species at 117 5 depth. Its presence in

Biofacies A, therefore, is not totaily unexpected.

-
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Finally, Elphidium species contribute only mo-
derately to this biofacies in comparison with Bio-
facies B and C (Table 1). Their relatively low
numbers are 31gn1flcant in Biofacies A as they com-
monly comprlse 90% of the total population in the
littoral zone. Thus, 1ower numbers of these spe-
cies can be expected in deeper-water environments
where conditions are more favorable to a diverse

assemblage.

Biofacies B

This biofacies is poorly represented in the
stratigraphic record, so it is difficult to give a
detailed description of its characteristics. It is
comprised of samples F6, Fi2 and F14 (Table 1) and
is marked by a decrease in both species diversity
and the number of specimens present with respect to
Biofacies A. The sediments associated with Bio- )
facies B consist of sandy clayey silt representing
a sublitt&ral faéies. The fauna and stratigraphic
relationship of the samples with other sediments
suggest that this biofacies is a transitional zone
between the deeper, off-shore environment of Bio-
faciés A and the shallow, near-shore conditions of

Biofacies C. In this context, its bathymetric

range could possibly represent a depth of 30 m to
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50 m. This low diversity assemblage is probably
related to, a minor deterioration in ecoloqicél con-
ditions suZh as lowering of Ehe water temperature,
lowering of salinity, an increase in freshwater
supply, and a change in the substrate. The above
factors or a combination of them may be used to ex-
plain the general decrease in fauna brought upon by
the shallowing of the environment caused by the
lowering of relative sea level during the marine

regression. -

Biofacies B is dominated by Elphidium clavatum

and E. orbiculare (Table 1) which are usually indi-
cative of cold, shallow eﬁvironments. However, the

presence of Alveophragmium cfassimargo, Reophax

curtus and Virgulina loeblichi which may occur at

greater depths, indicates a possible mixing of déep
and shallow-water forms resulting in an interme-
diate depth assemblage representing a transition
between species adapted tg more saline waters, a
muddy substrate and deeper water, and those which
are better suited and more tolerant of brackish wa-
ter, sandy substraté and overall harsher conditions

of the littoral zone in the Arctic.
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Biofacies C

This biofacies, represented by samples F1, F2,
F3, F4, F5, F8, F9, F10 and Fl1, ;s characterized
by a slight increase in species diversity and a

| greater number of specimens over Biofacf;;\B (Table
l).n Thé substrate associated with Biofacies C con-
sists of sand or clayey sand interpreted as béing a
littoral and sublittoral lithofacies,‘deposited in
waters of up to approximately 30 m depth.
—_—

The dominance of the genus Elphidium in this
assemblage is of particular impoftance as it com-
pPrises ubiquitous species indicative of cold, shal-
low waters of low—éalinity (Cronin, 1976). As noted
in Champlain Sea studies (Cronin, 1979), nearshore
assenmblages are dominated by various Elphidium spe-
cies,‘suggesting that water was brackish and pr;ba—
bly less than 30 m in depth. Similar observations
were made by Bergen and O'Neil (1979), who stated
that Alaskan fauna dominated by Elphidium species
are found at depths of less than 30 m. The rela-
tively shallow arctic assemblage of the Chuckchi
Sea living at depths of 6 m to 71 m (Cooper, 1964)
is also dominated by species of the genus Elphidium.
The shallow-water inshore fauna described‘by Cooper

(1964) is similar to that of the present study as

indicated by the presence of Elphidium orbiculare
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and Buccella frigida (Table 1). The shallow-water

fauna along the Sibgrian coast described by Todd
and Low (1966) is also comparable to Biofacies C.
As noted in Table 1, Elphidium species com-
. prise from 86% to 100% of the total fauna. -‘This
type of dominance by various Elphidium species is
not uncommon and is known to occur in low diversity
assemblages from shallow Alaskan waters where the
genus Elphidium encompasses 92% of the fauna (Lagoe,
1979b). More 8pecifically, E. clavatum is typi=-
cally-restrictéd to relatively shallow, brackish
waters such as estuarine and deltaic enQironments
(Loeblich and Tappan, 1953; Anderson, 1963;'Wa1t0n, -
1964). It was found to be characteristic of margi-
nal marine conditions, from shallow Alaskan waters
(Lagoe, 1979b) to the Gulf of St. LawreACe
(Bartlett and Molinsky, 1972), where it usualLy in-
habits water less than 10 m to 20 m deep. However,
Rodrigues and Hooper (1979a) have noted its pre-
sence as a dominant speéies asldeep as 375 m, in
| Gaters of 34.5 ppt and temperatures of 4° to 5°C.
E. orbiculare, recorded in Holocene glacio-
marine deposits of Baffin Island (Feyling-Hanssen,
1976} and the Svalbard archipelago (Nagy, 1984),
has commonly been found at deéths of less than 50 m,

both in the Chuckchi Sea (Cooper, 1964) and in
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Hudson Bay (Leslie, 1965). -;his species is also

" typical of shallow-water inshore fauna frbm the
Canadian arctic arcHipelago {(Vilks, 1969), as well
as low diversity assemblages from shallow Alaskan’

‘waters (Lagoe, 1979b).

Not as common as other species, E. bartletti

and E. williamsoni ‘(Table 1) have been reported in

waters of 55 m to 200 m depth (Rodrigyes and qupei,
1979a), but also in Pleistocene sediments of.shal—
lower waters. The abundance of Elphidium species
“which can tolerate salinities raﬁging from less
than 18 ppt to greater than 28 ppt (Fillon and Hunt,
1974), seems to be connected to shallow water bra-
ckish conditions._ .

Buccella frigida is another typical shallow

water species (Cooper, 1964; Vilks, 1969), and is
thought:to signify depths ranging from 20 m to 40 m
(Cronin, 1976). Although this species is not re-
stricted to Biofacies C (Table 1), it is here that
it is found in a greater number of samplgs than in
other biofacies, reflecting i£s wider. spatial dis-
-_ﬁribution in Biofacies cC.

An important characteristic of Biofacies C is
the épparent absengeg of égglutinéted'fbraminifera.
" Several fecent studiés—inhaggyic and subarctic re-

gions have shown that arenaceoﬁg\gprms may contri-

. bute significantly to the foraminigéra population.
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In the Canadian Arctic, Vilks (1969) and Lagoe
(1977} found thet shallow water faunas are domina-
ted by agglutinated species. This was also noted
from the Eastern Siberian Coast (Todd and Low,

1966), where the fauna consists chiefly of arena-

.ceous forms, associated with waters 10 m to 55 m

deep. Agglutinated species are relatively common

‘in Hudson Bay (Leslie, 1965), as well as in the

Bering Sea (Anderson, §§63} in Wthh arenaceous

forms comprlse 75% to 100% of the fauna between ap-

"proximately 20 m to 100 m depth. Hooper (1975)

noted that agglutinated foraminifera are character-
istic of shallow waters with temperatures of - 1°

to 8°C and salinities of 21 ppt to 32 ppt in the

St. Lawrence Es LY.
From the above, t absence of arenaceous spc-

- - . - L './
cies from Biofacies C and their presence in Biofa-
cies A could therefore be interpreted as anomalous.
However, as noted earlier, the species occurring in

this study are not restricted to shallow water en-

vironments. Additional detailed studies, which are:

beyond the scope of this investigation, would be
required to more fully understand the palaeocenvi-
ronmental aspects and implicatio;; of these forami-

niferal assemblages. :
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Although the possibility of transport and re-
deposition of for?minifefa is present, it is diffi-
cult to estimate tﬁe importénée of this process.
Mixing of the fauna could have Occurred, notably in
the lattgr stages of sedimentation when erosion of
pPreviously deposited marine sediments could take
pPlace by downcutting of rivers. \However, reworking
of the sediments seems to have pléyed a minor role
a5 resedimentation should lead to random distribu-
"tion of the microfaﬁha, but this does not occur.
Furthermore, very little abrasion of larger forami-
nifera was observed. - Palaeogeographic condltlons
would also have favored comparatively mlnor dlspla-
cement of faunas,tas suggested by the relatively
gentle slope of the sea floor.

The nature of the substrate has been conside-
B

red as probably the most important factor in the
'distribution of foraminifera (Loeblich and TapPén,
1953; wWagner, 1968). Inasmuch as the foféminifera
appear to be related to bottom sediment, i.e.,

shalléw-water fauna of the sandy Biofacies C, and
the deeper-water assemblage in the clayey silt of
Biofacies A, the writer believes that salinity is
the limiting factor of distribution in this study.
It is the ability of the genus Elphidium t§ tole-

rate brackish water and harsh, rapidly fluctuating:
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environmental conditions which permits it to domi-
nate a zone which is generally inhospitable. Spe-
cies requiring stable, more saline énviron@ents are
more likely, to be found at greater depths where
more favorable neaf—normal marine conditions exist.
It is believed that the relationship between fauna
and sediments simply reflects the stratigraphic po-
sition of the microfauna within a typical regres-
sive marine sequence in which shallow marginal ma-
rine conditions are commonly associated with a high
ehergy coarse-grained sédiment_and where normal ma-
rine conditions are related to a deeperllow-enerqy
zone with a fine-grained substrate. Thus, based
mainly on comparisons with studies 5f'recent eco-
logy, high diversity assemblages such as Biofacies
A reflect average marine salinities whereas low di-
versity associations as noted in éipfacies Cc, fre-
guently point to brackish water environments, re-

gardless of the nature of the substrate.

Ostracoda

e Temperature and salinity sensitive ostracode

species prévide a useful tool for inferring tempo-
ral environmental changes during the history of ma-
rine inundation in the basin of the Richardson and

Rae Rivers. Although oStracodés are not as common
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as foramiqifers (Table 2}, they generally éan pro-
vide a greater potential for indicating palaeoen-
vironmental conditions because of distinct fresh-
water, brackish water and marine species. The num-
ber of microfossils recovered from each sample is
hiéhly variable, and consequently the number of
species also varies. A togpl of 16 different os-
tracode species were recorded (Appendig F) and are
believed to be fairly representative of the ecolo-
gical conditions.

Ostracodes have been used to define two envi-
ronmentally distinct phases of the sea (Table 2);
Assemblage A corresponds to Biofacies A of the fo-
raminiferal study, whereas Assemblage B represents
Biofacies B and C which cannot be individually dis-

tinguished with the use of ostracodes.

Assemblage A

Assemblage A,(repreSented by samples F13 and
F15, ié associated with clayey silt deposits con-
sidéred to be a deep-water lithofacies of~thp early
postglacial sea. It is characterized by the pre-

sence of Cytheropteron simplex, C. paralatissimum,

Roundstonia globulifera and Palmenella limicola

which are restricted to this assemblage. Cytherop-

teron simplex has been recorded in deep-water silts
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ASSEMBLAGES
A ] 8
SAMPLE NUMBER
SPECIES F13 F1s| F6 F12 F5 ra Fo FB F1 F2
EUCYTHERIDEA BRADI! ’ 17 40! 21 18 34 100 14 38 4
!5_. MACROLAMINATA 7 20/ 8 26 33 26 66 2
E. PUNCTILLATA ‘s 2
CYTHEROPTERON  PARALATISSIMUM 8 3
C. SIMPLEX 34, 4
PALMENELLA LIMICOLA 16 40 '
ROUNDSTONIA  GLOBULIFERA 8 .
HETEROCYPRIDEIS  SORBYANA 48 . 6 53
PSEUDOCYTHEREIS SIMPSONENSIS 4 78 32
PARACYPRIDEIS . PSEUDOPUNCTILLATA 63 ' 3
LOXOCONCHA  VENEPIDERMOIDEA 33 3
LIMNOCYTHERE cf. HERRICKI 6
ILYOCYPRIS GIBBA 12
1. BRADY) 8
ACANTHOCYTHEREIS DUNELMENSIS 6
RABILIMIS ¢f. SEPTENTRIONALIS 7
NUMBER OF SPECIES 6 5 5 3 1 T 3 2 8
12 5 {39 23 3 1 16 14 3 108

NUMBER OF SPECIMENS




150

and clays of the Champlain Sea (Cronin, 1977b}, and
according to Whatley and Masson {1979), its distri-
bution is restricted to the Pleistocene. It is
considered to be a marine species (S > 30 ppt) in-
dicative of salinities of 29 ppt to 35 ppt (Cronin,
1981) and temperatu¥es of 0° to 12°c. Brasier

{1983) also stated that Cytheropteron species are

_deeper water ostracodes found particularly on fine-

grained substrates. C. paralatissimum, occurring

widely in Arctic seas, is characteristic of sublit-
toral Arctic faunas (Neale and Howe, 1975).

Palmenella limicola has been recorded from

h

Pleistocene marine deposits of northern Alaska

. (8wain, 1963), and is reported living in waters of
the Gulf of Alaska, fhe fjords of Norway and off
eastern Gregnland'(Hazel, 1970)f The temperature
tolerance of this species varies from 0° to about
12°C, and it has a depth range of 5 m to 200 m. P.
limicola is considered to be a marine species as it
is associated with salinities of 18 ppt to 35 ppt
(Neale, 1963} and was found to represent a relati-
vely deep water facies .typified by glaciomarine

silty clays of the Champlain Sea (Cronin, 1977a,

1981) .
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Assemblage B

This assemblage is represented by samples F6,
F%2, F5, F4, ?9, F8, Fl1 and F2 (Table 2). It is
dominéfed by species representative of brackish wa-
ter environments (0.5 ppt té 30 ppt), as well as

three freshwater (S > 0.5 ppt) ostracode species.

The genus Eucytheridea is a common constituent o

all samples in both assemblages A and B.

and E. punctillata are generally considered to bel

brackish water species which can tolerate salini-
ties from 10 ppt to 35 ppt, fnd both species are
abundant in sandy Champlain Sea deposits (Cronin,
1977b). Their annual temperature range is from 0°
to 15220°C, but their depth range varies. slightly:

5.m to 435 m for E. punctillata and 5 m to 750 m

for E. bradii (Hazel, 1970). A third species, E.

macrolaminata, generally lives in frigid climatic

zones, and is known to live off the coast of Norway
where temperatures range from - 2°% to 5210°C
(Elofson, 1941).

Heterocyprideis sorbyana is also relatively

abundant in Assemblage B (Table 2). Cronin (1977a)
r

considered this species to be the most common os-

tracode species of the Champlain Sea because of its

broad temperature and salinity tolerances. This N

shallow, brackish water ostracode lives in waters

=]
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of 2 ppt to 35.§pt, with temperatures ranging'frgm
- 2% to 18°C (Neale; 1963). H. sorbzéna is asso-
ciated with fine angd coarse-grained substrates in
the present study, sugéesting that its distribution
is unaffected by chénges in the substrate (Benson
et al., 1983). Although this'species is most com-
monly found iﬁ shalTow water environments, it can
occur as deep as 435 m (Hazel, 1970).

The extreme rarity of Acanthocythereis dunel-

mensis in Assemblage B attests to the predominant

brackish water nature of the fauﬁa. .g; dunelmensis
is a marine speciés indicative of salinities of ap-
proximately 32 ppt to 35 ppt and temperatures of 0°
to 12°C (Elofson, 1941; Cronin, 1977a).

The importance of Pseudocythereis simpsonensis,

Paracyprideis pseudopunctillata and Loxoconcha

venepidermoidea is difficult to ascertain as these

three species have only been previously reported
from Pleistocene marine deposits of northern Alaska
(Swain, 1963), where they have been considered re-
presentative of the marine facies as a whole. Based
on their‘distribution in the present study (Table
2), it would appear that they are characterdistic of
relatively shallow,‘marginal marine environments,
since they contribute sigrificantly in some cases

to the ostracode fauna.
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Rabilimis septentrionalis, characteristic of

Arctic faunas, has also been reported from sublit-
toral deposits in Alaska, Greénland, and from
Rusgian Harbour in waters 2 m to 30 m deep (Neale
~and Howe, 1975). 0

The presence of three freshwater ostracode
species found in Assemblage B is also of interest. -
Two species of the genus Ilyocypris found in the -
marine sediments of this study have been reported
as common conétitqents of freshwater Pleistocene
deposits by Cronin (1977a) and by Swain (1963). The
habitats of these species include a wide range of
environments, from ephemeral ponds and intermittent
streams to permanent running wéters. I. bradyi has
been found in shallow-water, stagnant environments
(Robinson, 1978) and lakes of low salinity (De

Deckker et al., 1979); Limnocythere herficki is as-

sociated with shallow lakes (Staplin, 1963). How-
ever, the introduction of non-marine forms into the
marine environment should be expected. Transport
and .mixing of freshwater, brackish water and marine
faunas is particularly evident in estuaries and
deltas (Neale, 1969). The freshwater ostracodes
are likely to drift out in a layer of less dense
water, overlying a 'salt wedge in which tidal cur-
rents bring marine forms landwards. The influx of -

o /

'
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freshwater from the ancestral Richardson and Rae
Rivers may have resulted in the low diversity os-
tracode assemblages noted in this study, as'loﬁ di-
versity faunas from par%s of the Beaufort Sea were
attributed to reduced salinities caused by the dis-
charge of the Mackenzie River (Briggs, 1980).‘

Assuming that-some life forms. were present in
the proglacial lake prior tolthe marine incursion,
no fauna from the lacustrine environment survived
the initial ﬁeriod of mixing between the freshwater
of Glacial Lake Richardson and the incoming marine
water., There is also no record‘of an eariy'glacio-
marine ostracode fauna, so that the first ang_ol—'
dest assembiage encountered {Assemblage A) repre-
'sents saline conditions alrgady existing at greater
depth (50 m to"150 m),_as‘indicated by the presence
of marine’ ostracode species.

With decreasing depth, the stability of the
environment generally decreases as does salinity.
This is normally accompanied by an increase in the
energy level- of the enviionment, as well as an in-
crease ‘in the grain size of the sediments. The
mixed associations.of marine, brackish and fresh-
water ostracodes suggest peiiods of fluctuating sa-
linities, affected by an increasing influence of

freshwater run-off in a Progressively shallowing
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estuarine environment. Salinity appears to be the
fundamental factor determining the distribution of
ostracodés. Low diversity assemblages dominated by

Eucytheridea and Heterocyprideis are characteristic

of bracﬂ%sh waters of estuaries and near-shore con-
ditions, reflecting the instability of the environ-
ment, notably oscillations in salinity caused by
run-off from the drainage basin. This is not to-
tally unexpected if one considers the geometry of
the sea with the basin (Figufe 10). ' As the sea
gradually regressed to lower elevations due to isos-
tatic rebound, an estuarine environment persisted
throughout this period, resulting in the dilution

of the marine waters.

The nafure of the‘substrate seems to have had
little effect on ostracode distFibutiOn, since spe-
cies'appear to be found equally in all environments.
However, Pokornf (1978) noted that coarse-grained
sediments contained small ostracode populétions,
whereas heterogeneous sediments supborted a larger,
more diversified fauna. Despite the large depth
range of certain ostracode species, the fauna pre-
sent in Assemblage A& includes species usually asso-
ciétéd with shallow waters whose téﬁperature does
not exceed 10°~12°C. Although some species listed

" in Tabie 2 have the ability to live in warmer wa-

ters, this upper temperature 1imit”is definegjby

-
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Cytheropteron simplex and Palmenella limicola. Whe-

ther similar conditions occurred throughout this

‘entire region in areas affected by the postglacial

marine inundation is not yet known, and will be the

subject of a future study by the writer.

Macrofossils

The macrofossil assemblage recorded in-post-
glacial marine sediments is dpminated by mollusc
species (Table 3). 1In addition to the species lis-
ted in Appendix G, Craig (1960) ﬁoted the pfesence

of Mya pseudoarenaria from Holocene marine deposits

north of the study area. Several other different

species of marine shells collected by O'Neill (1924)

" along the coast of Dolphin and Union Strait were

not observed in the study area. Fossils listed in
Table 3 represent an impoverished bivalve fauna,
suggesting that environmental conditions were
fairly .rigorous. Although there }s ﬁo clear faunal
suﬁcession apparent in Table 3, it is possible to
define some noticeable differences between the va-
rious samples studied.

The first of these is the occurrence of the

genus Portlandia in samples F13 and Fl15, which have

"previously been assigned to a deep-water facies. P.

arctica has been reported from Hudson Bay {(Wagner,

1368), where it qu found to live at depths of
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TABLE 3. Distribution of macrofossils.

SAMPLE NUMBER

»

SPECIES
GASTROPOD  SP. X
" PORTLANDIA  ARCTICA X

F13 F15 F12 F6 F11 F2 F8 F3

P. LENTICULA . : X
MACOMA BALTHICA X . X X X
M. CALCAREA X

HIATELLA  ARCTICA . X X
MYTILUS EDULIS . X X X
MYA TRUNCATA ‘ X X
SAXICAVA ARCTICA : ' X

BALANUS °SP. ' X
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100 m to 210 m, occurring most commonly between
117 m and‘l?G m. Ockelman (1958) goted its pre;
sence at déptﬁg of 10 m to 50 m near melt-water
streams off the fronts of glaciérs in Greeniand,
where cold, freshwater influx occurs. This species
was associated with clay sediments of the Champlain
Sea, representing arrelatively deep ¢ffshore facies‘
in which salinities ranged from 20 ppt to 34 ppt
(Rodrigues and Richard, 1983, 1985). P. arctica
has also been a55001ated with muddy glaclomarlne
env1ronments in waters which do not exceed 0°C
(Hlllalre—Marcel, 1980; Mode et al., 1983). The
occurrence. of P. lenticula is an additional indicé:
tion of a deep water environment as this species
has been found in'watefs 101 m to 276 m deep from
ﬁudson Bay, where bottom-water temperatures did not
exceed - 1°c (Wagné;, 1968). _

The remaining samples, F12, Fé,'Fll, F2, Fg8°
and F3, contaiﬁ six other t?pes_of molluscs which .
are generally associated with slightly shallower

waterg. Macoma calcarea, a typicaiiy'arctic spe-

'cies, has been recorded living in waters 76 m to
276 m deep from Hudson Bay (Wagner, 1968), but was
found to be most abundapt‘at the shallower depth f//

range. This species lives in waters which do not
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exceed 0°C and whDse salinities are gréater than 30
. oy
prt (Hillaire-Marcel, 1980). It is adapted to bath
“

sand and clay substrates (Rodrigues and Richard,
i» .

1983, 1985).

Hiatella arctica has also been reported from a

range of water depths: 35 m.to,165 m-in Hudson Bay
(Wagner, 1968) and 50 m to 60 m in Greenland
(Ockelman, 1958)p.§1£hough Wagner (1968) found it
most abundant between 35 m and 60 m depth. This
"species is associated with sand and muddy éand from
shallow water of the Champlain Sea‘and tolerates
sal;nities of 20 ppt to 32 ppt (Rodrigues and
Richard,“1983, 1985). .Its occurrence. in Fﬁ‘and Fé
is in acenrdance with the interpretation of wéters‘
;

approximately 30 m to 60 m deep.

Anotﬁpr typlcally arctic spec1es, Mya truncata,

was found 1n a shallow water deltalc env1ronment
-(Sample F3, Appendlx\D-ZO) and a sublittoral zone .2
(Sample F2, Appendix D-25). Wagner (1968) reported
this species present at depths of .35 m to 97 m in -
Hudson Bay, but was‘mqst abundant from watéré.BS m

_ R _ :
to 50 m deep. Two other species associated with a-

near-shore environment are Mytilus edulis and Saxi-

cava arctica (Table 3). The former is largely re-

stricted to the intertidal environment, and although

. it prefers rocky surfaces, it can survive anchored



on fine to coarse-grained sediments or other ob-
jects on the substrate (Stanley, 1970). However,

it is not as-well adapted to brackish water as are

~ other molluscs.’ S. arctica, known from only one

site (Table 3), is a burrower which inhabits sSandy

littoral deposits (Sowerby,_1859).

The most common biéelve is Macome balthiéa:’
This is a ubiquitous species which can tolerate a
wide range of salinities a?d tewgefQZZres. This
ability provides it with a considerable adventage
over other species. It is common tq intertidal and
shallow %u?tldal envqueTengs but has alsg been "
found 11v15§ﬁ:ﬂ waéerswas deep as 276 m (Wagher,
1968;, Stanley, 1970).' M. balthica is also adapted
to both coarse-graiﬁed sedi@nts of the littoral
zone, as well as mudd$ deposits of effshore envi-

ronments,_a fact which explalns its presence in a

‘wide range of samples (Table 3). This var1ab1e

‘deptherange is accompanied by a.high tolerance of
] ‘. AN .

fldctuating salinities, froﬁg§53bt to 35 ppt

(Hillaire-Marcel, 1980). . ‘ R

The pelagic Iarvae of M balthica-reduire a

minimum tempera*urr of 10°c to surv1ve (Lammens,

1967}, whzch indicates. that the shallow marine wa-'

-

ters attained temperatures of 10 °-12°c at least for -

-a short period.of tlme durlng the summer.

. . o
‘ . -

\ . E ’ \ * . .
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~inundated basin were probably tolerant of lower sa- -
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: . . N . . . J
From'their distribution, it would appear that

( v
" certain molluscs are controlled p;zﬁggiiy by depth,

and that texture of the bottom sediments is of se-

. . & . ' -
condary importance. Hiatella arctica, Mva truncata,

Macoma balthica and M. calcarea were the only spe-

cies recorded above 73 m a.s.l. The highest eleva-
tion at which foséils:(g; calcarea) were found in
the basin is 90 m a.s.l., situated more than 60 km
from thé present coastline. Species founé below

15 m a.s.1l. in the eastern part of the basin (Port-

<y

‘'landia arctica and P. lenticula) are characteristic
of more truly marine conditions as indicated by the
foraminiferal Biofacies A and the ostracode Assem-

blage A. However, the first saecies to'entgf the

liniéy-conditions, but they are not répresented
here, unless g; arctica is a relict spegies éf an
eﬁrlier glaéioﬁarine facie§ which has not yet been
.observed in the stratigraphic record. The molluscs

found at higher elevations are generally related to

. shallow water environments with coarse-grained sedi-

ments deposited at successively lower elevations as

the sea regressed. Therefore, the waters of the
postglacial sea may have been density stratified
with respect to salinity; water with salinities of

30 ppt to 34 ppt occupied the central ané eastern

L)
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deeper parts of the basin and were overlain by wa-
ters 'with salinities of less than‘éo ppt preseht'at
shéllower depths. The arctic affinities of the
fauna and the apparent. absence of a more diversi-
fied blvalve assemblage can best be explalned by a
comblnatlon of~contr0111ng factors such as the re-
latlvely cold temperature of the water, an interf.
mittent and/or insﬁfficient supply of nﬁtrients;
the detrimé;tal effects‘of coastal and littoral

ice, and more importantly, considerable flyctua-

éEBhs in salinity.
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b CHAPTER 6

. Conclusion

The purpose of this fhesis was to investigate the nature
of Late Qﬁaternary stratigraphy ‘in éhe basin of the Richardson
and Rae Rivers, N.W.T. This.objective was attained by identi-

[ fying a succession‘of depositional environments on the basis of
/ sedimentary structures, grain size, facies aséociafions and
stfatigraphic relationships.

The methods employed éided in the interpretation of sedi-
mentary sequences which record a series of distinct sedimentary
facies characteristic éf particular_enﬁironments in a well de-
fined §uccession. Beginning with the retreat of the Laurentide
Ice Sheeti these facies resulted from a wide variety of {fpidly
changing environmental conditians. .Ice retreat is initiali} -
represented Sy basal till and/or flow till lying directly c%

‘bedrock. . These muiti—till seéuences are the result of changes
in-depositional style at the igg\hangin, i.e., sediments depo-
sited direptl? by £he ice and thééé\&&ifﬁ_have resulted from
flow processes. ‘ -

Subaqueous outwash deposits issuing from subglaéial con-
duits form a distinctive facies sequence: pf;ximal cross-bedded
grévels_deposited near ﬁhe ﬁouth of the.ice nnel, maégive -
’/poorly sorted sand, ripple-drift‘cross-lahin fine sand gﬁd
silt, and distal glaciolacustrine silty clay rhythmites. Sbmg

of these successions are thought to represent an esker to varve

*transition in which bedding structures reflect a progggsiiye

-+
- -

r -
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decrease in current velécityqipwthe downstream direction in re-
latively ?éép water. It is possible to have lateral variations
between this type of sequence and till éue to fluétuations be-
tween depositionlof outwash and glacial drift which is not a
continuous process. .

Sedimentation of coarse and fine~gréined facies was domi-
nated by underflows, both'near the ice margin and ‘at a distancé,
and .the generally conformable contacts between the finer-grained
sediments indicate that deposition was a continuous event.
Strong seasonal variations in run-off and winter ice cover on
lakes led to deposition of varved couplets, Qith the silt layer
déposited dur;ng the summer and the clay-rich layer résulting
from'suspe#sion during the winter. Palaeocurrent giredtions
and lithofacies associations are cbmpatibie witﬁ the configura-
tion of the reconstructed ice fronts du¥ing geglaciation.

The continuous eastward retreat of the ice frort permitfed
lake levels to fall as lower outlets were freed of ice. The
glacier, shortly after ha;ing liberated the highlands to the
northeast of the basin, permitted the mafine incursion which
marked the end of the last phase of the glacial lake. The sud-,
den . passage from a laagitrlne environment to a marine environ-
ment is’ marked by the cessation of the depOSltJon of glacxola—
custrine rhythmltes by turbidity currents and the beginning of
.L\Ja marine sedlmentation characterized by massive silty-clay depo-

sits resulting from the flocculation of fine-grained particles,

Following an inigﬁéi:m?ximum invasion, the sea gradually
. i :

\

-
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regressed to lower elevations due to crustal rebound; During
-this stage, numerous deltas were formed, and a coafseninq,up-
ward marine succession was deposited as. a result of emergence.

The marine micro and macrofauna also serve as alternate
sources of evidence used to corroborate this interpretation.
F0551ls from the oldest marine sediments (clayey-silts) record
cold, near-normal marine conditions in deep water environments.
These are overlain byiyounger coarser—grained.marine sediments

. "y
characterized by an ElEhidium dominated ‘foraminiferal fauna,
ubiquitous ostracode spec1es and an impoverished bivalve assem-
blage. Seasonal changes in temperature, salinity fluctuatlons,

extensive ice cover and turbulence in the littoral zone were

major factors limiting the fauna to only species tolerant of

dramatic changes in their habitat.

In summary, this study has contributed\to a better under

cial history in this region of the Northwest TeNri ies. Stra-
tigraphic and sedimentological data were presented in orderrto
déscribe the succession of sedimentary ennironments resultinq_
primarily from the retreat of the ice ftont. The studngt such
sequences provides more detailed infOrnetnNPtﬁat may serve to
stport and complete the reconstructlon of the Late Quaternary
hlstory of an area which cannot be inferred by ‘the mapping of
surflclal deposits alone.

Other detailed lnvestlgatlonE GEj;j‘be requ1red to further

deflne the dep051t10na1 env1ronmentsgpresented in this thesis.

These" could include geochemlcal analyses of tills to compare

e
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and contrast thie mode of deposition of these deposits, as well
as stfafigraphic and sedimentolégical studies on a smaller scale
of particular sites.

A greater number of radiocarbon dates are also needed to
completg an absolute temporal framewo;k of the marine regression
and to help establish a more accurate postglacial upkift curﬁé:
Furthermore, the writer intends to continue his_inveéifgafibh
of glaciomarine.and marine deposits expbsed along the coast Gf
Dolphin and Union Strai;, Cofonation Gulf and_Qﬁeén Maud Gplf,__.

areas which have received little attention to date.

-
AY
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APPENDIX A
Grain Size Parameters *
(after Folk and Ward, 1957)
7
Sedimentary Facies Mean (@) Standard Deviation (@) Skewness
A— 3.60 2.70 --0.29
B 5.08 S 2.10 0.18
c : 1.13 0.74 0.21
D 1.53 '  o0.56 0.01
E 3.79 | 0.81 0.38
F 2,02 0.49 0.07
G 5.35 0.90 T 0.33
Ha 9.30% 0.72*% = 0.49%
Hb ' 8.20% 1.02% 0.12*
I. . 6.74 1.75% 0.33%

* Extrapolated from graph.
i - '

Résumé of grain size analysis procedure

For sand-sized particles, the sample is aif-dried and
splitoto approximately 50 g. Sieves are stacked in order, from
- 2 @ (at top) to 4 #&, using‘} @ intervals. Samples are added,
and sieves are shaken on Ro-top forffé minutes. Afterwards,
sieves are inverted to remove residual grains and each fraction

*

is weighed.
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S5ilt and clay size distribution is determined by a techni-
que involving particle settling (pipette analysis).- This me-
thod consists of preparing a suspension of mud of low concen-
tration. Approximately 15 g of sediment and dispersant are
added to a 1 litre graduated cylinder. Cylinder is stirred vi--
gorously. 20 seconds after the stir rod emerges, the pipette
is inserted to a depth of 20 cm and exactly 25 hﬁ of the sus=
pension is withdrawn. These withdrawals‘are continued at spe-
cified time intervals. Suspensions are tranéferred to 50 ml
weighed beakers ang permitted to evaporate. Residues are
weighed to 0.0001 g when dry. At each of these times, all par-
ticles of a determined diameter (Stokes' Law) will have settled .
below the chosen leﬁel.. From the weight of sediment recovered
in samples of known volume, the grain size distribution can be

calculated.
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%
Nomenclature classific'ation of sedimentary facies

P

Sand Clayey
Silt - Clay Silt

.
Silty Sand Sandy Silt
*

E A
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APPENDIX C-1
Facies A }
GRAIN STZE ANALYSIS ’
B4SYKDOJ4 +
B (4]
-'/
0,3 . - - .
rd //
16,0 4 . / n.o
.0 " I =0
) /
2.9 / l 0.0
o
0,0 /-\ / - 0.0
/// ’
0.0 %y
A -
[T 10,0
- e
~4.0 1.8 =20 =2.0 =1.8 0.0 1.9 a Lo 1.0 5.0 [ 9] 1.0 l’.l! 3.0 10.0
PHI YALLES '
Class (@) Weight (g) Weight Percent Cumulative Percent
- 1.0-0.0 4.40 8.78 8.78
0.0-1.0 5.58 11.13 19.92
1.0-2.0 5.98 11.94 31.86
2.0-3.0 5.15 * 10.27 42.14
3.0-4.0 4.98 9.93 52.08
4.0-5.0 3.08 15.72 67.80
5.0-6.0 0.54 12.59 80. 39
6.0-7.0 0.38 8.44 88.84
7.0-8.0 0.27 5.23 94.08
8.0-9.0 0.21 2.58 96.65
>8.0 0.17 3.34 100.00

CRIULATIVE PERCENT COARSLR THAMW
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v
Facies B
v . s
GRAIN SIZE ANALYSIS
B4SYKL037 ¢
) 2]
o ¢ — ot
e
«©.0 | ’/, - .
4“_.’/
0.t /s - .0
0.0 .
$0.0 / 0.0
3.0 ,/ ' [ %0.0
/
/
a.0 / p =
—-
10.0 V L 10.0
' o
. r~=—r——1———1 ] r r_—j
-5.0 1.0 =30 =1.0 =1.0 0.0 1.0 Pﬂ; VH_LES .o 5.0 $.0 .0 l [ 10,0
Class (@) Weight (g) ‘Weight Percent Cumulative Percent
- 1.0-0.0 0.98 1.89 1.89
0.0-1.0 1.01 1.94 3.85
1.0-2.0 1.20 2.32 6.18
2.0-3.0 2.50 4.83 11.01
3.0-4.0 9.50 18.58 29.60
4.0-5.0 5.40 25.29 54.89
5.0-6.0 0.72 17.19 72.09 .
6.0~7.0 0.49 10.94 83.03
7.0-8.0 0.35 6.47 89.50
8.0-9.0 0.27 4.89 94.40
>9.0 5.59 . 100.00

0.21 “a

’

8 !
a
CUMULATIVE PERCENT COARSER “THAR——

b
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CUrULATIVE PERCENT CORASER THAN

Facies C
GRAIN SIZE ANALYSIS
B4K-5Y~47L1t ’
f ! nn
. - / "’ — o
0.0 - jo.o
.o ’/ 0.0
.0 4 Ir _,_ lo.e
: — m———
-5.0 -4.0 ~3.a L0 =1.0 o.o 1.4 1.0 3.0 1.0 5.0 8.0 2.0 8.0 »0 10.0
PHI VALUES )
) / :
Class (@) Weight (g) Weight Percent Cumulative Percent
- 1.0-0.0 4.05 8.26 8.26
0.0-1.0 17.81 36.33 44 .59
1.0-2.0 21.49 43.84 ‘ 88.44
2.0-3.0 3.57 7.27 95.72
3.0-4.0 0.99 2.01 97.74
4.0-5.0 0.38 1.01 98.76
5.0-6.0 0.15 0.26 99.02
6.0-7.0 0.15 . 0.09 99.12 .
7.0-8.0 0.14 0.01 99.14
8.0-9.0 0.14 0.02 99.16
>9_0 0.14 0.83 ‘ 100.00



HEJWHT PERCENT FOR HISTOGHAN

CUrAATIYE FERCENT CORASER THAH

199
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Facies D '—’-
GRAIN SIZE ANALYSIS
B1K-5V-40 1
)] ,
-
w.0 0.0
.o 70.0
3.0 5 - s0.0
».0 - .0
-l , :
X =1.0 . 2.0 Lo e "o 10 0.0
PHI VALUES
Class (@) Weight (qg) Weight Percent Cumulative Percent
- 1.0-0.0 1.48 2.97 2.97
0.0-1.0 5.09 10.24 13.22
1.0-2.0 34.78 . 70.00 83.23
2.0-3.3// 7.08 14.24 97.48
3.0-4. 0.37 0.74 98.22
4.0-5.0 0.20 Q.63 98.86
5.0-6.0 0.15 - 0.04 98.50
6.0-7.0 0.15 "0.23 99,13
7.0-8.0 0.14 0.02 99.24
>9.0 0.14 0.75 100.00
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-+ ]
Facies E
GRALN SiTE ANALYSIS
T BEK-SV-4TMr
[ )
n.a [[X] (K] .0 ' L [ ] at ﬂ’.ﬂ [ %] [-N- ;) [N-.1) [ N-11% N o. o [N ] L [ N1
2.0 ’ - / w.o
b /

fl'
®.0 /f .0

5 70,0 4 . /' b 100

5 !

.;.." 2.0 / 0.0

=

g

§_ 0.0 .0

R

: 0.3 0,0

a .

!' 30,0 0.0
2.0 . -__‘I x.0
7 |

I B
! / -[ =
2,0

60 -.0 1.0 L0 -LO 8,0 )

PHI l,'m_ug:'g 1.0‘ ) 5.0 .0 r.a *0 1.0 ;\‘—‘\‘
A

Class (@) Weight (g) . Weight Percent Cumulative Percent
-1.0-0.0 0.01 0.02 - 0.02
0.0-1.0 0.02 0.04 0.06
—_ 1.0-2.0 0.02 0.04 0.11
2.0-3.0 5.97 13.29 13.84
3.0-4.0 24.45 54.46 _ 67.87
4.0-5.0 6.03 23.67 ' 91.54
5.0-6.0 0.23 5.14 96.68
- 6.0-7.0 0.17 1.38 98.06
7.0-8.0 0.16 06.57 98.64
-8.0-9.0 0.15 0.10 88.75
>9.0 0.15 _ 1.24 100.00
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Facies F
GRAIN S1ZE ANALYSIS
B4K-5V-44 1
. | -
0.0 o %00 §
, :
.o su.nié
!
10,0 4 / '- l 10.9
. | ) Iv L 3
+.0 ) 3.0 ) 1.0 PP 0 3.0 1.0 5.0 7.0 .0 Lo 10.0
PHI YALUES
Class (@) ' Weight (g) Weight Percent Cumulative Percent
- 1.0-0.0 0.09 0.19 0.19
0.0-1.0 0.53 1.13 1.76
1.0-2.0 22,76 48.92 50.27
2.0-3.0 21.49 46.19" 96.47
3.0-4.0 0.39 0.83 97.31
4.0-5.0 0.18 0.30 97.62
5.0-6.0 0.16 0.28 97.91
6.0-7.0 0.16 0.78 98.69
7.0-8.0 0.15 0.08 898.77
8.0-9.0 0.15 0.24 99.901
>9.,0 0.15 0.98 100.00
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Facies G
GRAIN SIZE ANALYSIS
B45vK0013
n
o e s
&0 ( n'ng
0.0 ! w.u‘é
&
.0 0o S
.0 4 '| n.0
10,0 | ! _'"_—! 10,0
- — B A i
4.0 -1.0 3.0 =10 =1.0 .0 1.0 P:;: vmu’ég 1.0 3.0 6.0 1.0 o »o 10.0
Class (@) Weight(g) Weight Percent Cumulative Percent
- 1.0-0.0 0.00 " 0.00" 0.00
0.0-1.0 0.01 - 0.02 0.02
1.0-2.0 0.02 0.04 0.07 -
2.0-3.0 0.03 0.06 0.14
3.0-4.0 0.83 1.95 2.09
4.0-5.0 5.18) 38.07 40.18
5.0-6.0 0.77 40.23 80.42
6.0-7.0 0,34 11.62 92.04
7.0-8.0 o:22 4.43 96.48 .
8.0-9.0 0.17 1.05 97.53
>9.0 0.16 2.46 100.00
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SRAIN S1ZE ANALYS]S
\ BASVK0025A:

o.0m3 a,00;

To.0

i0.a

. el ‘
[ as P o2.41 0,00 a0 .08 L¥-- ]
)
i

Class (@)

CVWo~IAWUMLBIWNHO

AU WNH O

Vo oe s s

VWOOOoOoOOoooOoOD
O00000COoOoCOO

Weight (qg)

0.00
0.00
0.00
0.00
0.00
1.31
1.25
1.25
1.22
1.16
0.97

1.0 i 3.0 ) 5.0 5.0 1.0

PHI VALUES

Weight Percent

0.00
0.00
0.00
0.00
0.00
1.04
0.25
2.45
4.78
17.68
73.76

0.00
0.00
0.00
0.00
0.00
1.04
1.30
3.76
8.55

26.23
100.00

203

‘.
i
o

B
o

8
-]

]
i’ -
CUrLATIVE-PERCENT CORRSER THAN

Cumulative Percent
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Facies Hb °

SRAIN STZE ANALYSIS p

OeLATIVE PERCENT COPRSER THAM

B45VK00256:
A
g .0 // rouo
5 /
5 Sﬂ-ﬂ-l : 0.0
2
g
¥ i—if‘*"‘
30,0 - } ’[ x.0
o y oo
/
18.0 ] [ 10.0
-5.L =10 -1 -0 -1.0 0.0 1,0 F:I'? \'H{_U“E; 1.0 5.0 €0 7.0 .0 na 10.0
| .
Class (@) Weight(g) Weight -Percent Cumulative Percenﬁ
- 1.0-0.0 0.00, 0.00 ¢ - 0.00
0.0-1.0 0.00 0.00 ¢.00
1.0-2.0 0.00 0.00 0.00
2.0-3.0 0.00 0.00 0.00
3.0-4.0 0.00 0.00 0.00
4.0-5.0 1.27 1.88 1.88
5.0-6.0 1.05 1.53 3.41 . -
6.0-7.0 1.03 6.21 9.63
7.0-8.0 0.97 33.45 43,08
8.0-9.0 0.66 34.39 e 77.47
>9.0 0.34 - 22.52 100.00

—_—
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>
GRAIN SIZE ANALYSIS
A4K-5V-47H1
m pry
-
n.0 / a0
@.a ﬁ
o | / %
/
0.0 .. !
/ :
; =
.0 r—L ‘ 2.0 g
I )
.0 I F 0.0
10.0 , A 1.0
1 .
.0 .0 3.0 2.0 1.0 0.0 1.0 w0 3.0 o 5.0 .0 7.0 e e 0.0
PHI VALUES
Class (@) Weight (qg) Weight Percent . Cumulative Percent
- 1.0-0.0 0.02 0.03 0.03
0.0-1.0 0.02 0.03 0.07
1.0-2.0 - 0.10 0.18 0.26
2.0-3.0 0.31 0.59 0.86
3.0-4.0 0.67 1.27 2.14
4.0-5.0 1.99 . 8.25 13.67
5.0-6.0 1.31 30.41 40.81
6.0-7.0 0.91 25.96 : 66.78
7.0-8.0 0.57 12.92 79.70
8.0-9.0 0.40 5.44 85.14
9.0 0.33° 100.00

14.85

L
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Section 1

Elevation of top: 205 m a.s.l. k’\

Facies

H 8ilty clay rhythmites, 5 m thick;
couplets range in thickness from

\ 20 cm at base and decrease to 3 c¢m
at top.

G Very fine sandy silt, 1 m thick;
massive to poorly horizontally lami-
nated; grades sharply into Facies Ii.

LEGEND FOR APPENDIX D

Lithofacies Symbols

G climﬁing ripples

A dropstones

Az soft sediment deformation
e fossils

M peat

F3 fossil sample location

K\ palaeocurrent direction

B (3] Y 4 (2 23 [ (10 e
P E O ODE Mo H
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Section 2 t o 9

Elevation of top: fBO m a’zs.l.

e ®

/ 2  Facies
I SiTty clay rhythmites, 5 m thick;
couplets range in thickness from
10 cm at base to 1 cm 4t top (Plate 7);
¢ rare dropstones, up to 20 cm dia-
meter occur at base.

: A Massive, poorly sorted diamicton,
0.5 m in thickness; angular to well
rounded clasts, up to 0.75 m dia-
meter; sharply overlain by Facies H.

R YT Ts L
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APPENDIX D-3

Section 3

Elevation'of top: 152 m a.s.l,.

Facies

H Silty clay rhythmites, 4 m
thick; couplets vary in thick-
ness from 10 cm at base to 2 cm

0°0 Q at top. :

0 o0 0 B Massive poorly sorted diamicton
C)o 7 m in thickness; clasts varia-
o Q . ble in composition, angular to

LRRY! rounded, ranging from 2 cm to
© 50 ¢m in diameter; sharply over-
O 4% o lain by Facies H.
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\ APPENDIX D-4 ’ ~_

Section 4

Elevation of top: 142 m a.s.l.

Facies

I Silty clay rhythmites, 7 m in thick-
ness; couplets range from 10 cm thick
at base, to 1 cm at top; minor gravel
and cobble lag on surface. -
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- APPENDIX D~5

Section 5

Elevation of top: 122 m a.s.l.

Facies

H Silty clay rhythmites, 6 m thick;
couplets range in thickness from .
10 cm at base and decreasé to
2.5 cm at top.

B Poorly sorted, massive silty dia-

(} e . micton, 9 m in thickness; numerous
o ZB erratics of variable size and com-~
J position, but predominance of well

4} ‘rounded green sandstone cobbles;

O gradational contact over 30 cm with
O Facies H (Plate 13).

o O
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APPENDIX D-§

Elevation of top: 100 m a.s.l.

- H
B
H
878,
8- 0. A
o D
0 oo 0
O 0 9
0. B

Facies

Silty clay rhytAmites, 10 m in thick-
ness; thickness of couplets ranges
from 10 cm at base to 2 cm at top,

Poorly sorted silty diamicton, lo-cm _
thick;: sharp upper and lower contacts
with Facies H. ' '

Silty clay rhythmites, 50 cm thick,
forming draped layers over irregular
upper surface of Facies A. '

Massive poorly sorted sandy diamicton
with abundant gravel and cobble, 2 m
in thickness; sharp lower boundary
with Facies B,

Poorly sorted silty diamicton with
high concentration of angular gray
sandstone and dolomite, clasts up to
2 m diameter, 4 m thick.



Section 7
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APPENDIX D-7

Elevation of top: 80 m a.s.1.

B -—

Facies

H

Silty clay rhythmites, 6 m thick;
couplets range in thickness from
10 cm at base, to 2.5 cm at top of
section. :

Poorly sorted, massive silty dia-
micton, 4 m thick; sharply overlain
by thinly bedded alternating layers

of Facies H and B, 2 to 6 cm thick,
over a distance of 30 cm; diamicton

is rich in gravel-sized angular clasts
of green sandstone (Plate 14).



Section 8
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APPENDIX D-8

Elevation of top: 120 m a.s.l. -

q

Do O
0 o
o 0°

Facies

&

H 8ilty clay rhythmites, 5.5 m thick;

couplets range in thickness from 2.5 ¢m
at base to 1 cm at top; lower 25 cm is

interbedded with thin diamicton layers;
occasional dropstones present. -

B Massive, poorly sorted silty diamicton,
2 m in thickness; clasts up to 0.75 m
diameter, consisting of angular bedrock
slabs (green sandstone) to well rounded
cobbles of various lithologies; sharply
overlain by Facies H.
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APPENDIX 'D-9

Section 9

Elevation of top: 100 m a.s.1.

Facies

H Silty clay rhythmites, 5 m in thick-
ness; couplets vary in thickness from
3 cm at base to 1 cm at top of section®

B Poorly sorted massive silty diamicton,
1.5 m thick; angular to rounded clasts
up to 0.75 m diameter, various litho-
logies; sharply overlain by Facies H.

0 °aN
o [e)
0,90
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APPENDIX D-10

Section 10

Elevation of top: 260 m a.s.l.

5.

Units

Planar bedded medium to coarse
sand, with granules, gravel and
rare cobbles, 3 m thick.

Medium to coarse cross-bedded sand
with granules and minor gravel, 5 m
thick; bed thickness ranges from 30
cm.to 1 m; beds dip 25°towards 3252
abrupt erosional contact with Unit 5.

Medium to coarse sand with minor
granules, 6 m in thickness; tabular
and rare trough cross-bedding are pre-
sent; beds are 30 to 90 cm thick, and
dip 30° towards 3405 sharp upper con-
tact with Unit 4. .

Tabular cross-bedded medium to
coarse sand, 7.3 m thick; beds range
in thickness from 10 to 35 cm, and
dip 23° towards 035% erosional ‘sharp
contact with Unit 3. *

Medium to coarse sand, 1.5 m in
thickness; trough cross-stratification
towards 045% sharp erosional contact
with Unit 2. " :
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APPENDIX D-11

Section 11

Elevation. of top: 80 m a.s.1,.

Facies ' !
. _ P

H Silty clay rhythmites, 8 m ‘thick;

- couplets range in thickness from
30 cm at base, and decrease to 4 cm
at top; gravel and cobble lag on
surface. -

G Finely laminated silt, 75 cm thick;
\\ ___________ upper and lower gradational contacts.

e e e E Silty sand, 90 cm thick; cosets of

L e climbing ripples (type B) overlain

and underlain by horizontal laminae, l-
4 cm to S5 cm thick. '

D Medium to coarse structureless sand,
1.6 m thick; rare granules present,
sharp ‘erosional lower boundary with
Facies C.

. C Coarse sand with rare gravel, 1.5 m

' _ thick; cross-bedded sand dipping 21
to 34° towards 230% beds range in thick-
ness from 20 to 50 cm; gravel lag
concentrated at upper contact with
Facies D.

1
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APPENDIX D-12

Section 12

Elevation of top: 80 m a.s.1l.

S~

Facies

H Silty clay rhythmites, 24 m

' thick; couplets range in thickness
from 30 cm at base, to 1 cm at
top of section; intraformational

v contorted bedding restricted to

1l m thick band; rare dropstones
occur near base of unit, rounded
clasts up to 20 cm diqgeter.

VAP =P -~
T D5y
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APPENDIX D-13

SectiQn 13 R

Elevation of top:6l m a.s.l;

Facies

B — H Silty clay rhythmites, 24 m in
thickness; couplets vary from

25 cm thick at base, to 4 cm at
top of section; rhythmites thin
and thicken vertically in a ran-
dom distribution; dropstones are
rare, but attain 1.5 m _diameter,
are well rounded, and are restric-
ted to upper zone.

3
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APPENDIX D-14

Section 14~
Elevation of top: 80 m a.s.1.

Facies

]
a
O = B Silty diamicton, massive and poorly
Q o ° - sorted, 15 m in thickness; angular
O to rounded clasts of various lithologies

© o and size, up to 1 m diameter; slabs
0 . of green sandstone are abundant.
B/ -

£y ‘
4] [3 2

o 0
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APPENDIX D-15

Section 15

Elevation of top: 53 m a.s.1.

Facies

H Silty clay rhythmites, 15 m thick:

e« Couplets range in thickness from 15
cm at base and decrease to 3 cm at
top of section; soft sediment defor-
mation is rare and is restricted to
mid-section; small -dropstones and
associated sand and gravel concen-—

k trations found at different levels;
surface may exhibit cobbles and gra-
vel, and rare marine bivalves for-
ming -lag. . '

]

LV
K
1S

iD
G




Secflon 16

' 221

APPENDIX D-16

Elevation of top: 61 m a.s.l.

q
\

« . \_,.-/
Facies

H- 8ilty clay rhythmites, 14.5 m
thick; couplets range from 25 cm
at base to 3 cm at top of section;
minor convolute bedding between un-
disturbed rhythmites; rare drop-
stones less than 10 cm diameter
present.

G Silty layer, 50 cm in thickness,
finely laminated with two thin clay
layers; upper gradational contact
with Facies H.

E 8ilty sand, 4 m thick; composed of

climbing ripples and parallel lami-
‘nations: type A, B, and sinusoidal

laminae (Plate 3}; palaeocurrent
_directions towards 270% upper gra-

“dational boundary with Facies G.



Section 17

Elevation of top:

»

] L -]
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APPENDIX D-17

6B m a.s.1l.

Facies

H

Silty clay rhythmites, 21 m thick;
couplets range in thickness from

30 cm at base, and thin upward to
0.5 cm at top, but there is consi-
derable fluctuation in this trend;
dropstones up to 30 cm diameter are
present.

Poorly sorted silty diamicton, 10 cm
thick; rounded to angular clasts up
to 7 cm diameter; sharp upper and
lower contacts with Facies H.

Silty clay rhythmites, 5 m in thick~
ness; couplets vary from 30 cm to

20 cm thick; convolute bedding
(folds and diapir) .are restricted to
1.5 m to 2 m thick bands, underlain
and overlain by planar rhythmites.
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APPENDIX D-18 -
N

Section 18

Elevation of top: 90 m a.s.l.

Facies 5‘

H Silty clay rhythmites, 8 m
thick; couplets range from 10
cm at base to 2.5 cm at top of
section; no apparent deforma-
tion or dropstones.
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Section 19

224

APPENDIX D-19

Elevation cof top: 70 m a.s.l.

Facies

H

G

H

——

"ness; couplets range from 30 cm to 4 cm

Silty clay rhythmites, 7.5 m thick;
couplets range in thickness from 15

cm at base to 1 cm at top; clay layer
in couplets is reddish brown in colour.

Silty unit, 6.5 m thick; structures ran-
ge from massive to horizontally lamina-
ted to cross-laminated; alternating se-
guences of type B climbing ripples, si-
nusoidal laminae and planar laminae;
palaeoccurrent direction towards 250%
upper and lower gradational contacts
with Facies H.’

Silty clay rhythmites, 11 m in thick-

thick; contorted bedding 1 m thick
underlies Facies G; dropstones do not
exceed 10 cm diameter.

-
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APPENDIX D-20

"Section 20
. Elevation of top: 70 m a.s.1.

Facies and Units

3. Medium to coarse-grained sand, I m
thick; herizontally laminated.

2. Fine to coarse-grained sand, 1.5 m
thick; trough cross-stratification
with sets 35 cm thick, which show a
coarsening- upward trend palaeocur-
rents towards 048% upper gradatlonal
contact with Unit 3.

- 1. Medium to coarse sand, 4.5 m'thick;
L : tabular cross-stratified beds with

“— | T fining upward cycles, dipping 22°
—_ — towards 060 sharp erosional contact
— | : with Unit 2. '

4 .
I I Massive silt with greater concentra-
tion of sand at upper gradational
contact with Unit 1, 4.5 m thick.

H Silty clay rhythmites, 2 m thick;
couplets vary in thickness from 20 cm
at base to 3 cm at top; salty taste:
sharp contact with Facies I.

G Silty unit, 10 m in thickness; compo-
sed of beds 30 cm to 2 m thick of
climbing ripples (Plate 4), undulatory
laminae, and rarely type A ripples;
gradational contacts with Facies H.

H Silty clay rhythmites, 13 m thick;
‘ couplets vary from 35 cm at base to
3 cm at top; gradational contacts with
Facies G.

G Silty, laminated deposit, 1 m thick;
upper gradational contact with Facies H.
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APPENDIX D-21

Elevation of top: 70 m a.s.l.

J

Facies

H

Silty clay rhythmites, 7 m thick;
couplets range in thickness from
40 cm at base to 2 cm at top of
section.

Poorly sorted massive silty dia-

micton, 2 m thick; clast size and
lithology variable; sharply over-
lain and underlain by Facies H.

Silty clay rhythmites, 3 m thick;
couplets vary from 10 cm at base to
4 cm at top of bed.
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Section 22 /
Elevation of top: 80 m a.#.l.

f‘.

NEREA Facies’
+ + + !
o + " F Fine to medium sand, 3 m thick;
41;ﬁ;* massive to laminated, fossiliferous.
+ + 4+
+ I Massive silt with minor sand con-
centration at upper boundary with
A—— Facie; F, 6.35 m thick.
T~ H Silty clay rhythmites , 4 m in thick-
\ o ] ness; couplets range from 25 cm to
10 em thick; rare dropstones present;
upper boundary with Facies I is sharp.
"""" G Silty layer, 50 cm thick; faintly la-
LT " 'minated to massive; upper and lower
27 S gradational contacts with Facies H
\.---@*-‘ ‘ and E respectively.
D P
R E Silty sand, 16 m thick; composed of
L cosets of type A, B cross-laminations,
sinusoidal laminations, parallel lami-
"""" nations, and may also be massive;

palaeocurrents towards 340°
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APPENDIX D-23

Section 23
Elevation of top: 110 m a.s.1l. -

_— Units -
P e i 5. Sandy peat, 1.5 m thick. -
DAPSRILTIRH B 4. 8ilt and fine sand, 1.2 m thick;

T [l 2 planar and cross-laminated struc-
=S ture; overlain by 25 cm thick
;:géé;ﬁé gravel bed.

ﬁ ;:%E?%?j 3. Gravelly sand, 1.25 m thick; mas-
;g*{SEF , sive to poorly stratified; upper
NS and lower gradational contacts.
R 2. Silty sand, 2 m thick; planar and
P NN cross—-laminations; palaeocurrent

f NGO directions towards 000%

PENGRY . 1. Alternating strata of massive to
NN N laminated fine to medium sand, and
X:\:>\' N tabular cross-bedded sand, separated

by thin silty clay layers 3 cm to

7 em thick; beds range from 10 cm

to 1 m thick; cross-beds dip 399 —
towards 010% sinusoidal laminations
of silty sand near upper contact
with Unit 2.



Section 24
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APPENDIX D-24

Elevation of top: 65 m a,s.l.

R R A ')

i

Facies

H

Silty clay rhythmites, 18 m thick;
couplets range from 30 cm at base
to 2.5 cm at top of section.

Silty layer, 2 m thick; massive to
finely laminated; upper and lower
gradational contacts with Facies

H and E respectively.

Silty sand, 1 m thick; consists of
planar and cross-laminated cosets.

Massive to poorly laminated coarse
sand, 12.3 m thick; grades rapidly
into Facies E.
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APPENDIX D-25

Section 25 .
‘Elevation of top: 76 m a.s.l.

Fl e =
Faf: T Facies

F Medium to fine sand, 4 m thick; mas-
sive at base, grading into sand and
sandy silt rhythmites, 2 cm to 10 cm
thick with gradational contacts.

I Massive silt, 6 m thick; grades abrup-
tly .into Facies F.

H Silty clay rhythmites, 17 m in thick-
ness; couplets range from 25 cm to
2.5 cm at the top; no dropgtones or .
deformations observed; sharply over-
lain by Facies I.

P —— G Silty layers, 2 m thick; massive at
e base, becoming laminated at top of

b . . . .

“k f’<;4; _ unit; gradational contact with Facies C.
L .
R . C Medium to coarse sand, Zom in thickness;
e e ’ cross-bedded towards 260; lower grada-

tional boundary with Facies D.

[ |

el e

L L . . .
‘“*,éfajégf D Massive to laminated medium to coarse
sand, B m thick; contact with lower
Facies C is gradational.

C Coarse sand with minor gravel and some
cobbles up to 15 cm diameter; 3 m thick;
tabular cross-bedded strata dip 24°
towards 2809 and average 30 cm thick.
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APPENDIX D-26

Section 26
 Elevation of top: 55 m a.s.l.

Facies

H Silty clay rhythmites, 3.5 m thick;
- couplets range from 8 cm to 2.5 em

a g5 ° at top of section.
o 0 A . L
T~ 5 | B Poorly sorted silty diamicton, 3 m

thick; comprised of strata 15 cm to
40 cm thick; clasts up to .75 cm di-
ameter, angular to rounded and of
various lithologies; sharp upper and
lower contacts with Facies H.

H Silty clay rhythmites, 4 m in thick-
ness; couplets range in thickness
from 25 cm at base to 4 cm in upper
part of unit. '
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APPENDIX D-27

Section 27 .

Elevation of top: S50 m a.s.l.

@ ’Facies
*}f}?;f F Fine sand, 1.5 m thick; fossili-
++ 4+ 4| - ferous and structureless.
+ 4+ .
+ + 4+ I Massive silt with minor sand at upper
+ + + + gradational contact with Facies F,
“+ + + 9.5 m in thickness.
+ A+ + +
+ + —+

H Silty clay rhythmites, 10 m in thick-
ness; couplets range from 35 cm at
base to 1 cm at top of section; clay
layers at base contain sandy gravel
layers and lenses; contact with Facies
I is sharp.

»
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APPENDIX D-28

Elevation of top: 80 m a.s.l.

\
Ty

Facies

H

¢
Silty clay rhythmites, 5.5 m thick:
couplets range in thickness from

. 20 cm at base to 3 cm at top of

section; upper part of this unit
has rhythmites which taste salty.

Silty layer, 50 cm thick; planar
laminated at top and sinusoidal
laminations at base, with grada-
tional contacts with both Facies H
and E.

Medium to fine sand with greater
proportion of silt at top of unit,
2 m in thickness; sand grades up-
ward into ripple-drift cross-lami-
nations (type A, B); palaeocurrent
direction towards 240°.°
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APPENDIX D-29

Section 29
Elevation of top: 40 m a.s.l.

ARSI _ Facies
+ &, + ) _ o
+ + F Fine to medium sand with rare granu-
"+4:+4:+ les, 1 m in thickness, fossiliferous.

I Massive silt, 8 m thick; fossilife-
rous, grades into Facies F.

H Silty clay rhythmites, 20 m thick;
couplets decrease in, thickness from
25 cm to 2 cm thick_ at top of section;
rare dropstones at base with diameters
inferior to 30 cm; sharply overlain
| by Facies I.

_— . G Laminated silt unit, 2 m in thickness;
- occasional sand partings in silt la-
vers; grades upward into Facies H.
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APPENDIX D-30
Section 30 )
Elevation of top: 40 m a.s.1l.
+ 4+ + Facies ,
++*ﬁ;. I Massive clayey 511t, 8.25 m in thick-
+ + ness.
++ + |
¥f¥f+ B Structureless poorly sorted silty di-
amicton, 3.75 m thlck angular to
B o9 rounded clasts of various lithologies,
o 0 up to 1 m diameter; very rare sand
b o and gravel lenses, grades sharply into
Facies I.
H Silty clay rhythmites, 8 m in thick-
ness; couplets range from 20 cm at
— base to 2.5 cm at top of unit; thin
R, 10 cm thick diamicton bed (Plate 6)

rich in small angular green sandstone
clasts, continuous over*30'm, but
pinches and swells locally; small-
scale deformations in form of diapirs,
and rare dropstones present near base
of unit.



Section 31

Elevation of top:
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APPENDIX D-3%

42 m a.s.l.

Facies

F Massive, poorly laminated sand, 5.25 m
in thickness; rare pebbly lenses near
upper surface; fossiliferous.

I Structureless clayey silt, 7 m thick;
grades rapidly into Facies F; very
rare clayey stringers suggest a poorly
defined bedding structure.

B Poorly sorted, massive silty diamicton,
4,25 m thick; clasts range up to 1 m
diameter; rapid gradational contact
with Facies I.

H Silty clay rhythmites, 5.5 m thick;
couplets vary from 15 cm to 3 cm thick;
sharp contact with Facies B showing
depressed rhythmites.



Section 32
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APPENDIX D-32 .

Elevation of top: 26 m a.s.l.

Ol
9
02

\ o '.“-
18D
| oV
=13

Facies

H

Silty clay rhythmites, 7 m thick; cou-
plets range from 15 cm at base to 2.5 cm
at top of section.

Sandy, massive diamicton, poorly sorted,
1.5 m thick; sharply overlain by Facies
H _

Structureless silty diamicton, 0.25 m
to 1.25 m thick; rare -gravel and sand
lenses and discontinuous layers (Plate
2), as well as thin clay lenses in med-
fine sand layers, 2 c¢m to 5 cm thick
near upper contact with Facies A; this
contact is marked by a granule and gra-
vel lag deposit.

Sandy, non-sorted diamicton, 2 m in
thickness; sharply overlain by Facies B;
numerous angular clasts of green sand-
stone. :

Bedrock: smooth, locally irregular green
sandstone, 1.75 m thick.



238

APPENDIX D-33

Section 33
Elevation of top: 30 m a.s.l.

Facies

H 8ilty clay rhythmites, 11 m in thick-
ness; couplets range from 15 cm at
base to 3 cm at top of section; rare
dropstones ( 30 cm diameter) and soft
sediment deformation near base of unit.

A2 A Poorly sorted, structureless sandy dia-
S micton, 4 m thick; clasts of variable
DD size, composition and degree of round-
;ggtga ness; sharply overlain by Facies H.

.0~ R  Bedrock, 1.75 m thick, green sandstone.




Section 34
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APPENDIX D-34

Elevation of top: 27 m a.s.l.

Facies _ ' | r”\

H

Silty clay rhythmites, 5.75 m thick;
couplets range in thickness from 15 cm
at base to 2.5 cm at top of section; no
apparent dropstones or deformation. -

Poorly sorted silty diamicton, 2 m thick;
structureless, clasts of different 1li-
thologies, rounded to angular; separated
from Facies H by stony clay layer.

Massive sandy diamicton, 6 m in thick-
ness; rounded to angular clasts of green
sandstone, up to 1 m diameter; contains
lenses of diamicton (Facies B), .25 m to
-75 m thick; sharp contacts with silty
diamicton.

Bedrock, green sandstone, 1 m thick.



Section 35
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APPENDIX D-35

Elevation of top: 28 m a.s.l. MR

++ +

Facies

F  Medium to fine sand, 4.5 m thick; up-
per 2 m are massive; lower 2.5 m com-
posed of silty sand layers (1 cm) and
silt layers (5 c¢m) which alternate.

I Massive clayey silt, 17 m in thickness;
fossiliferous, upper gradational contact
with Facies F; at base of unit, there
is a discontinuous sandy horizon with
rare granules and gravel, 15 cm thick.

H S8ilty clay rhythmites, 4.5 m thick:;
couplets range in thickness from 15 cm
at base, to 2.5 cm near top of unit;
rhythmites have a salty taste; sharply
overlain by Facies I.



241

APPENDIX D-36

Section 36 )
Elevation of top: 23 m a.s.l.

Facies

F Medium to fine fossiliferous sand,
4 m in thickness; consists of up-
per 2 m of massive to poorly bed-
ded sand, underlain by sandy silt
and silt altern2ting layers, 1 to
5 cm thick.

ﬁ;ﬁ;f“ ‘I Massive clayey silt, 14 m thick:
fossiliferous, grading upward into

+ + + : - Facies F. ' .

+ -+

+++




Section 37
Elevation of top:

Fl4

FIS

+ o+ +

+ +
+ <+ +
o+ +
+ ++
+ +
+ 4+
+ +
+ -+ -+
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APPENDIX D-37

20 m a.s.1l.
Facies

F Medium to fine fossiliferous sand,
2 m in thickness; massive to poor-
ly laminated.

I Structureless silt, 11 m thick;
fossiliferous, grading upward
into Facies F, with minor sand in-
crease near upper boundary.



Section 38
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APPENDIX D-38

Elevation at top: 20 m a.s.l.

o FIO}<

FItf

Fi2

FIg|+ + -+

Facies

F

Medium to fine.fossiliferous sand,
2 m thick; massive to faintly la-
minated with occasional silt len-
ses, 10 cm thick by 50 cm long.

Massive clayey-silt, 13 m thick;
fossiliferous; blue-gray in co-
lour at base grading to brown-
gray near top; upper contact with
Facies F gradational.
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APPENDIX D-39 : -

Section 39
Elevation of top: 40 m a.s.l.

5o . Facies |

. O H Silty clay rhythmites, 1 m in

O °. thickness; couplets average 10 cm
s = thick. .

. )
o [ . : . .
0 O B Massive, poorly sorted silty dia-

O g micton, 6.5 m thick; poorly defined

- . bedding plane at mid-section;
clasts of various lithologies, up

to ]l m diameter, angular to rounded;
sharply overlain by Facies H.

R Bedrock, red sandstone, 1 m thick.



245

APPENDIX D-40
Section 40 .
Elevation of top: 65 m a.s.l.

F7 f++++ -Facies '
+ + + [ - - + »
| + -+ I Massive clayey silt, fossiliferous -
+ + 4 near top, 6 m thick.
k\ N H Silty clay rhythmites, 2 m in thick-~
— = — - ness; couplets have gradational con-
g tacts, taste salty and vary in thick-
ness ®#rom 40 cm to 15 cm near top;
rapid gradational contact with Facies I.

&>
G Silty unit, 2 m thick; type B climb-
ing ripples at base, overlain by sinu-
soidal laminae and planar laminae;

S palaeocurrents towards 315°; gradati-
M P~ onal upper and lower surfaces.
Jk\ ;&g;;;; : E Laminated sand and silt, 1 - m thick,
I with minor sinusoidal laminae. .
ot ore .
+.ap 0 G Massive to laminated silt, 2 m thick.

C Coarse sangd, 4.5 m thick,015—30 cm o
thick strata dip 18°to 21° towards 300%
sharply overlain by 15 cm gravel lag.

D Medium to coarse sand with rare gravel,
2.25 m in thickness; cross-laminated
at top, grading downward to planar la-
Mminae; upper erosional contact.

E "Normal graded medium to fine sand,
~1.25 m thick; laminated at base grad-
e ing to type B ripples.

D Massive to poorly laminated coarse
sand with rare gravel, 1 m thick;
rare red clay rip-up clasts.

E Normal graded bed, laminatef coarse
sand- at base to rippled fine sand at °
top, 2 m thick; erosional upper contact.

-thick; reddish brown in colour with
abundant angular clasts of red sand-
stone. .

L\ A Poorly sorted sandy diamicton, 2 m



. ' 246
APPENDIX E

}chxgoraminiféra of the Postglacial Sea in the

Basin of the Richardson and Rae Rivers, N.W.T.

Alveophragmium crassihargo (Norman),

A. cf. jeffrexsi (Williamson)

Buccella frigida (Cushman) ' '

Cassidulina reniforme Ngrvang

Cornuspira involvens (Reuss)

Dentalina frobisherensis Loeblich and Tappan

D. ittai Loeblich and Tappan

Elphidiella groenlandica Cushman

Elphidiella sp.

Elphidium bartletti Cushman

E. clavatum Cushman

|

orbiculare (Brady)

|t

. williamsoni Haynes

Elphidium sp.

Fissurina sp.

Haplofragmoides sp.

Hyperammina sp.

Islandiella helenae Feyling-Hanssen and Buzas

I. norcrossi (Cushman)
> 22°CIOSS1

Lagena graciilima (Seguenza)

L. semilineata Wright




APPENDIX E - (Concluded)

Oolina melo Ad'Orbigny

-Oclina sp.

Parafissurina sp.

Polymorphina sp.

Pseudopolymorphina novangiiae (Cushman)

Pyrgo williamsoni (Silvestri)

Quinqueloculina stalkeri Loeblich .and Tappan-

Reophax curtus Cushman

R. scorgiurus Montfort

Scutuloris tegminis Loeblich and Tappan

"Triloculina trihedra Loeblich and Tappan

Virgulina loeblichi Feyling-Hanssen
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APPENDIX F

Ostracoda of the Postglacial Sea in the

Basin of the Richardson and Rae Rivers, N.W.T.

-

Acanthocythereis dunelmensis (Norman)

Cyﬁheropteron paralatissimum Swain

C. simplex Whatley and Masson

Eucytheridea bradii (Norman)

E. macrolaminata (Elofson)

E. punctillata (Brady)

Heterocyprideis sorbyana (Jones)

¥
Ilyocypris bradyi Sars

I. gibba' {Ramdohr)

.Limnocythere cf. herricki Staplin

Loxoconcha venepidermoidea Swain

Palmenella limicola (Norman)

Paracyprideis pseudopunctillata Swain

Pseudocythereis simpsonensis Swain

Rabilimis cf. septentrionalis . (Brady).

Roundstonia globulifera (Brady)
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Macrofossils of the Postglacial Sea in the

Basin of the Richardson and Rae Rivers, N.W.T.

Hiatella arctica (Linné)

Macoma balthica (Linné)

M. calcarea ({(Gmelin)

Mya truncata (Linné)

Mytilus edulis (Linné&)

Portlandia arctica (Gray)

P. lenticula (Mdller)

Saxicava arctica Linné

APPENDIX G
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