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ABSTRACT

Stanwell-Fletcher Lake lies in a post—Cfetaceous graben on the east
side of the Boothia Arch, Someréet Island, Northwest Territories. The
lake site was formed by glacial excavation of a down-faulted block of
relatively soft Cretaceous (?) rocks, and the history of the area can
be traced through three stages as post-Pleistocene uplift progressed;
marine, estuarine, and the present lacustrine stage. The last stage is
believed to have commenced approximately 5,000 years ago.

Since that time, the saline water formerly oceupying the lake site
has been completely replaced by fresh water, largely through circulation
during the estuarine stage. The lack of chemical stratification and the
isothermal nature of the lake indicate efficient circulation and hence
oxygenation of the water in spite of the year~round ice-cover,

In general the bottom sediments of Stanwell-Fletcher Lake are un-
laminated, fine-grained deposits oxidized to a reddish~brown colour at
the surface. Poor sorting and positive skewness are the rule even in
the seasonally ice-free, wind-agitated margins. Silt and mud predom-
inate in the central portions of the lake, whereas the marginal areas
are generally sandy. The distinctness of these two groupings of sed-
iments is af£;ibuted to differing modes of transport and deposit ion,
namely, bottom traction and seasonal deposition of the sand as opposed
to slow, year-round settling out of the>mud. Surface organic carbon
averazes 2.3%, and total carbonates less than 1%. The appearance down-
ward in the cores of apparently detrital dolomite and in situ foramin-

iferal tests is accompanied by an increase in mean grain size.  The
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higher energy estuarine phase is believed to have been operative at that

time.

The cold climate.retards chemical weatherinz and limits the duration
of sediment transport by st?eams. The rate of sedimentation in the lake
is therefore low and sorting is poor because the ice-cover minimizes
winnowing by wave activity., Chemical and biological processes in the
water are inhibited by the low temperatures with the result that autoch-
thonous sediments such as organic matter and precipitated carbonates
(marls) are insignificant in the deposits. As chemical breakdown of
clay-producing minerals is minimal, the clay minerals present were

mechanically derived from source rocks in the area,
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CHAPTER 1
INTRODUCTION

The field workdeseribed here was carried out as pait of the
University of Ottawa's Arctic Expedition programme on Somerset
Island during the sumer of 1965. Field work lasted frem mid—
May to mid-July, Attention was drawn to Stanwell-Fletcher Lake
in partieular because of unpublished reports. that it was quite
deeé and probably meromictie, that is, having a permanently un-
mixed layer of relict sea-water trapped along the bottom. Also,
the fact that the expedition was based on Somerset Island made

aocess to the lake and its study very convenient.
THE PURPOSE OF THE STUDY

fhe prime purpose of the project is to study the effeet of
an arctic climate on sedimentation in a modern lacustrine en~
viromment, In particular, the aim is to investigate anomalous
features in the limnology and sedimentation of Stamwell-Fletcher
Leke, Such a study entails a thorough appraisal of the more
oritical sedimentological factors of the unconsolidated bottom
deposits, as well as certain physical characteristics of the
medium of deposition, the lake water itself;.

The study is justified in view of the paucity of literature A
on the subject of arctic limnology, and thezggéilability of any
published work on the modern sediments of arctic lakes, that is,

lakes in the areas of less than 40OF average July temperature




(Frey, 1963) (Table 15. It is also recognized that a full
knowledge of the arctic lake envircrnment is of prime importance
to an understanding of the geology and palececology of the
Pleistocene epoch, when such conditions were much more wide-

spread,

PREVIOUS WORK

The amount of work published on the limnology and sedimen-
tation of temperate and tropical lakes is impressive. This is
to be expepted considering their importance to inhabited areas
in relation to fisheries, water supplies, and recreatioﬁ.
However, the literature on subarctic lakes (lakes in the sub-
arctic climatic zone between the temperate and arctic zones)
is much smaller.

Most of the limnological background for this study was
cbtained from Hutchinson (19575. Besides a comprehensive
review of the literature, esﬁecially on temperate, tropiéal,"
and subarctic 1akesi Hutchinson classifies lakes in general
into 3 categories:

a. Dimictic, in which circulation takes place

twice a year,

b. Warm monomictic, implying winter circulation

above 4°C,

c; Cold monomictic, implying summer circulation

below 4°C,




He comments on the relative rarity of cold monomictic type$

the category into which Stanwell~Fletcher Lake falls, and also
on the lack of information on their thermal cycles., It is
recognized that thermal conditions must be very differenﬁ from
those of the dimictic types due to the continﬁous solar radia-
tion which affects cold monomictic lakes in summer,

Frey (1963) has also compiled a valuable review of the
mejor limnological research carried out in North America. It
includee a chapter on Greenland and the Arctic of North America.

Much work is presently being done on subarctic lakes but
the literature on arctic lakes is scant, and is mostly of a
biological nature’ A summary of the work most relevant to this
study is given below,

Livingstone (in Frey, 1963) described and reviewed work
on the biological limnology of selscted lakes in Alaska, the
Yukon, the Northwesﬁ Territories, and Greenland. In an earlier
publication with Bryan and Leahy (1958), he suggested that the
effect of an arctic environment on lakes is principally through
physiographic processes affecting origin, sedimentation, and
drainage. '

Hobbie (1961) described Lake Schrader in Alaska, in which
stable stratification was erratic, occurring in 1958 and not
in 1959,

Angino, Armitage, and Tash (1964) studied the limnology

of Lake Bonney, Antarctica and found that it was meromictic

(having a permanently unmixed layer of water along the bottom). Q
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ThHey concluded that the warmer layer of saline water at the
bottom was trapped sea water.

The limnplogylof'Greenshield Lake, a glacier-fed lake on
Baffin Island, was studied by Quizley (1956). He noted an
anomalous layer of cold water aloﬁg the bottom below a depth
of 40O fe@et, although in shallower water the lake is isother-
mal. Settling.pans placed at various distances from the
glacier showed that only sediment settling near the melting )
glacier was laminated.

Hattersley-Smith and Serson (1964) described a meromictic
lake on northern Ellesmere Island., In this case an anomal-
ously warm and relatively saline layer of water occurred along
the bottom. No definite explanation was given for this
phenomerion.

Deane (1958) conducted both limnological and sedimentol-
ogical studies of Lake Hazen, northern Ellesmere Island, but
unfortunately because of his death, only preliminary reports

Have been published,
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CHAPTER II

STANWELL-FLETCHER LAKE AND

SURROUNDING REGICN

GEQGRAPHIC LOCATION AND CLIMATE

Stanwell-Fletcher Lake is located at Latitude 72°L5'N and
Longitude 9h°h5!w; some 400 miles north of the Arctic Circle.
It is on Somerset Island, one of the islands of the Canadian
Arctic Archipelago, in the District of Franklin (see Fig., 1).
The lake covers an area of 131 square miles, and is at an
altitude of about 25 feet above sea level,

The climate of Somerset Island is typically arctic, with
long, cold winters and short, cool summers. Table 1 shows a
monthly synopsis of the weather for the 12 month period ending
July 31st, 1965 at Resolute Bay, Cornwallis Island, about 100
miles north of Stanwell-Fletcher Lake. These figures were
obtained from the records of the Department of Transport,
Shown with these figures, in small, bracketed tyﬁe are readings
taken on Somerset Island. Although the latter were limited
both in accuracy and in the number of observations taken, they
generally agree with the Resolute readings. The average
temperature for May is higher on Somerset Island than at
Resolute because readings were taken only during the latter
part of the month on Somerset Island. These observations
indicate that climatic factors do not differ much between
these two locations.

From Table 1, certain significant features of the climatic

environment of the lake mav be noted:
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‘ o . 'Preci itation]|
R— Average Temp. °F W?nd Cloud (inghes) !
High | Low |lMean | Dir. % | Type | Total
Vel, mph
. & 196 39.6| 32.2] 35.9 E 90 |.280sn o
ugus 96k 14.4 .66 1 7
28.4 | 20.8 2L.6 NE 86 .26 sn '
September «30
. 15.4 0k T
ll;cl!- "'7-7 "'1.7 NNW 52 .18 sn
October .18
‘ : 10.3 -
;" - - . =0 ;' ESE ;‘ .
November 1.5 -1 s 6.5 65 27 sn « 27
1405 . -
- 08 - . _lé‘r E . OH v
December ? 23.0 ! ko 40" 'sn 40
:19.5 1 -
~21.0 |=31.6|-26. NW 8 |.0 .
January 1965 , ’ & 2 7 sn .07
] : 1709 -
<14.9 |-30.5(|~-22.7 NE 48 .12 sn ,
February | 190 . 12
"'1307 -2703 "2005 SE 35 '22 sn
March - .22
13.,0 - . ' ~
April 0 4 |31 enf o)
) ’ 1’-&.14' nd :
(19th = 3ist) (20900} 18.1 (50) -
1'31.21 22.9) 27.1 NNW 79 (.39 sn 1.01
June o .
- LlVl.O 3207 36-9 W 78 .l{.8 sn .
July .68
(3rd - 515t) oo | 37.6) 1 12,3 | (p0) (20 » | |

Table 1: Chart showing meteorological data recorded at Resolute
Bay, Cornwallis Island; and Somerset Island (small type).
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8. The 10 month period of bélow—freezing average tempera-
tures,

b. The hish incidence of extensive cloud cover,

¢. The low precipitation (total, Aug, 1964 to July 1965 -
L.45 inches),

The harsh climate permits only the hardiest of plants to
grow in the area. such as lichen, arctic willow, and moss. The
effect of these factors on the sedimentation and limnology of

Stanwell—Fletcher Lake will be examined subsequently,

DRAINACE

Because of the low precipitation, the influent streams
into Stanwell~Fletcher Lake are relatively few and quite small,
with the exception of the Stanwell~Fletcher River (Fig. 2).
The short period of ahove-freezing average temperatures permits
snow melting and surface run-off only during the summer months,
Most of the streams enter the lake from the northern and south-
ern areas of the basin, and the overall drainage is well inte-
grated with a clearly defined water-shed. In the vicinity of
the lake the drainage pattern is largely dendritic, although
in the areas totally underlain by crystalline rocks, é rectang-
ular, linear pattern develops because of jointing.

Although the drainage is well integrated, the local melting
of permafrost iﬁ the areas underlain by porous sedimentary de-
pogits allows the formation of small tundra ponds, which occur

mostly in the area immediately north of Stanwell-Fletcher Lake.




The perennially frozen substratum prohibits sub-surface drain-
age, with the result that the surface soil becomes water-logged.
Marshes, however, do not develop.

The lake has only one outlet to the sea, This is the
Union River,which is 2} miles lonz and flows eastward into

Creswell Bay across the belt of lowland separating the lake

from Creswell Bay,
GEOLOGY AND GEOMORPHOLOGY

The following outline of the regional geology and geo-
morphology of the Stanwell-Fletcher Lake basin énd the geolog-—
ical map (Fig., 2) which accompanies it are based on the follow-
ing data: personal communication with the members of the ex-
pedition working in the various areas; close study of aerial
photographs (Department of Mines and Technical Surveys photo-
graphs numbers: A16079-152 to 156; A16079-102 to 108; and
£16121-25 to-BQ; and on limited reconnaissance by the writer
"himself’, Because the area is only sparsely covered by
surficial deposits and vegetation, and outcrop is plentiful
in most areas, the placing of lithological boundaries is
fairly accurate. The geological structures shown, however,
are more conjectural, the interpretation depending on aerial
photographs, tentative field ohservations, and the lithological

relatlionships,
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Distribution of Rock Types

Stanwell-Fletcher Lake is situated near the eastern margin
of the Boothia sarch, a northward extension of the Canadian
Shield, and adjacent to tilted Palaeozoic rocks (Fié. 2). The
Precambrian rocks of the arch surround the lake except to the
north where Cretaceous (?) sandstones outcrop, These rocks
also outcrop on the west shore of the lake. To the south is
a‘small area (coloured brown on Fiz. 2) of interbedded, uncon-

_solidated sends and silts. These are interpreted as glacio-
fluvial deposits, probably of the kame type, showing cross-
bedding and channel scour. Current direction studies on cross-
lamination dips indicate that flow was toward the north. To
the east of these beds is a band of dolarenite, believed to be

_of the Proterozoic (?) Hunting Formation. This rock type also
outcrons near the east shore of the lake as an outlier in the
crystslline basement rocks, Also outcropping in the "wedge
to the south is a small section of reddish sandstone and shale.
- (coloured green in Fig. 2) lithologically similar to the
Devonian Peel Sound Formation.

The rocks underlyin~ most of the area immediately adjacent
to the shore of'StanwellfFletcher Lake are masked by delta
deposits an? the weathéring products of raised marine beaches.
These beach deposits are discontinuous in lateral extent around
the lake, and rench an elevation of over 100 feet to the east

of the lake.




Petfology

As the petrology of the surrounding rocks is very important,
particularly in determining the provenance history of the lake
sediments, the pertinent characteristics of the former should
be noted.

The Precambrian basement rocks are Archaean in age, and
comprise gneisses and granites. These are cut by several large
gabbroic intrusives., The spatial relationships of these types
within the Stanwell-Fletcher Lake area is not clear. However,
from limited information, the approximate composition of these
rocks may be stated as follows:

a. Quartz ranges from abundant in the granites to

very low in some of the gneisses, Practically all
quartz crystals show undulose extinction.

b. The feldspars are variable in abundance and type.

c. The mafic minerals are almost equally divided between

amphiboles and clinopyroxenes, with lesser biotite.

d, ‘ccessory minerals include ubiquitous magnetite,

sphene, g¢arnet, epidote, and zircon.
(Personal communication, J. Giguere)

The Cretaceous (?) rocks are composed mostly of friable,
buff-coloured quartz sandstone with a thin, poorly-exposed
underlying shale succession. [lthough very mature in composi-
tion (more than 90% quartz), and very well sorted, (average

graphic standard deviation- 0.38@),the grains comprising the
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sandétones are almost entirely angular, Besides guartz, there
are varying amounts of garnet, perthite, and zircon. Adundant
goethite and hematite occur as grains and.also as secondary
veins (personal communication, B. R. Rust). The shales are
entirely composed of nearly equal proportions of kaolinite and
{11itic clays*, Also present in these rocks are carbonized
plant fragments, spores, and derived vertebrate fragments

(Personal communication. U. Mayr, D, L. Dineley).

Raised marine beaches

Raised marine beaches are the other major source of sedi-
ment for the lake and are predominantly composed of sand-sized
quartz grains. Although most of the grains are angular, there
is a significant amount of rounded ones, in contrast to the
Cretaceous (?) sandstones from which they were apparently
derived. -The fossils found in these deposits are mostly
marine bivalves, gastropods, echinoid fragments, and ostracods.
Foraminifera are rare or absent. Plant remains and spores are
also found.

The other geologic entities, e.g., the small outcrops of
Devonian (?) and Proterozoic rocks, are of little direct import-
ance and their contributions will be mentioned only where

relevant.

¥ ,
R. S. Dean, personal communication
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Structural geoloky

Linear topographical features are abundant within the Pre-
cambrian outcrop. Some are due to differential erosion along
faults, but others are probably controlled by joints or folia~
tion. They trend mostly northwest to southeast but there are
some transverse to that direction (Fig. 2). Yo precise inform-
ation is available as to the attitude of the suspected faults
or to the displacement along them, but field relationships
suggest that the west side of the Cretaceous (?) block was down-
thrown relative to the Precambrian. It is likely that the
eastern margin of the Cretaceous (?) outerop is a similar fault,
so that the lake lies in a graben, partly filled by Cretaceous
(?) rocks. Owing to the lack of a marginal coarse facies, the
displacement of the Cretaceous (?) itself by faults, and paleo~-
current data (personal communication, B. R. Rust), it is believed
that faulting took place subsequent to deposition of the Cre-

taceous (?) rocks.

Geomorphology

iwo factors appear to have influenced the topography: the
nature of the bedrock, and glaciation. The basement rocks
mostly form highlands whereas the area underlain by sedimentary
deposits is in most cases low-lying and subdued, Thie is espec-
ially noticeable along the west sho%e of the lake where a fagltf
line scarp separates the Cretaceous (?) lowland from basement

rocks and rises to 600 feet in elevation.
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The effects of glaciation are manifested mostly in the
flat, regular highlands showing "roches moutonnees" to the east,
and kames to the south of the lake, The lake bottom profile
also suggests glacial scour. |

The preservation of a considerable area of upland surface
indicates that rapid erosion is limited to the steep, narrow
valleys where youthful streams are engaged in downcutting
during summer. This may be a result of the significant iso-
static upliff of the area since Pleistocene times. This state-
ment is borne out by the presence of many strandline and beach
deposits now exposed at elevations of up to 150 feet above sea
level in the vicinity of the lake. In most cases, these
features take the form of obscure, .shell-littered terraces.

Post-Pleistocene isostatic uplift has been an important
factor in the recent history of the area. Uplift occurred as
a result of the melting of the Pleistocene ice sheet and di-
rectly caused the transformation of the Stanwell-Fletcher Lake
area from a marine bay to an isolated lake basin, cut off from
Creswell Bay by a low lying, 2 mile wide. area of land, over
which the Union river flows (Fig. 2).

To try to establish the time of occurrence of this marine
retreat, radiometric age determinations using pelecypod shells
collected from raised beach deposits of differing elevations in

various parts of Somerset Island were compiled (Table 2).
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Table 2

Radiometric age determinations
in the vicinity of Stanwell-Fletcher Lake

Location _ Elevation (ft.)

#  Aston Bay, north . .
Somerset Island 390-400

¥ Lang River, east
Somerset Island 418

% Four Rivers Bay,
immed. west of
Stanwell-Fletcher L. 100

¢ Peel Sound, immed.
weast of Stanwell-
Fletcher lake 71

#Ht Stanwell-Fletcher
River 152

it Bast shore, Stanwell-
Fletcher lLake 85

%
Age (yrs, b.p.).
9380-180
9180-170

7150-350

6000
7750-140

7890-140

From these results it is possible to plot an altitude/time

chart (Fig. 3). This gives some idea of the rate

of uplift in

the area, and thus indirectly sheds light on the age of the

lake. The only determination from the raised beaches at

Stanwell-Fletcher Lake must be disregarded because it is

anomalously high and most likely does not represent the strand-

line deposits at that elevation.

3
Dyck and Fyles, 1964

14
Olson and Broecker, 1961

03¢ _
B. Craig, personal communication

I before present
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It can be seen that the rate of uplift was riot uniform bub
was rapld at first and then dedfeased with time. However, thd
. approximate age of the loke might well be deduced from theé
altitude/time curve. In order for a marine or quasi-marine
influence to be active in the area now occupled by Stanwe11~
Fletcher Lake, the 1and would have to be at least 35 ft lower
than it is at present. This figure comprises 25 ft.,which 1s
given as the present elevation of the lake above sea-level (see
topographic map sheet 58B, District of Franklip); in addition
to a minimum of 10 ft. to allow for down-cutting by the Union
River since uplift isolated the lake from the sea. Above 35 ft,
below the present land elevation, the marine influence would
have been effectively rvled out and the lacustrine influence
would dominate. Thus, usinz the altitude/time curve it is
seen that a point 35 ft. above the present sea-level corres-
ponds to an age of 4,100 years before present. This represehts
a minimum age for the lake, and depending on the figzure chosen
for the amovnt of down-cuttingz, it cou’:]l be brought as hich as

5,000 yesrs before present.
PHYST.CAL LIVNOLOGY

The samples used were collected through the ice of Stan-
well-Fletcher Lake after being located on a grid system, the
base line of which passes through two islands near the east
sh6£e of the lake. Grid.lines were laid off at right angles
to the base line, generally three stations apart. Stations
were iocated at o1e mile intervals (Fig. 4). General limnol-

ogical informstion is shown on Table 3.
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Apparatus and Procedure

The base and grid lines were laid down by means of sight
rods. Distances were measured by cyclometer, which was towed
behind a snow vahicle*. Lt each station, a hole 20cm in
diameter was drilled through the ice with a M-32 power drill.
A winch** was then set up and a bathythermograph and Knudsen
sampling bottle with reversing thermometers were lowered to
the bottom. Depth readings were obtained from the winch cable
meter and the bathythermograph (an attempt was made to measure
depth by a FS-2 portable seismograph, but this was not success-
ful). The apparatus was then raised about lm and a messenger
sent down to trip the Knudsen sampling bottle and reverse the
thermometers. After 5 minutes on the bottom, the apparatus
was brought up, the bathythermograph slide extracted and
lahelled, the water sample placed in 2 clean, rubber-stbppered
glass bottle and labelled and the reversing thermometers read
and recorded., A Phleger gravity corer was then lowered to
within 5m of the bottom and allowed to free-~fall from that
height. On raising the corer, the sample was held by a re-
tainer in the plastic core liner. The liner containing the

core was then capped at both ends, labelled and stored. The

*
Snow Cruiser loaned by Outboard Marine Corporation (Canada) Ltd.

it
Designed by Mr. H. Serson, D.R.B.
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last operation was the lowering of the cell of the portable
salinometer to record temperature, salinity, and conductivity
at 10m intervals, This instrument was presumed reliable until

malfunction developed in mid-June and its use was discontinued.

Tce conditions

In view of the low average temperatures for the ares and
the hish incidence of extensive cloud cover (see Table 1), it
is not surprising that accordint to all available information,
Stanwell-Fletcher Lake is at least partly ice-covered all year
round. In 1965, the ice-cover started to deteriorate visibly
around June 15th when the influent rivers were swollen with
melt-water. This water, for the most part, at first flowed out
over the ice, melted the overlying firn, and seeped down through
cracks, producinz a very rough, though water-free, surface.
ILater on, when the shore near the river mouths became ice-free,
no further change occufred except slow wastage from the sides
of the ggglaandled ice. Ice thickness showed little change,
from an average of 2.5m in May to 2.0m in July. In fuzust,
when the field season ended, only about 5% of the lake surface

was ice~free, slmost entirely alonz the north and east shores.

Bottom Topography

It was originally intended to make numerous depth measure-

ments with a portable seismograph, but due to lack of success

with this instrument, depth readings had to be restricted to

P
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the sampling stations - 1 mile apart(Table 3). However, a reason-
ably accurate presentation of the bottom topography of the lake
was obtained and several features should be noted (Fig. 5).

The deepest part of the lake (deeper than 70m) is a sinuous
trough, U-shaped in section, which branches around a raised
feature in the center of the lake, The deeper arm of the trouzh
(80 - 100m) occurs near to, and roughly parallel to the west
shore, with a steep shoreward slope on the west side. The two
branches of the trourh ave sepsarated by a fairly high underwater
ridge. The deep area curves toward the Union River and Creswell
Bay to the southeast. In the southwest corner and also along
the northeast shore of Starwell-Fletcher Lake, the contours

indicate a marked shelf above a depth of 20m.
Salinity

Salinity was investigated because it was suspected that the
lake mixht be meromictic, i.e. having a layer of denser saline
water along the bottom. Readings were taken with a portable

salinometer at 1Om depth intervals at all stations. The sal-
inity readings varied from O to 0.l parts per thousand ( %o ).
This figure approaches the lower accuracy limit of the instrument
8o it serves more as an indicator of the range of salinity in the

lake rather than as an absolute measure. No significant vertical
or lateral variation was noted.

In addition, water samples collected from the bottom of the

lake were analysed at the Industrial Waters Section of the Depart-
ment of Mines and Technical Surveys (Table 4), There was in-

sufficient water to carry out all the tests on each sample, so
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“3amgle (Depth Specif.| Dissolved Salts ( ppm ) oh
¥Number | (meters)| Conduct | Na Ca Mé c1 Hard.

-

A"‘6 10.14- 93-0 501

A=7 22.0 88,6 L8

G-1 3708 85.9 1+o6
E-3. 59.2 84,7 L.6

F-3 82.9 83oll- 405

D"'2 10307 SLI'.O . l+o7
A-11 11.7. | 88.1 L.7

SRR S s R SR R S e

A-L .20.0 85.8 L.7 . ' o .

4 {
F-1 36.8 85.9 | 5.1 B ' :é
: g

A-2 60.1 83.9 | 4.8 | 1 | i

p-1 | 877 | 83 | 4.7 | | i

C-l 88.1 | 814'09 | LI.-‘07 !5

Composite -
Sample | 10-1 7.5 1 3.2 | 7.6 |31.8

Comp. .
Sample L8.5 - ' 7ok | 2.9 7.4 130.3

Comp. |
Sample 90.6 701 209 705 '2958

Table 5: Water chemistry of Stanwell-Flstcher Lake.
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in the analyses requiring a greater volume, composite aliquots
based on the samplinz depth were used, H,M, Woodroffe’ reported:
"... the variation in specific conductance (mineral content)

gnd.soqium at the various depths and sample locations is
insignificant .,. within sampling and experimental error."

about the composite samples:
"Thqse composites show little significant differences in total
hardness, calecjum, magnesium, and chloride content. There is
perhaps a slight drop in total hardness with depth but all
waters are classed as very soft."
The above data complestely negate the belief that the lake

is meromictic. Also, the lack of chemical stratification or

restricted bottom conditions imply efficient circulation of the

bottom waters.

Thermal data

The thermal data collected consist of bottom temperatures
measured by reversing thermometers and temperature/depth curves
obtained from a bathythermograph. The reversing thermometer
readings (Table 3) on the bottom and bathythermograph traces
for all the stations are seen in Fig. 6, 6a. The conclusions
drawn are as follows:

a. Below a depth of 20 m there appears to be a direct
linear relationship bétween bottom temperature and
depth, taking the lake as a whole. Nevertheless the
bottom temperature varies very little, l.e. about

1.3 to 1.5°C (Table 3).

p—
Chief, Mineral Processing Division
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Table 3: Physical information at Stanwell-Fletcher
Lake statlons.
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b. The only surface temperatures recorded were under the
ice using the bathythermograph (Fig. 6a) and were all at or near
0°C. The ice-free margins are expected to have a higher temp-
erature, but due to the limited extent of open water, the average

surface temperature is presumed to remain below 4°C,

c. The temperature/debth curves for any one station traced
by the baﬁhythermograph show that below 10m £he lake water is
almost completely isothermal. The temperature variation below
this depth is less than 0.2°C (Fig. 6).

It can he seen that Stanwell-Fletcher Lake falls into the

SR R A TS D

cold monomictic category of Hutchinson (1957) in which summer
eirculation is short or absent with the possible exception.of
warm summers when the lake may become ice~free and summer warme-
ing might occur and produce overturn. However, there is no
evidence that the lake ever becomes totally ice~free. Therefore,
it conforms more closely to the type described by Ruttner (1940)
as follows: _
"In the Arctic there is another type ..... (which) .. is
frozen througzhout almost the entire year and does not
reach a stable condition of direct stratification by
warming in the short period it is ice~free. The state of

these lakes thus varies between winter stagnation and total
circulation,"

R Rt R P B R SR B vt i

It appears that the major agent of circulation would be the
warmer, denser water from the influent streams and from the ice-
free, wind-agitated sides flowing alonz the bottom and displacing

the colder less dense water in the deep areas, The fact that the

wind action is restricted to the ice-free northeast shore may
affect circulation in the rest of the lake through the develop-

ment of internal seiche waves, caused by oscillation of the lake's
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surface due to uneven pressure (Hutchinson, 1957). However, in spite
of the ice cover, complete circulation can probably be achieved without
difficulty due to the virtual lack of any density stratification in the
water., Fig. 7 illustrates the relationship between water temperature
and density, and it is seen that density differences within the range

of the temperatures encountered are minimal.

1.,0000900
0.9399522

0.9999679

0,9999267

DENSITY & grams/cubic e

5 L] 3 2 t1 %
WATER  TEMPERATURE

Figufo 7: Thermal chapacteristics of water at low temperatures,
(Plotted from data in Deane, 1960)

A calculation of the heat budget of Stanwell-Fletcher Lake has not
been sttempted because of the limited data. However, insofar as the
biologic productivity in the lake is concerned, it must be noted that
the presence of very pure and soft water at the bottom of the lake
(even in the stagnating winter periods as represented by the obser-
vations in May) seems to preclude the possibility of intense biologic
activity. The only animals noted were frctic Char in the ice-free
porfion of the lake in July. The biologic aspect will be investigated

more closely in the section on bottom sediments.
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SUMMARY

The following is a summary snd synthesis of the data in hand.

The events leading to the origin of the Stonwell-Fletcher Lake
basin were initiated by the post-Cretaceous development of a graben-
like structure in the area. This resulted in the presence at the lake
basin site of a basement low, in which a downthrown block of Creta-
ceous (?) rocks was preserved. |

However, the major agent in the formation of Stanwell-Fletcher Lake
proper was the action of the glaciers which covered Somerset Island in

Pleistocene times. It is believed that the lake basin was formed as

a result of glacial scour, primarily of the portion underlain by the

R

soft Cretaceous (?) rocks. The restriction of the lake to the outcrop

area of these rocks, and the U-shaped profile of the lake bottom g é

S

supports this contention. The raised feature in the center of the
lake is believed to be an inlier of the more resistant basement rocks,
probably a continuation of the basement outcrop feature that extends
southwards in the northern'poftion of the area (Fig. 2). The difference
in resistance to glacial scour is also evidenced by the deepening of
the lake to approximately 350 feet below the elevation of the "sill"
separating the lake from Creswell Bay. Ice movement was hindered By
the up-faulted basement rocks to the west.

When the Wisconsin Laurentide ice sheet melted, 7,270 - 11,340
years azo (McCulloch and Taylor, 1965), the ice retreated toward the
south, and marine invasion took place in the areas vacated. In the

southern part of Somerset Island, the marine deposits of this stage

i
t
!
i

onccur up to 520 feet above preseqt sea level., Subsequent isostatic
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rise of the land slowly eliminated the marine influence in the Stanwell-

Fletcher Lake area, as evidenced by the progressively lower marine

deposits. N
What happened next is not so easily determined. From about 4,000 years l

(page 18) before present to the present time, the major change in the

lake basin has been the replacement of saline by fresh water, The

present lacustrine state must have succeeded the marine only after a

transitionary, intermediate period of embayed or estuarine conditions

with free connection with the sea over a progressively shallowing sill

(Pickard 1964, page 180). When this sill became a barrier, the salin-

ity in the lake thus formed must have been much higher than that at

present. Two alternative mechanisms can be advanced to explain the

R N

transformation of the lake from saline to its present fresh condition:

=R SN

a, Flushing, through the displacement of the saline bottom
water by sediment-laden and therefore denser river water.
b. Dissipation and dilution of the saline water in the lake
throuzh efficient circulation.. j
Although the latter seems more credible, with the information available, ;
any further commitment would be purely speculation. A more complete ‘
re-construction of the history and development of the lake is presented

in Chapter IV, - 5
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CHAPTER III =

THE LAKE BOTTOM SEDIMENTS

INTRODUCTION

Examination of the sediments was carried out on cores, or on bulk
samples if cores were not available (for collecting procedure see page
21). ILength of cores, colour, sedimentary structures and spproximate
grain size were noted in the field. £lthough some three months elapsed
between the collection and the analysis of the samples, there were no
apparent gross changes except for minor shrinkage, Textural analysis
was carried out on the surface portions of all cores. However, in view
of the limited time mechanical, chemical, palaeontological and palyno-
logical analyses were undertaken only on samples selected for their
suitability for the analysis concerned. The details of these will be
outlined more fully in subsequent sections.

It is unfortunate that for the most part tﬁe cores taken by the

Phleger corer were rather short, ranging from 5 to 50cm in length.

PHYSICAL DESCRIPTION OF CORES

Photographs of selected typical cores taken from the bottom of

Stanwell-Fletcher Lake (Plates 1 and 2) show that in general the sedi- ‘

ments lack dramatic structural features, However, significant comment
can be made on the basis of their colour and the structural features

shown. In cases where a bracketted suffix er other qualifiers is omitted,

surface position is assumed.

Colour ‘

The colour of the surface layers varies very little from core to core,

BRI B ot s 2 S L

[
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Tt can be classified as moderate brown (BYRA/A) to moderate yelléwish
brown (1OYR5/A) according to the Rock Colour Chart distributed by the

National Research Council and the Geological Society of America. In

the vertical sense, however, colour variation is considerable. The

bottom parts of almost all the cores are olive gray (5Y4/l, 5Y9/2),
to dark gray. In some, the dark gray areas appear as irregular patches,
No colour chart was available at the time of sampling but the dark .
portions appeared to become lighter with time. The boundary between

the gray and brown sediment is generally gradational, but in some cases

is quite abrupt and occurs at a depth of from 5 to 20cm. (Plates 1,2 ).

LRt Y et ] B R R AL et Sp ol AN

£lso noteworthy and occurring in several cores is a thin layer (not

=
.

more than dcm in thickness) near the top of the cores, of nodular, rusty

[P
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orange (5YR?/6) meterial, suggesting limonite coating.

— .
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Discussion

The phenomenon of dark grayish sediment underlying brown material
has been described by Carsola (1954) in samples from the shelf of the
North Polar Sea. He explained this as being due to the oxidation state
of'the iron in the sediment: the brown indicating the effect of oxid- i
jzing conditions, and the darker portions due to reduction brought on .
by burial,

Béggild (1904) ascribed a similar case in the North Polar Sea to
the reverse effect: gray, ferrous sediment deposited and afterwards
oxidized to brown ferric in the uppermost portions due to a slow rate of |
sedimentation. Predominantly gray cores are thus obtained if the rate 1

|
i

of sedimentation was sufficiently high for little oxidation to take place,

either during settling or on the bottom. In the Stanwell-Fletcher Lake
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material, this latter explanation is unlikely, mainly because the lack
of relatively coarser material or corresponding sedimentary structures
in the gray portions indicates slow deposition.

Bdgeild also described the precipitation of limonite on pebbles on
the hottom of the sea by bacteria probably aided by organic matter.

This seems to be a likely explanation of the nodular, thin limonite
layers noted in the Stanwell-Fletcher Lake cores, These layers, which
show a wlde distribution and regular position in the cores might corres-
pond to a period of very slow sedimentation in the lake.

From the colour of the bottom sediments one can conclude that oxi-
dizing conditions have affected sedimentation everywhere in the lake for
a considerable time before the present. This ties in well with the
evidence of the water analysis (page26 ), in which well-circulated,
oxygen rich water with very low dissolved solid content is the rule.
This coupled with the convincing evidence of very slow settling of the
fine particles leaves no doubt that the iron in the sediments was in an
oxidized state when deposited, due to long time settling out., The
veftical colour variation is thus seen to be dughto reducing conditions
existing at depth below the mud-water interface. This is also aupported
by the fact that after splitting and exposure to the air, these dark
portions rapidly became brownish in colour. This vertical variation in
colour will be also reviewed in relation to the organic matter content

in later chapters.

Structures

The structures noted in the cores from Stanwell-Fletcher Lake may be

described under the follawing headings:

f
1
|
l
|
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tnomalous Inclined Bedding Surfaces.

This feature was apparent in several cores, notably H-1, B-5, E-2
and -1 (Plates 1, 2)., Inclination of bedding surfaces up to 25° from
the horizontal occurs. Initial dip is unlikely as other bedding surfaces
in the same cores are close to horizontal. The most spectacular ié H-1
in which an inclined, grayish layer of sand overlies finer, brown sand-
silty material., It seems likely that this and most of the others are
due to local scour by bottom currents.

Other cores show inclined, irregular as opposed to inclined, planar
bedding surfaces (see B-3, Plate 2). This can only be ascribed to load-
ing and/or small scale slumping. The rather gentle slopes of the lake
bottom, the low rates of sedimentation, and the lack of coarser sediments

in the deeper areas rule out large scale slumping.
Lamination

Contrary to the fairly common belief that lake sediments in a glacial
regime are laminated{ the sediments of.Stanwell—Fletcher Lake are for the
most part devoid of this feature. Only a few of the sandy cores from the
shallow margins of the lake show anything that can be described as reg-
ular lemination. In these, the laminae are mostly vague and are visible
only in dried cores and thin sections. Cores B~5, H-1, and G-3 illus-

trate this feature best (Plates 1, 2).
The bottom sediments of Garibaldi Lake, a glacial lake in the Rocky

Mountains, also lack visible varves. Mathews (1956) attributed this to

several factors:

|

!
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a. A low rate of sedimentation.

b. A lag of years rather than months between the introduction
of much of the suspended sediments and their deposition
on the lake floor.
c. The‘obliteration of any thin and inconspicuous varves by small
scale slumping on the steeper slopes.
Several features in the physiology of Stanwell-Fletcher Lake suggest
that similar reasons may be presented to explain the lack of varves
there. First, the relative scarcity of large streams ‘and the restric-

tion on their load capacity by the short run-off period preclude a high

sedimentation‘rate. Deane (1960) gave a figure of 2-3 weeks for the

& é period of maximum load in streams on Ellesmere Island, After this time
I the amount of sediment carried is only a fraction of that at the max-
imum period. Thus, due to the considerable size and depth of the lake,

seasonal variation in sedimentation rate and hence, lamination, would

be minimal, and would be apparent only in the coarser marginal sediments

R
T

where shallow water promotes relatively rapid settling.

Second, the extreme chemical purity of the lake water and its good
circulation would make flocculation insignificant and settling out of -
the finer particles, which comprise the bulk of the sediments, a very
slew process, probably entailing a period of years,

Third, some structural features already mentioned in the cores point
‘to the presence of small-scale slumping, Of these three processes, the

first two are more likely to be major factors,

Ice-rafted Material

Fragments attributed to transportation by floating ice have been
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found in five cores: F~5, A-L4, B-3, A-1, and A-10. Core F-5 (Plate 1)
is a typical example. They range in size from 0.25 te 2.5cm, and are
found, with the exception of B-3, in the peripheral sediments of the
lake. These pebbles and granules are generally more rounded than the
sediments in which they occur,

The rock type represented is usually granite or gneiss, except in

L~L where a large (¥ 2cm) rusty sandstone pebble is found.

MECHANICAL ANALYSIS

After splitting, photographing, and description, the upper layers
of all cores were subjected to mechanical analysis. Cores from six
widely separated locations were selected for analysis of vertical
textural variation.

The sample was weighed dry, and then was wet-sieved through the
LP (l/lémm, 250 mesh) Tyler sieve. This process separated the sand
from the silt-clay fractions as defined by the Wentworth-Udden scale.
The sand fraction was then dried, weighed, and sieved. The portion
finer than 4@ was anmalyzed by the Pipette method (Folk, 1961). The
results were grephically presented on frequency cﬁarts, from which
prime statistical parameters of the cumulative frequency distribﬁtions
were obtained., The parameters determined are mean grain size, sbrting
coefficient (Phi Standard Deviation), and skewness of the distribution
(Table 5). The relationship between the various mechanical features

of the sediments were illustrated by diagrams, charts and plots.

(Surface) Grain Size Distribution

The surface sediments of Stanwell~Fletcher Lake are relatively fine

-l




station | 15858k (o) Golour Moan 4552094 Sreumesd #Sana| g s11t| Zo1ay]| B OBEs | B, SEL0
A-1 51,5 |svr bAy | 6.93] 2.7 |+0.185 | 10.5 | 55.1 |3h.1 | 2.60 :
A-2 3L.0 ! 7.07 | 2.8 |+0.25 |311.h | 52.7 {35.9 | 297 -
A=3 No Core - - - - - - - “
Al M. |srbpy|s5.8] 2.8 |+0.an | 31.9 | 45.1 (23,0 1.05 g
A-5 11.0 " 5.3 | 2,9 |+0.24 | 38.2 | 43.1 |18.7 | 1.65 A
A-6 Bulk |SvR 3/ | 3.5 | 0,72 |+0.035 | 77.5 | 19.5 | 3.0 | 0.88 S
_ A-7 13,0 |ovR 4/ | 3.6 | 1.95|+0,18 |65.7 | 27.8 | 6,5 | 1,06 | © 5
2 A-8 b2.0 |svr 5/6 | h.5 | 21,95 |+o.s1 | 53.4 | 36.8 | 9.8 | 1.72 @
' 5-9 Bulk |10¥R L4/2| 3.8 | 1.5 |+0.33 66,5 | 32.2 | 1.3 | 1.33 -
A-10 U5 |20vr 5/4] 4.5 | 2.1 |+0.52 | 50.7 | 36.1 |13.2 | 1.17 KK
£-11 0.2 | s 4/4| 3.5 [ 13500 [71.9 | 249} 3.2 1.62 P
A-12 27.7 |1ovr 54| b5 | 2.1 |+0.,29 |s52.,5 | 40,9 | 6.6 | 1.03 ik
B-1 39.5 |syr b/ | 7.5 | 2.5 |+0.04 7.45] 51,6 |10.9i| 3.46 B
c-1 35.9 " 7.6 2.75 | -0.07 7.45| 45.6 |46,9-| 2.82 1,2 )
D-1 31,0 m 7.7 | 2.58 | +0.0L 6.75| 47.3 {45.9.] 3.62 8
E-l 6.5 | 20vR 5/4| 7.3 | 2.8 |+0.07 | :9.5 | 53.5 |37.0 | 2.33 £
F-1 35.0 " 6,97 | 2.55[+0.08 | 10.8 | 52.7 |36.5 | 2,70 .
G-1 33.0 " 6.37 | 2,85 [+0,175 | 18.4 | 50.7 [30.9 | 1.30 o
H-1 21,5 n ] 3,55 1,55 [+0.23 | 70.0 | 26,5 | 3.5 | 1.01 o
B2 13.2 | sr 4/4| 6.97 | 3.2 [+0.220 | 15.6 | so.h |3h.0 | 3.49 & )
Cc-2 46,0 10YR 5/111 8,03 | 2.7 | -0.0L 4.0 | 4h.9 |51.1 | 3.48
D-2 32,2 syrR B/l] 8,0 | 2.5 | 0.0 2,0 | 47.8 [50.2 | 3.66
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Station mMWM¢Wﬁ2VQ0HosH mwmm.& Wwwwm” Skewness 4 Si1t |#Clay mmwme &omwwwn
E-2 32.7 | sy UA] 7.6 | 2.y | -0.04 18.9 | hs,1| 3.10
P2 No Core :, - - - - - -
G-2 33.0 [10¥vR 5/ 7.9 | 2.+ | +o.04 L7.h | k8.0 2.58
H-2 10.5 |10vr U/2| 5.93 [ 3.2 | -0.03 41.5 | 26.8] 1.48
12 28,0 | symr b/l 6.63 | 2.5 | +0.0l sh.h | 30.1] 1.38
B-3 27.5 " ToT 2.3 0.0 49.5 | b8.7| 3.30
_ c-3 45,0 " TeT 2,6 +0,15 sh.2 | 41.,0| 3.02
- D=3 No Core, - - - - - -
T E-3 55.0 | 5vR /| 8.2 | 2.8 | +0.02 45.2 | 52.2] h.30 | 1.5
F-3 23.0 : 7.3 | 2.35 | +0.08 52,1 | 11.3| 2.78
G-3 27.0 10¥R5/l | .33 | 1.7 0.0 55.3 | 21.6| 0.70
B-ly 32,0 | SR U/lk] 6.87 | 3.0 | -0.07 18,0 | 34.9] 2.56
C-l 23.5 " 793 | 2,75 | +0,13 48,5 | 47.0| 3.0L
D-l 26,5 [10YR 5/i| 7.57 | 2.5 | +0.04 19.7 | 434 2,94 | 1.0
E-L 35.5 " Te3 2.t -0.04 53.8 | 39.9| 2.86
F-l Bulk SYR 4/ ] 3.93 | 1.45 | +0.5 29.0 | 0.6] 0,61
B-S 37,0 |1ovR 4/2{ 6.5 | 2.15 | +0.19 69.8 | 19.6| 2.20
C-5 No Core, - - - - - -
D-5 25.5 |10vR 5/b| 7.7 | 2.55 | -0.08 16,9 | b6 ]| 2.18 | 2.5
E-5 9.0 | 5vR 4/i| 7.83 | 2.35 | -0.08 48.0 | 49.5| 3.00
F-5 26,0 |10YR 5/h| 6.7 | 2.9 +0,2l 53.6 | 29.0] 1.50
Dl (bott) I0YR L4/2| 4.67 | 3.25 | +0.12 3.7 | 17.1] 1.68 | 23.1
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grained, ranging in mean diameter from 0.9 to 0.004mm (or 4 microns).
The finest sediments are located in the deep areas of the lake, whereas
the coarsest material is laid dqwn in the shallows skirting the shore.
(Fig. 8). It is clear that the prime controlling factors in this dis-
tribution are water depth and distance from shore. i-long the margin of
the lake, espécially in the delta areas, the main means of sediment dis-
persal is bottom traction due to currents generated by both entering
streams and by wind aétion over the ice free water. In the depths, how-
ever, the sheltered, low current energy regime allows sedimentation by
settling only, with insignificant sand fractions. Fig. 9 shows a plot
of the surface samples in terms of their three components: sand, silt
and clay. The two distinct areas enclosed effectively show the contrast
between the sediments in these two energy environments in the lake.

The sediments of the lake may be classified and named on the basis

of their grain-size properties (Fig. 9). The divisions of the diagram

were taken from Folk, 1961.

Sortinge

—id.

The measure of sorting chosen for this study was the Graphic Standard

Deviation (0", Folk, 1961). The samples were found to be generally

i e A AT I e e by v

poorly sorted with ¢ ranging from 0.76 (moderately sorted) to 3.2 (very
poorly sorted) (Table 5 ). The best sorted sediment is silty sand

(zS on Fig. 9). and is confined to the margins of the lake. The most
poorly sorted sediment is sandy mud (sM). The mud areas (M) are inter-
mediate and are consistently poorly sorted (Fig. 10). This generally

poor sorting is not surprising in view of the low energy ourrents

i e B85 e S e 6P AT PR A A

operative in a lake that is ice~covered all year round, but one would
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100Z SAND

M - mud
Z - 8ilt

e

10o0%
CLAY

Figure 9: Size momposition and classification of surface sediments,
Stanwell-F letcher Lake. : -
(Divisions after Folk, 1961) ' .
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Figure 10: Relationship between sorting and mean grain sige in
the surface sediments of Stanwell-Fletcher Lake.
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expect the samples taken near the deltas of the entering rivers to be
better sorted. The most likely explanation for this is the lack of

reworking and winnowing of the sediment on the deltas by waves and

currents due to the long period of ice cover.

Skewness

The measure of the skewness or asymmetry of the distribution used
was the Graphic Skewness initiated by Inman (1952). The formula is:

b6 Pgy, - Pso
(%L, - #16)

The surface sediments in Stanwell-~Fletcher Lake are mostly positively

skewed, i.e., they have an excess of fine material (Table 5). This
also suggests the interaction of two modes of deposition: bottom trac-

tion of the sand as well as settling from suspension of the fine material.

Vertical Variation of Parameters

The results of the mechanical analysis of the cores studied for
vertical variation in six cores is also shown on Tahle 5, Several
features are noteworthy. They are:

a, The downward increase in grain size.

b. The downward increase in positive skewness.

c. The roughly similar sorting of the sample throughout

the length of the core,

Discussion of Grain Size Distributior and Sorting

The a priori knowledge of the present environment of deposition in

Starwell-Fletcher Lake is borne out and substantiated by the evidence

4 peywr]
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of the cores. The study of the vertical textural variation also indi-
cates that the environment has undergone certain changes in the time
represented in the cores.

The very fine mean grain size of the sediment in most parts of the
lake indicates that the media of transportation are of very limited
competence. No coarse water-deposited material was found. Therefore
with the exception of the margins of the lake where material is trans-
ported by streams, probably with the help of wind-generated currents,
the lake is presently characterized by a low energy current regime,
That this was not always the case is shown in the general downward
increase in grain size in all six of the cores studied (Table 5)., This
feature appears to be directly related to a corresponding increase in
the percentage of the sand fraction. The increased competency of the
environment at the time of deposition of these parts of the cores
indicatesthat a more energetic current regime was then operative,

This feature should ;150 be reflected to some degree in the sorting
of the sediments., The difference between the sorting of the top and
that of the bottom of the cores, however, is not consistent, #&s is
shown on the histograms (Fig. 11), the distribution of the size grades
is very broadly based and in a significant number of instances, mostly
in the mud areas of the lake,it is bimodal, Pettijohn (1957) put for-
ward several explanations for bimodal distributions in sediments but
none apply to this particular setting. The occurrence of the peaks in
the fine sand~coarser silt (4-5 @) and fine silt-coarse clay (7-8 @)
areas suggests the interaction of two modes of deposition: limited

bottom traction by wind-generated currents in addition to' gravity
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Figure 11: Histograme of grain-size distribution of selected
cores from Stanwell-Fletcher Lake,
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settling of suspended material. These two mechanisms would take place
independently. However, during the period when the lake is ice~covered,
gravity settling of finer material would dominate.

In the casz of the bottom of the cores, it is suggested that although
the currents were strong énough to deposit coarser material in places
where only fine material is laid down at present, they must have been
periodic and either non-oscillatory or of too short a duration for
winnowing and sorting to be effective. Most of the time slow settling
of suspended material deposited fine sediment and produced a poorly
sorted deposit.

Duane (1964) suggested a relationship between positive skewness and
lack of winnowing of the sediment, and thus postulated a mode of differ-
entiating between some depositional environments. Where winnowing is
inefficient, the fines are not washed away and positive skewness results,
Therefore, the same reasons outlined in the above paragraph to explain
the poor sorting may also account for the positive skewness in the
Stanwell~-Fletcher Lake sediments., If the currents were non-oscillatory

or of short duration, little winnowing would take place,

MINERALOGICAL AND CHEMICAL ANALYSIS

Mineralozy of the sand-sized fraction

Minerdlogital analysis and grain counts were carried out on the sand

fraction of selected samples, i.e., those with a sufficiently high per-

centage of sand. Care was taken to get a wide distribution of Jocalities.
As mentioned previously, almost all the samples taken are poorly

sorted with wide ranges in grain size. This makes accurate quantltative
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determination of the mineral composition of the entire samples very
difficult, Optical methods may be used for analyzing the sand fraction,
but for the silt and clays, X-ray Diffraction and Differential Thermal
Analysis are the only feasible methods. In this section it must suffice
to give a qualitative and in some cases, a quantitative account of the
mineralogy of the sand-sized fraction of the samples chosen (Table 6).
Mineralogical analysis was carried out by:
a. Thin sections of several cores for preliminary
identification;
b. Heavy liquid separation of the sieved sand portion
and calculation of weight percentages of light and
and heavy fractions.
¢c. Point counting of 200 grains under a binocular microscope
and determining qualitative and semiquantitative occurrence
of individual minerals (Table 6).

Quartz is very abundant in the sand fraction of all the samples
tested, comprising up to 94%. The feldspar (almost entirely potash
feldspar) is fresh and unweathered and ranges from 5 to 124, The heavy
mineral content of the surface samples is never very great (up to 3.5%)
and is composed of garnet, hornblende, biotite, both specular and finely-
divided hematite, magnetite, gnd very minor tourmaline, rutile, and
zircon (Table 6), Graphite, chlorite, and vermiculite appear as insig-
nificant components of the "light" fraction. Rock fragments are rare
in the water-deposited sediments and never exceed 2%.

The variation of mineralogy with depth is striking in one sense.
Although the high percentage of quartz varies little and so to a lesser

degree does that of the feldspar, the heavy mineral suite is completely
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WINERALS | A-1 | A-4| A-g [a-12| T-2 |6-3 | H-1 | P ot | 250 | 122
LIGHTS [96.5 [98.8(97.6]98.1/98.9|99.%|98.2 | 99.5/97.8 | 93.9| 95.¢
Felds. 7 10 8 12 5 11 7 7 14 15
Graph, , | = - ‘
Organi ¢ 2.5 1.81 0.6) 1.1 910.%511.210.5]3%.8| 0.9/ 0.9
DAVIS 2.5 l.2] 2.4y 1.9 1.121¢c.7(11.810.5]2.2 6.1| 4.1
Garnet 3 0.5 1.5 1 C P P iy P R R
Jornbl.| P C P 2 P r P P R P P
demat. ? Iy g P P r R C A R s
Bictite| 2 P o Y g 2 P P P P P
Maguet.| R P P el P P P P R P
Dolo. A L 5 I 5 P, * A 2 - 6 4
% o7 total - -
% ;:.amfélea 5 | 16|20 | 30 | 5 | |38 | 23| 10| 46 | 27
P : 5-20% of hewvy :inerel fraction
C :20-50% of hezvy mineral fraction
R : < 5% of heavy miner<l fractioh .
A 3 zhsent in 200 graiss

Table 6:

Semiquantitatiﬁe mineralogical composition of sand-sized
fraction, Stanwell-Fletcher Lake,
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different. The results of the analysis of cores A~k (bottom), A-8
(hnttom), and I«2 (bottom) show that the heavy mineral fractlon is
areatlv increased by the dominant entrance of dolomite into the suite.
It comprises up to 90% of the heavy minerals and up to 6% of the whole
sand fraction. The dolomite occurs mostly as equidimensional, sub-
angular grains, some of which clearly show the characteristié rhombo-
hedral cleavage. On the basis of the form of these grains, it is con-
cluded that they are detrital as opposed to authiéenic. This conten-
tion is supported by the proximity of an outcrop of the Hunting Forma-

tion dolomite (Fig. 2).

Mineralogy of the clay and silt fraction

The methods used to determine the minerals present in the clay and
silt-sized fraction of selected cores were: X-ray Diffraction and
Differential Thermal finalysis. /Althouch X-ray anslysis was carried out
on a number of samples using the facilities of the University of Ottawa,
their accuracy was questioned owing to the use of incorrect radiation.
The results described here arc for samples processed by the Mineral
Sciences and Mineral Processing Divisions of the Department of Mines

and Technical Surveys.

X-ray Diffraction

Separate samples of silt and clay sized material were obtained from
cores F-1 and A-1 (bottom). The diffractograms of the clays (Fig. 12,13)
and the Guinier photographs taken were diagnosed by Dr. R. 5. Dean and

the minersls contained are:



- 57 =

" T - .
' < b .
a ’ Unltealed * 4 = - .
< ' ﬂ H
% . . . _ d
" i
. .

"y

. ™

&
1 .
:
s 0 iy
. . .
o . !
3 . J
L) Glycul !

S § - Scale factor
-~ Angstrom unit

Figure 12: X-ray diffractograms for sample A=l (bottom)
(clay sized fraction)

-



- 58 -

Figure 13: X-ray diffractograms for sample F-1,
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F-1 - Kaolinite (7.09, 3.56 & units): very abundant in the clay
fraction and fairly well crystallized.
Illite (10.1, 4.95, 3.31h): abundant in the clay fraction.
Mixed-layer clay mineral (13.58): common in the clay fraction.
Appears to be a combination of chlorite with lesser pro-
portions of expandable layers of undetermined type.
Quartz: very abundant in the silt fraction, fairly common
in the clay.
kaéldspar: ccmmon in silt, fairly common in the clay.
2-1 (bottom) - The clay fraction is similar to that of F-1, However,
dolomite is listed as very abundant in the silt fraction and
fairly common in the clay; quartz is the same as above; X-feld-

spar is rore; and there is a trace of pyrite* in the clay fraction.

Differential Thermal fnalysis

This procedure was carried out chiefly as a check on the X-ray work.
Two runs were made. The first (on sample C-1), which was done to deter-
mine the presence of illite, disclosed that:

",.... in addition to the clay mineral illite which forms the

bulk of the sample as received, and a small amount of quartz,

the sample contained a quantity of organic matter ... and

It
some other unknown substances.”

3
This ties in with the evidence for reducing conditions existing
dovmward in the cores (see page 39 }. On the other hand, the possi-
bility of detrital origin cannot be iznored,

3t
Analysis performed by Richard Lake, Mineral Sciences Division,
Department Mines and Technical Surveys.
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Quantitntive Determination of Boron

in attempt ﬁas made to evaluate the variation in paleosalinity
downward in the cores by boron'determination.*** According to
Fredrickson and Reynolds (1959), the relative proportion of the element
boron taken into the structure of the illite present is directly pro-
portionate to the salinity at the time of deposition of the sediment,

The results obtained were inconclusive.

Chemistry of the sediments

Total Carbonates

The apparatus used for this analysis was the Chittick apparatus
(Dreimanis, 1962). The proportions of calcite and dolomite were deter-
mined by measurement of the 002 evolved on addition of dilute HCf. The
sample was prepared by passing it through a 250 mesh (4@) Tyler sieve
and weighing out the aliquot to be tested (normally 1.7g).

Tests were run on the top portions of 4 scattered cores. These all
showed consistently very low carbonate content (Table 4) and it was con-
cluded that the areal varistion was insignificant. After this, 6 widely
distributed cores were analysed for vertical variation of total carbon-
ate content. The results in this case were more significant, showing
a marked increase with depth in the core (Fig. 14). Dolomite is by far
the dominant carbonate mineval and is present in considerable amounts
(up to more than 4LOZ) of the sample tested in one case, F-1 (lower parts).

It should be borne in mind that the percentages listed are for the aliquot

B8
AMnalysis done by Technical Research Laboratories, Toronto,
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Figure 14: Vertical variation of total carbonate content

i-1, 3-8, and F-1 extrapolated to Ocem, depth

asguming uniformity with others analyzed, page 56.
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tested which included only material smaller than 4@ in size, and cannot
be extrapolated to apply to thé whole sample, which in most cases was
largely quartz sand. However, the heavy mineral analysis of the sand
fraction and the X—ray Diffraction of the silt from the bottom ﬁérts of

several cores (page 59) also showed significan® dolomite content.

Organic Carbon

Determination of the organic carbon content (oxidizsble organic matter)
of the samples tested was carried out using a modified version of the
Walkley-Black method as outlined in Contribution #169 of the Chemical
Division of the Canada Department of fpgriculture, Research Branch (1958).
In this method the sample (0.5g of material below 4mm in dismeter) is
oxidized in potassium dichromaﬁe with spontaneous heat generated by the
addition of concentrated‘HZSOh. The excess dichromate is determined by
titration with FeSOh, %nd muitiplication by a constant factor yields the
percentage of organic carbon., This method does not measure the carbon
present as coal or graphite as they are not readily oxidized. Loss-on-
ignition determinations were done on samble C~1 with the following re-
sults: | | | |

8 hre. at 250° to 400°C ——-—v 7.1%

3 additional hours at |

700° to 800°C = 7.96%

Dichromate —— 2.82%
Because this wide discrepancy is probably due to loss of water from the

clays or to ignition of the coal present, the dichromate results were

chosen as more accurate as well as more convenlent. ‘
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Determinatiens were carried out en the surface portions of all cores
as well as on five for vertical variation (Table 5). The average figure

for surface organic carbon content is 2.3%.

To show the relationship between surface organic carbon and geo-
graphic position, the carbon values were contoured (Fig. 15)., There is
apparently a direct relationship between organic carbon and depth of
water, and therefore an inverse one with grain size, This is not sur~
prising and is no doubt due to the fact that the light organic matter
is usually deposited in the same area as the fine c¢lays,

The vertical variation of organic carbon is on the whole inconclu-
sive, There appears to be a slight decrease in organib oarbon.downward
in all but one of the cores tested (Table 3). This may be due to the
inerease in mean grain size downward in most of the cores (see page 50).

It was expected that there might be a relationship between organic
carbon content and sediment colour and that the lower darker'portions
of the cores might contain more organic carbon than the lighter portions,
The small variation encountered denies this and further supports the
postulation that sediment colour 1s a factor of the oxidatidn state of

the iron present.
PLLAEONTOLOGY OF CORES

This portion of the study was concentrated on the occurrence of two
types of fossils: foraminifera and plant pellen. No macrofossils deemed
indigenous were noted. Fragments of a pelecypod valve were encountered
in core A-8 but because of the proximity ef. this-station to the :Iand“where
these shells are common and also its broken state, it is believed to have

been washed into the lake, Cores G-2, B-3, and F-l were examined by the “..



R

B

oA A

- 65 ~

Palynolozical Section of the Geological Survey of Canada for pollen and
spores, However, in the slides examined, no pollen or spores were found” .
Foraminifera were noted in considerable numbers in several thin

sections of cores and in mechanical separations to be déscribed later.

To all appearances they were deposited in situ as opposed to being trans-
ported from the land. They are well-preserved, even the more delicate
ones, and very few are worn or broken. fnother factor in favour of their
indigenous nature is that the foraminifera are restricted to the lower
portions of the cores in which they occur. If they were transported from
the shore deposits, which are still being eroded, one would expect a more
even distribution throughout the lsngth of the core.

Forsminifera were noted in the bottom parts of cores A-12, F-10, f-8
and I-2 only, and of these, /-8, and I-2 were subjected to identification
and counting procedures.

The samples were processed as in the following scheme (Hooper,per-
sonal communication):

Whole sicved sample ) 4 ¢

Solution 1
(S-G- 72-65 < 2‘71)

1. Sinking fraction collected
(calcite and forams
without air)

Floatinz fraction to Solution 2

/ (S.G.<2.5622.L )

2. Sinking fraction collected l
(quartz and feldspar)
Floating fraction to Solution 3
(s.G. ¥ 2)
3. Sinking fraction collected t

(light minerals)
) L. Floating fraction collected

(foraminifera with trapped air)

3*
Personal communication with staff of Dr. J. Terasmae,




AL T B A o o 8 430 Y D T S AR i e e e e T e e

i SR R R s R i

- 66 -

Thus, most of the foraminifera were concentrated in the #4 portion. To

avoid biased counts, however, all the portions were checked and if necess-
ary, counted,

The results of the examination are shown in Table 7. The fauna from
the Stamwell-Fletcher Lake cores is dominated by calcareous as opposed
to arenaceous types. With the exception of a small number of the plank-

tonic Globigerina bulloldes, all are benthic in habit. The fauna is

characterized by the high incidence of Cassidulinae, Astrononion stellatum,

and Elphidium incertum and is comparable to the Hudsoh Bay Fauna described by
Leslie (1965).
Leslie proposed foraminiferal depth zones based on the presence of
certain species in Hudson Bay. These depth zones are as follows:
Shallow Bay fauna - 26-130m
Intermediate Bay fauna - 50-170m
Deep Bay fauna -~ 100-230m
Cosmopolitan Bay fauna - 26-230m
The species identified in the cores from Starwell~Fletcher Lake fall
between Leslie's Intermediate and Deep Bay faunas corresponding to a depth
range of 50-230m.
However, Green (1960) working on an area to the north of Ellesmere
Island; recognized 4 depth zones on the basis of the benthic fauna.
They were: Shelf (433-510m), Slope (610-1142m), Apron (1532-2000m), and
Abyssal (2250-2760m), Species of Cassidulina as well as Cibicides

lobatulus, and Elphidium bartletti characterize the Shelf area, The
fauné of the cofesAffom Stanﬁéil-Fletcher Lake shows close relationship

to this type, with an expectedly corresponding depth range.
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FORAMINIFERAL HUMBER % | 325 15 1o
Cassidulina teretis 29 7 L)
Ce norcroosi 25 23 45
. G, islandien 12 - i 27
Cibioidea 1lobatulus 13 12 2
Astrononion stellatun 17 12 7
Elphidium frigidum x
E. incertum complex 2. 0 8
E. bartletti o= x
Protolphidiun orbioufare }
Lagona senilinenta x X E3
Le gracillion %
Le acridionalis x x
Fissurina marginata ® X x
Virgulina cooplanata X X 2
Reophax . curtus x x
Oolina ‘costata %
Oolina nalo X
Laryngosigma hyalasoidia X
dveolophragniua crassiaargo x x X
Astacolua hyalacrulus x
Glandulina lacvigata X
dncotiun ocassis x
Lazarckina haliotidea x
Patellina ocorrugata X
Teilooulina. angularis X
"Guttulina pacifioca x
Protaonina atlantioa g x
Buvoella inusitata . . X% x
. Buligina exilis ' 3
Ocntallina frobisherensis . x
' buggi “4 .
" %% G)obigorina bulloides S ' X . X

x = less than 13
¥ %..=The only planktonio spcoies present
% o The nusber of benthonic foraminifers per gram of sediment

. ' . .

Table 7: Foraminiferal list and percentages of occurrence
in two cores from Stanwell—,Flgtcher Lake.
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'This fairly large discrepancy between the depth ranges for the above
species as given by Leslie and by Green is not explained, Hoopef* gtates
that this may be due to Imprecision in determining the upper and lower
limits of species! ranges or,more likely, to the effect of inconsistent
depth occurrence of distinctive water layers which are the main control-
ling factor of depth distribution of foraminifera.

With reference to other ecological factors, Loeblich and Tappan

(1953) state that the character of the substratum is the most important.

Fewer foraminifera occur in the muddy areas, where oxidation of decaying

organic matter cause oxygen shortage., The sandy and gravelly areas offer

R R e e o T R

more protection and places for the organisms to attach themselves. This
may account for the lack of specimens in the muddy parts of the lake,
Loeblich and Tappan also maintain that temperature has only a regional
effect on the distribution of benthic foraminifera because the bottom
temperature all over the frctic and North Atlantic varies very little
from place to place. |

In the cores studied there were very few planktonic species found.
Leslie (1965) observed changes in the number of planktonic specles found
in Hudson Bay cores. This led him to conclude that a high number of
these species denote normal marine saline conditions. Conversely he
suggested that a low number of planktonic species of foraminifera in-
dicates an inshore, abnormal marine environment, possibly brackish water.
This would agree with what the writer believes to be the paleoecology
of the Stanwell-Fletcher Lake area, (see pages35, 36),

Other fossils occurring with less frequency are ostracods, and in one

3
Personal communication
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core (£-1 bottom) small glass sponge spicules (?)s Plant remains are

common throughout the cores.

Rate of Sedimentation

In marine sediments, the rate of sedimentation can be calculated
using a factor derived from the ratio of living to dead foraminifera
present in the surface sample (Bartlett, 1964). In the case of Stanwell-
Fletcher Lake no live foraminifera are known to exist so this method can not
be applied. However, if the complete thickness of the lake sediments
were to be definitely established, this, divided by the time involved in
deposition, would give a fair indication of the rate of sedimentation.

In the lake, although foraminifera were found in cores in the sandy
shallower areas, one cannot be sure as to whether their vertical position
in the core is reliable or whether some of the overlying sediment was
trunéated by erosion as the water in the lake area subsided. No foram-
inifera were found in the deep muddy areas of the lake either due to the
fact that no foraminifera existed there during the marine and transit-
ional phases (see page 68 ); or because the cores were too short to
penetrate down to these deposits.

On the above information, it would therefore serve little purpose to
present a calculated rate of sedimentation. It should be pointed out,
however, that several factors indicate a relatively slow rate of depo-
sition existing at the present time, These factors are:

a. The oxidized, reddish-brown bottom sediments (Emery, 1949).

b. The fine mean grain size of the sediments in almost all parts

of the lake.
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¢. The slow rate of subaerial erosion and transportation due
to the restrictions of the climate of the area.

d., The lack of slump structures or lamination in the cores.
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CHAPTER IV
CONCLUSIONS

THE DEVELOPMENT OF STANWELL-FLETCHER LAKE

The investigation shows that the deﬁeiopmeht of the lake can be
traced through three phases from its origin to the present. The lake
basin was formed through glacial scour of a downfaulted block of soft,-
friable Cretaceous (?) sandstone during the later stages of the Wisconsin
(Laurentide) glaciation in Pleistocene times.

On melting of the ice the depressed land area was invaded by the
sea. The elevation of sea level relative to the land at that time was
more than 150 feet above that at present. An idea of what the area must
have resembled is seen on Fig, 16A. The conditions existing in the
regime would most likely have been of the restricted marine bay type,

i.e. having a narrow entrance perhaps pértly blocked by low islands or
shoals, However, due to the scarcity of the expected planktonic foram-
inifera and the inconclusive nature of the boron analysis (see page 60 ),
it is believed that the cores are not long enough to contain sediment
deposited under these conditions.

The second or estuarine phase was brought on as the land rose, in-
ereasing the influence of the sill over which the Union River now flows,
On the basis of the present topography, the existing highs in the vicin-.
ity must have comprised low islands (Fig. 16B). The outlet to the north-
west is believed to have been insiznificant in the circulation of the
water largely because of its present narrowness. The salinity of the
water in the basin must have decreased as the basin became more restricted
and fresh water from the land began to assert its influence. Chemical

stratification most likely was established and an estuarine circulation

-y
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Figure 16 A
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E- Figure 16 B Sea level - 100 ft. abOve present

Figures 16 A and B : Assumed paleogeography of the Stanwell-Fletcher
Lake area,
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ensued (see Fig. 17) in which the fresher water flowed out on the surface

over the sill, developingz currents along the bottom in the opposite direc-

tion due to frictional drag (Pickard, 1964).

Fig. 17. Assumed estuarine circulation in
Stanwell-Fletcher Lake area.
(Modified after Reid, 1961, page 1h3)

This resulted in bottom saline watef being brought up to be mixed
with the fresh river water and then circulated out ovér the sill, The
bottom currents in narrow-necked estuarine environments are known to be
quite strong (Reid, 1961, pages 76, 142-144). Thus fairly rapid depo-
sition and some bottom erosion are thought to have taken place. The
dispersion of dolomite grains all over the lake, although dolomite only outerobs
in the southeast part of the basin (Fig., 2) supports this postulation,
Also some other features such as increase of grain size (page 50),
preservation of fossils (Twenhofel, 196&). etc., are present in the
sediments which misht denote fairly rapid deposition (see pages 39, 58)
The foraminiferal fauna at this stage is mostly benthic suggesting that
normal marine conditions did not exist and that only in the bottom areas
was salinity adequate to allow marine life, It is believed that this
phase lasted long enough to flush out most of the saline water left after
the marine phase.

As uplift progressed the basin became cut off from the sea due to
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the exposure above sea level of the land previously forming the sili.

The efficient mixing of the water was most likely completed by the
agencies on page 36, i.e., flushing out of the salt water, and/or dissi-
pation throuch efficient eirculation. Deposition by bottom currents then

became insignificant except around the margins,

THE SEDIMENTARY RECCRD

is noted on page 37, the cores were for the most part disappoint-
ingly short and sedimentation would have had to be very slow for the
complete record (beginning about 8,000 years ago) to be present, From
the foraminifera found and the inconclusive nature of the boron analyses
(pége 60) it is believed that the cores cbtained record deposition no
earlier than the closing stages of the estuarine phase (about 4,500 years

ago, Fig. 3).

Rate of Sedimentation

Althouch at present the rate of sedimentation is quite low (page 69),
several factors point to more rapid deposition during the estuarine phase
of the lake's development, as represented by the foraminifera-bearing
portions of cores. The good preservation of the fossil shells could be
cited as an indication of rapid deposition (Twenhofel, 1942). Also the
poor sorting despite a much more energetic current vegime could be seen
as evidence of fairly rapid.deposition.

Thus the rate of sedimentation seems to have decreased markedly with

time to its present low value.
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Provenance

The provenance of the sediments is best studied throuzh the heavy
minerals found. As is seen on Table 6, garnet is present in varying
amounts in the surface portions of all cores studied, It appears as
very angular grains thus indicating first cycle derivation, most likely
from the metamorphic terrains. Other accessory heavy minerals that
indicate this source are hornblende, biotite and graphite. In lower
parts of the cores, however, the heavy mineral suite changes markedly,
with dolomite becoming dominant. This change can be related to the
direction and mode of transport prevailing at the time. During the
estuarine phase dolomite was derived from the debris of the Hunting
dolomite to the south and was probably distributed all over the basin
through the action of north-flowing tidal bottom currents. At present
the action of bottom currents is minimal whereas that of rivers and
streams, most of which flow over metamorphic terrain, account for the
ascendancy of garnet.

The contribution of the Oretaceous (?) sandstones is by far the most
important and is observed in the high proportion of quartz grains in the
sand fraction of all the cores studied, both in the lake sediments and
the raised beaches, There is a marked increase in the amount of rounded
quartz grains in both the raised beaches and the lake sediments compared
to the Cretaceous (?). This increase is probably duve to reworking of
quartz grains from the Cretaceous (?) rocks.

The presence of illite, kaolinite, and chlorite together shows that
sediment is not the result of weathering and erosion of a single rock

type. £ multiple source is therefore suggested, most probably the fine
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grainéd, polymict glacial debris ubiguitous in the area. These deposits
originated from the mechanical breakdown of the rocks over which the
glacief moved, the end product being thoroughly mixed in the process.
Thus, the chlorite was presumably derived from the chlorite-rich meta-
morphics outcropping in the area, and the kaolinite and illite were
derived from the shales of the Cretaceous (?) rocks (see page 14). The
chemical breakdown of micas and feldspars to produce illite and kaolinite
in conjunction with that of pyroxenes and other mafic minerals to chlorite
is unlikely in view of the climatic conditions existing since glacial

times, Also the fresh unweathered nature of the mineral grains preclude

this mode of origin for the clays. -

THE EFFECT OF THE ARCTIC ENVIRCNMENT ON 3=DIVENTATION

The major factors controlling the processes of sedimentation in
Stanwell-Fletcher Lake at the present time are:

a. The physiography of the area

b, The arctic climatic regime

¢. 'The zeology of the area
As was stated on page 1 , one of the present purposes is to 'study the
effect of an arctic climate on sedimentation in a modern lacustrine en-
vironment". However, because all the factors listed above together
contributc to the type of deposition in Stanwell-Fletcher Lake, the
effect of climate alone must be evaluated separately.

The most pertinent characteristic of the arctic environment is the
year-round low temperatures resulting in perennially frozen ground to a

considerable depth., Other features characteristic of the arctie, but not
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restricted to it are: the small amount of precipitation and the low prod-
uctivity of both flora and fauna (Frey and Stahl, 1958).

Because weathering is the first step in the sedimentation cycle, i.e.
weatherinz, transportation, and deposition, the effects of the arctic
environment on weathering is of importance. £11 the characteristics
listed in the paragraph above tend to slow down drastically the processes
of chemiecal weathering. The permafrost inhibits the circulation of
ground water during the brief surficial thaw and the low surface and soil
temperatures coupled with scarcity of vezetation effectively restrict
chemical and biological activity at the surface. Thus the soils of the
arctic are generally classed as immature and are comprised of mostly bog
(or Tundra) soils with zonation only in the well drained areas (Tedrow
and Cantlon, 1958). Although the surface areas of both these soil types
are moderately to strongly acid (Tedrcw et glnil958), very little leach-
ing takes place. Other chemical processes such as oxidation, carbonation
and solution of carbonates are all hindered by the low temperatures
(Taber, 1943). Residual chemical weathering products such as the clays
therefore tend to be secondary in importance,

On the other hand, mechanical or physical weathering and disintegra-
tion is dominant in the arctic because of the permafrost and the effects
of the low temperatures (Taber, 1943). Tedrow et 21.(1958) attributed
the predominantly medium (gig) texture of most arctic soils in which
8ilt is present in large amounts to this factor. They stated:

"This suggests the possibility that the rocks and minerals

have been weathered mainly through physical processes to

silt, at which size range they reach a somewhat static state.”
They also quoted Sigafoos and Hopkins (1952) to suggest that grain size
in arctic soils is largely a function of the grain size of the parent

rock.
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The effect of the arctic environment on transportation is understandably

less discernible than that on weatherins. One of the most important
factors is the shortness of the season during which run-off occurs

(page 41). This feature, added to the effects of overall poor drainage,

severely limits the amount of material transported by streams and slope
wash (Taber, 1943). Movement of debris downslope by soil creep assumes

importance because of the high moisture content of the arctic substratum
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and the lack of deep-rooted vegetation. rlthough transportation by wind
is operative in some areas, it is of minor importance largely because of
the wetness of the substratum.

The three main factors that affect deposition in large arctic lakes,
using Stanwell-Fletcher Lake as an example, are:

‘a. The prolonged ice-cover

b. The lack of seasonal stratification

¢. The low water temperature
The ice cover affects deposition in that strong, wind-generated wave
action is absent, resulting in a low-energy current regime. Because of
this feature, the coarser sediments entering the lake are deposited in
the marginal areas only, with mud and silt beinz deposited in the remain-
der of the lake. Due to the well circulated water, these fine particles
remain suspended for some time and thus seasonally laminated deposits
or varves, are not formed, In the cases of lakes into which the volume
of water entering is much greater than Stanwell-Fletcher Lake, or ih
which bottom topography allows significant slumping to occur, some modi-
fication of these effects is expected. The low water temperature, aided

by the extended periods of ice-cover, accounts for the low biological

production in arctic lakes (Frey and Stahl, 1958).
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In Stanwell-Fletcher Lake, these factors result in:

a.

c.

The following characteristics are therefore expected to be prominent

The low rate of sedimehtétion and generally poor sorting

of the fine, unlaminated sediments especially in the central
portions of the lake, '

The absence of stagnation and oxygen-depletion of the water
due to organisms. Thus the water remains very fresh and
chemically stable even at the hottom. Oxidizing conditions
prevail in the surface sediments.

The low amount of organic sedimentation as illustrated by
the low organic carbon content of the deposits. Precipitated
carbonates (marls) are absent.

in the bottom sediments of arctic lakes of similar physiography taking the

combined effects of weathering, transportation and depnsition.into con-

sideration:

a.

c.

5.

In general, the bottom sediments of Starwell-Fletcher Lake conform

The bottom sedimenﬁs are poorly sorted with positive
skewness due to a disproportionately high percentage
of fine, generally silt-sized material.

Seasonal lamination of sediments is rare and if present,
is restricted to the marginal areas,

The clay fraction of the sediment is minor, except in
localities where it composes source rocks in the area.

Allochthonous (deriqu) material constitutes the bulk of
the deposits. ALutochthonous components, such as marls
and organic matter, account for very little of the sediments.

Labile minerals, such as feldspars and mafic minerals are
largely unweathered,

The surface portions of the sediments are brown in colour
due to oxidation of iron.

well with the preceding characteristics. Certain features are more

closely related to the physiegraphy and history of the area, e.g., the

aretic foraminifera and the considerable detrital dolemite found. The

presence of cla& minerals<in significant amounts is anomalous but has
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been traged to the source rocks around the lake, and is not considered

a product of chemical weathering (page 7%).

SUGTESTIONS FOR FURTHER WORK

It is unfortunate that more research could not be carried out on the
clays due to lack of facilities., This fraction of the sediment should be
sensitive to the peculiar climatic conditions existing and further work
could usefully be directed to this field., It is also suggested that
longer cores be obtained so that more precise evidence as to the origin
and history of the lake may be ascertained. Sounding or seismic equip-
ment mizht be utilized to determine the total sediment depth and thus
the overall rate of sedimentation for the lake. Determination of pH
and Eh values against depth in the cores would also provide information

as to diagenetic processes taking place in the hottom sediments.
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) PLATES 1 amd 2
Selected Stanwell-Fletcher Lake cores




*




5

S S

CORE LE NGTH

(cm)

Ol +



FLATE 2

‘L‘_ENGTH_ (cni);

TR ‘
S

i
§




. FLATE 2 50

|
|
(Y : :F-‘
, 9
w

@

w
BN + t -+ 4
B w N —
o o o o

e

: . CORE LENGTH (cm)



-8l -
REFERENCES

Angino, E.E., Armitage, K.B., and Tash, J.C., 1964,
"Physico-chemical limnology of Lake Bonney, Antarctica';
Limnology and Oceanography, vol. 9, p. 207-217.

Bartlett, G.i., 1964, "Benthonic foraminiferal ecology in
St. Margarets Bay and Mahone Bay, SE Nova Scotia", Bedford
Institute of Oceanography, Report B.I.O. 64-8.

Bdggild, 0.B., 1904, "On the bottom deposits of the North
: Polar Sea", Norwegian Polar Expedition 1893-1896,
edited by Nansen, vol. 5, p. 1-52.

Craig, B.G., 1964, "Surficial geology of thm-. *

Boothia Peninsula and Somerset, King William, and

Prince of Wales Islands, District of Franklin", Geol.
Surv, Can., Paper 63-44.

Carsola, A.J., 1954, "Recent marine sediments from Alaska
and northwest Canadian firetic”, Bull. Am. Assoc.
Petroleum Geologists, vol. 38, p. 1552-1586.

Deane, R.E., 1958, "Pleistocene Geologzy and Limnology of Lake
Hazen", Operation Hazen-narrative and preliminary reports,
Defence Research Board publication, p. 19-23.

1960, "The geology of lacustrine clays", National
Research Council of Canada, Technical Memo no. 69, p. 174.

Dreimanis, flexis, 1962, "Quantitative gasometric determinations
of calcite and dolomite by using the Chittick Apparatus?,
Jour. Sed. Petrology, vol. 32, p. 520-529.

Duane, D.B., 1964, "The significance of skewness in recent
sediments", Jour. Sed. Petrology, vol. 34, p. 864-87k.

Dyck, W., and Fyles, J.G., 1964, "Geological Survey of Canada
radiometric dates III", Geol. Surv. Can., Paper, 64-40, p. 9.

Emery, K.0., 1949, "Topography and sediments of the Arctic
basin®, Jour. Geology, vol. 57, p. 512-521.

Folk, R.L., 1961, "Petrology of gedimentary rocks", Universiﬁy
of Texas Ceology manual, Hemphill's, Austin, Texas, 154 p.

Frederickson, A.F., and Reynolds, R.C;, 1959, "Geochemical
method for determining paleosalinity", Proc. 8th Nat.
Conf. on clays and clay minerals, vol. 8, p. 203-213.

Frey, D.G., 1963, "Limnology in North Imerica", The University
of Wisconsin Press, Madison, Wisconsin, 73k..px.




~- 82 -

, and Stahl, J,B,, 1958, "Measurements of primary
production on Southampton Island in the Canadian Aretic" s

Limnology and Oceanogrgphy, vol, 3, p, 215-221,

Green, K.E., 1960, "Ecology of some arctic foraminifera®,
Mieropaleontology, vol. 6, no. 1, p. 57-78.

Hattersley-Smith, G., and Serson, H., 1964, "Stratified water
of a glacial lake in northern Ellesmere Island",
Arctic, vol. 17, no. 2, p. 109-110.

Hobbie, J.E., 1961, "Summer temperatures in Lake Schrader,
Alaska", Limnology and Oceanography, vol, 6, p. 326-329,

Hutchinson, E.D., 1957, "Treatise on Lirmd].%%;, vol. 1,
John Wiley and Sons, Inc., New York, 10X5i%p.

Inman, D.L., 1952, "Measures for describing the ‘size 'distribution
of sediments", Jour. Sed. ‘Petrology, vol, 22, p. 125-145,

Leslie, R.J., 1965, "Ecology and paleoecology of Hudson Bay
foraminifera", Bedford Inst. of Oceanography, Report '
B.I1.0. 65-6

Livingstone, D.A., 1963, "(Limnology in) Alaska, Yukon,
Northwest Territories and Greenland" in Limnology in North
America, Edited by B.G. Frey, 1963, p. 559-57L.

s Bryen Jr. K., and Leahy, R.C,, 1958, "Effects of
and arctic environment on the origin and development of
fresh water lakes", Limnology and Oceanography, vol. 3,

p. 192-21. . -

| Loeblich, A.R., Jr., and Tappan, H., 1953, "Studies of arctic
foraminifera®, Smithsonian Misc. Collections, vol, 121,
no. 7, <150 .

Mathews, W.H., 1956, "Physical limnology and sedimentation in
& glscial lake", Bull. Geol. Soc, im., vol, 67, p. 537-~552.

McCulloch, D.S., Taylor, D.W., and Rubin, Meyer, 1965, "Stratigraphy,
non-marine molluscs, and radiometric dates from the gquaternary
deposits in the Kotzebue Sound area, W. Alaska!, Jour. Geol.,

vol. 73, p. L42-453.
Olson, E.i., and Broecker, W.S., 1961, "Lamont natural radiocarbon
measurements VII", Radiocarbon, vol. 3, p. 141-175..

Pettijohn, F.J., 1957, "Sedimentary rocks", Harper and brothers, New
York, 2nd. edition,.718 p. p ‘ -

Pickard, G,L., 1964, "Descriptive physical oceanography", The
MacMillan Co., New York, 199 p.




- 83 - q.i'.l‘

Quigley, R.M., 1956, "Arctic Institute of North fmerica expedition to
Greenshield Lake, Baffin Island", Unpublished report.

Reid, G.K., 1961, "Ecologzy of inland waters and estuaries", Reinhold
Publishing Corp., New York, .375%p,

Ruttner, F., 1940, "Fundamentals of limnoloey", Translated by D.G. Frey
and F.E.J. Fry, Univ. of Toronto Press, 1953, 450 p.

Taber, S., 1943, "Perenially frozen ground in Alaska, its origin and
history", Bull. Soc. fm., vol. 54, p. 1433-1548.

Tedrow, J.C.F., and Cantlon, J.E., 1958, "Concepts of soil formation
and classification in Arctic regions", Arctic, vol. 11, p. 166-179.

» Drew, J.,V,, Hill, D.E., and Douilas, L,A., 1958, "Major
genetic solls of the arctic slope -of Alaska", Jour. Soil Sci.,
vol. 9, p. 33-45.

Twenhofel, W, H., 1942, "Rate of deposition of sediments", Jour. Sed.
Petrolozy, vol, 12, p. 99-110.






