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Short Notes

G. H. JOHNSTON
R. J. E. BROWN

STRATIGRAPHY OF THE MACKENZIE RIVER DELTA,
NORTHWEST TERRITORIES, CANADA

Abstract: An investigation was carried out in April
1961 to determine the distribution of permafrost
under and adjacent to a small lake in the Mackenzie
River delta near the new townsite of Inuvik, North-
west Territories, Canada. Using drilling methods,
deposits were sampled to bedrock at a depth of
about 230 feet, and it is believed that this is the
first study in which a complete section of the deltaic
deposits has been obtained.

Perennially frozen ground was not found in the
hole bored under the center of the lake but was
found in the total thickness of deposits in each of
three holes drilled adjacent (within 500 feet) to the

Introduction

The Mackenzie River valley is old; one or
more drainage systems existed during inter-
glacial periods of the Pleistocene Epoch. Major
changes in land-sea relationships since the re-
treat of the last glacier have resulted in a com-
plex history of deposition in the region of the
Mackenzie River delta. The modern delta
(Fig. 1) is a low, flat area, approximately 50
miles wide and more than 100 miles long, that
is interlaced by many river channels and
spotted with thousands of lakes and ponds. To
the west it is bordered by the Richardson
Mountains consisting predominantly of sedi-
mentary formations of Mesozoic age; to the
east by Richards Island, the Caribou Hills, and
the uplands south of Inuvik consisting of ex-
tensive formations of Palaeozoic age covered
in places with glacial drift and moraine de-
posits; and to the northeast by older deltaic or
fluvial deposits (Mackay, 1963).

In April 1961 members of the Division of
Building Research of the National Research
Council, Canada, carried out an investigation
to determine the distribution of permafrost
under and adjacent to a small lake in the delta

lake. About 180 fect of stratified silts, fine sand,
and organic material overlie 50 feet of dense silty
clay deposited on bedrock. Results of laboratory
tests on the sediments sampled suggest that the
lower portion of the dense silty-clay layer, which
contains pebbles, is probably till deposited by the
ice sheet that covered the area during the Wiscon-
sin. The upper portion of the silty-clay layer, con-
taining no pebbles, was possibly deposited under
glaciomarine or estuarine conditions. The sediments
overlying the clay layer are of deltaic origin and
were deposited by the present Mackenzie River
and its postglacial predecessors.

near the settlement of Inuvik, Northwest Ter-
ritories (lat. 68° 21’ N., long. 133° 44" W.).
Holes were drilled, and deposits were sampled
to bedrock at a depth of about 230 feet (John-
ston and Brown, 1964). Previous subsurface in-
vestigations in the delta and adjacent areas
(Pihlainen and Johnston, 1954; Pihlainen and
others, 1956) were to shallow depths not ex-
ceeding 40 feet. This paper records the results
of the study in which, as far as the authors
know, deltaic deposits were penetrated for the
first time. Some comments on the geological
history of the delta area are included.

Location and Description of Area

The investigation was conducted at a small,
shallow lake about 5 miles southwest of the new
townsite of Inuvik, Northwest Territories (Fig.
1), which lies on the East Channel that forms
the well-defined eastern boundary of the
Mackenzie River delta. The banks of the chan-
nels and lakes in the delta are low (5-20 feet);
flooding caused by ice damming in the main
channels apparently occurs every few years but
not every year. White spruce is the dominant
tree species; some specimens grow to heights of
50 feet. The vegetation cover also includes

Geological Society of America Bulletin, v. 76, p. 103-112, 7 figs., January 1965
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SHORT NOTES

black spruce, willow and alder, and scattered
stands of tamarack. Moss occurs as a very thin
ground cover throughout the area.

Stratigraphy

Four holes were drilled to various depths at
the site. Hole No. 1, at the center of the lake,
was drilled to bedrock at 230 fect. The three
other holes were bored immediately adjacent
to the lake: No. 2 to 115 feet; No. 3 to 196
feet; and No. 4 to bedrock at 260 feet. Core
drilling was carried out for the full depths of
holes Nos. 1 and 3, and good, undisturbed cores
of most of the materials penetrated were ob-
tained. A typical section at this Jocation in the
delta is as follows:

0-100 feet—thinly stratified sandy silt with layers
of decomposed organic material throughout; con-
tent of organic material particularly high at bottom
of unit.

100-180 feet—fine-to-medium sand with thin
layers of organic material spaced at irregular inter-
vals throughout full depth.

180-230 fect—very densc silty clay containing
scattered small pebbles from 206 to 221 feet and a
high concentration of pebbles in the bottom 9 feet
above bedrock; no pebbles in the top 26 feet of the
clay layer.

230 fect—bedrock (dolomitic limestone).

Figure 2 shows a detailed log of the ma-
terials. At hole No. 3 the ground surface that
is 12 feet above the ice level of the East Chan-
nel at Inuvik (April 1961) was used as datum.
No geodetic elevation has been established at
Tnuvik. Little information is available on the
general geology of the immediate area, but the
bedrock in the hole appears similar to the dolo-
mite, magnesian limestone and slaty shale ex-
posed about 8 miles south of Inuvik (Kellaway,
1956).

Perennially frozen ground was not found in
the hole bored under the center of the lake, but
it did occur for the full depth of each of the
other holes. Visible ice segregation in the form
of horizontal and irregularly oriented layers
was confined mostly to the top 30 feet. Below
this depth the deposits were solidly frozen; only
thin ice layers occurring at random in pre-
dominantly silty or clayey beds were noted.
Sandy material was well bonded by ice not vis-
ible to the eye.

Physical Properties of Sediments

Standard engineering tests to identify and
classify the deposits were made on representa-
tive samples obtained from holes Nos. 1 and 3

105

and at various intervals in the other two holes.

Moisture content values decrease with depth
in the upper 50 feet, as shown in Figure 3.
From the surface to a depth of 35 feet the
moisture content averaged 38.2 per cent, and
from 35 to 180 feet it averaged 28.9 per cent.
Only a few values were obtained below 180
feet, and these were less than 20 per cent.

The deposits can be subdivided into four
main groups according to grain size, as shown
in Figure 4. Of the 11 samples in group 1 (silty
clay), seven were from the dense clay layer oc-
curring below 180 feet; the other four were
from random depths within the top 80 feet.
Of the 38 samples in group 2 (silt with some
fine sand and clay), seven were from between
100 and 180 feet, 28 between 40 and 100 feet,
and three from between the ground surface and
40 feet. Of the 15 samples in group 3 (sandy
silt), 13 were from between 0 and 100 feet. Of
the 18 samples in group 4 (fine sand), seven
were from between 0 and 100 feet; the other
11 were from the 100- to 180-foot layer.

The plasticity characteristics of several of the
samples were determined by means of Atter-
berg Limit tests; the results are tabulated in
Table 1. Plasticity which is an important prop-
erty of fine-grained sediments may be defined
as the range in moisture content over which
the material remains plastic or capable of being
moulded. Although the lmits are somewhat
empirical in nature, they are extremely useful
as an indication of the plastic characteristics of
any given clay and for comparison with other
clays (Casagrande, 1948). For example, grain-
size distribution can be misleading in compar-
ing chemically and mechanically derived clay-
sized particles, but the plasticity characteristics
will show the inherent differences markedly.
The relationship between the plasticity index,
which is equal to the liquid limit minus the
plastic limit, and the liquid limit is shown in
Figure 5. All values fall in a band slightly above
and parallel to the A-line? wherein most glacial
clays lie.

The activity, which indicates the swelling and

I Liquid limit is the water content at which the ma-
terial has such a small shear strength that it flows to
close a groove of standard width when joined in a
specified manner. Plastic limit is the water content at
which the material begins to crumble, rather than wo
distort plastically, when rolled into threads of one cighth
inch diameter.

2 A-line represents the cmpirical boundary between
typical inorganic clays which are generally above the
A-line and plastic materials containing organic colloids.



106

GROUNO SURFACE

NG MOSS COVER
TIFIED GRAY 51l

AND PEAT WITH

F I
3

THICK LAYER OF PEAT AT 187

GaAY sanoy Sir wiH Vo - 3"

PEAT LAYERS SPACED FROM //,,"_

THICK
Yo" ApALL

GRAY SILTY SAND WITH THIN PEAT LAYER
5PACED FROM! Yg"-3"AFART,

GRAY SANDY S!LT WITH RANDOM THIN

PEAT LAYERS AND 000 =" DIATWVIG
PREDIMINANTLY ORGANIC MATERIAL WITH.
SMALL INCLUSIONS OF ler - ,DLA,\’.' AEMAINS
AND TIWIGS UP T0 He®

GRAY SILTY FINE SAND 17N IH/N LAYERS
OF PEAT SPACED ABOUT Ua"APART.

GRAY SILTY FINE SAND WITH BANOON!

SMALL TWIGS.

MANY SmaLL SHELLS BETWEEN #8°AxD 49"

(RANDOM SHELLS af:uq BETWEEN 35 "AND 6O')

LIGHT-GAAY 5a50Y SILT WITH IR4‘6ULARLY
TH:

SPACED 1"- 47 LAYERS
SILTY FINE s 160

111]-5s0

A5 ABOVE BJ7 WITH 345008 Sﬂ?EAhS AN
THIN (16" )L»\ysas OF PEAT- SPAGE.
FROM gt APART,

GRAY CLAYEY 3ILT WITH RANDOM STREAKS
OF PEAT, SOME TW/GS AND GRASSES
THAOLGHOUT,

MEQWN - GAAY CLAYEY SILT n/mv' et~ %
AYERS DFPFEAY SPACED? FR
A=
224 /¢ TWiG AND /n - 1"DIA, TREE BAANCH,
STBATIZIED GRAY SILTY FINE SAND

WiTH RANDOM THIN LAYERS OF PEAT
AND ODD SMALL TWIG,

G'LAYER OF FINE TO MEDIUNM SANT
AT 907

wf&luw-aaAY SANDY SILT CLAY WITH
NANY TWIGS, BRANGHES, AND THIN

LAYERS OF PEAT,

LIGHT-GRAY SILTY FINE SAND WIT

RANDOM STREAKS OF PEAT AND LAYERS

(UP TO I"THICK) OF MEDIUN~GRAY

MEDIUM SAND.

LIGHT = GRAY SILTY SAND, RANDOM

SATALL TWIG AND THIN PEAT LAYERS,

100

4.|-101-0

-107-0

N30 srgayieieo aRAY FINETO Mo SAND,
0 WITH RANDOM S‘TQL»\AS AND TH

LAYERS OF PEAT

002 LAYER (UP TO /'7Hl:ﬁ{) OF FAIQLY DENSE
SILTY CLAY, BANDOM THIN LAYER OF PEAT,
Co1t AGE 69002 110 YEARQS (DATING NO.
GGC-54) GRAY 5/LTY FINE SAND,
RANDON ‘SMALL TIVIG AND THIN PEAT
LAYERS

1-125-0

1350 go:./rww-z;:.\y MEDIN SAND, THIN PEAT
LAYERS AT 2"

Figure 2.
Territories, Canada

shrinking properties of a clay, is another im-
portant characteristic and relates the plasticity
index to the percentage of clay-sized particles
(Fig. 6). Typical values for samples taken at
various depths are given in Table 1. Some de-
gree of corrclation has been found between
activity and the mineralogy and geological his-
tory of a clay (Skempton, 1953 p. 58). Onc or

JOHNSTON AND BROWN—STRATIGRAPHY OF MACKENZIE RIVER DELTA
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more of the following seem to characterize -
active clay (activity less than 0.75): (1) Pre-
dominance of either kaolinite or mechanically
derived particles of clay size; (2) Deposition in
fresh water; (3) Deposition in salt water but
subsequent leaching by percolation of fresh
water.

Clays combining (1) and (2) or (1) and (3)
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form the least active group (z.e. less than 0.3).
Apart from kaolin, typical members of this
group are derived largely by mechanical ero-
sion of nonargillaccous rocks by ice sheets and
then deposited in ice-dammed lakes. They are
also derived from postglacial marine deposits
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The pore water was extracted [rom several
samples of the dense silty clay, and the salt
concentration was determined. As shown in
Figure 7, the salt content is low to about 180
feet but increases below that depth from about

3 g/ to about 28 g// at 220 (ect.
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197 g O HOLE No |
180 | 2ores @ ® HOLE No2 —
O HOLE No 3
- l -
Q
200 I 1 1
0 10 20 30 40 50 60

MOISTURE CONTENT, PER CENT

Figure 3. Mackenzic River delta soils—muoisture content versus depth

which have been leached by fresh water usually
following isostatic uplift. Clays formed by
normal weathering and deposited in [resh water
usually have activities between about 0.5 and
0.75. As will be noted from Table | the values
for the silty-clay material (below 180 feet) fall
mainly in this group.

Several samples taken from between 35 and
60 feet contained fossil remains. These shells,
examined and identified by Dr. F. J. E. Wagner
of the Geological Survey of Canada as Pele-
cypoda (Prsidium sp.), Gastropoda (Succinea
sp.(?), Gyraulus sp.), and Ostracoda (Bytho-
cypris sp., Cardona sp., Ilyocypris sp., and
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MECHANICAL ANA

JOHNSTON AND BROWN—STRATIGRAPHY O MACKENZIE RIVER DELTA

LYSIS OF S0OILS

EQUIVALENT GRAIN DIAMETER (MM)
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Figure 4. Mackenzie River d

Limnocythere sp.), represent [resh-water condi-
tions. No shells were found in the dense clay
layer,

Suggested Origin of Deposits

During the last (Wisconsin) glaciation, the
Laurentide ice sheet extended westward across

TasLe 1.

elta soils—grain size envelopes

the delta to the front of the mountains accord-
ing to O. L. Hughes (personal communication,
1963). Presumably, the area was ice-[ree by
about 12,000 years ago (Muller, 1962, p. 284;
Mackay, J. R., and Terasmae, Jaan, personal
communication, 1963).

The basal pebbly part of the dense silty layer

Puvysicar, Prorerrics oF SomE Mackenzic River Deora Sois

Atterberg limits

Activity

Clay fraction

Sample® Sample Liquid Plastic Plasticicy per cent plasticity index
depth no. limit limit index <0.002 mm  per cent clay
12 MDL 8 32.1 2.1 8.0 1 0.727
42 38.5 57.8 31.8 26.0 28 0.929
49 15 55.2 31.7 23.5 31 0.758
54 50 35.5 23.0 12.5 18 0.694
55 MD2 55.5 35.0 23.6 11.4 17 0.671
58 58 37.5 22.6 14.9 17 0.877
68 68 37.3 25.7 11.6 13 0.893
75 75 39.1 21.5 17.6 27 0.652
76 MD1 72 41.1 25.4 15.7 21 0.748
78 MD2 78 41.3 21.7 19.6 27 0.726
97 97 49.8 28.2 21.6 20 1.080
116 116 34.3 22.3 2.0 21 0.572
185 185 38.2 19.5 18.7 35 0.534
190 190(b) 40.0 20.3 19.7 31 0.636
194 MDI1  190(d) 40.4 19.1 21.3 33 0.609
195 191 38.4 19.2 19.2 35 0.548
195 MD2 195 39.1 18.3 20.8 35 0.594
204 MD1  200(a) 35.2 18.4 16.8 35 0.480
219 215.5 34.4 17.7 16.7 37 0.451

* Datum—Ground surface at hole No, 3.
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Figure 5.

from the 206-foot depth is probably till de-
posited by the ice sheet. Although no distinct
boundary within the clay layer is evident from
the data, the upper portion, which contained
no pebbles, was possibly deposited under glacio-
marine or estuarine conditions. Relatively quiet
water conditions would be necessary for deposi-
tion of these fine-grained sediments. Their
plasticity values and location on the plasticity
chart (Fig. 5) indicate that the material is an

Mackenzie River delta soils—plasticity chart

inorganic clay of medium plasticity and of
glacial origin. In addition, their activity sug-
gests that they were deposited in fresh water
and contain mostly mechanically derived clay-
sized particles. Postglacial marine submergence
might be inferred, however, from the present
location of the area near the sea coast and the
salt content of the clay. The apparent decrease
in activity (to values less than 0.5) with depth
in this layer suggests that the sea encroached

30 i I
3 o
x, N/ )\/
e o
“, / o
“X"O”% /
% :
jof /e T
g / K. P
SN E o
z N
S / P N
& / ° ° /)(F(v
< ST @\
a 10 / ~ 1 —
/ s ~
/ -~
yd e LEGEND
/ e o SAMPLES FROM 0'- 100"
s + SAMPLES FROM 180'-230"
£ ! ! |
0 10 20 30 40

PER CENT CLAY (< 0-002 MM)

Figure 6. Mackenzie River delta solls—activity
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on the till as the glacier retreated and the low-
est portion of the pebble-free layer (7.e. about
200 feet) was deposited in sea water. The re-
mainder of the layer (to about 180 feet) was
probably deposited in water that became less
brackish with time due to the increased volume
of water from the melting glacier and isostatic
readjustment (uplift). No microfossils or other
potential indicators of age or conditions were
observed in this material. The abrupt change
from clay to sand in the profile suggests that
environmental conditions underwent radical
alteration at that time, although changes in
major channels in this large delta could produce
rapid local extensions of the delta.

It appears that all the sediments above the
silty clay are of deltaic origin deposited by the
present Mackenzie River and its postglacial
predecessors. The stratified fine- to medium-
sized sand from the 100- to 180-foot depth was
probably deposited by a larger volume and
faster flow of water, perhaps by a local stream
or river flowing into the delta from the cast
near the location of Inuvik. It could also be a
result of a change in stream gradient at this lo-
cation or to erosion of fresh drift.

The Geological Survey of Canada dated a
wood fragment from the 125-foot depth at
6900 + 110 years B.P. (dating no. GSC-54).
It appears, therefore, that deltaic deposition
has occurred (at least [rom that depth to the
surface) at an average rate of about 1/5 inch
per year. Above the 100-foot depth the sand
merges into sandy silt, indicating a decreased
flow of water similar to the present rate. The
concentration of organic material at the 100-
foot depth might be the result of some major
climatic change that may have occurred about
5500-5000 years ago (Terasmae, 1961). The
deposition of this material, however, could also
be the result of local terrain conditions not re-
lated to climatic fluctuations, e.g., erosion and
undercutting of a channel bank. Vegetation
was well-established at this time and for some
time previously, as is indicated by the woody
and peaty remains found in the drill cores and
by the results of other investigators (Muller,
1962 p. 284; Mackay, J. R., and Terasmae,
Jaan, personal communication, 1963).

The formation and existence of permalrost
is closely associated with climate and its fluctua-
tions. Although we know little of the climatic
regime 12,000 to 8500 years ago, recent
palynological studies in this area indicate a
rather cool, dry climate 8500 to 7500 years ago
(compared with the present) according to J. R.

JOHINSTON AND BROWN—STRATIGRAPHY OF MACKENZIE RIVER DELTA

Mackay and Jaan Terasmae (personal com-
munication, 1963). Further cvidence suggests
that this was followed by a period of warmer
climate than that of the present—the post-
glacial thermal maximum, which occurred
about 6000-5000 years ago (Terasmae and
Craig, 1958; Muller, 1962 p. 284; Mackay,
J. R., and Terasmae, Jaan, personal communi-
cation, 1963). The formation of many of the
pingos in the region is associated with the
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Figure 7. Mackenzie River delta soils—salt
concentration versus depth

marked cooling of the climate that followed
the postglacial thermal maximum. The forma-
tion of permafrost probably began with the
initiation of subaerial deltaic deposition be-
cause it could not have started during the pre-
vious postglacial, marine submergence or estu-
ary-forming period. No observations were
made, however, establishing the time at which
permafrost formation actually began. The for-
mation of some pingos could have begun
10,000-7000 years ago (Muller, 1962). If this
is the case, permafrost must have existed at
that time and through the thermal maximum
to the present.

These comments are based on the results of
a rather limited investigation carried out at one
location in the Mackenzie River delta. Future
investigations at other locations will help to
clarify the complex sequence of events that
took place in this arca.
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and commented on the results of the investi-

gation. Shells, pollen, and wood fragments of
Theauthorsare grateful to Dr. J. R. Mackay,  the study area were examined by personnel of

University of British Columbia, and Drs. J. G, the Geological Survey of Canada whose as-

Fyles, O. L. Hughes, and Jaan Terasmae of the  sistance is gratefully acknowledged.

Geological Survey of Canada, who reviewed
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