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Short Notes 

G. I-I. JOI-INSTON 

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 fcet, 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 fcet) to the 

Introduction 

T h e  Mackenzie River valley is old; one o r  

more drainage systems existed during inter- 

glacial periods of the Pleistocene Epoch. h/iaior 

changes in land-sea relationships since the re- 

treat of the last glacier have resulted in a corn- 

plex history of deposition in the region of the 

I\/iacltenzie River delta. T h e  modern delta 

(Fig. 1) is a low, Rat area, approximately 50  

miles wide and more than 100 miles long, that  

is interlaced by many river channels and 

spotted with thousands o l  lakes and ponds. T o  

the west i t  is bordered by the Richardson 

h/lountains consisting predominantly of sedi- 

mentary fornlations 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 o r  

fluvial deposits (Mackay, 1963). 

In  April 1961 members of the Division of 

Building Research of the National Research 

Council, Canada, carried ou t  an  investigation 

to determine the distribution of permafrost 

under and adjacent to a small lake in the  delta 

lake. About 180 feet of stratified silts, fine sand, 
and organic material overlie 50 feet of dense silty 
clay deposited on bedrock. Rcsults 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 t11c 
ice sheet that covered the area during the \Viscon- 
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 predcccssors. 

near the settlement of Inuvik, Northwest Ter-  

ritories (lat. 6S0 21' N., long. 133O 44' W.). 

Holes were drilled, and deposits were sampled 

to  bedrock a t  a depth  of about 230 feet (John- 

ston and Brown, 1964). Previous subsurface in- 

vestigations in the delta and adjacent areas 

(Pilllainen and Johnston, 1954; Pilllainen and 

others, 1956) were to shallow depths no t  ex- 

ceeding 40 feet. This  paper records the results 

of the s tudy in which, as far as the authors 

know. deltaic deoosits were oenetrated for the 

first time. Some comments on  the geological 

history of the delta area are included. 

Location and Descr+tion o f  Area 

T h e  investigation was conducted a t  a small, 

shallow lake about 5 miles southwest of the new 

townsite of Inuvik, Northwest Territories (Fig. 

l ) ,  which lies on the East Channel that forms 

the well-defined eastern boundary of the 

Mackenzie River delta. T h e  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. T h e  vegetation cover also includes 

Geological Society of America Bulletin, v. 76, p. 103-112, 7 figs., January 1965 
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black spruce, willo\v and alder, and scattered 

stands of tamarack. h4oss occlrrs as a very thin 

ground cover t h r o ~ ~ g h o ~ ~ t  the area. 

Stratig~al~lzy 

Four holes were drilled to various depths a t  

the site. I-Iole No. 1, a t  tllc center of the lake, 

was drilled to bedrock at  230 feet. The three 

otllcr lloles were bored immediately adjacent 

to the lake: No. 2 to 115 feet; No. 3 to 196 

feet; and No. 1 to bedrock a t  260 feet. Core 
drilling was carried out for the fill1 depths of 

holes Nos. 1 and 3, and good, ~~ndisturbed cores 

of most of the materials penetrated were ob- 

tained. r\ typical section at  this location in tllc 

delta is as follo~vs: 

0-100 leet-thinly stratihcd sandy silt wit11 layers 
ol decomposed organic rnatcrial throughout; con- 
tent ol organic material particularly high at bottom 
of unit. 

100-180 leet-line-to-medium sand n~ith ~ h i n  
layers of organic material spaced at irregu1;lr inter- 
vals throughout full depth. 

180-230 fcct-very dense silty clay containing 
scat~crccl small pebblcs from 206 to 221 fect and a 
high concentration ol pebbles in  he bottonl 9 feet 
above bcclrock; no pebbles in the top 26 fect ol the 
clay layer. 

230 lect-bedrock (dolomitic limestone). 

Figure 2 sl~o\vs a detailed log of the ma- 

terials. .At hole No. 3 the ground s~~r face  that 

is 12 fcet above thc ice level of thc East Chan- 

1 x 1  at  Inuvik (April 1961) was used as datum. 

N o  geodetic elevation has been established a t  

In~ivik. Little infornlation is available on tllc 

general gcology of thc imrncdiate area, but the 

bedrock In the hole appears similar to the dolo- 

mite, inagncsian limestone and slaty shalc cx- 

posed about 8 miles south of Inuvik (ICellaway, 

i956). 
Perennially lrozen ground was not found in 

thc hole borcd under the center o l  the lake, but 

it did occur for thc 1~111 depth o l  each o l  thc 

other holes. Visible icc segregation in thc form 

o l  horizontal and irreg~llarly oriented laycrs 

was confined mostly to thc top 30 feet. Below 

this depth the deposits \verc solidly frozen; only 

thin ice laycrs occurring a t  random in pre- 

dominantly silty or clayey beds were noted. 

Sandy material was well bondcd by ice not vis- 

iblc to the eyc. 

Standard engineering tests to identify and 

classify the deposits were made on representa- 

tivc samples obtained from holes Nos. 1 and 3 

and at various intervals In thc other two holes. 

I\/io~sture content values dccrcasc \vltll depth 

in the upper 50 feet, as shown in Figure 3. 

From the surfacc to a deoth of 35 fect tllc 

moisture content averaged 38.2 per cent, ant1 

from 35 to 180 feet it averaged 28.9 per cent. 

Only a few values were obtained below 180 

fect, and cllesc were less than 20 pcr cent. 

Thc deposits can be subdivided into lour 

main groups according to grain size, as shown 

in Figure 4. Of the 11 sarnplcs in group 1 (silty 

clay), seven were from the dense clay layer oc- 

curring below I80 feet; the other four werc 

from random depths \vithin tllc top 80 feet. 

Of the 38 samples in group 2 (silt with some 

line sand and clay), seven \\rere lronl between 

100 and 180 leet, 28 between 10 and 100 feet, 

and three l r o ~ n  between the ground s ~ ~ r l a c e  and 

40 feet. 01 the 15 samples in group 3 (sandy 

silt), 13 were from between 0 and 100 feet. Of 

thc 18 samples in group 1 (fine sand), seven 

were from between 0 and 100 feet; the othcr 

11 were from the 100- to 180-foot layer. 

The plasticity characteristics olseveral of the 

samples were determined by means of Atter- 

berg Limit tests1; the r e s ~ ~ l t s  are tabulated in 

Table 1. Plasticity w l ~ i c l ~  is an important prop- 

erty o l  fine-grained sediments may be delined 

as the range in moisture content over wllich 

the material remains plastic or capable of being 

moulded. i\lthough the limits are somewhat 

empirical in nature, they are extremely ~1scfi11 

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 bc nlisleadine in conloar- 
'7 

ing cl~emically and mechanically derived clay- 

sized particles, but thc plasticity cl~aracteristics 

will sllo\v the inllerent diflerences marltedly. 

The relatioilship betwccn thc plasticity indes, 

which is equal to thc liquid limit minus the 

plastic limit, and the l i q ~ ~ i d  limit is shown in 

Figure 5. All v a l ~ ~ e s  la11 in a band slightly above 

and parallel to thc A-line\vl~ercin nlost glacial 

clays lie. 

The activity, \vl~ich indicates the swelling and 

1 Liquid limil is rhc xvarcr conLen1 a t  \vhicll rhc ma- 

lcrial has such a smlll shear slrcngth  hat i l  flo~vs to 

closc a groovc of stanclard \vidth \\,hen joincd in a 

spccificd manncr. Plastic l i rni l  is  he n2aLcr contcnl a t  

which thc marcrial begins lo crumble, mlhcr than to 

distort plastically, n'hcn rollccl into threads of one cighth 
inch cliamcrcr. 

2 11-linc rcprcscnts thc cmpiric:ll boundary bctnrccn 
typical inorganic clays which arc generally nbovc 111c 

11-line aocl plastic ma~crials containing organic colloids. 
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Figure 2. Mackenzie River delta combined soil log boreholes Nos. 1 and 3, Northwest 
Territories, Canada 

shrinl<ing 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 a t  
various depths are given in Table 1. Some de- 
gree of correlation has been found between 
activiry and the mineralogy and geological his- 
tory of a clay (Skempton, 1953 p. 58). Onc or 

more of the following seem to  characterize in- 
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 lcast active group (i.e. lcss than 0.5). T h c  pore water was estracted lrom scveral 

Apart lrom kaolin, typical members o l  this samples of the dense silty clay, and thc salt. 

group are derived largely by mechanical ero- co~lccntratio~l was determined. i\s sho\\~n in 
sion o l  nonargillaccous rocks by ice sheets and Figure 7, the salt content is low LO about IS0 

then deposited in ice-dammed labes. They are feet but increases below that depth lrom about 

also derived lrom postglacial marillc deposits 3 g/l to about 25 g/l a t  220 leet. 
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Figure 3. Mackcnzie Rivcr clclta soils-moisturc content \.crsus dcpth 

10 20 30 4 0 5 0 60 

which have been lcached by Ires11 water usually Scveral samplcs talten irom between 35 and 

lollowing isostatic uplilt. Clays, lorrned by 60 lcct co~l ta i~lcd lossil remains. These shells, 

~lorlllal \vcathcring and deposited In frcsh water esamincd and identified by Dr. F. J. E. Wagner 

i~sually have activities between about 0.5 and o l  thc Geological Survey of Canada as Pcle- 

0.75. As will be noted from Table I the valucs cypoda (Pisirlitlnz sp.), Gastropods (Sztccit~en 
Ib r  the silty-clay material (below 180 lect) la11 sp.(?), G~~ratrltls sp.), and Ostracoda (Ijytho- 
mainly in this group. cypris sp., Carclonn sp., Ilyocy/~ris sp., and 

M O I S T U R E  C O N T E N T ,  P E R  C E N T  
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M E C H A N I C A L  A N A L Y S I S  O F  S O I L S  

E O U l V A L E N T  C R A 8 N  D i A u E T E a  (MM) *10 OF M E S H E S  P E R  U ( " I S  % # E Y E  I E m I E I )  

Litlznocythere sp.), represent lrcsh-water condi- the clclta to  the lront of the mountains accord- 
tions. N o  shells were round in thc  dense clay ing to  0. L. I-Iughes (personal cornmi~nication, 

layer. 1963). Presumably, the area was ice-lrce b y  
about  12,000 years ago (h?uller, 1962, p. 284; 

S~rgge~terl Origin o f  Deposits hlaclcay, J. R., and Tcrasmae, Jaan, personal 
During the last (Wisconsin) glaciation, the communication, 1963). 

Laurentide ice sheet estcnclcd west\\lard across T l ~ c  basal pebbly part of the dense silty layer 

OF CLAY ( I5 SAMPLES I 

G R A I N  S I Z E  (MMJ 

~\ttcrbcr: Limit? 
Clay fraction Activity 

S:lml'lc* San~plc Liquicl I'lastic plasticity cent plasticity illdcr 

clcptl~ 110. limit limit inclcs <O.OOZ mm per ccllt cl:iy 

* D:itum-Ground surlacc at holc No. 3. 

C L A Y  F ~ N E  

U l . T .  G R A I N  I 1 Z E  C L I S I I F t C I T I O N  

Figurc 4. Mackenzie Rivcr delta soils-grain sizc cn\~clopcs 

S I L T  coansc F I U E  S A N D  COI-IF ~ ( N E  GRAVEL 1 C O I ~ I C  
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I N O R G A N I C  C L A Y S  OF 

M E D I U M  P L A S T I C I T Y  

I I I I I 

- - 
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.. 
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SAMPLES FROM 1 8 0 ' - 2 3 0 '  

0  
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Figure 5. Mackellzie River delta soils-plasticity chart 

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 uppcr portion, which contained 
no pcbbles, ~vas possibly deposited under glacio- 
marine or estuarine conditions. Relatively quiet 
water conditioils would be necessary for deposi- 
tion of these fine-graincd scdiments. Their 
plasticity values and location on the plasticity 
chart (Fig. 5) indicate that the material is an 

inorganic clay of medium plasticity and of 
glacial origin. In addition, their actlvity sug- 
gests that they were deposited in frcsh watcr 
and contain mostly mechanically derived clay- 
sized particles. Postglacial marine submergence 
might be inferred, ho~vever, froin the present 
location of the area near the sea coast and tllc 
salt content of the clay. The  apparent decrcase 
in activity (to values less than 0.5) with depth 
in this layer suggests that the sca encroached 

I  

P 

a SAMPLES FROM 0' - 100' . SAMPLES FROM 180'-230' 

a SAMPLES FROM 0' - 100' . SAMPLES FROM 180'-230' 1 
0 10 20 30 40 

PER C E N T  C L A Y  1<  0.002 M M I  

Figurc 6. Mackcnzie River delta soils-activity 





and conlme~l ted  on the results of the investi- 
~ic~noculedgt17etztj gation. Shells, pollen, and wood f r ag~ l l e~ l t s  of 

T h e  authors are grateful to  Dr .  J. R. Mackay, t he  s tudy area were examined by personnel of 

University of British Columbia, and Drs. J. G. the Gcological Survcy of Canada \\.hose as- 
Fyles, 0. L. I-Iughes, and Jaan Terasmae of the sistance is gratelully ac1;norvledged. 

Geological Survey of Canada, n ~ h o  reviewed 
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