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Geotechnical Properties of Leda Clay in the Ottawa Area

Les Propriétés Géotechniques de I’Argile Leda dans la Région d’Ottawa

by W. J. EDEN and C. B. CRAWFORD, Soil Mechanics Section, Division of Building Research, Ottawa, Canada

Summary

Leda clay is an extremely sensitive post-glacial marine clay occur-
ring in the St Lawrence and Ottawa valleys. This paper summarizes
some geotechnical data which have been obtained during foundation
investigations near the city of Ottawa.

The geological history of the deposit is described and preliminary
test results on mineralogical composition of the material are pre-
sented. Generally the natural water content of the clay is higher
than the liquid limit. Sensitivities range from extra-sensitive to
quick. Due to the sensitivity, sampling must be carried out carefully.

Test results on several borings are presented graphically showing
variation of water content, Atterberg limits, shear strength and pre-
consolidation load with depth. Some data on sensitivity, salt con-
centration and grain size are also presented. The significance of the
variation in these properties is discussed.

The most prominent soil deposit, of interest in foundation
engineering, in the valleys of the St Lawrence and Ottawa
rivers is a marine clay called ‘Leda’ clay. The name ‘Leda’
was applied to the deposit by Sir William Dawson to relate the
clay to the most common fossil found in it (Leda glacialis).
Although modern palaeontologists have questioned Dawson’s
identification of the fossils, the name is too widely accepted in
local engineering terminology to be discarded. In geological
and agricultural literature, this clay has also been called
‘Champlain’ clay, ‘Laurentian’ clay and ‘Rideau’ clay but the
name ‘Leda’ clay is now preferred.

Geology

The first geological reference to this marine clay was made by
Sir WILLIAM LoGAN (1863), the first Director of the Geological
Survey of Canada. Further studies, particularly by DawsoN
(1893), JounstoN (1917) and Mackay (1949), have contributed
to the understanding of the origin of the clay. Contemporary
geologists are not completely satisfied with early interpretations
of the geology of the deposit and further studies are now being
made. In this paper it is sufficient to note that the clay was
deposited in the marine environment of the Champlain Sea
which invaded the Ottawa and St Lawrence river valleys as
glacial ice retreated from the region. Subsequent uplift re-
sulted in present non-marine conditions. In the Ottawa region
the clay is reported to occur over a total vertical range of about
600 ft. in deposits up to 200 ft. thick. The environmental con-
ditions during deposition of the clay are not yet completely
understood. It is fairly certain that at least the inland deposits
(such as in the Ottawa area) were laid down in brackish water
but the degree of influence of the inflow of fresh water is not
known. It has been suggested that two marine deposits, re-
sulting from two distinct marine invasions, are present in the
region.

In the Ottawa area, with which this paper is concerned, a
typical boring log would show glacial till over bedrock grading
into gravel, sand, and silt and overlain by a substantial deposit
of marine clay. In many places the top of the clay is covered
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Sommaire

L’argile Leda est une argile marine post-glaciaire extrémement
sensible qui se trouve dans les vallées de la riviere Ottawa et du
fleuve St-Laurent. Ce mémoire présente quelques renseignements
géotechniques tirés de ces études faites prés de la ville d’Ottawa. Le
passé géologique de ce dépdt et les résultats des essais préliminaires
sur la composition minéralogique de cette argile sont présentés.
En général, les teneurs en eau de cette argile dépassent sa limite
de liquidité. Sa sensibilité peut étre classée entre super-sensible et
sensible. A cause de la sensibilité, I’échantillonnage doit se faire avec
grand soin.

Quelques résultats d’essais scientifiques faits sur des échantillons
de plusieurs forages sont représentés par des courbes qui énoncent,
en fonction de la profondeur, les variations de la teneur en eau, des
limites d’Atterberg, de la résistance au cisaillement et de la charge de
préconsolidation. En plus, quelques renseignements sur la sensi-
bilité, la concentration saline, et la distribution granulométrique sont
présentés suivis par une discussion de I'importance des variations de
ces propriétés.

by a few feet of sand. The upper part of the marine clay is
often fissured to depths of 20 ft. or more. The brown weathered
clay seldom exceeds a depth of 8 ft. but the deeper fissures are
identified by preferential breaking of clay samples. The
fissured soil causes special difficulties in sampling and testing.
The marine clay is extremely sensitive and exhibits notable
thixotropic properties. Generally Leda clay has a liquidity
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Fig. 1 Relation between clay fraction and plasticity index for Leda
clay

Relation entre le pourcentage d’argile et I'indice de plasticité
pour l'argile Leda

index greater than one; this may partly account for its sensi-
tivity. The activity chart (SKEMPTON, 1953) presented in Fig. 1
indicates a considerable variation with depth and from one
location to another.

As yet, very little is known about the clay mineral com-
position of Leda clay. Recent independent studies of three
samples of the clay by the Department of Agriculture (Canada)
and the Massachusetts Institute of Technology using D.T.A.
and x-ray diffraction techniques gave surprisingly similar
results. These tests indicated that the clay is composed mainly



of ‘illite with a tendency toward mica, plagioclase feldspars,
quartz and chlorite . . . with interstratification of the illite and
chorite minerals’. One laboratory reported small amounts of
montmorillonite and kaolinite; the other reported none. Be-
fore this work was done, a rather general opinion existed that
Leda clay was composed of inert rock flour with little, if any,
clay mineral content. These independent tests have much
significance but final conclusions cannot be drawn from the
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study of only three samples. Therefore further work on the
compositional analysis of the clay is planned.

Soil Borings and Tests

In the investigation of particular foundation problems in the
Ottawa area, various borings have been made in the Leda clay
by the Division of Building Research of the National Research
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Council. This paper presents a summary of engineering test
results with general comments on the properties.

The location of the borings is shown in Fig. 2. Boring No. 1
is located in an extensive level plain area in which the ground
water never falls more than 4 ft. below the surface and for most
of the year is at or near the surface. The test results for this
boring are presented in Fig. 3.

Boring No. 2 (Fig. 4) is located on a level clay plain about
one mile from the Rideau river. A system of clay terraces has
been developed between the river at elevation 185 and the
boring at elevation 250. Field vane tests were conducted at
the site under the direction of the authors. The remaining test
results were prepared by the Department of Public Works
(Canada), Development Engineering Branch.

Boring No. 3 is located in the city of Ottawa at the site of
the National Museum. Some of the test results at this location
have been presented previously (CRawForD, 1953). These
have been supplemented by field vane tests and all the results
are shown in Fig. 5 so they may be compared with the other
figures.

Boring No. 4 (Fig. 6) is located in the eastern section of the
city on the grounds of the National Research Council. This
site is featured by frequent outcroppings of bedrock with inter-
vening valleys filled with clay. Here the depth of clay is
extremely variable.

Boring No. 5 is located east of Ottawa in a gulley cut by
Greens Creek. The gulley floor is about 40 ft. below the sur-
rounding clay level. Fig. 7 shows the data from a boring
taken in the gulley. The data are supplemented with tests on
samples from a bore hole in the surrounding clay plain. Un-
confined compression test results were supplied by G. C.
MCcRostie, Consulting Civil Engineer, Ottawa.

Discussion

The five borings reported here provide test results through
210 ft. of the Leda clay deposit in the Ottawa area (elevations
100 to 310). At boring No. 1 the clay is lightly pre-compressed
(about 0-75 ton/sq. ft.). It is fissured to a depth of about 12 ft.
Below this depth and down to glacial till at 66 ft., the clay is
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charge de préconsolidation en fonction de la profondeur
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