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Geotechnical Properties of Leda Clay in the Ottawa Area

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

by W. J. E d e n  and C . B. C r a w f o r d , Soil Mechanics Section, Division of Building Research, Ottawa, Canada 

Sum m ary

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, sait 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 ‘L eda’ clay. The name ‘L eda’ 

was applied to  the deposit by Sir William Dawson to  relate the 

clay to  the most common fossil found in it (Leda glacialis). 

Although m odem  palaeontologists have questioned Dawson’s 

identification o f 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 

‘Cham plain’ clay, ‘Laurentian’ clay and ‘R ideau’ clay but the 

name ‘L eda’ clay is now preferred.

Geology

The first geological référencé to this marine clay was made by 

Sir W i l l i a m  L o g a n  (1863), the first D irector o f the Geological 

Survey of Canada. Further studies, particularly by D a w s o n  

(1893), J o h n s t o n  (1917) and M a c k a y  (1949), have contributed 

to the understanding of the origin of the clay. Contemporary 

geologists are not completely satisfied with early interprétations 

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 région. Subséquent uplift re- 

sulted in present non-marine conditions. In  the Ottawa région 

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 déposition 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. I t has been suggested that two marine deposits, re- 

sulting from two distinct marine invasions, are present in the 

région.

In  the Ottawa area, with which this paper is concerned, a 

typical boring log would show glacial till over bedrock grading 

into grave), sand, and silt and overlain by a substantial deposit 

o f marine clay. In many places the top of the clay is covered

Sommaire

L’argile Leda est une argile marine post-glaciaire extrêmement 
sensible qui se trouve dans les vallées de la rivière Ottawa et du 
fleuve St-Laurent. Ce mémoire présente quelques renseignements 
géotechniques tirés de ces études faites près de la ville d’Ottawa. Le 
passé géologique de ce dépôt 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 être classée entre super-sensible et 
sensible. A cause de la sensibilité, l’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 l’importance des variations de 
ces propriétés.

by a few feet o f sand. The upper part of the marine clay is 

often fissured to  depths of 20 ft. o r more. The brown weathered 

clay seldom exceeds a depth o f 8 ft. but the deeper fissures are 

identified by preferential breaking o f clay samples. The 

fissured soil causes spécial 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 l’indice de plasticité 
pour l’argile Leda

index greater than one; this may partly account for its sensi

tivity. The activity chart (S k e m p t o n , 1953) presented in Fig. 1 

indicates a considérable variation with depth and from one 

location to another.

As yet, very little is known about the clay minerai com

position of Leda clay. Recent independent studies o f three 

samples of the clay by the D epartm ent o f Agriculture (Canada) 

and the Massachusetts Institute o f 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 m inerais’. One laboratory reported small amounts of 

montmorillonite and kaolinite; the other reported none. Be- 

fore this work was done, a rather général opinion existed that 

Leda clay was composed of inert rock flour with little, if any, 

clay minerai content. These independent tests have much 

significance but final conclusions cannot be drawn from the

Fig. 2 Location of borings

Emplacement des sondages

study of only three samples. Therefore further work on the 
compositional analysis o f 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 N ational Research

Council. This paper présents a summary of engineering test 

results with général 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 

o f 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 élévation 185 and the 

boring at élévation 250. Field vane tests were conducted at 

the site under the direction of the authors. The remaining test 

results were prepared by the Departm ent of Public Works 

(Canada), Development Engineering Branch.

Boring No. 3 is located in the city of Ottawa at the site of 

the N ational Muséum. Some of the test results at this location 

have been presented previously ( C r a w f o r d , 1953). These 

have been supplemented by field vane tests and ail 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 N ational 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 eut by 

Greens Creek. The gulley fioor 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. 

McRostie, 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 (élévations 

100 to 310). A t 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 a t 66 ft., the clay is
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Fig. 3 Variation of water content, Atterberg limits, shear strength, and pre-consolidated load with depth 
(boring No. 1)

Variation de la teneur en eau, des limites d’Atterberg, de la résistance au cisaillement et de la 
charge de préconsolidation en fonction de la profondeur
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Fig. 4 Variation of water content, Atterberg limits, and shear strength with depth (boring No. 2)

Variation de la teneur en eau, des limites d’Atterberg, et de la résistance au cisaillement en fonction 
de la profondeur
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Fig. 5 Variation of water content, Atterberg limits, shear strength, and pre-consolidation load with depth 
(boring No. 3)

Variation de la teneur en eau, des limites d ’Atterberg, de la résistance au cisaillement, et des 
charges de préconsolidation en fonction de la profondeur

practically uniform with the exception of a silty layer at 45  ft. This does not confirm the relationship with plasticity index 

Below the silty layer, the clay showed marked stratification on found for the Norwegian marine clays (B j e r r u m , 1954). 

drying. Field vane tests showed a slight increase in shear A t boring N o. 2 the shear strength decreased with depth to 

strength with depth but the cjp ratio decreased with depth. about 5 0  ft. and then gradually increased. The cjp ratio
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Fig. 6 Variation of water content, Atterberg limits. shear strength and pre-consolidation load with depth 
(boring No. 4)

Variation de la teneur en eau, des limites d’Atterberg, de la résistance au cisaillement, et de la 
charge de préconsolidation en fonction de la profondeur
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Fig. 7 Variation of shear strength and pre-consolidation load with depth (boring No. 5)

Variation de la résistance au cisaillement et de la charge de préconsolidation en fonction de la 
profondeur

decreased rather consistently with depth from about 1 at the 

limit o f desiccation to less than 0-5 a t a depth of 90 ft. Since 

the same vane apparatus and method was used in borings 1 and 

2, the différence in strength variation is not attributed to testing 
technique.

Shear strength results by vane test are added to the previously 

reported data on boring N o. 3. As in the other borings, the 

vane test gave higher values of shear strength than those 

obtained from  unconfined compression tests. Results o f both 

tests show a decreasing shear strength to  a depth of about 50 ft. 

followed by an increase.

Boring N o. 4 is o f insufficient depth to obtain a trend in the 

shear strength, but below the desiccated layer the strength 

appears to be almost constant with depth. A t boring No. 5 the 

shear strength is almost constant with perhaps a slight increase 

with depth. In  both of these borings, the cjp ratio is greater 

than unity and decreases with depth.

It will be noted that in some cases there is a marked strength 

increase in the desiccated layer while in others (notably boring 

No. 3) the strength in this layer is low. This inconsistency is 

probably due to unreliable testing in the fissured zone. The 

comparison of shear strengths obtained by the field vane and 

by unconfined and triaxial compression tests indicate that the 

laboratory test results are too low (Figs. 3 to 6). On these 

figures only the maximum laboratory value of shear strength 

obtained from each sample is plotted. The average values are 

considerably below the maximum. It is thought that the low 

laboratory values are due to sample disturbance caused by the 

extreme sensitivity o f the soil. Ail samples were obtained using 

either a 2-in. or 3-in. diameter piston sampler but the piston 

was not held stationary during the push for the sample. In  the 

light o f Bjerrum’s work on the sensitive Norwegian clays, this 

is thought to  cause a serious degree of disturbance. Therefore 

future sampling will be done with a rigidly held piston and the
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area ratio of the sampling tubes is to be reduced from 17 per 

cent to about 10 per cent.

M ost post-glacial clays exhibit an increase in shear strength 

with depth (S k e m p t o n , 1948). W ith the exception of boring 

N o. 1 the present results show a decrease in shear strength with 

depth. S k e m p t o n  (1948), in discussing the Massena clay, 

considered that shear strength was related to pre-consolidation 

load. In  Fig. 8 shear strengths from four borings are plotted 

against individual test results for pre-consolidation load. The 

shear strengths, except in boring N o. 5, were measured by the 

field vane apparatus. A line has been drawn through the data 

with a slope of 20°. I t will be noted that data from borings 

Nos. 1, 4 and 5 are reasonably close to the line. D ata from 

boring N o. 5 are slightly low, probably due to basing the shear 

strength on unconfined compression tests. The data from 

boring N o. 3 are considerably above the line. Only the results 

from below 35 ft. in this hole plot near the line. N o reason 

can be suggested for the inconsistency shown in boring 

N o. 3.

According to these data the Leda clay has experienced slight 

to medium pre-compression below the desiccated layer and the 

am ount appears to be related to present surface élévations. 

A dditional pre-compression has, of course, occurred in the 

drying layer. At borings Nos. 1 and 3 it has been necessary to
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Fig. 8 Variation of shear strength with pre-consolidation load

Variation de la résistance au cisaillement en fonction de la 
charge de préconsolidation

assume a rather libéral interprétation of the test results to com- 

pute the total am ount of pre-compression. By this interpré

tation the curve of ‘most probable pre-consolidation load ’ is 

drawn through the ‘near m aximum’ test values parallel to the 

‘effective overburden stress’ curve. Seulement computations 

have indicated that even this interprétation is conservative 

( C r a w f o r d , 1953). Again sample disturbance may account 

for this apparent test error ( R u t l e d g e , 1944). The pre-com- 

pression of the clay is attributed to  érosion of overburden 

following emergence from the sea. To illustrate the érosion 

effect, the pre-consolidation loads for borings Nos. 1, 3 and 5 

are plotted against élévation in Fig. 9 and the curves are ex- 

tended to zéro load. Considering uniform density of the soil 

and maximum loading with the water table at the surface, 

the data from borings Nos. 1 and 2 indicate that the original 

surface élévation of the clay was about 300 ft. (M.S.L.), and 

boring N o. 5 indicates an élévation of about 280 ft. One 

would expect lower densities in  the upper part o f the original 

clay deposit and this, together with sampling and testing errors, 

would tend to  raise the estimated original élévation. There- 

fore it is concluded that the original général élévation o f the 

clay was greater than 300 ft. Tests on boring N o. 4 are not 

included since the boring appears to be almost entirely in the 

desiccated layer and this deposit is in a rock dépréssion at an 

élévation slightly above the presumed général level o f the 

original clay. These observations are included to indicate the

potential usefulness o f soil engineering data to geological 

interprétation.

The extreme sensitivity of Leda clay (S k e m p t o n  and N o r t h e y , 

1952) warrants spécial mention. The values reported for 

borings Nos. 1 and 4 (Figs. 3 and 6) were determined by 

comparing undisturbed shear strength by the unconfined com

pression test to remoulded strength by a  laboratory vane. In  

these borings the sensitivity (S,) commonly exceeds 20 and 

ranges up to 60. A t boring N o. 3 (Fig. 5) no laboratory vane 

tests were made but a comparison of undisturbed and re

moulded field vane tests gives a maximum sensitivity o f 40. 

Expérience has shown that the remoulded strength by field vane 

is generally several times as great as that given by the laboratory 

vane test so the sensitivity is probably more than 100. The 

extra-sensitive silty clay at the 54-ft. depth in boring N o. 3 is 

the most sensitive soil ever observed by the authors. It 

liquéfiés completely on remoulding. Various reasons for the 

sensitivity of clays have been suggested (S k e m p t o n  and 

N o r t h e y , 1952). Norwegian work has shown that the sensi

tivity o f marine clays is increased by the leaching of sait from 

the pore water. Sait concentrations (S .C .) reported in this 

paper show that in général they do not exceed 2 grammes/litre 

but in one test (boring No. 5) 9 g/l. was measured. Since the

S T R E SS  IN TONS P ER  SO U A R E  FOOT

Fig. 9 Variation in pre-consolidation load with depth

Variation de la charge de préconsolidation en fonction de la 
profondeur

original sait content is not known, the am ount of leaching 

cannot be determined. I t is believed, however, that factors 

other than leaching have contributed to  the sensitivity since 

there appears to  be no corrélation with depth between sensi

tivity and sait concentration. It is noted that liquidity index 

[LI =  (W  — PL)I(LL  — PL)] also gives a good indication of 

the sensitivity.

Conclusions

This paper is intended to give a général impression of the 

geotechnical properties o f the marine clay found in  eastem  

Canada. I t deals only with a  small part o f the rather extensive 

région covered by the clay but it is believed that the data 

reported are typical. Further work is planned to  broaden the 

coverage and to study certain inconsistencies in test results. 

A t this stage the following général conclusions may be stated:

(1) Leda clays have a substantial fissured layer extending 

much below the weathered crust.
(2) Consolidation tests indicate a considérable variation in 

the depth of desiccation.
(3) Pre-consolidation appears to  depend generally on present 

surface élévation and to have been caused by previously existing 

overburden.

(4) Field vane tests give more consistent results for shear 

strength than do laboratory tests. Laboratory results may be
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improved by more refined sampling but the extreme sensitivity 

and fissuring is thought to contribute to  the inconsistency.
(5) There is no apparent général relationship between shear 

strength and depth but in four out of five borings there is a 

reasonable relationship between shear strength and pre- 

consolidation load.
(6) Leda clay is noted for its extremely high sensitivity but 

the reasons for this feature are not yet apparent.

The authors are indebted to their colleagues in the Division 

o f Building Research fo r  much o f  the work represented by this 

paper. The paper is presented with the approval o f  R. F. Legget, 

Director o f  the Division, whose constant encouragement has 

greatly assisted the study.
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