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Abstract-The pH of Na-saturated, carbonate"containing and carbonate-free Leda clay, at salinities of2 
and 10 gliiter, was decreased from pH 8 to 4 by the addition of HCI. The Bingham yield stress, as 
determined with a coaxial viscometer, increased in all materials as the pH decreased. Above about pH 
7 the 2-glliter materials had a lower yield stress at any water content than the 1 O-gliiter materials, whereas, 
below about pH 6.8 the yield stress of the carbonate-containing soil at a salinity of 10 gliiter was lower. 
For the carbonate-free material, the change occurred at about pH 6.2. The influence of salinity on the 
remolded shear strength of these materials was pH-dependent. A yield stress increase with decreasing pH 
was likely due to a change in ion saturation, The carbonate-free material exhibited a maximum yield 
stress at about pH 5.5-6.2, depending on salinity. The isoelectric points for oxides and clay mineral edges 
most probably account for the existence of the maximum. 
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INTRODUCTION 

The remolded response of sensitive marine clays is 
an important aspect of their geotechnical behavior and 
is undoubtedly one of the most important factors in 
determining whether or not a flow slide develops. Soils 
which have the combination of high sensitivity and 
low remolded shear strength required for designation 
as quick clays are particularly susceptible to flow sliding 
and to other problems associated with post-failure be­
havior. A number of investigators (e.g., Rosenqvist, 
1953; Bjerrum, 1954; Penner, 1965; Torrance, 1975) 
have demonstrated that a soil's remolded response is 
influenced by the chemical state of the system. In the 
chemical methods of stabilization proposed by Bjer­
rum et al. (1967), Moum et al. (1968), and Broms and 
Boman (1979), salts or lime are added to the soil, and 
the increased pore water salinity and/or the change in 
ion saturation increase the remolded shear strength. 
Because some ofthese treatments may decrease the pH 
of the surrounding material, the influence of pH de­
crease on the remolded behavior of Led a clay material 
was examined in the present investigation. 

LITERATURE REVIEW 

It has generally been observed (Mitchell, 1976) that high 
solution pH tends to disperse clay systems. This phenomenon 
is undoubtedly related to the dissociation ofH ions as the pH 
increases and the resultant increased negative charge on clay 
particles which increased repulsion between particles and the 
probability of the dispersion being stable. The reverse occurs 
at low pH where positive charges dominate the edges of par­
ticles and lead to enhanced flocculation by edge-to-face at­
traction. Low pH also affects the stability of the clay particles. 

van Olphen (1977) indicated that acid attacks clay particles 
at edges, thereby releasing Al ions. Thus, in post-glacial ma­
rine clays, acid attacks the less stable minerals present such 
as carbonates and chlorite, and releases Ca, Fe, AI, and other 
ions into solution. These ions encourage flocculation. 

Bjerrum et al. (1967) noted a region of increased plasticity 
in the acid environment which developed near the anode 
during electro-osmosis experiments. They concluded that the 
acid conditions led to the formation of an unstable proton­
saturated clay which subsequently changed to an AI-saturated 
clay having increased plasticity. A similar explanation was 
offered by Moum et at. (1968) to explain shear-strength in­
creases obtained after diffusion of acidic salts into quick clays. 

Bentley (1979) suggested that the yield-stress maximum at 
about pH 6.5 for a marine clay from Gloucester, Ontario, was 
associated with the isoelectric point of the mineral assemblage 
present. Given the mineralogy of the Leda clays-quartz, feld­
spar, illite, chlorite, and various oxides-it is unlikely that 
the isoelectric point of the whole soil occurs at pH 6.5 because 
of the considerable permanent charge on illite and chlorite 
and the low isoelectric points of quartz and feldspar (Yariv 
and Cross, 1979). Nonetheless, some of the minerals may 
have isoelectric points about pH 6,5. When comparing Bent­
ley's results with those reported in the present paper, it is 
important to note that the Gloucester clay contains 1-2% 
carbonate (Bentley and Smalley, 1979). 

Yong et al. (1979) used a fall cone apparatus to test the 
effect of pH on the remolded strength of a Leda clay from 
Outardes, Quebec, at field moisture content. With a pore water 
NaCI concentration of 0.05 N (- 2.9 glliter), the maximum 
remolded strength was obtained when the soil was buffered 
at pH 6.0. The observed response was attributed "to the fact 
that the solubility of iron and alumina is very low at a pH of 
about 6 and that the solubility of silica is also reduced in the 
presence of iron and alumina at this pH level," How this 
explains the maximum was not elaborated. The clay at Ou­
tardes contains "randomly distributed disintegrated marine 
shells" (Dascal et al., 1977), but whether carbonates were 
present in the soil tested is unclear, although shells of Macoma 
balthica were reported in one of the blocks tested. 
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Table 1. Pore-water cation composition for natural and Na-
saturated samples of Led a clay. 

Salinity Liquidity Na K Ca Mg 
Sample (gIliteT) pH index (ppm) (ppm) (ppm) (ppm) 

Natural 1.1 8.6 2.1 380 20 8 6 
Na-saturated 1.1 8.6 3.1 380 5 7 2 
Na-saturated 2.1 8.5 3.2 750 7 10 3 
Na-saturated 5.5 8.6 4.0 2300 18 32 15 
Na-saturated 9.0 8.7 5.5 3200 21 59 25 

The pH was measured by inserting a combination 
electrode into the soil material before and after vis­
cometric testing. The pH tended to drift to higher val­
ues with time, and the final pH was accepted as the 

o 20 40 60 80 100 120 140 160 180 pH of testing. In the carbonate-containing materials 
WATER CONTENT (%) 

Figure 1. Yield stress-water content relationships for Na­
saturated clay at selected salinities and for natural South Na­
tion clay. 

MATERIALS AND METHODS 

A Leda clay from the site of the South Nation River 
landslide of 1971 in eastern Ontario, Canada (Eden et 
at., 1971) was used in these experiments. The effect of 
pH on the Bingham yield stress over a range of water 
contents and salinities was assessed using a Haake Ro­
tovisco RV12 coaxial viscometer equipped with the 
MVII and MVIII sensors. All experiments were con­
ducted at 7°C. The natural water content of the soil 
varied between 40 and 47%, and the liquid limit ranged 
from 34 to 38%. The soil consisted of quartz, feldspar, 
amphibole, illite, chlorite, and some carbonate min­
erals and contained -63% clay-size material. 

The soil was homogenized, and the yield stress of 
subsamples was investigated under the following con­
ditions: (1) At natural pH and natural salinity, over a 
range of water contents; (2) After Na-saturation by 
three washings with 1 N NaCl, testing was done at the 
natural pH over a range of salinities between 1 and 10 
glliter equivalent NaCl; (3) After Na-saturation and 
HCI addition to adjust the pH to a range of values 
between the natural pH and pH 4, the material was 
tested at pore water salinities equivalent to NaCl con­
centrations of 2 and 10 glliter as determined by elec­
trical conductivity. Hereafter this sample is referred to 
as the carbonate-containing sample; (4) After the car­
bonates were destroyed using HCl, the soil was Na­
saturated and the pH and salinity were adjusted in the 
manner described above. This sample is referred to as 
the carbonate-free sample; (5) Under conditions ofCa­
saturation at the natural pH and at salinities of 2 and 
10 glliter. In all experiments the salinity was monitored 
by determining the conductivity of a 2-ml sample of 
pore water squeezed from about 10 ml of soil after the 
rheological testing. 

the drift was as much as 0.5 units, but normally it was 
less than 0.2 units per hour; thus, viscometric testing 
was done under non-equilibrium conditions as far as 
pH was concerned. In the carbonate-free materials the 
pH also drifted upward, but the rate of change was 
slower and was caused by acid attack which released 
bases from the relatively unweathered minerals. 

In these experiments the soil after each pH, water 
content, or salinity change was mixed using a me­
chanical mixer until it appeared uniform. This material 
was placed in the viscometer, and the rotor was main­
tained at its maximum rotation rate for the 10-15 min 
required for the temperature to cool to 7°C. The Bing­
ham yield stress was determined from the shear rate­
shear stress curve generated by reading the torque re­
quired to maintain constant rotation rate 5 sec after 
the rate had been decreased stepwise by a factor of 2 
in each step from 512 to I rpm. The yield stress-water 
content curves for the Na-saturated natural material 
were found to superimpose in two test runs made six 
months apart. All other results are on the basis of single 
tests at each water content, pH, and salinity. 

RESULTS 

The yield stress of the natural and Na-saturated sam­
ples increased as the water content decreased and, at 
all water contents, decreased as the salinity decreased 
(Figure 1). These results are consistent with the increase 
of the remolded shear strength of the sensitive Cana­
dian postglacial marine clays when their salinity is in­
creased (Torrance, 1975). The natural sample behaved 
in a manner similar to Na-saturated material of com­
parable salinity suggesting that at this low salinity it 
was effectively Na-dominated-a situation which was 
confirmed by the pore water analysis (Table 1). These 
results served as the standard against which the yield 
stress response at altered pH were compared. 

Carbonate-containing samples 

The yield stress-water content results of the carbon­
ate-containing soil material at 2 and 10 glliter equiv-
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Figure 2. (A) Yield stress-water content relationships for 
South Nation clay at 2 gIliter salinity and different pHs; (B) 
derived yield stress-pH relationships at constant water con­
tent. 

alent salinity, with best-fit curves drawn by eye, are 
presented in Figures 2a and 3a. At both salinities, higher 
yield stresses were observed as the pH of the soil ma­
terial decreased. Figures 2b and 3b show the yield stress­
pH relationships at a range of water contents as inter­
polated, and occasionally extrapolated, from Figures 
2a and 3a. The yield stress of all samples increased as 
the pH decreased. Although the increase commenced 
immediately upon lowering the pH, the greatest change 
occurred between pH 7 and 6. S in the 2-glliter material. 
The change was more gradual in the 1 O-glliter material. 
Above pH 7 the 10-giliter material exhibited a dis­
tinctly higher yield stress at all water contents, but 
below about pH 6.8 the yield stress of the 2-glliter 
material was higher. The high salinity moderated the 
rate of yield-stress increase as the pH decreased. The 
yield stress remained constant below about pH 6.S in 
the 2-glliter material but continued to rise in the 10-
gIliter material, contrary to the results of Bentley (1979) 
and Yong et al. (1979) who found a yield stress max-
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Figure 3. (A) Yield stress-water content relationships for 
South Nation clay at 10 gIliter salinity and different pHs; (8) 
derived yield stress-pH relationships at constant water con­
tent. 

imum for carbonate-containing Leda clay, at inter­
mediate pH. 

The increased yield stresses were undoubtedly caused 
by the presence ofNa as the dominant pore-water cat­
ion at high pH and the presence of Ca, with some Mg 
and Al' as the dominant cations at low pH (Table 2). 
The greater flocculating power of the polyvalent cations 
led to the greater yield stress. At concentrations of both 
2 and 10 gliiter the yield stress-water content response 
changed with decreasing pH from that of a Na-satu­
rated soil to that of a Ca-saturated soil (Figures 2a and 
3a). 

Carbonate-free samples 

The yield stress-water content results for the car­
bonate-free soil material at 2 glliter and 10 glliter 
equivalent salinity (Figures 4a and Sa) and the derived 
yield stress-pH relationships (Figures 4b and Sb) also 
showed a general shift towards higher yield stress as 
the pH of the soil material decreased. The yield stress 
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Figure 4. (A) Yield stress-water content relationships for 
carbonate-free South Nation clay at 2 glliter salinity and dif­
ferent pHs; (B) derived yield stress-pH relationships at con­
stant water content. 

reached a maximum for the 2-glliter material at about 
pH 5.5 at a water content of < 150% (Figure 4b). At 
higher water contents, the yield stress increased to a 
relatively constant value below about pH 6.2. At water 
contents < 150%, the yield stress at pH 4 was distinctly 
less than at pH 5.5, suggesting a detrimental effect of 
low pH on yield stress. The chemical data (Table 3) 
suggest that with decreased pH and constant pore-water 
conductivity, the ionic population shifted from dom­
inant Na to dominant polyvalent and hydrogen ions. 

For the lO-giliter material, less change was noted in 
the yield stress with decreased pH than for the 2-glliter 
material. Also, the yield stress ofthe 2-glliter material 
at pH 5.5 and 3.9 and at all water contents was greater 
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Figure 5. (A) Yield stress-water content relationships for 
carbonate-free South Nation clay at 10 glliter salinity and 
different pHs; (B) derived yield stress-pH relationships at con­
stant water content. 

Table 2. Pore-water cation composition for carbonate-con­
taining samples of Leda clay. 

pH 

7.7 
7.1 
6.6 
6.1 
5.1 
4.3 

7.8 
7.0 
6.6 
6.3 
5.3 
4.0 

Liquidity 
index 

3.9 
5.4 
4.5 
4.1 
3.6 
4.3 

3.5 
4.1 
3.6 
3.9 
3.3 
4.1 

Na K Ca 
(ppm) (ppm) (ppm) 

10 glliter salinity 
3600 36 90 
3300 35 140 
3200 54 490 
2100 57 1030 
1200 36 2400 
800 30 1900 

2 glliter salinity 
600 10 50 
700 20 150 
450 21 270 

70 15 820 
50 9 540 
70 10 420 

Mg Fe Al 
(ppm) (ppm) (ppm) 

46 
61 

100 
120 0.1 
720 24 0.2 
900 80 2.1 

6 
35 
50 
50 0.2 

250 0.3 
190 54 1.9 
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Table 3. Pore-water cation composition for carbonate-free 
samples. 

Liquidity Na K Ca Mg Fe AI 
pH Index (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) 

10 glliter salinity 
7.6 4.1 4500 17 73 to 0.4 0.4 
7. 1 3 .7 4700 23 190 16 0.3 0.4 
6.5 3.6 4600 30 430 120 0.2 0.7 
6.2 3.5 3800 32 630 100 0.5 0.2 
5.2 3.8 2900 24 710 470 0.3 0 .3 
4.0 3.5 3400 41 490 320 480 3.4 

2 glliter salinity 
7.5 3.4 700 5 20 2 
7.2 3.9 700 6 30 4 
6.6 4.5 800 9 100 13 
6.2 3.7 600 12 280 76 0.2 
5.5 3.2 50 8 440 230 0.2 
3.9 3.4 80 13 270 150 65 3.2 

than that ofthe lO-glliter material at the same pH and 
water content. Whereas the yield stress of the 10-giliter 
material at constant water content increased with de­
creased pH, the increase was less than for the 2-glliter 
material, and the tendency for a maximum at approx­
imately pH 6.2 was less pronounced. 

DISCUSSION 

Regulating the "salinity" by maintaining a constant 
conductivity at different pH actually decreased the pore 
water salinity, as normally understood, as the pH de­
creased, due to the much greater conductance of the 
hydrogen ion compared with other ions in the system 
(Castellan, 1964, p. 593). Inasmuch as the measured 
"salinity" was an overestimate, and because salinity 
differences affected the yield stresses measured and the 
magnitude and direction of pH-dependent change, the 
yield stresses were sometimes underestimated and 
sometimes overestimated compared with what would 
have been expected if the ionic strength of the pore 
water had been held constant. Because the nominally 
2-glliter material exhibited the higher yield stress at 
low pH, the measured yield stress at low pH may have 
been an overestimate. This overestimation has little 
effect on the interpretation of the results for the car­
bonate-containing material but, for the carbonate-free 
material, the maxima at intermediate pH may be less 
pronounced than indicated in Figures 4b and 5b. Re­
gardless of the above effect, decreasing the pH caused 
an increase in the yield stress at constant water content, 
suggesting that the remolded shear strength at natural 
water content should have increased as well. 

The presence of carbonates influenced (1) whether 
or not the yield stress-pH relationship exhibited a max­
imum, and (2) the magnitude of the yield stresses ex­
hibited at any water content. If carbonates were pres­
ent, the yield stress increased as pH decreased, at least 
to pH 4; whereas, for carbonate-free material, a max-

70 
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Figure 6. Liquid limit as influenced by pH for the South 
Nation clay materials. 

imum yield stress was at pH 5-6 and became more 
pronounced at low salinities and lower water contents. 
At 2 gliiter, the carbonate-free material exhibited the 
lower yield stress above pH 7; between pH 7 and -6.3 
the carbonate-free sample exhibited lower yield stress­
es at > 140% water content, whereas the yield stresses 
were similar at < 120% water content. Below pH 6.3, 
the carbonate-free material exhibited higher yield 
stresses for water contents < 140%; the yield stresses 
were comparable at higher water content. At 2 glliter, 
the carbonate-free material had the higher liquid limit 
below about pH 6.8; the liquid limits were similar 
above pH 6.8 (Figure 6). The responses of these two 
measures of rheological behavior to pH change under 
low-salinity conditions were consistent. At 10 glliter, 
the carbonate-free material exhibited the higher yield 
stress at pH 7.6-5 and a similar or marginally lower 
yield stress at pH <5. At both salinities, carbonate 
affected the response of the yield stress as the pH de­
creased. 

Increasing salinity at natural pH increased the yield 
stress at constant water content (Figure 1). As the pH 
decreased, this relationship changed. When carbonate 
was present before pH change, the 10-glliter material 
exhibited the higher yield stress above pH 6.8, and the 
2-glliter material had the higher yield stress below pH 
6.8, with the exception of the lowest pH, lowest water 
content test. The liquid limits (Figure 6) followed a 
similar pattern. When carbonate was removed before 
Na-saturation and pH adjustment, the 2-glliter ma­
terial exhibited the higher yield stress below pH 6.2-
6.5 and the lower yield stress at higher pH. The liquid 
limits followed a similar pattern, but the crossover 
point was at approximately pH 7. This interplay be­
tween salinity and pH, as they affected yield stress of 
the remolded soil, is intriguing, and the greater yield 
stress below about pH 7 exhibited by the lower salinity 
material suggests that the hydrogen ions and the poly­
valent ions released by acid attack on the mineral par-
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ticles, had a greater effect when the competition from 
other ions was weakest, as in the low salinity, carbon­
ate-free material. 

The ion saturation data explain the yield stress in­
crease with decreasing pH, but the isoelectric points 
may have contributed to the maximum noted for the 
carbonate-free materials. Flegmann et al. (1969) noted 
for a suspension of 5 g kaolinite per 100 ml a yield­
stress maximum at pH 5.75 for Na-kaolinite in 10-4 

M NaC!, at pH 7.0 for H-kaolinite in distilled water, 
and at pH 7.95 for AI-kaolinite in distilled water. These 
maxima coincided with the isoelectric points of the 
respective kaolinites, as determined by ion-adsorption 
experiments. The low permanent charge on kaolinite 
(Grim, 1968) should yield an isoelectric point equal to 
the pH of maximum interaction between clay particles 
and, hence, of maximum yield stress. In Leda clay, 
between pH 8.5 and 4, all primary minerals and clay 
minerals should bear a negative charge. The aluminum 
oxides, however, have an isoelectric point, although 
varying with purity and solution conditions, at about 
pH 7 (Siffert, 1978). Likewise, edges ofthe clay mineral 
particles, where the AI-containing octahedral sheet is 
exposed, probably have isoelectric points between pH 
5 and 9 (I. Th. Rosenqvist, Institute of Geology, Uni­
versity of Oslo, Blindern, Norway, personal commu­
nication, 1983). 

Because the edges of clay minerals have isoelectric 
points and are positively charged below this pH, their 
interaction with negatively charged mineral particles 
increases below their isoelectric point. Such a reaction, 
along with changing ion saturation, partially explains 
the increased yield stresses noted as the pH decreased, 
but it does not entirely explain the maximum between 
pH 5 and 6 for the carbonate-free material, unless the 
isoelectric point of other minerals in the soil was reached 
and mutual repulsion of particles took place, as at high 
pH when all particles were negatively charged. The 
presence of oxide coatings, with isoelectric points 
around this pH on some otherwise negative mineral 
particles should increase the possibility of mutual re­
pulsion at low pH. 

The influence of pH on the yield stress of Leda clay 
is not a simple, straight-forward relationship, but a 
complex function of pH, salinity, water content, and 
mineralogy. In all of the experiments conducted, de­
creasing the pH below the natural value increased the 
yield stress, but the magnitude of the change depended 
on the material and the salinity. IfpH decrease is con­
sidered as a means of improving the geotechnical be­
havior of the marine clays, the remolded strength should 
be increased thereby reducing the sensitivity. Such 
treatment does not necessarily represent an improve­
ment because in carbonate-containing materials, the 
destruction of the carbonates could lead to a drastic 
drop in the undisturbed strength (Moum et al.. 1968), 
due to the evolution of carbon dioxide and the elim-

ination of the cementing properties of the carbonates. 
For sensitive marine clays of the Leda type, deliber­
ately decreasing the pH should improve the soil only 
if it is carbonate-free and if disturbance of the original 
structure is not of consequence. 
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Pe3IOMe-BeJlH'lHHa pH Na-HacbIll~eHHoH, Kap6oHaTO-CO,llep)KaIlleil: H Kap6oHaTo-cBo60.l\HoU: rJIHHbl JIe,lla, 
npH COJleHOCTH 2 H 10 rpaMMiJlHTP, YMeHblllaJIaCb OT 8 ,lIO 4 rrpH ,lI06aBJleHHH HC!. BeJlH'IHHa rrpe,lleJla 
TeKY"eCTH liHHraMa, onpe,lleJleHHaJI rrpH rrOMOIllH KOaKCHaJIbHOrO BHCK03HMeTpa, yaeJlH'IHBaJIaCb .lIJIH Bcex 
MaTepHaJIOB, lCOr,lla BeJlH'lHHa pH YMeHblllaJIaCb. Bblllle 3Ha'leHHH pH OKOJlO 7, MaTepHaJIbl rrpH COJleHOCTH 
2 rpaMM/JlHTP HMeJlH rrpe,lleJl TeKY'leCTH 60Jlee HH3KHH rrpH Bcex CO,llep)KaHHHX BO,llbl, '1eM MaTepHaJIblrrpH 
COJleHOCTH 10 rpaMM/JlHTp, XOTH HH)Ke 3Ha'leHHH pH OKOJlO 6,8 rrpe,lleJl TeKyqeCTH rrO'lBbI, cO,llep)Kar:qeH 
Kap60HaT rrpH COJleHOCTH 10 rpaMMiJlHTP, 6b1Jl6oJlee HH3KHH . .[{JIH MaTepHaJIa, HeCO,llep)Kar:qero Kap60HaT, 
3TO H3MeHeHHe rroJlyqHJlOCb rrpH pH = 6,2. BJlHHHHe COJleHOCTH Ha rrpo'lHOCTb Ha cpe3 MaTepHaJIOB 3aBHCeJlO 
OT BeJlH'IHHbl pH. YBeJlH'IeHHe rrpe,lleJla TeKyqeCTH rrpH YMeHbllleHHH 3Ha'leHHH pH 6blJlO, BepmlTHO, pe-
3YJlbTaTOM l!:3MeHeHHH HaCblIlleHHH. MaTepHaJIbl, Heco,llep)Kar:qHe Kap6oHae, ,lIaBaJIH MaKCHMaJIbHOe 3Ha­
'1eHHe rrpe,lleJla TeKyqeCTH rrpH pH Me)K,lly 5,5-6,2, B 3aBHCHMOCTH OT COJleHOCTH. 11303J1eKTpH'IeCKHe TO'lKH 
.lIJIH OKRCeH H rpaHeH rJlHHHCTblX MHHepaJIOB BBJlHIOTCH, HaH60Jlee BepOHTHO, npH'IHHOH rrpHCYTCTBHH 3Toro 
MaKCHMYMa. [E.G.] 

Resiimee-Der pH-Wert von Na-gesattigtem, Karbonat-haltigem und Karbonat-freiem Leda-Ton nahm 
bei Salinitaten von 2 und 10 g/Idurch dieZugabe von HCI von pH 8 aufpH 4 abo Die Bingham Flie13grenze 
die mit einem koaxialen Viskosimeter bestimmt wurde, nahm in allen Substanzen zu, wenn der pH 
abnahm. Oberhalb von etwa pH 7 hatten die 2 g/I-Substanzen bei jedem Wassergehalt eine geringere 
Flie13grenze als die 10 gIl-Substanzen. Unterhalb von etwa pH 6,8 war die Flie13grenze des Karbonat­
haltigen Bodens bei einer Salinitiit von 10 gil jedoch niedriger. Bei dem Karbonat-freien Material trat 
die Veriinderung bei etwa pH 6,2 ein. Der Einflu13 der Salinitat auf die Restscherfestigkeit dieser Substanzen 
war pH-abhiingig. Eine Zunahme der Flie13grenze mit abnehmendem pH beruht wahrscheinlich auf 
Veriinderungen in der Ionensiittigung. Das Karbonat-freie Material zeigte eine maximale Flie13grenze bei 
einem pH-Wert von etwa 5,5-6,2 je nach Salinitat. Die isoelektrischen Punkte fiir Oxide und Tonmi­
neralkanten sind hochstwahrscheinlich fiir die Existenz dieses Minimums verantwortlich. [U.W.] 

Re~lUme-Le pH d'argile Leda, sature de Na, avec et sans carbonate, Ii des salinites de 2 et 10 g/litre a 
ete diminue du pH 8 Ii 4 par l'addition d'HC!. La force de Bingham necessaire pour faire ceder Ie materiau, 
determine avec un viscometre coaxial, a augmente dans tous les materiaux au fur et Ii mesure que Ie pH 
diminuait. Au dessus d'li peu pres pH 7 la force necessaire pour faire ceder les materiaux 2-g/litre etait 
plus basse pour toute teneur en eau que pour les materiaux 10-g/litre, tandis qu'en dessous du pH 6,8, 
la force necessaire pour faire ceder Ie sol contenant du carbonate Ii une salinite de 10 g/litre etait plus 
basse. Le changement s'est produit Ii Ii peu pres pH 6,2 pour Ie materiau sans carbonate. L'influence de 
la salinite sur la resistance Ii la tension remoulee de ces materiaux etait dependante du pH. Une aug­
mentation de la force necessaire pour faire ceder les materiaux correspondant a une diminution du pH 
etait probablement due a un changement de saturation d'ions. La force necessaire pour faire ceder Ie 
materiau sans carborrate a atteint un maximum a Ii peu pres pH 5,5-6,2, dependant de la salinite. Les 
points isoelectriques pour les oxides et les bords des mineraux argileux rendent probablement compte de 
l'existence de ce maximum. [D.J.] 
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