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Introduction

The purpose of this paper is to report preliminary findings of an electron
microscope investigation of clay flake orientation in a sensitive Pleistocene marine
clay. Very little information has been published concerning the actual observed
fabric of sensitive clay, therefore, it was felt that an electron microscope study
might shed additional light upon the reasons for sensitivity. ROSENQVIST (1959)
published electron micrographs of Norwegian quick clays. The photographs
presented in this paper are believed to be the first showmg details of the fabric of
a sensitive clay found in the St. Lawrence River Valley.

The clay investigated is found at wate‘r' level approximately 600 feet downstream
from Snell Lock on the St. Lawrence River, near Massena, New York. At this
location the clay is 40 feet thick and lies directly on Ordovician bedrock. However,
upstream and downstream from Snell Lock, the clay overlies two distinctive tills
which range from 6 to 55 feet in thickness (U.S. ARMY ENG. REPT. 1958).
MacCLINTOCK (1958) has identified the lower till as the Malone till of the Cary
substage of Wisconsin glaciation and the upper till as Fort Covington of the Valders
substage.

Undisturbed cores were obtained by inserting Shelby tubing into the saturated
clay on the river bottom. Cores were slowly air dried in the laboratory and after
drying were extracted and broken open. Carbon replicas were then made of the
surface of the clay. Because of the roughness/ of the fresh surface, specimens were
rotated during shadowing, shadow angle being approximately 90°. Replicated
specimens were placed into hydrofluoric acid, dissolving the clay and allowing the
carbon replica to float free. After remaining in the acid bath for two days, the
replicas were washed in distilled water and mounted on 200 mesh copper grids.

Clay Properties and Fabric

GOLDSCHMIDT (1926), CASAGRANDE (1932), LAMBE (1953), TAN (1957), and
ROSENQVIST (1959) have presented theories which support a honeycomb or card-
house arrangement of clay flakes in sensitive soils. KERR (1963) showed,
diagrammatically, the orientation of clay and silt grains in a quick clay in both the
undisturbed and remoulded states. Electron micrographs of the Oslo Blue clay
published by ROSENQVIST (1959, 1960) show this sensitive clay to be composed of
randomly oriented clay flakes. Rosenqvist concluded that the mineral arrangement
in the undisturbed clay corresponds to the card-house structure suggested by
Goldschmidt, Lambe, and Tan.

The soil index properties of the clay examined are similar to those reported
for other sensitive clays:
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Figure 1

Electron Micrograph of Pleistocene clay. Mag-
nification 11, 660x, carbon replica. Clay flakes
are tilted ot various angles,

Figure 2

Electron Micrograph of a Pleistocene clay,
enlargement of a section of Figure 1. Magnifi-
cation 14,000x, carbon replica, A is a silt grain,
B points to clay flakes coating a silt grain and
perpendicular to the plane of thephoto, C shows
an area of a collapsed floccule lying perpendi-
cular to the photo, and D indicates fiat lying
clay flakes.

Figure 3

ElectronMicrograph of a Pleistocene clay. Mag-
nification 11, 660x, carbon replica. Two large
silt grains are marked by point A, grain borders
indicated by arrows. B marks individual clay
flakes coating grains and C shows randomly
orientated flakes in the clay matrix.
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‘Liquid Limit (%) ) 48
Plastic Limit (%) 25
Mositure content (% dry weight) 62
Specific gravity 2.80
Sensitivity 20
Salt content (g/1.) 0.4
Particle size {%<5H) 67

Electron micrographs of the illitic Pleistocene clay show a fabric similar to the
clays studied by Rosenqgvist. The most apparent feature is the random orientation
of clay flakes (Figure 1). Silt grains appear to be floating in a clay matrix composed
of a jumbled mass of clay platelets. X-ray analysis of the clay flake orientation
according to a technique discussed by O'BRIEN (1964) corroborates the random
orientation observed in electron miérographs. Figure 2 is an enlargement of a
portion of Figure ! and shows in detail the mutual relationship of silt grains and
clay. Particular attention is called to a group of flakes at point C in Figure 2. The
authors interpret this as a collapsed clay aggregate or floccule. Many such
structures were observed in other electron micrographs not included in this report.
The gross fabric tends to suggest deposition of the clay in the flocculated state as
comipared to the dispersed state.

The relationship of clay flakes to large silt grains is displayed in Figure 3.
Individual clay flakes appear to coat the silt'grains (see flakes at points B on grains
A). However, the silt grains themselves are separated by randomly oriented clay
aggregates (C in Figure 3).

The electron micrographs offer additional evidence of the random orientation
of clay flakes in sensitive clay. This orientation may have been produced by
deposition of the clay in the flocculated state. LIEBLING and KERR (1965, p. 868)
state '.......random stacking of clay particles has been attributed to coagulating
effects of electrolytes.' Marine fossils have been reported in the clay at the sample
location, {personal communication, F.,J.E. WAGNER, Bedford Institute of
Oceanography), thus supporting the belief that the clay was deposited in a saline or
electrolyte-rich environment. Regardless of mode of origin the electron micro-
graphs do indicate a random clay flake orientation, which possibly contributed to
sensitivity of the Pleistocene clay. Further work is being conducted by the authors

in investigating changes in fabric during remoulding.
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