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SCANNING ELECTRON MICROSCOPY OF CLAYS 
AND CLA Y MINERALS 
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Abstract- The scanning electron microscope (SEM) proves to be ideally suited for studying the con­
figuration, texture, and fabric of clay samples. Growth mechanics of crystalline units - interpenetration 
and interlocking of crystallites. crystal habits, twinning, helical growth, and topotaxis-also are 
uniquely revealed by the SEM. 

Authigenic kaolins make up the bulk of the examples because their larger crystallite size, better 
crystallinity, and open texture make them more suited to examination by the SEM than most other 
clay mineral types. 

INTRODUCTION 
THE SCANNING electron microscope (SEM) is 
uniquely suited for studying clays because it affords 
a magnified, three-dimensional view of the unmodi­
fied (natural) clay surface with great depth offocus. 
The only sample preparation necessary for clays is 
a thin metallic coating, applied in a vacuum eva­
porator, which serves to prevent a build-up of elec­
trons on the surfaces by conducting away static 
electricity. With the conventional transmission 
electron microscope (TEM), the surfaces of clay 
particles cannot be directly observed, and only by 
an involved and time-consuming procedure of re­
plication can they be viewed at all. 

A simple description of the principles of opera­
tion and performance of the SEM is excerpted 
below from the sales brochure of the Advanced 
Metals Research Corporation (1969, p. 2): 

is scanned across the specimen surface in a rect­
angular raster in synchronism with the spot of a 
cathode ray tube. The signal reSUlting from inter­
action of the beam with the specimen is collected 
by a suitable electron detector and used to 
modulate the CRT brightness. In most applica­
tions it is the low-energy secondary electrons 
which are thus used to form a picture of the 
specimen on the CRT face. 

With the installation 2 years ago of a Stereos can 
SEM (Cambridge Electronic Instruments Ltd.,Cam­
bridge, England) in the Central Facility for Elec­
tron Microscopes at the University of Illinois, we 
began a study to see what this new tool would reveal 
about clays and clay minerals. It immediately be­
came apparent that certain clay minerals were more 
suited to examination than others because of their 
greater size. better crystallinity, and distinctive 

Resolution is of the order of 200A and the morphology. Some of the best results under the 
useful magnification, up to about 50.000 x. is in a SEM were obtained from authigenic varieties of 
convenient range lying between that of the light kaolinite. Because of this, and because of numerous 
optical microscope and the transmission electron projects at the Illinois State Geological Survey 
microscope. Most important, however. the depth involving kaolinite. the majority of our observations 
of focus one obtains is of the order of tens of have been on this mineraL However, we have in­
microns. This means that a fairly rough surface. cluded micrographs of many of the other common 
such as produced by a metal fracture or exhibited clay minerals to demonstrate the observations that 
by a small biological specimen, will remain can be made on any clay material with the SEM. 
entirely in focus at high magnifications. The Many papers have been published on the appli­
micrograph obtained is similar in appearance to cations of the SEM, but only a few are concerned 
that of the reflection light microscope but, again. with clay minerals. Borst and KeJler (1969) studied 
with much better resolution and depth offocus. many of the API Project 49 reference clays. GiJlot 

The principle of operation of the SEM is by (1969) and many other authors have included a 
now quite familiar. An electron optical column, few SEM micrographs of clays, but the instrument 
containing electromagnetic lenses, demagnifies has not been extensively applied in clay mineralogi­
an electron source in order to focus a fine beam cal research. Perhaps this is because of the legacy 
of electrons on the specimen surface. This beam of fine micrographs produced from replicas on the 
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TEM by Bates and Corner (1955), Beutelspacher 
and Van der Marel (1968), and others too numerous 
to mention. We hope to show, however, that the 
SEM, because of its unique operation and perfor­
mance, can bring new dimensions to our under­
standing of clay minerals. 

TECHNIQUE 

Sample preparation is unusually simple for such a 
sophisticated instrument, and this greatly enhances 
its usefulness and applicability. Sample size is limi­
ted to about one-half cubic inch (I in. x 1 in. x! in.) 
in the instrument used, but newer models can 
accommodate specimens more than four times this 
volume. 

Samples can be mounted by a variety of methods. 
Powders can be sprinkled directly on an adhesive 
mounting medium, such as Duco cement. double 
stick tape, or silver or chrome paint. or they can be 
sprayed on a metallic foil subsequently attached to 
the specimen stub; rock fragments may be directly 
mounted on the stub. Our mounting stubs (Engis 
Equipment Co., Morton Grove, Ill.) are aluminum 
discs 12 mm in dia. with a shank on the back. If 
small pieces of material are used, as many as six or 
eight samples can be accommodated on each stub. 
thereby avoiding time-consuming changing of 
specimens. 

One of our first studies with the SEM was made 
during the development of a method of spray-dry­
ing clay minerals to reduce their preferred orienta­
tion in X-ray powder diffraction analysis (Hughes 
and Bohor, 1970). The method can be described 
simply as spraying a dilute clay suspension through 
a heater to form spherical aggregates of clay miner­
als. I n theory, the clay platelets should be arranged 
with their basal surfaces tangential to the spherical 
water droplets formed during spraying and remain 
oriented in this fashion when the water is driven off 
in the heater. The resulting powder, composed 
mainly of spheres, can then be packed in the usual 
powder diffraction holders and any preferred basal 
(or other anisotropic) orientation should be elimina­
ted. Clay minerals are thoroughly randomized by 
spray-drying, and therefore details of individual 
particle morphologies are more easily seen when 
some clays are prepared as sprayed powders for 
SEM examination. 

Because clay materials are nonconductors of 
electrons, the samples must be coated with a thin 
layer of conductive material to prevent charge 
build-up. To accomplish this, a gold-palladium coat­
ing about 50-100 Angstroms CA.) thick is deposited 
on the samples by evaporation under high vacuum. 
This thin wating in no way modifies the surface 
details or hinders viewing, because the resolution of 
commercial SEM instruments is not less than 200 A 

even under optimum conditions. To get a contin­
uous conductive coating over the usually rough and 
porous surface of a clay sample, the metallic layer 
is deposited in two operations and at two different 
angles on a rotating stage. Thus the effective solid 
angle of incidence of the applied metallic layer 
approaches 90°, and it effectively coats all the avail­
able surfaces. 

Because clay minerals are quite hygroscopic, the 
stub-mounted samples must be over-dried over­
night before the coating is applied, and they should 
be kept dry after being coated to prevent rupture of 
the conductive layer and to shorten the micro­
scope's pump-down time. To meet these require­
ments, the stub shanks are inserted into the base of 
a cork, which fits into a small glass or plastic vial. 
A small amount of dessicant is put into the viaL 
and. when the cork with its attached stub is inserted. 
an effective portable micro-dessicator results. 
The sample stubs can then be stored indefinitely in 
these vials and transported to the microscope in the 
optimum dry condition. 

OBSERVED FEATURES OF CLAYS AND CLAY 
MINERALS 

Certain features of clays and clay minerals are 
more readily observed on the SEM than by other 
conventional means. These features include those 
involving the surface and 3-dimensional aspects of 
clay minerals, such as the morphology (configura­
tion) of samples. fabric (particle boundary relation­
ships), texture (overall particle arrangements), and 
growth mechanics of crystals and crystallites. 
Examples of the latter feature shown here include 
the variations in layer (packet) thickness, crystal 
habit. topotaxis (crystallographic control of the 
development of later diagenetic minerals by pre­
existing minerals), twinning and spiral growth 
(helical growth about a central axis). 

Configuration 
Figures I(a), l(b), 2(a), and 2(b) show how the 

SEM can solve the problem of determining the 
morphology (configuration) of a spray-dried pow­
der. Figure 1 (a) is a highly magnified view of a 
natural rock sample of kaolinite from Anna, Illinois. 
White (1958) determined by particle-size and X-ray 
analyses that this clay was composed of unusually 
fine particles (more than 85 per cent of them less 
than 0·5 IL) of rather poorly crystallized kaolinite, 
a-nd Fig. 1 (a) confirms these determinations 
directly. Even the large plates of the clay appear to 
be composed of much smaller platelets. Figure l(b) 
shows a spray-dried sample of this same Anna 
kaolinite, illustrating the typical spherical aggre­
gates artificially formed during spraying and the 
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Fig. I (a). Rock '>ample of kaolinn.: from near Anna. L nion Co .. Illinois 
(Cretaceou'i or Tertiary). 

Fig. lib) SPLl\ -dried h'HliJnJlC rl'lll11 near Anna. Union Co .. lllinoi'i. [F({cillg j){l.'.:e SDI 
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fig. 2(a). Slmly-dl'ied aitapulgite from Yucatan. Mexico. 

Fig. 2(b). Rock sample Dj' attapulgite from Y llcatan. Mexico (Tertiary). 
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Fig. 3(a). Authigenic kaolinitc frol11 the interior of a claystone concretion in the 
Francis Creek Memher (shale) of the Carbondalc Formation. Grundy Co., 

Illinois (Pcnnsylvanian). 

Fig. 3(h). Alllhigenic c!e"t buiinite from the HClIin (No. 6) Coal ,\!leIllbcr. 
Carbondalc Fonnallllll. Sang~lnll)n (ll .. Illinois (i'cnnsyivanian). 
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Fig. 4( a). Cross section of cleat containing kaolinite (right) and pyrite (left) 
from the Herrin (No. 6) Coal Member. Carbondale Formation, Sangamon Co., 

Illinois (Pennsylvanian). 

Fig. 4(b). Normal view of kaolinitic cleat surface; Hen'in (No. 6) Coal Member, 
Sangamon Co., Illinois (Pennsylvanian). 
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Fig. 5(a). Normal view of pyrite cleat slllface with kaolinite packets growing 
through; Herrin (No. 6) Coal Mcmbcr. Carbondale Formation, Sangamon Co., 

Illinois (Pennsylvanian). 

Fig. 5(b). Authigenic kaolinite growing in quartz crystal; geode from the War­
saw formation. Hamilton Co .. Illinois (Mississippian). 
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Fig. 6(a). Rock sample of bentonite from Clay Spur, Wyoming (A.P.!. No. 26) 
( Cretaceous). 

Fig. 6(b). Rock sample of Wyoming bentonite (A.P.!. No. 26). 
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Fig. 7(a). I1litic clay from (he "Blue Hand." " clay seam (split) in the Hen'in 
(No. 6) Coal Memher. Carbondale Formation. Sangamon Co., Illinois 

( Pennsylvanian). 

Fig. 7(h). Undcrclay from beneath the Colchester (No. 2) Coal Member, 
Carbondale Formation. Mercer Co .. Illinois (PenllSylvanian). 
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Fig. 8(a). Edge view of authigenic kaolinite packet: from concretion in the 
Francis Creek Member of the Carbondale Formation, Grundy Co., Illinois 

(Pennsylvanian), 

Fig. R(b). Side view uf thick. obscurely laminated packet of authigenic kaolinite 
from a concretion: Fntllcis Creek I\Jembcr. Carbolldalc formation, Grundy 

Co .. Illinois (Pcnnsylvanian). 
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Fig. 9(a). Authigenic kaolinitc vermicules in pores of a sandstone: St. Peter 
Formation. La Salk Co .. Illinois (Orliovician). 

Fig. 9(b). Single crystal of dickite from a limestone in the Lansing-Kansas 
City Group. Wilson Co .. Kansas (pennsylvanian). 
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Fig. ! Ora). Quartz microcrysta!s in a replaced fossil: Clear Creek Formation, 
Union Co .. Illinois (Dcvonian). 

Fig. !(l(b). Unusual crystalline phases in white bauxite from Montenegro, 
Yugoslavia. 
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Fig. 11 (b). Laths of kaolin mineral (probably halloysite\ developing from 
wcathering offeldspar (1\ stal: Spnlce Pinc. North Carolina (;\.1'.1. No. 'i I). 
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Fig. 12(a). Spiral growth and twinning of <tuthigenic kaoJinite from a geode; 
Warsaw Fonnation, Hamilton Co., lllinois (Mississippian). 

Fig. 12(b). Composite vermicule in kaolini!e from Georgia (Eocene). 
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Fig. : 3Ia). Uniform vermicular stacks or dickite from Utah. 

Fig. 13(b). Twinned and bent crystallites of dickite from Utah. 
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Fig. 14(a). Mo,aic of small kaolinite crystals forming larger crystallites in 
cleat; Hen'in (No. 6) Coal :Vlember. Carbondalc Formation. Sangamon Co .• 

Illinois (Pennsylvanian). 

Fig. 14(bl. Canlileverecl Slacking sequence of plalelels in kaolinile stack: con­
cretion in Francis Creek !\lembcr. Carbondale Formation. Grundy Co., 

Illinoi, (Pennsylvanian). 
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tangential arrangement of the clay mineral platelets 
around the circumference of the sphere. Obviously, 
the particles arranged themselves in this fashion 
because of the surface tension in the original sus­
pension droplet formed by the nebulizer, and they 
retained this arrangement while the water was 
being driven off in transit through the drying tube. 

Figure 2(a). a view of natural rock attapulgite 
from Mexico. is atypical in that its needle-like crys­
allites shown here are usually compacted into 
massive, featureless blocks. This micrograph does 
show the morphology of the crystallites quite well, 
however; notice the longitudinal bending of the 
thinner crystallites that have at least one free end, 
and the lath-like aggregate of crystallites extending 
upward from the surface in the center right portion 
of the micrograph. Apparently , fracturing during 
sample preparation disrupted and lifted a small area 
of the crystallite packets. 

Figure 2(b) is the same Mexican attapulgite 
after ultrasonic dispersion and spray drying. The 
spherical aggregate with the typical " ball of yarn" 
appearance results from tangential adhesion of the 
attapulgite crystallites. The bundles of crystallites 
in the background are free powder or "dust" 
generated by aggregates too large to accrete tan­
gentially to water droplets. This "dust" is a typical 
component of spray-dried powders. and its ratio 
to the spherical aggregates varies directly with the 
particle size of the sprayed material for any given 
range of droplet sizes (sprayer characteristics). 

Attapulgite is a difficult mineral to prepare prop­
erly and examine in the SEM in its natural (rock) 
state because it is finely acicular and has a high 
water sorption capacity. An area such as a broken 
edge where the individual crystallites are exposed 
and noncontiguous is usually selected for viewing 
but. because of the extremely irregular nature of the 
surface at these points. a continuous metallic 
coating almost never exists and heavy charging 
develops. Also. when the electron beam is focused 
down to the high magnifications required to 
view these individual crystallites adequately. the 
concentrated heat of the beam drives some of the 
channel water out of the mineral , resulting in abrupt 
sample movements and contamination of the micro­
scope. The magnitude of these problems is greatly 
reduced , however, when the sample is prepared by 
spray drying. The surfaces of the spheres are much 
smoother and more easily coated with the vaporized 
metal, and the crystallites arranged tangentially on 
the spherical surface are individually quite well 
displayed (Fig. 2b). Because much less material is 
exposed to the electron beam and the mounting foil 
acts as a heat sink, sample degassing (water expul­
sion) is almost eliminated and sample movement 
and microscope contamination are reduced. 

Fabric 

The SEM is unique in its ability to reveal inter­
particle relations. such as interlocking and in­
terpenetration features, aggregate arrangement 
(face-to-face vs. edge-face) and shrinkage (drying) 
features. Figures 3(a) and (b) illustrate interlocking 
in authigenic kaolinites. Figure 3(a) shows the typi­
cal "stepped" appearance of this fabric feature in 
the lower right of the micrograph. The sample is 
kaolinite within a concretion. Figure 3(b) also 
shows interlocking and interpenetration of ka­
olinite layer packets at the right of the micro­
graph. This sample is cleat kaolinite (authigenic 
kaolinite forming along dessication or shrinkage 
cracks) from the vitrain layers in coal. The thick 
packet in the center of the micrograph displays evi­
dence of twinning, as shown by the nonparallelism 
of the platelet edges along the upper surface of the 
crystal compared with the edges exposed at the 
middle of the micrograph. Similar interlocking of 
crystals and packets occurs in flint clay and partly 
accounts for its difficulty of dispersion , as well as 
that of cleat and concretion kaolinites. 

Texture 
On a larger scale, interlocking can occur where 

two types of materials grow into contact. Figure 
4(a) is a cross section of the contact between pyrite 
on the left and kaolinite on the right in a cleat 
(vertical dessication crack or parting) filling in an 
Illinois coal. Pyrite often occurs between the coal 
surface and the main vein filling of kaolinite in 
cleats, and the irregular contact between these 
two shows the strong penetration of kaolinite into 
the pyrite. In contrast, Fig. 4(b) shows the surface 
of a kaolinite-filled cleat that originally was in direct 
contact with the coal with no intervening pyrite 
layer. The termination (sealing) of packets against 
the coal by both basal and prism surfaces is flat. 
The two micrographs clearly show why cleat kao­
linite can be separated easily from coal , but only 
with difficulty from any associated pyrite. 

Further evidence of intergrowth and penetration 
textures due to corrosion are shown by Figs. 5(a, b). 
Another instance of the growth of kaolinite packets 
through a cleat pyrite layer in a coal is shown in 
Fig. 5(a). The environment is the same as that in 
Fig. 4(a) , but the view is now perpendicular to the 
extended cleat surface of the pyrite . The blocky, 
stepped texture of the pyrite can be seen clearly in 
this micrograph. Solutions that somewhat preceded 
deposition of the kaolinite seem to have produced 
holes in the pyrite layer by corrosive action in 
which the clay then grew. Some post-corrosion. 
prismatic pyrite crystals appear to have grown on 
the walls of these holes. Figure 5(b) reveals a 
slightly different intergrowth texture involving 

https://doi.org/10.1346/CCMN.1971.0190105 Published online by Cambridge University Press

https://doi.org/10.1346/CCMN.1971.0190105


52 B. F. BOHOR and R. E. HUGHES 

authigenic kaolinite and quartz formed in a geode. 
Here the quartz-kaolinite contacts are more sharply 
defined and more parallel, indicating a closer con­
trol on corrosion of the quartz by the later-forming 
kaolinite crystallites themselves. 

Another aspect of texture is shown by the next 
two sets of figures (Figs. 6a, b, 7a, b). The first 
micrograph (Fig. 6a) shows the typical surface 
appearance of a clay largely composed of smectite 
- a bentonite from Wyoming. This crinkly, ridged, 
honeycomb-like texture (shown in a closer view in 
Fig. 6(b») is characteristic of the smectite group and 
probably develops from shrinkage of the expandable 
clay minerals as they dry. The polygonal pattern of 
this texture resembles dessication mud cracks and 
other dewatering features. Individual crystal plate­
lets are almost invisible in the smectites because 
they are small and dispersed, leaving an impression 
of cohesive thin films composing the basic textural 
units of these clays. 

Between the filmy texture of the smectites and 
the aggregates of rather thick, stubby plates in the 
kaolinites (Fig. 1 a), is the texture of illitic clays, 
such as that found in a shale split (the so-called 
"Blue Band") in an Illinois coal shown in Fig. 7(a). 
Several small ovoid pods, characteristic of illitic 
clay minerals found in some underclays, are shown 
on the left in the micrograph, along with the wavy 
surfaces of the clay flakes. The detrital iIIites are 
generally composed of thin anhedral plates and 
aggregates. Figure 7(b) shows an underclay from 
Illinois and again exhibits the typical clays tone 
texture, plus some good examples of individual 
illite platelets, especially at the left in the micro­
graph. 

Growth mechanics 
Details of crystal growth mechanics in clays, 

such as layering (packet thicknesses), crystal habit, 
topotaxis, twinning, and spiral growth can be studied 
with the SEM if the clay mineral crystallites are 
large, well formed, and of a fairly open texture. Of 
all the clays we have studied, these criteria are 
best fulfilled by the authigenic kaolins, which pro­
vide most of our examples of these growth features. 
Authigenic kaolinites collected in Illinois include 
samples from a concretion, from the interstitial 
pores of a sandstone, and from the interior of a 
geode. One sample of a kaolinite from Georgia 
(courtesy of Georgia Kaolin Company) is also 
included. Other authigenic kaolin minerals included 
are samples of dickite from southeastern Kansas 
and Utah, an example of "halloysite" from North 
Carolina, and a white bauxite sample from Yugo­
slavia (courtesy of Professor Olga Sarc-Lahodny. 
University of Zagreb). 

Packet thicknesses vary in authigenic kaolinite. 

Figures 8(a), (b) depict this variability in a sample 
of kaolinite from a concretion in a shale from 
Illinois. In Fig. 8(a), the side view ofa stack shows a 
majority of relatively thin packets of nearly equal 
thickness. However, closer examination of these 
packets, especially along broken surfaces, reveals 
that they are composed of many thinner platelets. 
An accurate count of the number of platelets mak­
ing up each packet cannot be made because of the 
limits imposed by the resolving power of the 
microscope. In contrast to these thin packets, 
Fig. 8(b) shows an extremely thick packet from this 
same concretion. A parting is beginning to develop 
in the upper quarter, and the lower third of the 
packet seems to be twinned, as no parallel lamellae 
edges are visible and the plates seem to meet the 
overlying packet with angular unconformity. There 
is probably some factor controlling the thickness of 
packets, but we have not yet identified it from these 
micrographs. 

Examples of crystal forms and habits are shown 
in Figs. 9(a), (b), 10(a). (b). Authigenic kaolinite and 
dickite usually crystallize as stacks of packets, 
whose length (stacking on the (001) basal surfaces) 
sometimes exceeds their diameter by several 
orders. These are the familiar vermicules, or 
worms, of the tonsteins and other clays. Figure 9(a) 
shows vermicular kaolinite growing in pores of a 
sandstone from an outcrop in Illinois. Similar 
vermicular growth by extended basal stacking was 
displayed in the cleat sample (Fig. Sa). However, 
Figure 9(b) shows a crystal form of the kaolin group 
quite different from the usual stacked buildups of 
two-dimensional platelets. This unusual morphol­
ogy was found in dickite from a limestone in south­
eastern Kansas. It is pseudohexagonal, which is 
compatible with the monoclinic nature of dickite. It 
is certainly not quartz, because of its crystal habit 
and its lack of basal pinacoids. When it is compared 
with the authigenic quartz crystals from southern 
Illinois in Fig. lO(a) , the difference in crystal 
morphology is obvious. The tiny pseudohexagonal 
prism of Fig. 9(b) is apparently either an unusual 
crystallization of dickite or is some other form of 
hydrous alumina. As X-ray diffraction analysis 
showed only dickite, quartz, and calcite present in 
this sample, the unidentified mineral must be 
dickite. This case of questionable identity is an 
example of the potential value of a microprobe 
accessory, for the problem could have been solved 
in short order had such a unit been attached to our 
SEM. 

Some other interesting crystal forms that might 
be found in high alumina clays are shown in Fig. 
10(b), a sample of white bauxite from Yugoslavia. 
The rounded crystallites similar in appearance to 
grains of rice are probably boehmite, the major 
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bauxite mineral in this sample, and the diamond­
shaped crystal near the centermay be prismatic gibb­
site. These crystal habits are only rarely observed 
in this sample, the bulk being composed of massive, 
anhedral aluminates. The well formed crystals 
seemingly develop only in pores and other voids. 

Some evidence for topotaxic clay mineral growth 
has been observed withtheSEM. Figure I l(a) shows 
the surface of some well formed vermicules of 
authigenic kaolinite in a sandstone. I mposed on 
these planar surfaces are very thin , long laths, 
often overlying one another at 600 angles. These 
lath-like crystallites are interpreted as authigenic 
illite , possibly generated by a chemical ground­
water reversal during the Pleistocene Epoch. The 
illite laths are secondary to the kaolinite, because 
several of the faint laths drape over the edge of one 
kaolinite platelet and continue onto the surface of 
the underlying platelet (right-hand side of the micro­
graph). Such topotaxic growth control (1200 angles 
of growth) exercised by the pseudohexagonal 
kaolinite on secondary illite also was clearly shown 
by Rex (1966), and the reasons for it are adequately 
explained in his paper. 

Figure II(b) is "halloysite" from Spruce Pine. 
North Caroline. The micrograph shows a feld­
spar grain weathering to a iath-like kaolin mineral, 
probably halloysite. The lath-shaped. rod-like 
crystals forming on the surface of this grain are 
only tentatively identified as halloysite, however, 
because in none of the many micrographs made of 
this clay, nor in the SEM pictures of this same 
material in Borst and Keller (1969). have any true 
open-ended tubes been clearly recognized. The 
originally stubby halloysite crystal laths may 
elongate by secondary growth on the ends of the 
prisms (or tubes) to form the slender rods charac­
teristic of the Spruce Pine kaolin. TEM replicate 
micrographs of this material (Taggart et al., 1955) 
usually show scrolled or spatulate tubes, unlike the 
laths shown here. 

Twinning and spiral growth are fairly common in 
the authigenic kaolins, but finding clearly defined 
examples is rather difficult. Figure 12(a) is a rarity 
because it displays both these growth phenomena. 
The crystal packet at the top of the picture is 
twinned on hkO where h = k. probably the most 
common type of twinning in kaolinite. The larger 
packet in the center shows the spiral growth mode. 
This latter phenomenon results in pseudohexagonal 
crystals that share common interior edges and 
extend helically in the c-direction to form the 
larger crystallites of kaolinite vermicules. Figure 
12(b) illustrates this composite growth of kaolinite 
vermicules very well in a sample of Georgia kaolin­
ite. This micrograph is an oblique view of a large 
vermicule with serrated edges that result from the 

stacking of a large number of smaller, hexagonal 
platelets in columnar arrangement around a central 
axis. Similar serration or scalloping of vermicule 
edges can be seen in Figs. 5(a), 9(a). Serration seems 
to be characteristic of authigenic vermicular kaolin­
ites. Authigenic dickite (Fig. 13a) does not usually 
show thi s serration. However, twinning is common 
in dickite. as is shown by the small crystals at the 
far right center of Fig. 13(a), and the lack of serra­
tion is probably due to a slightly different growth 
mode. Figure 13(b) shows a twinned crystal at the 
left center of the micrograph , with a large , bent 
sheaf of platelets just to the right and below it. 

Further evidence oftwinning, composite crystals, 
and spiral growth in authigenic kaolinite is given by 
Figs. l4(a), (b). The highly composite nature of 
large crystallites is shown by the grouping in the 
lower right of Fig. 14(a), a sample of cleat kaolinite 
from Illinois. In the concretion kaolinite of Fig. 
14(b), interpenetration is exhibited at the lower left. 
while the stack of platelets in the upper center 
shows the "cantilever" structure that sometimes is 
caused by precession or eccentricity of the spiral 
growth axis. This cantilever effect is rather 
common in authigenic kaolinite and dickite. 

SUMMARY AND CONCLUSIONS 

The SEM has proved very useful for studying 
clay minerals . lts speed and ease of operation, high 
magnification. and great depth of focus make it 
uniquely suited to the study of very fine-grained 
materials and surfaces. 

Past SEM work in clay mineralogy has been 
primarily concerned with the description of mem­
bers of the various clay mineral groups. From our 
studies we conclude that the SEM is almost indis­
pensable for the study of clay mineral configura­
tion (size and shape), fabric (interpenetration), 
texture (intergrowth), and growth mechanics. In the 
latter category, such growth-related phenomena as 
layering, crystal habit, topotaxis , twinning, and 
spiral growth are clearly visible in samples of many 
of the larger. well crystallized clay minerals , such 
as the authigenic kaolinites. 

Advances in technology should make the SEM 
even more useful for studying clay minerals. Par­
ticularly needed are increased resolution and built­
in spectrographic (microprobe) capabilities. 

Because we have clearly observed corrosive 
effects in nature, excellent information on the effects 
of artificial mechanical (abrasion) and artificial 
chemical (etching) treatments should be obtainable 
with the SEM. The high degree of form demon­
strated for ~ilthigenic minerals in nature also 
suggests that further investigation of synthetic and 
artificial weathering products with the SEM would 
be profitable. 
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Resume - La microscope electronique a balayage (SEM) prouve qu'il est parfaitement adapte a 
I'etude de la configuration. de la texture et de la structure des pl-eJevements argileux. La mecanique 
de croissance des unites cristallines- interpenetration et inter-verrouillage des cristallites, constitution 
de cristal, entrelacement. croissance helico"idale et topotaxie-est egalement revelee d'une maniere 
unique par le SEM. 

Les kaolins authigeniques forment I'ensemble des exemples a cause de leur cristallite de plus 
grande taille. de leur meilleure cristallinite et de la texture ouverte qui les rend plus appropries que les 
autres types de mineraux argileux. a l'examen par SEM. 

Kurzreferat- Es wird festgestellt. dass sich das Abtastelektronenmikroskop (SEM) ideal fUr die 
Untersuchung des Gefiiges, der Textur und der Struktur von Tonproben eigne!. Die Wachstum­
mechanik der gegenseitigen Eindringung kristalliner Einheiten und die Verkniipfung von Kristalliten, 
Kristallhabitus. Verzwillingung. schraubenformiges Wachstum und Topotaxis werden ebenfalls auf 
einzigartige Weise durch SEM Zllm Vorschein gebracht. 

Authigene Kaoline stellen den Hauptanteil der Proben dar weil ihre bedeutendere Kristallitgrosse, 
ihre bessere Kristallinitat und offene Textur sie der Priifung durch das SFM besser zuganglich 
machen als die meisten anderen Arten von Tonmineralen. 

Pe3JOMe - TIoKa3aHo, '1TO cKaHllpYIOll..\all :meKTpOHHall MIIKPOCKOIHl.lI rrpeJ\CTaBJllleT C060H lIJ\eaJlb­
HblH MeTOJ\ J\Jll! 113Y'leH1I1I KOHli)llfypal.(lIl1, TeKcTYPbI H CTPYKTYPHO-MOP<P0JlOfll'leCKllx xapaKTe­
PHCTHK 06pa3UOB fJlIIH. MexaHII3M pOCTa KPHCTaJlJII1TOB, xapaKTep HX rrpopaCTaHIIH H CpaCTaHHH, 
ra611TYC KPHCTaJlJlOB, J\BOHHHKOBaHlle, CrrllpaJIbHbIH POCT 11 TorrOTaKCIIl! - Bce :no HaIlJlY'llllHM 
06pa30M Bbll!BJIl!eTCl! MeTOJ\OM CKaHllpYlOllleH 3JleKTpOHHOH MHKpOCKorrllll. 

OCHOBHYIO Maccy H3Y'leHHblx aBTopOM 06pa3uoB COCTaBIIJIH aYTHfeHHble KaOJlHHHTbI, KOTopble, 
6JlaroJ\apl! 60JlblllllM pa3MepaM KpIICTaJlJlI1TOB, 60JIee BblCOKOil CTerreHH KpIlCTa.~JlII'lHOCTH 11 l!CHO­
BblpalKeHHOH TeKcType, l!BJll!IOTCl! fopa3J\o 60JIee rrpl1rOJ\HblMII J\Jll! 113Y'leHIIl! MeToJ\OM CKaHllpylO­
ll..\eH 3JleKTpOHHOii MHKpOCKorrllll, '1eM Jlpyrlle rJII1HIICTble MIIHepaJIbl. 
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