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Twenty-one ssmples of recent sediments taken from s traverse made
around East Bay, near Calveston, Texas were subjected to mechanical, differ.
ential ithaml and base exchenge analysis. Special X-ray techniques were emw
ployed on the clay fraction by treatment with ethylene glycol end by subjecting
them to gl.eva.tad temperatures up to 55090,

X-roy analysis proved the most useful technique for discerning minor
samples differences, especlally as regarding mixed layer sequences.

The distribution of clay minerals by weight vas most heavily concen-
trated in the natursl gedimentary trap north of Hanna Reef and slong the northern
slde of East Bay. This suggests that geclogiecally, the bay is retaining, hence
gaining sediments, more from the north side than on the side facing Bolivar
Peninsula. (Southern shore of East Bay).

As regards disgenesis, Illite, a typicsl marine-.formed clay, was found
in a1l 21 samples. Though guite variable in quantity, the relative proportion
éfchymineraln in each sample ves quite uniform. 7This is as may be expected
in a relatively small lagoonal area not directly fed by an important continental

river or strean.
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Whether the 41lite 1s being formed in situ or being transported in

from the local gquaternary sediments or from older sediments, via the Trinlty
River for example, can not be established without additional sampling of the

provenance ereas.
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I. INTRODUCTION

The purpose of this study is to present the results of c¢clay mineral
an;xlyses of recent sediments collected in the East Bay region near Galveston
Texas. (Fig. 1)« The significance of the date in relation to diagenetic changes
an‘d. the environment of accumulation arc. plso eénai;!emd.

The mechanica of the breakdown, transpo;'taﬁen and deposition of none
c;ay ninerals has in the past been well covered by geclogists and is now a
principle well understood. These principles of sedimentation are sdequately
covered by Krumbein and Pettijohn (1), Twenhofel (2), Krumbein and Sloss (3),
and others,

A new sedimentary frontier following on the wake of the development
of special equipment allowing classification of the clay minerals is the analysis
of the type and amount of elay minersl found in continental and merine areas.
These ptudies ere now under vigorous pursuit for various econocmic and academic
reasons.

The clay minerals are small, have high absorptive capacity and hence,
are gensitive to environmental changes. This faet, in lieu of the realization

that some 50 percent of the sedimentary column consists of shales, is sufficient
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reasnn to devote considersble study in behalf of the cley minerals.
II. 7THE NATURE OF THE CLAY mmm

While mas;b da.h on the sﬁm&tur‘e; eampesitien, prt?partics, ommce
end mode of erigin of the glw mineyals has bee# prsf,wily for the benefit of
aither Soils or Ceramic¢ interests ’ geologie com].;tiom are now being extended.
The dBulk of such ¢correlations are as yet so recent that they are found in detail
only in monographic form in the literature.

Two useful texts for clay mineral research studies are by Brindley {4),
and Grim (5). They sﬁequé.tely review the current status of the science. A brief
description of the clay minerals pertinent to this investigation follows:

(A) Montmorillonite

Montmorillonite is e shoet type silicate whose structure is usually
considered to resemble that of pyrophyllite. The pyrophyllite structure is composed
of two outer layers of silica tetrahedra tied together at three corners to form e
hexagonal exygen met. The inward.pointing apical exygen of the tetrebedrs, bogether
with coplenar hydroxyl ions, surround an inney layer ef ectahedrslly soordinated
aluminum ion. Montmorillonite differs from pyrophyuite .:ln having isomorphous

substitutions, usually of magnesium or iron for aluminum in the octahedral layer,



or of aluminum for silicon in the tetrahedral layer, thereby creating a net
negative charge, which is setisfied by exchangssble cations largely on the basal
oxygen net of the outer tetrahedrsal la&ers. The commonest cations held by montmor-
illonite are caleium, sodiun end 'mgsgeaium-,r One éz* more molecular layers of water
may enter between each of the unit sheets of montmorillonite as sbove described.
The amount of water thaﬁ‘ean be adsorbed is dependent upon the amount of water
available, the neture of the exchsngesble eation held by the montmorillonite, and
possibly upon other unknewn factors.

Although most c@rlicr workers have tacitly sssumed montwmorillonite to be
& homogeneous mineral, detailed studies and especially studies of marine sediments
shov that mixtures sre far @m common than previously realized.

Another important factor of geologle significance es s determinant in the
properties of montmorillonite i{s the nature of the exchangesble cation or cations
held between unit sheets. On drylng st normal stmospheric humiditles, sodium
montmorillonite will hold ene molecular layer of water between unit sheets, whereas
caleium or magnesium montmorillonites will hold two molecular layers. Zere, one

and two molecular layers of sdsorbed water give rise respectively to basal (001)

spacings of 9.6, 12.%, and 15.% A. Almost sll air dried montmorillonites are an



interleyed mixture of twe or three of these components and therefore show interw
mediate basal spscings. The charscteristics of mixed layer sequences of this
nature have been discussed by Hendricks andy'fellyl,er (6). Theizf presence and means
of identification in marine sediments wers covered by Johns, Grim and Bradley (7),
Hathavay end Carroll {8), and Weaver {9). Simple mixed layer sequences give sharp
(001) reflections, 'butv may be detected by the absence of integral orders originating
from (001) planes. (00{) reflections ere usually present, but they do not occur at
"expected” positions. Asymmetrical (OOL) reflections are given only by mixed layer
sequenceﬁ‘with thre§ or m?a eomponents.

(8) Kaolinite

In general, the determination of kmolinite by X-ray diffrsction is
simple. The prominent (001) (002) basel reflections et 7.14 A and 3.57 A are
usually edequate for identificetion.

The structure is composed of a single si{lica tetrahedral sheet and a
single alumins octahedral sheet combined in a unit so that the tips of the silica
tetrahedron and one of the layers of the octahedral sheet form e common Aayer.
All of the tips of the silica tetrahedron point in the same direction and toward

the center of the unit mede of the silica and octahedrsl gheets.
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The chloritie clay minerals mey be confused with the kaclinite minerals.
However, usually the thiyd erder at 4.7 A is seen to indicate the presence of
chlorite. Chlorites rich in iron frequently give weask first and third-order
reflegtions, end differentiation from keelinite is particularly difficult.
| Kaolinite on heating te 550°C tends to lose its crystalline character,
vhereas chlorite &t thie temperature is enly partiaslly dehydrgted, causing increased
intensity of the 1% A reflection.

{c) Diite

Illites can usually be identified on the basis of Xeray diffraction
by their (00Q) epacings with the (0O1) at about 10 A. The 10-A line in Illite
ugually bas & band trailing off in intensity toward the low engle region. This
unlike in true micas 1s due to substitutional variations. Most of the 1llite clay
minerals are dioctsbedral though triocctahedral forms are locally common.

The structure of illite differs from that of montmorillonite by having s
greater charge deficiency and by having most of this greater charge loceted in the
surface layer of tetrahedrally coeridinated mm. Algso in the case of illite the
balancing cation between the Wrm is largely potassium. The effect of having the
charge deficiency ¢lose to the basal gurface combined with the small ioniec size of

the potassium fon renders the layers nonexpendable and the ions nonexchangeable.



() Cnlorite

The chlorite siruciure consists of alternate mica«~like and brucite~
like layers. 7he layers are continuous in the a end b dirmensions and are stacked
in the ¢ direction with basal cleavege between the layers. 7The micae layer is une
balanced .by subgtitution of sluminum for silicen; and this deficiency of charge ig
balenced by an excess charge in the brucite sheet of aluminum for Mnim.

The characteristic 1k A spacing is not changed with moderate heating, nor
ia ;t changed by treatment with ethylens glycol as it is in the montmorillcenites.

() Mixed-layer minersls

‘Mixed layer structures are of two different types: regular and random.

The random mixgd leyer mineral is very eommon in sedimentary recks. Weever (9)
suggests that if minor envirommental differences eax; be determined by elay mineral
studies the mixed layer eleys hold the answer.

The trioetahedral clay minerals including montmorillonite, 1llite, chlorite
and vermiculite form similar flske shaped layers. The type of interlayer cation
determines the clay type. A non-mixed layer elay will contain the same type of
cation between each layer. Eom;nr, if 5 or 16 layers contain one type of cation

and enother 10 or 15 layers contain a different cation, a mixed layer cley is the

result.
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The cause of mixed layer minerals preferentiaslly adserbing certain
cations in preference to other cations is probably due to minor difference in
substitution within the octahedral and tetrahedral layers.

ITI. SAMPLES USED IN THIS STUDY

A brief description is given below of the samples used in this study.
ALl samples vere collected by Dr. Fen in the sumer of 1951, Samples collected
wvere of very recent deposition; i.e., the mgueous mud of elurry-like consistency.
Figure 2 shows the traverse followed around East Bay. Geographic date were taken
from USGS Chart 1282, “Galveston Bay and Approaches.”

Samples 1 through 6. The first leg of the traverse lies in a line ex-

tending from Port Bolivar north to 8Smith Point. These samples represent a dividing
line between Galveston Bay to the West and East Bay te the Bast. Hanns Reef Bisects
the traverse along this line.

Samples 6 through 10. These samples were gollected along the northern

side of East Bay approximately one mile from shore, east, to a point near Robinson
Beyous

Samplu 10 through 12. This leg of the {raverse extends from Robinson

Bayou, souih, te Marsh Point. RKast Bay at this point is gbout twe miles wide.
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Sermles 12 through 21, Samples collected along this traverse extend

from Marsh Point, west to Baffle Point along the northern side of Bolivar Penine
sula.

On the basis of area, the samples collected encompass an area of approxia.
mately 60 square nautical miles.

IV, EXPERIMENTAL RESULTS
A+ Particle 8ize Anslysis and Methods of 8ample Preparation

1, Procedure: Samples were dispersed on s Hamilton Beach #30 mixer
for 1% minutes at high speed., The smount taken on each sample
varied in a rough proportion to the smount of high viscosity clay.
That is, samples cbviously high in clay were lower in weight dise
persed than samples high in sand.

Dispersion of the clay was facilitated by the eddition of a
solution of sodium hexe-meta phosphate to maximum fluidity.

After stirring st high speed, samples were aged overnight or
longer to allow the samples to come to equilibrium. Samples vere
restirred five minutes at low epeed, then poured over standard 8
inch sieves.

Screen sizes used were 20, 100, 200, end 325 mesh. In each

case, & gentle stream of water was used to sssure that all sizes
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.

finer then that indicated were washed through to the coliection
vessel.

The plus 20 mesh fraction in all cases consisted of shell
fragnents, weeds, ete., and consequently was neither messured nor
mtaw for study. The 100, 200, and 325 mesh fractions vere
dried tela constant weight at 110°C and the emount retained in
each case m recorded.

The minus 325 mesh fraction was filtered from 3 to T times, to
zero or trace C1” and 80, % content. Filtration was carried out on
a Baroid lsboratory filter press, Model 302 using distilled water.
Details of the equipment may be found in an article by Weintritt and
Perricone (10). The solids free filtrate after each filtretion was
tested for cloride ion with Agm3 and sulfate ifon with an acidified
solution of BaCls.

After each sampl»r vas adjudged free from soluble salt and theree
fore no dangpr of flocculation due to residual salts was feared, the
samples were redispersed and separsted into two fractions (-bl, £2
micron) and (-2 micron) by Stokes law sedimentation measurements.

The separation was continued until all particles greater than 2
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.

micron settled out in' the required pericd of time for the given
beight of the sedimentation tube used. Thia usually required from
two to four settling periods.

The purpose of the separation was %o concentrate all of the
clay mineral into the -2 micron fraction. The sbsence of the 26.4
degree 2 O quartz pesk ian all of the samples X-rayed indicetes the
separation wes gquite good.
Regults: The objective of this investigation was charscterization
of the clay fraction, Hence, the weight dilution of the clay sample
by non~clay minerals is of greater importance than their routine
identification and elsesification by the ususl size sorting charts.

Figures 3 thraugh 6 show the percentage of each particle size
fraction in relation ¢to its weight dilution of the c¢lay mineral.

From Pigure 3 it is shown that the plus 100 mesh fraction is

. present. in the largest amount on the south side of East Bay (#13 to

21) and also in the area from Hanna Reef south to Port Bolivar (#1
to 3).
In Figure 4 an analysis of the 100, 4 200 mesh non-clay

fraction indicates a minimum weight dilution of the sediment in an
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area influenced by the physical barrier of Hanna Reef and the northe
vest side of East Bay (# through 7).

The weight distribution histogram depicted in Figure 5 shows
that in the »200, + 325 mesh range, tha East Bay area has the greatest
homogeneity. That is, there is less spread between samples than on
any other size fraction.

In the ik, 42 mieron size fraction as shown in Figure 6 it is
observed that the fine noneclay materials are deposited in roughly the
panme ratios as those of the ¢lay minerals plotted on Pigure 7. From
this 1t may be coneluded that the same forces responsible for deposition
and retention of the clay minerals in any area of East Bay have had
the same effect on the very fine noneeclay fraction.

By "a priori™ reesoning it appears feasible that as non-marine
kaolin and montmorillonite were introduced into the bay, presumably
from the Trinity River and nearby bayous, tidal currents and other
lagoonal forces that transported the clay minerals to their present
deposition site were of sufficient magnitude to ecerry along the -4k,
# 2 micron fraction in spproximately the same ratio. On a weight

basis, it will he noted from these two figures that there is about
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twice a8 mch elsy as non-eclay.

It may be concluded from curves 3 through 7 that there are two
important fectors at the present time « physical and chemical.

Figure 8 has been prepared to show this fact in snother manner. The
first three curves at the upper part of the graph are in an area bee
tween Hanna Reef and Port Bolivar. This is also the deepest part of
BEast Bay and therefore indicetes stronger t:.m currentsa. In this
reglon, the noneclay minersls predominate while the clay minersls are
of lesser welght distribution.

The last three curves are in s sballow aree surrounded by Hanns
Reef and the land on the north-west gide of East Bay. In this ares
the clay minersls make up the prominent constituent on s weight basis.
Purther evidence of sedimentary sccumulation by particle size lies in
the ratio of montmorillonite to kaolinite and illite. Ksolinite and
11lite will slvays have & larger particle size then montmorillionite
because of the f!memce in ionie ecordination and substitution.
Hence, the particle size distribution by weight ss shown in Figure 6
on the -hli, £ 2 mieron size, should be carried over as & proportion

in the cosrse clay minersls (Keolinite and illite). Inspection of



TABLE 1

Weight-mze Distribution

| Welght Distribution, Percent

20

2417y 1Y) - 15 - I

Particle Size, micron A9 & Th 4y o4 2 -2
Sample #1 20.92 62.84 7.45 3.86 L,

Sample #4 0.31 5.4 8.71 30.80 55.03
Sample #6 0.13 1.13 +30 31.95 62.47
Semple #3 0.55 12.19 17.80 25.09 Lk, 36
Bample Oe ﬁh 8. i12.32 30.66 h8.63
Sample #13 3.63 60.96 8.72 8.13 18.57
Sample #16 26,92 L6, 74 8.15 6.9% 11.26
Semple #17 17.37 61.09 8.1 4.38 9.06
Sample #18 .1h 23.13 9.56 25.85 38.32
Sample #19 .80 8.97 h.TT 26.03 550k
Sample #20 1.64 19.41 24,03 22.20 32.71
Sample #21 16.78 35.22 21.26 11.97 14,78
Average 6.83 29.82 11.20 8.5 33.7h
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Figure T shows this to be tm.’ A detalled analysis is given in
Table 1.

As regards the other factor, that of chemical forces, the
identification end quantitative measurement of illite shows that
this mineral is present in varying amcunts in all 21 samples. The
weight size distri‘bgtion histogram of Figure 7 shows that the amount
of 11lite present in any one sample 1s equal to about 1/3 of the
total amount of clay in all samples. X-ray data suggest that the
illite present was formed from degraded or alkall poor montmorillonite.
This phase of the investigation will be discussed more thoroughly in
the section on Xeray analysis.

B. X-Ray Analysis

1. Procedure: Preparstion and selection of the -2 mcrm? fraction was
described in the previous section. The fraction reserved for Xeray
analysis was left hydrated and stored in sealed Jars until needed.

8lides for X.rsy analysis were prepared as follows: The dilute
slurries vere poured onto standard 27X46 mm. microscope slides and
alloved to air dry. The dried slides were gtored in san stmosphere

of 50% reletive humidity. The humectant used wes sodium nitrate.
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Slides were aged 2 hours or longer in order to allow adsorbed
interplatlet water to reach equilibrium for the type of exchange
‘ions edsorbed on the clay. This Vechnique of orienting the elay
nicelles was similar to that used by Willisms, Neznayko end
Weintritt (11) end others.

To insure uniform results, all slides were X-rayed starting
st the low angle. This technique sllows time to run through the
humidity sensitive montmorillonitic basal spacings before the water
econtent is altered by a different water vapor pressure in the room.

On completion of the 50% reletive humidity X.ray curves, the
oriented slides were placed in s dessicetor type vessel containing
ethylene glycol and heated to 60°C for one hour. This technique was
descrived by Brunton {12). It serves to increase the (004) spscings
of expandable clay minerals and facilitates their identification.
The use of ethylene glycol has been used frequently in clay mineralogy
since its introduction by Bradley in 1945 (13). MacEwan (14) end
others have adequately'aeaeribed the theory of the adsorption of

organie liquids by elay minerals.
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After glycolation, samplea were allowed to c¢ool to room
temperature and were then X-rayed. The glycolated pample curve
served as the bapls for the quant;tative estimation of the clay
minerals using the technique of Hathaway end Carroll (8).

Third step in the treatment of the oxﬁ.ented ¢lides was their
heating in & muffle furnsce %o 400°C at the rate of about 10°¢ per
ninute. Samples were cooled rapm_ly_ and allowed to come to equilibe
rium with room onditions; after which, each slide vas X-rayed.

The fourth step was to again heet the samples to 500 « 550°C
and Tepest the X-rsy enalysis.

The sbove descrided series of steps were necessary in oxder %o
ascertain the presence of mixed layer ¢lay minerals including vere
miculites and chlorites. The technique while seemingly eomplicated
i3 necessary because of the identical specings of ksolinite, chlorite
and some mixed layer c¢lay minerals of questionsble erystallographic |
constitution and chemical composition. The theory of this technique
ia best descrived by Johns, Grim end Bradley (7), Weaver (9) and
Hatheway end Carroll {8).

All analyses were on & North American Phillips Recording High™



.

The cause of mixed layer minerals preferentially sdsorbing certain
cations in preference to other cations is probably due to minor difference in
substitution within the octahedrsl end tetrahedrsl layers.

ITI. SAMPLES USED IN THIS STUDY

A brief description is given below of the samples used in this study.
All samples were collected by Dr. Fan in the summer .af 1951, Samples collected
vere of very recent deposition; i.e., the aqueous mud of slurry-like consistency.
Figure 2 shows the traverse followed around Esst Bay. Geographic data were taken
from USGS Chart 1282, "Galveston Bay and Approaches.”

Samples 1 through 6, The first leg of the traverse lies in a line ex-

tending from Port Bolivay north to Smith Point. These samples represent a dividing
line between Galveston Bay to the West and East Bay to the East. Hanna Reef Bisects
the traverse slong this line.

Samples 6 through 10. These samples were collected along the northern

side of East Bay approximately one mile from shore, east, to a point near Robinson
Bayou.

Samplgs 10 through 12. This leg of the iraverse extends from Robinson

Bayou, south, te Marsh Point. East Bay at this point is sbout twe miles wide.
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.
Angle Spectrometer, using Cuk, redistion at 35 KV, 18 MA. Normal
scenning speed was 1 degree/min. Amplifier settings were: BScale
Factor 16, Multiplier 1.0, and a Time Constaut of 8. The receiving
slit vas 0.003 inches. The goniometer was run from 2 to 40%, 20.

In order to more clearly define the ssymmetry of the monte
morillonite (001) spacing, ebout half of ﬁhe sanples were run at 1/2 degree
per minute snd s higher smplification (Scale Factor of 8). In these c;ses
it was only necessary %o scan the geiger muller tube to 1li degrees 29 since
the Bln © values drop off rapidly at higher sigles asd can therefors be
nccurately resolved at high chart speeds.

Results: Figures 9 and 10 are photographs of several typical spectrometer
curves teken after each type of treatment. Because mseny of the samples
wvere taken elose together it was not surprising to note that from the
viewpeint of dlagenetic differences there was little varistion in the re-

sults obtained. However, to the extent that each sample was studied the

results gre gited below:

Sample 1.
(2) 50% RE. Momt. (001) « 1%.9 £. No higher orders. Only brosd bends.

I1lite (001) - 10°A. Distinct. Other (00.) series well defined.

Kaolinite (001) = 7°A. Distinct.
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(b) 60°C. Ethylene Glycol. Mont. {001) shifted to 16°A. No higher

orders. Only broad bands. Indicates random interstratification.
Sample 2.
(a) 50% RE. Mont, (001) peek is brosd., Extends from 12.6 to 1k f.

No higher orders.

(v) 60°C. Ethyleme Glycol. Mont. (001) peak shifted to 16.7 £.

(¢) 400°C. Mont. pesk collapsed to 10 X. Some rehydration appsrent
at higher angles probably due to z;et being cooled and kept in a
desiceator. Intensity of 7 & Kaolin peak not decressed. Indicating
that if chlorite had been present dehydroxilization of the 7 R
chlorite peak at 400°¢ \f;uld result in a decrease of the relative
intensity at 7 £ and en increase of the R peak.

(2) 550°C. Semple run on & broken fragment et high amplification.
Kaolin 7 2 peak gone. No residual chlorite at 1k &, 7 K or 3.5 1.

Benple 3.

(a) 50% RH. Mont. {001) peak st 1k.2 1.

(v) 60°C. Ethylene Glycol. Mont. (OOL) peak shifted to 16.7 X.

{e) gso"c. Same 88 2 €.
(a) 550°C. Kaolin 7 % peak gone. ALl Mont. Collapsed to 10CA.

No chlorite peeks apparent.



Sample &,
(a) 50% RE. Mont. (001) peak at 1.2 to 14.9 &.

(v) 60%. Ethylene Glycol. Mont. (001) pesk shifted to 16 X.

Indicates some random interstratification.
(e) 100%. 8ame as 2e.
(a) 550%. Bame as 34.
Sample 5.
(a) 50% RE. Mont. (001) at 14.k R, Peak ssymetrie to right.
Indicates random interstratification toward the sodium side.

(b) 60%. Ethylene Glyeol. Mont. (001) shifted to 16.9 .

(e) b0o%c. BSeme as 2e.

(4) 550%C. Same es 3d.

Bample 6.

(a) 50% RE, Mont. (001) st 4.2 . Assymmetric to right. Bame es 5a.

(b) 60°¢. Ethylene Glycol. Mant. (001) shifted to 17.0 K.

(e) ‘}t_g_ifg_; ﬂame as 2¢.

(@) 550°C. Bame s 34.

Sample 7.

(a) 50% RE. Mont. (001) at 12.9 to 14.2 X.

{b) 60°C. Ethylens Glycol. Mont. (QOL) shifted to double peak at




16.6 and 17.3 A.

(¢) 1400%°c. Double peak of 7 b spparently unimportsnt. Intensity
of 7 & peak unchanged.

(a) 550°. Bame ss 3d.

 Semple 8.

'(a) 50% RH. Mont. (001) bas shoulder at 12.2°4, 13.6 and & broad
pesk at 14,0 to 14,7 £,

(b) 60°C. Ethylene Glycol, Mont. (001) shifted to 16.7 &,

ke) 400%. Same as 2e.

(a) ﬁgfg; Though TA Kaolin pesk not completely destroyed residual
peek could not be chlorite since no significant 1b 2 cnlorite
peak is apparent.

Sample 9.

(a) 504 RH. Mont. (001) peak at 11.8 and 12.4 R.

(b) 60°%C. Ethylens Glyeol. Mont. (001) peak shifted to 16.4 X. No

higher (00f) series indicates random interstratifiestion.
(e) L00%C. Bame es 2¢.
(@) 550°C. Same es 3d.
Sample 10.

(a) 50% RH. Mont. (001) peak at 14.0 . Brosd peak indicates

32



randam intersiratification.

(b) 60%. Ethylene Glyeol. Mont. (001) peak shifted to 16.7 .

(e) 100°C. BSame ms 2c.
(a) 550°C. Seme es 3d.

Bamplﬁll-

() 508 RH, Mont. (001) at 13.6 to 14.0 £, Pesk ssymetric to right.
To higher (004) series hence has random mixture of mono snd divalent

ecations.

(b} 60°C. Ethylene Glycol. Mont. (001) shifted to 16.9 X.

(ﬂ) &-009 +» Same as 2¢.
Sample 12,
(s) 50% RE. Mont. (001) peak s broed and esymetrie to the right (14.7R).

(b) 60°. Ethylene Glycol. Mont. {(O01) pesk shifted to 16.7 £.

(¢) 400%C. Bame as 2c.
Sample 13.
(a) 50% RH. Mont. (001) pesk is brosd at 13.1 K.

(b) 60°C. Ethylene Glyeol. Mont. (001) peak shifted to 17.0 A.

(e) 500°C., Sample was test fired between the uwsual runs of 40O and

550%¢, to observe effect on T { pesk. Results show partial collapse
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LY
of Kaplin. Not @Que to Chlorite since there was no corresponding
increase at 1k K.
Sample 1’*»
(a) 50% RH., Mont, (0Ol) exceptionally brosd. Shoulder at 11.6, 12.2

and vide peak et 14.0 £,

(v) 60°%. Ethylene Glycol. Mont. (001) shifted to 16.7 3.

(¢) 400%, Same es 20.

(a) 550°C. Seme as 3a.

Sample 15,

(s) 50% RE, Mont. (001) et 14.5°A, Pesk ssymmetric to right.

]
(b) 60°¢. Ethylene Glyeol. Mont. (001) shifted to 15.5 A.

{c) 32_039_;" Same ns 2¢.

(a) 550°c. Same ss 3d.

Semple 16.

() 50% RH. Mont. (0OL) peak at 14,0 £. Broed bend. Asymmetrie to
right.

(v) 60°c. Ethylene Glycol. Mont. (00L) peak shifted to 16.7 £.

(e) hOOaﬁn‘ Bame 88 2¢.

(a) 550°C. Bame as 3d.
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Sample 17,
(2) 50% RE. Mont. (001) pesk at 14.5 2.

(v) 60°C. Ethylene Glycol. Mont. (OOL) peak shifted to 17 f.

{(c) m Same as 2¢.

(a) 550°. same as 34.

Sample 18.

(a) 50% RH. Mont. (001) peak et 11.3 to 13.1.

(b) 60°C. Ethylene Glyeol. Mont. (0O1) shifted to 16.b4 K.

(e) __ho_gig,. Sanme ae 2¢,

(@) 550°C. Same es 34,

Sample 19,

(a) 50% KH. Mont. (0O1) pesk st 14.0 R. Asymmetrie to the right.

(b) 60°C. Bthylene Glyeol. Mont. (001) peek shifted to 16.8 .

{c) _l&O__Q:Q_.. Same as 2c¢.

(@) 550°%. Bame as 3d. ‘
Bample 20.

(s) 50% RH. Mont. (001) peak at 12.9 A.

(v) 60°. Ethylene Glycol. ' Mont. (001) peek shifted to a double peak

et 16.7 and 17 ﬁ.



Sample 21.
(a) 2% RH, Mont. (001) Peak at 12.2 Ro Broad.

(b) 60°C. Ethylens Glyeol. Mont. (0O1) pesk shifted to 16.7 A.

| (e) 299:’& Same ms 2c.
- {(8) 550%. Bame as 3d.

Quantitative estimation of the clay mineral distribution ia given
in Table 2, It was obtained from the area under the basal spacings of each
mineral after correction for diffraction effects was made. This was done on
'y Mmph (Figure 11) sdepted from Hathavay and Carroll (38).

Expressing the clay minersl content as percent by weight of total %
sample and plotting the re;ulta &8 an areal correlation around East Bay the
eurves of Figure 12 were obtained. As expected, the fine j}articls size mont-
morillonite 18 the dominant mineral in the quiet areas north of Hanna Reef and
along the north shore of East Bay. The coarser grain elay minerals predominate
ia the tidsl current areas. N

C. Base Exchange Analysis

1. Procedure: Because X.ray data indicated East Bay clay mineral con-

tent es being falrly bomogenous from sample to sample, only a few

representative samples were analyzed.




TABLE 2

Queantitative Estimation of

Clay Mineral Distribution in the

«2 Mieron Fraction

Clay Mineral Component

Percent )
Montmorillonite Jllite Keolinite
50 25 25
65 15 20
4g 25 30
ks 25 30
50 30 2
5 25 ko
5 30 a5
ks a5 30
(] ks 25
5 30 25
45 30 25
35 30 35
k5 25 30
hs 40 15
Lo 30 30
35 35 30
40 30 30
5 &5 20
'+ 35 25
50 25 25
35 ko 23
42.86 30.71 26.43
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Approximately 2.5 grams of semple (150 F.) are weighed in duplicate
to .0001 grams and transferred to round bottom 50 ml centrifuge tubes provided
with rubber stoppers. Each sample 1s dispersed in 30 ml of normel acetate solue
tion and shaken on a mechsnical shaking device for 1 hour at room temperature.

The mixtures exre sllowed to stand for sevemi m:lnuﬁea to permit aefiling. The
golids adhering to the upper part of the tube ere rinsed down with the cleer
supernatent liquid. The tubes are then centrifuged at 2500 rpm for 20 minutes

and the clear 1iquid decanted from the well packed residue into m 250 ml volumetric
flask, Ths regidue is suspended in 30 ml of one normal ammonium scetate solution,
end the sheking, centrifuging, and decanting operations repeated twice‘more.

The treated residue is suspended in 25 ml solox and shaken as described
for 1/2 hour. The residue is separated by centrifuging at 2500 rpm for 20 minutes.
The clear liquid is decanted and the mnﬁm'tmtcd three times more with Solox -
with alternste shaking and centrifuging as described.

The residue is suspended in 30 ml cold distilled water and transferred to
& Kjeldshl flask. The smount of nitrogen is then determined by the standard
Kjeldahl method and from the percent nitrogen, the B.E.C. in me/100 gram sample

was calculated.
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2. Results: As expected from X.ray data, the B.E.C. of the minus 2
micron fraction showa closely equivalent values. Table 3 shows
that samples taken at diammetrigaly opposite ends of East Bay have

nearly identical capacities.

Table 3. Base Exchange Capacity of Ssmples from the Esst and West Ends

of Bast Bay
s%‘ le No. BEC, m[l%
' - 6
10 69
11 : 68
12 \ 62

From » diagentic viewpoint, this means that the alterstion of
dioctahedral and trioctahedrel miner&lé 18 proceeding at the same
rate at either extreme of the Bay. Likevise, 1t may be concluded
that the important element in the distribution of the clay minerals

is largely 'j»hysical‘

D. ‘Differentisl Thermal Analysis
1. Procedure: Mpé.lu of the minus 2 micron fractions were dehydrated
in a convection oven at 150°F. and 1lightly ground with s mortar and
pestle to pass a 100 mesh sereen. Ground samples were placed in
the sample holder for analysis by techa;ques similer to those des~

eribed by Grim. Furnace temperature was linerally increased at 10
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degrees centigrsde per minute up to 1000°%¢. Some s@lea were run
in a nitrogen atmosphere for gomparative purposes.,

2. Results: The diffamt.ial thermograms are of no apparenﬁ value in
the study of recent sediments of the type found in East Bey. Peak
temperatures and slopes are indicative of the thermograms obtained
with random mixtures of diocWral and trisoctehedral clay
minersls.

The use of a nitrogen atmosphere sppeared to increass the intene
#ity of the peaks but this, in the case of montmorillonite, is of
lesa ﬁpoﬁm@ than the pesk temperatures themselves and of the
presence of ssymmetry or shoulders. Nitrogen had the greatest effect
on decreasing the exothermic reactions around 350°C.

Saversl examples are given in Figure 13.

V., SUMMARY AND CONCLUSIONS

Variations In the 4ype end distribvution of the tlay minersls are clearly
reflected in the spectrometer patterns. For the most part, the East Bay region is
fairly homogenecus with respect to preferential alteration of the elay minerals in

any one sector. It 18 not known in fact whether this diagensis is & reawlt of in
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situ transformation or whether all or part of the Illite was carried in by
terrestial sireams and deposited by ¢idel currents.

It is fairly obvious that in the restricted area north of Hanna Reef
and alm the north shore, wontmorillonite is eepecilslly sbundant. Bome evidence
is presented that suggests the asymmetry of the montmorillonite (0Ol) basal spece
ings toward the higher angles represents mixed layer minersls of random intere
stratification. It is probable that some of the montmorillonite is of the illite~ .
montmorillonite type.

1 Chlorite was not positively identified by the methods used, however, the
literature states that this does not rule out the possibility that an expandadble
type of chlorite mey be present. To determine this possibility, complete chemical
snd exchangeable lon snalysis would bave to be run.

Bage exchange e¢apacity figures on the ¢lay fraction appear in line with
the amount of montmorillonite present.

Differential thermogresms gave smooth average eurves, making the use of

this type of data of little value for the detailed study of recent sediments.
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