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Assrnecr
Portions of a southern California pegmatite have been replaced by a clay min-

eral. The original material appears to have been chiefly feldspar, and the clay
mineral has the chemical composition and the optical and r-ray properties of mont-
morillonite.

OccunnBNce

There is an abandoned quarry about 2 miles north of Claremont,
Los Angeles County, California, at the head of Indian Hill Boule-
vard and 0.6 mile north of the San Bernardino base line. The
quarry is in weathered bedrock at the very base of the south slope
of the San Gabriel Mountains. The rocks exposed in the quarry
are rotten quartz-biotite schist dipping gently southwest, and rath-
er fine-grained pegmatite in bands a foot or two thick and roughly
parallel to the schistosity of the country rock. The pegmatite is
composed of abundant qvattz, orthoclase and albite, with rare
biotite. Most of the feldspar is dull and cloudy. The feldspar crys-
tals range from j to 10 mm. in diameter; small feldspars may occur
together, making somewhat larger masses. At the northeast end
of the quarry in its present (1933) condition part of a pegmatite
band, shown in fig. 1, is entirely made up of white to very pale
buff clay, containing scattered quartz grains. This part of the
quarry is about 20 feet below the original, sloping surface of the
ground. That surface was covered by dense chaparral, and roots
extend to a measured distance of 22 feet below the surface and
probably farther, penetrating here and there the clay zone shown
in fig. 1, but not notably abundant in it.

The irregular, branching clay zone occupies the upper part of a
pegmatite band, just beneath rotten schist, and averages 1 or 2
inches in thickness. It shows litt le or no evidence of fault sl ip or
vein filling, but is merely a completely altered portion of the peg-
matite. Toward the margin of the zone there is more and more
pink feldspar embedded in the clay. The fairly firm pegmatite ad-
jacent to the clay zone contains small, irregular areas of the clay
mineral. Thin sections were preparecl from partially weathered
pegmatite collected at the edge of a downward extension of the
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clay zone. With a magnification of 1800 diameters it was seen
that the cloudiness of the orthoclase and albite is chiefly due to
elongated cavities I to 12 microns in length. In some cases the
cavities are parallel to the cleavages. Some inclusions of mica and
other minerals were seen, but no clay mineral. It is concluded that
the clay mineral (montmorillonite) is not the result of particle by

l-ffi=€ffi t.:ll
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anil- gcarl;.

Frc. 1. Sketch showing occurrence of montmorillonite,
Claremont, California.

particle alteration of feldspar in place, though it may be that new
crystals of montmorillonite have grown in space vacated by the
wasting of the feldspars. Perhaps the absence of vein or geode or
other regular structures"in the clay is entirely due to its softness,
but in this connection it should be noted that no veinlets of mont-
morillonite were seen, even in crumbly, porous feldspar.

The purest clay was found to have a waxy appearance. Waxy
material to the amount of 2 or 3 srams was picked out by hand
for further study.
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Oprrcar, Pnopnnrrns

The selected material was judged from microscopic examination
(by Woodford) to be almost entirely one mineral, even though
the indices were not absolutely uniform throughout. The only im-
purities recognized were 3 or 4 small bits of altered feldspar and

biotite, and the total impurities exclusive of iron stain were es-

timated to be less than I/6.
The clay mineral occurs as a tangled mass of very small, flexible

plates, which are 5 or 10 or at most 40 or 50 microns across. There

is probably basal micaceous cleavage. Plates lying flat are prac-

tically isotropic. Plates on edge show interference tints up to

second order blue-green, indicating a birefringence of .015. Ex-

tinction is usually parallel or nearly so, with positive elongation,

but several plates with slightly inclined extinction were seen, and

one with 20o extinction angle and negative elongation. This last

grain is presumably an impurity. It is thought that in most cases

X is nearly perpendicular to the cleavage.
The indices of refraction of the air-dried material used for analy-

sis were determined in oils with white light, and the oils calibrated

with a Spencer Abbe refractometer, wnich was in turn checked

by test plates. Beta and gamma are commonly 1.491*.002, ex-

ceptionally as high as 1.496+.002, very rarely as high as 1.510*

.003. Alpha is some .015 lower, commonly 1.475-1.480+.002.

After standing 5 days over 52/s HzSOa to give a definite water

vapor pressure, the indices became more uniform, beta and gamma

1.490+.002; alpha 1.47 5+.002. A comparison of these indices with

those of other examples of montmorillonite is shown in Table I.

Tlsln I. Orrrclr- Pnopnntros or Moxruonrlr.oNrrlts

beta and
gamma

alpha 2V

Claremont, Calif . (Woodford)

Otay, Calif. (otaylite) (Wood-

ford)
Otay, Calif. (otaylite) (Ross &

Shannon, 1926' p. 95)

Montmorillon, France (Ross &

Shannon, 1926,P.96)

France (Montmorillon?) (Kerr,

t932, p. 197)

1 475 up

1 . 468-1 .485

1 . 4 9 2

1 .503

I .485

1  . 5 1 3

r .527

1.506

very small

16"-24"

500 .019

.o2l

.o24

.021
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The white otaylite, after standing 48 hours over 52/6 H2SOa, gave
values of 1.468 for alpha, and 1.487 for beta and gamma. We do
not understand the causes for the variations in montmorillonite
indices shown by Table I. The differences may be connected with
the amount of water present. Kerr (1931, p. 161) reports that the
values for moist bentonite from Ventura, California, were alpha
L470, gamma 1.481, and after air-drying, alpha 1.510, gamma
1.532. However, the Claremont montmorillonite is not unusually
high in HzO.

Cnn,utcar Colrposrrtox

Spectrographic analysis (by Dr. T. G. Kennard of Claremont
Colleges) showed the presence of abundant Al and Si, some Mg,
litt le Na and Fe, and traces of Cu, Ca and Ti.

A single chemical analysis was made (by Laudermilk) with re-
sults shown in Table II. C.

Teslp II. Cnnurcal ANer,ysps or MoNruonrr,LoNrrEs

D

SiOz
Tio,
AlzOr
FeOt
MnO
CaO
Mso
KrO

NazO
PzOo
HzO

Total

48.ffi%

20.03
t . 2 5
0 .  16
t . 7 2
5 . 2 4

21.52

50.3O7o

15 .96
0 . 8 6

1 . 2 +
6.  53
0.45
1 . 1 9

2 3 . 6 1

49.7070 .8275
0.28 .0035

22.10 .2168
2 .12  .0133

Trace
1.08  .0193
2.85  .0707

None
I  t7  .0189

None
2 1 . 1 4  1 . 1 7 3 4

98.5270 r00.2470 1o0.4470

A. Montmorillonite, Montmorillon, France. EarI V. Shannon, analyst (Ross &
Shannon, 1926, p. 90).

B. Bentonite (otaylite), crude selected white material near Otay, San Diego Co.,
Calif. J. E. Whitfield, analyst (Ross & Shannon, 1926,p.88). Slightly in error
as given, for constituents add up to 100.14/s.

C. Montmorillonite, Claremont, Calif. J. D. Laudermilk, analyst.
D. Molecular ratios of C.

Comparison with the other analyses of Table II shows that the
Claremont montmorillonite is somewhat high in alumina and low
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in magnesia. The molecular ratio of SiOz to AlzOr is 3.8 as com-
pared to the typical ratio of 5 suggested by Ross and Shannon
(1926, pp.87, 89). The formula of the Claremont mineral might
be written (Mg,Ca)O.2AlzOs.SSiOz. l2HzO, as compared with
the formula (H2,Mg,Ca)O.AlrOr.sSiO,  5-7HrO suggested for
montmoril lonite by Ross and Shannon (1926, p. 89).

X-Rev ExeurNarroN

Through the kindness of Dr. W. P. Kelley and Mr. W. H. Dore
of the University of California we are able to give the results of
L\ fi-ray examination of the Claremont clay. Mr. Dore determined
the r-ray powder spectrum, and obtained its intensity curve, as
given by a Zeiss Photo-electric Recording Photometer, from the
University Department of Physics. Otay bentonite (otaylite) was
used for comparison, with results shown in Table III and Fig. 2.

Tasla III. X-nev CouplnrsoN oF Cr-ennuoxr Cr,a.v m,to Oravr;rn

Claremont Otay

Dist.
to zero

line,
cm,

Inten-
sity

peaks

Dist.
to zero

line,
cm.

Inten-
c i  t v

peaks

Dist .
to zero

line,
cm,

Corr.
spacrng

Inten-
sity

peaks

Light exposure
(No. 1334)

Corr,
spacrng

A

Over-exposed
(No. 1376)

Corr.
spaclng

A

Over-exposed
(No. 1375)

2 8 5
3 . 2 3
+ - t J

5 .  1 5
5 . 6 5

Iun
[  6 . 7

7 5 5
8 .05
8 . 2
8 6
o 7

1 1 . 3
t l  . 7

5 . 0
4 . 4
3  .03
2 8 0
2 . 5 6
2 . 2 6
2 1 7
1 . 9 2
1 . 8 0
1 . 7 7
1 . 6 9
1 . 5 0
1 . 2 9 5
t . 2 5

2  . 8 5
3  - 2 3
4 . 8 0

5 . 6 5
6 4
6 6

8.  65
9 7 5

11 35
1 1 . 8

. 5 U
4 . 4
. t u

2 5 6
2 2 6
2 . 2 0

1 .68
1 .495
r . 2 9
1 . 2 4

2 . 8 5
3 2 3
4 . 8

J . O J

6 5

. ! . u
4 4
3 .03

2 5 6
2 2 3

1 . 6 9
1 495
1 295
| . 2 5

50
52.5
48

4 8 5
43

47
4 . 5
39
36

54.  5
5 9 .  5
.)r
45
52
M
43
3 7 5
35
.t.)

4 0 5
46
36
J . )

48
.tt,

46

47
42
42

43
38
.to

8 . 6
9 . 7 5

l l  J

r l  7
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Notes: The columns headed "corresponding spacings 4.," represent only ap-
proximate values for the interplanar spacings, but are nevertheless in satisfactory
agreement wit}l more accurate measurements made upon original ;u-ray films and
with data which are already in the literature. The heights of the intensity peaks,
given under that heading in the table, have only cornparative value, e.g., as between
Nos. 1375 and 1376, which were on the same original film. No. 1334 is added because
over-exposure snubbed the first peak intensities for 1375 and 1376 and obscured
other lines.

D O R E  k  L g 5 + . . . . .
t, fr L375 -
, ,  f l  L 3 7 6 - - ' -

2. X-ray intensity curves for Claremont (1334,1376) and Otay (1375) mont-
morillonites. Abscissas: cms. to zero line: ordinates: relative intensities.

Mr. Dore furnishes the following notes: "Spacings 1.115, 1.02 and
0.97 4., observed on the original r-ray fi lms, were represented on
the intensity curves by broad or irregular humps, and the exact
positions of the peak intensities cannot be given. On the other
hand, a small intensity peak occurs at about 6.5 cms., correspond-
ing to 2.26 to 2.t7 A. ttris spacing was not observed. on the original
tr-ray films 1334, 1375 and 1376, but similar spacings have been
observed in other montmorillonite patterns, both in the original
r-ray fi,lms and as peaks on their intensity curves, leaving little
doubt that this spacing should be included in the characteristic
Iist for montmorillonit-e. The sharp intensity peak at 5.65 cms.,
corresponding to 2.56 A., makes definite a spacing value previous-
ly reported as a broad band on the original f-ray films, correspond-
ing to a spacing between 2.60 and 2.48 L. The photometric work
confirms our original conclusion as to the identity of your material
with montmoril lonite. "

Frc
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DrscussroN

If one may judge from Lacroix's description (1895, p. 482) the

montmorillonite at the type locality occurs in sedimentary rocks.

The numerous well-established occurrences of montmorillonite de-

scribed in recent years (e.g., by Ross and Shannon,1926) are prac-

tically all in bentonite. The mineral may also be formed by sol-

fatar ic  act ion (Ross and Kerr ,  1931,  p.62) .Ross and Shannon
(1926) mention 3 possible pegmatite occurrences, one at the type

locality, a second in New Mexico and a third in Connecticut. As

to the first mentioned case, a communication from Dr. Ross states

that Ross and Shannon wished to emphasize the fact that in all

observable properties the material from the type locality is iden-

tical with the montmorillonite from pegmatites. They did not in-

tend to state that it came from an altered pegmatite. The New

Mexico example was not discussed by Ross and Shannon in any

detail. The Connecticut locality was fully described long ago by

Brush and Dana (1880). They found spodumene altered to "cy-
matolite," a mixture of albite and muscovite, and (p' 283) mont-

morillonite associated with partially altered spodumene and with

"cymatolite" and also as independent masses in the pegmatite.

Schaller (1905) analyzedpink halloysite from aPala, California,

pegmatite. After optical study, Ross and Shannon (1926) referred

to this material as crystalline "halloysite." It difiers chemically

from montmorillonite, but is similar optically. It has been sug-

gested (Eakle 1923, p.223) that some of the Pala pegmatite clay

may be montmoril lonite. Schaller in a later paper (1925, p.273)

perhaps implies for this clay an origin by weathering rather than

by hydrothermal action.
In the fi,ne-grained, uniform Claremont pegmatite there is no

reason to suspect the former presence of spodumene or other rare

rninerals. It is more probable that feldspars furnished the prin-

cipal part of the substance of the clay, as suggested above. We

think that the mode of occurrence and the absence of any evidence

of hvdrothermal alteration establish our case as one of weathering.
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