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INTRODUCT ION

In an e f fcrt to determine locatable bentonite deposits in the

western United States, selected deposits were sampled in the

Riverside District, BL.M, during the summer of 1977- Shown in

Figure I is an index map showing deposits examined. All of the

bentonite localities sampled have had some past production, and

all are currently under placer mining claims.

Samples were taken to determine the following cha racter i s t i cs

:

1

.

Chemi st ry

2. Mineralogy

3- Physical Properties - Viscosity and Water Loss

This report, therefore, treats only the above, properties of the

bentonite ar.H in no way is meant to be a validity determi na t ion o"

any of the depos i ts

.

Samp le Locat ions

i. Summit Range - San Bernardino County

Sec. 29, 30, 31 , 32, 72SS, R^IE

2. Gunn Deposit - San Bernardino County

Sec. 22, T10N, R2E

3- El Centre - Imperial Countv

Sec. 19, 20, 29, 30, TUS, R12E

A. Coyote Mountains - Imperial County

Sec. 6, T16S, RSE





Figure 1. ~C£x Map o T~ Southern California Showing Sar,c ] e

Locations from Selected Bentonite Deposits A. 1

>eoosits Sampled are in Riverside District.





I I . ANALYTICAL TECHNIQUES

A. X-Ray Diffraction Studies

All samples were examined for ni nera log i ca ! phases, and clay

content by x-ray diffraction. Samples were run by both

oriented and unoriented techniques in order to show both clay

mineralogy and general mi nera log

i

cal content. The samples

were scanned from 3C°29 down to 3°26 at 2°26/mi nute. All x-ray

diffraction interpretations were done by the author.

B. Exchangeable Chemistry

Selected samples were submitted to Coo's Spectro-Chemical Labs

for determination of their cation exchange capacity, exchangeable

cations and soluble cations. Exchangeable and soluble cations

+ + ++ ++ +
aererr.ined were Na , K , Co and Mg . in addition, Li was

determined on selected samples from the Summit Range and Gunn

depos its.

C . Phys i ca 1 P^'opert i es

Al; of the samples collected were sub" 1 it tec; to the BLM Denton ite

testing laboratory at Worlanc, 'Wyoming. Only viscosity and water

loss tests were obtained since these two properties are most

inoicative of the chemistry o* the bentcnite and also its

po t en 1 1 a I comme r c i a 1 value.





RESULTS

A. X-Ray Diffraction Analysis

Shown in Tacie i is the compilation of the major and minor

ni neralog i ca 1 phases. Major phases we r e arbitrarily selected

as those whose major diffraction line nad an intensity which

exceeded a scale of 50 on the XRD pattern. Minor phases had

less than 50. The determination of Ca or Na montmor i 1 Ion i te

was nace bv measurement of the (001) diffraction line. General

guideline used consisted simply of calling ail (001) reflections

with spacings less than 6
C
25 c greater t~ar 1*4 . 7E as calcium

rich bentonite, and those with spacings greater than 6.5°26 or

less than 13-5 a as high sodiu"" bent.onites. Benton i te with

their (001) peaks between 6.0 and o.5°26 were simply referred

tc as intermediate or mixed Ca and Na bentonite. This, procedure

is not meant to be exact but only to indicate high sodium anc

ca i c i
ur bentonites. Tnc technique does acoear to make this

r1 :1 i s t i nc ; i on , as shown Pv core;

the Na/CaMg ratios obtaine;

x-rav determination wit'

the same

As show - in Table 1, both of

Imperial County btc Za Denton

high amounts of i Tipur i t i es , z

i"pu r :ties ; nciu::e gypsum spc

e sar-^'ec bentonite deposits in

:es. In addition, they contain

-.arilv qu£":2 and ca 1 cite. Minoi

:

e 1 dspar -
i nera 1 s .

The bentonite sampled at the ~eoos<t in Su— it Ranee varies

from high Ca bentonite to a r
i .-:ed calcij- and sodium bentonite
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to a Na bentonite. Major imourities in all the samples were

cristotalite and tridyniite. The zeolite, c 1 : nop t i i o 1 i te , is

a common contaminant of this deposit as well as quartz, calcite

and feldspar minerals. The presence of Cristobal ite and

tridynite would indicate that this bentonite was probably formed

at a low temperature by diagenetic alteration.

The Gum bentonite deposit is the most interesting in so far as

Its mineralogy is concerned. X-ray analysis indicates a suite

of clas minerals wnich would indicate some low temperature

hydrotnermal activity. For example, one sample collected a'ong

a small fault zone was a mixture of sepiolite and hectorite.

Also a sample collected just below its contact with the

Pleistocene Alluvium is believed t.o be a very pure saponite.

In actition, the Gunn deposit also contains zeolites, primarily

cl i nop* i lol i te and a second zeolite not yet identified. The

cl i nopt i lol i te occurs intermixed wit 1

, the bentonite anc also as

somewnat purs monorni nera 1 i c bed?. Common impurities beside the

zeolites are calcite. quartz and gypsum.

Chemi s t rv

The excnangeable chemistry of the bentonites is an indication of

thei" ! en exenange capacities a"d also their potential swelling

characteristics. It has beer, shown tnat predominantly sodium

bearing bentcnites have high swelling (viscosity) prcce r ties





while low sodium or high calcium bentonites have low viscosities.

The chemistry then can be used as a guide for predicting tne

commerical application, if any, of the bentonite. Shown in

Table 2 is the exchangeable chemistry of selected samples. The

samples were selected for chemical analyses after the x-ray

and physical property analyses were obtained, thus those samples

selected were representative of the deposit.

Tne chemistry of the two deposits in Imperial County show that

botn arc essentially high calcium bentonite deposits. The

Na/CaMg ratios are very low, indicating an exchangeable calcium

and magnesium content of 75 to 95%-

The bentonite deposit in the Summit Range is essentially an

intermediate Na and Ca ciay. Two samples had Na/CaMg ratios of

0.82 and . 8A or a sodium content of k^-k^,%. The others had

somewhat lower Na/CaMg ratios, thus approach inc a high calcium

4>

type bentonite One sample was also tested for exchangeable Li
,

'which, would indicate the highly desirable Li rich variety of

bentonite known as hector ite. This sample showed only 0.05

+
meq/100 gm of Li which would not indicate nectcite. The solubi'

+
Li content was also very low.

The Gunn bentonite oepos i t is highly varied in its exchangeable

chemistry, with the four samples tested having Na/CaMg ratios

ranging from I. 3 down tc 0.14. The sample with the high Na/CaMg

ratio would indicate a high sodium bentonite of the type commonly





found in Wyoming. This deposit was also checked fo" Li content

because of its close proximity to the NL Industries hectorite

deposit at Newberry Springs, California. Both samples showed

+ +
less than 0.05 meq/100 gm o f Li . The amount of soluble Li

was slightly higher, 2.0 meq/100 gm which may indicate Li

enriched clays somewhere within the deposit.

Physical Proper t i es

The viscosity and water loss values indicate the swelling

characteristics of the bentonite. High swelling bentonites

commor.lv find markets in the drilling mud, taconite e~c steel

foundry industries. Low swelling bentonites commonly = re used

as animal feed bincers, binders in the gray Iron foundry markets,

pvr-d sealants and pet adsorbents. Water loss is also an

indication or viscosity or swelling and also is a measure of

potential use. Bentonites with high water loss values would be

restricted in uses to much of the same markets as Joi% swelling

benton i tes

.

The physical properties cf the bentonites are shown ' - "'able 2

with the exchangeable chemistry. The aeposits in lmpe r ial County

are low in viscosity and have very high water loss. T-cse in

the Summit Range have viscosities from 30 to 70 bbl/ton and water

loss values from 21 to 33 m ''

. This would indicate that the

bentonite in the Summit Range ma> be a little more versatile

in its uses because of its higher viscosity and iowe r water loss.
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The jjnn deposit varies widely in its physical properties

because of its chemistry and mineralogy. It nas zones of high

viscos ; tv benton ; te and other areas where the viscosity is

moderate to low. Water loss values are also highly variable,

but generally are lower than for most Tertiary age bentonites.

V. DISCUSSION

The four cecosits sa.mcles in the Riverside District are all Tertiary

age bentonites. The one deposit just west of El Centre is probably

younger t~=" the others and may even be ea'ly Pleistocene in age.

A. Imperial County Bentonite

This centonite, using the classification proposed by Regis ,- l$77)

is of t'ne high calcium, type. Such a bentonite ; s somewhat

restricted i ;i usage to animal r eed binders, pet adsorbents and

otne* _ses not requiring a swelling type bentonite.

5. Su~~ :

t Range Bentonite

This deposit would be classified as ?.~ : -ite rmed i at e or Ca-Na

bentonite. There may be zones whe r e the viscosity and water loss

coulc ~a-se it valuable for drilling mud, taconito and steel

foundr\ uses. Based on the samples ta^e^ f ro- this deposit,

howeve", its uses would be similar to these listed for t
u e

bentonite in Imperial County. In addition, this bentonite

couic " i n<j some markets as pond sealants, r ese r voir linings

and ocssible some civil enqineerinc applications.





Gunn Eer.tonite Deposit

Th ; s sentonite is highly variable in mineralogy, chemistry

and physical properties. The sarrples collected at tnis

deposit came from a 55 £oot section of intermixed clay

minerals, zeolites and calcite. Shown in Figure 2 is an

idealized section of the deposit showing tne relative sample

localities. The thickness of this zone was measured from

its upper contact with alluvium to the bottom of a lone narrow

excavation on the Jule claim, near the 5E1/A NW1/A Sec. 22,

T10N, a22E. This deposit appears to be ar. erosional remnant

anc -.a; orobably much large" in early Pleistocene time. The

thickness of the Pleistocene overburden is variable, but in

archec i og i ca 1 control pit r
'

]
, the aliuviu- reaches a thickness

of 7~ ~eet, without reaching the tert:a"> seciments. Roughly

outlined tne bentonite exposures on aerial photographs, and

using ar, average total thicr.ness of a' :
-
e bentonite bees. ':

is douDtful if more than 15C,0C0 tons of Dsntonire occurs in

this deposit, regardless of quality.

The classification of the Gunn bentonite would orobably ie

similar to that in the Summit; Range, an ; " termed i ate Ca-N'a

bentonite. Tne uses would be tne same as discussed ear i
: er

The io.. water loss values which the deros " t aopears to have

would make it valuable for pond sealants. Tne re may be zones

of hlcn Ha bentonite, out the complex: 1\ z~ the whole

sedinemary sequence could make a ccm~e"c : a' venture costly.
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Pliestocene alluvium - at least SO' thick.

Brownish bentonite and/or saoonitic clay. At

1 east 1
' thick.

Very white zone, mixture of calcite, clay and

quartz minerals. Approximately 10-15' thick.

///zpyirx*. Green bentonitf
i

2 ' h i c i-

X-Cn&~
\

l

Intermixed zone, at least 23' thick, ^ade up of

'1

layers of :offaceous sandstone, s~a':e, bentonite,
zeo 1 i tes

.

i ct race ancstone. nppi -a re iv 5' thick.

vvx --

! / // / ,

i White to crav to tar. col
j ,

/i Approx i mate > y 6' thick.

Green Pentonite. Approximate! th i ck

cm; c i o u s hot s p r i n c d epo

Some clav intermixed. At leas:

:ton not exposec

exposed

.

?gure 1. Idealized Section nrcug r
' "er-i;

Location is approximately in the

Sec. 22, 713N, R2E.

x - sample 1 oca 1 i t i e 5 a n c e

pha se or v i s cos i : \

.

Sed i men t Zone

St 1/4 SW 1/4

tner x-ray
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