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LETTER OF TRANSMITTAL

To IIlS EXCELLKNCY, TlIK IIONORAHLE EauL AVaRREN

Governor of the State of California

Dear Sir: I have the lionor to transmit herewitli liuUetiii 163, Gyj)-

sinn in California, prepared under tlie direetion of Ohif P. Jenkins, Chief

of the Division of ]\Iines. Gypsum represents one of the important non-
metallic mineral commodities of California. It serves particularly two
of California's most important industries, aprieulture and construction.

In Bulletin 163 the author, W. p]. Xev Phinek, a member of the staff

of the Division of Mines, has prepared a comprehensive treatise cover-

ing all phases of the subject : history of the industry, geologic occurrence
and origin of tlie minoi-al, mining, i)rocessing and marketing of the com-
modity. Specific g3'psum i)roperties Avere examined and mapped. The
report is profusely illustrated by maps, charts and photographs. In the

preparation of the report it was necessary for the author to make field

investigations, laboratory and library studies, and to determine how the

mineral is used in industry as Avell as how it occurs in nature and how
it is mined.

This bulletin represents one of the results of the program of mineral
commodity studies in which the Division of Mines is engaged.

Respectfully submitted,

Warren T. IIannum, Director

Department of Natural Resources
June 20, VXrl
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GYPSUM IN CALIFORNIA
By William E. Ver Planck •

ABSTRACT

The know II >;ypsum rosourcps of California aro restricted to the southern and south-

enstern parts of the state. Gypsum (CaS0<-2II-0) most commonly occurs as rock

pyi)sum of liiuli purity interhfddcd with saline deposits or clastic sediments or as the

efilorescent, earthy variety fcypsite with a jjypsum content ranginK up to 80 per cent.

Gypsum of prc-Tertiary, possibly Paleoz<dc, age is represented by deposits near Mid-
land, Riverside County, where steeidy dipping lenses and beds of coarsely crystalline

rock )ryps""i are associated with mildly metamorphosed marble and clastic sediments.

Tertiary gyiisum deposits in California, associated with late Miocene or early IMioccne

non-marine sediments, are represented bj' the Fish Creek Mountains deposit, Imi)erial

and San Diego Counties, the Quatal Canyon deposit, Ventura County, and by a number
of small deposits in the Death Valley area and other parts of the state. Certain playas

contain abundant coarse selenite crystals that have been mined. Gypsite deposits,

formed by the evapi>ration tif frypsuni-ix'ariiii; ground water, occur in refrifms of little

rain and hi^'h evaporation. Gj'psite is niined in the southwestern part of the San Joatiuin

Valley, at Koehn Lake, Kern County, Carrizo Plain, San Luis Obispo County, and
has been mined el.sewhere in the past. Rock pypsum is quarried by methods and equip-

ment commonly used for obtainiiiK liroken stone. Underground mining has been prac-

ticed. Gypsite is mined with carryall scrajters and other earth-moving equipment. Agri-

cultural uses account for about half of the gypsum used in California, most of which
is used in the San Joaquin Valley. An estimated 90 per cent of the agricultural gyjisum
is gypsite mined within 200 miles of the farms, and the remainder is ground rock
gypsum. The portland cement industry uses uncalcined rock gypsum as a retarder. Most
of the rock gypsum produced in California, supplemented by gypsum brought from
Gerlach and Las Vegas, Nevada and from San Marcos Island in the Gulf of California,

is calcined by the plaster industry and made into plasters, wallboard, and lath. The
plaster industry is characterized by large integrated companies that own their own
gypsum deposits. California has five calcining plants, one in the San Francisco Bay
area, two near Los Angeles, and two in the southeastern desert close to gypsum deposits.

The metropolitan plants obtain gypsum from out-of-state sources.

INTRODUCTION

No complete study of the p:ypsum resources of California has previously

been published. There are, however, two geologic studies; both were made
when the California gypsum industry was in its infancy. The work of

Fairbanks ^ comprises a few remarks about the location and general char-

acter of the California deposits and brief descrii)tions of 15 localities. In

the winter of 1906 and 1907. F. L. ITess studied most of the then important

deposits and prepared the most complete published description.^ Hess was
among the first to realize the superficial character of the gypsite deposits.

In 1920 Iless' work was republished substantially in its original form,

together with some additional data contributed by other authors.^

The mining and processing of gypsum in California has not been sum-

marized although individual operations have been described in reports

of the California Division of Mines.

In the present report, the geologic occurrence, mining, preparation,

and utilization of gypsum are described. Except where noted, only those

deposits and operations actually visited are described in the text ; they,

• Assistant Mining Geologist, California Division of Mines. Manuscript submitted for

publication February, 1952.
. . .^ ^ , ^ ti. /-.

1 Fairbanks, H. W., Gvpsum deposits in California, m Adams, G. I and others. Gypsum
deposits in the United States : U. S. Geol. Survey Bull. 223, pp. 119-123 1904

' Hess, F. L., A reconnaissance of the gypsum deposits of California: U. S. Geol. Survey

8 Hess F L, California, in Stone, R. W., and others, Gypsum deposits of the United

States : U. S. Geol. Survey Bull. 697, pp. 58-86, 1920.

( 7 )



8 GYPSUM IN CALIFORNIA [Bull. 163

together with all others mentioned in the literature, are included in the

tabulated lists. The numbers following deposit, mine, or plant names refer

to the numbered localities on the index map (plate 1).

Time permitted the detailed geologic study of only three gypsum de-

posits, which are representative of the types found in California. They
are the Little Maria Mountains deposit, studied in February and March
1949, the Fish Creek Mountains deposit, studied in March and April 1950,

and the Quatal Canyon deposit, studied in May 1950. The Little ]\Iaria

Mountains study was undertaken as a thesis submitted to the School of

Mineral Science and the Committee on Graduate Study of Stanford Uni-
versity in partial fulfillment for the degree of Master of Science. This

material has been modified for inclusion here. Thirty-seven other deposits

were visited and are described briefly, some with the aid of large-scale

geologic cross sections. The location and accessibility of the deposits was
emphasized.
The descriptions of the processing plants are based on plant visits, sup-

plemented by recently published descriptions. Unfortunately, it was not
possible to visit plants of the United States Gypsum Company.

The Gypsum Industry

During 1949 the gypsum industry of the United States produced gyp-
.sum and gypsum products valued at $158,746,367. California was ex-

ceeded only by Michigan and New York in the tonnage of gypsum mined
in 1948 but slipped into fourth place in 1949.

The uses of gypsum are many. It is used uncalcined as an agricultural

mineral. In California as much as half the total production has been used
for agricultural purposes, although for the United States as a whole
gypsum plaj's a minor role in agriculture. In 1949 nearly 80 percent of

the agricultural gypsum consumed in the United States was sold in Cali-

fornia. The Portland cement industry is another large consumer of un-
calcined gypsum. Added in the amount of 2 to 3 percent to the clinker

before the final grinding, gypsum retards the setting of the cement. Other
minor uses for uncalcined gypsum include fillers, brewer's fixe, black-

board chalk, and many others. Alabaster of good color and high quality

is suitable for carving.

GjTpsum that has been partly dehydrated by calcining at low heat is

known as plaster of Paris, a material that possesses the useful property of

setting when mixed with water. Much of the country's output of calcined

gypsum is consumed by the building industry. Hardwall plaster is cal-

cined gj^psum to which has been added fiber and a retarder. Smaller
quantities of sanded plaster, gaging plaster, and many special types of

plaster are used in building. A large proportion of the gypsum supply is

made into prefabricated articles. Of very great importance is gypsum
wall board, lath, and sheathing board. Gypsum tiles of many sizes and
shapes are consumed in smaller quantities. In addition there are a great

many industrial processes that require special plasters of high quality.

There are plasters for the plate glass and terra-cotta industries, for

pottery, for orthopedic and dental use, for statuarj^ for industrial cast-

ing and molding, for polishing, and for many other purposes.

Gypsum is a low-priced commodity. The average value of crude gypsum
at the mine reported by United States producers in 1949 was $2.75 per

short ton, while the average value of gj^psum mined in California was
about $2.45 a ton. The price of finished products ranges from about $10
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to ovor $70 a ton. avcra^'-inu' pcrliaps J+^lfj.OO. It is apparoit tliat llio gyp-
sum industry is cssfMitially a inauut'acturinir industry.

Gypsum is a broadly distributed commodity. The utilization of a

pypsum deposit depends usually on economic rather than technical

factors. Faf'tors of importance include cost of mining, cost of trans-

j^ortation, and the cost of manufacture which in turn is iiifluenced by
the si/.e of the mai'ket available to the plant.

Tn California frypsum deposits exist in 14 of the 58 countios. The
larirest reserves lie in the southeastern deserts; deposits of possible com-
mercial interest are not known iiorth of ]\Ierced County. Rock jrypsum
of 00 percent or better <iypsum content is mined in the Fish Creek IMoun-

tains. Imperial County; the Little Maria IMountains, Riverside County;
and Quatal Canyon, A'entura County. Larue but undeveloped reserves

are to be found in the Pah'ii IMountains and Riverside IMountains of

Riverside County and in the Avawatz IMountains of San Bernardino
County. IMuch of the prypsura used for ap:ricultural purposes is prypsite

that contains from 70 percent to less than 50 percent jrypsum. Gypsite

mininir is centered in the west side of the San Joaquin Valley from
I\rclvittrick in Kern County to Ortigalita Creek in IMcrced County.

California is supplied Avith crude gypsum from two other sources.

Synthetic jrypsum is a byproduct of several chemical processes. At pres-

ent it is produced by tlie Westvaco Chemical Division, Food Machinery
and Chemical Corporation at Newark, Alameda County, in connection
with the manufacture of sea water magnesia. Much gypsum comes from
out-of-state sources. Since the earliest days of the California gypsum
industry, gypsum has been shipped from San Marcos Island near Santa
Rosalia in the Gulf of California. The amount of gypsum imported from
San IMarcos Island in 1049 amounted to a fifth of that produced by Cali-

fornia mines. In addition both crude gypsum and g3^psum products come
from Gerlach aiul Arden, Nevada.
The California gypsum industry is centered in southern California,

and four of the five calcining plants are located there. These plants con-

sume gypsum mined in California supplemented by supplies from out-

of-state sources. Northern California is largely dependent on out-of-state

sources for both crude gypsum and manufactured gypsum products.

Geologic Occurrence

Gypsum (CaSOi -211-0) and anhydrite (CaS04) are the two naturally
occurring solid phases of the system CaS04—H2O. Several additional

members can be prepared in the laboratory under controlled conditions.

These include tAvo forms of the hemihydrate (CaS04-^n20) and two
forms of soluble anhydrite which may contain as much as 1 percent IIoO.

All four of these unstable members may form in the commercial calcining
kettle and are therefore of more than theoretical interest.

Pure gypsum is composed of 32.5 percent CaO, 46.6 percent SO3, and
20.0 percent ILO. It crystallizes in the monoclinic system. Perfect cleav-
age in one direction and hardness of 2 are diagnostic properties. Gypsum
may be transparent to opaque, and white, gray, yellowish, or browni.sh
in color. It is slightly soluble in water but dissolves readily in hot hydro-
chloric acid without effervescence.

Most commercial gypsum is a massive fine- to medium-grained material
known as rock g}-psum. Often it contains as much as 10 percent of silica
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and calcium carbonate, and it may be dark-colored. Some finc-p:rained

impure gypsum cannot be readily scratched M'ith the fingernail. Gypsite,

an earthy mixture of very small gypsum crystals and clay or sand, is

also important commercially. Alabaster is fine-grained, white, often trans-

lucent, rock gypsum suitable for carving. Crystalline gypsum, known
as selenite, occurs in transparent, cleavable masses or crystals. Satin spar
is fine, fibrous, silky lustered gypsum that is found in veins of ground
water origin. Ordinarily selenite and satin spar arc not commercial
sources of gypsum.

Anhydrite is composed of 41.2 percent CaO and 58.8 percent SO3. It

occurs in crystalline masses, usually granular but sometimes fibrous, that

are white to pale shades of gray, blue, or red. Having a hardness of 3 to

3.5 and specific gravity of 2.89 to 2.98 it may be confused with limestone

or dolomite in the field. Under the petrographic microscope anhydrite

may be distinguished from both calcite and gypsum by its rectangular

cleavage, moderate relief, and second to third order birefringence.

Gypsum is nearly always associated with anhydrite. Much evidence

indicates that gypsum is the stable phase of calcium sulfate at the sur-

face and that at depths of two to three hundred feet calcium sulfate is

likely to occur as anhydrite.

The largest and commercially most important deposits are rock gypsum
interbedded with sedimentary rocks. In California rock gypsum occurs

in Tertiary non-marine clay and arkosic sand and in pre-Tertiary lime-

stone that has been subjected to mild regional metamorphism. The earthy

variety gypsite that forms on the outcrops of gypsiferous formations in

arid regions contributes a substantial proportion of the California pro-

duction. The crystal bodies of certain playa lakes are rich enough in

gypsum to be possible commercial sources. Gypsum and anhydrite are

also known to occur as part of the gangue in hydrothermal veins and as

replacements of limestone. Near-surface veins formed by deposition from
ground water are frequently found but are rarely a commercial source

of gypsum.
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PRE-TERTIARY DEPOSITS

Gypsum deposits of pre-Tcitiai-y age oeeur in eastern Riverside

County and are best known in the United States Gypsum Conipau}' and
Garbutt and Orcutt properties in the Little ]\[aria ^lountains near ]\Iid-

land. The gypsum, a coarse-grained material of high purity, occurs

interbedded with steeply dipping limestone, quartzite, and green schis-

tose rocks. The Little IMaria jNIountains deposit extends eastward into

tlie Maria ^lountains; jMiller"* has proposed the name ]\Iaria formation

for the gypsum-bearing rocks. From crinoid remains found in limestone

a.ssoeiated with the gypsuni the age was determined to be Paleozoic, pos-

sibly Silurian,-'' but the Maria formation miglit be tlic metamorphosed
eciuilvalent of tlie gypsum-bearing Mocnkopi or Kail)ab formations of

Clark County, Nevada,
Deposits similar to those of the Maria and Little Maria I\Iountaius

oi-our in the Palon ]\Iountains and Riverside ]\Iountains, but only develop-

ment work lias been done.

Little Maria Mountains Deposits, Riverside County

The gypsum deposits of the Little Maria Mountains were for a 15-year

period prior to 1940 the largest single source of gypsum in California.

Since that time production has remained about the same, but as a gypsum-
producing district the region has been overshadowed by other areas.

The gypsum deposits occur in a belt of pre-Cretaceous rocks that crosses

the Little jMaria Range at a point about 25 miles northAvest of Blythe.
The same rocks extend eastward into the jMaria ISIountains where gypsum
deposits also exist. The town of IMidland lies on this belt in the pass

between the Little IMaria and Maria Mountains. The Blj'the-Rice road,

which pa.sses through jMidland, is paved between Blythe and Midland

;

and ^lidland lies on the Ripley branch of the Santa Fe railroad.

Two gypsum producers have been active in the area. First and fore-

most is the United States Gypsum Company, primarily a producer of

calcined gypsum products, whose plant is at ^Midland. Raw gypsum is

obtained from several mines in the eastern half of the Little Maria
Mountains gypsum belt (68), and the company owns gypsum deposits

in the JMaria ^Mountains also. The second producer, the Utah Con.struc-

tion Company, produced agricultural gypsum. The mine is on the west
side of the Little Maria jMountains ; and the grinding plant and shipping
point was at Inca Siding, a station 5 miles south of ^Midland. Most of the

description that follows is based on studies of the Garbutt and Orcutt
j)roperty (64), the deposit that was worked by the Utah Construction
Company. The area mapped (pis. 2, 3) is immediately west of the prin-

cipal United States Gypsum Company workings.
The American Gypsum Company leased the Garbutt and Orcutt

l)roperty " (64) which consists of five claims located in sees. 2, 10 and
11, T. 4 S., R. 20 E., SBM. These claims were patented about 1920. The
deposit was explored by diamond drilling in 1945, and mining began in

1947. The Utah Construction Company was engaged to do the work, and

* Miller, "W. J., Geology of the Palm Springs-Blythe strip, Riverside County, California

:

California Div. Mines Rept. 40, p. 25, 1044.
5 Miller, W. J., op. cit., p. 28.
" Tucker, W. B., and SanTpson, R. J., Riverside County : California Div. Mines and

Mining Rept. 25, p. 510, 1929.
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in 1948 this company acquired an interest in the property. It was closed
in June 1950.

Workings consist of an open pit in which disconnected benches at two
levels have been developed. Broken gypsum was crushed in a primary
jaw crusher at the quarry and trucked over an improved gravel road 7
miles long to the grinding plant at Inca Siding. The product was guaran-
teed to contain 93 percent gypsum. The operation is described in another
section of this study.

Figure 1. Index map showing locations of gypsum mines in the Little Maria Mountains.

Stratigraphy

No geologic description of the Little Maria Mountains is known to the

author, and very little has been published on the geology of the gypsum
deposits. Surr '^ has prepared a cross section through the central part
of the gypsum belt, and Miller ^ has described briefly similar gypsum
beds, probably an extension of the Little Maria Mountains deposit, 10
miles south and east of the area under consideration. Miller designated
these beds the Maria formation of probable Paleozoic age.

The rocks of the gyjjsum belt are crystalline limestone, quartzite, and
green schistose rocks, that in general strike N. 70° E. across the range
and occupy a low pass. The sediments are bordered on the south by
granite and gneiss that extend to the tip of the range ; to the north
granitic rocks extend for about 2 miles, and limestone lies beyond.

^ Surr, Gordon, Gypsum in the Maria Mountains of California: The Mining World, vol.
34, pp. 787-790, April 15, 1911.

8 Miller, W. J., Geology of the Palm Springs-Blythe strip : California Div. Mines Rept. 40,
pp. 25-28, 1944.
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Tlie deposit has been "conimonly ••onsidered" " to bo of pre-Cambrian

aj?e. Miller,'" who mapped part of the Maria Mountains 10 miles to tlie

east, found crinoid fraj,'ments in similar roeks and states that their age

is post-Cambrian, perhaps Silurian. The writer found no fossils in the

area described nor any other indication of the age of the rocks.

Green Schistose Backs. The central part of the gypsum belt is oc-

cupied by green colored feldspathic (juartzite and schist. Several recog-

nizable types occui- in bamls several hundred feet wide that may repre-

sent original bedding. ]\Iost of the material is well-foliated, and the

foliation is parallel to the bedding of adjacent rocks. Much of the schistose

rock is a greenish-gray, fine- to medium-grained feldspathic quartzite

that Avhen weathered has a granular appearance. Quartz and albite form

a ground mass with xenoblastic texture in which the average grain

diameter is 0.02 inch. Some of the albite grains are as much as three

times the average size. Epidote. biotite, and tremolite are concentrated

in sub-parallel streaks. Epidote forms granular aggregates arranged in

layers parallel to (lakes of biotite. Tremolite occurs as tiny needles, both

in aggregates and as individuals in albite grains.

Another type of feldspathic quartzite, usually found close to gypsum,

is of much finer grain and breaks into sharp-edgetl, blocky fragments.

In thin section it resembles the granular quartzite except that the pro-

portion of epidote, tremolite, and biotite to quartz and albite is smaller

in the blocky quartzite.

A third type is a green-colored gypsiferous schist. Throughout the cen-

tral area of green schistose rocks are bands and patches of soft gypsiferous

soil, but without exception the underlying rock, wherever exposed by
trenching, is a thinly laminated schist with no visible gypsum. The
microscope reveals that the gypsiferous schist is much like the feldspathic

quartzites except that gypsum comprises about 15 ])erccnt of the xeno-

blastic ground mass. Biotite, epidote. and tremolite together comprise

about 30 percent of the rock.

Limestone. Flanking the central area of green schistose rocks on
both sides of the gypsum belt is 700 to 900 feet of limestone with intcr-

beddcd gypsum zones. The gypsum bodies are described below. Most of

the limestoiic is a tough, unfractured. fine-grained crj'staliine limestone

that is nearly white when fresh but buff-colored on weathered surfaces.

Where these beds are steeply dipping they rise in wall-like, talus-flanked

ridges as much as TOO feet above the general level of adjacent rocks.

The contact of the limestone with the green schistose rocks is irregular

in detail, and the limestone close to it contains tremolite. The tremolitic

limestone is of a golden brown color, and glassy tremolite prisms as

much as j',, inch long that are oriented in a plane parallel to the foliation

give the rock a micalike sparkle. There are bands of feldspathic quartzite

and schist on the limestone side of the contact and irregular pods of

tremolitic limestone within the schistose rocks. Gypsum bodies, some of

mineable width, occur on both sides of the contact.

In contrast with the buff limestone are beds of a dark-weathering lime-

stone that contain streaks and blebs of silica. Several foliation planes

» Moore, B. N., Gypsum, in Mineral resources of the region around Boulder Dam: U. S.

Geol. Survey, Bull. 871, p. 166, 1936.
10 Miller, W. J., op. cit., p. 28.
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give the rock a splintered appearance. This siliceous limestone may be
traced across the entire area mapped on the north side of the gypsum
belt, and is prominent on the south side also.

Quartzite. Beyond the buff limestone that contains the gypsum zones
the sequence of the rocks on the north side of the gypsum belt is com-
pletely different from that on the south side. On the north the limestone
is overlain by five to six hundred feet of tan-white quartzite. The quartzite
is faintly banded, and is so brecciated that sound pieces greater than
a foot in diameter are uncommon. Quartz in equidimensional interlock-

ing grains makes up 90 percent of the rock, while albite and sparsely

distributed flakes of biotite complete the mineral assembly. The quartzite

forms smooth talus-covered slopes, and exposures are not common.

North Limestone. The quartzite grades on the north into one to two
thousand feet of fine-grained crystalline limestone containing some beds
of quartzite as much as 50 feet thick. The limestone is tan when fresh,

but weathered surfaces are dark brown. This unit has been brecciated,

and the limestone members but not the quartzite members have been
recemented with calcite. Many specimens of all kinds of limestone

described were tested with acid, but none were dolomitic.

North Granite. The northern limit of the gypsum belt is a nearly
vertical fault along which the north limestone is in contact with a granitic

body that extends northward for at least 2 miles. Although not enough
specimens were examined to determine the composition of this body, one
specimen selected at random is quartz monzonite. Average grain size is

about iV inch. It is composed of quartz, 35 percent ; microcline, 25 per-

cent ; oligoclase, 25 percent ; and biotite, 5 percent. Biotite is in the form
of clusters of small crystals. Many of the feldspar grains, especially

oligoclase, have been replaced by sericite and by epidote.

South Granite. The ridge south of the gypsum belt is composed of

coarse-grained gneissic granite that is quite different from the granite

to the north. Foliation is pronounced on weathered surfaces but not
evident in the fresh rock. The rock is characterized by lavender-colored

phenocrysts of microcline and albite feldspar up to \ inch long. There
are quartz grains almost as large as the feldspars, some biotite, and a
minor proportion of sphene and magnetite. The albite crystals have been
largely replaced with sericite, epidote, and calcite.

Undifferentiated Metamorphic Focls. The relations between the

south granite and the gypsum belt are not clear. Between the granite and
the buff limestone containing the gypsum zones are feldspathic quarzites

and gneisses that have not been ditferentiated in mapping. The foliation

of the metamorphic rocks seems to conform with both the foliation of

the south granite and the bedding of the limestone. Light-colored

quartzite close to the limestone contains porphyroclasts of quartz and
microcline 0.1 inch in size. Toward the granite the quartzite becomes
darker, contains more biotite, and grades into gneiss with abundant
large porphyroclasts that have been elongated and crushed.

Possible Dikes. The only igneous rock found besides the granites was
a thin body of altered andesite that occurs in tremolitic limestone between
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DIVISION OF MINKS BUI^LETIN 163, PLATE 7
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A. Sll.U'KUl'S LIMESTONE
Little Maria Mountains. View along strike from the wash
that flows west of the I'tah Construction Company quarry.
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H. CKl'.MPLKl) C.VPSIFEIUHS SCHIST
Little Maria Mountains. Crumpled gypsiferous schist, Little Maria

Mountains. Cypsum soil that covers the schist appears at the top of
the photograph.
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PHOTOMICROGRAPH OF GYPSIFEROUS SCHIST, PLAIN LIGHT
Little Maria Mountains. Fibrous gypsum, iiuartz, and albite form a groundmass in wliich
clusters of epidote crystals and rougiily oriented flakes of liiotite are imperfectly segre-

gated into bands.
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PHOTOMICROGRAPH OF NON-OYPSIFEROHS GREEN SCHISTOSE ROCK
liittle Maria Mountains. Biotite, fi)idiite, and iremolite (needles) in a Rranoljlastii;

groiindmass of quarlz and alblte. Plain light.
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gypsum zones in tlie southern part of the {rypsum belt. It is less than
10 feet thick and ean be traeetl for only two or three hundred feet. It is

composed of dark green, fine-grained rock that contains large lathlike

grains of hornblende in a finer grained matrix of biotite and oligoclase.

Chlorite is present—especially bordering hornblende grains—and there

are scattered anhedral grains of epidote.

(rypsu))i Bodies. Cypsum with other rocks occurs interbedded Avith

butf limestone in zones up to 100 feet thick that may be traced for

several thousand yards anil as less persistent, more lenslike bodies in the

green schistose rocks close to the limestone contact. Gypsum bodies,

except where they are exposed in cut banks or in artificial openings, are

concealed by a distinctive light-colored soft soil that forms rounded,
purt'y-looking hills and slopes. The relatively few exposures indicate that

although gypsum bodies as a whole are simple, yet they are complex in

detail. Gypsum, wherever exposed, is much the same and has similar

associations whether the body be in limestone or in schistose rock.

Connnonly less than half of a gypsum body is gypsum, sometimes in

beds 5 or 10 feet thick but more often a foot thick or less. Interlayered

with these beds may be a variety of materials. Green-colored schist is

almost always present, and quartzite may be found. Tremolitic limestone

is common. AVhite fine-grained sugary limestone is sometimes inter-

bedded w'ith gypsum. Some specimens of sugary limestone contain dis-

seminated anhedral gypsum grains, and some contain tremolite but less

than the brown tremolitic limestone described above. Chemical tests show
that some of the sugary limestone is dolomitic.

The gypsum itself is a coarse-grained aggregate of flaky, transparent
crystals up to -^^ inch in diameter. One specimen consists of large

euhedral to subhedral rectangular gypsum crystals ranging from
0.10 X O.O.'J inch to 0.01 x 0.005 inch in size in a much finer grained
matrix of intricately interlocking gypsum grains. Although there are

beds of pure gypsum 10 feet or more thick, much of it contains im-

purities. Gypsum grades into schist, and some impure gypsum contains

as much as 20 per cent calcite. Similarly there are gradations between
schist and tremolitic limestone. The best exposures are in the mine of the

Utah Construction Company which is described below.

Anhydrite, although not plentiful, has been found in the deepest part
of the Utah Construction Company quarry. Anhydrite in place was not

seen, but it occurs abundantly in the neighboring mines of the United
States Gypsum Company where it is believed to be the immediate source

of the gypsum. The anhydrite is a white material with a faint bluish tinge

most of which is the mineral anhydrite in grains 0.02 incli up to 0.20 inch

in size. A majority of the grains have polysynthetic twinning, many in

two directions. In the single specimen examined under the microscope
gypsum comprises 15 per cent of the total. Gyp.sum fills cracks 0.005 to

0.05 inch wide that follow anhydrite grain boundaries. Some anhydrite
grains that are completely surrounded by gypsum have the shape of the

anhydrite cleavage. All of the gypsum has a fibrous texture. Some of

the wider gypsum veinlets are composed of grains in which the fibers are

imperfectly aligned; such grains have the same shape as the anhydrite
grains.

3—58771
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Structure

The rocks of the gypsum belt have an average strike of N 70° E and
dip northwest at angles that increase from G0° at the south side to ver-

tical in the buff limestone on the north side. Farther north the dip
decreases to about 60° NW at the bounding fault. The presence of

gypsum zones and limestone beds on opposite sides of the central green
schistose rocks suggests that the entire gypsum belt may be an anticline

overturned and crowded against the north granite. Inconclusive evidence
that the axis passes through the central area is given by the prevailing
westerly dip of the green schistose rocks and by the attitudes of some
outlying outcrops of limestone and gypsum southwest of the quarry. It

is to be noted, however, that the succession of rocks on the south side of

the gypsum belt is not exactly the same as on the north side. In pai--

ticular, on the south side there is no great thickness of quartzite nor is

there a counterpart to the limestone found between the quartzite and
the north granite. It is probable that the gypsum belt contains two groups
of gypsum zones that are similar but not identical.

Faulting is present but is relatively minor. The most prominent fault

is the nearly vertical one that separates the north granite from the

limestone. The fault, which is exposed in the larger canyons north of

the Utah Construction Company quarry, is a single sharp break nearly
free of gouge. A second fault, or probably fault zone, runs transversely

to the regional strike 3000 feet east of the Utah Construction Company
mine. Although its surface is nowhere exposed, the fault has offset the

limestone beds one to two hundred feet. There is no evidence of this fault

in the green schistose rocks. There are in addition other smaller trans-

verse faults that cut the limestone beds.

The Utah Construction Company Quarry (64)

The quarry of the Utah Construction Company is on a hill surrounded
by alluvium. Thick gypsum beds associated with schist are exposed liere,

but tliey are not readilv recognizable bevond the alluvium. Probablv thev
are a eomparatively local concentration of gypsum on the schist side of

the contact of the limestone with the green schistose rocks.

The mine workings (fig. 2) have encountered several thick layers of

gypsum with interbedded schist. The gypsum is the typically coarse-

grained material of high purity characteristic of the Little ]\Iaria Moun-
tains area. No great quantity of granular green feldspathic quartzite

occurs in the quarry, although there is some of the fine-grained, bloeky
feldsi)atliic quartzite. Most of the schist in the quarry is a bluish-gray

([uartz-biotite schist that contains nnich less epidote and tremolite than
the granular feldspathic quartzite. The biotite schist found in the quarry
contains about 15 percent gypsum in the form of fibrous, slightly elongate

grains interlocked with the quartz grains. Perpendicular to the plane
of tile bedding gypsum is in comparatively sharp contact with schist, but
along the strike it grades into gypsum containing small schist lenses or

dis.seminated flakes of a green micaceous mineral.

One specimen of mixed gypsum and schist consists of gypsum mixed
with a minor amou)it of calcite in the form of lenses up to 3 in<'hes in

diameter and half an inch tliick separated by schistose layers up 1o a

quarter of an inch thick containing biotite, muscovite, and tremolite.
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Figure 2. Geologic map of the Utah Construction Company quarry,
Little Maria Mountains.
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These layers of impurities are curved around the gypsum lenses. Some
of the gypsum contains streaks of brownish calcite. A thin section of
such a specimen contains about 20 percent calcite in the form of anhedral
grains intricately interlocked with fibrous gypsum grains. Tremolitic
limestone occurs in the quarry, but it is almost entirely restricted to a
5-foot bed in the southeastern part.

The average trend of these alternating gypsum and schist layers is

N. 25° E. with a dip of about 60° NW. The strike in the quarry is thus
noticeably more northerly than the average of the Little Maria IMoun-
tains gypsum belt. Locally there is a wide departure from the average
trend in two parts of the quarry. In the southeastern part and north of
the crusher a mound of waste has been left unmined. The structure here
is a syncline plunging to the southwest. In the southwestern part there
is a nose projecting into the alluvium that may be a plunging anticline.

The quarry can be divided into several parts geologically. Immediatelj''

southeast of the quarry is a hill of granular green feldspathic quartzite
and gypsiferous green schist similar to that which occupies the central

part of the gypsum belt beyond the alluvium to the east. Close to its base
on the northwest side there is a pod of tremolitic limestone that grades
into green schistose rock. The contact between the rocks of this hill and
the gypsum in the quarry is concealed by fill. In the southeastern part
of the quarry is the s.ynclinal mound mentioned above. Gypsum that

occurs around the flanks dips beneath a core of blocky green quartzite. A
bed of tremolitic limestone occurs in the quartzite close to the quartzite-

gypsum contact.

The central part of the quarry lies between the synclinal mound and a
bed of biotite schist. Most of it is in gypsum, but there are a few small,

scattered lenses of both schist and tremolitic limestone. Along the east

side of the quarry the gypsum was followed as much as 15 feet below the
alluvium, and it was reported that limestone was encountered in the

northern part of this excavation. Along the middle bench, where there are
good exposures, the gypsum contains a number of layers of mixed gypsum
and schist similar to those described above.

Farther northwest and lying between thick schist layers is a bed of

gypsum from 20 to 60 feet wide. Where it crossed the lower bench it is

quite narrow, but it widens northward. In the face of the upper bench
there is a GO-foot thickness of nearly pure gypsum between schist layers

that dip 60° NW. On the top of the bench, however, gypsum exists only
as lenticular bodies three feet thick or less mixed with gypsiferous schist.

Probably the gypsum grades into schist along the strike, and it may
plunge northeastward also.

The southwest nose consists of mixed gypsum and schist with a little

tremolitic limestone in which the proportion of gypsum ranges up to 75
percent. Attitudes of some lenses depart widely from the average of the

quarry and suggest that the nose may be anticlinal.

Along the northwest side of the quarry gypsum originall}' bordered
the wash. It has, however, been mined ; the excavation has been tilled.

Schistose rocks occur north of the quarry, and in the northeastern
part of the island hill, where the quarry is located, there is limestone

that dips beneath the schistose roeks. The trend of gypsum in the central

part of the quarry indicates that its extension lies beneath the alluvium
southeast of the northern part of the hill, but beyond the alluvium there

are no comparable gypsum bodies.
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Palen Mountains Deposits, Riverside County (69)

A larfre deposit of ^'ypsuiii associated with pre-Tcrtiary meta-scdiincn-

tarv and meta-i*rnoous rocks exists in tlie Palen Mountains in sections

2, 3, 4, 9, 10, and 11. T. 3 8.. IJ. 18 E.. SBM. The {rypsum occurs just

south of Granite (Palen) Pass, a low jit'diment pass of comparatively

moderate relief that separates the Palen Mountains to the south from the

(iranite IMountains to the north. The pass is 1| miles wide and 3 miles

lonpr. The deposit lies 20 miles northwest of Blythe and 30 miles northeast

of Desert Center, while the nearest railroad is 15 miles northeast at Rice,

a station on the Santa Pe's Parker hi-audi. The hest approach is from the

Desert Center-Vidal hi<rliway. from which 16.7 miles from Desert Center,

a road turns eastward toward Granite Pass. This seldom-traveled road is,

however, likely to he covered with dune sand.

Operations have been restricted to surface exploration and develop-

ment work. Diamond drilliiifr or other subsurface exploration has not

been undertaken. Extensive claims were patented 20 to 30 years afro by

John Webb and Georpre Pepperdine, and in 1040 John Webb and Fleet-

wood Lawton carried out some additional development.

The followinpr freolo<_nc summary of the deposits is based larjrely on

studies of R. A. Iloppin,^^ made primarily to reveal the internal structure

and petrology likely to be found in the mountain ranges of the Basin

—

Ranges geomorphic province. E. C. Harder '- made a reconnaissance of

the area in 1909 and described the gypsum deposits in general terms.

Although the geology of the region is complex, the broader features are

relatively simple. The gypsum occurs in a series of meta-sediments that

includes marbles, quartzites. and thermal metamorphic derivatives of

them, lloppin has correlated this gypsum-bearing series with the ]\[aria

formation of Miller ^^ on the basis of lithology. North of these meta-sedi-

ments lie the granitic rocks of the Granite Mountains, and to the south

are meta-sediments that have been tentatively assigned to the ]\IcCoy

Mountains formation." In the area under consideration a sill-like body

of meta-igneous rock lias intruded the gypsum-bearing series. The meta-

sediments and meta-igneous rocks are arranged roughly in bands that

trend east-Avest across the range and dip predominantly to the north at

moderate angles. Five principal bands are di.stinguishable, which from
north to south are as follows

:

1) Mota-scdiments, principally in tho northwe.^t part of the area.

2) Meta-igneons rock, extending about two-thirds of the way across the range from

west to east.

3) Meta-sediments.

4) Porphyrobhistic meta-igneous rock.

5) Meta-sediments.

Gypsum in quantities large enough to be of probable economic interest

is found in three places. The .southern gypsum-bearing series is in the

eastern end of band five, the northeastern gypsum-bearing series is in

the eastern end of band three, while the northwestern gypsum-bearing

" Hoppin, R. A., The geolopy of the Palen Mountains gypsum deposit. Riverside County,
California : Division of the Geological Sciences, California Institute of Technology,
Contribution No. 5S0, June 1951 (unpublished).

" Harder, E. C, The gypsum deposits of the Palen Mountains, Riverside County, Cali-
fornia : U. S. Geol. Survey, Bull. 430, pp. 407-416, 1910.

"Miller, W. J., Geology of the Palm Springs-Blvthe strip. Riverside County, California :

California Div. Mines, Rept. 40, p. 25, 1944.
" Miller, W. J., op. cit, p. 32.
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series is in band one. Each differs from the others in stratigraphic suc-

cession and is separated from the others by meta-igneous rocks. It is

assumed that the three are separate units of the gypsum-bearing series.

The following table summarizes the geologic history of the area.

1) Deposition of the j^ypsum-bearing series.

2) Deep burial followed by the onset of stresses resulting in the regional nieta-

niorphism of the sediments.
'S) Intense cataclastic deformation, including folding, faulting, breeciation, and

crushing.

4) Erosion followed by deposition and burial of McCoy Mountains ( ?) formation.

5) Intrusion of quartz diorite.

(>) Faulting and regional metamorphism—less severe than in (2).

7) Intense metasomatic activity including felspathization and rccrystallization

followed by intrusion of aplites and pegmatites, and finally by liydrot hernial
veins.

8) Erosion: deposition of Tertiary (?) or Pleistocene gi'avels, probably some
faulting.

9) Small-scale normal and reverse faulting.

10) Deposition of gravels.

11 ) Faulting of recent gravels.

Deformation lias been profound. The results of folding, faulting,

crushing, brecciation, shearing, and jointing are apparent and range
downward in size to the microscopic. Almost all contacts are fault con-

tacts. The most intense deformation occurred before the intrusion of the

igneous rocks, but the igneous rocks themselves have been notably de-

formed.
The igneous body was intrdued as an irregular sill. The south contact,

althougli modified by faulting, is fairly regular ; but the ]u)rth or hanging
wall contact is complex. Irregular apophyses 1 foot or 2 feet in diameter
and ramifying dikes and sills an inch thick or less cut the meta-sediments,

and within the large meta-igneous masses are to be found small, scattered

patches of the meta-sediments. In general the structure is more complex
in the western part of the area than in the eastern. A large area in the

western part of band three was not differentiated in mapping, and the

western two-thirds of band five was mapped as undifferentiated meta-

sediments.

Gypsum occurs in massive beds of high purity up to 100 feet thick that

are interbedded with marble and quartzites. Not only do the gypsum beds

change quickly in thickness along the strike, but they contain isolated

blocks and lenses of marble ranging up to several tens of feet thick. Less

common impurities are quartzite and fine-grained green schist containing

epidote, green biotite, chlorite, and quartz that may form thin green films

or occur as rock composed of alternating layers of gypsum and waste an
inch or two thick.

The gypsum itself is a white aggregate of anhedral grains whose aver-

age size is 0.2 millimeter. The microscoi>e reveals sparsely distributed

grains of calcite and epidote. Little anhydrite occurs on the surface, and
its presence at depth has not been ascertained.

The marbles are fine-grained rocks that are wliite to buff in color, or

less commonl.y, pink, dark brown, or gra.v. Dolomitic marble was not

found, although some of the marble that has been recrystallized by
thermal metamorphism contains magnesium minerals. The effects of the

intrusive body on the marble are discussed below.

Two principal types of quartzite are recognized. The first, consisting

mainly of quartz with a minor amount of white mica and hematite, is
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Avliite or pink. The sol-oiuI is a j^roi'ii (|iiai-t/.ite ctontaiiiiu;^ »iiiai-t/. Icldspar,

('l)i(l()t('. and treinolitc that sliows jji-cIVitihI oriental ion. The <iuartzites

oeeur as tliiek beds cut by closely spaced joints, as narrow partinjrs in

jryi)sir('i'<ins beds, and as laminated, incompetently folded calcareous

(|uartzite alternatinji: with marble. Closely associated with the (jnartzites

are the {.n-its. a ^^roup of rocks in wiiich ^n-ains of feldspar and quartz 0.2

In ()..'! millimeter in size occur in a much finer matri.x of these and otiier

minerals. The j.'rits ^rade into (Hpiiirranular (juai't/.ile.

The meta-i<rne()us rocks retain little of their ori^nnal igneous textures.

They are now strouirly foliated, fiiu'-p:rained biotite-epidotc-albite-(piartz

schist. The chemical composition and the ))resence of relict andesiiie sug-

jrest that the intrusive nuiy liave been ori<:inal1y diorite or quai'tz diorite.

The etfect of the intrusive on the j>ypsum isdiflicult to evaluate because

no intrusive contacts are exposed. It is assumed that dehydration was
the oidy etfect. In the marbles, however, the intrusive produced skarns

of <rarnet, epidote, and amphibole, and caused zones of recrystallization.

Trending' east-west across the an'a aiul l>in<jr directly above the meta-

{•rneous sill are dense, fine-grained, white, lime-silicate rocks that form a

series of sharp peaks. They are composed of calcite with subordinate

amounts of wollastonite, diopside, and epidote.

A i)ost-intrusion pei'iod of regional metamoi'])hism is postulated be-

cause the meta-igneous rocks cut off all the folds and the uuijor faults in

I he meta-sedimeuts. ]t is suggested that the post-intrusion metamorphism
was less severe than the pre-iutrusion metamorphism.
The metasomatic and hydrothermal activity that followed the second

|)eriod of regional metamorphism resulted primarily- in the feldspathi-

zation of the meta-igneous rocks. The southern third of the intrusive body
contains abundant feldspar porphyroblasts ; and the porphyroblastie

phase, although retaining its orientation, is granitic in appearance. Zones
of incipient feldspathization are to be found within the non-porphyi'o-

hlastic phase. The last stage of the mineralization is represented by veins

and mineralized sheer zones that cut both the meta-sedimentary and
meta-igneous rocks. Possibly the hydrothernuil activity is associated with

the emplacement of the granitic rocks of the (iranite ^Mountains.

The gypsum, Iloppin believes, was originally formed through sedi-

mentary processes of deposition. Although the relations of the gypsum
to the enclosing marble and (juai-tzite have been greatly modified by
tectonic agencies, several areas suggest that the original sediments in-

cluded zones in which thin limestone beds interfingered with thin gypsum
beds. The absence of associated salt beds and the presence of interbedded
gypsum and limestone suggests that the calcium sulfate preci]ntated from
brine of comparatively low salinity. It is likely, therefore, that most of the

calcium sulfate origiiuUly precipitated as gypsum.^'*

The sedimentary gypsum was converted to anhydrite during the pre-

iutrusion period of regional metamorphism. Heat is believed to be the

controlling factor in the conversion of gypsum to anhydrite. Subsequent
erosion has expensed the anhydrite and permitted gypsum to form again.

The eflf'eet of the post-intrusion period of regional metamorphism is open
to question, for Hoppin doubts that a suflficiently high temjierature was
attaiiKMl to dehydrate the gy])sum. The presence of deformation fabrics

''^ Pusjnak, E.. Deposition of calcium sulfate from sea water: Am. Jour. Sci., vol. 238,
pp. 5G5, 566, 1940.
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in the gypsum suggests that the gypsum itself has been deformed because

it is doubtful that deformation fabrics in anhydrite could survive hydra-

tion and its accompanying volume change. The isolated marble blocks that

occur in the gypsum apparently have been jostled about, and this fact

further supports the theory that the calcium sulfate existed as gypsum
during the deformation.

Riverside Mountains Deposits, Riverside County (70, 71)

A large deposit of pre-Tertiary gypsum occurs on the east face of the

Riverside Mountains about four miles south of Vidal in the northwest

corner of T. 2 S., R. 24 E., SBM. Part of the gypsum is in the (\)lorado

Indian Reservation. Development work only consisting of short tunnels

and test pits has been carried out. No road goes to the deposit. An aban-

doned road leaves U. S. Highway 95 four miles south of the San Bernar-

dino County line and crosses the alluvial fan to an old camp at the mouth
of the principal canyon along this part of the mountain front. A trail con-

tinues up the canyon. The principal gypsum deposit is on a south branch

of the main canyon. Its mouth, which is very inconspicuous from the

bottom of the main canyon, was marked in 1949 by two lengths of stove

pipe strung on a pole. Relief is extreme, and the construction of a road

would be difficult.

Maria (?) fm
pre— Creloceous Vim Limestone O

SECTION THROUGH THE RIVERSIDE MOUNTAINS DEPOSIT

Figure 3.

Gypsum occurs in a 100-foot zone that dips southwest at angles of 50°

or greater and strikes northwestward. The zone is made up of coarsely

crystalline white gypsum interbedded with brown-weathering crystalline

limestone and red quartzite. Between the gypsum zone and the highway

are quartz-biotite schist and several hundred feet of limestone. The gyp-

sum crops out for at least half a mile. Lying on the hanging wall limestone

is several hundred feet of gypsiferous green schist that has been briefly

described by Noble. ^*^ The schist is cut by quartz veins, and it also contains

a few lenses of crystalline gypsum up to an inch thick. Gypsite up to 10

feet thick covers the green schist.

Clark Mountain Area, San Bernardino County

Undeveloped deposits of gypsum occur in the northeast corner of San

Bernardino County, north of Clark j\Iountain at the south end of Mes-

quite Valley. They are associated with pre-Cretaceous sediments that, un-

like those of the gypsum deposits of eastern Riverside County, are not

noticeably metamorphosed.

"Noble, Li. F., Nitrate deposits in southeastern California: U. S. Geol. Survey Bull. 820,

pp. 49-52, 1931.
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DIVISION OP MINES BULLETIN 163, PLATE 17
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PHOTOMICROGRAPH OP IMPURE GYPSUM
Containing calcite and tremolite, Little Maria Mountains. Plain light.



DIVISION OF MINES BULLETIN 163, PLATE 18

DETAIL OF SCHIST AND GYPSUM
Northwest corner of the Utah Construction Company quarry coarsely crystalline gypsum
of high purity occurs as lenses 10 to 20 feet thick in bluish gray cjuartz-biotite schist

containing epidote and tremolite.
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Figure 4. Index map sliowing looatiijii of Shire gypsum deposit.
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Shire Deposit (87). D. II. Sliiro owns oi^rlit iiiiiiatonted claim.s esti-

mated to be ill see. 5, T. 17 N., K. 14 E., SILM. that were loealed in 194(3.

Ill 1951 the property could be reached from Sandy on tlie Valley Wells-
(ioodsprinj,'s road by following the old State Line Pass road for 11.2 miles
southeast to the end of Mescpiite Valley. A track passable for vehicles
and marked by signs leads from tiie State Line Pass road to the property.
The distance from U. S. Iliglnvay 91 and the Union Pacific Kail road via
the State Line Pass road, which is washed out, is 12 to 13 miles. Assess-
ment work only has been carried out on the property.
Two or more gypsum beds crop out for 1 to 2 miles along a large wash

that trends about N. 40" W. ]\Iost of the gypsum is low on the talus-

covered southwest side of the wash. Exposures of gypsum are scarce,
although large areas of probable gypsum are covered by only from a few
inches to a few feet of gravel. The deposit has been opened by a number
of shallow trenches, but additional development work is needed to reveal
fully the character of the deposit.

The general nature of the gypsum deposit is illustrated by the two large
scale sections (fig. 5) that accompany this repoi-f. The gypsum-bearing
beds strike about X. 40° \V. parallel to the wash and dip about 50° Sw"
Beds of gypsum more than 50 feet thick occur with sediments that
include black, thin-bedded, cherty limestone, tan-colored sandy limestone,
and brown shale. The thickest gypsum beds occur close to the wash and
quite possibly beneath the wash itself. Upward the proportion of gypsum
to limestone and .shale becomes increasingly less. The gypsum-bearing beds
are members of the Kaibab formation of Permian age.^^ Overlying the

g3'psum-bearing beds are 100 to .'300 feet of non-gypsiferons. red sand-
stone and shale of the ]\Ioenkopi formation (Triassic). The Kaibab beds
and the Moenkopi beds are in contact with Paleozoic limestones along
faults that i)arallel the wash.
The gypsum itself is a sugary whit(^ aggregate of glassy clear flaky

crj^stals about 0.01 inch in diameter. Some of the gypsum contains streaks

0.1 inch thick and half an inch to an inch apart of brown earthy matter
that contains calcite. Impure gypsum is to be found that consists of gyp-
sum alternating with tan-colored sandy shale in irregular laj^ers an inch

to 2 inches thick.
TERTIARY DEPOSITS

Rock gypsum deposits of Tertiary age range in size from thin, discon-

t iiiuous beds that are of no commercial interest except as a possible source
of gypsite to bodies containing many thousands of tons of nearly pure
gypsum. The largest gypsum mine in the state, the United States Gypsum
Company Fish Creek [Mountains operations. Imperial County, is in a
Tertiary deposit. Other Tertiary deposits are to be found in the Upper
Cuyama Valley region, Santa I>arbara and Ventura Counties; in the

Death Valley recrion. Inyo County; San Benito County; and in i\Iiocene

rocks of western Santa Barbara County. The California Tertiary deposits

are typically enclosed in shale associated with coarse-grained non-marine
sediments that have been mildly folded. The gypsum is a fine-grained,

compact material tb.at ranges from alabaster through dark gypsum to

gypsiferous clay.

" Howett, D. P., personal comniunication.
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CARRIZO

T. 13 S.

T. I4S

R.8E' R.9E.

1. Edward B. Roberts et q\

2. Hillcrest Placer ^

3. Gypsum King Placer*
4. Tract 68 *

5. Tract 67
6. El Centre Placer *
7. Tract 69 *

8. Gypsum Queen Placer *

9. Tract 70 *

10. Tract 72

II. Tract 71

12. Sylvester Kipp

13. Blanc Placer

14. Swallow Placer No.2 ^

15. Swallow Placer *

16. Regent Placer*
17 Tract 78 *

18. Blanc Placer No 3

19. South Pole Placer *

20. W.H. Waters

FiGURR 6. Index map showing locations of gypsum claims in the Fish Creek Mountaims.

* Indicates United States gypsum claims.



Parti
J

GEOLOGY 29

Fish Creek Mountains Deposit, Imperial and San Diego Counties

The United States Gypsum Comiiaiiy owns 12 patented claims (28)

near tiie northwest end of tlio Fish Creels Mountains that include parts

of sees. 19, 20, 28, 29, 80, 32, and 83, T. 13 «., R. 9 E., SBM. The principal

mininf? operations are in Tract G8 near tlie northwest end of tiie prop-

erty. In addition the California Portland Cement Company owns Tract

67 (25) in SWi sec. 19 and NW] of sec. 30, T. 13 S., R. 9 E., the Blue

Diamond Corporation owns Tract 71 (26) in SE\ NE| and NE] SE.i

sec. 29, T. 13 !S., R. 9 E., and the National Gypsum Company owns de-

posits (90) in sees. 3, 5, and 9, T. 13 S., R. 8 E., SBM. The Roberts and
Peeler strontium deposit (91) lies in sec. 13, T. 13 S., R. 8 E., SBM.
northwest of the ])riiu'ipa] <rypsum deposits. The strontium, which is

associated with gypsum, was last worked by the Pan Chemical Company
from 1940 to 1946.

The accompanying geologic map (pi. 20) covers an area in T. 13 and
14 S.. R. 9 E., SBM. about 30 miles west of Brawley. The western

boundary of Imperial County passes through the western part of the

mapped area. The area may be reached over a secondary road from
Scotty's Ocatilla on State Highway 78, 22 miles from its junction with

IJ. S. Highway 99 and 3 miles west of the San Diego County line. This

road, rough but passable for heavy ecpiipment, runs southeastward for

9 miles to the United States Gypsum Company's quarry. In addition,

a private narroAv gage railroad runs to the United States Gypsum Com-
pany 's calcining plant at Plaster City (29), about 25 miles to the south.

Tlie area mapped includes the low northwestern end of the Fish Creek

^Mountains and extends westward to Fish Creek Canyon. Between the

hills east of Fish Creek Canyon and the Fish Creek Mountains is a broad
wash running S. 40° E. for about 4 miles from the northwest end of the

Vis]\ Creek Mountains. Gypsum crops out extensively on the hills border-

ing this wash, and large deposits oi: gypsum only partially exj^lored lie

outside of the wash and beyond the limits of the area mapped.
No detailed geologic descriptions of the area have been published, but

T. W. Dibblee, Jr. has furnished tlie author with an unpublished geologic

nmp of the Split IMonntain area, scale 1/62500, i)repared in 1944. In this

report Dibblee 's formation names have been adopted. Mining operations

in the area have been described in reports of the California Division

of Mines. ^^

Stratigraphy

The oldest rocks in the area arc a i)re-Tertiary complex that includes a

series of metamorphic rocks intruded by plutonic bodies. The metamor-
phic rocks, which occupy perhaps half of the area mapped as basement,

are in most places represented by a well-foliated, coarse-grained gneiss.

In addition they include a body of coarse, blue-gray marble that was
mapped separately and minor amounts of mica schist and quartzite. The
structural trend of these rocks is N. 30° W. with dips of from 60° to

70° NE.
The most abundant of the plutonic rocks is a coarse-grained gneissic

granite in which foliation is moderately well-developed. The approximate

18 Sampson, R. J., and Tucker, W. B., Mineral resources of Imperial County : Calif. Div.
of Mines Rept. 38, pp. 134-136, 143, 1942.

Tucker, W. B., Imperial County: California State Min. Bur. Rept. 22, pp. 270-275, 284,
1 Q 9 P

Merrill. P. J. H., Imperial County: California State Min. Bur. Rept. 14, pp. 738-740,

1916.
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composition is (luartz 40 percent, orthoclase 40 percent, plagioclase 5 per-
cent, biotite 15 percent, and a little chlorite. Grain size is from | to i
inch. This granite is deeply weathered and in some areas, particularly in
the northern part of the outcrop on the southwest side of tlie Avasli, it is

stained red by oxidized iron minerals. The g-neissic granite is cut by
pegmatite dikes up to 6 inches thick that contain coarsely crystalline
quartz and feldspar.

Associated with the granite is a plagioclase-biotitc rock in which biotite

flakes about 0.05 inch in diameter are oriented but not segregated into
layers. Biotite makes up about 40 per cent of the rock, while the remainder
is anhedral plagioclase, partly as grains the size of the biotite flakes and
partly as grains up to a quarter of an inch in size. The plagioclase-biotitc

rock occurs as inclusions in the granite, in dikelike bodies cutting the
granite, and as irregular bodies several hundred feet in diameter,

SiJlit Mountain Formation. The Split Mountain formation of Miocene
age is the oldest of the sedimentary rocks in the area and lies with deposi-
tional contact on the basement rocks. It is composed of poorly consoli-

dated, terrestrial sandstone and very coarse-grained conglomerate. In
the area mapped this formation may be divided conveniently into a lower
member that is noticeably red and an upper member that is gray. The
conglomerate beds strongly resemble the younger fans and can be distin-

guished from fans only by their topographift position.

The red member of the Split Mountain formation, which occurs only on
the southwest side of the wash, is well exposed in Fish Creek Canyon and
in the hills southwest of the wash. The base is exjiosed south of the prin-

cipal gypsum body on the southwest side of the wash where sandstone
lies with depositional contact on weathered granite. The lowest 50 feet of

the Split Mountain formation is a porous, very poorly cemented arkose
that is not red. Grains are well sorted and about an eighth of an inch in

diameter. Quartz predominates, but weathered feldspar grains containing
biotite flakes are present.

The remainder of the red member consists of red sandstone and con-

glomerate beds at least 850 feet thick. The sandstone, which is moderately
well cemented by calcite and much less porous than the basal beds, is

composed of angular, poorly sorted grains ranging from 0.1 to 0.5 incii

in size. The red sandstone also is made mostly of quartz grains, but feld-

spar that is present forms many of the larger fragments. Biotite is pres-

ent also. These beds are stained faintly red by oxidized iron minerals.

The lower part of the red member is predominantly sandstone contain-

ing a few thin lenses of conglomerate. By an increase in the number and
thickness of these lenses the saiulstone grades into a coarse-grained con-

glomerate of angular cobbles set in a shaly red matrix. The cobbles, which
have an average maximum diameter of 3 feet and locally reach 10 feet

or more in size, are composed of igneous and metamorphic rocks, princi-

pally gneiss and granite.

The gray member of the Split IMountain formation is predominantly
a conglomerate like that in the red member except that it contains no red
cement. The contact between the two is concealed beneath a loose cover
of boulders everywhere except near the mouth of Fish Creek Canyon.
Here it is sharp and conformable. The gray member contains lenses of

unconsolidated arkosic sandstone, and sand predominates near the top of

the formation. These uppermost sandstone beds contain layers of greenish
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clay shale, and in many places near tin- lop a 1- or 2-foot bed of red-brown
sandstone is present.

The {?ray nienibor crops out )icar the mouth of Fish Creek Canyon and
extends eastward to the wash. It also foi-ms the extreme northwest end

of the Fisli Creek ^Mountains. To the southeast the red member is absent,

and the gray member lies directly on the basement. Here the basal beds

are akosic sandstone. Tn the southeast corner of the wash the Split IMonn-

tain formation is represented ])y as little as 20 feet of arkose, and there

is no conglomerate present.

Gypanm. liyinp: conformal)ly on the gray member of the Split Moun-
tain formation is at least 100 feet of nearly pure, massive gypsum. The
Itasal 10 or 15 feet of the gypsum commonly contains beds of sandstone or

sliale, but elastic impurities were not found in the main body. Similarly,

near the top the gypsum contains iuterbedded clastic material and grades

into the overlying formation. Tiie gypsum deposits are more fully de-

scribed below.

Imperial Formation. The Imperial formation (Miocene), which over-

lies the gypsum, consists of marine shale and poorly consolidated orange-

colored sandstone. Tn much of the area the beds have been removed by
erosion, but large areas in the southwest part of the wash have been ex-

posed where a covering of recent fans has been partly removed. A second

area where the Imperial fonnation is exposed is at the north edge of the

hills between the wash and Fish Creek Canyon.
Tlie contact with the gypsum is gradational. Tn the northern exposure

gypsum containing layers of greenish shale up to half an inch thick is

overlain by 5 feet of arkosic sand typical of the Split Mountain formation.

The arkose is overlain by about 100 feet of coarse, gray-green arkosic

sandstone that is brown when Aveathered. This sandstone, in contrast to

the gray arkose found beneath the gypsum, readily splits into slabs abont

half an inch thick. Perhaps it, as well as the gypsum, should be inelnded

in the Split I\Tountain formation.

Overlying the fissile sandstone are orange-colored sandstone beds alter-

nating witii beds of poorly consolidated, greenish clay shale. The sand-

stone consists of well sorted, subronnded quartz grains abont 0.01 inch in

diameter and a minor proportion of tiny biotite flakes. The grains are

heavily coated with and cemented by limonite and calcite.

Overlap. The Split IMountain formation, as suggested above, pinches

out to the southeast. Tn Fish Creek Canyon a thickness of 850 feet of the

red member alone exi.sts above the wash level. Tn the prominent cliff near

the county boundary, at the foot of which the basement rocks are exposed,

over 100 feet of the gray member lies on some 500 feet of the red member,

making a total thickness of only GOO feet. The red member does not appear

east of the wash. The gray member is as much as 800 feet thick southeast

of the ITnited States Gypsum Company's quarry and thins to a mere 20-

foot thickness of sand in the extreme southeast corner of the wash. The
gray member apparently thins northwestward also; it is only about 500

feet thick at the northwest end of the Fish Creek :\rountains.

The evidence of the original distribution of gyp.sum has been almost

entirely removed by erosion. At the north edge of the hills between the

wash and Fish Creek Canvon, however, it is but little more than 100 feet
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thick ; it pinches out entirely between gray sands of the Split Mountain
formation within 2000 feet of the county line. Seemingly the low point of
the basin shifted during tlie formation of these terrestrial and saline

deposits.

Structure

The principal structural feature in the area mapped is an open syn-
eline bounded by longitudinal faults. The axis of this syncline lies in the
wash. Although there is modification by local folding, dips are toward
the axis at angles of about 30° or less.

'i'he fault that bounds the synclinal basin on the northeast is along the
northeast side of the Fish Creek Mountains near the edge of the area
mapped. For most of its length it cuts basement rocks, but at its north-
west end basement rocks are in fault contact wath the Split Mountain
formation and also with a snuiU outcrop of gypsum.
The principal fault in the area is a steeply dipping fault that separates

the basement from the sedimentary rocks along much of the southwest
side of the wash. Tn a few exposures the fault appears as a zone of breccia

and gouge up to 50 feet in width. The fault zone is exposed near the

mouths of the canyons south of the gypsum body on the southwest side

of the wash and also high on the fan in the southwest corner of the wash.
Two small hills of gypsum at tlie foot of the steep slope of basement rocks

are further indirect evidence of the location of the fault zone.

West of the fault the Split Mountain formation has been folded into a

gentle anticline that approximately parallels the syncline in the wash.
The northeast limb has been eroded off, leaving the basement rocks

exposed.

On the major structural features minor folds have been superimposed.
Such a fold exists near the United States Gypsum Company's quarry
where a great thickness of gypsum has been folded into a northeast-trend-

ing trough. A com])lemcntary anticline has brought the gray conglom-
erate close to the surface on the southeast, and northwest of the trough
there is no great quantity of gypsum for about a mile. Similar minor
structures probably account for attitudes that depart from the regional

trend in the southwestern exposure of the Imperial formation.

Still smaller structures exist in the gypsum that do not involve the

underlying formation appreciably. Where the base of the gypsum is ex-

posed in canyons it dips uniformly for distances of as much as ]000 feet.

The overlying gypsum is, however, characteristically coutoi'ted. Ninety-

degree changes in strike and dip within 10 yards are common.

Gypsum Deposits

The existing gypsum deposits are remnants of a formerly thick bed
that probably covered a much larger area than that ma]iped. The largest

and thickest remnants are in the nortliAvestcrn half of the United States
Gj^psum Company's ]n-oi)erty. To the southeast erosion has separated
the gypsum into detached bodies. The gypsum on the northeast side of

the wash dips beneath the aluvium and reappears on the other side. Some
small outcrops indicate that the gypsum exists beneath the large body
of the Imperial formation that crops out in the southeastern part of the
wash. Another large remnant lies above the cliff near the county bound-
ary, and a 100 foot thickness of gypsum occurs on the Roberts and Peeler
property. One small remnant indicates that the gypsum once covered the
conglomerate that forms the northwest end of the Fish Creek Mountains.
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Siu-fjK'c cxposiiiv^s '_Mv<> littlo cvifloin'o of tltf niMxiiinini tliiokncss of tlio

j:yj)suiii. ]\Iinin^' operations in tlii^ Ignited States (iypsuni f'onipaiiy's

quarry have disclosod over 100 tVet of frypsnm above the wasli level, and
tli(M-e is no indication of how much deeper it may pro. It has already been

mentioned that the irypsnm in this area has been down folded into a

troujrh and that the base here is unusually irre<rular. Perhaps, for the

area maj^ped. TOO feet is the averapre maximum thickness of prypsum

remainiuir above the wash level. In the two small areas where the original

thickness has been preserved and is exposed, the prypsum is 100 feet

thick or less.

At the base the <ry psuni jirades into the prray member of the Split ^loun-

tain formation. Excellent exposures of the base may be seen in the can-

yons that cut the jrypsmn on both sides of the wash and it ma}' also be

seen in the T'nited States fiypsum Company's workinprs on both sides

of the thick prypsum ref(>rred to above. Always p:ray arkose immediat(dy

underlies the prypsum. Toward the southeast there may be 10 feet or more
of arkose. but in the northwestern exposures there is likely to be only

an inch or two of arkose separatinp: the pypsum from the conprronierate.

The lowest beds of the "ryjisum contain interbedded prypsiferous sand oi-

shale. At the base of the irypsum on the southwest side of the wash a 30

foot bed of prypsum lies as much as 50 feet beloAV the main body, but at

most places the interbedded sand is only a foot or two thick or at the

most, four feet.

The prypsum itself is a compact, equipfranular, fine- to medium-grained
material with a prrayish tinpre. Thin, vapfue, brownish bands are visible in

the hand specimen. The microscope shows that the apparently equigranu-

lar gypsum has been lai-i;ely recrystallized into tiny fibers. The prypsum

is divided into areas in which the {ryjisum fillers arc aliprned or nearly so,

and this feature undoubtedly is responsible for the prranular appearance
of the hand specimens. Here and there may be seen anhedral prypsum

p-rains that are not fibrous. Tiny detrital shreds of biotitc exhibitinp:

prreen pleochroism are uniformly but sparsely distributed. Finely divided

opaque matter, perhajis a mixture of iron and manpranese oxides, is pres-

ent and is concentrated to some extent along grain boundaries.

The basal 5 to 10 f^et of the gypsum, particularly in the northwestern
part of the Ignited States (lypsum Company's ]n-opert3', contains a sooty,

black material that chemical tests indicate to be mixed oxides of man-
ganese and iron. "White gypsum comprises 60 percent of these beds; the

remainder is impregnated with the black matter. Ellipsoidal bodies of

white gj'psum up to ^ inch long are mixed with the black, and thin black

films occur along the bomidarics between the white bodies. Usually there

is a crude banding. Close to the surface the black matter has been changed
to a brick red color.

Selenite in the form of glass-clear .sheets half an inch to 2 inches thick

occurs at a few widely separated spots. At these places selenite is inter-

bedded with greenish shale close to the base of the gyp.sum. Selenite also

occurs within the gypsum body.

Gypsum forms smoothly rounded hills covered -svitli brown gypsiferous

soil. Beneath the soil lies 5 to 10 feet of leached and porous gypsum.
Gullies are deeply incised, narrow, and steep-walled. Gj'psum is more
resistant to erosion than are the underlving arkose and conglomerate.
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Anhydrite. Anhydrite was not found on the surface, but it does occur
in the United States Gypsum Company's quarry about 120 feet vertically

below the crest of the face. The anhydrite is a fine-prained white rock
with a faintly bluish-gray tinge. In thin section anhydrite is seen to be

a felted mass of fibrous crystals that have no preferred orientation. The
fibers are grouped in knots, and some fibers are arranged in bending and
I'adiating groups. Some knots contains fibers up to 10 times th(> average
size, and here and there may be found blocky cleavage fragments of

anhydrite. Like gypsum, anhydrite is clouded with opaque finely divided
matter that is concentrated to some extent along grain boundaries.

All the specimens of anhydrite observed have been replaced to some
extent by gypsum. Where anhydrite occurs in the (piarry, anhydrite-rich

beds alternate with beds that are mostly gypsum. The gypsum-rich beds
contain subangular masses of anhydrite an inch or two inches in diam-
eter, and these masses are cut by branching threads of gypsum. In the

anhydrite-riL'h beds 1-inch thick layers of gypsum contain lenses of

anhydrite g-iuch in size. The microscope shows that no anhydrite is com-
pletely free of gypsum and also that even the highest grade of gypsum
quarried contains a small amount of anliydrite.

Thin sections of mixed gypsum and anhydrite show that the anhydrite
grain size is smallest at anhydrite-gypsum boundaries and increases

toward the centers of anhydrite bodies. Gypsum in close proximity to

anhydrite does not have the fibrous character already described. Gypsum
closely associated with anhydrite is in the form of anhedi-al grains that

do not have a sharp extinction angle. Along boundaries gypsum pene-

trates far into anhydrite. "Within anliydrite bodies gypsum maj' be hardly

more than gypsiferous areas filled with anhj-drite fibers. Occasionally

gypsum may penetrate anhedral crystals of anhydrite along a rectangu-

lar pattern like the anhydrite cleavage.

Away from anhydrite gypsum may be as anhedral grains with a

sharper extinction angle than the vague areas described above. Most of

them contain corroded anhydrite inclusions. T^sually, liowever, gypsum
is fibrous, and the farther from anhydrite the finer are the fibers and the

more perfect is their alignment within grains.

Satin spar veinlets up to -^-inch wide cut both gypsum ami anhydrite.

T'.sually they are composed of lath-shaped gypsum crystals that are ori-

ented normal to the veinlet walls. These crystals have a sharp extinction.

Anhydrite remnants are to be found within these crystals. Veinlets walls,

although straight, are irregular in detail. One vein-shaped body of gyp-
sum cutting anhydrite is made up of fibrous gypsum in which there are

suggestions of grains arranged like the pattern in the satin spar veinlets.

The evidence suggests that replacement of anhydrite by gypsum began
along fractures and proceeded until varying proportions of anhydrite

were left as partly rounded remnants. Not enough exposures of anhy-

drite were found to determine whether a relation exists between depth

and the presence of anhydrite. Tt is probable, however, that calcium

sulfate, wherever it is buried to a depth of 100 to 150 feet, exists as

anhydrite.

Celestite. Celestite was found only on the Roberts and Peeler prop-

erty, although specimens of strontium-bearing gypsum in the possession

of the United States Gypsum Company are thought to have come from
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tlu'ir property. Celestite forms a disset-ted cap ahoiit 10 feet thick on a

liill composed of about 100 feet of gypsum lyintf on jjray conjrlomerate.

There is no indication that celestite occurs at the original top of the

l^ypsum liore.

Two small open cuts have been made in the celestite in addition to the

natural outcrops. At one place gypsum is interbedded with the celestite,

and in another place the celestite immediately overlying the gypsum is

in th<' form of siihanguhir nodules up to 6 inches in diameter. The celes-

tite clearly is conformal)k' with the underlying gypsum and ])robal)ly

is a lens.

The celestite is faintly bluish when fresh, but Aveathered surfaces are

brown and .jagged. The I'ock is composed of a fine- to medium-grained
porous mass of anhedral celestite grains with very finely divided calcite

grains conceiitrated along the celestite crystal boundaries. Black oxides

are present also. Although most of the celestite crystals are granidar,

elongate crystals and radiating groups of crystals are to be found.

Quatal Canyon Deposit, Ventura County

A comparative ne\V(H)mer among California's gypsum producing areas

is the northwestern corner of \\'ntura County. Gypsum occurs about 5

miles east of Ventucopa, a post office and store on U. S. Highway 399 in

I lie upper part of the Cuyama Valley. The deposit consists of a single

bed from 10 to 30 feet thick that occurs in mildly folded Tei-tiai-y rocks.

The outcrop of this bed may be traced for at least 7 miles between iJal-

linger Canyon and Quatal Canyon.
The principal mining operation is that of the Monolith Portland

Cement Company which supplies the gypsum requirements of the port-

land cement plant at Tehacha})i. The Monolith propertv (109) lies in

sees. 18 and 19, T. 9 N., R. 23 W.. and sec. 24, T. 9 X., R. 24 W., SBM.
in a branch canyon north of Quatal Canyon. It may be reached over a

])rivate road half a mile long that leaves the Quatal Canyon road 4.7

miles east of its junction with U. 8. Highway 399. IMining of gyjisum

began iiere in 1941.

The Blue Diamond Corporation owns patented claims (103) that lie

between the IMonolitli property and Ballinger Canyon. Southeast of the

Monolith property and across (Quatal Canyon are the claims of W.
Mathews (107). The deposit extends still farther southeast into Corral

Canyon where the Heffron brothers have a gypsum claim. Development
only has been done on these properties.

The only published geologic report of the area known to the writer

is that of English '' with its aci-ompanying map, scale 1 :12r),000.

English describes some 12,000 feet of coarse sediments of middle and
late ]\Iiocene age that occur in the area east of the Cuyama Valley and
west of the San Aiulreas fault zone. The sediments are at least in part

non-marine. The gypsum occurs at the base of the Quatal red clay, a
non-marine fades of the upper Miocene Santa ]\Iargarita formation.

T^nderlying the gypsum are the middle Miocene Caliente red beds.^''

The Monolith property lies on the southwest flank of one of a series of

open, northwest-trending anticlines that lie cast of the Cuyama Valley.

'» English, W. A., Geology and oil prospects of Cuvama Valley, California : U. S. Geol.
Survey, Bull. 621, pp. 191-21.5. 1016.

^ Dibblee, T. W., Personal communication.
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In the area mapped the gypsum bed is enclosed in 100 to 200 feet of

brown shale which in turn is enclosed in many liundred feet of coarse

sandstone. The Caliente red beds, wliich lie in the footwall, are composed
of a poorly consolidated sandstone tliat crops out on tlic steepest slopes

only. Tlie soil overlying- it is sandy and in many places contains igneous

pebbles and cobbles. One specimen of the sandstone is a poorly sorted

material in which the average grain size ranges from ,'„ to y\ inch, and
the ma.ximnm size is .{ inch. C! rains, which are snbangular, are mostly

(|uartz. Feldspar comprises less than 10 percent of the specimmi, and a

maximum of 5 percent is dark minerals and rock fragments. ]\Iost of the

(piartz grains are blue-gray in color, but .some are clear.

Tlic Quatal red clay that encloses the gypsum is a brown claylike

sliale that docs not form natural outcrops, even on the steepest slopes

in the area. Soil derived from it is a rich brown loam that supports grass.

The shale in places contains selenite crystals and is cut by satin spar
veinlets.

Shale was observed iiw })lac(' only in artificial openings. A six'cinicn

from the footwall in the Monolith quarry is a light brown material with

an irregular fracture. Selenite crystals up to an eighth of an inch in

length comprise ]ierhaps 5 percent of the specimen. No other minerals

are visible Avitli tiie hand lens. The footwall sliale is about 100 feet thick.

Shale overlying the gj'psum in the quarry is much like the footwall

shale. The color is lighter, and it has a conchoidal rather than an irregular

fracture. The hanging-wall shale here contains no gypsum, but elsewhere

soil derived from shale that overlies gypsum contains satin spar frag-

ments. Approximately 50 feet stratigraphically above the gypsum, beds
of fine-grained yellow sandstone occur in the shale and crop out in road
cuts. The total thickness of shale and fine-grained sandstone above the

gypsum is 75 to 100 feet; above that is coarse-grained sandstone similar

in all respects to the Caliente red beds.

The gypsum bed ranges from 10 to 30 feet in thickness, and in some
places it contains as much as 5 feet of interbedded shale. In artificial

openings the gypsum is massive and cut by joints jierpendicular to the

l)lane of the bedding, (iypsum crops out more conunonly than either

the sandstone or the shale, but the outcrops are of porous, weathered
material that gives but little indication of the character of the unweath-
ered gypsum below. Soil lying on gypsum is gypsite mixed with organic

matter resulting from the decay of coarse grass aiul bushes tiuit grow on it.

The gypsum itself is a brown-colored, compact aggregate of grains

about 0.05 inch in size in wliich there are indefinite segregations of

darker gypsum. Whatever causes the brown color does not, however,

affect the purity of the gy]>sum. Uiuler the microscojx' the gy])sum is

seen to be a mosaic of interlocking anhedral grains, many of which are

elongate but not oriented. Twinning is uncommon. (J rain size ranges

from 0.003 x 0.01 inch to 0.02 x 0.10 inch. Each crystal has uniform
extinction and well-defined boundaries. Cloudy brown calcite consisting

of anhedral grains less than 0.001 inch in diameter occur, commonly
along gj'psum crystal boundaries. There are also round bodies 0.01 inch

in diameter containing mixed gypsum and calcite.

A specimen of impure gypsum from the Blue Diamond area consists

of clear gypsum alternating with pai)er-thin layers clouded with brown,

opaque matter. The clear layers are composed of gypsum grains the size
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and shape of those described above except that almost all of them have
fibrous texture. The cloudy bands contain pypsum and auhedra of
dolomite or calcite 0.001 to 0.004 incli in size.' Finely divided opaque
dust occurs along the grain boundaries.
Within 5 feet of the base of tlie gypsum, nodules of gray to milky chert

are plentiful. Some are reniform ; others are lens-shaped. The nodules,
whicli may be up to 4 inches in diameter, are uniformly distributed
througli the lowest layers of the gypsum and average 5 to 10 feet apart.
A basalt flow, perhaps 20 feet thick, occurs 700 feet stratigraphically

below the top of the Caliente red beds in the Blue Diamond area. The
comparable stratigraphic position in the Monolith area falls on the face
of a steep scarp, and the flow was not located there. The flow is composed
of black-colored aphanitic rock, and it has reddened the underlying
sand somewhat.
The scarcity of good outcrops in the vicinity of the Monolith deposit

and the similarity of footwall and hanging wall rocks makes the inter-

pretation of the structure somewhat difficult. The surface northeast of

the branch canyon in which the quarries are is an approximate dip slope

that is abruptly cut off on the east by a steep scarp. Over much of the

dip slope gypsum crops out and dips uniformh* southwestward at angles
of from 30° to 45°. Toward the branch canyon the gypsum gradually
passes beneath the hanging wall shale and disappears southwest of it

under shale and sandstone.

At its upper edge the gypsum is abruptly cut off by an approximately
vertical fault the northeast side of which has dropped relative to the

southwest side. Northeast dips along the fault suggest that the gypsum
has been dragged down along the fault surface. Additional evidence of

the fault may be seen on the scarp where gypsum abuts against sandstone.

Some 600 feet northeast of the fault gypsum again appears on the

scarp in its normal secjuence. The outcrop of the gypsum bed is traceable

from here northwestward into the Blue Diamond area. Here also the

prevailing dip is southwest, although there are wide but perhaps local

departures from the regional trend.

Death Valley Region

China Ranch Deposit (31) (PI. 34)

A gypsum deposit on China Ranch southeast of Tecopa in sec. 26,

T. 20 N., R. 7 E., SBM, was worked in 1916 and 1917 by the Acme Cement
and Plaster Company. It is now owned by the Certain-teed Products

Corporation of Ardmore, Pennsylvania. The road to China Ranch, which

leaves the Tecopa-Noonday road about 3 miles east of Tecopa, passes

through the deposit. The deposit was opened wdth tunnels, and gypsum
was produced by open stoping at the rate of 1000 tons a month.

The gypsum occurs in a great thickness of tilted lake beds, probably

of Pliocene age, that are composed chiefly of brittle, light brown-colored

clay shale. Beds of pumice lapilli up to 15 feet thick occur interbedded

with the shale. The principal gypsum deposit is a 20-foot thickness of

gypsum beds ranging from 6 inches to 3 feet in thickness separated by

up to 3 inches of shale. On both the hanging wall and the footwall the

gypsum grades into shale by a rapid decrease in the number and thickness

of the gypsum beds. In addition thin beds of impure gypsum occur some

distance from the main bodv and selenite seams a quarter of an inch
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thick cut tlie sliale. Tlu' jiyi).siiin is a coiiipact wliitc to iij^ht-gray a!Jrt?re<rate

of jrrains O.O'Jo to O.Oo iiu-h in size. In thin section the texture is seen

to be fibrous like tliat of the Fish Creek ^lountains gypsum.

Copper Canyon Deposit (32) (PI. 34)

An occurrence of gypsum was examined in Copper Canyon about 3

miles above its mouth in the northeastern part of T. 23 X., R. 2 E.,

8BM. Comparatively thin jiypsuni beds occur in lake beds that lie on a

great thickness of conglomerate extending W(>stward to Death Valley.

The lake beds, which contain fossil footprints, have been assigned to the

lower Pliocene ( ?) Furnace Creek formation. Th(>y are composed of

chocolate brown-covered shale with a minor amount of coarse, pebbly
sandstone. Gypsiferous zones, although occurring throughout the lake

beds, are most numerous near the base. Most of the gypsum is in the

form of thin beds up to half-an-inch thick alternating with shale or

gypsiferous shale, but there are a few beds of i-omparatively pure gypsum
up to 5 feet thick.

Furnace Creek Deposit (33) (PI. 34)

There is an undeveloped gypsum deposit in Furnace creek on the

Twenty JIule Team scenic loop, on State Highway 190, 6 miles east of

Furnace Creek Inn. Gypsum beds which occur in the lower Pliocene ( '•)

Furnace Creek formation, crop out on the summit of a ridge between the

highway and the loop and extend along it for about a mile. A maximum
of 3 feet of pure gyp.sum occurs interbedded with shale

;
greater thick-

nesses of gypsiferous shale and thin beds of gypsum alternate with shale.

Occurring near the gypsum are lava flows. Gy|isum in contact with the

lava is chalky, but there is no indication that this etl'ect was produced by
the lava.

Owl Hole Spring Deposit (86)

Near Owl Hole Spring in T. 18 N., R. 3E.. SBM. is an undeveloped
gypsum deposit that has some of the features of Avawatz ]\[ountains

deposits. It lies on a branch of the road to Leach Lake which early in 194S
had recently been graded and was marked with a sign. The branch turns
west from the Leach Lake Road 11.7 miles from the South Death Valley
road, and half a mile further on it passes through a narrow wash where
gypsum crops out on both sides. Gyjjsum and gypsiferous shale occur in

Pliocene ( .') lake beils that crop out along the wash for about a mile to

the east. These beds, which strike parallel to the wa.sh and dip north
beneath the wash gravel, are c(miposed of brown shale. The surface of the

shale is covered with a thin moldlikc efflorescence.

At the spot indicated above, a 2-foot bed of gypsum free of shale im-
purities crops out for 75 feet and continues across the wa.sh for a short

distance. Overlying the gypsum is a bed of salt-impregnated shale. Some
of the shale beds in the vicinity contain celestite nodules.

Cuddy Canyon Deposit, Kern County (37)

A gypsum deposit in Cuddy Canyon near Frazier Park has been ex-

amined by Gordon B. Oakeshott and James W. Vernon.-' The g\'psum
occurs in 'sec. 34, T. 9 X., R. 21 W., SB^M, about 2 miles west of Frazier
Park on the south side of the canyon. Although some gypsum has been
mined from the outcrop and an inclined shaft has been sunk, no records

-1 Supervising Mining Geologist and Junior Mining Geologist, respectively, California
Division of Mines.
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are available to indicate when the work was done or the use made of the
small amount of gypsum mined.

In this area the most prominent structural and topographic feature is

the San Andreas fault zone which trends almost due Avest following Cuddy
Canyon. North of the fault are bodies of er3-stalline limestone that occur
as roof pendants in Jurassic (?) granitic rocks, while south of it is a
series of volcanic and sedimentary rocks of Miocene ( ?) age containing
several gypsum-bearing lenses. The gypsum lenses are interbedded with
brown sandstone, conglomerate, basalt flows, basaltic agglomerate and
tuft' striking approximately N. 75" W. and clipping 20' to 85° south. The
largest of the gypsum lenses is 15 feet thick and can be traced southeast-

ward from the eanyon bed 700 feet up the hillside. The lenses consist of

laj'ers of light brown-colored gypsum as nnich as 8 inches thick separated

b}' the thinner layers of shale.

Mint Canyon Deposit, Los Angeles County (55)

Some development work has been done on a gypsum deposit in Mint
Canyon in the western part of sec. 29, T. 5 N., R.14 W., SBM. A gravel
road 6.2 miles north of Solamint turns east from U.S. Highway 6, and
0.3 mile from the highway a side road turns north to the deposit. The
deposit has been opened by a 150-yard eut along the gypsum outcrop,

but it was idle in November 1948.

A gypsiferous zone up to 15 feet thick that strikes N. 65° E. and dips
40° NW. occurs in tightly folded sedimentary and volcanic rocks of

the lower Miocene (?) Vasquez formation. The zone consists of beds
up to 6 inches thick of gray and brown-colored gypsum resembling that

of the Quatal Canyon deposit alternating with coarse, angular sandstone

cemented by gypsum. These rocks lie on a coarse, angular, greenish sand-

stone containing thin beds of purple-and green-colored shale. Twenty or

thirty feet below the gypsum occurs a black, somewhat vesicular lava.

Very coarse-grained arkosic sandstone containing a few 3-inch shale beds

overlies the gypsum. Granitic rocks are in fault contact with the sedi-

ments about 200 yards northwest of the deposit.

Mule Shoe Ranch Deposit, San Benito County (76)

The Mule Shoe Eanch deposit is 0.3 mile west of Bitterwater Road and
1.2 miles south of Bitterwater in sees. 17 and 18, T. 18 S., R. 9E., MDM.
(projected). It was last worked during 1945 and 1946 by the Monterey
Gypsum Company which produced high grade ground gypsum for agri-

cultural use.-- In December 1948 the operation was abandoned, and all

equipment had been removed.

Nearly flat-lying lenses of gypsum 3 to 6 feet thick and up to 300 yards

in diameter occur in beds of the Paso Robles (early Pleistocene) forma-

tion. The gypsum is enclosed in silt beds that in turn are enclosed in a

moderately hard, poorly sorted, cross-bedded sandstone containing

rounded pebbles of weathered siliceous shale up to half an inch in diam-

eter. Two to four feet of silt separate the gypsum from the overlying

standstone ; and the total overburden including a foot or two of soil ranges

from 3 to 10 feet in thickness. The underlying sandstone is exposed in the

bottom of a small canyon, a distance of about 25 feet stratigraphieally

below the gypsum.

a2 Averill, C. V., Mines and mineral resource.s of San Benitn rnunty, California : Califor-

nia Jour. Mines and Geology, vol. 43, p. 51, 1947.
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CYPSl'M AND ANHYDRITE
Fish Creek Mountains deposit, l^ight anhydrite, darl< gypsum. A boulder of

waste at the United States (iyjjsum Company (luarry. Anhydrite occurs abund-
antly in the nuarry about 120 feet vertically below the crest of the face.
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The gypsum itself is a compact, fine-grained, granular rock that is tan
in color. In the single specimen studied in thin section the texture re-

sembles that of the Quatal Canyon gypsum except that parts of the slice

contain subhedral to euhedral diamond-sliaped gypsum crystals.

Cuyama Valley Deposits, Santa Barbara and Ventura Counties

In tlie upper Cuyama Valley region there is a second gypsiferous zone
about 5 miles southwest of the Quatal Canyon deposit. The gypsum occurs
in the Caliente (middle Miocene) red beds; in this area the Santa Mar-
garita formation (late Miocene) which contains the gypsum at Quatal
Canyon, is non-gypsiferous.-^ Deposits along the zone for a distance of

about 7 miles were examined, and the zone probably extends farther in

both directions. In contrast to the Quatal Canyon deposit, however, the

zone consists largely of numerous thin beds of gypsum separated by
gypsiferous sediments.

Although development has been carried out at a number of places,

shipments have been small. In the summer of 1950 the Maricopa Gypsum
Company had made agreements to do assessment work on a number of

gypsum claims with options to lease them. The Cuyama Gypsum Company
held a license to produce agricultural gypsum in 1946.

The following is a list of properties where development work has been
done and from which a little gypsum may have been shipped. A deposit

belonging to L. Curyea in the SE] sec. 34, and SWj sec. 35, T. 9 N.,

R. 25 W., SBM is on an eastern branch of Santa Barbara Canyon and
6.3 miles up the canyon from U.S. Highway 399 (100). The next property
to the east belongs to Ilarrv Black, Merl Black, and Gene Stutz. It is in

sec. 36, T. 9 N., R. 25 W. and sec. 1, T. 8 N., R. 24 W. SBM, in Wagon
Road Canyon 1.3 miles from its mouth (102). Between here and Cuyama
Wash is the Seeley property (101) in the SW-^ sec. 7 and NW^ sec. 18,

T. 8 N., R. 24 W. The River claim of Black et al (105) covers the gypsif-

erous zone where it crosses the Cuyama River. Development work has

been done in the northwest corner of sec. 17 and the northeast corner of

sec. 18, T. 8 N., R. 24 W. on the west bank of the river, and some gypsum
has been shipped from Frenchman's Point on the east bank in NE^ sec. 16

and NWi sec. 17, T. 8 N., R. 24 W. The easternmost property visited,

which is also part of the Black property, is a mile or so farther east on the

south side of Burges Canyon in NW^ sec. 15, T. 8 N., R. 24 W (104). At
all of these places the geologic occurrence of the gypsum is similar.

Those of the above deposits that are west of the Cuyama River are

in the area covered bj' English's map.-^ The gypsiferous zone occurs in

the middle Miocene Caliente red beds which English designated the Pato
member of the Vaqueros formation. These brightly colored red and green
nonmarine sandstones are especially noticeable in the beds overlying the

gypsum. They form a 2-mile strip bounded by faults that strike about
N. 60° W. through the entire area under consideration. Dips are pre-

dominantly southwest at angles of 25^" to 50°, but the fault block is itself

faulted, and there are northeast dips also.

Although the gypsiferous zone may be traced throughout the entire

area, it thickens at the places where development has been done to a

23 Dibblee, T. W., personal communication.
-* English, "W. A., Geologv and oil prospects of Cuyama Valley, California : U. S. Geol.

Survey Bull. 621, pp. 191-215, 1916.

8—58771
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luaxinium of 50 feet. These wider parts are composed of dark-brown
shale, fine-grained poorly consolidated quartzose sandstone, and com-
paratively thin beds of gypsum containing impurities of greenish-colored
shale. These rocks are thoroughly brecciated in many plaeos, and they
are commonly crowded with .satin spar veinlets up to an inch thick. The
highly gypsiferous portions of the outcrop are covered by blankets of
gypsite up to 5 feet thick. The section through the "Wagon Koad Canyon
deposit illustrates these features (fig. 8).

Development work has revealed beds of comparatively high grade
gypsum up to 10 feet thick. They are, however, extremely lenticular;
and commonly they disappear entirely within 100 feet along the strike.

Even smaller lenses of high quality alabaster are to be found. The
alabaster is used near Ventucopa for carving. Lenticular bodies of ala-

baster ranging in diameter from a few inches up to perhaps 10 feet occur
both within impure gypsum and in brecciated, gypsiferous shale.

A specimen of alabaster from Frenchman's Point was examined under
the microscope and found to consist almost entirely of gypsum in a
mosaic of slightly elongated interlocking cr^-stals that average 0.005
inch in length. There are a few large irregular anhedra of gypsum up to

0.02 inch in diameter that contain small gypsum crystals at a different

orientation from that of the surrounding material.

Avawatz Mountains Deposits, San Bernardino County (79)

Gypsum, together witli salt and celestite, occurs in a belt of strongly
folded and faulted Tertiary beds that are exposed in the northern foot-

hills of the Avawatz Mountains. These beds crop out in a belt about 9 miles
long and a mile wide that extends from sec. 8, T. 17 N., R. 6E., near Sheep
Creek northwestward to sec. 24, T. 38 N., R. 4 E., 8BI\I. The deposits are
included in claims of the Avawatz Salt and Gypsum Company that were
patented about 1911. There has been no production, and no work has been
done on the gypsum deposits in recent years. Exploration of portions of
the salt deposit carried out in 1941 and 1942 had no direct bearing on the
gypsum. The Western Atlas Corporation held a lease on the property
and developed talc bodies associated with the basement rocks. The
property is remote from paved highways, although some of the old access

roads have been regraded. Although the road from Barstow through
Camp Irwin is passable, the best approach is from the South Death
Valley road.

The only detailed and comprehensive geologic report on the Avawatz
saline deposits is the unpublished report of Lewis and Johnson. ^"^ A
report written by XL C. Lee and L. F. Boyer, in 1942, also unpublished,
is confined to a small portion of the salt deposit where gypsum does not
occur. Gale ^^ has summarized and evaluated the earlier work after re-

viewing the area in the field with L. F. Noble. Gale's report, primarily
on the salt resources, contains a geologic map of the central third of the
Avawatz Salt and Gypsum Company propert3^

Structurally the region is so complex that no uniformity of opinion
exists among those who have studied it in detail. The salines occur in lake
beds of late Miocene or early Pliocene age and were formed by evapora-
tion of the water of a closed basin or basins. The Tertiary beds are

=5 Lewis, J. O., and Johnson, H. R., Unpublished report prepared for the Avawatz Salt
and Gypsum Company, July 31, 1911.

" Gale, H. S., Avawatz salt, grypsum, celeslte and talc deposits, San Bernardino County,
California, 37 pp., unpublished manuscript, December 1947.
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involved in the South Death Valley fault system, a series of faults that
may be traced for at least 30 miles northwestward along the south side
of Death Valley. The merging of this fault system with the Garlock
fault near Sheep Creek in the eastern end of the property is the apparent
reason for the structural complexity of the area.

In the opinion of those who have worked in the area recently, the
granitic and metamorphic rocks that form the main mass of the Avawatz
Mountains have been thrust northeastward over the Tertiai-y rocks.^^

The following interpretation of the stratigraphy is by Lewis and
Johnson with slight modifications by Gale. One prominent formation is

a breccia, probably of Tertiary age, composed of rocks similar to those
of the core of the Avawatz Mountains where gneiss, marble, and quartzite
have been intruded by granite and gabbro. In the area under considera-
tion the breccia occurs in two steeply dipping slices, one facing Death
Valley and one farther south, separating two belts of complexly folded
and faulted gj^psum and salt-bearing Tertiary lake beds. The two belts

of Tertiary rocks are close together at the east end of the property and
diverge westward at a slight angle.

The gypsum- and salt-bearing beds are divisible into four parts. The
older Tertiary beds, which contain neither salt nor gypsum, are made
up of a lower section of maroon-colored or deep red-colored shale and
an upper section of fine-grained argillaceous j-ellow-colored sand. Their
thickness is 267 feet at Cave Spring Wash.
The older Tertiary beds grade upward into the gypsum-bearing beds,

which range from 150 to 400 feet in thickness. The base is marked by
the first appearance of gypsum in quantity and the top hy the last ap-

pearance of gypsum. Gypsum occurs as relatively thin beds of fine-

grained rock gypsum alternating with greenish gypsiferous clay and
forms from a small fraction up to two-thirds of the total thickness. Some
of the gj^Dsum is heavily stained with manganese oxides, but in general

it is free from salt. Particularly in the western part of the property,

celestite is found near the base of the gypsum-bearing beds. The celestite

occurs as reef-forming beds of hard, dark-weathering rock up to 3 feet

thick that may be traced for as much as 1.000 feet. Along the strike,

they thin out and are represented by nodules of celestite in gypsum.
The salt-bearing beds overlie the gypsum and consist of yellowish and

reddish salty clay and sand that contain rock salt in the central part.

The thickness is difficult to determine because of the lack of structures

in the salt. Although the salt is in general concealed by a layer of residual

impurities, exploration in the Boston-Valley salt claims has disclosed

275 feet of massive salt, averaging more than 92.0 percent NaCl. The
salt-bearing beds grade upward into the post-salt beds, 800 feet of

gravel and sand containing a minor proportion of gj^psiferous and
saline beds.

Overljang the post-salt beds with marked angular unconformity are

beds of boulder conglomerate that are horizontal or broadly folded. Noble
has correlated them with the Funeral fanglomerate of probable late

Pleistocene age. Still younger, but older than the Recent terrace gravels

and alluvium, is the older alluvium, remnants of alluvial fans that have
been dissected by later stream channels.

"' Hewitt, P. Li., Personal communication.
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The detailed structure of the two gypsum- and salt-bearing belts has

not been solved. In part, at least, this is because of the lack of detailed

study, for only in one limited area has a complete program of explora-

tion been carried out. In part, tlie massive character of the salt obscures

structures in it. Interpretations of the structure by different geologists

are widely divergent. The relative ages of the sediments have not been

definitely determined, and it has even been questioned that the normal

order of precipitation of gypsum followed by salt took place here.

The folknving five areas are illustrative of the general nature of the

gypsum deposits (pi. 36).

The West End. Some low hills at the west end of the Avawatz Salt

and Gypsum Company property and in the broad fan slopes northwest

of Denning Spring are known as the West End. The old road from

Denning Spring to Confidence Mill lies about half a mile east of these

hills, and early in 1948, it was possible to drive north on it to a point

east of the hills. Because of the relatively low relief and small amount
of overburden, the West End has been considered to be the most favor-

able place to mine gypsum.
In these hills the g}'psum-bearing beds are involved in two or more

domal anticlines revealed under the terrace and wash gravels, and arc

covered with little, if any overburden. Although they dip steeply south-

west, the beds are less contorted here than elsewhere on the property.

The accompanying section shows a maximum thickness of 150 feet con-

sisting of gypsum beds up to a foot thick separated by thin layers of

clay. This relatively pure gypsum grades both upward and downward
into interbedded gypsum, clay, and sand, with a decreasing proportion

of gypsum. Certain beds are heavily stained wdth manganese and iron

oxides.

Celestite is more abundant in the West End than elsewhere in tiie

property. It occurs both as solid beds and as layers of nodules within the

gj'psum.

Big Gypsum (Kellcy) Hill. Big CTypsura (Kelley) Hill, a conspicuous

outcrop of gypsum on the northwest side of Denning Spring AVash, is

the northwest extension of the same belt of lake beds that occurs in Salt

Basin. A rough but passable road that turns south from the South Death
Valley road and follows the wash, passes close to the southwest end of

the hill. Tlie gypsum is 1.5 miles from the South Death Valley road.

The structure has not been determined definitely. Although as seen

from a distance the gypsum-bearing beds apparently lie on the brecciated

basement rocks with normal depositional contact, a complicated system

of faults has been postulated to explain the relations observed. Depending
on the interpretation of the structure. Big Gypsum Hill may or may not

contain a large tonnage of gypsum.

Salt Basin. Salt Basin, a valley trough formed by the dissolving of

salt, is flanked on the north by a considerable thickness of the gypsum-
bearing beds. The gypsum has received more study in this area than in

any other part of the property. Salt Basin is best reached from the unim-
proved road in Denning Springs Wash, from which, 1.3 miles south of

the South Death Valley Road, a branch turns southeastward and crosses

Cave Spring Wash to the deposit.
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The accompanying section extends between the two ridges of brecciated
basement rocks and crosses the northern belt of gypsum- and salt-bearing
lake beds. The structurally weak gypsum-bearing beds, which have been
intricately contorted and tightly folded, are exposed in gulches that
flow northeast into Salt Basin. In addition, a prospect tunnel lias cut
200 to 300 feet of the beds.

On the south, breccia is in fault contact with relatively undisturbed
mudstone. This slightly consolidated, but well-bedded material is gray to

red in color and contains conglomerate lenses and a minor proportion of

thin gypsiferous layers. Possibly in fault contact with the non-gypsifer-
ous beds are interbedded gypsum and gypsiferous clay beds that are
intensely crumpled and stand nearly vertically. Although some gypsum
beds are up to 10 feet thick, the dump at the prospect tunnel suggests
that the section as a whole contains a large proportion of clay.

NorthAvard the gypsum-bearing beds grade into gray to reddish mud-
stone that becomes salty. Salt is believed to lie beneath the floor of Salt
Basin, and around the sides salt forms outcrops covered with red-brown
clay that is in marked contrast with the tan outcrops of the gypsum-
bearing beds. North of Salt Basin the salt is followed by steeply dipping
salty mudstone that is in fault contact Avith brecciated basement rocks.

Jmnho Deposit. The Jumbo deposit is in the north belt of lake beds,
about 2 miles southeast of Salt Basin. It may- be reached from the South
Death Valley road on an unimproved track that begins 5.6 miles from the
State Highway 127 and follows an unnamed wash. Salt and gypsum occur
on the east branch of this wash 4.0 miles from the South Death Valley
road.

The lake beds, as shoAAm in the accompanying section, are in fault con-
tact on the south with brecciated marble and granite. Northward lie sev-

eral hundred feet of crumpled gypsiferous mudstone and sandstone and
then 20 to 30 feet of gypsum comparatively free from clay. In fault con-
tact with the gypsum beds is a massive body of salt, the outcrop of which
is 150 feet wide. North of the salt and in fault contact with it are gypsum
and clay beds that become less gypsiferous northward before disappear-
ing beneath terrace and wash gravels.

Sheep Creek Deposit. The Sheep Creek gypsum deposit is at the east-

ern end of the Avawatz Salt and Gypsum Company property and close

to the intersection of the Oarlock and South Death Valley fault systems.

The Sheep Creek talc deposit, which is associated with the basement rocks,

lies about half a mile to the north. A road, marked by a sign in 1948, goes

from the South Death Valley road for about 5 miles to a cabin near Sheep
Creek Spring. The gypsum lies about a quarter of a mile farther up
the first canyon tliat bears to the west.

The gypsum-hearing beds occur in a belt about 200 yards wide that is

bounded by steeply dipping faults. Brecciated granitic and metamorphic
rocks lie both to the north and to the south, and about half a mile to the

east the belt of lake beds pinches out. The lake beds are severely contorted
and are either vertical or dip steeply northwest. Oypsum occurs in them
as beds up to 6 inches thick that are separated by thin layers of powdery
greenish clay.
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QUATERNARY LAKE (PLAYA) DEPOSITS

Some of the playa lakes found in ck-sert rej^ions contain enough gyp-
sum to be commercial sources. Playas are those undrained desert basins

that are almost entirely filled with mud. Although they may be covered

with a few inches of water after heavy rains, normaily the water level is

some distance below the surface ; and they present an expanse of dried

mud covered with an eHlorescence of evaporated salts. A small proportion

of the playas contain crystal bodies of mixed salts that form a porous

mass filled with the mother liquor from which the salts crystallized. The
crystal body occupies but a small part of the playa. The gypsum in playas

is usually in the form of a mesh of selenite crystals from a quarter of an

inch up to an inch long or more.

Bristol Lake, San Bernardino County

The most important source of playa gypsum in California is P^ristol

Lake, San Bernardino County, near Amboy. From 1906 to 1924 gypsum
obtained from the lake about' 2 miles southeast of Amboy in sees. 3 and

10, T. 5 X., K. 12 E., SBM. (81), supplied the largest plaster mills in

California at the time. The first mill, built by the Pacific Cement Plaster

Company, w^as at Amboy; but about 1916 a new mill was built on the

lake clo.se to the deposit. This property now belongs to the TTnitod States

Gypsum Company, which also owns land in sees. 19 and 30, T. 5 N..

R. 12 E., SP.M. south of Amboy and on the west side of the lake. In 1935

the Bolo Gypsum Company held property on the east side of the lake (80)

but there is no record of production.

Bristol Lake, which lies in a trough, is filled with brine-saturated, fine

sediments covered by a hard, salt-crusted surface. In the central part of

the lake extensive beds composed primarily of common salt lie within

4 to 8 feet of the surface, while the underlying mud is saturated with con-

centrated brine containing sodium chloride and calcium chloride. One or

more deeper salt beds are believed to exist but have not been explored.

Selenite crystals and celestite nodules are found in the mud near the

lake margin.
Gypsum has been found at or close to the surface and within a mile of

the shore all around the lake, but it is most abundant on the west and

north sides. Salt beds do not occur in these marginal areas. Although the

character of the gypsum varies, in most places a mush of selenite crystals

mixed with salty mud lies beneath a few inches of silt covered with a

salty crust. Crystals on the west side of the lake are ^,- to ^-inch in size

and comprise perhaps two-thirds of the mass, while those near the site

of the calcining plant are flat plates up to an inch long, half an inch wide,

and one-eighth-inch thick. ITess ^s states that in the areas being worked

in 1909, gypsum extended from within a foot of the surface to an unknown

distance below the level of the water, which rose to within 8 feet of the

surface. Of the excavations on the west side of the lake, which were ex-

amined in 1948, few are deeper than 4 feet ; and in many of them the gyp-

sum content is greatest about 3 feet below the surface.

In the 1906-1924 operation, the gypsum from Bristol Lake required

special treatment to remove the salt and silt before it was processed

further.

28 Hess, F. L., California, in Stone, R. W.. and others, Gypsum deposits of the United

States : U. S. Geol. Survey, Bull. 697, p. 82, 1920.
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Danby Lake (85), San Bernardino County

Danby Lake, San Bernardino County, contains deposits of selenite that

resemble those of Bristol Lake, but there has been no production.^'' Danby
Lake lies roughly 35 miles southeast of Bristol Lake, and the two occupy
the same structural trough. The Parker branch of the Santa Fe Railroad

runs along the northeast shore of the lake. B3' road Danby Lake is best

approached from the southeast. The road from Freda Station on the Des-

ert Center-Yidal highway to Saltmarsli station on Danby Lake was pas-

sable in 1951.

Danby Lake, like Bristol Lake, contains a bed of salt ranging from 2

to 10 feet thick and covered by from 3 to 15 feet of overburden; but the

brine, with which it is saturated, contains no appreciable quantity of cal-

cium chloride. The salt lies in the central part of the lake, including the

area from sec. 21, T. 2 N., R. 17 E., SBM. to sec. 23, T. 1 N., R. 18 E., SBM.
Northeast of the central area that contains the salt, the marginal silt

contains abundant clusters of selenite crystals an inch or more in size.

They were observed about 2 miles S. 21° E. of Saltmarsh station, where
selenite crystals comprise up to a third of the lake beds exposed at the

surface. It is possible that the selenite may extend along much of the

northeast shore of the lake, but this has not been ascertained.

Where selenite is abundant, numerous knobs as much as 15 yards in

diameter project 5 or 10 feet above the lake surface. They are composed
of silt mixed with gypsum crystals approximately 0.01 inch in size and
possess a crude layering that is nearly vertical, mushrooming upward
and outward. Probably the knobs were formed by the evaporation of

upward-moving water that contained calcium sulfate.

RECENT DEPOSITS (GYPSITE)

Gypsite is an unconsolidated earthy mixture of very finely divided

gypsum and clay or silt. Calcium carbonate is usually present. Samples
may contain 80 percent or more gypsum, but because of the irregularity

of the deposits little of the gj'psite on the market is guaranteed to contain

more than 70 percent gypsum. Much of the gypsite used for agricultural

purposes contains from 50 to 60 percent gypsum, and some material with

a gypsum content of only 30 percent has been sold. The deposits usually

are at or within a few inches of the surface. Deposits as thin as 6 inches

liave been worked, and few exceed 6 feet in thickness.

Gypsite forms only in regions of little rain and high evaporation.

Capillary action draws calcium sulfate-bearing ground water toward
the surface where very small crystals of gypsum form. Gypsite deposits

are especially numerous and best known in the southwestern part of the

San Joaquin Valley. Here their proximity to the San Joaquin Valley
farms has made their mining profitable. Gypsite occurs also at many
jilaces outside the San Joaquin Valley, and some of the deposits are

being worked or have been in the past. Deposits at Koehn Lake, Kern
County, and a number of places in the southern Coast Ranges are

being worked today. Gypsite has also been mined at Palmdale, Los
Angeles County; Corona, Riverside County; and in Carrizo Plain, San
Luis Obispo County. Gypsite is commonly associated with the large

2" Noble, L.. P., Nitrate deposits in southeastern California with notes on deposits in
southeastern Arizona and southwestern New Mexico: U. S. Geol. Survey Bull. 820,
pp.57, 58, 1931.
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deposits of rock gypsum that occur in the desert but are too remote to

be of economic interest.

Tliree types of ^'ypsite deposit have been recognized ; those that form
caps on the upturned edges of gypsiferous beds, those that occur along the

margins of certain periodic lakes, and those that have formed in the

beds of dry washes. Deposits that have formed on the upturned edges

of gypsiferous beds are probably the most numerous. The gypsum in

the source beds may be in the form of selenite crystals and cleavage

plates, as part of the cement of sandstones, as a network of satin spar

veins, or as thin layers of gypsum interbedded with shale. The overlying

gypsite bodies closely parallel the present surface except that the thin

overburden of soil is likely to be thinner high on hillsides than it is

toward the base. Usually the gypsite becomes less pure downward and
grades into the underlying gypsiferous source material. On slopes some

migration of gypsite takes place because locally gypsite may lie on non-

gypsiferous rock. Individual bodies vary in size from patches up to

deposits covering several acres. The average maximum thickness is 3 or 4

feet, but thicknesses of as much as 8 feet occur in a limited area. The
'jfypsite is tan to cream in color and is usually soft. It is composed of

unconsolidated crystals of gypsum 0.002 inch or less in length, mixed

with quartz grains.

Relatively large gypsite bodies occur along the margins of periodic

lakes. Efflorescent deposits have formed along the shore line from calcium

sulfate dissolved in the damp underlying soil even though the lake water

itself may never have been saturated with gypsum.^*' Gypsite bodies so

formed are flat irregular lenses that lie with a sharp contact on lake beds.

Sometimes the gypsite crops out, but usually it is covered with up to 3

feet of sandy soil. Solution cavities and interbedded layers and lenses

of gravel or unconsolidated sand are a characteristic feature. Specimens

of gypsite from these deposits resembles that which forms on outcrops

except that the gypsum crystals of the lake margin type are about

0.004 inch long or a little larger.

The third type is represented by gypsite deposits near McKittrick

that have formed in the beds of dry washes. They are long, narrow,

crooked bodies covered by up to 5 feet of slightly consolidated sand and

gravel. Gypsite occurs on the surrounding hills, and the gypsite in the

channels may have been washed in from the hills. The channel gypsite

may also have originated from gypsiferous ground water that accumu-

lated in the channels.
Fresno County Deposits

Little Panoche Valley Deposit^* (9)

Tlio Little Panoche Placer deposit is operated by A. D. Sousa of the

Agricultural Minerals and Fertilizer Company. Los Banos, and was

opened by him in 1946. The deposit is located in SEl NW^ and NEj SW-j

sec. 1. T^ 14 S., R. 10 E. MDM. In 1949 it could be reached over an

unimproved road 1.5 miles long that leaves the Tiittle Panoche Valley

road 5 miles south of Mercy Hot Springs.

The deposit consists of a comparatively small patch of gypsite perhaps

500 feet in diameter and averaging 2 to 3 feet thick that lies on a north-

»Hess, F. L... California, in Stone, R. W. and others, Gypsum deposits of the United
States: U. S. Geol. Survey Bull. 697, pp. 71-T3, 1920.

^ See also Merced County.
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west-trending spur of the Panoche Hills. Bedrock in the vinicity of the
deposit is largely covered by soil, and the base of the gypsite has not yet
been exposed. A steeply dipping bed of coarsely crystalline limestone
crops out discontinuously along one edge of the deposit and may be traced
several hundred yards. Elsewhere within the gypsite are outcrops of

greenish, arkosic sandstone.

Gypsite from this deposit is guaranteed to contain 70 percent gypsum.
Mining is done with a scraper operated by a double drum hoist.

Panoche Hills Deposits

The Panoche hills deposits are on the east flank of the Panoche hills

at an elevation of about 100 feet above the floor of the San Joaquin
Valley. They are 20 to 25 miles south of Dos Palos. Gypsite was first

mined hero by Paul Schuck prior to 1913. The Dos Palos Gypsum Com-
pany (Divens and Conrowe) was active from 1933 to 1941, while Green
and Collins worked a deposit adjoining the Dos Palos Gypsum Company
operation on the south from 1934 to 1939. In 1947 the Super Gypsum
Company began working approximately the same ground as Green and
Collins, and in 1948 E. P. Jones reopened the deposit adjoining on the
north that had been worked earlier b}^ Divens and Conrowe.
The Valley View mine (17) of K. P. Jones is in sec. 19, T. 14 S., R. 12 E.,

MDM. An unimproved road marked in 1949 by a sign leaves the Dos Palos
Road 19.3 miles south of the railroad crossing at South Dos Palos. The
deposit is 3.7 miles from the road junction.

The bed rock here, a member of the Domengine (Eocene) formation,
is a soft sandstone, containing Turritellas, that has more indurated beds
about 20 feet apart. The weathered rock is purplish-red in color, and
much of it is cut by closely spaced satin spar veinlets. At least in places

the unweathered rock contains little or no gypsum. The beds dip at about
30° toward the valley and strike at a slight angle to the northeast-
trending spurs that project toward the valley from the main mass of

the Panoche Hills. Gypsite occurs on the tops of these ridges and extends
down the flanks. It extends farther down the northwest flanks than
the southeast flanks, perhaps because the surface is more nearly normal
to the dip of the beds on the northwest flanks. In the intervening gullies

gypsite is either lacking or thin and deeply buried. A cut in a gully
bottom 10 to 15 deep that was excavated for a loading chute penetrated
no gypsite. At another place a few inches of gypsite were found beneath
20 feet of alluvium.

Individual gj'psite bodies are small and irregular and are covered in

most places by a foot of soil. The gypsite grades downward into the
underlying bedrock. In places sand derived from the sandstone lies

beneath the gypsite. INIany of the bodies are full of residual stones and
a shaking screen with f-inch openings has been installed to remove as

much as possible of the non-gypsiferous material. Gypsite sold from the
Valley View mine is guaranteed to contain 50 percent gypsum.

Tumey Gulch Deposits

The gypsite deposits of Tumey Gulch occur on northeast-trending
spurs of a ridge that lies between the San Joaquin Valley and the mouth
of the gulch. The Paoli Gypsum Company produced some gypsite here
before 1900 from the northeast corner of sec. 1, T. 16 S., R. 12 E., MDM,
and a study of the deposit was made by Professor E. "W. Hilgard of the
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University of California soon after gypsite was discovered there.^- A. P.

Shepard's Paoli mine produced a substantial tonnage from 1930 to 1939,

thus being among the first to enjoy the modern boom in agricultural

gypsum. The Paoli mine was in sees. 1 and 2, T. 16 S., R. 12 E., MDM,
partly on Shepard's own land and partly on land belonging to II. II.

Welsh. Gypsite was recently produced by two enterprises, J. K. Griffin,

trustee of the II. II. Welsh estate, and the Bahr mine.

The Bahr mine (6) is on land leased from the Welsh estate in sec. 1,

T. 16 S., R. 12 E., MDM, and it adjoins the Griffin deposit on the east.

Gypsite had been produced here in 1947, but the deposit was idle in

December 1948. Gypsite occurs on the flanks of spurs trending toward

the San Joa(iuin Valley and at a considerable distance from the main
ridge bordering Tuniey Gulch. Maximum thickness is 3 feet, and much
of it contains impurities of sand and gravel.

The Tumey Gulch deposit (16) of J. K. Griffin is in see. 1, T. 16 S.,

R. 12 E., MDM, at the mouth of Tumey Gulch. It is west of the Bahr
mine and at a higher elevation. Bedrock is a poorly consolidated sand-

stone of the Vaquerus (]\Iiocene) formation that lies on a more indurated

sandstone containing brown fossiliferous beds. The bedrock is covered

in most places with 2 to 3 feet of gravel composed of sandstone and a

minor amount of quartz and chert. Small scattered gypsite bodies occur

almost invariably on the slopes of the spurs that trend northward from
the ridge bordering Tumey Gulch. The average maximum thickness of

gypsite is 4 feet, but thicknesses of 8 feet are known over a limited area.

Although there are a few outcrops, gypsite is in most places covered

with sandy soil that is in sharp contact with the gypsite. At the base the

gypsite grades into sand and gravel that commonly contains crystals

and cleavage fragments of selenite ^ to ^ inch in size. A carryall scraper

was used for both stripping and mining the gypsite. A screen and
hamnier mill have been installed to produce a ground product. The
deposit has not been worked since 1949.

Griffin also mined gypsite from sec. 6, T. 16 S., R. 13 E., MDM, and
gypsite extends southeastward into sec. 3, 4, and 5 along Monocline

Ridge. In the Tumey Gulch area the mineral rights of parts of the Welsh
propertv now belong to S. C. Lillis. These include parts of sec. 36, T. 15 S.,

R. 12 e!^ and see. 2, T. 16 S., R. 12 E., MDM.
Kern County Deposits

Kern Lake Deposits

Gypsite on the south margin of Kern Lake, which has been drained, was
described by IIcss-'-* in 1910. Iless' theory of the origin of the gypsite

found on the margins of some periodic lakes was based in part on a study

of these deposits. No production was made, however, until the Pacific.

Gypsum Company in 1946 and the Crystal Gypsum Company in 1947

commenced operations.

The Crystal Gypsum Company's deposits (36) are in sees. 27, 34, and
35, T. 32 S.. R. 27 E., near the .south margin of Kern Lake. The property,

which adjoins the Pacific Gypsum Comnany's holdings on the south and
west, may be reached from the Old Maricopa Road at a point 5.2 miles

west of U. S. Highway 99 where a road 1.1 miles long leads to the deposit.

'2 Mines and mining products of California : California State Min. Bur. Rept. 12, pp. 323,
324, 1894.

^ Hess, P. L,., California, in Stone, R. "W., and others, Gypsum deposits of the United
States : U. S. Geol. Survey Bull. 697, pp. 71-73, 1920.
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Numerous shallow pits and test cuts have exposed lake beds and small
unmined remnants of gypsite. The pits range in size from 10 yards in

diameter and 1 foot in depth to 100 yards in diameter and 3 feet in depth.

Apparently the gypsite was in the form of comparatively small, scattered

lenses. In December 1948 many of the pits were flooded, and the property
was idle.

The Pacific Gypsum Company is operating a gypsite deposit (46) in

sec. 26, T. 32 S., R. 27 E. on the south margin of Kern Lake and east

of the Crystal Gypsum Company's property. The deposit may be reached
over a 1.3 mile access road that leaves the Old Maricopa Road 4.5 miles
west of U. S. Highway 90. In December 1948 the route was well marked
with signs. Numerous lenticular bodies of gypsite 1 to 3 feet thick lie

within 3 feet of the surface. The upper part of the gypsite is clean and
soft ; downward it becomes harder and contains streaks of included mud.
A sliarp but irregular contact separates the gypsite from the underlying
brown clay. The gypsite lenses thin abruptly toward the edges and contain

an increasing proportion of mud. In many cases the limit of gypsite of

commercial grade is an approximated vertical plane. Solution cavities

and sinks up to 3 feet in diameter that occur in the gypsite are a prominent
feature of this deposit. Gypsite from this deposit is guaranteed to contain

60 percent gypsum. Two carryall scrapers are used for mining and strip-

ping.

Koehn Lake Deposit (41)

A gypsite deposit of the lake-margin tvpe exists in the southwest part

of Koehn Dry Lake in sec. 28, T. 30 S., R. 38 E., MDM. Hess visited the

area and described the occurrence soon after its discovery in 1909.^^ For
a few 3'ears following the discovery this gypsite supplied a small calcining

plant on the lake, but most of the production has been for agricultural

purposes. G.W. Abel leased the deposit in 1926 and operated a grinding

plant for a time. Later, C. A. Koehn produced gypsite on a small scale

until his death ; and Mrs. Koehn, now Mrs. Daly, has continued the

enterprise.

The pit in operation during 1948 could be reached on good roads by
driving IJ miles south from Cantil and then 4 miles east. From here an
unimproved track leads to the pit, a mile to the north. One or two feet

of grass-covered soil lies on the gypsite which has been exposed in a pit

100 yards in diameter and up to 5 feet deep. The base of the deposit has

not been exposed in the present workings. The gypsite, a white, fine-

grained material having the consistency of packed snow, is cut by thin

layers of clay and limonite that are parallel to the surface and a foot or

two apart. Gypsite currently produced is guaranteed to contain 60 per-

cent gypsum. The gypsite is mined and loaded into trucks with a Haiss

creeper-model loader.

Lost Hills Deposits

Although Hess reported the occurrence of gypsite near Lost Hills in

1910.-^^ mining was not undertaken until 1930. In 1934 H. M. Hollo-

way Incorporated, now the largest producer of gypsite in California,

began production near Lost Hills. In addition to the Holloway Company
" Hess, P. Ti. Gypsum deposit near Cane Springs, Kern County, California : U. S. Geol.

Survey Bull. 430, pp. 417, 418, 1909.
«sHess, F. L., California, in Stone, R. W., and others, Gypsum deposits of the United

States : U. S. Geol. Survey Bull. 697, pp. 65-67, 1920.
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other gypsite producers at Lost Hills have been Handel and Son from
1941 to 1944, the Star Gypsnm Company in 1943 and 1944, and the Theta
rjypsiim Company from 1941 to 1943.

The Ilolloway deposits^*' (43) wliich lie along the western side of the

Lost Hills, are in sees. 3, 10, 11, 14, 15, 23, 24, 25, and 20, T. 2G S..

R. 20 E., MUM. They may be reaehed from a road paralleling the Lost

Hills that leaves U.S. Highway 466 about 3 miles west of Lost Hills. Gyp-
site bodies are scattered along tlic Lost Hills for a distance of about 4

miles.

The Lost Hills deposits possess some of the features of the lake margin
type. Flat-lying lenses of gypsite, some as much as 20 feet thick, occur

in slightly consolidated silty sand that contains lenses of gravel. Usually

the gypsite lies within 3 feet of the surface, but some bodies are covered

by 10 feet of alluvium. Many of the bodies are elongate and resemble in

shape the channel deposits of McKittriek.

Gypsite near the centers of lenses is a nearly white, sugary material

made up of interlocking plates of gypsum 0.005 inch in diameter. Calcite

is not present, although there are a few quartz grains of the same size as

the g3'psum. Toward the edges the white gj^psite grades into crusty gray
silt containing streaks and sjiots of white gypsite up to j'.-inch in diam-
eter. Lenses of sand and gravel are to be found within the gypsite, and
in places gravel immediately underlies the gypsite. The gypsite bodies

lie on clay in which mastodon bones have been found. ^'^ The gypsite at

Lost Hills is thought to have formed in basins west of the Los Hills. At
a later time uplift of the Temblor Range, which lies to the west, resulted

in the cutting of channels through the gypsite bodies and their covering

with alluvium. Carryall scrapers of 4-cubie yards capacity are used for

mining.

McKittriek Deposits

p]xtensive gypsite deposits occur simthwest of McKittriek in the Tele-

phone Hills and also east of McKittriek on a hillside facing McKittriek
X'alley. Gypsiferous beds in the Maricopa shale and in the Tulare forma-
tion have been the source of much of the gypsite,^^ and there are channel
deposits of g3'psite also. "When Hess visited the area in 1907 two companies
had opened deposits, Abbott and llickox in SWj sec. 30, T. 30 S., R. 22 E.,

and The California Gypsum and Mineral Company in Si see. 21, T. 30 S.,

R. 22 B. After being reorganized as the McKittriek Gypsum Company,
the Abbott and Hickox property was productive through 1914. Others

who reported production of gy])site in the same period or a little later

were the McKittriek Extension Oil Company, La Corona Oil and Asphalt
Company, and the Kern Countj^ Gypsum Company.
To ,iudge from analyses published by Hess the gypsite mined prior to

World War I Avas comparatively high grade material containing 85 per-

cent or more gypsum. Perhaps because of its exhaustion, there was no
production from 1922 until, in recent years, the Monolith Portland Ce-
ment Company mined gypsite during 1940 and 1941 for use in the manu-
facture of Portland cement. Following the closing of their Panoche Hills

deposit. Green and Collins produced gypsite in 1941 from a deposit 4 miles

^ See also Kings County.
s'' H. M. Holloway, oral communication.
^ Dibblee, T. W., Personal communication.
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Figure 9. Index map showing locations of gypsite worlcings in the Telephone Hills.
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southwest of McKittrick. The Gypsum Company of California worked a
ehannel deposit that crossed State Highway 33 about 1 mile south of
McKittrick. The Westorn (Jypsum Company reported production in 1041,
1942 and from VJAi) to tlie present. Tiie McKittrirk A<,'riL'ultural Ciypsum
Company produced gypsite from 1947 to 1!)50.

McKittrick Agricultural Gypsum Conipanij Deposit (45). This com-
pany operates under lease a deposit in sec. 21, T. 30 S., R. 22 E., that was
worked by the California Gypsum and Mineral Company prior to 191U.

It may be reached over an extension of E Street, IMcKittrick, which is east

«>L" the Southern Pacific station. An average of 3 feet of fairly compact,
tan-colored gypsite lies on fine, unconsolidated sand. The company has
worked deposits in the Telephone Hills also.

Telephone Hills Deposit (48). Gypsite occurs at intervals in a valley

along the east edge of the Telephone Ilills and about a mile west of State
Highway 33. (See fig. 9). "Workings begin just south of the McKittrick-
Santa ^Margarita road, and extend soutliward for between 2 and "11 miles.

.Vn unimproved dirt road that leaves the Santa ]\Iargarita road 1.1 miles

west of its junction with State Highway 33 jia-sses close to most of the

gypsite workings. Gypsite has been mined under lease from IMr. Rankin
(»f Bakersfield.

The most northerly workings (number 1, fig. 9) are on the flanks of a

lull just south of the Santa IMargarita road and east of a small marsh.
This area was worked prior to World "War I by Abbott and Hickox and
recently by the IMcKittrick Agricultural Gypsum Company. During 1949

a pit 500 feet long, 50 feet wide, and 10 to 15 feet deep was dug at the

base of the hill and close to the marsh. Crusty gypsite containing some
calcimn carbonate is exposed beneath 10 feet of stony soil. Gypsite extends

from the north end of the pit eastward up the hill. East of the pit lenses

of fairly hard, tan to white gypsite were mined over an area of several

dozen acres. The gypsite grades downward into gravel containing selenite.

Areas containing no gypsite are underlain by shale, although in one small

area gypsite does rest on shale. The highest part of the hill northeast of

the gypsite pit is composed of angular fragments of siliceous shale

cemented by caliche.

The second group of workings (number 2, fig. 9) consists of shallow

excavations on a low ridge between two washes and along their banks.

This work was done some time ago, and little gypsite remains.

At the third location (fig. 9) an area of gypsite 100 yards in diameter
lias been stripped, and the base of the gypsite is exposed in the north side

of the branch gully. There has been little production here. A few inches

of stony soil covers 3 feet of fairly hard, fine-grained gypsite. Beneath
the gypsite is about 6 feet of gravel composed of angular shale fragments.
The gravel in turn rests on steeply dii)ping tan-colored clay shale.

The fourth location (fig. 9) is at the north end of an extensive group of

workings. For a mile to the south the valley is so dug up with prospect
trenches and littered with waste piles that the original distribution of

the gypsite is obscure. The "Western Gypsum Company has operated at

location four. Here gypsite has been mined along the sides of a wash for

about half a mile. On the west side of the wash up to five feet of slightly

consolidated sand and gravel lie on 3 feet of gj-psite that is soft, fine

grained, and gray in color. Downward it grades into gray gypsiferous
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sand and clay. Close to the east edge of the workings the wash has exposed
the underlying material wliich is shale gravel containing clusters of inter-

locking selenite crystals. A trench, made apparently before the other
workings, follows the east edge of the valley for about half a mile and
extends south into location 5.

The most recent work in location 5 was done on the west side of the

valley b}' the McKittrick Agricultural Gypsum Company, probably be-

fore 1948. Stripping on the lower hillsides has exposed gypsite that con-

tains some calcium carbonate. In the gypsite area there is no sign of

bedrock, but higher on the hillside above the gj'psite there are outcrops

of non-gypsiferous, siliceous Maricopa shale of Miocene age. These beds
strike approximately north and are steeply dipping.

The Monolith Portland Cement Company worked a channel deposit in

location 6. A crooked excavation about 20 feet deep that followed the

channel has removed all the gypsite. On the walls is exposed gray gypsi-

ferous clay covered by 10 feet of unconsolidated stony soil. At the south

end the channel turns sharply west and terminates in the hillside work-

ings of location 7.

Mining in location 7 may have been done by Green and Collins. No
work has been done here for several years, and the access roads and load-

ing chutes are in poor repair. Very little gypsite remains here. The gyp-
site apparently rested on sand and gravel.

At location 8 there arc traces of excavations on both sides of State High-
way 33, but there is little if any trace of gypsite remaining. The Gypsum
Company of California worked a channel deposit here in 1945.

Packwood Canyon Deposit (47)

C.L. Fannin ^^ has opened a deposit of gypsite in Paclrvs'ood Canyon in

sec. 9, T. 27 S., R. 18 E., MDM. It may be^reached from a point on U.S.
Highway 466 6.9 miles west of Blackwell's Corner over an improved
gravel road four miles long. Gypsite has formed in a shallow basin where
two intermittent streams join before flowing northeastward through a

relatively steep and narrow valley. The bedrock is steeply dipping Mc-
Donald shale, a member of the upper Miocene Monterey formation.'*"

In the basin from a few inches to 2 feet of silt lies on soft white gypsite

that contains a little calcium carbonate. Downward the white gypsite

grades through impure gray gypsite containing quartz grains and rock

fragments to hard gypsiferous clay containing much calcium carbonate.

Around the margins of the basin the streams have cut through the gypsite

into stream gravel leaving a flat-topped island in the middle of the basin.

In 1948 several acres had been stripped, and the gypsite was being pre-

pared with a harrow for removal with a carryall scraper.

Kings County Deposits
Avenal Gap Mine" (50)

The Avenal Gap mine of H. M. Holloway, Inc., is in Kettleman Plain
in sees. 2, 3, 11, T. 24 S., R. 18 E., MDM. It may be reached over a paved
road 1.7 miles long that begins on State Highway 33 2.4 miles south of

the junction of State Highways 33 and 41. Here a gypsite body, probably

8» See also San Luis Obispo County.
*o Heikkila, H. H., and MacLeod, G. M., Geologry of tlie Bitterwater Creek area, Kern

County, California : California Div. Mines, Special Rept. 6, plate 1, 1951.
*i See also Kern County,
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GYPSUM QUARRY, MONOLITH PORTLAND CEMENT COMPANY
Quatal Canyon. Clay beds above and beneath the gypsum are visible. Some clay

interbedded with gypsum occurs half way up the face.
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i

CRIFFIX GYPSITE DEPOSIT
Tumey Oulch, Fresno County. Gypsite is ground in a hammer mill to remove
lumps and loaded into trucks through the chute in the foreground. A prospect

trench is on the hillside above the hammer mill.
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SOLUTION CAVITY IN GYPSITE
Pacific Gvpsite Companv depo.sit, Kern Lake, Kern County. A solution cavity
occurs in "the pit floor. Note the track marks of the carryall scraper used to mine

the gypsite.
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of the lake margin typo, lies with a sliarp but irregular contact on sandy-

clay. Of a total average thickness of feet, tlic upper 2 feet is a hard gray
material composed of silt containing streaks and spots of finely divided
gj'psum. The lower 4 feet is fine-grained, soft, yellow'ish-white gypsite
that contains a little calcium carbonate. Throughout the gypsite body
lenses of unconsolidated sand are to be found; and there are tunnellike

holes 1 or 2 feet in diameter, some of which are partly filled with sand.

Two to three feet of sandy soil lies on the gypsite. The gypsite surface is

irregular and is marked by what appear to be water-cut channels 1 foot

wide and 9 inches deep. Carryall scrapers are used.

Los Angeles County Deposits
Palmdale Deposits (56)

Gvpsite deposits half a mile southwest of Palmdale in N"W| sec. 35, T.

n X*. R. 12 W., SP,:\r have been described by Iless and by Simpson.''^

Evidences of open pit operations are also to be seen in SE j sec. 3-i, T. 6

X.. R. 12 W., Sim. :\nning was begun in 1892 by the Alpine Plaster Com-
pany, and in 1910 both this company and the Fire Pulp Plaster Company
liad mines and calcining plants at Palmdale. Operations were abandoned
by 1915 when the easily obtainable gypsite had been exhausted. In 1948

the only traces remaining of the extensive operations w'cre some partly

filled open cuts.

The gypsite occurred on a low ridge south of Palmdale which may be

reached from a track that turns west from U.S. Highway G just south of

the railroad wye at Palmdale. Gypsite is associated with a gypsiferous

shale member of the Escondido (Vasquez) formation that Simpson was
able to trace for more than 8 miles east and west of Palmdale. Crystalline

Q-ypsum in beds an inch or two thick alternates with crumpled beds of

lirown sliale. Gypsite formed beds 2 to 10 feet thick on the beveled edges

of the gypsiferous shale.

Merced County Deposits
A. D. Sousa Deposit^» (59)

In St'ptcmber A. D. Sousa was developing a gypsite deposit in X^E}
sec. 2, T. 12 S., R. 10 E., :\ID:\I. It may be reached by a steep but graded
road that begins where the road running south from Los Banos turns
southeastAvard to parallel the foothills. The gypsite is derived from the

Kreyenhagen formation wliicli in this area consists of beds of diatomite

and marl that dip northeast toward the San Joaquin Valley. The marl
is cut by closely spaced satin spar veins up to 4 inches thick.

The Sousa deposit lies on a flat-topped ridge underlain by the Kreyen-
hagen formation. Gypsite of uniform but comparatively low grade forms
a flat-lying deposit on the beveled edges of the gypsiferous bedrock. It

is planned to ship material assaying 40 percent gypsum.

Riverside County Deposits
Corona Deposits

Four miles south of Corona in the foothills of the Santa Ana IMoun-
tains there is a 2] -mile belt that contains gypsite of comparatively low
grade. Although the gypsum content is only between 20 and 30 percent,

"Hess, p. L,.. California, in Stone, R. W., and others, Gypsum deposits of the United
States: U. S. Oeol. Survey Bull. fi97, pp. 75, 76, 1920.

Simpson, E. C., Mines and mineral resources of the Elizabeth Lake quadrangle, Cali-
fornia: California Div. Mines Kept. 30, p. 412, 1934.

" See also Fresno County.

10—58771
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the material carries enough iron and lime to make it of value as a soil

conditioner. An appreciable tonnage has been mined in liagador Canyon,
Gypsum (Main Street) Canyon, and Eagle Canyon and from the inter-

vening ridges. Most of the mining took place from 1909 to 1919 and from
1924 to 1934 ; there have been no shipments since that time.

Among those who have reported production of gypsite are the Soil

Tone Company and E. R. Xonhoff from Hagador Canyon; G. W. Lord
from Gypsum (Main Street) Canyon; and the Amestoy Mineral Fer-
tilizer Company, Natural Fertilizer Company, and Mineral Fertilizer

Company from Eagle Canyon. Levi Katz and Floyd Shoemaker mined
some gypsite from the Frazer property in Eagle Canyon during 1944."*^

The deposit in Hagador Canyon (66) may be reached from a dirt road
turning south from Chase Drive just east of iMangular Avenue, Corona.

A foot path leads to the deposit, about a mile from the junction of Tin
Mine and Hagador Canyons. A road from the south end of Main Street

formerly led to the Gypsum Canyon deposit (65), but it is no longer

passable for vehicles. The deposits have been opened by small cuts, shal-

low pits, and short tunnels.

In Gypsum and Hagador Canyons the country rock is a hard gray,

block}^ andesite porphyry of the Santiago Peak volcanics that has been
cut by shear planes that strike northeast and dip steeply northwest.

Along the sheer planes are zones of hydrothermal alteration where the

porphyry has been kaolinized and stained with limonite. Closely spaced

satin spar veinlets run in all directions through the altered rock. Ap-
parently both the gypsum-bearing altered rock and gypsite derived from
it were mined.

San Luis Obispo County Deposits
Carrisa Mine (95)

The Carrisa gypsite mine, located in see. 21, T. 30 S., R. 20 E., was
operated by V. C. Hatle.y and C. L. Fannin during 1947 but was idle

in December 1948. The mine may be reached from the road to Soda Lake
that leaves State HighAvay 178, 18 miles west of ]\IcKittrick. The gypsite

here has been derived from the upper Pliocene McKittrick formation.

The deposit consists of at least three elongated, flat-lying lenses of

gypsite that lie along an approximately east-west line extending for

three quarters of a mile from the lower slope of the Temblor Range
toward the Carrizo Plain. The easternmost and largest lens is about 500

yards in diameter, while the most western and smallest is less than 100

yards wide. Between the three lenses there is little if any gypsite.

Gypsite crops out in the higher parts of the deposit, but on the lower

slopes it is covered with 12 to 14 inches of stony soil. In general the

upper 2 feet of the gypsite is a relatively clean, earthy, cream-colored

material that grades dowuAvard into gypsite that contains sand and
fine-grained gravel. In places the sandy gypsite rests on gravel contain-

ing ^-inch selenite fragments, but in other places at least locally it lies

on soft clay shale.

Shandon Deposit (97)

The Shandon deposit, which has been operated under lease by C. E.

Vanderford and is now worked by the owner, L. L. Stvles, is in sec. 21,

T. 26 S., R. 15 E., SBM, just east of Shandon on U. S. Highway 466.

"Tucker, W. B., and Sampson, R. J., Mineral resources of Riverside County: California
Div. Mines Kept. 41, p. 168, 1945.
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This is a lenticular deposit of the lake margin 1yi)e 4 feet thick, 500

yards long, and 200 yards wide. At the end of 1948 gypsite had been

mined from the north side of the higiiway, but it exists on the south side

also. Tliere is no overburden except a few inches of earth, and the deposit

lies on clay. The material mined, which is guaranteed to contain 70 per-

cent gypsum, is a tan-colored, earthy material that contains an appreci-

;

able amount of calcium carbonate. A test cut just north of the lens

encountered gray silt containing streaks and spots of fine-grained

gypsum.
Ventura County Deposits

Fillmore Deposit (106)

A gvi)sitc ilcposit formerly worked by the Sunset Plaster and Cement
Company of Fillmore is on Oak Ridge in SE^ sec. 7, T. 3 N., R. 19 W.,

SBM. An old road impassable for vehicles runs to the deposit from

State Highway 28 at the point where the highway joins Grimes Canyon,

(iypsite has not been mined since 1914. The principal mine opening is

an open cut with face about 200 feet long and 100 feet high, and there

are at least four smaller cuts.

Bedrock here is the Modelo shale.^^ "Chalky," diatomaceous, organic,

and clay sliales of this formation dip steeply southAvest. Near the deposit

the organic shale has been burned, perhaps by spontaneous combustion,

to a vesicular, brick-red material resembling lava. Satin spar veinlets

up to an eighth of an inch wide cut the shales. Pockets of gypsite have

foriiK^d on the outcrop and extend as much as 30 feet into the bedrock

iluwu tiie dip. Little gypsite remains.

ORIGIN OF GYPSUM

"With the exception of gypsite and some hydrothermal vein and re-

))lacement deposits of minor economic interest, gypsum deposits are

believed to be chemical jn'eci])itates that have formed from saline solu-

tions. Playa deposits undoubtedly are, but the processes involved in the

formation of the thick beds of rock gypsum are not readily apparent.

Xo entirely satisfactory hypothesis for the origin of such deposits has

been prt)posed.
I When saline water is evaporated, in general the least soluble salts

precipitate first and leave the more soluble ones in the mother liquor.

The very soluble bittern salts, which are usually complex salts, precipitate

only after complete evaporation. The precipitation of a salt is greatly

influenced by temperature and the concentration of other salts in the

I solution. The behavior of systems of mixed salts has been determined
for only a comparatively small number of systems.

Theoretically the evaporation of a body of saline water results in

separate layers of limestone, gypsum, common salt and bittern salts that

are deposited in inverse order of their solubility, but the complete se-

quence rarely if ever occurs in nature. Bristol Lake possesses some of

the ideal features, for gypsum and salt occur in separate parts of the

lake, while the brine associated with the salt is high in calcium cljloride.-"'

Rock gypsum is, however, greatly different from the loosely knit mesh
of large gypsum crystals mixed with salt and silt that characterizes the

« Kew, W. S. "W.. Geology and oil resources of a part of Los Angeles and Ventura Coun-
ties, California: U. S. Geol. Survey Bull. 753, p. 61, 1924.

•« Gale, H. S., Geologv of the saline deposits of Bristol Dry L.ike, San Bernardino County,
California : Calif. Div. Mines Special Rept 13, 21 pp., 1951.
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playa deposits. Except for the Avawatz Mountains deposits the Cali-

fornia rock gypsum deposits are not associated with salt or other salines.

Limestone is not present except in the pre-Tertiary deposits although
most specimens contain 1 percent or less of calcite as scattered grains
0.001 inch in size. Moreover, the gypsum itself of the California deposits

is of great uniformity and contains no more than traces of salt and other
very soluble salines. Branson ^"

lias calculated that 0.7 feet of gypsum
would be deposited from 1000 feet of sea water evaporated to the satura-

tion point of sodium chloride. Even if sea water were first concentrated to

the saturation point of gypsum and then evaporated it would require
a basin 11,500 feet deep to deposit 40 feet of pure gypsum without salt.

Apparently either the water from wiiich thick gj'psum deposits precipi-

tated contained only calcium sulfate or else in some way it remained
unsaturated with the other salts normally found in saline water.

In order to explain the formation of gypsum in basins of reasonable
depth a number of hypotheses have been proposed. The bar theory of

Ochsenius,'*^ which supposes a basin separated from the open sea by a
bar of sufficient height to allow fresh supplies of sea water to come in,

explains the formation of salts but not their separation. Branson ^^

imagined a series of connecting basins like those of a solar salt works
in which salts of differing solubility would be separately precipitated.
Others have suggested the leaching of thin deposits and the subsequent
reprecipitation of gypsum in deeper basins,^'' or the mechanical concen-
tration by currents of already precipitated gypsum.
Branson 's modified bar hypothesis seems to fit some of the California

deposits, perhaps the Death Valley deposits most clearly. Assuming cli-

matic conditions slightly more humid than those of today, the region was
probably supplied with saturated saline water from which the slightly

soluble calcium carbonate had already been precipitated. Both the China
Ranch and Avawatz Mountains deposits formed in temporary saline lakes

that had restricted outlets. Evaporation caused the water to be saturated
with gypsum but not with sodium or potassium salts. These more soluble

salts, still in solution, escaped through the outlet and eventually reached

the floor of Death Valley. Although it is difficult to reconstruct the pre-

faulting conditions at the Avawatz Mountains deposits, the gypsum and
salt were probably separated hy sediments. After the gypsum precipita-

tion ceased and the gypsum was buried, salt precipitating conditions

prevailed.

The modified bar hypotheses applies also the Cuyama Valley deposit.

According to Dibblee ^^ the sediments that contain the gypsum are non-

marine sediments that grade northwestward into marine sediments. Per-

haps a temporary basin close to the shore was fed by pre-concentrated

saline water from the land area to the southeast. The brown shales that

enclose the gypsum suggest such a lake. In this case the overflow of water

high in soluble salts flowed into the sea and was lost.

" Branson, B. B., Origin of thick gypsum and salt beds : Geol. Soc. America Bull., vol. 2G,

p 232 1915
« Grabau,' A. V^'., Principles of salt deposition, pp. 128-130, New York, McGraw-Hill Book

Co., 1920 (.summary in Ene:lisli).
^» Branson, E. B., op. cit. pp. 231-242. ^ , o,M Wilder, F. A., Some conclusions in regard to the origin of gypsum : Geol. Soc. America

Bull., vol. 32, pp. 3S5-39-1, 1921.
M Dibblee, T. W., Jr., Personal .communication.
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DIVISION OP MINES BULLETIN 163, PLATE 46

^1. AVENAL (JAP GYPSITE MINE
Kings County. Mining gypsite with oarryall scraper. Photo by J. IV'. Vernon.

B. CARISSA GYPSITE MINE
Carrizo Plain, San Luis Obispo County. Truck loading chute.
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PHOTOMICROGRAPH OF ALABASTER
Exhibiting granoblastic texture. Frenchman's Point deposit, Cuyama Valley.

Cros.sed nicols.
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005 in.

PHOTOMICROGRAPH OF CJYPSUM
Exhibiting fibrous texture. Fish Creek Mountains deposit. Crossed nicols.
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PHOTOMICROOKAPH OF PORPHYKITK" CYPSUM
Utah Construction Company <iuarry, Little Maria Mountains. Large euhertral to

subhedral gypsum crystals in a granoblastic groundmass. Crossed nicols.
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I

PHOTOMICROGRAPH OF GYPSUM AND ANHYDRITE
Utah Construction Coinj^any Quarry, Little Maria Mountains. Fibrous gypsum fills

cracks between anhydrite that has well developed polysynthetic twinning in two direc-
tions. Plain light.



DIVISION or-' MINI'.S HIM.LKTI.N' ir,.!, I'LATIO ', 1

,V^. --

L.
005 In.—

I

PHOTOMICROGRAPH OF FIHROl'S CYPSIM
And anhyilrite, I'tah ConstriU'tion cinarry, T-ittle Maria Mountains. Crossed niools.



E

m

.;

' '!'

0.

^^3

o

•^-^•^4^. '^^

v>.

*i

Vi,*ll>

7 "^ 0;

^ C p

i Ji



Parti] GEOLOGY 61

With the P^ish Creek Mountains deposit the iiiodiheil bur liypotheses is

k^ss clear. The absence of any great (juantity of fine sediments is notiee-
abh\ wliile there is a very great thickness of fanlike t'(mgionierate. Per-
haps a strnctnral basin -was formed whicli was jtaiiially fdled with de-
trital material from the surrounding iiigliland of granitic and metamor-
phic rock. The abruptness of the transition from conglomerate to gypsum
suggests that the basin was quite suchlenly filled with saline water already
concentrated to the saturation point of gypsum. Either the supply of

clastic material almost entirely ceased while the more than 100 feet of

gypsum formed, or else the gypsum precipitated extremely rapidly com-
pared to the rate of accumulation of the arkosic sandstone that preceded
and succeeded the gypsum-jn-ecipitating interval. Because large deposits
of salt have not been found in the 8alton Sea region it seems likely that

most of the salt a.ssociated with the gypsum escaped in solution, perhaps
to the Gulf of California.

A lagoon origin for the pre-Tertiary deposits is not obvious because the
evidence of the topography has disappeared and even the relative ages of
the rock units are obscure. Harder ''- believes that these deposits formed in
the deep waters of saline lakes in which uniform conditions of sedimen-
tation prevailed. Presumably the region was later subjected to mild re-

gional metamorphism that changed any calcium sulfate existing as

gypsum to anhydrite, shale to schist, sandstone to quartzite, and re-

crystallized tlie limestones. Mixtures of schist and gypsum resulted from
the metamorphism of impure gyjisum and gypsiferous clay. A typical

specimen of impure gy])suni from a waste layer in the TTtah Construction
' 'ompany ([uarry consists of lenses of gypsum I to 1 inch long sei)arated

by green layers of micaceous minerals that are broken and bent around
the gypsum lenses. Small structures in gypsum containing argillaceous

impurities at tlie Avawatz JMountaius are much the same.

The major difference between the pre-Tertiary and the Tertiary gyp-
sum deposits is the character of the associated sediments. The Tertiary

deposits originated in temporary saline lakes that formed in areas that

were land before and after gypsum deposition, whereas the pre-Tertiary

deposits are associated with marine sediments, and gypsum formation was
preceded and succeeded by marine conditions.

It is possible, although less likely, that in the pre-Tertiary deposits the

gypsum zones may be certain limestone beds that have been replaced by
calcium sulfate. The magnesium of the tremolite, which is widely distrib-

uted in both the gypsum zones and the green schistose rocks, could have

been introduced at the same time as the calcium sulfate.

Gypsum-Anhydrite Problem

Gypsum is almost always associated with anhydrite, and in most de-

posits, including those in California that have been developed in depth,

gypsum grades downward into anhydrite. In the extensively explored

deposits of New York. Michigan, and Ohio this gradational contact is

parallel to the present surface and at a depth of from 100 to 300 feet.^^

As far as can be told from the limited data available the same conditions

are true in the Fish Creek Mountains deposit. In the Little Maria Moun-

•'2 Harder, E. C, The gvpsum deposits of the Palen Mountains, Riverside County, Cali-
fornia : U. S. Geol. Survey Bull. 430, pp. 413, 414, 1910.

^Newland, D. H., Relation of gypsum supplies to mining: Am. Inst. Min. Met. Eng.,
. Trans, vol. 66, pp. 92-94, 1922.

12—58771
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tains where gypsum and anhydrite are more intimately mixed, the pro-
portion of gypsum is proportional to the extent of open fraeturing in

the enclosing rocks.^^

There lias been lack of agreement as to whether calcium sulfate precipi-

tates as anhydrite and is hydrated by ground water or whether gypsum is

converted to anhydrite by heat and/or pressure when it is buried. The
conditions under which gypsum and anhydrite precipitate have been
studied in the laboratory. Posnjak '^•^ concluded that the widely accepted

data of Van't Hoff are incorrect. His experiments showed that from a
solution of calcium sulfate in water gypsum precipitates below 42° C
(108° F) and anhydrite above that temperature. The presence of other

salts lowers this temperature. "When sea water evaporates at 30° C about
half of the calcium sulfate present precipitates as gypsum, and when the

salt content has risen to 4.8 times normal, the calcium sulfate remaining
precipitates as anhydrite. He concludes that if a deposit of anhydrite is

assumed to have formed at less than 42° C at least part of it must be

secondary. That actually some anhydrite is primary is suggested by the

presence of small quantities of anhydrite among the minerals of playas."*^"

Microscopic Evidence. Among the first to apply the petrographic

microscope to the gypsum-anhydrite problem and one of the few to de-

scribe these minerals in thin section is A.F. Rogers.^'^ From a study of

specimens of gypsum and anhydrite from many parts of the United States

he concludes that most gypsum is a hydration product of anhydrite. His

conclusions are based not only on the relations between gypsum and
anhydrite as seen in thin section but on differences of the gypsum's

texture as well.

Gypsum in Thin Section. For convenience the textures recognizable

in the California specimens are summarized here. The first, corresponding

to Rogers' hydration structure, consists of intricately interlocking equidi-

mensional anhedra that range from 0.002 to 0.02 inch in size. Optically

the grains are unoriented, and each grain has a narrow extinction angle.

A second texture megascopically is a granular aggregate of grains 0.05

inch in size. Under the microscope each grain is seen to be composed of

minute, nearly parallel fibers of gypsum. A third texture consists of

poorly defined areas, often filled with anhydrite inclusions, that have a

wide extinction angle. Such grains liaA^e lower relief and birefringence

than do those of the first texture described.

In the present study Rogers' evaportion structure, or the texture of

gypsum formed by direct precipitation from saline water, was not recog-

nized. His illustration shows large interlocking euhedral and subhedral

crystals. It is a photomicrograph of gypsum from a deposit near King
City ; one of the few that Rogers believes to be primary. It is to be noted

that Avhile the specimen from Mule Shoe Ranch, described earlier, does

contain a few euhedral crystals the texture is predominately the hydra-

^ Conwav, C. L., Personal communication.
^Posnjak, E., The system, CaSoi-HsO : Am. Jour. Sci., 5th ser., vol. 35-A, pp. 247-272,

1938.
Deposition of calcium sulfate from sea water: Am. Jour. Sci., vol. 238, pp. 559-568,

1940.
5« Hanks, H. G., On the occurrence of hanksite in California : Am. Jour. Sci., 3rd series,

vol. 37, p. 66, 1889.
S7 Rogers, A. F., Notes on the occurrence of anhydrite in the United States : School of

Mines Quarterly, Columbia Univ., vol. 36, pp. 123-142, 1915.
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tiou kind. Tho Qiiatal Canyon <rypsum also contains a small proportion of

euliotlral to subhcdral crystals.

Conclusions. The present study confirms Rojrers' conclusions that

mo.st gypsum is a rei)lacement of anhydrite. The veinlike penetrations of

gypsum into anhydrite and the corroded remnants of anhydrite present

in many specimens of gypsum show this.

With regard to the texture of gypsum, it is unlikeh' that Rogers' hy-
dration structure is diagnostic of gypsum derived from anhydrite. In the

Little Maria Mountains the gypsum that actually penetrates between
anhydrite grains has fibrous rather than hydration texture, while pure
gypsum in that area is in well-developed euhedral crystals. It is possible

tliat the hydration texture is caused by recrystallizatiou because there is

a striking resemblance between it and that of marble or metamorphic
(juartzite.

The significance of the fibrous texture is not clear. The Fish Creek
Mountains gypsum, which is fibrous, is tightly folded although the en-

closing rocks are not. Perhaps fibrous gypsum forms when the gypsum
recrystallizes under stress. Impure gypsum from Quatal Canyon is fib-

rous, and so is pre-Tertiary gypsum that contains schist, limestone, or

anhydrite. Possibly stress was caused by the interference of the impuri-

ties with the growth of the gypsum crystals.
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MINING

History of Gypsum Production in California

At one time or another most of California's gypsum deposits have

attracted miners, and the records contain the names of scores of operators

wlio worked tliem. Few of these enterprises, however, endured for longer

tlian 5 years, and of these not many contributed a significant proportion

of the current production. The California gypsum industry has, how-

ever, from the very beginning been dominated by a major producer who,

with one or two comiietitors. accounted for three quarters of the produc-

tion at tlie time tliey were active. It is possible to define five overlapping

periods during which the gypsum industry was centered in one deposit

and one comi)any. In general the end of a period came when the dominat-

ing deposit became exliausted or was no longer able to supply the con-

stantly rising demand for gypsum.
The first period, which includes the very beginning of the industry in

California, came to an end about 1900. Production average about 2500

tons a year. It has been stated ^^ that the earliest use for gypsum in

California was for agriculture. As early as 1875, however, the Golden

Gate Plaster ]Mill of Lucas and Company was in operation at San Fran-

cisco. Prior to that time calcined gypsum was brought into California

by ship. John Lucas, who had been a calciner for a New York firm, came

to California in 1865 and began experimenting with crude gypsum from

a number of deposits. Before 1880 Lucas and others were importing crude

gypum from Lower California, probably San Marcos Island. Then in

1880 Lucas and Company leased a deposit near Point Sal, Santa Barbara

County and develojicd the Point Sal mine, the first important California

gypsuiii protlucer. Tlie gypsum, which occurred as bunches and veins in

clay shale, was mined from tunnels and loaded on ships at a landing

near Point Sal, a mile or two from the mine. An estimated thousand tons

were mined in the first four years. The mine was closed, however, in

1889, and by 1895 the workings were inaccessible. The Lucas Company
continued until about 1900 when fire destroyed the mill in San Francisco.

Meanwhile in 1884 agricultural gypsum was being ground at a mill

in Los Angeles. Jn 1890 and for several years after that Captain Faunt-

leroy mined agricultural gypsum from the Cottonwood Creek deposit

near Bakersfield. Hall, Doverall, and Lavelle in 1892 opened a deposH

near Coalinga which produced agricultural gypsum until about 1897.

In addition a number of other deposits which later assumed some impor-

tance were first Avorked in the 1890 's.

The second period, from 1900 to about 1908, is largely the history of

tlie Alpine Pla.ster Company with mines at Palmdale. The total California

production had by then risen to an average of 10.000 tons a year. The
Alpine Plaster Company as early as 1892 had a calcining plant in Los

Angeles for treating crude gypsum mined at Pahndale. The output of

the Los Angeles mill for a single month in 1893 was as follows :

^'^

Value per ton

Tons f.o.b. I^s Angeles

Plaster of Paris 15 $18.00

Wall pla.'^ter 20 $11.00

"Fertilizer" 100 $7.00

^ Santmyers, R. M., Development of the gypsum industry by states : U. S. Bur. Mines Inf.

Circ. 6173, pp. 6-9, 1929.
so Gypsum : CaUfornia Mln. Bur. Kept. 12, p. 324, 1893.



68 GYPSUM IN CALIFORNIA [Bull. 163

GYPSUM PRODUCTION IN CALIFORNIA

Year
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GYPSUM PRODUCTION (SHORT TONS) BY COUNTIES

Year

1880-1889.

1890
1891

1892
1893
1894.

1895
1896
1897.

1898
1899
1900
I'.tOl

1902

1903
1904
1905
1906
1907

1908
1909
1910
1911

1912
1913
1914
1915
1916
1917
1918
1919
1920
1921

1922
1923
1924
1925
1926
1927
1928
1929
1930
1931

1932
1933
1934
1935
1936
1937
1938
1939
1940
1941

1942
1943
1944
1945
1946
1947
1948
1949

500
600
50

100

1

1

I

1

19,899
1

1

I

1

1

1

1.000

1,000

1,350

1.000

500
1,700

1 .075

853
8,479

10,000

82
1

C

70,

112

156
250
292

268
352,

271

202

1

043
.088

104

,989

,300
1

102
977
,908

,904

it
B
-It

1,134

3,790
960

1.900

2..500

3,563

2,500

3,500

5,914

11,500

21,000

7,500

12,000

10,000

T3

50
18

300
100

400

1,000

5,350

3,450
4,220

1,923

200

n
e

762
750
300
300
500
100

2,000

6,000

12,000
10,000

8,000

11.000

7,000

o
a

0)

d
u

n
a
<A

CO

20.000

12.500

31.519

20.584

21.000
25,000
17,332

1

1

1

I

19,613

oa
.3
j3

O
.S3

3
I-)

S
09

CO

S3

s

CO

B

>

^ Production not disclosed.

* Includes a small tonnage from Kings County.
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A much larger mill was built at Palmdale in 1901. Two oil-fired

calcining kettles had a capacity of 40 tons of stucco a day.
A eontcmpoi-ary producfM- was the Fire Pulji Plaster Company which

manufactured a special plaster containing stucco mixed with clay and
asbestos fiber. In 1904 this company opened a deposit in Charlie Canyon
north of Castaic. After floods washed out the access road this deposit
was abandoned, and operations were transferred to Palmdale. Both the
Alpine Plaster Company and the Fire Pulp Plaster Company w^ere

active in Palmdale in 1909, but by 1915 the high grade gypsum was
exhausted and operations were abandoned.
The third period, which lasted until 1919, covers the life of the Pacific

Cement Plaster Company which worked the deposits on the north side

of Bristol Lake near Amboy, a station on the main line of the Santa Fe
railroad. California's yearly production of gypsum fluctuated widely
but reached an average of 35,000 tons a year. The production from
Bristol Lake marks the first shift of the gypsum industry to the south-

eastern desert regions.

The Pacific Cement Plaster Company commenced operations in 1906,

and by 1907 a mill was in operation at Amboy. The operation consisted of

scraping away the thin, salty overburden, loosening the gypsum wdth
plows, and scraping the gypsum to chutes for loading into tram cars.

At first horses were used to pull the cars from the deposit to the mill

at Amboy, a distance of 2 miles. Cloudm'an,^" who visited the plant
during the winter of 1913-1914, reported that horses had been replaced by
a small steam locomotive. At the plant the gypsum was first crushed
and then washed to remove a considerable content of salt and dirt. At
that time output was 100 tons a da.y of hardwall plaster and "cement
plaster" used by southern California portland cement plants.

About 1916 the original mill at Amboy was abandoned and replaced

with a new plant approximatel}^ 2 miles southeast of Ambo3\ This mill

contained a rotary drier in which the gypsum received a preliminary
treatment. The drying caused the gypsum crystals to decrepitate and
release much of the fine silt which Avas swept out of the drier with the

draft. The material produced by the drier contained about 94 percent

gypsum. About half of the output was sold to the portland cement plants

at Victorville and Oro Grande for use as retarder, one-third as agricul-

tural gypsum, and the remainder was made into calcined products.

On September 2, 1919 the Consolidated Pacific Cement Plaster Com-
pany, as the operation had been known for several years, sold out to the

United States Gypsum Company; and the third period came to an end.

A number of other deposits were active during the third period and
contributed a significant portion of the production at that time. There
seems to have been two separate operations at the Mule Shoe ranch
property. Some gypsum was mined before 1893. but the main period of

production was from 1908 to 1914. J. F. Dunne operated one quarry,

and at least part of the output was made into plaster at Santa Cruz.

Dunne reported in 1915 that the quarry had been closed for some time.

Also from about 1900 to 1915 the Lyons Gypsum Company was shipping

gypsum from King City, and at least some of it came from a leased deposit

near the Dunne Quarries. In 1916 the Lyons Company bought the Dunne

wCloudman, H. C, et al., San Bernardino County: California Min. Bur. Rept. 15, pp.
S69-870, 1916.
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Quarries but there ^vas no furtlier productiuu reported. Mudi later two

other compauies produeed ap:ricultnral gypsum from tlie Mule Shoe

Ranch deposit. The Trianj^le Fertilizer Company mined a few hundred

tons from 1938 to 1942. and the [Monterey Gypsum Company was a pro-

ducer during 194-1: and 1945.

Another competitor worked the Koehn Lake deposit which was dis-

covered in 1909.«i A plaster mill built in 1910 was operated until 1913

by the Crown Plaster Company and in 1913 by the Gypsum IMining

Company. Apparently the deposit remained idle until 1926. Since then

C. A. Koehn. Jennie E. Daly, and more recently A. D. Daly have pro-

duced a small but regular output of agricultural gypsum.

Still another producer active during the third period was the Acme
Cement and Plaster Company. In 1909 this company had a calcining

plant in Los Angeles in wliich crude gypsum from Arizona was treated.

The property of the Fire Pulp Plaster Company was acquired in 1910,

but there was no production. They became a California producer in 1916

with the acquisition and development of the deposit on China Ranch,

Inyo County. The gypsum bed was mined with open stopes opened from

tunnels. For a time mining was carried on at the rate of nearly a thousand

tons a month, but the mine was permanently closed on October 31, 1917.

The fourth period began with the appearance of the United States

Gypsum Company among the California producers and ended about 1940

when gypsite production became important.

Perhaps as early as 1910 the United States Gypsum Company was

studying California gypsum deposits. The Midland deposit w^as selected

and a four-year development program was begun in 1916. As stated

above they bought the Amboy deposit and plant late in 1919. The United

States Gj'psum Company may not have operated the Amboy calcining

plant, for most of the output at this time was used by the portland ce-

ment industry.

The completion of the Santa Fe Railroad's Ripley branch in 1922 made
it possible to mine gypsum economically from the Midland deposits. The

last year for which production from Amboy was recorded was 1924. A
crushing and grinding plant was in operation at JMidland in 1925, the

output from which was largely portland cement retarder. A calcining

plant of 300 tons daily capacity was put into operation in August 1928.

By 1944 the capacity of the calcining plant had been increased to 800

tons per day, and a wall-board machine was in operation also.

The Fish Creek Mountains deposits likewise were known at an early

date, but their large scale exploitation had to await the development of

cheap transportation. The San Diego and Arizona Eastern railroad, com-

pleted in 1920, passed 25 miles south of the gypsum deposits, and soon

after that the Imperial Gypsum and Oil Corporation acquired large gyp-

sum claims in the Fish Creek Mountains. Development, which included

the construction of a narrow gage railroad from the San Diego and Ari-

zone Eastern to the deposit, was completed in 1922; and the first ship-

ments of crude gypsum were made in October of that year. The opening

of the Fish Creek IMountains deposit resulted in an increase of nearly 100

percent in the total gypsum production.

MHess F L Gypsum deposits near Cane Springs, Kern County, California
:
U. S. Geol.

Survey Bull. 430, p. 417, 1910.
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About the same time the California Gypsum Corporation staked a
group of claims 2 miles south of the Imperial Gypsum and Oil Company's
holdings. No development was done, and the claims have lapsed.

Late in 1924 the Pacific Portland Cement Company bought the Fish
Creek Mountains operation and built a calcining plant of 300 tons daily
capacity at the junction of the narrow gage railroad and the main line.
The plant and the dwellings of the company employees was named Plaster
(;ity. For about ten years the output of the Plaster City plant nearly
equaled that from Midland. After that the Plaster City production not
only fell sharply compared to the total but declined absolutely as well.
The Pacific Portland Cement Com])any began to withdraw from the gyp-
sum business after World War II. The Plaster City plant was sold to the
Ignited States Gypsum Company in July 1945. Gypsum properties in
Nevada were disposed of about the same time and a wallboard plant in
Redwood City in 1949.

In the fifth period the United States Gypsum Company remained the
dominant producer. To complete tlie story of the Fish Creek Mountains,
the United States Gypsum Company immediately undertook a program
of modernization and expansion. Since its completion a major proportion
of California's gypsum production has passed through Plaster City, al-

though the Midland operation is still producing.
The fifth period features the large scale use of agricultural g.ypsum.

A consumption of 3,618 tons in 1933 rose to '490,268 tons in 1947. An esti-

mated five-sixths of the 1947 total was gypsite mined in the San Joaquin
Valley. The gypsite industry is characterized by a large number of small
operations, most of whom have had but a short life. The Bureau of Chem-
istry has had almost continuous difficulty with them over failure to tag
shipments properly and from failure to meet guarantees.^- There are,

however, a few large operators wliose output over a period of several years
compares with that of the largest producers of high grade rock gypsum.

]\Iost of the gypsite has come from near Lost Hills. No gypsite was
mined there until 19.30 when one company was registered. The H.M.
HoUoway Company's first production came in 1934. Most of the other

gypsite deposits operated during the fifth period were discovered and
worked on a small scale prior to 1920. They include deposits at McKit-
trick, Belridge, Tumey Gulch, and Panoche Hills.

Two other significant events occurred in the fifth period. In 1938 pro-

duction of synthetic gypsum was begun by the Westvaco Chemical Divi-

sion, Food Machinery and Chemical Corporation at Newark. This gyp-
sum, a byproduct of the manufacture of magnesia, has found a ready
market as cement retarder and for agricultural use.

In 1944 Henry Kaiser entered the California gypsum industry with the
purchase of the San Marcos Island gypsum deposit and the Long Beach
calcining plant of the Standard Gypsum Company. A second calcining

plant, at Redwood City, was acquired in 1949 from the Pacific Portland
Cement Company. Very considerable quantities of gypsum are brought
by ship to these plants.

Mining Methods

Gj^psum is a low priced commodity, the average value of which at the

mine is reported to be about $2.45 a ton. Probably mining costs are $1.50

«2 Scott, F. T., Unpublished paper presented at the California Fertilizer Convention,
November 7-9, 1949.
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a ton or less; and in order to achieve tliis. larjijfe uniform deposits are
mined by hijrhly mechanized methods. Complete recovery is rarely
feasible.

liiastinjj is not required for miniiif,' gypsite. The use of modern earth-
movinjj: equipment is an important factor in making the working of gyp-
site deposits jirofitable. Most of the mines use carryall scrapers of up to

4-cubic yards capacity tliat dumj) into trucks by means of elevated load-

ing ramps. Dragline scrapers have been tried, and at one deposit a Ilaiss

creeper-model loader is used. Stripping is done in advance of mining
with the same type of equipment. The maximum ratio of overburden to

gypsite is 1 to 1. Exj^loration work consists of bulldozer trenches, but
band and power earth augers are occasionally used.

Because of the irregularity of most gypsite deposits, care must be taken
to avoid mining worthless material and loading some trucks with waste.

If the scraper is set to remove a thin layer at a time the material loaded

is fine enough to use without further treatment. In a few cases, however,

grinders or screens have been installed.

Kock gyjisum must be drilletl and blasted. ( lypsum, with a hardness of

2. is readily ])euetrated by both churn drills and haiinner drills. AVith

wagon drills from '200 to 2.11) feet per drill shift in gypsum is realized.

Bit wear is small. Auger drills have some application but are not used
in California. At Arden, Nevada, auger drills with detachable tungsten
carbide bits replaced jackhammers in underground mining, and a marked
increase in drilling rate was reported.''-*

(lypsum is more difficult to blast than the harder but more brittle rocks

encountered in most mining because it tends to absorb the shock without
shattering. A comparatively slow dynamite is often used. Xo data on
consumjjtion of explosive for churn drill hole blasting is available, but

for small open pit faces explosive consumption ranges from 0.3 to 0.65

pounds per ton of gj'jjsum broken. For underground mining much larger

• inaiitities of explosive are rerptired.

I'ndergrouud openings in gyjisum reipiire little sui)port and remain
open for many years. Wall rocks have a wide range in properties. The
Tertiary clay shales do not stand inisupported. Limestones and quartzites

associated with the pre-Tertiary dcp(^sits are strong aiul require no sup-

port. Some of the qiuii"tzite is. however, an exce(M|iiiirly liard and tough

rock that is most difficult to drill ami blast.

Rock gypsum deposits must be explored thoroughly before mining is

attempted. It is to be noted that even in the desert l)oth gypsum and value-

less gypsiferous rock are covered by similar gypsiferous outcrops.

Trenches and prospect pits may be used to explore outcrops, and prospect
shafts have some application. At the Quatal Canyon deposit a number
of prospect shafts about 3 feet square and perhaps 40 feet deep were
sunk through the hanging wall shale to the underlying gypsum.
Diamond drilling is customarily used to explore a deposit at depth. AX

bits, producing a core 1^ inches in diameter, are oft(Mi us(m1. and core

recovery is usually close to TOO percent.

A majority of gypsum mines in California are open cut oi»erations. The
raaximum overburden to gypsum ratio is about li to 1. For large deposits
regular benches are maintained by blasting a row of churn drill holes

ss Xordberg, Bror. Manufacture of gypsum plaster and wallboard : Rock Products, vol.
53, no. 1, p. 140, January 1950.
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parallel to the face. Smaller deposits are drilled with jackhammers or
wagon drills ; and smaller, less regular benches are developed. Flat-lying
deposits covered with much over-burden and steeply dipping deposits are
mined by underground methods. Room and pillar mining is used exten-
sively in the eastern part of the United States and has been used in Cali-

fornia both at Midland and at China Ranch. Less often shrinkage stoping
is applicable. When hammer drills are used they are run dry because
the cuttings mixed with water would cause the drill to bind. The dust
from dry drilling, although unpleasant, is not harmful. Gypsum dust is

among the least harmful of all dusts, and it has even been considered as

a cure for tuberculosis.*'^ The replies to questionnaires sent to members
of the gypsum industry in a survey conducted in ]924 indicate that the

number of cases of tuberculosis among gypsum works is unusually low.*"^

In California, however, the dust concentration in gypsum mines and
plants is limited by regulations of the State Division of Industrial Safety

to 50 million particles per cubic foot. This compares with a limit of 20

million particles per cubic foot for siliceous dust.

Beneficiation

The only beneficiation commonly practiced on gypsum is sorting. Re-

cently, however, a washing plant has been installed in Nova Scotia to

clean crude gypsum before loading it on sliips for transport to plants

on the east coast of the United States.**** Sorting with power shovels is

commonly carried out in open pits during loading. In the California

deposits gypsum differs from anliydrite or other waste enough so tliat

it may be easily identified visually. More rarely hand sorting from belts

has been employed. In the Utah Construction Company's mill at Inea

Siding provision was made for hand picking of waste from the belt that

fed the first grinder, but this station was manned only when labor was
plentiful. One gypsite producer installed a screen to remove stones from
the gypsite.

Experimental work on the beneficiation of gj'psum has. however, been
carried out. Some interesting experiments have been made by the Idaho
Bureau of Mines and Geology.**" although it cannot be assumed that the
results would be duplicated Avith all gypsum. The material used was white
gypsum that contained bands and nodules of gray siliceous limestone but
no clay. It had the following mineral composition :

Percent

Gypsum 83.7
Anhydrite 4.8
Calcite 2.1

Insoluble 6.0

R=03 1.0

Others 2.4

« Forbes, J. J., Davenport, S. J., and Morgis, G. G., Review of literature on dusts : U. S.
Bur. Mines Bull. 478, pp. 238-242, 1950.

^ Rock Products, Experience of gvpsum products manufacturers : Rock Products, vol. 27,
no. 13, pp. 31-33, June 29, 1924.

^ Rock Products, Plant operations geared for lowered unit cost: Rock Products, vol. 53,
no. 12, p. 96, December 1950.

^" Prater, L. S., Beneficiation tests on gj'psum rock from Washington County, Idaho

:

Idaho Bureau of Mines and Geologj", Pamphlet 77, 6 pp., 1947.
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In evaluating the tests the percent of acid insoluble in the various pro-

ducts was considered to be the most reliable indication of the results.

Screening tests on material crushed to minus | inch showed that the

optimum soparation was at 28 mosh. In the minus 28-mosli portion, Avhich

amounted to about 70 percent of the feed, acid insoluble was reduced

from about 6 percent to between 3 and 3.5 percent. When the plus

28-mesh portion was reground in a laboratory pebble mill selective grind-

ing did not take place, and tlie new minus 28-mesh material was but
slightly lower in acid insoluble than the plus 28-mesh pebble mill feed.

Tumbling with no grinding medium was tried on minus 1-inch feed, but
it resulted in a comparatively small amount of new minus 28-mesh ma-
ttn-jal ill which there was no appreciable reduction in the percent of acid

insoluble.

Two flotation tests were carried out. With soap flotation a concentrate

was made that amounted to 77.4 percent of the heads by weight, and the

acid insoluble was reduced from 3.6 percent to 1.2 percent. With amine

flotation there was no improvement.
These tests show that by both crushing and screening and by soap

flotation the quality of impure gypsum can be substantially improved.

In both cases, however, the recovery is so low that for an economical

operation a market would have to be found for the rejected material.

The selective flotation of sulfates is more difficult than the flotation of

sulfide ores. Not only has there been little occasion to attempt to apply

it to such a low cost material as gypsum, but there are technical problems

as well. The flotative properties of gypsum have, however, been investi-

gated ;
''^ and the results are summarized below. The flotation of gypsum

in the presence of other minerals was not studied.

Gypsum is readily floated with the soaps sodium oleate and sodium
palmitate. and flotation is improved by the addition of a frother such as

teri)ine(.)l, n-amyl alcohol, or n-heptyl alcohol. Gypsum is also floated with

the hard-water soap substitutes sodium oleyl sulfate and sodium lauryl

sulfate, and with these also a frother improves flotation. The fatty acids

are not efficient collectors. With xanthates or xanthates and metal salts

there is no flotation.

Using sodium oleate as a collector and terpineol as a frother the effects

of other reagents were studied. The flotation of gypsum under these

conditions is very sensitive to changes of pll and is most efficient under

slightly alkaline conditions. Flotation does not occur when either hydro-

chloric acid or sulfuric acid reduces the pll to 5.9. Additions of sodium

carbonate and calcium hydroxide sharply reduce flotation, while increas-

ing the quantity of sodium hydroxide first decreases flotation and then

increases it.

With many nonmetallic minerals, metal salts are added as conditioners

to improve flotation. With gypsum, however, metal salts either have

little effect or decrease flotation. Colloidal reagents are often used to

depress an undesirable mineral. With gypsum, gelatin and tannic acid

are efficient depressants; but sodium silicate is not.

•» Keck, W. E.. and Jasberg, Paul, A study of the flotative properties of &>psum :
Am.

Inst. Min. Met. Eng. Trans, vol. 129, pp. 218-234, 1938.
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PROCEGSING

For the United States as a whole over 80 percent of the gypsum con-

sumed is in the form of calcined gypsum products. The tj'pical operator

jirepares the crude gypsum for calcining by crushing and fine grinding.

The comparatively small quantities of uncalcined gypsum used for port-

land cement retarder, as an agricultural mineral, or for fillers and dilu-

ents are withdrawn from the appropriate place in the flow sheets of

plants that primarily are preparing gypsum for calcining. In California

a large proportion of the total gypsum consumption is uncalcined gypsum
for agricultural purposes. Because an estimated five-sixths of this agri-

cultural gypsum is gypsite, the processing of rock gypsum in California

closely reflects the national practice. Nevertheless California has, or

recently has had, operatiojis that prepare rock gypsum for portland
cement retarder or for agricultural purposes only.

Little of the equipment used for processing gypsum is unique with
the gypsum industry. Crude rock from quarry or mine is reduced with
jaw crushers or gyratories, usually in circuit with screens and grizzlies.

Hammer mills are sometimes used as primary crushers, but they are
more widely used as secondarj- crushers and primary grinders. Roll
crushers are used in some installations. Rotary crushers, formerly popu-
lar, are seldom seen today. Gypsum is ground dry. Some gypsum is

naturally dry enough so that it can be ground without treatment, but
often the crushed gypsum is dried before grinding. The final grinding is

commonh' done with Raymond roller mills. At a few installations drying
and grinding are done simultaneously with Raymond kiln mills.

Agricultural Gypsum ""

Xearly half the gypsum produced in California is used as agricultural
gypsum. In recent years ajiproximately three quarters of the agricultural

gypsum has been gypsite containing about 70 percent gypsum, and the

remainder lias been higher grade material with a gypsum content of 90
percent or more.
Gypsum has been used as an agricultural mineral for mam^ j-ears,

and farmers sometimes still call it by its old name '

' land plaster.
'

' Ben-
jamin Franklin encouraged its use by applying it on hillside pasture
in the shape of letters so passers-by could read his message written in

ridges of higher and greener grass, "This land has been plastered."

California agriculture used only a few thousand tons of gypsum an-

nually until about ten years ago when the tonnage began to increase

rapidly. During each of the past 5 years, approximately 400,000 tons

of agricultural gypsum have been used in this state, representing an
annual outlay of approximately $2,000,000 for material and application.

Thus gypsum has become the most important agricultural mineral in

Calif,irn'a. from the standpoint of tonnage and cost. The Bureau of

Chemistry has devoted increased attention to the labeling and claims

made for it to assure compliance with requirements of law for protection

of purchasers.

The State Department of Agriculture, Bureau of Chemistry, admin-

isters portions of the Agricultural Code pertaining to the labeling and

«• The 8eeti(in on agricultural gvpsum is essentiaUy a direct quotation from RoUins, R. Z.,

Agricultural gvpsum, in Minerals useful to California agriculture: Calif. Div. Mines
Bull. ITjo, pp. lO.T-116. Certain parts of Mr. Rollins" article that are treated else-

where in this study have been condensed and rearranged.
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sak^ of fcrtiliziii*!: materials and jicst control materials. The Bureau is

primarily a law ent"orc'(>ment ajjeney. It does not provide reeommenda-
tions with re<::ard to a«rrieultural praetices nor conduet investifrations

and field tests other than those incidental to its re<;ulatory duties. Ap:ri-

cultural research and ajrricultural advisory services are provided hy
the Tniversity of California Ap-ricultural Exjieriment Station, -with

head(piartprs at Berkeley, California.

Combined Sulphur Equivnh nf. Althou«rh agricultural fjyi)sum is

used for various reasons by ditferent farmers, its value is commonly
attributed to its combined suljihur content. Tli(> table below affords a

convenient comparison of poi-ceutapfcs on tliis basis.
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gest a superiority of a crude gypsum over other gypsums for which such
claims are not made.
Some confusion is caused by use of the term gypsum to mean both the

pure chemical compound CaS04 -21120 and the comparatively low grade
gypsite commonly used for agricultural purposes. Gypsite is a variable

mixture of gypsum and impurities, and low grade products may contain

only a small percentage of actual gypsum.
Some anhydrite (CaS04) is sold as an agricultural mineral in Cali-

fornia, but most of the material sold liere is either gypsum containing
essentially gypsum 100 percent, or gypsite containing gypsum 50 percent
to 70 percent. All three forms appear to be of equivalent agricultural

value on the soil when compared on an equivalent basis. For example,
either 79 pounds of anhydrite or 143 pounds of gypsite containing 70

percent gypsum, would be equivalent to 100 pounds of pure gypsum.
The term calcium sulphate is loosely used to designate both the hy-

drated form, CaS04-2Ho(), and the anhydrous form, CaS04, and the

ambiguous term should be avoided unless used in a context where its

meaning is clear. Section 1025 (e) of the Agricultural Code requires the

anah'sis of gypsum to be stated on the tag in terms of "the percentage
of calcium sulphate therein." This phrase is interpreted to mean the

percentage of gypsum, CaS04 -21120, inasmuch as this is the actual in-

gredient in most such agricultural minerals.

Because 100 pounds of anhydrite may combine with 26.5 pounds of

water to form 126.5 pounds of gypsum, pure anhydrite is sometimes said

to have a gypsum equivalent of 126.5 percent.

Gypsum is defined by law as an agricultural mineral. It is not a fert-
ilizer and it should not be referred to as such. In the terminology of
the law, which is familiar to farmers in the state, the term fertilizer, or
more properly commercial fertilizer, refers to materials containing 5

percent or more of nitrogen, available phosphoric acid, or water-soluble
potash, collectively or singly. Commercial fertilizers and agricultural
minerals may serve different purposes and the two should not be con-
fused. Gypsum does not contain any nitrogen, phosphoric acid, or potash.

A reference to gypsum or any other agricultural mineral as a fertilizer

may be a form of misrepresentation and in violation of law. Similarly
the term plant food is so commonly used to mean the three primary
ingredients in commercial fertilizers, that generally it should not be
used with reference to gypsum. The term fertilizing materials is properly
used to refer collectively to commercial fertilizers, agricultural minerals,

manures, auxiliary plant chemicals and soil amendments.
Users have sometimes been misled by the ambiguous statements that

gypsum contains sulphur or that it contains lime. To the average
user, sulphur means elemental sulphur and lime means quicklime (CaO)
or slaked lime (Ca(0H)2) and to some it means calcium carbonate

(CaCOa). Gypsum does contain some chemically combined sulphur, but
it does not contain elemental sulphur ; neither does pure gypsum contain
any of these calcium compounds. The problem is further complicated by
the fact that gypsum, elemental sulphur, and three liming materials

(quicklime, hydrated lime, and limestone, which is calcium carbonate)
have distinctly different agricultural uses, and use of one when another
is more appropriate may be ineffective or detrimental. Gj^psum is not

a liming material. Elemental sulphur tends to make soils acid; liming
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materials tend to make soils alkaline; {rypsum has no immediate eflFoct

on acidity or total alkalinity of the soil, but its use may influence the
form of the alkalinity. The differentiation between these materials by
users may be somewhat confused by the fact that some mixtures of the
different chemicals have been sold in California. For example, mixtures
of calcium carbonate and gypsum have been marketed here, and a natural
mixture of elemental sulphur and gypsum has been brought into the

state for agricultural use.

Source. Much of the agricultural gypsum used in California comes
from the gypsite dejiosits fouiul in the western foothills of the San
Joaipiin Valley. Agricultural gypsum is also prepared from rock gypsum
by tine grinding. Most of the rock gypsum is ground b.v producers who
arc i)rimarily engaged in tlie plaster business. Some synthetic gypsum
is used for agricultui-al purpo.ses. It is of interest that approximately
half of nornuil superphosphate is anhydrite, and many tons of this are

used as a commercial fertilizer in California.

Agricultural Use. Mo.st of the agricultural gypsum sold in California

is used in San Joaquin Valley within trucking distance of local deposits,

although a portion of the tonnage is used in other parts of the state. It is

applied to improve soil texture, increase permeability to water, alleviate

severe clod and crust formation, render the soil easier to work, and to aid

in the reclamation of alkali soils. Gypsum reacts Avith sodium carbonate,

commonly called black alkali, to form sodium sulphate, commonly called

white alkali, and calciuju carbonate, which is the same as limestone.

Sodium suli)hate is much less injurious to plant life than sodium carbon-
ate, so the conversion is of distinct advantage. Soils alkaline with sodium
carbonate are sticky when wet, and set to a hard cake when dry. Addi-
tion of gypsum aids in flocculating the mass and tends to make the soil

loose and friable.

Gypsum is applied to soils where many of the diversified crops are
grown as in the San Joaquin Valley, and particularly on those for

potatoes in Kern County where most growers use gypsum primarily to

imjirove penetration ])y water during irrigation. Gypsum is also used
on sulphur-deficient soils to supply this element to alfalfa and legu-

minous cover crops. The use of gypsum in California is correlated with
soil type rather than with any specific crops, but the other crops most
commonly grown in the area of greatest use include citrus and deciduous
orchards, viiieyards, cotton, aiul vegetables. No accurate data are avail-

able with regard to the tonnage of gypsum used on specific crops or in
specific counties.

Gyj^sum is not suitable for reducing acidity of soils. However, most
agricultural .soils in California are commonly somewhat alkaline, and
acid soils are a problem in only a few places in the state. Gypsum may
be largely wasted if applied to acid soils or to light loam or sandy soils,

unless an actual deficiency of soil-sulphur or soil-calcium is involved.

Application. The rate of application of gypsum varies greatly de-
pending ui^on tlie crop involved, the degree of correction required by the
soil, and the purpose for which it is used. In general, applications range
from less than 1 ton to as high as 20 tons per acre. Some soils are given
but a single application and some are given regular annual applications
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for several consecutive years. It is possible that a soil might be more or

less permanently corrected by a program of annual applications over a
sufficient period, but this seems not to have been demonstrated.

Gypsum is usually spread on the soil and turned under by shallow

cultivation. It is sometimes applied to soils bj^ means of end-gate spreaders

attached to the same trucks that are used to haul it from the mines to

the fields, and several special types of equipment have been developed

in the San Joaquin Valley to minimize labor in spreading this agricul-

tural mineral.

Some application of gypsum has been made by dissolving it in irri-

gation water. However, only about a quarter of an ounce of gypsum
can be dissolved in a gallon of water under most favorable circumstances,

which is equivalent to about 2^ tons in one acre-foot of water. This low
solubility and the difficulties involved in adequately mixing the gypsum
with the incoming water present a problem. Mechanical arrangements
have been developed for metering gypsum into irrigation water at the

rate of several hundred pounds per acre. This method is particularly

useful when gypsum is being added to correct an unfavorable sodium-
calcium ratio in the irrigation water.

If gypsite containing gypsum 70 percent were used in such a manner,
the sludge comprised of the 30 percent of the more insoluble impurities

might clog the irrigation system. This method of application would seem
satisfactorily possible only when higli grade gypsum is used, and only

when low rates of application are desired.

Much of the gypsum is applied during the winter months when truck-

ing facilities are readily available, but some is applied throughout the

year as may be seen from the quarterly tonnage statistics published by
the State Bureau of Chemistry.

Soil Conservation Program. In accordance with the soil conservation

program, the Federal Production and jMarketing Administration makes
certain payments to farmers who apply soil sulphur or its equivalent as

combined sulphur in the form of gypsum to an existing stand of, or in

connection with, a full new seeding of perennial or biennial legumes,

perennial grasses, green manure crops in orchards, permanent pastures

seeded alone or with a nurse crop, and winter legumes; or where the

County Committee determines such application is necessarj- to correct

alkali soil conditions.

Information is not available to show what percentage of the gypsum
used in California was eligible for payments under the P. M. A. program
in 1949, but partial data indicate that about half the gypsum used in

San Joaquin Valley in 1947 was used in an eligible manner. Payment
is made on a basis of the amount of sulphur equivalent, and it is reported

that in 1947 pa^-ment was made on 210,847 tons of gypsum (18 percent

combined sulphur) applied to 294,690 acres on 4,452 farms. In 1946

payment was made on 23,751 tons of ''available sulphur" applied on
5,250 farms, on 219,630 acres.

Statistics of Sales. The law requires each registrant of agricultural

minerals to submit a quarterly statement of sales and pay a tonnage
license tax of 10<i5 per ton. These reports are regularly audited. The
private business of individual firms is safeguarded by publishing figures
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only for those types of a'2:ritultiiral minerals reported by three or more

firms, but fjypsilm lias always been reported by a larp:e number of firms.

The tonnajre (»f afrrieuliural <rypsuin ^old in ralifornia during the last

2;") years is siiown in the table below.

In tlie same 25-year interval, the total tonnage of all agrieultural

minerals sold in California iiK-reased from 44,241 to 422.484 and the

tonnage of eommereial fertilizers increased from G6.274 to 511,460. In

1024. gypsum represented approximately 10 percent of the total tonnage

of agricultural minerals. In 1949. it represented approximately 80

percent.

The tonnagi' of gypsum liandled in 1!'48 may be better visualized by
considering that it was e(iuivalent to about 40.000 truckloads of 10 tons

each, or more than 100 truckloads per day everj' day in the year. Assum-
ing a jirobablv average liaul of 5!) miles, this represents a total haul of

about 2,000,000 miles.

Tons of agricultural gypsum sold in California.

Year
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information should be firmly attached to a stake driven into the pile so

as to be plainly visible while in transit and upon delivery to the user.

(4) A tonnage license tax of 10^ for every ton sold must be paid
quarterly by the registered producer.

It is a misdemeanor to make any misrepresentation in connection with
the sale of any fertilizing material. For example, it is not acceptable
to claim that gypsum "contains sulphur" or that it "contains plant
foods" or that it is a "fertilizer" if such claims are made in a manner
that may lead the purchaser to believe the material contains elemental
sulphur, nitrogen, phosphoric acid, or potash.

Admimsiration of Laiv. Tlie Bureau of Chemistry administers the
Fertilizing ]\Iaterials Article of the Agricultural Code as well as certain
portions of the Code pertaining to other agricultural chemicals. The main
office and laboratory of the Bureau are in Sacramento. Branch offices are

in Los Angeles, San Francisco, and Visalia. Inspectors travel throughout
the state. and regularly draw official samples of gypsum, as well as other

agricultural chemicals offered for sale in California. The oificial samples
are analvzed in the laboratorv and the results of analvses are sent to

the user of the particular lot sampled, to any dealer who may be con-

cerned with the particular lot, and to the registered producer. There
is no charge for this service. If analysis shows that there is a deficiency

of economic significance in the lot sampled, the registrant is requested

to produce evidence that proper adjustment has been made to the pur-

chaser.

In order to permit reasonable leeway for unavoidable variations in

marketing, the law provides that a lot of g^q^sum is not to be considered

deficient unless the percentage is low by more than 5 percent of the

guarantee. For example, if a lot is guaranteed to contain gypsum. 70

percent and contains less than 66.5 percent, it is deficient and to sell it

or to offer it for sale is a violation of law.

All claims made with regard to gypsum and other fertilizing materials

are subject to jurisdiction of the law. The Bureau examines advertise-

ments in periodicals, advertising distributed in the form of cards, leaflets,

bulletins, or letters, and also considers radio advertising, salesmen's

verbal claims, and all other claims made directly or indirectly in connec-

tion with the sale of these agricultural chemicals. Prompt action is taken

against misrepresentation in any form in order that farmers in California

may purchase agricultural chemicals with confidence and satisfaction.

Criminal complaints are filed wlien necessary to secure compliance with

law. Repeated violations by firms dealing in g}q)sum have resulted in

cancellation of certificates of registration, without which any sale is a

misdemeanor. Constant vigilance and thorough enforcement of law not

only discourages violations and secures some compensation of purchasers

for economic cheats in the materials they buy but, by its presence alone,

a well-administered law serves to minimize attempts of fraud and mis-

representation.

Sampling. Much of the gypsum used in California is hauled loose in

truckload lots directly from the mine to the field on which it is to be used,

so it remains in the channels of trade and subject to inspection and sam-

pling for a shorter time than other agricultural chemicals.Inspectors must
arrange their sampling acti\aties according to availability of the mate-
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rial lor inspection. Saniplos are usually (Ira^n from truekloads en route
and oecasionally from lots deliviM-cd and left intaet at farms. Some {gyp-

sum is sold in ha^^s, and this material is subject to iiisjiection and sampling;

wherever found in hands of dealers or purchasers.

Section 1();{7 of the Ajrricidtural Code provides that if the fertili/.iufr

material is packaj^ed in containers of less than 10 pounds, one package
of the material may be taken as a sample to represent the lot of which
it is a part, but gypsum is seldom sold in small jiackages.

When gypsum is packaged in containers of 10 pouiuls or more, each
official sample consists of at least 1 pound of material taken in the follow-

ing manner : A sampler is used to remove a core diagonally from end to

end of the bag. Cores are taken from all bags if 20 or fewer are present.

If 21 to 200 bags are present, 20 cores are taken from as many bags. If

more than 200 bags are present, cores are taken from 20 bags plus 1 bag
for each additional ton in excess of 10 tons. The portions are thoroughly

mixed on a clean rubber sheet, oil cloth, or paper, and reduced by quarter-

ing to the ([uantity of sample required. Opposite quarters are placed in

one sample container and tiie remainder in anotlier for a duplicate sample.

When gypsum is sold in a loose lot by truckload or carload, the load

constitutes one package. An official sample is taken in the following man-
ner : The outer surface is scraped aside before inserting sampler, because

the load may have been wet with a hose to reduce dust or the wind may
have blown the fine material from the surface, and at least 20 approxi-

mately equal cores are taken from fairly evenly distributed parts of the

quantity. If more than 10 tons are contained in a lot, two cores are taken
for each additional ton. Portions are taken with a trowel when the mate-

rial contains large lumps or when for other reason it is not possible to use

a sampler. Lumps are broken if necessary and the material is mixed,

quartered, and placed in sample containers.

An official sample of a fertilizing material is sealed before removal
from premises where it was drawn. The seal bears the date ; name of prod-

uct as given on the label, if any ; signature of per.son acknowledging the

sample; inspector's initials and sample number. The duplicate portion is

scaled and left with the party whose stock was sampled or left on the

premises where it was draw^n.

A total of 180 official samples of gypsum were drawn and analyzed
during 104S ; these represented a total of 10,256 tons. Since 304,979 tons

of gypsum were sold in California during 1948, it can be seen that 2.6 per-

cent of the total tonnage was specifically examined by the Bureau of

Chemistry. For every sample of gypsum drawn and analyzed during the

year, approximately 2,194 tons were sold. By way of comparison, one

sample of commercial fertilizer was drawn for every 262 tons sold. In
general, commercial fertilizers are more expensive and more important
to farmers than agricultural minerals, and the purpose of the law is served

most effectively and economically by sampling the more important mate-
rials more intensively.

Analyses for Users. The law provides that a per.son who is actually

using or intends to use an agricultural mineral for fertilizing purposes
may submit a sample for analysis to determine conformity or noncon-
formity of the material to the guarantee under which it is sold or is to

be sold. The user submits information with regard to the lot of material,

a copy of the tag, and the service fee which is $4 for analysis of gypsum.
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Users rarely submit samples for analysis because a report issued on such
a sample does not have the legal status of a report issued on an official

sample drawn directly by the Bureau, and no charge is made for official

samples.

riihlications. The results of analyses of official samples of commercial
fertilizers and agricultural minerals drawn during each calendar year
are published annually by the Bureau. These analj'ses serve not only as

a guide in administration of the law, but are an important source of infor-

mation to users. Farmers can readily compare analyses of different types
of materials, and compare the records of different registrants in meeting
the guarantees made for their materials. Interested persons familiarize

themselves with the law governing sales of gypsum to assure value re-

ceived for the money they spend when buying their supplies.

Copies of the law, annual reports of this Bureau, lists of registered

firms and of registered products, special publications providing analyses

of official samples, announcements with regard to special items of inter-

est, and other informative publications of agricultural chemicals are avail-

able upon request from the Bureau of Chemistry, 1125 Tenth Street,

Sacramento 14, California.

Portland Cement Retarder

The Portland cement industry is an important consumer of uncalcined
gypsum, and in California 100,000 to 150,000 tons of gypsum a year are

used by cement plants. The gypsum, which serves to retard the naturally

fast set of Portland cement, is added to the clinker before grinding.

Specifications limit most cements to 2 percent SO.3, although some cements
may contain up to 2h percent SO-.. These percentages are achieved by
the addition of 85 to 100 pounds of gypsum per ton of clinker. Greater

quantities reduce the final strength of cement. The function of gypsum
in the setting of portland cement is a complex matter that is not com-

pletely understood. Bouge has summarized the work of many investi-

gators."^^

Portland cement plants commonly require that the gypsum contain

a minimum of 92 to 93 percent CaS04 -21100, although material contain-

ing 85 percent gypsum or less has been used. Gypsum of over 90 percent

purity is not likely to contain harmful quantities of deleterious sub-

stances. Anhydrite, however, cannot be indiscriminately substituted for

gypsum on an equivalent SO3 basis. The use of anhydrite as portland

cement retarder is discussed more fully in another section of this report.

Portland cement plants require sized gypsum. Probably a majority are

accustomed to using and require "pebble" gypsum which is plus f inch

and minus 1-| inches. These plants find that fine gypsum is difficult to

handle and store, and also that better grinding is accomplished when
the gypsum and clinker are approximately the same size. The upper size

is usually limited by the capacity of the tube mills that grind the mixture

of gypsum and clinker, but some plants have crushers for reducing

coarse gypsum to a convenient size. Other plants use fine gypsum and
require that the gypsum be fijiely ground. A few plants that use fine

gypsum have grinding equipment and accept either coarse or fine gypsum.

'0 Bouse, R. H., The chemistry of portland cement, pp. 472-487. New York, Reinhold Pub-
lishing Corp., 1947.
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Calcination of Gypsum

Calcium Sulfate and Its Hydrates

It has been known since ancient times that when j^ypsuni is calcined
at a moderate temi>erature, the resultinjr material sets or hardens when
mixed with water. A thorough study of tlie system C'aSO.i-IIofJ has been
made by Kelley, South.ard, and Anderson.'' l\i(Ulell '- has prepared a
summary of this higldy technical woik lo wliich lie has added some data

of his own.
Althoujrh many forms of calcium sulfate anil its hydrates have been

|)ostulated, only six forms have been accepted or are reproducibh' in the

laboratory. The dihydrate (CaS04-2Ili>0) occurs naturally as gypsum
or may prc])ared in the laboratory by precipitation from solution at room
temperature or by allowing calcined gypsum to rchydrate. X-ray studies

show tlmt all the natural and synthetic types of gypsum have the same
crystal .structure and that the water of cry.stallization cannot be removed
witliout destroying the crystal lattice.

There are two forms of' the hemihydrate (CaS()4- HIuO). The crystal

structure of both is such that the water of crystallization can be varied

considerably without destroying the crystal structure. The more stable

form, alpha raS0|-UT.O may be prepared by crystallization from acid

solutions, dehydration of gypsum in Avater at over 97"^ C. or dissociation

of gypsum in an atmosphere of saturated steam. The less stable beta

CaS04 4Il20 differs from alpha CaS04-iH20 in energy content and
solubility. It slowly changes to the stable form. Beta CaS04-^H20 is

prepared by partly dehydrating gypsum in a vacuum at 100° C. or in

an atmosphere not saturated with steam.

There are three forms of anhydrous calcium sulfate. Two forms, analo-

gous to the hemihydrates, rehydrate in water and are called soluble anhy-

drite. The third form, insoluble anhydrite, does not rehydrate at an ap-

preciable rate.

Alpha soluble anhydrite is prepared by dehydrating alpha hemihy-
drate in a vacuum or at 110° C. in air saturated with w'ater vapor. Beta
soluble anhydrite is prepared by dehydrating beta hemihydrate at 100° C.

or gypsum at less than 200° C. in an atmosphere not saturated with steam.

The soluble anhydrites have great affinity for water and have some ap-

plication as drying agents. It is difficult to remove the last traces of the

water of crystallization without destroying the crystal structure.

Insoluble anhydrite is prepared by crystallization from salt solutions

at 100° C. or by heating any of the other forms of calcium sulfate for one

hour at a temperature up to 900° C, the dissociation temperature of cal-

cium sulfate. Material formed in either of these ways is identical with

natural anhydrite.

Sleftirtg of Gypsum Vlastcr?^ Two theories have been advanced to ex-

plain the setting of gypsum plaster, the crj'stallization theory and the

colloid hypothesis. The crystallization theory supposed that when water
is added, the hemihydrate goes into solution. Because CaS04 -21120 is

" Kelley, K. K., Southard, J. C, and Ander-tjon, C. T., Thermodynamic properties of
gypsum and its dehydration products : U. S. Bur. Mines Tech. Paper G25, 73 pp., 1941.

" Riddell, W. C, Physical properties of calcined gypsum: Rock Products, vol. 53, no. 5,

pp. 68-71, 102, May 1950.
" Bouge, R. H., The chemistry of portland cement, pp. 352-367, New York, Reinhold Pub-

lishing Corp., 1947.
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less soluble than the hemihydrate, the solution is supersaturated with
respect to CaSO^ -21120, and CaS04 -21:120 precipitates.

According to the colloid hypothesis, when water is added to the plaster
a gel is first formed. The gel slowly takes up water and changes to needle-
shaped crystals of CaS04 -21120.

Commercial Calcination

In the laboratory gypsum may be calcined to the hemihydrate at temp-
eratures as low as 130° F. Because the time to reach equilibrium at

such low temperatures amounts to many days, commercial calcination

is carried out at temperatures between 300° F. and 400° F.

Gypsum is commonly calcined in batch machines called kettles whose
eapacit}'- ranges from 10 to 20 tons of uncaleined gypsum. The modern
kettle is a steel cylindrical shell 6 to 14 feet deep and 8 to 15 feet in

diameter. The bottom, which is convex upward, rests directly on the
firebox. Rabble arms driven by a vertical shaft are placed close to the

bottom to prevent sticking of the charge to the hot bottom. Furnace
gases from the firebox pass through an annular space between the kettle

shell and the outside brickwork and are directed by means of baffles

through horizontal flues, usually four, that pass through the kettle. The
kettle is loaded from the top and discharged through a spout in the
bottom. Steam produced during calcination is vented through a dust
separator to the atmosphere.
The kettle is loaded with gypsum ground to 70 to 90 percent minus

100 mesh. Present practice is to fill the kettle as rapidly as possible ; the

average time is about 15 minutes. Although heat is applied at a constant
rate, the temperature of the charge rises rapidly to between 250° and
255° F. and then remains nearly constant for much of the period of

calcination. During this period of constant temperature, the rapid evo-

lution of the water of crystallization as steam causes a vigorous boiling

and rising of the charge. As the composition of the material approaches
CaS04 -11120 the boiling dies down, the charge settles in the kettle, and
the temperature rises again at an increasing rate. At 300° F. the material
has a water content somewhat less than that of the hemihydrate. Calcina-
tion is ordinarily stopped at about 340° F. by opening the discharge
spout and dumping the contents of the kettle into an adjacent chamber
called the hotpit. The kettle is then loaded again with raw gypsum and
the cycle is repeated. The time of calcination, which depends on the rate

of firing, is between 2 and 2|- hours. Material made in this way is called

single boil or first settle stucco "^ and is the semi-finished material from
which almost all calcined gypsum products are made.

Single boil kettle stucco approaches the composition of the hemihydrate
(6.2 percent H'20), but the water content ranges from the theoretical

down to as little as four percent. Measurements made on stucco from
different plants show that single boil stucco may contain as much as

10 percent l)eta soluble anhydrite and that as much as a third of the

hemihydrate may be in the beta form.'''' The relative proportions of

these dehydration i^roducts depend on the character of the raw gypsum,

''* The term "stucco" is commonly useil to designate calcined gypsum that has received
no further treatment. Stucco is defined by the American Society for Testing Mate-
rials, however, as follows : "A material used in a plastic state, which can be troweled,
to form a hard covering for the exterior walls or other exterior surfaces of any
building or structure." AiS.T.M. designation : Cll-48.

''Kelley, K. K., Southard, J. C, and Anderson, C. T., Thermodynamic properties of
gypsum and its dehydration products: U. S. Bur. Mines Tech. Paper 625, pp. 63-68,
1941.
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the conditions under which calcination was carried out. and the treatment
of the stucco after calcination. These proportions in turn influence the

properties of the stucco. The setting; time of sinprle boil stucco ranges from
less than 15 minutes to more Ihan 40 minutes and averages about 30

minutes. The tensile strength is up to about 300 pounds per square inch.

Like Portland cement the strength of set plaster continues to increase

for many hours after the initial set. The compressive strength is about
10 times the tensile strength. For most testing purposes tensile strength

rather than compressive strength is measured.

Rclalious Bctivccn the Properties of Stucco. Consistency is a mea.sure

of the ability of stucco to absorb water. Normal consistency is defined by
the American Society for Testing Materials and is determined with the

Vicat needle.

Normal consistency is measured by tlie weight of mixing water re-

quired expressed as a percentage of the dry material.

Usually a plaster of high consistency is more plastic than a plaster

of low consistency, but the relation between consistency and plasticity

is not proportional. A plaster of hieh consistency has great bulk when
wet and can cover a larger area than a low consistency plaster. When
dry, however, it is porous and less strong than a low consistency plaster.

Factors that Influence the Properties of Stucco. Most of the insoluble

impurities likely to be found in the raw gypsum accelerate the setting

time of the stucco made from it. Deliquescent salts increase the strength.

Increased fineness of grind of the feed accelerates the setting time, in-

creases the consistency, and decreases the strength.

The maximum temperature reached during calcination influences the

setting time. Stucco with the fastest set is made by calcining at between
320° and 360^ F. Maximum temperatures both higher and lower than
this produce stucco with a slower set. Increased strength results both
from increasing the time of calcination and raising the maximum temp-
erature. Faster calcination produces stucco of higher consistency. If the

calcination is carried out .so that either raw gypsum or dead burned
gypsum gets into the stucco, the .set is accelerated.

The effect of leaving the stucco in the hotpit is to allow calcination to

continue. The setting time is accelerated, the consistency is lowered, and
the strength is increased. Aging is the slow rehydration of the stucco.

Consistency is decreased, strength is increased, and the setting time is

retarded. Aging is desirable for casting and similar plasters. Artificial

aging is accomplished by adding a salt, particularly calcium chloride,

to the kettle charge or by .spraying a fine mist of water into a mixer
of stucco.

Regrinding the stucco increa.ses the consistency. Tube mills are more
effective than other grinders for this purpose.

Douhle Boil Kettle Stucco. Less double boil stucco is made today than
formerly. If the single boil stucco is retained in the kettle instead of

being dumped at about 340° F. the temperature continues to rise to

about 370 F. and then remains nearly constant. A second boiling takes
place, and after it subsides and the charge settles for the second time
there is a renewed increase in the temperature. The calcination is stopped
at about 415° F. because a higher temperature produces a large propor-
tion of dead burned gypsum or insoluble anhydrite.
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Double boil stucco is essentially soluble anhydrite. It is a material of

low consistency, quick set, and hi<i:h strength that was formerly used
for easting plaster. Most casting plaster is now made, however, by arti-

ficially aging single boil stucco.

The Calcination of Gypsite. In the past gypsite has been calcined in

kettles in California and elsewhere in the United States."^ Because of

gypsite 's wide variation in gypsum content, high moisture content, and
sometimes the presence of organic matter, the calcination is difficult.

Loading is done slowly in order to prevent the charge from sticking to

the bottom of the kettle. After each increment the charge is allowed to

reach the boiling stage before the next addition. The calcination time
for a 10-ton charge is from 3 to 8 hours.

Gypsite stucco is dark colored and slow setting. It has been used for

wall plaster.

Continuous Calcination. A few plants in the ITnited States calcine

gypsum in rotary kilns, but there are no rotary calciners in California.

A coarse feed from which the fines have been screened is used.

Stucco for some purposes can be prepared by flash calcination. Two
California plants use the Kaymond Imp kiln mill. Although it is widely
used for drying clay and chemicals, the Imp kiln mill has been adapted
for calcining at only a few plants.

The Imp kiln mill consists of a hammer mill with an exhaust fan at

one end of the shaft. Tlie hot gases from an adjacent furnace enter at

the other end. Gypsum crushed to 1 inch or finer is introduced from a

hopper with a star feeder into the intake stream. In a conical chamber
between the fan and the hammers are the whizzer blades set so as to

throw uncalcined lumps back towards the hammers. During the estimated
15 seconds the gypsum stays within the mill, flash calcination and grind-
ing take place simultaneously. Tlie action of the mill can be controlled

by adjusting the rate of feed, the temperature of the furnace gases, and
the position of the whizzer. The maximum capacity of the Imp kiln mill

is 2 to 3 tons of stucco per hour. Larger Imp mills are used as driers, but
gypsum has not been economically calcined in them.

The hot. finely ground stucco is removed from the furnace gases and
steam with a cyclone separator and cooled in air before being placed in

storage bins.

Stucco produced in the Imp kiln mill differs from kettle stucco in a num-
ber of its pliysical properties, including the time of setting and solubility.

Solubility tests made by W. C. Riddell '''^ show that Imp kiln mill

stucco contains a large proportion of the metastable hemihydrate beta

CaS04-^HoO. The average setting time of 15 minutes contrasts with
the 30-minute setting time of kettle stucco which is high in alpha
CaS04-in20. The rapid setting time of stucco produced in the Imp kiln

mill is one reason why it may be advantageously used for wallboard.

Finishing the Plaster

Stucco from the calcining kettle is ordinaril}" left in the hotpit for no
longer than about an hour. Continued hotpit storage allows calcination

to continue and usuall}" results in inferior plaster. Stucco is a very light,

'8 Turner, A. M., The manufacture of gypsum plaster—Part I: Rock Products, vol. 33,

_ no. 22, pp. 49-51, 1930.
" Riddle, W. C, Physical properties of calcined gypsum: Rock Products, vol. 53, no. 5,

pp. 70, 71, May 1950.
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powdory material that tends to flow like water and leaks readily through
small holes. Generally it is liandleil with si-rew conveyors.

Stucco is usually reground after its removal from the hotpit, although
stucco for certain uses is not reground by all manufacturers. It has been
established that grinding with steel balls increases the consistency of

the plaster, and stucco for hardwall plaster is usually reground in tube
mills. Buhr mills are used when it is not desired to increase the

consistency'.

The final operation is the addition of materials to regulate tlie setting

time, fiber, aggregate, or sometimes other additives. The additions are

made in batch mixers of about 1 ton cajiacity. The finished plaster is

l)acked in paper bags that hold 100 pounds.
The set of most plasters is modified by tlic adilition of retarders or

accelerators. Clay and most organic materials are retarders. Glue, starch,

or sugar, are effective ; but the material ordinarily used is commercial
retarder prepared especially for the plaster industry. Commercial re-

tarder is made from hoof meal, slaughter house tankage, or similar mate-
rial cooked Avitli lime and caustic. To obtain a setting time of 6 hours,

from 3 to 15 pounds of retarder per ton of plaster are required. The
effect of commercial retarder depends to a notable degree on the temp-
erature at which the plaster is to be used. Less of it is required in summer
than in winter. Other variables affecting the amount of retarder required
are tlie setting time of the stucco from which the plaster is made and
the presence of set-influencing impurities in the water and aggregate to

be mixed with the plaster. For example, the same plaster mixed with

different sand may have vastly different setting times. In one series of

tests the setting times ranged from less than 2 hours to 15 hours."^^ Con-
sequently the amount of retarder added depends on where and in what
season the plaster is to be used. Although the set can be adjusted at the

time of use. it is better practice to use plaster prepared by the manufac-
turer for the particular locality.

Most metal salts are accelerators. Gypsum, set plaster, dead-burned
gypsum, and anhydrite are very effective under certain conditions. An
addition of 10 pounds of dry gypsum per ton of plaster reduces the set

to 5 minutes or less, but if the gypsum is damp or the plaster is hot, much
larger quantities are required. Large additions of gypsum weaken the

I)la.ster. Salt is as effective as gypsum and may be added to hot plaster.

Potassium sulfate, zinc sulfate, and alum may cause efflorescence on the

surface of the set plaster.

Other additives may be a binder such as hair or sisal fiber, an aggregate,

or pigments for making colored plaster. Aggregates include sand, wood
fiber, vermiculite, and perlite. Usually sand is added to plaster at the

place of use, but some sanded plaster is prepared by the manufacturer
for use in areas where good plaster sand is scarce.

Anhydrous Plasters

There are a number of low consistency, high strength plasters made
by calcining gypsum at a temperature high enough to drive off all the

water of hydration. In one group of plasters the gypsum is heated to

about 1.000 degrees F., and to the ground calcined product accelerators

are added. This group includes Keene's cement, Parian cement. Mack's

™ McAnaUy, S. G., Gypsum and gypsum products manufacture—Part VIII : Rock Prod-
ucts, vol. 34, no. 6, p. 58, March 14, 1931.
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cement, Martin's cement, and Magaud's cement. They differ chiefly in

the accelerators used. Another anhydrous plaster is flooring plaster, made
by calcining gypsum at a temperature high enough to decompose part

of the calcium sulfate. Of all the anhydrous plasters, Keene's cement is

the only one that is used in the United States.

Keene's Cement. Keene's cement is a gypsum product that is not

made in the- calcining kettle. Kaw gypsum is converted to insoluble

anhydrite by calcination at 600^ to 1300^ F. in beehive or rotary kilns.

The calcined gypsum is then finely ground. Accelerators are added that

cause the cement to set in 1 to 4 hours. Dehydrated alum, sodium sulfate,

potassium sulfate, and borax are among the accelerators used, and addi-

tions of about one percent are made. Keene's cement is harder and
stronger than ordinary gypsum plaster. The minimum permissible tensile

strength is 400 pounds per square iuch."'-^

Gypsum of over 99 percent purity is required because small quantities

of impurities either cause discoloration or weaken the cement. Keene's
cement is manufactured at only tw^o or three plants in the United States.

Most of it is used for finishing plaster.

MARKETING

Gypsum Products

Building Plasters

Most of the gypsum plasters are consumed by the building industry.

Gypsum plaster is eminently suited for building use not only because
of its strength and permanence but also because of its resistance to fire.

In a manner analagous to the melting of ice, the temperature of set

plaster cannot rise above 200"' to 250^ F. until it has been completely
calcined. Calcination progresses through a plaster wall at the slow rate

of about :j-inch in 15 minutes. Exhaustive studies have established stand-

ards for fire resistance for numerous types of construction. For example,
walls having half an inch of plaster have fire resistive ratings of 45
minutes to 1 hour, depending on the kind and amount of aggregate in

the plaster and the type of lath.

The use of gypsum in building is covered by rigid specifications.

Specifications of the American Society for Testing Materials are con-

cerned with the properties of gypsum plasters and manufactured prod-
ucts, aggregates, and methods of testing. The American Standards As-
sociation has established the manner in which gypsum as well as other

kinds of building materials are to be used.

Basecoat plasters, of which there are four standard types, consume
the greatest quantity of gypsum used for building plaster. Hardwall
plaster, called cement plaster in other parts of the country, is the most
important basecoat plaster. It is applied directh^ to all kinds of lath and
most other surfaces except monolithic concrete. It is furnished neat which
means that it contains retardcr but no aggregate. When it is mixed with
3 parts of sand the minimum time of setting is 2 hours, and the minimum
tensile strength when mixed with 2 parts of sand is 125 pounds per square
inch.^^ Neat hardwall plaster may contain hair or sisal fiber. Although

™ A.S.T.M. designation : C 61-40.
80 A.S.T.M. designation : C 28-40.
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tlie fiber does not coutriliutc to t he strnij^rtti of the i)laster. it does i)reveiit

excessive loss of plaster tlirou<rh the keys of some kinds of lath.

Ilardwall i)laster is mixed with as mueh as three parts by Meinfht of

sand at the place of use. (Jreater fpiantities of sand cause a marked de-

(•rease in tlie sti;enp:tli and hardness of the set plaster and reduces its

fire resistance. Vermicnlite and perlite may be substituted for sand pro-

vided that the particle size conforms to specifications for plaster sand.

Two to three cubic feet of vermicnlite per 100 pounds of neat plaster

;ire used. P>oth vermicidite and i)erlite increase the fire resistance of

plaster, but the strenjith is less than when sand is used. Perlite i)laster

is stronjrer than that which contains vermiculite.

The second type of basecoat plaster is sanded prypsum plaster. Intended
for the same uses as hardwall ])laster, it is mixed with sand at the plaster

factory and is available both with or without fiber. Sanded gypsum
plaster is used where g:ood plaster is scarce or when it is desired to

eliminate the possibility of mixinor too much sand or inferior sand with
the i)lastor.

Gypsum wood fiber ]:)laster is the third type. "Wood fiber is added at the

plant as a substitute for sand or other aggregate. Wood fiber plaster is

stronger and harder than hardwall plaster and has somewhat greater

resistance to fire.

The fourth type is bond plaster, a material for direct application to

concrete surfaces. Hardwall plaster is unsatisfactory because of the

difference in thermal expansion between concrete and gypsum and be-

cause of the smooth dense surface of concrete, especially monolithic

concrete. Bond plaster is especially prepared to overcome these limita-

tions, and it is for use on concrete only.

Finish coat plasters are used for the final 3^ inch to ^ inch of the

plaster. The most commonly used is lime-gauging or white coat finish,

which is composed of three parts by volume of lime putty gauged ^^ with
one part of gauging plaster. Gauging plaster is a coarsely ground plaster

of low consi.stency and comparatively fast set. Molding plaster, used for

gauging lime putty for cornice moldings, resembles gauging plaster ex-

cept that it is ground to a fineness of 00 percent minus 100 mesh. The
setting time is 20 to 40 minutes, and the minimum tensile strength is

200 pounds per square inch.'*^ Neat hardwall plaster is unsatisfactory
for gauging. Keene's cement may be used neat for finishing, or it may
be used for gauging lime putty. Tiime-Keene's cement finishes are harder
and stronger than lime-gauging finishes. There are also prepared gypsum
finishes that require only the addition of water at the place of use. They
are harder than finishes containing lime ; and unlike the lime finishes,

U\oy may be painted as soon as they are dry. The minimum tensile

strength is 200 pounds per sc^uare inch, and the setting time is 20 to 40
minutes.^^

Acoustical plaster is a sound-absorbing finishing plaster for use on
ceilings or walls in place of the usual finishing coat. It is prepared at

the plant and requires only the addition of water at the time of use. Al-

though it is hard and incombustible, acoustical plaster has a cellular

structure that absorbs sound.

^ Gauging is the mixing of plaster with lime putty In order to acquire the proper setting
time and initial strength.

82 A.S.T.M. designation : C 59-40.
» A.S.T.M. designation : C 28-40.
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Prefabricated Products

A little more than half of the jrypsum consumed by the building in-
dustry is in the form of prefabricated products. By far the most im-
portant are gypsum Avallboard, lath, and sheathing board. Cast shapes
of several sizes are available, but they constitute less than 1 percent of
the total production of prefabricated gypsum products.
Gypsum board products consist of a plaster core between two layers

of paper. The core is made of stucco of less exacting specifications than
tliat required for most other plaster products. Gypsum containing 85
percent CaS04- 21120 is commonly used, and material of 80 percent or
slightly lower grade has been used satisfactorily. Two plants in Cali-

fornia make stucco for board products by flash calcination.

Board products are made by continuous methods on automatic ma-
chines that can be adjusted to make any of the standard products. Equip-
ment manufactured by the J.C. Ehrsam and Sons Manufacturing Com-
pany is very commonly used. Almost all plants use very similar machines
modified to their own specifications.

Wallboard is made as a single continuous strip, but when making the

narrower lath the machine forms three parallel strips. The special papers

that form the outer layers of the strips are drawn from stock rolls at

the head the machine. Stucco for the core is usually brought in a screw

conveyor to a platform over the head of the machine where carefully

measured amounts of additives are fed iutrrthe conveyor and mixed with

the stucco.

The additives usually include an accelerator. One California plant uses

ground set plaster, another salt water, and a third ground gypsum and
potassium sulfate. An important additive is starch or corn flour to pro-

mote the sticking of the plaster to the paper. These materials coat the

fine gypsum crystals that penetrate the paper and prevent them from
calcining during drying. Wood flour, or less commonly chopped paper,

is added for a filler. Increased porosity is provided by the addition of

soap or other means for entraining air into the wet plaster. The dry
ingredients are mixed with water in an Ehrsam type pin mixer. Practice

varies, but one California wallboard manufacturer who is no longer active

stated that the requirements for 1000 square feet of ^-inch board were:

Stucco 1500 pounds
Water 250 pounds
Wood flour 100 pounds
Starch 10 pounds
Soap 2 pounds

The slurry of wet plaster is placed on the moving bottom paper, and the
top paper is fed on immediately ahead of the forming rolls that fold over
the projecting edges of the bottom paper and seal them to the top paper
with an adhesive. When wallboard and sheathing board are made, the

bottom paper is scored with carborundum wheels in order that the folded

edges will be shaped correctly; but for lath, which has rounded edges,

the bottom paper is not scored.

The green board, which moves at a constant speed, is supported on a
moving belt, until it has partly set. For the remainder of the length of

the machine it moves on rollers, every third one of which is belt-driven.

Guides are provided at intervals to keep the board in position. Near the

end of the machine is the reciprocating Ehrsam punch that moves hori-
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zoiitally and makes the key liolcs in jxTt'orati'd latli. Bcyoud the jHiiieli

a revolvinjr knife euts tlie eontinuous strip into len^rths that are wliisked

away at an aeeelerated speed to the end of the machine. The distance
from the forming rolls to the ent-ofT knife ran«?es from nnder oOO feet

to over ()()U feet.

Drying is accomplished by passing the lengths back through a Coe
drier placed parallel with the board machine. A fully automatic system
of transfer belts moves them to an elevator or hinged loading ramp that

feeds them two at a time into the projier deck of the drier. The key hole

j)unch, the cut-off knife, the transfer belts, and the loading ramp are

synchronized and are controlled by switches actuated either by fingers

that contact the lengths of board or by electric eyes.

Driers have six or eight decks of rollers, each wide enough to accom-
modate two lengths of wallboard or six lengths of lath. They are divided

into three or four sections through which air is forced. Heat is provided
bv steam coils beneath the decks or bv gas burners in the air intakes.

Temperatures of 300^^ to 850 'F. are maintained in the first part of the

drier. This is reduced to 250°F. or less in the end .section to eliminate

the possibility of recalcining.

In some plants the finished wallboard and lath are unloaded and stacked

by e(|uipment similar to the loading ramp, but at other plants unloading
and stacking are done by hand. These operators feel that hand unloading
provides an opportunity for closely inspecting that justifies a possible

increased breakage caused by carelessness.

The following products are made by most board plants.

Gypsum Wallboard. Gypsum wallboard is for walls and ceilings. It

is fastened directly onto the wood framing or furring blocks and may be
painted or papered. ]\[ost wallboard is ^ inch thick, but there is ^-inch

wallboard also that possesses 40 percent greater strength. Both §- and
^-inch wallboard are available in 4-foot widths and lengths of 6, 7, 8, 9,

10 and 12 feet. Both are available with recessed edges for u.se with rein-

forcing tape and cement to conceal the joints, beveled edges for decorative

effects, or square edges. There is also ^-inch wallboard for curved sur-

faces, repair work, or lining sheds that is available in lengths of 7, 8, 9,

and 10 feet. The ]-inch wallboard is made with scjuare edges only.

Gjfpaum Lath. Gypsum lath is ij inch or I inch thick, Ifi inches wide,
and 4 feet long. Lath has round edges. It is available either plain, per-

forated, or with a sheet of aluminum foil cemented to the back side for
insulation against heat and cold.

Gypsum Sheathing. Gypsum sheathing is a water-repellent, wind-
tight sheathing material intended for use without building paper. It is

made with special water-resistant paper and has tongue and groove edges.
Gypsum sheathing is available in sheets J inch thick, 2 feet wide, and
8 feet long.

Gypsum, Tile. Gypsum tile has been in use for over 30 years, but eon-
sumption is minor compared with that of other gypsum products used
by the building industry.

Tile is cast in steel molds by mass production methods. Standard tile

is 30 inches long, 12 inches wide, and available in a number of thicknesses.

There are also specially shaped tiles for use as shoe and soffit tile with
13—58771
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structural steel. Solid tile 2 iuches and 3 inehes thiek is available, and
hollow tile, whieh contains symmeti-ically spaced holes i)arallel to the
leno-tli, is available in 3-, 4-, 5-, aiul B-inch thicknesses. Furring blocks

H inch or 2 inches thick are made by s]dittiii<i- hollow tile. Tile is readily

cut with the plaster saw, which has large teeth. Only gypsum mortar,
which consists of neat plaster mixed with up to 3 parts by weight of

sand, can be used with tile.

The principal uses for gypsum tile are for non-load-beariiig interior

partitions and for fireprooting structural steel. Gypsum tile is particu-

larly adapted to buildings in which partitions must be frequently altered

to meet changing requirements. In protecting steel beams, columns, and
girders from fire, 2- or 3-inch tile are built around the member. Hollow^

spaces may be backfilled, and additional protection is provided by plaster-

ing the outside. In tests made bv the Bureau of Standards loaded test

columns protected with gypsum tile and subjected to a temperature of

2200° P. failed after 2^ to nearly 7 hours. The thickness of the tile, the

use of solid or hollow tile, and the presence of plaster account for this

range in time to failure.

Reinforced Gypsum Concrete

Reinforced gypsum concrete is a building material used in compara-

tively small quantities that was approved for use in 1941. It consists of

plaster mixed with up to 12| percent by weight of wood fiber, chips, or

shavings ; and it is reinforced with concrete reinforcement bars or wire.

Minimum compressive stresses specified by the American Standards As-

sociation are

:

]\Teat 1800 pounds per square inch

Containing up to 3 percent wood fiber 1000 pounds per square inch

Containing up to 12 percent wood fiber 500 pounds per square inch

Reinforced gypsum concrete is either used as precast units or cast in

place. Roof tile is 3 by 12 by 30 inches. Gypsum planks are either plain

edged or have metal tongue and groove edges. The plain edged planks are

2i inches thick, 10 inches wide, and 6 feet long. Metal edged planks are 2

inches thick, 15 inches wide, and 6, 8, or 10 feet long.

AVhen reinforced gypsum concrete is poured in place two systems may
be used. In one a permanent form of wallboard is built, steel reinforce-

ment is placed, and the gypsum concrete is poured on it. In the suspension

system parallel and uniformily spaced cables are stretched over the roof

or floor beams and securely anchored at the ends. Forms are placed be-

neath the cables, and at least 3 inches of gypsum concrete is poured,

enclosing the cables.

Industrial Plasters

A comparatively small volume of high priced calcined gypsum products

is produced for industrial use. Some are specialties that are made at

only a few plants for the entire United States market ; others, used in

greater (luantities, are produced by the majority of plaster manufac-

turers. In general, industrial plasters have higher strength than most

building plasters and medium to quick setting times.

Strength of plaster is closely related to consistency because a plaster

of high consistency is porous after it has set and dried. Ordinary plaster

is mixed with a quantity of water enormously greater than that required
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for liydratiuu. The iinnual eun.sisteney of lianhvall plaster is 80 to 100

milliliters of water per 100 {j:rams of plaster, while the theoretieal amount
of water for rehydration is only 18.6 milliliters. By artificial aginf?, the

normal consistency of UcttK* stucco can be reduced to between (iO and 75

milliliters. A<rcd stucco rej^round with bnhr mills is used for some indus-

trial plasters.

There are a number of patented methods for producinj,' hi<rh-strength

plaster of very low consistency. Ilydrocal is made by treating: lump
jrypsum in an autoclave with saturated steam at 15 pounds pressure for

6 hours. The calcineil protluct, after drying and «rrindinj>:, has a consist-

ency of 45 milliliters. Certrock is kettle stucco to which is added 1 to 2

percent of jrum arable and an alkali such as lime, litliar<re, or soda ash.

The consistency approximates that of Ilydrocal. Ilydrostone, made by
treating Ilydrocal with gum arabic and alkali, has a consistency of 27

milliliters. In making llydromite a carbamide-formaldehyde resin is

added that still further reduces the amount of excess water taken up
by the ])laster. A ju-ocess developed by Eberl and Ingram ^^ consists of

autoclaving a slurry of finely ground gypsum to which is added about

0.1 percent of a dicarboxylic acid salt. Microscopic studies showed that

tliese salts cause the luMuihydrate crystals to have the shape of short rods

that can pack closely. A limited amount of grinding following autoclaving

increases the powder density, apparentl}' by rounding the sharp corners

of the crystals ; but prolonged grinding produces fluffy particles.

Casting Plaster. Casting plaster is used for ornamental statuary and
interior decoration because it expands slightly upon setting. The prop-

erties desired are high strength, low heat of hydration in order not to

harm the molds, and (piick setting time. It is prepared by regrinding

artificially aged kettle stucco.

Pottery Plaster.^'' Pottery plasters are special plasters used by the

ceramics industry in the manufacture of dinner ware and sanitary ware.

They are used as modeling and patterning mediums and in making master

dies and production molds. Gypsum plaster is suitable for these purposes

because of its ability to receive aiul transmit to other media surface

detail, to retain dimensional accuracy, and to absorb moisture.

Pottery plaster is a plaster of low consistency and high strength. Since

1032 a number of special pottery plasters have been developed that con-

tain a high proportion of alpha ('aS()4-UL.O. In compressive strength

they range up to 15,000 pounds per square inch, in expansion from 0.0

percent to 1.5 percent and in absorption characteristics from 2 percent

to more than 50 percent. Improvements in pottery plaster have made
possible improvements in nu)ld shop practice.

In pottery plants particular attention should be paid to the storage

of plaster to prevent its absorbing moisture. Enclosed storage to prevent

the free circulation of air should be provided, and the temperature
should be kept above the dew-point. Mixing is usually done with me-
chanical mixers to produce slurries free from entrained air, and in a

few cases vacuum mixing is practiced. New molds are dried before use,

** Eberl, J. J., and Ingram, A. R., Process for making high-strength plaster of Paris :

Ind. and Eng. Chem., vol. 41, pp. 1061-1065, May 1949.
8= Wiss, J. E., Recent developments in the use of gypsum plasters in ceramics : Pacific

Coast Ceramic News, vol. 1, no. 10, pp. 13. 17, April 1951 and vol. 1, no. 11, p. 14,

May 1951.
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and used molds are dried before being used again. In storing molds slow
calcination may take place if the temperature is greater than 120° F.
and the relative humidity is less than 10 percent.

Plaster for the Plate Glass Industry. The plate glass industry uses
plaster for hohling the glass during polishing. Plaster for this purpose
mu.st be finely ground and contain no impurity that could scratch the
glass. Strength is relatively unimportant.

Dental and OrUiupcdic Plasters. I'nited States consumption of dental
and orthopedic plasters is only a fcAv thousand tons a year. Dental
])lasters have high tensile strength and are available with setting times
ranging from 2 to 40 minutes. Low heat of hydration is essential.

Industrial Casting and Molding Plasters. Special high-strength plas-

ters such as Hydrocal are used for tooling and pattern work requiring

great dimensional accurac^^ For less exacting work casting plaster made
from kettle stucco is used.

Minor Uses of Gypsum

In addition to its principal uses, small (quantities of gypsum totaling

less than 50,000 tons a year for the entire Ignited States are consumed
for other purposes. Finely ground, white, uncalciued gypsum, called

terra alba, is a cheap material that is chemically neutral. As a filler, it is

used in paper, textiles, paint, plastic articles, and blasting powder. As a
diluent and carrier, it is mixed with drugs and chemicals. Kelatively

small quantities compared with talc and pyrophyllite are used in insec-

ticides. Crown filler, artificially precipitated CaS04 -21120, is used in

paper and cloth. Breweries use powdered gypsum for conditioning water.

Mixed with a binder, powdered gypsum is made into blackboard chalk.

An industrial drying agent is prepared by calcining gypsum for 3

hours at 460° F. The product, which is soluble anhydrite, can be regener-

ated by reheating. Calcined gypsum is also used as a fireproof filling for

safes and filing cabinets and as an ingredient of match heads.

In some countries, but not in the United States, substantial quantities

of gypsum are used in metallurgy and in chemical processes. It is used

as a flux in smelting the nickel ores of New Caledonia, in the Carmichael-

Bradford processes for the blast roasting of galena, and for concentrating

lead-copper matte in Germany.
In England, France, and Germany ammonium sulfate is prepared by

reacting ammonia and carbon dioxide with ground gypsum in water'.

After the calcium carbonate that precipitates has been removed, the

solution is evaporated to recover the ammonium sulfate.

The current sulfur shortage has created reiu^wed interest in gypsum as

a source of sulfur compounds, and there are a number of processes for

making sulfuric acid from gypsum or anhydrite. An English plant is

described in the anhydrite section of this paper. Mo.st of the processes

produce cement clinker and SGj gas that is made into sulfuric acid, but

recently a United States patent has been issued on a process ^^ in which,

by means of a catalyst, hydraulic cement and sulfur trioxide are

produced.
In India the recovery of sulfur from gypsmn is under consideration.^"

** Rook Products. New products from gypsum : Rock Products, vol. 54, no. 2, p. 77,
February 1951.

^ Chem. and Eng. News, India may produce sulfuric acid from gypsum : Chem. and Eng.
News, vol. 29, no. 5, p. 392, 1951.
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Uses of Anhydrite

Anhydrite, commonly associated with jrypsum, is found in most of the

extensively developed {ryjisum deposits. In California abiindant anhy-

drite has been enconntcrci] only in the workinjis of the United States

(iyi)sum Company in the Little Maria ^Fountains and in the Fish Creek

Mountains. Other deposits where further exploration might reasonably

be expected to find anhydrite are the Palen Mountains, Riverside Moun-
tains, and Cuyama Valley de]iosits.

Althougli many gypsum mines could ])roihu-e large quantities of

aidiydrite, few uses for anhydrite have been developed; and compara-
tively small quantities are sold. For some purposes anhydrite can be
substituted for gypsum. Probnbly the largest amount is used in agricul-

ture. Aidiydrite from Xova JScotia is used as a source of calcium and
sulfur for peanut crops in Virginia. Tn California some high grade
agricultural gypsum contains anhydrite. The treatment of alkali and
adobe soils with anhydrite has nM-iuved little study, although the ex-

periments of (J. E. Colby ^^ showed that both anhydrite and gypsum are

equally effective in neutralizing black alkali (sodium carbonate). The
State Bureau of Chemistrv has noticed no indication that anhydrite and

• «

gypsum are not of ecpial value, and as yet it has not been necessary to

distinguish between them.
The Portland cement industry has devoted much study to the substi-

tution of anhydrite for gypsum as a retarder. Today anhydrite is not
used generally, although one California portland cement producer has
used sul)stantial (luantities of anhydrite. The jiublished reports of the
studies made appear to be incomidete and inconclusive, but all investi-

gators agree that anhydrite cannot be indiscriminately substituted for
gypsum even though the sulfate radical is the active component of the
gypsum. Presunud)ly differences in solubility and rate of dissolution ac-

count in part for the differences in their behavior. Laboratory experi-

ments ^^ do show that for some cements between 25 and 70 percent of the
sulfate added may be in the form of anhydrite.

Anhydrite may be advantageously substituted for gypsum in most of

the chemical and metallurgical processes requiring calcium sulfate be-

cause of its higher calcium sulfate content and lack of water of hydration.
Tjittle if any calcium sulfate is. however, so used in the T'nited States.

In Cermany and England large quantities of both gypsum and anhy-
drite are used in making ammonium sulfate. At liillingham, England both

sulfuric acid and portland cement are made from anhydrite in an inte-

grated operation."" Anhydrite is reduced to sulfur dioxide with coke in

a cement kiln, and the correct amount of clay and siliceous material is

added so that the residue has the composition of portland cement clinker.

The sulfur dioxide is purified and converted to sulfuric acid.

]\Iuch Avork has been done on making plaster from anhydrite, and some
anhydrite plaster is used in England. Finely ground anhydrite sets very

slowly with water, and most of the investigations have been concerned

f^^Colbv, G. E., A note on the use of anhydrite as a remedy for black alkali : California
Dept. Agriculture Bull. 10, no. 1. pp. 39-41, 1921.

»• Hansen, W. C, and Hunt, .1. O., The u.«e of natural anhydrite in portland cement:
Am. Soc. Test. Material.s, Bull. no. 161, pp. 50-.57, October 1949.

Roller, P. S., and Hahver, Murray, Relative value of gypsum and anhydrite as addi-
tions to Portland cement : U. S. Bur. Mines Tech. paper no. 578, 15 pp., 1937.

»Stewart, G. K., Billingham mine: Inst. Min. Met. Bull. 480, pp. 1-11, Sept. 1946.
Cole, L. H., and Rogers, R. A., Anhydrite in Canada : Canada Dept. of Mines, Mines

Branch, no. 732, p. 30, 1933.
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with the addition of siiitablo accolerators. The Canada Department of

Mines conducted an exhaustive series of laboratory tests ^^ on makiiifi:

plaster from anhydrite from numerous Canadian dojiosits. By the addi-

tion of small (piantities of metal salts to finely ground anliydrite, plasters

were made having approximately the properties of Keene's cement. Many
of the reagents tested produced plasters with high shrinkage and great

efflorescence, but the most satisfactory results were obtained when two

reagents were used. The tests indicated further that anhydrite from

different deposits required different proportions of reagents.

Some work has been done on making high strength cement by calcining

anhydrite.

Other minor uses for anhydrite are for some fillers, carriers, and dilu-

ents. Pearl filler is finely ground anhydrite.

Gypsum Markets

Gypsum, like many non-metallic minerals, is a low-priced, widelj^ dis-

tributed commodity that is of value only when it may be economically

transported to consuming centers. Freight charges represent in many
cases half or more of the price the consumer pays. Although there are

large undeveloped gypsum deposits in the state, California production

is estimated to be but three-quarters of consumption. Most of the gypsum
produced in California is consumed in the southern part of the state, and
even in southern California appreciable quantities of gypsum are brought

in from Mexico and Arden, Nevada. Northern California is supplied al-

most entirely with gypsum from Mexico and Gerlach, Nevada.

The California production of gyjisum is shown in figure 10. Since sta-

tistics were first recorded in 1887, the production has reflected the growth
in population and in industrial activity. Most outstanding is the enormous
increase within the past 10 years, which was caused both by a sharp rise

in building activity and by the large scale use of gypsum for treating

alkali soils that began about 19-40.

The plaster industry, agriculture, and the portland cement industry
are the major consumers of gypsum in California. The pla.ster industry is

dominated by large integrated companies that own their own gypsum
mines and have reserves for many years. Competition between companies
and between the plaster industry and manufacturers of other building

materials is keen. Large amounts of capital are required for the construc-

tion of calcining and wallboard plants. Expenditures of 1^ and two mil-

lion dollars have been reported "- for the building and reconstruction of

plants outside of California.

In California there are five calcining plants. One is in the San Francisco
Bay area, two are near Los Angeles, and the remaining two are in the

southeastern desert close to gypsum deposits. The three metropolitan

plants obtain gypsum from outside of the state. The Bay area plant and
one of the Los Angeles plants produce board products only. In addition,

plaster and board products are brought in from Gerlach and Arden,

Nevada.
Most of the agricultural gypsum is consumed in tlie San Joaquin

Valley. Ninety percent of this gypsum is gypsite produced within 150

*• Cole, L. H., and Rogers, R. A., Anhydrite in Canada : Canada Dept. of Mines, Mines
Branch, no. 732, pp. 35-80, 1933.

92 Mining M'orld, vol. 11, no. 7, p. 50, June 1949.
Pit and Quarry, vol. 41, no. 7, p. 98, January 1949.
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FiGUKE 1 0. Chart showing production and average price of gj'psum in California.

miles of the farms; the remainder is ground rock gypsum most of which
is mined in southern California. p]lsewhere in California, ground roek
gypsum is used exclusively. That sold in northern California comes from
Nevada, while gypsum sold in the Imperial Valley is produced in Cali-

fornia.

The agricultural market is relatively favorable for the snuiU producer.
Producers must, however, comply with the regulations of the Department
of Agriculture, which are discussed in another section of this study. The
mortality among producers of agricultural gypsum has been high and
probably the greatest single cause is failure to produce gypsum of the
guaranteed ([uality.

Most of the Portland cement plants purchase gypsum from plaster
companies. Only two California plants obtain gypsum from their own
deposits, and of these, one is a nuijor producer of calcined gypsum prod-
ucts as well as portland cement. In addition, two companies own deposits
from which there has been no production. Plants in northern California
use gypsum from Mexico, and Gerlach, Nevada, supplemented by syn-
thetic gypsum made in the Bay area, while southern California plants
use g3-psum from California and Arden, Nevada.
The Portland cement industry is a relatively unfavorable market for

the small gypsum producer. Portland cement plants desire a uniform
and dependable sujiply of gypsum, and numy are reluctant to jeopardize
their existing sources unless a long-term guarantee is furnished. The
producer must also find a market for off-grades and sizes of gypsum that
are not acceptable to the portland cement plant.

Although the average value of gyjisum at the mine is reported to be
$2.45 a ton b^' California producers, most figures for rock gjT)sum are



100 GYPSTTM IN CALTFORXIA [BuU. 163

nominal. The only California prodnetion costs available are those of the
Tnoa operation, which is described in another section of this study. There
the cost of mining was $1.50 a ton. Preparation of bulk gypsum (ground
to 100 percent minus 10 mesh) cost less than $1.50 a ton, and sacked
gypsum (100 percent minus 50 mesh), $4.50 a ton.

The price of gypsite is about $1.75 a ton at the mine.

Freight charges are equal to or greater than the price at the mine.

The following representative rates on crude gypsum were in effect in

February 1951.93

Rail carload rates (in cents jjer 100 pounds or per ton in open top cars).

Minimum
\vpi};ht

To From Rate (cents) (pounds) KouKirUs

Los Angeles Midland 324 per ton 40,000
Midland 292 per ton 80,000 Santa Fe direct

Plaster City ___ 324 per ton 40,000
Plaster City ___ 292 per ton 80,000
Maricopa 15 per 100 pounds 30,000

Fresno Midland 454 per ton 40,000 Santa Fe direct

Midland 497 per ton 40,000 Does not apply via

Santa Fe direct

Plaster City ___ 454 per ton 40,000 San Diego-Ariz., via

r]l Centro, South-
ern Pacific

Plaster City 497 per ton - 40,000 San Diego- Ariz., via

VA Centro South-
ern I'acific, (\)1-

ton or Bakersfield,

Santa Fe
San Francisco Maricopa 28 per 100 pounds 30.000

Truck Load Rates
jMinimum
Avoight

To From Rate (cents) (poundsl Remarks

Los Angeles _ Midland 18 per 100 pounds 40.000 Dock to dock
Midhind 24A per 100 pounds 40,000 If no rail track or

truck dock

Plaster City __. 21 per 100 pounds 30,000
Maricopa 19 per 100 pounds 40,000

Fresno Midland 52 per 100 pounds 40.000 Dock to dock
Midland 58 p.T 100 pounds 40.000 If no rail track or

truck (lock

Plaster {^ity __ , .30 jicr KM) i.ounds .'iO.OOO

San {'rau<is(() .Maricopa 00 per 100 pounds 40,000

Agricultural gypsum may be sold at the mine, but the price usually

includes delivering the gypsum to the farm and sometimes spreading

it on tlie fields. In the San Joacpiin Valley 50 to 70 percent gypsite costs

between $().()() and $7.00 a ton delivered and spread. Ground rock gypsum
costs $14.00 a ton delivered or up to $18.00 a ton if the cost of spreading

is included. It is apparent tliat the cost of liauling and handling agri-

cultural gypsum is several times its value at the mine. Considering the

cost per unit of gypsum, the handling charges of gypsite increase rapidly

with decreasing gypsum content. At a comparatively short distance from

»3 Data supplied by W. G. O'Barr, Los Angeles Chamber of Commerce.
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the mine the post per unit of {gypsum in jrypsite ecjuals that of high-grade
rock gypsuni. Actually 70 jicrceiit fryi)sitc from Kciii County is sold as

far nortli as Livcrmore. In a similar way, the 'M) and 40 ]icrccut gypsitc

from F'resno County has a still more limited range.

GYPSUM PLANTS IN CALIFORNIA

Kalscr (Ijip.sinn Dirisioit, Lmuj iiiach I'hnit '"
( .14 ) . The Long Beach

l)lant of Kaiser (Jyi)sum Division of Kaiser Intlustries Inc. is at I'MU

Water Street on the Long Beach waterfront. The property was purchased
from the Standard Cypsum Company in 1044. and enlargement and
modernization was completed in the summer of ]!)47. The chief prcxlucts

are gyi)sum walllioani and lath, hardwall plaster, gaging plaster, and
finishing i)laster.

Raw gypsum is brought from the Kaiser Company's San Marcos
Island deposit in the self-unloading ship "Permanente Silverbow." The
gypsum, a hard, fine-grained material crushed at the mine, contains so

little free moisture that drying before grinding is not necessary. Covered
storage is provided at the plant.

Cypsum from the stock jnle is crushed in a Pennsylvania hammer mill

and then ground to about 78 percent minus 100 mesh with Raymond
liigh-side roller mills in closed circuit with air separators. The Raymond
mill product is fed to three gas-fired Ehrsam calcining kettles, each of

10 tons capacity. The calcining time is about 2| hours, and the maximum
tempei-ature is between lUO"" and 8o0° F. The kettles are equijiped with
recoi'ding pyrometers to facilitate close temperature control. After cal-

cination the kettle charge is dumped into the hot pit. When it has cooled

the stucco is elevated to bins in the plaster section of the mill or carried

to th(> wallboard section with S-iuch screw conveyors. Because of the

j)lant's location in an intensely developed area, special precautions are

taken to avoid contaminating the atmosphere with dust. Air from the

Raymond mills passes through (doth filters after leaving the air separa-

tors. Eacii hotpit is -seuted to its kettle, and the kettle stacks are equipped
with water sprays that wash the dust out <»f the mixture of dust and
steam given off during calcination.

Stucco for hardwall plaster is reground in a Marcy 5 x 20-foot tube mill,

while stucco for casting plaster is reground in liulir mills in closed circuit

with Whizzcr dust sepai-ators. Reground stucco is conveyed to bins located

above weighing hojipers where retarder. fiber, aggregate, or other ingredi-

ents are added, (^ne-ton batches from the weighing hoppers are mixed
for 3 minut(>s in Ehrsam paddle-tyjie mixers and then packed in 100-

pound paper bags.

Gypsum board products are made on a 493-foot machine designed
cooperatively by the J. B. Ehrsam and Sons Manufacturing Company
and the Henry J. Kaiser Com]iany. Stucco is taken directly fi'om the
hotpits to the board i>lant with screw conveyors and stored iu cylindrical

tanks with conical bottoms. Stucco from the storage tanks passes through
a mixing screw conveyor where dry ingredients are added with Syntron
electric vibrating feeders. Water is added in a pin-type mixer at the head

** Newest plaster board plant on west coast : Rock Products, vol. 50, no. 9, pp. 74-77, Sep-
tember 1947.

Utley, F. H., "World's richest gypsum quarry" supplies new board plant: Pit and
Quarry, vol. 40, no. 3, pp. 114-117, 124, September 1947.

Plant visit January 1949.
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of the machine. The fjreen board from the forming rolls is supported for
255 feet on a 57-in('h eonveyor belt and tlicMi on I'ollcrs. Th(> punch for
making holes in perforateil lath and the eut-otf knife are of the Ehrsam
type. The punch, knife, transfer section, and loading ramp for the drier
are synchronized Avith Selsyn and electi-ic eye controls. Board is dried in

a Coe drier having eight decks. Finished board is removed by hand,
inspected, and bundled.

Kaiser Gypsum Division, Rcdirood City Plant '^^' (08). The Redwood
City plant of the Kaiser Gypsum Division, Kaiser Industries, Inc., manu-
factures gj^psum board and lath products for the Bay area and the north-
ern California market. Ernest Schaper is the plant superintendent, the
superintendent of the wallboard plant is Lawrence E. Hays, and Wallace
C. Riddell is Director of Researcli. Built by the Pacific Portland Cement
Company in 1941, the plant was taken over by the Kaiser interests in

October 1949. It is located at the Port of Redwood City where crude
gypsum is brought in Kaiser ships from the San Marcos Island deposit

and stockpiled near the plant.

The crude gypsum as received at the wallboard plant is 2 to 3 inches in
size and averages 96^ percent gypsum. Trucks deliver it from the stock-
pile to a hopper from which it is fed to a jaw crusher that reduces it to

half-inch size. The former operator calcined a mixture of natural and
synthetic gypsum, but this practice has been abandoned. It is believed
that difficulty encountered in calcining the synthetic material may have
been caused by a coating of magnesium hydroxide.

Calcining is accomplished with three number 50 Raymond Imp kiln

mills driven at 1850 rpm by 50-and 60-horsepower motors. The tempera-
ture of the furnace gases is 1400^F., and the stucco is withdrawn from
the mills at 360° to 410°F. and 90 to 95 percent minus 100 mesh. Stucco
is stored in cylindrical steel storage bins.

Stucco is Avithdrawn from the bins with drag conveyors, passed through
a revolving half-inch screen to remove foreign matter, and brought to

the mixing platform over the head of the Ehrsam board machine. Care-
fully measured amounts of additives are introduced into the screw con-

veyor with Gump feeders located on this platform. An Ehrsam type pin
mixer is used to mix the dry ingredients with water. This board machine
is provided with guides placed at intervals to keep the board in position.

Talc powder is put on the top surface of the board to facilitate later

handling. The switches that control the cut-off knife, transfer belts, and
loading ramp are actuated by fingers that contact the lengths of board.

The Coe drier has six decks and is divided into three sections. Heat is

provided by steam coils in the first and second sections and by gas burners
in the air intakes to the second and third sections. The temperature in

the first section is from 320' to 350^" F., about 360 -F. in the second, and
250°P. in the third. Finished Avallboard and lath is removed from the

drier, inspected closely for quality defects, placed face to face ; and the

ends are sealed with paper tape. Then the bundles are placed in the Avare-

house or stacked in box cars for shipment.
At present the plant is operating 24 hours a day, 7 days a week, at a

capacity that has been increased nearly 50 percent during the past year.

^ Plant visit January 1951.
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MoHitlith /'(jrtl(i)i(l ('(iiKiit ('oiiipaiu/, (Juatal ('(iniit/n (ii/psuni Opcra-
tion'-*'' (109). Till' Qiiatal Canyon jrypsuni oi)i'rati(Hi of the Monolith
Portland Cement Company is on the north side of Qnatal Canyon about
.') miles east of \'entU('opa. a post office and store in the upper Cuyama
Valley. (Jyiisum for the company's poi-tland cement jilant at Tehachapi
is prothiced here. Mining hejran in 11*41.

The gypsum bed has been opened by two small (piarries in a branch
canyon close to the lower edfre of an extensive dip slope. The bed is 10

to 15 feet thick here, and it is covered by up to lo feet of soft clay shale.

After the overburden has been removed with bulldozers, the gypsum is

drilled with jackhanuners and blasted. A power shovel loads the gypsum
into dump trucks for the haul to the crushing plant about a ([iiarter of

a mile away near the mouth of the branch canyon.

At tlie crushing plant the trucks dump the gypsum on a grizzly with
widely .spaced bars; and the oversize is broken uj) on tlie grizzly with an
air operated gad. The gypsum then ])asses over a second grizzly, and the

oversize is reduced to about H inch with a jaw crusher. The crusher

product and grizzly undersize are stockj)iled over a timbered draw point

by means of a belt conveyor. A second belt conveyor is used to load trucks

from the draw ]ioint. The ci'ushed gyi)su!n is hauled in large diesel trucks

with trailers to Marico])a where it is loaded into railroad i-ars that take

it to Tehachapi.

Montcri'ii (inpsuin Contpait})''' (76). The ^Monterey Gypsum Com-
pany was the most recent of a number of enterprises that operated the

Mule Shoe Ranch deposit, San P>enito County. During 1945 and 1946

ground rock gypsinn for agricultural use was jn-oduced in a plant just

west of the Bitterwater road 14 miles from King City. The product was

guaranteed to contain 85 percent CaS0,-2n:.0. The operation is aban-

doned and the e(|nipm(Mit removed.
The gypsiun body worked in 1945 was a flat-lying lens near the top of

a low ridge half a mile north of tlie plant. Up to 8 feet of slightly consoli-

dated overburden was stripped before the gypsum was drilled and bla.sted.

A truck-mounted crane eipiipped with a !J-cubic-yard clam shell bucket

loaded the broken gypsum into a triu'k of 6 cubic yards capacity.

At the plant the gypsum was crushed to 4-to-6-inch size in a 15- by 38-

ineh jaw crusher and ground to 90 percent minus 100 mesh in a Gruenler
hammer mill in closed circuit with a Raymond air separator. Shipments
of both bulk and sacked gypsum Avere made. Capacity of the plant was
200 tons in 8 hours.

Pabco Prodiicfs, Inc., SoHth ante Board Plant "^ (57). The Paraffine

Companies, Inc. produces Pabco wallboard, lath, and sheathing board in

a plant at 4231 Firestone Boulevard, South Gate. Gypsum is brought by

rail from the company's deposit near Las Vegas, Nevada. The small

amount of impurities contained in the gypsum consists primarily of

limestone.

At the plant the gypsum is screened after magnets remove tramp iron.

Plus f-inch material is ground in a Williams mill, and the ground gypsum
goes to storage bins. Stucco is produced in four Raymond Imp kiln mills.

»9 Plant visit Mav 19.50.
"Avenll, C. V., Mines and mineral resources nf San Benito County, California: Califor-

nia Jour. Mines and GeologTJ', vol. 43, p. 51, 1947.
»* Plant visit January 1949.
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Gases and steam from the cyclone separator pass through a Cottrell pre-
cipitator for the removal of dust before being discharged into the at-

mosphere.
Board products are made on an Ehrsam machine. The dry additives

are measured into the screw convej'or that brings the stucco to the pin-

type mixer where water is added. When lath is made the cut-off knife
scores the lath every four feet and cuts it into 12-foot lengths. The long
sections are broken into four-foot lengths as they come from the drier.

The drier, a Coe machine, has eight decks and is divided into three sec-

tions. The finished lengths are taken from the drier, alternate sections

turned over, and stacked mechanically.

United States Gypsum Company, Plaster City Plant (28) . One of the

largest gypsum plants in California is the Ignited States Gypsum Com-
pany's operation at Plaster City, Imperial County. Gypsum is brought
by rail from the company's quarry in tlie Fish Creek ]\Iountains about

25 miles to the north. The United States Gypsum Company bought the

plant and deposit from the Pacific Portland Cement Company in 1945

and has since rebuilt and modernized the entire operation. H.E. Hammer
is AVorks Manager and J.R. Burns is Quarry and Railroad Superin-

tendent.

No recent description of the quarry or plant is available. The deposit

has been opened by a quarry that in 1942 had a face 3000 feet long and an
average height of 100 feet above the quarry floor.^^ Several months' sup-

ply of gypsum was shot down at one time by blasting a series of holes

drilled with an Armstrong churn drill.

United States Gypsum Company, Midland Operation ^^^ (68). The
United States Gy])sum Company's i)lant at ^lidland. Riverside County,

began producing uncalcined gypsum products in 1925. Calcined products

were first produced in 1928 in a plant that has since been enlarged. Gyp-
sum comes from the Brown, Victor, and Skeleuger mines 1 to 2 J miles to

the west and southwest in the Little Maria Mountains. Mr. IM.C. Grisham

was Works Manager in 1951.

At the Brown mine a gypsum lens that averages 45 feet wide and dips

75° NW. occurs in limestone north of tlie contact of the limestone with

the green schistose rocks. Anhydrite was encountered at a comparatively

shallow depth. The upper part of the gypsum body was mined by an

open cut 500 feet long and 50 feet wide ; the lower part was recovered by
over-hand stoping from an inclined shaft sunk to the anhydrite. In 1948

preparations were being made to remove the pillar beneath the pit floor

and abandon the mine. Gypsum is hauled to the plant in 3-ton mine cars.

In the Victor mine two gypsum beds 20 to 60 feet thick that dip about
30° NW. have been opened by tunnels. The gypsum beds are separated by

quartzite. and the gypsum and quartzite are interbedded with limestone.

Anhydrite occurs abundantly at depth and is found at some places within

30 feet of the surface. The gypsum is mined from open stopes driven on

25-foot centers from the tunnels to the surface. About 40 percent of the

gypsum is left in pillars that are to be mined later. Drilling is done with

w Sampson, R. J., and Tucker, W. B., Mineral resources of Imperial County : California
Div. Mines Kept. 38, p. 135, 1942. ^,.^

100 Tucker W B , and Sampson, R. .1., Mineral resources of Riverside County: California
Div. Mines Rept. 41, pp. 170-172, 1945. -

Tucker, W. B., and Sampson, R. J., Riverside County : California Div. Mines and Min-
ing. Rept. 25, pp. 513-515, 1929.

Plant visit February 1948.
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liamiiuT drills run dry. IJruktMi jrypsuni is scraped Iroiu the stupes with
Sullivan sltishers and trammed to bins at tlio entrance to tlie haida{j:e

luiinel.

The Skelenjrer mine is an open jtit operation. fJypsnm bodies 60 to 150

feet thick and ui) to TOO feet lontr oeeur in limestone and dip at angles

of 20° to 35" NW. Gypsum from the Victor and Skelengrer mines is

trucked to the plant at Midland where calcined and uncalcined products

are made.
At tile plant, gypsum is first crushed in a "Williams hannner mill ami

then ground in Raymond mills. There are three calcining kettles, most
of whose output is used in the adjoining wallboard plant.

Utah Construction Company, luca Operation "" (64). The Tnca gyp-
sum operation of the American (4ypsnm Company and the T'^tah Con-

struction Company was at Inca Siding in the Little ^Maria Mountains.

Riverside County. Agricultural gypsum was prepareii in a plant at Tnca

Siding from rock gypsum quarried on the Carbutt and Orcutt property

and shipi>ed primarily to the Fresno area in the San Joaquin Valley.

The darhutt and Orcutt ]iro]-)erty consists of 5 patented claims. Stand-

ard ({v])sum and Standard (J\psuni numbers 2 through o, in sees. 2, 10,

and li, T. 4 S., 20 E.. SB:\r. these claims were patented before 1919 by
the Standard Gypsum Company, but no production was made at this

time other than the shi)i]iiiig of ])ulk samples to Los Angeles for calcining

tests. F. A. (iarbutt ami W. W. Orcutt acquired the projierty in 1920;

it is now owned by the Orcutt estate. In 1945 the Gypsum Products

Corporation of San Francisco leased the property and carried out an
extensive exjiloration jirogram. Tn the most recent ojieration the deposit

was leased by th(> American Gypsum Company of Fresno who engaged
the Utah Construction Company to do the work. In 1948 the Utah Con-
struction Company ac(|uired an interest in the enterpri.se. AVork began
in September 1946 and continued intermittently until June 80, 1950

when the operation was abandone<l, and the lease was terminated. During
this period about 60,000 tons of agricultural gypsum was mined and
shipped.

Inca, a siding on the Rii)ley brancli of tlie Santa Fe railroad, is 20

miles northwest of Plythe and 1\ miles from tlie Blythe-^Midland road.

There is no water supply in the vicinity, and that used in the operation

was brought in tank cars from Blythe. Electric power is not available.

There are no living accommodations at Inca, and most of the men em-
ployed there lived at Blythe.

The geology of the Little Maria IMountains gypsum deposits is dis-

cussed in detail in an earlier section of this report. ^lo.st of the gypsum
came from a low hill composed of lenticular gyjisum bodies 10 to 20 feet

thick that diji about 60°. The gypsum is interbedded with green felds-

pathic quartzite and schist and a minor proportion of tremolitic lime-

stone. Late in the life of the operation a second quarry was opened in

one of the gypsum zones which consist of gypsum interbedded with

limestone.

Most of the following data apply to the main quarry.

Most of the exploration was carried out by the previous operator, the

Gypsum Products Corporation. In addition to opening the deposit with
test pits and trenches, it was explored by 23 diamond drill holes totaling

101 Plant visit March 1949.
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over 3800 feet. The longest hole was 416 feet. Core recovery averaged
over 98 percent.

The gypsum body contained a comparatively small amonnt of inter-

bedded Avaste, and the broken ore average 00 percent gypsum. Stripping

of the overburden of green-eolorcd .schistose rocks "vvas necessary how-
ever ; and it was accomplished with the same equipment used to remove
the gypsum. The waste to ore ratio was 1^ to 1.

Blast holes Avere made with an Ingersoll Rand number 71 wagon drill.

Using l]-inch steel, holes were drilled to a maximum depth of 20 feet

with 5-foot changes of steel. Holes were started with a diameter of 3

inches, and the diameter at the bottom was 2-|- inches. In waste, which had
a hardness of 41, a bit required resharpening after 20 feet, but in gypsum
a bit was dulled only after about 500 feet of drilling. An average of

240 feet per drill shift was maintained in gypsum.
At the start of operations a standard round had been devised, but

because of the irregularity of the deposit it was found to be impractical.

Generally the number of holes was based on the appearance of the face

and was modified as drilling progressed. Because of the great difference

in hardness between ore and waste the drill runner could readily tell

when the bit passed from one to the other. Hole depth ranged from 12 to

20 feet. In waste, holes were spaced on 8-foot centers. In gypsum, how-
ever, the hole spacing was limited to 5 feet because with a greater spacing

the broken rock contained too high a proportion of fragments that would
not pass through the primary crusher.

Holes w'ere loaded with Atlas Amodyn 40 percent dynamite and deto-

nated w4th Rockmaster electric caps. Zero to 4-delay caps were employed.
The caps were connected to the crushing plant power supply or, if that

were not available, were set off with a blasting machine. The average
consumption of explosive was 0.3 pound per ton of gypsum broken. In

an attempt to obtain better fragmentation, up to 1^ pounds of explosive

per ton of gypsum were tried, but there was no appreciable improvement.
Two Gardner Denver 055 jack hammers were available for blockholing

large boulders. Forty percent dynamite was used and detonated with
fuse and number 6 caps. But a minor proportion of the total explosive

consumed was for blockholing.

After blasting, a Xortlnvest number 6 shovel of 1^ cubic yards capacity
loaded the broken rock into an 8-cubie-yard truck. AVaste was hauled to

nearby dumps and gypsum to the crushing plant which was at the quarr3\

Experience indicated, however, that with the comparatively small crusher
installed, a f-cubic-yard shovel would have been more efficient.

Gypsum was dumped from the 8-cubic-yard truck onto an inclined

grizzly with 2-inch openings. A 36-inch Austin-AVestern pan feeder fed

the grizzly oversize to the primary crusher, a 24x36-inch Austin-Western
jaw crusher driven by a D-l 3,000 Caterpillar diesel engine. During the

life of the operation wear of the crusher was negligible.

The crusher product and grizzly undersize were carried by a belt

conveyor to a stockpile. Gypsum was reclaimed by means of a draw point

in a timbered tunnel beneath the stock pile that discharged onto a second
conveyor belt. This belt in turn discharged into a 20-cubic-yard truck

for the 7-mile haul to Im'a Siding. A generator driven by a UD 18

International engine supplied power for the reciprocal feeder and the belt

conveyors.



Part 2 .\IlMNti, I'KOCES.SING, AND MAKKKTINO 107

THE INCA GRINDING PLANT

Stock Pile

Picking Belt

Tyler Hummer screen woste

+ 10 mesh -10 mesh

jeffry hommer mill

Coarse bin

Roymond Seporafor

50 mesh

1
Bulk shipments

(I007o minus 10 mesh)

(Qpprox.)

-50 mesh

Gruenler hammer mill
Fine bin

St Regis bagger

T
Sacked gypsum

(100% minus 50 mesh)
(approx.)

Fkji'hk 1 1. Flow sheet of the gyp.sum grinding i)lant at Inca Siding.
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A stock pile of crushed gypsum built up over a timbered tunnel was
maintained at Inea Siding. The screen analysis of the crushed gypsum
was as follows

:

li-2 inches 13 percent

1-li inches 8 percent

^-1 inch 12 percent

plus 10 mesh, minus i inch 5 percent

minus 10 nipsh 62 percent

Total 100 percent

A belt conveyor from a draw point beneath the stock pile delivered

the crushed gypsum to a 4- x 10-foot Tyler hummer screen having two
segments. Provision was made for hand picking of waste from this

belt. Plus 10-mesli material was separated by the screen and ground
in a Jeffry 48-inch hammer mill. The hammer mill product and screen

undersize then went to the coarse bin. This material, which was 100
percent minus 10 mesh and about 50 percent minus 50 mesh, was shipped
in bulk.

Sacked gypsum was prepared by regrinding the coarse gypsum. A
Raymond air separator of 30 tons per hour capacity divided it into a'

minus 50-mesh fraction that went to the fine gypsum bin and a plus

50-mesh fraction that was reground in a (iruenler hammer mill. The gyp-
sum was sacked with a St. Regis machine. The size of the sacked gypsum
was 100 percent minus 50 mesh and 82 percent minus 100 mesh. Capacity
of the plant was 50 tous per hour of coarse (bulk) gypsum or 7 tons

per hour of sacked gypsum. Both products were guaranteed to contain

93 percent gypsum. Power for the grinding plant was supplied by a 240-

kilowatt GMC diesel electric plant.

The cost of mining averaged about $1.50 a ton. Grinding of bulk
gypsum cost someAvhat less than $1.50 a ton. Sacked gypsum, however,
cost $6.00 a ton including the cost of mining. The freight rate to Fresno
rose from $3.40 a ton in 1947 to $5.00 a ton in January 1951. The average
rate during the life of the operation Avas about $4.00 a ton.

Five to 22 men were employed depending on tlie rate of operation,

and of these five were employed at the grinding plant. There were in

addition a superintendent in charge of the entire operation and a book-
keeper. These men Avorked one 8-hour shift a day Avhicli Avas occasionally

extended to up to 4 hours overtime.

Westvaco Si/nthefic Gi/p.^^ou PJnnt.'^^- Synthetic gypsum is a byprod-
uct of several chemical processes. ]\Iuch of the synthetic gypsum produced
in the United States is manufactured in connection AA'ith the phosphate
industry, but there are no such plants in California. The California ma-
terial is a byproduct of magnesia produced from salt AA'orks bittern that

is made at the NeAvark plant of the WestA'aco Chemical Division, Food
Machinery and Chemical Corporation.
At the NcAA^ark plant bittern, Avhich is obtained from the neighboring

solar salt AA-orks of the Leslie Salt Company, has the folloA\'ing compo-
sition :

^"''''

i'>2 Seaton, M. Y., Production and propertie.s of the commercial magnesias : Am. Inst. Min.
Met. Eng., Tech. Publ. no. 1496, pp. 12-1.5, 1942.

Davis, F. F., Mines and mineral resources of Alameda County, California: California
Jour. Mines and Geology, vol. 46, pp. 299, 300, 1950.

'»» Seaton, op. cit., p. 12.
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Percent

Sodium chloride 12.5 to Kl.O

MaKiK'-^^i'i'ii chloride 6.0 to S.7

Magnesium sulfate 4.2 to (5.1

Pota.ssium chloride 1.4 to 1.9

Magiu'sium bromide 0.14 to 0.20

Because the supply of bittern is .seasonal, storage capacity larj^c enough
to hold a year's supply is provided. The recovery of bromine by a modified
Kubierschky process is the first step in the treatment of the bittern, but
this step does not influence the main operation, and bromine need not

be removed.
In the main reaction magnesium hydroxide is precipitated with cal-

cined dolomite

:

MgCl2 + CafOino + Mg(OTI) o -> 2Mg(OH)2 + CaCl^

calcined dolomite

In order to prevent contamination of the magnesium hydroxide with
gypsum sulfate must be removed before the main reaction. Tliis is ac-

complislied by treating the bittern with the calcium chloride produced
in the main reaction.

MgS04 + CaCl. + 2ir,.0 -^ CaS04 • 2H2O + MgClo

The gypsum, wliich is recovered by filtration and dried, is a fine grained
product of high purity. Most of it is used in tlie San Francisco Bay area
as Portland cement retarder and for agricultural purposes.
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Gypsum lathing and plastering, (iypsum Association, .37 pp., 1949.

Gypsum partition tile and fireproofing : Gypsum Association, A. I. A. file no. 10a3,

21 pp.
Gypsum sheathing : (Jypsum Associ.-ition. A. I. A. tile no. 19D-3. 7 pp.
Gypsum walll)oard : (Jypsiim Association. A. I. A. tile no. 23-1^. 15 pp.
Sound al)sorbing gypsum plaster : (;yi)sum Association, A. I. A. file no. 39-B.
Schweim, H. .7.. Reinforced gypsum concrete building code requirements approved as

American standard : reprint from Industrial standardization. 8 ])]).. .Tuly 1941.

Industrial Piasters

Classon. C. K.. Evolution and use of gypsum cement for oil wells: World Oil, vol.

129, no. 4, pp. 119-12(5, August 1949.

Eberl, .1. .7., and Ingram, A. R.. Process for making high-strength jtlaster of Paris :

Ind. and Eng. Chem., vol. 41. pp. 1001-10()5. 1949.

Hedvall. ,T. A.. Sandford, F.. and Ahlberg. R., Method for regeneration of plaster of

Paris: Am. Ceramic Society .Tour., vol. .30. no. 11, pt. 1, pp. 323-329. 1947.

Touchman. S. X.. Pressure casting aluminum matchplates in plaster molds:
Foundry, vol. 70, no. 7. pji. 7(5-78. 194, 198, July 1948 ( use of gypsum in foundry
practice)

.

Wiss. J. E., Recent developments in tlie use of gypsum pl:isters in ceramics : Pacific

Coast Ceramic News, vol. 1, no. 10, pp. 13, 17, April 1951 and no. 11, p. 14. May 1951.

Economics

Arundale. .7. C. and Downey. M. G.. Gyi)sum : T\ S. Bur. Mines Minerals Yearbook,

11 p])., 1949 (preprint).

California Bur. Chemistry. Fertilizing materials. 1947-1949: California Dept. Agri-

culture, Special I'ubs. no. 227, 231, 230 (agricultural gypsum statistics, registrants,

analy.se.s)

.

Mining World. \-ol. 11. no. 7. p. 50. .7une 1949 (announced cost of new i>lant at

Gerlacb, Nevada )

.

Noi'dberg, P.ror. The National Gypsum Company Story: Rock Products, vol. .53, no.

12, p. 88. Dec. 1950 (National (iypsum Co. activity in Imperial County).
Pit and quarry, vol. 41, no. 7, pp. 97, 98, .lanuary 1949 (announcement of V. S.

Gypsum Co.'s exi)ansion on the west coast).

Santmvers, R. M.. Marketing of gvpsum products : I'. S. Bur. Klines Inf. Circ. 0157,
29 pp., 1929.
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TABLES

ill llic tahlfs of this section, the following? abbroviations are used

Under eohunn lieaded "Class—production" :

"A." Iinlicatcs prddiiction of iinn-c tluiii l()<l.(i(l(t Ions

"B." Iii(lic:itt"s production of 10,(K)() tons to lOO.OOO tons

"C." Indicates production of less tlian 1(),(HM) tons

"I>." Indicates no production except bulk sampling

lender eolunin headed '

' Class—geoloj^ical
'

'

:

"a" indicates ;;ypsit(> deposit
"!)" indicates pla.va deposit

'"c" indicates iie<lded Tertiary deiiosit

"d" indicates lens-sliajx-d irrejjular l)od.v in shale

''e" indicates pre-Tertiary deposit

"f" indicates <;round\vater vein (selenite and satin si)ar) deposit

"fj" indicates liydrol hernial (h'jiosit

"h" indicates synthetic product ion

Under column licadcd "References":

"R" refers to Report of the California State Mineralogist, "B" to a

bulletin of the California Division of Mines. In the references that show
a name followed by numbers scjiaratcd l)y a coIoil the name refers to the

author, as listed in the accompanyino' bibliography. Tlie first niunber is

the date of publication of the article, except tIio.se following "B," whicii

are bulletin numbers; the second number—that following the colon—is

the page reference. A reference given as "llcss 20:83'' would refer to

an article by Iless published in li)2(). The bibliography gives, under
"Hess, F. L., the complete data: T'^. R. Geological Survey Bull. 697,

published in 1920. The "83" woidd refer to page 83 of U. S. Geological

Survey TUilletin GOT.

Under columns headed *

' Location
'

'

:

'"B and M" is an al)hre\iation for "hase and meridian"
"SIV refers to San I'ernardino l>ase ami meridian
"MD" refers to Mt. Diablo base and meridian
"Proj" (for iirojected) is used aftei- tlie location if the imhlic land surveys

are not complete on tlie base maii.

Under columns headed '

' Map number '

'

:

Numbers listed are those shown on the accompanying map, plate 1.
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INDEX

Acme Cement and Plaster Company, 38,

71
Agricultural K.vpsum, 70

Minerals and Fertilizer Co.,

49
Alpine Plaster Company, 67, 70
American Gypsum Company, 1.'?, lOH

Amestoy Mineral Fertilizer Company, r»8

Anderson, C. T., cited, 85
Anhydrite, 34

, uses of, 97
Anhydrous plasters, 89
Arden, Nevada, 9
Avawatz Mountains, 9, 39, 43, 44

deposits, 43, 44, 6(),

61
Salt and Gvpsnm Company, 43,

45,46
Avenal Gap mine, 56

Ballinger Canyon, 35
Bolridfie, 72
Benjamin Franklin, 76
Big Gypsum Hill, 45

(Kelley) Hill, 45
Blue Diamond urea, 38

Corp., 29, 35, .37

Bolo Gypsum Company, 47
Boston Valley salt claims, 44
Boyer, L. F., cited, 43
Branson, E. B., cited, 60
Bristol I-ake, 47, 59
Brown mine, 104
Burges Canyon, 41

Calcium sulfate, 85
Caliente red beds, 35, 37
California Gypsum Corp.. 72

Portland Cement Company, 29
State Bureau of Chemistry,

76, 80, 82, 84
Department of Agricul-

ture, 76
Division of Industrial

Safety, 74
Camp Irwin. 43
Canada Department of Mines, 98
Carrisa mine, 58
Carrizo Plain, 58
Cave Spring Wash, 44, 45
Celestite, .34

Cement Plaster Company, 70
Certain-teed Products, ,38

China Ranch, 60, 71, 74
deposits, 38

Clark County, Nevada, 13
Clark Mountain area, 24
Colby, G. E., cited, 97
Colorado Indian Reservation, 24
Combined sulphur equivalent, 77
Confidence mill, 45

Consolidated Pacific Cement Plaster

Company, 70
Copper Canyon deposit, 39
Corona de]X)sits, 57
Corral Canyon, 35
Cottonwood Creek deposit, 67
Crown Plaster Company, 71

Cuddy Canyon deposit, 39, 40
Cuyama Valley deposits, 41, 60, 97

Danbv Lake, 48
Death Valley. .38

Denning Spring, 45
Desert Center, 21
Dibblee, T. W., Jr., 29, 60
Domengine formation, 50
Dos Palos Gypsum Company, .50

Dunne quarries, 70

Eagle Canyon, .58

Escondido formation, 57

Fairbanks, H. W., cited, 7
Fertilizing materials, 82
Fillmore deposit, 59
Fire Pulp Plaster Co., 70
Fish Creek Canyon, 29, 30, 31

Mountains, 29, 31. 61, 63, 97
deposit, 7, 8. 9, 29,

.32, .39, 71.72
index map, 28

Franklin, Benjamin, 76
Furnace Creek deposit. 39

Inn, 39
Frenchman's Point, 41, 43
Fresno County deposit, 49
Funeral fanglomerate. 44

Garlock, 46
fault, 44

Gerlach, Nevada, 9
Golden Gate Plaster Mills, 67
Grabau, A. W., cited. 60
Granite Mountains, 21, 23

(Palen) Pass, 21

Grimes Canyon, 59
Gypsite, calcination of, 88

deposits, 7
Gypsum Company of California, 55

calcination of, 85
(Main Street) Canyon, .58

plaster, setting of, 85
production by counties, 69

in California, 68
Products Corporation of San

Francisco, 105
, uses of, 96

Hagador Canyon, 58
Harder, E.C., cited, 21, 01
Hess, F. L., cited, 7

Hewett, D. F., cited, 27
Hoppin, R. A., cited, 21, 23
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INDEX (cont.)

Imperial formation, 31
Gvpsum and Oil Corporation,

71,72
Inca grinding plant, 107

Jumbo deposit, 46
Jurassic (?) granitic rocks, 40

Kaihal) formation, 13, 27
Kaiser Gvpsum Division, Long Beach

plant, 101
Redwood City

plant, 102
Keene's cement, SO, 00
Kelley, K. K., 85
Kern County deposit, 51
Kern liake deposit, 51, 52
Kiii«s County deposits, 56
Koehii Lake dejuisit, 52, 71
Kreyenhagen formation, 57

Las Vegas, Nevada, 7
Leach Lake Road, 39
Lee, H. C, cited, 43
Leslie Salt Co., 108
Lewis and Johnson, 43
Little IMaria Mountains, 61, 63, 97, 104,

105
deposits, 8, 9, 13,

14
Panoche Valley deposits, 49

Long Beach, 72
Los Angeles County deposits, 57
Lost Hills deposits, 52
Lyons Gypsum Company, 70

Mack's cement, 90
Magand's cement, 90
Maria formation, 13, 14, 21

Mountains, 13
Maricopa Gypsum Company, 41

shale, 56
McCoy Mountains formations, 21
McDonald .shale, 56
McKittrlck, 9, 72

Agricultural Gypsum Com-
pany, 55, 56

deposits, 53
Extension Oil Company, 53
formation, 58

Merced County deposits, 57
Mesquite Valley, 24, 27
Midland deposits, 71

Ranch, 74
Miller, W. J., cited, 13, 14, 15, 21

Mint Canyon deposit, 40
Mineral Fertilizer Company, 58
Miocene, Caliente red beds, 41

( ?) Vasques formation, 40
Moenkopi formation, 13, 27
Monolith Portland Cement Company,

35, 103
Monterey formation, 56

Gypsum Company, 40, 71, 103

Moore, B. N., cited, 15
Mule Shoe Ranch, 62, 70, 71

deposit, 40, 103

National Gypsum Company, 29
Natural Fertilizer Company, 58
Newland, D. H., cited, 61
Noble, L. F., cited, 24
North Limestone, 16

Ortigalita Creek, 9
Owl Hole Spring deposit, 39

Pahco Products, Inc., 103
Pacific Cement Plaster Company, 47, 70

Gypsum Company, 51, 52
Portland Cement Company, 72

Packwood Canyon deposit, 56
Palen Mountains, 9, 13, 21, 97

deposits, 21
Palradale deposits, 57
Pan Chemical Company, 29
Panoche Hills, 72

deposits, 50
Paoli Gypsum Company, 50
Parian cement, 89
Paso Robles formation, 40
Peeler deposit, 29
Permanente Silverbow, 101
Plaster City plant, 72
Point Sal mine, 67
Portland cement retarder, 84
Posjnak, E., cited, 23, 62
Pottery plaster, 95
Prefabricated products, 92

Quatal Canyon, 35, 63
deposit, 7, 8, 9, 35, 41, 63,

73
red clay, 37, 38

Riverside County deposits, 57
Mountains, 9, 24, 97

deposits, 24
Rogers, A. F., cited, 62

Salt Basin, 45, 46
Salton Sea, 61
Sampson, R. J., cited, 29
San Andreas fault zone, 35, 40

Luis Obispo County deposits, 58
Marcos Island, 7, 9, 72, 101

deposit, 102
Santa Ana Mountains, 57

Barbara Canyon, 41
Margarita formation, 35, 41
Rosalia, 9

Santiago Peak volcanics, 58
Shandon deposit, 58
Sheep Creek deposit, 46
Shire deposit, 27

map of, 25
sections through, 26

Skelenger mine, 105
Soil Tone Company, 58
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split .Mminljiin forniatiun. :50, 31, .'J2, iW
South D.'.itli Valley road, 39, 43, 44, 45

(•rauite, It)

Southar.l, J. C. cited, 85
Standard (Ivpsuin Company, 72
Sunset riaster and Cement Company, 59
Surr, Gordon, cited, 14

Telephone Hills deposit, 55
pypsite working, 54

Temblor Range, 53
Tertiary lake beds, 44
Trian;,'le Fertilizer Company. 71

Truck load rates, 100
Tumey (Juk-h, 72
Tumey fiulcli deposits, 50, 51
Turritellas, 50

United States Department of Agricul-

ture, 09
Gypsum Company, 13, Ifi,

'27,29,31,32,33,34. 71.

97, 104

INDEX (cont.)

LiiiM'rsity of California Agricultural

Kxi)eriment Station, 77

rtah Construction Company, 13, 17, 18

Quarry, IS.

19, 64

Vatiucrns luruiation, 41, 51

Ventura County ileposits, 59

Victor mine, 104, 105

Wagon Road Canyon deposit, 42, 43

West End, The, 45

Western Atlas Corp., 43

Western Gypsum Company, 55

Westvaco Chemical Division, Food Ma-
chinery and Chemical Corpo-

ration, 9, 72, 108

Synthetic Gypsum Plant, 108

Wilder, F. A., cited, 60
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SAN FRANCISCOl

, ,
A COSTi\,S

^9AKLAND'l
^_^-^,?a™ \^

J MODESTO

S,L A U

GYPSUM DEPOSITS
Afamcda County

1. rnidarlnc mine (coal)

2. Wetliaco Chemical Dlii-lon.

Foud Maclilncry & Clicmlcsl

loip.

Buttt County

3. SI. Claltmliic (hydraulic)*

Colusa County

i. Hiiliy King mine (cniiiict) •

J. :iul|iliur Ctcek *

Frcino County

>i, Ruhr deii"''!'

7. CiinllnBamlne
s. LlltUdcpuslt
•.I I.IUlf Panoclic riacer

10. MiinoclliH- Riilge depo^iit

1 1. Monocline Kldev depcmlt
1:!. TaoU mine
ly. I'anoclit #1, Panoclie #2
U. S.in J...iiiuin V;illi'j mine
]^. Sillier (;)p^um mine
Hi. Tumc)- Ciitcti deposit

Ii. Valley VIeti mine

Imptrial Counly
18. Blanr deposit
19. ('allfornlo Uypsum group
JO. Campbell claims
l!l. Coyoie Mountains deposit
22. Cnyoie Mountains Sulfur and

(iyinum deposit
23. Klsh Cn-ek Mountains mine
M. Sunslilne Placer
25. Tract 07
2«. Trad 71
••7. Tract 72
1%. I'nlfed States Rypsum Com-

pany's Plaster City plant
20. Waters deno%It

independence

\

AVAWATZ

EXPLANATION

o No known production

• 0— 10,000 Ions

® 10,000 — 100,000 tons

® Over 100,000 tons

Inyo County

30 Blark Muunlnltt. deposit
31 China llnneli deposit

32 Copper Canyon deposit

33. Funiaee Creek deposit

Kern Counly
34. Buena VMa l^ke llepo^ll

:ir) Cnltnnttood Creek deposit
3(i. TryMal [iyi^uffl Co. depusil
37. Cuddy Canyon deposit

38. Gypsum Co. of California de-
posit

31). Handel dcpo.lt

ta. Jim's n)|i!,um mine
41. Koelm Lake deposit

42 Ust Hills deposit
43. Lost Hills mine
44. MeClure Valley deposits
4r>. McKlltrIek deposit

40. Pacific Cypsum Co deposit

47. Paekuood Canyon deposit

4R. Ttleplmne IIIIU deposits

40. Sunset depoilt

Kings County

50. Aienal Gap mine
51. Dudley deposit

52. Tulare Lake View group

Lof Angtlti Counly

13. Charlie Canyon deposit

Q4. Long Beach plant. Kaiser
GypMim lileislun. KhImt In-

dustries, Inf.

5S. Mint Canyon deposit
511. Palmdale deposits

ST. Southsate plant, Pabco Prod-
ucts, Inc.

Merced County

S8. Lot Banos Creek deposit

SO. Orllgallta Creek deposit

Orange County

60. Gypsum Canyon deposit

61. Sycamore Canyon deposit

Riveriide County

t!2 Barili deposit

Ii3, Engle Canyon deposit

\
87-0 *,

CLARK MTS\

i. liagjidnre Canyon deposit

^'. Midland deposits
I r.ilen Mountains deposit

J. Itltersldi- Mountains deposit

,
Turner detioslt

r Wjiedepoill

San Btnllo County

1. Tully deposit

San Bernardino County
I. .\i.inati Mountains deposits
I. Bold deposit

. Uil'tol Uke di-poslls

!. Calico Mouninin-. deposit

I. Camp Cady de|K'^lt

I. Couchman deposit

i. Danliy t^ke deposit
'• llnl Hole Spring deposit
', Sliite deiioslt

San Diego County

t. Carriio Creek deposit
). KIpp deposit
1, National Gypsum Co, deposit

. Kotierti and Peeler deposit

San Joaquin County

I- Vernall^ deposit

San Luii Obispo County

. .Mamii Creek depoitis

I. Arroyo Grande Creek deposit
I. Cnrrlsa mine

rrlw Plain deposits
'. Sliandon deposit

San Mateo Counly

I ReduoDd City plant. Kals'r
lllviM

dustrles. Ine.

Santa Barbara County

I. Point Sal mine
I. Santa Batliara Canyon dei

. Seeley deposit

!. Wagon Koad Canyon deposit

Ventura County

I. Ralllniter Canyon deposit

Canyon deposit

1 Rlier eluim

e deposit

.1 deposit

p>um mine
>. Quaial Canyon depoUt
1, HuK'si-ll Borav mine
.. Soulli Mountain deposit

MAP OF THE

SOUTHERN PORTION OF CALIFORNIA
SHOWING LOCATIONS OF

GYPSUM DEPOSITS AND PLANTS
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