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ABSTRACT

The Major portion of the gypsum deposit studied 
herein are exposed in parts or all of secs. 21, 22, 23,
24, 25, 26, 2?, 28, 33, 34, 35, and 36, T. 6 S., R. 16 E.; 
and secs. 1, 2, 3,4, 10,11,12, 13, 14, 23, and 24, T. 6 S.,
R. 16 E., Pinal County, Arizona. It occurs about six 
miles south of Winkleman and occupies about 18 square 
miles to the east and west of Arizona State Highway 77 
primarily along the east side of the San Pedro Valley. The 
surface of the gypsum deposit is rugged where it has been 
incised by stream channels but otherwise is relatively flat.

The gypsum beds are Intercalated with lacustrine 
silt and clay, and intertongue laterally at the rim of the 
basin with Quaternary alluvium. Unconformably overlying 
this sequence is Recent alluvium. North and south of Aravalpa 
Creek gypsum is exposed at the surface but further east it 
passes under a thick cover of Recent alluvium. West of 
Arizona State Highway 77, the beds are poorly exposed and 
are largely removed by erosion.

The most common forms of gypsum in the area under 
Investigation are high grade rock gypsum found in the 
Crystal Cave area and in an area north of Aravalpa Creek,
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and granular gypsum found south of Aravaipa Creek. Satin 
spar, gypsite and gypsum-pebble conglomerate are local in 
occurrence and constitute but a small portion of the 
deposits.

In addition to calcium sulphate, which is the 
major constituent of the samples, traces of sodium and 
chloride ions are present presumably in the form of halite. 
Petrographic studies showed no anhydrite except in.one 
sample in unit Q-10. X-ray diffractometer analyses con
firmed the presence of small amounts of anhydrite in that 
one sample.

Insoluble residues range from 1.7 percent in rock 
gypsum to $1.9 percent in gypsiferous clay.

Solution and leaching of gypsum have produced 
different forms but gypsum boxwork and serrate surfaces 
of weathered gypsum are most common.

Gypsum in the area is high grade and is being 
mined economically to the east of Highway 77* where the 
deposits are extensively exposed at the surface. A thick
ness of over 1$0 feet of gypsum has been found in that area

Field evidence and laboratory studies suggest a 
primary origin for the gypsum deposit. The environment 
under which it was formed was lacustrine, probably in a 
Pleistocene lake.



INTRODUCTION

Purpose of Study

A sequence of alternating beds of gypsum, and silt 
and clay of lacustrine and fluvial origin occurs in the 
vicinity of Feldman, six piles south of Wlnkleman, Pinal 
County, Arizona (Fig. 1). Although the gypsum beds have 
been mined for over 30 years no detailed public geologic 
reports have appeared.

The purpose of this report is to describe the 
stratigraphy, mineralogy and petrography of the gypsum 
occurrence, and its relationship to other Quaternary 
lacustrine and fluvial sediments in the immediate area in 
the San Pedro Valley.

Location and Topography

Exposures of gypsum are found in parts or all of 
secs. 21, 22, 23, 24, 25. 26, 2?, 28, 33. 34, 35. and 36, 
T. 6 S., R. 16 E.; and secs. 1, 2, 3, 4, 10, 11, 12, 13, 
14, 15, 23, and 24, T. 7 S., R. 16 E. This totals about 
18 square miles to the east and west of Arizona State 
Highway 77. .

The regional topography is characteristic of the 
Basin and Range Province. The San Pedro Valley, which

1
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is an erosion modified down-dropped block partly filled with 
sediments, is a long narrow depression trending in a north- 
northwest direction. In the gypsum area the valley is 
bounded on the west along most of its length by the Black 
Hills and Tortilla Mountains,and on the east by Saddle 
Mountain and Bradenburg Mountain (elevation 4367 feet).
Total relief between the surface of the valley and tlie
peak of Bradenburg Mountain is 2247 feet.

The San Pedro Valley in the vicinity of Feldman
is broad with long wide pediments which slope towards the 
valley. The eastern pediment on which the gypsum beds 
occur slopes gently westward until the edge of the flood 
plain is reached. At that point the pediment is truncated 
and the ground surface drops abruptly to the floor of the 
present valley. The central portion of the valley is 
occupied by the San Pedro River which has surface and 
subsurface flow all year.

The gypsum beds are located at elevations 
between 2100 and 2500 feet on the eastern pediment (Fig. 2). 
The surface of the gypsum deposit is rugged where it has 
been incised by gullies, road cuts, and quarries.

The San Pedro River flows northwards along the 
San Pedro depression to join the Gila River at Winkleman. 
Aravaipa Creek, which flows westwards to join the 
San Pedro River a few miles south of Feldman, is the
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second largest drainage in the area. This area is also 
traversed by numerous seasonal streams.

The area is readily accessible. A freight spur 
of the Southern Pacific Railroad passes along the west 
side of the valley. Several state and federal highways 
connect this area to Phoenix and Tucson. State Highway 77 
goes through the area and State Highway 177 connects 
Superior to Winkleman.

Climate and Vegetation

An arid to semi-arid climate prevails in the area. 
Temperature ranges from below freezing in winter to 
over 100° F. in summer. Mean annual precipitation in the 
area is about ten inches with most of the rain falling 
in the months of January, February, July and August. 
Vegetation is sparse and consists of typical desert plants, 
cacti, and desert bushes.

Previous Work

Regional geology was summarized by Darton (1925)* 
Wilson (1962), and Wilson and Moore (1959).

Stone (1920) in his study of the gypsum deposits of 
the United States reports the occurrence of gypsum deposits 
in the vicinity of Feldman.



Helndl (1952) made a ground water study of the 
surrounding area and later (1957) published a paper on 
the Cenozolc alluvial deposits. One of his most recent 
investigations was on the Cenozolc geology of the Mammoth 
area (1963) which lies just south of the gypsum area.

In addition the National Gypsum Company, the 
Arizona Gypsum Corporation and other private mining 
companies and geologists have studied and mapped the 
area, drilled test holes, and made chemical analyses of 
the gypsum.

Field and laboratory Procedures 
Stratigraphic sections were studied in exposures 

in gypsum quarries, road cuts, and stream channels. Using 
the U. S. Geological Survey Holy Joe Peak Quadrangle 
topographic map (1949) as a base, an areal geologic map 
was prepared from the data obtained from the exposures. 
Surface information was supplemented by drill-hole data. 
The gypsum-bearing sediments were sampled in quarries for 
laboratory analyses. The laboratory analyses included 
spectral, chemical, and petrographic analyses of the 
gypsum samples.



STRATIGRAPHY

General Statement

Sedimentary as well as igneous rocks are exposed 
in and adjacent to the area under investigation. These 
rocks range in age from Precambrian to Recent. However, 
in the study area only rocks of Quaternary age are 
present.

The oldest rocks that are exposed .outside but 
adjacent to the area belong to the Apache Group of younger 
Precambrian age. The Paleozoic rocks include Cambrian, 
Devonian, Mississippian, and Pennsylvanian limestone, sand
stone, quartzite, and shale.

Both intrusive as well as extrusive igneous rocks 
crop out in the surrounding area but their distribution 
is limited. These are diabase and andesite. Diabase is 
of various ages, from Precambrian to Tertiary (Simons,
1964; and Wilson and Moore, 1959), and andesite is of
Cretaceous to Tertiary age (Wilson and Moore, 1959).

Within the mapped area, the oldest formations ex
posed are the Quaternary older alluvium and gypsum deposits 
of early to middle Pleistocene age. Recent alluvium rests 
unconformably on top of them. Their areal distribution is 
shown in Figure 3*
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9
Quaternary System

Gypsum deposit. Although the gypsum occurrence south 
of Winkleman is essentially a single area of gypsum 
deposition, a certain amount of variation in exposures, 
mining operations, and other features sometimes make it 
desirable to use the term "deposits V This terminology does 
not mean that the areas are Isolated, separate, and distinct. 
The term gypsum "deposit" is used wherever the over-all 
gypsum occurrence is being discussed or for certain local 
areas.

A large portion of the area is occupied by the 
gypsum deposit which is located on the westwardly sloping 
pediment along the east side of the San Pedro Valley. The 
beds underlying the gypsum deposit are not exposed but are 
presumed to be Gila Conglomerate. The gypsum is interbedded 
with lacustrine silt and clay; and at least one thin bed 
of volcanic ash is present in the sequence. The volcanic 
ash Is;whitish-gray and occurs as a thin seam about six 
inches thick.

Over 200 test holes have been drilled. Most of 
them are about $0 feet deep but some reach a depth of 150 
feet or more. Drilling in the area indicates that immedi
ately to the east of Highway 77 the gypsum beds are thick 
and are associated with pink clay, while at tfye margins of 
the gypsum deposit the beds become thin and are associated 
with gray clay.
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A stratigraphic section was measured in quarries 

and stream channels in the Crystal Cave area, which lies 
in secs. 22, and 23, T.6 S., R. 16 E. The beds that are 
exposed in the quarries lie stratigraphically above the 
beds exposed in the stream channels. Shallow exposures 
and the absence of good marker beds within the gypsum 
makes correlation between exposures difficult.

Each bed was sampled and analyzed chemically for 
calcium sulphate, sodium chloride, sodium sulphate, and 
insoluble residues. The results are plotted beside the 
stratigraphic column (Fig. 4).

Stratigraphic section measured in the Crystal Cave 
area, secs. 22, and 23, T. 6 S., R. 16 E.

Section measured in quarries
Unit Description Thickness in feet
Q-l Gypsum, white (H9), finely crys

talline, top is eroded................  2
Q-2 Gypsum, clayey, whitish-gray

(llS), spotted with limonite stains . . .  2
Q-3 Gypsiferous clay, montmorillonitic,

pinkish, satin spar veins present . . .  5
Q-4 Gypsum, yellowish-gray (5Y&/1), 

massive, finely crystalline,
associated with c lay..................  7

Q-5 Clay and clayey gypsum, montmorillon
itic, reddish-gray (5YR6/1), silty, 
thin bedded, traversed by numerous 
veins of satin s p a r ..................  2.5
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Unit Description Thickness in feet
Q-6 Gypsum, white (N9), massive,

very finely crystalline  ........  4.5
Q-7 Fibrous gypsum, white (119), similar

to satin spar veins in unit Q-5 . . . .  2.5
Q-8 Gypsum similar to unit Q-6 . . . . . .  6
Q-9 Volcanic ash, whitish-gray (11$), fine

grained, semi-consolidated   0.5
Q-10 Gypsum, associated with clay,

speckled with white spots ............  7
Q-ll Gypsum, massive, white (N9),

similar to unit Q- 6 ..................  2
Q-12 Gypsum, white (119), massive........... 11

Total thickness of beds measured in quarries . 52.0 feet

Section measured in stream channel in secs. 22, 
and 23, T. 6 S., R. 16 E.

(Beds exposed in stream channel lie stratigraphically 
below the beds exposed in quarries)

Unit Description Thickness in feet
3-1 Gypsum, white (119),

weathered . . « • .................. 6
S-2 Gypsum, white (119),

weathered, alternating with clay zones . 34_______
Total thickness of beds measured in stream

channel..................................... 40.0 feet

Tptal thickness of beds measured in the area . 92.0 feet

Gypsum deposit in the Crystal Cave area. The Crys
tal Cave gypsum area is that part of the gypsum deposit
which lies in the SE £ of sec. 22, and the SY1 £ of sec. 23,
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T. 6 S., n. 16 E. The Crystal Cave, which Is a collapsed 
sink hole, lies north of the gypsum quarries and south of 
Cave Creek.

The surface of the gypsum deposit is dissected 
by quarries and stream cuts. The beds strike N. 50° W., and 
dip 3° to 7° ME. This dip carries the beds under a cover of 
alluvium which thickens eastwards as the pediment slope rises 
in that direction.

Drilling indicates that rock gypsum is the most 
common variety and that it is interbedded with lacustrine 
silt and clay. Gypsum quarries are present in this general 
area and occupy about 11,200 square feet to the south of 
the Crystal Cave.

Gynsum deposit north of Aravalpa Creek. This part 
of the gypsum deposit extends from Aravaipa Creek northwards 
to half a mile south of Crystal Cave and occupies secs. 21. 
SW& of 24, Wj of 25, 26, 27, Eh of 23, E 5 of 33, 34, 35. and 
w& of 36, T. 6 . S, R. 16 E.; and the NW* of 1, N& of 2, N& 
of 3, and E& of 4, T. 7 S., R . 16 E. In this area the gypsum 
beds are exposed at the surface. The surface is flat but 
highly weathered and is incised by stream channels. The beds 
strike N . 43° W ., and dip 5° NE. Rock gypsum is the most 
common variety in the area.

Gypsum deposit south of Aravaipa Creek. This part 
of the gypsum deposit extends southwards from Aravaipa Creek, 
and occupies SE{ of 10, S& of 11, SUri of 12, W| of 13, 14, E&

13
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of 23,and,24,T. 7 S., R. 16 E. The topography is rugged 
because of numerous gullies and stream cuts. The gypsum • 
beds are nearly flat but dip slightly to the east. The 
surface is weathered and the beds are poorly exposed. Drill
hole data indicate that high quality gypsum is present.
Gypsum in the area is granular, semi-consolidated and is 
associated with very little clay.

Gypsum deposit west of Highway 77. Gypsum was 
found exposed in stream cuts west of Highway 77 in the 
vicinity of Feldman. Gypsum in the area is weathered and 
occurs in thin beds. No drill-hole data are available, 
and it is impossible to judge the thickness of gypsum by 
surface exposures. The western limit of the gypsum deposit 
is indefinite because of the mantle of Recent alluvium.

Stone (1920) reported the occurrence of gypsum on 
the west side of the San Pedro River. However, recon
naissance examination of the bluffs and pediments along the 
west side of the San Pedro Valley did not show outcrops of 
gypsum. If present, they are probably concealed beneath Re
cent alluvium. It is unknown whether the gypsum deposit ex
tends under the river channel or whether it is cut out by 
stream erosion.

Gypsum beds are also exposed in a road cut about 
two miles north of Mammoth along the east side of Highway 77* 
but whether they extend westward is not certain because of
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vegetation cover. Several small isolated outcrops are seen 
north of Feldman along the east side of Highway 77.

Quaternary alluvium. All the poorly sorted, semi- 
consolidated clastic deposits which are younger than the 
Gila Group (Heindl, 1963) are grouped together and included 
in the term Quaternary alluvium. This is subdivided into 
older and younger alluvium. In this report, the latter is 
termed Recent alluvium. Surficial deposits of both the 
alluviums occupy a large part of the area.

The older alluvium, which is considered to be 
equivalent in age to the gypsum deposits, consists of semi- 
consolidated silt, sand, and gravel. The material making 
up the deposits is characteristically poorly sorted, lacks 
distinct bedding and is composed of fragments of varying 
sizes in heterogeneous arrangement.

The thickness of these alluvial deposits is a 
matter of speculation but is presumed to be over 150 feet. 
The older alluvium intertongues laterally with the gypsum 
beds.

The Recent alluvium lies unconformably upon the 
gypsum beds. These deposits are principally of two types—  
alluvium that is restricted to stream channels and mountain- 
wash deposits.

The valleys of the San Pedro River and Aravaipa 
Creek and other stream channels are largely floored with



Recent alluvium. These deposits consist of unconsolidated 
gravel, sand, and silt. Thickness varies from a fraction 
of an inch to many feet depending upon the bottom topog
raphy of the stream channels. Sand-size detrital fragments 
of gypsum are found in stream channels along with Recent 
alluvium.

The mountain-wash and talus deposits consist of 
angular rock fragments ranging in size from boulders to 
silt. The largest talus deposits occur to the east of the 
gypsum deposit below the steep slopes of Bradenburg 
Mountain and Saddle Mountain. Thickness varies from a 
foot to many feet depending upon the nearness to the 
source and upon the topography. About 2jj> miles east of 
the gypsum quarries the talus is over 70 feet thick.

Relationship of Gypsum to Quaternary Alluvium

The post-Gila Conglomerate and pre-Recent alluvium 
sedimentary rocks in this area are divided into a gypsum 
facies and an older alluvium facies. Sedimentation in the 
center of the basin consisted of deposition of gypsum and 
lacustrine silt and clay, while at the rim of the basin 
gypsum interfingers with the coarser silts, sands, and gravel 
of the older alluvium.

The gypsum beds and older alluvium interfinger 
laterally and are overlain unconformably by Recent alluvium 
(Figs. 5 and 6). The former relationship is observed only

16
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at the rim of the basin in road cuts two miles north of 
Feldman and three miles south of Aravaipa Creek.

The unconformity between the gypsum beds and 
Recent alluvium is minor. After the gypsum was formed, 
presumably in the early to middle Pleistocene Epoch, the 
area was subjected to sub-areal erosion. Most of the 
visible results of erosion, such as the carving of stream 
channels and the development of a weathered surface on the 
gypsum beds, were probably accomplished during the late 
Pleistocene Epoch.



STRUCTURE

The structure of the San Pedro Valley in the area 
under investigation can be considered as typical of Basin 
and Range structure. The Black Hills and Tortilla 
Mountains to the west and Saddle Mountain and Bradenburg 
Mountain to the east form the uplifted fault blocks, while 
the San Pedro Valley represents the down-dropped block 
partly filled with sediments. A series of northwesterly 
trending faults to the east and west of the San Pedro 
Valley have been recognized (Wilson, and Moore, 1959).

According to Wilson (1962), Basin and Range fault
ing extended from early to middle Miocene into Pliocene, 
and continued less markedly into Pleistocene. Heindl 
(1963) states that faulting began no earlier than late 
Miocene and episodically continued into early Pleistocene. 
This deformation together with erosion and deposition 
shaped the present topography of the area.

The structure of the gypsum deposit is simple.
The beds strike M. 50° Ym, and dip 3° to 7° ME. This nearly- 
horizontal attitude of the gypsum beds indicates no more 
than gentle tilting or warping since they were laid down. 
The gypsum beds show no contortion, slumping or collapse 
features except for those in the Crystal Cave area.

19



MINERALOGY

Varieties of Gypsum Occurring in the Area

Gypsum in the Feldman area occurs in a variety of 
forms. The most common forms are rock gypsum and granular 
gypsum. Other varieties are local in occurrence and con
stitute but a small portion of the deposit and, therefore, 
are of minor importance. However, each type may give 
significant clues to the origin, environment of deposition 
and post-depositional history of the gypsum. The follow
ing are the varieties recognized in the area.

Rock gypsum. Rock gypsum is the most common 
variety and constitutes a major portion of the deposit. 
North of Aravaipa Creek as well as in the Crystal Cave 
area, rock gypsum is well indurated, fine-grained and 
compact; while to the south of Aravaipa Creek it is semi- 
consolidated and granular. Rock gypsum, when pure, is 
white but may show different colors due to the presence of 
impurities.

Satin spar or Fibrous gypsum. Satin spar occurs 
in veins as a whitish-gray variety composed of gypsum 
fibers arranged in two abutting rows which give the ap
pearance of a comb structure. The crystal fibers grow
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perpendicular to the walls of the veins. The probable 
mechanism for spreading the fissures and providing space 
for the growth of gypsum is the force exerted by the grow
ing crystals in cracks and crevices and along bedding 
planes.

Veins of satin spar are found at various horizons 
in the stratigraphic column but are especially common as 
veins in the interbedded lacustrine silt and clay zones.

Selenite crystals. Selenite crystals grow in 
cracks and crevices and are formed by deposition of 
hydrous calcium sulphate from percolating ground water. 
Selenite occurs as well developed megascopic crystals, 
about 0.2 inches in diameter, whose ncM axes are directed 
parallel to the walls of the veins, '/hen pure, the 
crystals are transparent but may show different colors 
due to the presence of impurities.

The occurrence of secondary selenite crystals is 
well exhibited in the Crystal Cave area where thick bodies 
of gypsum with selenite veins are exposed in quarries.

Gypsite or clayey gypsum. Gypsite is the soft, 
incoherent, impure variety of gypsum found at the surface 
formed by evaporation of gypsiferous water. The pink to 
red color of gypsite is largely due to the reddish clay 
and fine sand mixed in the deposits. Microscopic examina
tion showed that gypsite consists of small irregular crystals 
of gypsum intricately mixed with clay and sand.



Gypsite in this aree commonly occurs at the surface 
forming encrustations on exposed surfaces. It also occurs 
at intermediate depths in the stratigraphic column.

Dendritic gypsum. The term "dendritic gypsum" is 
applied to gypsum overgrowths on massive gypsum. This 
overgrowth has a branching form like a tree, and hence 
the name. This is an uncommon variety and was found only 
in the Crystal Cave area.

Gypsum-pebble conglomerate. The term "gypsum- 
pebble conglomerate" is applied to the consolidated accum
ulation of rounded fragments of gypsum cemented by calcium 
sulphate in a clay matrix (Fig. ?)• The gypsum pebbles 
constitute about 35 to 45 percent of the rock. The matrix 
and cement form about 55 to 65 percent of the rock. These 
paraconglomerate or conglomeratic mudstone (Pettijohn,
1957) accumulations are local in occurrence and are re
stricted to stream channels in sec. 26, T. 6 S., R. 16 E. 
They constitute only a minor portion of the deposit.

Emission Spectral Analyses

Emission spectral analyses of six samples were made 
to determine the elements present. Each sample analyzed was 
a fresh uncontaminated representative of each gypsum type. 
The results are given in Table 1.

Intermediate amounts of magnesium, iron, aluminum, 
and titanium occur only in gypsiferous clay, sample C-3.
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Figure ?. Gypsum-pebble conglomerate
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Table 1. Emission spectral analysis 

(Relative percentages are based upon density of spectral lines.)

Samples Major Intermediate Minor Trace

Sample G-6.
White massive 
gypsum, located 
at depth. About 
20 feet below 
surface.

Calcium Strontium
Iron
Titanium
Magnesium

Sodium
Copper
Aluminum
Silicon
Barium

Sample F. G.
Vein gypsun, 
located IS.5 feet 
below the surface.

Calcium Strontium
Iron
Titanium
Magnesium

Sodium
Copper
Aluminum
Silicon
Barium

Sample A. G.
Shiny needles 
of gypsum, at the 
surface.

Calcium Strontium
Iron
Titanium
Magnesium

Sodium
Copper
Aluminum
Silicon

Sample S. G. 
Same as above.

Calcium Strontium
Iron
Titanium
Magnesium

Sodium
Manganese
Copper
Aluminum
Zinc
Silicon

Sample C-3.
Gypsite and 
clayey gypsum; 
located 9 feet 
below the surface.

Calcium Magnesium
Iron
Aluminum
Titanium

Manganese
Strontium
Potassium
Sodium
Silicon

Boron
Chromium
Lead
Cobalt
Nickel
Copper
Lithium
Molybdenum

Sample N. G.-l, 
Massive gypsum 
with mottled 
structure, weathered.

Calcium Strontium
Iron
Titanium
Magnesium

Sodium
Manganese
Copper
Aluminum
Silicon
Lithium
Barium
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Sodium and copper are present as traces in all the samples. 
Barium occurs only in three samples, G-6, F.G., and 
Ij.G.-l. Other trace elements such as boron, chromium, 
cobalt, nickel, lithium, and molybdenum occur only in 
gypsiferous clay and silt zones.

Probably sodium, magnesium, and barium were the 
elements originally deposited with the evaporite minerals.
The occurrence of other elements such as titanium, 
chromium, nickel, and molybdenum in the gypsiferous clay 
is difficult to explain. However, it is possible that 
these elements were transported in suspension and in 
solution by streams and deposited along with silt and clay. 
Ground water may also have introduced some of these elements 
in silt and clay beds.

Chemical Analyses

Several samples were analyzed chemically to determine 
the insoluble residue content and the percent of calcium 
sulphate, sodium chloride, sodium sulphate, and other acid- 
soluble minerals. Standard methods for analysis were used 
(Furman, N. H., 1939). Gravimetric determinations were 
made by the weight-loss procedure and also by weighing 
the precipitate. The acid-soluble minerals were dissolved 
in six percent hydrochloric acid, and weight-loss computed.



method is only approximate because it may have included 
some calcium sulphate from gypsum.

The results of the chemical analyses are given in 
Table 2. Sodium chloride occurs as a trace, while sodium 
sulphate ranges from 1.58 percent to 6 percent. Calcium 
carbonate and other acid-soluble minerals are found to be 
much less than expected. Insoluble residues range from 1.7 
percent in rock gypsum to 51.9 percent in gypsiferous clay.

The plotted results of the analyses are presented 
in Figure S. This shows that the chemical composition of 
over 70 percent of the samples lies in the gypsum-comer 
of the composition diagram indicating that the samples 
contain more than 75 percent calcium sulphate. About 20 
to 25 percent of the samples lie midway between the gypsum 
and insoluble residue comers indicating that in these there 
is less than 50 percent calcium sulphate. About 5 percent 
of the samples contain more than 50 percent insoluble 
residues. These samples in hand specimen appear mostly 
as silt and clay.
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Table 2. Major minerals in gypsum samples as computed 
from chemical analysis*

1o Calcium 
carbonate 
+ rcid-

Sample
No.

°jo Calcium 
sulphate

Insoluble
residues

% Sodium 
chloride

3Jo Sodium 
sulphate

soluble
minerals

1 94.20 1.70 0.09 3.02 1.1
2 92.10 5.00 0.02 1.58 1.3
3 53.38 41.60 0.02 2.00 2.5
4 90.51 7.0 0.04 2.36 0.9
5 42.97 51.90 0.03 2.50 2.6
6 90.57 5.90 0.03 2.00 1.5
7 37.15 9.90 0.05 1.70 1.2
8 83.15 11.30 0.07 4.09 0.39
9 85.93 9.40 0.07 3.50 1.10
10 34.93 7.30 0.07 6.00 1.7

*Samples taken at random
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Gypsum
fee

Sodium chloride, 
sodium sulphate, and 
other acid-soluble

Insoluble residue

minerals.

Figure 8, Diagram showing variation in composition 
of gypsum samples.
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PETROGRAPHY

Typical samples were examined in thin section.
Most of the rock gypsum is fine-grained and compact 
(Fig. 9)« The grain size varies from 32 to 160 microns 
in diameter. Clay particles are present as fillings between 
grains and also as coating on grains, but constitute only 
two percent or less of the rock.

Granular gypsum, which is the other variety of 
rock gypsum, is a semi-consolidated aggregate of well 
developed gypsum crystals (Fig. 10). The crystals are 230 
to 370 microns in diameter, and the crystal faces are 
smooth and shiny. Minor amounts of detrital grains of 
hornblende, epidote, and magnetite are present. Rock 
gypsum from units Q-4 and Q-6 is coarsely crystalline and 
the grain contacts are sutured probably due to compaction. 
(See Figs. 11 and 12.) No anhydrite was found in any of 
the samples except in unit Q-10, where x-ray diffracto
meter analyses indicated a small amount of anhydrite.

Satin spar consists of double rows of gypsum 
fibers, the space between which is filled with clay. The 
fibers are about 160 microns wide and one inch long.
Dolomite is present as a thin film on some of the satin 
spar fibers. Besides gypsum and dolomite, x-ray
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Figure 9« Photomicrograph of rock 
gypsum magnified 100 times; (gy-gypsum, 
cl-clay).

Figure 10. Photomicrograph of 
granular gypsum magnified 30 times.
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Figure 11. Photomicrograph of rock 
gypsum from unit Q-4, magnified 120 
times; (gy-gypsum, sc-sutured contact, 
cl-clay).

Figure 12. Photomicrograph of rock 
gypsum from unit Q-6, magnified 145 times; 
Tgy-gypsum, cl-clay, sc-sutured contact).



32
diffractometer analyses indicated the presence of small 
amounts of halite. A few grains of magnetite were noted.

Samples from the interbedded lacustrine silt and 
clay when studied under the petrographic microscope show 
the presence of montmorillonite clay, and x-ray diffracto
meter analyses indicated the presence of small amounts of 
dolomite.

The heavy mineral fraction from the silt and clay 
zones consists of hornblende, epidote, magnetite, and 
biotite. The heavy minerals range in size from 140 to 460 
microns in diameter and are angular to subangular. The 
angularity of the grains suggests very little transporta
tion of the sediments. The obvious and most probable 
source for the heavy minerals was the surrounding igneous 
rocks which supplied the material by weathering. This 
was later transported by water into the basin during 
periods of influx.



WEATHERING AND SOLUTION OF GYPSUM

V.'epthering and solution of gypsum is most intense 
at the surface where the gypsum beds are exposed to the 
atmosphere end water. Along stream channels exposed 
gypsum beds have a "spaghetti type" structure which closely 
resembles casts of worm trails (Fig. 13). The origin of 
this structure is not certain but probably is partly duo 
to the action of running water with some reprecipitation 
of gypsum as a cement around detrital grains of quartz, 
silt, and clay.

Leaching of the more soluble constituents in the 
gypsum beds produces a "pyramid-like" structure exhibiting 
serrate margins. This structure is most common but espe
cially so in the SV;£ of sec. 26, T. 6 S., R. 16 E.

Gypsum boxworks formed by differential leaching 
and solution is common and fits into the category of 
"coarse cellular boxwork" (Bateman, 1961). The walls of 
the boxworks are of gypsum and represent the less soluble 
portions of the gypsum beds. The cavities formed by 
solution of more soluble constituents are now filled with 
clay.

Mechanical weathering of gypsum, has produced 
gypsum; fragments ranging from silt-size to pebble-size.
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Figure 13. "Spaghetti-type" 
structure.



These have been deposited in stream channels along with 
Recent alluvium.

An excellent example of solution of gypsum is 
shown by the Crystal Cave which lies just north of the 
quarries. The roof of the cave has collapsed and, there 
fore, it has the appearance of a sink hole. At present 
the cave is dry as far as it could be traversed.



ORIGIN AND GEOLOGIC HISTORY OF THE WINKLEMAN 
GYPSUM DEPOSITS

Field evidence and laboratory studies suggest a 
primary origin for the gypsum deposit. Contortions within 
gypsum beds which result from volume expansion due to 
hydration of anhydrite to gypsum (PettiJohn, 1957) are 
absent in this gypsum deposit. This indicates that the 
calcium sulphate was precipitated directly as gypsum and 
not as anhydrite which was later hydrated. Absence of 
anhydrite in all the samples, except in bed Q-10, also 
supports the primary origin for the gypsum deposit.

Satin spar, gypsite, and other forms of gypsum 
are derived from the primary rock gypsum by solution, re
precipitation , and mechanical weathering. Their relation
ship is given in Figure 14. Gypsite and gypsum-pebble 
conglomerate are the surficial forms, whereas selenite 
and satin spar vein deposits are the subsurface forms 
of secondary gypsum.

The history of the gypsum deposit begins at the 
end of the Tertiary Period. Deposition of gypsum in the 
area began in a lake in the ancestral San Pedro Valley 
presumably in the early to middle Pleistocene Epoch.
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Gypslte Gypsum-pebble 
conglomerate

Original rock gypsum

&Q

Satin spar and 
selenite crystals

Figure 14. Diagram showing origin of varieties of gypsum 
in the Feldman area.



Judging from the distribution and thickness of the gypsum 
deposit, the Pleistocene lake appears to have covered an 
area of about twenty square miles. Mo evidence is avail
able to indicate whether the lake was the result of tectonic 
activity or was due to damming. Because of the lack of sub
surface information, the nature of the bedrock and of the 
lake bottom is unknown. Assuming a topographic config
uration similar to that of today, the Pleistocene San 
Pedro River probably flowed northwards through this area.
The outlet, if there was any, was probably to the north.

As time progressed, the San Pedro River, its 
tributary system, and percolating ground water supplied 
the necessary salts to the lake. Drill-hole data show 
that the gypsum deposit is over 150 feet thick. For 
this thickness to accumulate, new supplies of calcium and 
sulphate ions must have been frequently added by surface 
and subsurface water to the closed basin over a long 
period of time. The interbedded silt and clay zones 
suggest such periods of influx of water and detritus into 
the basin, and the simultaneous dilution of the brines 
caused temporary cessation of deposition. Evaporation .of 
water concentrated the salts and finally caused the pre
cipitation of gypsum. During this time, the concentration 
of salts was never great enough to cause precipitation of 
anhydrite, except in unit Q-10. The general lack of a
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layer of halite in the deposit indicates that either the 
salt was removed by later solution and erosion or that the 
lake water never completely evaporated. Consequently, the 
precipitation must have been frequently interrupted and 
the concentrated liquor repeatedly drained off, or more 
probably diluted by incoming water.

Eventually the lake was filled both by the pre
cipitated gypsum and also by the elastics fed into the 
lake by streams washing debris from the adjacent mountains.

Following the complete filling of the lake, a 
brief period of erosion and weathering occurred. This was 
followed by deposition of Recent alluvium which partly 
buried the gypsum deposits.

There is no fossil evidence to ascertain the age 
of the gypsum deposit. Therefore, the age is determined 
by the stratigraphic relationship of gypsum to other 
sediments in the San Pedro Valley.

Heindl (1963) maintains that the Gila Group is of 
middle (?) Tertiary to early Pleistocene age, and that the 
Pleistocene alluvium is younger than the Gila Group. His 
Pleistocene alluvium is correlative with the Quaternary 
older alluvium of this report, which is an equivalent facies 
of the gypsum deposit. Therefore, the gypsum deposit must 
be younger than the Gila Group. Recent alluvium rests



unconformably upon the gypsum beds indicating that the 
gypsum is older than Recent alluvium. An early to middle 
Pleistocene age has been assigned to the V.’inkleman gypsum 
deposits.



GRADING, MINING, MID PROCESSING 
OF GYPSUM

The National Gypsum Company, the Arizona Gypsum 
Corporation and other private mining companies are 
presently active in exploration and mining of gypsum in 
areas east of Highway 77. Because of its accessibility, 
both by highways and railroads, and nearness to industrial 
towns such as Phoenix and Tucson, the deposits are of 
significant economic importance.

Gypsum is divided into three grades depending upon 
its gypsum contents.

1. High grade. Containing over 90 per
cent gypsum. (Rock gypsum and gran
ular gypsum are high grade.)

2. Medium grade. Containing 70 to 90 
percent gypsum. (Satin spar is 
medium grade.)

3. Low grade. Containing less than 70 
percent gypsum. (Gypsite is low 
grade.)

Grading of gypsum by hand sorting is possible.
Immediately to the east of Highway 77,near Feldman, 

and also south of Aravaipa Creek, high grade gypsum occurs 
in thick beds and is exposed at the surface. This is the 
best locality for mining. Further east the gypsum beds 
become covered by thick overburden which necessitates
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extensive removal of the overburden making mining un
economical. The gypsum beds at the margins of the basin 
become thinner and are interbedded with thick elastics.

The rock gypsum is mined only where it occurs in 
thick beds and exposed at the surface. Bench quarrying 
successively removes the overlying beds in a series of 
steps. Each step is blasted and then the broken rock is 
stripped off by power shovels. From quarries the material 
is hauled by trucks to crushers where it is pulverized.
The powdered gypsum is then transported to Phoenix for 
further processing. The Winkleman gypsum is used in 
plaster, cement and other building materials.



SUMMARY AND CONCLUSIONS

Gypsum deposit in the aree under investigation oc
cupies about square miles to the east and west of 
Highway 77 and is over 150 feet thick. Stratigraphic 
studies indicate that the gypsum is interbedded with 
lacustrine silt and clay, and that it intertongues 
laterally with Quaternary older alluvium, and that it is 
overlain unconfomably by Recent alluvium. Precise loca
tion of the limits of the gypsum deposits is indefinite 
because of the mantle of Recent alluvium and talus 
deposits. Gypsum in the area occurs in a variety of 
forms but only rock gypsum and granular gypsum are of 
economic interest. Satin spar, gypsite and other 
varieties constitute but a small portion of the deposits 
and are impure and of low grade.

Gypsum in the area is high grade; most samples 
contain over 75 percent gypsum. Insoluble residues range 
from 1.7 percent in rock gypsum to 51.9 percent in gypsite. 
Sodium chloride occurs as a trace, and sodium sulphate 
ranges from 1.55 percent to 6 percent. Anhydrite is 
absent in all the samples except for a small amount in 
one sample in unit Q-10.

43



Field and laboratory studies suggest a primary 
origin for the V.'inkleman gypsum deposits. The absence of 
contortions within the gypsum beds suggests that calcium 
sulphate was deposited as gypsum and not as anhydrite. 
Absence of anhydrite in the gypsum also supports the 
primary origin of the deposits. The environment under 
which the gypsum was formed was lacustrine. An early to 
middle Pleistocene age has been assigned to these deposits.

High quality gypsum, which can be mined economic
ally, is found to the east of Highway 77 where it occurs 
in thick beds and is exposed at the surface. Further 
east, the beds become covered by thick overburden of 
alluvium and talus and to the west they are cut off by 
the San Pedro River flood plain. To the north and south 
the gypsum beds thin and constitute successively less of 
the stratigraphic columns.

A ready market for gypsum and gypsum products is 
found in Phoenix, Tucson, and other rapidly expanding 
Arizona towns and cities.
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