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A B S T R A C T  

Gypsum deposits of ~Iississippian age in southwestern Indiana contain several argil- 
laceous partings. A study of these partings was made to find out what clay minerals 
are present in such an evaporite association. 

The most abundant minerals in the clay partings are dolomite, gypsum, quartz, illite, 
chlorite and mixed-layer illite-montmorillonite. No kaolinite was found in any of the 
samples. 

I N T R O D U C T I O N  

The last few years have seen the development of the gypsum industry ill 
Indiana, and currently the National Gypsum Company and the United 
States Gypsum Company are removing cvaporite ore by underground mining 
in the vicinity of Shoals, Martin County, Indiana (Fig. 1). 

The evaporite strata are present as lenticular bodies up to 25 ft thick and 
are composed of interbedded gypsum, anhydrite and dolomitic limestone 
(Bundy, 1956) in the lower part of the St. Louis limestone (Mississippian, 
Meramec). The thickness of rocks containing the evaporites ranges from 130 
to 200 ft, and averages about 150 ft in Martin County. Fig. 2 shows the gener- 
alized stratigraphic section of the lower St. Louis limestone in southwestern 
Indiana. 

The evaporites were deposited in intrasilled basins and the evaporito cycle 
of marine, penesaline and marine conditions producing these beds resulted 
from tectonic and environmental causes (McGregor, 1954). Pinsak (1957) 
suggested that  Silurian reefs probably influenced development of the evapor- 
ire basin in that  differential compaction of the sediments deposited above 
these reefs gave rise to more or less positive topographic features on the 
sea floor during Mississippian time. 

Bundy (1956) suggested that  the present evaporite minerals have developed 
in three stages : (a) precipitation of gypsum, (b) burial and diagenesis resulting 
in conversion of gypsum to anhydrite, and (e) removal of overburden and 
exposure of the secondary anhydrite to a new equilibrium condition per- 
mitting the reconversion of anhydrite to gypsum. 

1 Published by permission of State Geologist. 

195 



196 SEVENTH NATIONAL CONFERENCE ON GLAYS AND CLAY ~([INERALS 

C L A Y  P A R T I N G S  

The argillaceous material selected for this study was obtained in the 
National Gypsum Company and the United States Gypsum Company mines 
from the middle of the lower part  of the St. Louis limestone (Fig. 2). These 
evaporite beds range in thickness from 8 to 20 ft. A grayish-orange very fine- 
grained dolomite bed about I -2  ft thick is present in the middle of the ore 
bed in the National Gypsum Company mine. This dolomite layer is not present 
in the corresponding ore bed in the Ullited States Gypsum Company mine. 

F~(~uaE 1.--Map showing areal extent of evaporite unit. 

Dense, dark finely crystalline dolomite and dolomitic limestone are found 
above and below the ore bed in both mines. 

The clay partings are in the upper 1 ft of the gypsum bed and directly 
below the overlying dolomite. The partings are dark green, olive and dark 
gray, and range in thickness from a fl'action of an inch to 2.5 in. Most of 
the argillaceous material is found in a breccia composed of argillaceous flag- 
ments, but some layers of clay can be traced several feet or more. Well devel- 
oped diversely oriented slickensides are common. The thin elastic layers 
may  have been deposited in rather widespread milts, but the pressure and 
volume changes that  accompanied the transition of gypsum to anhydrite 
and back to gypsum have destroyed all evidence of ttle number and uni- 
formity of these clay laminae. Many selenite veins ranging in thickness fi'om 
a fraction of an inch to several inches cross-cut the entire gypsum layer. 
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LITHOLOGIC OESGRIPTION 

! Limestone: Tan to (Jroy, fine- to medium-groined, crystalline, round- 
ed CoCO 3 grains. 

Gypsum and/or  onhydrite: White to gray. 

Limestone: Gray I crystalline, pyritic I dolomitlc. 

Limestone: Gray to tan, crystalline, pyr{tir doIomitic, rounded 
CoCO 3 groins. 

G sum and/or onh dr~te: White to ro . 
Limestone: Brown to ton~ crystolllne. 

Limeston(~: Ton, granular, porous, dolomit{c. 

Gypsum and/or onhydrite: White to gray. Brow'n limestone. 
L ~ e  cr stolhne olomltlC. 
Limestone: Gray, dense, dolomitic. 

Gypsum and/or anhydrite: White to gray+ Ton to gray dolomite. 

D o l o ~ ~ o l c i l l c .  

Gypsum and/or onhydr{te: White to gray. Ton to grOy dolomite. 

Li___mestone: Oork-(Jray, fine-grained t gypslferousl 

Limestone: Ton, reed[urn- to fine-qeoined, crystolllne. 

Limestone: Dark-gray, fine-grolne(]~ Crystolllne. 

Gypsum and/or onhydrlt~: While to groy. Groy crystalline time- 
stone. 

Limestone: Ton tO gray, finely crystalline, dolomitic, porous. 

Limestone: Blue-gray, dense, lithographic, pyritic t argillaceous. 

Vert ical  Scale 

J 20 40 80 Feet 

FIotyR~ 2.--Stratigraphic column showing position of  ovaporite unit in the 
lower part of the St. Louis l imestone. 
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Mineralogy 
The texture and mineralogic composition of the clay partings are quite 

variable. Examination by petrographic microscope, x-ray diffraction and 
DTA shows that  the minerals are gypsum, dolomite, calcite, quartz, illite, 
chlorite and a mixed-layer clay mineral. 

Dolomite.--Dolomite is present in almost all samples and ranges in abun- 
dance from 0 percent to about 50 percent. Most of the dolomite grains are 
of silt size and in a few samples the fraction finer than 5/~ contains more than 
40 percent dolomite. Thin sections of the clay partings show abundant 
dolomite grains in the medium and fine silt range as well as a few fine sand 
size dolomite euhedra. Texturally, the clay partings consist of a very fine- 
grained matrix in which relatively large dolomite euhedra are dispersed. 

Gypsum.--The number of gypsum crystals making up an integral part of 
the clay partings is not large. Locally, uniformly dispersed silt-sized gypsum 
grains may make up about l0 percent of the clay layer. The amount of 
gypsum indicated by x-ray and DTA is misleading for it is difficult to 
separate particles that  do not contain some secondary gypsum crystals and 
selenite veins. No anhydrite was found in the upper 1 ft  of the evaporite bed. 

Quartz.--Quartz is present in all samples studied and ranges in abundance 
from about 15-30 percent. The quartz grains are almost entirely within the 
silt sizes and equally dispersed throughout this size range. 

Illite.---Illite is the dominant clay mineral present in all samples. The 
mineral is well crystallized and makes up more than 60 percent of the clay 
sized minerals. 

Chlorite.--Chlorite is present in all samples and does not amount to more 
than about 30 percent of the clay-sized material of any sample. In some 
samples the 001 reflections of chlorite are unaffected by heating to 450~ 
while in others these reflections are modified by thermal treatment, indicating 
that  the organization of this mineral is better in some samples than in others. 

Mixed-layer material.--As much as l0 percent mixed-layer mineral is 
found in the clay partings. A small diffuse band appears in some of the 
x-ray diffraction traces of the untreated samples on the low-angle side of the 
illite peak between l l ) r  and 13A. The band disappears upon heating the 
clay to 450~ and the 10/~ peak increases in intensity. The band also dis- 
appears upon ethylene glycol treatment and a weak diffuse band appears 
between 15 ~ and 16A. This evidence indicates that  the mineral is probably 
a random mixing of illite and montmorillonite. 

D I S C U S S I O N  

This study is a part of a larger investigation of the argillaceous rocks of 
Mississippian age in Indiana and adjoining states in the Illinois Basin. 
Preliminary results from the examination of several hundred samples of 
Mississippian argfllites indicate several generalities. 

Mississippian rocks in Indiana are divided into four series (from oldest 
to youngest): (1) Kinderbook, (2) Osage, (3) Meramec and (4) Chester. The 
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shale and limestone beds tha t  compose the Kinderhook at tain a maximum 
thickness of 20 ft. The Osage rocks are almost entirely deltaic and include 
sandstone, siltstone and shale, as well as a small amount  of l imestone; 
maximum thickness of  the series is 845 ft. The Meramec series is a succession 
of  dolomitic, cherty, gypsiferous limestone beds tha t  contain some inter- 
calated shale. The Meramec has a maximum thickness of  525 ft. The Chester 
rocks are a succession of interbedded limestone, shale and sandstone, and the 
sequence has a maximum thickness of  550 ft. 

Illite and chlorite are found in all rocks of  Mississippian age in Indiana.  
Kaolinite is found in rocks of  Osage and Chester age and is the dominant  
clay mineral in m a n y  Chester formations. As ye t  kaolinite has not  been 
detected in the cherty and gypsiferous dolomite and limestone beds of  
Meramec age except at  the very top. 

Many workers have indicated tha t  kaolinite may  not  form in a basic cn- 
vironment,  particularly where concentration of  Ca 2+ is high. Others suggest 
tha t  the clay minerals found in sedimentary rocks reflect the clay mineral 
composition of  the source rocks. The absence of  kaolinite in the carbonates 
of Meramec age m a y  indicate either tha t  kaolinite, if deposited, did not  re- 
main after deposition in the high-Ca 2+ environment or tha t  kaolinite was 
not  present in detritus derived from the source rocks. I n  Indiana,  the Silurian 
Waldron shale, which is an argillaceous dolomite in places and a dolomitic 
argfllite in others, contains significant amounts  of  kaolinite. Thus, it appears 
possible for kaolinite to exist in an environment tha t  has abundant  Ca 2+ 
and Mg 2+. 

From the general history of the rocks of southwestern Indiana, it appears 
tha t  all the elastics in the Mississippian rocks came from the same general 
source area, but  this does not  mean tha t  the source area contributed the same 
clay mineral assemblage throughout  Mississippian time. The clay minerals 
in the gypsum beds are thought  to reflect the sediment contributed by the 
source area to a greater extent than  they  do the environment of  deposition. 

Some of  the dolomite, particularly the exceedingly fine-grained dolomite 
ibund in the clay partings in the gypsum, m ay  be pr imary  dolomite. The 
influx of  the fine-grained clastic material which produced the clay laminae 
may  have disturbed the equilibrium just enough to precipitate dolomite 
rather than  gypsum. Alderman and Skinner (1957) report  tha t  pr imary 
dolomite is forming in South Australia at  the present time in an environment 
tha t  probably is similar to tha t  of early St. Louis time in Indiana.. 
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