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FOREWORD

The following report on “Kansas Mineral Resources for War-
time Industries” obviously has a special purpose, as indicated by its
title. Kansas possesses a wealth of necessary materials for building
the strength of our nation in time of war, when defense of the
American way of life becomes the paramount duty and privilege of
all Americans. It is very desirable to take stock of every substance
at our command and every aspect of utilizing each one of them that
pertains to preserving our lives and liberties. The safety of one’s
household from despoliation, the sanctity of one’s family from vio-
lation and the freedom to worship God according to one’s choice,
may seem unrelated to such things as the existence of Kansas coal
beds or the quantity and properties of Kansas natural gas, but there
is a connection. The coal may be translated into power for industry
that manufactures airplanes, guns and war vessels, into explosives
of many sorts that are needed for defense and offense and into rub-
ber, chemicals and innumerable other varied requisites of war.
These are the armor and the weapons that must be used to protect
household, family and freedom to worship. Natural gas and many
other mineral resources, and products of the soil, likewise are very
importantly related to the needs of defense. All this is evident,
though many persons fail to take notice of it.

The importance of mineral resources to industry is basic. In-
dustrial activity builds cities, states and nations, contributing to
higher standards of living, producing new wealth, and adding to
general prosperity. Accordingly, the availability of the raw ma-
terials needed to establish industry is a vital consideration of those
who would operate industry actively or expand it. Especially as
regards nations, availability of raw materials means control of their
development and distribution. Germany needs and covets Russian
oil and manganese, Dutch coal, and French iron ore. Japan needs
and covets East Indian oil, rubber and copra, Malayan tin, and
great Chinese coal fields. Aggression that has primary origin in
demand for minerals with which to feed the industrial ambitions of
certain nations is a major underlying cause of the present World
War. No other essential reason for Italy’s invasion of Abysinnia
exists. These observations serve to emphasize the relation of min-
eral resources to industrial growth and lead to statement of a sec-
ond objective of the report on Kansas mineral resources that is here
offered.
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The State of Kansas is endowed by nature to become one of the
industrially important parts of the United States. It is already a
leader among agricultural states, but beneath the soil there is a
variety and a very great quantity of mineral substances that are
needed by industry. Kansas now ranks in the top one-sixth of the
states as grouped on the basis of annual mineral production. The
value of Kansas’ mineral production, which in recent years has
ranged from 100 to 165 million dollars, considerably exceeds that of
a number of the nations now conquered by the Nazis, and the yield
from Kansas mineral deposits can be much increased. This means
that our state should move steadily forward in building larger and
more numerous industries. The importance of the Kansas region
in mineral resources, combined with advantages of its central in-
land geographic location and facilities for transportation, has al-
ready led to establishment of several great war industry plants in
this area. Modification of these for peace-time pursuits will be
made very readily and naturally in the case of some of these plants
but less easily in the case of others. At all events, the present de-
velopments are in line with a very sound program of industrial
growth that should lead to a well balanced economy of agriculture
and industry of various sorts based on mineral and agricultural re-
sources. This report serves to advance such a post-war future de-
velopment by summarizing information on all known mineral re-
sources of the state, both actual and potential. Not previously de-
scribed in reports of the State Geological Survey are possible com-
mercial production in Kansas of magnesium, aluminum, iron, ben-
tonite, and high-grade light-firing and refractory clays. New data-
on other mineral deposits, long known to occur in Kansas, are also
supplied.

Attention should be called to the large map in five colors, show-
ing Mineral Resources of Kansas, that is published concurrently
with this report. The map supplements and illustrates in excellent
manner the following descriptions of mineral deposits of the state.

Raymonp C. MOORE.
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ABSTRACT

During the present war emergency the production and available reserves of
mineral resources and other raw materials are of paramount importance to
the safety of the nation. This report presents a summary of the mineral re-
sources of Kansas, present production and known or estimated reserves, and
possible uses of these resources in war industries located in Kansas. The vital
relationship of fuels and metals to war industries is well known. The role of
nonmetallic mineral resources in war production, although less obvious, is
none the less real in both a direct and indirect way.
~ Fuels are essential to most industrial enterprises. The 3,700,000 tons of coal,
85,416,561 barrels of oil, and 85,632,472,000 cubic feet of gas that were produced
in Kansas during 1941 are vitally important to the state and the nation in war-
time, but even more important are the vast reserves of these materials and
their present and potential by-products. On January 1, 1942, the estimated
‘proved reserves of oil in Kansas were 752,670,000 barrels, which, because of
new discoveries, constitute an increase over the previous year. Oil and gas
produced in the state are distributed through more than 8,000 miles of pipe
line and processed in Kansas at 27 refineries, 15 natural gasoline plants, and 3
carbon black plants. One helium plant not now operating has a capacity of
over 8 million cubic feet annually. Coal and petroleum, particularly during
wartime, should be considered not only as fuels but as basic raw materials for
chemical industries. They represent important raw materials for the manu-
facture of such products as explosives, plastics, and synthetic rubber.

Metals are used in the manufacture of all implements of war. Aluminum
and magnesium are essential to aircraft production, and although neither is
now produced in the state, the vast potential reserves of each, shown in this
report to occur in Kansas, assume an increasing importance as the supply in
the United States of high-grade aluminum ore (bauxite) is depleted and the
demand for magnesium rapidly increases. During 1941, 57,000 short tons of
zine and 12,000 short tons of lead were produced in Kansas. The Tri-State
zine and lead district, part of which is in Kansas, is the most important zinc-
producing region in the world. Both zinc and lead are important in war
industries.

Although non-fuel and nonmetallic mineral resources are not so spectacu-
larly and directly related to war industries, they nevertheless constitute in-
dispensable materials for basic industries. Asphalt rock is used as a road-sur-
facing material and bentonite is employed as a drilling mud, filter for oil, and
a bond in foundry sand. Chalk, the Kansas reserve of which is estimated at
more than 50 billion tons, is used as whiting and in the chemical industries.
Ceramic products, in addition to being employed by the navy and in war in-
dustries, probably will be used to an increasing extent to replace metal pro-
ducts for civilian use. In 1940, Kansas produced structural clay products
valued at $1,500,000; the undeveloped reserves of clay in north-central Kan-
sas alone amount to 125 billion tons, of which 40 billion tons are light-firing
clays. There is an undeveloped reserve of 1,000,000 tons of diatomaceous marl
which can be used in certain types of cement and as a filtering material. The
present Kansas production of Portland cement for use in construction is four
and one-half million barrels annually, valued at over 5 million dollars, and the
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reserve of Portland cement raw materials is enormous. Kansas ranks eighth
among the states as a gypsum producer. Salt is an essential material in many
chemical industries, such as those producing explosives and synthetic rubber.
Kansas now produces annually about 700,000 tons of salt, and the reserves in
the state are estimated to be at least 5,000 billion tons. A total of 2,264,871 tons
of sand and gravel, valued at $893,962, was produced in Kansas during 1940.
This production could be increased many times if additional quantities were
needed. Reserves of sand and gravel, rock-wool materials, and stone for con-
struction purposes are inexhaustible. Volcanic ash is used as an abrasive, in
cleaners, as a ceramic glaze, and in cement. In 1940 Kansas produced 39,215
tons, valued at $129,959, and the reserves are estimated at more than 10 million
tons.

The information given in this report on mineral resources of Kansas dem-
onstrates the wide variety of raw materials and vast reserves, in some cases al-
most untouched, that occur within the state. These abundant raw materials
and the state’s geographic position in the heart of the nation make Kansas of
great strategic importance as a region for the location for war industries.

INTRODUCTION

Kansas possesses a large variety of mineral resources which, to-
gether with her great agricultural resources, may be utilized for
the production of war materials. Only seven states exceed Kan-
sas in the value of their total annual mineral output. The existence
in Kansas of vast resources of oil, gas, coal, salt, building materials,
and volcanic ash are fairly well known throughout the state and the
midwest, but the existence in the state of many other important or
potentially important mineral resources is only partly realized and
in some cases almost completely unknown.

The present report has been prepared in response to a large
number of inquiries directed to the Survey during the past several
months regarding the mineral resources available in Kansas for
war industries. In part, the report is an expansion of a report pre-
pared a few months ago at the request of the Kansas State Chamber
of Commerce. The purpose of the present report is to give a sum-
mary of the resources of Kansas so that future planning for indus-
tries, particularly those new industries in Kansas that will pro-
duce war materials, may have the advantage of a coordinate pic-
ture of the mineral resources of the state.

During the past decade numerous geological reports dealing
with various mineral resources of Kansas have been published by
the State Geological Survey. These bulletins are available to all
and will be sent on request. A list of publications is available and
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may be had by addressing the Director of the Geological Survey,
University of Kansas, Lawrence.

The Geological Survey is actively investigating the existence,
distribution, quantity, quality, and uses of the mineral resources of
Kansas. These investigations include not only study of known
rocks and mineral deposits but also the discoverey and study of
new ones. Some of the undeveloped resources of Kansas described
in recent reports and in the present report include: aluminum
from Kansas clays, iron, magnesium, bentonite, chalk, light-firing
clay in north-central Kansas, diatomaceous marl, and rock wool
raw materials. The location and distribution of the various min-
eral resources of Kansas, in addition to locations of pipe lines, re-
fineries, brick plants, and so forth, are shown on a large colored
map recently published by the Geological Survey. A large vol-
ume of unpublished data pertaining to the resources discussed in
this report in contained in the files of the Geological Survey. In-
terested persons seeking detailed information not here included
are urged to contact the Director.

“Kansas Mineral Resources for Wartime Industries” has been
compiled under the supervision of R. C. Moore and John C. Frye
by J. M. Jewett and W. H. Schoewe, aided by the following staff
members of the State Geological Survey: R. M. Dreyer, R. P.
Keroher, E. D. Kinney, J ewell Kirby, Norman Plummer and John
Romary. The maps accompanying the report were drafted by G.
W. Reimer. The manuscript was edited by T. G. Payne.

FUELS
COAL

Summary.—In 1941 production of Kansas coal amounted to approx-
imately 3,700,000 tons. The annual production, however, has been as
great as 7,500,000 tons in one year. Known reserves are sufficient to
allow continuation of the present production rate for many years.

Coal is classified in three general divisions: (1) brown coal or
lignite, (2) bituminous coal, and (3) anthracite or hard coal. The
general properties of these three ranks of coal are so well known
that they need not be reviewed here. It should be noted, however,
that the purposes for which an individual coal may be utilized are
dependent on its physical and chemical properties, and the classi-
fication given above is by far too simple. Coals of any one of these
major ranks may be adapted to various uses. For example, bitum-
inous coal in Kanawha county, West Virginia, is a gas coal; bitum-
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Ficure 1. Map of eastern Kansas showing location of principal coal-mining
areas and of region underlain by more or less continuous coal beds. (1) South-
eastern Kansas coal field, (2) Eastern Kansas coal field, (3) Northeastern
Kansas coal field, (4) East-Central Kansas coal field.
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inous coal in the Collinsville district of Pennsylvania serves as
coking coal; and that in the Pocahontas field, Virginia, steam coal
(Lilley, 1936, p. 224).

Coal in Kansas.—With the exception of a very small amount of
lignite, coal produced in Kansas is classed as bituminous. It is rec-
ognized, however, that coals of different beds in the state show con-
siderable differences in character. More technological work must
be done on Kansas coals before their best uses can be determined;
some such studies have been accomplished among which is the
work of Young and Allen (1925).

Kansas has four main coal-mining areas: (1) the Southeastern
Kansas coal field, chiefly in Crawford and Cherokee counties, but
including a part of Labette and a part of Bourbon county; (2) the
Eastern Kansas coal field or the Mulberry coal area in Linn and
Bourbon counties; (3) the Northeastern Kansas field, now nearly
inactive, in Leavenworth and Atchison counties; and (4) the East-
Central Kansas field, chiefly in Osage county, but including parts
of Cofley, Franklin, and Shawnee counties. Figure 1 shows the
location of the main coal-producing areas in Kansas and of areas of
laterally extensive coal beds.

It is not known definitely when and where the first coal mine in
Kansas was opened. Available records indicate that the first mine
was opened near Leavenworth in 1854 (Crane, 1898, p. 188) ; it was
a shallow pit or short drift constructed near the outcrop of a coal
bed in the Lawrence formation. It is probable that the first mine of
commercial importance was the one put down near Fort Scott in
1865 (Crane, 1818, p. 178). Soon thereafter, small strips in which
coal was mined by hand labor were opened in Crawford county.
Coal was mined and sold to a railroad company near Pittsburg as
early as 1870, at which time a railroad recently had been completed
from Kansas City to Baxter Springs. A shaft mine with a capacity
of 40 tons per day was sunk near Pittsburg in 1874 (Crane, 1898,
p. 153) and has been reported as the first shaft coal mine in Kansas,
but in 1870 a shaft was sunk at Leavenworth to a Cherokee coal
bed 713 feet below the surface that had been discovered in 1865 by
drilling. The prospecting for the latter mine was done by a com-
pany organized by Major Hawn, a geologist, who had a knowledge
of coal outcrops in southeastern Kansas and who knew the ap-
proximate dip of the beds. Hawn predicted quite accurately at
what depth the coal would be reached at Leavenworth.
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Coal mining was developed rapidly in the Southeastern Kansas
field in the 1870’s. In those years large amounts of coal were
shipped to Kansas City and to other markets. In 1878 and 1879 a
railroad was constructed from Joplin, Missouri, to Pittsburg, Kan-
sas, primarily for the purpose of hauling coal from the Southeast-
ern Kansas field. Mining was started near Weir, Cherokee county,
in 1878 and near West Mineral, Cherokee county, in 1895. By 1897,
Crawford and Cherokee counties were producing 2% million tons
of coal yearly (Crane, 1898, p. 153).

Development of the East-Central Kansas coal field was initiated
with the beginning of coal mining in Osage county in the spring of
1869. The first mine was on Carbon Hill about 2 miles east of Car-
bondale. In the autumn of 1869 several mines were in operation in
the vicinity of Osage City. Mines were opened at Scranton in 1874
and at Burlingame in 1878 or 1879. The East-Central Kansas field
soon was producing large amounts of coal, much of which was be-
ing consumed by the Santa Fe railroad.

Coal mining was begun near Atchison in 1893, and the first mines
were shallow pits and short drifts near outcrops of a 16-inch coal
bed in the Lawrence formation. Later, a shaft mine was sunk near
Atchison to a coal bed in the Cherokee shale. The Atchison area
commonly is included as part of the Northeastern Kansas coal
field.

According to Whitla (1940, p. 10), coal mining was started near
Pleasanton, Linn county, between 1850 and 1860. Pleasanton is in-
cluded in the Eastern Kansas field. Shafts and strip pits later were
constructed in this field near Mound City, LaCygne, Boicourt, and
Prescott in Linn county, and near Hammond and Mapleton in
Bourbon county.

Coal mines were established near Thayer, Neosho county, ap-
proximately in 1898 (Crane, 1898, p. 133) . Mining was started near
Williamstown, Franklin county, in 1872. Mining on a small scale
has been carried on up to the present time in these areas. *

The Southeastern Kansas coal field.—The greater part of the
coal mined in Kansas has come from the Southeastern Kansas
field, which lies chiefly in Crawford and Cherokee counties but
partly in Bourbon and Labette counties (fig. 1).

There are 15 coal beds in the Cherokee shale in the area of its
outcrop in Crawford, Cherokee, and Labette counties (Aber-
nathy, 1938, pp. 195-196), where the Cherokee is approximately
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450 feet thick. These coal beds range in thickness up to 3 feet, 8
inches. The thicker coals occur in the middle and upper parts of
the Cherokee rock section. According to Abernathy, 5 of the 15
coal beds in this area have been mined, but more than 90 per cent of
the mined coal has been taken from only two beds. The most im-
portant coal bed in this district is called the Weir-Pittsburg coal;
it occupies a position near the middle of the Cherokee shale. Ac-
cording to Pierce and Courtier (1937, p. 85) the Weir-Pittsburg
coal has been mined to the extent of over 75 per cent of that part
which is greater than 2% feet in thickness. At the present time the
greater part of the minable coal in the Southeastern Kansas field
has been removed.

It is important to note that core drilling in the vicinity of Edna
and Angola, Cherokee county, has revealed the presence of a coal
bed 4% feet thick, lying from 425 to 625 feet below the surface
(Pierce and Courtier, 1937, p. 68). This bed probably is strati-
graphically equivalent to the Weir-Pittsburg coal. It is probable
that extensive deep shaft-coal mining will be developed in this
area.

Eastern Kansas coal field.—This field is located in eastern Linn
and northern Bourbon counties. In this area a coal bed, known as
the Mulberry coal, occurs in the lower part of the Bandera shale
formation. The thickness of the Mulberry coal in Kansas ranges
frem a few inches to 3% feet. It has been mined extensively for
many years and is still important. In the Eastern Kansas field min-
ing has been carried on near Fulton and Mapleton in Bourbon
county and near Mound City, Prescott, Pleasanton, Boicourt, and
La Cygne in Linn county. Both shaft and stripping methods are
employed. For several years the Mulberry coal has been exploited
by large-scale stripping operation in western Missouri, where it is
now largely exhausted. About two years ago large-scale stripping
operations were extended westward into Kansas, and, as a result,
the Eastern Kansas field came into greater prominence. In 1940,

Linn was the second largest coal-producing county in Kansas (see
table 3).

Prior to 1940 mining activity was on a rather small scale in the
Eastern Kansas field; hence there still remains a large reserve of
coal. Througheut most of the Eastern Kansas field (fig. 1) the shal-
low depth of the Mulberry coal makes stripping operations profit-
able. The value of the farm land below which it lies, however,
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makes extensive stripping undesirable. It is hoped that in this area
mining by means of shallow shafts will become increasingly im-
portant. The greatest known thickness of the Mulberry coal is in
the vicinity of La Cygne in northern Linn county. Mining opera-
tions in the future may be expected to extend northward up Marias
des Cygnes river valley into Miami county.

Northern Kansas coal field—The Lansing-Leavenworth-Atch-
ison area is designated as a coal field because of the fact that deep-
shaft mining of coal beds in the Cherokee shale long has been prac-
ticed there. The State Penitentiary mine at Lansing produces coal
from a bed approximately two feet thick, 712 feet below the sur-
face and 89 feet below the top of the Cherokee shale. At various
times in the past, four or more mines in the vicinity of Leaven-
worth have been in operation. These mines reach the same coal
bed that is being mined at Lansing. At Atchison a 3-foot coal bed
formerly was mined at a depth of 1,126 feet. This bed also in in the
Cherokee shale.

TasLe 1. Thickness and depth of Cherokee coal beds in the Lansing-
Leavenworth areal

Coal beds Thickness of coal bed, Depth to coal,
in inches in feet
15 12 598
14 [ 617
13 6 ’ 640
12 14 663
11 6 677
10 24 (bed mined) 709
9 16 728
8 3 889
7 13 918
6 10 993
5 26 999
4 28 1,031
3 12 1,087
2 5 1,097
1 6 1,127
Aggregate thickness of coal
beds 197 inches
Total thickness of coal in beds ——
over 14 inches in thickness ... 108 inches

1 Modified from table by Hinds and Greene (1917).
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.That the Northern Kansas coal field has important coal reserves
is indicated by thickness data in tables 1 and 2.

TABLE 2. Thickness and depth of coal beds exceeding 14 inches in thickness in
Atchison deep boring!

i £ , h 1,
Coal beds e hes Do et
4 22 801
3 36 (formerly mined) 1,126
2 28 1,190
1 15 1,199
Aggregate thickness ................. 101

1 Data from Hinds and Greene (1917).

It should be noted that the Northeastern Kansas coal field bord-
ers Missouri river and that recent improvements designed to aid
navigation in Missouri river have an important economic and mil-
itary aspect.

A shallow coal bed in the Lawrence formation has been mined
intermittently in the Northern Kansas field. At Atchison this bed
is 10 to 16 inches or more in thickness. It crops out in river bluffs
and along ravines tributary to Missouri river and formerly was
mined in drifts or slope openings 2 to 3 miles south of Atchison
(Whitla, 1940, p. 29). A lower coal bed, the Sibley coal in the
Stranger formation, has been mined at various times at a locality
about five miles north of Leavenworth. The Sibley coal has been
mined also in the southern half of Leavenworth county. In Leaven-
worth county this coal bed ranges from 6 to over 22 inches in thick-
ness. &

East-Central Kansas coal field.—This coal-mining area lies prin-
cipally in Osage county, but the coal bed mined there extends en-
tirely across Kansas from Doniphan county on the north to Chau-
tauqua county on the south. Mines formerly were situated along
nearly the whole extent of this district. Production is from the
Nodaway coal which lies within the Aarde shale member of the
Howard limestone formation. The thickness of the Nodaway coal
is reported to be as great as 30 inches locally in Osage county, but
averages about 15 inches. According to Whitla (1940, p. 22), its
thickness north of Osage county is nowhere more than 12 inches; in
Chautauqua county it is 18 inches thick. The Nodaway coal lies a
few feet below the Church limestone member of the Howard for-
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mation, which acts as a very effective cover protecting the coal
from weathering; good quality coal, therefore, can be obtained at
very shallow depths. In stripping operations this limestone cap
rock must be removed by blasting.

In the East-Central Kansas coal area the Nodaway coal is from
12 to 30 inches thick and lies a few feet below the main ledge of the
Howard limestone. This coal is being mined by stripping and shaft
methods. There are more than 20 shaft mines in Osage county near
Scranton, Burlingame, and Osage City; they range from 25 to 118
feet in depth and are reported to contain no gas and to be unusually
dry. Normally about 8 strip mines are operated in Osage and north-
ern Coffey counties.

Areas of small coal production.—The various coal deposits ex-
ploited in the four coal fields described above are more or less con-
tinuous over a wide region. These and other coal beds in Pennsyl-
vanian rocks underlie the region in eastern Kansas shown in figure
1. Minor coal-producing areas in this region are described in the
paragraphs which follow. The seemingly unimportant coal de-
posits in Kansas, mined on a small scale outside of the four chief
coal fields, are described here because of their potential import-
ance as a source of fuel for domestic use in a time of acute trans-
portation problems.

It has been explained that coal beds in the Cherokee shale are
mined in and near the outcrop area of the Cherokee rocks and in
deep-shaft mines in the Northeastern Kansas coal field. The pres-
ence of coal in the Cherokee shale throughout most of eastern Kan-
sas has been determined by study of drilling records. In most
areas there are no individual beds which are known to be greater
than slightly over one foot in thickness. With the exception of the
Angola-Edna area in southwestern Labette county, new fields in
Kansas producing Cherokee coal probably will not be developed
in the near future. It is to be expected, however, that new develop-
ments will occur in southwestern Labette county, and renewed ac-
tivity may take place in the northeastern Kansas fields.

In northeastern Bourbon county, a coal bed is mined that is
about 2 feet thick and occurs in the Little Osage shale member of
the Fort Scott limestone formation. The mines in this area are
along tributaries of Little Osage river, north and east of Hammond.

A coal bed, called Thayer coal, occurs in the Chanute shale for-
mation and has a maximum thickness of 26 inches near Thayer in
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eastern Wilson county. This coal bed has been mined near Thayer
and near Blue Mound in Linn county.

Two or more thin coal beds in the Lawrence formation have been
mined in Leavenworth and Douglas counties. During the depres-
sion years that followed 1929 a number of strip, drift, and shaft
mines were opened, and coal was sold at local markets. At least
one of these coal beds, the Sibley coal, is present under a thin
overburden in much of southern Leavenworth county and Doug-
las county. The Sibley coal is 18 to 20 inches thick in an area ex-
tending from a point 6 miles east of Tonganoxie, Leavenworth
county, to a point 12 miles northeast of that city (Whitla, 1940, p.
20). The reported thickness in southern Douglas county is 14
inches."

The Williamsburg coal occupies a position in the Lawrence shale
about 40 feet below the Oread limestone. It is 20 inches thick near
Williamsburg in southeastern Franklin county. This coal has been
mined rather extensively in shallow shafts, slopes, and drifts in the
vicinity of Homewood and Williamsburg, Franklin county, and
near Quenemo in southeastern Osage county.

As indicated in the section on the East-Central Kansas coal field,
the Nodaway coal, extensively mined in Osage county, formerly
was mined in a belt that extends across nearly the entire width of
the state from Brown county to Chautauqua county. Much shal-
low coal remains in this belt.

The Elmo coal in the Cedarvale formation has been mined in
Brown county near Robinson and White Cloud in Doniphan
county. A still higher coal, the Nyman, in the Table Creek forma-
tion, has been mined in Wabaunsee county near Dover, and in
Nemaha county. A 16-inch coal bed mined a few years ago near
Admire, Lyon county, is probably the Nyman coal.

Lignite in the Dakota group.—As pointed out by Whitla (1940,
p. 25), there are several local lignite beds in Russell, Ellsworth, Lin-
coln, Mitchell, Jewell, and Cloud counties; they range in thickness
from a few inches to three and one-half feet. These beds have been
mined for local consumption in the counties named.

Coal production in Kansas.—The foregoing paragraphs indicate -
that Kansas has a relatively large supply of coal in or near many of
the more densely populated counties. At present, approximately
70 per cent of the coal produced in Kansas comes from the South-
eastern Kansas field, but over a period of years a somewhat larger
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percentage of the total production, about 80 per cent, has come
from that area. In 1934, 91 per cent is reported to have come from
the Southeastern Kansas field. Increasing aétivity in Linn County
has brought the Eastern Kansas field into prominence. According
to the State Mine Inspector’s report, Kansas’ total coal production
in 1940 was 3,693,455 tons. Table 3 shows the 1940 produbtion by
counties.

TaBLE 3. Coal production in Kansas in 19401

COUNTIES Tons
Crawford 1,943,581
LN o 761,425
Cherokee 589,448
Bourbon 196,221
Osage 105,916
Leavenworth 61,134
Labette 17,950
Franklin 14,180
Wilson 3,100
Neosho . 450
Cloud 50
Total 3,693,455

1 From report of State Mine Inspector.

The maximum yearly production of coal in Kansas was in 1918,
in which year 7,561,947 tons were mined in the state. It is of in-
terest to note that the 1918 figure was nearly reached as early as
1904, when 7,333,307 tons were produced. During the period from
1904 to 1918, with the exception of the year 1910, the state’s an-
nual production remained above 5,000,000 tons. Since 1918, there
has been a decline due largely to the increased use of oil as fuel.
Table 4 shows annual production figures for the period 1921 to 1940

“inclusive.

Quality and uses of Kansas coal.—Coal produced in Kansas is of
bituminous rank, with the exception of the small production of
Cretaceous lignite. The bituminous coal is somewhat friable but
nearly all is non-slaking. Some pyrite is present, but much of it
may be removed by washing and sizing operations. Pyrite is a by-
product of the coal industry in the Southeastern Kansas field.
Chemical analyses of coals from the Southeastern Kansas field
are published in Bulletin 24, of the State Geological Survey of
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TaBLE 4. Annual coal production in Kansas during the period 1921-19401

YEAR Tons YEAR Tons
1921 3,466,408 1931 1,986,870
1922 2,955,170 1932 1,952,885
1923 4,443149 1933 2,217,622
1924 4,247733 1934 2,508,254
1925 4,524 251 1935 2,686,164
1925 4,416,480 1936 2,944,028
1927 4,443,762 1937 2,892,560
1928 2,809,724 1938 2,654,141
1929 2,975,971 1939 2,920,000
1930 2,429,929 1940 3,693,455

1Data from U.S. Bureau of -Mines.

Kansas, and in Bulletin 12, University of Kansas Experiment Sta-
tion. According to Young and Allen (1925, p. 191), the British
thermal unit value (B.T.U. per pound) of Southeastern Kansas
coal ranges from 11,100 to 15,270; that of the East-Central Kansas
coal ranges from 10,630 to 12,900; and that of coal from Leaven-
worth and vicinity from 10,810 to 14,240.

Railroads are the largest consumers of Kansas coal. Large quan-
tities are used by power stations, packing plants and other indus-
tries. Most of the coal from the smaller fields is used in domestic
and industrial heating. According to Pierce and Courtier (Kansas
Geol. Survey, Bull. 24, p. 90), coke made from Southeastern Kan-
sas coal has certain disadvantageous features. The coke is rather
porous; the cell walls are thin; and it has highly fractured structure
and low crushing strength.

Finely-divided coal held in suspension in fuel oil is said to con-
stitute the most compact fuel known, an average bituminous grade
containing 1,169,800 B.T.U. per cubic foot. Such “colloidal” fuels
- are handled and atomized for combustion like fuel oils. They have
certain safety factors which ordinary fuel oil does not have.

Reserves.—As indicated elsewhere in this report, Kansas coal
reserves are large. The present rate of production in the South-
eastern Kansas coal field can be maintained for several years. A
new deep-shaft field can be opened in southwestern Labette
county. The Eastern Kansas field also can continue to produce,
but probably not for long at its present rate inasmuch as the re-
cently instituted large-scale electric shovel stripping entails de-
struction of valuable farm land. The Eastern Kansas field, how-
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ever, can continue to produce large amounts of coal from shallow
shafts and small scale strippings.

There still remains much unmined coal in the Leavenworth-At-
chison area, which has the advantage of river transportation facil-
ities. This coal, as indicated in Table 1, must be reached by deep
shafts. :

A comparatively large amount of coal still can be produced in
the East-Central Kansas field, and small-scale mining operations
can be reestablished along the strike of coal beds in the East-Cen-
tral Kansas field throughout most of a narrow belt extending
across the state from Brown and Doniphan counties to Chautauqua
county. As explained in other parts of this report, several eastern
Kansas counties can produce much of the coal needed for local do-
mestic use.

Age and origin of Kansas coals.—Kansas coal is of Pennsyl-
vanian (Upper Carboniferous) age, with the exception of the lig-
nite in north-central Kansas which is Upper Cretaceous in age.
Coal was formed from the accumulation of plant material in
swamps that were probably only a few feet above sea level.

Work of the State Geological Survey of Kansas.—The United
States Geological Survey in cooperation with State Geological
Survey of Kansas has investigated the coal resources of the South-
eastern Kansas coal field. Results of these studies were published
in 1937, as Bulletin 24 of the State Geological Survey. Coal beds
younger than the Cherokee coals were investigated and described
in 1940 in Bulletin 32. Surface and subsurface investigations of
the geology of eastern Kansas have provided the files of the State
Geological Survey with a large body of data pertaining to coal and
other stratified rocks.

Additional work pertaining especially to the technology of Kan-
sas coals is planned by the Kansas Geological Survey.
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‘OIL AND GAS

Summary.—Oil and gas are produced in 62 counties in Kansas.
During 1941 a total of 85,416,561 barrels of oil was produced from
21,784 wells. Proved reserves on January 1, 1942, were 752,670,000
barrels of oil. It is estimated that a maximum of 350,000 barrels of
oil per day could be produced for a limited period. Kansas has over
8,000 miles of oil pipe lines with a combined capacity of over 200,000
barrels per day. The state has 27 refineries with a crude oil capacity
of 175,800 barrels per day, and 15 natural gasoline plants with a daily
production capacity of 321,900 gallons of natural gasoline. During
1940 Kansas produced 85,632,472,000 cubic feet of natural gas. Other
Kansas products associated with or derived from petroleum include
helium, produced in one plant with an annual capacity of 8,000,000
cubic feet, and carbon black, produced in two plants. Petroleum
products, in addition to being used as fuels and lubricants, are em-
ployed in the manufacture of explosives, synthetic rubber, and fer-
tilizer.

O1L

Distribution of producing areas.—Petroleum and natural gas in
commercial quantities are produced in 62 of the 105 counties in
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Kansas. Of these, 11 counties produce gas only; 19 oil only; and 32
produce both oil and gas. Petroleum and gas production in the
state may be subdivided geographically into five districts: (1)
east-central Kansas, (2) southeastern Kansas, (3) southern Nem-
aha Ridge area, (4) Barton Arch area, and (5) the southwestern
gas area.

The east-central Kansas district includes a group of 7 counties,
3 of which are situated immediately north of and 4 south of Kansas
river. The southeastern Kansas district includes 14 of the 15
counties in the southeastern corner of the state. The nine produc-
ing counties here designated as the Nemaha Ridge district lie im-
mediately west of the southeastern district and constitute an area
approximately two counties wide which extends in a northerly di-
rection from the southern edge of the state to a point about half
way across the state. The Barton Arch district includes 20 counties
in the central third of the state and extends in a northwest-south-
east direction across the entire state in the form of a belt two to
four counties wide. The southwestern gas district includes a group
of 8 counties in the southwestern corner of the state. Locations of
Kansas oil fields are shown in figure 2.

Production statistics.—According to data published by the Kan-
sas State Corporation Commission, Kansas produced a total of
85,416,561 barrels of 0il during 1941. The production per month in
1941 increased from 5,639,256 barrels in January to 9,811,469 bar-
rels in December. The latter figure is based on the monthly allow-
able permitted under proration rather than on actual runs. This
allowable usually varies but little from actual production.

In December, 1941, a total of 21,784 wells were producing in the
state, of which 7,143 were prorated and 14,641 were unprorated.
Of the total production for the year prorated wells accounted for
66,638,557 barrels of oil and unprorated wells for 18,778,004 barrels.
The average daily production per well was 3.07 per cent of the
average daily potential.

According to the Kansas State Corporation Commission’s re-
port for December, 1941, the allowable permitted under proration
for December consisted of 8,193,458 barrels of oil. Of this amount,
3,304,252 barrels, or approximately 40 per cent of the total esti-
mated production for the month, were allocated to wells having an
allowable of less than 1.5 per cent of the daily potential; 658,791
barrels of oil, or 8 per cent of the total, were allocated to wells in
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which the allowables range from 1.5 to 3 per cent of the daily po-
tential. Thus, almost half of the oil produced in the state comes
from wells which are producing at a rate of less than 3 per cent of
the daily potential for the entire state.

The unusually strict proration laws in Kansas reduce the rate of
production in the state to a point considerably below the maximum
possible rate. It is difficult to arrive at an estimate of the maximum
amount of oil that could be produced in a year without complete
engineering data on every producing unit. It has been estimated
(Ingram, 1941, p. 93) that if proration were eliminated entirely,
Kansas could produce approximately 350,000 barrels per day.
. This would result in a total annual production of 127,750,000 bar-
rels, which is 50 per cent greater than the actual production for
1941.

If the 2,480 prorated wells in Kansas were permitted to produce
at 3 per cent of the potential, that is, at approximately the same
rate as the average of all the wells of the state, the total increase
per month would be 3,304,252 barrels and the total yearly increase
would amount to nearly 40,000,000 barrels, almost one-half of the
total yearly production for 1941.

The state as a whole unquestionably could produce at a rate
greatly in excess of 350,000 barrels per day for a limited time, but
such an increase probably would result in a greatly lessened ulti-
mate recovery.

Kansas production compared with other states.—In comparison
with other states, Kansas in 1941 ranked sixth in production of oil
in the United States. This position would have been improved
greatly if the production of other states, in which proration is more
lenient or non-existent, had been calculated on the same basis as
that of Kansas.

Kansas was the only major producing state in the United States
in which reserves added during the first half of 1941 were in excess
of withdrawals during the same period. The United States as a
whole showed a net loss of 16 per cent during this period, whereas
Kansas showed a net gain of over 40 per cent (Howard, 1941, p. 39).

The comparatively shallow depth to oil in Kansas is of im-
portance if the elements of expense, time, and material necessary
to complete a well are considered. The average depth to oil in
three of the six top-ranking states ranges from 400 to more than
1,200 feet greater than in Kansas.
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The ratio of dry holes to producing wells in Kansas is approx-
imately the same as in the other highest ranking states.

In addition to the above-mentioned advantageous features of
Kansas as a producer of petroleum, the state is strategically located
in the central portion of the continent.

Cumulative production.—The total cumulative production of
crude oil up to and including 1941 was 1,175,881,100 barrels. The
daily average production in 1941 was 225,760 barrels of oil. The
lowest daily average production for a given month was 181,911
barrels of oil per day in January, and the highest was 316,499 bar-
rels of oil per day in December. The daily average oil production
~per well in 1941 was 10.34 barrels. Forty-three new fields were
added in 1941, and new producing zones were discovered in ten old
fields. These discoveries were made in 16 counties, 3 in the east-
ern part and 13 in the western portion of the state. One county,
Kearny, previously had not produced oil or gas. A total of 2,112
" wells was drilled in 1941, 1,436 oil wells with a total initial produc-
tion of 1,482,313 barrels of oil, 79 gas wells, and 597 dry holes.

Reserves.—The estimated provéd reserves in Kansas on Janu-
ary 1, 1942, were 752,670,000 barrels of oil.

Uses of petroleum.—By far the most important use of petroleum
is in the production of liquid fuel and lubricating oils. Ninety-
nine per cent of the liquid fuel produced in the United States is ob-
tained from petroleum; the remaining 1 per cent is derived from
coal by means of processes of hydrogenation. Approximately 8 per
cent of all motor fuel comes from natural gasoline, 31 per cent
from straight-run refining processes, 51 per cent from thermal
cracking and reforming processes, 5 per cent from catalytic crack-
ing and reforming processes, and 4 per cent from polymerization
and alkylation processes. The last two processes are used in the
manufacture of gasoline of high octane rating for use as aviation
fuels. ’

The approximate percentage of the major refined products from
crude oil are gasoline 43.9 per cent, kerosene 5.5 per cent, fuel oil
38.8 per cent, and lubricants 3 per cent. :

By means of polymerization processes the unsaturated hydro-
carbon, butadiene, may be converted to “synthetic rubber,” a rub-
ber-like material which has many of the essential properties of
natural rubber and in addition many important properties which
natural rubber does not possess. Its resistance to swelling and



94 Geological Survey of Kansas—1942 Reports of Studies

deterioration in the presence of crude oil and gasoline is one of its
most important properties.

Glycerine and toluene, petroleum derivatives, are particularly
important at the present time because of their use in the manu-
facture of explosives.

The most important use of ammonia in peace time is in the man-
ufacture of fertilizers. In addition, it is used in water purification,
as a corrosion preventative, and in refrigeration processes. During
wartime ammonia is important in the manufacture of explosives.

Other products of the petroleum refining industry are asphalt,
paraffin wax, petroleum coke, plastics, solvents, synthetic resins,
synthetic fibers, artificial leather, safety glass, photographic film,
printing ink, cosmetics, medicinal items, antifreeze for automobile
radiators, paint remover, dewaxing agent for mineral oil, roto-
gravure and intaglio ink, and artificial silk.

Refineries.—Kansas has 27 refineries with a total crude oil cap-
acity of 175,800 barrels per day and a cracking capacity of 92,440
barrels per day. Five of these plants are shut down at the present
time. Locations of refineries in Kansas are shown in figure 3.

Pipe lines in Kansas.—Seventeen pipe lines carrying crude oil,
with a combined capacity of over 200,000 barrels per day are op-
erating in the state. The daily average Kansas pipe line runs for
1940 were 180,096 barrels of oil. In 1939 Kansas had a total of
8,110 miles of pipe line of which 4,011 miles were trunk lines and
3,999 miles were gathering lines. Of the trunk-line mileage 3,296
miles carried crude oil and 715 miles carried refined products.
Although the transportation facilities in the state are adequate for
the present rate of production, any considerable increase in pro-
duction of crude oil would necessitate a corresponding increase in
pipe line or other transportation facilities. Locations of pipe lines
in Kansas are shown in figure 3.

Work of the State Geological Survey of Kansas.—A considerable
part of the work of the State Geological Survey of Kansas is di-
rected toward the development of oil and gas resources of the
state. The types of work include research, accumulation of sta-
tistics, preparation of reports and other publications, and the hold-
ing of conferences.

The Survey’s files of statistical and geological information in-
clude a constantly growing volume of records of wells drilled
throughout the state. These logs are available to the public, al-
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though they must be consulted in the offices of the Survey. This
type of information is extremely important to those in the in-
dustry who are interested in extending production to new areas.
In many cases the decision to drill or not to drill in a given area is
based upon information obtained from records of previously drilled
wells. Accordingly, the Survey is making every effort to make
this file as complete as possible.

The Survey, in addition to maintaining a file of the logs of wells, .
also maintains a large collection of samples of drill cuttings from
wells drilled throughout the state. These samples are also avail-
able for study by any qualified person. For the convenience of op-
erators in the western part of the state a branch office and sample
storage warehouse is located at Wichita. Studies of these samples
by geologists in the industry add to their knowledge of subsurface
conditions and thus influence decisions regarding location of new
areas in which to drill for oil and gas.

Oil and gas research work carried on by the Survey is some-
what similar in character to that done by oil companies. Effort is
made, however, to avoid as far as possible duplication of work done
by the companies. For example, geological work done by oil com-
panies commonly is of a very detailed nature over a limited area.
The Geological Survey, on the other hand, is more concerned with
problems that are regional or statewide in scope and which sup-
plement the detailed work done by private organizations.

The results of research studies by members of the Survey staff
are made available to the public by means of the publications of
the Survey. These publications are distributed from the office of
the Geological Survey at the University of Kansas upon payment
of a small mailing charge. Lists of available publications are sent
free upon request.

The members of the staff. of the Geological Survey are called
upon very frequently to confer with geologists and operators on
their geological problems. This is of especial value in areas where
consulting geologists are not available.

NATURAL GASOLINE

Kansas has a total of 15 natural gasoline plants with a daily
capacity of 321,900 gallons of natural gasoline. The average pro-
duction per month for the first three months of 1941 was 6,607,000
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gallohs. This is approximately 4.5 per cent of the production of
the entire United States.

NaTURrAaL Gas

From 1886 to 1940 the cumulative production of gas in Kansas
amounted to 1,643,923,126,000 cubic feet. The production for 1940
was 85,632,472,000 cubic feet. In 1941, 10 gas fields were discovered
with an initial potential of 37,531,000 cubic feet. These discoveries
were made in 8 counties, 4 in the eastern portion and 4 in the west-
ern portion of the state. Locations of natural gas fields in Kansas
are shown in figure 2.

During 1940 a total of 96 gas wells were drilled, 72 wells in the
western part of the state and 24 in the eastern part. According to
available reports, the total potential added during 1940 was 1,330,-
859,000 cubic feet of gas per day. Of this amount, 41,900,000 cubic
feet, or 3 per cent, were reported from eastern Kansas. If complete
statistics were available, this figure would be increased consid-
erably.

HerLium

Helium is present in small amounts in natural gas from many
fields. It commonly constitutes less than 0.3 per cent by volume of
the gas. In Cowley County, in the Dexter-Otto district, the helium
content of the gas ranges from 1 to 2.1 per cent.

A helium extraction plant at Dexter (fig. 3), now owned by the
United States government, has been shut down for several years.
Before the plant was purchased by the government, a considerable
quantity of helium was sold to the government at $34.70 per 1,000
cubic feet. In 1929 the plant was described as having an annual
capacity of 8,000,000 cubic feet of helium.

It is belived that the helium fields in south-central Kansas could
be extended.

CARBON BLACK

* Carbon black is made by burning natural gas under conditions
in which the oxygen supply is insufficient to produce complete
combustion. It is being produced in two plants in Grant and Has-
kell counties (fig. 3), and other plants in Kansas are being con-
structed. In 1939, production in Kansas and Oklahoma totaled ap-
proximately 20,000,000 pounds.
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Carbon black is used mainly in the rubber industry, an average
automobile tire containing about two pounds. The material is also
used in paints, inks and polishes.
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METALS

AvruminuMm FroM Kansas CLays

Summary.—Clays of central and north-central Kansas constitute
a vast potential reserve of low-grade aluminum ore. Millions of tons
of clay having an alumina content ranging from 28 to 32 per cent
could be mined economically by stripping methods: Smaller ton-
nages of clay ranging from 32 to 39 per cent alumina also are avail-
able. Several processes can be used to extract alumina from clays.
A medified sulphuric acid process has been approved by Secretary
Ickes for the extraction from clay of aluminum for war industries.

European countries have been recovering aluminum from clay
for several years. The processes used are well known and are
theoretically sound. Clays have not been used as a source of al-
uminum in this country because of the fact that the metal can be
recovered from bauxite (Al,0,.2H,0) at a lower cost. Kaolin, the
clay richest in aluminum, has the composition Al,0,.2Si0,.2H,0.
Bauxite contains 50 to 60 per cent alumina (Al,O,), whereas the
maximum content of alumina in pure clay is 39.5 per cent. Bauxite
contains 530 to 630 pounds of metal per ton of ore, whereas only 210
to 420 pounds of metal occur in a ton of raw high-grade clay. The
supply of high-grade bauxite ore in the United States is sufficient
for but a few years, and we now import about 50 per cent of our re-
quirements from South America.

The consumption of aluminum has increased greatly in the past
two years and will continue to do so. Aluminum is of vital im-
portance in the production of war materials. Availability rather
than cost will be of primary importance during the critical period
of the war, but it seems reasonable to assume that, even without
the necessities of a war economy, the vast deposits of clay in Kan-
sas will come to be regarded as an important source of aluminum
within the next few years. Clay has a far greater metallic con-
tent than that of many metallic ores now successfully treated.

Metallurgy of aluminum.—There are two main steps in the re-
covery of aluminum from its ores: (1) the production of high
purity alumina, and (2) the electrolytic reduction of alumina to
aluminum. Aluminum-bearing minerals are dissolved from the
ore either by the alkaline or the acid process and later converted to
alumina. The alkaline process is the common method now used in
treating bauxite. The acid method, while theoretically sound and
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suitable for treating clays, has not been used for commercial pro-
duction in this country.

The first step in the process of recovery of aluminum from a clay
ore consists of caleining the clay at a temperature of 500 to 600° C.
to eliminate organic material and to increase the solubility of the
alumina. In general, the alkaline process for the extraction of al-
umina from clays is not considered satisfactory because of the fact
that the silica also is soluble. The alkaline process, however, has
been successfully used by the Russians. A modification of this
process is described by Kammermeyer and White (1940, pp. 683-
699). A mixture of clay, limestone, and soda ash is fired to clinker
in a rotary kiln and subsequently leached with water. Extractions
of 85 to 90 per cent of the total AL,O, and Na,O in the clinker are
possible.

Hydrochloric or sulphuric acid commonly is used in the acid ex-
traction process. If hydrochloric acid is used, the calcined clay is
decomposed by the acid at about 100° C.; aluminum chloride is re-
moved by a hydrochloric gas current, leaving the iron chloride in
solution. At 300° C. the aluminum chloride separates into alumina
and hydrochloric acid; the latter is recovered and used again.

The United States Bureau of Mines has developed an improved
sulphuric acid process. Secretary Ickes has proposed that a number
of plants be constructed in which aluminum sulphate or alum could
be produced from clay and other siliceous ores of aluminum. The
alum, or other intermediate products, would be shipped to cen-
trally located plants to be converted into aluminum.

The Kalunite process recently has been developed for extracting
alumina from clay. This process has been described in a recent
paper by Eicheberger (1941). The calcined clay is treated with
sulphuric acid and potassium sulphate to form potash alum. The
potash alum solution is autoclaved at 200° C. and 250 pounds per
square inch pressure to give a basic potassium aluminum sulphate.
This is heated to drive off the sulphur oxides, and the potassium
sulphate is leached and removed in water solution for re-use. The
residue is alumina, from which the metal, aluminum, is recovered
by the well-known electrolytic process which also is used in ex-
tracting alumina from bauxite.

In the alkaline process a reasonably small amount of iron oxide
in the ore is not objectionable, but silica causes trouble. Clay, be-
ing high in silica, generally is considered unsuitable for the al-
kaline process. Conversely, silica is not objectionable in the acid
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process whereas iron oxide gives trouble. Many Kansas clays are
low in iron and could be treated by the acid process.

A very important factor in aluminum production is the cost of
power. In general, manufacturers pay less than 3 mills per kilo-
watt hour for the 20,000 to 25,000 kilowatt hours needed to pro- -
duce one ton of the metal. Kansas has an extremely large fuel re-
serve, available both for primary power and the generation of
electricity. Although it may not be possible to produce power from
this source for as little as 3 mills per kilowatt hours, it is possible
that its use would be feasible in the war emergency. If this fuel
reserve were used for power, the entire process of extracting the
metal from clay could be carried out in Kansas. Either hydro-
chloric or sulphuric acid can be used in the extraction process. Kan-
sas has a very large reserve of salt, which is used in the manu-
facture of hydrochloric acid, and a fairly adequate supply of sul-
phuric acid could be obtained from the pyrite which is washed out
of Kansas coal.

The State Geological Survey of Kansas is undertaking research
on methods of mechanical concentration of the alumina content of
clay. Such mechanical processes, if developed on an economical
basis, will not only improve the quality of fire clays but may be-
come the first step in the production of aluminum from clay.

Kansas reserves of high-alumina clay.—The high alumina clays
of Kansas are discussed elsewhere in this bulletin in the section
headed Clay, in which the age, origin, and ceramic properties and
uses are discussed. The clays specifically describéd crop out in
central and north-central Kansas, and in restricted areas in south-
west Kansas. These clays differ from other Kansas clays which
have been tested in that the dominant clay mineral is kaolinite.
The principal mineral, other than kaolinite, found in these clays is
finely divided quartz (SiO,). All proportions of silica and kaolin-
ite are found in the material ranging from nearly pure silica to
pure kaolin. At least half of the total tonnage available consists of
clays of intermediate purity, in which class are included all clays
having an alumina content ranging from 20 to 30 per cent. Millions
of tons of clay having an alumina content of 28 to 30 per cent are
readily available. The iron content ranges from 0.5 per cent to 1.8
per cent ferric oxide.

The largest deposit of this high-alumina clay exposed at the sur-
face was found in an area in southern Cloud and northern Ottawa



102 Geological Survey of Kansas—1942 Reports of Studies

counties. Outcrops extending over an area about a quarter of a
mile wide and more than two miles long were sampled. The beds
are approximately horizontal, are fairly uniform in thickness, and
are covered with an overburden of moderate thickness over a con-
siderable portion of the area. The high-alumina part of this bed
averages about 7 feet in thickness. A more siliceous, light-firing,
refractory clay occurs below the high-alumina clay. The same bed
of high-alumina clay was sampled also in Washington and Lincoln
counties. Analyses of samples taken from this bed in three coun-
ties in Kansas are given in table 5.

TABLE 5. Analyses of a bed of high-alumina clay sampled in three counties.

(Analyses by Raymond Thompson in laboratories of State
Geological Survey of Kansas.)

Constituents Cloud county Ottawa county Washington county
(per cent) (per cent) (per cent)
SiO, 59.94 62.09 59.88
A1203 29.38 2745 3111
Fe,O, 1.20 0.58 1.69
CaO 1.10 0.94 0.24
Ignition loss 8.60 8.90 7.20
Total 100.32 99.96 100.12

When calcined, the above samples contain 32.01 per cent, 30.18
per cent, and 33.48 per cent alumina, respectively; this is based on
the assumption that the ignition loss is due entirely to the loss of
hygroscopic and chemically combined water in the clay.

TABLE 6. Representative analyses of north-central Kansas high-alumina clays.

(Analyses by Raymond Thompson in laboratories of the State Geological
Survey of Kansas; laboratory numbers of sample analyzed
given at heads of columns).

Constituents El-12-4 W-19-A El-52-3 L-30-4
(per cent) (per cent) (per cent) (per cent)
Sio R 60.26 60.70 56.40 45.60
ALO, 28.69 28.44 31.00 39.50
Fe,0, 0.49 2.88 1.08 0.67
CaO 0.21 0.27 0.18 0.16
Ignition loss 9.81 7.33 11.15 14.00

Total 99.46 99.62 99.81 99.93
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The clays discussed above have not been developed commer-
cially because prior to 1938 they were not known to exist, and be-
cause of the fact that their existence was not publicized until much
later. Carload samples for plant trials have been shipped from four
different deposits in the outcrop area. The experience gained from
removing the carload lots has demonstrated that the clay can be
easily mined and that the quality is uniform, at least within the
limits of the small tonnage taken out.

No facilities have been set up for loading the clay from any of
the deposits directly onto railroad cars. In most cases, the better
deposits of clay are a few miles from the nearest railroad siding.
Clay from some of the larger deposits, however, can be trucked
over all-weather roads to the sidings.
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IroN

Summary.—Although iron is not now produced in Kansas, there
are two potential sources for small-scale production.

Iron from mine waters.—Kansas has a potential source of iron,
now unused, in the mine waters of the lead and zinc area in Cher-
okee county. Practical methods of removing objectionable acid
and iron from mine waters discharged from lead and zinc mines in
Cherokee county have been described (Kinney, 1941). Kinney’s
studies show that mine waters in the Baxter Springs area contain
as much as 6,000 parts per million of iron and that several tons of
iron hydroxide are deposited daily in settling ponds and in river
channels. According to Kinney, a plant treating daily 5,000,000
gallons of mine water containing 1,000 parts per million of iron
would produce in one year the equivalent of 10,845 tons of Fe,O,,
if operating at 100 per cent efficiency.

Manufacturers of Portland cement are finding it necessary to add
iron to the common raw materials in order to produce a certain
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kind of cement used in mass concrete work. At present, pyrite
cinder is being shipped from St. Louis to Kansas cement mills; iron
hydroxide from mine waters could be substituted. Other uses for
iron recovered from mine water will be found, and it should be
remembered that mine operators have lowered production be-
cause of their reluctance to discharge additional untreated waters
into surface drainage channels. Thus, it seems that treating plants
are necessary to bring about the desired increase in lead and zinc
production and that economic use of the recovered iron is highly
desirable to offset the cost of treating the mine waters.

Iron from hematite and limonite.—Hematite and limonite, which
are commercial iron ores at various places in the United States,
occur in Kansas, although no large deposits are known and no ore
is mined. Hematite is iron sesquioxide (Fe,0,), containing 70 per
cent iron. Limonite is the hydrous sesquioxide of iron (2Fe,O,-
.3H,0); it contains 59.8 per cent iron. Possibly the best known
prospect is in the SE%; sec. 13, T. 13 S., R. 11 W., Russell county.
Here a bed of hematite and limonite eight feet thick crops out in
the top of the Dakota formation of Cretaceous age. This potential
ore is of sedimentary origin and is stratified. It is somewhat con-
taminated by thin interbedded layers of sandstone parallel to the
stratification, although in places individual layers of iron oxide as
thick as ten inches free of sandstone can be observed. Deposits of
this kind might furnish iron ore for chemical purposes, such as for
the cement industry.
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MAGNESIUM

Summary.—Magnesium-bearing oil field brines and beds of rock
dolomite in Kansas constitute important potential sources for produc-
tion of the metal, magnesium.

Attention is here directed to the strategic importance of the
metal, magnesium, and to the fact that magnesium is present in
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large quantities in deep ground waters in Kansas and in certain
rock dolomites in the state.

Magnesium is a silvery white metal of great strength. It is the
lightest of all the known metals that are comparatively little al-
tered under ordinary atmospheric conditions. Its specific gravity
is 1.74. The specific gravity of aluminum is 2.7. Copper is more
than 5 times as heavy as magnesium. Magnesium does not occur in
native form; that is, it is not found naturally in the uncombined, or
metallic, state. It is, however, one of the most abundant of metals.
It is a part of many rocks, and its compounds are present in many
natural waters. Ordinary sea water contains more than 0.1 per
cent. magnesium, and the magnesium content of many “mineral
waters” is much higher.

Magnesium is produced from natural and artificial magnesium
chloride (MgClL,) by electrolysis. It also is obtained from the cal-
cined form of magnesite (MgCQ,) and recently from rock dolo-
mite, the only common ores of magnesium. Calcined magnesite
(MgO) is reduced with coal in electric furnaces. The temperature
employed is high enough to volatilize the magnesium, which is
later condensed. In the United States, magnesium is being pro-
duced from brines obtained from wells in Michigan and from
ocean water at Freeport, Texas. It is reported that the Texas
plant uses 500,000,000 gallons of water and produces annually
7500 tons of metallic magnesium. In the process of extracting mag-
nesium from natural brines the magnesium-bearing water is
treated with slaked lime to produce magnesium hydroxide. The
magnesium hydroxide is treated in turn with hydrochloric acid to
produce magnesium chloride. An artificial magnesium chloride
thus is made available for the electrolysis process.

It has been suggested that in Kansas it might be advisable to use
slaked dolomite instead of chalk and thus produce magnesium hy-
droxide simultaneously from the brirfe and from the dolomite. This
would be particularly advantageous in the south-central area
where the dolomite deposits are nearer the oil fields than are chalk
or limestone deposits.

Recently, several magnesium plants utilizing different processes
have been constructed in Nevada and California. In some of these
plants dolomite is being used as a source of magnesium.

Uses of magnesium.—Magnesium is used as a deoxidizing and
desulphurizing agent in the manufacture of metals and alloys. Un-
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til recently, this perhaps was its greatest use. It now is used ex-
tensively in making castings. Magnesium castings as aircraft parts
include crank cases, pistons, oil pans, bearings, and control levers.
Magnesium castings are used also as parts in surveying instru-
ments, motion picture machines, field glasses, microscopes, and in
many other instruments. Magnesium is made into sheets, rods, and
tubing, which have a multitude of uses wherever material of light
weight and great strength is desired. The usefulness of magnesium
in aircraft construction is extremely significant at the present time.

Several magnesium alloys now are being produced. Magnesium
and aluminum alloys are especially useful in the manufacture of
airplane parts. In some of these alloys as little as 0.5 per cent mag-
nesium is used. It is reported that an alloy containing 93 per cent
magnesium, 7 per cent aluminum, and 0.04 per cent manganese has
a tensile strength of 30,000 pounds per square inch. Magnesium is
combined with beryllium to produce one of the lightest known al-
loys, and is combined with lead to give a much harder product than
lead alone.

Magnesium is used in making tracer bullets, tracer shells and in-
cendiary bombs, and in making flash-light powders, photographic
flares and other articles useful and essential in modern warfare and
industry.

It has been suggested that several small plants for the partial
completion of the magnesium extraction process might be set up
in Kansas and in other Mid-Continent states. Such small plants
would concentrate from the brines either magnesium hydroxide,
Mg (OH) ,, which contains 834 pounds of magnesium per ton, or
magnesium chloride, MgCl,, which contains 510 pounds of mag-
nesium per ton. These concentrates would then be shipped to a
centrally located plant at a place where cheap electricity is avail-
able for the final extraction of metallic magnesium.

The possible extraction of magnesium from oil-field brines is of
especial interest because it may be a means of converting into a
valuable mineral resource a by-product of the petroleum industry
that heretofore has been regarded only as deleterius waste.

MAGNESIUM FROM KANSAS OIL FIELD BRINES

Reconnaissance studies of available data pertaining to Kansas
oil field brines have shown that over a wide area there are natural
brines having magnesium content several times that of ordinary
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ocean water. Official water sample analyses made by the Kansas
State Board of Health have provided much of the data used in
these studies. Table 7 shows in parts per million the magnesium
content of a selected group of water samples. These analyses were
selected from the files of the Board of Health and from other
sources because of their high magnesium content, and it should be
stated that because of the limited number of samples available this
table probably does not list all Kansas counties in which brines of
high magnesium content can be obtained. From several hundred
analyses those showing a magnesium content of 3,000 parts per
million, or about 25 pounds of magnesium per 1,000 gallons of
liquid, or more were selected and included in the table. A large
" number of deep brines in Kansas have a magnesium content as
high, or generally higher, than that of ocean water (about 1,400
parts per million, or less than 12 pounds of metal per 1,000 gal-
lons of liquid).

TABLE 7. Magnesium content of selected Kansas oil field brines, as sampled
from disposal systems.

Name of Formation, Total solids, Magnesium,

field County source of parts per  parts per
water million million

Bloomer Barton Topeka ls. 193,000 3,400
Burrton Reno “Chat” 108,000 1,700
Burrton Reno Hunton Is. 72,000 1,150
Burrton Reno Arbuckle Is. 66,000 935
Caldwell Sumner Wilcox fm. 223,000 2,400
Cunningham Kingman Kansas City 1s. 224,000 3,700
Rainbow Bend Cowley Kansas City Is. 225,000 3,500
” i Bartlesville ss. 229,000 2,300
” ' ” Layton ss. . 217,000 3,300
" i Hoover ss. 200,000 2,800
225,000 3,700
Ritz-Canton McPherson “Chat” 103,000 2,000
Sullivan Russell Arbuckle Is. —_ 2,700
Valley Center Sedgwick Kansas City Is. 211,000 3,500
” ” Mississippi ls. 100,000 1,200
Voshell McPherson Hunton fm. 74,000 1,700
” ) ” Wilcox fm. 38,000 580
” ” Arbuckle Is. 43,000 634

Table 7, above, shows the magnesium content of selected water
samples from different stratigraphic units in individual wells in
different locations in Kansas. Table 8 shows the average mag-
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nesium content of water from various formations in several Kansas
oil fields.

Large volumes of brine are included in the wastes brought to
the surface in Kansas oil fields, and the problems of disposal of
oil-field brines have received much attention. Until recently, the
general method of brine disposal has been impounding on the lease.
At the present time, large volumes of brines are returned to the
subsurface formations through disposal wells. Some brines are
used in water flood operations as a means of secondary recovery
of oil.

Figures expressing the exact volume of brine produced in var-
ious Kansas oil fields are not easily obtained, but estimates be-
lieved to be fairly accurate can be made. It is believed that in gen-
eral the ratio of water to oil in the fluids being pumped in Kansas
is about 2 to 1. Some fields are producing 85 to 90 per cent water
and 10 to 15 per cent oil. In several of the major fields disposal
wells are in operation that have a daily capacity of 30,000 to 50,000
barrels of water. If the brine disposed of in such wells has a mag-
nesium content of 4,000 parts per million, then about 40,000 pounds
of magnesium are disposed of daily. The concensus of opinion is
that in some of the larger oil pools in Kansas producing from the
Arbuckle or “siliceous lime” the volume of brine that can be pro-
duced is limited only by the available pumping equipment. Water
from other stratigraphic formations is not so abundant. More than
6,863,100 barrels of water having a magnesium content of 3199
parts per million have passed through a single disposal system in
the Burrton field, Reno county, in the past five year.

Because of the fact that brines of high magnesium content are
produced in the oil fields, it seems reasonable to suggest that the
possibility of practical magnesium recovery from oil-field brines
should be carefully considered. Additional samples of Kansas
brines are now being collected for analysis in the chemistry lab-
oratories at the University of Kansas. In some cases it may be
found feasible to treat water passing through disposal systems for
magnesium extraction. It may even be practical to pump brine
from abandoned wells or from wells drilled especially for brine
production. It should be noted that not all brines with high mag-
nesium content are associated with oil fields. Analysis of brine
from a well drilled many years ago at Lawrence, Douglas county,
showed 6,309 parts per million of magnesium, or more than 50
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pounds of magnesium per 1,000 gallons of brine (Bailey, 1902, p.
151). The Lawrence well was drilled to a depth of 1,400 feet; the
depth from which the brine was produced is unknown. It is re-
ported that the well flowed for several years before being filled.

MAGNESIUM FROM DOLOMITE

Rock dolomite in the Permian' rocks in central and southern
Kansas constitutes another potential magnesium ore. The mineral
dolomite, which is the dominant constituent of rock dolomite, is the
carbonate of magnesium and calcium; its chemical formula is
CaMg (CO;),, and the theoretical composition is carbon dioxide
(CO,) 47.8 per cent, calcium oxide (CaO) 30.4 per cent and mag-
‘nesium oxide (MgQO) 21.7 per cent.  Varieties of rock dolomite oc-
cur in which the proportion of calcia to magnesia deviates from
this proportion because of the presence of calcite (calcium car-
bonate) or other substances.

Dolomite in Kansas.—Dolomite occurs in the surface rocks of
Kansas in two formations. One is the Stone Corral dolomite that
crops out in Rice, Reno, Kingman and Harper counties. This de-
posit is about 6 feet thick in Rice county but is somewhat thinner
farther south. In the subsurface some distance from the outcrop
this rock is an aggregate of dolomite and anhydrite crystals, but in
the shallow subsurface and in surface exposures the anhydrite por-
tion has been removed by action of ground water. This has ren-
dered the rock somewhat cellular, and because anhydrite has been
in part replaced by calcite, the relative proportion of the latter has
been somewhat increased.

The thickest surface expression of the Stone Corral dolomite is in
T. 20 S, R. 6 W., eastern Rice county. There the rock is well sit-
uated for convenient stripping operations. It is estimated that a
single strip pit, from which it would be necessary to remove only
a few feet of overburden, could be developed over at least one-
half of one square mile. There are other favorable stripping lo-
calities, especially in Reno and Kingman counties.

The Day Creek dolomite is a thinner deposit, being about 2%
feet in thickness. There are excellent outcrops in the vicinity of
Ashland, Clark county. These outcrops are not so favorably lo-
cated for large-scale strip mining, but it is estimated that at least
a million tons could be mined easily with the removal of a com-
paratively small volume of overburden.
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Locations of outcrops of both formations are shown in figure 12.
The eastern band of outcrops is the Stone Corral dolomite and the
western area is the Day Creek dolomite.

Chemical analyses of samples from both of the above-described
dolomite formations are presented in tables 9 and 10, below.

TaBLE 9. Chemical analysis of sample of Day Creek dolomite, T. 32 S.,R.23 W.,
Clark county

CONSTITUENTS PER CENT
Si0, 1.64
ALO, 1.28
Fe,O, e me e men s e e neeeseeneneeen 1.98
Ca0 e 31.54
MgO .. 18.02
Losson ignition ... 46.34

Total 100.80
CaCO,, calculated ............... eeeeeineennsnenaenanas 56.14
MgCO,, caleulated ... 37.66

Tasre 10. Chemical analyses of five samples (1-5) of Stone Corral dolomite;
from T. 20 S., R. 6 W., eastern Rice county

PER CENT

CONSTITUENTS 1) 2 3) 4) %)
248 2.52 4.26 2.68
2.61 2.89 534 2.54
0.35 0.35 0.98 0.54
35.92 36.44 29.66 33.82
MgO 14.40 14.08 13.52 16.33 15.35
Loss on ignition .............. 41.40 43.46 43.29 41.02 43.25
Total oo 97.02 98.90 99.01 97.59 98.18
CaCO,, estimated ........... 64.70 64.02 65.00 52.92 60.35

MgCO,, estimated ............ 30.10 29.43 28.24 34.10 32.09

Because of the urgent need for magnesium it is believed that
Kansas dolomites should be thoroughly investigated as a potential
magnesium ore.

Kansas reserves.—Conservative estimates indicate that at least
15,000,000 tons of rock dolomite can be mined easily by stripping
methods from the Stone Corral deposit, and that 1,000,000 tons can
be obtained in the same way from the Day Creek bed. The mag-
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nesium content of one ton of ore that contains 20 per cent mag-
nesium oxide is about 240 pounds. It has been suggested that the
“chat” piles of southeastern Kansas might constitute a possible
source of magnesium. Although there is some dolomite in the
“chat”, the presence of a considerable amount of chert and lime-
stone probably would make the material unsuitable for such de-
velopment.

Age and origin.—The two dolomites described above are of Per- .
mian age and are the result of deposition from marine waters in
what probably was an enclosed marine basin.
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PYRITE

Summary.—Pyrite is used chiefly in making sulphuric acid. The
Kansas reserves are related to coal reserves and production inas-
much as Kansas pyrite is a by-product of the purification of coal.

Description.—Pyrite or iron pyrites is an opaque, brittle, pale
brass-yellow metallic mineral consisting of iron and sulfur (FeS,).
Because of its color, it commonly is called fool’s gold. Pyrite com-
monly crystallizes in the form of cubes or pyritohedrons. It oc-
curs also in massive, fine granular and sometimes in nodular, stal-
actitic, or subfibrous radia‘ed forms. When struck on steel, py-
rite gives off sparks. The mineral is hard (6.0 to 6.5) and has a
specific gravity of 4.9 to 5.1. It breaks with a conchoidal or uneven
fracture. Pyrite occurs in rocks of all ages, mainly associated with
coal-bearing deposits and in veins, but also in clay and shale and
argillaceous sandstones.
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Kansas pyrite is produced solely as a by-product of the puri-
fication of coal. Impurities in the coal, amounting to about 3 per
cent and consisting largely of shale and pyrite, are removed in the
purification process. A process of classification is employed which
uses settling cones with a heavier than water medium; coal floats
and the impurities sink in the medium. From the impure portion,
pyrite is recovered in another concentrating process. The recovery
of pyrite is approximately 10 pounds per ton of coal.

Uses.—Kansas pyrite is sent to a chemical plant in St. Louis,
where it is converted into sulfuric acid. :

Reserves.—The reserves of pyrite are intimately related to the
reserves and production of coal, which are discussed elsewhere
in this report.

ZINc AND LEAD

Summary.—During 1940, Kansas produced about 57,000 short tons
of zinc and about 12,000 short tons of lead. The known reserves are
small but may be extended by recent exploration studies of the State
Geological Survey.

Location of deposits.—The zinc and lead ore deposits of Kansas
are part of those of the Tri-State district of southeastern Kansas,
northeastern Oklahoma, and southwestern Missouri. Zinc and
lead mining in Kansas is confined to the southeastern corner of
Cherokee County, comprising the Kansas portion of the district.

Character and occurrence of cre—The ore in the Tri-State dis-
trict occurs in definite stratigraphic horizons in the Mississippian
limestones; these horizons in general lie 100 to 200 feet below the
contact with the overlying Cherokee shale. Unconformably over-
lying the Mississippian limestone in the greater part of the Kan-
sas area of the mining district is a cover of barren Cherokee shales
and interstratified sandstones, which reach a maximum thickness
of about 250 feet in the Kansas portion of the district. Inasmuch
as the Mississippian and Pennsylvanian rocks dip gently north-
westward, the ore is found at progressively greater depths toward
the west. The depth to ore in the Kansas portion of the field varies
from about 150 to 400 feet. The ore tends to be concentrated in
portions of the district which have been subjected to intense frac-
turing and brecciation.

The principal ore mineral is sphalerite (zinc sulphide).In certain
parts of the field there also are considerable amounts of galena
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(lead sulphide). Associated with these two ore minerals in some
places are the iron disulphides, pyrite and marcasite. The ore also
contains minor amounts of greenockite (cadmium sulphide) and
chalcopyrite (copper iron sulphide). Generally, the sulphide min-
eralization is associated with intense chertification. Dolomitization
likewise is found in some places. Sphalerite, the principal ore min-
eral, commonly is brown to black in color, has a resinous luster, a
hardness of about 4.0 and a specific of 3.9 to 4.1. Galena, the lead ore
mineral, commonly is found in steel-gray cubes having cubic
cleavage and a specific gravity of 7.4 to 7.6. The ore bodies are very
irregular in shape. In the past, the outlines of the ore bodies have
been delineated by intensive churn-drilling programs. Generally,
the individual bodies have relatively large horizontal dimensions.

Lead and zinc production.—The Tri-State district is the largest
zinc-producing district and the third largest lead-producing dis-
trict in the United States. In 1940, the mine production of zinc in
the Tri-State district was 232,437 short tons, or 35.0 per cent of the
total United States mine production and 14.2 per cent of the total
world’s smelter production. Of the total Tri-State production, 24.5
per cent comes from Kansas.

In 1940, the mine production of lead in the Tri-State district was
35,311 short tons or 7.7 per cent of the total United States mine
production and 2.6 per cent of the total world smelter production.
Of the total Tri-State production, 33.8 per cent comes from Kansas.
Tables 11 and 12 present a statistical summary of Kansas zinc and
lead production for the past five years.

TasLE 11. Kansas zinc production!
(Mine production in short tons)

£
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1936 79,017 226,857 34.83 575574  13.73 1,464,000
1937 80,300 236,585 33.94 626,362 12.82 1,626,000
1938 73,024 196,174 37.22 516,703 14.13 1,568,000
1939 68,971 224,446 30.73 583,807 11.81 1,635,000
1940 57,032 232,437 24.54 665,068 8.58 Not avail.

1 Minerals Yearbook, U.S. Bureau of Mines, 1940.
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TasLE 12. Kansas lead productiont
(Mine production in short tons)
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1936 11,409 38,842 29.37 372,919 3.06 1,478,000
1937 16,008 50,274 31.84 464,892 3.44 1,679,000
1938 15,239 39,400 38.68 369,726 412 1,704,000
1939 13,697 44,176 31.01 413,979 3.31 1,741,000
1940 11,927 35,311 33.78 457,392 261 Not avail.

1 Minerals Yearbook, U.S. Bureau of Mines, 1940.

Ore dressing.—After mining, the first treatment is milling to
produce zinc and lead concentrates carrying 60 and 75 per cent of
the metals respectively. The waste part of the ore, mostly chert,
is rejected and forms the “tailing” or “chat” piles common in the
district. The milling process consists of crushing the ore until the
mineral grains are released, followed by gravity concentration,
flotation concentration, or both. In gravity concentration the
heavy zinc and lead minerals separate to the bottom of the con-
centrating device. In the flotation process certain minerals, us-
ually those of metallic luster, such as zinc and lead sulphides, cling
to air bubbles, if the.ore is finely ground and agitated in water and
air. The affinity of “flotable” minerals for air bubbles is increased
by the addition of small amounts of oil and chemicals. The floated
minerals rise to the top of the agitated mixture and are recovered
in a froth. The waste part of the ore settles and is run to waste. The
method of milling has changed much in recent years. Instead of
having a large number of small concentrators, much of the ore is
sent to large central mills that handle the ore from many mines.
The largest of these mills, located in Oklahoma near Picher, has a
daily capacity of at least 10,000 tons of ore. Here a new ore con-
centrating process employing a differential density cone, known as
the “sink and float” or Wuensch process, has replaced older ma-
chines. Instead of using water as in jigging, an emulsion of finely-
divided lead sulphide and water is employed. The density of the
medium is such that heavy mineral particles settle, while the waste
part of the ore is carried away.
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Smelting Kansas zinc and lead ore—Zinc can be produced
either by the retort or the electrolytic process. The former process
accounts for 75 per cent of the zinc smelted in the United States.
Practically all Kansas ore is treated by the retort process. Form-
erly, Kansas had its own zinc smelters. With the depletion of fav-
orably situated gas fields and as a result of unfavorable freight
rates, zinc smelting in the state ceased. The ore is smelted in Okla-
homa, Arkansas, or the eastern states.

The smelting of zinc ore is somewhat complicated. As received
at the smelter, the zinc sulphide concentrate contains about 60 per
cent zinc. It is roasted to drive off sulphur, used in making sulphuric
acid. The sulphide thus is converted to the oxide. The oxidized ore,
mixed with an excess of coal, then is placed in a fire-clay retort,
heated to white heat, and reduced to zine. A peculiarity of the
process is that the zinc, at the high temperature of reduction, is in
the form of vapor. The vapor passes to a condenser attached to the
retort, condenses to liquid, is ladled and cast. The smelting is ac-
complished in long narrow furnaces fired by natural gas. Some 250
retorts are arranged in rows on either side of the furnace with con-
densers protruding through the side walls. The metal produced,
called “spelter”, carries 98 per cent zinc.

The smelting of lead ore is relatively simple. Much of the Kan-
sas lead concentrate is treated at Galena, Kansas, where the usual
process of reduction smelting is followed. The 70 per cent lead
concentrate is roasted to remove sulphur and then charged into a
blast furnace together with limestone flux and coke. Blast fur-
naces produce metallic lead. Lead produced in the Mississippi
Valley region is quite pure and requires no important refining op-
eration. After tapping, and with little further treatment, it is
ready for market.

Uses for zinc and lead.—The principal uses of zinc are in gal-
vanizing and brass making. Large amounts of zinc also are used in
die casting, battery cans, and photoengraving. Zinc salts are
widely used as high-grade pigments. Because of its use in brass,
galvanizing and die castings, zinc has become a strategic metal in
the national rearmament program. Lead and lead alloys are used
in storage batteries, cable coverings, ammunition, solder, foil, bear-
ing metal, and type metal. Lead salts are widely used as pig-
ments.’
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Ore reserves and future production.—The high-grade ore re-
serves of the Tri-State district are being rapidly exhausted. Re-
serves of low-grade ore are known, and it is possible that some of
these submarginal ores could be mined if the government sees fit
to grant sufficient subsidies. Inasmuch as the Tri-State district
constitutes the principal source of zinc in the United States, it is
important that attempts be made to locate new high-grade ore re-
serves. It is generally recognized that possibilities for new ore
discoveries are better in the Kansas portion of the field than else-
where. For this reason, the State Geological Survey of Kansas re-
cently has made intensive efforts to develop new methods of ex-
ploration which could be used by the ore producers in their search
for ore. During the summer of 1941 the State Geological Survey,
working in cooperation with the University of Kansas Engineering
Experiment Station and with the Tri-State Zinc and Lead Ore
Producers’ Association, began a comprehensive program of geo-
physical investigations in the Tri-State area. The purpose of these
investigations was to develop some geophysical method or combi-
nation of methods which could be used to guide the drilling pro-
grams. It was hoped that the application of geophysical methods
would serve not only to reduce the total cost of ore exploration in
the district, but also would serve considerably to accelerate ex-
ploration as well as to aid in the finding of new ore bodies which
normally might not be found in the course of the churn-drilling
program. The first phase of the geophysical work has been com-
pleted and has indicated that geophysical methods of exploration
can be successfully used to map structures associated with ore
mineralization. Such geophysical methods are now in a stage in
which they can be used successfully to guide exploration in the
Tri-State district.
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NONMETALLIC MINERAL RESOURCES
AspHALT Rock

Summary.—One plant in Kansas has been producing asphalt rock
for several years. The known reserves in Kansas exceed 25 million
tons. ;

Natural asphalt consists of solid or semisolid hydrocarbons that
.have been formed by natural processes from petroleum by the
evaporation of the lighter hydrocrabons and the partial oxidation
of the residue. Artificial asphalt is obtained as a residue from dis-
tillation of some crude oils; a large part, 80 per cent or more, of the
asphalt produced in the United States is obtained in this way. Nat-
ural asphalt may occur in “lakes” at the surface, as in the Bur-
mudez asphalt lake in Venezuela and on the island of Trinidad. A
more widespread mode of occurrence of asphalt is in the voids of
porous rocks, where it may serve as a cement binding the rock
particles together or may occupy interstices in rocks bound by
other mineral cementing material. Rock that contains an apprec-
iable amount of asphalt is known as asphalt rock. The asphaltic
content in most cases ranges from about 5 to 15 per cent. Asphalt
rock generally is in the form of impregnated porous sandstone or
limestone. Some writers prefer to use the term bitumen to desig-
nate the hydrocarbon material in such rocks. The term asphalt is
used in this paper.

Asphalt rock in Kansas.—In eastern Kansas there are commer-

cial deposits of asphalt rock in Linn county; in the same county
there are several other deposits that are not being worked. Old



Kansas Mineral Resources for Wartime Industries 119

oil seeps in Miami county would warrant exploration. In Labette
county, pockets of very heavy crude oil in porous, cavernous lime-
stone together with partly impregnated porous limestone at the
surface indicate that commercial deposits of asphalt rock may be
found. Weathered outcrops of impregnated rock have lost most of
their asphalt. The commercial deposits have been found in arti-
ficial exposures or by shallow drilling. Other counties in eastern
Kansas also may be profitably tested by drilling in areas where
porous rocks lie close below the surface. It should be noted, how-
ever, that the presence of asphalt is unusual; that is, one may ex-
pect to examine a great many porous rocks without finding as-
phalt.

Linn county is the only county in Kansas.in which asphalt rock
is being produced. A quarry in asphaltic sandstone is located in
sec. 25, T. 24 S, R. 24 E. High-grade asphalt rock is being quar-
ried there, and the material is processed in a plant at Pleasanton.
The reserves in this part of Linn county are believed to be large.
Samples of asphalt rock from Linn county contain approximately
12 per cent hydrocarbons. Asphalt has been seen on the surface or
in shallow excavations in Linn county in secs. 19, 24, 25, and 36, T.
21 S, R.24 E, and in sec. 30, T. 21 S,, R. 25 E. All of these oc-
currences are in the same sandstone stratum.

Limestone asphalt rocks oceur in both the northern and south-
ern parts of Linn county. A quarry in sec. 20, T. 20 S,, R. 24 E. was
worked for some time by the Kansas Rock Asphalt Company, and
high-grade material was obtained. A similar occurrence is in sec.
21, T.19 S, R. 24 E,, where a quarry was opened several years ago
but has been abandoned. There is good reason to believe that the
above-mentioned areas contain a considerable reserve of asphalt
rock of limestone type.

It is believed that by systematic exploration additional com-
mercial deposits of asphalt rock could be found in eastern Kan-
sas. Miami, Bourbon, and Crawford counties seem to have fav-
orable indications of the presence of asphalt rock. Areas in Kan-
sas wherein deposits are known or believed to be present are
shown in figure 4.

Production in Kansas.—For several years high-grade asphalt
has been produced at a plant at Pleasanton. This material has
found a market in several states, and its fitness as a paving material
has been proved.
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Uses of asphalt rock.—Where artificial asphalt is used in paving,
aggregate must be added; where crushed asphalt rock is em-
ployed, both the aggregate and binding material are present. In
practice, artificial asphalt often is added to lean asphalt rocks after
crushing. Kansas asphalt rock is of both the sandstone and lime-
stone types; hence two kinds of aggregate are available which can
be blended to produce almost any desired mixture. Attention is
called to the present demand for asphalt for use in the construc-
tion of paved runways at airports.

Kansas reserves—The deposits in Linn and Miami counties lie
in an area of asphalt rock extending into Vernon and Barton coun-
ties, Missouri. It has been estimated that there are approximately
90,000,000 to 100,000,000 tons of asphalt rock in Linn county, Kan-
sas, and in Barton and Vernon counties, Missouri. Between 20,-
000,000 and 25,000,000 tons are estimated to be present in Linn
county alone. Additional discoveries, through prospecting at the
sites of former “tar springs” in Miami county, probably would in-
crease greatly the known reserve.

Age and origin—The asphalt in Kansas asphalt rock deposits is
believed to have been formed by evaporation of more volatile parts
of crude oil that formerly was held in porous sandstone and lime-
stone. The asphalt is the partly oxidized residue of petroleum. All
asphalt rocks in eastern Kansas are Pennsylvanian in age.

Work of the State Geological Survey of Kansas.—The State Geo-
logical Survey of Kansas (Bull. 29, 1940) has located and described
areas in Kansas of known asphalt rock deposits and areas recom-
mended for prospecting. Additional work, especially the investi-
gation of favorable areas, is planned.

REFERENCES
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BENTONITE

Summary.—Kansas bentonite deposits are unexploited and unde-
veloped. Experiments have shown that they are well adapted for
use in drilling muds, bleaching oils, and bonding material for foundry
sands.

Description.—Bentonite is a clay or claylike material derived
from the alteration of volcanic ash. The chief constituent of ben-
tonite is the clay mineral montmorillinite, a hydrous aluminum
silicate. In general, bentonites are of three types: (1) those that
swell greatly in water, (2) those that do not swell in water any
more than ordinary plastic clays or fuller’s earth, and (3) those
that show a degree of swelling intermediate between types 1 and 2.
The high-swelling type of bentonite absorbs large quantities of
water and remains in thin water dispersions, whereas the non-
swelling type absorbs no more water than ordinary plastic clays
and settles rapidly in thin water dispersions. Mineralogically, ben-
tonites may be classified as alkaline bentonite, alkaline sub-ben-
tonite, alkaline-earth bentonite, and alkaline-earth sub-bentonite.

The Kansas bentonites thus far discovered and investigated be-
long to the intermediate type (3), as far as swelling is concerned.
Mineralogically, they include all four of the above-mentioned
classes. They are fine, plastic and most commonly of some shade of
gray or green. Colors reported are: very light gray, greenish
gray, light-yellow gray, bluish gray, brownish gray, olive green,
pale olive-green, gray-green, greenish white, maroon, brown, and
chocolate-brown. Some of the bentonites, such as those in Wallace
county, are interbedded with soft, dusty grit and sand, whereas
others, such as some in Phillips county, are interbedded with shale.
Thickness of bentonite beds range from 6 to 30 feet. In Wallace
county some of the deposits occur in more or less isolated, long
narrow mounds, as a result of erosion. The overburden varies
from 3 to 40 feet. Experiments conducted by the State Geological
Survey of Kansas show that the Kansas bentonites when immersed
in distilled water have a percentage increase of from 200 to 300
per cent. '

Chemically, bentonites should be high in silica and alumina in
order to be classed as economically important. Analyses by Kin-
ney (1942) of the State Geological Survey of Kansas show that the
Kansas bentonites have a high silica and alumina content. The av-
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erage chemical composition of ten bentonites from Phillips and
Wallace counties is giver. in table 13 below.

TABLE 13. Average chemical composition of ten bentonites from Phillips and
Wallace counties. (Analyses by E. D. Kinney).

CONSTITUENTS ‘ PER CENT
Sio, 54.72
AlLO, i 18.58
Fe,O, 277
CaO 2 3.50
MgO 0.38
NaZO and KZO ........... .. 082
THO, oot 0.01
H,O lost at 105°C ......... 0.89
Ignition loss (900°C) 1710
SO, 1.00

Total ... 98.96

The chemical analyses also show that Kansas bentonites con-
tain only normal amounts of impurities consisting of lime, iron
oxide, and sulphates. It should be noted that impure bentonite de-
posits often are situated very near purer material, a condition call-
ing for selective mining to assure a uniformly good product.

Distribution.—The known deposits of bentonite in Kansas are in
. Phillips and Wallace counties (fig. 5). The Phillips county de-
posits occur in an area that extends in a northeasterly direction
from sec. 35, 3 miles due south of Long Island, to sec. 11, T.1 S, R.
18 W. This area is approximately 12 miles long and from one-half
to three-quarters of a mile wide. Samples have been collected
from the SEV4 sec. 10, T.1 S.,R. 18 W., and NEY4 sec. 35, T.1 S, R.
20 W. The Wallace county bentonite deposits also are extensive.
Bentonite is known to be present in Wallace county at the fol-
lowing locations:

NW NE sec. 29, T.11 S,, R. 41 W.
NW NE sec. 30, T.11 S, R. 41 W.
NE sec. 26, T.11 S, R. 42 W.
NW sec. 8, T.12S,,R.41 W.
NW SWsec. 8§ T.12S,R. 41 W.
SWsec.19, T.12 S, R. 41 W.
sec. 1,T.12S,R. 42 W.

sec. 2T.12S, R. 42 W.

SE sec. 14, T.12S,, R. 42 W.
SWNW sec. 6, T.12S,R. 41 W.
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F1Gure 5. Maps of Wallace and Phillips counties, and part of Logan county,
Kansas, showing location of known bentonite and diatomaceous marl deposits.

Bentonite undoubtedly is present at places other than those men-
tioned above, not only in Phillips and Wallace counties but also in
counties from which bentonite thus far has not been reported.

Uses.—Experiments thus far conducted on Kansas bentonites
(Kinney, 1942) indicate that they are suitable for the purpose of
filtering oils, as an ingredient in moulding sands, and for purposes
of sealing to prevent the percolation of water in the construction of
dams. Kansas bentonites swell only a little over three times their
original volume, compared with 15 times in the case of the Wyom-
ing bentonites. Furthermore, Kansas bentonites tend to form thick
colloidal pastes with moderate amounts of water. These facts, to-
gether with their cheapness and accessibility, should render them
useful as oil-drilling muds, especially for use in local drilling. Ex-
periments have shown that Kansas bentonites are unusually good
as bonding cement in foundry sands.

Bentonite is used as a thickening agent in drilling muds, for
the purpose of sealing walls against water filtration, and as a bond-
ing medium for heat and sound insulation blocks, plasters and ce-
ments. Bentonite is a standard suspending, spreading and ad-
hesive agent in horticultural sprays and insecticides. It is used for
the purpose of clarifying turbid waters and purifying sewage, for
emulsifying asphalts and other water immiscibles; and as an ad-
mixture in concrete to improve workability and flow and to pre-
vent segregation. Bentonite also is employed to inhibit the gum-
ming of screens in dewatering paper pulp, to gelatinize mash
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poultry foods, and in the preparation of cosmetics and pharmaceut-
icals.

Production and reserves.—Up to the présent time (April, 1942),
Kansas bentonite deposits have not been exploited or developed,
and the extent and volume of reserves is not known. In 1938, a
considerable number of auger holes were drilled in sec. 35, T.1 S,,
R.20 W. and in sec. 10, T. 1 S, R. 18 W, in Phillips county. Ben-
tonite was found in most of the auger holes, and thicknesses of 25
feet were reported in some. As indicated previously in this report,
further intensified search and test drilling undoubtedly will reveal
bentonite deposits other than those already known, not only in
Phillips and Wallace counties but also in other Kansas counties.

The importance of searching for and developing Kansas ben-
tonite deposits is suggested by the table below, which shows the
. great increase in the volume of bentonite sold in the United States
from 1931 to 1940 inclusive. During this period production and
value increased almost five times.

TasLE 14. Bentonite sold by producers in the United States, 1931-19401

YEAR SHORT TONS VALUE IN DOLLARS
1931 52,293 429,842
1932 57,743 489,803
1933 84,993 719,345
1934 146,187 977,208
1935 157,445 1,047,600
1936 177,807 1,367,420
1937 194,768 1,500,758
1938 192,183 1,373,182
1939 219,720 1,702,393
1940 . 251,032 1,919,461

1 Minerals Yearbook, U.S. Bureau of Mines, 1940.

Wyoming and South Dakota are the largest producers of ben-
tonite in the United States. Other states in which bentonite is sold
or used by producers include: Alabama, Arizona, California, Col-
orado, Mississippi, Nevada, New Mexico, Oklahoma and Utah.

Origin and age.—Bentonite is derived from the alteration or
weathering of volcanic ash. Kansas bentonites are of at least two
ages. In Wallace county, bentonite is found in the Tertiary Ogal-
lala formation. Some of the Tertiary bentonite may be Miocene
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and some early Pliocene in age. The Phillips county bentonite is
found in the lower part of the Weskan shale member of the Pierre
shale formation of Cretaceous age.

Work of the State Geological Survey.—The State Geological
Survey has carried on a preliminary exploratory survey in Phillips
and Wallace counties. Recently, the Survey has completed a series
of chemical analyses of Kansas bentonites and has performed var-
ious tests to determine their physical properties and uses, espec-
ially as oil drilling muds, bleaching materials for oils, bonding ma-
terial in ceramic mixtures and as bonding cement in foundry sands.
A report on Kansas bentonites and their uses is now in preparation
and will be published in the near future as a bulletin of the State
Geological Survey of Kansas.

REFERENCES
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. CHALK

Summary.—The production of Kansas chalk up to the present
time has been on a small-scale basis. It is estimated that at least 50
billion tons could be mined in Kansas by stripping methods.

Deposits of chalk are of sparse geographic distribution. The
only important deposits of chalk in North America are in a few of
the midwestern states. A large proportion of the chalk in this area
is within the boundaries of Kansas. In the past, most of the chalk
used in the United States has been imported from England and
France. These chalks are of late Cretaceous age and, according to
Wilson (1937, p. 14), are composed dominantly of the fossil re-
mains of minute organisms, coccalithophores, and foraminifers.
The term whiting originally was applied to the water-ground
chalks from these countries. Since about 1918, any material com-
posed dominantly of calcium carbonate and having the requisite
degree of fineness, plasticity and purity is called whiting.
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Chalk industry in Kansas.—Very little chalk has been produced
commercially in Kansas. This is due in part to the fact that until
recent years European chalks could be shipped to this country
very cheaply by water. The principal reason for the fact that Kan-
sas chalks have not been developed is that their suitability as a
source of whiting was not known until very recently. Subsequent
to a preliminary investigation of Kansas chalks in 1937 and 1938,
several carloads were shipped from a locality north of Gaylord in
Smith county. '

Uses.—Chalk, after grinding for use, is given the trade name
whiting. At the time whiting was imported in considerable
amounts, about 50 per cent of the material was used as a paint
filler, 35 per cent as a rubber filler, and about 10 per cent was used
in making putty (Wilson, 1937). Putty is manufactured by grind-
ing the chalk or whiting with linseed oil. For these uses, the
physical characteristics of the chalk, such as particle size, plas-
ticity and color, are more important than the chemical composi-
tion.

The proportion of chalk used for ceramic whiting evidently was.
not included in the percentages given above. Chalk used for cer-
amic whiting must meet rather exacting requirements as to chem-
ical composition. Three samples of Kansas chalk that have been
analyzed meet these requirements with the exception of the iron
oxide content. The standard specifications (American Ceramic
Society, pp. 928, 378) designate a maximum Fe,O, content of 0.25
per cent. In the three Kansas samples analyzed, the Fe,O, con-
tent ranged from 0.33 to 0.60 per cent. It is probable that the Kan-
sas chalks would meet the requirements if carefully quarried so as
to eliminate material from iron-stained joints and bedding planes.

English chalk is the standard of purity in the whiting industry.
In table 15, analyses of three samples of English chalk and of a
sample of Kansas chalk from Smith county are listed for purposes
of comparison.

. The slight excess of iron oxide in Kansas chalks would not be
detrimental in many ceramic uses of whiting. Whiting is used in
glazes, enamels, and in porcelain and whiteware bodies. Chalk is
_ more suitable than other naturally occurring forms of calcium car-
bonate because of its fine particle size and consequent ability to
stay in suspension in water.

Kansas reserves.—The Fort Hays chalk formation in Kansas is
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TABLE 15. Chemical analyses of English chalk and Kansas chalk

" English chalk? Kansas chalk (Smith county)?2
Constituents Per cent, three samples Per cent
544 55.0 54.0 54.80
15 0.7 1.7 1.50
0.08 0.07 0.18 0.55
0.4 0.4 04 135
04 trace 04 0.55
Loss on ignition ... 43.0 431 428 4218
Total ... 9).78 99.27 99.88 100.93
CaCoO,, calculated 97.2 98.3 97.2 97.8

1 Analyses from U.S. Bureau of Mines, Bull. 395.
2 Analysis by Raymond Thompson in the laboratories of the Kansas Geological Survey.

60 to 80 feet in thickness and crops out in an irregular belt ex~
tending in a southwest direction from the Kansas-Nebraska line in
Jewell county to a point about 15 miles northwest of Garden City
(fig. 12). There is enough chalk in Kansas to supply the entire
United States for many centuries at the present rate of use. It is
_estimated that at least 50 billion tons could be mined by stripping
methods.

Age and origin.—The most important commercial reserve of
chalk in Kansas is the Fort Hays limestone, basal member of the
Niobrara chalk of late Cretaceous age. Chalk is a marine sedi-
mentary deposit derived largely from the calcareous remains of
microscopic organisms.
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CHAT

Summary.—Large amounts of chat are available in Cherokee
county for concrete aggregate, railroad ballast, and road metal.

Chat is a by-product of the mining of zinc and lead ore in the
Tri-State district. Chat constitutes the rock waste with which the
lead and zinc minerals are associated. The minerals comprising
chat are essentially chert, limestone, and calcite. Mining opera-
tions during a great number of years have resulted in the accumu-
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lation of large chat piles in the Tri-State district. Until very re-
cently these chat piles were not extensively utilized. At the pres-
ent time, however, some of the chat piles containing lead and zinc
minerals in sufficiently large amounts are being reconcentrated to
remove these minerals, which were not recovered during earlier
milling operatiéns. In recent years, attempts have been made to
find uses for the chat. Considerable amounts now are being utilized
for railroad ballast, concrete aggregate and road metal. A large re-
serve of chat is available in the Kansas portion of the Tri-State
area.

Cray

Summary.—The value of structural clay products produced in Kan-
sas during 1940 was approximately $1,500,000. The known reserves
of Cretaceous clay in north-central Kansas are 125 billion tons, and of
this amount 46 billion tons are light-firing clays. The reserves of
red-firing clay in eastern and southeastern Kansas are enormous.

One of the world’s oldest crafts is that of molding useful or
ornamental articles from wet clay, drying and firing them to tem-
peratures sufficiently high to make them permanently resistant to
weather. Fired bricks over 10,000 years old have been found be-
low the level of the Nile valley, and excellent types of glazed pot-
tery were made in Egypt as early as 3000 B.C.

Clay industry in Kansas.—In the early days of Kansas, the brick
and pottery industries were much more widely distributed over
the state than they are now, although the total tonnage probably
was not much greater. Many small communities made hand-
molded bricks and fired them in scove kilns. These bricks were
used locally in the construction of buildings, many of which are
standing today. Small potteries were established over the state to
supply local needs.

Production.—The high point of brick production in Kansas came
in the period from 1900 to 1925. The highest annual production of
common bricks was in 1906, when nearly 315 million bricks were
produced. The high in vitrified brick production was attained in
- 1924, with an annual production valued at $1,237,853. The produc-
tion of vitrified bricks declined rapidly thereafter, because con-
crete replaced bricks in paving. The highest annual production of
face bricks and drain and building tile was attained in 1929, in
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which year the output of face bricks was valued at $730,116 and
that of drain and building tiles at $106,823.

The annual production in 1940 of all structural clay products was
valued at approximately $1,500,000. If roofing tiles were included
in the list, the figure for 1941 would be considerably higher. Kan-
sas has the second largest roofing-tile plant in the world. During
the latter part of 1940 and most of 1941, this plant was running
about 20 percent over capacity because of large government con-
tracts.

Clay production in Kansas has been increasing slowly since the
extreme low in 1932 and 1933. It is reasonable to expect that pro-
duction will continue to increase in the future. In the opinion of
experts, the timber supplies of this country are not adequate to
permit continuance of the present rate of use. In the future the
more durable materials, brick and concrete, may replace, wherever
possible, lumber used in construction.

Most of the production in Kansas is that of structural clay ma-
terials, such as bricks, hollow tiles, and roofing tiles. These pro-
ducts are made mostly from red-firing shale of Pennsylvanian age
that occurs in southeastern Kansas. Buff facing brick and tiles are
made from a Cherokee underclay at Weir. The demand for light-
colored bricks has increased in the-past few years. It is probable
that within the next few years larger and larger amounts of light-
firing clays will be produced from the enormous reserves in north-
central Kansas.

Uses.—In general, the use of clay and shale for the manufacture
of building materials is well known. Less well known are the var-
ious types of refractories, chemical ware, and pottery which can be
made from these materials.

Refractory fire clays are made into bricks for lining boilers and
for constructing blast furnaces, kilns, and regenerators. These
fire clays are used also in the manufacture of a variety of special-
shaped articles, such as locomotive firebox crowns, glass tank
blocks, crucibles, and pot furnaces. Such products are necessities
in many industrial processes, including those employed in war-
time industries. Perhaps the most critical use of fire clays, and the
one in which the requirements are the most exacting, is in the con-
struction of fireboxes of our navy’s ships.

Pottery is a general term including a variety of products ranging
from flower pots to fine china, and from art ware to chemical stone-
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ware. The types of clays used are equally varied. Some cheaper
types of ware are made from red-firing clays, but the greater pro-
portion is made from clays firing to colors ranging from white to
buff. White vitreous china or porcelain is made from kaolin, white-
firing ball clay, and feldspar. This class of ware includes ‘“china”
table ware, spark plug porcelains, chemical ware, lavatory and
toilet bowls, and bathtubs.

Many articles that commonly have been made from metals can
be made equally well from clay, thus releasing the metals for war-
time uses. An extensive list of ceramic (clay and glass) substi-
tutes for materials needed in wartime was compiled by the United
States Department of Commerce, and appeared in Ceramic In-
dustry in the issue for December, 1941. The general classes of ar-
ticles ordinarily made from metal for which fired-clay ware could
be substituted are as follows: cooking utensils, electric and gas
range parts, officer’s mess outfits, refrigerator parts, washing ma-
chine parts, containers and linings for use in chemical and indus-
trial processes, and containers for canning food.

Russia has successfully used hard-burned clay or shale contain-
ers in military operations for placing charges of explosives in what
are termed land mines. Clay containers have an advantage over
those made from iron and steel in that they cannot be detected by
magnetic devices. In addition, metal is saved for more critical uses.
Some Kansas clay is of a type satisfactory for this use.

The ore from which aluminum commonly is extracted is bauxite.
In the United States the supplies of high-grade ore, containing 50
to 60 per cent alumina, will last but a very few years. Kansas clays,
containing 20 to 40 per cent alumina, are a good potential source of
aluminum. It is possible to extract alumina from clay by the acid
method, and it seems not too visionary to expect that the vast de-
posits in Kansas will be utilized in the not too distant future as a
source of metallic aluminum. Methods of extracting aluminum
from clay are discussed in the section on Aluminum.

An associated Press news item (Feb. 15, 1942) states that Secre-
tary Ickes has proposed a vast program aimed at the utilization of
low-grade ores. This program, which was prepared at the request
of the Senate Public Lands Sub-Committee, calls for the construc-
tion in the western United States of 17 power projects costing
$350,603,000. Clay is first on Secretary Ickes’ list of substances.

The State Geological Survey is planning to conduct experiments
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on the concentration of alumina from fire clays by mechanical
methods. The process will include heating, grinding, and flotation.
This process, if successful, might lower the cost of producing al-
uminum from clays.

Kansas reserves.—Many of the red-firing shales of Pennsylvan-
ian age in eastern and southeastern Kansas are admirably suited to
the manufacture of structural clay products, and have been so
used for many years. All the important Kansas production is now
in that area. It is impossible to estimate the tonnage available, but
it is known to be enormous. Usable shale deposits occur also in the
Permian system cropping out in the central third of the state.

The most valuable clays in Kansas have been found by the State
Geological Survey in central and north-central Kansas (fig. 6).
These clays consist of plastic to siliceous fire clays, pottery clays,
ball clays, and some kaolin clays. Those of greatest value fire to
colors ranging from white to buff. They are capable of withstand-
ing high temperatures, inasmuch as they have fusion points ranging
from 2,900 to 3,000° F. An even larger supply of clays firing to
colors ranging from dark-buff to red also is available in this area.

It is estimated that a minimum of 125 billion tons of these clays
could be obtained by stripping methods. Of this reserve tonnage,
over 40 billion tons consists of high-grade, light-firing clays.

Age and origin of Kansas clays.—The clay and shale deposits of
Pennsylvanian (late Carboniferous age) that are so extensively
used in the manufacture of bricks, hollow tiles, roofing tiles and
drainage tiles, are of both marine and nonmarine origin. The for-
mations that have been used most commonly are the upper Cher-
okee shale, the Galesburg or Coffeyville shale, and Lane-Bonner
Springs shale, the Weston shale, and the Lawrence shale.

The large deposits of high-grade light-firing clays in central and
north-central Kansas occur in the Dakota formation of Cretaceous
age. They are nonmarine in origin.

REFERENCES
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DiaTomaceous MARL

Summary.—Kansas diatomaceous marl is uncxploited and unde-
veloped. Reserves are estimated to be more than 1,000,000 tons.

Description.—Diatomaceous marl is an impure variety of dia-
tomite, the latter being known also as diatomaceous earth or trip-
olite. Diatomite is a hydrous or opaline form of silica and is com-
posed largely of tiny, skeletal remains of diatoms, which are mic-
roscopic, one-celled water plants. Table 16 (Hatmaker, 1931)
shows the range in composition of diatomites from various parts of
the United States.

TABLE 16. Range in chemical composition of diatomites from various parts of
the United States (Hatmaker, 1931).

CONSTITUENTS RANGE IN PER CENT
Sio, 65—97
ALO, 0.45—11.71
Fe,O, Trace—3.34
CaO 0.11—2.61
MgO ‘ Trace—1.06
K,O : 0.0—3.58
Na,O 0.0—1.43
Ignition loss (H,O and organic matter) ... 3.40—14.01

Diatomite, when puxe, is white. When impure, it is gray, brown,
pink or green. It is highly porous, bulky, a very poor conductor of
heat, and is chemically inert in the presence of ordinary reagents.
It appears to be similar to chalk, for which it sometimes is mistaken
and from which it can be differentiated by the fact that, unlike
chalk, it does not effervesce when acid is applied.

Kansas diatomaceous marl is a snow-white to grayish chalky
rock, light and very fragile. Its specific gravity is about 1.53. It is
composed of the siliceous tests or hard parts of fresh-water diatoms
and of flaky calcium carbonate. Scattered among the diatom tests
are long, thin and smooth spicules of sponges, grains of fine- to
medium-sized colorless quartz, some pinkish feldspar and occas-
ionally skeletons and scales of small fish. Analyses show that the
Kansas marl consists of about 75 per cent of acid soluble material,
chiefly calcium carbonate, and the rest of acid insoluble material
of which 90 to 95 per cent is made up of the siliceous tests of dia-
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toms and siliceous spicules of sponges. Rough estimates indicate -
that about one-half of the rock by volume is made up of diatoms.
The thickness of the marl varies from 2 to 11 feet. Diatomaceous
marl usually is massive and is cut by widely spaced vertical joints
into large blocks. It is horizontally bedded and can be broken with
comparative ease along the closely spaced bedding planes.

The diatomaceous marl occurs in the Ogallala formation and is
overlain by a thin limestone and in some places by grit, gravel and
loess as much as 30 feet thick. Inasmuch as the Ogallala forma-
tion, which contains the marl, is slightly folded, the marl occurs at
various levels. At the Marshall ranch deposit, in Wallace county,
the marl is about 60 feet above the level of Smoky Hill river at the
west end of the exposure, and from 80 to 120 feet above the river in
the middle and eastern parts. The diatomaceous marl, together
with the overlying thin limestone, resists weathering and forms
low cliffs and benches. In a few places erosion has formed separate
cliffs of the marl, which are scattered on the smooth, gently de-
scending slopes of the Smoky Hill river valley.

Distribution.—The diatomaceous marl in Kansas has been found
by the State Geological Survey to occur at three localities in Wal-
lace county and one in Logan county (fig. 5). The largest known
deposits is on the Marshall ranch in secs. 10,11 and 12, T. 11 S, R.
38 W. and extends into sec. 7, T. 11 S., R. 37 W. in Logan county.
It extends for a distance of more than 3 miles. A second deposit is
in the SE SE sec. 35, T. 11 S,, R. 39 W., at the head of one of the
numerous draws on the south side of Lake Creek. The third de-
posit is in the NE cor. NW sec. 29, T. 12 S., R. 41 W, about one-half
mile east of the Collins ranch. Small deposits also occur in Meade
and Seward counties, representing extensions of the Beaver
county, Oklahoma, diatomaceous marl deposits.

Uses.—Kansas diatomaceous marl is especially suitable for use
in the manufacture of hydraulic cement or “hydraulic lime,” that
is, a cement that will “set” under water. Some of the marl pos-
sibly may be used as an absorbent for nitroglycerin, as a source of
silica for water glass, and as a constituent of sound and heat in-
sulators. It also may be used as an abrasive.

Production and reserves—Up to the present time the Kansas
diatomaceous marl deposits have not been developed, and exten-
sive search for them has not been made. It has been estimated that
about one million tons of diatomaceous marl are present on the
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Marshall ranch in secs. 10,11, and 12, T. 11 S, R. 38 W., in Wallace
county, and in the adjoining sec. 7, T. 11 S.,, R. 37 W,, in Logan
county. This estimate includes only that marl that could be
stripped where the overburden does not exceed 30 feet. The ex-
tent of the marl at the other two Kansas localities is unknown.

In 1940, California and Oregon were the chief producing states of
diatomite and its varieties. Other producing states include Flor-
ida, Idaho, Nevada, New Mexico, New York and Washington. The
average annual sales of diatomite for the years 1933 to 1938
amounted to 87,331 short tons valued at $1,335,130 (Minerals Year-
book, 1940, p. 1241).

Origin and age.—~The diatomaceous marl of Kansas is a fresh-
water deposit, as indicated by the tests of fresh-water diatoms and
the crushed shells of fresh-water gastropods, pelecypods, and
other fossils associated with the overlying limestone cap rock. The
diatoms are microscopic water plants that are able to precipitate
silica from the waters in which they live; out of this material they
manufacture their siliceous skeletons. Diatoms are short-lived
but are exceedingly abundant and multiply rapidly, as is sug-
gested by the fact that as many as 50 million individual skeletons
may be found in a cubic inch of diatomite (Hatmaker, 1931). On
death of the diatom, the organism decomposes but its skeleton sinks
to the bottom of the lake, swamp or ocean in which it lived; mul-
titudes of such skeletons gradually build up extensive deposits of
diatomite. The Kansas diatomaceous marl occurs in the Ogallala
formation of Tertiary age.

Work of the State Geological Survey.—The Diatomaceous marl
of Wallace county has been studied by Elias (1931) and is de-
scribed by him in the two State Geological Survey publications
cited in the references. Diatomaceous marl has been sent by the
Survey to the United States Bureau of Standards for testing in or-
der to determine the suitability of the marl for making hydraulic
lime. Preliminary reports indicate that it is satisfactory in quality
for such use. A graduate chemical engineer at the University of
Kansas has been investigating other possible uses for the marl.
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FILLERS FOR PLASTICS

Summary.—Kansas contains several types of mineral deposits
which may prove to be satisfactory as a filler for plastics.

Plastics is a general term used to designate a wide variety of
materials, including hard rubber, phenol-formaldehyde resins,
urea-formaldehyde, cellulose compounds, and casein plastics. Such
materials are formed into usable articles both by extrusion and by
press molding, either at room temperature or at moderate temper-
atures ranging up to 300° F. The complex organic compounds are
mixed with fillers before being molded into articles. The fillers
serve to reduce shrinkage and to increase strength and resistance
to abrasion and high temperature.

Organic fillers, such as wood-flour, paper, and cotton flock (a
fibrous substance that grows around pods of cotton seeds), com-
monly are used. Inorganic fillers, such as slate dust, asbestos, mica,
graphite, kaolin, pulverized marble and diatomaceous earth, are
used for articles in which resistance to abrasion or high tempera-
tures is required. As much as 50 per cent of the plastic substance
may consist of filler.

Requirements of a filler for plastics.—The specific gravity of the
majority of plastic molding compounds ranges from 1.3 to 1.7. In
general, it is desirable to use a filler which will not increase the
specific gravity. Some plastic compounds have a specific gravity as
high as 3.0. The filler should not be of an excessively abrasive char-
acter; otherwise it will be injurious to the molds. Furthermore, it
should be of a composition such that it will not react chemically
with the plastic material used. The maximum particle size should
be 300-mesh.

Kansas materials—Kansas could produce enormous quantities
of inorganic materials which might prove suitable for use as fillers
in plastics. Members of the staff of the State Geological Survey are
now undertaking studies of some of these materials to determiqe
possible methods of preparation and grinding. Some of the Kan-
sas materials that seem most promising for this use include diato-
maceous marl, volcanic ash, chalk, tripoli, and calcined light-firing
clay.
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GypPsuMm

Summary.—Kansas ranks eighth among the states as a gypsum pro-
ducer. The known reserves, particularly in the southern Kansas area,
are very large.

Gypsum has been utilized in a variety of ways since very ancient
times. The writings of Pliny show that before the time of Christ the
Greeks made plaster of Paris casts from calcined gypsum and that
they used transparent gypsum (selenite) in roofs of greenhouses,
much as modern greenhouses are made with ordinary glass. Gyp-
sum was used as windows in palaces in ancient Greece and Italy.
Rock gypsum was used as a building stone by the Arabs. In Egypt
and elsewhere the alabaster variety was used in very remote times
in making urns, vases, and sculptured articles.

Gypsum now is used for many purposes, and it is employed both
in the calcined and uncalcined form. Large quantities go into the
making of cements and plasters and fabricated building materials.

Gypsum is hydrous calcium sulphate. Its formula is CaSO,-
.2H,0. It is 79.1 per cent calcium sulphate and 20.9 per cent water
of crystallization. The mineral calcium sulphate without water is
termed anhydrite. When gypsum is completely calcined, the pro-
duct is termed dead-burned gypsum. This is artificial anhydrite,
and, like natural anhydrite, it has no cementing properties. Plaster
of Paris is made by calcining gypsum until only a part of the water
content is driven off. If about half of the water is removed, the ma-
terial sets quickly but does not have the strength and hardness of
plaster of Paris that has been calcined until only 15 to 18 per cent
of the water remains.

Five varieties of gypsum are recognized: (1) tabular crystals
and cleavable masses called selenite; (2) a fibrous material with
silky luster called satin spar; (3) alabaster, which is a massive,
generally fine-grained variety; (4) rock gypsum, the name ap-
plied to a compact and granular variety; and (5) gypsite, which is
the accepted name for granular gypsum earth of secondary origin.

Gypsum in Kansas.—Although gypsum, mostly as disseminated
crystals, is of widespread occurrence in Kansas rocks, the work-
able deposits are chiefly confined to three areas (fig. 7). The areas
of workable deposits are (1) the Blue Rapids area in Marshall and
eastern Washington counties, (2) the central Kansas gypsum area
in Dickinson, Saline, and Marion counties, and (3) the southern
Kansas gypsum area in Barber and Comanche counties. Outside
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F1cure 7. Index and detail maps showing distribution of three areas of Per-
mian gypsum deposits, and location of gypsum mills and mines.
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of these areas, smaller deposits of both bed-rock gypsum and gyp-
sum earth are known in Clay, Sedgwick, Sumner, and Harvey
counties. Gypsum has been mined at several localities from these
smaller deposits, and it has been rather extensively produced in
the three chief areas. The active plants now are confined to the
Blue Rapids and southern Kansas areas.

Plaster of Paris was made experimentally at Blue Rapids in 1871,
and the gypsum industry became well established there in the fol-
lowing year. Soon after a gypsum mill was built on the west bank
of Big Blue river at Blue Rapids, barges drawn by a small steam
tug were used to haul the raw material down the river from the
mine to the mill. Water power was used to grind the rock. Blue
Rapids has been an important gypsum products center since the
first mill was built.

The first gypsum mine in the central Kansas area was a strip
mine at Hope, Dickinson county, opened in 1885. In 1894 a shaft
mine was sunk at that locality to a depth of 80 feet, and at about the
same time a mine and mill were located on Gypsum creek in Saline
county, about 6 miles southwest of Solomon. Gypsite or “gypsum
dirt” was discovered at Gypsum City, Saline county, in 1873, but
development did not start there until 1889. Products from Gypsum
City were shipped to many parts of the United States. Plaster
made there was used in the World’s Fair buildings in Chicago in
1892, and large quantities of plaster made in Gypsum City were
used in government buildings at Fort Riley and Fort Leavenworth.
These central Kansas gypsum mines and mills operated for sev-
eral years.

Soon after the discovery of gypsite at Gypsum City, similar de-
posits were found in Clay, Saline, Dickinson, Marion, Harvey, and
Sedgwick counties. Soon seven mills were making plaster of Paris
from gypsite. None of these deposits are now being exploited. In
1885, a gypsum mill was built on a farm 5 miles west of Peabody,
Marion county. “Rock gypsum” was mined nearby, and the mill
operated for about two years.

The first gypsum mill in the southern Kansas area was built at
Medicine Lodge in 1889. Keene’s cement, which is a very hard and
durable cement, and other high-grade products have been pro-
duced there for many years. Formerly, a mill was operated at Sun
City, about 20 miles northwest of Medicine Lodge. At present, the



Kansas Mineral Resources for Wartime Industries 141

mining operations of the area are near Sun City. Gypsum is shipped
by train to the mill at Medicine Lodge.

Blue Rapids area.—As indicated in figure 7, workable gypsum
deposits are believed to underlie an area of considerable size in the
vicinity of Blue Rapids, Marshall county. As shown by mine work-
ings and outcrops, the average thickness of the bed of gypsum is
about 81, feet. The rock is described as having a sugary texture
and is nearly white. A thin layer of satin spar occurs locally in the
upper and lower parts of the bed. The gypsum rock crops out
along Big Blue river not far above wa’er level. It lies directly on
the Middleburg limestone, uppermost member of the Bader for-
mation of the Council Grove group, Permian system. Information
pertaining to whether the rock is anhydrite rather than gypsum at
some distance from the outcrops is not at hand.

Central Kansas area.—There are several layers of gypsum in the
central Kansas gypsum area, as shown in figure 7. Former mine
records and outcrops suggest that this area has a large reserve. A
bed 14 feet thick and 80 feet below the surface was mined at Hope.
At the time of mine workings along Gypsum Creek in eastern Sa-
line county, several gypsum beds were exposed there. A 5-foot
bed, a 3-foot bed and several thinner ones were recorded. Natural
outcrops occur in the vicinity of Hope and in eastern Saline county.
Even though these beds may be represented by anhydrite in areas
where they are more deeply covered, there is ample reason to be-
lieve that there are large reserves of gypsum in this area. It was
in the central Kansas area that several years ago a number of gyp-
site deposits were developed.

Southern Kansas area.—The southern Kansas gypsum area is
part of an extensive region underlain by gypsum and anhydrite, ex-
tending far southwestward in Oklahoma, New Mexico and Texas.
These gypsum beds, associated with red beds of fine sand and silt,
crop out in an area extending from near Medicine Lodge westward
through Barber and into Comanche county and southward into
Oklahoma. They dip westward under younger sediments, and
north of their outcrop area they are overlapped by younger beds.
The most prominent and thickest gypsum bed of the area caps a
range of hills known as the Red Hills. This bed, called the Med-
icine Lodge gypsum, is about 30 feet thick at its outcrop. Two beds
of gypsum that are only slightly thinner occur a few feet higher in
the stratigraphic section. These are the Nescatunga and Shimer
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gypsum members of the Blaine formation. The Medicine Lodge
gypsum is the basal member of the same formation.

It is known that at some distance down dip these gypsum beds
grade into anhydrite. Great reserves of gypsum, however, are
present in the area because the belt of outcrop is a long and wind-
ing one, and it is only under an overburden of considerable thick-
ness that anhydrite instead of gypsum is found.

Production in Kansas.—Kansas normally holds eighth place
among the states as a producer of gypsum. Generally, somewhat
less than half of the state’s output is marketed as raw or uncalcined
gypsum. High-grade gypsum products are being produced at Blue
Rapids in Marshall county and at Medicine Lodge in Barber
county. ’

Uses of gypsum.—Uncalcined gypsum is used chiefly as a re-
tarder in Portland cement. In the usual procedure of Portland ce-
ment manufacture approximately 2 pounds of raw gypsum are
added to every 100 pounds of clinker, either before or after the pre-
liminary grinding. Gypsum ordinarly is shipped in lumps and is
ground by the cement producer. Small amounts of raw gypsum
are used as fertilizer.

Calcined gypsum leaves the mills in the form of plaster of Paris,
cement plasters and fabricated products. Another product is
Keene’s cement, made by calcining gypsum to red heat and re-
calcining it after an alum solution is added; it sets slowly into a
comparatively hard material that resembles marble. Plaster of
Paris is used as molds in pottery and metal plants, relief work on
walls and ceilings, making beds for the polishing of plate glass, and
in surgical and dental work. Cement plasters are products to
which filler and retarders have been added. Fabricated products
include wall board, tiles, blocks, and so forth. Gypsum plasters and
fabricated forms are excellent heat and sound insulators.

Kansas reserves.—As indicated under other headings in this
paper, Kansas has great reserves of easily accessible gypsum. Suf-
ficient data are not available to say more than that the reserves in
the southern Kansas gypsum area seem to be very large, that large
reserves are present also in the two other areas, and that probably
the central Kansas area ranks second in this respect.

Age and origin of Kansas gypsum.—The workable bedrock de-
posits of gypsum in Kansas are of Permian age. The deposits in the
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Blue Rapids area are in rocks of the Council Grove group in the
Wolfcamp series. The bedrock gypsum deposits in the central
Kansas area are in the Wellington shale in the Sumner group,
Leonard series. The deposits of the southern Kansas area occur
near the top of the Leonard series.

The deposits of gypsite or “gypsum dirt” have been formed re-
cently by the evaporation of ground water that carried gypsum in
solution. Some of the deposits were found with a covering of clay
10 feet thick and others with little or no covering. Thus, it seems
that the gypsum, which has the appearance of dark granular earth
and is commonly found in low, swampy ground, has been deposited
during Recent geologic time and chiefly in the present cycle of
erosion of the region.

Like salt and anhydrite, gypsum deposits occurring as bed rock
have been formed from evaporating sea water in shallow bays or
lagoons. The temperature of the water may have been a factor de-
termining whether anhydrite or gypsum was formed. It is believed
also that if a deposit of calcium sulplate precipitated from sea water
falls through a deeper layer of concentrated brine, it is deposited
directly as anhydrite. Gypsum may have been converted into an-
hydrite by the action of superadjacent salt beds. It is well known
that anhydrite changes to gypsum in the presence of water; hence,
anhydrite deposits commonly are represented by gypsum at the
outcrop and for some distance down the dip of the beds, ground
and surface water having brought about the change. This seems to
be the case in the deposits of the southern Kansas gypsum area.

It is indicated in the foregoing statements that gypsum and an-
hydrite may be deposited directly in evaporating sea water in a
closed or partly closed basin, and that primary deposits of either
mineral may be converted subsequently into the other. It is pos-

sible that a given deposit may have undergone more than one con-
version.
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PorTLAND CEMENT

Summary.—Present production of cement in Kansas is about 4,500,-
000 barrels annually, valued at $5,200,000. Reserves of cement mate-
rials in the state are inexhaustible.

Portland cement consists of compounds, the chemical constitu-
ents of which include calcium oxide, silica, alumina, and iron ox-
ides; this material is capable of hardening into a solid mass. In
setting, the compounds form chemical combinations with water.
This cement is made from calcareous and argillaceous materials.
The calcareous material used is some form of calcium carbonate, in-
cluding limestone, marl, chalk, oyster or other shells, and the
precipitates formed in the manufacture of alkalies. Argillaceous
materials include clay, shale, cement rock (argillaceous lime-
stone), slate, and blast-furnace slag. Modern cement mills use a
combination of one of the calcareous materials and one of the ar-
gillaceous materials.

The beginning of Portland cement dates from 1756 when an
Englishman, John Smeaton, discovered that by burning and slak-
ing an impure limestone a cement was made that would set under
water as well as in air. Forty years later another Englishman, John
Parker, obtained a patent for Roman cement, which was made by
burning “nodules of clay” in a lime kiln and grinding the clinker.
Many plants for making Roman cement were built in England and
a little later in America. Portland cement, produced by calcining
a mixture of limestone and clay, was patented in England by Jo-
seph Aspdin in 1824. The early Portland cement differed from that
of today chiefly in that it was burned at a lower temperature and
was pulverized by slaking rather than by grinding. Cement made
at Allentown, Pennsylvania, in 1875 was probably the first true
Portland cement made in America.

Operations involved in Portland cement manufacture are: (1)
mining the raw materials, (2) crushing, (3) drying, in the “dry
process”, or adding water to produce “slurry”, in the “wet pro-
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cess”, (4) grinding, (5) mixing the desired proportions, (6) pul-
verizing, (7) burning to incipient fusion at about 2500 to 3000° F,
and (8) grinding the clinker to fine powder. About 2 per cent of
raw gypsum is added to the mix before or after grinding the
clinker. Gypsum serves as a retarder.

Raw materials in Kansas.—Kansas contains an abundance of
raw materials suiiable for the making of Portland cement. The
supply is-virtually inexhaustible. Limestones, including chalk of
central and western Kansas, are the source of the calcareous ma-
terials, and shales and clays provide the argillaceous materials.
Limestones of Carboniferous and Permian age crop out in bands
crossing the eastern third of the state in a north-south direction.
Many of the limestones occur in beds a few tens of feet in thick-
ness, and many of the beds are nearly pure calcium carbonate.
_ Shales occur interbedded with the limestones. At many sites the
two materials can be taken from the same quarry. Cement rocks
are also abundant in Kansas, and some are reported to be natural
Portland cement rocks. At six places in eastern Kansas Portland
cement is being made from Pennsylvanian (Upper Carboniferous)
limestones and shales.

In central and western Kansas Cretaceous chalk and shales are
abundant. Some years ago chalk and shale were used in cement
making in Ellis county.

Gypsum is produced in Kansas in Marshall and Barber coun-
ties. Figure 7 shows the areas in Kansas underlain by gypsum de-
posits; they have been discussed elsewhere in this report.

Both natural gas and powdered coal have been used as fuel in
cement mills in Kansas. Natural gas now is used exclusively. As
indicated in other sections of this report, Kansas has an abundance
of both coal and natural gas.

Production of Portland cement in Kansas.—Six Portland ce-
ment mills are now operating in Kansas. The locations are: (1)
Bonner Springs, Wyandotte county; (2) Iola and (3) Humboldt,
Allen county; (4) Chanute, Neosho counly; (5) Fredonia, Wilson
county; and (6) Independence, Montgomery county. All the Kan-
sas plants use Pennsylvanian limestone and shale. Natural gas is
used as fuel.

The capacity of the plants now operating in Kansas is said to ex-
ceed 8,000,000 barrels per annum. From 1910 to 1928 the total
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yedrly output ranged from a low of 2,586,834 barrels (1918) to a
high of 6,574,219 barrels (1928); and the average yearly produc-
tion for the years 1927 to 1936, inclusive, was 4,254,417 barrels.
The production in 1940 was 4,509,742 barrels, having a total value
of $5,192,160. The greater part of the cement produced in Kansas
has its market outside the state.

Table 17, below, shows annual production figures of Portland ce-
ment in Kansas for the ten year period prior to 1941.

TaBLE 17. Portland cement production in Kansas

YEAR BARRELS YEARr BARRELS

1931 4,478,823 1936 3,568,090

1932 2,224,079 1937 3,500,684

1933 2,189,137 1938 3,217,407

1934 2,425,867 1939 3,746,370

1935 2,487,888 1940 4,509,742
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Rock Woor MATERIALS

Summary.—Rock woel has been manufactured in Kansas for so few
years that no significant data are available on production in the state.
The reserve of raw materials is greatly in excess of any future needs.

Rock wool is a fluffy, usually white material composed of mi-
nute fibers of glass. It is manufactured by melting rock in a copola
or reverboratory furnace and pouring the molten glass into a blast
of steam or air. The glass is drawn out into thin fibers by the cur-
rent of steam or air. Rock wool is made either from a mixture of
approximately 50 per cent limestcne and 50 per cent shale, clay, or
sand or from naturally occurring rocks, such as calcareous shales,
siliceous marls, or siliceous limestones, which have the required
" chemical composition. The dominant chemical constituents of most
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. rock wools are calcium carbonate and silica, these being present in
approximately equal proportions.

Rock wool industry in Kansas—The State Geological Survey
of Kansas tested rock samples for their suitability in the manu-
facture of rock wool in the years 1936 and 1937. These tests dem-
onstrated that rock wool of excellent quality could be made from
Kansas rocks. Since that time three plants have been built in the
state. The two larger plants at Winfield and at Parsons are still op-
erating. The third operated in conjunction with the brick plant at
Neodesha and is now shut down because the manufacture of bricks
has been discontinued.

Uses.—The chief use of rock wool is in the insulation of dwell-
ings and other buildings, but it has many other applications. It is
eective in preventing freezing in house pipes and underground
pipes. Its use prevents loss of heat from pipes carrying steam,
molten sulphur, hot oil, and so forth. Rock wool is valuable in the
insulation of ovens, furnaces and stoves, including steam boilers,
fractionating colums, and towers; in the insulation of annealing,
baking and smelting ovens, retorts, and me:allurgical and chemical
furnaces. It is used also in various refrigeration devices, and for
sound control. Rock wool is used as a packing for acid carboys, as a
filter medium for corrosive fluids, as an air filter in hot air heating,
as a component of insulating cement, as a fire preventive, and as
lining between planking and metal sheathing of ships.

The many uses of rock wool are determined by the fact that it is
relatively inexpensive and by the fact that it is essentially a re-
fractory glass, which means that it can withstand relatively high
temperature, that it does not transmit heat readily, and that it is
non-deteriorating, fireproof, and vermin proof.

Kansas reserves—The Kansas rocks tested for suitability in
manufacture of rock wool are of widespread geographic distribu-
tion (fig. 11) and range in age and stratigraphic position from the
Cherokee shale of lower Pennsylvanian age to Pleistocene “mortar
beds”. The quantity of material available at any one of the loca-
tions sampled is far in excess of future needs. The majority of the
fifty samples tested were mixtures of calcarious and siliceous rocks,
but several were natural wool rocks. The latter class includes the
Lenapah limestone of southern Kansas, the Florence limestone and
the Grant shale of central Kansas, and the “mortar beds” of western
Kansas.
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SALT

Summary.—The present production of salt in Kansas is about 700,-
000 tons annually. The reserves are estimated at 5,000 billion tons.

Common salt, or halite, is composed of sodium chloride (NaCl).
In the pure state it contains, by weight, 33.34 per cent sodium and
66.66 per cent chlorine. The greatest reserves are in ocean waters,
but vast amounts are stored as layers of rock, and large quantities
are present as a part of natural brines in deeply buried porous
rocks.

Human existence is dependent on salt. It is an essential part of
man’s diet and must be fed to his domestic animals. Salt always
has been a strategic mineral; large quantities are used in industries
that are essential to modern civilization.

Salt in Kansas.—The salt industry in Kansas had its beginning
in about 1892. The industry grew rapidly, and Kansas is now the
most important salt-producing state west of the Mississippi river.
Production has centered around Lyons and Little River in Rice
county, Hutchinson in Reno county, Kanopolis in Ellsworth county,
and Anthony in Harper county. As early as 1898 the state pro-
duced yearly 250,000 tons of salt and recently the average yearly
production has ranged around 800,000 tons. Plants and mines are
now operating at Hutchinson, Lyons and Kanopolis.

As shown in figure 9, salt underlies a large area in central and
southwestern Kansas. An area extending along the Kansas-Ok-
lahoma line from Sumner county westward to Seward county and
northward to Rooks, Osborne and Mitchell counties is underlain
by a thick vertical section of salt beds in the Wellington shale for-
mation. In central Reno county salt beds form the dominent por-
tion of a rock section 500 feet thick; the salt-bearing section is
about 200 feet thick in central Osborne county. The deposits are
thicker in the central part of the salt area. A well in Pratt county
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has been drilled through as much as 800 feet of rock, which is
chiefly salt. This deposit extends for some distance into Oklahoma.

The layers of rock, including the rock salt, dip gently westward.
Because of this westward dip and because of the westward increase
of land surface elevation, the salt is nearest the surface along the
eastern margin of the salt area. Because of its solubility the salt
does not crop out at the surface. That part of the salt beds mined by
shaft methods is about 600 feet below the surface at Hutchinson,
about 900 feet below the surface at Lyons, and about 860 feet at
Kanopolis. At Anthony the same portion of the salt section is about
1200 feet below the surface. Logs of oil wells in northwestern
Hodgeman county indicate that salt beds are encountered about -
1800 feet below the surface.

- The southwestern Kansas salt deposits are part of a large as-
semblage of salt beds extending far to the south and west in Colo-
rado, Oklahoma, New Mexico, and Texas. The southwestern Kan-
sas area (fig. 9) is underlain by one or two thick deposits of rock
salt that occur in red beds of the Nippewalla group of Permian
rocks. The area underlain by Nippewalla salt is partly coexten-
sive with the area of Wellington salt (fig. 9). ‘

Production in Kansas.—Kansas normally produces about 800,-
000 tons of salt each year. The average value of a year’s output is
approximately $3,000,000. Table 18, shown below, lists production
figures for the twenty year period prior to 1941.

TasBLE 18. Salt production in Kansas.

YEAR Tons YEAR ToNs
1921 665,968 1931 691,160
1922 749,459 1932 688,178
1923 845,163 1933 732,947
1924 794,303 1934 © 768,133
.1925 812,540 1935 608,204
1926 729,880 1936 704,164
1927 794,780 1937 654,089
1928 821,950 1938 597,909
1929 840,370 1939 641,752
1930 759,800 1940 684,053

Two methods of extracting salt are employed. One is direct min-
ing, in which shafts are driven to the deposits and the salt is mined



152 Geological Survey of Kansas—1942 Reports of Studies

by room and pillar method. Modern electrically driven machinery
is used. The other method is hydraulic mining in which wells are
drilled to the salt deposits and water is pumped down to dissolve
the salt. The water, saturated with salt, is returned to the surface
and is evaporated by heating. Brine wells are in operation at
Hutchinson and at Lyons. Shaft mines are in operation at Hutch-
inson, Lyons and Kanopolis.

Uses of salt—The uses of salt are numerous. In a large indus-
trial country such as the United States, chemical industries con-
sume more than half of the salt used. A large number of sodium-
bearing chemicals are made from it. Of these, the soda alkalies are
quantitatively the most important, but many other sodium salts are
made from common salt. Metallic sodium, hydrochloric acid, and
chlorine are other derivitives.

Salt is of great importance in meat packing, and much Kansas
salt is used for this purpose. Kansas City, Kansas, ranks second in
the United States as a meat-packing city, and packing plants are in
operation in other Kansas towns, including Wichita, Topeka and
Salina. Food manufacturing and processing consume great quan-
tities of salt. Its use in the home is on a smaller scale but is for the
same general purposes as in the packing and food industries, that
it, to give flavor to food and to aid in its preservation.

Salt is used as a fertilizer, as a refrigerant, as an ingredient of
stock feeds, and for the purpose of killing weeds. It is used also in
making and packing ice cream, as a refrigerating agent in refriger-
ator cars and trucks, and for the purpose of melting ice on rail-
roads and highways. Salt is used in the manufacture of many ar-
ticles, including glass and clay products, dyes, pulp and paper,
rayon, soap, and textiles. It is used in the iron and steel industry,
in tanning, in tobacco manufacture, and in the making of rubber.

Kansas reserves.—It is estimated that 5,000 billion tons of salt lie
beneath the surface of Kansas. At the present rate of consumption
this amount would supply the entire United States for a period of a
half million years.

Age and origin of Kansas salt deposits.—Salt occurs in Permian
rocks in Kansas. Salt beds constitute the major portion of an 800-.
foot rock section included in the Wellington shale, a rock unit of
the Leonard series of the Permian system. This deposit is of great
economic importance. Other salt beds in Kansas, approximately
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700 feet higher in the stratigraphic column, occur in the Nippewalla
group of the Leonard series. It is not easy to account for the ac-
cumulation of such vast deposits of salt, and detailed descriptions
of the theories would be out of place here. It is sufficient to say that
the salt accumulated through evaporation of sea water in sub-
siding shallow bays, lagoons, or inland seas or lakes. Arid climatic
conditions must have prevailed. The areas of accumulation con-
tinued to subside for some time, and the salt was burried beneath
layers of mud and sand. The salt, other chemical precipitates, mud,
and sand are now the materials of rock beds. Subsequent uplift
has brought the rocks into their present position.
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SanDp AND GRAVEL

Summary —Kansas pessesses unlimited supplies of sand and gravel.

Annual production in 1940 was 2,264,871 short tons valued at $893,962.
Sand and gravel are unconsolidated materials resulting from the
disintegration, decomposition or weathering of rocks, and the
transportation and sorting of the rock fragments by running water.
The terms sand and gravel denote size and shape of particles rather
than mineral or chemical composition. At the present time there is
no strict conformity in the usage of the terms sand and gravel. Ac-
cording to Thoenen (1937, p. 671),sand generally is considered to
be unconsolidated material, the grains of which are coarser than
0.0029 inches and finer than 0.25 inches in diameter; this material
is retained on a 200-mesh screen (0.074 sieve openings). Gravel
represents similar unconsolidated particulate material, the grains
of which are coarser than one-fourth of an inch and finer than 3%
inches in diameter. Another classification scheme employed by
certain workers designates sand and gravel according to the Went-

worth classification, as given below in Table 19.
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TABLE 19. Wentworth classification of sand and gravel

SIZE cLASS LIMITING DIMENSIONS, IN MM.

Gravel

Boulder ... Greater than 256

Cobble ... 64—256

Pebble ... 4— 64

Granule 2— 4
Sand

VEIY COAISE ..ot eee e ne e eeeeeeeen 1— 2

CO0aTSE oo Yo— 1

Medium ... YVa— Yo

Fine ... Yo— Yy

Very fine ... 1/16— 14

Sand and gravel may be well sorted or homogeneous as to grain
size or composition, or both. The flint gravels of southeastern Kan-
sas are an example of a deposit well sorted or homogeneous as to
composition. On the other hand, sand and gravel may be hetero-
geneous as to size or composition; an example of this condition of
poor sorting is provided by glacial sands and gravels of north-
eastern Kansas. '

Sands.—Dune sand commonly has a larger percentage of quartz
‘than has ordinary river sand and, furthermore, tends to be of more
wniform grain size.

Kansas stream sands generally consist of a mixture of quartz,
Teldspar, mica, hornblende, magnetite, and other mineral grains;
quartz commonly predominates. Texturally, stream sands vary
from very fine to very coarse, changing both vertically and hor-
jzontally in short distances. The grains are angular to well
Tounded. Cross-bedding and pocket-and-lens types of structure
are common. More or less discontinuous gravel layers are assoc-
iated with the sands. Stream sands are commonly buff, yellowish
gray, or brown in color. Thickness of the sand deposits vary con-
siderably.

North and west of Atchison, in Atchison county, and in the vi-
cinity of Frankfort, Marshall county, very light buff to white lake
sand deposits occur. These sands in general are much finer than
are river sands, are horizontally bedded, and consist dominantly of
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quartz grains. They are believed to represent lake deposits; at
places they have a thickness of more than 50 feet. Lake sands also
are known to be present in the vicinity of St. George, in Pottawat-
omie county, and southeast of Holton in Jackson county.

Gravels—Gravel deposits vary greatly in composition, grain
size, shape, roundness, thickness, color, and structure. Glacial
stream and lake gravels occur in northeastern Kansas and stream
gravels are present in the High Plains of the western part of the
state. In southeastern Kansas there are gravels which consist es-
sentially of only one kind of material; namely, flint or chert. At
certain places in Kansas gravels are made up entirely of local lime-
stones. The flint or chert gravels of southeastern Kansas are com-
posed of flint or chert weathered from Carboniferous and Per-
mian rocks; and distributed by streams probably during Tertiary
or Quaternary times. These gravels generally cap the uplands.
The flint or chert fragments are rounded to angular and com-
monly are of light-buff color, although shades of yellow, red and
dark gray are not uncommon. Limestone gravels are known to be
present in Brown, Douglas, Jewell, Lincoln and Smith counties;
they are composed of fragments of local limestone beds and vary in
color and texture depending upon the source rocks.

Distribution of sands and gravels in Kansas.—Kansas has un-
limited reserves of sand and gravel, and deposits occur in almost
all counties. In some areas the deposits may not be of great com-
mercial value, but may be important for local purposes. The ac-
companying map (fig. 10) shows the general distribution of the
more important sand and gravel deposits of the state. Sand and
gravel, especially sand, may be found almost anywhere along the
major stream courses in the state, such as those of the Arkansas,
Big Blue, Cimarron, Kansas, Little Blue, Marais de Cygnes, Mis-
souri, Ninnescah, Neosho, Republican, Saline, Smoky Hill, Solo-
mon, and Verdigris.

The Tertiary sands and gravels are confined chiefly to the west-
ern part of the state in the region known as the High Plains. Quat-
ernary sands and gravels are found chiefly in the same region as the
Tertiary deposits. Glacial deposits are confined for the most part
to northeastern Kansas.

Production of Kansas sand and gravel.—During 1940, Kansas
produced 2,264,871 short tons of sand and gravel, valued at $893,-
962. Of this amount, 1,791,103 tons are classified as commercial and
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the remaining 473,768 tons as government and contractor types.
Wyandotte county leads in the annual production of sand in the
state. The relative importance of the sand and gravel industry in
Kansas is indicated in table 20, which gives statistics of the ton-
nage and value of the Kansas production from 1905 to 1940.

TasLE 20.—Production of Kansas sand and gravel, 1905 to 1940

PRODUCTION VALUE PRODUCTION VALUE
YEAR IN SHORT TONS IN DOLLARS YEAR IN SHORT TONS IN DOLLARS
1905 70,988 21,552 | 1923 1,950,411 1,039,064
1906 293,918 66,762 | 1924 1,862,968 1,223,016
1907 556,625 117,313 | 1925 2,198,870 1,303,060
1908 320,150 64,328 | 1926 2,489,343 1,491,492
1909 977,918 188,708 | 1927 2,254,648 1,456,130
1910 776,638 165,659 | 1928 2,760,277 1,532,399
1911 734,507 164,058 | 1929 3,389,783 1,879,899
1912 1,381,586 287,352 | 1930 3,232,858 1,649,476
1913 1,119,990 271,509 | 1931 2,893,249 1,333,175
1914 . 1,347,394 381,065 | 1932 1,851,211 878,733
1915 1,128,496 378,355 | 1933 2,015,799 734,343
1916 1,164,995 303,630 | 1934 1,681,619 698,461
1917 823,403 195,578 | 1935 1,570,975 666,529
1918 761,110 264,073 | 1936 2,454,017 920,730
1919 954,121 507,642 | 1937 2,495,196 1,017,053
192) 1,275,309 905,936 | 1938 2,962,831 1,117,053
1921 1,082,914 647,723 | 1939 1,934,759 822,305
1922 1,398,996 790,763 | 1940 2,264,871 893,962

Uses.—Sand and gravel are used chiefly in Kansas as structural
and paving material. The material is used also as traction sand,
filter sand, railroad ballast, grinding and polishing sand and mold-
ing sand. Studies made by the State Geological Survey during the
past two years show that some Kansas sands are suitable for use as
foundry sands. There are 41 plants in Kansas and 21 in Kansas
City, Missouri, which use foundry sands. Many of these foundries
are making castings, especially aluminum castings, for wartime
industries. The greatest part of the molding sand used at these
foundries is taken from glacial or Pleistocene hight-terrace de-
posits along the north side of the Kansas river in and near Kansas
City, Kansas. A part, however, is taken from deposits formed by
glacial outwash streams, and from deposits in the flood plain of
the Kansas river.
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Age and origin.—Sand and gravel deposits of the western part
of the state, in the High Plains area, are either Tertiary or Quat-
ernary in age and were deposited either by streams coming from
the west or by wind action, the latter being in the form of sand
dunes in the valleys of Arkansas and other rivers. The deposits in
northeastern Kansas, on the other hand, are mostly of glacio-fluvial
origin; that is, they were deposited by streams deriving sediment
from a melting continental glacier or glaciers during the Great Ice
Age some 750,000 years ago. Some of the sands, such as those near
Atchison and Frankfort, were deposited in glacial lakes during the
Great Ice Age. Much of the sand and gravel dredged up in our
major stream courses represents older material reworked by the
streams in modern times.

Work of the State Geological Survey.—Sand and gravel re-
sources of Kansas have been studied by members of the State Geo-
logical Survey during the past two years. A report on these in-
vestigations is now being prepared and will be published in the
near future as a bulletin of the Survey. Sand and gravel deposits
in Kansas have been described in various publications of the State
Geological Survey and in other publications; these are listed be-
low.
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STONE

Summary.—Several million tons of Kansas stone are used anﬁu-
ally. The reserves of stone, including limestone, sandstone and hard
shale, are extremely large.

This section of the report describes the economic aspects of
firmly consolidated rocks that are used for purposes other than
those discussed in other sections of this report. Limestone and
sandstone have many uses; hard shale is useful as road metal.
Locations of important quarries as shown in the Mineral Resources
Map of Kansas (part 4, Bulletin 41) ; quarries from which various
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types of stone are taken are distributed throughout a majority of
the counties in Kansas.

LIMESTONE

Limestone is a sedimentary rock composed primarily of calcium
carbonate (CaCQ,), occurring in strata or beds. The normal color
is white to light gray or buff. Limestones may pass by gradation
into shales and sandstones, and it is customary to use adjectives in
describing the intermediate varieties. Thus, one may speak of
sandy or arenaceous limestone, calcareous sandstone. argillaceous
limestone, calcareous shale, and so forth. In addition, there occur
ferruginous, carbonaceous, magnesian, and phosphatic limestones,
which are, respectively, those with a high percentage of iron, car-
bonaceous matter, magnesia, and phosphate. There are relatively
few pure limestones, but a surprisingly large number consist of 90
per cent or more of calcium carbonate.

Limestones in Kansas.—The supply of limestone in Kansas is
practically unlimited; areas having abundant reserves are shown
in figure 12. All counties in the eastern third of tthe state and sev-
eral of the north-central counties have large reserves. Limestone
for various purposes has been quarried at one or more places in
nearly every township in eastern Kansas.

Kansas limestones range in composition from nearly pure cal-
cium carbonate to those composed of mixtures of calcium carbo-
nate, silica, clay minerals, various iron compounds, and other im-
purities. Limestones composed of nearly pure calcium carbonate
are rather abundant in the state. The rocks occur in beds ranging
up to 50 feet thick. As a rule the purer material is found in the
thicker beds, those which are 20 feet or more in thickness.

Table 21, below, presents analyses of samples taken from three

TaBLE 21. Analyses of calcined samples of eastern Kansas limestones

Drum limestone Iola limestone Iola limestone
Constituents Montgomery county Allen county Neosho county
(per cent) (per cent) (per cent)
SiO, e 11.50 4.76 1.76
3.02 0.46 2.08
2.14 214 2.75
82.59 87.50 88.80

0.84 3.40 4.60
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quarries in eastern Kansas. The rocks from which the samples
were taken are believed to be somewhat representative of many of
the thicker limestone beds of eastern Kansas.

Limestones interbedded with shales and sandstones crop out in
the eastern third of Kansas, forming narrow, tortuous bands of
outcrop trending in a general north-south direction. The thicker
limestones generally cap eastward facing escarpments, west of
which they lie with little cover below “dip slopes” inclined gently
to the west. The limestones are readily accessible for quarrying
operations.

Limestone beds generally are less abundant in central and
northern Kansas than in the eastern part of the state. Much of the
limestone of central Kansas is in the form of chalk, a soft rock com-
posed of the calcareous remains of minute organisms. Because of
its physical properties and high degree of purity, chalk has uses
that ordinary limestones do not have; it therefore is described in
a separate section of this report.

Limestone production in Kansas.—Available quantitative fig-
ures on the production of limestone in Kansas are of little value be-
cause large quantities are quarried and used without being re-
parted for incorporation in available records. Commercial quar-
ries produce limestone in many places. Near each population
center quarries have been established to supply local demands.
The demand is variable, depending upon the extent of local con-
crete paving operations, building programs, and so forth. Railroad
companies have quarried immense quantities that have been used
largely as track ballast. The cement-manufacturing companies
operate their own quarries. In the past few years a large amount
of limestone has been quarried by W.P.A. workers, and the stone
has been used in public works projects. It follows from the fore-
going statements that a considerable portion of the product of lime-

TABLE 22. Reported stone production in Kansas (chiefly limestone)

YEARS ToNs

Yearly average for 10-year period (1927-36) ... SR 1,571,699
1937 3,540,860
1938 e 3,676,230
1939 oo 3,405,640

1940 2,880,930




164 Geological Survey of Kansas—1942 Reports of Studies

stone quarries does not enter the regular channels of trade; a large
tonnage, nevertheless, is sold each year by quarry operators.
Table 22 shows production figures as reported for the period from
1937 to 1940.

Uses of limestone.—Kansas limestone is used in large quantities
as road metal, railroad ballast, rip-rap, concrete aggregate, in ce-
ment making, and to a considerable extent as building stone. In
addition to these, limestone has many other uses. It is used as a
flux in blast furnaces and in metallurgical work; it is used as agri-
cultural limestone and in making lime; its products are used for re-
fining sugar, manufacturing refractories, paper, and glass; with
coke it is used in making calcium carbide from which aceteline gas
is generated. Limestone is used as filter bed material and in mak-
ing fillers and whiting.

When Kansas was being settled, limestone was used as building
stone to a large extent. Some of the early settlers came directly
from northern Europe, where wooden buildings are uncommon.
They and others recognized the value of Kansas limestones and
constructed many stone farm buildings. In certain areas, for ex-
ample in the Flint Hills region, there are many farm buildings,
rural schools and churches, constructed of limestone; some of
these were built as early as the 1860’s and still are in excellent con-
dition. Some stone buldings built in territorial days still are in use.

From time to time a considerable amount of Kansas limestone
has been used in public buildings. The athletic stadium of the
Kansas State College at Manhattan, some of the University of Kan-
sas buildings at Lawrence, and most of the permanent buildings at
Fort Riley and at Fort Leavenworth have been constructed of
limestone. In nearly every town in eastern Kansas there are
churches and other buildings that have been built of limestone
taken from local quarries. Farther west in the state limestone
has been less extensively used.

In recent years limestone has been used extensively in public
buildings constructed chiefly by W.P.A. workers. These build-
ings, of pleasing appearance, indicate that Kansas limestones may
be used in masonry construction and that dimension blocks can be
prepared without the use of highly skilled labor.

Space does not permit description here of individual limestone
formations, but it should be noted that much of the best building
stone occurs in thin regular beds and requires but little dressing.
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Oolitic limestones represent a type of Kansas limestone that may be
fashioned into beautiful building blocks. Such rock, quarried in
eastern Kansas, was used recently in building the new Sweeney
Gymnasium at the University of Kansas City, Missouri.

It is well to mention here that, although at the present time there
are no lime kilns operating in Kansas, there is a great abundance
of limestone suitable for use in lime manufacture. In the past, lime
has been made at many places in eastern Kansas.

Kansas limestone reserves.—As indicated above, Kansas has un-
limited reserves of various kinds of limestones adapted to numer-
ous uses. The greatest reserves are in the eastern part of the
state, but much limestone also is available in the central and
northern parts.

Origin and age of Kansas limestones.—Most of the limestones of
the world have been formed by the consolidation of calcareous mud
that was deposited on the floors of shallow seas; this mud was de-
rived largely from the accumulation of calcareous tests or shells
of marine animals and hard parts of certain plants. Some lime-
stone beds were formed largely by direct chemical precipitation of
calcium carbonate from sea water, and perhaps nearly all lime-
stone beds contain some precipitated material. !

The limestones in eastern Kansas are Carboniferous and Per-
" mian in age. Those of central and northern Kansas are Cretaceous
in age.

Work of the State Geological Survey.—Various members of the
State Geological Survey of Kansas have carefully mapped and
studied the limestone and other formations of the state. An
abundance of data pertaining to thickness, lithologic character,
and geographic distribution are at hand. The geologic map of Kan-
sas, published by the Survey in 1937, shows the areal distribution
of various formations. Bulletin 22 (Moore, 1936) presents general
descriptions of limestone beds and other rock units of Pennsylvan-
ian (Late Carboniferous age in Kansas. Numerous bulletins de-
scribing the rocks of individual counties have been published. Min-
eral Resources Circular 6 (Landes, 1937) describes briefly the
limestone and other resources of every county in Kansas. The use
of limestone and other rock in rock wool manufacture has been in-
vestigated and has been discussed in Mineral Resources Circular
5 (Plummer, 1937).
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Limestone is one of Kansas’ great mineral resources, on which
additional research is needed. Studies of polished and thin sections
of Kansas limestones have been initiated. These investigations are
expected to yield valuable information pertaining to the use of
limestone as building stone and for other purposes as well as in-
formation of important scientific value. Chemical analyses of Kan-
sas limestones are being made in the Survey laboratories. Data
obtained by these study methods will be of great value in determ-
ining potential economic uses of various limestones of the state.

SANDSTONE

Sandstone is a sedimentary rock occurring in strata or beds that
is composed of sand grains cemented together so as to form a more
or less solid mass. Most sandstones are composed largely of quartz
grains held together by some natural cement, such as calcium car-
bonate, iron oxide, or clay. Sandstones may grade vertically or
laterally into shales and limestones; intermediate rock types in-
clude sand limestones or calcareous sandstones, argillaceous sand-
stones or sandy shales.

Sandstone in Kansas.—The reserves of sandstone in Kansas are
inexhaustibly great, but even so the rock is not as abundant as
limestone. Sandstone occurs interbedded with shale and limestone
in the eastern part of the state, and sandstone is present in the
Smoky Hill region in north-central Kansas in a wide belt extend-
ing from Rice and McPherson counties to Washington county.
Figure 12 shows the locations of principal sandstone outcrop areas
in Kansas.

Sandstone production in Kansas.—The production (in tons) of
sandstone marketed in Kansas are included in the figures given in
table 22. There is a large deposit of “quartzite”, a firmly cemented
sandstone, in Lincoln county; the crushed “quartzite” has been
taken from a quarry in sec. 7, T. 12 S, R. 7 E., Lincoln county.
Pressed cement bricks are made from fine material derived from
this quarry. For many years a unique flagstone type of sandstone
has been produced in Bourbon county. This stone has been shipped
to various points in Illinois, Missouri, Kansas, Oklahoma, and
Texas, where it has been used chiefly as paving slabs in walks;
more recently the rock has been used as building stone and as
ornamental stone. '



Kansas Mineral Resources for Wartime Industries 167

Uses of sandstone.—Sandstone has a variety bf uses. Like other
firmly cemented rocks it is used widely as aggregate in concrete. It
is.probable that some of the eastern Kansas sandstone could be em-
ployed as abrasives. As stated above, some of the Kansas rock is
suitable for use as building stone and fiagstone. Several years ago
sandstone in southeastern Kansas was used as a source of quartz
sand in glass manufacture. Cretaceous sandstones are being used
as road metal material in central Kansas.

Age and origin of Kansas sandstones.—Sandstones in Kansas are
chiefly nonmarine in origin and were formed largely as coastal
plain deposits. Some are of marine origin and were deposited in
deltaic or littoral environments. The deposits in eastern Kansas
are Pennsylvanian (late Carboniferous) in age. Those in central
Kansas are of Cretaceous age.

Work of the State Geological Survey.—Studies pertaining to po-
tential uses of Kansas sandstones have been planned. The Sur-
vey has carefully mapped and studied the surface and subsurface
distribution of Kansas sandstones and has carried out studies of
the character of the various sandstone types.

SHALE

Shale is a stratified sedimentary rock made up of thin layers or-
dinarily composed of silt or clay particles; it tends to be softer than
limestone and sandstone and therefore does not have the same
uses as have harder rocks. Many shales consist chiefly of clay
particles, and when subjected to weathering, the rock generally
slakes. Certain shales in Kansas and elsewhere are an important
source of clay used for ceramic purposes; such clay shales are dis-
cussed in another section of the present report.

Kansas shale used as road metal.—In general, shale is a rela-
tively non-resistant rock; there occur, however, in Kansas two or
three types of more resistant shale that are used as road metal ma-
terial. These resistant shales provide road-surfacing material that
is very easily obtained.

At many localities in eastern Kansas sandy shale, or very ar-
gillaceous sandstone, crops out and has been used for “sanding”
roads. Another kind of shale that may be used as a road metal is a
black, platy carbonaceous shale that occurs in several parts of the
eastern Kansas stratigraphic section. This material has been used



168 Geological Survey of Kansas—1942 Reports of Studies

on roads for several years; in Labette county, especially, black
shale has been used in large quantities, and farm-to-market roads,
having a limited amount of traffic, have stood up well when sur-
faced with it. Black shale suitable for surfacing secondary or tem-
porary roads is readily available in all counties in the eastern part
of Kansas.

The Kansas shales discussed above occur interstratified with
other shales, sandstones and limestones in the Pennsylvanian (Up-
per Carboniferous) rock section of eastern Kansas. It is probable
that shales of Cretaceous age that are dark and somewhat similar
to the black Pennsylvanian shale would be useful. Cretaceous
shales of this type crop out in Kiowa, Comanche, Ellsworth and
McPherson counties. Calcareous shale from the Greenhorn forma-
tion of Cretaceous age has been used as road metal material in
Cloud and Republic counties, Kansas.
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TRrIPOLI

Summary.—One tripoli processing plant is situated near Baxter
Springs, Kansas. Tripoli occurs in Cherokee county; the reserves are
inadequately known.

Tripoli consists essentially of silica (SiO,), in a cryptocrystalline
state, that can be ground to a fine abrasive of uniform texture. It
“occurs in limestones of Mississippian age in southeastern Kansas,
northeastern Oklahoma, and southwestern Missouri, and prob-
ably is formed by ground water leaching of the calcium carbonate
from a secondarily silicified limestone, leaving a siliceous residue.
In some parts of the world the terms tripoli or tripolite are used to
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designate a siliceous deposit consisting almost entirely of the sil-
iceous skeletons of diatoms; such deposits should be termed dia-
tomite rather than tripoli. Diatomaceous marl deposits in Kansas
are described in another part of this report.

Tripoli is a uniform-textured abrasive used mainly as a polishing
and filtering material. It is used locally as an ingredient of drilling
mud and can be used successfully in scouring powders and me-
chanics soap. A mill for the processing of tripoli is located near
Baxter Springs, Kansas; according to H. W. Nesch this mill can
process 6 tons an hour, the material being ground to a size of 300
mesh or smaller.

Tripoli deposits are known to occur in Cherokee county, Kan-
sas, but it is impossible at the present time to make an accurate es-
‘timate of the known reserves, and the purity of the material is not
adequately known.

VoLcanNic AsH

Summary —Kansas is the leading state in the production of vol-
canic ash. Production in 1940 was 39,215 short tons valued at $129,-
959. Reserves, 10,000,000 short tons.

Description.—Volcanic ash consists essentially of very small,
sharp and angular fragments of natural or rock glass. In addition,
volcanic ash usually contains minor amounts of mineral feldspar, a
small amount of quartz and occasionally muscovite mica. Im-
purities likely to be present are calcite, either in the form of a ce-
ment or concretions, sand and clay. Texturally, volcanic ash is very
fine; mechanical analyses of Kansas deposits show that a very large
percentage of the ash particles are finer than 0.147 mm in diameter,
or will pass through a 100 mesh sieve. Much of the ash consists of
particles smaller than 0.046 mm in diameter, or will pass through
a 300 mesh sieve. As a general rule, the finer the ash the greater its
commercial value. Kansas volcanic ash is white to light gray or
bluish gray in color, the differences in color being due to differ-
ences in age. Volcanic ash is known also as pumicite, and erron-
eously as silica, feldspar, spar and geyserite.

The various deposits of volcanic ash in Kansas are widely sep-
arated and completely isolated from one another (fig. 13). Field
observations indicate that individual deposits as seen in outcrop
cover from a few square feet to more than a quarter of a section of
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land with an average areal extent of several acres. The ash beds
are highly variable in thickness; at places they are but a few inches
thick, whereas thicknesses of 20 to 30 feet or more have been re-
ported from some localities. Thicknesses of 6 to 14 feet are com-
mon. The ash crops out at the surface at numerous places; at other
places, however, it is overlain by soil, a veneer of stream-carried
pebbles or by Pleistocene deposits. At no place is the known over-
burden greater than 20 feet in thickness. In general, the ash de-
posits are massive in structure; thin-bedded and cross-bedded de-
posits, however, are relatively common. In Norton county much
of the ash shows distinct horizontal bedding, indicating deposition
under quiet water conditions in lakes.

Chemically, volecanic ash is a solid solution of silicates, the com-
bined constituents being alumina, soda, potash, magnesia, lime,
and iron oxide. The feldspars found in Kansas ash thus far ex-
amined consist of the potash and soda aluminum silicates, the lime
feldspars being absent. The chemical analyses shown in table 23
are typical of the Kansas deposits.

TaBLE 23. Chemical analyses of Kansas volcanic ash

Constituents McPherson Co. Lincoln Co. Meade Co, MS::S: t(?t;. McPherson Co.

(per cent) (per cent) (per cent) (per cent) (per cent)
73.30 72.40 72.36 7230
14.46 10.65 12.20 16.62
154 2.65 140 233
1.00 1.68 trace 0.99

0.21 0.13 X 0.58
564 482 3.00 2.00
6.52 4.00

4.60 9.60

Total ... 99.00 100.75 96.93 100.00 98.24

Distribution.—In 1927 volcanic ash was known to occur in 13

counties, and at the present time 36 Kansas counties are known to

" contain volcanic ash deposits. At least 115 separate deposits are

known in these counties. Table 24 shows the distribution of vol-

canic ash in Kansas by counties together with the number of de-

posits thus far reported; the geographic distribution of the deposits
is shown also in figure 13.



172 Geological Survey of Kansas—1942 Reports of Studies

Production.—Kansas is the leading volcanic ash producing state
in the United States. In 1940, Kansas produced 39,215 tons of ash
or 47.58 per cent of all the ash mined in the United States during
that year. The value of the Kansas ash production for 1940
amounted to $129,959. Table 25 indicates that Kansas has led the
states in the quantity and value of ash produced since 1916. The
table shows also that although Kansas has ranked first in ash pro-
duction since 1916, the percentage of ash mined in Kansas is grad-
ually becoming less and is considerably less than it was in the
early years of the industry. Meade county leads all other counties
in the state in ash production.

TaBLE 24. Number of known volcanic ash deposits (by counties) in Kansas on
February 1, 1942

Number of Number of
County deposits County deposits
Chautauqua ..c.ccooecoeeeeceeennneee. 1 Meade
Clark 8 Nemaha
Comanche’ .......ccooooeeeecene. 2 Ness
Decatur - 2 Norton
Doniphan ... 1 (?) | Osborne .
Ellsworth . 3 Phillips ..o
Gove 1 Pratt
Graham 1 Rawlins .
Grant - 4 Reno
Hamilton 7 Rooks
Harper - 4 Russell
Haskell 1 Seward ... eeemeeemenenenenn
Hodgeman ... 2 Sheridan
Jewell 4 Sherman .. .
Kiowa 1 Smith ...
Lincoln 1 Stafford
Logan 2 Trego
McPherson ... 4 Wallace

Volcanic ash has been mined in Kansas since 1915 or earlier.
During 1941, five companies were operating in six counties, namely
Comanche, Grant, Meade, Norton, Osborne and Sheridan. At var-
ious times volcanic ash was mined by local individuals or owners.
The names and home office locations of the most important vol-
canic ash or pumicite producers in Kansas are listed below.

The Cudahy Packing Co., Chicago, Illinois

Davidson Pumice Co., Norton, Kansas
Dodson Concrete Board Co., Wichita, Kansas
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J. B. Ford Co., Wyandotfe, Michigan
Mid-Co Products Co., Kansas City, Missouri
The Pumicite Co., St. Louis, Missouri

TaBLE 25. Volcanic ash production in Kansas

Production, short tons

Per cent of U.S.

Value of Kansas

Year production from production, in
Kansas United States Kansas dollars
1916 23,804 33,320 71.44 51,648
1917 * 35,293 oo *
1918 * 28,637 * *
1919 ¥ 34,051 * *
1920 * 41,838 * *
1921 34,172 37,108 92.09 125,642
1922 * 45,262 * *
1923 51,907 56,575 91.75 170,459
1924 39,489 43,651 90.47 148,177
1925 35,385 40,380 87.63 122,349
1926 48,869 53,887 90.69 152,190
1927 45,439 53,298 85.26 152,748
1928 46,836 57,430 81.57 183,589
1929 49,768 67,013 74.26 195,784
1930 38,024 56,843 66.89 134,896
1931 47,783 69,819 69.43 152,520
1932 39,375 53,214 73.99 117,558
1933 42,355 61,220 69.18 109,454
1934 39,283 56,169 69.94 102,668
1935 41,111 57,116 71.98 108,349
1936 42,057 72,915 57.68 117,757
1937 38,438 71,007 5413 111,655
1938 38,136 65,742 58.00 112,823
1939 41,643 89,159 46.70 123,163
1940 39,215 47.58 129,959

82,407

* No data available.

Kansas has produced more than 1,023,129 tons of volcanic ash
since 1916, an amount valued at $2,613,399.

Uses.—The uses of Kansas volcanic ash are many and varied.
It is used as an abrasive, especially as a polishing and cleansing
agent. It is used in toothpastes and powders, as a high-grade sil-
ver polish, in making mechanics paste soaps, abrasive hand soaps,
sweeping compounds, and rubber erasers. Because of its low heat
conductivity and high porosity, volcanic ash can be utilized ef-
ficiently in heat-and-cold insulations and as a packing for water
and steam pipes and lagging boilers. It may be used as a filler in



174 Geological Survey of Kansas—1942 Reports of Studies

paints and as an agent in filtering oils for purposes of purification
and clarification. Experiments now being conducted by the State
Geological Survey are designed to test its suitability as a filler in
certain plastics. Volcanic ash has been used in the preparation of
dynamite. It can be used in the making of puzzolan and trass or
tufa cements. Puzzolan cement, because of its hydraulic prop-
erties, is especially valuable in seaworks; tufa cement has been
used in the construction of aqueducts and dams. Recent experi-
ments have shown that Kansas volcanic ash may be used by cer-
amic industries in the manufacture of glazes, enamels, glass, and
vitreous pottery. The use of voleanic ash in a pottery body solved
for a Kansas City firm the problem of manufacturing a container
in March, 1942. The State Geological Survey recommended a
mixture of 25 per cent volcanic ash and 75 per cent Kansas pottery
clay, from which the firm is able to manufacture a container which
is impervious to water and which can be fired at the relatively low
temperature attained by their kiln.

Reserves.—The total volcanic ash reserves in Kansas are un-
known. This is due to the fact that relatively few of the 115 known
localities distributed throughout 36 counties in Kansas have been
surveyed and only a few have been exploited. It is reasonably
certain, however, that the Kansas reserves of volcanic ash are sev-
eral times the total amount thus far mined. Table 26 gives esti-
mates of the reserve tonnage of some of the larger known ash de-
posits.

TABLE 26. Estimated reserves of volcanic ash in the larger known ash deposits

CounTty RESERVES, SHORT TONS

Grant 75,000
Gove : 60,000
Jewell 4,000,000
McPherson 48,000
Meade 1,600,000
Norton 50,000
Phillips 500,000

Total 6,333,000

It is reasonable to assume that an additional 3 to 4 million tons of
ash are present in the unsurveyed but known volcanic ash deposits
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in the remaining 29 counties not included in Table 26. It should be
noted that undiscovered volcanic ash deposits undoubtedly exist
not only in the counties known to have volcanic ash but also in
counties in which volcanic ash has not as yet been reported. Re-
cently (February, 1942), the State Geological Survey of Kansas
received and examined volcanic ash from two hitherto unreported
deposits in Hodgeman county. The total reserve tonnage of vol-
canic ash in Kansas may be estimated as approximating 10,000,000
short tons.

Origin and age.—Volcanic ash or pumicite is the finest material
erupted from volcanoes. Inasmuch as no volcanoes are known to
have existed in Kansas, it follows that the volcanic ash represents
transported material brought to the state from volcanoes in other
regions. The Kansas deposits are not continuous but occur in scat-
tered and isolated patches in the counties cited above. A study of
their distribution indicates that the area covered by the ash is fan-
shaped with the apex of the fan pointing toward the southwest. In’
general, the coarser ash lies southwest of the finer ash. The fine-
ness of the material, the absence in some places of horizontal bed-
ding, and locally the characteristic eolian or wind-type of cross-
bedding strongly indicate that wind was the transporting agent
which brought the volcanic ash to Kansas. It has been suggested
that the source of the Kansas volcanic ash was a group of now ex-
tinct volcanoes in the northeastern corner of New Mexico. These
volcanoes, known as the Capulin group of volcanoes, lie to the
southwest of the previously mentioned fan-shaped ash area in
Kansas. The Capulin volcanoes are post-Tertiary or Pleistocene
in age.

- Not all of the ash deposits in Kansas are of Pleistocene age. In
Norton, Decatur and Rawlins counties that ash is much more com-
pact than elsewhere in the state and is bluish in color, in contrast
with the white or light gray ash found in other counties. The com-
pact and bluish ash occurs in the “mortar beds” of the Ogalalla for-
mation which is considered to be of Pliocene (late Tertiary) age;
this ash, therefore, is older than the white and more prevalent
Pleistocene ash.

Work of the State Geological Survey.—The State Geological
Survey has undertaken the work of examining samples of volcanic
ash sent in by individuals for identification. Recent, intensive
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studies have been carried on by the Survey on the subject of the
ceramic uses of Kansas volecanic ash and the control of iron oxide in
the ash suitable for making glazes and low-cost glass. Bulletins
published by the Survey dealing with volcanic ash are listed be-
low.
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WATER RESOURCES

GROUND WATER

Summary.—Industrial ground-water supplies in excess of 5 million
gallons a day can be obtained at many places in Kansas, and at cer-
tain selected localities supplies in excess of 20 million gallons a day
are available.

Every industrial establishment must have a water supply of ad-
equate quantity and suitable quality to meet its specific require-
ments. In wartime, as in peace time, large water supplies are es-
sential not only for industrial plants but also for public and agricul-
tural uses. Although ground water is utilized extensively in eastern
Kansas, it is in the south-central and western parts of the state that
it is of paramount importance. In south-central and western Kan-
sas stream flows are so small that they do not constitute an abun-
dant or reliable water supply; on the other hand, large ground-
water supplies generally are available in these regions.

The water supplies available for wartime industries in Kansas
have been described in a report published recently by the State
Geological Survey as part 2 of Bulletin 41. The ground-water sup-
plies available in south-central Kansas were described in part 1 of
Bulletin 41.

The rock materials that underlie the surface of Kansas yield
water more freely in some parts of the state than in other parts.
Beds of coarse gravel and sand that partially fill the large stream
valleys yield large supplies of water to wells, whereas some of the
fine-grained or tightly-cemented rocks that underlie large areas,
particularly in the north-central and eastern parts of the state,
yield relatively little water to wells. Supplies of from 10 million to
more than 20 million gallons a day are available for continued use
from groups of wells in the Missouri, Kansas, and Arkansas river
valleys. Locally along these valleys larger supplies are available.
Larger supplies probably would be available at most places along
these valleys for a period of a few years during the present emer-
gency.

Other areas, somewhat less prolific than those mentioned above,
in which several million gallons of ground water a day could be ob-
tained, includé the valleys of the Big Blue, Republican and Smoky
Hill rivers, and shallow-water areas in Kiowa, Scott, Finney, Grant
and Stanton counties.
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At many places in Kansas ground-water supplies are obtainable
that are in excess of one million but, for the most part, less than 10
million gallons a day. The following areas in Kansas belong in this
general classification: the valleys of Delaware, Solomon, Saline,
lower Marais des Cygnes, and Pawnee rivers; the deep ground-
water areas, including much of the High Plains of southwestern
and northwestern Kansas and the extreme southeastern corner of
the state; the area of sand dunes lying south of Great Bend, west of
Hutchinson and east of Larned; the Meade county artesian basin;
and areas in south-central Kansas underlain by Tertiary and Quat-
ernary deposits.

The quantities of water available to wells in various parts of
Kansas, discussed in the foregoing paragraphs, refer to continuous
or permanent supplies from localized areas. It should be pointed
out that at many places throughout the state it would be possible to
pump much larger supplies of water for a relatively short period of
time, in some cases 5 to 10 years. Water in excess of the safe yield
described above would be taken from storage, that is, would be
withdrawn from the pore spaces of the rock at a more rapid rate
than it would be replenished by rainfall and seepage from streams.
Such a procedure would result in a continual lowering of the water
table and eventual diminution of the supply, but might be neces-
sary locally during the present accelerated war production. An-
other method of increasing ground-water supplies is spacing of the
wells over a wide area and connecting them by pipe lines. This
method was recommended by the State and Federal Geological
Surveys and has been used successfully by the City of Wichita in
securing its new water supply.

Since 1937, the State Geological Survey and the Division of
Ground Water of the United States Geological Survey, in coopera-
tion with the Division of Water Resources of the State Board of
Agriculture and the Division of Sanitation of the State Board of
Health, have been making detailed investigations of the quantity
and quality of ground water in various parts of the state. Of spec-
ial importance in ground-water investigations are the periodic
measurements of water levels in numerous observation wells in
each of the areas being studied, in order to determine the magni-
tude and character of water level fluctuations and the rate at
which the underground reservoirs are being replenished by rain-
fall, or depleted by natural processes or by heavy pumping. The
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cooperating State and Federal agencies now obtain accurate rec-
ords of water level fluctuations in nearly 500 observation wells sit-
uated in 25 counties of central and western Kansas. These records
are published annually in Water Supply Papers of the United
States Geological Survey.

Published reports of detailed studies of the ground-water re-
sources of specific areas in the state are listed below.
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SURFACE WATER

The Geological Survey, United States Department of the In-
terior, in cooperation with the Division of Water Resources of the
State Board of Agriculture and the U.S. Army Engineers, main-
tains many gaging stations on the principal streams in Kansas. De-



180 Geological Survey of Kansas—1942 Reports of Studies

tailed stream-flow records for Kansas streams are available in
Water-Supply Papers of the U.S. Geological Survey and in state
reports. Stream-flow records for the period 1895-1919 and for 1919-
1924 are contained in reports on the surface waters of Kansas is-
sued by the Kansas water commission. Records for 1924-1928, 1928-
1935, and 1935-1939 are contained in reports of the Kansas State
Board of Agriculture, Division of Water Resources. More recent
information on the flow of Kansas streams may be obtained by writ-
ing to the U.S. Geological Survey, Division of Surface Water, To-
peka, Kansas, or to the Kansas State Board of Agriculture, Di-
vision of Water Resources, Topeka, Kansas.

In general, supplies of surface water adequate for most pur-
poses can be obtained from the major streams in eastern Kansas;
supplies of surface water in western Kansas are inadequate for
most industrial needs.

UNIVERSITY OF KANSAS PRESS
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