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Prate 1.—Exposure of Muncie Creek shale, sec. 12, T. 11 S, R. 24 E,
Wyandotte County. B is a close-up view of area ecireled in A. (Photos by
Roy Jindra)
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ABSTRACT

Phosphate-bearing bituminous shales of Pennsylvanian age
were sampled from Crawford, Bourbon, Franklin, Labette, and
Wyandotte Counties. Complete chemical analyses of the shales
were made. Special analyzes included the percentage of P,0; sol-
uble in citric acid, use of the spectrograph to determine trace ele-
ments present, and tests to determine the trace elements soluble
in water. These analyses suggest that the phosphate and trace
elements are present in quantities sufficient for the shales to merit
evaluation as a source of agricultural fertilizer.

INTRODUCTION

Sedimentary phosphate occurs in Kansas in the Pennsylva-
nian shales and limestones that crop out in the eastern one-third
of the State. The present study was undertaken to determine pos-
sible utilization of the phosphate-bearing shales.

Phosphate occurs in nature in only a few forms and commonly
it is found in the chemical combination known as orthophosphate.
The mineral apatite, 3[Cas (PO,).].CaF,, is the most abundant
source of phosphate in rocks of igneous or metamorphic origin.
In sedimentary rocks the most common phosphate-bearing min-
erals are collophane, 3[Ca; (PO,).].nCa (CO;,F,0) xH.O, which
is a mineraloid, and dahllite, 3[Ca; (PO,).].CaCO;. Collophane
is the dominant mineral of fossil bones and often is the chief con-
stituent of “Phosphorite” beds. Dahllite is secondary after collo-
phane, and usually occurs with it.

The growing need of phosphate fertilizers has aroused much
interest in the possibility of locating usable deposits of phosphate-
bearing rocks. The “Phosphorite” beds in Idaho, Montana, Wyo-
ming, Tennessee, and Florida are high-grade phosphate deposits
which are processed, bagged, and shipped for long distances. If
deposits with a reasonable percentage of P.C; could be found to
occur in Kansas they might be of value to our agricultural needs.
It has been known for many years that many of the black shales
in eastern Kansas contain phosphate nodules. The Oklahoma
Geological Survey made a preliminary study of comparable
shales in Oklahoma (Oakes, 1938) but low solubility, unfavor-
able locations, and other factors limited its recognition. Since
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1946 the increasing demand for phosphate fertilizers suggested
that the Kansas shales should be examined.

A reconnaissance field trip in September 1947 indicated that
the Kansas City and Lansing groups merited study in Wyandotte
and Johnson Counties. After preliminary study of these deposits
showed promise, the study was extended to cover shales of the
Pleasanton, Marmaton, and Cherokee groups in Labette, Chero-
kee, Crawford, Neosho, Allen, and Bourbon Counties, Miami,
Anderson, and Linn Counties have so far not been investigated
due to lack of topographic situations that favor quarrying opera-
tions.

Early phases of the study demonstrated that only the bitumin-
ous shales contained enough phosphate to warrant consideration.
Also a significant amount of potassium, magnesium, and iron as
well as several other.elements that might be beneficial in agri-
cultural use were found to be disseminated through the shales
beyond the limits of the phosphate nodules. Under certain soil
conditions these nutrients may be deficient. Under these condi-
tions an additional supply that could be added in the shales
should prove beneficial (Dr. Harold Myers, personal communi-
cation).

Factors of the shales used to evaluate possible use as a fer-
tilizer are (1) total phosphate and citric acid soluble phosphate,
(2) quantity of shale available, and (3) location of shale deposits
with reference to ease of mining and transportation. Several
chales that contain relatively high percentages of phosphate are
not judged good prospects because of excessive overburden,
whereas other shale deposits with a lower P,O; content are so
readily accessible for quarrying operations that they were in-
cluded in the study.

Attempts made in the laboratory to concentrate the phosphate
content of the shales were not successful owing to uniformity of
hardness, specific gravity, and shape of particles. Grinding fol-
lowed. by flotation produced no significant change in the distri-
bution of the phosphate. Therefore, study of the possibility of
utilizing the shale without processing other than pulverizing was
made. All data presented in this paper are based on this type of
treatment. '

Thanks are expressed to Dr. H. E. Myers, Head, Department
of Agronomy, Kansas State College, for review of these data.
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Under his supervision the Department of Agronomy at Kansas
State College is conducting field and greenhouse tests to deter-
mine the benefits to plant growth by application of this phosphatic
shale. Part of this work is being done by Mr. R. F. Randle, Jr.

FIELD METHODS

Samples were collected in the field from natural outcrops and
road cuts. Approximately 50 pounds of shale was taken as com-
posite or channel samples of the exposed thickness of shale at each
locality. In some places a few pounds of nodules were selectively
collected from the outcrop for independent study. Mr. Bert Ross
who operates a quarry at Ottawa, Kansas, obtained samples of
the Eudora shale by catching the pulverized material blown out
by a pneumatic drill. A sample of the Little Osage shale was ob-
tained by pneumatic drilling by Mr. John Stark, Girard, Kansas.
Shales above the various coal beds in Crawford and Cherokee
Counties were sampled by W. B. Howe. Locations of the shales
sampled are given in Table 1.

The field samples were crushed in a pan mill after being air
dried. The shale was pulverized in the mill until small aggregates
began to form. Previous experience in grinding these bituminous
shales had proven that further mechanical grinding was useless.
The laboratory sample was secured by repeated splitting until
about 100 grams remained. This was further ground by hand
until it would pass on 80 mesh sieve. The samples being used by
Kansas State College for field and greenhouse tests were treated
only by grinding in the pan mill. The size distribution of the shales
crushed by the pan mill is shown in Table 2.

LABORATORY METHODS
ANALYSES

Phosphate.—The percentage of P,Oj5 soluble in citric acid was
determined by agitating 5 grams of shale in 500 cubic centimeters
of 2 percent citric acid for 30 minutes. The shale was then filtered
off and the P,O; content of the filtrate determined. Total P;O;
was determined by leaching a 0.5 to 2.0 gram sample in 10 per-
cent nitric acid, filtering, and retaining the filtrate. The remainder
of the analyses for both citric acid soluble and total P,O; was



42 Geological Survey of Kansas—1949 Reports of Studies

TABLE 1.—Description of localities where phosphate-bearing shale
was sampled

Thickness
Lab. Stratigraphic of bed, Type of
No. County Location horizon feet Sample
48-98 Wyandotte 12-11-24E Muncie Creek 3 Composite
shale upper part
48-99 do 12-11-24E Quivira shale 3  Lower half-
composite
48-219 Labette SEY4 Pleasanton 29 Spot 15 ft.
17-32-19E shale from top
48-220 do NEY; Little Anna 2 Composite
16-33-21E shale
48-224 do SEY, Pleasanton 29 Top 6 ft.
17-32-19E shale of 12 ft.
18 {t. from top
48-295 Crawford SEl4 Little Osage -  Composite
12-30-22E shale
Stark Quarry
48-296 do SW1y SWY;  Shale above 4  Composite
34-38-25E Croweburg coal
48-297 Bourbon SWl4 SEY, Shale above 6  Composite
18-27-25E Bevier coal
48-298 do NEY, NWY;  Shale above 2  Composite
27-26-25E Mulky coal
48-311 Franklin SWY SWY;  Eudora shale 8  Composite
6-17-19E
Ross Quarry
49-173 Labette SEY, Pleasanton 29 16 in. below
17-32-19E shale 48-224
49-174 do SEY, Pleasanton 29 10 in. below
17-32-19E shale 49-173

done by standard methods. The 2 percent citric acid soluble
method is the method used by the Association of Official Agricul-
tural Chemists (Lepper, et al., 1945) for determination of POy
content in open-hearth slags. This method was selected as an em-
pirical test because of the composition of the shales. The results
are given in Table 3.

Total analyses—Complete chemical analyses of the shales
were made by the usual methods applicable to silicate rocks
(Hillebrand and Lundell, 1946; Kolthoff and Sandell, 1946; Scott,
1939) and are shown in Table 4.

Spectrographic analyses.—All analyses were made with a 1.5
meter Applied Research Laboratory grating spectrograph. Anal-
yses were made using special high purity graphite electrodes
wherever the routine qualitative “shot” was inconclusive. Ele-
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TaBLE 2.—Size distribution of shales ground in pan mill

48-98 48-99 48-224 48-298
Cumulative Cumulative Cumulative Cumulative
Mesh Percent percent Percent percent Percent percent Percent percent

24 38.69 38.69 33.18 33.18 37.07 37.07 35.65 35.65
60 19.63 58.32 24.72 57.90 23.47 60.54 23.84 59.49
100 10.14 68.46 11.67 69.57 16.66 77.20 10.40 69.89
200 14.23 9.27 13.01 12.16
Pan 1687 20.39 9.30 17.79

ments recorded as “not seen” are ones which can be detected con-
sistently only by special methods. In most cases, however, only
extremely minute amounts are likely to be present if the element
is not detected. Special spectrograms were made after leaching 20
grams of the shale in distilled water for 12 to 15 hours. The soluble
salts were dried out, taken up with powdered graphite, and an-
alyzed with super-pure electrodes. The results were qualitative
only; all results are shown in Tables 5 and 6.

Discussion orF Data

Determination of the citric acid soluble and total P,O; content
indicates that sufficient phosphate is present in the shales to be of
benefit to soils, when applied in sufficient amounts. The chemical
analyses show relatively large percentages of K,O, MgO, and iron
that would be available as the shale was weathered. The spectro-
graphic analyses show a rather wide range of trace elements that
are known to be beneficial. These include boron, manganese, cop-
per, zinc, and molybdenum. Other elements that do not have any
recognized value but were noted to be present in small amounts
were lead, silver, chromium, vanadium, and zirconium. The water

TaBLe 3.—Citric acid soluble and total P:0s content of shales

P,0, soluble

Lab. Total P,0; soluble in citric acid,

No. PG, in citrie acid percent of total
48-59 1.64 1.34 81.7
48-224 3.20 2.80 87.5
48-295 2.08 1.20 57.69
*48-296 (49-41) 2.62 177 67.56

(49-42) 3.76 254 67.55

48-298 230 1.54 66.95
48-311 0.81 0.79 97.53
49-173 1.40 1.39 99.28
49-174 2.05 1.94 94.63

* This sample was pulverized, then repeatedly ball milled until 85.1 percent passed
200 mesh. 49-41 is the 200 mesh, 49-42 is the —200 mesh.
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Prate 2.—A, Nodules of phosphate-bearing shale on the floor of a county
quarry, sec. 17, T. 32 S., R. 19 E., Labette County; B, typical size and shape
of phosphate-bearing shale nodules, 23 normal size. (Photos by A, Earl K.
Nixon; B, Roy Jindra).
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soluble determinations showed iron, aluminum, copper, silver,
sodium, calcium, magnesium, and strontium. Strontium is con-
sidered to be present in extremely small quantities and was seen
because of the relative concentration of the other salts.

Tentative identification of the clay minerals in the shales as
illite (Norman Plummer, personal communication) cannot be
substantiated until thermal analysis equipment is available. This
equipment should be operating by 1950.

CONCLUSIONS

The properties of the phosphatic shales studied that are judged
to be of benefit to soils are considered in two groups: (1) those
producing immediate results, and (2) beneficial properties de-
rived from weathering and available over a long period of time.
They are as follows. (1) Immediate reactions: P.O; content of
soil is increased; base exchange capacity of soil possibly would be
increased (Byers, Anderson, and Bradfield, 1938; Joffe and Mec-
Lean, 1926, 1927); water soluble elements are released. (2)
Weathering reactions: {errous salts, magnesium salts, potash
(previously nonsoluble K.O), and the remainder of trace ele-
ments are released to soil; small amounts of nitrogen become
available.

The investigation under way at Kansas State College on the
utilization of P,O; will have an important bearing on evaluation
of these shales as a beneficial application to soils for plant growth.
It is expected that these studies will be completed during the
year 1949,

REFERENCES

Bvyers, H. G., ANDERSON, M. S., anp BraprieLp, RicHarp, 1938, General chem-
istry of the soil: U. S. Dept. Agri., Soils and Men, 1933, pp. 911-928, figs. 1-2.

HiiLeerano W. G., anp LunperL, G. E. F., 1946, Applied inorganic analyses:
9th prig., pp. 1-929, figs. 1-40, John Wiley & Sons, Inc., New York.

JorrE, G. S., aNp McLzean, H. C., 1926, Colloidal behavior of soils and soil
fertility, II, the soil complex capable of base exchange and soil acidity:
Soil Sci., vol. 21, pp. 181-195, figs. 1-3.

, 1927, Colloidal behavior of soils and soil fertility, III, cation replace-
ment and saturation of soil with calcium: Soil Sci., vol. 23, pp. 127-135.

KovurHorr, I. M., anp SanpeLL, E. B., 1946, Textbook of quantitative inorganic
analysis: rev. ed., pp. 1-794, figs. 1-131, Macmillan Co., New York.

Lepper, H. A., et al., 1945, The official and tentative methods of analysis:
Assoc. Official Agricultural Chemists, Washington, D. C.




48 Geological Survey of Kansas—1949 Reports of Studies

Oaxkes, M. C., 1938, Phosphate: Oklahoma Geol. Survey, Min. Rept. 2, pp.
1-34, pl. 1.

RunnEeLs, R. T., aNp Dusins, I. M., 1949, Chemical and petrographic studies of
the Fort Hays chalk in Kansas: Kansas Geol. Survey, Bull. 82, pt. 1, pp.
1-36, figs. 1-6, pl. 1.

Scorr, W. W., 1939, Standard methods of chemical analyses: vol. 1, 5th ed.,
pp. 1-1234, figs. 1-132 (N. H. Furman, editor), D. Van Nostrand Co., Inc,,
New York.



STATE GEOLOGICAL SURVEY OF KANSAS

Recent Publications

BULLETIN 52. 1944 Reports of Studies (Seven parts issued separately). Mailing charge,
10 cents (parts 1-5, 7), 25 cents (part 6).

BULLETIN 53. McLouth Gas and Oil Field, Jefferson and Leavenworth Counties, Kan-
sas, by Wallace Lee and Thomas G. Payne, 193 pages, 1944. Mailing charge, 25 cents.

BULLETIN 55. Geology and Ground-Water Resources and Finney and Gray Countles,
Kansas, by Bruce F. Latta, 272 pages, 1944. Mailing charge, 25 cents.

BULLETIN 58. Stratigraphy of the Marmaton Group, Pennsylvanian, in Kansas, by
John Mark Jewett, 148 pages, 1945. Mailing charge, 25 cents.

BULLETIN 59. Geology and Ground-Water Resources of Thomas County, Kansas, by
John C. Frye, 110 pages, 1945. Mailing charge, 25 cents.

BULLETIN 60. 1945 Reports of Studies (Four parts issued separately). Mailing charge,
10 cents each part,

BULLETIN 61. Geology and Ground-Water Resources of Grant, Haskell, and Stevens
Counties, Kansas, by Thad G. McLaughlin, 221 pages, 1946. Malling charge, 25 cents.

BULLETIN 62. Exploration for Oil and Gas in Western Kansas During 1945, by Walter
. Ver Wiebe, 112 pages, 1946. Mailing charge, 25 cents.

BULLETIN 63. Coal Resources of the Wabaunsee Group in Eastern Kansas,
H. Schoewe, 144 pages, 1946. Mailing charge, 25 cenlt)s. » by Walter

BULLETIN 64. 1946 Reports of Studies (Five parts issued separately). Mailing
charge, 10 cents each part.

BULLETIN 65. Geology and Ground-Water Resources of Kiowa County, Kansas, by
Bruce F. Latta, 151 pages, 1948. Mailing charge, 25 cents.

BULLETIN 66. Geology and Ground-Water Resources of Scott County, Kansas, by
H. A. Waite, 216 pages, 1947. Malling charge, 25 cents.

BULLETIN 67. Xansas Clay, Dakota formation, by Norman Plummer and John F.
Romary, 241 pages, 1947. Mailing charge, 25 cents,

BULLETIN 69. Geology and Ground-Water Resources of Seward County, Kansas, by
Frank E. Byrne and Thad G. McLaughlin, 140 pages, 1948. Mailing charge, 25 cents.

BULLETIN 70. 1947 Reports of Studies (Six parts issued separately). Mailing charge,
10 cents each part.

BULLETIN 71. Ground-Water Resources of the Kansas City, Kansas, Area, by V. C,
Fishel, 109 pages, 1948. Mailing charge, 25 cents.

BULLETIN 72. Upper Cambrian and Lower Ordovician Rocks in Kansas, by Raymond
P. Kercher and Jewell J. Kirby, 140 pages, 1948, Mailing charge, 25 cents.

BULLETIN 73. Ground-Water Resources of Republic County and Northern Cloud
County, Kansas, by V. C. Fishel, 194 pages, 1948. Maliling charge, 25 cents.

BULLETIN 74. The Stratigraphy and Structural Development of the Salina Basin of
Kansas, by Wallace Lee, Constance Leatherock, and Theodore Botinelly, 155 pages,
1948. Mailing charge, 25 cents.

BULLETIN 75. Oil and Gas Developments in Kansas During 1947, bI W. A. Ver Wiebe,
G. E. ét\bernathy, J. M. Jewett, and Earl K. Nixon, 230 pages, 1948. Mailing charge,
25 cents.

BULLETIN 77. Oil and Gas in Eastern Kansas, by John M. Jewett, 307 pages, 1949.
Mailing charge, 25 cents.

GLIMPSES FROM RESOURCE-FULL KANSAS, by John C. Frye, John M. Jewett, and
Walter H. Schoewe, 48 pages, 1946, Mailing charge, § cents,

KANSAS ROCKS AND MINERALS, by Laura Lu Tolsted and Ada Swineford, 56
pages, 1948. Mailing charge, 5 cents.

GROUND WATER IN SOUTHWESTERN KANSAS, by John C. Frye and V. C. Fishel,
24 pages, 1949. Mailing charge, 5 cents.
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BULLETIN 76

1948 REPORTS OF STUDIES

GrapHic REPRESENTATION oF O1L Frerp Brines v Kansas, by Russell
M. Jeffords, pp. 1-12, figs. 1-6, March 15, 1948,

CoNTAMINATION OF DErp WATER WELLS IN SOUTHEASTERN KANSAS, by
Charles C. Williams, pp. 13-28, figs. 1-3, April 1, 1948.

TaE OCCURRENCE OF CORALS IN LATE PaLrozoic Rocks oF Kawnsas, by
Russell M. Jeffords, pp. 29-52, figs. 1-3, pls. 1-4, May 15, 1948.

Tae ManuracTURE oF Ceramic Ramroap Barrasr anp CONSTRUC-
TIONAL AGGREGATES FrROM Kansas Crays anp Sits, by Norman
Plummer and William B. Hladik, pp. 53-112, fig. 1, pls. 1-8, June 15,
1948.

RADIOACTIVITY SURVEYS IN THE KANSAS PART oF THE TRI-STATE ZINC
ANp Leap Minine Districr, CHEROKEE County, Kawnsas, by Robert
M. Dreyer, pp. 113-120, figs. 1-4, pl. 1, July 15, 1948,

Grounp-WATER SuppLIES AT HAYS, VicToria, WALKER, GORHAM, AND
RusseLr, Kansas, with special reference to future needs, by Bruce
F. Latta, pp. 121-196, figs. 1-8, December 15, 1948.

BULLETIN 82

1949 REPORTS OF STUDIES

CHEMICAL AND PETROGRAPHIC STUDIES OF THE ForRT HAys CHALK IN
Kansas, by Russell T. Runnels and Ira M. Dubins, pp. 1-36, figs. 1-6,
pl. 1, February 28, 1949.

PRELIMINARY REPORT ON PHOSPHATE~BEARING SHALES IN KAsTERN KaN-
sas, by Russell T. Runnels, pp. 37-48, pls. 1-2, August 31, 1949.
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