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PHYSIOGRAPHY AND GEOLOGY OF SOUTH=-CENTRAL KANDAS

INTRODUCTION

Purpose of investigation., The geology and physlo-
graphy of south-central Kansas have been of especlal in-
terest to the writer since his first acqualntance with
the area in 1928,

This report has been written with the hope of con-
tributing some new information concermning the natural
features of south-central Kansas, about which very 1little
has been published. Geologicel maps of this area are
exceedingsly generalized, and no maps based on detailed
field work have ever been published,

One of the results of the present investigation
has been an areal geological map (Plate V). The greater
part of the area 1s covered by rocks of Tertiary age
and younger, and is, therefore, geologically uninterest-
ing to those ensaged in the search for petroleum, How-
ever, & knowledge of the thickness of these deposits
which overly the older rocks may be of use to those
seekinr, by geophysical methods, for structures favorable
to the accumulation of petroleum,

The physiorraphic history of this region 1s far
more complex than appears on first inspection, The writ-
er has endeavored to unravel part of this history and



| | [ [ | poniPHAN

1 [
] | A
A~ HISON
5 v TRLEY __J—'Tmzison N
Telay [ RILEY /o oTTAWATOMIE: |
: | P {FERSONIG)
U
- | | |
] | ' %
\ N SHAWNEE | e e
! I'D_lc'stbnl - - ! 4 popn
| ) T WABAUNSEE ' J
i |  SALINB EARY |__ __looueus JOHNSON

ELLSWORTH | | rorRis " OSAGE ‘ |

A - ! - —
TFRANKLIN | MIAMI

amron | | ' ' | |
- L o iR ' '
: . |
|
]
vy 1
|
1
|
[comancHe HARPER ) E ‘
I I l | CHEROKEE({ |
| i ' '
| | | '
AN NG I e ' .
arex-included in report, Plate I,

[
. [
@ area ctudied in detail, Index ape .



2,

hopes that he may have succeeded in explaining some of
the problems, such as the reason for the great bend of
Arkansas River and the source and disposition of the
sand in the dune areas. In addition an attempt has been
made to present a picture of the pre~Tertlary topography
of the region,

Location and size of area. The area described in
this report lies approximately between 37° 20' and 38°
30' north latitude and 97° 10' and 100° west longitude,
It occuples the northern portion of central-southern
Kansas (Plate I) and includes all or part of the follow-
ing countles: Barton, Rice, McPherson, Pawnee, Stafford,
Reno, Harvey, Edwards, Ford, Kiowa, Pratt, Kingman,
Sedgwick, Butler, Clark, Barber, Sumner and Cowley.

The area involved totals about 6,500 square miles, of
which the writer has studied about 4,100 square miles
in detall,

Climate and Culture. This part of Kansas has a
seml-arid to sub-humid climate. Two United States Weath-
er Bﬁ;eau Statlions lle wilthin the area, Dodge City near
the western boundary and Wichita near the eastern boun-
dary. The weather data for these two stations follow

in tabular form (Table 1), to permit of ease in compari-

aon,
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Table I,

Dodge Cit Wichita
(58 years{ (45 years)

Average yearly temperaturt.c.cceccecees 54¢6 caveses 56,4

Maximum temmmture...n.............108 esssesel09
(July,1876,1933) (June,1933)
Minimum temperatur@.ccccececcscssscses™ -2 cesscnee=22
(reb,1899)  (Feb, 1899)
Average anmual x‘ainfa.ll, incheB,eeese 20409 eeesee 29,89

Mean reinfall, by months, inches,

JaNUIBIYeosesscssssecccssccssconss 0.40 eeseeee0sT3
FEDIUBTYeeocoscsccoscscssscoccrse OeT2 coeeeeele20
158PCNeescessssscnsesescsccnscose 0e94 ciarveeels8O
ADr1l.ceeccecocsccccssscencssses 199 eereere2.86
M&Yeoeooesossecoscnnscsossecsnce 2.T4 seveeesttoedl
JUNG.ccesencnscoscscencasssnssse 3024 Lovesesde56
JUlYeeeoesscoccscssssscscecscosse 3010 secoveeIlel?
f\uguatooooooooooooooooooocoo.ooo 2067 P 1Y ¢ ) §
September,esseccescescoscescssse 1:89 ceeneeel.01
OCLObOY e sesssscscccsesesosssssee Lo3T coseese@e3B
NOVembEreeeossososcsocccsssossscs 0e80 ceveesslaB9
December........................ 0.61 .'.....1.00

Greatest rainfall In ONE JOAr.cecsees33e55 ceoessdl, 94
(1881) (1922)
Least rainfall in one yeAreeecccecoseel0el? ceeeselb,1l

(1893,1910) é1917)
Percent total hours of Bunshine......'Tl.......... 3

Winds (Average)

Prwailing direCtion.o..OOQOOOQCOOOSE e0 0000 00 S y
Dirgetion higheat velocltyeesceeeseoe N oceosossslNiv
Highest velocity (miles per houre.e58 cceveecees58

(Jan,187T) (‘urvh,1919)
Average number of days:

Maximum temperature 90 Or 8bOVE.eee53 ceeccecsod9
Hinimum tenperature 32 or below,, ed26 teeeeens 94
Hinimum temperature O Or HeloWees T ccoceccce I

27 Forty-Tive year average shows prevalllng direction
of wind at vichita is from the south for every month
of the year,
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This brief summary indicates the average cllmaie
of the region. For locations intermediate between Wich=-
ita and Todge City a falr approximation of weather con-
ditlons may be obtained by interpolating between the
two sets of figsures,

Acecording to the above table rainfall 1s zreatest
in the growing months, a favorable circumstance for
agriculture in a region of low rainfall, Vhile the
average firures indicate sufficient precipitation for
crops, there are perlods of drouth when the rainfall 1s
less than normal, The year 1933 was the fourth consec-
utive year for such a drouth, However, in the preceed-
ing 4 years (3 years at Dodge City) the rainfall was
above normal, Hot south winds blow occasionally in the
summer months and are disastrous to growlng crops. The
winters are usually “open", The average temperature
for the winter months (December to February, inclusive)
is 31,9 for Dodze City and 34,0 for Wichita, Average
temperature for the summer months (June to August, in-
clusive) 18 75.9 for nDodge City and 77.6 for Wichita.

The most important crop 1s winter wheat, followed
by corn, kaffir corn, malze, and other forage crops,
Locally, in areas close to Arkansas River where water
may be obtained for irrigation from wells topping the

underflow, surar beets have been raised 1n recent years
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with some desree of success., In the lowlands (shown on
Plate V as terrage deposits) near Hutchinson and Wichita,
spring truck farming is profitably carried on, and the
area near Hutchinson is famed for its crops of cantaloup-
es and other melons. Wheat and corn are ralsed in the
sandy reglon, and where their cultivation is not practi-
cable, the land 1s devoted to the grazinc of cattile,
Water 1is easily obtained from shallow wells in the sand
hills,

Dust storms occur occaslionally, especially in per-
iods of drouth, The dust storms of the early spring
of 1933 and 1934 were unusually severe., The writer
talked with many of the older residents, some of whom
had lived in this part of Kansas since 1880, and they
agreed that these were the most severe dust storms with-
in thelr memory. Thousands of square miles of land,
formerly covefed with buffalo grass, have been plowed
up durinrs the last two decades? aﬁd this vast expanse of
loose soll is easily attacked by the wind, ‘Lack of
moisture had prevented the wheat from growins and 4n the
absense of a protective coverins an immense amount of
fertile topsoll was carried away by the winds,

The residents of south-central Kansas are primarily
dependent upon agriculture and its products. However,

Wishita and Hutchinson are industrial centers pqsseaaing
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faoctories and flour mills., These are the largest cities
in the area, ¥Wichita having a population of 104,165 and
Hutchinson 29,038 in 1932, An important part of the
Kansas salt industry centers around Hutchinson, Lyons
and Sterling.

South-central Kansas is steadlly becoming more
important in the production of petroleum, Several new
wells are producing near Cumnincsham, Producing wells
are found in the following counties (arranged in order
of their production as of 1933): MePherson, Butler,
Sedawick, Cowley, Rice, Sumner, Reno, Stafford, King-
man, Barton and Edwards, Natural zas is produced in
the following counties: HMcFPherson, Cowley, Butler,
Harvey, Reno, Rice, Edwards, Rush, 3arber and Clark,
Without exception, all of the counties in the area of
this report have benefitted throusgh money palid for oil
and gas leases, and in the past several years of agri-
cultural depression, lease money has paid much of the
farm taxes in various counties,

T;ﬁnsportation facilities in this portion of Kansas
are very good. The area is crossed by main and branch
lines of the Atchinson Topeka and Santa Fe and Chicaro
Rock Island and Pacific and by branch lines of the ; isa-
ouri Pacific (Plate V). Many all-weather highways,

surfaced with conerete, bituminous mat or gravel, trav-
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erse this part of Kansas, (Fig.2). The main east-west
lines of travel are highways U.S. 50 S, through Hutchin=-
son, St. John and Kinsley and U.S. 54 through Wichita,
Pratt and Sreensburs., Important north-south hichways
run through Wichita, Kingman, Pratt, Greenshure and
NDodge City. The Santa Fe Trail goes through lMclherson,
Lyons, Great Bend, lLarned, Kinsley and bodge Clty,

Method of investigation., It was manifestly im-
possible to cover every square mlle of the area in the
time availlable for field work, The writer has been
famillar with this area since 1928, having spent part
of that year and part of 1929 in field work there for
the liidwest Refinin; Company. Subsequent trips added
to his knowledge of this regclon and served to lncrease
interest in the geoloric and physiographic problems,

~1eld work on this specific problem was firat bhe-
gun in July and August, 1932, In December, 1932, two
more weeks were spent in the fleld, and the remaining
work was done in June, July and August of 1933.

The area was mapped by automobile survey, which
was aided by the presence of roads on nearly every sec-
tion 1line except in resions of sand dunes, '7Thile trac-
ing the boundaries between various deposite every sec-
tion line crossing the boundaries was traversed. The

remainder of the area was traversed at greater inter-
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Pc. 2.
Zortion of a rellief moiel of Xansas showlng

drainaze, higilsiays, cltles and county boundurles,

Flge 3.
Tertlary zravels, SE. cor. sec. 23, T, 24 s,,

Re 14 7,, Stafford County,



Fig. 2.

Filg. 3.
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vals, which, however, did not exceed 4 miles except in
regions of numerous sand dunes,

The writer mapped the following geolozic boundar-
ies on the areal map: (1) all boundaries between the
Quaternary dune sand and the Sanborn and Ogallala forma-
tions; (2) the houndary between the Quaternary alluvium
and dune sand along the south side of Arkansas Rilver
from Dodge City to Hutchinason; (3) the boundary between
the Ogallala and the Permian from Langdon along the
north side of the North Fork of Ninnescah River inteo
Te 27 S.y Re 4 W.3 (4) the boundaries between the
Ofallala, Quaternary Terrace deposits and Alluvium along
the west bank of the Arkansas from Hutchinson to about
Andale and Colwich, The remainder of the zeoloric bound-
aries have been taken from unpublished geolosic maps
of the Kansas Geological Survey.

Acknowledgments, The writer has received encourage-
ment and assistance from Professors .1, Knirht, K.K,
Landes, R.C., Hoore, C.J. Posey and V/.H, Schoewe, members
of the faculty of the Department of Ceology at the Uni-
verslty of Kansas. The Kansas Jeological Curvey furnish-
ed material aid in the use of its facilities and equip-
ment, Core drill information was very kindly furnished
by the following: Empire 01l Co., Gypsy Oil Co., Mia-

west xploration Co., VVestern Exploration Co. and R.S.
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Hunt of Yt. Pleasant, “ichl~an, Identifications of
f0ss1la were very kindly made by Junius Henderson of
Palo Alto, California, and frank C. Baker, Urbona, Ill=-
inols., ¥.7”. landes accompanied the writer on visits
to this area 1in November, 1933 and in April, 1934, and
edited manuscript.  ‘.%. Tlias has alied in the investi-
zation of the Orpllala and Sanborn formatlons, spendlng
a week in the fleld with the writer in February, 1934,
Thanks are also due to Thomas H, Allan of the Stanolind
01l and %as Zo., Tulsa, 0k1§homa, and 1,7, Huntinzton
of Midwest, VTyomins for suszestions, The writer acknowl-
edzes the ald and assistance of his wife, who hes helped
in the preparation of the orizinel mznuscript and typed
the finsel report.

Review of literatures A rather extensive search
of the literature for articles directly pertaining to
the area of this report was made, !Most of the earlier
vorkerg either confined theilr efforts to the re~ion north
of Arkansss River, or worked south of the zrea of this
report among the outcrops of Permian and Xesozoilc fockn.

J.S5. Newberry, (41)* in 1859, travelled through Kan=-

sas in a pert under the command of Capt, J.li. lacomb,

elile 4

* Underlined firures are reference numbers (see list

of references at end of paper); plain ficures are the
page numbers within the references.
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Althouch their destinatlon was Santa Fe, llew lexlco,
and their probiem concerned Colorado River, Newberry
studied the geolory alons their route in Kansas, ‘hile
travelling along the Santa Fe Trall southwest from
Larmed, he concluded that the sand in the dunes south
of Arkansas River was probably derived "from the decom-
position of the Tertiary conrlomerate", (41,27).

The first state geologist of Kansas, 3B.F. Mudge,
(38,29,40) made several brief reconnalssance trips
throurh this part of Kansas, but his reports are exceed-
ingly mseneralized, The work of Mudge covered the years
of 1873-1877, and was confined mainly to the Tertiary
and Cretaceous. .ne nexti writer of note was F.VW. Cragin,
(5,7) who worked mainly on the Cretaceous and Permian,
but who wrote one paper, in 18385, (6) on the Tertiary.
Cragin's work applies indirectly to the area of this
report,

In 1885, 3.B. Smyth (45) wrote a rather general
article on "The Are of Kansas". In his discussion he
used the rate of removal of surface material due to the
verious agencies of weathering and transportation as a
meens of calculatin~ the numher of years necessary for
the removal of those sediments that have heen eroded
from the surface of Kansas since the endingz of Tertiary

time,
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Robert Hay (20) in 1890 made a geolosical recon-
nalssance in southwestern Kansas, and the United States
Geolosical Survey published a report of this work, It
is significant that, at this time, Hay distingulshed
the “Tertiary grit" (Ogallala of present authors) from
the "Plains marl" (now recognized as loess), ‘hile
these names applied by Hay were descriptive of the
physical features of the rocks, as shown by Ellas (11,
13-14), they are misleading in that in nany places the
"Tertiary grit" consists of clay and silt. Hay (20,33-
34; 21,5) believed that the Tertiary sediments were
lake deposits but was unable to explain, “The manner of
transportation of pebbles so coarse as those found in
the Tertiary conglomerate in soutimestern Kansas .,,. and
their original source, ..." (20,46). Of the "Plains
marl" he wrote, (14,444)," ... it is remarkable for 1its
lithologic similarity ... (for) samples not to be dis-
tinguished from each other (come) from the northern
plains of Nebraska, the midplains (Platte-Arkansas) re-
glon, and the Fanhandle of Texas", The first detalled
work on the Tertiary was done by Hay (24) and the read-
er may study with benefit this report as published in
the sixteenth anmual report of the United States Geolo-

Fical Survey. His stotements (24,5-5,554) that "areas
of greatest imbibiticn of water are those with 'Tertiary
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grit! axpoaed;", and "areas of least imbibitlon are
those where the unbroken 'marl' are at the surface", are
well applied to certain areas in this report,

An Amportant contribution to the geology of west-
ern Kansas was made by Zrasmus Haworth (18a,18b), whille
state geologist in 1897. This report included the first
explanation of some of the physioxraphic features of
western Kansas, and a considerably advanced conceptioa
of the mode of accumulation of Tertlary materilals,

G.K. Gllbert (16,25) in 1896 had concelved the idea
that the Tertiary materials were not of lacustrine ori-
gin, but were fluviatile in character, However, Gllbert
had committed himself only with respect to the Tertiary
in eastern Colorado, and had refralined from sarplylng
this concept to the Tertiary of Kansas., Haworth (18b,
233), after careful study, concluded that the characters
of the Tertiary of Kansas were those of river deposits,
thereby_civing rise to the present school of thought,

In the years 1897-1902 several papers were éubliahp
ed that do not apply directly to the area under consider-
ation, but some are deserving of mention becauaehn part
they deal indirectly with south-central Kansas. Includ-
ed here are: a study of undersground water resources of
southwestern Kansas by Haworth (17); a paper on the
Pleistocene of Kansas by S.v, Williston (49); and W,D,
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Johnson's "The Hizh Plains and their Utilization" (28).
Jomson studied the water resources in some detall, and
discussed at length the origin of the Tertiary deposits
of the High Plains modifying the conclusions of Haworth,

G.I. Adams (1) in 1902 published the first work
dealing with the physiographic divisions of Kansas,

His paper was later repudblished by the Kansas Academy
of Sclence (1). Adams (1,117) quotes Haworth's hypothe-
sis (18a,30-32) explaining the great bend in the present
course of Arkansas River, This hypothesis was first out-
lined by Adams in the field and later incorporated by
Haworth in his report,  The 1ldea was that when Arkansas
River,which formerly flowed eastward in the manner of
the present Ninnescah, had cut its course down through
the Tertiary to the Dakota group (which dips to the
northeast) it rapidly corraded these soft roéks and
gradually migreted northeastward "down the dip" of the
Dakota,

In 1905, N.H. Darton (8,155) described the thick
mantle of smooth-surfaced loess which unconformably
overlies the Ogallala 1in northern Kansae. Brief deacrip-
tions of the water resources of the counties included
in the present report are given by Darton (8,285-319).

The publications of the period 1305-1915 deal main-
ly with water supplies, C.S. Slichter (44), in 1906,



15,

studied the underflow of Arkansas River in western Kan-
sas, In 1911, H,N. Parker (42) wrote concernins the
quality of the water supplles of Xansas, ziving a gen-
eralized description of the water found in beds of vari-
ous geoloric age, and a summary of the water supplies
of Kansas by counties, O,E, lMeinzer (34) made a study
of the supply of water avallable for irrligation near
Wichita and published the results in 1914,

_ N,H. Darton (3) produced the next work of note 1n
1915, a guide-book of the Santa Fe route, This report
contains a short discussion éf the geoclocy of the areas
both immediately adjacent to and lyinz between the two
Santa Fe Rallroad routes between Hutchinson and Kinsley,
and also the ceology along the route between Kinsley
and Dodge City. Darton described the shallow structural
trough which crosses central Kansas in the vicinity of
Great Bend and states that "it is not improbable that
this structural condition was the cause of the vefy
notable-deflection of the Arkansas Valley to the north-
ward in the reglon between odge City and “reat Bend"
(2,32).

In 1918, narton (10) wrote "The structure of parts
of the central Creat Plains®, a continuation and exten=-
8lon of previous work, Thls report 1is still an impor-

tant sourcq of information on the structure of the
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Dakota sandstone in the central Crest Plains,

In 1920, R.C. Lioore (35) assembled information
from earlier papers and original sources and published
the first composite work of any value on the gzeology
of Kansas since Hay's "Geology and mineral resources
of Kansas" published in 1893 (22).

N.7. Bass (2,3) 1n 1925 prepared & revision (cover-
ing Kansas only) of hDarton's map of the structure of
the Dakota sandstone, based upon later information
obtained from drilled wells, e also wrote upon the
structure and limits of the Kansas salt beds.

In 1927, R.C. 'oore and K.,K., Landes (37) compiled
the available information on the reology and minsral
resources of Kansas and published a revort on the
"Underground Resources of Kansas"®,

jore recent articles have been mainly concerned
with subsurface geology. Of the few papers that are
more general in nature, the most lmportant to this
discussion 1s the "Physiozraphy of Western United States®™,
by N.i. Fenneman (15).



7.

CROLOGY

The discussion of the geology of southecentral
Kansas is divlided into two portions, pre-Tertiary for-
mations and Cenozoic rocks, dince the Cenozolc rocks
are of greater importance in this area they will be
discussed more fully than the pre-Tertlary formations,

Boundaries on the geologic map (Plate V) have been
drawn for rocks of the following ages: the Viellington
and Cimarron groups of the Permian; the ZCretaceous
(undifferentiated); and the Ogallala formation, terrace
deposits, Sanborn formation, dune sand, and alluvium
of the Cenozoic,

Numerous inlisrs of Ogallala and Sanborn (?) exist
within the main area mapped as dune sand (Qds), and
many outliers of dune sand exist in areas mapped as
Sanborn (Qsb) and Ogallala(To). Ilost of these are too
small tQ appear on a map of this scale, Outliers of
dune sand are partiocularly numerous in the area around

Iuka, Pratt county.

Table II zives the rock formatione that are exposed

over the area of this report,
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Table I1I,

Table of rodé formation in Southecentral Kansas

System axd Sertes Formation Iithologiocal charaoter
o group and remarks
Alluvium Soil, stream alluvium,
Recent sand and gravel,
Dune sand sand
Pleistecsne sanbern Gravel, sand, water de=
formation posited loess and silt.
Terrace Sands, gravels, silts
deposits and clays,
Unconfermity
Pliocosns Ogallala Both consolidated and une
formation . oonsolidated grit, sand,
gravel, clay and silt,.
Unconformity
Greenhorn Chalky limestons, thin
limestone shales, in nortiwest portion
of ares only,
Graneros Bluish-gray shale, sandy
shale shale and ghale lenses,
- Dakota
oewp Sandstone and shale.
Chayeans Sandstone.
Sandstene
Unoenformi ty
Cimerren Red shales and sendstons,
group s,
ellingten hale, limestons, salt,
shale Q@ psun and sandstons,
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Pre-Tertliary Formatlions,

Permian, The Permain rocks of this area belong
to two groups: the marine, nonred Vellington; and the
nonmarine, red, Cimarron, The Wellington 12 undiffer-
entiated and composed mainly of marine shale, limestons,
salt, gypsum and sandstone, The overlying Cimarron is
composed essentially of nonmarine red shales and sand-
stones with extensive gypsum and some salt beds,

Permian rocks are exposed in the southern and south-
sastern parts of this area,

Cretaceous, Exposures of Cretaceous rocks are con-
fined to the southern edse of the map area and north
of Arkanaas River, They consist of the Cheyenne sand-
stone, (Lower Cretaceous), Dakota group, Graneros shale,
and Greenhorn limestone, No Cretaceous rocks younger
than the Greenhorn are exposed in this area,

The Dakota group consists of a succession of sand-
stones and sandy shales, It is important as & source
of water in the northwestern portion of the area., The
Graneros shalg 1s exposed north of Arkansas River, and
consists of bluish zray shale with sandy lenses, The
Greenhorn limestone may be seen north of the Arkansas
in about the sW, cor., sec, 13, T. 27 S., Re 22 W, It

is mainly a chalky shale with thin limestone beds.



Cenozoice rocks.,
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rocks in this rerion are Cenozolc in age (Plate V).

sedimentary deposits, especlal-
ly those of continental origin,
complex relationships often
exist, Fig. (1), shows diagram-
matically the overlapping sedi-~
mentation of the Cenozolic

rocks in the area covered by
this report, The diagran does
not show quantitative relations
of Tertisry and Quaternary

rocks either as to time inter-
vals or amounts of materials
daeposited., The Cenozolc rocks are
separated into Tertiary and
Quaternary in the following

discussion,

Tertlary
Osallala formation.

formation are poor, due to the small amount of relief

in this rerion,

The ma jor portion of the surface
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7004 exposures south of Arkansas River

are found only in the "breaks" which lie alon: the south

edre of the Hirh Plains (15,7°5-26), separatinc the Hich
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Plains from the Red Hills Upland, To obtain a true
knowledze of the lithology of the Ogallala beds it 1s
necessary to study records of well or core-holes or to
travel southward to the "breaks", The Opallala changes
rapidly horizontally and no beds exlst that are mappable
over wide aresas,

The Ogallala formation 1is separated from older
rocks by a regional unconformity of wvast horizontal
extent. Within the area of this report the Ogallala
overlies (going from east to west) Permian, Comanchean
and Cretaceous rocks, The pre-Ogallala unconformity
represents a long period of erosion, probably all of
Tertiary time up to and possibly including earlier
Pliocene time, for no Tertilary formatlions older than
Ogallala are present, The assigned time value of the
stratigraphic hiatus may be too great, but lacking evi-
dence of earlier Tertlary beds in this region the writ-
er considers that erosion lasted from latest Cretaceous
to early Pliocene time,

The Ogallala in this area conslsts of sand, unsort-
ed cravels, sandy clays, clays, loam and (locally) vol-
canie ash, The prevailing color of the clays and loam
i1s a light shade of buff-red, but some gray and light
green clays are also present. Calclum carbonate is a

common constituent in the Ogallala rocks, It may ce-
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ment the sands and gravels into hard, resistant "mortar
beds" or it may occur as nodules (11,18b) of irrsgular
shapes,

M.K. Ellas, in company with the writer, visited
this region endeavoring to establish the age of the
local Ogallala with respect to that of Wallace county,
Kansas, where he had made an extensive study of the
Tertiary (11,131-163). It was concluded from field
evidence that the lowest Ozallala (possibly the lowest
third) of Wallace county wes missing in the region of
the present report, This conclusion conforms with the
1dea of a general eastern overlap of the Ogallela, which
was established by M.,K, Ellas Y through fleld investi-
gations in nortlwestern Kansas and southwestern Nebraska,
Thus, as we go westward in Kansas, the Ogallala becomes
progressively thicker partly because of the added pre-
sence of older beds which are missing in central Kansas,
The Oga%;ala in central Kansas 1s composed of only the
younger, upper beds, capped in places by algal 11mestoﬁe.

A section of the Ogallala was atudied near the
center of the south line of sec, 29, T, 29 S., R, 22 ¥,,
north of the Arkansas at Ford, About 65 feet of beds

were measured (it was impossible to messure a -“reater

1/ Oral communication,
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section due to overlapping by the younger Sanborm beds),
the lowermost containing small pebbles of Cretaceous
rocks, About a mile west, on the north side of Hish-
way U.S. 154, the Ogallala 1s in contact with the Dakota
sandstone, In the first exposure, just above the basal
pebble-bearing part (which is only a few feet above the
Dakota described in the second exposure), are found

fossil frults of Blorbia fossillia; Celtis willistoni;
Krynitzkia chaneyi, and K. auriculsta (12,13). The
presence of these fruits indicates (13) that this sec-
tion corresponds with the upper part of the Wallace
ocounty Ogallala (11,143). In recent papers (12,13)
H.K. Elias has zoned the Ogallala by means of fossil
fruits, and they constitute ocur only means of correla-
tion of this formation in the absence of invertebrate
and vertebrate fossils,

Ogallala time closed with the deposition of the
"algal Yimestone" (11,136-142), (13) and its presence
therefore defines the upper limit of that formation,
Algal limestone crops out at the com:on corner of sec-
tions 21,22,27 and 28, T. ”5 S., Re 20 W, On top of a
hill at an elevation of about 2,260 feet. The algal
limestone is in contact with Dakota sandstone, the low-
er part containing pebbles of Dakota, in about the cen-
ter of seotion 27 at an elevation of about 2,220 feet,
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The lower elevation of the latter exposure 1s undoubt-
edly due to a local subsidence or dilsturbance, About
200 feet south of the N. } cor, sec. 2, T, 24 S,, R. 19
W., algal limestone 1s again found resting on Dakota
sandstone at an elevation of about 2,120 feet, It 18
probable that in these two localities ridges of Dakota
existed, or possibly there was a sinrle ridge throuch
both locations, which was not covered in earlier Ogalla-
la time, but which was finally submerged in the lake
in which the algal limestone was deposited.

According to Elias, the algal limestone was deposit-
ed in a water body that he has named Lake \fallacs l/
(Plate III). This lake existed at the end of middle
Pliocene time (13). The map of the lake 1s based upon
a procress map loaned through the kindness of :H,K. Elilas,
The algal limestone 18 bhelieved to have been deposited
in a zone of shallow water (probably not exceeding 15
feet ir depth) around the borders of Lake VWVallace, A
remarkable feature of this shallow-water is it width
which in places exceeds 30 miles, The Ogallala floor
upon whieh Lake VTallace formed must have been exception-
ally flat to have permitted the existence of this wide
shallow sone, for in lakes of the present day such a

1/ Existence of this lake was inferred by i.X. Elias
in order to account for the deposition of the algal
limestone (11,140-141),



zone rarely attains a width of one mile,

The writer and i{.K. Elias in February, 1934, visit-
ed an outerop of Ozallala beds that was being exploited
for road materials, This exposure 1s at the nortimest
cornar of the intersection of Fourth and Chestnut Streets,
Dodge City, Kansaes, At about 7 feet from the top and
10 feet from the bottém of the exposure 1s a zone of
cross-bedded cravel, irregularly cemented with celcium
carbonate in places, and containing green “clayballs"®,
Some of these clayballs are remarkably larce, up to
2.5 feet in diametar, They consisted of a rather plas-
tic green clay containing no admixed gravel, Near the
base of the gravel zone are several seams of lignitic
coal,

South of the Arkansas, at Ford, much of the Ogalla-
la formation has been removed by erosion and the young-
er Sanborn formation occurs at elevatlions corresponding
to thosg of the Ozallala on the north side of the river,

The inlier of Tertiary shown on the ﬁreal map
(Plate V) soutlmest of St., John consists mainly of cross-
bedded sravels with some clays (Fig.3). 3uff-red clays
containings numerous calcium ocarbonate nodules, and inter-
bedded sands cemented with calcium ocarbonate, outcerop

in the western part of this locality,
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An exposure of volcanic ash occurs in the SW, cor,
ses., 23, 7. 27 8., R. 11 W,, Pratt county, This out-
crop is 3 miles east and 2 miles north of Cairo, a
statlon on the A,T, & S.F, east of Pratt, It 1s not
of any commercial importance (31,40) because of clayey
impurities and small horizental extent,

Because of the cover of the Sanborn formation
in the western part of the rezion, and generally poor
exposures elsewhere, 1t 1s difficult to estimate the
true thickness of Opallala deposits, Logs of wells
drilled in search for o0il are not based on studies of
samples, and invarilably they combine Quaternary and
Ocallala as “sand and sravel", and the writer believes
that in some cases soft Dakota sandstone 1s included
2ls0 in the lozs under the same heading,

Thousands of dollars have been spent by various
01l companies in core-drillinz this part of Kansas and
this work would seeminzly be of benefit in a study of
the Tertiary and Quaternary rocks, However the object-
ives of core=-drilling are key beds in the Pernlan, and
no attention is paid to younger beds, the driller "fish-
tailing® until a suitable "landinz" 1s found for the
casing so that "fluid™ can be retained in the hole,
after which drilling 1s resumed and carried into the
Permian, A vast amount of geologic information, especial-



1y veluable from the standpoint of water supplles,

might have been assembled at little or no extra cosi,

An accurate record of the Tertiary, 1ts thickness, mate-
risls, ete., would be invaluable in studying the geology
and nineral resources of this reglon,

The Ogallala formatlon was deposited upon an ero-
slonal surface, made up of formatlons varylng in age
from Permian in the eastern part of this regsion to Creta-
csous (bakota, posaibly Graneros in places) in the west-
ern part., This erosional surface was uneven, and doubt~
less the toporraphy was roucher (Plate IV) and the re-
lief greater than that of the present surface of erosion
because in pre-Tertlary time the exposed formations
possessed alternating hard and soft layers which tend
to make 2 rough toposraphy. On this pre-0Ogallala sur-
face ridges of Dakota and Cheyenne sandstones, with
intervening shale valleys probably existed and in the
ares of. outcrops of Permian rocks there appears to have
been a modified sink-hole and ridge topogreaphy.

The thickest continuous section of Ogallala beds
was measured in the M. }, N7. i, sec. 19, T. 30 8,,

R. 20 W,, totelling 62.5 feet (Fiz.5). Another section
was measured in the S7. !, Y, 1, sec, 12, T, 30 9,,

R, 21 w,, totalling 60 feet., These sections sre both
in the rough country of the "breaks", and similar sec-
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Section of Orapllala in IZf. ', '.. ;, Sec. 19,

I. :’_6 Ses Re @ Tes Klowa County.

Feet
Residual g 'T'.‘Ll' Containm’; fj;rzwel R XXX 2

,Y'ravel....O.C"...0.0.00.‘....0.00.....0... 9

Yellow-lrown sand, clayey (some streaks of
sure clay) cslcarecus concretionB.scececcecsscse 19

. 8and and 7ravel, cementel.ecee ccccsesscsces 8¢5
Coarse sand and cravel, cross-beddedecececsce 11l.5

. Light=brown, f£laky Sh8l6scecccccssesssesssses 0.5
roarse 9snd and cravel, croas=bedded.ecececes T

Clayey sand, inflltrated with calcium car-

bona.te........o.oo-o.......o.................... 5

“and, clayey (concealed Dy 81luvium)ieceses 2

‘Total.............................o. 620;

Section of Ogzellala in SW. %, seec. 12, T. 30
Re. 21 V., Zlark County.

Teot
(1'011......‘........O..‘.....'...........O.. 3

Reddish-brown, clayey-=ond, with small cnl-
careous concretlom...............-........uu. 1605

SOvered.................................... 4.5

CToarse sani and rravel, cross-bedded, uncon-
aolidatedoo."00000..0000.00000000000‘0000000000 31e5

Red CIayey’samoooooooooo.ooootooooo'oooooo 2
Sa"ﬂy'l'ta!'l................................. 1

Clay, mottled red and rreen (true thickness
concealed ©0 0000000000000 0000000000000000000 0000 105

Tota.l...............o............. 6606
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tionse can be found travelling to the east or west along
this belt of rough country, Farther east in Reno county
the Ogallala formation becomes thimmer and the maximum
continuous section exposed 1s abnut 30 feet of clays
in the SE, }, SW. %, SE. %, 86c. 1, T. 23 S,, R, 7 V.,
fronting on an 0ld flood plain of the Arkansas,

It 1s 4difficult to formulate conclusions as to
the orizinal thickness of the Ogasllala, The formation
becomes thinner eastward due to overlap, as explained
earlier in this paper, and the original thickness has
been reduced by later erosion, The wrlter belleves
that the Orallals of this region 1s everywhere less
than 70 feet thick., It 1s possible that there are
exceptions where the Ozallala was deposited in deep
and as yet undiscovered valleys,

Frior to the deposition of the Sanborn formatiom,
the Ogmllala deposits suffered erosion, At present
the formation is protected in the westerm part of the
reglon from further erosion by the prescence of younger
Quaternary beds, but in the eastern part 1t has suffer-
ed additional erosion, and in consequence 1s thinner
than it was oricinally., West of Arkansas River in
Sedswlck county the 0Ogzsllale reashes a maximum thicke-
ness of about 40 feet In the SV, cor, sec, 11, T. 26 S,,
R. 4 W,, and thins rapldly westward in section 10,
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Fis. 4,
Exposures of Ogallala formation (SW. }, sec. 3,
Te 29 S., R. 17 7., Kiowa County) showing uncon-

solidated gravels,

Fig. 5.
Omx.1lala formatl-n exposed in creek bank,
(N7, %, W, %, sec. 19, T, 30 S., R. 20 ¥., Kiowa
County) measured section described in text was made

at this locality.
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where 1t 1s in contact with the underlyins Permian, to
almost nothing, Hay (20,34) mentions & locality 3 miles
northeast of Tichita (not visited by the writer) where
about 8 feet of Tertiary is exposed, Haworth (19,287)
belleves that this 1s probably an outcrop of the MoPher-
son formation ("Equus beds"), the sand belnzg lmbedded
in a limy matrix which resembles the Tertlary of west-
ern Kansas, A similar outcrop, ldent:fled as consoli-
da't.ed McPherson formation deposits, has been observed
by R.C. Moore Yy in a valley on the east side of Arkan=-
sas8 River a short distance scuth of ¥Wichita, It occurs
some 40 feet above the level of the Arkansas River

flood plain, ~robably the Ogallala of the eastern por-
tion of the reglon was never much more than 50 feet in
maximum thickness.

It 1s 3difficult also to estimate the ori~inal thick-
nees of the Ogzallala in the western portion of the area.
Not only did the Ogallala suffer erosion prior to the
d-.po.i.uon of the overlying Sanborn fomat;on, but this
Quaternary cover is more than 150 feet thick in places,
preventing any measurements of present thickness of the

Ogallala exceptinz where plerced by wells, 7That the

l/ Personal communication,
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nature of the topo~rapky of the pre-0Oscllala eroslon
surface was like 1s impossible to ascertain in the ab-
sence of ralizble well informatlon,

¥.¥X. Landes and the writer visited the northern
nortion of Clark county in April, 1934, A section of
the 07allalz was examlned in a2bout the %. } cor, sec,
32, Te 30 S, Re 23 7. About 35 to 40 feet of alsal
limestone capped=-0-allala 1t nresent, compoced elmost
entirely of calcareous "crit", with fossil fruits (3Bior-
bia fossilia, and Tariochloa s=p. "Z") 9 feet below the
ton. Terc the 0rallale reste on “retaceous rocks,
Another section about seven miles to the southeast was

measured, This appears below.

x

= N -

Seation of 0@12}?13 _1%1 center _q; NE. X sec. 34,

Feet
Algal limestone (Chlorelopsie bradleél)eccecccceces 2

-Calcareous grit (containing fossil fruits of
Blorbia fossilia, and Celtis williston', in low-

er eet".'..............0.0.......'...0...... 8

Conrlomerate, boulders malinly of Dakota sand-
stonc with some up to 4 feet lon~, and some 1--
neous cohbles, cemented by a matrix of calcare-

me roc}{...........'...............'Q........... 12

~retarenan PO 8. ceesscctccsconsscscssscsscsscse

Tota‘1...................Q..'........... 22
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QUATERNARY

There are five main types of Quaternary deposgits
in the south-central Kansas region, Because of over-
lappingz age relationships, (Fig. 1) it 1s clear that
parts of one deposit may be older than parts of another,
even thouzh the latter as a whole 1s younger., Two es-
peclally interesting Quaternary deposits were discover-
ed in the course of fleld studies. These are a lake
deposit and an outcrop of what has been erroneously
called NDakota sandstone, WVhile the lake deposit 1s in-
termediate in age between Ozallala and Quaternary dune
sand the writer hesitates to correlate this 1solated
deposit with the Sanborn and will discuss it separate-
ly. The so-called Dakota sandstone 1s closely related
to the dune sands,

The Quaternary deposits will be discussed in the
following order: Sanborn formatlon, Equus beds, Terrace
deposits, Dune Sand, "Dakota sandstone®, Pleistocene
lake material and alluviua,

Sanborn Formation., The name Sanborn was proposed
by M.X, Ellas during his studies in 7allace county, He
states: "The name Sanborn formation 1s proposed for the
loess with some gravel and sand at the base, which is
wildely distributed on the divides in western Kansas,

The name 18 intended as a substitute for the old terms
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'Tertiary marl' or 'rlains marl' introduced for this
formation by Robert Hay" (11,163).

Hay (14,444) in 1893 wrote concerning the Tertiary
formations as follows: "The highest I call the plains
marl ... it 1s remarkable for its lithologlc similarity
sse Samples not to be distingulshed from each other from
the northern plains of Nebraska, the midplains (Platte-
Arkansas) region and the Panhandle of Texas, It is
arglllaceous, arenaceous and calcareous everywhere, and
its varieties are due simply to the predomlnance of one
or the other of 1its principal inzredients",

In south-central Kansas the Sanborn formation dif-
fers somewhat in litholory from that described by Elias
(11,163-180)., The followinc principal differences have
been observed: the Sanborn of southern Kansas 1s far
less arenaceous and gravelly at its base; it shows dis-
tinct beddinpg, a feature entirely lacking in northwest-
ern Kansas; it has short, discontinuous zones of pebbles;
1% 18 darker in color; it is more arenaceous through-
out; and contains fossil invertebrates, while the San-
born formation of northwestern Kansas is nonfossilifer-
ous,

The Sanborn in the area of this report has the
following characteristics and relations, It unconform-

ably overlies the Opallala and older formations. \There
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exposed in valleys or artificially made cuts 1t stands
nearly vertical in cliffs, after the manner of loess,
(47,272-276), Althouch porous it does not readily im-
bibe moisture, Extensive cultivation, however, some-
what modifies this character, Stagnant pools of water
are common in poorly drained parts of the High Plains
after heavy rainfall, and this 1s mainly due to fallure
of the Sanborn to readily absorb the moisture, The
color of the Sanborn material 1s usually a dark buff,
with a somewhat reddish tinze, although some zones are
gray and others a chocolate-brown, Bands of pebbles

are common, indicating deposition by water, a fact furth-
er evidenced by distinct bedding of the loess-like mater-
lals, Small rounded concretions of calcium carbonate

are most abundant, althoush larger and more irrecular
ones are found and 1in places elongated root-like forms
are present, A deposit of pure white volcanic ash was
found in the Sanborn in Clark county in the SE. %, sec,
23, T. 30 S., R. 24 W,

As noted previously the Sanborn of southern Kansas
contains fosslls, These are molluscan, an& are most
numerous in the pebbly zones, Junius Henderson of Palo
Alto, California has very kindly furnished the follow-

ing 1dentification of Sanborn fossils submitted to him
by the writer,
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Gastropoda:-
Cochlicopa lubrica (Liil1,)
Discus cronkhitei anthonyl, Pilsbry
Ferrissia sp., (F. parallelus, Haldeman?)

Gastrocopta armifera, Say

strocopta pellucida, (likely G.p. hordeacells,
P1lsbry

Gyraulus parvus, Say

Hellsoma antrosa, Zonrad

Helisoma antrosa, Say

lymnaea bulimoldes cockerelll P, & F, (?)
P!!! 88 8D,

Punctun sp., (E. mimtissunum?)
Pupilla muscorum, L.

Succinea avara, Say

Pelecypodas~
Sphaerium sp.

Henderson‘l/ says of the above 1list, "All sti1ll repre-
sented 1in living fauna, so far as specifically identi-
fied", Therefore the correlation of Quaternary forma-

tionas by means of non-marine mollusks 1s unsatisfactory,

1/ Personal letter to the writer, March 5, 1934.
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The Sanborn formation varies 1n thickneses from
nothing to at least 150 feet, Outcrops of sreat thick-
ness are seldom found due to poor exposures (as in the
case of the Ogallala), and one must rely upon well logs,
often of a doubtful nature, for information as to thick-
ness, Water well logs are helpful, however, as the San-
born contains no aquifers except possibly in the extreme
‘basal portion, while the Ogallala 1s a zood source of
water, DNear the south % cor, sec, 13, T. 28 8,, R. 23
W, at least 75 feet of Sanborn 1s exposed, and a water
well pierced an additional 75 feet making at least 150
feet of Sanborn formation in this locality. This firure
may be exceptional rather than average throuch the fill-
ing of an older valley by Sanborn materials, Ogallala
deposits 1ie on Dakota sandstone north of Arkansas River
in sec, 19, T. 27 S., R. 22 W,, at approximately the
same elevation as the preceeding locality. Therefore
both of these formatlons have been eroded and later
Sanborn has been deposited in the country south of the
Arkansss, This indicates that considerable erosion
took place, at least locally, in the post-Ocallala -
pre-Sarborn interval,

The Hish Plains (Plate II) of south-central Kansas
are covered with a blanket of Sanborm deposits as far

east as about the eastern boundary of Kiowa county,
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The writer has 1dentifled Sanborn beds as far southwest
as sec. 13, T, 31 S., R, 24 '7, and it 1is his opinion
that this formation covers the surface of most of south-
western Kansas,

From the drillers log of a well drilled by the
Carter 01l Company southeast of Bucklin (center of KE,
1, sec, 22, T, 29 3., R. 21 W,) 1t appears that there
is here about 110 feet of Sanborn formation, This is
underlain by 150 feet of Ogallala that in turn rest
on basal Dakota shale, About 4 miles south of this
location the Sanborn thins to nothing, the surface ele-
vation having dropped sufficlently to expose Ogmnllala,
The city water well at Bucklin records about 100 feet
of beds that are referable to the Sanborn formation,

The writer accompanied by K.K. Landes examined
a small deposit of volcanic ash in the SE. cor. seec, 23,
Te 30 S., Re 24 W,, Clark county., The ash occurs with-
in the Sanborn formation. Most of the ash is pure
white gnd wind blown, but the uppermost few feet of the
deposit consists of bedded gray ash which was probably
deposited in water,

McPherson Formation, - The McPherson formation 1s
also known as “"Equus beds" owing to the occurrence of
horse bones within the formation., These beds were not

studied in the fleld by the writer and the followlng
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description is taken mainly from the work of Erasmus
Haworth and J.,%W. Beede (19,285)., Knowledze of these
beds and their ococurrence is necessary in a study of
the physiographic history of south-central Kansas,

The McPherson beds are not contimuous in the sense
of marine or lacustrine deposits, but are fluvial de-
posits consisting of irregular alternating layers of
sand, clay, gravel and in places volcanlc ash, The
McPherson beds are loosely cemented by calcium carbon-
ate looally, and econtaln nodules of calcium carbonate
at some horizons, A large part of this deposit iz un-
cemented however and 1is an excellent soft water reser-
voilr, The thickness varies from a few feet to about
150 feet, ‘

The McPherson beds f£1l1l a broad channel carved
out of the Permian shales and (in the northern pert)
Dakota sandstone, The channel extends from the Smoky
H1ll river at the north to the Arkansas river in Sedg-
wick cQunty., The deposits cover the entire easterm
half of McPherson county south of a line drawn from
Lindsborg to Canton, all of Harvey county west of New-
ton, and most of eastern Reno county,

Terrace deposits, These deposits were made by
Arkansas River and its tributaries when the river flow-
ed at a somewhat hirher elevation, and in different
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parts of its valley than at present, a low escarpment
separates the recent alluvium from the terrace deposits,

The terrace deposits are composed of altermating
layers of sand, clay and silt, At present the top of
the terrace lies 8 to 12 feet above the Arkansas river,
The deposits are fertile and adapted for diversified
farming, The sandier portions contain an excellent
soll for raising early spring produce,

Dune sands. The dune sands of south-central Kansas
have been the subject of considerable comment by laymen,
but have received only scant consideration by geologists,
In the area of this report (Plate V) there are over
2,500 square miles covered by dune sand l/, althouch this
does not necessarily imply that sand dunes exist every-
where, as there are wlde areas with a coating of dune
sand that does not exceed much more than two feet in
Epicknesa.

The writer studied many samples of dune sanmd attempt-
ing to sstablish a relationship between zrain sizes,
kinds of minerals and the present distribution of sand
dunes, It was thought that possibly there existed areas
of sand ﬁunee intimately related with respect to zrain

1/ Dune sand 1s used in the sense of sand that has
been, and is beinrs, transported by aeolian agencies.
Sand dune is used in the sense of a topographic
elevatTon apparently constituted entirely of dune sand,
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size and mineral content, and that there mizght exist
essential differences in these characters between two
or more areas of sand dunes, Results of this study
were disappointing and no definite eonclusions could
be made;

The dune sands grade in size from an average maxi-~
mum of 1 mm, in diameter, down to particles less than
1/16 mm. in dlameter. They are typically subangular,
with a very small percentage of rounded <rains of which
only a few are well rounded, UMost of the minerals are
fresh, and many of the grains show but little frosting
on their surfaces, The most abundant minerals found in
the dune sands, in order of abundance are: quartz, feld-
spar, zircon, ferromagnesian minerals (chlorite, horn-
blende, etc.), sarnet, and macnetlite,

The blanket of dune sand 1s not very thick, It
reaches a maximum thickness in the sand Junee of great-
est topographic relief ;/.

There 8 apparently little relation between the
slzes of the duﬁes and theif age, Both small and large
¥live dunes” (those which lack vegetal covering and are

free to move - see Flgures 7 and 8) and stationary dunes

1/ The reader 1s here referred to the topographic
maps of the Unlted “tates Ceological Survey, vwhich are
avallable for the entire area.
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rig, 6.
Typical Sand Dune (W, } cor. sea., 36, T. 28 s.,
R, 17 W,, Ftowa County) showing aeollan stratifica-

t’.bﬂo

Plge. T,
Typlcal area of sand dunes not covered with
vegetation., "Bald Hills", southwest of Kinsley,

Edwards County.



Fig. 6.

Fiso Te
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(held in place by a covering of vegetation, Fig,10)
were observed, nlow-outs (fiz,9) are common in some
localities, These may be ceaused by local apsence of .
vegetation or they may form where stock has trampled
the vesetal covering allowing the wind to blow the sand,

The writer made search for fossll remalns in the
dune sand in an endeavor to establish the age of some
of the sand dunes, but was unsuccessful, The dunes
overlap on the Sanborn and older formations, The source
and distribution of the sand will be discussed under
Physlography.

Supposed Occurrence of Dakota Sandstone. While

working in this part of Kansas, the writer heard from
various sources of an outcrop of Dakota sandstone in
the Nv. %, SE. i, sec. 27, T. 25 S., R. 18 W, A visit
was made to this locality several years before the pre-
sent report was undertaken and another visit wah made
in Aumust, 1933, At the time of this second visit a
pit over 7 feet in depth was dug in oxder to obtain
good samples,

The location is in a smell depression, bounded on
the west, north and east by sand dunes, and to the south
by a2 low swell in the topogrephy. The section uncover-
ed, showed the followings soil, 6 inches; brownish red
sandstone, 6 to 8 inches; and loose yellow brown sand,
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Fige 8.
sand dune, bare of vegetation., "Bald Hills",
soutiwest of Kinsley, Edwards County.

Fig. 9.
Blow outs (in center background) caused by re-
moval of vegetal covering from sand dune. (N, 2
cor, sec, 30, T, 21 S., Re 11 W,, Stafford County).



Fig. 8.

Figo 9.
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6 feet (in which the hole was bottomed). The two types
of sands along with samples of the nesrby dunes were
carefully examined and heavy mineral analyses made,

The sands were also sleved, and the percentage welghts
of various screen sizes compared,

The brownish-red sandstone was cemented mainly
with limonite. In addition to quartz the following
minerals were foundt feldspar (orthoclase and microcline),
hornblende, chlorite, garnet, magnetite, zircon, mona-
zite, tourmmline, biotite and glaucophane. The Dakota
sanistone does not have this assemblage of minerals so
far as known to the writer, Sand from the neighboring
dunes, and from the bottom of the test pit, gave similar
‘mineral assemblages, but the percentace of the heavy
minerals was far legs in these samples than in the brown-
ish red sandstone,

The writer belleves that this peculiar sandstone
represents a concentration of the heavy minerals in a
depression among the sand hills, This conocentration
was caused by the wind, which was probably deflected
by nelghboring dunes with consequent lessening of abili-
ty to 1ift the heavier minerals and thereby bringing
about their eoncentration in the deprescion, The de-
pression was probably filled at various times with rain
water, and this alternate wetting and drying decomposed
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the iron=bearing minerals producing hydrous iron oxide
or limonite, the cementing materisal.

Pleistogone Lake in Stafford coupty. About 0,2
mile west of the SE, cor., sea, 10, T. 25 3., Re 14 W,
on the north side of the roasd the writer found evidence
of a former lake, TFossils were collected, and later
(in February, 1934) the writer accompanied by M.K. Ellas
revisited this locality and made further collections.
on the latter visit the writer, by means of a soil auger,

cored a section over 7 feet deep which follows;

Surface 8011, o ¢ ¢ o s ¢ s s ¢ o s s o« 0.3
Clay, Gray, fossiliferous. . ¢« ¢« « ¢ ¢ o«
Clayey sand, "ray to rust color. . . . » 1
3and, Gray, medium gralned, rusty spots, . 1

Sand, Brown, medium gralined, few small
“lc&mouﬂnmue’.oooonoOooc000105

Sand, Brown, coarse with pebbles . . . . . 0.5
Sand, Brown, COATrSBEr « « o o o o ¢ ¢ o o o 1

Total depth cored ¢ « ¢« ¢ ¢ o ¢ o 7

-

Samples of the gray clay were thoroushly dried and
then washed and the fossils separated into sizes by
screening, This latter operation was performed in water
to prote*t the fralle shells, 3pecimens were sent to

Frank C, Raker for age identifliocation of the deposit,
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and a complete set of fossils was sent to Junius Hender-
son, who very kindly identifled the specles present,

The eclay appeared to contain many fossils when

first examined in the fileld and after washing it was.
discovered that fosslils were present in profusion,
In order of abundance they are; ostracodes, zastropods,
and pelecypods, with some reworked Cretaceous foramini-
fera, There was likewise found an abundance of fruilts
of Chara, a lime depo3iting plant,

Accordins to Frank C, Beker y » the material "re-
presents a Pleistocene fauna ,.. with one exception of
fresh water origin".

The identifications furnished by Junius lisnderson
follows:

Ferrissis, 8p. (youns)

Ayraulus parvus (Say)

Helisoma sp. frasgments, probably H. antrosa (Conrad)

Lymneea caperata (Say)

Lymnaea cf, modicella rustica (lea)

Menetus exacuous (3ay)

Phyasa (younr)

Vertizo sp.

1/ Letter to the writer, February, 1934,
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HHenderson states -]-'/ that the deposit 1s probably Plelse
tocene,

It appears that durinz Pleistocene time there
existed a fresh water lake in this area, Pocsibly there
were rmmerous lakes over this part of Kansas and their
deposits may at some future date be correlated with
the Sanborn formation in the western pert of the ares,

Rattlesnake Creek flows nortimard about a half
mile west of this deposit, It appears from physlograph-
ic relations that the present oreek has cut down 4 to
6 feet in the 0ld lake bed, In fact this lake was pro-
badbly a part of the course of Rattlesnake Creek in its
youthful stage.

Alluvium, The alluvial materlal brought down by
the streams belons to this cless of deposits, All of
the wide valleys 1n this ares are floored by such de-
posits, but in order to keep the geolozlc map free
from a confusing maze of boundaries the boundary of
alluvial deposit along Arkansas River only 1s shown,

Alluvisl deposits oceur along both the North and
South Forks of Ninnescah River, extendlng almost to
thelr headwaters, The same can be sald of the other

large streams of thile area,

1/ Letter to the writer, March, 1934,
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Fis. 10,
Typical area of grass covered Quaternary duﬁs
sand (sec. i, Te 25 Sey Re 19 Wey BEdwards Cmty).

Fig. 110
Dry bed of Arkansas River South of Kinsley,
Edwards County,
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PHYS TO"RA PHY

The area of the present report lies entirely with-
in the Interior Plains (15, plate I)., That portion
east of about the Hutchinson meridian lles within the
Osage Plains section of the Central Lowlands province
and the remainder of the area lies in the Plains Border
section of the Great Plains province,

South-central Kansas 1s fairly well drained, all
of the streams flowing eventually into Arkansas River,
The principal streams are the Arkansas and Ninnescah
rivers, Rattlesnake Creek and Medilcine Lodge and Chikas-
kia rivers, Kll of these streams except Arkansas River
(Figures 11 and 12) and Rattlesnake Creek flow the year
round, 7The permanent flowingz streams are fed by springs,
the water comingz mainly from the base of the Tertiary,

tteI, Adame (1) in 1903 prepared the first physio-
graphic mep of Kansas, showing the various smaller divi-
slons within the state, This work remained essentially
unchanzed until R.C, loore (36) in 1930 published a
map on the "Surface features of Kansas", wilfrid Jebster
(48) published a “"Physiographic map of Kansas™ in 1931,

The writer noted several points of difference be-
tween the physiography seen in the field and that shown
on existing maps, Adams states (1,116-117), concerning
the Great Bend Lowland:



51.

"The Artansas river ... valley comprises a broad
stretch of generally diversified lowlands which repre-
sents a locel base-level of the stream, ... ‘he western
1imit is found alons, the course from Larned to Great
Bend, where 1t impinzes azcinst the lakota sandstone,
Its southern 1limit lies im Oklahoma, where the river,
in pagsaeing around the southern end of the Flint hills
and eroding its channel across resistant beds, has been
confined to a narrow valley. The area of the Creat
Bend lowland 1s largely covered with sandy accumulations,
which in places form sand-liills and in other localities
are spread out as a thin mantle, The Equus Beds, in
lictherson county, belong to this formation. The east-
ern boundary of the lowland is the line of intersection
of the structural plain of the western slope of the
Flint hills with the level country of the Arkansas
valley, and 18 not strongly marked Ly any topographie
featurea., It may be drawn with reference to the ocour-
ence of the limestones, on the surface of wlich the
Flint H1ills upland is developed, The Great Bend lowland,
considering ... the prairie plains, 1s a2 natural part
of them,".

The northeastern and northern boundaries of the
Great Bend lowland (1) are the southward facing escarp-
ments of Cretaceous rocks, South-central Kansas lies
almost wholly in the Great Bend Prairie (or lowland)
as mapped by Adams, Moore, and Webster., However, ex-
amination of this physiozraphic division in the fleld-
raised several questions,

Granted that larce (and even small) physiographic
divisions or subdivisions are not ideally uniform, it
is a desirable feature to have uniformity if possible,
A physiozraphic division 1s dependent upon topogzraphy,
which in turn is dependent upon zeoloric formatlons

and erosion, The writer, in order to obtain more dis-



SMITH T REPUBLIC [WHEHINGYON [MaR FALL | NEMAHA | BRE\

| | | | pontpHAN
. | : A
’~__ '  [eibw ATCHISON
| ‘! ITCHELL |

1

i H l G H| rsRsonl\’

—— ] ! : ' ! ; i >

() o == —_—- T P— . { -

| e ; \ ANSON h e | | inopres

i __i DOUGLAS | JOHNSON ;
,_ ; ' OSAGE | | _!
A —
I, GREELEY  Twicyfa Tsc 577 Y _II l'?R_ANKLm TMIAMI i
. , I I ) \
h h—— i_ ' ' '
| > | COFFEY iAﬁu;Rsou LINN 'l

- HIGH PLAle 3 IS

,,u MILTON lxmmzv ll'?mnsy — . HOEGW PAWNEE / FORDI 5 i

l NS NN | FAT BEND - [
e S g

]
]
NROSHO S \
[}
]

)
! I | lCRAWFO
)
-_ l l, ~ 5 -
Il ‘LABETTE %a' _F

S |UPLA D

- —_—— S s

Plate II.
Physiographic Subdivisions of Kansas,



52.

tinct and uniform provinces in this portion of Kansas,
proposes several revisions of physiographlc boundaries
which are shown on Plate II and discussed in the follow-
ing paracraphs, This revision involves the division
of the Great Bend Prairie into the following smaller
and more integral units: the “reat Bend Sand Plailns;
the Sedawicl: Prairie, and the Oklahoma Prairie of Adams
(;,116). The laat named subdivision lles larzely out-
8lde of the area studled by the writer‘ 80 will not be
discussed further in this report,

Zreat 3end Sand Plains, Thils name is proposed for
& portion of the area formerly designated as the Great
3end Prairie (Plate II). It extends alonz and south of
Arkansas River, and includes malnly that area mapped as
Quaternary dune sand (Qds), Its northern boundary is
the southmard and southeastward facing escarpment of the
Cretaccous and younser rocks on the north side of the
Arkansas, Its southorn boundary 1s the boundary between
the Quatcrnary dune sand and older formatlons, Its
northesstern boundary is the western boundary of the
YcPherson formation which extends south to the south
end of tho sand hills east of Hutchinson., From that
point the boundary turns west and crosses the Arkensas
near Hutchinson and then follows the boundary between
the Ognllala and the Quaternary dune sand,
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This subdivision seem to the writer to be a natur-
al unit, as essentlally the same toporraphic character-
1stice prevall over the entire area, In travelling over
this rerion one receives the impression of sand hills
resting on a plain, the only variation being in the num-
ber and size of the sand hills, These sand hills or dunes
are the dominant topographic feature throughout this
physiographic division both here and westward across
the state, The Hizh Plains in the western part of the
state are severed by the Great Bend Sand Plains,

The Great Bend Sand Plains 1is s0 named because it
1s typlcally developed in the area within the great
bend of Arkansas River,

Sedpwick Prairie., Parts of McPherson, Harvey,
Reno, Sedawick and sumner counties are covered malnly
by Terrace deposits, and by Alluvium along Arkansas
River, The writer proposes the name Sedgwick Prairile
for this area, The Terrace deposits have dcveloped‘
a rolling surface that in places appears almost flat,
This 18 the prevailing physilographic character of the
Sedrwick Prairie,

The western boundary of the Sedrwick Prairie is
the break in the toposraphy between the Terrace deposits
and the hirher Ogsallala from jJust west of Hutchinson
‘to the soutlwest of “ichita, and the break between the
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Permlan and Terrace deposits from there south. This
topogfaphic escarpnent is very evident along the west-
ern boundary of the Sedgwick Prairie until in the vieini-
ty of Hutchlnson where 1t fades avay under the dune sand.
From there the boundary crosses the Arkansas and swings
around the southern end of an arm of the Ureat Bend
Sand Plains and then turns nortiwestward and follows
along the eastern edge of the sand dune area until it
finally turns north along the western border of the
licPherson formation, The northern boundary ig the break
between the rolling topography of the licPherson formation
and the older rernmian beds., The eastern boundary 1is
not well defined, but 1ls the break between the structur-
el slope on the westerm edze of the Flint :i1lls and the
flatter topozraphy of the McPherson formation., From
Sedgwick southward the »oundary lies between the allu-
vial flates along the Arkansas and the structural plains
to the east,

The name Sedgmick Prairie 1s uesed because of its

development in Sedowick county (Plate II),.
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Orligin of present course of Arkansas River,

Present course of Arkansas river, Laymen and
geoiogists alike have pondered and arcfued over the pro-
blem of the present course of the Arkansas, 'hy does
this river have such a pronounced bend in its course,
while other rivers in Kansas do not? It 1s the purpose
of the present writer to review the explanations hither-
to given and to present his own explanation for this per-
plexing problem.

Refore proceeding with possible solutions of the
problem let us first conslder the gsological setting
of the country throuch which Arkansas River flows and
then review a few interesting facts concernin:s the
history of the river within the memory of the white man,

Preceedins the deposition of the Tertiary Ozallala,
and following the deposition of the Cretaceous rocks,
there was a period of time for which we have ( at pre-
sent) no lithologzical evidence or record. Poeaiblé
solutidns of this hiatus ares (1) there was no deposi-
tion of rocks during this intervel and erosion was the
active 7eolozic agent; (2) there was deposition of rocks
which were subhsequently eroded prior to the deposition
of the Ognllala;‘and (3) combinations of (1) and (2).

Rerardless of vhich explanation 1s correct, the
fact remains that in the eastern part of the area of
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this report, the Ogallala 1lles on Permian beds, while

in the western.part it restes upon rocks helon~ingz te

the Dakota and Colorado rroups (Cretaceous) and in far
western Xansns the Orallala lies upon the Cretaceous
Plerre shale, Thus, preceeding deposition of the Ozalla-
la, there existed 2 period durins which an enormous amount
of erosion was acocomplished, and in the eastern part

of the area (for exsmple, Sedewick county) probadly.

3,000 feeot of sediments had been eroéed nrior to Ogalla-
la denosition,

One can only postulate the drainage patterns which
existed durin~ this time for with the deporition of the
Ospnllela these were ohliterated and new systems of streams
were insucurated, In all probabillity Fanscs was tilted
eastward at the end of Cretaceous time (Laramide revolu-
tion) vhen the Rocky Mountains were uplifted., Such a
t1lt wonld be conducive to the development of eanstward
flovinr consequent streams, Considerins the development
of such eastward flovin~ streams, the question arises
a8 to whether (in approximately the latitude of the
present renort) the Tlint Hills conntituted an effestive
harrier and turned the streams sout!ward (or northward?)
a8 at present, or did the atresms flor eastvard throusgh
the hills as “ottorwood River does now? lLack of evidence

to the eontrary forces us to assume that the Flint Hills
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(which then existed farther to the east than at present
as subsequent erosion has caused them to migrate west-
ward) constituted a barrier then as now,

It appears highly probable that the courses of
streams in the far eastern part of this area (Sedgwick,
Sumner and Cowley counties) were controlled by the strike‘
of the rock formations, That is, the eastward flowing
streams were diverted to a direction more nearly paral-
lel to the strike (about north-south) of the resistant
beds, Beds relatively resistant to erosion are present
in the Chase and Marion formations of the Blg Blue group
(Permian), A southward trending valley in this area
would not have been fllled with a very thick deposit of
Ozallala, and would have been underroinz erosion during
the period that lake Wallace was 1n existence,

Ground-water discharge into thqtrough of this old
valley, which was floored by impervious shales, would
aid in its being reoccupied by a stream in late Ogallala
(middle Pliocense) time. Eastward flowing tributaries
of such a stream would be consequent on the Ogallala
surface, That part of the present Arkansas River ex-
tendins southward from Wichita possibly was in existence
in late Pliocene time,

Miles upon miles of the chammel of the present

Arkansas River are dry the greater part of the year
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(Fig., 11), and only by digging in the loose gravel and
sand in its bed 1is water obtained, However, historical
data testify that the river has not always been in its
present condition., In 1893, J.R. Mead (33,111-112)
wrote of the Arkansas as "A Dying River". His period
of observation extended back only to 1859, but in this
interval of time he had noted many changes in the river,

" ... a8 early as 1852 boats were built at Pueblo,
Colorado, in which mountain traders and trappers, some-
times 1in parties of 15 or 20 in one boat, with their
effects, floated down the swift current of the river
to Arkansas, ... Occasionally the river was & dry bed
of sand above the mouth of the ever-flowing Little
Arkansas for a couple of montha in the fall, ,.. There
was no opportunity for the formation of islands; the
sand bars were constantly changing and moving down
stream, Before the settlement of the country the horder-
ing plains were tramped hard and eaten bare by innum-
erable buffalo, allowing the rainfall to speedily flow
into the ravines and creeks, thente to the river ... The
breaking up of the soll consequent upon the settlement
of the country allowed the ralinfall to soak into the
ground, and the river soon ceased to carry its usual
volume of water, not noticeable until about 1880, ...
numerous irrigating ditches were dus in western Kansas
and in Colorado, sufficlent at the present time to
divert the entire water of the river to the thirsty
Pleins, Thus for the past 10 or 15 years we hove ob-
served the evolution of a great river into a sandy
waste or insignificant stream, ... once moving sand
bars became fixed, and are speedily covered with young
cottonwoods and willows. eeses When a freshet occurs
it ... deposits several inches of mud and sand among
the zrowing trees; these thrive and grow rapidly",

7e may see from this account, that the present
river is much emaller than formerly. Haworth (18a,28-
29) wrote, "We have ample evidence, ... that at the

present time a f£illinc=-in process is in operation,
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Fig. 12, -
Arkansas River in flood, South of Kinsley,
Edwards County, (See Pig, 11),

Fig. 13.
Exposures of gravels in terrace on Bluff
Creek, {NE, %, seec. 25, T, 30 S., R. 24 w,, Clark
County).
Large boulder =—=—=---- Dakota sandstone,
Small cobble =------- algal limestone (Ogallala),



Fig. 12.

Fig. 13.
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Within the last fifteen years a very noticeable fill-
ing-in of the river channel has occurred. At every
bridge along the river the sands have accumulated until
the most of them are not more than from 3 to 6 feet
above the top of the sands, Such an accumulation of
sand 18 in no way due to the presence of the bridre, ...".

Factual Information, Arkansas Rlver makes a great
bend to the north between Ford and WTichita, The present
valley contains a large amount of f£111 (18s,28).

Toward the end of Ogallala time Lake Wallace (Plate
111 Yy ) was formed and around the borders of this lake
alzal limestone was deposited (11,136-142, 13)., The
time of deposition of the algal limestone was between
middle Tllocene and the close of the Tertiary perilod,
ascording to !N K, Elisslg/. The present valley of Bluff
Creek, in northern Clark county, furnishes additional
evidence of the existence of this lake (or some other
large body of water)., Here are terrace deposits made
by avmighty stream, Huge boulders of Dakota eand;tono

(Fiz. 13) and algal limestone that are topozraphically

1/ Used throush the courteey of li.K. Elias,

2/ Oral communication.
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Plate III,

. Outline of lake Wallace,

of the end of middle Pliocene time,
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higher than their outcrops on Bluff Creek occur in a
gravel pit (N, % cor. sec, 25, T. 30 S., R. 24 ¥.) only
seven miles below the present headwaters, In all pro-
babllity a pre-Bluff Creek was one of the outlets of
Lake Wallace when it was drained,

The Ogpllale and Dakota formations have been eroded
at Ford south of Arkansas River, but they outcrop on
the north slde of the river, At least 150 feet of San-
born (according to outcrop and well information) ocoupies
the space where the Ogallala and Dakota formations would
normally occur south of the river, Obviously this area
waa the scene of actlve erosion, followed by deposition
of Sanborn beds,

Elevations of two alzal limestone outcrops in Ed-
wards county differ 140 feet in about 13 miles, The
lovier outcrop lies to the northeast of the higher one,
80 there 1s a dip of about 10 feet per mile in that
direction, About 19 miles to the southwest, Ozallals
lies .on Dakota sandstone and the algal limestone 1is
absent, Assuming that the elevation of the alzal lime-
stone would be at least that of the top of the present
Ogallala surface, the same dip contimues,

The existence of a buried channel, now filled with
iho McPherson formation, which extends from near Wichita
northward to Lindsborg on Smoky Hill River, has been
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proved by core drilling, water wells, etc,

Possible Explanations, GC.I. Adame developed a
theory to explain the abnormal course of Arkansas River
durinr, the course of his field studies in southern Kan-
sas, This theory was subsoquehtly incorporated by Eras-
mus Haworth in a report (18a,30-32). Pertinent quota-
tions follow:

"One of the most noticeable features in connection
with the Arkansas river is the great and unusual bend
1t makes in passing from eastern Ford county so far to
the north to Great Bend, and back so far to the south,
The country to the south of freat Bend in Edwards, Pratt,
Stafford and Reno counties 1s covered with a sandy
accumulation stron~ly resembling the gzeneral river sands,
It would seem that when the river reached the Dakota
formation, a formation so easlly correded, it immediate-
ly besan actings upon it with great vizor, ... the general
"Inclinatinn of the strata of the Dakota is to the north-
east ,.. 1t would seem the cause of the river's areat
bend to the north is the existence of the easily corraded
nNakota sandstone, ... at an earlier period in the histo-
ry of the river 1t passed eastward from Ford county a-
cross the north of Kiowa, Pratt and Kingman counties, pro-
hably passinz out of the state not far from its present
location, ... why the river 4id not break throush the
uplands in the vicinity of McrPherson county ... To answer
this ,.. creat Flint-Hills area ... in the early Tertiary
times deflected the river southward amd prevented 1t
from crossing the 7lint-Hilles region when the drainage
was first chan-ed to an easterly direction Ly the eleva-
tion of the mountainous area, In the course of its cor-
rasion when it finally reached the Dakota sandstone the
cutting away of the Dakota materlal would be a natural
consequence, and the sreat bend in the river would thus
be produced, [he upper channel being held in place from
Coolid~e to “od~e City, and the lower channel being
held 1n place 1in the-vicinity of Arkansas City and Yin-
field, and no restraints being placed upon the river
throughout the interval it would follow in the process
of its corrasive actions the path of least resistance,
and would therefore misrate northward with the gentle
inclination of the bedding plains of the Dakota sand-
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stone, ... northward migration probawvly continued until
the condition of base level was reached and the filling-
in processes began, after which the stream was unable to
corrade the Dakota bluffs from Larned to beyond Great
233?, and consequently its nortlward mizration has ceas-

In reviewing this or any other theory we must re-
member that Arkansas River 1s a post-Ogallala stream,
in other words its present course has been determined
8ince the last deposition of any Tertlary material in
this part of Kansas. True, portions of Arkansas River
may occupy channels that existed in pre-Ogallala time,
This would be more likely to occur where the f1ill of
Ognllala was thinner and where ground-water discharge
was locallized within the channel., Tightly cemented
mortar beds, or zones of limestone within the Ogallalas,
would reduce the probebilities of reoccupation, Local-
lization of ground-water diascharge into pre-Ogallala
valleys would be impeded 1f layers of impervious clay
existed within the Osallala. The reader must always
have in mind the fact that the Ozallala formation was
dopo;ltod as a continmuous sheet of material over and
beyond the narrow belt of land now occuplied by the
Arkansas,

If Arkansas River misrated northward down the dip

of the Dakota sandstone, some evidence of a former chan-

nel or channels should exist., These channels could
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possibly be burled in the resion covered by dune sand,
but in the ezstern portion of the area (Plate V) such
a covering does not exist, It seems highly improbable
that a stream the size of the pre-Arkansas could have
cut across outcrops of Tertiary andi Permian rocke and
then migrated northward without leaving a trace of a
channel, Further evidence as to this improhability
follows,

Arkansas River from Ford to Great Bend has a total
lenzth of 78 miles and drops from 2,350 feet to 1,840
feet 1in elevation (U.S. Geol, Survey topocraphic sheets),
This gives a gradient of 63} feet per mile at the pre-
sent time. A stream from Ford east "across the north
of Xiowa, Pratt and Kingman counties" (18a,31) as postu-
lated by Haworth would hardly have had a lower gradlent
than that fivured from the difference in elevations
between Arkansas ~iver at Ford and Ninnesoah River at
Pratt (1830 feet), Such a stream if it flowed in a
straight-line would be 54 miles long and would have a
gradient of about 9 2/3 feet per mile,

Just how much the present Arkansas has filled in
its channel at Ford 1a not known, but asccording to
Haworth (18a,28), ™7e have ample evidence, howévor, for
stating that the river valley at one time was from 50
to 100 feet deeper than it now is, and thap at the pre-



65.

sent time a £1lling-in process is in operation", Agsum-
ing a fill1l of 50 feet at Ford, this would reduce the
gradient of the hypothetical east-flowing stream to
8 2/3 feet per mile (or probably about 8 feet per mile
allowing for normal deviation from a straight course),
A stream with such a gradient would possess a relative-
ly larne valley, and the migration of this stream north-
ward to the position now occupied by the Arkansas should
have left ample evidence in the way of abandoned valleys
and stream deposits,

The only evidence found by the writer that might
be used to substantiate this theory is in the valley
of the Ninnescah, Juat south of Pratt, this stream
is but 12 miles from its headwaters, and yet it is a
broad terraced valley in which the stream is entrenched,
This valley may have been occupied by an older and larg-
er stream, but there 1s stronz evidence azainst the
theory that this stream might have mirrated northward
as postulated by Haworth, One may travel clear to the
Arkansas near Hutchinson observing the outcrops of the
Ogallala, in which evidence of intermediate channels
should be preserved, without finding any such evidence,
Suspicion might rest upon the North Fork of Ninnescah
and its broad flat valley, but when the size of its
drainage-area is taken into consideration, such develop-
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The next theory to be discussed is that of N.H.
Darton (9,31-32) who writes: "In this rezion the beds
1ie nearly level, for the rentle westward dips whieh
exist 1n the reglion east of Hutchinson gradually give
place in this portion of central Kansas to equally low
eastward dips, ... The shallow trough resulting from
this changze of dip crosses central Kansas in the vicini-~
ty of Grest Bend, and it 1s not improbable that this
structural condition was the cause of the very notable
3eflection of the Arkansas Valley to the northward in
the re~ion between Dodre and Great Bend",

It 1s 4ifficult to visualize the seographic loca-
tion of Arkensas River before "notable deflection ,,..
northward", as Darton 4id not specifically state any
former course for the river, Although he stresses
structural conditions (without mentioning just what
formetion or formations the river mizreted across),
hls theory 1s otherwise essentially the eame as that of
Haworth, The writer belleves that the same lack of evi-
dence that exists for the theory of Adams and Haworth
appllies to the theory of Darton.

The testimony ziven by Robert T, H1ill in court
during the Red River dispute between COklahoma and Texas
includes remarks concerning the Arkansas River of Kansas,
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rather the persistence of certain pecullarities of pat-
terns as the various rivers crossed certain regions,
were shown, and this was exemplified by illustr;at.ing
the manmner in which the various rivers crossed the Cen-
tral Rezion and were deflected northeastward from their
normal southeastward directions, so as to constitute
the so-called Great Bends, as typlcally exemplified
in the Creat Bend of the Arkansas, which deflections
wers supposedly caused by the attempts of the rivers
to overcome the westerly dipning strata of the Permian
and Pennsylvanian series as exposel by the downcutting
of these rivers in their pessasze asdoss a belt of such
structures seen in eastern and southern Kansas, north-
central Oklahoma and north central Texas,™ v
Apparently, from the above statement, the "deflec-
tion" of Arkansas River into its ~reat bend was caused
when 1t had cut through younger rocks and reached the
Permian and Pennsylvanian beds., Onittins, for the sake
of ar~ument, the existence of Tertlary and younger beds, .

the Arkansas should not have started 1ts great bend un-

%/ The orisinal testimony given in this case was not
avallable to the writer, as 1t exists only in the re-
cords of the United st.af.es Supreme Court, Washington, D.C.
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t1l it had reached a point on & northeast-soutlmest
line passing through northeastern Pratt county, West
of this 1line younger Cretacecus beds lie on the Permian
and 1n these beds ths river, normally, should have cut
its course to the southeast (according to Hill) until
it began cutting into the Permian and older beds. Furth-
ermore, there should now exist & bend to the north be-
ginning about 44 nmiles due south of the extreme north-
ern point on the present bend. Obviocusly, thils is not
the present situation. The fact that Arkeansas Rlver 1s
a post-Oppllala stream and therefore would have had to
cut its channel through these Tertiary beds in addition
to the Cretaceous beds before reaching the underlying
Permian would have coused the earliest bending to take
place still farther easst, which 1s likewlse contrary

to the present situation.

The only large streams in Kenses thet even approxi-
mate the conditions as stated by H1ll ere the Cotton-
wood and Kansas (east of Abllene) rivers, and the course
of Kensas River in its easterm portion has been affected
by continental zlaclation., Hence, Arkansas River does
not "typically exemplify" the conditions set forth by
H1l11,

The writer has at several times heard yet another
explanation for the present course of the Arkansas, but
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does not know to whom 1t should be credited. Some of
the detalls have bheen forgzotten, but the basic points
are as follows: Arkansas River flowed almost due east
from Ford, and Irom about Pratt eastward it followed
essentially the course of the present Ninnescah, The
country south of the present great bend of the Arkansas
was slowly uplifted into a large anticlinal structure,
the axis of which ran about northesouth throush Pratt,
As thls atructure was slowly elevated, Arkansas River
was forced steadily northward around the northern end
of the anticline until it reached approximately its
present course,

It has already been stated that evidence of former
charmelsa (which are necessary for the northward mlgre-
tion of thnis stream) is lacking., Where the western
flank of this anticline should be accordinz to the
above theory, we find the Cretaceous rocks dipning to
the northeast, Any uplift that 1s proposed to account
for the great bend of the Arkansas must necessarlly
involve beds of Cretaceous age, lio evidence 1n support
of such a theory can be found. .

The writer has developed & theory lntended to ex-
plain the present course of the Arkansas., The follow-
ing stages are postulateds

1, Pre-Ogallala drailnage,
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2, Ogallala deposition (not including algal lime-

stons).

3« Development of early drainage patterns,

4, Wiestward tilting an® formation of lLake Wallece.

5. Bastward tilting and drainage of Lake Wallace.

6. Deposition of Sanbern formation.

7. Headward eroaion of streams which developed

thelir initial patterns 1in Staze 3, and development

of present drainage,
These stages will be dlscussed in detail in the follow-
ing pages,
1, Pre=0Ogallala drainage,

The writer belleves (as stated before) that Arkansas
River in Kansas, from the Ollahoma boundary upstreanm
to the vicinity of 7ichita, approximately occuples a
channel that had its inception in pre~O-allala time,
This stream will hereafter be referred to as the "Wichita-
Arxaneas., The burled channel (now filled with the
McoPherson formation) which extends northward from Wichi-
ta to the present Smoky Hill River 1s considered to be
a nortlmard extension of the ™Wichita-Arkansas",

The ™7ichita=-Arkansas®™ probably developed tribue
taries prior to Ogallala time and one of phoeo could
have had its course in about the present position of
the Arkansas from Wichita northwest through Hutchinson.
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This stream will be referred to as the “"Hutchinson-
Arkansas",
2. Omallala deposition,

The deposition of the Ogallala formation obliterated
the pre-Ogallala drainage in south-central Kansas,

This blanket of unsorted and mminly unconsolidated
materlals filled the channel of the "Wichita-Arkansas"
and extended eastward beyond the present course of the
Arkansas, However, the conditlions of deposition did
not permit the establishment of permanent lines of drain-
age which were not inaugurated until sheet flood de-
position of the Ognllala had ceased,

3+ Development of early drainage patterns,

The "Wichita-Arkansas", where filled with Ogallala
materlals, would probably be readily re-excavated for
the following reasons: (1) the Ogallala was undoubtedly
comparatively thin in this part of central Kansas so the
channel would not have been deeply filled, and (2) this
0ld valley was floored by impervious Permian shales and
ooncentration of ground-water discharge in the old chan-
nel would aid in its being reocoupled by a stream in
upper Pliocene time. Tributaries to "Vichita-Arkansas"
River developed westward as consequent stream# upon the
Ogallala depositional surface, Thus, we may infer from

the southeastward trend of the streams in south-central
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Kansas, that east of the eastern boundary of Lake Wallace,
(Plate III) the slope was southeastward, Development
of the drainage was undoubtedly slow at first due to
insufficiency of water supply as evidenced by cessation
of the deposition of the Ogallala,

4, Westward tilting and formation of Lake Wallace,

The depositional surface of the Ogallala in general
sloped eastward prior to the formation of Lake Wallace,
A very gradual westward tilting occurred near the end
of the perlod of deposition of the unconsolidated Ogalla-
la materials, According to lf,K, Ellas l/, in northwest-
oern Kansas the upper portion of the Ogallala immediate-
1y underlying the algal limestone shows lithologic char-
acters at considerable variance with the older portions
of this formation, In this upper portion there is a
marked dominance of chemical (calcium carbonate) mater-
ials over mechanical (gravels) materisls, The same
conditions obtain in southern Kansas, where the algal
limestone 1s underlain by deposits of calcareous grit
with subordinate amounts of clastic materials, Apparent-
ly this marks the beginning of the slow, gradual west-
ward tilting, It 1s not to be inferred that coarse

1/ Oral communication.
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materials were not deposited during this interval, as
heavy floods would 8till be effective in moving gravels,
etc,, but such deposits comprise only a minor portion
of the uppermost CGgallala,

Swampy conditlions undoubtedly existed during this
gradual westward tilting which led to the formation of
Lake Wallace, The eastern rim of this lakeu;/ was form-
ed by the dip-slope to the west of the Greenhorn lime-
stone and the more resistant sandstones of the Dakota
group.

This leke oeccupled at the time of maximum develop-
ment about the western one-third of Kansas, extending
north into scuthernmost Nebraska, and south from Kansas
through Texas and Beaver counties Oklahoma into the
northern portion of the Texas Panhandle and westward
into Colorado., South-central Kansas west of a north-
sast-southwest line through the northwest corner of
Kiowa county was covered by Lake Wallace (Plate III),
It ie not derinitely understood at the present time
how long the lake was in existence, but it 1s hirhly
probable that the deposits of algal limestone forwed
in this lakg represent all of upper Pliocene time g/.

1/ M.K. Elias, oral communication.

2/ ¥.K. Elias, oral communication.



T4,

In that part of south-central Kansas not covered by the
lake streams were able to develop and cut thelr courses
westward by headward erosion in the Ogallala formation,
Among these streams was the predecessor of the South
Fork of Ninneacah River which will be referred to as
the 'pre-Ninnescah",

During the time Lake Wallace was in existence, the
"Hutchinson-Arkansas" was reoccupled when the "“ichita-
Arkansas" cut back to the former junction of the two
streams, and ground-water concentration in the former
valley joined the waters of the latter strean,

5. Eagtward tilting and drainage of lLake Wallace,

Lake 7allace was probably drained at the close
of the Tertlary, when the Rocky ifountains were re-elevat-
ed (32) Auring the Cascadian Disturbance, This uplift
of the Rockies caused a tilting of ?he High Clains re-
gion to the east, draining the lake, A search was made
for possible outlets that carried off ite overflow water,
It was realized that such evidence might have been de-
stroyed by erosion in Quaternary time, or hidden by a
cover of Sanborn, But 1is was considered that valleys
indicative of considerable erosion and now occupled by

"misfi} streams" l/ might furnish evidence of a former

1/ "misfit streams" are those that at present are in-
capable of performing the amount of erosion indicated
by their valleys (27).
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outlet of lake Wallace, The writer in company with

K.K. Landes visited northern Clark county and discovered
& possible ocutlet to this lake in the valley now occupiled
by Bluff Creek in T. 30 S., Ranges 23 and 24 W, The
outlet ctream will be referred to as "pre-Bluff Creek",
The evidence avallable showed that "pre-Bluff Creek"

was an outlet when Lake Wallace was drained, Eroslon
and deposition in the lower reaches of Bluff Creek have
probably destroyed any evidence that might prove that
"pre-Rluff Creek" served as an outlet while Lake Wallace
was in existence,

Fvidence of the existence of "pre-3luff Creek" con-
sists of a terrace, below which Bluff Creek has cut 1ts
bed about 8 to 12 feet, and upon which lies the Sanborn
formation which also covers the divides in this area,
Boulders of algal limestone (which was deposited in Lake
Wallace), ahd large pleces of Dakota sandstone up to
90 pounds in weight (Filg. 13)were found in the gravels
of this terrace., BRoulders of igneous rocks, comnon in
the Ogallala formation, were also found. Since the
boulders of algal limestone and Dakota sandstone are
topoaraphically higher in the terrace than their out-
orope along Bluff Creek, they must have been carrled
from points to the northwest by the rushing waters of
"pre-nluff Creek",



76.

It 18 not meant to be implied that this terrgpce,
which represents an old flood plain of "pre-Bluff Creek”,
has existed in its present relations from the time of
its formation, After "pre-Bluff Creek" ceased to exist,
due to the lowsering of the waters of lLake Wallace, the
valley was filled in by the Sanborn formation, Subse-
quently Bluff Creek came into being, ocoupylng the approxi-
mate site of pre-Bluff Creek, and carved its valley in
the Sanborn formation uncovering and entrenching itself
into the o0ld flood plain,

Other streams which have carved valleys headward
through the Ogallala and older beds possess somewhat
widened valley rims, Bluff Creek, however, runs through
a canyon in sections 24, 25 and 36, Ts 30 S., Re 23 W,
This gorze (the walls are nearly vertical in places)
averages about half a mile in width, and at its deepest
point (in the north half of sec. 2, T. 31 S., R. 23 ¥.)
i1s 200 feet deep. A8 “"pre-Bluff Creek" cascaded over
the Ozallala escarpment it carved the zorze, leaving
cvid;noo of rapid erosion by a swiftly flowing streasm,
Bluff Creek Canyon is truly an impressive sight,

A mile and a half upstream from this gorze may be
seen angular slabs of Cretaceous and Permian rocks up
to 6 feet in width and welghing hundreds of pounds,
Thesc are found within the materials of the terrsace de-
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posits of *pre-Blurf Creek" and in the bed of present
Bluff Creek where it has excavated its channel into
the o0ld flood plain, These are the largest boulders
that have ever been ssen in Kansas by the writer, with
the exception of zlacial erratics in the northeastern
part of the state,

6. Deposition of the Sanborn formation,

It appears that after the draining of lake Wallace
there was resumption of sheet-flood deposition similar
to that of pre-algal Osallala time, - ¥.K. Eliss (11,163,
151,178) in northwestern Kansas, found gravels in the
base of the Sanborn formation (immedlately overlying
the algal limestone) with boulders up to 2% feet in
dlameter, Gravel 1s found in the base of the Sanborn
of south-central Kansas, but it 1s less nlentiful and
eontains no boulders as large aqhhose described by
Elias, These deposits indicate a rainfall of the tor-
rential type, with resulting sheet-flood deposition over
the.flat floor of abandoned Lake Yallace, and their limi-
ted vertical rangce indicates that this type of deposi-
tion was short lived, being most active during the begin-
ning of Sanborn time, The o0ld bed of Lake Wallace was
undoubtedly covered by these materials, East of the
lake however, the waters probabiy soucht and followed
established drainage channels along which the debris
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was deposited,

Posslbllity of the exlstence of playa-like lakes
over the southern part of western Kansas 18 indicated
by the distinct bedding of the loéss-like materials
above the gravels of the Sanborn formation,

Deposition of the Sanborn formation, during and
subsequent to the development of the present Arkansas
has undoubtedly covered many points of evidence, The
present Bluff Cresk (nedar the gravel pit mentioned in
gec., 25, T. 30 S., Re 24 W.) has cut its way down in the
Sanborn formation during the reoccupation of “pre-Bluff
Creekx" valley, and Sanborn 18 exposed in the valley
walls from the terrace in the present valley to the tops
of the adjoining divides, a difference in elevation of
over 80 fect,

7. Develosment of present dralnage,

It 18 possible that “pre-Ninnescah" could have
received some of the water from Lake Wallace when 1t
drailned, but there is no evidence for this statement.
Followinz the sheet=flood deposition of the basal San-
born over the abanioned bed of lLake Vallace the "pre-
Ninnescah® proceeded to erode haadward in a westerly
direction across this rravel veneered flat, That part
of the "pre-Ninnescah" west of Ford will be referred

to as the "Ninnescah-Arkans.s", We find some evidence
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that the southern portion of former lLske Wallace was
tilted 8lightly south of east, for the course of the
"Nimmescah=Arkansas" has a southeasterly direction
west of Ford,

Coincident deposition of the upper portion of the
Sanborn may have tended to slow up the westward head-
ward erosion of "Ninnesczh-Arkansas®, However, the grad-
u2al tilting toward the east of western Kansas with con-
sequent increase of zradient probably off-set the added
load of Sanborn materials so that this stream developed
vwestward rather rapidly.

"Ninnescah-Arkansas®™ cut its way westward through
the 0ld bed of Lake Wallace and finaslly joined with a }
relic stream of the eastward flowing dArainaze that form-
erly supnlied water to lake Wallace, The writer con-
structed a profile of present Arkansas River to see 1if
there misht atill exist a “break" in the profile where
a relic stream from the westward entered into Lake
Wallace, But no break was founl because of the amount
of £111 existinz in the present Arkansas River channel,
voesitly 50 vo 100 feet accordingz to Haworth (18a,28).

Yeanwhile, the eastward tilting caused the head-
ward erosion of the 'HutchiqsonqArkaneaa" to chanze from
its northwest direction to one more nearly west, It is

probable that at this time it flowed westward just north
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of the northern boundary of Stafford county, According
to Thomas H, Allan Yy a considerable thickness of river
sand and gravel was encountered when core drilling in
this area,

The tilting in the southeastern portion of former
Lake Wallace then assumed a northern component and the
headward movement of the "Hutchinson-Arkansas" swung
to the southwest, starting that portion of the river
which the writer calls the "Kinsley~Hutchinson-Arkansas",
Doubtleses this stream cut headward rapidly toward the
southwest in the soft Ogallala and Dakota rocks, Evi-
dence of a northeast direction of tilting in post-Ogalla-
la time (post-algal time, hence in all probability post-
Tertiary) i1s found in the elevation of two outcrops of
algal limestone in Edwards county (south cf the N. } cor,
sec, 2, T, 24 3,, R, 19 W,, elevation 2,120 feet, and at
the southeast corner of section 21, T, 25 S., Re 20 W,,
elevation 2,260 feet), and in the elevation of an out-
crop of Ogallala (from which the overlying algal lime-
stone has been eroded) in Ford county (S. } cor. sec. 19,
Te 27 S., Re 23 7., elevation 2,400 feet)., Although
these three locations are in about a northeast - south-

west 1ine and consequently do not <ive the true amount

1/ Letter to the writer, ‘eptember, 1932,
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of tilting and 1ts direction, they do give evidence of
& northeast tilting amounting to about 10 feet per mile
in thie area in post-Tertiary time. The "Kinsley-Hutch-
inson-Arkansas® favored by this northeast tilting fin-
ally cut its way southwest until it pirated "Ninnescah-
Arkansas" River east of Ford.

The piracy of "Ninnescah=-Arkansas® by the "Kinsley-
Hutchinaon—Arkansas" was the initiation of the present
course of Arkansas River, In relatively recent time
the Arkanses River had migrated northward a distance
of about 6 miles immediately south of Great RBend,
Haworth (18a,28-29) astates that Arkansas River has mov-
ed northward, due to the "fillingz in process ,,. prin-
cipally on the south side", in western Kansas, Addition-
al eviience has been supplied by Allan l/, "core Arill-
in~ near W1llimwood indicates that the present channel
of the Arkansas is farther north than the original®,

The reader may object to the absence of any mention
of ifedicine Lod~e River, Llany laymen, and some reolo-
cists, have surcested that Arkansas River at one time
left 1ts present course near Ford and jolined the head-
waters of the Medicine lodre, The writer considered
this possidbility, but abandoned it after field and

193 Thomas H. Allan, letter to the writer, September,
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office studies, Althouzh !Medicine Lodze River is now
flowing 1n = channel cut in an old terrace, this terrace
1s made up of much different material than that found
on Bluff Creek, Furthermore, according to ~.L. Knight 3/
(20), who has studled the zeology of -Barber county,
fleld eviience 1z opposed to the conception of a former
connection of HMedlcine Lodze River with the Arkansas,

In brief, the prasent course of Arkansas River has
been caused by headward erosion and stream piracy during
successive tiltinzs in different directions of this

part of ¥ansas,

Source and disposition of Sand Dunes,

The ma jor portion of the sand dunes lie on the
south side of Arkansas River, Sand dunes occur north
of the river on the uplands north of Ford, near Great
Bend, and east and northeast of Hutchinson,

Various theories on the origin of the sand have
been proposed, The first field observation of record
upon this subject were made by J.S. Kewberry who travel-
led along the Santa Fe Trail in 1859, While in the .
vicinity of Larned he made the following conclusion
(41,27), “The sand-hills, which border the Arkansas on
the south side, seem to have been derived from the de-

1/ oral comzunication.
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somposition of the Tertiary conglomerate",

Haworth (18a,31) 1n:wr1t1ng of the country south
of the great bend of Arikransas River c¢3lls these sand
areas "a sandy accumulation strongly resembling the
general river sands", The writer infers from Haworth's
explanation of the great bend of the Arkansas (18a,30-
32) that he attridbutes this sznd mainly to the postulat-
ed northward migration of the river to 1its present loca~-
tion,

Robert Haey (20,44=-45) believes that much of the
material of the sand dunes is of strictly local origin,
increased by sand brought from the west by Arkansas
River, He 414 not regard “"the mand hills referred to
as owing all their substance to ths sanis transported
from the west", (20,44).

According to R,7. loore (35,94), "The sand has
been Aerived chiefly from the illuvial flats along Ark-
ansas river, being blown ocut by the winds, which are
prevailingly from the northwest, Indirectly, much of
the sand comes from the weathering of the Dakota sand-
stons and Tertiary deposits in the rezion",

In ao far as the writer could determlne there are
no Aistinct differences in the nmineralozic content of
the sands, There has besn so much blowinz about amd
mixing that the sands have become uniform in composition,
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80 mineralogical examination 1s fruitless in-httempting
to determine orizin,

The wind direction is important in cons;dering
how much sand has been blown from Arkansas River. Pre-
vious writers speak of the winds as "prevalling from
the northwest", The writer realizes that the few years
of weather observations in this area are but a fraction
of the time involved in the transportation of the sand
and the formation of dunes, However the prevalling
winds, according to the records of the Dodce City and
Wichita weather bureau stations (58 and 45 years of
observations, respectively), are from the south, True,
the strongest winds come from the northwest, but these
are in the winter months when the least amount of mater-
lals 1s moved.

K.K. Landes in writing on “"Volcanie Ash in Kansas"
belisves that "Mount Capulin and its neighbors in north-
ern New Mexico ... seem to be the most probable source
of the Pleistocene ash" (312,939). This would indicate
winds from the southwest which agzrees with present con-
ditions, However there 18 a possibility that the pre~
sence of ice to the north in Plelstocene time may have
altered the prevailinc direction of the wind,

According to Haworth (18a,29) "Southernly winds and
the river currents have filled in the bottom to the
south ... so that the bottom land has been carried far
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to the north", The writer has observed, in the samd
dune areas south of Arkansas River amd southwest of
Kinsley, that trails over which he had travelled six
Years before have been covered by sand duﬁes’%uwuing
from the southwest.

An inspection of the outlines of the dunes as shown
on topographic sheets of the Unlited States Geologlcal
Survey shows that the sand dunes have no prevailing
direction of their longer axes, Just as many dunes
may be found to prove prevalling wind directions from
the northwest as from the southwest, and south, Inspect-
ion of the dunes in the fleld leads to the same results,
If, as some postulate, the dunes on the south side of
Arkansas River are formed by prevalling northwest winds,
how may we explain the many dunes 1immediately north of
Rattlesnake Creek (and they are much closer to the creek
than aprarent on the topographic shee§s) in T, 25 S,,
Rances 14 and 15 V., and the scarcity of dunes to the
south of the same ore;k? This situation 1s especlally

atriiing when seen in the fleld.
It 1s the writer's opinion that the ideas of Hay

(20,44-45) most nearly portray actual conditions. The
Sanborn, Ogallala and Dakota formations certainly con=-
tain sufficient sand to furnish a source, A zone of

sand in the Sanborn which 1s 4 feet thick and the base
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not exposed occurs in about the S, } cor. sec, 22; Te

28 S,, R, 18 W, The writer believes that the bulk of
the material of the present sand dunes are derived from
the residual soils of the older formations, The winds
have reworked these materials, and streams flowing across
this area both in the past and present have no doubt
contributed sands, A contimious belt of sand dunes ex-
tends from the beginning of the nortlwmard swing of Arkan-
8as River east of Ford to Great Bend., Very likely it

has been this beit of dunes which has supported the

1dea that the present arrangement of the sand dunes was
due to the "prevailling northwest winds”, and that Arkan-
8as River was the main source of the sand,

Before discussing these dunes, let us investigate
those to the northeast of Hutchinson, N.H. Darton (9,
27) writes of them as "a range of sand dunes -- low,
irrecular hills composed of loose sand which the wind
has blown out of the flats along Arkansas River", How-
ever, Robert Hay reported finding outcrops of Dakota
sandstone (sec, 33, T. 22 S., Re 5 W.) 1n the hills and
calls them "sedentary sandhills" (23,228) formed from
the subjacent Dakota sandstone, He also believed that
in regions such as this the sand dunes remained more or
less stationary, "The mass remains; the molecules are

in motion" (23,228), Inspection of the present distribu-
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tion of Dakota in this region tends to confirm the ex-
planation of Hay.,

Although he cannot offer actual proof through oute
crops, the writer belleves that the bulk of the sand
in the dune area which parallels Arkansas River in Ford,
Edwards, Pawnee, Stafford and Barton counties came fronm
underlying Dakota sandstone, Exposures of this sandstone
occur alonz the north side of the Arkansas at elevations
corresponding to those of the sand dunes, A well drill-
ed for oil by the Amerada and Wilcox companies (NW. %,
W, %, sWw. %, sec., 32, T. 25 S., Rs 19 W., elevation
2,222 feet) is about 3% miles east and level with an
outcrop of Dakota sandstone, The driller logged the
upper portion as follows: sand, 60 feet; yellow shale,
20 feet; pink clay, 80 feet; and sandy blue zumbo 75
feet. This indicates to the writer that the well was
An the Dakota practically from the start. The driller
d41d not differentiate the dune sand from the rest of the
first 60 feet of sand, The log of the well drilled by

the ifld-Kansas 01l and Cas Company (SE. i, NE. %}, NE. %,
sec, 30, T, 24 S.,, R. 18 W,) 18 quite similar to that

of the Amerada-Wilcox well, Search for large quantities
of soft water in these sand hills should be accompanied
by coring and the cores should be carefully examined,.
If, as the writcr believes, Dakota sandstone is found
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not far below the surface, there is no hope for a large
supply of soft water as the Dakota ecarries hard water,
In conclusion, the following points are emphasized,
First, the greater mass of the sand in the dune areas
has been derived from older rocks, namely the Dakota,
Ogallala and Sanborn formations., Second, this sand has
been transported no great distance; the sandy flats of
Arkansas River have not been the universal source.
Third, streams, both present and past, have probably
contributed sand to these dunes, but the amount has been
relatively insignificant. Fourth, the wind hes not
caused these great colonies of dunes to migrate in vari-
ous directions to sundry parts of this region, but has
mainly confined its activity to building dunes of sand
derived by residual concentration from older formations,
However, it 1s not meant to imply that the wind has not
blewn small emounts of sand over the area, thus mixing

the Aune ingredients,

Contour iap on the Base of ths Tertlary.

An attempt was made to determine the pre-Tertiary
topography of south-central Kansas and its relatlon to
present topography. Information for such an investiga-
tion must necessarily be obtained by borimgs which have
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been made elther by core drill in searchinc for struc-
tures favorable to the accumulatilon of oil or by oil
wells, Water well information is of little value as it
18 not usually necessary to drill through the Tertiary
for an adequate supply.

In core drilling, the softer surface formations
are'rapidly drilled by "fishtailinz" and no record 1is
kept of materials penetrated, It was assumed, after
talking with geologlets of several oll companies, that
the depth at which casing was set (and actual coring
commenced) would coinelde approximately with the pre-
Tertlary surface, To this end, the writer obtained
core drill information from various oil companies for
over 600 holes, These records were supplemented by logs
of wells drilled for oll and elevatlons on surface ex-
posures of the base of the Tertiary (Oznllala). Using
this information the writer constructed a topographic
map (Plate IV) of the pre-Tertiary surface, However,
it is necessary before any conclusions are drawn, to
consider several thinzs involving the information froa
which this map has been complled.

It was assumed at first that the information was
probably accurate within 10 fest., But, in two wells the
writer found that Dakota sandstone had been included in
the “sand and gravel" of the Ogallala on the drillers
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log. And where some core holes had shown Tertiary to
be extremely thin, or even lacking in instances, the
writer found evidence in the field that this information
erred as much as 40 feet, Other core holes starting
where the Tertiary was known to be thin logged an ex-
cessive thickness of Tertlary. Therefore it was decided
that the smallest contour interval that could be used
with a factor of safety was 50 feet, Only the core
holes that were in good agreement with each other were
used in constructing the map (Plate‘IV),

Evidently the direction of the slope of the surface
in pre-Tertiary time was to the east a8 at present,

It 1z probable that ihe amount of slope indicated by
the map 1s greater than that existing before deposition
of Tertlary materials becan, due to eastward tilting
after Tertliary time,

Two other features of this map merit notice; the
existence of a remarkably flat area in Pratt and south-
ern Stafford countles; and the north-south aligmment of
dep;essione east of this flat area,

Accordingc to G.L. Knight‘;/ the Comanchean (lower
Cretaceous) beds which lie on the Day Creek dolomite
(near the top ofitha Cimarron) in Clark county procress-

1/ oral communication.



91.

ively overlap older Fermian rocks until in Barber county
Comgnchean rests upon the dolomite of the Dog Creek
Shale, and the Dog Creek “hale rests upon the Flower
Pot Shale in places, The writer learned that just west
of Creensburgz the Comanchean 1is at least 300 feet thick,
But in northern Barber county it thins to practically
nothing, It therefore appears probable that the rather
flat area shown on the map in Pratt and Stafford counties
18 due to the presence of the dolomite in the Dog Creek
Shale and the dolomite at the base déf the Medicine Lodge
Cypsum (the intervening gypsum members being cut out)
at the surface,

The depressions are very likely due to solution
and removal of salt below the Cedar Hills sandstone
with consequent slumping of the overlying beds., Indica-
tions of other depression were found, but as these de-

pended for evidence upon single core holes, widely
spaced, the writ;; considered such occurrences to be
questionable and omitted them,

i Drainage features on this old erosion surface are
poorly defined ;nd appear unrelated to the present drain-
age, except, as already noted that the general slope
of the surface was to the east, as at the present

time,
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