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ABSTRACT 

The Codell Sandstone Member of the Carlile Shale is confined to 

the northwest one-quarter of Kansas, and is composed of fine to very 

fine grained, noncalcareous, argillaceous, sandstone and dark gray 

shale contalning thin {about 2 nu11) streaks and pla.no•convex lenses 

of siltstone. The lower contact of t.he Codell Sands tore with the Blue 

Hill Shale is gradational and not well defined• The upper contact of 

the Codell Sandstone with the Ft. Hays Limestone Member of the Niobrara 

Chalk is sharp and parallel to the bedding of the two units, but an 

unconformity apparently exists between the two units. In the sub-

surface of Rawlins County and southern Wichita County, the Codell has 

its maximum thickness of approximately 80 feet. The Codell is absent 

in the vicinity of southern Sherman County, apparently because of 

nondeposition and in the northeastern part of the area of Gtudy be-

cause of a lat~ral gradation into shale• Fossils are ;.:resent in the 

' Codell, but are not diagnostic. Those fossils that are present, how-

ever, and the fine grain-size of the elastics suggest that the Codell 

was prqbably deposited in a fairly stable shelf-type marine environment, 

possibly in response to a cradualllowering of sea level. 



INTRODUCTION 

FURFOSE MID SCOPE OF STUDY 

The Upper Cretaceous ( Colorado Group) Carlile Shale has one of the 

larger outcrop areas of an:, single formation in the atate. ot Kansas. 

2 

In the upper part of this unit_, there .are sal'ldy strata which haw been 

assigned the name Codell Sandstone. It is the purpose of this paper to 

discuss the areal distribution, litb.olog · and. changes in taciea ot the 

Codell Sandstone in Kansas. Ona objective ot this aturJy is to turnish 

data that. might help to cl.arlf'y the stratigraphic relationship of the 

Codell to the Carlile as a whole, and to the overl.1ing Ft. Hays Lime-

stone Hember ot the Niobrara Chalk. In Ransaa,. the Codell is contained. 

within an area or approximately 19 ~600 .square miles in the northwest one-

quarter ot the state (fig. l),. and it is thia area wherein data tor this 

stud,y was collected. 

ME1'110D3 OF INVF.STIGATION 

Outcrops of the Codell Sandotone were measured, sampled, and de-

scribed during the 81JD2lia.r ot 19.59. _ Laboratoq illvsstiu..,.ation of field 

samples collected at that tims was cont'ined to a general. lithologic 

examination. The distribution and lithologic variations or tba Codell 

sandstone in the subsuri"ace were determined through the 'U8e of electrical 

and radioactivity well logs. The information from these logs was supple-

mented by examining subsurface samples ot the Cpdell obtained trom tbe 

Kamas Sample :tog Service. Kansas Geoloeical Survey. Lawrence., Kansas. 
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PREVIOUS WORK 

Since the later pa.rt of the !Jineteenth Century, considerable 

attention has been devoted to tho Cretaceous deposits of the Western 

Interior or the United States. Mumarous people working in widely 

separated areas have devoted all or a part ot their efforts to some 

aspect ot Cretaceous rocks. 

With refea.~ce to th$ Codell specifically, Dane, Pierce and 

fteeaide (19.37) have presented soma interesting and eigniticant tacts 

on the Ccdoll Sandstone in eastern Colorado. Bourne (1952), Chamney 

(1954) and Regout (19~1) have mads a fairzy detailed surta.ce and. aub-

suri'a.ce etudy ot the Colorado Group in tho central Great Plains aroa.. 

Morrow (1941), Dubins (1947) and Battin (1952) have made pertinent 

stUdies of the Colorado Group in Kansas. In addition, several publi-

cations by the State Geological SUrvey of Kanoa.a contain discussions 

on the Codell sandstone, and these publications are rater.red to in the 

text ot this papar and listed in the bibliography. 

HISi'ORY OF HOMQlCLATURE 

4 

In 1896, o, K. Gilbert (1896, p. 56.5) proposed the name Carlile 

Shale for 170 to 180 £oet or rock strata cropping out at Carlile Springs 

in south-central Colorado. Subeequently, the name Carlile Shale was 

adopted in Kansas, tor rocks of fl5ro11 ar lithology and etratigraphio 

position. Later, the Carlile or Kamas was divided into three zr.embers. 

A columnar section or the Cai•lile Shale and adjacent stratigraphic units 

is shown in FiBUre 2. 
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Figure 2. 

- ,:1 ,I --:. 
1-J.-~ -.L~~i Smoky Hill Chalk Member 

I I 
I I 

I I Ft. Hays Limestone Member 
I I 

I 

Codell Sandstone Member 

·Blue Hill Shale Member 

Fairport Chalk Member 

Columnar section showing part of the Colorado 
Group of Kansas. The classification shown above 
is currently used by the Kansas Geological Survey 
(Jewett, 1959). · 
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The Blue Hill Sha.la was the first ot the present members or the 
J 

Carlile Shale to be named in Kansas. w .. rt • .Logan (1897, p. 218) 

proposed the nama Blue Hill Shale for a sequence of dark shales am 
large calcareous concretions occurring in the Blue Hill$ ot Mitchell 

County., Kamas.. Logan placed the lower limit o:f the Blue Hill Shale 

at the top of a fossiliferous limestone and calcareoua. shale (Fairport 

Chalk) wld.1& the upper limit was placed at a prominent concretion sons 

occurring several feet below the base ot the Ft. Ha_vs Limestona. In 

6 

the following year. however. IDgan (1898. p. 434) revised the up~ 

limit ao as to include all rock up to the base ot the Ft;,. Hays Limeatons. 

Rubey and Bass proposed the name Fairport Chalky Shale JI.ember in 

1925 .tor. "85 .feet o£ marl and thin chalk beds" tram "exposures 

a fev milee south and wst or Fairport,- ltussell Cowrt.y," Kansas. (Rubay 

and Basa., 19.25, P• 40~ P• 44). The Fairport is overlain by thB Blue 

Hill Shale Member. ot the Carlile and underlain by the Greenhorn Limestone 

formation. 

In 1926. N. w. Bass (1926., p. 28) naued a sands~ unit occurring 

in the upper part ot the DJ.uo Hill Shale the "Codell Sandstone Bed." 

'l'he type area is located in the extreme . northern part ot El.l.h County, 

approximately- five miles south ot Codell (Rooks County). Kansas. Though 

a type section was not given specitical.4r. Baas (1926, p. 28) atated 

that the Codell "is well exposed in a roadcut mar th& northol'n bouncla.l7 
of' Kllis Colln.ty in the NFJ;. Sec • .3, T. ll s., R. l? W., where it is 22 

feet thick .. ~1: For practical. purposea, this' locality as given by Baas can 

serve as the type section tor tbs Codell. 



The orig.inal stratigraphic rank -0r the Codell., aa de.fined by,Bus, 

was a bed within the Blue Hill Slwe. This was subsequently changed 1n 

193.3, when Dane and Pierce raised the stratigraphic rank of the Codell 

to that of a member. Later~ it was assignsd the rank or member in 

Kansas (Moore,, Fr,e, and. Jewett, 1944, p. 152}. Hawver., in 1951, a 

publication ot the Stata Geological. Survey ot Kansas (Moore, et. al., 

1951, p. 2/4-) listed the Codell as a zone within the Blu& Hill Shale. 

7 

In 1952, the Committee on Stratigraphy of the Na1'ional Research Council 

published in a Bulletin of the Geological Society of A.,narica ( V. 63) > a 

chart ent.itled trCorrelation of the Cretaceous Formations 0£ the Western 

Interior 0£ the United States." In this chart., the Codell is asaignad 

the rank or member. A IDDre recent publication or the State Geological 

Survey of Kansas. (Jewett., 1959) also lists the Codell as a member or the 

Carlile, and it. 1s in this sense that the name Codall is used in this 

paper~ 
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AREAL EXTENT OF CODEI.t. 

WESTERN INTERIOR Cl THE U!4ITED STATES 

Over much o! the Western Interior of the United states~ a sand-

stone occurs at or near the top of the Carlile Shale or its equivalents. 

This sandstone, the western edge ot 'Which crops out .along the east side 

of the Rocky Mountains, is probably' the most widespread of the Late 

Cretaceous Sandstones in the interior region (Reaside. 1957, p. 52.4). 

Along :I.ts eastern margin. vhich aunds southward .trom the Dakotas, 

through Nebraska., Kansas and Colorado., this sandstone .bal3 been assigned 

several names. In Colorado.,. Kansas and .Nebraska, it is called the 

Codell Sandstone. Between the margins mentioned above,. the Codell (or 

an equivalent stratigraphic unit} is generally present 1n the aubsurtace. 

Figure ) shows what Reeside (19.57, p. 529) has interpreted t.o be 

the ori.ginal extent ot the Codell and equivalent stratigraphic units 

in th& Western Interior.. The position and presence or the land areas 

shown in Figu_~ 3, especially on the eastern side, are based on zeneral 

data and as :Nch are hypothetical.. 

A correlation chart is not included in this paper since the nanE& 

or the stratigl'a.phic u11ita concerned. do net change within'the general 

ai·ea of this atUdy. However,. it" detail.a on the correlation or. tho 

Codell Sandstone in the interior o:t the United S-t;ates are denired, the 

reader is re£errsd to Cobban and Reeside (l.952). 



. ·"•• .... · .. . ~~1:·~:-~~ · ... · .. 
,• 

.. ... . . • .... ··· . .. 

I I 
I 

_____ _J 
' . r------, .....__ ---..J . . 

[d Ancient land area 

Area of study 

-~ Inferred original extent of 
ILLL'Ll the Codell Sandstone and 

equivalent stratigraphic 
units. 

Figure 3. Map showing the original distribution of the Codell Sand-
·stone and equivalent rock units in the interior of the 
United States (Adapted from Raeside, 1957). 
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CODELL m KAMSAS 

Outcrgp Distribution 

In Kansas, the inters~tion of the Codell with the land suri"ace 

forms an irregular narrow line ·extending across Kansas. in ·a general. 

northeast to southwest direction (tig. l) !rom northern Jswall County 

ll 

to northern Finney County.. In CIUCb ot Finnay County., and westward 

through Xaarney and Hamilton Counties, the Codell is covarod with 

younger rocks or Tdrtim7 and Quaternary age. However• 1n ths central 

part er Hamilton County, a tew scattered out.crops or the Codell are 

preGen.t. South· of .Hamilton, Kearney-, and Pinney Counties •. and -ea.st or 
outcrop belt, the Codell has &en eroded awa,,v except tor a few scattered 

isolated erosional rm:inanta. outcrops of Codell strata. which wre 

measured as a part of this study' are described in tbe Appenclix. 

Outcropping Codell Sandstone 11aual:cy does not not1cea.blJ" influence 

the phyaiograplw of tho area or study. This is true partq because of 

the Codell 'a argil.laceous lithology, but most)Jr because the relatively i 

thick overlying Ft.. Ha.ya Limestone. tfflich is fairly resistant in the 

dry climate of western Kansu. tends to dominate the topography. Tbs 

resistant nature of this limsstone 1a expressed as a southeast facing 

escarimm~ called the Ft. Escarpmant. Usually~ the Ft. Hqs Lime-

stone is present only u a cap rock on the escarpment with the southeast 

!'acing slope developed on the upper part ot the Carlile. These slopes 

tend to be smooth. grass covered and concave upwards (tig. 4) with large 

to small spheroidal and ellipaoidal concretions from the Carlile and 

slump blocks ot Ft .. H~s Limestone strew over the surface,. 



ftgve A,.. PNfu. ol hill alope dl9ft1oped OB uppar C.lila 
at.nta in tM II aar ...... 3. T. 11 a.. L 17 II.• 
lllla ~. ,--~ .. ..u 1.rTeplarlt.J' 1a 
the alopa r...U. t.. • 111111111-atN .....U.. 
w t.bat OOCNra a1MNt 40 teat below tba .... et 
t.-rt. ..... 
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n. r411e·n 1a ,., ... _... -.t or ._ ... 
quartea- ot lue•• Comaqt11DU,-, the Codell t.llat. U'OF9 out, co..Uwt.ea 

onq • ftl"J' -11 ,..u..a ot tM t.ota1. Codllt1l 1n ,..,... nn., in 

..., to batter ,....,._ at& obtiaiwl trca Olltol'Opp1llc C...11 

strata. a .....-rw at.rv ot tbe Codell - a1H .... 1la1a aab-

...,_ --- - of w•ait.J- wltil U. t.bicknN• 

...-taU .. ot tba r-odall, bat. alN illallldN a broad qlllllitatiw 1D-

U.1et:n•• data_.. a1N oM,aSned tw U. __.i,1ag 111a BS.11 8bala 



and Fairport Chalk Members of the Carlile, and £or the overqing ' 

Ft.. n~ Limestone Member of the Niobrara Chalk. The thickness data 

wre used to construct isopachous maps. 

Source Data. 

Electrical and radioactivity wall logs wa1•e the prlll.'U'7 sources 

utilized to obtain subsurface thicknesses tor the members 0£ tha 

Carli.la Sha.le and the Ft. !Jays Limsatone Member of tho Niobrara Chalk. 

Figures 5 and 6 indicate raspeetiwq the general character ot the 

electrical and radioactivity wall logs tor the stratigraphic interval 

lx,t...reen thr;, top or the Greenhorn Limestone (or base or the Fairport 

Chalk Y~ or the Carlile) and the top ot the Ft .. Hays Limootor.e 

Member of the Niobrara Chalk. Figux48 5,A shows a typical configuration 

for the aelt-potentia..1. cw.--ve and resistivity cui~ or electrical logs 

for the pertinent otratik:,--raphie interval. Figure 5B shows the con-

figuration of the self-potential. and reaistivity curves .f'or the same 

straticraphic interval, but as recorded at lesser depths. · It should 

be noted that t!1a self-potential. curve (SP) in Figure 5B is inverted;. 

1.3 

or reversed.,. from that round in Fi,,_cy.Jre .5A. This reversal of the self-

potential curve, which we.a noted on ina.rw of the logs used in this study, 

is attributed to the inrl.ux of fresh water into the strata of the re-

corded strati£~aphic interval. In tact, onlJ' a relative:cy, small number 

ot electrical logs from wells in the northwest corner of Kansas (fig. 6) 

havo normal sell-potential curves (i.e., like those found in Fi_~e SA) 

tor tho Carlile and Niobraraformationo. 



· Joe Jankouits No. 1 
Sec. 31, T.l N., R. 31 W. 

(Nebraska) 

Haffner No. l 
Sec. 19, T. 9 S., R. 27 W. 

SP R 

A 

Ft. Hays Ll.mestone 

Codell Sandstone 

Blue Hill Shale 

Fairport Chalk 

Top of Greenhorn Limestone 

SP 

Figure 5. Self-potential (SP) and resistivity (R) curves in northwestern 
Kansas. A. Log not influenced by fresh water in the strata. 
B. Self-potential curve on the upper part of log inverted due 
to fresh water being present in the strata. 

R 

B 



In addition to the electrical logs just montioned., ra.dioactiv.tty 

logs were also used. Speci.ticallT. the type o£ log utilized in this 

study was the gan»1Ja r~-laterolog log. Figure 6 shows a ganm. ray-

laterolog wll log ot the Carlile Shale and Ft. Hays Limestone. 

Problems Encountered ID l,o_g Interm:etation., 

15 

Generally speaking, on both electrical and radioactivity wall 1ogs, 

the Codell Marnber of the Carlile Shale is .fairly' wll defined. numerous 

problems are encountered., however., in obtaining thickness data. on the 

Codell from electrical logs. The gradational. nature ot tile change in 

lithology- trO!Jl the Blue Hill Shale to that of' the Codell sandstone 

makes it particular]J dil'ticul.t to consistently establish a lower contact 

for the Codell. Because or this• it waa decided to arbitrarily place the 

lower boundaey of the Cod&ll. at the base of the lowermost prominent sand-

stone* siltstone or silty -shale denection on a given electrical log. 

But in doing tbiG., one or oore lea& prominent s~ or silty horizona 

are sometimes excluded from the Codell and aubaequently included in the 

Blue Hill. It is thou&ht., however, that the resulting isopachoua map 

of tbs Codell reUahly shows the broad variation& in thicknsas of the 

unit. In this respect. determining what were the most prominent. sand-

stone or siltstone dei"lections presented another problem in consiatency 

ot interpretation. However, through the construction, extention and 

correlation of subsurface cross eections over the area or study, it ia 

thought that errors having to do with consistency or interpretation 

were minimized. 



Swank No. 1 

Sec. 8, T. 9 S., R. 22 W. 

Ft. Hays Limestone 

Codell Sandstone 

Blue Hill Shale 

Fairport Chalk 

tTop of Greenhorn 
Limestone 

Figure 6. Gamma ray (GR)-laterolog (LL) well log in northwestern 
Kansas. 
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In the northwestern part o£ the- state, another problem &1sociated 

with electrical log interpretation or the Codell us- encountered. In 

northwestern Kansas, the values expressed by the sett-potential and 

reaistivity- curves ot the Codell. are very nearly the ea.ma ea those ot 

the overl.ying Ft. Hqs Limestone. So much ao• in fact, that the Codell 

has often been l0t.7,ged with the Niobrara Chalk aa a single unit. Figure 

7 1a taken from a ;fairlJ" recent. log lfhich combines masurements ot the 

selt-potentia.l, gamma rtr3 intensity, resistivity- and conductivity all 
I 

on one log.. On tho basis of tho eel.t-potential (SP), resistivit:, (R) 

&lei conductivit;r (C) ~, it t10Uld be dil'ficult to determine 

the position of the contac~ bat.ween the Ft. Hays and tho Codell _with 

much confidence (Also oee Figure SA). The measurement and recording 

or the gamma. ray (GR) i.'ltensity on this same log, however, serves to 

rather accuratell' define the contact between the Ft.. ltcqa Li.meat.one and 

the Codell San:wtone. It- was in this way that the ganmia ray log was ot 

most value to this stuctr. In most cases though, gamna ray masursments 

are not combined with self.potential measurements 1n the stratigraphic 

interval concerned in this report. But. attor examining maD1 logs, it 

17 

was found that the general character ot the self-potential curve is 

usually definitivo enough. to all.ow one to ditf'erentia.te the Codell trom 
the Ft. Hap. Poillts "a" and nb" on the salt-potential curve in Figure, 7 

are goneral.J,y persistent and diagnostic enough to define the etratigrapbic 

limits of the Ft .. Haya. 
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00-!POSITION .Qf_ .ml .... co .... D ___ EI __ .t S!UIDSTONE 

The Codell Sandstone is composed p-i.ma.riJ.y' of' veq tine grains or 
quartz. plus a considerable but variable amount ot cJ.aT material.. While 

a detailed patrogra.phic · analysis ot the Codell was net undertaken as a 

part of tbJ.s· study, some data· are available. Rubey and Bass (1925, 

p. 34) give the f'ollOldng deseription of the Ccdell. in Russell County: 

Moat. ot tho grains are quartz.,.· chiefly colorle&a, a i"ew ot ffllich 
show Bhacictq' extinction under crossed nicola, but sane are .amc:>ky gray 
and translucent and a few are pink and transparent. Dark gra:y chert, 
aomswhat kaolinized orthoclase~ and somB black opaque fra@l)8nts are 
rather camion and. grains ot clear ·orthoclaae and soma plagioclaae 
(more cal.eic than An 30), faintly' pinkish microclina and per.f'ect 
crystal.a ot zircon showing no ettecta of abrasion a.re present. Much 
ot the quartz &bowe abundant inclusions that ant in part at least 
acicular cristals ot brow tourmaline .4,Dd apatite. 

The· c1a_r· ird.narals or· the ·Codell were· not determined opecif'ically 

l.9 

as a pa.rt· ot this stud7. Occasionally, however, there were noted thin 

seams o£ clq material that. tended to awall consid.erablg after they wore 

moistened, suggesting o. clay mineral or t?JB montmorillonite group. One 

x-rey diffraction aoacysis mado of a shale in the upper· part or the 

Codell at one locality in Rooks. County (I.DC) (RoA) suggests that the 

most common clay mne.ral in cl.a3' material of unweat.bered Codell is 

illita. 

A study ot the heav minerals of tho Codoll 11as made by- Moss (1932» 

p. 22-2.3) with the .following reaults: 

Zircon 68 par cont, tourmalina 12 per cent~ garnet (grossularite) 
12 per cent, %'Utile 5 per cent, ataurolite 1 par cent. and traces ot arw.taae, 
chlorite, .muscovite. corundum and topaz. All ot the zircon and the majority-
of the other minerola are in eUhedrel. cr.vstala or angular fragments. The 
zircon percentage rises tram SS p$rcent in Mitchell County to 87 percent 
in Hee& Comity. 



.20 

Subsurface Aamplesa. ot Codell sand.stone in northwaatem Kansas 

seem to be or the same mineralogical composition as that of outcropping 

Codell except for the la.ck of wathering. One notable except-ion is the 

occurrence ot very small·· greenish colored grains in ma.DiY" of the sub-

eurfaca aemplee ot Codell. These greenish grains seem to be concen-

trated in; it not confined to, the extreme upper part of the Codell. 

'lbe· exact mineralogical composition oE the greenish grains watt not 

determined, but their appearance excepting~ grain Giza, £its the 

genaral field definition ot glauconite. In the. liJ1ut aamatonee at tho 

top of tha Codell in southern Elli& County (Locality El.K) • same greenish 

colored grains are preae~. Theae grains, however., aeem to bave a. 

micaceoua. structure and be cblorite ratbor than glauconite. Tb8 

abaBllCe,. or apparent absence. of the greenish graim at, most outcrops 

ot th1t Codell is poGaib~ a result of' tteathering. 

Thin b&1ds and nodules of cal.cite occur in SOll1$ outcropping- Codell 

strata. Some· caleite ia al.Bo pc-esent in aubeurtace samples or the 

Codell, eapecial.].y int.he eattreme northwestern corner ot Kansas.. In 

the northweatern corner ct tamaa, the Codell ia cemented with 

cal.cite. It was also noted that a.e tha location or the subJurf'ace 

samples approaches the outcrop bolt. tllare eeema to be· a corresponding 

decrease in calcite ae a comenting agent in the CodElll. In connection 

with this., invaraiona or tba sell-potential.~ of electrical. well logs 

(Fig. SB) made it possible to roueh1U outlimt an area in tho northwest 

part ot Kansas, wherein aur.tace or fresh water has J8f; entered the 

. Codell etrata (Hatchurod £Wea shown in Figure 8).. Throughout the re-

ma1rrtng area or subsurface Codell~ surface water has entered the strata 



(Shaded area 1n Figura 8). Cal.cite in the Codell seems to be more 

abundant. whem fresh ~tor has ·not 7'lt entered Codell strata. This 

sur-..,gests tbat. the lack of caleareouo m.terlal 1n outcropping Codell 

strata is poa:sibl3' a rflsult o:f solution. 

2l. 

P,yrite is present in outcropping Codell and it is also tairly 

eor:mnon in subsurface aamplaa. Also affecting the gr0fJ8 mineral.ogical 

composition or the Codell are booo £ragments and teeth. These, howevor • 

seam to concentrated. in the upper part of the unit and in most places 

are scarce. 

mnum 

Grain sizes 1n the Codell range downward from nearly one-ha.l.t 

miJl:imt,er to that or clq sized particles. In the better developed 

sands.tones ot the Codell, the sand graina are moatl,1' tine to very tine 

in size (Wentworth size ala.esitication).. It might. bs 3dded that a 

general lldcroscopic aam:fnat.ion suggested that t-be quart.a grains range 

dot-m to claT sized particles, and constitute a &izable fraction or 

the interatitual cla;y mterial ot tha Codell and pcrha.pe an appreciable 

traction of the clay material in the ohale beds or the Codoll and tho 

underlying Blue Hill Shale. 

Inrli:vidual quartz grains are tor the most part angular and equant. 

Subangtuar grains are also C0l1'lf!l0n mld the shape or the quartz gra.im 

does V4r1 sligJttly. Ru.bay and Ba.am (192.5,. P• 34) noted that in JmsseU 

County, the larger grains oE tba Codell are conmonl:, more angular than 

those ot intermediate size.; 
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Figure 8. Map illustrating the presence of fresh water in Codell 
strata. The hatchure lines define that area where fresh 
water is not present in the Codell. The shaded portion 
of the map represeots that area of the Codell where the 
strata does c~ntain variable amounts of fresh water. 



Another noticeable reature sb:n4n b7 most o.f' the ~z gra.im 

in the Codell. ia their slight:cy, frosted and pitted appearance. The 

frosted eur!ace of thees gra.ina is quits .tine. even on the smaller 

grains.. The· origin ot tho trosted surta.ce is usuall;r attributed to 

eoliGn action. Ho\i.iever" it baa been pointed but by Pettijohn (1957 

p. 70) that. qua.rte grains. in the presence or a carbonate, devel.op 

frosted a.nd pitted sur£acea. Because .or the pro..'dm:l.ty of the Codell to 

the Ft.. luzyn Umeatone and the. poasibility that the Codell or~ 

contained oome intor~ calc1um carbonate, it nlley" be that same o.t 

th$ frosted surfaces on grains in the Codell developed. 1n a. :,imflar 

LITHOLOOY 

Outcropping Codell in lta.nsas- is charaeteristietuly eompoaed of 

.tinG grained elastic particles. More speciticalq, it can usually- be 

divided 1nt.o two som,what tdmilnr though diatinctive lithologic units. 

'lbeao are: 

l. A maaaive to thin badded, very tine grained, light. gr;q .,. 

noncalca.reous., argillaceo-uG sarmt.one or ttandy · siltstone 

that wathera to a light yel.l.owish-brotm. or dark yellowish--

brawn col.or. 

2. Fiaaile,. dark gray to i!J:3'3~ nonct.Llc3l"OOU3, sanely and/or very 

silty shale containing small light .gro:, streaks- or lenses ot 
ailtotom. 



In gene.rel, outcropping Codell is not wll indurated, being held 

together chie1'11' by c1q material. Bu.1;_. because of the clq· material$ 

tha Codell be qui~e bard when dl;\r.- ewn tb®gh samples gonerall3' 

became sort and diaintegrate rather quickly after immrsion in-water. 

L:>c.aUy., camentin~ agents are present in outcropping Codell most]$ in 

ths f'orm of thin ban:fs and nodules ot iron oxide or calcium carbonate. 



SEDD!EtJTARY STRUCTURES 

CROSS-BEDDING 

In general_. cross-bedding is not common in the Codell S4ndstone 

cropping out in Kansas. In northern mis County., some faintly de-

tined cress-bedding is present at the top of the Codell. Near the 

Cedar Bluff Reservoir., in Trego County, a blook of slumped Codell 

Sandstone shows well developed crosns-bedding. At. another loca.lity 

in Mitchell County (I.ocality McA), sana cross-bedding is present in 

a sandy siltstone- bed occurring approximately 20 teat belov the base 
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of th& Ft, •. Hqs Limestone. At most outcrops, though.,. the cross-bedding, 

if' present., is wrua1ly found in the aandstone at or near tho top ot the 

Codall. Also., the cross-bedding in the upper few teet ot the Ccdol1. 

Sandstone. seem to be better developed than that seen at lower stra-

tigraphic intervals in the Codell. Most or the cross-bedding seems to 

be of the medium to large scale shallow trough type (McKee and Wier, 

1953). Very small scale cross-bedding and croas-laminaa (McKee and 

Wier, 1953) are aloo present and seam to be fairly cOI11I10n. 

Throuehout most ot the Codell, especially where th& Codell is 

compofHJd of sandy and silty shale II there are numerous streaks• small. 

l8!18oa, and thin bands ot sandstone or siltstone. In many· placea, these 

are irrugular in shape and disposition (tig. 9); maey • howver., have a 

plano-convex lens-like vertical cross section (tig. 10). The plano-

convex lens type seems to be more abundant in the lower portion of' the 



Figure 9. Sketch showing irregular streaks of siltstone in shale 
in the upper part of the Carlile Shale in northwestern 
Kansas. 

Figure 10. Sketch showing plano-convex lenses of siltstone in shale 
in the upper part of the Carlile Shale in northwestern 
Kansas. 
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Codell where they occur as small (0.15 foot!) siltstone lenses in 

shale. M4t\v of these small lenses of' siltstone are laminated with 

paper-thin la;yers 0£ sf,lale. 

A few relatively large lenses or sandstone.~ siltstone or shale 

are al.Bo present- in the upper tew teat of the Codell. Lenses observed 

by too author measured about 15 feet across the .raca of the outcrop 

and bad a thickness or one foot or J.ess. Figure 11 ahONS om-half of 

an argillaceous sandstone lena at Loca1ity RoA in Roolm County.. Thia 

lens occurs approximately 12 teet below the base 0£ the Ft. Hqs Lime-

stone. It will be noted tbat a band or wavy shale is present midwq 

betweon the upper and lotsr surface of the sandstone lens. Slickensidea 

present on the shale at the base of the sandstone l.ens suggest., though, 

that the irregularities in the bedding a.re a result o.r .fairlj recent 

movemante. probab4" associated with slumping. At Locality El.C, a 

relatively thin (0.5 toot) plano-convex oandy shale lens having a width 

ot about 15 reet is present in a massiw sandstona unit. Thesa larger 

lenses seem to occur ency in tho upper part, . or the Cod.all. Thia indicates 

that currents. though relatively wak. wre active at the t1ma the elastics 

in the upper part ot the Codell were ciaposited,, 

TUBUIAR STRUC'l'UBES 

Throughout most ot its outcrop belt in K.a.naas • the Codell contains 

in its extrem& upper part numerous light gra::, calcareous tubular 

structure& (fig. 12). 
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ot the Ft.~ Limestone, a.a wall as near the base or the limestone. 

Hcmever. thG tubular structures occurring seven feet below the Ft.. 
'· 
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at localit7 El.C, are·~ horizontal (rig. 18). In many places, 

they are aparce or possibly absent but 1~ • they may- ba so abundant 

ae to be almost sheet-like (fig. 13). Although it, is not~ apparent 

at most outcrops• _the tubular structures otten seem to extend up into the 

Ft. Hays L.i.mastone. 'l'hey occur most]3 in sandstone or siltstone but are 

also present. in shale• especial.13 in the southern part of the area ot 
study. 

The origin oE the calcareous tubular structures is questionable1 . , 

although it ie probable that they are organic, origimting.; tram a burrow-

ing organism ct one type or another.; Uowsver, because there seems to be 

no real proo"f ot this. they are included i.11 this section dealing with 

sedunantary struct.ures. 

. SEPl'AR.Wl CONCRETIONS 

In southern Osborne Cowlt:y • • large calcareous concretionG rangj.ng 

up to eight f'eGt. in diameter occur. in tbG Codell Sandstone. This iG the 

only area t'lherein large concretions m~e obaerved. in samstone proper. 

At numrous other localities 1 though., large concretions are pr~ in 

the shale underlying the Codell. 

All of the large concretiona seem to be septa.rian (rig. 14) • con-

taining numerous veins ot either brown (color due to hydrocarbons. 

Stdntord. ~953)_ or mit~ calcite. The7 are ellipsoidal to spheroidal 

in sbapta mu seem to be sy:ngenetic in as much as thin siltstone beds pass 

through them undisturbed (tig. 15). Fossils and pyrite nodules are oi"t.en 

found associated. tdth the concretions. 
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Al.so~ at M>cality JwC in Jewell County, a number ot small holl0tt 

limonite noclul.es, or perhaps concretions, were foWld. These- hollow 

noclules tend to be elongated and tlattemd somewhat. In size end shape, 

they resemble the smooth nodules that 1JllJ:T be coprolite.a; the ta.ct that. 

they are hollow, though,. suggests that thq mtq be ot secondary origin. 

Jlippl.e Marks. 

At one locelity in z.titchall County (~t;r McA), small oscillation-

type ripple marks were present in a. veq fine grainsd sa:ndcstone occurring 

in a concretion zone a.pproximately 25 i"eot belw the base or the Ft. ffa.va. 
Although this wa.a the onl;r occurrence ot ripple ma.rka noted in the field., 

many ot the plano-convox lenses and· thin disconnected sandstone or silt-

stone beds tliat are present in the upper part ot the Carlile ma;, ba a 

product ot a ai.m:Jlar envirom,ant. 
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PALEOMTOI.CGY 

Fossils are .tairq comnon in the Codell, but are not. very diagnostic •. 

Most of thB tosoila found in the Codell consist ot shark teeth and bonea 

or .tragments of' bones. The shark teeth are both or the cutting and pave-. 

nent types. Bona matorial is also present. as eancJ....eieed. partiQJ.es and. 

probably ranges dmmward to c1tq sized particles. The sand-sized particles 

of bone matarial are eapecialq coamon in the calcareous~ ·or llrq, sand-

stones in southern Ellis County. 

In EW.a County (Locality El.F), . part o£ an .Inocerama. sp. shell and 

one. large vertebrae (O.l.5 toot) were found in the Cod.GU near the base of 

the Ft. ~. timastom. Locally• on the surface of outcropping ·Codoll 

Sandstone., there aro other otru.ctures ot probable organic origin,. but. 

they ·e.N not clear]3 diGtinguishable es such. Also. same emooth llmoni.te 

nodulos (Seo page 41 oE this dratt) i'ound in the Codell may be fossilized 

fecal pellets,, but this is uneertain.. One :toesU El.op1d fish ha& been 

found in the Codell and described by Miller (19.58. p. 213). Mill.er-

points out tba.t .P:l.opid .fi$h living todq are both nearshore marim and 

.treal1~ter dwolling. Aleo, Battin (peraonal cammmir:ation,. 1960} reporta 

finding both ealcareoua · and arenaceous · forms ot toraminUera in the Codell. 



c<mAnrs .!ml OTHER oms 

The columnar &ection in Figure· 2 points out that sedimnt.atiol'l 

which produced the strata. of the Carlile proceeded frot1 a ·calcareous 

mud phase: (Fa.:trport Cht?J.k) to a. noncalcoreous .mud phase (Bl.us .Hill. 

ShaL)) and then ~inally to, a sand7 mud phase (Codell sandstone). 

Changes in uodimentation betW88D ·these three phases aeem to have been 

gradual. .Because ot thisJP th$ .lower boundar,y of the Codell with the 

Blue Hill SbalG has be more o~ leas arbitrar113 chosen .. 

On the outcrop, the Coiell•In.ue Hill contact :ta commonl3" plaeecl 

where there. :is1 in addition to a notable chang& in color, .a distinct 

increase in the W!10Unt. of santt-eize particl.Gs present, in the aect.ion. 
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The color change is trom the dark gray to bluish grq color ot th& m.ue 

Hill Shale to ·a light ,eJ.l.owiah brown <rt> light u;q color of' the Codell. 

The, J'8].lowish brown color is• dependent on the degree of weathering to 

1ddch the cut.crop bas been subjected. At rela.t:1.vely £resh outcrops, the 

sandstone or· siltstone ot the Codell ia 1:ight grq in color. J3y p~ 

tho Ccxtell-lD.ue li1ll. contact at the base ot .a prominent s.andstcms·or sllt-

etono unit, howaVEll·, too presence of numerous ail.t.stona lenses ,and/or 

sSl'ld7 ahalo below th1s point tends to be disregarded. nut it tha shale 

containing abundant siltstone lenses is includsd in the Codell, there is 
' ' ' 

the probl.etl ot establishing a lower bou.ndaey tor the Codell. The grada.-

tiono.l character ot this change in litbologies makes tba taak ct' estab-

lishing a lower boundar7 extromeq difficult. It is tbs opinion of tha 

author I though,. that the sbal.G in the extreme upper part of t.he Carlilo · 



which contain& notabl;r abundant and conspicuous lenses ot siltstone 

should be regarded as a part ot the Codell, in as much as the appear-

ance or these. siltstone J.ensea rei'lecta a small change tram the previous 

envir~ of ,sedimntation. In this pa~, the shale (i.'l the extrema 

upper part ot tbo Carlllo) containing numerous streaks and plano-conwx 

lenses or siltstone. will be included in the Codoll Sandstone. 

UPP.ER C(ffl'ACT 

·~ ·:upper contact ot the Codell does not, ~""8Sent. the same problema 

as doe$ tu lowr contact. 'l'he Codell is overlain by the Ft.. Ume-

etone ·Member of' the Niobrara Chalk. i'he contact betwen these two Wlita 

is parallel to the bedding 1n ·.the· two units. and 1a sbarp]3 de.tined as 

a result of' an. abrupt cha.nge in lithologies. This .cba.nge in litholosiea 

is from: a ehale, siltstone or sandstone of the Codall to ·chalk;r 1:!m&atone 

of the Ft. HaiVs. ( See F:1.gu.res 19 - 21). 

Paleontol.og1cal evidence (Da.i'le~ Pierce., am Reeaide, 19J7. p. 220) 

suggests that there is an uncontormity between the Carlile Shale am the 

Niobrara Chalk end it is thoui_Jht that this unconformi'ty occur& at the 

base or the Ft,. Ha¥s Limastone. 1.'he sharp contact between t-ha limestone 

end. the under~ clasti~ does indeed seam. to be a log1cal. place to 

put the upper -contact o£ the Codell. not»ver, it. ma., be that some or 
the strata in the upper part oE the Codell are composed of rGl!!Oriced. 

material and passilicy' should ®t be included in the Carlile. 'lb1a will 

be disausm mre at.. the conclueion or this paper. 
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DEOORIPl'ION .Q! THE CODELL 1f! I!m TYPE~ (NORTHB,.'?N_ ELLIS £,_otrrltt} 

The type section ot the Codell, I.ocality Rl.D., is at a roadcut on the 

north flank of tha Smoky Rill River Valley int.he NE cor-., Sec-• .3, T. 11 

s .. , n. 17 w • ., Elli.a County (fig. 16). The upper portion or the roa.dcut :is 

composed or lir.Jit yellowieh grq chalky Ft._ H$ IJ.mastons. The contact 

betwaen the Ft. lfa.Vs Li.ttestone and the under]J,ing Codell Sandstone is 

sharp and marked by a thin (ca. 0.15 toot) lqer ot gray shale and poor~ 

indurated Ora.Di:,"9-brown sardstone. For the most part., th& 24 feet of 

strata ·:inmlediately underlying the Ft. Ha.vs consist of light yellowish to 

bromish gray massive to somewhat :nodular~ very ti.no grainad, triabl.G, 

noncal.careous,. argillaceow, sandstone. 'lhis is umerlain b7 about 5.5 

teat of soft, eiltstone and th.en approx:im~ 16 feet of soft siltstone 

and then approx:1.mate:cy 16 £eat of gritty shale containing thin bed.a and 

small streaks and plano,..convex lenses _ot siltstone. The lower part of 

this gritty shale is spotted. the spots are composed ot silt sized 

particles which are enclosed in a gra::y cJ.asey matrix. A rather conspicuous 

concretion horizon occurs in this shale about 40 feet below the base or 
the Ft .. Uqa. The gritty shale is in ~u-rn, underlain by onJ.y- alight,]¥ 

gritty to non-gritty, dark grq t1.akT 8halG \fflich la.eke the numerous 

small lenses and streaks ot siltstone.. Contacts between the various 

lithologic units mentioned above, excepting the Cod.ell-Ft. Hays contact, 

seem to be gra.dational.. 

The-l.cMsr 16 feet of tha 24 teab or sand&t.om at Locality ElD con-

tains SGwral layers that are noticabl.y argjJlacsous., and which tend to 

i'o.rm small. indentations in tha weathered profile. In gonera1, the sand-
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Close exam; nation, however$ reveals tha.t mu.ch or the aandetone does 

exhibit- very smll ~cale irregular- bedding. tt'hia la.tter~eature is 

gemral.l_y more noticeable, ho¥,ever,. in the m:,re argill.aceous horizons~ 
-:1 

prmar:U;r bscause ot the conti:'aat in texture between the ailt and/or 

sand aized particles and clay sized part.icles. The upper part of the 

sandstone,. eapeciall3 the upper one foot,. contains a tew calcareous 

tubular atrueturea. 
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Several mi.lea west. of the type, ssction~ another outcrop~ Locality 

El.C, 11hich 1a quite sim:tlor lithologically to that of the type section,. 

sbona more clearq the diapo$ition ot lithol.ogies in the upper portion 

of the Codell (fig .. 17).. Tha upper sandstone unit co:naiata ot 7 .5 .feet 

ot masuive very fine grained ar~ sandstone which exhibits on 

watherad eurfaces taint lines- &Qggestive o.f mdium. scale (McKee and 

l'liv, 1953) cross...becldins.. This massive sandstone unit ·1a underlain b7 

a oandstona of' fl:imilar lithol.oa e:a:epf# that it is more argUlaceoua. 

Also,, in the lower san&Jtone unit, less arg:Jllaceous bGds alternate with 

more are;lJlttCAous bods in a scmewba.t r.,thmic .tasb.i.on (Thia feature is 

also present in the lowr J.6 feet or sandatone at. Iacalit~ El.D). At the 

top or the saassive sandetono unit, and 1n canto.ct with the base ot the 

Ft. If~ .Limestone_. there is a V8l7 thin laiyer ot soft J'8ilowish brow. 

oandGtone. 

In the upper maaeive sandatonct unit at locality El.C, there occurs 

a ralativeq thin (maximum tbicknea& about 0.5 .foot) sandy'. pl.a.no-convex 

slw.e lens having a. width ot about 15 feet. This shalo 1s co;nposGd ot 

dark grq grit.ty shale interlayered with light gray bands or siltstone. 
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_UTERAL VAftIATIONS LITtiOtoGY 

VARIATIWS ALOUG THE. OUTCROP 

In general, as one goes northeast or, sout.ln«,$t tram the Ccd.oll •a 

type sect.ion.,. the argillaceous &andstona ot t.he Codell grad.ea laterall.Y' 

into eUtstona and shale. MorUleast o£ the type section thi& change 1s 

rather abrupt -whereas to the southwut. tha chang$ is more gradual. In 

order to better demonstrate these· variations ot the CooeUta lithology 

on the outcropJi a cross -section cq>iled._ from masurect aectiona has-

been prepared and is ehoW: on Plate I. 

Fl-ant Plate I, it can ba seen that sandstone and siltstone in tbs 

upper part. ot outcropping Carlile. Shale are moat abundant in northern 

Ellis County and southern Oeborm County. North ot southern Osborne 

County.,. sandstone and siltatone are practically absent from the upper 

part ot the Carlile. There a. botiever, a thin eanutone bed occurring 

a.t. thEJ extrema top o£ the Cat•lile Shale, 'Which. north of t?:t type, 

localit.y.,. is usually in contact td.th lime8tone nt the base ot the 

lliobrara. This aandatone is rather wide eprear.t., occurring aa tar north 

as the Kansas-Nebraska bord~.. Same. characteristic teat-urea or this 

aandatona bed -aG seen. on th& outcrop .are: 

1. Its thickness. over the area north ot ·the type section varies 

from about three .feet. to a leather edge, with approxi.ma.tely 

one foot a. rather c0Illi10llly observed thickness;. 

2. I~ 1a £ine to Veey' £.me grained and veey argill.aoeous; 

,3. It is noncalcareous; 

43 



4-. It we.there to a pronounced orange to yellowish brown color; 

unwaathered. it is light gray to grq; 

5. It contains swill (0.03 foot) shark teeth and bone .fragments 

which are locally rather abundant; 

6. It contains light gray to nearly white. calcareous anastomosing 

tubular structures (not. alwa_vs readily apparent or abundant 

north ot the type section) which locall.y seem to extend upwards 

into the overlying Ft. llajYS Limestone. 

7. It contains widely scattered nodules or limonite having a 

diameter of approx:lmatel7 0.1 toot; 

e. The upper contact with then. Hays Limestone is sharp and 

parallel. 

9.. The l.owar contact witb the underlying shale is sometimes 

irregular having small indentations or channels into the 

underlying shal.e. 

Southwest of the type section, a sandstone or similar lithology to that 

juat described is also present in the upper part ot the Carlile. lt is 

dil"torent~ though, in that loc~$ it. JIIS3" be separated fran the Ft.. Hays 

Li.mestona by shale or siltstone; its thickness is more variable; it is 

generally more calcareous, and; the anaatomosing calcareouG tubular 

strur:tures seem to be more common. 

At the typa section., lDcality ElD., the main body or Codell Sandatom 

i8- underlain b7 siltstone and then shale containing small ot:reaks and plano-

convex lenses or siltstone. Northeastward trom Locality- ElD. the amount 

of sandstone decreases rapidly. In southern Osborne County, at lDeality-
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ObE, sandstone is interbedded with siltstone and is still fairly 
·, 

abundant. However,. in central Osborne Co~y,. Locality- ObC, the aand-

stone present is .eonf'inod pra.ctical:q to the previously discussed thin 

sandstone at. tho top ot the Carlile. with the bulk of the Codell represent-

ed by dark grq &hale containing numerous streaks and p1ano-convax lenses. 

ot siltstone. In eastern Books County. west or Osborne County., an out-

-crop at lDcality RoA (See Plate II for location) probably represents that 

area of transition between the aandatonea of the Codell and the silt.y shale 

in Osborna County. At Locality RoA, the Codell is compoaad of very sandy 

and silty shale containing numerous thin beds of sandstone and siltstone, 

eapecially in the 40 teat ot strata immediate~ underlying the Ft. 1~ 

Limeutona (fig. Zl). 

In northern Osborne County at L:>cality ObB• about. one foot of sand-

atone occurs in the upperIDOGt. part of the Carlile and 1a in contact with 

the Ft. na.,vs Limeato:na. This Balldstone is underlain by about 14 teet or 
dark grtJ3 nonealcareous shale that lacks the conspicuous plano-eonvex 

lenses of siltstone; this ahal.<1 is underlain by about 26 teot ot shale 

containing plano-convox lenses of stihtone. Th:1s sequence ot lithologies, 

i.e. Ft. Hays Limestone underlain in order by a thin sandstone bed., dark 

grq shale containing plane-convex lenses ot siltstone. and then dark grq 

ahale lacking plane-convex 1enaras., remains a. parsi&tent feature of the 

strata in tha upper part of the Carlile northeastward to the Kansas-Nebraska 

border ( See Plate I). 

Southwest of the type section (Locality ElD). the massive sandstone 

beds become lass abundant in the Codell and are not found outcropping south 

ot central E.1.lls County. Massive sand.stone beds may be present in the 
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rapbic position s:tmiJ ar to ~t; of the thin sandstone bed a~ the top or 
the Cod.ell in northern Kansas. WheN sandstones are present in the upper 

part of the Codell, they' 1!Jq be separated from the overly:tng Ft.. Ha_vs 

Li.mastone b,y a Shala bed. 

At several. outcrops south.or tbe type .section, the sandstone beds 

in thE, upper part ot the Codell are. calcareous.. Th~s& calcareous sand-

stone beds occur principall.y in the .southern part. or Bllis County and the 

northern part ot Neu& County. In this area, numerous thin, wavy, light. 

gra:y beds ot s~ calcium carbonate occUl" in .the sandstone (fig. 21). 

Light gray calcareoua tubular structures are also present at moat 

outcrops aauthwast of the Codell 'a tJpa section. They occur 1n the upper-

most part of thr-., Codell Sandstone and uauall3 extend upwards into the Ft. 

liays Umestone. 

The contact bettieen the Codell anri the Ft. ~· limestone southwest. 

of the t,PG section is parallel. and sharp. :t,,,e.,lJ;r,.thougb, ·where the 

sandstone is calcareous, the ebange in litbologies seems to bG 

gradual.. At sotDG localltieaJ tho ·1ower contact of the sandstone beds 

is wav., or irregular.. These 1rNguJ.ar contacta indicate that there was 

Bai» erosion or reworldng of previously deposited sediments. 

The cross section ot outcropping Codell Sanclstone (pl. I) extends 

no .farther. south than .Fi:nney- County. other outcrops of the Codell Sand-

ston& do occuz-, though, west. or Finney Count7 i11 Hamilton County. In 

Hamilton County• several southward flowing tributaries. of the Arkansas 

River, haw exposed the upper part or the Carlile in a few- areas. Terti-

ary. and Quaternar;y sedimnts have et.fectively covered JllOflt of tha older 

rocks present in the interverdne; ar&:l.. Although the writer· ct this papar 
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did not see the Codell in Ha.mUton County., Basa (p. 63. l.926} describes 

the Codell as being composed of ,t •• • 25 toet ••• of' gritty shale eontaining 

very thin streaks ot silty aandstone, and. the top two feet is largely sand. 0 

VARIATICh,s IN 11lE SUBSU.RFACE 

SUbsurface samples and electrical log data serve to define in the 

oubsur£ace of northwestern Kansas, tlllO areas wherein the Codell is com,.. 

posed ot sandstone aiudlar to that out.cropping at the type J.ocallty (See 

Plate II). Both or these areas elongated along a line having a general 

nortlmeat to southeast t.rend. One area o£ relatively well davelop3d sand-

stonG lithology occurs in the central part ot ext.rems western Kansas, in 

the vicinity or Greeley, Wichita, Kearn;, and possibly Finney ~unties. 

The other area is found in northwestern Kansas I in the vicinity ot Chey-

e~ County and Rawlins County- and extends southeastward until it inter-

sects the surface in northern E.1.l.1a County and southern Rooks and Osborns 

Countieo. 

In both of the above mentioned areas.. there 1G a considerable amount 

or intarotitial. arg:UJacAOUS material in the sandstone, in addition to 

local.ly intarcalated beds of shale. The Codell in Greeley, Wichita and 

Kearn;v Counties seems to be. appreciably more argil)acflOus than th8 Codall 

in northwestern Kansas. Electrical logs and subsurface eampJ.88 suggest 

that the Codell in Greeley-, Wichita and. Kearny Counties is canposed 

primarily ot siltstone and sand7 shale ld.th only 1ocally developed sand-
':> 

atone litboJ.o&-'ies. Fairly well developed sandstone~ s:trniJar to that tomil 

at the type section and 1n the extreme northwestern Kansaa, does seem to 



be more comnon. though_. in Greeley- Count;r and western Wichita County.· 

In northwestern Kansas, the better · developed sandstones ot the Codell 

are ver:, similar to the sandstonea · outcropping at the type l.ocality in 

northern Ellis County.· 

The Codell Sandstone is pl.'"Uent in the subsurface over a wide area 

between the two belts ot sandstone .mentioned above. and 1t is composed 

predominantly siltstone and samy shale. These sandy shal.Ga are 

probably ve,cy much lik& those occurring in Ness Cowit.y. 

In the northeastern part of the area or study, in the vicinity ot 
-

PhiW.PG, Snith and. Jewell Counties> recognizable Codell Sandstone is 

not present on electrical logs~ Indeed. the electrical logs strongly 

SU?..gest. that the Codell grades laterall3 northward into shale ( tig. 22). 

Thia is also suggested by outcrop data (pl~ I). The zigzag line on 

Pla.te II delineates approxlmatel.7 the line north ot ·which the Codell 

grades lateral.ly into shale and become& unrecognizable as a unit. 

Another area in tmich the Codell is absent occurs in the vicinity 

ot Sherman Cowity and Wallace County~ In this area, the Codell seems 

to have been eroded amq .. or, was never deposited. Thia. will be dis-

cussed further in the conclusion or this paper. 
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THICKNESS 

TlfICKUESS VARIATIOlra OF THE CODELL SANDSTONE 

Two areas of relatively thick Codell Sandstone are aho\m on Plata 

II.. Ona o! these areas occurs in northwestern Kansas, !n 1lawlins County 

and the other is in central wstern Kansaa, in the v.i.cinity of Wichita._ 

Kearl\Y and Finney Counties. Both of these areas seem to- be elongated 

slight]3 among a line having a general nortlmest to southeast trend. 

They also correspond ganerall;r with the same areas in timich tl1e relative-

ly better developed sandotones of' the Codell occur. The maxinmm thick-

naos or the Codell in Kansas in the subsurface occurs in central Iiawlins 

County. where it is about 90 rest thick. In central western 1ransas. the 

thicknesa ot tho Codell ma:, exceed 00 feet. A good comparison of tm 

two areas or thick Codell is di.tticult to attain, though, because of the 

scarcity ot electrical. loga in the: vicinity or southern l\i'ichita., and 

Scott Counties, and northern Kearny and Finney Counties. Also_ the 

character of the electrical. logs in thG sott'1ohern part of· the area or 
study i& probably intluenced to some degree by f'resh water in the Codell. 

Between the tw areaa ot relatively' thick Codell Sandstone, the 

unit is usual.l.y- betwen 10 and 30 .feet; thick 'With 20 feet and approximate 

average. In southern Sherman and northern Wallace Counties, the Codell 

i& absent. In southeaatern Scott County, there is a 6mall ai~ in which 

the Codell seems to be absent. 

In the northeastern part of the area ot study. the Codell Sand&torJB 

seems to grade lateral.q into shale, and in so doing creates a zero 

isopaoltous line. This zero isopachous line iB not sharp and is showing 



on Plato n b7 mam ot a e1gzag l.im. 'nle zero 1sopa,chous lino does 

not ts.k8 into comiderat1on tha ~oosl3 doocribod thin aandstone 

t.Jlat occurs at the to.P of' tho Carlile in contact w1tb the baso of the 

ft. Bqa Lim3tono. fhG reason tor mt comiderlng this thin uam-
st01» 1G ntwn 1n· tbe ccmclllni:oG of tb1s pa.per. 

QarlJJp Shale 

MCE?!mSS V&U!no!m OP ST&TIGn.umc ums 
ASSOCIA1'.'Im 14111 TH.a CODELt 
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On c~ the ~;-u,,p ot the Carlile Shal.e (fig. al) 

with th-& iGopaehous mp ot ths Codell (pl. II). it can be noted that 

there are a&vera.1. aress ot eimUari.t7. Near the ueatem bordo?" ct 
Eallsa$• 1n ·th& northweat eoi'li!EH," ~-;: Wallace County and in the aouth-

wat COl'1l81" &net mrt.h pwt ot Sh8:1'":W'l Count;,., th& Carlile thira 

to about 100 feet tmiah ls the min$mnu t.biekne.o& of the Carlile in 

Kn."'leaS. In thi$ area., tho Codoll thins .am irJ absent ever part 

ot tbe area. 
Front the we~U)m border of Kamas.,, th3 Carlil.G iner0aSoo in thkk-

no:ia to tha eaat. itd$.· tl'erld tovard inerGa.$1ng tb~G to the east., 

l'-H.evor, iii mt. urd.tora.. Indeed. are t.1ifo ra~ conapicuollS 

ward -~ eallenta ot thicker Carlile atrDta. One. or tm,se aaliento 
ia located 1n nortoom K.armas, 4tld rtm8- east to uest. acroaa ~, 

-P.awlJ.nel ad Deca.t.ur Countiee. The -ot.Mr G&ll~. ubJ.eh 1a &ituated 1n 

the eentral part o.r ctretn4 ~- naar tho border of Wichita~ 

am Kearn.v Counties,. seams to bcJ mm-G ~ted than the ealient, 

in -northern Jtanaaa. and ha.G. a northwen\ by eouthosst orionta.tic:o. 
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$alients ot thick Carlile strata correspond with areas or relatively 

thick Codell strata.. 

The greatest thickness tJf Carlile strata in Kansas occurs. in the 

northea.stiern portion o£ tha area ot study 1n the '111.cinity of Jewll 

and Osborna Counties. In thi& area.,. the Carlile Sha.lo is somswhat 

, more than 300 feet thick. 

Chalk 

The isopachous map or the Fairport Chalk (fig. 24) shows the 

dist.ribution or celcareous shale and limestona in tho 1ower .port.ion 

of' the Carlile in northwastern Kansas. A rather conspicuous belt of 
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thin Fairport strata extends through Sherman• Logan, Gove and Ness 

Counties along a northwest to .southeast line. In this belt, the Fair-

port has its minimum thicknesa in Kansas. or about. 75 toet. Anotoor, 

though mu.ch less pronounced, belt of relative]¥ thin Fairport having a 

general nortbwast to southeast trend extends across the aoutbwest port.ion 

of tlorton County-, through northeastern Grahm County, and into Rooks 

County. '.rhese tw belts ara nearl.3" parallel.. In western Wallace County., 

and al.Go in the vicinit7 ot southeastern Scott County, thG 100 toot, 

contour line delinGatos other areas ot relatively thin Fairport. The 

areae ·enclosed by the 80 .foot eorrt;our line in Sherman County,. 4nd the 

100· toot contour line :in Wallaoo Caunty,. correspond rO't.lgbl.y' to areas 

mittimum t.hidmesa on the iaopachous map of tho whole Carlile, as wll a.a 

the Ccdoll Sandstone. The belt or thin Fairport GXtending across Shennan., 

Io~an, Gove and Ness Counties also corresponds r~ to an area or thin 

Codoll. 
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Isopaohous map ot the Fairport Chalk 
Member ot the Carlile Shale in 
northwestern Kansas. 

Contour interval; 20 t•et 



Central Raw.ins County and northern Greeley County are areas 

ot conspi.cuous thickness for the Fairport Chalk. These areas ot 

relatively- thick Fairport strata are elOD(Ja.ted~ particular~ the one 

i£"l northern Gree1e,- County. It is in Grealey and Wichita Counties 

that the Fairport apparent:cy, reaches its rnaxhmun thiclmeas in Kansas 
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of about 150 feet. It. will ho noted that the two area.a wherein Fair-

JJOrt strata. are·noticoa.bl;r thiek ext.end toward each other but. ·are 

oopa.ratect in logan County b3' the belt or min:iJnum thickness previOWJl;r 

described.. The configuration ot the isopacbOU.$ lines does not suggest 

o:ny definitive regioruu. t.rend toward increasing thickness~ though tha 

th1clmoss linos tbamelva$ have fairly- pronounced nol"tlmest to southeast 

trend over lm1Ch or the state. Also, there does not seem to bfJ. ·anf' area 

ot relatiw~ thick strata cmrnon. to both t.ho Fairport am the llhole 

Carlile. excepting posaib]3 northern Greeley County. In northern 

Greeley County. thG presence ot relatively thick Fairport stratif:ie 

expressed on the map or total Carlile tbiclmeas by the contiguration 

or too thickness linea. Central Rawl1na County and Greeley, and 

Wichita Count.ies are 8l"e6S in ttmich thick Fairport strata corresIJOnds 

generaIJa with areas of relatively thick Codell. 

Distribution ot the dark g,rq~ noncalcareous mus Hill Sba1t1, 

labich 1s •Clho\m on Figure 25· by ·means or an isopachous map. Tb.a Blue 

Hill is thinnest in the southwestern portion or the area ot sttld:7 

10hore it seems to ba a.bout 40 :reet thick. Thia .area of thin mue Hill 

includes parts o.t t1allece, Greeley,. Hamilton and~ Counties. 
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Another area in ubicb the Bl.ua llill ShaJ.G ia noticeably' thinner ocoura 

in. no1-theaatarn Xansaa. in central RaJ4ins Cowity and northeastern 

Cheyenne County. 
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From these areas of." rola.tivel3' thin strata.,. the m.ue Bill increases 

irre-;ularly in thiclmess: toward the east. A tl"Ol1gb of modera~ thick 

Blue Hill. extems · northwestward between the two. areas· or relati.wly thin 

m.ue Hill.. The mximum subaw.~a.ce thicknss& or the mu& llill Shale 

maasurod on eJ.ectr.i.tal 1ogo was 174 f'eet, and this occurs- in eouthel"n 

Rooks County. The maximum th1clmeas or the Blue Hill in lansas) exceeds 

this., bowover6 and approaches 200 feet in Russell County- (!-!oore, et. al., 

1951., P• 24). 
Hhm the isopachous mp· o£· the Bl.uG Hill iB com.pared with the total 

thickness map or 1:Jle. CsrlilA (fig. 2.3). several relationahips: can be 

noted. In ~em Wallace COU11t7~ the m.uo Hill is thin as ia the wolG 

Carlile anrl the Fairport. Chalk Member of' the Carlile. Also, the Blue 

1Iill 1ncreasos in thickness to'Wa1'd t.he east aa does th& total Carlile 

thielmese,. In Wichita and ltearl\Y Counties;; the m.UG Hill is relative]3 

thin, llhereas the Carlile is relatively thick. 

In the, preceading discussion or the Fairport Chalk l'iamber ot the 

Carlile. it waa poim.ed out- that a belt or thin Fairport strata ·exten'JB 

acrosa Sherman, Iogan, Gove and Nese Counties. ln this same area,- ths 

DJ.ue llill Shale ia relatiwly thick. In tact, if thiclmesses ot Bl.u8 

tlill strata in a given area are CO%!lpared wlth thickneeses or Fairport 

otrata in the same area, it will. be found. that in general they have., 

with the excoption or the western part of Walla.ce County, an inver&e 
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relationship. This inverse relationship seems to ~pear toward 

the east though., where deposition, as interpreted from the isopachous 

maps, may have been more uniform and continuous.. The continued 

deposition o.t calcareous muds in local areas, e.t tba time ot transition 

betwen the Fairport and Blue Hill, mq be responaible for· tile · inverse, 

thicknesses relationship between the t110 units., 

In s?1arman, ffalla.ce., Greele7 am Wichita Counties, the mue Hill 

Shale is relatively thin as is the Codell sandstone. The variations 

in tbicknoasea of.the·mue Hill ShaJ.8. and the Codell Sandstone aro 

opposite in Rawlins County, though• where the Codall is ralativel,y 

thick and the m.ue Hill is thin. Alao.1 in the central part of thG 

area etudied, the Blue Hill increases in thickness whereas the Codell 

toms to be of rela.tively constant thickness. 

Ft. !!Q.m. Li.mstone 

In addition to prepa.ring isopacbous maps tor the Carlile Shale 

and its members, an isopachous map was also prepared tor the Ft. llals 

Limestone Member of the Niobrar;i Formation (.fig. 26)" This lfaS done so 

a.a to determine whether w not ·an'3 si..a,.cnificant relationship mets be-

tween the variation in thicknesses of t.he Ft. Haya Limestone and the 

Carlile Shale, parliicularly the Codell Smldstone !1amber ot the Cal•lile. 

Figure .26 shows a rather pronounced band of relatively' thin Ft. 

Ha;ya Limstone from the Wichita· and Scott Counties northwa.rd 

to Rawlins Count7 • and then rran Rawl.ins County northeastward into 

Nebraoka. othet- less conspicuous narrow bonds ot thin Ft. Hays are 

1n Phillips, Rooks, Grahm; ta.ne and Ness Counties~ 
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A sharply dei'ined area of relativel.1 thick Ft. Limestone 

occurs in Greelq County and a less well defined area of thick. Ft. 

Ha_vs occurs in Trego and Gove Cowitiea and extends into SCott and 

Lane Count1$$. Th$ maximum· aubaurtace thickness or Ft .. Hq.s Lime1'tone 

exceeds 100 teet and 1s fowld 1n the a0t1thwestern part of GNel.ey 

County. It is possible, though, that the ma.~mum thickness of the 

Ft. Ba.re Limestone in. Kanaaa i might occur- 1n ·southwestern Trego 

County. From a regional viewpoint, it would $eEm that tM Ft. &la 
. becomes thi:nnor to. the northeast• but the thinni.!'ii! !a by no means 

regul.ar. Where pronounced thickening of the Ft. HtQV :la present on 

electrical logs• thG tbicken:1.ng seeni.a to be distributed throughout 

the unit. 
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It seem tha.t there is no prominent relationship between the 
variations 1n thiokn&so ot the Carlile Shale and the Ft. Hap time-

otono. A lllinor sindlarlt7 occurs in Greeley- County- lm.ere acr.ae thick-

ening appeai-s on both maps. . Anotbei- ei'iril arit:, rld.ght be indicated by 

the 6o toot thickness lln$ on the iaopachow, map ot the Ft. ffes'S in 

northern Sherman Count7., The aoutmm.rd extension ot the 60 toot thick-

ness lino indicates thinning ot the Ft. ll81$ timstone in an area were 

the Carl.UG Shale (fig. 23) is also thin. Another. pc,1nt to note about 
' 

the Ft. l~ Limsstone in W$tGrn Sherman and Wallace Counties is that 

the limestone 1e ot more uni.tom thickness., ao is indicated by the wid.e 

epacing of tho contour lines. Thu DntllQ feature 1$. also present on the 

. Fairport.· map. 



'lbe Fairport Chalk Memba:r ot tha Carlile and the Ft.. I~ Lims-

etone Member ot the Niobrara have thoh- ma."Cl.mum observed thicknesses 
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in tho aem, general area of Greeley County"' And, whilo the area ot 
relAtivoly- thick Fair~ &trata is larger and less defined than 

that ot tbe Ft. flot.va, their general position and orientation are about 

tho"~• Both units haw.an area ot relatively cowtant thickness 1n 

Wal.lacs County. In northern Iogan County, both tha n. ff01S · and the 

Fairport are relo.tively thin. Hot-$ver, at this point, a broad north-

west by southeast trending belt ot thin P4irJ;>ort atrata is interoectecl 
.. 

by a north-south trending belt ot relAtive'.q thin Ft. Limestone. 

In central Rawlins County, ea.stern lane Count7• and other eree.& where 

the Fait"port 1o fah-lJ tbiok. thGl Ft. Htq8 18 relatively thin. The 

~averse ot this is true in area.o such as in the vicinity ot th8 boundary 

bGtween Seott and lane Counties. Whil• there is a general. northwat by 

southeast trend to the ieopachoua line$ on the _Fairport map, no such 

trend is evident on tho Ft .. map. 

In eaatem Scott Count;,-, . tho Blue Hill 3bale and Ft. Hqa I.im9• 

otona are both relatively thick. In Rawll.na Count7, both the Ft. 11',a 

and the muo Hill Shale are relatiwlJ' .tl;dn. In Greeley County, wher$ 

the Ft. fl~ iG fair~ thicl~, the mue Hill io quite thin. Both the Ft. 

and the m.ue ll:111 haw a nea:r~ constant thickness in western 

Wallace County. 

A comparison of the iaopa.choua ma.pa of the, Codell and the Ft. Daya 

doea not find 1J1JY promin$nt sim1larities. In WaJ.lace County. there is 

a tendency tor the Ft. to maintain a r$latively' uniform thickneas 



in an · area. of otherwiGe · increasing thickness. • Thi$ would correapond 

to an area· ot min1munl thickne:Js ot Codell. Also in Greeley County• 

tbe rt.; H318 i& l'ela.tively thiQk aa ia tho Codell. However., in 

Rawlins Count.1', the Ft. l?ays is· rele.tively thin tffl.erea.o the Codell 

ia "3.ativol;y thick. 

It has been suggested by Johnaon (1930) that the ve.ryJ.ng thick• 

ness ot tbe Codell be eVidence tar eroeion., and that an inverse 

relationSbip exist between the thickneases of the Ft. and 

Codell. The hopachoua JDaPB of the Codell and Ft. H318, prepared u 

a part of this .studT ot the Codell, howevor, do not seem to support. 

the existence of any- $Uch inver:.,e thickneas relationship, at leaat on 

a regiontll be.$ii;,. IccaJ.11, though,. such as in Bmtl:tns County, it. ma:, 

be that such a rela.tionabip dos extot. 
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QONCWSIONS 

In general, the contact between thG limeotone at the base or the 

Ft. IItqs and the under~ claatica or the Carlile :la sharp and parallel 

to tbs bedding planes ot the two formations. OVer moat of the area ot 

at~, the Ft. Hqs Li.mestonG ia underlain directly' by a thin noncaloare-

OWI aand&tone bed containing shark teeth, bonEt fragments, tubular struct-

ures and Umonite nodules. 'l'he contact between tha limestone and th& 

sandstone is sharp &nd parallel but tho contact bet"'"n the oandstone 

and the underlying shale is eomewhat irregular. The nature or the con-

tact between the limes~ and sandatone, and between the sandstone and 

the under~ elastics o.r the Carlilo, euggesta that the thin sandstone 

bed_ which oc~• in contact With the base ot the Ft.. HB18 Limestone may 

be a b$:Jal aand ol the Niobrara. 'l'he presence of ohark teeth, 

bone ~nts and llmonite noctul.es in this sandstone alao supports 

this idea. 

In Kaneas, tho Codell Bandatone is the uppGrmcat member ot three 

members in the Corlile. To tha northwest, in~. a shale unit 

(Sage Breaks Shale) is preaent. above a sandstone that is equivalent to 

the Codell Sandstone (Cobban and Beeaida, l9S2). The absence ot this 

shale unit in Kansas, auggoata that th4' upper-most part or th• Carlile 

in Kansas, it m1Bsing and that an uncontorm:ity exlats between the Niobrara 

Cha.lk and the Carlile Shale. Another possible interpretation ot the thin 

sandstone 1n the uppermost part ot tho Carlile is tha.t·1t may haw been 

deposited during the t1u:a in \ihich the Sage Broaks Shalo WOJJ being de-

posited in Wyoming. 



Marine fossils are present in the m.ue Hill Shale underlying 

the Codell Sandstone and even though the Codell Sandstone lacks good 

diagnostic fossils, those that are present indicate that the Codell 
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was deposited in a marine environment. The absence of well developed 

cross bedding suggests a low energ:/ environment of deposit.ion. The 

streaks and lenses of siltstone in the lower part of the Codell suggest 

a gradual transition f'rom a relatively- quite depositional environment 

to one or increasing turbulence. The tine grain-size or the better 

developed sandstones ot the Codell and th.ti very argillat:eous nature 

or the sandstone indicate that the elastics were probably deposited 

relatively far from their source. The presence ot glauconite grains 

suggests that the environmental conditions were somewhat stable. It 

io probable that the elastics of the Codell were deposited 1n a shel.t-

type ot environment, possibly in relatively shallow water. 

The frosted surfaces of the grains ot the Codell suggest the 

possibility that the grains may have at one time existed in an eolian 

environment. Tho i'ine grain-size of the elastics in the Colorado 

c:roup as a whole suggests that the topography in the central interior 

of North America, was at that time quite low and with tha sea. bottom 

probably sloping gently away- i'rom shore lines. It is possible tho.t the 

elastics of the Codell in Kansas, were deposited primarily 1n response 

to a gradual loworing ot sea level relative to the plane ot deposition 

and erosion, transportation and redeposition of sediments previously' 

deposited a~ higher levels within the broad area or deposition existing 
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at that ti.ma in the central interior of the United states. That these 

sediments at higher levels were during the course or their tra."lSportation 

reworked and possibly exposed to the atmosphere ov.er and over is indeed 

a possibility. 

Non-deposition 1s proba.b~ the principal reason tor the absence 

of the Codell in Sherman and Wallace Counties (pl. II). A subsurface 

cross section based on electrical logs (pl. III) shows that the Blue 

Hill and Codell Membors ot the Carlile thin rather abruptly in the 

vicinity ot Sherman and WaUace Co,mties. In the cross section (pl. 

III), the Fairport does not seam to thin in Sherman and Wallace Counties. 

However, the isopachous map or the Fairport (fig. 24) does ahow acme 

thinning relative to its thickness over the rest or northwestern Kansas. 

It is probable that a high exi.ated o~ developed :J.n the vicinity of 

Sheman and Wallace Counti.es at the time the sediments of the Carlile 

wero deposi•t.ed. Since the Codell io absent in Sherman and Wallace 

Counties and the thinning ot the Blue Hill Shale is more pronounced 

than the thinning ot the Fairport, it seems probable that the high 

became more pronounced in the latter part ot the time in which the 

Carlile was deposited. Thie high Dial' have been associated with move-

ments ot the Las Animas Arch (Lee and Merriam, 1954). In the north-

eastern part or the arao., the Codell is absent because of what eoema to 

be a lateral gradation into shale. 

The elongated shape ot the better developed sandstones of the Codell 

in northwestem Kansas, suggests the possibility of a feature sjr;Ji lar to 

an offshore bar. However, the sedimentary structures of the sand.atone 

unit aa seen on the outcrop in northern Ellis County do not seem to tit 
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in with this idea. For example,. the more or less rythmic alternation or 

sandstone or siltst-One and eandy shale in the lower part of tha Codell 

does not seem to suggest an otf'shore bar origin. ,The writer or this paper 

is inclined to believe that the location and shape of the sandstone beds 

was determined by currents which were controlled in part by broad irregular-

ities such as may have existed in the vicinity ot Sherman and Wallace 

Counties, on the surface of the aea bottom, 
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APPENDIX 



GfflJERAL EXPLAWATIOM 

The t"ollow.ing measured sactione ot outcropping upper Carlile 

Shale are arranged alphabetically according to locality (i.e. El.A, . . . . 

El.B, EJ.C,.- .... , ---Fil, JwA, JwB,--- ... oto.). The location 

of these looalities 1s also shown.:1-on Plate II. 

MEASUIUm SECTIONS 
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klcality El.A 
Thickness 

feet 
(NW¼, Sec. 17• T. ll s •• R. 17 W., Ellis County., Kansas) 

Niobrara. Chalk 
Ftli ·~ L1m$atone Member 

Limestone,. light gra::, to nearly white., weathering to 
a ligbh yellov.l.$h gra3., thick bedded, cha.lkT, contain-
ing thin lenses and streaks of fins grained sand at 
the base. 

Carlile Shale 
Codell Sandstone Member 

5 •. 8andstone, gray wathering to a light yellow:toh 
brown, tine grained, argillac:eous, noncal.aareoua, 
friable., conte.i.ning numerous light u.o;, anastomosing 

· calcareous tubular structures (0.04 :!: .toot in di-
ameter) which have a dominantl.1' vertical orientation. 
Veey faintly defined crosi,.bedding is present in the 
upp:,r two feet. L.imonite nodules and shark teeth 
occur a~ throUghout ••••••••••••••• s.o 

4. Shale, dark gray, noncalcareous, gritty, contains 
thin becl8 ot .tine grained argillaceoua sandstone •••• o.s 

3. Sandstone, grq to light grq1 toottled, tine grained, 
noncalcareoua, f"gillaceous, numerous irregular thin 
streaks (0.002 - toot) ot grrq to dark r;rq which 
become more abundant in the lower part; limonite 
nodules and staining ccmnon throughout ••••••••• 7.2 

2. Siltstone, grq, weathering to a light brownish 
gray, contains numerous gra;y otreaks ot clq material 
and thin ba.ndB ot limonite •••• • •••••••• •. 2.4 



B111a BiJ.1 Shale Mumber 
1. Shnlo, dark r::1tt;t,- weatiwl"ing to a gray ci- dar.k 

bluish ['.t"J.:t• fl'i occa!:·d.onal thin bed {0.0~ 
toot) of ve1•y f.:!"~ err:.inttd sandstone• numer,:,us 

'13 

'l'h5.ckueas 
£cot 

thin (0.003t.foot) streaks al'..d pla.no--convex 
lenst?s or silt,stone ........................................ .I.t.9 

Hiabmra Chalk 
Ft. Hays I .. 1.mt>stor.& Mamber , . . 

Umcsttmo, ligbi. gllty to ne:.aa-1:r white ~~ther...ng to 
a liglit yell.om.sh to y-ellmrish b~n t.tnt, sort, 
challr.y,. wit.~ thin bat.ls o£ v,my to gruGrd.slt g?B:l 
calcar;,one shaJn. 

Cu.rlil:e Shale 
Codell tandstooe flie!'.loor 

2. Siltsto.nt!• l:l.;.;l'it Fl'a.Y, wa:tberlng to a light yellO"A• 
ish b~~. poorly in-:Inmted• ao.,1ewhat c'JAyey, nonenl-
ca.raoo.s, contnin1ng rm.~rou:t thin (0.02ttoot) rino 
gnr,.:J.md,. ~rcillac:eO'tJ.S sands.tone beds. Upper one to 
two fact cont.am m'nc.r".;ua ~";ht groy ansstanosi.'1fl 
calearoous tubuJ.al' otruc11.t1""es. !S.monite 11odulas., 
saiio containing iron sulridf eorD\s, tU ..... J abundant in 
upper few feet, ........................................ 13.2 . 

Blue Rill Shale !1e!l'J3-sr 
J.. Shal<.i, dark gr:J:_;~ 'l.ro&.'tJ1erlnr.: to- ir"'7~ noncaJ.c-.;;l.re::n.is, 

slirJlt]v blocky., gtltty,- containi..11n ru."'11.Cr:;)!J.s ~'""J&ll 
::rtrt'.;}.K!l <lnrl pl&:io-cnn:re;;~ lon!'ms o.f t.iltston0 •. r;u ... 
t;10-roas thin (G.3!fo~t) <lieccntimoua lit>da or ero.y 
ar,.:illaceooa f!attd:c;tone occurs throtighout. 4, con-
c:retion v.ooo -occum abcut 30 foi.,t bo~ the base or 
the F't. Htws IJJ:1est.one. 'loo concretions w.r., in 
1;J.ze from a few inchvs up to 6 i'tNt in diumetc1 .. , ar.d 
c:.mtains numerotts v~ina or lirht gra:r calcite ...... 23.5 

Shsle., dark £:rt.ay, wenth-e1"inF t.o da.rk hJuis.l:t gmy, noocaleumous, 
,rerJ slieht\v c-rltty. 



Locality El.C 
(SE¼, sec. 4, T. ll s., R. 18 w., Ellis County, Kansas) 

Niobrara. Chalk 
Ft. lia3s Limestone 

Limestone, light gray to light yellowish gray, 
sandy at base with faintly defined irregular 
bedding. 

Carlile Shaler 
Codell Sandstone Mamber 

2. Sandstone, light gray, massive, tine grained, 
noncalcareous, argillaoeous., BOJilS faintly de-
fined crooa-bedding, anastomosing tubular struc-
tures scattered throughout. Shark teeth (pave-
ment and cutting types) and limonite nodules occur 
sparingly, then irregula.r ~rs ot orange-brown 
eandatone at top. A plano-convex lens ot aha.la 
(15 feet wide and 0.5 foot thick), composed ot dark 
gray clay' material interbeddect with thin beds ot 
light gray arglllaceous sandstone, 1a present in 
this wlit abouts.; teat below the base of the Ft. 
Ha.vs. Hwnerous interlacing tubular structures are 
present in the sandstone at the base or the shale 
lens. Codell - Ft. Hqs .contact is eha.rp and 
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Thickness 
feet 

parallel to the bed.ding planes ot the two units •••• 7.5 
1. Sa.ndatone, light gray-, nodular weathering, fine 

grained, noncalcaraous, argillaceoUG, alternates 
in a somewhat rythmic fashion with poorlydef'ined 
oiltstone beds, tubular structures rare or a.baent ••• l,3.0 

Total • ••••• • • • • •••• • • • • • • • • • • 

Locality ElD 
( NE cor. , sec. .3, R. 17 W., T. 11 S., Ellis County, Kansas-) 

Niobrara Chalk 
Ft. Hays Limeatona Member 

Limestone, light gray weathering to a light yellow-
ish p;a:y, massive, containing thin beds or green-
ish gray aha.le. 

Carlile Shale 
Codell Sandstone Member 

5. Sandstone, light gray weathering to light brown-
ish gray, maaai ve, friat?le, tine to veey fine 
grained noncalcareoua, argillaceous, containing 

.20.5 



75 

Th:i.clmaem 
i'est 

n~ specks and bands ot llmonite; upper 
0.2 :.. toot contain sanely shale partings and 
poorly indura.ted yellowish brown sandstone; 
anastomosing tubular.structures·and sandy 11-
monite material occur epa.ringl.r in upper one . 
foot; limonite nodules (O.l foot in diameter) 
occur · spa.ringly in upper rew feet; upper con-
tact sharp and parallel •••••••••••••••• 8.0 

4 •. sandstone, light gray, weathering to a light 
brown or browish gray., triable, fine to veey 
fine grained., nonca.J.oareous, argillaceous, some. 
siltstone beds alternating in a rythmic fashion 
with the sandstone;· limonite staining common; 
limonite nodules are present but spa.rce •.••••••• 15.5 

Blue Hill Shale Member 
3. Shale, dark gray to brownish gray, very gritty, 

noncalcareous, blocky, .with numerous lenses and 
thin beds (0.15 ;f; loot) of siltstone and light 
gray tino grained argillaceous eandstoneJ the 
frequency or the eand$tone beds increases up. 
wards and the contact with the overlying sand- .. 
stone appears to be gradational •••••••.••••• 6.9 

2. Shale, dark gray to dark bluish grtq wathering 
to gray, gritty, nonoalcareous, sometdlat blocky, 
with numerous small streaks and lenses of silt-
stone (ca .. 0.00.3 :t .toot thick); the small streaks 
and plano-convex lenses ot siltsto?18 are faintly' . 
defined at ba.De but become more numerous and more 
conspicuous u.pwards; llmonite staining on·fractures 
septarie.n concretion (4.0 ;t feet in diameter) occur 
in. ~he shale about 40 feet below the base of the 
Ft.· I~ Limestone, upper contact gra.dational. 
Shale io spotted about 4.3 .feet below the baee of 
the Ft.· Jlays Limostone; spots are light gray, 
eometmat elongated, 0.01 £cot or less 1n diameter, 
and appears to be composed ot light gray clay 
material and sllt-aized particles ••••••••••• 16~2 

l. Shale, dark r;;ra.y to ~as, slightly gritty, 
noncalcareous, ·. clayey, selenite crystals numerous, 
limonite ata.i.Itj.ng on fracture pl.a.nos ••••••• • ... 4.6 
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Thickneas 
IDcalifym.E 

(NE cor., Mi¼, ,e,,. 12, R. l6 w., 'l'. 11 a., EUiB County,. k&nsae,) 
Sections not measured in d.otGil. 

Niobrara Chalk 
Ft. Haye tinriistone Member 

Limestone, light gray to light rel.lowish ~a.v, 
thick bedded, chalky, with sane thin (0.2 - foot) 
sra:,, calcareous, shale beds. 

Carlile Shale 
CodeU Sandatoll$ Membel' 

;. Sandstone, light qµ:r weathering to light, ·brownish 
uq, JnaGeiw, tine ~. argillaceous, noncal-
oareous, triableJ na\herocl aurtaca pitted; upper 
contact aharp and parallel to bedding ••••••••• 12.s 

4. Siltstone., light grq weathering to a light yellow- . 
ish brOWll or bro111lliah grq, aan<q, poorJ.3' indurated, 
nonoal.careous, contains a few thin (0,05 t toot) 
hard band$ ot limonit•· • • ••••• • • • • • • • •• 1;.6 

Blue Hill Sb$le Member 
J. Shale., dark ~113, very gritty, noncalco.reous, 

alternating with 0.2 .. 0.3 toot thick beds ot 
grq to light. brownish graq, noncal.careo'u& 
siltstona; of limonite are also common; 
upper contaot appeara to be gradational • • • • , • • • 6.6 

2. Shala, da.t'k ~47 weathering to gra:,, crittJ", non-
calcareous • contains numerous streaks mid plano-
eollW)! lenses (0.00,5 ? foot thick) ot siltstone, 
BomG •ancl7 silt.atone beds (O,l t toot thick) are 
prer.:u~nt; shale contains numGrous light p;e;y spots 
in upper one toot • • • • • • • • , • • • • • • • • • .10.2 

l. Shale, dark grq, wea.theri.ns to gray, slightly 
gritty, noncalc&r$0\UJ with a acptarian concretion 
zone (about four teet thiek) in up~r part,.· 
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'l'hickneas 
Iccali~~lF t"t 

(NW cor~, ~, seo_, 22. T. l2 s, R~ l6 w~, El1ia County, _KansM) 

Niobrara Chalk· 
Ft~ H~ tirluatono Membel"' . . .. . . 

Limestone, light grq wee.t~ring to a light )"allow-
ish ~;q with a brownish tint, thick bedded,,. chalk7., 
with some thin bed& (o·.1 to 0~3 toot) ot greenish 
grq abalo; liJneBtcoe ~t, aand_y at ba.s•ii• 

Carlilb Shale 
Codell smtctatone Member 

2. Sandstor..e I gray we&.thetine to a :;allot-d.oh brown 
with a s:U,ght orange tint, tine grainad, non- · · 
cal.o~eouo,~g:1.llao~~,~iab~;~h~q 
&a.my calcareous tubu:J.axt otructurt,Jll (o.o; ± foot) 
are veey. abundant, beQom.ng matted, appear to extend 
upward into th~ OVtllrlying Ft,, li~ Limestone and 
downwarda into tha underq1ng •aandsto11a; part of 
a relativ~ .tlAt lnoceramaa ahell was found 
0.7 toot below Ft. IUflS L.i.meatone; vertebra and 
·13t1ark te)eth tairl.1' comm; soma limonite nodulas 
at base; upper contact. sharp and parallel to 
beddinc. • • • • • ,. • • • • • • • • • • • • • • • • • . • • 1.0 

1. Ss.ndstone, ~t e;ra,, weathering a light ,gay with 
. a yellowish brown tint, massive• noncal.caroous, 
argillaceoua, wather$d surface coarsely' pitted; 
'light gray tubular structures CO!l1il0n in uppor two . 
feet; upper contact sha:tp but elight4r irregular ••• • 3.0 
Covered. 

Total • ••• • •• "' ·•· • • •· ••••• · ~· •· • • ,·:. •. ·• ·4,.0 .. 

~cality :i:10 
(swl;, sec. 26, '1'. l2 s., R 16 tt. 1 Ell.1s County-, Kansas) 

Niobrara Chalk 
Ft. ltqa L:imestol'.l9 Member . 

Idmestono light uas, chal.ky, present on outcrop 
as a thin cap rock, deeply weathered. 

Carlilo Shals 
Codell Bandstone lfember . 

6._ Ba.ndotono, gro:y to light, gray, weathering to a ·yellow-
ielh brown• noncalcareous, are3Jlaneous, scattered 
l.imotiite nodules j upper contact fJha.rp eni parallel 
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Tb S.c !me ~s · -
l'Gtat . 

to bedding, lower contact somewhat wavy •••••••• 1.0 

;. Sandstone, light gray weathering to light yellowish 
· brow, massive., fine grd.ned, noncalcareous. argill-
aceous, • • • •. • •. • • • • • •. • • •• • •. • • • • • • • 6. 7 

4.. Sandstone._ light gra;y weathoring to light yellowish 
brown, tine to vrstr;· tine grain., noru:alc;a.reot1S1 more 
areilla,coous than over.1¥,ing sandstone •.• • ...... • • 0.9 

3. Siltstone, light gra:y watberins to lil;ht yellowish 
brown, noncaJ.aa.reoua; sandstone bed.a of similar 
appearance in upper .tow feet; very a.rgillaceoua at. 
base; scattered streaks oE dark grq shale are common 
especially in lower pa.rt; scattered bands and nodulaa. 
of limonit~ .. • • • • • • • • • • • • • • • • • • • " 14.9 

Blue Hill Shale Member 
2. Shale• dark gr.a, weathering ·to a dark brownish grey, 

very gritt.r with several beda ot sandstone (lithology 
like above)-. noncalca.reous, nwneroua small streaks 
mx1 pl.a.no-convex lenses (0.005 .t: toot thick) of clq 
material and eandstone1 limonite stain common; upper 
contact appears to be grad.ational • • ... • •••••• 2.3 

1. Shale,, dark grq, weathering to grq, gritty, 
aomewh.Q.t bloclq',. norical.ca.reous, spotted in uppaio 
part, thin (0.005 :t f'oot) light gre:y streaks and 
lenses· ot siltstone, rather conmion in upper pa.rt; 
limonite stain and selenite crystal.a fairl,1' abundant; 
a rev thin beds ol sandstone are present; l.o.rge · 
eoptaria,n concretion (up to S feet in diameter) occur-
in the shale ·at 4l a.nc1 ii, feet be.low the base ot the 
rt. .•. ~- ••• · ................... .u .. 9 

Total • • • • • • 

J'.Qcal.ities Elll and ElI 
(EUt-tMk, ee<h 21, T .. 13 s., n. 17 w._. ml.is County,. ICa.nsll$J EU-West 
eicle ot sWk., aeo. 17. T. 13 s., R. l.7 w., Ellia County. ltanoaa) 

liliobrara. Chalk 
Ft. fiaJB Limestone MembGJ:- . 

Limoatone, light weathering With light YQllow-
ieh brown tint., chal.ky, deo~ weathered; s~ 
quite a~ o.t base. 



Carlile Shale 
Codell Sandstone Member , . 

6. Shale, gra::, to greenish gray weathering to a 
brownish gra::,, gritty, clayey; location of 
upper contact questionable •••••••••••• 

·5; 'Sandstone; gray weathering to a yellowish; broim; 
numerous thin (0.2 toot or less) light.gray beds 
'of' calcareous material1 a few, thin beds of shale; 

· anastomosing., light gra;y, calcareous :tubular . 
structures are present though not conspicuous; 

79 

Thicla.!.eto 
i'et:it 

••• 0.2 

lower ~ontact somewhat irregular .............. 2.8 

4. Sandstone, light gray.weathering to a light .brown-
ish gray, noncalcareous, vecy argillaceous, triable, 
with numerous gray streaks of clay material; limonite 
stain and nodules common. • • • • • • • !' • • • • • • .• 6.2 

3. Siltstone, light gray weathering to a light brown-
ish gray, sandy, noncalcareous, friable., contains 
numerous thin (0.0l :i- foot} dark gray streaks and 
lenses of shale and a few thin (O.l ± foot) beds 
of very fine grained sandstone; weathers with a 

· somewhat nodular appearance, upper contact fairly 
sharp · ... • • • .. • • 111 • • • • • • • • • • • • • • • 8 • ..3 

Blue Hill.Shale Member 
2. Shale., gray., mottled with dark gray., very. silty, 

noncalcareous, somewhat blocky., scattered thin 
{O.l foot ±) very fine grained sandstone beds; 
limonite stain common; small selenite crystals 

· common; upper . contact gradational. • • • . • • • • • • ..3 .o 
1~ Shale, dark gray to gra;y, noncalcareous., gritty with 

very small streaks and plano-convex lenses of silt-
stone and sandstone fairly common in the upper 22 

scattered thin (O.l foot±), very fine grained, 
lini.onite stained sandstone beds; a few fish scales 
at'e present; septarian concretion zone is present 
about .30 feet below the basa of the Ft. H~; li-
monite stain on fractures; selenite crystals connnon; 
upper con'bct gradational. • • • • • • • • • • • • • • .25 .O 

Total • • • • • • • • • • • • • • • • • • • • • • • • .45.5 



Localit:y El.J 
(SW!, sec. 26, T. 13 s., R. 19 W., Ellis County, Kansas) 

Thickness 
feet 

Niobrara Chalk 
Ft. Hays Limestone Member 

Limestone, light gray weathering to a light yellow-
ish gray, ma.ssi ve, chalky., scattered thin beds of 
greenish gray shale; gray· to yellowish brown tubular 
structures in lower one foot •. 

Carlile Shale 
Codell Sandstone l.fember 

5. Shale, dark gray to greenish gray, calcareous, 
streaked., gritty ••••••• " •••••••••••• 0.2 

4. Sandstone, gray weathering to a yellowish brown, 
fine grained, noncalcareous, argillaceous; lowr 
contact somewhat irregular •••• • •••••••••• 0,4 

Sandstone, light gray weathering with a light 
yellowish brown tint,.fine grained, argillaceous, 
with numerous thin (0.005 ±) gray streaks of clay 
material; some limonite stains; weathered surface 
somewhat nodular; lower contact somewhat irregular~ 

Blue Hill Shale Member 
2. Shale), dark gray to gray weathering to a brownish 

gray, mottled, very gritty, noncalcareous, some-
what blocky; thin streak, lenses .. and. beds ot firm .. 

• • 

ground sandstone common •••••••••••••••• 2.2 

l. Shale, dark gray, somewhat blocky, gritty, non-
calc.s.reous; thin (0.005 ± root) streaks and plano-
convex lenses 0£ light gray siltstone common in 
approximately the upper 24 feet; scattered fine 
grained argillaceous sandstone beds ranging up to 
0.3 foot thick; upper contact gradational ••••••• 32.3 

Total •••• • • • • • • • • • • • • • • • • • 

Localities E1K and ElL 
(ffi'/¼, sec. 28, T. 15 s., R. 20 W., Ellis County, Kansas) 

Niobrara Chalk 
Ft. Hays Limestone Member 

L:unestone, light gray weathering to a light 
yellowish gray, chalky. 

• • • .39,1 



Codell Sandstone Membor 
3 • Shale, grey lieathering to o. brownish gra::,, some-

ltlha.t calcareous, gritty; anastomosing tubular 
structures are present in upper toot and seem 
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'l'hieknoas 
!~ec,t 

to exliend into the overlying Ft., H~ Limestone •••• 2.4 
2~ Sand.stone, gray weathering to a yellowioh. brown, 

thin bedded, tine grained, argillaceous, cal-
careous with numerous thin (0.01 Z toot) light. 
gra:y calcareous streaks• limonite stain abundant; 
a few thin (O.Ol ± foot) light grey, very tine 
grained, sandy limestone beds are present in the 
·lowr O.S foot •• ·• ·• ·• ·• ·• • •. • • • ·• • • • • • • •• J.6 

Blue·Hill Shale Member 
l. Shale, dark gray to gra;y, gritty, noncalcareous, 

containing scattered thin (0.005 ± toot) streaks 
and plane-convex lenses of siltstone; scattered 
thin (O.l ± toot) fim grained. argillaceous sand• 
stone beds; quite sandy in upper £our feet; sep-
ta.rian concretion zone occurs approximately 2S 

· feet bel.ow base of Ft. Hqs Limestone;- limonite -
stain common on partings; upper contact eharp ••••• a.1 
Total• • • •• • • • • • • • • • • • • • • • • • • 

Locality FiA 
(SW cor., s~, sec. 35, T. 21 s., R. 29 w., Finney County) 

Niobrara Chalk 
Ft. Hays Limastone Member 

Limestone, light ~ay to light yell<nd.ah gray, 
· chalky, deeply weathered. 

Carlile-Shale 
Codell Sandstone Member 

· 2. · Shale, dark gray weathering to brownish gray, 
noncalcareous, gritty, numerous thin streaks . 
and lonses ot siltstone; a few thin (O.Ol ! toot) 
arg:illaceous sandstone beds; anaatomoaing tubular 
structures (0.02 ± toot in die.meter) composed or 
yellowlah brown sandy material.. • • • • • • • • • • • • 7. 7 

Blue Hill Shale Member 
1. Shale, clark gray weathering to gray, noncalcareous, 

slightly gritty with a .few thin (0.005 ±) streaks and 
lenses (some ot which are plano-convex) ot siltstone. 
Portions ot upper contact questionable ••••••••• 11.4 

Total • • • • • • • • • • • • •. • • • • • • • • • • • .19.1 



· · · · · - · · ·I.oca15 ty- JwA · · ·_ 
:(tm!, tseo.·. 17, T. ··2 s.; R, 6 w.,; ·Jewell County., Ka.'lSas) 

Uiobrara·Chalk 
Ft. H~ Limestone Member 

Limestone., light gray weathering with a light 
yellow.ish brawn tint., thick bedded, challq 1 ' 
scattered. thin beds ot shale. · · 

Carlile Shale 
· Codell Sandstone Mambar 
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Thicknasa 
teat 

2~ Sa.ndotone., gray· weathering to a yellowish _·brown, 
tins, grained, · argillaceous; noncal.careous, pqor-
JJ · indurated,. contains· DUllll)r<JUS thin· (0.005 :.t)-' · 
streaks ot gray clq material; upper .contact 
eha.rp and- parallel to bedding •••• , • ·• ·• · .• ••• 1.0 

Blue liill-Shale·Member 
1. · Shale, dark_ grs::,, slightly gritty.,. noncalcareoua., 

limonite stain conmon ori bedding planes and frac-
tures; interval between 20 and 40 .feet below 'the· 
baee of the Ft. Hays Limestone contains acme '; .· 
scattered streaks and. plano-convex lenses of silt-
stone; septariari concretions are present at about· 
22 .feet and 40 feet below the base of the Ft~ f~; 
· oon,e highly weathered fossil shell fragments were 
found ,about· 20 feet below the base ot. the· Ft~. lfqs •• 49.0 

. . ' ' ' ., . : . ' . 

Total• ,• ,, i ' ' ... - .. 
' . 

Niobrara Chnlk' · _ 
Ft. l{Eey-:s Limaotone Membei.-

Li.mestone, light gray to light ·yellowish ·gray, · 
thick bedded, aomewhat sandy at base; tew 
tubular structures ·near basa~ · · · · · · 

Carlile Shale _ 
Codell Sandatone Imber 

· 2.- Sandstone, light r:rB:3 to gray weathering to · 
yellowish brown, upper 0.4 root calcareous., 
lower O .3 foot noncalcareous, V(h"7' argillaceoua, 

··poorly unclurated streaks o.t gray clay material; 
upper cont~t ~harp_and apparentl.3 parallel to 
bedding; lower'·contact somewhat irregular ••••••• 0.7 



Blue Hill Shale Member 
ThickneGS 

feet 
1. ShaJ.e, dark gra:y., weathering to a gra_vish brown. 

noncalcareous, somewhat blocky' in upporpart:; a 
tew sandy limonite nodules ere present ca. 2.0 
below Codell Sandstone ••••••••••••• • • • 

Total • • • •• • • • ., • ·• • • • • ••• • • • • • • • 4• 7 

Looality JwC 
(SW¼, sec. 10, T. 4 s., R. 10 w •• Jewell County. Kansas) 

Niobrara.·Chalk 
Ft. liaya Limaatone Membei--

Limestone., light gr,q .weathering to light yellow-
ish gra;;, thick bedded, oha.l.kf., sandy in lower 
one foot. · 

Codell Sandstone Member 
3. Sandstone, light grrq to gray, weatherins to a 

yellowish brown, noncalcareous, very ars-~oeous; 
poo1•ly indui•ated, amall (O.J ± toot in length) .· 
shark teeth are tair-J.y common; l.ilnonite, solid 
nodules and hollow concretionaey £orms are . coon.non 
in lower 0.3 toot, upper contact aharp and parallel; 
lower contact :,harp and eometthat irregular ••••••• 1.1 

2. Shala, dark ~0'3 weathering to a brownish era.y, 
noncalcareoua, streaked. w.Lth grq clay material 
in lower 0.4 .foot; a few limonite noduJ.ars· occur 
1n the upper part neal" the· contact of the over-
lying Ft. H~ Limestone. • • • • • • ,. • • • • • . " 

1. Shale, dnrk (J,ra:f, weathering to .grq, noncalcareous. 
sorn.e limonite staining; strealm and lames or silt.-
atone are present in the ahalodownwards to about 
40 feet below the Ft. &eys, but are not present in 
th'1> upper few feat; eeptaria.n concretions are present 
in a zone about 36 to 40 f'eet below the base of the 
Ft. Heys; much of the section is covered •••••••• 40.0 

Total • • • • • • " • • • • • • • • • • • • • • • • • .41.a 



Thickness 
feet 

Locality liJA 
(SW!, Sl'/1;, sec. 12, T. 9 s • ., a. lO w • ., Mitchell County, Kansas) 

Niobre.ra Chalk 
. Ft;. .Ha;vs 'LimestonG 'Member . 

Limestone., light gr-a-:, weathering to light yGllow-
·ah ·FFt.r;T, ·eha.tky, ·acinwt;ha.t shtily to thick bedded, 
Glight~ sandy at base, · numerous thin pelecypod 
aholls at ba.ae 'which are somewhat congJ.omarite. 

Codell Sandstone Member 
· 2. Sandstone, light gray· to gray, ·weathering to yellow-

ish brown, massive., fine graizled, aJ."gillaceous, 
poor'.q i.ndurated., noncalcareoua, mottled with grq 
cJ.a.v material; limonite staining c,ommon with a few 
scattered Umonite nodules; ·snia.11 (o.o; t toot in 
length) shark teeth fa.irq common. • • •. • •. • • • ,3.0 

Blue Hill·SbaJ.e· Member 
1. Shale., dark grq weathering to grq, mottled with 

light gray, sl.ightq gritty, nonca.loareoua •• · .••••• 2.0 

Total. • • • .. • • .... • • • • • • ••••••• 

A eeptaria.n concretion zone ia present about 22 
teat below the base ot · the Ft.. Limstone; 
the concretions are eandy; eomo ·oscillation-type 

. ripple marks and some cross-bedding is present in 
the concretion eone. 

Locality NsA (NE¼, sec. 19, r. 17 s., n. 22 w;., Nesa County) 
' ' ' < I < i ' • - • • > • • j I I , .' , I , 

Niobrara Ohallc 
· · Ft. · 1ucya Limastone 

Idmestone, light gra::, weatbering-.to a light •yellow-. 
ish gra;y w.tth a slight brownish tint, chalky; ,few 
scattered.tubular otructuroo (0.0.5 :!: foot in cliameter) 

Carlile Shale 
· Codell Sandstone Member _ . . . 

3~ Sandstone, light grq to gray weathering to a yellow-
ish brown, triable., fine v.rained~ argillaceous., con-
te.1ning nurrerous thin (0.02 ± .foot) light grq etreake 
of calcareous material; oalca.reoua tubular etl"Uotures 

• s.o 



es 

Thicknoes 
feet 

{up to 0.1 foot in diameter) are .fairl:r cammon; 
a. tet1 $hark teeth are present; upper contact 1e 
sharp and parallel to 'bedding; lower contact is 
$harp and possibly somewhat irregular • • • • • • • • • 3 .o 

2. Shale., dark gray, gritty, with bands and lenGes 
of bro"d.Ilish ~a:y eUtstone, blocky, noncalcareous, 
limonita staining common • ••••••••••••••• s.e 

l. Shale, dark .grey to grq, sanewhat blocky,. non-
. calcareous; limonita staining on part.in,13 iB 
eonmon; scattered thin (0.005 ;I: toot) streaks . 
and plane-convex lenaGs ot siltstone ·which are 
most abundant in upper ?.O feet; 3cattered thin 
bed.s (O.l ± toot) of siltstone; septa.rs.an con-
cretion zono about 28 f'eet below baa a of Ft. 

Limestone. • • • • • • • • • • ,. • • • • • • • • .18.0 

Total ••••• • • ....... •· .. • • • • • • 

Locality 1-JaB 
(SE!; sec. 30, T. 20 S.,, n. 26 W.; Ness County, Kanaas) 

Niobrara Chalk 
Ft. Hqo LimtsotonG 

Limestone, light gray w,athering to a light yallotf-
1sh gr-~~ thick bedded, challq'. 

Carlile Shale 
Codell eandstone Member. . . . . . . 

2. · Siltstone,. zi-a.1 tdth dark gray streaks of cJ.q 
material, poorly indurated, upper few tenths 
i'oot is calcareous, 2therwisa noncalcareous; 
scattered thin (O.l .:. toot) bands of limonit<J; 
upper one root seems. to be a little more arew.a-
ceous,; upper contact sharp and parallel • • • • • • • • 4.0 

Blue Hill Shale l.fetuber 
l. · Shale, da..."'lt gray to cra.v, r;ritty • noncalca.reous; 

acattered thin (O.l :t foot) beds ol aa,.,dy silt-
stone; thin (0.005 .± toot) strea..~s and lenses ot 
siltstone are fairly common, eepecially in the 
upper 7 feet; septarian concretion zone is present 
about 28 feet bel011 base ot Ft.. l~ L:L11estone; 
UJ,pa~ contact r,i-adationaJ. ••••••••••••••• 24.5 

Total .. • • • • • • • • • • • • • • • • • • • • • • • 



Iccality NsC 
(NW¼, eec. J., T. 17 s., R. 22 w ... Iwes County, Kanoas) 

Niobrara Chalk 
Ft. Ho.vs Li.nliJotone Member 

Limestone, light ir,ra:y weathering to a light 
yellotdsh grq with a slight brotm:ish tint, 
cha.lky, badly fractured. 

Carlile Shale 
Codell Sandstone Member 

3. Shale, gra:, to brounish gra,y a~• highly 
calcareous, except lowei- 0.7 foot which is only 
sllghtq calcareous, light gr.-q U1tw streaks in 
upper 0.4 foot; upper contact sharp and. parallel 

86 

Thickness 
'fQGt 

to bedding. • • • • • • • • • • • • • • • • • • • • • • 2.4 
2. sandf.Jtone, gre:, weathering to yellowish brown, 

fine ~ainedt arg:llla.ceous, thin bedded,. numerous 
thin (0.005 ::t toot) eomawhat. we.v:, light grrq 
streaks ot.cal.careous material parallel to the 
bed.ding; a few light r;rq calcareous tubular · 
otructures having a dominant~ vertical habit; 
upper contact sharp~ paralle1 to bed.dine; 
lower contact :ls sharp and· possibly e,omsMlat 
irregular ... • • • • • • • • ••••• • • • • •• • • 2.4 

BJ.ue Hill Shale Member 
l. Shale, dark grq to ~ay,. grit tr, noncalcareous; 

saattered thin (0~2 ;t foot) fine ~ained-4- argil-
laceous, aandstone beds and thin (O.OOS - foot) 
etrealca. and lenses of siltstone, both ot which 
are eeper..ially abundant; in the upper nine test, 
and rather' conraon in the IJ.l)P,er 22 £eat. • • • • • • • .2.4.3 

• • • • • • • • • • 

lDcality ObA 
(t,.tm;, ueo. 241 T. 7 s., B. 14 W., Osborne County, Kansa&) 

Hiobrara Chalk 
Ft. ff~ Limestone Member . 

t:imestone, li(Jit gray wathering to a lirJlt 
yellowish gra;y, chal.ky, sandy in lowor one foot~ 
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Thickness 
t-eet 

Carlile . Shaltf 
Code,ll Sandstone !bnber 
· 3. Sandstone, gray weathoriing to a yellowlsh brown, 

· mottled, fine grained, friable 1: argillaaeous, 
.noncalcareous, sonmma:t · .calcareous :1.n .upper tow 
tenths ot a toot; upper contact fairly sharp and 
parallel to bedding planes; lower contact &herp 
and se~ parallel. • • • • ., • • • • • • • • • . • • l.O 

mue Hill Shale M~nber 
2~ She.le., dark grq to gray, somewhat gritty, non-

calcareous; numerous thin bs.ncts or stringers ot 
limonite; selenite 01"'3Stala abundant •• , ••••••• 13.9 

1.. Shale, dark grq to grq; ¢tty, nonca.leareous•. 
limonite ste4nins on bedding planes; numerous 
thin (0.005 :t foot) streaks end lenses ot. silt-
stone :r U1terval between, 18 and 22 teet. below the 
base ot tho Ft. Hqa is wr., silty; eelenite 
crystal.$ CCll'IIIOft • • • • , • • • • • • • • • •. • • • • • 9 • 2 

Total • • , • • • • • • • • • • 

. · Local.1ty ObB · . , · 
(SW¼, sec. 10, T. 6 s., a. 13 w., Osborne County, Kanaas) 

Niobrara Cha.Uc· 
Ft. flqa L.imeatone Membel-

Limestone, lieht gray weathering to a light 
7ellowish grq, chalky, thick bedded, .1and7 
at bas~. 

Carlile Shale 
Codell Sandstone Membor. . 

3. san:tstone, ~• wathering to a yellov.t.sh brown 
with a alight orange tint, bottom 0.3 toot mottled 
gra:,, tine grained, pooz-~ induratcd, a.rgill.e.ceous, 
noncaloareous; upper contact sharp and parallel to 
the beddina planes; lower contact sharp and seem-
ingly esarnewhat irregular. • • • • • • • • • • • • • • 

m.ue · llill Shale lmber 
2.. Shale, dark ~83 to gray• aanewba.t bloclq, alight~ 

gritty, nonoalcareous, selenite ceyetals common, 
limonitG eta.ining· also cor.mion, a few t.hin sandstoM 
lonses in ext.remo lOMn". part. • • • • • . • • • , • • , • 
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Thickneas 
feet 

l. Shu.le, dark gray, eomewbat blocky, gritty, non-
celca.reous., numerous thin (o.oo; = foot) gN3, 
streaks and plano-convex lenses of siltstone; 
selenite crystals a..'ld limonite staining common; 
scattered thin (0.05 :t f'-00t) light ~ay sandy 
siltstone beds tioatharing to a yellowish brown; 
large aepta.rian concretions up to 5 feet in 
diameter occur about 33 feet below the base of 
the Ft. Ha;vs. • •••• • •••. • • , •• • •••••• 23.7 

Total •• • •• • • • • • • • • • ••• • • • • • • • 

Locality ObC 
(SEi;, ~, sec. 24, T. 8 s., R. 13 w • ., Osborne County, Kansas) 
Niobrara Chalk 

Ft. }lays Limestone Member 
Limestone, light gr;q weathering . to a light yellow-
ish grq, chalky, thick bedded. 

Carlile Shale 
Codell 5a.n<lstone Member 

4. Sand.stone., gra::, weathering to a yel.lotdeh brown, 
mottled with grq in lotier 0.8 toot., £1ne grained, 
argillaceous., noncalcareous; rew scattered iron 
oxide concretions; upper contact sharp encl parallel; 
loiter contact sharp and somewhat irregular ••••••• 2.0 

Blue Hill Shale Member 
.3. Shale, dark gray to gra,, noncalcareous,. contain-

ing a rew scattered gritty eonesi liIDonite stain-
ing and selenite crystals conman ............. 9.7 

2.. Shale, dark ~a,y to gray; somewhat blocky'.f. gritty, 
noncalcareous, with numerous thin (0.005 foot) 
streaks and plano-c~vex lenses or siltstone, 
scattered. thin (0.1 - foot) beds ct sa.ndlr silt-
stone; l.imonit@ staining and scalenite crystals 
common on partings and fractures; large calcareous 
septarian concretions up to 5 teet in maximum 
diameter occur at about 43 feet and 55 teet below 
the base of the Ft~ lfays Limestone; upper contact 
gradational • • • • • • • • • • • • • • • • • • • • • .44. 9 
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Thickness 
teet 

l. Shale• dark ~q, nonoalea.roous, slightly' gritty; 
upper contact gradational • • • • • • • • • • • • • • • 3 .o 

. . '.'.,.,.'.'., ..... . •••••••••• 

1'>cality ObD 
(Stt.Jl, eeo • .32, T. 9 s., R. 12 w .. , Osborne Count:,, Ko.nsas) 

Niobrara Chalk 
Ft. HO;.V8 Limestone Member 

Limoatone, light grq wathering to a light ~ll01f-
iuh grq, cbalk7, somewhat sandy at base. 

Carlile Shale 
Codell Sandstone M,mber 

2. Sandstono, gray weathering to yellowish brown• 
fine grained, argillaceous, noncalcareous, poorly 
induratod, deeply weathered,. mottled with ~a.Y in 
lower 0.9 toot; upper a.ncl lower contacts sharp and 
par&llel to bedding • • • • • • • • • • • • • • • • • • 1. 7 

Blue Hill Sha.le Member 
l. Shale, dark ~&JI to gray, weathering to a brown-

ish 1.ra:y in uppor 1.5 feet, noncalcareoua, somewhat 
ola,yay, with limonite stain ca:mon •••••••••• • J.O 

Total •• •••• • • • • • • • • • • • • • • • • • 

Locality ObE 
(NW cor. ml¼, sec. 5, T. lO s., R. 13 w., Osborne County, Kansas) 

Niobrara. Chalk 
Ft. Hqa Lilrsatone tbmber 

Limestone, l.:i.eht gr,q keathering to light Y$llow-
1Bh grq, chalky-, thick. bedded, light gray tubular 
struoturoa in lowor om toot. 

Carlile Shale 
Codell Sandotona Member 

). Sandstone, gq weathering to yellowish brown, fim 
grained, arglllaceous, nonoelcareous; containing 
anastomosing light gray calcareous tubular etructu~a 
in upper one toot; uppei- contact sharp and parallel 
to bedding; lower contact eha.rp and aarmmat irregular. 2.s 
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Tbicknosa 
feet 

2. Shale, dark gra:y weathering to a brownish 
grq, noncalca.reoua,. somewhat cl..qoy •••••••••• 6.l 

l. Siltstone, light gray weathering to a light. 
brownish e.re::,, mottled with dark gray clay 
material.., noncalcareous, llmonite staining 
cormaon, sapta.rian concretion zone is present 
a.bout 15 feet below the base of . the Ft. Hays 
.Lilnestone • • • • • • • • • • • • •. • • • .• •. • •. • • .• 23.0 

Covered. 

Total. •• . . ' . . . . . . 
' Locality Bo.A 

(SW/;., sec. 33,- '11 
.. 7 s., a. 16 w., · Rooks County, Kansas) 

Niobrara Chalk 
Ft. Hqa Limestone Member 

· · Limestone,· light· grq, · weathoring to· a light 
yellowish grtr3, chalky'. 

Carlile Shala 
Cod.ell Sandstone Member 

S. Sandstone, gra:, weathering to a. yallcndah 
brown, tine grained, argUlaceoue, noncal-
careous; with dark gray etreaks ot clq material •••• O.J 

4. Shale, dark grq,, slightly gritty., noncal.eareous; 
limonite bands and staining and small selenite 
crystal.a are COllmlOn ••• • •••••••••••••• 7.4 

). Shale., dark gray to gcay, grittyl noncalcareous, 
containing nWIDrOus thin (o.oos - toot) light gray 
streaks and lanees of siltetone; upper contact 
gradationaJ. •••••••••• , ••• • ••••• • • 1.4 

2. Siltotone, grq weathering to a, light brownish 
gray, with streaks o£ dark gray clq material., 
poorly induratad, sandy., noncalcareous; uppor· 
contact gradational •••••••••••.••• 

m.ue Hill Shale tmbor 
• • 

l. Sllale> dark gray to g,xq, gritty., sOiGOwhat blocky, 
noncalcareous; llmonite otains and nodular fairly 

" • 3.6 

common; mtmeroUB · atrial-cs and lenses or siltstone; 
scattered thin (O.l - toot) beds ot slll'ldy siltstone; 
numerous small cryatals ot gypsum • • • • • • • • • • .18.2 

Total • • • • • ••• • • • • • • • • • • • • • • 
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Tbialmess 
feet 

. lDcality ~B & Roe 
(RoB- SW cor •• ,s!¼, sec. 2;, T. 7 s.:, a. 18 w., 8ooka County, Kans~) 
(Roe- SW cor • ., ?fil4, sec. 2;, T. 7 s., R. l8 w., Rooka County, Kansas) 

Miobrara Chalk 
Ft. l1a3ta Limestone Member 

~1:tt~me,. light ~a:, weathering to a light 
. yellowish grq, chalky, thick bedded, samy 
1n lower o.; toot. · 

Carlile Shale 
Codall Sandstone l~r. . 

3, Sandotone, gray, weathering to a yellowish 
brown, argillaceoua, noncalcareous, deeply 
weathered ••••••••• • •••••• ·• ., ... 

2. _ Sbal~, da.l~k grq to era:,, weathering to brown-
ish e;rs,y 1n upper one toot, gritty., noncalcareous, 

-tem limonita nodules, scattered thin streaks 
lenses of siltst~e; limonite staining common; 
some thin (0.02 - foot) aa.ndy' ailtitone beds; 

•• 0.2 

upper contact sharp &a"ld parallel to bedding • • • • • • 5 .l 

Siltstone, weathering to a brownish ~ay 
or )'ellowish brown, sandy, noncalcareoua, 
lJmonite staining common; upper a.nd lOW0r con-
tact grada.tional •• • • • ••••••••••••••• s.1 

Blue Hill Shale Member 
l. Shale, dark gray to gray, grittYt- noncalcareous, 

containing numerous thin (o.oo; ;i;- foot) streaks 
end lenses of siltstone; limonita staining camnon; 
aomo thin (O.J :!: foot) beds of fine grained argil-
laceous sandstone or siltstone; .large (up to 5 
feet in diameter) c,alcareoua septa.rian concretion 
zone iB present. at_ about 33 feet, below tho base ot 
the Ft. H818 Lbnestone •• • ••• • •••••• ,. • • .40.s 
Total •• • •. • . " . . . . . . . • • • • 

Locality- 'lrA 
(m'll;, sec. 1, 'l' .. 15 s .. , R. 22 w., Trec;o County, Kansas) 

Niobrara Chalk 
Ft. lia;Vs ti.nestone ·Member 

Limestone, light grq weathering to a light 
;,allow.tab grq, cballcy:, thick bedded. 



Carlile Shale 
Codell·Salxlstona ?bro.bar 

4. Shale., dark ~a-:, weathering to a brownish gray,• 
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Thickooss 
feet 

aanct;r and very silty., nonealcareous ••••••••• , 1.9 

3 • sandstone, gray 1reathering to a brownish · gra:y, 
tine grained argil.laceous., noncalca.reous. • • • • • • • l, 7 

Blue Hill Shale Nember . 
2, Shale, dlirk gre:,, gritty, noncalcareous, with 

numerous thin streaks and lenses ot siltstone • • • • .1;.o 
l. Shale, dark gray, slightly gritty, noncalcareous, • • 

Total. , • • • , ••••••••••••••••• • • 

locality SmA . 
(slfil, sec, 34, T, 4 s., R.. 11 w., Smith County, Kansas) 

tJiobrara Chalk 
· Ft. 1-Lgy& Limestona Member 

timastona, light gray weathering to a light ~llow-
ish grq, · chal1q, thick bedded. 

Carlile Shale 
Codell Sandstone Member 

2. Sandstone. grq weathering to ;vellotdsh brow, 
deapl;r mathered,. fine grained, argilla.ceous •· 
·noncalcareous; scattered li.Joonite nodules; upper 
contact sharp and parallel to bedding; lowsr 
contact fairly sharp aD1 se~ som.ewhat 

.21.6 

irregular • • • • • • • • • • • • • • • • • • • • • , • 0 .6 

J31.ue llill Shale ?~ 
l. Shale, dark gray• gritty, noncalcareouo, contain-

ing thin (0.005 ;c f'oot) gray streaks and lenses of 
siltstone downward from .ro test below the baaa ot 
the Ft. Limestone; large (up to 4 feet in 
diameter) calcareous septaria.n concretions occur 
about 33 feet below the base or the Ft. Ha.vG 
L:ilnestone • • • • • • • • • • • • • • ,. • • • • • 

Total • II • • • • • • • • • • • • •••••• • • 

• • 
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