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ABSTRACT

The Codell Sandstone Member of the Carlile Shale is confined to
the northwest one-quarter of Kunsas, and is composed of fine to very
fine grained, noncalcareous, argillaceous, sandstone and dark gray
shale containing thin (about 2 mm) streaks and planoconvex lenses
of siltstone. The lower contaét of the Codell Sandstore 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 study be-
cause of a lateral gradation into shale, ‘Fossils are ;resent in the
Codell, but are not diagnostic. Those fo;;ils that are present, how-
ever, and the fine grainesize of the clastics suggest that the Codell
was praobably deposited in a fairly stable Shelf-type marine environment,

possibly in response to a gradualilowering of sea level,



INTRODUCTION
PURPOSE AND SCOPE OF STUDY

The Upper Cretaceous (Colorado CGroup) Carlile Shals has one of the
larger outerop areas of any single formation in the atate of Kansas.
In the upper part of this unit, there are sandy strata which bave been
assignsd the name Codell Sandstons. It is the purpose of this paper to
discuas the areal distribution, lithology and changes in facies of the
Codel) Sandatone in Kansas. One objective of this study is to furnish
data that might help to clavify the stratigrdphic relationship of the
Codell to the Carlile as & whole, and to the overlying Ft. Hays Lime-
stone Member of the Niobrars Chalk. In Kanses, the Codell is contained
within an area of approximately 19,600 square miles in the nortlamat one-
quarter of the state (fig. 1), and it is this area whorein data for this.
study was collected.

METHOD3 OF INVESTIGATION

Outcrops of the Codell Sandstons were measured, sampled, end de-
scribed during the sumuer of 1959. Laboratory investigation of field
samples collected at that tims was confinsd to a general lithologic
examination. 7The distribution and lithologic variations of the Codell
Sandstona in the subsurface were determined through the use of electrical
and radioactivity well logs. The information from these logs was supple-
mented by examining subsurface samples of the Cpdell obtained from the
Eansas Sample Log Service, Kansas Geological Survey, lawrence, Kansas.
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Figure 1. Index map showing the subsurface distribution (shaded)
and outcrop belt (solid line) of the Codell Sandstone
in northwestern Kansas (Adapted from Moore, et. al., 1937).



PREVIOUS WORK

Since the later part of the Nineteenth Century, considerable
attention has been devoted to the Cretaceous deposits of the Western
Interior of the United States. Numerous people working in widely
separated areas have devoted 21l or a part of their efforts to some
aspaect of Cretaceous rocks.

With reference to the Codell spscifically, Dane, Pierce and
floeside (1937) have presented some interesting and significant facts
on the Cedell Sandstone in eastern Colorado., Dourne (1952), Chammey
(1954) and Regout (1951) have made a fairly detailed surface and sub-
surface study of the Colorado Group in the central Great Flains area.
Morrow (1941), Dubins {1947) and Hattin (1952) have made pertinent
studies of the Colorado Group in Kansas., In addition, several publi~
cations by ths State Goological Survey of Kansas contain discussions
on the Codell Sandstons, and these publications are referred to in the
text of this papor and liasted in the bibliography.

HISTORY OF NC2ENCLATURE

In 1896, G. K. Gilbert (1896, p. 565) proposed the nams Carlile
Shale for 170 to 180 fest of rock strata croppiag out at Carlile Springs
in socuth~central Colorado. Subsecuently, the name Carlile Shale was
adopted in Kansas, for rocks of similar lithology and stratisraphic
position. Later, the Carlile of Kansas was divided into thres members.
A columnar section of the Carlile Shale and adjacent stratigraphic units

is shown in Figure 2.
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Figure 2. Columnar section showing part of the Colorado
Group of Kansas. The classification shown above
is currently used by the Kansas Geological Survey
(Jewett, 1959). '



The Blue Hill Shale was the first of the present members of the
Carlile Shale to be named in Kensas. W. M. Logan (1897, p. 218)
proposed the name Elue Hi1l Shale for 3 sequence of dark shales and
large caleareous concretions occurrinz in the Blue Hills of Mitchell
County, Kanmas. Logan placed the lower limit of the Eiuwe Hill Shals
at the top of a fossiliferous limestons and calcarecus shale {Fairport
Chalk) uhile the upper limit was placed at 2 prominent concretion gzone
oceurring soveral feel below the bass of the Ft. Hays lLimestone. In _
the following year, however, Logan (1898, p. 434) revised the upper
limit 8o as to include all rock up to the base of the Ft. Haya Limestons.

fwbey and E;.isa propoged the name ¥airport Chalky Shale Member in
1925 for 785 feet of chalky marl and thin chalk beds™ from “exposurea
a few miles south and west of Fairport, Russell County,” Kansas. (Rubay
and Base, 1925, p. 40, p. 4k). The Fairport is overlain by ths Hius
Hill Shale Hember: of the Carlile and underlain by the Greenhorn Limestone
formation.

In 1926, N. W. Bass (1926, p. 28) named a sandstone unit occurring
in the upper pert of the Iilua Hill Shals the "Codell Sandstons Bed."

The type area is located in the extreme northern part of Ellis County,
approximately five miles south of Codell {FRooks County), Kansas. Though
a typs section was not given specifically, Dass (1926, p. 28) stated
that the Codell "is well exposed in a roadcut near the northsra boundary
of Ellis County in the NE}, Ssc. 3, T. 11 5., R. 17 W., where it is 22
feot thick." For practical purposes, this locality as given by Base can
sorve as the type saction for ths Codell.



The original stratigraphic rank of the Codell, as defined by Bass,
was a bed within the Blus Hill Sha.lp. This was subsequently changed in
1933, when Dane and Plercs raised the stratigraphi¢ rank of the Codeld
to that of a member. Iater, it was azssigned the rank of member in
Kansas (¥oore, Frye, and Jewett, 1944, p. 152). Howsver, in 1951, a
publication of the Stata Geological Survey of Kansas (Hoore, et. al,
1951, p. 2.) listed the Codell as a zone within the Hlus Hill Shale.

In 1952, the CGormittee on Stratigraphy of the National Research Council
published in a Bulletin of the Geological Socisty of Awerica (V. 63), a
chart entitled "Corralation of the Cretaceous Formations of the Western
Interior of the United States." In this chart, the Codell is asuipgnad
the rank of member. A more recent publication of the State Geological
Survey of Kansas (Jewstt, 1959) also lists the Codell as a member of the
Carlile, and it is in this sense that the name Codell is used in this
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AREAL EXTENT OF CODELL

WESTERN INTGRIOR OF THE UNITED STAIES

Over much of the Western Interior of the United States, a sand-
stons occurs at or nsar the top of the Carlile Shale or its equivalents.
This sandstone, the western edge of 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 (Reeside, 1957, p. 524).
Along its eastern margin, which extends scutinard from the Dakotas,
through Nebrasks, Kansas and Colerado, this sandstone has been assigned
several names. In Colorado, Kansas and Nebraska, it is called the
Codell Sandstons. PEetween the margins mentiomed above, the Codell (or
an equivalent stratigraphic unit) is generally present in the subsurface.

Figure 3 shows what Reeside (1957, p. 529) has interpreted to be
the original extent of the Codell and equivalent stratigraphic units
in the Western Imterior. The position and presence of the land arsas
shown in Figure 3, especially on the eastern side, are based on general
data and as such are hypothetical.

A correlation chart is not included in this paper gince the names
of the stratigraphic units concerned do not change within the general
area of this study. However, if détails on the correlation of the
Codell Sandstone in the interior of the United States are desired, the
roader is referred to Cobban and Reeside (1952).






CODELL IN KANSAS
Outerop Distribution

In Kansas, the intersection of the Codell with the land surface
forms an irregular narrow Mine extendinz across Kansas; ina genoral
northeast to southwest dirsction {fiz. 1) from northern Jewell County
to northern Finnesy County. In tmch of Finnay County, and westward
through Kearney and Hamilton Counties, the Codell is coverad with
younger rocks of Tertiary and Quaternary age. However, in the cemtral
part cf Hamilton County, a few scattered outcrops of the Codell are
prosent. Souﬁh-oi' Humilton, Kearney, and Fimey Counties, and east of
outcrop belt, 'bhé Codell bas been sroded away except for a fow scatlered
isolated erosional romants. Outerops of Codell strata which were
mpasured as & part of this study are described in the Appendix.

Cutcropping Codell Sandstone usually does not noticeably influence
the physiography of the area of study. Thia is true partly becauvse of
the Codell's argillaceous lithclogy, but mostly because the relatively!
thick overlying Ft. Hayas I.imstoné,_ which is fairly resistant in the
dry climate of western Kansss, tends to dominate the topography. The
ragistant nature of this limestone s expressed as a southeast facing
escarpment called the Ft. Hays Escarpment. Uaua.uy, tha Ft. Hays Lime-
stone is present only as a cap rock on the escarpment with the southeast
facing slope devéloped on the upper part of tha Carlile. These slopea
tend to be amooth, grass covered and concave upwards (fig. L) with large
to small spheroidal and ellipaoidal concretions from the Carlile and
aluup blocks of Ft. Hays Limestone strem ovor the surface.



Pigure 4. Prefils of hill slope developed om upper Carlile

The Codell is generally present under most of the norilwest one-
quarter of Kansas. Conssquently, the Codsll that crops cut comstitutes
only a very small porticn of the total Codell in Kanses. Thws, in
order to better interpret the data obtained from outeropping Codell
strata, a subeurface study of the Codell wes alsc made. This sub-
surface study was of necessity concerned primerily with the thickness
variations of the Codell, but also included a broad gualitative in-
terpretation of lithology. For comperative and inmterpretive ressons,
thickness data were alac cbtained for the underlying Hims Hill Shale



and Fairport Chalk Members of the Carlils, and for the overlying
Ft. Hays limestone Member of the Niobrara Chalk. The thiclmsss data

were used to construct isopachous maps.
Sourcae of Data.

Electrical and radicactivity well logs were the primary sources
utilizged to obtain subsurface thicknesses for the members of the
Carlils Shale and the Ft. Hays Limsstone Member of the Hiobrara Chalk.
Figures 5 and 6 indiecate respectively the general character of ths
electrical and radicactivity well logs for the stratigraphic interval
between the top of ihe Creenhorn Limestons {or base of the Fairport
Chalk Member of the Carlile) and the top of the Ft. Hays Limestone
Hember of the Niobrara Chalk. Figurs 54 shows a typical configuration
for the self-potantial curve and resistivity curve of electrical logs
for the pertinent stratigraphic interval. Figure 5B shows the con-
figuration of the self-potential and resiastiviiy curves for thw same
stratigraphic interval, but as recorded at lesser depths. It should
be noted that the self-potential curve (SP) in Figure 5B is inverted,
or reversed, from that found in Figure 5A. This reversal of the self-
potential curve, which wos noted on many of the logs used in this study,
is attributed to the influx of fresh water into the strata of the re-
corded stratipraphic intervel. In fact, only a relatively small number
of sloctrical logs from wells in the northwest corner of Kansas (fig. 8)
hava normal self-potential eurves (i.s., like those Pound in Figure SA)
for the Carlile and Klobrara formations. ‘



- Joe Jankouits No. 1 Haffner No. 1
Sec. 31, T.1 N., R. 31 W. " Sec. 19, T. 9 S., R. 27 W.

(Nebraska)
Ft. Hays Limestone 4’////’/,,4»————-_

Codell Sandstone

Blue Hill Shale

Fairport Chalk

Top of Greenhorn Limestone

SP R SP R

A B

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.
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In addition to the electrical logs just momtioned, radicactivity
lozs were also used. Specifically, the type of log ubilized in this
study was the pamma ray-laterolog log. Figure 6 shows a gamma ray-
laterolog well loz of the Carlile Shale and Ft. Hays limestons.

Problems Eacountered in Well log Interprstation.

Cenorally speaking, on both electrical and radicactivity woll logs,
the Codell Member of the Carliles Shale iz fairly well defined. Numerous
problems are encountered, however, in cbtaining thicknsss data on the
Codell from electrical logs. The gradational nature of the change in
lithology from the Elue Hill Shale to that of the Codell Sandstone
makes it particularly difficult to consistently establish a lower contact
for the Codell. Because of this, it was decided to arbitrarily placs the
lower boundary of the Cocdeoll at the base of the lowermost prominent sand-
stone, siltstene or silty shale deflection on & given electrical log.

But in doing this, one or mors less prominent sandy or silty horizons
are sometimes excluded from the Codell and subsequently included in the
Blue Hill. It is thought, however, that the resulting isopachous map
of the Codell reliably shows the broad variations in thickness of the
unlt. In this respect, determining what were the most prominsnt sand-
stone or siltatons deflections presented anothar problem in consiatency
of intarpretation. However, through the construction, extention and
correlation of subsurface cross sections over the area of study, it is
thought that errors having to do with consistency of interprstation
wers minimized.



Swank No. 1
Sec. 8, T. 9 S., R. 22 W.

Ft. Hays Limestone
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Codell Sandstone

Blue Hill Shale

Fairport Chalk

C3Top of Greenhorn

GR f IL Limestone

Figure 6. gamma ray (GR)-laterolog (LL) well log in northwestern
ansas.
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In the northwestern part of the state, another problen associated
with electrical logz interpretation of the Codell is encountered. In
northwestern Kansas, the values expressed by the self-potential and
resistivity curves of ths Codell are very nearly the same gs thosa oif'
the overlying Ft. Hays Limestone. So much so, in faect, that the Codell
has often besn lozged with the Niobrara Chalk as a single unit. Figure
7 is taken from a fairly recent log whiech combines measurements of the
gself-potential, gamma ray intensity, resistivity and comductivity all
on one log. On tho basis of the self-potential (5P), resistivity (R)
and conductivity (C) measurements, it would be difficult to determine
the position of the contact botween the Fi. Hays and the Codell with
much confidence (Also eee Figurs 58). The measurement and recording
of the gamma ray (GE) intensity on this sams log, however, serves to
rather accurately define the tontact betwsen the Fi. Hays I.imatm and
the Codell Sardstone. It -wes in this woy that the gamma ray log was of
most value to this study. In most casea theuszh, ganma ray measuraments
are not combined with self-potential measuremonts in the stratigraphic
interval concerned in this report. Bul, after exemining wany logs, it
was found that the goneral character of the self-potential curve is
ususlly definitive enough to allow ons to differantiate the Codell from
the Ft. Hays. Points "a" and "b® on the salf-potential curve in Pigure 7
are generally persistent and dlagnestic enocugh to define the stratigraphic
limits of the Ft. Haya.



Kompus No. 1
Sec. 33) To 150’ R- 32 w.

' ~ |

Ft. Hays
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Codell
Sandstone

Blue Hill
Shale

Fairport
Chalk

Msa,

Q Top of
Greenhorn
Limestone

Figure 7. Electrical-radioactivity well log in northwestern Kansas
(Key to symbbls: C, conductivity curve; R, resistivity
curve; GR, gamma ray curve; SP, self-potential curve).



19

COMPOSITION OF THE CODBLL SANDSTONE
MINERALOGY

The Codell Sandstone is composed primarily of very fine grains of
quartz plus a considerable but variable smount of clay material. While
a detailed petrographic analysis of the Codell was not undertaken as a
part of this study, some data are available. Rubey end Bass (1925,
p» 34) give the followinz description of the Codell in Russell County:

Host of the grains are quarisz, chiefly colorless, a few of which
show shedowy exbtinction under c¢rossed nicols, but some are smcky gray
and transiucent and a few are pink and transparent. Dark gray chert,
aomewhat kaolinized orthoclase, and some black opaque fragments are
rather common and grains of clear orthoclase and soms plagioclase
(more caleic than &n 30), faintly pinkish microcline and perfect
crystals of gircon showing no effects of abrasion are present. HMuch
of the quarts shows gbundant inclusions that are in part at loast
acicular cristals of broun touwrmaline and apstits.

The ¢lay minarals of the Codell were not determined specifically
a5 g part of this stwly, Occasiomally, however, there wers moted thin
scans of clay material that tended to awgll consliderably after they ware
moistened, suggesting a clay mineral of the montmorillonite group. One
x~ray diffraction analysis made of a shale in the upper part of the
Codell at one locality in Books Counby {1oC) (RoA) suggests that the
most common clay mineral in clay material of ummathered Codell is
probably iilite.

A study of the heavy minerals of the Codell was made by Moss (1932,
p» 22-23) with the following resulta:

Zircon 68 par cent, tourmaline 12 per cent, garnet {grossularite)
12 per cent, rutile 5 per cent, staurolite 1 psr cent and traces of anatase,
chlorite, mmscovite, corundum and topaz. 411 of the zircon and the majority
of the other minerals are in euhedral crystals or anzular fragments. The

zircon percentage rises from 58 psrcent in Iitchell County to 87 percent
in less County.



Subsurface samplas of Codell Sandstone in northwestern Kansas
soen to be of the same mineralogical composition as that of mtcroppihg
Codall except for the lack of weathering. Ons notable exception is the
oocurrence of very small grecnish colored grains in many of the sube
surface samples of Codell. These greenish grains seem to be concen~
trated in, if not confinsd to, the extrems upper part of the Codell.
The: exact mineralogical composition of the greenish grains was not
determined, but their appearance excepting maybe graln size, fits the
general £ield definition of glauconite. In the limy sandstones at the
top of the Codell in southern Ellis County (Locality EIK), soma gresnish
colored gra:m are preaent. These grains, howover, seem to have a
micaceous structure and may bs chlorite rather than glauconite. The
shgence, or apparent absence, of the greenish grains ab most outerops
of tho Codell is posaibly a result of weatherding.

Thin bards and nodules of caleite ocews in some euteropping Codell
strata. Some calcite ls also present in subsurface samples of the
Codoll, especially in the extreme norihwestern corner of Kansas. In
the northwestern corner of Kansas, the Codell is weakly cemented with
caleite. It was also noted that as the location of the subsurface
samples approaches the outcrop belt, there seems to be & corresponding
decreass in calcite ss a comenting agent in the Codell. In comnection
with this, invaraions of tha self-potential curve of electrical well logs
(Fig. 5B) made it possible to roughly cutline an area in the northweat
part of Kansas, uberein gsurface or fresh water has not yst entered the
. Codell. strata (Hatchured area shown in Figure 8). Throughout the re-
maining area of subsurface Codell, surface water has entered the strata



(Shaded area in Piguro £8). Caleile in the Codell seems to be mors
atundant whera fresh water has not yat entered Codell strata. This
susgests that the lack of calearsous materisl in outoropping Codell
strata iz possibly = result of solution,

Fyrite is present in outcropping Codell and it is also fairly
common in subsurface samples. Also affecting the gross mineralogical
ccazipositic;n of the Codell are bong fragmonts and teeth, These, howaver,
sesm to concentrated in the upper part of the widt and in most places

are searce.
TEXTURE

Grain sizes in the Codell range dowrmard from nearly one-half
millimetor to that of clay sized particlses, In the better devaloped
sandstonsa of the Codell, the sand graina are mostly fine to wvery fine
in gize (Wentworth size cla.ssi_fica.-tion). It might bo added that a
genoral microscopic examination suggested that the quartz gralns range
dowm to alay siged particles, and may constitute a sizable fraction of
the interstitual clay materisl of the Codell and perhaps an apprecisble
fraction of the clay material in tho shale beds of ths Codell and the
underlying Hlue Hill Shale.

Individual quarte grains are for the most part angular and equant.
Subangular grains are also common and the shape of the quarts grains
does vary slightly. mubey and Bass (1925, p. 34) noted that in Russell
County, the larger grains of the Codell are commonly more angular than
thoso of intermediate size.
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Another noticeable feature shown by most of the quartz grains
in the Codell is their slightly frosted and pitted appearance. The
frosted surface of thess grains is quits fine, even on the smaller
grains. The origin of the frosted surface is usually attributed to
eolian action. However, it has been pointed btut by Pettijohn (1957,
Pe 70) that quarts grains, in the pressnce of a carbomabe, may develop
frosted and pitied surfaces. Bscanse of the proximity of the Cedell to
the Ft. Hays limestons and the possibility that the Codell originally
contained some intorgramlar caleiuwm carbonate, it may be that some of
the frosted surfaces on grains in the Codell developed in a similar

AN
LITHOLOGY

Outeropping Codell in Kansas is charvacteristically composed of
fina grained clastioc particlea. Hore specifically, it can usually be
divided into two somswhal simidar though distinctive lithologic units.
These are:

1. A massive to thin bedded, very fins grained, light gray,
noncalcaraous, argillacsous sandstone or sandy siltstone
that weathers to a light yeliowish-broun or dark yollowish-
broun color.

2. Pisaile, dark gray to gray, noncaleareous, sandy andfor very
silty shale containing small light pray streaks or lenses of
siltotons.



In gemsrel, oubcropping Codell is not well indurated, being held
together chiefly by clay material. But, because of the clay material,
the Codell may be quite bard when dry, even thoush samples gensrally
beccne soft and disintegrate rather quickly after irmersion in water.
locally, carmenting agents ars presant in ouBcropping Codell mosily in
the form of thin bands and nodules of iron oxide or calceium carbonate.
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CROSS5-BEDDING

In general, cross-bedding is not common in the Codell Sandatone
cropping out in Kansas. In northern Ellis %unf.y, some faintly de-
fined cross-bedding is prescnt at the top of the Codell. Rear the
Cedar Bluff Reservoir, in Trego County, a block of slumped Codell
Sandstons shows well developed cross-bedding. At another Jocality
in Hitchell County (Iocality lMeA), some crosa~-bedding is present in
a sardy siltstone bed occurring spproximately 20 feet below the base
of the Ft. Hoys Limestons. At most outcrops, though, the cross-bedding,
if present, iz usually found in the sandstons at or near the top of the
Codell. Also, the croas-bedding in the upper few feot of the Cedell
Sandstona seoms to be better developed than that seen st lower sira-
tigraphic intervals in the lodell. Host of the cross-bedding seems to
be of the medium to large scale shallow trough type {McKee and Wier,
1953). Very small scale crosa-bedding and cross-laminae (HcKee and
Wier, 1953) are also present and sesm to be fairly comnmon.

LENSES

Throughout most of the Codell, especially whers the Codell is
cozposed of sandy and silty shale, thers are mmerous streaks, small
lonses, and thin bands of sandstone or siltatone. In many places, thsse
ars irregular in shape and disposition (£ig. 9); many, howewer, have a
plano-convex lons-llke vertical cross section (fig. 10). The plano—
convex lens type scems to be mors abundant in the lower portion of the



Figure 9.

Figure 10.

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

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 ¥) siltstona lenses in
shala. WMany of these small lenses of siltstone are laminated with
paper-thin layers of shale. ‘

A few relai_;ively large lenses of sandstone, siltstons or shale
are also present in the upper fow feat of the Codell. Lenses observed
by the guthor measured about 15 feet across the face of the ocuterop
and had a thickness of one foot or less. Figure 11 shows ons-half of
an argillaceous sandstone lena at Locality RoA in Rooks County. Thia
lens occurs approximately 12 feet below the base of the Ft. Hays Lime-
stons. It will be noted that a band of wavy shale is present midway
betwean the upper and lower surface of the sandstone lens. Slickensides
present on the shale at the baqe of the sandstons lens suggest, though,
that the irregularities in the bedding ave a result of fairly recent
movements, probably associated with slumping. At Locality E1C, a
relatively shin (0.5 foot) plano-convex sandy shale lens having a width
of about 15 feet is present in a massive sendstons unit. These larger
lenses seen to cccur only in the upper part of the Codell. This indicates
that currents, though relatively weak, were active at the timo the clastics
in the upper part of the Gadell wace Gaposited,

TUBULAR STRUCTURES

Throughout most of its outcrop bslt in EKansas, the Codell contains
in its extreme upper part mumerous light gray calcarsous tubular
structures (fig. 12).






Figure 12. Grayish white, calcarecus tubular structures ocscurring
in the Codell Sandstone just below the base of the Ft.
Rays liswstone. The holes in the sandstons are a product
of recent urrowing organisme. MW cor., 5wk, Sec. 5,
roms.'non'n (Mwwo
These tubular structures are usually anastomosing, but have a
dominantly vertical orisntation. Their diameter is wsually about 0.02
to 0.05 foot though one having a diameter of about 0.1 foot was noted.
For the most part, they do not seem to extend much lowse than three feet
below the base of the Ft. Nays Limsstons, and usually are most abundant
in the upper one foot. An exception oceurs at locality KIC where the

tubular structures are present approximstely seven fest below the base
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of the Ft. Hays Limestone, as well as near the base of the limestone.
However, the tubular structures occurring seven fest below the Pt. Hays
at locality FiG, are predaminantly horizontal (fis. 18). In many places,
they are sparce or possibly absent but locally, they may be ac abundant
as to be almost sheot-like {fig. 13). Although it is not readily apparent
at most cutcrops, the tubular structures often seem to extend up into the

Ft. Hays Limestone. They cccur mostly in sandstons or siltstons but are
also presont in shale, espacial_ly m the southern part of the area of
study. o

The orrigin of the calcarsous tubular structures is questionable,
althouch it 48 probable that they are organic, originating' from a burrow-
ing organism of ons type or ancther. I!quer, becasusa there seems to be
no real proof of this, they are included in this section dealing with
sedimentary Btmctma,

SEPTARIAN CONCRETICHS

In southern Csborne Gcnnriy,:large calearecus concreotions ranging
up to eight fest in diameter occur in tha Codell Sandstone. This is the
only area wherein large concretions were obverved in sandstons proper.
At numerous other loccalities, tﬁnug_h,. large concretions ara pregent in
the shale underlying the Codell. |

A1l of the large concretions seem to be septarian (fig. 1), con-
taining numerous veins of either brown (color dus to hydrecarbons,
Sirinford, 1953) or white caleite. They are ellipsoidal to sphercidal
in shape and seem to be syngenstic 1n as much as thin aili;gtona beds pass
through them undisturbed (fig. 15). Foseils and pyrite nodules ars often
found associsted with the concretions. |






Figure 15. Septerian comeretion in the upper part of the Carlile
M'. “,m.“ ,tusc’l.“'o.m"M’
xm(mwnoi.

Emooite Nodules,

Sesttered sparingly throughout the Codell Sendstone are salid
nodules of limonite. These vary in sise and shape but are wually
0.1 fott or less in dimmter snd more or less elliipscidal. Thedr
outer surface is uwsually rowgh or irregular. In as mach as some of
these nodules have iron sulfide cores, it is likely that the selid
linonite nodules in the Codell represent iron sulfide nodules that
have besn altered by weathering.

Locally, there are also found scms wsually smaller, smooth, round
or slongated, solid limomite nodulas. These seem to be mast abundant in
the sandstons in the exirems upper part of the Codell. These may be
ooprolites.
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Also, at locality JwC in Jewell County, a nunber of small holloy
linonite noélulea,, or perhapa concretions, were found. These hollow
nodules tand to bs elonzated and flattenad somewhat. In size and shape,
they resemble the emooth nodules that may be coprolites; the fact that
they are hollow, though, suggesta that they may be of socondary origin.

Ripnle Marks.

A one locality in Mitchell County (Locality McA), smell oscilliation~
type ripple marks were present in a very fine grainsd sandstons ccourring
in a concretion zong approximately 25 feet below the base of the Ft. Hays.
Although this was the only occurrence of ripple marks noted in the field,
many of the planoc~cenvex lenses and thin disconnacted sandstone or pilt-
gtono beds that are present in the upper part of the Carlile may ba a
rroduct of a similer enviromment.



PALEONTOLOCY

Foaails are fairly comuoen in ths codell,, but are not very diagnostic.
Host of the fossils found in the Codell consist of shark teeth and bonsa
or fragments of bones. The shark teeth are both of the cutting and pave-
ment. types. Eone material ia also present as eand-sized particles and
probably ranges dowmsmrd to clay sized particles. The sand-sized particles
of bone materisl are especially common in the calcarecus, or limy, sand-
stones in southern Ellis County.

In Filis County {locality ELF), part of an Inocerames sp. shell and
one largs verbebrae {(0.15 foot) were found in the Codell near the base of
the Ft. Hays Limestons. Locally, on the surface of outeropping Codsll
Sandstone,; there gro other stiuctnres of xmvbéble organic origin,. but
they are not clearly distinguishable as such. Also, some amoobh limonite
nodules {Sco page 41 of this draft) found in the Codell may bo foosilized
fecal pellets, bub this is uncertain. One Possil Elopid fish has bsen
found in the Codell and described by Miller (1958, p. 213). Miller
points out that Elopid fish 1iving today are both mearshore marine and
fresh~water dwolling. Also, Hattin {personal commnication, 1960) reports
finding both calcareous and arenacecus forms of foraminifera in the Codoll.



35

COMTACTS WITH OTHER UNITS
10WER CONTACE

The eolumar section in Figure 2 points oub that sedimentation
which produced tho strata of the Carlile proceeded from o calcarsous
md phase {Fairport Chalk) te a noncalcarcous mud phase (Blus M1l
Shale) and then f£inally to & sandy mud phase (Codell Sandstone).

Changes in sodimsntation betmax; these three phases seem fo have been
gradual., Because of this, the lower boundary of the Codsll with the
Blue Hill Shals has bes more or less arb:!t;rarily chosen.

On the sutcrop, the Codell-Elws HIl1Y contact is commonly placed
vhere there is, in addition to s notable change in color, a distinet
increase in the amount of sand-size particles present in the ssction.
The color change is from the dark gray to bluish gray color of the Blus
Hill Shale to a ight yellowish brown or isht gray eolor of the Codell.
The yellowish browm color is dependent on ihs degree of weathering to
which the outcrop has been subjected. At relatively fresh euterops, the
sandstone or siltstone of the CGodell is light gray in color. By placing
the Codell-Elue Hill contact at the base of a promiuent sandstans cr silt-
stone unit, howsver, ths presence of numerous siltstons lenses and/or
sandy shalo below this point tends to be disregarded. But if the shale
contatning sbundant siltstone lenses 4s included in the Codell, thare is
the problem of establishing a lower boundary for the Codell. The grada-
‘tional character of this change in lithologles mekes the task of estab-
l4shing a lower boundary extremely difficult. It is the opinion of the
author, though, that the chale in the extreme upper part of the Carlile’
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which containg notably abundant and conspicuocus lenses of siltatons
should bs regzarded as a part of the Codell, in as rmch as the appear-
ance of these siltstone lenses reflects a small chauge from the previous
envirvonment of sedimentation. In this paper, the shale (in the extreme
upper part of the Carlile) contaiming numerous streaks and planc-convex
lenses of siltstone will ba included in the Codell Sandstone.

GFPER CONTACT

The upper contact of the Codell does act present the same problems
as doos the lower contact. The Codell is overlain by the Ft. Hays lime-
stone Hember of the Hiobrara Chalk. The contact between these two units
is parallel to the bedding in the two units, and is sharply defined as
& result of an abrupt change in lithologies. This change in lithologies
is from @ shsle, siltstone or sandstons of the Codell to chalky limestone
of the Ft. Hays. (See Figures 19 - 21).

Paleontological evidence {Dane, Pierce, and Reesids, 1937, p. 220)
suggesta that there is an unconformity between the Carlile Shale and the
Niobrara Chalk and it is thought that this unconformity occurs at the
base of the Ft. Hays Limestone. The sharp contact bebween théi 1imestona
and the underlying clastics does indeed seam to be a logieal place to
put the upper contact of the Codell. However, it may be that some of
tho strats in the upper part of the Codell are composed of reworked
material and possibly should not be incnméa in the Carlile. This will
be discussed more at the conclusion of this paper.
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DESCRIPTION OF THE CODELL IN THE TYPE AREA (NORTHERN BIIIS COUNTY)

The type secticn of the Codell, Locality ElD, is at a reoadcut on the
north flank of the Smoky Rill River Valley in the HE cor., Ssc. 3, 7. 11
S., R. 17 W., Ellis County (fig. 16}. The upper portion of the roadeut is
composed of light yellcwish gray chalky Fi. Hays Iimestons. The contact
betwsen the Ft. Hays Limestone and the underlying Codell $arndatone is
sharp and marked by a thin (ca. 0.15 foot} layer of gray .shaio and poorly
indurated orange-brown sandstons, For the most part, the 2 feet of
strata lmmediately underlying the Ft. Hays consiat of light yellowish to
brownish gray massive to scmewhat nodular, very fine greined, friable,
mncalcamuu'é, argillacecus sandstone. This is underlain by about 5.5
feat of soft eiltstone and then approximately 16 feet of soft siltstone
and then approximately 16 feet of gritty shale containing thin beds and
small streaks and plano-sonvex lenses of siltstone. The lower part of
thia gritty shale ia apotted. The spois are composed of silt simed
particles which are enclosed in a gray clayey matrix. A rather conspicuous
concretion horizon occurs in this shale about 40 fest below the base of
the Ft. lays. The gritty shale is in turn, underlain by mﬂ.y 8lightly
gritty ‘to non~gritty, dark gray flaky shale which lacks the mmerous
emall lenses and strasks of siltstons. Centacts between the variouas
lithologic units mentioned above, excepting the Codoll-Ft. Hays contact,
seen to be gradational.

The lower 16 faet of the 2A fast of sandiione at Iocality E1D con-
tains several layers that are noticably argillaceous, and which tend to
form small indentations in the wwathered profile. In general, the sand-



stons tend to becoms less argillscecus towerd the top of the wmit.

Small yellowish drown to yellow specks of iron axide also cceur im the

16 feot of the sandstons unit, and thus gives it a scamdat mottled

appearance. The upper eight feet of tha sandstons is more messive than

the underlying 16 feet and stands out more boldly on the ewterop (fig. 16).
Thin horiscoatal bands of limomite, generally about 0.05 foot thick,

and scattered irregularly shaped limomite nodules, abowt 0.1 foot in diamster,

are shundant in the npper eight feet of the sandstome. liowever, maxy of the

bands of limcmite fill what are probably recently formed fractures, and these

sut diagomally across the bedding throughout the 24 fest of sandstons. In

goneral, the bedding in the sandstome is very faint and not readily apperent.
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Closs examination, however, reveals that much of the sandstone doos
exhibit very small scale irrogular bedding. This latter feature is
geheral],y more noticesble, hmver, in the mora argiliaceous horizoms,
prinarily because of the cumtrast in texture between the silt and/or
sand pized particles and ¢lay sized particles. The upper part of the
sandatone, eaﬁecian.y the upper cns foot, comtains a few calcareous
tubular structures.

Several miles west of the type section, another onterop, locality
ELC, which is quite similar iithologically to that of the type section,
shows more clearly the disposition of lithologies in the upper portion
of the Codell (fiz. 17). The upper sandstone unit consists of 7.5 fest
of massive very f£ine grained argillacecus sandstons which exhibits on
weathered gurfaces faint lines suggestive of mediim scale (lcKee and
WHer, 1953) crogss-bedding. This massive sandstone unit is underlain by
a sandstons of similar 1ithology except that it is more argillacecus.
Also, in the lower sandstone unit, less argillaceous beda altermate with
mora arglllaceous bods in a somswhat rythmic fashion (This feature is
also present in the lower 16 feet of sandstone gt Locality E1D). 4t the
top of the massive sandstone unit, and in contact with ths base of the
Ft. Hays limestene, there is a very thin layer of soft yellowlish broun
esandstons,

In the upper massive sandstone unit at locality ElC, there occwrs
& relatively thin (maximum thicknass about 0.5 foot) aandy, planc-convex
shale lens having a width of about 15 fast. This shals is couposed of
dark gray gritty shaleo interlayered with light gray bands of siltstons.
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0lis Comty (loeality EKIC).
On the top of the sandstone immedistely uaderlying this shals leuws,
there cocurs an interlacing network of horiscuntally disposed tubular
structures (£i1g. 18). These tubular structures are alsc present ia
the lower rytimically bedded ssmdstons, but sesm to bs relatiwely rare.
Actually the tudulsr strustures may be sore adundant than they first
appear to be ia both the messive and rythmically bedded sandstone
unite, but becanse of the wniforn texture and lithology of the sand-
stone, simply are not visibly expressed on the rock surfase. Tubmlar
strustures are also fourd in the sandstooe near the dese of the Ft. Hays
Limsstons whare they tead to bs vertical and composed of a light gray,
somswhal chalky, calsarecus msterial, and consequently, they are more
apparent on the outorop.



Figure 19. Outcrop of Codell Sandstons situeied in the NE cor., MM},

Ses. 12, 7. 11 8., R. 16 ¥W., of Kllis County (Iccality KIEK).
gritty, dark grey shale. This alternmsting sequense of siltstons and gritty
shale is wnderlain by approximately 10 fest of dark gray shale econtaining
Plano-convex lenses and an occasional thin bed (about 0.1 foot thiek) of
siltetone. At the top of this gray shals, there ccours a spottsd shale
similar to that found at locality EID. A promounced septarisn ecnsretion
scne is present about 45 fest below the base of the Ft. Hays.



LATERAL VARYATIONS OF LITHOLOGY

VARIATI(S ALONG THE OUICROP

In general, as one goes northeast or southwsst from the Codall's
type section, the argillaceous sandstons of the Codell grades laterally
into siltstons and shale. Northeast of the type section this change is
rather abrupt whereas to the scuthwest the change is more praduzl., In
order to better demonstrate these variations of the Codell's lithology
on the culcrop, & cross section compiled from measured sections has
boen prepared and is shown on Flate I.

From Plate I, it can be seen that sandstone and siltatons in the
upper part of outeropping Carlile Shale are most abundant in northern
Ellis County and southern Osborne County. Horth of southern Osborne
County, sandstons znd silitstone are practically stwent from the uwpper
part of the Carlile. There is, howsver, a thin eandetone bed occwryring
ab the extrems top of the Carlile shale, wiich, north of the type
locality, is usually in contact with limestone at the base of the
Niobrara. 7This sandstone is rather wide spread, wcufriﬂg as far north
as the Kansas-Nelwraska border. Some characteristic features of this
sandstone bed a5 seen on the outerop are:

1. Its thickness over the area north of the type section varies
from about three feet to a feather edge, with approximately
ona foot a rathor commonly obserwed thiclkmess;

2. It is fine to very fine grained and very a.rgillaeaous,

3. It is noncalcareocus;
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L. It weathers to a pronounced orange to yollowish brown color;
unweathered, it is light gray to gray;

5. Tt contains small (0.03 foot) shark taeth and bone fragments
which are locally rather abundant;

6. It contains light gray to nearly white, calcareous anastomosing
tubular structures (not always readily apparent or abundant
north of the type section) which locally seem to extend upwards
into the overlying Ft. Hays Limestonas.

7. It contains widely scattered nodules of limonite having a
diameter of approximately 0.1 fool;

8. The upper contact with the Ft. Hays lLimestone 13 sharp and
para]iel.

9. The lower contact with the underlying shale is sometimes
irregular having small indentations or chammels into the
wderlying ghale.

Southwest of the type section, a sandstone of similar lithology to that
Just described is also present in the upper part of the Carlile. It is
difforent, though, in that locally, it may be separated fram the Ft. Hays
Limestons by shale or siltstone; its thickness is more variable; it is
generally more calcareous, and; the anastomosing ealcareous tubular
structures sesem to be more common.

At the type section, Locality ElD, the main body of Codell Sanddstons
is underlain by siltstone and then shale containing small stresks and plance
convex lenses of siltstone. Northsastward from Locality ElD, the amount
of sandstone decreases rapidly. In southern Osborne County, at Ilocality
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CbE, sandstons is interbedded with aﬂtston? and is still fairly

sbunkiant. However, in central Osborne COuxgty, Locality ObC, the sand-
stone present ia confinod practically to the previocusly discussed thinm
sandstone at the top of the Carlile, wif;h the bulk of the Codell raprosent-
ed by dark gray shale containing numerocus streaks and plano-convex lenses.
of siltstone. In eastern Roocks County, west of Osborns County, an out-
crop at locality RoA {S2e Flate II for location) probably represents that
area of transition between the sandstonaes of the Codsll and the silty shale
in Osborne County. At locality RoA, the Codell is composed of very sandy
and silty shale containing numercus thin beds of sandstone and siltstons,
especially in the 40 fest of strata immediately underlying the Ft. Hays
Limestons (fiz. 20).

In northern Osborne County at locality ObB, about one foot of sand-
stons occurs in the uppermost part of the Carlile and is in contast with
the Pt. Hays Limestone. This sandstone is underlain by about 14 feet of
dark gray noncalcareous shale that lacks the conspicuous plano-convex
lenses of siltstons; this shale is underlain by about 26 fest of shale
containing plano-convex lenses of stilastone. This soguence of lithologies,
i.e. Ft. Hays Limestons underlain in order by a thin sandstone bed, dark
gray shale containing plano-convex lenses of siltstone, and then dark gray
shale lacking planoc-convex lenses, remains a persistent feature of the
strata in ths upper part of the Carlile northeastward to the Kansas-Nebraska
border (Ses Flate I).

Southwest of the type eection (Locality ElD), the massive sandstons
beds becoma less abundant in the Codell and are not found cutcropping south
of centrel Ellis County. MNassive sandstone beds may be present in the



vicinity of western Finney County (Ses Flate II), but are presently covere
by younger rocks. South of central Kllis County, the Codell is composed
principally of dark gray gritty shale comtaining thin beds, streeks and
small planc-convex lenses of siltstome with locally developed sandstone
lithologies. The sandstone and siltstoms beds that are presemt in the
Codell south of central Ellis County are usually most abundant and con~-
spisucus in the upper few feet of the Codell, and thus ocoupy a stratig-
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raphic position similar to that of the thin sandstone bed at the top of
the Codell in morthern Eansas. Whers pandstones are present in the upper
part of the Codell, they may be separsted from the overlying Fb. Hays
Limestons by a shale bed.

At geveral outcrops south of the type section, the sandstons beds
in the upper part of the Codell are calcarcous. These calcarecus sand-
stone beds ocowr principally in the southern part of Ellis County and the
northern part of Ness County. In this area, numerous thin, wavy, light
gray beds of sandy caleiwa carbonate oceur in the sandstone (fig. 21).

light gray calcarecus tubular structures are also present at most
outerops scuthwast of the Codell's typs section. They ocewr in the upper-
most part of the Codell Sandstone and usually extend u;mar&s into the Ft.
Hays Limestone.

The contact betwoen the Codell and the Fi. Hays Limestone southwest
of the type section is parallel and sharp. Locally,though, whers the
sandstone is calcareocus, the change in lithologies seems to be samewhat
gradual. AU some localities, the lower contact of the sandatons beds
is wavy or irregular. These irregular contacts indicate that there was
goms erosion or reworking of previously deposited sediments.

The cross section of outeropping Codell Sandstons (pl. I) axtends
no farther south than Finney County. Other ocuterops of the Codell Samd-
stons do oceur, thouph, west of Finney County in Hamilton County. In
Hamilton County, several southward flowing tributaries of the Arkansas
River, have exposed the uppar part of the Carlile in a few aresas. Terti.-
ary and Quaternary sediments have effactively covered most of the older
rocks present in the intervenin: area. Alihiough the writer of this paper



Figare 21, Codell Sendstons underlying the Ft. Hays Iimestone.
The yellowish brown sandstone containing mmerous thin
gy linmy layers is ted fron the Ft, Hays bty about

2.5 fest of shale, s Sec, 26 115 Sep Re 20 W,y Ellis
County, Kangas (locality EIX),
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did not see the Codell in Hamilton County, Bass {p. 63, 1926) describes
the Ccdell as being composed of "...25 feet...of gritty shale containing
wvery thin strezks of silty sandstone, and the top two feet is largely sand,”

VARIATIONS IN THE SUBSURFACE

Subsurfaco samples and electrical log data serve to define in the
subsurface of northwestern Kansas, two areas wherein the Codell is com-
posed of sendstone similar to that cutcropping at the type locality {Sea
Plate II). Both of these areas elengated along a line having a general
nortineat. to southeast trend. One area of relatively well developed sand-
stone lithology occurs in the central part of extreme waﬁern Kansas, in
the vicinity of Greeley, Wichita, Kearny and possibly Fimmey Counties.

The other area is found in northwestern Kansas, in the vicinity of Chey- ° |
emns ounty and Rawlins County and extends southeastward until it inter-
sects the surface in northern Ellis County and southern Rooks and Osborne
Counties, |

In both of the above mentioned arcas, there is a considerable smount
of interstitial argillaceous material in the sandstons, in addition to
locally intercalated beds of shale, The Codell in Greeley, Wichita and
Kearny Counties seems to be. appreciably more argillaceous than the Godell
in northwestern Kansas. Electrical logs and subsurface samples suggest
that the Codell in Greeley, Wichita and Kearny Counties is composed
primarily of siltstone and sandy shale with only locally developed sand-
stone lithologies. Fairly well developed sandstone, similar to that fouml
at the type section and in the extrems northwestern Kansas, does ssaem to
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be more common, though, in Greeley County and western Wichita County.:

In northwestern Kansas, the better developed sandstonss of the Codell

are vory similar to the sandstones outcropping at the type locality in
northern Ellis Cournty.

The Codell Samdstone is present in the .subsmfa.ce over a wide area
between the two belis of sandstone mentioned above, and it is composed
prodominantly of siltstons and sandy shale. These sandy shales are
probably very much like those occurring in Ness County.

In the northeastern part of the area of study, in the vicinity of
Phillips, Smith and Jewell Counties, recognizable Codsll Sandstone is
not prasent on electrical logs. Indeed, the electrical logs strongly
suggest that the Codell grades laterally northward into shale (fig. 22).
This is also suggsested by cuterop data (pl'.‘. I). The zigzag line on
Flate II dolineates approximately the line north of wiich the Codell
grades laterally into shale and becomes unrecognizable as a unit.

Another area in which the Codell is absqht_. cecurs in the wicinity
of Sherman County and Wallace County. In this ares, tha Codoll scems
to have been eroded away, or, was never deposited. This will be dis-
cugsged further in the conclusion of this paper.
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THICKNESS
THICKNESS VARIATIONS OF THE CODELL SANDSTONE

Two arsas of relatively thick Codell Sandstone are showm on Flate
II. Ona of thess aress occurs in morthwestern Kansas, in Bawlins County
and the other is in contral western Kansaa, in the vicinity of Wichita,
Kearny, and Finney Countiea. Both of these arcas seem to be elongated
slightly among a line having a gensral northwest to southeast trend.
They also correspond generally with the same areas in which ths relative-
1;9- better developed sandstonss of the Codell cccur. The maximum thick-
ness of the Codell in Kansas in the subsurface occurs in central Eawlins
County, wiere it is about 90 fest thick. In central western Kansas, the
thickness of the Codell may exceed 80 fest. A good comparison of the
two areas of thick Codell is difficult to atiain, though, becanse of the
scarcity of alsectrical logs in the vicinity of southorn Wichita, and
Scott Counties, and northern Kearny and Fimney Counties. Also, the
character of the elactrical logs in the southern part of the area of
study is probably influenced to some depree by fresh water in the Codell.

Between the two areas of relatively thick Codall Sandstone, the
unit is usuvally betusen 10 and 30 feol thick with 20 feet and approximate
averags. In southern Sherman and northern Wallace Counties, the Codell
is absent. In southeastern Scott County, there is a small area in which
tha Codell seems to be absent.

In the northeastern part of the area of study, the Codell Sandstone
seems to grade laterally into shale, and in so doing crestes a gero
isopachous line. This zero isopachous lins is not sharp and 3is showing
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on Plato II by woons of a sigzag Mine. The sere isopachous line does
not take into considerablion ths provicusly descibod thin sandsione
that occurs et the top of the Carlile in contsct with {he baso of the
Ft» Boys Idmostono. Tho resson £or nob considering this thin sand-
stone Is given ia the conclunion of this paper.

T A

Cn comparing the isopachous;mayp of the Carlils Shale {£ig. 23)
with the isopachous map of ths Codell (pl. II), it can bo noted that
there ave sproral areas of simllarity. Sear the westorn bordsr of
Eansas, in the northuost corver of ¥allace County and in the south-
wast cornor and ports contral part of Sherman County, the Carlile thins
to chout 160 feet which i3 the mindmum thickness of tha Carlile in
Kansps. In this samo ares, the Codell thins ant is adsent over pard
of the area.

Frony the westorn border of Kanses; the Carlils incraases in thick-
noaz to the east. This trend twar& inereasing thlckness to the east,
howaver, is mobt wiiform. Iodeed, there are two rather conspicunus west-
ward extending salients of thicker Carlile strota. One of these salients
is Jocated in morthorn Eansas, and yuns east 1o wost scroas Choyenno,
Rarling and Decatur Counties. The other esllent, uhich is situated in
the cautral part of extrens sastern Kansas, nosr the border of Wichita,
and Rearny Countiss, seams $0 be more abruptly terminated than the salient
in northern Ennsan, and bas a northwsst by scuthosst oricataticn. maa |
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salients of thick Carlije sirata correspond with arsas of relatively
thick Codell strata.

The greatest thickness of Carlile strata in Kansas occurs in the
northeastern portion of the aream of study in the vicinity of Jowsll
and Osborna Countias. In this sroa, the Carlile Shale 13 somewhat

.mora than 300 feet thick.

Fairport Chalit

The isopachous map of the Fairport Chalk {(fig. 24} shows the
distribution of caleareous shale and limestona in the lower portion
of the Cariile in northwestern Eanses. 4 rather conspicuous belt of
thin Fairport strata extends through Sherman, Logan, Gove and Nesa
Counties alonz a northwaat to gscubtheast line., In this belt, ths Falr-
pert has its minimm thickness in Kansas, of about 75 fest. Anothor,
though much less proncunced, belt of relatively thin Fairport having a
general northwest to scutheast trend exiends across the southwest portion
of Horton County, through northsastern Grahm County, and into Hooks
County. These two belbs are nearly parallel, In western Wallace County,
and also in the vicinity of southeastern Scott County, the 100 foob
contour lins delinsates other arsas of relatively thin Fairport. The
areas enclosed by the 80 fool contour line in Sherman County, and the
100 foot contour Line in Wallace County, correspond roughly to areas of
minimum thickness on the isopachous map of the whole Carlile, as wall as
tha Codell Sandstone. The belt of thin Falrport extending across Sherman,
logan, Gove and Hess Counties glso corresponds roughly to an area of thin
Codoll.
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Central Rawlins Counby and northern CGreeley County are areas
of conspicuous thickness for the Pairport Chalk. Theso greas of
rolatively thick Fairport strata are elongated, particularly the ons
in northern Grogley Courty. It is in Grecley and Hichita Counties
that the Fairport apparently reaches its maxchmum thickness in Kansas
of about 150 fest. It will be noted thab the two areas wherein Falr-
prort strota are noticeably thick extend toward each other but are
soparated in logan County by the belt of ninimmm thickness previously
described. The configuration of the isopachous lines does not suggest
any definitive regional trend toward inercasing thickness, though the
thickness lines themselves have fairly proncunced nortimest to southeast
trond over much of the state. Also, there does not seem to be any area
of relativoly thick strata common to both the Fairport and the whole
Carlile, excoepting possibly northern Greeley County. In northern
Greeleoy County, the presence of relatively thick Fairport atratd’fl‘is
expressed on the map of total Carlile thickoess by the configuration
of the thickness linea. Central Rawlins County and Ureelsy, and
Wichita Counties are areas in which thick Fairport strata corresponds
genarally with areas of relatively thick Codell.

Xgopachous Hap of the Elue Hill Shale,

Distribution of the dark gray, noncalcareous Blue Hill Shals,
vhich is showm on Figure 25 by means of an isopachous map. The Blue
Hill is thimnest in the southwestern portion of the erea of study
vhore 1t seams to ba about 40 feet thick. This area of thin Hliun Hill
includes parts of Wallace, Gresley, Hamdlton and Eearny Counties.
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Another area in which the Blus Hill Shale is noticeably thimner ccours
in northeastern Kansas, in central Bawlins County and northeastora
Cheyenne County.

From thesa araas of rolatively thin strata, the Blue Hill increases
irremularly in thickness tomﬂ the east. A trough of moderately thick
Blue Hill extends northwestward hemen the tuwo areas of relatively thin-
Klue Hill. The maximunm subswface thickness of ths Hlue Hill Shale
nsasured on electriual logs was 174 foet, and this occurs in southern
Rooks County. The maximum fhickness of the Blue Hill in Eansas, exvesds
this, howevar, and approaches 200 fest in Russell County (Moors, ot. al.,
1951, p. 2L},

vihen the isopachous map of the Hlue Hill is compared with the total
thickness map of the Carlile (fig. 23), several relationships can be
noted. In western Wallace County, the Blue Hill is thin as is the whole
Carlile and the Fairport Challc Mabar of the Carlile. Also, the Eluo
Ii11 increases in thickness toward the east as doss the total Carlile
thiclmess. In VWichita and Kearny Counties, the Blus Hill is relatively
thin, wheress the Carlile is relatively thick.

In tho preceeding discussion of the Falrport Chalk Fsmber of the
Carlile, it was pointed out that a belt of thin Fairport strata extends
acroas Sherman, Logan, Gove and Nese Counties. Ia this same area, the
Flue Hill Shale is relatively thick. In fact, if thicknesses of Blue
Hill strata in a given eres are compared with thicknesses of Falrport
strata in the same erea, it will be found that in general they have,
with the exception of the weatern part of Wallace County, an inverse
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relationship. This inverse relationship seems to dissppear toward

the oast though, whore deposition, as interpreted from the isopachous
maps, may have been more unifornm and continuous. The continued
deposition of calcarecus muds in local areas, et tha time of transition
between the Fairport and Blue Hill, may be responsible for the inverse
thicknesses relationship betwsen the two unita.

In Shorman, Hallace, Gresley and Wichita Counties, the Hlue Hill
Shale is relatively thin as is the Codell Sandstona. The variations
in thicknesses of the Hlue Hill Shals and the Codell Sendstone are
opposite in Rawling County, though, where the Codsll is relatively
thick and the Elus Hil1 is thin. Also, in the central part of the
area studied, the Blue Hill increasss in thickness whereas the Codell
terxds to be of relatively constant thicknass.

Fi. Hays Linostons

In addition to preparingz isopachous maps fo:j the Carlile Shale
and its members, an isopachous map was also prepared for the It. Hays
Limestone Member of the Niobrarn Formation (fig. 26), This was done 50
as to determine whether or not any significant relationship exists be~
tween the variation in thicknesses of the Pt. Hays Limsstone and the
Carlile Shals, particularly the Codell Sandstons Member of the Carlile.

Figure 26 éhom a rather pronounced band of relatively thin Ft.
Hays Limestone extending from the Wichita and Scott Counties nortlward
to Rawlins County, and then from Rawlins County northeastward iato
Nebracka. Other less conspicuous narrow bands of thin Ft. Hays are
in Phillips, Rooks, Grahm,_ lane and Hess Counties.
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A sharply defined arsa of relatively thick Fi. Hays Limestone
occurs in Greeley County and a less well defined arsa of thick Ft.
Hays occurs in Trego and Gove Counties and extends into Seott and
Lane Countiea. The mawimm subsurface thickness of Fi. Hays Iimesteone
exceeds 100 faet and is found in the southwmestern part of Greelsy
County. It is poesible, though, that the maximm thickness of the
Pt. Hays Limestone in Eansas, might occur in soutiwestern Trego
County. From a rogional viewpoint, it would sean that the Ft. Hoye

‘becomes thinnor to.the northeast, but the thimming 4s by no meana
regular. Where pronounced thickening of the Fi. Haye 1s present on
electrical logs, the thickening seems to be distributed throughout
the unit.

It asems that there is no proaminent relationship between the
vardations in thicknoss of the Carlile shale and the Ft. Hays lims-
stons. A minor similarity occurs in Greeley County whers some thicke
ening appears on both maps. Another similarity might be indicated by
the 60 foot thickneas lins on the isopachous map of the Ft. Hays in
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northern Sherman County, The southward extension of the 60 foot thick-
ness line indicates thinning of the Ft, lays Limestons in an area whereo

the Carlile Shale (fig. 23) is alwo thin. Another point to note aboud
the Ft. Hays Iimsstone in wmstern Sherman and Wallace Counties is that

the limestone is of more uniform thicknsas, as is indicabed by the wide
opacing of the contour lings. This same feature is also present con the

" Fairport map.
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The Fairport Chalk Member of the Carlile and the Fi. lays lime-
stone Member of the Nicbrara have their maximum observed thicknesses
in the sama general area of Greeley County. And, while tho area of
relatively thick Fairport strata is larger and less gharply defined than
that of the Ft. Hays, their general position and oﬂentaticn are about
the seme. Both units ha.vé an avea of relatively constant thickness in
Wallace County. In northern Logan County, both the Ft. Hayse and the
Fairport are relatively thin. However, at this point, a broad northe
west by southeast brending belt of thin Fairport strata is intersected
by 8 north-south tremding belt of relstivoly thin Ft. Hays Limestone. '/’
In contral Rawlins County, eastern Iane County, and other ereas where
the Fairport is fairly thick, the Fi. Hays 1s relatively thin., The
roverse of this is true in areas such as in the vicinity of the boundary
botween Scott and lane Counties. While there is a gensral morthwest by
southeast trend to the isopachous lines on the Fairport map, no euch
trend is evident on the Ft. Hays map.

In eastern Scott County; the Blue Hill Shele and Fh. Hays lime-
stona are both relatively thick., In Rawlins County, both the Ft. Hays
and the Blue Hil1l Shalo ars relatively thin. In Greelay County, whers
the Ft. Hlays is fairly thick, the Hlue Hill is quite thin. Both the Ft.
Haya and the Hlue Hill have a nsarly constant thickness in western
¥Wallace County.

A comparison of the isopachous maps of the Codell and the Fi, Hays
does not find any prominent similardtiss. In Wallace County, there ia
a tendency for the Fi. Hays to maintain a relatively uniform thickness



in an area of otharwise increasing thickness. This would correspond
to an area of minimm thickness of Codell. Also in Greeley County,
the Fi. Hays is relatively thick as is the Codsll. However, in
Rawlins County, the Ft. Hays is pelatively thin whereos the Codell
is relatively thick.

It has besn suggested by Jehnson (1930) that the varying thick-
nees of the Codell may ba evidence for erosion, and that an inverse
relationship may exist between the thicknesses of the Ft. Hays and
Codell. The dsopachous maps of tha Codell and Fi. Hays, prepared as
a part of this study of the Codell, however, do not seem to support
the existence of any auch inverse thickness relationship, at least on
& regional basis. ILocally, though, such as in Amdins County, it may
ba that such a relationship does exist,

N



CONCIUSIONS -

In general, the eontact between the limestons at the base of the
Ft. Hays and the uxderlying elestica of the Carlile ia sharp and parallel
to the bedding planes of the two fomat.ionsg Ovor mast of the area of
atudy, the Ft, Hays Limestone is underlain directly by a thin noncalcare-
ous sandstons bed containing shark testh, bone fragments, tubular struct-
ures gnd limonite nodules. The contact batween the limestone and the
sandstons is sharp and parallel but the contact betwoen the sandstone
and the underlying shale is somswhat irregular. The nature of the con-
tact botween the limsatone and sandetone, and between ths sandetone and
the underlying clastics of tha Carlile, suggests that the thin sandstons
bed which occura in contact with the base of the Ft. Hays limsstons may
be & bassl send of the Niobrara. The presence of mmerous shark teeth,
bone fragments and lmonite nodules in this sandstone alse supports
this idea.

In Kansas, the Codell Sandatone ia the uppermost mewbor of thres
members in the Carlile. To the northwest, in Wyoming, a shale unit
(Saze Dreaks Shale) is present above & sandstona that is equivalent to
the Codell Sandstons {Cobban and Reesids, 1952). The absence of this
shale unit in Kanses, suggeats that the upper-most part of the Carlile
in Konsas, 1s missing and that an unconformity exiats between the Niobrars
Chalk and the Carlile Shale. Another possible interprstation of the thin
sandatone in the uppermost part of the Carlile is that it may have been
deposited durding the time in which the Sage Broaks Shale was being de-
posited in Wyoming.
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Marine fossils are present in the Blue Hill Shale underlying
the Codell Sandstons and even though the Codell Sandstone lacks good
diagnostic fossils, those that are present indicate that the Codell
was deposited in a marine enviromment. The absence of well developed
cross bedding suggests a low energy enviromment of deposition. The
stresks and lenses of siltstone in the lower part of the Codell suggest
a gradual transition from a relatively quite daposltional environment
to one of increasing turbulence. The fine grain-size of 'thev batter
developed sandstonos of the Codell and ths very argillaceous nature
of the sandstone indicate that the clastics were probably deposited
relatively far from their source. The presence of glauconite grains
suzgests that the envirommental conditions wers scmewhat etable., It
is probable that the clastics of the Codell were doposited in a shelf-
type of enviromment, possibly in relatively shallow water.

Tha frosted surfaces of the grains of the Codell suzgest the
posaibility that the grains may have at one time existed in an eolian
environment. The fine grain-size of the clastics in the Colorado
Group as a whole suggests that the topography in the central interior
of North America, was at that time quite low and with the sea bottom
probably sloping gently eway from shora lines. It is possible that the
clastics of the Codell in Kansas, were deposited primarily in response
to a gradual lowering of sea level relative to the plane of deposition
and srosion, t.ranaportat'ion and redeposition of sediments previocusly
deposited at higher levels within the broad area of deposition existing
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at that time in the central interlor of the United States. That these
sediments at higher levels were during ths course of their transportation
reworked and possibly exposed to the atmosphere over and over is indeed
a possibility.

Non~depoaition is probably the principal reason for the absence
of the Codell in Sherman and Wallace Counties (pl. II). A subsurface
cross section based on elsctrical logs (pl. III) shows that the Elue
Hill and Codell Membors of the Carlile thin rather abruptly in the
vicinity of Sherman and Wallace Countiss. In the cross section (pl.
IXI), the Pairport does not seam to thin in Sherman and Wallace Counties.
However, the isopachous map of the Fairport (fig. 24) does show scme
thinning relative to ite thickness over the rest of northwestern Kansas.
It is probable that a high existed or developsd in the vieinity of
Sherman and Wallace Counties at the time the sediments of the Carlile
werea deposited. Since the Cedell is absent in Sherman and Wallace
Counties and the thinning of the Blue Hill Sha]_.e is more pronocunced
than the thinning of the Fairport, it seems probable that the high
became more pronounced in the latter part of the time in which the
Carlile was deposited. Thils high may have been associated with move-
mants of the las Animas Arch (Lee and Merriam, 1954). In the north-
eastern part of the area, the Codell is absent because of what seems to
be a lateral gradation into shale.

The elongated shape of the better developed sandstones of the Codell
in northwestern Kansas, suzgests the possibility of a feature simiiar to
an offshors bar. However, the sedimentary structures of the sandstone
unit as seen on the outcrop in northern Ellis County do not seem to fit
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in with this idea. For example, the more or less rytlmic alternation of
sandstone or siltstone and sandy shale in the lower part of the Codell

does not seem to suggest an offshore bar origin. The writer of this paper
is inclined to believs that the location and shape of the sandstone beds
was determined by currents vhich were controlled in part by broad irregular-
ities such as may have existed in the vicinity of Sherman and Wallace

Counties, on the surface of the sea bottom,
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" GEIERAL EXFLANATION

The following measured sections of ocutcropping upper Car;.ile
Shale ars arranged alphabestically according to locality (i.e. ElA,
EiB, LG, FiA, Juh, JuBymmmemm——ettio. ) The location
of thas’e_“lnuali‘cgiea ‘.'la also shown.on Plate IIX. |

HEASURED SECTICNS

Thickness
locality El1A feot
(NW&, Sec‘. 17, Tn_ i 5., R 17 H», ilis County, K&m&s)

Niobrara Chalk
Ft. Hays Limestono Mewber
' Limestons, light gray to nesarly white, weathering to
a light yellowish gray, thick bedded, chalky, contain-
1%;-; ghin lenses and atreaks of fine grained sand at
the basa.

Carlile Shala
Codell Sandstone Member
5. 8andstons, gray weathoring to a light ysllowish

brown, fine grained, argillaceous, noncalcareous,
frisbla, conteining muerous light gray anastomosing

- ealcargous tubular structures (0.04 1 foot in di-
amoter) which have a dominantly vertical orientation.
Very faintly defined ¢ross~bedding is present in the
upper two feet. Limonite nodules and shark testh
occur spardngly throughout. « o « » o o v ¥ o v « o o « 5.0

4, Shale, dark gray, noncalcarecus, gritty, contains
thin beds of fine grained argillaceous sandstone. . . « 0.5

3. Sandstons, gray to licht gray, mwottled, fine grained,
noncalcareous, argillaceous, numerous irregular thin
atreaks (0.002 < foot) of gray to dark gray which
becoms more abundant in the lower part; limonite
nodules and staining common throughout, « o » 4 « o ¢ o T2

2. 8iltstone, gray, weathering to a light brownish
gray, contains numerous gray atreaks of clay material
and thin bands of limonite. « . R B S SR SR . 24



Bine 1311 Shele Momber - Thicimeas
1, Shale, dark pmy, weathering o 8 gray or dark feot

binish gy, sritty cccesiondl thin bed (0.008

Poot} of very £ine preined sandgione,; oumerous

thin (0003:Foct) stroeks and plano-convex

Jonsos OF alllsloNBevoseesnssesssansencossvonrens ch.ll:g

L ¢ .
&‘D{.&ls':o BSOS TN CRNOFPTDEILP PO CEROITORNSR RS .26»(3

. , Lo ealtdy ELB ,
(I Oy SBCe 205 Te 11 Sas e 1)8 Hop Ellls County, Kangas)

Highrara Chalk
The Eayes Limcspions Hember | v L
Iimestone, 1ight grey 4o nesrly whits weathewing to
2 lrht yvellovich to yellowish braun $int, softy
challor, uith thin beda of gmy o preenigh gray
calcamous shals.e

Cariiie Shale
Codell Sandgtona Menbep

-2« Biltstong, 10 riwy, weathering to a Iight yveallowe
1sh broune poorly infirated, gomevkat clayeys noncele
caragus, containing mmerpaz thin {(0.02:fo0t) ine
gredped, arnililscecun sandstone beds. Uppor ons o
two fent comtain ronerong Irht syoy anssiomosing
calearoous Wludar strunturese limoniie nodulas,
some conteining iron sulfide sowmea, &ire abendant in
npper few feat}....o....ct'ﬁ'.’-,-’.‘!ltv'l cowccsnnvevesellel -

“ine EI1l Shale Menbar ,

le Thale, dark zrary westhering 10 omay. boncaloaraons,
slightly hioelky, griitys contrining nmoross saall
streaka and plano-ponvex lensos of silistone. lue
nerous thin {C.3:fonk) dizcontirmons teds of groy
arrillaceons sandstone ocours throughoui, £ cone
crotion zone ocourp aboul 30 feelt balow the tase of

e e Hays Linestons, The concretiong vary in

psize from & few inches up to 6 feot in dlametor, and
contains numerous veing of Ioht pyey c2loitCeseene?Ied

Shele, dark grey, weathering to cark bluish gruy, Boncalesroous,
very slirhtly crlittye '

c .

YV ey o ’ N
lGC&loc:‘uuo..-o -oo0.'o-«au;-aaua.e-‘--a--.-vcot-.-I’B*:?‘-?
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Thickness
locality EIC faot
(sEk, sec. 4, T. 11 S., R. 18 W., Ellis County, Kansas)

Niobrara Chalk
Fb. Hays limeatone
Limestons, light gray to light yellowish gray,
sandy at base with faintly defined irregular
beddiﬂg'

Carlile Shale
Codell Sandstone Member

2. Sandstone, light gray, massive, fine grained,
noncalcareous, argiliaceous, soms faintly dew
fined cross~bedding, anastomosing tubular struc-
tures scattered throughout. Shark teeth (pave-
ment and cutting types) and limonite nodules ocecur
sparingly, then irregular layers of orange-brown
sandstons at top. A planc-convex lsns of shale
(15 feet wide and 0.5 foot thick), composed of dark
gray clay materisl interbedded with thin beds of
light gray argillaceous sandstone, ia present in
this unit about 5.5 feet below the base of the Ft.
Hays. MNumerous interlacing tubular structures are
present in the sandstone at the base of the shale
lens. Codell -~ Ft. Hays contact is sharp and
parallel to the bedding planes of the two units « « . . 7.5

1. Sandstone, light gray, nodular weathering, {ine
grained, noncalcareous, argillaceous, alternates
in a somewhat rythmic fashion with poorly defined
siltstone beds, tubular structures rare or absent . . .13.0

Total-........-....‘-....--....20-5

locality E1D
(KE cor., sec. 3, R. 17 W., T. 11 8., Ellis County, Kansas)

Niobrara Chalk
Ft. Hays Limestons Member
Limestone, light gray weatherinz to a light yellow
ish gray, massive, containing thin bveds of preen~
ish gray shale,

Carlile Shale
Codell Sandstone Mamber
5. Sandstons, light gray westhering to light brown-
ish gray, masaive, friable, fine to very fine
grained noncalcareous, argillaceous, containing



.

75

'i‘higk:tsiaa

mmmious specks and bands of limonite; upper

0.2 = foot contain sandy shale partings and
poorly indurated yellowish brown sandstone;
anastomosing tubular structures and sandy li-
monite material occur aparingly in upper one
foot; limonite ncdules (0.1 & foot in diameter)
ogour sparingly in upper few feebt; upper con-
tactaharpaxldparallal....e..._.. «e e s o e 80

S8andstone, light gray, weathering to a light

brovm or brownish gray, friable, fine to very

fine grained, noncalcareous, argillaceous, some

oiltstone beds glternating in a rythmic fashion

with the sandstone; limonite staining coumon;

limonite nodulss are present bubt s8parce + «. « o« v o + «15.5

Blue Hill Shale Member

3.

2.

1.

Shale, dark gray to browmish gray, very gritty,
noncalcareous, blecky, with mumerous lenses and

thin beds (0.15 & foot) of siltstone and light

gray fine grained argillacecus sandstone; the

fraquency of the sandstone bads increases up-

wards and the contact with the overlying sand=

Btone appears to be gradational . « ¢ 4 4 4«0 o 2 o o 6.9

Shale, dark gray to dark bluish grey weathering

to gray, gritty, noncalcareous, somswhat blocky,
with numerous small stresks and lenses of silt-
stone (ca. 0.003 & foot thick); the small streaks
and plano-convex lenses of silistone are faintly -
defined at base but becoms more numercus and more
conspicuous upwards; limenite staining on fractures
soptarian concrstion (4.0 * fest in diameter) occur
in the shale about 40 feet below the base of the
Ft. Hays Limestona, upper contact gradational,
Shale in spotted about 43 feet below the base of
the Ft. Hays Limestone; spots are light gray,
somewhat elongated, 0.01 feot or less in diameter,

-and appears to be composed of licht gray clay

material and silt-sized par‘biclea t e h &8 0.8 v N @ ..16.2

Shale, dark gray to gray, slightly gritiy,
noncaleareous, clayey, selenite crystals numerous,
limonite staining on fraciurd planos. « + o o » o+ + o o 4ob

[ PN )
,zxotclo.,.....--c-..............ﬂ.a
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, Thickness
Iocality KB fact
(RE COYa, Hﬁé, =11+ 12, R. 16 wﬁp- 7. 11 8., Ellis Gounty, K&nsas)
Sectlona not meapured in deteil.

Niobrara Chalk
Fi. Haye Limestons Member _
linestons, 1ight gray to light yellowish £X8Ys
gray, calcareous, shale beds, ,_

Carlile Shale
Codell. Sandstona Hembar
5. Sandstone, light pray weathering to light browmish
gray, masasive, fine grained, argillacecus, noncale
careous, friable, weathered surface pitted; upper
contact sharp and parellel to badding « « « » o « o « +12.8

4+ Siltstone, light gray weathering to & light yollow-
ish btrown or brownish gray, sandy, poorly indurated,
noncalearecus, contains a few thin (0,05 £ foot)
Mbﬂﬂiﬁﬂflmnitﬁosrng..o;gioionuolSté

Blue Hill Shale Meumber o
3. Shale, dark gray, wery gritty, noncalcareous,
alternating with 0.2 ~ 0.3 foot thick bads of
gray to light brownish gray, noncalcarecus
siltptons; bands of limonite are also common;
upper contact appeal‘atvohagradational D -

2. sShals, dark gray weathering to gray, gritty, non-
calcaraocus, conbains numerous streaks and plano-
convex lenses (0,005 < foot thick) of siltstone,
some sandy slltetone beds (0.1 ¥ foot thick) are
prosoent; shale contains numerous light gray spots
Inupper one £006 o i ¢« o v 4 0 6 6 s v e 0 e s e 10,2

1., Shale, davk gray, weathering to gray, slightly ,
gritty, noncalcareous with a septarlan concretion
gone {about fotr fest thick) in upper part.

TOtalo-.-tta.olbq-av-o.iua,suurq'i"ylﬁ.snz



Thicknsas
Iocalit:.r Blr foat
(oW cor., 5w, seo. 22, T. 12 B, R. 16 W., Ellis County, Kansas)

Miobrara Chalk
Fb. Hays limestons Mewber
Limsstong, lizht gray weathoring to a nght yallow-—
ish gray with a browmish tint, thick bedded, chalky,
with some thin beds (0.1 te 0.3 foot) of zresnish
gray shale; limestone somowhat ssndy at base.

Carlile sShale
Codell Sandstone Hember | |

2. Sandstone, gray westhering to a yellowish brown
with a slight orange tint, fine grained, non-
ealoareous, argiliasceous, friable; yellowish gmg
sandy calearccus tubular structures (0.05 £ foobt)
are very abundant, begoming matted, appear to extend
upward into the overlying Fi. Hays Limestone and
dovmwards into the underlying sandstone; part of
g relatively flat lying Inocaramas shell was found
0.7 foot below Ft. Hays Limestons; wertebra and
‘shark teeth fairly eommon; some limonite nodulaes
:gd base; upper contact sharp and parallel to

Ii..btil.'l.ﬂ‘!.b.'.h"lll.o

1, ZSandstone, light gray, weathering a Yight gray with
‘& yollowish brown tint, massive, noncalearaous,
argiiiacecus, woathored surface coarsely pitted;
1ight gray tubulsr structures common in upper two
feel; upper contact sharp but alightly irregular. « o « 3.0

Covered.

Tobal 4 ¢ « o ¢ 2 0 6 5. 4 » ' v ¢ ¢ 5 2 % ¥ 4 v ..A‘O

 lacality 310
(swk, see. 26, T 12 8., R 16 ¥., Ellis County, Kansas)

Niobrara Chalk
Ft. Hays Limestone MNember

Iimostono, light groy, chalky, present on cutcrop
as a thin sap roclk, deeply woathered.
farlile Shals
Codell Sandstone Hembey
6. Sandstone, gray to light gray, westhering to a yellm-
ish brown, noncalocarecus, argillaceous, scattored
limoRtite nodules; upper contact sharp and parallel



7e

Thickness
feat

to bedding, lower contact somewhat Wavy « « « » o o + + 10

5. Sandstono, light gray weathering to light yellowish
brown, massive, fine grained, noncalcarsous, argille
acmbQtﬂg.tiﬁanovt-i'wot'o».c.onéc?

h» Sandstone, light gray weathoring to light yollowish
brown, {ine to very fino grain, ncncalcareous, more _
‘argillacecus than overlying sandstone « ¢ o « + o o # o 6.9

3« Siltstons, light gray weathering to light yellowish
~ brown, noncalcareous; sandstone beds of similar
sppearance in upper few fest; very arpillaceous at
base; scatterad streaks of dark gray shale are comron
aspacially in lower part; scatiered bands and nodules
oflinwnita_oq.;-.ggg.-.f._...-.n_._.'--, M-?

Blue Hill Shale Meuber _ ,
2. &hale, dark gray weathering to a dark brownish gray,
vory gritty with several bads of sandstone (lithology
like above), noncalcarecus, mmsrous small stresks
and plano-convax lenses (0,005 ¥ foot thick) of clsy
material and gandstone; limonite stain common; upper
contact appears to be gradational + « « o w4 v s ¢« » o » 243

1. Shale, dark gray, weathering to gray, gritty,

. somswhat blocky, noncalearsous, spotted in upper
part, thin (0.005 T foot) light gray streaks and
lenses of siltstone, rather common in upper part,
limonito stain and selenite crystals fairly sbundant;
a feiwr thin bads of sandstone are prssant; large
soptarian concretion (up to 8 feet in diameter) oceur
in the shale at 41 and L6 fect bolow the base of the
Fb.-Ha;?s.q.-‘.a......‘._.i.'.......'.13..9

Tcta_l&l.Q"IQliQilf’_'if!ﬁl,'..lih?,?

, ~ localities EH and E1I ,
(mH-ind, secs 21, T. 13 5., R, 17 ¥., Ellis County, Kansas; FlI-Host
aide of S%, 880, 17; T. 13 Sey Re 37 Way Ellis Gcmty, Kmaﬂ)

fdobrara Chall
Ft. Hays limestone Membax ,
Iimogtone, light gray weatharing with light yellow-
ish browm tint, chalky, deeply weathersd; soeminsly
auite sandy at base, '
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Thiclkoenn
Carlile Shale Heab
Codell Sandstone Member , ‘
6. Shale, gray to greenish gray weathermg to a
brownish gray, gritty, clayey; location of
upper-contact questionables ¢ » ¢« 4 4 ¢ o s 0 8 s s o » 02

5., Sandstone, gray weathering to a yellowiah brown,
numsrous thin (0.2 foot or less) light gray beds
of caleareous ma.ter:.al, a few thin beds of shale;
-anastomosing, light gray, calcareous tubular
structures are present though not conspicuous,
lower contact somswhat irregular. . . « +. 4 « o ¢« « s » 2,8

4. Sandstone, light gray weathering to a light brown-
ish gray, noncalcareous, very argillaceous, friable,.
with numerous gray streaks of clay material; limonite
stain and nodules COMMON. + o « « ¢ o o« » s v ¢ s » o s 6.2

3. ©Siltstone, light gray weathering to a light brown-
ish gray, sandy, noncalcarecus, friable, contains
numerous thin (0.01 * foot) dark gray streaks and
lenses of shale and a few thin (0.1 % foot) beds
of very fine grained sandstone; weathers with a
somevhat nodular appearance, upper contact fairly
Bharp..-..--..'..-......-...--.3.3

Blue Hill Shale Member
2. Shale, gray, mottled with dark gray, very silty,
" noncalcareous, somewhat blocky, scattered thin
{0.1 foot *) very fine grained sandstone beds; .
limonite stain common; small selenite crystals
‘common; upper contact gradational . . ¢ ¢ v s s . s s 0340

1. Shale, dark gray to gray, noncalcareous, gritty with
" very small streaks and plano-convex lenses of silt-
stone and sandstone fairly common in the upper 22
fouu, scattered thin (0.1 foot ¥), very fine grained,
limonite stained sandatone béds; a few fish scales
‘are present; septarian concretion zone is present
about 30 feet below the base of the Ft. Hays; li-
monite stain on fractures; selenite crystals common;
upper contet gradationals o o « o o o 0 s 0 o 40 2 s 425.0

Tot.a.l_...‘.,......._-.............45.'5_.



- Thickness
Locality ELlJ feet
(swk, sec. 26, T. 13 S., R. 19 W., Ellis County, Kansas) '

Niobrara Chalk
Ft. Hays Limestone Member
- Limestone, light pgray weathering to a light yellow-
ish gray, massive, chalky, scattered thin beds of
greenish gray shale; gray to yellowish brown tubular
structures in lower one foot.

Carlile Shale
Codell Sandstone Member
5. Shale, dark gray to greenish gray, calcareous, ,
streaked,gritty’.....-.._q.._..........O.Q

4. Sandstone, gray weathering to a yellowish brown,
fine grained, noncalcareous, argillacsous; lower
contact somewhat irregular. « « « ¢ o ¢ s ¢ o ¢ o o » « 044

3. 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, . . 4.0

Blue Hill Shale Member
2. Shaley dark gray to gray weathering to a brownish
gray, mottled, very gritty, noncalcareous, some-
what blocky; thin streak, lenses and beds of firm
groundsandstone COUTNON o « o ¢ 5 s o o« » o ¢ o s o s » 22

1. Shale, dark gray, somewhat blocky, gritty, non-
calcareous; thin (0.005 £ foot) streaks and plano-
convex lenses of 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

Tota.l...............-...—......39.1

Localities FIK and ELL
(swk, sec. 28, T. 15 S., R. 20 W., Ellis County, Kansas)

Niobrara Chalk
Ft. Hays Limestone lMember
Limestone, light gray weathering to a light
yellowish gray, chalky.
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Trivknogs
fend

Codell Sandstone Member

34

2

Shale, gray weatheringz to a brownish gray, some-

what ecalcarsous, gritly; anastomosing tubular

structurss are present in upper foot and seem

to extend into the overlying Ft. Hays Limestons « « «» « 2.4

Sandstone, gray weathering to a yellowish brown,
thin bedded, fine grained, argillaceous s Cale
careous with mumerous thin (0.01 £ foot) light .
gray calcareous st.reaka limonite stain abundant;
a few thin (0,01 * foot) light gray, very fine
grainoed, sendy limestone beds are present in the

IOWO Sfaatn c‘.‘-“t'a.‘-'o‘o"o LI I n. o o s o » 3.6

Blue Hill Shale Yenber

1.

Shale, dark gray to gray, gritty, noncaleareoua s
contaminb scattored thin (0.005 £ foot) streaks
and plano-convex lenses of siltstone; scattered
thin (0.1 & foot) fine grained argillaceous sande
stone beds; quite sandy in upper four feel; sep-
tarian concretion zome occurs approxdmately 25

‘feat below base of Ft. Hays Limestone;. limonite -

atain common on partings; upper contact sharp . « « +» 241
Total.-..---,,-o;.-............30.1

Locality FiA

(SW cor., SE}, sec. 35, T. 21 5., R. 29 W., Finnoy County)

Niobrara Chalk
Ft. Hays Limgstone Hember

Limestone, light gray to light yellowish gray,

- chalky, deeply weathered.

Carlile:- Shale
Cocdell Samdstons Member

- Shale, dark gray weathering to brownish gray,
noncalcareous, gritty, numerous thin streaks

and lenses of siltatons; a few thin (0.01 * foot)
arzgillaceous sa.ndstona beds; anastomosing Tubular
structures (0.02 ¥ foot in diameter) composed of
yollowish brown sandy materiale « o « o o o o v o o o o To7

Blue Hill Shale Member

1.

Shale, dark gray weathering to gray,. noncalcareous ’
slightly gritty with a few thin (0.005 1) streaks and
lenses (some of which are plano-convex) of siltstona.
Portions of upper contact quesbionable. S i 1Y 3

TOtﬂloc..ou.cvouoon__.ooo-cocc.w-l?l
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Thickness
. Locality JwA - - feot
(my;, sac. 17, T. 2 s., Re 6 Wiy Jewsll county, Kansa.a)

Hiobrara Chalk
Ft, Hays Limestons Member
Limestone, light gray weatherinb wit.h a light
yellowish brown tint, thick bedded, chalky
acat.tered thin beds of ahala. '

Garlile Sha.le ,
Codell Sandstone Hembor
2. Sandstons, gray ‘weathering to a yellowish brcmn,
c v fins grained, argillacecus, unoncalecarsous, poor—
-1y indurated, contains numsrous thin (0.005 )
streaks of gray clay material;. upper contact
Sharp and pﬂrallﬂl to bedding ¢ s . s ... * obu EEE ) 1-0

BluaHiJlShaleMember ' S Do
1, Shale, dark gray, sligkrtly gritty, m:ncalcareoua s
"~ limonite 'stain common on bedding planes and frac-

tures; interval between 20 and 40 feet below the
basa of the Ft. Hays Limestons contains some
scattered streaks and planoc-convex lensas of ailt-
stone; septarian concretions are present at about
22 feet and 40 feot below the base of the Ft. Hays;
‘some highly weathered fossil shell fragments were
.found about 20 :t'eet. below ths base of the’ Fb. Haya + + 49,0

'Total d P * ‘e n'n P n‘o-n . l d - . t l s .50.0

o © 0 Locality duB - ‘
(g, sec. lh, T.-' 2 8., R 8 W., Jewell county, Kansas)

Miobrars Clmlk
Ft. Hays Limagtone Member
' Limestons, light gray to light yellowish' gray,
thick bedded, somewhat sandy at bage; fow
tubular structures noar base. '

Carlile Shale
Codell Sandstone Member =
-2« Sandstone, light gray to gray weathéring to’
yoellowish brown, upper Q.4 foot calcareous,
lowar 0.3 foot noncalcareous, very argillacecus,
- poorly undurated streaks of gray clay material;
upper contact sharp and apparently parallel to
bedding; lower’contact somewhat irregular « « o 4 o o s 0.7
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Thickness

Hlue Hill Shele Member ,_feet

1.

Shale, dark gray, weathering to a grayish brown,
noncalcareous, somewhat blocky in uppsr part; a
few sandy limonite nodules are present ca. 2.0

g“belowﬁodell&mdstom.'......-.........15.0

"Tdtalonoc'OOOlio_'ttooo"i.i.oo.ooucolit'r

Imca.lity JuC

(swk, sec. 10, T. t; 8., R. 10 W., Jewell County, Kansas)

Niobrara Chalk
Pb. Hays Limestone Member

Limestone, light gray weathering to Jight yollow-
ish gray, thick bedded, chalky, sandy m lower
one foot.

Codell Sa.nd?aﬁona Member

3.

2.

1.

Sandstona, light gray to gray, weathering to a

yellowish brown, noncalcareous very arcillacecus;

poorly indurated, emall (0.3 T foot in length)

ghark teeth are fairly common; limonite, solid

nodules and hollow concretionary forms are . common

in lower 0.3 foot, upper contact sharp and parallel;

lower contact sharp and scmewhat irregular. ¢ o+ « o o « 1o1

Shala, dark gray weathering to a brownish gray,
noncalearacus, streaked with gray clay materiel

in lower 0.4 foot; a few limonite nodulars occur

in the upper part near the contact of the over-
ly':'mgFt.HaysLimestonB... B 4 0 6 5 2 e v on s s ¥ .007

Shale, dark gray, weathering to gray, noncaleareous,
soms limonite stalming; streals and lenses of silt-
stone are present in the shals downwards to about

40 feet below the Ft. Hays, but are not present in
vho upper few feat; septarian concreticns are present
in & zoas about 36 to 40 feet below the base of the

‘Ft. Hays; much of the saction is covered. + « « « » « 400

Total..¢...........--.-‘..'...l;l.a



Thickness
faots
locality MoA
(s}, oWk, see, 12, T. 9 8.4 Ry 10 W, Iﬂtchall County, Kanses)

Niobrata Chalk
" Ft. Hays limestone Hember
limestone, light gray weathering to light yellow-
©© ' ish gray, chalky, somewhat shaly to thick bedded,
slightly sandy at base, numercus thin pelecypod
- ghells ab base which are somewhat conglomorite.

Codell Sandstone Member
Sandstone, light gray to gray, westhering to yellow-
~ ish brown, massive, fins grained, argillaceous,
poorly indurated, noncalearsous, wobttled with gray
clay material: limonite staining common wit.h a few
' scottered limonite nodules; small (0.05 & foot in
length)sharktaethfairlycomnon. RN RN 0300

Blue Hill Shale Member
1. GShale, dark gray woathering to gray, mottled with
" ldpht gray, slightly gritty, noncaloareoua. v o0 e e 20

TOtBlg:‘cvlg»actottocu---'lu-oc’tsoo

A septarian concretdon zone is present about 22
feat: below the base of the Ft. Hays Limestons;
the coneretions are sandy; some cscillation-type
ripple marks and soms crosgebedding is present in
the concretion gona. ,

Locality NeA
(NE}, sec. 19, T. 17 8, Ry 22 W., Neso County)

Niobrara Chalk
" 'PFbe Hays Limsstone
Iimestone, light gray weathering to a light yellow-
ish gray with a slight brownish t.int challys few
“scattered tubular structures (0,05 £ ! foot in diameter)

Carlile Shale
"' 'Codell Sandstone Member
3. Sandstone, light gray to gray weathering to a yellow-
ish brown, friasble, fine gre%ned arpgillaceous, gcone
" taining numerous thin (0,02 < foot) light gray streaks
of calcareous material; calcareous tubular structures



24

1.

85

Thickness
feet
{up to 0,1 foot in diameter) are fairly common;
& few shark teeth are present; upper contact is
sharp and parallel to bedding; lower contact is
sharp and possibly ecmewhat irregular « « « s s v o o o 30

Shele, derk groy, gritty, with bands and lenses
of brownish gray slltstons, blocky, noncalcareous,
limoni‘ﬁes‘bairﬁngemmn.........._u.....5.9

Shale, dark gray to gray, scmevhat bBlocky, none

- galcareous; limonite staining on partings is

conmon; scatteraed thin (0.005 * foot) atreaks

and plano-convex lenses of giltstone which are

most abundent in upper 7.0 feet; scattersd thin

beds (0.1 £ foot) of siltstons; septarian con-

cration zono agbout 28 fesct below base of Fb.
Hays!dmestana'.a..-..........".';....]B.O

To‘bal...-..‘.......o.-.-.......26.3

Locality HebB

(sEk, sec. 30, T» 20 8., R. 26 W., Ness County, Xansas)

Hiobrara Chalk -
Pt. Hays limsotone

Carlile Shals

Limestone, light grey weathering to a light yellow-
ish gray, thick bedded, chalky.

‘Codell fandstona Member. . . . . _
2. Siltstone, zray with dark gray streaks of clay

material, poorly indurated, upper few tenths

foot 1s calcareous, otherwise noncalcarsous;

scattersed thin (0.1 = foot) bands of limonite;

upper one fool seems to be a little more arzillaw-

ceous; uppdr contact shavp and parallel « o+ o = v o « » 4.0

Blue liill Shale Member

1.

'Shale, dark graey to rray, gritty, noncalcareous;

geattared thin (0.1 & foot) beds of sandy silt-

stone; thin (0.005 ¥ foot) streaks and lenses of

siltstons ere fairly common, espeeially in the

upper 7 feet; septarian concretion zone is pressat

about 28 feet below base of Ft. Hays Limestone;

upper contact pradational o « ¢« o o 5 2 6 v 6 b 0 0 o o245

Tota]t.l't"Q."O...l‘..".b.‘.028.5



Iocality NsC v
(M, secs 1, T, 17 S.4 R 22 H., Hess county, K&ﬂﬂaﬂ)

Kiocbrara Chalk
ft. Hpys Limestone Member
Limsstone, lizht gray wesgthering to & lig;ht
yellowish gray with a elight brownish tint,
chalky, badly fractured,

Carlile Shale ,
Codell Sandstone Member y
3. Ghale, gray to brownish gray, sandy, highly
calearasous, except lower 0.7 foot which is only
slightly calcarecus, light gray limy strecks in
upper 0.4 foot; upper contact sharp and parallsl
tﬂb@dm-sb--nncotnv-o-o:rcon‘vi

2. Sandntone, gray woathering to yollowlish brown,
a.rgilla.cews » thin bedded, numercus
thin %r.oos foot) somewhat wavy light gray
streaks of calearecus material parallel to the
bedding; a few light gray calcareous tubular
atructures having a dominantly vertical habit;
uppor contact sharp and parallel to bedding;
lowor contact is sharp and possibly somowhat
megtllar.-.'a“.........’.-a.

Elue Hill Shale Hember
1. Shals, dark gray to g,ray, gritty, norncalcareous;
scattered thin (0.2 ¥ foot) fine ained argil~
lacecus, pandstone beds and thin (0.005 < foot)
streaks and lenses of silistone, both of which
are ezspecially abundant in the upper nine .t‘eat,

Totalsbtqtoticsiqnoot'-ontut,

locality CbA
(ﬁ?ﬂ:. B3C. 21‘; T, 7 3., B, 1 WQ, Oaboma Gawtb}", Eﬂmas’

liobrarn Chalk
Ft, Hoys Limestone Member
Limestone, licht gray weathering to a light
yellowish gray, chalky, sandy in lowor one Loot.

Thickness
- faet

e e 24

o o 2oy

e 23

» +29.1
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Thickness
faet

Carlilo Shale
Codall Sandatons leomber

Y

Sandstone, gray weathering to a yellowish browm,
mottled, fins gralned, friable, arzillaceous,

anoncaleareous, somewhat calcarcous in upper fow

tenths of a foob; upper contact falrly sherp and
parallel to bedding planes; lower contact shovp
andseaninglyparallal..'.nn........._.-1-0

Blue Hi1l Shale Member

24

. Le

Shale, davk gray to gray, somawhat gritty,
calcarcous; mumarous thin bands or etringers of
Limonite; solenite crystales cbundanbe « o ¢ s 2 9 o & #1349

Shale, dark gray to gray; aritty, noncelearecus, .
limonite staining on bedding planes; mumerous

thin (0.005 & foot) streaks and lenses of silte

gtone, interval between, 18 and 22 feet below the
base of the Ft. Hoys is very silty; selenite
qryata]scmmn.-.-...«...,‘....v....9.2

Tdtel.-..._...w.“,-.c-....'.-a;-ou?.h.l

I.ocality ObB

(suk, sec, 10, T, 6 8., R. 13 W., Osborne County, Kamas)

Niobrara Chalk
Ft. Hays limastone Hembar

Carlile Shale

Limestons, 1ight gray weathering to a Jight
y:l%aaomsh gray, chalky, thick bedded, sandy
a L= ]

0 ' '

Codeld Sandstone Member

3

Samdstone, gray waathering to a yellowish brown

with a 8light orangs tint, bottom 0.3 foot mottled

gray, fine grained, poorly indurated, argillaceous,
noncalcareous; uppor contact sharp and parallel to

the bedding planes; lower contact sharp and seet-

incly gomewhat Irregulads o o 4 » o v + v 5 5 s 2 ¢ s « 10

Hue Hill Shale Menmber

2.

Shale, darit pgray to gray, scmewhat blocky, slightly

gritty, nencalearecus, selenite crystals common,

limonite staining also common, a fow thin sandstono

Jonses in extrens Jower pParbe o v s o v 0 9+ 00 v ¥ o .16.2‘.



1.

88

Thickneass
feat

- Shale, dark gray, somswhat blocky, gritty, none

calcareous, numsrous thin (0.005 % foot) gray,

streaks and plano-convex lenses of siltstone;

solenite crystals and limonite staining comnon;

scattered thin (0.05 % foot) light gray sandy

siltatone beds weathering to a yellowlsh browm;

large gepbarian coneretions up to § feet in

diameter occur sbout 33 feet below the base of
‘bheFt.Hays....-.o...-n-.......-...23.7

Tom."...II'II!'.Q..“..'I'IW'?

locality oG

(sek, swk, sec. 24, T. 8 8., R. 13 W., Osborne County, Kansas)

Kiobrara Chalk
ft. Hays Limestons HMember

Limestene, light gray weathering to a light yellow
ish gray, chalky, thick bedded.

Carlile Shale _
Codell Sandstone Menber

be

Sandstone, gray weathering to a yellowish brown,

mottled with gray in lowsr 0.8 foot, fine grained,
argillaceous, noncalcareous; few scattered iron

oxide concretions; upper contact sharp end parallel;

lower contect sharp and somewhat irregular. « o o o o o 2.0

Blue Hill Shalo Membor

3.

2.

Shele, dark gray to gray, noncalcareous, containe
ing a few scattered gritty zones; limonite staine
mm%lﬁnitacmtalscmn' v s e s s s 0 s 0 s o 9.7

Shale, dark gray to gray, scmewhat blockyvf_ Eritly,
noncalearecus, with mumerous thin (0.005 < foot)

gtresks and plano-convex lanses of siltstona,

scatterad thin (0.1 = foot) beds of sandy silt-

stone; limonite staining and selenite crystals

comon on partings and fractures; large caleareous
soptarian concreticns up to 5 feet in macimum

diameter cccur at about 43 feet and 55 feet below

the base of the Ft. Hays Limestone; upper eontact
gr&dﬂtiﬂn&lnnnnno-..ocogc-nov-loc__ctl-lh9



Thickness
feet,
1. Shale, dark gray, noncalcarsous, slightly gritty;
upparcontac‘bgraﬂational. P K

‘T'O't{ﬂl)a_-_qiw,n,',',-,a_-.o.u.t T T B T SO | «59.6

Iocality ObD
(S‘Wk; 868, 32’ Ts 9 S.y R 12 Ht, Osborne COlmby, Ktmsaﬁ)

Niobrara Chalk
Ft. Hays Limostons Member
Limsstone, 1light gray weathering to a light yolloim
ish gray, chalky, somewhat sandy at base,

Carlile Shale =
" Codell Sandstone Menber
2. Sandstone, gray weathsring to yellowish brown,
fine grained, argillacsous, noncalcareous, poorly
indurated, deeply weathored, mottled with gray in
lower 0.9 foob; upper and lowor contacts sharp and
para]leltobeddim.............s....1.7

Blus Hill Shale Nember
l. Shale, dark gray to gray, weathering to & brown-
- dish gray in uppor 1.5 feat, nonealcareous, sonewhat
clayey, with limonite stain conmons » « « » « o« o o ¢ 3.0

Total'....10‘Q.Q."'l...l‘.‘.'h.?

Locality (bBE
(W cor, Sﬁ&, sec. 5, T. 10 S-, ®. 13 W.s Osborne Count,?, KanBaS)

Niobrara Chalk
Fb. Heys Limestone Momber
Limostona, light gray weathering to light yellowe
ish gray, chalky,thick bedded, light gray tubular
structures in lower ons foot.

Carlile Shale
Codell Sandotons Mamber
3, Sandstone, gray weathering to yellowish brown, fime
grained, argillaceous, noncelcarecus; containing
anastomoaing lizht gray calcarecus tutalar structures
in upper one foot; upper contact sharp and parallsl
to bedding; lower contact sharp and gomewhat irregular. 2.8



2.

1.

Thickneas
feat
Shale, dark gray weathering to a browmish
grays noncalcareous, somewhat Clayays o « v v s 0 o s o 6.1

‘Siltstone, lisht gray weathering to a light

brownish pray, mottled with dark gray clay

material, noncalcareous, limonite staining

cormaon, sopbarian concretion zone i1s present

about 15 foet below the base of the Ft. Hays
ﬁmatom.-...........‘.........23.0

Covered.
TOLa) o « « s s % # » o 2 4 s 5 s ¢ s 05 0 5 0 o ¢ » «31.9

Locality RoA

(swh, sec. 33, T. 7 8., R. 16 W., Rooks County, Kansas)

Niobrara Chalk
Ft. Hays limestone Member

- lLimestone, light gray, weathoring to a light

yallomh gray, chalky.

Garlila Snala
Codell Sandstone Member

5.

4

3.

2.

Sandstone, gray weathering to a yellowish
brown, fine grained, argillacecus, noncal-

' careous, with dark gray streaks of clay material. . « + 0.3

Shals, dark gray, slightly gritty, noncalecarsous;
limonite bande and staining and small selenite
mtalaarecmﬂaqniuano-.:ov.ono.?nl)

Shale, dark gray to gray, grzttyq_ noncalca.reous,

containing numerous thin (0,005 < foot) light gray

etroazks and lenses of siltetone; upper contact
gradatiom.oyo-o':ec-'oq¢cccot'ooyloh

Siltotone, gray weathering to a light brownish

gray, with streaks of dark gray clay material,

roorly indurated, sandy, noncalecareous; upper
contactgradational....-..«...-.......3.6

Hue Hill shale Member

1.

Shale, dark gray to gray, gritty, scimowhat blocky,
noncalcarsous; limonite etains and nodular fairly

' COmMON; IMINSrOUS strgaka and lensea of siltstons;

scattered thin (0.1 = foot) beds of sandy siltstons;
numerous amall cryastals of gYPBUN & o « ¢ o o » v ¢ s o18.2

Total.'.iQO_.!QC.Q!'.Q.Il!Q..’..Boﬁq



Thiclkness
faet
o , locality RoB & RoC ‘
(RoB- SW cor., SBE, eec. 25, T. 7 S., R. 18 W., Hooks County, Kansas)
(RoC~ 8W cor., MEX, sec. 25, T. 7 S., R. 18 W,, Rooks County, Kansas)

Niobrara Chalk
Ft. Hays Limestone Membar
Limsstone, light gray weathering to a light
 yellowish gray, chalky, thick bedded, sandy
in lower 0.5 foot. - ‘

Carlile Shale
Codell Sandstone Hamber . v
3. Sazndstone, gray, weathering to a yellowish
~ brown, argillaceous, noncalecareous, deeply
m&thered-...,’.....-,.....-"..,.....0.2

2., Shale, dark gray to gray, weathering to brown-
 ish gray in upper one fool, gritty, noncalcarsous,
‘few limonite nodules, scattersd thin strealks and
lenses of siltstone; limonite staining common;
some thin (0.02 T foot) sandy siltstone bads;
upper contact sharp and parallel to bedding + « » s + « 5.1

S5iltetons, gray weathering to a browmish gray

or yellowish brown, sandy, noncalcaraecus,

limonite staining common; upper and lower cone

tact gradationals o 4 ¢ ¢ 5 e s « ¢ v 0 s v 6w s e e s Dl

Hue Hill shale Member

1. Shale, dark gray to gray, gritty, noncalcareous,
containing numerous thin (0.005 T foot) atreaks
and lenses of ailtstone; limonite staining common;
some thin (0.3 £ foot) beds of fine grained argil-
laceous sandstona or siltstone; larpe (up to §
fest in diameter) salcareous septarien concretion
gons is present at about 33 feet below tha base of
thathHa.vBmmstone....-.;......--o-koog

Totalﬂ..lti.'l'.i.ﬂl.'.“_'.'.i'i5102

Locality Trd
(i, sec. 1, T 15 8., R. 22 ¥., Trogo County, Kansas)

Niobrara Chalk ‘
Ft. Hays limestone Member
Limegstonz, light pgray weathering to a light
yellowish gray, challky, thick bedded. ‘



92

Thicknass
fast

Carlile Shale
Codell Savdstong MHembar

be

3.

Shale, dark gray wsathering to a brovmish gray, -

‘sandy and very silty, noncalcareous « « o « » ¢ o o o + 1.9

Sandstone, gray weathering to a browmish gray,
fine g::’aineﬂ argﬂlﬁceous, noncalcaraoiuS. + « ¢ » o » o L7

‘Elue Hill Shale Member

2,

1.

Shale, dark gray, gritty, nomalcarsous, with
numerous thin strealts and lenses of siltstone . « + « .15.0

Shale, dark gray, eslightly gritty, noncalcareous. « « « 3.0
Total...-.......'._‘........a.....21.6

Locality SmA

(BD&, S5CC. 3‘&, T. & Sey R. 11 Wt’ Smith Ccunty, Kmaﬂ)

N:l.obrara Chalk
Ft. Hays Limestone Member

Limastone, light gray weathering to a light yellow-
ish gray, challgy, thick bedded.

Carlile Shale
Codell Sandstone Membor

24

Sandstons, gray weatherinz to yellowish brown,
desply weathored, fine grained, argillaceous,

noncalcareous; scattered limonite nodules; upper

contact sharp and parallel to bedding; lower
contact fairly sharp and seamingly scmevhab
megul&r'-.-..-.-...-..,.-.......0.6

Rlue 1311 Shale Member

1.

Shale, dark gray, gritty, noncalecarecus, contain-

ing thin (0.005 i foot) gray streaks and lenses of
silistons dowmward from 20 feet baelow the bass of

the Ft. Hays limestone; large (up to 4 feet in

diametor) calcarecus septarian concretions oceur

about 33 feet below the base of the Ft. Hays

Idmestona-.................«.....3‘5.0

TOtalhﬂlteuootctboﬂ&olvoou;tc;3506
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