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Stratigraphy of the Graneros Shale
(Upper Cretaceous) in Central Kansas

ABSTRACT

The Graneros Shale of central Kansas was examined
at more than 60 places, fossils were collected wherever
possible, and sections were measured in detail at 42
localities. Six complete sections were sampled for labora-
tory analysis. Thickness of the formation ranges from
23.6 feet to 40.4 feet and averages 30.5 feet for 20 sec-
tions including three that are composite. Stratigraphy of
the formation and distribution of key macroinvertebrate
fossils is depicted in two series of graphic columns, one
of which is oriented northeast-southwest, parallel to the
outcrop, and the other perpendicular to the first. Marker
beds include a thick bentonite lying near the top of the
formation throughout the central and northern part of
the outcrop and a zone of thin beds and lenses of silty
sandstone overlain by bentonite that lies near the middle
of the formation in the central part of the outcrop.

The Dakota-Graneros contact generally lies at the top
of an evenly bedded ferruginous sandstone unit but else-
where is transitional through alternating beds of sandy
shale, shale, and thin sandstone beds. The Graneros-
Greenhorn contact lies at an abrupt change in lithology
above which skeletal limestone and chalk predominate.

The Graneros consists mainly of medium dark-gray
shale that contains numerous very thin layers, laminae,
and lenses of very fine quartz sand or silt. Sand and silt
content diminishes trregularly upward in the section.
Shale in the upper part of the formation is slightly cal-
careous at two localities where the rock has bezen freshly
exposed. Chief clay minerals in the shale are kaolinite,
illite, and montmorillonite with relative abundance of the
later generally greater in the upper part of the formation.
Beds of noncalcareous quartzose sandstone containing
small quantities of chert, feldspar, rock fragments, mica,
glauconite, and heavy minerals characterize the lower
part of the formation. These beds are supplanted in the
upper part of the formation by calcareous quartzose sand-
stone which contains widely ranging quantities of shell
debris, and skeletal limestone consisting largely of
Inoceramus prisms and some terrigenous detritus. Co-
quinoidal limestcne and beds containing conspicuous
quantities of rounded bone and tooth pebbles are scat-
tered through much of the formation. Layers of bentonite
occur in most exposures, but only two can be traced
widely with assurance.

Fossils in the Graneros are grouped into two assem-
blages characterizing the lower and upper parts of the
formation respectively. The lower assemblage is charac-
terized by Callistina lamarensis (Shumard) and consists
of 15 species including 3 brachiopods, 10 pelecypods, 2
gastropods, and 1 scaphopod. Endobenthonic forms are

most abundant. The upper assemblage, consisting largely
of epibenthonic and nektonic forms, is characterized by
Ostrea beloiti Logan and comprises at least 8 species, in-
cluding 3 pelecypods, 2 gastropods, 2 ammonites, and 1
cirriped. The lower assemblage cannot be correlated pre-
cisely with the standard sequence of the Western Interior
because distinctive species of Inoceramus and ammonites
are lacking, but it probably represents all or part of the
Zone of Borissiakoceras compressum or is a local biofacies
of the Plesiacanthoceras amphibolum Zone. The upper as-
semblage zone embraces part or all of the P. amphibolum
Zone and possibly a few feet of younger strata. Absence
of Plesiacanthoceras wyomingense between Graneros strata
containing P. amphibolum and Greenhorn strata contain-
ing molds presumed to be Dunveganoceras pondi supports
lithologic and stratigraphic evidence for an unconformity
between the two formations. The hiatus may be greater at
the southern end of the outcrop where the C. lamarensis
assemblage occupies nearly all of the formation and the
O. beloiti assemblage is not represented in the Graneros.
Environmental conditions changed gradually through
the time of Graneros deposition in consequence of east-
ward or northeastward marine transgression, which left
the present outcrop area in a progressively farther off-
shore position with respect to the advancing shoreline.
Widening distance to shoreline is reflected in the lesser
quantities of quartz sand and silt upward in the Graneros
section. Change of salinity from less than normal in the
lower part of the formation to normal in the upper part
is indicated by distribution of clay minerals, limestone
beds, foraminifers, inarticulate brachiopods, and ammon-
ites. Change in water depth during deposition from pos-
sibly less than 30 feet initially to a probable maximum of
100 feet ultimately was determined by study of sedimen-
tary structures and foraminifers. Change in bottom con-
ditions from those of rapid deposition and frequent re-
working by waves and currents during deposition of the
lower part of the formation to relatively slower deposi-
tion and less frequent sediment disruption during deposi-
tion of the upper part is indicated by abundance and
distribution of benthonic macroinvertebrates, burrows,
and thin layers, laminae, or lenses of very fine sand
and silt. .
Graneros sediments are polygenetic. Vertebrate and
invertebrate skeleial debris is of local derivation. Mont-
morillonite probably came mostly from volcanos in the
Nevadan orogenic belt. First-cycle detritus including
angular quartz, feldspar, rock fragments, and kaolinite
is believed to have come from the southern part of the
Canadian Shield. Illite, chert, and rounded grains of



quartz and heavy minerals were reworked from an early
Paleozoic terrain lying along the eastern edge of the
Western Interior Sea. The detrital sediments were trans-
ported into central Kansas by one or several streams
systems that flowed generally southwestward. The stream
systems built a deltaic complex in which submarine top-
set beds are represented by the upper part of the Dakota
and, locally, the lowest part of the Graneros. Foreset beds
are best represented in the central part of the outcrop
where laminated silty shale in the lower and middle parts
of the formation contains conspicuous sandstone beds
attributed largely to changes in river discharge, and soft-
sediment flow structures which suggest greater sea-floor
slope than elsewhere. Strata analogous to bottomset beds
are represented by the more sparingly silty and less well
laminated shale beds that lie near the top of the for-
mation.

Graneros Shale comprises transgressive phases 2 and
3 of a seven-phase marine cyclothem beginning with the
upper part of the Dakota and terminating at the top of
the Codell Sandstone Member of the Carlile Shale. For
an unknown time interval following deposition of phase
3, the sea floor in central Kansas was an area of non-
deposition and sublevation which resulted in the strati-
graphic hiatus at the Graneros-Greenhorn contact.

INTRODUCTION

Purprose AND ScoPE OF INVESTIGATION

Published work pertaining to the Graneros
Shale of Kansas consists largely of generalized
lithologic descriptions that are scattered through
several county reports published by the State
Geological Survey of Kansas. Except for studies
in Russell County by Rubey and Bass (1925) lit-
tle of the stratigraphic and almost nothing of the
geographic distribution of the fauna has been re-
ported in print. No prior attempt has been made
to synthesize field and laboratory data gathered
from exposures along the entire outcrop belt.

The present study is based on field investiga-
tions made during the summers of 1960 to 1964
and on laboratory analysis of rock samples and
fossil collections assembled in the course of the
fieldwork. Extensive study of Graneros expo-
sures furnished a primary basis for detailed
understanding of lateral and vertical stratigraph-
ic relationships that are depicted graphically in
Plate 1 (in pocket). Exhaustive search for mac-
roinvertebrate fossils was made in order to estab-
lish paleontological zonation and correlation of
the formation. The main objective of this study
is interpretation of paleoecology and depositional
environment of the Graneros in central Kansas
and determination of the significance of the for-
mation with respect to the general sedimentary
history of the Western Interior Sea during Late
Cretaceous time.

It is hoped that this work will furnish a
framework, as well as a stimulus, for future
studies, foremost among which might be geo-
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chemical studies of paleosalinity and paleotem-
perature of the Graneros Shale.

Previous Work

Prior to 1897 only casual reference had been
made to Kansas rocks now assigned to the
Graneros Shale. The earliest definitive descrip-
tion of the unit, then called “the Bituminous
Shale Horizon,” is that by Logan (1897, p. 216)
in which general features such as thickness,
color, and structure of the shale are recorded.
Logan (1899a, p. 84) expanded this description
and correlated the shale with the Graneros of
Colorado. The most comprehensive previous
description of the Graneros Shale in Kansas is
that by Rubey and Bass (1925, p. 51-54) in Rus-
sell County. Their work emphasized lithologic
and paleontologic characters of the Graneros and
such additional information as its manner of ex-
posure and distinguishing features. Other use-
ful descriptions of the Graneros are included in
reports on the geology of Ellis and Hamilton
counties by Bass (1926) and Ness and Hodge-
man counties by Moss (1932). The work of
Plummer and Romary (1942) does not treat the
formation specifically or in detail but contributes
generally to knowledge of Graneros lithology,
correlation, and environment of deposition in
central Kansas. Among the county ground-
water bulletins issued by the State Geological
Survey of Kansas in recent years several include
brief summaries of Graneros stratigraphy and
some include measured sections of the forma-
tion. As part of a subsurface study of Mesozoic
rocks in western Kansas, Merriam (1957a) pub-
lished a brief description of the Graneros Shale
and indicated subsurface distribution of the for-
mation on several correlation charts. Merriam,
et al. (1959) described the lithology and fossils
of the Graneros Shale in a core from Cheyenne
County. The position of the Graneros Shale in
the first cycle of late Cretaceous deposition in
Kansas has been discussed by Hattin (1962a,
1962b, 1964 [1966]. Previous studies of Gra-
neros fossils are discussed under separate title
elsewhere in this report.

LocAaTioN AND DESCRIPTION OF AREA

Geography—In central Kansas the Graneros
Shale outcrop area trends almost exactly north-
eastward from the southwestern terminus in
Ford County to the Nebraska border in Wash-
ington County and occupies parts of thirteen
intervening counties (Fig. 1). The outcrop area
is approximately 210 miles long and a maximum
of about 55 miles wide across Ellsworth and
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Russell counties, measured perpendicular to the
northeast-southwest trend. Several major streams
cross the outcrop, including, from south to north,
the Pawnee River, Walnut Creek, the Smoky
Hill River, the Saline River, the Solomon River,
and the Republican River. Among the best na-
tural Graneros exposures are those along and in
tributaries to Sawlog Creek (a southern tribu-
tary to Pawnee River), Smoky Hill River (Fig.
2, A), and Saline River, especially in bluffs
capped by Greenhorn Limestone. Exposures are
poor in the northern counties owing to Pleisto-
cene deposits and heavier vegetation and in the
area between northern Barton County and cen-
tral Hodgeman County owing chiefly to relative-
ly gentle terrain.

Interstream areas in the outcrop region are
mainly flat to gently rolling uplands (Fig. 2, B)
largely underlain by Greenhorn Limestone and
devoted mostly to the raising of wheat. In con-
trast, the Graneros outcrop generally forms a
relatively steep slope (Fig. 2, C) in a narrow belt
along valley walls (Fig. 2, D) and upland mar-
gins, and the land is devoted almost exclusively
to pasturage. Oil is produced in eight counties
along the central and southern parts of the out-
crop, the most notable being Russell, Ellis, and
Barton. Several bulletins of the State Geological
Survey of Kansas describe ground-water condi-
tions in the counties along the Graneros outcrop
belt but the Graneros Shale is not an aquifer.

General Geology.—The Graneros Shale lies
at the base of the Colorado Group, which in
Kansas is subdivided as follows:

Colorado Group
Niobrara Chalk
Smoky Hill Chalk Member
Fort Hays Limestone Member
Carlile Shale
Codell Sandstone Member
Blue Hill Shale Member
Fairport Chalk Member
Greenhorn Limestone
Pfeifer Shale Member
Jetmore Chalk Member
Hartland Shale Member
Lincoln Limestone Member
Graneros Shale

The Graneros of central Kansas is underlain
conformably by the Dakota Formation and is
overlain, with demonstrable stratigraphic hiatus,
by the Greenhorn Limestone. At the southern
end of the outcrop the Graneros is overlain
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locally by the Ogallala Formation (Pliocene)
and in some measured sections along the Smoky
Hill and Saline River valleys the Graneros is
overlain by Pleistocene terrace alluvium. Pleis-
tocene loess overlies the Graneros in many areas
at the northern end of the outcrop.

Regional dip on top of the Dakota Formation
in the Graneros outcrop belt is generally north-
ward at approximately 6 to 7 feet per mile
(Merriam, 1957b). The configuration of this
surface is complicated by anticlinal and synclinal
structures that lie within the outcrop belt (Mer-
riam, 1958).

The Graneros outcrop lies mostly in the cen-
tral part of the Smoky Hills section of the Dis-
sected High Plains between hilly terrain de-
veloped on Dakota rocks to the southeast and a
low, discontinuous, intricately dissected escarp-
ment held up by Greenhorn rocks to the north-
west. Topographic expression of these two fea-
tures is best developed in areas of greatest relief
adjacent to the major streams that cross the
area. None of the major east-west highways pass
close to high bluffs along the larger streams so
the average traveler remains unaware of the
considerable relief and extensive rock exposures
in and adjacent to the Graneros outcrop. Local
relief exceeds 300 feet in northeastern Russell
County and much spectacular scenery is the re-
sult of stream erosion of Cretaceous strata in this
and adjacent counties. Dissection of the Gra-
neros Shale by major streams and their tribu-
taries has produced a highly digitate outcrop,
and locally extreme thinning of the outcrop in
upstream areas is occasioned by low stream
gradients in combination with low dip.

The width of the Graneros outcrop area is
generally less than a quarter of a mile but locally
exceeds one mile. Outcrop width is controlled
almost entirely by topography rather than by
changes in dip or stratigraphic thickness. Where
local relief is high, as along the Saline River, the
Smoky Hill River, and Sawlog Creek, the out-
crop is commonly less than 100 feet wide. Ex-
cept for a few road cuts, exposures in large inter-
stream areas are sparse and incomplete. Few
beds in the Graneros are sufficiently resistant to
retard erosion but, probably because of small
stratigraphic thickness, the formation generally
lacks the miniature badlands that are so common
in its younger analogue, the Blue Hill Shale.

PROCEDURE

Field study of the Graneros Shale was ac-
complished during parts of each summer from
1960 to 1964. Exposures were located by means
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Ficure 2.—Topographic expression of the Graneros Shale and adjacent formations. A, Natural exposure of Gra-
neros Shale on south side of Smoky Hill River, sec. 26, T 15 S, R 16 W, Ellis County (Loc. 21). B, View from
sec. 36, T 12°S, R 15 W, Russell County, looking southeast across Salt Creek valley toward upland surface de-
veloped on Greenhorn Limestone. C, Slope (top center) developed on Graneros Shale; Dakota Formation exposed
below. View toward west in sec. 1, T 13 S, R 15 W, Russell County. D, Dakota, Graneros (covered), and Green-
horn in south wall of Salt Creek Valley. View toward south from scc. 36, T 12 S, R 15 W, Russell County.



of reference to published work, by personal con-
tact with other geologists, and by systematic
traversing of the outcrop area. The Geologic
Map of Kansas (Moore and Landes, 1937), maps
accompanying various reports of the State Geo-
logical Survey of Kansas, State Highway Com-
mission county plat maps, maps in U. S. Geo-
logical Survey construction-materials circulars,
and U. S. Geological Survey topographic maps
formed the basis for planning the traverses.

Stratigraphic sections were measured with a
hand level and stadia rod or a steel tape. Most
measurements were made to the nearest tenth of
a foot, but thin and very thin units, such as
sandstone, limestone, and bentonite beds were
measured to the nearest hundredth of a foot.
Each measured section was subdivided into sedi-
mentary units of uniform lithology, limited ver-
tically by changes that are readily detected in
the field. The dip and azimuth of directional
sedimentary structures were made with a Brun-
ton compass wherever possible. Exposures were
ditched with a trench pick as necessary to permit
the study of a continuous section of rock.

Each sedimentary unit was described sepa-
rately, and lithology, thickness, color, fresh and
weathered, degree of induration, character of
bedding, fossils, secondary minerals, sedimen-
tary structures, and other pertinent data were
recorded. Colors are based on the Rock Color
Chart prepared by Goddard, et al. (1948). Fos-
sils were collected from nearly all places con-
taining identifiable organic remains, but no at-
tempt was made to collect all the material avail-
able at each exposure. Fragile specimens were
covered with a protective coating of alvar and
packaged in tissue paper to insure safe trans-
port. Six key sections, each representing the en-
tire or nearly entire thickness of the formation,
were selected for systematic sampling. Meas-
ured units of shale, bentonite, and poorly in-
durated sandstone and siltstone were ditch
sampled; hand samples for thin-section study
were collected from lithified sandstone and
limestone units. Additional hand samples were
collected from other localities to insure labora-
tory study of each kind of rock represented in
the formation. Hand specimens of sedimentary
structures were collected for further study and
for purposes of photography.

In the laboratory, thin sections were cut from
samples of sandstone, siltstone, limestone, bone
beds, and concretionary structures and point
counts were made on thin sections of the more
common rock varieties. Photographs were pre-
pared from representative thin sections. Several
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samples of poorly indurated sandstone were
disaggregated and sieved to determine grain-size
distribution. Shale samples from key sections
and a number of other localities were washed for
study of the microfossils. Several shale samples
were analyzed chemically for pyrite, gypsum,
and organic-carbon content. Clay minerals and
quartz content of shale samples from key sec-
tions and selected bentonite samples were de-
termined by X-ray diffraction techniques.

The following text contains some descriptive
terms that have widely divergent usages, so these
terms are explained below. Bedding terminol-
ogy is that cited by Dunbar and Rogers (1957,
p- 97). Grain sizes mentioned in field and lab-
oratory descriptions are based on the Wentworth
scale. The term “shale” is used throughout the
text for fissile, clayey sedimentary rocks. In
addition, it should be noted that color codes are
shown in parentheses only after names for which
two colors appear in the Rock Color Chart
(Goddard, ez al., 1948). The sample-identifica-
tion code used in this report is based on alpha-
betic designation of age and formation, followed
by locality number, followed by alphabetic unit
designations lettered from the base upward.
Thus KG-1-A should be read “Cretaceous,
Graneros, Locality 1, basal unit.”
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STRATIGRAPHY

Uprprer PArT oF THE DakoTA ForRMATION

Sandstone beds in the upper part of the Da-
kota consist mainly of light olive-gray, fine-
grained silty sandstone that is composed largely
of subangular to subrounded quartz grains.
Some of the sandstones are argillaceous, and a
few contain thin to very thin layers of silty to
finely sandy shale. Nearly all of the sandstones
contain carbonized plant fragments. Most of
the sandstone beds are poorly cemented and
friable, but where extensively weathered they
are generally cemented firmly by limonite. High
limonite content has colored these weathered
rocks dark yellowish-orange, light-brown (5YR
5/6), other shades of brown, and several shades
of red and reddish-brown. Although some of
the sandstone occurs as thin or very thin beds,
most of the units are medium to very thick
bedded. Most units are evenly bedded, but some
are irregular owing to the presence of clay-
ironstone concretions. At some localities sand-
stone beds are gently cross laminated but ripple
marks are very sparse in beds that I have
examined.

Shale in the upper part of the Dakota is
medium to medium dark-gray, ranges from
sandy to only slightly silty, and generally con-
tains thin lenses and laminae of silt or very
fine sand. The least silty shales are indistin-
guishable from shale in the Graneros except for
the presence of nodules or layers of clay iron-
stone as at Locality 3 and near the mouth of
Big Creek in southwestern Russell County.
Some of these shales contain large, well-formed
crystals of selenite. Many shale units in the
upper part of the Dakota contain an abundance
of carbonaceous matter and some are lignitic.

The most common fossils in uppermost Da-
kota rocks are carbonized plant remains. Fish
scales and bones and worm burrows and castings
occur at a few localities and a single Lingula
was observed at Locality 20. At several locali-
ties in Russell and Lincoln counties, sandstone
beds lying as much as 20 feet below the top of
the Dakota contain assemblages of marine in-
vertebrates preserved as molds or limonitized
shells. This fauna includes gastropods, mussels,
clams, and oysters, mostly of species not found
in the Graneros (Hattin, 1956, p. 87).

The Dakota-Graneros contact is transitional
at many localities and differs greatly in aspect
within short distances along the outcrop. The
nonuniform position of the contact with respect
to marker beds reflects the intertongued nature
of the two units. In some exposures the upper-
most part of the Dakota consists of thick-bedded,
and locally clayey, sandstone and in other places
consists of thin, evenly bedded layers of sand-
stone that lie above clayey to sandy, commonly
carbonaceous, or, rarely, lignitic shale. Locally
the uppermost Dakota beds consist largely of
silty shale similar to that in the overlying Gra-
neros; elsewhere the Graneros succeeds domi-
rantly sandy beds in the upper part of the
Dakota through several feet of interbedded sand-
stone, siltstone, and silty shale (Fig. 3, 4, B). In
general the upper part of the Dakota can be
distinguished from the Graneros by the predomi-
nance of sandstone or carbonaceous shale in the
former. Furthermore, where units of thick-
bedded sandstone sharply underlie a typical
Graneros section, as at Localities 1, 3, 10, 12, and
19, the Dakota-Graneros contact can be deter-
mined without difficulty. Where the lithology
is gradational or consists of an alternating suc-
cession of sandstone and shale beds, the follow-
ing criteria have been found to be useful in
establishing the contact. Sandstones in the
uppermost part of the Dakota contain an abun-
dance of carbonized wood fragments and/or
ferruginous matter, including clay-ironstone
nodules. Molds of sideritic? spherulites are com-
mon locally in the uppermost Dakota sandstone
beds. Silty shale units in this part of the section,
although otherwise like shale in the Graneros,
as noted above, contain layers or nodules of clay
ironstone composed largely of siderite. The
Dakota-Graneros contact was selected as the top
of a clay-ironstone concretion zone in transi-
tional shale sequences at Localities 7 and 37.
and at the top of a thin sandstone unit contain-
ing clay-ironstone nodules or lying just above
clay-ironstone-bearing shale at several localities.
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Ficure 3.—Contacts with adjacent strata. A, Dakota-Graneros contact (man’s feet) in sec. 24, T 22 S, R 22 W,
Hodgeman County. Uppermost part of Dakota consists of interbedded sandstone and silty or sandy shale. Note color
change at contact. B, Uppermost part of Dakota in sec. 25, T 22 S, R 22 W, Hodgeman County (Loc. 20). Note al-
ternation of sandstone and shale beds above pick head. €, Graneros-Greenhorn contact (pick head) in sec. 35, T
12°S, R 14 W, Russell County (Loc. 1). Skeletal limestone at base of Greenhorn contrasts sharply with shale below.
D, Graneros-Greenhorn contact (boy’s feet) in sec. 18, T 13 S, R 12 W, Russell County. Note abrupt change of
color and bed of skeletal limestone at base of Greenhorn.
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The top of the Dakota is commonly marked by
a highly limonitic zone according to Plummer
and Romary (1942, p. 345). Such a zone marks
the top of the Dakota at many exposures that I
studied, especially including those at Localities
1, 2, and 20, but at many places this criterion is
not applicable as, for example, at Localities 3, 13,
and 19 and at several places where the two for-
mations are gradational. The top of the Dakota
is marked by a nodular bed of pyrite 0.3 to 0.4
foot thick at Locality 22.

Lowegr PArRT oF THE GREENHORN LIMESTONE

Strata overlying the Graneros Shale are as-
signed to the Lincoln Limestone Member of the
Greenhorn Limestone. At most exposures in
the central Kansas outcrop the basal part of the
Lincoln includes beds of hard skeletal limestone
(termed inoceramite by Hattin, 1962) consisting
chiefly of prisms broken from Inoceramus valves.
Other common constituents are whole and frag-
mented shells of oysters and Inoceramus, sharks’
teeth, coprolites, grains of quartz sand and silt,
and bentonite pebbles. These limestone beds are
commonly cross bedded, with as much as 14 de-
grees of dip locally, and have a petroliferous
odor when freshly broken. Beds above the basal
limestone unit include alternating layers of
olive-gray to olive-black shaly chalk that weath-
ers yellowish-brown, grayish-orange or dark vel-
lowish-orange, and olive-gray chalky limestone
that is usually weathered yellowish-gray, grayish-
orange or dark yellowish-orange. The Graneros-
Greenhorn contact is easily recognized in weath-
ered exposures by marked upward change in
color from gray to mostly pale shades of yellow
and orange (Fig. 3, D).

The abruptness of contact between mostly
noncalcareous shale in the upper part of the
Graneros and the limestones in the overlying
Lincoln Member is suggestive of a stratigraphic
hiatus because the contact at most places sepa-
rates rocks deposited in a low-energy environ-
ment from those of a high-energy environment
of deposition (Fig. 3, C). At a few localities
near the northern and southern ends of the out-
crop skeletal limestone is lacking or inconspicu-
ously develeped at the base of the Lincoln. At
Locality 38, in Washington County, a bentonite
marker bed near the top of the Graneros is over-
lain by 4 feet of shale, the upper 1.8 feet of
which is calcareous, olive-black in color, and
very much like lower Greenhorn shaly rocks
elsewhere. Above these rocks lie 1.8 feet of cal-
careous shaly beds containing a few very thin
lenses of fine-grained skeletal limestone that may

be equivalent to the basal Lincoln elsewhere in
Kansas. The transitional character of these
strata and poor development of skeletal lime-
stone in the basal Greenhorn unit suggest that
the hiatus between Graneros and Greenhorn, if
indeed there is one here, is apparently of less
magnitude than farther to the south. At Locali-
ty 44, Cloud County, the bentonite marker bed
is overlain by 1.2 feet of calcareous shale con-
taining a few skeletal limestone lenses. The
shale is overlain by a half foot of dark yel-
lowish-brown unfossiliferous? calcilutite that is
taken as the base of the Greenhorn. The cal-
cilutite is overlain by 5.7 feet of olive-black shaly
chalk, the lower 3.0 feet of which contairs nu-
merous very thin skeletal limestone lenses with
Inoceramus  pictus, coprolites, and cirriped re-
mains. The shaly chalk is overlain by 4.1 feet
of alternating noncalcareous Graneros-like fissile
shale and olive-black shaly chalk. The calcare-
ous upper part of the Graneros, lack of a thick
skeletal limestone unit in the basal part of the
Lincoln, and recurrence in the lower Lincoln
beds of Graneros-like shale suggests that the
Graneros-Lincoln contact apparently does not
represent as great a hiatus as it does farther to
the south. From Locality 44 southward to Bar-
ton County, Greenhorn carbonates everywhere
rest with abrupt stratigraphic contact and
marked lithologic contrast upon noncalcareous
or locally weakly calcareous and dominantly ter-
rigenous rocks in the upper part of the Graneros,
and lie 0.5 to 3.2 feet above the bentonite marker
bed. Near the south end of the central Kansas
outcrop, skeletal limestone lies at the base of the
Lincoln only at Localities 20 ard 39. At Locali-
ties 23, 24, and 25 a bentonite bed several inches
thick lies at the base of the Greenhorn. This
bentonite is not correlated with the bentonite
marker bed for reasons explained below. At
Locality 41 a fossiliferous sandstone bed lying 3.5
feet below the top of the Graneros can be cor-
related with a sandstone bed lying 16.8 feet be-
low the top of the formation at Locality 20, just
10 miles to the north. Absence of the bentonite
marker bed at the southern end of the outcrop
and stratigraphic evidence of erosion of the
upper part of the Graneros at Locality 41 is evi-
dence that the hiatus at the Graneros-Greenhorn
contact is of greater magnitude than it is farther
north.

The basal Lincoln beds generally contain
abundant specimens of Inoceramus pictus Sower-
by, which ranges into the overlying Hartland
Shale Member of the Greenhorn, molds of a
large species of Dunveganoceras, Ostrea beloiti
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Logan, a small species of Exogyra, and rarely,
Exogyra columbella Meek, and fragments of a
hamitid ammonite. At Locality 41, the lower
part of the Lincoln contains specimens of
Luomphaloceras alvaradoense Stephensen and
Plesiacanthoceras wyomingense (Reagan).

GRANEROS SHALE

NAME AND DEFINITION

The Graneros Shale was named by Gilbert
(1896, p. 564) for 200 to 210 feet of argillaceous
or clayey shale lying between the top of the
Dakota and the base of the overlying Greenhorn
Limestone. The type locality is Graneros Creek,
a southwestern tributary of Greenhorn Creek,
approximately 20 miles north of Walsenburg,
Colorado. According to Bass, ez al. (1947), Gil-
bert included in the upper part of the Graneros
some calcareous strata more appropriately as-
signable to the Lincoln and Hartland Members
of the Greenhorn. Thus, in the Model Anticline
southwest of La Junta, Colorado, the Graneros
is 153 feet thick by origiral definition but only
105 feet thick if the upper calcareous beds are
included in the Greenhorn (Bass, et al., 1947).
The revised, and more logical, definition was
accepted by McLaughlin (1954, p. 111) for Baca
County, Colorado, but rot by Baldwin and
Muehlberger (1959, p. 59) or Wood, ez al.
(1953) for northeastern New Mexico. The dif-
ficulty arises because the lower Greenhorn is
less limy west and southwest of Kansas, and in
southeastern Colorado and northeastern New
Mexico it contains only a few widely separated
thin limestone beds. In Kansas, the Graneros
comprises mostly noncalcareous strata that lie
between the Dakota Formation, below, and the
limestone and impure shaly chalk of the Lincoln
Limestone Member of the Greenhorn, above.
Because of transitional beds between the Dakota
and Graneros the contact between the two is
commonly difficult to ascertain, but the well-
cemented skeletal limestone that nearly every-
where marks the base of the Lincoln Member is
a generally reliable guide to the top of the
Graneros. My definition of the Graneros in
Kansas corresponds to the usage of Bass, ez al.
(1947) and McLaughlin (1954).

Northward from Kansas, the term “Gra-
neros” is applied generally to beds lying between
the Dakota and Greenhorn formations but what
has been commonly called “Dakota” in the Black
Hills and Williston Basin areas is actually the
top of the Lower Cretaceous Inyan Kara Group
(Gries, 1954). In the Black Hills, Darton (1904,
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p- 391) included in the Graneros beds that are
now called (ascending) Skull Creek Shale, New-
castle Sandstone, Mowry Shale, and Belle
Fourche Shale. Some geologists still follow this
practice. In the subsurface of eastern Wyoming,
western South Dakota, and western North Da-
kota these formations are included in the Gra-
neros Group by many geologists. However,
Hansen (1955) abandoned the term Graneros in
the North Dakota subsurface and Haun (1958,
p- 86) did not see the necessity for retaining the
name Graneros for these strata in the surface
and subsurface areas of the southwestern Black
Hills. Gries (1954, p. 447) has shown that the
Newecastle Sandstone is probably a western ton-
gue of the type Dakota; thus, the homotaxial
equivalents of the Graneros in the Black Hills
appear to be the Mowry and Belle Fourche
shales. The former is siliceous, the latter clayey.

According to Waage (1955, p. 41) the New-
castle Sandstone is the lithologic equivalent of
the upper sandstone of the South Platte Forma-
tion of the northern Colorado Front Range
foothills, and the upper South Platte is the litho-
logic equivalent of the upper part of the Dakota
in the Graneros type area. Wherever the Benton
has been divided along the Front Range foothills
in Colorado, the Graneros, Greenhorn, and Car-
lile are recognized. Thus in the area embraced
by the Black Hills, the eastern South Dakota out-
crop, the Kansas outcrop, the south-central Colo-
rado outcrop, and the Front Range foothills, the
Graneros might logically be defined as the body
of shale that lies between the Dakota below, in-
cluding major tongues thereof, and the Green-
horn above. However, the Mowry Shale, which
is included in this body of shale, is lithologically
unlike the Graneros of the type area and no use-
ful purpose would be served by including the
Mowry and Belle Fourche in a restricted “Gra-
neros Group” unless it be for emphasis of homo-
taxial relationships. The lithologic equivalent of
the Graneros in the Black Hills and surrounding
areas is the Belle Fourche Shale. Considerable
similarity exists between these two formations,
and, if the name Graneros is to be perpetuated in
the Black Hills region, it would be best used to
replace the name Belle Fourche over which the
former has priority.

HISTORY OF NOMENCLATURE

The earliest complete classification of Cre-
taceous strata in the Western Interior Region is
that by Hall and Meek (1856, p. 405) who
divided the Missouri River section of Nebraska
into units numbered one through five from the
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base upward. Geographic names based ~on
places of typical exposure were published sub-
sequently by Meek and Hayden (1861, p. 419)
in a comprehensive tabulation that included
lithologic and paleontologic descriptions and
thicknesses for each of the five units. The name
“Fort Benton Group” was introduced for the
beds of unit No. 2, now called, in ascending
order, Graneros, Greenhorn, and Carlile. Later,
Hayden (1876, p. 45) coined the term “Colorado
Group” for No. 2 (Fort Benton), No. 3 (Nio-
brara), and No. 4 (Pierre) of Hall and Meek’s
Nebraska section. The Colorado Group was re-
stricted by White (1878, p. 21) to units No. 2
and No. 3 and has remained thus defined to the
present. The name “Benton” has fallen into
general disuse in most areas where that part of
the section is divided into formations. In Kan-
sas the term “Benton Group” had formal status
at least until 1920 (Moore, p. 83). The name
“Benton Shale” or “Benton Formation” is used
today in parts of central and north-central Colo-
rado, southeastern Wyoming, northwestern
Jowa, and southwestern Minnesota where Gra-
neros, Greenhorn, and Carlile subdivisions are
not differentiated.

In Kansas the Benton Group remained un-
divided until 1896 when Cragin (p. 49, 50) pro-
posed the name “Russell Formation” for beds
equivalent to the Graneros Shale, the Greenhorn
Limestone, and the Fairport Member of the
Carlile Shale, and the name “Victoria clays” for
strata equivalent to the upper part of the Car-
lile. In contrast to Cragin’s classification is that
of Logan (1897, p. 215) who recognized in the
Benton a lower limestone group and an upper
shale group. Logan’s lower limestone group in-
cluded the Graneros and Greenhorn formations
of the modern classification. Shale in the basal
20 to 40 feet of the limestone group was called
“Bituminous Shale Horizon” by Logan (1897,
p. 216).

The name “Graneros Shale” was proposed by
Gilbert (1896, p. 564) for the lowermost of three
lithologic subdivisions of the Benton Group
along the Arkansas River in eastern Colorado.
Logan (1899a, p. 84) recognized that the Gra-
neros was the stratigraphic equivalent of his
Bituminous shale, but the name Graneros was
not used formally in Kansas until 1904 (Darton,
pl. 36). Since that time the only addition to
nomenclature of the Graneros in Kansas is the
informal designation “bentonite marker bed”
(Merriam, 1957a) for a thick bentonite that lies
near the top of the formation in most of central
Kansas.

DISTRIBUTION AND THICKNESS

The central Kansas outcrop of the Graneros
Shale extends from Washington County in the
nertheast to northern Ford County in the south-
west (Fig. 1). In this area the Graneros ranges
in thickness from a minimum of 23.6 feet at
Locality 9 to a maximum of 40.4 feet in a com-
posite section based on exposures at Localities
32 and 40, and averages 30.5 feet for 20 meas-
ured sections including three that are composite.
Additionally, a few exposures are known in
Hamilton and Kearny counties, near the western
border of the State, where Bass (1926, p. 36)
reported a composite thickness of 61 feet. Mer-
riam (1957a) has traced the Graneros through-
out the subsurface of western Kansas and gave
100 feet as the approximate maximum thickness
of the formation in Kansas. Regional distribu-
tion of the Graneros Shale and nomenclature of
units into which the formation passes laterally
are shown in Figure 4. Unless otherwise noted,
thickness figures given in the succeeding para-
graphs are for rocks that are lithologically equiv-
alent to the Graneros, insofar as such equivalence
could be determined in the cited literature.

In southeastern Colorado the Graneros thick-
ens from 86 feet in Baca County (McLaughlin,
1954, p. 112), to 105 feet on the Model Anticline
(Bass, et al., 1947), to 136 feet in the Chandler
Syncline (Mann, 1958, p. 158). Clair (1955, p.
34) reported 100 to 150 feet of Graneros in the
subsurface of the western flank of the Denver
Basin, and Scott (1963) measured 210 feet
of Graneros equivalent in the Kassler quad-
rangle, Colorado. Thicknesses of 200 to 220 feet
are cited for exposures of the Graneros through-
out the Arkansas River Valley at Colorado
Springs and near Walsenburg and Trinidad,
Colorado, by Dane, ez al. (1937, p. 210), but
from their brief lithologic descriptions it is ap-
parent that these figures are for the Graneros as
originally defined and thus include some beds
that are better referred to the Greenhorn Lime-
stone. L

The Graneros Shale crops out extensively in
the northeastern part of New Mexico where ex-
posures on the east side of the Sangre de Cristo
Mountains extend as far to the south as Las
Vegas. The formation thickens southwestward
from 86 feet in Baca County, Colorado, to 160
feet in Colfax County, New Mexico (Griggs,
1948, p. 25), and to 215 feet in a well 35
miles northwest of Las Vegas, New Mexico
(Griggs and Hendrickson, 1951, p. 30). Near
Ocate, a few miles north of Las Vegas, Bachman
(1953) measured 395 feet of Graneros Shale, but
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he admits the possibility of error owing to the
nonuniform dip of strata. In the area west of
the Sangre de Cristo Mountains, Rankin (1944)
traced the Graneros Shale into the San Juan
Basin and as far to the southwest as Socorro,
New Mexico, at a time when the Graneros,
Greenhorn, and Carlile equivalents were known
only as a part of the Mancos Shale. The term
Graneros is now widely used in the San Juan
Basin. Beds assigned to the Graneros by Rankin
(1944) range in thickness from 60 feet in the
northwestern part of New Mexico to a maxi-
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mum of 350 feet west of Albuquerque, but these
thicknesses include some strata assignable to the
Greenhorn, according to Cobban (written com-
munication, 1964). In most of the sections meas-
ured by Rankin, a bentonite bed 0.5 to 0.6 inch
thick lies approximately 1.5 feet below the top
of the formation.

Northward from Kansas the Graneros is
recognized throughout much of Nebraska and
South Dakota, in the northwestern part of Towa,
and in western Minnesota. On the east bank of
the Big Sioux River in Plymouth County, Towa,
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Ficure 4.—Map showing regional distribution of the Granecros Shale and nomenclature of laterally contiguous units.
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I have measured a section in which the Graneros
is 34.7 feet thick. According to Condra and
Reed (1959, p. 18) the Graneros is 60 to 70 feet
thick in northeastern Nebraska,! 40 to 90 feet
thick in the Republican River Valley of south-
central Nebraska, and thickens to 550 to 700 feet
or more in northwestern Nebraska and 900 feet
in exposures around the Black Hills. In the latter
two areas the thicknesses are for the combined
Mowry and Belle Fourche shales but, as noted
above, only the Belle Fourche is lithologically
equivalent to the Graneros. In the northern part
of the Julesburg Basin in Nebraska, where local
facies changes complicate the stratigraphy, a
shale unit that is the approximate equivalent of
the Belle Fourche is about 300 feet thick as
shown by McCrae (1956), and in the eastern
and southeastern parts of the Powder River
Basin the Belle Fourche Shale ranges in thick-
ness from 270 to 480 feet (Haun, 1958, p. 86).
At the type locality in Crook County, Wyoming,
the Belle Fourche is 560 feet thick (Collier, 1923,
p- 83). Fuenning (1942) noted that the Gra-
neros Shale is missing locally over the Chadron
Arch in northwestern Nebraska. Contacts picked
by Fuenning apparently do not coincide with
those by geologists of the State Geological Sur-
vey of Kansas because he reported 299 feet of
Graneros in a well in Decatur County, Kansas,
in an area where, according to Merriam (1957a,
p. 13), the formation has a nearly uniform thick-
ness of 40 feet.

In South Dakota the Graneros thickens gen-
erally from east to west. In the southeastern part
of the State the formation ranges in thickness
from 30 to 200 feet (Barkley, 1952, p. 13) and in
the northeastern part from 200 to 300 feet
(Erickson, 1954). In western South Dakota, the
term “Graneros” is commonly used in the sense
of Darton (1904) but, as noted above, only the
Belle Fourche Shale may be regarded as the
lithologic equivalent of the Graneros in Kansas.
The Belle Fourche is 401 feet thick near Rapid
City (Condra and Reed, 1959, p. 20), is 490 feet
thick locally in the southwesternmost part of
South Dakota (Baker, 1948, p. 72), and is as
much as 510 feet thick in Harding County in
the northwesternmost part of South Dakota
(Baker, 1952, p. 18).

In North Dakota, where the term “Belle
Fourche” is used for the lithologic equivalent of
the Graneros of Kansas, Hansen (1955) recorded
a thickness ranging from 100 feet in the eastern

1 My own observations lead me to conclude that this figure is
nearly double the minimum thickness in this area.

part of the State to 450 feet on the west side. In
the Williston Basin, along the eastern edge of
Montana, the Belle Fourche ranges from 80 to
370 feet in thickness (Billings Geol. Soc., 1961).

SILTY SHALEZ

The predominant lithology of the Graneros
is noncalcareous shale that ranges from very
slightly silty to finely sandy. Most commonly the
shale is moderately silty. In a fresh cut in the
overflow spillway at Wilson Dam (Loc. 43) the
upper 15.6 feet of Graneros shale are only slight-
ly calcareous and partially preserved shell ma-
terial is abundant in two shale zones. At Locali-
ty 15, in a continuously and actively eroding
exposure, the upper 5.5 feet of the Graneros are
also slightly calcareous. At four other localities
(Loc. 1, 6, 26, 44) the upper 0.15 to 1.2 feet of
shale is slightly calcareous or even somewhat
chalky. Where dug from trenches fresh shale
breaks into irregular and rather tough blocks
that usually split easily along obscure laminae.
During initial stages of weathering the shale
breaks into innumerable small flakes that charac-
terize almost every Graneros exposure. At some
localities, notably 7, 17, and 18, shale in the
upper part of the formation weathers into large
papery sheets. The shale is soft and plastic when
thoroughly wet, but it is brittle when dry. Fresh
shale is most commonly of medium dark-gray
color. Less than half as common are dark-gray
and medium-gray colors, and only about one-
fourth as common are shales of olive-gray
(5Y4/1,5Y3/1) color. At a few exposures other
shades of gray, olive-gray, and black were noted.
The dominant colors of partially weathered shale
flakes are, in order of importance, medium light-
gray, olive-gray, medium-gray, light olive-gray
(5Y6/1), medium olive-gray, and medium
brownish-gray. Highly weathered shale is gen-
eraily pale, moderate, or dark yellowish-brown,
dusky yellow, or dark yellowish-orange with
none of these colors predominating. In some
exposures, partially weathered shale units are
mottled, owing to oxidation of organic constitu-
ents.

Most shale units in the Graneros contain
numerous layers or lenses of coarse terrigenous
silt or fine and very fine sand (Fig. 5, 4, B).
These bodies range in thickness from thin lami-
nae to thin beds that are commonly thinly lami-
nated. The thinnest lenses and laminae are
generally the most fine-grained and serve to en-

2 The term ‘‘shale” is used throughout this report for fissile,
clayey, sedimentary rocks.
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Ficure 5.—Features of silty shale in the Graneros Shale. A, Silty shale containing numerous lenses and laminae of
quartz silt; lower part of formation in sec. 13, T 12 S, R 15 W, Russell County (Loc. 13). B, Lenses of silty sand-
stone in silty shale in lower part of formation in sec. 29, T 15 S, R 10 W, Ellsworth County (Loc. 18). C, Silty
shale in upper part of formation in sec. 29, T 15 S, R 10 W, Ellsworth County (Loc. 18). Note flaky weathering
and lack of sandstone or siltstone beds. D, Large mass of selenite in lower part of formation in sec. 25, T 22 S, R 22
W, Hodgeman County (Loc. 20).
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hance the fissile bedding of the shale. Although
shale near the top of the Graneros is locally as
sandy as shale near the base, the higher shales
contain fewer laminae, lenses, and beds of fine
sandstone than do those in the lower part of the
section (Fig. 5, C).

Nearly all units of gray shale contain car-
bonaceous matter that ranges in size from specks
less than a millimeter in width to chunks large
enough to be identified as carbonized wood, the
former being the most common. A majority of
shale units contain gypsum either in finely
granular, almost powdery form, or as isolated
euhedra or platy aggregates of sparry selenite
(Fig. 5, D). The gypsum lies along joints and
bedding planes, the latter being most usual.
Some euhedral crystals are several inches in
length and aggregates of crystals are commonly
a foot across, but small selenite crystals, a milli-
meter or two in length, or rosettes of small
crystals, are most common. These minute crys-
tals, where lying parallel to the bedding, also
serve to enhance bedding fissility. At many ex-
posures weathered slopes of the Graneros are
aglitter with sunlight reflected from selenite
crystals.

At six localities in the lower few feet of the
formation, the shale contains pyrite as small
oblate spheroidal nodules nowhere more than an
inch in diameter or as minute crystals dissemi-
nated throughout the rock. At Locality 28 the
basal shale unit is marcasitic. In the lower part
of the formation and sparsely in the upper part,
melanterite was detected by taste in many shale
units. This mineral has probably resulted from
the oxidation of marcasite or pyrite and is too
fine to be detected with a lens. Seven samples of
fresh shale from the lower part of the Graneros,
and one sample of weakly calcareous shale from
the upper part, were selected for partial chemi-
cal analysis in order to determine the relative
abundance of pyrite, gypsum, and organic car-
bon in these rocks. The results, in percentage of
the total sample, are tabulated below. The two

TasLe 1.—Partial chemical analyses of shale samples
from the Graneros Shale.

Locality Unit Pyrite* Gypsum* Organic carbon
KG-1t H 0.007 0.15 0.50
KG-1 K 0.77 0.97 4.66
KG-1 L 0.82 3.54 2.22
KG-23 F 0.11 0.40 1.74
KG-23 M 0.36 1.34 1.34
KG-24 B 0.026 0.04 0.45
KG-30 F 1.72 6.01 1.22
KG-43%1 T 7.65 1.0 6.85

samples poorest in organic carbon are also poor-
est in amount of pyrite and gypsum, suggesting
a genetic relationship among these three sub-
stances. Graneros shale is usually stained along
joints and bedding by a yellow-colored substance
rich in iron that has been identified as jarosite by
X-ray methods. Here and there this mineral also
occurs in very thin layers lying parallel to gen-
eral stratification. Less abundant volumetrically,
but nearly as widespread, is limonite, which like-
wise stains both bedding and joint surfaces.
These two minerals are further evidence of the
iron sulfide content of the rock before oxidation.

Oblate spheroidal nodules of pure crystalline
alunite lie in shale near the top of the Graneros
at Locality 8 and rest just below a thick bed of
bentonite that is characteristic of the upper part
of the formation. The alunite is nearly white,
cryptocrystalline, and brittle. Similar nodules
were observed in a shale unit that lies about 15
feet below the top of the Graneros at Locality 32,
and also on a weathered shale slope at the top
of the section that is exposed at Locality 30.

Shale samples from four key sections were
analyzed for major clay mineral constituents.?
The results of these analyses are summarized
stratigraphically in Table 2. The illite content
remains nearly uniform throughout the section,
including samples from the Dakota. Through
the same stratigraphic interval, kaolinite de-
creases upward as montmorillonite increases.
Despite the clayey nature of the Graneros shale,
quartz is the dominant mineral in 17 of 24 units
for which the clay-nonclay ratio was determined.
Clay and quartz are of approximately equal
abundance in two additional samples. Much of
the quartz is apparently of the finer silt and
perhaps even clay sizes, which cannot be differ-
entiated in the field.

Despite a seeming paucity of fossils in the
formation, more than half of all the shale units
examined in detail yielded macrofossils, and in,
many beds fossils are abundant on some bedding
planes. Except at Locality 43, where much
shelly material remains, most macroinvertebrate
specimens are represented by molds both in
shales and in silty laminae within shale units.
However, at Localities 1, 5, 8, 18, 32, 36, 43, and.
46, specimens of Ostrea are preserved as shell
material, and a single large Inoceramus at Lo-
cality 1 is composed of calcite. Many fossils in
the upper part of the Graneros at Locality 43

* Calculation based on assumption of no organic sulphur.
+ Numbers are localities given in Appendix.
+ Calcareous shale from upper part of formation.

3 Some of the clay reported as montmorillonite may be thorough-
ly degraded three-layered clay minerals (John B. Droste, oral
communication, November, 1964).
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TasLE 2.—Diagrammatic tabulation of kaolinite-illite-montmorillonite (K:I:M) in shale units in four key sections,

expressed as parts in ten of total clay content.

(Not to scale.)

Loc.16 K:I:M Loc.1

K:I:M

Loc.20 K:I:M Loc.23 K:I:M

GREENHORN
FORMATION

KG-1-T

KG-16-F 2:3:5 KG-1-P

UPPER PART OF
GRANEROS SHALE*

2:2:6
Bentonite marker bed

2:4:4

KG-20-P

KG-1-N

KG-16-D 3:4:3 KG-1-M
KG-1-L

KG-1-]

LOWER PART OF
GRANEROS SHALE

KG-1-1

KG-1-H

3:2:5
2:4:4

KG-23-R 3:4:3
KG-23-P 3:3:4
KG-23-0 4:3:3
KG-23-N 6:3:1
KG-23-M 4:3:3

KG-20-K

KG-20-1 4:3:3

5:3:2
4:5:1

KG-20-H 4:5:1 KG-23-K

KG-23-H

KG-23-F 5:2:3
KG-20-G
KG-23-D

KG-16-A 5:3:2

KG-1-C

DAKOTA
FORMATION

KG-1-A

3:3:4

6:3:1

KG-23-C

KG-20-E 5:4:1

KG-20-C 6:3:1

KG-20-A

* Upper part of Graneros not preserved in southernmost part of outcrop.

are pyritized, and gypsum-replaced oysters were
observed at Localities 1, 36, and 38. Chitinous
valves of inarticulate brachiopods are preserved
at Localities 3, 13, and 37. Worm?trails were
recorded at Locality 24 and a few silt- or very
fine sand-filled burrows 1 to 3 mm in diameter
are preserved in shale at Localities 6, 7, 25, 28,
32, 36, and 37. The most widely distributed fos-

sils are fish remains, especially scales, which are
the only fossils observed in some shale units.

NONCALCAREOUS SANDSTONE AND SILTSTONE
Noncalcareous sandstone consisting of quartz
grains in the fine to very fine sand sizes is con-
spicuous in nearly all Graneros exposures and
siltstone occurs in a few measured sections. In
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the northern part of the central Kansas outcrop
such rocks occur through a widely ranging thick-
ness in the lower part of the formation. Except
for Locality 44, where sandstone is lacking, beds
of noncalcareous sandstone are restricted to as
little as the lower 9.0 feet of the formation at
Locality 9 where the Graneros is 23.6 feet thick
to as much as 25.7 feet of the formation at Lo-
cality 6 where the Graneros is 32.8 feet thick.
Noncalcareous sandstone is uncommon in the
higher parts of the Graneros section that con-
tain beds of calcareous sandstone and skeletal
limestone. In the southern part of the outcrop,
where the upper part of the Graneros was
eroded before Greenhorn deposition began, sand-
stone beds distributed unevenly through each of
the several measured sections are characteristic-
ally noncalcareous.

Although much Graneros sand and silt occur
as laminae or very thin beds and lenses scattered
through shale units (Fig. 5, 4, B), numerous
sandstone and siltstone bodies are sufficiently
distinct to be described individually. The range
in thickness for such bodies is 0.05 to 8.9 feet,
averaging 0.79 foot for 70 measurements. The
predominating colors of fresh rock, in order of
importance, are light olive-gray, 5Y6/1 being
three times as common as 5Y5/2, yellowish-gray
(5Y7/2), and various other shades of gray and
olive-gray. Weathered rock is most commonly
dark yellowish-orange, followed by yellowish-
gray (5Y7/2), light brown (5YR5/6), dusky
yellow, moderate yellowish-brown and several
other colors of minor importance including
shades of brown, red, yellow, and orange. Bed-
ding is nearly everywhere thin to very thin, but
beds of medium thickness were recorded at 4
localities, and at one place (Loc. 31) a single
thick bed was measured. Thin to very thin
lenses of sandstone or siltstone are present in 10
sections, nine of which contain lenses composed
of a distinctive variety of very fine, silty sand-
stone or sandy siltstone that is described in some
detail below. Laminae and thin laminae of
sandstone are of minor importance. Cross lami-
nation is common in noncalcareous sandstone;
dips commonly are gentle, but locally are as
great as 26 degrees (Fig. 6, A). Very fine silty
sandstone of the kind alluded to above occurs
here and there in the lower part of the Graneros
from Russell County to Ford County, Kansas,
and in the upper part of the formation at
Locality 17. The sandstone occurs mostly as
zones of lenses that project from the slope and
commonly weather so as to produce platy float
(Fig. 6, B). One zone of such lenses is widely

traceable in Russell County. This variety of rock
is light olive-gray (5Y6/1) to yellowish-gray
(5Y8/1) and is colored yellow by jarosite. The
lenses are thinly laminated to gently cross lami-
nated and are interpreted as starved current
ripples. Large numbers of long, slender worm
castings about one-half millimeter in diameter
are peculiar to lenses of this lithology at Locali-
ties 5, 14, and 17, and other varieties of ichno-
fossils are common (Fig. 7, A-D).

Cementation of sandstone and siltstone bodies
is most commonly poor and the rock soft and
friable; in a few exposures the rock can be de-
scribed as noncemented. Only three-fifths as
common are exposures of sandstone or siltstone
that is fairly well cemented, and some of this is
also friable. Well-cemented rock was observed
in only one-sixth of the exposures of sandstone
or siltstone beds studied. Cement, where present,
1s mostly limonite or jarosite, but in a few places
it consists largely of sparry gypsum. Clayey
matrix is the binding agent in some of the sand-
stone, 18 occurrences of argillaceous sandstone
being recorded at 14 localities. Interbeds or
laminae of shale are commonly scattered through
sandstone and siltstone bodies. Despite the rela-
tive softness of noncalcareous sandstones and
siltstones in a majority of exposures, most units
are sufficiently resistant to erosion to form pro-
jecting ledges on weathered slopes. Primary in-
organic sedimentary structures other than those
mentioned above include 10 occurrences of rip-
ple marks (three oscillation, one interference,
two current, four indeterminate), eight occur-
rences of starved current ripples, all in very fine
silty sandstone or sandy siltstone, two occurrences
of groove casts, two of load casts, four of sub-
aqueous plastic flow structure (Fig. 6, C), and
two of indeterminate sole markings.

In addition to quartz, minerals identified in
the field include glauconite, limonite, jarosite,
gypsum, and rare muscovite and heavy minerals.
Because of its fine grain size, glauconite was
identified in only seven exposures of noncalcare-
ous sandstone or siltstone beds, but among 16
thin sections, was recorded in 10 additional places
indicating much wider distribution than is ap-
parent in the field. In nearly half of all ex-
posures of sandstone and siltstone beds exam-
ined, the rock ranges from more or less stained
by to tightly cemented by limonite. In a few
exposures, such units, in addition to the silty
sandstone already described, are jarosite stained,
and here and there limonite and jarosite occur
together. In well over half of all studied ex-
posures these rocks are variously stained or ce-
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Ficure 6.—Features of noncalcareous sandstone in the Graneros Shale. A, Cross laminations in sandstone from near
base of formation in sec. 35, T 12 S, R 14 W, Russell County (Loc. 1), X2. B, Lenses of jarositic silty sandstone
near middle of Graneros in sec. 19, T 15 S, R 15 W, Russell County (Loc. 5). These are probably starved current
ripples. C, Plastic flow structure in sandstone near middle of formation in sec. 7, T 13 S, R 14 W, Russell County
(Loc. 6).
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Ficure 7.—Ichnofossils in noncalcareous sandstone of the Graneros Shale. 4, Worm castings in jarositic silty sand-
stone from near middle of Graneros in sec. 19, T 15 S, R 15 W, Russell County (Loc. 5), X2. B, Worm burrows
( Arenicolites) in jarositic silty sandstone from ncar top of Graneros section exposed in sec. 11, T 24 S, R 23 W,
Hodgeman County (Loc. 25), X2. C, Worm? castings in jarositic silty sandstone near middle of Graneros in sec. 19,
T 15 S, R 15 W, Russell County (Loc. 5), X2. D, Endobenthonically disturbed laminae in argillaceous siltstone from
lower part of Graneros in sec. 10, T 25 S, R 23 W, Ford County (Loc. 23), X1%.
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mented by these two iron compounds. Gypsum,
mostly in the form of selenite crystals up to a
few millimeters in length, was observed in 13
percent of the exposures of sandstone units.
Very fine flakes of muscovite were observed at
only two localities in the field and a concentra-
tion of heavy minerals was noted at only one
locality.

Carbonaceous material in the form of minute
specks requiring hand-lens identification, larger
coarse sand- and granule-sized flakes of carbon-
ized organic matter readily distinguished by the
unaided eye, or small pebble-sized plant scraps
and chunks of wood were recorded in nearly
half of all exposures of noncalcareous sandstone.

Size analysis by sieving was accomplished for
six noncalcareous sandstone and two siltstone
samples, the selection of which was controlled
largely by freshness of the rock and paucity of
cement (Table 3). Five additional samples col-
lected at or near the top of the Dakota were
sieved for comparison. The results are given in
percentages for Wentworth size classes. Except
for siltstone samples, all the samples are fine to
very fine silty sandstone.

Thin sections were cut from 12 samples of
noncalcareous quartzose sandstone and four of
sandy quartzose siltstone (Fig. 8). The dominant
grain size is very fine sand in eight thin sections
and fine sand in four thin sections. No observed
quartz grains are larger than medium sand, and
silt was sparse in only two sandstone thin sec-
tions. Coarse silt dominates the siltstone thin
sections (Fig. 8, A4), the remaining grains being
mostly of very fine sand size. Grain shape in all
thin sections shows a wide range from angular
to rounded or well rounded, with the modal
shape falling generally in the subrounded cate-

gory.
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Postdepositional modification of quartz
grains commonly renders determination of orig-
inal grain shape difficult. In most thin sections
the rock is well packed; the grain arrangement
and relatively large number of contacts per grain
are in large measure the result of intrastratal
solution. Quartz-grain margins in eight of the
12 sandstone thin sections are notched or pitted
owing to the effects of solution and in all but
two sandstone and siltstone thin sections, many
quartz grains are tightly nestled together be-
cause of solution. In several thin sections, pyrite,
limonite, or a thin film of highly birefringent
material (possibly jarosite) surrounds or appears
to invade quartz grains along notched or crenu-
lated contacts that suggest replacement phe-
nomena. Sutured quartz-grain contacts were ob-
served in only two sandstone thin sections.

The dominant constituent in all 16 thin sec-
tions is quartz which, together with chert, makes
up more than 95 percent of the land-derived de-
tritus in the rocks. In the classification of Mc-
Bride (1963, p. 667), the sandstones would be
called “quartzarenites” and the siltstones, by ex-
tension of this classification, “quartzsiltites.” Un-
dulatory extinction was observed in a few grains
in most of the slides and polycrystalline quartz is
common in mest of the thin sections. Chert was
identified in about half of the slides, and spar-
ingly in each of these. Feldspar was identified in
all but one thin section and includes, in one slide
or another, orthoclase, microcline, perthite, and
plagioclase. Rare grains of heavy minerals, in-
cluding tourmaline, zircon, and leucoxene, were
identified in most slides but, except for leucox-
ene, each mineral is generally represented by less
than a half dozen grains per slide. Muscovite
and/or biotite were detected in about half of the

TasLE 3.—Sieve analyses of sandstone and siltstone samples from the Graneros Shale and the Dakota Formation.
Fractions are given as percent of total.

Coarse sand Medium sand Fine sand Very fine sand Silt and clay

Sample 1.0-0.5mm 0.5-0.25mm 0.25-0.125mm 0.125-0.062mm <0.062mm
KG-1-E* ... 0.22 3.49 71.65 9.03 15.61
0.29 0.88 19.94 34.95 43.94
- - 0.59 48.17 51.24
- 3.27 73.25 15.50 7.98
- 2.69 62.57 22.79 1195
- 0.08 0.38 65.67 33.85
- 0.20 2.23 22.19 75.38
0.1 0.82 31.53 36.33 21.22
0.20 1.08 28.64 43.50 26.58
KG-20-B* - 7.75 78.28 8.8 5.17
KG-20-] 0.60 0.92 25.71 37.79 34.98
KG-23-C* ... - 0.92 22.39 32.00 44.69
KG-27-D oo - 0.36 54.10 32.06 13.48

* Samples collected at or near the top of the Dakota Formation.
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Ficure 8.—Photomicrographs of thin sections of noncalcareous sandstone and siltstone. A, Siltstone from upper part
of Graneros at Locality 8. Dark areas are limonite. Plane-polarized light, X75. B, Jarosite-cemented silty sandstone
from near middle of Graneros at Locality 5. Crossed nicols, X75. C, Gypsum-cemented sandstone from lower part
of Graneros at Locality 1. Note bone fragment (gray) in lower right. Plane-polarized light, X75. D, Argillaceous
siltstone f;om lower part of Graneros at Locality 23. Original clay laminae disturbed by burrowing organisms. Crossed
nicols, X75.
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thin sections, but these minerals are not com-
mon constituents of the rocks. Rock fragments
were identified in some sections, but are rare.
Glauconite, generally as rounded to well-rounded
pellets, but in some slides also as irregular
(crushed?) grains, was noted in 13 of the thin
sections. Few of these pellets contain evidence
of shrinkage cracks. The glauconite is mostly
bright green under plane-polarized light. Com-
patibility of grain size with that of surrounding
grains and rarity of desiccation cracks suggest
that this may be allocthonous glauconite. Or-
ganic grains in the thin sections are nearly all
fragmentary remains of fish bones and teeth that
are clear to amber colored under plane-polarized
light and that are commonly filled or replaced
by pyrite or its oxide, reddish-brown limonite.
Bits of carbonized plant debris and, in one thin
section, possible coprolites are the only other or-
ganic remains recognized in thin section.

Cement in these thin sections consists mostly
of limonite or jarosite (Fig. 8, B), which coats
grains thinly or locally fills interstices in some
slides. Some of the cement identified as limonite
may be limonitic clay. Sparry gypsum is a ce-
menting agent in two thin sections from Locality
1 and one from Locality 3 (Fig. 8, C). Siliceous
cement is scattered sparingly through one domi-
nantly limonite-cemented thin section from
Locality 20. Organically disturbed, irregular
laminae of clay aid in binding siltstone in two
thin sections (Fig. 8, D).

Point-count analyses, based on 200 points per
slide, were prepared for 10 sandstone thin sec-
tions; these data are listed in Table 4.

Animal remains or traces were observed in
noncalcareous sandstone and siltstone exposures
at approximately three-fourths of the localities
containing such rocks. These fossils, listed ac-
cording to decreasing number of localities at
which each was observed, include fish remains,
Callistina, Exogyra, worm? castings, Inoceramus
and Discinisca, vertical sand- or silt-filled bur-
rows and Ostrea, Lingula, and Parmicorbula?.
Except for fish remains, Callistina at Locality 5,
Ostrea at Locality 18, and Discinisca at Locali-
ties 3 and 20, all these fossils are represented by
molds. Discounting fragmentary fish remains,
Callistina, occurring at more than half of these
localities, is most abundant and characteristic of
the fossils. In sandstone beds at six localities
scattered across the entire outcrop, molds of this
clam are so abundant as to be in contact with
one another. Exogyra is generally sparse, but
occurs with Callistina in eight of the nine re-
corded localities. More than 100 brachial valves

Kansas Geol. Survey Bull. 178, 1965

of Discinisca were collected at Locality 3, but this
genus is rare elsewhere. The remaining macro-
invertebrate forms are uncommon and of scat-
tered occurrence. Lingula was recorded only at
Localities 28 (in sandstone) and 23 (in silt-
stone); Ostrea was identified in noncalcareous
sandstone at Localities 18, 43, and 46, where it
occurs sparsely in association with Callistina.

CALCAREOUS SANDSTONE* AND SILTSTONE

Beds of calcareous sandstone and siltstone lie
in the middle part of the Graneros Shale at
many localities, particularly in the Saline and
Smoky Hill River areas. At Localities 7, 21, and
37, such beds occur as low in the formation as
4.7, 5.0, and 2.5 feet above the base, respective-
ly. At Locality 9 calcareous sandstone lenses lie
within the uppermost foot of the formation but
at all but one other locality such rocks lie more
than 5.6 feet below the top of the Graneros. The
fresh rock is most commonly light olive-gray
(5Y6/1) or medium-gray, less commonly medi-
um-dark gray or darker shades of olive-gray
(5Y5/1-5Y4/1). The color of partly weathered
rock is light olive-gray (5Y5/2) and locally dark
yellowish-orange, moderate yellowish-brown, or
medium yellowish-brown. Well weathered cal-
careous sandstone is mostly dark yellowish-
orange, much less commonly moderate yellow-
ish-brown or light brown (5YR5/6) and locally
grayish-orange or yellowish-gray. Individual
measured units of calcareous sandstone and silt-
stone range from 0.1 (Loc. 9) to 3.1 (Loc. 7)
feet in thickness, averaging 0.73 foot for 30
measurements. Such beds are relatively resistant,
usually projecting prominently from weathered
slopes. The rocks range from poorly to tightly
cemented, depending in part upon degree of
weathering and in part upon degree of original
cementation, thus some are soft and friable,
others hard and brittle. The latter condition is
more common. Calcareous sandstone and silt-
stone units are mostly thin to very thin bedded
but medium beds were measured at two expo-
sures (Locs. 2 and 5). Among 30 described
units, 20 are thinly laminated and 19 of these
are gently cross laminated and locally cross
bedded with a dip as great as 18 degrees (Fig.
9, 4).

Ripple marks were observed in calcareous
sandstone at Localities 5, 7, 21, 36, and 46 (Fig.
9, B). Subaqueous plastic flow structure was re-

4 Calcareous rocks containing 50 percent or more sand-sized ter-
rigenous detritus when deposited.
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Ficure 9.—Features of calcareous sandstone in the Graneros Shale. A, Cross-bedded sandstone from bed near mid-
dle of formation in sec. 19, T 15 S, R 15 W, Russell County (Loc. 5). B, Oscillation ripple marks from bed near
middle of formaticn in sec. 20, T 15 S, R 15 W, Russell County (Loc. 5). C, Tool-mark casts on underside of
sandstone slab from bed near middle of Graneros in sec. 26, T 15 S, R 16 W, Ellis County (Loc. 21). (Same unit
as A4 and B.) Scale is one-cent coin. D), Worm burrows in sandstone from upper part of Graneros in sec. 20, T 15 S,
R 15 W, Russell County (Loc. 5), X 1%.
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corded in two units at Locality 5 and in one unit
at Locality 39, and sole marks including load
casts and casts of tool marks (Fig. 9, C) were
recorded at Localities 9, 21, 39, and 43. Other
structures in these rocks include worm castings,
worm burrows, arthropod trackways (Fig. 9, D;
10, A), concretions and nodules, but none of
these are common except for the ichnofossils
which occur in calcareous siltstone at Localities
5 and 43.

Fossils were observed in most exposures of
calcareous sandstone, the most common remains
being fish teeth, bones, and scales. Oszrea, usua'-
ly preserved as original shell material, was re-
corded in calcareous sandstone at 13 of the 22
exposures containing this rock. Next, in order
of wideness of distribution, are Inoceramus, as
shell scraps and/or isolated prisms or prism
molds, Callistina, and Exogyra. The last two,
preserved as both molds and shell material, have
not been observed in association with Ostrea. A
single Discinisca was collected at Locality 39
from calcareous sandstone containing Callistina
and Exogyra. Small fragments and specks of
carbonized plant debris were noted locally in
these rocks. Arenicolites is abundant in one bed
of calcareous siltstone lying 12.9 feet above the
base of the Graneros at Locality 5 (Fig. 9, D).

All of the calcareous sandstones were classed
in the field as fine- to very fine-grained sand-
stone. Some beds are notably silty, a few are
argillaceous, and others contain thin laminae of
silty shale. Bedded calcareous siltstone occurs at
Locality 5, as noted above, and lenses of cal-
careous siltstone lie 12.6 feet above the base of
the Graneros at Locality 43. Fresh calcareous
sandstone has a petroliferous odor at a few
localities; weathered rock is commonly selenitic.

Ten thin sections were cut from nine repre-
sentative samples classed as calcareous sandstone
(Fig. 11). In all but one of these thin sections
the dominant size of quartz grains is very fine;
all contain some coarse silt and fine sand. Shape
of quartz sand grains ranges from angular to
well rounded in all thin sections, with sub-
rounded being the most common shape. Packing
ranges widely also, depending in part upon de-
gree of intrastratal solution, which increases the
number of contacts per grain. The usual num-
ber of contacts per grain in these thin sections is
1 or 2, but in a single section one can observe a
range from 0 to 5 contacts per grain. Contacts
of quartz against quartz are commonly embayed
or nestled so as to suggest solution along mutual
surfaces but no suturing is evident.

Calcareous cement ranges widely in kind

from a scattering of microspar that effects only
a weak cementation to sparry calcite that is op-
tically continuous through large areas of rock
and that effects a tight and thorough cementa-
tion. In sample KG-12-1, nearly one-fifth of the
cement consists of coarse silt-sized dolorhombs
that probably represent recrystallized sparry cal-
cite. The latter cement nowhere shows fringing
growth such as would result from the granular
cementation as described by Bathhurst (1958,
p- 14), but in three thin sections it is locally in
optical continuity with Inoceramus prisms sug-
gesting that the sparry calcite originated by rim
cementation (Bathhurst, 1958, p. 21). Quartz
grains in all but one thin section commonly have
irregularly crenulated borders where the quartz
has been replaced by calcite, which deeply in-
vades the margins of some quartz grains.
Invertebrate remains in thin sections consist
largely of isolated Inoceramus prisms and shell
fragments. Prisms are locally optically continuous
with surrounding cement, as mentioned above,
and in two thin sections the edges of prisms and
shell fragments are highly sutured where partly
invaded by interstitial calcite. In one thin sec-
tion Inoceramus prisms were recrystallized; in
another section a few prisms were partly re-
placed by transverse bands of gypsum. Fish
bones and scales are mostly fragmentary, of am-
ber or yellow color under plane-polarized light,
and bones are commonly replaced in part by
very finely crystalline pyrite, some of which is
oxidized to limonite (Fig. 11, 4). Each of the
thin sections contains glauconite, all of which is
green, most of which occurs as well-rounded pel-
lets, and some of which occurs as irregularly
shaped or even angular grains. Shrinkage cracks
are rare in these pellets. Some of these pellets are
replaced by pyrite in sample KG-5-]. Pyrite oc-
curs as spherical blebs in addition to modes of
occurrence already described. Limonite occurs
in the same modes as pyrite, originating by oxi-
dation of the latter, and also is disseminated
through cement of some thin sections as a cloudy
reddish-brown stain, and fills foraminifers in two
thin sections. Whitish blebs of isotropic material
in seven thin sections are probably leucoxene. In
two thin sections clay occurs as a rimlike coating
around many quartz grains and locally has in-
vaded quartz grains, apparently along replace-
ment contacts. Other minerals identified in
these thin sections include polycrystalline quartz,
chert, plagioclase, orthoclase, microcline, tour-
maline, zircon, leucoxene, muscovite, and bio-
tite. Except for polycrystalline quartz each of
these minerals is represented in the slides where
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Ficure 10.—Organic features of calcareous rocks in the Graneros Shale. A, Arthropod trackway (lower) and uniden-
tified ichnofossils in calcareous silty sandstone near middle of formation in sec. 36, T 12 S, R 11 W, Russell County
(Loc. 43), X2. B, Arthropod trackways in skeletal limestone from upper part of Graneros in sec. 20, T 15 S, R
15 W, Russell County (Loc. 5), X 1. C, Coquinoidal limestone consisting largely of Callistina, from lower part of
Graneros in sec. 20, T 15 S, R 15 W, Russell County (Loc. 5), X2. D, Coquinoidal limestone, consisting largely of
Ostrea beloiti, from upper part of Graneros Shale in sec. 4, T 12 S, R 15 W, Russell County (Loc. 15). Scale is one-
cent coin.
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TaeLe 5.—Point-count analyses of calcareous sandstone thin scctions, listed in order of decreasing percentage of quartz.
Based on a count of 200 points.

Shell  Bones, Sparry  Calcite Recrystal- Other
Inoceramus frag- scales, Glauco- calcite replacing lized constit-
Sample Quartz  prisms  ments teeth nite Chert* Mica Leucoxene Pyrite Limonite cement quartz calcite uents
KG-31-E 3865 — — — 25 — — 2.0 — — 8.0+ — — 1.0
KG-21-] 64.0 3.0 — 0.5 2.0 0.5 0.5 1.0 1.0 0.5 21.5 5.0 — 0.5
KG-5-L-1 635 2.0 — — 1.0 0.5 1.0 1.0 — 2.0 24.0 3.0 — 2.0
KG-23-L.  56.0 0.5 — 1.0 6.5 1.0 — 1.5 0.5 1.0 29.5 2.0 — 0.5
KG-5-T 45.5 5.0 — — 25 — 0.5 2.5 1.5 — 40.0 25 — —
KG-7-0 45.5 6.0 0.5 L5 0.5 — — — — 1.5 41.0 3.5 — —_—
KG-12-11 44.5 — — 55 2.0 — — — — 25§ 340 1.5 95| 05
KG-7-1 . 38.0 5.0 — 1.5 1.0 0.5 — 1.5 — 3.5 45.5 3.0 — 0.5
KG-17-K 285 19.0 1.5 1.0 1.0 — — 3.0 0.5 35 355 5.5 0.5 0.5
* Includes polycrystalline quartz. § Limonite in slide may be partially concentrated in interstitial clay.
+ Microspar. || Dolorhombs.
1 Count ignores disseminated limonite which masks identity
of grains.

present by only 1 to 5 grains, and in no slide did
I observe the entire suite.

Point-count analysis of calcareous sandstone,
based on 200 points per thin section, is tabulated
in Table 5. Although technically a limestone,
Sample KG-17-K is considered as a calcareous
sandstone on the basis of its composition before
diagenesis. A marked inverse relationship exists
between percentage of quartz grains and amount
of cement. A rock with a few percent less quartz
grains and correspondingly more Inoceramus
prisms than KG-17-K would be classed as a
skeletal limestone.

SKELETAL LIMESTONE

Limestone lenses or beds consisting largely of
Inoceramus prisms -and shell fragments, and
ranging in thickness from less than 0.1 foot to
0.4 foot, are scattered sparingly through the up-
per 12.5 feet of the Graneros Shale. Except for
Locality 31, such beds were observed only in the
Smoky Hill and Saline River drainage basins of
Russell, Ellsworth, and Lincoln counties. Al-
though the limestone is composed dominantly of
fine- to very fine-grained fossil fragments, most
of the beds contain rudaceous organic debris in-
cluding whole or fragmentary remains of Inoc-
eramus and Ostrea. Remains of the latter are
commonly concentrated at the top of the bed.
Inoceramite is an informal field designation for
such limestone, and the most descriptive term
for such rocks is biofragmental calcarenite, but
in view of current trends in carbonate rock
classification, the term “skeletal limestone”
(Leighton and Pendexter, 1962) is used herein.
By increase.in proportion of quartz relative to
shell fragments and Inoceramus prisms, the
skeletal ‘limestone lithology is transitional with
that of calcareous quartzose sandstone.

The fresh rock is mostly light olive-gray

(5Y5/2) to olive-gray (5Y4/1) and weathers
dark yellowish-orange, various shades of yel-
lowish-brown, or grayish-orange. Skeletal lime-
stone units are thin to very thin bedded; individ-
ual beds are thinly laminated and locally gently
cross laminated at several localities. Such cross
laminations may be related to ripple marking,
but obvious ripples were noted in skeletal lime-
stone only at Locality 32. Sole marks, including
drag marks, load casts, or worm?-trail casts,
were observed in skeletal limestone beds at Lo-
calities 1, 5, and 15, and arthropod tracks are
common in skeletal limestone near the top of the
Graneros at Locality 5 (Fig. 10, B). Most of the
reck is well cemented where fresh and relatively
resistant to erosion; beds of skeletal limestone
usually project as ledges from slopes of Graneros
exposures. When freshly broken, these rocks
commonly emit a petroliferous color.

Inoceramus remains are ubiquitous in skele-
tal limestone beds, and Ostrea and fish remains
are present in most exposures. Fish remains
were observed in a majority of exposures and
probably occur in all of these rocks. Rare fossils
in skeletal limestone include molds of ammo-
nites (Locs. 5 and 8), Callistina (Loc. 1), and a
cirriped plate (Loc. 32).

A suite of eight thin sections was cut from
skeletal limestone samples collected at five locali-
ties (Fig. 12). Seven of these sections were ana-
lyzed by point-counting. Point-count data are
summarized in Table 6. The dominant primary
constituent in each of these sections is isolated
Inoceramus prisms which make up 35 to 50.5
percent of the thin sections studied. Scattered
fragments of Inoceramus and Ostrea valves con-
stitute from 2.5 to 19 percent of thin-sectioned
rock. Maximum diameters of the Inoceramus
prisms lie dominantly in the fine and very fine
sand ranges but many are of coarsesilt size.
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Ficure 11.—Photomicrographs of thin sections of calcarcous sandstone. A, Sandstone from near middle of Graneros
at Locality 5 showing Inoceramus prisms (note grains with conspicuous cleavage in lower part of photo), fish remains
(dark parallel-sided grains), and glauconite (dark rounded grains at right). Plane-polarized light, X75. B, Sand-
stone from upper part of Graneros at Locality 21 showing large areas of optically continuous calcite cement. Note
replacement of quartz by calcite directly below fish fragment (black rodlike grain) in left center. Crossed nicols,
X75. Sandstone from upper part of Graneros at Locality 5 showing large areas of optically continuous calcite cement.
Note calcite replacement of quartz-grain borders in center of photograph. Crossed nicols, X75. D, Sandstone from
lower part of Graneros at Locality 23. Note large glauconite grain (dark-gray) just left of center of photograph and
lack of optical continuity of cement through large arcas of rock. Crossed nicols, X75.
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Ficure 12.—Photomicrographs of thin sections of skeletal limestone. A, Limestone from upper part of Graneros at
Locality 21 showing large areas of optically continuous calcite cement. Note fish remains (large elongate grains) and
scattered quartz grains. Crossed nicols, X75. B, Limestone from upper part of Graneros at Locality 1 showing par-
tial replacement by pyrite of fish remains and Inoceramus prisms. Crossed nicols, X75. C, Limestone from near top
of Graneros at Locality 1 showing dominance of Inoceramus prisms. Plane-polarized light, X75. D, Concretionary
skeletal limestone from upper part of Graneros at Locality 33. Note partially recrystallized borders of Inoceramus
prisms. Crossed nicols, X75.
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TasLE 6.—Point-count analyses of skeletal limestone thin sections, based on a count of 200 points

Other

Unit Inoceramus Shell Sparry Bones, constit-
prisms fragments  calcite cement teeth, scales  Quartz Pyrite Limonite = Glauconite uents
KG-1-0 43.0 9.5 34.0 2.5 8.0 — 1.0 1.5 0.5
KG-1-Q 37.0 7.0 30.0 8.0 13.0 25 1.5 0.5 0.5
KG-1-R 38.5 19.0 34.0 4.0 1.0 — 3.0 — 0.5
KG-1-U 45.0 15.5 35.0 1.0 1.0 — 2.5 — -
KG-8-M 50.0 3.5 33.0 8.0 4.0 — 1.0 — —
KG-15-A 35.0 17.0 41.0 1.0 4.5 0.5 0.5 0.5 —
KG-21-0 37.0 2.5 41.0 7.0 9.5 — 3.0 — —

Most of the prisms are less than a millimeter in
length. Fish remains, including bones, teeth,
and scales, constitute from 1 to 8 percent of the
thin sections examined. In all thin sections, the
Inoceramus prisms and elongated fragments of
Inoceramus, Ostrea, and fish remains are mostly
arranged parallel to or at only a small angle to
the bedding.

Quartz grains, which are present in all skele-
tal limestone thin secticns are chiefly of very fine

sand size but the range is from coarse silt to

fine sand. These grains constitute from 1 to 13
percent of the sections studied. Quartz grains
range from angular to well-rounded but most
are subangular. In all of these thin sections some
of the quartz grains are partially replaced pe-
ripherally by calcium carbonate. Irregular-
shaped to well-rounded pellets of glauconite are
present in all of the thin sections, ranging in
abundance from a small fraction of 1 percent to
apparently as much as 1.5 percent of the rock.
A few of the pellets contain desiccation cracks,
and in a sample from Locality 31, some of the
grains are extensively replaced by limonite. Py-
rite or limonite or both minerals are common in
all of the thin sections, making up from 1 to 4
percent of the grains counted. Pyrite occurs as
spheroidal blebs, as a shell-replacement mineral,
or as fillings in vesicular parts of bones and teeth.
Limonite occurs in the same three forms, pseu-
domorphous after pyrite, and is disseminated in-
terstitially as a stain in sparry calcite cement in
a few sections; locally it has replaced glauconite
grains and Inoceramus prisms.

The cement in calcarenite thin sections is
wholly of sparry calcite as crystals that are com-
monly in optical continuity through large areas
of the rock (Fig. 12, A). Inoceramus prisms are
mostly in sharp contact with the cement in all
thin sections save one, in which many of the
prism-cement contacts are sutured. In three thin
sections a few Inoceramus prisms were observed
to lie in optical continuity with the enclosing
cement. Sparry calcite cement constitutes from
30 to 41 percent of the thin sections studied.

White spheroidal pellets, seemingly com-
posed of phosphatic material, were observed
under reflected light in each of the specimens
that were sectioned. Only a dozen measure-
ments were made, owing to paucity of such
structures, but a general size range from 0.18 to
1.5 mm was determined. The pellets are con-
cluded to be of fecal origin. Scraps of carbonized
wood were observed under reflected light in four
of these samples.

Graneros rocks composed mainly of skeletal
debris and also containing large numbers of
whole invertebrate shells or conchs are quanti-
tatively unimportant but paleontologically of
great significance. These rocks are a coquinoidal
variety of skeletal limestone formed very locally
under conditions of much greater energy expen-
diture than the more fine-grained skeletal lime-
stones described above. In the lower part of the
Granercs such rock occurs only at Locality 5, in
southwestern Russell County, where abundant
whole and broken shells of Callistina and Exo-
gyra make up most of a lens that was approxi-
mately 0.4-foot thick and 6 feet wide (Fig. 10,
C). Many of the shells are standing on edge in
imbricate fashion, and some Callistina valves are
paired. The shells are set in a calcite-cemented
matrix consisting largely of prism<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>