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ABSTRACT

A stucy waz mace of the stratigraphy of the Kereford Limestone
member of the Oread Limestone (Shawnee Croupy Virgillan Series,
Upper Pennsylvanian) in eastern Kansas from cutcrops whose locale
ities range from Doniphsn County in the north to Elk County in the
south. laboratvory investigation of thiz iimestone was conducted
with the aid of etched blocks and thin sections and using ths class~
ification of Folk {1959). The unit ie extremely varisble in all
characteristics. It is most constant in charactsr in the northern
part of the outersy from Doniphan to Douglas Counties, consisting
of an upper pert with a2 high concentration of fusulinids and a
lower part with 2 fauna which varies greatly in diversity and sbund-
ance. In the central part of the sutcrop, in Frankliin, Osage and
Coffey Countles, the unit is much thicker and consists dominantly
of & mlcrite which becomes increasingly more sandy southwards.

The top of the unit in both areas shows evid_ence of heving be:n
deposited in a2 higher energy envircnment than the remainder. The
unit in the southern part of the outerop, from Woodson to Elk
Counties is highly varlable and appears 2 be the praodust of an enve
ironment where the energy levels were higher than those which existed
in the basin of deposition in the north., The unit ls interpretecd

&s belng deposited during & helt or slight {ransgression in the

overell regression iowards the end of the Cread megacrclothem.
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IRTRODUCTICK

Genersl Statements

This report on the stratigraphy of the Kereford Limestone in
eagtern Kansas is to record in some detail the distribution, lith-
ologic and paleontologic features. The ultimate aim is to interpret
environmental conditions extant during the deposition of the Kereford
Limestone in this area.

The area studied in this report is located in eastern Kansas,
in the physiographic division known as the Interior Lowland Province
(Fenneman, 1938). HNorth of the Kansas River the area is included
in the Dissected Till Plain section of the Province, south of the
river in the OUsage Section. Exposures of the unit occur in Doniphan,
Atchlison, Leavenworth, Jefferson, Douglas, Franklin, Osage, Coffey,
Woodson, Greenwood and Elk Countles. More detailed locations ars
shown in Fig. 1, and map references in 7Appem§ix A.

The Kereford Limestone, by virtue of its position as the upper-
most member of the Oread Formation (Fig. 2) and its thinness in
relztion to the other members of the formation, rarely has any
marked topographic expression, and almost all exposures of the Kere-
ford Limestone lle well back from the Oread escarpment, which is
usually formed by the thicker, morc resistant, Plattsmouth Limestone.
In the ceatral part of the outcrop ares in central Coffey County,
where the underlying Heumader Shale is thick, the Kereford is
unusually thick and is commonly associated with sandstones which

locally are massive. There the member mey form a scarp well above
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the Plattsmouth Limesgtone, and the sandstones appeer to have &
sarked impression on the topography, produclng treeless; rolling

uplands.

Field Inveetigation

Outcrops of the Kerefcord Limestone were located mainly by
reference to the stratigraphic section books in the files of the
State Geologlcel Survey. The geochemicel branch of the Survey furn-
ighed the location of many exposurses, which, inasmuch as they had
been recently studied, were in excellent condition. In cuntrast,
sone of the exposures obtained from the stratigraphic section books
were found to be covered or degtroyed. VWhere information was poor,
or more detaliled correlation reguired, oulcrope were found by driving
county roads and by ztudying geological and topographic maps.
Relersnce wag also made {6 verious theses.

The maéoritg af outcrops visited were messured and described
using the schedule proposed by Goldmen (1923) and the terminology
of McKee (1953}, where outcrops were found %o be poor or fregment-
ary, note was made of the lithology and fossll content, mainly for
use in correlation.

Vertically oriented samples were collected, commonly from 1 foot
intervale ané algo from zones where significant changes in lithology
or fosall content occurrec. Very thick, apperently homogeneous
units were sampled &t intervals of 2 to b feet. Fosslls were collecte
ed for more detailec identificatiorn.

Lppendix A gives the detalled location and description of



meagured sections. Photugraphe et each locelity are included in
the eppendix rather than distributed in the text; this arrangement
was judged to be more useful to the reader. In each case the

cutcrop of Kereford is shoun between lines.

Laboratory Analysis

Etched Block Study

The use of the classification of Folk (1959) determined the
method af lithological investigation. Folk considers that only by
the use of thin sectlons can carbonate rocks be esccurately describec
and calssified. However, he clsims that 60 percent sccuracy can be
obtained by the use of etched surfaces. The amount of time necessary
for the preparation of thin sections wes congiderec 10 be excessive,
end so thin sections were made only as an initial control, or where
an apparently significant lithological type wes fouund, and in cases
where ldentiflication and classification were doubtful.

The limestone samples were sawed in a vertical direction and the
flst surfece placed in a solution of 10 percent hydrochloric acid
for up to S minutes, { the amount of etching that occurs is determin-
ed by the density of the limestone). Frequent examination of the
surface with a hand lens, during the process, determined the optimum
amount of etching. Ives (195L) gives 2 detslled discussion of the
use of etched blocks. Study of the ctched surface was made under &
binocular microscope, and with practice it was found that in most

cages the limestone could readily be classifled.
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Acetate Peel Study

Felk (1959) stetss that & simllar level of accurscy of ldenilif-
fcation can be obtained either with acetate peels or etched tlncks,
Peels have the disadvantage that the distribution and ldentification
of Insoluble constitusnts can.ot be determined, and the advantege
that griln size and texture can be betier seen, Comuonly the Kereford
Limestone hag a high content of insoluble material so acetate peels
are used mainly for illustretion purposes, rether than &s an &id
in svudying litboiogles. Owen (195%) gives a description of the
methods usad in preparing the pesls.

" Insolucle Residue Study

The method, with & few modificetions, follows thet of Flisher
(1958), who used that originally developed by Ireland {1951).
Ssmplee of limestone weighing 20 grams vere dissolved In 10 pereent
hydrochloric acic. Coarse fractions were retainsd for subsequent
study. The coarse fraction of samples from one Lycality where the
limestone wae highly srenaceous were gleved in order to determine
the grain size. As the Kereford commonly has a high cuntent of insoli-
uble meterial it was felt that a study of thes nature of thils materid

wag necessary. FResults of this investigstion are shown in Appendix B.

Choice of Clegsification

The clagsification of limestones of Folk (195%) was chosen
as it is felt trat it glves more precision in the description of
& limestone than any other clusgification, &nc ales that ibc concepls

underlying the classification are extremely useful in interpreting
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the conditions of depoasition of the unit. It wae not used in the
field, although, according to I'sik thie can be done. Sucessful use
of this clessification is found 195 be wvery much a matlczr .7 axperie-

nee.

Previosue Werk

Ko detailed study has been carried out on the Kereford Limesicne
elone, but it is mentioned in numerous reports which arc concerned
with elther larger groupings of rocks, or in stucies of locallzes
areas.

Firgt reference t¢ the unit probebly was made by Bennett (1896,
p.115) who, in o deseripticn of & section in the quarry &t lLecompton,
Kansas, ctates:

®fAbove this, the[Plattsmouth Limestone] lles 1 foot of

blue clay shales; (the Heumader Shale | then € feet of

shelly, nadulsr limestone, with heavy clay partings

govounding in wellepregerved f088il18,c0cc0000000000c0c”

Hinds and Creen (1915, p.171) in thelr classification of the Oread
Limestone mention that above the "upper limestone” of the Oread is
the so-czlled "Waverly Flagging". Condra (1927, p.LS) considered tne
nama "Waverly Flagging" & non-geographic teim, and first applied the
name Xereford Limestone to 2 limestone which he describeg ag bsing:

"dense, somewhat arenscecus, in part oslitic, and

quite fessiliferous®.

The iype locallty is the Kerford (uarry, just south of Atchlson.

Further refererice to the stratigraphy of the Kereford Limestone

in lecalized areus may be found in several unpublished Mzsters! theses
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(Leughlin, 1957; Mclaren, 1958) and in the State Geclogical Survey
reports on Osage County (O'Connor, 1955), Elk County {Verville, 1958),
Douglas County (O*Connor, 1960), and also U.S. Geological Survey
geologic map of the Fredaonia Quadrangle (Wagner, 195L).

Ths general paleontology of the Oread Limestone has been studled
by Delo (1928) and reference to it has been made in more specialized
stucies; for example, Ireland (1956) arenaceous Foraminifera; Squires
(1952) bryozoans; the insoluble residues of the Shawnee Group have

been studiecd by Perkins (1952).
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STRATIGRAPHY

General Statements

The Kereford Limestone is the topmost or "super" limestone of
the Oread Limestone formation, a division of the Shawnee Group (Fig.2).
A fairly detailed study of the development of the stratigraphi;
classification of the Kereford Limestone is given by Moore (1935).
The Oread Formation was originally classed as the topmost lime-
stone member of the Douglas Formation of Haworth (1898, p.53).
Moore (1932, pp.93-%L) excluded the Oread Limestone from the
{(reclassified) Douglas Group on the basis that it is more related to
the cyclic shale-limestone sequence of the overlying Shawnee Croup
than the predominantly clastic Douglas Group. 1In addition, the
more reacdily mappable boundary occurs &t the base of the Cread rather
than at the top.

The name Oread Limestone was applied by Haworth (1894, p.123)
in Moore, 1935 to the massive limestone now known as the Toronto
Limesztone immediately overlying the Lawrence Shale. This terminocl-
ogy is synonymous with the "lower Oread" of later workers. In 1895

Haworth (p.L61) applied the name to two limestones, probably the
"lower" and "upper Cread" of later usage. The limestone subsequent-
1y called Kereford was probably included in the latter, as it was
by Bennett (1896, v.lll). Hinds and Creen (1915, p.31) recoznised
four limestone beds which included the limestone above the "upper"

member, this limestone being the Kereford Limestone.



10

Hdore (1935, p. 161) crystallized the classification of the
Oread Limestone into its present form with four limestone members,
and three intercalated shale members; these are rvespectively Toromto
Limestone (base), Smyderville Shale, Leavenworth Limestone, Heebuner
Shale, Plattsmouth Limestone, Heumader Shale, Kereford Limestome
(top).

Laughlin (1957) noted that the spelling of Kereford Limestone
member by Condra (1927) differed from the spelling of the name of
the type locality, the Kerford Quarry, in Atchison. Moore (1952, p.
366) comnsiders that:

"Stratigraphic names established by uniform usage

in seversl publications shall not be subject to chenge in

spelling, whatever the origin of these names or the advoc-

ated reason for change in orthography shall be.” |
The spelling of the word Kereford, as proposed by Condra in 1927 and

used in subsequent literature, is therefore retained,

Ihe Rereford Limestone in the Northerm Part of the Outcrop

in Eastern Kansas

The Rereford Limestone in eastern Kansas exhibits great
variation in appearance, lithologic type and thickness. In the
northern part of the outcrop, in Doniphan, Atchison, Leavenworth
Jefferson and Douglas Counties, the unit is more comstant in its
features than in any other part of eastern Kansas; even here,

however, there ie considerable variatiom.
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The thickness of the unit ranges from 8.6 feet at Locality L
in the Kerford Quarry south of Atchison, to 1.6 feet at Locallity ¢,
2 miles north of Atchison. The unit in both localitles , is rather
aebnormal in character, and generally the thickness decreeses north-
wards. The thickness ranges from about 7 feet in Douglas, Jefferson
and Leavenworth Counties, to 3 feet in Atchison and Doniphan Countles,
although, as is shown ébove, there may be considerable variation in
thickness within a few milee {Plate 1).

The appearance of the Kercford Limestone ie relatively constant
throughout the area. The lower part has thin slabby beds aboul
2 to Ly inches thick and is regularly bedded, often with & rather
nodular appearance, and thin calcarecus shale partings. In some
exposures, as at Locality 7, just east of Easton; in northern
Leavenworth County, the thicknesses of the interbedded shale and
limestone may be sub-equel. At other exposures, for example at Loc-
ality 16, Douglas Couniy, any semblance of regular bedding is lost,
and the shale partings eppear to be completely gradational into the
limestone. Thie thin slsbby part of the Kereford is completely abs-
ent from Locality 1, in northern Doniphan County.

The upper part of the Kereford approsches messive bedding, being
usually a single thick, slabby or blocky bed about 2 feet thicicu
In any vertlical exposure (Fig.z2) it tends to be more prominent than
the remainder of the unit. This rather massive, outsianding sppezr-
ance disappears in central Douglas County (Fig.23), although the
upper part is commonly thicker bedded than the undsriying part of

the member. Though the upper part of the Kereford is usually &
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single 2 foot bed in the northern part of the sutcrop, in Jefferson
and Douglae Counties it is & minor, though prominent part of the unit
(which has a totsl thickness of abosut 7 feet), in the north, where
the total thickness is much less, it may comprise virtually the

whole of the unit (Fig.!5) with the underlyling slabby limestone being
reduced to cne or two thin, rather noduler beds. Towards the top of
this massive unit thin stringers of sorted shell material are sesen,
which, owing to differential weathering,tend to stand out. At
Locality L, in the Kerford Quarry south of Atchison, cross-gtratif-
fication is seen near the top of the member.

Commonly, the contact of the Kereford Limestone with the over-
lying Jackson Park Shele is marked by a thin platy zcne of coguinel
limestone. The itwer contact is usually sharp, although locally thin
stringers of limestone are seen in the top of the underlying Heumader
Shale. At Locslity &6, the upper contact is marked in some places
by & thin, (0.1 feet) layer of fibrous calcite, with the fibers
normal to the bedding plane. This layer shows some of the features
of cone-in-cone structure, and is belleved to be post-diagenetic.

At the same locality, 0.5 feet below the base of the Kereford, simil-
ar fibrous calcite occurs, separating yellow, very calcareous shale
from a gray shale.

On fresh surfaces, the color of the limestone ig generally light
gray, or buff-gray, with the interbedded shales being & darker color.
Commonly it weathers to a yellow-buff color, although in some expos-
ures, as at Locality 3, in Jackson Park at Atchison, the color of

the exposed surface is due to limonitic. clay which hes becn washed



down from the shale and sand of the overlying Jackson Park Shale.

In many outcrops, the lower slabby-bedded limestone appears very
argillaceous. Examination of insoluble residues indicates @ high
content of clastic materlal (commonly about 20 percent). (Appendix B).
In Locelity L, the limestone can only be distingulished from the over-
and underlying shale by its lighter color; here the unit contains some
10 to 50 percent clastic material. The insoluble residue content of
the more massive upper unit; where evidence of sorting is seen is low.
(Fig. 2). Locally pyrite is observed, and may be quites abundant in
the insoluble residue.

The lower slebby limestone is commonly a fossiliferous micrite,
however all gradsations from 2 micrite to 2 blomicrudite were obser-
ved, In some exposures, notably Localities 12 and 15, an extremely
high concentration of "algal material" may produce.an elgal biolite
hite near the base of the unit.

In Douglas County the upper, more messive part of the unit is
almost entirely a fusulinid biomicrudite. Towards the top of this,
thin stringers of reworked fossil material appear, and the upper
surface of the member ieg commonly & "coguina" of fossil material.

In some exposures, as at Locality 16 near Stull in Douglas County,
this "coquina" has been called "oatmeal rock" by Jewett {personal
communicatlion) and it is separated from the top of the unit by & thin
shale gone. 0On golng northwards the ratio of the sorted shelly mat-
erial to the fusulinid biomicrudite increeses, until, in Atchlson
County, virtually the whole of the thick upper bed is composed of

this material, and it is rarely a good blosparrudite as commonly



the sorted shell fragments ere in & micrite matrix. 0Oolitles may be
seen in some exposures, but only in Locality Lido they vecur in
sufficient quantity for the rock to warrant the appellatlion of
%oogparite”.
The faunz of the lower part of Kereford varies considerably
both in variety of fossil types and in amount of fossil material,
Generally, in the southern part of the area, the basal beds of the
Kereford may be very fossiliferous, almost "reef-like", and the
fossil content decreases sharply up to the upper fusulinid bilomicr-
udite. In northern leavenworth, Aichison and Domiphsn Counties
there is commonly & very sparse fauna in the lower part of the Kere-
ford. Three phyla agppear to be dominant, algae, bryozoans and bréche-
iopods. In the south " Ottonosid' is very abundant near the base.
Both ramose and fenestrellate bryozoans, often well preserved, are
generally distributed throughout the lower unit. The brachliopads
are very diverse, and are locally very abundant, as in Locality 1§,
near Globe in southern Douglas County. Composite is probsbly the
most abundant genus in any one locality. Kinor fossils are the pel-
ecypods, chiefly Myalina (which is very abundant near the base of the
Kereford in some expasures), although other pelecypod genera are seen;
tabulate coralg, ostracodes, snails (usually small), and crinoids,
the latter usually occurring &s articulated columnals. Triticites
may be Seen‘in this lower part, but it is generally very rare. (Fig. 2).
The upper, fusulinid biamicrudite, has & resurictec but abund-
ant fauna of Triticites, minor gastropods commenly of the belleraop-
hontid type, and very rare brachiopods. Towards the top, in the sort-

ed shelly material, the fauna becomes more cdiverse with Ossgla, some
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Triticites, bryozoans (usually ramose), shell fragments and disart-
iculated crinoid ossicles; occasionally, well preserved brachiopods
occur on the upper surface.

Arenaceous Foraminifera are generally fairly coually distributed

throughout.

The Kereford Limestone in the Central Part of the Cutcrop

In Franklin, Osage and Coffey Counties the Herelouo .. oootone
chows greater variation in lithologic type and toicime:sc tiz. anywhere
else in eastern Kansas. What appears to be a gradual chons: of the

unit in these characters can be traced from southern Douj:as Gounty
into northern Franklin and Osage Counties. The wor. "zpveavs™ is
used, as in southern Douglas County the upper part of the Kereford
in the exposures seen, has been removed by erosion, Detailed correl-
ation of the member in southern Coffey County with the umnit further
south is difficult, owing to the paucity of good exposures, and/or
the absence of recognizable Kereford in the extreme south of Coffey
County and northern Woodson County.

The member reaches the maximum thickness in this area. About
25 feet of Kereford are seen at Melvern in southern Osage County,
ana approximately 30 feet near Waverly in northern Coffey County.
The thickness of the unit is reduced to 5 feet in the vicinity of
Burlington, central Coffey County.

Two lithologic types occur which are not found in the northern
part of the outcrop in eastern Kansas. In Franklin and Osage Countics

a thick sequence of flaggy, rather regular bedded, unfossilifer=
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cus "lithographic limestone" occurg on top of the basal fossil-
iferous part of the unit. Farther south, in northern and central
Coffey County, this "lithographic limestone" or micrite grades
laterally into an arenaceous limestorie or a calcareous, very f{ine-
grained sandstone, which, as in Locality 31, changes upwards

into a massive, scarp forming, fine-grained, non-calcareous sand-
stone.

As noted sbove, in southern Douglas County, the Kereford
Limestone consists of a lower, slabby bedded, fossiliferous mic=-
rite and an upper fusulinid bliomicrudite, with & total thickness
éf about 7 feet. In northern Franklin County, at Locality .,
this fossiliferocus sequence becomes condensed down to about 3
{eet, with essentially the same fossil distribution remaining.
Overlying this is the micrite, which forms the major part of the
Kereford Limestone in Osage County. Therefore, from evidence of fos-
sils, this minor, lower part would appear to be equivalent to almost
the entire Kereford in the north. At Locality 23, the lower fossil-
iferous part is unususlly well developed but it is only 7 feet thick
compared to & thickness of about 26 feet for the complete Kereford
at this locallty. It is commonly rather irregular anc slabby-bedded
and has calcareous shele partings. In some exposures the Kereford
appears L0 be gradational into the underlying Heumader Shale. The
upper contact is manifested by the more flaggy, regularly bedded,
characteristically weathering micrite sbove, and by the remarkably
gharp trensition from & fossiliferous to a completely unfossiliferous

micrite. Apart from the absence of fossils in the micrite, there
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are no marked changes in texture or in the content of insoluble mat-
erial at this bouncary. {See Appendix B).

This lower fossiliferous part is not found further south than
Waverly and even here (Locality 26) it is & very minor part of the
member,

Commonly it is a fossiliferous micrite; at Melvern, where there
is an abundance of fossil material it is a biomicrudite.

Generally the reletionship seen in the northern part of the out-
crop with fusulinids in the upper part of the member and other foss-
i1s in the lower part, is repeated in the "condensed sequence" in
the central area., The sbundance of Iriticites decreases souﬁhwards,.
until et Melvern, only a few scattered fusulinids are seen in the up-
per part of the lower fossiliferous zone.

The {fossll content of the lower part of the Kereford in this
area varies consldersgbly in diversity and abundance. At Locality
2L there is a wide variety of forms, "algal materisl”, sparse fusul-
inids, sbundant horn corals, tabulate corals, diverse brachiopods,
ancd crinoid ossicles. The faunz may be sparse elsewhere. HNyalina

is commonly found near the base of the unit, commonly associated with

Juresania and Derbya. The forms occur at the top of the lower foss-

iliferous zone at Locality 2L, and also Myalina is found with some
brachliopods at the extreme southern extent of this lower fossilifer-
ous zone in northern Coffey County where it is very thin in relation

to the ¢otal thickness of the unit.

Overlying the lower fossiliferous part of the Kereford in Osage
County, end the extreme north of Coffey County is the unfossiliferous,

flaggy micrite. This forms the major part of the Kereford in Usage
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County. Southwards in Coffey County, the areneceous lateral
equivalent of ihis micrite forms the dominant pert of the member.
In Osage County this part of the Kereford is a thick (16 feet)
sequence of light-gray, hard, flaggy, and regular-bedded micrite,
which becomes slabby towards the top. The micrite weathers into
characteristic sharp-edged slabs. Between the flaggy beds are thin
partings of what appear to be very flinely laminated limestone rathgr
than shale. The micrite in Osage County has an insoluble content
of about 10 percent, mainly argilliaceous material {(Appendix B), but
with a2 small amount of very fine sand and mica particles.

In northern Coffey County there is a change in this basic lith-
ology. At Locelity 25, 2 miles east and 1 mile north of Waverly,
the average amount of insoluble material in the micrite is little
more than in Osage County (Appendix B}, but it becomes more shaly
and silty towards the base. Near Waverly (Locality 26) the member
appears very silty; this is especially apparent on the bedding sur-
faces, which are commonly very micaceous. The name "Waverly Flagging®
of Hinés and Green (1915), probably originstes from this. At this
locality ripple marks (Fig. 3) with north-south trending axes are
observed on some bedding surfaces where the amount of arenaceous
material is fsirly high. To the south as well as to the east of Wav-
erly the lower part of this sequence becomes very sandy, and the upper
part becomes & sandstone, as at Locality 27, L miles east of Waverly.
At Locallity 29, L.5 miles south of Weverly, it is & micrite, contain-
ing some oolites and with & falrly low insoluble residue content.

In some exposures the lower part of the Kereford below the micrite
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is represented by stringers of sandy limestones in & calcareous

ghale. It is significant that this limestone-shale ssquence occurs
around the fringes of the area having a large sandstone content.

South and east of Waverly the lower part of the Xereford is typlcally
a very thin-bedded to laminated series of interbedced arensceous lime-
stones (arenacecus or quartsose micrite), calcareous sandstones, and
quartgose sandstones. This ls well seen &t Locality 2% where the -
top of the underlying Heumsder Shale also contains & few stringers

of similar materizl in the shale.

Farther gouth and west, &s ir the exposurs at Locality 32, ary
semblance of the flaggy-bedded sequence is lost. The basal part of
the Kereford is & calcareous sandstone with very disturbed bedding,
which grades upwards into a massive, blocky, or slabhy {ine-grained
sandstone, which praduces a falrly prominent scarp in the erea.

The whole seguence of the Kereford in Cdffey County is essenti-
&lly unfossiliferous. Rare, well preserved Linopreductus, still
wiﬁh the spines attached, and long crinoid stems were found in &
horizon towards the top of the exposure at Locality 25. {Appencix A).
Fucoldal markings or worm borings occur in these lower flaggy beds.
The disturbed bedding in Locality 32 may be due to an enfauna assoc-
lated with the fucold markings.

The bassl nart of the Kereford is seen zboui 2.8 miles west of
Locality 32, in the vicinity of Sharpe in Coffey County. It is still
arenaceous {about 30 percent inssluble meteriel) but is a slabdby,

light-gray limestone, with fucolid markings, Linopraductus and crinoid

ossiclss. It is very similar in appearance to the weathered outcrop



of Xereford at Locallity 37 {Pecke's Quarry neer Burlingten) although
at Burlingion the clastic content ls extremely low.

The Kereford near Burlington is about 5 feet thick, with thiz¥
slabby bedding and a sparse, diverse, feuna of "algal materizl®,
bryozosns, verious brachiopods, and Myalina. A Lorehole drilled by
the corps of ermy engineers in this vicinity showed that the shale
below the Kereford contained thin bands of siliceous limestone, as
in Locaility 29, nser Haverly.

For about € miles south of Burlington scattered incomplete out-
crops of Kereford occur, which are similar in appesrance and lithol-
ogy t.'o the unit at Burlington, but commenly are mor:s fosellifercus.

Overlying the micrite &t Felvern; southern Osage County, is &
slabby locally cross-stratified oollitic limestone, about 2 feet thicik,
The lithology varies from en ocegparitudite to @ biosparrudite. The
top part is coguincidal with abundant brachiopods end pelecypods.

It is not seen in northern Osage County at the Pomona Dam 8ite
(Loca™ ity 22), but is well developed at the top of the Kereford in
the vicinity of Waverly (Locality 25). South of Waverly at Locelity
29 & thick (12 feet) sequence of micrite, containing stringers of
oolites in a micrite metrix occurs on to. =f the sandy, flaggy low-
er Kereford. A similar sequence is observed in all cther exposuresf

in this arez; except where the massive sandstone is developed on top

of the Kereforc.



The Kereford Limestone in the Southern Part of the Outcrop

Exposures of the Kereford Limestone in Voodson, Greenwood and

Coffey Countieg are not as sbundant as in the area to the north.
No exposurcs of Kereford were found in an area extending from a point
about 5 miles south of Burlington, to five miles south of the Coffey-
Woodson County line. Although it is possible to suggest the relatiom
between the Kereford im these two areas, no detailed correlatiom can
be made.

The member ranges in thickness from about § feet at Locality &40
in eastecentral Creenwood County, down to a feather edge in northern
Elk County. There are no great changes in thickness, such as in the
area to the north.

In Woodson County the Kereford can be divided into three parts,
which tend to merge into one another southward. The lower part is
a flaggy to slabby, locally crossestratified, sandy biosparrudite to
a biomicrudite. At Locality 39 (in central Woodson County) this
lover part contains abundant Triticites; on the basis of this, and
the type of lithology it ic probably equivalent to most of the
lereford further south, where & fusulinid biosparrudite to biomicre
udite comprises most of the unit. Osagia, fenestrellate and ramose
bryozoans, Juresania, other brachiopods and Myalina are found in the
lover part of the Kereford at this locality.

At Locality 40 (Creenwood County) the basal part of the Kereford

is a fossiliferous micrite with sparse Triticites and Linoproductus

vhich grades upwards into a fusulinid biomicrudite to biosparrudite.
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The middle part of the Fereford in Woodson County is & slabby-
bedded, highly arenaceous micrite or calcareous sandstone. The onlj
evidence of fossils in this part are fucoid markings or worm borings.
This rather minor part of the Kereford is possibly the equivalent
of the entire Kereford to the north in Coffey County.

The upper part of the Kereford is a highly variable unit. In
Woodason County it lies on the middle arenaceous micrite and in QGreen=-
wood County on the lower fusulinid limestone. In northern Woodson
County it is a2n oomicrite and in central Woodson County it is 2 "reefl-
like" blolithite with sbundant fossils, that comprise 2 locally well
sorted blogparrudite. This may be reef debrie. In Creenwood County
this upper unit is & biosparrudite with locally abundant oclites.

The fauna of this upper unit is very variable; Osagia, Myelina,

and shell fragments are fairly sbundent. At Locality 39, central
Woodson County, Syringopora occurs in the biollthite.

wWagner (19%h) notes Kereford in the extreme northwestern corner
of Wilson County. It is about 5 feet thick, with a lower fossilif-
erous part, & middle sandy psrt, and an upper sandy, rather unfoss-
iliferous part. This would appear to be essentially similer to the
Kereford in Greenwood County.

The Kereford continues to be a fusulinld biosperrudite micrite
in northeastern Elk County, where it feathers out.

The lower contact of the Kereforc .s usuzlly eharp. The upper
contact may be an erosional interface. At Locality L3 (Fig. ) =
magsive channel sandstone lies on an erosion surface in the Kereford.

This sandstone, which is probably correlated with the Elgin sandstone



(Wagner, 195h), may locally be in a channel eroded down 2s far
as the Plattsmouth. A similar erosional surface probably occurs

at Locality 39.

26
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INTERPRETATION lCF LITHOLOGIC TYPES IK THE KEREFORD LIMESTONE

Keller {195L, p.6l) considers that the two primary factors in
the sedimentary process are the materiale involved and the amount of
energy availeble. FcManus (1959, pp.58-59) gives a falrly detalled
discussion of the importance of the concept of energy-levels. The
limestone classification of Folk (1959) is fundamentally related to
this concept. Two out of the three end members upon which the class-
ificetion ls based, the sparry calcite cement and the microcrystalline
calcite ooze, according to Folk are a direct consequence of the energy
levels extant at the time of deposition of the sediment. Evidence
has been presented (Mamet and Berry, 1561) that at least in some
localities the presence of micrite may not be due to differences in
physico-chemical factors relested to rates of asccretion of calcium
carbonate, and to the presence or absence of sultable nuclel for dep-
osition. However the Interpretation of Folk's classification in terms
of energy levels appears to be valid, from field evidence, for the

Kereford Limestone.

Microcrystallline Rocks

Micrite
In Osage County micrite forms the major psrt of the Kereford
Limestone. The rock is a microcrystalline calcite ooze with & minor

amount (about 10 _percent) of terriglinous material, mainly clay, but

with some silt-sized quartz graine and muscovite.

Folk (1959,p. 12) considers that microcrystalline calcite ooze
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is formed by rapid biochemical or chemical precipitation in the
absence of persistent sirong currents, and can be formed in deep
water or very shallow sheltered areas. The thicker sections of the
‘ereforé Limestone in eastern Kansas conaslst dominantly of micrite.
If approximate time equivalence can be assumed for the accumulaticn
of the unit, then the micrite would appear to have been deposited
rapidly. Weller (1960, p.168) infers that limestones formed in deep
water accumulate slowly. This would seem to indicate that the micrite
in the Kereford member in Osage County has been formed in shallow
water. HNear Weverly, in Coffey County, the sandy equivalent of the
micrite has apparent ripple markings on some of the more highly
silty bedding surfaces; the presence of these probably indicates
shallow water. Ripple markings are not seen in Osage County in the
micrite probably owing to the mechenical properties of fine calcar~

€eous8 o0ze.

Eicrocrystalline Terriginous Rocks

Quartesse micrite to calcareous sandstone

This rock is composed of material which ranges {rom very fine
sand to silt-siged (62 micron fraction dominant) Angular, sub-equant,
quartz greins and very minor amounts of clay material and muscovite,
all set in & recrystallized micrite metrix. (See Fig. L). Evidence
of recrysteliization of the ca.cite is provided on examination of thin
sections by the shiny appearance of fractured surfaces;, and the patlchy

undulose extinction of the calcite over fairly large areas in which
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many quartz greins are included. Inscluble residues indicate that

thé quartz grains make up about 50 percent by welght of the rock.

This, plus evidence from thin sections, shows that the amount of quartz
present ig not sufficient to form & self=-supporting framework whose
pore spaces could be filled in later by cement. The quartz grains

are so loosely packed that they must have been deposited together

with microcrystalline calcite ooze in relatively quiet walers, where
the ooze would not likely be removed by current action., Fleld
evidence, provided by the thinly laminated regular bedding, absence

of cross-stratification, and the glight amount of clay materizl

- present support the idea of fine sand settling out along with the

calcite ooze in & low energy enviromment. Deposition seems to have
occurred in relatively shallow water., It is suggested that the slight
gradations in the sand:carbonate ratlo, and the apparently greatsr
concentration of sand on the bedding surfaces, are due elther to
slight changes of current, possibly microcrystalllnércalcite ocae
being partislly removed, or fluctuztions in the amount of sand brought
from the source area. The latter suggestion would appear more likely,
ag, in some localities the quartszose micrite grades up intoc an appar-
ently none-calcereous, fine-grained sandstone, which shows no cross-
stratification at any of the exposures examined.

The source of this sand would appear to lie to the south east.
This conclusion is based on the fect that a lower concentration of
sand occurs in exposures lying north and west of the sandy Kereford

in Coffey County.



Microcrvetalline Allochemical Rocks

Fogsiliferous Micrite and Blomicrite

These allochemical rocks differ only {rom micrite in that they
contain fogsils in varying percentages. The dividing line between
a fosglliferous micrite {1 to 10 percent zllochems) (Fig. 5) and @
biosicrite {greater then 10 percent allochems) (Fig. 6) is purely
arbitrery, and all gradations are found in the Kereford Limestone.
In & blomicrite; fossil material, Iin greater or smeller amounts,
occure in e matrix of microcrystelline ocze. This relationship
indicates that the lithologic type is deposited in &n area of little
current action. In the Kereford Limestone there is some gradation
into rocks which indicate a greater amocunt of current action. This
will be discussed below.

Blomicrites are prcobably the most abundant rock type in the
Kereford Limestone in eastern Kansas, belng found in most localities.
In Douglas, Jefferson and Leavenworth Counties, almost the entire
Kereford unit ie composed of this lithologic type. ({is the gize of
the fossgil material in these rocks is commonly greater than 1 mm.,
they are classified as biomicrudites).

Argillaceous material is the most common impurity in the Keref-
ord biomicrucites, and locally this may be quite high.

Comicrite

Folk (1959, p.22) states thet ommicrite is an unusual lithologic

type, being composed of oclites found in 2 high energy environment,

and enclosed in & mlcrite metrix, the product of & low energy environment.
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The oolites may be fairly abuncant, but not present in sufficient
quantities to form & self-suppcriing lattice, which subsequently
could be filled with sparry calcite cement. Folk (p.22} considers
that this rock might be formed in an area where two different
energy levels occurred adjacent t2 one ancthsr, such as where chan-
nels with rapid currents protected marine flats.

This lithologic type is only seen well in one exposure (Localiﬂy‘:
© 38) (Fig. 7) in northern Voodson County where it occurs at the top
of the member.

Algal Biollthite

The term blolithite is & convenlent one, used when the fossils
are not disturbed from the positicn that they occupled in life.
Biolithites grade into biomlcrites. Algal blollthite is falriy
abundant in several localities, particularly in the basal part of

the Kereford Limestone in Douglas County. (Fig. 8).

Sparry Allochemical Rocks

These rockse consist of allochems, in the case of the Kereford
Limestone these are fossils and/or oolites, cemented by & sparry cel-
cite cement. Rocks of this type are indicative of & high energy
environment, where any microcrystalline oogze deposited together with
the allochems has been washed out by strong currents. There sre few
good examples of sparites in the Kereford Limestone becesuse mdst of
the rocke have features indicating e higher energy environment, such
as sorted shell fragments, somewhat transitional between the micrites

and the sparites. Folk (1961) would probably describe them as poorly
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washed blosparites.

The relstive positions occupied by the limestone types indicit-
ive of high energy and low energy in the environment of depositlion
are constant in the northern anc central part of the outcrop in
eastern Kansas, with the high energy rock occurring invariably in
the upper part of the member. This relationship is not followed in
the south. In Woodson County;lithologic types indicative of & higher
energy enviromment occupy the uéﬁer and lower pirts of the unit with
a nicrite separating them. Further south the micrite appears tec pinch
out and the whole member shows features of a high energy enviromment.

Biogparite

As ls indicated above, good biocsparite is rare in the Kereford
Limestone. What has been called & "blomicrite~biosparite transition"
in the descriptions of ocutcrops 1s an intermedlate type between the
two, probably corresponding tc the new term of "peorly washed biocsp-
arite" (Folk, 1961). The fossil material is fregquently indicative
of sorting and current actlon, such as Osagla encrusting shell frag-
mente {Fig. §), size-sorted shell fregments, anc disarticulated crin-
oid columnals (Fig. 10, 11), &ll of which may show rounding.
Commonly many of these are packed tightly enough, as in the "oatmezl
rock" in Douglas County, to form a lattice capable of supporting
itself, yet the Interstitial matericl is commonly micrite and possib-
ly a slight amount of argillaceous material. However in genersl, the
clay content of this rock 1s considersbly lower than that of biomicrite.

Commonly, in the Kereford Limestone, the fossil materisl is great-

-

er-than 1 mm in cdlameter, thus the appelation blosparrudite is used.
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Qosgparite

Oosparite is not as common as the blosparite-blomicrite in the
Kereford Limestone. Commonly some oolites are seen in the sorted shell-
fragment limestone, but rarely in such abundance &s i¢ name the rock
an oosparite. Where abundant oslites occur the rock usually has &
sparry calcite matrix, this being in contrast t2 what isr generelly
seen in limestones of sorted fossil fragments. Also cross-stratific-
ation, where seen, is much better developed in the blosparrudites.
This may result frum the fazct that the small spherical ocllites are
possibly better adapted for sorting and clean-washing than the
irregulzr fossil fragments, rether than that ooslites indicate a high-
er ‘encrgy environment.

There appears to be & very broad and general relationship bet-
ween these two lithological types which show sorting, and the under-
lying rock. In much of the northern part of the outcrop, a2s in
Douglas County, where the rock below the sorted material is very fos-
siliferous, the upper rock tends to be a blosparite. In Osage and
Coffey Counties, where the underlying rock is & micrite, oosparites
are dominant.

Very rarely, oomicrites are seen composing rock a&s noted above,
but stringers of o0litic material msy be found in & micrite, bslow
overlying oosparite; which indicetes the gradual approach of & high-
er energy enviromment.

These sorted rocke would appear L0 vary considerably in thickness
over sghorl cistances. At Locality 3 about 1 foot of sorted shell

materiel occurs, compared with about 7.l feet at Locality L, only 0.k



miles away. This would appear tc indicate an environwent with

localized stromp currents, possibly channeling and piling up material,

Areal Distribution cof Different Lithologic Types

In the northern part of the outcrop im eastern Kansas the
piomicrite and fossiliferous micrite found in the lower part of the
member are indicative of low energy conditions. In the extreme north,
in Doniphan end Atchison Counties, rocks of this lithological type
are only a very minor part of the umit; further south, in Douglas and
Jefferson Counties, they comprise almost the entire unit, The lithe
ology in this area changes upward into 2 biogparite-biomicrite or
even an oosparite, and cross-stratificaticn is seen in some localities.
This is indicative of an enviromment with a fairly hLigh energy level,
The change from one lithologic type to the other is generally transe-
itional, stringers or sortcd material occurring in s wicrite matrix,
though in south-central Douglas County, the sorted material occurs
above a shale break and the underlying unit shows no indication of
any change of energy levels,

In the central part of the outerop area in Usage and Voodson
Counties there is a marked increase in thickness of the unit, and
an increase in clastic material, vhich tends to complicate the relat-

ively cimple picture im the nortii, In Osage County, and northern

“
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Cofiey Couaty, & well-developed oosparite with crossestratification

b

ccurs zbove the dominant micrite., Even where there is a nigh sand

content in the micrite, as in central Coffey County, in the exposures




where the limestone is seen above the quartzose micrite; there is
evidence that a8 high energy environment existed in the vicinity, as
oolites and some layers of coquinoidal material occur in & dominante
i1y micrite matrix.

The lithology of the member in the southern part of the outcrop,
with the exception of the middle part of the unit in Woodson County,

shows evidence of being deposited in a high energy environment.



PALEONTOLOGY AND ENVIRONMENTAL INTEKPRETATION

The fauna of the Kereford Limestone is very diverse and locally
abundant. There appears to be a close relationship between the
lithology of the unit and its faunal content, and many of the changes
of 1lithology seen can only be explained by reference to the paleont-
ology.

Proposed attempts to measure gquantitatively some selected fauna
were not carried out, but some idea of the ebundance of the fauna
and the size of the individual fossils, may be obteined from the
lithologic classification.

Many groups are represented in this member; algae, foraminifers,
sponges, coelenterates, bryozoans, brachiopods, pelecypods, crinoids,
ostracods and conodonts. Of these, probably the azlgae, foraminifera

and brachlopods are the dominant groups.

Algae

klgal structures are locelly very abundant, especially in some
localities in the northern part of the outcrop. Here, in the basal
part of the member in some localities, the algal material is so
plentiful that the rock may be named an algal biolithite. The domin=-
ant genus is 2222222&5, but in any one locality, what has been referr-
ed to as "algal meterial® in the appendix may be more abundant.
This conslists of irregularly encrusted ailochems, and also what appears

to be sediment binding algae. In some instances the algal laminae
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are separated by sparry calcite. Harbaugh (1961) suggests that the
laminae may enclose spaces which are consequently filled up by cal-
cite cement, immedliately subsequent to, or during, burial. These
algae, found in the lower part of the Kereford appear to have & wide
tolerance to oxidizing and reducing conditions. In some localitles
the laminations of the algae are replaced by pyrite.

In the sorted shell fragment limestones, which are indicative
of & higher energy environment Osagia may be quite sbundant.

In some exposures, as in Locallty 3L, small (about 1 cm. in
dlameter) irregular patches or sparry material occur in the laminze.
These in some cases appear to have laminee gssociazted with, and acc-
ordingly are labelled "algal material".

Lime secreting algae seem to be confined to the depths of less
than 200 feet (Twenhofel, in Eliss, 1937, p.L20). On faunal evidence
Elias (p.L10) would plzce the environment of the calcareous algae
at a shallower depth than most other contemporary forms.

In the Kereford they are found most commonly associated with
brachiopods, especlally Composita, less commonly with mollusks, and
bryozoans. Osagie may occur with Triticites and various other shell

fragments.

Foraminifera

Two groups of Foraminifera appear in the Kereford Limestone, the
major one belng the fusulinids, represented by Triticites. This, in
respect to numbers is probably the most abundant form in the Kereford

Limestone, occurring in most exposures, with the exception of those
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in Coffey County, although the abundance varies considerably.
Triticites 1s extremely abundant in the south of the outcrop in east-
ern Kanses, being found as far south as the unit feathers out in Elk
County. In northern Kansas it is sbundant towards the top of the
unit in Douglas, Jefferson and Leavenworth Counties. In these two
areas the lithology of the rock containing Triticites is different.
In the south and extreme north, in Doniphan and Atchison Counties, -
the lithology is indicative of a fairly high energy enviromment.

In Douglas, Jefferson and Leavenworth Counties it is the reverse.
Elias (1937, p.h25) consicered, on the basis of faunai evidence that
the fusulinids occupy rather deeper water than the remainder of the
contemporary biota: this would appear to be rather difficult to rec-
oncile with the above facts of fusulinids being found in both & high
and low energy environment.

In Douglas, Jefferson and Leavenworth Counties there is & mark-
ed relationship between abundance of fusulinids and the lithology of
the rock. Much of the member in this area consists of thin limestones
interbedded with shale, and containing rare, if any, Triticites.

Where abundant fusulinids occur the shale partings are sbsent, or much
fewer, and the rock has a more massive appearance. The amounti of
argillaceous material in these fusulinid biomicrudites is slightly
lower. This would appear to indicate that the fusulinid biomicrudite
was deposited further from shore than the limestones and interbedded
ghales. Towards the top of the more massive part of the Kereforc in
this area, where evidence of & higher energy environment becomes app-

arent, the fusulinid content decreases slowly. Triticites may be
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found in the lower part of the member, bui it is very rsre, and in
one locality @ few were found in the top of the Heumsder Shale.
Where the fusulinids are abundant other groups are absent or
very rare. Castropods; in particular bellerephéntld gastropods
occur in the fusulinid biomicrudite but are not abundant. In the
fusulinid blomicrudite-biosparites, Osagia 1s quite abundant.
Arenaceous Foraminifera are found in most localities where the
member is fosslllféroua. Amnovertella is commonly the most abundant

genus, but locally Ammcdiscus or Tolypammine may be dominant. They

do not appsar to be restricted to any particular lithology.

Sp onges

Sponge splcules are not very common in the Kereford Limestone,
but are found in inscluble residue and observed in thin section from
some localities. These sponge spicules are of the simple monaxonid

type.

Coelenterates

Both tabulate and rugose corals are found in the Kereford Lime-
stone, although they are nowhere very esbundant, and occar only locally.
Syringopora occure in the bssal part of the member in Dougles

County, near Melvern, in Osage County &nd in Woodson County. Lophop-
hyllum is found at Melvern.
The corals occur in the unit only where there is an abundant biota,

this would Indicate that they are only found where very favorable



environmental conditions existed.

wells (1957) notes thet most Paleozolic corals were not attached
in the adult stage, hence few Paleozdic forms were adapted 10 &
reef environment, near the surface of the sea, where the current
action would be expected to be strong and also there is no evidence
that they favored deep water, ané on the bagis of this, suggestis
thet they lived in & similer ecologic niche to that occupled by
preeen£ day sheltered, lagoonal corals growing in warm, fairly
shallow, well oxygensted wster.

The horn corals at Velvern are elmost invariably lying sub-
perallel to the bedding, and occur in the ghale partings in the unlit,
88 well a5 the limestone., Weller {1960, p.157) notes that horn
corale ere commox in argillaceous sediments, whereas colonial corals
tend (o cocur much more commonly in limestones, although atl Locality
17, in Dougias County, one specimen of Syringopora wes found in the

top of the Heumader Shale, just below the limestone.

Eryozozns

Fenestrellste and ramoge bryozoans are very ebundant in the
Kereford Limestone. Probably the commonest type are fenestrellate,
anc in some localitles, &s in the b:sal part of the unit in Douglae
County, &re very well preserved. Ramcse bryozoans, notsbly Rhombopore
eppear L2 be the dominent type in the sorted shelly limesiones,
although this may be due to ihelr greester resietance to fragmentation.
Fistulipors 1s secn &t one locallity in Jefferson County.

The environmentsl eignificance of bryogoans is treated falrly




fully by Duncan (1957) and evidence is presented that bryogosns dis
not occupy deep protably less that 200 fest), or extremely shallow
water {zbove wave base), although encrusting bryozosns, such &s
Fistulipora can occur in very shallow weter. OSome fenestreliats
and ramose bryogoans were found in the top of the underlylng Heue

ader Shale,

Fucold Markinges or Worm Borings

These cre wost sbundsnt in the saudy phsse of the Kereford

Limsstone,

Brachicpode

These ere abungant and diverse, although few specific genere

2ppear te heve envirommental sigrniflcance,

Probably the most ebundant genera are Composita and Dielasma,

which may locally form almost & "coguine® exclusive of other brach-

iopods. Other genera are Hustedis, Wellerella (rare), Neospirifer,

Punctosvirifer (rare), Marginifera, Echlnoconchus, Derbyis, Derby-

oldes, Juresania and Linoproductus.

The last Sour genera appecr to have some environmental gignif-
icance. Derbyla, and the closely related Derbyoldes are frequently
found in the more srglllascesus part of the unit, and at some locale
ities in the shale helow ihe member. The assoclation of Juresanie

with mollusken faunas is noted by Eliss (1937, n.h0?) and thle is
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seen in severel exposures in the Kereford Limestone, Juresania
cccurring with Myalina at the base of the unit; and &lso near
Nelvern, being very abundant together with Myalina amd Derbyia just
below the micrite.

Linoproductus also appeare to be sble to occupy ecological niches

which are not available to other genera, being found (together with
rare crinoid stems) in the micrite phase of the Kereford in north- _

ern Coffey County. (Similarly Linoproductus oklahomae is found

to the near exclusion of osther forms in the Elgin Sandstone, (pers-
onal communication, Stanton Ball)). This genus may have a particular-

ly wide tolerance to certein conditions.

Peleczgods

These usually do not occur in great numbers, and appear to be
rather restricted.

Hyalina is by far the most abundant genus, being found in many
localities. Newell. (19L2, p.1%) considers that the Mytilacea
favored conditions simlilar to those of modern Mytilidae, which are
found in the litioral and shallow neritic zones, and are able to
withstand considerable variation in salinity. Myalina occurs cowmm-
only at the base of the Kereford, and may be present in the under=-
lying shale. In some localities it occurs &t the top, although this
le rare. The association of Myslina with Jurssania is noted ebove.

Cther genera of pelecypods found in this formation are Chazenomya,

Cardiomorpha, Allorisma (?) and Aviculopecten. Aviculopecten occurs

either at the base of the unit, or in the upper, sorted, shell frag-

ment limestone.



Commonly the pelecypods show evidence of recrystalligation to
sparry calcite. At one locality silicification had taken place
almost exclusively among the mollusks. This is probably due to
the metastable aragonite shell of the pelecypods being altered
to calcite, or being siliciflied in preference to the calcite brac-

hiopod shells.

Gzstir sgods

These zre a minor, but feirly common element in the Kereforc
biota. Smell high and low splired gestropode occur in most of the
lithclogies. Bellerophontid gastropods are observed commonly in
the fusullnid biomicrudite ia the northérn part of the erea, and
may rarely be found in the lower part of the member. AU one local-
ity & large euomphalld gastropod was found in the basal part of the

unit,

Ostracodes

Caveline was found at one locality, feirly well distributed
throughout the unit, the shells being heavily pyritized eand being
obeerved in the insoluble regidues. Possibly many of the small shell

fragments observed in the etched blocks belong to ostracodes.

Crinoids

No crinoid calices were found, although crinoid ossicles may
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be falrly

shurdent in some locallities, perticulariy in the rocke

which Indicate z higher energy enviromment. 7The smount of artlice
ulaticn or dissrticuletion of the crinoid stems probably provides

a good indicatlen of the energy level in the envirommeni or depus-

Conodonts

One conodont wae found near the base of the unit at the same

locality e&s the heavlly pyritized ostracodes above.
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ENVIEONMFNT OF DEPOSITION OF THE KEREFORD LIMESTONE IN EASTERN KANSAS

The results of & report of this nature, based on the study of
an essentially linear outcrop pattern along the strike of the unit,
provide rather limited sources for the interpretation of the env-
iromment of depostion.

As stated above, the two most important factors in the sedi.m-;_
~ entary process are rmaterials and energy. Therefore & consideration.
of the energy levels extant in the environment of depostion is of
considerable value in interpretation. Lithological evidence 1nd-
icates that during the depostion of the lower pert of the member
in the northern and central part of the outcrop in eastern Kansas,
a low energy level, with little or no strong current actlion was
maintained in the basin of deposition. A high energy level with
strong current action preveiled during the depostion of the upper
part of the unit in the north and central part of the outcrop, and
for the whole of the unit in the south.

Congideration of the theory of cyclothems and the position of
the Kereford Limestone at the top of the "Oresd® megacyclothem
provides an explanation for these differences in lithology. The
Kereford unit was deposited during the overall regressive phase
of the "CUreac" megacyclothem. It is belleved that the member was
~ deposited as & rvesult of & halt in the general regression, which
would probably cause & decrease in the amount of clastic sediment
being brought into the basin of deposition, or else & slight trans-

gression. This was then followed by 8 markecd regression ag the
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continuation of the regressive phase of the "Oread!" megacyclothem.

In the northern part of the outcrop, where the unit displays
more constancy in its characteristics than elsewhere, the transg-
ression would a2ppear to have been slight, a&s can possibly be deduced

rom the abundant shale partings characteristically seen in the low-
er part of the unit, and also, in the extreme north of the area, the
gradation of shale into the limestone secen in some locallities. The-

ithology indicates that these lower sediments were cdeposited durlng
quiegcent conditions. The shallowing of the sea during the regresse
ive phase caused the depostion of the upper part of the limestone
to occur above wave base, causing sorting, and. winoowing much of the
microcrystalline calcite ooze. In some localities the current action
appears to have been strong, causing crossestratificaetion; end probe
ably the piling up of shell fragments and oclites into shozls as
shown by the exposures at Localities 3 and L where the sorted mater-
ial increases from about 1 foot to 7.4 feet over a distance of 0.k
miles.

The member in the southern part of the outcrop does not follow
this pattern of initial quiet deposition and later strong current
action, but appears to have been affected by current action during
the whole of the time the Kereford was being depositied. It can .only
be suggested that the sea was initially much shallower, and zt all
times the depostion was above wave base.

Evidence provided by the underlying Heumader Shale and overly-
ing Jackson Park Shale seems to support this ldea of an interruption

in the regressive phase of the "Oread" megacyclothem. There is no
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evidence thet the entire Heunader Shale was depoglited in brackish water

o

lthcvg there are indicstions that in some localitlies It may
have been formed fairly near the shore. In some locelities

<

a faunz conzidersd 4o be iypicelly marine {ramose and fenestrellal

bryssoong, Derbyia end rarely Syringeopora, crineld columnals and

t the top of the shale, At other Locallitles,

&

iciteg), 1z found

generally where the chale appsars gradational into the limestone,
oz

cure, This fauna

-~

found in the extreme tcp of the unit; generally at theess localliles
the overlying Xereford Limestone is elso extremely foszilifercus.
Sznd iz only found in the Heumader Shale at the extreme sowthern
extent of the Kerzford ouvterop. All Indicetions point to the fact

that the Hewmsnder Shale is a marine deposit; roselbly some of Lt

43 - o t ¢ " ey -~ -
depoasition contimaed into the Kereford. In contrast the averlyl:
T - Towmls Qo S mg? S | - T . Te T
cackson Fark Shele indicaztes a marked regression. 14 ls typlcally

sendy, and In several localities

have @ccumulates st or 2bove sea level.

It would appear that the surface upon which the Kereford wes
deptgited varied considergbly in character. Fesungl associations
i the basal part of the Fereford Limestone indlealte that in many
places initial depozition of the unld occurred & long way from shore.

5’0
g
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Dougles, Jeffergon and Leevenworth and Osage Counties commonly én




abundant merine fsuna is found immediately above the base of the unit.
If the underlying Heumader Shale had been a brackish water deposit
this would not be expccted; instead a brackish water fauna would prob-
ably occur at the base of the limestone. However, in the extreme
northern part of the outcrop, and in central Coffey County these
lower limestones are essestially unfossiliferous. At some localitles,
particularly in Jefferson County, the basal part of the Kereford is
very pyritic and may have a less abundant fauna. The sea floor,
prior to deposition of the Kereford may have been 8o irregular that
isolated areas occurred where recducing conditions may have existed.
This irregular surface mey have provided protection from weve action
giving quieecent concditions for the initial depoaition.of the Kereford.
The greatest transgression of the sea is possibly marked by the
level of greatest abundance of Tritié;mes in the member. As noted
above, where fusulinid concentration is hig!. the amount of clastic
material shown tends to be low. The content of clastic material in
the limestone probably decreases with distance from shore. As
abundant fusulinids are found in lithologic types which are the prod-
ucts of high energy levels in the basin of depostion, as in the
south of the outcrop in Kanses, and also low energy levels, as in
the north, it would appear that if the energy levels in an environ-
ment are an indication of water depth then the presence of abundant
fusulinids are an indication of distance from shore rather than
depth of water.
In the centrél part of the outcrop, the great thickening of the
unit, produced by the related micrite and quartgose micrite is sup-

erimposed upon the general picture of transgression and regression.
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ks noted sbove, the source of the terriginous materlial seems to have
been to the southeast, and it eppeares to have been deposited under
guiet conditions, possibly in fairly shallow water. The fine-grained
sznd and silt are visualized as settling out together with the
calcareous ooze. Possibly the sand may have have been brought into the
basin of deposiion by fresh water, thus cresting a brackish water
environment. This could explain the faunal assemblages which are

found immediately below the micrite in Osage and Coffey Counties.

Myalina, often large, together with Juressnis and Derbyia, are loc-

ally very sbundant. No changss in texture or insoluble residue conte-
ent are noted, merely a very abrupit lack of fossils. This can only
be explained by & change in salinity of the water. The rare occurr-

ence of Linoproductus and crinsid stems indicate that the environm-

ent of depostlion of the micrite was not completely inimical to marine
life at &all times.

The sands in the areneceous micrite are well sorted, both mech-
anically and chemically. It may be noted that the Bourbon Arch
(Jewett, 1951) passes through the area where the sands are concent-
rated. Possibly this influx of clastic material s assocleted with

the presence of this structure.
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APPENDIX L

MEASUREL SECTIONS OF THE KEREFORD LIMESTCONE KEMEBER IN

ProhoUunnle Sl

EASTERN KANSAS

SEz, NE3, Sec. 19, T. 3 5., R. 22 Z., Noniphan County. Section
measured in Everett's Quarry, just south of U.S. Highway 36, 2 miles

northwest of Wethema (Fig. 12).
Thickness

feet Inches
Kanwska Shale Formation

.Jackson Park Shale Member {epprow. 20.07)

. OShale, gray, wezthering buff, seemingly unfossiliferous..20.0!
Oread Lirestone Formatlion

Kereford Limestone Member (3.0%)

li. Biosparrudite-biomicrudite transition, light~-gr
locally we athermg tan, slsbby, slightly pyri uc, upper
contect sharp with a2 few thin L‘:reet.,.x stringers in
the immediately esuperjecent shale, lower contact marke-
ed by a thin calcarecus shale parting, Osagis, rare
oy 70 ek o (. ORISR TIPS PR — T §

3. Fossiliferous micrite; light-grey, sf’.
pyritic, fossils irregulariy distribut
bunf}ant "aigal material®; arenacecus Fo
mam.y Ammac-acus; ramcge bryozoane,; chel
spicules, Marginifere, }Lvalina.“ooa.““““.,”.“MM“O.‘}'

~ ™

2. FPossiliferous micrite, light-gray, slebby, =lightly
pyritic, lower contact snarp, glgal ma teriell
srenaceous Foraminifers, mainly Ammodiscus, c}:e-l
fragments, spicules, MyRlinG..cecovoevsovssscsovsccesssselel?

Heumade: Shale Member (2.7%)

1. Shale, medium gray, cealcareous, Myellnz zt tODecocososcwsotel?



FIG, 12. , Exposure of the Kereford Limestone at Locality 1,
Atchison County. Unit consists of three, thick
slabby. beds.

! B Y 4 A G 1A i R,

FIG. 13. Exposure of the Kereford Limestone at Locality 2,
Atchison County. Note that the member can only be
distinguished from the over- and underlying shale
by its lighter color and slightly thicker bedding.




Localivy 2
SWz, Sec. 18, T. 5 S., E. 21 E,, Atchison County. Section

measurad in quarry, east side of reed, 2 miles north of Atchison {Fig. 13).

Thickiess
Feet Inches

Kanweke Shele Formation
Jackson Park Shale Member (15.0!)

5. Shale, gray, weathoring buff, shely, &€i1{¥.esseee..2pprox. 15.0¢

Oread Limestone Formation

{3
N

¥)

[ 4N

Kerefard Limestone Member

A

L. Argillacesus micrite-calcareous shale, lLight-gray,
elabbys slf‘-ght‘lb' gradational with shale. PV 20eECPO0OEBOOCO LD 00.02

3. &hale, calcareous, shely to flagegy, unfos8iliferousS..ccecee0.67
2. Arglllaceous micrites-calcareous shale, lighte-grey,

slabby, slightly pyritic, gradaticnal contacts
‘4l-oesikﬁermsﬁoDB!OOCSDQO.!.OOOG&OIBE0.0QOQOOGQGDGIJCHOUQOJO;"'

Heumader Shale Member (2.0Y]

1, BShale, medium gray, shaly, calcareous, unfossiliferousSce..c.0!

Locality 3

1

SE:, Sec. 7, To 6 8., K. 21 E., Atchison County. Section measured
in quarry in bluffs sbove river, in southezst part of Jackson Park,
5 3

Atchison (Fig. 1k).
Thickness
Feet Inches

-
7

Yamvala Shale Formation

L. Shale, limonitic, shaly to flaggy, silty, appar-
ently ANLoBUL LI ePOuB s s vwwmcnns ooy s s winssoammsss ssesrshdeI
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Oresd Limestone Formation
Kereford Limestcne FMember {3.8?%)

3., Fossiliferous micrite toc bismicrudite near base,
grading upwards into a blomicrudlite-blosparrudite
transition with some oolites near top, light-gray,
limonite stained, blocky, upper contact is sharp
with a2 few thin stringers of flaggy, cross-bedded
oosparite in the ghale immedistely superjacent ico
the unit; lower contact is sharp, with an undulating
bedding surface. Fossll distribution is irregular
near base of unit eiringers of abundant foasils are
interlayered with fossiliferous micrite; rere Trit-
icites, ramose bryozoans, shell fragments, small
high-spired gastropods, diserticulated crinoid

Ossicles.onoooonon.uooun..e..ooooo000..0.-000000--D.lcleﬁbaezig

2. Fossiliferous micrite grading into a micrite near
base, with & brachiopod biomicrudite immediately subj-
acent to the overlying unit, medium gray, limonite
stained, slabby to fleggy, rather irregularly bedded,
interbedded with limonitic, calcareous unfossilifersus
shale; lower contact sharp, with very thin stringers
of micrite immecdlately subjacent; fossil content low
and irregularly distributed; mainly spicules, shell
fragments, at top layer of abundent brachiopod shells,
oriented sub-parallel to bedding, Composit@.eeecccecsscsosloli?

lleumader Shale Member (5.6t)

1. Shale, light-gray, limonitic, seemingly unfossiliferous...5.6!

Locality L
NE:, WEZ, Sec. 16, T. 6 8., R. 13 E,, Atchison County. Section
measured in Kerford Quarry, approximately O.L miles south of Locality 3.

(Fig. 15).
Thickness
Feet Inches
Kamwaka Shale Formstion

Jackson Park Shale Member {approx. 10.0')

L. Shale, medium grey, clayey t0 8h28lY¥eeseeocososnsesss@Pprox. 10.0¢



FIG. 1Li. Exposure of the Kereford Limestone at Locality 3

-9

Atchison County. Note the flaggy, rather nodular
limestones in the lower part and the more massive
uppar part, typical of the Kereford Limestone in
the northern part of the outcrop.

FIG. 15.

Exposure of the Kereford Limestone at Locality li,
in the Kerford Quarry, Atchison County. This

is the type section of the member. Note the
thickness of the upper part of the unit, compared
to that in Fiz. 3, only 0.k miles away.




Fereford Limestane Member {(7.L1°)

L

. QOusparite-comicrite at top, grading into blosparrud-
ite anc cosparite lower cdown, tc & fossiliferous
micrite at base; buff, tan weathering; unit composed
of four slabby units of sub~-equal thickness separated
by elmost plene Partings without shale, undulatling
becding surfaces within the unit Indicated by cdiffer-
entizl weathering of ghell fragment layere, slignt
cross-gtratification st top, sharp contacts et top
and base, spicules and small sorted shell fragments
in discontinuous stringers neasr base, Osegis. falrly

zbundant Triticites and cisarticulaed crincid ossicles
higher up, smalli ui&a’ encrusted shell fragments and
rhomboporelid hryossans al top, with &dmmovertelle and
Ammcdisqgg‘bexn: fairly equally distributed throughoute...6.2¢

2. Micrite with brachiopod biomicrudite immedistely
subgacwnt to the overly;nr unit; medium E¥EY s fla
to =*abby, rather nodular, interbedded with celes
shele, siightly gradetional contact with shale below,
few algal {7) structnreu seen nesy bese, sbundant
Composita in blomicrudite at i00ecenccecsvocsncscccavnoccelel?

- - - - -
Heumader Shale Meuber (F.2°)

- - \
l. Shele, gray, secemingly unfosslliferduS.ccecsiseccoscecscssesbelt

Locality S

=

SW4, Nw:, Sec. 32, T. & S.; R. 21 E,, Atchison County. Section

“ % oy

[y

measured in quarry, 3/8 mile west of Stete Highway 7, ! miles souih

7

of Atchison.
Thickness
Peet Inches
wale Shale Formaticn

~ 1 ) e - n ﬁ— ¥
Jackson Peark Shale Member
2 T A saniat a5 T 1 e Yo dur & —
. N ~ - : ] v
— WiLaE e BaLCEVINE, Je...i)”n, Y"fta wJ ...13&38} eGuco00B0B0EE

Oread Limes%ione Formation

Eereford Limestone Member (2.6%)




c
"N

2. HMiecrite, at top fossiliferous micrite; buff, flagcy
to slebby, with interbedded calcareous shale part-

ings, slightly wavy bedding surfaces, upper contact

sharp, lower contact gradational; uppermost bed with

zone of disarticulated crinoid ossiclesg and small

shell fragmente sub-parallel to bedding, Composite,
Aviculopecten (?), fucoidal merkings Or wWOIT DOrinES...o.2.8!

Heusader Shele Member (6.1°%)

1. Shale, medium gray, thin calcareocus zone &t top,
m}foasiliferous...'.6.'....0....0..00.Gl.‘000....0.0.'..&006.;’

Locelity 6

NW%, WWi, Sec. 20, T. 8 5., R. 21 E., Leasvenworth County. Section

measured in quarry, 0.5 miles east of Faston (Fig. 16).

Thickness
Feet Inches

Kanwaka Shale Formation

Jackson Park Shale Fember

S. Shale, yellow, interbedded with flzpgy to slabby

sancstsneb"o'.IOO..COOOOIIOOOOOO'OODOOGOOOGCOOOG000000000

Oread Limestone Formation

Kereford Limesione Member {(6.4')

L, Bilomicrudite to bicsparrudite, buff, rellow weathering,
tlocky, beddling surfaces within the unit indlicetesd by
differential westhering of shell fragment layers, upper
contact lecally marked by a lsyer of fibrous celclite,

G.1f% thick, fibere normel to bedding planes, lower conte

act slightly frregular but sharp, Osagia, Iriticites,
spicules, brachiopod {ragments, bellerophontic gastrop-

ws, crmgid ossicleso.lu00.05000.03.'&0.0ﬂfo@o"bﬂ...O@eﬂzli'
Iicrite, bulf, flaggy to slabby, rather noduler, int
ervecdded wilh approximately egual thickness of yellcw,
calcereous shale, lower contact sharp, rare Derbviscceeeccsiio?

o

\WS
o
-

3

- -

Heumader Shzle Vember {(3.87

N

2. Shale, yellouw, earthy, limonitic and calcareous,
iower contact locally merked by & fibrous calcite layer...C.5*




- “ - Y E o S
ot Sﬂa.‘&": m}gﬂi\m’l gr&}", Sk‘ta-‘t-yur-uo-coouobaaooaooooo-oouoocooueo,’-,f.

Locallity 7
S¥%, Sec. 32, T. 8 S.y R. 21 E., Leavenworth County. Sectlion
meagured in road cut on north eide of county ruad, near top of hill.
Thickness

Fest Inches
Karmwake Shale Formatl

™~

Jzckeon Fark Shale Member {(2.0°)

3. Sandstone, bulf.eolored, crogs-gbretiflied, lower
contact possibly erogionRlicecescssssssassvsevevnsvnvssssedel?
Oread Linestone Formation
3 /7

Ferelord Limestune Member (2.0%)

2. FMicerite, lightegrey, woesthers buff, slabby to

flaggy, ergiliacecus, lower cantact sgharp, sparse
Shell fragme:}tg’ .?z.iticitl&s'Owwvoi‘hoctoéﬁheboL\-'ﬁ\'.‘i(iBCOQFJC2¢Q€

fleumader Shale Member (6.0°)

1. Shale, yeilow, limonltic; clayeycececccscsscossvecsesanesed O

T

St corner, Sec. 28, T. ? 8., R. 20 E., Jefferson County. Section
meagured in stream bank, adjacent to ferm rosdway, SC yerde west of

leavenworth~Jeffereon County line (Fig. 17).
' Thickness.

_ Feet Inches
Oread Limestons Fornatlon

Fereford Iimegtcone Member [£,0%)
3« Tusulinid biomicradite, locelly tiosparrudite at

top, brown~gray, elsbby, westhering flagey with wavy
bedding, uppermoset conteci netl seen, lower coniact



FIG: 17

»

Exposure of the Kereford Limestone at Locality 6,
Leavenworth County. Note lower part, with flaggy,
rather nodular limestones and intercalated with
sub-equal thicknesses of shale.

Y3 K"

Exposure of the Kereford Limestone at Locality &,
Jefferson County. Upper bed with fusulinids, normally
rather massive, is here weathered to platy fragments.




frregular but sharp, extremely sbunsant Triticites,
maximunm fusulinid eoncentratlion seen near center of
&'}it, Qsari& rleax‘ t‘apoﬁbo..b.voOOOODOQOOEOB‘OGDOOOGOOQGOQOLGC'

2. MNierite to fossiliferous micrite, light-gray, light-
gray to buff weathering, slsbtby to flaggy, argillac-
eous, fenestrellate and ramose bryozoans, brachiopocs,
bellerophontid gastropods in upper part, "algel mater-
:.81", Linonrodﬂctus, iower partwacouo-cooaoooaoouoooaooonoho?‘

Heumader Shale Member

le S}mle’ medim gray..9000.Q..O.D.0..00.....'09.‘0...0....0.

Locglity ¢
Center of east line, SEZ, Sec. 36, T. 10 S., R. 20 E.,
leavenworth County. Section measured in quarry, west sicde of Highway

16 (Fig. 18).
Thickness
Feect Incheg
Kanwake Shale Formation

Jackson Park Shele lember

6. Bhele, Eray-tan; ClaYEV.sesosssenvnusswesssssevssssanssss
" Oread Limestone Formation

Kereford Limestone Member (6.1!)

5. Fusulinid biomicrudite, light-gray, buff weathering,
slabby, towards topy bedding manifestsed differsntisal
weathering of thin stringers of sorted shell fragments
and crinold ossicles; upper contact sharp, top being
& thin, platy, shell fragment zone; abundant Triticites,
maximum concentration of fusulinids near middle of unit
and decreasing sharply 0.5! from top, Ammovertells,
Marrirnifera, Juressnia, lLinoproductus, smail high-spirec
bellerophontld gEBtroDOdB.cemsensenvnssssnnssssnbesscovnurlal!

to Fossiliferous micrite, light-grey, weathers buff,

elabby, uneven bedcing, slightly pyritic, spersely
fossiliferous, fossils uneverly clustered, Triticites,
erenaceous Foraminifera, small gaStropodSececcsecsescocessveles?

wn




FIG. 18. Exposure of the Kereford Limestone.at Locality 9,
Leavenworth County. Showing the upper massive bed
and lower thinner bedded limestone.

5 o
- - e -y .

FIG. 19. Exposure of the Kereford Limestone at Locality 10,

Jefferson County. Note upper rather platy weath-
ering fusulinid bed.

!
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. ~ ~ "v
Sf?g\le’ calcamﬂus::oooeawno-:oo90.o-oo.oooouooenooooooso‘dol")oﬂ.'

2. HMicrite, buff, slabby, uneven bedding, pyritic
raretalgal material"; Ammovertelle, shell frag-
meﬂts, spiCuISSOQODDOGOODQUO'II‘.(«9'09..DlD..l..o.G.Ic'OI..l.é'

Heumader Shsle Merber (3.5')

1. Shale, medium gray, unfosellifercuB.ccccesccscccecccsssoseIeb!

Locality 10
SWi, Sec. 33, T. 10 S., R. 19 E., Jefferson County. Section
measured on west bank of Buck Creek, west of northe-south county

road (Fig. 19).
Thickness
Feet Inches
Oread Limestone Formatlion

Kereford Limestone Member {6.0Y)
3. Fusulinid biomicrudite, light-grey, brown weath-
ering, slabby to flaggy, very irregular bedding
surfeces; upper contasct not scen, (evidence from
cdispleced material indicated a platy, shell frag-
ment zone &t top); abundant Triticites, often
algal costed, fusulinids coucenurated in lower
and middle parts of unit, rare Neospirifer, beller-
ophontid gasu‘q)wa.'..‘..II..Olll‘..l.....l....l.....lo..2.0'

2. Ficrite and fossiliferous micrite; locelly at base
elgal biolithite; gray, slabby to flaggy, shale
pertings, somewhat pyritic, pyrite ususlly concen=
trated in the algal structures, irregularly distrib-
uted fauna, usually sparse, Ottosoniz at base
locally abundant rare Triticites; fenestrellate
bryozoans, often well preserved, Composits, Ierbyia,
Hustedia, high-spired gastropods, crinoid 088iCleS...sso..lisOf

Heumader Shele Member
approx.
1. GShale, medium pgray, seemingly unfoselliferoubessecrsssacaeloel’
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Locallty 11

Center north line SWi, Sec. 14, T. 11 S., k. 19 E., Jefferson

County.

Section messured on roadecut, north side of east-west

county road, near top of hill (Fig. 20).

Thickness
Feat Inches

Kenwake Shale Formation

Jackson Park Shale Member

6.

smlef gray-tén.'...'.C.t.&.“.....'..'.0'..'.........03'..

Cread Limestone Formmation

Kereford Limestone Member (6.6%)

<

-9

b
3.

Biogperrudlite-biomicrudite, platy, upper contact

sharp; lower contact covered; very low fusulinid
concentrstion, fregmental ramose bryozoans, shell

frapments, crindld 088101eBucsearsosnnassyesomnunneovenasssDali?

Cmmdg pgﬁsibly smlelloioau0‘b.00no.aeco."oﬂwcceoauc.ogtsg

Biomicrudite and fossiliferous micrite; light-grey,
buff weathering, slabby, upper contact covered,

lower contact rather arbitrary, being determined by
the sudden decreese in fusulinid concentration and
more flaggy bedding below, sbundant Triticiies
Fistulipora, fenestrellate bryozosns, and bellerop-
hontid gastropods in lower part; towards top, fossil
content decreases, glving & fossiliferous nicrite,
Osagiz, few Triticites, small high-spired gastropocs,
this sortec fossiliferous material being concentrated
’-n St’ringers...........u-..--...-.........o......a..n....2.9'

Fosgiliferous micrite, lighte-gray, buff weathering,

glabby to flaggy, weathering to give a& rather node-

ular appearance, lower contact sharp, Ottosonia

near base, rare Triticites, abundant fenestreilate

bryozoans, Composite, Usrbvia, fairly abundant
Miilm.H.DOD.ODODVOnﬁOO'.QIO0..0..9.000.09..-00.09009'..030':32

Heumader Shale Member (2.L1?)

l. Shﬂle, 3’811W-g2‘5y, 8pp8]"ent1:{ uiﬁ'OBSiliferous. s0c 2009000V .2 CL' ¢



NWi, NE%, Sec. 29, T. 11 S., E. 19 E., Jefferson Count Section
measured in Hamm's Quarry, north side of U.S. 59, 0.5 miles east of
Williamstown (Fig. 21).

Thickness
Feet Inches

Kanweka Shale Formation
Jackson Park Shale Member (20.0')

6. Shale, siltstone above, light-gray, buff weath-
ering, shaly to flaggy, cerbonsceous materizl
beuc-mg plﬁnpwboﬁaool.DQBO..HOOGQQUOI..00&000000..0...'00'2000'

Cread Limestone Formation
Kereford Limestone Member (7.5')

. Fusulinid biomicrudite; -;ght-vrag, weathering -
buff, blocky, becoming slabby towards top where
weathered-ocut stringers of sorted shelly matere
ial are seen ;slightly pyritic; upper contact le
sharp and is 'marked by & thin, r;ata, arglllac-
eocus zone of small; rounded shell fragmente and
spicules; lower contact is rather arbitrary, based
on the sudden decrease in fusulinid content, slabby
to [laggy bedding, and shely pertings below;
abundant Triticites concentrets:: .n lower and middle
part of unit, arenaceous Foraminifera, mainly
Tolypamming, rare pyritized Cavalina, brachiopod
spines, small low and high-spired gastropcds, bell-
erophontic gastropods; Ehombopora, sorted shell
fragments, spines, crincid oasicies; towards top
fusulinid concentration decre&B8EB.ccsccccescccoccoscssssaclicd!?

L. Fossiliferous micrite, light-gray, slabby to
flaggy; Iriticites, Ammodiscus, Tolypammina, rare
pﬂitised mvalmalo.'.9......?3...0...9.....0"0.0......00 9‘

_3. Sl’lale, Calcamous--oooooocooe-o..e.eno.eaoaoc-oabo'nnocaoncol'

2. Fossiliferous micrite, locally an algal biolite
hite, light-grey, €labby, rather nodular in appear-
ance, plane, slightly undulating bedding, lower
cantact sherp, with & few; very thin, stringers of
gigel limestone in the meediate‘v subjacent shale,
fossils decrease in ebundance towards top of the unit,
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. 20. Exposure of the Kereford Limestone at Locality 20,
Jefferson County.

Jefferson County.




Cttoncsia in lower part, growth lines heavily

pyrivized, rare pyritized Triticites, Ammodiscus,

Tolypammina, pyritized Cavelina, conodonts, ramose

bryogoans, Echinoconchus, Neospirifer, Linoproductus,
Marginifera, Hustecie, Composita, brachiopsc frag«

ments ark! spines, commonly algal encrusted, Chacn-

omys, sillcified pelecypod and gastropod fragmentis,

crmOi»’; ossicles..l'.'ﬂ'.'..'...Q&.D.ﬂ.ﬁo00'0000..F°¢0000.2GG'

Heumeder Shale Member (1.51)

-

de

Shale, medium gray, highly calcareous, eglightly

pyritic and fossiliferous immediately subjacent

to limestcne; rare, flattened and eilicified

fusulinids, Tolypamminz &nd Ammodiscus, rhombop-

oroid and fenestrellzte bryozoans, Derbyis, crinocid

columnals, lower part unfossiliferouS..cececssesscccsscessecle’?

Locality 13

SE4, Sec. 1, T. 12 8., R. 19 E., Douglas County. ction

measured

*fordt's Quarry, north of U.S. Highwey 2L.
Thickness
Feet Inches

Oread Limestone Formation

Kereford Limestone Member {approx. L.0%)

.3.

Blomicrudite~fossiliferous micrite, buff, yellow

weathering, slabby, lrregularly bedded; upper

contact not seen; lower contact arbitrarily

determined by the decrease of fusulinids, Irit-

icites, belicrophontid gastropodSceeccecceecscsccscosscesclOF

Fossiliferoue micrite, locally an algal biclith-

ite, buff, yellow weathering, elebby to flaggy,

irregulerly bedded, shaly bedding surfaces, low-

er part more fosslli_ferous with Ottonosia, fepes-

trellate bryozoans, Compositsa, Derbvia Linoprod-

uctus, Carciomorpha, Allorisma 2.5, hig‘a anc troch=
old-spired gastropods; touwards top rare TriticiteSccoccoocs’s0f

Heumader Shale Member (1.6t)

-
- e

Shele, light-gray to buff; fossiliferous al top
with Foraminifera, Derbyis, Astartells.ccsceccscoscscssosslolt




-3

n

Locality 1

SW corner, Sec. 35, T. 12 8., R. 16 E., Douglas County. Section

measured in quarry at Lecompton, just south of Santa Fe railrozd (Flg. 22).

Thickness
Feet Inches

Kermwake Shale Formation

Jeckson Park Shale Member {approx. 20.0!)

ll.

Shale, yellow silty, seemingly unfossiliferous.......approx.20.0*

Oread Limestone Formation

lereford Limestone Memwber {7.0!)

2
Je

Biomicrudite, light-gray, vellow weathering,

slabby; upper contact sharp, top miriked by &

platy, argillaceoug sorted shell fragment gone;

lower contect by a decrease in fusulinid content

and more {leggy bedding, wlth shale partings,

below, abunjant Triticites, bellerophontid gest-

ropods in lower pa2rt of unit, towerds top fusitlin-

ids become less abundant, shell fragments, crinoid

columnals, at top Osagie, rare Triticites, Dielasma,

small gastropods, BpPineScceccccvscsvccssrsuncsorsossecsvovesl?

Fogsiliferous micrite, locally biomicrudite, iftight-
gray, yellow weathering, flaggy to slabby, rather
nodular in appeerance, interbedded with calcareous
shzle, Ottonosia, "Marksia", near base, rere Trit-
icites, increasing in number towards top, fenestrel-
late bryogoans, Lm&.zxx;ctzglqg Hustedia, Dielasms,

Criﬁaiﬁ ossiCleSQOBoaooeDoocI00009000bouocoloudoweouu.o'O.Svf:?

Heumacder Shale Member (2.0%)

le

ﬁqbales light‘gra)'.0.0BOG'.O..OOO.G.U.O(\O.'.0#0'0‘0“30000..200'




Locality 15

SE corner SEj, Sec. 7, T. 12 S., R. 19 E.. Douglas County.

Section measured a few yards west of Erisge No. 257, on north side of

Turnpike. Poor exposure, basal Xereford only.

Thickness

Feet Inchss

Qread Limestone Formatlion
Kereford Limestone Member {1.0%+)

2. Riomicrudite, algal bioslithite, yellow, slabby
to flaggy, with very lrregular bedding, highly
weathered, upper contact missing, lowsr contact
sherp, highly fossiliferocus, abundant Ottonosia,
sparse Iriticites, Syringopora, fenesirellate:and
ramose bryozoans, felirly abundant Composits,
Juresania, (with well-preserved epines) Derbyia,
Wellerella, articulated crincid stems, lerge

%xgilnaa, often algal encrusted, highespired and
ellerop

hﬂntid gastrcpojanoaﬂsuuuuaeonoonueeoc&.oeoecu;.cve}.eO'*

Heurzd.: Shele Mermber {(approx. L.07)

l. Shale, groy, mostly CovereC.cecoscoscsasesvasccseceEPPYoOKe Lolt
¥ b ]

Locality 16

Center south line of Sdi, Sec. 30, T, 12 S., R. 18 E., Douglas

County. Sectlion méasured in stream bank, north side of county road,

3/8 mile east of Stull (Fig. 23).

Thickness

Feet Inches

Oresad Limestone Formetion

Kereford Limestone Member (7.8%)

6, Bilomicrudite-blosperrudite, "Ostmeal rock", gray-
brown, buff weathering, slabby, plane bedding surf-
aces locally absent; gharp upper and lower contaci,
well-developed WNW directed vertical jointing, rock
consists almost entirely of well sorted shelly mat-
erirl, commonly oriented parallel to bedding plane,
with & smail amount of interstitial mierite and arg-
illsceous materiel, Osagia, Triticites, arenacecus




-3
=

Foraminifera, reworked, alpal encrusted, shall
pr&g{ﬁ?ntﬁ &m SPICu&eﬂDG“QGOD.2000809000'93600000.000QOIBQQDLE
5. Shale, yellow, weathered, clayey, seemingly

fe

MOB&&}.HEI’O%..O»O'Qcs-notnuu-oooooeo.oaauecoonsnanoooouGoU

Lo Pasulinid blomicrudite, buff, ysllow weahherir\g,
- two slabby unlts, separsted by a thin yellow cale-
careaus shale parting. upper contsct sharp, lower
sntact . marked by & shale bresk and decrease in
fusalinid content, abundant Triticltes in lower
unit, .J.ess,u;upper unit, Ammovertella, brachiopoc
Bhell fragmnts, crmeid oaaicz€7s.ﬁ ._C.. eO0OeVLOOOIOOBOOBOES .1.6'

3. Hiecrite, fossilifercus micrite, light-gray, slsbby
to flagey, argulacesus, pyritiz, Lrregular, more
shaly bedding plenes, lower c‘:antact marked by an
increase in fossll content, and more slabby bsdding,
lower part essentizlly & milerite, sparse fossil
content, Triticiles, concentratlion increasing Loward
top, Ammowverbella, Linoproductus, Dictyoclostus,
Reospirifer, crincid slems, bellerophontid gaslropoiSscee.3.0!

2. Biumicrudite, locally algsl Glolithite; light-gray,
buff-gray weathering, slebby, very irregular bedde-
ing surfaces, slightly pyritic, locally very sbund=-
ent Ottonoeis, rare Iriticites, Awmovertells, Tolyp-
ammina, i'fﬁombepm, ferxest.reliaue bryoczoans, Ccmgszim,
Jerbyie, Lincproductus, Juresanis, Neospirifaer,
functospirifer, articu uleted crinoid suems.,..w““o”...“’&. ?

neumader Shale Member

B Shale, medium BTG 000000c00wu000000000DRs00COUOCO0UOEOESOC00

n.

Localley 17
Center E line, Sec. 35, T. 13 S., R, 17 E., Douglag County.
Secticn messured in stream bed, under bridge on Shawnee-Dougles Tuunty
line,
Thickness
Feet Inchee
Oread Limestone Fermetlon

Tereford Limestone Member 16 1)

. Blomicrucdite, "Oatmesl rock', brown-gray, slabby,
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FEG: 23

Exposure of the Kereford Limestone at Locality 1.,
Douglas County. This shows well the lower flaggy
to slabby bedded part and the upper more massive
limestone.

Exposure of the Kereford Limestone at Locality 16,
Douglas Countye Note the upper part of the member
on this exposure. The topmost bed, "Oatmeal rock"
is not present in this figure.



ergllilaceous upper anc lower contact sharp, unit
composed of gorted rewcrked ITriticites, erenaceous
Fcr..mi,‘i*eu, shell f{ragments and splcules, coumn~

oniy &l m.x. encrustec, slight Interstiticl micrite

N
2
ensg &7 lc.nce%" mteriéknuaocuouleboco&nono.ooeooao.oeoooJch

smlﬁ‘.’ bFM’ Eart}"o‘, Ll;'.fossilu‘erMOwooneesuoeoea-oono.c

Fosglliferous micrite, locally biomicrudite,
weathering {an-brown, flaggy bedded, wavy bedding
planes, upper contact sharp, lower contact arbit-
rary, cdetermined by more slabby beddling below, end
incremse in fossil content; iticites abundant
towards top, rare Osagla, large fenestrellate bry-
5z0ans near hase, Linoproductus, Lechlnoconchus,

I‘Eeaﬂﬁlrmer’ Crinom 085101&5n000909-00¢teouo.-on.cool'l¢-209'

Blomicrudite, gray, yellow-brown weathering, siabby,
vaery irregularly bedded, lower contact sharp, with
some thin limesgtone stringers in shale immediately
subjacent to the unit, basal limsstone ghaly with
a8 gparse fauns; abundant fauna above base with
Syringopora, lenestrellate bryogosnz, Composiisa,
Dervyis, Merginifera, Juresenis, Hustedia, high-

S;’Jg*‘&( D St.r')“’OOS; rare q&'.}.taciwﬁunnuncwouauouoeocoaoceuos—oé

-

Feunader Shale Member

Shale, mecii\m gray, ehaly, top calcareous and

fasgiliferous, Syringopors in shele below limeston€cceceee

W corner; Sec. 2; T, 1% S., F. 18 E., Douglas County.

Exposure in ditch on socuth side of U.S. Highwey 50 and in north-south

county road, 0.5 mile west of (lobe.

bt

‘oré Limestone Member (2.0°)
Biomicrudite, light-gray, bulf{ wezthering, rubbly
very weathered, abundant fauns, alpal material

commonly encrugiting ghells, Syrinsopora., fenestrelli-
ate bryocoang, abundant Composite, Jlelasma, Hustedie

Thickness
Feet Inches

Derbria, orlented sub-parallel to bedding planes, hrga
euomphallid gastropods, high-spired gastropodS.isecccescecsec i’




Center NEi, Sec. 2L, T. 15 S., Ro 17 E., Frankiin County. Section

neasured at top of quarry in Plattsmouth Limestone. Very poor exposure.
Thickness
Feet Inches
Oread Limestonz Formatlion
Ferefm< Limestone Henwber {epprox. 1.09)
2. Algal biolithite-biomicrudite, yellow-cream,
very badly weatherad, rubbly, &lgal materisal
weathering out, Syringopora, fenssirellste
and ramosge bryozoens, brachiopois, wndisass- &pprox.
wiﬁwd Crs.ﬂgi.ﬁ? Emm&ﬁeoew.ﬁce!ccv&00.6003...'0..00005009J~0;"e
Heumader Shale Hember {[12.07)

:‘Lg S}l&le‘; Z\E’::."gra‘\':', ﬁart}“ﬂ:fy C}.ﬁ:’ab’; ‘.lnfOES ilifel"ﬁ‘ds coumnnovec 0352 Qf

Localilty &0
Extreme SW corner, Sec. 8, T. 16 S., k. 18 E., Franklin County.
Section measured on east glde of northegouth county roud #nd around

Thickners
Feet Inches

J

Oread Limegtone Formation
Yereford Limestone Nember {3.5%)

Le Mierite, light-grey, hard, flaggy, planar slightiy
undulating bedding; upper contact missing, lower
contact determined by more slebby ilrreguier bedding
angd pressuce of fOSSLlS belm-:..«..un-....n...u-e.o....0.5°

3. Bilomicrudite, lighte-gray, buff weathering, flagcy
to slabby Llrregulsr bedcding; lower contect deterne
ined by & marked decrease in fusulinid content below,
&bunﬁaﬂt Triticiwsﬂ000000.0.0"0626.Q..o.'ve.0&000.0..00.1.05?
¢. Blomicrudite, eimiliar to abtove hut more slabby,
abundant diverse fauna, Ottonogia, algal "binding®
materizl, rere fusulinids; abundant ramose and




7€

fenestrellate bryozoans, abundant weathered-out
brachiiopsdes Jomposita, Dielasmz, Marginifers,
Hustedla, DeTBYIE, LeosDiiller, aUCLOspiroier,

high-spmd gastropws"'.OOQDIQ.O0.0.f."ﬁ.loiﬂ.ﬂ..".b.’l.6e

Heumader Shale Member (27.01)

l' Shale, yellw, calcamms..0.l\l.‘ﬁb‘..‘.....O.GU"..OI.OOQZ?.O'

Locallity 21
Center S line, SE%, See. 10, T. 16 S., R. 17 E., Osage County.
Section measured in road-cut, on east-weet county road, on hill

gbove bridge.
Thickness
Fegt Inches
Oread Limestone Formation

Kereford Limestone Member {10.L?)

6. HMicrite, light-gray, buff weathering, hard, {laggy,
planer bedding eurfaces, weathers into angular
sharp edged slabs, upper contact missingiceevccecceccesssefel?

5. Biomicrudite-fossiliferous micrite, light-gray,
yellow weathering, slabby to flaggy, lrregularly
bedded; upper comtact merked by the abrupt disapp-
earance of fossils and the overlying regular bedding,
encrusting elgae, Triticites, Juresanic, Dielasna,
}hrgmi—fera’..l.'.'I'....50-..0.0..9U..ﬁl...'..‘l...&.l‘..'lts'

zlﬂ S!’Iale’ 3'&11:“‘?:‘ calcarGMtonuo-owavvo-tootoacuanp.a--o-onoOuS:

3. Fossilifercus micrite~biomicrudite similar 4o linme-

stane above; COttonusia, rare Triticites, bryozoans,

Juresanis, Myalina &l base, more diverse fauna upwards

with Juresanis, Dielesma, NeoSpirifer..cecesscsscscescsssslel?

2. Argllleceous fossiliferous micrite, grading down-
wards inte & very calcareous shale transitionzl to
shale below; upper contsct transition2l; Juresanis,
Compoeita, Derbyie, Marginifera, Keospirifer, abund-
R T T T L eI T e R ————— 1 |

Heumader Shale Member {approx. L0.0t)

l. Shale, medium gray, seemingly unfos8iliferouB.essccesos approx.k0.0"



A e ol i 5411

FIG. 25.

Exposure of the Kereford Limestone at Locality 22,
Osage County. Foot of figure marks base of unit,
hands mark the top of fossiliferous part. DNote
characteristically weathering micrite, which forms
dominant part of the unit.

Exposure of the Kereford ILimestone at Locality 23,
Osage County. Hammer marks the top of fossiliferous
zone., Note regular bedding of the micrite, which
comprises almost whole of unit seen in this figure.



Locelity 22
Swi, NWl, Sec. 20, T. 16 8., K. 17 E., Osage County. Limestone
section messured about 200 yards to northwest of spilluay of Fomona
Dam, at road side &5 rosad bends round bluff. Shale sectlons above
snd below the Kereford were measured above ithe spilluwey. {Fig. 2L).

Thickness
Feet Inches
Kanwaeks Shale Formmation

Jackson Park Shale Meuwber { spprox. 30.Gt)
1. Shale, gray, sandy with mice flekeSBeecevcscosecssssebpprax. 30.0°

Oread Limesgtene Formztion

lerefard Limestone Momber {(20.0f)

To Xlerite, lightegray. hard, flaggy, becoming more
slabby towards top, bedding planer slightly wxiui-
eting, thin calcereous shele of firnely laninzted
ilimestone partinge; upper contact very sharp; lower
contact cdetermined by presence of fossils and more
slabby irregular bedding beloW.sececsscssessscosssvesonssslbe2?

6. Possiliferous micrite, light-gray, sisbby, thin
calcaresus shale pertings, unit essentielly similar
in testure 1o micrite above; lower contact merked by
& shale unit; sparse but diverss fauns, elgal encrusted
Triticites, Composite, Marginifera, Linooroductus,
Juresaniz (77, Deroyis, vc i"’fé-‘re"i- 1z, Lehinoconchug,

Crms G Cslm%ls@ﬂo..C'.'.Q.0.000..O.C..DD..'......GOO...Z.::"

. Shale, gray, calcarecus, seemingly unfossiliferouseeececlel=D.3"

L. Fossiliferocus micrite, biomicrudite, flaggy teo
3labdy, fairly asbundant Triticites, small gastropodsSiceee.0.2°

2. Shale, grey, calcareosus, seemingly unfosgiliiferousS.c..c0e2=0o3"0

2. Fogsiliferous micrite-micrite, slabby io flagegy,
thin shele partings, algal material, crinocid ossicleS.....0.5!

(NS}

Heumader Shzle Member (approx. 30.0Y)

1. Shaie, medium gray, clayey, unfo88iliferouSec.eeese Spprox.3C.01




€1

Leocallity 23
West line NW%, Sec. 3, T. 18 S., R. 16 E.; Osage County. dectimn

measured in road-cut just north of Melvern (Fig. 2%).
Thickness

Feet Inches
Kanwaka Shale Formation

Jeckson Park Shale Member

So Shale, }'ellw, Claye}’ru.e.oocooo.o-o-ooouocanaooose'toooco

Oread Limestone Formation
Kereford Limestone Member (25.6!)

L. Oosparrudite-biosparrudite, brown-gray, slabby,
some cross-stratification, flagey at extreme top
with thin stringers of coerser allochems, melinly
shell fragmente in the dominant cosparite; upper
contact sharp marked by abundant fossileg on bedc-
ing plenes at extrems top, ré&mose bryozoans, small
brachliopods, Composite, Derbyia, Myaling, Avicule
ulonecten (?), Allorisma, small high and lowe-splred

. ”
g&stropodse.0'08663.0.000“0.03'.0.'0.“:@..0."0@0.'50UOV..C'O’

3. a'laj.e, brmm, CIE'}re}POQQOOCOWDQOOQOQ&I«!IQO250505009'090060050029
2. Micrite, light-gray, ueathering yeliow gray, fiaggy

t5 slasbby towerds top, very regular bedding with

siightly undulating bedding plenes separated by thin

shele or flnely laminated micrite; lower contact

sharp marked by presence of fossils and less regular

bedding belwooO.t‘0.'.\)CBO..000.0.&.&00..00...OOO..'..OIO.lé.h'

1. Biomicrudite, very similar to the fossiliferous
part of the section of Locelity 2L, not =0 well

expasedso-oonooooaaoooasaoooooas-oao:oon-ocooooocooaooapprax.7

7.0
Locality eb
KWz, KWj, Sec. 1U, &nd center eaet line NEZ, Sec. 3, T. 18 S.,
F. 16 E.; Osege County. Section mezgured irn Sante Fe railroad cut,
at Melvern (Fig. 26).
- Thickness

Feet Inches
Oread Limestone Formetlon



kKerefor: Limestone Member {(17.8Y)

=
e

'
e o

2o

Ficrite, lighb-gray,; yellow-cream weatherine, slabby
to flagpy repgular bedding with planar slightly und-
ulating bedding surfaces separated by finely laminated
micrite; top missing; lower contsct marked by appesr-

ance of fossils and more irregular beddingesecccosccocs8PProx.7.0¢

Biomicrudite-fossiliferous micrite, light-gray,

‘yellow-weathering, slabby undulatiing bedding sur{-

eces with thin calcareous shale partings; lower

contact marked by & prominent shaly zone, "algal

material®, sparse Triticites, which cccur in smail

clusters near base of unit; Tolypammina, small horn

cerals, sbundant Compesite, aleo Lielzsma, Dictyoc-

iostus, Hustedis. dJduresenie, Derbvis, Lchinoconcnus

L7}, ebundent crinsic ossicles; &t top of unll abunde-

ent fauns conalisting of Juresenls, large Derbyis,
Punctospirifer, Myslinz, gestropOiCciscecesccecsccccsssscscoliedt

Shale with lenses of fossilifercus micrite, yellow-

gray, fairly abundant horn corals, {(Lophophvilidium)

both in shale and limestone lenses, corailites comm-

only oriented sub-paraliel t6 beddingecsecssccessecccscesoslel!t

Biomicrudite, locally algal biolithite, lightegray,
weathering yellow, flaggy to slabby, wavy irregular

bedding planes with thin calcareous shale partings:

lower part highly elgal, in places an algal mat lying
sub-parailel to bedding; Tolypamminz, Lophophyllidium,
Syringopora, &bundant Composits, Lielssma, tchinocon-

Chus, Hustedia, ¢rinoid 083101930.....toeococo.-o.oo.ooooo?loh'

Heumader Shale Member (L.O')

ds

Shale, medium gray, weathering gray-yellow; very
fossiliferous at top; abundent Derbycides, rhomb-

oporoid bryozoans, fenestrellate bryozoans, Neosp-

irifer, Punctospirifer, Hustedla, small trochoid

gastropods, lower part seemingly unfoss8iliferouSeecceacesaecdlioO!
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Locallity 25
Extreme NE corner Sec. _1.8, and 5 line of 8EZ, Sec. 7, T. 19 S.,
R. 17 E., Coffey County. Sectlon measured starting in cld quarry te
scuth of U.S. Highway 50S, lower part scen on north side of road {Fig. 27).

Thickness
Feet Inches

Oread lLimestone Formatlion
Kereford Limestone Member (17.21)

L. Oosparite-cosparrudite, light-gray, tan weathering,
flaggy, locally cross-stratified; extreme to &bsent,
dominantly ososparite; tuowards base locally oo0sparru-
dite; lower contact transitional over 0.2' with string-
ers of oosparite in a cdominantiy micrite matrix; some
shell fragments; spines, small high-spired gasirzpodS.eececele??

3. Micrite, light-gray, westhering buff-gray, {laggy

silty, siightly wavy-bedded with shaly or finsly

laminated limestone partings, more shaly and silty

towarde base; lower contact deternined by presence

of fossils and more irregul&r &nd slabby bedding

below; & very sparse fauna was found sbout 7* bslow

unit abvove conteaining Linoproductus with spines ett-

ached, undigsoclated crincid stems and fucoidal

ﬂ:arkiﬂcs or werm bvri.rl‘gSae=ooeo-e-neooo.osaoooe-e'n.o'ooo-lbua'

3

2. Fossiliferous micrite, weathers yellow, slabby,
sllty, irregular bedding; lower contact sharp;
slgal material, fenestrellste bryozcans,
Fhombopora, Composita, Punctospirifer; Mvallna,
uncigsociated crinoicd 0881CleS.seevscsscccvesccssnsvessssslel!?

Heumader Shale Hembear

1. Shale, yellow-grey, apparently unfcesiliferouS.cececcsccoe

L R T LA

W line of IEy, MWy, Sec. 2k, T. 1% S., R. 16 E., Coffey Gounty.

1itch, 0.2 Lo 0.9

Q.
)

Section measured azlong stream bed, and in roa

mile eagt of Waverly (Fig. 28).
‘Thickness
Feet Inches

Cread Limestone Formation
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tLereford Limestone Member (approx. 31.0%}

W

ﬂ i “
o \Jug}ﬂrite‘fragm‘entaﬁaﬂocc.e)1‘.ouana:cou«»au=oanuoicooeaoohaue

2. MNicriie, erenscecus, light-gray, weathering buff-
gray, {laggy, siightly wevy-bedded {some bedding
surfaces appeer ripple marked) with micaceous
ellty bedding surfaces, rare fucseidel markings
Or MO BOTinESBcccsssosnssesassssnsssnsseessssessseshPPron. 30,00

£labby, slightly pyritle; distinguliehed from unit

above by presence of fessils; sparse but diverse

faune, {ttonszla, fenestrellete bryozoans, Husiedls,
Necsplrifer, Vyaling, crincic oB81Cle8.cvovcrvenssecBPPTOXe 1.0°

Le Tussiliferous micrite, iight-gray, flsggy to
45

¢ g e . 37 K > H
Center S line SEj, Sec. 21, %. 19 5., R, 17 E., Coffey County,
Section measured m easi-~west railroad, and In {ield {s szouth.

Thickness
: Feet Inches
Cread Limegtone Formation

Kereford lLimestone Member ($.L1Y)

e

Sencdstene, {ine, buff, yellow~ian wealherlng,
fl&gg‘ te Slabby, unf':sszlﬁer:"u&-;«. me.aoeueoaaoﬁnew.oaaoboG' =

L
e

2. Arenzceous micrite or microsparite calearecus
sencstone, light gray-brown, tan weathering,
fleggy, very thin-bedded to lamineted. interbed-
c¢ed with more sandy bveds, miceceous on bedding
planeg, essentizlly small (62 micron fraction
dominant} engular quartz grains in a microsparite
matrixs unfossllifersus, rere fucold markings or
worm borings cbserved on some bedding surfaceB.coccecescscoli?

Heumader Shcle Member (epprox. 60.0t)

L. Ghale, yellow-gray, clayey, earihy, with thin
lenses of cslezresus sandstone 8% 10D cvosscoesscess@PProe 60.CF




Locality 28
Center of N side, Sec. 21, T. 19 S.; R. 17 E., Coffey County.
Section measured in ditch on north side of road. Incomplete exposure.

Thickneas
Feet Inches
Oread Limestone Formation

¥ereford Limestone Member /6,.0t)

2. Micrite, besal part a white-cream, flaggy,
unfossiliferous; upper contact nor seen; thin
(0.2 feet) biomicrucite or blosparrudite zone
of sorted shell fragments, Linoproductus,
Im‘~ini—fsraﬁtiiniiﬂ°0‘0.'0lDﬂ.00...6..ﬁ.ﬂhlﬂ'...l....'.ﬁ.ezﬂc'

1. Shale, yellow-gray, calcarsocus, containing
numerous flaggy wavy-bedded stringers of aren-
aceous micrite-celcareous arenite, micaceous on
bedding surfaces; fucoid markings or worm boringSeccescoceekio0?

Center of ¥ line, Sec. 11, T. 20 S.; K. 16 E.; Coifey County.
Section measursd in road-cut, west side of rozd, L.S miles due

south of Waverly.

Tnickness

Feet Inches
Kanwaka Shale Formatiosn

Jackeon Park Shzle Member (approx. 30.0¢)

L. Shale, yellow-gray, mostly covered, overlzin
bya sandstone.ot.0.u.uuasctouooolo-uaooo.o.ooelon.oapprOX' 30.0.

Oread Limestone Formation
Kereford Limestone Member (approx. 23°)

3« HMicrite-oomicrite, cream, flazpy to silabby; pertly
covered, oomicrite near base; rare stringers of
oolites in micrite throughout; towards top rare

me.-..oo.o....-ea.uoa‘l.leo...lﬂttcooo'apprm{u 12.0‘
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2. Arensceous micrite to calcarenite-arenite, gray-
brown, weathering tan, flaggy, laminated alternat-
ing between highly arenacecus micrite (approx. 50
percent sand) and arenite; bedding surfaces with
occagional fuceid markinge, lower contact transiit-

5%
ionalu.c'houtc.nc‘voc.atvoo.oato.aso.c.Ooo.ottooooo.oooboo&--&.té’

Heumacer Shele Member

1. Shale, gray weathering yellowj upper part containing
lenges of limestone stringers; bzse not SeSNecvecesscoveces

Locality 50
Center of S line SEZ, SEZ, Sec. 19, T. 20 S., K. 16 E., Coffey
County. Sectlion measured on east side of stream bank and along
east-west county road, near bricdge.
Thickness

Fect Inches
Qread Limestone Fomatlon

¥ereford Limestone Member (21.0+%)

W)
.

Cosparite~osmicrite-micrite, white, slabby,

glightly irregular bedding; uppsr contact

migsing; lower contacl marked by a basal

blesparrudite with bryozoang, breachloped and

gastropo‘i fragxmnts."....‘.ﬂ.ak.!ﬁ.GO000.0iO"....Gﬂ...Blllo(\N'

€. JCalcarenite, arenaceous micrite, erenite, bulf-

gray, yellow weathering, thinebedded, flaggy,

&ll gradations from an crenscgesus micrite to an

arenite; vnfoesiliferoiBicssscavssegasvssssssssnesesossiele?

Heumsder Shale Member

1. Shale, gray, clayey, base not 66€N.cceccsccccssoccesoscess
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Locallity 31
Center S line, SWi, Sec. 22, T. 20 S., RE. 16 E.; Coffey County.
Section measured &t top of hill on easi-west cownty roac¢ (Flg. 29).

Thickness
Feet Inches

Cread Limestone Formation
Kereford Limestone Member {156.5t)

6. Sandstone, yellow-buff, gray-buff weathering,
flaggy, plane bedding surfaces, unfossiliferotSeecosccccsebols?

50 Covered, sandsione fragmentﬂ.....ooca.........-...........2;h'

L. Sandstone, yellow-buff, grey-buff weathering,
magsive to slsbby, unfossiliferoubecscnsscrnavorsersonessDel?

& E
Ccverec.DI.DO!.B'!Q‘0.0SBOO“DG.OU&QOUﬂoeOQ&&.WQ..QIO...‘COI.G'

LWS ]
°

n
e

Arensceosus micrite-calcareous sandstione, gray,
weathers gray-oulf; flagegy, thin irregular bedding

with sandstoneg along bedding plaleS.vsccececoocsvosssccselod’
Heunader Shale lember

1. Shale; yellowegray, with thin lenses of sili-
Storbe; b&s& n:}t} se&naeaoot\-sncn«una;oneuq:oaooenowovauoouo

North line of REj, Sec. 3i, T. 20 8., E. 16 E,, Caffey County.
Section measured nsar top of hill to the ton, on south side of

east-west county rozd.
Thickness
Feet Inches
Oread Limestone Formetion

Kereford Limestone Nember {(26.9%)

. Sandstone, gray-buff, tan weathering, slebby;
Onl}' p&rtially exposed......n....”oe.a...e..“.u.s..-..26.0'

L. Calcarenite-gzrenite, buff-gray, buff weathering;
slabby, irregular disturbed bedding grading into an
argillaceocus micrite nesr base; fucoid markings or



90

worm borings seen on upper surfece (borings may
be responsible for the distorted bedding); rare
bryozoans, carbansceous MALerifleceecceccssecesseccevrcscssslebt

). Cmmd...........0.I‘.'..§‘O¢..‘..I-.ODI....B'...Q'I....'l‘o’

2. Arenaceous micrite, calcareous arenite, buff-gray,
buff weathering, slabby, thin, irregular distorted

bedc‘mg'..............."D........O.l..."'..l."..."b.'.o.B'

Heumader Shale Member (LO.0D')

1. Shale, yellow=-gray, clayey, mostly coveredeecsscocsvescssssol0.0!

Locallity 33
Center of XN line of WW}, NW%, Sec. 32, T. 20, S., E. 16 E.,
Ceffey County. Sectlion measured in stream bank, south of weste
east county road, sbout Q.75 mile east af Sharpe (Fig. 30).

Thickness
Feet Inches
Creed Limestone Formstion

Kerefcrd Limestone Member (1.0+')

2. Fossiliferous micrite to micrite; arenaceous,
light~gray, weathering buff, weathering into
platy fragments, disturbed bedding, slightly
micacecus, good vertical NE-Sw &nd NW-SE joint-
ing; fucold markings or worm oorings on some
bedding planes, Linoproductus, crincid 258iCiES.eecesececselsO¢?

Heumader Shale Member
: _Shale, Yellow-gray, clayey, silty, calcareéouUS..cececcccccece
Locality 3L
SE+, SWi, Sec. 2, T. 21 S., R. 15 E., Coffey County. Section
neasured in Nelsa's ‘umerry (Fig. 31).
Thickness

Feet Inches
Kanwaka Shale Formation
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cackson Park Shale Member (15.0Y)

\

S. Sandstone, tan-brown, vh*n~ueccsh, {lagey 4o slabby,
fine-grained, rirple maris; micaceous on bedding
surfaces; fower boundary rather transitional n‘t: unit
becoming laminated then shaly: plant £088il8cceecccscecneckielt

k. Shale, gilty, yellow-gray, shaly, ssemingly unfoss-
il -LercuS&tecoGD.oo.l...loo‘ﬁc.ﬂcc.oe..9!000&0%000'3'08000/On’
Oread Limestone Formation

Kereford Limestone Member (L.5%)

Fosglliferous micrite to micrite, medlum gray,

wCathering brown-gray, siabby, siightly pv*;tic;
upper contsct sharp with top being & thin (0.2 foot)
zome af‘ s"xaly biomicrudite; low* contact sharp

“"u irregular; rare fucala markinges or worm berings,

L
®

14

‘elgal matcrxal" agsociated with sparry cement, spice
ules, crinclc ossicles; upver surface with ramose
bryozosns, Derbyie, gorposi‘a, ¥rolina, orinoid ossicles..i.7!.
2. HMierite to fossilifersus micrite, medium gray,

¥
urawn heauhe‘eng, rather rubbly

g

5 4

’ A3 1 b 35 P |

This bed sppears to be mly locally nreseilcevecsocecesccsdod?
I

Falt v ~

[ R

. Fogsiliferocus micrite, medi '
base not seen; "alpgal materia1=« rare brachiopod
Iragments, Qamnasitak light amount of cgrbahaceﬂus
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e
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Thickness '

Feet Inches
Kanwaka Shale Formetion

Jackson Park Shale Member {13.1¢

S

€. Sandstone, soft, weathered, micacenus, with shale
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1 B
E‘t/rﬁal{s, b&nﬂﬁﬁc@tOC..OOQOGO09!‘00..0.0.30G'OOBGOODQIA.O...OS.he

doe Sha le, mucera\é.bb' 5°&t, weda unerﬁd, grayouonuuooaoocoo-.to?o?'
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Heumzdor Shale (30.00)

2.
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s, R
S Gt & R 405D Lot

€ opeon poet m e 3
wadLS G J‘.x\.., WLEIG iS40t \.--.».—-‘.«

vniely herd., fasnlilifes

: 4 o Tm k)
als stre u:‘sﬁmneaouaoaoacoSo_}

v
worards base irreguiar

1 Qe T o T s P e
l. Shale, moderately hard to moderntely soli, gray,
‘.’:)m—" - o o~ u\dq: k‘&, 30 e
- .:n.::.,,...;Q QUE UITWETUE G080 e0000sc06c000008000Cc08200000060 0w
Toma % i dee %L
Bl e o «-L:—-“‘Y )G
w7, A o -= m 5t o ) %ef T . L4 Y o <L .
Shiz, SWi, Sece 11, T. 21 5., R. 15 E., Colfey County. Section
Fomimrgds T mp P N S " oo o & o cud®
Junction of sest-wsst sounty rosd, with east glde ol
e - . £acendd x T 27 - £ Tagaa e emd o
Righuay 75 Just 0.F mile of Burlinglon.
Thickness

fle

Fegt Inches

I I i v K 5 e~ B
Fosgiliferous micrii us, Eray-tan, wsathering
- e Y . : . - .
tan-yelliow, slabby to flagey; fucoid me:x }"'\gc.
s - 2
or worm borings, Jur coari.e. Composiia, fengaile
* o P b4 - g By T
rellate }"393‘-3& She 3N A“.’cu-.l—lﬂ'flw ST Ans S88Llole oo nocenso
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- 4 1% ~ % 2 v +
red at bop of hill, above Pscker's Quarry, nezr Burliingtoen.

Fooll T Eppassobime Mot £, g
refoxd Limestone Member L.00")

- 2 M L man - Y ¥
Fossiliferons micrite, tan-gray. =slabb; oy 'y Weathers

piaty; Uop and base not seen; sparse feunw, fucoid
markings or worm borings, “algel meterial"
brachiopxds, Myalina, crinofd 088icleBeeccesccscscassoccscelisl?

o
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Heumader Shale member (60,.0%)

i et o Y 2 st o ) ST,
i. Shale, yeilow, ce&lcereocus, clayey, moslly coverefousceeenollolf
1.7 Ti1é4r IR
LUCALLILY 50
s wvl X g 4 e
Center W line, MWy, SWj, Sec. i, T. 24 S., R. 14 E. Woodso

County. Sectilion measured in ditch on south side of east-west county road.
Tnicknsss
Feet Inches
Kanwaka Shale Formation
Jackson Park Shale Membe
7. Sandstons, red-itan weathering, f
# T4

- - -
st et 7 PR RS
ODATLY R vw e 0o 00800090 00c0080eC0000C0G G0

3
O
g
3
*
(4]
Lx
23
(i
i
+
"

Oread Limestone Formstlion

Kereford Limestone Member (spprox. 7.3°%)

ite, white, tan weathering, rubbly, approx.
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3 T
top contact miseing, Ammcvar»uﬁ,aéo.gwo.a.ocuoco,°.°oa°o..100’
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| pon pam 2 oy o o T
S' COJ TEG, 8hale br&&kiocouadast-ooe5nosewonooooumutuooococo@a

1» Oomicrite slsebby: lower conta et

. Comicrite, tan, flaggy to slabby: cntact cet
ermined by absence of oslites and the thicker slabby &pprox.
bedding below; sparse faune, Triticites, crinoi? cssicles..3.0!

a2
c
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naceous micrite to czlcaresus sandst
v, £labby, irregular bediing, siw
incompletely 4‘pnse€, lower co

i >

a4

ks A A
the presence of fossils and ’IJ.@I er sha

b o

[SEE!

03

below; fucsic merkings or worn

2. Blosperrudite-biomicrudite, arenaceous, light-gray,
weathers bulf, flaggy to slabby, irrw"ularly bedj a
wilth yellow calcareoue shale partings, locel ‘} Ceg~
stratif ication; lowsr contact sharp; highly o5silif -
crous, {énesirellate and remose hryoLnoars, Ju“csanld
Mvaiinae, Lnlculapbc,e Kuculana (7), dissrticuisted

Heumacder Shzle Vember

1. Shale, yellowngrav, calca reous, with thin stringers of
limestona $ﬂbjaceﬁ1 yex ;‘ﬁé uﬁ#tnouausuooaneueouoooao
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Greenwood County
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Kercford Limestone Fember (S.3°}

L. Bilogparrudite, locally oosparite, tan weathering,
fleggy, sl;ghtls irregular bead;ng, partiy
covered, upper contect nor seen; lower contsct

manifested by marked incrcase of fusulinids bewv:o
Osapia, rare Iriticites, arcnaceous Foraminifera

O
o0

ramose bryozaans, shell {ragments, spines, Juresanit,

Fyzline, cr

3 Bicmicrudit biosparrudite, medium gray, weather-
ing tan to ouf¢, flegegy to slabby, irregular bed-
ding surfaces; partialiy covered, lower contact
determined by sharp decrease in abundance of fus-
uiinids end increased shale content below, abund-
ant Triticites, fuccicel markings or worm boringe

Y 3
o DQC" !'l"’ p-naneu-oc.eun.b.aut%ttltnﬁovocn&v.tlu')oa

2. Fossiliferous micrite, arencceous and argllisceosus;
medium gray colour, tan-buff westhering, flezgy to
glabby very Irregular bedding surfaces with shaly
partinge; rare Iriticliles, LinoproductiuS.cecencescsccorccelali
Heumadcr Shale Member (30.0')
1. Shale, yellow, seemingly unfossiliferouS.cccsscercososssce3Bel
Logcality Ll
Center S line, SWy, NWi, Sec. 10, T. 28 &., K. 12 E., Greeawood
County. Sectisn messured in road-cut, on State Kighway 96, 2.5
miles west of Fzll River bridge (Fig. 3L).
Thickness
Feet Inches
Kanwake Shale Formetion
Jdackson Park Shzle Member
L. OSsndstone, tan weathering, massive, prohably
Elgin Sendstone reszting in some places on au
egrasional surface of the Kereford, and on lower
part of Jackson Park Shale which is here ysllow-
E’;ra-' an:: sand C 0@ ¢CO0POCEPRP@ROOLOCOOOVLUY #OOOIEGC OO O e ¢$6 08 s 60 EIOCIOSSE
A T -~
Oread Limestons Formetion

¥ereford Limestone Member (2.61)

noLa osslrle&ﬂ‘l&ba.OQ‘..GD..'..l‘l..ﬁﬁeﬂ..'..j S'
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0.00.-02 L;‘
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3. Cosparite-oomicrite, siliy, b"*"zwraj, flagey
©% shaly, i reg,ula** shale na*tmg&;. pner surf -
ace sharp, in part an erosional suxl below 2
raseive sandstone which may replace uhis unit
sltogether, *educi.ng total thickness of Hereflord

to 1.3 fest; or ths surface may be & depos.nti:mal
centect with the shale above; some fuccld markings,
rare Nlt’ici.t'\ous Aﬁm-w@rtenu; Aﬁh‘fl&discusa-o.oae-loeo;co-c0¢6s

Z. RBiomierudite-blogparrudite, gray-puff, limonitic,
buf? weathering, biocky teo slabby; irregular
bedding: upper conbtact erssiunal or usuzlly mark-
ed¢ by increase of shale content; lower contact
gharp; very fossiliferous; "al gdl materxdl"
Osagia, esbundant Triticites in middle part Of anit,
arenacedus Icrﬂmaﬁbxe‘a, Armovertells, AmmtdisCUB cecences
shell {ragments, Myalina nesr base, disassoriated

N s 2 . ~
c Al’.:cl.{.' o&rl-clesﬂDG.QE@$55(23IGQEGI’/.BG.OOQI900@0.'30@9380.20\":

’

Heumedey Shele Hember

b

3 o e D epe T e
4o ui;aleg ""I‘dj,, weE u.\.lt;:\:’...- Z{&-&«.\-G)‘.‘unoeuauaewa-uen.wou&uwﬁoaoeoc
T TRSTIRCTR A<

Sectlon meuzured at top of -

Thicknsess
Feet Inclies
Oread Limestone Formation '

\

Kereford Limestons Member (0.6°

L

d. Zlomicrudite-blosparrudite, two thin {laggy beds
separated by a gray shale, regulsr bedding planes
abundant Triticitesz both in limestone and shele,

erenacevvs roraminifers, brachiopod fregments, ramose
and fenestreliate bryczoans, Derbvia, My raiin&....,.u..,...{}aé'

Heumader Sheale denber

<3 - e R ) b I PR S SL e L3 ) ’
1. Shale, gray, yellow, siightly sandy, apparently
Pl =17 18 wry
L OBl Ll 0U 0 c00e060ccenco0uo00060m00006000UE008G8E23C800




AFFENLIX B

PERCENTAGES OF THE INSOLUBLE RESIDUES CF THE KEREFOID LIMESTCKE AND
CONSTITUENTS OF THE CQARST FEACTION

Locality Distance Coarse Fine Totel percent Constituente of
; from bsse fraction Ifraction of insoluble coarse {raction
of unit  percent percent resicuc

1 *0 L ez 23 Mainly arenaceous
Foraminifera, Ammoc=
iscus, rare Ammover-
tella, some pyrite,

1 1.5 4 L 15 Subegual amounts of
nyrite and arenacesus
Foraminifers, malnly
Ammodiscus, rare

Lmovertella.

1 i b H .

& 2.5 s = g Felnly pyrite; pyrit-
fzed spines, some
chert, Foreminifers
fragmente.

2 i < 33 3.‘".» F"‘,.'I”Jt:,o

e 2 1 - -

L 0 - L 15 Arenzcesus Foraminil-

e€re, mainly Ammod
Y e
cug, some pyrit

L 1 o 3] 12 Fare Ammodiscus,

pyTiie.



..‘I
<
}"

Locality Distance Coarse Fine Total percent Constituerts of
{rom base fraction {raclion of ingoluble coarse fraction
of unit percent percent residue
feet ‘

L 1.5 5 L Fare arenaceous Fore

i f 2 .

° b aminifera, some pyrite.

I L o " o ‘Hare arenaceous

. < % Foraminifers.

L 6 - 3 5 Lacy chert, silicif-

€ ied Triticites, Ammod-
fscus.,

L - 5 3 L Comuldic chertv, Ammov-

J - - : ertella.
& r 5 1g 16 Pyrite, lacy chert.
- - - Akl
6 2 0 Q 2
¢ 1 - I lacy chert, pyrite,
2 = pyritized Triticlites.
Pyri a |
9 +0 2 8 10 3 te,. ren.aceo..ls’
Foraminifera, mainly
Lmmovertelle; spicules,
oyritized rhomboporoid
3 1 9 23 2 bryozoans.
Rare pyrite.
-‘.- 2 € C (2o

9 5. 5 16 16 Farf &renaceous F?rar

inifera, pyritized
spicules.
—a heri, rare Foranme

; : 5 PR o &g K

inifera, mainly Ammov~
ertella.

‘ 12 - Lacy chert, rare

< AL Ammovertella.
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Locelity Distance Coarse Fine Total percent Constituents of
from base fraction fraction of Llngoluble cozrese fraction
-of unit percent percent residue
‘et

12 . =0 7 Lo L7 Silicified gestropods : !
and pelecypod fragments, e
Triticites, arenaceous ]
Foraminifera, mainly >
Iolypammina, Ammodiscus, !
spicules, slight pyrite. ool

iz +0 L 16 20 Pyrite, pyritiged
Cavalina, bryozoans,
ramose and fenestrell-
ate, Ammodiscus.

12 1 1 12 13 ¥ainly arensceoug For-
aminifera and fregmente,
Ammovertella, spicules,
pyritized Cavallna,
conxdonts.

12 3 e 16 i6 Pyritized Triticites,
Cavalina, some Ammod-

iscus, To&mmmm& 4 %

12 L

]

13 e Mainly clay-silt, some

pyrite, Tolypammina
and other Foraminifera.

fragments.

12 6

(&)
\
\

33 33 Largely fragmentary
arenaceous Foraminifers,

Jfolypamming, pyrite
Cavalina.
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16

16

- -~
R *

. f

Distance Coarse Fine al percent Constituents of
frow bage fractlon frection of ingolubie coarse fraction
ol unit percent percent resicue

Teet

7 1 15 6 Broken arenaceous
Feraminifera, some
cley-silt,

+0 2 6 18 Mainly arenaceous
Foraminfere, largely
Ammovertella, some
pyri'be.

3 e 18 20 Mainly arenaceous For-
aminifera, Tclypammina,
Amzovertella, some pyrite.

a 0 21 21 Some arensceous
Foraminifera.

Subequal pyrite, eéren~

3 2 i ] 23 aceous Foraminifera

2
mainly Ammovertells,
rers '}‘ritic ites, some
spicules.

I‘JcsS 4 2:_3 25
Some pyrite, Ammovert-
elle.

5.5 2 21 23 Hainly pyritc.

6 1 i8 19 Rere Ammovertells, &ome
pyrite,

7.5 1 & 7 Fragmentel &renscenas
Foraminifera.

&0 2 13 15 Arenaceous Foramin-
fera, meinly Tolyp=
ammina, some clay.

5 0 i6 18




Locality Distance Coarse Fine Total psrcent Constituents of
from bese fraction frection of ingoiuble coarse fraction
of unit percent percent resgidue

feet
17 ‘¢ €
- 0.5 0.1 5 6 Broken arensceous Feor-
aminifera, rare limon-
iteo ¥ !‘
22 !
5 i 22 23 Rare, arenaceous For-
aninifera, spicules.
22
2.5 0 6 6 =
22
- ¢ 6 6 hrenzceous Foraminif-
era, splcules, rare
mugcovite.
22
L o 7 7 Fine quartg sand to
eilt, some muscovite.
2e
16 ¢ 6 & Same &g above.
23
7 1 T b Szme as abhove.
23
13 i1 g 10 Same &s above.
é3
ig 3 XX 12 Same as sbove,
23 |
- - 2 i
19 i 10 11 Same as above. !
e3
3 é 10 12 Fine guertz sanc o
silt, some muscovite.
23
3, ”
el e 5 7 Arensceous Foraminif=-

era, spicules, sone
silt.
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Locaiity Distance Coarse Fine Total percent Constituenis of
irom base fraction fraction pof Iinsoluble cosrse f{raction
of unit percent percent resicue
feet

Lyenaceous Foraminife , !
era; Tolypammina, e
Ammodiscus,some silt Hnigid
. muscovite. :
2L 0 0 10 10 Arenaceous iForaminife
. era, some siltiy clay
material.

L9S}

23 es 1 2

-2k 1 1 S 6 Arenaceous Foraminife-

era, Tolypamminsg,
sligh't‘tﬁ'i‘t?e‘,"musc«
ovite,

Rare zrenaceous Forame-
ifera, mainly Tolyp-
amning .

;_\_7-
no
(@]
)

N
&

{WH
& |

& & fare erenaceous Forame
inifers, spicules,
some muscovite,

N
o
o

\n
=]
(o)
ot
' 4
3¥]

Fare arenacsous Forame
inifera, some limonite.

2L § 0 6 6 . Fine quartz sand to
silt, some muscovite.

n
A6\
',J
©

L
(&}
|
)
'.l
(&)

Slight amount of fine
quartz sanc to sllt,
some muscovite.

- ' ~ - hed
25 ks 0 1¢ 19 Fine quartz sand t:s
gilt,

N
T
B
(o)
-2
(S A}

16 Same &5 sbove.

N
\n
'._w&
Q
[
’..J
(@)

1) Same as above.




Locality Distance Coarse Fine SYotal percent Constituents of
from base fraction frsction of insoluble coarse fraction
of unit percent percent residue

fest
25 15 3 6 9 Same &5 above.
25 15,5 2 b 6 Fine quartz send ¢o

8ilt, muscovite, slight
amount of carbonaceous
, material.
25 17 o | 2 kL Fine quartz sand to
eilt, some musco ite,
rare Tolypamming.

e +0 LS 15 67 Fine sand to silt qu-
ertz {ragments. sube
angulsr, 62 micron sige
dominant,some muscovite.

& AR 5 ks
Quartz sand to silt,
muscovite, small amount

. of carbonaceous meierial.

3 6 L3 7 56
Quarte sané to silg,
elight amount of musc-
ovite,

a9 12 ) 12 16
Quartz sand to silt,
some Ammovertellsa.

o _

ag 16 0 b I Fine quartgz sand to
eilt, muscovite.

fQ .

a3 i8 o L L Same &s ebove.

9 -

25 22 2 1% 12 Same 28 sbove,

33 7 1k g 23 Fine quarteg sand to
silt, some muscovite,
cerbonaceous meterial,

3L - 0.5 2 2 L Fine quartz sand to

silt, small emount of
pyrite, carbonaceous
{?) material.




Locality
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Distance Coarse Fine Total percent Constituentis of

38

38

Lo
[ez)

L)
o

Ll

L1

from base fraction Iraction of inscluble c¢oarse f{raction
¢f unit percent percent residue

teet
2 2 5 3 Fine quartz sanc to
silt.
Y 1 3 L Fine quartz sand to

silt, small amount
of muscovite.
Fine quartz sand to
0 15 S 20 sandstone, some mus-
covite, rare arenac-
ecus Foraminifera,
Ammovertelle.

37 16 55

(98]

Fine quartz sand to
silt, some muacovite.

& 10 g 19 Fine quartz sand to
gilt, rare arenaceous
Foraminifera, Ammov-
ertella.

-Fine quartz sand to
silt, some muscovite,
limopitic Triticites.

o
-
On
o
o=
_.,J

Fine quartz sand to
8ilt, some muscovite.

5 3 7 10 Fine quartz sand to

silt, Iolypammins,
Ammovertella.

+0 i.6 iG 26 Fine quartg sand io
silt, arenaceous For=-
eminifera, Ammovert-
ella, Ammodiscus.

Arenaceous Foraminife
era, Ammovertells.

2.4 16

wn

21 Fine quartz sandstone
to silt, some muscovite,
arenaceous Foraminifera,
Ammovertella.
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