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ABETRACT

The Howard Limestone is a formation {n the (ower %a-
baunsee Group of the upper Penngylvanian rocks of Kansas. In
the northern area {t comprises two Iimestones and two shaies,
whereas, in the gsouthern area three limestones and two shalee
are dietinguishable, with a less persistent thin [imestone
also present., A black platy shale, and a coal hodaway) were
found with persistence throughout the area in the Aarde shale
member, and a persistent fusulinid=bearing |Iimestone tn the
utopia iimeatone member.

The roward Limestone beds are extremely fossell{iferous,
eepecially the lower Utoplia (imestone; algae and arenaceous
foraminifers being the most persistent elemente of the biots.

nnalysis of fleld and laboratory data obtained from the
Howard Limestone beds formed the basis for the determination
of the environments of deposition and nature of the cycltic
unfits. Concluding that the Howard sedimentary cycle resembles
more the thawnee Group megacyciothems t'ian the i.abaunsee
wroup simple cyclothems. The Howard ¥egacyclothem is assign-
ed the letter "%", comprieing from the base of the Severy
thale to the channel sandstone in the t‘hite Cloud shale. This
megacyclothem comprises five {ncomplete cyclothems designated
with the roman numerais 1, 11, 111, 1V, and V., The Howard
Limestone beds were presumably deposited chiefly in shallow

marine environment, of trangressive and regreseive seas.



INTROUCTION

furpoge of lnvestigation

The purpose of this report is to study the stratigra-
phy and cyclic sedimentation of the Howard Limestone, and
ad Jacent beds of Upper Fennsylvanian age in xansas. Such 8
report invoives the detalled study of the lithology and pale~
ontology of these units., It has been reported that certain
features of the tioward atrata suggest transition In charac-
teristics of sedimentation between megacyclothems of the
Shawnee .roup and more simple cyclothems of the Wabaunsee
Group, in which no grouping of minor cycles into megacycio-
thems seem evident, <«n attempt is made to analyze and inter-
pret any features of deposition In order to determine evi-

dences of cycliic sedimentation,

Lecation of Ares

The tHoward Limestone crops out Iin the states of lows,
Nebraska, Kansas, and Oklahoma, This report includes the
study of exposures between Kangag River and Neosho River
valleys in Kansas (Shawnee, Usage, northeastern Coffey, and
eastern Lyon Counties). The elevation of the Howard outcrop
belt is approximately 950 feet iIn the northern area, whereas,
in the southern area §is about 1,000 feet. Figure 1 is an
index map showing location of the Howard sectiona that were

measured and studied.
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Ereyious sork

The Howard Limestone was not known as such in the eariy
days of geologic exploration in eastern Kansas. The first
report published on the Carboniferous rocks of Kansas was
by Swallow and Hawn (1858), A few years later Swalliow (1866,
Py 21) while reporting on the Upper Coal Measures of esastern
ransas, gave the first account of the Howard Limestone. he
referred to thie Iimestone as bed "o, 162"; his description
follows: "Spring Rock; ts a hard bluefeh-gray and brown |ime-
stone, 2 feet 8 inches to 4 feet. lLocality, 3eaver Creek,
varais des Cygnes, and Johngon's coal-bed, west of Topeka,
and Lecompton.” This naeme was later invalidated by Adams
{1898, pp., 65-67) because it fs not a geographic name,
twallow was confused In regard to the Howard Limestone and
other beds that are lower in the section., The name Spring
fock was later used by Beede (1898, p. 30), describing the
rowsrd as "Here we have two strata of |imestone separated by
a layer of shale., Uf these the (ower fs the more important,
the upper deing as a rule very thin and somewhst argf}laceous.”

Hall (1896, p. 104) redefined the unit as Osage City
|imestone (shales, coal, and Iimestonel. Thies name later
was used to include only the Severy Shale, Beede (1902, p.
172).

The first person to publish on rocks to which the name

oward was applied was Hawerth (1898, p. 67} from geologic



fleld work done in Chasutauqua, ctlk, and :reenwood Counties
by ceorge l. Adams, who gave the following description,
"Above the Severy Shales is a thin |imestone, persistent
from near tureks to the south line of the state, but which
nowhere {s more than 3 to 6 or 8 feet in thickness..." The
name as taken from outcrops nesr the town of Howard, &Zlk
County, Xansas., The Howard Limestone wae then regarded ns'
being part of the "Remaining Formations” above the “Lecomp=-
ton Shales”,

The same year Gallaher (1898, p. 54) while working for
the leological Survey of wissouri, redefined what had been
called Howard as wuitman |imestone. The Kangas name, however,
wag resdopted as the term wuitmsn was preoccupied for Cre-
taceous rocks of Texas,

teede (1902, p. 171) included the Howard as a member of
the Shawnee Formation, and enumerated the numerous fossils
found near Carbondale in the two Iimestone beds of this
member, The following year Adams (1903, p, S0) made a simi-
lar study and description of the Howard fauna, adding “This
Iimestone s of Interest since it indicates the genera! line
of outcrop of the Osage coal.”

A few ysars later Haworth and Benett (1908, p. 111) de=-
scribed the thickness and areal extent of the toward Lime~-
stone as being “...Trom 2 to 7 feet thick, and in places
form two beds separated by 1 or 2 feet of shale (forming an)

cos eécarpment somewhat persistenifrom Valley Falls, in



Jefferson County, to the south end of the state.” Hinds and
ureene (1915, p. 33) retained the member rank that previous
workers had sppiied to the Howard Limestone,

Moore and Haynes (1917, p. 105) and Moore (1920, p. 4%)
reported for the first time that the Howard Limestone wes
recorded in subsurface logs as a single |imestone bed.

An (mportant contribution to knowiedge of the stratigra-
phy of the Howard Limestone was supplfed by Condra (1927, pp.
54-56) who etudied the rocks of the Shawnee Formation in
southeastern Nebraska, and adjacent areas of Kansas, Jowa,
and ¥fesouri. He correlated the Howard across these states,
and assigned the name Church to the lower |imestone, from
8 type locality which {s near the town of Dubols, Nebrasksa,

voore (1932, p. 94) redefined the boundaries of the
wabaunsee Croup to include the beds from the top of the To~
peka Limestone to the base of the Americus Limestone, In this
new reclassification of the Pennsylvanian rocks of Kansas,
he assigned to the Howard Limestone the rank of formation,
At the same time, he proposed the following names to the
different members within the Howard from the bage upward:
Bachelor Creek |imestone, Aarde ghale (containing the Nod-
away coal), Church |imestone, ¥inzeler shale, and Utopla
I imestone members. The same author (1935, pp. 204-208) de-
scribed the Howard Limestone and the composing members in
more detati than previously, following the new revised

classification proposed by him in 1932,



The most recent description of this formation (s made
by Moore, Frye, Jewtt, Lee, and O'Connor (195%1, pp. 61-63),
and {s the same as that of voore (1935) mentioned above.

wahrhaftig (1952, pp. 31=36) studied the insojuble resi-
dues of the Iimestones of the Wabaunsee .roup, fncluding the
Church asndg thpla l{mestone members of the Howard,

4cvillan (1956) studied the Petrology of the Kodaway
underclay.

Irefand (1956, pp. 831-868) described arenaceous foram-
inifers of the upper Pennsylvanian rocks from Kensas, inciud-
fng all the Howard.

Cther geologists have mentioned the iloward Limestone in
connection with county reports of the state, but no publiegh=-
ed or unpublished report has described the rocke in the de~

tal |l undertaken here.

xytcrops

Characteristically, the iioward Limestone (s a ledge-
former throughout its outcrop area, which is marked by a
fairly distinct escarpment. However, this escarpment s not
as prominent as the ones formed by the underiying Topeka
Limestone, to the east, or the overiying turliingame Lime~
stone to the west. One of the main reasone for the ledge~
forming character of the howard, {8 the contrast in resist~
ance to the thick sequence of Severy shales which under-

fies 1 ¢t.



teveral of the sections studied for this report were
measured along cuts in section-line roads and in creek banks.
The best and most compliete exposures were found in coal strip-
pits, where the Nodaway coal, occurring in the Aarde shale
member of the Howard, is actively mined in many places. (Fig. 2).
In the vicinity of Topeka, outcrops are almost non-=existing

because the area is largely covered by urban dwellings.

Fige 2. Typical Howard Limestone exposure in coal stripe
pits. Locality 10, OUsage County,
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TeChr I LU

Jifferent laboratory techniques were followed to study
the iimestone and shale beds.

Limestone unitge.~ ~ne of the techniques used In the study
of the limestone was making use of acetate peels. for the

preparation of acetate pee¢ls the hand specimens were:
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(1) sawed along the north direction, normal to the beddings
(20 sawed parallel to the bedding, taking proper care to
iabei all samples cut in that way.A piece of each specimen
was saved for further use in the preparation of the {nsolu~
bile residues. Then, {3) esch fTace selected for peels was
ground on the coarse lap {150 abrasi{ve powder), to smooth
out any irregularities (eft by the saw, “fficient washing
was necessary to remove &!! coarse sbrasive. The specimensg,
then, (4) were fTinished on the medium lap (500 abrasfive
powder), Specimeng were [eft to dey prior to etching. The
next step (5) consisted in etching the specimen by immers-
ing It in a pan containing 10 percent hydrochloric acid and
left for 15 to 25 seconds, depending upon the dengity of the
limestone and freshness of the acid. Specimens were washed
and left to dry. These were later (6) {mmersed in commerclai
‘acetone, and placed on previously cut acetate paper. differ-
ent types of acetate paper were tried, but It was found that
the 003 froeted acetate yielided the best results. The ace~
tone gsoftens the acetate so that nn'improosﬁon of the relfef
on the etched surfece s retained on the acetste paper, The
peels were feft to harden for at least one hour before re-~
moval from the rock to avoid wrinkling., Feels were, then,
{7) trimmed and mounted between giass siides to be used as
negatives photographicalliy.

Ihin gection.~ These were few and made from selected

specimens. They proved to be useful in the study of fusulinids,
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arenaceous materfal, and algae, especially vgagia.

lngoluble residuesg.~ The procedure followed for the
preparation of the insoluble residues was somewhat modified
from that of Ferkins (1952, pp. 12=33)., The general pro-
cedure was ss follows: (1) the limestone specimens were fine-
ly crushed, 20 qgrams weighed, and placed in labeled 250 cc
beakers. The next operation (?2) was done under the acid hood
where 290 percent hydrochloric acid wes added to the beakers,
very slowly until inftial rapid effervecence was completed.
At leagt three scid applications were necessary to remove
all carbonate material, Limonite was removed by boiling the
sample In acid for at least 10 minutes. The fine fraction
was then, separated by stirring the preparation and pouring
the unsettied particles into larqe beakers. The coarse resi-
due remaining was then, washed, dried, wefghed, and placed
in small vials for further study. The decanted fine fraction
was allowed to settie, most of the water sfphoned out, then
filtered, dried, and welghed. Cnly the weight of the fine
fraction was of interest and the fraction was disposed of,
as the study was concentrated on the coarse fraction, Record
0f the resuits obtained is found in Appendix B,

Acjid-etched blogckg.~ The preparation of etched blocks
for fnvestigation involved the same procedure used in making
acetate peeles. In some {ngtances, these same poiished faces
were used for obgervaticn, but frequentiy the etched sides

did not showed enough relief or in some cases relfef had
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been reduced while making peeis. These blocks were again
smoothed on the lap, then immersed in 10 percent hydro-
chioric acid for 30 seconds to give sufficient relfef, Care
must be taken to piace the side being etched in a hortfzontal
position to avoid undesirsble furrowing made by carbon di=-
oxide bubdles.

Shale unitg.~ #hen studying shales first was necesesary
to soak a smali amount of fregh sample {100 grams) in water,
breaking it by hand as much as possibie botling for about
15 minutes, decanting the turbid water and sieving the dies~
agyregated shale. fter the samples were dryed, they were

put In eeparately ladbeled enveiops for study.

Eleld Technigues

A total of about six weeks were spent in the fleild lo-
cating and measuring outcrops. Many of the jocations measur-
ed for this report were obtained from the stratigraphic
files of the State Geological Survey of Kansas. Unfortunate-
ly some of the exposures had been measured and described as
far back as 1929, and are now highly weathered and largely
covered. Several other sections were found by following the
Howard outerop belt shown in the county maps pudlished by
the Leological Survey. Others, were found in recentiy open-
ed coal strip=-ptts, which have been mining the Nodaway coal.

fresh |imestone samples were colliected from all locali-

ties. Thicker |imestones were sampled from near the top and



bottom. These were properly numbered and orfiented with arrows

for vertical and north directions.

STRATILRAPHY

Genera! Stratigrephy of the *sbaunsee (roup

The #abaunsee Group of rocks comprises the uppermost
group of Fennsylvanian gtrata in Xansas. Ags classified by
the State Geologlcal Survey of Kangas, it belongs to the
Virgilian Series and includes five |imestones, six shales,
and one formation,

The #Wwabaunsee 2roup was named from Y“abaungee County,
(west of Topeka) Kansasg, where a number of #abaunsee for-
mations are well!l exposed.

Previoug work.~ The wabaunsee _roup, originally was
defined as Wabaunsee formation by Frosser {1895, p. 689),
*ho stated:s "1 have considered the base of this formation as
defined by the top of the Csage coal horizon and theftop by
the base of the massive limestone known |ocally as the
Cottonwood, Aima, and Manhattan |imestones.” The Osage coal
mentioned here refers to the Nodaway cos! in the Howard Lime-
stone.

Haworth (1898, p. 94) redefined the base, excluding
beds below the Burlingame Limestone,

Later Fath (1921, pp. 39-43) designated rocks, former-

ly aéalgned to the wabaunsee Formation, the wadbaunsee Group.
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voore (1935, p., 200) redefined the boundaries of the
‘abaunsee Group as follows "... comprises the beds sbove
the top of the Topeka |imestone and below the unconformity
at the base of the Towle shale which s regarded as making
the boundary between rocks classed as Fenngylvanian and
"Permian” in the northern wid=-Continent region.”" Recent
studies Indicate that the contact between Towie shale and
dabaungee rocks fn general f{e conformable,

Currently Moore (1949, p. 165) changed the boundaries
of the wabaungee Group as to include those beds between the
top of the Topeka Limestone and the horizon that {s regard-
ed as the Fennsylvanian-Permian boundary.

Lithology and thigknesg.- The wabaunsee Group consiste
of a sequence of ghales, |imestones, and sandstones. The
shale units are predominant in this group than {n adjoining
parts of the geologlic section, with several very persistent
thin fimestones, and some [ess persistent sandstones or sandy
shales,

Cne of the characteristic features of this group s the
nature of the repetition of strata, consisting of an alter-
nating sequence of nonmarine and marine depoeits, showing
evidences of cycliic sedimentation, "...in whiéh a grouping
of cyclothems in megacyclothems is not evident, This serves
especialiy to set the wabaunsee beds spart from those of the
Shawnee group.” soore (1949, p. 169).

The ¥absunsgee Lroup outcrop belt in Kangas begins in
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western Chautauqus County, and extends to eastern Lrown and
weatern Jonfphan Counties, in northesstern kansas (Fig. 3).
Uutcrops are more numerous and better exposed in the area
south of the Kansas River, because the country north of the
river {s covered by glacial drift,

The %“absunsee Sroup |s dévided Into three subgroups,
from the base upward, the Sacfox, Nemaha, and Richardson
subgroups. The Sacfox subgroup in turn is subdivided Into
three formations: the Severy 3hale at the base, the Howard
Limestone, and the Scranton Shale at the top.

The thickness of the Yabaunsee Group is about 500 feet.
Figure 4 shows a generaiized section of the Sacfox subgroup
in the lower part of the “abaunsee Group and the stratigra-

phic sectionsg of the iHoward Limestone.

2ayery Shale

The Yevery shale, which is the basal formation of the
habaungee Group, was named by Haworth (1898, p, 66) from
exposures in the town of Severy, Greenwood County, Kangas.

Lithofogy and thigknegsg.~ In the area studied the Severy
Ehale was found to be of rather uniform (ithologic character:
an olfve=-gray to yellowish=gray sandy shale, micaceous, and
in piaces clayey. In locality 6, numerous pyrite noduies
were present near the top, these being about 2 inches in di-
ameter. In this locaifity the shale s interbedded with hard,

Ifmonitic, sandy shale, In the same locallity a hard, massive,
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frreguiariy~bedded sandstone was found adbout 30 feet below
the Howard Limestone.

In localities 1 and &4, a thin, buff sandstone appears
sbout S feet from the top. The sandstone {s micaceous, fine-
grained, and finely laminsated.

The total thickness of the Severy Shale s sajid to be
between 70 to 80 feet, but the best exposure measured for
this report showed a maximum of 35 feet, because: the base
wags not exposed.,

Pajeontoiogy.~ The Severy Shale contains plant remains
in various horfzons. Megafossile were found sparsely near
the top, except for locality 1% where numerous brachiopods
and pelecypods were present in a sandy |imestone, about 6
feet below the Nodaway coal horfzon. Among the productid
brachiopods found were Juresanis, R2istiveociostus, and there
were severa! unfdentified clams.

Flgures 5 and 6 show exposures of the Severy Shale.

Howard Limgatone

The Howard Limestone was named by Haworth (1898, p. 67)
from well developed outcrops near the town of Howard, Elk
County, Kansas.

From Osage County southwards (Nwi, Sec. 7, T. 17 8.,

Re 15 E.), the Howard attains compliete development and it
comprises three |imestones and two shale members, Named from

the base upward these members are: the Bachelor Creek !ime-
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Fig. S; Contact between Severy Shale and Howard Limee-
stone in the northern area. Locality 4, near Kansas River,
Shawnee County.

P ~

Figs 6. Contact between Severy Shale and Howard Lime=
stone in the southern area. Locality 28, Lyon County.



stone, the Aarde shale (containing the Nodaway coal and
"wauneta" Iimestone bed), the Church |imestone, the Yiinzeler
shale, and the Utopia |imestone members. These members are
discussed further in this order.

The lower boundary of the Howard Limestone in the southern
part of the area overlies comformably the Severy shalodhnd
fa defined as at the base of the Bachelor Creek |{imestone
member. The upper boundary {s sharp and comformable with the
overlying white Cloud shale. In northern Osage County and
farther north the Sachelor Creek member fs absent,. and the
lower boundary of the Howard fs regardedito be at the base
of the Nodaway coal, which {s the basal unit of the Aarde
shale member in the northern part of the area. The upper
boundary is unchanged in the whole area and {s at the top of
Utopta limestone member. Although the contacts between the
Bevery Shale and the Hévard Limestone are usualiy sharp In
the area where the Bachelor Creek |imestone (s absent, it
appears to be rather gradational in places where this
member {s present. The presence, in some outcrops, of a cai-
careous shale with numerous Chonetes, seems to delineate
boundaries between these two formations.

The Howsrd Limestone fg not diffiguit to !donttfy in the
field, inasmuch as (ts members show certain characteristics
which make them easily recognized and differentiated from
ad jacent beds.

During detafiled field work a shaly limestone was found
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to have certain persistence below the Church |imestone member
end to be separated from the Church by thin shales. This
argiilaceous |imestone unit is called "%auneta®™. In this re-
port the "wWauneta” bed is described and studied as a unit
within the Aarde shale member.

The Howard Limestone has a varifable thickness in the
ares under study. It ranges from s minimum of 13 feet in lo-
cality & to & maximum of 37 feet in focalfty 22. In genera!l
thickens towards the south,

The lithology and faunal cherescters of the Howard for
the most part are falriy uniform, except in the Utopia |ime~
stone member. The characteristics of each individus! member
are discussed later,

The Howard s traced north into Nebraska under the same
name; however, in this area the iower boundary {s drawn at
the base of the Church Limestone. Southward in Oklahoma, the
Bird Creek Limestone is equivalent to the Churech |imestone
member, In that area the rest of the Howard is not identifled.

Figures 7 to 12 show MHoward Limestone outcrops at differ-

ent localities.
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Flige 7+ Howard Limestone in the northern ares. Localle
ty 3, north of the Xansas River, Shewnee County.

Fige 8. toward Limestone and Severy thale in the southe
ernmost outcrop. Locality 28, Lyon County.
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Flge 9. Howard Limestone and upper part of Severy Shale,
Locality 4, Shawnee County.
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Filge 10« Close=up of figure 9.



Fige 11. Howard Limestone along the Kansas Turnpike.
Note presence of extra limestone bed in the ¥Winzeler Shale.
Locality 6, Shawnse County,
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Fige 12;Aﬁgward Limestone fn locality 14, Osage County,



Bachelor Creek Limestone Member

The Bachelor Creek was named by Moore (1932, p. 94)
from the type locality on Bachelor Creek, 5 miles east of
Eureka, Greenwood County, Kansas. This [imestone (s the
basal member of the Howard from Ossge County (NWi, Sec. 7,

Te 17 84y Re 15 Loy ) southwards.

Lithojlogy, thickness, and contacte.~ The Bachelor Creek
in all localities was found to show fairly uniform ({thology.
It is a light olive=gray !imestone, which weathers s pale
brown, impure, and arenaceous, It 1s massive and upon weather-
fng breaks fnto thin frregular shelly beds, with rounded
surfaces resembling weathered sandstone. Locally the Bache-
jor Creek is dark blue to blulish gray, with a pseudolitic
texture, and rare quartz grains.

The “dachelor Creek has a constant thickness of about
& feet, with rare exceptions. It is interesting to note that
fn focality 23 it was found to be 15.5 feet. This {s an un-
usus! thickness and not heretofore reported.

In ail localfties, except 28 where both upper and lower
boundaries are sharp, the lower contact of the Bachelor Creek
and the underliying Severy Shale is gradational, It passes
from a non-calcareous, non-fossiliferous shale, to one that
fes slightly calcareous ind containg numerous specimens of
chonetes. The upper contact with the overiying Aarde shale

{s sharp.
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Palsontology.~ In most jocalities the larger part of the
Bachelor Creek was found to be oniy sparsely fossi!iferous,
Among the fossils collected from this |imestone were crinoild
stems, some fenestrate bryozoans, echinoid spines, and few
brachiopods. An exeception occurs in locality 20 (Fig. 13),
where numerous brachiopods are present; among them are Jyreg~
anis, Rictvocloatus, Chongtes, Enteigtes, spiriferids, and
towards the very top peliecypods of the genus Mygaling are a-
bundant.

Near the base of the Bachelor Creek iIn locality 23

Choneteg were found associated with few Dictyvocliontus, Mya-
lins, sparse Compogfita, and a fTew Ayjcgulopinng; the rest of
the bed s only sparsely fossiiiferous, except towards the
top where one finds Orthomyalina, Juresanjs, fenestrate bryo-
zoans, and spired gastropods.

In locality 28 the faunal content of the Bachelor Creek
was found to be unusualily different; there Ogaglis constitute
the bulk of the fossils in this bed, giving it a peseudolitic
appearance. In this same [ocality the |imestone contains also
Srurithyris, Composita, Myalipa, crinofid stems, and fenestrate
bryozoans.

Figures 13 and 14 shows Bachelor Creek [imestone outcrops.
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Fige 13. Bachelor Creek |imestone member, Locality 20,
Usage County.

Fige 14, Bachelor Creek !imestone in focality 28,
Lyon County.
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Aarde Shale Member

The Aarde shale overifes the Bachelor Creek |imestene,
wherever this bed ts present, and beiow the Church |imestone
member. It was named and described by Moore (1932, p. 94)
from the type locality near Aarde farm (S5ec. T. 26 8., R,

11 £,), Greenwood County, Kansas.

Lithology and thicknegs.~ In general the Aarde member
fs a bluish=gray to yeltiowish=gray, clayey, sandy shale, The
average thiéknoss ranges from 2.5 to 7 feet, although, {t
was found to be as much as 24 feet thick in locality 10
(Fige 17). Locally this shale shows an unusual thicknening,
as In locality § (Fig. 16). Generally, the Aarde thickens
southwards.

The Aarde shale comprises numerous units that are well
differentiated i{n some outcrops in the southern area. Named
from the base upwards are as follows: @) shaly sandstone to
sandy shale, (b) clayey gray shale, or (c) underclay, (d)
coal (Nodaway), (e) impure gilty gray shale, (f) calcareous
gray shale, (g) bluishegray argiilaceous limestone ("Wauneta”),
(h) black platy shale, and (i) lfght-gray to pale~brown shale.

The above sequence is obvious in the gsouthern area, iIn
some outcrops. however, the sequence of units s somewhat
different, and in the northern area where units b or ¢, d,
e, h, and { can only be tdentified.

Paleaontology.- The lower two units were observable at
localities 21, 22, 27, and 28, and contsin only plant im=
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presgsiong., The underclay, unit ¢, and unit d, coal, are devoid
of foseils. Unit e, which reste on Nodaway coal, contains
numerous carbonaceous fragments and plant impressions. In
most sections this shale was found to be crumbly, fmpure, and
poorly consolidated. Unit e grades tnto f, which contains
crinoid stems. The “wauneta” limestone or unit g fs highly
fogeli{ferous bed, which is discussed later, Unit h is
characterized by numerous phosphatic gshells of the {narticu-
late brachiopods Qrbjculoides and Lingula, few Yunbarella,

and unidentified shell fragments. Unit { {g highly calcare~

ous and contains abundant crinoid stems and brachiopods.

“Wauneta” Limestone Bed

The name "Wauneta” was applied by Moore (personal com-
munfcation) from outcrops exposed near the small! town of
Wauneta, Chautauqua County, Kansas. This limestone becomes
more perglistent in the southern part of the state, from
areenwood County southwards. In this area it is bluish=

gray in color, and (s characterized by the presence of

numerous fusulinids, Chonetes, Hustedis, Composita, and
Tew Dictyociostus.

In most outcrops, the "wauneta" is about 1 or 2 feet
below the Church limestone, and s regarded as part of the

Aarde shale.

Lithology, thickness, and paleontology.- In most places



where found, the "Wauneta® is a gray, highly argiilaceous
iimestone, Usually s medium hard and coarse-grained. The
thickness ranges from 0.3 to 0.5 foot. In places where this
clayey limestone is absent, a I{imy shale commonly {s present,
It eontaine numerous fossiis, among them Cryurithyris, Jures-
anis, Sancranetia, Qunbarells, large crinold stems, ostra-

cods, and unidentified brachliopods.
Figures 15 to 18 show the Aarde shale and "wauneta”

{imestone,

Church Limestone Member

The Church Iimestone was named by Condra (1927, p. 54)
from outcrops in Church farm, near the town of Dubois, Pawee
county, Nebraska,

The Church was used as a datum reference plane for corw
refation in this report, because it is Invariably found in
every Howard outcrop. It fs a very persistent Iimestone and
has been traced from Okliahoma, across Kansas, and into Ne-
brasks and lows,

Lithology and thicknesg.~ The Church |imestone member
has rather uniforam (ithology and thickness throughout {(ts
outcrop area. It is dark blue to blufish=gray, and when
weathered has s dark chocolate brown color. The Church {s
commoniy a single massive bed, very hgrd, and dense. A sledge
hammer was often used to break this hard |imestone, and when

broken it shows & subconchoidal fracture. Commonly, the
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Figs t4, Unite in the Aarde shale member fn the north-
ern area. In thisg area the contact between the Howard Lime=-
stone and Severy Chale ie at the base of Nodaway coal. Locali-
ty 4, Shawnee County.

Fige 16. Aarde shale member along the Kansas Turnpike.
Note different thicknesses of the shale, Locality 5, Shawnee
county.
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Fige 17« Unusual thickness (24 feet) of the Aarde shale
member in an open gtrip-pit, Locality 10, Osage County,

“Wau ne{‘ﬁ”

Filge 18, "wauneta" |imestone bed in the Aarde shale,
and below the Church |imestone. Locality 10, Shawnee County.
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Church breaks Into rectangular dlocks. The thickness of the
Church constantiy s s 2 feet, varying only an inch or two
fn a few places.

The uppermogt 1 or 2 {nches are shelly, and form a thin
crust at the top of the massive Church member. This shelly
top in many places s absent, especially where the Church
has been exposed to weathering.

Paleontoiogy.~ The faunal character of the Church s
fairly uniform in the area under study. It contains abundant
Qttonogia towards the top, which are a distinguishing feature
of this bed. These aigae upon weathering stand out in relief,
as shown in figure 19. Commonly, these algae are found en-
crusting other fossils. The repregentative fauna of thie bed
are: Dictyociostus, £nteletes, Sompesita, waroinifers, Lepho-
phyllidive, Naticopeis, tehinoconghus, Punctosoirifer, epir-
rifertds, spired gastropods, crinoid stems, and otheres.

The Church |imestone, In the area under study, |acks
fusulinids which are abundantly present in the southern part
of the state,

The thin shelly crust at the top of the Church contains

numerous Chonetep, some Punctosnirifer, numerous ramose
bryozoans |ike Rhombopora and Sirebiotryps, and some fe-

nestrate bryozoans.
contactg.~ The Church overlies conformably the Aarde
shale member, and in turn {s overiain by the %inzeler shale

except in locality 10, where the Utopias |imestone member
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rests directly upon Church. This {e shown in Figure 22, This
bed ie¢ separated from adjacent units by sharp contacts.
Figures 20 and 21 show the Church limestone at differ~

ent locaeiities,

Figs 19. Ottonosia in the upper part of the Church

Limestone. Locality 10, Shawnee County,



Fige 20. Sharp and even contact between Church Limestone
and Aarde shale. Locality 4, Shawnee County.

Fige 21. Church, %inzeler, and Utopies members. Note
thinning of winzeler shale and thin to medium bedding in
the Church |imestone. Locality 9, Usage County.
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Winzteler Shale Member

The Winzeler shale was named by Moore (1932, p. 94) from
outcrops near the winzeler farm (8ec. &4, T, 26 8., R, 11 E,),
Greenwood County, Kansas.

Litholegy and fhigknegg.- The Winzeler shale 1s usual-
ly medium gray to pale brown, clayey, and calcareous. The
thickness ranges from 2.5 to 10 feet.

The Winzeler shale is a persistent member that has been
traced from Oklshoma, northwards into Nebrasks and lowa, It
has a uniform Ifthological character, However, locally in
Osage County the member was found to be absent for 6 miles
along the outerop. The picture (Fig. 21) of the exposure iIn
locaiity 9, Osage County, shows the Winzeler shale reduced
in thickness to as iittie as 0.3 of & foot,

The ¥inzeler fs missing in localities 10, 11, and 12,
where the Utopla |imestone directiy overiies the Church
(Fige 22). In locality 14 it resppears normally developed
and containing fts typical fauna. One of the most noticesble
features of the Winzeler shale is the lack of persistence of
the (imestone beds, which it contains locally. These [|imestone
beds are diseimiiar in I{thology from piace to place.

The condition mentioned above is shown {n localfity 6
(Fig. 23), where a thin argiiiaceous |imestone occurs near
the base of the Wwinzeler, and {is separated from the Church
by a thin fossili{ferous shaie. In locality 8, a 3=foot

"{imestone"™ {s found resting on the Church, and which here
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is regardedas part of the winzeler. The "limestone” in this
locality contains numerous grooved nodules that gfve the ap-
pearance of sedimentary columnals (Fig. 24).

in locality 24, there {s a thin limestone only 0.5 inch
thick, and In locality 25 a “punky” |imestone is present in
the Winzeler member about 5 feet from its base., This In
places occurs as |imestone septarian concretions of varifous
and irregular shapes.

Paleontojogy.~ The presence of lacy bryozoans of the
genera Fenestrelline are a diagnostic feature of the lower
part, and in places the upper part, of the wWinzeler. The ra-
mose bryozoans Rhombopors, rare Neospirifer, pelecypods, and
other brachfopods also are present in some outcrops. In lo-
cality 24, the thin encrinal |imestone present in the Winzeler
containg fairiy well preserved cups, plates, and spines of

the crinoid Dejocrinus vyerus, the brachiopod Cgneraneils, and

numerous minute spired gastropods.

Utopia Limestone Member

The Utoplia was named by Moore (1932, p. 94) from ex~
posures near the viilage of Utopla, Greenwood County, Kansss.
The Utopia limestone Is the uppermost member of the
Howard Limestone, It comprises those beds above the Winzeler
shale, and beiow the White Cioud shale member of the 8S8cranton

Formation., The Utopia |imestone s |i1thologically and faunal-



Fige 22+, Utopia limestone resting on Church |imestone,
with absence of Winzeler shale. Locality 10, Usage County.

Church

Fige 23. ¥Winzeler shale member along the Kansas Turnpfke
gshowing an extra |imestone unit separated by a thin shale
interval. Locality 6, Shawnee County.
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Fige 24, "Limegtone” gontaining grooved nodules in the
fower égrtgni % nzefer shate, Qodulgsﬁcontain abundanti sponge

spicules. Locality 8, Shawnee County.

ly and faunally] different from other members of the Howard,

Lithology and thickness.~ The Utopia member fe a bluighe
gray to medium=gray |imestone, hard, and mediun- to coarse=
grained. From Shawnee County northward the utcpfa contains
several thin sghale units, one of which fg black and fligsile.
Whereas, to the scuth it (e mostiy composed of thin |ime-
stone units,

The Utopla limestone ranges in thickness from 2 to 14
feet.

On the baefs of lithology and faunal! content the Utopia
limestone member has two different parts: the lower part

which is composed of th!dunits. and an upper part which



{s commoniy one single medium to massive bed. These parts
will be treated, for convenience, as the lower Utopia and
the fusuiinid-bearing Utopfla,

Palsonteiogy.~ The lower Utopia for the most part is
highly fosstiiferous (Fig. 25). Some thin units are differ-
entiated because they are aimost entirely composed of a par-
ticular fossfl. For exampie we find beds with Pernopecien,
Myslipna, Goniasma, ostracods, and Pleurophaorys. 8till more
common, are the numerous thin osagite beds that contatn a=~
bundant QOsagia sigae, which on weathering stend out in reifef
giving the appearance of "oatmes!” texture. Among other

fossilis recognized and found to be abundantiy present in the

lower Utopie are: Marginifera, Ayicujopecten, Compogiis, Chop-
s3es. Derbyis, Dictvoclostus, Lophophylliidium, Rielasma, rare
Linoprodugtus, common Fengstrelline. Juresanis, Poiypors
Iabulipera, Functogpirifer, Caneranelle, Crurithyris, Fletuli-
Rera.fhombopora. Orthomyaiina, Sellerophon, fuphemites.
Pharkidonotug, crinoid stems, spiriferids, and unfdentified
mollusks. Ostracods are abundantiy found in locality 10, In
thinly=laminsted |imestone layers.

The fusulinid=bearing Utopia {s simost entirely com~
posed of fusulinids of the genus Irjticites, siong with rare
Lophophyiiidium, rare Ogagia, Egnestrelliing, echinoid spines,
small brachiopods, mollusks, and crinoid stems.

The upper part of the lower Utopia (imestone in locall-
ty 18 (Figs. 29-33), containg abundant well preserved fossi!



footprints. These are casts of amphibfang of the specie

Limnopus vagus, Marsh (Schoewe, 1956, pp. 389-408),
gontactg.~ The Utopia overlies conformably with sharp

contact the VWinzeler shale. The White Cloud shale member

of the Scranton &hale overiies the fusulinid-bearing Utopia

with a sharp contact. %est of Topeka, the Utopia Iimestone

is deeply eroded by a channel sandstone that is regarded as

part of the %“hite Cloud shale,

Flge 25. Slab from the lower Utopla limeetone showing
the abundance of mixed fauna, Localfity 8, Shawnee County,
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Fige 26. Thin limestone and shale units in the lower
Utoplia iimestone of the northern area. Localitly 4, Shawnee Co.

Fige 27« Characteristic thin-bedding of lower Utopia
limestone, Locality 10, Csage County.
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Fige 28. Lower Utopia limestone consisting of thin |ime=-
stones and shales containing land plants and ostracods in the
northern area. Locality 14, Osage County.

Fige 29. Flaggy !imestonelin the lower Utopia urit cone
taining fossi| amphibian footprints. Locality 18. Sec. 14
and 15, T. 7 Ceg h. 1# io’ Osage County.
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Figs 30, Lower Utopia limestone containing casts of am=-
phibian footprints. Locality 18, Osage County,.

< e Ut

Fige 31. Close-up of figure 30.



Fige ga. Amphibian footprints of Limnopus vague,
Locality 18, Usage County,

Fige 33. Close=up of figure 32,
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Marsh,



scranton §hale
thite Cloud Shale Member

The White Cloud shale was named by Condra (1927, p. 58;
1939, p. 53) from outcrops near the town of White Cloud,
vonfphan County, in northeastern Kansas.

The White Cloud includes those beds betwcin the top of
the Howard Limestone and the base of the Happy Hollow Lime=
stone,

Lithology and thicknesgs.- The 4hite Cloud is chiefly
composed of olfive-gray or yellowish=brown clayey to silty
shale, The sandstone found in the #%hite Cloud {s pale brown,
fine=grajned and thinly laminated,

The thickness of the “hite Cloud ranges from 30 to 80
feet. It was found only in two localities 3 and 4; the maxi-
mum thickness {s 37 feet.

Contacts.» In the two outcrops where the white Cloud
was measured, it was observed to have a sharp contact with
the undgrlytng Howard Limestone. In locality &, a channel
sandstone occurs in the White Cloud shale (Fig. 34). Inas-
much as this channel s an interesting feature in this locali-
ty, 1t (s described with gsome detall in the following part
of this paper,
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w%hite Cloud Channe! Sandstone

kocation.- The #hite Cloud channe! sandstone s exposed

for about 400 yards in the Nwi, Nwi, Sec. 27, T. 11 S., R,
11 t., about 0.3 of 2 mile west of a new bridge over Kansas
River on State Highway 4, about 3 miles west of Topeka.
frevious work.- The channel sanstone has been mentioned
by voore (1935, p. 210} 1949, p. 175) stating that “...these
sandy and conglomeratic deposits are interpreted as the in-
itial phase of the [of the Heppy Holiow cyclothem.” The purpose
of this part of the report is to describe this channel in
mare tetatl than has been done previously. An attempt will
be made to interpret the possible age of the channel, and fts
relation to affected adjacent beds.

Lithology and thicknesg.~ The white Cloud channel sand- -
stone is composed chiefly of shales and sandstones., Four
unite are lithologically differentiated; from the base upward
they ares (1) s well indurated basal conglomerate 0.5 to 1
foot in thickness composed chiefly of fiat subrounded !ime~
stone pebbles, round Iimonite concretions, and pyrite nodules.
The fine matrix is composed of numeroue fossi| sheii fragments
and fusulinids, Pyrite, glauconite, quartz sand, clay parti-
cles, carbonaceous material, and limonite are adbundant, (2)
Above the basa! conglomerate {s about 15 feet of light olfive~
gray, silty, and micaceous shale, It {s laminated, and contains
plant impressfons; It contains calcareous sandstone stringers.

(3) Near the center of the channel, just above the shaje
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mentioned, (s about & feet of |imy sandstone, which s olive
gray, laminated, and wmlcacecus, The insoluble residues of thig
calcareous sandstone showed 35 percent calcium carbonates The
coarse residue fraction gave the following constituente:

82% quartz sand, subrounded, clear to frosted

7% sphailerite, sudbhedral, up to 0.1 m= in diameter

5% pyrite, amorphous

3 mica flakes

2. carobonacecus material, black

1¢ apatite, green
(4) The top unit ts an olive=gray, micaceous, shale inter-
bedded with thin l(imy sandstone. This shaie {s about 10 feet
thicke.

The possible sequence of events associated with the
#hite Cloud channel! gandstone are discussed:

Deposition of Howard Limegtone snd of l(ower shale in the
¥hite Cloud shale,

Erogion foliowed by deposition of channel sands. Clear
evidence that the channel sandstone occurred later than the
deposition of both the iower part of White Cloud shaie and
Howard Limestone is shown by the scouring, entrenchment, and
erosional effects produced on those beds. In the eastern part
of the gection studied, shale in the ¥hite Clioud is deeply
eroded as shown fn Figures 36=-39, and the shale is reduced
in thickness from 22 feet, as seén nearby, to a fraction of

ks
an inch. Remnants of Iithologically stmilnfﬁ?o thoge in the
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channel sandstone are shown {n Figures 38 and 39. In the west-
ern part of the channel, conglomsratic deposits rest directiy
upon the Utopia |imestone member, which has been eroded from
the original 5.3 feet to { foot.

Deposition of sandstone of the upper part of the white
Cloud shale followed the erosfon discussed sbove. Numerous
thin conglomerates at different horfzons are present in this
sandstone, Deposition of younger Virgilian and other beds
followed,

Recent erosion has partially obliterated the east side
of the channel sandstone, and cut deeply into the Howard Lime~
stone and Severy Shale (Fig. 34).

Study of the channel sandstone leads to the conclusions
that: (1) Deposfition of the channel sandstone occurred prior
to the deposition of the upper sandstone of the White Cloud
ghale and subsequent to the deposfition of the Howard Lime-
stone and lower shale of the ¥hite Cloud. (2) The general
attitude of the strata forming the channel! s flat=-lying and
facks crose~-bedding. This presumes that these Tine sediments
were laid dowm in a siuggish stream with low competency and

high capeacity (Flgs. 41 and 42).
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Figs 35. Eastern part of the channel sandstone in the
White Cloud shale., Locaiity 4, Sec. 27, T. ¥1 &

Jo. Ro
i1 Eep Hhawnee County.

Fige 36. Contact between the Howard Limestone and Wwhite
Cloud ghaie, Note thickness of lower ghale in the ¥white
Cloud (sh. %, C.)

Letters B, Cy £, Fy Hy, and I Indicate parte in the graphic
section (Fig. 34),.
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Fige 37. Femnants of the lower shale in the White
Cloud (sh. We Co)

[

Fige 38. A few yards west from above picture, lower
shale has been reduced to about 1 foot.



Fig. 39, Channel! sandstone (ch., ses.) resting upon
remnants of jower shale of #hite Cloud (sh. W, C.) and
overiying Utopfa |imestone (U).

AR

Fige 40, Channel sandetone resting upon Howard Lime-
stone,
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Fige #1, Another view of the channel sandstone rest-
ing upon Howard Limestone,

Fige 42, Fiat=lying sediments composging the channel
gsandgtone,
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Fige 43, Felation between White Cloud channel sandstone
and beds of Howard Limestone. Church limestone {Ch),
Winzeler shale (W), and Utopia limestone (U)o Basal
conglomerate in the channel sandstone (ch. 88.).

Flg. 44, Peel=print of the basal conglomerate in the
channel sandstone fill,
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SEQIMENTARY ANALYSBIS

Jnaoluble Resldues

An insoluble resfidue, {s defined by lreland (19581, p.
40)1 "...material remaining after rock fragments have been
digested in aclid. Hydrochloric acid is generally used, but
acetic acid is occasfonally used...” This definition applies
to the insoluble residue material from the |imestone beds of
the Howard Limestone.,

The insoluble residues of the Church and Utopla |imestone:
members of the Howard received preliminary study by Wahrhaftig
(1952) .

Ag previousiy explained under Laborstory Techniques, two
fnsoluble restdue frections were obtained, the fine and the
coarse. The fine-fraction was not studied, because {t did not
show anything diagnostic. Hence only the coarse~fraction was
studied for this report.

Table | is & classification of insoluble resfdues of the
Howard Limestone based on the outiine by Ireland (1936), Each
type will be discussed under {ts proper heading. Appendix 8
gives the residue weights and corresponding percentages for
each member and unft of the Howard Limestone.

A detailed description of the samples will be found iIn
Appendix C, The terminology followed {s that of Irefand, et.
al. (1947),
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Table 1. Classification of insoluble resfdues of the
units and members of the Howard Limeetone,
1. Allogenic -~ Congtfituents derived from previous sediments
1. Quartz sand grains snd sfit aggregates
2. Arglidaceocus material
3. Mics flakes
1l. Authfgenic - Constituents formed contemporaneously with
or subsequently to the deposition of the sediments.
A, Byngenetic - Contemporaneous constituents
1. Fossils
2. Glaucontite
3« Carbonaceous material
8. Lpigenetic -~ Subgequent constituents
1. Bilicified fossiis
2. Interstitial siitcs
3. Secondary quartz
C. Syngenetic or Epigenetic
1. Chert
2. Pyrite
3. Limonite



Allogenic

quartz sand and silt agorscatgg.- uertz sand grains are

a common coarse=fraction {n the Howard Limestone, and along
with siit and sflty aggregates constitute the greater per-
centage of the total residue. The quartz sand appears as

loose, clear to slightly frosted grains, most commonly anhedral
to subhedral, rarely euhedral. It makes up from 80 to 93 per-
cent of the resfdue {n the Bachelor Creek |{mestone member.

In the Church and Utopia |imestones, the percent of quartz {s
quite variable from a trace to 50 percent, with an average of
12 percent,

The Howard Limestone beds that are low {n quartz sand
were found to contain larger amounts of slit aggregates., Theese
agqregates seemingly are stained by Iimonite; they are micace~
ous, .and are usually pooriy consolidated. The amount of siit
aggregates varies from a trace to as much as 85 percent, with
an average of A0 percent.

Arqillaceous matgriatl.- This was found in a few sections
as lumps of flocculsted clay materfal, light-green to pale~
brown, spongy, micaceous, and poorly consolidated aggregstes.
The smount of these sggregates ranged from 2 to 58 percent;
the average, however, was less than {0 percent,

Mics flakege.~- Mica 18 rather common, but makes up only
8 fraction of the total residue. It occurs as loose, clear

flakes, that are {(rregular in outifine; and commonly consti-
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tutes from 1 to 3 percent of the residue. This amount possi-
bly be more in the residues that contain gliit and clay aggre~
gates, as mica Tlakes form part of the fine cementing materi-
ale The residues from the Bachelor Creek member contain an

average of 10 percent of mica flakes,

Syngsnetic

Fopeilg.~ Arenaceous foraminifer tests and fragments are
the most abundant fossils observed in the residues of the
Howard, These consfist of aggregates of fine quartz silt-afze
grains. They range in color from white to light gray. The a-
bundance of arenaceous foraminifers varfes with the different
members. The Church |{imestone containg from 30 to 60 percent,
with as much as 80 percent in |ocality 14. The amount of these
foraminifers in the Utopia member (s variable, ranging from
only a trace to as much as 90 percent, jocality 22, The Bache~
lor Creek, in most localities, contains only treces of these
forsminifers. The "#auneta® bed also contains abundant forams,
with amounts ranging from a low of 12 percent in locality 22,
to a high of 82 percent in logcality 25, Foraminifers present
are shown in Table 2,

8ponge spicules were found to be abundant, but restrict-
ed only to locality 8. These are composed of white finely
granular or clear eflifca, and In the form of monaxons, tri-
axong, and desmas. The amount of epicules In this localfty

ranged from 15 to 30 percent,



Table 2. Arenaceous Forsminifera present in the Utopfla

and Church members of the Howard Limestone (taken from

Ireland, 1956, pp. 831=864),

Specles described:

Apmodigcells Yirglilensis lreland
Ampedigcus annuleris (Brady)

Ammediscus aemicongtrictys Waters
Ammovertelia inclusg (Cushman and Waters)
Amnovertells labyrintha Ireland
Ammovertella primopprva Ireland
Ammovertelis prodigalis Ireland
Glomeapirs articuiosa ¥luamer

Glemogpira pysiila (Geinetz)

Glomosoira gimplex Hariton

glomospira vmbiculsts (0uahﬁhan and Waters)
Hyperammina glabrs (Cushman and Waters)
Fgammogphaers gracilis Ireland
Thuramming lawrengeneis 1reland
Jhurasming diforameng Ireiand

*Note:
p = present
¢ = common
ve = very common

a - sbundant

Utoplia

Church
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ranged from 15 to 30 pergent,

Glaugonite.~ lauconite {s abundant. locally in some beds
of the Howard., This occurs as light green, amorphous, soft
masses. [t is sparsely present Iin the Utopfa |imestone, except
in localfity 10, where In the unit below the fusulinfd«bearing
bed glauconite makes up for 50 percent of the residue, The
uppermost shelly part of the Church |{imestone member conteins
glauconite in amounts ranging from 25 to A0 percent, and only
scattered grains are present in the maseive Church proper,

Sarbonaceous material.~ This was found to be an extreme-
Iy minor constituent in the coarse fraction of the Howard.
Only scattered small fragments were found, except In the
Bachelor Creek which containg from 3 to 5 percent of carbo-

nageous materfal in al} locallties.

Epigenetic

Sllicified fogaiig.~ Fossilie, replaced by silics, were

found in abundance only in localfty 8. In amounts these fossils
range from 5 to A0 percent. Among the silicified fosslls pre-
sent are Punctosnirifer, Hustedis, Crurithyrig, fenestrate
bryozoans, productid spines, ostracods, spired gsstropods,
and unidentified shel!l fragments. The Church |imestone in o~
cality 10 was found to contain about 15 percent silicified
fossi s,

The silica is generally white, clear to opaque, chal-

cedonic, with a granular to smooth texture.
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Interatitia) silica.~ Interstitial sllica was found to

be restricted to locality 8, It 1s composed of clear to opague,
dolomolidic sililca, and quartz in {rregular masses. It is inter-
esting to note that the only place where interstitisl siifca
fs found, and it is the place where silficitied fosstis ocecur,
The amount of interetitial siiica in this locality was found
to be about 18 percent.

Segondary guartz.- Secondary quartz s s minor consti-
tuent in the residues of the Howard Limestone, It te found
to be clear subhedral to anhedral, and distributed through-

out the ares from a trace to 2 percent,

gyngenetic or Epigenstic

ghert.~ Chert occurs {n varfous amolnts {n the Howard
Limestone, This s found to be chalcedonic, white, granular,
ordinary to lacy, and it was present only in localities 7,
8, and 18, with amounts ranging 10, 40, and 2 percent re-
speatively,

pyrite.~ Pyrite commonly occurs in the coarse-fraction
of the Howard Limestone as striated cubes, octahedrons, a-
morphous aggregates, and partiasily or entirely replacing

fosel s such as Rhombopora, Cancranella, productid spines,

and shel!l fragments. Pyrite is present in the Church membdber

in all Jocalities ranging from a trace te as much as 80 per-
cent in locality 11, the average, however, is rather a constant-
ly 35 percent. The pyritized fossiis mentioned above, are

found only in this bed.
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The amount of pyrite in the fusulinjd-bearing Utopla Is
negliigible {n most localities, except In locality 3, where
it amounted to 57 percent,

The "wauneta” {imestone bed as an average of 14 percent
of amorphous pyrite.

In all localities the Bachelor Creek contains only rare
amounts of pyrite. The amounts of pyrite in the rest of the
Howard sre varfable ranging from a trace to 75 percent,

Limenite.~ Limonite {8 common constituent {n almost ever-
y residue of the Howard beds. It shows as an amorphous, spongy
masses, and makes up about 5 percent of the total residue, It
was found that some ssmples of the Church |imestone contain
as much as A0 percent.

Agcelete peels, Ihin-sections, and Etched-blogks

Acetate peels along with thin-sectione and etched~blocks
were useful tools in studying the microstructures, microlitho-
logies, and texturee of the Howard Limestone., Fossils, es-
peclally QOaiglis, are shown conspicuously in peel=prints. Best
results were obtained by studying the peels, prints, and
etched=blocks together, Mineral determination, however, can-
not easliy be made from any of these methods, and was done
from the insoluble residues, and has been diescussed previous-
Iy,

A series of peel=prints {s shown at the end of this section
(Figs. 47-79) as fllustrations of different diagnostic features

among the members of the Howard Limestone. The information



gained from these different methods (s discussed below, This
discussion §s arranged by members from the base upwards. All
peei=prints have been enlarged 4 times, uniess indicated other-

wi ge.

Sachelor Creek Limestone Member

The Bachelor Creek generally has aphanitic texture
throughout the area, and it appears to be highly arenaceous
and impure. lnsojuble resldues showed a high percentsge of
quartz eand-grains. These are easlly seen as standing {n re-
jtef in the etched blocks. The only exception fs jocallty
28, where this member contains many Ogagigs, iIn this same place
arenacecus foraminifers are very abundant (Flig. 50). Locally
this member s quite fossiliferous, ae In locality 20, and
ft has an aphanitic matrix, The fossiis are mostiy Myatfng and
productid brachiopods (Fig. 48). In other places, only the
upper portion {s fossfliferous as in locality 19 (Fig. 47).
While in other places, it is devoid of fossiis as in loceii-
ty 23 (Fig. 49).

"wauneta” Limestone Bed

The “wauneta" bed, wherever found, shows numerous fossils,
including orinotds, in an aphanttic matrix, composed mainly

of argitlaceous material (Fig. 51).
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Church Limestone ¥ember

The Church was found to exhidbft the same |ithologic
character throughout the area studied. It is commoniy aphan-
ftic in texture, fossilis in the form of crinoid stems, fe-
nestrate bryozoans fragments are abundant; corals are rare,
Some of these fossiis {n many places are encrusted by Otton-
0gls algae., These algae are rather diagnostic of the upper
part of the Church, and when not encrusting other fossiis
they are found as amorphous algal masses. Pyrite and arenace-
oue foraminifers outiines are observed in the peels and
etched-blocks of this bed (Figs. 52-57, and 75).

Overlying the Church, at locality 8, there is an extra
“Iimestone" bed, described previousiy as be part of the
¥“inzeler shale member, This "limestone"” bed containg numer-
ous grooved |imestone nodules which in peels show an aphane
ftic texture In argillsceous materfal and siifceous micro~-
organisme. Sponge spicules easily seen in etched=blocks make
the bulk of these grooved nodules(Fig. 60). Other peel=prints
of the |imestones found in the Winzeler shale are shown in

Figures 58 and %9.

Utopla Limegtone WMember

The Utopla member exhibite the most varied and distinc-
tive lithology of the severa! members of the Howard Lime~-
etone., For purposes of easier description, the member, will

be discussed in two parts, the lower and fusulinid=bearing
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bed. These thin beds are by no means possibly correliated either
unft by unit or from segtion to soctlpn. However, as a whole
these strata have a congpicuous feature which is rcmarﬁbly

weil shown in peels, thin-gections, and etched-blocks made

from specimens from each focality. This s the presence of the
algee Ogpolg and less commonly "Marksig". These algal growths
are not confined te any particular horfzon, Figures 61=-74

show the different types of fauna and mlcrolithologieu found

in the lower Utopia Iimstone unit,

The ¥inzeler shale member is absent {n locality 10, end
the Church limestone {s overlain directly by an "algal” bed
comprised within the lower Utopia. Figure 64 shows clearly
a peel=print of this mottied {imestone, that {s Iithologi~
cally different from any other observed in the Howard form-
ation., In this same locality a well developed cone~in=cone
limestone was found (Fig. 66).

The fusulinjdebearing Utopia unit shows a pereistent
fauna and o marked lithologiec character. The fusulinids of
the genera Triticites are present sbundantiy throughout the
erea, Sfit-clay particlies constitute the aphanitic matrix of
this bed in places as disseminated aggregates, and in others

constituting a large portion of the matrix,
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Svamary

Fusul infd=bearing Utopia Limestone unit

Quartz sand content ranges considerably from 3 to 75 per-
centjchanges are not diagnostic fn any way throughout the
area.

The presence of arenaceous foraminifers und sfit aggre-
gates was found to be interrelated; where arenaceous forams
were abundant, si{it aggregates diminished in same proportion
(Fig. 45).

Pyrite, clay material, and mica flakes were not diag~

nostic Iin the unit,

Lower Utopls Limestone Unit

quartz send {s an adbundant constituent found in all Jo-
calities, with rare exceptions, Thig residue {s a diagnostic
feature of the unit. In Shawnee County, quartz {s about 40
percent of the coarse residues. This amount diminishes In
Osage County, and again steadily grows larger towards Lyon
County.

Pyrite (s present in aimost every locality ranging from
a8 trace to about 25 percent,

Fioeculated clay aggregates are present from 8 to 25 per-
cent {n Shawnee County, absent {n Osage County, and again
present {n Lyon County from 10 to 25 percent.

Arenaceocus foraminifers were the most sgignificant con-



stituents fn the lower Utopia. Except for one location, they
are sbundantly present from 3 to 93 percent, averaging about

dpercent, Increasing asbundance {s noticed in Osage County,

Church Limestone Member

Quartz sand {s usually present in smail amounte,

Pyrite is a diagnostic constituent, and found to be pre-~
sent in every locality from 3 to 83 percent, however, the
average was only about 35 percent.,

Arenaceous foraminifers were abundantiy present in sl-
most every locality, ranging from 10 to 85 percent, aver-
aging about 40 percent. They seem to be more abundent through-
out Osage County.

Glauconite was present I{n few localities, but when pre~

sent was abundant (Fig. 46).

Bachelor Creek Limestone Member

wuartz sand is present throughout the area in amounts
over 90 percent. This amount diminishes fn the last two south-
ern localities, but the presence of quartz sand is diagnostic
feature of the member.

Arenaceous foraminifers are present {n very small amounts
in the area, and they eppear broken, however, {n the southe
ernmost focality the Bachelor Creek fs full of Ogggia, and

contains about 30 percent of arenaceous foraminifers.



Wica flakes and carbonsceous material, are pregsent in
every localfity {n small amounts,

The diasgrams in figures A5 and 46 ghow a graphical re-
presentation of percentages of the {nsoiuble resfidues and
the areal varfation Iin percent of coarse~ and fine-fraction

content of the Howard Limestone beds.

ghale Study

The purpose of the shale study was primarily to deter-
mine the amount of carbonate, argilliaceous material, mineral
content, and fauna present. In general the shales comprised
within the Howard Limestone range from slfighti{y to extreme~
ly calcareoue, The only exceptions are some of the shales
in the lower part of the Aarde shaie member. The black figsile
chales were found to be only slightiy calcareous., Difficuls
ties were encountered in dispersing them because they were
highly phosphatic and {ndurated. Hence the laboratory study
congisted only in microscopic examination of the undispersed

sampies., The shales are discussed from the base upward,

Aarde Shale Member

This will be discussed Just in the southern area where
the Bachelor Creek |imestone member (s present, and later in
the northern area, where the Bachelor Creek is absent,

In the southern area (Osage and Lyon Counties) es a



FIG.45.PERCENTAGE DIAGRAM OF THE INSOLUBLE RESIDUE CONTENT OF The
HOWARD LIMESTONE MEMBERS
Fusulinid Utopia {imestone unit

Quartz Pyrite Clay Mat., Aren. For, SIlt Agg. Mica FI,
*N 25 So 15% @ 15 So% o 2% so% o 25 SO TSk

Lower Utopia timestone unit

i

()
RREReBEG

NOTE: N-S_indjcate North to South locations.
Each squore represents 10% residue,

Number at left of bar indicates location,

OL



FI1G.4¢.PERCeNTALE JIACRAM OF THe INSCLUBLL RESIDUL ZUNTIANT 7 7o

HCAARZ LIMISTONZ NIVBCRE

Church limestone memder

uzonite

Clay Mat. Aren.For.. Stlt.Ag., Mica c!
(] fo [ S ) © 8%

8

Quartz
wi

Pyrite
N _¢ — =

So~ede

m .
-3¢ 3111 $119

Bachelor Creek limestone member
oy ] o ° el <

AREAL VARIATION IN PERCENT OF COARSE AND FINE RESIDUZ CONTENT,

ol Carb. “at,

HOWARD LIMESTONE

Mloew locs Loc. 18 Loc. 28

Fusulinid utopla‘ HADIFR TR g CHADEAATES ] TRONAFDIAAT
Lower Utopta 1s,Mimmrmmghs rovpensss I sornsias
Chureh Is. eizrzemicr sl oo Sl ooeriensor S orooomeos il
“Nsuneta® b;d ’ ”
swinenmarss ad

8achelor Creek Is.
NOTEs Number at right of bar indfcates percent total resigue

- coarse ;@ ~ fine fraction

b



72

general rule, the shale unites underiying the Nodaway coal
are devoid of fossils and are non-calcareous, Locally these
shales are highly sandy to siity and contain abundant mica
flakes, limonite, and carbonaceous material, The only biota
found fn these units were plant impressions,

In the gouthern area the shale betwaen the Nodaway coal
and below the "wauneta"” !imestone bed, is commonly differenti~
ated into two parts. The part overiying the coal which is
siity, devold of fauna, and non=calcareaus, containing a-
bundant plant impressions, mica flakes, and quartz sand. In
locality 25, this shale seems to be varved, (s glightly cal-
careous, and contains some small pelecypods of the genus
Qunbarejis. Overlying the above there is a bed of shale whose
base is about 2 feet below the "wauneta” bed. This shale |s
usually calcareous and in places containg crinofd stems, clams,
and numerous shel! fragments. Among the minerals white grains
of gibbsite (hydrous aluminum oxfide) are present as scatter~
eqhggregates in the shale; other minerals present are pyrite,
magnetite, and [imonite.

Overlying the "wauneta” bed in the southern area, are
at (east three shale units that are well differentiated both
in the field and in the lsboratory. From the top of the
"wauneta” upward are as follows: (1) gray shale, flaky, only
S!ightly.caiclrcous. and sparsely fosei!iferous;(2) black,
fissile, phosphatic shale with abundant small inarticulate

brachiopods of the genera Orbiculoidea and Lingula, the brachi-
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fopod Crurcithyrig, and the peiecypod Qunbarells, which are

dlagnostic fauna of this shale in all localities. The mineral
content of this shale include small phosphatic nodules and
finely divided pyrite. Next above (3) follows a pale~brown
shale, highly calcareous, and that is saccharoidal under the
microscope., Fossils usually are present in the form of crinofd
stems, common functogpirifer, rere Chonetes, and rare Qunbsr-
ella, The mineral pyrite, selenite gypsum, magnetite, |{imo-
nite, mica flakes, and others are usually present,

In the northern ares, the Aarde shale member consists of
three shale units, which are aimtlﬂr to thoge above the
“wauneta” in the southern area. Some exceptions will be noted.

These gshsle units are as follows from the base upwards
(1) pale=brown to mediumegray shale, {mpure, and poorly cone
solidated, Abundant gypsum selenite crystals and kaolintte (?),
mica flakes, quartz sand, and carbonaceous material are pre~
sent., Next above (2) fs a persistent black, fissile to piaty
shale which has the same mineral and faunal characteristics
as number 2 in the southern area. Next immediately (3) and
underiying the Church |imestone member s a pale~brown to
buff shale, with numerous crinofd stems, common Hugtedis,
chonetes, Marginifera, and ramose bryozoans. The mineral
content of this uppermost part includes pyrite, |imonite,
mice flakes, quartz sand; locally this shale {s profusely

fossil1ferous containing abundant Hustedia, Crurithyris, Jures-
anfa, Chonetes, Oictyociogtus, ramose and fenestrate bryozoans,
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and crinoid stems.,

The Aarde shale member {s developed di fferently in locali~
ty 10 than elsewhere; there it attaing & thickness of 24,2
feest, Overliying the Nodaway coal In this locality is a black
fissile shale with inarticuiate brachiopods. It fn turn {s
overiain by 21 feet of medium=gray shale, This latter shale
unit contains abundant plant and spore fossilis, and common
Dunbarelis. Guartz sand grains, pyrite, [imonite, carbonaceous
material, and mica flakes are adbundant. This shale, at a ho-
rizon about 0.5 foot from the top, changes to light-gray and
calcareous, with sbundant crinoid stems, fenestrate bryozoans,
and common Chonetes. Above the "wauneta" fn this locallity,
two shale unfts may be distinguished: a black, fissiie shale
with Orbigujoides and Lingulg at the base, and a |{ght-brown
calcareous shaie above, Minerals in these shales are quartz

sand, mica flakes, pyrite, and gypsum.

Winzeler Shale Member

This shale §s characterized by similar lithology through-
out the area studied. Commonly it {s medium gray, blocky to
flaky, and clayey to calcareous, The common fnunQﬂgroccnt in
this shale comprise well preserved lacy bryozoan; of the

genus fFengptreliing, and ramose bryozoans of the genus Rhombo-

porg. Other fossiis also are present in minor quantities,

smong them are Neggpirifer, Dunbarells, Cancraneils, Hellero-

phon, The mineral! content iIncludes siit and quartz sand, a-



75

bundant biotite and muscovite flakes, pyrite aggregates, light-
green glauconite, carbonaceous material, magnetite, selenite
gypeum, chalk or kaolinite (?), earbonaceous material., Sponge
spicules are present in the shale in minor amounts at locali~

ty 10.

Utopfa Limestone Member

The Utopia contains one or more thin shale units, One
of the thin shales, in Shawnee County, was found to be very
persietent. In this area thig shale unit is black, papery to
fissile, and only slightly calcaresous. The abundance of ostra=-
cods {s a diagnostic feature of the unit., The mineral content
was not observable, due to the fact that these phosphatic
shales did not disperse in water or detergent.

In Osage and Lyon Counties, these shales become pale-
brown, laminated, calcareous, and sitty. They contain abundant
ostracods, as In the northern ares, and plant {mpressions.
However, in locality 10, Osage County, the shale s absent,
nevertheless, the ostracods are present in thtnly-lnmlnitod
limestone fayers. In this area the shale contains abundant
quartz sand grains, limonite, pyrite, seienite gypsum, and

mica flakes.
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Fig. 47. Bachelor Creek |imestone in jocality 10.
sparseness of fTauna and sphanitic texture. '

Fig. 48, Bachelor Crek |imestone in locality 20.
Note abundant mo!lusks and texture. (Peel-print Xx3)



"3' 49, Bachelor Creek !imestone in locality 23.
Note sandy texture and absence of fauna. v

rsz. 60. Bachelor Creek |imestone in locality 28,
Note abundance of Ogagla and arenaceous forams.



Fl!. 51. "Wauneta" |imestone bed In locality 10.
Note fossi!| fragments and aphanitic texture.

Fige 52, Church |imestone member !u.Socnlliy 2.
Note fTine-grained texture and fossi! fragments.



Fige 83. Church |imestone in logality 4., Arrow
indicates up. :

Fig. 54, Church |imestone in locallity 10.
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Fige 55, Church limestone in localfty 12, Note fossile

encrusted by Ottonogia algae.

Fige 56, Church limestone in locality 14, Note
Cttonogla algae in fine-grained matrix,



o

Figs 57« Church limestone in locality 24, Hote
Uttonogia and abundant fossll fragments.

one=in~cone in ¥inzeler sghale, Locality 4,

=
S
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Filge 59, Feel=print of thin limestone in ¢inzeler
shale., Locality O,

Figs. 60+ Feel=print of grooved nodule in lower part
of #inzeler shale, Locaifty 8., Note abundant sponge
spicules,



Flge 61 Lower Utopia |imestone in locality 3. Note
abundance of "darksia" and finee-grained matrix,

Filge 62, Lower Utopia limestone in focaifty 2, hNote

pyrite nodule with CUttonogia.
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Fige 63, Lower Utopfa Iimestone In localfty 8. Abundant
Usaglia, minute gastropods, and arenaceous forams are
noteworthy.

Fig. 64, Mottied !imestone in lower Utopta. Locality
10, (Peel=print X3).



Lower Utopia limestone in locality 10.
gae(?).

€5,
wote poor sorting and al
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Fige 71, Lower Utopia |imestone In locality 26,
Note pseudolitic texture.

Figs 72. Lower Utopla |imestone in Iocality 26,
Hote abundant kyalina.



60, Peel=print of thin |imestone in jower Utopla
tn (oeaiity 14

Fige 70, Abundant ¢ a fa in louar Utopia limestone,
Locality 184 (horizon ?ée() :



Fige 73+ Lower Utopia |imestene in locality 28,
Note abundance of “"Marksia®.,

Fige 74, Limy concretion in shale of logar Utopla
i imestone. Locality 18,



Fige 75« Upper part of Church |imestong in locality 5.
Note Ottonosia encrusting crinoid columnal and bryozoan,
(Peel-print Xs5),
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Fige 76. Upper Utopia limestone in locallty 3.
Note abundance of fusulinids, sparseness of other
fauna, and fine-grained texture,

Fige 77. Upper Utopla limestone In locality 10.
note abundance of argillisceous material (light).



Fige 79. Upper fusulinid-bearing Utopia limestone.
iocality 28, North and up directions indicated.
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THE HOWARD MEGACYCLOTHEM

Cyclic Sianificance of the Howard Limestons

The time of deposition of the Howard Limestone and ad-
Jacent units was presumably marked by repetitive transgres-
sfons and regregsions of the shafjow sess.

A cycliical repetition of strata has been given the name
Yeyclothem" by Weller (1932, p. 1003). The term "megacyclo-
them" refers to a cycle of cyclothems (Moore, 1935, p. 29).

The Wabaunsee Group, unifke the Shawnee Group, does not
show evidence of fdentifiable megacyciothems, The cyciic
sedimentation typical of this group has been termed the
wabaunsee type (Moore, 1948, p. 8). It has been stated that
cyclic sedimentation of the Howard Limestone roproeinto a
transition between the megacyclothems of the Shawnee Group,
and the more simple cycliothems of the wabnuntio Group (Moore,
1935, pe 205). The Howard Limestone sedimentary cycle re-
sembles more closely the megacyciothems of the. Shawnee than
a single cycliothem of the Wabaunsee Group, This {s ghown es~
pecially by the presence of a persistent coal bed, a black
platy shale, and abundance of varied arensceous foraminifers.
Moore (1935, p. 30) has assigned letters (A to V) to mega-
cyciothems of the Shawnee Group. However, this classification
hae not been appliied to the Wabaunsee Group, and the letters
(A te M) of the Wabaunsee refer to cyclothems,

From the study of the cyeclical sediments {n the Howard,
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the writer believes that this formation and adjacent units
represent a megacyclothem, and will be referred to as madga-
cyclothem "#". Thig unit extends from the disconformity
teplratlng'tho Severy Shale from the Topeka Limestone up to
the base of the channel! sandstone {n the White Cloud shale.

Megacyclothem ¥ geems to comprise five incompliete cy~-
clothems, which have been named after |imestones, and given
roman numerals designations to distingulish them from those
of the Shawnee and Wabaunsee Groups., Theee are given in

tablebelow,

Table 3, Division of the Howard Megacycliothem

Cyciothems Symbo |
Upper Utopfa cyclothem v
Lower Utopla cyclothem 1v
Church gyclothem 111
“Wauneta” cyclothem 11
Bachelor Creek cycliothem 1

In the northern area, only the upper three cyclothems
can be differentiated, {nasmuch as the "Wauneta” and Bache-~

flor Creek iimestones are absent.
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Enyironments of Oeposition and Cyclothems
of the tHoward Limestone

A gtudy of depositional environments s based upon:
tithology, principles of sedimentatéon, paleontology, strati-
graphy, inferred palececology, paleogeography, and tectonics.

In this section, an sttempt will be made to interpret
the conditions prevaliing at the time of rock genesis {n the
area under consfideration. Inasmuch as environments of depo-
sition are closely related to the cyclifca! repeti{tion of
beds, theselrelations will be discussed concurrently.

The depositional environments of the Howard Limestone
are related to those of the underiying and overliying strata,
therefore the orfgin of these beds also wil! be discussed
briefiy.

Figure 80 s a representation of the Howard formation
generalfzed from several exposures. Inferred varfations in

sea level during time of deposition are shown by a curve.

Bachelor Creek Cyclothem |

Beysary Shale.~ The Bevery Bhale which underiies the
Howard Limestone may be regarded to have been developed under
both nonmarine and marine conditions. These nonmarine beds
are composed of channel-~filling deposits, which disconformi-
biy overlie the Topeka Limestone, and occur in a channel deep-

ly cut Into 1t (Moore and others, 1951, p. 63). The absence
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of fossils and the {rregular disposfition of these sediments
fndicate most Ifkely that they were subaerial In origin rather
than marine,

The marine part of the 8every includes uniform, thinly-
laminated, Tine sflstones and shales, which are chiefly In
the upper part. Locally, this phase incliudes thin sandy |ime~
stone beds with marine fossils such as Jyureganis and Djgctyo-
glogtug, and some clams. The seas st the time of deposition
of the BSevery must have been ghallow with probably no re-
strictions; this ie indicated by the lateral persistence of
beds.

Bachelor Creek limestone member.- The shalliow marine
conditions existing during the deposition of the upper part
of the Severy Shale are belfeved to have persisted into the
time of Bachelor Creek deposition. Abundant Chongtes gt ve
evidence of gradual encroachment of the sea; deeper waters
appear to have favored the occurrence of diverse fauna, In
general a habfitat favorable to several formas of marine life
is indicated. The clastic iInfliow of clay material and quartz
sand must have been copious, inasmuch as the Bachelior Creek
Ilimestone 8 highly impure. In some localities the percent-
age of insoluble residue constituents exceeds that of the
caicium carbonate content,

The presence of unfossiliferous, siity, green shale,
which are locally interbedded with |imestone in the Bache~

lor Creek member indicates that the bottom must have been
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highly irregular with small depressions or some fouled con-
ditions existed Jocally. This accounts for the sparseness

of fauna. However, the [atter conditions must not have been
videspread, because the local occurrence of osagite~iimestone
beds with some moillusks and brachfopods show that the environ-
ment was Tavorable to the growth of Csagla, which {s found
encrusting shell fragrents, The deposition of the Bachelor
Creek seemingly was ended by a regression of sea waters and

a greater inflow of clay,

Asrde shale member.- Olscussion of the eanvirommental
conditions under which the Agrde shale was deposited is ar-
ranged fn accordance to unfts from the base upwards, follow-
ing the pattern already established under "Stratigraphy”.

Aarde shale Unjt a, ghale.~- Continenta! or nonmarine
conditions must have prevalled during the deposition of the
lower shale in the Aarde member. This shale contains profuse
plant fossiis, and Jocally s interbedded with sandstone
lenges, which are crossed-bedded, thin, and {rregular. As a
whole, these shales appear to be devoid of foesilis, In places
this unit grades upward into s thin, clayey, gray shale, Unit
a is identified only in the Qouthorn area.

Asrde ghale Unita b and ¢, undercisy and goal (Nedaway).-
The presence of the Nodaway coal in the Aarde represents
widespread paludal environment that must have prevallied in
the region at the time of deposition. The fact that this

thin coal, ranging in thickness from only s few {nches to 2
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feet, is traceable from lowa, through Nebraska and Kansas,
and 50 miles Into Okiahoma is believed to indicate swampy
conditions over a large aresa.

The underclay is light gray in color, smooth, ¢layey,
plastic, and locally contains numerous iimonite stringers.
Locally, a clayey=gray shale occurs below the coal in place
of the underclay.

The meaning of the underclays associated with coal is
a controversial subject, and there is no Intention of ad-
vancing any new possiblities. Weller (1931, p. 175) stated
that underclays are possibly developed by "...atmospheric
weathering during long periods of quiescence." ucMilian (1955)
concluded that the ",...Nodaway undercliay is at”fosail” (so0f i)
or buried gley.... Characteristics of gley and underclay are
due to organic acide which have moved downward from peat by
diffuston.” Gley fs a sol! horfzon, biuish gray, sticky, and
often structureliess.

Aards shale Unit d, shals.~ The last vestiges of contl-
nental conditions are indlicated by deposition of a slity, mi-
caceous, gray shale above the Kodaway coal. Locally this shale
is represented by about 5 feaet of thinly=-iaminated shale, with
alternsting light and dark-gray bands, resembiing varves.

The subaerial weathering which must have affected thise
shale is Indicated in severa! sections by the local occurrence
of the mineral gibbsite, incorporated in the overiying shaile.

Gibbsite {s a hydrous aluminum oxide, and i(s » principal
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constituent of many bauxites. It is belileved to have been
formed in fTairly warm climates under terrestrisil weathering,
and sbove ground-water level.

This paratonformity, at the gibbsfits zone, possibly
represents the extreme continental conditions fn the area,
which ended the Bachelor Creek cycliothem. This nonmarine ghale
grades upward into a marine-near-shore, gray shsle of the

succeding cyclothem,

"wauneta” Cycliothem I1I

Aarde ghale Unit &, shalg.~ The transgression of the sea

is shown by the appearance of marine fossils In the upper part
of the shale described above, and marks the beginning of the
"Wauneta” cycliothem. This shale, which is below the "wauneta"
limestone bed, is calcareous and contains numerous |imestone
nodules. Among the fossils present are abundant Dunbarel]s,

Crurithyris, and crinoid stems. The presence of fauns such

as one containing crinoids does not necessarily implies that
the water was deep, since they have been found in shallow
water deposits. According to Moore (1931, p. A470) crinoids
"eees are clearly indicative of siight depth, and even with
deposits that represent emergent conditions, is sufficient
proof that deep water was not required by these organiems.”

Aarde shale Unit f, "Yauneta" limeatone.« The emergent
seas continued during the time of the deposition of the

"waunets”, but the water prodbably was somewhat deeper per-~
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mitting |ime-gsecreting organisms to I{ve,

The Iimestone bed s highly argillaceous and somewhat
impure in the ares studied, however, it becomes less argil~
laceous towards the south, where fusuifinids are common,

The insoluble residues ghowed a constant decrease of
clay material toward the south and increasing numbers of are-
naceous foraminifera. This is shown in Figure A6,

The fauna {s diverse, but fenestrate bryozoans and bSrachi-
opods are dominant, The assoclatfon of bryozocans and brachi-
opods |s common, inasmuch as they are indicative of the same
environmental conditions. These organisms are benthonic
types which depend more on muddy bottom conditions than on
other aspects of the enviromment.

The deeper water, probably open sea, i{n which the "waune
ets” |imestone was deposited, changed to restricted shallow
water conditfons and the overiying black shale of the Church

cyclothem was deposited.

Church Cycliothem (1!

Aarde shale Unit g, Riack platy shalg.- Thie black

shale {8 a very persistent unit, Its stratigraphic position
{s constantly a few inches below the Church |imestone, and
overiying the "Wauneta® bed. However, where the "Wauneta"
is absent the black shale overlies a highly impure, un=-

gsongsol idated brown shale, which could {ndicate the tran-
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eftional change from continental conditions to a restricted
marine environment. The inarticulate brashiopods and brack-
ishe-water mollusks contained in this black shale attest that
the enviromment must have been shalliow or brackish marine,
Black shales, it {s belleved, usually are deposited in marine
or brackish basins in which bottom waters are stagnant, and
in which a reducing envirorment predominates. According to
Schuchert (1911, p. 262) "... many of the species of {ingul-
ids occur in bays and estuaries, indicating that they prefer
a habitat more or less freshened by land waters.”

The acidic and perhapes toxic conditions indicated by
the presence of finely=divided pyrite and small phosphatic
nodules, suggests some stagnation of extremely shallow water.
The apparent transgresséon of this shallow and restricted
sea, must have occurred over a fairly wide arequn indicated
by the uniform persistence of the black shale.

Aarde ghaje Ynit h., pale-brown shalg.~ This shale indi-
cates s more normal marine condition than the black shale.
The stagnant environment was destroyed by invasion of ¢lean~
er marine waters eliminating the restrictions which persist-
ed during the deposition of the underiying shale,

The new environmental conditions promoted the growth
of numerous carbonate-gecreting organisms as shown by a-
bundant crinoid stems and some brachiopods such as Pyncto~
seirifer and Chonetes.

This shale Is a persistent unit underiying the Church
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iimestone with a sharp contact and is the highest unit of
the Aarde ashale sequenge. |

Chureh limestone member.~ This |imestone represents the
maximum encroachment of the sea. The widespread enviromment-
al conditions muat have been very uniform, inasmuch as it (s
a very persistent bed, recognized with the same |{thologic
characteristics from Okishoma to lowa. The texture of the
Iimestone is typically fine-grained.

The biota of the [imestone is dominated by crinoid stems,
brachiopods, and sparse corais. Among the brachiopods Entel-
etes, Composita, Marginifers, and Djctyocloatug are abundant,
Ageording to Menard and Boucot (1951, p. 134=145) the bdrachi=-
opods best adapted to Jive in faster currents are ones with
spherical shapes. The presence of fast currents may dbe indi-
cated alsc by broken crinoid columnals.

As previously noted, the algae Qttonosig s typlcal of
the upper portion of the Church |imestone. This is found en~-
crusting other fossils., Currents were required to overturn
foesils permitting all-around coating by Ottonosia in con~
centric fayere (Figs. 56, 57, and 75). The abundance of
Qttonosja may indicate that the water were falrily clear and
probably warm to allow the profuse growth of the algae
(Johnson, 1947, p., 1108). He states that "... the majority
of |ime~secreting algae are associated with molluscan and
mixed fauna.” This statement agrees with the faunal charac-

teristics of this |imestone,
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Coarse residue was found to increase steadily towards
the north. It {s difficult to say, however, whether this
change indicates nearness to a northern source, because the
study was carried out in such a small area (Fig. 46).

The abundance of pyrite In the Church {ndicates that
possibly the limestone was lald down in a reducing environ-
ment. Krumbein and Garrels (1952, p. 20) state that "In a
marine environment..... precipitation of pyrite is favored
by solution of low Eh and high pH also, for they promote the
formation of both Fe*** fon and & fon." Locally, pyrite-
replaced fossils and fragments are abundantly present in the
Church, clearly indicating that these are of epigenetic ori-~
gin. Pirsson and Knopf (1947, p. 74) state that "Pyritic
replacements of fossiis have been atributed to reactions
between the sulfur of decaying matter.... and the fon in the
enclosing sediments.” The Church i|imestone when weathered
shows a typical chocolate brown color, which may be due to
the high content of pyrite.

The seas started receding when the upper part of the
Church was deposited., This (s characteristically shelly and
arglilaceous. The fauna includes abundant algae and small
mixed fauna (Punctospirifer, crinofid stems, and bryozoans).

The abundance of glauconite in this thin crust suggests
slow accumulation, inasmuch as this favors the formation of
the mineral (Twenhofel, 1932, p. 110).

The upper portion of the Church (imestone probably
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represents the algal~phase of the Church cyclothem, deposit~
ed from receding sea waters In a shallow environment.

Ninzeler shale member.~ The time of deposition of the
Winzeler shale was marked by a regression of the sea, resuit-
fng in a nearer=~ghore shale facies. This shale fs typical~
iy marine, inasmuch as numerous bryozoans are sbundantly
present. Crinoid stems, pectinids, and some brachiopods are
also found locally, and fenestrate bryoczoans are disgnostic
of the member. These supposely are more prolific in sub-
littoral regions, and they are adapted for life {n environ-
ments where wave action and currents are strong (Eltas, 1937,
Pe 419). The excellient preservation and lack of spparent re-
working of these fenestrates fndicates that they !ived and
died tn essentially the same plece,

During the deposition of the ¥%inzeler shale, varfations
in enviromment must have occurred vertically and lateraily
to scocount for the various fimestones comprised (n the member.
The tlncotpnio sre litholagleally and faunally different
from one outcrop to another (Figs. 2224, and 51, 58-60),

It ts belfeved that the ses was deeper in the aress
where such |(imestones were deposited. These areas of deeper
I{me~mud were pregsumably not gonnected, or perhaps rcotric(-
ed, and congequentiy the organiems were not free to mingle,

The complete sbsence of Winzeler shale in some locall~
ties may indicate a facies change to a mottied |{mestone,
that over!iies the Church member (Fig, 6a).
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It {s Interesting to note that, exaept for local varie
ationg, the Winzeler shale {9 & persistent member with the
same [{thologiceal and faunal characterfstics from Oklshoma
to Towa. This suggests the widespread enviréoment in which
the shale was deposited.

The ¥inzeler probably (necliudes the end-phase of the
Church cyclothem, and the starting=phase for the Utopla
cyclothem,

Lower Utopfa Cyclothem IV

Lowsr Utopfs Jimestone jnit.- A return to a more normal
merine environment ceme about during the time of deposition
of the Utople (imestone member. This (nvesion of the sea
posaibly was ¢§radual as shown by the alternating thin shales
and |imestones of the lower part of the Utopla,

Exceedingly shaliow gseas presumsbiy were present to ac~
count for the thine=bedding chtrcqtorlatt#q of this unit. The
{nterval repressnted by the depesition of the shales and fnters
bedded |imestone units, was marked by sbundant ¢lastice lafd
fn shailow waters. However, the clastics were probably de-
posited slowly, {nasmuch as most of the same organizms con-
tinued to live In the envirenment, |

Fossiis are extremety sbundant {n this unit, Mollusks,
brechiopods, crinoid stems, bryozoans, Osagia, and are-
naceous forsminifers are charscterfstic of the lower Utopla,
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However, these fossils are chiefly concentrated {n the thin
{imestones, with the exception of ostracods which are also
present (n the shales. Ostracods are supposely adapted to

all types of enviromment, This (s corroborated by the presence
of these organisms (n sfity~gray shales, black shales, and
even in thin |imestones of the lower Utopie unit,

The delicate ostracod shells are not fractured or broken
which suggests that they have not been reworked or carrfed
by currents for very long distances. Locally, the shales con-
tain lend plants.

Throughout most of the area studied, osagite beds are
common in the Utopia. Osagite i'itctontc are belfeved to have
formed {n clear, shalliow water about 60 feet deep; the water
duot have been agitated 9¢ntly'tn order that the algae be
encrusted on all efdes of the shelis. The fossti! fragmente
were possibly developed in ghallow water where bresking by
waves was common, |

Arenacecus foraminifers tests -cro‘fouhd abundantlé and
well prdurnd. The state of proc.ori;tlon -ir be indicative
that quiet waters prevatied during the time of depogition,
The sbundance of ihcoa arengcecus forms may account for the
almost co-plctd absence of sfit-size particies, which are
generally used by these orgtn!onu'to make thetr tests (Fig. 4S5).

The presence of amphibian footprints (n th!i limdctoné.
prnlupponoo‘n shal low water enviromment. Whethér these em~

phibians were fresh~water or marine (s not known,
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In summary the lower Utopfa unit was probably depostted
fn a shallow and fluctusting marine environment. At times the
seas epparentiy were very shallow leaving the area along the
coast under very low water, but never reaching terrestrial
conditions. The seas were restricted at times to account for
the formation of black shales. These shallow geas abounded
with {iving fauna, and enough micro-organbsms present to
provide nutrients. The same fauna was not widespread, but
rather confined to local aress, in order to account for the
lateral discontinuity of thin beds containing this same fauna.

Abundant euhedral quirt: (s evidence of & nearby source
aresj the smount of quartz decreases towards the south (Flg.A4S).

These atternating beds of |imestone and shale grade {n-
to 2 massive iimestone In the upper part of the member, and

form the fusulinid=bearing upper Utopla unit,

Upper Utople Cyclothem V

The presence of fusulinide has besn (nterpreted as re-
presenting the maximum transgressions of the sea, thus (ndi-
cating that the upper Utopia was deposited during the deep~
er water phase of this cyciothem,

The enviromment of deposition must have been widespread,
fnasnuch as this |imeetone appears with the same |ithology
and Taunal characteristice throughout the area studied.

According to Moore (1929, p. A67) fusulinids “... are
important rock buiiders, {n many pliaces crowding eut simost
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all other forms of (1fe.” The fusulinids make up the bulk of
this rock, with other fossiis aimost absent, Moore also

states that the presence of welliwpreserved fusulinids may bde
indicative that the water was unagitated dy currents, Fusuline
fds are supposediy more abundant in werm, shaliow waters, the
targest forms being Tormed where the temperature fs the wam~
est.

The presence of Ogsaig, In rare amounts in places, may
suggest that gome algae can occur along with fusulinide fn the
same waters (Johneon, 1946, p. 1108). Arenacecus foraminifers.
are sbundantiy present {n eome localities, and where these are
more sbundant the content of gfit aggregates diminishes, an
indlcation that these forms used the particles to form their
sgglutinated tests (Flg. 48).

Localliy, a thin | {mestone occurs above the fusulinide
bearing unit; this upper |imestone contains Q;.glg and a mix-
ed Tauna. This may (ndicate a change In onvlronnont toward
shaliow waters. The (fmestons (e overieid. by nhala.. which
represent the redession of sea waters. '

hite m_m ahails msmber.~ The Iithology and sparse
fauns of the shales comprised {n the White Cioud represent
the gradual regression of thc !Q;O and the close of sedi-~
mentation of the Howard cyclo. Tht prttcncc of ehunnclo cut |
deeply into the undcrlylng deds most ltkely {ndicates thc ter-
restrial nature of the succeding sediments, snd the uncon=
formity marks the end of the upper Utopis ecyclothsm and the
finai=phase of the Howard megacyciothem.
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APPENDIX A

MEABURED SECTIONS OF THE MOWARD LIMESTONE BETWEEN THE KAKSAS
ANDO NEOSHO RIVER VALLEYS8, KANEAS
The units and members described bejow are In gtrati~

graphic order, from the top down,

LOCC"t’ NE&. SE&. Bec. 10, T. 10 8ep R ‘6 Eep Bhawnee
County, Xansas; weasured on south bank of Muddy Creek,
0.2 miles from bridge on State Highway &, 2 mifes ¥, of

Meriden, Thickness
Feet

Howard Limestone (thikness 12.2')
Utopia |imestone member
11. Limestone, graytsh=brown, weathere
yellowigh-brown, medium hard, thin-

bedded, numerous highly weathered
fossils, common fenestrate bryozoans,

rare Dictveclioptus, common crinoid
BLOMB. ¢ ¢ o ¢ ¢ 0 ¢ 6 & 6 6 8 6 0 0 @ 2.0
10, Covered intervale o« ¢ ¢ ¢« ¢ ¢ o ¢ o 3.5
winzeler shale member

9., 8hale, medium dark-?rny. blecky, <.’ -
calcareous, partiakly covered. « « 2.0

Church |imestone member

8. Limestone, biutsh=gray, weathers dark "
brown, hard, masstve, dense, numerous
cr'ﬂo‘d stems end br“h"’o‘.o e o o o 1.9

Asrde shale member
7. 8hale, pale~brown, blocky to flaky,
calcareous, abundant crinold stems,
shell fragments. « ¢ ¢« ¢« ¢ ¢ ¢ o ¢ o 1.0

6. Shale, black, Tiasilee ¢« ¢« ¢« ¢ ¢ o o 0.3
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Locality t. (Cont'd) Thickness
Feet

5. Shale, pale=brewn, poerly consolideated,
carbonaceous material, grades above into
0.1 foot of clayey shatl@s ¢« ¢ o ¢ ¢ o 0.6
&, Nodaway coal, bituminous, vitreous. . . 0.9
Severy Shale (12.6' exposed)

3. Undercliay, olfive to (ight-gray, plastic,
Ifmonfite etringerse « ¢« ¢« ¢ ¢ ¢ ¢ o o« o 1.6

2. 8hale, medium=-gray, blocky, sfity. . . . &0
t. Shale, gray, siity, plant {mpressions,
interbedded with sandestones {1 foot thick,
buff, fine~grained, lower part covered., . 709
Localfty 2. Center, 8ec. 23, T. 10 B., R, 16 £., Shawnee,
County; measured on N«8 road embaniment, in center of
section,
Howard Limegtone (thickness 11.9')
Utopia |imestone member

8. Limestone, blue=gray, weathers pale~brown,
hard, thin-bedded, weathered. + « ¢« « o 1.0¢

W¥inzeler shale member
7. Bhale, partially covereds o ¢ ¢« o ¢ ¢ « 2:5¢
Church Limestone member

€. 64 Limestone, bliue to biuish=gray, weathers
derk brewn, hard, ncdtun~bc¢ded.‘2%g*zg
r nches

§*§¥*gg. other brachiopods; uppe
11 Yo ¢ ¢ ¢ ¢ o ¢ ¢ 6 06 ¢ 9 06 ¢ 0 ¢ ‘.6
Aarde shale member

5. SBhale, pale=-brown, bliecky teo thin-bedded,
abundant crinold steme, brachiopods. . 1.1

4, Shale, black, Tlastiie, slightiy calcarsous,
f.'mwmlﬂﬂ 18e ¢ & ¢ ¢ @ 0.4
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Localfty 2, (Cont'd) Th!g:::c.
3. Shale, pale=brown, crumbly, soft, de-
trital. o o ¢ o 6 0o ¢ ¢ ¢ ¢ 0 8 o o 1.2
2. Covered interval. ¢« ¢ ¢ s ¢ ¢ s ¢ o o 3.0
1. Nodaway coal, weathered. « ¢« ¢« ¢ ¢ o o 1.1

Localfity 3, BE corner, 8Bec. 2, T. 11 8.4 R, 15 E., Bhawnee,
Countys measured (n west roadcut by N-8 bridge, and by
stresm bank,

8cranton Shale
white Cloud shale member (30.1' exposged)

16. 8Sendstone, buff to tan, fine~gralned,
thinly {aminated, micaceous; sbundant
I{monfte concretions, clay pebbles. . . 26.0
15. 8hale, Ifghtegray, blocky, siity, non-
calcareous; grades into darkegray shale
near the Bagle ¢ « ¢ ¢ ¢ o« ¢ ¢ ¢ o ¢« o &1
Howard Limestone (thickneas 15.7')
Utopla |imestone member

14, Limestone, blueegray, weathers pale-brown,
hard, massive, Tull of fusulinide. « « 1.7

13. Limestone, bliue~gray, weathers,yellowlsh=
browmn, hard, thinebedded, weathers fnto
thin sliabsg, abundant elgae, brachiopods. . 0.3

12. Bhale, black, platy to fTissile, siightly
calcareocus, abundant ostracode. « « « o+ 0.7

11. Limestone, bliuishegray, weathers yellow-
i shebrewn, thin«beddad, mediwm hard, argii-
i acecus and sandy, micaceocus, full of
ostracods, few brachicpods and cleme. . . 0.2

10. Shale, dark-gray, caslcereous, sflity. . . 0.3
9. Limestone, gray, weathers pale-brown,

medium hard, argilliaceous, thin-bedded to

nodular, coarse~grained, brachiopods. . . 0.35

8. Bhale, medium=grey, fisky to bdlocky, cal~
CRIFCGOUB, & ¢ ¢ ¢ ¢ ¢ ¢ ¢ o ¢ ¢ o o s o 0.4
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Locality 3. (Cont'd) Thickness
Feet
7. Limestones and shales thin, partially
COVEretde o ¢ @« ¢ ¢ ¢ o o o ¢ ¢ o o 206

Winzeler ghale member

6. 8hale, medium=gray, blocky, clayey, cale
careous, rumercus fensstrate bryozoans
near the Dage. o ¢ ¢ ¢ ¢ ¢ o v 0 o o 2.1

Church |imestone member

5. Limestone, dark=biue to bluigh-gray,
weathers dark-brown, hard, dense, one
wmassive bed, fossiis weathered out (n
relfef, brachtopods, crinoid stems, and

pttonogliy near the topo o o ¢ o o o o o 2.5

Aarde shale membder
4. Shale, light-brown, flaky, calcareous,

numerous crinofd colunnals. « « « ¢ ¢« & 2.0
3. Shale, fliselle, black, Crbiguioides snd

Eingulse ¢ ¢ ¢ ¢ o ¢ 0o ¢ ¢ ¢ s 6 ¢ 0 o o 1.5
2. Nodawmay e“'. b'tﬂﬂ'ﬂO“.’ s 9 5 & @ o o o 1.0

Severy Shale (8.0' exposed)

1. Underclay, light=gray, clayey, plastic. . 2.0
O. Shale, darke-gray, {nterbedded with thin
SANABLONGB: ¢ ¢ ¢ ¢ ¢ ¢ o ¢ & ¢ 06 8 o @ 6.0¢

Localfty &, Nm, MEd, Seg. 27, T. 11 8., R, 15 E., Shawnee
0°unty; measured in gouth LIuff of Kansas River, neasr
new bridge on Btate Highway 4, by Rock lsland R.R.,, tracks.
8cranton Shale
white Cloud shale mewmber (37' exposed)
20. Sandstone, buff to pale=brown, fine~graine
ed, thinly tsminated, micaceous, abundant,
plant {mpressions, thin |imestone conglomer~

rates at different horfzone, {rreuisr
contact st Lad®e ¢ ¢ ¢ ¢ ¢ 4 6 ¢ ¢ ¢ ¢ s o 15.0¢
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Locality A, (Cont'd) Th!gkn:on
set
19, Shale, 11ght ol {ve=gray, blocky, clayey,

stity {n places, non-ealclrecns.‘guge.;p
$ lower 3 feet darke=gray ¢to black shale,
{esile, sharp contact with (imeetone below, .22.0

Howard Limegtone (thickness 12.9%)
Utoptia |imestone member

18. Limestone, iight olfve-gray, weathers
pale=brow, hard, massive, vuggy, medium=-
ﬂr"ﬂ‘d. full of fusulinfds. « « ¢« ¢« ¢ 1.75

17. Shsale, lightegray, weathers yellowighe
brown, flaky, medium hard, calcareous,
sfity, sbundant brechiopods. « ¢« « « o 0.25

16. Limestone, tlghtagrgy. weathers pale-
brown, hard, thinebedded, medium-grained,

orRii ER, Suu, o,

15. Shale, medium=gray, Tissfle, sbundant
catracods, |imegtone ientiisg I{n lower part, . 0.8

14, Limestone, (ight oliveegray, weathers pales
brown, thin-bedded, coarse-grained, abundant
OSLIreco0d8.s ¢« o ¢« ¢« ¢ ¢ 6 ¢ ¢ ¢ 6 0 0 0 0 o 0.6

13. Bhale, mediva=gray, westhers yellowigh-
gray, caicarous, sifghtly sfity. « « ¢ ¢ 0.2

12, Limestone, mellium=gray, weathers yellow
tehebrown, hard, thin-bedded, medium-
grained, few Digtyocipgtus, other brachioe-

POdBs o ¢ 0 ¢ o ¢« ¢ o 0 0 6 0 0 8 06 9 0 0.,%

11. Shale, mediun=gray, flaky, siightiy stity,
calcaresous, mfcacecus, some shel! fragments. 0.5

10. Limestone, blulsh-grey, weathers pale~
brown, thin«bedded, hard, mediumegrained,
shell fragmentse o« o o ¢ 6 ¢ ¢ ¢ ¢ o o 0.4

¥inzeler ehale membder

9. Bhale, nedluu-?rly. weathers pale~dbrown,
blocky, slightiy sfity, fenestrate brwyoxoans,
present near the top {n pleaces 1t tnch thiegk
timestone with Cone={neCone. « « ¢ ¢« ¢ ¢ o 2.7
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Locality &, (Cont'd) Thickness
Feet
Church | imestone member

8. Limestone, darkebliue to blulsh~gray,
weathers dark-brown, hard, maes{ve, dense,
fine=grained, breaks with subconchoidal
frncturt. abundant crinoid columnals,

7nour gﬁc Eop: sharp con%nct

Om DOlOWe o« ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o 1.8

Aarde shale member

T. 8hale, greenish-gray, weathers [{ght-
brown, fTlaky, cslcareocus; sifightiy eilty,
abundant crinotld eolunnn‘. and brachio-
pode; locally is A Teet thick -Ith &~

bundunt'un{éggégza‘ drith A ‘
ﬂs ramose bryoxoasns, rinofc .' .o .- 5 0 0.6

6. Shaie, medium darkegray, fissile, siightly
calcarecus, common 9;;15313115‘. Linguige « « 0.95

5. Shale, greenish~gray, crumbly, soft, a-
bundant fossi! piant and carbongcecus
MEAtEriale o« o ¢ ¢ ¢ ¢ ¢ 6 0 06 0 06 06 0 o 0.5

4, Nodaway coal, DItURINOUS, v ¢ ¢ o ¢ o o tet
tevery Shale (18.0¢ exposed)

3. Underclay, ({ight greenish=gray, clayey,
limonite stringers. « ¢« ¢« » ¢ ¢ ¢ o ¢ o 0.4

2., Shale, lightegray, mediwm harde « ¢ o o 1.2
t. 8hale, greenish=gray, siity, interbedded
with sandy stringers, and thin i{montitic
sandstones, ?rton!sh-grny. fine~grained,
wicaceovs, micro~croseed-bedded, |imonite
ROdUIRBs ¢ ¢ ¢ ¢ 6 o ¢ ¢ ¢ 6 o ¢ 0 ¢ 0 o ‘60‘
Locality S. MWW, Sec. 19, T. 12 6., R. 16 E,, Shawnee County;
messured in south bank of Kansas Turnpike, northeast of
sobth Topeka Interchange.
Howard Limestone (thicknese 5.9')

Ghureh | imegtone asmmber



Localfty 5. (Cont'd)
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Thickness
Feet

8. Limestone, dark blulshegray, weathers brown,

hard, massive, numerous fossils; upper part
thin=bedded and arglliliacecuge « o« ¢ ¢« ¢ ¢ o

Aarde shale member

1.0=3.0

7« Bhale, pale~brown, fiaky, calcareous, common

Se

4,

Chonetes, Hustedia, Marginifers, large

cerinoid stems, brachiopods, ramose bryczoans,

showing {rregular thickening, |imestone
nodules NEAr Baste o « ¢ o o ¢ ¢ o o o o

Shale, gray, fTlsky to blocky, scattered
grains of kaolinite or gibbsite?, adbundant

» Compogita, Punbarelia, crinold

SEOMBs ¢ ¢ ¢ ¢ o ¢ 0o 0 0 6 ¢ 0 5 & 0 2 0 o

Shale, Itghtuzray to pale=~brown, cruably,
dotrital, soft, carbonsceous material,
gy_pum 'ﬂ]_v._f ﬂ.lfbl,’u s ¢ o 0 o ® o @

Nodaway cosl, DItuninOus. ¢ ¢ ¢ « o ¢ ¢ o

Severy Shale

Se

Uﬂd.fﬂ“’. light grey, plastfce ¢« ¢« ¢ o o«

2. Shale, utdtm—grty. Clay@¥e ¢ ¢ ¢« ¢ o o o

e Bhale, olive~gray, sfitye o« ¢ o ¢ ¢ ¢ ¢ o

Locality 6. 8EL, Sec. 26, T. 12 8.y R. 15 E.,
measured in north bank of Kansas Turnpikes,

0.4-3.0

0.5

0.9
1.0

0.2
0.1
Te0e

Shasnee County;
about 2 mifes

southwest of south Topeke Interchange and Mighway 75.
Howard Limestone (thickness 16.1%)
Utopla |imeetone member
18, Limsstone, olive to blufshegray, weathers

gray, with smooth gurfaces, hard, medium-
bedded, full of fusulinids, some crinoid

stems, rare echinoid spines, fenestrate
bryozoans, and ngnggnzlllnlun_. e ¢ a o o

1.4



Localfty 6, (Cont'd)

17,

16,

15.

14,
13

Limestone, browmish-gray, westhers gray,
hard, thin-bedded, nodular fn places,
sbundant Q.‘SL‘Q e o &8 © 6 8 6 8 o & @

Shgle, gray, weathers pale-brown, flaky to
blocky, clayey, calcareoua, carbonaceous
and land plant fossi! fmpressions. . .

Limestone, gray to brownigh=gray, weathsrs
pale~brown, medium hard, thin-bedded, wavy,
full of ostracods, abundant pelecypods in
Dedding plantBe ¢« o« o ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o

Limestones and shales, same as 15 and 16, .,

Limestone, derk~gray, weathers pale~brown,
hard, sed{uv=bedded, medium=-grained, argil-
leceous to nodular towards top, full of

Ql‘ﬂll 8iG88. ¢« ¢ v ¢« ¢ o 0 ¢ o 0 0 0 o

Winzeler shale member

12.

11.

10.

Chureh
28

Shale, gray, weathers pale«brown, fiaky

to blocky, brachiopods fTragments, abundant
fenestrate bLryozoans nesr the basej clayey
towards top containing few bryoxoans. . «

120

Thicknees
Feet

0,6

0.2

0.15
0.9

2.4

3.1

Limestone, llght bluishegray, weasthers paie~

brown, hard, thin=bedded, fine-~grained,
argf!laceous towards top, sbundsnt bryezoan
common pectinids, c¢rinoid stems, both
contacts Irregular.: ¢ o ¢« o ¢ ¢« ¢ ¢ ¢ o o

1.0

8hale, gray, flsky, etlcartcun.'ggnglxnxglg.
s Famoge bryozoans,

epir er;dc. gradational! contact with |ime~
StONe BDOVR. ¢ ¢ ¢ ¢ ¢ o 2 6 ¢ 0 0 ¢ 0 o o

Lineostone member
Limeastone, dark«gray, weathers derk-brown,

one massive bed, dense, fine~grained,
breaks with eubconchoidal fracture, Margi-

’ 21*;1331*,;3;, crineld stems,
' nerusting other foest!sj upper

nches become ehelly and argtllaceous,
numerous fossfles and 'r‘gl.ﬂ‘.o * o a o @

0.2

2.4
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Locality 6, (Cont'd) Thickness
Feet
Aarde shale member

8. Shatle, dark-gray, weathers paie~brown,
clayey, calcareous, sbundgnt crinoid steme, . 0.75

7. 8heale, black, fissile, blocky in places,

hard Bﬁnﬁ‘“ %I.n.gm Qchiculoides
fevw ” fculate f.ct.ﬂepﬂdl. ¢ e o'o 1o

6. 8hale, pale=brown, impure, sandy, micscecus,
some sghell fragmentss lower part {s black,

platy resting or ¢osls o ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o 0.4

S. Nodaway cOal, Dituminous,. « ¢« ¢ ¢ ¢ o ¢« ¢ o 1.2
Severy Shale

A, Undercliay, l(ight gray, plestic. ¢« ¢« ¢« ¢ ¢ & 0.3

3. Shale, gray, blocky, sfity, sparsely fossili~
iferos, few brachiopods, plant impressions, . 1.5

2. Bhale, olive«grasy, fiaky to blocky in places,
sandy,mfcececus, thin«igminated in places,
abundant pyrite nodules 1.5 inches in dlame~
ter, numerous well=preserved plant fossils., . 32.5
. Sandstone, tan to buff, weathers pale~brown,
fine=grained, micaceous, limonitic, irregu-
far bodﬂlng. nonuealc.rcou.. unfoesti{ferous. . 2.0¢
LOC.”‘, T 8E corner, 8'00 '6. Te 13 844 Re 1S E,, Shawnee
County; measured in notth roadcut of gorner section,
- Moward Limestone (thickneas 8.7')
Utopia | imestone member
tt. Limestone, blius~gray, weathers yellowigh-
brown, hard, medium~gratned, partiailtly
COVRIr@de o ¢ ¢ ¢ a ¢ ¢ ¢ @ ¢ o ¢ ¢ 6 o o 0.5
10. Covered ‘ﬂt.rV“. ® @ ¢ & @ ¢ & 5 o & o o 2.7

9. Mottied (imestone, pinkish~gray, hard, slump~
ed and weathered. v ¢ ¢ ¢ o ¢ ¢ 00 ¢ ¢ o o 0.3

8, Covered Intervale ¢ « ¢ o ¢ ¢ o o ¢ ¢ & o 2.0
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Locelity 7. (Cont'd) Thl;ka:to
L 1]
7. Limestone, medium=gray, weathers pale~
brown, medium hard, cun-?ntmd. three
thin beds, arenscecus to efity, argtle
laceous, plant (mpressfons, ¢ ¢« « ¢ o 0.7
¥inzeler shale member
6-.8’\.". pale=brown, .‘ﬂ,o ® o &6 o @ @ o ¢+ 9 |
Church |imestone member

S. Limestone, |ightegray, weathers yellow
{sh=brown, hard, su-oolfitic, one thin bed,

tigggggiifljlg;. spiriferids, crinold stems,
© 8 © & 6 6 6 6 6 8 o6 0 0 0 s » 07
Aarde shate mewmber
4, Shale, brownieh~gray, limy, grades tnto
|imestone above, few erinoid stems, plant
Tragmentse ¢« o ¢ ¢ ¢ ¢ ¢ ¢« o o ¢ 0 ¢ o & 0.8
3. Nodaway cos!l, lignitie, limonitic {n places. « 0.6
Severy Shale
2. Underclay, "ﬂht“gn'. Piastice ¢ ¢ ¢ ¢ o » 0:3
fo Shale, light oltve—qrn¥. weathers whitighe
?ray. blocky to fTisky fn places, limonitic
n part, stity, more claysy towards top, :
no Tossilig present, o o ¢ ¢« o ¢ ¢ ¢ ¢ ¢ o 36000
Locality 8, Nwi, 8wd, Bec. 35. T. 13 8., R. 15 €., Shawnes
County] measured (n stream bank, south of house on east
sfide of road,
Howard Limestone (thickness 21.4')
Utopia (imestons member
8. Limestone, blue~gray, westhers pale-browm,
hard, thin wavyebedded, medium=grained,
upper 3 feet full of fu.ulln!dl: lower part
123

noduisr and argiflaceous, containing numer-
ous, Toosli®y, o ¢ ¢ ¢ ¢ ¢ ¢ s ¢ ¢ ¢ o ¢ o AA



Locality 8. (Cont'd)

7« Shale, biack, fTissiie, Tuli of ostracods,

6. L

rare fnarticulate brachipods: ¢« o ¢ ¢ o o

Limestone, dark blulshegray, wesathers pale~
brown, hard, thin-bedded, ndtm—grﬂmd.
hghly fb.e!l!fbrou.z ? ’

» ‘ L
remose and fTenestrate bryoloans, erino
stems, pectenids, mollusks, echinoid parts,
interbedded with shale partingse « ¢« ¢« « o

¥inzeler shale member

5

Shale, ol {ve=gray, weathers brownfsh-gray,

fiaky to blocky, calcaredus, slightiy stity,
¢ & undant fenestrate bryozoans,

QfM SLIMBs o ¢ 4 o ¢ 0 6 ¢ 0 ¢ 0 o o o

A."Limestone®, I1ight elivo~qr.1‘ weathers ssme,
¢

-hard, donth: fine~grained, h
¢

hiy stifceous,
slightly calcareous, gsontatng large and smal
argtilaceous |imeotone nodules of ablong

shape with ctriatcd or grooved surfaces,
rare its, and ﬂiﬂ%;%fh&;*ﬂfi upper
0.8 foot are noduler an montitic, argile-

laceous, ﬂr“‘ﬂﬂ into ghale above. « « « &

Church |imestone member

3e

Asrde

2.

t.

Limestone, dark biuleh=gray, weathers pale~
brown, hard, dense, medius~bedded, bLreaks
into nctm_ tar hlocn. :h.rp contact at

chnlt member

Shale, gray to light-gray, flaky, cale
carsous, slightly stity, erlmid stems. . .

Shale, dark=gray to black, flissite,
partially ¢covered: « « « ¢ ¢« s o ¢« ¢ ¢ o o

123

Thickness
fFeet

0.8

6.7

1.2

“02 '

2.1

0.6
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Locality 9. B8 corner, Sec. 15, T, 14 8., R. 15 E., Ghawriee

County; measured siong north sfde of section roadout,
Thickness

Howard Limestons (thickness 4.9°)
Utoplis | imeatone member
6. Limestone, brownt uh-g;ny. weathers pale~
brown, medium hard, fnewbedded, coarse~
grained, Tull of Qgnolg, rere jMyalina,
other fosellge ¢« ¢ ¢ ¢ ¢ 0 ¢ ¢ 0 ¢ ¢ 0 @

S5« Limestone, pale=brewn, highly arglilacecus
and weath@red. o« ¢« ¢ ¢ ¢ s 0 o 0 ¢ ¢ o o

Chureh {{meetone member _

A, Limestone, bius~gray, weathers pale-brown,
hard, medium~grained, thinebedded, a-

bundant Qttgnogig towards tope. ¢ o ¢ o & o

Asrde shale member

3. Shale, gray,; ctlcarecus, fTlaky to blocky. « «

2+ Nodaway cosl, limonitic and weathered, . .
Severy &hale

1. 8Shale, .'ﬂ‘t‘ﬂ"’. f‘.t, to blockye « ¢ o+ o

Feet

0.7

0.5

2.3

1.0
0.6

0e5¢

Logality 10. 8'&. “ﬁé. Secs 25, T 1A 84, R. 1§ £,y Osage
County} measured tn quarry owned by R, A, Linville, about

1 sile southwest of Carbondele.
Howard Limestone (thicknese 31.0%)
Utopia {imestone memder
12, Limestone, biwe~gray, weathers yeliowishe
brown, hard, thin-bedded, smooth edges,
fuli of fusulintids, reare brachiopods, and
fenastrate BPyoZORNE. ¢ o ¢ « ¢ ¢ o ¢ ¢ o

1t. Limestone, gray, weathers yellowish=brown,
hard, weathered eand nodulare o« « ¢ ¢ o o o

0.%

0.9
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Locality 10. (Cont'd) Thtgkn:tc
oot
10, Limestone, brownish-gray, weathers pale~
brown, medium hard, thin-bedded, mediium-
grained, ostracods, rare spired gastro-
pods, abundant Myalifnge ¢« « « ¢ o o o o 1.8

9. Limestone, blue~gray, weathers pale<brown,
thin-bedded, medium hard, sub-oolitic,
cone-in-cone, full of Opagia, Hyaling,

aend other pelecypodee « o o ¢ ¢ ¢ ¢ o o 1.1

8. Mottied {imestone, pinkish~gray, weathers
pale=brown, medtum-bedded, hard, dense,
fine=grafned. « « ¢« o ¢ ¢ ¢ ¢ ¢ ¢ o o o 0.5

Church |{mestone member

7. Limestone, blue=gray, westhers dark=brown,
one magsive bed, dense, fine~grained, sharp
and even gontact on top, irregular on

botteom, ashundant gg;gg.%;; Naticepgén,
few corals, numerous crinoid stems, aplred

gtutropod:. spiriferids, adbundant Ottonosia
nerusting other Tosslise « ¢ ¢ ¢« ¢ o o o 2.1

Asrde shale member

6. 8hale, yeillowish~gray, calcareous, siightly
stity, abundant shel! fragments, and carbo-
nacecus,material, some crinofd stems, -

g lower part black, fiestie, sifig

thyris
calcareous, few Orbicylojden. « « « « ¢ o 0.5

5. "wauneta®™ (imestone bed, dark-gray, weathers
iight-gray, medtum hard, one thin bed,
highly fossi|iferous, argi!liacecus, cosrse-
grained, large crinoid stems, Numerous

s Jiresenis, ostracods. . « . 0.3

4, Bhale, Iightgray, westhers pale~brown,
calcareous, soft, crumbly and detrital,
numerous crinafid stems, fenestrate bryozoans
Chonetes) (rregular bottom contact, -
sbundant ghell fragments. « ¢« « ¢ « o ¢ o 0.5

3. Shale, medium=gray, weathers |{ght-gray,
fiaky to blocky, mtcaceous, impure,
sfity, numerous pyrite nodules, sbundeant
fossti! plant impressions, common Ounbarelia 20.7
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Locality 10, (Cent'd) Thickness
Feet
2. 2., Shale, black, fleslie, abundant pecti~
nide, pyrite nodules; at bottom 0.5 inch
thick black, figsilie shale sbove coal,
containing numerous pyritized foessiis, . 0.95%

te Nodaway coal, vitreous, bituminous, . . . 1.2

Locality 11, 8”&. N*&, 8ec. 1, T. 18 8.4 R, '8 E., Qesage
County; measured in road bank between sections 1 and 2,
along K=5 road, about 0.3 miles south of State Highway 56,

Moward Limestone (thickness 18.5¢)

Utopla |imestone membder
12, Limestone, blue~gray, weathers light-
brown, hard, thin«<bedded, full of
fuw“nlds............... 0.5
11. Limestone, brownish-gray, weathers pale~
brown, medium hard, thin-bedded, med{ium-
gratned, full of c¢rinoid stems, brechio-
pods, fenestrate bryozoans, Opggig. « « 1.4
10, Covered Interval.: « ¢ « ¢ ¢ ¢ ¢ ¢ ¢ o ¢ o 4,1
9. Limestone, brown{gh~gray, westhers sems,
hard,thin=-beded, cosrss-grained, some
erinold stems, bf“h'ﬁ”d.o ¢ e o 2 0 e 1.0

Church |{mestone member
8. Limestone, blus=gray, weathers browm, hard,
part o BertTerly Govereds o oaes ont 1.00
Aarde: ghale:member.:r
7. Bhate, Iight to greenishegray, flaky to
blocky, non=galcarecus, slightly efity,
miceceous, partiy covered. + o« ¢« o ¢ o o 9.5
6. Nodaway coal, partially covered. « « « « 1.0
SBevery Shale

S. Underciay and ghale, partly covered. . « 0.3



Locality t1. (Cont'd)

&,
S

2.

t.

Covered tntervel. ¢« ¢« ¢« ¢ ¢ ¢ ¢ ¢ o o

Sandstone, olfve=gray, westhers paie-
brown, hard, fTine~grained, calcareous,
micaceous, smooth rounded-edges. . « «

Limeetone, blue=gray, weathers !{ght=
gray, hard, thin-bedded, micaceous,
highly arenaceous, sbundant productid

brachiopods Juregania, Dictvociostus,

few ClamBe ¢ ¢ ¢ ¢ ¢ ¢ # 2 o o ¢ o o

Shale, olfve~gray, efity, micacecus,
Tiaky to blocky, slightly calcarecus,
UNTOBBI IITErOUS e ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o
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Thicknesse
Feet
6.0

0.6

0.7

15:.0¢

Lﬂc"'t, t2. Center "ﬂ.' §ec. 20 and 21., Te 15 8., R 15 [

Osage County; measured on NeS8 road, sbout 1.6 milies south

of Kansas Highway 56, between Burfingame and Scranton,

toward Limestone (thickness 18.2')

Utopila
10.

9.

8.
Te

Church
6.

| imestone member

Limegtone, blue~-gray, weathers pale~brown,
hard, thin-bedded, coarse~grained, rare
fusulinids, Tew brachiopods and crinoid

BLEMB: o o ¢ o ¢ 6 ¢ ¢ ¢ ¢ 0 6 0 0 s e

Limestone, dark blue=gray, weathers yelliow-
f sh=gray, hard, thin-bedded, medium=grained,
full of fusuiinidse « o o ¢ ¢ ¢ ¢ ¢ o o

Covered Interval,: o o ¢ ¢ ¢ ¢ 6 06 ¢ o o o

Mottied |imestone, dark blue~gray, weathers
pale=brown, hard, thin«dedded, medium-
grafnede ¢ o ¢ ¢ o ¢ 5 0o 6 ¢ 6 0 0 0 0 o

i imestone member

Limestone, bliue~gray, weathers s deep-brown,
hard, masseive, dense, fine«grained, numer-
oug crinold stems, rare corais, few

¢ Qttonosia, bryczoens. « « . .

0.%

1.0
S.2

9.5
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Locality 12, (Cont'd) Thicknees

Feet

Agrde shale member

5e

A,
Severy
3.
2.
te

Shale, light=gray, flaky to bilocky,
clayey, slightliy calcareous, most!y

COVErede ¢ ¢ o« ¢ v ¢ o o ¢ o ¢ ¢ o o o 8.5
Nodaway coal, earthy, weathered. « « « 1.0
Ghale

Underclay, light-gray, plastic. « ¢« + o« 0.2
Shale, olive=gray, blocky, clayey. « « « 0.5

Shale, brownish-gray, flaky to blocky,
highly Iimonttic, pattly covered. « « 25.0¢

Localfty t3, S8E&, Bec. 27, T. 15 8., R. 14 E., Osage County;

measured by old bridge on Oregoon Creek, near Highway 75,

Howard Limestone (3.7' exposed)

Utopéa |imestone member

Be

2.

1.

Limestone, dark-blue, hard, thin-bedded,
flaggy in places, breaks into rhombohedral
blocks, sbhundant fusulintde.s ¢ « o« ¢« o o o 1.7

Limestone, |ight=gray, westhers pale~
brown, thin-bedded, full of Osagls,
ertnoid stems, fTew brachiopods.: « « « « 0.6

Shale; darkegray to black, fisstie, few
OBLraCodBe ¢ ¢ ¢« ¢ ¢ ¢ ¢ ¢ ¢ o & ¢ o o & Toh

Locality 14, Center south, Sec. 17, T, 16 8., R. 15§ E,, Osage

Countys measured {n sbandoned coal pit, about 220 ysrds

north of t~W road,

Howard Limestone (thickness 13.7%)

Utopia {imecstone member

16.

Limestone, blue-gray, weathers pale-~brown,
hard, smooth, full of Tusulinids. « ¢« ¢ o« 0.8
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Locality 14, (Cont'd) Thickness
Feet
12. Limestone, browni{sh«gray, weathers
pale=brown, thin-bedded, hard, argtliaceous,
sbundant spired gastropods, Qgagis. . . 0.4

11. Limestone, brown{eh=gray, weathers
brown, hard, medium~bedded, coarse~
grained, pseudolitiec, asbundant ostra-
cods, rare corals, common epired gastro-
POGBe ¢ o o o ¢ ¢ o ¢ 2 6 0 ¢ ¢ 0 ¢ @ 008

10. Shale, yellowish=brown, soft, earthy,
calecareous, interbedded with thin
Iimestone stringers. « ¢ o o ¢ ¢ ¢ ¢ o 1.3

9. Shale, [ight=brown, flaky to biocky
in places, calecareocus, sifghtiy stity,
sbundant fossi! plante, (nterdbedded
with two thin (0.5 inch) |imestones
full of ostracods, few pelecypods., . . 1.9

8. Limestone, brownishegray, westhers
{ighte-brown, medium hard, cosree-grained,
thineiaminsted, full of ostracods, fossi!
piants, omall clams, cerbonaceocus
mnatertial, fucofds st the base., . « « . 0.3

7. Limestone, blue~gray, weathers ({ght-
brown, medium~ grained, hard, abundant

@ ¢ & 9 & & ¢ ¢ ¢ & o & 6 & & o8 o 0-6

6. Limestone, dark to blus-gray, weathers
pale=brown, thin-bedded, medium hard,
coarse~grained, micaceous, argf!aceous,
abundant ostracods, clams, fenestrate
bryozoansg, brachiopods, Osagia; lower
part grades into nodular limestone. . « « 2.3

¥inzeler shale member

5. Shals, olive«gray, flaky to biocky, cal~
careous, stightly siity, clayey, sbundant

fenestrate bryozoans, E%%E!E"!!' rare
small brachiopode near the top and base. . tet
Church |imestone member
4. Limestone, biue~gray, weathers chocolate

brown, hard, dense, massive, irregular-
iy Jointed, abundant crinofd stems,
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Locality 14, (Cont'd) Thl:kn:ca
ee
4, (Cont'd) pelecypods, brachicpods,

g&;§?gglg towarde top; upper 2 inches
shelly, argliieceous, with numercus
g, other brachiopods. « o o« « « 2.6
Agrde ehale member
3. Shale, brownish-gray, blecky, siity,
cslcareous, crinoid steme and other
shell fragmentse. « ¢« ¢« ¢ ¢ ¢ ¢ ¢ « o 0.6
2. thale, black to brownishebiack, fissile,
blocky in places, slightly calceareous,
few inarticulate brachiopods. ¢« « « o« O.h
1. Shale, lightebrown, earthy, crumbly,
impure, calcareous in places, carbo-
naceous material, stity, interbedded
with shaly limestone nodules, « « « « « 0.6
Locelity 15. 6w{, Swh, SBec. %0, T. 16 8., R, 15 E., Osage
County; messured along N~ roadcut, about 0,9 miles south
of State Highway 3%,
Howard Limestone (thickness 16.Y)
Utopia [{mestone member
7. Limestone, light-gray, weathers pale-
brown, emooth, hard, thin-bedded, medium~
grained, nuserous crinofd stems, brechio-
pods, spired gastropods, Tew Ogagig. « ¢« « 2,0
6. Coverad Interval. ¢« o ¢« o ¢ ¢ ¢ ¢ ¢ ¢ o » 2.5
Church {imestone member

Se Lluentoni, bliue~gray, weathers dark-

2.0

Aarde Shale wmember

S. Shale, lightegray, fisky, clayey, part-
ly coverede v o ¢« o ¢ o ¢ ¢ ¢ ¢ o o o 1.8



131

Locality 15, (Cont'd) Thickness

Feet
5. Limestone, yellowighebrown, weathers
pale<brown, punky, medium hard, un=
foeafltferouBe « ¢« o « o« » o o o ¢ o 1.0

2. Shale, light=gray, clayey, calcasreous,
unfossi [1Terous.e « ¢« ¢« ¢ o o o ¢ ¢ o o 2.0

1. Shale, light greenish-gray, !tmonitic,
flaky, partly coverede « « « o o ¢ o o 8.0+
tocallity 16, Nwd, Bec. 7, T.17 B¢y R. 15 E., Osage Countys
measured along ditch about 0.2 miles from NW corner of se
section,
Howard Limestone (9.8' exposed)
Church |imestone member

3. Limeetone, dark blue=~gray, weathers brown,
hard, dense, fine~grained, siumped. . ¢« « 1.8

harde shale member
2, Covered Intervale. « ¢« o ¢ ¢ ¢ o ¢ o o o & 6.02
Bachelor Creek |imestone member
1. Limestone, ol{ve=gray, weathers pale~
brown, hard, sediun-bedded, arenaceocus,
few brachiopods and Clamse ¢« ¢ « o ¢ o o 2.0
Locality 17. Mwd, Nwd, Sec. 18, T. 17 8., R. 18 E,, Osage
County: along south bank of resdcut, near the corner of
section,
Howard Limestone (3.0' exposed)
Bacheior Creek |tmestone member

Limegbne, greenish-gray, hard, srenaceous,

fmpure, mfcaceaus, abundant Ag&gg;gggs;gn.
¢ Bhembopora, ramose bryozxosns,
Gf“dﬂt“‘.ooaonootoacoo- 3.0
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Localtty 18, Center Iine, Sec. 14, V. 17 8., R, 1A E,, Osage
County}! measured along smal! stream east and west of

State Mighway 170. Thl:hn:cc
‘ ee
Howard Limestone (thickness 29.7') :

Utopia [imegtone member

13. Limestone, bluc-gray.'tinthoro pale=
brown, hard, sediumebedded, medium-~
greafined, smooth, full of fusulinids, . . 2.3

12. Limestone¢, (ight-gray, weathers pale~
brown, hard, thin wavy=bedded, medium=

gratned, sbundant O v gg*lgﬁggngg.
common . _ o 8ptired gastro~

pode, other brachliopods. « ¢« « ¢« ¢ ¢« o » 3.3

1. Limegtone, light béufsh~-gray, weathers
pale=brown, platy, medium~grsined,
arenaceous, smooth, containing abundent
tmpressions of smphiblan footprinte. « . 1.4

10. Shale, gray, efity, sbundant lend piant
fmpressions, interbedded with thine
calcareous siltetonese. ¢« « ¢ ¢ ¢ « o » 0.7

9. Limegtone, lfghtegray, weathers pale=
brown, mediun hard, arenagecus, Une
ol lIfRIrOUBY ¢« « ¢ ¢ ¢ ¢ o 0 0 ¢ o 0.1

8., Bhale, darkegray, fTissile, sliightly cals
caregus, etity, blocky itn places, limny
concretions 1 foot from the base, full
of ocstracode; sharp contact above and
BRIOW, ¢+ ¢« ¢ ¢ ¢ 6 6 o o ¢ 6 6 ¢ 06 o o 2.9

Te Limestone, blue=gray, weathers brownigh-
ray, medium hard, coarse-grained, platy~
thin-bedded, smooth, ostreacods {n upper

peart, abundant Nuculsns, Myaitns, fucofds

ONn DOLLOM: 4 ¢ ¢ o @ & ¢ 4« o ¢ @ ¢ ¢ o & 006

6. Limestone, Iight to dark biulshegray,
weathers dradv-brown, thin wavy=bedded,
medium hard, cosrse-grained; argile

laceous, numerous ggg]!g. ¥i gitlopes
Eﬂﬂﬂllﬂi‘ El‘&!ilﬂ!‘.ﬁ '.; yilop] BiBe ¢ o 2.8
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tocality 18, (Cont'd) Thicknees
fFeet
¥inzeler shale member

5. Shale, dark=gray, clayey, blocky, cal=-
careous, slfightly stity, numerous fe-
nestrate bryozoans; sharp contact above
and DeJOW,: ¢« ¢ o ¢ ¢ o ¢ ¢ ¢ & 0o ¢« o o 205

Church (i{mestone member

A, Limestone, blue=gray, weathers dark-brown,
hard, dense, Tine-grained, sbundant
erinoid stems, + Eghino-

[ ] i ¢ @ & ¢ ©° & ¢ o ¢ o 2.3
Aarde ghale member

3. Ehale, pale=brown, calcareous, parifally
covered; grades into black,flisslile ghie,

few OQrbiculofidefe ¢ ¢ o ¢ o ¢ o o o¥%e & 1.7
2, "Wauneta" !imestone, partiy covered. . . 0.3
1« Covered interval. ¢« « o ¢ ¢« ¢ ¢ ¢ ¢ o &« 2.5
O. Nodaway coal, weathered. ¢« ¢« ¢ « ¢ ¢ ¢ & 0.8

Locality 19. swl, swé, Bec. 17, T. 17 8., R. 15 E., Osage
County; measured along south bank of E«~W road, starting in
s gully sbout 0.2 miles from southwest corner of section,
Howard Limestone (thickness 24.9')
Utopia |imestone member

12. Limestone, bluish-gray, hard, thin-bedded,
partialiy covered. ¢« o« « o ¢ ¢« ¢ o ¢ o o 9.4

Winzeler shale member

11. Shale, mediumegray, calcarecus, aslightly
calcareous, stity, partiy covered. « . . 3.0

Churth | imestone member

10. Limestone, blue~gray, weathers psie=-brown,
hard, massive, Qttonogig, crinotd stems. . 2.1
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Locality 19, (Cont'd) Thickness
Feet
Aarde shale member
9. Shale, light=gray, mostiy covered. . « « 5.3
8. Nodaway coal, partially covered., . . . . . 1.0¢
7. Shale, light=gray, partialiy covered. . . 1.0

Bachelor Creek |imestone member

6. Limestone, light olive~gray, weathars buff,
hard, th'“"b.dd.d. h'ﬁh ysandy, ¢« o o ¢ o 1.0

5. Shale, greenish-gray, flaky, sfiity. « « o« 1.0

A, Limestone, olive=gray, waathers pale~
brown, hard. mass ve. ‘andy. nuncrous

d stems, echinoid spines, spired
ga.tropodl......'.....-o... el

3« Shele, colive greenish=gray, siity, flsky,
slightly calcareousy. « ¢ ¢« ¢« ¢ ¢ « ¢ o o 2.0

2. Limestone, olfve~gray, weathers drabebrown,
hard, thin=bedded, highly sandy snd argile
IRCGOUB, ¢« o ¢ o ¢ ¢ ¢ o ¢ 6 ¢ o o ¢ o » 1.0

Severy 8hale
1. 8hale, greenfsh~gray, sfity, flaky, une
TO8Bi 1ITQIrOUB. o ¢« ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o ¢ o T.0¢
Locality 20. 8w, Swi, 8ec. 19, T. 17 5., R. 15 E., Osage
County; measured along south ditch in E-% road, adbout
2 miles cast of Btate Highway 170.
Howard Limestone (thigkness 28.2')
Utopie iimestone member
10. Limegtone, blue~gray, westhers pale~brown,

bhard, thin-bedded, medium=grained, smooth,
mm. Drachiopods. « « ¢ ¢ ¢« o ¢ o ¢ ¢ o 0.8
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Locaifty 20, (Cont'd) Thickness
. Feet
9. _\cov‘r.d 'nt.r"| L) L ] L ) [ ] L] [ L 3 [ ] * [ ] [ J ,o.o

chécgh i imestone member

8. Limestone, blue=gray, westhers chocolste-
brown, hard, massive, dense, fine-grained,
numerous crinoid stems, dbrachiopods,

91&22231! towards tOPs ¢ 4 ¢ ¢ o ¢ o o o 1.9

Aarde shale member

7. Shale, Hodaway cosal, and underclay present,
but moetly coverede « o o ¢ o« ¢ ¢ ¢ o o o 8.0

Sachelor Creek |imestone nonber
6. Limegtone, Iight olfve-gray, weathere pale~

brown, hard, massive, thin~bedded {n lower
part, {mpure, arenacecus, micacecus, numer~

L 1 .%) A4 ¥
iyglina, cpirl%orldo. cr‘mic’l

notd spines, gaetropods. . « . . 2.4

- 4
stems, echi
5. Shale, greenigh-gray, blocky, sfity. . « . 1.0

4, Limestone, 0lfve-gray, westhers pale«brown,
arenaceous, medium-grained, abundant -
gg%;. s ramose bryozoans, interbed-
ded, greenish=gray, calcareous shaie, stity,
micaceous, blocky, numerous crinoid stems,
fenestrate bryozoans, rare Myslineg. « » « o 2.0

3. Shale, 9rc¢nluh-?rty. biocky, micaceous,
slity, reare pectinids, few brachfopods. . . 1.3

2. Limestone, allvd-ﬁray; itcthcrc pale-browm,
medium hard, argillisceous, arenacecus; (m-
pure, thinebeded. « ¢« ¢« ¢ ¢ ¢« ¢ ¢ s ¢ o o 0.8

Severy Shale

1. Shale, olive greenigh=gray, flaky to blocky,
stity, micaceous, rare Orbiculoidep. « . . 8.2
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Localtity 21, Canter north to 8%, Sec. 34, T, 17 8., R, 14 E.,

Qsage County; measured afong swai! stresm and in south-

weest corner of gection,
Howard Limestone (thickness 31.7')
Utopia limestone aember

t4. Limestone, bluigh=gray, weathers pale~
brown, hard, thln-beddod. nnd!un-gratnod.

;;;;;:?' ocsgign I:ycro. ¢ ¢ o o

13. Limestone, blue-gray, weathers pale~

brown, hard, one thin bed, ful! of Ospais.

Winzeler shale member

12, Shale, gray, clayey, calcareous, numerous
fenegtrate bryozoene in lower part. « «

Church |imestone member
11. Limegtone, bluleh=~gray, weathers brown,

hard, dense, macsive, fTine-grained, numer-
oug, c¢rinoid steme, fenestrate bryozoans,

coman Enieictes, uareinideca, MEalinn,
1/

a ¢ ¢ ¢ & ¢ ¢ ¢ . 4 & & ¢ & o o

Agrde shale member

10, 8hale, light=gray, ellity, flaky, soft,
calcarecus, numerous foestils, crinoid

stems, rare Chongtes, common Punctosolrifer

9. Shale, dark~gray to black, siightly cal-
carcouo. blocky, hnrd. rare

8. "waunets" Iimestone, mediume=gray, weathers
paie~brown, medium hard, argiiiaceous,

slity, numor?us erinotd stems, ££¥£135f£15
rare ggsg;gn g. ﬂeg&,g 2, productiid spines,
r brae

astracods, 0POdSe o ¢« o o o o

7. Shale, lightegray, thin-i{aminated, sifity,
Iimonftic, miCaceouss « ¢« ¢« « ¢ o o ¢ o o

Thickness
Feet

8.0¢

0.2

2.3

2.2



Localfity 21, (Cont'd)
6., Nodaway coal, BItuminous. « o ¢ ¢ « ¢ o
S und.rc'.’. .‘cht‘qr.’. p'..t'eo ¢ o o @

A, Shale, ?rncnlth~gray. slity, tmpure,
clayey in places, Iaminated., . + « «

3. Ehale, gray, blocky, sandy, |imonitic,
fand Piﬁﬂtlg thineigminated. « « « ¢« &

S8achelor Creek |imestone member
2. Limestone, light greenish=gray, weathers
pale=brown, hard, medium=bedded, coarse-
grlnod. aronuceous. {mpure, numerous

* crlnold

f. Shale, gray to medlium~gray, blocky. :llty.
sifghtiy calcareous, rare
abundant Chonetes; interbe ed no-
stone stringers, argl!iaceous, sandy.
full of Chonetes, rare clams. « ¢« ¢ ¢ ¢ o
Severy Shale
O. 8hale, olf{vesgray, biocky, slity, siightly
calcarenus, gradational upper contsact,
PArtiy COVEred. o« ¢« ¢« ¢« o ¢ o o ¢ 4 o o
tLocality 22, Center Iline. Sec. & and 5, T. 18 8,, R,
Osage County; messured in road ditch and in emall
about 0.7 mile south of State Highway 170,
Howard Limestone (thickness 37.4')
Utopia |imestone member

1. Limestone, bluigh=gray, weathers yellowigh-
brown, hard, medium-grained, thin-bedded,
full of fusulinide. ¢« ¢« ¢« ¢ o ¢ ¢ ¢ ¢ + o

10. Covered Interval. ¢« o ¢ ¢ ¢ ¢ ¢ ¢« ¢ « o o

137

Thickness
Feet
0.9
0.2

1.4

2.0

4.5

2.2

3.8

1A E,,

stream,

2.4
S.6
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Locality 22. (Cent'd) Thigkn:ce
et
9. Limestone, biue~gray, weathers pale=brown,
hard, thin=bedded, cosrse~grained, sbundant

glinllo ¢ ® & ¢ @ ® &6 & ¢ ¢ e ® & & s 8 o & 1.0

8, Covered tntervale. ¢« ¢ o o ¢ ¢« ¢ ¢ s o o o 8.0
Church Limestone member

7. Limestone, dark-blue, wegthers pale~brown,
hard, massive, dense, fine-grained, a-
bundants crinold stems, ] ’

Pyngtospirifer., Chonetes, 1.9

Asrde shale member

6. Ghatle, light olive~gray, fiaky, limonitic,
slity, micacecus, clayey, carbonaceous

|mprttl|onl. few pectinides. ¢« « ¢ ¢« o ¢ & 11.0
S NO""’ CORlIe ¢ ¢ ¢ o 0 ¢ ¢ o 0 o ¢ ¢ 0 o 0085
&, Underclay, lightegray, limonitic, plastic. 0.4

3. Shale, light olive=gray, flaky, clayey,
micsceocus, slity to arenaceous in lower
part, tnterbedded with thin gfitstone
beds, laminated, microscopic crossed-bedded,
sbundent plant impresstons. ¢« ¢« ¢ o « ¢« ¢ o A2

Bachelor Creek [{mestone member
2. Limestone, 0!live«gray, weatheres {ight brown,
hard, medium-bedded, arenacecus, mfcaceous,
aplroily fea.tllforooun. towardes top containg
s spiviferids, few
ﬂ'.fbl“o-.ooooooooo 8.0

Bevery Shale
1. Ghale, gray, flaky to blocky, clayey in
places, sllity, micacesus. ¢« « o« « ¢ o« ¢ o 15.0¢
Localtty 23. &wi, Bec. 16, T. 18 B., R. 14 E., Osage County;
measured in the west bank of Ne8 roadcut leading to Arvonte.
Howard Limestone (thickness 30.6%)



139

Locality 23. (Cont'd) Thickness
Feet
Church (lmestone member

S Llno.tone. blue=gray, weathers brown, hard,
massive, dense, lrregularly-}o!ntcd. fine~
grained, numerocus crineid stems, Dictvo~

Sloatup, ENTEIRLRS: o o ¢ ¢ o ¢ o 0 0 o o o 1.8
Asrde shele membr
A, Covered Intervale « o ¢ ¢ o ¢ o ¢ o o o o 14,3
Bachelor Cresk (imestone member

3. Limestone, (ight olf{ve=gray, weathers pale~
brown, hard, sandy, micaceous, medium~
bedded, coarse~grained, emooth, sparsely
foes! | { ferous throughout, towards top a-

abungdant gg;gf.gsg fensstrate
bryozoans, spired gastropo a. n;nr the base
nume rous s Chonetes,
Eﬂ!ﬂﬂll&i?lggiggiggiggl

9 $ & &6 & & & o ¢ o @ ‘5.
Severy Ghale

2. Bhale, dark olfve=gray, stity, siightly
calcareous, micaceous, near the top contains

numerous ghonien, rare Sellgrophen, few
ramose bryozoans, gradational contact sbove., . 3.0
1. Shale, greenishegray, blocky, sfity, sii:
slightly calcareous ‘u»plneoo. mfcacecus,
sparsely fosslliferous, rare Chonetes, rere
reamose bryozoans, eplired gastropodse « « « 14,0
Localfty 24. BWi, Sec. 20, T. 18 8., R. 14 E., Osage County;
measured in gbandoned coal strip mine, about 0.2 mife 8W
of corner of section,
Howard Limestone (thickness 13.4')
Winzeler gshale member
9« Shale, ollive-gray, hlock{ to flaky in places
calcarecus, slightly sfity,

rare Bellerophon, ohter brcc§109030. . : 5.0
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Localfty 24, (Cont'd) Thtgkn:-o
{1
8. Limestone, yellowigh=bromsn, encrinal,
f:!l of crinotd c?lu:nalsi pttzlt. cups
° .nf|ggcing;. spired gastropods, ramose
end lagy bryozoans, rare glgn;ggéggng.
gancransifa. QUnbargilse « « ¢« ¢« o o o 0.0%
T. Shale, greenigh=gray, flaky to bloecky,

arenaceous, mficaceous, numerous fe-
nestrate bryoroans, remose, clems. « « 1.0

Church | imestone member

€. Limestone, pinkish=gray, shelly, numercus
crinoid stems, ramoge bryozoans, spiriferids,
Osglale « ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ 0 ¢ 90 ¢ o 0.07

5. Limestone, blue=gray, weathers dark-brown,
hard, dense, massive, fine-grained, a~
bundant fossitis crinofd stems, » ’

Entelstes, Margioifers., Myalina, o o 2.5

Agrde shale member
A, Bhale, ll?ht-gray. fiaky to blocky, calcare~
ous, fossi!iferous, crinoid etems, brachio-
pods, sharp contact with {imestone sbove, . . 0.7

31 Sh.". d.rk“g“y to b'.ck’ f""". h.rdp
gypsum crystals in places, abundant Linguls,
Lrhicuioiden

® ¢ & & ¢ ¢ & & & o ® & o 0 o ‘.'

2. "wauneta" limestons, mediuwm~gray, weathers
l!fht-grty. medium hard, coaree-grained,
thin-bedded, argliiscecus, adundant erinoid
stems, brachliopods, ramese and f(acy bryozoans 0.6

1. 8hale, dark-gray, asbundant carbenaceous
materfal, gypsum grains, lower pert covered 0.5

Locality 25. Nwé, Nw}, Bec. 5, T. 19 8., R. 14 £,, Coffey
County; measursd {n en open coal mine, property of Mr. K,
A, Jones, near the Osage~Coffey county (inre,

Howard Limestone (thickness 33.04)

Utopia |imestone member
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Locality 25, (Cont'd) Thtgkn:cc
ee
13. Limestone, blufsgh-gray, weathers pale-
brown, hard, coarse-grained, thin-
bedded, abundant QOggola, few brachiopods. . 1.0

Winzeler shale member

12. 8hale, light olive=gray, blocky, sility,
calcareous in lower part, sbundant fe-
ne-tr:tc bryozoans and crinoid stemsg
®punky" (imestone 0.5 foot sbout 1.5 feet
from base, in places grades inte limy
concretions of weird shapes. « + « o ¢ o 10.0

Chureh | imestone member

t1. Limestone, blue=-gray, weathers dark-brown,
hard, dense, magsive, fine-grained, frregu-

farly Jjointed, numerous foseflis gg;g!fggg.
: s rare corals,
crinol -ms, § the upper 2

fnches become CIIYe ¢ ¢ ¢ o @ & ¢ o o 1.9

Asrde ahale member

10. Shale, light=brown, fiaky, calcareocus, numer-
ousjehel! fragments and smail pectinids. « « 0.7

9. Bhale, black, fissile, glightiy celcareous,
phoaphotlc nodules, common

« & @ ¢ & 6 ¢ S ¢ & ¢ ¢ & & b s 003

B.Ghalc.9rly.flnky............ Qe

7. "vaunets” !imsstone, light=gray, weathers
pinkigh=gray, mediun hard, thin-bedded,
coarse=grained, argillsceous, nodular in
places, abundant ramose bryozoans, Can~

cranellis, Crurithyries, crinold stems, ostra-
cods, spired gastropods, productid spines. . 0.4

6. Shale, light-brown, medium hard, calcare~
oug, numerous crinofd stems, rare brachie~
pods, abundant gypsum and ?ibhcite graing
scattered throu ut, emal! |imestone

nodules containing Pynbarelia., Crurithyris,

erinold stemsg. « « « ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o o 2.1

S« Shale, medium=gray, arenscecus, |amingted,
resembdling varved={{ke deposite, few
o Wpper contact highly (rregular,
°'.r oot clayey, blockye ¢ ¢« ¢ ¢ ¢ o 5«5



Locelity 26, (Cont'd)

4.
Se

Nodaway coal, bDituminous, vitreous., . .

Shele, medlum-gray, blocky, sfity, . .

Bachelor Creek |imsstone member

2.

te

Limeestone, olive=gray, weathers pale~
brown, hard, arenacecus, conrco-grc!ncd.

acalun-bcdded. numerous
s%sum ’ cr'no d
SteMBee ¢ o

¢« e o e 8 o

Shale, grccnlch-grly. blocky. tilty.
calcarecus, sbundant Astarte!is, Chonetes,
in places grades into nodular {imestone. .
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Thickness
Feet
1.t

5.0

1.5

4.0

Lecallty 260 Center north, SBec. 3‘. Te 19 8., R, 13 E,, Lyon

County; measured in emall stream bank 1.5 milies ecast of

S8tate Highway 130 snd Neosho Rapide, sbout 0.5 mile from

Lyon=Coffey county (ine.

Howard Limestone (thtckness 17.5Y)

Utopia
12.

11.
10.

9

Te

{{imestone member

Limestone, blue=gray, weathers pale~brown,
hard, frregulariy~bedded, medium-grained,
full of fusulinids, crinotd tteno. ¢ o o &

Shale, br‘.ﬂ"h.ﬂf.’. f"kyc e 6 ¢ o ¢ o »

Limeatone, llght-grty. weathers pale=brown,
medium hard, thin-bedded, arenagecus, fm=
pure, iInterbedded with thin shales, ostra~

COUBe ¢ @ ¢ ¢ o ¢ & 4 ¢ ¢ ¢ 06 6 a 0 ¢ ¢ @

Shale, ¢urk~gray. fTliaky, thin=igminated,
stity, slightiy calcareaus, few [{monite
concretions, thin [imestone etringers {n
places, common Myaiing. « « ¢ « o o »

8hale, gray, flaky, calcareous, full of
OBLracCOdBe ¢ ¢ ¢ ¢ ¢ ¢ ¢ 0 ¢ o ¢ ¢ ¢ ¢ o

Limestone, blue=gray, weathers palerbrown,
hard, medlum=grained, full of Myaling. . .

0.2
0.2

0.9

1.0

0.1

0.3



tocalfity 26, (Cont'd)

6.

Se

A,
3.

Shale, brown, fTliaky, |imy, sbundant
OBtracode. ¢« o« ¢ o o ¢ ¢ ¢ 0 ¢ o @

Limestone, dark biue~gray, weathers browne
fsh=gray, srenacecus, Osagfiae ¢« « « o

Shele, greenisgh=gray, blocky. « « «

Limestone, blue~gray, weathers psie=brown,
hard, thin-bedded, cosrse-grained, full

of ﬁ!?lln.. brachiopods. « « ¢ & o o
Winzeler shale member )

2.

Shale, olfivesgray, blocky, slightly cal-
careous, clayey in places, lower part
COVET®Us o ¢ ¢ ¢ o o @ ¢ & ¢ & a8 @ & o

Church | imestone member

1.

Limestone, blus=~gray, weathers dark-brown,
hard, dense, massive, fine~grained, numer-

=z=ous crinoid stems, brachiopods, few

bryozoans, Ottonosia towards top. « « + o«
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Thickness
feat

O.1

0.1
t.7

1.3

10.0

1.58

Locality 27. Center fine between Sec. 33 and 34, T. 19 8.,

Re 135 Eoy Lyon Countys measured along road ditch in N-8
road, 1 miie east and 0.5 mile of Keosho Rapide.
Howard Limestone {(thickness 12.1') |

Church |{mestons member

6.

Limestone, bLiue=~gray, weathers deep-brewn,
hard, massive, dense, fine=grained, rece.--
tanguiar~jointed, brachiopods, crinotd
stems, bryozoans, mm‘ ©e s 6 0 ¢ @

Aardé.shale member

Se

A,

3.
2.

8hale, gray, flieky to bioeky, cardbongceocus
“t.f:l e PAFtIy cOVErede ¢ ¢« ¢ ¢ ¢ o ¢ o

Nodaway cosi, weathered, o« « ¢ o ¢ o ¢ o
Underclay, [fghtegray, plastics « » « ¢

Shale, medium=gray, flaky, sifightiy stity,
numerous plant and carbonacecus {mpresstions

1.6

5.0
0.3
0.3

3.2
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Localtity 27. (Cont'd) Thigkn:.o
ee
Sachelor Creek |imestone member
t. Limestone, {ight=gray, weathers pale-bdbrown,
hard, medium-hedged, micaceous, arenacsous,
common Brachiopods. « « ¢ ¢« ¢ ¢ ¢ ¢ ¢ ¢ o o 1.7
Locality 28, Center south, Sec. 6, T. 21 8., R, 13 E., Lyon
County; measured aslong smal! creek by steel bridge on
E=¥% road, about O.4 atie from southwest corner of section.
Howard Limestone (thickness 24.6')
Utopta |imestone memder
15. Limegtone, blue~gray, weathers pale=brown,
hard, medium-bedded, medium-grained, full
of fusulintds, partiy covered. « ¢« « « o 0.6
14, Covered Intervale o ¢« ¢ ¢ o o ¢ ¢ o o o o 2.4
7'13. Limestons, bre-ntuh-grag. weathers same,
hard, coarse~grained, thin-bedded, full of
m. QmL. partiy covereds « « o« o« 0.5
12. Covered interval, « ¢« ¢ ¢ o ¢« ¢ ¢ & o o o 1.0

11. Limestone, blius=-gray, weathers pale=brown,
medium hard, coarse-grafined, Osagfia. « « « t.5

wWinzeler shale member

10, Ghale, pale~brown, blocky, siightiy siity,
wmicatsous, calcareous; few Ceneatrate
DryoZoRnSe « o« ¢ ¢ ¢« ¢ 6 o ¢ ¢ ¢ ¢ ¢ o o 6.0

Chureh | {mestone member

9. Limestons, blue~gray, wecthers dark-brown,
hard, dense, massive, fTine«grained, e~
bundant crinold steme, brachiopeds,

* ¢ Upper part (s
elly w ew s Tensstrate bryozoans,
Crinold StOmSBe o ¢ o« ¢ ¢ ¢ ¢ ¢ 0 0 ¢ 0 ¢ » 1.5

Aarde shale member



Locality
8.

Te

6.

Se
&,

28, (Cont'd)

ghale, dark~gray, weathers yellowishe
browm, fiaky, sifghtly calcareous, common

@ & o B @ & ¢ & ¢ & 8 0 o ¢

“Saunets” |imestone, naiu-rrny. weathers
pale=brown, medium hard, arglllaceous,
sfIty, brachiopods, crinold stems. « ¢« ¢«

Shale, greenigh-gray, blocky, eflty,

micaceocus, lower part contasing abundant
carbonacecus materiale ¢« ¢« ¢ ¢ ¢ ¢ ¢ ¢ o
Nodaway cosl, I1gnitic, Brown. « o o« « «

Shale, medium~gray, blécky. sfity, clayey
In places.s ¢« ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o o

Sachelor Creek [imestone membder

3.

Limestone, dark-bliue, weathers |{ghtegray,
hard, massive, coarse-~grained, pseudolitic,
common crinotld stems, fenestrate bryozoans,

s Myaling, sbundant

USRAIR. o ¢ ¢ ¢ ¢ o 6 ¢ ¢ ¢ ¢ 0 06 ¢ 4 o

e

2. Bhale, olf{ve~gray, blocky, siity, micaceoue

Severy Ehale

. Shale, Iight=gray, flaky te blocky, micace~-

ous, slity, carbonaceous materials inters .
bedded with thin stllstones, tan to dHuff,
thineigninated, fine~grained, micaceous,
iower part ¢coverad. « ¢« ¢ ¢« ¢ o o ¢ o o« &
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Thickness
Feet

1.0

0.5

5.0
0.6

1.9

1.9
0.2

6.0¢
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APPENDIX B

t Chart of the Ingoluble Residue Analysis of the Howard

Limestone between the XKansas and Neosho River valleys, Xansas

*Semple Total Total Coarse Fine
number welght resi{due fraction fraction
grams grams percent grams percent grems percent
3/5 2.0 3.29 16.5 0.10 340 3.19  97.0
39 20,0 4,56 22,8 1.16 25,5 3.40  T7A.5
3/11 20.0 1.65 8.3 0.3  21.8 1.29 78,2
3/13 2.0 3.52 17.6 0.3 8.5 3.22  91.5
3/14 20.0 3.0 15.0 0.05 1.6 2.95 98.4
4/8a  20.0 3.24 16,2  0.07 2.3 3.7 97.7
4/8b 20,0 3.22 16.1 0.05 2, 1 3.17 97.9
&/10 20.0 5.6t 28.1 1.58 28.8 4,03 71.2
/12 20.0 A,05 20.3  0.47 18.9 3.58 89.1
L VAL 20.0 6.% 32.5 2.18 37.4 432 62,6
A/16 20,0 2.22  11.1  0.17 7.2 2,05 92,8
A/18 20.0 4,31 21.6  0.05 5.9 4,26 94,1
€/9a 20,0 S.8235 26,2 0.10 2.2 5.13  97.8
6/9v  £20.0 2.8% 13,1 0.01% 0.4 2,80 99.6
6/9¢ 20.0 4,36 21.8 0.06 1.4 A, %0 98.6
6/11 2.0 5.23 22.5 0.05 1.0 4,45 99,0
*Notes The locality and unit numbers corresponds with those

measured sections in Appendix A, Letters refer to the
location within the single stratum (g being lower than
b) f.es 4/8a is stratigraphically lower than 4/8b,
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:::::: I:%:t'tt :::?:m g:::::on ::*::tl on
grams grams percent grams percent grams percent

6/13a 20.0 A.3% 21.7 0.28 6.4 4,08 93.6
6/1% 20.0 4,21 21,1 0.23 8.4 3.98 94,6
6/14 20.0 2.95 14,8 0.40 13.5 2.55 86.5
6/15% 20.0 4,06 20.3 0. T.6 3,75  92.5
&/17 20,0 2,71 13.6 0,06 2.2 2.65 97.8
6/18 20,0 3.40 17.0 0.10 2.8 3,30 97.2
/% 20.0 2,48 12,4 0.0t O.d 2,47  99.6
/T 20.0 Ak 22,2 0.26 5.9  A4.18 94,1
/70 20,0 2,57 12,9 0.20 7:8 2,37 92.2
1/9 20,0  A,02 20.1  0.%12 2.9 390  97.1
/11 20.0 .21 6.4 0,02 1.6 1,25 98,4
8/3a 20.0 351 17.6 0,04 1.0  3.47 99,0
8/%  20.0 1.84 9,2 0.53 28.8 1.31  T1.2
8/4 20,0 2,60 130 0.2% 9.5 2.35 90.5
8/s 20,0 2,08 10.4 1.36 654 0,72 34,6
8/6a 20,0 2,20 11.0 0.25 1273  1.97 .6
8/6b  20.0 317 15,9 1.00 32,8 2,17 67.2
8/6e 20.0 1.27 6.4 0.2 15.7 1.07 84,3
8/64 20.0 0.52 2.6 0,05 9.6  0.47 90.4
8/8 20.0 3.53 17.7T 0,06 2.6  3.A7T 98,4
10/5 20,0 10.58 52,9 0.8 1.7 10,40 98,3
10/Ta 20,0 2,75 1359  O.1% 3.9 2,67 96,1
10/76 20.0 t.44 7.2 o0.02 1.3 1.42 98,7
19/8 20,0 1.17 S.9 0.22 18,8 o0.95 B1.2
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Ssmplie TYotal Totsl Coarese Fine

nusber wefght reei due res{due fraction
grams grame percent grams percent grams percent

10/9 20.0 3.96 19.8 0.31 7.8 3,65 92.2

10/10a 20.0 1.97 9.9 0.20 10.2 1.87 89.8

10/10b 20.0 1.37 6.9 0.05 3.6 1.32 96.4

10/11 20,0 1.73 8.7 0.07 A,0 1.66 96.0

10/12 20.0 2,51 12.6  0.04 1.6 2.47  98.4
11/2  20.0 1.73 8.7 0.01 0.6 1.72  99.4
11/8 20.0 2.74 13.7 0.04 1.4 2.70 98.6
11/9 20,0 10.71% 53,6 3.16 29.4 7.55  70.6
t11/1ta 20.0 0.9 A6 0.03 3e3 0.88 96.7
11/11b  20.0 O.7% 3.6  0.06 8.4 0.65 91.6

11/12 20.0 3.32 16.6 0.02 0.7 3.30 99.3
12/6 20.0 1.47 7.4 0,03 2.0 1.45  98.0
127 20,0 0.9 4.5 0,01 1.2 0,890 98,9
12/9 20.0 3.22 16.1 0,02 0.6 3.20 99.4
tA/Aa  20.0 2.45 12.3 0,02 0.8  2.43 99.2
14/40 20,0 2.55 12.8 0.05% 1.9 2.5  98.1
14/8  20.0 1.92 9.6 0.15 T8 .77 92/2
14/6  20.0 2.89 4.5 0.08 2.7 2.8 97.3
1847 20.0 3.28 16.4 0.21 6.4 3.07 93.6
14/8 20.0 2.16 10.8  0.06 2.6 2,10 97.4
14/11 20,0 5.95 29.8 0.26 4,3  5.69  95.7
1A/12a 20.0 6,27 32.9 0.70 10.7 5.87 89.3
14426 20.0 1.65 8.3 0.03 1.8 1.62 98.2
14/13 20,0 2.92 14,6 0.0% 1.7 2.87 98.3
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SBample Total Total Coarse Fine 7.

number wefght residue fraction fraction
grams grame percent grams percent grame percent

15/7 20.0 2.24 11.2 0.07 3.1 2.17 96.9

18/4 20,0 1.73 8.7 0.0% 0.5 1.72  99.5
18/7 20.0 1.32 6.6 0.17 12.7 1.15  87.2
18/12 20.0 1.22 6.1 0.02 1.6 1.20 98.4
18/13 20,0 1.89 9.5  0.0% 0.5 1.88 99,5
19/4 2.0 9.86 49,3 1.36 13.8 8.50 86.2
20/2 20,0 7.29 36.5 1.02 14,0 6.27  86.0
20/4 20,0 11.27 S6.4  0.5%5 4,9 10.72  95.1
20/6 20,0 B8.27 A1,4 2,97 359 5.3 64/1
21/2 20.0 14,86 74,3 0,36 2.5 15.4 97.5
21/3 20.0 10.44 52,2 2,67 25.6  T7.76  74.4
21/12 20.0 2,04 10.2 0.02 0.8 2.02 99.2
21/18a 20.0 2.27 11.4  0.10 4,6 2,17 95.6
21/14b 20.0 3,62 18,1 0.20 4.5 3.42 95,5
22/2a 19.5 12,52 62.6 0.26 2.0 12,26 98.0
22/20 20,0 11.54 57.7  0.42 3.5 11.12 96,5
22/7 20,0 1.79 8.9 0.0% 0.8 178  99.5
22/9 20,0 2.92 14,6 0.10 5.3 2.82 96,7
22/11 20,0 2.61 3.1 0.02 0.7 2.59 99.3
23/3a  20.0 15,84 T7.7  0.27 1.8 15,27 98.2
2)/3 20,0 12,11 606  0.13 .1 11,98 98,9
23/3¢ 20.0 12,43 62.2 0.33 2.7 12.10 97.3
23/3¢ 20.0 13.26 66,3 1.65 12.5 11.6% 87.5
23/37 20,0 11.23 56.2 3.84 341 739 65.9
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Sample Total Total Coarse Fine
number wefght residue fraction Fraction
grams grame percent grams percent grame percent

25  20.0 1.47 7.4 o0.02 18 1,48 98,6
24/ e 20.0 6.75 3.4 0.09 1.4 6.66 98.6
24/5 20.0 1.66 8,3 0.0t 0.6 1.65 99.4
A4/6 20,0 2,65 13.3 0,03 t.t”  2.62 98,9
25/2 20,0 10.17 8.9 .12 19,0 9.08 81,0
25/7T 20,0 5.87 29.4 0.16 19.8 5,71 80.2
25/11a 20,0 1.57 7.9 0.02 1.2 1.5 98,8
25/11d 20,0 3. 74 19.7 0.07 1.8 3.67 98,2
25/12  20.0 .96 29.8 0,01 0.3 5.95  99.7
25/13 20.0 2,00 10.0 0.10 5¢0 1.90 95.0
2641 20.0 1.55 7.7 0.05 . Y 1.48 96,6
26/3a 20.0 2.19 10.9 0.20 9.2 1.99 90.8
26/3% 20.0 1.66 8.3 o0.14 8.4 1.52 91.6
26/5 20,0 1.79 8.9 0.06 3.4 173 93.2
26/7 20.0 1.16 5.8 0.08 6.8 1.08 93.2
26/10a 20,0 A,29 21,5 0.02 0.6  A27  99.4
26/10b 20.0  7.39 36,9  1.12 15,2 6,27 84,8
26/12 20,0 2.74 3.7 0.03 1.0 2.72 99.0
21/1 2.0 11.65 58,3 0.66 S.7 1099 94,3
28/3% 20.0 4.20 21,0 0.48 11.4 5. 72 88,6
26/3% 20,0 A20 21,0 0.M8 11,4 3,72 88,6
28/7 20,0 2.25 11.3 0.05 2.1 2.20  97.9
28/9 20.0 197 9.9 0,01 0.5 1.96  99.5
28/117  20.0 2.33 1.7 0.08 2.0 2.28 98,0
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APPENOIX C

CONBTITUENT PERCENTAGES OF THE COARSE FRACTION FROM THE IN=

BOLUBLE REBIOUES OF THE HOWARD LIMEBTONE

Ssmple Per- Description of
number cent samples

5

Y9

/11

313

4/8a

4/8v

a/10

4433&3 uQGB —»383 ﬁnag 4«83 as& 4m35$

arengcecus foraminifers

- pyrite, anhedral to euhedral

fTloceculated clay materiaf, spongy, micaceous
quartz, subrounded to subangular, clear to frosted
mica fTlakes

flocculated clay material, spongy
quartz sand, subangular
aica flakes

vart: sand, subsngular to snguiar
logculated argillacecous materfal
mica Tlakes
carbonaceuos material

arenaceous foraminifers

quartz sand, enguiar, clear to frosted
mica fTlakes

pyrite

pyrite, snhedral to euhedral
arenaceous forsminifers
quartz sand

mica flakes

siifciftied foastils

arenaceous forminifers

siit aggregates, micaceous, soft
§lauconi te, smorphous

pyrite, sanhedra! to euvhedral

arenacsous forsminifers
gl auconite
si It aggregatas
pyrite, striated cubcs. some amorphous
qnurtz sand
zircon, pink

quart: sand, suangular
srenggecus foraminifers
pyrite



&/ 14

4/16

6/9a

6/90

6/9¢

6/11

6/13a

6/13b

6/14

6/15

& «4333

-

- =
NRNUMNO N

8B nun8 »88.,80 .3 & -B83 nuBH 8%

1952

flocoulated clay material, micacecus, spongy
quartz sand, subangular, clear to frosted
mica flakes

arenaceous forsminifers

arenaceous foraminifers
quartz eand

pyrite, anhedral to euhedral
mica flakes

quartz sand, subangular to angular, clear
flocculated clay material, spongy, micaceous
arenacecus fTormminifers

mica flakes

pyrite, amorphous

pyrite, smorphous
arenscecus forsminifers
quartz sand

pyrite, smourphous
srenacecus foraminifers

uartz sand

locculated clay material, spongy

arenacecus forsminifers
quart: ssnd
mica flakes

pyrite, smorphous, pyritized ramose bryozoans
and other shel!l fragments

arensceous foramintters

quartz sand

glauconite

arenaceous foraminifers

quartz sand

stit aggregates, micacecus, |imonite stained
mica fiakes

arenacecus foremin{ fers

quart: sand

mica flskes

quartz sand, subangular te angular
stit aggregates

mica Tlakes

floccuiated clay material

flocculated clay matertal, buff to gray
wiarte sand
mica flakes



6/17

6/18

/5

1/7Te

/7o

/9

/1

8/3a

8/%

8/&

-3
NN

-Mﬂm 8 n'as 8 »388‘ W\ﬂgg 4\&48 umg

i b
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arenaceous foramin{fers
quartz sand

sfit aggregates, micaceous, spongy
quartz sand

arenaceous forsminifers

mica flakes

pyrite, amorphous

pyrite, amorphous
arenacecus foraminifers
quartz, anguiar, clear

quartz sand, subrounded to subangular, very fine
clay flocculated materisl

arenaceous foramminifers

mica Tlakes

artz sand, angular to subangular
locculated clay material

mica Tlakes

tourmal ine, black

gulrtz sand, angular to subangular
locculated clay material
|imonite, spongy

mica flakes

quartz sand, .ubun?ular to angular, clear
srenaceocus foramini fers

stit aggregates

chert, ordinary, white

siifcified fossiis and fragments, ;gns&g‘g&;&tgzo
fenestrate bryozoans, productid spines
srenscecus formminifers

interstitial stifca, white to buff
mica flakes

etiteified fossiis and fTragments, ’
hyels. 22&:1*:&1:11::. epired qaceropoda

'] lgfragnttt. ;icaceous, quartioss

fnterstitial stifca, clear to opaque

srenacecus foraminifers

pyrite

esilt aggregates, micacecus, soft

sponge splicules, monaxons, trisxons, deemss
stifcified fﬂll:lt and fragments

chert, ordinary, |ecy



&/s

8/6a

8/6v

8/6¢

8/6d

8/8

19/5

10/7a

10/7o

& «uwuwdB¥ vuwundad

"
o wm

BE B8 WB¥E 338¥¥ 38 wum

- .
- U
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sl it aggregates, micaceous, soft
sil{ceous sponge spicules

quartz sand

stificified Tossti! fragments
carbonsceous material

pyrite

glauconite

silicified fTossll fragmcnto
arenacecus foramin{fets
quartz sand

mica Tlakes

glauconite

pyrite

fiocculated clay material
quartz sand
afce flakes

arenacecus forsminifers, white to (ight gray
quart: sand

pyrite

siligified cetracods

quartz sand, angular to subangular
mfica flakes

arenacecus foraminifers

elit aggresgtes, micacecus, pyritic
quartz sand

fiocculated clay material

pyrite, smorphous

mica flakes

qQuartz sand

pyrite, smorphous

erenacecus formmingfers

fioccuiated clay matertal, spongy, micaceous

pyrite, snhedral to euhedrai, pyritized foasils
arenacecus forsminifers
quartz sand

limonite, smorphous, spongy

arenacecus foraminifers

stiicified Tosalis and fragments, partially en-
crusted with beekite

pyrite, smorphous

qQquartz sand



10/8

10/9

10/10s

10/ 10d

10/ 11

10/12

11/2

11/8

11/9

11/11a

11/11b
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quartz sand, micro-drusy aggregates, opaque
lfmonite, smorphous, spongy

srenacecus forsminifers

mica Tlakes

arenageous foraminifers

quartz sand

siit aggregates, linonitic, micaceous
mica Tlakes

quartz sand

floccul ated clay matertial
mica fTlakes

carbongceous materiasl
arenacecus foraminifers

gl suconite, amorphous
quartz sand
arenaceous foreminifers

guartz sand, anguiar to subsnguliar, clear te
rosted

{imonite, smorphous, spongy

mica flakes

arenaceous foraminifers

silt aggregates, mfcaceous, soft
quartz sand

mics flakes

quartz sand, subangular
carbongceous material
mica Tlakes

pyrite, smorphus, pyritized fosel! frageents
arensceous foraminifers

Tiecculated clay material, micaceous

quartz sand

arengcecus foraminifers
{inonite, smorphous, spongy
quartz sand, angular and subangular, clear

arenaceocus formmintfere

quartz sand, subanguiar to snguiar
pyrite, amorphous

glaugonite, light green, amorphous

arenaceous forsafnifers
quartz sand, sngular
p{ritc. emorphous

slit aggregates, micececus



1v/12 713
15
10

12/6 8o
12/7 83
12/9 70
14/4e 45
14/4b 35

14/ 75

14/6 &9

18/7
14/8

83 8%

stit aggregates, micaceous, pyritic
arenasceous foraminifers

quartz sand, snguiar to subangular
mices flakes

pyrite

arenaceocus foraminifers
quartz sand, snguler to subangular
| imonite, spongy

sflt aggregates, limonitic, micaceous
arenaceous foraminifers
qQuartz sand, clear

siit aggregates, mfcaceous, pyritic
arenacecus foramintiters

quartz sand

pyrite; emorphous

mica Tlakee

arenacecus fermminifers

pyrite, smorphous, striated cubes
flocoulated clay material, spongy
quartz sand

arenacecus forsminifers
pyrite, anhedral to euhedral
?lunconftc

locculated clay material

quartz sand

arenaceous foraminifers
mica flakes

pyrite

.arsngcecus forsminifers
quartz sand, subangular to engular, clear

pyrite, smorphous
mica flskes

arenaceous forsminiters
quartz ssnd, clear to frosted

arenaceous forsminifers
quartz sand, snhedrea! to subhedral

T mica flakes

14/11 ?3

2

flocculated clay material
quartz sand
mics Tlakes

156



14/12a 67
25
.
3
14/12b 88
40
5
14/13 8o
10
10
1%/7 77
20
)
18/4 &
40
20
T
18/7 6%
292
S
5
3
18/12 B2
15
3
18/13 62
25
10
3
1
' ]
19/4 85
10
S
20/2 90
)
3
2
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quartz sand, fine grained, subangular to
angular, clear to frosted

flocculiated clay material, micaceous, spongy
mica flakes

carbonaceous materfal

arenaceous foraminifers
quartz sand
mice fTlakes

stit aggregates, micacecus, argillaceous
quartz sand
arenaceous forsminifers

arenacecus foraminifers
quartz sand
mica Tlakes

arenaceous foramintfers
chert, erdinary, opaque
pyrite, smorphous
quartz gand, sngular

quartz sand, angular to subangular
siit nfqrcaateo. micaceous

mica flakes

arenaceous foraminifers

chert, ordinary to chalky

arenacecus foraminifers
quartz eand, clear
mica Tlakes

arenacecus foreminifers

quartz sand, angular to subanguiar
fimonite, amorphous

carbonaceous material

pyrite

mica Tliakes

:unrtt sand, angular to subangular, clear to
rosted

mica flakes

pyrite, amorphous

quartz sand, angular to subangular, clear to
frosted

sl It aggregates, micacecus, soft

mica flakes

carbonaceous material



20/4 92
5
3
20/6 ¢
e
3
21/2 5%
&0
3
2
2t/3 90
5
5
T
T
21/12 60
30
10
Y
21/142 70
15
10
3
2
21/14b 78
10
10
2
22/2a 90
5
5
22/26 90
]
5
22/7 %
50
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quartz sand, !imonite stained
mica Tlakes
carbonacecus materfal

quartz sand, angular to subangular
carbonaceous mater{al
mica flakes

siit aggregates, micaceous, spongy
quartz sand

mica flakes

carbonaceous material

quartz sand, sngular to subangular, clear to
frosted

mica Tlakee

carbonaceous material

arenaceous foramintfers

tourmaline

arenacecus foraminifers

pyrite, amorphous, some crystals
gl aucont te, amorphous

quartz sand

erengceous foraminifers, white to light gray
pyrite

ef it aggregates

mica Tlakes

carbonaceous meterial

arenacecus formminifers

quartz ssnd

ellt ggqrngatcn. micaceous, quartzose
mica flakes

quartz sand, sudbangular to angular, limonitic
carbonaceous matertal
mica flakes

quartz sand, same as above
carbonacecus naterial
mica Tlakes

arenacecus foraminifers
pyrite, anhedral to euhedral



22/11

23/3a

23/3¢

23/ 3e

23/3¢

2y/5

5

5
w88 HwEU 838 LYY puwuB W8 un & suRE

24/6

P

WoR «4a4uwdSd a9

asrenacecus foraminifers
quartz sand
mica flakes

siit aggregates, (imonftic, micaceous
srenaceous formminifers

pyrite, amorphous

quartz sand

mica flakes

siit aggregates, soft
quartz sand
mice Tlakes

el it aggregates, micacecus

quartz ssnd, angular to subangular
carbonaceous matertisi

mica Tlakes

uartz sand, sngular to subangular, clear to
rosted

siit nggragatea. micaceous, spongy

mica Tidkes

carbonsceous material

quartz sand, same as sbove
siit aggregates
mica Tlakes

quartz sand, esubanguliar to angular
mica Tigkes

carbonacsous material

pyrite

arenigceous formmint ferse
timonite, amorphous
quartz sand

pyrite

arensceous Torsminifers
quartz sand
pyrite, amorphous

pyrite, anhedral to evhedral
arenaceocus foraminifers
quartz sand, clear to frosted

srensceous foraminifers
glauconite

pyrite

quartz sand
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25/2

25/11a

25/11b

25/12

25/13

26/1

26/ 3

0
n

8 w8 By nvunwn

3B3& puli

O
- N’ &
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quartz eand, engular to subangular
mica flakes

carbonacecus materfal

arenacecus foramfinifers

gl auconi te

stit aggregates, soft

quartz sand, angular te subangular
arengceous foraminifers

pyrite

mica flakes

pyrite, amorphous, some pyritized fosells
arensceocus forminifers
quartz sand, anhedral, clear

arenacecus foraminifers
glauconite, amorphous
quartz sand

mica Tiakes

siit aggregates, micaceous, soft
alabaster, smorphous

{fmonite, emorphous

Quartx sand ‘

arenacecus foraming fers
quart: sand

mica Tlakes

pyrite

arenaceus foraminifers
pyrite, amorphous
selienite Tilakes

quartz eand

arenacecus foraminifers

QuUartz sand, angular to subangulgr, clear
pyrite, smorphous

mics Tiakes

arenaceous forsminifers
quartz sand, clear to frosted
pyrite, smorphous

sfit aggregates, micacecus, quartzose
carbonsceous; material

artz sand, sngular

locculated clay materiai
pyrite
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Tiocouiated clay material
quartz sand

pyrite

arengcedus forgminifers
carbonaceous materisl

u\ﬂ\ﬂﬂg

26/10a

@
-3

quart: sand, angular to subangular, clear to
milky, up to 0.1 mm in dismeter

quartz sand

carbonaceous matefrial

pyrite

o
~ wa

26/10b quartr sand, angular to subangular, fine grained
mica Tlgkes

carbonaceous material

arenaceocus Toraminifers

26/12 arenaceous forsminifers
quartz sand

glauconi te

fimoni te, spongy

mica flakes

pyrite

sfit aggregates

27/1 siit aggregates, soft
quartz sand

pyrite

carbonaceocus material
mica flakee

NN 83 —G-l\d\.ﬂ\‘ﬂ 33 wiuniuan

28/3a arensceous fominifers

quartl sand, angular to subangular, clear
pyrite

28/3b quartz sand, angularto subangular
arengceocus foraminifers

pyrite, smorphous

mice Tiskes

28/7 arenaceous foramintfers
pyrite

quartz sand, snguler, clear
28/9 pyrite, smorphous

srenacecus formmint fers
quartz sand, clear to frosted

pnE8 LGS H»3UR ¥HH
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