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ABSTRACT

The Zeundale Limestone (Virpgillan Series, wabaunsee
Group) contsains three gererally recognized members. Both
the upper (Maple Hill) and lower (Tarkioc) limestone members
pineh out to the south in the ares of study. 4 locslly
prominent limestooe bed {Stormont) divides the middle shale
member (Wemego) into twe parts in Usape and Lyom Counties,
but this limestone cannct be treced inte Shawnee County.

deversl distinctive microllithologies sre recognized
from acetste peels and insoluble residues. These litholog-
fcelly snd texturally aimiler units sre not slways coextensive
with recognized stratigrsphic members.

The faune of the upper and lower limestone members ls
eharsoterized by an sbundance of fusulinids wiich indicute
& far-{rumeghore depositional envircnment. The clastics
contein & normal nesr-shore essemblege. The limestones
contaln a grester percentaye of clastics to the south
sugpesting 8 posaible approsci t¢ & socuthern shore.

The fesndale interval reflects & cyclic sequence of
sedimentation, contalning the transgressive phsse of one
eyelothen and the regressive phase of a second., The complete
succession of the "idesl™ wWsbaunsee eyclothem is never

obgerved in & single exposure,.



IRTRUDUCTLUR

Purpose of lunvestigstion

A study of the Zeandale Limestone in northeastern Kansas
was undertaken for the purpose of obtsining & more complete
understending of the formetion~~1ta varistions in thickness
and lithology, snd the relstionships between the units of
whieh it econsists. OUn the baslis of gross lithology,
mierolithelosy, inscluble residues, and paleontology, an
attempt is made to explain these relationships more fully.
The probable depositionsl eunvironments are discussed.

This report ie one of {our whieh are currently being
comploted on upper wWabaunsee limestone f[ormetiona in norile
ezstern Lensss, Studies such &s these will edd greatly to
our present knowledge of the detalled stratigrephy in thls
erea., it is hoped thet detelled work on these formetions
will aid future workers in the understanding of the condi-
tions and processes of sedimentetion in this psrt of the

column,

Loestion of Ares

The outercp belt of the Zesndale Limestone can be
traced through Shewnee, Osuge and Lyon Counties, Xensas
to the vieinity of Ewporia. The areal extent of this

report as originally proposed included outerops 1ln these



counties between the Kansas River in the north, and Neosho
River in the south. However, during the course of field
study, interesting relationships were discovered north of
the Kansas River which I felt should be included in this
report. In addition, outcrcps of Zeandale Limestone were
located in Riley, Jefferson, and Wabaunsee Counties, Kansas.
Some of these localities are also discussed. Figure 1 is
an index map showing the location of described sections in

the ma jor area of study.

Previous Investigation

Stratigraphic units in the upper Wabsunsee Group of the
northern Midcontinent region have been subject to extensive
and repeated miscorrelation and name revision. For this
reason there has been much confusion in the literature
concerning the members of the Zeandale Limestone and other
Wabaunsee formations. The Zeandale did not receive its
name until 1956 when considerable revision of old nomen-
clature was proposed by R. C. Moore and M. R. Mudge. The
details concerning correlation and nomenclature of Zeandale
members are discussed within the text of this report.

G. E. Condra and N. A. Bengtson were active in the
early studies of the Wabaunsee in Nebraska. E. Haworth,

Jeo W. Beede, C. S. Prosser, and M. Z. Kirk were early work-
ers in Kansas. R. C. Moore and G. E. Condra have made the

most notable contributions to the knowledge of the Wabaunsee
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in the peat thirty years. L. Weshrhaftig (1952) studled
the inscluble residuss of the wabaunsee Uroup including
the Terkio and Meple Hill Liwmestones.

The srea covered in this rcport.in extensively mapped,
The United Ststes Ueologiecal Survey is presently completing
& gecloglec map of Shewnee County. Lyon end Usage Counties
were mapped for the Stste Geologiesl Survey of Hanses by
UtConnor in 1953 and 1955, respectively. The name Stormont
was proposed by u'Connor for & prominent arenscecus lime-
stone found within the wamego Shale of those counties. The
relationship of the Stormont Limestone 1s discussed in
deteil within this report.

We B, Howe of the Jtate Geologlesl Survey of Misscuri
is presently completing fleld work on the upper Wabsunsee
Group in northwestern Missourl and scutheasstern Nebraska.

Ho detailed study of the Zeandele Limestone hes been

previously made in the Stzte of Kensas.

lopogrephic Expression

The stretigraphic relationship of the recognized
Zeandsle Limestone members msy De seen in the generalized
column oh pel2. Iin Shswnee County, where the wWemego shale
is thin, the Tarkio Limestons forms & prominent escarpment
(Fig. 2), and generaliy good exposures of the formation are

aveilable.



FiGe 2. Typlocl topeogreshle expression of the Terkio
Limestonre In Hhaewnee County., (Loeality 5, SE HL Sec. 22,
T« 10 8., Re 14 B,

Southward into Usege County, the thicknsas ¢f the
Tarkio repldly decresses to & festher-edge, and the Wamego
Shele thickens, The Maple Hill Limestone, youngest medber
of the ‘esndsle Mimeatore, is nelither thick snough nor resiste
ant enocugh to form & significsnt topocgrachie expression.
As 8 reasult, netural exposures of the Zeandsle asre rare.

The Stoermont Limestoune, which is definitely recognized
in only Ussge and Lyom Counties is nuneres.atunt to weatiere
ing. However, numercus road ocuts provide ample coverage of
the Storment snd Meple Hill limestones in the socath. The

Wamego Shale is generslly poorly exposed.
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TECHRIGUES

Field Iecinigues

Approximetely L5 sections op partisl sections were
measured inp detall, Thicknes» messuremenia were made with
& steel tape. A hendelevel was used Lo measure covered
intervels snd thicknesses not aveileble in & verticel section
slong the cuterop. Approximstely 140 limestone specimens
were collected for later laborstory snslysis. Semples were
teken at esch lithologle ehauge; magsive, lithologlexlly
similar units were sumpled &t intervals of sppruximetely 1.5
feet, 8Specimens were merked for loecslity, position in

secti.on, end orlentation as to top end north. Shsle samples



were obtained from the upper pert of the Willard Shale
formation snd the wWamego Shele member of the lesndale
Limestone, Descr.ptions of measured secti.uns may be [ound
in Appendix 4, spendiz B lists the outerop location of
partial Zesndale sections; desor.ption of these locslitlies
has been omitted.

The lesboretory study of the Zesndsle Limestone
ineluded the study of ecetate peel sections, inscluble
residues, etehed-bloek surfeges, and thinesections. A

few representative sheles were washed and exsmined.
Acetute Peel Sections

Approximstely 130 scetate peels were made from the
limestone ssmples. The specimens were cut perallel to the
bedding plesne, end verticelly slong the ¢ast-west direction
and the northe-south direction., The lastier surface was
generally selected for the peel. & detsiled discussion of
the prepsration technigues osn be found in Sternberg and
selding (1942), and Brown (1958, p. 10).

The work of the writer differed from that of Brown
oniy in the type of acetate used., it wes {ound thet lighte
welght frosted ccetete has less tendenecy to curl, and that
the print definition is superior to that obtained with heavy,

clesr seetetes.



Insoluble Residues

Insoluble residues heve been discussed st length by
several suthors (Meuueen, 1931; lreland, 1947) end the
methods of prepsretion heve bDecome somewhst standord (ireland,
1936, 1958). The procedures employed in this study closely
perallel those of irelsnd (1958) and Fisver (1957 p. 10), to
whom the resder is referred for &« detailed descriptiocn of
technlique.

After the svluble materisls were completely digested,
the residues were 4 vided inte cosree and fine fracticns.
bach frsction wes weighed and converted inte percent of
total residue, (dAppendix D). The constituents of the coarse
frection sre described in Append.x C. The fine frscticvn was

not retained for study.

BEtohed-Block Burfaces

The use of acid etchedeblocka for describlng texture,
grain size, and orientaticn of lnsoluble muterisl ws: [irst
omplcﬁod extensively by J. E., Lamar, Feor s detalled discuse
sion of preparstion technique the resder ls referred to
Lamar (1950, pe 2) or ives (1954, p. 5).

Some of the surfaces prtviéualy used 'n the preparsation
of scetaie peels were re-etched and studlied under the
binocalsr micorvscupe. Htehed surfsces were [ound to be
superior to peels in the identificstiocrn of the inscluble

materisl, but the bloecks sre inconvenient to study and require
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considerable storapge space. However, orientetion ef
inscluble materisl is easily observed on the etehed surfaces,
an advantage over inscluble residue study in wiich this is

not possible.
Thinesections

Although & number of thinegsections were prepsred, study
of them did not sppreciably add to the knowledge of lithology
obtained by previously desoribed technigues.

Axial sections of the lerge, robust fusulinids from the
Terkio Limestone were prepared for purposes of identificae

tion.
Shale Studies

Shale ssmples from 12 representutive sections were
prepared for study of fossil content and mineral assvecise

tions.

STRALGRAPHY

Wabsunsee Group

The "Wabaunsee formation" was first defined by
Prosser (1895) from exposures in Wabsunsee County, Kensas,
it constitutes the top of the Pennsylvanien System in the
Midcontinent, and consists of approximstely 405 feet of
shele and thin persistent limestones. The lower limit of

the Webaunsee &8s origioelly defined wes indelinite, however;




il

frosser redefined the "isbaunsee stage™ in 1902, and
recognized sight {ormstions extending from the Burlingame
Limestone to the Cottonwood Limestone. Fath (1921) firat
referred to the wWabaunsee &8s a group.

in 1931 Moore extended the lower boundary of the
Wabsunsee Group to the top of the Topeks Limestone. The
upper limit has been progressively lowered with the re-
definition of the Penunsylvanian-Permisn boundsry. The
present position &t the top of the Brownville Limestone
was set by Moore and Moss in 1934,

Three ms jor subdivisions of the Webaunsee Uroup sare
recognized., In descending order they sre, the Hichardson
Subgroup (Condre, 1935) Nemahs Subgroup (Condra and Bengtson,
1915) and See Fox Bubgroup (Condra, 1935). Figure 3 is a
grephie section of the upper Webaunsee Strata. 7The lZeandsle
Limestone is the basal formstion in the Hishardson Subgroup.

Willard Shsle

The beds between the "Chocolate™ limestone (Terkio)
end the flmont Limestone were culled Willerd Shele by Beode
(1498) from exposures nesr the town of Willard on the
Kanses River. The literature for some 30 years following
Beede's olassification erronecusly referred to the thieck
shale between the Emporis Limestone and burlingame Limesione,
as Willerd Shele. Condra (1927) brought sttention to thils
error in nomenclsture. The neme Willard hes since been

applied to the shale interval between the Elmont and Tarkio



1e

Formations Members
Wood Siding Fm.
a
3 Root Sh,
o
£~
o
a
=
LIEJ 9 Stotler Ls.
-
Nl w €
>lo|la]| o
70 3 Rl = B,
® | ©O | o] Pillsbury sh.
n|&|=<
(©) (@)
1
0 -
prd wi Maple Hill Ls
g 70 ZEANDALE LS. |Wamego Sh.
<Z[ S < Tarkio Ls.
—_ | D
IR
~ Willard Sh.
N[i-[(3]ea
21> 3
P =
L o
0
Q- s | Emporia Ls.
w
(@]
= Auburn Sh.
O
£
[}
Z
Bern Ls.
Fig.3 Generolized coiumnar section of upper Wabaunsee strata.



i3
limestones as originslly defined.

Exposures of Willerd Shale were studled at messured
locslities of Zesndsle Limestone. Few cumplete sectiovns
were observed., The Willard ranges in thickness from ebout
65 feet tu 12 feet. Maximum development is in the vieinity
of the Kensas Hiver. In genersl, the thickness decreases
toward the south averaging 10 to 2 feet in Osage County and
12 to 15 feet in Lyon County. Loeally, however, the thicke
ness changes sere irregulsr. The wWillard interval incresses
from 17.6 feet to 39.4 feet bLetween Locality 16 and Locslity
18. It is not possible to sepsrste the Willard from the
wemepgo or Pillsbury shales south of Emporis in Lyon County.

The lower halfl of the Willard ls a greay to gray-green,
blocky, clayey shale; it is generaliy thine-bedded, gray,
silty-clayey shale in the upper half., Large and small iron-
stone concretions are found in most exposurea. Looslly,
thin silltestone layers characterize the upper part. The
contact between the Tarkio and Willerd is lrregular, but
sharp throughout most of Shawnee County. In the southern
exposures the contset is more grsdstionsl end calocsreocus
nodules are common in the top & inches. Flgure L shows &
complete section of Willard Shale st Loeslity 18.

Cyelic development is most easily observed in exposures
north of the Eansss Hiver. Loeslly & soft, messive, micacecus,
brown sandstone represents the basal unit of the Tarklo
eyelothem. 4t Loecality & & welle-developed underclay snd
abundant plant remalns were cbserved £.0 feet below the

Tarkioc Limeatone.




PiG. 4. Thinebedded Willerd Shale. (Loocality 18, C Seec. 3,
T. 1 8., R, 1§} &,)

Fosells are uncommon, but in asome exposures the upper
1.5 feet is calesrecus and conteins abundant Dictyoclostus,
Chonetes, Hustedia, fenestrate Bryosca, and crinoid columnals.
The upper 5 feet at Locelity 16 contains sbundant merine

fosslls including Buculsna, Derbyis, Chonetes, and very small
planispiral gestropods.

Zeandale Limestone

General

The Zeandsle Limestone (Moore and Mudge, 1956) is
the besal formation of the Riechardson Jubgroup, in the
northern Mldeontinent region. 7The Zeandale has been traced
from southwestern lowe through northwestern Missouri and

southesstern Hebraske to centrsl Lyon County, Benses., 3Some
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of the members are recognized in the southern part of Kansaes,

The Zesndale Limestone is composed of three generslly
recognized members, In descending order they sre: Maple
#Hill Limestone, Wamego Shale, end Tarkio Limestone. The
Storment Limestone, & locslly persistent srenscecus lime in
the Wamego Shale, was named from exposures in Usage and Lyon
Counties by ¢'Connor (195;).

The type: locality (Fig. 5) of the Zesndale Limeastone
is located in the 3SE NE HE NP Sec. 26, T. 10 8., R, 9 E.,
Riley County, Kenses. 4 detalled description of this
section (Locslity 1) is found in Appendix A. The thickness
of the Tarkio Limestone member 1s greater thac normsl at
this exposure.

The thickness of the Zeandele Limestone ranges from 1li
feet to 50 feet in the ares under consideration., The aversge
thickness is sbout 25 feet. The Zeandale is bounded sbove
and below by shale segquences which normelly are 30 to 50 feet
thick, 4As noted previcusly, these sheles logally beconme
guite thin,

Tarkio Limestone

History end type loeslity.

Tarkio Limestone waes first described by Swallow (1866)
from exposures slong Mill Creek soutihwest of Maple Hill,
Kansas. Swellow called this thick, massive, brown weather-
ing rook the "Chocolate” limestone. Calvin (1900) referred

to the "Tarkio limestone series” from exposures on Terkio
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Creek in Page County, lowa. Eerly work by Condrs incorrectly
correlated Swellow's "Chocolute" limestone with Calvin's
Tarkio section., The name Tarkio was offleislly spplied to
the "Chocolate™ limestone by Condrs and Bengtson in 1915.

it was the beliefl of Hinds and Greene (1915) that
detalled work would show that the Tarkio of lows was equiva-
lent to the Burlingame Limestone of Misscuri, Nebrasks, and
Kensas. lHowever, subsequent work, chiefly by Condre, estab-
lished that the strste neamed Tarkioc by Celvin were correlative
with the Emporia Limestone of the present slassificaticn.
This relationship was not recognized until 1934. By that
time the pame Terkio had become firmly asscclated with the
thick, brown fusulinid-besring lime in Ransas and Rebraaska.
Under the circunstances it secmed unwise to propoae & new
neme for this distinetive unit, &Since the names epplied to
the members of the Emporis Limestone had priority over
Calvin's "Yerkic series”, that neme could not be used for
the Emporia interval which he described.

inssmuch &8 the unit designated Tarkio by Condra and
Dengteson wes previocusly unnamed, and to aveid further cone
fusion, the neme Tarkic was retained on the basis of usage
in Kenses and Nebrsske. Owallow's locality on Hill Creek
was recognized as the new "type" locality (Moore, 1936).

Disgribution snd thickness.
The Terkic Limestone represents the baasal member of the
feandale Limestone, The Tarkio is recognized from south-
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e¢sstern lowa to westecentral Usspge County, Kensss. In the
ares of study s meximur thickness of 12.3 feet is sttalned
8t Loerlity 11l northwest of Dover in Shewnee County. At

this exposure 3.7 feet of shale divides the two dcminant
limestone units. The upper unit, called "Tarkioc Ossgite”
for purposes of this report is not lithologicelly similer to
typiesl Terkio Limestone. It is ineluded within the Tarkio,
however, becsuse it ¢sn definitely be correlated with the
upper beds of this unit at the "type® loecelity on Mill Creek
in Wabaunsee County. The "Tarkio Usagite” 1s recognised
only from U.8, Highway 40 to the viecinity of Dover in Shawnee
County. 7The thickest exposure of continuous limestone is
found st Loeslity 10 where 11.8 feet of Tarkio Limestone is
exposed. Locality 18 in northern Usage County exhibits 8.4
feet of Tarklo. The preceeding meximum figures are far above
the aversge of about 3.1 feet for the member in exposures
north of the Kanses Hiver, and L.2 feet in soutbern Shawnce
and northern Usage Countlies.

The Terkio Limeatone thins repidly southward froam
Logelity 21 in northern OUssge County. Total thickness at
Loeslity 23 west of Burlingame is 2.5 feet and only 2 feet
are exposed at Loeality 25, At the most southerly exposure
of Tarkio Limestone 5 miles southwest of Usage City
{Loenlity 206) the totsl thickness is less than one foot.
Seemingly the Tarkio pinches to 2 feather edge in this ares
a8 no limestunes are recognized in this icterval to the
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south. Flpgure o illustrates the scutheromost exposure of

Tarkio Limestone.

PlGe. 6. Torkio Limestone at southernmost exposure (Locslity
26, 3% Sec. 6, Te 17 8., Re 1§ 8.} The very sbundaent
fusulinids eharscterize this unit in ell exposures.

Litholeogy snd paleontology.
The Terkio Limestone in the ares of atudy can be divided

into two distinot lithologic unite; the typieal fusulinid

vearing Terkio snd the overlying "Terkic Ossgite”,

“"Fusulinid Tarkio". The "Fusulinid Tsrkio" is charscterized

by persistence of litheloyy and feaunal essemblage. The
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yellow-brown westhered color, msssive bedding, snd prefusion
of very lerge, robust, Iriticites ventricosus mark the
Tarkio &s the most distinctive end essily recognized mesber
in the Wabsunsee Group. These fusulinids are generally
westhered to relisf as shown in Figure 7.

FiG. 7« PFrofusion of fusulinids in rellefl on westhered
surface of Tarkic Limestone, (Locality 18, C See. 3, T.
lh- 50, R. lhfo)

Fresh ssmples of the Terkic Limestone range in color
from light gray or gray-brown to dark grey. Westhered
surfeces are gernerslly derk yellowebrown t0 orange-brown.
Results of inscluble residue anslysis show thut the deeper
color is found in sections contalining @« high percentage of

iron oxide. The westhered color in scuthern sxposures is
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often lighter renging from light tsnebrown to Light yellow-
brown.

The Terkio ls usually exposed 88 & asingle mesalive ledge.
Frominent widely spaced vertical jJjoints trensect the unit.
Along creek banks and in other natural exposures the none
resistent shale iy eroded from benesth the Tarkio ledge.
Large boulders of Terkio Limestone are scattered down the
slope of the Willard Shsle. Figure & shows a typicel
natursel exposure in ecentrsl Shewnee County. In badly
weathered localities the massive-bedded Terkio bresks up
into irreguler wedges es illustrated in Figuio 9« The
limestone is fine to very finely erystalliine in all expo=-
sures.

Basel contsets are irregular, but sherp in Shawnes
County exposurses. In Usage County, however, the Terkio
conteot is gradetionsl. The upper 6 inches of Willsrd
Shele is cslesrecus end commonly conteins limsatone nodules.
The upper Tarkio cvontact is generally well defined., A
gredationsl contect into the overlying Wamego Shale was
noted at Localities 19, 22, end 23 in OUsege Counties,

The abundence of Iriticites hus been previcusly
mentioned. These very lsrge fusulinids comprise the vast
me Jorlty of the Tarkio fauna. Orincld cclumnels are found
in verying quantity in all exposures. Productid brachiopods
are also common throughout the ares. is most
sbundant, but cceasional specimens of Echinocunchus and

63 are noted., The brachliopeds leekells, Cemposits,




FlG. 8. Wweathering characteristic of massive Tarkio Lime-
stone 1in typlexl exposure, {(Locality 9, CEL BE 3ec. 12, T.
12 8., R. 13 E.)

FlG. 9. Wwedge~like appearance of Terkio Limestone in highly
weathered exposure. (Lccility>ﬁ, 8W Sec. 24, T. 15 8., R.
3 k.
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Enteletes, Hustedis and Dielssma are found in & few expo-

sures. In sll exposures, however, unidentified brachblopod
shell fragments &re more or less abundant.

Small horn corsls, chiefly Lepbophyllidium, are present
in sbout one-third of the exposures, HRamose bryozosns are
found in about one-~hslf of the Tarkic sections, but they are
never sbundsnt. OCeocasional tcno;tra:c bryozosns are noted.

The slgee Jsaple and Ottonosis ere commonly found in
the Tarkio Limesture, OUttomosis is usuelly found st or near
the top of the unit, but the ocourresce is spparently
random. The Limear slgee (¥) celled "Marksia™, for purposes
of reference, ere noted froum exposures in centrsl Shawnee
County., Sesll highespired gestropods sre found in the
general viecinity of the Kansss River, but they are rare.

Pusuxinxén..erinuid colusnals, and the braehiopod
Dictyoclostus are the dominent faunal elements in the
"e¢ypical®™ Tarkio Limestone.

"Terkic Osegite”. The lithology of the scecalled "Tarkio
Osagite™ differs markedly from the previcusly deseribed
limestore. This clastic limestone consists of ecoarse,
broken shell freagments, crinoid columnals, and fenestrate
bryozoans. OUeccssionally robust fusulinids ere found., All
fraogments are heavily costed with the encrysting slgee,
gssgia.

The osagite is soft and porous in most exposures.

Figure 10 shows the unusual type of westhering that is



gharacteristic of this messive unit. The "pit and cusp”
appesrance ls especislly prominent &t Locslity 10, Other
exposures exhiblit an uneven, vngﬁr westiered surfece.
Woathered color ranges from medium greay to light graye-tan,
but fresh ssmples sre lLight gresy to light reddishe-gray or
broan»giuy. The subecolitic texture is most ocstl:‘obsorvod
in thioe-section.

The writer hes visited exposures on the Misscouri River
bluffs nesr Fairfax, Missouri, where about 0.8 foot of
osagite muterisl also sppesrs st the top of the Terkio.
However, exposures of osagite were not found in Shawnee
County north of the RKansss River, and the bed cannot be
definitely extended scuth from Loeslity lh. At Locslities
8, 9, and 10 the unit is developed st the top of the "typlcal®™
Tarkio Limestone. At both the Tarkio type locelity in
¥abaunsee County and the Zeandsle type loecality in Riley
County this distinotive unit is also developed in direct

contsot with the "typieel™ Tarkio, and by definition is a
part of the Tarkio Limestone (Fig. 1ll). The irregulser contsct
and vsrisble thickness of & medium-bedded limestone at
Loeslity 8 suggests the presence of & disconformity between
the two units st that locazlity. Elsewhere the contsct is
gradational.

In Loealities 11, 12, 13, and 1l eust of Dover varying
amounts of green-gray silty shele sepsrate the osagite strets
from the fusullnidebesring limestone, The busal portion of

the osagite limestone becomes progressively more arenscecus
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FIG. 10, "Pit end cusp" weethering charscteristic of the
"rarkio Osegite". (Locelity 10, C Bee. 18, T. 12 8., R.
13 E.)

FiG. 11. Tarkio Limestone., Contsct between the algal and

fusulinid limestones is marked by the change in bedding and

weathering characteristics nesr the center of the bed.
(Loeslity 1, SE HE NE Sec. 28, T. 10 8., R. 9 E.)



26

from north to south, In Loeclities 13 and 1lij the algal
bed is separated from this relatively soft, arenasceous base
by sandy to silty shale.

The basal arenacecus beds at Locealities 11, 12, and 14

contain abundant Necospirifer. Marginifers, Dietyoclostus,

Jureseania, and Chonetes are less sbundant., Well preserved

shells of Myaslina, Aviculopecten small high-spired gestropods,

and productlid brachiopods are rather abundent in the thine
bedded, shaly interval shown in Figure 12. This interval is

recognized only at Locslity 10,

FiG. 12. Thin-bedded, shely intervsl in "Tarkio Osagite"
at Loczlity 10. (C Sec. 18, T. 12 8., R. 13 E.)
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Environment of deposition.

Inssmuch as the many envirommentael fsetors ere complexly
interrelsted, it 1s not known with certainmty which controls
were most Ilmportant in the determination of an anelent
environment., Frobably depth, distance from shore, and
charscter of ses bottum were most lmporteant, bat salinity,
temperature, currents and food supply cennot be ilgnored.

Mueh of the eerly work on Pennsylvenisn snd Permisn
deposits in the Mideontinent sres was councentrated on the
interpretstion of the fauns es an indicator of depth. The
most notable of these studies is that of Elias (1937) on
the bBig Blue Series (lLower Fermian) of Kansss, He postu-~
lated that the fusulinid zone denctes maximum transgression,
during which sea renged Irom about 160 to 180 feet maximum
depth. Elies stated that the Pennsylvanien seas were slighte
1y deeper, but probably did not exceed 200 feet in depth.
Hoore (1929), snd Wenless (1948) egree that distance from
shore may heve been & more dominant fector then depth, In
their opinion the ses may heve been less than 100 feet deep
in time of meximum transgression. FRegerdless of absolute
depth values, however, the faunsl sssemblage of & given bed
is @ valid indicstor of environment,

The texture snd fsupal assemblage of the "Fusulinid
Terkio™ limestone clesrly indicste deposition et meximum
depth. Fusulinids, merkers of meaximum transgressicn,

comprise nesarly asll of the fauns et most exposures. The
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remaining feauna, chiefly braghiopods, sre also gonsidered

to be inhabitors of relatively deep water., A high percent-
age of argillacecus meteriael, and general leack of course
clastica, indicate thset the source wes & considerable dis-
tance from the depositionsl site. Irregularity of sea bottom
may account for the range in thickness. On the other hand,
variation of any envirommental feetor or fesctors such as
temperature, salinity or currents, could cause deposition

at verying retes in the eres of sedimentation,.

Sharp besal contscts in the north suggest repld
trensgression in Shawnee County. The gradstional basal
contacts and decided thinning in the southern area mey
indiocste & more graduasl trsnagression in that srea, an
spproseh to shore, and/or @& change to more shallow water,
The inereased percentage of fine-fraction residue and
apparent lsack of lime deposition south of Loeculity 26 seem
to corroborete this suspicion. Whether the incresse in
oley material and the repid thickness change represents the
gredual spprosch to a distant shore line or only an extensive
shaellowing on the sea floor cannuvt be determined from this
loezlized study. Absence of Tarkio Limestons in southern
Ksns:«s, bowever, indicetes that the change from the lime
depositing conditions present in Shewnee County was wide-
spresd. This chenge may well indicste the gradusl approsch
to & scutheestern shore.



4 reletively repid change of environment from the
fusulinid "deep water" conditicns in Shewnee County is
indicated by the ceccurrence of the so-gsalied "Tarkio
Vsegite™, The conditions under which “osagite®™ limestone
is deposited heve been discussed in detail by Lene (1954)
and Brown (1958). Bssed largely on Illing's (1954).cbser-
vetions in the Sahama Banks, they have ecncluded thet the
Osegis beds developed at depths of spproximstely 60 feet.
Moore (1929) and others heve indicated that the algee
thrive in elesr, werm, shallow water. The sssociation of
Myeline and Avigulopecten et Loczlity 10 indicate that the
"Tarkio Usagite®™ was deposited in either a neareshore or
"shallow" weter environment. The high percentage of
arensceocus foraminifers slso suggests a shallow depth of
the sen. Studies by ireland (1956, p. 836) indieste
thet arenscecus foraminifer spperently prefer the shallow
water environment of & regressive sea.

Uoliths sre often mssccisted with the "Terkio Cssgite”.
rettijohn (1957) states thet ocolites probably "indicste
sccumulation in 8 turbulent medium™, Moore (19529) postulate
ed the formstion of ooliths in shallow water with apprecieble
current action and assoclistion of bacteria.

A1l evidence seems to indic«te 8 ei;ur. shellow water
environment with a certain amount of turbulence. The
broken shell fragments whieh form the nueleus for the en-
crusting algee are even more positive proof of rether

vigorous wave or current asction. BSecsuse the algse completely
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cover all sides of the fragments, it is certain thet they
were cecesionally overturned and moved about. Inasmuch as
the algee oould not survive if they were buried benesth a
layer of fragments, the hesvy costings indic:te slow
scoumulation of the deposit.

Hecause of the marked sisze difference in the frsgments
of the "Tarkio Ossgite”, it may be possible to establish the
approximste source for the broken shell f#agatnts. it seems
logiesl to sssume that the coarser materiel will be found
nearest the po&ét of breakege, or near the eres of maximum
current and that the finer debris will be deposited away
from this point., The meximum covsrseness is observed at
Locality % 4 miles north of Dover and in the lower beds of
Locality 10. The osagite texture is considersbly more fine
at Locality 11, and is hepdly recognizable st Localities &,
12 and 13, 2 miles northeast of Dover. This seemingly
pleces the mexlimum Dreakeze zone or asres of strongest
current in the vieinity of Locality 9.

Whether the osaglite is related to the regressive
phase of the Terkio oyciothon is not definitely known,
it should again Le emphasigzed that many fectors other than
depth can be responsible for @& cheange in environment.
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Sumzary

The two Tarkio Lizestone lithologles are easily
distingulshed on the basis of gross lithology. HResults
of the acetate peel and Linsoluble residue studies indicate
thet these two units ocsn also be distingulshed on the basis
of mierctexture and insoluble constituents. The inscluble
residues of the ossagite bed are charscteriszed by an sbund-

ance of arenscecus foraminiferal fragments while the

fusulinid-besring Tarkio contains few srenscecus foraminifers.

Becsuse the osagite strats sre ineluded in the “type"
Terkio Limestone on Mill Creek, the name Tarkio is applied
to the sandy shale, arenacecus limestone, and the ossgite
limestone in Loecslities 1l to 1k, sz well &5 to the more
typlcal fusulinidebearing veds.

wWamego Shale

Histery and type loecslity.
The Wamego Shsle as defined by Condre and Reed (1943),

is limited by the Haple Hill Limestone above and the Tarkio
Limestone below. Jlts type loculity is in the bluffs north
of Ul.8. Highwsy 2§, 4 miles west of Wamego, Kansss. There
has been considersble revision of nomenclature involving
this unit.

The neme Plerson Folnt wes applied to shale supposedly
in the interval between the Tarkio and Maple Hill llinstonnn
by Condra (1927, 1949) from exposures found st Plerson's
Foint southesst of Falls City, Hebraske. It hes since been
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proved, however, (Moore end Mudge, 1956, letter from Heed)
thet the strata Condra hes cclled Plerson Foint lie between
the Terkio Limestone and an srgillscecus limestone in the
Wamego Shale. Therefore, the name Plerson Folnt has been
sbandoned, and the neme Wamego is offlcially recognized by
the stete geologicul surveys i the northern Mideontinent

region.

Distribution and thickness.

The Wamego is recognized from southesstern Iows to
west-central Osege County, Kensas. In the ares of study
the thickness ranges from 9.6 feet at Locality 8 to 4i.2
feet at Locslity 23. The sversge thickness in Shawnee
County is 13.5 feet. From Locslity 18 in northern Osage
County the Wamego thickens rapldly to the south, resching
its maximum observed thickness at Loscality 23.

Since the Tarkic cannot be reccgnized southward from
Locslity 26, it is not possible to sepsrate the Wemego
Shale from the Willard Shale in Lyon County. The combined
interval is called the Willard--Wamego Shale. Inssmuch as
the Maple Hill Limestone also disappesrs in the vieinity
of Emporie, the strata between the Dover Limestone and the
Elmont Limestone are oslled the Willard-Pillsbury Shale
south of Emporia. This interval attains a thickness of
50 to 60 feet.

The Wamego Shale member is divided into two pearts by
the Stormont Limestone in Ossge and Lyon Counties. For
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purposes of this report the lower shale interval between
the Terkio Limestone and the Stourmont Limestone is
recognized as ﬁansgol end the upper shale unit between the
Stormont and the Maple Hill Limestone 1s called Wamegoy.

Through the oo rtesy of Dr. wallsce B, liowe ol the
State Geologiesl Survey of Missouri, the writer has visited
eéxposures of the Zesndzle intervsl in northwestern Missourl.
There is no doubt that the bed previocusly identified as
Maple Hill in this ares by the Gecloglcal Survey of Nebraasks
is & poorly developed argilleceous limestone within the
lower Wemego Shale.

Dr. Howe believes that this unit corresponds to the
Stormont Limestone of Usage and Lyon Countlies Keansss
(personal communication Mareh 19, 1959). Inasmuch as the
Stormont cannot be treced northwsrd into Shawnee County,
the writer believes that this equivalence c¢annot be proved.
However, if this suposition is correct, the Wuutgal Shale
of this report should be cslled Fierscn Point Shale (see
Wamego Shale history p. 31). In the meantime, the use of
Wamego, and Wemego, seems preferable to the alternative of
introducing new member names in en interval slready
cluttered with obsviete nomenclature.

The thickness of Han-gol ranges from O to 23 fest,
while that of the Wamego, ranges from 10 feet to 27 feet.
Thicknesses increase to the south.



Lithology end psleentology.
The lithology of the Waemego Shale is variable scross

the sres of study. Underelay and associated carbonscecus
material or thin cosl within the upper 3 feet of the
Wamego sre the most persistent festures. Cosl or lignite
is found from Locelity 18 to Loeslity 27 in Usage and Lyon
Countles. The underclay-like muterial persists further to
the north, but the coel is sbsent in ocvservable exposures
throughout most of Shawnee County.

¥emepgo in Shawnee County. The lower peortion of the wWemego
in Shswnee County is generally green-gray to green-brown,
bloecky, to clayey shale. This blocky shale becumes more
fissile and micsceous in Loocslities 16 and 17. Lingula is
occasionally observed in these strats, Severasl appsrently
discontinuous cslearecus zones containing sbundant
dJuresanis, fenestrate and ramose bryozoans, Myslins,
Promytilus, erinold cclumnals and ostracods arc¢ noted in
this interval (Fig. 13).

forth of the Kansss River a prominent, wavy-bedded,
srenacecus limestone ils found in exposures of Wamego Shale.
This unit bes been ealled the "Grove Arenite” in the
sedimentary enalysis section of this report. The weathered
eolor rtés.s from medium Lo derk yellow-brown but fresh
surfaces are gray-brown to light tan-brown., Figure 14
illustrates the weathering character of this unit. Fossils

are abundant nesr the top. Dletyoclostus, lerbyis,



FlG. 13 vamego Shale and Haple Hill Limestone members.
Hote the more resistant calosrecus layerz in the shale.
{Loorlity 8, 8W 5W See. 29, T. 11 8., R. 14 B.)

x 3 A%

F1G. 14, Typleel westhering character of the "Grove
&Nnit‘no (il@Cﬁ}.igf iy, CHWL 8eoc. id, T. 10 .5 He ls hzw)
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Linoproductus, Juressnis, end sbundant brachiopod fragments
comprise the ms jority of the fauns. Large crinovid columnsls

are occesionally found., The "Grove Arenite” is Lest develop-
ed in Lbﬁalit&tt 4 and 5,

A similsr arenacecus limestone ias present at Loe:xlities
15, 16, and 17 in southern Sheawnee County. For convenience
this bed will be celled the "Jcuth Shawnee Arenite”.

From the discussion of "Tarkio Usegite” at Loeslitlies
11 to 14, it will be recslled thst the lower beds become
arensceous to the south and are sepsrated from the Usagis
bearing strate in Localities 13 snd 1. 4An attempt was
made to determine the true relastiomship between the "Grove
Arenite”, the "South Shewnee Arenite"™, and the geographically
intermediate "Tarkio Ossgite”.

Heospirifer is ebundant in the arenscecus beds below
the "Tarkio Osagite" and in two exposures of the "Zouth
Shawnee Arenite”, but at Loczlity 17 the ".outh Shewnee
Arenite” is unfossilifercus. Other fossil forms are neitber
abundent nor persistent, FPeel-prints of the three sendy
units indic:te thet the micrelithologles sre closely similar
and seemingly indicete the possibllity of correlation.
However, conflicting results sre obtsined from the inscluble
residue study. The totsl residue percent is higher in the
arenacecus beds of the "Tarkio Gssgite™, but the coarse
fraction percent is much larger in the “"South 3hewnee
Arenite”. OUn the other hand, the constituent pereentages
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of the cosrse fraction agree closely in the two samples.
The most significant observetions from fleld date are
the marked change in the thickness and lithology of the
sub jacent shale. The intervsl of 1.1 feet from top of
"Fusulinid Terkio" teo base of arenite at Loeslity 1L east
of Dover is composed of blue-gray, micscecus, silty, shale,
while at Loe:slity 15, 10 feet of hard, blocky, green-grajy
to lightegray, clayey shale are exposed benesth the “"South
Shewnee irenite™. Ustrecods were fuund in the washed shale
samples below the "Tarkio Ussgite™ at Locslity 14, but none
were observed in samples below the "South Shewnee Arenite™
at Loeality 15.
The writer suggests the possibility thet the
lithologically similer srenscevus beds discussed abouve
may be correlative, but the evidence is inconclusive.
Owing to the absence of conclusive proef ol correlation,
1 heve chosen to include the "South Shawnee Arenite" in
the Wemego Shale. The “"Grove Arenite” is similarly placed
in the Wamego interval.

Wemego, in Ossge snd Lyon Counties. The intervsl recognized
as the Wamego, Shele in Usage and Lyon Counties ls largely

coversd. Uslesrecus green to grsy shale with sbundsnt
limestone nodules st the top end bottom charscterize this
interval at Loeslity 19. Spines and shell frsgments are
found in the upper foot. Ik scuthern ezposures, the lower
one-halfl to two-thirds of the Wamego, is generally bloeky
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and the color ranges from green-gray to bpown. BSrschiopods
are occssionally found in the lower few feet, but fossils
are not observed elsewhere. The upper 5 to 7 feet become
8ilty and micscecus. The color renges from mediusm gruy to
grayegreen., The contaet with the Stormont Limestone is
gradational,

Yamego, in Osage snd Lyon Counties. Two foasiliferous,

cslearecus zones are generally recognized withis the Huu.goz
Shele interval., The lowermost of these units is best
developed at Locality 18 in northern Usage Counties. Une
and five~tenths feet of thinebedded, moderstely harvd,
srenscecus lLimestone containing very sbundsnt pesre-shore
invertebrutes is exposed. Hoderately highe-spired and small
plenispiral gsstropods, Septimyslinme, Myeline, Dictyoclostus,
fensstrate bryosoans, and sbundant broken shell fregments
compris: the feuns. In other exposures Dielasme, Com:

and Aviculopecten sre recognized. The lithology is
viriable, renging from hard, colitie, limestune to

celesrecus siltstene. The abundance of fossil fragments
persists.

The upper eslesrecus sone is generally represented by
0e3 to 0,7 fost of limy shale or srgillacecus limestone.
frodustid bruchlopods, peleeypods, gestropods, and erincid
columnels sre found in varylng abundance from sectiocn to
sestion, u'Connor, (1953) described the pelecypods Leda,
Ioldia, and Myslinej the gestropods Pharkidonotus Euphenus,



end Yorthenis from these units.

These ecalesreous zones sannot be recognized northward
from Locality 18, However, similar calesreocus strata are
exposed at Loczlity & nesr the Kensas River. 1t is
impossible to determine their relationship to the southern
exposures. |

The presence of underclay and cosl in the Sauosoa have
been previously discussed. Flsnt remsins and smooth,
unornamented ostrecods sre often found in this interval
and in southern exposures a fine, gray to brown, micaceocus,
sendstone is common below the undercley.

Environment of deposition.

Deposition in esrly Wamego time took place in & marine
envirconment which differed widely from that of the under-
lying Tarkio Limestone, ZExcept in Loeslities 19, 22, and
23, the bassl contuet 1s sharp. Gradationel contacts at
the sbove locslities mey represent mssking of the cslecium
carbonate deposition in lste Tarkio time by & large local
influx of argilleacecus msterisl.

The rere cecurrence of Linguls in this interval
coupled with the cccasional presence of thin fossiliferous,
calosrecus strata indicstes that these strats were deposited
in ghallow merine water. The ecalosrecus zones contain

abundent Juresanis, Mysline, Promytilus, bryozosns, and
ostracods, Although ostrscods csn adspt to any kind of

environment, Eliss (1937) cbserves that they are moast often
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associsted with the sow-cslled molluscan phsse in the
Midoontinental Fermian cyolotiems. Uther forms &rs more
indiestive, however, The presence of Juresanis, end the
thicke-shelled clams indicztes thaet the water deepened only
slightly during the deposition of these cslosrecus zones.

These csalcarecus strate may indicate minor tranagres:sions
of the ses. Un the other hand, if turbulence were reduced
beccuse of loesl restriction or current change, the scas
would become more clesr. The sbsence of masking clastiecs
would result in the appesrance of ¢slesrevus zones in the
sediment-ry record, Thus, & change in ses level iz not
necessary to explelin these minor irregulerities in the
shale deposition. Deposition far from the sediment source
is suggested by the fine-grained, blocky appesrsnce of the
shale.

Deposition of cley particles wes tesmporsrily interrupted
by the advance of the Stormont ses in the socuth., The
environment of Storment time is discussed in the following
section.

The ian.caz shale contains sparse marine fossils and
is charscterized by two extremely fossiliferous limestone
and limy shele units, Although the ineresse in abundance
of organisms and the deposition of caleium carbouste may
be the result of the shoreline being more distant beceuse
of & transgresaing ses, it seems more likely thst variation
of one or more of the environmental factors has brought
about this change.
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The micaceocus sendstone and silty shale often found
benesth the underclay in southern exposures is probably

- none-merine. There ls ne glesuconite in the sand, and no

fossils have been observed. Moore (1929, 1957) suggests
that this type of deposit is probably laid down by very
low gradient streams meandering acrcss & broad floodplein.
The particles sre transported, sorted and resorted by the
waves end currents in the shallow water &t the margins.
Weller (1956) poastulates deposition by subserial streams
with & gradient on the order of one foot per mlile. Sheet
wash is also suggested as 8 possible origin.

Underelasy snd coal are found within the upper 3 feet
of the Wemege Shele. There 1s consideradle controversy
as to the origin of underelay or "fireclsy". Uften poorly
preserved leaves and plant stems are found essoclated with
the elay. Twenhofel (1932) believes that they were
depusited in cosstel aswamps or xn‘peorly dreined aress.
Stout (1931), Abernsthy (1936) and others bellieve that
undereclay is subject to weathering and lesching prior to
swamp formstion and subseguent plant accumulation. Orim
and Allen (1938) conclude thst underelays were formed in
an aqueous environment, but whether they are marine or
nopmarine in origin is not determinable. The environment
sulteble for the formation of underclay was not everywhere
present in the area of study. In exposures where no under-
clay is found the shale which cecuplies the same stratigraph-
ie interval is spperently unfossiliferous, but it was not
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definitely identified as nonmarine.

The scope of this peper does not allow space for
presentation of the various theories of cosl formation.
It is generally believed that vegetable matter wes deposite
ed in swampy lands or broad delta and coastel plsin aress
under humid conditions., Vast quantities of materisl sre
required as only & small percentage is preserved and cun-
verted into cosl.

The thin shale above the wWamego coal is marine.
Inasmuch as the fossils observed are brachiopod spines
and shell fregments, a repid trensgression over the coal
forming swamp is indiceted. The thinness of these strata
and the appesrance of cslcareocus nodules indicates steady
transition toward deeper and more clear water which
culminated with the deposition of the Maple Hill Limestone.

Summary

: The wWamegoe Shele of Shawnee County contains prominent
arensgecus beds in some exposures. These units may be
egquivalent to the srenacecus beds of the "Tarkio Ossgite",
but results of this study neither confirm nor deny this
posaibility.

The Wamego Shale interval is divided into two parts
by the Stormont Limestone in Usage and Lyon Counties.
These units are recognized as hau.gol and H‘nlgaa. The
waa.xoz Shale is chearscterized by two fossilifercus,

calenrecus zones.



Stormont Limestone

History snd type losality.

The name Stormont was spplied to an arensceous
limestone within the Wemego Shsle of Ussge snd Lyon
Counties by U'Conner (1953). The type locality wes
established as B¥W Sec. 9, 7. 14 8., R. 14 B., Osage
County, Kansss. The Stormont hes been cocasiocnally
misidentified as Tarkio Limestone south of the point
where that fusulinidebesring bed pinches out. In at
least one previcus study the Stormont Limestone was
identified as Meple Hill Limestons (Wehyhaftig, 1952).

Distribution snd thickness.

In the srea of study the IStormont Limestone is
recognized scuthward from Loecslity 19 iz northern Usage
County. it is found in the Lyonm County exposures south
of Emporia, (J'Conner, 1953) and is reported in some
southern Kanses sections. DBeds of similer lithelogy are
locslly observed in Shewnee County snd slong the Missouri
Hiver bluffs, It is doubtful that these units ere
correlative with the type Stormont of centrsl and south-
ern Kansas., 7The thickness sverages 2.5 feet, ranging
from 1.5 to 3.6 feet,
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Lithology snd peleontology.

The Stormont Limestone at the type locslity is
represented by 2.2 feet of hard, medium to finely
erystalline, thick-bedded, srensceous limestune. Color
of the fresh limestone ranges from light gray to buff-tan.
Small shell fregments, erincid columnels, fusulinids, and
remose bryozoans characterize the fsuns.

Litholeogy of the Stormont is variable, but the
arenascecus texture is slways prtu‘n‘. 4% Locslity 25
#ix miles west of VUsase City, the Stormont is actuslly a
calearecus siltstone or sandstone as the inscluble frsction
is over 50 percent. Becsuse of the veriation in lithology,
the weathering charscteristics vary from ocuterop to ocutercp.
However, the bed is non-resistant to westhering in sll
exposures (Fig. 15). As & result, few sections are
availavle for study. In more westhered exposures the
slabby or wedge-like type westhering illustrated in
Figure 16 is observed in the Stormont. The Stormont upper
unit is generaily better conscvlidated than: the lower bed
or beds, and forms & more resistant ledge.

The Stormont is always very fossiliferous. Mollusks
ineluding the pelecypods Mysline, Orthomyeline end Aviculo-
pecten; snd the gastropods Bellercphon, and Phsrkldonotus
are sbundant. The brachlopods Hecvspirifer, Dictyoclostus,
Derbyis, and Composita are common and crinoid éolnnnaxo.
remose and fenestrate bryozoans, spsrse fusulinids, Ussgis-



PIG. 15. Hone-resistsnt weathering cherscter of Stormont

Limestone mombery. Note prominent eclesrecus atrates in

#am;gaz Shale sbove. (Loeslity 19, KE Sec. 9, T. 1k 8.,
Re 1 B,)

FiG. 16. Stormont Limestone showing slabby, weégs-lix&
appesrance of weathered exposure. {Laeality €, south side
3‘0. 2’ ‘f. 15 So’ Ro 13 Et) .



type algae and "Marksia®™ complete the feunal sssemblage.

The arenacecus texture, the presence of Hecapirifer,
and the high percentage of inscluble residue is suggestive
of the srensacecus units in the Wemego Ehsle of Shawnee
County ("South Shawnee #renite"). Decause of the impossi-
bility of "walking out"™ these veds, their exasect relation-
ships are difficult to determine in the field. The
preblem is rendered more difficult by the rapid thioning
of the ﬁmgox Shale in Loc:lities 19 end 20, A4t Locslity
18 the Stormont Limestone is ineluded in an sbnormsl
thickress of Tarkio, and the wmgol is not represented.

Results of the sedimentary analysis are more ccnelusive.
The constituents of the inscluble residues from the Stormont
and the “"Scuth Shawnee Arenite" are besically similer, but
there are no arenscecus foreminifers in the Shawnee County
sections. In esddition, the total end coarse fraction
percentages do not agree. Acetote peels illustrate &
similarity of texture, but close examinstion revesls minor
differences such as the greater percentage of ergillscecus
material in the "South Shewnee Arenite”.

In view of the evidence obtained by sedimentary
analysis, it is prcbable that the arenscecus units in
Locelities 15, 16, and 17 ("South Shawnee Arenite”) are
& loesl development within the Wemego 3hale, as previcusly
indicsted. Imn the opinion of the writer, 1t would be
unwise to correlate these units with the Stormont solely



on the bessis of lithologie similerity end position in
seotion, Therefore, the neme Stormont is not extended
north from Locslity 18 where the Stormont Lisestone merges
with the Terkio.

Some workers may inslist thet Stormont is & useful
term, and &t the risk of referring to none-equivelent beds
by the same name, will suggest thaet the name Stormont be
applied to lithologieslly similsyr units in this interval.
By following this practice, the shale units will be
entirely shale, end sll of the limestone units will have
names. However, confusion in nomenecle ture would likely
result in ereas where the so-cslled "Stormont" is not

present.

Environment of deposition.
A wigorous transporting mediom is indicsted by

the srenacecus texture of the Stormont Limestone. The
charscter of the basal contact ls everywhere gradational
indieating greduasl trensition towsrd an environment more
favorable for limsstone deposit.on. Lime content locresses
toward the top of the bed.

Few fossils are present in the basal portion of the
Stormont, but diverase faunal elements are sbundsnt in the
upper units. It seems likely that the leck of organisms
may be attributed to the excessive turbulence in the asess
of early Stormont time. The sccumuletion of fine sand
wes probsbly very repid. In middle snd lste Stormont time
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the inereesing depth of water and/or decresse in the
amount of turbulence crested more fevorsble conditions for
the growth of orgsnisms. Abundent Myelina, Aviculopecten,
ramose snd fenestrete bLryososns, common gestropods, snd
scsttered brachiopods charscterize the feuna. This
sasemblage suggests a shallowewater environment. Furtier-
more, the lesck of c¢lay in the inscoluble residues and
rather sbundant percentages o! arenscecus foramin.fers
indic:tes that the water may have been relatively clear,
end more quiet then in esrlier Stormont time. Sharp upper
contacts indicnte & repid change from lime-forming condi-
ticns as Stormont sedimentstion ended.

Iinasmuch as the percentage of coarse-fraotion of the
residue incresses in a scutherly direction, the source of
these sediments is inferred to be in the south or scutheast.
Suech an assumption ls risky conslidering the limited ares
studlied in this report. However, there is genersl sgree-
ment (Mcore, 1931; Dott, 1928) that s shoreline lay to
the south. The source ereas msy heave been in the position
of the CGumchits and Arvuckle Mountsins.

The possible correlation of arenscevus beds in
scuthern Shawnee County with "Tarkio G:ag&ﬁo' of the Dover
erea was dliscussed in the stratigrephy of the Wamego Shale.
in this section, these same arenscecus beds have been

suggested as Stormont eguivelents. II saech of the above
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relationships were valid, the Stormont Limestune of Usage
end Lyon Counties would be egquivslent to the "Terkio
Osegite™ in Shawnee County. Furthermore, becsuse the
osagite ce&n be treced into the Tarkioc st the type section,
the Stormont Limestons would be 8 facies or tongue of the
Terkio Limestone. This relstionship has been previocusly
suggested, There is marked similaerity of the “blotehed"
peels from these units st two widely separated Locslities,
(See Figas. 29 and 31.) However, it is the conclusion of
the writer th:t the results of field work and sedimentary
analysis do not favor the sbove interpretetion., The
possibility 1s not entirely eliminated but the conclusions

previcusly presented seem most probable.

¥Maple Hill Limestone

History end type locslity.
The Maple Hill Limestone wes nemed a&s & subdivision

of the MeKissick formetion by Condrsa (1927). The type
loeslity is on Mill Creek, scuthwest of Maple Hill, Kansas.
The Meple Hill Limestone waes recogniszed as & formation
by Moore (1920}, It wes reduced tv member rank snd defined
as the top unit in the Zeandsle by Moore snd Mudge (1956).
The Gecvlogleal Survey of Nebrasks has incorrectly
applied the neme Maple Hill to an srgillacecus limeatone
within the Wamego Shale. 4s & result, the nomenclsture in
parts of the northern Mideontinent region needs revision,
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The upper Wabsunsee strate as recognized and defined by
the State Geoclogiesl Survey of Kansas are spparently

correct end ahould be used ss & basis for revision.

Distribution snd thickness.

The Msple Hill Limestone is exposed throughout the
ares studied. It is sbsent outside the ares south of
Emporie in centrsl Lyon County, but spperently is present
in southern Lyon County sections (U'Conmnor, 1953).
Exposures of Maple Hill average l.i feet in thickness
ranging from 1.1 feet st Locality ¥ to 2.0 feet at Locality

Te

Lithology snd paleontology.

The Maple Hill Limestone is easily recognized. It
is generally exposed as a single bed with widely spaced
verticsl joints (Fig. 17). Lerge, rectangulsr blocks ere
often weathered out slong the outerop. Westhered exposures
bresk down intc shelly slebs as shown in Figure 18,

The fresh color of the Maple Hill is light to medium
greay. Weathered ccolors range from gray to light buff-brown,
and the upper surface commonly has en unmistakeble reddish
cast. Unlike the members previously discussed, the
lithology of the Meple Hill veries only slightly in the area
under consideration, everywhere being herd and fine to very
finely erystalline.
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FiG. 17. #¥aple Hill Limestone member showing widely spaced
verticaul joints and typlesl rectengulsr blocks. (Locslity
i. 3B Sec. 26’ To 1? ﬁ., R. la Lo)

PlG. 18, 8labby charscter of badly weathered exposure of
&a?le Hill Limeatoune. (Locﬁlity)zs. C¥L Sec. lu. T. 17 So’
R. 12 E,



The bessl contset of the Meple Hill Limestone is
gradetionsl into the Wemego Shsle. A thin fisslle,
calerevus shsle with sbundant cxlesrecus nodules is
found in most exposures. Becsuse 0f the poor Maple Hill
exposures generally esvalileble, the upper cuntact was not
ovserved in detail,

The faunel assemblage is charscterized chiefly by
an sbundarce of smell, slender fusulinlds. Crincid
eolumnaels and brschiopod {regments also are sbundant.

fhe brschiocpod genera Ulictyoclostus, Juressnis, Composits,

and runctosplirifer are recornived. iUnidentified broxen

shell fregments sre avundeant. Gastropods, reamose bryozo-
ans, the algee "Marksia" snd Uttonosis ere occesionally
found, Uttenosia is chlefly coun{ined to the upper one-
guerter of the bed., PFelecypods snd horn corals are rare
in the Maple Hill.

Irelsnd, (1956} identified the arenscecus foramin-
ifers frum the Snawnee and wabsunsee groups in northeast-

ern Kansvs., Ulomospire monogranule, Glomospira pusills,

and Ammovertells ineluss were descoribed from the Maple

Hill.

Epvironment of deposit on.

The uniformity of lithology end faunsl ecuntent in the
Maple Hill Limest .re hss been shown, indiesting that
environmentel conditiovns were similar over & widespread

srea. Abundant fusulinids attest thst the Maple Hill was
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depcsited during maximum ses depth. 4he common assocclstion
of orgenlisms generully considered to indicete shallower
water or closer proximity to zhore sugrests that the depth
may heve been less than that attsined in the Terkio cycle.

The Lesel contact is gradetionsl, indicating s less
rapid rete of transgression. Commonly the basal part of
the bed cornteins abundunt brachiopods, and fewer fusulinids
than the upper psrt. Many shells sre abraded indicating
that reletively strong currents were preaent in the ares.

The texture indicstes tnat the Maple Hill wss probably
deposited st & cunsidersble distence from shore. Moore
(1929) suggesta thet ses-botiom scavensers through continual
working and reworking of limy material mey modify the
sediments counsidersbly. FHowever, the presence oI unbroxen
microfossils implles thot the texture prubably is due to
originel desositiun.

Cttonoslia 1s coummenly found in the upper one-quarter
of the bed. According to Elies (1937 esle:recus elgeae
are poor indicastors of depth. Uenerslly they sre conf .ned
to the shullower sess., Therefore, thelr presence may
indicste shellowing of the ses or an advance oi the shore

connected with the initistion of the regressive phuse.

5“!5!%&?! .
There s&re no problems conrected with the identifl icetion
or correlation of the Meple Hill Limestone in the areas of

study. Sedimentery snelysis lndicetes thst the lithology
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and mierctexture of this unit are essentially uniform

north to asocuth.

Cillsbury Shele

The Pillsbury Shale includes the strata between the
Dover Limestone memier of the Stotler Limestone, snd the
Maple Hill Limestone member of the Zesndale Limestone.
(Hoore and Pudge, 1956) The type locslity is Pillsbury
Crossing on Deep Creek in Riley County, Kansss.

First study of the Pillsbury Shale intervesl waas by
Beede (lE898), He referred to Lhe strats between the
Uover Limestone and "Chocolete" (Terkio) limestone es the
Uover chale and Sandstone. The name Teble Creek “hale was
proposed by Condra in 1927 for the intervsl between the
Dover and Maple Hill members of the MeKissick formation.
This nsme was changed to Langdon when study at the type
loex1lity by Condre snd Reed (1943) indic:ted that the
Kaple Hill Limestone wss not present, and what had been
identifled as Terkio wes the blmont Limestone member of the
Emporia formstion, The nsme Pilllisbury was sdopted when it
was dlscovered by W, Searipght thst typs Langdon as
identiflied by Condra and feed wes sctually eguivslent to
the wamepo Zhele member of the Jeandsle Limestone (Hoore
and Mudge, 1956).

Lxposures of the Plllsbury Shele were not examined in
gdetall durling the course of this study. liowever s

pronounced range in thickness was observed., The rillsbury
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atitaing 8 thickpess of sbout 50 feet in the vicinity of the
Keansss Hiver thinning irregulerly tu svuut 3.0 feet st
Lxporia, It is impossible to differentiate the wWlllard

dhele from the Pillsbury fhele suuth of Exporia. The combined
thickness of the intervesl deslgnsted wWillaerd-#illsbury is
between 50 snd 66U feet.

In moat exposures the Fillabury cuitoins & tan or buff
sandstone ne:r the tup. This represents the bassl unit of
the Dover cjyelothem. The lower portion of the Fillsbury ls
gerer:lly & Clue-griy, blocxy, shesle charscterized by
sbundant ironstors coneret.cons. utConnor, (1953, 1955)

repcrted scuttered plent resains nesr thne center.

SELIMILETAHY ABALYRI1S

Agetste reel study

£ ounprehenslve study of limestune units in the lesndele
Limestore wes fucllitated by the prepsration of acetate
peelepr.nts. HKAnowledge geined from & study of scetate peels
is sivilar to thet obteined from normal thinesections except
that iluscluble cunstituents are notl resdily identilied in
the peeleprints. However, this disadvantese is ofliset by
the speed of preperatlic: and eese of study of ascetste peele
prints.

lnasmuch as insoluble residues were &lso studied
extensively in this report, it is dou tful thet the time

required for preparsticn, study, end photograpny of a



comprrable number of thinesectlions would be Justified by
more complete and accurate dote.

in the eourse of this study several deiinite lithologies
were noted., Since they weére rnot slways coextensive with
nemed units in the Jesnd.le, it seemsd desirable to establish
sn artificel nomenclature for the lithulogleslly and texturale
ly s.milep units as noted from the scetsie peels. These are:
"Fusulinid Tarkio®, "Tarkio Ussgite", snd "Grouve irenite", in
sddition to the Stormont, wamepo and Meple Hill.

A sumation of the dete cuwplled from peel studies of the
seandale Limestope is fuund below. The Individual units are
discussed under thelr amssigned heedings, but the sectual

stratigrephie position ia noted.
"Fusulinidé Terkio"

The massive yellowe-brown westhering Terklo Lirestone
forms the base of the Zeandele Limestorne. Typieslly, this
distinctive unit is characterized throughout by & prufusion

of the large, very robust fusulinid Triticites ventricosus.

To distinguish 1t from other Tasrkio litholosies, this unit
will be referred to as the "Fusulirid Terkio". It thins to
& feather eodge at Locslity 20 in central Ussge County.
Figure 19 illustrstes tre typlecal ergillscecus texture
end sbundance of fusulinids irn this limestoune. Figure 20 is
from the southernmost exposure of "Fusulinid Tarkio". Hote

that the texture and feune ere similsr in beth pleces.,
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FiG. 19 PFeeleprint of "Fusulinid Tarkio®™ (Xi) showing
argillscecus texture and sbundent fusulinids. (Loecality
20, CWL Sec. 9, T. 14 5., K. 1§ E.)

FiG., 20, Peeleprint (X4) from lest recognized exposure of

"Fusulinid Terkio™. Intense weathering has destroyed most

of the fusulinld structure. (Loceality 26, 3W 3eec. &, T. 17
S.’ Ro wgl)
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Although this unit remains essentislly unifora in gross
lithology snd a&»rolithélog:, minor shgagcu are interesting
to note. The basal contact of the Terkic Limestone is sharp
end well defined in the exposures of Shawnee County. in
the scouth, however, the contact becomes gredationesl snd limy
nodules are not uncommon in the upper & inches of the
Willerd Shele. Figure 21 shows that such & gradetional
contect is reflected in the sacetste peels. The "banded"
sppesrance in this basal sample 1is caused by @& varistion
in quentity of argillscecus material. This charscteristiec
festure is common in the basal semples from Ussge County.

gttonosis is more or less common in the "Fusulinid
Tarkio". In southern Shswnee County Uttoncsie is found in
the lower pert of the unit. It is loeslized nesr the top
in Usage County exposures, and is rere ino northern Shawnee
County sections. The relationships noted above are genersl,
snd the stretigrephic cececurrence of this slga is spperently
random., Figures 22 and 23 are peel-prints of Uttonosia.

At Locslities 8 snd 18 the typiesl "Fusulinid Terkio"
grades upwerd into & dense, very finely crystalline, algel (%)
zone, charscterized by an absence of Triticites (Fig. 24).



Fic, 21,

Peel-print of "Fusulinid Tarkic® (X4) showing

"banded" eppesrance in basal ssmple of Leeslity 19. (NE

FI&. 22'
Tarkio®.

Sec. §, T 14 8., K. 1 E.)

LU TLOeEl ity 22, NE Sec.

Ottonosias algse from ugperlfart of "Fusulinid

s To 15 8., R. 13 E.)
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FiG. 23, PFPeeleprint of Lttonosia algse, Xi. Hote assoecle~
tion of fusulinids, shell Iragments, end spires. (Loeslity
20. m& 3‘@. 30, To lh 3.. a. lli, 1;:0)

P16, 2. Peeleprint of dense slgel limestone at top of
Tarkio. X4j. This unit is chsracterized by en sbsence of
fasulinids., (Loeslity 18, C See 3, T. 1§ 3., Re 14 E.)



"rarkioc Usagite"

The "Tarkio Us:sgite”™ can be traced from Loeslity 8 st
the Kenses Hiver into Loeality 1i nesr the town of Dover.
in the north it is in aarcet'ecatutt with the underlying
"Fusulinid Terkio®™. To the south, however, it is separsted
by sandy shale whieh sttalins a thickness of 3.7 feet at
Loeslity 1ll. !faxmum osagite thickness is observed st
Locslity 10, where over £ feet of slgelecolitic limestone
is exposed sbove the "Fusulinid Tarkio". Figure 25 shows
the sub-colitiec texture, and Ussgis-cosnted shell fregments,
wiieh characterize this unit,

The "Tarkio Ussgite™ at Loecslity 9 (Fig. 26) is
ccarser acd more porous then normal. <he sub-colitie
texture 1s less obviocus due to the presence of sbundant
detritel fregments which are heavily costed with Ussgis.
Encrusted fusulinids sre common in this exposure. Cosarse-
textured osszite of & similer nature comprises the lower
3 feet in Loeslity 10.

The "Taerkic Ossgite®™ is represented at Loecazlity §
{Fig. 27) by 1 foout of sub-oolitie limestone interspersed
with very smsll Ussgis-encrusted fregments. The ossgive
is not recogniszed further north, but 1% apperently has
considersble areal extent in en east-west direction. \
Thirty miles to the west, st the type section of Zesndale
Limestore in Riley County, 5.2 feet of Usagis-couted



PiG. 25.

Peel-print of "Tarkio Ossgite"™ (X§) showing

oclitic texture and Ussgla-encrusted shell fregments.

(Loeclity 10, C

S 16. TC 12. 50. B. 13 Eo)

Sube-

3§



o

A

i
“f
)

Fli. 26, FPesleprint of "Twikio Vesgite® (X4} from Locality
Ge (CEL T 12 Sep Be 1) Eo) ““lﬁﬂﬂriff texture and
sbundanse of hesvily costed fusulinids.

Pit. 27 Fire textursd, subegolitlie appesrance ﬁfﬁ“%arhio
Jsegite” at northernmost exposure. Xj. (Loeslity O, OW 3w
aec. 39’ T 31 8,, R, l& e )
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detrital limestone is present. ¥Flgure 28 shows the
similerity of texture. Locality 1, 3 miles eust ol
Locslity & exhibits 5.1 feet of "Terkio Usagite" above
the "Fusulinid Tarkio".

The lower 1.2 feet of the osagite bed at Locslity 1l
is quite sandy and generally unlike previcusly cited
exposures, However the porous, detrital character is
retzined in the upper 2.2 feet. Figure 29 is & print of
the "Tarkio Osacite™ horizon from Loeality 12, only 1.4
miles from Locelity 1l. The osagite charscter is
completely lscking. This "blotehed™ texture is discussed
more thoroughly in connection ilth Stormont correlation

problems.,



FI1G. 28, Peel-print of "Tarkico Ussgite" (Xi) from Zeandale
type loeslity in Riley County. Coarse texture and Usepiae
encrusted fragments ere similer to Shawnes County exposures.

FiG., 29. "Blotched" texture of arglillacecus to arenacecus
besal beds of "Tarkio Ussgite® at Loecality 12. X§. (C3L,
Seec. 25, T. 12 8., R. 13 E.)
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Throughout Lyen snd most of Ussge Counties the Stormont

Limestone is easily recognized on the basis of gross
lithology and stretigrephic position. 4As previously

described by O'Connor (1953, 1955), the bsse of the horizen

renges from 10 to 28 feet above the Tarkio Limestone.

Results of this study indicste thet in &t lesst one exposure

the Stormont is in direct contsct with and greades intoc the
Taerklc Limestone.

Peel-prints show moderste locsl veriation in texture,
but the microlithologies observed remaln essentislly
constant. Flgure 30 illustrates the fime, srenececus
texture typical of the upper beds of the Stormont. The
lower Stormont is cherscterized by the "blotohed” appear-
ance shown in Figure 31.

At Loeslity 18 the Stormont Limestone is epperently
inecrporated in an sbnormsl thickness of Terkio Limestore.
Study of peel-prints at this exposure revesls the typiesal
"blotehed" texture of Stormont Limestone at the top of the
Tarkio (Fig. 32). It is elso interesting tuv note the
similarity of the "blotehing" in Figures 29, 31, and 32.
Since the unit from which Figure 29 was obtained can be
definitely traced into the "Tarkio Usasgite™, the possibili
of correletion between these two appsrently dissimilar
lithologies is suggested. 1t seems inadvisable to assume

such correlation on this besis slone, however,

ty



FPiG. 30. Peeleprint of upper bed of the Stormont Limestone
{Xl4) showing uniform very fine arensceous texture of the
unit. (Loeslity 23, SW 8W Sec. 11, 7. 15 8., R, 13 E.)

Flé. 31. Feeleprint of basal bed of the Stormont Limestone
showing the "blotehed™ texture exhibited by this unmit. Xi.
(m@ﬂlity 23. B% 8W Sesg. 11. Te 15 SQ' Re 13 Eat)



FiG. 32. Peel-print showing "blotehed® texture cheracteristic

of Stormont Limestoume. 3Sample obtalnsd from top of the Terkio

Limestone at Loecslity 10 where tie Stormont is incourporaied
into Terkie. (Xi)

"Grove Arenite”

Horth of the Kaens=s River in the genersl vicinity of
Grove, Rans«s, & wavy-bedded, srenacecus limestone is locally
welledeveloped., The asbale interval between top of Tarkio and
vase of arenite ranges from 3 to 9 feet.

The texture of this unit closely resemblez upper Stormont
Limestore. Figdro 33 shows the typiesl concentrstion of
argillisceous materisl in leyers, resulting in & banded appesre
ance, This banding contrasts with the lrregulsr, spotiy,

concentretions of argillescecus msteriel in the Stormont.
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FlG. 33, Peel-print of “"Grove 4Apenite" illustrating the
typical concentration of inecluded zrgillscecus msterisl in
layers. Xi. (Loeslity 4, CWL, Seec. 18, T. 10 8., R. 15 E,)

The msrked similarity of peel-prints suguests that
the "Grove Arenite"™ in the north mey be correlstive with
the Stormont Limestone in the scuth. These two beds ccour
in the same atrst igraphlic interval, but it is imposaible
to substantiste this similarity of sppesrence with positive
proef of correlstion. Nor can the "Grove Arenite” be
correlated with the "Tarkioc Usagite®. The Semile wide ares
vetween criticsl exposures of the two units lies in the
floodplain of the Kenses River end the beda heave been

removed by ercsion.
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wamego Shale

fo persistent microlithologies in the fow welle

consclideted strate of the %amego Shale were found in the
scetate peel study. Consolidated calcarecus gones were
sampled and studied in an attempt to establish some basis
for correlstion by microlithology. 4 typlesl peele-print

of & fossiliferous limy zone is illuastrsted in Figure 3i.
Vecasionally these strats could be deflinitely correlated
betwesn two sections, but the irregulsrity of the lithology
resulted in marked difference in the appesrance of the

acetate peels.

FiG, 34. Calcarevus zone Wemego, Shale. Hote qunoentration
of argillececus material within The brachiopod shells. X
(Lboeality 19, BE Sec. 9, T. 1 &., R. 13 E.)
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Meple Hill Limestone

The texture and lithology of the Maple Hill Limestone
is essentielly uniform from north to scuth, However, the
content of argillscecus meterisl incresses toward the pineh
out near Bmporia. The basal centaet is transitional in
almost every exposure. The high percentege of srgillacecus
materisl and the sbundance of brachliopod shell fragments
snd spines nesr the base are clearly shown in Figure 35.

Fusulinids end crinoid remains dominste the faunal
assemblage above the bassl & ineches in the Shswnee County
srea (Fig. 36). A locslized mierclithology was discovered
in gsections £ end 9 nesr the Kansas River. Figure 37
shows the dense, fine~grained texture and dark algsl (7)
eircles and bands. This micerolithelogy cculd not be
identified at other localities.

Argillsceocus texture along with & reduced guantity of
fusulinids and an svundance of encrusting algee is typiesl
of the southernmost exposures (Fig. 38). Algae are common
in the upper part of the bed throughout most of Lyon and
Usage Countles. Qttonosis is more or less abundant et the
top of this unit.
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FiG. 35. Peeleprint of Maple Hill Limestone showing
sbundence of braehlopod fragments spnd spines nesr the buse.
m- (Laeﬂlity 21. RE Sec. 30’ T. m go. Ke m B.j

Fi1G. 36. Typlesl texture of Naple Hill Limestone in northern

exposures showing sbundent fusulinids, gastropods, crincld

eolumnals, spines and shell fr:gments. X§. (Locelity O, 8w
8w Sec. 29, T. 11 5., Re 1§ B.)
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FlG. 37. Loecslized development within Maple Hill member.

park cirecles and bands are algal (¥). Gecssional fusulinids

snd brachiopods are found, xﬁ. (Locality 9, CSL SE Sec. 12,
To 12 s-’ Ko 13 KQ)

Fig. 38. Peeleprint ifllustrsting srgillacecus texture of
Haple Hill near the last recognized exposure at Eaporis.
Eho ‘Lo@&lity 31, GC8L Sec. 3. T. 19 Su. B, 11 E.)



V/

73

Inscluble residues are the materisls remaining after
the digestion of caleareous roek in scid. Hydrochlorie
scid was used in this study becsuse of its relatively rapid
digestion time, Wahrhaftig, (1952, p. 20) cumpsred semples
prepared with both scetie and hydrockloriec acid snd noted
no difference in the guality or quantity of the residue.
However, Ireland (personal communicetion, Msy, 1959) has
discovered thet phosphatic remsins which are destroyed in
hydrochloric eacld cen be obtalined by using sn scetic eeid
treasiment.

Table 1 shows 5 classifiestion of the insoluble residues
of the Zeandsle Limestone. Each of the constituents is
discussed under its proper hesding. Appendix D is a
tabuletion of the percentsges of sll the inscluble residues
prepared in this study. 7The weights from which percentages
were computed have been omitted from Appendix D for the
sske of simplicity. Generally weight of the original sauple
was 20 grems, but eeeataionhlly 83 much as 30 grems wus
used.

The percentage of covarse-frasction sonstituents from
esch sample is tebulated in Appendix ¢ using the deseriptive
terminvlogy of irelsnd, et. al. (1947).

A summary of results from the residue study for each
member of the Zeandasle Limestone is included following
Table 1.
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'. Teble 1. Clessification of the insocluble residues of the
Zeandale Limestone., *
I. Ellogenice-Constituents derived from previocus sediments.
1. Quarts ssnd
2. Feldspar
3. Mieoa flakes, chlefly muscovite
Lo 5118, cley, snd argillscecus materisl

il. Authigenic-~Constituents formed contemporarecus with or
subsequent to deposition of the sediments.

L. Syngenetic~-Contemporenecus constituents
1. Fosalils
£. Glauconite
3. Cerbonscecus msterial

“— 5. Epigenetie--Subsequent constituents

1. Secondary qusris
2. 8ilicified fomsils
3. Beekite

C. Syngenetic or Epigenetiec
1. Pyrite
2. Hagnetite
3. Limonite
4. Chert
5. Gypsum
6, Celeatite

#0lessification modified from Ireleand (1936).
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Tarkio Limestone

The total inscluble residues in the Tarkio Limestone
range from 2.7 percent st Locality 1 to 48 percent at
Locality 12, averaging epproximstely 10 percent. It is
interesting to note that the aversge percentsge of total
residue increases to the scuth. In the Kensss River ares
the eversge is 7 to § percent. At the most southerly
recognized exposure of Tarkio (Loeality 26) the residue
percent is 18.6.

iron oxide wes removed from samples of Terkic Lime-
stone by boiling the residue in hydroochloriec acid. Frercent-
sages computed from representative sections revesled that
iron oxide composed as much &s 13.7 percent of the originel
sample and 56.7 pereent of total residue. The average iron
oxide content is 30 percent of the residues prepared from
fresh samples. dJdreatest amounts of iron oxide asre found in
southern Shawnee County and in the vieinity of the Kenses
River.

The cosrse fraction ranges from 0.1 pereent to 20.7
percent, aversging sbout 3.5 percent. Wahrhaftig (1952,
pe 57) suggests that the very low percentage of coarse
residue and the high iron oxide content can be used to
distinguish the Tarkio Limestone from other Wabaunsee
limestone formations.

Dominant constituents of the coarse fraction are very
fine, subangular to subround, frosted quartz sand, arenaceous
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foreminifers end clay eggregates; the remalining oconstituents
are chiefly pyrite, celestite, mica flakes, snd silicified
fossil fragments. In & given sample, one or more of these
minor constituents may comorise & ms jority of the totsl
residue.,

It is possible to distinguish the well-developed
"Terkio Usegite™ in the Kansss Hiver srec on the basis of
inscluble residues. The 5.7 percent average total residue
is smaller than the 10 percent sversge noted in the typlcal
Tarkio. 4 more significant observation is the marked
incresse in the average percentage of the coarse constituents.
The average from the “"Tarkio Ussgite®™ 1s 23.7 percent as
compared with 3.5 pereent in the typiesl Terkio. In addition,
arenccecus foraminifers, which sre lese sbundant in the
fusulinid besring Terkio, become the dominant constituent o
the ccarse fraction in the "Terkio Usagite". They commonly
form 70 percent of the total residue, and sverage over 55
pereent.

Stormont Limeatone

The inscluble residues of the Stormont Limestone
renge from 9.5 to 66.2 peroent of the originsl ssmple. The
Stormont lithology is variable md #s & result the residue
percentages are not uniform, However, the percentage of
total residue is slmost always much higher than other beds
studled, eversgiug sbout 22.7 percent. The residue content

ineresses irregul:rly from north to south,
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The coarse fraction sverasges 30.08 percent of total
residue, ranging from 11.2 pereent et Locelity 19 teo 93.8
percent st Locality 29. The cosrse-fruction constituents
of the Stormont Limestone are charscterized by sn sbundance
of very fine, subangulsr to subround, locse, ssnd grains
composed chiefly of feldapsr aud guartz. 3IStormont residue
is ceccasionally composed of 90 percent ssnd. Aprenscecus

rroraninitcr: and muscovite are always present, but amounts

very. Clay aggregetes make up & large proportion of the
residue in some samples, but are not charscteristic of the
unit.

Une of the primsry objectives of this inscluble residue
study was to estsblish with more certainty the stratigrsphie
relationshiip of the Stormont end the srenscecus beds of
southern Shewnee County ("South Shewnee irenite®). Anslysis
of the residue from Locality 17 shows that both the total
residue and the cosrse-frection (34.8 and L5.3 percent
respectively) are higher than the Stormont aversce, and
considerebly above the Stormomt st Locslities 18, 19, snd
20. In addition, there are no arenaceocus foraminifers in
the srenscecus beds st Locality 17. Known Stormoent samples
contein an average of 17 percent arensgecus foraminifers.

It should be pointed out, however, thst the aise, shape,
and composition of the send from the “aouth\shtnnnc Arenite®
is simliler tc those of Stormont residues.

Anslysis of the residue from the "Grove Arenite” in
{ocalities 4 and 5 show thet inscluble residue comprises
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52.9 percent of the originsl sssple. The cosrse fraction
forms T4.2 percent of the total residue. The situstion here
is similar to that described for Locality 17. Although the
constituents are comparsble except for a complete lack of
arensgecus foraminifers, the percentsges of total and ccirse=~
fraction residues are even further frum the average of

Stormont insoluble residues.
¥aple Hill Limestone

The perecent of totel residue in samples of Meple Hill
Limestone ranges frem 5.5 at Locality 7 at the Kansas Hiver
to 20.6 at Loeslity 19 in northern Ossge County, aversging
. about 12,7 percent. The residue percent of Maple Hill
Limestone es noted by Wehrheftig (1952, p. 59) renges from
23 percent in sample B-M24 to 36 percent in semple B-Ml,
These figures are considersbly higher than these for any
samples of Maple Hill collected for this study.

The writer has visited the exposure described by
Wahrhaftig (op. c¢it.). There is no doubt that the rocks
identified as Maple Hill Limestone at this loecality sre
sctually Stormont Limestone. This explains the unusually
high residue percentages previcusly reported.

The average of the cosrse fraction of the insoluble
residues in the Kansas River eres is 14.9 percent. However,
throughout the remsinder of the ares of study the aversge is
only sbout 7 percent. The unususlly high residue percent in
the vicinity of the Kansss River is due to the high percentage
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of the heavy minerals celestite and pyrite. Fine subanguler
to subround, frosted sand, foraminiferal fregments, and
muscovite commonly form the dominant constituents of the
coarse residue. Minor amounts of beekite, cerbonacecus
material, and clay sggregates are often present.

The insoluble residues of the Maple Hill Limecstons do
not possess any unigque charscteriastic on which eorrelestion
could be bssed,

Acld Btehed-Bleck Study

In the present study, only a limited number of lime
stone blocks were prepsred scocrding to the technigues set
forth by Lamar (1950) snd Ives (1955) for etchedeblock
cbservation., However, esch of the partislly etched blocks
used for the prepsration of acetate peela was atudied in
detall under the blnoculsr miercscope.

Etched-blocks contributed little information on texture,
grain-size, and srrengement of non-esrbonsates which may not
be obtalned by previcusly desoribed technigues.

The nsture and arrengement of ooliths in the porous
"Tarkio Usagite"” was more resdily distinguished on the etched
surfece than from the scetete peels. fHowever, more compact
units were desceribed with equal sccurecy from the peel surface.

it was observed that although the orientetion of inascle
uble meterisl is readily determined on the etched block, it
is d4ifficult to estimete the percentage of this meterisl.
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Ibip-3ection Study

The subevolitic nature of the "Tarkio Usagite” was well
illastrated in the thine-sections. The details of the
enerusting Ossgis could be best observed in this method of
snalysis. WNote the successive layers coating the shell
nucleus in Figure 39.

The higher megnifications of the polerising micrcscops
revesl & very thin algsl costing sround some of the sand
greins in the Stormeont Limestone st Loeslity 23. Thine
sections of the "Grove Arenite® do not exhibit this festure.
- Possibly a more detsiled study would present more evidence
concerning possible correlation of these units. The
abbreviated study here compicted, however, will neither
confirm nor deny this posslibility.

in the opinion of the asuthor, results of this study
indleate thet detalled sexpling and preparation of thine
sections would not signifiesntly add to the knowledge
obteined by other methods with the possible sxception noted
above.

Inasmuch as & considerably larger ares csn be observed
on both the scetate peels and the etehed-block surfaces,
these methods of snalysis sre judged to be superior to thine
sections for ordinary micro-texture description. In addition,
the time required for their preparation and study is

consideredly less.
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FiG. 39. 7Photomiorograph of Ussgia-encrusied shell {rsgment.
Apprcximt.lr X0 ({J“ﬁlit’ é’) - ; BE See. 28' ¥, 10 Sep Re
9 E.
Shale Stud

-

In an effort to detérmine the correct relationship
between Stormunt, "Tarkio Usagite”, "South Shewnee 4renite"”,
end "Grove Arenite™, the shale semples between the Tarkio
and the above units were examined, '

The weshed residue from Locslities 5 and 17 are found
to be remarkedbly similer. Lithologieslly end mineralogically
Loeality 11 is elso similer, but abundant ostrecods character-
ize the unit at this exposure. Further to the south, beneath
beds definitely identified as Stormont, the snale is silty

and contains poorly preserved spines and shell fragments.



This problem was discussed more thoroughly with the
stretigraphy of the Stormont Limestone.

Abundsnt marine fossils were found in the lower 3.5
feet of the Wamego Shale at Looslity 8., These were meinly
shellowewater invertebrates ineluding Juresenis, remeose and
ferestrate bryozoans end sbundsnt ostrscods, Un the other
hand, no fossils were found in the lower Wamego &t Looczlitles
5, 15, and 17,

Ustracods and plant fregments were found sssociated
with the underelay-like msterisl just below the Maple Hill
Limestone in Locality 19. At Locality 5, plant fragments
elternsting with underclay msteriasl are avundent 1.7 foot
below the Terkio Limestone.

The value of this sheale study iles in the information
cbtained pertaining to the interval between the Terkic and

arenscecus units in the genersl Stormont position.

LELNDALE CYCLOTEEMS

introduction

Hoore (195C) hes clessifled the strate of the northern
¥ideontinent region into s .mple and complex sedimentary
eycles. The complex eyocles are charseterised by megse-
eyclothems, thet is, regulsr sequences of incomplete cyelo-
thems, Cyeles of the Wabsunsee Group are much more simple,
exhibiting & regular succession of beds from nonmarine
sendstone to shale, underclay, covel, msrine shale and lime-
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stone. Moore, (1935, p. 25) describes the menmbers of &
typiceal Websunsee cyclothem as shown in Table 2.

Teble 2. Members of typlesl Wabaunsee group eyclothem,
{after Moore, 1935)

+Bee,9 Shale, mostly unfossiliferous, marine or nonmsrine.

«7 Limestone, lighte-grsy, algsl, in meny cases sandy
to conglomeratic, or coquinoid, locally ocelitie,
may contain numercus mollusks, merine.

6 Ehale, commonly somewhat sandy, marine.

5 Limestone, blue to gray, weathers brown, granular
to dense, massive, contains more or less abundant
fusulinids, leas commonly braechlopods, bryosoans,
and orinoid remsins, msrine.

oy Shale, elsyey, in many csses with rich molluscold
feuna, marine. '

+J) Limestone, blue-grey, dense to shelly, contains
numerous mellusks, especislly pelecypods, and some
brachiopods, erincid remalns, ete., marine.

«2 GShale, clayey, commonly contains and other
pelecypods, &%g. Ehonetes, Lineproductus, and
bryozoans, marine.

«le Coal, continental

«lab Shale, ssndy to clayey, top few inches in some
cases constituting underclay of the coul, may
eontain plant fosslils, continental.

.0 Sendstone, shaly to messive, may contein fragments
of plasnts, continental.

Wabaunsee cyclothems are charecterized by a dominance
of clastics over limestone, however, in genersl, the thin
limestones and cosls perasist over & wide srea.

The Zesndale Limestone inecludes the regressive phase
of the Tarkio cyclothem and the transgressive phase of the




Maple Hill eyeclothem, but the complete seguence of the
ideal eyelothem is seldom, if ever, observed at a single
exposure. 4 more detsiled discussion of individual members

follows.

Moore, (1935, 1950, 1957) cites the Maple Hill
Cyeclothem as the typlesl Wabaunsee oyolic seguence, Figure
49 1llustrates the relstionship between the cyclothemie units
and the stratigrephic units (after Moore, 1950). rFheses .0
through .2 are found in the Wemego ihale member, phases .3
through 7 in the Maple Hill Limestone member, and the thick
& and .9 phases in the Pillsbury Shale.

In the sre: covered by this report, no eXposures were
found in whleh all of the ideal units are represented. For
example, the bsesal asndstone was recognized only at Locality
28, but the silty shale end underslay of the .lab phese are
almost always pressnt. The . le or cosl phase is found in
varying degrees of development in socuthern exposures, but
it 1s not recognized north of Locslity 20 in Ussge County.

The mollusean .3 msmber of the Maple Hill Cyelothem is
definitely recognimed only &t Looslity 21. 4 more sbundant
molluscan fsuna in the base of the Maple Hill Limestone in
other sections is interpreted as representing this phase.
Likewise the presence of encrusting slgese in the upper onee
quarter of the bed may signify the regression of Meple Hill
seas., The alges may be interpreted as being releted tv the
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Pillsbury Shale
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Maple Hill Limestone

MAPLE HILL

Wamego Shale

Fig. 40. Graphic section of Maple Hill Cyclothem showing ideal succession

of cyclic phases C(after Moore, 1950 ),
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«7 phsse, but if this is true, the .6 phsse is not present.
The .5 and .9 members in the Fillsbury Shale were not
studied in detail.

Iarikcio Cyclothenm

Flgure 41 is s grephic representation of selected
exposures of Zeandsle Limestone showing the relationship
between the cyollc members and the strstigrsphie members in
the Tarkio Cyoclothem. Cyclic members .0 through .2 are found
in the Willard Shale, end the Tarkio Limestone represents the
«5 and possibly the .3 members. The remeining eyclic members
are found in the ¥amego Shale.

The nonmarine sandstone, phese .0 of the typiesl
cyclothem, is seen only st Loeslity 3. However, silty strats
identified es the .lab nonmarine phase are always present.
The underclay is rarely developed in the Terkio eyele. It
was observed only at Loeslity 5. Plant imprints and esrivone
aceous streaks sre found within the clay.

The initation of merine conditions is theoretically
merked by the sppearance of phosphatic inarticulste brachlo-
pods, but shele ldentified as the .2 phese is generslly un-
fossiliferous in the Tarkio Cyclothem. Nolluscan faunes are
cbserved only et Locality 21. Elsewhere the boundary of the
«2 member was placed at the first eppesrance of calesrecus
shale.

Inssmuch as the .3 eand . phesea are not definitely
recognized, the transgression to maximum ses depth was
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apparently very papid. BHumerous brschiopods and orinolid
remains occur in the besel part of the Terkio Limestons at
some loeslities and are interpreted as probably represent-
ing the shortelived .3 phese. The .5 member indiecating
maximum transgression is always well-developed.

Members .6 through .9 of the regressive phase sre well
represented in the vicinity of the Kansss River. The eyelie
significence of the arenscecus limestones at Locality 5 is
uncertain, Although the positicn snd genersl lithology
correspond to the description of tie .7 member, there are
no algse in the bed (Fig. L0). Nevertheless this bed is
tentatively assigned to the slgelemplluscsn .7 position.

No fossils sre observed im .0««.9 shale which is generally
brown-green to yellowe-gray. 1t was not possible to
determine the marine or nonmsrine origin of these phases.

The members of the Tarkio cyclothesm sre generslly
welledeveloped in the vicinity of the Kansas River. They
are poorly-defired and diffiecult to recognize in Ussge
County.

Summary

The existing literature emphesizes the remerkable
uniformity of the eyecllie units in the northern ¥ideontinent
region. A broad, reglonael study would undoudbtedly lesd to
this conclusion. ﬁmﬁr. if the ares studied in this
report is & representative one, the details of loecal
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stratigraphy are often complex and the postulsted
persistence of units does not exist.

Heverthelesas, the cyclic charscter of the Zeandale
strata ia irrefutable. Absence of one or more phases of
the typicsl cyclothem in & given ares, or the appesrance
of "extra™ veds, does not inveladaste the cuncept.

The ultimate csuse of cyelie sedimentstion is unknown
&t the present time. A discussion of the veriocus theories
will nét be attempted here. 7The interested reader is
referred to Noore (1929, 1957), Weller (1931, 1956) EZtcut,
(1931), van der Heide (1948) end Wanless snd Shepard (1937).

SUMBARY AND CUNOLUSIONS

1. The Zeandsle Limestone (Virgilisn Series, Wabsunsee
Uroup) contains three generslly recogniszed members which
cen be distinguisted on the baslis of gross lithclogy. Inm
descending order they are the Maple Hill Limestone, the
Wamego Shale, and the Tarkiv Limestone.

2. 7The Zeendale is bounded by the overlying Pillsbury
Shale and the underlying Willsrd “hale.

3. The thickness of the Zesndale Limestone incresses
to the south.

h.' The Zeendele forms & prominent escarpment in
Shewnee County, and exposures are good Iln this area.
However, the predominance of clssties in the Zeandale
interval to the south results inm little or no topogrephiec

elevation.



S, In the sres of study the Maple Eill Limestone
member is relstively constant in thickness and lithology,
but it is not recognized south of Emporia in centrel Lyon
County.

6. The Wamego Shale member is divided into two parts
in Osage snd Lyon Counties by sn arenscecus limestone
salled the Stormont Limestone.

7o The Stormont Limestone is incorporsted in an
abrnormal ‘mmkmu of Terkio Limestone at Locslity 16,
end is not definitely recognised north of this exposure.

8. Where the Stormont iz present, the shale below is
cslled Wamego,, and the shale above is called Wamego,. The
ﬁaugca is characteriszed by twe cslesreous, fossiliferous
zones. ‘

9. The Tarkio Limestone member may be tentstively
identified in the field by the presence of very lerge,
robust, friticites ventricosus.

10, The Tarkloc Limestone member thins southward to e
festher edge end is not recognized south of T. 17 3. in
Usage County.

11. South of the point where the Tarkio pinches out
the interval is called Willsrde-wamego 3hale. South of
Emporis where the Maple Hill is not recognized, the intervsl
is ecalled the Willard-Pillsbury Shale.

12, Acetate peel and imsoluble residue studies are
superior to other types of sedimentery analysis for this
type of study. Etohed-blocks, and thine-sections did not
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contribute significently to the knowledge previcusly
obtained. ;

13. The seversl distinetive mierclithologles that were
recognized from the study of acetate peel were often not
coextenasive with named stratigraphie units,

il The Tarkio Limestone may be identified with
reasonable securscy on the bssis of the very low percentage
of eoarse-~fraction and high iron oxide content in the
insoluble residues.

15. The Stormont Limestone 1s charscterized by & very
high percentage of subanguler to subround, very fire sand
greains of feldspar and quarts, in the course fractiocn of the
insoluble residues.

16. A massive Usepis bearing bed which is sepsrsted by
shele from the Tarkic Limestone in southern exposures (e.g.
"Tarkio Usagite™) can be trsced northward ilnto the Tarkio
Ptype" locality, and therefore is deseribed as & pert of
the Terkio Limestone in this preport.

17. On the bssis of sedimentary snslysis and fleld
evidence, the srenaceocus beds in Shawnee County (e.g.
"Grove Apenite" and "South Shawnee Arenite™) have been
pleced in the Wamego Shale and sre probsbly not equivalent
to either the Stormcvnt Limestone or the "Tarkio Osagite®.

18, The faunas of the Tarkio and Maple Hill Limestones
are characterized by & dominence of fusulinids. This is
interpreted as representing deposition in 8 far off-shore,

merine envircnment.
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19. The fauna of the Stormont indicates a nesre-shore,
marine, depositionsl environment.

20. The foessiliferous, eslesrecus zones within the
Wamego Shele mey represent minor advences and retreats of
& shallow sea.

2l, The incresse in clastic material to the south
suggests an approach toward s shoreline. The source may
have been in this direction, but other possible socurce
directions cannot be eliminated from the results of this
localized stady.

: 22, The Zesndale strates comprise the regressive phase
of the Tarkio Cyelothem, and the transgresaive phase of the
Meple Hill Cyclothem. The "idesl” Wabasunsee oyclie segquence
is not completely developed in eny single exposure.

23. Underclay end cosl representing the .lsb and .lo
phases of the HMaple Hill Uyclothem persist throughout most
of Lyon and Osage Countisa. The underclay is seen to the
north in some Shawnee County sections, but coal is uét

observed.,
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APPERDIX A
ME/SURED SECTIONS OF ZEARDALE LINESTOHE IS NORTHUEASTERN KANSAS
Locality 1
Type section of Zeandsle Limestone. SE HE NE See. 28,
Te 19 3., B, 9 E., Riley County, & ong northe-south farm access
road south of Deep Creek tv top of hill.

Thickness
feet

Zeandale Limestore (36.9 feet)
Maple Hill Limestone member (1.9 feet)

10. Limestone, light blue-gray, westhers
light buff-brown, hard, very firne graine
ed, thinebedded; abundant slender
fusulinids, Ottonosis elgse, brachiopod
LFreagments « « o ¢ ¢ ¢ s o 2 o o s 6 & » 1.9

¥amego Shale member (15.6 feet)

9. Shale, brown, oslcarecus, fissile,
gredes into Maple Bill ¢ ¢« « ¢ ¢ ¢ o o & oy

8. Shale, blue-gray, elayey, in part
underclay~like, salternsting with
sarbonacocus materieal .« ¢ ¢ ¢« 4 ¢ ¢ o 4 o 3.6

7« Shele, green~brown, blocky, avundant
Linguls

® & % F & B 2 9 & & B B " & 2 @ 9‘3

6. Shale, grajy-brown, platy, no fosails
03..?:“ * s & o : . & o’o * s % 8% 8 & @ 203

Tarkio Limestone member (10.4 feet)

5. Limestone, dark gray-brown, weathers
very dark brown, moderstely hard,
medium to fine grained, thin to medium
wavy bedded; agia very abundant
large robust fusulinids apd hﬂohiapod
fragments, abreided and algsl cuated, :
erinold columnels « « ¢ ¢« ¢ ¢ ¢ ¢ & ¢ 0 501



Loocslity 1

be

e

L (Cont'd)

Thickness

feeot

Limestone, light gray with red cast,

weathers dark gray~brown, herd, very

finely ocrystalline, massive, stylolites,
vuggys numerous large robust fusulinlds,
erinoid columnala, gag at top, sceti-

tered shell fragmentd ¢« « ¢« ¢« « s « » + & 2.5

Limeatone, light rede-grey, westhers light
liow~tan, very hard, very finely crystal-
ire, thin, wavy mm&; lerge fusulinids
LG OROBRTL L S dium brachiopods,
erinoid columna a. Uttonosia 8lEee + + « « 2.7

Willerd Shele (29.7 feet)

Ze

Sbale, mostly covered, interval :
GPPYOXLIMALE « + « o 4 4 4 4 4 & o s s s« 297

Empories Limestone
Elmont Limestone (2.1 feet)

1.

Loeality 2

Limestone, bluew te light gray,

weathers light tan-brown, heprd, medium

to coarse orystelline base, fine and
conglomerat 1o st top} &, other
brachiopods and Pelecypods « « « « « « « 2.1

Section messured in the HE Sec. 2, 7. 10 8.,
K. 14 E., Shawnee County, in gullys sbove stock pond
and in stream to south.
Zeandeale Limestone (24.9 feet)

Haple
14,

2111 Limestone member (1.4 feet)

Limestone, red-gray, westhers gray-tan,

hard, slabbyj crinoid columnsls, slender
fusulinids, pelecypods, small

and other brachiopeds, bryczosns, very
sbundant Uttoncsls in upper hslf . . . « 1l



Looslity 2 (Cont'd)

Thickness
fest

Wemego Shele (21.2 feet)

13.

12,
il.

14,
G

8.

Te

G.

Shsle, derk gray, clayey, siltstone .
POPLIDES o o o o o ¢ 5 6 4 o 8 o s v @ S0

Zhale, bluck, Plﬂt, s b % s 9 s g o2

Shale, medium gray, clayey, plant remalns
In upper part o o« o o o s v o ¢+ ¢ s v o 5.3

Shale, dark gray, DLocky « « « ¢ ¢« ¢« o o« 2.0

Limy,shale nodules, yellow-brown, non
resistent} pectenids, brachlopods,

erinoid columnals + ¢ o o o ¢ ¢ + s o @ oly
Shale, green to yellow-brown, clayey, : -
MOSELly cOVEred .« » ¢« + ¢ 4 & v 0 v e o0 0 &.&

L.imestone, yellowebuf{, irregular, non
resistsnt, gastropods, brachliopods,

erinold eolumnals, pelecynods, aspinss,

@ll very sbundant « ¢« ¢« o o ¢ ¢ 5 ¢ & o 1.3 s

Covered 1ntervel ¢ « o ¢ + ¢ o o 9 ¢ s » 2.2

Tarkio Limestone member (2.3 feet)

S

Limestone, derk brown to gray-brown,
weathers light yellowebrown, masszive}

§g§§§§gggﬁgggg, foe 8, and other
rechlonods, amall horn corsals, ggfggg.
g&%gggg*g, remopse bryoczoens, crine

columnals at top, sperse fusulinids in

lower one foot, abundant elsewhsrs ., « . &.3

Willard Shele (7.)l feet exposed)

'

3

Shale, greene-grsy, silty, eslearecus,
nodulay at top, grodes into Terkio . + . &

Shale, yellowebrown $o grsy, clayey, no
foasilas oLEOPVEE o« 4 o s & & & ¢ 5 5 5 @ 105
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Locelity 2 {Cont'd)

Thickneas
feet

£. Shele, derk gray, silty, micececus,
upper halfl more claysy with numerous
plant fossils and carbonagecus meterial . 2.0

1. Sbale, derk gray, silty, very hard . » + 3.0

Locality 3

Ssction measured CSL 3% of lec. 9, T« 10 5.,
R. 15, E,, Shawpes County, in eust-west ruad Ri
of large stock pond and in gullys sbove pond to
esst.
Zeandale Limeastone (1l feet)

Meple #111 Limestone member (over 1 foot)

13, Limestone, dark blus-gray, westhers
brown-gray, very finely ecrystalliine;
braghioped spines and shell fragments
sbundant, erincid columnals, Uttonosis
6t top, small horn COTELS o« o ¢ o o o » 1.0

Wemego Shale member (11 feet)

12, Covered Intervel « ¢« « ¢« ¢ o s o ¢ & o 5-3 L

11, Limesstone, yellowebrown, srgillececus,
poorly exposed, irregulsr, thin-bedded;

o fonsails obaerved o ¢« « « &« » ¢ o 5 » au?

10, Limestone, buff-brown, weathers derk
redebrown, erenscecus; large erinvid

columnels, productid brachiopods, =
thowmltmg............ LeO =

G. Covered intervel « « « ¢ » o » » o o o & 2.0 b
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Locality 3 (Cont'd)

Thickness
feet

Terkio Limestone (2 feet)

. Limestone, gray-brown, weethers light
gray to yellow-brown, dense, medium-
vedded; very abundsnt large robust
fusulinide, lsrge erinoid columnals,
echinold plates, UttOnosis « « o » s o o o8

Te Limestone, medium sra{. weathers light
yellow-brown to gray-browny fusclinids
in relief, crincld columnsla, brechiopod
frogments « o« ¢« o s o s 5 ¢ o o v o o o 1.2

Willard Shale (30 feet exposed)

6. Shale, brown te yellow-brown, esrthy,
caleupreousi no fossila observed . « + "

5, Shsle, grey end yellow, silty to clayey,
MICHOODUB o o o ¢ o s & 5 & 5 6 0 0 & @ 1.0

4+ Shale, gray-purple, limonite stained,
silty to sandy, micscscus, with amall
ironatone ocneretions « » « s ¢ & =« o o @.6
3« Sandatone, very fine grained, poorly
consviidated, micececus, noh-gualoarecus;
contacts gradationsl top and Lottom; no
FORBALE o ¢ o 4 4 6 o 3 5 49 8 % % 0 & 1.5

<e Shale, gray and yellow, sandy, micaceous;
no fossils observed « « ¢« + « & 2 o o » 500

1, Shale, greeneyellow, ¢layey « « « » « « 15.0

Loecslity 4

Section messured at CWL Sec. 18, T. 10 8.,
fle 15 E., Bhawnee County, slong esatewest road in
an esaterly direction from the intersection to the
top of the hill.
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Loecality L (Cont'd)

Thickness
feet

Zeandsle Limestone (12.6 fest exposed)
wWamego Shale member (9.6 feet sxposed)
. Limestone, arenececus, medium brown to
light yellow-brown, weatibers dsrk yellow-

brown, moderstely herd, finely grsnular,
thin, wavey bedded, micscecus; brachiopuda

scundsnt in upper 1.5 feet, tus,
Juggglg&l, &1592r2§ugtd=. « s o o 3.0

7+ Shale, sendy to silty with very thin
calcsrecus silstons partings, light tan-
brown o yellow-Brown o « o o o ¢ o o o o 13

6. Jandstone, Lrown, poorly cemented,
MICBOBOUD 4 o o « + ¢ & & % ¢ & & » o & o2

5. Shale, light gray, sandy to silty,
MIGROBOUS o o o ¢ o o o v o o & o o o & 1.0

jo Covered interval, probebly shele . « » « 4.l
Tarkio Limestone member (3 feet)

3. Limestune, brown to light gray-brown,
woathers dark yellow-brown, very fine
granaler, hsrd, thinebedded; very abund.-
ent lsrge robust fusulinids, scattered
brachiopod freguents . + + « +« » » o ¢« & b

2. Limsatune, greay to yellowebrown,
weathers yellow-Drown with abupdent
lsrge, robust fusalinlids in relief, fine
greined, nard, massive, widely spaced
verticsl joints; scattered small erinolid
cvlumnals, brashiopod (ragments,

Digtycelostus, linear algee (7) « « + o 2ed}
Willard Shele (33 feet)

1. Covered intervel to top of Emporia +
LIinostone « o o ¢ o ¢ ¢ o o o o o 2 s o 33.0
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Locality 5

fSection messured SE KE Jec, 22, T. 10 8., R. 1§ E.,
Shswnee County, et intergectiun of northescuth access road
and maln esst-wost road.

Thickness
feet

Zeandsle Limestone (13.5 feet exposed)
Wamego Shele member (10.2 feet exposed)

10. Limestope, srenaceous, light gray<brown
te medium brown, weatiers llight yellowe
grsy, moderately herd, very fine greined,
thin, irregular-vedded, micacecus}

ngatzcelcggga. Derbyias, ?;aogrg%ue§¥g.
end sbundant braehlopod fragments, large

orinoid columnals; magnetite « « « « o« o« 1lof

9. Alternating shale and sandy limestone,
gray and brownji limestone units irregulsr
exespt 4 foot unit in center. Abundant .
Fro&uctid »r‘@hiogeé‘ = s & 5 ® 8 8 8 2.8

8o Shsle, gray and brown, calecarecus, thin,.
nonepersistant, limy partings, all
MICROBOUSB ¢ » s o & ¢ & & » & & & & » » 1.9

T« Bhale, light gray to gresu-gray, silty ,
to sandy, micsoeous, ¢IloareUus + « » « Gel

Terkio Limestone member (3.3 feet)

0. Limestone, medium gray to gray-brown,
weatbers dsrk red-brown, hard, very fine
grained, messive, prominent widely
spaced, vert.cal Juints, weathers shelly
en top, sharp upper and lower contscta}
very sbundant large fusulinids throughe-
out, sparse echincid apines, brasehlopuds,
small erinoid calamntlt,_ﬂu%gta encrusting
brachiopod fragments lower cot, small
gaatropods at top, Luphophyllidium

COELOY o ¢ o s ¢ o & ¢ & 2 % 2 & o & ® @ 303
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Loecality 5 (Conttd)
, Thickness
feet

Willerd Shale (17.2 feet expoused)

5. Shale, yellowe-brown, clayey, with gray ,
01‘, BUPOBES o o o % ¢ o o o ¢ o s o @ o8

e Shale, grey-blue and brown, clasyey, red
01" Parting 8t TOP « o o ¢ ¢ o ¢ ¢ » o 9

3. Zhele, blue~grsy, undereclay-like,
alternates with carbonscecus muterial. ‘
fion-persistant thin sandstone at base . "

2. Underclay, blue=gray, carbonscecus
streaxs and plant PEMBING 4 o o s o o o 03

1. Shale, blue~-gray, claysy to sandy,
micB000uUS 4B PAPL o o + ¢ o« o o o s o o 15.0°F

Locsl ity 6
Section measured in 5% AW SW Seoc. 25, 1. 10
Sep Be 13 B., Shewnee County, slong easte-west rosd
and in fleld to porth about 30 ysrds west of bridge
end opposite abandon house.
Zeandale Limestone (1U.7 feet)
Maple Hill Limestone member (l1l-foot)
ie Limestone, rede-greoy, weathers light
yellowetan, hard, finely corystalline;
slender fusulinids, smell erinoid
evlumnala, brechiopod fragments, abundant
spines. Exposed as float in the field . 1.0
Wamego Shale member (l5.4 feet)

6, Shale, blue-pray, clayey, poorly
CXPOBEA o« ¢ o o o o ¢ # ¢ v e 0 0 2 . ho}
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Loeslity 6 (Cont'd)

Thickneas
feet
5. Limestone, medium chocolate brown,
westhers light ten-brown, coersely
crystalline; remose and fenestrate
bryovzoans, large crincid ecolumnals, "
small brschiopods end spines « « o « o b

é}o 313‘1.. covered Luterval + « ¢« + o o o 7.3 4

3. Limestone, dsrk brown to yellowebrown,
weathers yellow, soft, argillsceocus,
numerous caiclte veinlets; productid
brasechlopods mure or less abundant in
Zones. Mostly covered « .« o« o & o o o 2.0

2. Shele, yellow, calesrecus, esrthy, +
mltly’&ﬁvgrﬁdoooocontoott 1.2

Terkio Limestone member (2.3 feet)
l, Limestone, light to medium gray,
westhers light yellow~brown &t bese to
dark redebrown at top, massive} very

abundant fusulinids, sparse crincid
columnals, OLtonosis on 0P « « « « o o 2.3

Loeslity 7
Section messured in SE 4B Bec. 22, T. 11 8.,
Re 13 Eoy 1,5 miles due south of wWillard on hill
south of Post Creek Bridge.
Zeandale Limestone (18 feet)
Maple Hill Limestons member (2 feet)
17 Limestone, light blue-gray, weautiers
light grey to light buff-tan, very nard,
fively cerystalline, thin tv medium bed-

ded, small celeite veinlets, pyrite}
fusulinids, smell crinoid columnals,

A!igu;oggeggnt * & % 8 B 2 % % e % * = 2.0
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Locelity 7 (Cont'd)

Thickness
feet
wWamego Shale member (1l1.&6 feet)
16. Shale, green to yellow, salesrecus,
ling nodules, trsnsition inte Maple
Kil - » - . - - ® - - - - - » - . Ll - 03
15. ILiguite band . « ¢ ¢« ¢ o ¢ ¢ o o & & » el

1. Enale, yellowebrown, silty} csrbonsceous ,
M“r L‘l £l -« - L d . - - . o - - b d - L - E 5

13. &hale, greene-gray, westhers very light
gray, clayey, numercus thin limonite
stained color bands; no fosslils observed 4.7

12. Shale, green-grsy, blocky, clay; no
fossils obBerved « « o« o ¢ « o 2 » o o 19

1l. 8hale, green, silty, czlcarecus; smsll
shell Tragments o« o o o o o o« 4 s o o @ 4

10, Limestone, rede«brown, noduleri very
abundant Osagia, c¢r.nold columnals,
shell fragomentd o o« ¢ o o ¢ « s 5 o o o o2

9. Shale, green-gray, calcarecus; very
ebundent mixed fsuna, brschiopods and
spines, pelecypods, shell fragments . . o2

. Shele, green, blocky, clayey, silty in )
part, mostly covered + s « o ¢ o o o o 2.5

Tarkio Limestone member (L.4 feet)

Te Limestone, light gray to light gray-
brown, weathers ders brown to derk
yellow~brown, hard, very finely crystsl-
line, massive-bedded, breaks down inte
irregular wedges; numerous large erineid
eolumnals, lsrge productid brachiopods
and f§.§§tn§n. very ubuada?t {uaullnidu.
especially in center, Usagis in center,
g&%gagg;g st top. Large vigs fllled with
red-orange celestite erystals in upper
1 £OU% o ¢ o ¢ ¢ o 5 o o & 5 & 5 % o @ kou
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Locality 7 (Cont'd)
Thickuess
feet

¥illard Shele (43 feet exposed)
6. Shale, brown snd blue-grsy, micsceocus,
clayey, thin layers of yellowebrown _
calcarecus siltstone; no fossils observed 15.0

5, 3kale, blue, silty, blocky; no fossils _
CRDBOPVRE o« & s ¢ ¢« o s s » o 5 % & & & @ 5.0

ie Bhale, brown to grsy, bloeky, silty; no
fosalils OLBEYVEd +« o« + + o o o o o 2 o o 5.0

3. Shale, grey-green oclayey, thin brown +
sEndatone at DESE « « ¢ s o« o o & » o o SeC

2. Shale, silvere-grey cley, in part under-
clay~like, sbundant thin siltstone
180808 & ¢ ¢ ¢ o ¢ % 6 ¢ & 8 % 86 o 8 5 @» 3.0

le COovered intervel « « ¢« ¢ o ¢ ¢ ¢ o o o » 10.0 b4

Locality 8

Seetion measured in 3W 8W Sec., 29, T. 11 8.,
Re 1l E., Shewnee County, slong north side of US
40, 5 mile weszt of Valencia Cemstary, south of
landing fleld and hanger.
Zesndele Limeatone (19.5 fest)

Maple Hill Limestone member (1.6 feeot)

11, Limestone, light gray, weatheras gray-
brown with reddish csst st top, slabby
at top, hard, very finely erystalline,
gradetionsl contocts shove and belows
erinuid columnals, sosttered fusulinids

more sbundent st top, gestropods, brac-
hiopod fragments end epines, Ussgias . . 1.6
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. Locslity 8§ (Cont'd)
Thickness
fest
Wemego Shale member (10.5 feet)
i0. Shale, yellows-brown, cslesrecus, limy
BOARIES ¢ ¢ s ¢ + & ¢ ¢ o ¢ & 5 ¢ & 0 @ 8

9 ah‘i.. Droun-green, Clayey o o o o+ ¢ o o 1.0
8. Shale, gray and yellow, clayey, fissile 2.2

i« Shale, dark pgray-green, clayey, sbvundsnt
ﬁgﬂgg;gg. Top 0.3 foot brown-yellow
caleerecus, no fosails obaerved . . + 3.0

6., Shale, green-gray, blocky, slightly
ealearecus, persistent limy zones with
very sbundent mixed fauna at 1 foot,

2.3 feet end 3.2 feet. The zone at 2.3
feet is best developed nukmg 8 thici-
ness of 0.6 foot. and other
breehiopods, feneatre m renose

bryosoans, Hla%nm Qg?w echinold
‘ spines, erino aoium 8, ostracods . » 3.5
Tarkio Limestone member (7.4 fest)

5. Limestone, light gray-brown, westhers
light buffetan, moderstely soft, sube
0011‘10, OBEZLEE ¢ o o« o ¢ o 4 o o o o » 1.0

e Limestone, light gray, weethers brown
to gray, modert e { hard, mediumegrained,
thin-bedded, fossiliferousy Usagia,
seattered fusulinids, small crincid
columnels, remose bryosoans, sparse
brachicpods and shell fragments. Top
contaet irregular and thickness of bed
renges from U.7 £OO0 80 o« o o o o o » o 1.1

3. Limestone, light brown, westhers dark
brown-yellow, herd, msssiveebedded, widely
spagced verticsl Jaim;, wavy, transitional
eontacts above and below. Very sbundant
large, robust, icites, sparse Lrachio-
pods, Dictyoclostus, very large crincid
e¢olumnals, vugs '_mé witi celestite crystals

’.. common In Contey o« « o« ¢ + ¢ ¢ ¢ o o 4 0 Sh’
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Loeaslity 8 (Cont'd)

Thickness
feet
willsrd Zhele (3.0 feet exposed)
2. Ghale, grey, mlicacecus, silty, very
abundant fosalils in upper .3 foot.
Small breshiopods, guagggén. lerge
and small crinoid columnals, wavey
conteet with Tarkio 8bOVE +« + ¢ » o o o 2.6
l. 5hale, brown, ailty, miceceocus . + « 1.0

Locality 9

Section messured CHL S8E Sec. 12, T. 12 8.,
R. 13 E., Shewnee Jcunty, on esst-~west road one-
fourth mile east of helf-section intersection,
Zeandale Limestone (1.7 feet)

Maple Hill member (l.4 feet)

5« Limestone, gray, westhers light gray-tan,
shelly, red stelved on top, fine crystal-
lins, medium-bedded; slender fusulinids
at top, erinvcid columnals, brechliopods;

POOTrLlY @Xp0B8d o + ¢ o o s 6 s o s s e . l.n

wamego Shele member (9.6 feet)
LE. Covered Intervel + o« o« ¢ o ¢ o o o o = & 9.6
Tarkio Limestone member (5.7 feet)

3., Limestone, light grsy-tsn, weathers
light yellow-brown, moderstely soft,
conrse clastic, massive-bedded, suboolitic
cssglite, porous, vugey =2t bese, less
porous topi very sbundent brachiopod
fragwents, robust fusulinids, erincid
eolumnals, fenestrate bDryozosns, D8agis
costing 8ll frogmentsd o« « « ¢ » o o o » 2.4
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Losality 9 (Cont'd)

Thickness
foet
£e Limestone, light grey-yellow, weathers,
deep yollowebrown, {ine-grained, hard,
sedium to thick-bedded} 1§;§&a§§%a
ebundant, erinvid columnals, scattered
DPrachiopuds « o o« v 5 5 ¢ s & 5 o 0 o @ &03
Willard Shale
1. Shale, gray snd yellow, silty to sendy,
POCPLY eXpO2ed . . . s s 0 ¢ s s s s @ «3

Loeality 10
Section meesured C Sec. 18, 7. 12 5., R. 13 E.,
Shawnee County, along top of steep bluff north of
Kanses highway 4.
Zeendale Limeatome (11.8 feet exposed)
Terkio Limestone member (11.8 feet)
8. Limestone, brown to red-brown, wesathered

”11W“bu‘t. thin, 1’”3“15"1, bedded,
clastic osagite . . « « o ¢ ¢ o s ¢ o N

7o Limestone, light tanegrey, weathers
medium gray, massive, vuggy, “plt end
ousp” weatheringj sbundsnt shell fragments,
Jsegle encrusting @l « « « o o ¢ o o bed

6. Limeateone, light grey, weathers medium
t¢ durk grey, poorly consclideted,
porous, osagite; very sbundant Myslins,
ivieulopecten, gsstropods, fenestrate
ryosoans, productid brechiopods,
erinoid columnels « + « o ¢ ¢ 4 5 ¢ o o 1.0

5. Zhale, calosrevus, :geaaiencl gzny
poduless Hiuiinu. cotoer rear-shore
InvertedDrates . ¢« ¢ ¢ ¢ o ¢ o 2 s 6 e @ v3
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Locality 10 (Cont'd) ,
Thickuess
fest

e Limestone, redebrown, westhers dark
gray-brown, massive, subeoulitie,
porous, osagite; very abundant shell
fregments, conted with Js8glié « « o o o 2.3
3. Limestone, Lrownegray, weathers dark
brownegray, porcus, sube-colitliec csagite,
wavey contacts mbove and Delow) very
abundant shell fragments heavily coated
with Osegia, robust fusulinids, uncosted ,
or Lightly covered « . « « « o o & o o » «8
‘e Limestone, gray-brown, westher: yellow-
brown, dsrk brown at base, srgillaceocus,
thickebedded at top to thin-bedded at
base, gredes into sbove limestone with
wavey irregulsr contest; very abundant
Iriticites, cccasional brechivpods . « « &9

Willsrd Shale

1. Shale, yellowebrown, cslcerscous, earthy, )
poOCrly @xXposed o« o« + ¢ s ¢ ¢ 5 » 8 s e o o

Local ity 11

Composite section, Tarkic and wemego from
SE Sec. 23, T. 12 5., Rs 13 E., Shawnee County,
elong Kenses highway L on south benk of Mission
Creek., Maple Hill and Wemego interval nlﬁng
fhewnee~Wabaursee County line in 5W Seec. 23 on
north bank of Misslion Creek.
Zeandsle Limestone (24.1 feet)

Maple Hill Limestone member (1.7 feet)
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Loes1ity 11 (Comnt'd)
Thickness
feet

10. Limeatone, medium gray, weathers gray,
slabby and red stained on tup, widely
spaced verticel jJjoints, herd, finely
erystelline; smell erinoid colummnals,
gmall fusulinids, orechiopods ., « o « B S

Wamego Shale member (10.1 feet)
9. Covered interval . « s+ ¢ ¢ o ¢ ¢ ¢« o o o 80“

8. Limestone, derk red-brown, =ediume
erystelline, hard, thiune-bedded csagite;
g;g;;gg and other peleecypods, ramose

ryozoans, O s 8nd numerous
breshiopod ragments and spines . 2

Te COvered Antervel « ¢« ¢ ¢ 4 s s ¢ ¢ & o » 105
Terkic Limestone member (12.3 feet)

6. Limestone, light to medium gray,
weathers gray-brown, porous, vUgiy, sube
volitic, ossglite; sbundant fragments of
shells, rasmose bryosoans, spines,
EE’%%ﬁﬁzi’ fusulinids, all trtgn-nts
coa with gie in lower 0.0 foot,
sbove, recognizsble fossll fregments
BUBBBE o o ¢ s 0 6 5 % % 4 % . 8 .5 & @ 4

S. Limestone, red-brown, westhers dsrk
gray, wavyebedded; very sbundant shell

fragments, Chonetes !gggg%ﬁié&ﬁl
braahtopoa spines, inrgo '1

erinoid eclumnals, scattered robust
fusullinids, encrusting Usegia, erinoid
plates, rano:e DPYOZOBNS « o« « o » o » o 5

4o Limestone, light grey-brown, weathers
yellow-gray, silty tuv sandy, impure,
wavy~bedded, moderately soft at base;
upper 0.5 foot, hard, ossgite with abundant

ﬁgfz&aigggéé, » braehiopod
spines, pelecypods, lerge erincid cclumnsls,

schincld plates, scattered large robust
fusulinids, 0!&2&‘ ® * ® 5 % s & & 8 % ® 1.2
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Thickness

3. Shale, greenegray, silty, caleareocus,
greades into bluee-green silty, with
cslearecus nodules at top, no fossile
observed, L‘ra’ly covered « o o o o o o

Tarkio Limestone member
2, Limestone, brownegray, weathers yellowe

brown, hard, dense, thickebedded; very
abundant fusulinidas, ramose bryoczoans,

Lophophyllidum, Dietjyccloestus, Euteletes
1. Limestone, groy-brown, weeathers yellow-

brown, bhard, messive, very sbundant
Triticites, fusulinids, fensstrate

bryosoans , Lophoph dium, Meekells,
Composita, Neospirifer, urechlopo
regments and very abundsnt ori.ncld

solumnales upper 5 foob o« ¢« 4 ¢ 4 o o .

Locality 12
Seoction measured near (3L Sec. 25, T. 12 5.,
Re 13 E., Shawnee County, on smell tributary of
Heskell Creek, about 100 yards north of bridge.
Zeandsle Limestone (23 feect)
Maple Hill Limestone member (1.2 feet)
i0. Limestone, blue-gray, weathers gray-tan
with red cast on shelly top, dense,
mediumebedded; crinoid columnals, small
fusulinids, meny shell fregaments, remose
brycscans, scattered "Marksias" ., . . .,
wWamego Shele (9.9 fest)

5. Shale, green-briown, calesrecus, mostly
BOVEXEd + o« o o o 2 4 2 o o 5 & 8 v &

fect

3»7

1.2

3.5

l1e2

Te9
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Locellity 12 (Cont'd)

Thickness
fest
B¢ Limestone, red-brown, westbers medium
brown, herd, thinebedded, vasgite « «+ o .k
i+ Shale, blue=green, CHRILOEIOCUS « ¢ « o o 1.6

Tarkio Limestone mexber (11.9 feet)

ve Limestone, graoy-brown, rede-gray in pars,
weathers light yellowebrown, moderately
herd, arenacecus st basse, more dense
upward, thin to medium-bedded; sbundant

§§§32§rxror, ‘he s Suresa s Bpines
resia , ¥ s very lsrge erincid
COLAMBBLY o+ 4 ¢ + &« & 5 3 & & & & & » » 20?

5. Limestone, light greye-green, weaihers
yellow«brown, szoft, thin-bedded, srenacecus,
micacecusy no fossils cbserved « « « « » LeC

4. Shale, green-gray, clayey, beccmes more
silty and micaceous upward, grades .oto
ebove; very abundant ostreccds neer top 2.9

3. Limestone, light tanegray, westhers light
yellowebrown, very herd, very finely
erystailine, mediumebedded, vuggy in pert;
large robust Triticites, brachiopod
fragmeonts, remose oLpyogosns, puserous shell
fregments, "Marksis®; megnetite, celestite 1.4

2. Limestone, brown-grey, weathers yellow-
br::a, hard, msgxum to fine-grained,
medius $0 thinebedded, %riggaitc:,

Loghag@zllid%us. small Drachiopods,
Pumercus & fregments « « « « s o o o 1.9

1. Limestone, bluecegrey, weathers light
gray to yellow-brown, hard, very fine
grained, argillececus at top, massive;
robust fusulinids, erinvid columnals,
small brachiopeds, Uttoncsis, "Marksia" . 2.0
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Loeslity 13

Section messured in SE SE Sec. 25, T. 12 8., Ke 13 &y
Shewnee County, on the west benk of leskell Creek, about
40 yards BW of section corner.

Thickness
feet

Zeundale Limestone (13.2 fest exposed)
Terkio Limestone (13.2 feetd)

Ts Limestone, red-gray to light grey,
weathers greyebrown, hard, mesclivee
bedded, uneven pitted surface; abdundant

Rooggirégbg. end other brachiopod

ragments, echineid spines and plsates,
m"..‘OOUQOOC‘OOOO 1.6

Ge Gonrtd interval, probably shaele « « + o 2.1

5. Limestone, grsy poorly consolidated,
westhers to rubble, highly steined by
limonite, irregular-beddei, micacecus}
no fossils observed. .2 fuut sandy
shele separstion &t l.5 feet . - . . & Ee 3

lhe Shale, bluew-griy, clayey. »icaceous
with limonite stsined celecarecus
nodoles 8 & & %5 % & % B 8 8 % = 8 » % » i02

3. Limestone, light tan-grey, woathers
light yellowegray to very iight gray,
very herd, finely crystelline, medium to
thine-bedded; robust fusulinida, algel (7.
sparse shell fregmentd « o+ ¢« o = o o ¢ o 1.3

2. Limsstone, brownegray, weathers light
Jellowebrown, medius to fine-greined,
thin-bedded; Comuoaite and other Lrechlo-
pod fragments, Lophophyllidicm, fusulinids
common, but do not weather in rellef . . 2.0

1. Limeatone, blue-grey to medium gray,
westhers gray-brown, hard, very [ine grain-
ed, thickebedded; very abundant fusulinids
in relief, erincid columnels, §%3§§g§%
and other brechiopeds; rether avuandsn
disseminated pIrite o o o o o+ s & » o+ o & 2.0
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Loeality 1§

Composite section. Maple Hill from CS8L 8W Sec. 32,
T. 12 8., B. 14 E., Shownee County, in roadside, diteh
eest of stresm. Tarkio aend Wemego from EE 3W Sec. 32,

along scuth side of stream,
Thickneass
Zeandale Limestone (24.9 feet) feet

Maple Hill Limestons (1.0 feet)

9. Limestone, grayered, westhers light tane
brown, hard, very Ifinely erystalline,
thickebedded, slabby westhered; numercus
fusulinids st top, erinoeld remains,
remose bryosoans, gastropods, pellervphou,

7:‘!‘2{19!&.“50?0-uwt-acoooo 1.6
Wamego Shele member (14 feet®)

e Shale, gray, underclay~like « « « + ¢ » « 1.0
T« Shele, grayebrown, blocky, most covered . 13.0
Tarkio Limestone member (V.3 feet)

6, Limestone, medium red-brown, wesathers
brownegrey with porous surfsce, dense,
very thin-bedded; brachicpod fragments,
very sbundent Ogl&i& e 4 ® 5 & & s » % & 8

5« Covered intervel, thickness approxinate 5

e Limeatone, gray, weathers orsange-yollow,
very soft, fine to mediumegrained,
srensceous, very thinebedded, irregulsyr;
erineid cclumnels, Beospirifer, smell
brecuiopods, asplnes aﬁﬁ ngiff fragments,
8ll concentrated in upper pert . « « o o 1.8

3. Ghale, blueegrey, micscecus, ocalcarecus
ﬁ@dﬂl&‘ - - - . - - - - - » - . - - - - l .}»

2. Limestove, light gray, weslhers gray-
yelliow, hard, fine to mediumecrystalline,
thick-bedded, vuggy;: robust runulinidlx

brachivpods, shell fragments, "Merssia 1.2
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Loeslity 14 (Cont'd)
Thickness
feet

is Limestone, medium gray, weathers
gray-brown, herd very finely crystellice,
medium to thinebedded; fusulinids,

brachiopods, pertislly pyritized shell
Fragments « « o ¢ ¢ + 5 o o s 5 & o o o 3%

Loeality 15
Section moasured in S8 See. 17, T. 13 8., Re 1§
E., Shawnee County on NW fece of gquarry west of road.
lesndale Limeatone (16.5 feet exposed)
Wamsgo Shale member (11.5 feet exposed)
7o Limestone, medium brown to yellow-brown,
silty to ssndy, medium to thinebedded;

fenestrete bryozoans, productid bvrachios
pod fregments, most abundent in center,

._rmuw rifer, mg.gggmaw erinoid
columnals., Hey e STOrMont « « +» o« o o s 1lo5

6., Shele, light gray to yellowegray, hard,
blocky, no fosslils obeerved + o« o « ¢ ¢« « 5.5

5. Shale, greene-grey, with sbundant thin,
Jellow siltastone pertings o« o« o o o & + o 3.5

s Shele, derk grey-black, blocky, clayey « 1.0
Tarkio Limestone member (5 feet)

3, Lirnestone, gray, westhers yellowebrown,
magsive, poorly ex;osed; sbundent robust
fusulinids, small byachiopods, shell
fragments, orinoid columnals, Uttonosis )
abundant near ﬂﬁp e 8 % ¢ % 6 ¢ 0 0 v 9 o 520

Willsrd Shale (l12.5 feet expoused)

2., Shale, Lrownegray, earthy, fragmentel
fO88318 o o ¢« ¢ ¢ o o ¢ o ¢ o 8 6 ¢ o 0 0 2.5
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Locality 15 (Cont'd)
Thickness
feet
1. 3hale, dark gray, blocky 2t top, fissile
toward bottum,. 5crr large lronstone ,
coneretions sbout 7.5 feet from top .+ 10.0

Locality 16

Section messured in ME 5% Sec. 21, T. 13 8.,
Be 14 By, Shawnee County, sloung both sides of east-
west county rosd and up ferm aceess road to south.

Upper 14 feet from scuth—fecling rosdcut oneenslf

. mile weast.

Zesndsle Limestone (28.9 feet exposed)

15, Limestone flost, light bDlue-gray, weathers
light tanebrown, with reddish cz2stj
schinoid pletes, brachiepod spines,
sbundant brachiopod shell fragments, smsll
fusulinids. Posaibly NMeple Hill Limeatone.

Wamege Shale member (23.8 feet)
14 Covered interval + « o« ¢« ¢ ¢ o ¢ ¢ ¢ o o« 2.6

13. Celosrecus zone, gray-ten to light brown,
nodular, impurej no fossils obssrved . . lely

12. Covered shale interval « + « ¢ s« o o s » 5.8

1l. Limestone, light gray and mottled yellow,
weathers yellow-brown, nodulsr, impure,
sllty to sandy} sovundant § fer and
other brschicepod fragments, erine
columnala. Beds 9, 10 and 1l mey be
SE0rMOBE ¢« ¢ » o o ¢« o B 6 B e b 8 s e @ o7

10, 3“1"- ETeen=Zray, ‘1;@%. micaceous,
calocreous gore at 2.0 feet with very
soundant fossils including brschiopod

ahell fraguontt.‘gggiﬁigziagzjggggxgngggago
Linoproductus, erino & o 5 s 5 20
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Loeality 16 (Cont'd)
Thickness
fest

Yo Limestone, brown, moderately scft,
medium-crystelliine, nodulspr, impure at
tops sbundunt Tossils throughout,
ﬁx%;;%g, pectenids and other pelecypods,
erinoid columnsls, shell fragments,
ﬂl‘ﬁt SGlems 4t DLHG + o+ 4+ o s+ 4 s s s o o8

8. Shele, blue-gray, blocky, clsyey,
sbuandent platy calearecus siltstone _
lﬁ,’?ﬂ &t tQP I T T S S S S S S S S S 5'5

7+ Shale, medium green-grey, blocky,
clayey, becomes silty, micscecus, near

BOD o o 6 ¢ ¢ ¢ & o 4 0 5 8 & ¢ & # 0 » hug

Tarkio Livestone wember (5.1 feet)

6. Limestone, light grsy to gray-brown,
hard, very [ine-grained, mesalivej very
abundant lerge robust fusullinids, erinoid
eolumnals, remose bryososuns, brachiopod

shell fragments, Dictyoclostuys, Uttonosis

BEEY LOD s o 4 o o 2 % % % 2 # & &8 & # 5.1
Willard 3hele (17.6 feet)

5. 3hale, green-gray, bloocky, sbundent
marine fosslils in upper 5 feet; Huculans,

smell Necspirifer, Dervyia, Chi ' §
1 planiapirel gastropods . : « » 80

very sma

o Shele, yellowebrown to gray, blocky,
fissile at bese; no fossils observed.
Very lerge irunstons concretions 6.3 feet
‘aov‘ b‘d 3 - Ld L - - - - - - * - - - L Ld 9‘&

Emporie Limestone
Elmont Limestone (3.1 feet)

3. Lismestone, derk brownegray, herd, dense,
verticsl Jjolinted; slgal « o« o ¢ ¢ o o ¢ & 9

£, Ehale, brownegray, calosrecus; zones of
abundsnt brachiocpods snd bLryozosns . « » o8

le Limestone, light grey, dark, dense,
verticel Jointed « o ¢ ¢« ¢ o ¢ ¢ o o # o 1ol
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Locality 17

Section messured CWL BE Sec. 29, T. 13 8., Re lho,
Ghawnee County, slong esst side of northesouth county roed
150 yards south of wWakeruss River.

Thickness
feet

Zoeundale Limsstone (li feet exposed)
Wamego Shale member (10.3 feet)

b, Limestone, light brown, weathers deep
jellowsbrown, rounded and smoovth surface,
soft, very five-grained, srenacecus,
micacecus; no fossils observed., Beds 5
und & mey DO SCOrMmont + o o s e ¢ s 0 e o of

5. Limestone, light grey to greay-orown,
weathers rieh yellow-brewn, moderately
soft, very finee-grained, srenscecus,
migacecus, massive, vertical Jjolntas}
no fossils ODAEIVEAd « o o« ¢ « o s ¢« o « o Zob

4. Shele, yellowegreen to sreen-groy, silty
to sandy micaceous) no fossils observed.
FBrEly «covered . o« o +» ¢ ¢ o ¢ 6 o o o @ 3.2

3. Shale, blueegray to yellowegreen, elaxc{
to silty, sperse fossll fragments, partly
QOVEred o ¢ o ¢ o 5 o o ¢ 0 s 8 8 6w @ &.O

Terkio Limestone mesber (3.7 feet)

2. Limestone dium gray to o n=gra
weasthers :roﬁew'brg:n{ ll“{g:, ﬁdzif
spesced vertieal Jjoints, heprd, very fine-

reined in lower 1.3 feet and upper .6

o0t with fusulinids weathering to relief.
Center 1.8 foot is finely crystelline,
fossils not in relief. Gastropods,

erachiiopuds, Feckella, D;gégnﬁg.
Dictyuclostus, Hustedis, sbundant shell
regments end spines, erinoid columnals,

Gttonosie st 1.5 feet . « « « o v o o+ o 3.7
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Looality 17 (Cont'd)

Thickneas
fect
Willerd Shale
1. Shale, gray to light yellowegreen,
blocky, mostly covered « « « ¢ + o o 2.0

Looality 18

Sectlion messured near the center of Seec. 3, 7.
1 8¢y Re 1§ Eo, vesge County, on the southesst side
of the Kensss Turnupike, cone-half mile neorth of
bridge number 213.
ileandale Limestone (20 feet)

Maple Hill Limestone member (1.0 feet)

1. Limestone, medium to derk gray, westhers
light buffe-brown, reddish cast on top,
very hard, finely erystslline, thicke
bedded; amell fusulinids in upper 1.0
foot, small erinold solumnala, brechiopods
;:ﬂ shell r{ugnanS.z gastrw»eda, ramcse
yozoens, large and small Uttonosia at
end nesr top. "Harksie" uap&e!n%iy
abundant at DEBG « « o & ¢+ o + o s » s o 1.6

wamegop Shale member (10 fect)

13, .3hale, grey, mottled yellow, carbonaceocus
meterial and underelay. Top .2 foot
calecareous, fossiliferous, gredes into
Mlpl.ﬂlll...-....o...... .

12. Shale, gray-blue, clayey, pelecypods and
brachiopods in upper part « « « o » o o 2.5

11, Limestone, blue-gray, weathered reddish
tan, hard, medlumegrained, oolitic, very
thin-bedded, shell fragments, s lines,
erinoid columnals, "Marksia®™, pyrite . . 2
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Locality 18 (Cont'd)
Thickness
feeot

10. 3hale, green to yellowebrown, blocky . 2.5

Je Limsstone, derk gray to grayebrown,
weathers light yelloweDrown, moderstely
hard, wavey, thinebedded, lower .0 foot
arglllacecus conglomersatic} numerous
brachiopods, %ggggiféf. Upper 7 foot
medium-gralned, o0 €, DUMBPOUS DSAPe
shore invertebreates, moderstely high-

t@irod end small planispired gsatropods,
s Very abundant,

well worked she regments, Q%ggxgg;ggggg,
Folypora and other fenestrate bryceosns . 1.5

8. Shsle, green-brown to graye-yellow,
bleocky, very sbundent pyrite clustersj
no fossiles chserved + « o« o ¢« » ¢ ¢ s o » 205

Tarkio Limestons member (8.4 feet)

Te Limestune, very light gray, westhers
light buff, very bhard, wavey~bedded,

VUgeys bruch&opad: common in
19“?-%‘%0:».:;.-0--0. 1.6

s Limestons, very light gray, wesathers
light buff, hard, miocrocrystalline,
mediumebedded; large robust [usullnids,

erinoid columnals, ¢ @ » 8hell
fragments, scattered oo s Small
Stionosis AlEEe « o 4 4 0 0 0 4 e e e 1.0

5. Limestone, light grsy te yellowegray,
westhers deep yellowwbrown, herd, dense,
very fine grained, maasive; sbundsnt

zg;g%géggg. lower 5 feet, small horn
corals, no brachlopods observed in lower
i feet, but numerovus avove, erincid

eclumnals. Top la vagey, lined with well
developed celeatite cryatals « + ¢ o« o o

e Limestone, light gray, weathers light
brown, aaft, arenasgecus, fusulinids,
erincid coclumnals, reamcse Lryozoans,
spaerse brachicpod fragments, "Marksia™;
PYPLitO . 4 ¢ ¢ s o o & s 8 o s 6 s e @ «3

W
.
W
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Logality 18 (Cont'd)
Thickness
feet
Willard Shale (39.4 feet)

3. Zhale, silver to blue-gray, micsceous,
silty, transitional contsct with Tarkio 1l4.4

2, Zhale, dark gray-brown, silty, plant
fosails above 13 feot « ¢« o o « o« o ¢ o 19.0

l. 3hele, dark Eray, Ql‘y.y ¢ o 8 8 3 ¥ & @ 6.0

Emporia Lissstone, top of Elmont Limestune menber.

Locality 19
Section messured in NE Bec. 9, T. 1§ $., Be 14
Bey Usage County, on northwest slide of the Hanses
Turnpike, 100 yards north of milepost 73.
Zeandele Limestone (25.7 feet)
Maple Hill Limestons member (1.3 feet)
17. Limestone, medium grey to Light graye-
brown, westhers light jellowe-brown, deep
red-brown on top, very hard, very fine
rained; in upper .9 foot, sbundant shell
regments, gastropods, small fusulinids,
erinoid columnals, "Hariksis®. Argillacecus
base, very sbundent "Marksis", no fusuline
ids, sparse shell fregments. Uttonosia
B BOP 4 « ¢ ¢ ¢ ¢ ¢ o o 2 o 2 0 s ¢ v o s 1e3
Wamegoy dhale member (10.9 feet)
16, 3hale, Lulfegray, fissile, cslesrecus . ol
15. 3hale, light gray, =mottled yellow and
sellowsbrown, in pert, undercvliay-iike;
very sbundsnt plant remsins, oastracods . o7

1. 3hale, green~brown, LIOCKF o « o ¢ o o o 20&
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Locelity 19 (Gonﬁ'd)
Thickness
feet

13. Limestone, very srgillscecus, irregular,
wavy-bedded, sbundsnt fosslil fragments
at random orientationi productid shells
end spines, erincid columnals, pelecypodss
anguler limestone fregments « « ¢ ¢« o o o .

12. Shale, grey-green, fissile, thin,
persistent limestone with v&ry nbundanc
mixed fsune at 1.1 reet. ARRLY tus,

sh ragmnns; and splnes, a
Pandom orientation ¢« « ¢« ¢ o o ¢ 0 0 v @ 2;9

1l. Limestone, derk gray-brown and mottled
yellow, conglomeratiec, oolitie, in basal
Dy foot; shale parting O.1 foot) coarse-
greined, thin-bedded lxmn, wlth abunduat
molluscan tnuna,

(eR 3 ° B8 o ¢ ¢« ¢ » » o 8 s 8 = & b
10. Shale, dark greenegrsy to yelluwegray,
blocky, bresks in concholdal fructure,

dissenminated calocarecus nodules, sparse

pelecypods including Promytilus in top
L1 LOO% 4 o ¢ % ¢ 0 ¢ ¢ o ¢ s 8 ¢ o 3 o » 3.“

Stormont Limestone member (1.2 feet)

Je Limestone, light grey-brown, dark brown
wavy bands, westhers br ’
moderately soft, mediumegreined, sube
velitie; lerge and seell erinoid cvlurnals,
remose bryozoans, » 8nd other
brachiopods, shell fragmen t. "Marksia”.
Fossils more abundent in lower 1 foot . . 1.2

Wemego, Shele member (5.5 feet)
. Shale, light green to blueegrsy, cule
careous, sbundent calocreocus nodules st
top; sperse spines and shell fragments . 2.0

7. Shele, yellow-brown, calecarecus, peorly
can‘oll“ﬁ.d‘ BOdUIEY ¢ o o« s ¢ ¢« o & & .6
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Loeality 19 (Cont'd)

Thickness
feet
6. Shele, gray-green, blocky, cslearecus
nodules in lower 5 foob « o o ¢ o ¢ » £e9

Terkio Limestone member (i.0 feet)

5. Limestone, medium brownegrey, westiers
light gray-tan, herd, thickebedded, very
fine grained; sparse, very large, robust
fusulinide in lower psrt, sbundant smsll
fusulioids in apper part, brachicpods,
erinold columnels, Uttonosis st top . . 2.2

Le Limestone, light gray, weathers light
browneyellow, haprd, sassive, very fine
graived, widely speced vertical Jolnts,
wavey gradational contzet below; large
robust fusulinids, especially et Dease,

brachiopods, Composita, Yttonosis at

COp Burlace o o o o o + 0 o ¢ 2 5 % * @ 2.6
Willsrd 2hale (3.8 feet exposed)

3. 3hale, yellow-brown, calesrecus, Lime
nodules; sbundant fusulinids, irreguler

thickness, grades 1nto Tarkio « « ¢ ¢ o 2
£. Shale, dark buff«brown, silty, micacecus,
Slizhtly CBlOBTEOUB « « o+ » ¢ o o & o & 0
1. 3bale, dark gray, silty to sandy,
mioaoeous, polecypods « o o o o+ o s » @ 3.0
Locality 20

Section messured at (Wil Sec. ¥, T. 1§ 5., H.
14 E., Usege County, along road up south benk of
Wakaruse Creek. Type locelity of Storsont Limestone.
Zeandale Limestume (30.5 feet)



Loeslity 20 (Cont'd)
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Thickness

Maple Eill Limestone member (1.2 feet)
10, Limestone, dark gray, slebby westhering

with reddish cast, moderately herd, very

fect

fine grsined, thickebedded; amsll, slender

fusulivids, brachlopods, shell fragments,

sbundant orinold columnels} pyrite . « .
Wamegop “hale mer er (1l.4 feet)

9. Sheale, medium gray, olayey, mostly
covered. Thin cosl et .7 fout o ¢ o » »

fe Limestone, poorly consolidsted, yellowe
brown, @8rthy « o« o » o o o 5 o ¢ o s @

T+ Covered interv:l, probably shale « + «

Oe Limestone, brown to yellowebrown,
argillececus, conglomeyatic appearsnce,

1.2

3.6

od
3.8

caleite veinlets; abundant shell fregments .3

5. Covered intsrval, probably shele . « +
Stormont Limsstone member (2.2 feet)

e Limestone, very light gray to buff,
herd, fire-graired, thick-bedded; very
sbundant small shell fregments, crinoid
eclumnels, fusulinids, lineer algal (%);
PYPILE o ¢ ¢ o ¢ o v 0 6 e 6 b e w s e

Wemeyoy Shele member (ll.4 feet)
3. Covered interval, probably shale « « o
Tarkio Limestone mewmber (4.3 feet)

2+ Limestone, light gr&y-hrewn, weatiers
gray, herd, very fine to finely crystal-
line, thickebedded, wavey gradational
contact with bed 1l; large rovbust
fusulinids, sperse erinolid columnals,
small brachiopods, "Harksia", Vttoposiass
soatiered DYPLIBE « o o o ¢ « o o 3 2 v »

3.0

de2

11.4

Loy
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Locslity 20 (Cont'd)
Thickress
feet

l, Limestone, light gray-brown to buffe
brown, weethsrs dark jyellow-bLrown,
moderately hard to hard, very {inely
erystalline, messive; abundant large,
robust fusulinids throughout, but less
sbundent in center 1 foot. Zin ’
Distyvelostus, Eehincconchus, and shell

ragments, Lophoohyllidy

i e 8 o o & & » 8.9

Loecality 21

Section measured in NE See¢. 30, T. 1§ 8., R.
14 E., Usage County, in gquarry south of esst-west
county rosd and esst of HKensas Turnpike, continuing
up diteh slong east side of turnpike.
Pilllsbury Shale

1l. 8hele, yellowsbrown, blocky, sbundent
large ilronstone corcretions « o« « « » o 10.0

Zeandsle Limestone (30.4 feet)
Haple Eill Limestone member (1.6 feet)

10, Limeatone, grey to gray-brown, westhers
light tenebrown, herd, very fine grained
i part, wedlume-grained et toy, prominent
vertical Jjoints; orincid cvlumnals,
fusulluids in top .4 foot, bractiopods,

Dictyoclostus, Composits, ﬂuuaue _— 1.3

Yo Limestone, light gresn-brown, weathers
buff-tan, very fine~grained uich coarge
detrital fregments; U

gggbxél. breciiiopod spines,
and other shell fregments, "Farks.a",
sparse Tusclindds o o o o o 5 o » o o o 3
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Loeality 21 (Cont'd)

Thicknesas
feest

Wemego Shale member (32.4 feet)

fis Shale, sbundant plent and eerbonacecus
material slternating with underelay-like
material, Upper .3 fo.t with calecsrecus
nodules, grades into Maple HILl . « « o 1.2

ie Brown blocky shale, mostly covered . « « 21.0 %

6. Shele, greene-grey to brown, c¢aleereocus
in lower pert witnh brachiopods., Grades _
1ub0 elay With Do f085318 o « o « o« o + 10,2 %

Tarkio Limesatone member (4.4 feet)

5. Liseastone, tan-brown, shattery, smsll
fusulinids, brachiopod fragments,
Jttonosia; grades into upper shsle . o+ o2

i Limestope, dark gray, westhers yellows
brown, herd; ebundant large robust
fusulinids westhering in pelief, ggg%gg%%;
¥ gelostus, large horn corsls, crinvi
go umnals, large Uttonosis in upper 1.2 2.8
SO 5 o s 5 5 5 b 6. 4 E B E B e B e ® -

3., Limestone, derk gray-brown; fusulinids
in relief, small horn corals, large
erineld eclumnals, fensstrate bryoscens,

brachiopods, Hustedis, Dictyoelostus . . 1.4
Willerd Shale (4.2 feet exposed)

2. Shale, brown to yellow-brown, cleyey,
calearecus at top with numerous fossils;
brachiopods, lustedia, Dictyoclostus,
Chonetes, fenestrate bryozoaus, crinoid
COLUMDRBLS o o o o o ¢ s 2 o % & o & & » 1.2

1. Shale, dark graye-blue, silty to elayey,

very abuandant crinoid columnsls,
br“ﬂh’nﬁpcds B0 COPp OBLY o o o ¢ s o o o 3.0
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Loeality a2

Section measured in NE Seec. 11, T. 15 8., R, 13 E,,
Usage County, slong weat side of Esnsss Turnplke sterting
100 yards scuthwest of bridge number 205.

Thickness
fest

Zeandale Limestone (31.7 feet exposed)
¥¢n.goa S8hale member (9.2 feet oxpoused)

i2. Limestone, graye-brown, wesihers reddish,
argillececus, moderstely hapd, very thin-

bedded; Composita and other brachlopod

trugann#?%E§E§Z¥§g. §g§gl§%§%£. sbralded

erinvid columaals an usu 48 o o & o 3
1l. Shale, yelluwegray to green-gray, clayey,

fisalle, celoarecus, sperse, possible

shell rr‘sﬂ'ﬂt. # & % & & & & 3 s w8 s e @ h.@
10. Limestone, gray-brown, weathers yellowe

ten, oolitic, moderstely hard, thicike

bedded; brachliopods, gsstropods,

p.lﬂc}pﬁdl e % % & % % ® ® & ¥ & = » % ® 1.1
Ge 3”‘1.’ brown, Olﬂy.’ ¢ & % + & & & & 8 ® 3-8

Stormont Limestone member (3.7 feet)

8. Limesatone, gray-brown, srenscecvus,

weathers light yellowebrown, moderately
hard at top, soft bssej heoauirifer,

Qggtzggggsgui, brachicp ragments,
gastruopods, fenestrate brycsosns,
GI&‘LQ. Pparkela® o+ v o 0 0 0 0 0 s e 3.7
“au8go; Shale member (17.5 fest)
7« Shale, green-grey to yellowegreen,
blocky, silty and micsceocus in upper
part as gredes into Stormont « « ¢« ¢ s ¢ Ueb
6, Shale, light brown to dark brown . « « Te0

5. Jdhale, green-yellow, €layey « o ¢ o o o « 2.0
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Locality 22 (Cont'd)
Thickness
fect
Tarkio Limestone member (1.3 feet)

4o Limestune, dark grayebrown, weathers
deep yellow-brown, hard, very fine
grained; abundant fusulinids in pelief,
smell orincid columnals, reamose
bryeozoana, brschiopods more numercus in

top .5 foot. Dletycelostus, Uttouosis,
"P‘ei‘ll’ &t t@? s & 8 % % & B e W w0 103
Willard Shale (5 feet expused)

3. Shale, yellow-brown, calesrecus, flissile,
grades into Tarkio; sbundant fusulinids,
brechlopods, Chonetes, csleerecus nodules
NEEY TOP o o o o o o ¢ o s 5 & o 5 & o o 5

2, Shale, green, bloeky, slightly eslcarecus;
Drechlopods « o ¢ s » o ¢ ¢ 5 5 s 8 s + 6 05

1. 3hele, gray, blocky, yellow stained,
Joint f£1l1linge « ¢« o ¢« o s ¢ o ¢ o o & o 3.0 +

Loocality 23

Composite section. Tarkio through Stormont
measured inm 3W Sec. 11, T. 15 8., R. 13 BE., vasge
County, on Kansas highway § 50 yards esst of
Wabaunsee County line, wamego end Maple 1ill from
CHL Sec. 15, Wabaunsee County.
Fillsbury Shale

20, Shale, green, clayey, sbundsnt siltstone
eom”txam. - LR - L - . - - L d . L

Zeandale Limestoune (50.4 feet)

L o
B
@

Kaple Hill Limestone member (1.2 feot)
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Looslity 23 (Cent'd)

Thickness

19. Limestone, dark gray, wesihers grajye
brusn, slsbby, red on top, haprd, very
fine crystalline; small fusulinids
abundant, erinoid remalins, ramc:e
upyozoans, productid brechlopods, spines,
shell fregments, Uttonosia at LoOp « + «

Wemego, Ghale member (22.7 feet)
1%, Ghale, silver-grey, underclayelike in

PAPE o ¢ o ¢ s 4+ ¢ 6 s s 5 2 8w s s s s
17. Shele, grey and yellow, clayey « « « o o
16, Covered interval « o ¢« « s o o« s o o o &
15. Shale, blueegray, Clayey + « « o o s o o

lhe Limestone nodules, or limy shale,

erinoid culumnsls, geastrupods, pelecynods,

brfo:ﬂ‘m.oouoca.oc-'-to
13, Underclay, silver«grey « « s ¢ s o o o &«

id. 3hale, green-brown, gray-brown toward
base, bloeky, no fossils observed . «

11, Limestone, grey, ergillacecvus, impure,
gastropods, pelecypods, crinoid
SOlUMDBLE ¢« o ¢ 5 & ¢+ 2 4 6 s 6 s 0 »

10. Covered xﬁt'r‘ﬂl’ Shale « + s « ¢ + o »

Stormont Limestone membor (2.5 fect)

Yo Limsstone, grayebrown, "ie-besm” weather-
ing, srensgecus, sub-uoliticj brachiopod

fragments, Heospirifer, peleeypods,
Hzll&%,ﬁ!ﬂ.......o..
£, Limestone, grey-brown, weathers medium

brown, moderately res.stant, arenscecus,
irregular«bedded, sbundant HMegspirifer .

Wamego, Shale member (21.5 feet)

7+ Shale, grayebrown, ssndy, esleareous,
numerous hard sandy, calecsrecus nodules .

feet

1.2

1.2
3.0
5.1
1.5

«3

bed

1.0
b

1.6

o9

2.0

"
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Locality 23 (Cont'd)
Thickuess
feet

Ge COVEred iuterval + ¢ o ¢« ¢ s @ o & o o 19.5
Terkio Limsstone member (<£.5 feet)
5. Limestone, derk grey-brown, weathers

dark yellowebrown, hard, very fine
w red, westhers im irregulsy slsbaj

usulinida, D.ct ostus, brachiopod
spines, large s e 5 % e + e @ o9
e Limestone, dark grsy to gray-brown,

weathers yellow-brown, very fine
grained, massive, widely spaced vertical

Jjoints; sbundent Triticites, brachio-
pods, erdnold colunmals « . « o+ « o o o 1.6
Willard Shele (4.2 feet exposed)
3. Shale, brown, calecareous, nodular,

abundent large robust fusulinids . « o o2
2., Shale, gray, yellow-brown stained,
el‘y.y * s & e 2 s s v % s e " s e . 2.0
1. Shale, grey-blue to brown, flesile ., . 2.0
Losality 24

Section measured in Nw Sec. 15, T. 16 3.,
Fe 13 BE.p, Lyon County, in ditch along east side
of road 50 yards south of section corner.
Zeandsle Limestone (6 feet exposed)
Maple Hill Limestone (1 foot)
6. Limestone, medium to dark gray, westhers
grey to light yellowetan with reddish

ca:t; small fusulinids, brachiopod frag-
ments, crinoid eolumnels, echincvid spines

and pleates, "Marksis" snd large Uttonosis, N
gastropods, small hoern corsls, Aulope e l.0
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Loeelity 24 (Cent'd)

Thickness
feat
Wamego, Shale member (5 feet expused)
5. Shale, yellowebrown, elayey, very thin A
sandy PEPL DES o o o o ¢ s o 0 s e s e o8

4o Undercley, 8il"r‘§rﬁy * + 5 % % 8 » & @ 2

3. Shale, yellow-brown steained gray olay,
in part underclayelike « « « o v « o » » 8

2. Conl, poor GQuBLLIEY o « o o o ¢« » o o « o 2

1. Shale, silver-gray underclay-like, with
very thio yellow-brown shale partings . « 3.0

Loeslity 25
Composite section. Stormont in BW Sec. 27, T.
1% 8., R, 13 E,, Lyon County, on north side of
Misscurieracifie rallrosd tracks, ore-quarter mile
eust of gection line. Terkio in KE 8« Sec. 23 on
reilroad one~half mile 5E of cvunty line railrcad
erosaing.
Zesndale Limestone (27.0 feet exposed)
Stormont Limestone member (2.5 feet)
. Limestone, light gray, westhers greens
gray to bvuffeten, moderately hard, very

fine gralined to firee-grained at bese,
thickebeadded; very abundent erincid

columnals, Derbyis, Kgong;rigig and other
brachiopods and shell fragments, ramose
bryosoans, gastrogods, peleeypeds,

ﬁga;%qg, fossils not cbserved in lower
. GEL 4 4 « & & & & 6 o 8 s & s e = 2.5

wemego, OShale member (23.3 feet)
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Locality 25 (Cont'd)

T

Ge

5e

e

3.

2.

Thickness

feet
Shale, green-grey, silty to sandy,
cslearecus nodules; ne fossils observed o6
Sandstone, gray-brown, oalcarecus,
pourly consolidated , + ¢ o ¢ o ¢ s o «3
Shale, green-brown, contains sandy
calosreous nodules in part + « « « & « o &
Sandastone, graye-green, calcareous; no
FOBBLLIE o o o s o o 5 ¢ o o o 5 o 8 o @ .ﬁ
Shale, gresu-brown, very sandy, poorly
GXPOBEA o 4+ 4 o » 5 4 6 v e " 5 8 8 s e 2.0

Covered intervel, spproximaie thickness 192

Terkio Limestone membeyr (2 feet!

i.

Limestone, light gray, weaihers light
yellow-brown, hard, medium to thine

bedded, sbundant robust fusulinids

throughout, brechiopods in center, horn

corsl near top, Uttonosie in upper 2 beds 2.0

Loeslity &6

Jection measured 5W See. 6’ Te 17 8., Re 1

Eep Usage County, in creek on east side of road

1 mile north of section corner.
Zeandale Limestone
Tarkio Limestone member (1 foot)

i.

Limestone, light gra:-tan. weathers light
Jellows~ten, very fine grained, -moderately

hard, thinebedded; very abundsnt fusuline

ids in relief, erincid colu=nals,

brachio od fragments, remose Lryozoens;

poorly ezposed. Last recognized exposure

of Tarkio Limestorn®@.: o« + o ¢ o ¢ o o o o 1.0 t
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Loeality 27

Sectlion messured HE Beec. 11 T, 17 5., Rs 12 £., Lyon
County, &long north-scuth roed from section corner inter-
section up hill to barn. |

Thickness
feet

Zesndsle Limestone (32.2 feet exposed)
Maple Hi1ll Limeatone member (1.3 feet)

7o Limestone, medium to dark fraywhraun.
weathers gray to lLight yellow-tan,
slabby, bard, very finely orystalline;
sbundant fossil fragments, slender
fusulinids, remcse bryozoans, smsll
erincid ecolumnals, smell gastropods,
brechiopod spires, slgee (?), "Merksie® 1.3

“amepop Shale member (27.1 feet)

6., Shele, gray to light yellow, in part
anderclay-like, smutty carvonacecus

layers BHOVE o« o« « ¢ o ¢ ¢ o o o v s o 2.8
5. Bandstone, light brown, thinebedded,
fineegoalitibd o« ¢« o o o o s o o ¢ o o » 3

i Shale, graye-green, thinebedded, clayey,
sbundant thin, silty, miceceous partings,
POOrly exXponed « « + o 4 s ¢ s = 2 s o o 13,0

3. Covered interval, shele « ¢ o o o o » » 11.0 &

Stormont Limestone member (2,6 feet)

Ze Limeatone, light gray-uvrown, weathers
medium bulff-brown or yellow-tan,
arenagecus, messive; very sbundant
Qi&ggg tiroughouts top 1 fout only
rachiopods, erinoid eclusmnals, shell
fr‘gﬂ‘nt‘ S 8 8 8 B % % 8 " 4 = B ® % » 2.6

Willerd « wamego; Shale (1.2 fest exposed)
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Loecality 27 (Cont'd)
Thickness
feot

1. Shale, gresen, yellow stsined, micacecus,
slightly c=learecus, sendy to silty,

sbundant silty ca2leerecus noduless ne
fosslls observed . « ¢ ¢« o o o s ¢ ¢ » &« 1.2

Locslity 28

Section measured CWL See. 1§, T. 17, 8., K. 12
E., Lyon County, slong eastewest road, 20 yards east
of intersection.
Zeandale Limestone (7.2 feet expoused)

Maple Hill Limestone (0.8 foot)

5. Limestone, derk grey, westhers light
yellow-tan with reddish csst, thin,
wavy-bedded; many fossils, inocluding
smell fusulinide, erincid columnals,

shell fragments, brechiopod spines,
remose bryoscens; Ottonosia et top « « « .8

WAnl;ez Ghele member (6.4 feet exposed)

4+ Shale, brown, miescecus, silty,
caloarecus, small csleareocus nodules . . o7

3. Shale, grsy to ailver, ssndy, micsceous . .6

2. Sandstone, light buff-brown, calcarecus,
thinebodded « ¢ s ¢« o« ¢ ¢ o o ¢ o ¢ ¢ ¢ ¢ 1o}

1. Shale, brownegreen, sandy, micacecus, no
fosnlls ODBerved o « « » o » o s o o o ¢ h.O

Loocslity 29
Composite section. Stormont from BE Sec. 22,
T. 10 8.. R. 12 Eo. L’Qn cbunt" on AT&SF reilrced
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Locelity 29 (Cont'd)
ihickness
feet
sbout one-third mile south of esat-west rosd,
Haple HilL from 3E Sec. 1&. T. 18 8.4 K, i2 EB.p
Lyon County, in diteh on porth side of esat-west
rosd 1. yerds west of interassction,
Zeandele Limestone (25 feet exposed)
¥aple H¥1ill Limestore (1.1 feet)
Le Limestone, derk gray, yellowsbrown
westhering with red stained top, bhsrd,
mediumebedded; sbundant small fusulinids,
erinoid remains, brachiopods, Ju an Lel
Wamegoy Shele member (21.0 feet
3. Shale, gruy, clayey, poorly exposed . . 8
2. Apoyoximale Pntervel o ¢« ¢ ¢ 5 4 4 o o o 2leU
Stormont Limestone mesber (2.1 fest)
1. Limestone, browne-grey to very light grey,

westhers derk brownegray, hard, fice to
;try f;ﬂﬂlj gr:nular, tihin-bedded, slnbiy.
rreguler; Mysliva, thomyaling, svieulo
cten, sellerophon, §enoatrate br;azo:n&.
csslls more abundant center and toep + 2ol

Loeslity 30

Section messured in 3W Beo., 25, T. 18 5., H.
11 ¥., Lyon County, on esat side of northesouth
road parslleling Taylor Creek.
dtotler Limestone (1l0.7 feet expesed)

Grandheven Limestone member expoused a&s bench
ien "aid - - . - - - L . . - - - - - - - LOO
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Loeality 30 (Cont'd)
Thickness
fest

Lry Bhale mombDer covered « o« « o o » s o & G0
Dover Limestone member (1.7 {eet)
6. Limeatone, light graye-tan weathers greay,
thickebedded; large robust fusclinids,
erinoid columnals, DEtonoslds + + « o » » 1.7
Pillsbury Shale (6.6 feet)

5 Shale, greenegriy, yellow stained,
clayey, pEPtly covered « « « » » o ¢ » o+ 6,6

Zeandsle Limestone (4.9 feet exposed)
Maple Hill Limestone member (l.4 feet)

e Limestore, pink to gray, weathers
reddishebrown, hard, very fine crystalline,
mediumebedded; very sbundunt erincld
remains, smell Hecapirifer and productid
brachiopods, meny brachiopod spines,
echinold spines end plates, smell
fusulinids on uneven top surface « « « « Lok

wamego, Shale member (3.5 feet exposed)

3. Shale, greenegray flssile almost black
at top. OUrades into Maple Hill . « « « & oy

2. 35‘1‘, By, hard, allty, thanﬁb’.d“ég
pumercous red alltstove concretions at
DHBE o« o 5 » &« o o ¢ & & o 8 & s v o & @ 1.3
1. &hale, yellowebrown, ssndy, very thin

bedded. Hase is well conselideted - L
lmost & SARASLGNG o+ o+ o « o 2 4 v o+ s @ 1.8

Locellity 31
Section messured CSBL Sec., 3, T. 19 8., R 11
Eep Lyon County, on west aide o! Kansas highway 99
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Loecality 31 (Cont'd)
Thickness
fest

about 200 yerds south of sbandon rallroad bed,
3totler Lisestone
Lover Limestone member (l.i4 feet)

5 Limestons, medium gray, weathers graye-
yellowetan, hard, massive-bedded, coutact
sharp at base, irregular st top; very
abundant erinold columnals, fusulinida,
horn corals, brachiopod fragments, and

large g!gg&@‘i‘ e & % s 8 2 0% e ¥ % & » l.&
Pillsbury Shsle (3.6 feet)

li« Bhale, green-yellow, clayey, moatly
COVOrefl « « ¢« ¢ ¢ o o 4 ¢ ¢ ¢ 5 0o s @ 3;6

Zeendale Limestore (16.1 feet exposed)
Meple Hill Limestone member (l.1 feet)

3. Limestone, gray-brown to red-grsy &t
top, weethers light yellow-brown,
mnoderately hard, very fine greined,
argillacecus, thick-bedded} numerous
er.nold columnals, smell fusulinids,
shell fragments, rsmose bryosoans,
amall encrusting algeae, gastropods + . 1.1

wamego, Shale member (15 feet expused)

2, Shele, gray-uvrown, clayey, mostly
covered, DIOCKY « o ¢ ¢« o o o & o » o « 2.0

1. Shﬂlﬁg CGOVCPBY ¢ o o ¢ 2 ¢ s o 2 o s o o 13.0 "
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AFFEBDIX B

LOCATICE: OF PARTIAL ZEASDALE OUTCRUF 1K BORTHEASTLRE
RANSAS ROT LIBCLUDED LR MEZJURED BRCTIURS

Loeslity A

CEL KE BSecs 9, T. 10 8., R, 15 Hep Shawnee County, along
sastewost road in ditehes 100 yerds west of intersection.

wamego Shale - 3 feet
Terkio Limestone « 2 feet

Locality B

RW 3W BSec. €1, T. 10 8., R. 14 E., Shawnee County, three-
guarter mile sovuth of Crove nesr hill top on we:t side of
road.

vamego Shale « & feet
Terkioc Limestone -« 2.6 feet

Locelity C

CWL SE Sec. 25’ T. 11 Sep R. 13 E., Shawnee c“uut,’ U esBi
side of northescath road Jjust north of West Union Sechool.

Tarkio Limestone - over L fect
Loeslity D

BW Nw Sec. 1, T. 11 8., Re 13., Shawnee County, on south side
of east-west road.

Tarikio Limestone - 6.8 feet
Locality E

SE 8W Sec. 31, T. 11 8., R, 14 E., Shewnee County, approxinmately
one-quarter mile esst of ssctiion corner,

¥aple HillL Limestone « 1.5 feet
Wamep¢ Shale - 9 feet
Tarkio Limeastone - 6.6 feet



Loecslity ¥

SW Bec. 1, T 12 Bey Be 13 E., Bhawnes County, in creek and
up road to east.

Maple Hill Limestoune - l.4 feet

Wamegoe Shale - 9.7 feet

Terkio Limestone « &.4 feet
Locslity G

NE Sec. 19, T. 12 Se.p Be 14 E., Snawnee County, at bend in
roed 300 yards south of section corner.

Tarkio Limestone = 3.8 feet
Willard Shele « 37.2 feet

Locality B

CWL S5E Sec. 19, T. 12 8., B. 14 E,, Shawnee County in
ereek bank and north from bridge.

Maple Hill Limestons - over 1 foot
Wamego Shale = 13.7 feet
Terkio Limestone - §j feet

Locality I

8E 3ec. 15. T. 12 8., Ro 1§ Bep Shawnee County, in road cut
weat from ereek to top of hill.

Terkic Limestone - f.4 fest
Willerd 3hale - [j2 feet

Locslity J

UBL 8E Bec. 22, T. 12 5., R, 1} B., Shawnee County, on north
side of esstewest road just esst of Blacksmith Ureek BSridge.

¥aple Hill Limestone « l.ij feet

¥amego Bhale « li.2 feet

Tarkio Limestone « over 3 feet
Locality K

8W Bv BSec. 29, T. 12 8., R 15 E., Shawnee County, along
northesouth roed, .6 mile north of intersection.

Tarkio Limestone - 2 feet



Locality L
8E Bec. 3. T. 13 &-. e m Eo’ Shewnee Qeunﬁy. ﬁlon‘ Guote
west road, 1900 yerds east ol small tributery of Wakaruss
Biver., '

Tarklio Limestone - 3.5 feoet
Locality M

8% Sec., 20, T. 13 5., R 1l Be,y, Bhawnee County in farm sccess
road 30 yards east of uridge.

Tarkio Linestone - 3 feet
Looslity B

CHL 8ec. 1, T. 14 8., R. 13 K., Usage County, 150 yerds south
of section line on west slde ol Kansss Turnpike.

Terkio Limestone - 3,7 feet
Willerd Shale - 15.4 feet

Loocality U
CSL 8ec. 2, Te 15 8., B, 13 E., Usage County, exposed on
north side of eastewest county road et half-gsection-line
fence.

Stormont Limestone -« 2,1 feet

Wamego; Shele - 16.7 feet

Tarkio Limestone - top exposed
Logality ¥

KE EE 8Sec. 11, T. 15 S+, R. 13 E., Ussge County, in eounts ,
road cut just northwest of! HKanses Turnplie bridge number 205.

Terkio Limestone « 3,2 feet
Losulity «

BW Secs 14, T, 15 8., Re 13 E., in cut on Keansas Turnplke,
200 yards north of bridge number 202,

wamegoy shale
Stormont Limestone
Wamego) Shale



Loezality R
SE Seo. 22, T. 15 8., R. 13 E,, Lyon County, approximately
one-quarter mile north and 40 yerds west of section line in
deep northwest trending ravine,

Pillsbury Shale - 3 feet

Haple EH1ill Limestone « 1.2 fest

Wamegoy Shele - L.2 fest
Locality &

8W Sec. 24, T. 15 5., R. 13 B., Osage County, in diten on
esst side of northescuth road 150 yards nortn of school.

Tarkio Limoastone - 1.3 feet
Locelity T

CwL Seo., 6, T. 16 8., R 14 E., Osage County, east of road
Just south of creek and stuek ponds.

Tarkico Limestone - .8 foot
Locslity U

W W Jec. 1“. T. 1o Bep Re 13 B.y vsage County, ic roadout
200 ysrds south of Selt Creek.

Tarkioc Limestone - 2.9 feet
Willard Shale - % feet

Losslity V
SE Bec. 22' N Sec. 27, T. 16 B.' R. 13 go. Lyon County, in
Missouri Pecific Rallroad cut southeast of northesst-scuth-
west Jjog in county rosd,

Stormont Limestone - 2.2 feet
Locelity ¥

CwWl 3eec, 23, T. 17 8., R, 12 Yag Lyon County, southwest
corner of intersection in ditoh,

Maple Hill Limestone



Loocelity X

5% NE Sec. 23, T. 17 8., R. 12 E., Lyon County, below south
end of Lake ¥Wilhite Dam.

Maple H1ll Limeatone
Locality X
SE Sec, 26, T. 17 8., &, 12 E.p Lyon County, in deep drainage
ditehh on north side of esst-west road sbout 85 yards weast of
sectlion corner.

Maple Hill Limestone -« 1.1 fuot
Hamegop Shale « 7.6 feet

Locality 2

CEL 3ec. 33, 7. 18 8.y R. 12 Eep Ly@n County, in ditoches
along south side of esst-west road.

Dover Limestone - 1.5 feet

Fillabury Shale « 6,1 feet

Yaple Hill Limestone « 1.2 feet

wamegop Shele - approximately 29.5 feet
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APFERDIX ©

CORSTITUENT PERCENTAGES OF THE COARSE FRACTION
OF THE INSOLUBLE RESIDUES OF THE ZEABDALE LIKESTORE.

Percent
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Limonite aggregetes, spongelike
Arenscecus foreaminifer
Fyrite

Feldspar, lovse, silt size

Arenscecus foraminifer

Quartz, loose, very fine, subround,
frosted

Muscovite flskes

Selenite

Pyrite

Limonite sggregates
Arenacecus foraminifer
Fibercus gypsum

Pyrite

Limonite a;grogatal
Arenacevus forsminifer
Guertez, lovse, fine, euhedral

Arenscecus foraminifer

Guarts, loose, very fine, subround
HMusecovite flakes

Glsuconite

Limonite sggregstes

Arenscecus foraminifer

wuarts, loose, sllt size, subround
Feldspar, loose, ailt size, subangulsr
¥uscovite flekes

Selenite

Glauconite

Arenscecus foraminifer eand probables
541t sggregates, brown

Pyrite

Selenite

Carbonaceous materisl

Huscovite flakes



Bumbery
AwTen

A-Teb

A=Twe

A-y

3-T-8

3=¥=13

4=T-2
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Description

Luartz, loose, very fine, subround,
frosted

Arenacecus foraminifer

Limonite sggregetes, spongelike

Musecovite flakes

Drasy quarts

Celestite

Limonite sggregates, spongelike
Arenscevus foraminifer

aartz, loose, subround, frosted
Belenite

Celestite

Limonite aggregstes, spongelike

Arenscecus foraminifer and probebles

Luartes, loose, very fine, subround,
frosted

Huscovite flakes

Querts, locse, very fine, subround
frosted

Feldapar, loovse, very fine, subangular

Cley sggregates

Chert, granulsyr

Arenscecus foraminifer

Pyrite

Quartz, lovse, very five, subround
Arenscecus forsminifer

Limonite aggregetes, spongelike
Gypsum, fibrous

HMuscovite

5ilt aggregates, light brown

Feldspar, lovse, very fine, sudangulasy

Guerts, locse, very fine, subsnguler
to subround

Arenscecus foraminifer

Carbonacecus materiel

Husecovite

Limonite, in part replacing foraminifer
8ilt aggregates, brown

Gusrtz, locse, silt slisze, subangular
Arenaceous foramlnifer

Pyrite
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Deseription

wuarts, lovse, very fine, subsngular teo
subround

Puldspar, lovse, very fine, subsnguler

Beekite

Huscovite

Arenscecua forsminifer - prubavles

Glasuconite

Feldspar, locvas, very fine, subanguler

w«uarts, locse, very fline, subsngular to
subround

Huscovite

Feldspar, locse, very fine, subangular

Guartz, lovse, very fine, subangular,
frosted

Arenacecus foreminifer

Gelenite

Beekite

Muscovite flakes

Arenascecus foreminifer

wuarte, locse, very fine, subangular -~
subround, frosted

Magnetite

Fyrite

Gelenite

Arenscecus foraminifer and probables

Guarts, lovse, very fine, subangular,
frosted

Peldspar, loose, very fine, angalar

fyrite

HMuseovite flaikes

Quarts, locvse, silt size, subround -
subangular

Peldspar, loose, ailt size, subround

Huscovite flakes

Aprenscecus foraminifer

Fibroas gypsum

Feldspar, louse, very fine, subround
Guarts, loose, very fine, subround
Muscovite flakes

Arenscecus foraminifer

Biotite flekes
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Deseription
Arensceous foraminifer

Selenite, loose, enlongate crystals
Arenacecua foraminifer

querts, loose, very fine, subround, frosted
Limonite agzgregates, well consclidated
Peldspar, loose, very fine, subengulaer
Huscovite flakes

Fibrous gypsum

811t aggregetes, blaok

dvenscecus foraminifer and probsbles
511t asggregetes, bleck

Beskite

Limonite spgregates, spongelike
Lusrtez, loovse, subround, frosted
Fibrous gypsum

Limonite, aggregetes, spongelike

Celestite

Arenacecus foraminifer

BSecxite

Quasrtz, locse, subround, polished « frosted
311t sggregetes, black

Pyrite

Silt aggregates, black

Fibrous gypeum

Seekite

Arenacecus foraminifer

Gueprts, louvse, subround, frosted
Selenite

Celestite

Limonite aggregates, spongelike
Fibrous gypsum

waartz, loose, very fine, subangular
Muscoviile fleakes

Arenscecus foraminifer, prcbables

Limonite sggregates

querts, loocse, very fire, subround, frosted
Musocovite flakes

gelenite

Tourmaline
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Bumber  Perecent Deseription
Bul=3b 95 wuarts, locse, very fine, subround, frosted
& Arenscevus foraminifer snd probsbles
Fibrous gypsum
T Pyrite
SwTely 90 waartz, lovse, silt sise, subround, frosted
i Limonite sggregates
3 Arensceous foraminifer
3 Muscovite flakes
T Tourmaline
BeT=5 50 Arenscecus foraminifer and probables
18 quarts, locse, very f{ine, subsngulsr
15 Feldspar, locse, very fine, subsngulsy
15 Limonite cggnguus
2 ¥uscovite flekes
T Glauconite
? Pyrite
Betiella 78 Pyrite
20 Celestite
2 Arenacecus foraminifer
T Beekite
SeMellb 89 Arenscecus forsminifer end probables
10 Jeskite
T Fibrous gypsum
YuTe3 70 Arenscecus foraminifer
20 wuarts, locse, very fine, subangulsy,
frosted
10 Feldspar, lovse, very fine, subangular
T Glauconite
T Muscovite flakes
Galiws 75 Selenite crystals
15 Pyrite
10 Celestite
: 4 Avenascecus foraminifer
12-T-1a 50 Limonite aggregates, spongelike
35 Arenscecus foraminifer
10 811t aggregates, brown
5 Quertz, loovse, very fine, subround, frosted
4 Muscovite flakes

T Beekite
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Rumber  Percent Pescription
i2«T«1b 50 Arensceous forsminifer and probables
Limonite sguregetes
25 5ilt sggregates, brown, spongelike
4 Muscovite flakes
4 Tourmaline
l2-Te28 Lo Arenacecus foraminifer anmd probables
30 Limonite aggregetes
20 Pyrite
10 wuartz, locse, very fine
T Spines and/or spicules
T Fibrous gypsum
12eT=2b 60 Celeatite
40 Pyrite
T Gusrtz, loocse, fines, subhedral
s Fibrous gypsum
12-7-3 55 Pyrite
: b2 Arenacecus foraminifer
3 FPibrous gypsum
T Peldspayr, lovse, very fine, subangular
12«T=5 &6 Feldspar, loovse, very fine, subround
30 wuartz, locse, very fine, subround, frosted
i Muscovite flakes
T Uhlorite
12T« 40 Guartz, locse, very fine, subsngular
k1 Feldspsr, loose, very {ine, subangulsr
20 Arenacecus forsminifer
i Huscovite flakes
1 Tourmaline
T Fiorous gypsum
12-¥=10 8s Guartz, lovse, very fiue, subasngulsr -

subround, frosted
Arenscecus foresminifer
Peldspar, loose, very Iine, subangulayr
Muscovite flakes
Cley sggregates
1-T-18 wusrte, lovse, very fine, subround
irenacevus foraminifer
Clay aggregates, brown, spongellike
Beeklte
Fibrous gypaum
Pyrite
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Eumber [Fercent lesoription
li=T-1lb 50 Limonite, in part replacing fusulinid
structure
LS 8ilicified fusullinid fragments
5 Arenacecus foraminifer
T Magretite
1=Tele 70 érenscecus foraminifer
as Clay eggregates, brown
3 wuarts, locse, coarse silt size, subround
e Fyrite
1etiey 60 Peldspasr, locse, cosrse silt, subround
30 Wuartz, locse, very fine, subround
10 Silt aggregetes, Lrown
5 Arenscecus foreminifer end probables
i Buscovite flakes
i Carbonageous materisal
1beTebn 35 Guertz, louse, very fine, sabround
30 Arenscevus foraminifer
20 Feldspar, leose, cosrae silt size, subangular
15 Limonite eggregeates, spongelike
4 Muscovite flakes
16«T=bb 60 Limonlte sggregates, spongelike
37 Arenscecus foraminifer
Feldsper, locse, very fine, subangulsy
1 Fibrous gypsum
T Pyrite
16-Tebe 49 Arenscecus forsaminifer and probables
T Fibrous gypsum
T Muscovite flakes
17-T-2a 60 Arenscecus foraminifer
15 Clay asggregates, spongelike
15 wusrts, locse, very fipe, subengular
3 Feldspar, locse, very {ine, sabangular
3 Pyrite
2 Fibrous gypsum
17=T-2b 85 Limonite aggregstes, spongelike
10 Arenaceous foraminifer
5 2ilicecus fusulinid fragments

Fibrous gypsum
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1874

18-Te5a
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Fercent

67
30
3
T
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Deseription

Clay sggregates, spongelike, medium brown
Limonlite sggregates, spongelike
Arenscecus foreminifer

Fibroeus gypeum

Peldspar, loocse, very fline, subangular
Quarts, lovse, very fine, subangulsy
Fyrite

Muscovite flakes

Feldspsar, loose, very fine, subsnguler
waartz, lovse, very fine, subangulsr
Muscovite flakes

Fyrite sguregates

Celestite

Feldspar, loose, very fine, subangular
wuartz, loose, very fine, subangular
Limonite sggregetes, spongelike
Muscovite flakea

Feldspar, lovose, very fiue, subangulsr
Luarts, lovse, very fine, subangulsr
Haseovite flakes

Tourmsal ine

wuartz, lovse, very fine, subangular
Pyrite

Feldsper, loose, very fine, subangulsr
Arensceocus foraminifer

Musecovite flakes

Tourmeline

Pyrite euhedral

Guerte, lovse, very fine, subround
Feldspsr, loovse, very fine, subangular
Arenacecvus foraminifer

Huscovite flakes

Gueartz, locse, very fine, subhedrsl
Limonite sgpregates, spongelike
Arenscecus foraminifer

Peldspar, lovse, very fine, subengular
Fyrite



Humber
18-T=5¢

18eT«b

18«7=7

18-W=9a

1B=W-9b

L8ak=11

18-M-1l

19«Telian

19=T=lb

Percent
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Deseription

Limonite aggregates, spongelike
Chert, fine, granulsy
srenacecus foraminifer

Arensceocus foraminifer

Limonite sggregsates, spongelike
Fyrite

8ilt aggregates, silver-gray
Fibrous gypsum

Feldspar, loose, very fine, subasngular
Limonite sggregates, spongellike
Luartz, lovse, coerse ailt, subanguler
Arenaceous foraminifer

Muscovite flaikes

Feldspar, loovse, very fine, subsnguler

wuartz, loose, very fine « fine, subround,
pol ished

5ilt aggregates, gray

Avenscecus foraminifer

Carbonascecus materisl

Huscovite

Fyrite

Feldspsar, loose, coarse silt, subangulay

wuartz, lovse, cosrse silt, subsnguler -
Subround

Arenscecus foraminifer

Pyrite
311t sggregates, brown
Arenacecus foraminifer and probables

Pyrite, euhedral and aggregates
Arenacecus foraminifer
Cerbonacecus msterisl

Limonlte agpregates, apungelike
#ilicecus fusulinid fragments
Fibrous gypsum

Avenscecus foreminifer snd probables
Limonite aguregates, spongelike
wuerts, loose, cosrse silt, subanguler



Humber
1i=TeSa

19=T=5b

15«89

19«k~11
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19=Mel7a

19«¥el7b
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Deaeription

Arenscecus foraminifer
Jelenite
Siliceocus fusulinid fragmeuts

Arenscecus forsminifer
Silicecus fusulinid fragments
Limonite sggregetes, aspongelike
Fibrous gypsum

Feldspar, locvse, coarse silt, subround
Limonlite agiregates

wuarte, locse, very fine, subsngular
irenacevus foraminifer

wuartz, loose, f{ive, euhedral
Huscovite flakes

Feldsper, lovse, coerse silt, subangular
wuartz, locse, very fine, subsnguler
Limonite aggregsates, spongellike
Arenscecus foraninifer

Ghil't, tin" “ﬂmx"

Guartz, louvse, very flre, scebengulay

Feldspar, lovse, very fine sand - coarse
sllt, subsngulasy

Arenscecus foraminifer

Caerbonscecus muterial

Tourmaline

querts, loose, subangulay
Arensceous foraminifer
S3ilieecus fusulinld fregments
Uley aggregetes, gray
Carbonececus materiel
Muscovite flakes

Limonite ageregates spongeliike
Silicecus fusulinidé fragments
Arenscecus foraminifer

Clay aggregates, gray

Arensceous foraminifer and probebles
5ilicecus fusulinld fragments
Magnetite

Gusrtz, locse, cosprse silt, aubsngular
deekite

Fibrous gypsum



Bumber
20-T=1b

d0=Tele

20=T=2

20-8-l

20=H-10

2leM-i0a

£l=M=10b

HeTen

Percent

50
30
10
1
3

2
8
2
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Pescrigtion

Feldspar, locvse, five silt, subanguler
Arenagecus foraminifer and probables
“uarts, locse, very fine, subround
Celestite

Hagnetite

Sillicecus Tfusulinid fregments
Arenscecus foraminifer and probables
Feldsper, lovse, very fine, subangulear
Hagnetite

Limonite aggrepsates, spongelike
Arensceous foraminifer
felestite

Magnetite

Heekite

Feldsper, loose, very fine, subangular
querts, lovse, very fine, subsngulap
Arenaceous foraminifer

Eubedral pyrite

Huscovite flakes

wuartz, loose, very fine, subengular
Feldapar, loovse, very fine, subsngulsar
Claey sggregates, brown

Arenaceous foraminifer

Pyrite

Carvonacecus material

8illcevus fusulinid fregments

Arenscecus forsminifer and probasbles
Limonite agsregates, spongelike
Quertz, loose, very fine, subangular
Spines and/or sponge spleules

Arenacecus foraminifer

Sillcecvus fusulinid fragments
Clay agaregates, gray snd yellow
Pyrite aggregetes

Selenite

Arensceocus foraminifer

Clay aggregates, spongelike, brown
Feldsper, loose, coarse silt, sabangular
Fyrite

Fibrous gypsum
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Kumber  Percent Pescription
HeTeb 98 Arenacecus foraminifer
3 Carbonsaceous material
KeTec 99 Arenscecus foraminifer
3 Limonite sggregates
| 3 Muscovite flakes
22-Tejia &6 Clay sggregates, spongelike, brown
8 woartz, loovse, silt asise, subsngular
5 Arenscecus foraminifer
Fyritized ramose brysgoans
22«T=Lb LO Arenscecus forsminifer
Feldspsr, loocse, cosrse silt, subsngular
15 Guertz, locse, very fine, subanguler
13 Clay sggregates, brown
5 Beekite
e Fyrite
22wf=i 65 Peldsper, locvse, very fine, subengular
23 Yuartsz, lovse, very fine, subrou
5 Limonite agiregates, apongelike
4 Huscovite flakes
3 Arenscecus foraminifer
: Teurasline
22«4=l0 77 wuarts, loose, very fine, aubround
10 Feldsper, loose, very fine, subsngular
10 Limonite aggregetes, upongelike
3 Arensceous foraminifer
T Tourmaline
23=T=ia 85 Cley sggregates, spongelike, brown
10 Arenscecus foraminifer
5 Pyrite sggregetes
23«T-4b 95 - Clay aggregates, spongelike, brown
3 Arenscecus forsminifer
1 Siliceous fusulinld fragments
T Peldsper, locse, medium silt, subanguler
23=Tes8 §5 Clay sggregates, spongelike, brown
35 Pyrite
10 Arenacecus foreminifer
7 Beekite
3 8ilicecus fusulinid fregments
T wuarts, medium sand, subhedral



humber
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23-5-8a

23-50b

23~5=98
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Deseription

Clay sggregates, spongelike, brown
Beekite

Gusrtz, locse, fine, subhedral
Avenscecus foraminifer

Pyrite

Muscovite flakes

Feldspar, lovse, very fine, subsngulsr
Guartz, lovse, very fliue, subsngulsr
Clay aggregsates

Musocovite flekes

Feldspar, lovse, very fine, subsnguler
Mioa flakes

Arenscecus forsminifer

wuerts, loose, medium sand, subround

Peldapar, lovse, very fire, subanguler
Guarts, lovse, very fine, subsnguler
Limonite sggregstes, spongelike

Mica flekes

Arenscecus forsminifer

Feldspar, lovse, very fine, subesngulsr
Arvenacecus foraminifer

wasrtz, lovse, very fine, subanguler
¥ica flskes

Fibrous gypsum

Clay aggregates, brown

Arenmncecus foraminifer

Wuarts, loose, very fine, subsngulayr
Pyrite

Limonite aggregates, spongelike
Arensceous foraminifer

Pyrite

Lusrtes, locse, very fine, subsngular
Carbonaceous materisl

Limonite aggregates, spongelike
Arenscecus foraminifer

Guartz, loose, very fine, subsngulsr
Musocovite flakes

Gilicecus fusulinlid fregments



Bumber
UeTwa

UsTleb

25500

26=Twl

2]=3=2a

2leindb

27wt}

28ekab

Percent

60
32
3

3
2
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Description

Peldsper, lovse, very fine, subsngular
“uarts, loocse, very fine, subangulsr
Beskite

¥uscovite flakes

Arenaceous foraminifer

Arenacecus foraminifer and probables

HMuscovite flakes

Fibrous gypsum

Feldspar, lovse, very {ine, subaagular
Limonite sggregates

Arenaceocus foraminifer

wuartsz, locse, very fine, subround
Muscovite flakes

Limonite agpregates, spongelike

Clay sggregetes, hard, brown to bleck
Arenacecus foraminifer and probatles
Muscovite flakes

Feldsper, lovse, very fine, subangular
“uarte, lovse, very fine, subangulsy
Arenscecus foraminifer

Huscovite flakes

Tourmaeline

Feldspar, lovse, very fine, subangulsr
Gusrts, lovase, very Irine, subangular
irenscecus foraminifer

Limonite aggregates

Mica flakes

Limonite

Arenscecus forsminifer

suartz, loose, fine, subangular
Jelenite

Carbonacecus meterial

811t Aggregates

Arenececus foraminiler
wusrtes, lovse, fine, subround
Muscovite flskes

Carbonaceous materiasl
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Humber  Percent Description
Y 27 Clay sggregates, brown, spongelike
2 Guartz, lovse, fine, subround
1 Arenscecus foramicifer
T Carbonscecus msaterial
29-i=la 79 Feldspar, lovse, very fine, subangular
15 Guartz, loose, very fine, subsngular

Muscovite flakes
Biotite fleskes

T Tourmaline
29=8=1b 70 Feldspar, loose, cverse silt, subangulsy
1; Guarte, loose, very fine, subanguler
Muscovite flaikes
Y Biotite flskes
1 Arenacecus foraminifer
2G=Mwly g5 Limonite _
13 Arenececus foraminifer snd probables
F 4 wusrtz, loose, fine, subround
30=bal 65 Arenscecus foraminifer
3 kuartz, floe, louse, subround
4 Fibrous gypsum
1 Limonite sgerepstes, spongelike
3leMal 85 Arenscecus foraminifer
45 Guarte, loose, fine, subungulsr - subround
T Pyrite
b 1 Carbonscecus materisl
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AFPEBDIX D

PERCESTAGE CHART OF lHSCLUBL: RESIDUE ANALYSIA OF THR
ZBANDALE LIMEITURE

Su-plu* Totsl Heslidue Coarse Fract gggg,gggg§ﬁgg
Number percent © pereen percen

eriginal ss=ple of residue of residue
lei«3a 3.8 8.0 92,0
1-T«3b 5.1 1.0 99.0
leTwia 2.7 6.1 93.9
leTelb 3.0 10.0 90.0
1-T=5a 5.9 4l.5 58.5
leTw5b 5.2 Te7 92.3
leMall 5.0 k0 96.0
Awlen 12.4 1.2 98.8
AeTeb 5.8 6.1 93.9
AeTec 13.1 7.2 92.8
Al 2.4 1.1 958.9
3~T-8 7o 1.4 98.6
3-Hel3 13.2 23.7 7643
=T 11.3 1.3 98.7
h=T-3 15.7 53.8 Lo.2

“Numersls and capital letters between dashes refer respect-
ively to outercp locality, Zeandale member, and bed number
in measured sections. Lower case letter to extreme r.ght
denotes pousition within & single bed. e.g., sample l-Te3a
was obtained from Loeslity 1, Terkio Limestons member,
lower part of bed { in described sections. Sample leT«3D
is stratigrephically higher.



Appendix D (Cont'd)

Sample
Kumber
Lebeld
S=T=Ca
S=T«bb
SeTwbe
Seitel0
b=Tml
belinl
Hmiim’
Hultim ]
(=T=Ta
T=T=Tb
T=T=T¢
T=T-7d
{el=e
T=Hel?
HuTe3a
8eTw3b
HeTel
fafeb
HeM-lla
felelld
GeT=3

Totsl ansgdgo
péreeny o

origioal sample
50.8
95
f.2
12.9
She9
5.0
32.1
10.3
17.1
1l
12.9
15.6
10,8
8.8
5.5
17.8
76
10.3
6.1
2.9
g7
57

} pnraon%'vy

of residue

Tia7
6
b
of
T6.6
2.0
16.1
6.3
2.6
3.6
o3
244
ol*
Le2
17.4
7.6
o7
5.8
28.7
22.8
2.4
16.6

¥

161

aoti

peroent

of residue
28.3
9.4
9944
992
23.4
98.0
53.9
1.7
G7el4
96.2
997
97.6
99.9
95.8
82.6
G244
99.3
o2
7.3
7.2
376
83.2



Appendix D (Cont'd)

fotal Rosiﬁsg
percent o

original semple

Sample
Humber
Yetiad
l2-Twla
12-T-1b
l2-T-2a
12+T«2b
12-T«3
L2t
12=T=b
12«M=10
lij=Tels
li=T=lb
lj=T=le
L=t
lbeTwba
16-T«6b
16-T=b0
l7=T«2a
17«T=2b
Li=Te2e
Li=T=2d
L7=Tw2e
liede5a
li=te5b

6.9
8.6
159
57
b8
Geli
8.0
17.1
1.4
15.1
£.1
8.1
11.8
10.6
7.2
10.9
13.3
6.6
b
Se8
8.6
35.0
36.5

Qeasas.!zag&&gs
percen

of residue

439
.8

.8
1.5
30.1
9.1
27.8
16.7
2.7
2.6
8.6
el
9.3
24
7
5
3.8
9.6
Sely
25.0
1.8
45.6
61.3
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Fine Fraa%igg
percen
of residue
56.1
99.2
99.2
8.5
699
90.9
2.2
83.3
97.3
974
91.4
95.7
90.7
97.6
99.3
99.5
96.2
904
Yeb
5.0
g8.2
Shely
38.7
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Appendix D (Cont'd)

Sample Total ﬁgigggg Coarse ggtigggg gzgg_zgggiggg
Humber peresnt o pereen pereen

original ssmple of residue of residue
L7=k=5¢ 28,7 he 7 5543
L7wbkieb 38.9 Ll.6 50.4
L8aTey 397 2d.1 1.9
1fwTebe £e0 Sely b
18-T=50 7.8 3.4 96.6
18«T«50 40 21.5 78.5
1eTwb 3.1 1.1 98.9
18T(8)-7 11.4 22.3 117
18-¥wuya 15.1 10.0 90,0
18=i=9b 5.5 20,0 80.0
18ekell 23.4 k3.3 3647
liaMelly 1543 5e9 .l
19«Teija 15.1 5.6 Y oly
19«T«ld 11.2 ok 99.6
19=T=5a 17.9 1.1 98.9
19=T=5b 10.6 leih 986
Ljwiey 16.6 ii.2 86.8
19«¥ =11 20.3 18.2 81,8
19=iizel2 22.5 15.8 8.2
19=-t=17a 25.1 35 96.5
19-¥-17b 16.0 10.3 89.7

21’?-‘1‘-1‘ 19-0 3-8 97.2
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Appendix D (Cont'd)
Semple Totel Hesidue arse Froctiv Pipe Frsetion
Nuzgor crxgzz:;nieuplo a:pifZZEuo Og.:::?:“‘
20-T-1b 17.5 1.1 98.9
20=T=le 13.9 3.2 96.6
20=Te2 6.4 1.6 9844
20=Sel 174 33.6 664
20=Mall 15.6 2.9 97.1
2l-Me108 20,8 2.6 97.4
21=M=10b 6.7 7.5 92.5
HeTwa 15.0 {eO 96.0
HeTeb 13.6 2.9 97.1
Helwe 16,2 o6 994
22«Telin 17.9 1.3 90.7
22«T=lb 153 ol 99.6
22wl 23.7 27.2 72.8
az-wz-xo 15.6 Tel 92.9
23=T«la 16,5 1.6 95.4
23-T=lib 1l.1 6.6 93.4
23=T=50 10.9 2.1 97.9
23-T-5b 12,0 N 994
23«5-5a 21.2 23.6 6.4
23-3=0Db 174 13.2 86,8
23-3«9a 26,7 76.0 2.0

23«83«90 20.4 61.3 38.7
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Namber
23«¥-198
23«¥=19b
2=t
Umfwa
UaTeb
254y -
25ei=la
25-8=6b
20-T=1
27=8=2a
2l=iwdb
27 wMeT
20wbal
Lwlim
Ej-bwla
29=5=1b
dYwtimly
30-Hel
Jleke3

Totel &cgidug
percent o
original sample
0.9
7.2
Gel
11.8
19.2
6.2
¢6.2
21.4
1846
95
T+6
9.5
15.5
G.8
b5.7
2743
£.6
15.2
16.2

percent |
of residue

5.8
9.0
9.1
1.4
o7
50.7
69.4
60.7
4o
23.3
17.2
8.5
13.5
9.0
93.6
6.4
8.1
2.6
9.0
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Eioe Precticn
peroen
of resldue

o2
91.0
90.9
96.6
99.3
49.3
30.6
39.3
95 ek
76.7
82.8
91.5
8645
91.0

6.2
13.6
91.9
974
91.0
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