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IliTRODUCTION

The areft of this study lios In tlio nouthoast pmrt of

Itlloy County f Kansas t in tho vicinity of tliB City of Han-

hattan* Tho area la approxlmatoXy eight nilea Icmg imd four

ralloa wldo (Fl{> !)•

In a prollralnary study mado of tho stratigraphy of the

area a oonsidorablo arK>urit of tlilckoning and thinning ma
noted vlthin the fonaaticHns and jsmssbera* A correlation of

the resiilts shove that this variation is nuoh {p*eater in the

shales than in the limestones* Of tho shale formations* the

Eekridge iios tlio iiroatoat thickening an<l thinning; with a varia-

tion of 10 foot* Where a liinostone fonaatlon shows & relative-

ly wide variation > It is tho nhalo aaabor within tho foraation

that la primarily rosponsibic xor ttio ciianuo* An oxiu::^lo cr

this la to bo obsoi*ved in the Red Eaclo liraoatone fomaticai

which shown a i«a?iatlon of S»6 feet* Tho Red l^aglo f<^?* atlon

contains tiio Glenrock liiaostone auKabor at its base and tlie

Utowe limeatono noribor at its top with the liennott sluile wmAmr

in botwoen* Tb.o Dennett shale n«nl>er varies 2*6 foot wiioroas

the Howe mid Glenrock liiaostone noB^bers show a ohan,:;?e cf only

0*8 and 0*5 foot* respeotlvely* Of tlie xaore auuisive llrae^

stones aeasured* tho Heva liriostone nomiber has the greatest

variationt 3 foot* Tliis seoias considerable for a formation

that appears to be largely linestone # but when all of tto«



'^^^\
^^^^\!^9
^^yvv/vvyvV//^^^ ^-^

\
^^^̂

x5 /%y///^yy7y^
^_^^,,„.-^^^^^^POTTAWAT M 1 EX^^^^^^'dMM:^^^A"^^t^^^ \ f:^^^^^^^^vy^
^^^^^.^\j^^ I

^^^«^'^:^^^^>>^ \ K29V:#M̂̂
%

1tW^w
///////

A...

52
1

RILEY COUNTY x:

GEARY COUNTY 1

1

1

1

1

i

LOCATION MAP

9 ? ^ -*
T T T 1

SCALE OF MILES

Pig* !• Location map.



msaez^ous thin siialo zones ««j*e taken into aooount> it was

found that the ITeva variod from 10 to S7 rsorcent shalo,

indioatii3g ai^ain that it ia tli@ ohala toat produooa uao

variation rattsor tlian the lira© atone. A tabular oorrolation

of thia study la shown in Pig* S« The soctiona upon wiiich

this table is based are given in tho Appendix*

With these obsorved facts* it was dee i led to investi*

gate w!mt effect the thickening i.^-... Uiinninf: of shales had

up«it thB atructures of overlying llraostonos* Sinoo tJie great«*

est tMckness variation was found in the lilskridge shale* it

and tho overlying Cottonwood linostono and tho underlying

B^va llmeatono vere nade t^io object of thia study* Both tlie

Cottozwood «rt 1 Heva structures were stepped and a cosiparison

Bade betwoon tlimn to determine (1) in what «ay they vere re*

lated genetically » (2) how the variation in tho thielcness of

tho Eakridge aodlfied tlie Cottonwood atr^jscttiro with i»ospeot

to ti:ie Heva structuro* and (3) tiio cause or um basic or

fundanontal struct'ore*

aTMTIGIlAri:^' • • GEOLOGY OF THI' AREA

The outcropp^" ^onriatlona are aalnly of tho Council

Grove croup » of ta« Ponalan systma* and inolxide all of the

atratirraphic units from tho base of tho Aaorlcus to the top

of tbo Cottonwood limestone* This* however* is not true for

the south and southeast part of the area where tlM strati-



r— » 1 "> '

z
7 o
O H o o O lO 00 n CM CM m
>-

iij

—
lO m ~

cy o b IM cv o
< ?
-1
UJ _I

a: u
O
o

-1

<
I
10

9
M in

ni

Jo
^

z
o
H in

<o b o fu b 01 « i> an ;/> m tVl ni . In

< ~ o <o m - —
ty (\i O <M o m (\J (M

- o
cr

<
>

10 «
i/S

00 bo

in

(O

<M !n b .

iT. in

6 00

in

O in O 2_ o
<o <0

(\j

<£ (0

o if
0)

nj f^' ffj

(O

lO

Z
n

(0
CO b (0 b 03 b b CO b ^

U
(\J

ro
oo

s
<o in g in g

Ul
CO

t^
in

m
nj

c->

Q
liJ

o o in o o in o r- (0 00 I- M
<o (T r» in <n * —

CM 10
< rO lO CVJ

—

2
in <o in 00 O <o o m

in r- in S en
lO

ffi t^ o
it

* In CO f- UO 03 V in d> •
0> o 0) » lO * o — n 0>
CVJ (VJ (M

m « CO b
•n

CO

h; <D

(M
b CO , b . b b <D V V 00 i) h- io in

i(>

« o —
rt) in <0 o —

00 O en «0 fO

<0 CM — in

b C\J . . nj rO « b in b ^ .

00 00
t\4

» n 0> « oo
•*

00 1-

10
10

(d iTi

2
lb 2

10

(£

UJ
m 2

UJ

z
o 2

d
2

2
u.

Hi

2

UJ

Z
2

UJ

Z
o

ID

2

UJ

CO

UJ

2 ^
CD 10 rtl UJ m 7 (Ti o

(0

UJ

2

<
I
lO

Z
UJ
2
o
z
<

UJ

Z
Z
O

2 UJ

2
-1

2
u.

u
z
o

2
UJ

-I

<
I

2
UJ

Z

O

cn

UJ

7

2

UJ
co

UJ

2
u.

u
z
o

o
1-

m
o J 1- Z in O -I ? H J r u

10
UJ

2
_I

_i

_]

cc

o

<
T

o
o _J

•n o
1- K

Z
O
0.

2
UJ

_]

<

1-
2 2 1-

(0

<
I _J j!

in

UJ ^
UJ

UJ

2
_l

in

D
O
CC

UJ

2

lO

z
o
1-

<
2
It

UJ

2
_]

UJ

1-

10

<
z
UJ

a.

o

o
5
z
o
1-

h
o

<
I
CO

UJ

O
o
oc

2
_]

<
-I

o
z
UJ

a:

<n

UJ

2
_i

<
>

UJ

2
_J

a:

tr
-)

u

<
I

<
o
o

_i

UJ

_J

o
<
u
a
UJ

UJ

2

u
5
o

1-

UJ

Z
Z
Ul

o
o
oc

Z
UJ

_I

I
en

Z
o
CO

z
I
o

2
_i

(T

UJ

<
a:

o

UJ
UJ

a:

u
o
z
o

a:

o
lO

Ul

I
o

o
lil

2 U- ^
en

z in CD X 10 o -) X <

ID

L.
u o GC o: -> u.

lJ

o
•H
-P
cU

H
0)

%i

O
O

Q)

H
;:!

,Q
cd

EH

03

W



6

(TreT5hlo coluan lo oxtendod urrward to Inolndfi tha Thi^anllo

Xlioostono of tho Cimao tyou. « r a laoro ocuplot© do8orip«»

tlon of the outoropplnn rocka of tiio oroaf x»oforonoo ia aado

to the detailed fMaaiixn»d aeotloiis in th<^ Appendix of tltls

report*

Tlio Cottonwood and Heva Itooatonoa were Ideally aulted

for study booauae '-•'" tlielr eaae of Identification* and their

outcrops wera poraiatent tliroueliout the mrea* A o«>-"ior^lia*d

atratlgraphio section of tho ualta with wliloh thla study la

prlaarlly oonoemed la ahowrs *-* ^^tp. 3.

The Cottonirood llBeatonOf a c^ay# maaslvo lli^ostone

containing chert noduloa and an abundance of fuaulinldn,

forma a prcaalnant outc3%>p tiiroui^iiout tlao area* i'ho cot.t;on»

wood llnestono Is easily identified by tha large imaelve

blocks f tlio chert nodules* anr! thn abtmdonoe of fuaxjlini::!?t«

Those ehartteteriatioa ore aoro pronounced in the weathered

outcrops. In r.onsral the xaea^r ia oonpoaed of one or two

beds of llinostono but in sono observed sections the lawor

portion is shaly and grades into the imderlylnr: Eskridg*

ahale*

The Eakrll@e shale is a varicolored oaloareoua shale oon-

talninij; thin li^ure llsseatones tliroui:;Jxout» Where exposed on

the lilllsj tlieso llraostones aay foiw asaall benches* howovor*

they are not peraistent and raoat of thnn cannot be traced any

great distance. One thin limestone in tho lower portion of

the fonaatlon contains an abundance of polecypodsf tlieae have
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bdon Idontiried aa Avioulopoctln tand li^yallna* Whara axpoaad

on a waathai^od alopo some of th« thin calcax^oua gonoa In

the lowar portion aay be laistakon for tJiO top of tiio under«»

lyinc IJeva liraoatono* For a laoro datailed daacription of

the formation raforonoo is rmda to t2io laaaaiix^d section of

BluMMSKmt Hill In tho AppanUix*

The !Teva llmaatono foroa the next prominant outopcm

bonoath the Cottonwood Xl'"^'^"inno* The top portion of tVi©

Neva la eoB^>oaad of thin llmdat^maa and abalos* underlying

thia la a oaaaiva* crayi aolutlon pitted (honoyocnbod) llraa-

ttotM that weathers buff• It is this portion of the !?eva

that forras tho more proialnant outcrop. Undorlying thia is a

buff shalo of varying thlcknaaa end a thin llrieatone fortJlng

tlid base of tlie Hava llisaatona* Thia lover lii.ta8tono veatb*

era rather raadlly and la usually found only in allchtly

vaatherad axpoauraa and fresh outs* Althou'^h dafinita proof

is lackinet it is thoucht by tho author tnac the thickening

and thinning obaarvad in the N^va may be oauaad by t^e varia«»

tion in tho thlclcnoan of thin lower ohftln. Tho nhf»ln waa

Obaarvad to vary iroza 0*0 to 5*5 feet*

The Cottonwood lisioatone^ Eskridga abala» and Havm llaa*

stone are raootly of marlno orlf-ln and waro layed down in an

aswiric aaa tlmt had its outlet to tlie south tliroug^ Oklahcaaa*

Sea level apparently fluctuated considerably as la Indloatad

by tho variation in ooigpositlon froa slialos to llmeatcoiaa

and from the color variation \9ithin the £ala!>ldga ahale* It



Q

i« poBSlblo that Bonus of tho rad sonos In th« Kakrldgo shalo

Vf»2^ (tepoaited aubaoriax^y or in a near aubaerlAl environ-

isont*

To study tho rolationahlp botwoon tho Cottonwood lirm»

stono and th© H«v* llawatondt olotations w«ro ©at«bli»li«d for

the top of the Cottonwood and tho baao of the Neva over the

entlro aroa* This was acocffl^llaiiod by the uee of aerial

photograph* and a plax\Q table. Tho aerial photographa mwe
uaed prlnarily to spot tho location of the rook shots and

ocoaalonally to detowalno tlie horiaontal dlatanoo ractor

needed to deterraine olovatlon dlfforencas. shots on tiio top

of t ;o CottonTfood wore rolativoly easily obtnlno,-? hnt sioat of

tlie lleva baae ahota had to bo d-^ out* Moro tuiu* GO eleva-

tion detemlnatlona were mde on tlio Meva alono* other ?rova

elevatlona were obtained frotn hi^l^rt-' niana pr9j>ar©d by tho

Stiite Hlghifay Ca: daaioii. . I'ou thase data atrvtctural contour

auipa were drawi for tho top of tjo Cottonwood Kid beuie of

tho !Jeva llaoatcnon. An laopaoh nap waa conatructod baaed on

the thiokneaa interval between tlieao tiso daturaa ao that a

ooaQ>arlaQn could be laade between the two atruoturea and tholr

relatlonahlpa to t>io areas of thickening and thinning.

in atudylxiG ^'^^*> structiiral laapa of the Cottonwood and

Beva llraeatonoa (Figa* 4 and 5)» It la apparent that the

n
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Btructuroa aro airailar in eh«raotor» both aro pitohing

•ntiollnoa with small tynolines to tho soutii* It vill ba

noted that the two struoturaa do not dlrootly ovorllo each

othor; that iat tha tvo anticlinal axoa do not oolnoldo*

Tho Cottonvood aMticlino pltclieo to tiio wast at a x«te of 19

feat per niilo* The Heva anticline has a SW - S£ trend and

pltciies northwest at the rate of approximately 21 feat per

alia* Tho Cottonvood ayncllno haa a H)# • SE trend and pitehee

northwest approxiiaatoly 9«5 feet per jailo. The Neva ayncllna

trends alxaost directly east and west with an approximate pitah

of 14 feet per lallo to the woat« Tho Cottonwood cffitlclino ia

not as sharp a floruro aa tho !?evB» an! is raoro irrer-ular*

Whan tho Cottonwooa rioxui*© ia suporposod on tiio :ieva» it ia

noted tliat both tlu» Cottonwood anticlinal and cynollnal aaraa

lie to ^.e south of tho TTovn n*it:1f»linnl an 1 synclinal axes*

The minor onticllitea oiiU syn«ii;i03 on tiio wost fringe of tho

Cottonwood structure cannot bo correlated definitely with thoae

on the weat fringe of t*^^ ^t«v« atr^-cturo*

Since the Neva anu Cottonwood lliaeatonea are relatively

constant in thiokneas as ooaparod with tho Eakridge ahalet

the iaopaoh laap is easimtially a reflection of the thickness

diapoaition of tlio Eakridge shale* The isopaoh map should^

thezvfore» give aozae clue as to the enviromaent under i^iioh

the Eakridge shale waa depoaitod* If it is aaauoed that whara

the Kskrid^o is now the thickeatf tho water waa tho daopaaty

it will be observed* by referring to the iaopaoh map (Fig* 6}»
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that th«ro ar« several lagoonal llko Ijaftin^ the daonast of

which la at tho vest edge of the map idaere tiio 70 foot index

contour appears* To the eaatf ovor tha 50 foot saddle is

another soraewhat siiallower basin* ?o t- o nort>^ nn ' south of

these two lagoonal basins and trer.dirig rou{siily in a north -

south direction slmllowor water existed. ThuSi during: Esk-

ridge tiaes a north - south barrier separated on east west

lagoon. Iliese features indicate what the post Jlova s'orface

wan like before the i8?)osition of the forces ttmt produced

tiio basic or funaazaental Heva structure*

When the Cottonwood snd Heva structures iwre superposed

in tazvi vipon the Isorsach Man tho followin;- relationships were

ob3ez*vedt

(1) The Heva anticlinal axis was located approxiiaately

alone the north edge of Um oast - west lagoons*

(8) Tl*e westwar<l break (eteepenine) In tho dips of the

Heva paralleled the north • south barrier ridge.

(S) '^-'^ Cottonwood anticliritil axis was located approx*

iaately over and ali^htly to tiio south of the east • west

lagoc«ial axis*

(4) Tr.Q minor structures on the west fringe of tim

Cottonwood floxure were located in part over the east lacoon

and the sharp xsinor ridge icKsodiately to the south.





im

a -A.--,
^Tjiixont fro» tlMi atudy oa viio etruo-

t'v^ral naps tlmt tho iTova and Cottonwood ontlcllnoa voro not

produftod hy ccHanroaalvo foz*cos* If tho atr'ictuiHaa had be«n

producoa uy sucii coraproaslv© rorcoo. It v,'oul '..o 1; 'v: ''Lio

to explain tho divorconc© in the anticlinal trends of tiie Nova

and Cottonwood* It would also be Iraposalbl© to explain th»

minor folda on tho frincoo of t^^ aajor atructuroa* It la a

known fact ttiat in any area of con^reealon* tho type of fold-

Ui^ wiat dovelopea is determined by the strongeat* raoat oaa»

potent bed. Since tho Neva la tho tlilolirar and strongor of

the two Itnoatonoa, it would doterralne the else and ahape of

the structurot txii U*o t'esolvod tangential forooa acting

parallel to Ita flanka would serve to oold trio Cottonwood to

Itoelf » tondlnr to t?ipe out all alnor i2?ro;'ularltlo8 due to

otnor cauaea* Xho possibility of tyenj aopai:*ate periods of

ooi^ression la not likely because of tha absence of an uncon**

foraity.

Slnoe ooxapressive forces oovdd not have pxx>ducc o

structures » differential vertical aov«eaents are the only re*

aialnln,3 posoibilltias to a solution of the problon. Tratn the

data available f it was isxposQiblo to detenolno «3:ietuor era)

fundamental struotxix^ was duo to active (upward) stz^ooset

oriGinatlnc frora bolow or whether f-^^*^ fundacaontol structure

was a result of the differential (downwird) compaction of
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••diinentt* Slnoo tho effoct in both oauids would be tho saaai»

tho point is of minor «l{rniflcanoe In this particular study,

liowovorf sinoo tho diaraotoristics of th© aajor folds in

thia general rogion do oonfona with tlioao oatabliahod by

Athy (1934) for stracturea duo t Ifferential coEapaotloni

it will bo aasumod tJiat the fundaa^ntal atnioture In the

Hera wae produced by the differential oos^aotion of the aed-

inonta that underlie it. , ^ilua the priimry configura-

tion of the uppor Kakr' :;urfao©» plua tho differential

coBsoaetion of the Eakrldr^e under tho w^^lr-ht of the Cottonwood

aaa tiio -oiimonto ovori^ii^j itf ocv.;.: -uu o:cplain tlii© Heva

etmcture and irtiy th© Cottonwood dooa not confom to it» If

the Eskriigo alyils had bean do-noaitod unifoml? in thickness^

it would have eosipacted UtQ aosao number or reet at all points

and tho Cottonwood structure would have b««n a perfect re»

flection of tho Heim atructur®* Th^.St however, w«fl r^t^f. thn

case* Tlie Cottonwood anticlinal axis dooa not ooinoid© wit^i

that of th© ?!©va beoauae when tb.o Heva atrticture dovolopedf

the tiiickeat l^kridge depoait waa located to tliQ aouth of the

H*va antielinal axia aloni: tho area of the east - west la-

gocmal basins* This thick Eskrid^;© lotw dotormlnod the loca-

tion of tho Cottonwood axis* or rather prevented th© Cotton-

wood axis from developitti- over tr.e ?!ova crest. Ths croj»«

section X-Y (Fic» 7) reveals thia situation. The westw«rd

break or steepealnc in the dip of ^ - 'leva is not reflected
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in the Cottonwood stnjcturo because in the dirootion of thia

8teaT5onin,- tho l^krldrn boeonon thlckar anrt serves to dtmiii-

isii ti;o dip 111 Uio cotticr*woca# aio cross section A*B (Plg« 7)

shoura this z*oXationship* Tim minor atraoturos on the west

fringe of tlio Cot'-'^^y'O'-^ ' floTcuro am probably tho result of

the differential eorapaction of th© icskridge In the sone of

the east logocsi tixid the ainor ridgo ijnaediatoly to the south*

CCHCMSICNS

On tho basic of tus tmpa mid cross section lnt©rpreta»

tions to^other with studies made in the field» the Heva and

Cottonwood str'.ictijres are renotlcally rclatod» The fimdajnen-

tal or Jlova structure is roi'iectod in tho Cottonwood i'?i.or:.u''o.

T1j« variation between the Cottonwood and tho Neva structure

la detoiralnod entirely by tho thlclmess disposition of th©

..si::

:

1 •. Tiio Kakridge simle was not deposited uni«-

foTOly over tho Heva because of the initial surface configu-

ration of tr^o top of to Neva as la^^oonal basins* iVhon this

Irregular lagoonal surface was unkir^ked* prosuBAbly by the

diffei'entlal oonqoaotion of the sediiaents under the Neva*

the present structures were developed.

%
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Hodborct
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K HILL srCTIOTI

eV8 of inr/l/4 of HWl/4 300 20, TlOS RBS

PALEOZOIC
Femlan aystern
WoXfoo^plftn 8orio3

Council Gx»ovo or«\q)

GxHjnola llBtostono
H«ve limottono laombor

1* Cov»r»d • • . • •

S* Lteostone» btiTf • * •

Salasi Point shale mmsibBV (b.o*)
SlislOf mostly oovorod . • •

Burr lineatone assabor (B»2«)
3« Llnoatoii©» cr&^» woathora buff
4* lilmlof buff • . . .

5» Covoi»0d . . • .

Rooa sVml© (2e*l»)
6f Covorod • •

7. Limestone t gray •

8. Covored • •

9. Limestone • •

10* i»halo, nreon and red

Rod Eaclo lineatono (18a«)
Hove lirsestonn mcwabar (5»2» )

Poet

O.O

• • 5«0
* . 2*5
• . C.7

• . 4.0
» 0.7
• 10.0
• 0.3
• 6.3

Liiaestono, o!ialky» silty at bottom • 5.8

Sennott almXe nmbor (0.3*)
11. halo* buff » silty at bottom calcareous

near tlie top# llohinold spines and
Braohiopod fragments . * 1«6

IB. Shalo, brovfti to black, clay to ailty,
(silty near top) ... 3.0

13* LlraeatcMn©, buff to cray^ nasnlve,
contains fuaulina . . . 1*7

14. ^Iiale, gray to black • . • 3.0

Olenrock lineatone csesabor (l.G«)
Limestonot gray, clayey • . . 1.6

JoJinson shalo (16.0*)
15. ."lialo and linos tone, b roken, intor-

fomaticnal bi^cca . • • 0.7
16. 3hale, £pay to brownish (lignitlo broim),

•ilty ..... 1,0



17. Llaoatono* nodular, broken . •

Slmlo* £*r»«nl8h» clay* 0*5 foot Ilcay*
O.G 1

18» ^^^H

green stmlo in talddle . .

3halo» dark gray to rpmeniili c**«y»

s.d :^H
19. ''^H

clayey ^1
80. LlmostonGt £:ray .... •w « - 1
ei. Covered* aoatly QT^oon ahalo • 6.5

Foraker• Umeetone (48.5 •)

Lone Ci»©ok llnofltono aenbar (8.0»)
Lloeatonot buff» tkiin beddod» olialky • a.o m

Uu^hos Crook shale awnbor (37.4») n
22. Llraeatoi^, arglll Sf upper part

M-.'n^ „- „^,. J-
. -^ ^^'3ijillna 1.0 3^^

23. ,.,, ,)or port U
abtmdant fusulina • • . 1.0 ^

84« ahalot crar to bl' -"'• -lay . .
f ) ' < 1

86# Shalot i:r&j calca , nupwroua
fuiiullna # • « • i.a

86. Liar"*^-'^"* clayey* fuaullna* and —
a ;olla • • • • 0.8 fl

J iJhalo, blaokt olayoy . . • 2.1
P^- 't Liac-^ -/ "'''\f, hard . . ' . 1.0 9
SO. Shal , _ buff t black on «

surface t clayey • . . 5.5 150. ..,._. ....... .... ^^^^ p^,n„ . .,^,^^^

Irifor ft. ^noldo 3.3
31. i 0.2 foot to

L partinc 0»is luot froa
t-^s --_.iforou3, Sarglnlfora and
Dlctyoolootus 1.0

98. Shale* buff* clay • • »

UUs»a^ono* denae* (iray* (mottled
0.7

SS.
Gray «id black) 0.9

34. Covered • • • . • 11.5
55. 3halo* dark cray to black* claj . 2.0
56. lo» £jreeniah gray* calcareous . 0.5 fl

Amorloua llmo0toiu» (3«1*} '^1
57# Lioeatone* rray to plnklah* no

partln^ta* hard* ntja>»rous fl
orlnoid stons • • • . 1.0 ~^H

30. ;;halo# rmy to black* lowar part
dar" ' clay* tJiln black aone 9
at tw,. w.l foot tlilck • . 1.4 ^H

3D. Lliaeotono* ^ra-j to plnlc* Isna like
bands or imvy sones In the 9
lower portion .... ©•7

J



E 3/8 of i.©c 7, Tl;.i. TiUi:

ft^1^9

PAr.KOZOIC V m
Pcmlan Byatem '1^1
V/olTcMB^lAn sorlos ^H

Council Qrovo oi^^P Foot s
Beattio llj^atono H

Cottorwood ILiostono mesiber
''^j

Llriostonof gray* rmasivov many fuiullnlds* ^j
c)ior^ •••«•• 6.0 9

Eskrldgo ahalo (30*0'} . 1
!• JJhalo* calcareous » gTQJ to buff»

crndinc to thin llraoatono at top
^H

2*5 ^H
8* Siial©! "~r^dt oxpoaof! part £r«K«ni8h» '^M

uppc t calcarooua • • 7.7 '^H
Z* I#lxaostonOf c^ > no foasila . 0.6 '^H
4* Shale f ooverod* oscpoaod portion groon 7.3 ;^H
6* Shalet r*d • • * • 1.3 ^H
6« Shaloi owiy and grean . • 4.6 ^^
7* Llrflostono» t;ray» fossillforoua» ^^

Bollorophona and Aviculopeotlna 0*0 ^i
8* Slialo* buff • . • • 0.5 w^M
9« £4;qo ray • • • 0.8 ^H

10» Shal i ,^.,,„..iah| thin oalcarooxia ,^H
zone in th© nid<llo • • 6.1 9

Orenola lii^atone (31*1*)
Hava li:;«atyno aaabar (1G*0»)

1

11 • Llaaatoner - to buff . • 0.7
12. Shale, ca-.. ". ^Miff . , 0.3
13. Liiaootonef ; . n-boddod, alabby 4.3
14* Shal ff» oaloai^ooua • • 0.6
15 • Llrae .. i'f«y» oolutlon pitted

(. .bod)» woathora buff 7.0
16* ahala» buff « • « • 0«6 i^M
17* Limeatoney c^^^ * • • 1.0 H

S«l«a Point alii&lo xRoaibar (8*1*) fl
18* Shal ff • • • . 4.6 ;^H
19. Llac , f^ray to buff . • 0.6 ^H
20* Shale » buff • • • • 3.0 H

Burr litnoatona aonbor (8*0 »)
fl

21. Ll'iOstonio, crn- to buff» weathora ;^H
to tHin be is • • « 4.6 ^^H

&S. ;ihalo* black* flaail • • 1.8 ^^H
S3« Linootona» crayt waathora buff t

foaaillferoua « • •

'^H
8.2

1



Rooa abalt (25.C*)

n

n

84* Shal- —. ""11
. 4*8 ^_

85* IdxnL _ : v.'ontb.ora buiT » foasll ^M
fx^gEanntay ]:;chlnoids . . 1.1 ^M

86* Shal -r»oont r-''- -no below
1 Idle* aarooua
nodules » appears to bo broken

5

1
up shale • • • • 6*4 ^1

27. Shale, rod green ani cray» fragsientalf
calcai'oouaf Interfomatlonal

^M
^1

brocca . . . • n.o ^1
88. Shale # rrtvjt nodular # calcarooua 0»0 ^1
S9* Slmlet cs^ay (nadatono) 0*8 ^M
50. Llmentonof arctlllaoeoua • son© or red

aiil Gree!"^ ^r«n~;^,ont8 (nodular)
^^

0«8 ^M
51. hale» red r oonf frocnontal 0«G ^1
38« ijhal©» green at, base grnding Into ^1

chocolate • • • • 1.0 ^H
33. Llmostoneo gray* fine te:tturod» no ^1

fossils observed ... 0.4 ^1
34. 3hale» rodf nlltyt upper 0»4 feet ^M

green» contains nud cracks . S.5 ^1
36. :;halo» rray ' 'een • . 9.0 ^1
3G. Linos t' >"• ^ .<.j aodular • • O.G ^^B
37. Shale » X • . . » 1*0 1

Red l^agXa liaoatono (13.6 ») ,^H
Hcmo linoatone ncmb«r (4.4*)

liiBMist ne» BMsslvet buff* chalky* con*
tains Us^ftOhlopods • • • 4.4 1

6«t»ett shale nonber (10.4*)
38. iihal- . -^ay to bufft locally black

n .... 4*7
SO. Liiaestonef mottled gray and buff

»

1^1
fraetnentalf fusullna • . 0*8 ^M

40. iihalo. lovor pfirt bufft upper c^vaj ^^
bufft locally black 4*9 H

Olwirook llsaostono lannbor (1.0*)
1

H
Lim©aton«f c^nay* clayt v?oatiior3 to thin ^1

badfl • l.n H
Johnaon alialo (1B.5*) H

41. Shale ad lljaostonQt brokont inter- ^1
for.sationftl brocca . • 0*4 ^1

42. :halot brown (licnitio brown) . 1.0 ^M
43. Llaestonot nodular ... 1*8 1^1
44. Shale t c?c*oon> clayt thin lirae aone j^M

in the ralddlo • * • X*4 ^^1
43* SliAlot »,rayt clay . • • 1.3 ^1
46* .'shale t c3M»on • « » • 2.5 ^H
47. Limestone t shaly • . • 1.5 1

i1



40. oiialo* rroon ....

i

8*0

1
49. iJtBsc laoGoua . 2.0 jHH
50. Shal , . -.--, • . 5.2 ^

Porftfa»r 1 (60.7 ») M
Long Crow,. ._ oaton© (0«6») -^H

IJjB»8t! no, buff, thin bo Idad chalky

t

^^H
looally thin ahaly son© . . 0.6 |H

aughoa Crook ahaXo (38*5*) 1
61. Shalo, brown to buff, silty, uppor JH

««,,- n J!
..'!,4-^T, biTOwn • • 1.6 .^H

52. buff, calcarooua, ^^1
::jullna . * 0*8 9

..
^ 'v, -• —'- "•laulina 1.0 ^^J

r •

half dark cTtty ««id calcareous. ^
abur ' ^ fuaulina » • 4.9 ^a

55. ;:halG, ., ., cnloaroous, Qbtin''-Rnt '^H
fU3\:iina .... 1.6 '^H

56 • Llmoatono, c,i'G.j$ ary foasiiiiorouat ^a
fuaulina .... 0.7 ^j

S7. ShalOf black* cradln;: into dark gray 'IM
C " t . . • 2«0 ^«

5n« Llmr , -, 'on^ir;, abtin.iant fog- _^j
3.11 fr 1.2 1^1

5^*. ;ii.3 5.2 '^H
Gl. . -» . -.„ foasll- ^4

- Dictyocloatua nnd BryoBoana 5*0 1
61. ;, clayoy • • 0.2
6'% . . . • 0.3
c: . '.llnoooiia . . 0#3
(" .. ~ oovored . • • . 1.8
G; . •"'>»

''"'7 J -''^nao, naaalvo 1.0
66. ,' to d ark r^ray clay 2«X
67. ;:, full of brr -Od

rorokon fraeraoi*^ ..w

70) • * • 1«4
C/ . \ black clayoy . 9«&
C. > Hy» arclllaoooua . 0*3 ^^
70, , caloorooua • • 0*2 fl

A^ ;<L:i'ic.u il^nostono uonaibor {3»6») ^71. Linostons, gr^t wasaivo, contains 1
orlnold sterna . . . 1.0 m

'-'.. -^Q^r to black • • 0.2 ^
t 'ay, llray . . •

•ay to black, clayoy
0,3 1

v. 1*5
7u. ^ lone illco banas or ^^

jr portitMi • 0.0
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s-.,^'

Penilun oyatea
V;olfoiiKtplan sarics

Council Orov« gro-up

Baattle llnestone
Cottomrood 1*

Llmostcnof .,

ohort •

illnlda*

FMt

5*5

Bakpidgo shale (54*C*}
Lover one thlr^ croonlnh ohale with thin

llrrioatcnG aciioa* ' one third reddish
calcareous sK^nloj ^, • f-nn third hv.ff

Oronola lir.eatozie
!lova 11 sstone mmsber (17«B*}

1. Linoston© f GJ'ay* slabby • •

2* Llir.c ••*"- r
^"''^« "-Xutlon pitted

^ ( • • •

S» r". ^ /.'uy to biiiT . • •

««-»

Burr

, thin llneatono In nlddlo

ray* voathors buff

34*6

B«6

6*0
2*5

0.7

0*0

^

1

^



!!

ITuX/^ ^oc 13 » -^hJii H8E

Porilan ayatwa
Wolfcanpian sorioa

Council Grova group

Roca ab.alo (24«5')
6* Shalot. buff • • • •

7* Llnestonof gray^ aufuialv* • •

8» 3haXo» grooniahn somovrhat caloozHsoua
9* ShaXot bx^kont lovor part rod uppor

port cr®on • • • •

10 • TilRieatonOf (3ray# clayey • •

11 • ^halOf brokoHf rod grading upward
into chocolato • • •

IS. Llr.or>tono» rrav* nodular • •

IS- .halo,
'*

>r 8 foot rod
era ...„ m • •

Hod ;.a-;,lo llrientono iiG«w»)
Uowo linoBtone laoiabor (4«4»)

IAsm»tonQ$ bufft i«ui3ive# cliaD^^ •

Deiuiott ahale Biomber (10*5*)
14i

15.
16.

Foot

Gronola liraoaton© (20*5 »)

Hova 11; eatc isalon Foliit ahalo
ma«dt)ors v— • -*)

1* Top of olabby sono In !7eva lirsestono 5«ft

8* Top of h( d (solution pitted)
«ono ':. .liio3toi«i • • 1S»6

Burr llnoatono r (B.7»)
3* Limoaton&p u^^^n beddadt ahalyt noro

naaalve near top. Danda of vory
flno linostone in upper layer.
Upper aurfaoo appoara to liave

ripple aarka • • • •

4* Shale » :;ray to blaclc* weathora buff
5* Llnoatonot gray» weathora biiff •

Olenrock llnoatono taeiabor (1*0*)
I«ln4iaton0f thin bo(lded» clayey

Johnoon ahale (15.0*)

17. shale and limoatoney broken

KANSAS STATE COLLEGE LIBRARIES

5.0
1.5
£•8

4.0
1.0
4.0

5.5
0.6

2.7
0.2

6.0

4.4

Shaloj black ^JPadln^ msward Into
Gray» calcarooua. uppor part
contfilna Conpoalta and SJarclnlfora 3#7

Llr'.ootono, c'^-a-'j to buff • . 1.3
Slialot GJ^ay to black ... 5.5

1.9

0*4



10» flh«lo» dark brown (liGnltic brown)
10* Lliaostonet r,r«yf nodiilart ahaly
00* Shale t £:roon • • . «

21« Shftlof ;;,ray to greont thin lino zooo
at top • • . •

28» Llcaestonoy thin bed<to(;I with shale
piu'tlii*';:a . . • •

^. 3hAle» hxxft to giNion • .

0.7
1.0
1.2

n

4*0

2*8
5*0

1Porak»r lliaoBtone
X^onc CXHiok liiioatono sioaber (0»1«)
£4* Llr!Ui£iton<3» bufft thin bocldsd^

1 foot noro raassiv© •

S5. Lteo©tonat grnyt clayoy» abtm
Celostito gdodes •

upper
•

dant
•

6*6

2*6 1Bo^s Crook &hal» flMOibor (14*5 • )

&6« Bhftle* black • . • ^

87. Liaoatonet OJ"«y» hard* no ft

ar avent ....
20 « 'halo* ©raSTf oaXoaz'oous upi'or part

Bioro llajTi fufiulina • •

89* Covorolj upper part black elialet

thin ilray zon© at top •

30. Lliswatonci ero^'* fnaullna #

31. Itxalo, black* upper 0»7 foot gray
oaloarooua sliale containing
Marplnifara. Black ahalo con.*
ta5j:ia ' rblouloldoa . .

32. Lla»8ton#t £:ray» abundant fusullna

1.5

0.6

3*6

4*U
0*6

2*2
1*8

(Notoi ::octlon cnda at wator
fao« of Wild Cat Creek*)
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