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ABSTRACT 

The Howard Llme1tone 11 a formation In the lower._. 

b1un1ee broup of the upper Penneylvanlan rock, of Kan•••• In 

the northern area It c0Mprt1es two llmeatonee and two ahale1, 

whereas, In the aouthern area three llm•atonea and two ahalee 

are dtetlngutehable, with a le1e peratstentthtn llmeatone 

alao present. A black platy shale, and a coal ~oda••~ ftre 

found wtth perat1tence throughout the area tn the Aarde ahale 

member, and a peretetent fu1ultntd•beartng llmeetone tn the 

utopia ltmeatone metabtr. 

The Howard Limestone bede are extremely foaelllferou1, 

eapectally the lower utopia llmeetone; algae and 1renaceou1 

foramlntfers betng the moat peretetent element, of the biota. 

,·~nalysla of fleld and laboratory data obtained from the 

Howard Limestone beds fonaed the baste for the determination 

of th• envfrornAenta of depoettlon and nature of the cycltc 

unite. ~ncludtng that ~he Howard aedtmentary cycle r••emblee 

more the Shawnee c.roup megacyclothema u·,an the ff&baunaee 

=.iroup afmple cyclothna. The Howard ~•gacyclothem I I ae1lgn­

ed the letter "w", cOMprtetng from th• base of the Savery 

Shale to the channel eandatone tn the ~hit• Cloud •hale. Thie 

megacyclothM COfflPrlaea five Incomplete cyclotheme cteat9nated 

wl th the roman numeral• 1, 11, 111, Iv, and v. The Howard 

Limestone beds were pre ■umabty deposited chtefly tn shallow 

marine envl ronment, of trangre11•t ve and reg re eel ve ••••• 



1 N Tf1'.)JUCT I ON 

Pureeu 2! 1nx11tfgatfon 

Th• purpoat of thle report le to study the etratlgra­

phy and cycfte aedlmentatlon of the Howard Ll•eatone, and 

adjacent bede of Upper Pennaytvanlan age In Kan•••• such a 

report tnvolveo the detalled study of the llthofogy and pale­

ontology of these units. Jt hae been reported that certain 

feature, of the •~ward strata auggeat transition In char■c­

terletlce of sedimentation between megacyclotheme of the 

Shawnee <.roup and more tlmple cyclothetn1 of the Wabaunsee 

Group, In which no ~rouplng of minor cycles Into megacyclo­

theme ••em evident. hn attempt fa made to analyze and Inter­

pret any featu~es of depoeltlon In order to determine evi­

dences of cycttc sedimentation. 

Loc,tt on at. 1lCu. 

The ttoward Limestone crops out In the atat•• of Iowa, 

Nebraska, ~•n•••• and Oklahoftla. Thia report Include, the 

atudy of expoaurea between Kane•• River and Neoeho River 

valley, In Kan••• (Shawnee, Oaage, northeastern Coffey, and 

eaatern Lyon Counties). The elevation of the Howard outcrop 

belt la approxf•ately 950 feet In the northern area, whereaa, 

In the southern area ta about 1,000 feet. Figure I le an 

Index map ahowtng location of the Howard aecttone that were 

m1a1ured and 1tudt1d. 
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4 

r rey I OUI l:'9Lti 

The Howard Limestone was not known aa au~h In the early 

day ■ of o•ologlc exploratton In •••tern Kan•••• The ftr1t 

report publlehed on the Carboniferous rocks of Kan••••• 

by Swallow and Hawn (1858). A few year• later swallow (1866, 

P, 21) whtle reporting on the Upper Coal Meaeuree of •••t•m 

Kansas, gave the flrat account of the Howard Llmeatone. He 

referred to tht • ltmeatone as bed ''No. 162" a ht e deecrlptlon 

follow,, nsprlng Rock: la a hard bluetah-gray and brown llme­

atone, 2 feet 8 Inches to• feet. Local tty, Beaver Creek, 

uarate des Cygnes, and Johnson's coal-bed, west of Topeka, 

and Lecompton." Thia name was later tnvaltdated by Adame 

{18913, pp. 65-67) because It la not a geographic name. 

~•allow was confuaed In regard to the Howard Llmeetone and 

other beda that are lower In the section. The name Spring 

F~ck was later uaed by Beede (1898, p. 30), deecrtbtng the 

Honrd 1u ••Here we have two strata of I lmeetone separated by 

a layer of 1hale. Of theae the lower le the more Important, 

the upper being•• a rule very thin and somewhat arotlfaceoua." 

Hall (1896, p. 10•> redefined the unit a1 oaa9e City 

ll ■eatone (ahalee, coal, and llmtatone). This nM1e later 

••• u••d to Include only the Severy Shale, Beede (1902, p. 

172). 

The first pereon to publleh on rocks to which the name 

,;oward wae appt I ed wae HeNrth '1898. p. 67) fro"' geologic 
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fleld work done In Chautauqua, ri.lk, and ,.-reenwood Countlee 

by <.,eorge 1. Ad••• who gave the fol lowtng deecrlptton, 

~Above the Severy Shale, ta• thin ltmeatone, peretatent 

front near £ureka to the aouth ltne of the 1tate, but which 

nowhere te •ore than, to 6 or 8 feet In thlakn••••••" The 

name aa taken from outcrops near the town of Howard, ~lk 

County, Kan•••• The Howard Limestone wae then regarded•• 

being part of tht "R•alntng Formations" above the "Lecomp­

ton Sharee". 

The same year Gallaher (1898, p. 54) while working for 

the ~;eologteal Survey of Wl11ourl, redefined what had been 

called Howard•• ~ultnlan ttmestone. The Kanaas name, however, 

wae readopted aa the term !..iUI tman wae preoccupt ed for Cre­

taceoua rock• of Texas. 

ueede (1902, p. 171) Included the HOward as a member of 

the Shawnee Formation, and enumerated the numeroue foaetls 

found near Carbondale In the two llmeetone beds ef this 

member. The follo•tng year Adams (1903, 0. 50) made a almt­

tar study and description of the tiOward fauna, adding -rhta 

llmeetone le of lntereet since It Indicates the general ltne 

of outcrop of the Oaage coal." 

A few years later Haworth and Benett (1908, p. 111) de• 

ecrtbed the thlc:kneaa and areal extent of the tioward Ll••­

atone •• being ..... from 2 to 7 feet thick, end In places 

form two beds •epar1ted by 1 or 2 feet of ahale (fonwtno an) 

••• escarpment ao,newhat pereletentfrom valley Falla, In 
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Jefferson County, to the aouth end of the state." Hindi and 

~reene (1915, p. 33) retained the member rank that prevloue 

worker, had applied to the Howard Llmeatone. 

Moore and Haynee (1917, p. 105) and ~oore (19ac>, p. 45) 

reported for the ftr1t ti•• that the Howard Llmeatone ••• 

recorded In 1ub1urface loga •• a etngle llmeatone bed. 

An Important contribution to knowledge of the 1tratlgra­

phy of the t10ward Llmeatone ••• euppfted by Condra (1927, pp. 

5-\-56) who studied the rock• of the Shawnee Formation In 

southeastern Nebraska, and adjacent areas of Kanaas, Iowa, 

and ~•••ourl. He correlated the Howard acroea theee 1tate1, 

and aealgned the name Church to the lower rtmeatone, from 

a type loealtty which la near the town of Oubola, Nebraska. 

~oore (1932, p. 94) redefined the boundartee of the 

wabauneee croup to Include the bede from the top of the To­

peka Llmeatone to the baee of the Anlertcue Limestone. ln thte 

new recla11fftcatlon of the Penn1ylvanlan rocks of Kanaae, 

he aselgned to the koward Llmeatone the rank of foA1atlon. 

At the eame time, he propoeed the followlng name ■ to the 

different member■ within the Howard from the base upwards 

Bachelor Creek Jlme1tone, Aarde ahale (containing the Nod• 

•••Y coal), Church llmeetone, Wlnzeler 1hale, and Utopia 

ltmeatone membera. The••• author (1935, pp. 204-208) de• 

scribed the Howard Llmeetone and the c0111poefng members In 

more detatl than prevlou1ly, followlng the new revised 

claealflcatlon proposed by hi ■ In t932. 
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The moat recent de1crtptlon of thla formation la made 

by Moore, frye, Jewtt, Lee, and o'connor (1951, PP• 61-63), 

and Is the same aa that of ~oore (19,5) mentioned above. 

iahrhaftlg (1952, pp. :,t-'6) studied the fnaoluble resi­

dues of the flmeatonea of the Wabaunaee ,_;roup, tncludlng the 

Church and utopl a I I me atone membera of the t-toward. 

AJ4cMI I Ian (1956) atudled the Petrology of the Nodaway 

underclay. 

Ireland (1956, pp. 831-668) described ere"aceoua foram­

tnlfera of the upper Pennaylvanlan roeka from ~•nsas, Includ­

ing all the tioward. 

Uther geologists have mentioned the a~ward Limestone In 

connection with county reports of the state, but no publleh­

ed or unpublished report has deacrlbed the rocke In the de­

tall undertaken here. 

yutc;eoe• 

~aracterlatlcally, the Howard Limestone ts a ledge­

former throughout Its outcrop area, which la marked by a 

falrly dt1tlnet eecarpment. However, this escarpment la not 

••prominent•• the ones fonned by the underlyfng Topeka 

Ltmeatone, to the east, or the overlylnQ uurlfng11n1e Lime­

stone to the weal. une of the main reaaone for the ledge­

forming character of the hOward, la the contrast In reef1t­

ance to the thick sequence of Severy 1hales which under­

Ilea It. 
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Sever I of th a ctton tudi d for this r port w re 

measured along cute in• c:tton•llne ro '18 and In creek banka. 

The beat and moat co•p lete expo urea wer found In co I trip• 

ptt, wh re the Nodaway coal, occurring In the Aarde shale 

member of th Howard, t actlvely Ind In any placea . (Fi g . 2).. 

Jn the vicinity of Topeka , outcrop art almost non-extatlng 

because th ar a ta largeay covered by urban dw lltng. 

~:i::.;~~! 

•J ~J 

• • • / ~• ►- ~•r~} 
• , "4 jl ~ 

, ·.,. ~ .,h,, ~:. -r.~- ·f r--~ . •<.. ~ .... 
~, .;' ,c :.~ , "' ~r. :•-, . -~ ~ ~ ,.._~ ..... ·/f.~. :_ .. :. ;; 

tg. 2. Typical Howard Lt t o pour In coal strip• 
ptts. Local tty 10, Osage count,, 
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La~9r1torx Jecbntov•• 

Jlfferent laboratory techniques were followed to study 

the lt~estone and shale beds. 

LJmfttont YOllt•- ~ne of the technlQues used In the etudy 

of t~e llmeetone waa making use of 1;e\ftt Rllfl• ~or the 

preparation of acetate peels the hand epectmene nr•t 
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(1) eawed along the north dlrectton. normal to the bedding; 

(~J sawed parallel to the beddtng, taking proper care to 

label all samples cut In that way.A piece of each epeclmen 

waa saved for further uae In the preparation of the tnaolu• 

ble reetdues. Then, (3) each face ••l•cted for peels waa 

ground on the coar■e lap (150 •~raatve powder), to emooth 

out any 1rregular1tlea ••ft by the•••• ffflclent waahlng 

wae neceaeary to remove all coarse abraalve. The apectmena, 

then, (4) aere finished on the medium lap (500 abrasive 

powder). Spectmene were loft to dry prtor to etching. The 

next step {5) eonelated tn etching the apoctmen by tmmera­

lng It In a pan containing 10 percent hydrochloric acid and 

left for 15 to ?.5 seconds, depending upon the density of the 

lt~eatone and freshness of the acfd. Specimens were waehed 

and left to dry. These were later (6) tMmereed tn commerctal 

acetone, and placed on prevlouafy cut acetate paper. Differ­

ent typee of acetate paper were tried, but It was found that 

the .003 froeted acetate ylelded the beat reeulte. The ace­

tone softens the acetate so that an f•preealon of the relief 

on the etched eurfcce ta retained on the acetate paper. The 

peera were left to harden for at least one hour before re­

mover from the rock to avoid wrtnklfno. Peele were, then. 

{7) trt111R1ed and mounted between~•••• 1llde1 to be uaed 11 
~ 

negatives photographlcally. 

l!lJ.!l 1ectton.- These were few and made from eelected 

specimens. They proved to be u11ful In the study of fuaultnlda, 
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arenaceous material, and algae, e1p1cially ysaqla. 

ln1olyble re1t9u9a.- The procedure followed for the 

preparation of the Insoluble realdue1 ••• aoMewhat modified 

from that of ~1rktn1 (1952, pp. 12-3,). The oeneral pro­

cedure was•• followaa (1) the ftme1tone apeclmen1 were ftne­

ly cruehed, 20 grana1 weighed, and placed In labeled 250 cc 

beakers. The next operation (2) waa done under the acid hood 

where 20 percent hydrochlorlc acid••• added to the beaker,, 

very slowly unttf tnlttaf rapid effervecence waa completed. 

At I east three act d app 11 cat tone were neceaaary to remove 

all carbonate materfal. Llmonltt was removed by bolling the 

sample in acid for at least 10 minutes. The fine fraction 

was then, separated by stirring the preparation and pouring 

the unsettled parttclea Into large beaker,. The coarae reel• 

due rernatning was then, washed, dried, weighed, and placed 

tn small vials for further study. The decanted fine fraction 

was allowed to settle, moat of the water elphoned out, then 

filtered, dried, and weighed. Only the weight of the fine 

fraction••• of Interest and the fraction ne disposed of, 

•• th• study wae concentrated on the aoaree fraction. Record 

of the reeulta obtained fa found In Appendix e. 

~-etche\f block,.- The preparation of etched block• 

for fnveettgatlon Involved the same procedure ueed In Making 

acetate peela. In some Instance•, theee ean1• pot·tahed face, 

were ueed for obaervatlon, but frequently the etched eldea 

dtd not showed enough rellef or In some c•••• rellef had 
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been reduced whll• making peels. Thea• block1 were again 

11t1oothed on the lap, then lfllllleraed fn 10 percent hydro­

ehforlc acid for :,o ••cond1 to give eufflclent rellef. care 

11Uat be taken to place the aide being etched In a horizontal 

poaltlon to avoid undeelrable furrowing •ad• by carbon di• 

oxide bubblea. 

§blfl MOil••- *hen studying ehales flr1t ••• naceaeary 

to soak a amall amount of freah sample (100 grama) tn water, 

breaking It by hand aa much a, posalble; boll Ing for about 

15 mlnut••• decanting the turbid water and alevtng the dte­

aywregated ehal •• ,\fter the aamp I•• were dryed, they were 

put In 1eparately labeled envelops for study. 

Flefg rechn1au11 

A total of about atx weeke were 1pent In the fteld lo­

eating aftd ■eaaurfng outcrop,. Many of th• loeatlon1 •••1ur­

ed for thta report were obtained from the atrattgraphtc 

fl tea of the State Geologlcal survey of Kan•••• unfortunate­

ly••• of the expoauree had b•en 111ea.-,red and deacrtbed a, 

far baok •• 1929, and are now htghly weathered and lartely 

covered. Several other aectlon1 were found by foltowtng the 

Howard outcrop belt 1hown In the county ••P• pvbllahed by 

the ~•ologtcal Survey. other,, nre found tn recently open• 

ed coal 1trtp-ptta, which have been ■ lnlng the Nodaway coal. 

Freeh I t11e1tone ••PI es were cot I ected from a I I I ocalt • 

tle1. Thicker flMe1tone1 were 1anapled from near the top and 
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bottom. These were properly numbered and oriented with arrows 

for vertical and north direction,. 

STRATI ;jftAPHV 

Genera, strattaraehx .2! 1lll wabaun1e1 Group 

The wabauneee Group of rocks comprl••• the uppermoat 

group of Pennaylvanlan etrata In Kaneae. As cla11lfled by 

the State Geologlcal burvey of Kanaae, It belongs to the 

Vlrgtllan series and Includes five llmeatonee, atx ah1le1 1 

and one format I on. 

The wabaunaee ,.:aroup ••• named from ~\abauneee county, 

(west of Topeka) Kaneaa, where a number of ~abaunaee for­

mation, are well exposed. 

Prevlou1 .12.CJS•- The nabaunaee -~roup, ortgtnal ly ••• 

defined as Wabauneee formation by Prosser {1895, p. 689), 

~ho stated, "I have considered the baee of thle formation 11 

defined by the top of the Osage coal horizon and theft.op by 

the base of the ••••Ive tlmeetone known locally•• the 

Cottonwood, Alma, and Manhattan ltmeetonee." The Oaage coal 

mentioned here refere to the Nodaway coal In the Howard Lim•• 

atone. 

Haworth (1898, P• 9-) redefined the bast, excluding 

beds below the durllng•• Ltmeetone. 

Later Fath (1921, p~. 39-•3) designated rocks, former­

ly assigned to the ••bauneee Formation, th• Wabauneee Group, 



Moore (1935, p. ~) redefined the boundaries of the 

Wabaunsee Group•• follows"••• comprleea the bade above 

the top of the Topeka llmeetone and below the unconformity 

at the baee of the Towle ahale whtch 11 regarded•• making 

the boundary between rocke cla11ed a, Penneylvanlan and 

"Permian'' In the northern ~Id-continent region." Recent 

1twdle1 Indicate that the contact between Towle ahele and 

~abaunaee rocks In general ta conformable. 

Currently Moore (1949, p. 165) changed the boundarlee 

of the Wabauneee Group•• to Include those beds between the 

top of the Topeka Limestone and the hortzon that 11 regard• 

ed ae the Penneyf vantan-Permtan boundary. 

Lltholoax m, thtqkneaa.- The Wabaunsee Group conatate 

of a sequence of 1hale1, ltmestonea, and eandetonea. The 

shale units are predomtnant In this group than In adjoining 

parts of the geologlc •~ctton, with several very peralatent 

thin llmestonea, and eOffle leaa per•letent aandatonea or sandy 

ehal ee. 

One of the charactertattc features of thla group la the 

nature of the repetition of atrata, con11et1ng of an alter­

nattng eequence of nonmarlne and marine depo,tte, ehewlng 

evidence, of cycltc eedtmentatlon, " ••• In whlch a groupln9 

of cyclothMa tn ••aacyclotheme la not evident. Thie 1erv11 

eapectallr to set the ~abaunaee beds apart from thoae of the 

Shawnee group." Moore (19•9, P• 169). 

The Wabaunsee :;roup outcrop belt In Kanaaa beglna In 
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western Chautauqua County, and extende to •••tern brown and 

western Jontphan Countl••• In northeaetern Kanaaa (FIQ. J). 

outcropa are more numeroua and better expoaed In the area 

aouth of the Kana•• Rlv•r, becaua• the country north of the 

river 11 covered by glaclal drift. 

The Wabaunsee Jroup la dfvlded Into three aubgroupe, 

from the ba1e upward, the Saefox, Netnaha, and Atchardaon 

subgroup,. The Sacfox aubgroup tn turn le aubdtvldtd Into 

three formattona1 the Severy Shale at the baae, the Howard 

Limestone, and the Scranton Shatt at the top. 

The thlckneea of the ~abaunate Group 11 about 500 feet. 

Figure 4 ahowa a generallzed eectlon of the sacfox subgroup 

In the lower part of the ~-~•unsee Group and the 1trattgra­

phfc aecttona of the Howard Ll■eatone. 

§IYICX Shale 

The Stvery Shale, which le the baaat formation of the 

~abaunsee Group, wae named by Haworth (1898, p. 66) from 

expoauree tn the town of &every. ~reenwood county, Kana••• 

Lithology .I.WI. tblqkn•••·· In the -rea etudled the Severy 

Shale••• found to be of rather unlfona ltthologlc characters 

an ortve-gray to yellowleh-gray sandy ahate, mtcaceou■, and 

tn place, clayey. In lecallty 6, n1111eroua pyrite nodule, 

were present near the top, these being about 2 tnchea tn di• 

ameter. In thf1 locallty the ehale 11 tnterbedded with hard, 

lt111onltlc, 1andy shale, Jn the aame locallty a hard, ••••tve, 
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Irregularly-bedded eandatone was found about~ feet below 

the Howard Limestone. 

In locallttea 1 and 4, a thtn, buff eandetone appear, 

about 5 feet from the top. The 1and1ton1 ta mtc1ceoua, flnt• 

gralntd, and flnely famtnated. 

The total thlckne11 of the Severy Shale le 1atd to be 

between 70 to 80 feet, but the beat expoaure mea1ur1d for 

thl a report ehowed a maxi mum of :,5 feet, becauee•. the ba11 

was not expoaed. 

Paleontology.- The Severy Shale contatna plant remain, 

In vartoue horizon,. Megafoaelle were found 1par1ely near 

the top, except for I oc:a 11 ty 1 t where numeroua brachl opode 

and pelecypoda were preaent In a sandy llmeatone, about 6 

feet below the Nodaway coal horizon. Amon, the productld 

brachlopode found were Jur1110••~ Qlctxopfa1ty1, and there 

were aeveraf unidentified clam,. 

Figures 5 and 6 1how exposure, of the Severy Shale. 

HOJ•[d Lt11 ■tgne 

The Howard Llmeatone •a• named by Haworth (1898, p. 67) 

from well developed outc~op1 near the town of Howard, Elk 

County, Kan•••• 

from Oaage county 1outhw1rd1 (NW/., Sec. 7, T. 17 s., 
R. 15 E.}, the Howard attain• cOMplete development and It 

comp rt••• three I t11111tonea and two aha I• 111nbera •. N••d fro. 

the ba11 upward th••• :aMbera area the Bachelor Creek II••-
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stone, the Aarde ehale (containing the Nodaway coal and 

"Wauneta" llme1tone bed), the Church lt•••tone, th• Wtnzeler 

shale, and the utopia llme1tone member,. Theae •••bere are 

dl1cue1ed further tn thl1 order. 

The lower boundary of the Howard LIMe1tone In the 1outhern 

part of the area overflea c0tnfonaablJ the Severy Shale,jand 

te defined•• at the base of the Bachelor Creek llmeatone 

member. The upper boundary S • 1harp and comformable with the 

overlying White Cloud shale. In northern Osage County and 

farther north the Bachelor Creek member te ab1ent,, and the 

lower boundary of the Howard I I regardedi.to be at the ba1e 

of the Nodaway coal, which la the basal unit of the Aarde 

1hal• mNber in the northern part of the area. The upper 

boundary 11 unchanged In the whole area and la at the top of 

utopia llmeatone me■ber. Although the contact• between the 

Severy Shale and th, Howard Lfme,tone are u,ualfy ah1rp In 

the area where the Bachelor Creek tlme1tone la abaent, It 

appears to be rather gradatlonal In pfa~•• where tht1 

••ber ta pre1ent. The preeence, In••• outcrope, of a cal­

careous ahale with numeroua QbtDI\I•• ••-• to dellneat1 

boundarl•• between th••• two fonaatlone. 

The Honrd LfMeatone 11 not dlfflowlt to Identify In the 

fleld, lna•uch •• lt1 ••bera ahow certain charactertetfce 

which make thetn eaatly recognized and differentiated f,-Ol'II 

adjacent bed,. 

ourtn; detailed ffeld work a 1hal1 lltaeatone ••• found 
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to have certain per1l1tence below the Church lt••atone member 

and to be eeparated from the Church by thin ahal••• Tht1 

arglllaceoua llmeetone unit 11 called "•aunet•"• In thl• re­

port the "Wauneta" bed 11 deacrlbed and atudted •• a unit 

within the Aarde 1hale ■ember. 

The Howard Llmeetone haa a varlabfe thlckftt11 tn the 

area under etudy. It range, from a minim .. of 1:, feet In lo­

cal tty~ to a maxlmun of 37 feet In locaftty 22. In general 

thicken, towards the aouth. 

The llthology and faunal characters of the Howard for 

the moat part are falrly unlfonn, except In the Utopia 11••­

atone member. The characterlatlce of each tndtvldual ■et11ber 

are dlacu1eed later. 

The ttoward la traced north Into Nebraska under the aut 

nam•a however, In this area the lower boundary t1 drawn at 

the ba1e of the Church Lt■e1tone. Southward In Oklahoma, th• 

Bird Creek Ltmeatone le equivalent to the Church ll•••tone 

m•ber. In that area the re1t of the Howard le not Identified. 

Figure, 7 to 12 show Howard Llmeatone outcrop, at differ­

ent I oca I t t I • •. 
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Fl;. 9 . Howard Lim at ne and upper part of Severy Sh 
Locality 4, County. • 
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Fig. 11 . fito,ward Lf•••tone along tkt Kan••• Twrnptlce . 
Note preaence o.f ••tra ltrneetone bed In the ln1•ler Sha le. 
Local tty 6. Sha••• · nt,-. 
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Bachelor creek Ll•••tone Me111ber 

The Bachelor creek wae n•td by Moore (1932, p. ~) 

from the type loaallty on Bachelor creek, 5 ~Ilea eaet of 

Eureka, ~reenwood county, Kan•••• Thia ltmeetone ta the 

baeal member of the Howard fro■ 01ag1 County (NW~, Sec. 7, 

T. 17 s., R. 15 L., ) aouthwarde. 

Lltb9fog1. thlqkn••·· .l!l5l cont1at,.- The Bachelor creek 

tn all locaflttee ••• found to show fairly unlfOt'nl lithology. 

It le a fight ollve-gray ll•eatone, which weathers a pate 

brown, lapure, and arenaceous. It I• ma11fv1 and upon weather­

Ing breaks Into thin Irregular ahelly beda, with rounded 

aurfac11 reeembllng weathered sandstone. Locally the Bache­

lor creek ta dark blue to blutah gray, with a peeudolltlc 

texture, and rare quartz grains. 

The Bachelor Creek has a constant thlckneee of about 

• feet, with rare exceptions. It t, lntereettng to note that 

tn locallty 23 It••• found to be 15.5 feet. Thie le an un­

usual thlckneae and not heretofore reported. 

In all localltle1, except 28 where both upper and tower 

boundarle1 are 1harp, the lower contact of the Bachelor Creek 

and the underlylng Severy Shale 11 gradattonal. It P••••• 

from a non-calcareoua, nen-fo1alllferou1 ehale, to one that 

le allghtly caleareou, and contain• nU111erou1 1peclmen1 of 

Chonet•t• The upper contact •1th the overlying Aarde 1hale 

la eharp. 



PJl1ontologr.- In •••t localttl•• the larger part of the 

Bachelor Creek wa1 found to be only 1par1ely fo11lltferou1. 

Anlong the foaall1 collected fro■ thla ll•••tone wre crtnold 

at••• aOl'lle feneetrate bryozoana, echtnetd aptne1, and few 

brachlopoda. An exception occure In locallty 2) (Fla. 13), 

where n1anerou1 braehlopod1 are preaent1 aong th• are JMClt­

.lD.1.I, DJc;troqloaS,ya, xhlDISII• LDS•f•tt•• aplrlferld1, and 

toward, the very top pelecypod1 of the genue Mr•••o• are a• 

bundant. 

Near the base of the Bachelor Creek In local tty 23 

Chonet11 were found ··••cl ated ., th few QI c;t,x.oclo■ty1, m­
.Ll!!A, 1par1e C011po■ lta, and I, .. Aylculoplnnat thereat of 

the bed la only epareely fo11lllf1roua, except toward• the 

top where one ftnda Ortb,mvaltga. Jur1110••· feneatrat• bryo­

zoane, and aptred ga1tropoda. 

In locallty 28 the faunal content of the Bachelor Creek 

wae found to be unusually dlfferents there Oaaplf con1tltute 

the bulk of the fo1all1 In thla bed, giving It a paeudollttc 

appearance. In thla ••• localttr the ltmeetone contain• al10 

Crurl\Dxc••· cm,a•Jta. Mx•••o•• crtnotd at••·· and fene,trate 

bryozoan,. 

Figure, 13 and 14 ahowa Bachelor creek ll•••t•n• outcrop,. 
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Ffg . 13. B chelor ~r ek time tone ember. Localtty 20 , 
0 g ounty .. 

Ftg . t • Bachelo r Creek It eetone In locaJfty 28, 
Lyoo ounty. 



Aarde Shale Member 

The Aarde ehale overlle1 the Bachelor Creek IIMeatone, 

wherever thla bed la preaent, and below the Church ll•••tone 

member. It••• named and dtacrlbed by Moore (1932, P• 94) 

from the type local tty near Aarde farnt (Sec. T. 26 a., R. 

11 £.), Greenwood County, Kan•••• 

Ltthologx .ID.i thlckn••··- In general the Aarde member 

tea bluleh•gray to yellowlah•gray, clayey, 1andy ahale. The 

average thtckneee ranges from 2.5 to 7 feet, although, It 

wae found to be•• much aa 24 feet thick In locallty 10 

(Fig. 17). Locally this ahale 1hows an unueual thlcknentng, 

as In locallty 5 (Fig. 16). Generally, the Aarde thickens 

southwards. 

The Aarde ahale comp rt••• numerou1 unite that are wel I 

differentiated tn aome outcrops tn the southern area. Named 

fr• the base upward, are ae followea -) ahaly 1and1ton1 to 

sandy shale, (b) clayey gray lhale, or (c) underclay, (d) 

coal (Nodaway), (e) Impure st lty gray ahale, (f) c1lc:areou1 

gray shale, (g) bluteh•gray arglllaceoua Lhweetone c•wauneta"), 

(h) bl1c:k platy 1hale, and (I') ltght•gray to p1le•brown 1hale. 

The above aequence le obvtoue tn the southern area, In 

eoate outc:ropa. however, the 1equence of untta le 10111ewh1t 

different, and tn the northern area where untte b or c:, d, 

•• h, and l can only be Identified. 

Palegntotoax.- The lower two unite were observable at 

localtttee 21 1 22, 27, and 28, and contain only plant hn-



prea1ton1. The underclay. unit c, and unit d, coal, are devoid 

of foaetle. Unite, which r11te on Nodaway coal, contain, 

numerous carbonaceoue fragaente and plant tMpre11ton1. In 

moat eecttona thle 1hale ••• found to be cr1.111bly, Impure, and 

poorly coneolldated. Unit• grades Into f, which contains 

crlnold ateme. The "Wauneta• ltmeetone or unit g le hlghly 

foaelllferoua bed, which la dlecuaaed later. Unit h la 

characterized by nuneroua phoephatlc ahella of the Inarticu­

late brachlopods Orbtcul9lde9 and ~lngula, few QUnbacella, 
and unidentified shell fragment,. Unit I ts hlghly calcare­

oua and contain, abundant crlnold 1teme and brachtopoda. 

"waunetaft Llmeatone Bed 

The name "Wauneta"••• applled by Moore (per1onal com­

munication) from outcrops expoeed near the 11111all town of 

Wauneta, Chautauqua county, Kana••• Thia ltmeetone becomes 

more peralatent In the eouthern part of the state, from 

~reenwood County eouthnrd1. In thte area It la bluleh­

gray In color, and la characterized by the preaence of 

numerou1 fuaullnlda, Qhon1\••• Hy■ttdl•• COtftpoalta. and 

few otctrgcfoatua. 
In moet outcrop,, the "Wauneta" le about 1 or 2 feet 

below the Church llme1tone, and 11 regarded•• part of the 

Aarde shale. 

Llthologv. \hlckne11, .W. paleontology.- In moat place, 



where found, the "Wauneta- 11 a gray, htghly argtllaceoua 

IIMeetone. Ueually le ntedtum hard and coar■e•gratned. the 

thlckneea rangee from 0.3 to 0.5 foot. In place• where thl1 

clayey ltmeatone ta ab1ent, a ll ■y shale cOfflllonly 11 preaent. 

It contain• nusneroua fo11t1,. aaong them CrucJihxc••· Juc••­
.1!11.l, Canqranella. Qynbar,111, larv• crtnold •t••· 01tra­

cod1, and unidentified brachtopod1. 

rtguree 15 to 18 1how the Aarde ahale and "wauneta" 

I t111e1tone. 

Church Ll•e1tene Metnber 

The Church ltme1tone wa1 na■ed by Condra (1927, p. ~) 

from outcrop, tn Church farm, near the town of Oubota, Pawnee 

County, Nebra1ka. 

The Church••• uaed •• a datum reference plane for cor,,. 

relatton In thte report, becauee It le tnvarlably found In 

every Howard outcrop. Jt le a very p1rat1tent ltmeatone and 

ha1 been traced from Oklahoaa, acro1a t-:an•••• and Into Ne• 

braaka and Iowa. 

Llthologv .lllSl tblckn••··- The Church ···••tone mentber 

ha1 rather uniform llthology and thlckne11 throughout lt1 

outcrop area. lt 11 dark blue to blut1h-gray, and when 

weathered haa a dark chocolate brown color. The Church 11 

commonly a 1lngle ••••Ive bed, very hard, and deRae. A eledge 

halAffler wa, often u1ed to break thl1 hard llme1tone, and when 

broken It ehowe • 1ubconcholdal fracture. eo.nonly, the 
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ern area. !n t hi s ar a 
stone and Sev ry Shale 
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Severy 

Aarde eha l m mber tn the "orth­
contact betw en the Howa rd Lime• 
t th baee of Nod w y coal . Local t·• 

Fig . 16. Aa rde shal member along the Kansas Turnpike. 
Note different thlcknesaee of th shaf • Local fty 5, Sh wne 
county . 
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ffg . 17. unueuaf thtc n •• (24 f et) of th 
membe r tn an open trtp-ptt . Localtty 10, Oe g 

A rde ahale 
County. 

,1,., I I, 
wo. IJ netz.. 

Fi g. 18." uneta" llmeatone bed In th 
and below the Church II• tone . Loeal tty 10, 

tkrde 

Aarde shat e , 
hawnee County. 



Church breaks Into rectangular blooke. The thlcknee1 of the 

Church aonetantly tea 2 feet, warring only an Inch or two 

In a few plac••• 

The uppentoat 1 or 2 Inch•• are ahelly, and fona • thin 

cruet at the top of the ••••Ive Church •ember. Thia ahelly 

top In many placea la abaent, eapeclally where the Church 

haa been expoaed to weathering. 

Palepntologr.- The faunal character of the Church la 

falrly unlfonn In the area under atudy. It contain, abundant 

Ottonoafa toward• the top, which are a dlatlngulehtng feature 

of thla bed. Thea• algae upon weathering atand out In rellef, 

•• ehown tn figure 19. C01nonl1, theae algae are found en­

crusting other foealle. The representative fauna of thfe bed 

area Otqtyoglo ■tua. Ent111t11, CNpo•JSI• Mf[AIQlttCI• Lopho­
phYlltdlyp, Natlgop1J1, &SbJORPPDlbVI• Punctoaplrtfer. eplr-

rlferlda, eptred gaetropods, crlnold ateMa, and othera. 

The l.:hurch llmeatone, In the area under study, laeka 

fuaultntda which are abundantly preeent In the southern part 

of the state. 

The thin shelly cruat at the top of the Church contain• 

nu..eroue Chonet•1• ·-· Punqto19lrtfer. nunteroua r•o•• 

bryozo,na Ilk• Rhombopora and Strebfgtcre,, and·-· f•­
neetrate bryozoana. 

M5?ntaqt■.- The Church overlte1 confonaably the Aarde 

ahale me•ber, and tn turn le overlain by the ~lnzeler shale 

except In locallty 10, where the Utopia llmeatone member 

• 



rests dtr ctly upon Chu rch . Thia I ahown 1n F1gur• 22. Thi 

bed le eparated from adjacent units by harp cont eta. 

ft gur s 20 and 21 ho th Church I tmestone at dt ff r­

ent local 1 t1 e • 

Ftg . 19. Ottonoal In the upper p rt of the Church 

Limestone. Loe ttty 10 . Shawnee County . 
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Ftg . 20 . Sharp and even contact bet een Church Lime tone 
nd A rde shat • ocall t y 4, awn•e County. 

Fig . 21 . Church, tnzeter. nd Ut .op fa member, . Note 
thinning of Wtnz ler shale and thin to med i um bedding In 
the Church ltme ton . Loe ttty 9, Osa ge County . 



Wlnzeler Shale M•b•r 

The Wtnzeler ahale wa1 n ... d by Moore (19J2, P• 94) from 

outcrop• near the Wlnzeler fann (sec. 4, T. 26 s., R. 11 E.), 

Greenwood County, Kan1a1. 

LtthtflAX £QA thlJkDtll•· The Wlnzeler ahale ta uaual­

ly ■edtuna gray to pale brown, olayey, and caleareou,. The 

thtekneee ranv•• from 2.5 to 10 feet. 

Th• Wlnzeler 1hale le a peraletent mNber that haa been 

traced frotn Oklah••• northward, Into Nebraaka and Iowa. It 

haa a unlfor'III llthologtcal character. However, locally In 

Oaage County the ae■ber ••• found to be abaent for 6 ••••• 

alono the outorop. The picture (Ft9. 21) of the e•poeure In 

localtty 9, Oeage County, ahow1 the Wfnzel•r ehale reduced 

tn thlckneaa to•• rtttl• •• 0.3 of a foot. 

The Ntnzeler le mtaatng In loealftlea 10, 11, and 12, 

where th• Utopia llmeatone directly overltea the Church 

(Fig. 22). In locallty t4 It reappears nonaalty developed 

and containing It• typical fauna. One of the ao,t notlceable 

feature• of the Wlnzeler ehal• la the lack of peraletenct of 

the ll••atone beda, which It contain• looally. Th••• lt ■e1tone 

b1d1 are dla1l•llar In llthology f,... place to place. 

The condition mentioned above ta ahown In locralfty 6 

(Fig. 23), where a thin arglllaceou1 ll•••tone ocaur1 near 

the ba1• of the wtnzeler, and 11 aeparatea from the Church 

by a thin foaalllferoue ahale. In locallty 8, a 3-foot 

"I tee1tone" t e found resting on the Churc:h• and whl ch here 



11 regard•~• part of the Wlnzeler. The "lt ■eatone• In thle 

locallty contain• n1nerou1 grooved nodulee that give the ap­

pearance of aedt ■entary colunanal1 (Fig. 24). 

In locality 24, there la a thin llme1tone only 0.5 Inch 

thick, and In locallty 25 a •punky" llme1tone 11 preeent In 

the Wlnzeler u■ber about 5 feet from lte ba••• Thia In 

places occure a1 ll•eatone 1eptarlan concretion, of varloua 

and trregular ehapee. 

Paleqotoloax.- The preeence of lacy bryozoana of the 

genera Feneatrtlltna are a dtagnoattc feature of the lower 

part, and In placea the upper part, of the wtnzeler. The ra­

moae bryozoana Rhgbopora. rare N901plrtt•C• pelecypoda, and 

other brachlopod1 alao are present In••• outcrop,. In lo­

cal tty 24, the thin encrlnal lt■e1tone present In the Wlnzeltr 

contatna fatrly well preaerved cups, plat••• and aptnea of 

the crlnotd Qtlocrlpya YICYI• the brachlopod GIDICIDlffl• and 

numerous minute aplred ga1tropod1. 

utopta Llmeatone Met11ber 

The utopia wa1 named by Moore (1932, p. 94) frOII ex­

poaure, near th• VIiiage of utopia, Greenwood County, Kan•••• 

The Utopia ll ■e1tone 11 the uppennoat •ember of the 

Howard Ll•••tone. It comprl1e1 tho•• beda above the Wtnzeter 

ahale, and below th• White Cloud ahale member of the Scranton 

Fonwatton. The Utopia llmeatone la llthologlcally and faunal-



Ft g·. 22. utop ta It me stone reetl n on Church II me stone• 
wtth absence of Wlnzeler shal • Loe I ty to. Osage County . 

Ffg . 23. Wtnz fer shale me ber a lon g th 
showtng an extr II eetone unit aepar ted by 
tnterval . Loe ftty 6, Shawnee County. 

Kan•• Turnptk 
thtn shale 
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F'ta. 24 "L.1mertone» fGntatntna grooved nodules In the 
I ower part of' Wlnze r ha e. Nodut ee contal n abundant eponge 
ptcules . Localtty a. Shawnee county . 

t y f!nd faun I Ii] dt fferent from other members of the Howard . 

Lt tno I 291 .I.WI. tbl stsD.PII •· The utop 1 a member f s a bt ut eh­

gr y to m df um-gray I Im stone , hard , and med I um- to coa r se• 

grained . From Shawnee County northward the utopia contatns 

e veral thin h te untte, one of which ts black afld fleet le . 

ffllerea, to the outh ft ts mostly compoted o~ t , 1n Jfme• 

stone unfts. 

Th Utopta lime tone rangee tn thickness from 2 to 14 

feet . 

On the bats of lithology and f unaf content the Utopta 

lfmeeton member ha two different parts the lower part 

whtch t compo ed of tht~untts , and n upper pa r t which , 



ra coaaonly one efngl• •edlum to ••••Iv• bed. Th••• parte 

wlll be treated, for convenience, ae the lower Utopia and 

the tuaullnfd•bearlng Utopia. 

P1l•oot1ftAX•• The lower utopia for tbe ■oat part la 

hlghly fo1etllferou1 (Fto. 25). SOtle thin unit• are differ­

entiated becaue• they are alaoat entirety coapoeed of a par­

ticular fos.•I I. For •••PI• we fl nd bed1 wl th PtCDIIIISID• 

MYallna, ito••··· oatracode, and PleurpphQ[YI• Stfll ■ore 

common, are the nmeroua thin oaa9tte beda that contain a­

bundant 01·•••1 algae, which on weathering ,tend out tn rellef 

giving the •PP•arance of •oatmeal~ texture. Among other 

foaat I I reoo9nt zed and found to be abundant I y preaent In the 

lower utopia ..... H,arqlqlf•C•• AYtcylop9ct10, 9nMt•iS!• ~­

J.11.1.· PICbXlt, QIGSXRltt•SiY•• LRPbPRbrfJldl1P, Ql•f•RI• rare 

Llnopgdyaty1, cwon fto11tc1111na, Jur111al•• e1•111c1• 

11kv••1ec1, Punstta•c1r,r. ctocc,o••••· ¥tvcJtbxct•• El1tu11-
11.t1,fllMbAPACt• Qr;thM11t•a1, s,,1,cophga. iYPbMt\11~ 
Ph9[kldonoty1, crlnold etet11a, aplrlferlda, and unidentified 

aollu1k1. Oetracode are abundantly found In locality to, In 

thlnly•lulnated llaeaton• laye·r,. 

The fuaullnld•bearlng Utc,pla ta 1l ■o1t entlrely co.• 

posed of fuaultnlda of the genua Trltlqftea. along with rare 

LqphqphYllldl., rare 9••s••· f•n••Sc••••o•• echlnold apln••· 

-••• brachtopode, aollueke, and crlnetd at••• 

The upper part of the lower Utopia llmeatone In locall• 

ty 18 (Figs. 29-,,>, contain• abundant wel I preeerved foaetl 
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footprints. These r cast of amphib ians of th specie 

t,JmnQlUf l vague, Mar h ( Scho we, 1956, PP . 389-405) . 

~nt.act,a.- The Utopt a ov rl t e conformabl y wl th h rp 

contact the Wlnzeler shale. The White Cloud shale member 

of the Scranton Shale ove~II the fusuftnfd•be rin g Utopia 

with a harp contact . Wet of Top ka, the Utop ta limestone 

le deeply eroded by a channel sandstone that fs regarded a 

part of the White Cloud ah le. 

f t g . 25. S lab from the lower Utopi a ll meetone howtng 
the abundance of mlxed fauna . ~ocalfty 8, Shawn e County. 



42 

Wi YI z.e/er-

Ftg . 26. Thtn ftmeetone and shale units In the lowe r 
utop I a I tme tone of th t1orthern ar a . Local I ty 4. Shawne co. 
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Ftg . 27. Char ct rtatlc thin-bedding of low r utopia 
llm eton. Locality 10. Osaq Coun ty . 



Ftg . 28. Lower opta It e tone conafattng of thin llme-
atonea nd halt containing land pf nt nd o tracode fn the 
northe r n rea . Locality 14, o ag '"'ounty . 

-
~ : -:- _-:- ~- -~;. .. ~ - ... '" 

rfg . 29 . flaggy t tmestonelln t he lowe r Utopia ur,tt con­
tatntng fo etf phlbtan footppt ta . Locality 18. Sec. t4 
and 15, T. 17 s •• R. 14 £. , o age county. 
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Ft g. :,o. L r utop 1 II e tone contaf nt ng c 
phtbt n f otprtnte. L c I tty ,a. Oa g County . 

t of .. 

f tg. 31 . Ctoae-up of figure JO . 
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Ftg . 32. htbtan footprints of L. imnoeus .lfagUf:• Marsh. 
Locality 18, Osage County . 

Fig. :,:,. Clo e•up of fl'gure ,2. 



scranton lib••• 
ti'hl te Cloud Sha I e Member 

The White Cloud ahale wae n&111ed by Condra (1927, P• 58: 
1939, p. 53) fr0111 outcrope near the town of Whtt• Cloud, 

.>ontphan County, In northeaatern Kan1a1. 

The lhlte Cloud tnclude1 thoae bede between the top of 

the Howard Limestone and the baa• of the Mappy Hollow Lime­

stone. 

LlthologY .lWl thlckn•••·- The ~htte Cloud 11 chiefly 

COfllpoaed of ollve-gray or yellowlah•brown clayey to 1tlty 

ahafe. The aandatone found In the White Cloud ta pale brown, 

fine-grained and thtnly laminated. 

The thtcknee1 of the ~hit• Cloud ranges from 30 to 8o 

feet. It••• found only In two localltlea 3 and •1 the ma•t­

mum thlckneaa ta 37 feet. 

Contact••• In the two outcrops where the White Cloud 

was measured, It••• obaerved to have a sharp contact with 

the underlytng Howard Llme1tone. In locallty -• a channel 

aandatone occurs In the White Cloud 1h1le (Fig. 34). lna1-

much •• thl1 channel 11 an Interesting feature In thl1 locall• 

ty, It le deecrlbed with 10tne detatl In the followtng part 

of thl • paper. 
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tihlte Cloud Channel Sandstone 

Location.- The White Cloud channel sandstone la expo1ed 

for about .\00 yard1 In the ~Wt, NW~, Sec. 27, T. 11 s., R. 

11 l., about 0.3 of a-••• weet of a new bridge over Kanaaa 

River on State Highway 4, about 3 ml lea weet of Topeka. 

Prevlou1 .!I.Cl!.•- The channel eanatone haa been Mentioned 

by Moore (1935, p. 2101 1949, P• 175) stating that " ••• the11 

sandy and conglomeratlc deposits are Interpreted aa the ln­

tttal phaee of the ~f th~ Happy Hollow cyclothem." The purpose 

of thte part of the report Is to describe this channel In 

(f!-:,re tii't.-1.t I than has been done prevtouely. An attempt wt 11 

be made to Interpret the poaalble age of the channel, and lta 

relation to affected adjacent beds. 

~!thologx J.DJl thtckneaa.- The White Cloud channel sand-. 

atone ta composed chiefly of ahalea and 1and1tone1. Four 

unite are lfthologlcally differentiated; from the baee upward 

they ares (1) a well lndurated basal conglomerate 0.5 to 1 

foot In thlcknee• composed ehlefly of flat eubrounded ltme• 

atone pebbl••• round llmonlte concretions, and pyrite nodulea. 

The fine matrix la eompoaed of numeroua foeall ahef; fragment ■ 

and fuaufln1da. Pyrite, glauconlte, quartz aand, clay partl­

cle,, carbonaceoue matertal, and ll•ontte are abundant. (2) 

Above the baeal conglomerate le about 15 f••t of llght oltve­

gray, al lty, and mlcaeeoua ehale. Jt I e f amlnated, and contains 

plant tmpreaelone: It contains calcareoua $&ndetone atrtngera. 

(3) Near the center of the channel, Just above the •hale 



mentioned, t, about 5 feet of llmy sandstone, which ts oltve 

gray, famlnated, and mlcaceoua. The lnaoluble r11tduea of thl1 

cafeareoue sandstone showed 35 percent calctum carbonate~ Tht 

coarse residue fraction gave the following conatltuent11 

quartz sand, aubrounded, clear to froeted 

sphaterfte, subhedral, up to 0.1 •~ In diameter 

pyrite, amorphou& 

ml ca ft akea 

carbonaceous matertal, black 

apatite, green 

(4) The top unit la an olive-gray, mCcaceous, shale Inter­

bedded wfth thin flmy aandatone. Thia &hale le about 10 feet 

thick. 

The posalble sequence of event, aaaoelated wtth the 

~~tte Cloud channel sandstone are dl1cu1aed, 

Oeposillon of Heward LCmeatone and of lower shale In tht 

White Cloud shale. 

Erosion followed by deposition of channel aanda. Clear 

evidence that the channel sandstone occurred later than the 

depoaftton of both the lower part of ~hlte Cloud shale and 

Howard Llme1tone le ehown by the acourfng, entrenchment, and 

eroalonal effect• produced on thoae bede. In the ea1tern part 

of the section studted, ehale In th• Whitt Cloud la deeply 

eroded as shown tn Figures 36-39, and the r;hal• ts reduced 

in thlckneae from 22 feet, ae ee•n nearby, to a fraction of 
"°"lr.s 

an Inch. Remnanta of llthologfcally atmtlarAto thoae fn the 
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channel sandstone are shown In Ftguree ,Sand 39. In the west• 

ern part of the channel, conglomeratlc depoette rest dfrectly 

upon the Utopia llmeatone mnber. which haa been eroded from 

the ortgtnat 5.3 feet to 1 foot. 

Oepoeltlon of aand1tone of the upper part of the Whfte 

Cloud shale followed the erosion dlacu11ed above. Numeroue 

thin conglomerates at different horizons are present tn this 

sandstone. Oepoettton of younger Vtrgtllan and other beda 

fo 11 owed. 

Recent erosion haa partfally obltterated the eaat aide 

of the channel sandstone, and cut deeply Into the HOward Lime­

stone and Severy Shale (Fig. 34). 

Study of the channel eandetone leads to the concluetona 

that, (1) Deposition of the channel sandstone occurred prior 

to the deposition of the upper eandatone of the Whtte Cloud 

shale and subsequent to the deposition of the Howard Lime­

stone and lower shale of the White Cloud. (2) The general 

attitude of the strata forming the channel le ftat•lytng and 

••~k• croae•beddlng. Thia pree1.111e1 that th••• f1n• aedfmenta 

we re I• Id down t n a et·ugg I ah at ream wl th I ow cOfflpetenay and 

high capacity (flga. 41 and 42). 
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A 

ftg . 35. Eastern p rt of the ch nnet s ·ndstone In th 
Whtte Cloud haft. Loealtty •• See . 27, T. t ·1 s. , R. 
11 £., 8ha•nee County . 

8 

/.foweird 

Fig. 36. Cont ct between the How rd LI estone and Wh ite 
Cloud eh le . Not thickness of lower ehal tn the Whit 
Cloud (ah . w. c. ) 
Letters 8 , c, E, F, H, and 1 Indicate parts In the graphic 
section (Fig . 3 ) . 



C 

Fi g. 37. Remnants of th lo er hale tn the hlte 
loud (eh . w. ~. ) 

0 
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Ft g . :,8. A few yards west fr above pf cture • I ower 
ah le ha been reduced to about 1 foot • 

• 
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E 

Fig. 39. Channel a ndetone (ch . , . ) r ti ng upon 
remnant of lower shale of Mltte Cloud (eh . w. c. ) and 
ov.~ly l ng Utopta l fmeat on (U). 

F 

Flg . '40 . Channel sand toner sting upon Howard Lime• 
ston . 
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G 

Ftg . 41. Another vtew of the channel sandstone reat­
fn g upon HOwa rd Limestone . 

H 

Fig. 42. F" tet-lylng sedf ente compo Ing the channel 
sand tone. 
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I 

Ffg. 4J . Relatlon between rh lt Cloud ehannel sandstone 
nd beds of wa rd Limestone . Church limestone (Ch), 

Wtnz fer ah I•(* ), and utopt ttmeetone (u) . Bae t 
conglomerate tn the channel a.ndstone (ch . •• • ) . 

J 

Fig. 44. Peel-print of the baa I conglomerat 
channel and tone ftll . 

t 

fn the 



S£QIMENTARV ANALYSIS 

ln12lyble R,aldyea 

An tn1oluble re1ldue, 11 defined by Ireland (19,1, p. 

110)1 ••••••terlal reaalntng after rock fragments have been 

dlgeeted In acid. Hydrochlorlc acid ta generally uaed, but 

acettc acid ta occaefonally used ••• ~ Thia deftnttlon applfee 

to the tneoluble re1fdue matertal from the ltmeetone beda of 

the Howard Ltmeatone. 

The tnaolublt reafduea of the Church and Utopia limestone; 

membera of the Howard received prellmtnary atudy by lahrhafttg 

( 1952) • 

Ae prevtously explatned under Laboratory Techniques, two 

Insoluble reetdue frecttone were obtained, the fine and the 

coarae. The fine-fraction••• not studied, becauae tt did not 

show anything dtagnoatlc. Hence only the coarae•frac:tton wae 

studied for thta report. 

Table 1 le a cla1alftcatton or Insoluble re1lduee of the 

Howard Limestone baaed on the outltn• by Ireland (19,6). Each 

type wtll be dlecueeed under It ■ proper heading. Appendix o 

alvea th• r11ldue weight, and correepondtng percentage, for 

each member and unit of the Howard Llmeetone. 

A dttatltd deacrlptton of th1·1&1DPlt1 wlll be found In 

Append1~ c. The ten,tnology followed 1a·that of Ireland • .!l• 

.U• ( 1947}. 



Table 1. Claaelflcatlon of Insoluble reatdue, of the 

unit• and •eraber1 of the Howard Llme1tone. 
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I. Allogentc • conatltuent• derived from prevtoue 1edt111ent1 

1. Quartz eand grains and etlt aggregate, 

2. Argtltaceoua materlaf 

3. Mica flakes 

II. Authtgenlc - Conetttuent1 formed contemporafteoualy wtth 

or eubeequentfy to the depo•ltlon of the eedlm1nte. 

A. Syngenettc • Contemporaneou1 conetltuenta 

1. Foaella 

2. Glauconlte 

3. Carbonaceous material 

B. f..plgenette - Subeequent conetltuenta 

1. Slllclfled fo1alla 

2. lnterstttlal etltca 

3. Secondary quartz 

c. syngenettc or (ptoenettc 

1. Chert 

2. Pyrite 

:,. LIMnlte 



Alloacntc 

~yartz .IIWl .ID.i .IJ.J.1 IRACIAlt•••- Quartz aand grain ■ are 

a colfflllOn eoarae-fractton tn the Howard Ltme,tone, and along 

with atlt and allty aggregate, constitute the greater per­

centat• of the total residue. The quartz aand appear••• 

looee, clear to altghtly froeted gratne, moat c011111only anhedral 

to eubhedral, rarely euhedral. It make1 up from 8o to 93 per­

cent of the reeldue tn the Bachelor creek ttmestone member. 

In the Church and Utopia ltmeetonee, the percent of quartz ta 

quite variable from a trace to 50 percent, with an average of 

12 percent. 

The Howard Llmeetone beda that are low In quartz eand 

were found to contain larger amounts of ellt aggreoat••• Th••• 

aggregates •••mlngly are atained by ltmonlte; they are mlcace­

ous, . and are ueual I y poorly aon1ot t dated. The amount of al It 

aggregate, varlea from a trace to as much aa 85 percent, •Ith 

an average of~ percent. 

A[qllfa1•RYI 11t1rlat.- Thia••• found In• few 1eetlon1 

aa lumps of ftoceulated clay materlal, ltght•grten to pale• 

brown, 1pongy, •lcaceoua, and poorly conaolldated aggreo1t11. 

The amount of th••• aggregate, ranged from 2 to 58 percent1 

the average, hewever, ••••••than to perc:ent. 

!tJ.U. fllkll•• Mica ta rather common, but make1 up only 

• fraction of the total residue. It occura •• loo1e, clear 

flakes, that are Irregular In outlines and cOfflfflonly eonatl• 
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tutea from 1 to 3 percent of the realdue. Thfa amount poaal• 

bly be more In the re1tdu11 that contain allt and clay aoor•­

oatea, •• mica flakea form part of the fine cementing ~•terl­

al. The r1eldu11 from the Bachelor creek mecnber contain an 

average of 10 percent of mica flak••• 

Foaefla.- Arenaceoue foramlnlfer teat• and fragment• are 

the most abundant foaall1 obeerved 1n the reetdue1 of the 

Howard. These conelet of aggregates of fine quartz atlt-etze 

gralne. They range In color from white to llvht gray. The a­

bundance of arenaceous foramlnlfere varlee with the different 

member,. The Church ltmeetone contalne from :,o to 6o percent, 

with•• much•• 6o percent In local tty 1•. The amount of theae 

foramtntfera In the Utopia member ts variable, ranging from 

only a trace to•• much ae 90 percent, loeallty 22. Tht Bache• 

Jor Creek, tn most localltlee, contatne only trace• of th••• 

foramtnlfera. The "Wauneta" bed aleo contains abundant forame, 

with amount, rangfn; from a low of 12 percent In tocaltty 22, 

to a high of 82 percent In loaallt1 25. Foramtntfer1 pr111nt 

are ahown In Tab I e 2. 

Sponge eplcul•• were found to be abundant, but reatrtct­

td only to local tty a. Th••• are cocapoaed of white finely 

granular or clear at Ilea, and In the fonn of monaxone, trt­

axone, and de•••• The amount of 1plcule1 tn thle localtty 

ranged from 15 to 30 percent. 
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Tabla 2. Arenaceoua For1111lnlfera preaent In the Utopia 

and Church mMber, of the Honrd Llmeatone (taken from 

Ireland, 1956, PP• 831-864). 

Spectee de ■crlbed1 

••"1111111 ~lrgtl101t1 Ireland 

Agpodlacua 1oow••c•1 (Brady) 

Apaodt ■cua 11,m1con1trtqty1 waters 

Amntov,cttl ,, lncluaa (Cuah■an and Waters) 

Ml!911Cttll• fabYtlntha Ireland 

;povarttll I RCffl!9PICXI I rel and 

fBDRYlcttlJ1 prgdlgalta Ireland 

Gfomoutca arttcy1011 Ph111111er 

ifoa,osplra PY•Jlfl (Gelnetz) 

Glomo,aplra 1f1eJ1x Harlton 

ifogtoaplra umblqula\1 (Cuah,"nan and Waters) 

t1XPICIMfOI qlabra (Cuahfflan and water,) 

P ■aP1Rh••c1 AC&AJAI• Irtland 

Tbyrqlna •uc1oc101t1 Ireland 

IbVCDPD!O• dlfo[MIDI Ireland 

•Notea 

p • preeent 

c: • conrnon 

vc - very comnt0n 

a - abundant 

Utopia Church 

a* • 
8 • 
a • 
vc: 

vc 

C: 

C 

a a 

• • 
a C 

VC 

C: 

C 

C 

p 



~-anged from 15 to :,o peraent. 

Gl1uc9pltt.- '.~laucontte ta abundant. locally fn some bade 

of the Howard. Thia occur,•• tight gre•o, uorphou1, 10ft 

••••••• It ta sparsely pre11nt In the Utopia llme1tone, except 

In looallty 10, where In the unit below the fuaullntd•beartng 

bed olauconlte ■akee up for 50 percent of the re1ldu1. The 

uppenaoat ahelly part of the Church llaeatone member contalna 

gleuconlte In amount, ranging from 25 to 40 percent, and only 

scattered gratna are preeent In the maaelve Chtrch proper. 

C9rbonac1ou1 ,,s,c••J•- Thia ••• found to be an extreme­

ly 1111Lnor conatttuent In the coarse fraction of the HOward. 

Only scattered amall frapenta were found, except In the 

Bachelor creek which contains from 3 to 5 percent of carbo­

naaeoua mat•rtal tn all localltlea. 

EpJq1n1tlq 

Slllclflfd fo••Jf••· foaatte, replaced by 1lfloa, were 

found In abundance only In locallty a. In amount, th••• fo11tl1 

range from 5 to lK> percent. Among the alllclfled fo11tl1 pre­

aent are Punct91otrtt1c, Hu•t•f••· c,rurlthvrt1~ fene,trate 

bryozoane, productld aptnea, oat•acode, aptred gaetropoda, 

and unidentified 1hell fragmenta. The Church llmeatone tn lo• 

callty 10 ••• found to contain about 15 percent etllclfted 

foeet I•• 
The alllce te generally white, clear to opaque, chal• 

eedonte, with a granular to •ooth texture. 



Int1r1tlt.lal all lqa.- Interetltlat ell tea ••• found to 

be reatrtcted to local tty a. It le 00111Po1ed of clear to opaque, 

dolomoldtc el Ilea, and quartz In lrr•gular ••••••• It le lnter­

••tlnv to note that the only plaae where tnteretltlal alllaa 

11 found, and It 11 the place where elllclfled foealla occur. 

The usount of tnter1tlttal al Ilea In thl1 tocallty ••• found 

to be about 18 percent. 

§!19Dd•a quart;.- Secondary quartz le• Minor conett­

tuent In the reefduea of the Howard Llmeeton•• It le found 

to be clear aubhedral to anhedral, and dletrlbuted through­

out the area from a trace to 2 percent. 

IXDAIDISlg AC Epl91n1tls 

Cbert.- c._.rt occurs In vartou1 1111o&mt1 tn the Howard 

Ll•eetone. Thie le found to be chalcedonto, white, granular, 

ordinary to lacy, and tt ••• pre,ent only In loealltlee 7, 

8, and 18, with amount• ranging 10, ~. and 2 percent re• 

epeotfvely. 

PYt1$t•• Pyrite commonly oocura tn the coar1e•fraotfon 

of the Howard Ll■eetone •• atrl ated crubt•, octahedrene, •• 

aorpheu1 aggregat••• and parttally or entlrely replaatng 

foaell• auch •• Rhollbopora, cancranella, productld eptne1, 

and ehell fragment,. Pyrite le present In the Church me■ber 

In all tocalltl•• ranvtng from a trace te •• auch ae 8o per­

cent In locallty 11, the average, however, le rather a con,tant• 

ly 35 percent. The pyrttlzed foaelle mentioned above, are 

found only In thle bed. 



Th• anaount of pyrite tn the fuaullnld•bearlng Utopia la 

negllglble tn moat localltl••• e•cept In loealtty }, llhere 

It amounted to 57 percent. 

The Mwauneta" ltMeetone bed aa an average of 14 percent 

of amorphou1 pyrt te. 

In all locallttea the Bachelor creek contain• only rare 

uaounte of p1rtte. The amount• of pyrite In thereat of the 

Howard are varlable ranging fr• a trace to 75 percent. 

~•owolS!•· Ltmonlte ta common constituent tn almoet ever­

y reat due of the Howard bede, It ahowa •• an arnorphou,, ti,ongy 

ma11ea, and makee up about 5 percent of the total retldue. It 

wae found that 1o,ae aamplee of the Church ltmeatone oontaln 

••much•• ltO percent. 

~s1t1t1 e••••· lbJ.D.•••1tton1• Alli Etsb•~•bfo1~• 
Aettate peel• along with thln-•ecttone and etched-block• 

were uaeful tools In etudylng the mlcroatructuree, mlcrolltho­

loglee, and texturee of the Howard Limestone. rosalla, ee­

peclal ly Q1agla. are ahown eonapfcuouely In peel-prlnta. Beat 

re•ulte were obtained by atudytng th• P••••• print,, and 

etcheet-btock1 together. ~tneraf determination, however, can­

not eaelly be made from any of th••• m•thOda, and ne done 

from the ln•ofull,le re1ldue1, and haa been dlacu11ed prevtou,­

ly. 

4 aerlea ef peeleprtnt1 fa 1hown at the end of thla aeetlon 

( f"I ga. 4'7-79) ae t 11 u•tratl one of different di agnoatl c feature, 

among the member, of the Howard Llmeatone. The Information 



gained frOM thee• different method, la dlecu11•d below. Thie 

dtacuaaton I• arrani•d by members from the baae upward,. All 

peel-print, have been enlarged 4 tlmea, uni••• tndl•ated other• 

wt••• 

Bachelor Creek Llmeatone Ueatber 

The Bachelor Creek generally ha• aphanltlc texture 

throughout the ar••• and It appear• to be htghly arenaceoua 

and Impure. lneoluble realduea showed a high percentage of 

quartz eand•gralne. These are eaatly seen a, etandtng tn re­

llef In the etched block,. The only exception le tocallty 

28, where thla 11ember contain• many 911911• In thl1 ••• place 

arenaceoue for11111tntfera are very abundant (Fig. 50). Locally 

thte metnber le ~ult• foestllferou,, •• In locallty 20, and 

tt has an aphanltlc matrix. The fo11tle are mostly Mrttto• and 

productld brachtopoda (Ftg. 48). In other places, only the 

upper portion ta foeaflfferoua ae In localtty 19 (Fig. 47). 

Whtie In other placea, tt la devotd of fo••••• •• In tocalt• 

ty 2'.5 ( FI g • 49) • 

"Wauneta" Llmeatone Bed 

The •wauneta" bed, wherever found, 1how1 numeroua fea,111, 

Including crlnotda, In an aphanttlc Matrix, compo1ed matnly 

of argttlaceoua material (Ftg. 51). 



Church Lfmeetone Member 

The Church••• found to exhtblt the•••• llthologtc 

character throu9hout the area atudted. It 11 coanonly aphan­

lttc tn texture. Foaetfa In the fora of erlnotd at•••, ... 
neatrate bryozoan1 frag,nenta are abundant; coral• are rare. 

So~e of th••· f••···· In many place, art encru,ted by Otton­
.21.1.1. algae. Theae algae art rather dtagnoetlc of the upper 

part of the Church, and when not encrusting other foaatl1 

they are found•• amorphou1 algal m•••••• Pyrite and ar,nac•­

oue foramtnlfere owtltnea are ob1erved In the peel• and 

etched-blocks of thle bed (Figs. 52-57, and 75). 

Overtytng the Church, at localtty 8, there t, an extra 

"11meetone" bed, deeertbed prevtoualy ae be part of the 

~lnzeler shale •ember. Thia "ltmeetone" bed contatna n••r­
oue grooved llmeetone nodule• which In peel ■ 1how an aphan­

lttc te•ture In arglllaceoue materlal and elllceous mtcro­

organtema. Sponge 1plcule1 eaatly aeen tn etched•bfock1 make 

the bulk of the•• grooved nodulea(Ftg. 60). other peel•prtnta 

of the llmeetonee found In the Wtnzeler 1hafe are ahown In 

Ftourea 58 and 59. 

Utopia Ll ■eetone Member 

The Utopia member exhibits the mo•t varied and dlatlnc• 

tlve lithology of the eeveral member• of the Howard Lime• 

atone. For purpoaea of •••l•r deaerlptton, the member, •Ill 

be dl1cu11ed tn two parta, the lower and fuaultnld•bearlng 



bed. Th••• thin bed• are by no ■ean1 poaelbty correlattd either 

untt by unit or fro• ••~tton to eeetlon. However,•• a whole 

th••• strata have a con•plcuoua feature which le remar~ly 

well ehown In P••••• thtn-1ectlon1, and etched-block• ••d• 
frOIII 1pectmen1 from each locality. Thie le the preeenc• of_the 

algae Q••gla and•••• eOtMonly "H•Ck•f•M• Thee• algal growth• 

are not confined te any parttcular horizon. Figure ■ 61-74 

ehow the different type, of fauna and mlcrollthotoot•• found 

In the lower utopta llmetone unit. 

The wtnzeler shale •••ber ta abeent tn locallty 10, and 

the Church llmeatone It overlain dtreetly by an "algal" bed 

eomprtaed within the lower utopia. Figure 64 ahowa clearly 

a peel-print of thla mottled llmeetone, that ta ltthologt­

cally different from any ether ob1erved In the Howard fonw­

atlon. In tht1 ea•• loeallty a well developed cone-In-cone 

Jtmeetone waa found (Fig. 66). 

The fu1ullntd•beartn9 utopia unit 1how1 • perefatent 

fauna and a marked ltthologfc character. The fu1ullntd1 of 

the genera Trttlclt•• are pre1ent abundantly throughout the 

area. Slit-clay partlcl•• con1tttute the •~hanltfc matrix of 

thl1 bed In place,•• dl•••lnated aggregate,, and tn other, 

conatttutlng a large portion of the ••trtx. 
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l••cx 

Fueullnld•btarlng Utopia Lfm11tone Unit 

Quartz aand content range, coneldera~ly fr0111 3 to 75 per• 

cent1changee are not dtagnoettc In any way throughout the 

•r••• 
The preaene• of arenaceous foramlntfera Qnd ellt aggr•-

gatee was found to be Interrelated; where arenaceou1 forame 

were abundant, allt aggregate, dlmlnlahed tn eame proportion 

(Fig. 45). 

Pyrite, clay materlal, and ■tea flakea were not dtag• 

no1tfe In the unit. 

Lower Utopia LIMeetone Unit 

iluartz aand I• an abundant con1tltu1nt found In all lo­

calltl••• wtth rare excepttona. Tht1 residue ts a diagnostic 

feature of the unit. In Shawnee County, quartz ta about '-0 

percent of the coar1• realduea. Thta amount dlmtnl1he1 tn 

01ag1 County, and again 1t1adlfy 1row1 larger toward• Lyon 

County. 

Pyrite te preaent tn at■oat every locality ranging frOM 

a trace to about 25 percent. 

Flocculated clay aggregates are preeent ~ro. 8 to 25 per­

cent In Shawnee county, ab1ent In 01age County, and again 

preaent In Lyon county from 10 to 25 percent. 

Arenaceous foramlnlfera were the moat etgnlfleant con-
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atttu1nt1 In the lower utopia. txcept for one locatlon, they 

are abundantly present from J to 93 percent, averaging about 

~percent. Jncrea1tno abundance la noticed In Oa19e County. 

Church Lt■eatone Member 

Quartz aand le ueually pr11ent tn ••II Utounte. 

Pyrite la a dtagnoatlc conatltuent, and found to be pr1-

1ent In every local tty from, to a, percent, however, the 

averao• ••• only about ,s percent. 

Arenaceoua for11111tntfer1 were abundantly p,..eent In al• 

moat every local tty, ranging front 10 to 85 percent, aver­

aging about 40 percent. They ••em to be more abundant through• 

out Osage county. 

Giauconlte ••• present In few tocalltte1, but when pre• 

11nt waa abundant (Fig. •6). 

Bachelor creek Llme1ton• Member 

Quartz aand ta pr111nt throughout the area tn amount, 

over 90 percent. Thi• UtOunt dl•lnlahe1 tn the last two aouth­

trn localttfea, but the pr11enc1 of quartz ,and ta dl19no1ttc 

feature of tM •••ber. 

Arenactoua for•tnlfera are pre1ent In very ••II amount, 

In tbe area, and they appear broken, however, t·n the 1outh­

ernmo1t loca ltty the Bachelor creek 11 full of 911011, and 

contatne about ,o percent of arenaceoua foraatnlfere. 



Mica flakes and carbonaceou, matetlal, are pre,ent fn 

every locallty In •all amount,. 

The dtagr•• In figures 45 and 46 ahow a graphtcal re­

preaentatlon of percentages of the ln1olubl• re1tdue1 and 

the areal variation In percent of coar1e- and fine-fraction 

content of the Howard Limestone bed•• 

iblfl study 

The purpoee of the shale study••• prlmarlly to deter­

mine the amount of carbonate, arglllaeeoua ■atartal, mineral 

content, and fauna present. In general the ehalee comprised 

within the Howard Limestone range from altghtly to extreme­

ly calcareous. The only exception■ are 1ome of the shales 

In the tower part of the Aarde ahale Member. The black fta,t le 

1halee were found to b• only allghtly calcareoua. Olfflcul• 

ties were encountered In dlaper1tn9 th• becauae they were 

htghty phoaphatlc and tndurated. Hence the laboratory study 

conat ■ted only tn mtcroacoptc examination of the undt1per1ed 

aapl••• The 1halea are dlacueaed from the base upward. 

Aarde Shale Member 

Thie wlll be dl1cue1ed Ju1t In the 1outhern area where 

the Bachelor Creek llmeatone member la preaent, and later tn 

the northern area, where the Bachelor creek la abaent. 

In the aouthern area (Osage and Lyon COuntl 11) •• a 
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general rule. the ehale unite underlytno the Nodaway c:oal 

are devoid of foaelle and are non-calcareous. Locally th••• 

ehalea are highly eandy to allty and contain abundant •tea 

flakes, ll•onlte, and earbonaceoue matertal. The only biota 

found fn th••• unite were plant taprea1lon1. 

Jn the eouthern area the ahale between the Nodaway coal 

and below the "Wauneta" ltmeetone bed, ta commonly dtfferentl• 

ated Into two parte. The part overlying the coal which 11 

atlty, devoid of fauna, and non-calcareaua, containing a­

bundant plant tmpreae_tona, mica flakes, and quartz ,and. In 

locality 25, thla ahale 1effl1 to be varved, ts 1ll9htly cal• 

careoua, and contatna some ••II pelecypoda of the genua 

Qynbartfla. overlytng the above there la• bed of shale whoee 

base le about 2 feet below the -Wauneta" bed. Thia ahale le 

uaually caleareoua and In placea contain• crlnold atna, clua, 

and numeroua ehell fragment,. Among the mln1rala white grains 

of glbbelte (hydrous alumlnwn oxide) are preeent •• acatter• 

•c:t'aggregatee In th1 shales other mlnerals preaent are pyrite, 

magnetite, and llmontte. 

Overlying the "•aunetaw bed tn the southern area, are 

at leaat three ahale unite that are well differentiated both 

In the fleld and tn the laboratory. FrOtR tht top of the 

"wauntta" upward art •• follow11 (1) gray shalt, flaky, only 

al tghtly calcareoua, and aparaely foaet I tferou11 (2) IJlack, 

ftaalle, phoaphattc ahale with abundant 8fl1all lnarttc:ulate 

brachtopoda of the genera Orbtc:uloldea and llnguta, the bracht• 
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topod kCY[LthYrla, and th• pelecypod Oun-,c••··· which are 

diagnostic fauna of this shalt In all localtttee. The •lneral 

content of thta ahale Include enaall phoephatlc nodulte and 

flnely divided pyrite. Next above<,> foflowa a pale-brown 

ehale, highly calcareous, and that le eaccharoldal under the 

mlcroacope. Foeelle ueualfy are preeent fn the font of crlnold 

atema, co111n1on Punctqaplrlfer. rare ,chon•S••· and rare gunbl[­
.,, •• The mineral pyrite, 1el1nlt• gypeum, magnetite, llmo• 

ntte, mica flakea, and others are uaually present. 

In the northern area, the Aarde shale member eonelete of 

three shale unite, which art elmtlar to thoee above the 

uwauneta" In the aouthern area. Some exeepttona wlll be noted. 

Theee shale units are•• fol Iowa from the baae upwards 

(1) pale-brown to medltn•oray shale, Impure, and poorly con­

aolldated. Abundant 9yp1um eelenlt• cryatafa and kaollntte (t), 

mica flak••• quartz ■and, and earbonac•oua materlal are pre­

sent. Next above (2) le a peretatent black, fl11tle to platy 

shale which has the eame mineral and faunaf characterl1tlce 

aa number 2 In the eoutlern area. Next l11111edlatefy <,> and 

underlying the Church IIMeatone •••b•r le a pale-brown to 

buff ahale, wtth n1aeroua crtnofd at••• cOCMaon ~u■tedla, 

Chonet••• H1catntf1r1, and r•o•• bryozoane. The mtneraJ 

content of thte uppenaoat part Include• pyrtt1, llmontte, 

mice flak••• quartz eandJ locally thta ahale la profuaely 

foeall1feroua containing abundant Huetedla, ~ryrtthyrt,, Jur••• 

anta, Chonetee, Olctzoclo1lYJ• raaoae and feneatrate bryozoana, 
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and crtnold 1tema. 

The Aarde ahale member le developed dlfferently In local I• 

ty 10 than el ■ewheres there It attain, a thlekne11 of 24.2 

feet. Overlytng the Nodaway coal In thla localfty ta a black 

fl 1111 • aha I e wt th I nartt cul at• brachl opoda. It In turn 1 • 

overlatn by 21 feet of medlUlll•gray ahafe. Thie latter ahale 

unit contain• abundant plant and apore fo1all1, and conaon 

L>unbac•llf• Quartz ■and grain•• pyrite. llrnonlte, carbonaceoua 

matertal, and mica flakes are abundant. Thi• ahale, at a ho­

rizon about 0.5 foot froa the top, changee to llght-oray and 

caleareou■, wtth abundant crlnold et•••• feneetrate bryozoan1, 

and common Chonetea. Above the "waunetak In thta locality, 

two ehale unite may be dlettngUlaheds a black, fl11tte shale 

with Orbtculoldea and Llngul1 at the base, and a fight-brown 

calcareous shale above. Mlnerala In thee• ehal11 are quartz 

aand, mica flakee, pyrite, and tYP••• 

Wlnzeler Shale Member 

Thie ahal• le charactertzu by etmllar lithology throu9h• 

out the area studied. COlllllonly It le medl&a gray, blocky to 
( 

flaky, and clayey to ealcareou1. The connon faun~__.p.r111nt In 
~ 

thte ahale c0111prtae NII preeerved lacy bryozoan1 of th• 

91nu1 F1n11tr1111n1, and r•oee bryozoana of the genua Rh91~2-
Ull• Other foeatla alao are present In minor quantltte,, 

antong thN are N101ptrt{1c, pynbar111,, ,,ncc1o•f la. g1111r2-
~- The mineral content lneludee allt and quartz aand, •-
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bundant blottte and muacovtte flak••• pyrite aggregate,, lfght• 

green olauconfte, carbonaceou1 •aterlal, magnetite, 1elenlte 

gypeuni, chalk or kaollnlte (?), earbonaoeoua material. Sponge 

1plcule1 are preaent In the ahale In minor amount• at locali­

ty 10. 

Utopia Llmeetone Member 

The Utopia contatna one or more thin shale units. One 

of the thin ehalee, In Shawnee County,••• found to be very 

pereletent. In this area this shale unit ta black, papery to 

ft eel le, and only allghtly calcareous. The abundance of oatra­

coda ta• diagnostic feature of the unit. The mineral content 

wa1 not observable, due to the fact that these phoephatlc 

ehal ea did not di aperee t n water or det·ergent. 

In Oeaoe and Lyon counties, the1e ahal•• become pale­

brown, laminated, calcareou1, and 1tlty. They contain. abundant 

oetracods, as In the northern area, and plant hapreaslona. 

However, tn localfty 10, Oaage County, the ahale la absent, 

neverthel•••• the 01tracod1 are preeent In th1nly•lamlnated 

ltmeatone layer,. Jn thla area the ehale cont1tn1 abundant 

quartz aand grain,, llmonlte, pyrite, aelenlte gypaum, and 

mica flak••• 
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fig . 61 . Lowe r Utopia ft stone In foe lt t y . • Not 
bund nee f ~~a r ks t « and ffne - gratn d t rlx . 

Fig . 62. Lower Uto fa lime tone tn focalfty 
pyrlt nodul l th t tpnosja . 

• ~ ote 
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Ftg . 63. Lower Uto.p l a li mes tone tn localfty 8 . Abundant 
oaagia, mi nute gast ropods ; and arenaceous forams a re 
noteworthy. 

t 

Fig. 64. ~ottl ed l tmest e fn tower Utopia. Locality 
10 . (Peel•prtnt X3) . 



- l g. 65. Lo•er Utopia l lmestone In localtty 10. 
oto poor sorting and al gae( ?) . 
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Ff g . 66. Cone-tn-c,ene in the lower Utopia lt meetone. 
Loc:a I 1 ty 10 . 
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Ff g. 71. Lower Uto,p t a ft me stone f n I oeat tty 26. 
Note pseudolftfc texture. 
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Fl • 72. Lowe r Utopia llmeatone In loca lfty 26. 
Note abundant 1Y1Jtna. 
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F fg . 74. Lt y c·o11cr tlo fn ahale of I -, r utopia 
I i e tone. Lo I 1 ty 1 • 
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THE HOWARD MlGACYCLOTHEM 

CYqllc; Stgntjlcanc;• .2! 1lll H0flf'£ 1,t111ton1 

The ti•• of depo■ ttlon of the Howard Ll■e1tone and ad­

jacent untt1 ••• pre•UMably ■arked by repetitive tran1gre1-

1lon1 and regreaelona of the ehallow ••••• 

A cyollcat repetition of 1trata ha1 been given the name 

"cyctothem" by Weller (1932, P• 1003). The ter"II "••gacycto­

thn" refer■ to a cycle of cyclothMs (Moore, 1935, p. 29). 

The Wabaunaee Group, uni Ike the Shawn•• &roup, doe ■ not 

•how evidence of ldentlflable megacyclothem1. The cycltc 

sedimentation typtcal of thla group ha1 been tenaed the 

Wabaunsee type (Moore, 1948, p. 8). It ha1 been 1tated that 

cyaltc 11dlmentatton of the Howard Llme1tone repree1nt1 a 

tranattlon between the ••gacyclothn-a of the Shawnee Group, 

and the aore atmpfe cyclothema of the Wabaunsee Group (Moore, 

1935, p. 205). The Howard Ll••etone sedimentary cycle re­

aemblte •ore cloaely th• ••gacyaloth11111 of the. Shawn•• than 

a elnglt cyclothem of the Wabaun1e1 Group. Thie 11 1hown ea­

peclally by the preaence of a peraletent coal bed,• black 

platy 1hale, and abundance of varied arenaeeoue f•r•lnlfer,. 

Moore (1935, p. ,0) h11 a11lgned letter, (A to V) to ■tga­

cyclotht•• of the Shawnee Group. However, thla claaalftcatton 

hae not been applled to the Wabaun11e Group, and the letter, 

(A to M) of the Wabauna•• refer to cycloth••• 

From the etudy of the aycllcal atdf ■ente In the Howard, 
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the writer bellevee that th1e formation and adjacent unite 

repre1ent a megacyclothem, and wtlf be referred to•• ••1•• 
cyclothN "•fl• Thia unit extend• from the dlaconfonntty 

aeparatlng the Severy &hale frOIII the Topeka Ltmeatone up to 

the bae• of the channel 1and1tone tn the White Cloud 1hal1. 

Megacycloth• • 1eem1 to comprtee five Incomplete cy­

cloth•••• which have been named after llmeatone,, and given 

roman numeral• dealgnatlone to dfettnouteh them from tho•• 

of the Shawnee and Wabaunsee Groupe. Thea• are given tn 

tabl~below. 

Table 3. Ofvlaton of the Howard MegacyclothNI 

Cyclothema Symbol 

Upper utopia cyctothem V 

Lower utopia cycloth• IV 

Church cyclothem l I l 

"Wauneta" cyclothem I I 

Bachelor creek cyclothem I 

In the northern area, only the upper three eycfoth"'• 

can be dtfferentlat•d• tna•uch •• the "Waunetaft and each•• 

tor Creek tlme1tone1 are abaent. 
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A atudy of depoattlonal envlronmenta ta baaed upon, 

lithology, prtnctplea of aedlmentat6on, paleontology, atratl• 

graphy, Inferred paleoecology, paleogeograRhY, and teetontc,. 

ln thla section, an attempt wtlf be made to Interpret 

the condlttone prevalllng at the time of rock geneats tn the 

area under consideration. Inasmuch 11 envlromente of depo-

1ttton are closely related to the oycftcal repetftfon of 

beda, thea~relatlona •Ill be dtacuaaed concurrently. 

The depoalttonal envtronmenta of the Howard Llmeatone 

are related to thoae of the underlylng and overlytng atrata, 

therefore the origin of th••• beds aleo •Ill be dlecuaaed 

brlefly. 

Figure 8o la a representation of the Howard formation 

generallzed fr0111 aeveral expoauree. Inferred v1rtatlon1 In 

••• l•v•I during time of depoeltlon are shown by a curve. 

Bachelor creek Cyctothem I 

§tYtCX §b•f••• The severy Shale which underltea the 

Howard Limestone may be regarded to have been developed under 

both nonmarlnt and marine condition,. Th••• no•arln• beda 

are compo11d of channel-fl I I Ing depo1lt1, which dlaconfonnt­

bly overlte the Topeka Ltmeetone, and occur In• channel deep­

ly cut Into tt (Moore and othera, 1951, p. 63). The absence 
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of foaalla and the Irregular disposition of these aedfmente 

Indicate moat ltkely that they were eubaerlal In origin rather 

than marine. 

The marine part of the Severy Includes uniform, thfnly­

lamfnated, fine ellatone1 and ahalea, which are chlefly In 

the upper part. Locally, thla phase lncfudea thin aandy time­

atone beda •1th marine fo11fla such 88 Jureaanla and Olctxo­
cloatua. and eorae clam,. The •••• at the time of depoattton 

of the Severy muet have been ehaf tow with probably no re­

atrlcttonai this ta fndtcated by the lateral perafatence of 

beda. 

8achelOf cr1ek 11,,,,201 m1mber.- The shallow marine 

condttlon1 existing during the deposition of the upper part 

of the Severy Shale are believed to have peretated tnto the 

time of Bachelor creek depoattton. Abundant Chonetea give 

evidence of gradual encroachment of the eea; deeper water, 

appear to have favored the occurrence of dfver1e fauna. In 

general a habttat favorable to aeveral formaa of marine 11ft 

ta tndtcated. The cla1tlc Inflow of clay materlal and quartz 

eand ■u1t have been coploua, tnaemuch a, the Bachelor creek 

llme,tone t, htghly Impure. In 1ome tooalftle1 the percent­

age of tn1otuble realdue con1tltuent1 1xce1de that of th• 

cafcl\lffl c1rbon1t1 content. 

The presence of unfoeelllferoue, •tlty, green 1hale, 

which are locally tnterbedded with llme1tone In the Bache• 

tor Creek member Indicate, that the bottom muet have been 



98 

hlghly trreg~lar with emalf depreastona or aome fouled con­

dltlona extated locally. Thie account• for the eparaen••• 

of fauna. However, the latter condlttona muat not have been 

widespread, becaua• the local occurrence of 01agtte-ltme1tone 

bede with••• ~011uek1 and brachtopoda ehow that the environ­

ment was favorable to the growth of Oeagla, whtch 11 found 

eneruattng ahell fr•~•nta. The depoeftlon of the Bachelor 

creek aeemtngly wae ended by a regreaalon of••• water, and 

a greater Inflow of clay. 

AJ[df ah9l1 mnk•C•· Olecuaeton of the envtrornental 

conditions under which the Aarde ahale wae depoatted le ar­

ranged In accordance to untta fro~ the baee upwarde, follow­

Ing the pattern already eatabllahed under "stratigraphy". 

Al[ft 1hale Y!lU. A• •halt.• Continental or nonnaarlne 

condition• muat have prevatled during the depo1ltlon of the 

lower shale In the Aarde meaber. Thie shale eontaln1 profuee 

plant fo11tte, and locally ta lnterbedded with 1and1tone 

len•••• which are cro11ed-bedded, thin, and trregvtar. Ae a 

whole, th••• ahale1 appear to be devoid of foealle. In placta 

thl1 unit grad•• upward Into• thin, clayey, gray ehale. Unit 

a la Identified only In the eauthern area. 

A1cg, 1b1f 1 ~D• ,, .k .tD.i s, yngercr 11 a .121.1. (N2d•••r>-­
Th1 pr111net of the Nodaway coal In th• Aardt repre11nt1 

widespread paludal environment that must have prevatled In 

the region at the time of depoaltlon. The fact that tht• 

thin coal, ranging In thtckntae from only a few lnchea to 2 
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feet, ta traceable from Iowa, through Nebraaka and Kane••• 

and 50 mll•• Into Oklahoma 11 believed to Indicate awampy 

condltton1 over a large area. 

The underclay la llght gray In color, UIOOth, clayey, 

plaattc, and locally contain• numeroua llmonlte atrtngere. 

Locally, a clayey-gray ahale occur, below the coal In place 

of the underctay. 

The meaning of the underctaye aeaoclated with coal le 

a controver1lal 1ubject, and there 11 no Intention of ad­

vancing any new poaatblltl••• Weller (1931, p. 175) stated 

that underclaye are po11fbly developed by " ••• atnsoephertc 

weathering during long period• of qute1cence." McMIiian (1955) 

concluded that the " ••• Nodaway underclay 11 a "foaalf" (1011) 

or burled gl•Y•••• Characterl1tlc1 of gley and underclay are 

due to organic aeld1 which have moved downward from peat by 

dtffuston.• Gley 11 a soll horizon, blutah gray, ettcky, and 

often etructurel•••• 

Aa[dl •bait Unt\ t, ahalt•· The taet veatlgee of eontt­

nental eondlttone are Indicated by d1po1ttton of a 1tfty, •1-

caceou,. gray shale above the Nodaway coal. Locally thla ehale 

le repreeented by about 5 feet of thtnly•lulnated 1hale, with 

alternattnv llght and dark-gray bande, r,, .. blln9 varve,. 

Tht eubatrlal weathering which ■uat have affeated thte 

ahalt ta Indicated In 11veral 1ectton1 by the local occurrence 

of the mineral glbbelte, Incorporated In the ov1rfyln9 ahale. 

Glbb1tte 11 a hydroua afurnlnln oxtde, and ta• prlnclpat 
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conetttuent of many bauxtt••• It le befleved to have been 

formed In falrly warm clt•atea under terreatrtat weathering, 

and above oround-water level. 

Thia paraeonfonntty, at the glbbalt• sone, poaalbly 

r1pre1ente the extreme conttnental oondltlon1 In the area, 

which ended the Bachelor creek cycloth•• Thie nonmarlne ahalt 

grades upward tnto a martne-near-ahore, gray shale of the 

auccedlng eyclothem. 

"wauneta" Cyclothem II 

Aarde •btf• lU!.U. £• ehaf••· The tranagre11ton of the••• 

11 anown by the appearance of marine foa1tl1 In the upper part 

of the shale deecrtbed above, and marks the begtnntng of the 

"tauMta• eyclothem. Thia ahale, which ta below the "Wauneta" 

tt ■eetone bed, le calcareoua and contain, nLneroue llmeatone 

nodules. Among the foe1ll1 present are abundant 0Unbac1111, 
crurlthyrt1, and crlnotd at••• The preeence of fauna 1uch 

ae one containing crtnolda doea not neceaaartly tmplte1 that 

the water wa1 deep, atnc• they have been found In 1hallow 

nter depo1lta. According to Moore (1931. p. •10) crlnotd1 

w •••• are clearly Indicative of 1lfght depth• and even with 

depo1tte that repre1ent •••r9ent condition,, t1 1ufflctent 

proof that deep water wa1 not required by th••• or9antaae." 

Aarde Jbale li!Jl11 !, "••vo•S•" ···••UDI•· The Htergent 

•••• continued during the time of the depoeltton of the 

"Wauneta•, but the water probably waa aomewhat deeper per• 



101 

mfttfng ltme•aecretlng organl•• to ffve. 

The llmeetone bed 11 hfghty argtlfaceoue and 1011ewhat 

Impure In the area atudted, however, tt become••••• ar,tl• 

laceou■ towards the aouth, where fwaultntda are common. 

The tn1oluble reetduea 1howed a conatant deer•••• of 

clay matertal toward the aouth and lncreaetng n.,.bera of are• 

naceoua for11111lntfera. Thie le ahown In Figure 46. 

The fauna la dlverae, but feneatrate bryozoana and bracht• 

opoda are doatfnant. The aaaoclatton of bryozoane and brachl• 

opods le con.on, lna1111uch •• they are Indicative of the aue 

tnvtronmental condtttona. These organteme are benthontc 

types which depend more on muddy bottom conditions than on 

other aepecte of the environment. 

The deeper water, probably open•••• In which the "Waun­

eta" llmeatone ne depoelted, changed to restricted shallow 

water condtttona and the overlying black ehale of the Church 

cyclothem ••• deposited. 

Church CyclGthera IJI 

At[fl lbltl Unit Jb bl9cl5 RfllX lblll•• Thfe black 

■hale fa a very persistent unit. Its 1tratt1rephtc poaltlon 

t, conatantly a few Inch•• befow the Church llmestone, and 

overlytng the "Wauneta• bed. However, where the •wauneta" 

ta abaent the black shale overll•• a highly Impure, un-

1on1oltdated brown shale, which could tndtcat~ the tran-
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atttonal change front conttnental conditions to a reetrtated 

martne environment. The lnartlcutate bffaohtopode and brack­

ish-water molluaka contained In thla black ahale attest that 

the envtrorwent muat have been shallow or braekt•h marine. 

Black ehal••• It ta belteved, u•ually are depoalttd In marine 

or bracklah baatna In which bottom watera are atagnant, and 

In which a reducing envtroMent predomtnat••• According to 

Schuchert (1911, p. 262) "••• many of the apect•s of ttngul• 

Ida occur In baya and eatuartes, Indicating that they prefer 

a habitat more or leas freshened by land water,." 

The acidic and perhapa toato condition, Indicated by 

the presence of flnely-dlvldtd pyrite and email phoaphatlc 

nodu I •a• auggt et I aome •tag.nat I on of • at rem• I y aha 11 ow water. 

The apparent tranaor••aton of thle shallow and reatrteted 

•••• ■wet have occurred over a falrly wtd• ar•~•• Indicated 

by the uniform per1t1tence of the black 1hale. 

Aarg1 lb••· lm.11 h• 2.IJ.l-br_gpn lb•••·- Thia shale Indi­

cate, a more normal marine condition than the black ehale. 

The 1ta9nant envlrona1ent waa deetrored by lnvaelon of clean­

er marine water, ellalnatlng the reatrlcttone which perelet• 

ed during the depoattlon of the underlylng 1hale. 

The new envtronaaental condttlone promoted the growth 

of numtroua c1rbon1tt•11erettno organl•• •• ahown by•· 

bundant crlnotd eteme and aome brachlopod1 auch 11 PyQqto• 

•PttJt•c and Chon1tt•• 
Thia ahale le a per1l1tent unit underlylno the Church 
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ll•••tone with a aharp contact and le the hlgheat unit of 

the Aarde ahal• aequence. 

Chyrqh ft111tone •••b•C•- Thia ll••etone repr•••nt• the 

maxi■• encroachment of the•••• The wlde1pread envlro,-ent­

al condition, muat have been very untfol"II, lna111uch •• It le 

a very peraletent bed, reco9nlzed with the aue ltthologlc 

characterlettc ■ from Oklahoma to Iowa. The texture of the 

lt ■e1tone I• typically flne•oralned. 

Th• biota of the IIMeetone le dominated bJ crtnotd et•••• 
brachtopode, and aparae coral,. Among the brachtopoda Entet­
.!1U, Co,ap9alt1. HIC91DJ!•c•, and Olctxocl91tu1 are abundant. 

According to Menard and Boucot (1951, p. 14.-..145) the brachl­

opod1 beet adapted to tlve In faater currents are onea with 

1pherlcal ehapea. The preaence of faat current• may be lndl• 

cated aleo by broken crlnotd colurnnaf1. 

Ae prevlouely noted, the algae Ottonoala ta typlcal of 

th• upper portion of the Church ftme1tone. Thia 11 found en­

crusting other foeelfa. Current, were required to overturn 

fo1sll1 permitting all-around coating by QStono1t1 tn con­

centric layer• (Flge. 56, 57. and 75). The abundance of 

s>;ttono1la may Indicate that the water were falrly clear and 

probably waf'II to allow the profuse growth of the algae 

(John1on, 1947, p. 1108). He atat11 that•••• the majority 

of ltme-■ecrettng algae are aaaoclated with molluecan and 

mixed fauna." Thie statement agree, with the faunal char1c­

t1rlatlc1 of thta ll••1ton1. 
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Coar•• residue••• found to lncreaee ateadtly toward• 

the north. It la dlfflcult to aay, however, whether thte 

chan9e tndleatea nearn••• to a northern source, becauae the 

atudy ••• carried out In such a emall area (Fig. 46). 

The abundance of pyrtte In the Church Indicates that 

poeelbly the ltme1tone ••• lald down In a reducing environ­

ment. Krumb•tn and Garrele (1952, p. 20) state that Hin a 

martne envtromaent ••••• prectpttatton of pyrite ta favored 

by aolutton of low Eh and high pH also, for they promote the 

fonnatlon of both Fe•++ ton and&= Ion." Locally, pyrite­

replaced foasll• and fragment, are abundantly preeent In the 

Church, clearly Indicating that theae are of epigenetic orl~ 

gin. Plr11on and Knopf (1947, p. 74) state that "Pyrttlc 

replacement■ of foa1fla have been atrlbuted to reacttona 

between the aulfur of decaying matter •••• and the Ion tn the 

encloalng 11dlmenta.- The Church tlmeatone when weathered 

1howe a typical chocolate brown color, which may be due to 

the high content of pyrite. 

The•••• atarted receding when the upper part of the 

Church••• depoatted. Thia la characterf1tfcally ahelly and 

arolllaceous. The fauna Includes abundant algae and ••II 

mixed fauna (Punctoeplrlfer, crlnold ateme, and bryozoana). 

The abundance of glauconltt tn thl• thin oruat 1ugge1ta 

elow acc1.111ulatlon, lna1Much a, thf1 favors the formation of 

the mineral (Twenhofel, 1932, p. 110). 

The upper portion of the Church lfme,tone probably 
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repr•••nta the algal•pha•• of th• Church ayclothN, depoalt• 

ed froa receding••• water, In• ehaflo• envlronaaent. 

!lnltf•c lb••· ··••c•- The ti•• of depoettton of the 

•tnzeler ahale ••• ■arked bJ a regreaeton of the•••• reeult• 

Ing In a nearer-ahore ahale facl••• Thie ahalt 11 typloal• 

ly •arlne, lnaaMuch •• nmeroue bryozoan1 are abundantly 

preaent. Crlnotd atet11, pecttnlde, and eoae brachlopoda are 

alao found focally, and feneetrat• br,ozoane are dtaonoettc 

of the ••ber. Th••• euppoaely are •ore proltflc In aub• 

ffttoral reotona, and they are adapted for ltfe In envtron­

■ente where wave action and current, are atrong (Ell••• 1937, 

P• •19). The excellent preaervatton and lack of apparent re­

worktn9 of theae feneetratee tndlcatee that they llved and 

dted tn ••••ntlallJ the •am• place. 

During the depoettlon of the wtnzeler ehale, variation• 

In envtro .. ent ■uet hawe occurred vertlca&ly and laterally 

to account for the vartoue ll•••ton•• coaprt••- tn the ■eeber. 

The I t■e1tone1 are I I tho I agf cal I y and fauna If r di ffennt 

froe one outcrop to another (Flt•• 22-24, and 51• ,a..6o). 

It 11 belfeved that the•••••• deeper In tta. area• 

llhere euch lt■eatonea were depoelted. Th••• area• of deeper 

lt•e .. ud were prea111ably not connected, or ptrha,1 reatrlct• 

td, and con11quenttr the or1anl•• nre not frtt to ■Ingle. 

The complete ab1enoe ef •tnzeler ahale In••• localt• 

ttee ••r Indicate a facle• change to a mottled ll••atone, 

that overt t •• the Church ••nr (,1 •• ~). 
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It I• tnter•ettng to note that. eaoept for focal varl• 

atl•n.e• the Wlnzeler ehal• tea p•r•latetat •ftlb•r with the 

••• ltthole9teal and faunal •haraeterlett•• fro. Oklah•• 

to ·rowa. TIii • aueo••t• the wt dee,read envl ,.._ent In wht eh 

the •h•I• ... depoelted. 

The Wtn1eler probably Include• the end-phaae of the 

Church o,cloth•• and the 1tartlng-pha1e for the Utopia 

c,cloth•• 

Lower Utopia C,oloth• IV 

IJIDC Y\ttJI J)NlilOI lftlfr•• A retutft to a aaore nonaal 

•arlne environment c•• aa.out during tttt tt•• of depoett.ton 

of the utopia ll•••tone ••~•r• Thi• t•veeton of the••• 

po1alblr nt tradual •• ahOwr, bf the alternattng thin ahalee 

and I l•••t•n•• of the lo•r part of the uto,ta. 

Eaoeedtftglr 1hallow •••• pr••••''' were pre1ent to ac­

count for the thfa-&,eddtn1 charaeterl1tt11 of thle unit. Tbe 
' . 

tftttnat re,reeentef "' the depoattton of the 1llat•• and Inter­

bedded ll•••tone unlt1, •• ■artced ~, abundant tlaetlo• lald 

In•••••• water,. However, the olaattoa wre pro&,ntr d•• 

po1tted •••••r, tna111UOh •• •et of the .... or1anl •• eon­

tlnved \e ltff tn the enwl,.,.ent. 

Foaal I • art eatr•• I, abundant I ft tl\t • unt t. MO I I uaka, 

~raehto,oda, crtnotd ,, .. ,, brro1oan1, 0 .. ,1., and are• 

ftaceoua for•lnlfera are eharaeterletle of tbe •••r utopia. 
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However, th••• foa1lf• are chleflJ conoentrated In the thin 

•••••t•n••• with the exception of 01tracod1 whleh are al" 

preHnt In the ah••••• O•traooda are •t.lPPOaety adapted to 

all trP•• of enwtrorwent. Thi• 1, corroborated~, the pre,ence 

of th••• organl•• tn allt,-grar ah••••• black ehal••• and 

even tn thin ll■eatonea of the lower Utopia unit. 

The dellcat• oetraood 1hell1 are not fractured or broken 

tlhf eh 1u11e1t1 that thaJ have net been rnorked or csarrt td 

bJ current, for nr, long dl1tano••• LocallJ, the ah•••• con­

tain land planta. 

Throughout ■o,t of the area atudled1 o,agtte ~•d• are 

•-n In the Utopt •• Oaagtte f fftaton•• are a.eneved to have 

t'onud In clear, ettal ••• water abot.tt 6o feet deeps the water 

•uet have been agitated 9ently In order that the algae be 

enoru,ted on all etdea ef the thell1. The foeell fra111•nt1 

•r• , ••• , b I, d••· I oped In ... I I.. ••t•r where break I"' ,, 

.. wea •• e .... n. 

Artn1etou1 fora11tnlftra teat, were ·found abuftdanttr and 

NII JN1tnec1. The etat• of preaervatlon ear•• fndtcattve 

\flat fll'ltt water, preval led during the ti•• of depoattton. 

TM eblffldan•• of th••• er•••••u• foNla •a, account f•r the 

••••at • ..,1ete abeeno• of atlt•1tze parttctea, lllllcn are 

.. nera11, uetd ~, the .. orpnt•• \e aake their teet• (Fl9. 45). 

Th• preeence of ..,hta.tan footprint, In ttll • ll•••t.ont, 

PNaupp•••• • aha I I•• water envt ro,..nt. Whet.111r tt.••• -
phlblana were freah•••t•r or ■artne la not known. 
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In .,...r, the lower utopia unit •• probablJ depo•lted 

tn a -"•llo• and fluctuatlng ■artne envlro•ent. At ti••• the 

•••• apparentlJ Nre ver, ehatlow leavtng the area along the 

ceaat under very low water, but never reaching terre,trtal 

condlttona. The•••• •r• re•trtoted at ti••• to account for 

the formation of black ahal••• The•• ehalfow •••• attounded 

with ltvlng fauna, and enough •lcro-organ••• pre1ent to 

provide nutrient,. The••• fauna••• not wtde&pread, but 

nther confined to loeal •r•••• In order to account for the 

lateral dlacontlnuftr of thin bed• containing thl• •-• fauna. 

Abundant euhedral quartz ta evidence of• nearbr aource 

area1 the •ouni of quartz decrease, toward• the south (Ftg.45). 

Thea• altemattng beda of lt■e1tone and ehale grade tn­

to a ••••Ive ll■eatone In the upper part of tht ••D•r• and 

fona the fu1ullnld-tt1arln9 upper utopia unit. 

Upper utopia C,ctotb• v 

The preaence of fueuf tfltde baa a»••n Interpreted •• r..., 

preeentln1 the •••••• trana1r••••••• of tile •••• thue tndl• 

cattfte tllat the upper utopia••• depoelttd durtng the deep• 

er water pha .. of Ulla Qeloth•• 

The env1f'"OftH11t of depoattlon •vn llawe b••• wtdeaptead, 

lftlllMUeh •• thl• ··••done.,, •• ,.. •·th the .... ltthOtogr 

and fa1t11af charactertetloa througt14t11t the area etudted. 

Aocordlno to MHr• (1919. ,. 4S7) fuaut111td1 •••• are 

ha,ertant rook bultdtrt, In ••nr place, crowcttnt ••t •••••t 
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all other fora• of ltfe.• The fuaullnlde ■ake up the bulk of 

t.hta rock, "1th other f•••••• alaoet abeant. uoere ., .. 

•t•t•• that the preeence ef fttl-,r•""•d fu•ullnld1 ••1 be 

lndleatlft that the wat•r ••• wnagltated bJ eurrent•• Fueultn­

lde are auppeaedlJ •r• abUftdant In nnn, 1hal ••• watera, the 

I ar1••t fo,.a being fonud where the t .. perature t • the .. ,,._ 

eat. 

The pre .. noe ·of 2MIJI• In rare ... unta tn placre1, ••J 
au19e1t that•••••••• can occur along wtth fueultntda In the 

, ... water, (Johft1on, 1946, p. 1108). Arenaceoue for•tntfere. 

are a,undantfr preaent tn .... localltf••• and where th••• are 

•r• abundant the content of etlt agor•g•t•• dletnlah••• an 

lftdlcatton that \ht•• fora• u1ed the partfcl•• to fof"II their 

aggtutfnated te1t• (Ftg. 45). 

Local Ir, a thin lt1Netont •acute aNft the fueullntd• 

bearing units thl• upper 11 .. ,tone oonlaln• 811911 and a•••• 
•d fauna. TIii• ••r tAdtoate • ahan1• In •n•t,.,..ent toward 

ahal low .. ,., •• Tbt ......... Oftrfatd' .. , ..... , ••• wtllch 

repNffftt the r•••••t Oft of ••• nter1. 

Jt,lt• SUIIHI ldJtfl ■Wit•• TIM I ltholotr and e,arN 

fauna of the ehal•• C011Prl••d In the White CloVd repre1ent 

the gradual re1reaalon of \he•••• .and the ••••e of ••di• . ' 

.. ,.tatt•n of'"' HOward ore••• Tht ,reetn•• of el\aftntl• cut 

deeply Into \ht underlrtng •••• ••.t ltke1·, tn,tcate• the ter­

reetrfal nature of the 1ucroedtn1 aedl■ent1, en~ the uncon-

forattr ■ark• the end ef the upper utopia oroloth111 and the 

flnal•Ph••· of the HOfltd .. , •• , ••• , ..... 
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APPENOIX A 

MEASURED SECTIONS Of THE HOWARD LIMESTONE BETWEEN THE KANSAS 

AMO M£08NO RIVER WALLEY&, KANSAS 

The unit• and •eabera deeorlbed betow are In atratt­

vraphtc order, frot1 the top clown. 

Locality 1. NE¢, &Et, Sec. 10. r. 10 s., A. 16 ,., Bhawttee 

eountr, Kan•••• IHeaured on eout.h llank of MUddJ creek• 

0.2 ••••• from bridge on State Highway•• 2 •••••••of 

Merld•"• 

Howard Ll .. •tone (thlkn••• 12.21 ) 

utopt • • ••••tone ... ber 

11. Lt•••tone, grarleh-brown, "•there 
,., ••• ,.h-bntMI, ••dllll hard, thin• 
bedded, n•eroua ht9ht1 ••thered 
foaatla, COIIIIOft feneetrate br,O1oane, 
rare Otctrecf••Sv•• c-•n crtnold 

Thtckn••· 
Feet 

., ..... • •. • • • • •. • • • • • • 2.0 

10. covered Interval. • • • • • • • • • 
Wtnzeler ehaf• ... ber 

9. &hale, ••di• dark•yrar, btockr, 
calcareou1, partial, covered •• 

Church ll•••t•n• ••b•r 
• • 2.0 

B. Lt•••tone, blut eh-gra,, weather, dark \f 
brown, hard, ••••I we, denN, ,._.roue 
crtnotd n•• and -r••htepo4a.. • • • ,., 

Aard• ahale ••b•r 
7. 8h•··· pale-brown. blOCkJ to flaky, 

calcareoua, ablffldant crtno14 et••• 
ehell frav■ente. • • • • • • • • • • 1.0 

• • • • 0.3 
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Localttr ,. (cont'd) Thlckneea 
Feet 

5. Shale, pale•brown, poorly nn.ofldated, 
carboAaceou• ■aterlal. 1r•d•• at»oft Into 
0.1 foot of clayey ehat•• ••••••• o.6 

4. Nodaway coal, blt•lnoue, wttreou1. • • 0.9 

Severy Shale (12.61 expoaed) 

,. Underclay, olive to llght-9rar, plaatlc, 
lt•ontte 1trtn1er1.. • • • • • • • • • 1.6 

2. Shale, ••dl ... grar, blo,:kJ, atlty. • • • 4.o 
1. Shat•• 1rar, 1llt1, plant l11Pree1tona, 

I nterbedded •I th aandetonaa 1 foot thl ck, 
buff, fine-grained, lower part covered. • 7.0+ 

Looallty 2. Center, sec. 23, T. 10 a., R. 16 £., Shawn••• 

Countys measured on N•S road .. banlallent, In center of 

aectlon. 

Howard Ll■eatone (tllckft••• 11.91 ) 

utopia ••••atone ••ber 

8. Ll•••tofte, bh.ae-1ra1, weather• pale-brown, 
hard, tbl n-bedeled. weatllend. • • • • • 1.0+ 

Wlnzeler ahate _...., 

7. Shale, partfallJ coffred........ 2.s. 

Church Lt .. etone ••~•r 
f: 6. Lt■e1ton.e, blue to .. •u•••rar, weathers 

dark bntwn. hard. ••dt ... bedded, D~•,11-:&:rf••· other brachlopodas upper flcthee 
. ,. . . . . . . . . . . . . . . . . ,., 

Aarde eh1I• ••b•r 
5. Shel•· pale-bro .. , bl•ckr to thtn-••dded, 

abundant orlnold n••• brachlopode ••• 

•• Shale, blactc, fl•••••• altghtlr caloanoue, 
few Qrbleulgfft• and LIOSM.LI• • • • • • 

1.1 



Localttr 2. (cont'd) 

,. 81\ale, pate-brown, cnnbtr, aoft, de• 
trttal •••••••••••••••• 

2. covered Interval •••••• • • • • • 
1. Nodaway coal, ftathered •••••••• 
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Thtckn••· 
Feet 

,.o 

Localltr ,. SE comer, Sec. a, T. 11 s., A. 15 E., Shawn••• 

Countys ••••ured ln ftat roadcut by N•S bridge, and by 

atr•• bank. 

Scranton Shale 

White Cloud ahafe ••ber (,0.1• eapoaed) 

16. 8andetone, buff to tan, ftne•gralned, 
thtnlr l•lnated, ■tcaceoue, abundant 
lt ■onfte eoncrettona, clay pebbl••• • • 26.o 

15. Shale, lfght•orar, blocky, atlty, non­
calcareoue1 grad•• Into dark•tra, ehale 
near the ba••• • • • • • • • • • • • • 4.1 

Howard Lf■eatone (thtckneee 15.7') 

Utopia •••••tone •••ber 

t4. Ll•••tone, blue-grar, ••thera palt-brown, 
hard, ••••Ive, fufl of fueultnfda.... 1.7 

,,. Lt .. etone, btue-gra1, weath-era,r••• .. ••h-
brown, "-rd, tht,..btdded, Nathera fnto 
thin •laba, abundant•••••• braahlopode.. o., 

12. Shale, black. plat, to fl••···· ·••1htly 
oalcareoue, ••-•ant oetracode. • • • • • o.7 ,,. Lt .. atone. t:,lu1 •";~.,, ••tMra ret low­
lett-a.re .. , thtn-b ed, ••di• hard, are••• 
I aoeoua and ••ndJ. •f caoeoua, f'WI I of 
oatrac•d1, few braohlopoda and••••• •• 

,o. &hale, darlc•gray, calcareeue, elltr ••• 

9. Lf•••tone, ora,, ••there pale•bro""• 
••di• hard, arglllanoue, thln•,edded to 
nodular, coaree-oretned, bt'achtopod1 ••• 

B. Shale, ■edlum-gray, flaky to blockr, cal• 
careou•• ••••••••••••••• 

0.2 

o., 



LOcaltty ,. (cont'd) 

7. Ll■eaton•• aftd ehalee thin, partlalty 
covered •••••••••••••• 

wtnzeler ahal• ■-b•r 

6. Shale, ••dt ... gray, blocky, ctarey, cal• 
careoue, nt.taerou• f•n•etrat• bryozo•n• 

,,, 

near tile b•••• . • . • • • • . • . . 2. t 
Church t ••••tone ■eaber 

5. Ll•••t•n•, dark-blue to bhfl eh-gray, 
••there dark•brown, hard, den••• one 
••••••• -••• fo11ll1 .. athered out In 
relf•f• brachloPoda, erlnotd et••• and 
QSS!ntlfl near the tOPo • • • • • • • • 2.5 

Aarde ehale •Nl»•r 

•• 8hal •• If ght-brewn, fl akr, oaf careoua, 
n1aeroue ortftOld colUlllnala. • • • • • • 2.0 

,. Shale, fl••···· black, 9Cltlaftldea and 
lmlnal•• • ••• •... • • • • • • • • 1.5 

2. Nod••r coal, bltmfnoua, , , , • • • • • ,.o 
&ever, Shale (8.01 expoNct) 

,. Underclar, lf1ht•1ra1, cla,er, ptaetlc.. 2.0 

o. Shale, e1arac-1r11, lnterlledded "1th thin aandatoft•••.............. 6.o. 
Lecalltr ....... , ••••• 17, T. 11 s., R. 15 E., -·-·· 

OOuntys ••••••d In eouth bluff of Kan••• Rlv•r• neat' 

,. •• t.rfdge Oft stat• Highway •• bJ Rock leland A.R., track•~ 

Scranton &hale 

lhl ,. CIOUd 1halt _.,.r (J7' ........ d) 

ao. San~atone, ,uff to pale-br••• ftfte•aratn­
••• thlnlJ ••t:Aated, ■lcaceeua, abundant, 
plant IMPre•••••• thtn ll•••tone con1•••r• 
rat•• at dlffe.-.nt horizon•, lrreul•r 
contact at b••••.. • • • • • • • • • • • 15.0. 
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LocalttJ •• (COnt'd) Thfckn••· 
feet 

19. Shale, fight oltYe-gra,. blockr, ••• ,.,. 
ell t, In p I ac••• nen-cal careoua, mtar-
..1..llaa lower' f•et datk•9ray to bee ehal•• 
"f'fiille, 1harp contact with 11 .. eton• •••••• .n.o 

Howard Ll■eatooe (thlckn••• 12.9') 

Utopia IIMetone ... ber 

18. Ll•••tone, llght oltve-gray, ••there 
pale-brown, hard, ••••Ive, vu,,,, .. d, ... 
1ralntd, f'ull of fuauttnt da. • • • • • • t. 75 

17. Shale, llght•1rar, weather• ,,11owt1h­
brown, fl akr • ••dh• hard, cat careou•, 
•llty, abundant brachtoa,ode. • • • • • 0.25 

o., 
15. Shalt, ••dl..,1ra1, ft•••••• a.bundant 

oetracod•, ltMeetene lenttle In lower part •• o.e 
t4. Ll•••t•n•• tight oltve-9ray, ••there pal .. 

brown, thtn-be·dded, co•r-onlned, abundant 
oetna.c•d•• • • • • • • • • • • • • • • • • o.6 

1,. Bhat,, ••dt...,ora,, weather, yellowl.,._ 
orar, oalcarou•, ettghttr etat,...... 0.2 

11. Lf.Matue, M,Jt -1ra1, •dhere yellow-
t 111-1>rown, hard, thtfl-beelded, •dlua-
1ratMtf, few RIPIIPAfllUI• other bnchto-
pode •••••••••••••••••• • o., 

,, ••• , •• ••dt .... ,r.,, flak,. altghtlr ·••tr, 
calcareoue, •I caceou•• MIH ahel f fraQ1Hnte. o.s 

10. Lt .. etefte, btu1 ... ,r.,, wether• pale­
bte•, tttf ,.....dded, hard, ■edt .. gralned, 
thell fr•111ente.... • • • • • • • • o.• 

wtnzeler ehale ••ber 

,. Shale, ••dt ..... 1ra1, ••tllere pale-brown, 
blecky, altgbtfr elttr, f•••tnte b"'101oane, 
preeent ftear the top tn place, 1 Inch thtek 
11 .. ,tene wtth cone-tn•COM•....... 1.7 



Locallty 4. (cont'd) 

Church I 1 ... tone aeaber 

a. Ll•••tone, dark-blw t• blul1n-9ra,, 
wet.her, dark•broWft, hard, ••••• ve, den .. , 
fln••oratned, break• wtt~ eubconOhotdal 
fracture, abundant crlnold eoruanala, 

tt8 

Thlckneea 
Feet 

91•sr111•1SN1, ggppo1tta. &n&tftltt• -2-~~-IDliMillMI~-~! ftear ~\op1 aharp contact 
a ove aftd below.• • •. • • • •. • • 1.8 

Aarde ehafe ... ber 

1. Shale, 9reeAtet1-ora1, ••there lltht• 
brown, flak1, calcaree>uaf •llohtly aflty, 
abundant crtnotd oolUllfla • and -r•chlo­
podaJ I ocall, I • ~ feet thl Ck ., th .. 

INndant 1111p• litM'I-~• t=•Sflll• elllf1Mt1,111 .. ;~;; tL•••r 
an r1110n r,onana, er n.o • ••• • • • o.6 

6. Shale, Mdl• dark•tr•f• fteatfe, allghtly 
calcareoue, commoft QO\IVflfd!I• ~•n■II•. • 0.95 

5. Shale, greenleh-gra,, ctuablr, eoft, a­
bundant foeell plant and carbOftaceoue 
•tertal. • • • • • • • • • • • • • • • o.s 

4. Nottawa, coal, a.ttuatno••• '4t .•••••• 

e.ver, &tlal • ( t8.o+ expoeedJ 

,. Uft4trola,, lltht ereentatt-orar, •••r•r, 
IIMOnttt atrlftgera ••••••••••• 

t. Shaf•• ltgllt•9rey, INdlua "-'"• • • • • 

o.4 

t. lhal•, 1rHnlah-1ra,, alttr, tnterbeddtd 
with tandr atrtn1er•, an• thin llaontttc 
•• .. •• .. n••• rre•ntah-9ra,, flfte-gralned, 
•lcaceoua, • cro-oroaeed-beclded, lfaonlt.• 
ft0d11t••· • • • • • • • • • • • • • • • • ,, •• 

&.ec11ttr 5. •wt, sec. 19, T. 11 ••• ft. 16 E., Iha .... Countr1 

•••sured In toUtll bMk of Kanaae Tunaplke, northea•t of 

ao•th Topeka lnterohant•• 

HOnrd Ll••none (thlckfteee 5.91 ) 

Ohurcll • •••atone .-..ber 
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Localtty 5. (cont'd) 

8. Lt■e.tone, dark ltlul9h-graJ, •at.here broan, 
hard, ••••Iv•• nuaeroue foe1tlea upper part 
thlft•Ndded and arglllaeeou,........ ,.o-,.o 

Aarde ehale ••ber 

7. Shale, pale-brown, flaky, caleareoue, C011110n 
Chonetee, Huatedla, war1tftlfere, ••rv• 
crlnold •t••• lirachlopois, r1M01e ltryozoane, 
ehowlnt Irregular thlckenlftg, ll•••t•n• 
nodUlee near be•••...... . . . . . o.4-,.o 

6. Shale, 1ra1, fl•kJ to blockr, •cattered 
oratn, of kaollfttte or glbbeltet, abundant 
!ftttdl•• Cflltt!SI• illDll•Rl'I• ortnold 
• .... •. •. • •••• • • • • • • • • • 0.5 

5. Shale, llght•,,a, to,., .... ,.. •. cruably. 
c1etrlta1, eof, oarllon••...,.• ■atertal, 
'{~-~- layer near lta••• • • • • • • • • 0.9 

. . .. . ~-., ... -~~· 

•• Nodawa, coal, bltcatnoue. • • • • • • • • ,.o 
&everr Shat• 

3. Underclar, lt9ht grar, plasttc...... 0.2 

a. Shale, ••dt.,..1ra1, clar•r•..... • • 0.1 

1. &hale, ollv••ora,, 1t1t,.. • • • • • • • 1.0. 

Loo111t, ,. SE¢• •••• 26, T. 12 a., R. 15 £., Shawnee Cotffltra 

•••reel tn north bank of Kan••• Turnpike, abOUt. I ■fl•• 

••uth••t of aouth Topeka lntenmano• and Highway 75. 
Ho•ard Lt■eet.one (ttltckftee• 16.1') 

Utopt • I ••••tone llellber 

18. Ll .. ttone, 01 tve to 1tlutatt-1rar, ••t"•r• 
1ra1, with eaaooth eurfeo••• hard, ... , ... 
bedded, full of tu.-,Unlda, ••• crtnold 
at••• rare ftbtnold ••-•, fene1trate 
br,ozoan•, and bltJ)OpPJXllldfM • • • • • • 1.4 
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Localttr ,. (cont'd) Thi alffleee 
'••t 11. Lt•••tone, ,rownta►grar, wet\hera gray, 

hard, thin-bedded, nOcfular In plac••• 
abundant P••AII• • • • • • • • • • • • 

16. Shat•, gray, ireath•r• pale•brown, fl•kJ to 
blocky, clar•J• calcareeu,, carbonaceoua 
and land pl•nt f•••II t ■pr•••tona •••• 

15. Ll•••tone, era, to brownl•h-grar, "•there 
pale-brown, .. di• hard, t.hln•bedded, •Vf• 
fufl of oetracod•• a,undant petecypeda In 

o., 

0.2 

beddtnt plan•••.. • • • • • • • • • • 0.15 

14. Lt■eaton•• and shal••• ••• •• 15 and 16.. 0.9 

1 ,. LIMaton•• dark•1ra1, nattier• pale•&,rown; 
hard, ••df••btdded, ■edt--1ratned, argll• 
laffoua to nodular toward• top, full of o,,., ••• , ••. • • • • • • • • • • • •. 2.4 

Wlnzeler •hale ••ber 

12. 

10. 

Shale, gray, weather• pale-brown, flaky 
to blocky, brachlo,oda frap•nte, abundant 
fene,trate bryozoane near the banr clayey 
toward• top centatntng few bryozoane ••• 

Ll■eetone, ltght blulah-9ray, weather, pale• 
brown, hard, thfn-bedded, fine-grained, 
argfltaceou• toward• top; alMilndaat -r,ozoan1, 
cOMOn peotlnlda, crtnold et••• both 
contact• trretul•r• ••••••••••• 

Church Ll•••t•n• •ltllb•r 

9. LIMetone, darac-1ra1, "•there clark-earown. one••••••• bed, deftN, ftne•gratned, 
break• wlt.h avt,conohOtdal fr1oture, MICAI• 

,., 

,.o 

-

'fSX91fffll1• crtnetd at••• 
nerua "f o\her f••••••• up,er b•••• ehe IJ and atgllfae•eu•, 

nuaeroua foaat I• and fra.,.enta. • • • • • 2.4 
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Locallty 6. (cont•d) Thlcknee• 
Feet 

Aarde ehale ••ber 

8. &hate, dark•tr•1• Nather• pale-brown, 
claye1, c::alcar•ou•, abundaftt crtnold et•••. 0.75 

7. 81'\ele, black, fltalle, blocky tn place,, 
hard, Mb•~···· ~•ne•••~ QC,lculoldea, few•• a levfa • rachtepoda. • • • • 1.4 

6. Shale, pale-brown, l ■pure, •andy, •lcaceoua, 
••• 9hell fra..-ntaf lowr part ta black, 
plat, reattng on coal. • • • • • • • • • • o.4 

5. Nodawa, coal, blt11111lnoua.. • • • • • • • • 1.2 

4. Undercla,, rtght vrer, plaettc. • • • • • • 0.3 

:,. Shale, gray, blocky, 1llty, a,araefy foaatl• 
lfero,, few brachfopode, plant 1tnpreeeton1. • 1.5 

2. &hale, oltve-gray, flakJ to blockr In ptaoee, 
eandy,■fcac.eoue, thln-l•tnated In plac••• 
abundant pyrite ilOdulet ,., lftOMI tn di .... 
ter, numeroue ""•preeerved plant fo11t11. • :,1.5 

1. &andetone, tan to buff, .. atber, pale•brown, 
ftne-9ratned, ■ tcae .. ua, lf■Ofttttc, I rreeu..; 
lar bedding, no►calcareoue, unfoeatlfferoue •• 2.0. 

Locallty 7. H corner, S.•• ''• T. 13 ••• R. 15 E., lhawnff 

countrs .. aeured In netth roadcut of ffrn.r ••cttcm. 

Howard Ll•••tone (thlakn••• 8.7') 

utopl • • ••••t•n• •--•r 
11. L •••.toM, It I .,._,ra, • "•there re II owt ah-

1>ro1111, hard• Mdl--9rat11•d, partl al I 'I 
CO'tttNd·• • • • • • • • • • • • • • • • • 0 • 5 

10. Cowered Interval....... • • • • • • 2.7 

9. Mottled ll■t1tene, ptnkla►1ra,, hard, alUMP-
ecl and weathered •••••••• ••. • • • 0.3 

8. cowered Interval.• • • • • • • • •• • • 2.0 



Lecalttr 7. (cont'd) 

7. Ll•••t•n•· ••dlua-1ra,. Na't.her• ,., .. 
brown. ■edllll hard• ••-rratned, three 
thin IJed•, areaaceou• to • ltr, argt I• 
lacnua, P••nt. t■pr••••••• •.•... 

wtnzeler •hale ••ber 

Church I , .. ,tone ■-ber 

5. LtMetone, It sttt•oru, ••there r•• low-
I 1h-•rown, hard, •••oolttlo, one thin bed, 
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Thlclffleea ,,.t 

hllfJlf!!1!1~: ='!'!f~r!d~•.c~l~o!d.•!ec:•• 0.7 

Aarde ehiJ•·---•r 

•• Shale, ltrownl ..,._gra1, 11•1• grad•• Into 
11 .. atone abO••• fn orfnotd et••• plant 
fragments.. • • • • • • • • • • • • • • o.8 

,. Nodaway eoa I, 11 gnt ti•• 1 t.1110nt ti o In p I ac••• • o.6 

seven Shale 

2. UnderclaJ, llght•9rar, plaetlc ••••••• 

1. Shale, ltght oltve-9r,, ••there whltlth-
gra,, ,toekr to flakr n plane, lh1onlttc 
In part, elttr, .. ,.. •••1•1 towarde top, "° fo••• t • ,,. .... t. • • • • • • • • • • • 

LO•alf\y 8. NW¢• 8Wt, lee.''• T. 1J 1., R. 15 £., •-•""" 
Count1I ■eaeured In etr•• bank, eevth of houe• on •••t 
aide of road. 

Howard LtffetMe (thfckn••• 11.41 ) 

utop t a I t■eetone ... ber 

a. Ltme,tone, •1ue-1r•r• ••there pale-brown, 
hard, tbtn ftV,•bedded, Mdt--1ratned, 
upper 3 feet full of fueullnfde, lo•r part. 
noduler and atgfllace.oua. eontatntng n1M1ttr• 
eua, foaella, • • • • • • • • • • • • • • 4.4 



LOoatttr 8. (eont'd) 

7. lhale, black, flaalle, full of oet«acoda, rare tnartleulate ,rachtpoda ...... . 
6. Ll■e1tone, dark blulat1-1ra1, ••there ,a••­

bro""• hard, thtn-ltedd•d• ••dt--oratned, 
htghlJ :o,etll.fero••i.::!:!!'!IJ!:?§~• :c:.ttr •. ~:Cli- su.t!_m. --'•· 
rutON &ft ene ra ltf'JO&Oan•, crtno 
at••• ,,etenlda, •olluak1, ec:htnotd parta, 
lnterbedded •1th ehale parttno•• ••••• 

•tnzeler ahaf• •MIier 

5. Shale, •lf••trar, ••ther, brownteh-gra,, 
flakr to t,fockr, calcareoua, 11tghtly etltr, 

12' 

Thtckft••• 
Feet 

o.a 

"•f •151 {ff. abundant fentatrate bryozoan1, 
er no • · . •• • • • • • • • • • • • • • • 1.t 

•••Lt••et•••• lt9ht oltwe-1rar; weather, .... , 
· hard, den .. , ftne-1ral ned, h ghl r st II oeoua, 
•lloht.11 ••••areo111, eontatna large and•••• 
arg(llacnue 11 .. 1tene ••••• of obloa1 
ahape with atrtated or iroeved eurfac••• 
rare e:,a,111,- and Rl1Jffil11fllf1 upper o.8 foo an·· Mdt.tl ar an .. n t c. argt I• 
I acNua, aradtno Into abale •""• • • • • 4.t · 

Church I IMetone ...... , 

,. LI••···"·• dad,c ltlul•h-,...,, ••there,., .. 
.,,. •• ... rd, *"·• ..... --•dded, breatc• 
Into N•ta11 tar blo••• aharp aonttct at 

-·-· .~t!l'l!~~!!:!!'!fl!!!II.J.&• 

Aarde ahal• ... ber 

2. &hale, 1rar to Ught-9rar, flak,, cal• 
car.ou, •. •l:tthtfr et It,, crtnofd et••• • • ,., 

1. Sh11,, dar11-trar to blaok, fl11t11, 
,artlallJ ·••nd....... . . . . . . o.a. 



Localttr 9. 81 eorner, sec. 15, t., t4 a., R. t5 £., ... .,... 
countr1 ••••Nd••••"°"" etde of •cttOft reactnt. 

Tlltckn••• 
Feet 

Heward Lt .. atone (tblctcnea• 4.9') 

Utopte 11 .. atone ..... , 

'• Lt■eetOfte, brOW1lah-9ra,. ••there pate­
brollft, .. dt • hard, tttf •bedded, •• ,. .. 
oratned, fut I of Plll!I• rare MX•IIDI• 
Other foeefle. • • • • • • • • • • • • • 0•7 

5. Llaeatone, pale-brewn, ht Ohl f •rtf 11 anoue and •athere4.............. o., 
etturett t t•et•• ... IMr 

•• LfMewne, .. ,.,...,,.,, ••t•r• pale-l>rollfl, 
hard, .. c1, .. ,,. • ..... U-.tn-bectded, .. 
bundant QSStn•I• t••nt• tep....... 2., 

Aarde shale INIIMr 

,. Shale, ora,, cttlcareeua, flaky to block, ••• 1.0 

2. NOdawar coal, ltaontttc aftd ••thered... o.6 
h¥er, Shale 

1 • Itta t • t 11 ght-1ra, • f I aky to b I ock, • • • • • 0 • S. 

'-"•"'' to. &Wt, •£4-• lee. 15, T. t4 s., R. t5 £. • Oaa .. 

eountrl •••IUNd 1ft .,_.,r, e-.4 ,, A. A. Ltnvllle, abOut. 

1 •• • • eoutts•n ef' carboftctafe. 

Howard Lt•atone (lltlclfflffe :,1.0•) 

utopia 11 .. atone 11411aber 

12. Lt••toM· Ith••-,,.,. Nattier• ,., , ... ..,.. 
tare•• baH, thlft-Hffetl, -t.h •-.. •• 
f-,11 of fueullftlde, rant ltteehloP•d•, and 
feneatrate br,oa••••.......... 0.5 

t 1 • Lt■•atone, 1rar, •athere ye II owt ah-,rown, 
hard, •a,ttered •"d noctular........ 0.9 



Localtty 10. (Cont'd) 

10. Ll•eetone, brownlah-grar, weathers pal•• 
brown, ••dllll hard, thin-bedded, ••dlunt-
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Thtckn••· 
, •• t 

gratned, ••tracod1, rare aplred gaatro-
poda, abundant Kr•••o•• ...... • • 1.8 

9. Ll■eetone, blue-gra1, Rather• pale-brown, 
thin-bedded, Medium hard, eub-oolltlc, 
cone-In-cone, full of 911919, MYaflnt• 
and other pelecrpode. • • • • • • • • • 1.1 

8. Mottled ll•••tone, plnklah-grar, weathere 
pale-broMI, ••dl1111-bedded, hard, d•n••· 
flne-9ratned.. • • • • • • • • • • • • 0.5 

Church I I •••tone •Mbe'r 

7. Ll■eetone, blu••oray, weather• dark•bro..n, 
one ••••• ve bed, den••• ''"••grained, aharp 
and even contact on top, Irregular on 
bottoa, abwadant oWt•fSJ• !t•SIIIPltl• f•• cora11, n••roua er notd •t••• 1ptred 
e••tropoda, eptrlferlda, abundant ottonoata 
I noruettA9 other fo••tl •• • • • • • • • • 2. 1 

Aarde ehal• ••b•r 
6. Shale, yellowtatt-grar, calcareoue, elt9htf1 

etlt.y, abundant ahell fragtNnte, and carbO­
naceoua,■aterlat • aoae crlnold et••• ~­
Sbrct11 lower pert ,1aek, , ••• ,, •• ·••ifilTi 
calcareoua, t•• OcJll9yloJdll• •••• • • 0.5 

5. •wauneta• I l•••t•"• bed,. dar1c-9r-, • .. athera 
llght•or•J• ••di• hard, one thin btd, 
highly foeellffereu•, ar9tlfa0Nue, coar••• 
grained, I are• crtnotd at ... , N•erou• · 
Q[M[ltbrc••· ~Ma11a••· ost.raaode •• • • 0.3 

•• Shale, tlght-gra,, weather• pale-brown, 
calcareou1, eoft, cn.blJ an.d detrttal, 
""'"roue crt not d et•••• f•n•etrate ltryozoana 
Chenet••• I rreoul ar a»ott• contao't, -, .:: 
abundant ehefl fra..-nte. • • • • • • • • o.s 

,. Shale, •edl••gra,, weather• ttght•9ray, 
fl akJ to blockr, ••c••••--•• lapur.e, 
1fltr, nU111erou, prrlte nodulea, abufldant. 
fo1all plant lepreaelona, cOIIIIIOn OUnbarella 20.7 



LocalltJ 10. (Cont'd) 

2. Shale, black, flealle, abundant ,ectl• 
ntde, pyrite nodul••• at bottOII o.s Inch 
tht ok black, f't ••• •• aha I• above coal, 
cont al nln9 n•eroue pf ti ti zed foeal • •• • 
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Thtckneaa 
Feet 

0.95 

1. Nodaway coal, vttreoua, btt1a11tnoua. • • • 1.2 

Locallty 11. sw4, NW¢, Sec. 1, r. 15 s., A. ,s E., oaav• · 
Countr1 •••aured In road bank between aecttona 1 and 2, 

along N-S road, about o., •U•• eo11th of State Highway ·s&. 

koward L••••tone (thtckn••• 18.5') 

utopia ll•••tone ••b•r 
12. Ll•••t•n•• blue-oray, weather• llght• 

brown, hard, thin-bedded, full of 
fusullntd1,.. • • • • • • • • • • • • 0.5 

11. Ll•••tone, t>rowntah-9ra1, weather• pale• 
brown, ■edl• hard, thln•bedded, ■edt.­
;ralned, full of crtnotd at••• brachlo• 
pod a, feneetrate bryozoan•, 011qt I• • • • t .4 

10. Covered Interval. • • • • • • • • • • • • 4.1 

9. Lt■eatone, brownt ah•tr•Y• Nather1 •••• 
hard,thtn-~eded, coar-gralned, eoa• 
artnold •t••• brachto,od1....... 1.0 

Church I t Meton• ••b•r 

8. Ll■e1tone, _,u .. trar, wather1 brown, hard, 
den••• •ettfflff• crlnold coh•n•••s tower 
part ta part• 1 oover•d• • • • • • • • 1.0+ 

1. Shale, ll9ht to 1r••ntah-1ra1, flakJ to 
bloekr, non•c••••reou,, 1lf9htfr etltr, 
•lcaceoue, part.Ir covered.. • • • • • • 9.5 

6. Nodaway••••• part.tally coveted. • • • • 1.0 

&everr •••• 

5. lJnderclay and 1hale, partlJ covered.. • o.:, 
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Locallt1 11. (Cont'd) 

~. Coftred Interval. • • • • • • • • • • 

Thlekn••· 
Feet 
6.o 

,. &andetone, ••••••vrar, ftathere pale• 
brown, hard, fine-grained, calcareoue, 
■tca•••u•, •ooth roundect-•4t••• • •• 

2. Lt■e1tone, blue-gray, weather• tight• 
9ra1, hanl, thtn-,edded, •lcaceou,, 
hlghly arenaceou•• abundant productfd 
bracllopod1 ~VCtllflfa, ptctrocfo•SYI• 
few cl••• ••••••••••••• 

1. Shale, ollve-gray, etltr, •lcaeeou•• 
flaky to block,, sltghtlJ calcareoua, 
unfoeelllferoua, •••••••••••• 15.0+ 

Locality 12. center fine, lee. 10 and 21., T. 15 s., R. 15 E., 

O•age County1 ••••ured on N•S road, about 1.6 mt lee eouth 

of Kan••• Hlghqy 56, betwen Burltnv•• and Scranton. 

Howard Ll•••tone (thlckn••• 18.t') 

utop I a 11 • atone Maat>er 

10. Ll••etone, blue-grar, weather• pale•brown, 
hard, thln•t>edded, coaree-ontned, rare 
flleullnfde, few brachlopoda and orfnotd •t••·· .. • ... • • .... • • • •. 0.5 

t. Lt._eaton•• dark blue-9ra,, nether• yetlow­
fah-gray, harde thin-bedded, ••dl••oratned, 
fvll of faaultnlde.... • • • • • • • • 1.0 

8. covered t nterwal ••••••• • • • • • • 
1. Mottled lluetOfte, dark blue-orar, ftathere 

pale-brown, hard, thln-ltedded, .. d, .... 
iretned. • • • • • • • • • • • • • • • • e.5 

Church I l•e1ton1 •lllb•r 

6. Ll■eatone, ~••••ora,, weather• a deep•brown, 
hard, ••••Ive, den••• fine-grained, nuaer• 
ou1 crtnold at••• rare Pr•••• few 
RJISXRllt•SMl4 Qittot•ft, -r,-zoan•• • ••• 1.5 



Localltr 12. (Cont'd) 

Aarde ehale ... ber 

5. &hale, fl9hl•gray, flak, to blookr, 
clayey, •llghttr calcareoue, •••tlJ 
eo•ered •• •••••••••••••• 

•• Nodawar coal, earth1, nathered • •••• 

Severy &hale 

,. URderct ay, It ght•gray, p I aatl c ••••• 

2. Shale, ollve•1ra1, blocky, elay•r• ••• 

,. Shale, brownish-gray, flaky to blockr, 
hl9hty ftaontttc, pattly cowered •••• 

Thlckn••· 
f'eet 

1.0 

0.2 

0.5 

Locality,,. SE¢, sec. 27, T. 15 s., R. 14 E., Oaage COuntr1 

•••evred by old bridge on oraooon creek, near Htgh••1 75. 

Howard Ll•eetone (3.7• eapoHd) 

Utop 4 a I t Matone ... .,. r 

,. LIM•tone, dark-blue, hard, thln-•edded, 
ftaggy In pla•••• breake Into ffiOllll,ohedral 
block•• abundant funllnlda.. • • • • • • 1.7 

2. Ll•••tone, ltght•1rar, we•th•r• pal•• 
brown, thin-bedded, full of Oeaota, 
crlnold •t••• f•• 1tract110,oda..... o.-6 

1. Shat•• dark•oray to bl acrk, fl ••II•• few 
oetracode • ••••••• •.. • • • • • 1.4 

Localltr 14. Cent•r eouth, a.a. 17, t. 16 ••• R. 15 E., oaage 

COuntyJ ••••ur•d fn abandoned coal pit, about 220 ,arda 

nort.h of E•• road. 

Howard Ll■eetone (thtckn••• 13.71
) 

utopta lt•••tone ■-b•r 

16. Lt•••tone, ltlue•;rar, •ather, pal •-brown, 
hard, •ooth, fwt I of fuaul tnl ••• • • • • o.8 



Localtty 14. (cont'd) 
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Thlckn••· 
Fe•t 

12. Ll•••t•n•, brownteh•gray, nather• 
pale-brown. t.htn•bedded, hard, arglllaceous, 
abundant eplred gaatropoda, 211111•. • o.4 

11. Ll•eaune, brownlah•grar, weather• 
brown, hard, medlU111•bedded, coaree• 
gratn•d, peeudolltlc, abundant 01tra­
cod1, rare cor•••• cwen e,,lred gaatro-
poda. • • • • • • • • • • • • • • •. o.8 

to. Shale, yetlowtata-brown, eoft, earthy, 
calcareoue, tnterbedded with thfft 
llmeetone 1trln9ere.. • • • • • • • • 1., 

9. Shale, ltght-l>ro•• ff aky to blocky In pl••••• caleareoua, 1tlghtlr allty, 
abundant foe•II plante, tnterbedded 
with two thin (0.5 Inch) lt ■eetone1 
full of oatracods, few pelecypoda.. • 1.9 

8. Lt ■eatorae, brownl ah-gray, weather• 
llght•brown, .. dtUIII hard, croaree•gralned, 
thln-l•fnated, f~II of 01tracod1, foaell 
plantt, •••• cl••• ce,.onaceou, 
eaterlel, fucold• at the b•••• • • • • o., 

7. Ll•••tone, blue-gray, ... thera llght• 
brown, ••d••• 9ralned, hard, abundant 
P•••I•• • .. • . • . • •. . . . . .. . o.6 

6. Lt■eetone, dark to blu••1ra1, weather• 
p•le-bn,wn, 1.111,..bedded, tNdtUII hard, 
coare••tratMd, ■lcaceou,, argllfaoeoue, 
abuftdant .oatraeode, ••••• feneetrate 
bryezoana, llrachtopodt, 0aa9t •• lonr 
part grade• fftto nodular IIMetone.... t.J 

wtnzeter ehal• •--•r 
5. Shale, ottv••1ra1, flakr to •••ckr, cal• 

c:areoue, aft ghtl y el I tr, cl ar•r, abllftdant 
feneetrat• br,ozoana, ·-•f••••• rare •all brachloPGdl near~, op and bate. • t.t 

Church I hnatone 11N1ber 

~. Ll•••t•"•• lllue-grar, ftather• chocolate 
bro•, hard, den••• ••••Ive, lrregular-
1, Jointed, abundant erlnold atMa, 



Locality 14. (Cont'd) 

•• (cont'd) petecr,poda, braehtopode, 
QSifV;lfl towarde tops upper 2 tnchee 
-"• r, argtllaceoue, with nueeroua 
SU!ID!St•• other llracht opoda. • • • • • 

Aarde ehale ■Nber 

1,0 

Thlokneae 
Feet 

3. Shale, brownteh-gray, bleckr, aflty, 
caleareoua, crlnotd et•• and other 
ahell fra911ente.. • • • • • • • • • o.6 

2. Shale, bfaek to brownt•h-black, ,, •• ,, •• 
bleckr In places, allthtlr calcareoue, 
few tnarttculat• brachtopode... • • o.4 

1 • Sha I e, It ght•b rown, • arthy, crumb I y, 
IMPure, calcareoue tn plac••• carbo• 
naoeoua materlal, 1tltr, tnterbedded 
with ahalr ll ■eetone noc:tul•••. • • • • o.6 

LOoallty 15. &"'¢, 89¢, Sec. ,o, r. 16 s •• R. 15 E., o,.,. 
Count11 measured along N•S roedeut, about 0.9 mt lea •outh 

of state HlghwaJ 31. 

HOward Ll•••tone (thlokn••• 16.1) 

utopia ltueton• •-•r 

7. Lt•••tone, llght-grar, ••thera pale• 
brown, .... th, "•tel, thln-laedded, ••df..., 
grained, n•ereu1 crlnold •tN•• brach1o-
pode, -,tred 1a•tropode, few Q1111a. • • • 2.0 

6. covered Inter•••• 

Church I laeetone ..... r 
• • • • • • • • • • • • 

5, Ll .. at•n•• bl.,..vr•r• wathera dartc• 
t, rown, •••• we, den••, ,, .. ,, .. 
erl"o i , ••• .......... f.&.11 

Aarde Shale ... ber 

1.0 

s. Shale, ll9ttt•or•r• flakr, •••r•r• part-
,, covered, • • •• • •. • • • •• , 1,8 



Locallty 15. (cont'd) 

,. Ll•••tone, yellowtah-broMI, weather, 
pal •-brown, punky,. ••dhllll hard, Uft• 
foeelllferoua •••••••••••• 

2. &hale, llght•gr&J, cra,er, calcareou1, 
unfoselltferou1 •••••••••••• 

1. Shale, fight greentah•gray, lt ■onltlc, 
flakJ, partly oo••red ••••••••• 

,,, 
Thtctcn••• 

Feet 

1.0 

2.0 

Locallty 16. NWi, Sec. 7, T.17 s., R. 15 £., Oeage Countr1 

meaeured along ditch about 0.2 •I••• from NW .co,.,._•r of •• 

aectton. 

Howard lhM1tone (9.8' e-,osed) 

Church •••••tone Mfllber 

,. Lt■eetene, dark ~•••9ra1, weathers brown, 
hard, denee, flne-9ralned, 1l1111ped. • • • 1.8 

Aard• ah•I• ■entb•r 

2. Covered Interval. • • • • • • • • • • • • 
Baohetor creek •••••tone ... ber 

1. Ll•••tone, el t we-9ra,, weather• pal, .. 
brown, hard, ••d•---•-ded, arenaceeu1, 
few brachlopoda Mid cl•••.. • • • • • 1.0 

Loc:afttr 17. NW4-, MW¢, Sec:. ,e. T. 17 a., R. 15 £., .o •• ,. 

countya along eouth bank of resdcut, near the corner of 

••ctlon. 

Howard Ll•••ton• (:,.o• expoeed) 

lachelor creek I hnatone INltber 

Ll•••ne, freenf eh-grar, hard, arenac:eoua, 
h1pure, atcaceeua, abllftdaftt 61/;QIJtRIISID• elHf'lfD' I• ll!IUPtCI• r-•• ryozo.an1, 
er no d at••• • • • • • • • • • • • • • • :,.o 
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LOcallty 18. Center ltfte, sec. 14. r. 17 a., R. 14 E., Oaage 

Count1I atea8UNad along ••I I atr•• •••t and net of 

State Hl9hway 110. 

Howard Ll•••tone (thfckneae.29.71
) 

Utopia llmeetone •••ber 

,,. LIMeatone, blue-gray, Nath•r• pale­
brown, hard. Mdlua.btdded, ••dfua. 

Thtc.,n••• , .. , 
or•lned, aanooth, full of fllaultntde. • • 2.:, 

11. Ll,..1tone, light bluteh-gr-,, weather• 
pale-bro11n, pf at,, ••dl•-trat ned, 
arenaceou,, •ooth, containing attundant 
lmpre11f on, of MPhl bl an footprt nt,. • • 1 .4 

to. Share, graJ, et ltJ, alnandant land ptant 
,.,reealona, tntert>edded •fth thtn-
cal careoue et I t1tonee.. • • • • • • • • 

9. Ll•••tone, llght•orar, weather, pale­
brown, •••• • hard, arenac••u•, un­f••• 111 f e roua •••••••••••• 

8. lhal•, dark---9ra1, ft•••••• eltghttr cat~ 
o•na••• etat,. bl••-r In plac••• lt•r 
concretton• 1 f"t ,,... u-e "•••• ful I 
of oetrecodas •harp COfttact •~••• and -····· ............... . 

1. Ll•••tone, l>l....,gray, weather• brollftlth-
1ra1, ••dfw hard, •••r•••1rafned1 plat,­
to thin-bedded, •ooth, oetraaode In upper 
part, atumdant IMIYIMI• "111101• fuctof d1 
Oft ltottOlle • • • • • • • • • • • • • • • 

0.1 



Localtty 18. (Cont'd) 

wtnzeler 1hafe •-b•r 
5. Shale, dark•gray, clar•r• blocky, cal• 

careou,, 1ft9htl1 alltr, numeroua fe• 
neatrat• bryo1oane1 aharp contact above 

Thi ckn••· 
Feet 

and below. • • • • • • • • • • • • • • 2.5 

Church •••••tone •••ber 

~. Ll•eatone, blue-gray, weather• dark•brown, 
hard, den••• fine-grained, abundant 
crlnotd ., .... 11:txo1J11\UI• tghlQt• 
S9DSDYI• Ottono ___ • • • • • • • • • • • 2., 

Aarde ahale •••b•r ,. Shale, pal••~rown, cafcareoua, partlally 
covered1 grad•• Into black,flaelle ahle, 
, •• Or.t,tculoldft• • • • • • • • • • it • • 1.7 

2. "Wauneta" lleeetone, partly covered. • • o., 
1. cover•d Interval. • • • • • • • • • • • 2.5 

o. Nodany coal• weathered. • • • • • • • • o.8 

L.ocaltty 19. swt, s•t, sec. 17, T. 17 a., R. 15 E., oaage 

Count11 meaaured along eouth bank of E•• road, atarttnv tn 

• gullJ about 0.2 ••••• froa eovthftat corfter of ••ctlon. 

Howard Ll•••t•n• (thlckft••· ... ,., 

Utopia llmeatone •••b•r 

12. Ll•••tone, blulah-gra,. hard, thin-bedded, 
partlal 1, covered. • • • • • •. • • • • • 9.4 

Wln1e1•r ahale ...a,er 

11. Shale, .. dl..,.9rar, calcareoua, elt9htlr 
cafcareoua, atltr, partly covered. • • • J.o 

Ohureta t ••••tone ••ber 

10. Ll•••tone, blue-gray, ••there pale•brown, 
hard, ••••Ive, Qltf091II• crlnold et••• • 2.1 



Loaalltr 19. (Cont'd) 

Aarde ahale •••ber 

Thlckneea 
FNt 

9. &hale, tlght•9,..1, Matly covered. • • • • s., 
e. Nodany coal, parttatly covered •••• • • 

7. Shale, llght-or■y, partlally covered. • • 1.~ 

Bachelor Creek •••••tone •Mber 

6. Llmeatone, tight oflve•gray, weather, buff, 
hard, thin-bedded, hlthlJ aandy, •. • • • 1.0 

s. Shale, greenteh-~ray, ffakr, allty. • • • 1.0 

•• Lt ■eatone, oltve•gra1, Nathera pale-
brown, hard, Maaet ••• aandy, nU1Hroua 

;;g!'PIUYI• . • . ' 
A •i\io, ,....., .... , · • 

~. · , •n•• ra • ryo1oan1, er no etet111, ech not d 1pf ftea, -,,I red 
gaetropode. • • • • • • • • • • • • • • • • 1.1 

,. Shale, ol t ve greenteh-gray, 11 lty, flaky, 
eflghtl1 calcareous,. • • • • • • • • • • 2.0 

2. Ll ■eatone, ollve•gray, weathers drab-brown, 
herd, thln•bedded, hl9hly aandy and argtt-
laceoua. • • • • • • • • • • • • • • • • 1.0 

Severy 8hal • 

1. &hale, greenteh-oray, el lt1, flakJ, WI• , ... ,,,,.,. ••............... 
Loc1ltt1 20. swt, .... a.c. 19, T. 17 s •• R. 15 E •• o •• ,. 

count11 ••aaured along eouth ditch In E•• road, about 

I ., I ••••• , of lt:at• Ht otl••r 110. 

Howard L.l•••tone {\hlGknttl 18.11
) 

Utopia ll ■eetone ••b•r 

10. LIMeatone, blue-vray, weather• pate-brown, 
.bard, thin-bedded, •••l••oratned, eaooth, 
gaagl a. brachl opeda. • • • • • • • • • • • o .• 8 



Loca I t tr 20. (cont• d) 

9. J:overed I nterva I. • • • • • • • • • • 
'· . ,;.. 

Church • ••••tone ••ber 

8. Ll•eatone, blue-gray, Nathere chocolate• 
brown, hard, ••••Ive, d•n••• fine-grained, 
nwneroue crlnotd et .. ,, brachtopoda, 
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Thlckn••• 
Feet 
10.0 

Ottoa,111 toward• top. • • • • • • • • • 1.9 

Aarde ehale ••b•r 

7. Shale, t~odaway coal, and und•rclar preaent, 
but 11oetl y covered.. • • • • • • • • • • • 8 .• o 

&achelor Creek ll ■eatone ••ber 

6. L1•••tone, fight of Ive-gray, weathers pale­
brown, hard, ••••Ive, thin-bedded In lower 
part, l11pure, arenaoeoue, ■ lcaceou1, nu11utr-

oue, ~ur•a~,e:• 2f"ffU• Juaapnlf • &D\11• ;; ;n, ;n:~•rt de, crno d 
ateate, echtnol eplnee, oaetropode. • • • • 2.• 

5. Shafe, oreenlah-9ray, blocky, ellty. • • • 1.0 

•• Ll11e1tont, olf ve-grar, .weather• pale-brown, 
•·r•naceoua, ••dlua-gralned, abundant .J.lttt.1.-
..11!1.1., Cbtefll:!• r..ou bryozoane, tntiriiii• 
iii; vreen • oray, oalcareou1 ahale, etlty, 
•lcaceoue, blocky, maerou1 crlnotd et••• 
fen•etrate •rrozoana, rare Mralln•• • • • • 2.0 

,. &hale, 1reenlah•1r•r• blockr, ■tc:aceoue, 
•lfty, rar. pectlnld•• few brachlopod1.. • 1.J 

2. Ll■e,tone, olfv••gray, ••tb•r• pale-bro•, 
■edlwa har~, •rtlllacffue, arenaeeoue, le-
pure, thln-btded... • • • • • • • • • • o.8 

S••·~ Shale 

1. Shale, oltve 9reent•tt-1ny, ftaky to bloaky, 
1tttr, •lc:aceou,. rare RrJ>lglotdtl•. • • 8.t 



Local tty 21. C•nter north to a..-, Sec. 34, T. 17 s., R. t4 £., 

Oeaoe Count11 •••eured along•••• atrau and In •outh­

net-c:orner of Matton. 

Howard LlmeetOAe (thtckn••• 31.7') 

Utopia ll ■eetone •eaber 

14. Lt■eatone, blul•h•;r•1• weathera pale• 
brown, hard, thln•bedd•d, ■edl.,...gralned, 

Thlckneea 
Feet 

nuaaeroua YllflDI• oam1•tto1, Avl.pylQ• 
PtlllD• C:tl!Pt•fta, oeao • layare. • • • • 8.o. 

13. Ll•••tone, blue•gray, weather, pale• 
brown, hard, one thin bed, full of 211811• • 0.2 

Wtnzeler shale .... ~•r 

12. Shale, grar, clayey, calcareoue, nUMerou• 
feneetrate bryozoane tn tewer part. • • • 2., 

Church ttmeetone ••~•r 

11. Lf111e1tone, blul th•;ray, weather, brown, 
hard, d•n••• •••••••• fine-grained, numer­
oue, crtnotd at••• feneatrate brroz•ana, 
•Plred gaetropod1, rare kY,9!Rb:~Llfl:!'• 
CONIOft ffltf IIIJ• HIC910 ·---· aw __ .. _.., __ ...,_ .. _. 
2112001 • • • • • • • • • • • • • • • • 2.1 

Aarde ahale tffllbet 

10. Sha I •• 11 tf\t-gra, t ... t, • flak)', ••ft, 
catoareou•• n••tou• foe1tla, crtftold 
at ... , rar• QhtDIS••• co..on Plfll\oHIClt•t 

9. Shale, dark•orar to black, etlg-tlr cal• 
oareoua, •••ckJ, h•rd, rare RMOD!2M•• 
n1aereue ~l;ISMfl• ~B•9•tfdt•• ____ . 
-Sbrcl •• 0 ~ r brae op •• • • • • • • • 

7. Shale, lltht•ora,, thln-lulnat•d, ·••tr, 
ltmontttc, ■lcaceoue ••••••••••• 

0.1 

1.0 



Loca 11 tr 21 • (Cont• d) 

6. Nodaway coal, blt•tnoua •••••••• 

13'7 

Thtckrteae 
Feet 
0.9 

5. Underolay, ltght•orar, pla•tlc.. • • • 0.2 

•• Shafe, 9reenlah•9re1, atlty, ltlf)wre, 
clayty In places, l•tnated •••••• 

,. Shafe, 1rar, blockJ, aandr, ll•onttle, 
land plinta, thtn•l•lnated •••••• 

Bachelor Creek ltuatone ■Hber 

2. Llaeetone, fight greentan-tray, Nathera 
pale-brown, hard, ••dl.,..bedded, coara .. 
gNn•d• arenaceoue, tmpure, n•eroua 

1;:un;4r.'1BJ:tC:: =:rm1=,;no,a 
• ••• ap red t•• ropode..... • • • • 4.5 

1. Shale, gray to ••dha•9ray, lllocky, al I ty, 
allghtlr calcareou,, rare ~IS18fff!'ff1• 
abundant Chonet••• int•n,• ed.~ ••• 
eton• atrlngera, argtllaeeoue, aandr, 
full of Chon•t••• rare cf•••. • • • • • 2.2 

Severy Shat• 

o. Shale, eltv••;rar, _,ocky, elltr, ettvhtly 
calcareoua, gradattonal upper contact, 
partlr covered.... • • • • • • • • • ,.s 

Locality n. Center line. sec. 4 and 5, T. 18 s., R. 14 E., 

Oaag• COUftty1 •••111red I" road ditch and t n ••• I etr••• 

about 0.7 •••• aouth of State Hl9hway 170. 

Howard Ll■eatone (thtokn••• 37.4') 

utopfa •••••tone ••b•r 
11. Lt■11ton•• blul1h-orsy, ••there yellowf1h­

-rown, hard, aedl--1ratn•d• thln•••dded, 
full of fusulfntde. • • • • • • • • • • • ••• 

10. Covered Interval. • • • • • • • • • • • • 5.6 



Local ltr 12. (Cont'd) Thlekn••· 
Feet 

9. Ll•••tone, blwe•gra,, weather• pale-brewn, 
hard. thln-~eddtd, coare••gralned. •-undant 
211a1a... • • • • • • • • • • • • • • • • 1.0 

8. Covered interval. • • • • • • • • • • • • 
Church Ll■eetone ••b•r 

7. Ll•••ton•• dark•blue. weat~er, pate-brown, 
hard, ••••Ive, den••• fine-grained••• 

5.0 

bundanta crlnold et••• P1fif:li1flY•~ PlfflfSIIRJ Cl ftt• 9bon1Srll• ., ____ .. ___ ..., ___ • • • • 1 .9 

Aarde 1hale ••b•r 

6. &hale, fight oltve-grer, flaky, ltmonttlc, 
elltr, ■lcaceoue, •••1•1, earbonaceoua 
l ■preeatona, f•• peettftlde. • • • • • • • 11.0 

5. Nodaway coat.. • • • • • • • • • • • • • 0.85 

4. Undercaa,, lfght•oray, llaonlttc, plaatlc. o.4 
,. Shale, lltht ollve-,rar, flaky, clayey, 

•lceceoua, ellty to areaaceoua In lower 
part, lnterbtdded with 1.hfn 1llt1tone 
bed•, ••tnated, ■tcreaooptc croeaect-ltedded, 
••uft4ant plant lapreaet•na. • • • • • • • • 4.t 

Bachelor creek lt■eetone ••btr 

1. Ll•••tone, Ollve-tra,, ••there ll9ht brown. 
hard, Mdt .. t.eddedt arenaoeou•, •tcaoeoue, 
epar•••r fo1,111tereou1, tonrde top contain, 

lfallll°!!2'' bffl!•~• ?•: ~'! r! f!r! d~• • f~• 

&every lttate 

,. Shale, gra,, flakr to •••ck1, cla,ey In 
••••••• etltr, •••••-•• •••••••• 

Locatttr 2,. sw,, aec. 16, r. ti a., R. t4 E., O•••• coun,,1 
••••ured tn the ••t bank ef M•S roadcut leadfnt to Atvonte. 

Howard Ll•••tone (thtckn••• :,o.6') 



Locatltr 21. (cont'd) 

Church I IM1tone ••b•r 

Thlckn••• 
Feet 

5. Ll■eatone, blue-gray, nath•r• brown, hard, 
•••••••• denM, trreyutarly•Jolnted, fine• 
oralned, m.erou1 er neld et••• pJ5t1e-
Jll•SMI• i!d:tt•S••• • • • • • • • • •. • • 1.8 

Aarde ehal• ... .,.. 

4. covered Interval. • • • • • • • • • • • • 
aachelor Creek ll■eetone ... bar 

,. Ll•••tone, lt9ht olfve-gra,, -•ther• pale• 
brown, hard, eandy, ■lcaoeoua, ••di .... 
bedded, coarn-gralned, 11100th, aparHIY 
fo••• 11 ferowa throughout, t•••rde top a­
abundant JMClflD~I• !•rsttO•• feneetrate 
ltr,ozoan•• ap re . 1•• ropo •• . near tM baN 
nuaerou• PIIH:CfHffll• IXlflAI• Qboa1S••• 
Si!IPl•ISI• ---------•• • • • • • • • • • 

Severy Shat• 

2. Shale, dark 01tve-ora1, elltr, •llghtl, 
calcareoua, •leaoeov,, near the top contatn• 
l'IUllleroue il>RDt\11, rare f'' f fDU?!;p• f•• r•oae br,ozoan1, tradat ona conact altove. • ,.o 

1. Shale, greentah-grar, blockJ, etltJ, £!it 
1ll9htly c11careoua 1ft plac••• ■toaceeua, 
epar•••, f'oa,t II fereua, rare Choftllll• ran 
raaeoM ~r,ozoan1, e,lrtd gaetropoda.... 14.o 

LOcaltty 24. awt. a.c. to, T. 18 s., R. 14 E., o,agt oount11 

■eaaured In ebaftdoned co•I •trip etne, about o.t at le aw 
of corner of nett on. 

Howard Ll•••tone (thlckn••• 13.41
) 

wtnaeler 111111• --~•r 

9. Shale, eltve-ora,, blockr to flakr tn place, 
calcareou1, ettthtly etttr, ~01c1o•tl1, 
rare lll!•CIRbtD• o~t•r brae ope••.. 5.0 



• 

Locetttr 24. (cont'd) 

8. Ll•••tone, r•••••••►•rown, encrtnal, 
full of crtnotd cOIIIBftal•, plat••• aupe 
of Rf!ISIC,0111• .eplrtd 1aet.ropod•, r-•• 
Md ac1 rrozoane, rare eAtMQ!PbtCRI• 
wlDICIDIII le PMnl>ICtfl I• • • • • • • • 

7. Shale, 9reenleh-gra1, flaky to blocky, 
arenaceoua, •lcaceoue, n1aeroua fe­
ne1trat• br,01oan1, r•o1e, ol••• •• 

Church ll ■eeton• ••b•r 

Thlcrkn••· 
Feet 

0.05 

1.0 

6. LI•••~•"•• plnkt •h-gra,, attel Ir, numeroue 
crlnotd •t••• r ... " brro1oan1, eplrtfertde, 
Oaaglat. • • • • • • • • • • • • • • • 0.07 

Aarde ahale mnber 

4. Shale, ll9ht•9ra1, flaky to blocky, calcare­
oue, foaelllferoua, crlnold et••• brachlo• 
poda, •harp contact wtth •••••tone above •• • o.7 

,. Shale, dark•9rar to black, flaatle, hard, 
gyp ... cr,atale In plac••• abundant ~IDAYfl• 
0011,1atf••· • • • • • • • • •• • • • • 

2. "Wauneta" 11 .. atone, -••--,r•r• wtather• 
1tptat•1ra1, .. dha hard, ooaree•1rah1•d• 

,., 

th n-bedd•d• argtltaoeoua, •••dant erlnotd 
at••• braehlo,ode, r•••• ,nd ••ar br,ozoana o., 

,. &hale, dark•grar, abundant oarbenaeeoue 
■atert••• ,,,._. 1r1tn1, lo•r part covered 0.5 

Localfty 15. Nflt, NIW¢, he.,. T. ,, , •• "· 14 , •• C.ffty 

Co1mt11 •••aured In en open coal ■tne, property of Mr. M. 

A. Jon••• near the O•a1e-Ooffer countr llne. 

HOnrd Lt■eetone (thlokn••• ,,.o,) 
utopia ll•••t•n• •--•r 



Looartty 25. (COnt•d) Thtckne•• 
Feet 

,,. Lt■eetone, blutah-grar, weather, pale-
brown, hard, coarae-1ratned, thin• 
bedded, alnmdant Q111t •• few braohlopod•• • 1.0 

wtnzeler ehale ••b•r 

12. Shale, lfght ollve-;ra,, blocky, etlty, 
calcareoue fn lower part, abUt.tdant f•• 
ne■trate bryozoana and crtnold atnas 
•punky• llaeetone 0.5 foot about 1.5 feet 
fr• b•••• In plac•• orad•• Int• ll■y 
ooncretfona of weird •h••••... • • • 10.0 

Church IIMetone ••fllb•r 

11. Lh11e■tone, bl ue-1ray, wathere dark•brown, 
hard, denff, ••••Ive, flne-vralned, Irregu­
larly Jointed, nU1Hrou1 fo11fl• IDilffttl• 
21p125l:(tvt• JtffP1flC1• rare cora •• er nol ••• .,_.,_ .... _._.,._.1o_._1 the upper 2 
Inch•• become • J• • • • • • • • • • 1.9 

Aarde ehale ••b•r 
10. Shale, ltght•brown, flakJ, c:aloateoua, nUMer­

oua11hell fragment• and•••• pec:rtlnlda ••• 0.7 

9. Shale, bla~k, fl11fle, aftghtlr calcareoua, 
phoephatlc nodul••• comaon 2Cl!l1Mlll411• 
klDAYII• • • • • • • • • • • • • • • • • o., 

8. Shale, grar, flakJ• • • •. • • •. •. • 0.1 

1. ••auneta• •••••tone, ttoht•oray, •ether, 
plftklah-9ra, ... dllll hard. thin-bedded, 
coar1e-1ratfted, arglltacffut, ~•dular In 
pl ae••• abundant r111••• br,ozoa"•• C.ft-

cran•• • •• Crurlthyrle, ortnotd •t••• oetra-
ceda, epl red t••tropoda, productl d a,lne,. • o • .\ 

'• Shat•• It 9ht•brown, ••cth• hard, cal eare­
oue, naereu, crlnofd et••• ran bractafe-
poda, abundant 9r,1UM and yt1t111t,e 1raln1 
eoattered threughout, ••• lt•••~one 
ftOdul•• OOfttalnfng PYDiP!CIJll• ga,rltbxt!•• 
crtnotd et••• . . . . • . . . . • . . . 2.1 



Localttr 25. (cont'd) 

•• Nodaway coal, ~tt1111tnou1, vltreoue ••• 

,. Shale, ••dlUlll-gray, bfoekr, ellty ••• 

Bachelor creek IIMeton• •ember 

t. Llmeetone, 011v ... 9ray, weather, pal•• 
brown, hard, arenacffu1, coar•••1ratned, 

141 

Thlekn••· 
reet 
1.1 

••dlUIW. •bedded, numerous ~Iii'"•• P!flX9· 
PlRl\141• alMCIIIDJ I• . blk ___ , crt no d 
• ....... • • • • • • • • • • • • • 1.5 

,. Shale, greentah-gray, ~lockr, elttr, 
calcareou•, abundant Aatartella, Chonet••• 
In place• 1radt1 Into Mdular ll•••tone.. 4.o 

Local tty 26. Center north, Sec. 34, T. 19 a., R. ,, E., L.ron 

COunty 1 ••aeured In •• I I et ream bank 1 • 5 m I tea •••t of 

State Highway 1,0 and Neoeho Rapid•, about 0.5 •••• froM 

Lyon-coffer county 11 ne. 

Howard Ll•e•tone (thtakneee 17.5f) 

Utopia •••••tone ••b•r 
12. Ll•••tone, 1tlue-1rar, "•th•r• pale-brown, 

hard, trregularlr◄edded, •dt ... gratned, 
full of fueullnld•, crtnotd •t•••.... 0.2 

11. Shale, ~ro•lth-gray, flakr. • • • • • • • 0.1 

10. L1•••tone,. tt9ht•1r•r• •att1er1 pale-bro•, ••dh• hard, thln-ltedcfed, arenaceoue, , .. 
pure, tftterbedded wfth thin e.fltal••• o,t~•-
code •••••••• • • • • • • • • • • • 

9. Shale, dark•1ra1, flak,, thln-1 .. lnetect, 
alltr, 1llght1, oatoar..,e, few IIMfttte 
concrettone, thin ll•••tene 1ttln9er1 In 

o., 

P I aft It COMOn Mfa 11 ftle • • • • • • • • 1 .o 
8. &h•I•, 9ra,, ftakJ, ealcareoua, full of 

oatraoode ••••••••••• • • • • • 0.1 

7. Ll•••tone, blu••trar, •at.her• pal.,...brown, 
hard, Mdh••1ralned, full of MXl'IDI• • • o. J 



c.ocalttr 26. (cont'd) 

6. Shale, ~rown, ffakr, 11•1• alMffldant 
oatra••f•• ••••••••• • • • 

5. Ll•••tone, dark blue-grar, Nether• brown­
tett-tray, arenacNue, Oea,11 ••••• 

•• &haft, 1reenlah-9ray, block, ••••• 

3. Ll•••tont, lalue-gra,, ftathere palt•broWl'I, 
hard, thln•btdd•d, coarH•gralned, full 
of 11,fJDI• brachlopode. • • • • • • • 

Wlnzeler • • • •eab•r 
2. Shale, 0,1.,...oray, blocky, all9htty cal• 

careoue, elayey In plac••• lower part 
covered •••••••••••• •• ••• 

Church I ••••tone ••lt•r 

,. Lf•etone, blu••vra,, weather, dark•brown, 
hard, den"• ••••Ive, fine-grained, numer­

aoua ctlnotd et••• tara1i1hfopoda, few 

Thtekn••• 
'••t 

,o.o 

bryozoane, Ottonoafa toward• top.. • • • 1.55 

Locatltr r,. center lln• ••tween sec.,, and,-, T. 19 ••• 

R. 1, E., Lron countrs Maaured along road ditch In N-8 

road, 1 •• ,. ·••t and 0.5 .,, •• , NHaho Rapldt. 

ttonrd Ll•••t•n• fthtckft.e•• 11.1 1
) 

Ch11rct1 • •••tone ... a.er 
,. Lt•••tOfte, blue-gr-,, ••there dNP-bntlffl, 

hard, ••••• we, d•"••• f1 ne-1ratraed, ,...,. :J!""' 
taa1ul•r•Jotnt.ed, braohtopo4•• .ertnold 
n••• a.r,ozoane, RIS909111• • • • • • • ,., 

Aardt .. ehale ... ,ber 

5. Bhat•, fr•r• flakr t• blockr, carbonaceous 
.. ter11 , part Ir covered. • • • • • • • • s.o 

•• Noctawa, ••••• weathered. • • • • • • • • o., 
,. Underclar, 1tpt,•1ra1, ,1aettc. • • • • • o., 
t. Shale, .. d1...-9ra,, flakf, ell9ht.1, •• it,, 

n11Mroua plant and oarltOnac .. ue hn,r•••'•"• ,.2 



LOcatttJ 27. (cont'd) 

Bachelor creek I l•eetene ••t>er 

,. Ll•••to"•• ltoht•ora1, weath•r• pale-brown, 
hard, ••d•----••d, ■lcanoua, arenacaeua, 

Thtekn••• 
Feet 

cCN1110n •racht-.,oda........ • • • • • 1.7 

Locarttr 28. Cen\er aouth, lee. 6, T. 21 s., R. 1, £ •• Lron 
count,, •••sured along•••• creek by eteel bridge on 

E•• road, aNUt o.4 ••I• fNII eouth .. et corner ef ,ectton. 

KOward Lf■eatene (thfckn••• 14.6') 

Utopt a I l ■enone IHlllter 

15. Ltaeatone, ~•--orar, Nathera pal••brown, 
hard, Mdl--bedded, ••dl--oratned, ful 1 
of fueullnf de, part Ir covered. • • • • • o.6 

,,. Ll■eltone, bntllftfeh-gra,, weather••••• 
hard, ooarae-,ratned, thtn-,,ctdect, full of 
MXlfJOl1t '1111:1,1• partlr covered. • • • • 0.5 

12. Co•encl Inter.al ••••••••• • • • • ,.o 
11. Lt•ttttne, 1tl...-9ra1, "•there pate-brown, 

••dt111 hard, cear•••1rafnect, Oeaol••... t.5 

wtnzeler Ibale ••~•r 

10. ••••• pat---.rown, ~lockr, attghtfJ ,t1tr, ••••••ou•• caleare•u•• few feneetnt• 
llryozoa•••...... • • • • • • • • • ,.o 

Churcm , , .. ,tone • ...,,,. 

,. Lf•••tone, blue-gra,. Ne\ttere dark•tarown, 
"•"'• •-•• •••••••• flne•1retnac1, a­ttundaftt crlnotct 1t••• 1traclllo,ed1, 
!/_lfflllffilf• "l!,~f f•!:f• upper part 1 • • , • •• : :. eneetrat• br,ozoane, 
crtnotd at.a........... . . . . 1.5 

Aarde ehale ■-ber 



Locality 28. (OOnt 1 d) 

e. Shafe, dark-gray, we1there yel lowl•h­
bro•• flakr, ellohtlr calcareou, ooat0n 
9Aflllllffl• • • • • • • • • • • • • • 

7. ••auneta• 11••1tone, ■edt .. ,r-,, ••there ·, 
pale•btown, ••dllill hard, art llaceoue, 

1.0 

1tttr, -rachlopoda, crtnold et••• • • • • 0.5 

f. Shale, ,.-..nl.ta-gra,, block,, tlltr, 
•lcaceoua, lower part contain• abundant 
carltOnacHua •at.erlal ••••••• •. • 5.0 

5. Nodany coal, ll9ntttc, brown.... • • o.6 
•• Shale, Mdlum-gray, blockr, elltr, cf1re1 

In plaoea ••• • • • • •. • • • •. • • 1.9 

Ba.chelor Creek lt■eeton• •ltllb•r 

,. Lt .. ,tone, dartc•blue, weather• ltght-9ray, 
hard, ••••• ve, coar .. •orahted, paeudotl tt c, 
c._.n crtROld •t•••· fen••trate br,ozoane, f°"BUlb• 9Dftllbxr1I .. MDUD•• abundant .211 .... 1.11..... . . . . . . . . . . . . . ,.9 

2. &hate, olt ve•1ra1, bloakr, 11 ltr, ■tcaceoue 0.1 

&•••rr Shale 

, • Shale, If oht•grar, fl a1c, to block,• ■tace­
ou,, et I tr, carbonaceou, .. tert al 1 1 nter- . 
bedded wf th tlll n et I aton••• taft to 1n1ff • 
tllln-l•lnat.d, fine-grained. ■faoeowe, 
•••r part •••red........... . 6.o. 



APPEND! X 8 

Percent Chart of the I n•of ubl • Re•I due AnalJ•I• of the Howard 

Lt■eatone bet .. en the Kan••• and Neoaho River val••••• Kan1a1 

•&•Pl• Total Total eoarae Fine 
n•ber ... tht re1ldwe fraction fraction 

orua ,, .. percent gr•• percent or•• percent 

3/5 20.0 ,.29 16.5 0.10 ,.o ,.,9 97.0 

3/fJ m.o 4.56 22.8 ,.,, 25.5 ,.~ 74.5 

"'' 20.0 1.65 s., o.:,& 21.8 1.29 78.2 

"'' m.o :,.52 ,1.6 o.:,o 8.5 3.22 91.5 

3/14 m.o :,.o 15.0 0.05 1.6 2.95 98.4 

4/Ba ao.o 3.24 ,,.2 0.01 2.3 ,.,1 97.7 

1/Sb 20.0 ,.22 16.1 0.05 2.1 ,.17 97.9 

4/to 20.0 5.61 28.1 1 .58 28.8 4.o, 71 .2 

4/12 20.0 4.05 20., o.47 18.9 ,.58 89.1 

4/14 10.0 6.50 :,2.5 2.18 n.• •. ,2 62.6 

4/16 ao.o 2.22 11., 0.11 7.2 2.05 92.8 

.\/18 10.0 •• ,1 21.6 0.05 5.9 4.26 , .. , 
6/9• ao.o 5.1:, 26.2 0.10 2.2 5.,, 97.8 

6/9b m.o a.a, 14.1 0.01 o.• 2.80 99.6 

6/tc m.o ··" 21.8 0.06 1.4 4.,0 98.6 

6/11 20.0 5.1:, 22.5 o.os 1.0 ••• 5 99.0 

itNotea The locallty and unit nuabera eorreaponde wtth the•• 

••••ured ••otlona In Appendix A. Letter, refer to the 

locatlon within the alngle ,trat• (.a being lower than 

Jt) I.es .\/8a 11 etrattgraphtcallJ loftr than 4/81,. 
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..... Tetal Total Coar•• Fine 
n•b•r Nftht reelchM tract.ton fraction 

or•• tr•• percent 1r•• peroent tr•• percent 

6/1,. 10.0 4.J:, 11.7 o.28 , .. •• 05 ,,., 
6/1 :,It 20.0 4.tt et.I 0.1:, , .. ,.,a , .. , 
6/14 20.0 2.95 14.8 o.lK> 1:,.5 2.55 86.5 

6/15 20.0 4.06 m., o.,, 1., ,.15 92.5 

6/17 20.0 2.11 ,,., o.o, 1.2 2.65 ,1.e 
6/18 20.0 :, • .-o ,1.0 0.10 2.8 3.,0 97.2 

7/5 20.0 2 • .-a 12.4 0.01 o.4 2.47 "·' 
7/7• 20.0 ··" 22.1 o.26 5.9 4.18 94.1 

7/7b 20.0 2.57 ,2.9 0.10 7.8 t.'7 92.2 

7/9 20.0 4.02 20.1 0.12 2.9 '·'° 97.1 

7/11 20.0 ,.21 , .. o.c,a 1.6 1.25 ,S.4 

8/Ja 20.0 3.51 ,1., o.o4 ,.o :,.47 99.0 

8/"IO IO.f' 1.84 , .. o.,, ta.a , . ,, 1,.2 

8/4 20.0 1.60 ,,.o 0.25 9.5 2.35 90.5 

8/5 20.0 a.oa ,o.4 '·" ,, .. 0.11 ,.., 
1/6• ao.o 1.20 ,,.o 0.1, 1123 1.97 ,-., 
8/flt a,.o ,.17 11., 1.00 31.a ,.,1 67.2 

8/64' 10.0 ,.17 , .• O.IO 15.7 1.07 ..., 
8/6- 10.0 0.51 .. , 0.05 ,., o.47 ,o.4 

8/8 to.o ,.s, ,., . ., o.<>6 .. , :,.47 ,a •• 
10/5 20.0 10.se s1., 0.18 1.7 10 • .-0 98.:, 

10/7• ao.o 1.75 1:,.9 0.11 ,., t.67 ,,., 
10/71, 10.0 '·" 7.2 0.02 ,., , •• 2 98.7 

10/8 ao.o 1.11 s., 0.22 ,a.a 0.95 /;31. 2 



811111Ple Total Total coaree Fine 
n1nber Night reeldu• reel due fraction 

gr•• gr•• percent , ..... percent gr•• percent 

10/9 20.0 ,.96 19.8 o.,, 7.8 ,.65 92.2 

10/1oa 20.0 1.97 9.9 0.20 10.2 1.87 89.8 

10/10b 20.0 1 .:,7 6.9 0.05 :,.6 '.,2 96.4 

10/11 20.0 1. 1, 8.7 0.01 4.o 1 .66 96.0 

10/12 20.0 2.51 12.6 o.o• 1 .6 2.47 98.4 

11/2 20.0 ,.1, 8.7 0.01 o.6 1.12 99.4 

11/8 20.0 2.74 ,,. 7 o.o4 1.4 2.10 98.6 

11/9 ao.o 10.11 5:,.6 ,.,, 29.4 7.55 10.6 

t 1/11 a 20.0 0.91 .. , o.o:, :,.:, o.88 96.1 

I 1/1 lb 20.0 0.1, :,.6 0.06 a.• 0.65 91.6 

11/12 20.0 ,.,2 16.6 0.02 0.7 :,.,o 99., 

'"' ao.o 1.47 7.4 o.o:, 2.0 , .•s 98.0 

1tJ7 20.0 0.90 4.5 o.o, ,.2 0.89 98.9 

1~9 20.0 :,.22 ,,., 0.02 o.6 :,.20 99.4 

t4/4a 20.0 2.45 11., 0.02 o.s , .. , 99.2 ,.,.., 20.0 1.55 12.8 0.05 1.9 2.50 98.1 

14/5 10.0 1.92 9.6 0.15 7.8 ,.11 9t/2 

14/6 20.0 2.89 14.5 0.08 2.7 2.e, 91., 

t4J7 20.0 :,.28 16.4 0.2, 6.4 ,.07 9:,.6 

14'8 20.0 2.16 ,o.a 0.06 t.6 2.10 97.4 

1~/11 20.0 5.95 29.8 o.26 •. , 5.69 95.7 

14/tta 20.0 6.27 32.9 0.10 ,0.1 5.87 89.:, 

t4Aat, 20.0 t .65 a., o.o, 1.e 1.62 98.2 
14/1:, 20.0 1.92 , •. , 0.05 ,.1 2.87 98., 



...... Total Total coaree Fine ~", : 
n•t>•r weight reetdue fraction fractton 

gr•• or•• percent vr•• percent gr•• percent 

15/7 20.0 2.24 11 .2 0.07 ,.1 2.11 96.9 
18/4 20.0 1 • 73 8.7 0.01 0.5 1 • 72 99.5 

18/7 20.0 1 .,2 6.6 0.17 12.7 1•15 87.2 

18/12 20.0 ,.22 6.1 0.02 '.6 '.20 ,a.• 
18/1:, 20.0 t .89 9.5 0.01 0.5 ,.as 99 •. 5 

19/4 20.0 9.86 49.:, 1. :,6 ,:,.e a.so 86.2 

20/2 20.0 7.19 :,6.5 ,.02 , •• o 6.21 86.o 

20/4 20.0 11.27 56.4 0.55 4.9 10.72 95.1 

20/6 20.0 s.27 41.4 2.97 :,5.9 5.:, 64/t 

21/2 20.0 14.86· 74.:, o.:,6 2.5 15 •• 97.5 

211, 20.0 10 ... 52.1 2.61 25.6 7.76 74.4 

21/12 20.0 2.04 10.2 0.02 o.8 2.02 99.2 

21/14• 20.0 2.17 ,, .. 0.10 ••• 2.17 · 95.6 

21/14b 20.0 :,.62 ,s., 0.20 4.5 , .. , 95.5 

n/2• 19.5 12.52 62.6 0.16 2.0 12.26 98.o 
It/lb 20.0 11.54 57.7 o.42 :,.5 11.12 96.5 

21/7 20.0 1.79 8.9 o.o, 0.5 ,.78 99.5 

22/9 20.0 2.92 , •. , o.,o ,., 2.82 96.7 

n/11 20.0 2.61 ,,., 0.02 0.1 2.59 99.3 .~,. 10.0 ,,.~ 11.1 0.27 1.a 15.17 98.2 
IJ/:,&, 20.0 12.11 '°·' o.,, 1.1 11.98 98.9 

23/,c 20.0 12 •• , 62.1 o.,, 2.7 11.10 97.:, 

1:,/,e !O.O 1:,.26 66.:, 1.65 12.5 11.61 87.5 

2,/:,f 20.0 11.2, 56.2 ,.84 ,.., 7.:,9 "·' 
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. ..,,,. Total Total coarH Ffne 
n•ber .. ,,11t reetdue fraction Fraction 

er•• 1r•• percent or•• percent or•• perce11t 

IJ/5 10.0 1.47 7.4 o.oa , .. :. , .. , 98.6 

1-\/2 20.0 ,.15 , .. 0.09 , .. 6.'6 98.6 

24-/5 20.0 1.66 a., 0.01 o.6 1.65 99.4 

24/6 20.0 2.65 ,,., o.o, 1 • 1 .- 1.61 ,a., 
25/t 2().0 10.11 55.9 1.12 ,,.o 9.05 s1.o 
25/7 20.0 ,.11 19.4 0.16 19.8 5.71 eo.1 
251,,. 20.0 1.57 7.9 0.02 ,.2 1.55 98.8 

25/111» 20.0 J.74 ,,.1 0.01 ,.a ,.,1 98.2 
25/12 20.0 s.96 29.8 o.o, o., 5.95 99.7 

15/1:, 20.0 2.00 u,.o 0.10 5.0 1.90 95.0 

16J1 20.0 ,.,, 7.7 0.05 , .. 1.48 "·' 2'/3• 20.0 1.19 10.9 0.2() ,.2 t.99 90.1 

2'/:,t, ao.o '·" a., 0.14 8.4 1.51 91.6 

26/5 ao.o 1.79 a., 0.06 , .. 1. 73 ,-,.a 
2'/7 10.0 ,._,, 5.8 o.oa ,.a 1.o8 ,, .. 
16/10• ac,.o •. ., .,.s 0.01 o., 4.17 ,, .. 
8'/tOb a,.o 7.39 "·' 1.12 ,s.1 ,.17 a...a 
16/tt 20.0 1.74 1:,.7 o.o, ,.o 2.12 99.0 

ff/1 20.0 ,,.,, sa., o.66 5.7 10.99 , .. , 
•1,. 20.0 4.IO .,.o o.48 ,, .. ,.11 88.6 

11/311 20.0 ••• 11.0 o • .a ,, .. ,.11 aa., 
18/7 10.0 1.11 ,,., o.os •. , 1.10 97.9 

tl/9 ao.o ,.,1 ,., 0.01 o.s ,.,, 99.5 

ll/11 10.0 a.,, 11.7 0.05 1.0 2.18 98.0 
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CONSTITUENT PEfllCENTA<.£8 OF TH£ COARSE FRACTION FR'.>M THE IN• 

SOLUBLE AESIOUE.8 OF THE HOWAAO LlUUTONE 

&aaple Per- O.ecrlptlon of 
naaber cent••-••• 

3/5 ~ arenaseoue for•lnlfere 

3/9 

,/11 

J/14 

ft/8a 

40 . prrtte, anhedral to euhedral 
15 flocculated clay ■atertal, ..,onor, ■lcaceou1 
5 quartz, eubrounded to euban9wlar, clear to frotted 
T •tea flakea 

•s 
.\0 
8 

75 
20 

' T 

86 
10 

I 
·a 

57 
:,0 
10 
t 
1 

,c, 
25 
20 

5 

flocculated claJ ■atertal, apono, 
quartz ••nd, eubangular 
atea flakee 

quart1 aand, euoangular to anoular 
flouulated argtllaceoua ■atertal 
■tea flakea 
carbeft1ceuoe ■aterlal 

arenac••u• for•lnlfere 
quartz 1and, •nvutar, clear to froated 
■tea flekta 
Prrtte 

p1rtte, afthedral to tuhedral 
arenaoMua for .. lntfera 
quart.a•••-
•••• flake1 
.,,,.,,, .. f••···· 
arefteoeou, f•r•lntfera 
etlt •1yr•1•t••• ■tcaaeoua, 
ilau•n te, -rphoua 
,,rite, at1hedrat to euhedr•t 

4/81, 50 are11a,HUa for•tnlfer• 
15 glaucontt• 

4/10 

15 ., '' .,, ... ,... . 
to prrtt•, atrlated cut>ea, .... -rphoua 
T flU•rt• •and 
T zircon, ,tnk 

65 quartz tend, 1uan9ul1r 
15 arenaoeoua f•r•lntfer, 
10 prrtt• 
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4/14 70 floooulated clay eaterlal, ■lcaceoue, apontr 
20 quartz aand, euban1utar, clear to froated 
10 alca flakee 

T arenaceou• for•lntfere 

4/t6 65 areftaoeoua for111lnlfera 
:,0 quartz eand , pyrite, anhedral to euhedral 

2 ■tea flake, 

4/18 76 quartz ,and, aubangular to angular, clear 
15 flocculated eta, ■aterlal, epong1, mlcaceoua 
5 arenaceou1 for1t1lnt fera 
2 ■tea flak•• 
2 pJrlte, ... rphoue 

6/9• 58 ,,rt t•, emorphoue 
4o arenaeeoue for•lntfera 

2 QU&rtz aand 

6/9b 55 prrtte, •our,houa 
to arenaceou• for•lntCera 

' 'uartz aand 
2 tocoulated clay ••t•rtal, spongy 

6/9c 79 are.n.aceoua for•I nt fera 
20 quartz eand 

1 •lea flak•• 

di/11 75 prrtte, -rphou•, pyrttlaed r-•• brJ01oan1 
and other ahell fr•r.•"t• 

19 arenaceous for•tnt era 
1 q1tlr1.I Uftd 
1 tlaUOOftlte 

6/13• 55 arenaeeoua f•r•tnlf•r• _, quarts eaflcf • et It •por•v•t••• ■teaceoue, tt■ontte 1talned 

6/tJb 
1 ■leaf ekea 

'° ar•••ceov1 for•lfttfere 
]8 quartz aand 

I •••• flake• ,,,. lo quartz .at1d, evbangular to an9ul at 
15 allt a1ort1ate1 
:, ■tea flalcee 
2 flocculated otar ■atertal 

6/15 58 flooeulated clay ■atertal, buff to gtar 
~ warts aand 

I •••• flake• 
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6/t7 90 arenaceou• f•r•fnlfera 
10 quartz 1and 

6/t8 85 ellt aggregat••• ■tcaoeou,, s,onar 
10 quartz eand 
5 areneceoue forualntfere 
T •lea flakee 
T pyrite, •orphoue 

7/5 65 PJrlt•• •orphoua ,, arenaceou1 for•tntfera 
2 quartz, angular, clear 

7/7• 72 quartz •and, eubrounded to aubangular, verr fine 
20 clar flocculated ■atertal 
5 arenaceoua for•lntfera , ■lea ftakea 

7/7b 90 r,artz ,and, angular to 1uban9ular 
7 IMeulated olaJ ■atertaf 

' atca flakea 
T t•unaalfn1, black 

7/9 ?J 'uartz eand, angular to •-ubangul ar 
lecculated clar aatertaf 

5 lfaontte, apongy 
5 •tea flakee 

7/11 6o quertz eand, auban,ular to an9ular, clear 
IO arenaeeoua fonatn fere 
t8 at It •itre9ate1 
2 chert, ordlnar,, white 

8/,a - ,11 ••• fted foa,t I• and fra111ent1, VMDdlM! ctf•C• 

~ 
feneatrat• 1tr101oana, produott d ., Ml are••••ou• fofllllllntf•r• 
lnteratttlaf 1tlloa, white to buff 

2 ■tea flak•• 

8/-,, 40 etltclfted , ...... and frapent1, ttM•S•r·•· 
iff('lblCII• CDl'fH!CJ(tC• aptrect o•• ropecta 

fl • ••f"••t••• • oueo••• quartzon 
tnterat ttal ••••••• clear to o,aque s arenaceoue f•r•fntfera 

T prrtt.• 

8/4 45 et It aggrept••• •••••••ut, eoft 
JO aponge epte11l••r 110na•n1, trlaaon,, Cl•••• 15 elllclfled foaa la and fra91enta 
10 cttert, ordtnar,, I ac, 



8/5 

8/6a 

8/6c 

8/6d 

,, ,. 
10 
5 
:, , 
2 

:,4 
:,:, 
29 

' , 1 

85 
10 
5 

89 
5 

' ' 90 
10 

••It aggre1at••• •f canou•• eoft 
ellfceoua ••"•• aptoul•• 
quartz 1aftd 
,111ctfted foaatl fra111ente 
oarbonaoeoue ■aterlal 
p7rlt1 
9lauconlte 

et I I ct fled foeef f fra.-ent, 
arenac1ou1 for•tnt feta 
quartz eand 
mica flake, 
1la11aonlt• 
p1rtte 

flocculated cl ar ■aterl al 
quartz eand 
■toa flakea 

arenaceoue fo,... Int fer,, wht te to II ght grar 
quartz 1and 
PJrlte 
allfclffed 01tracoda 

quart.I aand, angular to eub1n9ular 
mica flakea 

8/8 JO arenaceoua for•fntf•r• 
:,o allt aovreagt••• etcaceoue, prrltlc 
20 quartz •••41 
to flocculated ola, ■aterlal 
10 pJrlte, ... r,hou1 

T ■toa flaket 

10/5 ~ cauartz ••"d 
,o ,rrtte, •o-r,houa 
15 arenac•ou• fo,...tntfer, 

5 flooeulated ala, •tertal, 1pon1,, ■fcaceoua 

10/7• 68 
:,0 

I 

to/7ta ~ 

'° 15 

14 
1 

prrtte, anhedral to nhedral, ,,rttt1ed foa1ll1 
arenaoeou, fo.-..tfttfeta 
quertz ean.a 

ltllOfttte• -rplwue, epoAgr 
aren,aoeoua for•tntfera 
1tllclfled fo•1ll1 and fra11Hnt1, part1a11, en• 
eru,ted wtth b•ekt\e 

.Pirlte, -r,heue 
quart1 aaAd 



10/8 ,, quartz •and, ■lcro-drua, •ooregat••• opaque 
30 lt•onlte, aaorphOtte, epongy 
5 arenaceou1 for•lnlf•r• 
I •le• flak•• 

10/9 .S 
40 
10 

I 

10/10• 6o 
:,0 
5 
:, 
2 

10/1ott so 
~ 
10 

arenaceoua f•r•lntfere 
quartK •and 
•lit aggr•o•t••• ltnonltlc, •leaceoue 
Mica flake• 

quartz aand 
flocculated clay ••terlal 
■tea flak•• 
carbonaoeoua ■aterlal 
arenaceoua for•lntfera 

glauo.nlte, 8110n,ttoue 
quartz eaftd 
arenac,eoue for•tntfera 

10/11 8o quartz eand, angular to eubangular, clear te 
froated 

15 ltaont t•• 11DOn,hou1, -,on9y 
5 mica flakee 

t0/12 55 
~ 

5 
T 

11/2 

11/8 

11/9 

90 
5 
5 

8o 
15 
5 
T 

fo 
J5 
5 

11/tta 4J 
.-0 
10 
7 

11/11b 90 

' I 

arenaoeova for•tntfera 
11 It aggre9ate1, •loaeeoua, eof't 
quartz aaftd 
•fca flak•• 

quartz eanct, --•"r"'*' 
aarb•naceova ••t•r al 
■lea flalcea 

,,rt te, aaorphua, ,rrt tt zed foaal I fra...,.t1 
arenao•••• tor•lnlf•r• 
fleoculated clay ••'•rlal, ateaoeoua 
quartz aand 

ann•cHvs for•tnlftr1 
llnonlte, ••r,hou•• ••n1, 
quartz eand, angular and •u-angwlar, elear 

arena•••u• f"or•tntf•r• 
quartz und, •••"•"' •r to anout ar 
PJrl le, •orpheu1 
9lauoontte, lltht 1reen, ... rphoua 

arenanoue fo,...tnlf•r• 
cauart1 eand, antular •rr• ,., .. orphoue 
1 It a9ore1ate1, alcaoeou1 
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11/12 73 
15 
10 

2 
T 

12/6 80 
10 
10 

12/7 8:, 
15 
2 

sift aggregate,, ■fcaceoua, pyrttfcr 
arenaceou, for•f nt fere 
quartz aand, angular to eubangular 
■tea flak•• 
pyrite 

arenacreoua f•r•lntfera 
quartz aand, anguf ar to aubangul ar 
'taont t•. eponor 

etlt aggregat••• ll•onttlc, mtcaceoua 
arenaceoue for•lntfere 
quartz eand, clear 

1~9 70 1tlt aggregat••• •lcaceoua, P1rlttc 
15 arenaceou, f•r•lntfere 
t4 quartz 1and 

t ,irtt•;,MOn,houa 
T mica flakee 

14/.\a 45 ,s 
20 

T 

t4/4b ,s 
35 
25 
5 

14/5 75 
2:, 

' 1 

arenaeeoue f•r•tnffera 
pyrite, .or,.IIOua, etrtat.td oube1 
flocoufated clay ••tertal, apongy 
quartz aanct 

arenaceoua f•r•tntfera 
prrtte, anhedral to eun•dral 
glaucontte 
ftoceulated CIQ ■atertal 

quartz aand 
arenaceeua f•r•tnlfere 
■tea flakee 
prrtt• 

1.\,16 61·•: .areaaoeoue f•r•fnlfera 
.-c> quartz aand, euban9ular to angular, clear 
15 PJrtt•• _.r,ho•• 
, •tea flak•• 

14/7 60 arenaceoue f•r•tnlf•r• 
~ quartz ••nd, clear to froeted 

14/8 70 aret1ac•••• f•r•lnffera 
,0 quart.I •••uf, anhedrel to eul>hedral 
T ■tea flakee 

flocculated eta, eatertal 
qu1rt1 aand 
■lea f'takta 



14/12a 67 quart1 eand, fine grained, au~angular to 
angular, clear to froated 

25 flocculated clay aaterlal, mtcaceoua, apongr 
5 ■ I Cl fl akee 
, carbonaceoue ■aterlal 

14/12" 55 

"° 5 

14/13 8o 
10 
10 

15/7 

18/4 

18/7 

n 
20 

' _, _, 
20 

T 

65 
22 
5 
5 
:, 

18/11 82 
15 

' 18/1, '2 

19/4 

IS 
10 
:, 
T 
T 

85 

10 
5 

90 

s 
:, 
2 

arenaceoua f oram In If• ra 
quartz aand 
■lea flak•• 

allt ag9regate1, ■lcaceoua, arglllaceoua 
4uartz eand 
arenaceou, for•lnlf•r• 

arenaceou, for•lnlfer, 
quartz •Md 
■lea flak•• 

arenaceoua foralnlfere 
chert, ordlnarr, opaque 
pyrite, •or,houe 
quartz 1and, an9ufar 

quartz eand, angular to ,ubangular 
1llt •rore9ate1, ■lcaceou, 
■leaf akee 
arenaceoua for•lnlfer, 
chert, ordinary to chat kr 

arenanou1 for&11tntfer, 
quartz eand, clear 
alea flakea 

areftaceo111 for•lnlfera 
,uartz eand, aRgular to aubangular 
I l ■onl te, •or,a.oue 
caraonaoeoue aaterl al 
prrtte 
Mica flatcea 

~uartz ,and, angular to tuban9ular. clear to 
froated 
■l•a flau• 
prrtt•• aao-,.houa 

quartz aand, angular t• euban9ular, elear to 
froatect 
1tlt a11re9at••• ■laae••••• eoft 
■lea flake■ 
car'bonaoeoue aaterl al 
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Z/4 92 
5 

' 20/6 9, 
• 
' 21/2 55 

40 

' 2 

21/3 90 

5 
5 
T 
T 

21/12 6o 
:,0 
10 
T 

21/1•• 70 
15 
10 

:, 
2 

21/1 ... 78 
10 
10 

I 

21/ta 90 

' 5 

It/ft 90 
5 
5 

n/7 50 
50 

quartz aand, lt■ontte atatned 
■lea flak•• 
catbonaeeoua materlal 

Cl(Uartz eand, an9ular to aubangular 
car&,onaceou• ■aterl a I 
mica flak•• 

11 It aggregate,. • I caceoue, epongr 
quartz eand 
■tea flak•• 
carbonaceoue ■atertal 

quartz •and, angular to eubangular, clear to 
froeted 
mica flak•• 
carbonaceoua ■aterl al 
arenaceoue for•lnlf•r• 
tout11al lne 

arenaceou, for•lntfere 
pJrfte, •orphou•, eo,ne cryetale 
gl auconl te, •orphoua 
quartz aand 

arenac:eou, forat1t nl fare, wht t• to 119ht 9ra1 
pyrite 
el It aggregate a 
■lea flake, 
can,onac•oua ■aterlal 

arenaceoua for•tnlfera 
quart& •and 
etft •71re1at••• ■tcaoeoue, quarta••• 
■tea fate•• 

quartz aand, ,u~an,ular to angular, IIIIOnftlc 
oanonaceoua ■at.erlal 
aloa flakea 

quartz •and,••••• above 
carbena•••• ■aterl a I 
■lea flak•• 

arenac,oua for•lftlfer■ 
Prrtte, anhedral to euhedral 



n/9 

H/11 

52 
.\5 

:, 

n 
20 

:, 
T 
T 

1,1,. 85 
10 
s 

2'/'9 ~ 
:, 
a 

tJ/3c 90 

s 

' 2 

2,t,- 90 
5 
5 

231,1 92 

tJ/5 

14/1 

M/5 

t.4/6 

' J 
2 

15 
JO 
10 
5 

6o 
IO 
90 

arenaceoue for•lnlfera 
quartz 1and 
■tea flak•• 

•I It. •11r•1at••• ll ■onlttc, 111lcacNue 
arenaceou, for•tnlfer1 
pyrite, 1110rphoua 
quartz 1and 
11taa flakea 

ellt aggregat••• aoft 
quartz aend 
■lea flake• 

1llt •11re9at••• ■toaceoua 
t1uartz 1and, an1ular to aubangular 
carttoftaceoua ■aterl af 
mica flakea 

quartz aand, angular to eu•an,ular, cleat to 
froeted 
1llt aggregat••• ■tcaceoue, e,ongJ 
■tea ff•tc•• 
cart>onaceoua ■atert al 

quartz aand, ••e •• above 
el It .,,r•a•t•• 
mica f akee 

quartz ••nd, eubangul ar to an9ular 
alca flake• 
carbonaoeoue •aterlal 
Ptrlte 

arenaceeua for•lntf•r• 
t laonl t• • ••r,houa 
quartz "net 
,rrlt• 

aNnaceoua for•tnlfer, 
qV&rtz aand 
pyrite, ... ,.,11ou. 
,,rtte, anbttdral to euhedral 
arenano¥a for•tnlfere 
quartz aand, clear to froated 

ar•n••••v• for111t nt feta 
9lauoontu 
pyrite 
quartz aand 
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15/2 85 quartz eand, •ngular to Mbangufar 
5 ■lea flak•• 
5 oarbOnaceoua ••terlal 
:, arenaceou• tor•I nl fer• 
2 , I au·con I te 

25/7 55 atlt •otree•t••• eoft 

'° quartz aand, an9ular to aubangular 
12 arenacMue for•lntfare 
2 pf rite 
1 • ca flak•• 

25/11• 50 pyrite, amorphou•• •-• prrltlzed foeell1 
45 arenaceou• for•tntfert 
5 quartz 1and, anhedral, clear 

es/t1b 68 arenanoua for•lnlfere 
25 9lauconlte, uaor,houa 
5 quartz eand 
2 ■lea flak•• 

25/12 45 allt aggregate,, ■loanoue, aoft 
25 alaba1t.er, •orphoua 
10 llaonlte, _.rphove 
10 quartz aand 

15/1:, 94 aret1aceoua foramtnlfere 
:, quartz 1.and 
2 •lea flak•• 
1 pyrite 

26/t 55 arenac•u• for•lntfera 
25 pyrite, •orphoue 
20 eeleatte flake• 
T quartz •nd 

2'/3• 42 arenaceoua for•lnlfera ,s quartz aand, an1ular to aub&ftgular, clear 
IO Pfrtt•• allOt'Phoue 

' • ca flak•• 

26/-,a, 70 areftaeeoua for•tntfere 
25 .,.rtz Nnd, clear to freated 
5 ,,rtte, amor,h..,• 

t.6/5 ~ atlt e11r•1•t••• ■lcacHu1, quartz••• 
20 carbonaoeeua; ■atertat 
ao r,•rtz •nd, angular 
15 locculated ctar •atertal 
5 pyrite 



8o flocculated clay •aterlal 
7 q11art1 •nd 
5 PJr-tte 
5 arenaceoue fora11tnl fera 
, carbonaceoue ••terlal 

a6/1oa 87 

7 , 
' 

quartz eand, angular to aubangul ar, cl ear to 
■ llkJ, up to 0.1 m 1n dl .. ter 
quartz aand 
carbonaoeoua ••t•tlal 
pyrite 
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2'/10b 87 
5 s 

quertz aand, angular to aubangular, fine grained 
■lea flake• 

' 26/12 57 
20 
15 
5 , 
T 
T 

carbonaceoue ■atertal 
arenaeeoue for•tntfera 

arenaceous for•lntfere 
quartz eand 
glaucontte 
ft11ont te, epongy 
•lea flak•• 
prrtte 
••rt •01r•v•t•• 

27/1 ~5 at ft a99regat••• ••ft 
40 quartz eand 

5 ,,rite 
3 canonaceowe ■aterl el 
2 ■tea flak•• 

28/3• 35 ,s 
,0 

28/)b 55 ,, 
28/7 

28/9 

,o 
2 

82 
15 
:, 

?i 
2 

arenacHua fonntnf fera 
quartz •od, •noular to 1uban9ular, clear 
p1rlte 

quartz •and, anoularto aubangutar 
arenaoeova for•fntfera 
pyrite, atllOtphoue 
■tea flakea 

arenanoua for•lntf•r• 
pyrite 
quartz eand, aneular, clear 

PJrt te, •or,houa 
are·nace.v• f•r•tnt fer, 
quartz aand, clear to froated 
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