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. . _· The O;-ead ' Formation~; the bas'al formation of the Sha~nee Group·, was 

ch~sen :.for the -f i1~st X".eport of a series of four studies on the geochemist.ry' 
. . 

of the limestones · of the Shawnee Group. The four limestones of . the £orrnatio':'E~..t: · 
. . . : '. < . 

· . ·:-} .: were sampled alon:s the strik_e _of th~ outcrop from the Missouri River to ·th~ 

Kal:lsas-_Oklahoma line.- '. One hundred twenty chemical analyses were made 

· thirt·yC-two ·-cooiposi te sections were measur~d and ·descr_ibed. 
·:. ·: 

and 

_ H ::.7/ Results ·of . the study .'indicate ' that limestone at "the northern end -of the -
. S >--;-:,t_; · -r , 

outcrop area was deposited · in deeper water. A shelf area was pres·ent in the 

north --~et\tral area ·-and a general shallowing toward a land ~urce is exhibited -
. . . . iJµ., il-:'f~ V1 ' . 

· .' : . ·.-_·. at · the_:1sou.ihern end of the outcrop area· during Toronto and Kereford deposition. 

I 
I . I . \ 
\: 
I\ • 

~ . :,_. .. ' . /\ . . ' . ;,· . 
_. Th~ maximum -transgress-ion of the sea is represented py the Leavenworth depo- ··· . . .. . 

tt~i _. . . . -. . . . . ,. ' .. . . 
"-:"; . . , sition,,a___-r¼! Ehe Plattsmouth shows evidenc·e of reef·.structure at the southern 

. - . . 

end of the . oui:c_rop -area. 

·· Th ~ ·t:ab1es of chemical .anaiysis ·, graphs of ·various constituents and com-
. • ·" ·• . . 

posi te mea_~~red sections are shown. The data obtained ·from the study and the 

- ava il_able ·geologic information were used -_to postul_ate ··~ _possible configurati~n 

o·f tne ·s~a bottodi a .s ·well :·~~-:conditio~ ·of -: enviro~ent 'd~ring -·'."the -depositio~.-
, . :· . ·- ·-- -· . . · . . ,.--.'-: ,: ,, . -.--·• . ; ,. ·_ ' . .. . . -~.. • . __ : :_'· . ,i ·. : ) -. ·.. • . - . . • 

. 'of the Oread . Forina u .on,, .::·.'/ <: i :i ·•:,::.'. '. .\ ·. ' . .::'/:/: ; . / ;. : '; <;' . !/ . . · · · . 
'I : ' . " ' \·:\ ::: , · ,;'.; ?·: ';·:/ ,·''./. : :\T > :' '. \ :,) ·. > ·: : •,, ~: 
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. ·•·· _f'/4T -t~1.,Ji~~ ,Li:-,,_ :t'-+:l\ fu I . ..f tvv~y{ :SCP ill:. J ii-> (t7~ 1) . 
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. .. ,. 
Introduction . .. 

• . ... ! 

.··;_ : ·. :,· .- · .. :_,• .Vi~giU~-~ Pennsylvanlan.Age, was chosen as the first unit of a detailed · 
,· .. ' • . 
.. .. 

. study of the ·geoch$nistry of the limestones in the Shawnee Group. 
\ ,. . . ' . The 

~~-- f ~;.~,e; .~ .. 

s-etidy · was threefold: . (1) Two. of the . Oread Limestones ,-.,., . 

. .. ... , 

• I • • • 

. . ·. -_,,(!~-) · ·_. ~__yr~e- o~ ·th-is 
:·.- ' .. 

. ,._: ': .. --~~-- ~ - . ·· : 
- ~ __ v_ · _· ~ _ .· .· ::_,· _ ·:_ · :··_· ·. - .. (Pla-ttsmouth_ an;d To.-ronto) are of sufficient thi~~nls~ throughout _.m~~ ,t_ --~~ 

. . r:r~ '(p~~ . ·.: .. :'"77 
· . .-. ·.'. · .:_. : .. /;-- ·_~f the · outcrop· area to · be ·u·tilized economical~y; (2) Changes of chemical . - . • ·. 

I,-. ;· .;.: " . 

·, ·:. :···._.:< >::::>. ' ~omposit;io~ ·a l on·g 'the outcrop are of inter.est in a study of lateral vari-
.......... :;::.(·~:.: ~<" '_.·._:~7 .. . · .. · ', ·. · ·: , • ' ·.· . . r- __ :, ___________ _ _ 

_.:.>_. . · · · · ations of limest~ne ~urity, variations .. whi~h · tyrepeated in similar over- ··•. ,...,,._.,.,..,_ 

'· .- · 1yjng formations · .could be pertinent to the cyclic sedimentation theory; .,; . 

·· ·: . t ~ ;~J 7_,;r . 
(3) -Geochemi.caL results furnish info3:!!1at'ion on conditions of environment· 

. . ... _ .. ,;._: : , __ .. 
·.·:::~.<·of depo-~iti~n wit~_fn·\~:--~ansas part .of the midcontinent area during 

. . . . 
the fimesto_II._¢ .. forma_t¼ons-·o·f t_he·-' -::.-

. . , . 
. ,. :-- ·of . their ·ana l yses are ·reproduced i n this report. ··.· .. ·.· . ... .- .. · 

.,, .·· . '. ·: ;-
· .. 

.... . : ·, ' . ,_•,: ., ... ' 
: . . - .. · · . . 

• J • : ' ' · • ., • : • 

. _,.,. . .. '·: ' . : ', .. . ... . . ' ·., ',-

, .. . ·' . .... : ' • . .. : . 
' . : . ' ', ·, . 
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,, 
if .f __ .. . . ': . -: 

. ~ . · . . . . 

' J -: . •:. . .• -
' ,' . . · .. -. .· .. , 

.'·• . '• . ., 
. '•, ·-· : .. : 

..... .• , " ,:• •.•• :,••~f• l/::, • ,.• 
. . ···:.:,-'.:- ·,:.-.:. i,:. . . . . ; :, ;_.s... . . . - . :.. ' 

·. : .. ·.·:: ~--•,·' .... __ :>·-:,: .. _: ___ '.· . fi~ld. i~ves._tigationl\ sample collectio~and chemical ana_lysis of th~ ·-: ·. · · .)· · . 
_• .. ·: . . ·,.': . .'.· ·, .. ~1J~ -. t~\ '.llmes~o~es ~f the Dread Formation. \J!'e use of uniform sampling 

. ' '• . 
.. 
• 

. •·; ./ _. .· . . ' . . :-._<::··.:·. and . a~lytical methods to obtain information on the chemical ·consti,; · 
, •• 

0 
I 1 0 • o l"~ • I••• • , ' •J•• 

0 
• 

0 
I < • ' • • . , ', 

, · . ' . i i i •· . 

.-, ... · tuents of sa;,,ples collect.ed at regular intervals along the outcr·op· ·: 

·: ; · · ... · ·~ / ·','. _anal_ytica~ da_ta in ·a graphic mann:J 
~~()4k) 

This paper ·r~por-t-s only the· 

"' • ). ," I 

.. . ·' : 
. ··, ·ooserved · geologic and · U tho logic variations of the formation and 

' 

. r" 

~-:•. ·:•: .. ·. ·. ,. · 

· A detailed interpretation of the data included i .n thhf·r.ep.o.rt :_: .\· ::· .... · · ( · 
. ' . ... 

be ctone .until similar studies of · the othe~im;ne _mega~ . . . -~? ; 
of the shaWl\ee Group have been c-le~ -llech megac;Yc10:' O,;,t, .. -. 

thenf ~f the Shawnee Gr?up conta:inr_ the same ge~eraf ·lithologies \ · . . ·· , •· . 
. . ·,., ', . . ·· ~ -.JO."\ -:. ·· _·1 • . ;_:. 

·,' : ~ -- repeated in the same order. · The outc_r_op_s_ o_f_ ali' fo~r j _~!l'estone : .. .-.If) · .. :·.·i_. : 
.. -. -,. : . - . . //" . . ----~---t --'- ______ ..:-- -- ---·----~.,......-- . . . . . .. ·r : . :. .. . 

.. - ..... .. . 

----- . . . 
... megacyclotheins· extend over .the same approximate area of the sta te · · .... · .. : :-:{ .· 

., ., .·s. • .\ ~ - ·o . . . . .. . 
with the present· day outcrops of. each succeeding formation off-set 

. ... -··· 

no more than a few mile·s · to the west of, the one prececUng. Therefore · . 
. . 

•'· 

·. ; ' they share . the same ))as.in of deposition, and the same repetiti.ve .· 
\" , ' . . .. 

. . . ........... , :"' :-.... : ,.·. : 
.... . 

•, • ' } , . : 



' 

. . . . ' 
l . l • 

: r.ype of cy~iic sedimentat:ion. · The megacyclothems . vary primarily in 

-l~-1 
that they w~te d~poslted~;:i;~ou~~ geologic time thereby . I b . . _. • . . ' .. 

. ' . . . . . 
_-if~·. ·· g.iving severa.l const~nt factors with which to compare 'a number of 

.. ' . 3 ' ·". 

. ' , . . . · 
similar but discreet variables. When the results of the ·four &tudies ... · · 

.. 
"· . 

~-) . .' . ' 
. , ., . 

.. ·of similar repetit_ive Uthologies are _compared ·they will provide a -· 
. . . · . ·_. . 

comprehensive idea of .. the· co4tour of the -sedillleat:l.l).g ·more basi'n and . · .. · :· . .... 

. . ·.· 1--. _the envi~onment of deposiUon _during Pennsy~vania~ _time 'in the area··_ 
.. . . . '. . 

.. :, '. that· is now eas.tern Kansas~ 
. : . . ' 

.• . 

. - .·: .. . .. 
· . . ·. 

.. , .. 
,;' ,• I, 

.· .. 

. ··' 

. ,• ' Methods of ·.Investigation · 

... _, .. . . . :. ·. . •.. ·-/y~ . .. · Jl11\_- .·· .. .-1~~ -- -.. : .·. 
, ·, .· · ·.-.- · < -~-·- · . Samples of ~ch limestone wer~~~~~rom;:.,outcro~ and-q~uarry ~ : 

·~;df?:tions acro~s:t. state £ran Doniphan~:~:::- (E _ '!-/fin, 
. ' . :· .· ~--- - -~-.:___----:--:-----.,.-:.--',-_...;.--_:_--_;_- 1./~~y 
' ·: .. ·.·: _:·. : close ~ spacing. of locations w~s desired for ·study of lateral variations ·:·~~ ·· .-

" · : 
• • • f •. ! • · . ,· .. • . .. 

. :: ·,: ~f, __ each C l __ imes t~ne m-:n~ Six . mi i_e• or the approxinia te width of 

one township. was chosen .~s ·an arbitrary distance (Plate 2) .• _ Howeverr 

.. · '• · . 
·-\~~ ·-~h ·· . 

it wa~ -~ound necessary f\.to vary ·the ~pacing from .3 to 12 miles .bee-au~·· ,· . · · · · 
. · .. --...... .. -'~ f: 

·. ··. · .··_:-' -<·-/ _:.":- ' in_ac;cessability_ of 
, .. ·:- •'· .:'"'./'. '.·:>,: .. ,J,.. ' .... • 

· ·· · · and absence of ou~cr.ops. 

. . 
. . . ''· . . - ... ---· ·- -- ··. l_::.. .. . . . .:-• ·. :: 

. . · . . . - - . ~-,.L,~-< ~ - ~ . ·.. ·. ' 
out~rops as we-JA-..as weathering .~raeteri~ ./ .. .-·. _ ·:--.· . 

\ j . . . . • _:;,L. . _. ·. . . ': .:-·· . . 

Sample from the . 

.... 
•.r . .. 

. , . , 

' 

l • 
: '. ··• . . ·pattern to incorporate · previously analyzed samples·, or samples obtai_ned 

. ' . , . . . . 
from: quarries • . . · _Ideally, a ·continuous vertical section of -the forma;. · 



. ( ... 

•• •• • • • . •• f .. .. 
.. , ·'. > · tion at each. location ·,is desirable, but under field condi"tions it . : . 

' .. . • . ' .· 
'. J • ' .. . . / . 

.. · ,, 
. : . • .. · t·· · .·!,, 

·.: •.· 

•• · :: · • . • i ·/· ·- i -·:· was usually ne~essary, to group several ·partiai :sections from· dt°fferent . 
• • • : •, • • • • • • • • • , :, :,': ~, • .: •• l :. , • • • 

. •· ... 
• : -: •' : : I '. ' ; • .• • .~ • ' • ,' 1•'•: } •. • • • ' • . • • • ' • • • I • ' ' ' • • • • 

. . :. · \ :.;:- ,. · •_ .: ,?_,- .: . _locations in ord~r · to .obtain a complete section. rep're~entative of . 
• • • ·,., I? ·. 

,· .• ·. ·.· .. ' • 

' . '• ' •·.a certain area~ ,. 

· : ' ":-·•~: ~: _ · ":: •_·,:.:·, _An. ·analy~is _of A the total thickness of each · limestone-member w~is 
. r: ... . -. .-. . . . . A 
.--·,! .: . .. :-·_:;:· ·· . . ··~ - . 

'. ; __ ·: :: -.· . -·~•· •This was necessa_ry from thestandpoint .of economic potential. 
..... . ·"' •J ··; . . 

and future utilization, because ·the thicknesses of the individual 

·. ,. : ! . . ·1 : • 

. ,, 
. . : .. · . .. . : . , .. ' 

· .. ' .... .. . · ... · . . .. ·· 



.. ·, . . ' . . .. ·. 
l • • • • )' i •• , • • . • • : 

_5 . f . •• , , 
. . ·-

, . . rr S . r---- . 
Due to the presence of pyrite (f-el"--r-eus--su-1-Hde) in the Leaven• ... . ,• 

: , • 

r-- F"- ..,_ o ,. , .... .e_.. 
._-· ·. • -·: ::-'': ·. worth Lirneston:e, all of the iron is not reported as ferric· oxide :. . , 

. : ... : ... ..... • . - ·r..(....· 
· :•i·, ·: / :- When the iron in pyrite is reported as ferric oxi~ the surmiation : 
: r • 

• • • 1 ; ,. • • : I • • • ' • • • -

• . : ; ,, · .... . ,. ·.: · .. •. of the percenta~es of all components wi 11 be low because of . the 
' . 

;t •• .. . 1 , 

: • • • I I • . . , .. \ "" . 
·' 

. , • 

rnoiecular weight di_fference between ferric oxide and ferrous sulf~cle . 
.. . .-. . 

· ... ·, . : · .. · (Waugh and ' Hill, 1960). For this reason, in the Leavenworth Lime• . ' . ' 
J ' ,, . 

. . •.·, 

. .. · . .. ~ -...... : . ·.·: ..... . _. ;· __ : ·~· . ·.~ ' stone all the sulf i-de is calculated as ferrous . sulfid'e,-·cne--rema1ning · 

. • . I . . : ,- • ; • ' 

·.:: .•. i·:•~: ·~y(l'.:} .•• ::::::1 ~•s ::::i:~:::::e 
8
:o:

0

~: ::u::c:=~•~_1: :_ :e 
0

:::::

1 
:_ :c:::e : (: ___ ,• . < .\:\.• ··•··· _' 

·.• .·.· ~ . · .' . t~t ., ' ·; ,'_ ) ' : ·. 

' • , . ' •· '/;: -'.; ,{ ; the. f err le·. o~lde and . ferrous sulfide values. include · the · ac'.d l~o~\ •. , ::"\ 
·ub1e· iron. · ... · ..... . · · . ' ' . ' 

' • ' ' J, f • • d • • 

.• : t l, ••• • .- ~-.: ' 

• ·.' • • •. • I ; 

" > .} · · . _:. ·.(_\.:~?t~> .. · 'Bo gain an overall comparison of the order . of magnitude ' of 
' . . .. , 

.·:·:· · .. · . . ::.- ~·•;·', .' 

. . ;· •. ·- ... , -" . -~---·:·:\· .. : ;:- ·dcess .s ·i uc~ ~nd c·iay present. 
·.~ .. .. , ·· ·~ -1~- -. ,_.,. ·. ' . ____..,, . . . ; ·' · . ..._,.-,,-. ·,· in the lime.stones · in· various areas, . ., :: •.~ .. ·.: . \··-. ::.' 

·, _. .. · ' . _... ·.· 

: :_ ·._':'.•.·:_··:,<., ·,_\ :-: ;-:: ~,.:_.:-,.,,<i i.li i te -~i th the · form~i~·' 2K20• ~g0• (A1
2
o3, Fe

2
0

3
) 
8 

•24Si02 • 12H:i° 
'~· !.i.:.: '.,. . :·.:• :. .. ·._.;' .... · .. _ : ~. : . 

·:• ,•-:' ' 

: ..-_,:: .(Imbrie 
, , j .- /:· ·: . . 

· .. ;l .. _; :. ·.-: -; 
:. ::, ·:".,~ ·-· alumina. . · . . .. 
. . , ". , 

. I 

and ~oldervaart ,_: 1959) was· calculated ·from the perc~nt ·· 

. . . . . ·' · 
Illi te was used- for the -ca lculation because most· of · the · . . 

. ·.,.. . : . ., .. • 
. ' .·.· 

• •• • • If •• •, 

' ... 
. ' : : .. •, . 

· · .· . shales of the Pennsylvanian System are illi tic (Grim, 1963, PP•" 356- · 

· 357) and .all X-ray diffractograms run ori r andom samples of the shales· 
·-~ -~- ....____-:--:-....,.......,_.- •' ' ·.: 

• • -. ; •, • • ' • ' ' , :----,·,.~-.. -- , · : ·-: • •. ' • • · , • : ' ' : ~: • ' • C f 

, .. . ,. , . ·a~d -~lay ·· fr·a~tio~-.of the Or~ad ··Limeston~ ~re illitic. · ~lthough · :::_;. : • .. ·. :_.,:_. 
~:_-'.:-.: .. _·>_.//· :,·· __ .;,: • .. ". ·;· ·:, .. ' · . . ·~· >· ._: ·.: ·-..:·· . ., . ~ --~~~;~_·._\·:,. ·. :,. ·.: "·.·.· ', ·.·. /. :··_·: . .-.; ... .. ,.··_-:· :·:i. 

~-------~•••,,_:.• ;__• .,!_!,....:.:...__.;......:.-:•• I, ' :•~• , :, ,;: , •• ,••.•:: :;: ••,• • 



. ' 
.. 

, r • 

small amounts of other clay minerals may _be present, their concen• 
•. ' . • •, ,' • 'I . . 

tration is too low tQ alter ·greatly the calculated clay value. Also, 

... j .. ·._ 

. :···-· · · ... _· .. ', '_., not all of the'ilUte ·present in the limestone has the formula · •· . 

:.:"'_\ 

, /.:/··. :··\.'~K20•3t-igO•(Al20~; -Fe2o·3) 8•24Si02•l2 H20 because of various substitutions . 

'in .exchangeable positions. · However ,,' for purposes of comparison, 
·----··- - --·· --- - - ···· 

. ,, ... ,•. 

· all of the alumina was used in calculating.i~lite of the formula 
.... 

' ' 
,_ 1 ' •• _: ... · < shown above. Quantities of the total amount of silica in limestone·: · 

_· ·. , samples not used· in the calculated value of clay were th~n reported .. •· . 

. .. 
as excess silica. 

.- • > '• • , •• : I • • 

•• • : , J 

. . : : . : ; . . \\· ' · .. 
graph<S°7 of the pereeftt: eon:stl tuents aeeGrdiRg · . _. .: .\ . . 

·7 ' . . ,' . \ ' 
''' , · ' . \' ' ;,.~,ii,(7,/·- . :· -< ~ -

was used a·s a simple :method of eemparii(lg the 
' ' ' 

'. .. • • • :t ..... _ : · • • •,• 

. -:,Pk..J-. . . .. -
and stratigraphic _properties of the- limestones. · A: seven-·_( :'/_~-~ : .; 

:, , ·. •··. 
-~-:....-' 

. . ' 
· · -'·:: '.-,.··'.·:'.-,' · po_int m~ving average was · chosen to smooth out minor varia.tions but ··: :: · . .. :: 

i . 

• , : .· .;. . ' . . . 
:·.-.. 'retain major trends iri' the chemical composi c-iori • . A sev~n-point ·., ·. 

. . ' -· 

· .. •. •,~ .. ·;\ \ ·:. ·.- · ,.; ·;":·\ m~~ing·.aver~ge ·is found ·by averaging a value ~ith three values:' on·,.\):.-.:_· .. \ _:_;;<·; : 
:···. , . ...... 

. ' . , ' .·• . .. 

. ' ·' ' · ' 
• ·. )., • . . . .... 't .. \ .. . . r· .,· . . ·, . ,' .. 

. ·.·.:•·.···•.,. <.:.a~C:J • ;; ··-:· ·; •: __ . ... 
, . . 
: •· ' 

i ! : -~ ' 
.• ,• : . 

·. • ... .. 
. , . . . .. \ .. 



De~criptio~ ~f Geology 

/~ l!.1[.~---~-
def i ned, comprises .... · . The Oread Formati~n, as currently 

, 
• • • • ' •• i-.· · .. : . . 

-· . .. . ... . 

, :· 

...... . tJ 

limestones and three shales (Plate 1). ~ii'ijjed ·(,om_ bottom to 
I .'° •• : , 

.. ·top, these· 4-tl.cl ude .the Toronto Limestone, S11ydervi_lle Shale,' Leaven.;. .. 

'· .... . :~./ 
··· .:·..:.~ .... ·. : .. :-._ · · . worth Limesto.ne, . Heebner .. Shale, Plattsmouth Limestone, -~~~ader Shale',' ·. ··:· , 

• • 1 ·' • 

' •. \. :·,. ' . . :.:.' · ...... 7 / ·.•.' ~:'-~.:- .· . and Kereford Limestone •. The -fo.:rma.tiona-1 · boundaries a-re ·placec;t at the :_ ' .. · · . ' . •, .. ... 
l :• • ' • •J• 

: ~-_-:._ •.<·. : .. ' ,'.:·./•. ,:·_. /:- · .. contact · of the Tor_onto Limestone with the underlying Lawrence Shale 
o l~ /:,.• ', •• • ,. \: ~ • .. ! •-,.;', •. , ;,' .. /,: :' • 

. ·.-~-; .:.: ::_ .. ,/ _; .:- :~ ,: \ :~· .--~ ' . . 
\: · -_ · ·,. :_ :: ·· · ... _. .. :_/ . Formation_}ot the l6w'erbound-a-r-¥-S-nd-_ the contact of the Kereford · 

·, . "C"~~ a:,..., ·• .. . . 
• • . . . . . , . .. ' ·.•., . . . ·' . ·.0 ·· . . . . . 

. ·. .-·~ . .-· ·;· :~.:. r/ .,·_,-: ··:·_' Limestone _with the overlying Kanwaka Shale Formation the_ upper . ··" i: · ·:. :-::: 
. ',,• :i < ,.:-.: f _:-_;,·/ · .. _; >· . . . '. . . . . . . . ,.. . . . . .. ,: : '\ '·. ·. · ... ," .· ;; <;' \:\: ) boundary • . The Kereford Llaiest~ne. is abSei.t in ce;<tain areas~ o:_~r-· . 

. . ·: ·, ·:·:· :') · ,•.-.. :· ' . ~ ;.u , . 1 ~ ' ·: . '• . . _ ..... '~.: -;· . . > : . ·._··... soy th ero part· of the . stia-te; accordingly the . ..£Gmational boundar}' -~n '.· . :.·" · .. ... 

. , . 

.' ;. ' . ' ' 

; ;\):::: ~areas i~ :ntact of the Plattsmouth Limestone with the > ,(:.'._ .;/i 
·1,·;• . .. .. , . 

• I : • • .:: . : : ... ~ l 

l~:· ··~ -~ '_-,. ,.:_~.:. • · .• =-~. :. ··' ·; ·. ··.:· : :· .. . 

· =:·· . • , .. , : undiffei'.entiated Heumader-l<anwaka Shales (Moore, 1935, P• 162) • . . . . _'.·:° .. : .. ,· ·;. 

:: : .C; '. f }y;,_;, The Toronto LlmeStone was reCogniZed and samj>led at all" locations '. ): ••::.>?: 
·: :.,·.-. <~·:} .. ::~t//:::_;._:>'.V:>:· . . ;:-: , . . :. _:: .. 
' · · · .. · .. , · •.". ··, : · >··. except in the vicinity of·· Sedan (lo~ation 31) where· no limestol',e ... , · ... ' <-!<•:,~~:i: __ ., ·:. '\:::·:_._.<~ ...... · . > ·:.:.: .t· ': , 

• -\. : , • · ' , ,•, I -~.=r••• / , ! '' . ' I • • 

:. ·. ·:;· .·-:· .. :.t. ':.~,/):'/·.>~ .. 1 .·.outcrop,' could be fo.und in ·the stratigraphic :·position of the . Toronto . .. .. · :·::: ·.: . .. · .. ' · 
. ·:~;-:_·.·.,::.<<,:··, __ ·_;~: >./:/)~~/-··.· ·_, · .·· ... · . •,·. it) ,' ., . -~_,__.~~ -..'::.',_:.';-:.~•-.:: / 
:: . , . '.' , ,: '. :: ·.<,:" ·>· ,\' .. _ In the a.rea_ around ~.::::~f he Snydervil le Shale· as•,..•• many of 

, : ' ,: ' cha;.cte.risticS'oi the Lawrence Shale{~,ot~ continuous and discon <-. ' . 

: . .:: ·: _; t ~n~o~s l ~~ti ~ular ; • ~nd "'."sil i ~e cr~s~b~~ded , ,•~~•1~~f a':~ ,f~~i\d in · · '. . . . · · .- .. ,. ·_:,\, \ ·+is-r:;'> ·,: L: _ _:__t>,~~- . . · · ·· · 



., ..... - . 
. . ,_- •, . _· .. . ':; . . . ·'..; . . . - -.} . . . 

• •• 4 • •• • • 6-r ~. . 
·:) :.·; _·:· :: . _:_'. :•both shai;;J Any differentiation other than ah· arbitrary on,,~• · :_ ' 

--·: .. _··_:·1\·.:::··>.,:·--.·:>.~· -~A-.·- :·~ _<·_.--
~:- · ·: ·.· ·:· . .- : __ : · ..yeio-Y..:,presumpt.iou~ • .. Therefore, in the area of location 31 the Leaven-. . .. ·· . • .. . • . . __.) 

.' .. :· worth L·imestone is the lowest definitive member of the Oread Formation 
I .:•ti\: ' 

and the lower boundary was plaCed at it's base. 

Between the boundaries described above, the thickness of the · : 
'• . 

k:>~ 

.' '·.•· 

. , . ,, 

•· . . · .. . _ . ··., .• ··:: -;/: - Or~ad Formation varies widely--p.dma-c-t.J,y because of 
.. ... .-,:, ., . . ,• < ·'-' .·::,. ·_,. 

the variable -r.•. -::. · 
1;/;,,..th .. '-<JV • . o , 

·- .. ~. 
·. thicknesse·s . of the shale members. Where · all four 

I 

&? ' •. 
l i'rnes tones-are · 

. : . ' . 

. .. 

•· • . 

:.\ · . .. 

· ·_ · px:es·ent the · thickness 
. ·· .. , . : 

-.___; _ . _. · . .. 
varies from 44.0 ft. at location 2 in Doniphan .' · ·. ::_ -:.''·· 

• t ·,: .-; ( ... : . .' .. .... : ~·::' . 

·::i. ·, _· '· :: · __ '.··. · ·_. _- ._ .. _County, to 137.5 ft. at location 19 ~ear Waverly in Coffey County· . . _ 
• l , ; . • • • • ' , •, • • , • 

· , . ·-. ··. 

·. ' . ·, · .. :;: ..... :. \._ 

l)·. In the area of lo<;ation 19 the Kereford Limes.tone 
I • • • 

-· .. ,. ·. 
:. , · .. _undergoes. a radical facies change and is known locally and in the · '. · . : · 

. . 
' ' ' .. '. , 

: 1 • • •• • • , ., • ·, .j" · 

. · .- .• .. . · . , _.. older literature .as the Waverly Flags or Flagging"~ 
.~ . '! . . ' . . / 

,· . . .. . ·-. .. . ' ·' . 

' ( . 



• •• I 9 

.. 
·, . In the area location 22 in Woogson· County tt, location 24 · in · · .. · 

. · .... :_:.:. . . . .... . 
1. 

:· · -.: . i> . . ,· : ' •.: ·Greenwood County the ,out'crop of the Plattsmouth Limestone appears to 
. . 

... : ... i(?e_ an erosional r""'nant or";:,sslble area-of non-deposition. @ appe&rS 
\. • j . -~+ · .. '• 

' 0 . as a nodulaX: limy zone with abundant fossils and, •i" local o·ccurJil.eftC'e'S. 

thickens to about one foot of bedded limestone. · 'Il)e Leavenworth. Lime·• . · · 

.. . . . . ,., . . .. · . . . cj--i- £f~vf.<-.,__,..., 
.. .. ::· ..:.· . . \ ' .'. :.·-: _·, ·:• :: stone p~i::si-s-t:s- through this are~wi th the· same characteristic~ and 
•' ·: ... , . . ' 

•.• I, . 

approximate thickness exhibited farther north. The Toronto Limestone · 

same area and becomes a ·lighter color.ed, ·· .• · .. · 

.. '. .• ·:i· •·· .·:'.:\,:: :·X}·.tvy .·.:::::t:::•:::a:
1
:::a:o::n::e L:::::::u::I: :::;.:::~Ing• · · · · ·, 

· '' ·: . '-> : t:T~h~Ckness of ~le p~rting~ and the feathering out of lnd1Vidual ume- . 
. J 

. . ·, 

I • • • • 

.... .. _. . .. , . 
· .. .-'. .. , .i ·:.: :· ·. :_·\/\//} : iocatio~_ '30, · six miles north of Sedan, and a· limy shale· zone is . . . . . :. ; ; ' .. '.' • ,. . . . . .' : . . .I . •. \ • 

. r· ·. 
, • ... ,,' ' ... 

. ::·/_,..-:: : ·: ·.. : \ \ --.'.) pre~ent ~ear Chautauqua· 'in Chautauqua County · (location 32) at appr~xi.:. ·, :.· 
. . ' •' ·, ~\, : J _ _- ·~··.-: : :-: ·, " ·. ;: 

.-·· ;. 
,. . : . ', . 

; i 1 :< : . 

·. · ., ···: · i··· .. ·::·· :;~:: .:•i:} t,·_:miitely .'. th·e s_ame · stratigraphic horizon of the--Toronto Limestone •. 

.. ... •: '. ;::;: :'. =: The SnydOrvllle Shale contains more~.:.Zlenses and ass1nes 
• • · , J 

' -. . . •.: . . . 

., .. . 

:· ·;. "'.:. a maroon to red- color in the south part of the outcrop area. indicating . . 
' .· .' : . 

. . . 
complate oxi_dation_ of ·the iron present. ' . . 

.. •. 
. . . ' 

: . '·.· ' =·:; ,· • · .. :.- . .. .. 
1' . 

. . · ._ . •' , . • ' 



I .. • 

' The Leavenworth Limestone· and Heebner Shale persist· 'in southern 

.. -:·:_:_·,. \\ •'· , .. . . . . . 
. ' : : . . . . 

,. .. 
,· .. 

.. , .· . .. '· . ' .. ,· ·. 
¥. • • • 

.... _':- Kansas· and show the . same gross properties as in ·the rest of. the ·o~~. '.·,·.-· .. ·. ·. ·::_· :.\ 
:. . .. ' .. . 

. ·:. _T· - .. . 
: . . ., . 

·_ ; .··· ··, .:!: -·crop area • . 
·! . ' . ·. 

The 
~ .-. 

Plattsmouth .Limestone locaJJy is indurated· a ma·ssive . . • 
•" I"' • • 

! _ . . ..• · , . "_< : 1 led·ge near Sedanr but ~"¥ 

· .. "\ : '. ·• :: :.:'./ unit.~ ~utcrops reveal 

traces of wavy bedding wit~in the 

definite thin wavy shale. partings and 

_,. the wavy bedded characteristics found in the · north. ' 
.. " . 
•.: ·, 
; ."' 

------~-·--------:-"\., < . . . . 'J 
.. : . ··:. !'. .·,: --: .. ·~ .· .. th& Plattsmouth ~uth · of ·cree·nwood County-l-1,a,s . the· Elgin• ·• · ... · 

. . -~ . 

IL cJV->- ~ ·-. ·: ·: . .-:. 

Sandstone which was ·deposited on an eroded Oread surface • . It .con- .. . · .. 

: . .. ·1 ••• 

:sists of undi~ferentiated massive ledges of sandstone separat~d by · .. ·.· . 
. . . : .... : ' ·t 

' • shale par.t'ings and sandstone lenses of varyi'(tg thickness. The Kere- · · '.·.' :: 
, • •. : I• 

·::::·: for.d ·1s not ·identifiable although locally, a thin limestone· bedis 
. · J 

• ¥ • • • • .•. .·.: 

• _.• • , : • • •• • I 

:. ;· .. found .- above, the Plattsmouth and may represent · a remnant ·•of the Kere- ·.·· .-

.. , . 
.ford. · ·Verville (1958) states ' that ·these ' lenses are l<ereford. '·In 

r:• 

•· 

',,_ .' • 

. . . ' ' .. . . . . ,' ... . . 
.· .. >;<-:-·'_- :•: -~lac~s . the Plattsmouth ·has. b~en d~eply . ~roded· and Elgin Sandstori.e· deposited,,.·-- . 

• ' 1 .. ~·. • •, :· i _.:: \ :~ .... • "· · .. ··. . . .. . · .. -'. •;.··._ . .-:': _· . . : : o-:_· : ·· . .:. ··.:.· ,., _. :-'_..· .. _._ 
.. , : .. . , . - . \/: ::: ·,:..;:._ ' . ,. ''. _.. _.. , . ., .- .- \• . . .\ · . :· ' .. . ' .::: . . ·. 

,. . . . _: ' ;· ·.'--. · ·<·· indicating .. pos·t ·Ptattsmouth or · post ·oread · ~e~gence. : ·-:· '-'< .. . <.i, . . .-i' .. ,.:::'.:i/.•<i:/:'.. _.. , . ' ~- . . .-. ·. , .: 
' ,• ' 

.. , 

• I 

, I 

• • t.• 
... . .. i 

-.... 
'.··:-.; '_·· 

11, •, ; 



.· 
,.· . . , \ 

·. ll: 
. \ . . . .. 

\ .. . : ,, .. i . 
· \ , . . . 

Toronto Limestone Membe_l' 

·. , Lithology 

.. . , 
. \ 

.. , ... . .... ··. • 
1.' · 

.. •. 
· , .... ••• •• • • , ' 1• ,-. 

: .. . 1 .. : . : ' • • 

. . ·: .. 
' .. .. . 

. The· thickness of the Toronto Limes.tone Member ranges from 

·.-o to -13.6 fe,at. It thickens and thins locally, but there· are two .... 

areas (location 4 through 12 and location 20 to 24) .of· fairly con-
. . . . . -.. : '· .. 
' ' ' .. . · · stant thickness (4 to 7 feet). The thickness of the limestone . 

. · . , . . 

• , . . , 

. .. 

. ··_., .. .' \ 

• 
·· ·. { di~·!.~ishes · to the south until the last recognizable bed of Toronto . , • ' 

:·. · ··· ··- ·· 

lost near Sedan iri Chautauqua County and a · thin calcareous shale 
. : . . 

.. - .· . :. · · .. ·:': . replaces 
0

it · in the same stratigraphic position. . · .. 
·, .. 

,In the northern one-half of the outcrop area the Toronto Lime-

stone normally consists of :two massive bed's separated by a persisten; .. . 
? . 

·;shale · parting. 
' , ,,_L <> . •. 

~-rS' · . . s 
Locally in the s·ame area (location 2 and· 17) the ·-

,_ , : ; 

. . . · 
' 

. , 

. . 

··-.. . .. 

. . 
,', . . ·· ·· ·Toi-9nto 1-s r~presented bY. an ex_tremely c·alcareo~s shale containing·. 

. •·:·... . . _/i~ _.;•: .. ·· :·./,\.·: .. .:·:; 
.·.:_ .. _·>:· · .. \ .:: :ri9dµies of .'limeston'e.·. In the area,of location 20 to 24, . it Juumes: ·· . . ·_ . •: ... ,'_· ··:.'· ... . ,•. ,__ . .· •: · .... 

. . ... . . 
·.·.· :.·. ;':' . ···a wavy bedded appearance_ •. ·· South of loca~ion 24 ·the Toronto separates ... ; .· . . . . 

; ,: :.i . : ·.into· several t~\n beds of_. Unt~_st~ne .:s.epa~at~d b}' 

\ · . . 

6 to · 12 inch ·shal~ : · .. .'.::. \:. i :.:.- .:.•.:-.. 
• • • • : : • . -:·:'. ~. ·• :·· : '. i 

' . .. .·· , ·.-. '• .·, ... 

· partings and is represented by a calcareous _shale a .t ~he southern : ·: : .·; · 
... . . 

, •·.: • . : I- . . . . ,• . . 
. end of the o~tcrop _area. · 



The 

. ··. · - .)~ 

color of the Toronto Limestone Y\ .. is white. to light gray (dark · ... , .· ·:· ·_. ·., · 
. . . ' .... . .· 

· 12 ·, 
'1 

.. ; 
' ' .. . 

. . ·.,-~- ~:- .· ::· · .. >•gray' at the ·squthern end of the outcrop area)' and weathei;-s dark 
.... ; ~,. ;_ ... '•, ·:. i . ·: . \.•· \ ·. . . .. ' . . . . . .. •• . . . . .. . 1 · · ::,_·: :.: <-: ':: :-::· _ · '. 'i red brown to yellow brown. The weathered zone Is very th! ck · In 

' 

.~ .. ' '. ' . . ' l'i ,i piaces . .. . , ranging from l to 4 inches in recent exposures to 12 inches .: · .. . 
. ' •. 

• : J I 

.. . ·, . ... ' ·. • or more in. older outcrops. The limestone ·contains small wgs ... lin~d . , . 

.. ... . . .. ;.- . : : . · .. . -: - . ·, .. 
•·.' '• . . · w~th ·calcite crystals and filled with powdery red hematite or· limo-· 

· ·•. · ' ,- ni te or both. The depth of oxidation ·and uniform dispersion o·£ the 

.. . .. 
. ·• .. ·· .. 

... . ,!- . 11. • ,·:\•··,\·'.·/_< l .imonite in the weathered zone may be due to th·e- high porosity of the : 
·. .. . }.'' ,t .: 

_-_ -·. ___ : · \' :.· :;· _:) __ :- roe~·'. Chert Is found locally In th~ northern part of the outcrop · · · _'. _ :, .· · , 

. ·. : . .. ,. ~- : : ·, .. . ' - . . 
'·.: : ·. :i . .' >· area as far south as Douglas County. The chert · is orange .in coior~ ~-. · .. ·.--. 

: Av-1-:? ·~1 
:: . . : .:·· ·.· ver~l-ese¼y"1na'tcn,.il.31g ·the .weathered c<:>lor .9f. the Toronto Limestone. , ... . ·• 

9 ' . 

__ • :'Th~~_cher~~ ~~ge quantltles ·of Caco3_ ~"'.1 / •-• ••-_ ·;,<· 
. . ---,----:..--- . . . . ·. . . . . t3 . . .:- · .. . :·.:.·;-:: ·.• . .'\'\ ,.·:. 

··•.: .• • __ -••• : : :::::t:::e::a~ents. ·.•· ' -•• t~~g~QdO fll)d e~clo-.:f41arge !r~eg~la\:; ': } :x ·:· 
• ·· • . . . ': ;> : .. ·.-.. ..... ' : ' ' . . \ .. ,: ·/-~.i--.. : (_::·_._'. ':( 

Chemical Chara~teristic& · 
',. 

. · . . . • . . 
. ' ,, . ... , 

The reddish-broWt;\ color of· the To·ronto .. Limestone is due.· to .the ,· .. 1:: _-: ..... /._<. :·,.: 
1 •· .·.' 

·,: high percentage of iron oxide (Fe2o3 , Table 1). 
r:..c 1 r.:J -:) 

The ir.on-oxi-d·e con-. · . 
' ' . . ., 

' . 
' . ' 

•,::· __ .: :' '"._ ' tent of the 31 ~;,,.lysed ranges from 0;54 i:o 8.34 ., __ . . · ' 
. ' . ' ., .... ·. . . .. . . 

.. ,·· ::_'.._- .·_;:;",.:· / .. :~_ :";-.-.i) ;ipercen/a~d ~~er~ges '.:·3~1i :percent'. • . ::_~~ 'several_~he~~.ies, _· ::.-- ) .' .\\.;:'.· · ... .. . . 
.. • • • ' • o ; • ,. ' • ' • · • • •' , ; •· • • • ' 1 • '" • •,•• • ,,• , /; :, ;:~ ... • •• • I ' • :•, .:, • •· • ~ • • - • • ~I 

, •~ .: • •,. • • , ' :, • > • , • ... .-;'..:•::••~•-- !•. :,_ ,,. , / ,;~, ••/ • ,:•••#~r .• ,, .. • .,:__._ ' • ,, ::• ,~ I ,, i° • ••:,• , • •;, , •; ', , : · • , .. ~• ~- • 
, , .. . '. : • •• _ ... _ •• •• • • • : • ••• . ; : ' ' •• ~: : · . _. • I ' ' "' • • • · ' ' • l \ . .. . I ' '': -.' .. ·: . 

_i' . :· • • • •• . · " . · ·- . _____ .......:__,_,_.......__,_.;.,~_;__;_ ___ _,:_ _ __J 



, '! . . .. . 
• • -·~· 1 

, ... ::;··J ·>:· 

•,• .. :.:·;:·_·:.·:y~.~~ 
'. ·:.-.. ·, ~h:-~ttl-d lie- advanced to explain the original source.· of the · ir~>n 

. • . 

·>•.'-. ._: . . . 
·:'. -' . '·. : ; c'ont:ent ·.:.o.f! the · Toronto Limestone. However-,--addU.l~!_!_information 

' .. . ;· . ·, -~·-·, ·.·· .: :. ·:·. . r;l& ·~ 0 ~ - _q::-.L. . ' --
,• :.•· -< •. • . :· . . . _' such_asJ hti~.ld_Qt.i.~n .. _st·~te_.of_.th~L!~~~ t the -~-~11!4: __ ~f depos! tion. 

--.. ... .._ 

··,•··· 

.. 
. ·:. : . · arid--a -more~d'etaTfiicf-p-e tr-ographTc--a·na·lys i's --·of-- t h e-.. ·Hmes.ton~ . is· 

I;, 

. · .. · .. ·. ;:.\·i' :' \" ~~eded~~r~-reth_e_s_e_ t-h_e_o_r-iescatr be·-adv.anced. 
. . .. . 

. ·:. •. '. . . . :· : j_ .. 
It cl:oes 

'--0 
seem. 

• ' . · ;. _ ,· , . ·1 • I • ' / "l:~-C-1,; 
. . : . \possible,. however, that a .:pos,-1-e-¼en of the iron content could be . " . . . . . .. . ~: , .. : . 

' ;: 

0

' , ; derived ~#[0 from the red and green ironstained Lawrence Shal'e · . 
. . ·. '., 
.·· .. 
·.: : Formation immediately underlying the Toronto (Goldschmidt, 1954, . . . .. . : • 

a· shale formation containing terrestrial plant remains : ,· .. 

. . -. . . . . .. 
1 ·, j• 

• : • , ,::, r .' :.,.. . • • • • • ' 

'· .. · __ ;_ ·_:.-.~ =: .. /._ .. .. ·was: inundated by sea wa ter . and a marine limestone deposited., ·some· . . :··'· .· \: /.' . · '-- -~: . · . . 

· ·7_ :-~~~~r.:._.:: .··-~-
'ieac,!,l_ing and reprecipitation .of iron minerals is indica_t~ · .·. _: _ •, .·.·.· ._'. _ ·. · ·.: -~~~.... ' · ., ... ;_, ·.·., .... .--~- - ·. '. ' 

Tl)n'J'~g_e phosphate c<;>ntent of all the~amples o·f -~d . . ::: ..... ':._ .. .. .' '. ·, ..,: 
• • : .:. j . ,• • 

. .. 
'• ·~•·.· . . v? 

·. · · .·.·<. ~: :··.-//::··.· .. L~~ ne\~a~ly.zec:1. i-s ·0.09 perc.ent. 

. . : . 

. The: av~_rage phosphate content ·· . .'.•· -: . · :-· ; . .-: . :· 
. . . . . . . . .·,· : :,·. .·: .. ' :· . 

l • , ,I' f' • • • • • ,; ' • 

' -:1 .• :· •• • .,1 ;. •· . . : .·, • • •·. 

···~•,:· .. :>···· ,· .. for most . limestones and carbonate sediments is about o.04··percent . .. __ ; . _··:: • . ... :·: 
-~-· .~: .~ .. :_., : .. ,: ~·( :·;. .... ' . . ... ·•:: 

:· ·: :: · . ··> · (Rankat'\"a ~nd Sahama, 1_950, p· •. . 590; Mason, ~'. 1958 ·,' P• 147). ·.The 
·. ·, .· ' ..... .. 

·. · .•• '·:,', : highe~ o~¼li . \ ' 
average phosphate ·conten·t in the Toronto can be 

':.' , . . . 
•: !. ~, • : •: • • :, • • • ,•~ • • • j • • • • I • 

• \ • ' • ,. - • •. : I •.: • ,,, 

. . . . . _., 
• , . . ,•"" -

• · · .. · :- . _; · : .. ··· a·ttributed to ·an increase in ·the ·phosphate. conten:t toward the 

r < 

southern edge of . the ·state. It increases from 0.05 percent at 

' • .·. · .. · ·• ': _. i: · 
r ••• : - • :,·; • • 

,, • : : I. ' , •, .. 



.. . 

•. · · : · .:.·. ·: ~:.i·. · .. County (Tabl~ l). This increase appears· J:o be of° some significance 
. . . : • . . "• . ·. . . -------.. !.. .. _____ _ . ---.c._.,_- -...,.....,----.· . ~ - . 
. .· -~~:: : : . -~ . . . . .. . . 
· ()i:::;~::~ause ·th~ phosphate content of the Toronto Limestone in the 

·14 · 

''. ' . ·• 

. ' 

.. . :, . . . ... 

: ·, . . .. . . 

... :·· ........ . V' J# '. ). . . . · i 'l . :. l'l.Orthern part of the state as well as for other members of . the Oread : · , :_. . .- ·. •. ··: 
, . . . ~· ... . : . . .... ,,. . . 

. '•• .... . . 
':-,,: · Lime.stone is very close -t_o the average quoted by Rankama and Sahama •. :".,'' · 

··_,._.·The it:\Crease -~ :p~osphate at the southern end of the outcrop 
. :::,_··~.<··: '.._: :: \ .. '• .: 

area . x· 
a possible indication of shallow water and· even a .near shore \ 

·. \ ' 

of shell fragments along with some phosphatic· 
I , • 

I . 
. :•l:>rachlopods, would substantiate the theory of · shallower water ·and/or .: .· .'-

··· ··' _·y·~ ... _·near ·shore ·conditions.· While it is tru~ that phosphate can be 
• . • • • •. I ~ : 

:_ • · .... 1:·. -~ , ... <_i·. /:,-,I ,. 
· · >: '·.; ·, \ •. • ·.".' formed and deposited in deep water ·~nvironments, the presence of 

> /:\ i\:.-,:i __ ,::·:·\((· -:•:: '. ., . ... ·· .. 
. .... ·· :.· · . · .. · . . ·- .. sand · 1enses in the adjacent shales, the feathering out ··of the Toronto· . 

\ 
, . \ .. 
. \ 

\ . 

·. ,:. 
. .. ' . : . 

• .. .. ' t' •, • ,.·; : •. ·... , • ,t , . ', · . .. . ... . . 

. . . '. . . ' .. : Li~estone, and incr·eased ·coarse elastics in the .adjacent shales' indi~ates· ·, 
. . .. . 
··.· . .. . :• ·· . . : •· . 

, .. < :.:: that southern Kansas was probably' a shallow area of offshore bars or : ·· _: ... 
. , 

.. .. .. ', . , .. 
:- ' . . .... ,·tt:iiuiaa~tiioonnss7~-s..~.:.l-f'ivl2ri 

• • ' t 

, states t hat ·a shoreli~e exist_ed .in this area ~rom late Lansing to . .. .. 

.. ' . early Sha~ee time • . · ·.· '. · 
... ' . . : 

· .. .:..., .. . 

... . 

: ··:• ··. 
'• . 

•• ,j • .. •·: . 



lS 

L;, _.;JV"\ a......t.... 

. ·Location 12 in Douglas County appear-s to be Ui ;·~:n-t, which 

. . . ' 
· .· . · , .' a larger magnesium oxide content north oflocation 12. South of 

·.: . . . _-;:.· ·• .. •·. 
· . . · ,.: · that point the magneslum oxide cont ent is neare:r the . average of the· other 

,• .!•.. • •• · j 

.. , . 

. •·· . ; 

.·•· .. .. .. 
.. .". · ... limestcnes of the Oread megacyclothems. ~alculation of . Caco3 and • • • • · ·• • 4 

• : t ... . 

of . loca.tion . i2. X-ray. 
. . . ·I<~.·,..'.~ . . '-. . \J .. . \ I ·. . . 

. , \,' .. ··· . 
confirmed the pre·sence of dol'omite in th\ area. In .the area'· . .., ··,:: 

. .. • ..• : . ! • ; . : . j • ' • 

: ... '.·.·~·(··:-:-:·.>:'·.from · location 12 1'.LO:rth to the state line, ·the average MgC03. content · .. , .. : .. :_-; 
• : .. . . : ; '. ' : i • . ~- . . . " . -: 

' ~~.· . . · 

., .···:. ··~, .,::::: ... ,-.~:-· '.i~ 6.03 . per·cent .. whi.le ·th~· average MgC0
3 

content ·~~uth :~( that···poin_t ·. :·.; · . . ·'r_>.:.:· .... 
t ~-._._,.: ··-~.· -_: :-~: ·::··'.':·,-\:: ·_.:< .:"'•.·,.·:· . .-.·> · .... · •' ' . . . ,·:1,

1
.'. , •• • ••• } :".'. ,. ,· . . . · ·.: ·_~_ .. • ••• · •. •,: · • • -.. •:·-.- ---:.:.-: .. _ .. 

; .· : "· ·,. . :· . : . ., . 

·.- /_':_.i .. : .. ·.:,··:,·. ·· .... ·.-.:.·:;~ .. ····: ... :~·i·. ::··.'\.::::·•,.:;-,.·_;.·.:.·.·•.i .·~ .. ;1··.·~.'3_4. ~e~:cent.··: .. ·. ·.: ·\:···· . . , ;. · .... : .·: <;,.-. .. · '· .. ·, .·•::/.. ·;··· ... 
. , L • • ' • > • •~ ' " o ' , " • o • : I ' : • • • • • , • • ~ ':. ~: ,: : 

···. \ •·. ::_ '> · -~.~~ille.Shale·M. embe.·r '-- - --~-~---< ;£.:. ·:~:·---.. ~·.~, •,.·.:;J: .. ·:.•.·.·.:._••.·· /·.'.· ; .. :.· ..... , .-·<::·;.:.; >:·.:.::·.,.~_-. · rv~.~-~--
-·-

:. :.: -/ Moore, Frye, and Jewett (1944; · P• 182) describe the Snyder~ .. 



I . j ··16 . 
. · i l· 

I ., ... ... .. ... 
, ; 

· ·. :hal .f of the· outcrop area. Near the •Center of the outcrop area the ,. . · \ 

" I . . t . ,: .. ':\·: 
· · . · :· ' : :.; .. _\ '._: ·.- ·: .. thickness of the Snyderville increases, j:1ld the upper part of the · · ·. ···.\· ·,' · '•\ ·· . 

. .- .. · ·. . /. ·· ·:• 

' :' .. . ' .·· ~?ber Is ied to maroon, The basal j,art remal ns gray-green and con• . · · : ' · i:: 

7 ,i: • ·. tai ns: lentlCular·, mass Iv~ cross-bedded sandstones locall)'. · AS . :. _: • . .:: ·' •.·. 
v' . . . •, •, 

# .• • • 

. . ,.' 
• the... .Srtyderville Shale increases in thickness, the red part ·also 

. ·: ... · . . , .' • . r 
' . . . ; . . . . ·'· "~ ' \..-(., . 

.... ; ·· , , increases and becomes more sandy and ~ilt~ Ver·y fossiliferous 
. . . 

, .. 

: .. 
4 •, . 

,. , __ ; ;' limestone and· sandy limestone · in beds generally less than 4 i~ches 

. I are present locally. The ·snyderville ranges in 'thickness from . s.a . . 
/ ', • 

·. ··.·. to 81 .• 2 .feet in · the . outcrops measured. ' . f1 . . ·.: North . of the Kansas .IH ve:J. _. · · . .. : · : - :' : .: , : 

•.· • the member has a relative constant thickness ··of from 11 ·to 18.9 
' ···- -I\ ' -~ -. ~_;_:~ .. ': ; J , •'· <~ :·· 

. '· .. · ... 
, ; .. . · 
' . . . ' 

. : ;/ : . . . ·. ,.• . 
South.'. of the r .iver the same proportio~l. thickness exists. 

' . .. 

. ·, 

. :· ·/ · .,;·: ;·._.· ·:,: : .. ·. for about 30 miles. . South ~f location 18 in southwestern Franklin· ·.· · 
•. 1 • ' 

e • • • • • . , 
:· ;.:_· ... _•_::;,_•;/·",'. . J1Yi;vi g .· • .. ·-tJ.,. ~r-~ ' .. ... 

···· ·: ·:• \.-·,· · ;· .. Count"1_sha~-n-s-~ thicken3~~~-s the ~en~er of .· •. : · · 
.. . .-. ' ., . .J·. . . ' ;.-:· 

. ,· : . ' 

. . : \ 
. .. '· . _. .. 

Toronto · Llmestone ·.-feathers · out , and · the 

-~ 
I 'Leavenworth Limestone Member 

Lithology · 

•, . 

; .. : ' .. ·~ 
... ; : 

I ' 

: '.· ,- · :. ·: ·· _: ·· . . :. . The ~eavenworth L.imest:~ne . ranges from l to 2 feet in thickt\es:> ._· ; · : _:. ·:. ~- . ·, . 

. •.· : /, ,;:;-<.',~ ./·;/:,;. -·.·_<· ·-·:-:..-> .. 
·.- , .· .. · ·: .. .'··_.:··:·:',·,·arid ' i s· pre·sent· along ·the· outcrop of the Oread Formatlon throughou~ ... 

. . . 
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.17 . 
·., 

: .'· . '!' 

·~ _: ·:.: / .. . 
,• .l• 

• ,I ,,•~ •' • •) • • 

· :· .· .< <_ · .. ,:-: Kansas. 
·:.-.·; • ¥:. ··: 

- . 

,. . •' . 

The · limest.one commonly is a singi'e bed but locally 'in De>ni"'. , · . 
. .. -··; .. 

'. ·phan County· _o.ccurs as two beds of. limestone separate~ 'by a thin shal~: · .. : .. · ::>··-::°_: 
f·. . .'·. ·._ \ . . .,-

' . . . . . -... .. . . .. 

·, :.The Leavenworth is vertically jointed, extremely dense and breaks 
·I 

conchoidal fracture. It is fine grained, dark blue-gray in· 

; 

. · _., color and wea't:hers to light yellow-gray. 
. . .cJ-

The ·princip~_ weather'ing 

~eature is the rounding .of sharp corners into· subangular blocks. 
r;) 

, .. ·~ . ; . 

... 

, . . .. . 

--- parallel to the bedding plane commonly ~-- · . 
• <. .. 

. . · 
. ·: :\·. :pyrite~ ·_Pyrit•e crystals .. are finely •disseminated throughout the Leaven- ' 

. -:, .· . . 

. . . ·.-,·~1' f \-~> . ·i' . 
: . .. \. , 

_., .,., .. . · ... ',J:; . 1 ·, 

: .. :_'..·,:: :.· .. worth over much of ~e ou_~cro~ area. { _: i: .. . 't. : .. 

·' 
., 

, .. ... ·chemical Characteristics 
· .. · .. . .. ' .. ' .. . 

t • • · :·; •\' ,· 
·· ·, , .. . } ... 

.-1 • • • • • ' • 

. . •.··· 

.' ·.\ .• 
The. results of the cheqlical analysis· showed . that· samples taken · . ; :. ,: . 

,· '. ·- :, . .. .J.J - ---t--~) '; : ,, 
. : -- ~ ~. µ-r."'"' µy-,fav..( ~- . . ·> . ~:.:: ··:·.' . . . . 

! ··.:~<.'.- from 
..• , .... 

the northern 1/4 of the -'stat_e have_ a hi_gher_ :si~ic~ .(Si02) · conte_\} <\: )(:··._ .. : 
. .. _, . . I.$ . . . . .. .. l : 

:.···\:~h~n · the ·samples collected· from the southe.rn .3/4 of the state.· The · -< .-<<.- ·_. , ___ -. > 
·,,. , ,) . ; ·· ... ': . J-6•·.·1' • • • • • J 

< ':: /::' Sectio~ '~f . the' ·ou tcroi, ·area ·~here the Leavenworth . Llmestorle COl)tai ns . :.;: : '·: / ::,.,; 
./ 

.. . 

·.-·a g~eater amount ·of silica extends from :location 1 in Doniphan County 

. ' ,. 
to location 11·· in Jefferson County.-

. ' . ·-. . 

This area is bounded ·on the north 
. . : . .. .. . • · . 

• I _. • o· • ; • 

_·: ·<:·:.-: ::.::by.·th~---~isso~~i:·.Ri.ver <a'nd the south' by the'·Kansa·s ·R,iver • . :.' The ,,.·.' \::' ;_. _: 
: • •~, :.:,·• ,,·:, ... ,,,' •' :, : a:; • •• • ' ... •,:, ~-: • _.: •' , I '. • ••, • f • ~• • : ·:,• • • • .., ¥ •, ,: •. : • '• '? • 

,·, '· • . . -~ . . . · 
. " . . · .. ' , . . ' ' : ., , 
. ·• · . .. . ' 

. , . ·:. ,· 



• , ' ... • .. ' 

" .. .. 
' ' ' ' . ... .... , .,. ..... *" '111 "' ••~· •• :.., ., . : •• ' . ......... ..... . ., ..... ; • •.. '. . . ... _,.1,-•,,. ,•; 

average·. silica content of samples taken from eleven locations 'i.n this 

area is 7. 37 percent with a low of S. 57 percent at ~location 3 in 

. ' . . . . 

-... : 

-: .' ··. _:· <-ooni_phan County to a high of ll. 74 percent at location 5 in Atchison 
' , 

.. ' t 

County (Table 2). In the area which extends fro~ location 12 in 
I 

.Douglas Cou.nty., to location 32 in ChllutauqUa County, the. average ailic;.· ·· .\ 

· ·.;. : ·_-_ · ·. •. ·: . -; , :•content of samp~es taken from 22 locations is 3~ 1~ percent. 
, ,· 

.. ··. \ ":. , . \ 
' ' :. "~ : •· ·•· ., \· ".-. 
. ) , . \ This 

'• : 
• I 

:- aver~ge i'ncludes a hi_gh of · ·s.s2 percent ·and a low of 1.80 percent. 
·-: 

' . . 
The 'lack of · a corre·spondingly high alumina (A1

2
o3) value · in · 

' .. ~· 
'! . . ' -. ''• t • 

·. ·• :: .. ·- · ·. ·., · ' relation to the higher sili'ca value for the samples from the northern , ·.\- .· .• -... ·:: 
-. ;. ... ·-- .. : .. ;'/- ' . ., / . 

. ·. ·.. - LJ ~~ 
. · -:·.< part of . state · (Table 2) 1-S:::-a-goo~ion 'that only part of 

- . ·{ 

minerals. ·. Figure II shows, ; .r~ L ,j_J;-f .. ... , .:•. ..' :· .. 
,..,/~. ·. '•··•,:-. . . . ' ... 

{orm, the comparison: between the . calculated clay content : .· .. · ; .. ' ... , i:..:. i' 
•• =! ·. : ••• _·/.· 

.. .' ', ,' ·. ' : ' 

.. ·:·.-L:._- :>·/: -.;>~;d· th~ exces.s . silica pre~ent in some other form. rt'· must . be remembered_:_ <:"-_ .. \~::·.· 
• •~ ' : I • , 

.. ,•,.-~/: .. _· ,'.'':· .' that the -values representing the amount of clay in _this ·p~rti~ular.' :-',~ __ .·· ... :: /'/:\-. 

· \ ·· \::_'."}.} j:(H mesto~~ are ~pirical' and were' c±::ted for , purposes of c~parison; ·• :' \ : ' .·· ; . ;:, •., ... .. ·-,.(• . 'i '; ' . . ; _ _. .·.<.: . . 
••. ~--- \~ . _·:.-,::···;: .. .:·.;:-, The .' excess ·_Si'O'~. in' the Leavenworth Limestone: is .. ~r~sent ,'in a finely ·-:::,·~:·,:_··< 

... . ..... . " '• ' . ··, . "),_ 
,. ;:. ) .'··dissemi riate_d" fo~ in the insoluble residues run on·the samples of this"· 

. . .. 
.. ' •. 

• • :' t • • : • • . • . . • . 

. · · . . : ,- . '. limestone • . ;No .' visible chert nodul~s were found in .the Leavenworth as . · ·' .' 
,-', . . . . 

···.· 
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.. • . : . . . 

·.' . . 

. I . . 
-r~~ .~ther minerals present in the Leavenworth Limestone which 

··. ,. 

. ' . ... . ·, ; 

.. :_.;" ·. ·:\\ 
. ', 

~i.v..• --._-· \ 
dire~~ ~ontrast. the Leavenworth Limestone ·_- . . _.·. · · \ : . 

. > \:. 
· J;r -:· .. 

whj .c~ rangjii from 0.06 · _· •·· 

1.00 per.cen:t, .. . The average sulfide sulfur content of 33 samples 
. , 

. ·. i < .o-:-.:·t :'.'.i.° . ~nalyz~d :is . 0.2~ ~ercent.- The suif ide sulfur present in the Leaven• . " ,' ... ,.' ·. . : . ' 
. . . . 

'., •.· ·: ·' ..... :: __ :;_<i·>_·;.:·. ·.-. _·. . • .. • . ' 
. · .. ;\··_·. :··.:_\.·.- _··:,.,worth was .: found ·~o be in the form of . pyrite · (FeS2). Figure III i;_fJ a 

·\:' . .. --"' '. /J .:.... . ' ,/ .,,,.,.~ - . 

~:-.: .·.,;"'.° _·•_~:,_•,-< ~ ... :_ \ i,. '.·ir°~-the Values ~£-·pyrite as calculated from ·-the· ·amoUifts-of · sulf1d~ . .. . . . . ' . ·, . . . . 
I • . • • ' '. ' • • '; :., • '.:: •' • • • • . ' • • • 

•,. ! .. . ~;p . ~ .: 
". __ :. ::::·7:··;:, -.:··.·./>:·? ... :.•:•:present in _· the :s~pl~s analyzed. The majo~ peak, ·1ocations 2 ·to 25 . iac-}H'des ·.---< .. 
. ·< ::_'·.:;· :, ,.· ,.·:::_('\ _.'. ,', ' . : . . '' _. , ' . " ' .J · . .. . 

· .. ":: i·_\. -:,::• :j~_-the· Word.en fault z~ne in southern Douglas and ~orthern Franklin count_ies; · .;/ -· 

.·· • :_. : )1f'o•con'.'~r (196Q) d~t~s the first movement of the Worden fault as post-.,) ' <;i , .· 
. .. . ·. ,_:~<-:::'To;ci~to ::pre-Lea-~e~orth.··· -In southern Douglas: county some galena . and : ·. . ., : , ._·: _.: 

:',:/'·,·\_\· . ' / : ' 

.• ·. -:.,,,: ' ' ' ' . ' ' .' '\ : ,· . ' ' ·, 
·· ·:/::,·sphalertte are .found locally in .the lower shales of the 0read Formation .: _,-'1, ... · .- :; 

.?· · ·:_:.\ .. · ... , 
·, ·and ' is a .possible indication .of some sulfide mineralization .associated 
. . . · ... 

· · .. with the .'faul_t. · The s~l:fide minerals i~ the Leavenworth Limestone in .•. 

' '; · .. : ... 
; ( ,:: : . ,;', .:·:th'e ~rea ' of .. locations 

-----·-· ·_· .. _--·~_,_· ·_·._\:_}:'{I:/·:/·:\{i\' .. .. 
.. -.· . . · , ·,,' , : · • · ....... , 

15 we-r-e partially acco·unted £or ·if it :.is :-, : . : . ·.;·{ :- · 

. .~ ' . .. : . . ·.·• 

, : . , _:•. . : I . . . . . -.: . . "· ... : : .. •. 
,,. ··.• ., . ,. ,,. •·.: ·. ·.• .. ~-----------------......:. __ __, 
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" . ! . . 
. ... , .. • , .: I .; .r • 

! • : • ... 

,, 

• ' ·.·.
1 

• .': · • assumed that sulfurous gases of solutions were released from the faul;,· 

J~-
,; 

/ · ·.·._thereby -causing the iron in solution. to be· reduced and precipitated 
.. - -----··-··· 

- ·as p~rite. Gh~ samples of. Leavenworth from the ·n:~~ern one-half of . . 

:" . . the _outcrop. area were found to contain relatively l~rge percentages of 
. . . ' 

"',• 

near the Worden fault · shows up in the , .. .. 

., 
,. 

as a distinct peak on the sid·e of the ·. 

•' ·.· 
• 1 • :·. , \ • 

~• ' r .. ' ·. The fine grained; pyritic,. Leavenworth Limestone· exhibit-s very ' 

• •• • :~ • • l • •• • :uni form lit~ology in the, outcrops examined and was probably deposited from · _; _'. \· 

.. '. 
than the other limestones of the Oread ' .·:. 

. . 

. ·. · Formation. 
• • ' I ! • 

: ·1 - y 
... . . . . 

·· · /·' a large percentage of. carbon . and carbonaceous material in the "lower fissle · 

. 0 

'the H~er· ~Shale, which over1'#- ~he Leavenwo~th·, contains 

• .. - . . -.; ::r .... -.. ·. . ·-· . . . ~ i ·:)-':i;t; /7/[)D 1.;-<FD > .. . . •.• •·,' • ,, 

:· .-:: _\ _~·- .:. :_ ._·· :.-~ ... ·. ·::_:. P·ar~_ of. the •shale and1,pd-ica'tes that the' relatively quiet water· and . 
,. . ,. . ; ' . . .. ·. . .. : . : 

. • . . '. 

• • ·• • , • • • : . • • , I 'I" 

. ·:····reducing co.nditions continued after the deposition of lime.stone 

->fY': 
: .. ·:·7 ·. ·: : • 

.. . .. ·. · 

'· 

Evidence collected during this 'i·nvestigatio_n . indicates ·. : . :•. :_";_. ·.·. :_ . . .. 
• • • .> :. • • • • • • • • .. .. 1 • •• •• . ' . . . : : . : 

·:· :. -· "\. :·: ·_. , · . terminated. 
I 

' • ' ·.: ..• : . . ., ," ·..J .. ;•. , 

.><. ··:: .-· t~at. ·the. 
0

depo ~i-tion· of° : th~ L~avenworth Lime·s·t~'ne •'·and lower' Heebner .-;\ 

'1·· ·'.' 
1 .Shale represent the ~eepest water environment of .deposition in .the 

.~. ·: · . . ; Oread megacycle·. 
" -. , • ~: I \ : • ' ' •' / , .' •, '. • :. • • ' ~ < f > • • • I • ; • • ' • 

___ .. _-. -'-'-. _--_=" __ :_·-~· ..... •··__;./i>'.:Yi/:::c;:::;:~_:tI..:.:: ... ·••·•::::: .. :. :;c ·.· .... . :·.•• . ·:: _: .· ·•··· 

\ .·' 
. . · .. . . . ·. . ... 

Ir , • 

: . 

. .. . .. 
. . . 
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' . 
Heebner Shale ' 

The Ueebner Shale Member is present throughout· the entire out• 

'·.· .. 

1 ', ., . 

. : ,., 

.·,. _, ... 

··-·•--· !"' •• 
' ; ,, 

.crop :area of the Oread Limestone in Kansas. The, shale · ra'riges~ln 

thickness from ·2 to 8.6 feet and consists of four beds. Named in 

. >--- ____ _':Q'~_C•~ --- ~ ~ ..J- . 
' . .-1,...-.."J"\ ,,.....-¼...O'-"'""~ --

' :ascending orders they are as follow1r:7 (l) One-half to 3 inches of 
:· . ,. 

. ' . .. _ ..... _., · .. · · . . 

.. . . . ·7_· .·.: 
.. . ·; 

. 
I. 

. . . . 
.. : ... ·:., .. :: ·: yellow calcareous clay . shale that is in contact with the underlying ·_ ... . . ~. . . ; ., . . . 

, .. · .. . ·. : ·:.·Leavenworth Limestone; (2) One to 4 feet of dark mahogany brown to 
·. , :~ :: . •'. . . 

, ! . . . 
. ·, ·black f _issile · shale containing some phosphate nodules; (3) One. to · 

. .... ,··: 
•• I ,: •. . . ...... . 

6 feet of relatively unfossiliferous y·ellow . and gray clay shale that; 
, · . . :· ' : . . . .... 

• . I , .- . . 
• \ '· • • _' I : ,' 

. f. ·-.i.: .. : _: <~---' 
· : '._.i,-.; loc~ily shows t'.Udimenta:r.y· · bedding; (4) A· yellow nodular cal'careous 

• _', I ' -: -'. .... · . :::· ;i~: :·_ . 
·· · · .. '. •···: ··.· .. ··contact zone at the top ·averaging a few tnches 

: I · . . 

. • ·. : ._::.: ·< . ; · (The thicknesses o·f the vari_ous components 
···· .. _·lJ"'_ .·. ·: . : . . (-vv~--~l1j.., . , 

. . . . . a~nesra~ .In · the . north the black fissile zon.e averages . 41. 77 . 
' • \ . ? . . 

. . .percent of the total ~hicknes~,~0~ ~ 34.98~, '. . . 

.. ;•s~:c1
{~

1
;0·percentE~ a~~~ ·~ 
' . . . 1·. 

~~=>Y<tlngl.y. The C~ntact z~

1

at the to~ •and ~)t/O<n of .... • 

' the Heebne'r ma'intain the same relative thickness. ty'{/0 ' 
·- l .. 

.. I 

... ' .... .. 
,·: ~· .. 

. · .. ' . 

. , 
·' 

. ' 

. : ·.··· . · .. 

'· .. 

. . . 

. , • •. 
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Plattsmouth Limestone :Member 
i, , . .. . 

• . Lithology 

' ' . . . k c~ .,,..~..,t~ ~-•-:. ... ; , _· - - ---
the 0read Limestone Formation withirr-t-he- bouridari"e-S-Citthe state " · . ' ; __ . 

. ,. :_ ... . 

' :-~·: ·:: .. ~'.-~ :;.'~·· ';n<t.._gen~r-a-1:l~:e-kes-t:::llmestone- memoet=of::::the-forn -~ 
.. . · ··' .. 

. . .. '. : . .. , ' ·. Measured thicknesses range .from 0.5 feet to 20 feet·. The individual 
.. 
' ' 

.. ··::· : ··. · strata pf_ the limestone are irregular in thickness and wavy-bedded, · · •.•' 
: ' ' ' . 

of thin (4 to 8 inch) undulating ·beds separated by 

. ·-;, : .• \ ' , ' :: :.'t:hin shale. partings • 
.. .. ·~ ·, , ::., \\:: , '." .·: ' ' ' 

~ -YL,{) . / _l · . 
Tnese shale partings locally t~cken to several 

>?· :_··:.<" : :,:·>>.·:. ? ·:, inches·. .A·t locations 22 · through 24 ·the Plattsmouth Li 
0 _r (, . 

. ... ' ,:. :: -<<:·· ·. ', ... a 'nodular ·: C~
0

l
0

careous shale zol~ne or' .:tw~ .thin limestone 
•." : ' '•.. . . ,,:- : 

. • : · -~':: ::: ~· _: : .. ' .. ~j <· :·<:.· .. : 
·.--.... ?, :·· ·. :' .. . ' :•·: :.. . . . ; . ' . . . • . 
· . : .. , ·. , · ·:· · ; • :•·· The . ·top · of t,he member 

. • • : • • , . ·, ,'l ,' . . . , : , • 

tone occurs·as 
. : ,, 

strata. 

in extreme so.uthern Kansas ·and the base· of the ... 

. . . . .. 

, . 
. ,• 

. ·· ·• . !;· 

. ... 
• •• · · : t" ,· 

' ' ' ' 

. . ·.: . 
.,_· . .,. .. : 

! · : .... •• ::•. { •• 

'. \ •. ·, ,: ; ·., {: ;; member ii\ t~e ~or,therti one-half of the state Is a ma~S!ve bOd of_ i:ime< ·. •::::: i, '. ' 
.;,•" :< · .. ;:- . . /:)', '·\ ·.· ' '' ,. 

, · , · ,'·;• :···:·:·:: .. · : -stone., ·rn· nortlie.rn K~nsas dark wavy' ba~ds· ~£ shal~ or carbonaceous· .. ·. ,. · .. ·<· ..... :: 
.~ . \ ·. -~- ' . . . •'• . ·. , 

· ... · . ,._ :.~ -· ···: and weatherit'.lg ch~racteristics of the outcrops in ·the central and southern 

. ;l • : .. . :. 
·• .. · ,. ,• . 



•·· ·.· -: , .' parts of ·1:he state show a softer more ea~ily eroded limestone. 

.~ ·, 

:,;- . ·:,,.;·: :Limoni te staini.~g ·a part o-f-t-he weather-i-a-g is COtm\On . in: these 

s · 
· 'planes and are ·.complet_ely <f\1rrounded· by the· limestone and carbonate 

. ,.·" .:: 
, , 

,'M • 

·. •:. · · ·· ·.:· material. Fossils are'abundant. Fusulinids, brachiop.ods, crinoid 

• 
. ,, 
•' . . . . , . 

. : .··: .-.. . · 
• , . 

. ) 

·•. ·:' 

,'/·.', ate bryozoa are found at many ~ut~rops. (over the entire 8rea the . ·. 7: .. ... ·: 
.- · · '. _.: \ ,: :: ·':" ··Plal:tsmo~th shows loc&Uzed zones which are extremely foss!iiferousj l:l . --~ :,.· .. .· ·. : . : : · .. : .. . . . . 

••· : ·.' . :~. 3• . ~-· : _ ...... '• ', :·' . 
.,_. .. ~-... -:•-,. . 

.. •.~ \ .··. -:>·.::._-::_·>:_ ~ne: ver_y:. fos~-il~_ferou~ .. are~ extends from location 22 thrpugh 24. In . .._. .,. : . . · /.'. 

":· . ;-:·., -:~":,>·.\ .. .'· :: " ·. ///l.,b . .. . .. ·.···. ;'1 
/ ,_:::: ·this area -the Pla'ttsmouth is ·present as a nodular cai'careous shale ,.zoni: 

. t • • '•' . 
-·: .. .- .. 

· <>:<_'/ and :· the outcrops ·examined contained large numbers of -bra.chiopods, 

>_,,_\ :.-/ b'ryo'zoa• . cri~oid columnals arid shell fragments. In .. Elk and Chautauqua _-
• I • ,' o • f 

·1 

1 : 

-· , : 

·.-' · Counti'es the Plattsmou.th Limestone contains a profusion of horn coral.a • 

.. 
·. • .-: . · Of special interest ·are the dark wavy bedding planes of shale 

0.' . . . ' 
.
1
. and · carbonac'eous ·mat.erial within . the Plattsmouth which, upon weathering, 

,:, : -" 1 ' ·:' . ,, · 

.· ' ., 

' • • I .. . · .' . 



• · ' , • f 

i . , . 
. , •: : , • . 

are. the parting planes • . A high carbonaceous_ content of the thin· 

; . · .. . · : ·. -:- : - ·shale beddi.ng planes is usually found in the· ·northern part of the 
. ,, . .. \\ ·. ::ft;;·/ f: 1.,::_ou~crop · a;ea but also found locally well into the central. part ·of .- . • . ; · . . 

· ' ; the outcrop·area. They give·way to yellow and gray shale partings 
. .. 

,· \ : . 

. . · , :· . ... _.; · 1~ central ·and southern Kansas. . . . . . . . 

' ' • 
.../ , . • 

Chemical Characteristics 

• I:' .. • •~ ' • ' . 

t"• •• . ' ; .. · . ' ·. · .... ... ,: ·:;· ...... .. - w~ 
.-. ·· · ·_ r Piat.tsmouth Limestone !b arbitrarily divided into four distinct areas 

_Based on purity or the percentage of calcium carbonate the 

• 
• ' I 

from north to south across the state. (Table ·3 and Fig. IV). In 

calculated : •{t 
•-· .. ·c~lcium· i:orbona te is 80, 80 percent and the average magnesiu1D carbona";,e . :

0

, ~ · • ·- , :· . 

'DI 

._.. ·. ·: .· the northernmost area from location l through ll the av~rage 

At locations 21 through 24 'the Plattsmouth 

' .. . .. . .. ·. ·.r:.: ··. . .. ' 
· . , · · :· · . . · ., . .' ., . . : •its greatest · chemical and li tho logic · change within · the state. 

:\·· . ..· :: ... ,' ~}- . : :_: . ~-: . . ( : . . . . . . . ' 

:· ..... 

: , · )( limesto~e . ~t ·iocadon -21 ·1s '12 feet thick and at locat·ion 22 and 23 it ;.-.-· . .- _. ··· 
. ·••, 

.', • , 

is a 6._'inch calcareous fossiliferous zone. At location· 24 . the thick• .. ·· ' 

..... ness is two fe~t • . The pe:::centage of calcium and magnesium carbonate 
, •,. 

, , 

.. :· '._at thes~ · locations ·i s, ·in -·ge~eral, · le_ss than that fou!,'\d ~t other 

. .. .. · 
••• !-



I 
• ! 

.. .. ·,·, . ' 

., . 



25 ·· 

•. ' 
I •• 

r·. 

~,hoc~ti6ns in the state. The ·average calculated calcium carbonate ls 

·1· 'i\ . 
. 

1 
/ : . i :·· 80,:25 . perf ent and the '.average magnesium carbonate is 2 .61 percent. · In 
r . . . 

\l~• i 'Jjr, 'the southernmost area, -loca t!on 25 through · 32; the Plattsmouth gradually 

. . 1/' V. -. . . . . ·· f \- . . _· 
·.- .. ··:•. :i i\~.· ._··_:· thickens to ·a maximum of 20 feet at location 31. ·The calcium carbonate 
·.· .. ··, ..... : . . . . '' . '1 •• 

·.\ 
. '..;.. • , 

• ~. t • 

, ·· shows a ~arked increase to ~n average ·of .93.63 percent, .and the magnesium . 
. . . : . ~. •. 

Wilson (1957) states that reefs and lagoons were·present in 

. !U-fita,4-e~~ 01 . . 
:. :-~·-•-: --:. sou.the~stern Kansas during early Shawnee · deposition. The general 

1 -: ... .. · . ' · .. :.· V'-

.· ;·._ ·.·: thickening of the Plattsmouth in the area of · location 26 through · 
. . ., . 

:· •. 

31 along with .the increase in the calcium carbonate content . and the · ,; •. 

·abundance of' horn corals indicates possible reef structure in the .· .. · ? ·.· • • I 
• .. : b -. 

.. , "-·: . area. · Cooley (1952) states that there is abundant evidence of a· 
• ! ':. ., ... · 

• ' .__ I • 
• • • • • ••••• • 1,. • ~· 

. .. . ·" ·._ 

.· _:;:_ :,>_:_: ) Coun~y) _- He also suggests a lagoon· southeast of Elgin.- (southern · .. . .. ---
/ .. , _:· .; 

·_.> ,: . • .... : :i Chautauqua County)• · 

. : _:· / i;_ ::·-'. ,:·:> :--.:-:~ . ., .. 
o I ! •,,... • 

, 

Heumad_er -·sl\ai·~·- Member 
·•, 1 

. '. 
·-:··_" :_:·,: · .' . _.- In northern Kansas the Heumader Shale Member is very thin(' 

. .. .. . 

,. .. fl,. •' . 

··' . ::., .. .,. 

,. ·': .· 

.. :_· ·, · · : i:. r@n: .t he. ~issouri river bluff i n Doniphan County it is about 2 feet 

,· . ·: 



. ( 

26 

•; 

: : ·:• whe,:-e it is 41 feet thick and var'ies from yellow to dark gray. 

. . 

. . , .. . . .. :. ··: .. · : " Bedding· is indistinct over most of the area. However, ' locally some ·. . . ·' .. . . . . . . . ri.;: : •.: ·: -' - · o · ·. ·· . .. ··· . 

l • 

. . . . . 

'• • I 

: with the Plattsmou'th. 

In ·south-central Kansas the Heumader thickens to a maximum of ... 
l . 

feet.· Southward . from northeastern Elk County the overlyingKere.;. 

~-: V • • -'"- ford Limestone Member is missing and the Heumader could not be 
., 

•• · .. . . ' : . • I 

di•fferentiated from the Kanwaka Shale-. 

Ke~eford Limestone Member • · .. '.• .. .. . 

... ,. . 'Lithology 
I, . 

The thickness of the 'Kereford· Limestone Member ranges from 

. : , .. .'· ·: 1.5 feet in Atchison County to 25.2 feet .in !)sa~e County. 
. ' . ..:: ·~- ' . . . ' 

The . 

'. . · .. ·Ker:eford.\imestone discontinuous c~~along the outer.op 
\ .. 

.. ..•, ·· .. 
· in Kansas . and _undergoes a .series of facies changes .which makes. it· 

t he most variable of the limestones of the Oread Limestone Formation.· .. : . .- ·:·. 
_..· . . 

. ,. • , 
_;. , ·:· . 

·1:~-\1or'thern Kansas the Kereford · is a . ~ingle massive· dark '·b_lue/ .. . ·· .• ;· .. . · .:· ·,:-·.··/ 

. · gray -fos s Uif_erous llmestone. located only a few. feet above the Platts• 

. r-v,1,'·/ . ·. . . . . : 
Southward ~cn:he- Kansas_r.iver - (~ocatiot\ 11) it mol.lth I;imestone. , , .. . 

. . .. 

, • l " 

., . ,. ,' • • - t . · , 
. ,· · . .. ' • .. .. -; . . ' ' . :. ~ .. . 

,• • : •• ) ·, • , ./ , I ~-__:_ _ _________ """"""=========:1 



·. •. 

~ -
. · • .. •: :-. •.- ,. · ... · separates. into several beds. and 1--i-gh•t-ens · t~ li_ght gray. 

•.•. ·. . ' . 
From 

' . .. 
··., : ; · << ·: \ ::-.<;.·. ~oca~-i~n ·12 through 14 t he · Kereford very shaley '{{n~ ,le~ · · 

•1 :, • ',•, I ••• .- : •• • ' ? 

27 
: ' • . . 

.·, .. 
.. ,· 

···.· ., 

· .. ,:· ," ·. . ·:· ,.yl\ s," ... . ' ' . .. , . 
_. ; __ · :,-. · .: ~ d~;ate.d weathers ·to a~· :almost unrecognizable nodular calcareous . · ::· 

J 

; 
' \ 

. ' '·' ·... . ·... So-,.' . 
shale·. · This a1r_e:a extends into 'Franklin County where the 'Kereford·· 

-: .· .. : . 

. '(,,.,,.. . .. .... (.r' .. 

· •· is present· ·as-.a .. }-, 

rP 
single bed at location 15. 

1'. -------·· 

.. .. :• • . . A few miiJs south of location 15 the ''Waverlyi Flags" .,., 
i:. 

tne s~proximate · stratigraphic horizQ.n.,_.a> relatively 
J. -----•-- I 

thick -~,..,.---;:;- . . . . 

.· ·. ·". ·· ··.·; -:./ .. :·'stone unit. 8' to 25 feet thick, .'composed of thin evenly bedded ver1. 
, I_,,.,.,,,___.--•...-:-~ 

· .. 

·:/ -~·::.:· .. ;.-: _i:: fine grained limestone and· lime cemen~ed 
r •·. 

siltstone. Sand lenses 
. ~- . .. /~(I .":-~-;·, . 

· ... -·. :_·:_: ·:· .·' / · .'. /.; ·are . found ·10:cally 
• t · : • • : f: ·-~ ·. / . . . . . . . . . ' . 

• .A 
at the top and bottom of the KEreford and thiri san? ·· 

., ' · . 

. ·, 

, · ....... ... :,:··>, lenses ·are ·often· found interbedded with ·limestone. Most beds range ...... ~·~... . ' ... : . . _: .. - ' . 
· : .: :' . . : ... ', ':_,;· ... '. t:'.,....,,.;Q ·_. . ·< .·.·.· .. .. _- '.. ··::_. :2 to s •: inches'in thickness and are Ught_gray ' to -blue gray, weathed-ng-

.• .. · ·>, . .- · to a yeliow· tan. ·.· ....... . The .. "Waverly Flag" . facies of the Kereford extends · 
. .· .··. . •' _, . . ', 

,.._ .. 
. -~ . \ '. ; . . 

· · -about 24 miles·: along the outcrop and grades into a dark blue gray . ; . · . 
i ,:,. / .. <, .. :-.~.-.·.<_. <·: - . . . :::-· . . 

.. t . : ... ..... 

. _, -~,..: .:'.·, thin ·b'edded -limestone at location 19 where the total thickness is 
• 4 • • 

' 

, . .. . 

The Kereford maintains 
L. ,,. .. ~~,C:(.<.o-~· _i~ 

·, ! • ... 

this' thickne·SS · .. .. 1'' · . · · :_ · .... -·, . ··. , . • 
• • • • .. : : ; I I' . • • 7 •: •t- .... • • , ~ .: 

·· ... . . . 
. . 

.- for about 40 miles to the 
•('V' .. 

south 'ki.--t-h the exception ·of 
. " . 

. .. 
a' sma 11 area · 

at· locat ion 21 where it thins to a nodular shaley zone. Within the 

! . . ,,,. 

: , • 

area 'from location 20 to 24 the ~ereford is a light gray coarselr 
.. 
•. 

·f '.'·•< : ; .• . : ·. ------=-• ........ ·' ...... ·: .: . crystall ine wavy bedded limestone similar in appearances· to the · .-... : .' ·;. 



' ' / , . ',\ 

.· ._ ... : ,.,. 
' , 

.- -·~-·· ~- ·---:- ••" ' _, 

. · · normal 1·nho£acies exhibited by the Plattsmouth Limestone in the · 

• • •• 'A iO ,. , 
'• . . . 

· •. ·.·" _".! ,,.,.-._A:}"J.--" {. · 
area between the Neosho -and ' • : ·C ·-: north. ,:.,This fa'cies extends s:>ver the 

'; .··.,:._:· .. ··:''. ;_/;: .,_.·,: ::·: ·1 
_- . ·.,.-:::-: .. :.:\\(:'}''_:."·_verdigris Rivers the full thickness of the Plattsmouth is 

•" • ~. 
. :-·. n~t pres ent.- The Kereford and Plattsmouth are separated by. 40 to 

. · ... . . \ 
., ·: · ,_·· .. 70 feet ·of Heumader Shale in this area. In the area of location - · 

.. ·\' . : .· .... ' 
• ' I ; ~1 • • -~ . • ' ,: ' • • •: .. , • • • 

·:. ·· .- , \ · ···20 . t hru 24 the Kereford is very fossiliferous containing large 
• • • ' I: • I l : : I ; ' • • 

I ' ' ' ,I 
' ., 

I • '; _ ? ·.:. ... ::- ~-' ..... . productid brachiopods ' in the upper strata 
C>-' ~rr...v-~A..;e•·~-i d(J 

and profuse fusilinids 

. in the lower· ·strata. Locally a sandstone · is present at the base., . 
1 

:·· A' 
• , • • , 

1 
, • • ,· . ~ij_n places ~he top 

' 'U~' 
beds, are deeply eroded and filled with ·a 

•,', ' ·, '.,· _:._5:_·:_: 
' ·· ,· .·. :. .·, ·. _sandstone.., indicating exposure and . erosion after deposition. It 

. :· :- . ' ' . . . 

.. ·.-· .. . 

. , 
• •• ,I ' ·• , . . ' . 

. , .. 
. •'. '. 

is possibly a northern extension of the erosional cycle that re-

the .upper .0read and implaced the Elgin Sandstone in southern 

Kansas; . Southward ·into Elk County the Kereford thins and becomes· 

·.-J\ari. fauna1 ··~assen{bia:ge. In central Elk County • the ·Kereford Limestone 

J 
. ··_,-disappears as a -definite stratigraphic ·member of the · 0re~d Formation. ,_ · .. 

, ·.· . ·., Stcaily in southern Elk County and Chautauqu~• County one or more 

. '_ ·. : .. · ·c: J · : \hi~- f~ssi li f erous limes tone strata are found above the Plattsmouth • 

-:: '.: : ,; · _,_; k M_embOr .~ ut below .the overlying Elgin Sandstone. . - , .. . . , 
. i • ;'':. ' : . . •, ' • t.' • . : ' ,:. •, '. • . ' . ' .. . . :· : .• .. .. , l • 

• ; ' ,, ! 

I .: • 

. . ·. 

1. •• 

. . . ;. 

I 
. , ·. 

· ' . 
, •' .. · 

'·. : ,- . 
; ... . 

.. ; . •', . 
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Chemical Characteristics-

I' The calculated calcium carbonate of the Kereford Limestone •·,i '• . 
' ... ' • 

. (Table 4) ranges from 90.86 to 38.35 percent. The amount of 
• 

calcium carbonate decreases - generally to the south -as .the Ker~ford ····, .. · 
. ': . 

• . .r; thins and becomes more arenaceous. The areas containing the•hig:h- . . . 
. ... ... · . . 

. , . .. ," . 

. · .'· · : . est ·percentages of calcium carbonate (Fig.· V) are from location 

thr9ugh location 9 and location 13 through 19. In the southern · · i' 

. , , . I {),Jv~~.,._,,3,2~~- : 
0 

outcrop sfhe _perce_nt of ca.lcium carbonate i~ 

~-1--
deposi ted with the . limestone. Silica in' .the· 
' ' ' f\., ' ' ',' ·;.;,.-:'. , 

. ~--~~-·--:--- ---- . :->l . . j_,,A r /1 ,.- . . < , 
:·, .. 

percent of 'the memb~ at ···· 

' i 
' ' 

.,-:. iocations 22 th'rough 2_4 (Fig. VI). 
,'; • . ' 

Clay (Fig. VII) occurs in appre- : · .' 

ciable amounts in the area between locatipn 9 :and 15 .and between · 
' ' ' 

·. ·' ) 
' . : . . . . , .. 

21 .and 24. 

' .. 
The amount of .potassium oxide and . sodium oxide . in the' Kere-

· ... 
: ·. ' 

::, . •· . . . 
·. ,, : ., 

. .... • .... !• 
'I,; • • • • ··•- .. : ... 

: :-· · 

·~ : _ ';if::: , ;for~ Limestone is relatively constant;~wever an Increase in 

:• ·. · - · · -~ ·.· ... : .. : the ·amount of both o~ides · f~o~ locati-ons 11 through 14 and . loca- .. . .. · ,. 
• ,.-· ' .. J .... . : • • ' :: ( ,·: : • • • • • ' • • • • ' ' ' 

' ' ::\ ' 0-- ~ 0M, ( .. 4i,,.-u£;.:f.,(.,~ ~C..~4,(,e; ' : ' ,' ' - ·. 
: ·.: ·· tions 19 . thr~ugh The-a.r.ea.L.wh~r.e- ther-e-fs-an- incr-eas.e.:...in...t:he. ·_ · . 

' ' 

~yr' ~J ' ~ ., . ' 
-tJrY potassium and sodium oxide~ c.on:es.p.o.nds to the....a~a:s-wheu clay is · · · . . 

'' ' ~ -

m~u~-t\ in _the ~ereford. ·.The· greatE:r rati'o of . potassi~ 

• •• f ; .. ' . _· : .. 
. . ~· . : .' 

" : .... 

. '. ' .. 
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calcu.lated clay in this area suggests the possibility of .. 

JJ . ·.0P1r,~\ -%r½~ :-.: 
:-dep_os·i tiori of potassium-substituted clays. ~--:-- ,...~-~\{-\. 

/ -K_ • (l () ;vf', -l.! •, 
Elgin Sandstone 

··The Elgin ·sandstone member of the Kanwaka Shale named J ' 

·. from outcrops in the vicinity of El gin in Chautauqua County, Kansas 

. · •is a sequence of undifferentiated massive crossbedded, and thin sand ·. 

·layers separated by shales of ·varying thickness. The Elgin Sand• 

. . -• 
· . .. stone is 'present · in the Heumader-Kanwaka Shale in extreme. southern 

.·: · _Kansa~ and feathers out to the north. The exact extent .of the 

. .. 
• . 

. , . . 

. . . ' . ' . •. ,• 

· Elgin was not determined but persistent lenses may extend into 

. . • 

.. . .(centr.al Kansas. · In Elk County and part of ·chautauqua County the 

-· . ··\'. :; ,-;: . .. ;·-- ·\ ' . 

. _Elgi_n ·was deposited over an erosional surface that -Sc_ut the Pi~tts- . · · .. _· : . 

0

.mouth Ll~e•t.one MembOrB---i---~ 
' ·,· . •., 

· •Discussion and Comparison of Results 
, . . • 

·. · ·' I n ri.orth.~rn .Kansas the shales of the Oread Limestone formation·'<-·;·.-_. 

... ·. :'.: ·are· fine 1 grained _and of relatively uniform thickness indicating · a 

· /~di s tant ·source~ ~ edlments. (Plate 1) The ~ni form! ty o~ the Oread 

· i ri t his area indicates a relatively quiet envi ronment and non-erner- · 

gence dur ing : t:h_e · Oread megacycle~ 
. ·. ·. ··.·_· .'· · . . · : .. ·. t\.tt.rh . 
• ·.. . .•. . . ;j..J ' • .. 

______ ._: _ . .... .,_. tka_ \~ast chans e _ from one '1ocatiori 

'lJle· 1 imes tones . in .this area show · 

to another than ~Y ~~her 

l . . 

--........ ~~- - - ~----=~--......., 
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' . .. • . 

.... " . 
area along the outcrop. Low relative purity indicates slow but contin• 

. .- . · '. :_.· ·· l:? ·_·.-- . ~~us d·eposi ti<;>n of fine elastics during the cycles of limesto·ne depo- . • 
·.· o_. ·: 

: ·· 

; ' 

.: :· ·' .. ::. · . si tion • . . Th.is area also is the primary area of chert deposition in 

· the ·Plattsmouth Limestone • . Lane (1957) and Hattin (1957) postula te 

.the deposition of chert in deeper water facies in other limestones 

in, Kansas. ·The Leavenworth L_imestone also shows an excess e>f silica · · 
' . . •., 

this area. · 

' '• , .· 
The many facies changes · of the upper and lower members indicat_e . . · 

by shallow water. Both .the Toronto and the Kereford seem to attain · 

·. a similar . facie~, . corresponding to the middle members at some point , • 

.:'._· along the ·outcrop. · Yet each retains at least one li thofacies 

·.·. :· : exclusive of the other. The Toronto exhibits the high iron 

. . 
'.· . . massive facies possibly supporting the theory of transgressing 

. ,· .. 

p 
·6 

. () 
0 

. :_; 

. ·· .. l . 
' . : ·'· ., 

·' 
• • I 

' • .; 

' 

·. ,:.. .• \ ·. :, :. : · · -~eas . leaching .iron from the ferruginous · terrestriai shale immediately·-· ·· · · 
' . . . 

_ . .. A 

. .. - •,.:. ,. , ' ·_: .. •.:, below · it • . Thi~ can also be seen in the Clay Creek~lmest~e of the Kari ·.:• --· · . ... .. . · ·j· q .:·_·": ·« ::? w~ka Sh .. le whic~ : lso rests· on a terresttiai ,:~•le. · The Kereford . 

,. •. i1mestone ' s . exclusive facies is a fine grained lithographic limestone as . 

·.·:_• shown by ·Waverly flags ·and s andstone . lenses adjacent or incorporated ... 

into the limestone stra ta • .. . : ... ···: r . ,··. 
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· The uniform character of the Leavenworth Limestone indicates 

: deposition under reduc_ing_ conditions tin deeper water. The high 

· ·content -of carbona ceous matter in the lower Heebner Shale also 

supports this postulation.. Deposition of the Leavenworth probably o·ccurred 
.. .. 

- in two periods with an increased deposition ·of fine elastics between 
" ~----'-,--·-------------------·---~--- ( 

- . ' , , ---------:---- · - . Z) 

.. _. :_ ·? :_ ', ·. per.iods. · Dixon _(1960) ·points out this zone and designates it as 
. ,·· ,. - I . ·. 

· :. · .':·, ,·his •middle Leavenworth. This zone is very pronounced "in weathered 
I , 

.I 
! . , .. . 

·, · i outcrops~ being more easily removed than the upper and lower portions 
•· ... . 

the lime·stone resulting in a weathering not~h. If- deeper water · 

· is• involve~ _the Leavenworth and Heebner probably mark the greatest 

., . ·-"_ · ·· transgression of the ·sea during Oread time. This is. further supported 
. ,. j;' w10f . 

. .· .('fl"~.,,.. 
by) ev_ide~ce of onlap in the_ south~ The enormous · amount of carbonaceous 

·· ;-. _.-. ;: . ··.' mat;~_rial in the Heebner can hardly' be satisfied ~ither in quantity 

.. ' .. ... or .distribution by ·the inundation ·of _marginal shelf areas. Rath·er 

· the unundation of . adjacent ·coal bas.ins might more nearly explain the . . . 

\ , 

' ' 

) ' • ' -
' . 

l,i . . ' : ' 
v · -

. -1 
:·· •:. amount 'but not ·the extremely fine parti~le size. Hornbaker (personal ·· ·· · · 

·. communic~tion) . states ·.· that the Heebner Shale is greatly deficlent 

in spores. compared to the carbonaceous matter of coals. ·. This would 

,' ' f , 



. ' .. . 

,: ·. < ·_·,:::····:·.:: _'i ndic·ate deposi ti~n a greaidistance· from land, 
". .· ::> >· .. ::·~: . . . ,•. . . . 

., 
' . .t, . ,• · 
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,, 

and· wou_ld favor the · 

. . ' ... . '• pla~ts .and bacteria. The change of conditions -beginning in middle 

... . . ' 

' . .... 

·,.: . ·:· 
··· .. · . 

. . .. · . ::.:;, 

Heebner time reflects a resurgance of shellfish and other animal life 

I-

producing the cyc l e of lime deposition which resulted in the Pla ttsmouth . 

bedded characteristics of the Plattsm9uth Limestone 
. . .. . . .. . ,: ', . . y 0'- · indica~es· increased wave action, periodicy ·of lime and elastic depo~ 

.. si tion, aceent':1ating .the beginning ·of the regressive cycle of the me~a-
.. . . · .... 

' . . . . .. 
, .. • ,. 

. ' .. · . . 
' . , . ' 

Comparison- of graphs of some .compounds for all four limestones 
·, . 

... .. . 

. · ·show repetition of peaks and depressions. These similarities probably 

· indicate the effect of the contour of the bottom on environment of · 

·· .. deposition '. and consequently on the chemical constituents. From· this 

.. 

' . . . 

0
, . . , . · .. ..:. . .. . . 
•" ·•,·· . . 

<· ::· infotilati~n. similarities in chemical ·variation between superpo.sed : lime- . : . · :· . . . : : 
. ' . . . .· . ··.· . . • ,: . 

. ·. ·. ·,- ;•-·.-~tones~ ··sup·port.ecf by litholgoy, should allow the prediction of · the 
.' ... ···: ·.. . ' . ' ,' ~J · . ·. 

1 ·:. ·~< .(ifl :· ·; 
. ti .. . contQur of . the ··floor of the epicontinental sea. Dissimilari tfes point 

out ch.anges due to environment of deposition such as the dE:posi tion. · 

' . ' 

-. . · of varying thicknesses of · shale interposed between the limestones, . . · · 
,l • -

: .. "· · . .,. _ .. :: an.cl the varying· depth of water du~ing ·transgressive and· regressive . ·-:: : . ', ... ,\:. . . . . . . ' . . . . 
. . .. ·. 
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" 

· ·cycles • . Varying the depth of water effects a lateral sh ift in facies .. 
I 

·a-s the faunal belts · and H thologies migrate· in relation to depth of 

·water, and the new shore line. 

; Assumi_ng reasonably contemporaneous deposition of limestone at : · . .. · . . 

. ·· ·.· all points along the outcrop with resp.ect to time, the impu·rities 

~ ··. , . . · · ?:: ···incorporated in the limesto.ne can be taken as the amount of · elastics • 
.·• '. o.·.-

deposited duriO,:g the periods of formation and li thification of the 
. -_~;_r.:: . •. . /~i' . . ' ,' ., .. 

. ··:•.~ \: . ..... :_·.:j'·_ ::<, 1'imestone. Increased size of elastics is in~erpreted : as the ~pproach 
• • - • I 

\ : ... ::) ::· ,·:--. 

• ,: ... · ,._ · .. ,< · to a positive. area·." At'eas of increased amounts of fine elastic~ are · .. ·. 

' ,, ..- · ;· . . < ? ·,:. ·< :·· ·o 
· · .•. · · ·. construed. to be l. A distant source of sediments, 2. a- depression 

: . ' .'- ... · . . ·. ' • 

I •.: •: ••• •, ) :,•• :': • • • 

" .,; ··. · . . , of t he ·sea floor with quiet water conditions · allowing the settling ·of 
. ,7:, . .. · - ' 

• • ' - j .' .. ... · ... 

_ _:: .: ···:·/ ·f:ine elastics; or J. · the quiet conditions as - in #2 behind a reef or 

.. ; ,: . . ·. : , ' • 

· ,. - . . irregularity on the . sea floor. Iri contrast, areas of high purity 
. ' ' • 1· . 

• 1 •• 

._ ·) limestone are_. int~rpreteci as shallow areas of wav~ and current · action . :-'· 
. :·. :;- . .. 

·: keep_ing fine elastics. in suspe·nsion • 

. , 
. • f • 

. , • ; I 
_;, •• •• ' .. 1, ~ 

. · ·: The· postulated contour of ·the bottom implies a general shallowing ·· 
, ' . . 

of water ·from north to south. 

' 

Two major breaks occur in this shallowing. 

' " . . 

' . \ . . 
. \ . 

.' t 

.... 
' ' 

. . ,, . . 

\.., 
\ 

The area in southern .Douglas and northern Franklin County appears 
I . ,. : : .~.:r · 

. : ·. . . ,-!11'-v.> . , . . . , 'Jf -~ .·· 
·. :·· anomalous. An east-west fault zone crosses this · area (O'Con~or, 1960)° • 

. . 
. . . 
. _: 

. ' 



··, 

. .. :,. In addition sig[\ificant chemical changes in element concentrations and 

: -- .: ·_;".: l : ··\,;.purity_ are noted. in graphs of the area~ The secc>nd break. of this 
, .... =·: . . • . 

occur·s in. the Coffey, Woodson, Greenwood sec tor where al though 

' fault zone -is proven, chemical change.and the extreme variation in . 
. n . ,-- 7; -:h .. 

ofa- ·. , r""' 
. .-:;.,.~)-r; 9 .,.~_,,,/ . 

J\) . 
lithology indicate the possibility of a fault. 

· The Worden fault can be dated both geologically and chemically as 

. ! the · continued escape of sulfurous ·gasses or solution during Leavenworth 

·,/ . .-· · . :·deposition. ·· The .Worden fautt was, therefore, most active during 
I • • • • • • • 

' . . . 
: ' .. ~- . 

'The contour of the sea floor along the outcrop appears ··to be 
., 

··/.- :·;? -~ _- a tangential· cross section of 'a shelf area with -land to the south 
.... 

,._., .··. :>:.·-_::.-·:·<._j .:: . . . . . ·. l ·-.;. _ 
Graphs of chemical constituents and lithology of the sedi- ·. ; ·:: -: .:·:- · 

. . . 
, :_-· .. 111~nts indicate ·:a number of environmen_tal changes along the outcrop. 
: 'i:_ .,, : • 

;• .. , ·.- The Ozark area was active during Pennsylvanian time a'r\d the chemical :· . 
. .._ 

tauqua arches and . Forest City basin although~deeply 

_:': changes·, in. the·. limestone·· s~'em to indi"cate that the 
·. . ' . . -J . 1 

; 

.. . · ;· 
Bourbon and Coau- .. · · 

.. . ·." _' ··'·.:_.y i_ :·._.· 
buried _~ still Y : .. .. ·.-

. a ~
1

f .ect~he contollr of the sea bottom during Oread time. · ... . 

. Tne adjacent shales above and below the Oread contain persis-

tent thin lirne ·'~nits ·1~ ·northern Kansas but ·these · feather out to the 
. ,. , .. 
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·. ·:. ·south indicating deeper water in the northern outcrop area. The Cfay · 
j. ·. 

' .<· Creek Lime.stone in the Kanwaka Shale extends well info Greenwood County · 
, .. ' ·' 

· ·before los i ng its identjty. The .Amazonia Limestone oin t he Lawrence 

·shale is w·en developed in norther·n Kansas but feathers out t<f the 

,• ' .. . 
· .. :· · · . · : : . · sou~h. · 1'.he deepest water in the area probably occurred in the northern 
. . ·· . ., . ' 

•• l • • • . , 
'!. ... - ·J -·~ . 

~~-c,,..., .. <.,~,r,.Q,.,R-' . 

a persistent body of water ~-ceu:r,;r-ed throughout 
. . .· wJLY' 

. :· · .. ·: · 1/4 of the· out'crop where 
. ·.· : s-. 

Oread time ancl was present at least periodically ·during deposition· 

. . 
·. ·of the Lawrence and Kanwaka Shales. . . . 

The shale. uni ts above and below the. Oread contain the Tonganoxie_ . 
., 

Ireland c.hannel sandstones in north. central K~~sas, ,Ji9 /d(a~sive s~n:d_ >., .. ·.· · :_ · 
. . I . . . . 

. '. 
· · ·, ' ·.: stones ate present in the Lawrence Soale in souther.n Kansas.- These 

···\ sout;hern sandstones persist into the SnyderviHe Member of the lower · · 

. , • , 

· · •_- ;•,:_•.::• ·. O~ead·. and e~tend ;ell into central Kansas. This probably repres_ents· 

. :'-- shore and delta development of a persistant rfver. : Some w~ndering· 

· · .. · · of the river mouth and distributaries could easily be respons~ble · 

· .... 
C)b . . 1 u . 

·· for a ia;rge· part ·of their serial extent. The sand lenses wer~ 
\ . . .. 

" ··I. 

'' . . .. 

' : · .- : probably depos-i 'ted by_ longshore currents r~Qfki ng beach · and delta 

... ' · deposits. The two area s of sand depos i tion mentionnd above are 

_probable indi c t ors-of the pr i mary sources :of. elastic material dur_i~g 

• !· - •• ... ·- ·. · 
. '.· . .. r' . . · ·. ,. : .. · Oread time. : . _. 
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;, . . 

: '"· ·,. 

·,• . 

• :. , .•• . .. 

1- . 

,. 
t,· . 

The 'chemical and g'eological • results indicate the following: 

·· . · : .' .. ~--.. ' · (1) · the l*teral variation of purity of the limestone is :very great 
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·., . ' ~nd in the southern 2/3 of the state is relatively ·unpredictable from · ... ·· 
. ·, . . ; .. - , 

. . . . ' . 
· . · .: lo~ation· to ·,location. (2) Paralleli.sms appear in -the graphs of chemi_cal · : / -· 

.constituents of superimposed limes tones deposited under d i f f er~nt '· ;l.-:<.,,-4~ 
. environments· which probably indicate con.tour of the bottom. (3) · The 

.;.· .. 
• '.t . 

increase of coa~se elastics to the south. is interpf°¢ted as an approach : · 
' •. -:~:. ,. 

-~f-~ / 
, •' .: , I 

' i~ 
:_ . 

. . . .,: 

.:-··•to a positive.-tir~a. The same is true in the north central outcrop 
. . -~~: ':f 

-: ' •f-:' 
., . . ' . . . /~ ;. . '·, ·:.. .; 

. ·. • .- area · during · r~·gressive stages. 
: ' . . -·~ .:,.· . 

(4) Fades changes a-re grada tional: 
. I. 

· .... : '." but * cont'.nUous along the outcrop. 

1·: Similar · facfes appear· in three of the four 

(} .. . lJ_µ 
.,.y,/'I" 

('{· .-
limestone$( indicating 

' . 
.. : . .. a simi :Lari ty o~ envi'ronmental conditions at the time of deposition. : 

··. \ ·._. ... Wavy· bed4,ed limestone~ characteristic of the Plattsmouth o_ver most of• 

the outcrop area, is present . ' . 
locally in both j the Toronto and Kerefofd 

ws:- ''\ 
. ('_;;l)f/. ()l , ' . . ' --

:·. · . .. members, indicating the same . . . . ', . relative depth of water a~d other ·condi-
. •, 

. ,. tions ofi deposition. _Also · the Toronto, Plattsmouth, and Kera.ford show . · . 
... · , 

calcareous. shale. fa·cies i n termittently a-long tthe outcrop ·which , are . 
------ ---· 

.indicative o.f either the contour of° the sea · floor or selective implace-

ment . of elastics ·or both. Bl ack shale partings in the . Plattsmouth ·Lime~ 

stone are taken as an indicat ion of greater _depth as are the are·as of 
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> . 

greater · thicknesses of interposed shale in the central pa_rt of ·the . stat~. 
i . 

CONCLUSIONS 

Comparison. and contrast of dissimilar units can point out and 
. . . . : 

.-. · 'I 

delineate ·some ~imilari ties and differences hut comparison with other . . 
• •1. 

similar stra.ta in other unstudied ·formations are necessary for .any' · • ,• •I: • 

, I att.empted correlation. of similar units occurring in consecutive _mega-

.· : cyclo.thems. However, it is possibie to make some. valid conclusions . · . 

. . 
. : .:. _.: ,conc~rning the Oread Limestones using the chemical and geologic 

··informat i on obtained in this study. . . 
' 

. •. ' . . The Oread Limestone formation in eastern Kansas was deposited in · 

·.: ·· . a shallow marine basin, restricted in part by the Nemaha Riclge on .the 
.. -- .. - --·--·· --- ··· 

; '; 

•, .. , .·: ... ,: west, and by the Ozark Dome on the southeast and · east during all but . 

the maximum periods c,f transgression. The outcrop area in north and 

·. · ·nor.theas·t Kansas .lies · i n a r ·emnant of the Forrest City Basin. On 

: ·. the south a shore area of reefs and 

··· .. ;_/ :=.·time ·is ,reported by. Tanner (1956). 
. •• • .. . • .j . 

lagoons 
ry ·: · 

f, 

during ·mid_dl~ Oreaci 

_The upper~ and lower Oread Limestones studied along the outcrop 

· · .underwent many li t hofaci e s changes and from chemical ·and lithological 

evidence wer e deposited over an irregular sea floor, . ranging from 

.. •:- .,· ... ,i·, · .. . . . .. .- ' . . : ,· _, · • .. :: . . • . : .. . ,;. ,• 
.· ., ••i l 

· .. · 

~~~~-:·_:,._ < <:·:\.-/ :r r~lative ' deep·s··:to _ e~cirs,en~~r _eas o~~ {~~t~ :~Q'~~ l~dd. ' The 
----~-'------~------' 



limestones of· middle O:read in general are quite uniform over mos·t 
: , . . . 

'. of the outcrop area and the lack of . li thofacies change is · probably • : . ' 

. . 
, the· result of deposition from d~eper water. 

The limestones of ·the middle Oread vary _least, the lower. and 
·.·0 ... 

1) 

. . , 
· · super limestones of ·the megacyclothem show the greatest variation. · 
• I•._ ' 

The Toronto Limestone locally in southern Kansas exhib its. a li-tho-

_; ,· ... , facies similar . to the J;.eavenworth; Iri. central Kansas in the area 

·.·;of the type· section of the Toronto in Woodson County, the bedding, color, .,.., 

. .. ' .. ,· 
. ! . • 

.· ,. . . 
·and general -appearance of the Toronto is similar to that of the Platts-

-mouth Limestone at ·most locations investigated. The Leavenworth does 

. . fl.£irJr 
not unde~go a major lithofacies change at any point~on t~e o.utcrop • 

.. , ·: .·-The Plattsmoutn varies primarily in degr·ee of. indurat.ion, weathering · . · · 
··; . 

· charact.eristics, the presence of chert, and the color of the shale · · 

· • .. partings. The Kereford .is discontinuous and · more variable· than any· 

', -:' o·f the other limestones. It r esembl~s the Leavenworth and Plattsmouth· . 
. -~ ' 

· .·· .< Limestone ·in ·-specific ar·eas with the addition of the unique poss"ibly 
' ' • I :":• I . .. . .. ~. 

' ·-~ .. •. · ,;· 
·:.·" / .· ·lagoonal facies exemplified by the Waverly Flags. 

,. A posit_ive area existed to the· south or southeast of ·the present 
. i 

t • • l , 

· \Oread· outcrop.during Orea' d~position and many minor transgressive and 
• • • •• r • . ,·. 

. . 

. • .. · 

.. 

. ! 
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regressiye ·fluctuations are ·in evidence in southern Kansas in the Snyder• . 
• : 1 

ville and Heumader Shales. In southern Ka·nsas deposition took place 

ii{ relatively_ shallow seas and ·a shallow shelf area may h~ve extended . . , 
,: t 

' ··into the, central part o~ the present outcrop area· in Kansas. 

r:• T I 
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