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agr v of theilimestones’of the Shawnee Group. The four limestones of the formationé;b<ﬁj .
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The Oread Formation,:the basal formation of the Shawnee Group, was

chosen for the first report of a series of four studies on the geochemistry -

- were sampled elong the strike of the outcrop from the Missouri River to the =

Kansas-Oklahoma line. One hundred twenty chemical analyses were madeAand ' i
~thirtthwo composite sections were measured and'described.

Q ¢,-/ Results of the study indicate that limestone at ‘the northern end of the

A;y”’outcrop area was deposited in deeper water. A shelf area was present in the

:north central area and a general shallowing toward a land sMPrce is exhibited = L

. Apte abpiatal g U
Caiaciiat the southern end of the outcrop area during Toronto and Kereford deposition. Utk
P N Y it ; "n—t-l{{ﬁ
 The maximum transgression of the sea is represented by the Leavenworth depo-" . R-er

sition a@d the Plattsmouth shows evidence of reef" structure at the southern
; end of the outcrop area.”v“ s . ,~h e 1t = fhii._ g ;i
Tne tables of chemical analysis, graphs of Various constituents and com-v.’
p051te meesured sections are'shown.‘ The data obtained from the study and the
.'availahle;geologic information were used'to postulate a possible‘configuration
of the sea bottom as well as conditions of environment during the deposition 4 }:”

“of the Oread. Formation. ..¢;;fu:‘; s pj"": .-}74ff*":,
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5}.;Viggilien Pennsylvanian Age, was chosen as the first unit of a detailed '
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A Introduction
: i :
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The Qfead Limestone, basal formation of the Shawnee Gropp, Upper

: study of the geochemistry of the limestones in the Shinae Group. The
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- __pg:pose of this stady was threefold (l) Two of the. Oread Limestones-

ﬁ/"ﬁ?

*iiations of limestone purity, variations which eﬁ/repeated in similar ovar- ﬁ

f'compositionjalong7the outcrop are of interest in a study of lateral vari-

"lying formationsrcould be pertinent to the cyclic sedimentation theory; :‘""f' \fj

(Plattsmouth and Toronto) are of sufficient thickness throughout most g

e et W‘““‘“‘

};gof the’ outcrop area to’ be utilized economically, (2) Changes of chemical
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v .(3) Geochemical results furnish information on conditions of environment

‘fnof deoosition witnfnﬁthe Kansas part of the midcontinent'area dnring '~,_'-;4t

-

~ of their analyses are reproduced in this report.’

4VPennsylVanien;time,"Nolprevious report deals exclhsively with the geo- '

T DA

?chemical asPects of the Oread Limestone ?(t some analyses’ of the Oread e Tl

62/1.6

stkwere included in the general study of the limestone formations‘of the =

e ."'Jﬁ}, : :, i o o hae : ijbyb
' ' eastern one~-third of Kansas by Runnels and Schleicher (l956)>_ASeVeral




' : : This report i&—the—presentat&en-o£ the results of a systematic : G
~.;4' iif.ﬂﬁgi field inves 1gationr\sample collectiogﬁand chemical analysisvof thqué
f“wj\ limestones of the Oread Formation.ﬂ:ihe use of uniform sampling

ok end.anelyticél methods to obtain information on the chemical constis=
i i.lv‘i"‘ 7 :

" tuents of samples collected at regular intervals along the outcrop

: rtjgiVes continuity to the results and makes it possible to present :
et e L LS &1oouuuq -
.- analytical data in a graphic manner s This paper reports onl%\the

. observed geologic and lithologic variations of the;formation and

the results of the chemical analyses.~ Salient geologic and chemical

e ﬂll el N IR
trends are mentioned brief?y. tah : ARl Snig s s
" A detailed interpretation of the data included in this report

will not be done until similar studies of the other limestone mega- f'j ";

S e \\\chothems of the Shawnee Group have been completed. -Each megacyclo- /ffx

: them;of the Shawnee Group contain# the same general lithologies which‘"

o e - '?;i"-
\___are repeated in the same order. The outcrops of all four limestone A e

Bl ‘ el St el7ﬂ f”!f

ol e .
l megacy/c“lothef“S'extenc:l' over the same approximate area of the state - s

, , : S0 e o X _ . Mo
 with the.present'dey outcrops of each‘succeeding formation off-set :
Sl e

Ay . . .
o hem - : : ¥ oa e

no more'than d few miles to the west of the one preceding. Therefore’

they share_the:same basin of deposition, and the same repetitiye , : L
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////type of cyclic sedimentation. The megacyclothems vary primarily in

X r’\zl

: 4L¢e¢m whato El s ‘
] that they were deposited seriallyhthrough geologic time thereby
j\,-"\o St e e

giving several conétant factors with which to compare a number of

-~ similar but discreet variables.

When the results of the four studies

of similar repetitive lithologies are compared they will provide a

O MWJ ' o

‘more comp ehensive idea of "the: contour of the~sedimen£ing basin and

u4 .the environment of deposition during Pennsylvanian time in the area

; that'is now eastern Kansas.

Methods of Investigation

Samples of each limestone were collecgai fromﬁoutcrop;and~quarry iy
B = g - . e M ""‘ i i, 3 : A
4K<EE,;“g;~;E .

ocations acrosshthe state from Doniphan to Chautauqua C

ey,
rrrrrr s v ‘ ) e Ly —;ountyi ﬁ:' f&ﬁijiij‘

: = v
close: spacing of locations was desired for study of lateral variations

of each limestone memEEEE> Six miles or the approximate width of E
one township was chosen as an arbitrary distance (Plate 2). However,
it was found necessary to vary ‘the spacing from 3 to 12 miles hecaase :
" . <.. s ‘,. . * . - > B An‘d__,,o{.&l,w c

S gf inaccessability of outcrOps as_well-as weathering(égaraetenisﬁins o
. and absence of outcrops. Samp

le locations also deviated from,the.

/,;’,X””’j;;fﬁijj% ' :

pattern to incorporate previously analyzed samples, or samples obtained
from’quarries;.fldeally, a continuous vertical section of the forma-~



: -tion.et eéch,lpcatloniis desirable, but under field conditions it
"' was usually necessary, to group several partial sections frqm'different.

‘ Cz'f-locations in order to obtain a complete seetlon_repreeentatlve of .

. a certain area. = . : : ‘ﬁpfymae;JZ»j
: o P
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e v Anfanalysis$?fAthe total thickness of each limestone-member was -
s “sought. * This was heceésary from the standpoint of economic potentlal.'s i
. and future utilization, because thé thicknesses of the individual iDVL
.! beds within the limestone members are too thin to permit selective: - .
ot e L s : : iy = Guad'S : s e
cio .. . quarrying on a sound economic basis. Eechksample was,taken;ﬁrom a i

.1 fresh surface. Depending on thickness of the unit, samples-ranged;‘Vr
S in‘ﬁeight from 3 to 50 pounds.

._. SR W . iy
-Eachssample was ctushed, reduced by quartering and Splitting,.

JJM o

' eﬂf;'f37f;;§}i]and qﬁa ground to pass ;ﬁ?ﬁag& a 60-mesh screen. Samples were ana-.q

.:ﬁy?ui‘;yzed fOr'SiOZ, Fe203, Al 03, TiOz, KZO Na 0 803, S, 205, ?aotc 5
. MgO and loss on-ignition for CO2 and other volatiles, ac§3¥3¥K§u
;’ﬁ;’. - o & 3 ; e v;
.“T'ftﬁgkthe methods qf Hill aﬂd—uthe‘b (1961). (ggst of the constituents‘:fk ‘

“ are reported as the oxides and the Values tabulated in tables 1-4 /;:::iﬁ?

ere_calculated as ﬁeight’percent:;:x ‘



Ao Pl o hon Due to the presence of pyrite (ferrous—sn%ﬁ&de) in the Leaven-
F"Q/ IC.L.,,

'_worth L1mestone, all of the iron is not reported as ferric oxide ‘e

'+ When the iron in pyrite is reported as ferric oxide the summation

2

it ef the percentages of all components willlbe'low because of the
1‘: molecular weight difference between ferrie oxide and ferrous sulfide.
‘-(Waugh and Hill, 1960). For this reason,'in'the Leavenworth Lime-

—tam e ]

stone all the sulfide is calc@lated as ferrous-sulfide?“ﬁﬁé“remafﬁing .

A : : : ' ' : o e :
i . .iron as ferric oxide, and both values are used in obtaining the L ‘k
.ftbtal.f Acid‘insoluble‘dron_is netrincluded:in the'total:because'fo*,;i"\ae
\ ':T“ithe:ferric‘ox;de and .ferrous sulfide values. include the acid insoigiiﬁf"f"\*.
. ﬁ’uble'iron.. : e
i : <.+ Po gain an overall comparison of the order of magnitude of o
e coa sl ANCEEUe
i | excess .silica ahdicle} present in the limestones in various areas, ;. . iid
: .-‘:.'4'”.' : 5 el : ¢ e ks '0. .. o . o : 5 : A. 5 o . ‘. ‘ -.“"'
' .‘.,“1‘llit.e with the rormgla 2K, 3Mgo (A1,0,, Fez. ‘3)8 24810, 1232 , S
- " (Imbrie end'Poldervaart,-1959) was calculated from the percent -
Sehaiias (£ : ' : i -
oot alumina. Tllite was used for the calculation because most’ of ‘the
’ : . o > 3 : ’ J
g : : £ :
~ shales of the Pennsylvanian System are illitic (Grim, 1963, pp. 356~
f 357) and'ell X-ray diffractograms run on random samples of the shales
5 \ ‘ L S ¢ : . ’ :
= 5 giand clay fractions of the Oread Limestones were illitic. Altﬁough.;;z{}‘l'u

\9} ,L, MJ o



T’i S i'f, small amounts of other clay minerals may be present, their concen= Sl

£%

'tration is too low to alter greatly the calculated‘clay value. Also,
51 not all of the illite present in the limestone has the formula - fii,

= 2K20'3Mg9-(A1203; Fe203)8-248102-12 HZO because of vatious substitutions

0 -

'in exchangeable positions. However, for purposes of comparison, .
all of the alumina was used in calculating illite of the formula

’,f..i:f';;'Shown above. Quahtities of the total amount of silica in limestone ' °

& semples not used in the calculated value of clay were then reported fg

as excess silica. , _ - :
2o ' Qébm~g4~dAm~44;qJC::;5L¢“ o .f”‘,\ -

A plot. oﬁ—%rnear—graphgéof the-pefeent—eonstftuents aeeo;ding 5
~“‘;Ojg:%;:mple'iocations was used as a s;mpleimethod of_eempa;idg the A4ﬁ*2;fflrf*f;

O g : i e oL e
_bﬂ?zlfﬂ- chemical and stratigraphic properties of the—limestones. A.seven-.fe%;,ag§q~u/

i . point moving average was chosen to smooth out minor variations but  °
St ey . : e o e
.4 - retain major trends in the chemical composition. A seven-point '°= .

. moving-average is fqund by averaging a value with three valuesion - . == [’

: ;either side of it, and the process repeated for each succeeding B

e . : : i)

i Qalge.: -( b/Q &v¢”°) ‘.5 :



. Descriptioﬁ of Geology ‘ | : G Logh 'Q;-~J~f~' 

"The Oread Formation, as currently define&:~eeabrises'
" four limestones and three shales (Plate 1). Nafjed #%;m bottom to
-rtop; these dnclude the Toronto Limestone, Snyderville Shale, Leaven=-. . '

S;ést-';;" <worth Limestone, Heebner ‘Shale, Plattsmouth Limestone, Heumader Shale, =

e jj - . and Kerefoxd Limestone. The-formational boundaries are ‘placed at the

ij"f~c0ntacc-of the Toronto Limestone with the underlying Lawrence Shale

w3

Formatioe;for—tﬁE‘tawer‘bonndafy-andfthe contact of the Kereford
: : 'C}JW Bk

”‘"&ELimestone with the overly;ng Kanwaka Shale Formation ﬁor‘the upper

- boundary. The Kerefdfd Limestone is abseﬁt in eextain areas; t Al
L O ke e~ g uaL,JL.f
o snuthern_paztfof_the_state, accordzngly the'éormae4oaal boundary fn gt i

"rf'these areas is the contact of the Plattsmouth Limestone with the 4 "ﬂ
. undifferentiated Heumeder-Kanwaka Shales (Moore, 1935, p. 162).. e
i The Toronto Limestone was recognized and sampled at all locations :

. except in the vieinity of Sedan (location 31) where no limestone

%.jfoutcrop could be found in the stratigraphic position of the Toronto.  };22§:e‘:
: In the area around Sedan, ,the Snyderville Shale assumes(many of the :

;;;;;;:;;;;;;ZEYSE-the Lawrence Shale.[:%eth continuous and discon L.

©. 7 tinuous lenticular, and ‘massive crossbedded sandstones are found in

1




" . massive wavy béddeg;olue‘gray limestone. The Kereford Limestone

e e
o= .jboth Sha;f£;7 Any differentiation other than an-arbitrary.one wowdzd=be . :
. very presumptious. Therefore, in the area of location 31 the Leaven-
: : FoE S : S

’}.worth Limestone is the lowest definitive member of the Oread Formation
"‘and the lower boundafy was plaCed at its base.

Between thé boundaries described above, the thickness of the -
o L s - - e
- Oread Formation varies—widely primaxily because of the variable S 5oe
.+ thicknesses of the shale members. Where all four limestones are

/

"f_preSeEE;the thiokness varies from 44.0 ft. at location 2 in Doniphon;'i i
" County, to 137.5 fte at location 19 near Waverly in Coftey Cqutyﬂ"f:A
t~t(Pléte 1)s In the area of location 19 the Kereford Limestone

. undergoes a radical facies change and is known locally and in the

© older litetatufe as the Waverly Flags or Flagging". In this égéﬂ;j_ 4&”“"'

[ the Kéxéforotis a relatively unfosSiliferouialight'bLue gray‘to‘

“ﬂgftan limoJcemented sand or siltstong& ;K;s grades southward into & wa
kA.
aﬁk -

; ;Cn’~ﬂ¥'4 ; RS g : - , ' :.'h.<
"Vifquiﬁe,uniform f@ thickness as far south as location.9 in Douglas.3 :

N :
'County. South of location 9, the th}ckness becomes moxe variable

s AN

a v‘ / ,bt{[\ ity .dﬁ ‘? [ i
; and ds not 1dent1fied south of Greenwood County (location 25).

T e
A




In the area ffom location 22 in Woodson County t& location 24.in - . - . .

o, i Greenwood County thexodtcfop of the Plattsmouth L;meStone appears to.
e : . . , ' .

N e i : - L“f‘ e
A be an erosional remnant or possible area of non-deposition. <§£)appears

"‘._ : ¥ ¥ : A g 2 ‘ 5 . “h 'Q‘ﬂ:’dfa”d( .

: : e

Bl 37 ’ 3
! as a nodular limy zone with abundant fossils and,jii

thickens to about one foot of bedded limestone. The“Le3venworth'Lime#,;l"
g : PR e e ”“A”“/‘lzké ALk h
., stone pe=34££s~through this area with the same characteristics and

J

. approximate thickness exhibited farther north., The Toronto Limestone -
Nq\th;;;;;;}\i

1v-r'@av7 bedded limestone similar to the Plattsmouth in the north.

creases in the same area and becomes a lighter colored, .

iy

T - In southern Kansas the Toronto Limestone thins by increasing

e L SR e ' = T S
" thickness of shale pdrtinge}and the feathering out of individual lime=~

'ﬁﬁ‘stoﬁe_st:ata'(Plate 1). The last persistent bed was found at

 '7?;1oeatioqj30,‘six miles north of Sedan, and a limy shale zone is

mately the same stratigraphic horizon of the Toronto Limestone.-

i a maroon'to‘red color in the south part of the outcrop area-indieatiﬁg

complate oxidation of the iron present.

7f‘pfesent near Chautauqua in Chautauqua County (location 32) at épprpxi-'”"'““”f
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The Leavenworth Limestone and Heebner Shale persist in southern ,_"

'ﬂ'crop.area.. - :
. The Plattsmouth Limestone 1ocall¥_i;ﬁi:3:;:;ed5kgﬁU a massive
b“fe.ledge neér-Sedan»but gééaﬁﬁp traces of wavy bedding ﬁitbin the .
Ty W ’ : x § % 27 3 - .-. i

_:3unit; Other outcrops reveal definite thin wavy shale.partings and =

‘ the wavy bedded characteristics found in the north.

: ? ‘;__."..:_," ; - = "_,..—w'-““'” WQ/"&M lﬂ? :
f Efd:f_: “Abo he Plattsmouth §puth ‘of Greenwood County~l&as the Elgin

» ufﬁﬁdauvu— o 9’%4f?jff .

‘?-‘Sandstone which was deposited on an eroded Oread surface. It con=-

‘fgéists of undifferentiated‘massive.ledges of sandstone seperated by"

o shale partidgs and sandstone lenses of varying thickness. The Kere=-'

: 7.:£ord is not;idenéifiabie/elthough locally, a thin limestone bed is

. found above. the Plattsmouth and mey represent a remnant of the Kere=. '

. ford. Verville (1958) states that these lenses are Kerefoxd. " In i

"places.the Plattsmodth-Haédbeen deeply eroded and Elgin Sands;eﬁe'deébsiCed;ym'

Sirnd o Sers : el A

Vil z Ay

: indieatihg'poétiflettsmouth'er;postJOreed emergence. o] ,,jf‘: e

a -

= Kanses'and'shoﬁ the same gross properties as in the rest of the outi,*
\ . : : o siig , et
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Tordnto.Limestone Mémbeﬁ .  i

B s s L tholog
- - The thickness of the Toronto Limestone Member fanges from
2 ] 3 i h

0 toli3.6,fégt.. It thickens and thins locally, but there are two
areas (location &4 through 12 and location 20 to 24) of fairly con- .

:; _stant'thiqkness (4 to 7 feet). The thickness of the liméstone
s . : : .

. diminishes to the south until the last recognizable bed of Toronto -

"''is lost near Sedan in Chautauqua County and a thin calcareous Shalé__- i
f replaces'it in the same stratigraphic position.‘
 1n”the northern one-half of the outcrop area the Toronto Lime~ = :

stone normally consists of two massive beds separated by a pefsisten;_ '

2

iy ) : : ,‘f‘f’"‘kh v ;
‘.shale partinge Locally in the gﬁme areas(location 2 and-lzl the

" . ‘Toronto is'répresented by‘an.ex;femely calcareous shale containing . .

" " ‘Hodules of limestone. In the area of location 20 to 24, it ddsumes' =

 —

:'é wavy bedded appearance.  South of locétion 24 -the TOrohto separates .ﬁ,ﬁ‘5f

- into-several thin beds of;ltmgstone;sépafatgd by 6 to' 12 1n¢h sha1§;:}‘i;fHﬁ“ﬂi

: ; : e % ' NTiaE
‘partings and is represented by a calcareous shale at the southern =
o i “ ¥ . 3 : . 2 s X

.end of the outcrop areas'
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The color of the Toronto Limestone is white to light gray (dark .

ffgray’at the'southern end of the outcrop area), and weathers dark

: i

; red brown to yellow brown. The weathered zone is very thick in

_ipiaceé, ranging from 1 to 4 inches in recent expoaures to 12 inches

. or more in older outcrops. The limestone contains small vugs .lined

‘.'.withicalcite crystals and filled with powdery red hematite or limo~

: fnite‘or both. The depth of oxidation -and uniform dispersion of the = .

V i

7v;j'1imonite in the weathered zone may be due to the high porosity of the7

:?Fez933

'{vlimestone'fragments.

‘rochr' Chert is found locally in the'northern part of the outcrop

i il

‘:lvery_elose%y'ﬁatchggg the weathered color of the Toronto Limestone. £ i

””;,Aaa—ik v ‘3"'

“Chemical Characteristics .

‘The reddish-brown color of the'Toronto.Limestone is due'to.the.?'

3 :r(t(yj

'7'high pereentage of iron oxide (Fe203, Table 1). The iron-oxide cone -

1/‘\
tent of the 3'l Samples oﬁ\ oronto analysed ranges from 0.54 to 8. 34

Len
~

percent and averages 3 71 percent. Téére/hre several theories

finely disaemeﬁated tbropggyoqt‘agﬂ-enelpse§/ﬁargeﬁirreguiar;;‘j ;

@¢9AP“{YPA»/, A_ : ‘. . ?.: o ﬁ;?er':;,'f

o . area as far south as Douglas County. The chert is orange in color,zawﬁa~‘-'”:

ri_fe : ,*w~\\\\ &M*WMMT : **fﬁj;
B Thas chertris very impure apdwcontains large quantities of Cacos'and ,,;-””*
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_/ﬂocw?-/ J»«QI’

~‘Eh&eb—cOUid be.-advanced to explain the original source of the iron -

e L\
vﬂ‘ontent~o€ the Toronto Limestone. Howeverv—additional iggormation
e : The Pt 4 e :
: .such .as_| the oxidation state of. .the iron at the time of deposition

7aﬁd\a«morefdétaTIea“pétfogfaphiC“anaIysiS"ofmthewlimestone'is' .

3 .':‘bl". . SE . ° & - : : L-‘o
Ll lneeded-—before these theories can~be-advanced. It does—seem

i .
fpossible;.howeper, that a1585£3£5n of the iron content could be

W der;ved‘ ’i'//.&'p;a;j:f“from the red and green ironstained Lawrence Shale

i

- Formation immediately underlying the Toronto (Goldschmidt, 1954, ' :

P 665).& Where a shale formation containing terrestrial plant remaihstﬁp’
"'was inundated by sea nster and a marine limestone deposited, ‘some

M”é .""'%J'."_.-‘:..""‘ |

- leaching and reprecipxtation of iron minerals is 1ndicated]

- : . ,,L /—-—-uw\_k i
Théfzkftdge phosphate content of all the samples of morongo
. = :

‘o Ligeﬁtgnesanalyzed ié“0.09_pereent. Thefaverage phosphate oontent?:t_gf‘
| for most limestones and carbonate sediments is about 0.04 percent L

Ry e,

" (Rankama and Sahama, 1950, p. 590; Mason, 1958, p. 147). .The

R

AJ.”higher'oVEggég average phosphate content in the Toronto cam be ~ «~ .7 o =

':{ attributed to-an increase in the phosphate content toward the
‘ h‘southern‘edge of the statc. It increases from 0.05 percent at :

. iiocatioﬁlZL‘ih'Greenwooo.Coonty to 0.36% at location 32 in ChaUtauqdqéi;




1%

County (Table l). This increase appears to be of'some.significance

el ,l/'l : st e : ;

¢ ‘_ T because the phosphate c0ntent of the Toronto Limestone in the :
' o | | * -
\\\ jyﬁﬁvﬁ& ;_ northern part of the state as well as for other members of the Oread .f~ o

Limestone is very close to the average quoted by Rankama and Sahama.‘JTV

. The increase Qﬁgjphosphate at the southern end of the outcrop area .'.L‘j\,'.
" is a possible indication of shallow water and even a near shore “',f'rfﬁ*"' \

“'-fl~area:Z;The abundance of shell fragments along with some phosphatic
: }btachiopods; would substantiate the theory of shallower water and/or:

"if;near‘shore'conditions.' While it is true that phosphate can be
";"'1 fi % & S Y z : - Bz '
" formed and deposited in deep water ‘environments, the presence of . e e d
- sand lenses in the adjacent shales, the feathering out 'of the Toronto '

s Limestone, and increased coarse clastics in the .adjacent shales'indicates:z

.+ " that southern Kansas was probably'a shallow area of offshore bars or*'

’

;Q sandy beaches and underwent minor transgressigzvind regressive'£§§h-

a’ IV i “r‘,'..

l ?GEETBEE‘of‘sea—}evei with a resultant shift of shore line between t#z,
o |

WJVr late Douglas and middle Oread deposition. Wilson (1957, Pe 125)

i

";istates that'a shoreline e*isted in this area’from late Lansing to .

* . early Shawnee time.



'i. el Location 12 in Douglas County appears to be la—peint which
Rl , 0 ‘
e v ‘ e

A
separaCeé)the nortﬁyzgz south parts of the outcrop area into differenc

environment oé—deposttfon ' The—table—of-analyses of the varioua

Pt

__ Lt e S
. ﬁj;w‘t i

7

elements shows_the«contrasts of the two areas. Table 1 indicates’

FE g

Lt

- . a larger magnesium oxide Content north oflocation 12. South of

vli}_limestonés of the Oread megacyclothems. Calculation of CaCO3 and
: ;<.MgC030using the method outlined by Galle and Runnels (1960) indi-

"f‘ i;5 cates ‘a higher amount of dolomite present "north of . locacion 12.. Xgréy;'

~

{

2 analysis confirmed the presence of dolomite in the area: In the area

\

‘“ilﬁlf:om'locatioh 12 north to the state lino, the average MgC03.conteﬁc‘:

"AfT i$ 6.03;pér¢eﬁtiwhiie the average MgC03'oohfent;south‘ofiﬁhat7poihg' f'ﬂlﬁoﬂﬁo?

18 '1.34 percents . -

'+ Snyderville Shale Member ™

Z'Mooro,'Frye, and‘Jewétt‘(1944g‘p.o182) describe the Snyder=-

.‘;“ :

.f;j];wVilleisﬁaie.as:"undeiéclay;iike" from tho‘laok of éasily discernié}"

N\ _bedding in outcrops in northern Fanoijé> The shaleiié ‘o precnish-gray
: " \w—_‘”‘_“‘“‘;~~.g,_w”',,_,_o...-—».- ] ! : 5 : B : . 5 X
-A¢1aystoﬁe*oharoctériaed locally by dark diagonal bands in the northern

s

‘that poiht the magnesium oxide content is nearer the average of the other



‘half of the outcrop area. Near the center of the outcrbp'area the *
- : :

Gl

. thickness of the Snydervilleﬁincreases, and the upper part of the

e

¢

; ;liméstone'and sandy limestone in beds generally less than 4 inchés Be

 to 8L;2 fee€ in'the_oﬁtcrops.measure&. North of the Kénsas.Riveff_'\

ﬁﬁd{r _:';ains.lenticulaf, massivé cross-bedded sandstones locally. ~Aé'

the .Snyderville Shale increases in thickness, the red part -also

: : o
increases and becomes more sandy and siltyl, Very fossiliferous

'are present locally. TheiSnyderville ranges in thickness from 5.8

£ - : ; i s
- the member has a relativemconStant thickness of from 11 to 18.9

.~ feets South of the river the same proportional thickness exists

Chsutauqua'County,'whéiFithe Toronto Liméstoneyfeatﬁers;6utfand'thé

'”Snydervilis'Shalg could not be differentiated from the Lawrence .

for about 30 miles. South 65 location 18 in‘southwestsrn‘frahklih"

Couxty sha e-begﬂﬁﬁkﬂux thickens

it-reaches the center of

o

S

16.

(ﬁ}ﬁ?/ﬁ:;ber is fed'to maroon. The basal bart remains gray-green and con~

"' shales Jl}Q;flts . e e A.f‘1;1 i

S U A »
292 St BES U ‘ Leavenworth Limestone Member
A ¢ 4 T . ¢ .

" ““and is present along 'the outcrop of the Oread Formation throughoutnf""'

Lithology :

. : The LeaVenworth Limestone.ranges from 1 to 2 feet in thickness .
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:;eransas. lhe limestone commonly is a single bed but locally in Donle -«

i

533

'f*fphan County occurs as two beds of .1imestone separated ‘by a thin shales .

A

-

»N

iaThe Leavenﬁorth‘ls.vertically jointed, extremely dense and breaks

‘ dlth'a conchoidal fracture. It is fine grained, dark blue=-gray in

“color and weathers.to light yellow-gray. The prlnclpxé‘weathefing

' ﬁeature~is the rounding of sharp corners into'subangular blocks.

v

: .,‘ . 3 . o ¢ % ;
. A weathering notch fig. parallel to the bedding plane commonly

: .\ ) ;!’/—\__/2 : .‘ : : ‘ : b
fAvyji;%.,ﬂcisnevident in weathered exXposures. The Leavenworth Limestone'contains!

: 'f.fpyrite. _Pyrlte crystels.are finely'dlsseminated throughoqt the Leaven=

. ..than the samples cbllected'from the sduthernAB/a of the stete;ﬁ The: 7 i Juyar
b s - 4 s T ; g
 section of . the outcrop area where the Leavenworth Limestone contains ' . /

3 “ Y i : A/’

.+ worth over much of the outcrop area./laﬂt~nﬂf47l

—

fossils/c;nmcnl;7;e;laced by dark calcite and mlcrosccblc crystals of

Frsais T

|

Chemical Characteristics .~ - - ' . "ij..:'¥f

-

The results of the chemlcal analysis showed that samples taken

0 o AT e cotet )

t"'fffrom the northern 1/4 of the state have a higher silica (SiO 1 content ﬂq.'\{f;f

44

a greater amount of silica extends from location 1 in Doniphan County'

to lccatlon‘ll‘in Jefferson County. This area is bounded ‘on the north . -

i ';ﬁbyfthe"MlSSou?ijR?Ver”and on the south by the<K8nsaS'R}Ye?yﬁ:The.vffil:“if-f



: 1?'ithat the;values representing the amount of clay'ln_this'particular'71

s

'average'silica content of samples taken érom elevenAlocations in this
A érea'ke‘7.35 percent with a low of 557 cercent at location 3 ln
v':Don;phan County to a high of 11.74 percent at location 5 in Atchison'
it County‘(Table 2). ln thevarea which extends ffom locatlon 12 in ? Py
'_Douglaa County;tollocation 32 in Chautauqoa County,:the_averaée aillca : \

: fcontent of samples taken from 22 locations is 3519lpercent; This &
. average includes a high of 5.52 percent and a low of 1.80 percent. L2

Tnejlack of a correspondlngly high alumina-(Alzos) value in

;;t‘“relation'to the higher silica value for the samples from the northern
‘y:part of the'state (Table 2) &s—a—good_indjcation'that only part of

the silica p&ésgnt is incorporated in clay minerals._ Figure II shows, e

D e

in a graphic form, the comparison between the calculated clay content e

- " and the;excess.silica present in»somelother,form. It' must be remembered

o :

: 5]1;!lime$tonegar§ empirical’ and were‘c?alc“late‘,ibf“’r purposes“of'comoarison;';

L B g
: e e ; o A
The ‘excess 8102 in the Leavenworth Limestone is present in a finely ;

b L
~

‘- .-disseminated form in the insoluble residues run on the samples of this
'f‘limestone;.ﬂNo,vlsible chert nodules were found in the Leavenworth as

S X FAYR : o Sb% s 7 :
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.

e
S .;: };;ryf.. o

. were ' found ‘in the'Plattsmouth and Toronto members.

Iﬁe other minerals present in the Leavenworth Limestone which -
: ‘7 g : ; : ! i SERe

o ‘appear to have significance are the sulfidéﬁﬁiﬁerats. As can be

.

.. seen in the tables of-analysis, the other three limestones of the

7 ,Oread-Formatiou;SthCé?lfide'sulfur (S) to—be present in only trace -

- .worth was-found'to'ce iu the form of pyrite (FeSz).' Figure lII gs—a—.

‘-\—"—;‘r ¢

"zg//’riO'Connef (1960) dates the first moveﬁent of the Worden fault as pos£, 1fflﬂ}..

and is a:possible indication.of some sulfide mineralizatiou associated .

.grﬁﬁﬁ?cf the Values of pyrite as calculated from. the amounts of sulfide

..present in the samples analyzed.. The major peak locations 2 to %3 innlndes :

!

. amounts or not at alE) xBy—direct—eeatxast the Leavenworth Limestone .
: 13%£2> ’ % CA?‘G/v&‘A~’r :

T : J&/ 2
: }:shows sulfide sultur(preseht in amounts which-range £rom 0. 06'pe¥eent

‘.;analyzed is 0.26 percent. The sulfide sulfur present‘in the Leavenh

oY PNy

L4

‘ffvij?&'the Wctden fault zone in southern Douglas and northern Franklin couﬁties(i':

‘ﬂ-TorOntg,bre-LeeVenworth; In southern Douglas county some galena and

\

| sphalerite are found locally in the lower shales of the Oread Formation
> ‘(7' | ‘

i

- with the fault. The sulfide minerals in the Leavenworth Limestone in

PN

to l 00 percent, The average sulfide sulfur content of 33 samples Z 3{,

e F ]

ﬂ‘ﬁ’Sftﬁe‘aiea;offlocetibns 14 and 15 vere partially accounted qu‘if'itfisj.~‘ e



ag

.': assumed that sulfurous gases of solutions were released from the fault,

P

-0 be reduced and precipitated :

' thereby causing thefirgn in solution.t

D

‘-ias pyrite.zz;hé samples of Leavenworth from the norﬁhern one-half of
the outcrop area were found to contain relAtively large percentages of
XV . sulfide (Table II)s The area near the Worden fault shows up in the

.,09@,\;- o grapﬁ of the pyrite (Fig III) as a distinct péak on the side of the °
'E_ ,f“Vmajbr-péak. ;
o S o

e :://.'”.The fine grained, pyritic, Leavenworth Limestone exhibits a very

4

deeper less agitated water than the.other limestones of the Oread

P . e

Formation. The Heebﬁerﬂéhale, which overL&#‘-the Leavenworth, contains

'~ a large percentage of carbon and carbonaceous material in the lower fissle ~
Sl '  aniagts : : ;/ﬁyoi’zya.l :

"«?.éjﬁart of the-shale and'ipddékies that tﬁe'relativély quiet water and :

'”reduging conditions cqntinued after the deposition of iimeétoﬁé ;7;;7;2} f;
o S \ L < ’ .'.

" terminated. Evidence collected during this'ihvescigation_indicates'f_fﬂﬂi"

st
St

"" that the deposition of the Leavenworth Limestone and lower Heebner ' -
3 . i > . “ Z . k

S

[,Shale répreéent the deepest water environment of.deposition in the .

f 1Qtead‘megacyc1eQ

kit SoNert

uniform lithology in the.dhtcrops examined and was probably deposited from: !



RIS IR N

. crop.area of the Oread Limestone in Kansas. The shale ranges in

 thickness from:Z to 8.6 feet and consists oE four beds. Named in

f'contact zone at the top averaging a few inches in thickness.

Sl

Heebner Shale'

' The Heebner Shale Member is present throughout the entire out=

AAhrar. ot '
L
At = sxsi

ascending orders they are as follows.*(l) One-half to 3 inches of
"'lyellow celcarecus claylshale that is'in contact with the.underlying‘i

>f.>Leavenworth Limestone; (2) One to 4 feet of dark mahogany brown to

;fbiackvfissiie shale containing some phosphate nodules; (3) One to-

6 feet of.relstiﬁely unfossiliferous yellow and gray clsy.shale‘thet"]

~316c411y shows'rudimentefyn”bedding; (4) A'yellow nodular calcareous. ”

: (p»
AL
{ The thicknesses of the various components thicken-—and—thin
( g W.Mci)u ;

-—'\

vacrossffﬁe‘stste}) In the north the black fissile zone averages 41, 77

-

perCent Gh.southern Kansas\while\the_upper‘tan to_gray"sha1e~thickens ‘a44,J

\\____..4_._._.“ e

-:andfthins—accdrdingly. The contact zones at the top and bottom of

X

/)/uo//

tne Heebner maintain the same relative thickness.

Jieo

. o percent of the total thickness, 46.77 percent éEi:f:e_ceiggf:pnd 34.98 -
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She Plattsmouth Limestone Member f' S o j.g;h:
L A " . Lithology ) 9 ”r”’/D .

| m‘ﬂ/ ' Pl
The Plattsmouth Limestone Member is‘a persistent member of o e

: .the Oread Limestone Formation within~the~boendaries*ef‘”he state o
B gn@ﬂwcusMEmﬂhﬁmgﬁf

'fMeasured'thicknesses range from 0.5 feet to 20 feet. The individual .’

'le,;strata pf the limestone are irregular)in thiekness and wavy-bedded,'

"‘ﬁi'ineheSu At locations 22 through 24 the Plattsmouth Li

?f‘-composed mostly of thin (4 to 8 inch) undulating beds separated by

‘ s : Aéﬁ:/”—-‘\\\<TYLA)

j i;thin shale pertings. These shale partings locally thicken to several i

tone occurs‘as .

.. -. a nodular ‘calcareous shale zotie or one or‘two.thin'limestone strata., -

7;5Tﬁe.toe‘eﬁ the member in extreme southern Kansas and the base of the -
“ffhember:iﬁﬂthe northern one-half of the state is a massive bed'of_;iﬁe{f;'

' . storie.. In northern Kansas dark wavy bands of shale or carbonaceous

" material. occur within the massive basal ﬁart of the Plattsmouth. 'iﬁéi;yy'”ff

» '
; /.)’); pn 8 4(/-,,\ A g N ®
r a | '

’“”i{*iYellow and gray shale part1ngs are found in central and southern Kansas.

-'\

: < {
il &
The col r of the Plattsmouth Lzmestone on a fresh exposure is vQ%A

@“\ i a0

':lig\t gray and weathers light yellow to a. light gray. The énduration

e and weathering cheracteristics of the outcrops in the Ceﬁtral and southern



v;..IL if pé:ts'of"th§ soaﬁe_shoﬁ a softer more easily erodédiljmeséoné;..
Q;Liggﬁite scaiéipg és;a;oarﬁ—oﬁ—%he~oeathor4agl;s common ;n.toese ;

.::o'. n# f' sections, .“ 5 | : ‘ v vﬁ. . : "?

' llﬂ;{:/;////f~siack or.grgfiéﬁ;;é;";;;Qlédﬂg;ﬁgvgﬁ;c;_;;N;;;;N;;I;;;;:§”§;p1Qcé-l - “ 

g ; ments of foséils, north of the Kansas river in Douglas Coonty3'and”‘

e s

' K'»‘.\'\'\fc'nmd in lesser amounts southward into Coffey County. The chert : ?Q{;z
B R RS S , SEE vl ) o e ";i/) 3

nodules are 1 to 12 inches in greatest dimenSion; do not cross bedding

'planes and are ‘completely obrrounded'by the’limestong and carbonate

. material, Fossils are abundant. Fusulinids, brachiopods, crinoid_‘f

"columnais,igastropods; cephalopods, corals and fenestrate and rhombopor- |
e ate bryozoa are found at many outcrops.(iover the entire area the }

ii:Plattsmouth shows localized zones which are extremely fossiliferous 73

. One Ve;i>fossiliferous,areo extends from location 22 through 24. In.' Aur}' i

.17 this area.the Plattsmouth is‘presené as a nodular calcareous shale.zone =

'ifffandlthe oﬁtérops'examined contained large numbers of brachiopods,
: ‘“izﬁbryozoa;_criooid coiuﬁn&ls‘aﬁd shell fragments. ' In Elk and Chautauqug;]
L Couﬂfiés the Plattsmouth Limestone contains & profusion of horn corals. L

Of special interest are the dark wavy bedding planes of shale

.'ahd'carboﬁaceous material within the Plattsmouth which, uooo'weéthering,'

|



%

‘,"arerthe parting planes.. A high carbonaceous content of the thin }ilu,f-"x'
shale bedding planes is usually found in the northern part of the : E(-
7> S

ithe outcrop area. They give'way to yellow and gray shale partings :
Bin g{;ziﬁ central and southern Kansas.
. Chemical Characteristics

Based on purity or the percentage of calcium carbonate the
'Plattsmouth Limestone is,arbitrarily divided into four distinct areas

L[ d
frcg porth_to south across the state. (Table 3 and4Fig. IV). N hk}
. the northernmost area from location 1 through 11 the average calculated : '§§

sall

"~ calcium carbonate is 80.80 percent and the average magnesium'carboﬁate \

QK

.F.'is 2,92 percent., In the area from locations 12 through 20 the calct’//J
; : LR e \NX 7 __’___,__.../ . L
s \ ( v ; §

'?;“:'qu"i*f carbonate average 1s<;;>44 perceﬁt and the average magnesium carbonate

'VJ::ff7fis.1;1£ percen¢; At 1ccations 21 through 24 the Plattsmouth exhi?ifj;/.i:;:zizi
.its greatest chemical and lithologic change within the state. The . = =

1 limestone at'locAticn‘il'is‘lz feet thick and at location 22 and 23,itv‘ff--‘:“”
“i8.q 6-inch calcareous fossiliferous zone. At location 24 the thick-
”g ness is two feet.'cThe pcrcentage of calcium and magnesium carbonate

":'ffat these locations is, in general, less than that fcund at other -

'4..b:v.
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»ﬂocations in the state. 'The'aVerage‘calculated calcium carbonate is e

o e

jf wﬁy 80425 perpent and the average magnesium carbonate is 2.61 percent. ‘In 'j_i-
uﬁ . X . : Pt

\

(A the southernmost area, 1ocation 25 through 32 the Plattsmouth gradually -\i
. : s \_

_ thickens to a maximum of 20 feet at location 31. 'The'calcium carbonate‘ N
| ; : ; : e

e shows a marked increase to an average of 93.63 percent, .and the magnesium
. carbonate decreases to 0.8l percent.

s o5 Wilson (1957) states that reefs and lagoons were'present in
.-: ' 'l 7 W a&uhg,.M [)’17

southeastern Kansas during early Shawnee deposition. The general

" 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

f:erea.» Cooléyl(}952) states that.there is abuhdant.evidenoe of e

i .:f;biostromevihAthe ?lettsmouth in”the areaiof éedaﬁ (Ceﬁtrel.Chautauqua
‘vrfsicounty)r He_also suggests é.lagoon'southeast ofjﬁlgiw;(southern : =
;;:Chautauqua“County}.‘ ;V‘

Heumader ShalevMember

In northern Kansas the Heumader Shale Member is very thiny~
";;%gnithe Missouri river.bluff in Doniphan County it is about 2 feet

.M‘thick;:fThe shale thickens_gradualiy southward into_DouglaswCouhty ¥ ,912%¢;<»
PR i/‘,

e i b R :.5" 5 AT e :.<‘- : ...,C};



26
= . Where it is 41 feet thick and varies from"yellow to dark gfay.

5 : ‘ :f Bedding is indistinct over most of the area. Howéver,‘ldcally some
":. . ¥ ¥ v % o - 5 S 3 % : . . i :
,iyplaty bedding was observed just above the contact of the Heumader

s

b o
‘with the Plattsmouth,
i

In south-central Kansas the Heumader thickens to a maximum of 2
! . G : : o

175 feet.' Southward from northeastern Elk County the overlying Kere=~

~_ ford Limestone Member is missing and the Heumader could not be
G ', # .
. differentiated from the Kanwaka Shale.

Kereford Limestone Member -

‘ .'Lithology

% The thickness of the Kereford Limestorie Mémber ranges from

- ; 3 -

‘7 51;5 feet in Atchison County to 25.2 feet in Osage County. The

Kereford Limestone lras<a discontinuous characbgr<é}ong the outcrop
- in Kansas and uhﬂeig&es a series of facies changes,which'makes.it"
‘the most variable of the limestones of thé Oread LimesﬁonevForﬁation;];-"

In northern Kansas the Kereford is a single massive’ dark blue,’
~gray-fossiliferous limestone located only a few feet above the Platts-

-
W

$ % . B v 548 SEGN N ; l-"' . 1 . . 5 :
Ao mouth Limestone. Southward‘zﬁ‘the\Kansaswriver“(;ocation 11) it

Wite %
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. . : : bﬂ;ca;ﬂLgf st ;
'separates into,several beds and lightens to=a light gray. From

\

'5..-location 12 through 14 the Kereford bqumes very shaley nd dess—
Cﬁﬂ(,

‘1ndurated and weathers to an ‘almost unrecogn1zab1e nodular calcareous

; Sl
. hﬁvipiLm«

shale. This area extends into Franklin County where the Kereford

o-ﬂ' ; : v£9 :
"+ is present as a single bed at location 15. : : e,

N ARG 5 ’

A few mile§ EOUth of location 15 the "Waverly Flags"

et e e
e e s i s e O 7

L e ,;) &
the s sane approximate stratzgraphic horizon, relatively thick lime-

it e 0{/\4/(;) $
; stone unit 8 to 25 feet thick, composed of thin evenly bedded _very

r——-——-—_. e .._..,;______..._.,.___w-,m-wv

B s

- /-‘

" fine grained limestone and lime cemented siltstone. Sand lenses

sl SR e R = A0 S &
... are.found locally at the top and bottom of the KEreford and thin sand
"1enses'arezdf£eﬁ4found interbedded with limestone. Most beds range 6165h4’2"

2 to' 5 inches'in thickness and are light gray to blue gray, weatherinig- = |

. ‘to a yellow tan. The."Waverly Flag" facies of the Keréford extends

... " about 24 miles'along the outcrop and grades into a dark blue gray.?.ﬁ

Q:thin;bedded limestone at location 19 where the total thickness is
."'ﬁ‘fepbroxiﬁately'7 toe9 feet. The Kereford mainta;ns thxs thzckness
Lot \ \ 0 «{(ﬂz{:’( ",\‘

. for about 40 miles to the southwith the exception of a small area
: AN

at location 21 where it thins to a nodular shaley zone. Within the.'
) )iarea'from'lécefion 20 to 24 the Kereford is a light gray coarsely

'crystalx'*~‘v avy bedded limestone similar in appearanees to the Wi; };‘




st e

nilenormal lithotacies exhibited by the Plattsmouth Limestone in the

: (\V_c/l/u 7 it

~north. . Thxs facies extends ovér the area between the Neosho and_nl_*n
o Ife |
;.Verd1gris vaers,yhece the full thickness of the Plattsmouth is
> ‘

o
.

. not presents The Kereford and Plattsmouth are separated by 40 to
70 feet of Heumader Shale in this area. In the area of location

d;ﬂf?ZO_thru'ZA the Kereford is very fossiliferous containing large
“' S . : : '/ !
G ‘/1/4/./‘ i;"” PP ST ‘?} T
product1d brach1opods in the upper strata and profuse fusilinids
o .
: ﬁin the 1owet strata. . Locally a sandstone is present at the base,.- s }'5 :,,
, ﬂwﬁw{ . =y ' - ’
/nd_in places the top beds, are deeply eroded and filled with'a '

sandstone, ind:cating exposure and erosion after deposition. It 04L*r_
is possibly'a'northern extension of the erosional cycle that re=

~.moved the upper Oread and implaced the Elgin Sandstone in southern
: Kansas.v[Southward'into Elk County the Kereford thins and becomes

>'-dfdark biué~and flaggy containing primarily a brachiopod and mollus?'

J‘chan faunalkassemhiage._”ln centfal Elk County the Kereford Limestone ,.e535<‘

‘.disappears as a -definite strat}graphic'member of the Oread Formatiom.. -
' g & : i

”»

/' Locally in southern Elk County and Chautauqua County one or more .

1 7 thxn tossiliferous 1imestone strata are found above the Plattsmouth .
\\\hember b ut below the OVerlying Elgin Sandstone. =

B ORC
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Chemical Characteristics-

The calculated oaioiun carbonate of.the Kereford Limestone(
“n(Table ;) ranges from 90.86 to 38,352percent; The amount of -
h".ce}ciun carbonate decreases-generally to the.south:as the Kereford'i

"’tnins and becomes more‘arenaceous. The ereas‘containing'the'nién-:'}i”'
'J;:est peroéntages of caicium carbonate (Fig. V) are from location

2 througn location 9 and location 13 through 19, In the southern

5 : @/‘W : ’ /Q-.»-L’,/L&-('\/\?.-QJ-.
4;3 half of the Kereford outcropathe percent of calcium carbonate 29 Fialee
s : CZMWJ ~ :
1 15%% because sand was deposited with the. limestone. S111ca in the ," R
; : - ll 55 o : Al e AT “h‘\'_‘ ,;,Vr /WJ ; i

~
form of quartz comprzses more than 21 percent of the members at

: f:{ftiocations 22 tnrough 24 (Fig. VI). Clay (Fig. VII) occurs in appre-f.f

Sy e e e e T .
‘...ciable amounts in the area between location 9 and 15 and between

d;saiooations 21 snd'ZA.'
The amount of.potassium oxide and sodium oxide in the'Kere:'*fj-u ff' _::}

ford L1mestone is relat:vely constant'[;owever an increase in

the amount of both oxides from locations 11 through 14 and loca=- -

. : £ : M//’-'\"‘ C—{/&LU ﬁ((&_" J\/L{’Jn‘: ..:’_.
“ tions 19,through 21.5 The~area§‘yhere—there—is—ansincrease_in_the, : ;

ﬂw/potass1um and sodium oxide? eorresponds_to_the.areas-where clay is i

: : . NZ: :

mg??fabundggt\in the‘Kereford. _Thezgreeter ratio of4ootassium
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7 Point HMoving Average of the Excess Silica in the
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"_ to calculated clay in this area suggests the possibility of

~ deposition of potassium-substituted clays. R(EO \{\ (ﬁb

Eigin Sandstone
~ + The Elgin Sandstone member of the Kanwaka Shafs’named

. from outcrops in the vicinity of Elgin'ih'Chautauqua Count&; Kansas

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

:~1a9ers'separated by shales of varying thickness. The Elgin Sande"

stone is present in the Heumader-Kanwaka Shale in eXtremeAsouthern

'] Kansas and feathers out to the north. The exact extent of the

Elgin was not determined but pefsistent lensesvmey extend into

.1Centfa1 Kansas.  In Elk County and part of'éhautauqua Couﬁty the

5 S O R

mouth Limestone Member\iieitizf

"Discuss1on and tomparison of Results . e

~In northern Kansas the shales of the Oread Limestone formation

,f;.are'fine*grained and of reletively uniform thickness indieatiqg"a

W o : %o

/\:,_‘\'! . \§£ ”~ : :
\jy distant 'source sed1ments. (Plate 1) The uniformity of the Oread

in this area indicates a relatively quiet environment and non-emer=

P

30

"Elgin was deposited pver'an erosional surface that cut the Platts- =

~—
s

gence during'the'Oread megacyc;e; Ihe‘limestones'in this area show"

(\»/f)‘ ‘ & L R : k &x

5 any other

: ehe\fanst change from one location to another tha

CEESSERe - L



[ R

n
"grea Biong'thg'outcrOp. Low relative purity indicates slow bﬁ: cOpt{qfi
U‘€7fa~fu§us dépbs%ti§n of finelélastics during the cycles of limestdqé‘depo-.'
LB e S o . j
. 'lsition. rThié afea élgp is the prima?y area of chért:deposition‘;p_.“
 f‘the2é1att;m;§t$ Liméstone. Lane (1957) and Hattin (1957)'pos£q;;te‘.
'Atﬁe deposition of chert in.deeper water facies in other 1iﬁestones
-<inﬁKé§sas.f'The Léavenworth Limestone.also shows ‘an excess Qé sﬁligg-
"““iﬁvthis‘area;;
1 The’ﬁaﬁy féc}es chaﬁges:of the upper and 1§wer members indica#e-'
'«{>;: 7{the péf;ddgpdfuéféatest change of environments of degosition cfeate&l
_0“ : §y sﬁailOw wafe;. Bpth tﬁe Toronto and the Kéreford seem to attaiﬁfr 'f
e Si@ilar'facieé, cor?espdndiﬁg'to‘ﬁhe il b it so@e éoint S
A::giéng.the outcrép-.~Yéé each retains at least‘one lithofacies 224;:. 

- ~f'~exciﬁsiQe of the other. The Toronto exhibits the high,iron'

"vmasgive fadies possibly supporting the theory of tranégressiﬁg ot

,éeas‘ieaching.ircﬁ from the ferruginous terrestrial shale immediately -

: : ~v_ ‘below it. This can also be seen in the Clay Creek Limestone of the Kéﬁ]?:
M‘Sf . waka Shale which also rests on a terrestiial shale. The Kereford
N ? ‘ : - : 2
(¢ " |
: / { 3 3 .
: - Limestone's exclusive facies is a fine grained lithographic limestone as

shown by Waverly flags:-and sandstone lenées adjééent or incqrporated. i

:.1n;§ the‘limestoﬁe strata. -



; jv:rl“\ . i
/- A""" : > : 32

5 > /
W M % P2

The uniform character of the Leavenworth Limestone indicates

deposition'under reducing conditions'in deeper water. 'The high
content. of carbonaceous matter in the lower Heebner Shale also
supports this postulation. Deposition of the Leavenworth probably occurred

“in cWo periods with an 1ncreased deposition of fine clastzcs between

B B BRI LR A -7

: f-perié&s. Dixon (1960) points out this zone and designates it as
'W his middle Leavenworth. This zone is very pronounced in weatheredv

‘-??outcrOps, being more easily removed than the upper and lower>portions

o)

»fof the limestone resulting in a weathering notch. If deeper water -

“ay

iS'involveffthe.Leavenworthrand Heebner probably mark the greatest

-

'“transgression of the sea during Oread time. This is further supported
ir : : -

5 »rm;""" ]
: J\/‘ﬁ (,w\)’ N2

"f' by evidence of onlap in the south. The enormous amount of cafbonaceo;;\ ;

: eima:erial ih;the Heebner can hardly be satisfied either in quantity °

.’ or distribution by the inundation of marginal shelf areas. Rather

"~ the unundation of adjacent coal basins might more nearly explain the . .

- amount ‘but not ‘the extremely fine particle size. Hornbaker (personal
”»

”commuﬁieetion) states that the Heebner Shale is greatly deficient

in spores, compared to the carbornaceous matter of coals. - This would



£ {

38 1

indicate deposition a grea?histance'from land, and‘woﬁia.favor the
}'emplacemén£ of the organic material by soft bodied marine animals, - .
: plénts.and bacteria. The change of conditions beginning ih»middle'

Heebner time reflects a resurgance of shellfish and other animal life

RSy b d 3 . ;
producing the cycle of lime deposition which resulted in the Plattsmouth .

e f7 . L |
v % " R
'Limgstoag%\tThe wavy bedded characteristics of the Plattsmouth Limestone

; indiéates'inéreased wave action, periddicy'of lime and clastic depo- . :

f'sition,yaccehtgatingAthe beginning of the regressiveAcycle of the mega- o5

¥
‘

. 'cyclothem. |

Combérison~of graphs of some compounds for all four limestones

Sy £

"'fJShow‘repeﬁitiOn of peaks and depressions. These similarities pfdbably‘ fj)ifi.
Oh

“indicate the effect of the contour of the bottom on enviromment of =

. deposition.and éonsequentiy on the chemical constituents. From this _."
C‘:infofmation}similarities in chemical variation betﬁeen superpoéedilimef'

: 'M;fétones;‘sup orted by litholgoy, should allow'thé prediction of the
contour of the floor of the epicontinental sea. Dissimilarities point

»

out changes due to environment of deposition such as the deposition

..~ of varying thfcknesses of shale interposed between the limestones, . .
i B s [y

... and the varying-aepth of water during transgressive aﬁd-regressiveﬂ?5f‘”

1




4
.”'cycies.. Varying thg.dépth of water effécfs:é laterallsﬁift in.facieé::.
 ;ia5'the fgunal EeitS‘éﬁg iith§logies migrate'in:relatidn go.depth of o
'.waiat':er, and thé new shore line.
 Assumin3 feasonably contemporaneous dépqsitiod of limegtone at-: :i

.JVaii poinﬁs along the outcrop wfth.respect tq time, the impurities

incorporated in the limestone can be taken as the amount of clastics

deposited durigg the periods of formation and lithification of the

'“ff'j:’hliméstone. Ipcfeased,éize of clastics is interpreted  as the approach

. 'to a positive area. Areas of increased amounts of fine clastics are:. . .

7

Lot R : ;i ‘& Lpaey
% - .construed. to be l. A distant source of sediments, 2. a depression

B p c ® = 3 W
Lot Of the-;ga floor with quiet water conditions allowing the settling of
ifl fine clastics, or 3. the quiet conditions as in #2 behind a reef or

vl'irfggularity‘on the sea floor. In contraét, areas of high pufity '

Y

ek ;limestone are.interpreted as shallow areas of wave and current action .-

Pt : g
‘keeping fine clastics in suspension.

of water from_north to south. Two ma jor breaks occur in this shallowing.

The area in southern Douglas and northern Franklin County appears
5 : e S ; 5!

N
Wy \<U

A Sl - ' ‘ SEe D ~
. anomalous. An east-west fault zone crosses this area (O'Connor, 1960). -

.'f,Thg’poétulaﬁed contour of the bottom implies a general shallowing = '

Tr?
¥y




Mo

'ﬂ,é[;a tangential cross section of a shelf area with land to the south :

.. ‘changes in the limestone seem to indicate that the Bourbon and Chau-. ' .

35

" In addition significant chemical changes in element concentrations and

 ':7:ijpufi£y.are noted in graphs of the area. The second break of this

. nature occurs in the Coffey, Woodson, Greenwood sector where although

4o nO £hult zone 'is proven, chemical change and the extreme variation in

- ARG
Lo A
/Q"‘NJ/ s "«’J‘ﬂ‘ : AT ' .

s 'lithology indicate the possibility of a fault. = ) i PV
) i ; ; . o -J',' 5

The Worden fault can be dated both geologically and chemically as

- . post Toronto-pre Leavenworth. The analyses of sulfide sulfur indicate '
f.,the:coﬁtinued escape of sulfurous gasses or solution during Leavenworth
- _Tdepoéition.~'Theonrdén fault was, therefore, most active during

?

: 3;,'SnYdétﬁillerLeavenworth time reaching equilibrium during Plattsmouth time.'

The ‘contour of the sea floor along the outcrop appears"to be

e and,east: Graphs of chemical constituents and lithology of the sedi= . ', b
‘; mgnté indica;efa number of environmental changes along the thcrop. : f'.;\‘

: lk:fiThe Ozark area was active during Pennsylvanian time and the chemicalfw

i in
/‘WN"\ n

- tauqua érches‘énd'Forest City basin althoughhdeeply buried.m59 still‘/&”/

'7. affecgﬁihe contolr of the sea bottom ddring Oread time.

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

" " tent thin lime‘units in northern Kansas but these feather out to the i 0o



y .
O .o

Creek Limestone in the Kanwaka Shale extendsfwellfintb Greenwood Cdunty"

,7'1/4 of the outcrOp where a persistent body of water, vccurred throughout

Ofead"end extend well into central Kansas. This probably represenﬁs
-fl of the river mouth and distributaries could easily be responsible

- for a 1e:ge'paft'o£'theif serial extent. The sand lenses were . . :F;
' 3

'probebly deposi%ed by longshore currents rewq;king beach apd‘delta"dw}J’

fi‘Oread‘time.A

3. A

U,~soutﬁ'indicating deeper water in the northern outcrop area. The Cley""‘

s

" before losing its identity. The Amazonia Limestone in the Lawrence e an

'Shale'ﬁs'ﬁell developed in northern Kansas but feathers out to the

-south. The deepest water in the area probably occurred in the northern :

&/\,Of i ' s au‘in‘f’ /{)\')

Oread time and was present at least periodicallY'during deposit;on'

of ;Ee Lawrence and Kanwaka Shales. .

the‘shale units above and below the Oread contain the Tonganoxie

.and Ireland channel sandstones in north central Kansas,%hﬁi%assive sand-
.. stones are piesent in the Lawrence Shale in southern Kansas: These °

 'ifisouthern sandstones persist into the Snyderville Member of the lower '

‘ shore and delta development of a persistant river. Some wandering &

5.1

 deposits. The two areas of sand deposition mentioned above are

_probable indicators -of the primary sources of clastic material during

et 4

el




, 37

_Theighemical anﬂ gbological'results indicate the following:

et (1) the lateral variation of purity of the limestone is very great .

-

. : £ /1/(— ;

'constituents of superimposed limestones deposited under_differede'lggprﬁ’

environmen;s’which prdbably‘indicate‘contour of the bottom; (3)'The ‘

"[ location to}lécation. (2) Parallelisms appear in the graphs of chemicél- s

and in the soﬁthern 2/3 of the state is relatively unpredictable ffomi-“"

2 I8

- increase of coarse clastics to the south is interpreted as an approach

7

oA

"a:ea;during'rggiessive stages. (4) Facies changes are gradational’

»:f‘»“bhtfalwoéi continuous along the outcrop. : % 5
i / : e : _,_'_.AAA')‘"V

o
P
V

Similar facies appear: in éhree of the four 1imeétone$1{hdicating

-;_;1@ similarity of environmental conditions at the time of deﬁosition.f
.

Wavy: bedded limestone, characteristic of the Plattsmouth over most of

& the outcrop area, is present locally in bdthj%he Toronto and Kereford - :
; oo ( : 5 p > a.‘,‘“M) 5 R . 2 =

. , SE K (ﬁﬁj{ ﬁ*”jl g e e b

ﬂmembers,.indica;iﬁg the same relative depth of water and other condi-

“a. : % B .

. tions ofédepbsi;ion. ,Aisé the Toronto, Plattsmouth, and Kereford show

calcareous shale facies intermittently along 'the outcrop which/are

iy A v A

i A

.indicative of either the contour of the sea floor or selective implace-

ment of ciasticsfor both. Black shale partings in the Plattsmouth Lime=-

stone are taken as an indication of greater depth gé are the areas of

ol - pos;tive;g;ga.. The same is true in the north central outcrop - |

o
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 : the south a shore area of reefs and.lagoons during middle Oread

FiEt : “time isi_:‘reported by Tarmér (1956) Py

38

grgaterithicknesses of interposed shale ip the central part of ‘the state.

- CONCLUSIONS

ComparisdnAand cohtxast of dissimilar units can point out and

~ delineate somé gimilafities and differences but combarison with other
"similat'stratg in other unstudied formations are necessary for any

: attémpted'correlatidn‘of similar units occurring in consecutive mega-

: qyclothéms. However, it is possible to make some valid conclusions

"!concerning the Oread Limestones using the chemical and geologic

information obtained in this study.

The Oread Limestone formation"in'easternzKansaS was deposited in- .

- . a shallow marine basin, restricted in part by the Nemaha Ridge on the ;

e+ ma o

a5

.west, and by the Ozark Dome on the southeast and eaét during all but

the maximum periods of transgression. The outcrop area in north and

1

_ northeast Kansas lies in a remnant of the Forrest City Basin. On

f?‘\

o

;The upper: and lower Oread Limestones studied albng ;he outcrop

.underwent many lithofacies changes and from chemical and lithological

evidence were deposited over an irregular sea floor, ranging frdm. Pk

?réiative'déeps“to emergenéygreés offprom?éfqgg$§59ﬁulaﬂd. “The
: 5 3 & 5 : \\)\\ ) s s ey
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limgstoneé of middle Oread in general are quite uniform over most

v Ve
*

% of the outcrop area and the lack of lithofacies change is probably o

e

-V<the-result of deposition from deeper water. e e

LT R W SR 3 AR

© . The limestones of the middle Oread vary least, the lower and .
> ; : : : i ;
super limestones of ‘the megacyclothem show the greatest variation.

“The Toronto L;meStonellocally in southern Kansas exhibits a litho-

facies similar to the Leavenworth. In central Kanmsas in the area
~of the type section of the Toronto in Woodson Cbunty, the bedding, color,

and general appearance of the Toronto is similar to that of the Platts- :

b

'-imouﬁh Limestone at most locations investigated. The Leavenworth does

: 2 Py
Al 4

not undergo a major lithofacies change at any point“on the outcrop.

The Plattsmouth varies'primafily in degree of induration, weathering'ﬂ-f.

' characteristics, the presence of chert, and the color of the shale -

":partings. The Kereford is discontinuous and more variable than any

B

A 408 the_éther limestones. It resembles the Leavenworth and Plattsmouth .

- Limestone in-Specific areas with the addition of the unique possibly '»6
' ©lagoonal facies exemplified by the Waverly Flags.

Y

i

A positive area existed to the south or southeast of the present

2 |

: ZOreéd'outchp.during Oread déposition and many minor transgressive and
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regxessivévfluctuatiohs are in evidence in southern Kansas in the Snyder=-

;

'ville‘and Heumader Shales. In southern Kansas deposition toqk place
Viﬁ'rélativeiy,shallow seas and 'a shallow shelf area.may have extended

“into the.central part of the present outcrop area in Kansas.
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a.t1 804 - Atehison 11640 ', SW 18- 5-21  80.21 1,72 .75 45,08 < 1,511 AT Sell 36.17 12670 1.40 1.60 0,13 0. 0,10 0,03 0.09. 10,08 ' 0,06 lggozz
Sef| 1 6170 ' :Atchison 13,0 . NW 32« B=-21L '. 8056 - 5,75 45,27 3,17y 10,98 38.42 9030 1.28 1.50 0.17 0.01 0.15 0.09 0.14 (Oldz 0.03 0S4
6.|| 88252 " leavemworth ' 14.0 SW 25- 721 . 78439 1,49 | 44,09 1,01 " [1l0.89 . i35.25 . 15,32 1.11 3,38 0.16 0,18 0405 . iii 0ub1 114 brace § ; ikrass - Deld oyl 00428
7.!| 68264 . Leavenwarth - 110 C 3% 8=22  87.56 0.98 49,17 0.57 | {10.72 39,0 7.97 0.86 1,12 .. 0.15 0,10 0.02 0.01 VEROE LT Detk oo Os0% S0.11. °
87| "6lE6 .|  Leavemworth - 13.5 SE 14- 9-21 = 84.67 0.84 47,65 7 1.4 0.63) :: . 37.6 10,74 - 0486 1,28~ 0,04 0.01- 0,07 - 0+03 trace 0,02 | Q.08 199°ﬁo i
e[| 582tl | " Leavenworth. . 140 W 7-10-21 . 78.08 ©  5.17 43,82 2.75v " | 10.81 37,04 11,47 1.28 1.87 0425 0.14 0,11 0.05 .  trace 0.1 o.og 050
10.;! LBLET Leavenworth  18.5 MW 7-11-21  77.01 6409 43,40 3.01v . | 10,89 37.04 11.45 1.21 1.80 0.23 0.07 0.18 0,09 0,20 | Q.20 | 000‘ e
) SR ; | A il ; . i i ' i '
.1 ‘1 6171 . Douglas | 7 16,0 ' ¥ NE 1-=12~19 = 82,44« 2.78 46,39 1.87 0.85 37.70 %, 9.80 ;i '1,09 1.56 0,15 0401 0,13 0,07 0.11 0.10 | o.oz 1 ggogg
124/ | ' 61€8 /. Daaglas | 15,0 . SW 4-~13-19 - 90,01 0486 50448 . 1.16 .| 0.85 £0,03 5047 & ' 06,74 . 0.93 0.09 0.0L 0e10 Ds€9 SEED 008 | °°gg 100 4B
| 13.}1'54370 1 Doauglas ¢ . 11043 ., IC 22=14«18; ' 89.83 0.00 50,44 0.97 | 1.00 38,47 Bedl le43 Diesay i . " B by S o0 e il by e
<453 1,59112, ' Douglas . 14,07 . NE 15=15-18| .. 86.72 2.57 48,69 - 1.41 0.61 AT e, 52 1.10 1.24 ! 0613 0.0 0,08 0,05 0.09 0,08 -07 o34
] ‘ : | : i : ¥ : [ E Co
$ | ) y s e i ; . | | | 5
15,1 159113, Franklin 6.0 SW 7-16=18 89,95 0,00 50,47 0.43 0.65  39.55 6,04 0.83 1.06 0,08 0408 0005 Gab * s thtes o, O i 2 180
164 | 59¢3 .|  Osage . 1066 CSW 6=lT=1T ' 94,24 271 52,83 . 0.34 0.51 41 44 3,00 . 0e64* 0.95 0,08 0,02- 0,03 0.02 -+ trece | mil | 0.02) o
1744 84224 Osage 1 . 202 | SW 3=18-16, 88432 ... 2,87 49,59 ' 2,18v 2455 40,34 ‘3,89 4 1,00 1.32 | 0,26 0604 Ocll ' 0.04 03;° N 4°°20 }Fgaf?% 99°es
TAEED| 6989 ¢ Framkling .. 3.0 . NW 14-19-17 |- 86483 i -, 0.28 48.69 0.84 1.12 58,33 15085 1,49 3,12 0,09 0405 0.11 0403 nil Ctrace | 008 66
3y wi . S i il ; 1i 4 i ! : & i | !
3 EPE £ i : ok i } - ‘ H ¢ T { T . | | o] * P
| 19,11166100 5 CoBfey 4 4. BT 10 |8 8-20-17" 189,93 i]i%i‘0.10 50,44 = 0.63 0.51 39459 14,88 { - 1,09 2,05 0.08 0,04 - 0,08 0.02 trace “Aiz | g°g§; lgg Zg o

120405152278 Coffey | ' 13,0 " = SW 14=21-15 | 89411, 2484 49,99 1.92 . - 0.69 " 40,67 4,04 1,08 "¢ "{1.29 0.18 0,06 0.15 . Ds08 ;| b iBiL A, 0;1 | 0,67 | o014
2YetE 62315 1 i Coffey (| - 12,0 | ' |SE 2~22=15 | 85.24 2.26 47,85,  1.64 1.02 38.66 | 8048 128715 1277074 0410 0.13¢  0.18 0,06~ mil -} Bil,. g O N °
i &f% R . ‘ ® | ‘ ﬂ  : ; 3 Pl ‘ - : i Q‘ A 99 .32
' 22,1169265 Woodson | 0e5 ' . |NW 6-24-15 | 80e62 1,19 17 anaet \ 328 1.67 36.07 18.41" T4al 3,11 0,19 0.08 0625 0203 0.02 gogg | g gg i 99.20
2:50 592613 : . V{OOdaon R 005 r | S 17_25".1/2: ‘, 80@35 ;- : 0.96 4,_50:_~ ’\‘l 0.90 :..30 35.53 8079 ‘ 59—..5 38 O.ZO O--u 0 2£ UaOG 0002 | © \' © i}

DT e e P i i e o - : : f N R e 58 e TR N we i R i 0,091 W50 .
,,._2.4-'0-""‘"‘ 592(’2 : ; : Gr@env{oqd Bk e 290 ! ‘,‘. NV{ :_“26';1') i 74078 6.0‘:: 4:2013 .‘ 2.89\/ lg::a :3.11 . { 9005" & 3059 I . 3020'-/ H 0936 . ; 0025 4 . Oo‘}%’ o Vo.’.,‘} 0‘02-5 " toozﬂ%" ]tgagc? ; ] gg °;1 .
Be|' 52205 !/ "Wilson | . . ,B.0 | .|SW 25-27-13 ' 91.58 0457 51430 - .. 0.72 «30 #OCB8 "7 i1 3,640 1423 1,35 ' 10,08 il AL IO e S i WL Dilpods JEL R et ST PO

26, 758174 ' Greemwood . . T.l ' NE 3-28-12 ' 91,29 1,55 51424 1.28 0.82 40,95 3436 0497 1.30 | L0611 L 0,07 . 0409 0.03 0405 ;1. 0006 i § BeBoiis

i i i J‘ : ,'5 R : ‘ el - ! ¢ : | i 5 ik e ‘ LTI N 1 e it & % | g? 9% .98
27,01 5286110 Elle i 940 L1 SE 21~29412 || 96.29 0.08 53,96 . 0.48 ' fl.0.44 42,38 1.61 0041 0464 | {10404 74 040L 170,075 ° 0,03 11 nil-, "Arace 2 Sigé 99,77
2811k 68208 1 Bl - 1751 ] SW 22-30-12 || 94450 i . 071 53404 . 0.3 0, £} .58 2 45 0.61 0.92 | . ' 0,07 0.0L -’ 0405 % © 0.0L trace | traog L otoz | 99.94

ijgof. 58266 . Blic | 18407 | NE 29-31-12 . 94.15 ! 10.02 52448 . 0.9 0.85 41,38 | 2455 11 04631 i |1423 || 0404 sl 0603 i 0410 0,0l trace | Gras | 0402 4

2 ‘: R [l “ LA ] 1 3 | “- ' . " | ’v H ,v y . ! y . ) 1 .: o d 99‘3:’,‘

v 304|. 23204 | Chautauqua - ‘. 8,0 - .| NE 36-32+11,)" 194,70 |71 0.42 53419 ' 7. [0.3 _ 0,50 41,90 “sv) 2,54 011 0,87/ i 10461 0409 . 17 0401 /" i3l 0405 waco trace G itgégg' 0025
3L, ! 52270 Cheutauque 2000 | € 33-33-11 1 94,00 2,49 52467 . 1.4 0.41 42,63 .+ 1. 1,15 . 0630 '1.51"| 0003 0407 Tt 0406 e . 0.0L - Colom . 99.47
327 58263 ' Cheubasqua  17.4 | W 14~35=10 I 92458 {7 0.63 51491 " 0.40 0.74  41.04° | 3457 .. 0,75 0.94.1  0e16 | Q.18 ' 0.02 trage |, #géiif | 21.}f | S ot

| | L g 37 LT e gty s RN E S 7 A3 002 Al ss1 e B0 L po] b ptE s pof 897 0.6 PP SRE




“fzd T A !

f able 4 Resulms of Chemical A:anrsn.s and Other Pertinent Data of the Kersford .u.'..’ﬂ"" tone !
RE g . T Toowit ty D.L.0.I. e j‘d’ .
Loge Labe Thick= = Secs. T.Se Calc= Cale 105° 550° . g | S Tnagls ,, L
Nod: No. - County ness ReBo CaCo MgCO ca0’ Mgz0 980° Y 300° sio. " 1 i ) o - .
Lil | : , v t . ; g . ] ; ] , .
J 59254 .Doniphan 2.0 NW 24w 2«21 64,07 13,47 36426 7.19¥  1.39 35420 .. 10;"9-01 -1 2,91 4,207 =7 0.34 | 0420 0,47 15" 0.34 R Y D
2‘,}g 59285 Doniphen 2.0 SW 21~ 3=22 - 84,40 1.00 =5 127,38 g8 18 (3.1 3768 .. Te45 L U231 24z U041 04207 0.92 o7 P ggg ; ;wg 9964l
5.l 116143 Doniphan | 1.6 SE 26- 4-21 ' 86,94 0.80 49,09 1.06 1.34 33065 4018 /' 2 1,06 .53 0.07 | 0430 0.1 b PR ¢ | o 99,64
e A | Y Tt L . . 98 s O y : o5 006 0.0L | 0,26 99,72
4ol 602 Atchison 105 W 6~ 5-21 90,86 - 1,30 50,96 0.81 0.76 40,65 3,51 4 1,20 1075 1 olasii il 0dos o Lo o . b i
. 5 S mm o 2 o5 q ; 4  Epe = j e I : b o\ i 8 8
§o | 89283 Atchison Be5 NE 32 els».a.,.. 79,06 1.13 42,44 1,00 1.33 35035 11,05 © A 3,12 256 ] 0L 0417 0.47 16 U;ZEZ g°8§ ~8°9; gg;g
|1 ! ! : I | e . | 99,
6al | 592862 - Leavemworth'' | 3,0 SW 27= T=21 90427 0.68 50084 0.70 0.94 £0,44 266 / | ! ‘
7\ . - R | { 0075 { 2@6{ | J 0001 © i ~ - i
7,89 | 59281 Leavemworth 2,0: . SW 32~ 8~21 = 82,92 1.44 46,57 “0.83 gzl 37,21 8,60 | 7?3 2,54 | |2 o7 8"(1)2 0.16 g gg 8“85 to ke 0.0 .1 0,12 99 635
S| | 59260, - Lesvemworth 5.7 N 34= 9-20  80.78 2,70  A45.38 1.71 B.s2 i 35.93 9.1/ G256 | 172 | 0.8 - 0.16 0435 "7 oor i Qo2 10408 L] . 99,53
o e | : b d : ; v f : o oi2 | 0.0 99 041
04| 1 59249 ;| Jeffersom 6o 8 NE 12-11-19 82,76 1.19 46,48 0.62 1.07 23,90 9,49 \' s "3 . |
‘i : ‘ ] l @ ‘ > | f 9049 ‘.;; /O 20 32 ;ll , 020 ’ 0.12 O.11 | Oolf .08 tracae 0,05 | 0.08 | 99 .49
Llol 59260 .. Douglas - 648 N 2-12-18" 79,58 0.69 - = 44,64 83 1 25435 11.53 5 // 246 | . ‘ 2 ‘
y i = § L - o ’ swv vJo : o y) o'% HLt 2 86 O. gt",).’, 04."7 01 O - ~
12,1 60109 Daaglas 202 SW 31-12-19 . 68,27 1.02 38651 1.09 1.25 20,55 18,94 © 7 3.36 | Ry | o,i?/ < ggé 8255 g?oe 0,02 0,04 |, . 99,86
1?.:5 6ol5z  Douglas 0e8 . S 18-14-19 ' 77.78 .71 43,67 0.85 B .47 | 157 1206 ,|,33.28 | 2.57 || 0.19 ! | 0418 0.4 015 0,05 ‘o 0.20 1 ~100 .41
;‘;Z‘sz.o~\"t:60;.,~. . Bauglas | 2.0 i C 3=l5«18" 7077 555 39,74 0.88 3.70 21.91 116407 ; 744,85 |, 2, gsw« 0.23 0,19 o 00';6 vois ’re:c; 5~(;h gog'; ggoga
K : ‘ i | | i K {0 ! ° v - & @ 083
150 . 159101 Oseze i 1240 INE 15-16~17 | 86,61 0.23 48,54 80 0.58 23,81 | 7.53 | 15 1.89 | i | : 5 3 |
gt | =) | - - ! S ] - =L o ° we COeUL | euUI ! ) _p_ogg ! { ._. ‘?2 ; O -;v ) 000‘3 14 = ; . . )
184 55102 Osage 8.2 |SW 35-16=18 | 86.79 0.82 48,11 .64 0.71 B8.15 ) 7.84 /61,90 |0 tee ] li 110410 8::8 °8§ | t"?i‘j 0.93 L0 99,68
Mo, GOLO Gsego 25,2 | B 4-18%16 1] 88.04 0.57 49,36 ¥ iE s A Al B Fad 0.1 | (0,28 0.14 06 ' 0.08 Sy Sl R
(18¢7 1169103 Osage i I W 36=18-16 | | 90,01 7 . .53 %961 5 Fiip il g | 1 S \ ¢ ¥ 5 o0z
‘ SR & @ ; O & Ool : WSOQ 0.56 v 906, ‘( Qe 21 Lo Je 0.88 :, 01.7 9_4‘\ 0.07 '...‘i 000\')‘ 04 . tl‘ace 0006 0.03 N 99 o?6
19, 53104  Coffoy 1160 ¢ |1 E 11-20-16 . ' 44,96 777 0.56 - 25,23 36 0.75 19,96 .| 48.91 | /9 1.97 | 12 7 o2 | | |
| e e P N T : . . 13 Je | 48,01 7 1.97 | 212 oy 0e23 0.24 o2 1 1 g | Y g - i
20, 60114 Cof foy | 846 | .| SW 11-21-15 ', 86.28 0.46 48 .38 0.72 1.06 5818 | 6.9 % 40 1.52| ... 2.88 ‘ 0207 0,09 o 806 t?ic i 0,03 " 99,95 - |
21 o] B01L3 Coffoy | 0e5 | SW 2-22<15 | 55,58 0.90 31640 0.76 2,48 24491 ] 27,23 9/ 64211 4,761 | 0,20 05 0,89 0.12 trac: }513 ggg ‘ §§°ii |
224160115 Woods on 6o C 14-24+14 1l 65,57 0.08 36,78 0.27 0.71 8,87 | 20,99 2917 1.8 | | L 10p10 |
@ Q" 3 3 - i * i x b - - kg e i bt g 0] Le48 | | 0«08 ; P 0sl0 5 i1 : . N
23e ' 159.2 . Woodson 249 S 8=25=14 !l [ 7B.4L . 0.34 42429 043 0881 53,34 | 19.22 | 920.82 {1256 [ 0.0 | |0k18 0,05 ;agoz 52?222 ri:i* | 882 | 3’;".?3
r e ‘ , : i : IR ; [ ; " i i o i Lo ‘. ©
244" 58307 Greenwood ; 740 SW B8-28-13 | 81,81 1,21 45,92 0.65 123 36660 . | 10611  §Y2.45 2055+ | 0.0 ? | '
o e RS e 1 ‘ I i | . e | ay2. 2o 10428 0. 0602 - 0. 0606 | 0405 | |
25. 55251,  Greenwood 240 C 6-27-15! 38,35 " 0,46  2l.74 - O.8Baft 221 - 17,10 | 51,32 : 25349 - 'zo-u_,;,‘ | 0400 . 0edS Qb . 0.52 il i e |
; ! | 28 I o A~9 2 z '," ’~ / S : e 4 | L. t - ',- et ) é = * }
a4 70 G AR i 1 /7/?\. ANl Nk AP 237 0/0 2003 gof | pow |
- . . i . e _- ! '/ ) } e N i



Ly

NREES

pums
L[]

Y2 €

1
}
i
f
i

444

T

A

4

RN

W

L)

S44-}-

4
geg

et

WS

44}

. .

LR

3

AR EEE

18 B

8

T

41

4441

G S S

nREnms R

O

1

-

e t=t-f

FET

.

-4

L
"

11
i

g S e

et L

i 6 0 O O

[N s
|

NERREY . EE fx

ik

musEgd

il
i

[-HE

e

i

T
Fouwy

* % 3
+
i w

s
o e

I

g5E

are III 7 Point Moving Average of Pyrite in the Leavenworth Limestone

-~

if

1
i
-
o

-

5

i

F

(i

3
i 4
&2 05 O

-t

iS5
TONRATTON

=13

l'l

0 funRd ouwd
by
b

0.80

(o]

quasxad ayST

N

£ )

0.60 =

‘V'S°A NI I0VN

Al




	KGS OFR 66-2 BIG SCANS.pdf
	20230323_0493
	20230323_0491
	SDRL_MFD23032315180
	20230323_0492

	KGS OFR 66-2-1
	KGS OFR 66-2-2
	KGS OFR 66-2-3
	KGS OFR 66-2-4
	KGS OFR 66-2-5

