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INTRODUCTION

"Hence  it seems to  me that,  in  analyzing  lithologic

features  of regional sedimentation, we should  pin

things down to the  narrowest possible stratigraphic

entity,  rather than  meaningless  large  combinations

of beds"  (P.  C.  Moore,1949,  p.165)

General  Statement

Many  previous studies of the distribution  and  paleoeco[ogy of

Pennsylvanian  conodonts  in the  Midcontinent have  been  done  relative to the

cyclothem  model  (e.g.,  Heckel  and  Baesemann,1975;  Mitchell,1981 ;  Swade,

1985;  and Wood,1977)  (See  Figure  1).   The cyclothem  approach to stratigraphy

involves the  recognition  of  rhythmic or cyclic alternations of certain  specific litho-

facies or lithofacies associations.    Interpretation  of conodont distribution  patterns

based on this  approach  include:   (1) the apparent restriction or dominance of

certain  conodont taxa (genera or species)  in specific lithotypes or lithofacies [e.g„

the dominance  of Adetoanathus  in  "outside shales" and the  upper part of "upper

limestones" in facies that represent  brackish,  nearshore  conditions  (Heckel  and

Baesemann,1975)],  and  (2)  variations  in  conodont diversity and abundance

inferred to  reflect different transgressive  or regressive stages vvithin the  eyclothem

[e.g., the  highest diversity and greatest abundance  of conodonts  in  "core shales"

representing  periods of maximum transgression  (Heckel,1986)].

Application  of genetic stratigraphy involves the  examination  of all facies and

facies contacts and their relative relationships.   The  lola Limestone  (a major eycle

of  Heckel,1986)  may  be  composed  of a number of the smaller transgressive-
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regressive  (T-R)  units  (Busch 4 a|.,1985),  some  of which  may be allocyclic

(basinally  correlative)  deepening-shallowing  units that can  be distinguished  from

autocyclic  (basinally  noncorrelative)  deepening-shallowing  units through  correlation

(Busch  and West,1987).   Correlation  of small scale  (sixth  order of  Busch  and

Rollins,1984)  T-F3  units  is done  relative to marker beds and  marker horizons.

Each sixth  order T-P  unit  (Punctuated Aggradational  Cycle of Goodwin  and

Anderson,1985) thus represents a thin time-stratigraphic unit with  a different set

of paleoenvironments  relative to adjacent sixth  order units  (Goodwin  and

Anderson,1985).   This would seem to  indicate that an  investigation  of conodont

distribution  patterns  relative to  a  hierarchy  of T-F}  genetic units would  provide  more

detail than  one  using the  cyclothem approach.   This study  represents one of the

first investigations of  Pennsylvanian  conodont distributions within the framework of

genetic stratigraphy.

Purpose and  Scope of  Investigation

The  primary objectives of this study are:

(1)  To apply  hierarchal  genetic stratigraphy  (Busch  and West,1987;  and

Busch  and  Pollins,1984)  and the  PAC approach  (Goodwin  and Anderson,

1985; and  Goodwin  et al,1986)  of stratigraphic analysis to the  lola

Limestone  (see figure 2)  in  order to delineate and  correlate small scale

genetic units  (sixth  order T-F3  units  or  PACs)  within  this formation,  and

using these  correlations to produce detailed relative sea-level curves and

facies maps.

(2)  To  examine  ;and  interpret conodont distribution  patterns  relative to the

genetic stratigraphic framework established for the  lola Limestone.

The  examination  of conodont distribution  within  small-scale  genetic  units

3
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may enhance  our present understanding  of their paleoecology,  including

taphonomy and  mode-of-life.   This,  in turn,  could  lead to greater ease  in

interpreting  paleoenvironments  in  which  conodonts  occur  (e.g.the  recognition  of

biofacies  or environmental  restrictions).

Previous  Investigations

The  lola  Limestone was first recognized  by  Haworth  and  Kirk in  1894,  as

the  limestone  underlying  the town  of  lola in  Allen  County,  Kansas.    Later,  in  1908,

Haworth and  Bennett,  while tracing  beds  in  eastern  Kansas,  miscorrelated the  lola

Limestone  in Allen  County with the Wyandotte  Limestone  of the  Kansas City area.

This  led to confusion  in  interstate  correlations of  Upper Pennsylvanian  strata

between  Kansas  and  Missouri.    N.  D.  Newell  in  1932  (jp Moore,1932),  corrected

this error by  recognizing three  units within the  lola  Limestone:   the  Paola

Limestone  Member  (named  by  Newell  in  1932,  for beds north  of  Paola,  Miami

County,  Kansas); the  Muncie Creek Shale  Member (identified  by  Newell  in  1932,

at Muncie Creek,  Wyandotte  County,  Kansas);  and the  Raytown  Limestone

Member (named for exposures near Paytown,  Jackson County,  Missouri); and

tracing them from the  Kansas City area to the type area of the  lola.

The  cyclicity of  Pennsylvanian strata in the  midcontinent was first

recognized  by  Fl.  C.  Moore  in  1930.   The term "cyclothem",  coined by Wanless

and Weller in  1932,  for  Pennsylvanian  rocks in the  Illinois  Basin, was adapted  by

Moore  in  1936  for cyclic strata of the  midcontinent.   By this time,1936, three

workers,  N.  D.  Newell,  J.  M. Jewett,  and  F].  C.  Moore  had also  accomplished the

correlation  of  most of the  major  Pennsylvanian  cycles  in  Kansas,  including the  lola

Limestone.

Heckel  and  Baesemann  (1975),  modified the  cyclothem  model  and

5



terminology of Moore,  and applied the term cyclothem  (a term originally applied to

limestone  and shale couplets, and used by Heckel to replace the term
"megacyclothem") to the  repetition  of four specific lithofacies that represent one

transgressive-regressive  cycle  of  Pennsylvanian  strata (see figure  1).   These

lithofacies are:   the "outside shale," a mostly  nonmarine,  sparsely fossiliferous

mudstone  unit that  is composed locally of sandstone and coals; the "middle

limestone," a transgressive  limestone with a relatively diverse marine fossil

assemblage that directly overlies an "outside shale"; the "core shale," a black,

fissile,  often  phosphatic shale that is generally sandwiched  between two gray

mudstones,  representing the  period of  maximum transgression  of the  cyclothem;

and the  "upper limestone" which  represents the regressive stage of the cyclothem.

The  phrase  "Kansas  cyclothem" was coined  by Heckel  in  1977, for the

repetition  of these same four lithofacies  in  Pennsylvanian  strata in the

midcontinent, which specifically depends on the  presence  of the "middle"

transgressive  limestone  which  distinguishes  it from the  "Illinois  cyclothem".   This

"middle  limestone"  is typically  absent  in  "Illinois cyclothems".    Heckel  (1986)

introduced the terms "major," "intermediate," and "minor cycles" to  be applied to

cyclothems.   "Major cycles"  have  all four of the  required  lithofacies,  and  have very

well  developed  and  laterally extensive  "core shales." "Intermediate cycles" are

lacking  in at least one ot the four repetitive  lithofacies,  generally either the "middle

limestone," or a well  developed "core shale."   "Minor cycles" are thin  units that

represent a minor reversal within  a more  major unit  (e.g.  a thin  limestone  unit  in

the  "outside  shale" overlying a "major cycle").   Periodicities for "major cycles" were

estimated  by  Heckel  (1980) to  be 400,000-yrs,  and  Heckel  (1986)  suggested that

a probable  mechanism f or "major cycles"  is Milankovitch  orbital  cycles.   The  lola

Limestone  is classified  by  Heckel  (1986)  as a "major cycle."
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Stratigraphic and  petrographic investigations   which  specifically examined

the  lola  Limestone  include,  Mitchell  (1981),  and  Dawson  (1984).    Mitchell  (1981)

examined the stratigraphy and  petrography of the  lola along  its outcrop belt from

Iowa to Oklahoma,  applying the  cyclothem  model.   Dawson  (1984)  conducted  a

detailed  petrographic study of the  lola Limestone  in  Anderson, AIlen,  Neosho,  and

Wilson  counties  in southeastern  Kansas,  applying the  microfacies concept of

Carozzi  and Textoris  (1967),  and  Flugel  (1982).

Recent studies of  Pennsylvanian and  Permian sedimentary sequences

involve the  multidisciplined  approach of genetic/sequence stratigraphy.   Unlike the

cyclothem  method,  which  examines  only the  cyclic or rhythmic alternations of

certain  specific lithofacies,  genetic/sequence stratigraphy  involves the examination

of all  facies and facies contacts and their relative  relationships.   Examples of this

approach  include,  Busch  (1984),  Busch  and  Rollins  (1984),  Busch ± al (1985),

and  Busch  and West  (1987).   These  investigations  recognized a nested hierarchy

of six scales of transgressive-regressive  units  (see figures 3  and 4) with  inferred

periodicities  ranging  from tens-of-thousand  (sixth  order T-F3  units)  to  hundreds-of-

million  years  (first order T-R  units),  and whose  probable  mechanisms range from

Milankovitch  orbital  cycles to variations  in the  rate  of sea floor spreading.    For a

detailed description of this approach see  Busch  and West (1987).

AREA  AND  METHODS OF  INVESTIGATION

Field and  Laboratory Methods

Sixteen  sections of the  lola Limestone were examined  in detail  along  its

outcrop belt in Wyandotte,  Johnson,  and Miami  counties of northeastern Kansas

(figure  5).   Sections were selected  and  located for study by  using  USGS 71/2

7



HIEPIAPCHY   OF   PEPMO-CAPBONIFEPOUS   T-P    UNITS
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Figure 3.  The hierarohy of Permo-Cart}oniferous T-F` units and their
equivalents (from Busch and West,1987. p.  143 ).



Figure 4.  A hierarchy ot nested transgressive-regressive units (from Busch and
West,1987, p.   146 ).
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minute quadrangles for reconnaissance,  and by selecting  aLnd  revisiting  suitable

sections described in the  literature.   Sections were  carefully measured and

examined  on  a bed-by-bed  basis.   Field descriptions include;  lithology,  color  (both

fresh  and weathered),  bedding, texture,  composition,  biotic composition and

condition  (taphonomy), sedimentary structures,  and contacts between beds.

Over  140 samples, which  include  both oriented carbonate samples, and

spot samples of mudstones and shales, were collected at each  lithology change

within the  lola Limestone  at localities shown  in  figure  5.   Thin sections,  acetate

peels,  and polished slabs were  made from limestone samples,  and examined

using  petrographic and  binocular microscopes to  obtain  paleontologic and

sedimentologic information.   Shale and mudstone  samples were  processed  in

Quaternary "0", following the  procedure  of Zingula  (1968).   Flesidues were wet-

sieved in  nested  18-mesh,  60-mesh,  and  140-mesh sieves, oven dried, and all

size fractions  picked to determine the  biotic composition  of each sample.

Spot samples for conodonts were taken at two sections,  HD  (which also

includes  HDMC,  approximately  100  meters east of  HD)  and  OSA  (see figure 5),

and  processed  using  methods described  in detail  later in this  report.

Recognition  and  Correlation  of Genetic  Units

The smallest genetic unit recognized or delineated  in this  investigation  is a

sixth  order T-a  unit  (Busch  and  Plollins,1984;  and  Busch  and West,1987)  or PAC

(Goodwin  and  Anderson  1985).   A sixth  order T-Pl  unit is  usually defined as a  1  -

5  meter thick,  shallowing  upward  unit,  bounded  by unconformities,  and with an

inferred  periodicity of tens of thousands of years  (see figure  6).   Disconformable

bounding surfaces are presumed to represent punctuation events  (transgressions

or climate changes)  pres,ent as  abrupt facies changes from  relatively shallow
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facies below to recognizably deeper facies above  (Anderson, st a!.,1984).

Transgressive or climate change surfaces (Busch and West,1987)  mark sharp

contacts between facies that may not have  been laterally adjacent, therefore,

Walther's  Law may not be applicable across these  boundaries (Goodwin, st a|.,

1986).

Genetic surfaces can sometimes be recognized in the field as very sharp

lithologic contacts,  but often they are  more cryptic and may  be  recognized  only

through  analysis of the type,  diversity,  and  condition  of the  biota in the

stratigraphic section  being  studied.   Studies of faunal  diversity in  modern

environments have demonstrated that diversity generally increases from  nearshore

unstable  environments to  offshore  more stable environments  (Bretzky and  Lorenz,

1970).   Geologists  have  applied this concept (Stability Time  Hypothesis of

Sanders,1969;  see figure  7) to the stratigraphic record,  in which  it was observed

that temporal faunal  diversity increases from facies  representing  shallow

environments to those facies  representing  more stable,  relatively deeper

environments  (Johnson,1970; Walker and  Laporte,1970;  Sutton g!. a|.,1970).    It

is then  possible to  use faunal diversity to delineate T-R cycles  (Johnson,1970),

and  especially stillstands  or maximum transgressions,  which will  have the  highest

faunal  diversity  (Donahue  and  Rollins,1974).

Many workers have observed that certain taxa appear to be facies

dependent,  and can  hence be  used as indicators of relative depth  (see figures 8

and 9).   This scheme of biofacies has been  used to delineate the different phases

of cyclothems and  other types of T~P  units  (Elias,1964;  Moore,1964;  Heckel  and

Baesemann,1975; Yancey and  MCLerran,1988; and  Brezinski,1983).   The

application  of this method would appear to require caution because the  basic

assumptions are somewhat circular,  and commonly,  careful taphonomic

observations are  not made and incorporated in the interpretations.

13



A.loTIC             ptlyslcAi                                                            eloLoclc^i
ACCOMMODATION                                               ^CCOMMODATIONimmalure(ommuni.ymalure(ommunily

r  -.lrolegiil.                                                         k..lrolegii|!

high phyli(ol..re"                                            low  phy!icol  ltreM

...::..:`._.....-......:..::.......:...:-.....................:......:-...-.TT.-I.•:.:....:::...:...i.R..y.T.;p.I:..:......:..IST."6Top.lc...

.•..............:.s.p`:,`s......  ..   .            .           .                     .        .     .     sp[c,[s           .,,,,:....:.............:..............:..'.'.,...............

> .'obili'y
/                                 > lpe`ie`   diye'.i,y                              >

lime   and/or.po(e                         >

Figure 7.  Graphic representation ot Sanders' (1968) Stabilfty-Time
Hypothesis and  its application to fossil communities (from Rollins and
Donahue.1975, p.   256 ).

14



==    _   _             ^BUND^NT COMMON----PBESENT.........SP^BSE

Figure 8.  An example of using lossils as paleobathymetric and
paleoenvironmental indicators (Irom Chesnut,1981, p. 62).

15



AMES   LIMESTONE,  BIOFACIES
(bRBZ"SKI.    1981,    1983)

SCAIHOPODS

Nuculopele
^centhopecten
^vlculopectln
^8tar(elle

Metacocer48
P.eudoorthocer..
Be.11.rophonteceefi8
C^§TROPODS

TRIIABITES

CRINOIDS

EcillrolDs
BRYOZO^

RtJcOSB  ^NTllozo^

Llqgul.
JUTe®aTil®    (Produc[ld)
Crurlthyrl®
Derbya
Neochol`eteB
Compo81ta
Rhlpldolnella
AT`clquetonla   (Productld)
Llnoproductu.   (Productld)
l',I.etedla
E',telete8
Punctosplrife[
NeoaT)1rlfer

FIJSuLINIDS   (Trltlcl[e.)
Ill

col.I,uscAVbl0F^Clns

:     NE03!::::::s    :     COME:::*3|Es

NEOCHONETES^N')ICRllRITllYRIS

I                                                           BloFACIES

r     ---I       ^..EE.ffiRE'`+I'!I'# •,    ;..:i   .€,,<!,  ..A`*±i#
a  ,  ..`

:S 'tEREEFT
% •.         rJ.

0         DEPTH
(Ro,,,    1983)

Figure 9.  An example of depth-related biotacies from the Upper
Pennsylvanian Ames Limestone of the Appalachian Basin (modified from
Brezinski,1983)

16



Presence/absence data of macro fossils was recorded to determine changes

in diversity  in the sections studied.   Peterson,1976,  claimed presence/absence

data to be less affected by taphonomic biases than relative abundance data, and  I

believe this to  be a better method for delineating small-scale T-P  units than the

use of biofacies.

Genetic units  in this study were  correlated  by tracing  and  matching

transgressive surfaces relative to marker beds or patterns of facies change  (Busch

and West,1987; and Goodwin, 9 al.1986).   The  basic assumption when

attempting to  match these genetic surfaces from section to section is that they are

correlative.   Correlative  surfaces are assumed to  be  allocyclic and  non-correlative

surfaces are assumed to  be autocyclic (Busch and West,1987; and West,  Busch,

and  Rollins,1988)  (figure  10).    If  all  units  are  assumed to  be  autocyclic,

distinguishing  between  allocyclicity  and  autocyclicity  is  not possible.   This  method

requires closely spaced  localities,  careful  selection  of marker beds,  and careful

observation  of possible facies changes within marker beds, and no  preconceived

notions as to correlative surfaces,  events,  or beds.

GENEF]AL  GEOLOGY

Setting

The  lola  Limestone  is part of the  northeast trending  Missourian  outcrop belt

of mixed carbonates and siliciclastics,  extending from  Iowa to Oklahoma  (figure

11),  that dip gently northwest at 20 feet per mile.   These sediments were

deposited on  a carbonate  platform north  of a detrital dominated shelf and basinal

area  (Pascoe  and Adler,1983).   The study  area (shaded on  figure  12)  is on the

southern  edge  of the  Forest City  Basin,  and  is  in  close  proximity to three  major

17
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Figure 12.   Possible structural influences on sedimentation during the Pennsyivanian
in the midcontinent (from Knight,1985).
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structures  presumed to  be  active  or minor topographic highs during the

Pennsylvanian  Period  (Knight,1985).   These are:   the  Nemaha Anticline  northwest

of the study area, the  Bourbon Arch to the southwest,  and the Ozark Dome to the

southeast.   The  possible  influence on the sedimentation of the  lola Limestone by

these  major structures  and other minor structured will  be  explored  later in this

report.

Lithostratigraphy

The  lola  Limestcne, which  overlies the Chanute  Shale,  and is overlain  by

the  Lane  Shale  (figure  13),  is  part of the  Linn  Subgroup of the  Kansas City Group.

The  Kansas City Group is in the  Missourian  Stage,  Upper  Pennsylvanian  Series.

The following  lithologic descriptions are  based  on  measured sections compiled

from field  and  laboratory investigations of the  lola  Limestone which are  in

Appendix 2 of this report.

Chanute  Shale.--  Directly  underlying the  lola Limestone  is the Chanute

Shale  (Haworth and  Bennett,1908), the type area of which  is the town  of Chanute

in Neosho County,  Kansas.   The thickness and facies types that comprise the

Chanute  Shale tend to  be variable throughout the study area.   Mitchell  (1981)

observed that the Chanute thins northward across the three county study area of

this report,  and although  I did  not observe the complete thickness at sections

examined for this  investigation, the  Chanute  ranges in thickness from 3.66 to 9.75

in.  (12 to 32 ft.)  in the  northern  part of the study area (O'Conner,1971),  and from

2.44 to  11.6  in.  (8 to  38  ft.)  in  the southern  part of the  study  area  (Miller,1966).

Typical facies encountered in  Miami  County (figure  14)  are as follows.   A

thick  (1.6  in.  +)  olive  gray,  blocky  mudstone  occurs  1  to  3  in.  (3.3 to  9.8 ft,)  below

the  base of the  lola Limestone,  and  is sparsely fossiliferous except for plant
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Figure 13.  The lola Limestone and its three members. the Paola
Limestone Member. Muncie Creek Shale Member, and Paytown
Limestone Member (modified from Zeller,1968, pl.1).

22



rlETERs

LLJZaI-ODLILJI-IZIaI><C£ Ill
I            I                          -Bract

11

Ill
11I       I     I I-Large-I  -I-I-I-I     -Phum

-I  '-I-      betterI ,-  I  -  I)
iv - rtyI        -Phvll,fuGreen

I-I
iv N=LfuCJI'lIJIllItJJ<=E===®cO
-----                  Oil

''Hurr

LIIJ=<e''IJ+ r- - Burrow- -A,ga, W

eo? Gnu,
< LIIJL= Greeni3

-.1111
•...------....       -siltv  riiid3to

LILJI< -------+

IcO
=EI:II=E-             I -I

LJ.I+

JZ<
Iu

D

1     I       USOarkGrey,C

_____  ______I
Th8uer Coal-OliveGrau,

hiopod and  Mu81i nid Wacke3tone

BrGchiopod Wacke3tone

Algal  W8cke3tone  (fi ner grai ned ,
Sorted)

oid AlgGI  Wacke3tone to  PGck3tone

3h Yellow, C®1c8reouS  rludstone
Grau, Ca]careous  Mud3tone

mocku'.  Upper Surface
Alg81  Wacke3tone

acke3tone

C81c8reouS  Mud3tone

h Grog, S8ndv  Mud3tone

ne

Mud3tone end Sandstone

olc8reou3 Shale

Blocku  Mudstone

Figure 14.  Typical lithologies of the lola Limestone in the
southern part of the study area as represented at section OSA.

23



fragments.   This facies is overlain at two sections  (OSA and  SH)  by a thin  (5.1  to

7.6  cm.)  bituminous  coal  IThayer Coal),  which  is  1.1  in.  (3.6 ft.)  below the  base of

the  lola Limestone  at section  SH,  and 3.3  in.  (10.8 ft.)  below the  base  of the  lola

at section  OSA.   Directly overlying the coal  is a thin  (2.5 to 7.6 cm.)  layer of dark

gray calcareous shale with  a fossil  assemblage consisting  of Crurithvris,  crinoids,

echinoids,  bivalves, smooth-shelled ostracodes, shark remains,  spirorbid worms,

and  carbonaceous  plant debris.   Above this is from 0.5 to  3  in.  (1.6 to 9.8 ft.) of

silty mudstone to interbedded mudstone and very fine grained sandstone, with a

fossil  assemblage  consisting  of  Linqula,  Crurithvris,  pectinid  bivalves,  plant

fragments,  and where sandy, trace fossils suggestive of  Planolites.   From 7.6 to

10.2 cm.  (3 to 4  in.)  below the  base of the  lola  Limestone  at  many sections

examined  in  Miami  Courlty,  and  gradationally overlying the  silly  mudstone,  is a

light greenish  gray,  sandy  mudstone with  abundant plant debris,  including  large  ( >

5 cm.)  leaf and stem impressions.   This facies is sharply overlain by a sandy

calcareous mudstone with a marine biota of productid  brachiopods,  Crurithvrjs,

Hust?dia,  crinoids,  echinoids,  bryozoans,  encrusting foraminiferids,  bivalves and

gastropods, which are  often disarticulated and fragmented.

The Chanute Shale at sections  PW and  K12 examined in Wyandotte and

Johnson  County lacks coal,  but commonly had an interbedded sandstone and

mudstone facies which  are,  in  part,  in the same stratigraphic position as the  coal

bed.   The fossiliferous facies  in the  upper Chanute at these  localities is thicker

than  in  Miami  County as  illustrated at section  HD  (figure  15), where it is 66 cm.

(26  in.) thick.   The fossiliferous facies  in the upper Chanute  Shale  in Wyandotte

and Johnson Counties also tends to be less sandy than those  in  Miami County.

The contacts with the  underlying facies are,  however, still sharp.   The contact

between the Chanute  Shale and the  lola Limestone, throughout the study area,  is

gradational.
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Figure 15.  Typical lithologies of the lola Limestone in the
northern part of the study area, as represented at section HD.
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lola  Limestone.--The  lola Limestone  (Haworth  and  Kirk,1894)  consists  of

three  members which are  (in  ascending  order):   the  Paola Limestone  Member, the

Muncie Creek Shale  Member,  and the  F}aytown  Limestone  Member.   The

thickness  of the  lola  ranges from  3.12  in.  (10.2  ft.)  to 4.2  in.  (13.8 ft.)  in the three

county study area, and generally thickens southward.

Paola  Limestone  Member.-The  Paola Limestone  Member  (Newell, iD

Moore,1932)  is  lithologically rather consistent throughout the  study  area,  where it

is primarily a brachiopod and algal wackestone.   The thickness of the  Paola

ranges from  0.30  in.  (1.0 ft.)  in the  northern  part of the  study  area, to 0.83  in.  (2.7

ft.)  in the south.   This  increase  in thickness also  corresponds to an  increase  in the

abundance  of phylloid algae.

In  Wyandotte  and  northern Johnson County  (figure  15) the  Paola is a

brownish  gray,  dense,  brittle wackestone with  a biota consisting  of Crurithvris,

chonetid  and  productid  brachiopods,  ComDosita,  Hustedia,  crinoids,  echinoids,

gastropods,  horn  corals,  fusulinids,  sponges,  phylloid algae,  ostracodes,  encrusting

and other small foraminiferids,  and abundant shark and other fish remains

(hundreds  of fragments  in 2.5  kg.  sample).   Rhodoliths are  common  in the  upper

part of the  unit,  and at section  HD, small  (a cm,)  phosphate nodules are

scattered throughout the  upper 7.6  cm.  (3  in.).   Most of the  biota in the  upper-

most and  lower-most part of the  Paola at these  northern localities is disarticulated

and fragmented.

At sections examined  in  Miami  County and southern Johnson  County

(figure  14) the  Paola is also  a brownish  gray,  brittle,  and dense wackestone.  In the

southern  part of the study area,  phylloid  algae  are generally  more  conspicuous,

and the  upper  1/3  of the  Paola is extensively  (or at least visibly)  bioturbated with

large,  (often  >  1  cm.  in  diameter and  >  10  cm.  long)  iron  stained  burrows

(Planolites and Thallasinoides-like traces).   Phodoliths occur in  at least the  upper
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1ro of the  Paola,  and skeletal grains are fragmented in the upper-most and lower-

most part of this  member.   In  many sections south  of  K12 in Johnson County  (eg.

PW,  P,  OKCP,  OSAN, and OSA) the  Paola has a very "hummocky" (Newell,

1935,  p.  54)  upper surface.   This irregular surface often  has phosphate nodules,

and sometimes conulariids  (as at section  PW)  embedded in  it, and may be

encrusted with  bryozoans  (Dawson,1984).   This contact between the  Paola and

the  overlying  Muncie  Creek is very sharp.

Muncie Creek Shale  Member.-  Dramatic changes in thickness and facies

occur over short distance  (several  kilometers)  in the  Muncie Creek (Newell, iD

Moore,1932)  especially in the  Kansas City area, where  its thickness  ranges from

0.11  in. to  1.9  in.  (0.36 ft.  to  6.2 ft,)  (V.  Hamilton,  personal  communication,1988).

Throughout the  study  area the thickness of the  Muncie Creek ranges from 0.10  in.

to  1.6  in.  (0.33  ft.  to  5.3  ft.).

At what is considered a typical  section  of the  Muncie  Creek (figure  15,

section  HD  in Johnson  County)  as described by  Heckel  (1988), the  Muncie Creek

consists of four lithologies in  ascending  order: a basal  dark gray  mudstone,  a

black, fissile,  phosphatic shale, another medium gray mudstone,  and a thin grayish

yellow green  mudstone.

The  basal  mudstone  is 0.56  in.  (1.86 ft.) thick and  is  poorly  indurated.   It

contains a fossil assemblage  consisting  of Li_pgula,  gastropods,  bryozoans,

crinoids,  echinoids,  pectinid bivalves,  chonetid  and  productid  brachiopods,

Crurithvris,  cephalopods,  trilobites, Ammodiscus,  encrusting  foraminiferids,  and the

remalns of sharks and other fish.   Fossils are most abundant at the base of the

unit,  where they  are  commonly disarticulated and broken.

Overlying the dark gray  mudstone  is a black,  fissile,  phosphatic shale.   The

black shale  is 0.56  in. thick  (1.83 ft.)  and contains,  in the  upper two thirds,  ovate

and  spherical  phosphate  nodules  (1-5 cm.  in diameter),  composed  malnly of
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fluorapatite  (Shaffer st al.,1988).   The shale contains a biotic assemblage

consisting  of conulariids,  Orbiculoidea,Ammodiscus and  other small foraminiferids,

sponge spicules,  shark remains,  and plant fragments.   Within the  nodules is a

biota that includes:   plant spores,  ostracodes,  radiolarjans,  small foraminiferids,

cephalopods,  bivalves,  sponges,  crinoids,  plant fragments,  and shark and other

fish  remains.

Sharply overlying the  black fissile shale  is a medium dark gray mudstone.

It is 0.46  in.  (1.5 ft.) thick,  poorly  indurated,  and also contains  phosphate  nodules.

The phosphate nodules appear to be more scattered and less abundant than in

the  underlying  shale,  and  many were observed to contain  a conulariid.   The fossil

assemblage includes:   Ling!la,  gastropods,  conulariids,  crinoids,  echinoids,

chonetid and productid brachiopods, cephalopods,  pectinid  bivalves,  Phestia,

Astartella,  Ammodiscus,  sponge  spicules,  holothurian sclerites,  ostracodes,  plant

fragments,  and shark remains.   Pyrite-filled  burrows resembling  Chondrjtes and

Planolites are  scattered throughout this mudstone.   Fossil  abundance  is  highest in

the  middle  of the  unit.

Sharply overlying the  gray mudstone  is a thin  (3 cm.)  grayish  green,

calcareous mudstone.   Large  (commonly > 5 cm)  ovate to spherical calcareous

nodules or clasts composed  primarily of calcium carbonate with  minor amounts of

fluorapatjte  (F3.R. West,  personal  communication,1988)  occur in this mudstone.

These nodules/clasts are commonly bored by acrothoracicans.   The fossil

assemblage includes cephalopods,  Li.ngula,  bryozoans,  I-1ustedia,  Derbyia,

Crurithvris,  PunctosDirifer,  chonetid  brachiopods,  crinoids,  echinoids, trilobites,

gastropods,  ostracodes,  plant fragments,  and shark remains.   Fossils are generally

disarticulated and fragmented, and the contact with the overlying  Playtown is

gradational.

The  four typical  Muncie Creek lithologies disappear south  of section  K12  in
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Johnson County,  and what is presumed to  be the  Muncie Creek is a thin

(generally <  15 cm.)  calcareous mudstone with  rounded  phosphate nodules at the

base.

At section  OSA in  Miami  county  (figure  14), what has  been  called the

Muncie Creek consists of two  lithologies,  a lower medium  gray,  calcareous

mudstone,  and an  upper greenish yellow,  calcareous mudstone.

The  medium  gray,  calcareous  mudstone  is 0.05 in.  (0.17 ft.) thick,  and  has

a sharp basal contact with the upper "hummocky" surface of the  Paola.   It

contains rounded phosphate nodules, and a fossil  assemblage which  includes:

Crurithvris,   Hustedia,  crinoids,  gastropods,  bivalves,  and shark remalns.

Overlying the  gray  mudstone  is a thin  (5 cm.),  greenish  yellow,  calcareous

mudstone,  and the contact is gradational.   The biota includes:   crinoids,  echinoids,

Crurithvris,  NeosDirifer,  Chonetinella,  Husted_ia,  small  productids,  PunctosDirifer,

bryozoans,  small foraminiferids,  bivalves,  and shark remains.   The  greenish  yellow

calcareous mudstone also contains a few sporadically distributed,  small  (<  1  mm.

in diameter)  phosphate nodules.   The  contact with the overlying  Baytown is sharp.

F3avtown  Limestone  Member.- The  Raytown  Limestone  Member (Hinds

and Green,1915)  is composed of a number of facies throughout the study area,

ranging  from  calcareous  mudstone to  phylloid  algal  packstone to wackestone.

The thickness of the  Playtown  ranges from 2.14 in.  (7.02 ft.)  in  northern Johnson

and southern Wyandotte  Counties, to  3.76  in.  (12.33 ft.)  in south-central  Miami

County.   Southward thickening  of the  Flaytown  is coincident with  an  increase  in

phy'loid algae.

The  basal  lithology of the  Raytown  in  northern Johnson and Wyandotte

Counties  (figure  15)  (e.g.  K12,  K32R,  K32  &  7,  HD)  is a medium  gray,  crinoidal

and glauconitic packstone to grainstone  (the  non-abraded, over-packed,

invertebrate  grainstone  of Mitchell,1981,  and  Heckel,1983).    It ranges in
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thickness from  0.03  in. to  0.15 in.  (0.08 ft.  to 0.5 ft.) throughout the  study area

and  appears to  be  lenticular, thinning and pinching  out at some localities to the

south,  and becoming  less calcareous to the west (CC).   It contains a biota

consisting  primarily  of crinoid  columnals,  but also  includes Crurithvris,  chonetid

brachiopods,  echinoids,  gastropods,  bryozoans,  cephalopods,  ostracodes, clumps

of encrusting  foraminiferids and other small foraminiferids,  conulariids,  and shark

and  other fish  remains.

Calcareous  nodules or clasts,  that are  commonly found  in the  underlying

shale, are incorporated into the base of the packstone.   Possible lateral

equivalents of the  crinoidal  packstone  in  central  and southern Johnson County

(sections  F}  and  PW),  and  in  Miami  County  (sections  PSE,  PAQ,  and  SH)  contain

rounded phosphate  nodules.   Most of the  biota within the  packstone to grainstone

is fragmented,  and skeletal  grains are elongate  parallel to  bedding.

Sharply  overlying the  crinoidal  packstone  at sections  HD  (figure  15),  K32F`,

K12,  aind  K32  & 7,  is  a very fossiliferous,  grayish  green,  calcareous  mudstone.   It

ranges in thickness from 0.08  in. to  0.15  in.  (0.25 ft. to 0.5 ft.),  and contains a

biota which  includes  Chonetinella,  NeosDirifer,  PunctosDirifer,  Crurithvris,  +tustedia,

productid,  bryozoans,  crinoids,  echinoids,  gastropods,  ostracodes, trilobites,

bivalves,  small foraminiferids,  conulariids?, scolecodonts,  and fish  remains.

Possible small  (<  1  cm.  in  diameter)  phosphate  nodules also  occur within the

calcareous mudstone,  and this lithology is very similar to,  and may be the  lateral

equivalent of,  the  upper lithology of what has  been  called the Muncie  Creek Shale

Member at section  OSA and  others in  Miami  and Johnson  Counties.

Sharply overlying the  fossiliferous,  calcareous mudstone  in the  northern

part of the study area  (figure  15),  and what is presumed to  be the Muncie Creek

in southern  pads of the  study area (figure  14),  is a light gray,  phylloid  algal

wackestone to  packstone.   The phylloid algal wackestone ranges in thickness from
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0.68  in.  (2.25 ft.)  in  the  north  to  2.28  in.  (7.5 ft.)  at the southern  localities.

At sections  in Johnson  County  (figure  15)  (K12  and  HD)  the  phylloid  algal

wackestone  is a medium to thickly bedded  (often with "hummocky" contacts

between beds) wackestone to packstone.   It has a fossil assemblage which

includes  phylloid algae,  ComDosita,  productid  brachiopods,  crinoids,  echinoids,

gastropods,  encrusting and other small foraminiferids,  ostracodes,  bryozoans,  and

sponge spicules.    Brachiopods  in this  lithology are  often  articulated.

The  phylloid  algal wackestone at sections in  Miami  County  (figure  14)  (PAQ

and OSA)  is  medium to thickly  bedded  in the  lower part,  commonly  becoming

thinly  bedded with  shale  partings toward the top.   The  biota is  nearly  identical to

that of this same  lithology at northern  localities.   Coincident with the decrease  in

bed thickness,  is a reduction  in  grain  size  and better sorting, with  skeletal grains

becoming  more  and more fragmented upward.

The  phylloid algal wackestone  is sharply overlain  by a wackestone

containing  large  brachiopods  (figures  14  and  15).   This  lithology  is  generally  a

medium-bedded wackestone  layer with  large  Echinaria,  Linooroductus,  and

commonly  NeosDirifer  (equals the  "large fossil  bed"  of  Newell,1935,  p.  53).   The

biota of this  lithology includes,  in  addition to the  above  mentioned  brachiopods,

Comoosita,  PunctosDirifer,  chonetid  brachiopods,  crinoids,  echinoids,  bryozoans,

horn corals,  cephalopods,  bivalves, ostracodes, small foraminiferids,  and shark

and other fish  remains.   Most fossils are articulated and unfragmented,  and many

large  brachiopods appear to  be jfl sj±±±.   The  basal 5 cm.  (2  in.)  of this unit at

section  HD  and  others  in  northern  Johnson  County  is a crinoidal  packstone.

Overlying the  large  brachiopod wackestone  in the  Raytown  at section  HD

and  others  in  northern Johnson  and southern Wyandotte Counties  (figure  15)  are

three lithologies  in  ascending  order:   a medium  bedded,  argillaceous wackestone,

a thick bedded, wackestone caprock, and a thin  (3 cm.)  brachiopod and crinoidal
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packstone.   Sections in the south generally have the same three lithologies,  but at

one section  (PAQ) the caprock lithology is overlain by a mudstone and a

brachiopod and phylloid algal wackestone to  packstone known as the  Bush City

beds  (an  informal  unit described  in  Mitchell,1981).

The argillaceous wackestone at section  HD (figure  15)  is somewhat

nodular, with a biota that includes:   productid and chonetid  brachiopods,

ComDosita,  crinoids,  echinoids,  bryozoans,  bivalve fragments,  horn corals,  phylloid

algae,  ostracodes,  and sponge spicules.   Several thin  (<1  cm.)  packstone  layers

are present within this  unit.

Sharply overlying the  argillaceous wackestone at section  HD  (figure  15)  is a

0.46 in.  (1.5 ft.) thick,  light gray, wackestone caprock.     The  caprock lithology,

which often weathers a mottled dark yellowish  orange, earning the  upper Flaytown

the  nickname  "calico  beds"  (Newell,1935,  p.  53),  contains a fossil assemblage

composed of:   productid and chonetid brachiopods,  ComDosita,  orinoids,

echinoids,  gastropods,  bivalves,  phylloid algae, ostracodes,  bryozoans, encrusting

foraminiferids,  and sponge  spicules.   At the top of the caprock is a thin  (3 cm.)

skeletal  packstone to  grainstone with  a fossil  biota including:   NeosDirifer,

PunctosDirifer,  chonetid and  productid brachiopods,  ComDosita,  bryozoans,

gastropods,  bivalves,  inarticulate  brachiopods,  encrusting foraminiferids,  and

numerous shark remains  (>100 fragments in  a 2.0  kg sample).   Skeletal  grains

(specifically large  brachiopods) within the  packstone  are  generally disarticulated

and fragmented and commonly algal  coated and bored by acrothoracicans.

The wackestone caprock of the  Raytown  is present at all complete sections

of this member in Wyandotte and Johnson  Counties, and at one section,  PAQ,  in

Miami  County.   Below the wackestone caprock at section  PAQ and section CC,

and above the large brachiopod wackestone facies,  lies a rather thick (0.79 in.)

layer of thin  bedded, alternating  argillaceous,  bryozoan packstone and brachiopod
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and  bryozoan wackestone.   The same  unit at section OSA and others in  Miami

County  (figure  14)  consists of a 0.60  in.  (2.0 ft.)  layer of medium to thin  bedded

brachiopod and  myalinid wackestone above the large-brachiopod wackestone.

Several rather anomalous facies occur above the main  Paytown  ledge

(crinoidal  packstone through caprock lithologies)  at several  locations,  two in  east-

central Johnson  County  (O'Conner,1971)  and section  PAQ in  Miami  County,

which  have  been  assigned  by some to the  Raytown  (Miller,1966).   At section

PAQ, the caprock and skeletal packstone of the upper F}aytown are overlain by

2.16 in.  V.10 ft.)  of olive to  greenish  gray mudstone to claystone,  and  1.02 in.

(3.33 ft.)  of medium to thickly  bedded  brachiopod and  phylloid  algal wackestone to

packstone  (Bush  City beds).   Based on  unpublished conodont biostratigraphic

data,  Ardvidson  (1988)  assigned the mudstone to the  Lane  Shale, and the

wackestones to the Wyandotte  Limestone.

Lane  Shale.~ The  Lane  Shale  (Haworth and  Kirk,1895),   type area in the

town of Lane,  Franklin County,  Kansas, varies considerably in facies types and in

thickness throughout the study area.   Crowley (1969)  reported that the  Lane

ranges in thickness,  in the three county study area of this report, from less than

3.0  in.  (10  ft.)  to  slightly  over  32  in.  (105  ft.).

At section  HD  (figure  15), the  Lane  Shale sharply overlies the  Paytown,

and  is  13.3  in.  (43.7 ft.) thick.   Here, the  Lane consists of medium dark gray to

dark gray,  silty to sandy mudstones.   There are three major marine zones:   (1) a

crinoidal,  dark gray  mudstone  in the  basal  1.22  in.  (4 ft.),  (2)  a 0.20  in.  (0.67 ft.)

ironstone and interbedded mudstone 6.0 in.  (19.7 ft.) above the  base of the  Lane,

and  (3)  a 0.13  in.  (0.42 ft.)  calcareous  mudstone  underlying the Wyandotte

Limestone with a gradational  upper contact.   These three facies in the  Lane Shale

contain a molluscan fossil assemblage.
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GENETIC STRATIGRAPHY

Recognition  of the  lola fifth  order T-F}  unit is based on the  pattern  of sixth

order T-P  units above,  below,  and within this sequence  (see  Busch and West,

1987, for details on this  procedure),   Durations of these sixth  order T-R  units is

inferred to be  50,000 to  130,000 years  (Busch  and West,1987).   Three  of the

bounding, transgressive surfaces of sixth  order T-F3  units within the  lola fifth order

T-R  unit can  be traced throughout the study area (Leonard,1989).  The  lola fifth

order T-R  unit (roughly equivalent to the  lola Cyclothem or "major cycle")  consists

of the upper part of the Chanute Shale, the  lola Limestone and its three members,

and  most of the  Lane  Shale  (Busch, st. a|.,1985;  Leonard,1988; and  1989).   The

duration  of this fifth  order T-R  unit was  probably on the  order of 300,000 to

500,000 years,  and it comprises one  net transgressive-regressive sequence

(Busch  and West,1987).

To  illustrate the  genetic stratigraphy of sixth order T-R  units within the

sequence  studied,  two sections [Holliday  Drive,  HD  (which  includes  HDMC,

approximately  100  in. to the  east of HD)  and  Osawatomie,  OSA] will  be discussed

in detail.   Because of drastic facies changes within some of the transgressive-

regressive  units a northern  (HD)  and southern  (OSA)  section was chosen  rather

than a composite sectiori for the sequence.   Data upon which these transgressive-

regressive  units are  based  in the  other sections studied are  given  in Appendix 2.

Holliday  Drive  Section

PAC  1.--The  base  of sixth  order T-P  unit  1  or PAC  1  (also the  base  of the

lola fifth  order T-R  unit)  is recognized by a transgressive  (flooding)  surface that

punctu.ates an  unfossiliferous silty  mudstone  in the  Chanute  Shale.   The
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punctuation  is a mudstone with  a moderate diversity assemblage of marine fossils,

and well  rounded and fragmented skeletal  grains  (figures  16 and  17).   The

Chanute  Shale  is considered  by some  (Mitchell,1981 ; and  Heckel,1988)  as

representing  a delta plain  environment.

Deepening within  PAC  1  is  recorded  by an  increase  in diversity upward

from the transgressive surface,  and through the calcareous mudstone  in the

upper-most part of the  Chanute  Shale, which  contains the  brachiopods Crurithvris,

De.rbyia, and chonetids.   These taxa are considered opportunistic and

characteristic of the  early transgressive  phase  of deepening-shallowing  units

(Rollins and  Donaliue,1975;  and  Brezinski,1983).

Maximum diversity within  PAC  1  occurs in the  upper-middle  parts of the

Paola  (figure  16),  and  probably  represents the facies deposited during  maximum

transgression  of  PAC  1.   The fossil  assemblage  here  (figure  17)  consists of;

ComDosita and  other brachiopods, fusulinids,  horn corals,  bryozoans,  and

calcareous sponges.   Fossils within this interval  are  primarily unbroken  and

articulated.  The  environmental  conditions existing  during  maximum transgression

of PAC  1  appears to have  been that of shallow,  quiet,  open marine waters,  below

effective wave base.

In the  upper part of the  Paola disartioulatjon  and fragmentation  of skeletons

increases suggesting  increasing  energy levels due to  gradual shallowing,  or

reduced  rates  of sedimentary accumulation.   Flhodoliths and  rounded phosphate

nodules are  also  in the  upper parts of the  Paola.   Toomey  (1974,1985)  believed

rhodoljths to  be  indicators  of nearshore, shallow,  well  lit environments,  although,  in

and  of themselves,  they may  not be  indicative of shallowing.   Peid and  Maclntyre

(1988)  maintained that algal  nodules of this type cannot  be  used  as environmental

indicators.
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EAee.- The transgressive surface of PAC 2 is marked by a very sharp

boundary between the dark gray mudstone at base of Muncie Creek,  and the

underlying  shallower?  phase  of  PAC  1  (figure  18).   This is the  "knife sharp

boundary" which  Moore  (1964)  believed to  represent a disconformity

(paraconformity).   Moore  (1964),  however,  believed this disconform'rty to represent

a regressive surface.   Biotic diversity varies little  across this contact,  and if

anything  it may decrease slightly  (figure  16).   This surface  marks the  boundary

between a normal marine fossil assemblage, and a fossil assemblage that some

(Brezinski,1983;  and  Plollins and  Donahue,1975)  consider stress tolerant.   The

stress tolerant assemblage  (figure  19)  includes:   Crurithvris,  inarticulate

brachiopods,  and a diverse assemblage of molluscs (Brezinski,1983;  Boardman

g!. ai.,1984).   This inorease in stress may be due to the onset of oxygenrdepleted

conditions caused  by climate  change  in  conjunction with  rapid transgression

(Kauffman,1986).

Fossil diversity decreases gradually upward from the transgressive surface

through the  gray  mudstone  in  PAC 2  (figure 20).   A decrease  in  biotic diversity in

this  case,  may actually  imply continued deepening.   Phodes and  Morse  (1971)

observed that offshore environments, when stressed by deoreasing  oxygen  levels,

may  resemble  nearshore  unstable environments  in terms of biotic diversity.

Following  Bromley and  Ekdale  (1984),  oxygen  poor conditions are suggested  by

the  occurrence  of QhQndrites,  Planolites,  and ZooDhvcus in the  upper part of the

gray mudstone.  An  increasingly oxygen  poor environment may favor soft-bodied

infaunal  organisms,  and  reduce the  number of epifaunal, shelled  organisms

(Byers,1977).

A slight increase  in diversity occurs  near the top of the dark gray mudstone

in  PAC 2 (figure 20),  possibly an oxygenation  event,  but lack of data at other

localities  prevents the  author from speculating  further about the significance of this
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Figure 18.  The "knife sharp" contact between PAC 1  and PAC 2 at section
K12.
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Figure 20.  Diversity in samples from PAC 2 at section HDMC.
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event.

Maximum transgression within  PAC 2 may be represented by the black,

fissile, phosphatic shale.   This shale contains a biota greatly reduced in benthic

forms  (figure  19),  and  includes what is considered by many to be primarily pelagic

(radiolarians,  conulariids,  conodonts,  cephalopods),  or epipelagic taxa

(Orbiculoidea,  pectinid bivalves)  (Heckel,1977;  Malinky and Mapes,1982;

Malinky,1984;  Boardman, 9 al.,1984).   The black shale also contains

Ammodisc_us, sponge spicules, shark and fish  remains, and plant fragments.

Some of these fossils also represent pelagic organisms (shark and fish  remains),

others were probably transported in  (plant fragments),  but others (small

toraminiferids and sponge spicules)  may represent, it not also carried in,  benthic

organisms  living  in this environment.

Phosphate nodules from some  black shales ("core shale" of Heckel,1977)

have  been shown to contain numerous fossils  (Nodine-Zeller, st a!.,1985).

Phosphate nodules from the black fissile shale in  PAC 2 contain:  plant spores and

other plant remains,  fish  remains (including  a paleoniscoid skull),  radiolarians.

ostracodes,  sponges,  small foraminiferids  (Beophax like), and crinoids.   This fossil

assemblage consists of organisms that were pelagic (radiolarians and fish), forms

that were  probably transported in  (plant remains),  but also taxa that were probably

benthic (crinoids, sponges, foraminiferids,  and ostracodes).

Phosphate  nodules,  if early diagenetic in  origin,  or precipitated directly from

the sea water  (Kidder,1983;  1985),  may actually contain  a better representation of

the  biota that existed in the environment than the black shales themselves,  as

suggested  by Maples  (1986) for calcareous concre[ions  in  Pennsylvanian  black

shales in the  Illinois Basin.   The black shales were  probably unsuitable for the

preservation of organisms with shells composed of calcite or aragonite, as

suggested by Malinky  (1984).   This is supported by the observation that even in
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the overlying and underlying gray mudstone, aragonitic shells are absent,  probably

being completely dissolved,  and calcite shells severely corroded.   The  possibilfty

that the fossil assemblage preserved within the black shale has been

taphonomically biased definitely exists.

The presence of possible benthic fossils in what was presumed to be an

anoxic environment suggests that:  (1)  either anoxic condition  existed only below

the sediment-water interface  (as in  many modern estuaries),  (2) that anoxic

conditions were  interrupted  by periods of oxygenation,  or  (3)  organisms living  in

this environment were  adapted for an  oxygen  poor environment.     Maples  (1986)

has suggested that brief periods of stagnation would be adequate to produce

sediments that appeared as if they had been deposited during permanent anoxic

or oxygen  poor conditions.

The  environment of deposition that existed during maximum transgression

of PAC 2  may  have  been  anoxic bottom  conditions periodically interrupted by

periods of oxygenation,  and in a moderately deep (tens-of-meters), offshore

environment.

Shallowing  in  PAC 2 begins near the base of the upper gray mudstone in

the Muncie Creek with a gradual increase  in diversfty upwards.   This may suggest

better bottom conditions  (i.e.  more  oxygen).   This is overlain  by a zone with

abundant Chondrites suggesting oxygen  poor conditions  (figure 20).     This facies

contains a biota  (figure  19)  of what many would consider opportunistic or stress

tolerant taxa,  including  chonetid and  productid  brachiopods,  Lingula,  and a

relatively diverse molluscan  assemblage  (Pollins,  Carothers,  and  Donahue,1979;

and  Brezinski,1983).   Above this interval  in the gray mudstone  lithology, diversfty

of nearshore taxa deoreases  (figure 20), suggesting the more stressful conditions

of rather shallow water.

The most commonly cited deposition model that attempts to explain the
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occurrence of Pennsylvanian black phosphatic shales is that of Heckel  (1977).   As

transgression proceeded to a certain depth  (100-200 in.) a thermocline developed

as wind driven currents were  no longer able to mix surface and bottom waters.

Eventually,  in this tr.opical  setting, the  prevailing trade winds established what

Heckel calls a "quasi-estuarine circulation  cell"  (figure 21)  in which  cool  nutrient

rich bottom waters from deeper parts of the basin upwell into the epeiric sea.   This

established anoxic bottom conditions and  provided abundant nutrients to plankton

in the  epicontinental  sea,  causing algal  blooms which contributed turther to bottom

anoxia and to the organic enrichment of the sediments.   The  proposed modern

analog for this model  is off-shore  Peru, which  is an upwelling  zone  onto a narrow

shelf,  and in  relatively deep water.   Evidence commonly cited for this model of

relatively extreme depths  (for an  epicontinental sea)  and  upwelling  are:   (1) the

presence  of phosphate  nodules, which  Heckel  (1977)  and  Kidder (1983 and  1985)

assumed to have formed due to upwelling,  because most modern phosphorite

deposits are  presumably the result of upwelling,  (2) "core shales" presumably

display more  lateral  continuity than other lithofacies in the  eyclothem  (many of the

better developed "core shales" are presumably traceable along the outcrop belt

from  Iowa to the  Oklahoma, and are the  least variable in terms of facies changes),

and  (3) due to the type,  abundance, and diversity of certain taxa,  including:

conodonts, the total  lack of benthic fossils,  ammonoids,  conulariids,  radiolarians,

lack of benthic calcareous algae, and foraminiferids, which together may suggest

great depth and anoxic bottom conditions.

Pecent studies of ancient phosphorites have yielded new insights into the

formations of these deposits.   Soudry and  Levy  (1988). examining  Upper

Cretaceous phosphorites in southeastern  Israel, and Soudry and Southgate

(1989),  studying phosphorites of the  Middle Cambrian  of Australia,  believed that

the phosphatic nodules and mudstones in these deposits are the remnants of
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Figure 21.  Schematic representation of the "quasi€stuarine circulation colr and the litholacies
associations presumably resulting from this phenomenon (from Sweet,1988, p.  160  , as
modified from Heckel,1977)
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phosphatized algal mats, which  may have formed and become  phosphatized

under very shallow marine conditions.   Shaffer st a!.  (1988)  and  I have  not

recognized microbial structures within the phosphate nodules from Pennsylvanian

black shales,  but upwelling  is  not necessarily the only explanatibn for their

formation.

The  presumed lateral cohtinuity of the  Muncie Creek is questioned by the

findings of this report.   Although the  black fissile facies may extend from  Kansas

to  Iowa, the  Muncie Creek is one of the most variable units.  in terms of facies and

thickness changes over short distances, examined in this study.

Boardman st a|.  (1984)  used  paleontologic data from the  Pennsylvanian

"core shales" as the  primary evidence for a deep water environment,  and claimed

that certain taxa are characteristic of deeper water conditions.   The taxa,  listed

previously,  are not necessarily restricted to deposits representing one type of

environment, and have  been found in deposits interpreted to represent a variety of

depths,  including shallow.   Pladiolarians have been described from calcareous

nodules from shallow-water marine  bands of the  Namurian  of Great  Britain

(Holdsworth,1964).    Based  on  earlier observations of similar deposits,  Pulfrey

(1932)  believed that finding  radiolarians in the  concretions was of  little  importance

paleoecologically,  but significant only because the nodules favored the

preservation  of radiolarians.     Cephalopods, which are the main components of

Boardman st a±.  (1984) "deep water" molluscan community,  have been described

(goniatites)  from the  Upper Carboniferous  bluish  clays of Uruguay  (Gloss,1967).

The goniatites are contained within  phosphate nodules in deposits interpreted as

marine intercalations within  glacial deposits.   Conulariids, which  Boardman g! a!.

(1984) claimed  are  only found within the "core shale" facies,  but I  have  observed

conulariids in limestones,  both above and below the "core shale" facies, and at the

base of the  Lane  Shale, an "outside shale".
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An  important factor not discussed in  Boardman st a|.  (1984) is that of

taphonomy.   Boardman st a|.s' depth related paleocommunities may be the result

of preservational  biases rather than  being  reflective of depth zonation of

organisms.   Padiolarians,  as  referred to earlier in  Pulfrey  (1932)  may not indicate

relatively great depths for deposition of black shales,  but may be preferentially

preserved within  phosphate nodules in the black shales,  and not preserved in

other lithologies.

Cephalopods may not be useful as environmental indicators either

(especially depth indicators).   Post-mortem drift of the shells of the extant

cephalopod  Nautilus has been well documented, and cases have  been  recorded

of shells that have drifted in the ocean  over a distance of 1000 kin.  (Saunders and

Spinosa,1979).   Some authors suggest that fossil cephalopods may have also

been  subject to post-mortem drift  (Teichert,1964).   While drifting,  cephalopod

shells will sink in waters where the temperature  has rapidly fluctuated,  or in water

that is  below normal salinity  ITeichert,1964).   Teichert,1964, speculated that

conditions in  ancient epicontinental seas may have led to the transport of

cephalopod shells  into environments where they may not have  lived.   Bottom

currents  (of normal salinity)  may have carried empty cephalopod shells into seas

that were salinity stratified,  and into depositional environments very distant from

the  place that the  animal was actually living.

A modern  analog for comparison with depositional  environments of

epicontinental  seas is  not likely to exist (Hallam,1981),  and the special  conditions

or requirements invoked  by the  Heckel  (1977)  model for "core shale" deposition

would appear to be  unnecessary (if not improbable) to explain the occurrence of

this deposit (Wenger and  Baker,1986).   Flecent alternative  explanations for

Pennsylvanian  "core shale" deposition  (Hallam,1981 ; Wenger and  Baker,1986;

and Coveney st al.,1989),  along with the proposed models to explaln anoxic
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events of younger deposits (e.g.  Cretaceous "early eustatic" anoxic events as

described  by  Kauffman,1986)  are more compatible with the climatic glacio-

eustatic model tor T-P units, and are favored here as proposing adequate

mechanisms for "core shale" deposition.

The climate that existed during maximum transgression of PAC 2   was very

likely the  hottest and wettest period that existed during the deposition of the  lola

fifth order T-P  unit.   This extreme  climate would probably be the  period of

maximum freshwater inpiit  (by  rivers)  into the  epeiric sea (figure 22),  not the

lowest level  of freshwater influence  as suggested by  Heckel  (1977).   This period of

maLximum river discharge,  besides creating salinity stratification,  may have

provided an  influx of nutrients into the epeiric sea, which  is made  more probable

by the likely flooding of coal swamps, a tremendous source of organics, dissolved

nutrients,  and siliciclastics  ITeichmuller and Teichmuller,1982), during  maximum

transgression,  leading to a period of increased primary productivity, in what was

already  a highly  productive  setting  (Hallam,1981).

Studies of modern estuarine and marine environments have noted the

importance  of river discharge for providing  limiting  nutrients  (Caffrey and Day,

1986, and  Dieter-Haas,1983),  and as factors or controls affecting sedimentation,

circulation, dissolved oxygen  levels,  and stratification  in these environments

(Shubel  and  Pritchard,1986).

Salinity stratification  in conjunction with  large amounts of organic debris,

conditions attributed more to climatic conditions rather than overall depth,  may

have  led to periods of bottom anoxia or greatly reduced oxygen levels during the

deposition  of the  Muncie Creek (figure 23).
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E4££.~ The existence of PAC 3 as an alloeyclic unit is in question

because the  lower bounding transgressive surface is a lenticular marker bed

(orinoidal  packstone to grainstone) which  is not present at all  localities within the

study area   At section  HD the base of this unit is marked by a grayish yellow

green,  glauconitic claystone with  a relatively diverse  biota  (figures  17 and 20) that

sharply overiies the  upper gray mudstone of PAC 2.   This punctuation event is

also suggested by calcareous nodules/clasts, which range in color from light gray

to  grayish  brown  (possibly  representing several  Iithologies).   These  nodules/clasts

are commonly bored by acrothoracicans, and are somewhat similar to the hiatus

concretions described by Kennedy and Garrison  (1975),  however these have

fewer epizoans, and only small  amounts of phosphate.

Three centimeters above the proposed transgressive surface in  PAC 3 is a

skeletal packstone to grainstone, which has incorporated the bored calcareous

nodules into its base.   This packstone/grainstone is glauconitic with abundant

disarticulated and fragmented skeletal  grains (primarily crinoids).   This  unit

probably records continued deepening  in  PAC 3,  but as  Mitchell  (1981),  and

Heckel  (1983)  point out, the skeletal  grains show very little  evidence of abrasion

and rounding,  and, although the skeletal  packstone is a rather reliable  marker bed

in the  Kansas City area,  it becomes lenticular to the south.

Maximum  biotic diversity,  and probable  maximum transgression  of  PAC 3

occurs within  a calcareous mudstone  18 cm.  above the basal transgressive

surface  (figure  16).   This facies contains a fossil assemblage which  includes

(figure  17):   NeosDirifer,  Chonetinella,  Hustedia,  productids,  PunctosDirifer,

bryozoans,  crinoids,  echinoids,  gastropods,  bivalves,  and trilobites.   This

assemblage is very similar to the later transgressive stage community described

by  Bollins,  Carothers,  and  Donahue  (1979) for the  Upper Pennsylvanian

Cambridge  Limestone,  and to the  NeosDirifer and ComDosita biofacies thought to
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be representative of stillstand by  Brezinski  (1983).

Diversity in  PAC 3 gradually decreases from the calcareous mudstones into

a skeletal wackestone  (which sharply overlies the calcareous mudstone).   Diversity

continues to decrease upward through the phylloid algal wacke§tone to packstone

facies of the  Raytown  Limestone Member  (figure  16), suggesting  continued

shallowing.

E4££.~ The phylloid algal wackestone to packstone facies in PAC 3 is

sharply overiain by a thin  (less than 3 cm.) crinoidal packstone which grades

upward  into a brachiopod wackestone  (figure 24).   This sharp change is

accompanied by an  abrupt increase  in  biotic diversity, and marks the transgressive

surface  (flooding  event)  of  PAC 4  (figure  16).

Maximum diversfty within  PAC 4 occurs within the brachiopod wackestone,

"large fossil  bed" of  Newell  (1935,  p.  53),  in the  upper  Paytown  (figure  16).   The

biota  in this  lithology  (figure  17)  consists  of  NeosDirifer,  Echinaria,  ComDosita,

LinoDroductus,  PunctosDirifer,  chonetid  brachiopods,  cephalopods,  crinoids,

echinoids,  bryozoans,  bivalves,  inarticulate brachiopods, and horn corals, and is

very similar to the open-marine Comoosita-NeosDirifer biofacies of Brezinski

(1983).   The depositional  environment represented here probably is  one of quiet,

open  marine conditions,  below active wave base.

Shallowing  in  PAC 4 is represented by a gradual decrease  in  biotic

diversity  (figure  16) from the large  brachiopod wackestone  into an argillaceous

wackestone  in the  upper part of the  Raytown  (figure 25).   Within the argillaceous

wackestone  is a thin  (<3  cm.)  argillaceous  packstone  layer with  large  (commonly

>5 cm.) fenestrate  bryozoan fronds.   At other localities  (PAQ, and CC) the

Playtown,  above the  large brachiopod wackestone, consists of alternating layers of

argillaceous,  bryozoan  packstone and brachiopod,  crinoid wackestone.   The

bryozoan fragments in the argillaceous packstone commonly consist of large
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Figure 25.  The lithologies representing  PAC 4 (between surfaces T 4
and T 5)   at section K12.
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(commonly >8 cm.) fenestrate fronds,  and  relatively  long  (>  10 columnals)  crinoid

stem segments.   The enhanced preservation of fossils in the argillaceous

packstone, along with  its mud content, suggests that it may represent a series of

tempestites  (Kreisa and  Bambach,1982).   The upper Raytown at section  HD may

contain the distal equivalent (thin  packstone)  of these  possible tempestite beds.

Dawson  (1984)  believed that the  Paytown  represented a sequence of gradually (or

normally) deposited sediments separated by intermittent periods of storm related

sedimentation.

The caprock lith(]Iogy that overlies the  argillaceous wackestone probably

represents continued sh€illowing  under normal  (non-tempestite)  depositional

conditions  in the  upper part of  PAC 4.   This is suggested by the  low diversity,

largely disarticulated and fragmented,  molluscan-dominated fossil assemblage

within this  lithology.

E4QJi.-- The skeletal packstone to grainstone at the top of the Paytown

Limestone  Member at s€!ction  HD  represents the  beginning of PAC 5.   This

lithology sharply overlies a wackestone  (the caproek lithology),  and contains a

moderately diverse fossil  assemblage  (figure  16)  (though  probably not jE Sj!!±).

Heckel  (1988)  believed the skeletal packstone to be a possible storm bed, though

much of the  evidence gatherL`d for this report (presented in the following

paragraph)  suggests this  is  unlikely,  though  still  a  Possibility.

The skeletal  packstone is present at most localities in the northern  part of

the field area (HD,  K32&7,  K32,  ED,  CC,  K12,  CB, AND  R)  and  at some in the

south  (PAQ,  and OKCB), especially those that include a complete section of the

Paytown.   The skeletal  packstone  is, however,  less conspicuous in the south.

Skeletal  grains in the  pa.;kstone are primarily fragmented  and disarticulated,

though some  large valves of disarticulated brachiopods have  been preserved.

Phosphatic grains are moderately (> 50 grains per 2 kg. sample) abundant (shark
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remains,  conodents,  and glauconite) suggesting slow rates of deposition  (Flugel,

1982).     Many of the skeletal  grains (especially brachiopod valves)  are  lightly

encrusted by algae,  and often  bored by acrothoracl.cans.

Directly overlying the skeletal packstone at the top of the  Paytown is a

fossiliferous, silty mudstone (base of the  Lane Shale).   This unit has a moderately

diverse  (>  15 taxa)  biota (figure .16),  but is primarily composed  of orinoids

¢nclnding  Delocrinus and  Endelocrinus,  as described  by Strimple and  Moore,

1971)  and a relatively diverse  molluscan assemblage  including: nuculoid bivalves,

several types of gastropods, and cephalopods  (figure  17), suggestive of inoreased

environmental  stress  (Brezinski,1983; and  Rollins and  Donahue,1975).   At one

locality,  K12, this unit contains conulariids, a taxa presumably restricted to the

"core shale" (Boardman, st. al.,1984).   The occurrence of this taxa represents

either,  preferential preservation in certain environments,  or a facies-free habit

(possible  pelagic habit).

Heckel  (1988),  and Mitchell  (1981)  believed that the fossiliferous silty

mudstone is the result of  Paytown  carbonate production  being "smothered" by a

terriginous influx of clastic sediments from deltas  prograding from the  northeast to

the southwest.   Increased rates of sedimentation  may explain the state of

preservation  of the fossil assemblage  in the silly  mudstone.   Many fossils in this

unit are whole and  unabraded.

Diversfty continues to decrease,  and the  rocks reflect shallowing upward

through the fossiliferous, silly mudstone into a very argillaceous crinoidal

packstone layer (13 cm. thick)  1.09 in.  above the base of the  Lane Shale.   Above

the crinoidal  packstone layer. diversfty drops off dramatically with very few taxa

represented.   The trace fossils Asterosoma and Asteriacites occur on lenses of

very fine  grained sand,  interbedded with sirty mudstone that is  1.73  in.  (5.7 ft.)

above the crinoidal packstone.   These trace fossils belong to the Qr±±ziafla
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AAssociation  of Seilacher  (1978) which  he  inferred to  represent shallow to marginal

marine environments.

Sea Level Curve.- A relative sea level curve was constructed for the five

si.cth  order T-R units  (PAC's)  in the  lola Limestone  at  Holliday  Drive  (HD)  (figure

26).   The deepening-shallowing  units in this sequence may record a combination

of climate change, glaciongustaey, and tectonic subsidence.  Because tectonic

subsidence was not calculated the resulting sea level curve for the sixth order T-P

units must be considered as relative  avail,1987; and F.  Hamilton,  personal

communication,1989).

The  lola Limestone at section  HD appears to be composed of at least five

deepening-shallowing  units  (PACs or sixth order T-a  units).   This curve differs

from the  Heckel  (1977)  curve for a "classic" Kansas eyclothem.     The curve for

this investigation  illustrates the  possible  existence of five small-scale

transgressive-regressive events, whereas Heckel  (1977)  believed that the  lola

eyclothem represented one deepening-shallowing event.   The pg! results are,

however, the same, suggesting differences in the scale of observation.

Both  scales of T-R units  (fifth  and sixth  order)  display  relatively rapid

transgressions, followed  by more gradual regressive phases, suggesting  at least

the possibility for glacio-eustaey as a mechanism for these eycles in the  lola

Limestone  (figure  22).

Osawatomie Section  (OSA)

EAQ|.-- The transgressive surface of PAC 1  at   Osawatomie is marked by

a sandy,  calcareous mudstone, with a moderately diverse marine biota (figure 27),

that sharply overlies a greenish  gray sandy mudstone with plant fragments (figure

28).   The transgressive surface of PAC 1  at OSA differs from the surface at the
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same approximate position at section  HD in that it is marked by a sandy lithology,

but the biota is very similar to that of HD, and the condition of the fossil

assemblage is similar (fragmented and rounded).

Biotic diversity increases rapidly above the transgressive surface in PAC  1,

through the sandy calcareous mudstone, and into an algal wackestone  (figure 27).

TThe algal wackestone  represents maximum biotic diversfty within  PAC 1, and

hence maximum transgression.   The biota of this facies includes (figure 28)

phylloid algae,  ComDosita,  productids,  crinoids, echinoids,  crinoids, echinoids,

bryozoans,  inarticulate brachiopods, and bivalves.   The fossil assemblage, at the

probable maximum transgression  of PAC 1  at OSA, is very similar to that of

maximum transgression of PAC  1  at HD, except that phylloid algae are much

more conspiouous.   Phylloid algae appear to thrive  in shallow water (Elias,1964).

Phylloid algal  bioherms in the  lola Limestone appear to be restricted to areas

directly over the  Bourbon Arch in Allen  County,  Kansas,  (Dawson,1984).   If the

Bourbon Arch was a paleotopographic high during  lola deposition,  as suggested

by Mitchell  (1981), the  abundance of phylloid algae  may indicate that water depth

was less during  maximum transgression of  PAC 1  at OSA than it was at HD at

this time.   The depositional  environment,  however, still was quiet,  relatively open

marine, well lit waters, below effective wave  base.   Dawson  (1984) believed that

this part of the  Paola,  and the entire member,  represented a period of maximum

marine inundation during the  lola depositional phase.

A decrease  in diversity upward from the algal wackestone  in the  Paola into

a bioturbated,  rhodolith-bearing wackestone  (figure 27) suggests shallowing

upward.   The wackestone contains a biota that is primarily fragmented and

disarticulated,  plus oval and discoidal  rhodoliths.  I agree with  Dawson  (1984) who

suggested that the thodoliths in the Paola formed in shallow. offshore, near storm

wave base environment (attributing their shape to periodic wave agitation).
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Toomey  (1974,1985)  attributed the  growth of rhodoliths to a shallow, well  lit,

nearshore environment.   The wackestone at the top of the Paola is also

conspicuously bioturbated, with  iron-stained,  open, Thallasinoides? and

Planolites?.   The burrowers in this unit may have had an effect on cementation,

with the open burrow system contributing to the possible early submarine

cementation of the wackestone  (.Bromley,1967b, and  1975).   Early cementation

may explain why the burrow system is well preserved.   Dawson  (1984) described

several generations of burrows in the upper Paola.

EAfj±.-- The lower bounding surface for PAC 2 at OSA appears to be a

hardground and omission surface.   It is represented by the "hummocky" surface at

the top of the  Paola (figure 29).   Hardgrounds, as described by Fursich and

Wendt,1976,  are omission surfaces at which the undertying sediments had

become at least  partially lithified.   Lithification  occurs because  of early cementation

during periods of nondeposition.   In the  Paola, early cementation  may have been

enhanced by an open burrow system (Dawson,1984).   The characters of

hardgrounds are described  in greater detall  by  Lindstrom  (1979),  Bromley  (1978),

Dravies  (1979),  and  Fursich and Wendi  (1976).   For a detalled interpretation of the

diagenetic evolution of this surface  in the  Paola see  Dawson  (1984).

Directly overlying the omission surface is a 5-cm.  medium gray, calcareous

mudstone, with  numerous rounded and oval  phosphate nodules.   Biotic diversity is

relatively  low (figure 27),  consisting  of crinoids,  bivalves,  gastropods,  Crurithvris,

Hustedia, and shark remains.   This unit may represent a lag deposit, and in

combination with the  underlying  hardground, the omission surface and overlying

lag deposit may represent a relatively long  period of time  (possibly equivalent to

the entire Muncie Creek at HD).   Phosphate nodules in this lithology may have a

different origin than the  phosphate nodules in the fissile black shale at section  HD.

Phosphates, especially in the form of nodules,  are commonly associated with
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Figure 29.  .Hummocky" omission surface at the base of PAC 2 at Osawatomie



hardgrounds, omission surfaces, and erosion surfaces  (Bromley,1967a).   Some

authors believe that phosphate nodules are the  result of erosion,  and

mineralization  of the  eroded particles during diag©nesis.   Such nodules would be

considered lag  intraclasts  (Bromley,1975;  Kennedy and Garr.ison,1975; and

Baird,1978).

EA£La.- A dark yellow green, calcareous mudstone (5 cm. thick), with a

relatively diverse fossil assemblage occurs above tJie thin  (5 cm.) calcareous

mudstone lag  lithology  (figure 27}„   This caicaj'eous mudstone  contains NeosDirifer,

Chonetinella,  Hustedia, £±:±±fltf]ELrjs, frL9givjfs±, productid brachiopods, crinoids,

echinoids,  bryozoans;  bivalve,a  ,  a.nd i,`:mall  (,<  1  mm.  in diameter)  phosphate?

nodules.   Moldic pres®rvaton  of fo.Ssils  irt3 common  in this  lithology.    It is  possible

to conclude from this desc!`ip`tl®n tit.3t this calcareous mudstone facies is very

similar,  both  in composition and appearance, to the calcareous mudstone which

represents maximum transgression di]ring  PAC 3 at HD.   If this is the case, then

the transgressive surface for PAC 3 lies below the fossiliferous calcareous

mudstone (either in the  lag or just below it), and what remains of PAC 2 (and the

Muncie Creek)  is .the omission surface and possibly the calcareous mudstone lag.

This situation  may  represer!t a  "cryptic unerL2nf£`ji-flifty"   (in which  a  PAC boundary  is

missing,  because  it  merged wit.h  ;an\\'7ihe7'  !e7AC  boundary),  and the  only

continuously tracealele  part 43f the suppesec] "iateifa!iy continuous  'core shale" is

the basal transgressive surface.

The  possibility also  exists,  howevero i.;lad th`e fossiliferous mudstone at OSA

may be a shallow water equivalent to soiTie  lithology in  PAC 2 at HD.   The

evidence, however, appears to support a "cryptic unconformfty".   This is especially

true when the other sections are considered.   At section  PW Oust 12.5 miles

southeast of section  HD), the apparent equivalent of the orinoidal packstone to

grainstone near the base of PAC 3 at section HD is almost in contact with the
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underlying "hummocky" omission surface at the top of the  Paola Limestone

Member.   Also at localfty PW. the data suggest that PAC 2  (and the Muncie Creek

Shale Member) may be represented by not much more than an omission surface.

Sharply overlying the fossiliferous calcareous mudstone is a thick-bedded,

algal wackestone to packstone  in the Paytown.   A relatively diverse biota occurs

at the base of this lithology, but diversity gradually decreases upwards (figure 27),

supporting an  upward shallowing  in either PAC 2 or PAC 3. depending on one's

interpretation.   Above the thick-bedded algal wackestone is a more thinly bedded

algal wackestone to packstone.   Based on biotic diversity, shallowing continues,

and the size of skeletal grains decreases,  but sorting of the grains inoreases,

suggesting  at least slightly higher energy.   Bedding thickness is also much less,

another suggestion of changes in energy levels (Hardie and Ginsburg,1977).

Thicknesses of phylloid  algal  lithologies in the  F]aytown at OSA is greater than that

at section  HD, possibly related to the paleotopography.

EA§L4.- There is a slight increase in diversfty upward from the phylloid

algal wackestone into an overlying brachioped wackestone  rlarge fossil bed")

marking the punctuation event for PAC 4 (figure 27).   The brachiopod wackestone

is characterized by the large productids Echinaria and  LinoDroductus,  plus

orinoids, echinoids,  horn coral, bryozoans, ComDosita, and minor (<  1% of skeletal

grains in thin section)  amounts of phylloid algae  (figure 28).   This lithology also

has a higher biotic divers.rty than the rest of the upper Raytown  at OSA, and

probably represents maximum transgression of PAC 4.   Maximum transgression

during  PAC 4 at section OSA may be slightly shallower than the facies marking

maximum transgression of PAC 4 at section  HD.   This shallower water

interpretation  is based on the lower diversfty, and the absence of NeosDirifer and

of other brachiopod genera.

Shallowing in  PAC 4 at section OSA is represented by a gradual decrease

65



in diversfty upward from the brachiopod wackestone into the overlying thin to

medium bedded wackestones (figure 27).   Along with decreasing diversity,  many

skeletal grains are fragmented and disarticulated, and myalinid bivalves occur.

According to Yancey and  MCLerran  (1988),  myalinids are  an  indicator of relatively

shallow marine conditions.

A complete section of the  Paytown  Limestone Member is not present at

OSA because of erosion,  and therefore  PAC 5 is absent.

Sea Level  Curve.~ At least three sixth order T-R units, as illustrated by the

relative sea level curve (figure 30),  occur in the sequence exposed at

Osawatomie.   The curve may be modified slightly, depending on the location of

the transgressive surface for PAC 3, which has not been satisfactorily determined

yet, and the interpretation of PAC 2.

Correlation of Genetic Units

Correlations were made  by tracing the bounding transgressive surfaces of

the  PACs  (or sixth order T-F}  units) from section-to-section.  relative to sequential

position of diagnostic beds and marker horizons.   Two cross sections were

constructed; one  roughly north-south  (figure 31),  and one  roughly  northwest-

southeast (figure 32).   These two sections were arranged so as to maximize

possible structural relationships  (e.g.  as close as possible,  considering the

limitation  of measured sections, to depositional strike and depositional  dip)  (figure

33).   The top of the Paola (base of PAC 2) was used as datum.

PAC 1  was correlated across the study area by tracing its transgressive

surface relative to the  Paola (marker bed), a unit which showed only minor

changes throughout the study area.   PAC 1  gradually thickens southward  (figure

31),  and appears to be related to   an increase in phylloid algae.   The increase in
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phylloid algae may indicate   shallower water or less turbid water in the south.   A

shallower water interpretation seems reasonable because of the possible influence

of certain structures, such  as the  Bourbon Arch and the  Schell City-Ftich  Hill

Anticline  (figure 34), and possible  minor paleotopographic highs  (Iigure 37), during

the deposition  of PAC 1.   PAC  1  thins eastward, which may be due to removal by

erosion  of the top of PAC  1  at section  R  (figure  32).

The base of PAC 2 was traced across the field area relative to the Paola,

the black, fissile,  phosphatic shale of the  Muncie Creek, and the crinoidal

packstone which overlies the  Muncie Creek.   In  both cross sections (figures 31

and 32),  PAC 2 thins dramatically or may disappear entirely (except for the

transgressive surface) from north to south in Johnson County.   Mitchell  (1981)

concluded that the disappearance of the  black, fissile, phosphatic shale in the

Muncie Creek was related to the Bourbon Arch, which  may have been structurally

active during the deposition  of the  lola Limestone.   Mitchell  believed that the

Bourbon Arch acted as a topographic high, with the water near this structure being

too shallow to develop a thermocline (figures 34 and 35).   The Muncie Creek

displays considerable facies variability over a relatively short distance, suggesting

the  possibility that along with the  Bourbon Arch,  minor paleotopographic features

may have had an effect on Muncie Creek sedimentation.   In his study of the algal

bioherms in the Wyandotte  Limestone, Crowley  (1969)  included an  isopach map of

the  Lane Shale  (figure 36).   From this isopach  map, a northeast southwest

trending  band of thick Lane Shale is obvious (hatchered area on map).   The Lane

Shale  is thin just south of this band.   Johnson County sections studied for this

report have  been  plotted on the isopach map of the Lane  Shale.   A line can be

drawn that separates sections containing a black,  phosphatic Muncie Creek (points

northwest of the line), from sections containing only a thin gray Muncie Creek

(lag), or possibly no Muncie Creek at all  (points southeast of the line).   The band
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Fieuro 34.  Possitile structural Influences on sedimentation during the P®msyivanian
ln the Midcontinent (from Knight,1985).
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of thick Lane Shale near the middle of Johnson County may represent a northeast

trending trough  northwest of what may have been a paleotopographic high.

Crowley  (1969),  however,  did not believe this area of thick Lane  Shale

represented a trough, because thickness changes in the underlying  lola Limestone

did not seem to reflect the existence of such a trough.   One would expect,

however, that accommodation space was necessary for a thick unit of Lane Shale

to be deposited,  as it Seems unlikely that this lithology (mudstone) could form a

mound or bank of this size.

The two cross sections (figures 31  and 32)  illustrate the change of the

lower bounding surface of PAC 2 from north to south, changes which appear to be

in conjunction with changes in  PAC 2.   This surface appears to reflect this

structural  influence.   Dawson  (1984) documented the omission surface or

hardground near the top of the Paola, and noted that it seemed to be best

developed beneath the algal mound facies of the overlying  Raytown  Limestone

Member.   Recall that the algal  mound facies occurs on the  Bourbon Arch.   Minor

paleotopographic variations, as well as the  Bourbon Arch,   may have had an affect

on the characteristics of the transgressive surface at the base of PAC 2.

Figure 37 is a structure contour map on the base of the  Kansas City Group

in  Miami  County constructed  by  Miller (1966) with  locations of sections examined

for this report indicated.   Sections denoted by H are localities where the base of

PAC 2 is a well developed, "hummocky" omission surface.   These localities seem

to  be restricted to the flanks of small anticlines.   Sections denoted by P,  and H +

P are localities where the "hummocky" omission surface is absent or less

developed.   Note that these  localities are  in the low areas between the small

anticlines.

PAC 3 was correlated by tracing its basal transgressive surface relative to

(1) the black, fissile,  phosphatic shale of the  Muncie Creek,  (2) the crinoidal

75



Figure 37.  Structure contour on the base ol the Kansas Cfty Group in Miami County,
Kansas.  BIack dots are the location Of sections studied and H -hardground, P -
crinoidal grainstone to packstone, and H + P - the presence ol both leatures (modilied
from Miller,1966, p. 8).
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packstone (with some difficulty, see discussion for OSA,  PAC 2), and  (3) the

fossiliferous calcareous mudstone that overlies the crinoidal packstone.

Tracing the basal transgressive surface of PAC 3 was difficult because the

crinoidal packstone to grainstone marker bed is lenticular.   The lenticular character

of this unit suggests that minor paleotopographic variations may have influenced

deposition  (or nondeposition).   In figure 37, sections with the orinoidal  packstone

to grainstone facies, denoted by P, or H + P, occur in a low area between several

small  anticlinal features.   Sections that do not contain the crinoidal  packstone to

grainstone facies,  represented by H, appear to be on the flanks of the small

anticlinal features.   More sections need to be examined relative to this structural

contour map to strengthen the above interpretation.

PAC 3, as seen in figures 31  and 32, increases in thickness from north to

south,  corresponding to an increase in phylloid algae,  and a decrease in bedding

thickness in the upper parts of the PAC.   This may be indicative of an overall

shallowing trend from north to south in  PAC 3 as one approaches the  Bourbon

Arch.   However it may,  at least in  part,  be the result of the atfects of more local

paleotopographic features, such as those seen affecting  some of the underlying

units,  or it may be  related to turbidity.

The transgressive surface at the base of PAC 4 was traced relative to the

underlying  phylloid algal wackestone,  and to the overlying  productid or brachiopod

wackestone  ("large fossil  bed").   Trends observed in figure 31  include a slight

decrease in bed thickness from north to south across the study area, a trend

observed to the southeast and southwest away from section  K12 in figure 32.

Hardie and Ginsburg  (1977) suggested that changes in bedding  may be related to

Changes in energy levels.   Shallowing or proximity of storm events may have

caused an increase in energy levels which could be responsible for the change in

bed thickness.
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Facies Maps

Facies maps were constructed for the facies interpreted to represent

maximum transgression within  PACs  1  through 4 of the  lola  Limestone  (figures 38

through 42).

Maximum transgression during  PAC  1  is represented by a phylloid algal

wackestone throughout most of the study area (figure 39).   In the northwest corner

of the study area  (section  HD),  maximum transgression in  PAC 1  is represented

by a brachiopod wackestone, with only minor amounts of phylloid algae.   This part

of the study area may have been slightly deeper, or more turbid during the period

of maximum transgression of PAC  1.

The period of maximum transgression during  PAC 2 consists of a

phosphatic, black fissile shale in the northwest part of the field area, which is

absent in the southeastern part of the study area (figure 40).   In the southeast,

maximum transgression in  PAC 2 is represented by a thin gray shale  (lag?), or

only by the basal  (transgressive) surface  of PAC 2.   This may be due to

nondeposition,  or reduced deposition and erosion as a result of shallowing

because of major structural features  (Bourbon Arch) and rrinor paleotopographic

features.

Maximum transgression of PAC 3 is reflected  by relatively high  biotic

divers.rty in a calcareous mudstone facies  (figure 41).   This facies occurs

throughout the study area.   The overlying sixth order T-F]  unit,  PAC 4,  is

characterieed by a NeosDirifer-productid wackestone facies throughout most of the

study area (figure 42), except in the southeast comer, where there is a slightly

less diverse,  Echinaria-bryozoan facies.   This too may indicate gradual shallowing

as one approaches the Bourbon Arch, or it may be due to the influence of a local,

minor paleotopographic variations  (figure 37).

78



0

Figure 38.  Base map showing locations of measured sections.
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Figure 39.  Facies map of PAC 1 during maximum transgression,
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Figure 42.  Facies map of PAC 4 during maDtimum transgression.
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CONODONI DISTRIBUTION  PATTEPINS

Introduction

The term conodont is the  name given to a tooth-like micro fossil that is

composed of carbonate apatite  (essentially the mineral francolite). ranges in size

from 0.1  to  1.0  mm,  and that is found nearly worldwide  in  most marine  rocks that

range  in age from Cambrian to the Triassic.

The first conodont elements were described by C.  H.  Pander in  1856, but

the  remains of what probably represents the conodont animal were  not found and

described until  1983  (Briggs st a|.).   The conodont animal, which has been

tentatively classified as a jawless craniate  (Aldridge g! aL 1986),  an organism

similar to the  present day  hag fish  (J!4j±±jpg).   It was elongate, 40.5 mm long  and

approximately  1.90 mm wide,  and was presumably a swimmer (based on the

shape  and presence of fins).   Conodont elements themselves presumably

functioned as teeth, the  rationale  behind this being they  look like teeth,  so they

must have functioned  as teeth  (Briggs st at.1983).   Nicoll  (1987)  conducted  a

detailed study of a specific element (Pa) and concluded that different element

types may serve different functions.   Four fossils of the conodont animal were

recovered by  1985 from the  Lower Carboniferous of Scotland (Aldridge st al

1986),  5 more as of  1987  (Aldridge g!. a|.,1988),  and in the last three years a

great deal  has been  learned about the possible affinities of these organisms, but

very little  is yet known  about the paleobiology and paleoecology of this fossil

group.

Conodonts almost always occur as individual elements, which resulted in

the practice of form taxonomy.   Each individual element was examined as if it

were representative of an entire organism, and was often delineated from other
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form taxa on the basis of very subtle micromorphologic features.

On  rare occasions,  conodont elements were found in close proximity, and

with apparent symmetry and relationship to one another on the bedding  planes of

black fissile shales,  in coprolites, and as fused clusters.   It soon  became apparent

that individual conodont elements were parts of an apparatus of some type within

the conodont animal.   Assemblages found on  bedding planes, in coprolites,  or

fused together are known as natural assemblages.   Within the last two decades,

conodont workers have developed taxonomies based on natural assemblages.

Bedding  plane assemblages and fused clusters are  relatively uncommon, and

most conodont apparatuses are reconstructed using statistical parameters.

Conodont apparatuses are classified on the number of different types of

elements they contain  (Sweet,1981).   The two basic categories of elements are

unimembrate  (an  apparatus with one type of element) and multimembrate (an

apparatus with more than one type of element).   Multimembrate apparatuses can

be further subdivided based on the number of element types.   Many important

Pennsylvanian conodont genera are sexi- or septimembrate apparatuses  (figure

43).   This type of apparatus consists of six or seven different types of elements

grouped around a plane of bilateral symmetry.   P elements  (often the  name given

platforms in the  apparatus)  are generally pectiniform or specialized ramiform

elements in the posterior part of the apparatus.   M elements are thought to be

transitional  between  P's and S's, and are generally arched dolobrate or bipennate

elements.   S elements consist of three to four element types which form a

symmetry transition series from alate, to bipennate or digyrate.  and finally to

bipennate or dolobrate  (for an explanation of shape categories, see Sweet,1981).

Conodont elements,  because of their composition,  are very durable,  and

remain identifiable even after the lithologies in which they are lound have been

dolomitized or subjected to relatively high degrees of metamorphism.   This
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Figure 43.   Diagramatic illustration of multielement compos.rtion of a Carboniferous
polygnathacean apparatus (lrom Aldridge ,1987 , p.  17 ).
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durability is also responsible for the  relative ease of extraction  of conodonts from

most lithologies.   Considering the widespread geographic distribution of conodonts,

their apparent rapid evolution,  and the supposed  relative  lack of environmental

control  on conodont distribution,  it is apparent why these fossils have been one of

the  most useful groups for Paleozoic biostratigraphy.

To establish a biostratigraphic scheme for conodonts that would have a

high degree of accuracy in terms of zonal duration and usefulness for correlation,

we need to know more about the paleobiology and paleoecology of the conodont

animal  (Hoffman,1986).

Previous  Investigations

Early  investigations of Pennsylvanian  conodonts in the  midcontinent were

primarily descriptive,  and generally  involved very detailed and  meticulous form

taxonomic practices.   Some of these early investigators include Stauffer and

Plummer  (1932),  and Gunnell  (1933).    In  1941,  Ellison  refined  and  revised the

work of the early investigators, and his paper remained the "standard" for

Pennsylvanian  conodont studies for over three decades.

Baesemann  (1973)  examined the conodont distribution  patterns within the

Lansing and  Kansas City Groups in the midcontinent, applying apparatus

taxonomy.   Data from this investigation was used in the  Heckel and Baesemann

(1975) study that examined  conodont distribution  patterns relative to the cyclothem

model.   F`esults from this study include:  highest abundance and diversity of

conodonts within the "core shale" of the cyclothem,  lowest conodont diversity and

abundance  in the "outside shale", and increasing diversity and abundance of

conodonts towards the "core shale",  but decreasing abundance and diversity away

from this facies in  both  middle and  upper limestones  (figure 44).   Heckel and
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Baesemann  (1975) also established conodont biofacies based on the  Seddon and

Sweet (1971)  mode®f-life model.   They concluded that certain conodont species

or genera were  pelagic,  and segregated into zones relative to depth  (see figure

45).   Adetoanathus an  inhabitant of surface waters was the dominant conodont in

nearshore deposits and Gondolella an inhabitant of the deepest waters, was only

found  in deep-water deposits,   Later studies, Wood  (1977)  and Mitchell  (1981),

generally agreed with the findings of Heckel and  Baesemann  (1975), although

Swade (1985) concluded that certain genera may have been nektobenthic (e.g.

Aethotartis and Anchianathodus), while others were  probably pelagic (e.g.

Gondolella,  ldioDrioniodus,  and  ldioanathodus)  (figure 45).

The  relative  lack of information on the  life-habits of the  conodont animal  is

illustrated by the recent debate on the  proposed mode-of-life for the conodont

animal.   Seddon  and  Sweet  (1971)  have  proposed a moderof-life  model  in which

the conodont animal  is seen as being   pelagic with different species or types

segregated  bathymetrically  (figure 45).   This model  implies that there would  be

very little substrate control  on the distribution of the conodont animal, and that the

abundance and diversfty of elements would be greatest in sediments deposited in

deep marine environments simply because these environments would be receiving

elements derived from a number of stacked depth zones.

The  Seddon  and Sweet (1971)  model differs greatly from the  Barnes and

Fahraeus  (1975)  mode-of-life  model  in which the  conodont animal  is proposed to

have been a nektobenthic organism.   In this model, the conodont animal was

segregated laterally, and  it implies that there was a great deal  of substrate control

on the distribution  of both the conodont animal and its elements.   Both  models

were based primarily on  conodont distributional data, and the validity of both

studies has been questioned  by  Klapper and Barrick (1978).   Kiapper and Barrick,

by using distributional data from modern  marine organisms, determined that it was
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Figure 45.   Illustration of the "quasi-estuarine circulation cell" and the Seddon and
Sweet.1971, mode-of-life model for conodonts (from Swade,1985, p.   50).
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nearly impossible to create  a mode-of-life  model  from distributional data alone.

The  actual  mode-of-life for the  conodont animal  may remain  a mystery,  but

based on  a number of recent studies that deal with the possibility that many

conodonts may have distributions restricted by environment (Davis and Webster,

1985,  Driese,  Carr and  Clark,1984,  Grayson,  Merrill,  and  Miller,1987,  Grayson,

Merrill,  and Turner,1989,  and  Merri[I,1989)  it seems that  (at  least in the

Pennsylvanian)  conodonts were environmentally sensitive even at the  generic level

(Driese,  Carr,  and  Clark,1984).   The  possibility of environmental  control  on the

distribution  of conodonts  has  important  implications for the  presently accepted

conodont biostratigraphy.

The  current thrust of  Pennsylvanian  conodont studies  involves conodont

biostratigraphy as a method for inter- and intrabasinal  correlation  of the  "core

shale"  (Boardman  and  Heckel,1988;  and  Heckel,1989).   This  method of conodont

biostratigraphy assumes that each  core shale has its own characteristic conodont

assemblage  (Boardman  and  Heckel,1988; and  Barrick,1989).

Methods  of  Investigation

Two  of the  sections  examined  in this study,  HD and OSA,  and one  partial

section  HDMC, were spot sampled for conodonts.   HDMC is a section  of the

Muncie  Creek Shale  Member situated approximately  100  in. to the west of  HD,

and  chosen because samples of the Muncie Creek were easier to collect at this

locality than  at  HD.   Samples were taken  at intervals not greater than  60 cm., and

often  as small  as 8 cm.,  relative to the small  scale genetic units  recognized in the

lola Limestone earlier in this  report.   Fifty-nine samples were  collected,  each

averaging  2  Kg.  per sample.

Limestone samples were dissolved  in  loo/o glacial  acetic acid following the
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methods described  by Collinson  (1963).   These  insoluble  residues were wet-

sieved  using  nested  18,  60,120,  and 230  mesh sieves,  and allowed to  air dry.

Shale and mudstone samples were first oven-dried, then   disaggregated in

Quaternary  "0" following the  methods  of Zingula  (1968).    F3esidues from the

mudstone and shale samples were then wet-sieved in  nested  18,  60,140, and

200  mesh sieves,  and then oven-dried.   Many large  residues were  reduced using

a  Frantz  lsodynamic Magnetic Separator following the  methods described  by  Dow

(1960).   Very  large  residues were further reduced  by splitting with  a standard

sample splitter.

All samples were then  picked for conodonts and  all  other biotic

components.   A total  of  12,319  individual  conodont elements were picked and

(when  possible)  identified to  genus.    Descriptions  and  illustrations  used for this

task are  from,  F3obinson, gg.,1981;  Baesemann,1973;  Clark and  Mosher,1966;

Ellison,1941;  Gunnell,1933;  Merrill,1975;  Merrill  and  Merrill,1974;  Stauffer  and

Plummer,1932; and  Phodes,1952.

Information  recorded for each  element included;  genus,  element type  and

shape,  and  condition  of the  element.   Generic abundances  in  each  residue  are

given  as,  percent  Pa's for those  having  a pectiniform  element in this  position,  and

percent of the  most common element in those genera that have ramiform  Pa

elements or no  Pa elements.   Total conodont abundance in each  residue  is

recorded  as elements  per kilogram.   Conditions of elements is  noted  as "percent

broken" for residues from  limestone samples.   Percentages  of element types  (P's

versus  M's  plus  S's)  were  recorded  because  MCGoff and  Briggs  (1988)  suggested

that these  elements will  behave differently  relative to transportation  and deposition.

Data were  processed using the spreadsheet program Quattro, version  1.0,

a product of Borland  Corporation  (see Appendix 3).
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Holliday  Drive  (HD)  -  PAC  1

Four samples  (in  ascending  order:  C1,  C2,  P1,  and  P3) were collected from

PAC  1  at the  Holliday  Drive  section.  Cl  and C2 are from the sifty mudstone  in the

Chanute  Shale, and  Pl  and  P2 are from the  Paola Limestone Member (figure 46).

Conodont abundance  (elements  per kilogram)  is  highest in  C2  (>800),  an abrupt

increase from sample C1.   Abundance then decreases abruptly in  Pl  and  P3

(figure  47).

The diversity of conodonts  in  PAC  1  (number of genera per sample)

increases from  one  in  C1  (Adetoanathus), to seven  in  P1,  and then decreases to

four genera in  P3  near the top of the  Paola  (figure 47).   Conodont genera in the

most diverse sample  ,  P1,  include  (from  highest percentage to  least):

StreDtoanathodus  (S.,  identified  following  the  Treatise  description,  distinguished

from  ldioanathodus  by the  presence  of a median trough  on the  upper side  of the

platform),  Hindeodus  (!]iQ±.,  equals Anchianathodus of others),  Adetoanathus  a,,

equals Cavusanathus of others), Aethotaxis (4g±h.),  IdioDrioniodus  (ldioprio.),

Idioanathodus  (j±.),  and  possibly  Ellisonia  (Ejjjs.)  (figure  48).

The  most common  genus near the  base of PAC  1  is Adetoanathus.   It is

the  only conodont  present in  C1  (figure  48),  and  it becomes  less common  upward

in  PAC  1.   Adetoanathus comprises  less than 20°/o of the  elements  in  C2,  and

less than 2°/o  of the elements  in  P1.   StreDtoanathodus  is the  most common

conodont in the  upper part of  PAC  1,  comprising  more than  34°/o of all elements in

P1,  and decreasing to slightly less than  16°/a  in  P3.

The  percentage of P elements versus M  plus S elements were  recorded for

all  samples examined  because of possible  sedimentologic implications which will

be disoussed later.   P elements are the dominant element type in the lower three

samples of  PAC  1  (figure 49),  making  up  100°/o of C1,  nearly 50°/o of C2  (the  rest
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Figure 48.  The range of conodont genera at section HD.  S -StreDtocinathodus, ld. =
ldioanathodus, A I Adetoonathus,  Hind. =  Hindeodus,  ldio. =  IdioDrioniodus, Aeth.  =
Aethotaxis, Gond. = Gondolella, and Ellis. = EIIisonia.
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of the  elements were  indeterminant),  and 50°/o of  P1.   M  plus  S elements only

occur in the  upper two samples of PAC  1, and in percentages greater than  P

elements  only  in  P3,  where  55°/o of the elements are  M  plus  S.

Holliday  Drive  (HDMC)  -  PAC 2

Fourteen  samples were  collected from the  interval  representing  PAC 2

(Muncie Creek), from  HDP4 at the  base, to  HD2 at the top  (figure  50).   Overall

conodont abundance  (elements  per kilogram)  shows considerable  range within

PAC 2  (figure 47).   At the  base of PAC 2,  HDP4 contains  nearly  1000  elements

per kilogram,  an  increase  over sample  P3  in the top of  PAC  1  which contains  less

than 200 elements per kilogram.   Overall  abundance of conodont elements then

drops dramatically  in samples  HD14 through  HDll.   Abundance again  increases

abruptly to  nearly 500  elements per kilogram in  HDIO.     From  HD10,  abundance

increases to  around 800  in  HD9,  decreases slightly to  less than  750  in  HD8,  then

increases abruptly to 4000  elements per kilogram  in  HD7.   Abundance  of

conodonts  reaches  its  maximum  in  PAC 2  (HD6)  at 7000  elements  per kilogram

(off the  scale  in figure  47).   Abundance  decreases to 4500 in  HD5,  and continues

to drop to  500  or less  in  HD4,  HD3,  and  HD2.

Generic diversity  in  PAC 2  also displays a considerable  range  (figure 47).

In  HDP4,  at the  base  of PAC 2, three genera are  present, which  is one  less than

in  P3,  but the genera are different (figure 48).   The  number of genera decreases

from three  in  HDP4 to  one  in  sample  HD12.    In  HDll  and  HD10 diversity

increase to four,  reaches five  in  HD9,  and ranges  between three  and four in  HD8

through  HD6.   Diversity  in  HD5 agaln  increases to five,     Where diversity is

highest  (e.g.  HD5 and  HD9),  conodonts  include  (from  most common to least),

StreDtoanathodus,  idioDrioniodus,  ldioanathodus,  _GQndoLella,  and  Hindeodus.
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Figure 50.  Conodont samples collected from the Muncie Creek Shale
Member at section HDMC.

99



StreDtoanathodus  is generally the  most common  element in  PAC 2  (figure

48),  except  in  HDll  and  HD13, where  StreDtoanathodus occurs  in equal

proportions to  ldioc)nathodus.    In  HD2  and  HD6,  however,  ldioanathodus and

ldioDrioniodus are the  most common  element,  respectively.   Gondolella, which was

absent in  samples from  PAC  1,  is  present jn four samples in  PAC 2.  §ondolella is

approximately  0.5°/a of the  elements in  HD5 and  HD10, slightly less than  0.5°/o in

HD8,  and  8.5°/o in  HD7.

Comparison of percentages of P elements,  versus M  plus S elements

indicate that the  later generally occur in  greater quantities than the former  (figure

49).    In  some  residues the quantities are very  much  greater,  as in  HD3 where

more than 80°/o are  M  plus S,  and less than  15°/o are  P elements.   Four samples

in  PAC 2  (HD9,  HD10,  HD12,  and  HD13)  contain  more  P elements than  M  plus  S

elements  (figure 49).   P elements in these samples make up at least 50°/o of the

conodont elements, and M  plus S are generally less than  loo/a, with the remaining

40°/o being  indeterminate elements  (elements that have  been broken to the point

that it is impossible to determine their apparatus position).

Holliday  Drive  (HD)  -  PAC  3

Six samples were  collected from  PAC 3  (figure 46)  including:   the

uppermost part of the  Muncie  Creek  (HD1),  and three facies from the  Raytown,

the  crinoidal  packstone to grainstone  (P1),  fossiliferous calcareous mudstone  (F]3),

and  phylloid algal wackestone  (F}4 through  R6).   Abundance  of conodont elements

in  PAC 3  begins with  an  abrupt increase from the  uppermost sample  in the

underlying  PAC,  HD2  (figure 47).   This  is an order of magnitude  increase from

500+  elements  in  HD2  (PAC 2) to 5000+  elements  in  HD1  (PAC 3).   Overall

conodont abundance drctps sharply above  HDl  in  PAC 3  (see figure 47) to just
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over 500  in  Pl  and  P3, to  below 500 in  F}4,  and  again drops sharply to just under

100  in  R5,  and  finally  only  50+  in  Pl6.

Conodont diversity in  PAC 3  ranges from three genera in two of the three

lower samples,  HDl  and  F`3, to four in  R1,  and  increases to five genera in the

upper three  samples,  Pl4,  F}5,  and  B6  (figure 47).   The three  lower samples  (HDl

through  F33)  all  contain  StreDtoanathodus,  ldioanathodus,  and  ldioDrioniodus.

Sample R4 contains the same genera as the lower samples,  plus Adetoanathus

and  Hindeodus.   Samples  F`5  and  R6  are similar in that both  lack  ldioanathodus,

and  both  contain  Aethotaxis,  but differ  in  that  R6  may  also  contain  Ellisonia  (figure

48).

StreDtoanathodus  is the  most common  conodont in  PAC 3,  ranging from

less than  16°/a of the  elements  in  HD1,  to  as  high  as  nearly 28°/o of all  elements in

R4 (figure 48).   The second  most common genus in the  lower three samples of

PAC  3  is  ldioDrioniodus.   Slightly  over  12°/a  of the conodont elements  in sample

Rl  are  ldioDrioniodus,  but this genus decreases in  importance  upward through

PAC 3,  occurring  last in  F`5 where  it comprises less than 2°/o of the elements.

Idioanathodus  is  only slightly  less  common than  ldioDrioniodus  in the  lower

samples  of PAC 3  ,  and follows  a similar trend,  high  percentages  (nearly  12°/a)  in

Fl1, decreases upwards,  and  last appears in  R4 where  it makes up less than 4°/o

of the total elements.   The second most common conodont in the upper three

samples  is Adetoanathus  (figure 48).   It makes  up  less than  8°/o of sample  Pl4,

increasing  upward to around  18°/a in  P6.   The  next most common  conodont in the

upper three  samples of is  Hindeodus,  in which the trend  is just opposite to that

observed for Adetoanathus  (slightly  less than  8°/o  in  F34, to  slightly  less than 4°/o in

P6.

The  percentage of P elements versus M  plus S elements, and the

percentage  of broken elements in  each sample was recorded for PAC 3  (figure
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49).   P elements are more abundant than M  plus  S elements in all samples from

PAC 3,  but the difference  in  percentages between these element types decreases

upward through the  PAC.   The difference  between  P elements and M  plus S

elements is greatest in  P1, where  P elements comprise over 43°/a of the sample,

and  M  plus  S only  17°/o  (a difference of 28°/o).   The difference  is  lowest (less than

3°/o)  in  86 where  P elements are 47°/o of the sample and M  plus S elements make

up nearly 44°/o  (again the  remaining  percentages in  both  cases are made up of

elements that were broken to the point that assignment to an apparatus position

was impossible).   The percent of broken  elements in  PAC 3 decreases steadily

upward  (figure  49),   with  all  the  elements  in  F]1  broken,  to  F36  in which  only  55°/a

are  broken.

Holliday  Drive  (HD)  -  PAC  4

Six samples were  collected from  PAC 4 at the  Holliday  Drive  Section  (see

figure 46).   These  included:   one from the  brachiopod wackestone  (F17), three from

the argillaceous wackestone  (F]8,  P9, and  Plo),  and two from the "caprock"

lithology  (Pll 1  and  R12).   All  samples within  PAC 4  contain  less than  100

elements  per kilogram  (see figure 47).   Pl7,  at the  base of  PAC 4,  contains over

70 elements  per kilogram.  This is a slight increase  over the  uppermost sample

(R6)  in  PAC 3 which  has slightly over 50 elements  per kilogram.  Overall

abundance  of conodonts within  PAC 4 drops to  below 50  elements  per kilogram  in

most of the  remaining  samples  (R8 through  Rll).   A rather abrupt increase  (to

70+  elements)  occurs in  F}12, the  uppermost sample  of PAC 4.

Maximum  conodont diversity within  PAC 4  (figure 47)  is in the  basal

sample,  R7, and includes the six genera (from most to least common)

StreDtoanathodus,  Adetoanathus,  Hindeodus,  Aethotaxis,  possibly _ELl_isonia,  and
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ldioDrioniodus.   Generic diversity drops, to three genera in  sample  R8,  but

increases to five  in  sample  R9, with  little change throughout the  rest of the  PAC

(three genera in  Plo,  but five  in  both  Fill  and  R12).

The most common  conodont within  PAC 4, as with the  lower three  PAC's,

is  StreDtoanathodus  (figure 48).   The dominance  of StreDtoanathodus fluctuates

from around  36°/o in  Pl7 and  P8, to slightly  more than 24°/a  in  Pl9.

StreDtoanathodus inoreases again  in  R10  (over 28°/o),  and   rises sharply to its

maximum in  PAC 4 of over 60% in  Rll.   Adetoanathus is the second  most

abundant genus in samples of PAC 4,  except in  Rll, where Aethotaxis makes up

nearly 6°/o of the elements,  making  it second only to  StreDtoanathodus.

Adetoanathus  is  most abundant in  F312.

All samples in  PAC 4 contain  higher percentages of P elements than  M

plus S elements  (figure 49).   The greatest difference  between the proportions of

these  element types  (56°/o)  is  in  Pll 1, where  P elements comprise 69°/o of the

sample,  and  M  plus  S slightly  less than  13°/o.   The smallest difference  in element

types occurs in  Fl9  (8°/a), where  P elements make  up nearly 45°/o of the sample,

and  M  plus  S elements  nearly 37°/o  (with the  remaining  percentage in  both

samples  being  indeterminate  elements).   The  percentage  of  broken elements is

lowest in  P7 (the  lowermost sample of the  PAC) where  nearly 55°/o of the

conodont elements are  broken.   Highest breakage  is 97°/o in  R8.

Holliday  Drive  (HD)  -  PAC  5

Three samples  (P13,  L1,  and  L2) were collected from  PAC 5 including:

one from the skeletal  packstone in the  Paytown  (P13),  and two from the

fossiliferous  mudstone  at the  base  of the  Lane  Shale  (Ll  and  L2)  (figure 46).

Maximum  conodont abundance  (nearly 500 elements  per kilogram)  occurs in  Pll3,
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the  basal Sample of  PAC 5  (figure 47).   This is a sharp increase  in abundance

over the uppermost sample  in  PAC 4, where conodont abundance was just over

80 elements per kilogram  (figure 47).   The  number of elements  per kilogram  in

samples above  Pll3 drops rather abruptly, to  150 in  L1, and less than 25 elements

per kilogram  in  L2.

Along with  abundance,  conodont diversity is also at its  maximum  in  R13,

with five  genera present  (figure 47).   Diversfty drops to three  in  L1,  and to one  in

L2.    In  R13 the  genera (from  most to  least common)  are:   StreDtoanathodus,

Adetoanathus,  Hindeodus,  Aethotaxis,  and possibly  Ellisonia.   StreDtoanathodus is

34% of the  genera in  R13  (the base of  PAC 5),  slightly over  18°/o in  L1,  and  is

absent from  L2  (figure 48).   Adetoanathus is the  most common  element in

samples  Ll  and  L2,  56%  in  L1,  and  14°/a in  L2.

P elements greatly outnumber M  plus S elements in the lower two samples,

comprising  nearly 75°/a  of the  conodont elements in sample  F}13,  and  over 80°/o in

sample  L1  (figure 49).   In  sample  L2,  M  plus  S elements make up nearly 72°/a of

the elements present.   Over 95°/o of the conodont elements  in sample  Ftl3 are

broken  (figure 49).

Osawatomie  Section  (OSA)  -  PAC  1

Five  samples were  collected from  PAC  1  at Osawatomie  (figure  51).   These

included:   one from the  upper part of the  Chanute  Shale  (C012),  and four from

the  Paola (C013,  C014,  C015,  and C016).   The conodont abundance   pattern  is

similar to that of  PAC  1  at the  Ho[liday  Drive  section,  being  relatively high  in the

lower part of the  PAC (245 in C012,  and 250  in  C013), and decreasing through

the  upper  part  of the  unit  (slightly over  160  in  C014,100  in  C015,  and slightly

less than  100  in  C016)  (figure  52).
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I SAMPLES

Figure 51.   Conodont samples collected at section OSA.
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Figure 52.  Abundance and number of conodont genera in samples from section OSA.
(NOTE:i = off scale) 106



The  pattern  of conodont diversity  in  PAC  1  at OSA differs from that in  PAC

1  at HD in that there are two  peaks (or maxima)  instead of one  (figures 47 and

52).    Diversity  in  PAC  1  at  HD  is  highest in one  sample  near the  middle  of the

PAC  (seven  genera in  P1).    Diversity  in  PAC  1  at  OSA is relatively  high  in two

samples,  one sample  near the  base  (five genera in C014),  and one at the top (six

genera in  C016)  (figure  52).   The conodont genera in  PAC  1  at OSA (C016)

include:  Streotoanathodus,  Hindeodus,  Aethotaxis,  ldioanathodus,  IdioDrioniodus,

and  possibly  EIlisonia  (figure 53).   This is a very similar assemblage to that of

maximum diversity in  PAC  1  at  HD,  except it lacks Adetoanathus  (note:  C016  at

OSA is in a lithology that possesses an open  burrow system, so the possibility of

contamination from the  overlying  unit  is quite  high).

Trends of individual  genera are  also very similar for samples in  PAC  1  at

both  HD and OSA (figures 48 and 53).   Adetoanathus is the  most common genus

in the lowermost sample  (C012)  in  PAC  1  at section OSA, where it makes up

over 40°/o of the genera present.   It decreases in abundance abruptly above C012

(to  slightly over  13°/o in  C013,  and  less than  1°/o in  C014),  and is absent from

C015 and C016.   StreDtoanathodus is the  most common  genus in   samples

above  C012,  reaching  a maximum of 34°/o of the conodont elements in C013 at

the base of the  Paola,  and decreasing to  15% of the  elements in C016 at the top

of the  Paola  (a trend similar to the  one seen  in  PAC  1  at section  HD).   Hindeodus

is the next most common genus in  PAC  1  at OSA.   It is most common  in C013,

where it makes up nearly 4% of the conodont elements, and decreases in

abundance to 3°/o or less in the  remaining three samples  (C014, C015,  and

CO,6).

Percentages  of  P elements are  higher than  M  plus  S elements in  all of the

samples from  PAC  1  at OSA  (figure 54).   In the  lower samples  (C012 and C013)

of PAC 1,   percentages of P elements are  much  higher than and M plus S
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elements  (as much as 55°/o higher). This difference decreases in the  upper

samples of the  PAC  (C014 to C016) where percentages of  P elements are less

than 33°/o of the elements,  and M  plus S elements comprise  more than 50°/o of the

elements.   The  percentage  of broken  elements in  PAC  1  is greater than  60°/o in  all

samples.   This percentage decreases upward in  PAC  1, from over goo/o in  C013

to slightly over 61°/o in  C015.   Above  C015, the  percentage  of broken  elements

increases to over 80°/o in sample  C016.

Osawatomie  (OSA)  - PAC 2

One sample  (C017) was collected from  PAC 2 at OSA (figure 51).   PAC 2

at OSA is represented by a calcareous mudstone  lag facies that overlies an

omission  surface   (see discussion  of genetic stratigraphy of  PAC 2 at OSA).

Conodont abundance  in  C017 is over  13,000  elements per kilogram  (figure 52),

an extremely abrupt increase over the uppermost sample in  PAC  1,  C016, which

contains slightly  less than  100 elements  per kilogram.   This is also much  higher

than  any sample  in  PAC 2 at section  HD.    Diversity  in  PAC 2  at OSA is relatively

high  (five  genera)  (figure  52),  and  (from  most to  least common)  includes:

StreDtoanathodus,  idioanathodus,  IdioDrioniodus,  Gondolella,  and  Hindeodus

(figure 53).   The  percentage of  P elements in C017 is 35°/o, whereas the

percentage  of  M  plus S elements  is slightly less than  loo/o  (figure  54)  (the

remaining  percentage consisting  of elements broken to the degree as to make

assignment to  an apparatus  position  impossible).

Osawatomie - PAC 3

Thirteen samples were collected from  PAC 3 at OSA.   All samples were
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from the  F3aytown,  and  included: one  (CO18) from the fossiliferous,  calcareous

mudstone at the base of the  PAC, and twelve from the phylloid algal wackestone

to  packstone  (CO19 to C030)  (figure 51).   Conodont abundance  changes four

times in  PAC 3  (figure  52).   Abundance  in the  lowermost sample  in  PAC 3,  CO18,

is over 2700 elements per kilogram,  but decreases sharply upward in  PAC 3 to

just over 60  in  CO19  and C020  (figure 52).   Sample C021  contains  150  elements

per kilogram  (an  increase  over C020), and abundance deoreases upward to 50

elements/kg.  in  C024.   Sample  C025 contains over 70 elements per kilogram

(increasing from C024),  and abundance decreases upward through the next two

samples (C026 and C027) to 20 in Co27.   Abundance increases to 60 in C028,

and decreases upward through the next two samples  (C029 and C030) to slightly

over 45 elements  per kilogram  in  C030.

Samples containing the  highest diversity within  PAC 3 include: CO19  and

C029 with six genera each,  and C021  with seven genera (figure 52).   These

samples generally include:   StreDtoanathodus, Adetoanathus,  Hindeodus,

Aethotexis,  IdioDrioniodus,  DiDloanathodus,  and  possibly  Ellisonia  (figure  53).

CO19,  however,  lacks Aethotaxis and  DiDloanathodus,  but contains  ldioanathodus.

The  most common  conodont within  PAC 3  is Streptoanathodus, which  is  most

abundant  (over 40°/o )  in  CO18,  and least abundant (12°/a)  in  Co28  (figure  53).

The second  most common conodont in  PAC 3 is  Hindeodus, which  is most

abundant  (ilo/o)  in  C029,  and  least abundant  (slightly  less than  3°/o)  in  C021

(figure  53).   StreDtoanathodus  is  most abundant in the  lower part of  PAC 3,  but

Hindeodus  is most abundant in the  upper part.

The  percent of P elements jn the basal  part of  PAC 3  is higher than that of

the  M  plus S elements,  but the percentage of M  plus S elements increases

upwards from 3°/a in CO18  (52°/o P elements), to 41°/o in C020  (44°/a P elements)

(figure 54).   The  percentage of M  plus S elements is greater than that of the  P
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elements in  C021  through C024,  but the  percentage of  P elements increases

upwards from 27°/o in  C021  (69°/o M  plus S elements), to around 43°/o in C024

(47°/o M  plus S elements).   C025 has a slightly higher percentage of  P elements

than M  plus S elements  (48°/o P elements, 44% M plus S elements),  but the

inverse is true for samples C026 through  C028, with the  percentage of M  plus S

elements increasing  upwards from 51°/a in  C026  (39°/o P elements), to 62°/o in

C028  (28°/o P elements).   Sample  C029 contains a slightly higher percentage of

P elements  (nearly 45°/o) than  M  plus  S elements  (nearly 38°/o),  but in the

overlying sample,  C030,  M  plus S elements are more abundant (55°/o) than  P

elements  (30°/a).   The  vertical  pattern  of element types  in  PAC 3  is very similar to

the vertical  pattern  in conodont abundance in  PAC 3,  and  both  patterns are quite

similar  (figure  54).

The  percentage of broken conodont elements also fluctuates in  PAC 3

(figures 54),  decreasing  upwards from  82°/o in  C020 to slightly over 60% in  C025.

The  percentage of broken  elements then  increases to 70°/a in C026,  but drops to

55°/o in C027,  and then  increases upwards from 67°/o in  C028, to over 78% in

C030.

Osawatomie  (OSA) - PAC 4

Six samples were  collected from  PAC 4, which  includes the  upper part of

the  Raytown  at OSA  (figure  51).   Conodont abundance  in  PAC 4 fluctuates

several times  (figure  52).   The  basal sample  of  PAC 4,  C031,  contains 51

elements  per kilogram,  a   slight increase  over the  uppermost sample  in  PAC 3,

C030, which  contains sljghtly less than 48.   Above sample C031,  abundance

decreases to less than 30 in  C032,  but increases abruptly to slightly over 150

elements per kilogram in sample C033.   Above C033, abundance decreases
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upward from 48 in  C034 to  less than  18 in sample C036.

Conodont diversity in  PAC 4 increases upward from three genera in  C031

and C032, four in C033 and C034,   five in C035, and then decreases to three in

the  uppermost sample,  C036  (figure 52).   Conodont genera (from most to least

common)  contained within the  most diverse sample in  PAC 4  (C035)  include:

StreDtoanathodus,  Adetoanathus;  Aethotaxis,  possibly  Ellisonia,  and  Hindeodus.

StreDtoanathodus  is the  most common  genus  in  all  but the  uppermost and

lowermost samples of  PAC 4  (figure  53).   It is  most common  in the  middle  of the

PAC  (more than 36°/o C034),  and least common  in the  upper part of the  PAC

(less than 5°/o in  C036).   Hindeodus is the most common  genus in C031  and

C036  (less than  8°/o and over  11°/o respectively),  and is second in C032 and

C033  (over 6°/a and over  13°/o respectively).   The second most common genus in

C034 and C035 is Adetoanathus  (over 6°/o and over 9°/o respectively).

The percentage M  plus S elements is higher than  P elements at the base

of PAC 4, C031  (60°/o M  plus S and  nearly 28°/a P elements),  but the percentage

of P elements increases upward from 28°/o in C031  to  nearly 35°/o in C032  (figure

54).   Above C032  (C033, C034, and C035) the percentage of P elements is

greater than  M  plus S elements  (from  14°/o to  19°/a greater),  but in  C036 the

percentage of M  plus S elements is over 30°/o higher than that of P elements

(25°/o  P  elements,  over 56°/o  M  plus  S elements).   Diversity  (figure 52)  and the

percentage  of  P  elements seem to follow a similar trend,  as the  highest diversity

(in C033,  C034, and C035)  is coincident with  a higher percentages of P

elements.   The percentage of broken elements in  PAC 4 is greater than 60°/o for

all samples,  and  fluctuates very  little throughout the  PAC.
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DISCUSSION

Diversity

Previous  investigators  (Heckel  and  Baesemann,1975;  Mitchell,1981 ;

Swade,1985;  and  Heckel,1986)  have   generally concluded that the  highest

conodont diversity occurs  in the  "core  shale"  (figure 44).   Furthermore, they have

suggested that this  indicates maLximum transgression within the  cyclothem,  and

that diversity decreases  in the overlying  and  underlying  units.   Data presented

here  (figures 47 and  52)  suggests that conodont diversity  patterns  in the  lola

cyclothem  (lola fifth  order T-R  unit),  and in smaller scale  genetic units composing

this interval,  are  more  complex than  previously reported.

Maximum transgression within  most  PAC's  (as  interpreted from  macro fossil

diversity and sedimentilogical features)  is coincident with the  highest conodont

diversity  in the  PAC.   The  exceptions to the  previous statement include:   PAC 3 at

both OSA and HD,  PAC 4 at OSA,  and  PAC 5.   Recall that PAC 5 was not

examined throughout  its entire thickness,  and  its exposure  is  limited.     PAC  1  at

section  HD  (figure 47),  has  its  highest diversity of conodont genera in sample  P1

(possibly seven)  near the base of the  Paola,  an  interval which  also contains the

highest diversity of macrofossils  (figure  17),  and  is interpreted as  representing

maximum transgression in  PAC  1  at HD.   PAC  1  at OSA contains two samples

(C013,  and C014) with  relatively  high  conodont diversity  (four to five genera)  in

the  interval  near the  lower part of the  Paola (figure 52) which  has the  highest

macro fossil diversity  (figure 28),  and  represents maximum transgression  for PAC  1

at OSA.   Maximum  conodont diversity,  however,  occurs  in sample C016 of PAC  1

at section  OSA,  but this  may  be anomalous  because  it is in  a lithology that

contains an  open  burrow system,  making contamination from the  overlying  Shale
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unit possible.

Conodont diversfty within  PAC 2  at HDMC  (see figure 47)  is also  relatively

high  (five  genera)  in the  interval  representing  maximum transgression  (black,

fissile,  phosphatic shale).  Diversity  is,  however,  also high  in several  other intervals

within  PAC 2  including:   P4 at the base  of the  PAC  (figure  50),  and sample  HD10

in the  gray  mudstone facies, with  both samples being  in facies with  high

macrofossil diversity  (figure 20).   PAC 2 at section OSA,  represented by a thin

mudstone facies  (figure  14),  also  contains  relatively high  conodont diversfty  (figure

52),  but if this  mudstone  facies represents a lag deposit, the diversity is obviously

time  averaged   (possibly during  a long  period  of erosion  and/or nondeposition).

Conodont diversity in  PAC 4 at HD  (figure 47)  is highest near the  base  of the  PAC

(six genera), the  interval that also  contains the  highest macro fossil diversity  (figure

17).

The remaining  PAC's,  PAC 3,  and  PAC 4 at OSA,  have high conodont

diversities  (figure  52)  in  intervals  probably  not representing  maximum

transgression  for the  PAC's,  and where  maorofossil diversity  is  relatively low

(generally in the  upper  parts  of the  PAC)  (figures 28).   This trend in  diversity is

primarily due to the addition  of the Aethotaxis and  Ellisonia?  in the  upper part of

the  PAC's, genera that are thought to indicate shallow-water environments

(Swade,1985).

PAC's  1  (at both  sections)  and 4  (at  HD)  are  relatively simple  cases  in

which  maximum  conodont diversity coincides with  maximum macro fossil diversfty

(figures  17, 28, 47,  and 52), and hence  maximum transgression.   PAC 2 is a more

complex example,  but high  conodont diversity  is still  apparently  coincident with

maximum transgression in the  PAC,  but PAC's 3  (at both sections)  and 4 (at OSA)

display  little correlation  between  high  conodont diversity and maximum

transgression within  PAC's.   This may imply that generic diversity of conodonts
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may not be an  adequate indicator for paleodepth determinations,  especially if it is

the only characteristic examined.   It may suggest that conodonts were not

sensitive  (or as sensitive) to the ecologic parameters controlling  macrofossil

distribution,  or it could  be  possible that this ecologic sensitivity  may exist only at

the species  level.

Conodont Occurrence  Patterns

Streotoanathodus.--  StreDtoanathodus is  part of the

ldioanathodus/StreDtoanathodus plexus, a group characterized by carminiscaphate

elements in the  Pa position,  and a seximembrate  apparatus.   The taxonomy for

this group  is  rather chaotic,  a factor that became vividly apparent to the  author in

the  early stages of this  report.   As  recorded earlier,  identification  of

StreDtoanathodus was  made strictly  following  descriptions  in  Ellison  (1941 ),  and

the  Treatise of  Invertebrate  Paleontology  (Supplement 2,  Conodonta).   This genus

was easily recognized in this study,  because the dominant form is a simple, often

unornamented,  deep troughed form  of  StreDtoanathodus  @.  eleaantulus?,  along

with a. gracilis? and a.  excelsus? in  certain samples),

PAC 2,  and the  upper part of PAC  1  and lower part of PAC 3 contained

elements of the j±./a.  plexus that appeared to be  intermediate  between the two

genera  (e.g.  very shallow or  incomplete troughs)  making  positive  identification  of

StreDtoanathodus  rather difficult.

StreDtoanathodus  (and the j±./a.  plexus) often displays what some  consider

a rather ubiquitous occurrence  in  marine facies.   It is the  namengiver of a biofacies

that has been  interpreted as representing  normal  marine and stenohaline

conditions  (Heckel  and  Baesemann,1975;  Mitchell,1981;  Swade,1985;  Merrill

and von  Bitter,1984).   StreDtoanathodus is part of the "longitudinally troughed
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microbiofacies" of Merrill  and  Martin  (1976,  p.  353),  considered to  be the  least

restricted  and  generally  most dominant microbiofacies in  Upper  Pennsylvanian

rocks.

StreDtoanathodus is the most common element in the majority of samples

studied.   In  parts  of some  genetic units, the  occurrence of StreDtoanathodus is

subordinate to Adetoanathus,  as in the basal samples of  PAC  1, and the  upper

samples of  PAC 5  (figure 48),  and to  Hindeodus  in  uppermost and lowermost

samples of PAC 4 at section OSA (figure 53).   Wthin  PAC 2 at section  HD,

StreDtoanathodus is  proportionally  less or equal to  ldioanathodus  (samples  HD2,

HDll,  and  HD13),  and  ldioDrioniodus  (samples  HD4,  HD6,  and  HD8)  in  certain

samples.   The dominance  of  ldioDrioniodus   may  be  artificial.  Only  Pa elements

are  included  in the  percentage of StreDtoanathodus  (because  of the difficulty in

identifying  all  of the element types of this genus),  but all  elements types of

ldioDrioniodus are  included.   The  highest percentage  of StreDtoanathodus

commonly corresponds with  maximum conodont diversity (PAC  1  and  PAC 5 at

HD,  and  PAC 4  at  both  sections).   The distribution  of StreDtoanathodus within

sixth  order T-F`  units  of the  lola fifth  order T-F3  unit appears to  be  in  agreement

with  many of the  previous  interpretations concerning the  genus.

Idioanathodus.--  ldioanathodus,  part of the jg./a.  plexus,  is generally

considered equivalent to  Streotoanathodus  in terms of its environmental

significance  (Heckel  and  Baesemann,1975;  Mitchell,1981 ;  Swade,1985;  and

Merrill  and von  Bitter,1984).    Merrill  (1989)  believed  ldioanathodus to  be  a

stenohaline  genus.   Higgins  (1981)  reported that  ldioanathodus  may  have  a

relatively shallow water preference  because  it is found  in  facies directly above coal

seams in the  Namurian  marine  bands of Great  Britain.   Merrill  and Martin  (1976,

P.  353)  made  ldioanathodus  part of the "ridged  microbiofacies", which  appears to

be the  most  environmentally restricted  microbiofacies.
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ldioanathodus occurs in the upper part of PAC  1  and lower part of PAC 3

(Figures 48  and  53), though  it is a relatively  minor component (generally less than

4°/a,  except in  HDl  at the base of PAC 3, where it is slightly less than  loo/o of the

elements).   Idioanathodus is most common  in  PAC 2,  and is the  major component

of HD2 in the  upper gray  mudstone facies of the  Muncie  Creek (figure 43);  and  in

samples  HDll  and  HD13  in the  lower gray  mudstone facies of the  Muncie Creek.

Idioanathodus  is  present in  most samples of  PAC 2  (except  HD3)  a unit that  I

have  reported as  being  primarily the  result of climate  change.

Idioanathodus has characteristics that suggest that it could be an

ecophenotype within the same conodont animal that contains StreDtoanathodus.

These characteristics  are:  (1 )  possible  restriction to climatically different facies,  (2)

chaotic taxonomy of the  ldioanathodus/StreDtoanathodus plexus,  and  (3)  possible

intermediate forms within  genera of the j±./a.  plexus)   Purnell  (1988)  suggested

that the   TaDhroanathus and Cloaheranathus were ecophenotypic variants of the

same genus because there are elements that appear to be intermediate in form.

The  possibility of intermediate forms  is enhanced  by the  interpretations of van den

Boogard  and  Bless  (1985)  concerning the  ontogeny of certaln  species of

ldioanathodus.  In their study StreDtoanathodus  morphologies were  most common

in small  elements  Ouveniles?),  and  morphologies of large  specimens  (adults?)

were  almost exclusively  ldioanathodus.

Nicoll  (1987)  considered the  Pa element to  be the  most "radical" element in

the conodont apparatus,  having the greatest morphological variation,  and

suggested that these  morphological variations are  related to variation  in  prey.

Nicoll  (1987)  noted that some  vertebrates  have teeth  in the  back part of their

mouths that have  morphologies associated with the preferred food type.   It is

possible that an environmental  change,  in  response to changing  climatic

conditions,  may have resulted in a change in the food types available to the

118



conodont animal containing  either StreDtoanathodus or  ldioanathodus.   The

possibility of  StreDtoanathodus  and  ldioanathodus being  ecophenotypes of the

same genus may have  implications for the  biostratigraphy of "core shales".

Adetoanathus.-Merrill  and von  Bitter (1984)  stated that the  Adetoanathus

(Cavusanathus)  biofacies is one of the easiest to recognise, and one that

represents shallow,  unstable conditions,  a conclusion that most other

Pennsylvanian  conodont workers agree with  (Heckel and Baesemann,1975;

Mitchell,1981;  Swade,1985;  Merrill  and  Martin,1976;  and  Merrill,1989).   Closely

associated with the  shallow,  Adetoanathus  biofacies  is the genus  EIIisonia,

claimed to  represent abnormal salinjties  (brackish or hypersaline)  in shallow water

(Merrill  and  von  Bitter,1984).

Adetoanathus is the  most common conodont element in samples in the

upper part of  PAC 5  (figure 48),  and the  lower part of PAC  1  (figures 48 and 53).

This genus is found throughout the  lola Limestone,  including  one sample  (as a

minor component)  near the  base of the  black, fissile  shale  in  PAC 2.   Within  PAC

3, Adetoanathus is present and increases in abundance upward from the middle of

the  PAC.   Similarly,  in  PACs 4 and 5, the  percentage of this conodont increases

upward.   Ellisonia is  present in the  upper part of  PACs 3 and 4,  and  in the  lower

part of  PAC 5 but is never more than 2°/o of any sample.   Both Adetoanathus and

Ellisonia are  most common  in the  within  shallowing  or initially deepening  parts  of

some sixth  order T-R units  (base of PAC  1  at both sections,the top of PACs 3 and

4 at both sections,  and the top of PAC 5 at HD).

Gondolella and  ldioDrioniodus.- Conodont workers appear to  be divided as

to their  interpretation  of the  environmental  significance  of  both  Gondolella and

ldioDrioniodus.   Certain  investigators  believe these  genera to  be deep water

indicators  (Heckel  and  Baesemann,1975; Mitchell,1981 ; and  Swade,1985), while

others  believe  Gondolella and  ldioDrioniodus to be  most common  in deposits
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representing shallow water conditions  (Merrill  and  Martin,1976;  Merrill,1975;

Merrill  and von  Bitter,1984),    Merrill  (1989)  noted that the  Gondolella  biofacies

may interfinger with the Adetoanathus biofacies.   The differences in  opinions

concerning the  environmental  limits of these two genera,  is largely based on

differences in  opinion  over interpretations of the depositional  environment

represented  by the facies in which  Gondolella and  ldioDrioniodus are commonly

found  (see  Hecke]  and  Baesemann,1975;  Heckel,1977;  Merrill,1975;  and  Merrill

and  Martin,1976).   This  illustrates the  circular reasoning  often  involved  in  the

application  of biofacies.   The  environmental  significance of a taxa is defined strictly

from  environmental  interpretations  of the  lithofacies  in which  it  is found.

Subsequent occurrences of that taxa are then  interpreted as representing that

same environment.

Gondolella was found  in  only five  of the samples studied.   Four of these

samples were collected from the  black, fissile  Muncie  Creek in  PAC 2 at HD

(figure 48), and the remaining sample was collected from the mudstone lag facies

in  PAC 2 at section OSA (figure 53).   Gondolella rarely comprises more than 2°/o

of the conodont fraction  of a sample,  and does so  in  only one  instance, sample

HD7, where it makes up 8.5°/o of the  conodont elements.

IdioDrioniodus  has  a very similar distribution  pattern to that  of

ldioanathodus,  and  is  most common  in the  black,  fjssile facies of PAC 2  at HD

(figure  48).    Here  it  is,  in  one sample  (HD5),  high,  slightly  over  18°/o   Both

ldioDrioniodus  and Gondolella occur in what has been  interpreted  as the deepest

pat of the  lola interval,  but  because the facies  in this  part of the  lola may  be the

result of factors other than depth,  these other factors may have  been  responsible

for the distribution gradient of these genera.

Hindeodus and Aethotaxis.- Hindeodu_s and Aethotaxis are commonly

placed within the same biofacies, which presumably represented shallow, well
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oxygenated,  and  possibly turbulent conditions within  carbonate  lithotopes  (Heckel

and  Baesemann,1975;  Swade  1985;  Merrill  and von  Bitter,1984).

Hindeodus is present within  most samples of PAC  1,  where  it is the second

most common conodont,  but decreases in  percentage upward through this  PAC.

Hindeodus is a minor component of the  uppermost and  lowermost samples in

PAC 2,  and is found  in samples  in the  upper half of  PAC  3,  increasing  in

abundance  upward.   Aethotaxis is a minor component in samples in the upper

parts of both  PAC  1  and  PAC 3,  and increases in  percentage upward.   Both

Hindeodus and Aethotaxis are  present in  most samples in  PAC 4, and are minor

components in the  basal  part of  PAC 5.   The distribution  of  Hindeodus  is

somewhat similar to that of  StreDtoanathodus, following  similar trends of increasing

and deoreasing in  abundance  in  PACs  1, 3,  and 5.   Aethotaxis is less common,

and restricted to the shallower parts of certain PACs  (PACs  1, 3, and 4 at both

HD and  OSA).

DiDloanathodus.-- Very little  data exists on the distributional  patterns of

DiDloanathodus  (Swade,1985;  and  Merrill  and von  Bitter,1984).   This study  is  no

exception,  as  Dioloanathodus was found only in two samples,  in the upper and

lower parts of PAC 3 at Osawatomie,  and in  proportions generally less than 2°/a of

the total elements within each sample.

Abundance

Merrill  has  proposed  (1989) that the overall  abundance  of conodonts within

a facies may  be  indicative of the  rates of sedimentation  for that facies.   If the

number of conodont elements is high, then the rates of sedimentation were

Probably  low,  and  inversely,  if the  number of conodont elements is low, then the

rates of sedimentation  may  have  been  relatively  high.   Sandberg  (1969)  and  Davis
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(1975)  have suggested that a high abundance of conodonts within a given facies

may  indicate  low rates  of sedimentation,  reworking,  or both,  and that both  are

characteristics of disconformities.

The  number of elements per kilogram in samples  (C012 at OSA, and C2 at

HD)  at the  base  of  PAC  1  is  relatively  high  at both  sections  (figures 47 and 52),

and this is an abrupt increase in conodont abundance over the underlying facies,

which lacked conodonts.   From this high at the  base,  conodont abundance

decreases through the  rest of PAC  1.   Conodont abundance patterns of PAC  1  (at

both  HD and OSA)  suggests:  (1)  a basal disconformity,  and  (2) that the  overlying

sequence accumulated more  rapidly than the  basal  part  (i.e.  increased rates of

sedimentation).

The abundance of conodonts at the base of PAC 2  (section  HD)  is rather

high  (figure 47),  compared to data from the top of the  underlying  PAC,  and  could

also  represent a basal disconformjty.   The  number of elements  per kilogram  is

also  high  in the  black fissile  shale of PAC 2,  but is rather low throughout the gray

mudstone above  and below the  black shale.   This pattern suggests low rates of

sedimentation  in the  black fissile  shale,  but relatively higher rates of sedimentation

for the gray mudstones.  The  gray mudstone "lag" facies that probably represents

PAC 2 at Osawatomie  (OSA)  contains an extremely high number of elements per

kilogram  (figure  52),  supporting  a disconformity  at this  level.

The  number of elements  per kilogram  at the  base of PAC 3  (at  HD),  like

the two  underlying  PACs,  is  high  relative to the number at the top of the

underlying  PAC  (figure 47).   Again the  presence  of a disconformity  is suggested.

At the  Holliday  Drive section,  conodont abundance is  high  in the  basal samples of

PAC 3,  but decreases rather rapidly upward.   Again this can be interpreted as an

increase  in the  rates of sedimentation  upward.   While the  overall trend in  PAC 3 at

section  OSA is an  upward decrease in conodont abundance, this trend is
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punctuated with thin  intervals of higher abundance  (figure  52)  producing  a

cyclicity.   This cyclicity can  be interpreted as fluctuations in  rates of sedimentation,

and  possibly, several  minor disconformities.

There  is only a very slight increase,  relative to the  upper sample  in  PAC 3,

in conodont abundance at the  base of PAC 4 at both Osawatomie and Holliday

Drive  (figures 47 and  52).   The  number of conodont elements per kilogram  in

samples  PAC 4  at the  Holliday  Drive section  is  low (figure 47), suggesting  high

rates of sedimentation for this  interval.   An  abrupt increase  in the number of

elements per kilogram occurs near the middle of PAC 4 at Osawatomie.   This
"peak"  is not coincident with the abrupt change  in  macro fossil diversity at the base

of this  PAC.   If one  chooses to  rely on  conodonts, this may indicate that the

inferred  basal  disconformity for  PAC 4(transgressive flooding  surface) was placed

in the wrong  interval  at the Osawatomie section.   Overall  conodont abundance

decreases rapidly above the middle part of PAC 4 at OSA, to  nearly zero.

Conodont abundance  is high  at the  base of PAC 5 (a PAC only studied at

HD),  compared to the  upper samples of the  underlying  PAC,  supporting a

disconformity.   Conodont abundance decreases dramatically above the lower part

of PAC 5, suggesting a substantial  increase  in the  rates of sedimentation through

the  remainder of this interval.   This is compatible with  previous interpretations of

this sequence  (see discussion  of section  HD,  PAC 5).

Taphonomic  Implications

An  investigation  into the  rates of settling  (which  presumable  correlates with

the amount of current energy required to move a sedimentary particle)  of the

apparatus of polygnathaceans has recently been conducted by MCGoff and  Briggs

(1988).   They concluded  (though  not surprisingly) that the  generally robust P
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elements are less apt to be sorted or winnowed away by the activity of currents

than are the more delicate M and S elements.   M  plus S elements outnumber P

elements in a seximembrate apparatus (as occurs in members of the

ldioanathodus/StreDtoanathodus plexus)  by a ratio of 9 to 4, so a major deviation

from this  ratio  in  any  particular lithology  may suggest sorting  of the conodont

elements.

Trends in the  percentage  of broken  elements  may   reflect the energy level

for the  depositional  environment represented  by the  lithology from which

conodonts are recovered.   High energy, the  result of current, wave,  or storm

activfty would  result  in  a higher percentage  of  broken  elements.   Low energy

levels would  be  recorded in  by low percentage of broken  conodont elements.

Also,  a high  percentage of broken  elements may also reflect low rates of sediment

accumulation.   Low accumulation  rates would  result  in  longer periods of esposure

for the  conodont elements and a higher probabiltity for breakage.

The  percentage of  P  elements relative to  M  plus  S elements is relatively

high  in the  lower parts  o[  PAC  1  at both  Osawatomie  and  Holliday  Drive  (figures

49 and 54),  but decreases gradually upward.   The  percentage of broken elements

also decreases slightly upward in  PAC  1, except for the  uppermost part of  PAC 1

at Osawatomie.   Here the  percentage of broken elements increases sharply,

which,  because of the open  burrow system,  suggesting a high probability that

samples from this  interval were  contaminated  by the  overlying  lithology.   A high

percentage  of both  P elements and broken elements suggests either a higher

energy environment,  or longer periods of exposure for conodont elements  (i.e.

lower rates of sedimentation)  in the  basal  part of  PAC  1.

The  percentage of M  plus S elements is slightly higher than  P elements in

the  basal  sample  of  PAC 2 at  Holliday  Drive  (figure 49).   M  plus S elements also

occur in  higher percentages than  P elements in samples from:  (1) the  upper gray
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mudstone,  (2) the  basal part of the lower gray mudstone, and  (3) throughout most

of the  black fissile shale facies.   In the  upper part of the  lower gray mudstone,  and

in the  lower part of the  black fissile  shale, the  percentage of P elements is very

much  higher than that of M  plus  S elements.   This  relationship may indicate

slower rates of sedimentation,  and longer periods of exposure for elements in this

interval.   The percentage  of P elements in the gray mudstone "lag" facies at

Osawatomie,  as one  might expect,  is very much  higher than that of M  plus S

elements in this facies.   Long  periods of very  low rates of sedimentation,  followed

by very  long  periods of exposure  could  produce the  observed relationships.

The  net trend for  PAC 3 at both  Osawatomie  and  Holliday  Drive,  is  high

percentages of  P elements and broken elements near the base of the  PAC,

decreasing  proportionally  upwards.   PAC 3  at HD  has a high  percentage  of  P

elements versus M plus S elements throughout,  but the difference  between the

two  percentages decreases upward in this PAC.   The  percentage of broken

conodont elements also decreases upward in  PAC 3 at section  HD, possibly

indicating  better preservational  conditions in the  upper part of the  PAC.  Such

conditions would  be increased  rates of sedimentation, and decreased periods of

exposure.   There  is a similarity in the trends of:  (1)  percentage  of  P elements,  (2)

the  percentage of broken  conodont elements,  and  (3)  conodont abundance,  in

PAC 3 at section  OSA.   The  overall trend,  for both  percentages,  is an  upward

decrease,  but there are thin,  punctuated  intervals where these percentages

increase substantially, suggesting  higher energy,  and/or decreased rates of

sedimentation for these  intervals.

There is a high  percentage of P elements and  broken elements throughout

PAC 4 at Osawatomie  and  Holliday  Drive,   suggesting  a relatively  high  energy

regime for facies within this  unit.

PAC 5 at HD has very high  percentages of P elements in the two lower
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samples,  but this trend  is completely reversed in the  upper sample of the  PAC,

which has percentages of M  plus  S elements that are very much higher than

those of the  P elements.   This  reversal coincides with the  reduction  of conodont

abundance  in this  PAC,  and may have been the result of the same

sedimentological factors  (higher rates of sedimentation).

Abundance, the percentage of broken elements, and the  percentage of P

elements observed in  residues from  Holliday  Drive, Osawatomie,  and both

sections combined, were  analyzed statistically to determine  any significant

correlation  (figure 55).   No significant correlation  (p < 0.01)  exists between these

three variables  in  residues from  Holliday Drive,  but there is a positive  correlation

between  abundance  (elementsckg.)  and the percentage  of broken elements in

residues from Osawatomie  (r = 0.66),  and in the residues from both sections

combined  (r = 0.41).   This suggests that similar factors  may control these two

variables.

Treatment of conodonts as sedimentary particles  (as with  percentages of

total elements,  elements types,  and breakage),  appears to  bring with it a higher

degree of accuracy  in  characterizing small scale deepening-shallowing  units

(PACs) than does their treatment as biological entities.   Trends of abundance,

type  (durability),  and breakage do appear to reflect the existence of small scale

genetic units within the  lola Limestone,  but they also suggest a great deal  of

complexity within this  unit.
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Figure 55.  Statistical correlation (r values) between three variables of conodont occurence.
Values were calculated from the percentage broken, percentage of P elements, and the
number of elements/kg. observed in residues from Holliday Drive, Osawatomie, and both
secto ns comal'red.
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CONCLUSIONS

The  application  of  hierarchal  genetic stratigraphy to the  interval  containing

the  lola  Limestone  provides evidence suggesting the following:

(1)  The  most  marine  part of the  lola fifth  order T-R  unit  (primarily the  lola

Limestone)  is composed  of at least five smaller-scale  (sixth  order)  T-F}  units.

Three of these  (PAC  1,  PAC 3,  and PAC 4)  can  be correlated across the field

area.   These small-scale  genetic units   comprise  a net deepening-shallowing

sequence  in the  lower part of the  lola fifth  order T-R  unit or in  Heckel's  (1986)

major cycle.

(2)  The  interval  representing  maximum transgression  during the  lola fifth

order T-a  unit  (and  also  representing  maximum transgression during  PAC 2)

consists of a black,  fissile,  phosphatic shale.   Although this facies is presumably

the  result  of  upwelling  across a very  gradually sloping  shelf  (Heckel,1977),I

believe that the evidence suggests that upwelling was not required. and that

climate change and  rapid transgression  are more reasonable explanations.   Papid

transgression  at the base of PAC 2 may have flooded coal swamps to the east.

The warm,  humid climate during  maximum transgression  may have  resulted in

periods of maximum  river flow which  not only carried nutrients and sediments from

the  coal swamps  into the  epieric sea (possibly  resulting  in  algal  blooms),  but may

have also created density stratification  leading to  periods of  oxygen  deficiency in

parts of this sea.

(3)  Sedimentation within sixth  order T-F] units appears to  have  been

influenced  by both  regional  and  local structures or paleotopographic highs and

lows.   Regional features,  such as the  Bourbon Arch,  appear to have influenced the

thickness of the sixth  order T-Pl  units.   PAC  1  and  PAC 3,  which  contaln  a phylloid

algal facies,  show a substantial increase in thickness towards the  Bourbon Arch,
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whereas the black fissile facies of PAC 2 disappears entirely in this same

direction.

Local features seem to  have  influenced the distribution  of certain facies and

surfaces.   The  crinoidal  packstone to grainstone facies at the base of PAC 2 is

lenticular, and seems to  be absent over what may be subtle paleotopographic

highs,  and  present  in the  lows  (see figure 32).   The omission surface  or

hardground which  is the  upper bounding surface of  PAC  1  in the southern  part of

the field area,  appears to  be  present over local  paleotopographic highs, but is

absent in  places which  may have been topographic lows  (see figure 32).   The

black shale facies in  PAC 2 is absent over much  of the field area.   This suggests

that local features,  in  conjunction with the  Bourbon Arch,  may  have  influenced the

distribution  of the  black shale facies.   Since  paleotopography did  appear to  have  a

greater influence  of the facies that comprise  PAC 2 than on the  PACs that

surround this unit, the  possibility exists that PAC 2  may represent relatively

shallower conditions than  either  PAC  1  or PAC 3.   If this is the  case, then this

interval  (the  lola fifth  order T-F}  unit)  would  not represent a "major cycle"  (Heckel,

1986),  or  a fifth  order T-F3  unit  (Busch  and  F3ollins,1984).

Within the genetic stratigraphic framework established for the  lola

Limestone  by this  investigation,  conodont distribution  patterns suggest the

following:

(1)  At the generic level, the  range  of conodont taxa and their relative

abundance appear to reflect deepening and shallowing only at the scale of the

fifth order T-F3  unit or cyclothem. The distribution  of most taxa does not appear to

be sensitive to the  bounding  surfaces of the smaller sixth  order T-F!  units.   This

may have implications to studies that apply conodont biofacies.

(2) Conodonts in the  lola Limestone, when considered as sedimentary

particles  (elementsckilogram,  percent broken,  proportions of robust versus delicate
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elements),  do  have distributions that delineate the smaller sixth  order T-R  units.

This especially  holds true for the  relative abundance  of elements.   Pelative

abundance of conodont elements  (in elements/kilogram)  is highest at most

transgressive surfaces  (where  rates of sedimentation were presumably low),  and

low within the  units themselves  (where  rates of sedimentation were  relatively

higher).

Work that could be done to test the findings of this investigation  include:

(1)  Trace  or attempt to correlate  genetic surfaces in the  lola limestone over

a much  larger area to attempt to further define the surfaces and the  units which

they  bound;

(2)  Conduct a detailed petrographic and diagenetic study of the facies

within the  sixth  order T-R  units of the  lola Limestone to provide  additional

information  concerning the  history of these facies;

(3)  Determine the statistical  significance  of the  conodont distribution within

sixth  order T-R  units  relative to the lithofacies,  and the distribution  of macrofossils

within these  units;

(4)  Conduct a detailed texonomic study on conodont elements recovered in

this  investigation to determine the  occurrence of species  in the sixth  order T-P

units,  and compare this with the occurrence of genera; and

(5)  Examine  conodont elements as silt-sized particles, taking  into

consideration the  possib:e effects of factors such as  reworking  and  concentration.
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LEGEND

SYtlB0LS

E=

I:::iij

E=
::::::::::

!jij:lilili

:::fiEfi\

riLiDSTONE/SHALE

CALCAREOUS
MUDSTONE

BLACK
FISSILE
SHALE

SANDSTONE

LIH[STOHE

A RG I L LAC [O US
LIMESTONE

CRIH0lDAL
LIHESTOHE

AL6AL
LIHESTOHE

BURROWED
LIHESTONE

PRODUCTID-
BRYOZOAN
WACHESTONE
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PRODUCTID
WACKSTOHE

T= :5£F:::EsslvE

POSSIBLE
T?=  TRANS6RESSIVE

SURFACE
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wgs°t''LdfayntB:ix8t!H4D3)5,

s;°ELgB:Ni%v:l!ec[%'}j8Ta,ry2ggri::;E
Johnson County, Kansas

(£a5a%;:.§9ayT;)hAy'8ia;#i8k?S!74n)ejo't,.t.gray26.W andotte Frisbie Limestone
rownish  gray  (5  YF` 4/1

(N7), watry bedded,  bloc

farrag;,Lag:%+SbStoE%aen;sP:yL,&j,dal::gaFecho%nE8°ds:tvag,:;,:8;#a:i+;Cghrj88L2Ltfona[
basal  contact-.

#or.igs:;la:B!;t,£e:3ggL§Buhgr#o:#(#%§#%:

25.        Lane  shale:  (0.42 ft.,  0.13  in.)  Calcareous shale;  med.  gray fresh  (N5),

#3:trha::a;mc?i:3:ai:Eerydod2Sohanbsr:¥rnodJu%tiEs?/§|'spr'&;yoi%;f'sahgaoryp'gfg:]iycontact.
T?

"     RE&:{:;j,2#fz[:%]o3TFr,a€[,#s:#n:yd3:,:oonT=*a:oLgen£::¥ffi§[6:,:,£+:yHa,

T?

mudstone; med. dark gray (N4),

ated,  micaceous;
; gradational basal

21.       *%na?h§rhsa'i:e£`.°t.o° Iti.'afa35(Nm5.)tosj#

20.        Lane  shale:  (i.§7.ft.,1.73..pr_.).Si.Ity_`muqstone;  n?eq.  dark gray {resh  (N4),

#oenaspoefsToeddji:°s'{i.s%|3tye|Na5ntd°i#Z)i:cP:antt¥hupo°u°sr]yajynedr:;
contact.
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:h:e::ie8d88afnsa'ls:or°nrc::a:#estdr;g:cnfh#i':C;r,#b:iadE;#:%Pei;:ag%i!e!nt:r3uC:oitddg:`p{js:T9,;{3m

£:8gt!§#ic#n::n:a£:cfa;n:¥§!r§§£';:Sp?£ae#is§£:::nt§:f'enneesstratee)6r:a#:jczoe|8cPo'8:tntf::8TaerRtsa'n%n8#:;i?i%h

OdsiB:?%:8::tsr'O
scaphopods
tolyparriminid

bife, chonet
nodosariid

les  (monaxon  and triexon),  and holothurian sclerites;
#Fnay'nsskeigtoaT?,ea;#::i:sh`aT:

18.          Pla

T5

own  Limestone:

golefegwr:i,
productids

`jtghhet8:gsa:tcoru.Si'cmm:n#vheertiearbea8¥;jttzoenEiin

(£.e°a8thft5rs°itq3gra})(SNk7e)I,e{£!npg:gatgE,ef,ta°g3}i'res#::,:ra:infi;!D!:5i':::3tii;ras¥EL!|:'%t%h!Tigr!f:e!r:ef,#:£g!Yraa::in:::lar'

17.      #:#t3¥rns L+%£[Set8nde:rk' }5e,rgw%#oral)g¥?S§e+stR°n6%)+

chonetid brachiopods,  ComDosita,
tg;:kyfreedsdhegY7b)|'ocky,

hprnywQ,£h3`gae,
bivalve fragments,om cora

fc°r[nmo?dB:°e#::{d':,d8:i

brachiopod spines and fragments, small  (<1/2 inc

i#!!ri;ih:t%m;pgori3ii:'o°§¥i[#b:e£,i#|ir§¥#¥at:r:#§ri+£onE:i§t£:,t§eg#&uct,ds

%h2(ftri7):.t3eaTh;r:h!Crkanyts£#arLagb:e!t§r#a9j4°)utso
16.         F3avtown  Limestone:

wackestone;  lt.
mottled dark ye %

ay
WIS

Crurithvris,  c-rinoids,  Comoosita,  chonetid bra5hibpods,  horn
o.range  (19  Ya 6/6),  Ted. .bedd.9q,, flag`g.y;

:o;e#i!.:f::i!iinm:£;i:afi:¥T:r:T::=sifi:a:!n8#isirb#ni:ri#ooTaalce#'gLas;}rk°Pe#?jnTs?I:£ampT,!gghiF5|ia:?gr='faat'iosnEnbg±#gtsfal:

iv;ai#::i:in:::°%P#§i,Sn¥,i':f,g;i;Lfr°%[:r°£|+faoo::afn:£aes:rr:°¥¥,:ir#in#:e:;,rare
146

15.

iTra6#y3Ee%±';¥ei;::w:8bifa°i:s:,#n;od:jiii%teria!V|¥;in%;#|i§T%'&erg:#£g;ifitg:i



RE;i!dna;#o#!Lgai`,:foffa?£oynerT<d,m#,raoiefg2,g##kg,:ia,

13.

T4

bedded,  blocky;
33gt3¥rnsL+B8:tg°rna;:(tt53tft6'd°a3:°y:I.)o#3£koersat:8:;(¥.ogJaJ6;8;,hri!rck7)I

Punctos
enestrate

gg,dors#a°#ebs?i:?ygashEL3nma,far£_kgtyeg§:_I_:i

HVDerammina,  and nodesariid forams, spongeAmmovertella,

¥nodnpa:,got:jj¥£Rj:;hgL:#5:j3jTasgheerhte££h=ktroegealjnns:jfe
position, gradational basal contaof

11.         Pa own  Limestone
weathers

:rg:ggi5:o,ifcpu?#)gtga#lgtreasy,,(!E),"oT?di,gba:
(0.50 ft.,  0.15 in.)  Wackestone;  It.  gray fresh

ii'nacbr%ya's#|§ui:°:£tLcidc:Lhc°:d:p(tnacr'8qLngh:aJynit)i
S'8i%edas':sgtr'onp8E:r8£:::tju£brachiopods, echi

d

d low-
e[, echinoids,

deposit at base, sharp basal contact.
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i;e#:u::j#:5:s:ygs:£eanrii'fdns:d€°#Sfrp#bo:3sbaat:t:e'nt3a3ci'.:i33??gtosinsh8#5i:iaTaJ:3'ris
(£.e5a°thft6'rs:.6.r:yTs.A?rkae|%te:I(Pa:V8i°7n/?

nitic; abundant crinoids,

own  Limestone

8:aJd:rg.s:,!!g!
g#±8:t§£d€q§a;8S±E:c:h:i:p§o8;¥r:a:3:tt:Cia:,::r#:ats:i5£

rayish yellow _green  (5
ihdurated,
nodulesP':?Gap,::rJ!

($6?13#i.Sh°.o°r3nEa)gi'8y#n6%)?

;i:%T#ii:bptgs?ZB#&ogr6honetid

Muncie Creek Shale
Y 7/2),  mottle

•[
dark

Iauconitic; .I_arge  (>§  Cm). flattened to- nearly spherical
ften  bored_),  eephalopods,

Crurithvris,  _Derbyia,  cfinoids=EFTH.E±EF

#:i!;8u3r:og:;sp:!a3ns:::!krg,?o:iief(:!fs%tzh:;r|i#::d:,:sP:!ei:f:;tiff:e:n:ts;a.yrite
T3

7.          Muncie creek shale
(N4),-weathers  med.
gastropods,  conularii#t§:t#,,aosb4{:teym#::3a¥t§oS;nBe:gnTyef:#rr3k:e:d::a[#,

ii?en%daus,et8,epny¥:?:eaii'8883;E;*°sr,%Ti3Spdns:tgivaive

:}'h¥r?a#ers

nodules), some phosp

6.          Muncie creek shale
med.  to  lt.  gr 5to('rd97,ffti.Sspi.e5,`inT.!r8t'ea#akejnb:acgn(dN

EL3,i,gd#ef:si#!e:s::(!#sn:£!|!i!|!i:EL%o#mh:a3ctI.iscruesintai:gli:3,uding
T?
5.

T2

4.          Paola  Limestone:  (1.00 ft., O.30  in.) Wackestone to packstone  in upper o.08
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tftrii;c'i.E:r°d#ihbporcakyy;(5crYnRoi3;.}£eusnhd'a#te3#eaffiyTecdfu9i{£¥ri(sT5c)homn38dt°

and low- spired gastropo
brachiopods,  echinoids

calcareous sponges, ph
!iun'8Sn£%8gfr¥i°dnf3rnadmT,uitL-Lanydeadn)t'9h°i:ihruer£:ins,

§i:,%[thafd#:n£-:#dugS:er°5njsi:jgsjasrtkj%'ueitaat'e8r:!nn5f?g;#g#:tdz,egdr'aTa°t§:nai

eenish  gray fresh  _(5
ftyraeg;aT,gpl3Yy;

opnoeo,ildy

98)e,

°s%}8#,#.\S8iy%£#gpre.,nsipg

Ctya8,u,t):3:a't%:e!8.4in2o#i68.a3rkm})esoat%ie8ruasn§:a('i6

#dgurfr:##j#8sc;bfjr3aB££:g:tffie:s#t:;:vaebm%:::§&jT¥#ac§ruEL¥:r§#Ss,Ecea::
shark r-e-mains,  pyrite; gradational  basal  contact.

lt.  .gray  ( . 7).,  ple{y,  poor.I-y  inqurafed,  s?pdy;.±!±g±±!a,  pro
2. Chanute  Shale:  (1.75 ft.,  0.53  in.)  Mudstone;  med.  dark

§i:n};3jeob£Vai|X3:r:r:t:aE:::ri#r;ng°k8:s:it§#:gg;d:s:,::8%fifnl£e:d:¥£Rn{:i:%ggheanrtsi
basal contact.

J[1#dtsry4b);a¥#:as

RES,`f:e:d:!o:g':ie:.agi#!:;i!tyi#g,u:ps!o#e!;It!,a8ng£,:pf#!:
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H°"j8|auyngjr:V8r(eHeRMC)

E£3%rydasrv#ew8:tag:a#
SW NE NW see.6 T12S

D

ae
24E

Johnson County,  Kansas

I-3i¥6apr%%rJ#g8[aj:d,
4.

T3

Muncie Creek Shale
Y 7/2),  mottled dark yellowish  orange  (10 YF3  6/6)-,  p

(0.08 ft.,  0.03  in.)  Claystone;  grayish yello_w _green  (5

3.          Muncie creek shale:  (1.50 ft.,  O.46  in)  Claystone; mod.  dark gray fresh

9c`:ti%'dEL?I::kJ'utr?oywe!'.°#thogor
(Na,¥,
ed

5!(N4), weathers med, gr
indurated;  Pyrite
[j!es),  Lingula,  gastropods,  conulariids  (often as the  nucleation pointg°h°orLyd

less fossiliferous upwards and towards base, sharp basal contact.

fissile,  indurated; flattened and spherical
2.

T2

Muncie Creek Shale
to  lt.  gray  (N5 to  N7),

(1.83 ft.,  0.56  in.)  Claysbale;  black  (N1),. weathers

hodules  (most abundant in  upper_half of unit),. conulariids,
ORE,og,gaents#gjguLesn{gobnj3faontube-like  f

and t.riprop),  spar.k rein,ai,ns  (inc.Iuqing

!o#jt#i#rg:ijiei':|g;ff3s!;n#3itdig:::lair;f¥';;iai:i!:::fi,iso±I##aifhk:,
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"stnorth::ti:Sae§S§%#:;ts:t#£r§g§his!i::r9'bridge,

Miami County,  Kansas

22.        F3avtown  Limestone:  (0.42 ft.,  O.13  in.)  Wackestone;  It_.  gray  (N7) fresh_,

F¥£re£Ng5i'stToepd6dbs:dp¢:8LS{iad¥ybi#i3:fi'r'£8mv#tss:,Cerinc?Ldsiing
s-hark remains,

thin  (< 1  cm.)  caliche

weathers med. -gray  (N5),  ned. bedd
echinoids,  h
too:yet gamminid forams,  nodosariid torams,
paleoniscoids; _many skeletal grains are fragmente
crust (modern?) on-top surf ac-e; basal contact sharp.

21.        F3avtown  Limestone:  (1.58 ft„  0.48 in.)  Wackestone;  It.  gray (N7) fresh,

s(i:|'eTeadrt.i::ig?:nd,b8&d:8{fiagEy);,%r:n#osds?_r3qguhctidnsd
ods,-encrusting  forams  (_tolypTarrifiTinids),  small forams

:jpe°sn,g:haBtc#:_e+SatTs:np%::hit:%8::;:]qets;

weathers med. g

ow spired gastro

o#a-):kde,)'' olothurian sclerites,
basal contact sharp

20.        F3avtown  Limestone:  (1.67 ft., 0.52 in.)  Wackestone;  It.  gr
e yellowish orange  (10 YFl 8/6) to  med.  grayweathers

bedded, sPaa!

aet'h%8E±D=s5aiv

a/Ngt,7t'hi,

by; crinoids, fenestrate and ramose  bryozoans,

P

resh,
n to ned.

hylloid  algae,  echinoids.,  ho-rn  coral,.holot
eels), spo-nge spicules  (monaron, triaLxon,  and six

;aFehs:rtkoFveDnat#£inFdngnsJ'n:§'osaria-
%tef°onrjffa°s!;dsdhe:?;C:%Sn'taaccta,?tthhoi8|£:ail;:':£a:;'¥£uanmaT#:n%:i

rayed), ostracodes,  brachiopod spihes

R

T4

19.        Bavtown  LimestonL£; (0.92 ft.,  028 in.) Wackestone;  It.  gr
rye?t.he.rs, palg  yellgwi.sr`  or?n

gggidneotaB'':#!_;acnrLnsi#,e!|

R%OOzsoaar#8,i:::r£3:g:%,
holothurian sclerites  (hoo

18.

17.

10 YF3  8/6) to  med.  gray
Oid  algae_,
nestrate  (large

Ornate

a/N (5Y,7t)hi:eksh,

Chohetid brachiopods,
and ramose
Hycerammina,and

ate multi-rayed forms),
k:nanga#:eg:S3ap3Len?::;Cso#D?ndaca-nthodians,

shark remains, quartz silt and sand; basal contact sharp.

iaTemo:Ysecrt6:L13; 883:|98osnEicci!:ia(r°pr.natei multi-rayed forms), shark remains,
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basal contact sharp.

#f&#£egsT:Lig`!##:#T;#Ssai;;:#:mas#%#ss:
:Bj::i;Sc!t:.I:Xct°ns)hahr3].°thurian

'egngda:t5883gFiidofsj::#essionge
ds,  high s

remains, pa

bryozoans,  productid brachio
TolvDammina,  HVDerammina, mmoverte

gcuiti-trhaoygj:nf:,r¥S!'iehc°j8tohnut:i?gasa|

)to

Sgi!:#:S,(smh°anr£Xr%nri:!rg°pni,:8fjsr8gjudsst,
contact sharp.

13.        Pa own  Limestone

:h;:o;!'tigeebiihgehr¥:BPo%§,)y-c?r#Co#|SBhe(d°±:!t9Ebt:C:kdyfth:y/i

(2,08 ft., 0.64 in.) Algal wackestone to pacBstone  (at

gkoiE,y)'

reshbase);  lt.  gray

:Jiicnu::
es (monaxon an

skeletal grains in
basal 6 cm. fragmented and parallel to bedding, sharp basal contact.
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gf=:rk°Pe°£i'inb:ya+Vo?dfi:a8%::t£'atq3:tro°fpf%gsfii3gcT#S6n?r3£:#:sspjgoe:t'act.

i[#!;::o:h
;Lu,tphapng##ua!?pep-!isl§:d;:£d#o%du!:e°fa:sst:#£j§!:i;:fiib{tn:i:i:!#ij!:hk:i:ii:ii#up;:i,i:

T2

1 0.       -8/ai?I-ifeLST.9£tepapt3:e!:.8P (R.b°{3tm¥!. ¥r8?kfRt5°)rejeltd.b53#Sd|

corals, feriestrat-e and-ramose bryozoans,

g:aJd55yR

(near the base of unit

g|haanr5.Skeletalgrainsfragmented,

9.        -8/3i'ireLS#,efteQant:-;e!!.L5e8: (°rd553 tE.}t.Wg#(#,eiB.d?:3ffijs*

sat)dy and micace-ou§ basally; _burrows and  rhodoliths

:)e-no?:i:°3hi?)[y;:igjg±i8;e:#n%i%%?itbar'aghjro°j8S(Very
#cwhaar8S,)jihb:

abundant near the base of the unit),

8.

contact.

T1

7.      8:#i:;g§:::8;fa°i:tt:ea!j.;on9ii§::b:0|L|,:r*aTtyu,d#%Ti;; i3*:ag:aJ fuYnE£?'

6.      3!#!E£!#5u$2i:d:sir.sa?:!§r5Tb.#:£!!ELgJg°5n;;##'rFEbu±#r:p:a&NF£)

4.
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yee#FdrsbiTaeig;g,r:!r!Ns52h8}a#|£Itr:'o3L3i:'%sj:g;u:atfrdp;EEL86n=:u#¥hyrjs'

8!!ffli!fi##i#ftj'l'tosi8#r;:s:s;g!on!ae!iij3jFn#rgtrea5,(cNri3n'o:aes:h'

2.          Chanute  shale  IThaver coal):  (0.25 ft„  O.08 in.)  Bituminous coal.

CC (Climate Change  Surface?)

1.      RE8t:;£r:y:5,,+PoocFy.,+3j,#¥dft[%#e:,+X:ngrf9¥gt:evnR3ti#easjng
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justwpeasttrj8jfatEewp°£t?i%i£:WWoods

cent:L:euon:8:X:acTg:a;#n:g!en:25E
Johnson County, Kansas

11.          Ba own  Limestone:
gray  (N6) fres

(1.50 ft., 0.46 in.)  Packstone to wackestone;  It. med.

Irtffi;:!8ge:!t:a,1!:ig]#%;aE!y'L°rjgc£!888asr;nft°:gsa

weathers pale

gredational  basal  cTontact.

10.        Pa

9.

7.

own Limestone

and ramos-e
8/6), wavy bedded,

fe  position,

(0.25 ft„ 0.08 in.)  Packstone to wackestone (crinoidal);
resh, weathers

3#pe8'a§Lfibcboyit3rjt|oids,phyHoid

Muncie Creek Shale

£;lee,y%'o°#LSohs%::%:#d¥,Rbfy/!!'o#:;

(e°d##;}£ii3u;£s=h#:,i#:,°}T£¥¥;#)'s°!#;Sih3i#[{j:a:u,#°o
9,!n!e!:o:s#ii:#ii!:vi%',d!e:?r,!#f:e,?;r:,i!n.'eh;##dg;#:i+;.8ng!'B3#!!i::::

6/,6), weathers mottled dk: y9ll9Wish

weathers lt.  gray
Muncie Creek Sh?le:  (0.25 ft„  0.08  in.)  Claystone; med.  gray  (N5) fresh,

e(sY76'rupr'i#%'rig:°±;:i;!g8;±r,a!:ig'o#ipe;em°3Sgsbmrya:±!<alsTra)re
and   PunctosDirifer,  ostracodes; sharp basal contact.

#!h

pchaie;eD:%fi:I
?'h-%;

Muncie  Creek  Shale:  (0.25 ft.,  0.08  in.)  Packstone to grainstone;
argillaceous,  med.  gray  (N5) fresh, weathers to  a mottled dk.  yellowis

(10 YP  6/6)-, thin  bedded,  flag
:cYOHnu%6;!i'dtsn,'nphDoesapahea°t'e"nao98¥,

ase, sharp basal contact.

:':!s|:_S.,:iirg:gayt|a:tf39Psa::[#°oW{a!

; crinoids, fenestrate
es in base; becomes

bs%:fe°ya:i.

%a#g,yR
Paola  Limestone:  (1.17 ft.,  0.36  in.)  Wackestone;  It.  brownish

Pnraunpgpeer('|%YBu?i:*:!jcokr9oegt8%di'n
Upper 2/3,  cFih-oids,  Crurithvris,  phylloid-algae  (in_ostly  in the  bottom 2/3 of

i::r6oP°tgs.uCL°jf;Uiar:i,gs#apnhs°apshaaiFcun,:!eudes
and fragmented in  upper 1/3, gradational basal contac-t.

tohftee#n:t*bbeeJteer#°un;a%?asnuri

Paola limestone:  (0.25 ft.,  0.08  in.)  Grainstone to  packstone; It.  brownish

a:a##!n,s::ELEed:erdu9r,fti:ygr!#:h::p:#!#;in:o:3p::o?d::nf#str!aec#[#so;::::p

Chanute  Snale:  (8.50 ft., 2.59  in.)  Siltstone to mudstone; dark greenish
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3.

2.

%:'L°evyro(JgpYa6n/t6);£!itghts:!t!£:r3aBfga[S#!:yctTicaceous,poorlyindurated;

i:5:i)ii,t{;n8;,E§l§spr:|!:{i#|dec;??t°s4T%or#):i:t%e¢;n?enfel:afr',;£hdno'rE:ehod:t:,?t::a#¥(:s!#g°?:e,

fr#3:tuot:e:::'3:#:£3e%.Ls°.sTi3s%.|e';ntp%bn?#aegdJt6n!:a!n(dN3|rsb%nnqgedwood
fragments; sharp basal contact.

a:;;;:;;=±e:a:s(,]£°orT;'i:.d3u°raT5)d;SEyanTfurg§t£::isTefag#sg::ynd(yNfjward
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southofBtf8et'oLpn)ofpedel
Stilwell  Quadra

NE SE SE see.16, T
Johnson County, Kansas

18.        F3avtown  Limestone:, (1.08  ft.,  O..3_3.ryr) _vy_ackestone;  It.  gray  (N7) fresh,
vyeethers.It..  yellgvyis.h.qrn?nge_ (10 YB  8/6),  caps the

#n¥}:th:C5ryb:£od££:.
T?

17.         Ba own  Limestone:

blocky;-_Echinaria,  LihoDr6ductus,  NeosDrrifer,  cr'inoids,;ehct:::#i?e=ibJ¥n:%

(3.08 ft.,  0.94 in.)  Packstone to wackestone;  mod.  It.
weathers med. dk. gray (.N4),  med. to thin bedd6d

Ee¥3±ifa:,,I:cip#bs±a;;::;;;g:r#:':ea-r£'j£|¥b°r¥%'hi8;%¥%aebnry&Zj::,na::d
T4

1 6.     f:ie:s:h:r:ieufjh:e:r,:tco#:eji.:!i:kogj'a!.s'ifafT:.:mm!i:5Tjtgo#e:,bgH:e:dkyslt#:T#i%i|s

generally disarticulated, sharp basal contact.

1 5.     §%¥:(r¥§)uL±£§i:c°#oitk°;735h#od::3£g¥9),ra%a(frkfi::#|e:ds::#€d:,:§lefcEi:.. It.

14.        Ba own  Limestone
resh, weathers med. dk.  gray

(0.83 ft.,  0.25 in.) Algal p_ackstone to wackestone;

(EijbKg:ao#t52E#a'Kn:ds:a?pBp;:taors{laggy,,phyl.Ioid  alg?e,  Comb.osita,  (thitrye-ss  of
to  Pinch o-ut sever-al  meters to the south)

(1.20  ft.,  0.36  in.)  Algal  packstone;  med.  It._gray _(N6)z

11gp¥gs8o7£)e'Lwaart%uP:tdedd:d6rg`d°£ti¥i:PhyHoid

13.         Ba own  Limestone
weathers pa
algae,  CoinDosita,  crinoids;  bFachiopods off

e yellowish orange

contact.

1 2.     !g¥;i#Spi;yE!#£8;Eg§d%s!S°:n:8::r:::'§,!g{i8r°gTt:id8!ig;£m:!!s#¥dge±g#Eob£;,6!'rlnolds

contact.

. o.     ELo,I:_r#:a:tdfj:_,r#:j2r%.t;#o7£:pt,:i., C£L3#je,onudsu rc#cn&;mTh3#.s,gray

157



Argillaceous packstone to

88*d°Ti3:a':.y,b:3#3i3g,gf:anye!%aY8b64]oz':€ihs',%erua:it#is}.fl;8]k{E;7;)'s#jnrp
basal contact,

T3

8.       r#u:1;9:r:e-£%,eL:okE:a:t-,E:3:r,3-;{r.:i:{%;(;¥°7;):i:p!Tii ;f%ah!g#°,£i'&yniT£'.:it#id. gray

T2.

7.

9.          Muncie creek shale:  (0.25 ft.,  O.08  in

6.

:Kro#Ttn;§j[ps¥EL§a:b,#rjEogdfg[n:;XftF32g¥,:sf:,n#tgrgrylt6£5a#s,
T1

5.       a;;;#±±£::a;(3:3:n%.colt. itanTt.}r:#te°nn€j °#o%raacye!5usY:e3al2t)6pP`£#d

4.

C:£irctaqpt;rap:3nftofsraj

Crinoidal  packstone to grainstone; It.

8nhdans#|§tosn:e:':#:893r£;'(°ri3)5,tThi.i.'?:edr3idapgida&:%6!a8r8trealynevide,ii#,:3tneed

BS.dsI  horizontal  and
nts,  small  high-spired  gastro

all cone shaped trace toss

8r§ahli7tein-iii%:;I;:°£8;iy°j.£8ura.t+edF#tnf:;gmmeedhg.arkgray(N4),platy,
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Westsideo?aMTsPs:[an#c(8cBEai|roadcut

NWNwstREe:e8.u28:aTnig|esR25E
Johnson County, Kansas

(2.83 ft„  0.86 in.)  Packstone;  med.  It,  gray  (N§)_fresh,
ray  (N4) to mottled dk.  yellowish  orange -_(10 YR  6/6),

12.        Ba own Limestone
ers med. dark g

¥n:ni;;Fgir::ffi:b:X;t:Di#:g&*:;!##:e:ifsai:b#?#.:3:L#'
T4

1 o     ;i:#:t!,s:jiii;gnpEyt#6,:s2ap:g'Lq:;Sdi:#:g3:I:#£:#:1dso:,y:Rcht:3£`;c:Fb3;n£,gT&e#''

9      !%:::eFi!Li!ii;:si:;#,e#&\!g5a!i!:oy#o#:I #n:ok8:e:!o:it#i:c:E#:es:

LEiao'wYsahckoeratn°gnee(ti°oP?Rk§t/%T,et;hick
Lyrij::id°::Ffueo#inYeRa?/6)

(1.16  ft.,  0.36  in.)  Al

algae,  coinDOs-ita,

8.Ba town  Limestone
resh, weathers pale y

ocky;  phylloid
echinoids,  brybzoahs; sharp basal contact.

#;ft::hset°:£§.gn;!y:|a#€):°e3ia#zgg3jii£!§gk#:r:njsh
7.          Muncie creek shale (0

6/6)  fresh,
Chonetinella,  Crurithvris, fenestrate a-nd-ramos

omDosita,  crinoids;  gradational  basal contact.

6.          Muncie creek shale

T2

(0.16 ft.,  0.05 in.)  Calcareous cla
weathers lt.  gray  (N7) to  lt.  brownish gray

orly _indurated;  Crurith-vri§,  Hustedia,  crinoids,  Phos
arp basal contact.

flaggy at base, rest

s+ORn%;/,i.e8iagivr:y

ate  nodule-s basally;

bg:a#5,yR

i,:sir;o:aii!l:yo;::,i:je#!a:b:F:d3i:Rjs:'fn:s:uiii::si,%trT##3,dpper

5.         E7a-i'-?rat.-T,Q£-te°-ants; i.: : 33ig.i.e°iig*.Fh.#%keei}°onS;R.Itgivb6r)?Wthr3{

argrf:ae:6:#%rsg
encrusting forams;
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4.

T1

3.       3§§!!ii##a?a(t`(£752:ftB':a%3%%;%sT598tr?yn:n;ddu?#egdr;arm:r83#t

2.

REi!`t?#,,,,!o!g9ieT#:2sy::'!d#a?l#t:tl;*?,i#:s::s:ofg)segiaJ
I:gsan,uLee§thhae,res:,tt:.grg,,torig;,#.:c+a,cg;,tuys,mpTgtsyt,PE±;fist.pfaanrtk
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Nwe:%jsr3ixiia!i:a:!u;%r:I:!g;:]gi::ye::5E
Johnson County,  Kansas

o(]623mii';°in:8.Tt:)gF£;k(Srdgr?r:%hYawcgftshtg?seined.'\ehs`nneb%SddmeedE.I.Ear%y
own  Limestone

ln  upper
5)  t_o  pal_e  yellowish  orange  (10 YF}  8/6)-,  argill?ceous,

S!£EE}{±:echr?ns&ats:£#Z&#ai;'sLi:%raqdgurg:-S'ocnht°onpet!Ee'±adeNoeft°esnDj5ji=:'d
ted with  algae, sharp lower co'ntact.

T?

1 o    t:o,¥E!:ny:i|##fjt:i:,esp#,,:o:!g#;#rdienT#:o;tyii:8:,#;#yn##gg,#!ga#

9.

T4

8.       FNS7¥:°#±B:!8:a:Ideific3k3yr;8;ph;.,io5ydem±i)gvyi¥!:a:ncg?:(:1:0: *°Pn:8j#:3S:li.:jjba!sal

contact.

7.

#Ynigc:tt::y:Sit:#°sphph;i,n:a¥°€,e!iao:S£.'t.
s; sharp basal

E%¥°(#g)LfjrBsehs:°wn#t(h°69s7Iti.!P;;0(Nm7

Pn/:r)6£*.i:ea¥uendd£'::kuybfr:Pd°,%odm°omo!sniian,tebcahi#d
contact.

4.
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brachiopod spines; sharp basal contact.

Paola  Limestone:  (1.50 ft., 0.46  in.) Wackestone to packstqp_e; _It.._ .brownish
gray  (5     F` 6/1)   r6sh, weathers pa'Ie

tfi/elk)£r:#;dvyebitohcekrys;B£'yeH#d"#::,gray  (N5),

3Ei,r,e.8

2.

o_range  (10 YR  8/6
small Litg°h.med.

s in upper  1/3,
b'urrowlng in  irpper 2/3,  hijmmocky upper surface; gradational  basal
contact.

5#{#§E§§:ffig,{%:6:,;i.:::;s:h:dg5EEL;i,epdar#SS:i;to5f:rrap:nbtifonalt;pit.
contact.

gastropods,  bellerophohtacean gastropods,  rhodolit

3§§t:hfie#t::g:reiy(,1(cid:7:)b%.#8°:a:outtTi)dpii!t:t¥:e!:o:w:gis?g::!e(5(iYORy3R/2!/`6r):Sph6or,y
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NN°:hss##tr§:a;#jak§rii#§!ew±y3`E°

Johnson County, Kansas

25.     £5d3a¥d:#bi+5jrk¥ys:hsbt:ryna:;jti]ej|S°ap:a,ie:£eflf¥:), o:r;Pal;je:si;1C§re:Sfi:6nt):£b3asvy:One ;

contact.

24.    RE:,!°#§3:::±eo:sgJ£Pne::c)£fr3,'d€,ro::Rgu)iJ§},:i##,:s#gfi%:i;d8s!rYyesh '

T

bin,agnfii3,t#g3i:oriiv::g#!y.,;ih#z,!1i:,f:::::

indurated; lant fragmen_ts,

23.     REg(Fa;3(#7')Tta93mFfi

fT:Cs?]Cs:°gura'dB{iot%'aP

S
d

il#k

oorly  indurated;  p
basal contact.

22.    #I¥f#tg`f`ra:y;5fNe%t:siii;:I;i?i!3T!:i;:o!;fio¥su:r:a;?e:gr:sgaTi#`:Yft!b'iTy'

contact.

2 1.     i:e:a!:§{hs#:ag?i;i:(£i',)::#xT.ba§#:¥tu:s:,sg:r%3;s]#3d:¥T=%±s:i)efarri;h '

T?

20.     §!!##ag::a;;8(pfE)t°tfa:a8#tt:}£;:#j;:y:e#;#Ln£;bo°±iva:gfi|£(:¥#/3#;etys,h '

19.        I_ane  shale:  (7.92 ft„ 2,41  in.)  Silly mudstone;  mod. dark_ gr?y  (N4) fresh,

Py'aht5,rizmd:fate,::SgXh`T:Jar
weathers lt.  gra
sandy len.se§ w %S

Or
:!ys and poss

rare ironstone nodules; gradational basal contact.
e  ripple-marks,

18.        Lane  shale:  (2.92 ft,,  0.89  in.)  Silty mudstone;  med. dark. gray (N4)  fresh,

##fiis;l£.£o:rig(ojn#)'tar!'3a;#¥t§i::sfi:3n#ds;tip:a:°sri#.|u:e:::I:etio;is£Pbdi¥s2;:on!So:nii:,ct.
T?
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(0.17 ft.,  0.05 in.)  Packstone to _gr_ainstone;  med.  It.
yellowish  orange  (10 YF]_ §/6), tr!i.n  bedded,

crinoids,

16.        Pa

T5

own  Limestone
resh, weathers pale

8aogj]%b3i{8j,"8%c°h|Sbfoedn:S:Laet§in8:igpireagbmrye°nzfrsi|

i.d.4d]k.ft}'e#64w3sT.!r¥nagceke(ito°nyeig/%?,.tlth.icgkrabyett3)d,
15.        Ra

T?

own Llmestone
mottled dk.resh, weathers

blocky;  Echinaria,  LinoDrodu-ctus,  NeosDirifer,  crinoids; sharp basal contact.

14.        Ravtown  Limestone:  (2.83 ft.,  0.86 in.)  Packstone to wackestone;  mod.  It.
/6) to mottled dk.

i,a:?#:fdes?uS;ghto°nf:3%8X
§:@¥j;Ys6h);rr:Snhg'ew(:8thveES6%a)I,etx;|'%:Lsdhe8:as|g8b(y'?oYiEg£

gee:'£s#:S|:ao§a#:os!t+%ing[
13,        Ravtown  Limestone:  (0.67 ft.,  O.20  in Packstone to wackestone (upward);

'i}::#o£.:I:es#ihaestiabrg;:;r::z%¥£#p'so:s°£r%fte:eac;i£';°£iife.rgg:s(#YR

T4

9.         Vu678)e,r8:a:kw§:taJ:;s(?It..33rg}' &`7? tg.L8Lag§t%R?;y8tr6#!:£nji:n8'?iwo_ V&

Ids), fenestrate an

8.    ffi§;{,:b§;:R[:e:FLtfj:a:;ife:i:j§e:it:F%#r£{regT##g:I:aTed ,
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ray  (5 YF3  6/1), weath_ers  pale. yellovyis.h. orange  (10

T?

7.       -gi:£t;#8;rfr£,:a:g::i:-:(k°5.): 8pr:ty°t.g?jfi)e?;aoyosrtya'j:;d::#a;:!±B!a±;`r#

T2

6.           Paola  Limestone:  (1.33 ft.,  0.41  in.) Wackestone }o papkstone; mod.  tt. _g

oc'ky;  phylloid  algae,  Comcosita, crinoids.,  ryg-os?8}66)),:3i:tkBre°dwdne!3]bq
coral,  bellerophontacean-gastJopods, -rhodoliths near top; gradational basal
contact.

4.

T1

3.      £#:#£i;r,`:';!83ELTo3#ifTgofy:idgsi:rnf#vcerugr,tahyvr`is,y£!ifi'd

2.       §§§]ij§E§I#olj(t:jir7a£.iN°7j|:3:p;£jlr#'!a3#£8£Sdo::a3C3ke:S;ti°gn£ET8£8ri:r:I (N5)

T

tngife::;§!i#{?n?}'92[3tinBc#i'n;CS#?:pt::i:#°£n:#e:#::?q#triti:v#|4)
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Approximatelyp.25mEife¥:gsYj#£E3!rdsviHeonK32
Edwardsville Quadra

NW SW sec. 24, TllS
nE le

23E

10.

Wyandotte County. Kansas

i,::%:g;r¥:e|ii§t!§':s:Efi(h::±S:aift3£e:bfi3m#s:C£:g°senDir|:3r!Ei:!8#:inmfedrfed,
T5

9.       i(i#¥s:hu+;E§;!£!:d:bt.,trifi#8:3°ri:a:3Eg',e!ni:nocok%i§:°6s73eri:h;%hrk#S#:p}otdryR

gastropods; sharp basal contact.

T?

8'      !%:a:d|¥es:,!;¥gi!fo:i.##as!ii'gjtis[u:%r)g:gg;:lio!g:R:e8?§a,;tlEtt!oino;*::o!::;

7.

T4

6.       ;##)hL;rgo#:#ng€a;!+]e;932£ft5:e:£!1%m#.#;§r;2gn:ga%C£1:8S:?alF:8i:6al|a£5i£°ct¥8inlt6d,

5       ii¥ie¥:I:og#p¥hgyiioia:ne&e:Oil:o2u¥#£'6si, E!#§gsifun,%;#.3§;ra:y##j£:there

pg,.;edy:,lishwish  orange  (10 YF3  6/6),
Calcareous claystone; dkown  Limestone?

R%r:yDijr?f8¥,ra#

2.

(0.33  ft.,  0.10  in.
ow (10 Y 6/6)  fresh,  mottled dk.  yel)o

Chonetinella, fenestrate and ram6se' bryozoans, chnbids,
NeosDirifer,  ComDosita; sharp basal contact.

(0.O?..ft.,. 9.q2  in.) .C.Iayston9.;  9.kL=  g[g`en,ish_ yellow  (10
mottled  lt.  brow-nish  gray  (5 YP 6/1),  large

166

Muncie Creek Shale
6/6) fresh, weathers



calcareous nodules (often bored?), Crurithvris; sharp basal contact.

i,1s.Si]e:tingd4e3raTe.iy+)w8i'ia,ynsdhuar':t;#rpkh8:apyh£RTe3)n%uies,
Muncie Creek Shale

1 )I Papery.tg fissile., .moderately
Crurithvris,  in.artic-ulate  brachiopods,  coTnulariids.
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KaR%artsh¥!j8:Wo?yhj`g2hw{`y2)

rsg`£F]23E
Edwardsville  Qua-dra

NE  SW NW sec.13, T12
Johnson County, Kansas

(i]6&i:#8;3:g:.(tbAJRa!/%i,C*easJ}°nbee;dt.ear,asy,a(gb7);
19.W andotte  Limestone:

ifer:Srrngirdasn;gger£|8t%:af'Bi's#acYnpae£:
fresh, weat
phylloid algae,

T

17.      :££££±=iaig(?a;8(#7'),°#camc!o:i:ypTa#;Sit:cnr%;asp:8.pt:{

upward.

16.        Lane  sha_le:  (41.00 ft.,12.50  in.)  Covered.

f?:agym(eNni!fresh,

1 4.    ;:a:g#tg;!!jiS§§::;W:ti:t{h:;E3::r§a,£!:£F;|ii§#tfe:i:t§, n?fi::3i:ti'ont:hr'`faT#ud::d'

T5

t 3.     i;;tg%{ii;gLE:£ry§;Se:£:ii%:;Ja:s!:£w:#3°:r,::Tig6):;#ba&grsfpi[i#j:
cRr8!dge7d,frb?3:ky;
gastropods,

contact.
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T4

1 °.     ;|=#¥3)hL;rgo:!¥i;g8a;:(?2e;937£ft5:e:£jl%m*|sofi:§r;#ggae:s€to°£y:##ab#!alt6d,

contact.

t!°6%yft(.fu%P8|a|});8ha:Cnaert?BubsraT#Spt83:,;ife
9.Pa own  Limestone?

(N5) fresh, weathers
NeosDirifer, orinoids, fen-estrate bfyozo'ans; sharp basal contact.

(0_.33  ft.,  0.10  in.)  Crinoidal  packstone;  med.  gray°b%a'8e#Pa#.°ari::%:n{
8?%drL!!tahgvgrys';g!

:i8;ycin:(§'s',
radational basal contact.

own  Limestone?
5), weathers lt.  gray  (N7) t

somewhat argillaceous, med
fenestrate and ramose bryozoans,

Muncie Creek Shale

a/e6r):avyecaatit:rr%6trisgrnaoydtNe7s).'8`rautr¥t;spherical calcareous nodules,  Crurithyri§, bryozoans; sharp basal contact.

T3

6.       #u;is-Cif:e-ass,en&ok6da:t,#:8s},S-£j.n6u8,:#;i!.:!3rh?#(.t5gi#in::bfk6#oy f(#3)e;° black

Soy.0(#t).,.g(.£t?;Ta}g%';!Si°:i;.?#.dg:emeent!:rh)yi:hoe:e(d:o

!ohi:3oftd,f9;32mF#!s9baryasctfi:a;ogasr;#!ysT:r'bpb':stya,to
5.          Muncie creek shale

brachiopodCrurithvris
contact.

T2

4.           Paola  Limestone:  (1.92 ft.,  O.58  in.)  Wackestone;  It.  brownish

3t:;I;:schr{n:Fdaat,h:trsbg3t;53#oTLsha,3raae:g&t+ocoysRa:,a,:,n#gke
rhodoliths near top; gradatio-nal  basal contact.

3.

T1

2.

T0

1.        frF#t-e6-r%hin#j;(pii%? #a'gtri%3tsT.;L%rbq;t3npealgg:3,.gray (5 yR 3ra),
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:E;e:;aaon:guoa#,y::qp:A::?o,pao,aapproxiFaa:fi|yEo;:,EiLeasdij

NW SW SW sec.18, T1?8eR23E
Miami County,  Kansas

}.t.)4fJrefts.i,°iv4e3a#;)rswdak:k;8iti%nw:sth°o?racn¥:°(%;¢R6/6),
20.       Pa own  Limestone?

:i#:EJer8ys(I:thick bedded,-
basal contact.

19.        Ba

6
slabby to blocky; phylloid algae,-crinoids,  Com-Dosita; sharp

own  Limestone? (0.42 ft.,  0.13 in.) Wackestone; lt.  brownish gray
(10 YF3  6/6),  med.  bedde

slabby;  phylloid algae,  orinoids,  ComDosita;-sharp basal  contact.

18.         Ba

6/1) fresh, weathers dk. yello_wish  orange

own  Limestone?
weathers#n£6:g§:oELe:efoomny;#,a§,r,:t#+Rhg±+#5,5slabby;  phylloid algae,

contact.

17.        F3avtown  Limestone?:  (0.67 ft., 0.20  in.)  Packstone to wackestone  (upward);

g}63:o#iihbgaare#

#dactknn°ifsb'£:y!£!gt£L8.ae.£bgE£!iE£!!£,ComDositamgosecora|;
16.        Ba

sYgb3)1,)t#SBacwk3taot:8ri_<d5..5yoe8°#jtshhjc°kr)a:tgga(ste°oYR

(0.83 ft.,  0.25 in.)  Claystone; dk.  greenish yellow (10own  Limestone?
6/6.)  {r?sh,  weathgr,s .It. gray  ,(,N7),  pla!y,.pbor!y indtlrateq;  ??Icafeol!,s

Ir#:g#v£:#o:n;§€d:ELr:;3b#£!;r3£,:fas±f:°spr*S.#idn?i#,o%urithvris,
T?

5     i::rs;:e:s#+¥L[::;:r§ta§;n::s:£yffi:agr,:#Tho#s##c#L::dp9£Xgh8:f:#afge:nEn,:s#eL#t

T5

14.         F3avtown  Limestone:  (O.92 ft.,  0.28  in.)  Wackestone;  It.

;e3stEb:i,;cE;:,'vefs#kri,#g!,!sff:y?,:#!:!n:3;tT:!ekeb?pg#ug;::iy;I
weathers  mottled dk.  yellowish  orange  (10 YF3 6/6), thi
P

8

c&ri%d(ge7d,frbi::;

ed are bored, and bryozoan hold fasts are -present; sharp basal contact.

%:Nft5'),.°t.7i%.ro.)m¥a.Cbeesdt8:8,t8,apbabcyi8?f]£i;t};t°
13.        Pa own  Limestone:  (2

(#i7ht:bNu:)dat:{nfet:eTt:gt.ebg;doez:'a:'3,bBr¥nt9ij]s:

:}#ar¥d°uuct:u8:nj±ai;;::E;;bcu:#nots!itea:egsrt:a|:tjg#a?Zb°£3ifn#:#:.
12.        F`avtown  Limestone:  (1.33 ft.,  0.41  in.) Wackestone to  packstone; It. to
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gr§#r%ao:uct£§:nEL¥ngn:g:f;apojs:it:\garLEgo#b¥j:ogz,o£+a::r:fitfjr;!abg=y:Echinaria, Co-moosita,  ramo-se bryozoans; sharp basal

;P:a:i:8sy:e;l}2°±8hD:oj)ao#:(k:i;%o8t£6;Poaft¥Ft.:F##t;8,ray

contact.

T4

11.         Ba own  Limestone
weathers pale yellowish oran

i:#¥6dhuu#u:?§§}ngEg;ri;u;rfsahc&;pPB%::i-dcoalLg£&,.ComDosita,small

10.        Pa own  Limestone
resh, weathers

S|labby;  S.hale  pa,qi.n.g

parting);

(0.33 ft.,  0.10 in.) Wackestone to

?:'8 Z8"i°n#ehs°tfitgkg)ea{]t%pYBf%j

ackstone; It.
9,ray
ae,

sinall  LihoDroductus,  C__honetihel!a,  erinoids  (especially  in  shale
arp basal contact.

own  Limestone
fresh, weathers  pale  yellowish orange  (10 YR

(0.33 ft..,  0.|Q in.) Wackestone to packstone; lt.  gray

q46c)hewsatY#;bk;,d#|'ioi-d

8:,°6,:avyc_ar§+a.B8att?a,r.a`y

aartpt8Es°afiuc:lit(a<ct?.50

dtsh;esth°apr;°fbtahsea,ucn6tn{:c?..50inchesthick),

edded'

o?dasli:E
slabby t_o i laggy; shale
algae-,  Comb-dsita,  erin

:L§j#ygs::ja:ge§g§;%o§jao,§o:R¥jy;::,#0*ds:i,::I:ga#f:\ffifj
7.           Ftavtown  Limestone:  (1.25 ft.,  0.38 in.) _AIgal packstone to wackestone; lt.

gray. (N7)  fresh,  weathe_rs  pale yellovyish  Orange_ (1Q  YF3_ 8/6)

sharp basal contact.
£gy:,noddr#::6£gn=DsopSEtrategbneocjjgs,,ypL_og:gjfrsduf:3epsE+#oe£

Ozoa,
gae);

i,:E:Eo(:#fi,sLi,i:!i;:wnp:ehff(hio:,:#iLe;y2e#o#s',%;n:g::clidto:,fp£,#fs:%:n¥:#:;tg,
(0.42 ft., 0.13 in.)  AIgal packstone to wackestone;_lt.

otf8;t#a9;6L,a¥£,y¥;bn:£8t:d,

own  Limestone

;;Wp%;:ro:5Sapgaiee,y8':°mwfhsitoar,a#:slabby to flaggy;

4.

basal contact.

§r%#v:¥sE;¥,,:]£:r:3E:St°\,g7ggt;g°3;pit:eg:a,rykc6rF7:;d#8#:%£:u{,e:#£#:d£,al
contact.
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2. Muncie Creek Shale
gray fresh, weat ers

(0.08 to 0.42 ft.,  0.02  in. to 0.13 in.)  Claystone; dark

;rtii!;:##rBg:;g5nt#£yn3t!io¥Ts`:;ocYu?46h'vrls'ar;rti!8,iJs''aty'
often with  lenticular ar
phosphate nodules at
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12.

wesE:s;fo;a,o:a::.,tgaf|H||ye|69

wivepsaE°i94E:%tcpiuia,dtT7%ene3E
Miami County,  Kansas

y#|j!fi:oR:e:%tr:a:n:gi::(ii?.,:n;,:;is,!'):ir;o:#¥i?,;#jffE;%i!aj#||g.?bet%ge!dh,eE?og#

11.W andotte  Limestone (0.17 ft.,  0.05  in.)  Crinoidal  packstone;  lt.  brownish

Si/n"bfer83:bYffaa::;:Scrp£LSJs:"b°r:tsh|o°proa3gs:e(|`|qr:gRm8e/:t)s:°s#.a»
8:3%ut#7d];,tp:nnebsetgadt:d#&%:;n::i:Rjfrsbg:ascatj8gftdast[

T?

10.W andotte  Limestone
weathers pa

(0.58 ft.,  0.18  in.)  Wackestone; med.
e  yellovyish  orange  (10 YR  8/6) to  lt.  gray  (N7),

slabby; productids, ComDosita,  crinoids; sharp bas-al edntact

bedded, fla

grf:=.frbeesdhded,

yeysah?df8:thL:Tsesta|:e;e(f6#s#.'o3#§em(.}oC¢E°!d/8`)PoacItf53:;;(#.thgjrnay

Ly:a?r8t'Lat::t?uS; Crinoids,  brachiopod sheN fragments,  pyrite;

Calcareous shale;  med. dark gray  (N_4_)
owish  orange  (10 YF]  6/6) to  lt.  gray  (N7),

%eei|:yo;hHo:{:¢et:n't#?ryoi%d!',

gradational
`.E

ifeEe(I.#%#;'d°d3k?yme
!aty to fissile,  poorly  indurated;  crinoids,
ivalves,  bryozoans;- sharp basal  contact.8

T?

7.       §ae±:±:|*bgft!#.:Itt:.#ym(.k7§j !#aErdpsot8rl; ;inddkdrga::8?j8,h#!'r°a#`e°nt¥;

6.      i:e:a!fo?hsa'f;#i::,f:,i,: i::tsy:,.b:c;%iiguug:,j#vnoe?jymeifeg;;rgfr!a#3TgJi, basal

contact.

5.

T?

4.        :e£££±=iei#}7(#7'),06?:tyT.}oS::# #:ng%3#e;; pry:i::,dsar#%rr% (yo4n)s:roensehi
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2.

rr#:{::;Paeti#dopj#kv:£6t±i=£::!£,'yneeinari:#:i):°snhtat#=:PSS!+Ffa&a.yerof

tRE,g`ia:s3#?7;,,okiiikT;iao!%s#s#;:n!eij##:et#jpy?(3N;i:z'fi:n:gria|,y
extensive); gradational  basal contact.

[iI!fEi;£i;;!#EL#,.a?;;Ego:su,:!g#yi¥:dr;af:#3r:##:),iryeesrh,
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westst,dse°o#esres#o(S'road
approximsaEa:gEif??ti:eisf;;:gERg!f?:omerset

Miami County,  Kansas

(y°.(5E°vttF.6°ii`)#±+h}.,Swreg_9|%3s°u#_ed.
#Yca#ntteet:j#:%tk°ens:o(nFerj;SP.jebrLoSw#sb[.t)r:{
tg°r:tdagtjroa%alNb5±:,N£)ritaY:+Pbedded,Slabby;-crinoids,productids,comoosita;

4.      !i!§£§%.£i#£.i:0;o:r:aenmgfr!i,i'g!e:6%gsfii:£:?ae#?y#) firnedsuhr'ated ;

2.

basal contact.
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pfeoiiiosno:i:8::ta(s?SoF)

swpfi°WaHsg%hiY2a#i;asn#33E
Miami County,  Kansas

1 4.       £3It3¥rns t'#:syt8|E5;i(s2hooorfh'gg.i|`omvbvy/a6C)i?thsi_:nt3; A.e

roductus

T4

13.        Pa

12.

11.

8
crinoid-s,  bhylloid algae,  ComDosita,  fenestrate

arp basal contact.

own  Limestone:

8/6) to  lt.  gray

(1.17 ft„  0.35 in.) Wackestone to
ellowis

:8by/
i

:abyeft:)d:r:isahb'byto

ackstone;  lt.
orange  (1.0 YP

to flaggy, textural and
6/1) fresh, weathers pa

N7), thin to med.  bedded, Sla

i;i#jn?,ascbt:::e:iou#!e'lre:t!:ntg%!,opeLf%:d:etrr!?d?:gi|Eis*innp!r¥rfra:t#;'3z!:Cngi!?:g:;gpa'
ba§al contact.

(h°69s3pft;ie°}2eiiomwi)sF%?Eitg°en?it8#£C8k/e6S:°#3;dTbeedd!t6d,

Iloid  algaeat base-of unit),  phItahge
unit, chonetid brae iopods'

10.         Ba own  Limestone:

i#rgrgekif:rii:oei£'u,!d::;:b:g:8pr:n:g,Lg!
ComDosita, sponges (Girtvocoelia?); sharp basal contact.

ri::|#t::£!ee!]h°dw(10(it..2gr;t,,,ordgj,E.!tfi#s5?an,Egg;
Muncie Creek Shale

•c#tthhve,is,It6n?nr3%s(¥c7A,oTe:#|'¥r,a#%oEdEfs?
5fy'o=a-al`;.,'jjEisii}iii.,-6'o-hl.D-6.slia-,fu'e-5;.iffi'eir'g;a.dat-i.6i@6is:is-al

calcareous,
ramose
contact.

#u5t9f=eeschr=e&k6astEg#,i.°a3r3yft.('N°7.)1,°mEft),eAdr,g#nceb°edsd8a,#g°gnye;;pT38#i8

176



8#{;;rig,Wcahr8:etttde?bb¥aech°ifog|oedsu,nj:ncerifr°:fes'b#32:!#s£#]£r=gaTents'
contact.

T3

6'    RE#±|:,ft:rg:r!sy:5REa,y::feno#y##F£#s:,EL:

T2

5.          _Paola_Limestone:  (1.00 ft.,  0.30  in.)  Wackestone to  packstone;  med.  It.  gray

!##tdh:'g::I
Fi6-)if55h, weathers  lt.  gray  (N7) tb  pale yellovyish. 6rang_e _(.10_YF3 8/6),

tS;Cfo¥§¥a;ndc?:!if:E:d#gsa65d£#;a:r§,!i:a¥sEfefn}:u#?!iuthn8'#

4.

contact.

3.      §rgftnE#bpr:g:reix;:ji;#or:f£#;)F?:i`i#i¥#:#!uh##:t:ajg±3#f#)fat:e.Sh '

T1

2.

:#:A:jir53#N:7eid:pE}ig#a#,Stfnoeriy°i'hvdeu%aeyd{5pYanpt3re)
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°!dEgs?spa:dot(3£CP)

sws8t9!HKEaBi::Q2:2g##R23E
Miami  County,  Kansas

13.        Pa own  Limestone:
weathers lt.

med. to thin  bedded,

3Tsa:I, (£no,.%,.cm. in

12.        Pa

T4

own  Limestone:
6/1) fresh, weat
to slabby, several thin  (<

LinoDroductus,
fenestrate  brv(

7mft6'd9.g5rJaym(.k7Wt%Cke5S)t,°tnhtk'tt6b##Sehd8rea#

relative  I.o  L]ndeLrl.ying  ¥p.its

nestrate bryozoans, p ylloid algae; sharp basal contact.

g:°dttjs,hsE:8Ey(,5h¥R£.'g]!kf;

basal contact.

10.       g,%#%# t!r¥;S(t5°nyea (60/.14)2frfte.sh°,.Tw3eg}h)e#i:.tost£33.t3rg;:#9l:;NIt5), med.

nit?Pfro:uetia¥r;a%#';£a,'gcaoeJEgseitaas,e8rijnnojds;
3P:rn#:3:, ucpo#,.in the U

own  Limestone
resh, weat

7.

(0.42 ft.,  0,13 in.) Wackestone;  It.  brownish gray  (5 YR

oTtehd63iit¥6No7mtD°o¥it5!;#Fndo.idbs:dbde#grs'p#obx:omDosita,  crinoids,  bellerophontacean
ers lt. to med

shaley parting  at the top
gastropods, sponges; sharp basal contact.

own  Limestone:

bedded, f
Muncie C

Ir:ge&y

#;js{glt:.ifg=,D(8its#;a#3aij%tni#ke:y§#!ifnj::n8'?iwovB

(60/.12)5_trfte.Sh°,.°w8eg!h)e#3:.kteost£:3.t3rg;C(#}°tnoeit'5.),thin

Y 6/6) fresh, weathers  lt.  gray  (_N7) to
6/6),  platy,  poorly indurate-d, 'calcareous; fossils co-mmonly preseived as
molds only,-chohetid  brachiopods,  NeosDirifer,Crurith
fceg:Sot:%{it:;::8t:£#%Sees;bg¥:5':t#:altrE8;bit|es6#

Muncie Creek  Shale:  (0.17 ft.,  0.05  in.)  C

erinoids,
echinoids,

stone; mod: gray  (N§) fresh,
YP 6/1 ),  plalty, -poorlyweathers lt.  gray  (N7) to  lt.  brownish

jlt8::#:it:rpE%3Rhal:jTbend°dfr:I;#fissa7':ys-hc#rj5h±"isico:::a:s±ia,rare
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(abundant basally); sharp
!':3:°Tu::nit:j§!j(i;:Sdu3rfa::n:a;A:,}:rfg;S,icn3:iEep#i#tifg:#;!t:i
3radciHS#:j€Sh5ffrferg:::nnat::'#|%£+5
contact.

4.

T1

contact.

2.           Chanute  shale:  (1.08 ft.,  0.33  in.)  Siltstone; dk.  greenish  yellow  _(10 Y 6/6)

§r:6:)t]:%Y??y:thp%rosriFfnddugr=i¥d(;Na5lut:dT#i;gn€i;ayge#%#[Sr
g°rraadnagtFo#bYfa|

1.       §!i!!ii#i##:#et.ite:r;s5b2It;:g:ran)yoi!It#E#£°t3ef;|aE8S: ;°ooT|;di.#at88?y
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<1JfaTtH:jdneo§iatiefe#o%,:Ria':!Sa:g|ftjE8§E!ta'

Osawatomie Qua
SE SE SW see. 35,+rfa7n8'eR22E

Miami County,  Kansas

(1.92 ft.,  0.58  in.)  Wackestone;  lt.  brow_ni_s_h  gray  (5 YR

%,(ye5n)6:thrjant:°bs:gag:g,d;g}|#db&Xjta°e!':gg¥i

18.        Pa own  Limestone
weathers med. gr

crinoids,  productid brachiopo
basal contact.

17.        Ba

T4

own Limestone
rownish  gray  (5 YF3

9399i!'i:e#nuerra'g::i:ebdeg#

(60/.11)7frfte.;h°,.°w5e#h)e#a#ted:t3Paeyttif53,C#itn°nbee;d'i.ed,

%:g8iE%et[:#::st:suanree::ydL%eudn)i;tscr(:#+est,a'
phylloid algae, -tenestrate bryozoahs; sharp basal contact.

1 6.     §r%jb%yvysih€;r#o;:(t5:%eie(:0/£2#ftefh:,i.tT::e£]#aascT€i°a:g:ra;;as#¥£t#deed,

15.         F3avtown  Limestone:  (1.41  ft.,  O.43  in.)  AIgal  packstone to wackestone;  It.
-bedded,62;oWu:Y10 YR 8/

ly  in  and
basal contact.

phylloid

13.        Muncie creek sliale (0.08 ft„  0.02  in.)  Claystone:  dk.  gre_enish yellow

(nNo7L::cmr3##sr.#°D¥§ipa?rgrognee{|°

REty*gs:ao£:e:#n3aF#£:se;;h£#r:fs.sancdru±it#%r5§,bcryoo¥z%o#E:,p#noa3ggjrjfer,

durated; Crurithvris, crinoids,  ramose
phosphate nodules; sharp basal

6/6) fresh, weathers lt.  gray

(0.25 ft.,  0.08  in.)  Claystone; dark gray  (N5) fresh,12.        Muncie creek shale
weathers lt.
bryozoans,
contact.

I):#ly(<p,?8#]

T3

1 0.      -87a|-#r6u;P,efte°ani3.a i:. 3Z|8.}e°ii%Ffi)oya:Cgkeei%nS;RIt6/b6r)°#£:#:a/dk5. YR
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E!##:i!];!r:`ios;i#r3r?u.#h7vTt:I,iera!:'3f::,t3e#isj:!r!a!?§:ei,r!:!diolti,!,r:ki:,
contact.

T1

7.       §§§]i§;§§§#!§;:n7g,.ftg'£:y:(5%TL.tpii# , mp:8iity°Tnejudri.tegdr::EjiheryoeJ!°#it° Y

6      RE:;3:t`!:f#|g:It;oyni!a:,:(r\yil[#a7:,edLso:oREddsfi,fiigeE#::fLge

T

5.           Chanute  shale  IThaver coal?):  (0.17 ft.,  0.05 in.)  Bituminous coal.

CC

4.

§§§§;j§§#§#jtt:b.fr°g[Lg°Pt7a6£¥},M#osri;i:dfrk;t88?e£!#%eall€#ot#,eys6J6i
Chanute  Shale?:  (0.75 ft.,  0.23 in.)  lnterbedded thin  (<  1  inch)  limestone

iir8yvm678)St#seh,'jtTienstb°ended;dT#gs;°y?eos?rawc%%kees?t°ne'#`:aE`eagyn,,s£
reenish

8FaJart:::iihb!:#:asal contact.

g::;g±;:i;:g:t#j3:#;d9.3:dE6+I,#38kyesttoo:EjbE;;d6sltt.r£5%ets¥63jtr£;:;;
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southe°ass?:Fdt8T}eKNa:::s(&%A#)ayl69'#iNa%1%ii#,re?sigoit2::awatomie

Miami County,  Kansas

g66:omFoesqit.a?rsahya!

Approximate

SE

(1.0 ft.,  0.30  in.)  Wackestone;  lt.  brownish gray  (5 YR

?g:#:.gi.hg%;y(k55)YR

21.        Pa own  Limestone
.W8at.h?r.s  pgle yellowish  orange  (10.YPmed.  bedded, slabby'; fenestrate  bryozoans, crinoids,

basal contact.

20.       g/irf°r¥h:j#9e:tth°enr%: !8.i33y8i.,'o°vi.s3 gr.in¥:C(%Sty°Ee6/g.)

RI:g;oP:fdedr:8'hs#g!S£Snfgtraaie. bryozoans, productids, crinoids,-    -

1 9.     !,infirE3nE:|ge:£h:e:r;s,, iii7!!ii,#%!ngor.idns?:ikf3:ty:a:g##ifa#s.h#,y,k55,YR

18.        F`avtown  Limestone:  (0.50  ft.,  O.15 in.)  Wackestone;  It.  brownish  g

med.  bedded,  slabby-; productids, fenestFate bryozoans, crinoids;-se_/I)_.fr,esr!,,vygat.h?r.S  pale  yellgvyisb  orar!ge.  (1,0  YF3  8/6)  to .me.d,.  g

basal contact.

phylloid algae;-sharp  basal contact.

T4

1 7.     3;d#a%#s#§;y:8;Hfi,i(s°#a|„+'?ng.j,1:o#e}agc!:ie%S:td¥3;

16.

15.

14.

a

(N7) fresh,
5)I  med.

bryozoans,

5|)ac:#ntb:8::qin%:tfyky;;|ha¥eindmt8C#yti8Ee:|#?;C;hy,%#::i;ge?nd

!%#iie%£:s£L%=&§;y:8:E£%l(s°:r:ro:3'g:61:omm¥!s#fi#js£!!'n§,r:#No![.na#f!,h:harp

graa¥°(#5)Lfjr:g£:Own:;t(h`6:s7pft:ie°}5e|iomwi)sA'8ra:n#ieost?Re8t/°6)Ptaoc#:°dTeg;r8}

#D:STt:Tt,asrpg%r5FTnoo:td:_rte+a+eyd:o,74hy:Lo:gjaaLgeat%,r;,;p5#:bdba±gfe6ontact.

1 3.    i:%vi3°:=#:es#e:r;:%pBh£;„!°#i'#:#Ri)i;#:g#:i/g|:t:°t:#gi}(£5#awch:vy-
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(0.33  ft.,  0.10  in.) _Al_g?Lw?c_kestone;.It.  gra
yellowish orange  (10-YF` 8/6) to  med

11.          Ba own  Limestone
ers paleresh, weat

bedded, slabby; 'phylroid algae,  CorriDosita,  crinoids; sharp

y,
N[7)med.

sat contact.

10.        F}avtown  Limestone:  (1.0 ft.,  0.30  in.)  AIgal wackestone to  packstone; lt.

Lag,(#ZW:efehddwee:?t:ieorcskyp;aiehy#Pdw;ig:%[a68#`o%itYap£#it£,mberyd6f8=%s;

(5#7Hgedfh,
Oid algae;li'N
fsri,g

as
ments,
contact.

a
sharp basal contact.

Pavtown  Limestone:  (0.67 ft.,  0.20 in.) Wackestone;  It.  g
weathers _pale yellowish orange  (10 YR 8/6) to  med.  gr
bedded..,  blgcky.,  vepical  spar-filled fractures.at .base;.~ph

8#::i%jtgo#i:*utn83:Lffiyr,PsW#e§,°gm£?rsjtpaedbsr;asc#£8?bi
8.

T3

Muncie Creek Shale
6/6) fresh, weathers

Chonetine__lla,  crinoids,
contact.

(0.08 ft.,  0.02  in,)  Clayshale; dk.  greenish

I.%rzgo}al°N:tigcT#.in¥:ii!oSS|L¥:#;agti:#±ib"¥£'i;!¥it"

6.        -8/??'if-eLST,efte°ant:;i:.3:t8. 'm°53.8gTa)y YNa7C{8Sk°57:ihilt;.kb£°ed|fi

4.

81%k

:huo#g:gcj::i,nogrua#:eo#£;::E:errdp:;_:§##:;F:ndfnottuopfe#ofo:nritTjt,

#!;iiE#!%i#i;n,:RE,.to%8rTT?:'i,;Tisc?t.:!!#o*##g:eng!r!a,ygiEd#o,:':'
basal contact.

jt?i.;g83!:(tg°ji2i3,Tis)pd%l¥8dr5u#;ri;er°t:§c##;8mfria8:#:an##,5)

3.          Chanute  shale:
fresh, weathers

ty,  moderate
ht fragments;-sharp basal  contact.
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£!!!ii#!#%(:in::%',iait8f±°g#:3n#s:oy=S'#iii;£%:)%j,Sartyye#,}1o

3!!E|!£§§!!ii5:i:£#£5's|B#pr%¥Lurd#ht3°[|!e;iE°gtvr:at#yes#hFEL:ra''
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N#:£i:nn::i:jy:§!j;;i;!n§g::;:ii¥:?i:frz§i§ifese:7§ar?nngds7

Wyandotte County,  Kansas

;,n§iitdyg,r?hyjn(Nb=)dLr:8r'
(0.33 ft.,  0.10  in.)  Wackestone

and ram-ose bryozoans,

20.W andotte  Limestone

c#o¥£:I,08jos#DO:3i?g,ef!tn%sYtrEt:/:
ers mottle

ilfbo¥itth°s;'§9agdyit%Ln£'jqosw8r°g:#£#i,fenestrate

T

1 8.     #:#ari5(f:,:,:?:#T:\:?i5Y#stionndeu;raT#,. g,raa#;(#u5Lferreosuh5 p,ant

T?

1 6    RE,3:i:si;ass;i7rft!!ri#|oe:,,;gs3fa#j;:#eijrgiiaHi;,rn¥ , `iEL1:a:iE ,toss"s

1 4.     i:§ff!¢:::#y2i nftd'ur°ati£ ,mb)#d±=::Ea±,m#jrdayb[(vtiv)ef5:Spadwaetiao*£rs It.

12.        F3avtown  Limestorie:  (0.08 ft.,  0.03 in.)  Skeletal  packstone; ned. gray  (N5)
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T5

10.         Ba own  Limestone
stone;  I_t._gray  (N7),  weathers  me

(0.58 ft.,  0.18 in.)  Argillaceous wackestone to
d.  gray  (N5) to mottled dk. ye.Ilowish

Orange  (10 YB-6/6);  med.  bedded,  flaggy-;  p-roductid  brachiop_ode,-chonetid
brachiopods,  ComDosita,  fenestrate  bfy-o-zo'ans,  crinoids,

8::8ijt?opn°aqsb:8:,nc%#aujt?tediminorfragmentationofsk
epeht!]|'°#ajanl8;ae;

9.

T4

8.

7.

o grainstone;

16ogdra,

!e::ei:t3;#gg:;ajF8eiraaii8e8netb:fas:zano:Bn:i;:g#:{'g#?gd?u3Ec:gti:bi:§hb#:o:d:#q:iitnagt?se;
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4.

2.

Muncie Creek Shale (0.17 ft.,  0.05  in.)  Calcareous  mudstone; dk_.  greenish

rLct%aEr(aNcZ)i'oB88:I,yd#itr#ig',g!n?ntyo;ij:,hiasr¥3te
6/6) , weathers

:Ei:tiaoTn5:S§e#°jz£¥8cLospnr£#.ufitds,b##n°e¥'b%r¥or#±¥rfbicdi#*#8fon

(1.33 ft.,  0.41  in.)  Shale;  black  (N1), weathers  med.  toMuncie Creek Shale
t.  gray (N5 to N7),  fi.nely  laminated, fissile; rounded and ovate  phosp_hate

fno*ri'seihBR°o#tt%'£ti':,aees';:Rna:;arb'±]%nnt:8||ts;betterpre§erve'd
1.        -YNu47:i,:firneaet5d:hpi:et; `t`o.?iosi#,.6 ;ojfEL3, schr#r:iti3rig,uggL3rnoep;oTdse;dchd!.#a%al

contact.

!!§:i±!Eii!#Falt;°£;c3igi::p;#g8aem:a+*##b:rsat&nj3;p*g;ros#isfag:S#j§yR
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jK3rswaesstHi##?i.%g*Vde[.83e5Ct!:tner(cKh3a2n%)e

swsswaswEne%eQci2dfii95eR24E
Wyandotte County,  Kansas

17.        Pa own  Limestone
weathers  lt.  gray  (

#iln7g:b;:#:i'EL!gEg::cs!i,3::d;srI!r:o#Fng:d:!rfN:a)cigods,
fa°tgdT%Ea°rB'ba:8:ibcr#:8t?°dsiskeletalgrainsfragmentedand

T5

14.        F3avtown  Limestone:  (0.75 ft.,  O.23  in.)  Brachiopod wackestone;  It.
(N7),  weathgrs  pale yellowish  orange  (10 YF3  8-/6) to  mottled dk.  ye?|roa#ish

RreaonsgD:ri(fte?,YCRo#o);i-ra:€.rif8Fdds:i:-£:asprbayt;=£±iE±:!g6sL:ng&ro¥ouact;B?'
roductids are quite  large  (up to  8  cm),  brachiopods often -articulated; sharp
asal contact.

weathers  pale yellowish orange  (10 YR 8/6); wavy bedded,
7);
phylloid

T4

13.         Ravtown  Limestone:  (1.00  ft.,  0.30  in.)_ Algal wackestone;  It.

%rLngLdts,dprsoodmugtjgrs:cfhej:33tdst:_#u:=toead:shusmmotg[ygrajns

EA!%',%aacJ}e8te°dndejd:.s9:%y(¥?}'ylloid
bryozoans;-brachiopods often

algae,

3::yarc°odn::%tt:

12.         F!avtown  Limestone:  (0.75 ft.,  0.23  in.)

11.         F3avtown  Limestone:  (0.75 ft.,  0.23  in.

1 0.       FNa6t;°#:all:ressi:nger:a(y°.(5N°7)fti'o°in'o5ttBJ
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Calcareous mudstone; med. It.
dk. yellowish  orange  (10 YP 6/



Punctos
5astropods; mo:e##t##!g#'#sghS:3:z:#ss;:3!:iit5::i6wN!3ir!i5if!E

!8ii8r8.'pgi.:5yeTib)wF:jhn%jrdaaJgpeafik8t?nRej%):rsj,:itc°onp:tic,
own  Limestone

:;8f§a:ygj,:s#,Egw#:eac:r::e:¥,:,peafi:a;T§t#§altgoSao:z:oae3{:i:3y3[cg8±6[,FS,o:n:ti&ctfi:t:

(0.17 ft.,  0.05 in.)  Calcareous mudstone; dk.
brgord:uecntia!,7),  poorly  indurat?d,  Play;

med.  bed
at base; I

Muncie Creek Shale

#itYhj:,8

T3

Y 6/6), weathers  lt.  gray  (N
fenestrate and ram6se-bryozoans,  brinoids,  large  (Hp to  15 cm)

calcareous nodules;  moldic preservation common; sharp basal; contact.

7.        *::tci:rs|t:egkrasyha\e;)!°in4o2d8;at°e.,.y3jnTir)r¥#tp°i:S; ToeudhJerayp

#oedatfeesr:6t;ugrflfyvr(g,
fTsb,hate

pectinid  bivalves,  conular-iids-;  sharp basal  contact

6.       -a:n;u:(£:a,::pefgS£?:I:I:5;Py:5L8a#ftj.hba°;.Std: ffii{#£6s#Ca{e(# %u%esa#edi##ae ,

T1

2.     RE£#n!:#:s:e3si4o:r;!mj.ig::ii!t,eTg::pgl%em#,gi%n(i:ja:::kh'ers

1.        §;:i;:::±:;;i:y( 1(fu873) ,ftb+o'o9i.y5?n#a)teMdfpii°tyn%?fl'ivgeg;,r?:o(t5trYapce3sfL'ase
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APPENDIX 3 -  CONODONT  DATA
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EXPLANATION

The following  data is a printout of three QUATTBO spreadsheet files.   The

three files were too  large to fit on one page,  in fact each file takes up  14 to  15

pages each.   On the screen, the files read from left to right for each sample,  but

on printed copies the files read from left to  right and from page to page for each

sample.   Samples are listed in  columns at the far left of the  page, the component

categories for each sample is a row at the top of the page.

HDLl  is the second sample from the top on  page 236.   The residue from

the 60 -mesh sieve was split 5 times before picking  (1/32 picked), and the

residue from the  140 -mesh  sieve was split 3 times  (1/8 picked).   For example,  the

total  for HDL1  ( the  row labeled total)  is 32 times  1  (the number of components in

the 60   mesh  residue)  plus 8 times 5  (the number of components in the  140

mesh  residue)  equaling 72.
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140   ,pit
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HDR13
6C'

leo  .pllt  a  tim..
tot,I   (t=,|c.'

HDRla
6{,
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HDPIO

HDR9
HDF]B
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tc't,I   (a,|c.'
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ABSTFIACT

The  lola Limestone  (Linn Subgroup,  Kansas City Group) is the most open

marine part of the  lola 5th order T-R unit (temporal equivalent ot the  lola

cyclothem).   The  lola fifth order T-P unit includes the uppermost part of the

underlying Chanute Shale, the Paola Limestone Member, Muncie Creek Shale

Member, and Raytown  Limestone Member (the three members of the  lola

Limestone), and most of the overlying  Lane  Shale.   At least five transgressive

surfaces, which bound five genetic units (6th order T-P units, or PACs), are

recognized within the  lola fifth order T-R unit.   These disconformable surfaces,

which represent punctuation events bounding deepening-shallowing units, were

recognized using  (1) the range, diversity, and preservation of fossils as

paleobathymetric indicators, in which a transgressive surface can be recognized

as the disjunct boundary between a nearshore facies that has been overstepped

vertically by an offshore facies, and  (2) sedimentological features such as

omission surfaces or events as represented by hardgrounds, firmgrounds, or

pebble lags.

Correlations of these transgressive surfaces were made relative to marker

beds, and at least four of these surfaces, T1, T2, T3, and T4, can be traced

across the entire study area.   The most open genetic IT-F}) unit (PAC 2) within the

lola contains an offshore molluscan biofacies and is found within the Muncie

Creek Shale Member.   Lithostratigraphic units, such as the 3 members of the  lola

Limestone, are often considered diachronous (although this may not always be

true).   Correlative T-R units  (such as PAC 1  through  PAC 4), bound by surfaces

which represent geologically instantaneous events, may represent isochronous

units.

Conodont distribution patterns within sixth order T-Fl units of the  lola

limestone  (part of the  lola fifth order T-R unit) suggest that,  at the generic level,



the range of conodonts reflects only the deepening and shallowing of the larger

fifth order T-P unit or cyclothem.   The distribution of conodonts, when examined

as sedimentary particles within sixth order T-F} units, does appear to reflect the

deepening  and shallowing of the smaller sixth order T-P units, and the punctuation

events that produced surfaces which bound these  units.
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