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Forward

This field tip is held in conjunction with the second Predictive Stratig[aphic Amlysis arsA) Wch[shqp
planned by  C.  Blaine Ceeil and N. Terenee Edgar with the U.S. Geological Survey and hosted by the
Kansas  Gcological  Survey.    An  objective  of the  field  tip  is  to  provide  an  opportunity  to  examine
cyclothemic  strata  of  the  Upper  Permsylvanian  and  to  discuss  causal  mechanisms  of Pennsylvanian
cyclothemic sedimentation including evidence for clinalc control.  Another objcedve Of the field trip is to
permit  interaction  among  pardcipants  on  the  outcrop  to  ftirther  explore  the  pexpectives  and  insights
provided by the varied expertise of the participants.  We hope that you will par(icipate in the discussion of
approaches to deschbing and analyzing geolotic data such as that seen and described on this field trip that
will be helpful in constraining geologic interpetations and increasing accuracy and pfecision of geological
predichons.
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Logistics and organization of field trip

Field stops

Fie. I identifies the field stags fcb. the dry-long fictd ulp.  Ft8. 2 is a regional map of the bedrock gcolqgy
of the  Md-Continent    Fig.  3  the regional  smictiml  setting  for  the fen  tip uring  the p[ceenrday
configuration of the Ptocambrian s`rfuoe.  Additional maps are pro`nded in the dcrdgivons of dc seqpe to
orient readers to the local surroundings.  The 8tratigraphic section 8ecn diriqg the coime of this ficu tr®
is musmoed in fig. 4.  These sections are annotated with the 8"al inoer`ral soon on each stop.  Strata from
the rmssourian IBnsing Group are seen in stops  I through 4.   Vdylian sm&a Of the fro the hoiiglas.
Sha`mee. and Wabaunsee Groups are the focus of stags 5 thorough 13.  Cafoonac and riliciclastic intChrals
vvill be examined from these intervals.

Stop deschptions include orientation information and an intoduction to the regivnal and local pexpechves
of the stop.  Significant surfaces useful in sequence-stratigraphic interpredon are annctaeed on measured
seedons on seaps I through 4 using standard symbols.   A profflc of naml gamma radiation is provided
in stays 1 through 3 to facilitate ccnelation to the subsurface.  The gamma-ray profiles were aoquifed with
the use of a hand-held gamma scintillometer.  Receded values are in coums per second.  The gamma-ray
profiles in stop 2 are conelaeed to gamma ray-neutron logs from wells in the inmediaoe vichity to i»ustraoe
the feasibility of using wireline logs in sequence-smtigraphic work and to iuustraee stratigraphic changes
in the vicini(y of the stop.                                                                                                                    .

The sequence smtigraphy of the Mssoulan Lansing and Kansas City Groaps is the chject of conthuing
study at the Kansas Geological Survey supported by a gran( from the Deprment of Energy.  The goal of
this  work  is  to  establish  quantitative  process-response relationships  and  detailed oonelations  that  win
facititate development of improved srmigraphic models of the Missourian strata.  These studies are txing
conducted in concert with reservoir studies to assist industry in qptimizing explomtion and development
straegies as applied to sinilar reservoirs. Additional stmtigraphic conchtion sqdies cimently are underway
in the Desmoinesian. mssourian, and Virgilian strata at the KGS supported by grants from the USGS. COE.
and industry.   Considerations of climatic controls is timely ' for these continued investigations.

Petroleum-reservoir analogue development in the
Lansing and Kansas City Groups

This trip was prepared mostly by members of the Petoleum Research Section at the Kansas Geological
Survey.   One of our objectives is to understand and predict nanml lesoimes associated with these strata,
therefore a few paragraphs are taken to fur(her describe the petroleum reservoir analog sq]dy underway on
the Lansing and Kansas City Groups.
Sites in southeastern Kansas are serving as near-surface analogues where dapositional models for petroleum
reservoirs contained in sinnar rocks in the subsurface are being refined and tested.   Southeastm Kansas
is  providing  an  opportunity  for  improved  reservoir  modeling  because:  I)  the  stacHng  geomethes  of
unconformity-bound depositional sequences are significandy affeeted over short distances resulting from
notable depositional topography and basin subsidence: 2) large grains€one and phylloid algal cdeonale
buildups ae constrained in three dimensions; 3) siliciclastic- and basinal-facies sequences equivalen( to the
northern carhonaterdominated shelf cycles occur at the surface and in the shallow subsurface diie to stratal
gcomethes and the dip of the sfrota relative to the outcrop; 4) the area is weu suited ro econohical seismic,
coring, togging. and surface examination, fachitating interdisciplinary investigation; 5) both sandstones and
carbomtes examined are targets of oil and gas exploration and develqunent in the westm and southern
portions of the study area as well as in western Kansas (Wamey et al.. 1989).
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FIGU RE 3 -Conriguration of the Prccambri&n b&.cmcnt in Iou(hem midcon(inent (from R&scoc and Adler. 1983) , annotated with

:°fctah`:°EL°kfofiLe:d6tan:L`:&uvirsgcin#:::faa:Xi::C8:;:;#c::#yma#5:#Ssiso:#caEje(i5£ikn:2sf::To`ie:%gpAosr:{;°o¥:Lbbaasstn'.Subs!dcncc



rr
fu

=

G
E

A
R

Y
A

N
  S

T
A

G
E

10
W

E
R

  P
E

R
M

IA
N

  S
E

R
IE

S
  0

`
•p

TR
Th

iT
fr.

s7
§T

EM



_---,'-±.-a=i±   tw I...s" Ne,._±_thtJ-.,mbl,

Sc,,ol®n  sh,'€ a=
•-I-  '-±=?i=.    cto'qstwNe,.

N- Nde LIL .e.- a-•..=i==;=+  tw c-. a..I,... at=
='...._`.-_-:i:....+'.=±'';`±i'ii=-±T =E==

twgd Lineslen.I
€-___i _.   -ot,IJI-,*.  : d=-I- -,LL,*.LL,W.-in.

S.'.ry Shalt

Tepe I. Lie.Slon.
ii

--_  I __ i=       ,,h,|d,,Lnlb.-----_   a,,'-LI-N*.  ,
.--_-=F--   I....hl4sO"u..-_-_Coo.tld...|b..
-I-. '=T..I =      I,-hlll shel, ,,I'..:....:.'---         H-|,.b

I
C.ltoun Stol.

I.`.-.-.-.
I

Enl- b..L LjL IL Io'JJ    P'     -_  .       tJol,,,n,,,S,.,,,I-.-IILl -.    y    'toth,,l..e' 0,c'  C,,,I  |'m,s'OOc
_           a.I,bl, Stol, I'e,

I.==..I..I.....O,wh'.Lld.I."
•.:...-....:'=:-:..:'-..;:.;.........;.i a0
;-.i.. .i. . i...-                                           Teelicoh sh.I ICJ.-_----_- 0---- 0--_ -=--IT  /__£~~|j~~\\,, \,*. i|l.I ''I tL,I, I,,-       I

|com ,t®" |im,,'®h,
-  _-_-_-     I,LJII--I  I =-`                                              O,,,,. N) tL,, I,I,.

.  iiiiiiii-       ,I a.a,II LJ. ,Ib,.      I--t=---_-    0..,,ho. SL,,, I,,-,..I:L=±Tii==¥¥=¥.'.I
X,M,I, Sh,I(

I   -     -_    I-_-             d,EI,IILJ_,,I          I

:;.sadgi::::;.ap--    i.cL... in sL I-.---    - L,. N,.-----_-",wo h ,
0,e,d  l,meS'on.   .

-t,1,. N~`-_         N,Oco, Sh,I, N,h,,
` T_±__-±T     tom.wlh l.. Ne/-       .             Sin..~.I. Sn.ki  wbi         I

iLl..mgiv..      =-=--=     Te.a.lo lllTi.Itoo. Wt)i-.,'ed   -i--+LL                          ,I...-,

L.wicnc.  foJm.llon

aIC,CJcO0tanI

.. . . : . I-•. _ . --
L=:-L=+ii-       ^m,Ioni, |J. MO,__ - - -
~T-----I..I.ods.ndslon.Wbi
-'..

.   '.    .

II

'        `           H.tl.ll  l.in.stan.  Wbi        '
Ii....'L:,.....I       Vinl.nd  s^.l.  N.mti.I aC>   ''

IIIIIIIIIIIIIIE -*                                                                                  I
Co.lll..       .     ,    ....._I_          W..loh.ll.I.   Ml}I

=-,:,,.:;::.::iE      ::nn'.|:::,:.:bD,,          S"n8., tom."on   ,
` .j`..` q --\...,---c=>=6€       Weto^Sh.I. N.rnb..

-==-_-LLj>
I-----      souli. e..d il Nb.

z±=±    .®dL.I. Sd.I.Nor
.--.   ``            S'oo,,  |'m,|'oo,  Nb' Sl.nlon  limeslone

C>=

(utor.  S^.I.  N.mbei aCJ=1cO
r=---                 C,H.'n C'..I I, Mt,I

IIIIIIIIIIIIi
_      ...                                                                                                          Vllas  stl,Ic_---. .J1-- C®-

SI,,inl  tl'II  LI    Wb'
Ni¢*orv  C...I  Sl.   Wt]. •,.",

I. ±   =.            W,',I,in l'm,Stoo,  Nt''
-  `__=i.' \E::ii

I

II'II1

I   lin.C     .*St`    Mi]i                        '../yando!le          ,
a

a                  A,..ni,n.  i.   Mo,                          Limestone         IOuinl]..aSLi.I.lil.mb.I J=IcO

f.i.b..  Ilo.eton.  Mbi                                                       ®`®
r~

1I•-_  _-....                                         laneshale    I-_--



rr
fu

C
h
er

o
h
ii

t!
  
 G

lo
u
|i

;
:
,
.

C
o«

gi
v.

 F
rm

tfr
o 

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
i

',,I,
I   ,

",,"
,,I,,

i,,\,
I,j!

!

It:,
I,,

;
,
,
,
:
,
,
:
,

':I
,I

;I
  
  
  
  
 ,
:i

I.
'

`1

iff
iI\I1'

iIii£1ii iii:i,:I,
:I'':;

.::Iii
F!

•]
:.;

.`.
.

:i
,:

I':,;Fi

g
!
i

;:'!:i
!!iIIII

!iI,
•,I!g!`!#9Ci-i

i..•
,I

Iii'0i9i§,i~a)®
E

j
.

?
i;

i i
E

!
i

ii[

IL

iii
i=rF.I

i
E

g

;i
i,

;;
i!

I,
:i

i
i

a
rni

i
),iEi

i`i
=i9

E
!
.
=

=~,
P

iE
i;

I
!g

i
i

i
F

;
!
<

9
F

I
iS

r
I

!!e
X`

g
E

E
'

iE
!!

'1
i

g
{

i
i

g~
i5

8i,
E

E

'E
,

i
i

E

-iF

ii~
irI

i
a,

83~=
gaE

c=
g

„,
0®

1~M
a'm

a'
€®n

:2
~ir

®
E

'
i.

gg
Bi

on
so

nS
i

®!
g~

=

ro
up

P'
ass

rou
ton

P
ub

lr
ou

P
n

S
u

b
(,

C
u

p

K
an

sa
s 

 C
.i-

ty
  G

ro
up

D
E

S
M

0I
N

[S
IA

N
   

S
T

A
G

E

M
ID

D
l[

   
I'

E
N

N
S

Y
L

V
A

N
IA

N
  S

E
R

l[
S

PE
N

N
SY

L
V

A
M

A
N

  S
Y

ST
E

M

__
__

__
_=

±

M
IS

S
O

U
R

IA
N

  S
T

A
G

E

U
PP

E
R

  P
E

N
N

SY
L

V
A

N
IA

N
  S

E
R

IE
S 

   
   

   
   

   
co



9

Combined surface and subsurface mapping indicates that the belts of REssourian phyuoid algal buildtps in
southeastern Kansas Qleckel and Cceke, 1969) and broad, thick ooid-shoal complexes in western Kansas
(Watney. 1985a) developed along an east-west acnd across southern Kansas.  These facies coincide with
a southern shelf margin that extends across southern Kansas bordering both the chelfund extensions of the
Ariroma and Anadarko basins, which were active during que NIssourian.  Lower Mssourian algal buildups
fonn elongate, regionally extensive bank complexes in southeastern Kansas ranging from 6 to 19 ul (10+30
lam) wide, which can be three times the thchess (loo ft; 30 in) of the entie eyclothem on the northcm
chelf (V\fatney. et al., 1989).   The coid-shoal complex of western Kansas fofms a broader progradatianal
bell some loo mi (160 lm) wide due to less abnp( change in depesifonal 8lqpe (V`faney, 1985a and b).
Phyuoid algal mounds ue more isohted but imponant in linieed smtigxphic ineenra]s in vvestm Kansas
Gbanks and Watney, 1985).  Likewise, cold shoals are presenL but less abundan| and are isolated within
apeciric stratigraphic zones in eastern Kansas.

The idea of a wideaprcad. hyerealre stratigraphy in midconthen( stma is sedousty compromised when the
regivnal setting is considered.   Moreover, deciphering these straul paclpges in areas of varying levels Of
stTatig[aphic and sedimentolodc resolution and composition ultimately win provide the means to identify
and quantify the controlling processes.

Cmtoric sedimentation is characteristically episodic and the stratig[xphic record is comparfroemalized by
rna)ral breaks.   Surfaces  that reflect either pauses in sedinentation or abrupt facies dislocation can be
vistially identified and innged with common subsurface tools.   Recognition of Such Surfaces provides a
practical  means of dchneating  temporally  distinct strata.   Sequence stmligrachy provides concqpts and
methods usefLil in intepreting the processes responsible for deposition of units within these timeequivalent
sedimentary  packages.    We  believe  this  approach  can  be  effectively  and  pmedcally  appued  in  the
midcontinenl  However, testing of concepts. refinement of methodology. and application of new technology
is needed in order to make sequence stratiglpchy and sedinentary modeling pmctical Cools for predicting
characteristics  of petroleum reservoirs.  Paleoclimate  may phy  a key role in  influencing sedinentation.
detailed palcogeographic reconsm]ctions based on recognition and mapping of timerdistinc( depositional
sequences provides a means for prediction through extrapolation or interpohtion. We envision this approach
to be inmediately promising in exploration. and as more infomation is obtained. parameters become better
coustmined,   and   models   become   more   sophisticated.   we   see   the   use   extended   to   coal-   and
petroleum-development geology.

The cyclic Pennsylvanian and Lower Permian smta of the midcontinent are of appropriate thichoess and
distribution to provide a practical fromework for sequence analysis using surface exposures, cares, wireline
logs, and very high resolution seismic profiling.  Mcneover, the subsurface data base for these strata in the
midcontinenL which spans a broad shelf-to-basin setting, provides supch threerdineusional control.   In
excess of 150.OcO wells exist in Kansas alone.  Recent developments in regioml biostratigraphic conelation
comborate the effects of oscillations of regional processes.  Regional canefatious of individual depositional
sequences  provide  strong  support  for  the  feasibility  of  establishing  and  analyzing  regional  sequence
architecture as a means of providing parameters for coinputer sinulation.

Oil and gas resources in
Missourian rcoks in

nridcontinent

Cahonate and sandstone reservoirs have been the peroleum-producing zones in mono than 50% of the
successful  development  and  exploration  welts  in  Kansas  since  1970.     The  ultimate  recovery  from
Pennsylvanian rocks in the midcontinent is estinated to be nearly 9 billion baneis of oil 00; Rascoe and
Adler,   1983).     Non-associated  mniral  gas  produced  from  Pennsylvanian  reservoir  rocks  from  the
midcontinent now totals some 32 triuion ft].   At least one-fifth of Kansas' estimated 2.4 bmon banels of
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unswept mchile ch  ®roIToris data base) and 8.7 billion banels of residual  (inmchfle) oil remain in
existing Pennsylvanian reservoirs.  These reservoirs also contain over 23fo of the originahofl-inplace.  Oil
and gas reservoirs occur in chanctchstically stacked, commonly thin. discontinuoiis smta consistilig of
pliyuoidalgal,chaetetid.andchnoid-bryozoanchoormebuild`ps,grainstonechoals,andquartzsandstones.
Vainble dingenetic processes and subtle stnlctural dofarmafron have creaeed additional compleritics in
reservoir development and hydrocarbon trapping.  Heterngeneity and mai]red compartmentalization Of rfuta
occur at all scales in the Missourian reservoirs (flg. 5).  An esinted one-four(h of the ch and 40% of the
maml gas ulintely plodueed in this region will come from analler Pennsylvanian fields.  Nedy 30%
of dl new on is produced from lansing and Kansas City reservoir in Kansas (Watney ct aL, 1989).

Fields producing from the lansing and Kansas City groups are cominouly found on stnlct]ril highs both
large and small, in part because these reservoirs have been the primary explontion targets.  hthy Of these
8tructiires  were  also  positive  topographic  fcaalres  that affected  reservoir  development.  ctther  throiigh
localization of favorable depositional environments (Such as grainseone shoals or Phyuoid a|gal buildips).
or through early dingenesis related to subaerial expostne ah]Bois, 1985; Ebanks and Wamey. 1985: Wamey,
1980. 1984; Wamey and French, 1988: Wamey and Stepheus, in ness).

We beneve the optimum approach to leseTvoir analysis involves an interdisciplinary approach coupled with
q`iantitative process modeling of stratigraphic units associated with the reservoirs.  Sedimentary models are
increasingly being based on concepts of sequence stratiglaphy.  The models require an integmoed geoscience
data base that ranges from the large scale (such as tectonic history) to the small scale (e.g.. the application
of chemical stratigraphy. biostratigrachy. and paleoecology).

Regional geologic setting

During Missourian and Virgnian the large superconthen. Pangca was in the fiml stages of formalon (hg.
6).   The Ounchita Mountains tx>rdering the midconthent on the southeast fomed along the sot`ne zone
created by the collision of I+aurasia with Gondwana (rlg. 7. Rascoe and Adler. 1983).  Broad. active patterns
of subsidence, accompanied by more restrie(ed tplifts. occuned on the craton during this collision creathg
very favorable sediment-accommodation potential during the Pennsylvanian Qlousehecht and Kaoena, 1983:
RIuth and Coney,  1981a and b; Thomas,  1985).

Shelf areas were subsiding less rapidly and sediment-accumulation rates were relatively high during the
PcmioTpermsylvanian.    Thicknesses  of these  strata  account  for 45-75%  of the Palcozoic  sedimentary
column  on  the  shelf  area  in  Kansas,  even  though  the  Prmo+Pennsylvanian  represents  only  23fo  of
Paleozoic time.   Overau it was a period of significant subsidence and bLirial of sediments on the shelf,
produeing a high-fidelity sedimentary record.

The distribution of uplfts  within the craton  is notable in  that most are oriemed at a high angle to the
orogenic belt.  The prominent AmarilloLwichita apnft (Oklahoma), Nemaha uplift acansas). and Cenml
Basin plaffom qexas) all occupy locations coneaponding ro the a]tes of lower Paleozoic basins guam and
Wnson, 1967) which, in turn. fonned above, or edjacent to. fenct Cambrian or Proterozoic crustal feanlres
(Keuer et al,,  1983).   Tining of cogenic defomation was diachronous along the length of the Ouachita
orogen.   The apan of time was sufficiently brief to mirror the broadly coeval defonnation of the foreland
basins, including the Anadalko and Adroma basins Ocluth and Coney, 1981a and b).

i

The OLiachita Mountains were an active thnist belt, and the Ariro[na basin was the associated foreland basin
d`iring the Mssourian.   Sniciclastic progTadation from the Otiachitas episodically filled the Ari[oma basin
and cocasionally reached onto the cafoonate platform to the nodh into southern Kansas (fe. 7).   The
Alkoma basin was nearly ffled with detrital sediments by rmssourian tine due to dininished subsidence.
as compared .to pcak subsidence during climactic orogenic activity during Atckan time alouschech( and
Kacena, 1983).   In contrast, the southern margin of the western shelf along the Amdariro basin was never
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F]GURE6-HcmifphcrcofglobcihowingEurimcric.ondloc.tionoffnidcontincn(duringpenit8ylvonhno`o..ondRoss,1987).
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affected by sinilar siliciclastic influr, but underwent episodic cndongte chclf-mngin plppdation and
reco
The areal variation of average subsidence rates on the Shelf during  the Mssotrian oobforDs to basin
develapment  in  the  8outhem  midconthenl  (fig.  8:  mutt,  1986).    The a`riqgc 8ubridcnee meg  `rary
considerably from chelf to basin. ringing from mac than 03 in (I ftMEa in the basin to lees than 0.05 in
(0.17 I(MEa on the northern shelf.   The avenge sobdideDce includes episodic dm]s(.indiioed sobridel)ce.
charmedzed by pulses of fapid downwarp fououed by longer periods Of douncr sotsideaoe. ` The pndee
dimtion of these episodes is not wcu ho`m.

Comparisons ac made on this fictd tip of castcm Kansas widi tlie hfissotrian rocks on the westcm Kansas
thelf. where a fn&jor share of petroleum is prodi]ced in the I.ansing and Kansas City goaps (fig. 15).
Suhaidence patems a[c similar in wcstem Kansas but are influenced by a diifemt ectonic elcoef[t than
ib sotithcasecm Kansas.  Thus, p(ecise eec8onic panllism call no( be assumed.  Tbe AnadailBo brdn, which
tras requnsible for subsidence along the wesoem Kansas chdf, is a hybrid fdeland basin that parGally ores
its  sdbsidence  to  over(hnisting  of cnistal  blocks  flow  expesod  in  the  Wiehita  Mountains  in  vresom
Orlahoma.   Uplift of the AmarillaLwichitaTAfordde mountains beginning in the Endy Penngrfuranim
(Aldrn) coincides with the onse( of significant sobsidenoe and definition Of the Anadai]ro basin Orewer
ct d.. 1983).  Some 8L9 ]m (5-i mi) of northward thnistipg in the Wichitas ac indicaeed by decprreflection
seimic profiting ®rewer et al.. 1983).  Thnisting is atmuted to the date collision along the O±echieas.
perhaps ultimately linking with eectonic events in the Adroina basin.   Uplift along the fnountain front is
reonded as major episodes of conglomerate prqgradation into the sotithm margin Of the Anadndro basin
Ohm and Wilson,  1967).   These episodes appear to have each lasted Several tnillion yeac md led to
considerable subsidence in the basin and adjoining shelves.

Subsidence rates during the Virgflian conthued at moderate levels across the Kansas chclf and achlally
increased in nor(hem Kansas compared to the Missourian (fig. 9).   Tcctonic activity along the Ouachita
Mountains diminished during the Virilian while Subsidence in the Anadariro basin was.siifficien( to foster
8edimen(-star`red conditions in the Oklahoma and Texas Panhandles (fig. 10).

During Missourian and Virgilian time the Anadarico basin was &t its maximuln develquenc subsidence vras
estimated to have exceeded 2 in 0 f()/Ka a)ickinson and Yarborongh, 1979).  Maxinum subsidence in the
western  Anadalko  basin  siniated  inmediately  south  of  the  western  Kansas  chelf  is  recognized  by
sedimen(-stanred conditions (Ganoway et al., 1977: Kumar and Slat(. 1984; Rascoe and Adler. 1983).  Fig.
11. pxpared by George Moore (unpublished. circa 1974), p]ovides an excellent depiction of this sediment
starvation in the western Anadarko basin during Missourian time.  Eastern limits of the basin in prorimity
to the Ounchita Mountains received reciprocally deposited siliciclastic sediments sinilar to the Arioma
basin.  Estinated relief across the shelf marSn in the Anadariro basin dtiring the lAec Pennsylvanian was
estimated at 1.loo fl (335 in; Kumar and Slat|  1984),

Subsidence creates accommodation apace for sediments and produces a complex Signal in the sedifnentary
reeord. which is the fceus and livelihood of basin modelers.  The co[npleribes of this sotsidence history
must be understood and accounted for in any cnlichtened anempts at quantitative reservoir modeling.

Cyclothem concept

General nature of Upper Permsylvanian
(Missourian) st"tigraphy

Upper Permsylvanian (Missourian, Kasimovian. early Stephanian) strata Of the midcontinent United Staes
are charac(erized by thin cyclical successions of variable pereentnges of carbomte and siliciclastic rcoks,
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FIGURE 8-Mi88ourian (cctonic fcaturc. with avcragc .ub8idcnce rates for Missourian time:   whi(e areas  = <  0.05 to 0.2 mAca;

g#e:`ipupri#:teMmiss=o?ri:ri°(5K]#,.2Lgm8# and lighter Stipple  = >  0.2 to 0.3 mnta.   Subsidence in Arkoma basin in waning



FIGURE 9-Virgilian teetonic fcaturcs with  avcragc 8ubsidcncc rates for Virgili&n tine (as  fig.  8)  (Klu(h,  1986).
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FIGURE  I 0-Lithofacics , palcogcograph}', and isopach map of strata deposited during Virgilian in  soutl`em mid-continent (Rascoc
and  Adlcr,1983).
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FIGURE  11-Stra:..srai.hic  wircline-log  cross  section  across  sl`clf cdgc  of northwcstcm  Anadarko  basin  in  Halisford  Counl}',
Texas.    Datum  is  \.:_-gilian  Hccbncr Shale  (from  George Moorc,  circa  1974).
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with thicknesses of less than 75 ft (25 in) to 150 ft (50 in).   Compehensive ovcrview8 of Pennsylvanian
cyclic sedinentation are found in Mcham (1964) and Heckel (1977. 1984. 1985).  Cyctcs of sedifuntation
or  "cyclothems"  developed  on  chelf  areas  of  the  ridcontheo(  generally  have  thin  but  widcpead
eransgressive basal nthofacies overlain by thicker regressive stota (n8. 12, Heckel. 1977). These cyclodems
are commonly separated from bounding sdata by stirfaces that are commonly associated with diagenedc and
eexturalfeatulesindicativeofsubaerialweathering.(WamcyandEbanks,1978;Waney.1980;Pnther.1981;
Schutter and Heckel,  1985; Gochel e( al.. 1989).   Variations in thidmess. areal exeen| and lithofaties in
t)Dical cyclcthems s`]ggest varying degrees of mndne inundation of the cmon Qledbtl. 1980, 1984. 1986:
Watney,  1984).     Additional  omission  surfaces  that  define  distinedve  sobeydothemic  sequel)cos  are
carmonly imbedded within many cyclothefnic 8ucoesrions on the delf.  Cyclothems are considcrod to be
the same as fifth®rder a-R) units Ousch and Rollius. 1984: Bunch et d.. 1985) with dtmtins between
300 and 500 Ka.  The order hierarchy describes the relative timing of c}relical pacems in the rods and I)as
cormotations as to causal mcchanisms (fable I).

Cyclothems are wideapread on the shelf areas, but regional ineed]arinal ondatians vvere not possible i]ntil
recently  because  their tine  apans  were  shorter  than  the resolution  levels of acoepoed biosmtigpdiic
information.  However, ctnent investigations by Boardman and I]eckcl (1989) on independent comparisous
of ammonoid, conodont. fusulinid, and coul groups provide conelatious between 13 major Virgilian and
Mssourian cyclothems in the castem shelf of the Midland basin and the northern nridconthent (fig. 13.
Boardman and Heckel, 1989).   Conehtions reflect synchronous marine inundation in both areas.

Fbraminiferal, ammonoid, and conodont zones have also been used by Boss and Ross (1987) to exeend
conelations of sinflar Pennsylvanian marine inundrtious glchally (fig. 14).   Both Baardman and Heekel
(1989) and Russ and Ross (1987) atribute the sea-level fluetuation to lace Paleozoic conthental glaciation.

Middle (transgressive) limestone

Using the nomenclature of Heckel (1977). the lowermost bed of the cyclothem is the middle or transgressive
linestone (fig.  12).   The name middle limestone results from maintenance of R. C. Moore's (1936. 1949)
nomenclafural scheme for Virgnian megacyclothems.

The middle limestone is a widespread transgressive deposit (hat is typically a few feet thick or less.  These
units were deposited in environments that ranged from the shoreline to below wavchase.   Most preserved
beds consist of subtidal marine wackestones.  Middle umestone thichess ranges from rehtively thick (50
ft [15 m]), to very thin. to absent, as wnl be seen on the field trip.  Normally. however. middle linestones
are less than 3 ft (1  in) thick.

Core shale

The core shale overlies the middle linestone in the typical Kansas cyclothem (fig.  12).   Core shales are
typically thin. about I-3 ft (0.3+).9 in) and, like the fniddle limestones. are areally extensive.  Some core
whales are bbck and organic rich (*% carbon) and commonly contain phoaphate nodules.  The black core
shales are readfly recognizable in surfuce exposures and are frequenoy excellent subsurface mal]Eers due
to their high natural gamma radioactivity.   For example. the Hushpuclmey and Stark shales in the lower
Kansas  City  Group  can  be  traced  throughout  the  outcrop  belt  from  Iowa  and  soiithward  deep  into
shiciclastic cycles in the Arkoma basin south of Tulsa.  They also extend over 400 mi (640 lm) to the west
into  western  Kansas  and  eastern  Colorado  where  they  can  be  readily  identified  through  their  Strong
mdioactive  reapnse  on  gamma-ray  logs.     Nevertheless,  the  black  shales  abnqxly  change  to  gray,
fossiliferous shales along the upper shelf in northwestcm Kansas and thin glny  shales over the Cintral
Kansas uplift, a long-ten positive element.
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lst order (hl hest)                                         Duratlon

2nd order

3rd order

4th order

5th order

6th order

225-300 Ma
20-90 Ma

7-13  Ma

0.6-3.6 Ma
300-500 ke

50-130 ka

I>laL movcmcm end volume or ocean basin O'alcozoic-Mcsozoic)
Sloss eralonic scqucnces plaLc movcmcnl-(eetonjc synthcms of Chang

(1975)
Clot(ingh's ( 1988) inLraplalc respoTLsc lo chaiiging stTcss paLterTis;  rates  =

0.01  to 0.1  iulca (slow) (gradual)
Mcsothcm of RamsbotLom tec.onism-thnist loading
Chbital paramcLers md climalc (also lower orders); Pennsylvania7`

cycloLhcms
PAC ®unctualed nggradational cyclcs}ndoodwin and Andcrson ( 1985 ) :

Plc.Lstocenc glacial-interglacial (ralcs 2-10 ruta)
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Wanless (1964) used these black shales, which are also common to a number of hGddle Pennsylvanian
cyclothems,  to  physically  conelate  shiciclasticdominated cyclothe[ns  in  nlinois  with equivalent,  more
marine-dominated successions in the western midconthenl Althongh biostratigrapy is now verifying some
of these conelations.  Wanless  emphasized  that  a particular cyctothem  could  be  distinguished  through
conelation of the core shale regardless of the variation in the remaining suoces8ion of sodimeDts.

The  origin  of  the  black  core  shales  has  been  vigorously  dchated.    IIeckel  (1977)  reemphasized  the
significance of the regional conelatabmty demon8trmed by Wanless and stressed that this latml conthuity.
coipled with the  faiinal  composition  and presence of nonskelctal phoaphae.  made the black shale the
deapes(-water deposit of the cyclothem.  in the western cmlon. along the outclap belt. the indigenous fu]m
is composed primarily of conodonts, ammonoids (fro the southern expostnes). and dissociated fich debris
soggesthg very slow sedinent-acc`rmulation races.   NInor elements soch as trmium and `rarious other
metals are also abundant in the black shale along with phosphate.  Heckel (1977, 1985) has proposed that
the water column in which black shale accumulated contained a thermocline leading to quasi{sqindne
cinulation and upwelling, which accounts for the conapicuous Poaphate.  Water depths would necessarily
be deep to accommodate fomation of a long-term, stable thermcoline.

Boardman et al. (1984) provide a paleoecologic modct that relates faiinal communities to dissolved oxygen,
which is in turn related to a depthrdefined bottom orychie associated with vedcal stmtification resulting
from  the  thermocline.    Sufficien(  depths  and  stratification  can  result  in  anoxic  borom  waters  where
saprqpels typically accumulate.  Accumulation mtes would be slow and dtmtion of black-shale deposition
would be long in a deep, sfrotified water column.

In contrast, workers such as Zangerl and Richardson (1963), Merrill (1973), Maples (1986), and Coveney
and  Martin  (1983)  have  provided  palcontolotic  and  inorganic  and  organic  geochemical  evidence  that
supports a shadow-water origin and rapid sedinent accumulation over a relatryely chort term compared to
the previous model for cer(aim Middle Pennsylvanian black shales in the nlinois and Appalachian basins.

The apparent controversies in interpreted depth, rate of sediment accumulation. and duration of black-shale
deposition are addressed in Coveney et al. (1991).   A knowledge of the water depth represented by core
shales is critical to our understanding of the changes in relative sea level that cocuned during cyclothem
deposition.  The proper interpretation of relative sea-level change and dissolution of core-shale accumulation
is important with regard to process-response modeling.

Upper (regressive) limestone

The upper or regressive limestone of Heckel (1977) is commonly the thickest bed within cyclothems on the
carbonate platform (fig.  12).   This unit ranges from less than  10 ft (3 in) to mcne than  100 ft 00 in) in
thickness.   The upper limestone contains the major petroleum reservoirs of the lansing and Kansas Ci(y
groups.   Reservoirs cecur in skeletal grainstone and colitic facies, phyuoid algal buildups, and stnicniral
and diagenetic traps created by frocturing and dissolution.

Lithofacies  and earlyrdiagenedc  features of the upper limestones indicate a general shallowing-xpward
succession.  Although the general Kansas cyclothem model of Heckel (1977) indicates a continuous gradual
shallowing upward. observed facies successions and their conchtion sugges( fluctmtious in water depth
withn an overall shoaling trend queckel, 1986).  The relalve inportance of local (autogenic) confrols. e.g.,
progradation and aggradation and subsequent local shallowing versus reSonal (anogenic) contols, such as
eustatic sea level change, on the deposition of these generally complex shallowing-apward successions is
another topic of intense interest and discussion.  We win explore some Of these variations on the trip.   h
general, individual upper limestones can be recognized and traced across wideapread areas of the cahonate
shelf, including into western Kansas. some 400 mi (640 ]rm) west of the surface exposures.
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While most upper limestones can be concheed from eastern to weseem Kansas whce they ac also trmded
by the core shales, the upper linestones drin substantially and change facies mal]Bedly into the northern
extension of the Arlroma basin.   Shiciclastic sedimentation from the South became increasingly important
as the Arkoma basin progressively filled.   The `T.ayton" sandstones ac an examde of st]ch a 8iliciclastic
unit

Some  upper  limestones  exhibit  more  obvious  evidence  for  episodic  dgivtion  than  others.  c.g..  the
Wineerse( Linestone. which is punct]]aled by thin. widepead Shale beds. verstis the more massivdy bedded
Bethany Fans Linestone.  Some of the internal beds and bounding s`rfuocs within the vppcr lincstmes are
intelpeeed  to  result  from  short-term  events  (e.g.,  stom  depasits)  or lquesent  local  agglndation  and
p[pgradation processes  with  linited  lateral extent.   Cther mtal  tmits  within  the iqper line80one are
conefative over large distances and sogges( an allogenic cause, c€.. chafe-bounded packages within the
Wineerset Linestone extending over 50 mi (80 Inn) along the outcrop.

Outside shale

The outside shale, the uppermost unit Of the Kansas-type cyclothem. exhibits corddemble varichiuty among
different cyclcthems (fig.  12).   These stratal elements ac locally thin or missing in southwcstm Kansas
due to an apparent lack of sfliciclastic influr.   Where 8iliciclastics were available. thiclmesses of other
outside shale  units  may  be as  much  as  300  ft  (91  in)  in  easem  Kansas.   'n]icher packages of shale.
sandstone. and siltstone represent deltalc shiciclastic influx in shallow-marine conditions.   These deltaic
deposits contain invertebrate-rich horizons. thin limestones. channel sandstone. and palcosois.  The plaffom
deltalc deposits form broad aprons-of mainly shale extending for teus of mfles.  The sediments composing
the  outside  shales  in  the  Kansas  City  area  were  apparently  derived  from  the  east  and  northeast
Accordingly, outside shales of the lower Kansas City Group ac t)rically thin, blocky mudstones  with
paleosol  feaaires,  also  common  in  the  thin  outside  shales  of cenml  and  southwestern  Kansas.    In
southeastern Kansas outside shales become very thick and complex in chaecter. preserving events that do
not cecur to the north.

The platform  deltaic  units  thicken  and  thin  locally  along  their margins. producing  mahEed changes  in
depositional topographic renef that affected subsequent deposition.  Some of this renef is probably due to
late~stage erosional downcutting into the deltaic pfatfom  (e.g.,  Stops 2 and 4).   Carbonate buldups in
supeljacent units occupy positions along these local breaks in slope.

Deltaic progradation and accumulation of thick outside shales cecur when sufricien( accommodation apace
is  avtihble.    Deltaic  influr  on  the  northern  shelf occured  hte  in  a  cycle  whfle  the  shelf was  still
submerged.    In some cases, siliciclastic detritus in the upper Kansas City and lansing groips reached the
easdeentral  Kansas  shelf prior to extensive subaerial exposine and paleosol  development on  the upper
linestones.   Relative sea level  fen  in  hte  stages of deltric  sedinentation  leading  to local erosion  and
channeling of the deltaic wedges. occasionally downcutting into the underlying linestones.  Concunen( with
the channeling  events. but more  wideapred.  is  the develapment of paloosols that are only  row  being
recognized as significant bounding surfaces separating temporally distinct smtigraphic sequences. Evidence
for subaerial exposure is much more apparent in outside shales without siliciclastic influr, e.g.. the blocky
mudstones, or on the surfaces of the upper linestone.

Widespread subaerial exposure is clearly evident in most outside shales and on the tops of many of the
upper limestones (Wamey and Ebanks.  1978;  Schutter and Heckel.  1985: Gcebel et al..  1989).   In many
cases the outside shale (at least the lower porion) is a paleosol capping the cafoomte.   Moreover, these
paleosols can be traced across the nonhem cafoonate shelf from Iowa to southeasoem Kansas: diey also are
present westward in cores through the subsurface of western Kansas and soithwestem NebrastEa.  Spatial
trends of subaerial exposure have also been recognized on the shelf (Wamey. 1980).  Areas interpreted ro
be higher shelf locations generally exhibit evidence of more inoense subaerial weatltedng and commonly
early meteoric diagenesis (Wamey and Ebanks.  1978; Watney.  1980; Heckel.  1983).
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Cunent investigations in southern Kansas indicae¢ that sobaedal surfroes can be mccd to confinchle
surfaces on the lower shelf and basin that chow no evidence of cxpesure.  When paleosols ale presen( they
provide a critical, temporal break in the 8edimemary record.  However, prchleins remain in the distinction
and ccmchtion of these surfaces redonally, paricularly in thick outside shale Sections where paleesds are
no( casfly recognird

Causal meehanisms for cyclothem
develapnent

Conmsthg and widespread facies changes in cyclical sequences indicate a rignificant contribution from
unogenic controls (Hcckel,  1977: Wamey.  1984.  1985a;  Bondman and lthlinky.  1985:  Ifeckel,  198®.
0lacial¢ustatic control has been invcked most often by these who 8ubschbe to anogenic causes for 8rml
cyclicity (Wdnless and Shepherty  1936; Wanless and Cannon,  1966: Cho`ireu and Fhakes,  1975: I]eckel.
1977: Crowell, 1978; Denton and Hughes. 1983: Heckel. 1986: Crowley et al.. 1987: Veevcrs and Poweu,
1987).  The analogue used in these arguments is the sea-levct change associated with advance and retreat
ofPleistocenecontinentalglaciers.ThesePleisooccneglacialadvancesandredeatsproduoedhigh-froquency
Sea-level changes with magni   des on the order of 330T500 ft (loo-150 in), periodicity around  loo,000
years, and rues of sea-level change around 10 in (33 ft)rtyousand years a(a: Donovan and Jones. 1979).

Autogenic causes. due to internal feedback mechanisms that opened. within the dapositional aysten, are
also argued to have produced these same cyclothemic  8rm. e.g., Duff and Waleon  (1962). Donaldson
(1974), Fen (1975). Brown (1972). and Galloway and Brown (1973).  AIl Of these 8tydies dealt with Strata
dominated by  deltalc sedimentation and heavily  influenced by local  (autogeric)  sedimemary prooesse§,
thereby limiting the potential for conelation between individual delta systems.  However. even in these areas
of significant autogenic contol. recent studies, e.g. by Brezinshi. (1984). and Busch and Brerins]d (1984)
in the Upper Pennsylvanian strata of the Appalachians; West and Busch (1985); and Busch and West (1987)
in  the  I.ewer Pemian  of Kansas,  find  disthct  vertical  variations  in biotic  diversity  within  relatively
homogeneous lithologies, which may indicate temporally distinct sedinentary rocks that can be conelated
over widespread areas.  Boardman and Malinky (1985) recognize regional. interdeltalc genedc units defined
by thin. darker marine shales on the eastern shelf of the Mdland basin that are analogous to the core shales
of the nor(hem midcontinenl  Boardman and Heckel (1989) have row conehoed these htidland basin shales
and their assceiaed sedimentary packages with their equivalents in the northern midcontinent. strengthening
the argumem for a eustatic  contol that affected areas on an interbasiml scale.   Brown (1989) has also
invoked a eustatic component for the generation of Pennsylvanian and Lower Permian strata along the
eastern shelf of the Midland basin.

The role of clinate control on generation of cyclothems has been considered in the past, but without a
recent  analog  model.    Swann  (1964)  plaposed  a  subtle  clinate<ontrol  hypothesis  invoking  changing
precipitation to explain more complex carbonate-terrigenous elastic cyclothems of the Chestchan in the
nfroois basin.   Cecil et al. (1985) and Cecn (1990) proposed that repetitions in siliciclastic and chemical
rocks is related to paleoclinate cycles probably operating in combination  with other processes such as
eustacy and (eetonics.  The basis of this conclusion is founded on studies of Recent envirorments thought
to be analogous to conditions under which the Pennsylvanian cyclothems were deposited.

Application of sequence-stratigraphic concepts

Overview

Modern sequence-stratigraphic concepts have been vigorously used as an excellen( method to subdivide.
map,   and   correlate   sedimentary   rocks.      Mapping   includes   depiction   of   stratal   geomethes   and
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paleogeography.   The approach of sequcllce smtigmphy has a long hcrit&gc, bu( i( has been significantly
refined  with  the  advcnl  of seismic  sfrotigraphy  and  improved  dcpositioml-facics  interpretation.    Basic
dcfiniLions of some of the scqucnce-smtigraphy tins are included &t the end or this section.

Soquencc-stradgrapThic  amlysis can  provide crucial  information  abou( tbc genesis of stratigrtyhic  `inits
through amlysis of slacking gcometry (fig.  15. IIaq ct al.. 1987).   Some aspects that can be addressed. es
pointed oui by Vafl (1987). in'clude:

•Rclatively dccp water leads (o preservation of dcpesitional topography.  Sedirmtqr onlap onto an
irregular depositional strface can be used to chamctchze submaiinc topepphy.

•Stratal patterns can be used to quantify mininurn palcowrater dep(ha by anal)Biqg hei8hl of progmding
clinofoms.

•Extefi( of inundations (onlap) onto a shelf and the lower basinward eaten( Of sobaerial exposure can
be  used  to  quaiitify  the  rclativc  sea-level  change  or  due  associated  with  intindation.     Some
inundations  have been conehtcd on a global basis from which a ciistatic acaTlcvct cuve can be
infnd.

•Apparen( tmncation and do`mlap indicate sedimcn( star`ration. Thincation occtm along Cop-set beds
beneath  a (ype  1  soqucnce boundary and dormlap  is  associated with barinwh terminarious of
sedinentry wedges.

The appucation of sequence stratigraphy to cratoBi^. Paleozoic stmta presents considenble challenges due
to 1) linited accormodation po(ential on pladdrm areas; 2) slow. episodic 8cdimcn(-accumt]lation raocs and
limitations in sedimen( plescrvation; and 3) difficulty in csqibliching ipdependcn( methods of. correlating
parasequences.

Shclfu/ard ®lafform and shallow-ramp) portions of cratonic Palcozoic deposttional sequences commonly
consist of parallel to subpanllcl beds with limited potential for the expression of local rcuef.  Dqusitional
sequences in a shelf setthg thus are characterized by nulnerous local and rcdonal mncatious and facies
changes involving thin, bu( commonly mappablc. beds.

Expected stralal geometries on the shelf inclLxle:   subtle onlap and offlap. local wedges of fluvial deposits
and  buiJdup of carbonate deposits,  and  sub(lc changes  in  scdimen(-surface  elevation due  to concunerLt
structural defomation.

In general, the shelf ®latfonn or ramp) prescrvcs a bctlcr record of sea-level high-stand events than dces
the sediment-starved se(tog in the basin.   In conmsi the basin and shelf martin preserve a bcfter record
of sea-level  low-stand events while con(cmporancous subacrial exFx)sure or rondeposition dominates the
shelf.
Sequence-stratigraphic  analysis  can  be  accomplished  without  seismic  prorilcs.  if  edequnte  rock  and
wireline-log  data  are  avanable.    The  general  approach  (o  sequence-smtigraphic  analysis  as  it  is  being
applied to the midconLinent Pennsylvanian is described as fouows:

1)  Verical-sequence analysis:

a) Describe smta in rems of depositional cnvironmcnL and relative water depth (relative sea-level change)
and evidence for shallowing or deepening trends:  identify potential  mah[er beds (thin distinctive units to
aid in correlation)
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b) Describe surfaces:   bedding planes (frequency and nanire: disthg`iich diagenetic fro dapositional);
associationofsurfaceswithfaciesdislocation;ran]dngoffaciesdislocationaocordingtowaterrdepthchange;
establish  evidence  of  subaerial  exposLire  or  prolonged  nondepesition,  e.g.,  hardground  develaped  in
subaqueous marine environment

c)  raw  proffles  of sections  providing  ineepetation  of genedc  units  and  water  depth:  genetic  units
cousisthg of

•flboding  or  trrmgres§I.vc  unl.ls  (usually  associacd  with  tx]se  of dcpcoitional  eequence:  usually  thin
linestone or coal on shelf areas in Pennsylvanian depo8itional seq`iences) Of

*condeused  Sccfl.arty  (may  be  associaoed  with  accumulation  of  organic  qmtter.  e.g.,  black  Shale  or
hardgrounds);

*Sha//owhg-xpward ltnz./ (shallowing carbonate or siliciclastic sucoesrion or combination; thickest and most
complex component of a sequence: froquendy associated wid) multiple pamsoquences

*pa/case/ devc/apmcn/ (may represent sequence or possibly parasequence boundary if it forms a surfuce).

2) Correlation between localities

a)E§tablishcorrelatiousofmarkerbedsandsurfaces,utiiizinglithastratig[aphic,paleontologic.geophysical,
or gcochemical data ®referably through continuous or detailed systematic sampling).

b) Identify the depositional sequence(s).   Conelate nmjor genedc units and bounding siirfaces associated
with a depositional seqt]ence using all informalon available.

c) If possible. extend control to the 3rdrdineusion and over more extensive areas of sherry shelf margin. and
into basin to address stratal geometries in more comprehensive manner and evaluate allogenic and autogenic
causal mechanisms (eustatic, subsidence).

The temporal distinction of sedimentary sequences also provides the data base to

a) define detailed paleogcography;

b) address rates, duration, and magnitude of events leaponsible for sedinentation;

c) possibly inprove the ability to predict facies for economic development.

Recognition of sequence-stratigraphic components in
Upper Pennsylvanian cyclothems

Flooding unit

The flooding unit is either chsen( or thin (zero to several lo's of feet thick) with a sham basal contact (fig.
16).    It is  readily  identified  through  vcndcal-sequence analysis  in  outcrop  or core.    The nooding  unit
commonly is succeeded by deeper marine strata.  Lithologies include calcareous sandstones and siltstones
with nearshore afrinities (northwestern Kansas) and thin cari}onate units that reflect deepening conditions,
e.g.. a generally shoal-water strata occur at the base and are overlain commonly by normal fnarine strata
at the top that were likely deposited below normal and storm wave base.   Clam borings. p)ultization of
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carbonate  shelf                            mix®d{arbonate/siEciclastic sh®lf                         fluvial-d®ltaic

pa'eosol
(Datum)

FIGURE 16-Vertical profiles of selected (ypcs of deposition&18oqucncc8 ob8crved in Pcnnsylv&nian strata of the midcontinen(.
Simple shallowing-upward .cctions Shown.
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and Schlager.  1986).
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skeletal debris. and preservalon of small to moderate amounts of organic debris are common components
of the cafoounte-flooding units.  The lower contac( usually sepamtes disthctly different deposifonal facies
resulthg in /acz.es dl.S/oca8.on, e.g., a palcosol beneath a marine linestone.   Cafoonate buildixps, Old)oud
uncommon  in  this  Linit, are apectacularty developed lcoally.   Calbonate mounds that devtlqped dulng
deepening events. and lcoally kept pace with rising base level thicken abruptly to over 50 ft (15 in: e.g..
the Captain Creek Linestone. Heekel, 1975).  In contras| the flooding unit may only consist Of a few inches
of biocbrsde-sheu packstone or other shallow-water marineechonate roctL   Iieckel (1984) has ascribed
variations in thiclness of the mnsgressive linestone Gis era for the flooding unit) o varying races of
inundation of the shelf and to differences in the stqpe Of the 8tlrfuoe that is being inundaeed.

Widespread coals ca|ped by invertebrate deeletal lag or linesoone locally are characteristic of some flooding
units (fig. 16). Marine sandstones and siltstones that compose the flooding unit also incli)de rewording Of
undedying deposits or renewed detital deposition.  Whether erosion or depesition cocus diring deepening
was likely dependent on steepness of dcpositional stapes (energy level), clinate, marinerireulation patterns,
and rate of dequning.

Results from sddies of Holocene coastal sedimentafon provide inportant analogiies to the Pennsylvanian
flooding  units.    The  Holocene  work  suggests  that  at  a  certain  threshold  me  of deepening,  effective
carbonate sedimentation can decrease significantly Oreumann and Mbeintyre, 1985).   Sedincntation does
not keep xp with rapidly increasing water depth. prbbalbly due, in part. to less of opportunities for sediment
progradation  and  aggradation,  e.g.,  inundation  of  delta  and  esaiary  fomation  or  races  of deepening
exceeding effective carbonate-accumulation mte Qleckel. 1984).

Hallcek and Schlager (1986), in their studies of Holooene calbonate settings, conclude that reefs and most
carbonate-sedinent-producing organisms flourish in nurfentrdeficient systems.  However. these organisms
undergo significant reduction in sediment production during increasing nutient supply, which ofen occurs
during submengence of a carbonate shelf.   Hooding is thought to produce 8 biotic crisis due to nuthent
excess.   While increased nimte and phoaphate would stinLilate growth of some organisms. other more
deleterious effects apparently lead to net decreased sediment production, e.g., reduced water tranaparency
liniting  the  depth  range  for  some  ccmls  and  calcarcous  algae.  and  consequently  reduced  sediment
pnduction.

Ihllcok and Schlager (1986) have identified criteria for recognizing changes in nutient excess conditions
in the sedimentary record:   nondeposition aiiatal) surfaces. bioerosion such as clam borings. and reduced
redox potential encouraging preservation of organic matter.   The carbomte surface is commonly covered
by fine-grained smciclastics if conditions of nuthent excess persist.  The [iet result is reduced sedinentation
during flooding, contribuing what is refened to as fag time.   This is precisely what is chserved in the
Pennsylvanian strata.

The sensitivity of a carbonate platform  to flooding is a function of local conditions.   For example, the
euphoric zone, below which reefs composed of zoorathellate corals will not survive. ranges from  170 in
(561 ft) in the Gulf of Aqaba to 18 in (59 ft) around Bartrados (Hallcek and Schlager, 1986: fig. 17).  The
shallower the euphotic zone, the more susceptible the area is to dininished cacQ acctrmtilation during
flooding events.  Thus, in spite of the fact that chort-ten reef growth has been estimated at nles in excess
of 10 in (33 ft)Ala, environmental conditions must remain nearly constant while accommodation apace must
be increased in order for these rates to be maintained.

NeLimann and Macintyre (1985) and Adey e( al. (1977) further deschbe the wideapread rapid drowning
associated with the early Holocene eustatic rise due to glacial melthg.   Neumann and Macingme (1985)
suggest that the reefs were "shot in the back" by their lagcous.   Some reefs essentially "give up" diiring
the rapid rise (~8m  [26 ftMc4) in sea level.   Stratigrathic evidence noted by these wori[ers for drov`ming
includes bored hardgrounds, ferromanganeseoxide accumulations. phoaphates. and glauconite separating
neritic from overlying deeper water deposits.  The nuthent influx and increased organic produedvity led to
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redL]ced water clarity.  This could effectively lead to a 8hallowing of the eupliotic zone.  Thus the euphotic
zone, i.e. zone of carbonate production. could be dqundent on the rate of Sea level rise.  Osoillatory sea
level fluctuations in even shallow water could lead to retardation or oermination of cafoomte production.

The Pennsylvanian midcontinent seaway was a trapical inlmd sea with limi8ed cormection tD the qpen ou}an
alckel, 1977).  Conditions probably favored high nutrient supply during marine flooding due to freshwater
runoff contibuthg terrestrial organic matter and inorganic compounds to the marine mlm.  The tendency
for water stratification due to an equitchle clinaee prmothg a stable water colimn 8iqqu conditions Of
lowered oxygen and pfeservation of organic macoer.  For these feasans. the eifechve depth of the cuphotic
zone lnay have been shallow in the interior Pennaylvanian seaway and pchaps quite `rariable, cqucially
in the areas of dedital influr.  Flooding units may be linked to the overlying condensed sections throuch
the nutient excess potentially created by the flooding process.

Condensed sedon

Core shales in the midcontinen( are similar to other condensed sections. often chales, that have been ref\frod
to as  the "starved-basin  facies"  (Scholle et al..  1983:  fig.  1®.   Organic-rich  units are depedeed tinder
dysoxic to anoric conditions.  Black or gray shales can also result from rapid episodic changes in oxygen
level due to organic productivity or water circulation.   As suggested above. the condensed section may
simply be represemed by a diastemic surface such as a hardgroi]nd.  As in the case Of the upper Virgilian
smta. the black shale is lacking.  Rather. the condensinon in sedimemation in the upper Virgilian ray be
represented by a surface in a limestone or marine shale.

Dysoric conditions resul( in accumulation of gray, daric-gray. or olive-green 8hales or 8iltstones.   Anoric
conditions may result in the accumulation Of bbck shales.  Whereas the black shales are laminated. the gmy
shales are variably burrowed.  These gray shales, albeit thin (<1 ft [0.3 m]), typically precede and succeed
the black shale, if the latter is even developed, or are found laterally equivalent to a b]qck shale.

Unlaminated gray  or green  fossniferous  siltstones and cfaystones are commonly  deposited in landward
positions or on bathymetrically higher elevations in positions equivalent to extensive black shales (Wamey.
1984).    The  condensed  sections  are  relatively  thin,  usually  under  2  to  3  ft  (0.610.9  in)  in  thichess.
However.  exceptions  occur  as  the  condensed  section  grades  hterally  to  localities  where  suspension
sedimentation was significant such as iri the Ounchita smciclastic depositional sequences.   Contacts with
adjoining strata are usually chrupt, but gradations do occur with shale and carbonate nthologies.  Most of
the black shales on the upper carbonate-dominated shelf are regiomlly widespread.
Biota in  the Upper Pennsylvanian black shales in  the western  midconthent is  limited  to nekenic  and
nelcobenthic organisms. abundant pefaric organisms, and rare benthic forms.  I.nee amounts of conodonts
and  fish  debris  are  common,  but  these  shales  generally  lack  benthic  marine  invertchrates.     The
microstratigTaphy  is complex  as indicated by interlayered biotul}ated zones, thin  carbonate foyers, and
marked variations in minor elemental composition.  Uranium concentrations in black shales mnges in do
ppm to more than 250 ppm, accounthg for most of the high nanml gamma radiation emitted by black
shales.

Nonskeletal pboaphate (apatite) is common as assor(ed nodules and lamime in black 8hales.  Abundant and
diverse radiolarians, nautiloids, and fish debris have been found in the nodules in black shales in eastern
Kansas (Kidder,  1985).   The source of the Phosphate could be planmonic organisms. fecal material. or
perhaps solution and suspension from river water.

Greatly reduced sedimentation rates for the condensed section are suggested by  1) commonly abundant
phosphate,  2)  high  concenmtions  of nomauy  sparse pchgic  fossils,  3)  horizontal  chentation  Of chy
minends composing the shale (suggesthg dilute suspension sedinentation: James. 1970). and 4) elevated
concentrations of minor elements such as uranium.
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The widesprced nanne of Dost of the black sl)alas on the chelf and in the basin sogpests bat the chales
represen( unifofm conditions developed s)mchronordy Such as in deep water, or in a tidbe-nnsessive
manner dtring rapidly deq]cning conditions.  While ntl]ofacies such as sandsloDc end caibonaees thin in a
basinward direchon, black shales persist across the shelf and into tl]e basin.  Black chalcs obecrved in the
lower Missotrian eonvefge in the basin in areas of sediment 8qrdol` to fin stacked coDdcaeed aeedons
separated by very thin iDeervcning dndL dccle(al wadbestonc8 and py chales and 8flt3mes.  A Dtbbcr Of
process models Juve been ptaposed to cxplrin black-shale deposition, namely `pryctling and qDrd«barine
cfroulation aleckel, 1977). apwclling d]rough E]maD mnapar( Qhridy 1982). halocline ale±±!seG and
Moore's  Black  Sea model  with  froshvratcr infltix.  1980,  or barinal  trice quneuin8,  IGoe,  1978), .nd
thcmcethe QessigroLIsdck. 1982: IIeckel. 1985).

Thcdysoricfaciescontainlinited.butdistiDrfurefuimasthathavcbeenlmapeedaeaeacebblageinaed
to depth Oandman e( d.. 1984).  Biotic asgemblagcs fcfleethg 8inilar dyeoric condition. ac eeg±±aG!y
found  in  other Paleozoic  chales.    Pthaps  these  biotic  zgives  buy  be  affected  by  pnGnwhle  mocr
chemistry, or high organic-tDatler prodDctivfty. in addition to dimple oxygen depletion doe to on8cr depth
and isolation of the tx)t8om rmter column, Lc. not I]coessndly depth contolled.

As previouly stated, sntig[aphic. sedineneo]pric, pdcontologic. and geochcoical evidel]ce fu a `ndety
of settings sapports Aolh shallow- and dequvra8cr origins Of t]lack cha]es.   Aocumulatioo Of I)lack 8hales
is dapenden( on developing a prevailing bcttoztL anoria that is tied o the E±± Of the |]rodi]cGoo Of organic
matter and preservation pctcotial of oqpnic manor vcm]s alnoi]nt Of oxpngenation of the iiner coluzbn ar
sediment.   The higher the jnflur of aTpric manor. die mare oxygen the( win be ooi]stnd.   Bouom
stagmtionmaynctbeapcequ]isiteifchundan(oTganicmanerisavailableduetohigivoqpicpnd)qti`try.
Whereas favorable conditions for black-chale accumulation occtmd froq`icntly diring the Pennrtylvanin
across  the  greater United States  nddoontinent,  cquiralen( cyslothemic  units on  the Rpsrian datfam.
although containing Open-tDarine cqbonates. do no( contain black chalcs.  If waeer depths betwecD the two
shelves were sinilar, then v`rater depth may Do( have bcen the only critical factor in gcDndon Of black
shares.

Fieshwater runoff flowing over the sirfucc of marine waters that were flooding the sl]elf could ptovide
limited, temporary sqBn+ficefon of the walcr coliimn, paftic`ilatly tnder trapical conditiorLs.  IIpot of ]nge
amounts of terrestrial organic fnaceer and hip nuticat Supply could also be provided by ftmoff o gcocmle
abundan( marinertyganic maqer.  Woody-plant maecrial has bccn foimd in both the Huchpiichey and Stck
shales in eastern Kansas and Orlahoma. aeesting to the inpr( of lcne8rful organic matter.  Moroovcr, Dined
tcnestrial  and  marine tnarmls Of crganic  Daqcr occur in  these 8hales  Ohtch end Leunthal.  1985).
Trapical conditions favchng thermal 8tee+fie±fion would assis( in develaping a pycnacline.  The quhic sea
in the midconthent `ras only apen to the coean thropgh a oonncction in the halhar[ basin in vest Texas,
thLis linithg open exchange with nomal oceanic lneer8.   Barinal tribes may also have fined in the
Anadacko basin, possibly fed crisodically by tl]e influt of bribes dtring towstand shelf bypassing ar diring
early flooding of the shelves that contained c`xpchtcs on the wcstm cnton. c.g„ Mnnelusa Fdmation of
Wyoming  and adjacem areas.    A combination of diffc"t factors between  locations Hkely fnay  have
facilitated preservalon of organic matter dchng Tiing sea level.   Rising wales lcvcls could have led to
conditions favoring nutrient excess such as organic productivity and water 8tralfication.  Futcmore. the
thickness of the bottom anoric byer may have been variable, thus accounthg for the loss of some black
shale§ over topoglxphic highs.

Shallowing-upward stratal unit

This unit composes the thicker potion of the Pennsylvanian sedimentary sequences (fig. 1®.  LTholoSes
are highly variable ranSng from fluvialrdeltaic sandstone, marine sandstones and chales. to shaDow-water
carbonates.   Thichess of these shauowhg-upward. riliciclasticrdominated units mnge from a few feet to
more than  loo ft (30 in). while cafoonate st]ccesstous vary from a few feet to lo's of feel thick.
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Depositional facies reflect a rmge of dqusitional environments that vries from sobaerial. inteddal. to
below   storm-wave  base.     Basinal  carbomates  are  angilhecous  and  commonly  organic-rich;  marine
macrofossils and trace fossils are common to abundant.

Cormon shallowing-upward facies seen on this field trip include

a) apcn-marine carbonare with normal marine biota

1) clear-water cwhnae

i)  low  to  moderate  energy-ommonly  phyuoid  algal  wackcseone  or  pactstone  ('Dound  rock')  cr
crinoid-bryozoan-brachiopod wackestone; Sedimentation mos are judged to be modenee ro high. the latter
during mound development

fi)  high energyliaclastic  and  colitic  grainstones:  sedimentation noes  imepeeed as high  as  long as
favorable conditions existed and accommodation apace for accumulation was available.

2) T\irbid-water and deeper water calbonate deposits

i) argillaceous bicelastic mudstone and wackestones with diapersed sn( and chy, macerals of organic matter,
and wispy shale scans and microstylolites; sedimentation rates are judged to be low because of marginal
conditions for carbonate accumulation; facies typically have undergone rignificanL appacntly long-tin
compaction; porosity is typically low;

3) restricted, shallow-marine and clear-water carbonate sediment

i) laminated, fenestral, mudcracked, stromatolitic ume mudstone and dolondchte; aparsely fossiliferous. trace
fossils common; sedimentation rates are intapreted as moderate to high as long as accommodation apace
was available.

Ub siliciclastic-domirrated regressive

1) below wave base to subaerial deposits; fluvialrdeltaic, marine sandstones, sntstones, and shales; locally
and episodically high sedimentation rate, but quickly diminished by rise in base level.

i) southern shelf (early Missourian) (south of Tuha)I+1uvial and deltaic sandstones and shales with linited
marine seetion;  sedimentation rates are moderate to very  high; significant topographic relief and elastic
wedge development

ii) depositional basin (early NIssourian) qulsa to Coffeyviue, Kansas)ulelta-front. tractive sandstones and
suapension-londsedinentation;predominatelymarinein.terwl;accunulationmeslikelyveryhighalongthe
prograding edge of an active delta: sedinent-starved along middle shelf. indicathg deeper water conditions
with linited traction and suspension sediment load and too dean for caltonate accumulation;

ifi)  Northern .cabonare-dominated  shelf.rfhale  of  variable  thickness  on  tap  of  challowing-  upward
limestone; thin lenticular sandstones in shale; local shalerdominated deltaic platfoms xp to several hundred
feet (60 in) thick developed in some intervals covering areas ranging up to sevenl thousand square miles
(5.000 kin); (bin palcosols ®locky claystones) and isolated. rare channels as evidence of suhaedal exposure
and sediment bypassing on the shelf into the basin.
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Palcosols and other evidence for subaerial exposure

Diagnostic chteria for subaerial exposure and paleosol develapmen( ac examined on the tip bccai]se of
their inpor(ance in defining sequence boundaries (fig. 15).  Significant 8`lbaedal cxpesilre. weathering, and
paleosol   development   cecuned   over   extensive   areas   of   the   shelf   following   depesition   Of   the
shallowing-upward stratal unit or at the tops of pamsequenccs within a sequence.  Paleoscts fonn a veneer
on Cop of depositional sequences on the shelf areas of most Mssourian strata in vestm Kansas (Wltney
and Ebanks, 1978; Wamey. 1984) and extend across much of eastern Kansas (Schuttcr and Ebekel. 1985:
Gdebel ct al.,  1989).   Early meeechc di&genesis condsting of both dissolution and cemcntation e`mts is
pervasive on the shelf. e.g., extensive dissolution of colioes prodticed broad cxpanees of oomoldic prrdty
in western Kansas (Wamey. 1984).  An improved undemanding of the pat8ems and causes Of cementation
and dissolution events during diagenesis,  such as the wch[ of Goldstein ct aL  (1989). will provide an
inporfuit facet in developing a predictive modct for porosity develqpmcnt during 8dbadial cprne.

h general, conehthg subaerialcxposine sutbees is difficult   The lack of clear, definitive cvidencc of
subachal exposure may be due to spahal variations of processes involved in even a Single weathering event,
resulthg in subtle. nondiagnostic products. or paleosols of complex chgin containing mixed prescr`ration
featiiles.  Proximity of paleosols to the flooding uni( of the overlying sequence leads to a high potential far
their erosional tn]ncation.  However, evidence is sufficien( to conclude that paleosols chamceedstically forin
extensive bounding Oiatal) surfaces to most sequences on the chclf.  Recent caring chows that these hiatal
surfaces merge with conformable sulfaces in the basin or on lower parts Of the 8lielves that were apparendy
still submerged during lowered sea levels.  Heckel (1986) has identified such a relationship associcoed with
the sequence boundary between the Wyandeee and Iota linestones in a mid- shelf and lower-chctf setting.

Subaerial  exposure  surfaces  clearly  separate  younger  sequences  from  older  sequences.  thus providing
exceuent  temporal  definition  of the  sequences.    Examples  of a  welldeveloped paleosol  hchzon  and
subaerially exposed surface is seen at stap 4.

Detrital-rich paleosols are composed of blocky mudstones.  Weathering feanires are common in the upper
porions of the underlying parent material on which these blceky mudstones are developed. e.g., dissolution
channels  and  cavities  in  umestone.    Missourian-age  palcosols  are  cafoomte-rich,  indicating  cwhnate
accumulation due to a net moisture deficiency in the local sch environment. whereas other paleosols indicate
more moist conditions.  Interpreting soils is complex in fcau)res to be recognized in the field and hbontory.
in classification and nomencla(ore, and in assessing the rehtive contribution of potential agents requusible
for the fomation of the soil.   Clinate. local relief, vegetation. parent material, time. and multiple events
an can affee( the type of soil developed.

Most of the paleosols observed on the tip appear to have been affected by multiple stages of formation.
Preservation probably favors only the more resistan( components.   Also, subaedal exposure feablres are
preferentially preserved in topegraphically low areas and may not be representative of the palcosol as a
whole.

Di8gnostic fcatiires commonly present in paleosols include

1) rhizonths (rcotlets);

2) pod surfaces in the blceky mudstones (fig.18, p.12, from Retallack,1988);                     `

3) color morling or isolated horizons of color and textural variahon in the mudstone due to differential
oxidation and hydrolizalon of iron, and redistribution and formation of chy minerals (iuuvialon);

4)micritic carbonate nodules or casement arouid rhizouths. or carbonate crusts (calcrete).
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Paleosols rich in calcium caltonate are refened to as ca/I.che. defued as a 8tratafami to inegular deposit.
formed primarily of calcium  calbonate. with concretioml. pisolitic. banded or massive 8rfucture that is
formed  in  the  son  or  subsoil  of arid  and  semiarid  regions  (GonzalezLBonchno  and Tc(rngri,  1952).
Missourian  sequences  in  northwestern Kansas  are  commonly  capped  by chalky  caliches  found  in red
paleosds or as laminated calcrete at the top or near the tap and filling in the crfunates (Wamey. 1980.
1984).   Their abundance in western Kansas is in.dicative of drier conditions than in southeastern Kansas
which  fits  with paleoclimatic recousm]ctious  Q]cckel,  1980).   While varying  from ama to area.  these
paleesols appear to be shelfwide develapments.

incontrasttocaliche.thefouowingaresomcoftheidentifyingchtchaforpalcosol8devctoped,undermoist.
sobaerial conditions, provided sufricient time has elapsed for Soils to develap;

I) eem rossa (red residuum dissolved from choonate dissolution):

2) paleokarst and solution piping, commonly plugged with chy of paleosol or vrall-rock debris;

3) wellrdeveloped clayey soil profile exhibiting muvialon.

Some paleosois exhibit rehtionships of tx>th wet and dry attnbutes.   Dubois (1985) describes Lndng as
pfevalent in  topographically  lower areas at the  tap of the Dermis Sequence in southwestern Nchrash.
Solution piping extends  through the carbomte (>20 ft. 6 in).   Prorimity to the water tchle and greater
residence time of water in the low areas are likely rcasous for ]carsthg.  Topographically higher locations
contain caliche paleosols indicative of locally drier conditions a)ubois, 1985).

Sequence-stratigraphy teminology

Summarized here is terminology utilized in sequence-stratigTaphic intapretatious as presented by Haq et
al. (1987; fig. 15) and for a carbonate shelf by Vail (1987; fig.  19).  This terminology. generally after Van
Wagoner et al. (1987) unless otherwise specified. will be utilized throughout the text and during the course
of the field trip where applicable.

Dcpow./jona/  Seqaencc:    the  fundamental  unit of sequence  smtiglxphy.    A  depositional  sequence  is  a
stTatigraphic unit composed of a relatively confomable succession of genetically rented stmta bounded by
unconformities and their conelative confomities (Mitchum. 1977).  They have predictable stratal patterns
and uthofacies and thus provide a new way to establish a chronostratigraphic conefation fromewock based
on physical criteria rvail,  1987).

I/I.a(a/ surface /«"on/orml.ty):  separates rocks of diffe[ent ages and does not cross other chronostratigraphic
surfaces.   In addition. the duration along a hiatal sutaoe varies. thus time lines merge along the surfuce,
but do not cross iL  Therefore. the hiatal surface is not diachronous.  The Strata bound by an uncinformity
are also not diachronous,  but  temporally  distinct.    However,  the  smta constrained  by  bounding  hiatal
surfaces were no( neeessarily deposited at the same time.

Afan.ne-flood!.ng sz(rfacc:  a surface that separates younger from older sfrota, across which there is evidence
of an abrupt increase in water depth.

Parasequenccr.     relatively  conformable  successions  of  genetically  related  beds  or  bedsets  within  a
depositional  sequence, each bounded,  in most cases, by a rmrine-flooding surface and their canehtive
surfaces.   Parasequences ac progradational and therefore the beds within parasequences  shoal upwnd.
Stackingpattemsofparasequencesinparasequencesetsareprogradational,retrpgmdational,oraggradrtional



FIGURE l9-Typce of discontinuitic. in . dcpo.itioRAl 8cqucncc (from V.u,  1987).
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depending on the ratio of depositional rates to accommodation rates.  Examples of parasequences sets and
geomedies are provided in Figures 20 and 21.

Scqz.cnce boitnd¢rfes:   regional hiatal surfaces. either sobaerial or sobaqucous, that ac characedized by
lcgfoAa/ ohap of strata above the surface and truncafon of smta below.

7}pc  J  §cqueace  bee.ndary:    characterized by  8ubaedal  cxpesure and  concurrent sobaerial  rdon.  a
basinward shift of facies. a downwnd Shift in coastal onlap. and onlap of overlying 8mta.   A type  I
sequence boundary develaps when there is a rehtive fall in sea level (e.g., nee Of custatic acarlewi fall is
greater than the rate of subsidence at the depositional chc[edine treck; lchded SDI in fig. 15).  The I)pe
1sequenceboundaryofchelfalPennsylvanianrocksisthestratig[aphicallyhighestregionalsobaedal8irfue
of each depositional sequence.   Parasequenoes also can have an upper 8ubaerial 8]rfuce vthich is Dot as
extensive in a basinward direction as the upper bounding sirfuce.

7}pc 2 Scqz.encc beilndary:  malted by 8ubachal cxpesine and a do`rmward chift in coastal onlap landward
ofthedqusitional-shoreinebrck,onhpofoverlying8tratalandwardofthedeporitionalchco-lincbreak;
lacks a basinward shif. in facies.  The Type 2 seq`ience boundary is an unconfinity in landward poritions
Ocheled S82 in fig.  15).   A Type 2 sequence boundary is intelpreted tD fom when the mte of eustBtic
sea-level fall is less than  the rate of basin subsidence, so that no relative fall in sea level ooctus 8t the
choreline position.

7}a«gressf.vc fl4Jacc:   the fust significan( marine-flooding surface across the shelf withi[I the sequence
(labeled TS in figs. 15 and 19).  This appears to be most difficult to identify on a seismic section but is easy
to identify in the rceks.
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ROADLcro

cum. mfles

0.0 Begin in pariEing lot of Travel Lodge motel in Lawrence Kansas.  I+Cave paridng tot heading

south on Iowa St.   [depart  at  7:20]

Plattsmouth Linestone Member of Chead Linestone on both sides of road.
Comer of 19th and Iowa; KGS on right.
Turn lef( (east) on Kansas highway 10 (Cmton Padmray).
Dunhin Donuts on the right.                                                                           .

IIastrell Indiana Junior Cctlege (founded 1884) on the richt.
Fertilizer plant on norfu ride of road.

The IIackell linestone Member of the Iawrence Formation holds up the ridges in this area,
and the Vinland Shale Member of the Smnger Fomation is the valley former.
Doughs Co. 1057.

Wakansa River.
Douglas Co. 1061 to Eudora.

Douglas Co. 442.

Stanton Limestone outcrop on left (north) of K10.

Vilas Shale on both sides of road.

Captain Crock himestone Member of Stanton Limestone on both sides of road.

Douglas/Johnson Co. Line.

Road (o Sunflower Ordinance plant.

STOP  l*tanton Limestone on both sides of road.   [depart at 8:00]
Vilas ShaleJcaptain Creek Linestone Member exposed on both sides of road.

Eudora Shale Member of Stanton Limestone on right overlain by Stoner Limestone Member.

Note the black. platy mature of the Eudora Shale Member as we drive by.

Captain Creek Linestone Member of Stanton Limestone on left

Road to Desoto (Hwy 285).

Kill Creek section.  Note that the Eudora Shale Member (on left side of road) is thicker and

more gray than 2.4 miles farther west.

Stoner Limestone Member of Stanton Limestone on both sides of road.

Captain Creek and Stoner Limestone Members of Stanton Linestone on both sides of road.
Farley and Argentine Limestone Members of Wyandone Linestone.

Camp Creek.

Cedar Cbek.
Argenine and Farley Limestone Members of Wyandotte himestone and Mendam Linestone
Member of plat(sburg Limestone (in ascending order).                                      `

Plattsburg Limestone on both sides of road.

Spring Hill Limestone Member of Phttsburg Limestone on Cedar Creek Parkway south of

K10.

Stanton Limestone on both sides of road.

Captain Creek Limestone Member of Stanton Limestone on both sides of road.
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Kin mghway 7.
Stoner and Captain Creek Linestone Memhas of Stanton Limestone on both sides Of road.

Vilas Shale on left.

Spring lfill Limestone Member of PhattsbuTg linesfone overlain by Vilas Sliale on both
sides of rnd
Captain Creek Linestone hrfember ovedain by Eudm Shale hrfemha. and Stoncr Stoner
Linestone Member (ar Stamen Linestone).

Quany in Stanton Linestone on left (mrth) of Klo.
Spring Hill Linestone Member Of Plattsburg Limestone on right.Bear right to 1435 north.
Bormer Springs Shale and Plattsburgrrimestone on enmnce mmp to 1435.
Bonner Springs Shale and Plattsburg Linestone on left sandstone in Vilas Shale above

Phattsburg Linestone.

Captain Creek Linestone MemberJ3udora Shale Member ®lack). and Stoner linestone
Member (all Stanton lincs€one) on both sides of road.
Stoner Linestone Member of Stanton Linestone.
87th St.: edit 3.

S tanton Limestone.

Plattsburg Limestone and Bonner Springs Shale.

Two limesrones (separated by shale) in the Farley Linestone Member of the Wyandone
Linestone.

Argentine Linestone Member of the Wyandotte Linestone on lefl
Bonner Springs Shale and Plattsburg Linestone at exit 6A.

Top of Phttsburg Linestone.
Top of Plattsburg Limestone.

Vilas Shale overlain by Stanton Limestone.

Top of Phttsburg Linestone.
Bonner Springs Shale ovedain by Plattsburg Limestone.

Bear right on Exi( 8A Holiday mve: upper Farley Limestone Member on right

Turn left (west) on Hchday mve.
Make U-turn at 1435 south; STOP 2-Holiday Drive Section.   [depart at 9:20]
Turn right back onto 1435 north.

Kansas River; Johnson/Wyandotte, Co. line.

Kansas City, Kansas. city linits.
Kansas Avenue edit.

Plattsburg Linestone overlying Bormer Springs Shale in cuts onleft.

Bear right on Erit 128; Pbttsburg Limestone on both sides of road:STOP 3-Sandstone in
Bonner Springs Shale below PlattsburgLinestone.   [depart at 10:20)

Cirele under 1435 overpass: bear right onto Err( 441A back to 1435 South.

Plattsburg Linestone on left

Banner Springs Shale on right; rote the palcosol developmenthere as we drive by and compare

this exposure with the one wejust examined at Stop 3.

Kansas River; qualry in Wyandotte Linestone to right: this was Stop 2 from earlier in the
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moming.

STOP 4ulaleosol in the Bonner Springs Shale.  (dqp - ifeap
Bear right onto Kansas Hwy 10. west to lawrence.
Killcreck.ection;glryEudomsl]a]eMemberofstnbl=Eii=T-ondpct±±[=j±±iE--
inCaptainCreekLimestoneMemberOfStanmlj---td4FiiiiHiiiii
Turn righ( on Douglas Co. 442.

Stop sign; fun left onto 15th Street.

RIihi crossing.
STOP 5LT)pe locality Of the IIastell Lineseone Member. 14nnence Fbeafim  ldqpr
at   11:40]                                                                                                                  .

Stop sign at Hastell Ave./15th St.: turn left (soi]q) on HadEEd JIB
Intersection Of IIastrell AveJ23rd St.: am right (|ralD ea23ffi
htersection Of 23rd St. (aka. Clinton Pulnray) with lmasL
Toronto Limestone Member Of Chead linestone on ri8hL

Toronto Linestone Member Of Ckead himeseone.
Toronto Linesrme Member Of Chead linestone.
STOP 6-linton Spillway section.   [depart at 12ap
Stop sign; fun left and cross dam of Cthton ResinroiL
-Linesme.
Upper part of Lawrence Fcrmation overlain by ToroiaeD Iineafiichfe5iiEEi of chead        -
Linestone.
Stop sign; turn righ( on  1000E.

Turn left onto Doughs Co. 1039 to I+one Star Idle.

Lone Star, Kansas.   Stop sign; t`rm right onto Douglas Co.1.

Stop sign; turn right onto Douglas Co. i-W: cross dam.

STOP 7-Lone Star dam spillway on right; lunch  J4qlrt ct I:Sol
Toronto Limestone Member of Chead Linestone on QPL
Stop sign: nim left onto Douglas Co. 460.

Bear righ. at junction with 650E.

Stop sign: left turn onto 500N.

Stop sign; continue eas( on 5cO N.

Junction of Douglas Co. 460 and 1039; continue cas[on460.

Junction of Douglas Co. 460 and US 59 south: left tLm un) oqrous 59 mmrd I-tmce.
Toronto Linestone Member of Chead Linestone on lcfr
Intersection of Iowa S ( and Clinton Palt`iray (aha, KID. 23rd StJiI=rib:irin±- q lmra fu
KGS on left (19th and Iowa).

Bear right; stay on US 59 north to I-70 (aka, Kansas Tm±ke i=`if Td).
Stop to ge( toubooth ticket: continue west on I-70 tovdsTdy
lowastreeloverpass:bridgenumber201.751OriqpeialqgdrstDppikecambes±othe
neares( I/10coth of a mile from the Oklahoma bodcL ldich ii lrfufre the artyee *b§)
Mle maker 199
STOP 8+=stop 1 of Mcore and Merian. 1959).  (8part at2as]
NIle post 196; STOP 9+=stop 2 of Mcore and Melriam. 1959)|depaTt d2:ts)
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128.0            Mle post l98; STOp lo+=stop 3 of Moors and Merrian.1959).   [d€part at 3:20]
133.5            mi)glasrshawi]ee co. line.

139.0           TopebldrEBone on righ( (across from Hardee's).
139.7           Tqpeka cia)r linits.

1402            East Tqpeka hterchange; conthue wes| now on l470 (still onKansas Tilmpike).
144.0            bbegusl 178: Aarde shale Member of Howard Linestone on bothsides of rood.  The

Nbdr"ny Coal bed occur in the Ande ShaleMCimber.  R.C. Moors named the Ande Shale
J4ember fomxposures on Ande Farm, and picked the name so it `rould be thefirs( one in de
USGS IIegtiom of geologic names dyes. it still is).

144J}           Sodb Edy exchange; bear rich( onto exit l27.
145.1            Stqp.rmrm (thank you; have a nice day): continue west on l470.
1458           Btp rigl]t atExit 5, Burhigame Rood.
146.0           ftyfgB; doss over to entrance ramp of l470 wesl
146LI           ISTor lLAarde shale Member and church Linestone Memberof Howard hiestone.

(dgiv  &t  4:10]
ro:8         us pest 2.
150.4            REow detour signs around bridge construction at Hypermart.
1512           €ochon of sw wanancker Road and sw loth st.; followdetour to west I-70.
151.4            Enmnce amp for west I-70 at wanaincker Road.
152.7             mle post 355.

154j            Outer Limits of Topeka.
158.6             STOP 12LTarkio Limestone Member (overlain by wamego shale Member. mostly

covered, and Maple mll Limestone Member) of Zeandale Limestone.  [depart it 4:35]
159.7              Mile post 348.

161.7             Shawneervabauusee co. line.
162t6             Maple Hill exit; continue west.

1633            STOP 13|ulTen( Pennsylvanian-Permian boundary in Kansas.   (depart at 5:20]
164.7            REle Tut 339.
1655            Bear right at Exit 338 onto vera Road.

165.7           Tqn lift; coss under I-70.
rs5.€            Tin krfu into entrance ramp for East I-70; retLm to Travel I,odgeJrawrence.
215.6           T"el ledge, I+awrence.  (arrive 6:20]

END oF FrBLDTRlp
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Stop 1   Edgerton Road:   Vflas Shale and Stanton Limestone,
(Captain Creek Limestone, Eudora Shale, Stoner Linestone)

Lcoation:  SE SE SE see. 2. T.  13 S., R. 21 E.. Johnson County, Kansas

Departure: 8:00

Coundbuas:.  Lyr.n Watney. John French. and Even Franseen

hnduction

Stop 1 is located 12 mi (19 lm) east of I+awrence at the Edgerton Road eut off Highway 10 (fig.  I-I).
The lansing Group, here represented by the Stanton Linestone. is compesed of cyclical
mixed¢afoonatc and shiciclastic deposits in eastern Kmsas.   The stmfal sucoesston seen here is a
qpical example of a Kansas cyclothem presenoed by Heckel (1977).   A Kansas cyclothem contains faun
lithologic components: in ascending order these ale the middle (or mnsgressive) lincaonc, the oore
(offshore) shale. the upper (or regressive) limestone. and the outside thale.  This classification was
p[eviously discussed in the Introduction in the section on cyclcthem concepts and mustraeed in fig.  12.

A complete Kansas cyclothem represents a mtior marine inundation in a Shelf setting.

:#nnafrdR°umsL:ed;£#:):th:ds:f#u#edno`xa8#.°thG:##yeisw:dngTy:#deasv##.
cause of these relatively short-term (250 to 400 ka) but high-amplitude ®erhaps 300+/- ft, 90+/- in)
fluctuations in sea level.  Evidence for eustatic change includes the chmty to conelate individual mrfue
inundations among basins and conthents Qoss and Ross. 1987; Boardman and Heckel. 1989).
Subsequent sea- level falls have been documented to extend in most cases to the shelf margin in the
midconthent Qleckel,  1980,  1986; Watney.  1984).

The Pleistocene analogue to late Paleozoic ghcial eustasy suggests considerchle vainbhity in the Shape
of the eustatic curve from one inundation to another (also discussed in the htrodiiction).   Pleistocene
sea-level changes varied from symmetric to asymmetric and, in terms of other mechanisms of sea-level
change, were potentially very rapid (2 to  10 mAla [7-33 fivh]).   Sea-level falls varied from unifom to
very enndc.

Although the typical cyclothemic uthologic succession discussed above oocus repeatedly in Missourian
strata in the midcontinent, in some cycles or in some shelf positions additional limes(ones and shales
may occur. or some units may be missing.   This vahabiuty makes modifications to this fourcomponen(
formt necessary.

An altrmative methodology that we are using to describe these shelfwide marine inundations and
withdrawals is sequence stratigraphy.   Sequence-stratiglaphic principles center on the recognition of
tcmpcmlly distinct stratal units and stratal geomedies that are related to cycles of rehtive base-level
change.   It is almost universally agreed that such cycles were the major cause of midconthent cyclic
successions.

The procedures and nomenclature related to sequence stmtigraphy are deschbed in section V cnd
appendix A of the Introduction.  The measued sections of the stops are annotated with srmigpthic
units (e.g., paleosols and condensed sections) and surfaces (such as flooding siirfaces, crosion surfaces.
and sequence boundaries) that are essential to sequence-sfrotigraphic analysis (fig. 1-2).
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Stratigraphy at Stop  1

The Vz./as She/c is an outside shale that caps the underlying Pfattsbung cyclothem.   The Vilas Shale is
wed exposed to our east at the southeast comer of this intersection and is included in the fneasined
section (fig.  1-3).   It is a snty gray shale that contains lenses and beds Of fine-grained, rippled and in
places cross-smtified quar(z sandstone.   Brachiopods. chnoids. and nee fassils are present in the
sandstones, especially at the top of the VIlas Shale immediately below the ovedying Captain Check
Lineslone.  No evidence of subachal exposure is present in this expostne of the Vilas, mddng the
placemen( Of the sequence boundary problelnatic.   The Cap of the underlying reglesrive cahonac unit
underwen( subaerial exposure north of this location but apperently did not this tr south.  The
tL]maround from falling to rising rebtive sea level probably occuned at Some point during deposition of
the Vihs.

Outside shales of the apper Kansas City and Lansing groups are of varichle thictmess but genenlly
corgis( of several meters of shallow-marine shelf and deltaic 8iliticlastics.

The Caplal.A Creak 4.mes/one overlies the Vilas Shale and is the lower fnember of the Stanton
Linestone.   The Captain Creek Limestone is the middle (transgressive) linestone of the Stanton
cyclothem and the flooding unit of the Stanton sequence.  The uni( is much thicker than other middle
linestones in this shelf setting.   It-represents the initiation of cdeome sedinentation during inffrod
custatic rise.   Initial marine flooding begins in the upper VIlas Shale and is malted by a fossiliferous
horizon at the top of the unit   The recognition and conelation of the initial flooding s`rface becomes
rehively subtle when this surfuce diverges from the marine-flooding unit.

The Captain CLeek Linestone is predominately a normal-marine phylloid-algal wackestone.   Its
homogeneity is also indicated by the gamma-ray profile.  The unit thins mckedly and.  contains
mud-pebble conglomerates a few miles east of this locality.   far(her east of this anomalous setting the
Captain Creek Linestone is again the more resistant linestone ledge that is so prominently exposed
along K-10.

This unit contains numerous shale par[ings and microstylolites, which are more typical of regressive
limestones than transgressive nmestones such as the Captain Check. There are ro apparent facies
changes across most of these partings, and evidence of dissolution along them indicates that they most
likely represent nousu(ured sean solution analogous to that described by Wanless (1979)..  Some seams
in certain regressive units have been traced for lo's of kilometers; a dapositioml signal probably exists
for such continuous seams.

The Eudora Shale at this location is a typical core shat.e (of the Stanton cyclothem) that contains a phty,
black. phosphatic facies.   This unit is continuous over a wide area and is classified in
sequence-stratigraphic nomenchiue as a condensed section that originaoed during mxim`im rate of
eustatic rise and/or in the deepest water associated with the Stanton sequence.   The black facies grades
between Stops  1 and 2 to soft-gray shale containing chundant benthic fauna.   Eas( of Soap 2 the shale is
very sinilar to that at Stop 1  (fig.  14).   The black shale is associated with elevated gamma radiation.
Although the gamma radiation is higher than in the gray shale. the magnimde is considerably less than
the Hushpuckney and Stark shales seen later at Stop 7. The radiation is primarily athbueed to `mnium
content (see fig. 34 from the introduction) tha( is in nim related to the amount of organic manor and
phosphate content (Coveney et al..  1991).

A minimum of 4% total onganic carbon is needed to make a shale black (J. Hatch. personal
communication.  1984).   Other features of the bhck- shale facies include an chundance of conodonts
usually at the exclusion of benthic fauna, suggesting anoxic bottom waters.   Conodonts are s`ifficiently
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abundant on bedding surfaces of the bhck shale to be seen with a hand lens.   Phoapliaee is present as
ligh( brown laninae or nodules.   Remains of fish and seanered woody-plant material is also p[esenl

Dark-gray shale overlies and underlies the black-shale facies at this location.   This 8uoccssion is typical
for the Eudora Shale and common for other bhck shales.  These whales commonly exhibit a di`rerse and
taxonondcally disthctive fauna that has been interpreted to represent dysoxic environments Ooardmen
e, al. 1984).

The Sto„r ljmesfo" at this location is a typical xpper linestone of a Missalirian cyclothem.  I(
consists of wavy-bedded skeletalAhyuoid-a|gal `rackesoone. and with a host of other nonm|i- marine
organisms.   I( is a shallowing-upward unit and includes cryptic fenestral voids near the Oap: about 10 mi
(16 kin) to the northeast, near Stop 3. the Stoner Limestone is capped by an abmded dEeletal grainstone.
The Stoner Linestone most likely lquesents calbonate aggradation during relative sea-level edllstand
and fun.  There is no apparen( evidence for sobaerial exposue here. although it has been noted in other
locations on the northern shelf aleckel.  1989).  The Stoner is usually capped by the Rock 14lBe Shale,
which in places contains a mollustrdominated fauna and a thin coal.

Common macrofossfls that occur in these, smta are included in figs.  I-5 and 16
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Stop 2  Roadcuts along 1135 near Honiday Road exit:   Section from
Chanute Shale to Stanton Limestone

lrocation:   (Wre lE sec. 6. T.  13 S., R. 22 E.)

bepam 9:20

Ccandbi\lnLus:.  I;yin Watnc)/. John French. Philip Heckel. ind Ewan Franseer\

hrfuction
Thee; oiitaps in the vicinity of Soap 2 (identified by the leco A. 8, a and D ib fig. 2-I). afc cone
of the bea( mown conthuous exposims of Misaulan eyclcs.  Ijmled time proctodee ou examining
the entire sequence. so we will conccnfroce on the iDtrml ha de C±eneee Shale droi]gh dio baul
ATgentil)e Limestone (Section 'A' Of fig. 2-I).  Fig. 2J2 (a. b. c. cod a i8 a ompotioe mcanned eection
as prqud by Scott Johnsgnd, 1984.  The gmmapy pndle and rdative vraaerldgiv ou`rc are
included in fig. 2-3 (a and b).  A gamma "y-I]ctito log from a ncaripr vven has becD conelaeed to the
rmologies of this exposure (fig. 24).  Fig. 2-5 includes a plioeo of wee(-facing apestne at Sup 2.  The
Bonner Springs Shale presented in this meas`ned Section (Qg. 2-2 c and a will be the fceus Of Stry 3.

Smti8raphy

The Chamu./c She/c is a t}pical outride whale that reonds the inflm of dcltaic CLastics.   Apprtydinately
40 mi (64 lm) to the south, the Chanute is a drickcr Shale that irdudes sandstones and Coal.  This is not
a homogeneous shale unii but contains rignificant vndability exposed at this rty.  inQgu]ar calbonaee
uthcelasts in a maroon blocky mudstone found Dear the Cop of the Chanutc Shale suggest both sobaedal
expsine and e(osion.   The boundary ben`reen the Iou aoquencc (d}ove) and de ha/ey Sequence is
pea at this position.

The /oza LI.mos/one is another excellent exaznple of a typical Kansas eyclothem.   It represents one of the
greatest Missourian marine inundations of the midconthent.  The Iota consists. in ascending order, bf

The Pco/a li».csfone. which is a tnore gpical thin (I ft. 03 in) tnnsglessive limcaone than is the
Cap(ain Creek Linestone Seen a( Stop 1.  The Paola Linc8tone is the marine+flooding unit of the lola
sequence.   It is a ckcletal calcnutite containing a diVIpe biota and represents abrxp( and chelfwide
marine flooding.   It can be traced in the outapp froln Oklahoma to Iowa and westward in the
sobsurfuce to at leas( eastern Colorado some 400 dri. (644 Im) to the vuesl

The A/uncle Crcck She/c is the core shale of the Iou cyclothem and the condensed section of the Ion
sequence.   The black. phoaphatic facies of this unit  lj ft (0.46 in) thick. is infefled to represen(
minimal sediment influn during a period of low bottom-waer orygenation that ocouned during rapid
custatic rise.   It is one Of only five black. phoaphatic core chafes of Missotirian age that extend to the
Iowa outcop bell which is located about 200 dii 022 lm) to the nonh alcckel. 1980.

The Jtay/ow LJ.mcS/one is the upper (regressive) linestone of the Ion cyclothem.  It is a d[clctal and
phyuoid.algal wackestone that was deposited in quiet water. protholy bchw strm-wave base.  The thin.
Ienticular packstone at the top may be a storm deposi| or may record the passage Of wave base as
rehtive sea level fen prior to deposition of the succeeding unit  No evidence for suhaedal exposue is
indicated here or at other sites in the Kansas Ctry area and southward.   Besides the hck of subaerial
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exposure to the south, the lola and Argenthe limestones converge in Miami Cbunty 25 mi (40 lm) to
the south as the intervening .Inane" Shale thins madredly.   Sea level fen to an intermedinee 8belf
position between the lola and Wyandotte sequences. nther than below the shelf margin as oocimd with
otlier major episodes of marine inundrtion.   Ensuing rise in sea levct Cook place somewhere in the
•14ne" Shale. its precise location ye( to be found.  This dmaround in sea level is tentatively a sequence

boundary, resembling a Type 2.

The 14nc She/c overlies the Iota froestone.  The lane" Shale is a typical outride Shale that resuled

dEg:enus#G##:qmng::ffan¥j£E#:.seal:v=+8enrfuustanT+:di¥%Eulhra=fro#ffi::For
the advance of these siliciclastics across the shelf.  Nevertheless. sedinent-accommodation qaoe vras
siifficient for shallow-marine deltaic depesifon.  Thiclmess of the lane" Shale vndes from 43 ft (13 in)
at this stop to over 70 ft (21 in) about 10 hi (16 lm) soLitheas( of this ouecDop to a rinchout only 7
mnes (11 lm) to the wes( of here. These lchate shale accumulations caiised dqxrdtional eopogpchy
conducive to formalon of the overlying Phylloid-a|gal buildups in the Wyandoue Lineslone.

The Wyandoiic £I.mcs/one overlies the "lane" Shale.   We win only examine the basal porion at this
stop.   In ascending order. the units within the Wyandotte himestone Seen here are

The Frisbz.c finesfone is the transgressive, or middle, linestone of the Wyandotte cyclothem.  This uni(
represents a regional marine incursion (flooding unit of the Wyandotte sequence) that overstepped the
"Iane" delta.   Marine sedimentation extended beyond the Iowa outcrop bel( some 200 hi 020 lm) to

the north.   At this stop. near the center of the east slope. the Frisbie contains one exceuent example of a
number of discrete phylloid-algal buildups.   Ischted phylloid-a|gal buildups are common in areas Of
moderately thick accumuhtions of the underlying .1rane" Shale (Arvidson, pdsonal communication,
1989).   These "mini" mounds are flahked by crinoidal grainstones.   The phyuoids are very obvious
because they are unusually large.   A systematic study of the Frisbie Limestone and the a|gal mounds
done by George Coyle and Kevin Evens had been in preparation for publication.  They deschbe what
they believe are algae in growth pesition.   In situ preservation of algae will be seen later on the field
trip.

The O«I.ndaro She/e is the core shale of the Wyandctte cyclothem and the condensed section of the
Wyando(te sequence.   It is thin (0.75 ft [0.23 m]) and dark gray (with low gamlna radiation) at this
stop.   However, it becomes black (with high gamma radiation) where the underlying `1ane" Shale is
relatively drin.   Such hteral variations in these core shales are not uncommon; the Eudora Shale that
was exposed at the first stop also varies from gray to black over distances of only a few miles.   Such
facies variations sugges( that oxygen-deficient conditions were restricted in some cases to bosom waters
in palcotopographically low areas.   In a wed located near this exposure, the shale is not disthguishable
on the gamma-ray log (fig. 24).   h addition to being thin and near the detection limit Of the wireline
gamma ray, the Quindaro Shale also has low- gamma radiation indicated by the s`irface measurements
taken at this exposure (fig. 2-3b).   Thus, the Frisbie Linestone cannot be distinguished from de
Argentine Limestone on conventional gamma-ray logs.

The AJ.gem.ne Lines(one is the upper limestone of the Wyandotte cycle.  It is 19 ft (5.8 in) thick at this
location.   This expostire is located in an area of moderately thick Argentine Linestone associated with a
flank position on a lobe of the .1rme" delta.   This unit consists mostly of phylloid-a|gal wackestone at
this lcoality and is capped by 3 ft (I in) of cowed skeletal packstone.  No 8ubaerial exposure is noted on
this surface.

The Far/cy Lz.mcf lonc is developed as two disthct units.   Both units are notably thinner than they are
several mnes.southwes( of this location where they are phylloid-algal buildups, built far(her down the
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flanks of the `Lane" delta.  The Farley Limestones are of nonal thicbess, 7 ft (2.I in) for the lower
Farley and 9 f( (2.7 in) for the upper Farley.   It is an inoeftidal and shoal-water facies. pchaps
soggesthg that location was more positive during deposition of the Fndey Lincstones than to the South.
Best access to the Farley Limestone and the `pper Argenthe himestone is on the west side of the road.
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HOLLIDAY DBIVE

0                    50                  100                 15C         =             S            D

GAMMA PAY.

eps
S.qu.nc.  Sli.`l.r.phy

•           SeicL.nc. boundary

-Fk"r`g surlace

P ---Pa~EScouence trooolng  i.I.a`:e                              --E.ostor`al surlaE»

C          Cor`a}r`sed  sea.Ion                                               S          S.Da.nat.Iocou.e

Water Depth

=  =  exposure

S  a  shallow  marine

3 = deep

FIGURE 2-3  (A  and  B)-Stra(igraphic seeLion,  natural gamma-ndiation profuc,  waterrdcpth curve, and sL-qucnce cl&ssirlc&tion
(cxtrcme left)  for lower portion of measured section if rig.  2-2.
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lNTEBVAL
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ALONG  I-435
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FIGURE  24-Correlation of fomations in  Lansing and  Kansas City  Groups based on gamma ray-neutron log of well located
near Stop 2.
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Stop 3  I-70A435 Interchange:   Bormer Springs Shale and
Plattsburg Linestone

Location:   NE SW see.  13, T.11  S., R. 23 W., Wyandotte County. Kansas

nepar(ue:  10:20

Ctondbnytors..   Paul Eras. Derek Herman. I;yin Wane)I, and Even FTanseen

hnduction
The depositional setting of the Bormer Springs Shale the outside shale of the Wyandone Cyclothem.
The Bormer Springs Shale also includes the boundary between the Wyandotte and PLattsb`ng seque[ices.
The events which cecur at tlris boundary is the fcous of Stop 3 and 4.   Erosional downcutting, channel
sandstones. marine backfilling of ero8ional topography, and laterally extensive paleosol development
near the top of the Bonner Springs Shalt. a( Soop 3 provide an unusual oppominity to examine featues
not normally preserved at the top of a sequence on the shelf.

Local expressions of erasional tapography in the Bonner Springs Shale have been desdibed along some
80 hi (129 kin) of outcrop in eastern Kansas running from Wyandotte County to Finnldin County ®an
et al., 1963: Haris.  1985; and Enos and Heman. in ms.).   This slap, #3. fcouses on a srfetacular
example of multiple episodes of erosioml scouring and haclrfilling in the Bormer Springs Shale.   h the
succeeding stop (#), we win briefly examine the Bormer Springs Shale in a more normal development
with a capping palcosol.

A cross section prepared by Enos and Herman of measured sections at Stay 3 of the upper Farley
Linestone, the Bonner Springs Shale, the Merriam Limestone, and the Spring IIill I.imestone in the
vicinity of the I-70 and 1435 interchange is shown in fig. 3-2.   The index map (rig. 3-1) of the
interchange locates the measured sections.   Fig. 3-3 provides photos of the Bormer Springs Shale and
adjacent units at and near Stop 4.   We wnl make one stap along the northeastern cloverleaf to examine
the more prominent and unusual channeling events in the Bormer Springs Shale.   Please proceed with
caution while on the roadside!

Stratigraphy

Commentary by Pout Erros and Derek Herman (excerpts from manuscript in preparation)

The section observed at Stop 3 includes the appcr Far/ey Lz.nfcs/one, which is the unit locally tnmcaeed
by the channel foms within the Bormer Springs Shale.   The upper Farley Linestone averages 228 in
(6.8 ft) thick and vches only ± 0.32 in (I ft) in the local area.   It is typically stelctal-lime packstone.
but varies lcoally from skeletal mudstone to crossbedded coid grainstone.  Characthstic Parley fdssils
are brachiopods, (including Compofl.fo, productids). and bivalve frogments Oocally including A/yazI.«).
phylloid-algal frogments, crinoid columnals. and fenestTate and ramose bryozoan and brachiopod spines.
Encnisthg organisms, probably woms and foraminifen. ac al}undant at Sections IX and VII (fig. 3-2).
Coated grains are widely scattered in the unit bu( are concentrated only a[ Sections Vn and K.

The Bomcr Spwhgs She/c is a mixed bag of lithologies, as is typical of the thicker deltaic outside
shales.   In a typical sechon the Bormer Springs Shale in this arcs include olive-gray claystone through
ligh(-gray to olive-gray silty shale, to a disconthuous band of red to maroon<olored shale a meter or
two below th.e top of the uni( (Mcore et al.,1951. p. 81; O'Cormer,1971. p. 20; Heckel,1985, and
Harris,  1985, measured sections).   Siltstone and sandstone are widely distributed, particularly in the
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lower half of the unit   A calcareous paleosol is commonly develaped al>ove the fnaroon interval.  This
will be the fceus of our next stop.

The thichess of the Banner Springs in the vicinity is also extremely varichle.   Measucments in
Wyandore and northern Johnson County give an avelnge thic]mess of 7.95 in ± 2.36 in (262±7.8 ft) in
eight complete sections: the mnge is from 3.9 to 12.6 in ('12.941.6 ft).   Thinner inoer`rals, dorm to 22
cm (9 inches), are tninca8ed beneath the overl}ring Madam himestone.

The Bormer Springs Shale is lngely unfassilife[ous. but plant fugments ocap lcoally within sandstone
or nodular mudstone, and shelly fossns. including pcctins, Coqpocka and xpirifid hachiqpods,
hid-apired gastropods, and cheu fragments occur near the tap of the chale and within roe 8andstones.
Tnce fossils include vague burows in both whale and rmdslone inrmrals; Zbapdycos and
Prorovirg«/aria traces in channel smstones: weurdevctaped U-tubes in a nodular mudrock near the tap
and starfish inplessious in blue-gray chystone in the lower half Oocation VD: IIaris, 1985. p. 35).

The Afcwiam 4.mcsrone is the middle limestone of the Pladsbulg cyclothem and the flooding unit of the
Pladsbulg Sequence.   It mnges in thictmess from 031 to 4.88 in (I-16 ft) in 23 meas`ned seedous.
Nomal thichess avenges 0.88 ± 0.33 in (0.9 ±  1.I ft).  Lithologically, the basal ponion is typically a
packstone, but ranges from very argillaceous, nodular- veathchng yeuow limestone to coid gminstone.
The middle por(ion of the bed, below the mast prominent shale brea]L is typically a skeletal padEstone
containing prominent coated grains or oncoids (traditionally "Osagfa).  Wackestone and oncoid or coid
grainstone are developed locally.   An overlying shale bed or parthg can be traced over most of the area.
The tap unit is one or two beds of skeletal packstone.   Oncoids are locally prominent in this unit as
wed.   Very argfllaceous linestone caps, weathering yellow-brown. ac developed .at a few localities.

Although cer(ain fossils or particles are particularly characteristic of the base. fniddle, or top portion of
the Merriam, they do not define recognizable units, even locally.   A wide variety of bicta are developed
throughou( the interval or erratically in different portions.   In order of decreasing abundance. these
include: Compow.la brachiopods, crinoid columnals. gastropods, productid tmchiopods, fenestrate
bryozoans. fusulihids, bivalves, phylloid algae. apiriferid brachiopods. ranose bryozoans, eehinoid
frogments, brachiopod spines. solitary corals. encrusthg bryozoans, pecths. encrusthg warms,
encrusthg foraminifera, large scaphapods (to 5 cm [2 inches] long). and. very rarely. trilobites.   A faysr
of Compost.(a is locally prominent near the base of the Mendam and produetids up to 5 cm (2 inches)
wide are common in the middle portior, of the unit in abnomary thick intervals.  Prominent par(icles in
the Merriam are oneoids and coated grains, coids, peloids, unidentifuble skeletal dchris, small calbonate
and shale clasts. and sand grains locally at the base.   Cheat is presen( in same thickened intervals of the
Meriam in the middle portion and bunows are prominent at the top. a charactedstic rated statewide by
Mchfuus (1956).

The HI.cfory Crcck She/c is a poorly develaped core shale. probably the thinnest and palest in the entire
htissourian Series.   The unit is also the condensed section of the Plattsburg Sequence (fig. 3-2).   The
avenge thickness in  13 measured sections of ..nomal" development in Wyandotte and Johnson counties
is  18.1  ± 5.7 cm (7.2 ± 2.3 inches); the range is from 7 to 27 cm (3-11  inches).   Although the mckory
Creek is reported to contain a black, platey, carbonaceous zone in narthem Johnson County and
Wyando(te County Oveweu,  1935, p. 72; Jewett and Newell,  1935, p.  181), we have not seen this
development nor is it reported in this area by O'Connor (1971, p. 23). Mann (1957. p. 261) nor Ban ct
al. (1963, p.  13).   The Hickory Creek is apparently nowhere developed as a black. fissfle. choaphatic
shale characterized by a ``hot.' gamma-ray response typical of ccre shales in the sobsurface ®ryan
Stepheus. personal communication.  1987).

The mckory Check in Wyandotte and Johnson Counties is typically a dark-gray to dive-gray. flckey
shale that weathers yeuow to gray brown.   It is sparsely fossiliferous, with a few crinoid colummls and
brachiopods, although O'Connor (1971, p. 23) notes that it also contains al)undant fenestrate bryozcans
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and fusulinids lcoaLly.   A numerous but lowrdiversity mouuscan fauna occur in an anomalously thick
mckory Creek interval (Section V).

The bulk of the Pfattsburg Formation consists of the regressive or tqxper Spring J7I.// £inlc4fone, which
nnges in thickness from about 3.I to 7.1 in (10+23 ft) and averages 4.I ± 12 in (13j ± 4 ft) in
apparently complete sections in the arcs.   It is predominantly dEeletal wackeseone. with lenses Of
grainstone and packstone.   Characteristic fossns include chundant crinoid 8tem8, produetid. composiqL
and dyriferid brachiopods: fenestrate and ramese bryozoans; high-apired gastlopods: a few comls:
chyuoid algae; and locally. orthocone mutiloids at the opp.

Observatfous at I-7Or435 ntepchange                             '

Thlchg it from the base up. the Bormer Springs Shale is fairly qpically developed as 8 unifom,
blue-glny shale with a few thin sandstone beds and the maroon maflBer bed near the top at section VII
(fig. 3-2).   Nowhere else in the exposures is the Bormer Spings typical.  Northeast 3cO to 850 in
(1.000-2,800 ft. sections Vm-X, raznps E-N and N-E) the Bormer Springs interval is repesemed by up
to 8.7 in (29 ft) of sandstone overlain by  I in (3.3 ft) of sandy shale beneath a typical Mendam
Limestone section (section IX).  The up|.er bed of the underlying Farley Linestone Mefnber is
abnormally thin (0.75 cm [0.3 inch]) and shows very abrLpt local relief with a bevel Of 60 cm (24
inches) in thickness.   A foyer of lime-mud pebbles and bivalve shells plastered onto the Farley
Limestone probably reflects reworfug of the uppermost Farley prior to deposition of the sandstone.
Small clasts of gray shale, less than  1 cm (0.4 inch) in diameter, ac abundant throughout the sandstone.
par(icularly in the base where beds of shale chips compose about half of the bulk   These shale clasts
apparently represent the missing typical development of Bormer Springs Shale, ergo the victim of local
erosion along with the top of the Farley Limestone.

The sandstone contains a few brachiopods (IIarris,  1985), pectins, and high-spired gastropods.   The
overlying shale contains these fossils as weu as fenestrate bryozcans and unidentified sheu fragments.
The sandstone is ex(eusively ripple cross-laminated with a few festoon sets up to 30 cm (12 inches)
thick. An excellent set of cumbing ripple-drift cross-lamination is developed near the base. Cunent
directions are persistently toward the east-southeast.   Herringbone crossbedding is evident near the base,
but no orientations could be measured.

This sandstone, which apparently eroded the entire Bormer Springs and beveled the top of the Farley
Linestone, is tnmcated by a distinct hemi{hannel form that removed an but I.9 in (6.3 f() of the
sandstone in section X (fig. 3-2).   The channel fom is fflled with 2.3 in (7.6 ft) of silty shale; silty,
pebbly sandstone; and shale; i( extends to the fessiliferous shale beneath the Meriam in Seetious IX and
VIII.   This channel-form sand/shale sequence is in turn beveled by yet another hemi¢hannel form
represented by abrupt westward thickening of the Merriam Limestone from 0.9 in (3 ft; possibly
truncated by modem erosion) in section K through 2.4 in (8 ft) in section VIII and 4.0 in (13 ft) in
section X.

The nature of the Merrian expansion is best seen in sections VH, IV, and V where it clearly tnincates a
normal Bormer Springs Shale interval from 7.2 in to I in (23.7-3.3 ft) or less and may bevel the top of
the Farley Limestone,   An argillaceous interval at the top Of the beveled Bonner Springs contains
numerous pebbles of argillaceous limestone tha( are bored by tiny bivalves and heavily encrustqd by
worms and other organisms.   These reworked pebbles, which may derive from the Farley himestone or
calcafcous beds within the Bonner Springs. formed a lag in the base of the channel, where they wac
encrusted and bored.

The thickening of the Median involves some expansion of the uppermost limestone bed and an
underlying, r?gionally persistent, intra-member shale; however. the most dramalc thickening is by
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introduction of numerous beds in the lower poftion of the Madam that are bevded, in a top-lap
rehtiouship against overl)ting beds.   These beds comain abundant trge (ap to 5 cm [2 inches] wide)
produetids. tentatively identiried as Jj"prodrcfro, Ecfu.nocho„us. and /wcsonfa, and an expansion of
the zone of abundam Chonelcs, common near the base of tlie Mcham.  These fossils are untmken and
many appear to be in life position.

The mckory Cneek Shale also thickens from 20 cm (8 inches) in section Vn to 63 cm @5 inches) in
section IV to 2.6 in (8.9 ft) in section V. its maxinum ]mown development in nodeast Kansas.  The
uthology changes al>ruptly to a dark-gray. sooty-appeqing, phtey tD flckey. calcareous whale.   A
lowrdiversity fauna of low-apired gastropods (7}cpospfra and. racly. bellaphontids). bivalves
(Palaeo„I./a and pectins). brachiopods, (Coaposi.la). and, racly, chnoid columnals cecus in the lomp
part.   Some of the bivalves and gastrapods are pyritized.

Finally. the Spring IIill linestone also thickens in section V to about 6 in (20 ft).   h Section ue. 700
in (2,310 ft) southeast., the Spring IIill is 3.9 in (12.9 ft) thick and in section n, about 1200 in (3.9cO
ft) cast, it measures 3.4 in (112 ft).   Bedding is disrtpted and somewhat thickened at the base of tl]e
wavy-bedded interval in the lower Spring mll where the Medam thickens in section Vm.

To summarize relations at the I-70n435 interchange, a typical secfon of Dormer Springs Shale wras
reduced to shale clasts in a thick sandstone. which also bevels the eap of the undedying Farley
Limestone.   The nalrow sandy body is in turn tn]ncated by a hemi{hannel fom filled with shale and
thin sandstone beds. This channel form is beveled by thickening of the Meriam Linestone into yet
another channel form which trends' northeast-southwes( through sections Vm. X. and IV. where the
MerTiam rests directly on a tnmcated surface of normal Bormer Springs Shale.  The dramatic thickening
of the Mchan is through .intreduetion of beds in the lower potion tha[ taplap agains( the uppermost
Merriam.  The mckory Creek Shale and Spring mll Linestone also thicken chove and .westward of the
thickest Merriam Limestone.   The expansion is approximtely five-fold in the Merriam Limestone.
13-fold in the Hickory Creek Shale. and nearly two-fold in the Spring Hnl Limestone.   Thus, although
truncation of underlying units and topfap bedding are seen only in the Merian Linestone. the entire
Plattsbung Linestone thickens.   In all. three channel forms are supelposed, including that containing the
very localized sandstone.   Channelization was repeated through a sequence Of depositional environments
that formed a typical hemi-cycle of sands(one. shale, and umestone. all bearing marine fossns.

Interpretation of
Bonner S|.rings Shale channds

The thick sandstone development. the shale-pchble clasts, and the chrxp( lateral terminations within the
Bonner Springs Shale at I-70A435 appear unique for outside shales (or any other unit) in this area.
Elsewhere the Bonner Springs contains only thin, channel-form sand lenses or thin sandstone beds that
appear continuous on outcrop scale.   These striking hteral changes were discussed by Heckel (1985)
and Haris (1985).   Heckel (1985, p. 34) proposed that.the thinning Of the Bonner Springs was . . ."the
slope of a subaqucous prodeltaic and delta front sequence that was stranded. . ." and that the sandstone
in section IX was delta-from( related sand.   He noted evidence for silbaedal exposure and possible soil
formation toward the end of Bonner Springs deposition based on the maroon shale marker and regarded
this as evidence of "...further eustatic withdrawal Of the sea."   Harris cited (1985, p. 35) a) the p[esence
of mud cracks ®rimarily in the fonner qunny at Stop 2). "sandy lags" (section Vm). and conglomerates
near the top of the Bonner Springs; b) the 5. slope of the Merriam-Dormer Springs contact (sections IV
and VII) in contrast to an average slape of half a degree on the mssissippi delta front; and c)
tnincation of the maroon zone (section IV) as evidence "that the upper s`rfuce of the Bormer Springs
Shale is the result of [subaerial] erosion...along an unconformity."

We agree with Harris that the upper surface of the Bonner Springs is erosional. liberally seulp(ed by
channels, both at and near the top, and with both Heckel and IIarris that subaerial exposure near the
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close of Bormer Springs deposition is indicated by the data cited above. Marine transgression began.
however. before the end of Bormer Springs deposition as indicated by marine fossils in the `ppemost
potion at a few localities.   This marine interval is tnincated along with the undctlying subaedal nodular
carbonate and maroon shale. Moreover. the fill of each Of the three supe[posed channels is marine.  Th}
sodstone contains a few brachiqpods at the base as well as pectins and high-srired gastrquds (sect EK,
fig. 3-2).   The overlying sand-shale sequence (sections X, K. and VHI) contains Myalina clams,
pectins, high-apired gastropods. and tryozoans. The Meriam contains an abundant marine fauna
domimed by euryhaline blachiopods.  The intm-Banner Spings charmel8 on 1435rtyolid8y Road also
contain a marine fauna. Subaerial erosion of each channel would require yaryo Style oscillations Of Sea
level.

Delta lobes are the traditional intqutation of sand bodies within outside chales and unustially thick
arty-shale intervals.  This intexpretalon fits the qrtyical Bonnet Springs, but the suite and siiccesrion of
rock types, the ripple-drift and climbing ripple sets, the ciment reversals. and the Small-scale festoons at
the I-70^435 interchange are typical only of tiderdominated. highdestn]c( deltas Ofiall, 1984). which
are unlikely in the low{nergy shallow seas of the midcondnem  The postiilated trope on the delta front
is clearly erosional as demonsmted by tnincation of bedding within the Dormer Springs, incliiding the
maroon shale. and the superposition of multiple channels.   Heckel's argument for a stmnded delta seems
unlikcty.  The origin of the Bonner Springs channels must be rehoed to the superimposed thickened
intervals of Meriam Limestone.

Interprefatious of thickened intervals of Merrinm Linestone        .

Several hypotheses are possible for the local expansion of Meriam Linestone, with or without
concomitant thinning of the Bonner Springs.  Positive rehef on the Meriam could result from mud
ban]rs or carbonate deltas such as those in the modem Florida Keys Gnos and Pedcins, 1979). A more
likely alternative would be some relationship to linear colite bodies in the Meriam of Franklin County
Gall ct al..  1963).   The scale, discontinuity, and general alignment of the colite bodies suggest tidal
conte bars Gall.  1967).   The trend of the expanded intervals in Johnson and Wyandoue Counties, is
comparable to that in Fhanklin County (north-northeast-south-southwest). However, the mud content of
Merriam packstones and wackestones in the thick intervals niles out analogy with high¢nergy conte
shoals apparently represented by the crossbedded ooute bodies in Han]din County.   In addition, the
tnmcation of the underlying Bormer Springs Shale and other evidence of channelization presented above
mflitates against any depositional configuration involving positive relief.  The hemi{hannel forms ale
interpreted as bonafide channels.   It remains to identify the processes that fomed them.

Processes responsible for channel formation

Channels could by incised into underlying units by fluvial. storm. or tidal erosion.  Fin of the channels
variously with sandstone. shale. and muddy linestone, each with exclusively marine or bmckish fossils,
linits the possibilities.   Tenestrial processes would require repeated erosion without deposition;
preservalon of nanow channels. and repeated marine transgressions to fill the channels, each of which
appears improbable even in isolation.   Channelization in violent strms such as hLirricanes is hown (cf.
Ban ct al.. 1967); however, i( involves broaching of local barriers and does no( produce elongate
channels such as indicated for the Merriam.   Also, deposits of violen( strms are chachc mixaires of
mud and coarser clasts. typieany in thin sheet-wash blankets (IIayes, 1967: Ball et al., 1967; Peddns and
Enes, 1968) deposited in the upper flow regine.   Storms would also fill any preexisting channels with
such chaotic deposits.

Each channel studied appears to tnincate less erodible deposits. either more cohesive or coarser grained
than those tha( fin the channel.  This suggests that cut and rm were either in different environments or
at different intensifies.   The presence of extensively bored and encrusted pebbles at the base of Meriam
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channels also suggests a finite period during which the channels were open before final filling.
Apparently the channels were cut by rather ememeral, strong cunents and filled under different and
vined sedimentary regines.   Tropical soorm deposihon is a possibflity in the low latitudes of the
Pennsylvanian in the nddconthent aleckel, 1983; Ziegler et al, 1979).   In channels filled by calbonae
or ngillaceous deposits, however. the muddy texuire of the sedinent: its resoluton into a number of
disthci wellrdefined beds: and the occunence of bmchiapods in growth positon au apes( to lack of
strong cunents during channel fin. Processes active over long periods are also indicated by the thick
sequence of low¢nelgy deposits.  It cannot be demoustraced, however, that processes of long dimtion
cut the charmels.

Tidal currents appear to be the only common submarine recess cquble of producing the channel fans
and marine sediments developed at the Dormer SpringsTplattsburg trandtion.  Ihingbone crossbedding
developed locally in the sand-filled channel siqprts a tidal regime.  The only diect evidence of
cunents during the deposition of the Meriam are the large-scale inclimtion and opplap in the lower beds
(figs. 1, 10, 13).   The initial limestone beds in the Meninm drape the channel `rall (figs. 1. 13, 17. 18):
they do not overlap as stated by Hrfus (1985).  Subsequent beds oeminate by taphp as the Meriam
thins toward the channel margins.   Taplap reflects building ip to a base level. p[estimably either local
wave base or sea level.   The rehtively thick, crossbedded cold grainstone lenses in Ftanklin County and
thin lenses of grain-sopponed coids and oncoids in virtually all local Mchan sections reflect at leas(
episodic agitation by stong cunents.  This suggests sea level as the control rather than wave base.

Is it reasonable to infer episodic high-tidal energy in the shallow .tideless Seas" (Show. 1964) of the
midcontinent? Repeated occunences of crossbedded conte near the oops of upper, .regressive linestones
thro`ighout the hdissoLirian 04core e( al.,  1951; Heckel,  1983) are affimative evidence.   Skeletal
rudstones in the Farley Limestone show Opposing cunent directions, indicating tidal activity, and local
channels at the base of the captain Creek Limestone contain crossbedded conglomerates. a testimony of
high energy Gnos et al., in ms.).

The uppermost shale and rimestone beds in the Meriam thicken somewhat, but do not display ooplab.
This suggests continued presence of a shallow channel and a rise in base level with the transgression, as
deduced by Heckel from the conodont assemblages (in Wamey et al.. 1985. p. 34).   The persistence of
channels would also explain tlrickening of the Hickory Creek shale and Spring IIill Linestone where the
Merriam is thickesl   Effective scouring of the channels almost certainly ceased early in Mendam
deposition. as indicated by muddy lithologies and upward changes in bed geometry.   Scouring was not. a
factor during maxinum transgression represented by the IIickory Creek. a core shale aleckel, 1985).
Either channels were cut deep enough so that they were not completely filled diring Mcham
deposition, or differential compaction of the thicker channel fin maintained some renef during
deposition of the other cyclothem members.   Toplap in the lower Merian indicaees that the channel
was filled to an effective wave base, but continued rise in sca level apparently removed this consthction.

Another possible mechanism for maintaining local relief is some kind of very local stosidence.
Unlikely as this may seem, it would also explain why throe channels come to be superposed through the
nomal cyclothemic progression of depositional regines.   It could also explain a long. straight channel
such as nigh( extend from I-70n435 to K-10 a( Cedar Creek. if some strucqiral elemen( such as an
incipient fault controued subsidence.   However. it would not adequately explain the persistent and
widespread occunence of channels in Wyandotte and rorthem Johnson counties.

A more likely explanation is lateral funneling of currents by preexisting renef developed by algal banks
in the underlying Wyandotte Formation (Crowley, 1969).  Crowley showed that the Bonner Springs
reflects some inherited relief and this inheritance may have profoundly influenced cunents and
deposition even in the Stanton cyclothem that overlies the Pladsburg Qnos et al., in ms.).
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The change in lithologic character of the Hickory Creek Shale with the inc[case in dic]mess at
I-70^435 interehange also suggests a depression on the sea floor. local bathymeric highs have been
called upon to explain the less of black color. cafoon cement, and fisstlity within core chales where they
projected through a pycnocme that produced anoric conditions elsewhere on the sea floor Qleckel.
1977).   The mckory Creek is nowhere develaped as a black. fissile. cafoonaccous shale. but the
7}cpcopfrjd-Pa/conel./a assemblnge in the dricke.ned IIiclrory Creek contains fonns closely rdaeed to
those that occur under dysaerobic conditious at the tap of the oxygen-minimum zone ®oardman ct al..
1984).   With no record of a regional pycnacline. the red`iction in oxygen levct probably refleets
stagnation in a local depression. the relic( channel.   This thickened IIiclrory Creek Shale will be pointed
out on the notheast comer of the intcachange.

"scussion

The concentration of charmeis within and at the Oap of the Banner Spring Shale suggests that the dimple
lmrin-Show model of seas transgressing over an essendally plamr sirface arwh. 1965: Shew, 1964) is
not invarichly appropriate to qnsgression in midcontinent cyclothems.  "snqrfuis in the namal
tmnsgressive sequence at the base of the superiacent Stanton cyclothem Qnos et al.. in ms.) Show that
such intem]ptious are not unique, at least in the local arcs of Jchnson and Wyandoee counties.  Other
local anomalies have been documented by the detailed stratigTaphy of Philip HedEel and his students (cf.
Heekel.  1986) and by ongoing work of Lynn Watney and John French. Kansas Geological Survey.
Even the classic layer-cake stratigraphy of the midcontinent denoushates many reaponses to local
conditions such as depositional relief and therefore is not all ``layereake."
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fig.    3-3    ( A)      -Bormer springs shale atstop4 showing sands[oneofBonnersprings (BS)resting onlocally eroded upper FaJli`:.
I,imes[one ( u I-) near sec`tion X.  SandLstone is cut by crosional surface beneath a hemi-channel form which extends up t() near the bai<`'
of the Merriam Limestone (ME).  Hemi-charmel is filled with   Photos are close-up of left portion of fig. 4-3(C and D).  Note hamm``:
left of center for scale (1  ft [0.32 m]).

fig.    3-3    ( 8 )     iouthsideofstop4,northeastclover-leafofintersee[ionofl-70/435, betweensec[iousx andK. Largechanne:-
form sandstone in Bonner Springs Shale passes diagonally (northeast-to-southwest) through this exposure.  Sandstone is cut by deep
erosional surfaces beneath hemi-charmel forms.  Merriam Limestone, ME, thickens to left into hemi-channel form sccn on oppos::3
Side of this clover-leaf.  UF, upper Farley Limestone, resides at the base of the Bonner Springs Shale.  It is locally eroded beneath Lr.i
sandstone, losing elevation quickly to the lower right of this photo.

f ig.    3-3    ( C )     Close-upofeastfaceofsandstoneinBormer springs shale atstop4 (section Ix), The sandstone includes a few festocr.
cross sets up to 30 cm thick and herringbone cross-bedding near the base.

fig.    3-3    (D)     -Typical Bormer springs shale (section ll) shown in fig. 4-2@).   Upper porlion corrmonly contains maroon intcr`i:

(beneath base of arrow) that is overlain by a calcareo`is paleosol horizon (point of alTow).  The maroon intc'rval is clearly trunca'--`j
near section VII, on the southwest side of I-70/435 intersection.





74

Stop 4  1435 south of Holiday Road exit

lrocation:   Center sec. 6, T.  12 S., R. 24 E.. Johnson Courty, Kansas
-`

Ileparture:  10:50

CoutibinL>as.. Paul Eras. Lym Watnql. md Bvan Franseen

hnducfon
Seep 4 is located on fig. 2-1.   The measured section Of tl]c in8ef`ml seen veg Obtained on the cas.
roadcu( near Stop 4 (fig. 2-2c end d).  Fig. 4-I p[ovides tbec pl]oos illumting the palocaol developed.
at the top of the Bonner Springs Shale. the foc`is of Seap 4.

The Bonner Springs Shale and Platde`ng ljmcsooDc ac qrtyically devtlqud doqg this mdcBI  The
Bonncr Springs Shale is 25.3 ft 0.7 D) thick  The Plulqg ljmessene coosisB Of the 21ft
(0.7 I-m}thick MefTian Linestone Menlbcr. the cO<m ¢iDcprthick IIictEu)I Check Sl]de MedH,
and the 14.6-ft (4.44-in)-thick Spring Hill ljmenone Mcmha.  A aedcs Of chanbel fins dear tl]e Cop
of tl]e Bormer Springs Shale a. and near this stop may be related b pnecsscs that led ro tl]e qrrical
Bormcr Springs observed at the previous stag.  IthrfuD difncnrfus Of aandstoac lersc3 |rfu the
channels are I to 2 in (3.3-10 ft) thick and about loo in OsO ft) h appaztn( width.

An objective of this stay is to examine a calcareous palco9ol dc`relaped at the oap Of the 8- Springs
Shale.  This interval v`ras eroded ai dic pfevious day try lcal chanting.  The peleosol. alfe±
apomdic. is wideapread above the marcon zone.  Its strfuc is the halDdary bchma the Pl€
sequence (above) and the Wyandctte sequcooe ®dow).

TI]e palcosol has been deschbed as a characqdic aTriDaceaus. nod]ilq, yeuow-weadrfug lincstone
within the top meter of the Bomcr Springs Shale.    This linestone uni| whish ovedies dic Da-
Shale. was deschbed in part as Tharne" by Neveu (1935. p. 68).  b is Dodrlar and locally
conglomeratic in a|peannce, with frogmems Of calcalcoos Dudstone or qgimccous limestalE  Vtrical
prismatic froct`nes are scattered near the oap of this liny imerval.  The cdeareous zoiic grrfe down
into nodular calcareous mudstone that locally ccDtains lngc woody hgll]eots, includil]g CdyndleJ, rcot
cas(s. and U-Gibes with poorly devdaped qriten.
A( several localities, the yellow-wcthering cdbonatc unit extends dov`rn \ndcal froqres, inqqued as
syndepositional dcsiocation cracks alafris. 1985).    Tl]c geocnl V-thaped dormvrard extcDrfu Of tl]e
filled cracks and their inegular 8`rfuoe noes indicate laTgc polygons lt3cmbling desiccatiaD cracks,
ratlier than a join( sel   The best evidence that they ac penecontcDporanecxis with dapritiaD is al
another location. where a V-shaped fucane fin of dbelcol rmckesme 10 cn (4 inches) deep is Dcsted
in a V-shaped zone of yeuow-wcathchng calbonaee that exmds drrmwh mare than a mcoEr.  The
ckclctal `hrackestone was evidently deposited during maine flcodiqg asrdated with McrfuD Lincaone
deposition.

The nodular and brecciated appearance of the yellow-tirealhechg cchome i8 prchably due ro didylacive
crystal growth, enhanced compaction Of the shale aroill)d semi-lilhified crfuate. aJ)d growth Of plant
roots.  Thin sections of the caltonate zone indicaee ricrocrysqilline calche with 8cated tryas of
dense brown micritic calcite that are surrounded by circufpglanular cradking.   This texape is conmon iD
caliche.  Rhizoliths (downward brmching, ctry-fined dbiilcs) ac also scaticred through the tDir
Pris"tic froctues are probably ped surfaces. common in sods (fig. 4-I). rypcs of peds ac nlnsmted
in fig. 4-2.
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Caliche, thizoliths, vertical prismatic pod surfaces. oridation. and a gleyed (ieduced, chy-rich) son
horizon define a weurdeveloped paleosol.   The ccmplerity of the paleosol reflects changes in moisture
level that probably resulted fro changes in climate dtiring falling sea levct.

A typical section of Menhm Linestone. mckapr Cleek Shale, and Spring lfill himeseone ovunes the
Bonner Springs Shale at Sean 4.   This interval contmsts with the secfon examined at Stop 3.   In some
places the Bormer Springs Shale does no( contain this paleosol due to local erorion.   Ttie drick
p[esefvation here may be related to a tqugpquc low farmed as the undedyiqg sandstone channel
subsided.  Further descrip(ion and intepetation of the paleosol is planned in sotsequent sb]dies.
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f ig.   4-1   (A)

fig.   4-1   (8)

f ig.    4-1    (C)
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Stop 5  East 15th Street, Lawrence: Type Section of Haskell Linestone

Location:   (ctr N nne NE  1/4 see 5, T13S. R20E)

Peprrne: 11:40

0oundbukas.  Philip Heckel and I;rym Watne)/

IDtroduction and General Dlscuss!on

Currentry the Missourian-Vi]gilian boundary is recognized at the try Of the South Bend linestone in
Kansas, Nebrast[a. and Iowa. and at the base Of the Tonganorie Sandstone in hGssouri. some distance
above the South Bend himestone.   In Oldahoma the boundary is Paced et the oap Of the Ttllant
Fenbnation. some distance below the Bowling Limesoone at an indctrminate horizon (but one that may
be close to the position recognized in Missouri).  I( has now been recqpized that the ear Of tl]e South
Bend Linestone is younger in Nebraska where it is a regressive limesoone, than in Kansas where the Oap
is placed on a transgressive limestone.  Ttiis is exemplified in this soop where the Hasten only contains
the transgressive limestone.

Conodont and anmonoid infomation reveal that the oily faunal change in the interval between the
Eudora Shale (Stanton Linestone) and the Heebner Shale (Chad Limestone) that can be recognized
throughout the NId-Continent. Texas, and minois is the thin dck whale chove the lhstrell Limestone,
which is named the hittle PBwnee Shale`   The tittle Pawnee Shale is a member Of the Cass Linestone
in Nebmska.   This shale contains the first appearance Of the distinctive idiqgnathodid oonodont
Streotomathodus zg±b!±s in Nebraska, Kansas, and Oklahoma. and Of distinctive ammonoids in Kahsas
and in equivalent strata in Texas.   Therefore. Boardinan et al. (1989) prqposed that the. base Of the
Vingnian Stage be placed at the base of the IIastell Linestone.

The stratigraphic change from the carbonate-dominated I+ansing Group into what is presently called the
Douglas GroLip is substantial.   However, the outside shales in the I+ansing Gro`p and ipper Kansas City
Group suggest a trend toward increasing competence of a siliciclastic system that began to affect this
area Of the shelf late during deposition of the Kansas City Group.   Outside whales in the lower Kansas
City Group are essentially paleosols characterized by gray shale hchzons with possibly a thin coal smut
and thizoliths overlying calcrete and autoclastic breccias Of the undedying calbonate unit,` c€„ top Of
Bethany falls and Sniabar I.imestones exposed in the Kansas City area.   This trend towed an increasing
siliciclas(ic componen( may reflect a climate change from drier to fluctuating wet and dry conditions
encouraring increased erosion from nearby positive areas (Cecu, 1990).

Stratigraphy at Sto|] 5

The Haskell Linestone here at the type locality is four feet thick with a sandy limestone at the base
ovedain by an oolite and grading upward into d[eletal calcilutite. forming a deepening-upwnd sequence
characteristic of a transgressive )inestone.   The IIasteell himcstone was named by Moose (193® from
exposures near the IIaskell Indian lnstime in Lawrence, and the type locality was designated by Moore
(193®.   The proposed stratigraphic revision Of Heckel Paces the IIastrell himestone al}ove the Vinland
Shale Member of the Stranger ForTnation and beneath the Lithe Pawnee Shale Member Of the Cass (fig.
5.I).

Fig. 5.2 is a diagrammatic section Of the siliciclastic dominated interval that surrounds the Haskell
Limestone 04oore.  1949).   Although the nomenclature is in the process Of being modified, the
iuustration gives a good inpression of the complex geometries Of the strata in this siliciclastic
dominated interval.   Paralic sedimentation dominates including many cocunences Of thin coals.   The
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Ireland and Tonganoxie sandstones are actually aggregates of many lenticular sandstone bodies, some
downcutting into underlying strata.   The Ireland refers to those sandstones occindng clove the Ebskell
and the Tonganorie is named for sandstones that are found below the ELskeu.  The 8andsones reffrod
to as the Tonganorie occasionally cu( down into the lansing Group.  A southwestwh-trending valley
fined by Tonganorie sandstone ave[nges about 20 miles wide can be utced through northeaseem Kansas
a.ins, 1950).  The sandstones in the Tonganorie can be up to 75 feet thick.
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FIGURE 5-2-Diagramma(ic cross section of uppermost Missouri&n and lowcmost Virgilian (Moorc,  1949).
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Stop 6   Clinton Lake Spillway: upper Lawrence Shale and Oread
Limestone

nepartLre:  12:20

CoundbinLns:.  Bryan Stephers and kym Watne)I

IDtroduction

The gcnde castwnd-slaping xpland surface in die vicinity Of bwlence is inermped ty several pamllel
nwhoreastedytrendinghillsorcuestasresultingfromdiifermtialcosionofalightlywestwardrdipring
(approx. 25 ft`fui.) Pennaylvanian limestones and chafes.   Although local anticlines, trydelines. and mall
faults may disrupt this shallow `hrestedy dip. it provides fir broad exposures Of stota doug valleys
carved by rivers flowing east down rerional slope.   Mount Chead, tl]e hill on vwhich the University Of
Kansas rests, is capped by the Chead himestone.   The Same smta are expesod here on the north face Of
the apillway near Clinton lrake dam on the Walan]sa River, 35 mi (5j lm) `vest Of 14`irrenoe (fig. 6-
I).  The interval from the Plat(smouth Limestone down to the Amazonia Limesoone Member Of the
I+awrence Shale is well exposed on the apill`hray `rall (fig. 6-2).   The fneas`ned section at this locality is
provided in Fig. 6-3.

The Chead himestone. originally described by IIarrorth (1894), consists. from base to tap. Of the
Toronto Limestone, Snyderville Shale, the thin I.cavcn`rorth Lilnestone. the black hoebncr Shale, the
thick ddplattsmouth Linestone, IIeeumader Shale. and Kereford Linestone.   The Chead Limestone
according to Moore (1936) is part Of a meracvelothem. a siiocession Of distinctive Shale-limestone .
co`plets repeated in several successive fomations.   Moore identified five linestone members in the
idealized megacyclothem.   The lover limestone is the Tomofo. folloved by the middle linestone
a+eavenworth), the uooer limestone anattsmouth). s`IDer limestone acceford). and finally the £Gb
linestone (Clay Creek) at the top Of the cycle (fig 64).  The jE§i§g or ggEi shale is the Hechner Shale.
Moore suggested that a marine transgression peaked during accumulation Of the Plattsmouth Lincsone
based on abundance of fusulinids.   The !g±!!g g!±pgL and §ffi linestones are no( always present in a
Single megacyclothem. bu( are compositely expressed in the four late Missourian and early Virgivian
megacyclothem successions.

Heckel(1977)deschbesasimplercyclothemconsistingOffourcomponents:themiddlelinines+es(oone.ggp
g[e!g unDer limestone. and outside shale.   Maxinum regression is associated with the outside shale (i.e..
Kanwaka) and maximum transgression is recorded by the core shale (i.e.. Hechner).   The Tormto
Linestone of the Chead Limestone (the lower limestone in Moore's fnegacyclothem classification) may
represent an intermediate marine inundation separate from the mnsgression accounting for the Cheed
cyclcthem (Itoell, 1969).   The upper surface Of the Ttroneo has occasional solution fiss`nes and riping
filled with shale.   Fragments of Toronto Linestone are also found inhequently at the base of the
ovedying Snyderville Shale.  Together this suggests that the top Of the Tconeo was a( leas( s`lbjected to
weathering and perhaps was subaerially exposed.   The pattcm Of intermediate and major mndne cycles
is not unexpected. if these marine inundations are driven by glacial eustacy.

The presence and the extent of silbaerial exposure due to relative sea level fall is also a key iss`)e
rchting to the mechanism reaponsible for sedinentation.  We saw evidence Of channel downcutting in
the Bonner Springs Shale al slap 3.   Channels are common throu8ho`it the Pennsylvanian section in the
mid-continent   Mndge (1956) describes 27 occunences Of channels from the outcrops Of I+ewer
Pemian and upper Vingilian strata tha( cut down as deep as Ilo feet uno upper Vdylian strata.  These
can be considered lowstand incised valleys and when combined with the marine inundation together
reflect considerable fluctuations in relative sea level.
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The measined section (fig. 6-3) begins with a shale and claystone found below the Amazonia Limestone
meinber of the lrawrence Formation.   Seveul horizons appear to have undngone swhachal wcathcring
including the upper portion of the claystone beneath the Amazonia which is rod in color.  The
Amazonia Limestone although a marine limestone. contains an autoclastic heocia and other cvidencc of
probable subaerial weathering.   The underelay below the Williansb`irg Coal chove the Amazonia and
additional evidence of oridation in the shale above the coal.

The Williamsburg coal is one of sevcml coals developed in the xpper potion Of the 14wrenoe
Frfualion (fig. 5-2. from stop 5).  This upper Williamsbing coal is the mare lamlly conthuous.  The
Amazonia Limestone is lenticular in the area
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Stop 7  Lonestar Lake Spiuway, Upper Lawrence Shale

Location:   (Centet/south the See.11, T.14S.. R.18E.)

nepar(ue:  1:30

Comhib`nors..   AIlen Archer and Ronald West

ntrodpctfon

Within glny chales of the lawrence Fomation of Kansas. wed devctqped tidal h)thites occu locally
abChre the Upper WiuiaJnsbug Coal.  Stratigr?phy and geneml depo8itional envinontB of this
fonnation have been detailed by Rutan (1980) and Gabich ct al (1991).  The coal the( undedies these
tidalites includes some of the lowest sulfur coals in Kansas and is unusual because most Kansas coals
have extremely high sulfiir values (see Brady et al., 1976).   In addifon, these gmy chales within the
14wrence Farmalon contain well-preserved plant fossils within sideritic concretions and thus chac a
gccehemicalAaleoecological sinilarity with other glny shales that occur above tow-8ulfu coals (see
Band ct al..  1986).   More detailed field-based amlyses are needed in order to further delineate the
sifnihities and differences among these valous gray-shale lithofacies; however. the nunbcr of appalent
similarities is quite stiking.

Direct comparisons can be mere between laminae thichess periodicities observed with shale of the
la`hrrence and synthedc rhythmites generated based upon tidal data recorded at Do Son. Viemam (n8. 7-
1. photo).   Both the shales and the synthetic tidalites exhibit similar periodicities in laminae thidmesses
and where the laminae are very thin. it becomes difficul( to delineate individual tidal events.  Thus
based t]pon the sinilarities of the periodicities, one can make a rcasomble environmental interpretation
of tidal deposition within shales of the I+awrence Formation.

The association of gray shale roof and low sulfur coal has been long mown from studies performed
within the Illinois Basin (Glustoter and Hopkins.  1970); however, the association of tidal rhyfroites
within gray shale and cocunences of low-sulfur coal has only been recendy documented acvale and
Areher. 1989. 1990; Archer and Kvale, in press).   This association is common within Dermdinesian
coals in the Illinois Basin and based upon prelimimry observations may be common in the Oklahoma-
Kansas Desmoinesian coals.   Virgilian occunence of this facies and lower sulfu coals in the I+awrence
is relatively unique and suggests a brief realm to Desmoinesian-type climatordepositional settings.  This
implies tha( coal/clinate cormeetion cannot be tied simply to paleolatifudinal setting but that other
factors also affect the system.

Generally, deposition of the gray-shale facies can invoke either a muddy. tidally influenced delta or
tidally influenced estuarine system (fig. 7-2).  These depositional models rely on low-htiqide trapical
analngs; the systems are mud dominated because of the high degree of chemical weathering that cocurs
in such systems and the general lack of strm and wave enerties tha( cocur at such laindes (C. 8.
Cecil. pers. comm.. 1990).   In this model. coastal peat Swamps can be rapidly mnsglessed by muddy
tidal facies: enhanced preservation of the underlying peat and protective mantling of the muds prevent
mince sulfates to inclease the sulfur content of the coals that ullimalcty develop in s`ich setings
(Areher and Kvale, in press).

Stratigraph ic Section

Fig. 7-3 is the stratigraphic section of the Upper I.avuence Shale exposed in the spillway.   The iqper
Wflhalnsburg Coal is unit 14.   Both overlying and underlying siltstones and sandstones contain flaser
bedding and laminations diagnostic of tidal cunen( activity.
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tocailty  Description:    C®nt®r  of  South  line  of
See.11,   T.I.S.,   R.1.€.,   Oouglag   Co.,   Kansas;
Globe    7.5'     Topographic    Quadrangle,     r.vlged
198J  .

Location:   Lonestar  lake  Spillway

Measured   By:    a.    SIIIith,    a.    Tllley,    I(.    ROBs,    .
K.    Krogst.d:    Fall'90.

F] e in a i k s :

-.-.                  I    -,

-'---fl-

=-±)
--,L-_T=-`J

led NO
1

DesciiD`.on

Sl.bby        calcar.nlte        (pack.tone        to
vacke.tone),    Iod.rate   yellovi.h   brovn,
fosslllferous;     crlnold,      bivalve,     and
brachiopod   fragments,    fusullnlds,    lover
contact  .harp.   B.Bat  Toronto  limestone.

Thinly  laminated  silt.tone,   22ecm  thick,
gray-green ,         lover        122cn        contains
interbedded    I lager    plcaceous    eaTidstone
lenses .

Finely    laminated    Bllty    mudstone,     249cm
thick,   gray.

Thin  blocky  coal,   Jem  thick.

Blocky     mudstone,      218cm     thick,      purple
brown   gra}'.

FIGURE 7-3-Stratigraphic sc€tion of the  Upper Lewrcnce Shale at th: Loncstjir IAke Spiuway.
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Locality  Description:    Center  of  South  line  of
Sec.11,   T.Its.,   R.18E.,   Douglas   Co.,   Kansas;
Globe    7.5'     Topographic    Quadrangle,     revised
1983 .

Location:   I.onestar  lake  Spillway

#:a;::::t:g;:   FB:£LS,ng[ot.h.   8.   Tilley,   K.   Boss,   &

Ftemarks:          :  c+?

Bed  No.

5

De scr i ot ion

Blocky     mudstone,      210cin     thick,      purple
brown  gray.

rlaser    bedded    Sandstone,     20cn    thick,
^sterlacltes.
Bioturbated   gray   nudstone,    120cm   thick,
horizontal         1aminatlons         contain
lnterbedded  siderite  deposits.

Cross-bedded    calcarenite,     15cln    thick,
nodular,   Thyalinlds   abundant..

I.aminated     to     blocky     mudstone,      200cm
thick,   gray,   Phestia  colrmon.

7



tocallty  Degcrlption:    Cerit®r  of  South  line  of
§ec.11,   T.14S.,    R.18E.,    Douglas   Co.,    KarisaB;
Globe    7.5'     Topographic    Quadrarigle,     revised
1983 .

I.ocatlon:   I®nestar  lake  Splllvay

#:a;::;:t:g;   F;Lf,b91Otr.   a.   Tiiiey,   K.   ROss,   i

flemarks:         i.f  ?

_a,A
10

11

12

13

Descriotion

Sandy      .1lt.tone,      75cm      thick,      thin
horizontal  lanlnatlone vlth  no  fo6sLls  to
highly     bloturbated     vlth     Planollteg,
I-ockeia    ^ullchnltes    and    lgof)odlchnu§?,
medium  light  gray.

Pla6er    bedded     sandstone,     20cn    Chick,
I.oc)ceia,   §calarituba,   Scolichia?  preserit
and  Planolites  abundant.

Slltgtone,      80cb     thick,      light     gray,
horizontal       to       flager       lablnatlons ,
sandstone   lenses   (2-3cb  thick) ,   currerit
direction,     neaBured    30cn    above    coal,
varies     frotp     N60W     to     N80W,     proninant
giderlte    bearing    layer     (5-loch    above
coal) ,       nuculold       bivalves,       Myalina,
Avlculot)ec:ten  connon.     Probable  Anazonla
llne§tone  equivalent.

Shaly   coal,    15cm  thick,   very  dark  gray,
horizontally         lanlnated,         friable,
disarticulated      Annularia ,       Calamites ,
Cordaites',        NeuroDteri§ ,        SDenot)teris ,
abundant,      articulated     AsteroDhvllites
conznon,  disarticulated  Pecopteris  cotrmon,
Mvalina,     ^viculoDecten     common,      fusain
present,     spirorbids    common,     upper    and
lover  contacts  gradational.

14        Blocky      coal,        18cn      thick,       abundant
disartlculated   plant    fragrDerits,    pyrite
dendrites     along     blocky     edges,     upper
contact gradational,lover  contact  sharp.

15 Sandy  slltstone,   1.5m  thick,   light  gray,
i inely    laminated    horizontal    to    I laser
lamlnatlons,    sandstone    lenses    present,
highly  bioturbated,   rhizoliths  present.
Sandy     .1lt8tone,light     brovnlsh     gray,
i inely  laminated  I laser bed forms  dominant
over    horizontal    laminations,     contains
more   clay   than  overlying  unit   and  grain
size       decreases       upward,       Planolites,
Lockeia ,       arid       possible      tool      tnarks ,
contacts  gradational,   base  corivered.
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Stop 8   Kansas Turnpike, 3 miles est of West Lawrence Exit:
Virgilian Oread Limestone

Loution:   (NW Sec.  21. T.12 S., R.  19 E.)

departure: 2:25

Coutlburods;.   Philip Heckel (1979) and ir|f;orrration from Moorc and Mcrriam (1959) arid Moore (1949)

Itltroduction

This and the nex( to stops show three of R.C.  Mcore.s megacyclothems. the( Of the Oread, Lecompton,
and Deer Creek Limes(ones.   The stops are au on the Kansas Turnpike (fig. 8-I).

Stop 8 is an exposure of the Oread Limestone that has been a mainstay since it was descnl}ed by R.C.
Mcore.   The outcrop has gro\rm over since the tumrike was opened (compare to R.C. Mcore's dcetch in
fig. 8-2).   The measured section (fig. 8-3) is from Heckel (1979).

The outcrop includes the Toronto Limestone Oower linestone of the megacyclothein). the I+cavenworth
Limestone (middle nmesrone), and the Plattsmouth Limestone (upper linestone).   A( the highest position
the Kereford Limestone (saper umestone) is exposed.

Llthologic Character and Classlricatioti.   The Sha`mee group contains the following formations,
named in upward order:   Oread limestone. Kanwaka shale, IIecompton limestone, Tccumsch shale, Deer
Creek nmestone, Calhoun shale, and Topeka linestone.

According ro Mcore  (1949),

The  Shawnee  group is especially distinguished by prominence Of llnestones.   ]n this respect, the
Shawnee part Of the Virgilian Series is comparable with the Kansas Ctry and IAnsirig groups Of the
Missourian Series.   The mid-portion Of Virgilian tine was characterized in the Karisas region by
maximiun acciunulation Of clear-water calcareous sediments which seem to be mainly or8aric in origin.
Clastic deposits are rot lacking, for in total thiclaress they ereeed lhe aggregate Of all linestone beds.
but they  are mush less prominent  than the lirneslones.

Four formatiorrs assigned to the Shavnee group are largely. if rrol predowinantly. made up Of limestone.
The  three intervening formations consist mainly Of shale and sandstone.   These alternating calcarcous
and elastic deposits reflect major cyclic osctllatio"i .Of sedinentchon. wliich furnish evideru:e Of
important back alnd forth shifting Of the strand lines Of Virgiliari seas.   Sedirnentahon associated with
retreat Of the  shallow seas consists Of coal beds and rormarine sandstone and shale. some Of which
contain well-preserved land plants.   Marine  sedimenlation is represented by  the lirneslonwcs and by
several  types Of shaly  deposits:  most Of these  strata contain marine irrverlebrates Of various sorts.   The
arran8emenl Of terrestrial and marir\e deposits indicates both a sinple progression in cyclic
sedimentation. in which as many as a dozen distinel erwironrnents are represented. arld a repetition Of
sets Of cycles irl constant order.   The cornpound eyclic arrari8emenl Of Sharvnee deposits is expressed in
units named Tne8acyclothems (Moore ,1936. p. 29).   Each Shavlinee me8acyclolhem includes four or five
simple cyclothems  having individuall peculiarities.   The presence Of c}clothems  (lowermL7st limestone
unit]  characterized by  prominent  brown-weathering massive linestone , which conlairLs abundant
fusulinids in many  places. distinguishes the Sha`^inee megacyclothems from those  recognized in
Missourian and Desmoinesian deposits Of KarLsas and Missouri  [which do rot  have this  lower lirneslone.
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Fig. 84 shows diagrammatic sections of the Upper Pennsylvanian in Kansas 04ocre and Meriam.
1959).   The succession are shown as representative Of megDeyclothems.   Fig. 8-5 shows Moore's
interpretation of the water depth through the course Of one megacyclothcm.

Str.tigmph y       -

As described by Heckel (1979)

Lnhlrence Shale here represents a delta-plain deposit wtlh short-li\red coal swonip developed followed dy
mar8ird marine detrital influx (Hakes.1977) boyore delta abardonnleut ap lhe top.            .  Ttr:  -.s.

Toronto Lineslone is the "lower" tim:stone Of the Orcad "me8ap|clolhem."   Detailed soL¢| ly Trceu
(1965 ,1969) suggests that il represenls a sirl8le lraesgressive-regressive foueti.allior\ Of sea level.  In this
exposure , Irarisgresston is recorded by passage \Ipi.Iard from tlie tltin banal shell coriceritratiorl inLo
skeletal calcitutiie deposited between df;cctive warve base and base Of the phode cone.  The lhirl
fossiliferous shale rlear the middle is widesprced crongh to IIq`Ic been used as the major stratgraph}c
donlrn by Troell (1965). who interpreted it as a prod\ict Of very sto\^I qBshore cla]I depositon in `hevll Of
its fiauna Of filter feeders (bryozoar.s. corals, crhoids). which would rot have de`Ieloped irl a rapid
turbid nearshore detrital pulse.  It is possible that scarcity Of cqbonale mld ct IIlis horizon rrflects lack
Of algae near the base Of the photic zorue, arld iri vic`Ar Of the relative abilndarlce Of conodonls (about
I oolkg. mostly idio8ruithodids). this shale rcprcsents lhe coTc sliale deposited a4 mainllrn trarlsgressioTI
Of the Toronto cyclothem.  Regression is recorded dy passage from Ike overtying slelerty caLcilutle into
the Lapping argillaceous calcilutite with low-diversity fauna Of cuTyhaline 8roaps. which rna)I represenL
a restricted lagoonal enNironnrent.

Srnderville Shale records spread Of detritus in an alluvial enwironrnleat followed by initial inundalon Of
the succeeding transgression.

IAaveriworth Limestone is the "middle" linestone Of lhe Oread rnL!gac)|clolhem and the nransgrcssive
limestone Of the Oread cyclothem.   Detailed study dy Toorrlcy (1969) doclrmenls the lcueral persistence
Of its nearly urlif;arm nature 500 Iam from Iowa lo OHahoma.   It records a blanket Of al8al rmld
prodrchon during transgression between df;ective wave base and the base Of the photic cone.

Heebner Shale is lhe  core shale Of lhe Oread cyclothem.   Detailed sold)/ by Ewans (1967) was arru9rl8
lhe first to strongly propose interpretotton Of this type Of black shale as the deepest-water phase Of the
rnegacyclothem.   ]t records depths great erou8h to establish quasi-estiiarbe circulation and upwelling,
f;allowed dy enough shallowing to cause the qi.asi-estuarine cell lo break up arld allow some bottom
reoxygenalon below lhe effective base Of algal mud production.

Plattsmouth Limestone is lhe "upper"  tirriestone Of the Oreed negacyclothem and early regressive
lineslone Of the Oread cyclothem.   It records erou8h shallowing to lhorou8hly rcony8enaLe the sea
bottom and reestablish algal nund production. Calcilutile with di`rerse btota throughout indicates
deposition entirely below wave base.

Heumader Shale records a rapid deirilal pulse in view Of its sparse faun.

Kereford Limestone is the ''super" limestone Of the Oreed Tnegacyclothem and probably the late
regressive lirneslone Of lhe Oread cyclothem separated from the early regressive limestone by a
fortullous detrital wedge.   Here. its base records resiunplion Of al8al mud production below wave base.
but laterally, ooliles and molluscan btotas record shoalin8 above wave base arid perhaps le8oon
R rnranon.
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HGURE 8-l-Map .bowing loc.tiom of .topi 8, 9, and 10.
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FIGURE 8-2-Sketch of cxposurc &t Stop 8 by R.  C.  Moorc (Moorc and Mcrriam.  1959)
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FIGURE 8+Dingnmmatic .tn(igraphic ieetions of the Upper Pmnsylv.ninn in Kins.s (Moorc and McrTiam,1959).
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Stop 9  Kansas Turnpike, 6 miles west of West Lawrence Exit:
Lecompton Linestone and Kanwaka Shale

liocation:   OIW NW See. 24. T.  12 S., R.  18 E.)

Deprrtue: 2:45

ConlndbmL]iss;.   Philip Heckel from Heckel. 1979) and material from Moore and Mcrriam (1959}

ntroduction

The I+ecompton I.imestone is another example of Moors.s Shawfiee megacyclothems.  This stop chows
the middle of the lrecompton Limestone, the next higher "Shawnee megacyclothem." diflthng from the
others in extreme shadiness of the regressive linestone. which affords exceuent fcesn colleethg.  His
cketches of this (umpike exposure are again indicative of the froth exposures Of that time (fig. 9-I).
The measued section is shown in fig. 9-2 is from Heckel 1979).

Stratigraphy

fro Hedel (1979)

St7rin£ Branch I.inestone, the "lower" linestone, rna)I record only reduced detritaL influx in a nea;shore
marine er[vironmenl during general regression.

DortiL7han Shale records more overwhelndng detrital irrfuus into a marginal marine erwlronment.
fb[lowed by initiation Of the succeeding major transgression.

Bi£ Sr7rines Limestone, the "middle" limestone Of the ljecompton rnegacyclothem and transgressive
limestone Of the I.ecompton cyclothem, records algal mud production and fusulirlid proliferation between
wave base and base Of the photic zone.

Queen Hill Stutle is the core shale Of the Lecompton cyclothem. which records quasicestuarine
circulation at marimunL transgression.

Bell Linestone is the "apper"  limestone Of the Lecompton megacyclothem and regressive linestone Of
•he Lecompton cyclothem.   It records al8al mud production and irtvertebrate proliiferation or\ a sea fooor
that was subject to more detrital iriflus from distant deltas tlian were most other regressive lineslones.
Fine calcarenjte in the topmost bed records regression above Oflectivc wave base.

King Hill Shale records more overwheltning derfual tryhafrom a closer delto as shoreltne approached.
Enwirorlment Of the yeuow carboncte is Trot clear.

"Saper" linestone Of the Lecomplon negacyclothem (Ayoca) is rot exposed here.
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Stop 10  Kansas Turnpike, 8 miles west of West Lawrence Exit:
Deer Creek Limestone and Teeumseh Shale

lrocation:   OTE NW See. 22. T.  12 S.. R.  18 E.)

neparture: 3:20

Coniderfubeon.   Phtlip Heckel Utom Heckel, 1979) ar\d material from Moore and Merriom (1959) arid
Moore (1949)

htroduction

The Deer Creek Limeseone is the third and final example Of the megacyclothems Of the Vlrgilian
Sha`rmee Group.   The succession is recognizable from lo`m to OHahoma aleckel. 1979).  R.C. Moore's
stretch Of the outcrop is shown in Fiig.  10-1.   The meastired section is in fig.  10-2 (from Heckel, 1979)
and a dingran comparing Moue's megacyclothem develapmen( in the Deer Creek and Tdycka
Limestones is shown in fig.  10-3.

Stratigxphy

fro Ekei (ig79)

Tec\anseh Shale records detrital influe into a shal]omi near.shore erivironrnenL. in which trans8resston
initiating Deer Creek deposition can be detected by vertical sequence Of trace fossils toward the top
(Hdes. i976).

Ozawkie I.inestone is the "lower"  tinestone Of the Deer Creek megac]/clolhem.   Entirely oolitic here. it
records an agitated carbonale shoal, which requires ro si8givifecant change in sea level.   Like the Spririg
Branch ("lower" linestone Of the Lecompton) it is absem in Nebraska (Moore, 1949), thus sl]pporting
possible origin Of both from delta shifting near the end Of regression. rather thari from widespread sea
level change as suggested for the Toronto ("lower" limestone Of lhe Oread). which is as well de`Ieloped
in Nebraska as in Kansas.

Oshaloosa Shale records the last detrital pulse bofore major trar\sgressiorl.

Rock Blidr Linestone is the "middle" linestone Of lhe Deer Creek megacyclothem and transgressive
linestone Of the Deer Creek cyclothem. recording algal mud prodrction between df;ective wave base
and base Of the photic zone.

Ilarsh-Burrock Shale is the core shale Of the Deer Creek cyclothem. recording quasi-snlorirle
circulatiorl at marimurn transgression.   It fias been considered equivalent to two lhin sliales and an
inlervering limestone irl Nebraska.

Ervine Creek Limestone is lhe "apper" linestone Of lhe Deer Creek rne8aayctothem and regressive
linestone Of the Deer Creek eyclothem. recordirig reestablishnent Of algal mud produehon.  Although
rot exposed here. Ihe top is ooutic irl places (Moore,1949). recording sliallowing above wave base.



105

.+Y1

=±5i+=+=----JL-i ---::-::=:-==.i-:iv::.,i•`iLTi,¥i§-`~\\\=S;5=5as:-
.i=---`    -~`5.i::.`\'-i-

-     \    ,-2, .     -.     I--      +

se`\sseRI\                        `.     ``\      ``.EN            a

-i.:i=

FIGURE  10-lrsketch of cxposurc &t Stop  10 by R.C. Moors (Moorc and Mcrriam,  1959)

4ife_=ife
_

a

`E=9c=%:_,:=±an=an%

`` .i_¥:±-±_±===,;jfzJ2i
3==

r_fty-.,`..-+?-.-FirI-.-

-__-
|uff LS.'L±

E,_I
r.,rJff.-`.

i_£ii:ii„y,/"
5P-

pr        JP.
E=



106

LJZ

ErvineCreekLs,-Men,

Skeletal   Colcilutile

-11

-IIIIE
w.  wavy  Sholc  parlings,.C,+\'^I.LJ -I diverse  biotci

=I±LJJ|LJCr®CELJIJLLJa

Lo,sh-BurToak

:I         Graysho,ew.tpo'Sefos„

Ea,J=i;

Sh.  M.I BIock  Shale  w.  P04  Iominae a-:I
RockBluffLs,M,

j          Skeletol  colcilutite  w.  diverse bioto

Gray  Shale w.  brochs,  clamGrc]yMudstone,colcoreouslwd.  base
Oika-loosoSh.M.

Ozowki®Ls®M,
®®0'000®1     \
rooo|o®®o 0o1 itic  !keletol  colcorenite  w.  fossils,Cap.Snoi'S

0®®   00®®    00

a  ®00® 0®®0

TECUlsH MSEHALE
-LIT

Li==E-.              Colc.  Shalysondstone_---Grayshalew.clams(+2 in.  more below)

FIGURE 10-2-Measured section a( Stop 10.



107

E~'^,C,,,L'I      \

RCEL   eiuff   I..

O,|o'- ,h
-_--'8

Ccol C.eel  I.

rty, th
fu e®| ',IT-, C,"I ,h

a   Sh.ldon I.
T|
*   ,cpe, Po'r,  ,h
5'
i-cu-,,-on-,I-

.,.,  S,  .<  .,,S
€,' ,'.'  -.e' ,..-.. =~e,-. ~ol ,- e -..-

|'9h,  =Ol.J,.a  ,C  .
8  =c`    =   ='.    ,-=.e

Cca,
Uno.``'o,
sO^d,  froi.
S®^d,'on,

FIGURE  IO-3-Diagnm comparing mcg&cyc]othcm dcvclopmca( in Dccr Creek .nd Topcka Linestoncs (frofn Noorc,  1949).



108

Stop 11   Topeka south entrance to Kansas Turnpike: Howard
Limestone including Nodaway Coal

neprrtue: 4: 10

Conlndhn\Aoas:.   Pauline Denham, kym Watncy. and Chris Maples

Introduction

The uppermost major division of the Vi]givian stmta includes beds above the Ttydm Linesoone and
below the Pemian Admire Group.   Shale is the chief lock type in this groxp.   The Shale is commonly
sandy and at several hchzons there are extensive sandstones.   himestones in this groxp are unifchnly
thin, but persistent.   Thicknesses of individual members is only 2 or 3 feel  The thictmess of the
Wabaunsee Group commonly is about 5cO feet.

The Wabaunsee groxp is distinguished chiefly by its general utholotic feattnes and by the character of
its cyclothems from the underlying Shawnee and the succeeding Lower Pemian beds. but there are also
some faunal peculiarities.                                                                                                                  .

Mcore (1949) states.

A distinctive feature Of the Wchaunsee groap is the character Of the cyclic sedinemar]) succession.
which shows regularly alterr.ating nonmarine and marine units, in which (excepting beds at the base) a
grouping Of cyclothems in negaayclothems is not evident.  This ser\Ies especially to set the Wabaunsee
beds apart from those Of the Shownee group.

The Wchoursee group is divided into alternating shale and linestone fiormalors.  The shales include
shale, sandstone. coal. and sore mirror linestone beds which all iogether coaprise IIie initial arld
terminal parts Of adjoining cyclothems.  The limestones comaln limestones and irlterverirlg shales which
represent the medial part Of each cyclothan.  This classiifecation is applicable to all Of the Wabaunsee
beds except one or two seendngly rudinentary cyclothems, which are rrot separately irldicated by the
preserlt drfiind f ormalons.

The Howard Linestone is the lowest limestone formalon in the Wanbannsee Group.   I( is comprised
from its base of the Bachelor Creek Lines(one, the Aarde Shale. Church Limestone, Shanghai Creek
Shale, Waunetta Limestone, Winzeler Shale. and the Utopia Linestone.   The complete sequence of
Howard Linestone in Kansas is present only in the southern half of the state.  Here, the Bachelor Creek
Linestone (a "lower" linestone). Shanghai Creek Shale (core chale), and Waunetta Linestone ("irmer"
limestone) are absent.   The Nodaway coal bed is located in the Aarde Shale.  It is gencmlly 0.1 loo( to
2 feet in thickness.  The shale underlying the coal is commonly laminated with plant debris.

The measured section is found in fig.11-1.
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Shale (Winzeler), tan-trown, weathers red-tan; highly

fossiliferous-brachiopods.bryozoans..1.0 (.30m )

Limestone (Church), medium glny, weathers creamy-

tan; wackestone to packstone: chnoid detris.
bcehiqpods, tryae-.
oncolites ..................................... 1.6   (.46m   )

Shale (Aarde). tan, weathers I(. tan, bosom 3 inches

red-brov`rn : chonetids. productids , Coqpos7.ce ,

gastropodsJJi.¢tcdi.a ..................... 1.7(.48m  )

Coal Orodaway). black. weathers red-brown; bonom 3

inches  coaly  shale ......................... I.I(.33m  )

Shale (Aarde), dark gray  with tan not(ling. weathers

11  gray;  chy  rich ......................... 5.8(I.72m  )

WINZELEP

SHALE

C H U PI C H

LIMESTONE

i-L=--T--- A A R D E  S H A L Ei L==  --  :-

NODAWAY   COAL

i-   i   r-   -   i -

------ JAARDE   SHALE

FIGURE I I-1-Mcl.ured .cction .t Stop 11.
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Stop 12  I-70, 8 miles west of Topeka: Zeandale Limestone

departure: 4:35

Corlutbquberfs:.   I-rym WaLrie)/ arid material from Moore and Merrian (1959) and Moore (1949)

IDtroductfon

The exposure includes the Tnddo Limestone and Maple IHll Linestone Members of the Zeandale
Linestone of the Virgilian Wabaunsee Group as indiccoed in a detch from R.C. Moore in fig. 12-1.
The Tnddo Linestone one of the mosl easily recognized units in the Wd)aunsee Groxp.  It is
charactedzed by its brown color of weathered outcrops (it was chginally mown as the "Cliocolate
Linestone") and the abundance of large fusulinids (Thticioes).  Irocally algae occur in the tqper pall
Thichess ranges from 0 to about 10 feet.  The Maple IIill Linestone rmges from I tD 5 feet thick

The measLned section is found in fig.  12-2 aVlcore and Meriam, 1959).  Ttte eyclothems as identified
by Mcore (1949) in the Wahaunsee Group are identified in fig.  12-3.

GeDera] Discussion of Causes Leading to Cbang€ ln Stratigraphic Pattern

The cycle of sedimentation seen here and at the next stop is considertoly diiferen( than that observed
down in the hfissourian.  The limestones are thirmer and shales are dricker and more abundant.
Environmental indicators suggest shallow-marine and nearshore or sfrondline conditions.   The cycles are
thin and fluctuation of marine and nonmarine environlnents is mush more frequent and evident.   Black
shale is chsent or very poorly developed in these upper Virgivian srma.  Possible explanations for this
change in style of sedinentation from the Misso`rian may refleet changes in climate.  While semiarid
conditions may have dominated during the Missourian Stage, the later Virgilian may have brought a
change to flue(unting wet-dry conditions.   The wet-dry conditions would promote greaer influr of fine-
grained terigenous elastics (Ceeil.  1990).   This should be evident in the lchd of paleosols and the types
of coal deposits preserved in the upper Virgilian.

Alternatively, or in addition to climate change, the magnitude Of Sea-level flucttiations could have
diminished leading to less significant rates and magnitudes of deepening, eliminating black shale
accumulation and more paralic sedimentation.   The hateral fluca)ations in the choreline may thus have
been less, facnitating the quick (early) return of terigenous clastic influx after each minor marine
inundation of the shelf.   The Virgilian lithofacies is predominately siliciclastics in eastern and northern
Kansas and in adjoining areas atascoe and Adler,  1983).

Incised channels are especially evident in surface exposures in eastern Kansas in the imerval from the
Willard Shale into the lower Permian.   The incisions up to Ilo fee( aVludge. 1956) suggests that
significant lowstands probably oocuned.  The record of this lowstand would be expected to have been
poorly preserved in what would be the subaerially exposed upland surface.  Thus. the magnitude of sea
level fluctuation may have been similar to the Missourian. but the mean sea level may have beau lower.
This trend toward a fan in rehive sea level in the Permian is supponed try paleogeog[aphic
reconstn)ctions, e.g., Hills (1942).

Finally, teetonics may have also contributed to the chserved srmal assemblage.  Differendal sutsidenee
was significan across Kansas during the Mssourian due to continued arogenic activity in the Ouachita
and Wichita mountains.   During the Virgilian subsidence patterns were broader and rates were moderate
compared to .the Missourian.   Orogenic activity moved southwestward with continued movefnent in the
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Wichita Mountains and adjacent Anadalko basin accounthg.for the sustained modemee levels of
subsidence (see fig. 9 in the introduction; RIuth.  198®.  -The Ari[oma basin (foreland basin) was filled
with sediment in late hdissourian and siliciclastics were readily available fro the remaining pasitive
areas of this uplift (see fig.  10 in introduction: Rascce and Adler, 1983).   Additional rilidelastic 8Chpees
were from the north and cast, probably filling the depositional migh cecoed by subsidence.  Carbonate
sedimentation was maintained during the Virgilian in sotlthwest Kansas die to isohion from the
silciclastic source (again see fig. 9 from introduction).
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FIGURE 12-1-Sketch of cxposurc a( Stop  12 by R.C.  Mcorc (Mcorc .nd Mcrri&m.  1959).

13.  Llrnestone  (Maple  Ej!!),  gra}.  on  fresh  surface,  weathers  browr.,
massive,  compact  (medium-hard); 8lcnder  fusulinids,  crinoids,
sparse  mollusks.  brachiopods  ..............

J2.   Siltstone  (W.amcEo),   yellow-brown,   indistinct  bedding     ,    .    .
11.   Cla}.  (Wame2o),   gray,unfossiliferous    .    .
10.   Ironstone  (Wamefo),   limonitic  concretion  zone   ....
9.   Shale  (WameEo),   gray-green  to  tan,  flak).  bedding; clayey  to

silt).   up".ard    ...........................

8.   Shale  (Wamefo),   dark  gray  to  black,  bedding  indistinct,  ur`-
fo § s il ire rou s    ...........................

T.   Clay  (Wamefo),   gray-blue  to  gray-greeri   ...........
cj.   Limestone  (Wamcfo),   gray,  `.Cry  impure,  shaly; mollugcan

fauna,   crinoid   rernalns,  Linoproductus   ............
5.   Shale  (Wamego),  }'ellowish-brow.n,   silt}.  and  micaceous;  cr:noida:

float  i rorr.  abo`-e   .    .    .
i.   L:rr.estone  (Tarkio),   gra}.  to  tart  on  both  :.resr.  and  ui'athere5

surl-aces,   rnass)`.e,   detrlta:   texture,  more   compact  :hah  `jr.;:
3;  algae  (Osagia)  with  pelec}pods,   brachi..po`is,  br}.oz.)ans,
crinoid  remains,  and  scattered  fusul:nid:,.    .

3.   Lime§tone  (Tarkio),  brown  on  both  fresh  and  weathered  sur-
faces,   massive,  deep  weathering  results  in  a  medium  soft,
almos(  earthy  te::lure  (dull   thud  `.hen   struck  with  harrmer),
abunaaii`   ..e.-Itricose   Trltlcltes g:``.e   rock   a    speckled   chL`raL-te:
scatterea  crinold   remains,   sparse  brachiopods,  sca[terec:
:rregular  tubes   filled  with   celesite   in  lower   3  feet   .    .

:     Sr.a:e   (Wil!ar=),    €ra\'   `o   gree:..   or.   i.resh   siirl-.-n  t.,   \...|-ather:    +.I::  .
•j€±c..:..i.     :.`    i.=:i:I.I.,     s:il..,   sr,2rsi-:,.3:`.t.     :?!i`.a::.i,     i,.:r!`

.-;...o::    =:`--:?.s    a:!d   indl..Idla.    ii..'.:" ,.-. is   (1`....    :i`tiiLc:i`{.``i.`    .

s.r.a.e-uea:herir.g   out   oJ-o`..erl:.'w`,g   lil;,estoi`ie)   .

i .   S;.(stol`e  |¥i;||±ILd),   reddlsh  brown  on  fresh  surfaj...  `:'e.at.l`er:
tan   tc.  broun,  bedding  indistinct,   abul`dant   lirrionitc   >tail`.
see:`.  :Ii  f:esh  trench; uppermost  part  more   resistant;  cor.:a:.-.s
sparse.   poorly  Preser`'ed  Plant   remfi)r.s     ........

(Sectior,  measured  b)'   S.  M.   Ball  ar.d  M.  ht.    Bat:i

FIGURE  12-2-Measured scetion at  Stop  12  (Moorc .nd Mcrriam,  1959).

0.7
0.5

i

3
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F]GURE  12-3-Comparison of cyclothcms in the Waub&nsee Group (Moorc,1949).
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Stop 13   I-70, 0.5 miles west of Maple IIill Exit, west of Topeka:
Pony Creek, Brownsville Limestone, Towle Shale. and Aspinwall
Limestone

I.ocation:   (C South the Sec. 26. T.11  S.. R.12 E..
Wabansee County)

Departue: 5:cO

Conhiburors..  RR. West and R. Matsi.moto

'IThngs to see: Pennsylvanian-Prmian boundary. lack of Kansas-type cyslothem. and facies mosaic in

Pony Creek Shale.

The Pennsylvanian-Pemian con(act is exposed on both sides of I-70 at tlris locality. As clown in fig.
13-I  this exposure is located on the west flank of the Brownville Syncline. an asymmethcal std)ctue in
the Forest City Basin. and the east flank of the Nemaha Anticline.   The dapositional environment is
margirml marine as deeemined by Bisby (1985) and shown in fig.  13-2.  Dominantly ecnestial
environments occur to the wes( along the Nemaha Anticline with dominantly rmrine envinnments
eastward in the Bro\rmvme Syncline.

The stratigraphic sequence exposed here extends from the Grayhuse himestone Member of the Wood
Siding Formation a>ermsylvanian). which crops out low in the road ditch at the west end of the
exposure, to the Aspinwan Limestone Member of the Onaga Shale Qemiah) at the tap of the outcrop
(fig.  13-1C).   Besides the Grayhorse and Aapinwall, the other stratigraphic units exposed. in ascending
order. are:   Pony Chek Shale Member and Brownville Linestone Member, both of the Wood Siding
Fomation, and the Towle Shale Member of the Onaga Shale.

The three important aspeets of this stop are:   I) the cunent Pennsylvanian-Pennian boundary is clearly
visible, 2) the basic "Kansas" cyclothem seen in the Missourian earlier on this tip is not presen( here.
and 3) the facies mosaic recorded by a very small (thin) and subtle, but importan| genetic event within
the Pony Creek Shale Member.

The systematic boundary between the Pennsylvanian and Pemian is pkeed at the top of the Brownville
Linestone Member (i.e.. at the top of the Wood Siding Formation).  Placement of the boundary at this
position is based on what have been considered major changes in the "aspects" of the fossn assemblages
in the rocks below this position and compared to fossil assemblages in the rocks above dris position
04oore.  1940; Mcore, 1949; and Mudge and Ycohelson. 1962).   The Brownville Lines¢one Member is
a conspicuous nthostratigraphic unit and is easily recognized actoss Kansas, but the significance Of the
biotic change is debatable Odudge and Yachelson. 1962).   Recently. Bears et al. (19sO) have inggested
moving the Permsylvanian-Pemian boundary xp to the Neva Limestone.

in this part of the smtigraphic sequence (upper Wabaunsee and lower Admire g[oups). the typical
"Kansas" cyclothem of Heckel (1977) is difficult. if not inpossible, to recognize. and may not exisl

The basic rmolgives Of these Upper Pennsylvanian and lrower Pemian rocks, in this area. ac siltsmes.
cfaystones. mudstones, and sandstones.  Limestones are commonly thin and a minor par( of the
sequence.   Close examination of these sequences reveals that they recnd numerous small-scale events
®isby,  1985. 1986).   In the area studied to date (north{entral Kansas), some of these are auogenic
events that record sea-level and/or climate change.   Indeed, the paleogeograchy suggested by the
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ccnelation Of these events is reflected in the differences in the biotic diversity Of some Of the
dominantly marine units. such as the Brormville Linestone .Member Oisby. 1985. 198®.

Cue Of the genetic events recorded by this sequence Of rocks reveals an interesting facies mosaic at this
locality.   This genedc event occur in an 8-oo+1l cm G.14433 in.) ineer`ral. about 3 in Of fry belowr
the Cop Of the Brownville Linestone Member in this roadcut.   A total Of 30 mtigrachic sections were
measiired and described along a 300-in ®84 fo tlansect (fig.  13-2A, sees. H to DD}  Ftom tl)e base to
the Oap Of the 8-oo+11 ctn imerval, the environment Of depchtion i8 infened to have chapped fu a
nonmarine muddy environfncn( to a maTriml marine environment aour imcrlidal to `/cry shallow
8ilbtidal) and higher imertidal to nonmarine cnvironmenl  This appemost dcperitioml cDvincn. is
pepesented by an inoerval Of heavily oxidized ironstDne Dodiiles and crusts in a unfossilifrous mudstone
(Wch and Matsumoto, 198®.   The lou/ imertidal to `nery challow silhidal part Of this thin sequmce is
repeseneed by a 2<m (0.78-in.) thick oempestiee that ovedies a lorn 0.39-in.) thidL clayey choonate
mt]dseone (West and Matsumolo. 198®.   I( is within this clayey cafbonaee mudstone that tl]e facies
mosaic is conapicuous.  Ffro `irest to east along this 3Onm roadcut exposue, this clayey choonate
miidstone records a Glossifundtes ichnofacies (see. E. fig. 13-28) to a ThrDanites ichnofacies (sees. P
and 88, fig. 13-28).   Acoss the valley to the `Irest (see. EE. fig. 13-28). a nonmarineleo-marinal-
mndne quartz sandstone conelates with this ichnofacies mosaic.  This interpretation is reasonchle in
ems Of the paleotopqgraphy at the time Of deposition Of these units ®isby. 1985. 198®.  Essendally.
the clayey carbonaee mudstone. as it dried and cracked. provided flat pebbles. cobbles. and stLipdes that
vere colonized by components of the ThrDanioes ichnofacies.  The infened sequence Of events that led
to this strm deposit and its hiaais pebbles and cchbles is. in general. sinilar to genetic 8equcnoe Vie
deschbed by Fursich (1979) for some Jurassic rocks and a pchbly to rowedeed moTphotogical
hardground deschbed from the Onovician of Ontario by Brett and Brochrfucld (1984).   The lateral
relationships described by Pembereon and Fiey (1985) and West et al. (in press) berveen sands and
Glossifunrioes and TryDaniees ichnofacies along the offthcne islands Of the Geongia coast are a
masonable modem analog for this record within the Pony Creek Shale Member at this locality.
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R.C. Moore and D.F. Merriani ended their 1959 field trip with
conclusions and suggestions relating to Pennslvanian-Pemain cycuc
sedimentation not generallv acceDted.   This field tip concludes with
these corrments.

Irl this section Of the paper belong the disagreemems and ilnsolved problems Of twerpreting Pems)|hariar\ and
Pem}an cyclic deposits.  Special dfort is needed to discuss sidyects objectively and, in pardoulbr, to avoid orver-
8reat length.  The latter din will be served by omissions. both interitional and uninlendonaL. and dy restrictirl8
attentior\ to a surely ineoaplete list Of topics.

B oundaries_ Of Cvclo€hems

Ari appropriate problem for initial notice in the "unaccepted" category is that Of ddthg lhe bourldaTies Of a
cyclothem.   Is there a natural beginning and nwhtural ending Of sediner\taq.]| deposihon that progresses in circular
manner through several distin8u}shable "phases''?   If cyctotlians ver]/ canmoaly sl.cceed one another wlhou8
interruption, in perfect cooforwity, we carl answer this question in the negative. because sc\reral dffcTeru poir.ts
in the circle could be chosen on the basis Of such consideTattous as prtortry Of pumcchon Of proposed ddirl}tion,
practical whlity (as by selecting the most easily reco8nizchle and prevatlingly represoued boundar]/).
inneTpretalon based on iriflerred historical geology, or usage established by general agrcemer.I.  The presence
locally , or even regionally , Of discooforwities (signlgiving "negative sedinentattonl') arld occiLrren¢e ttkewise Of
reco8rized paracooforndties (Dunbar arid Rodgers, 1957. p. I 19).. new term denoting breaks in sedii.ientation.
with or without accompanying erosion. that coincide with a bedding plarie and therofore lacking perceptible    .
relty) do rot sffice to dofne cyclothem boundaries more "natural" thor. others. . Ori the other hand. they rna)I
be jlldged to qualify as natlual if they fit an kypothesis Of individual cyclothem dc\relopment (or in zoological
terminology, orltogeny) accepted by a geologist (Welter.1931.1934.1956).   Bridsh and other Ewopearl
geologists favor designation Of the top Of a coal bed as terminal boundar)/ Of the eyclic sedimenLar)/ deposits that
contalr. the coal: strata next above the coal belong to a new cyclothem and therrfore the lop Of the coal (or base
Of these strata) marks the lower limit Of the next ayclothem.

Most American geologists working on Penns)iivaalan cyclic deposits have accepted dofinihon Of cyclothem units
as adrocated by Welter (papers cited). beginalng with a ronmarine sandstone that mall or rna)I rot overlie a
discorforwity.   Mcore (1936.1949.1950). Moore, Frye. Jowett, Lee. and O'Coi.ror (1951) and others Of lhe
Kansas Geological Survey have classifrod Kansas Penns]/ivanian cyclothans ir. the Welter marlner. but re-stud)/
led Moore (1953) to accept the top-Of-coal-bed boundary as proferable for several reasons arid this was adopred
by Hove (1956) in a reclassification Of Cherokee beds in southeasterrl Kansas.  Discussion Of tliis problerr.
would require much more space than can be allowed, and therefore only two Of the reasons for change to
European procedure in boundary ddin}tioes are given. (1) Practical utittty. accompanied dy precisiorl irl abiltry
to place bour\daries ir. the field (coal horizoas comrronly being idend:!fiable where coal beds are absent). fa\rors
the top-Of coal bolLndary.   (2) the ending Of coal swanp sedinemalon (or, lackir\g coal, Icrmirlation Of
nonmarine conditiores) and change to mrine ertvironnent furnish the most nearly uni;versal "put.ctuatior\ point"
in eyclic successiorls Of all regions.  In addition. philosophical grounds (Moore. 1953) rot here stated slLpport
this choice.

i

Cor\Lernt7orari¢in Of Individual Cvclctharl "Pliases" Thlllliin Siru\le Prwh¢

Pennsylwhan and Permian eyclothems hack volcanic ash beds, so far as blown. but if preseru such a bed.
representing a single fallout from transporting winds, would be recognized as a synchrorousky fbrned deposit
from any Of its featheredges to others.  Are `thin timestone nembers ("phases'') Of the marine parts Of eyclothems
or coal beds beidnging to the rormarine parts comparable to an ash bed in haling complete or nvear-complete
age equlvalenee throughout the area Of their distribution?   This concept is viewed favorably or ar least held to
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be admissible by sonie geologists but denied dy others who are unable to imagirle a mechanism fior. coincident
apreading Of elastic sedinent over many thousand sqlroTe miles. fbllowed by simlllarieously introd.Iced sv\Ianp
corditious. let us sa)). throughout such territory. conLanporancous cessation Of coal-Sorm}rig plant accunlLILltiL7es
with "orvcrright.' appearance Of black-mud- or ttmanudrdaposiin8 shallonl sea. and so on.  Instead Of this
picture Of building successive time-quivalen} layers. .he rtypothesis that terrestrial closties acanlllatin8 in _one
area ctrorolo8ically match coal fbmalon irl another ar\d mchrie shale or limestone in stu anotlier par. Of a
prowhcc sears much more plausible.  A corollar]i Of the just-seated twerpreealon is conelilsion IIial each
cyctolhem "phase" obliquely trarlsects tine planes ac a very lov\i angle and angi one .pliese" may bc partly or
wholly younger in one localtry .Iian the sane prtysically contwus unit in another.

The prouem Of deciding between these corfeictir\g concepts persists.  In ng/ `hev\i, stratgraph}c evidence flavors a
modificatior. Of both posnLlates lhat brings them nearly together. .I\at is. a enossing Of time planes at an chnost
infiniLdy small otlique angle.

Comemzroraneiry Of lrdi`iidual Cvclothems in Width SeL]arcoed Refioes

Does a cyclothem Of lhe Karisas-Outahoma regivn that irichldes record Of laporaT]| marine cord}tions enacrty
correspond in age to a similarly composed cyctotlian in the sane part Of the rack siLccession blLl located I pe
miles distorll. as irl Ohio?   Alterndvely, are lhe compared cyclcthans actiLally chset in age to lhe extenl that
the]| correspond only partry. or to a degree that the)I do rot match at all. one being wholly jiLst a step younger
tharl Ihe other?   These are importaril questions from the standpoint Of iulderstanding the regional strati8raph}c
relationships and correctly determining what are fiacts Of the `8eologic record.  As er]ample. the limestone called
Verdigris iri rorlheasterrl Oklahoma is undoubtedly cond"ous with the unit naned Ardmore irl Kansas and
Missouri, arid with sone corrfulenee this is correlated with the Oak Grove Limestone Of lllirlois. wliich is traced
inJo the Velpen linestone Of lndiarra and Handeri Linestone Of Ohio.  If these variously named beds were laid
down as a condnuous sheet Of carboTuite rocks, the maser Of age equiwlenee Of all parts Of the sheet i§ rot
settled, fbr obviously the sea-could have irrvaded one distndi bdor; it reached -otheris.  Yet: wher\ the endre
sueccssion Of ayclothemic deposits is compared step by step a¢Toss cour"ry, very near. if rot perfect. approach to
conlemporarletry Of the several local units seems most probable.

For the preserll. precise age equivalence Of individiLal cyclothans ddined in widely separated regions can rot be
clalned reliably as fact.

Mechanism Providinf for TraresDortatton of Clastic Sediment

The marlner in which sandstone bodies and extranely widespread thin sheets Of shale Of various sorts came to be
spread over territory aggregalng roughly a ndllion square miles or more in the central United Stoles d\Lring
Perlrls]/ivanian and Permiar. tine is a major problem.   If Permiarl deposits once were cortrfulrous from Karisas-
Nebraska to Penr.s)iivania. erosion has removed them from all places between eastern Ohio and the present edge
Of Permian outcrops in the rorlhern Midconlinent.   For purposes Of inquiry chout lhe ncode Of clastto-sedinT[L
trar.sportation, we do rot need lo consider the whole succcssioTi. bul orty sons represemch;we frachon or
fractious.   For example. let us choose elastics that fbrm a sheet boundd dy the Ardmore arid Fort Scott
linestones. below and above. and by equi`ralcnt linestones elsc\^ihere.  This sheet can be delindted with
reasonable precision throughouit an area Of at least several states. ir\ which it shows some but not 8real variation
in thickness and sand-shale ratios.  I( is clout as good a sample as any.

Two importantry differing postulates to explain the dispersal Of send. salt. and cia)/ ir\ a body Of elastic sedinent
such as we have chosen for inspection rna)/ be stated. (I ) The elastics were spread by low-8radieru subceTial
nulring water (streams arid possibly sheet-wash) .hat carried .he sedinenL from sowce alfeas to places Of
deposition.  Welter (1956, p. 45) has emplayed the conservative estimate Of a gradient anoundn8 to I frot per
mile irl tr)/ir\8 to account for traesportalon Of clastie sedi:nenL that in .erritory east Of lhe Mississippi River he
computes (op. cil.. p. 35) averaged appredmately 2500 cubic m}lcs per cyclothem.  (2) The elastics were spread
mostly at rlear-zero gradients throughout most Of the area Of sedimeruatiorl (all except a marginal belt Of
inconsiderable relative width in wh±c h subaerial trarisportohon possibly predomi"ated). transponation being
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dfected dy generally slow backrand-forth shiifeir\g induced dy waves and currents in shallow s¢arldirig water.  Ike
water bodies are conceived as discondnuous. fluetualrl8 ponds. extrenely shallonl lakes and lagcoes Of `rafyng
she. and sewi-erwhsed exlensioes Of shalLorui seas. the plcais Of `^raler bodies rarlgivg from frech or digfuly
brackish to normally saline sea water.  Iri such arl erwirormenl clostic sedinents would be sorted and re-sorte4.
deposited ai.d rerdeposited again and agairl as lateral movanents carried them eventually throughoul areas Of
mang| tetrthousand square mtles.  This rtypothesis calls for wininum lapograph}c rdirf in €he area Of
sedimensatior. as a whole.

Coronaries Of lhe two postwhted modes Of alasde disposal are (I) need for apprecidie relal;ve .Ldjft Of
sedimem soup.ce areas and basin margins as conyed with central parts Of sedinermar)I Iiasins twtller. 1956. P.
45 . esrimctes a differerrfull Of I Ow feet as average). and (2) lack Of required duJiereritial apljfi Of sedinat-
sowce ap'eas Of appreciable amourit (Ihal is. a vcr]/ few lulndred feet aL most).  Ir. any case. epdro8vi¢ vlrtypini8
Of some amourit mlLst be iriroked. with the sllm Of res\ds apressed dy relative sllbsideeee Of sedineriLary basirls.
The role Of eustotic char\ges Of near sea level in the ear.ly. widdlc. and lute parts Of silccessi\re eycles enters lhe
ptoture. arid evidenily this rna)I be a subordinate frotor (I st rtypothesis. diasnroph}c cotwol Of trar.spoTtation Of
elastics) or a doTnini one (2nd kypothesis).

Disa8reernenl edsts in explaining the disi)ersal Of elastic sedinenLs that fom impor€anl units Of nearly all
Penrls]itvarlian and Pemian cyclothans. but uldrnately this queston seems to be Tesolwhle by complehori Of
well-planrled snldies that take account Of many yet uristudied lirles Of cvidenee.

Sifnificance o_I Kalfie-SharD Litholofic Boundaries                                                                                  .

A prewilin8 attribute Of the discriminated subdivisious Of Perlr.s)|ivanian and Pemian cyclolhems is abruptness `
Of charl8e from one kind Of sedinentar]| deposit to ariother.  This gives rise to kriife-shap utholo8ic boundaries.
as contrasted with gradalora] ores.  What rational explarialon carl be givered for uthologic punchlalons Of
such character, especially in view Of the unbroken nature Of circularit]i and the reasonable presiuription that
cyclic sedinerttation should at any one place yield a succession Of deposits gradir\g upriard from one rock type
to another as enviTon[ments slowly char.8ed?   The sharp lilhologic boundaries seem to deny irferred slow
change.  The question here raised has received almost ro attention from geologists and therofore judgnents are
rot yet ready for consideration as accepted or unaccepted.  It is a cwious fact that most geologists. includirl8
rnysegf as one, take for granted that a sharply bounded layer Of rock seen in the field simply belor\gs where
fourid as part Of the local section.. it is described and neasured in the 8cologisl' s notebook arld that is the lend
Of it.   No special corisideralion generally is given to the sigriifecance Of sharp lithologic changes. whereas eaK:h
Of them calls for "Jtice.  They bear on .Lnderstandirig Of eyclic sedineruatiorl.

Duribar and Rodgers (1957. p. 126) discuss the subject Of abrapt titholo8ic char\ges irl stratigraphic sections.
citirlg several good examples.  In exaniring each Of the comacts roferred to. cvideTlce is found that nearly all
denote eristerice Of a hiatus , either discoriforndties or paracooforwities (see dd=riitiorl under ''Boundaries Of
Cyclothems").  These authors subsequently (p.129-134) give a lucid discussion Of diastems. which mostly also
are ddined dy abrupt boundaries Of rock lq/ers. pointirlg OUR that relatioesh}p Of s\rfu:es Of sedimen¢ation to
locally and temporarily eintir.g baselevels Of a88radation controls the prodiLction Of a dinstem (nopdepositiorl)
or its chsence.  Evidently , Penns)ilrarian and Pem}an cyclotlians contain munerous diastans. signtirin8 that
frequertrty during accwrulation Of dzfferertl bnds Of sedinnit, temporar')/ baselcipels Of a8gradatiorl were
encountered.   In water bodies. the chiof factors conlrolling the depth Of such baselevcl are currents. waves. and
the natilTe Of bottom sedinert:tar)/ load.   Euslalc changes Of sea level, even vhcTy su8fu ir\ amo\ull, rna)/ shift the
sea fooor above or below the baselevel Of aggradatior\. with resulting subelevation Of already acclum.lated
sediner.I or reslunphon Of sedinentotion.   Dwing tine when depth Of the baselcvel is relatively conslanL.
equilibrium condittous on lhe sea fooor exist and incowin8 sedinent is dypassed to possibly distant places.

Actuality Of MeRacyclic Suecessious

Various parts Of the Karrsas Penris)ilvan}an and laver Permian column are composed Of cyclothems that are
themselves classifeable as imits Of orderly sequences Of cyclothems Of differirig characters.  These ha\Ie been
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called megaaycloiheus (Moore. 1936).  The]i are most completely developed in tile Shoninee GToap. where the
megacyclie sequences corriprise ftyc individiidl cyclothems. but (with eq\inralenl Of lhe lowemosl Shonir\ec
cyclolhem ndssing) the)I are well displayed also in the Missourian arld appeT Desmoinesiarl (Mamalon} parts Of
the` sechori.   Megac]|cles exist in lhe Lower Pcmiar. but arc dffierenJly expressed and I.awe rot yet been
described.  Previously unptolished graphic represenlatiorl Of what seem to be rather clearly cxpessed
repetitiowi Of a megaayclic natlue is given beneath the gencrdized sectior. Of IA"er Pcrwian strata with
ir\¢erpre¢atve marine osctllalous prepared by El}as (1937} (page 28 Of this g\Iidebock).

No 8cologist who has studied typical exoniples Of .he ne8ac)]clotliens in Kansas can enler8ain doiLbts as to their
edsteriee. because distiriguishing char.aclers carl hLrdt]| be overlooked (Moore. 1949. 1950).  Questior. arises
only with respect lo ider\tificatiorl Of the component disthguished cyctothans as severally independenl cyclte    .
successions. becaLse sore Of than are decidedly atypical in one wq]/ or arlother and rot al) "phases" Of the
ideal cychothan are de`Ieloped.

Possibiltry exists that Kansas negacyclothans correspond to subdiirisioes Of .he Ill}rids Penng/ivariarl .hal limre
been clQwssed as cyclothans. or that difflcrent parts Of the grouped Kansas cyclothans represented in a
ne8ac)|clo€han are equlralem to unit "phases" Of Illinois cyclolhems. others being abeer\t.  These reladoesh}ps
remairl to be determirled and when known the)I should .ho\^i ugho orl the intcrpre¢atiors Of both.   Mearnhlll}le.
there is ro reason to question the validio) Of negac))clic coneep€s.

No kypothesis yet has been fbrmulated to account for the obscr`red pee.deaTides Of the diffierenL eyclethems irl
typical negaeyclothems.   Indeed. this is one Of the most puezling Of all \insoived problems relating to
Pens)Iivarian and Perwhn sedinentation in the northern Midcontinenl area.

Debated Subjects Omitted from Presertt Discussion

Mainly because Of space limitohon. several debated aspects Of cyclic sedi:menlalor\ in late Paleowic tine are
merely enlrmerated, cogrizarlce beir.g taken Of the fact that the list Of subjects could be considerably exparided.
In ny opinion the fiollowin8 are most rotewortky problems..   (I ) Ultimate causes Of Penns]|lvain-Pcmian
cyclic sedinentation as observed in various parts Of the world, generally with regularly allcrnalng widespread
transgresstors and regressious Of shallow seas; (2) "Direct" 8cotogic causes Of marine insious and retreaJs in
continental platform areas. that is, whether primarily cortfrolled by local to rc8ional epeiTo8eny or by custatic
charlges Of world sea level.. (3) Relations Of cyclothems and negacyclothems to known Pemsylvanian and
Permian localized orogen}es ; (4) Q..andtative and qualitatwe aspects Of Pems)iivan}atrperwian elastic
sedinents in relation to rocks Of irferred source areas. accourlt being taken especially Of the pre`railin8ly many-
times-reworked rature Of the elastics and adequaey Of the needed kirids Of source rocks (mostry rot igneous or
metarrorphic crystoltines ).

CONCLUSION
As concluding statement, it seems sufficient to say that great advances swely have been made dwirlg the tact t`^ro
or three decades loward an understandirig Of the cond}tio"5 Of sedimemation arid historical geology that are
recorded by Perinsyivwian and Perrhian cyclothems in lhe rortherrl MidcondnenJ region.  Al the sane time. it is
evident that as "ueh or more remains to be learned bofore comprehension Of 8cologists rna)I be considered to be
adequate.
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