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INTRODUCTION

General  Overview  and  Location  of  Study

Chaetetids  are  a  conspicuous  element  of  Marmaton  age

rocks  in  much  of  the  midcontinent.     In  Montgomery  and

Labette  counties  of  southeastern  Kansas,   the  Amoret

limestone   (upper  Desmoinesian)   contains  abundant  chaetetids.

Within  this  area,   four  exposures  of  the  Amoret  limestone

were  studied  in  detail.    These  four  localities  are  aligned
in  an  east-west  direction  roughly  paralleling  US  Highway  166

(fig   1)  .

The  Amoret  limestone  is  within  the  upper  part-of

Marmaton  group,   Desmoinesian  stage.     It  is  the  lowest  member

of  the  Altamont  Limestone   (Fig.   2) .     Other  members  of  this

f ormation  include  the  overlying  Lake  Neosho  shale  and

Worland  limestone.     The  Altamont  Limestone  is  underlain  by

the  Bandera  Shale  and  overlain  by  the  Nowata  Shale.

Purpose  of  Study

The  main  emphasis  of  this  study  was  to  examine

chaetetids  and  their  occurrences  within  these  four
exposures.     To  do  this  it  was  first  necessary  to  understand

the  detailed  stratigraphic  relationships  and  depositional
environments  at  and  between  all  localities.     Objectives

1
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Figure  1.     Location  of  exposures  examined,   and  associated
structural  features.    Map  of  structural  features  modified
from  Knight   (1985,   fig.   7,   p.   38).
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included:

1)   Facies  relationships  at  and  between  each  exposure

on  a  smaller  scale  than  has  been  done  previously.

2)   Interpretation  of  the  depositional  environment  at
and  between  localities.

3)   Paleoecology  of  chaetetids  -why  they  occur  where

they  do,   how  they  grew  and  interacted,   and  how  they

relate  to  other  organisms  which  are  associated  with
them.

4)   Economic  importance  of  chaetetid  bearing  rocks  -

for  both  petroleum  sources  and  industrial  uses.

Methods  of  Study

Field  studies  were  undertaken  during  parts  of  the
summers  of  1987,   '88,   and   '89.     All  quarry  localities  were

initially  napped  using  the  compass  and  pace  method.     These

maps  were  used  to  plot  the  locations  of  areas  that  were

studied  in  detail.
Using  a  field  questionnaire  developed  by  Ager   (1963) ,

questions  concerning  distribution,  association,  and
preservation  of  fossils,  and  rock  relationships  were
answered  at  each  locality.                                            `

Sections  were  measured  at  each  locality  and  rocks

described  on  a  bed  by  bed  basis   (Appendices  A-D) .     oriented

samples  were  collected  from  each  bed,   usually  at  the  bottom,

middle,   and  top  when  possible.
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Vertical  prof iles  of  sections  of  the  exposed  rocks  were

drawn  for  localities  729,   693,   and  782.     On  these,   the

lateral  relationship  of  the  beds  and  all  chaetetid
occurrences  within  these  beds  were  noted.    Relationships

between  chaetetids  occurrences  and  associated  f eatures  were

also  documented  from  available  bedding  surfaces.

Sketches  and  tracings  were  made  to  illustrate  unique

features  at  each  exposure.     Black  and  white  and  color  photos

were  used  to  further  document  vertical  and  lateral
relationships .

In  the  laboratory,   all  samples  were  cut  and  polished.

These  were  later  examined  and  used  to  supplement  f ield

descriptions .
Two  hundred  thin  sections  were  made  and  examined,   45  of

which  were  described  in  detail   (Appendix  E) .     Seven  thin

sections  were  stained  vyith  Alizarin  Red-S  and  potassium

f erricyanide  to  help  interpret  the  mineralogy  and  diagenetic
history  of  the  unit.

All  clayrock  samples  were  disaggregated  and  sieved

using  numbers  16,   40,   and  120  mesh  sieves;   these  fractions

were  examined  using  a  dissecting  microscope  and  described

(Appendix  F) .

X-ray  dif fraction  studies  were  perf ormed  on  one

chaetetid  specimen  from  locality  692   (in  an  attempt  to  get

information  on  original  skeletal  mineralogy) ,   and  on  samples

of  beds   6  and  7   from  localities  729  and  692   and  of  bed  6

5



from  locality  782   (to  check  for  dolomitization) .

Previous  Work

StraticTraDhic  Nomenclature--The  Altamont  Limestone  was

first  described  by  Adams   (1896)   for  a  limestone  unit  of  the

Marmaton  group  in  southeastern  Kansas  and  northeastern

Oklahoma.     Adams   (1903)   classified  the  Altamont  Limestone

and  overlying  Nowata  Shale  and  Lenapah  Limestone  as  the

Parsons  Limestone  Formation.     Moore   (1936)   recognized  that

the  Altamont  and  I.enapah  limestones  represented  distinct

cyclothems  and  regarded  them  as  independent  units.     Cline

(1941)   delineated  three  units  within  the  Altamont  Limestone,
these  he  named  the  Tina  Limestone,   Lake  Neosho  Shale,   and

Worland  Limestone  members.     The  type  section  for  the  Tina

limestone  described  by  Cline   (1941)   was  later  shown  to  be

the  Higgensville  member  of  the  Fort  Scott  Formation  by  Cline

and  Greene   (1950) ,   who  proposed  the  name  Amoret  limestone  as

a  substitute  and  designated  an  outcrop  in  the  SW  1/4,   see.

33,   T.   40  N.,   R.   33   W.,   Bates  Co.,   Missouri  as  the  type

locality.

DeDositional  Envirorment--Pennsylvanian  rocks  are  often

described  relative  to  the  repetitive  occurrences  of  facies

(cyclothems) .     Wanless  and  Weller   (1932)   proposed  the  term
"cyclothem"  for  formation  size  sedimentary  cycles  of  the

Pennsylvanian.     Moore   (1936)   noted  that  there  were  often

6



many  smaller  cycles  present  within  the  so  called
"cyclothems"   and  so  he  proposed  the  term  "megacyclothem"  as

an  equivalent  to  Wanless  and  Weller's   (1932)   cyclothem  and

used  the  term  cyclothem  to  describe  these  smaller  cycles

within  the  larger  megacyclothem.

Jewett   (1945)   divided  the  Marmaton  group  into  4

megacyclothems   :   1)   the  Fort  Scott,   2)   the  Pawnee,   3)   the

Altamont,   and  4)   the  Lenapah.     Within  the  Altamont

megacyclothem  he  delineated  4  smaller  cyclothems,   the  lower,

middle,   and  upper  Tina   (Amoret)   cyclothems,   and  the  Worland

cyclothem.     Of  the  lower,   middle,   and  upper  Tina   (Amoret)

cyclothems,  he  noted  that  the  upper  one  was  the  most

widespread,   the  other  two  being  locally  absent.     He

interpreted  the  upper  Tina  cyclothem  as  having  been

deposited  in  a  very  shallow  marine  setting.     Cline   (1941)

f ound  that  in  Missouri  widespread  coal  smuts  occurred
between  the  Tina   (Amoret)   limestone  and  the  overlying  Lake

Neosho  shale.     The  most  extensive  study  done  on  the  Altamont

Limestone  was  by  Schenk   (1963,   1967) ,   who  studied  it  from

Oklahoma  to  Iowa.     He  believed  that  lithologic  changes

within  the  Amoret  limestone  were  caused  by  structural

elements  and  that  the  Amoret  represented  one  gradually

deepening  event.    Overall,   Schenk  suggested  that  the

Altamont  limestone  represented  one  gradual  deepening-

shallowing  event,   with  the  Lake  Neosho  Shale  being  deposited

in  the  deepest  water,   followed  by  a  gradual  regression

7



during  deposition  of  the  Worland  limestone.     Mathewson

(1978)   studied  three  outcrops  of  the  Amoret  limestone  in
southeast  Kansas  and  interpreted  the  Amoret  as  representing

one  deepening  shallowing  event  with  the  middle  part  of  this
member  representing  deposition  in  the  deepest  water.
Mathewson  also  believed  that  movement  of  the  Ozark  uplift  in

Missouri  imf luenced  sedimentation  during  deposition  of  the

Amoret  in  southeast  Kansas.

Heckel   (1977)   proposed  his  model  of  the  ''Kansas

Cyclothem"  as  a  replacement  for  the  megacyclothem   (fig  3) .

His  model  has  since  been  used  extensively  to  interpret
Pennsylvanian  age  rocks  in  the  mid-continent.    Within  this

model  the  Amoret  limestone  would  represent  the  middle  or

transgressive  limestone.

Using  a  combination  of  this  model  and  conodont  data,

Swade   (1985)   interpreted  the  Amoret  as  having  been  deposited

in  an  environment  of  overall  increasing  water  depth.
West  and  Busch   (1986)   and  Voegeli   (1989)   attempted  to

delineate  smaller  scale  transgressive-regressive  events
within  the  Amoret  limestone.    These  smaller  scale  units  are

the  same  scale  as  the:   1)   PAC's  of  Goodwin  and  Anderson

(1985) ,   2)   sixth-order  T-R  units  of  Busch  and  Rollins

(1984),   and  3)   sixth-order  cycles  of  Brett,   et  al.   (1990).

The  genetic/event  surfaces  bounding  these  smaller  scale

units  aided  in  recognizing  environmental  changes  within  the

Amoret  limestone.     These  environmental  changes  provided  a

8
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better  understanding  of  chaetetid  growth  habits  and
occurrences .

Chaetetids--Chaetetids  have  had  a  number  of  taxonomic
"homes",   including  bryozoans,  poriferans,   corals,   and  algae.

Hill   (1981)   considered  Paleozoic  chaetetids  as  tabulate

corals,   excluding  Mesozoic  chaetetids  from  this  category.
With  the  discovery  of  extant  sclerosponges,   similar  to

chaetetids   (Hartman  and  Goreau,   1972) ,   the  case  for

poriferan  affinity  was  strengthened.     Mathewson   (1978)   and
West  and  Clark   (1984)   included  chaetetids  with  the

sclerosponges.     Reitner   (1986),   Connolly  et  al.    (1989),   and

West   (1992) ,  have  suggested  that  chaetetids  are  coralline

demosponges .

Recently,   it  has  been  recognized  that  many  fossil
sponges  classif led  as  chaetetids  are  made  up  of  several
unrelated  lineages   (Wood,1990).     Thus,   the  current

classif ication  is  being  revised  and  ''chaetetid"  does  not
represent  a  systematic  grouping,  but  refers  to  a  skeletal

grade  of  organization   (Wood,   1990) .

Hill   (1981)   listed  the  range  of  chaetetids  as  Silurian

to  Permian.     West   (1992)   discussed  reported  occurrences  of

chaetetids  and  suggest  a  range  of  Silurian  to  Triassic,  and
noted  that  chaetetids  are  most  abundant  in  Lower  to  Middle

Pennsylvanian  rocks.

Previous  studies  and  noted  occurrences  of  chaetetids

10



are  numerous;   these  are  well  discussed  by  Connolly  et  al.

(1989),   Suchy   (1987),   and  West   (1992),   and  except   for

Marmaton  age  rocks,  will  not  be  discussed  further.

Chaetetids  have  been  recognized  in  all  the  limestone

formations  of  the  Marmaton  group  except  f or  the  uppermost

Lenapah  Formation.     Suchy   (1987)   described  chaetetids  in  the

Houx-Higgensville  Limestone  Member  of  the  Fort  Scott

Limestone  throughout  Oklahoma,   Kansas,   Missouri,   and  Iowa,

including  a  detailed  description  of  a  chaetetid  reef al
buildup  in  Crawford  Co.,   Kansas.     Roth   (1991)   reported  on

chaetetids  in  the  Blackjack  Creek  Limestone  Member  of  the

Fort  Scott  Limestone.     Price   (1981)   discussed  chaetetid

occurrences  within  the  Pawnee  Limestone  of  Kansas  and

Missouri .

Within  the  Amoret  Limestone  Member  of  the  Altamont

Limestone,   Tewett   (1941)   mentioned  the  occurrence  of  laminar

chaetetids  in  Missouri  and  massive  chaetetid  buildups  in
southeast  Kansas.     Tewett   (1945)   recognized  that  chaetetids

were  important  rock  builders  during  most  of  Amoret  limestone

deposition,   noting  that  many  sections  were  composed  almost

entirely  of  this  organism.     Jewett   (1945,   pg.   67)   stated

that:   ''. . .colonies  gained  a  footing  soon  after  the  beginning

of  deposition  of  the  limestone  phase .... and  they  continued

to  f lourish  in  areas ....  protected  from  incoming  clays

during  the  waxing  and  waning  of   (Amoret)   cycles .... aided  by

the  accumulation  of  calcareous  algae,   they  continued  to
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build  up .... until  covered  by  muds  that  now  form  the  Lake

Neosho  Shale."    Jewett   (1945)   believed  that  chaetetids  did

not  occur  in  the  Worland  Limestone  Member  of  the  Altamont  in

southeast  Kansas,   but  noted  that  they  were  common  in  this

member  in  Missouri.     Chaetetids  from  the  Worland  limestone

in  Missouri  are  reported  by  Cline  and  Green   (1950)   and

Gentile   (1976) .     No  mention  of  chaetetids  within  the  Amoret

member  in  Missouri  is  given  by  either  author.     Johansson

(1959)   noted  the  presence  of  chaetetids  within  the  Worland
limestone  in  northern  Missouri  and  Iowa.     A  chaetetid

baf f lestone  in  the  Worland  member  has  been  reported  from  the

subsurface  of  western  Kansas   (Caldwell,1983).     Devries

(1955)   described  a  chaetetid  biostrome  in  the  Amoret
limestone  of  Madison  Co.,   Iowa.     He  found  that  the

chaetetids  were  adapted  to  a  wide  range  of  environmental

conditions  and  that  development  appeared  to  be  favored  by

topographic  highs.     Schenk   (1963,   1967)   recognized  a

chaetetid  biofacies  within  the  Amoret  limestone  in  southeast
Kansas.     Chaetetids  from  two  localities   (692,   693)   included

in  this  study  were  examined  by  Mathewson   (1978) ,   including  a
"patch  reef"  composed  almost  entirely  of  chaetetid  colonies.

He  suggested  that  chaetetids  grew  in  a  "relatively  shallow,

normal  marine,  moderate  energy  environment,  well  within  the

photic   zone   ..."   (p.   75).

Mathewson's   (1978)   localities  692  and  693   served  as  the

starting  point  for  this  investigation.
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STRATIGRAPHY

General  Comments

As  stated  previously,   four  exposures  of  the  Altamont

Limestone  were  examined  in  detail  for  this  study.     Three

exposures   (729,   692,   693)   were  quarries  where  three

dimensional  examination  of  the  different  facies  could  be

made.     The  fourth  exposure   (782)   was  a  road  cut.     Each

locality  was  napped  using  the  pace  and  compass  method.     On

these  maps  the  locations  of  measured  sections,  vertical

profiles,  and  other  areas  of  specific  study  were  plotted.
Lateral  relationships  were  recorded  on  vertical  prof iles
that  were  drawn  to  scale  using  closely  spaced  measured

sections.  Using  a  theodolite,   strike  and  dip  was  measured  at
each  locality  using  the  three  point  method.

Bed  descriptions  in  the  following  sections  are  based  on

field  and  laboratory  examinations.    Descriptions  represent
an  overall  picture  of  the  bed,  and  as  such  are  generalized.
Detailed  information  for  each  bed  can  be  found  in  the

appendices  where  measured  section  descriptions   (Appendices

A-D) ,   thin  section  descriptions   (Appendix  E) ,   and  washed

residue   (Appendix  F)   are  recorded.
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Stratigraphy  at  Locality  729

Introduction--Locality  729  is  an  active  quarry  operated
by  Midwest  Minerals  Inc.,   Pittsburg,   Kansas.     This  quarry

represents  the  westernmost  locality  studied  (see  fig.   1) ,
and  is  the  most  complete  section  of  the  Altamont  Limestone

among  the  four  locations  studied.    All  but  the  lower  0.5  in

of  the  Amoret  Limestone,   along  with  the  entire  Lake  Neosho

Shale  and  Worland  Limestone  Members  are  exposed.     Above

this,   the  lowermost  part  of  the  Nowata  Shale  is  sometimes

present  within  depressions  of  the  Worland  Limestone.     The
lower  0.5  in  of  the  Amoret  limestone  and  the  uppermost  part

of  the  Bandera  Shale  were  retrieved  by  coring.
Figure  4  is  a  map  of  the  quarry  as  it  looked  in  the

summer  of  1989.     In  the  northern  part  of  the  quarry  all  but

the  lower  0.5  in  of  the  Amoret  limestone  was  removed,   in  the

southern  part  only  the  Lake  Neosho  shale  and  Worland

limestone  had  been  removed.    This  left  the  upper  part  of  the
Amoret  exposed  over  a  large  area.    Four  detailed

stratigraphic  sections  were  measured  within  the  quarry

(labelled  729-Sl  through  729-S4  on  the  map) ,   these  are

described  in  detail  in  appendix  A.    Two  profiles,   one  ten

meters  long   (729-P1)   and  one  twelve  meters  long   (729-P2) ,

were  drawn  to  show  lateral  relationships  and  chaetetid
occurrences  within  beds  exposed  in  the  quarry   (beds  .12

through  19  were  not  included  in  the  prof iles  because  they
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Figure  4.     Pace  and  compass  map  of  locality  729  showing  the
location  of  measured  strati.graphic  sections,  profiles,  core,
and  surface  map  of  the  upper  Amoret.     Closed  area  is  entire
quarry  complex.  Quarry  pit  is  cross-hatched  area.
Topographic  map  is  from  USGS  7.5  minute  Coffeyville  East
Quadrangle   (1962,   revised  1979).

15



showed  little  lateral  variation,  lacked  chaetetids,  and
were  out  of  reach  in  the  areas  were  the  prof iles  were  made) .

A  map,   30  x  50  in   (729-G1) ,   was  made  of  the  upper  surface  of

the  Amoret  limestone  in  the  southern  part  of  the  quarry.

This  map  shows  surface  irregularities  and  chaetetid
occurrences.     A  one  inch  diameter  core   (729-C1)   was  taken  in

the  northern  part  of  the  quarry  using  a  portable  Goring
device  to  examine  the  lower  contact  with  the  Bandera  Shale.

Goring  began  at  the  surface  of  the  quarry  f loor  (near  the
base  of  the  Amoret  limestone)   and  continued  downward  until

the  Goring  device  began  to  bind  at  51  cm.

Rocks  exposed  at  section  729-Sl  are  shown  in  fig.   5.

Each  member  and  the  individual  beds  described  in  the

following  section  are  indicated.    Bed  1  is  the  lowermost  bed

exposed  in  the  quarry.     Beds  A-C  were  recognized  in  the

core.     The  photo  shows  most  of  the  Amoret  limestone  as  it

appeared  in  the  quarry.

Using  the  erosional  surface  at  the  top  of  Bed  6  as  a
datum,   the  strike  and  dip  of  the  beds  is  N  46°E  and  o.78°SE.

DescriDtions  of  Beds--Bed  C,   a  micaceous  siltstone,   is

the  uppermost  part  of  the  Bandera  Shale  at  this  locality.
The  total  thickness  of  this  bed  is  unknown;   only  33  cm  were

obtained  from  coring  and  no  lower  contact  was  evident.

Prominent  f eatures  were  dark  gray  laminae  throughout  and

bioturbation  features  (vertical  escape  structures  and
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Figure  5.     Photograph  of  the  Amoret
limestone  exposed  at  section  729-S1,
and  associated  position  on  composite
stratigraphic  section  of  locality  729.
Pole  is  one  meter  between  wide  dark
bands.     See  Introduction  to  Appendices
for  a  description  of  symbols  used.
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Planolites-like  traces).     Small  pieces  of  unidentifiable
skeletal  debris  were  dispersed  throughout.     Most  of  bed  C

was  noncalcareous  except  for  the  upper  3  to  4  cm.     The  upper

contact  is  sharp  and  marked  by  a  thin   (1  cm  thick)   mudstone

parting.
The  lowermost  part  of  the  Amoret  limestone   (bed  8)   is  a

24  cm  thick  crinoidal  wackestone.   It  contains  numerous  clay-

rich  laminae  which  are  concentrated  in  the  lower  third.
Fossils  consist  of  small(<0.3  cm  diam)   disarticulated

crinoid  columnals  and  unidentifiable  skeletal  grains.    Wavy
bedding  is  evident  throughout.     Grain  size  increases  upward

to  a  sharp  contact  with  the  overlying  bed.
Above  the  crinoidal  wackestone  is  a  14  cm  thick

wackestone   (bed  A) .     Phylloid  algal  fragments  are  the  most

conspicuous  skeletal  element   (up  to  1  cm  long) .     Other

fossils  include  brachiopod  shell  fragrments,  bryozoan

fragments,  crinoid  debris,   fusulinids,  and  unidentifiable
skeletal  grains.     Some  phylloid  algal  fragments  and  other

skeletal  debris  are  partially  algal  coated.    Dark  gray
mottling  is  common,  possible  the  result  of  bioturbation.

The  upper  1  cm  is  a  crinoidal  skeletal  packstone  with
numerous  clay-rich  laminae.    The  upper  contact  is

gradational,  marked  by  a  0.5  cm  thick  sparsely  fossiliferous
fissile  shale  parting.

A  coated  grain  wackestone  to  carbonate  mudstone  ranging

from  33  to  40  cm  thick   (bed  1)   is  the  lowermost  bed  exposed
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at  the  surface  in  the  quarry.    Most  skeletal  debris  is
unidentifiable  and  medium  to  fine  sand-sized.     Larger

identifiable  fossils  include  productids,  Comoosita,
fusulinids,  phylloid  algae  fragments,  bellerophontids,   low
and  high-spired  gastropods,   fenestrate  and  ramose  bryozoan

fragments,   ostracodes,   Endothvra,  Tetrataxis   (some  attached

to  skeletal  debris) ,  micrite  pellets,  and  partially  to
completely  "algal"-coated  grains.     Several  brachiopods  were

articulated  and  spar  filled,  but  were  not  in  life  position.
The  lower  contact  contains  clay-rich  laminae  which  show

evidence  of  compaction  and  pressure  solution.     Fossil

diversity  and  abundance  decreases  upward,  with

unidentifiable  skeletal  debris,   ''algal"-  coated  grains,  and
fusulinids  common  in  the  upper  part  of  this  bed.    The

contact  with  the  overlying  bed  is  sharp  and  marked  by  clay
rich  laminae.

The  overlying  wackestone  to  packstone   (bed  2)   is  10  to

16  cm  thick.     Skeletal  debris  is  predominantly  fusulinids,

but  Crurithvris  and  other  brachiopod  shell  fragments,
bivalve  shell  fragments,  gastropods,  crinoid  debris,

phylloid  algae,  small  foraminiferids   (Endothvra,
Globivalvulina) ,   and  ostracodes  are  also  present.

Most  fusulinids  show  evidence  of  abrasions  and/or  are
"algal"-coated,  and  much  of  the  other  skeletal  debris  is

also  partially  to  completely  "algal"-coated.    Wavy  bedding

is  evident  throughout.    Compaction  and  pressure  solution  has
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occurred  along  clay-rich  laminae  near  the  lower  contact.     In

the  upper  part  of  this  bed,  the  number  of  fusulinids  and  the
overall  fossil  abundance  decreases,  although  phylloid  algae
becomes  more  common   (and  less  fragmented)   upward.     The

contact  with  the  overlying  bed  is  sharp  to  gradational.
Bed  3,   a  phylloid  algal  wackestone,   is    5  to  11  cm

thick  across  the  quarry.    Fossil  debris  cohsist

predominantly  of  phylloid  algal  fragments  up  to  several  cm
long.     Additionally,   Crurithvris,  bryozoans,   ComDosita,

LODhoohvllidium,   foraminiferids,  ostracodes,  pellets,   and

unidentif iable  f ine  sand-size  skeletal  debris  are  also

present.     Spar-filled  areas  under  some  phylloid  algae
fragments  appears  to  have  been  originally  areas  of  shelter

porosity.    Abundant  clay-rich  laminae  occur  in  the  lower

part  of  the  bed,   but  decrease  in  number  upward.     Compaction
and  pressure  solution  along  these  seams  has  created  a
stylobrecciod  structure  (after  Flugel,   1982,  p.   93)

throughout  much  of  the  bed.    The  contact  with  the  overlying
bed  is  placed  where  clay-rich  laminae  disappear.

Bed  4,   a  wackestone   (84  to  loo  cm  thick) ,   is  similar  to

the  underlying  wackestone  bed,  but  contains  a  more  diverse

fossil  assemblage  and  lacks  clay-rich  laminae.    Additional

fossils  present  include  laminar  chaetetids,  echinoid  spines,

trilobite  fragments,  and  Lithobhvllum-like  red  algae.    Dark

gray  mo€tling  occurs  throughout  bed  4,   and  skeletal  debris
is  often  clumped  within  these  mottled  zones.     Some  laminar
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chaetetids  are  fragmented  and/or  overturned,  and  other
skeletal  debris  is  generally  randomly  oriented.    Articulated
Comoosita  in  apparent  life  position  occur  in  the  upper  third
of  this  bed.    The  bed  can  be  divided  roughly  into  three
units,  based  on  skeletal  abundance.    This  sub-division,
although  suggested  in  outcrop,   is  clearly  obvious  in  thin
section.    The  greatest  diversity  and  abundance  of  fossils

occurs  in  the  middle  unit,  with  lower  diversity  and
abundance  above  and  below.     The  abrupt  appearance  of  clay-

rich  laminae  marks  the  contact  with  the  overlying  bed.
Above  this  wackestone  bed  is  a  phylloid  algal

brachiopod  wackestone   (bed  5) ,  which  varies  in  thickness

from  20  to  45  cm.     Bed  5  is  somewhat  similar  to  bed  3,   but

contains  a  more  diverse  fossil  assemblage.     As  in  bed  3,

this  interval  contains  numerous  clay-rich  laminae,  which
impart  a  brecciated  appearance  to  the  bed.    Phylloid  algal
fragments  are  the  most  conspicuous  skeletal  elements,  with

Comoosita,  productids,  gastropods,   crinoid  ossicles,

fenestrate  and  ramose  bryozoan  fragments,   fusulinids,

ostracodes,  small  foraminiferids,  and  micrite  pellets  also
occurring.     Chaetetids  are  present;  most  are  laminar  forms,
although  a  few  low  domical  forms  occur.     Occasionally  the

domical  forms  continue  into  the  overlying  bed.     Some

chaetetids  show  evidence  of  brecciation  and/or  overturning.

The  lower  5  cm  of  this  bed  occasionally  contains  a  skeletal

hash  consisting  of  "algal"-coated  grains,   crinoid  fragments,
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and  unidentif iable  skeletal  debris   (medium  to  f ine  sand-
sized) .     The  contact  with  the  overlying  bed  is  gradational

to  sharp,   and  placed  where  tne  clay-rich  laminae  disappear.
Because  of  the  lateral  irregularity  of  beds  6,  7,  8,  9,

and  10,   figures  6  and  7   (profiles  of  the  quarry  walls)   are

introduced  here.
As  seen  in  figures  6  and  7,   bed  6,   a  wackestone  to

rudstone,  varies  considerable  in  thickness  across  the

quarry,   ranging  from  130  to  180  cm.     This  bed  contains  the

greatest  concentration  and  the  best  developed  chaetetids  of
any  bed  at  this  locality.    Associated  fossils  are  ComDosita,

crinoid  debris,  gastropods,  bellerophontids,  bryozoan
fragrments,   fusulinids,   and  an  abundance  of  medium  to  fine-

grained  skeletal  debris.    Dark  gray  mottling,  possible  the
result  of  bioturbation,   is  well  developed  and  conspicuous  in

places.    These  mottled  areas  appear  coarser  grained  than  the
surrounding  lighter  colored  rock.    Bed  6  is  divisible  into
three  units   (a-c  on  figures  6  and  7) ,  although  in  places

this  division  is  difficult  to  distinguish.    The  contact
between  units  a  and  b,  where  evident,   is  marked  by  thin

black  clay-rich  stringers  and/or  occasional  small  vertical
burrow-like  structures.    Unit  a  contains  the  greatest  number
of  chaetetids,  and  these  chaetetids  occasionally  continue

into  unit  b.    Phylloid  algal  fragments  are  also  more

conspicuous  in  unit  a.     Phylloid  algae  are  not  always

present  throughout  this  bed,  but  tend  to  occur  in
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729 -P1

Figure  6.     Profile  729-Pl  showing  chaetetid  occurrences  and
the  irregularity  of  the  upper  beds  of  the  Amoret  limestone.
Bed  contacts  are  solid  lines;  unit  contacts  are  dashed  lines
(see  text) .     Datum  is  top  of  the  Lake  Neosho  Shale  Member.
See  figure  4  for  location  in  quarry.



729-P2

Figure  7.     Profile  729-P2  showing  chaetetid  occurrences  and
the  irregularity  of  the  upper  beds  of  the  Amoret  limestone.
Bed  contacts  are  solid  lines;  unit  contacts  are  dashed  lines
(see  text) .     Datum  is  top  of  the  Lake  Neosho  Shale  Member.
See  figure  4  for  location  in  quarry.



discontinuous  lenses,   at  times  making  up  nearly  all  of  the

recognizable  skeletal  debris.    Within  the  phylloid  algal
lenses  the  rock  is  a  wackestone,  whereas  away  from  these

lenses  the  rock  is  a  skeletal  wackestone  to  packstone.    Unit
a  is  discontinuous  across  the  quarry,  and  consists  mainly  of

jumbled,   abraded,   and  fragmented  chaetetids.     The  contact
with  unit  b  is  relatively  sharp,  and  it's  irregularity
suggest  scouring  of  unit  b  during  unit  c  deposition.    Where

the  overlying  bed  (7)   is  absent,  the  upper  surface  of  bed  6

contains  solution  pits,  cher€-filled  fractures,  in-place
brecciation,   and  evidence  of  erosion   (fig  8) .

Bed  7,   a  skeletal  mudstone  to  wackestone,   is

discontinuous  across  the  quarry,  ranging  up  to  20  cm  in

thickness.     In  most  areas  bed  7  is  absent,   and  where  it  does

occur  it  generally  occupies  depressions  in  bed  6.     Skeletal
debris  is  uncommon,   and  is  mostly  unidentifiable  and  fine

sand-sized.     Endothyroid  foraminiferids  and  calcispheres  can

be  recogniz-ed.     This  bed  commonly  contains  rootlets  and/or

burrow  structures,  spar-filled  fractures,  and  a  pitted  and
corroded  upper  surface.     The  contact  with  the  underlying  bed

is  often  stylolitic,  and  this,  along with  the  effects  of  the
upper  erosional  surface,  often  makes  this  bed  hard  to

distinguish  from  the  upper  part  of  bed  6.     In-place

brecciation  of  bed  7  has  resulted  in  some  inter-f ingering

with  the  overlying  bed,  although  the  upper  contact  is  very
sharp  and  easily  recognized.
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Figure  8.     Erosional  surface   (ER)   on  bed  6  at  locality  729.
Note  large  pitted  and  eroded  limestone  fragments   (EL)   at  the
center  of  the  photo,  eroded  chaetetid  (Ech)   at  the  left
center  in  bed  6c,   absence  of  bed  7,   and  bed  8  filling  in
depressions  on  the  upper  surface  of  bed  6b.     Scale  is  15.24
Cm.
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The  overlying  clayshale   (bed  8)   occurs  infrequently,

mostly  within  depressions  on  the  upper  surface  of  bed  7,   or

bed  6  where  bed  7   is  missing.     Bed  8  ranges  from  non-

calcareous  in  the  lower  part  to  calcareous  in  the  upper

part.    It  contains  abraded  and  corroded  skeletal  debris,
including  endothyroid  foraminiferids,  and  chaetetid,
bryozoan,   crinoid,   and  brachiopods  fragments.     Some  black

organic  fragments  occur  and  may  be  plant  debris.     The

contact  with  the  overlying  bed  is  sharp.
Bed  9,   an  oncolitic  wackestone,  ranges  in  thickness

from  5-30  cm  across  the  quarry.     Productids  and  ComDosita

are  the  main  skeletal  constituents,  frequently  articulated
but  seldom  occurring  in  life  position.    Other  skeletal
elements  are  crinoid  debris,  bryozoan  fragments,   ostracodes,

endothyroid  and  other  small  foraminiferids,   laminar  to  low

domical  chaetetids,   and  calcispheres.     Chaetetids  occur  most

frequently  in  the  upper  half  of  the  bed,   and  usually  show

evidence  of  overturning  until  a  critical  size  (generally  3-5
cm  long)   was  reached.     Most  skeletal  grains  are  "algal"-

coated,   often    forming  large  oncolites  up  to  several  cm  in
diameter.     Some  articulated  ComDosita   (which  are  not
"algal"-coated)   occur  and  appear  to  be  attached  directly  to

chaetetids.    Foraminiferids  and  calcispheres  are  rarely
"algal"-coated.

Clayshale  partings  occur  throughout  this  bed,  but  these

are  most  abundant  near  the  lower  and  upper  contact.     Where
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this  bed  thins   (generally  when  less  than  8  cm  thick) ,   it  is
a  nodular  clayshale.    Articulated  brachiopods  are  more

conspicuous  in  the  upper  part  of  this  bed,   and  fewer
skeletal  grains  are  "algal"-coated.    The  contact  with  the
overlying  bed  varies  from  sharp  to  gradational  in  the

quarry.
The  overlying  wackestone   (bed  10)   is  discontinuous

across  the  quarry,  varying  in  thickness  from  0  to  50  cm.

Fossils  are  relatively  uncommon,  consisting  mostly  of

unidentif iable  skeletal  grains   (medium  to  f ine  sand-sized) .

The  most  frequently  occurring  larger  identif iable  fossils
are  crinoid  and  bryozoan  fragments.     Other  skeletal  debris

includes  brachiopod  shell  fragments  and  spines,   ostracodes,
and  foraminiferids.     Skeletal  grains  are  mostly  fragmented
and  abraded,  with  some  partially  to  completely  ''algal"-

coated.     In  thin  sections,   crinoid  fragments  appear  bored
and  corroded,   and  platy  fossil  debris  shows  some  horizontal

alignment.    Thin  sections  also  revealed  the  presence  of  some

silt-sized  quartz  grains.    Orientation  of  skeletal  debris
accentuates  the  wavy  bedding  present  at  some  localities

across  the  quarry.    Where  the  bed  is  present,  the  contact
with  the  overlying  bed  is  sharp.     Bed  10  is  the  uppermost

bed  of  the  Amoret  limestone  at  this  locality.

Bed  11,   a  phosphatic  black  shale   (50  to  60  cm  thick)

makes  up  the  Lake  Neosho  Shale,   and  seven  distinct  units   (a-

g)   were  recognized  within  it.
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Unit  a  is  a  calcareous  olive  gray  clayshale,   3  to  6  cm

thick,   containing  an  abundance  of  compacted  and  crushed

skeletal  debris  including  productids,   ComDosita,   Derbvia,

AviculoT3ecten,   scaphopods,   crinoids,   and  high-spired

gastropods .
Unit  b  is  a  grayish  black,  slightly  calcareous  shale,

3  to  4  cm  thick,  with  some  fossils  including  Mesolobus,

bryozoan  hold fasts,  pyritized  Donaldina-like  gastropods,   and
scaphopods.    Horizontal  trace  fossils,   similar  to

Planolites,   are  present.
Unit  c  is  an  olive  black  calcareous  clayshale,   5  to  6

cm  thick.     Skeletal  debris  within  this  unit  includes
Mesolobus,   Orbiculoidea,  Mvalina,   Crurithvris,  productid

shell  fragments,  and  conodonts.    Planolites-like  trace

fossils,   and  a  few  small   (<  1  cm  dia.)   phosphate  nodules  are

also  present.
Unit  d  is  a  noncalcareous,  fissile  black  shale  (11  to

12  cm  thick) .    Fossils  are  scarce  within  this  unit,  but
orbiculoidea,  Clinoohvsta-like  bivalves,  Dunbarella,
Crurithvris,  fish  scales,  Listrocanthus  spines,  plant
fragments,   conodonts,   and  Planolites-like  traces  were  found.

Unit  e   (22  to  24  cm  thick)   is  similar  to  unit  d,  but  is

more  indurated  and  contains  less  skeletal  debris,  consisting

of  Orbiculoidea,  Listrocanthus  spines,  dermal  denticles

(Petrodus) ,   plant  fragments   (Calamites) ,   and  conodonts.

Discoidal  to  spherical  phosphate  nodules   (up  to  several
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centimeters  in  diameter)   are  conspicuous  in  the  upper  half
of  this  unit.    The  nucleus  of  these  nodules  is  generally
unidentifiable  debris  or  Orbiculoidea,  but  occasionally
dermal  denticles  and  plant  fragments  are  present.

Unit  f ,   10-12  cm  thick,   is  also  a  fissile  black  shale,

but  is  less  indurated  than  unit  e.  Planolites-like  trace
fossils  occur  within  the  unit,  and  are  occasionally

pyritized.     Fossils  are  uncommon  and  consist  of
Orbiculoidea,   fish  bones  and  scales,   conodonts,   and  plant

debris.    Phosphate  nodules  are  present,   similar  to  those  in
unit  e,  but  less  abundant.

Unit  g  is  an  olive  gray  calcareous  clayshale   (5-10  cm

thick)    with  frequent  skeletal  debris  consisting

predominantly  of  Crurithvris  and  crinoid  ossicles.    Other
skeletal  debris  includes  Orbiculoidea,  Hustedia,  Turesania,

AviculoDecten,   ramose  bryozoan  fragments,   Donaldina-like

gastropods,  dermal  denticles,   sharks  teeth,   and  conodonts.
Occasional  phosphate  nodules  occur,   similar  to  the  nodules

in  units  e  and  f .    Unit  g  is  the  uppermost  part  of  the  Lake
Neosho  shale,   and  has  a  gradational  contact  with  the

overlying  bed.

Bed  12,   a  brachiopod  wackestone   (23  to  26  cm  thick) ,   is

the  lowermost  bed  of  the  Worland  limestone.     ComDosita  is

conspicuous,  but  productids  and  Mesolobus  also  occur.

Articulated  ComDosita  with  geopetal  structure  occur,  and  are

occasionally  in  apparent  life  position.    Other  fossils
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include  crinoid  debris,   gastropods,  AviculoDecten,   ramose

bryozoan  fragments,  bivalve  shell  fragments,   and  abundant

unidentif iable  skeletal  debris  that  is  medium  to  f ine  sand-
sized.    A  mottled  texture  is  apparent,   suggesting
bioturbation.    The  gradational  contact  with  the  overlying
bed  contains  closely  spaced  dark  gray  clay-rich  laminae.

Above  bed  12  is  a  brachiopod  skeletal  wackestone   (bed

13),   36  to  38  thick.     ComDosita  is  the  conspicuous

brachiopod,  but  productids  are  also  present.    Other  fossils

include  bryozoan  fragments,   crinoid  debris,   LODhoohvllidium,

gastropods,   and  phylloid  algal  fragments.     Unidentifiable
(medium  to  fine  sand-sized)   skeletal  debris  predominates,
and  may  be  phylloid  algal  fragments.     The  upper  contact  with

bed  14  is  gradational  and  contains  thin  clay-rich  laminae.
Bed  14,   a  skeletal  wackestone   (31  to  33  cm  thick),     is

similar  to  bed  13,   although  brachiopods  are  less

conspicuous,  and  crinoid  debris  and  unidentifiable  skeletal
debris  is  more  prevalent.    The  contact  with  bed  15  is  sharp,

and  contains  prominent  crinoid  stems   (up  to  4  cm  long) .

Skeletal  grains  in  the  overlying  55  to  60  cm  thick

wackestone   (bed  15)   are  mostly  unidentifiable  and  medium  to

fine  sand-sized.     Recognizable  fossils  are  mostly  crinoid

and  fenestrate  bryozoan  fragments.    Black  clay-rich

stylolitic  laminae  occur  throughout  bed  15.    The  contact
with  bed  16  is  gradational.

Bed  16,   a  wackestone   (90  to  100  cm  thick),   is  similar
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to  bed  15  in  composition,   although  unidentifiable  medium  to

f ine  sand-sized  skeletal  debris  is  more  prominent  relative
to  other  fossils  grains.     A  small  thin  MultithecoDora  colony

with  a  linear  dimension  of  15  cm  was  noted.     Clay-rich

laminae  are  less  conspicuous  than  in  bed  15,   and  are

concentrated  near  the  gradational  contact  with  bed  17.

Bed  17,   a  carbonate  mudstone,   ranges  in  thickness  from

65  to  75  cm  and  contains  sparse  skeletal  debris.     Much  of

the  skeletal  debris  is  fine  sand-sized  and  unidentifiable.
Occasional  fragments  of  crinoids,   bryozoans,   fusulinids,

Crurithvris,   and  ComDosita  were  noted,   mostly  in  the  lower

half  of  the  bed.     Discontinuous  lenses  of  a  crinoidal-

bryozoan  packstone  occurs  near  the  lower  contact  with  bed

16.       Fossil  fragments  in  bed  17  decrease  in  abundance  and

become  finer  grained  upward.     Stylolites  and  dark  gray

mottling  are  common  in  the  lower  half  of  this  bed.     The

upper  surface  of  this  unit  is  stained  orange  and  appears

corroded,   bored,   and/or  burrowed.     Occurring  on  the  upper

surface  are  articulated  (in-situ?)  NeosDirifer  and
Comoosita,   along  with  fusulinids,   crinoid  columnals   (up  to  5

cm  in  length) ,   and  fine  skeletal  debris.

Bed  18,   a  wackestone  to  packstone   (20  to  50  cm  thick) ,

is  the  uppermost  bed  of  the  Worland  limestone  in  this

quarry.     Throughout  most  of  the  quarry  bed  18  is  overlain  by
a  soil.    The  lower  third  of  this  unit  is  a  packstone
consisting  of  predominantly  f ine  sand-sized  algal-coated
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skeletal  grains  and  occasional  crinoid,   bryozoan,   and

brachiopod  fragments.  The  upper  two  thirds  grades  into  a
skeletal  wackestone,  consisting  of  algal  coated  phylloid
algal  fragments  and  sand-sized  skeletal  debris.

Bed  19,  the  uppermost  bed  at  this  locality,   is  a
discontinuous  noncalcareous  mudstone.     It  occurs  only  in
channel-like  structures  or  depressions  in  the  upper  surface
of  bed  18   (see  fig  5),   and  contains  some  plant  remains.     It

is  the  lowermost  part  of  the  Nowata  Shale.
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Stratigraphy  at  Locality  692

Introduction--Locality  692  is  an  active  quarry
approximately  1.4  kin  southeast  of  locality  729   (see  fig.   1) ,

operated  by  Harry  Keith  and  Sons  Crushed  Rock  of  Coffyville,

Kansas,   and  is  equivalent  to  locality  CM-1  of  Mathewson

(1978) .     Within  the  quarry,   nearly  all  of  the  Amoret
Limestone,   the  entire  Lake  Neosho  Shale,   and  the  lower  2

meters  of  the  Worland  limestone  are  exposed.     The  lower  part

of  the  Amoret  limestone  and  the  uppermost  part  of  the

Bandera  Shale  were  studied  in  a  core  taken  by  Mathewson

(1978)  .

Figure  9  is  a  map  of  the  quarry  as  it  appeared  in  the

summer  of  1988.     Unlike  locality  729,   there  was  no

preferential  quarrying  of  the  units  present.    Active
quarrying  at  this  locality  made  detailed  examination
difficult,  and  no  vertical  profiles  where  drawn.    Five
sections  were  measured   (labelled  692-S3,   692-S4,   692-S5,

692-S7,   and  692-S10)   and  described  in  detail   (see  Appendix

8) .     A  core  of  the  lower  Amoret  limestone  and  the  upper

Bandera  Shale   (collected  by  Mathewson,   1978)   from  this

locality  was  used  to  supplement  the  measured  sections.

Figure  10  shows  the  rocks  exposed  within .this  quarry;

bed  numbers  correspond  to  equivalent  beds  at  locality
729,most  of  which  are  similar  in  all  aspects.     Therefore,

the  following  bed  descriptions  will  be  brief  and  will  focus
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Figure  9.     Pace  and  compass  map  of   locality  692   showing  the
location  of  measured  stratigraphic  sections.     Closed  area  is
entire  quarry  complex.     Quarry  pit  is  cross-hatched  area.
Topographic  map  is   from  the  USGS  7.5  minute` Coffeyville  East
Quadrangle   (1962,   revised   1979)



Figure  10.     Photograph  of  the  Amoret  limestone  exposed  at
section  692-S10,   and  associated  position  on  composite
stratigraphic  section  of  locality  692.     Hammer  is  30  cm
long.     See  Introduction  to  Appendices  for  a  description  of
symbols  used.
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on  differences  which  were  noted  between  the  two  localities.

Using  the  erosional  surface  at  the  top  of  bed  6  as  a

datum,   the  strike  and  dip  of  these  beds  is  N.   8°  W.   and  |°

SW.

Description  of  Beds--The  following  descriptions  of  beds

A-C  are  modified  from  Mathewson   (1978) .

Bed  C,   a  micaceous  siltstone,   is  equivalent  to

Mathewson's   (1978)   beds  D  and  C,   and  differs  little  from  bed

C  at  locality  729.     it  is  35  cm  thick   (no  lower  contact  was

noted) ,   and  contains  calcareous  clasts.

Bed  8,   an  argillaceous  wackestone   (10  cm  thick)

overlies  bed  C,  and  represents  the  lowermost  part  of  the

Amoret  limestone.     This  bed  is  the  equivalent  of  Mathewson's

(1978)   bed  8,     and  is  very  similar  to  Bed  8  at  locality  729,
although  the  thickness  here  is  roughly  half  that  at  locality
729.     Finely  disseminated  pyrite  is  present  throughout.

Overlying  bed  a  is  a  wackestone   (bed  A) ,   which  is  22  cm

thick  and  is  the  equivalent  of  Mathewson's   (1978)   bed  A.

This  wackestone  is  very  similar  to  bed  A  at  locality  729,

although  nearly  twice  as  thick.
Bed  1,   a  wackestone  to  mudstone   (30  to  37  cm  thick) ,   is

the  lowermost  bed  exposed  at  locality  692.     This  bed  does

not  show  any  major  differences  from  the  equivalent  bed  at

locality  729.

The  overlying  bed   (2) ,   a  wackestone  to  packstone   (7  to

38



11  cm  thick) ,   is  very  similar  to  bed  2  at  locality  729,

however,   some  differences  were  noted.     Occasional  laminar  to

low  domical  chaetetids  occur  in  the  upper  half  of  the  bed,
and  these  often  appear  to  have  been  overturned  and/or
dislocated.    Also,   fusulinids  are  less  conspicuous  than  at
locality  729.

Bed  3,   a  phylloid  algal  wackestone,   is  4  to  15  cm  thick

and  similar  to  bed  3  at  locality  729.     Unlike  locality  729,

laminar  chaetetids  occur  infrequently  near  the  lower  and
upper  contacts.     LODhoDhvllidium  is  also  locally  abundant

within  this  bed,  but  are  seldom  in-situ.
Bed  4,   a  wackestone,   is  similar  to  bed  4  at  locality

729,   but  the  thickness  is  much  less  at  31  to  42  cm.     Also,

units  a-c  noted  within  bed  4  at  locality  729  are  not  readily
distinguishable  in  the  field  at  this  locality.

Above  bed  4  is  a  phylloid  algal,   brachiopod  wackestone

(bed  5)   which  is  32  to  42  cm  thick  and  differs  little  from
bed  5  at  locality  729.     Chaetetids  in  the  lower  part

occasionally  appear  overturned  and/or  fragmented.     Chert

nodules  also  occur  in  the  lower  half  of  this  unit.
Bed  6,   a  chaetetid  wackestone  to  packstone   (110  to  164

cm  thick) ,   is  similar  to  bed  6  at  Locality  729.    Three

units,  a-c,  can  be  distinguished  here,  although  unit  a  is

not  as  prominent  as  it  is  at  locality  729.     Some  graded-

bedding  and  possible  cross-bedding  was  observed  at  one

section   (692-S7)   in  the  upper  10  cm  of  unit  b.     As  at
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locality  729,  the  upper  contact  is  an  erosional  surface
where  the  overlying  bed  is  absent.     Figure  11  is  a

photograph  of  a  large  quarried  block  of  bed  6  and  shows  a

plan  view  of  this  erosional  surface.
Bed  7,   a  laterally  discontinuous  skeletal  carbonate

mudstone,   is  comparable  to  bed  7  at  locality  729,   and  ranges

in  thickness  from  0  to  30  cm.     It  occurs  frequently  within

depressions  along  the  upper  surface  of  bed  6.     The  upper

surface  is  pitted  and  potmarked,  with  chert-f illed  fractures
and  zones  of  in-place  brecciation.

Overlying  bed  7   (or  bed  6  where  bed  7   is  missing)   is  a

noncalcareous  to  calcareous  clayshale   (bed  8) ,   which  ranges

in  thickness  from  0  to  10  cm  across  the  quarry.     This  bed  is

similar  to  bed  8  at  locality  729,  occurring  within
depressions  in  the  underlying  beds,  and  containing  eroded
limestone  and  chaetetid  fragments.

Bed  9,   an  oncolitic  wackestone   (4  to  35  cm  thick) ,

differs  little  from  bed  9  at  locality  729.    Where  this  bed
thins  it  often  grades  laterally  to  a  clay-rich,  nodular
limestone  to  a  calcareous,  nodular  clayshale.     Brachiopod

oncolites  are  conspicuous  throughout,  and  appear  to  increase

in  size  near  the  center  of  the  bed.
The  overlying  discontinuous  wackestone  bed   (bed  10)   is

the  uppermost  bed  of  the  Amoret  limestone  at  this  locality,
and  is  comparable  to  bed  10  at  locality  729,   ranging  in

thickness  from  0  to  34  cm.     Thin  discontinuous  lenses  of  a
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Figure  11.     A  large  quarried  block  of  bed  6  showing  the
pitted  and  eroded  upper  surface  of  the  bed  at  locality  692.
Numbers  on  pole  scale  are  in  cm.



crinoidal-Mesolobus  packstone  occasionally  occur  within  the

upper  part.    A  quarried  block  of  this  bed  present  near
section  692-S7  contained  a  large  f lattened  bifurcating
Leoidodendron-like  fragment  on  its  upper  surface   (fig.   12) .

Bed  11,   a  phosphatic,   black  shale   (56  to  70  cm  thick) ,

is  the  stratigraphic  equivalent  of  the  Lake  Neosho  shale.
Seven  distinct  units   (a-g)   can  be  delineated  within  this

bed,   all  of  which  are  similar  to  the  same  units  at  locality
729.     Discoidal  to  spherical  phosphate  nodules  occur  in  the

upper  half ,  but  are  concentrated  near  the  center  of  the  bed
and  occur  less  frequently  in  the  upper  part.

Access  to  beds  12  through  16   (Worland  limestone)   was

limited  throughout  most  of  the  quarry,   but  where  examined

appeared  to  dif f er  little  from  the  same  beds  at  locality
729.     Crinoid  debris,   brachiopods,   and  medium  to  fine  sand-

sized  skeletal  grains  were  conspicuous  throughout.    A  modern

soil  profile  is  developed  on  the  upper  surface  of  bed  16,

the  uppermost  bed  present  within  the  quarry.
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Figure  12.     Compacted  bifurcating  LeDidodendron-like  branch
present  on  the  upper  surface  of  bed  10  at  locality  692.
Hammer  head   is   15   cm  across.



Stratigraphy  at  Locality  693

Introduction--Locality  693,  a  small  inactive  quarry
owned  by  Ben  Donley  of  Coffeyville,   Kansas,   is  in  the

eastern  part  of  the  study  area  (see  fig  1) .     Exposed  within
this  quarry  is  what  appears  to  be  all  but  the  lower  f ew  beds
of  the  Amoret  limestone.     The  entire  Lake  Neosho  shale,   and

the  lower  part  of  the  Worland  limestone  were  exposed  by

trenching  in  the  northeastern  part  of  the  quarry.    This
locality  is  the  same  as  Mathewson's   (1978)   locality  CL-6.

Figure  13   is  a  pace  and  compass  map  of  the  quarry  as  it

appeared  in  the  summer  of  1989.     Five  detailed  stratigraphic

sections  were  measured  within  the  quarry   (labelled  693-S1,

693-S2,   693-S5,   693-S6,   and   693-S7   on  the  map);   these  are

described  in  detail  in  Appendix  C.     Two  profiles,   each  10

meters  long,  were  drawn  of  the  exposed  vertical  wall  to  show

lateral  relationships  and  chaetetid  occurrences  within  beds
exposed  in  the  quarry   (labelled  as  693-Pl  and  693-P2  on  the

map) .     The  approximate  location  of  a  one  inch  diameter  core

taken  by  Mathewson   (1978) ,   which  was  re-described  for  this

study,   is  also  shown  on  the  map   (labelled  693-C1) .

Using  the  erosional  surface  of  bed  6  as  a  datum,   the

strike  and  dip  of  the  beds  is  S.   34°  E.   and  1.o°  sE.

Rocks  exposed  at  section  693-Sl  are  shown  in  figure  14,

along  with  a  composite  stratigraphic  prof ile  of  locality
693.     The  lower  beds   (1-3)   were  usually  under  water,   and
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Figure  13.     Pace  and  compass  map  of  locality  693  showing  the
location  of  measured  stratigraphic  sections,  profiles,  and
core.     Topographic  map  is  from  the  USGS  7.5  minute  Valeda
Quadrangle   (1974) .
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Figure  14.   Photograph  of  the  Amoret  limestone  exposed  at
section  693-S1,   and  position  on  composite  stratigraphic
section  of  locality  693.     Scale  is   10  cm  long.     See
Introduction  to  Appendices  for  a  description  of  symbols.

46



beds  A  and  a  were  only  recognized  in  the  core.     The  Lake

Neosho  shale  and  Worland  limestone  did  not  occur  at  section

693-S1.

Descriotion  of  Beds--Bed  8,   a  wackestone,   is  the

lowermost  bed  observed  at  this  locality.     The  thickness  of
the  bed  is  unknown;   only  17  cm  was  obtained  from  Goring  and

no  lower  contact  was  evident.    Skeletal  debris  consist

predominantly  of  phylloid  algal  fragments  and  unidentif iable
skeletal  grains.    Other  fossils  present  include  productid
shell  fragments,  high-spired  gastropods-,   crinoid  debris,  and

bryozoan  fragments.    Much  of  this  skeletal  debris  is

partially  to  entirely  algal-coated.    The  upper  contact  was
sharp  and  marked  by  thin  clay-rich  laminae.

Overlying  bed  8  is  a  wackestone  bed   (bed  A)   which  is  6

cm  thick.    Skeletal  debris  consists  primarily  of
unidentif iable  skeletal  grains  (medium  to  f ine  sand-sized)

and  small  crinoid  fragments.    Other  skeletal  elements  are

fusulinids,   brachiopod  shell  fragments,   and  bryozoan
+

fragments.     Algal  coatings  are  conspicuous  on  many  of  the

skeletal  grains,  especially  in  the  lower  half .    The  upper
contact  with  the  overlying  bed  is  sharp.

Bed  1,   a  packstone   (5  to  7  cm  thick) ,   contains  skeletal

grains  consisting  predominantly  of  fusulinids  and  medium  to
fine  sand-sized  skeletal  debris.    Other.fossils  include

phylloid  algal  fragments,   crinoid  debris,  brachiopod  shell
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fragments,   bryozoans,   calcispheres,  gastropod  shell

fragments,   ostracodes,   and  small  foraminiferids   (including
Globivalvulina  and  Tetrataxis).     Skeletal  debris  is  mostly
fragmented  and  abraded,  with  many  grains  algal-coated.     Wavy

bedding  occurs  throughout,  and  the  upper  contact  is  sharp
and  marked  by  black  clay-rich  laminae.

Bed  2,   a  wackestone   (17  to  28  cm  thick) ,   is  the

lowermost  bed  exposed  at  the  surface  in  the  quarry.  Fossil
debris  is  mostly  phylloid  algae  fragments   (up  to  3  cm  long) .

Other  fossils  include  crinoid  debris,   Comi3osita  and  other

brachiopod  shell  fragments,  gastropod  shell  fragments,

calcispheres,   small  foraminiferids  (including  Tetrataxis) ,

and  unidentifiable  skeletal  grains.    Some  skeletal  debris  is

partially  "algal"-coated.    Spar-filled  areas  that  appear  to
have  been  original  porosity  are  present  under  some  phylloid
algal  fragments.    The  contact  with  the  overlying  bed  is
sharp  and  marked  by  microstylolites  and  black  clay-rich

laminae.

The  overlying  chaetetid-bearing  wackestone   (bed  3)

ranges  from  23  to  60  cm  thick  in  the  quarry.     It  is  similar

to  the  underlying  bed,  but  contains  slightly  more  skeletal

grains.    The  most  conspicuous  skeletal  elements  are  phylloid
algal  fragments,   often  up  to  several  cm  in  length.    Laminar

chaetetids  occasionally  occur  in  the  upper  half  of  bed  3.
Other  fossils  include  gastropod  fragments,   ComDosita,

ostracodes,   foraminiferids   (including  fusulinids  and
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Tetrataxis) ,  and  unidentifiable  skeletal  grains  that  are
medium  to  fine  sand-sized.     The  contact  with  the  overlying

bed  is  sharp  and  marked  by  thin  clay-rich  laminae.

Bed  4,   a  phylloid  algal  foraminiferid  wackestone,   is  23

to  46  cm  thick  in  the  quarry.    This  wackestone  is  similar  to

the  underlying  bed,  but  phylloid  algae  appears  more

fragmented,   and  laminar  chaetetids  occur  less  frequently,
usually  near  the  lower  contact.    Foraminiferids  are

conspicuous  in  thin  section,  consisting  of  fusulinids,
Endothvra,  Tetrataxis,  Globivalvulina,   and  others.     Rugose

corals,   ComDosita,  productids,  high-spired  gastropods,

calcispheres,  and  unidentifiable  skeletal  grains  are  also

present.     "Algal"-coated  skeletal  debris  occurs  throughout.
The  upper  contact  is  sharp  and  marked  by  black  clay-rich

laminae.

Figures  15  and  16  are  prof iles  of  the  quarry  walls  at

locality  693,  and  are  introduced  here  to  illustrate  the
lateral  thickness  variations  in  beds  5  through  8  at  this
locality.

As  seen  in  figures  15  and  16,   bed  5,   a'chaetetid

wackestone  to  boundstone   (134  to  138  cm  thick) ,   can  be

divided  into  three  units   (labelled  a,  b,  and  c),   each  of

which  varies  considerable  in  thickness  across  the  quarry.

Unit  a  is  a  chaetetid  wackestone  to  boundstone,  with

chaetetids,   in  places,  making  up  100%  of  this  interval.

Elsewhere  this  zone  contains  crinoids,   ComDosita,   Mesolobus,
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Figure  15.     Profile  693-Pl  showing  chaetetid  occurrences  and
the  irregularity  of  Amoret  limestone  beds  at  locality  693.
Bed  contacts  are  solid  lines;  unit  contacts  are  dashed  lines
(see  text).     Datum  is  surface  of  water  in  quarry.     See
figure  13  for  location  in  quarry.



Figure  16.    ,Profile  693-P2  showing  chaetetid  occurrences  and
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(see  text).     Datum  is  surface  of  water  in  quarry.     See
figure  13  for  location  in  quarry.



productid  shell  fragments,   fusulinids,  bryozoan  fragments,
small  foraminiferids   (including  Tetrataxis  and  Endothvra) ,

and  unidentif iable  skeletal  grains  that  are  medium  to  f ine
sand-sized.     An  "algal"-coating  occurs  on  some  of  the  fossil

debris  and  also  occasionally  on  chaetetids.     The  growth  form

of  chaetetids  at  the  base  of  this  unit  is  laminar,  but
becomes  low  domical  in  the  upper  part.     These  frequently

continue  upward  into  the  overlying  unit.     Occasionally  the
low  domical  forms  are  toppled  or  overturned.     Clay-rich

laminae  mark  the  sharp  upper  contact  with  the  overlying

unit.
Unit  b,   a  chaetetid  boundstone,   is  comprised  almost

entirely  of  columnar  chaetetids.    Discontinuous  lenses  of  a

crinoidal  fusulinid  wackestone  to  packstone  occur  between
some  of  the  columnar  chaetetids.    These  lenses  frequently
contain  angular  chaetetid  fragments.    Large  open  cavities
are  present  between  many  of  the  individual  chaetetids.
Overturned  and  displaced  chaetetids  occasionally  occur

within  this  zone,  often  near  the  contact  with  the  overlying
unit.    The  contact  with  unit  c  is  marked  by  black  clay-rich

laminae.

Unit  c  is  a  chaetetid  boundstone  to  skeletal
wackestone.     Areas  of  chaetetid  boundstone  within  this  zone

are  a  continuation  of  the  columnar  chaetetids  in  the

underlying  unit.     However,   some  chaetetids  also  begin  at  or

near  the  lower  contact  of  unit  a.    The  matrix  surrounding
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the  chaetetids  is  skeletal  packstone  to  grainstone,  much  of
which  is  unidentif iable  skeletal  grains  and  f oraminiferids

(including  fusulinids,  Tetrataxis,  Endothvra,  and
Globivalvulina).     ComDosita,   bryozoan  fragments,   high-and

low-spired  gastropods,   Edmonia,  crinoid  debris,   ostracodes,

and  calcispheres  also  occur.    Chaetetids  in  the  upper  part
of  unit  c  are  often  toppled  or-overturned.    Where  the

overlying  bed  (6)   is  missing,  the  upper  surface  of  unit  c

appears  eroded   (fig  17).     The  upper  contact  is  sharp,

although  occasionally  cliff icult  to  recognize  when  bed  6  is

present  due  to  numerous  stylolites.
Bed  6,   a  carbonate  mudstone  to  wackestone,   is  laterally

discontinuous  across  the  quarry   (see  figures  15  and  16) ,

ranging  in  thickness  up  to  15  cm.     Skeletal  debris  is

sparse,  composed  mostly  of  unidentifiable  skeletal  grains
that  are  medium  to  fine  sand-sized.     Infrequent  ostracodes,

gastropods,  calcispheres,  foraminiferids,  and  pellets  also
occur.     Spar-  and  carbonate  mud-filled  rootlet  and/or

burrow-like  structures  are .conspicuous  within  this  bed.    The

upper  surface  is  pitted  and  eroded,  with  spar-  and  chert-
filled  fractures.    In-place  brecciation  is  evident  in  the
upper  part  of  this  bed,  occasionally  interfingered  with  a
thin,  discontinuous,  dark  orange  siltstone.    The  contact

with  the  overlying  bed  is  sharp.

The  overlying  calcareous  mudstone  to  mudshale   (bed  7)

ranges  in  thickness  from  1  to  6  cm  across  the  quarry,
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Figure  17.     Eroded  upper  surface   (ES)   of  beds  5c  and  6  at
locality  693.     Note  how  bed  6  pinches  out  against  bed  5c  in
the  left  half  of  the  photograph,   and  the  large  planed-off
chaetetid  (Pch)   in  bed  5c  in  the  right  half  of  the
photograph .
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thickening  over  depressions  in  the  underlying  bed.     The

lower  few  centimeters  of  this  bed  are  non-calcareous,

blocky,   and  contain  plant  fragments  and  an  occasional  thin

(<1  cm  thick)   coal  smut.     Upward  this  bed  becomes  calcareous
and  platy.     A  few  compacted  brachiopod  shell  fragments  were

present  in  the  upper  part.    The  contact  with  the  overlying
bed  is  gradational.

Overlying  bed  7  is  an  oncolitic  wackestone   (bed  8)

which  is  14  to  26  cm  thick.     Thin   (1  to  2  cm)   areas  of

concentrated  black  platy  laminae  occur  at  both  the  upper  and

lower  contacts  of  bed  8.     Fossils  within  this  bed  are

predominantly  productids  and  ComDosita,   which  range  from
fragmented  to  articulated  with  geopetal.    Articulated
brachiopods  become  more  conspicuous  in  the  upper  part  of

this  bed.    Many  brachiopods  are  partially  to  completely
"algal"-coated,   forming  large   (up  to  5  cm)   oncolites.     Some

productids,  forming  the  cores  of  oncolites,  still  retain
well  preserved  spines.     Other  fossils  are  echinoid  spines,

ostracodes,   gastropods,   small  foraminiferids   (including

Tetrataxis,  Globivalvulina,   Endothvra) ,   and  unidentifiable
skeletal  grains.    Many  of  these  fossils  are  also  "algal"-
coated.     Some  oncolites  are  further  encrusted  with

chaetetids,   and  often  show  evidence  of  overturning.

Chaetetids,  when  present,  occur  most  often  in  the  upper  half

of  the  bed.     Clay-rich  laminae  occur  throughout,   in  places

becoming  very  abundant  where  the  bed  becomes  nodular.     The
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contact  with  the  overlying  bed  is  sharp.
Bed  9,   a  wackestone,   ranges  in  thickness  from  12  to  23

cm  in  the  quarry.     Crinoid  debris,  bryozoan  fragments,   and

unidentif iable  skeletal  grains   (medium  to  f ine  sand-sized) ,
are  the  predominant  fossils  in  this  bed.    Much  of  the

crinoid  debris  appears  fragmented  and  abraded,  with  borings

present  on  many  grains.     Infrequent  productids,   ComDosita,
Mesolobus,   echinoid  spines,   low-spired  gastropods,   and

ostracodes  also  occur.     Some  skeletal  grains  are  partially

to  completely  "algal"-coated.     One  low  domical  chaetetid  was

noted  continuing  into  this  bed  from  bed  8  below  (see  area

around  693-S2  on  fig.15).     Most  brachiopods  are  fragmented

but  a  few  are  articulated  and  micrite-filled.    Some  silt-
sized  quartz  grains  were  noted  in  thin  section.    The  upper
contact  is  sharp  to  gradational.

Overlying  bed  9  is  a  phylloid  algal  wackestone   (bed  10)

which  is  16  to  30  cm  thick.     Phylloid  algae  and

unidentif iable  skeletal  grains   (medium  to  f ine  sand-sized)

are  conspicuous  throughout.    Other,   less-frequently
occurring  fossils  include  Comt)osita,   productids,  Mesolobus,

gastropods,   ostracodes,  Derbvia,  bellerophontids,  crinoid
debris,   echinoid  spines  and  plates,  bryozoans,   calcispheres,
Tetrataxis,  and  other  small  foraminiferids.    Occasional

small   (<  5  cm  length)   1aminar  chaetetids  were  noted  at  the

contact  with  the  overlying`  bed.     "Algal"-coated  skeletal

debris  occurs  throughout  the  bed.    Dark  colored  mottling
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occurs  throughout  the  bed,   and  may  represent  bioturbation.

The  contact  with  the  overlying  bed  is  sharp  throughout  the

quarry .
Bed  11,   6  to  13  cm  thick,   varies  from  a  calcareous

clayshale  €o  a  carbonate  wackestone  in  the  quarry.

Discontinuous  wackestone  to  packstone  lenses  occur  within

the  clayshale  part,  generally  where  the  bed  is  thickest.
There  is  an  abundance  of  skeletal  debris,  mostly  crinoid
ossicles  and  stems  up  to  several  centimeters  in  length.
Mesolobus  is  frequently  noted,  occurring  as  articulated  or
as  whole  disarticulated  valves.    Packstone  lenses  occur  and

are  made  up  nearly  entirely  of  crinoids   (stems  and  ossicles)

and  Mesolobus.     Other  fossils  include  ComDosita,   Juresania,

Derbvia,   NeosDirifer,   AviculoDecten,   DitomoDvcre,   straight-

shelled  cephalopods,   echinoid  spines  and  plates,  ramose

bryozoan  fragments  and  loose  holdfasts,  gastropods,   sponge

spicules,   fish  bones,   ostracodes,   fusulinids,   and  conodonts.

Most  of  the  skeletal  debris  is  fragmented  and  crushed.    The

upper  2  to  4  cm  grades  into  a  wackestone  with  a  skeletal

composition  similar  to  that  of  the  clayshale.    The  upper

contact  is  sharp.
Bed  12,   a  wackestone,  varies  considerable  in  thickness

in  the  quarry,   ranging  from  4  to  14  cm.     Fossils  are

predominantly  crinoid  debris  and  medium  to  f ine  sand-sized
skeletal  grains.     Gastropods,   productids,   ComDosita,   ramose

bryozoan,   and  foraminiferids   (including  fusulinids,
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Tetrataxis,   and  Endothvra)   also  occur.     The  upper  contact  is

sharp  and  occasionally  s€ylolitic.
The  overlying  wackestone   (bed  13)   ranges  in  thickness

from  30  to  40  cm.     Skeletal  grains  are  predominantly

fragmented  phylloid  algae  (up  to  several  centimeters  in
length) .  Crinoid  debris  and  unidentif iable  skeletal  grains

(medium  to  fine  sand-sized)   also  frequently  occur.     Other
fossils  include  ComDosita,  Crurithvris,  productids,
bryozoans,   gastropods,   ostracodes,   calcispheres,   and  small

foraminiferids.     "Algal"-coated  skeletal  grains  occur
throughout  the  bed.     Infrequent  laminar  chaetetids  occur
near  the  top  of  the  bed.     Dark  colored  mottling  occurs,  but

is  most  conspicuous  near  the  upper  contact  which  is  sharp  to

gradational  and  marked  by  thin  clay-rich  laminae  and  chert
nodules .

Bed  14,   a  wackestone,   is  34  to  46  cm  thick  and  is

similar  to  bed  13,  although  laminar  chaetetids  are  more

prominent  in  this  bed,  and  foraminiferids  occur  in  greater
numbers   (including  Globivalvulina,   Endothvra,   and

fusulinids) .     A  MultithecoDora  coral   (20  cm  long)   was  noted

at  section  693-S2.     On  the  upper  surface  of  bed  14

oncolites,  consisting  of  articulated  and  disarticulated
"algal"-coated  productids,   Comt3osita,   and  other  brachiopods,

were  conspicuous.     The  contact  with  bed  15  is  sharp,   and

marked  by  a  thin  calcareous  clayshale  laminae.

Bed  15,   a  carbonate  mudstone  to  wackestone,   ranges  in
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thickness  from  30  to  43  cm.     In  most  areas  within  the

quarry,   this  is  the  uppermost  bed  exposed,   and  an  overlying
modern  soil  is  occasionally  present.     In  places,  recent
erosion  appears  to  have  removed  much  of  bed  15.

Unidentif iable  skeletal  grains  that  are  medium  to  f ine  sand-
sized  predominate.    Larger  fossils  are  not  overly
conspicuous,   but  a  diverse  brachiopod  assemblage  is  present,

predominately  ComDosita  and  productids,   but  also
Crurithvris,  Mesolobus,   Derbvia,  Hustedia,  Wellerella,   and

Neosoirifer.     An  occasional  specimen  of .Comoosita  occurs

articulated  and  in  apparent  life  position.    Crinoid  debris
appears  rounded  and  abraded.    Other  fossils  include

AviculoTJecten,   fenestrate  and  ramose  bryozoan  fragments,

gastropods,  bellerophontids,  phylloid  algal  fragments,
echinoid  spines  and  plates,   and  small  foraminiferids

(including  Tetrataxis,   Globivalvulina,   Endothvra).     One
small  chaetetid  (<3  cm  long)   encrusting  an  articulated

ComDosita  was  noted  near  section  693-S1.     Most  fragments  of

phylloid  algae  occur  in  the  lower  half  of  the  bed,  and
overall  there  is  a  decrease  in  the  amount  of  fossil  debris
upward.    Partially  to  completely  "algal"-coated  skeletal
debris  is  present  throughout.    The  upper  surface  is  somewhat

irregular;  depressions  on  this  surface  sometimes  contain

thin  lenses  of  a  skeletal  wackestone  which  are  composed

primarily  of  broken  and  abraded  skeletal  grains.    The
contact  with  bed  16   (when  present)   is  sharp.
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Bed  16,   a  calcareous  clayshale  to  a  phosphatic  black

shale,   and  the  overlying  bed   (17)  were  only  present  in  the

northeast  section  of  the  quarry,  and  had  to  be  exposed  by
trenching   (see  section  693-S6).     Most  of  bed  16  is

disturbed  by  the  roots  of  living  plants  and  processes  of
soil  formation,   and,   along  with  bed  17,   serves  as  the  parent

rock  for  the  present-day  soil.    Bed  16  is  the  stratigraphic
equivalent  of  the  Lake  Neosho  shale,   and  can  be  divided  into

three  units   (a,b,   and  a)   based  on  lithologic  and  biologic

dif f erences .
Unit  a  is  an  olive-colored  calcareous  clayshale  which

is  8  cm  thick.     Fossils  include  ramose  bryozoan  fragments,

Crurithvris,  productid  fragments,   scaphopods,  gastropods,

echinoid  spines,   crinoid  debris,   fish  bones,   foraminiferids,
and  conodon€s.     A  few  discoidal  phosphate  nodules  were  also

found.    The  contact  with  unit  b  is  sharp.

Unit  b,  a  black,  non-calcareous,  platy  to  fissile
shale,   is  22  cm  thick.    Fossils  within  this  unit  are  scarce,
and  consist  of  scaphopods,   bryozoan  fragments,   dermal

denticles   (Petrodus) ,   fish  scales,  Orbiculoidea,
Crurithvris,  brachiopod  spines,  Worthenia,   foraminiferids,
echinoid  spines,   and  conodonts.     Phosphate  nodules  are

present  throughout,  but  occur  most  frequently  in  the  upper
half .     Phosphate  nodules  have  formed  around  orbiculoidea,

Petrodus,  plant  fragments,  and  other  unidentifiable  debris.

The  contact  with  unit  c  is  sharp.
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Unit  c  is  a  9  cm  thick,  yellowish  gray,  calcareous

clayshale.     Fossils  include  Orbiculoidea,   other  brachiopod
shell  fragments   (including  productids  and  Neochonetes) ,

ramose  bryozoan  fragments  and  loose  hold fast,   crinoid

ossicles  and  plates,  bellerophontids,  Donaldina-like

gastropods,   echinoid  spines,   low-spired  gastropods,
scaphopods,   foraminiferids,   and  conodonts.     Phosphate

nodules  are  also  present  in  this  unit,  with  Orbiculoidea,
fish  bones,  plant  debris,  Petrodus,  and  unidentifiable
debris  as  nuclei.    The  contact  with  the  overlying  bed  is

gradational .
Only  33  cm  of  bed  17,   a  wackestone,   is  present  at

section  693-S6,   on  top  of  which  a  modern  soil  is  developed.

This  bed  is  the  lowermost  part  of  the  Worland  limestone  in

this  area.     ComDosita,   Crurithvris,   and  medium  to  fine  sand-

sized  skeletal  grains  are  conspicuous.     Brachiopods  occur  as

shell  fragments  and whole  disarticulated  valves,  or  as
articulated  and  spar-f illed  shells  exhibiting  geopetal
structure.    Productids,  Hustedia,  gastropods,  crinoid
debris,  bryozoan  fragments,   fusulinids,  Tetrataxis,  and
other  small  foraminiferids,  were  also  noted.
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Stratigraphy  at  Locality  782

Introduction--Locality  782,   a  road  cut  on  highway  166

approximately  1.2  kin  east  of  Edna,  Kansas,   is  the  eastern

most  locality  studied  (see  fig  1) .    The  uppermost  part  of

the  Bandera  Shale  and  the  lower  and  middle  beds  of  the

Amoret  limestone  are  exposed  along  the  north  side,   and  the

middle  and  upper  beds  of  the  Amoret  limestone  are  exposed

along  the  south  side  at  this  locality.
Figure  18  is  a  map  of  locality  782  as  it  looked  in  the

summer  of  1990.     Four  detailed  stratigraphic  sections  were

measured  along  the  exposure   (labelled  782-Sl  through  782-S5

on  the  map) ;  these  are  described  in  detail  in  Appendix  D.

Two  horizontal  profiles,   one  34  meters  long   (782-P1)   and  one

41  meters  long   (782-P2) ,     were  drawn  to  show  lateral

relationships  and  chaetetid  occurrences  within  the  exposed
beds ,

Rock  exposed  at  section  782-Sl  are  shown  in  figure  19,

along  with  the  composite  stratigraphic  prof ile  of  locality
782.     Beds  11  through  15,   shown  on  the  composite  section,

occur  only  on  the  south  side  of  the  exposure,  and  are  not

present  at  section  782-S1.
Using  the  upper  surface  of  bed  6  as  a  datum,  the  strike

and  dip  of  the  beds   is  N.   16°  E.   and  o.23°  Nw.

Figures  20  and  21  are  the  horizontal  profiles  noted

above.    These  can  be  referred  to  visualize  thickness  changes
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Figure  18.     Pace  and  compass  map  of  locality  782   showing  the
location  of  measured  stratigraphic  sections  and  profiles.
Topographic  map  is  from  the  USGS  7.5  minute  Edna  Quadrangle
(1974)  .



Figure  19.     Photograph  of  the  rocks  exposed  at  section  782-
S1,   and  the  position  on  composite  stratigraphic  section  of
locality  782.     Hammer  handle   in  lower  right  corner  is  25  cm
long.     See  Introduction  to  Appendices  for  a  description  of
symbols  used.
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Figure  20.     Profile  782-Pl  showing  chaetetid  occurrences  and
the  irregularity  of  Amoret  limestone  beds  at  locality  782.
Bed  contacts  are  solid  lines;  unit  contacts  are  dashed  lines
(see  text).     Beds  traced  from  photographic  profile,  detailsadded  in  the  field.     See  figure  18  for  location  along
roadcut .
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Figure  21.   Profile  782-P2  showing  chaetetid  occurrences  and
the  irregularity  of  Amoret  limestone  beds  at  locality  782.
Bed  contacts  are  solid  lines;  unit  contacts  are  dashed  lines
(see  text).    Beds  traced  from  photographic  profile,  details
added  in  the  field.     See  figure  18  for  location  along
roadcut .
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and  lateral  interrelationships  within  and  between  beds
discussed  below.

DescriDtion  of  Beds--Bed  1,   a  micaceous  siltstone,   is

the  stratigraphic  equivalent  of  the  uppermost  part  of  the
Bandera  Shale;  by  trenching,   46  cm  was  exposed  at  section

782-S1.     The  lower  35  cm  was  noncalcareous  and  contained

plant  fragments  and  root-like  traces.     The  upper  10  cm  of
the  bed  becomes  calcareous  and  contains  unidentif iable

skeletal  debris  that  is  medium  to  fine  sand-sized.    The

contact  with  the  overlying  Amoret  limestone  is  gradational.
The  lowermost  part  of  the  Amoret  limestone   (bed  2)   is  a

packstone  to  wackestone  which  is  30  to  35  cm  thick.     The
lower  8  cm  is  a  crinoidal  wackestone  to  crinoidal  packstone

with  abundant  medium  sand-to  silt-sized  quartz  grains.

This  grades  upward  into  a  wackestone  dominated  by  phylloid

algal  fragments,  calcispheres,  and  unidentifiable  skeletal

grains.     Other  fossils  include  ComDosita,  productids,
bivalve  fragments,   and  gastropods.     "Algal"-coated  skeletal

grains  are  conspicuous  throughout.    The  contact  with  bed  3
is  sharp  and  marked  by  fossiliferous  clayshale  partings.
These  partings  contain  mostly  fine  grained,   fragmented

skeletal  debris,   and  occasional  LODhoDhvllidium,

Crurithvris,   and  fenestrate  bryozoan  fragments.
The  packstone  to  wackestone   (bed  3)   which  overlies  bed

2  ranges  from  20  to  33  cm  thick  along  the  outcrop.     The
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lower  6  to  8  cm  is  a  skeletal  packstone  made  up  almost

entirely  of  unidentif iable  skeletal  grains  that  are  medium
to  fine  sand-sized.     Upward  the  bed  becomes  a  wackestone

dominated  by  exceptionally  large  phylloid  algal  fragments

(up  to  10  cm  long)   and  medium  to  f ine  sand-sized  skeletal

grains.    Other  fossils,  which  occur  less  frequently  include
ComDosita,   Crurithvris,   crinoid  debris,   gastropods,   sponges

(HeliosDonaia) ,   bryozoan  fragments,   ostracodes,   and
foraminiferids   (including  Tetrataxis).     "Algal"-coated

fossils  are  conspicuous.     Two  large  cephalopods

(Owenocerous?)   were  collected  from  this  bed,   the  exteriors
of  which  were  partially  "algal"-coated.     The  contact  with
bed  4  is  sharp  and  marked  by  a  thin  fossiliferous  clayshale

parting,  which  grades  laterally  into  thin  black  clay-rich
laminae.     This  parting  contains  crinoid  debris,   Comoosita

shell  fragments,   and  unidentifiable  medium  to  fine  sand-

sized  skeletal  grains.
Overlying  bed  3   is  a  wackestone  to  packstone   (bed  4)

which  is  15  to  40  cm  thick.     Most  of  the  bed  is  a  wackestone

to  packstone  comprised  predominantly  of  fusulinids  and

unidentifiable,   sand-sized  skeletal  grains.    Bed  4  is
similar  in  composition  to  bed  1  at  locality  693,   but

considerable  thicker.    Where  the  bed  4  thickens  it  grades

upward  into  a  wackestone  with  conspicuous  phylloid  algal

fragments   (up  to  4  cm  long)   and  medium  to  f ine  sand-sized

skeletal  grains.    In  these  thicker  areas  laminar  to  low
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domical  chaetetids  occasionally  occur  in  the  upper  half ,  but
these  chaetetids  do  not  continue  into  the  overlying  bed.
The  upper  contact  is  sharp  and  undulatory,   and  marked  by  a

thin  fossiliferous  clayshale  which  contains  crinoid  debris,
bryozoan  fragments,   ComDosita  shell  fragments,   fusulinids

and  unidentifiable  skeletal  grains.
As  seen  in  figures  20  and  21,   bed  5,   a  wackestone  to

boundstone,  varies  considerable  in  thickness  along  the

outcrop,   ranging  from  90  to  150  cm.     Five  distinct

chaetetid-bearing  units   (a  through  e)   can  be  recognized.

Unit  a  is  a  wackestone  to  packstone  which  is  20  to  50

cm  thick.     Chaetetid  growth  forms  in  this  unit  are

predominately  laminar  in  the  lower  part  and  mostly  low
domical  in  the  upper  part,   some  of  which  continue  into  the
overlying  unit.    Fossils  in  the  matrix  around  the  chaetetids
are  mostly  phylloid  algal  fragments,  which,   in  places,   form

a  packstone   (fig  22).     Other  fossils  are  Comoosita,

Crurithvris,  gastropods,  crinoid  debris,  Loohoohvllidium,

and  unidentif iable  medium  to  f ine  sand-sized  skeletal

grains.    Some  fossils  are  partially  to  entirely  "algal"-
coated.     The  contact  with  unit  b  is  sharp  and  highly

irregular,   and  marked  by  thin  black  clay-rich  laminae.
Unit  b,   a  wackestone   (2  to  60  cm  thick) ,   is  somewhat

similar  to  zone  a,  but  with  less  conspicuous  phylloid  algal

fragments  and  more  conspicuous  chaetetids.     Medium  to  fine

sand-sized,   skeletal  grains  are  also  prominent.     Chaetetids
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usually  begin  as  laminar  forms  at  the  base,   and  grade  upward

into  low  domical  to  columnar  forms  which    occasionally

continue  into  the  overlying  unit.    In  places  across  the
outcrop  unit  b  nearly  pinches  out,  grading  laterally  into
thin  black  clay  rich  laminae.    The  contact  with  unit  c  is
highly  irregular  and  sharp,  marked  by  thin,  black,   clay-rich
laminae .

Unit  c  is  a  wackestone  to  packstone  ranging  from  20  to

90  cm  thick.     Chaetetids  are  less  conspicuous  than  in  unit

b,   and  occur  as  laminar  to  columnar  forms.     When  present,

chaetetids  usually  begin  near  the  lower  contact  of  unit  c,
or  continue  upward  from  the  underlying  unit.     Those  that

occur  in  the  upper  part  frequently  are  toppled  and/or
overturned.    Laterally  discontinuous  lenses  of  phylloid
algal  fragments  occur  throughout.    Other  fossils  are  crinoid
debris,   bryozoan  fragments,   fusulinids,   gastropods,   and

small  foraminiferids.     In  areas  devoid  of  chaetetids,  this
unit  is  a  packstone  made  up  nearly  entirely  of
unidentifiable  skeletal  grains  (sand-sized) ,   often  "algal"-
coated.     The  contact  with  unit  d  (or  e)   is  sharp  and

irregular.
Unit  d  is  laterally  discontinuous  along  the  outcrop,

ranging  in  thickness  from  0  to  30  cm.     It  is  a  wackestone

composed  predominantly  of  small  crinoid  fragments  and

unidentifiable  skeletal  grains.     "Algal"-coated  grains  occur

throughout.     Infrequent  small  laminar  and  low  domical
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chaetetids  are  also  present.    The  overlying  contact  with
unit  e   (or  bed  6  where  unit  e  is  missing)   is  sharp,   and

marked  by  a  thin  clayshale  parting.
Unit  e  is  also  laterally  discontinuous,  and  generally

does  not  occur  where  unit  d  is  present.    It  is  a  chaetetid
boundstone  to  chaetetid  rudstone,   inter-bedded  with  a
fossiliferous  clayshale,   and  ranges  from  0  to  loo  cm  thick.

Chaetetids  within  zone  e  are  low  domical  to  columnar  forms

which  occasionally  form  small  buildups.     Some  of  the

buildups  apparently  began  entirely  within  unit  e,  while
other  are  f ormed  around  chaetetids  which  have  continued  into

unit  e  from  unit  c.     In  places,  unit  c  appears  scoured  out

around  these  buildups  (see  area  just  to  the  right  of  section
782-S4  on  figure  20).     Chaetetids  frequently  appear  toppled,

overturned,  or  rolled  about.    A  calcareous  clayshale  fills
the  voids  around  the  chaetetids.    Fossils  within  the
clayshale  are  Comoosita,  productids,   gastropods,  ramose

bryozoan  fragments,   crinoid  columnals,   ostracodes,   echinoid

spines,   and  small  angular  chaetetid  fragments.     The  upper

contact  is  sharp,  although  a  few  chaetetids  do  continue
through  this  contact  into  bed  6.

Overlying  bed  5  is  a  carbonate  mudstone  to  wackestone

(bed  6) ,  which  varies  considerable  in  thickness  at  this
outcrop  from  4  to  90  cm.     Thickness  variations  are  mostly

due  to  a  highly  irregular  lower  surf ace  which  closely

follows  irregularities  on  the  upper  surface  of  bed  5   (see
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fig  20  and  21).     Fossils  occur  sporadically,   and  when

present  consist  primarily  of  endothyroid  foraminiferids,
high-spired  Donaldina-like  gastropods,   and  unidentifiable
skeletal  grains   (sand-sized).    Other  fossils  include
ComDosita,   Crurithvris,  bellerophontids,   and  crinoid  debris.

Chaetetids  occasionally  occur  in  the  lower  half  of  the  bed,
and  virtually  always  appear  abraded  and  displaced.

Chaetetids  which  do  occur  in  life  position  are  continuations
of  chaetetids  from  the  underlying  bed.     Small   (2-3  cm  in

length)   burrow  and/or  rootlet-like  structures  are  extremely
abundant  within  this  bed,   occasionally  bifurcating  downward

(fig  23) .     The  upper  surface  is  irregular  and  contains

prominent  micrite-,  spar-,  or  clay-filled  solution  features
(fig.   24)   which  often  extend  downward  30  cm  or  more.     The

contact  with  the  overlying  bed  is  sharp.
Bed  7,   a  non-calcareous  to  calcareous  mudshale   (1  to  5

cm  thick) ,   f ills  in  many  of  the  erosional  features  on  the
surface  of  the  underlying  bed.    Where  thickest,  the  lower

part  occasionally  contains  discontinuous  black  clayshale
lenses  with  plant  debris.    Most  fossils  in  bed  7  are

fragmented  and  abraded  fossils,  and  include  crinoid
ossicles,   echinoid  spines  and  plates,  brachiopod  shell
fragments,   ramose  bryozoan  fragments,   and  ostracodes.     The

contact  with  the  overlying  bed  is  gradational.
Beds  8  through  15  are  very  similar  to  the  corresponding

beds   (8-15)   at  locality  693.     Therefore  the  following  bed
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Figure  23.     Bifurcating  rootlet-like  structures  in  bed  6  at
locality  782.
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Figure  24.     Erosional  surface   (ES)   and  associated  features
on  the  upper  surface  of  bed  6  at  locality  782.     Note  large
erosional  pits  and  depression   (ED) ,  burrow-like  structure
(BU),   and  rootlet-like  structures   (RT).     Ruler  is   15.24  cm
long.
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description  will  be  brief  and  focus  on  differences  noted
between  the  two  localities.

Bed  8,   an  oncolitic  wackestone   (5  to  30  cm  thick),   is

very  similar  to  bed  8  at  locality  693,   and  also  to  bed  9  at
localities  729  and  692.    As  at  the  other  localities,   laminar
to  low  domical  chaetetids  encrust  oncolites  within  the  bed.
Where  bed  8  thins  it  grades  laterally  into  a  platy,  nodular,
limestone  to  clayshale.     The  contact  with  bed  9  is

gradational .
Bed  9,   a  wackestone   (25  to  30  cm  thick),   is  essentially

the  same  as  bed  9  at  locality  693.     At  this  locality  (782)

mottling  is  more  conspicuous,   and  is  occasionally

preferentially  silicified.    One  chaetetid  from  the
underlying  bed   (8)   was  noted  extending  upward  into  bed  9,

but  elsewhere  bed  9  appears  to  have  smothered  out  the

chaetetids  present  in  bed  8.    The  upper  contact  is
relatively  sharp  and  marked  by  thin,  clay-rich  laminae.

The  overlying  wackestone   (bed  10)   ranges  from  20  to  25

cm  thick  and  is  nearly  identical  to  bed  10  at  locality  693,

although  no  chaetetids  were  found  here.     The  contact  with

the  overlying  bed  is  sharp.
Bed  11,   4-14  cm  thick,   varies  from  a  calcareous

clayshale  to  wackestone.    Fossils  are  essentially  the  same

as  those  seen  in  bed  11  at  locality  693,  but  here  (locality

782)   the  bed  is  somewhat  thicker,   more  calcareous,   and  more

indurated.     The  upper  contact  is  sharp.
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Bed  12,   a  wackestone,   ranges  from  10  to  14  cm  thick  and

is  similar  to  bed  12  at  locality  693.    Mottling  is

conspicuous  and  occasionally  preferentially  silicified.    The
contact  with  bed  13  is  sharp.

The  overlying  wackestone   (bed  13)   ranges  from  40  to  45

cm  thick  and  is  essentially  the  same  as  bed  13  at  locality
693.     Mottling  is  conspicuous  throughout,   but  concentrated

in  the  upper  half .     Occasionally,   small  laminar  chaetetids

occur  near  the  upper  contact,  which  is  sharp  to  gradational
and  marked  by  a  discontinuous  nodular  chert  zone.

Bed  14,   a  wackestone,   is  usually  the  uppermost  bed

exposed  at  this  locality,   and  is  overlain  by  a  modern  day

soil  profile.    Where  the  overlying  bed  is  present  (soil
absent),   bed  14   is  30  to  40  cm  thick.     This  wackestone  is

essentially  the  same  as  bed  14  at  locality  693.

Periodically,   small  laminar  chaetetids  occur,   some  of  which

are  overturned  and  show  multiple  generations  of  grot`rth.     The

contact  with  bed  15   (when  present)   is  sharp  and  marked  by

thin  clayshale  parting.
Bed  15,   a  carbonate  mudstone  to  wackestone,   is  the

uppermost  bed  exposed  at  this  locality.   In  most  areas  the
bed  is  absent,  apparently  due  to  weathering  associated  with
modern  soil  formation.     The  maximum  thickness  is  50  cm,   and

the  bed  is  very  similar  to  bed  15  at  locality  693.     One

small   (<3   cm  long)   1aminar  chaetetid  was  noted.     Where  the

bed  is  thickest,  phosphate  nodules,   like  those  in  the  Lake
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Neosho  shale  at  the  other  localities   (693,   692,   and  729),

occur  on  the  upper  surface.
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DIAGENESIS

Introduction
A  detailed  and  critical  study  of  the  diagenetic  history

of  these  rocks  was  not  feasible  for  this  study,  but  some

observations  can  be  made  and  the  general  diagenetic  history
suggested.

Diagenetic  Features

For  most  beds  within  the  study  area,  micrite  appears  to
have  been  deposited  along  with  skeletal  grains.     Some  inter-

particle  porosity  apparently  was  present  in  a  f ew  beds  such
as  the  skeletal  grainstone  noted  in  unit  c  of  bed  5  at
locality  693.     Intra-particle  porosity  was  prevalent  in  many
beds  as  evidenced  by  frequently  occurring  spar-f illed
fossils  and  geopetal  structures.    Shelter  porosity  appears
to  have  been  restricted  to  beds  with  abundant  phylloid  algae
fragments   (such  as  bed  3  at  locality  729) .    Nearly  all  this

porosity  has  been  occluded  by  coarse  spar.     Fringes  of
bladed  Mg-calcite  occur  on  the  internal  surface  of  several
articulated  brachiopods   (such  as  in  thin  section  A13) .     This

cement  apparently  f ormed  very  early  after  the  death  of  the
organism,  perhaps  even  prior  to  burial   (Scoff in,   1987) .

Some  inter-particle  equant  calcite  cement  was  present  as -
void-f illing  cement  in  some  of  the  grainstone  beds  in  the
upper  part  of  bed  6  at  locality  729  and  692,   and  the  upper
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part  of  bed  5  at  locality  693  and  792.     Such  cement

generally  forms  in  the  meteoric  phreatic  zone   (Longman
1980) .     Other  void-filling  cement  is  generally  blocky

ferroan  to  non-ferroan  calcite,  with  an  overall  predominance
of  ferroan  calcite.    The  presence  of  multiple  generations  of

f erroan  and  non  f erroan  calcite  indicates  a  complex  history
of  fluctuating  aeration  of  pore  waters.

Evidence  of  compaction  and  dissolution  of  skeletal

debris  was  noted  frequently  in  the  clay-rich  laminae  which
are  common  throughout  the  area   (such  as  in  thin  section  A1) .

Macro-  and  micro-stylolites  also  often  occur  along  these

laminae   (see  fig.   25  and  thin  section  A5) .     Clay-rich

laminae  similar  to  these  have  been  produced  from  the

compaction  of  recent  carbonate  sediments  by  Shinn  and  Robbin

(1983)   and  Knight   (1988).     Shinn  and  Bobbins   (1983)   believed

the  laminae  they  observed  would,  over  time,   stimulate

carbonate  dissolution,  and  subsequently  concentrate  clays

and  other  insolubles  along  their  boundaries.    These

concentrated  zones  would  then  serve  to  enhance  pressure

solution  and  the  formation  of  stylolites.    This  sequence  of
events  would  produce  features  not  unlike  those  observed  in

the  Amoret  limestone.

Some  crushed  non-"algal"  coated  brachiopods  were  also

present  in  the  oncolitic  zone  throughout  the  area.  This
crushing  appeared  to  have  resulted  upon  contact  with  other
skeletal  grains.
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Figure  25.     Stylolites  along  clay-rich  laminae  in  bed  5,
locality  692.     Stylolites  outline  the  upper  surface  of  a
high  domical   (smooth)   chaetetid.
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Aggrading  neomorphism  was  very  pervasive  throughout  the

area  in  most  beds.    Most  noticeable  was  the  replacement  of

micrite  by  patchy  spar  and  the  replacement  of  unstable

grains  by  crystalline  sparite.    Scoff in  (1987)   stated  that
aggrading  neomorphism  is  usually  caused  by  freshwater

interaction  with  the  sediment,  although  it  may  rarely  occur
in  marine  water  settings.    Neomorphic  sparite  in  this  study
ranged  from  ferroan  to  non-ferroan  calcite,  but  was

predominantly  ferroan  calcite.    Recrystallized  skeletal
debris  occurred  as  both  ferroan  and  non-ferroan  calcite,

again  with  an  overall  predominance  of  ferroan  calcite.

Most  phylloid  algal  and  molluscan  fragments  lack  any

internal  structure  and  were  probably  dissolved  prior  to
replacement  by  coarse  sparite.

Syntaxial  overgrow€hs  were  very  rare,   and  observed  only

in  thin  section  A14.     Such  overgrowths  are  believed  to  have

formed  in  the  freshwater  phreatic  zone   (I.ongrman,   1980) .

Micrite  envelopes  were  present  in  several  thin
sections,  most  noticeably  from  those  low  in  the  section.

Micrite  envelopes  are  believed  to  form  early  during

diagenesis  in  a  stagnant  marine  phreatic  environment

(Longman  1980) .     They  are  apparently  produced  by  boring  of

skeletal  debris  by  micro-organisms.     Such  boring  produces  a

stable  micrite  rind  around  the  particle  (Flugel,   1982) .

This  rind  preserves  the  outline  of  the  particle  during
subsequent  dissolution  and  recrystallization  events.
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Dolomite  only  occurs  in  any  abundance  in  units  a  and  b

of  bed  6  at  localities  729  and  692.     X-ray  diffraction  of

samples  from  units  a  and  b  showed  that  bed  6  is  composed  of

nearly  equal  amounts  of  calcite  and  ferroan  dolomite.     The

dolomite  appears  to  be  restricted  to  dark  mottled  areas

present  in  this  bed.    Some  skeletal  grains  in  the  mottled
areas  are  not  dolomitized   (see  thin  section  A13).     The

dolomite  occurs  as  closely  packed  euhedral  to  subhedral

crystals.    This  dolomite  texture  is  referred  to  by  Sibley
and  Gregg   (1987)   as  unimodal,   planar-s  texture.     They

believed  that  the  presence  of  non-dolomitized  skeletal
debris  in  a  dolomite  matrix  would  require  f ormation  in

waters  which  were  not  highly  supersaturated  with  respect  to

dolomite,   and  would  require  the  dolomitizing  solution  to  be

in  contact  with  the  rock  over  an  extensive  amount  of  time.
Such  a  scenario  would  be  possible  in  the  deep  burial

environment  suggested  for  the  formation  of  ferroan  dolomite

(Scoff in,1987).    Mottled  areas  in  this  bed,  possibly  the
result  of  bioturbation,  may  have  served  as  porous  avenues

for  dolomitizing  solutions,  which  in  turn  led  to  the
formation  of  dolomite  within  these  areas.

Chert  nodules  and  areas  of  partial  silicif ication  occur
at  all  localities,  but  were  not  overly  abundant.    Chert

formation  does  not  appear  to  have  been  the  result  of

evaporite  replacement,  as  none  of  the  chert-bearing  beds

show  any  evidence  of  having  formed  in  such  an  environment.
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Silicious  spicules  have  been  reported  from  some  fossil
chaetetids   (Wood,1990).     It  is  possible  that  silicious
spicules  from  chaetetids  may  have  contributed  to  the
formation  of  the  chert  and  silicious  nodules  seen  in  these
rocks.    As  pore  waters  undersaturated  with  respect  to  silica
moved  through  chaetetid-bearing  zones,   silicious  spicules

may  have  dissolved.     These  then  silica-rich  waters  may  have

moved  through  other  sediments,  where  barriers  to  fluid  flow,
such  as  bed  boundaries  or  areas  of  biologically  disturbed
sediment,  may  have  concentrated  the  silica-rich  waters  and
led  to  the  precipitation  of  Si02.     Depending  on  how  far  the

silica-  rich  waters  moved,  beds  with  chaetetids  would  not

necessarily  be  expected  to  contain  chert  (or  vice-versa) .
This  type  of  scenario  f or  chert  f ormation  in  chaetetid-
bearing  rocks  has  been  proposed  by  Connolly   (1985)   and  Suchy

(1987) ,   and  seems  probable  for  rocks  in  this  area  also.
Coarse  spar-f illed  fractures  which  cut  across  the

matrix,  allochems,   and  other  diagenetic  features  occur  in
many  of  the  beds  examined.     These  apparently  formed  during

the  late  diagenetic  history  of  these  rocks.    The  fracture-
f illing  sparry  calcite  is  ferroan  calcite  which  stains  dark
blue,   indicating  late  stage  formation  during  deep  burial

(Kershaw,1987,   personal  communications).

Large  spar-f illed  fractures  occur  on  chaetetids  in  the
buildups  in  unit  b  of  bed  5  at  locality  693  and  unit  e  of
bed  5  at  locality  792.     These  fractures  taper  downward
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internally  from  the  upper  surface  of  the  chaetetids.    These
fractures  may  be  the  result  of  compaction  of  the  chaetetids
during  burial.    As  sedimentation  continued  and  thus
compaction  increased,  it  is  possible  that  the  lateral
expansion  of  the  chaetetids  into  the  large  open  cavities
around  them  resulted  in  surface  fracturing  of  this  type.
Later,  pore  fluids  moving  through  these  areas  may  have

brought  about  the  precipitation  of  coarse  sparry  calcite  in
the  fractures.

Diagenetic  History

The  depositional  history  of  these  rocks  appears  to  be
one  of  fluctuating  sea  level,  ranging  from  subaerial
exposure  to  normal  marine  conditions.     Such  widely

f luctuating  environments  have  led  to  a  complex  diagenetic
overprint  on  these  rocks.

Initially,   sediment  was  deposited  with  a  micrite  matrix
and  some  inter-particle  porosity.    Some  early  intra-particle
cements  formed  during  this  early  stage  of  deposition.    As

these  sediment  were  buried,  further  development  of  intra-

particle  cement  continued,  along  with  micritization  of
skeletal  grains  as  marine  pore  waters  became  stagnated.

Subsequent  lowering  of  sea  level  would  have  exposed

previously  deposited  sediments  to  meteoric  conditions  where
inter-particle  cement,  silicification,  and  syntaxial
overgrowths  formed,   and  aggrading  neomorphism  began  to
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occur.     Fluctuations  of  pore  waters  caused  the  formation  of

several  generations  of  cement  within  the  sediments.    These

rocks  may  have  been  subjected  to  many  more  episodes  of

marine  and  fresh  water  diagenesis  as  sea  level  f luctuated
over  time.

Continued  accumulation  of  overlying  sediments  caused

the  formation  of  compaction  features  and  subjected  the  rocks
to  deep  burial  conditions.    Dolomite  formed  under  these

conditions,  along  with  late  stage  fracturing  and  the

precipitation  of  ferroan  calcite.    The  overall  abundance  of
f erroan  calcite  suggest  that  much  of  what  is  now  seen  is  the
result  of  late-stage  diagenesis  during  deep  burial
conditions .
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I)EPOSITIONAI.   FRAI(EWORK

Genetic  Stratigraphy  Overview

Before  describing  the  depositional  framework,   some

clarif ication  of  the  methods  used  in  correlating  these  rocks
is  warranted.

As  previously  stated   (p.   6) ,   the  Altamont  Limestone  has

been  interpreted  as  representing  one  overall  deepening-
shallowing  event   (Schenk,1963,1967).     At  present,   the
''Kansas  Cyclothem  "  model  of  Heckel   (1977) ,   is  used  to

interpret  these  rocks  as  having  been  deposited  during  a
single  transgressive-regressive  event,  with  the  Amoret
limestone  representing  the  transgressive  phase.    In  this
study  an  attempt  was  made  to  recognize  genetic/event

surfaces  that  delineate  smaller  scale  events  or  genetic
units.     Such  smaller  scale  events  would  provide  a  more

detailed  understanding  of  the  depositional  environment  of

the  Amoret  Limestone  Member.

The  ''Kansas  Cyclothem"  model  of  Heckel   (1977)   relies  on

the  correlation  and  interpretation  of  rocks  based  on
lithologic  analysis  of  specific  facies  types   (see  fig.   3) .
Deposition  is  one  of  a  gradual  deepening-shallowing  event,

generally  considered  to  be  on  the  order  of  400,000  years

(Heckel,1980).     Heckel   (1984)   recognized  that  smaller

cycles  sometimes  occur  within  the  larger  ''Kansas  Cyclothem",

these  he  termed  intermediate  and  minor  cycles.    This
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approach  does  give  an  overall  picture  of  the  depositional
sequence,  but  is  often  too  generalized  and  can  gloss  over

geologically  important  smaller  scale  events  and  genetic
units ,

In  this  study,  the  method  used  is  based  on  one  proposed

by  Anderson  and  Goodwin   (1980) ,   Goodwin  and  Anderson   (1985) ,

and  Goodwin  et  al.   (1986).     They  stated  that  the  geologic

record  consists  of  meter  scale,  basin  wide,   shallowing
upward  cycles,  bounded  by  surfaces  of  relatively

instantaneous  base-level  rises.    These  they  termed
Punctuated  Aggradational  Cycles,   or  PAC's.     Each  PAC

represents  tens  of  thousands  of  years,   an  order  of  magnitude

smaller  than  the  ''Kansas  Cyclothem".     Correlation  of

individual  PAC's  is  accomplished  using  marker  beds  and

marker  horizons  common  to  all  sections.     Anderson  and

Goodwin   (1980)   grouped  PAC's  into  larger  "Shallowing  PAC

Sequences",  roughly  equivalent  in  scale  to  the  ''Kansas

Cyclothem"   (Busch  and  Rollins,   1984) .

Busch  and  Rollins   (1984),   Busch  et  al.    (1985),   and

Busch  and  West   (1986) ,   believed  that  different  scales  of

transgressive-regressive  units  (T-R  units)   could  be  grouped
into  a  nested  hierarchy.    Their  6th  order  T-R  units  are
equivalent  in  scale  to  Anderson  and  Goodwin's   (1980)   PAC's

and  Heckel's   (1984)   minor  cycles.     Fifth  order  T-R  units  are

equivalent  to  "Shallowing  PAC  Sequences"  and  "Kansas

Cyclothems".     All  T-R  units  may  be  either  allocyclic  or
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autocyclic   (Busch  et  al.,1985).     Allocyclic  units  are

correlative  across  the  basin  of  deposition  at  all
localities,  where  as  autocyclic  units  are  only  present  at
some  localities.

Brett  et  al.   (1990)  were  also  able  to  delineate  a

nesting  of  different  scales  of  cycles  in  the  Silurian  of  the
Appalachian  Basin.     Their  smallest  scale  widespread

correlative  cycles  they  termed  5th  and  6th-order  cycles.
These  are  0.2  to  5  in  thick,   and  are  equivalent  to  5th  and

6th  order  T-R  units.

Control  of  both  5th  and  6th-order  cycles   (and

equivalent  units)   has  generally  been  considered  to  be  the

result  of  glacial  eustacy  caused  by  Milankovitch  orbital
cycles   (Heckel,   1977,   1980;   Busch  and  West,   1986;   Goodwin

and  Anderson,1985) ,   although  Klein   (1988,1990)   favors

tectonic  control.
More  recent  work  has  focused  on  climate  and  climate

change  as  a  driving  force  for  such  rock  cycles  (Archer  et
al.,1990;   Cecil,1989,1990).     Cecil   (1989,1990)   related

the  formation  of  dif ferent  rock  types  to  alternating  wet  and
dry  periods,  with  siliciclastic  rocks  forming  in  wet  periods
and  chemical  rocks  more  characteristic  of  dry  periods.    It
is  possible  that  many  of  the  cycles  seen  in  the  rock  record

are  simply  the  result  of  climatic  change,  with  little  or  no
change  in  water  depth   (West,   1990) .

The  fact  that  small  scale  cycles   (PAC's,   6th  order
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cycles,   or  minor  cycles)   do  exist  has  been  well  established

for  Pre-Cambrian,   Ordovician,   Silurian,   Devonian,   Permian,

Triassic,   and  Cretaceous  rocks   (Anderson  and  Goodwin,   1990) .

In  Pennsylvanian  rocks  of  the  midcontinent,   studies  by  Roth

(1991),   Leonard   (1990),   Suchy   (1987),   West  and  Busch   (1985),

and  Heckel   (1985,   1988)   have  substantiated  the  existence  of

6th  order   (or  equivalent)   cycles.

In  this  report  I  will  use  the  terminology  of  Brett  et
al.   (1990).     Within  the  area  of  this  study,   cycles

identified  will  be  shown  to  be  allocyclic,  with  the
understanding  that  a  larger  basin  wide  study  may  show  some

of  these  to  be  autocyclic.    Although  changes  in  water  depth

will  be  assumed  to  be  the  overriding  controlling  mechanism

for  these  cycles,   it  is  possible  that  climate  change  alone
may  account  for  some  or  all  of  what  is  seen.     Deciding  which

of  these  was  the  overriding  factor  controlling  the
deposition  of  rock  types  would  be  difficult  at  best.    It  is
very  probable  that  a  combination  of  factors  acted  in  this
area  to  produce  the  variations  seen.

Regional  Geologic  Setting

The  potential  inf luence  of  the  regional  structural
f eatures  must  be  taken  into  account  in  any  reconstruction  of
the  depositional  environment.    Figure  1  shows  the  location

of  the  outcrops  studied  relative  to  known  midcontinent

structural  elements  which  were  present  during  the  Middle
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Pennsylvanian.    The  study  area  is  located  within  the

Cherokee  Platform,   bounded  to  the  north  by  the  Bourbon  Arch,

to  the  east  by  the  Ozark  Uplift,  to  the  south  by  the  Shelf
Edge  Rise  and  the  Arkoma  Basin,   and  to  the  west  by  the

Nemaha  Uplift.

The  Cherokee  Platform   (or  Basin)   apparently  developed

from  the  pre-Mississippian  Chautauqua  Arch,   a  westward

extension  of  the  Ozark  Uplift   (Price,   1984) .     By

Pennsylvanian  time,  the  southern  part  of  this  arch  was

depressed,   forming  the  Cherokee  Platform   (Price  1981) .

During  the  Pennsylvanian,  the  Cherokee  Platform  tilted
slightly  southward  and  underwent  slow  subsidence   (Moore,

1979) .     It  is  considered  to  have  been  a  shallow  feature

(Merriam,   1963) ,  with  water  depths  probably  never  greatly
exceeding  100  ft  at  any  time   (Steward,   1975) .

The  Bourbon  Arch  is  also  considered  to  be  a  remnant  of

the  Chautauqua  Arch;  as  the  southern  area  became  depressed

to  form  the  Cherokee  Platform,  the  northern  part  remained  a

positive  feature  that  became  the  Bourbon  Arch  (Price,
1981).     Lee   (1943,   p.   85)   described  the  Bourbon  Arch  as     "   a

broad  low  structural  divide  of  Mississippian  rocks  that
separated  the  Forest  City  and  Cherokee  Basins   . . . (in)

Kansas.''    Several  smaller  structural  features  existed  to  the

north  and  South  of  the  Bourbon  Arch  proper,  these  are
summarized  by  Price   (1981) ,   who  recommended  using  the  name
''Bourbon  Arch  Complex"  to  describe  this  area.     The  arch  was
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apparently  sub-aerially  exposed  during  the  early
Pennsylvanian,   but  became  submerged  during  the  Middle  and

Late  Pennsylvanian   (Tewett,1951).     Although  submerged

during  Marmaton  times,   its  effect  as  a  structural  high  on
rocks  deposited  during  this  time  has  been  well  documented

(Suchy,   1987;   Both,   1991;     Price,   1981;     Knight,   1985;

Gamble,1967).     Schenk   (1963)   noted  that  the  Amoret

limestone  pinches  out,   and  the  Lake  Neosho  shale  and  Worland

limestone  thin  considerable  over  the  Bourbon  Arch.

Mathewson   (1978)   believed  that  the  Bourbon  Arch  influenced

the  deposition  of  the  Amoret  limestone  in  southeast  Kansas.

To  the  east,   the  Ozark  Uplift   (or  Dome)   was  a  landmass

of  low  relief  and  low  elevation  during  most  of  the

Desmoinesian,   and  at  times,   probably  served  as  a  source  for

clay  size  sediment   (Wanless,1975).     Schmidt   (1959),   and

Price   (1981,   1984) ,   believed  that  the  relief  on  the  Ozark

Dome  was  enough  to  supply  clastic  sediment  during  the

deposition  of  the  Bandera  Shale.    The  westward  extension  of

the  Ozark  Uplift  into  southeast  Kansas  is  generally  placed
at  the  present  day  surface  outcrop  boundary  of  Mississippian
and  Pennsylvanian  age  rocks   (extreme  southeast  Kansas) ,  but

it  most  likely  affected  deposition  in  areas  further  west

(Tewett,1951).

The  Shelf  Edge  Rise  was  recognized  by  Price   (1981,

1984)   based  on  the  presence  of  algal  buildups  in  the  Pawnee

Limestone  in  northern  Oklahoma.     He  believed  that  it
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represented  a  slight  topographic  high  which  separated  the
Cherokee  Platform  to  the  north  from  the  tectonically  active
Arkoma  Basin  €o  the  south.     It  apparently  influenced

sedimentation  in  the  area  until  it  was  covered  by  deltaic
clastics  in  the  Missourian   (Price,1984).     The  Amoret

limestone  pinches  out  over  the  Shelf  Edge  Rise   (Price  1981) ,

and  the  Lake  Neosho  shale  and  Worland  limestone  thin

considerable   (Krumme,   1981) .     The  Arkoma  Basin  further  to

the  south  consisted  of  a  geosynclinal  trough  adjacent  to  the
Ouachita  Uplift   (Schenk,1963).     During  the  Middle

Pennsylvanian  it  was  an  area  of  strong  subsidence  which

during  the  Desmoinesian  expanded  northward   (Rascoe  and

Adler,   1983) .     The  Ouachita  uplift  contributed  sediment  to

the  Arkoma  basin  throughout  the  Atokan  and  Desmoinesian,   and

by  the  late  Pennsylvanian  (Mississippian-Virgilian)   the

Arkoma  Basin  was  filled  and  inactive   (Branson,   1962) .

The  Nemaha  Ridge  separates  the  Cherokee  Basin  from  the

Sedgwick  Basin  in  Central  Kansas.     During  the  early

Pennsylvanian,   it  existed  as  an  uplifted  area  of  granite
hills,  which  were  inundated  and  buried  by  early
Pennsylvanian  beds  as  the  sea  eventually  covered  them

(Merriam,   1963) .     It  apparently  continued  as  a  positive
feature  on  the  sea  floor,   and  exerted  some  influence  on  the

deposition  of  Desmoinesian  rocks,   as  evidenced  by  their

thinning  over  this  feature   (Krumme,   1981) .
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Depositional  Environment

Introduction--Localities  729,   692,   693,   and  782

essentially  represent  a  strike  section  in  the  southern part
of  the  Cherokee  Platform   (fig.1).     Plate  1  shows  the

correlation  of  identified  genetic/event  surfaces  (labelled
G-1  to  G-7)   at  these  localities.     Each  surface  bounds  small

scale  cycles.    The  genetic/event  surfaces  and  corresponding

cycles  are  discussed  below.

Genetic/Event  Surfaces--Surface  G-1  represents  a

relatively  rapid  transition  from  the  underlying  non-
fossiliferous  siltstone  to  the  overlying  skeletal
wackestone.     The  underlying  siltstone  (uppermost  Bandera

Shale)   has  been  interpreted  as  having  formed  from  an  imf lux

of  sediment  from  an  easterly  source   (Schenk,   1963;  Price,

1981).     Wanless  et.   al.   (1963)   stated  that  large  migrating

deltas  existed  on  the  northern  flank  of  the  Ozark  Uplift,
but  they  could  not  f ind  any  evidence  that  these  contributed
to  Marmaton  rocks  in  the  Cherokee  Basin.     Schmidt   (1959) ,

Schenk   (1963,1967),   Gamble   (1967),   and  Price   (1981)

believed  that  deltas  from  the  Ozark  region  did  supply
sediment  to  the  Cherokee  Basin  area  during  Marmaton  time,

and  that  much  of  the  Bandera  Shale  in  the  Cherokee  Basin  is

a  deltaic  deposit.
Beds  above  surface  G-1  represent  deposition  in  a  marine
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environment  as  sea  level  rose  and  deltaic  environments
retreated  eastward.     Some  reworking  of  deltaic  deposits  may

have  supplied  sediment  for  the  clay-rich  laminae  in  bed  8  at
locality  729  and  692,   and  clay-rich  laminae  and  silt-sized

quartz  seen  in  the  lower  part  of  bed  2  at  locality  782.       An
increase  in  f ossil  diversity  above  these  beds  may  indicate  a
more  offshore  environment  and/or  decreased  turbidity.

Although  no  phylloid  algae  were  noted  in-situ  in  this  study,
they  have  rarely  been  documented  as  occurring  in-situ  in  the
literature   (Baars  and  Torres,1991).     Connolly   (1985)   noted

that  phylloid  algal  blades  rarely  occur  as  isolated
individuals,   but  occur  in  abundance  when  present.     This  he

attributed  to  a  supposed  similarity  to  modern  day  calcareous
codiacian  green  algae,  which  quickly  disarticulate  and
fragrments  upon  death.     Where  phylloid  algae  blades  occur  in

abundance,   they  are  generally  assumed  to  have  undergone

little  transport  because  of  the  suspected  fragility  of  the
fronds   (Connolly,   1985) .     The  occurrence  of  an  abundance  of

phylloid  algae  in  these  beds  suggest  low  energy
environments.    Overall,  fossil  diversity  is  higher  at  the
easternmost  locality,  perhaps  indicating  a  more  stable

(further  offshore  or  less  turbid,  or  both)   environment  in
this  area.    Very  large  fragments  of  phylloid  algae  in  bed  3

at  locality  782  would  suggest  that  these  have  undergone  less

transport,  perhaps  due  to  less  turbulent  conditions  and/or
rapid  burial.    Above  the  phylloid  algal  wackestone  beds
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fossils  are  more  fragrmented,   and  fossil  diversity  decreases
upward  to  surface  G-2.     Calcispheres  are  believed  to  be

indicative  of  restricted,   shallow  water  deposits  (Wray,
1977;   Flugel,1982;   Scholle,1978);  their  presence  in  the

beds  underlying  surface  G-2  may  indicate  deposition  of  these

rocks  in  a  restricted  shallow  water  environment.    Tetrataxis
attached  to  skeletal  grains,  as  seen  in  thin  section  D2,
indicate  occasional  rapid  burial  events   (Cossey  and  Mundy,

1990) .     "Algal"-coated  grains  suggest  that  waters  were  clear

enough,   at  least  at  times,  to  permit  algal  growth.    Rounded
and  abraded  grains  suggest  frequent  reworking.

Surf ace  G-2  is  a  very  sharp  surf ace  separating  the

underlying  skeletal  mudstone  from  the  overlying  packstone

bed.    This  overlying  packstone  bed  is  similar  at  all
localities,  and  is  a  prominent  marker  bed  due  to  its
distinct  fossil  content  and  silicious  nodules.     Common

abraded  and  algal-coated  fusulinids  indicate  frequent
reworking  prior  to  final  deposition.    Highly  fragmented

skeletal  debris  is  also  indicative  of  a  high  energy
environment.    This  bed  marks  the  first  occurrence  of
chaetetids  at  all  localities.    An  increase  in  micrite  above
this  bed  may  indicate  a  transition  to  lower  energy,  quieter
conditions.    Furthest  offshore  conditions  for  this  cycle  may

be  represented  by  the  diverse  open  marine  assemblage  in  the

phylloid  algal  wackestone   (bed  4,   localities  729,   692;  bed  3
at  locality  692;  the  upper  part  of  bed  4  at  locality  782) .
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Laminar  chaetetids  in  these  beds  became  established  on  algal

blades  or  possibly  directly  on  the  loose  muddy  substrate

(further  discussed  in  the  following  section  on  chaetetids) .
Movement  to  higher  energy,   less  stable,   conditions  upward  to
surface  G-3  may  have  occurred,   indicated  by  increased

fragmentation  of  skeletal  debris  and  a  decrease  in  f ossil
diversity.

Surface  G-3  is  sharp,   and  occasionally  marked  by  a  thin

skeletal  "lag"  deposit.    Above  surface  G-3  fossil  diversity

is  initially  high,  but  decreases  upward.    Fragmentation  of
fossils  increases  upward  at  all  localities.    Beds  with  the
best  developed  and  most  numerous  chaetetids  in  the  study
area  occur  above  surface  G-3.    At  locality  693,   conditions

appear  to  have  been  optimal  for  chaetetid  growth,  with
chaetetids  forming  an  extensive  reef-like  buildup.    Tall
columnar  chaetetids  in  this  buildup  may  have  formed  in

relatively  low-energy,   "deep"  water  (further  offshore)

conditions,   as  suggested  by  West  and  Kershaw   (1991)   for

columnar  growth  forms.     The  chaetetids  in  bed  5  at  locality

782  also  show  increased  growth  over  those  to  the  west,  but

not  as  intense  as  at  locality  693.     Shallower  (higher

energy)   conditions  may  have  existed  to  the  west,  where

chaetetids  are  generally  smaller  and  occur  less  frequently.

Although    Mathewson   (1978)   believed  that  the  reefal  buildup

at  locality  693  pinched  out  laterally  at  this  outcrop,  its
extent  could  not  be  established  from  f ield  observation  for
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this  study.
Conditions  at  all  localities  apparently  began  to  slowly

shallow  upward,  with  evidence  of  increased  energy  present  in
the  form  of  displaced  chaetetids  and  an  overall  decrease  in
the  abundance  of  chaetetid  and  other  organism.     Black  clay-
rich  laminae  and  shale  partings  may  be  the  result  of  storm
events  superimposed  on  an  overall  inpward  shallowing

environment .

Bed  5e  at  locality  782  and  bed  6c  at  localities  729

and  692  represent  extremely  shallow  conditions  of  strong  to

intense  energy  levels.     Small  chaetetid  buildups  occur,  not
unlike  small  "patch  reefs"  seen  in  modern  day  nearshore

environments.     Storms  and  strong  wave  eriergy  frequently

knocked  over  and  displaced  large  chaetetid  heads  and  scoured
areas  around  these  small  buildups.    Most  sediment  bypassed

this  area,  with  little  being  deposited  except  in  areas

protected  by  chaetetid  buildups.    At  locality  693,  fine
skeletal  debris  was  deposited  and  most  of  the  mud  was

winnowed  away.

As  sea  level  continued  to  shallow,  high  energy
conditions  were  replaced  by  a  low  energy  lagoonal

environment   (bed  7  at  localities  729,   692;   bed  6  at

localities  693,782).     Sediment  was  frequently  rooted  and

burrowed,  with  storm  events  occasionally  washing  in  broken

and  abraded  skeletal  debris.    This  environment  appears  to

have  existed  in  the  eastern  localities  longer,  as  suggested
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by  the  increased  thickness  and  lateral  persistence  of  bed  7
at  the  eastern  localities  (especially  at  locality  782) .

Eventually  all  localities  were  exposed  to  subaerial
exposure.    Features  noted  in  field  observations  and  thin
sections  throughout  the  study  area  at  the  upper  surf ace  of
this  cycle  (surface  G-4) ,   such  as  irregular  to  planar  sharp
upper  surfaces,   in  place  brecciation,   leached  and  vuggy

porosity,   1ithoclast  in  the  overlying  bed,   laminar  micrite
crust,  circum-granular  cracking,  clotted  micrite,  root
molds,  and  surficial  karstification,  are  all  good
indications  of  subaerial  exposure   (Estaban  and  Klappa  1983) .

In  addition,  void-filling  inter-particle  equant  calcite
cement  and  micrite  envelopes  in  rocks  directly  underlying
this  surf ace  indicate  early  exposure  to  the  fresh  water

phreatic  zone   (Longman,1980).     The  green  clayshale  filling
in  pits  and  depressions  on  this  surface  (G-4)   at  localities
729  and  692  may  be  the  remains  of  a  paleosol,   similar  to  a

clayshale  described  from  a  Silurian  subaerial  exposure

surface  by  Carlson   (1990).     Carew   (1990)   noted  that  soil  and

associated  debris  can  penetrate  downward  through  karstic
features  for  some  distance,  possibly  explaining  the  inter-
f ingering  of  clay-  rich  sediment  with  the  in-place
brecciation  present  at  Surface  G-4.

Surf ace  G-4  is  a  knif e-sharp  contact  separating  the

underlying  subaerial  exposure  surface  from  the  overlying

marine  beds.     Transgression  may  have  began  with  a  change  to
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more  humid  conditions   (increased  rainfall) ,   causing  intense

micro-karsting  of  the  subaerial  surface  at  all  localities,
and  the  establishment  of  localized  peat  swamps   (suggested  by

the  thin  coal  smuts  present  at  locality  693) .    High  energy
conditions  during  sea  level  rise  would  probably  have  removed

most  soil  that  may  have  formed.    Initially,  clay-rich
sediment  was  deposited,   eventually  being  replaced  by  the

carbonate  oncolitic  bed  present  at  all  localities  (bed  9  at
localities  692  and  729,   and  bed  8  at  localities  693  and

782).     Although  Mathewson   (1978)   believed  this  bed

represented  deposition  in  very  shallow  high  energy
conditions  ranging  from  low  intertidal  to  high  subtidal,  the

presence  of  a  large  number  of  articulated  brachiopods  and
the  abundance  of  clay  and  silt-  sized  sediment  does  not

suggest  high  energy  conditions.    Also,   some  brachiopods

appear  to  have  been  alive  during  some  of  the  initial  "algal"
encrustation,  suggested  by  encrustations  which  do  not
continue  over  the  commissure   (thin  section  D3) .     Recently,

Pragger  and  Ginsburg   (1989)   have  found  concentrically

laminated  foraminiferal-algal  nodules  on  Florida's  outer
shelf  in  low  energy  settings  of  water  depths  of  35  to  65

meters.    These  nodules  have  formed  around  skeletal  grains

and  rock  fragments,  not  unlike  those  seen  in  this  study.

They  f ound  that  f oraminif erids  and  algae  encrusting  these
nodules  are  able  to  grow  on  all  surf aces  of  the  nodule  at

one  time.    Because  of  this,   complete  overturning  is  not
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required  for  concentric  growth,  and  nodule  growth  is
facilitated  by  slight  repositioning  due  to  biological
activity  (burrowers,  grazers,  etc)   and  possible  infrequent
storm  and  surge  events.     Dullo  and  Hecht   (1990)   found  that

growth  of  concentrical`ly  banded  coralliths  was  caused  by
bioturbation  by  f ishes  and  not  storm  or  other  high  energy
events.       An  environment  similar  to  those  discussed  above

can  be  inferred  for  the  oncolitic  zone  in  this  study.
Nodule  formation  would  have  been  enhanced  by  biological

activity  and  possible  rare  storm  and/or  surge  events.
Infrequent  overturning  is  suggested  by  chaetetids  within
this  bed.     Although  some  do  show  evidence  of  overturning,

several  centimeters  of  upward  growth  is  evident  on  many

chaetetids  between  overturning  events.     Wood   (1990)   suggest

that,  based  on  the  mechanical  strength  of  the  skeletons,
extant  calcif ied  demosponges  grow  at  a  slower  rate  than
modern  corals   (1  to  15  mm/year,   Fagerstrom,   1987) .   If

chaetetid  growth  rates  were  similar  to  that  of  modern
calcareous  demosponges,   a  considerable  amount  of  time  would

have  occurred  between  overturning  episodes.     Influxes  of

sediment  appears  to  have  occasionally  buried  and  smothered

chaetetids  and  "algae"-encrustations.    These  may  in  turn

have  been  later  re-exposed  and  served  as  nucleating  sites

for  new  "algal"-encrustations  and/or  chaetetid  growth,
similar  to  organism  recolonization  episodes  noted  by

Seilacher  (1984)   in  recent  sediments  in  the  straits  of
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Malacca,   Malaysia.

An  increase  in  clay-rich  sediment  in  the  upper  part  of
the  oncolitic  bed  may  indicate  a  return  to  more  shoreward,
higher  energy  conditions  where  "algal"-coated  grains  were
frequently  buried  before  well  defined  oncolites  could  form.
Most  chaetetids  do  not  continue  into  the  overlying  bed;
these  may  have  been  killed  off  by  increased  turbidity  and/or
sedimentation.    The  presence  of  overturned  productids  in

hydrodynamically  stable  positions  at  the  top  of  the
oncoli€ic  zone  is  also  indicative  of  frequent  high  energy
conditions .

Continued  upward  shallowing  created  conditions

unfavorable  for  nearly  all  organisms.    Abundant  abraded,

bored,   and  fragmented  skeletal  grains  indicates  frequent
reworking  and  bioerosion.     Wavy  bedding  and  cross-bedding

may  also  indicate  deposition  in  higher  energy,   shallower
conditions,   not  unlike  what  would  be  expected  in  an

intertidal  environment.    Silt-sized  quartz   (thin  sections
A16,   C10,   D8)   below  surface  G-5  suggest  the  influx  of

siliciclastic  debris  from  land  sources.
Bed  11  at  localities  693  and  782,   and  the  discontinuous

crinoidal  packstone  lenses  near  the  top  of  bed  10  at

localities  729  and  692  may  represent  a  storm  event,  that

deposited  both  fragmented  and  whole  skeletal  grains,  along

with  micrite.
At  the  western  end  of  the  transect  (localities  729,
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692) ,   surface  G-5  marks  the  transition  from  carbonate  to

black  mud  deposition.     In  the  east   (localities  693,   782),

the  transition  across  surface  G-5  is  (initially)  not  as
dramatic,   going  from  a  crinoidal  mudstone  to  phylloid  algal-
rich  carbonates.     This  transgression  may  have  caused  some

erosion  of  the  underlying  beds,  thus  accounting  for  the
discontinuity  of  bed  10  at  localities  729  and  692,   and  sharp

undulatory  upper  surface  of  bed  12  at  locality  693.    Black

organic-rich  mud  was  deposited  in  the  west,  whereas  in  the

east  an  optimum  environment  existed  for  phylloid  algae.

Lack  of  a  true  modern  analog  has  historically  caused

problems  in  the  environmental  interpretation  of  black
phosphatic  shales  such  as  the  Lake  Neosho  shale.
Interpretations  have  centered  around  two  widely  opposing
ideas,  either  formation  in  a  shallow,  nearshore  environment

(tidal  f lat  or  restricted  lagoonal  deposit) ,  or  in  a  deep
water  anoxic  environment.

Shallow water  interpretations  were  prevalent  early  in
:tudies  of  the  midcontinent  Pennsylvanian.     Udden   (1912)

believed  that  black  shales  were  the  result  of  the  flooding
of  coal  swamps  during  a  marine  transgression  and  the

subsequent  reworking  of  the  ,peat.     Moore   (1929) ,   and  Zangerl

and  Richardson  (1963)   believed  that  black  shales  formed  in

shallow,   1agoonal  waters  where  large  floating  algal  mats

prevented  the  agitation  and  oxygenation  of  the  underlying
waters,   and  also  served  as  the  source  for  organic  carbon.
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One  of  the  earlier  workers  to  suggest  a  deep  water
environment  for  black  phosphatic  shales  was  Schenk   (1963,

1967) .     He  believed  that  the  I.ake  Neosho  shale  formed  during

maximum  transgression  when  upwelling  from  deep  oceanic

waters  brought  nutrients  and  phosphatic  rich  waters  onto  the
shelf .    This  in  turn  caused  planktonic  blooms  and  a
subsequent  anoxic  environment  due  to  the  loss  of  oxygen

brought  about  by  the  decomposition  of  phytoplankton.     This

idea  was  later  used  by  Heckel  and  Baesemann   (1975) ,   and

Heckel   (1977) ,   to  explain  all  phosphatic  black  shales.

Heckel   (1977)   believed  that  at  maximum  trans`gression   (water

depths  of  80-loo  meters)   a  strong  thermocline  developed  that

prevented  the  mixing  of  top  and  bottom  waters.    Prevalent
trade  winds  setup  a  "quasi-estuarine  circulation  cell",
which  caused  upwelling  of  nutrient  and  phosphorous-rich

waters  onto  the  shelf ,  which  in  turn  brought  about  abundant

planktonic  growth..    This  further  caused  depletion  of  the
oxygen  in  these  bottom  waters  as  these  organism  sank  and

decayed.

Recently,   some  workers  have  began  to  look  at  the  coal

swamp  flooding  model  of  Udden   (1912)   more  closely.     Wenger

and  Baker   (1986)   believed  that  during  a  regressive  phase,

the  craton  would  have  contained  extremely  widespread

brackish  marine  peat  swamps.     Subsequent  flooding  of  these

areas  during  a  eustatic  sea  level  rise  would  have  brought
about  the  influx  of  nutrients  and  organic  debris,  causing
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high  algal  production,  anoxic  conditions,   and  subsequent
black  organic-rich  mud  deposition  in  relatively  shallow
nearshore  environments.     Coveney  et  al.   (1991)   suggested

that  black  shales  may  have  formed  under  dif f erent
environments  and  recognized  two,   a  shallow  nearshore  and  a

deeper  offshore  environment.    They  believed  that  in  both
cases,  black  shale  formation  was  brought  about  by  the
f looding  of  peat  swamps  during  transgression  and  the
subsequent  imf lux  of  organic  debris  into  the  marine
envirorment .

Pederson  and  Calvert   (1990)   have  shown  that  oxygen

minima  (i.e.  anoxic  condition)   is  not  the  controlling  factor

for  the  accumulation  of  organic  matter,  and  that  in  fact
organic-rich  muds  in  the  Black  Sea  were  deposited  during

oxygenated  times.    They  believed  the  primary  control  for
black  shale  deposition  was  the  imf lux  of  organic  matter  and
high  primary  produc`tivity.

The  Lake  Neosho  shale  has  been  interpreted  as  both  a

shallow  water  deposit   (Schmidt  1959;   Gambl`e  1967;   Mathewson

1977)   and  as  a  deep  water  deposit   (Schenk  1963,   1967;   Price,

1981,1984;   Heckel  1984).     Shallow  water  deposition  is

suggested  for  the  Lake  Neosho  shale  by  physical  evidence

found  in  this  study.    Plant  debris  was  ubiquitous  throughout

the  bed  at  all  localities.    Commonly  occurring  Petrodus-like

dermal  denticles  have  been  interpreted  as  a  shallow  water,

low  energy,   nearshore  component   (Zangerl  and  Richardson,
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1963) .     Sedimentation  rates  must  have  been  high  enough  at

times  to  preserve  plant  debris  and  fragile  Listrocanthus
spines  found  within  the  Lake  Neosho  shale.     Lateral

continuity  is  often  given  as  evidence  f or  black  shales
representing  the  deepest  water  facies,  but  within  the  area
studied  the  Lake  Neosho  shale  is  not  even  laterally
continuous  over  a  distance  of  approximately  10  kin.

It  appears  that  the  ideas  of  Wenger  and  Baker   (1986) ,

and  Coveney  et  al.   (1991) ,   best  describe  the  deposition  of

the  Lake  Neosho  shale.     Gamble   (1967)   recognized  the

presence  of  deltaic  sediments  near  the  western  localities
(729,   692)   which  are  laterally  equivalent  to  Lake  Neosho
shale  sediments  elsewhere.    During  the  transgression

suggested  by  surface  G-5,   streams  which  produced  these

deltas  would  have  deposited  organic  matter  in  the  western
area;  areas  to  the  east  would  have  been  less  affected  and
existed  as  more  open  marine  areas.     Climatic  change  may  have

been  an  overriding  factor  at  this  time.    As  suggested  by

Cecil   (1989,1990) ,   increased  rainfall  would  have  resulted

in  an  increase  of  terrestrial  runoff  into  streams  and
subsequently  into  marine  environments.     Evidence  of  an

imf lux  of  organic  debris  includes  the  large  LeDidodendron

fragment  noted  on  the  upper  surface  of  bed  10  at  locality

692,   and  other  plant  debris  noted  in  the  Lake  Neosho  shale

at  localities  729  and  692.     To  the  east  more  open  marine

conditions  existed  where  phylloid  algae  flourished,  and

111



moderate  energy  condition  occasionally  reworked  and  buried

skeletal  debris.    Chaetetids  in  the  east  above  surface  G-5
are  limited  to  small  laminar  forms,  possibly  due  to  high
sedimentation  rates,  and/or  competition  with  phylloid  algae.
The  abundance  of  photosynthetic  phylloid  and  encrusting
algae  indicates  that  turbidity  was  probably  not  very  high,
and  light  penetration  good.    Initially  in  the  west  a
restricted  marine  assemblage  existed,  but  conditions  were
harsh  enough  to  keep  these  organisms  small,   and  eventually

even  these  were  wiped  out  as  conditions  worsened,   shutting

of f  carbonate  production  and  depositing  a  sparsely

fossiliferous  black  shale.
Another  genetic  surface  may  be  present  at  localities

693  and  782  at  the  oncolitic  zone  at  the  top  of  bed  14  at

and  the  clayshale  parting  above  this.     Some  of  the  lower
units   (a-c)   within  bed  11  may  correspond  to  this  event  in

the  western  exposures.     Bed  15  at  localities  693  and  782  may

represent  increased  turbidity,  suggested  by  the  decrease  in

phylloid  algae  and  increase  in  micritic  mud.     Deposition  of
black  organic-rich  mud  began  at  the  top  of  bed  llc  in  the
western  area.    A  continued  wet  (high  rainfall)   environment

eventually  resulted  in  the  encroachment  of  organic-rich
sediment  plumes  from  the  west  into  the  eastern  area,

resulting  in  the  clayshale  at  the  base  of  bed  16.
Eventually  these  organic-rich  sediments  shut  of f  carbonate

production  in  the  eastern  area,  causing  black  organic-rich
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shale  deposition  over  the  entire  study  area.     Organisms
during  this  time  were  generally  restricted  to  pelagic  forms,

possibly  as  the  bottom  became  anoxic  or  near  anoxic.
Periods  of  bottom  water  oxygenation  may  have  occurred,   as

suggested  by  Maples   (1986) ,   allowing  for  some  bottom

dwelling  organisms  to  exist,   such  as  Orbiculoidea,   and

Chondrites  and  Planolites  producing  organisms.

Phosphate  nodules  in  the  middle  and  upper  part  of  the
Lake  Neosho  shale  have  generally  been  interpreted  as  the

result  of  precipitation  from  phosphate  rich  upwelling  waters
in  a  deep  water  environment   (Heckel  1977;   Kidder  1983,

1985) ,   although  others  have  suggested  environments  for

phosphate  formation  that  do  not  require  deep  water  upwelling
conditions.     Soudry  and  Levy   (1988)   believed  that  phosphate

nodules  in  the  late  Cretaceous  Mishash  formation  are  parts
of  algal  mats  formed  in  lagoonal  environments.     Shaffer  et

al.   (1988)   and  Leonard   (1990)   also  suggested  a  possible

algal  origin  for  phosphate  nodules,  but  did  not  observe  any
microbial  structures.    Although  no  evidence  for  or  against
shallow  water  origin  of  phosphate  nodules  was  found  in  this
study,  what  is  important  is  that  their  presence  alone  does
not  demonstrate  deep  water  formation.

It  appears  that  the  black  f issile  part  of  the  Lake

Neosho  Shale  represents  deposition  in  relatively  quiet  water

(nearshore)   conditions  where  marine  and  nonmarine  sediments
were  mixed  together.    High  productivity  kept  oxygenation
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low,   and  some,  more  tolerant,   benthic  organisms  occurred.

Nektic  organisms   (such  as  sharks  and  conodonts)   existed,   and

upon  death  settled  to  the  bottom,  disarticulated,  and  were
incorporated  into  the  sediment.

The  upper  part  of  the  Lake  Neosho  shale  may  represent

more  offshore  conditions  and/or  a  decrease  in  terrestrial
organic  influx  (due  to  decreased  rainfall) ,   allowing  for  the
establishment  of  more  normal  marine  fauna  and  a  return  to  a

carbonate  producing  environment.

Eventually  full  open  marine  conditions  existed
throughout  the  area,  as  represented  by  bed  12  at  localities
692  and  729,   and  bed  17  at  locality  693.     This  is  the  last

bed  present  at  the  eastern  localities,  and  may  represent
deposition  in  more  offshore  conditions  than  previous  beds.
Algal-coated  grains  ubiquitous  in  the  beds  below  are  absent,
and  robust  fusulinids  and  a  diverse  brachiopod  assemblage

occur.    Photosynthesis  may  have  been  restricted  by  turbidity
and/or  water  depth,  accounting  for  the  near  absence  of

phylloid  algae.    Highly  fragmented  phylloid  algae  present
may,   as  suggested  by  Schenk   (1963)   and  Mathewson   (1978) ,

have  been  carried  into  this  area  from  shallower  phylloid
algae  producing  zones  higher  up  on  the  southern  f lank  of  the
bourbon  arch.

Bed  12  at  localities  692  and  729,   and  bed  17  at

locality  693  is  the  least  variable  of-the  beds  studied,
being  nearly  identical  wherever  present.    This  also  supports
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a  more  stable   (further  offshore)   environment  of  formation,

where  slight  topographical  dif f erences  would  have  had  little
effect  on  deposition.

Observations  above  this  bed  are  based  on  limited
outcrop  data  at  the  western  localities.    As  such  these  bed
were  less  well  studied  and  interpretations  based  on  only  one
or  two  localities.     Some  general  observations  follow.

A  return  to  higher  energy,   less  turbid  conditions  began
to  occur  in  the  upper  part  of  bed  12  and  continued  through

beds  13  and  14,   as  suggested  by  an  increase  in  phylloid

algae,   fragmented  skeletal  debris  and  decrease  in  fossil
diversity.    Organic  partings  may  be  the  result  of  storm
events  which  washed  in  silt  and  clay-rich  sediment.

The  sharp  upper  contact  with  the  crinoidal  packstone  at
the  top  of  bed  14   (surface  G-6) ,  may  indicate  a  move  to  more

offshore  (stable)   conditions,  suggested  by  the  more  skeletal
diverse  bed  15.     Upward,   less  stable,  higher  energy

conditions  occurred  through  beds  15,   16,   and  17,   as

suggested  by  increased  fragmentation  of  skeletal  debris  and

a  decrease  in  skeletal  diversity.    Occasional  storm  events
may  account  for  the  crinoidal  packstone  lenses  seen  in  bed
17.    The  sharp,  pitted,  eroded,  and  iron-stained  upper
surface  of  bed  17   (surface  G-7)  may  indicate  a  subaerial

exposure  event.

Surface  G-7  represents  a  transition  to  of f shore  marine

conditions.    This  surface  was  probably  well  lithified  after
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subaerial  exposure,  creating  a  stable  surface  upon  which  a
diverse  open  marine  brachiopod  assemblage  could  exist.     In

the  upper  part  of  bed  18,  the  "algal"-coated  grains  and
abundant  phylloid  algae  fragments  are  similar  to  those  seen
in  beds  within  the  Amoret  limestone,  suggesting
environmental  conditions  similar  to  that  present  during  much
of  Amoret  deposition.

In  most  areas  above  this  bed   (18)   a  modern  soil  is

developed.     The  Nowata  Shale   (bed  19)   is  only  present  in

depressions  on  the  upper  surface  of  bed  18.     Schenk   (1963),

believed  that  the  lower  Nowata  Shale  represented  shallowing

conditions,  where  deltas  from  the  Ozark  Uplift  to  the  east

began  to  encroach  upon  the  area  once  again.

In  conclusion,  the  deposition  of  the  Altamont  Limestone

does  not  appear  to  have  occurred  during  a  single
transgressive-regressive  event,  but  instead  has  a  more
complex  depositional  history.    Most  of  the  Amoret  limestone

(bounded  by  surfaces  G-1  through  G-5)   appears  to  have  been
deposited  in  relatively  shallow  (nearshore)  water.    Besides

the  evidence  presented,  regional  studies  of  the  Altamont
Limestone  by  Schenk   (1963,   1967)   showed  that  along  the

outcrop  belt  the  Amoret  limestone  disappears  over  structural
highs.     Although  Schenk   (1963,   1967)   believed  that  the

Amoret  was  not  deposited  over  these  structural  highs,  he  did

not  recognize  the  subaerial  exposure  surface  noted  near  the
top  of  the  Amoret  limestone   (surface  G-4) .     It  seems
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probably  that  the  Amoret  was  deposited  across  these  highs,
and  subsequently  eroded  away  during  subaerial  exposure.

This  is  supported  by  the  presence  of  brecciated  beds  in  the
Amoret  limestone  noted  by  Schenk   (1963)   on  the  flanks  of

many  of  the  structurally  high  elements  present  in  this
region.

Increased  rainfall  and/or  marine  transgression  above
this  subaerial  exposure  surface  eventually  led  to  f looding
of  peat  swamps  to  the  north  and  subsequent  deposition  of  the

Lake  Neosho  shale.     Initially  deposition  of  black  fissile
shale  was  confined  to  the  western  localities,  with  open
marine  carbonates  being  deposited  to  the  east.     Smaller  sea

level  fluctuations  (and/or  rainfall  fluctuations)  may  have
occurred  during  this  time,  but  eventually  all  areas  were
affected  by  organic-rich  terrestrial  imf lux  and  subsequent
black  shale  deposition.    A  decrease  in  organic-rich  sediment

influx,  due  to  decreased  rainfall  and/or  sea  level  rise,
brought  about  the  return  of  carbonate  producing  environments
to  all  localities.    This  may  represent  the  most  offshore
environment  that  existed  during  deposition  of  the  Altamont
Limestone.     Schenk   (1963,   1967)   believed  that  the  Lake

Neosho  Shale  represented  maximum  transgression  (furthest

offshore) ,  but  he  based  this  interpretation  mainly  on  the

presence  of  phosphate  nodules,  even  though  the  lithology,   in
outcrop,   of  the  Lake  Neosho  shale  varies  from  a  black

fissile  shale  to  a  green  mudstone.    As  suggested  earlier,
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phosphate  nodules  do  not  necessarily  demonstrate  deep  water
formation.     From  Schenk's   (1963)   cross  sections  it  appears

that  the  least  variable  unit  across  the  outcrop  is  the
Worland  limestone,  which  suggests  deposition  in  a  more

offshore  environment  '1ess  influenced  by  structural  features.
A  relatively  "deep"  water  (further  offshore)   environment  may

also  account  for  the  absence  of  chaetetids  within  the
Worland  limestone  at  all  localities  studied.     Chaetetids  do

occur  in  the  Worland  limestone  to  the  northeast  of  this
study  area  in  Kansas,  Missouri,   and  Iowa.     The  occurrence

(and  absence)   of  chaetetids  in  the  Worland  limestone  will  be
discussed  more  thoroughly  in  the  chaetetid  section.

Overall  upward  shallowing  interrupted  by  smaller  scale

genetic  events  continued  above  the  lower  part  of  the  Worland
limestone.     Eventually  the  area  shallowed  to  a  point  where

deltas  from  the  east  began  encroaching  upon  the  area  once

again,  depositing  siliciclastic  sediment  (Nowata  Shale) .
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Introduction
SDecies--Chaetetids  have  been  linked  closely  to  extant

sclerosponges  described  by  Hartman  and  Goreau   (1972) .     Now

considered  by  many  to  be  extinct  coralline  demosponges,

chaetetids  were  important  framebuilders  during  much  of  the

Carboniferous.     Seven  species  have  been  identified  from  the

middle  Carboniferous  in  North  America,  with  speciation  based

on  eleven  characteristics,  although  not  all  characteristics
were  examined  for  each  species   (West,   1989a;   West,   in

review) .     Chaetetids  in  the  Altamont  Limestone  were

described  as  Chaetetes  milleDoraceus  by  Schenk   (1967) .

Recent  evidence   (West,   1989a,   1989b,   in  press)   has  shown

that  many  of  the  speciating  characteristics  overlap  and/or
fail  to  delineate  different  species,  and  that  a  single
chaetetid  specimen  may  show  characteristics  of  several

supposed  individual  species.     In  fact,   Wood   (1990)   has  noted

that  many  fossil  sponges  previously  classif led  as  chaetetids

are  not  even  all  of  the  same  lineage.     Thus,   it  is

recommended  that  the  term  "chaetetid"  should  only  be  used  to

represent  a  skeletal  grade  of  organization,  without  any  high
systematic  value   (Wood,1990).     Because  the  classification

of  chaetetids  is  in  a  state  of  flux,   no  attempt  will  be  made

to  recognize  the  species  of  chaetetids  observed  in  this

study .
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Structure--Chaetetids  formed  calcareous  skeletons
consisting  of  numerous  polygonal  ceroid  to  meandroid  tubes

(tubules)  which  are  horizontally  partitioned  by  irregular
spaced  tabula  and  pseudo-septa   (West  and  Clark,   1984) .     An

X-ray  dif fraction  of  a  well  preserved  chaetetid  specimen
from  locality  692   (well  preserved  tubules  and  tabula;
hollow,   un-mineralized  tubules)   showed. it  to  be  composed  of

nearly  pure  low-Mg  calcite   (1  mole  %  Mgc03) ,   indicating  a

probable  original  skeleton  of  low-Mg  calcite  or  possible
aragonite.

Chaetetid  grovirth  was  apparently  by  longitudinal

fission,  peripheral  expansion,  and  inter-calicle  budding

(West  and  Clark,   1984) .     The  living  tissue  of  the  organism
was  probably  similar  to  that  of  modern  sclerosponges  in

which  the  living  tissue  forms  a  thin  veneer  over  the  outer
surface  of  the  calcareous  skeleton  (Hartman  and  Goreau,

1970) .     Astrorhizae  were  noticed  on  several  specimens

throughout  the  study  area,  both  external  and  internal.
Mathewson   (1978)   and  West  and  Clark   (1984)   have  also

reported  the  presence  of  astrorhizae  on  chaetetids  from  this
area.    In  modern  sclerosponges  these  structures  represent

part  of  the  exhalent  system  for  f luid  f low  through  the
organism.

Growth  Forms--Previous  workers  have  noted  the  highly

variable  growth  forms  of  chaetetids.     West  and  Clark   (1984)
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recognized  three  distinct  growth  forms;  laminar,  ragged  low
domical,   and  columnar.     Kershaw  (1979)   noted  four  distinct

forms  of  stromatoporoids,  which  have  growth  forms  nearly

identical  to  chaetetids;   laminar,  domical,  bulbous,  and
dendroid.     Connolly  (1985)   recognized  four  distinct  growth

forms;   1)   hemispherical,   2)   digitate,   columnar,   and  club-

shaped,   3)   lamellar,  tubular,  and  plate-like;  and  4)

anastomosing  lamellar.     West  and  Kershaw   (1991)   stated  that

there  are  only  three  basic  growth  forms,   (tabular,   domical,

and  columnar) ,   and  that  the  basic  building  block  of  all

forms  is  a  thin,   laminar  sheet.     Other  more  complex  forms

are  simply  variations  of  these  basic  types.    Kershaw  and
West   (1991)   recognized  eleven  different  chaetetid  growth

forms   (figure  26) .     Many  of  the  growth  forms  described  by

different  workers  are  one  in  the  same,   and  those  described
by  Kershaw  and  West   (1991)   appear  to  encompass  most

recognized  growth  forms.     Chaetetid  growth  forms  observed  in

this  study  will  be  described  using  the  growth  form  names

suggested  in  figure  26.

Growth  forms  have  often  been  related  to  dif f erent

environmental  conditions.     Spaw  (1977)   believed  that  laminar

f orms  were  an  adaption  to  prevent  overturning  in  high  energy
conditions,   where  as  club  forms   (columnar)   may  have  been

restricted  to  less  turbulent,  more  stable,  deeper water
conditions.    Rich  (1969)   stated  that  water  depth,  turbidity

and  nutrient  supply  were  the  most  critical  factors  af fecting

121



-T|-

1.   LAJVIINAR

a-
2.   LMIN^R

I__-
j.  LOW  DOM/CAL

+    HtlRE     r

4.   LOW DOMJCA£

fsMHg:#H=ffi

10.  8uLB0uS

All scale bars represent 5cm.

6.   IllGH  DOMICAL
(RAGGED)

1

7.   EXTENDED DOMIC^L
(RAGGED) 8.   COLIJMN^R

tsMoorH   NON-ENVEi.OplNc;)

9.   Cl.uB-SHAPED
(SMOOTH   NON-ENVELOPINC;)

11.    BR^NCHINC;

Figure  26.     Growth  forms  observed  in  North  American
Pennsylvanian-age  chaetetids   (from  Kershaw  and  West,   1991) .
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chaetetid  growth,  more  so  than  the  degree  of  agitation  the
chaetetids  were  subjected  to.     Kershaw   (1981)   suggested  that

the  growth  forms  of  stromatoporoids   (similar  to  those  in
chaetetids)  may  be  genetic  differences  and  thus  different
species.     Nelson   (1973)   recognized  two  species  of  chaetetids

based  on  different  growth  forms,   laminar  and  domical,   but

suggested  that  these  may  in  f act  be  ecophenotypic

adaptations  to  different  environmental  conditions.
Sutherland   (1984)   concluded  that  within  the  Marble  Falls

Limestone  of  Texas,   chaetetids  with  globular  growth  forms

(low  domical)   were  deposited  in  areas  of  low  sediment
influx,   where  as  cylindrical  growth  forms   (columnar)   were

the  result  of  increased  carbonate  mud  influx.     Mathewson

(1978)   felt  that  shingle   (laminar)   growth  was  a  response  to
an  unstable,  high  energy,   "fluidy"  substrate,  whereas
columnar  growth  may  have  been  the  result  of :   a)   crowding  of

chaetetids  in  a  limited  area,  or  b)   growth  on  a  more  stable,

lower  energy,   firm  substrate.     He  believed  hemispherical

f orms  occurred  somewhere  between  these  two  growth  f orms  in

moderate  energy  stable  environments.     West  and  Clark   (1984) ,

noted  that  laminar  to  low  domical  f orms  frequently  occur  in

mudstones  and  may  ref lect  the  f irmness  of  the  substrate  and
sedimentation  rates,  where  as  domical  to  high  domical  forms

occur  in  cleaner  carbonates  which  suggest  both  f irmer

substrate  and  less  sedimentation.     Fagerstrom  (1987,   fig

13.3)   depicted  laminar  chaetetids  occupying  high  energy  reef
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crest  and  hemispherical  forms  occupying  lower  energy  back-

reef   lagoonal  areas.     Kershaw  and  West   (1991,   pg.   333)

suggest  that  ''columnar  and  branching  forms  grew  in  quiet

water,   while  laminar  and  domical   (growth  forms)   were  better

adapted  to  environments  of  high  energy",   although  they  did

recognize  that  laminar  forms  are  found  in  both  high  and  low

energy  facies.

Apparently  many  factors,   both  genetic  and

environmental,   could  have  influenced  growth  forms,   and  that

relating  chaetetid  growth  forms  to  a  particular  depositional
environments  is  somewhat  arbitrary.     How  the  chaetetid

growth  forms  and  related  environmental  interpretations
discussed  above  relate  to  those  seen  in  this  study  will  be
covered  in  the  following  sections.

Paleoenvironment--It  is  important  to  note  that  most
interpretations  of  the  growth  environment  of  chaetetids
dif fer  to  a  greater  extent  than  those  for  modern  coralline
demosponges.     Modern  relatives   (sclerosponges?)   are

generally  confined  to  cryptic  habitats,  with  an  optimum
distribution  of  20-100  meters   (Fagerstrom,1984).

Chaetetids  have  generally  been  interpreted  as  occurring  in  a
wide  range  of  shallow  subtidal  conditions.     Connolly  et  al.

(1989,   pg.139) ,   believed  ''. . .the  optimum  environment  for

chaetetids  was  in  the  shallowest  water,   approaching

intertidal  depth ...,   favoring  at  least  moderate  water
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energy."     Suchy   (1987,   pg.122)   stated  that  chaetetids

thrived  from  "depths  not  far  below  wave  base  to  well  within

normal  wave  base."    Evidente  of  wave  action  or  other  high

energy  events  acting  on  chaetetids  has  suggested  by
Mathewson   (1978),   and  West  and  Clark   (1984).     Randolph

(1974),   Soar   (1984),   and  Suchy   (1987),   noted  that  chaetetids

were  highly  sensitive  to  topographical  changes,  and  that
they  favored  the  flanks  of  structurally  positive  features.
Suneson   (1984)   suggested  chaetetids  grew  both  within  and

below  wave  base,   but  believed  they  thrived  in  subtidal

environments  free  from  harsh  wave  action.     Connolly  et  al.

(1989)   summarize  numerous  reported  paleo-environmental

occurrences  of  chaetetids,   ranging  from  brackish

environments  to  areas  well  belowlF. wave  base.     It  is  apparent

from  the  above  discussion  that  chaetetids  were  highly
adaptive  to  different  environmental  conditions.

Fagerstrom  (1984)   believed  that  the  apparent  shift  of

modern  related  organisms  to  cryptic  habitats  may  have  been

due  to  competition  from  hermatypic  scleractinian  corals,

forcing  previous  shallow  water  non-hermatypic  coralline

demosponges  to  cryptic  habitats.     Some  have  suggested  algal

symbiosis  for  chaetetids   (Connolly  et  al.   1989;  West,   in

review) .     If  this  was  indeed  the  case,  then  the  reason  for

the  shift  in  habitat  may  be  due  to  some  other  factor(s)   not

based  on  algal  symbiosis.     Wood   (1990)   surmised  that  corals

employ  a  trade-of f  between  structural  integrity  and  rate  of
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growth,   and  as  such  were  able  to  colonize  substrates  faster
than  more  structural  sound  (but  slower  growing)   calcareous

demosponges .

Most  authors  have  stated  that  chaetetids  needed  some

firm  or  stable  substrate  for  initial  growth.    Chaetetids
encrusted  oncolites,  shell  fragments,   intraclast,  and  other
chaetetids   (Mathewson  1978;   West  and  Clark,   1984;   Suchy,

1987;   this  study) .     Others  have  suggested  the  sediment  was

initially  lithified  by  sediment  binding  organisms   (Lustig,
1971),   or  encrusting  foraminiferids   (Spaw,1977).     Connolly

(1985)   recognized  chaetetids  colonizing  non-mobile  oolitic
bars  in  the  Magdelena  Limestone  of  Texas.

Occurrences

Introduction--At  localities  729  and  692  chaetetids
occur  within  beds  2,   3,   4,   5,   6,   8,   and  9,   and  are  most

conspicuous  in  bed  6.     At  locality  693,   chaetetids  occur  in

beds  3,   4,   5,   8,   9,   13,   14,   and  15,   and  are  the  most

conspicuous  in  bed  5.     Beds  below  1   (seen  only  in  core)   may

contain  chaetetids,  but  none  were  observed.    At  locality
782,   chaetetids  occur  in  beds  4,   5,   6,   8,   9,   13,   14,   and  15,

and  were  the  most  conspicuous  in  bed  5.

Iiateral  Relationships--Laterally,  chaetetids  tend  to
occur  closely  associated  with  other  chaetetids  in  all  beds;
chaetetids  are  seldom  observed  that  do  not  have  other
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chaetetids  in  close  proximity  (more  apparent  among  domical

to  columnar  forms) .     Large  lateral  areas  exist  which  are

devoid  of  chaetetids  in  chaetetid-bearing  beds   (see  figures
6,   7,15,16,   20,   and  21).     At  locality  693,   chaetetids   in

bed  5  form  a  nearly  continuous  lateral  buildup,   and  are  so

crowded  together  that  it  is  nearly  impossible  to  delineate
individuals  in  this  bed   (see  figures  16  and  17) .

Growth  Forms  and  Attachments--Chaetetids  in  the

lowermost  beds  of  the  Amoret   (beds  2-5,   localities  729,   692;

beds  3-4,   locality  693;   bed  4,   locality  782)   generally

consist  of  laminar  growth  forms,   although  a  few  low  domical

forms  also  occur.

Laminar  chaetetids  in  bed  2  at  localities  729  and  692

range  in  size  up  to  15  cm  long  and  4-5  cm  high,   and  the  few

low  domical  forms  seen  range  in  size  up  to  15  cm  long   (at

the  base)   and  15  cm  high.     Chaetetids  often  appear  attached

to  silicious  nodules  which  occur  in  the  bed.     The  nodules

have  the  identical  composition  as  the  surrounding  matrix  and

may  represent  areas  of  sediment  originally  bound  together  by

encrusting  algae,   suggested  by  the  abundance  of  algal  coated

grains  within  bed  2.     Some  evidence  of  the  mobility  of  the
surrounding  sediment  during  chaetetid  growth  is  suggested  by

what  appears  to  be  shifting  during  growth  and  a  piling  up  of

sediment  around  chaetetids   (fig.   27) .

Chaetetids  in  beds  3-4   (localities  729,   692,   693)   and
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Figure  27.     Tracing  of  a  low  domical  chaetetid  observed  in
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Chaetetid  also  appears  to  have  been  slightly  displaced  early
in  growth.



bed  4   (locality  782)   are  frequently  attached  to  phylloid

algal  fragments,  but  also  are  attached  to  fossil  debris,  or
occur  directly  on  clay-rich  laminae  within  these  beds.
Laminar  forms  are  occasionally  one  meter  or  more  long   (see

figure  7) ,  but  are  generally  much  smaller   (less  than  25  cm

long) .     A  few  low  domical  forms  occur  in  bed  4   (localities

729,   692,   and  782) ,   these  are  up  to  20  cm  long  and  15  cm

high.

Chaetetids  in  bed  5  at  localities  729  and  692  are

predominantly  laminar,   although  a  few  low  to  high  domical
forms  are    also  present   (see  figures  6  and  7).     Laminar

chaetetids  are  up  to  1  meter  long  and  15  cm  high,   and

domical  forms  are  up  to  30  cm  wide  and  occasional  continue

upward  through  the  entire  thickness  of  this  bed   (30-40  cm) .

Chaetetids  within  bed  5  are  frequently  attached  to  phylloid
algal  fragments,  fossil  debris,  or  occur  directly  on  clay-
rich  laminae.

Within  those  beds  where  chaetetids  are  the  most

conspicuous   (bed  6,   localities  729,   692;  bed  5,   localities

693,   782) ,   a  variety  of  grovrth  forms  occur.     Within  bed  6  at

localities  729  and  692  growth  forms  include  laminar,   low

domical,   high  domical   (both  smooth  and  ragged) ,   extended

domical   (ragged) ,   columnar   (smooth) ,   and  bulbous   (see

figures  6  and  7).     Laminar  forms  occur  infrequently,

generally  near  the  lower  contact  of  the  bed,  and  range  in
size  up  to  25  cm  long  and  5-10  cm  high.     Low  and  high
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domical  forms   (both  smooth  and  ragged)   are  conspicuous  and

occur  throughout  the  bed,  although  more  frequently  in  unit
a.     These  are  up  to  40  cm  across  and  40  cm  high.     Extended

domical  forms  are  also  prominent,  and  generally  begin  in

unit  a  and  occasionally  continue  into  unit  b.    These  are  up
to  45  cm  wide  and  1.2  meters  high.     As  seen  in  figure  26,

extended  domical  forms  consist  of  stacked  laminar  to  ragged,

domical  forms,   and  may  represent  one  or  more  colonization

events.     Columnar  forms   (smooth)   occur  infrequently,   and  are

up  to  30  cm  wide  by  50  cm  high.     Bulbous  growth  forms  are

uncommon,   and  are  generally  confined  to  unit  c.     Figure  28

shows  a  large  bulbous  form  in  unit  c  (bed  6)   at  locality

729.     Bulbous  forms  are  up  to  75  cm  in  diameter.

In  bed  6   (localities  729,   693),   laminar  forms  are  often

attached  to  phylloid  algal  fragments.    Low  to  high  domical

forms  may  attach  to  phylloid  algal  fragments,  but  were  also

found  attached  to  belerophontids  and  brachiopods   (Comoosita,

productids,  others).     Extended  domical  forms  initially  begin
as  laminar  or  low  domical  chaetetids.     Columnar  forms  are

attached  to  skeletal  fragments  (brachiopods,
bellerophontids).    Bulbous  forms  are  frequently  overturned
or  toppled;  what  they  initially  attached  to  (if  anything)
could  not  be  determined.

In  bed  5  at  locality  693,  chaetetids  make  up  the  entire

bed  in  places.     In  unit  a,  chaetetids  range  from  laminar  to

low  and  high  domical  forms.     Laminar  forms,   up  to  30  cm

130



Figure  28.     Hand  is  resting  on  large  bulbous  chaetetid  in
unit  c,   bed  6,   at  locality  729.
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long  and  5  cm  high,   often  form  the  base  of  domical  forms,

which  are  up  to  40  cm  wide  and  30  cm  in  height   (entire

thickness  of  this  unit) .    In  places  chaetetids  make  up  the
entire  bed,  and  individual  heads  are  difficult  to
distinguish   (Fig.   29).     Laminar  forms  appear  to  have

attached  directly  to  the  upper  surface  of  bed  4,  suggesting
this  surface  was  stable  at  this  time.    Domical  forms  (all
ragged)   are  up  to  30  cm  high  and  40  cm  wide,   and  often

continue  into  the  overlying  unit  (b) .    Unit  b  contains  low

domical   (ragged) ,   high  domical   (ragged) ,   extended  domical

(ragged) ,   and  columnar  forms,   in  most  areas  making  up  the
entire  unit   (see  figures  15  and  16).     Chaetetids  are

frequently  continuations  of  domical  forms  from  unit  a,

although  some  do  originate  at  the  base  of  unit  b  (attached
directly  to  the  upper  surface  of  unit  a) .    Unit  c  contains
laminar,   low  domical   (ragged) ,  high  domical   (ragged) ,

bulbous,   extended  domical   (ragged) ,   and  columnar  forms.

Columnar  forms  all  originate  within  unit  b  or  unit  a,  and
are  clumped  together  making  individual  chaetetids  cliff icult
to  distinguish.     Some  of  the  columnar  forms  which  begin  in

unit  a  are  up  to  1.2  meters  high.     Laminar  forms  are  up  to

20  cm  long  and  5  cm  high,   and  are  restricted  to  the  upper

half  of  unit  a.     Low  and  high  domical  forms  are  up  to  25  cm

wide  and  30  cm  high,   and  occur  mostly  in  the  upper  half  of

unit  c.     Extended  domical  forms  begin  near  the  lower  surface

of  unit  c  and  continue  upward.    Bulbous  forms  are  restricted
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Figure  29.     Chaetetid  buildup  in  part  of  bed  5  at  locality
693.     Unit  b  is  made  up  entirely  of  chaetetids,   many  of
which  appear  to  have  grown  at  angles  less  than  90  degrees.
Dashed  line  is  approximate  contact  between  units  a  and  b  of
bed  5.     Up  is  to  the  left  of  the  page.
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to  the  lower  half  of  bed  5c,   and  are  up  to  50  cm  in

diameter.     Substrates  for  laminar  and  domical  forms  are

skeletal  fragments  and/or  algal  coated  grains.     Bulbous

f orms  are  all  attached  directly  to  the  upper  surface  of  unit
b,  suggesting  a  stable  substrate  at  the  time  of  initial
attachment.       A  few  expanding-upward,   extended-domical  forms

occur,  entirely within  unit  c,  and  are  attaant+a-.skeletal
grains   (including  Comi3osita) .,,.- ',

In  bed  5  at  locality  782,   chaetetids  occur  as  laminar,

low  domical,   high  domical   (both  ragged  and  smooth) ,

columnar,   extended  domical,   and  bulbous  forms.     Laminar

chaetetids   (up  to  several  meters  long  and  up  to  10  cm  high)

occur  predominately  at  the  contacts  of  beds  4  and  5,  units  a

and  b   (bed  5) ,   and  units  b  and  c   (bed  5) .     Attachment

appears  to  have  been  to  chaetetids  in  the  underlying  units
or  directly  to  the  contact  surface.    Laminar  chaetetids
serve  as  the  base  for  other  growth  forms   (see  profiles,

figures  20  and  21) .     Laminar  chaetetids  also  occur  in  the

upper  part  of  unit  c,  and  are  attached  to  phylloid  algal
fragments  or  other  fossil  debris.    Domical  chaetetids   (low

and  high)   occur  most  frequently  in  units  a  and  c,  but  are
also  present  in  units  b,   d,   and  e.     They  are  up  to  50  cm

wide  and  40  cm  high,   but  are  generally  much  smaller.

Domical  chaetetids  are  often  attached  to  laminar  or  low
domical  forms.     They  also  occur  attached  to  phylloid  algal

fragments,  bellerophontids,   or  other  fossil  debris.    To  the
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right  of  782-S3  on  profile  782-P1   (Figure  20) ,   two  unusually

large  high  domical  forms  occur,   one  in  unit  b  and  one  in

unit  c   (bed  5) .     These  are  approximately  50  cm  long  and  40-

60  cm  high.     Extended  domical  chaetetids  occur  in  units  a,

c,   and  e.     These  are  up  to  30  cm  wide  and  1.5  meters  high.

Extended  domical  f orms  are  made  up  of  laminar  and  domical

(high  and  low)   forms  which  have  grown  upon  each  other   (see
Figure  30) .     In  unit  e  columnar  chaetetids  occur   (figure

31) ,   and  appear  to  have  been  free  standing.     Columnar  forms

are  attached  to  laminar  or  domical  chaetetids,   or  less
frequently  to  other  fossil  debris.    Bulbous  chaetetids  up  to
30  cm  in  diameter  occur  in  unit  e.     The  attachment  site  for

the  bulbous  forms  was  not  evident  from  field  observations;

many  appeared  to  have  been  toppled  and/or  rolled  around.

Chaetetids  above  these  beds   (bed  6,   localities  729,

693;  bed  5,   localities  782,   693)   occur  infrequently,   and  are

predominantly  laminar  to  domical  forms.
In  bed  6  at  locality  782,  chaetetids  are  generally  low

domical  and  high   (ragged)   domical  forms,   with  a  few  bulbous

forms  present.     Domical  chaetetids  range  in  size  up  to  35  cm

long  and  25  cm  high,   although  most  are  much  smaller.

Bulbous  chaetetids  range  in  size  up  to  40  cm  in  diameter.

All  chaetetids  in  the  bed  begin  in  the  lower  half ,  and  only

two  Continue  into  the  upper  part  of  the  bed.    The  chaetetids

are  attached  to  fossil  debris  or  more  frequently  are  a
continuation  of  chaetetids  from  bed  5   (the  contact  between
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Figure  30.     Expanding-upward,   extended-domical  chaetetid  in
bed  5,   locality  782.     Note  how  this  growth  form  is  made  up
of  stacked  laminar  to  ragged  domical  forms.
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Figure  31.     Chaetetid  buildup  in  unit  e,   bed  5  at  locality
782.     Cross-hatched  objects  are  chaetetids.     Note  columnar
chaetetid   (Ch)   near  center  of  photograph.     Small  black
squares  on  left  of  scale  are  1  cm  long.
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beds  5  and  6  passes  through  these  chaetetids) .

Chaetetids  in  bed  8  at  localities  729  and  692  were

fragmented,   eroded,   and  abraded.     Fragments  were  up  to  20  cm

long,  and  appear  to  be  the  result  of  weathering  of
chaetetids  from  bed  6  during  subaerial  exposures.

Chaetetids  in  bed  9  at  localities  729,   782  and  bed  8  at

localities  693  and  782  occur  as  small  laminar  to  low  to  high

domical   (ragged,   smooth)   forms.     Laminar  forms  are  up  to  20

cm  long  and  up  to  5  cm  high.     Domical  forms  range  up  to  30

cm  across  and  30  cm  in  height.     Substrates  for  all

chaetetids  in  these  beds  are  "algal"-coated  productids  and
ComDosita   (frequently  articulated) ,   and  other  skeletal

debris.     Occasionally  several  oncolites  served  as  a

substrate  for  chaetetid  growth  (Fig.   32) .     Figure  33  shows  a

tracing  of  a  high  domical   (ragged)   chaetetid  from  bed  8

which  began  on  an  oncolite  and  which  shows  evidence  of

overturning  during  growth.    Occasionally  chaetetids  occur
that  were  initially  two  (or  more)   individual  organisms  that

subsequently  were  joined  together,  perhaps  by  recolonization

(see  section  782-S4) .

A  large  exposed  area  30  x  50  meters  was  napped  of  the

upper  surface  of  beds  9  and  10  at  locality  729   (plate  2) .

Where  the  surface  of  bed  9  was  exposed   (area  inside  dashed

line)   chaetetids  were  napped  directly  (black  objects  on
map) .     Where  bed  10  occurred,   irregular  positive  surface

f eatures  that  suggested  the  presence  of  chaetetids  in  the
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Figure  32.     High-domical   (smooth)   chaetetid  growing  on
several   "algal"-coated  productids  and  Comoosita  in  bed  9,
locality  729.
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Figure  33.     Tracing  of  cut  and  polished  high  domical
(ragged)   chaetetid  from  bed  8  at  locality  693.     Note  how
this  form  is  composed  of  numerous  individual  1aminar  forms.
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underlying  bed   (fig.   34)   were  also  napped   (unfilled  closed

objects  on  map) .     Some  areas  within  the  napped  area   (cross-

hatched  area)   were  covered  by  remnants  of  black  phosphatic

shale   (bed  11) .

Only  a  few  chaetetids  occur  in  bed  9  at  localities  693

and  782,   and  all  are  continuations  of  high  domical

chaetetids  from  bed  8.     The  contact  between  beds  8  and  9

passes  directly  through  the  chaetetids,  suggesting  that  the
transition  from  bed  8  to  bed  9  was  gradual,   and  that  they

were  growing  during  bed  9  deposition  and  not  simple

smothered  out  by  a  rapid  influx  of  sediment  at  the  contact.

In  beds  13  and  14  at  localities  693  and  782  chaetetids

are  uncommon,   and  are  small   (up  to  15  cm  long  and  5  cm  high)

laminar  forms.    These  initially  attached  to  phylloid  algal
fragments  or  less  frequently  "algal"-coated  skeletal  grains.

One  small  chaetetid  was  found  in  bed  15  at  locality

693;   it  consisted  of  a  laminar  encrustation  around  the

entire  outer  surface  an  oncolite  approximately  2.5  cm  in

diameter.    This  chaetetid  encrusted  oncolite  was  in  turn
algal-coated.

TODDlincr,   Overturnina,   and  Growth  Interruptions--Chaetetids

throughout  the  study  area  frequently  show  evidence  of

displacement  at  some  point  in  their  growth.

In  bed  2  at  localities  729  and  692,   chaetetids
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Figure  34.     Chaetetids  which  occur  under  positive  feature  on
the  surface  of  bed  10,   locality  782   (exposed  during  removal
of   overlying  beds).     Hammer   is   28   cm.long.
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frequently  appear  moved   (see  fig.   27)   or  overturned.     Growth

interruptions  commonly  occur  on  low  domical  forms  where  the

surrounding  sediment  was  washed  over  the  chaetetid,

smothering  out  much,   and'many  times  all,   of  the  chaetetid

(see  fig.   27).

Chaetetids  in  beds  3  and  4,   localities  729,   692,   and

693,   and  bed  4,   locality  782,   generally  do  not  show  evidence

of  overturning  or  toppling.     A  few  small   (<5  cm  long)

1aminar  forms  at  Locality  729  in  Bed  4   (see  sections  729-S1,

729-S2)   were  noted  that  appeared  overturned.     Several

laminar  chaetetids  were  fragmented,  but  this  may  be  due  to

compaction  because  they  did  not  appear  displaced  or

overturned,  and  all  fragments  appeared  to  be  present.

Chaetetids  in  bed  5  at  localities  729  and  692  rarely
appear  toppled  or  overturned,  although  some  appear

fragmented   (in-place) ,   apparently  due  to  compaction.     Growth

interruptions  are  common  on  low  domical  forms,   defined  by  a

thin  clay  layer  or  dark  lines  which  may  be  breaks  in  tubule

growth .
At  localities  729  and  692,  toppled  or  overturned

chaetetids  occur  throughout  bed  6,  but  are  the  most

prevalent  in  the  upper  half .    These  are  mostly  high  domical

(smooth)   forms  to  columnar   (smooth)   forms  with  an  expanding

upward  growth  form.     Toppled  chaetetids  often  served  as  a

firm  substrate  upon  which  other  chaetetids  grew   (fig.   35) .

Most  bulbous  forms  in  bed  6,  unit  c,   are  toppled,   lying  on
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Figure  35.     Toppled  chaetetid  in  bed  6  at  locality  692
(lower  third  of  photograph) .     Note  other  chaetetids  which
utilized  the  toppled  chaetetid  as  a  f irm  subs€rate  upon
which  to  grow   (chaetetids  outlined  using  permanent  marker)
Up   is  towards  top  of  page.      Scale   is   30.5   cm  long.
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their  side.     Some  overturned  or  toppled  chaetetids  appear  to
have  survived  overturning  and  apparently  continued  growing
in  an  upward  direction  after  the  disturbance.     Growth

interruptions  are  common  throughout  the  bed,   similar  to
those  seen  in  bed  5.

At  locality  693,   laminar  chaetetids  in  unit  a,  Bed  5,

appear  in-situ,   as  do  most  domical   (low,   high,   and  extended)

and  columnar  forms.     One  small  low  domical  chaetetid

appeared  toppled  over  within  unit  a.     Columnar  chaetetids  in

unit  a,  as  well  as  in  units  b  and  a,  often  occur  at  angles
of  less  than  90  degrees  but  appear  to  be  in-situ.     This  may

be  the  result  of  competition  of  space  with  other  chaetetids
during  growth  and/or  compaction.     Some  columnar  chaetetids

in  unit  b,   appear  toppled  and  or  overturned.     In  much  of

unit  b  chaetetids  are  so  tightly  packed  together  it  is
difficult  to  distinguish  individual  orientations.    A  few
columnar  chaetetids  were  noted  on  their  sides  at  the  contact
of  units  b  and  a   (figure  36) .     Laminar  and  domical

chaetetids  in  the  upper  part  of  unit  a  frequently  appear
toppled  and/or  overturned.     Growth  interruptions  marked  by

clay-rich  laminae  and  interruptions  in  tubule  growth  are
common  throughout  all  units.

At  locality  782,   some  chaetetids  in  units  a  and  e,  bed

5,   appear  toppled  or  overturned.    Low  domical  chaetetids  are

often  overturned  in  the  upper  half  of  unit  a,   and  on  some  of

these  upward  growth  continued  after  disruption.    Toppled
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Figure  36.     Toppled  columnar  chaetetid   (Ch)   at  the  contact
of  units  b  and  c,   bed  5,   locality  693.     The  relatively
smooth  sides  of  the  chaetetid  suggest  substantial  relief
above  the  sea  floor  during  growth.
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and  overturned  chaetetids  frequently  occur  in  unit  e;  in
some  areas  nearly  all  chaetetids  appear  disrupted.     Over  the
entire  outcrop,  perhaps  15-20%  of  all  chaetetids  within  unit
e  appear  €o  have  been  toppled  and  rolled  around.     The

density  of  chaetetids  in  some  areas  of  the  unit  makes  it
cliff icult  to  determine  whether  chaetetids  were  actually
displaced  or  growing  at  some  odd  angle  in  response  to

crowding.     Some  overturned  or  toppled  chaetetids  appear  to
be  the  broken  off  tops  of  in-place  columnar  forms.     Growth

interruption  on  chaetetids  are  very  noticeable  throughout
bed  5,   and  consist  of  clay-rich  laminae,   "algal"-coatings,

or  breaks  in  tubule  growth  suggested  by  dark  lines.

In  bed  6  at  locality  728,  most  chaetetids  are

fragmented,   abraded,  toppled,  and/or  overturned.
Nearly  all  domical  chaetetids  in  bed  9   (localities  729,

692)   and  bed  8   (localities  693,   782)   show  evidence  of

toppling  and/or  overturning,  but  laminar  forms  are  seldom

overturned.     Often  domical  forms  appear  to  have  been

overturned  several  times,  coating  all  sides  of  the  encrusted
oncolite.    At  some  point  a  critical  size  was  apparently
reached,   at  which  point  the  chaetetid  stabilized  and  upward

growth  prevailed.    Growth  interruptions  are  prevalent
throughout,  generally  marked  by  thin  clay-rich  layers  or
"algal"-coatings,  but  also  simply  by  dark  lines  on  the

chaetetid.     In  a  few  cases  the  chaetetids  became  entirely
"algal"-coated  and  became  oncolites  themselves.     Figure  37
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is  a  tracing  of  a  cut  and  polished  chaetetid  from  this  bed  9
at  locality  729  which  shows  many  of  the  relationships

discussed  above.     The  upper  surfaces  of  chaetetids  are  often

bored,  but  borings  also  occur  internally.
At  localities  693  and  782,    most  chaetetids  in  beds  13

and  14  appear  in-situ,   although  some  fragmented  and/or

overturned  laminar  forms  were  observed.

The  one  small  chaetetid  noted  in  bed  15  at  locality  693

was  obviously  overturned  several  times  for  growth  to  have

occurred  on  all  surfaces  of  the  oncolite.

Associated  Oraanisms--A  wide  variety  of  organisms  are

associated  with  chaetetids  throughout  beds  in  the  area,  but
they  do  not  all  occur  together  or  in  the  same  way.    Table  1

list  the  organisms  that  occur  with  chaetetids  at  the
localities  studied.    Associated  organisms  at  localities  729
and  693  are  combined  on  the  chart  due  to  the  similarities  of

beds  at  these  two  localities.
In  bed  2  at  localities  729  and  692  and  bed  4  at

locality  782,   the  most  conspicuous  organisms  present  were

fusulinids   (Fusulina  sp.)   and  encrusting  "algae".    Most

organisms  are  fragmented,   abraded,   and/or  "algal-coated,   and

do  not  appear  in  situ  (except  for  chaetetids) .    Ostracodes

and  smaller  foraminiferids  in  these  beds  are  not  "algal"-

coated.     Phylloid  algae  are  also  predominate  in  the  upper

third  of  bed  4  at  locality  782.
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Figure  37.     Tracing  of  cut  and  polished  chaetetid  from  bed
9,   locality  729.     Note  "algal"-coated  productid  at  center,
multiple  generations  of  chaetetid  growth,   and  "algal"-coated
growth  interruption.
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Table  1.     Organisms  which  occur  with  chaetetids  in  beds  at
all  localities   (X  =  conspicuous;   o  =  noted) .
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In  bed  3-5  at  localities  729  and  692,   and  bed  3-4  at

locality  693,  phylloid  algal  fragments  are  conspicuous,

frequently  up  to  several  cm  long   (see  thin  section  C-4) .

Some  phylloid  algal  fragments  are  incorporated  into
chaetetid  skeletons   (see  thin  section  C-4) .    Brachiopods

frequently  are  articulated with  spar-filling,  but  usually
are  not  in-situ.     In  bed  3  at  locality  729,  LoohoDhvllidium

occasionally  occurs  in-situ,   and  some  specimens  were

attached  to,   and  ov`ergrown  by,   chaetetids   (see  section  692-

S3) .     Crinoids  and  bryozoans  are  fragmented  and  do  not  occur

in-  situ,
A  diverse  assemblage  of  organisms  is  associated  with

chaetetids  in  bed  6  at  localities  729  and  692.     In  places

phylloid  algal  fragments  dominate,  but  these  areas  are
discontinuous  and  pinch  out  laterally  along  the  quarry
walls.     Chaetetids  are  generally  not  as  common  or  robust

where  phylloid  algae  is  present  in  large  quantities.    Most
larger  skeletal  fragments  occur  near  in-situ  chaetetids;
away  from  chaetetids  the  matrix  is  mostly  medium  to  f ine

sand  sized  skeletal  debris.     Crinoids,   although

disarticulated,  generally  occur  clumped  together  around  in-
situ  chaetetids.

Associated  organisms  in  bed  5  at  locality  693  are

numerous  and  diverse.     In  the  lower  part  of  the  bed

fusulinids,   crinoids,   ComDosita,  and  Crurithvris  are

dominant.     Fusulinids  range  from  intact  to  fragmented.
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Crinoids  are  disarticulated  but  clumped  around  chaetetids.
ComDosita  and  Crurithvris  are  frequently  articulated,   and
several  appeared  to  be  attached  to  the  upper  surf ace  of  the
chaetetids.     In  unit  c,  the  dominant  fossils  are  small
foraminiferids   (Globivalvulina,  Endothvra,   and  Tetrataxis)
and  ostracodes.    In  unit  c,  as  is  true  throughout  the  bed,
articulated  and  robust  fossils  occur  near  and  around
chaetetids,  whereas  away  from  the  chaetetids  the  skeletal
debris  is  mostly  small  f oraminiferids  and  other  fragmented

medium  to  fine  sand-sized  skeletal  debris.

In  bed  5  at  locality  782,   organisms  closely  associated

with  chaetetids  vary  upward  through  the  different  units.
Predominant  in  unit  a  are  phylloid  algal  fragments,   in

places  making  up  to  90%  of  the  lower  half  of  this  unit   (see
figure  22) .     Chaetetids  generally  occur  in  the  upper  half  of

unit  a  where  phylloid  algae  are  less  prominent,  but  phylloid

algal  fragments  usually  are  the  substrate  for  chaetetids.
An  occasional  articulated  ComDosita  and  masses  of  crinoid

debris  occur  near  some  domical  chaetetids.     In  unit  b  the

associated  organisms  are  primarily  crinoids,  phylloid  algae,
and  fusulinids.    Most  larger,  recognizable  fossils  occur  in
close  proximity  to  chaetetids,  whereas  in  areas  with  no
chaetetids  the  skeletal  debris  is  mostly  unidentif iable
medium  to  f ine  sand-sized  fragments   (often  "algal"-coated) ,

calcispheres,   ostracodes,   and  lens-shaped  masses  of  phylloid

algal  fragments.    Crinoids,  although  disarticulated,  are
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mostly  clumped  together  in  areas  near  in-situ  chaetetids.
Articulated  ComDosita  and  Crurithvris  occur  around,   and

occasionally  attached  to,   chaetetids.     Bryozoans  fragments

also  occur  in  close  proximity  to  chaetetids.     Organisms  in

unit  c  show  the  same  relationships  to  chaetetids  as  noted  in
unit  b.     Some  areas  of  concentrated  phylloid  algal  fragments

(up  to  80  percent  of  the  skeletal  grains)   which  occur  are
not  closely  associated  with  chaetetids.     In  unit  d,
recognizable  fossils  occur  infrequently  (crinoid  debris  and
fusulinids) ;  most  fossil  debris  is  fragmented  and  "algal"-

coated.     In  unit  e,  articulated  and  whole  disarticulated
valves  of  ComDosita  are  conspicuous,   as  are  articulated

ostracodes .

In  bed  6  at  locality  782,  prominent  organisms  are  high

spired  gastropods   (Donaldina?)   and  ostracodes,  but  these  are

not  closely  associated  with  chaetetids.
In  bed  9  at  localities  729  and  692,   and  bed  8  at

localities  693  and  782,   brachiopods  and  encrusting  "algae"

are  the  most  conspicuous  organisms  present.    Approximately

70-80%  of  the  fossil  debris  is  "algal"-coated;  these

oncolites  served  as  the  substrate  for  most  chaetetids,
although  some  chaetetids  actached  to  brachiopods  which  did

not  exhibit  "algal"-coatings.    Brachiopods,   as  previously

discussed  (pg.   103) ,   appear  to  have  been  living  in  this

environment  along  with  the  chaetetids.     Chaetetids
frequently  encrust  brachiopods,   and  ComDosita   (and  some
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other  brachiopods)   are    often  attached  to  the  surface  of
chaetetids.     Figure  38  shows  an  apparently  in-situ  ComDosita

(no  "algal"-coating)   occupying  a  niche  under  an  overhanging

ggrowth  of  a  chaetetid.     Small  pit   (up  to  1  cm  across)  were
observed  on  the  outer  surfaces  of  some  chaetetids,  and  small
holes   (up  to  0.5  cm  across)   were  seen  on  cut  and  polished

internal  surfaces  of  chaetetids.    Calicles  did  not  appear
deformed  around  surface  pits,  but  were  deformed  around  some

internal  holes.
In  beds  13  and  14  at  localities  693  and  782,     the  most

conspicuous  organisms  are  phylloid  algae.     "Algal"-coated

fossil  debris  is  also  prominent  and,  along  with  phylloid

algal  fragments,  served  as  nucleating  sites  for  the
occasional  laminar  chaetetids  observed.

Relief --The  height  of  the  chaetetids  above  the  sea
f loor  can  be  roughly  estimated  for  some  specimens  observed

in  the  study  area.     In  Bed  2  at  locality  693,   sediment

draping  over  the  chaetetid  in  f igure  27  indicates  a  possible
relief  of  approximately  6  cm  above  the  sea  floor.     This  was

probably  unusual  for  most  chaetetids  in  this  bed,  because
most  growth  f orms  are  laminar  and  could  only  have  had  a  f ew

centimeters  of  relief .    Laminar  chaetetids  observed  in  other

beds  throughout  the  area   (i.e.  beds  3-5,   localities  729,

782;   beds  3-4,   13-14,   localities  693,   782)   most  likely  had

similar  relief  of  only  a  few  centimeters.     Domical
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Chaetetid

Conposita  ( in-situ)

''Algal..-Encrus€ations

Figure  38.     Tracing  of  cut  and  polished  chaetetid  from  bed
9,   locality  692  showing  ComDosita  occupying  niche  under  a
ragged  extension.     Note  "algal"-encrusted  productid  and"algal"-encrustations  on  chaetetid  growth  partings.
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chaetetids  in  bed  5  at  localities  729  and  692  appear  to  have

had  a  maximum  of  15  cm  of  relief  above  the  sea  f loor  based

on  sediment  draping  over  the  upper  surface.
Relief  apparently  varied  signif icantly  in  bed  6  at

localities  729  and  692.     Laminar  to  low  domical  forms  show

little  evidence  of  relief  greater  than  10  cm  or  so.     Some

columnar  forms,   such  as  the  toppled  one  in  figure  35,   appear

to  have  been  nearly  entirely  exposed  above  the  sea  f loor

prior  to  displacement,  suggesting  relief  of  approximately  40
cm.     Evidence  includes  the  smooth  sides,   which  would

indicate  little  interference  from  sediment  during  growth.
In  addition,  the  fact  that  it  fell  over  suggest  that  it  was
not  buried  very  deeply  by  sediment  as  it  grew.    No  evidence

of  scouring  was  observed  that  suggest  this  chaetetid  was
uncovered  and  then  toppled.     Upward-  expanding,   columnar

forms  probably  did  not  have  relief  of  over  10  cm  or  so,   as

their  form  would  not  be  stable  unless  well  secured  by

sediment.     These  also  typically  have  ragged  margins   (and

growth  interruptions)   suggesting  interruption  by
sedimentation  during  growth.

In  bed  5  at  locality  693,  evidence  points  to

signif icant  relief  above  the  sea  f loor  for  many  of  the
chaetetids  observed.     In  unit  a,  sediment  draping  over

chaetetids  indicate  relief  of  10-15  cm.     In  unit  b  sediment

draping  over  the  upper  surface  of  6haetetids  and  toppled
columnar  forms  suggest  relief  on  the  order  of  50-75  cm.     The
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toppled  columnar  chaetetid  noted  previously  (see  fig.   36)   at

the  contact  of  unit  b  and  c  is  75  cm  long;   it  would  seem

most  likely  that  in  order  to  fall  over  most  of  it  would  have
had  to  be  exposed  above  the  sea  floor.     In  most  of  unit  c
sediment  draping  over  chaetetids  suggests  relief  on  the
order  of  30  cm  or  less.

In  bed  5  at  locality  782,  relief  seems  to  have  varied

considerable.     Some  chaetetids  in  unit  a  were  noted  with  the
surrounding  matrix  draping  over  the  upper  surface,
suggesting  a  potential  relief  of  8-11  cm  (fig.   39) .     In  unit

b  some  chaetetids  appear  to  have  had  a  relief  of  20-30  cm

based  on  rel.a€ively  smooth  sides  and  the  amount  of  sediment

draping.    The  relief  in  unit  c  appears  to  have  been  similar
to  that  in  unit  a.    Chaetetids  in  unit  e  appear  to  have  had
the  greatest  relief ,  with  some  columnar  forms  suggesting
relief  of  up  to  75  cm.   (see  fig.   31) .

Chaetetids  in  bed  6  at  locality  782  do  not  appear  to

have  had  relief  of  more  than  5-10  cm   (based  on  ragged  growth

forms) ,   although  some  bulbous  chaetetids  may  have  exceeded

this .
In  bed  9  at  localities  729  and  693,   and  bed  8  at

localities  692  and  782,  relief  of  chaetetids  was  probably  a

maximum  of  5-10  cm   (in  a  few  high  domical  forms  it  may  have

been.  as  much  as  15  cm,   see  fig.   32,   33) ,   based  on  the  ragged

margins  of  most  chaetetids  and  the  numerous  interruption

partings.     Some  of  the  low  domical  forms  in  bed  9
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Figure  39.     Sediment  draping  over  high  domical   (smooth)
chaetetid  in  unit  a,   bed  5,   at  locality  782.     Draping  of
sediment  suggest  a  relief  above  the  sea  f loor  during  growth
of   8-11   cm.      Scale   is   11  cm  long.
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(localities  729,   692)   protrude  up  to  5-10  cm  into  bed  10,
and  probably  represent  the  relief  prior  to  being  covered  by
bed  11   (see  fig.   34).

At  locality  782,  bed  9  drapes  over  some  chaetetids  in
the  upper  part  of  bed  8,   suggesting  up  to  15  cm  of  relief .

In  bed  9  at  locality  693,   (at  section  693-S2)   a

chaetetid  was  noted  over  which  bed  10  draped  approximately  7

cm,  suggesting  this  was  probably  very  near  the  actual  relief

above  the  sea  f loor  prior  to  inundation  by  the  sediments  now

comprising  bed  10.

Paleoecology

Introduction--Chaetetids  were  extremely  rugged
organisms,  able  to  tolerate  a  wide  variety  of  environments,
and  able  to  coexist  with  numerous  types  of  organisms.     Once

established,  chaetetids  appear  to  have  adapted  well  to

ggradually  changing  conditions,  being  only  wiped  out  during
major  influxes  of  sediment.

Relationship  to  Other  Chaetetids--Chaetetids  at  all
localities  displayed  a  noticeable  close  relationship  to  each
other.     Isolated  individuals  are  rare;  most  chaetetids  have
at  least  one,  and  generally  several,  other  chaetetids  within

20-30  cm  of  themselves.    This  is  especially  true  for

columnar,   and  domical   (extended,   high,   and  low)   forms.

Rigby   (1987)   noted  modern  sponges  occur  in  a  similar
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fashion,  tending  to  group  together  in  isolated  patches  on
the  sea  floor.     The  close  association  among  chaetetids  may

be  due  to  several  factors.     Reproduction  was  most  likely  by

free  swimming  larvae,  which  would  have  settled  on  hard

substrates  and  began  growing.     A  large  number  of  larvae

would  most  likely  have  settled  in  areas  close  to  living
chaetetids  because  the  substrate  was  obviously  acceptable
for  growth.     Larger  chaetetids,   such  as  columnar  and  high

domical   (smooth)   forms,   may  have  had  enough  relief  above  the

sea  f loor  to  create  microenviroments  of  reduced  current

where  larger  sedimentary  particles   (fossil  debris,   etc.)
would  have  accumulated.     These  large  sedimentary  particles

would  have  provided  more  scable  surf aces  f or  larvae

attachment.     Regeneration  is  common  among  many  modern

sponges;  if  chaetetids  also  had  this  ability,  broken
fragments  of  live  chaetetids  could  have  settled  close  to  the
"parent"  with  a  new  chaetetid  forming  from  the  fragment.

Fragments  of  chaetetids  are  common  in  many  of  the  beds

studied,    but  conclusive  evidence  of  regeneration  was  not
observed.

Chaetetids  are  seen  at  all  localities  growing  directly
on  toppled  chaetetids.     Frequently  the  sequence  of  toppling
and  renewed  upward  growth  is  evident  in  a  single  specimen.

New  upward  growth  may  be  the  same  genetic  individual,   or  the

result  of  settling  of  new  genetic  individuals.    Overturned
and  toppled  chaetetids  could  have  served  as  large,   stable
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substrates  for  larvae  attachment.    The  merging  of  two

individual  chaetetids  into  a  single  complex  is  also  of  some
interest.     In  samples  of  these  that  were  slabbed,   it  appears
that  one  of  the  individuals  died  (possible  from  an  imf lux  of

sediment,  or  biological  activity) ,  and  the  skeleton  served
as  a  stable  substrate  for  lateral  expansion  of  the  remaining
live  chaetetid.    Why  one  chaetetid  died  off  and  the  other
was  able  to  survive  was  not  evident.

Association  With  Other  Oraanisms--Chaetetids  occur  with

a  wide  variety  of  stenohaline  and  (possible)   euryhaline

organisms.     There  appears  to  be  a  high  probability  of

finding  phylloid  algae,   Comoosita,   fusulinids,   and  "algal"-
encrus€ations  with  chaetetids.

Phylloid  algae  is  one  of  the  most  pervasive  fossils  in
the  rocks  studied.    Throughout  the  study  area,  phylloid
algae  abundance  was  generally  inversely  proportional  to  the

number  of  chaetetids  observed.    This  inverse  relationship

was  seen  in  beds  3,   4,   and  5  at  localities  692  and  729,   and

beds  4,   13,   and  14  at  locality  693,  where  small  laminar

chaetetids  are  inconspicuous.    In  other  intervals  such  as
bed  6  at  localities  692  and  729,   lenses  of  phylloid  algal

fragments  appear  to  smother  out  chaetetid  growth.    Assuring

these  fragments  represent  little  transport  from  nearby

phylloid  algal  growth,   it  appears  phylloid  algae  may  have
been  able  to  better  utilize  existing  growing  space  than
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chaetetids.    It  is  also  a  possibility  that  the  ability  of
phylloid  algae  to  trap  f ine  sediment  created  a  surrounding
unstable  substrate  that was  not  suitable  f or  chaetetid
attachment  and  growth.

In  areas  of  vigorous  chaetetid  growth,  phylloid  algal
fragments  are  rare,  and  fusulinids,  crinoid  debris,  and
brachiopods  are  more  conspicuous.     Phylloid  algal  fragments

are  absent  from  those  units  with  extensive  chaetetid
buildups  (unit  b,  bed  5  at  locality  729;  unit  e,  bed  5  at
locality  782) .     Toppled  and  overturned  columnar  chaetetids

in  these  units  suggest  high  energy  conditions  and  may
indicate  turbidity  levels  unsuitable  for  phylloid  algal

growth.     Suchy   (1987)   believed  that  chaetetids  were  more
tolerant  of  high  turbidity  than  phylloid  algae,  and  in  such
conditions  could  better  utilize  the  existing  growing  space.
The  chaetetid  buildups  would  have  served  as  sheltered  areas
where  a  wide  variety  of  organisms  such  as  brachiopods,

crinoids,  echinoids,  gastropods,  and  foraminiferids,   could
thrive.

Chaetetids,   in  apparent  life  positions,   in  bed  6  of
locality  782  suggest  a  tolerance  for  euryhaline  conditions.
The  contact  of  bed  6  and  the  underlying  bed  passes  through

the  chaetetids   (not  over  the  top) ,   indicating  that  they  were
alive  during  (at  least)  the  early  stages  of  bed  6

deposition.    Abundant  high-spired  gastropods,   and

sedimentological  features,  such  as  root-like  structures,
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implies  deposition  in  a  restricted  bay  or  lagoon.
Salinities  in  similar  modern-day  environments  often
fluctuate  from  brackish  to  hypersaline.    If  similar
conditions  existed  during  the  deposition  of  bed  6,  then
chaetetids  could  apparently  withstand  some  major  salinity
changes .

Chaetetids  occurring  with  "algal"-coated  oncolites  is
also  indicative  of  their  ability  to  survive  in  less  than
ideal  conditions.    The  inferred  depositional  environment  for
bed  8   (all  localities)   is  discussed  on  pages  104-107.
"Algal"-encrustation  and  clay-rich  partings  frequently

interrupted  the  growth  of  chaetetids  (evident  in  the
numerous  growth  interruptions  observed) ,  but  in  most  cases

cinaetetids  were  able  to  overcome  this  disturbance  and

continue  upward  growth.

Mathewson   (1978)   believed  that  among  chaetetids,

internal  holes  with  deformed  tubules  surrounding  them  were

serpulid  worm  tubes,  whereas  surface  pits  were  the  borings

of  acrothoracian  barnacles.     Neither  appeared  to  have  much

of  a  detrimental  effect  on  the  chaetetids;  tubule  growth
continues  over  internal  worm  tubes,  and  the  lack  of  tubule
clef orma€ion  on  surface  borings  suggest  that  the  chaetetids
were  probably  dead  prior  to  barnacle  boring.

Areal  Distribution--The  surface  grid  map  showing  the

areal  distribution  of  chaetetids  on  the  surf ace  of  bed  9  at
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locality  729   (plate  2)   indicates  that  chaetetids  tended  to

grow  in  close  proximity  to  each  other,   and  were  separated  by
areas  devoid  of  chaetetid  growth.    Nearest  neighbor
analysis,   based  on  the  method  of  Clark  and  Evens   (1954) ,   was

conducted  on  the  area  of  the  map  bounded  by  J-17  to  R-17  and

J-30  to  R-30.     This  method  is  used  to  determine  if

individuals  are  clumped,   randomly  spaced,   or  evenly  spaced.

The  null  hypothesis  is  that  all  chaetetids  are  randomly
distributed.    The  value  of  t  obtained  from  the  measurement
of  the  nearest  neighbor  to  105  other  chietetids  was  such
that  the  null  hypothesis  could  be  rejected  at  the  0.05
level.     An  R  value  of  0.9  was  calculated  from  the

measurements;  R  values  less  than  1  imply  that  individuals

are  clumped  into  discreet  areas.
The  linear  trend  of  127  positive  surface  features  on

bed  10  was  measured  and  plotted  on  a  rose  diagram   (see  upper

right  section  of  plate  2) .    A  distinctive  east-west  trend  is
evident  from  this  diagram.     If  these  positive  features  on
bed  10  are  the  result  of  underlying  chaetetids  in  bed  9   (as

suggested  by  field  observations-see  fig.   34) ,   then  some

preferential  horizontal  alignment  during  growth  apparently
occurred.     It  is  possible  that  chaetetids  may  have  roughly
aligned  themselves  parallel   (or  perpendicular)   to  the

prevalent  current  direction  at  the  time  of  growth.

Growth  Forms--Growth  forms  in  chaetetids,   when  examined

168



along  with  associated  lithologies  and  organisms  and  relative

to  the  inferred  environmental  setting,  agree  with  previous
interpretations  of  the  relationship  of  growth  f orms  to
depositional  environments   (see  pages  120-124).     Laminar

growth  f orms  are  f ound  in  beds  which  suggest  either  high
energy   (such  as  unit  c,   bed  5,   at  localities  693  and  782) ,

or  potentially  high  rates  of  sedimentation  (such  as  bed  4  at
localities  729  and  692).     Columnar  forms  occur  in  beds  which

suggest  lower  energy  conditions   (bed  5  at  locality  729)   or

crowding   (such  as  unit  b,  bed  5,   at  locality  693  and  unit  e,

bed  5,   at  locality  792).     Hemispherical  and    domical   (low,

high,   and  extended)   forms  occur  in  areas  suggesting

intermediate  energy  conditions   (such  as  the  lower  part  of
unit  c,  bed  5,   at  locality  693).    As  stated  previously,

hemispherical  chaetetids  often  do  not  appear  in-situ;  they
may  have  been  transported  into  the  area  during  very  high
energy  events   (storms)   from  another  area.

Other  RelationshiDs--Chaetetid  growth  appears  to  have

been  favored  by  moderate  to  high  energy  conditions,  probably
well  within  wave  base.     Optimum  chaetetid  growth   (columnar

and  extended  domical  forms)   occurred  in  areas  with  moderate

to  low  sedimentation  rates  and  occasional  moderate  to  high

energy  conditions.     Such  growth  also  appears  to  have  been

f avored  in  areas  of  extremely  high  energy  approaching  the

intertidal  environment.
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Beds  which  contain  a  high  percentage  of  micrite  and

mostly  f ine  grained  skeletal  debris  are  generally  devoid  of
chaetetids.     The  abundance  of  fine  sediment  may  have  created

conditions  tod  turbid  for  chaetetid  growth.    In  addition,
high  sedimen€acion  rates,  along  with  no  firm  substrate  for
attachment,  may  have  prevented  chaetetids  from  becoming

established.
Chaetetids  within  the  study  area  occur  most  f requently

in  the  regressive  parts  of  the  small  scale  cycles  discussed

previously.     West  and  Clark  (1984)   also  noted  that
chaetetids  seem  to  occur  in  the  greatest  abundance  in
regressive  limestones.    This  is  probably  an  indication  of
more  stable  environmental  conditions   (and  longer  time  spans)

which  existed  during  the  relatively  slow  regressive  phases.
The  lack  of  chaetetids  above  the  Lake  Neosho  shale

could  be  the  result  of  several  factors.    It  is  possible  that
water  depths  in  this  area  during  the  deposition  of  most  of
the  Worland  limestone  may  have  been  too  deep  for  chaetetids.

If  this  was  the  case,  one  would  expect  to  see  chaetetids  in
shallower  areas,   such  as  would  have  existed  over  topographic

highs,  and  to  the  northeast  in  the  direction  of  the

paleoshoreline.    In  fact,  chaetetids  are  present  in  the
Worland  limestone  near  the  Bourbon  Arch   (personal

observations)   and  are  a  common  element  of  the  Worland

limestone  in  Missouri   (Gentile,1976).     Water  depths  may

have  shallowed  too  quickly  during  the  deposition  of  the
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upper  part  of  the  Worland  limestone  to  allow  chaetetids  to
migrate  into  the  study  area  from  the  north.    High  turbidity,
which  could  have  restricted  chaetetid  growth,  may  also  have

existed  during  deposition  of  the  Worland  limestone.
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ECONOMIC   IMPORTANCE

Construction  Aggregate

As  evident  by  the  active  quarrying  of  rock  at  two  of
the  localities  studied  (729  and  692) ,  chaetetid-bearing
rocks  in  this  area  are  important  source  of  industrial
limestone.     Crushed  limestones  from  these  quarries  are  used

as  both  concrete  and  asphalt  aggregates.    Limestones  from
both  of  these  localities  have  been  tested  for  durability  at
the  Kansas  Department  of  Transportation,    using  their
extended  durability  test.    This  is  a  six  month  long  process
that  examines  the  engineering  and  geological  properties  of
the  limestone.    Roughly  half  of  the  limestones  submitted  for

this  testing  fail  to  pass.    Limestones  which  do  pass  can  be

used  in  all  phases  of  construction  in  Kansas  that  require  a
limestone  aggregate.    Limestones  from  the  same  quarry  are

submitted  as  different  beds  based  on  major  lithological

changes.     The  following  is  taken  from  KDOT's  unpublished

aggregate  database,  which  gives  the  results  of  the  extended
durability  test  for  all  limestones  submitted.

At  locality  729,   both  the  Worland  limestone  and  Amoret

limestone  were  divided  into  three  beds  each,   labelled  1  -  6

from  the  top  down   (beds  1-3  =  Worland  limestone,   beds  4-6  =

Amoret  limestone).     Using  KDOT's  reported  thicknesses  for

each  bed,  the  corresponding  beds  from  this  study  would  be  as

f ollows :
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KDOT

6

5

4

3

2

1

this  study
1-4

5-7

8-10

12,    13

14-16

17,    18

All  beds  of  the  Worland  limestone  passed,   as  did  the  lower

two  beds  of  the  Amoret  limestone   (KDOT  beds  6  and  5) .

At  locality  692,  the  Worland  limestone  was  divided  into

2  beds,   and  the  Amoret  limestone  divided  into  3  beds,

labelled  1-5  from  the  top  down   (beds  1,   2  =  Worland

limestone,   beds  3-5  =  Amoret  limestone).     Corresponding  beds

from  this  study  are:
KDOT                this  study

5

4

3

2

1

1-4

5-7

8-10

12 ,13

14-16

All  beds  of  the  Worland  limestone  passed,   as  did  the  lower

two  beds  of  the  Amoret  limestone   (KDOT  beds  5  and  4) .

Failure  of  the  upper  KDOT  bed  of  the  Amoret  limestone

at  both  localities  can  be  related  to  the  silt  and  clay
content  of  the  this  part  of  the  Amoret  Limestone  at  these
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localities,   specifically  beds  8,  9,  and  10  from  this  study.
Acid  insoluble  residue  is  a  key  component  of  the  durability

test,  and  this  failed  upper  bed  had  very  high  insoluble
residues  at  both  loc5alities   (approx.   13%,   compared  to  7%  or

less  for  acceptable  beds) .
The  high  amount  of  dolomite  that  was  present  in  bed  6

at  localities  729  and  692   (approx.  half)   did  not  seem  to  be

a  factor,  even  though  dolomitic  rocks  often  have  poor

performance  records  as  aggregates.     Dubberki  and  Marks

(1990)   found  that  shifts  in  the  d-spacing  of  dolomite  could
be  related  to  the  expected  durability,  and  that  rocks  with
lower  d-spacings  gave  better  performance.    X-ray  diffraction
of  bed  6  showed  a  dolomite  d-spacing  indicating  that  good

durability  could  be  expected  from  this  rock  (Dubberki  and
Marks,1990).

One  might  expect  that  chaetetid  buildups  such  as  the
one  in  unit  b  of  bed  5  at  locality  692  would  also  produce

durable  aggregates,  but  the  large  cavities  between  chaetetid
heads  are  often  f illed  with  clay-rich  sediment  that  would
most  likely  give  this  interval  a  high  insoluble  residue
content  and  other  undesirable  engineering  properties.

Petroleum  Potential
one  of  the  more  interesting  discoveries  in  the  study

was  the  presence  of  oil  stained  chaetetids  throughout  the
area.     These  were  most  noticeable  in  recently  quarried
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surfaces  of  bed  6  at  locality  692.     Some  of  these  chaetetids

were  saturated  to  the  point  that  oil  was  dripping  out  of  the
fresh  surface.     Figure  40  shows  how  this  staining  usually

occurred  in  chaetetids  within  the  quarry.    Oil  stained
chaetetids  have  a  partially  to  completely  un-calcif led  open
tubule  network  (honey-comb  like)   in  which  the  oil  has
collected.     Some  joint  surfaces  in  the  rock  were  also  coated

with  oil.    West   (1991)   stated  that  oil  production  from

chaetetid  bearing  rocks  has  been  reported  from  the
subsurface  of  Texas,   Oklahoma,   eastern  Colorado,   and  perhaps

eastern  Kansas.     Caldwell   (1983)   reported  on  the  production

of  oil  from  the  Altamont  limestone  in  the  subsurface  of
western  Kansas.    Oil  in  chaetetids  in  this  study  area  may
have  originated  in-place,  or  possible  migrated  up-dip  from
the  Altamont  limestone  in  the  subsurface  of  western  Kansas.

Although  the  rocks  exposed  at  localities  729  and  692

would  probably  not  make  good  reservoir  rocks,   this  same

interval  in  the  subsurface  may  have  undergone  more

diagenetic  alteration,  creating  more  porous  rocks.    The
chaetetid  buildup  at  locality  693  could  potentially  be  a
major  producing  zone  in  the  subsurface;   large  open  inter-

chaetetid  cavities  would  make  the  buildup  a  good  reservoir

rock.     The  overlying  Lake  Neosho  shale  may  have  served  as  a

source  rock,   and,  along  with  the  underlying  Bandera  Shale,

would  help  to  prevent  oil  migration  out  of  the  Amoret

limestone  interval.    Karstification  associated  with
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Figure  43.     Oil-stained  chaetetid  in  bed  5,   locality  692.
Dark  areas  in  lower  center  of  photograph  are  oil-staining
Note  how  the  oil-staining  outlines  the  tubules  of  the
chaetetid  in  the  right  half  of  the  photograph.
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subaerial  exposure  could  also  serve  to  increase  the  porosity
of  these  rocks.    It  seems  likely  that  some,  if  not  all,  of
these  features  may  occur  within  the  Amoret  limestone  in  the
subsurf ace .

177



CONCLUSIONS

The  Altamont  Limestone  Formation,   generally  regarded  as

representing  deposition  during  a  single  transgressive-
regressive  event,  was  deposited  in  a  more  complex

environment  than  previously  envisioned.     The  application  of

genetic/event  stratigraphy  suggests  that  the  Altamont
limestone  in  southeast  Kansas  contains  at  least  seven

genetic  surfaces  bounding  small-scale  cycles.
Cycles  bounded  by  genetic  surfaces  G-1  €o  G-4  comprise

most  of  the  Amoret  limestone,   and  record  an  overall

transition  from  a  deltaic  environment  to  normal  open  marine

conditions,   followed  by  upward  shallowing  to  non-marine

conditions  and  subaerial  exposure.    The  marine  part  of  this

sequence  appears  to  have  formed  entirely  under  relatively
shallow  water  conditions  throughout  the  area  of  study.

Cycles  bounded  by  genetic  surfaces  G-4  to  G-7  record  an

overall  transition  from  subaerial  exposure  to  normal  marine,

and  back  to  nonmarine  conditions.     The  cycle  bounded  by

genetic  surfaces  G-4  and  G-5  is  comprised  of  the  uppermost
Amoret  limestone  beds.     The  small  scale  cycle  above  surface

G-5  begins  with  the  deposition  of  a  black  phosphatic  shale

(Lake  Neosho  shale)   in  the  western  part  of  the  study  area
and  phylloid  algal  limestones  in  the  east.     The  black  shale

appears  to  represent  the  imf lux  of  organic  debris  from  coal

swamps  to  the  north  into  a  shallow  marine  setting  during  a
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major  transgressive  event.     The  over-abundance  of  organic

debris  led  to  high  primary  production  and  anoxic  conditions.

Eventually  these  conditions  spread  over  the  entire  study
area.    As  the  transgression  continued  and/or  organic  influx
decreased,   normal  marine  conditions  were  re-established.

Structural  elements  af f ecting  the  deposition  of  these
rocks  were  the  Ozark  Uplift,   Bourbon  Arch,   Nemaha  Uplift,

and  Cherokee  Basin.

Chaetetids  occur  frequently  throughout  the  area  within
the  Amoret  Limestone  Member.     Numerous  growth  forms  are

present;  these  are  most  likely  related  to  environmental  and
sedimentological  conditions  present  at  the  time  of  growth.

Laminar  growth  f orms  apparently  were  f avored  during  high

energy  conditions,   or  on  poorly  consolidated  sediments.

Columnar  f orms  apparently  were  favored  in  lower  energy

conditions  or  where  crowding  with  other  chaetetids  occurred.

Domical  f orms  favored  environments  somewhere  between  laminar

and  columnar  forms.     Bulbous  forms  occur  in  intermediate

environments  and  also  in  high  energy  conditions.   Smooth-

sided  chaetetids  appear  to  have  had  greater  relief  above  the
sea  floor  during  growth  than  did  forms  with  ragged  margins.

Chaetetids  occur  most  frequently  in  the  regressive  part

of  small  scale  cycles,   implying  more  stable  conditions

during  this  interval.    Once  started,  chaetetids  often

continued  growing  upward  through  units  which  suggest  varying

depositional  environments.    Although  initial  growth  began
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under  normal  marine  conditions,   evidence  suggest  that  some

chaetetids  were  able  to  survive  in  environments  of

fluctuating  seawater  salinity.
Chaetetids  were  often  able  to  regenerate  upward  growth

after  toppling  or  overturning,  and  toppled  or  overturned
chaetetids  served  as  a  stable  substrate  f or  the  attachment
of  new  chaetetids.

Numerous  organisms  occur  with  chaetetids  and  utilized

them  as  firm  substrates  or  as  sheltered  areas.  -Although
chaetetids  and  phylloid  algae  often  occur  together,
chaetetids  are  the  most  numerous  and  robust  in  areas.,devoid,

or  nearly  so,   of  phylloid  algae.

Chaetetid  buildups  occur  to  the  east  in  the  form  of :   1)
an  extensive  reef al  buildup  formed  in  moderate  energy

conditions,   and  2)   as  small  clumps  which  formed  in  very  high

energy  conditions.     Chaetetids  in  these  buildups  may  have

had  1  meter  or  more  of  relief  above  the  sea  f loor  during

growth .
Sediments  of  the  Amoret  limestone  were  exposed  to  a

complex  diagenetic  history  over  time  due  to  f luctuations  of
sea  level.     Ferroan  calcite  predominate  over  non-ferroan

calcite,  suggesting  an  overriding  late-stage  diagenetic
imprint.     Late  stage  deep  burial  caused  the  formation  of

ferroan  dolomite.

Altamont  limestone  beds  in  the  western  localities  are

good  sources  of  high  quality  construction  aggregates;  rocks
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deposited  in  similar  environments  elsewhere  should  also

produce  good  quality  aggregates.     The  Amoret  limestone  has
the  potential  to  be  a  competent  petroleum-producing  zone  if
reefal  buildups,   subaerial  exposure  surfaces,   and
dolomitization  seen  in  surface  outcrops  in  the  study  area
also  occur  down-dip  in  the  subsurface.

Additional  work  which  could  be  done  to  test  and  ref ine

the  findings  of  this  study  include:

(1)  Attempt  to  trace  and  correlate  the  genetic/event
surfaces  recognized  in  this  study  over  a  larger  regional
area  to  better  understand  the  depositional  environment  of
the  Altamont  Limestone.     In  particular,  the  subaerial
exposure  surf ace  in  the  upper  part  of  the  Amoret  Limestone

Member  has  important  implications  for  depositional  models

now  being  employed  to  interpret  cyclic  repetitions  of  rock
types .

(2)   Conduct  a  detailed  lithological  and  geochemical
study  of  the  Lake  Neosho  Shale  Member  over  a  broad  regional

area  in  order  to  better  understand  it's  environment  of
formation,   and  it's  relationshi`p  to  surrounding  limestone
members .

(3)   Examine  chaetetids  within  the  Amoret  limestone  more
closely,  especially  their  relationship  to  the  genetic/event
surfaces  and  small  scale  cycles  recognized  in  this  study.

This  should  include  a  detailed  petrographic  and  insoluble

residue  analyses  of  the  surrounding  rocks.
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(4)   Closely  examine  growth  forms  and  surrounding  rocks
in  an  attempt  to  determine  whether  growth  f orms  are  the
result  of  dif f erent  species  or  a  response  to  changing
environments .

(5)  Further  refine  the  relationships  of  chaetetids  to
each  other  and  to  other  organisms  using  the  prof iles  and
surf ace  map  of  chaetetids  which  were  generated  during  this

study .
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Notes  on  the  term  ''alcral.I-  as  used  in  section  desciDtions

and  text

Osagia  was  first  described  by  Twenhofel  in  1919  as  an

algal  encrustation.     Subsequent  work  by  Johnson   (1946)

suggested  that  Osagia  was  an  encrustation  composed  of  algae

and  foraminiferids.     Henbest   (1963)   identified  the  algae

Girvanella  and  several  foraminiferids  in  Osagia.     Thus,

Osagia,   an  association  between  algae  and  foraminiferids,   is

not  a  valid  taxonomic  name.     In  this  study  all  encrustations

that  would  have  been  identif led  as  Osagia  are  ref erred  to  as
"algal"-coatings  or  "algal"-encrustations.    Quotation  marks

are  used  to  dif f erentiate  osagia  coatings  from  other
unidentifiable  algal  coatings.    The  latter  are  noted  as
algal-coatings  or  encrustations,  without  quotation  marks.

Section  Notes  --

Samples  shown  on  weathering  prof iles  are  only  those  thin

sections  and  washed  residues  described  in  appendices  E  and

F.     Thin  sections  are  denoted  by  the  prefix  TS;  washed

residues  are  listed  by  sample  number.     For  a  list  of  all

samples  collected  at  a  particular  section,  see  the  second

page  of  the  appendix  for  that  particular  locality.
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LEGEND  OF  SYMBOLS

E=

Ei

I
•RE-.+

EI

E

Micaceous  Siltstone

clay-rich  Laminae

Phosphatic  BIack  Shale

Phylloid  AIgae

Chaetetids

Crinoids

Brachiopods
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E]

E
E
E=

E]

Coal  Smut

Clayshale

Chert  Nodules

Oncolites

Fusulinids

Burrows,  Boating?

Coated  Grains



APPENDIX  A

MEASURED   SECTION  DESCRIPTIONS

IiocAI.ITY   729

Active  quarry  operated  by  Midwest  Minerals,
Pittsburg,  Kansas
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Sanl]les   collected    at localitv  729

Sanule  no.
729rsi
S-1.

1a
lb
2
3
4a
4b
5
6a
6b
7
8
9
10
11

12c
12d
12e
12f

4b
4c
4d
5a
6a
6b
8a
8b
10a
llb
12a
12b

Level

lower contact,   bed  1
upper  contact,   bed  1
riddle part, bed  2
upper  half, bed  3
lower  15  cm,  bed  4
upper  20 cm,  bed  4
lower contact,   bed  5
riddle  part, bed  6a
nriddle  part,  bed  6b
riddle  part, bed  6c
grab  sample,   bed  8
upper  contact,   bed  7
upper  contact,   bed  9
entire  thickness,   bed   10
unit d,  bed   11
unit e,  bed   11
unit f,bed   11
unit g, bed   11

lower contact,   bed  1
upper  contact,   bed  1
lower contact,   bed  2
huddle  part,  bed  3
lower contact,   bed  4a
lower contact,   bed  4b
lower contact,   bed  4c
upper  contact,   bed  4c
lower third, bed  5
nriddle  part,  bed  6a
middle  part,  bed  6b
lower part,  bed  7
upper  contact,   bed  7
riddle  part, bed  9
lower half. bed  10
lower 5  cm,  bed   11
unit d, bed  10

Sande  no.
729rs3
S-3.

12b
12c
12d
13
14a
14b
15
16
17
18a
|8b
18c
19a
19b
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Level

unit e,  bed   11
unit g, bed   11
upper  contact,   unit g, bedll
entire  thickness,   bed   12
lower  contact,   bed   13
upper  third, bed   13
lower contact,   bed  14
riddle  part,  bed  15
lower third, bed  16
upper  third, bed  17
upper  contact,   bed   17
lower third, bed  17
lower contact,   bed   18
middle  part,  bed   19

entire  thickness,   bed  3
lower half, bed  6a
lower half, bed  6b
upper  part,  bed  7
entire  thickness,   bed  9
lower  8 cm,  bed   11
unit d, bed   11
unit g, bed   11
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DESCRIPTION:   Section   729-S1,   Locality  729

13   meters  south  of     NE  corner

LOCATION:  SW  1/4,   NE   1/4,  see  34,  T.34S,

Pl.17   E,   Montgomery  Co.,   Kansas
4-4. 1 2f4-1.8TSA12

12108642
-i2-1 -I_-=_i__--_T 9I•-11d-,=`S4, MEASURED   BY:     Vincent  voegeli        1988

SECTION 729-Sl
------t ---a

bed®0@©c 10
9 L.ke  Ncoaho  Sh.lc  Mcmbcr

---_\      t 78 11.     Shale:  (50 cm)  divi.iblc  into  cevcn  unio.  a-g.
1\     \\'/ Cb-6a Unit  .: C.lc.rcou.  Cl.ych.Ie, 3 cm thick; olive gray

I (5Y3C),  wcathcr)  light  olive gny (5Y6/I),    25-30% fosoila,

1`           --dp including  20-25 A bnchiopod  chcll  fngtncmi  (moaly
ComEio3it..  .nd  Cfurithvri.)   .nd  crinoid  oqiclc3;  fleggy
p.rtingi:  coat.ct  With  overlying uni(  end.tionll.

!ZEi!.i:  Slighdy C&lc&rcou.  Sh.lc,  4-5 cm thick;
gnyich black  (N2),  wc4thcr3  d.r[  guy (N3):  8-10%  fo.sill,
including  Mesolobu.  04%),  Crurithvri.  (I-2*),- Orbiculoidc&.   other  unid¢ntifiabl¢   medium-  to  fine  aind-Sized- •kelct.I  gnin.:  pl.ty  p.tting.;  cool.ct  With overlying uri.

~ charp  to  gnd.tioml.
11 !Zai±j: Culcarcou.  Cl.ychale. 34 cm thick;  olive- , - a- bl.ck (5Y  2/I),  wc.thcr.  olive gny (5Y4/I);   15-20% fonfl.,

including Crurithvii.  (8-10%), Mesolobu.  Q-3 *),
udidcfitifinbl¢   medium  to  fine  und-.ized  ckelet.I  gnini:
fl.ggy p&rdng.;  cofibct  with  overlying unit  chlrp  to
Cnd.tioml.

a !Ipi±.4: Nod{IJc.reou.  Shile.11-12 cm thick.
gnyich bl.cE av2). vc.thcr.  d.ft gny (N3);  1%  fo..il..

_-,,(`,`=-:-

including  0ttiiculoidc..   fich  ce.lc., horizont.I  Pl.nolitc-liz.
tflcc.;  riaeiJe to  pl.ty  p.fthg.:  coot.c(  With ovctlying urn(
Cnd.tioul.

]Zgi!j: Nonialc.rcou.  Phoaphatic  Shale,18-20 cD
thick: black (Nl), we.thcr.  d.ck gny (N3);  < I * foe.il.,-

5C

including   0rbiculoidca.  horizontal  trace  fosoil3;  discoidal  to- --
aphcrical  phoaph.te   nodule.  throughout.  conecnmtcd   in
upper  half in  distinct  b.nd.  cofxp&ction  alickcniidc.  on  some- nodule.;  fis]ile p.rfug.;  contlct  with overlying uni(--aOo-- Cnd.tiond.

!ZpiLf: Phoaph.tic   Sh.lc,  10 cm thick; gT.yich bl.ck
(N2),  veathcri  medium  d.ck  gr.y (N4);  1%  fossil.  (1*),
moldy  Otbiculoidc.   .nd  horizontal  Pl&nolite9-like  tncc.,  fcv
fich?  acaJc.: diacoidll  to  aphericil  phosph.te   nodule..  .ppc.I
I.ndomly  oriented  .nd  lc» codrLflion  than  in undchying  unic
pl.(y  to  fisoi]e p.r(ing.;  cont4ct  With  ovcriying unit  th.rp  to- 8t.d.tioul.- - - -a !Zgi±j: Calc.rcou.  Cl.ych.lc, 5-7 cm thick:  olive-

b4
gTiy (5Y3C),  vcathctl  light odvc gt.y (5Y6/I);  5-10*- focoil., including  Cfurithvri.     -7*. frcqucntly  .ricul.ted),- productid  thell  hgm¢nl.,  crinoid  a..iclc.. .fid  def"J

-------qzb® denticlc.;  rofiic  c.lcificd, horizodt.I  buftov.  up  to  2 cftl in
din.; fcv aphcricd  phoaph.to   liodule.:  pl.ty  p.ttin8.;  coat.ct
with ovcrtying bed  fr.d.tionil  with  some  .rticul.ted   (up  to  3-

a
Cm lone  crinoid  I(cfn.  fro.I  cofit.ct.- - (com.)



DESCRIPTION:   Section  729-S1,  Locality  729

13  meters  south  of    NE  corner

LOCATION :                      (co nt. )

MEASUF]ED  BY:

Amore(  Limestone  Mcmbcr

10.    Crinoidal  W.ckestone:  3-9 cm thick; olive gray (5Y4/I),
weather.  medium  lipt gray (NO; moder.rely  wcu-rotted;
medium-  to  froiraincd;  15-20% foaeil., including  crinoid
debri.  Q-3*, mo*  <5 inn in .ize, hgmented),  productidi,
ComDo.it.,  and  other  br.chiopod  chcll  hgmcf)I.,  .nd
uridcntifublc   medium  to  fine qf]d-.ized  .ketet.I  gtlin. (10-
12*); few akelet&l  gnin.  .Igd{oatcd;  contact  with overlying
bed  ahaxp  to end.tional;  romcwht  w.vy bcdded;
discontinuou.  Iatenlly.

9.      Brachiopod  Oncolitic  W.ckcftone:   10-28 cm thick;  ligh( gny
QT7),  wc.ther.  very ligh( gfly OV8);  poorly-rotted;  co.ric-  to
fine-gnincd;  40-50* foaeil., including Comoo.it.  Q5-30*, .
third  .rtieulated   .nd  mud-filled),  productid.  (10-15 *, feqr
afticu]&teo,   Neosoirifcr.  crinoid  debri.,  uridentifi.bl®
fncdium  to  fine  .and-.ized  .kelctal  gflin.:  .rdcul&ted
brachiopod.  more  common  upw.rd;  of]e ulg.Ilo.ted  micritc
lithocl.a;  20-25* of fo»il dcbri.  dg-I<oltcd,  h.lf co.ted
equ.lly  on .11 ride.;  olive bl.ck (5Y2/I)  ah.le  p.rLing.  .t
upper  ind  lonicr cant.cti;  cent.ct  with overlying bed
end.tioful.

8.      Non<alc-reoun  to  calc.feou.  Mudchal®:  O-14 cm thick:
greenich  gny (5G6/l),  upper  5 inn olive gray (5Y4/I),
Weather.  licht 8Teenich  gr.y (5G8/I):  become.  zrLore
c.lclrcou.  upw.rd;  lower h.lf ap.I.ely fo..ilifero`I..  few pl.f]t
hgfncni.;  upper  h.lf 5-10* fo»ui, including  few Cfurithvri..
Corrq}o&it.  chcLl  frogt[Ienl.,  Doedy  unidcnlifiable   medium  ®
fifie  ..nd-.ized  ckclet.18nin. (4-8 A);  fl.ggy bedding;
discontinuou.  I.tenlly,  filling in inegul.ritic.  on surf.ce of
underlying  bed.;  coal.c(  With overtying bed  ablrp  to
8ndetioful.

7.      Skeletal  w.chef(one:  O-lo cm tbick; very light gny QT8),
vcathcr.  yellovilh givy (5Y8/l);  fbodcntcly  Well-ror(ed;  fine-
gnined:  5-10* foqib, including in.ll-.izcd  crinoid  debrii  (I-
2*), high and  lov-apircd g.dropod.,  bnchiopod  chcll
fngmcnt.,  uridemifi.bl.  medium  to  fine  und-.izcd  .kelct.I
gr]in. 0-7%);   fo..il. nndomly  oricdtcd;  rm.ll vertical
roctlct-Like  kr`icttirc.  (5  mD vide. up  to  4 cm long)  cecur
nc.I   upper  cof]t.ct.  mod  filled with medium  d.r[ gt.y av4)
to  d.ck gr.y Q{3)  mudstoce;  olive bl.ck (5Y2/I)  cl.y-rich
rtylolitic  hmime  throughout,  concealnted   near upper
conbct;  uppermof(  p.r.  romcwli..  brccciated.  inlcr-fingering
with overlying rmidchde;  diacontiououi  I.tenlly  .w.y from
thi.  .ection:  codtoct  with overlying bed  .h.rp.

6.      W.ckestone  to  Rudaoac:   138-156cm thick; very light gny
(N8), wcathcr.  ycllowi.h gt.y (5Y7C);  divi.ibl® into  three
unit., .i.

!Zg!!±: Ch.ctetid   Phylloid  AIgtl W&ckeftone,  60-80
(¢Onl.)



4.

cm  thick;  poorly-sorted;   fine-to  coarseTgrained;     25~30%  fossils,  including  phylloid algae
(10-12%, lens-shaped    occurrences    upward),  Composita   (1-2%, few articulated   and  mud-
filled), crinoid  debris  (1-2 %), bellerophontids,   lo`Ir-spired  gastropods,    unidentifiable
medium  to  fine sand-sized    skeletal  grains  (10-15%); one  low domical  chaetetid   at  lower
contact   (20 cm  high),  2 small  laminar  chaetetids   near  upper  contact   (< 10cm  long,  one
encrListing   spar-filled bellerophontid);   skeletal  grains  randomly  oriented,  coarser   grained
near  low domical  chaetetid;   some   olive gray  (5Y3re)  mottling  present   throughout;
bedding   indistinct;  contact   with overlying unit b sharp,  marked  by  small  vertical  burrow-
like structures   (up  to  8 cm  in length,  1  cm  wide).

ILeii±;  Chaetetid   Skeletal  Wackestone,   55{0  cm  thick;  20-25%  fossils,  similar to
unit a,  phylloid algae  less  common   (occurs   in lenses),   more  unidentifial>le  medium  to
fine sand-sized   skeletal  grains;  mottling  more  common;   one  small  laminar  chaetetid   in
middle  part;  one  columnar   chaetetid,   lower surface   covered,   continues   to upper  surface;
fossils  randomly  oriented;   skeletal  grains  fines upward;  bedding   indistinct;  contact   with
overlying  unit c  sharp,   very irregular;,  upper  surface   is pitted,  eroded   where  overlying  unit
or bed  7  nrissing;

Ihi±j2;  Chaetetid   Rudstone,   0-14 cm  thick;  mostly jumbled  and  hagmented
chaetetids;    interLbedded   argillaceous   wackestone    lenses,   containing   20-25 %
unidentifiable  medium  to  fine sand-sized   skeletal  grains;  laterally discontinuous    away
from this  section;   contact   with overlying  bed  sharp;  bed  7 absent   where  unit c present.

Phylloid Algal wackestone:    3540  cm  thick; very light gray  (N8), weathers   yellowish gray
(5Y7/2);  poorly-sorted;   coarse   to  fine-grained;  40-50%  fossils,  including  phylloid algae
(20-30%), Composita   (34%, quarter  articulated),   crinoid  debris.  echinoid   frogments,
high-spired   gastropods,    Omi]halotrochus.    unidentifiable  medium  to  fine sandrsized
skeletal  grains  (10-15%, 2-3%  algal¢oated);    one  small  laminar  chaetetid   in middle  part;
fossils  randomly  oriented;   lower 5 cm   skeletal  hash  consisting   of unidentifiable  mediLm
to  fine sandrsized   algal<oated    skeletal  grains,  small  crinoid  hagments,   and  fusulinids;
olive black  (5Y2/1)  clay-rich  laminae  throughout;   possible   brecciation;   large  chert  nodule
(30 cm  long) just  to  the  right of this  section   with same   skeletal  composition   as
surrounding   bed;  contact   with overlying  bed  irregular,  grndational   and  marked  by
disappearance     of clay-rich  laminae.

Phylloid Algal Wackestone:    85-90 cm  thick; very light gray  (N8) to  medium  light gray
(N6), weathers   yellowish-gray  (5Y7re);  poorly-sorted;   fine- to  coarse-grained;    roughly
divisible into three  units,  ac,  separated   by gradatioml   contacts.

|ZEile;  35-38  cm  thick;  25-30%  fossils,  including  phylloid algae   hagments(15-
20%), Composita   (1-2%, few articulated,   mud-filled, show  evidence   of compaction),
ostracodes,    ramose   bryozoan   fragments,   Lonhoohvllidium.  Neosi]irifer.  unidentifial]le
medium  to  fine sand-sized   skeletal  grains  (24%, few algal¢oated);    one  small  laminar
chaetetid   in upper  part,  hagmented   in place  (compaction?);

|fei!.±;  similar to  unit a;  also  high-spired   gastropods,    several   laminar  chaetetids
in upper   10 cm  (up  to  6 cm  high. 20 cm  long);

IIpi!j2;  similar to units  a and  b, with less  phylloid algae   fragments(10-15%),   more
unidentifiable  medium  to  fine sand-sized   algal¢oated   skeletal  grains;  laminar  chaetetid   at
upper  contact   (20 cm  long,  5 cm  high).   Fossils  randomly  oriented  throughout   bed  4
(except   for chaetetids   in life position);  indistinct  bedding;   contact   with overlying  bed
sharp,   marked  by  olive black  (5Y2/1)  clay-rich  laminae.

Phylloid Algal wdckestone:    11  cm  thick;  medium  gray  (N5), no  weathered   surface;
poorly-sorted;   coarse-grained;     15-20%  fossils,  including  phylloid algae  frogments   (8-
12%), Composita   (1-2%, few articulated,   most  mud-filled,  some   spar-filled),  rugose
corals,  high-spired  gastropods,    unidentifiable  medium  to  fine sandrsized   skeletal  grains;
`ravy  bedded;    olive black  (5Y2/1)  clay-rich  laminae  throughout;   contact   with overlying
bed  sharp   to  gradational.

(cont.)
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2. Fusulirid Skeletal  Packstone:    13  cm  thick;  light gray  (N7), no  weathered   surface;  poorly-
sorted;   coarse-   to  fine-grained;  70-8096  fossils,  including  fusulinids  (50{0%), phylloid
algae  (3{%), unidentifiable  medium  to fine sand-sized   skeletal  grains  (10-20%); 30%  of
fusulinids  and  304096  of other  fossil grains  algalcoated;   phylloid algae  more  common
upward,  fusulinids  and  other  fossil grains  less  common   upward;  sorting  decreases
upward;  wavy bedded;   contact   with overlying bed  gradational.

Fusulinid Brachiopod   Wackestone:   4142 cm thick; meditLm  dark  gray  Or4), no
weathered   s`irface;   moderately-sorted;    medium-  to  fine-grained;  20-30 %  fossils,  including
fusulinids  (4-8%, inore  common   upward),  produetids   (1496, few articulated  and  mud-
filled, randomly  oriented),  , Composifa.   crinoid frogments,   phylloid algae  flngments,
small  (<4 mm)  gasfropods,    unidentifiable  medium  to  fine sand-sized   skeletal  grains  (8-
14%); 3040%  of fossils  algal¢oated;   articulated  brachiopods    compaction    fractured;
indistinct bedding;   lower contact   shap,  marked  by grayish  black  (N2) shale  partings
with fusulinids  and  fine sand-sized   skeletal  grains;  upper  contact   sharp  with thin grayish
black  (N2) clay-rich  laninae.
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DESCRIPTION:   Section  729-S2,  Locality  729

72  meters  north  of  south  edge  of  west  wall

LOCATION:  SW  1/4,  NE  1/4,  sec  34,  T.34S,

F117  E,  Montgomery  Co.,  Kansas

TSA18

2108642

+3-+21-+-

==_--__-frI 9_f_elld-, MEASUPED  BY:     Vlncent  voegeli       1988

Section 729-S2\___i --,,`cb,--,a
bed

a    c>    a, 109 Lake  Neocho  Shale  Member

TSA17 ©CS 11.    Shale:  (54-55 cm)  divi.ible  into  acvcn unit.,  .-g.

cs© Unit  .:  C.lc&rcou.  Claych&le,  I-3 cm thick;  oHve
TS gray (5Y3/5;-i;Teacher.  light olive gny (5Y6/1):   15-20*
A16

)-
8 foaeill. including brachiopod   thcll  frogmcnti  (10-15*, moody

TSA15TS Combo.ill.  £g!ri±b]£ri±  dso productid.),  crinoid  oqiclc.,M±=g!gE!±a.ndnfnoacbryozoaofrogfnenl.;foaeildebri.

('o-0

b-6a

compacted,  p.rillcl  alignfnent;  upper  cofmct  gradrtional.
]Z=i±.i: S]ighdy Calcareou.  Shale.  6 cm thick;

gTaylch black Q{2), weather.  d.k gr.y        );  8-lo* foaeil.,
including Mesolobu.  04%),  Crurithvri.  (I-2%),

oS--`--0 Ort)iculoidea.  !jag!±b S(raoarolu9.  bryozoan  fr&g(nenl.,
uridcntirmble   medium  to  fine  und-iiacd  .keletAl  gnin.;
fos3il3 small  (< I cm long);  several  brachiopod.  aruculatcd,
cruched  .nd  compacted;  platy  partings;  upper  contAc(  charpI to gnd.aoml.-__----®C3

!Zgi±j: Calcarcou.  Claychalc, 2-3 cm thick; olive
black (5Y2/I),  wcathcr.  ogive gray (5Y4/I);   15%  foe.il.,- inelud.Lng CnlrithvTi.  ¢10*), Mcsolobu3  a-3%),
uridcnlifi.ble   medium  to  fine  .and-Sized  Skeletal  grain;
fugg]r p.r(in8i;  upper contact  &h.rp  to gradltiond.

Uni(  d: Noniulc.rcou.  Shale,13-14 cm thick;

a grayich bl&giv2), wcathcr.  dlck gny aI3);  1 * fosoil3,
including  Orbiculoidca.   fich  realc3, horizontal  PI.rolite3-like

_-- trace.;  fiaeile to  p]aty  parting.;  upper  contact  gndltional.
!ZEi!£: Nope.Ic.rcou.  Phoaphatic  Shale, 20-23 cm------- thick; black OIL), wc.then  d.ck gfay QT3);  < 1% foaeil.,

including   Ofbiculoide&.  horizontal  tnce  fo..il.; diacoidal  toaphcricalphoaphatenodule.th"ghoqconecntntcdin

-cO

5
center  ill dininc(  ti.nd;  collp&ction  .lickensidc.  on  sofnea5--- nodule.:  fis3ile p.rting.:  upper  cool.ct end.lion.I.--®-,-- !ZgiLf: Phoaph&tic  Shale,  11-12 cm thick: gnyich
bl.c[ Q12), wc.thor.  dnediufn  d.r[ gray at4);  I %  fo..il.
(I %),  fnostly  Orbiculoidca   .nd  horizomal  Pl&nolitca-like

C    4ba

trace.,  few fich?  ce&lc.;  diceoid&l  to  aphencul  phoaphate

AllTS o-a nodule.,  appear  randomly  onentcd  &nd  leas common  th.a  ln
undcf)ying unit;  pl.ty to  fisoile p.fling.:  upper  coot.ct  chap- to 8whtioul.- !Zpi!.j[: C.lc.fco`i.  Claychale, 6 cm thick: olive gny- (5Y3C),  wc&thcr.  light otive gray (5Y6/l):   15-20* foaeil.,_-- including Crurithvri.  a-7*, frequcndy  .fticulatedy,  productid- chcu  hgfnefit.,  cnnold  oaeiclc. ®4*). demal  dent.clc.,-- unidcmifi&ble   medium  to  flee  red-8izcd  .kelcti.I  grains;  rome
calcified, horizon.I  bufrov.  up  to  2 cm in diameter:  few

AIOTSA9 ------ ap  cric     p  o8phat.         ulc.:  pl&ty  p.fting.;  contact  with
overlying I)ed  grad.tiofi.I  with  ron.  .rticul.ted   (up  to  3 cm

-   -- I long)  crinoid  den.  near  contict.
(conl.)
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DESCFIIPTION:   Section  729-S2,  Locality  729

72  meters  north  of  south  edge  of  west  wall

LOCATION :                         (cont. )

MEASURED  BY:

Amorct  Limestone  Member

10.    Crinoidal  W.c[caone,14-16 cD thick olive gray (5Y4/I),
vc.thcr.  fncdium  light gIly 016);  modentcly  well-rotted,
mediudr  to  fineir.ioed;  20-25 * foaeiJ., including crinoid
debTi.  (5-7%), unidcntifi.ble   medium  to  fine  and-.iced
•kcletal  grain.  (15-20*, half algalioatcd);  fo„u. romevrh&.
pTcfcrcnd.lly  aligned  hotizonlally;  two browhch  bl.ck
(5YR2/I)   lithocl.ct  (up  to  3 cm long, ang`ilar)  noted;  wavy
bedd¢d;  upper  cant.ct  .hap.

9.      Brachiopod   Oncolitic  Wackedonc.  24 cm thick;  light gr.y
(N7), weather.  very ught gny qu8);  poorly-rortcd,  fine- to
co.I.e-gnined:  lower 0.5-2.5cm cllc.rcoui  browrich  bl.ck
(5YR2/1)   thalc  With p.ckslone  I(ringcri,  grade.  upw.rd  into
oncolitic  v.ckedooe;  lower 6-7 cm 50%  foesil., including
frogtncmcd  Cofnoosit.  ind productid.  00-35*), bnchiopod
apine..  crinoid  del)ri.  (5 %),  uridenlifublc   medium  to  fine
und-.izcd  .kelctal  gr-in. (10-15*);   .11  fo..il. Ilg.lioated,
mod  equ.lly coated  on .11 .ide.; .bove thi.  fouil gr-in.
b¢comc  co.rier, 3540* fouil., including Cofroo8it.  (15-
20 * , froquemly  .fticul.ted.  nndom  orientation),   productidi
(10-15 * , frcqucnily  irioul.ted,  r]ndom  orient.lion),
bnchiopod  xpine.. unidcnrifroble   tnedium  to  flee  rind-.izcd
delcul  gpini (10-15 A); .rticulated  bnchiopod.  mody mid-
filled, 5*  apar-filled  or With intcm&l  void ap.ce:  Inost  fo..il.
algalioated,  h.If with thicker  cnerustationl   on one  .idc;  fouil
dcbri.  in lover part  somewhat  v.vy bcdded,  nndomly
oriented  throughout  rest  of bed;  fcv .mall  (0.7 cm vide, 4 cm
lonD  vcftical  burrow-like  dnictyt€.  a. upper  cont&c€  upper
contact  Sharp  to  gr&detional  with browhch  black (5YR2/I)
thalc p.rfug..

8.      Nonialcareou.  to  culcarcou.  Mudshalc:  O-8 cm thick;
grechich  gny (5G6/I),  vc.thcr]  ligh( grecrich  gray (5G8/I);
bccomc.  more  calcarcou. upw.rd;  lower half ap.raely
foaeiliferoil..  few pl.d  frogfDenta;  upper  h.lf 5-10* foe.il.,
inelud.iiig  few CnlTithvria.  Corrq}ooit&   che]l  fragment],
ch&etetid  fragTnent.  (won. .bridcd),  mostly  unidcntifiible
medium  to  fine  card-.ized  .kclcul  grain.  (4-8%);  flaggy
bedding;  fcv .ngtil.T  to  rounded  cl.I(  of underlying  bed;
diceonLinuou.  I.tcnlly,  filling in inegul.ritic.  on  surf.ce  of
undcrtying  bed.;  conqc(  With  overlying bed  charp  to
gnd.tiond.

7.      Skeletal  wackestone:  5-10 cm thic[; very light gny av8),
wcathcn  ycllor`rich gray (5Y8/I);  modcntcly  well-softed;  fine-
gnifnd;  10-15* fo..il., including  .mall-iizcd  crinoid  debri.
(45*), high and  low-apifcd  g&sttopod.,  l]nchiopod  chcll
fngfnenu,  unidentiriable  medium  to  fine .lad-.ized  ikeletd
gnini  a-7%);   fouil. randomly  oricmcd;  .fnlll vcftictl
roodcl-lilcc  knlcture.  (5  mm wide, up ® 4 cm lone  occur
near   upper  contoct,  moa  filled  with  medium  dark gny Or4)

(con,.)
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6.

5.

4.

3.

to  clack  gray  (N3) mudstone;    medium  gray  (N5) mottling  throughout,   weathers   olive gray
(5Y3re);  olive black  (5Y2/l)  clay-rich  stylolitic laminae  throughout,   concentrated    near
upper  contact;   uppemost   part  somewhat   brecciated,   inter-fingering  with overlying
mudshale;   upper  surface   irregular,  pitted,  eroded;   chert-filled  hactures   extending
downward   from upper  surface;   discontinuous   laterally away  from this  section;   contact
with overlying  bed  sharp.

Wackestone:    130-135  cm  thick; very  light gray  (N8), weathers   yellowish gray  (5Y7re):
divisible into  t`ro units,  a  and  b.

|keiLa;  Phyuoid Algal Skeletal  Wdckestone,   70-78 cm  thick; moderately-sorted,
medium  to  fine-grained;  lo`ver 26 cm  25-30%  fossils,  including  phylloid algae  (15-20%),
crinoid  debris,  Composita   shell  frngments,   Omt>halotrochus.    unidentifiable  medium  to
fine sand-sized   skeletal  grains  (8-10%); upper  part  more  well-sorted;  4045%  fossils,
including  crinoid  debris  (15-20%), echinoid  spines,   low-spired  gastropods,    brachiopod
shell  frogments,   phylloid algal  fragments,   unidentifiable  medium  to  fine sand-sized
skeletal  grains  (20-25%, third algal<oated);    fossils  randomly  oriented;   frequent  medium
gray  QT5) mottling  throughout;    gradational   upper  contact   with unit b, marked   by
presence    of small  (<2cm  long,  < 1 cm  wide)  spar  lined vertical  burrow-like structures.

Ihi!.b;  Skeletal  Wackestone,    52{7  cm  thick;  similar to  upper  part  of unit a,
fossils  more  fine-grained,  less  recognizable   skeletal  grains;  mottling  decreases    upward;
few spar  lined burrow-like structures   throughout,   more  common   upward;  indistinct
bedding;   upper  contact   sharp,   marked  by  olive black  (5Y2/1)  clay-rich  laminae.

Phylloid Algal Brachiopod   Wdckestone,   4647  cm  thick; very light gray  (N8), weathers
yellowish  gray  (5Y7re);  poorly-sorted,   coarse-   to  fine-grained;   30%  fossils,  including
phylloid algae  (20-25%), Composita   (2-3%, fiftharticulated,   2 noted  in apparent   life
position),  high-spired   gastropods,    Eut>hemites.   unidentifiable  medium  to  fine sand-sized
skeletal  debris  (5-8%); t`ro  small  laminar  chaetetids    (up  to  10 cm  long,  3  cm  high)  in
upper  half (hagmented   in place);  olive black  (5Y2/l)  clay-rich  laminae  throughout,   gives
bed  a  brecciated   and  wavy appearance;    upper  contact   gradational.

Phylloid Algal Wackestone:    94-97  cm  thick;  very light gray  (N8) to  medium  light gray
(N6), weathers   yellowish-gray  (5Y7/2);  poorly-sorted;   fine-to  coarse-grained;     roughly
divisible into  three  units,  a¢,  separated    by gradational   contacts.

Ifeile;  36-39  cm  thick;  30%  fossils,  including  phylloid algae   (15-20%),
Composita   hagments,   unidentifiable  medium  to  fine sand-sized   skeletal  grains  (8-10%).

|feiib:  21-24 cm  thick:;  30-35%  fossils,  including  phylloid algae   (15-20%),
Composita   (34%, few articulated  near  upper  contact   of unit), productids   (1%, rarely
articulated),   I+oDhot}hvllidium  (random  orientation),  AviouloDeeten.   unidentifichle  medium
to  fine sand-sized   skeletal  gmins  (10%, fifthalgal¢oated);    one  laminar  chaetetid   at upper
contact   (10 cm  long,  4 cm  high);  coarser   grained  than  unit a.

lhi!£;  31-34  cm  thick;  25-30%  fossils.  including  phylloid algae   (8-10%),
Composita   (1-2%, quarter  articulated,   apar-filled  with geopetal),   LODhoDhvl]idium.
unidentifiable  medium  to  fine sand-sized    skeletal  grains  (12-15%, half algal¢oated);
laminar  chaetetid   at upper  contact,   frogmented   in place.
Fossils  randomly  oriented  throughout   bed  4 (except   chaetetids);     medium  gray  (N5)
mottling  throughout;   bedding   indistinct;  upper  contact   sharp,   marked   by  olive black
(5Y2/I)  clay-rich  laminae.

Phylloid Algal wackestone,   5 cm  thick;  medium  gray  (N5), weathers   light gray  (N7);
poorly-sorted,   coarse.   to  fine-grained;  20%  fossils,  including  phylloid algae  (12-15%),
crinoid  debris,  Composita   fragments,   unidentifial]le  medium  to  fine sand-sized   skeletal
grains  (4-5%, sixth algal¢oated);    fossils  randomly  oriented;   somevrhat   wavy bedding;
numerous   olive black  (5Y2/I)  clay-rich  laminae  throughout,   gives  bed  brecciated
appearance;     upper  contact   gradational,   marked  by  disappearance     of clay-rich  laminae.

(cont.)

206



2. Fusulinid Wackestone   to Packstone,    15-16 cm thick; light gray  Or7), no weathered
surface;   poorly-soreed,   coarse-   to  fine-gnined;  70-80%  fossils,  including  fusulinids  (40-
50%, half algal¢oated),   crinoid debris  (3496), pnduetid  frogments,   Reticulatia  (one
articulated,  but overtuned),  unidentifiable  medium  to fine sand-sized   skeletal  grains  (20-
30%, third algal<oated);    fossils  partially aligned  horizontally;  wavy bedded;   upper
contact   gradational.

Skeletal  Wackestone,   33  cm;  medium  dark  gray  QT4), no  weathered   surface;   moderately
wem-sorted,  tnedium-  to  fine-grained;  5-15%  fossils;  lower half 1596  fossils,  including
crinoid  debris  (5 96), fusulinids  (1 %), low-apired  gastropods,    Composita   (few articulated,
some  partially algaltoated),   produetids   (few articulated,  partially to entirely algal-
coated),   bellerophontids,   unidentifiable  medium  to  fine sand-sized   skeletal  grains  (8-10%,
two-thirds  algal<oated);    fossils  randomly  oriented;   fossils  decrease    to 596 in upper  part,
mostly  unidentifiable  medium  to fine sand-sized   skeletal  grains  (34%, most  algal-
coated),   also  fusulinids, brachiopod   chell  fragments   (occasiomlly   algal¢oated),   crinoid
debris;  randomly  orientated;   bedding   indistinct;  upper  contact   shalp,  marked  by  olive
black  (5Y2/1)  clay-rich  laminae  with fusulinids  and  crinoid  fragments.
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DESCRIPTION:   Section  729-S3,  Locality  729

29  meters  south  of  729-S1

LOCATloN:  SW  1/4,  NE  1/4,  see  34,  T.34S,

R.17  E,  Montgomery  Co.,  Kansas

MEASURED  BY:     Vincent  voegeli       1988

SECTION 729&

bed

`h/ch&nd  Limestone  Meml)er

18.    Skeletal  Wackcstone  to  Packstone.  43 cm thick:  very pale
onnge  (10YR8/2),  weather)  pale  yellowish orange
(10YR8/®;   moderately  v`rcll-sor(ed,  medium-  to  fineTgnined;
lower third  .kelet&l  packstoae:  70-80* fossil., including
crinoid  debri.  ¢ %),  brachiopod  ah¢ll  ftagmenti,  nfnoee
bryozo.a  frogmcnt..  unideDlifiable   medium  to  fine  Sand-eizcd
skeletal  gninl  (60-70%, nearly  all  algalioaled);  bedding
indistinct;  gnde3  to  .  Skeletal  w.ckestonc  in upper  two-
thirds;  25-30% fo8sili, including phylloid  a|gal  frogmcnt.  (10-
15 %, highly frogmcmed),   crinoid  debri..  brachiopod   ahell
hagmcnts,  unidentifiable   medium  to  fine  Sand-Sized  Skeletal
grainl  (10-15%); indistinct  tiedding;  light gny a{7)  mottling
thoi]ghout,  we.thcr.  medium  light gray a{®; upper  contact
rcmovcd  by bulldozing;  away from  thi.  Section  dcpfesaioni  on
the  upper  surfucc  comain  . grecniah  gray (5GY6/I)
mudchale  with plant  fossil.;

17.    Slceletal  Calcaoeou.  Mudstone,  70 cm thicke  very ligh( gray
Ql8), weather.  very pale  onngc  (10YR8/2;  v`rell-soreed,  fine-
gnined;  5-10% foe.il., including  crinoid  dcbri., bryozoan
fragment.,  Comoosit&  (mostly  frogTnent.,  one  afticulatcd),
unidentifiablc   mcdiiitn  to  fine  Sand-size  Skeletal  grain.  (4-
9*);   fe`ir diecontinuou.  len3c.  of crinoidaderyozoan
peckstone  near  lower contact;  foeeil. dLndomly  oriented,
decfcaac.  in abund.nco  and  frocr gnincd  up`ir.rd;  bedding
indistinct;  light gny QV7)  borizontal  monling  in lower hilf;
clay-rich laminac  With  rtylolitic  bounderic.  in lover hal€
upper  contact  irregular,  Sharp,  iron  a(lined  (dark  yellow/iah
orange,  loYR6/6),  pitted,  corroded;  foaeil. common  on upper
nirfuce  QO-30%), including  in-.ittl  N¢o3oirifer  (10-15 %)  .nd
ComDo8ita_  Q-3%),  crinoid  oe.iclco  &nd  .ten.  (up  to  5  cm
long),  filsulinids,  unidentifiablc   medium  to  fine  aaod-sized
akeleul  grfu.

16.    Crinoidal  Bryozoan  Skeletal  Wackedone,   loo cfr] thick; `rcry
light gny Or8), vc.thcr.  very p.le  or.ngo  (loYRBA;
fnodcratcly  `ircll-.orted,  medi`im  to  fineTgnincd;   10-15*
fo.ail., including crinoid  dcbri.  ¢*), bryozo.a  frogincnt.  Q-
3%), Comoosita  .nd  other  brachiopod  ibcll  ftagtlrenl.,
unidcntifi.ble  medium  to  fine  ..nd-  .ized .keletal  gnin. a-
10*); one  lmall  MultithecoooTa   colony q5  cm acre..)  left of
thi.  .cc(ion;  fo..il. nndomly  oricntcd;  occasional  light gny
a.7)  horizofital  motiLing  thro`ighout;    bedding  indistinct;  few
olive bl.ck (5Y2/I)  laminae  throtighout,  conccntntcd   of
dam upper cofmcl

15.    Crinoidal  Bryozoun  Wackestone,  60 cm thick;  `i/hitc  Or9)  to
(conh)
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14.

13.

very  light gray  (N8), weathers   very pale  orange   (10YR8re);  moderately   well-sorted,
medium-   to  fine-grained;   15-20%  fossils,  including  crinoid  debris  (8-10%), ranose
bryozoan   frogments   (5%), Composita   (mostly  fragments,   one  articulated  with geopetal),
productids,   Neosoirifer.  brachiopod   shell  frogment§,   fusulinids,  unidentifiable  medium  to
fine sand-sized   skeletal  grains  (5%);    fossils  randomly  oriented;  occasional    medium  gray
(N5) mottling  throughout;   olive black  (5Y2/1)  clay-rich  laminae  with stylohtic boundaries
throughout,   concentrated    at  center  and  upper,  lower contacts;    indistinct  bedding;   chert
nodules   (up  to  20 cm  long)  at upper,  lower contacts,   and  near  center;   upper  contact
gradational,   marked  by decrease    in clay-rich  laminae.

Skeletal  Wackestone,    31  cm  thick; very light gray  QT8), weathers   yellowish  gray  (5Y7/2);
poorly-sorted,   coarse-   to  fine-grained;  25-30%  fossils,  including  crinoid  debris  (10-12%),
Cnirithyris (2-3 % , few articulated),  productids,   Composita.   ramose   bryozoan   fragments,
phylloid algae  (highly fragmented),   unidentifiable  medium  to  fine sand-sized   skeletal
grains  (10-15%);  fossils  show  some   preferential  horizontal  orientation;   occasional
medium  gray  (N5) mottling  throughout;   crinoid  ossicles   and  stems   (xp  to  4 cm  long)
concentrated    at upper  contact;   upper  contact   sharp,   mndced  by  olive black  (5Y2/1)  clay-
rich lanrinae.

Brachiopod   Skeletal  Wackestone,    38  cm  thick; very light gray  (N8), weathers   yellowish
gray  (5Y7re;  poorly-sorted,   coarse   to  fine-grained;   3040%  fossils,  including  Mesolobus
(34%), productids   (2-3 %), Cnirith]wis (2-3 %), Composita   (2-3 %), crinoid  debris   (1-2%),
phylloid algae   (1-2 % , highly  frogmented),   LODhoohvllidium  (random   orientation),
gastropods,    bryozoan   fragments,   fusulinids  (1-2%), unidentifiable  medium  to  fine sand-
sized  skeletal  grains  (10-20%);  few brachiopods    articulated,   spar-filled;  becomes    less
fossiliferous,  finer grained  upwnd;   fossils  randomly  oriented;   occasional   medium  gray
(N5) bottling  throughout;   indistinct  bedding;   upper  contact   gradational,   macked  by  olive
gray  (5Y2/1)  clay-rich  laminae.

12.          Brachiopod   Wackestone,   24 cm  thick;  light olive gray  (5Y6/1),  weathers   medium  gray
(N5); poorly-sorted,   coarse-   to  fine-grained;  40%  fossils,  including  Composita   (5-10%,
sixth articulated,   few in lifeposition),  productids,   Mesolobus.   crinoid  debris  (34%),
bryozoan   fragments,   gastropods,    bivalve fragments,   AviculoDecten.   medium  to  fine sand-
sized  skeletal  grains  (20-30%);  most  fossils  randomly  oriented;   medium  gray  (N5)
mottling  throughout;   bedding   indistinct;  upper  contact   sharp,  marked  by olive black
(5Y2/1)  clay-rich  laminae.

Iflke Neosho   Shale  Member

11.           Shale:   (55  cm)  divisible into  seven   units,  ang.
lznile;  Calcareous    Clayshale,   3 cm  thick;  olive gray  (5Y3re),  `veathers   light olive

gray  (5Y6/1),   25-30%  fossils,  including  20-25%  brachiopod   shell  frogments   (mostly
Composita.   and  Cnirithyris) and  crinoid  ossicles;   flaggy  partings;   contact   with overlying
unit gradational.

|hi!J2;  Slightly Calcareous    Shale,  4 cm  thick;  grayish  black  (N2), weathers   datlc
gray  (N3);  8-10%  fossils,  including  Mesolobus   (34%), Cnirithyris (1-2%), Orbiouloidea.
other  unidentifial>le  medium  to  fine sand-sized    skeletal  grains;  platy  partings;   contact
with overlying  unit sharp   to  gradational.

|Lei!j2;  Calcareous    Clayshale,   3  cm  thick;  olive black  (5Y2/1),  weathers   olive
gray  (5Y4/l);  15-20%  fossils,  including  Cnirithyris (8-10%), Mesolobus   (2-3 %),
unidentifiable  medium  to  fine sand-sized   skeletal  grains;  flaggy  partings;   contact   with
overlying unit sharp   to  gradational.

|ZEi!.a;  Noncalcareous    Shale,  9 cm  thick;  grayish  black  (N2), weathers   datlc
gray  (N3);  1 %  fossils,  including  Orbiculoidea.   fish scales,   horizontal  Planolites-like  traces;

(cont.)
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fissile to platy prrtings;  contact   with ovedying unit gradational.
IZEi±L2;  Noncalcareous    Phoaphatic   Shale,   16 cm  thick; black  QT1), weathers

dndc  gray  OT3);  < 196 fossils,  including   Orbiculoidea.   Calandtes   frogments,   Petrodus.
horizonta`l  trace  fossils;  discoidrl  to  spherical  phoaphate    nodules   throughout,
cconcentrated    in upper  half in distinct  band,  compaction   slickensides   on some  nodules;
fissile partings;  contact   with ovedying unit gradatioml.

IE=iif. Phosphatic   Shale,  12 cm;  grayish  black  av2), weathers   lnedium  dndc  gray
Or4);  1 %  fossils  (196), Inostly  Ofoiculoidea   and  horizmtal  Planoliteslike  tmces,   fa]r fish?
scales;   discoidrl  to apherical  Phoaphate   nodules,   appear   randomly  oriented  and  less
common   than  in underlying  unit; platy to fissile partings;  contact   with overlying unit
dy  to grrfuond.

IZ=i!.g;  Calcareous   Claychale,   8 cm,  olive gray  (5Y3re),  `veathers   light olive gray
(5Y6/1);  5-10%  fossils,  including  Cnirithyris (3-7 % , frequently  articulated),   Composita.
Mesolobus.   productid  chell  frogments,   crinoid  ossicles,   Petrodus:   some  calcified,
horizontal  burrous  up  to 2 cm  in die.; few apherical   phoaphate    nodules;   platy partings;
contact   with overlying bed  gmdetional   with some  articulated  (up  to 3 cm  long)  crinoid
stems   near  contact.
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DESCRIPTION:   Section  729-S4.  Locality  729

45  meters  west  of  NE  corner

LOCATION:  SW  1/4,  NE  1/4,  see  34,  T.34S,

P.17  E,  Montgomery  Co.,  Kansas

MEASURED  BY:     Vincent  voegeli       1988

sErmoN 729"
bed

lake  Neo&ho  Shale  Mcfnbcr

11.    Shale:  (60 cm)  diviaiblc  into  .cvcn unit.,  .1.
[Zpi±j: C.Ic.reou.  Clayahalc, 34 cm thick; olive

gray (5Y3®,  vc.thcr.  light olive gray (5Y6/I),   25-30*
foe.il., incl`iding 20-25 * br]chiopod  ahell  frogment.  tro3(Iy
Comoorit..  .nd  Cnifithvria),  crinoid  o..icle., Stnoarol`i..
Aviculooccten.  .lid  bryozom  frogmcl]l.;  fl.ggy p.rting.;
comact  `]rith overlying unit  gndational.

!Zpi±.i: Slightly C.lc.rcou.  Shale, 34 cm thick;
gnyi9h black (N2), we.ther.  dark gny Q{3);  8-10%  fo..il.,
including  Mciolobua  04%),  Crurithwi.  (1-2*),
Ottiiculoidca.  olhcr  unidcntifiable   medium  to  fine  Sand-sized
•kelctal  gnin.; platy p.rtingi;  coDtac(  v`rith ovcriying unit
dxp to gndndoul.

IZEi!£: C.lcareou.  Cl.y.h.le, 34 cm thick; olive
black (5Y2/I),  iareathcf.  olive gr.y (5Y4/I);  15-20* fo..il.,
incl`idin8 Ci`irithvri.  ®-10*), Mc.olobu.  Q4 a),
unidenlifi.ble  medium  to  fine  ..f]d-.ized  ikelet.I  qinl;
flaggy paftingi;  contact  with overlying unit  Sharp  to
gndndoful.

!Zgi±E±: Nonialc.rcou.  Shale,  10 cm thick; gnyich
black QV2), `Ireathen  dark  gny ar3);  i %  foaeil., includinf
Ofbic`iloidca.  fish  .c.Ic., horizont.I  Planolit¢hlike  tnce.;
fi.ailc to  plity  p.I(in8.;  coiit.ct  `irith overlying ufiit
8rrdahond.

!Zgi!j: None.lc.feou.  Phoaph.tic  Shile,  18 cm
thick: black avl), vcather.  d.rk gr.y OV3);  < 1 * fo..il..
including   Orbiculoidc&.  horizontal  tnce  foaeil.; discoidal  to
fpheric.I  |>hoaphatc  nodule.  throughoul  conccntrttcd   in
`ipper  half in disLinc(  b.nd,  compaction  &Iickeaeidc.  on  eome
nodulci;  fi.aile  p.rting];  cof]tac(  urith  overlying uni.
gndahoul.

!ZEi±r Phoapli.tic  Shale,  14 cm: gnyiah bl.ck
(N2), weather.  mcditlm  dark gray (N4);  1*  fo.ail. (1%),
fnostJy  Orbiculoide.   .nd  horizontal  Planolitctrlike  tncc..  fet]r
fish?  8cale.; di.coid.I  to  aphcrical  phoaph.te   nodule.,  .ppe.I
nndomly  oriented  .nd  lea. cofnlnon  than  ii] underiyin8 uni.;
platy to  fi.aile p.rtin8.;  comact  t]/ith  ovedying uni.  Ihaap  togr-.

!Zpi!j: Calcafeou.  Clayahale. 8 cm, olive gny
(5Y3®,  vc&lhcr.  light olive gray ¢Y6/I);  5-10* fo..il.,
including cf`irithyfi.  a-7% , froqucnily  .ftie`il.tco,  prod`ictid
chcll  frogincnta,  crinoid  ossiclca. Meaolob`i..  plant  fhginent.?,
and  dermll  demiclc.;  .one  calcihed. horizontal  burro`ir. up
to  2 cm in dia.; few apheric.I  phosph.te   nodule.:  platy
par(ings;  cofitact  tl/ith  overlying bed  gndational.

(com.)
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Amoret  Limestone  Member

10.          Laterally discontinuous,    not present   at  this section.

9.

7.

6.

Brachiopod   Oncolitic  Wackestone:    17  cm  thick;  light gray  (N7), `veathers   very light gray
QT8); poorly-sorted;   coarse-   to  fine-grained;  3040%  fossils,  including  Composita.. (25-
30%, a  third articulated   and  inud-filled), productids   (10-15%, few articulated),   Neospirifer,
crinoid debris,  lamimr  chaetetid   (one  noted  in upper  half, growing  on brachiopod
oncolite),  unidentifiable  medium  to  fine sand-sized   skeletal  grains;  articulated
brachiopods    more  common   upward;  20-25%  of fossil debris  algal¢oated,   half coated
equally  on  all sides;  olive black  (5Y2/1)  shale  palings  at upper  and  lower contacts;   bed
thins  to  right of section,   becomes    nodular  shaly  wackestone;    contact   with ovedying bed
gradndonal.

Calcareous    Mudshale:   0.5 cm  thick;  olive gray  (5Y4/1),  weathers   light greenish   gray
(5G8/1);   5-10%  fossils,  including  few Cnirithvris, Composita   shell  fingments,   mostly
unidentifiable  medium  to  fine sand-sized    skeletal  grains  (4-8%); flaggy  bedding;
discontinuous    laterally,  fillingin irregularities  on  surface   of underlying  beds;   contact   with
overlying  bed  sharp.

Skeletal  Carbonate   Mudstone   to Wackestone,   5-10 cm;  very light gray  (N8), weathers
yellowish  gray  (5Y8/1);  moderately   vell-sorted,  medium-  to  fine-grained;   5-10%  fossils,
including  high-apired   gastropods    (I-2%), brachiopod    fragments,   unidentifiable  medium  to
fine sandrsize   skeletal  grains  (4-8%); upper  surface   irregular,  pitted,  eroded,   and
brecciated    inxplace;  chert-filled froctures   on  upper  surface;   upper  contact   sharp;
brecciated    areas   bed  inter-fingered  with overlying  mudshale.

Wackestone:    170 cm  thick; very light gray  (N8), weathers   yellowish gray  (5Y7re);
divisible into t`ro units,  and  b.

I|ni±±;  Chaetetid   Phylloid Algal wackestone,    80 cm  thick; poorly-sorted;   fine-to
coarse-grained;    30%  fossils,  including  phylloid algal  fragments   (8-10%, laterally
continuous   in lower  10-15  cm,  lensatic  upward),  Composita   (1-2%, few articulated  and
mud-filled), crinoid  debris  Uno %), Eunhemites.   low-apired  gastropods,    fenestrate
bryozoan   fragments,   unidentifiable  medium  to  fine sand-sized    skeletal  grains  (10-15%);
toppled  high domical  (ragged)   chaetetid   with t`ro  low domical  chaetetids   growing
upward  from the  upper  surface;    extended   domical  chaetetid   in upper  half, ends  near
upper  contact;   fossils  randomly  oriented  (except   for most    chaetetids),   coarser   grained
near  chaetetids;   no  chaetetids   and  fever other  fossils  in areas   with phylloid algae;  some
olive gray  (5Y3/2)  mottling  present   throughout;   bedding   indistinct;  contact   with overlying
unit gradational.

Ifei±±:  Chaetetid   Skeletal  Wckestone,   90 cm  thick;  20-25%  fossils,  similar to
unit a,  fossil debris  better  sorted,   finer grained;   few fusulinids  noted;   two  toppled   lowr
domical  chaetetids    in upper  half; upper  contact   sharp,  stylolitic.

Phylloid Algal Wdckestone:    3540 cm  thick; very light gray  (N8), weathers   yellowish gray
(5Y7C);  poorly-sorted;   coarse   to  fine-grained;  3540%  fossils,  including  phylloid algae
GO-30%), Composita   (1-2%, quarter  articulated),   crinoid  debris,  high-spired   gastropods,
unidentifiable  medium  to  fine sand-sized   skeletal  grains  (10-15%, 2-3% algalioated);    one
small  laminar  chaetetid   in middle  part  (fragmented   in place);   fossils  randomly  oriented;
lower 5 cm   skeletal  hash  consisting   of unidentifiable  medium  to  fine sand-sized   algal-
coated   skeletal  grains,  small  crinoid  hagments,   and  fusulinids;  olive black  (5Y2/1)  clay-
rich laminae  throughout;   possible   brecciation;   contact   with overlying  bed  irregular,
gradational   and  marked  by  disappearance     of clay-rich  laminae.

Phylloid Algal Wackestone:    100  cm  thick;  very  light gray  (N8) to  medium  light gray  (N6),
(cont.)
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3.

2.

weathers   yellowish-gray  (5Y7re);  poorly-sorted;   fi]ie- to  coarse-grained;    roughly  divisible
into three  units,  a-,  separated   by gradational   contacts.

|Iniia:  30 cm  thick;  25-30%  fossils,  including  phylloid algae   frogments(15-20%),
Comoosita   (1-2%, fe`i/ articulated,   mud-filled, show  evidence   of compaction),    ostracodes,
ramose   bryozoan   fragments,   Irot>hoDhvllidium.  NeosDirifer.  unidentifiable  medium  to  fine
sand-sized   skeletal  grains  (24%, few algal¢oated);    t`ro   small  (5 cm  long)  laminar
chaetetids    at lo`ver contact;

llei±J2;  25 cm  thick;  similar to unit a;  also  high-spired  gastropods,
Iroohoohvllidium.  smll  sponges;    t`ro laminar  chaetetids    (up  to 6 cm high, 20 cm  long)
in upper  part.

lfei±ji:  45  cm  thick;  similar to units  a and  b, with less  phylloid algal
fragments(10-15%),   more  unidentifiable  medium  to  fine sandrsized   algal<oated   skeletal
grains;  several  small  (<  10 cm  long)  laminar  chaetetids    throughout.
Fossils  randomly  oriented  throughout   bed  4 (except   for chaetetids   in lifeposition);
chaetetids   begin  on  phylloid algal  fragments;   indistinct  bedding;   contact   with overlying
bed  sharp,  marked  by  olive black  (5Y2/I)  clay-rich  lamime.

Phylloid Algal Wackestone:    16 cm  thick;  medium  gray  (N5), no  `veathered   surface;
poorly-sorted;   coarse-grained;     15-20%  fossils,  including  phylloid algae  fragments   (8-
12%), Composita   (1-2%, few articulated,   most  mud-filled but  some   apar-filled),  rugose
corals,  high-apired  gastropods,    unidentifiable  medium  to  fine sand-sized   skeletal  grains;
`I/avy bedded;   olive black  (5Y2/1)  clayndch  lamime  throughout:   contact   with overlying
bed  sharp   to  grndational.

Fusulinid  Skeletal  Packstone:    10 cm  thick;  light gray  (N7), no  weathered   surface;   poorly-
sorted;   coarse-   to  fine-grained;  70-80%  fossils,  including  fusulinids  (40%), phylloid  algae
(3{%), high-spired  gastropods,    crinoid  debris,  unidentifiable  medium  to  fine sand-sized
skeletal  grains  (20-35%); 30%  of fusulinids  and  3040%  of other  fossil grains  algal-
coated;   phylloid algae  more  common   upward,  fusulinids. and  other  fossil grains  less
common   upward;  sorting  decreases    upward;  wavy bedded;   contact   with overlying  bed
grachtional.

Fusulinid Skeletal  Calbonate   Mudstone,   10 cm  exposed,   lower contact   covered:   medium
dark  gray  (N4), no  `reathered   surface;   moderately   `vell-sorted,  medium-  to  fine-grained;
5%  fossils,  including  fusulinids  (1 %), crinoid  debris  (1 %), brachiopod   shell   frogments,
one  small  articulated   Composita.   unidentifiable  medium  to  fine sand-sized   streletal  grains
(2-3 %, most  algaltoated);    fossils  randomly  oriented;  bedding   indistinct;  upper  contact
sharp,  marked  by  olive black  (5Y2/1)  clay-rich  laminae.
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DESCRIPTION:   Section  729-C1,  Locality  729

34  meters  N  63  E  of  729-S1

LOCATION:  SW  1/4,  NE  1/4,  sec  34,  T.34S,

P.17  E,  Montgomery  Co.,  Kansas

MEASURED  BY:     Vincent  voegeli       1989

SEX=noN 72g{i

bed

Afnoret  Limestone  Member

A.     myuoid  AJgal W.ckestone,  14 cm thick;  medium  gray Or5):
poorly-sorted.  co.rae-  to  rine-gr.incd;  30%  foe.il., including
phylloid  .lgal frogtnem  Q0%, up  to  I  cm in length),
br.chiopod  chel]  fngfnent.,  fii8ulinid.,  bryozoan  froginent.,
crinoid  dcbri., uridcmifiable   medium  to  fine  a&nd-8ized
•kel¢t.I  grain.  ®*);     few foaeil. algal<outed;  foaeil.
nndomly  oriented;  bedding  indisthct;  dark gny Or3)
moding  throughout;   LLppcr  I  cm medium-  to  fine-gnincd
crinoidal  ikeletal  p.ckstone  with  numcrou.  olive black
(5Y2/1)  clay-rich l&mime:  upper  contact  end.tioml,  with
0.5 cm thick apatlcly  fossiliferou  obve black (5YR2/I)   chale
•t  confac(.

8.     Crinoidal  Wackestone.  24 cm thick:  medium  dark 8ny al4);
modcfately  wcu-rortcd.  medium-  to  fine-gnincd;  30%  foaeila,
including  Small  crinoid  dcbri.  (15*,  < 0.3 cm), fuulinid.,
bryozoan  fragment.,  uridentifiable   flue  sand-Sized  ckcleul
graini  (10-12*); co&r3cn]  upw.rd:  wavy b¢ddcd;  numcrou.
olive blac[ (5Y2/I)  cl.y-fieh lamimo  throughout,  more
common  dowow&fd; upper  contact  ch.rp.

Bandan  Shale  Formtion

C.     Mic&ccou3  Mudahalc,  33 cm recovered;  medium  gny avD;
becomes  calcarcou.  ia upper  3 cm; Pl&nolitcs-like  horizontal
tracc3,  veftical  cecapc  std)ctLircs,  .fnall  .kelet&l  fngfnent.
(< 1 %), plant  frogment.?;  Llppcr  confac(  Sharp,  fmrked  by
thin  (.5 cm)  cl&ystone  parting.
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APPENDIX  8

MEAstmED  SECTION  DEscRlpTIONs

I.OCAI.ITY   692

Active  quarry  operated  by  Harry  Keith  and  Sons,
Coffeyville,  Kansas
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SamD]es   collected    at ]ocalitv  692

Sample   no.
692rs3
S-3.

1

4
5
6a
6b
6c
7
9

Level

middle  part,  bed  1
lower half bed  4
middle  pert,  bed  5
lower half, bed  6a
riddle  part, bed  6b
riddle  part,  bed  6c
upper  part,  bed  7
riddle  part,  bed  10

nriddle  part,  bed  2
lower part,  bed  4
riddle  part, bed  6a
nriddle  part,  bed  6b
upper  part,  bed  6b

lower contact,   bed   1
upper  contact,   bed  1
middle  part,  bed  2
lower contact,   bed  4
riddle  part,  bed  4
upper  part,  bed  4
lower third, bed  6a
upper  part,  bed  6a
lower pat, bed  6b
upper  part,  bed  6b
lower part,  bed  7
upper  contact,   bed  7
lower part, bed  10
upper  contact,   bed  10

SamDle   no.
692-S7
S-7.

1
2
3
4
5
6
7
8
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Level

middle  part,  bed   1
entire  thickness,   bed  2
upper  part,  bed  3
middle  part,  bed  4
upper  contact,   bed  5
lower third, bed  6a
upper  part, bed  6b
entire  thickness,   bed  9

entire  thickness,   bed  3

composite   sample,   bed  8
lower contact,   bed   10
upper  third, bed   10
unit a,  bed   11
unit b, bed   11
unit c,  bed   11
unit d,  bed   11
lower half, unit e,  bed   11
upper  half, unit e, bed   11
unit f, bed   11
unit g,  bed   11



DESCRIPTION:   Section  692-S3,  Locality  692

79  meters  north  of  east    SE  corner

LOCATION:  SW1/4,  NW  1/4,  see  35,  T.34S,

R.17  E,  Labette  Co.,  Kansas
MEASURED  BY:     Vincent  voegeli       1988

SECHON 692rs

bed

Worland  Limestone  Member

14.    Skeletal  Wackestonc,  32 cm thick,  modem  soil  developed  on
upper  surface;  very ligh( gray QT8),  wcathera  pale  ycllo`i/iah
orange  (10YR8/6);  poorly-sorted,  coarse-  to  fineTgnined;  20-
25 %  fos8il8,  including  crinoid  debris  (8-10%),  Comoosita.
productid.,  and  other  bnchiopod  shell  frogment3,  bryozoan
frogmcnte,  phylloid  alg.I  frogmcnte,  `inidentifiable   medium  to
fine  sand-sized  skeletal  grains  (10-12%);  fo88ils  show  some
preferen(ill  horizontal  alignment;    medium  gny 045)
mottling  throughout;

13.    Bnchiopod  Skeletal  Wackestonc:  44 cm thick;  very ligh(  gray
(N8),  weathers  pale  yellow/ish orange  (10YR8/6);   poorly-
sorted,  coar3c-  to  fine-grained;  25-30%  fossils, including
Comoosita   Q-3 %,  fe`ir ar(iculatcd),   Crurithvris  (1-2%,
occasionally  articulated,   fe`ir `irith  geopetal),  crinoid  debris  Q-
3 %, fe`I/ stems  ap  to  1  cm long),  gastropods.
I.oDhcohvllidium.  fufulinid8  (I-2%),  phylloid  algac?  aighly
fragTnented),  unidentifublc   fnediufn  to  fine  sand-sized
Skeletal  gmins  (10-15%);  fossil  randomly  oriented;   indistinct
bedding;,  upper  contact  gradatioml,  marked  by olive black
(5Y2/I)  clay-rich lamime.

12.    Brachiopod  Wackestone,  23 cm thick;  ligh.  olive gray
(5Y6/I),  wcalhcr.  yellowish gray (5Y7#);  poorly-sorted,
coarse-  to  finengr&ined;  3540 %  fossil8, including  Crurithvris  -
Q-3 %,  hequcmly  ar(icu!atcd).   Comoosit&   (1-2%, occasionally
arLiculatcd),   productid  ahcll  fhgment.  and  apine3,  Mesolobus.
crinoid  debris  (I-2%),  gastropods,  bivalve chell  frogmente,
unidentifiablc   medium  to  fine  sand-sized  slceletal  gnim
Q0%);  fossils  randomly  oriented;  bedding  indistinct;  medium
gray (N5)  mottling  throughout;   olive gray (5Y6/1)   claystone
stringcrB  concentrated   in lowrer 3  cfn: olive black  (5Y6/1)
clay-rich lamimc  at  gradrtional   upper  contact.

14lce  Ncosho  Shale  Member

11.    Shale:  56 cm thick;  divisible  into  seven  units,  +g.
!Zpi!j: Calcaoeou3  Cl&ysh&l¢,  6 cm thick;  olive gray

(5Y3/2);  25-30% foaeili, including  Crurithvris  0-3 %,  fe`i/
articulated),  productid.  04*, ahcll  frogmcnt.  and  spines),
other  brachiopod  Shell  fragments,  raf)rose  bryozoan
frogmente,  crinoid  oeeiclee  (5-7%), unidentifinblc   medium  to
fine  sand-aizcd  skeletal  grain.  (8-12%);  fo38il8  compacted  and
froctured:    flaggy p.I(in8s;  gradational   upper  contact.

!Zpi!.i: Slightly Calcarcoui  Shale, 3 cm thick;
grayich black  (N2),  `i/cathcr  dark  gray (N3);  5 %  fossils,

(cont.)

217



DESCRIPTION:   Section  692-S3,  Locality  692

79  meters  north  of  east    SE  corner

LOCATION :                  (cont.)

MEASURED  BY:

including  Mesolobu&  chcLl  fragments,  productid   chcll
frogmcnte,  Crurithvris.  ramo8c  bryozoan  fragmcnte,
unidcntifiablc   medium  to  fine  send-Sized  skeletal  grains;
micaccou.  in lower part;  platy partings;  grade(ioml  upper
cont4C,.

!Zpi!j: Calcareou.  Cl&ychalc.  4 cm thick;  olive
black. we.there  olive gray  (5Y4/i);   10-15 %  fossil., including
CnJrithyris  Q-3%),  Mesolobiia.  Orbiculoidea.   other
brachiopod  ch¢ll  fragmente,  conodont8,  uhidcntifinblc   medium
to  finc  sand-3izcd  gkcletal  gnim  (5 *);  fl&ggy partings;  upper
cont.ct  gradrtioml.

!Zpi!.4:  Nofucalcarcous  Shale,  8 cm thick;  grayish
black  (N2),  wc&thcr]  dark  gray av3);  rare  fo8sil8  (< I %),
including  Orbiculoidca.   fiin  soal¢, plan  fragments
(Calami(es?);   fia.ilo to  platy  p&rtinga;  upper  contoct
gbd&tioml.

]Zpi±j:  None.lcareou8  PhoaphAtic  Shale,  18 cm
thick; black OIL),  wc.thor.  d.rk  gray (N3);  very rare  fossils,
(< < I %),including  conodonts,  Orbiculoidca:   discoid&l  to
apheric&l  phoaphaee   nodules  concentrated   in band  near
center,  occur  randolnly  above  this;  nodules  contain
Orbiculoidca,   Pctrodus.  plant  fragmcno,  uridcntiriable
debris;  rare  Pl&nolites-like   trace.  in  upper  third;  fis8ile
p&rting!;  upper  contact  gndatioml.

!Z±iLf: Nonialc.reou.  Phoaph&lic  Shale, 9 cm
thick;  grayich  black  Or2),  wc4thers  medium  dark  gray (N4);
nre  foasil8  (< I %), including  Ott)iculoid¢a.   conodontl,  fich
scales;   Planolites-like  trace.  comfnon  throughout
(occasiomlJy  pyritizcd);  few phoaphate   nodules  throughout,
contain  Orbiculoidea,  unidentifiablc   debris;  rissilc  to  platy
pafting8:  uppcT  contlct  ch.P.

EEiij: C&lc&rcou.  Claych.le, 8 cm thick;  olive gny
(5Y4/I),  wcathcri  ycllowich gray (5Y7re);   15-20% fouil..
including  CruTithvris  (4-7 * , scvenl  .rticul.ted),  Mcsolobus
(I-2%,  for whole  v.lvce). Pe(rod`is.  Otbiculoidea.  Juresonia
chcll  fragment.  and  apinc.,  crinoid  osoicle  and  stcfni  (few up
to  3 cm long in upper  p.I(),  unidentiriabte   mcdiurn  to  flnc
rind-Sized  .kelctal  gnini;  few aphcrical  pho8ph.te   nodule..
contain  Petrodus.  Ofbiculoidea.   unidcn(iriablc   debris:  platy
par(ing8;  upper  contlc.  gTadational.

Amorct  Limestone  M¢mbcr

10.    Crinoid&l  Bryozoan  Wackestone,   12 cm thick:  light  olive gray
(5Y6/1),  wcathcra  grccnich  gdy (5GY6/I);   moderately  well-
sorted,  medium.  to  flee-grained;  5-8%  fossils,  inelLLding
crinoid  dcbri.  (I %),  bryozoan  fragment.  (I %),  brachiopod
thelJ  fragment.,  uhidcntiflablc   medium  to  fine  sand-sized
skclctal  grain.  a-7%);  foaeil.  aligned  horizontally,  p&rall¢l  to
wavy bcdded:  few dark  gny  (N3)  micritic  lithocl&st;
diacon(inuous   laterally,  pinchce  out  left  of section:  upper
conuict  in.rp.

(con,.)

218



9.

8.

7.

6.

Brachiopod   Oncolitic  Wackestone,    10 cm  thick;  light olive gray  (5Y6/1),  weathers   very
light gray  (N8); poorly-sorted,   coarse-   to  finengrained;  30-35 %  fossils,  including
Composita   (5 % , frequently  articulated,   all mud-filled, few with preserved   brachidia),
productids   (5%, Juresania.   LinnoDroductus.   occasionally   articulated,   most  whole  valves
overturned),   brachiqpod   apines,   crinoid  debris,  ostracodes,    unidentifiable  medium  to  fine
sand-sized    skeletal  grains  (15-20%); small  (5 cm  long,  3  cm  high)  laminar  chaetetid   in
middle  part,  appears   to have  overturned   at least  once  during  growth;  nearly  all fossils
"algal"coated,  most  completely   coated;    "algal"Coatings  have  digitate  to concentric

growth,  digitate  growth  dominant  on  larger  fragments;   some   "algal.Coatings  appear
bored;   fossils  fragments   coarser   upward,  less  "algal"Coated  upward;  olive black  (5Y2/1)
clay-rich  stylolitic laminae  throughout,   concentrated    at upper,  lower contacts;
compaction   evident  along  lamime;  grayish  black  (N2) shale  parting  at upper  and  lower
contacts;   upper  contact   gradatioml.

Slightly Calcareous   Mudshale,  24 cm  thick;  greenish   gray  (5G6/1),  weathers   light
greenish   gray  (5G8/1);   1-2%  fossil, including  Cnirithyris and  other  brachiopod   shell
fragments,   high-spiced  gastropods,    unidentifiable  medium  to  fine sand-sized   skeletal
grains;  corroded,   abraded   limestone   fingments   (5-7%, up  to  1  cm,  re`rocked  clast  of
underlying  bed);  flnggy bedding;   thickens  over depressions    in underlying  bed;
discontinuous    laterally; shalp  upper  contact.

Skeletal  Calbonate   Mudstone,  20 cm  thick;  light gray  (N7), weathers   yellowish  gray
(5Y8/1);  well-sorted,  fine+grained;    rare  fossils  (1-2%), including  gastropods,    ostracodes,
brachiopod?    shell  fragments,   unidentifiable  fine sand-sized    skeletal  grains;  fossils
randomly   oriented;   bedding   indistinct;  numerous   mud-filled vertical  rootlet-  and/or
burrow-like structures   (up  to  1  cm  wide,  4 cm  long,  increase   in abundance    and  size
upward,  some   bifurcate  downward);   few vertical  spar-filled  fractures;   bird's eye
structures;   few stylolites  at upper  contact;   discontinuous    laterally, pinches   out  to  eitlier
side  of this section;  upper  surface   irregular,  pitted  and  eroded;   in-place  brecciation   at
upper  surface,   inter-fingered  with overlying bed;  upper  contact   sharp.

Chaetetid  Phylloid Algal Skeletal  Wackestone,    156  cm  thick; very light gray  Or8),
\veathers   yellowish gray  (5Y7re);  poorly-sorted,   coarse-   to  fine-grained;  roughly  divisible
into  t`ro units,  a and  b.

|feii2;  55{0 cm  thick; poorly-sorted,   coarse-   to  fine-grained;  lower  10 cm  30%
fossils,  including  phylloid algae   (15%), ComDosita   (1-2%, few articulated),   gastropods,
unidentifial)le  medium  to  fine sand-sized    stceletal  grains  (10%); above   this  40-50%  fossils,
including  phylloid algae   (3-5%), crinoid  debris  (5-7%), Composita   (2-3 %, few articulated),
gastropods,    bryozoan   fragments   (1-2%), unidentifiable  medium   to  fine sand-sized
skeletal  grains  (20-25%, third algal<oated);    one  expanding   upward  extended   domical
chaetetid,   begins   at  lo`ver contact   on  bellerophontid,   continues   upward  to upper  contact
(sediment   drapes   over  surface  5-7 cm);  one  high domical  (smooth)   chaetetid   at  30 cm
(20 cm  wide,  15 cm  high,  begins  on phylloid algal  fragments);   most  reeognizable    fossils
near  chaetetids,    mostly  unidentifiable  fine-grained  fossils  debris  farther  from chaetetids;
fossils  randomly  oriented;  bedding   indistinct;  upper  contact   gradational;

Ihi!.b;  96  to  101  cm  thick;  similar to upper  portion  of unit a;  finer grained,  less
recognizable   skeletal  debris;  one  toppled  high domical  (smooth)   chaetetid   at  lower
contact   with unit a  Oying on  side);  few small  (< 10 cm  long)  laminar  chaetetids    in upper
20 cm;  medium  dark  gray  (N4) mottling  throughout;   upper  contact   sharp,  marked  by
olive black  (5Y2/1)  clay-rich  laminae.

Phylloid Algal Brachiopod   Wackestone,    39  cm  thick;  very  light gray  (N8), weathers
yellowish  gray  (5Y7re);  poorly-sorted,   coarse-   to  fine-grained;   30%  fossils,  including
phylloid algal  fragments   (10%), Composita   (2-3 %, few articulated   with geopetal),
Cnirithvris (1 %), low-spired  gastropods,    crinoid  debris,  unidentifiable  medium  to  fine

(cont.)
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sand-sized   skeleta.I  grains  (12%); laminar  chaetetids   near  lower contact   (<20 cm  long,
up  to  4 cm  high,  frogmented   in-place);  one  lowrdomical  chaetetid   in upper  third (15 cm
high);  fossils  randomly  oriented;  numerous   olive black  (5Y2/1)  clay-rich  lamime
thoughout,   concentrated    near  lower contact,   some   stylolites  along  these;   chert  nodules
(up  to  20 cm  long)  near  lover contact,   sane   fossil coniposition   as  surrounding   bed;
upper  contact   gradational.

Phylloid Algal Wackestone,   46  cm  thick, medium  light gray  (N6), weather  yellowish gray
(5Y7/2);  poorly-sorted,   coarse-   to  finegrained;  can  be  roughly  divided  into 2 units,  anit.

IZEi±j!;  45-50%  fossils,  including  phylloid algal  frogments   (25-30 %), Composita
(2-3 % , few articulated),  Iaehochvllidium.  Pulchratia.  productid  apines,  unidentifial)le
medium  to  fine sand-sized   skeletal  grains  (15%, sixth algal¢oated);   laninar  chaetetids   in
upper  part  (up  to  15  cm  long,  4 cm  high);  upper  contact   gradational;

Ihi±.i;  similar to unit a,  contains   less  phylloid algae  (15-20%), more
unidentifiable  medium  to  fine sand-sized   skeletal  grains  (20-25 % , third algal¢oated).
Fossils  throughout   randomly  oriented;  bedding   indistinct;    few olive black  (5Y2/1)  shale
stringers  at upper  contact   (14 cm  thick), contains   skeletal  packstone    lenses   consisting
mostly  of crinoid  debris,  also  bryozoan   hagments,   brachiopod   shell  frogments,   and
unidentifiable  medium  to  fine sand-sized   skeletal  grains;  upper  contact   sharp.

Phylloid Algal wackestone,    10 cm  thick;  medium  gray  (N5), no  weathered   surface;
poorly-sorted,   fine-to  coarse-grained;     10-15%  fossils,  including  phylloid algae  (1-2%),
Lot]hoDhvllidium  (1-2%, few in apparent   lifeposition  including  one  attached   to  chaetetid),
unidentifiable  medium  to  fine sand-sized   skeletal  grains;  one  laminar  chaetetid   at lower
contact   (15 cm  long,  begins   directly  on  clay-rich  laminae);  numerous   olive black  (5Y2/1)
clay-rich  laminae  throughout   (imparts  brecciated   appearance);     some   stylolites  and
evidence   of solution  and  compaction   along  laminae;    upper  contact   is gradational,
mariced  by  disappearance     of clay-rich  laminae.

Fusulinid Skeletal  Packstone,    10 cm  thick;  light olive gray  (5Y6/1),  no  weathered
surface;   poorly-sorted,   coarse-   to  fine-grained;  70-75%  fossils,  including  fusulinids  (60%,
some   appear   won and  abraded,   quarter  algal¢oated),    crinoid  debris  (2-3%),
unidentifiable  medium  to  fine sand-sized   skeletal  grains  (5-15%, two-thirds  algal¢oated);
fossil somewhat   horizontal  aligned;  wavy bedding;   upper  contact   gradational,   marked  by
olive black  (5Y2/1)  clay-rich  lamime.

Skeletal  Calbonate   Mudstone,   30 cm  thick, lower contact   covered;   medium  gray  (N5),
no  weathered   surface;   moderately   `velhoorted,  medium-  to  fine-grained;  5%  fossils,
including  brachiopod   shell  frogments,   phylloid algae?   (highly frogmented),   fusulinids,
unidentifiable  medium  to  fine sand-sized   skeletal  grains  (3 %); fossils  randomly  oriented;
bedding   indistinct;  upper  contact   shap,  marked  by  olive black  (5Y2/1)  clay-rich  laminae.
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DESCRIPTION:   Section  692-S4,  Locality  692

132  meters  north  of  east    SE  corner

LOCATION:  SW  1/4,  NW  1/4,  sec  35,  T.34S,

R.17  E,  Labette  Co.,  Kansas
MEASURED  BY:     Vincent  voegeli       1988

3i,.f\
-__    c3

SEX=TION 692"

bed

Worl&nd  limcslone  Member

14.    Skeletal  Wackestone,  30 cm thick  modcm  son on  sorfacc;
very light gray (N8),  `I/cather.  pale  ycllowieh onn8e
(10YR8/6);  poorly-Sorted.  coarse-to  finegrined;  20-25 %
fos8ila, including  crii]oid  dcbri.  (8-LOO),  Comoosita.
Cnirithvrie.  productidl,  and  other  brachjopod   chcll  fragment.,
bryozoan  fragTnenLi,  phylloid  algal  frogmcnts,  unidcmifiable
fncdium  to  fine  Sand-eized  skeletal  grains  (10-12%);  fossils
shovr  sofne  prcfercntial   horizomal  alignment;  rncdium  gray
(N5)  motlling  throughout.

13.     Brachiopod   Skeletal  Waclccstonc;  45 cm thick:  very light gray
(N8),  `i/cather.  pale  ycllou/iah orange  (10YR8/6);  poorly-
sor(ed,  coar3c-  to  fineTgnined;  25-30%  fosaila, including
Comfioeita   @-3%, few ar(icul&tcd),   Cr`irithvris  (I-2%,
occa.ionally articulated,   few with gcopctaD,  crinoid  dcbri.  Q-
3%, few gtem.  up to  i cm long), gmropod.,
Loohoohvllidium.  fuallinid.  (1-2%), phylloid  a|gae?  Qighly
fhgmented),  unidentifiablc   medium  to  fidc  a.nd-sized
skelct.I  gnin.  (10-15 %);  foaeil  randomly  oriented;  indiftii]ct
bedding:  upper  conl.ct  gradatioftil,  mafkcd  by oli`/c black
(5Y2/I)  cl.y-rich I.min.c.

12.    Brachiopod  Wackestone,  25 cm thick:  ligh(  olive gray
(5Y6/l),  `ireathcr]  yellowish gny (5Y7re);  poorly-sorted,
coar3c-  to  fincngraincd;  3540 %  fossils, including  Crurithvrie
e-3%,  froqucntly  ar(iculated),   Comoosita   (1-2%, occasionally
articulated),   productid  Shell  fragmcnte  and  apine., Mcsolobu..
crinoid  dcbri.  (I-2%), gactropod.,  bivalve shell  fragments,
unidcndfiable   medium  to  fine  aal]d-sized  .keletal  gnin.
Q0%);  foe.ill  randomly  ofientcd;  bedding  indistinct;  medium
gny (N5)  mottling  througivout;   olive gray (5Y6/I)  ¢l.ystone
stringer.  concemtcd   in lower 3 cm; olive black (5Y6/I)
clay-rich lamime  of  gndatioml  upper  contact.

lake  Ncosho  Shale  Member

11.    Shale:  59 cm thick;  di`riaible  into  scvcn units.  .i.
]Zai!±:  C&lcareou.  Clayahalc,  6 ctn thick;  oli`rc gray

(5¥3C);  25 %  foeril.. including  Cnirithirris  Q-3 %,  fe`ir `irholc
ar(iculatcd),   productid.  04%, shell  frogmcnt.  and  apinc8),
other  brachiopod  shell  frogmenti,  rafnosc  bryozo.n
fragment..  crinoid  o..iclc.  (5-7%),  unidcntifiable   medium  to
fine  8.nd-eizcd  ekelct.I  gmin.  (8-12%);  fo..ill compacted  and
froctorcd:    flaggy paftin8.;  grad.tional  `ippe.  cant.ct.

!Zai±.i:  Slightly Calcarco`i.  Shale,  3  cm thick;
gr&yi8h  black  Q12),  `irc.thcr  dark  gray av3);  5%  fo.Sill,

(con,.)



DESCRIPTION:   Section  692-S4,  Localfty  692

132  meters  north  of  east    SE  corner

LOCATloN :                 (cont.)

MEASURED  BY:

a_a-
Ei  E_ E

including  Mesolobu3  ahcll  frogmenta,  productid   Shell
frogmcms,  Cnirithvris.  ramose  bryozoan  frogments,
unidcntifiable   medium  to  fine  Sand-sized  Skeletal  grains;
micaccou3  in  lowrer part;  platy  partings;  gradatioml  upper
coflm

!ZEii£: Calcarcoua  Clayshale,  4 cm thick;  olive
black. wc&thcr]  olive gray (5Y4/1);   10-15%  fo8eila, including
Cnirithvrip  Q-3%),  Mesolobus.  Otbiculoidea.  other
brachiopod  ahcll  frogmcnt..  conodonte,  unidentifiablc   medium
to  fine  sand-sized  8kclctal  gnim  (5%);  flaggy partings;  upper
condact  gndchonal.

lzgi!.a: Nonialcareous  Shale,  8 cm thick; grayish
black  (N2),  `lrcathcrs  clack  gray Q13);  rafc  fossils  (< 1%),
includ.ing  Ochiculoidea.  plan  frogments;  fissile  to  phty
par(ing3;  upper  cone.ct  gTadatioful.

!Zpi!j:  Nonialcarcou8  Phoaphatic   Shale,  18 cm
thick;  black  (Nl),  `Ire&thers  clack  gny  (N3);  very rare  fossils,
( < < I %),including  conodonta,  Orbiculoidca:   discoidal  to
apheric&l  phoaphatc   nodulce  concenm(ed   in band  near
center,  occur randomly  above  this;  nodules  contain
Orbiculoidca.   Pctrodus.  unidcntifiablc   debri8;  fissilc par(ings:
upper  contact  gndational.

!Zai!J* Non¢alcareou.  Phoaphatic  Shale,  9 cm
thick; grayish black QV2). vcathcr.  medium  dark  gny a.4);
rare  foe.ill  (< I %), including  Orbiculoidca.  conodonts,  fish
acalc3;   Planolites-like  trace.  cofnmon  throughout
(occasionally  pyTitized);  fe`i/ phoaphatc   nodules  throughout,
contain  Otbic`iloidea.   unidemifi.ble   debris;  fi$8ile  to  platy
pafting3;   upper  contact  shop.

|ZEi!j: C&lcarcous  Clay8halc,11  cm thick;  olive
gray (5Y4/I),  `ircather8  yellowish gray (5Y7#);   15-20%
foaeils, incl`rding-Cnirithvris  (4-7% ,  se`rcnl  ar(i6ulal¢d),
Mesolobue  (I-2%, four `]/hole `/alvc8), Petrodus.  Juresania
Shell  frogmcnts  .nd  apinea,  crinoid  ossicle  and  steng  (fe`ir up
to  3  cm long  in upper  part),  unidentifi&blc   medium  to  fine
sand-sized  Skeletal  gnina;  few/ aphcrical  phoaphate   nodules,
contain  Pctrodu..  Otbic`iloidca,  unidcndfiable   debri8;  platy
par(ings;  upper  comact  gradational.

AmTmorethim¢stoncMember

10.    htcrally  diecontinuou8,   mi&eing  at  this  section

9.       Brachiopod   Oncolitic  Waclceetonc,  31  ¢m thick;  light  olive
gray (5Y6/1),  `ireather8  very light  gray (N8);  poorly-sorted,
co.TBc-  to  fine-grained;  3040*  fossil.,  incliiding  Comoosita
(10%, froquenlly  articulated,   mud-filled),  Junesania   ¢%,
frequently  articula(cd),   Dcsmoincsia.   Antiauatonia.   crinoid
dcbri8.  IroohoDhvllidinm.  unidentifi&ble   medium  to  fine  sand-
sized  Skeletal  gr-in.  (10-15%);  mos(  fossil.  complctcly  algal-
coated  (lip  to  I  cm thick):  algal  col.ing.  decrease  in thiclcnc.ae
up`I/and,  many gTain8  only partially  algalioeted  in upper  part;

(con'.)
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one  low domical  chaetetid   in upper  half, begins   on  Composita   oncolite,  continues   to
upper  surface;    fossils  randouly  oriented  (except   chaetetid   which  is in-place);  olive black
(5Y2/1)  clay-rich  laininae  throughout,   concentrated    at upper,  lower contacts    (gives  bed
a nodular  appearance);     daric  gray  (N3) shale  partings  at upper  and  lower contacts;
upper  contact   shap.

Inerally discontinuous,   missing  at this section.

IAterally discontinuous,    missing  at  this section.

Wackestone:    174 cm  thick; very light gray  (N8), weathers   yellowish  gray  (5Y7/2);
divisible into 2 units,  a  and  b.

|kei±j±;  Phylloid Algal Chaetetid   Wackestone,    75-80  cm  thick;  poorly-sorted,
coarse-   to  finegrined;  lower 20 cm  30%  fossils,  including  phylloid algae  (15-20%),
Composita   (1-2%, few articulated),   gastropods,    unidentifiable  medium  to  fine sand-sized
skeletal  grains  (10%); above   this  40-50%  fossils,  including  phylloid algae   (3-5%), crinoid
debris  (5-7%), Composita   (2-3 %, few articulated),   gastropods,    bryozoan   hagments   (1-
2%), unidentifiable  medium  to  fine sand-sized   skeletal  grains  (20-25%, third algal-
coated);   one  high  domical  (smooth)   chaetetid   20 cm  above  lower contact   (20 cm  high,
20 cm  wide);  one  high domical  (ragged)   chaetetid   40 cm  above  lower contact   (20 cm
wide,  25  cm  high),  continues   to upper  contact   with unit b;  chaetetids   begin  on
articulated   Composita:   most  reeoghizable    fossils  near  chaetetids,    mostly  unidentifial>le
fine-grained  fossil grains  further from chaetetids;    fossils  randomly  oriented;  bedding
indistinct;  upper  contact   shap,  marked  by olive gray  (5Y2/l)  clay-rich  laminae;

[lni£.i;  Skeletal  Wackestone,    94-99  cm  thick;  moderately   well-sorted,  medium-  to
fine-grained;  20-25  %  fossil,  including  phylloid algae  (1 %). Composita   and  other
brachiopod   shell  frogments   (34%), crinoid  debris  (2-3 %), bryozoan   fragments,
unidentifial]1e  medium  to  fine sand-sized    skeletal  grains  (10-15 %, quarter  algal¢oated);
fossils  randomly  oriented;  upper  surface  pitted,  eroded;   numerous   vertical  spar-  and
mud-filled burrow-  and/or   rootlet-like structures   in upper  20 cm  (up  to 5 cm  long,  1  cm
wide);  few chert-filled  fractures  on upper  s`irface;   upper  contact   irregular,  shalp.

Phylloid Algal Wdckestone,    30 cm  thick; very light gray  (N8), weathers   yellowish  gray
(5Y7re);  poorly-sorted,   coarse-   to  fine-grained;  4045%  fossils,  including  phylloid algal
fragments   (15-25%), Composita   (1-2%, few articulated),   LODhoohvllidium.  crinoid  debris,
unidentifiable  medium  to  fine sand-sized    skeletal  grains  (10-15%); one  laminar  chaetetid
(10 cm  long,  3  cm  high)  at  10 cm  above   lower contact;   fossils  (except   chaetetid)
randomly   oriented;  bedding   indistinct;  olive black  (5Y2/1)  clay-rich  laminae  throughout;
olive gray  (5Y3re)  mottling  common   in upper  half; chert  nodules   near  lower contact;
upper  contact   gradational,   marked  by disappcaranee     of clay-rich  laminae.

Phylloid Algal Wackestone,    33  cm  thick; medium  gray  QT5) to  light gray  (N7), weathers
yellowish  gray  (5Y7re);  poorly-sorted,   course-   to  fine-grained;   35%  fossils,  including
phylloid algal  frogments   (10-20%, up  to  several  cm  in length),  gastropods,    crinoid  debris,
Composita   (1-2%, few articulated),   productid   shell  fragments,   fenestrate   bryozoan
frogments,   IcoDhoDhvllidium  (in lower halo, straight-chelled   cephalopod    (4 cm  long),
unidentifiable  medium  to  fine sand-sized    skeletal  grains  (10-15%); one  small  (10  cm
long)  laminar  chaetetid   at  lower contact;   some   skeletal  fragments   algal¢oated   (5%);
phylloid algal  fragments   larger,  more  abundant   in lower half, unidentifiable  skeletal  grains
and  algalioated   grains  more  abundant   upward;   fossils  randomly  oriented;  bedding
indistinct;  upper  contact   shaxp,  marked  by  olive black  (5Y2/1)  clay-rich  laminae.

Phylloid Algal wackestone,    4 cm  thick;  medium  gray  (N5), no  weathered   surface;   poorly-
sorted,   fine-to  coarse-grained:     10-15%  fossils,  including  phylloid algae   (1-2%),
Lot]hoohvllidium  (1-2%, few in apparent   lifeposition),  unidentifiable  medium  to  fine sand-
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sized  skeletal  grains;  one  lamimr  chaetetid   at lower contact   (15 cm  long,  begins  directly
on  clay-rich  lamine);  numerous   olive black  (5Y2/1)  clay-rich  laminae  throughout
(imparts  brecciated   appearance);    some   stylolites  and  evidence   of solution  and
compaction   along  laminae;  upper  contact   is gradatioml,   marked  by disappearance     of
clay-rich  lanrinae.

Fusulinid Skeletal  Packstone,   7 cm  thick; light olive gmy  (5Y6/1),  no  weathered   surface;
poorly-sorted,   coarse-   to  fine-grained;  70-80%  fossils,  including  fusulinids  (60% , some
appear   won and  chraded,   q`iareer  algalcoated),   crinoid debris  (2-3 96), unidentifiable
medium  to  fine sand-sized   skeletal  grains  (5-1596, two-thirds  algal<outed);    silicious
nodule  in lower half (same   fossil composition   as  surrounding   sediment);   fossil somewhat
horizontal  aligned;   wavy bedding;   upper  contact   sharp  to gradational,   marked  by olive
black  (5Y2/l)  clay-rich  laminae.

Skeletal  Wackestone   to  Cafoomte   Mudstone,   37  cm  thick;  medium  gray  Or5), no
weathered   surface;   moderately   well-sorted,  medium-  to  fine-grained;  5-15%  fossils;
Lower third  10-15%  fossils,  including  phylloid algae  (2-3 %), Composita   (one   articulated),
productids   (2 articulated,  both  overturned),   crinoid debris,  bryozoan   fragments,
unidentifiable  medium  to  fine sand-sized   skeletal  grains  (8-10%); 5%  fossils  in upper  two-
thirds,  including  brachiopod   shell  frogments,   phylloid algae?   (highly fragmented),
fusulinids,  unidentifiable  medium  to  fine sand-sized   skeletal  grains  (3%); fossils  randomly
oriented;     bedding   indistinct;  lower contact   sharp   (quany  floor); upper  contact   shalp,
marked  by olive black  (5Y2/I)  clay-rich  lamime.
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DESCRIPTloN:   Section  692-S5,  Locality  692

33  meters  west  of  road  on  south  side

LOCATION:  SW  1/4,  NW  1/4,  sec  35,  T.34S,

R.17  E,  Labette  Co.,  Kansas

MEASURED  BY:     Vincent  voegeli       1988

a
_-CD

iEb=

SECTION 692us

bed

Worl&nd  Limestone  Mcml)cr

13.    Brachiopod  Skeletal  Wackestone,  40 cm thick, overt.in by
modem  soil; very light gray (N8),  wcather8  p&lc  yellowich
orange  (10YR8/6);   poorly-sorted,  coarse-  to  fin¢-grained;  30-
35%  fossils, including  Comoosita   (5%,  coca8iomlly
•rdculated),   productids  (I-2%. rarely  afticulated),   Crurithyris
Q-3 %, cec&sionally  articulated),   crinoid  debris  G14%),
phylJoid  algae  Q-3 %, highly  fngmented),   fusolinid3  (1-3 %,
moft>  abundan(  upward),  unidcnlifiable   medium  to  fine  sand-
sized  8kclctAl  grains  (15-20%);  fossils  randomly  oriented,
overall  decrease  in  abundance   upward;  fines  upward;  dis(inct
parting  a(  28 cm. marked  by olive black  (5YR2/I)   clay-rich
s.ylolitic  laminae;  bedding  indistinct.

12.    Brachiopod  Wackestonc,  23  cm thick;  light  olive gray
(5Y6/I),  we.thcr3  medium  gray Q15);  poorly-sorted.  finc-  to
course-grained:  4045%  fosoil8, including  ComDosit&   (10%,
frogmentcd  to  &fticulatcd   with gcopet.I,  few ill life position),
Crurithvtis  (5*, occ&aiomlly  afticul&tcd),   productid   inell
fragmcnte,  Wcllerclla.  M¢solobus.  crinoid  debria  (5%),
bivalve fragments,  gastropod.,  bryozoan  fngmcnt8,
uniden(ifi&ble   mcdiutn  to  fine  Sand-sized  Skclctal  gnin3  eo-
25 %); fossils nndomly  oriented;   medium  gray (N5)  molding
throughout;   for olivc black  (5Y2/I)   clay-rich lafninae
throughou(,   conecntnted   al  upper  contact;  upper  conucl
gradatioml  to  charp.

lake  Neocho  Shale  Member

11.    Shale:  70 cm thick;  divi.iblc  into  seven units,  a-g.
!Zpii£:  Calcarcoua  Cl&ychale,  6-8 cm thick;  olive

gny (5Y3re);  25-30%  fo8Sil., including  Crurithyri8  Q-3%. few
whole articulated),   productid.  04%, chell  fngmcnts  and
apine3),  other  brachiopod  shell  frogmente,  ramose  bryozoan
frogment4,  crinoid  o88iclee  (5-7%),  unidentifi&blc   medium  to
fine  send-Sized  Skeletal  grain.  (8-12%);  foe8il. cofnpacted  and
fnctured;    flaggy parting.;  gndational  upper  contact.

!Zpi±.i:  Slightly  Calcarcou8  Shale,  3-5 cm thick;
grayich black (N2),  wcathcr  dark  gny (N3);  5 %  fossils.
including  Mesolobu3  chcll  frogmcnts,  productid   shell
fragments,  Crurithvris.  nmose  bryozoan  fragments,
unidcntifiablc   medium  to  flue  send-sized  skeletal  grains;
mic&ceou.  in lower part;  platy  pafting3;  8rada(ioml   upper
contlct.

HEiL£: Calcareou.  Cl&ychalc. 5  cm thick;  olive
black, weathcra  olive gray (5Y4/I);   10-15 %  fo8eila, including
Cr`irithvria  Q-3%),  Mesolobua.  Orbic`iloidca.   other
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brachiopod   shell  fragments,   conodonts,   unidentifiable  medium  to  fine sand-sized   skeletal
grains  (5%); flaggy  partings;   upper  contact   gradational.

IZ!±j±.a:  Non<alcareous    Shale,   12 cm  thick;  grayish  black  (N2), weathers   dark
gray  (N3); rare  fossils  (< 1 %),including  OrbiouLoidea.   fish scale,  plant  fragments
(Calamites?);   fissile to platy partings;   upper  contact   gradational.

|Zpj±£;  Non¢alcareous    Phosphatic   Shale,  20 cm  thick;  black  (N1), weathers
dark  gray  QT3); very  rare  fossils,  (< < 1 %)including  conodonts,    Orbiculoidea:   discoidal
to  spherical   phosphate    nodules   concentrated    in band  near  center,   occur  randomly
above  this; nodules   contain  Ofoiculoidea.   Petrodus.   plant  fragments,   unidentifiable
debris;  rare  Planolites-like  traces   in upper  third; fissile partings;  upper  contact
gradational.

HEiLf: Non<alcareous    Phoaphatic   Shale,   10 cm  thick;  grayish  black  OT2),
weathers   medium  dark  gray  aJ4); rare  fossils  (< 1 %),including  Orbiculoidea.   conodonts,
fish scales;    Planolites-like  traces   common   throughout   (occasionally   pyritized);  few
phosphate    nodules   throughout,   contain  Ofbiculoidca.   unidentifial>le  debris;   fissile to platy
parting§;    upper  contact   sharp.

|lpi±j=;  Calcareous    Clayshale,   12 cm  thick;  olive gray  (5Y4/1),  weathers
yellowish  gray  (5Y7/2);  15-20 %  fossils,  including  Cnirithyris (4-7 % , several  articulated),
Mesolobus   (1-2%, few whole  valves),  Petrodus.   Orbiculoidea.   Juresania   shell  hagments
and  spines,   crinoid  ossicle  and  stems   (few up  to  3  cm  long  in upper  part),  unidentifiable
medium  to  fine sand-sized   skeletal  grains;  few spherical   phosphate    nodules,   contain
Petrodus.   Ordiouloidca.   unidentifichle  debris;  platy  partings;  upper  contact   gradational.

Amoret Limestone  Member

10.          Crinoidal  Bryozoan  Wacke§tone    to  Carbonate   Mudstone,   34 cm  thick;  light olive gray
(5Y6/l),  weathers   greenish   gray  (5GY6/1);  moderately   well-sorted,  medium-  to  fine-
grained;   5-10%  fossils,  including  crinoid  debris  (1 %), bryozoan   fragments   (1 %),
brachiopod   shell  frogments,   unidentifiable  medium  to  fine sand-sized   skeletal  grains  (3-
7%); fossils  aligned  horizontally,  parallel  to wavy bedded;   discontinuous    crinoidal-
Mesolobus   packstone    lenses   in upper  half; discontinuous    laterally, reaches   maximum
thickness   at  this section;   upper  contact   sharp.

9. Brachiopod   Oncolitic  Wackestone,    12 cm  thick;  light olive gray  (5Y6/1),  weathers   very
light gray  (N8); poorly-sorted,   coarse-   to  finengrained;   30%  fossils,  including  Composita
(5%, frequently  articulated,  all mud-filled, few with preserved   brachidia),  produetids   (5%,
Juresania.   LinoDroductus.   occasiomlly   articulated,   most  `whole  valves  overtuned),
bbrachiopod   spines,  crinoid dedris,  ostracodes,    unidentifiable  medium  to  fine sand-sized
skeletal  grains  (15-20%); nearly  all fossils  "algal"Coated,  most  completely   coated;    "algal"-
coatings   have  digitate  to concentric   growth,  digitate  growth  dominant   on  larger
frogments;   some   .algal"Coatings  appear   bored;   fossils  frogments   coarsen   upwnd,  less
"algal"-oated  upward;  olive black  (5Y2/1)  clay-rich  stylolitic laminae  throughout,
concentrated    at upper,  lo`ver contacts;   compaction    evident  along  laminae;   1-2 cm  thick
grayish  black  (N2) shale  partings  at upper,  lou/er contacts;   upper  contact   sharp.

Laterally discontinuous,    missing  at  this section

Skeletal  Calbonate   Mudstone,   23  cm  thick;  light glny  (N7), weathers   light olive gray
(5Y6/1);  well-sorted,  fine-grained;    rare  fossils  (1-2%), including  gastropods,    ostracodes,
brachiopod?    shell  frogments,   unidentifiable  medium  to  fine sand-sized   skeletal  grains;
fossils  randomly  oriented;  bedding   indistinct;  numerous   mud-filled vertical  rootlet-  and/or
burrow-like structures   (up  to  1  cm  wide,  4 cm  long,  increase   in abundance    and  size
up`Arard,   some   bifurcate  do`unwnd);   few/ vertical  spar-filled  finctures   throughout;   bird's
eye  structures   throughout;   few stylolites  at upper  contact;   discontinuous    laterally,
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pinches   out  to  either  side  of this section;   upper  surface   irregular, pitted  and  eroded;
upper  contact   shap.

Crinoidal Phylloid AIgal Skeletal  Wackestone,    120-122  cm  thick;  light gray  Or7) to very
light gray  (N8), veathers   yellowich gray  (5Y7re);  poorly  to  moderately-sorted,    coarse-   to
fine-grained;  divisible into 2 units,  a and  b.

lfei±±;  55  cm  thick;  30-35%  fossils,  including  phylloid algal  hagments   (5-7 %,
mostly  in lower 20 cm,  rare  above   this), crinoid  debris  (5-7%), Composita   and  other
brachiopod   chell  frngments   (1-2%), bryozDan   fragments,   low-apired  gastropods,
fusulinids,  unidentifiable  medium  to  fine sandrsized   skeletal  grains  (15-20%, third algal-
coated,   more  abundant   upward);   fossils  randomly  oriented;   bedding   indistinct;  al>undant
olive gray  (5Y3/2)  mottling  throughout;   skeletal  debris  concentrated    in mottled  areas;
upper  contact   sharp,  marked  by vertical  apar-filled burrow?  structures   (34 cm  long,  1
cm  wide)  and  olive black  (5Y2/l)  clayrich  laminae.

|ZEi!J2;  65{7  cm  thick; 20-25%  fossils,  similar to unit a,  less  identifiable  fossils
relative  to unidentifiable  medium  to  fine sand-sized   skeletal  grains;  fossils  randomly
oriented;  bedding   indistinct;  upper  contact   shap,  mariced  by olive black  (5Y2/1)  clay-
rich stylolitic lanin.

Phylloid Algal Brachiopod   Wackestone,    31  cm  thick; very  light gray  (N8), weathers
yellowish  gray  (5Y7re);  poorly-sorted,   coarse-   to  fine-grained;   30%  fossils,  including
phylloid algal  fragments   (10-20%, more  abundant   in lower  two-thirds),  Composita   (2-3 %,
few articulated   with geopetal),   Cnirithyris (1 %), low-spired  gastropods,    crinoid  debris,
unidentifiable  medium  to  fine sand-sized   skeletal  grains  (12%); one  low domical
chaetetid   (20 cm  long,  10 cm  high)  in lower half, clay-rich  laminae  drape  over upper
surface   4-5 cm.;  fossils  randomly  oriented;  numerous   olive black  (5Y2/1)  clay-rich
laminae  throughout,   concentrated    near  lower contact,   some   stylolites  along  these;   chert
nodules   (up  to  15 cm  long)  near  lower contact,   same   fossil composition   as  surrounding
bed;  upper  contact   gradational.

Phylloid Algal wackestone,    34 cm  thick, medium  gray  (N5), weathers   yellowish  gray
(5Y7re);  poorly-sorted,   coarse-   to  fine-grained;  can  be  roughly  divided  into 2 units,  a
and  b.

Ihi!±;  45-50%  fossils,  including  phylloid algal  fragments   (25-30%), Composita
(2-3 % , few articulated),   Irot>hoohvllidium.  Pulchratia.  produetid   spines,   unidentifiable
medium  to  fine sand-sized    steeletal  grains  (15%, sixth algaltoated);    two  laminar
chaetetids   at upper  contact   (10 and  14 cm  long,  on  fragmented   in place);  upper  contact
gradational.

Ifei!J2;  similar to unit a,  contains   less  phylloid algae   (15-20%), more
unidentifiable  medium  to  fine sand-sized   skeletal  grains  (20-25 % , third algal¢oated).
Fossils  throughout   randomly  oriented;  bedding   indistinct;   numerous   olive black  (5Y2/1)
shale  stringers  at upper  contact   (14 cm  thick), contains   skeletal  packstone    lenses
consisting   mostly  of crinoid  debris,  also  bryozoan   fragments,   echinoid  spines,
brachiopod   shell  frogments,   and  unidentifial)le  medium  to  fine sandrsized    skeletal  grains;
upper  contact   sharp.

Phylloid Algal wackestone,    13  cm  thick,  medium  gray  (N5), no  weathered   surface;
poorly-sorted,   coarse-   to  fine-grained;   lower half 25-30%  fossils,  including  phylloid algae
(5%, highly frogmented),   brachiopod   shell  fragments,   fusulinids  (1-2%), mmose   bryozoan
fragments,   IroDhoi)hvllidium.  crinoid  debris,  unidentifiable  medium  to  fine sandrsized
skeletal  grains  (20%, quarter  algal¢oated);   small  (5 cm  long)  laminar  chaetetid   at lower
contact;   upper  half 20-25%  fossils,  including  phylloid algae   (10%, up  to  several  cm  in
length),  Composita   (few articulated),   IroDhoDhvllidium  (2-3 %, few in life position,  one
attached   to, and  overgro`m  by, laminar  chaetetid),   bryozoan,   crinoid  debris,
unidentifial)le  medium  to  fine sandrsized    skeletal  grains  (10%, few algal¢oated);    laminar
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chaetetid   near  lower contact   (10 cm  long),  begin  directly  on clay-rich  laminae;  sorting
deereases    upwnd;  fossils  randomly  oriented:  olive black  (5Y2/1)  clay-rich  laminae
throughout,   concentrated7    at upper,  lower contacts;   upper  contact   gradational.

Fusulinids  Packstone,    10 cm  thick; olive gray  (5Y4/1),  no  weathered   surface;   poorly-
sorted,  coarse-   to  fine-grained;   80%  fossils,  including  fusulinids  (60 % , third algal¢oated),
crinoid  debris,  unidentifiable  medium  to  fine sand-sized   skeletal  grains  (1596, two-thirds
algalioated);   vravy bedded;   partially 8ilicified nodule  in lower third (7 cm  long,  sane
fossil composition   as  s`irrounding   sediment);   upper  contact   gradatioml   with numerous
olive black  (5Y2/1)  clay-rich  laminae.

Skeletal  Wackestone,   31  cm  exposed,   lower contact   covered;   medium  gray  OT5);
moderately   well-sorted,  medium-to  fine-grained;   10-15 %  fossils;  lower half contains
crinoid  debris  (2-3 %), Composita   (inostly  frogments,   few articulated,   mud-filled),
produetids   (shell  frogments   and  spines,   one  articulated,   overturned),   phylloid algal
frogments,   unidentifiable  medium  to  fine sand-sized   skeletal  grains;  upper  half contains
phylloid algal  fragments   (2-3.96, most  algal¢oated,   up  to  3  cm  long),  brachiopod   shell
frogments,   fusulinids,  ramose   bryozoan   frogments,   unidentifiable  medium  to  fine sand-
sized  skeletal  grains;  fossils  randomly  oriented  throughout;   bedding   indistinct;  upper
contact   sharp,  marked  by  olive black  (5Y2/1)  clay  rich laminae.
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DESCRIPTION:   Section  692-S7,  Locality  692

50  meters  south  of  inactive  south  wall

LOCATION:  SW  1/4,  NW  1/4,  see  35,  T.34S,

a.17  E,  Labette  Co.,  Kansas

MEASUPED  BY:     Vincent  voegeli       1988

SECTION 692-S7

bed

Worl&nd  Limestone  Member

16.    Crinoid4l  Bryozo.n  Skeletal  W&ckestone,  53 cm thick
(overlain  by modem  soiD; very light gny (N8),  wcathcrs  pale
ycllowich orange  (10YR8/6):   moderately  well-sor(cd.  medium-
to  fine-grained;   10%  fossils, including  crinoid  debri.  Q-3%),

bryozoan  fragments,  unidentifi&ble   medium  to  finc  Sand-sized
Skeletal  grainS  (5-7%);  fossils  randomly  orion(cd;   bedding
indistinct;  few olive black  (5Y2/I)   clay-rich  latnin&e  in upper
Part.

15.    Crinoid.I  Wackestone,  60 cm thick;  very ligh(  gray  (N8),
weathers  pale  yellowish orange  (10YR8/6);   moderately  web-
sorted,  medium-  to  fine-grained;   15-20%  fossils.  including
crinoid  debris  (5-7%),  bryozoan  fragments  Q-3%),
brachiopod  chell  frogmcnts  Q-3 %),  Comf)osita   (three
articul&ted,  near  lower contact),  unidcntifiable   medium  to
fine  send-sized  skeletal  graing  (5-7%);  foe8il.  randofnly
oricnt¢d;  indiatinc`  bedding;  medium  gny av5)  mouling
throughout;   olive bl&ck (5Y2/I)   clay-rich lamime  throughout,
concentrated   near  center  and  upper  contac(;  chert  nodule.
(up  to  30 cm long, same  foaeil   colnpoeition  a. surrounding
bed)  throughout,  concen(rated   near  center  and  upper  contact:
upper  contact  gndatioml.

14.    Skclctal  W&cke8tone.  30 cm thick;  very light gray (N8),
we&ther3  pale  ycllowich o"gc  (10YR8/6);   poorly-sor(ed,
coarse-to  fine-grained;  20-25% fossils, including  crinoid
debri.  (8-10%),  Composita.  productid3,  and  other  brachiopod
chcll  fragmcnta,  bryozoan  fragments.  phylloid  algal  fragments,
unidcntifiable   medium  to  flee  Sand-aizcd  skeletal  grain.  (10-
12*); fo]&il8  inow sofne  pfeferendal   horizontal  .lignfnent;
medium  gray (N5)  motlling  throughout;  upper  contic(  chaTp,
fmrked  by crinoid.I  p.ctoonc  lcrty;  olive black (5Y2/1)  clay-
rich  lamime  a( upper  cant.ct.

13.    Brachiopod   Skeletal  Wackestone,  42 cm thick; very light gny
QT8),  wcAthers  pale  ycllowich orange  (10YR8/6);   poorly-
sorted.  co&ce-to  flue-gnined;  30-35 % fossils, including
Comoosita   (5<%, occasionally  articulated).   productids   (I-2%,
rarely  articulated).   Cfurithvri8  Q-3 %, ceca3ion&lly
arliculatcd),   Mesolobus.  crinoid  debris  04%),  phylloid  .lgae
Q-3%, highly frogment¢d),   fusolinid.  (1-3 %, more  .bundant
upward),  unidentifiablc   medium  to  fine  sand-Sizcd  skeletal
grain]  (15-20%);  fo88il.  randomly  oriented,  decrease  in
abundance  upward;  fine.  upward;  distinc(  par(ing  at  28 cm.
marked  by olive black  (5YR2/1)   clay-rich stylolitic  laminac:
bedding  indistinct;  upper  contAc(  gradatioml.
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DEScf}lpTION:   Section  692-S7,  Localfty  692

50  meters  south  of  inactive  south  wall

LOCATION :                    (cont.)

MEASURED  BY:

12.    Brachiopod  Wackestone.  25 cm thick;  light  olive gray
(5Y6/I),  wcathcr.  medium  gny (N5);  poorly-cortcd,  fine- to
coarse-gnined;  4045%  foaeilg,  including  Comoosita   (10%,
fragmcnted  to  .rticulated   with geopet.I,  few in life position),
Crurithvri.  (5%, ceca.iomlly  articulated),   pfoductid   chcll
frogmcnt&,  Wcllerella.  crifloid  dcbri.  (5*),  bivalve fragment..
unidcntifiable   (nediutli  to  fine  rind-eized  .kclctal  grain.  GO-
25 %); foasiJ. nndomly  oriented;  medium  gray a{5)  moding
throughout;   few olive black  (5Y2/I)  clay-rich  laminic
throughou(,   concentrated   .t  upper  contact:  upper  contact
in.rp.

lake  Neosho  Shale  Member

11.    Shale:  (58  cm)  divisible  into  seven  units,  a-g.
IZ±i±±: C&lcarcous  Clay8h&le, 3  cm thick,  olive gray

(5Y3/2).  we&ther3  ligh(  olive gray  (5Y6/I);  20-25 %  fo8sil],
including  productid   chell  fragment.  and  Spincs  (8-10%),
crinoid  oaeicles  Q-3 %),  Crurithyris  shell  frogmcnts  Q-3%),
nmore  bryozo.n  fngmcnt4,  unidcntirlablc   medium  to  fmc
sand-Sized  Skelct.I  gnim  (5-7%);  foaeil. compacted,  aligned
horizontally;    for horizontal  grayich black a42)  Plano]itcs-like
traces;  flaggy par(ing.:  upper  contlc(  gnd.tioml.

Uni(  b: Slighdy Calcareou.  Sh.lc,  3im thick;
grayich black  OV2),  wcathcrs  d.rk  gray (N3);  5 %  fosoili,
including   Crurithvri.  chcll  fragment.,  unidentifrobl¢   medium
to  finc  Sand-gizcd  Skeletal  graim  04%); platy p&rdng!:
upper  coat.ct  ch®rp.

!Zpi!£: C&lcareou.  Clayshalc. 4 cm thick; olive
black  (5Y2/l),  wc&thcr.  olive gray  (5Y4/I);   10-15 %  fossils,
including  Cnirithvrii  (5 %,  few articulated),   Mcsolobu3.
Orbiculoidca.  Mvalina. unidentifi&ble   [nedium  `o  flnc  send-
Sized  Skeletal  gnin.  (5-7%);  flaggy par(ing8;  upper  conuct
gnd.tioml.

Unit  d:  Non<&lcareous  Sh&le,  12 cm thick; gnyich
bl.ck (N2), wcnthere  d.rk gray Or3);  rare  foaeils  (I %).  mostly
Orbiculoidea.   also  conodonte,  few  fish  3c&lcg, plan(  frag(ncnts,
one  Listroc&nthug   spine,  one  Cnirithvris.  one  CliftoDistha-like
bivalve, one  Dunberella-like   biv&lvc; Planolites-like   horizontal
tnce3  (ceca8iomlly  pyritized);  fls8ilc  to  platy  parting8;
gradation.I  upper  coot.ct.

!Zpi!j: Non{dcareouS,  Phoaphatic  Shale, 20 cm
thick; bl.ck (Nl), wc&ther.  d.rk  gray Q13);  very rare  fossils
(< I *), including  Orbiculoidca.  conodonts,  Listrocanthus
spine,  rare  Pl&noli(cs-like   trace.  in uppc[  third;  abundant
di3coid&l  to  apherical  phoaphate   nodule.,  conccn(ra(cd   in
layer in middle  part,  occur lc..  frcquendy  .bovc  this;  fisaile
bedding;  grad.tional  upper  cant.c(.

IZpiLf: Noncalcarcou.,  Phoaphatic  Shale,  10 cm
thick; 8nyich black av2), vcathcr3  medium  d.rk  gray (N4);
r&rc  fo»il. (I %),  including  flit?  bones  and  scales, conodont.,
few Ofbiculoidca.   Pl.nolites-like  lracc.  throughout
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(occasionally   pyritized);  discontinuous    lenses   of yellowish  gray  (5Y7/2)  unidentifiable  silt-
sized  material;  fissile to  platy  bedding;   upper  contact   sharp.

|hi±j=;  Calcareous    Claychale,   8 cm  thick;  olive gray  (5Y4/1),  weathers   yellowish
gray  (5Y7re);  10-15 %  fossils,  including  Crurithvris (34% , frequently  articulated),
Mesolobus.   productid   shell  froglnents   and  apines   (Juresania?I,    Ofoiculoidca`   ramose
dryozoan   fragments,   Petrodus   (dermal  denticles),   unidentifiable  medium  to  fine sand-
sized  streletal  grains  (5-7%); few horizontal  traces   structures   noted;   few discoidal   to
spherical  phoaphate   nodules   (nucleus   Orbiculoidea   or unidentifiable  debris);  platy
prrtings;  upper  contact   gradational.

Amoret Limestone  Member

10.          Crinoidal  Bryozoan   Wackestone,    25 cm  thick;  light olive gray  (5Y6/1),  weathers   greenish
gray  (5GY6/l);  moderately   well-sorted,  medium-  to  fine-grained;   5-10%  fossils,  including
crinoid  debris  (1 %), bryozoan   frogments   (1 %), brachiopod    shell  fragments,   unidentifiable
medium  to  fine sand-sized    skeletal  grains  (3-77o); fossils  aligned  horizontally,  parallel  to
wavy  bedded:   discontinuous    crinoidal-Mesolobus   packstone    lenses   in upper  half; few
dark  gray  (N3) micritic lithoclast;  discontinuous    laterally; upper  contact   sharp.

9. Brachiopod   Cincolitic  Wdckestone,    12 cm  thick;  light o  ve gray  (5Y6/1),  weathers   very
light gray  (N8); poorly-sorted,   coarse-   to  fine-grained;   30-35%  fossils,  including
Comoosita   (5 % , frequently  ar(iculated,   all mud-filled, fe`I/ with preserved   brachidia),
ppeductids   (5%, Jtiresania.   Linonroductus.   occasionally   articulated,   most  whole  valves
overturned),   brachiopod   apines,   crinoid  debris,  ostracodes,    unidentifiable  medium  to  fine
sand-sized    skeletal  grains  (15-20%); nearly  all fossils  "algal"<oated,  most  completely
coated;    "algal"Coatings  have  digitate  to concentric   growth,  digitate  growth  dominant  on
larger  frogments;   some   .algal"Coatings  appear   bored;   fossils  fragments   coarsen   up\Irard,
less   "algal.Coated  upward;   olive black  (5Y2/1)  clay-rich  stylolitic laminae  throughout,
concentrated    at upper,  lower contacts;   compaction   evident  along  laminae;  grayish  black
(N2) shale  parting  at upper  and  lower contact§;   upper  contact   sharp  to  gradational.

Non<alcarcous    to  Calcareous   Mudshale,   1-5 cm  thick;  greenish   gray  (5G6/I),  weathers
light greenish   glny  (5G8/1);   1-2% fossil, including  Cnirithyris and  other  brachiopod   shell
fragments,   high-apired  gastropods,    Mvalim shell  fragments,   chaetetid   frogments,   plant
debris,  unidentifiable  medium  to  fine sand-sized   skeletal  grains;  corroded,   abraded
limestone   fragments   (5-7%, up  to  1 cm,  reworked  clast  of underlying  bed);  flaggy
bedding;   thickens   over  depressions    in underlying  bed;  discontinuous    laterally;  sharp
upper  contact.

Discontinuous   laterally, missing  at  this section.

Wackestone:    110-115  cm  thick;  very light gray  (N8), weathers   yellowish  gray  (5Y7re);
divisible into 2 units,  a and  b.

lkei!La;  Phylloid Algal Chaetetid   Wackestone,    55rfeo  cm  thick;  poorly-sorted,
course-   to  fine-grained;   lower  10 cm  30%  fossils,  including  phylloid algae  (15%),
Composita   (1-2%, few articulated),   gastropods,    unidentifiable  medium  to  fine sand-sized
skeletal  grains  (10%); above   this 40-50%  fossils,  including  phylloid algae  (3-5%), crinoid
debris  (5-7%), Composita   (2-3 %, few articulated),   gastropods,    bryozoan   fragments   (1-
2%), unidentifiable  medium  to  fine sand-sized   skeletal  grains  (20-25%, third algal-
coated);   one  extended   domical  chaetetid,   begins   at  35  cm,  continues   into overlying  unit,
5-7 cm  of sediment   draping  over upper  surfaces;   one  small  high  domical  (smooth)
chaetetid   (25 cm  high)  toppled   over  at contact   with unit b;  most  recognizable    fossils
near  chaetetids,    mostly  unidentifiable  fine-grained  fossils  debris   further from chaetetids;
fossils  randomly  oriented;   bedding   indistinct;  upper  contact   sharp,   marked   by  olive gray

(cunt.)
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2.

(5Y2/1)  clay-rich  laminae;
IIpiLe;  Chaetetid   Skeletal  Wackestone,    55i;0 cm  thick;  poorly  to  moderately

well-sorted,  coarse-   to  fine-grained;    lower half similar to upper  part  of unit a,  slightly
finer grained;   columnar   chaetetid   from unit a belowr  continues   20 cm  into this unit; more
well-sorted  upward,  upper   15  cm  stceletal  packstone    to  grainstone   with endothyroid
foraminiferids,  ostracodes,    gastropods,    brachiopod   shell  frogments,   unidentifiable
mmedium  to  fine sand-sized   skeletal  grains;  fossil fragments   show  graded   bedding,
possible   cross   bedding;      few lithoclast  of green  mudstone   in upper  part;  upper  surface
irregular,  pitted,  eroded;   upper  contact   sharp.

Phylloid Algal Brachiopod   Wackestone,    32 cm  thick; very light gray  (N8), weathers
yellowish  gray  (5Y7re);  poorly-sorted,   coarse-   to  fine-grained;   30%  fossils,  including
phylloid algal  fragments   (10%), Composita   (2-3 %, few articulated   with geopetal),
Cnirithyris (1 %), low-spired  gastropods,    crinoid  debris,  unidentifiable  medium  to  fine
sand-sized   skeletal  grains  (12%); fossils  randomly  oriented;   numerous   olive black
(5Y2/1)  clay-rich  laminae  throughout,   concentrated    near  lower contact,   some   stylolites
along  these;   chert  nodules   (up  to  20 cm  long)  near  lower contact,   same   fossil
composition   as  surrounding   bed;  upper  contact   gradational.

Phylloid AIgal Wackestone,    42 cm  thick;  medium  gray  (N5) to  light gray  (N7), weathers
yellowish gray  (5Y7re);  poorly-sorted,   coarse-   to  fine+grained;   3540%  fossils,  including
phylloid algal  fragments   (10-20%, up  to  several  cm  in length),  gastropods,    crinoid  dchris,
Composita   (1-2%, few articulated),   productid   shell  fragments,   fenestrate   bryozoan
fragments,   LODhoDhvllidium  (in lower half), unidentifiable  medium  to  fine sand-sized
skeletal  grains  (10-15%); one  small  (10 cm  long)  laminar  chaetetid   at  lower contact;
some   skeletal  fragments   algal¢oated    (5%); phylloid algal  fragments   larger,  more
abundant   in lower half, unidentifiable  skeletal  grains  and  algal¢oated   grains  more
abundant   upward;  fossils  randomly  oriented;  bedding   indistinct;  upper  contact   shag,
marked  by  olive black  (5Y2/1)  clay-rich  laminae.

Phylloid Algal Wackestone,    26  cm  thick, light gray  (N7) to  medium  gray  (N5), no
weathered   surface;   poorly-sorted,   coarse-   to  fine-grained;  lower half 25-30%  fossils,
including  phylloid algae  (5 % , highly frogmented),   brachiopod   shell  frogments,   fusulinids
(1-2%), ramose   bryozoan   frngments,   crinoid  debris,  unidentifiable  medium  to  fine sand-
sized  skeletal  grains  (20%, quarter  algal¢oated);   small  (5 cm  long)  laminar  chaetetid   at
lo`ver contact;   upper  half 20-25%  fossils,  including  phylloid algae   (10%, up  to  several  cm
in length),  Composita   (fe`Ar articulated),   I+oDhochvllidium  (one  in life position),  bryozoan,
crinoid  debris,  unidentifiable  medium  to  fine sand-sized    skeletal  grains  (10%, few algal-
coated);   sorting  decreases    upward;   fossils  some`what   aligned  horizontally  in lower part,
randomly  oriented  in upper  part;  olive black  (5Y2/1)  clay-rich  laminae  throughout,
concentrated    at upper,  lower contacts;   upper  contact   gradational.

Fusulinid Skeletal  Packstone,    7 cm  thick;  light olive gray  (5Y6/1),  no  weathered   surface;
poorly-sorted,   coarse+   to  fine-grained;  70-80%  fossils,  including  fusulinids  (60%, some
appear   `rom and  abraded,   quarter  algal<oated),   crinoid  debris  (2-3 %), unidentifiable
medium  to  fine sandrsized    skeletal  grains  (5-15%, two-thirds  algal¢oated);    fossil
some`what   horizontal  aligned;    wavy bedding;   upper  contact   gradational,   marked  by olive
black  (5Y2/1)  clay-rich  laminae.

Skeletal  Cafoonate   Mudstone,   24 cm  exposed,   lower contact   covered;   medium  gray
(N5), no  weathered   surface;   moderately   well-sorted;  5%  fossils,  including  productid   shell
frogments,   fusulinids,  unidentifial>le  medium  to  fine sand-sized    skeletal  grains  (4%, t`ro-
thirds  algal¢oated);    fossils  randomly  oriented;   bedding   indistinct;  upper  contact   sharp,
macked   by  olive black  (5Y2/1)  clay  rich laminae.
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DESCFllpTION: Section  692-S10,  Locality  692

South  wall  in  active  area

LOCATION:  SW  1/4,  NW  1/4,  sec  35,  T.34S,

Pl.17  E,  Labette  Co.,  Kansas

MEASURED  BY:     Vincent  voegeli       1988

SECTION 692S10

bed

Worland  Limestone  Member

15.    Crinoid&l  Wackestone,  60 cm thick;  very ligh(  gray  (N8),
wcathcrs  pale  yellowish orange  (10YR8/6);   moderately  well-
sor.ed,  medium-  to  fine-grained;   15-20%  fossils, including
crinoid  dcbri.  (5-7%),  bryozoan  fragmente  Q-3 %),
bnchiopod  shell  fragments  Q-3 %),  Comf}osit&.  unidcntifiable
medium  to  fine  8&nd-sized  skeletal  grain4  (5-7%);  foaeil3
nndomly  ofiented;  indistinct  bedding;  medium  gray QT5)
mouling  throughout;   olive black (5Y2/I)  clay-rich lamimc
throughout.   conccntnted   nc&r  center  and  upper  contac(;
chcr(  nodule  Q5 cm long  a.mc  fossil composition  .I
surrounding  sedimen()   near  center:  upper  contact  sharp;
limestone  above  thig  approximately  50 cm (imcccs3ible),  soil
developed  above.

14.    Skeletal  Wackestone,  30 cm thick;  very light gray (N8),
wcathcr8  pale  ycllowich orange  (loYR8/6);  poorly  rorted.
coarse-to  fine-gnincd;  20-25 % foa.il., including  crinoid
dcbri.  (8-10%), Comoosiu.  productidi.  and  other  brachiopod
chell  fragmenti,  bryozo&n  frogmcnts,  phylloid  algal  fragmcms,
uhidentifiablc   medium  to  froc  qnd-sized  skelctal  grains  (10-
12%);  fossils  chow  sofne  prcfcrcndal   horizont4l  alignment;
flnes upward,  sorting  inerease9  upward;  medium  gny (N5)
mottling  throughout;   upper  contact  sharp,  f"rked  by olive
black  (5Y2/I)  clay-rich lamimc.

13.    Brachiopod  Skeletal  WAckestone.  45 cm thick;  very light gray
(N8)  to  lighi gray Or8), veath¢r.  ptle  ycllowich onngc
(10YR8/6);  pochy-sor(ed,  cour3c-to  flue-grained;  30-35 %
fossil., including Comoogiq  (5< % , cec.8iomlly articulated),
Cnirithvris  Q-3 % , ceca8iomlly ardcul.ted),   Mcsolob`ie.
crinoid  dcbri.  Q4%). phyuoid  algac?  Q-3%, highly
fragmcnted),   fufLilinid.  (I-3 %,  more  abundant  upward),
unidentifi.ble   medium  (o  fine  8-nd-sized  8kelct.I  grain.  (15-
20%);  fossils  randofnl}  oriented.  ovcmll  decrease  in
abundance  upward;  finc3  upward;  di8tincl  par(ing  at  30 cm.
rmrked  by olive black  (5YR2/I)   clay-rich styloliLic  lamimc;
bedding  indistinc(;  upper  contlct  grad.Lional.

12.    Brachiopod  Wackeftone.  26 cm thick;  light  olive gray
(5Y6/I),  wcathcr.  medium  gr.y (N5);  poorly-sorted,  flue-  to
course-gnined;  4045 % foe.il., including  ComDosita   (10%,
fngmcnted  to  ar(icul.ted  with gcopct.I.  few in life poiition),
Crtyrithvri._  (5 % , cec..iomlly  .fticulatcd),   productid  chcll
fngmente,  Wellcrella.  crinoid  dcbri.  (5%), bivalve fragmcnt3,
unidentifiable   medium  to  fine  und-8izcd  .kc]ct.I  gnini  QO-
25 %);  foaeil. nndomly  oricntcdi   medium  gray (N5)  fnottling
throughou(;   upper  contoc(  abarp,  InArked  by olive bl&ck

(con,.)
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DESCRIPTION: Section  692-S10,  Locality  692

South  wall  in  active  area

LOCATION :               (cont.)

MEASURED  BY:

0-
-------0--©

(5Y2/l)   clay-rich latnimc.

lake Neocho  Shale

11.    Shale:  (65  cm)  divi.ible  into  ecv¢n uric .,.- g.
|Zpi!±: C.lc&rcou.  Claych.le, 5 cm thick, olive gray

(5Y3C),  weather.  light  olive gray  (5Y6/I);  20-25% foaeils,
including  productid  thell  fngment.  and  apine8  (8-10%),
crinoid  os8iclcs  Q-3 %).  Cn]rithvria  chell  fragmcnt4  0-3 %),
ramo8c  bryozoan  fragments,  unidentifiablc   medium  to  flee
s.nd-sized  3kclctal  graim  (5-7%);  fossils  compacted,  aligned
horizontally;  few horizontal  grayich  black  av2)  Planoliteg-like
traces;  flaggy p&rting=;  upper  contact  gTad&(ioml.

Unit  b:  SligRAy C.lcarcou3  Shale.  4 cm thick;
grayich black (N2), weather.  d.rk  gny (N3);  5 %  foe.its,
including  Crurithyri8  chcll  fragments,  unidentifl.blc   medium
to  fine  send-9izcd  8kclct.I  gtlina  04%);  pta(y  par(ingi;
upper  cant.ct  ch.rp.

!Zgi±£: Calcarcou.  Claychale,  5  cm thick;  olive
black  (5Y2/I),  weather.  olive gray (5Y4/l);   10-15% fo8sila,
ificluding Cnirithvri.  (5%,  for articulated),   Mcsolob`i..
Orbiculoidca.  unidentifiablc   medium  to  fine  3.nd-sized
skeletal  gnin.  (5-7%);  flaggy patting.;  upper  contac.
grad&tioml.

!Zpi±.4: Nonealcarcou.  Shale,  12 cm thick: grayish
b]&ck  (N2),  weathct.  dark  gray  (N3);  nre  foaeili  (1%).
Orbiculoidea.   conodonte.  fich  scales;  fiasile  to  platy  par(ing8;
grad.tioml  upper  conqct.

!ZEi±.i: Non{.lcareou.,  moaph&tic  Shale.  22 cm
thick; black (Nl), weather.  dark gray Q13);  very nre  foesila
(< 1 %), including  Ofoiculoidc.`  conodont.,  Listrocanthu]
apinc,  rare  Pl&nolitee-like  tflcc.  in upper  third;  .bundant
discoidal  to  sphcric.I  phosphate   nodule.,  conecnmted   in
continuoui  I.yc. in middle  par(,  occur ]cso  froqucntly  above
this;  fiaeile bedding;  gndatioml  upper  coobct.

!ZpiLf: Nonialc.rcou.,  moaph.tic  Shale.  10 cm
thick; gnyich black (N2).  wc.thor.  medium  d.rk gray 044);
nrc  fossil.  (1 %),  including  rich scale., conodont..  few
Orbiculoidc&.   Planolite3-like   tnce.  throughout   (cec.siofully
pyritized);  diseonlinuoii.`  lenac3  of ycllowich gray (5Y7C)
unidcntifiablc   lilt-Sized  material;   flaeile  to  plo(y  bedding;
upper  contoc(  ch&xp.

gdy(5T4/#£th¥£a;ciro.wt+ayg:?e('5+?%T;i#5%!Ve
fo8sill, ine]uding  Crurithvri3  ®4*. frequcndy  .rticulated),
Mceolobue.  pioductid   chcLl  frogtncnt4  and  apincs  (JurcsonialD,
Oftiiculoidc_a_.   ramoec  bryozo.n  frogmeno,  Petrodus   (dcrrml
dcnticlee),  unidcntifi.ble   mediufn  to  finc  »nd-8izcd  .kelet4l
grain.  (5-7%);  few di3coidal  phoaphate   nodule.  (nuclcu.
Otbiculoidca);   pl&ty  p.I(ing3;  upper  contAc(  gradational.

(con'.)
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Amoret  Limestone  Member

10.          Crinoidal Bryozoan   Wdekestone,    28-33  cm  thick;  light olive gray  (5Y6/1),  weathers
greenish   gray  (5GY6/1);  moderately   weu-sorted,  medium-  to  fine+grained;  5-10%  fossils,
including  crinoid  debris  (196), bryozoan   frogments   (1 %), brachiopod   shell  fragments,
Heliosoonria.   phylloid algal  frngnents   (in upper  2 cm)  ostmcodes,    unidentifiable
mediu]n  to  fine sand-sized   streletal  gmins  (3-7%); few  .algal' coated   stceletal  grains;  fossil
fragments   sub-angular   to rounded;   fossils  randomly  oriented;    parallel  to vevy bedding;
discontinuous   crinoidal-Mesolobus   packstone   lenses   in upper  quarter:;  frequent  medium
dark  gray  (N4) mottling  in lo`ver t`ro-thirds;  discontinuous    laterally; upper  contact   shap.

Brachiopod   Oncolitic  Wackestone,    4-11  cm  thick;  light olive gray  (5Y6/1),  weathers   very
light gray  (N8); poorly-sorted,   coarse-   to  fineTgrained;   30-35%  fossils,  including
Composita   (5 % , frequently  ariculated,   all mud-filled, fe`I/ with preserved   brachidia),
produetids   (5%, Juresania.   Linot]roductus.   ocoasiomlly   articulated,   most  whole  valves
overturned),   brachiopod   apines,   crinoid  debris,  unidentifiable  medium  to  fine sand-sized
skeletal  grains  (15-20%); needy  all fossils  .algal.Coated,  most  completely   coated;    .algal"-
coatings   have  digitate  to concentric   growth,  digitate  growth  dominant  on  larger
frogments;   some   .algal"Coatings  appear   bored;   fossils  frogments   coarsen   upward,  less
"algal"Coated  upward;  olive black  (5Y2/1)  clay-rich  laminae  throughout   (imparts  a
nodular  appearance    `where  bed  thins),  concentrated    at upper,  lower contacts;
compaction    evident  along  laminae;  grayish  black  (N2) shale  parting  at upper  and  lower
contacts;    upper  contact   gradational.

Non<alcareous    to  Calcareous   Mudshale,  04 cm  thick;  greenish   gray  (5G6/1),  weathers
light greenish   gray  (5G8/1);   1 %  fossil, including  brachiopod   shell  fragments,   high-apired
gastropods,    shell  fragments,   plant  debris,  unidentifiable  medium  to  fine sand-sized
skeletal  grains;  corroded,   abraded   limestone   fragments   (\)p  to  1  cm,  rewocked  clast  of
underlying  bed);  flnggy  bedding;   thickens  over  depressions    in underlying  bed;
discontinuous   laterally; shop  upper  contact.

Discontinuous   laterally, missing  at  this  section.

Wackestone:    130 cm  thick; very light gray  (N8), weathers   yenowish gray  (5Y7re);
divisible into 3 units,  a¢.

Iznii£:  Phylloid Algal Chaetetid   Wackestone,   48-50 cm  thick; poorly-sorted,
coarse-   to  fine-grained;   lower  10 cm  30%  fossils,  including  phylloid algae   (15%),
Composita   (1-2%, few arheulated),   gastropods,    unidentifiable  medium  to  fine sand-sized
skeletal  grains  (10%); above   this  40-50%  fossils,  including  phylloid algae   (3-5%), crinoid
debris  (5-7%), ComDosita   (2-3 %, fin articulated),   gastropods,    bryozoan   hagments   (1-
2%), unidentifiable  medium  to  fine sand-sized   streletal  grains  QO-25%, third algal-
coated);   one  extended   domical  chaetetid   at 25 cm,  continues   through  upper  contact
with unit b, begins  on bellerophontid   (sediment   drapes   over upper  surface  5{ cm);
most  reeognizable   fossils  near  chaetetid,   mostly  unidentifiable  fine-grained  fossils  debris
further from chaetetids;    fossils  randomly  oriented;  olive gray  (5Y3re)  mottling
throughout;   bedding   indistinct;  upper  contact   shap,  marked  by  olive gray  (5Y2/1)  clay-
rich lanrinae.

IZEii±;  Chaetetid   Skeletal  Wackestone,    63-73  cm  thick;  poorly  to  moderately
well-sorted,  coarse-   to  fine-grained;    lower half similar to upper  part  of unit a,  slightly
finer grained;  20 cm  thick laterally discontinuous    lens  of phylloid algal  fragments   10 cm
above  contact   with unit a, drapes   over  chaetetid   (5-7 cm);  more  well-sorted  upward;    few
lithoclast  of green  mudstone   in upper  part;  olive gray  (5Y3/2)  mottling  throughout;
vertical  spar-  and  mud-filled rootlet-like structures   in upper   15  cm;  where  unit c  is
missing,  upper  surface   is pitted  and  eroded;   upper  contact   sharp.

(cont.)
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3.

2.

|IgiLe;  Chaetetid  Rudstone,   0-20 cm  thick;  made  up  nearly  entirely of
overturned,   frogmented   chaetetids;    matrix is   skeletal  wackestone    with brachiopod   shell
fhagments,   unidentifiable  fine sand-sized   skeletal  frogments;   chaetetids   in the  upper  part
eroded,   pitted;  discontinuous    laterally:   upper  contact   sharp.

Phylloid Algal Wackestone,    47-50 cm  thick; pale  yellowish brown  (10YR6re),  no
weathered   surface;   poorly-sorted,   coarse-   to  fineTgrained;  4045%  fossils,  including
phylloid algal  frogments   (15-25%, more  abundant   upward),   Composita   (1-2%, few
articulated),  IroohoDhvllidium.  crinoid  debris,  unidentifiable  medium  to  fine sand-sized
skeletal  grains  (10-15%); one  small  laminar  chaetetid   (5 cm  long,  3  cm  high)  near  lower
contact;   fossils  (except   chaetetidy   randomly  oriented;   bedding   indistinct;  olive black
(5Y2/1)  clay-rich  laminae  throughout;   olive gray  (5Y3re)  mottling  common   in upper  half;:;
thins  laterally, appears   to be  thickest  at  this section;   upper  contact   gradational,   marked
by  disappearance     of clay-rich  laminae.

Phylloid Algal Wackestone,   27-30 cm  thick, medium  dark  gray  (N4) in lower third,
medium  gray  (N5) in upper  t`ro-thirds,  no  weathered   surface;   poorly-sorted,   coarse-to
fine-grained;  can  be  roughly  divided  into 2 units,  a  and  b.

Ikei!j!;  45-50%  fossils,  including  phylloid algal  frogments   (25-30 %), Composita
(2-3 % , few articulated),   Iroohot]hvllidium.  Pulchratia.  produetid   apines,   unidentifiable
medium  to  fine sand-sized   skeletal  grains  (15%, sixth algal¢oated);    upper  contact
gradational   with olive black  (5Y2/1)  clay-rich  laminae.

ILei!J2;  similar to  unit a,  contains   less  phylloid algae   (15-20%), more
unidentifiable  medium  to  fine sand-sized   skeletal  grains  (20-25 % , third algal<oated).
Fossils  throughout   randomly  oriented;  bedding   indistinct;   numerous   olive black  (5Y2/1)
shale  stringers  at upper  contact   (14 cm  thick), contains   skeletal  packstone    lenses
consisting   mostly  of crinoid  debris,  also  bryozoan   fragments,   echinoid  spines,
brachiopod   shell  fragments,   and  unidentifiable  medium  to  fine sand-sized   skeletal  grains;
very light gray  OT8) chert  nodules   at upper  contact;   upper  contact   sharp.

Phylloid Algal Wackestone,    16-20 cm  thick, very light gray  (N8) to  olive gray  (5Y4/1),  no
\veathered   surface;   poorly-sorted,   coarse-to  fine-grained;   lo`ver half 25-30%  fossils,
including  phylloid algae   (5%, highly frogmented),   brachiopod   shell  hagment§,   fusulinids,
ranose   bryozoan   fragments,   crinoid  debris,  unidentifial]le  medium  to  fine sand-sized
skeletal  grains  (20%, quarter  algal¢oated);    lamimr  chaetetid   (10 cm  long)  at upper
contact;   upper  half 20-25%  fossils,  including  phylloid algae  (10%, up  to  several  cm  in
length),  Composita   (fox/ articulated),  Ioohochvllidium.  bryozoan,   crinoid  debris,
unidentifiable  medium  to  fine sand-sized   skeletal  grains  (10%, fevr algal<oated);    sorting
decreases    upward;  fossils  randomly  oriented;  olive black  (5Y2/1)  clay-rich  lamime
throughout,   concentrated    at upper,  lover contacts;   upper  contact   gradational.

Fusulinids  Packstone,    15 cm  thick;  olive gray  (5Y4/1),  no  weathered   surface;   poorly-
sorted,   coarse-   to  fine-grained;   80%  fossils,  including  fusulinids  (60%, third algal¢oated),
crinoid  dchris,  unidentifiable  medium  to  fine sandrsized   skeletal  grains  (15%, t`ro-thirds
algal¢oated);    two  smll  (up  to  10 cm  across)   low domical  chaetetids    in upper  half, one
overturned   with continued   upward  growth,  one  at  upper  contact;   sediment   drapes   over
chaetetids   34 cm;  wavy bedded;   upper  contact   gradational   with numerous   olive black
(5Y2/1)  clay-rich  laminae.

Skeletal  Wackestone,    16 cm  exposed,   lover contact   covered;   medium  gray  (N5), no
weathered   surface;   moderately   nell-sorted,  nedium-  to  fine-grained;  5-15%  fossils,
including  phylloid algae  (up  to 2%, highly frngnented),   crinoid  debris  (up  to 2%),
fusulinids  (1-3 %), Composita   and  Cnirithyris shell  fragments,   unidentifiable  medium  to
fine sand-sized    skeletal  grains  (3-13 %); algal  coatings   on  quarter  of fossils;  randomly
oriented;  bedding   indistinct;  upper  contact   shap,  marked  by  numerous   olive black
(5Y2/1)  clay-rich  laminae.
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AppErolx  c

iiEA8tmED  sTRATIGRAPHlc  8E;cTIONs

LOCZLI.IIY   693

Abandoned  quarry  owned  by  Ben  Donley,
Coffeyville,  Kansas
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SamD]es   collected    at ]oca]itv  693

Sample   no.
693-SI
S-1.

1

2
2b
2c
2d
3a
3b
4a
4b
5c
7a
10a
8
lob
11

9a
12
13a
13b
9b
14a
14b
15a
15b

Level

upper  contact,   bed  2
lower contact,   bed  3
upper  half, bed  3
nriddle pat, bed  4
upper  contact,   bed  4
upper  half, bed  5a
lower third, bed  5b
lower third  bed  5c
upper  cofltact,   bed  5c
upper  half, bed  5c
lower contact,   bed  9
lower contact,   bed  10
riddle  part, bed  10
upper  contact,   bed  10
entire  thickness,   bed  11
lower half, bed  9
upper  half, bed  12
lower contact,   bed  13
upper  half, bed   13
upper  contact,   bed   13
lower contact,   bed  14
upper  contact,   bed  14
lower contact,   bed  15
upper  half, bed  15

riddle  part,  bed  3
upper  part,  bed  4
lower half, bed  5a
upper  half, bed  5b
upper  third, bed  5c
upper  contact,   bed  6
upper  contact,   bed  8
lower third, bed   10
upper  contact,   bed  10
upper  third, bed  1o
entire  thickness,   bed  12
lower contact,   bed  13
upper  third, bed  13
upper  contact,   bed  13
lower contact,   bed  14
upper  contact,   bed  14
lower contact,   bed  15
upper  third, bed  15
upper  third. bed   15

Sample   no.
693rs5
S-5.

1a
2b
3
4b
5cl
5c2
7
8
15
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Level

upper  half, bed  1
upper  balf, bed  2
entire  thickness,   bed  3
upepr  half, bed  4
riddle  part,  bed  5c
riddle  part, bed  5c
entire  thickness,   bed  7
entire  thickness,   bed  9
lower contact,   bed   15

entire  thickness,   bed  3

nriddle  part,  bed   10
upper  contact,   bed  10
entire  thickness,   bed   12
lower third, bed  13
lower half, bed  13
upper  contact,   bed   13
lower third, bed   14
upper  contact,   bed   14
lower contact,   bed   15
upper  contact,   bed   15
unit a,  bed   16
lower half, unit b, bed   16
upper  half, unit b, bed  16
unit c,  bed   16
lower contact,   bed   17
lower third, bed  17
upper  half, bed  17
upper  surface,   bed  17

upper  part,  bed  5c
entire  thickness,   bed  6
entire  thickness,   bed  7
lower contact,   bed  8
lower third, bed  8
nriddle  part,  bed  8
upper. third, bed  8
lower contact,   bed  9
entire  thickness,   bed  10
entire  thickness,   bed  11
contact   between   beds   12,  13
lower contact.   bed   13
lower third, bed   13
riddle  part,  bed  13
lower contact,   bed   14
riddle  part,  bed   14
lower contact,   bed   15
lower  third, bed   15



DESCF}lpTloN:   Section  693-C1,   Locality  693

core,  70  meters  S46E  of  693-S1

LOCATION:  SE  1/4,  SE  1/4,  see  36,  T.35S,

Pl.18  E,  Labette  Co.,   Kansas

MEASUFIED  BY:     Vincent  voegeli        1990

SECHON 693{1

bed

Amorct  Limestone  Mcmbcr

6.      Gastropod   Ostracode  Carbonate  Mudstone  to  Wackestone,
18 cm thick;  yellowish gray (5Y7re);  well-.orted,  fine  to
mcdiutn  gnined;  5-10%  foe.il., including  high-apircd
ga8tropods,  ostncode&.  unidcndfiable   medium  to  froe  sand-
Sized  skeletal  grains  a-7%);  fo&sile  randomly  orienlcd;
bedding  indistinct;  .mall  iron-stained   mud-  or spar-filled
burro`i/-  and/or   rootlctJlifee   etnicaitce  throughout;   Some
medium  ligh( gny OV6)  monling;  upper  surfece  top  of cofc.

5.      Rudstone   to  Wackestone,   181 cm thick:  medium  gny (N5)  to
yellow/ish gray (5Y7A);  divisible  into  three  units,  .i.

!Ipi!±: Chaeeetid  Rudstone   to  Boundstone,   40 cm
thick;  nearly  emirely  chaetetids;  laminar  chaetctid   at  low/er
contact;  above  thii  are  hagmented,  lamimr  chaetetida  (10 cm
thick);  matrix  unidentifiable   medium  to  fine  sand-sized
ckelet&l  grain.  or  spairy  calcite;  res(  of unil  one  Solid
chactetid,  upper  5 cm of v`rhich ii highly thcaired;  upper
conl4ct  Sharp,  acparated   from  unit  ti  by 3 cm thick pale
yellowish orange  (10YR8/O   calcafcoua  cl&yahale.

!Zgi!±: ctactetid   Boundstone   to  Skeletal
Wackestonc,  90 cm thick; lower 28 cm skeletal  wackestone  to
packstonc;  moderatel)I  well-sor(ed;  comain  fus`ilinids,
brachiopod  apine.  and  Shell  frogment4,  Ioohot]hvltidium.
unidcntifiablc   fncdium  to  fine  .and-sized  skeletal  grai";
bedding  indistinct;  next 34 cm made  up  nearly  cntifcly  of
chactetid   frogment4;  matrix betv`rcen  fragment.  coabe  apar  or
alkelctal  packstonc  containing  br&chiopod   chell  frogment],
nmosc  bryozoen  frogments,  unidcntifiablc   medium  to  fine
land-Sized  Skeletal  gnins;  Iamimr  to  `Iravy bedded;  rest  of
`init  ir one  continuoui  chaetctid   to  upper  contact;  uppercot- try.

!ZE!Lg: Chaetctid   Skeletal  Wackcstone  to
Grainstone,   51  cm thick:  `I/cll-sorted,  medium-to  fine-
grained;   contain.  fev`r ch.ctctid.,  diaplaccd.  hgmcnted;
matrix  i. wackestone  to  gninstone  with gastropod9  fhgmcnt.,
bnchiopod  ihell  frogment.,  unidcntifiable   mcdiufn  to  fine
I.nd-.ized  .kelctal  gnini (frequently  algalioatcd);  fo.ril.
nndomly  oricnled;  bcddin8  indiftioct;  grainstone  f€l.live  to
wackectone  herca.c.  `ipw.rd;  daric gny (N3)  motlling
throughout;  `lppcr  contact  .h.p,  stylolitic.

4.      Chaetctid   Phylloid  Algal Wackestonc,  23 cm think;  light  olive
gny (5Y6/I);  poorly-aor(cd,  come-  to  fine-gnincd;  lower 7
cm nndomly  oricned  laminar  chactctid   frogmcnta;  .parry
c&lcit¢  filling in irca.  bctwccn  frogmcnt.;  abo`re  thi.  30%
fo..il., including phylloid  ulgal  fragment.  (10*).  nmo.c
bryozoan  frogmcnt.,  .fnall  ch&ctetid   frogmente  (<  O.7 cm),

(coat.)
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3.

2.

A.

a.

unidentifiable  medium  to  fine sand-sized   skeletal  grains  (15%); fossils  more  fragmented
upward;   few micrite lithoclast  throughout;   upper  contact   sharp,  marked  by olive black
(5Y2/1)  clay-rich  laminae.

Phylloid Algal Wackestone,    30 cm  thick;  light olive gray  (5Y6/1);   poorly-sorted,   coarse-
to  fine-grained;  25-30%  fossils,  similar to bed  2; phylloid algae  slightly more  abundant,
becomes    more  hagmented,   less  common   upward;  one  micrite  intraclast;  fossils
randomly  oriented;  bedding   indistinct;  olive black  (5Y2/I)  clay-rich  laminae  near  center
and  at upper  contact;   upper  contact   shap,  stylolitic.

Phylloid Algal Wackestone,    15  cm  thick;  light olive gray  (5Y6/1);  poorly-sorted,   coarse-
to  fine-grained;  20-25%  fossils,  including  phylloid algae   (5-10%, up  to 2 cm,  more
fragmented   upward),  brachiopod   shell  fragments   (in lower 5 cm),  gastropods,
unidentifiable  medium  to  fine sand-sized   skeletal  grains  (10-15%); fossils  randomly
oriented;   bedding   indistinct;     few micrite clast  in upper  half; some   spar-filled  shelter
porosity  under  phylloid algal  frogments;   sharp  upper  contact,   marked  by  olive black
(5Y2/1)  clay-rich  laminae.

Fusulinid Skeletal  Packstone,    6.5 cm  thick;  light olive gray  (5Y6/l);  poorly-sorted,
coarse-   to  fine-grained;  75-80%  fossils,  including  fusulinids  (30-35%, some   frogmented,
abraded),   phylloid algae?   Qighly frogmented),   brachiopod   shell  fragments,   crinoid
debris,  unidentifiable  medium  to  fine sand-sized   skeletal  grains  (3540%); fusulinids  10%
algal¢oated,   other  fossils  80%  algal¢oated;   wavy bedded;   upper  contact   sharp,  marked
by  olive black  (5Y2/1)  clay-rich  stylolitic lamime.

Crinoidal  Coated   Grain Wackestone,    24 cm  thick;  light olive gray  (5Y6/1)  to  olive gray
(5Y4/1);  moderately   well-sorted,  medium-  to  fine-grained;  25-30 %  fossils,  including
crinoid  debris  (4-8%, more  common   in lower half), brachiopod   shell  fragments,   bryozoan
fragments,   fusulinids,  unidentifiable  medium  to  fine sand-sized    skeletal  grains  (15-20%);
algal¢oated   fossils  throughout,   more  common   in upper  third; fossils  randomly  oriented;
bedding   indistinct;  few lithcelast  at upper  contact;   ohve black  (5Y2/l)  clay-rich  laminae
12 cm  above   lower contact;   dark  gray  OV3) mottling  in upper  half; spar-filled  fractures  in
upper  third; upper  contact   sharp.

Phylloid Algal, Coated   Grain Wackestone,    17 cm  recovered;   olive gray  (5Y4/1);  poorly-
sorted,  coarse-   to  fine-gmined;  4045%  fossils,  including  phylloid algal  fragments   (10-
15%, more  common   upwnd,  most  algal¢oated),   productids   (1-2%, mostly  shell
fragments   and  spines,   one  articulated  and  overturned,   algal-oated),   high-spired
gastropods    (uncouted),   crinoid  debris  (uncoated),   bryozoan   frogments   (algal¢oated),
unidentifiable  medium  to  fine sand-sized   skeletal  grains  (20-25%, two-thirds  algal-
coated);   fossils  randomly  oriented;  bedding   indistinct;  few apar-filled  fractures  in upper
half; upper  contact   shap,  marked  by abrupt  disappearance     of phylloid algal  fragments;
olive black  (5Y2/I)  clay-rich  laminae  directly  above  upper  contact;   no  lower contact.
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DESCRIPTION:   Section  693-S1,  Locality  693

9  meters  east  of  NW  corner

LOCATION:  SE  1/4,  SE  1/4,  see  36,  T.35S,

P.18  E,  Labette  Co.,  Kansas

MEASURED  BY:     Vincent  voegeli       1988

OoaoGg

SECTION 693"

bed

Azborc(  himectone  Member

15.    Brachiopod  Crinoidal  Wackestone,  34-38 cm thick, upper
stirface  top  of rock outerop:  very light gray a{8)  to  ligh( gray
av7), vc&thcr.  very p.le  onnge  (10  YR  8/2)  to  dark
yello`lriah onngc  (loYR6/6):  poorly-sorted,  coar.e-  to  fine-
gnined;  25-30* fosail3, including  Comoosita   (5%,
cecaeionally  articulaeed),   productid.  (I-2 %, Dcsmoincsia.
LinooToductua.   rarely  articulated,  ovcrtumed),  Cnlrithvris.
Mcsolob`i8.  crinoid  debri.  (5%),  echinoid  Spines,  tour-and
high-apired  gastxpods,  nmose  bryozoan  frogmcnLB,
bcllerophondds,   phylloid  algac  (I-2%  in  lower  10 cm),
unidentifiablc   medium  to  fine  Sand-8izcd  Skeletal  gnins  (10-
15%);  most  bnchiopod3  fhgmcnted;   most  small  fossil  dcbria
algalioaled,  gone  larger  fossils alg&l<oatcd;  Small  05 cm
thick, 2 cm long)  laminar  chaetetid   in loll/er half, cncrus(ing
upper  stirface  of articulated  Comf]osit.:  fossils nndofnly
oriented;  bedding  indistinc.;  moldic  porosity  throughout;
dcprcsoioni  ofi upper  sorfLcc  occasionally  filled  v`/ith  Skeletal
v.ckeatone  conBi8ting  predominantly   of unideutifial]le
frogmentcd   skeletal  gnim,  fe`ir brachiopod  and  crinoid
frogment4  (some  grain  pmially  to  cndrcly  8ilicificd).

14.    Phylloid  A|gal Brachiopod   Wackestonc,  32-34 cm thick; ligh(
gny Q17), wcather3  light olive gray (5Y5C)  to  clack yellowish
onnge  (loYR6/®;  poorly-sorted,  coarse-  to  fineTgnined;  35-
40%  foe3il3, including  phylloid  a|gac  (10-15%, up  to  scvcral
Cm long, quafter    tlgal<oated),  Comoosita  (1-2%, nrely
articulated).   productidi  (Linooroduct`is.   r.rely  articulate®,
Mesolobua.  Cnirithvria.  crinoid  debri]  04%),  cchinoid  spine.
and  plates,  fenestntc   bryozoad  fhgmcnt3,  unidentifiable
medium  to  fine  Sand-.ized  .kelctal  gnini  (15-20%, aomc
ulgalioat¢d);  .fnall  (10 cm long, 2-3 cm thicD  lamimr
ch&ctctidi   13 cm below/  upper  contact,  cncnisting  phylloid
algal  fragment;  foe.il. nndoml)I  oriented   (except  chactctid.
Which occur in pl&cc);  bedding  indistinct;  medium  light  gray
(N6)  fnottling  in lourer  15 cm and  `ippcr  3  cm; on upper
nirface  are  nufncrous  arLic`ilatcd   and  frogmentcd   Comoosita.
Jute..nil  (moat  .]g.lie.ted,  few uncoatcd,  .one `Irith well-
prcacrved  bnchidi.,  nndofnly  oriented,  few Juresani(  with
wellprcscr`rcd  pine.),  .I.a, Mc.olobu..  cchinoid  apinc..
crinoid  dcbri.,  fence(rate   bryozo.A  frogmcnt3,  unidcntifial]le
fnedium  to  fine  ..nd-.ized  Skeletal  gTainl; upper  comict
•harp,  marked  by 2-3 cfn thick  calcareou.  clayahale.

13.    Phylloid  Algal  Crinoidrl  Wackestone,  3940 cm thick; olive
gny (5Y3C),  wcathcr)  pale  yellow/lab orange  (10YR8/6)   to
d.ck  ycllowiab or.ngc  (loYR6/6);   poorly-.orted,  co&rae-  to
fificngnincd;    3540* fo..il.. including phylloid  a|gao  (10-

(com.)
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DESCRIPTION:   Section  693-S1,   Locality  693

9  meters  east  of  NW  corner

LOCATION :                  (co nt.)

MEASURED  BY:

-0-
®-

15 %, up  to  8cv¢nl cm long, third  algal{outed).  crinoid  debri.
(5 %, few .lgalio.ted,  oaeiclc. .nd  other  fragments),
ComDosita  (I *,  few .rticulatco,   low-3pircd  g.stropod..
unidentifiablc   medium  to  fine  Sand-Sized  Skeletal  grain.  (15-
20%, some dgaliout¢d);  I.minar  chictctid  frogmcati  nc.I
upper  contact;  foaeil.  randomly  oriented;  bedding  indisdnec
ligh. gray Or7)  to  medium  light gray av6)  horizontol  moding
thro`ighout;  upper  contac(  Sharp  to  grad.tion.I.

12.    Crinoidel  W.ckcs.one,  10 cm thick;  light gny av7), weathcb
pale  yellowich onnge  (loYR8/6)   to  ycllowich gny (5Y7C);
moderately  well-sor.cd,  medium  to  fine-gnincd;  3540*
foasila, including  crinoid  debri.  (10-15%), Composita   (moldy
thcll  fragment.,  few whole dia.fticulatcd   valve.), br.chiopod
ipine., phylloid  ulgac?  Qighly  hgmcntco,  unidentifichle
medium  to  fine ..nd-.izcd  .kel¢tal  gnin. (10-15*); fouil.
randomly  oriented;  bedding  indistinct;  upper  contact  i.  ah&rp.

11.    Calcareou.  Claychale,  5 cm thick;  dark  ycllowiin orange
(10YR6/6),  weather.  pale  ycllowich oraLnge  (10YR8/6);  20-
25 *  foaeili, including  crifroid.  (10-15*, a..icl¢., platea),
Mcsolobu.  a-3 *. often  whole valvci. froqucndy  .rticulated),
fencatnte  bryozo.a hgmcnla,  prodrctid  fragment.  .nd
apinc.,  Cofnoosit.  chell  froglnent.,  uridcniifroblc   medium  to
fine  ..nd-eizcd  .kelct.I  graini;  few diacontinuou.  w.ckcs(one
to  p.ck3tone  lcnsc.  of crinoid  dcbri.  and  Mcsolobu.  valve.;
fl.ggy to  platy  p.rfug.;  upper  cont4ct  charp.

10.    Phylloid  Algul  Br&chiopod  Wackestone,  2l-24 cm thick;
medium  light gray OT6), weather.  pd®  y¢llowiin brov`rn
(10YR6n)   to  dark ycllowith orange  (10YR6/6);  pcorly-
col(cd,  co.r)e- to  fine-grained;  3540* fouil.. including
phylloid  algal  frogfnent.  (10-15%, fnoa(  leae than   I  cm in
length).  crinoid  dcbri.  Q-3%),  ColTq.o8iti  (I *, few
afticul.ted,  randomly  oriented,  mild-  or nrcly  ap.r-fflled),
productid.  a-3 % , J`ires.nia.  Desmoincsia,  froquefilly
&rdcuhted,  mLid-  or ap&r-filled.  rlrcly  in life polition,  mo*
nndoinly  orienleo,  uridendfi.ble  medium  to  fine  und-.ized
•kel¢ul  graini (10-15%);   phylloid .lg.c h.lf .lgtlio.ted.
fifth  of other  foiail. algalioated;  foaul. rmdofnly  oriented:
•mall  (<8 cm ]onD  chcr(  nodulci  in middle  part;  bedding
india(inct:  upper  contact  ch.rp,  iron  dained.

9.      Crinoid&I  Wackeftone,16-20cm thick;  medium  light gny
OT6), wcathcr]  d.rk  yellowich onngc  (10YR6/6):  moderately
well-rotted,  medium-  to  flee-gnined;  20-25 * fossil., il]clud.Lng
crinoid  debri.  (5-10*), Cormositi  chcll  fngtnent.,  Juresani.
(few noted,  Ino3uy  chclJ  fragment..  one  .rticul.ted),   nmoac
and  fenestnte  bryozo.a  fragtnenL.,  Mcsolobu.  shell
frogmcnle,  CrurithvTi.  chcll  fragmcntii,  low-8pifed  ga8Lropod.,
phylloid  algae  (in upper  qurter.  highly fragmenled),
ostncodc.,  unidentifiablc   medium  to  flnc  a.nd-.izcd  ck¢lct&l
gnin. (10-15 %); "ny foaeili p.r(ialJy  to  completely  dgd-

(con'.)
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7.

6.

5.

coated;   fossils  randomly  oriented;  medium  light gray  (N6) horizontal  mottling
throughout;   bedding   indistinct  except   for platy partings  in upper  5 cm;  upper  contact
gradational.

Brachiopod   Oncolitic  Wackestone,    20-28  cm  thick;  light gray  (N7), weathers   medium
light gray  (N6); poorly-sorted,   coarse-   to fine-grained;  4045%  fossils,  including
productids   (Juresania   and  others,   8-10%, quarter  articulated,   mud-filled), Composita   (2-
3 %, frequently  articulated,   mud-filled), brachiopod   spines,   crinoid  debris,  small  low
domical  chaetetid   (8 cm  high,  12 cm  wide, begins  on productid  oncolite),  unidentifiable
medium  to  fine sand-sized   skeletal  grains  (30-35%); most  fossils  entirely  algal¢oated   (up
to  2 cm  thick,  somewhat   less  well coated   upward);  articulated  brachiopods    more
common   upward;  algal-oated   lithcolast;  olive black  (5Y2/1)  clay-rich  laminae
throughout   (imparts  a nodular  appearance);    lower  1 cm  black  (N1) platy  calcareous
shale  with hagmented   skeletal  debris  ®roductid  apines   and  shell  fragments,   Linqula?,
unidentifiable  medium  to  fine sand-sized   skeletal  grains);  upper   1  cm  olive black  (5Y2/1)
platy  shale  with articulated  algal-oated   Composita,   productids   ®iscuit  shaped),
unidentifiable  medium  to  fine sand-sized   skeletal  grains;  upper  contact   sharp.

Calcareous    Clayshale,   2 cm  thick;  grayish  olive (10Y4/2),  weathers   pale  olive (10YR6/2);
contains   plant  remains,  productid   spines;   this unit thickens   to right of this  section  and
contains   a thin (0.8 cm  thick, 5{ cm  long)  coal  smut  in lower part;  upper  contact   sharp.

Skeletal  Carbonate   Mudstone,   9-13  cm  thick; very light gray  (N8), weathers   same;   well-
sorted,   fine-grained;   rare  fossils  (2-3 %), including  high-and  low-spired  gastropods,
unidentifiable  medium  to  fine sand-sized    skeletal  grains  (1-2%); fossils  randomly
oriented;  numerous   bunow-  and/or   rootlet-like structures   (up  to  10 cm  long,  most  2-3
cm  long,  up  to  1  cm  wide,  most  mud-filled and  iron stained,   few spar-filled,  occasionally
bifurcate  downward);   stylolites  throughout,   frequently  associated    with olive black  (5Y2/1)
clay-rich  laminae;  upper  surface  pitted,  eroded, -with occasional    in-place  breeciation;
discontinuous    dark  yellowish orange   (10YR6/6)  mudstone   at upper  contact,   inter-
fingered  with in-place  brecciation;   apar-filled  froctures  on upper  surface;   upper  contact
sharp.

Wackestone   to Boundstone:    159-173  cm  thick;  divisible into three  units,  a-.
|ZEi!j±;  Skeletal  Wackestone    to Packstone,    20-25  cm  thick;  olive gray  (5Y4/I),

weathers   light olive gray  (5Y6/1)  to  grayish  black  OT2); moderately   well-sorted,  medium-
to  fine-grained;  45no0%  fossils,  including  fusulinids  (4-5%), crinoid  debris  (7-8%,
somewhat   clumped   together),   Composita   (mostly  shell  frogments,   few articulated),   other
brachiopod   shell  frogments,   bryoroan   fragments,   unidentifiable  medium  to  fine sand-
sized  skeletal  grains  (3045%, 2/3  algal¢oated);   laminar  chaetetid   at  lower contact,
becomes    high  domical  (ragged)   upward,  continues   into  the  overlying  unit; sediment
drapes   over upper  surface   of chaetetid   34 cm;  vertical  burrow-like structure   (10 cm
long,  1.5 cm  wide);  wavy bedded;   upper  surface  very inegular away  from this  section;
upper  contact   sharp,  marked  by  thin black  QT1) shale  partings  with crinoid  debris,
fusulinids,  and  unidentifiable  medium  to  fine sand-sized   skeletal  grains.

ILei!J2;  Chetetid   Boundstone,    58rf9 cm  thick;  light gray  (N7), weathers   light
olive gray  (5Y6/1)  to olive gray  (5Y3/2);   nearly  entirely high domical  (smcoth,   ragged)
to  columnar   chaetetids    (95%); chaetetids   begin  at  lower contact   or continue   into the  unit
from unit a;  some   columnar  chaetetids   begin  in lower unit a,  continue   through  unit b and
into unit c  (up  to  1.5 meters   high);  some   chaetetids    at  angles   less  than  90 degrees;    few
chaetetids    toppled;   apar-filled  fractures`  extend  do`rmward   from upper  surface   of some
chaetetids;    some  open  cavities  between   chaetetids,   elsewhere   inter<haetetid   areas   filled
with olive black  (5Y2/1)  shale  or poorly-sorted   skeletal  wackestone    to packstone    with
crinoid  debris,  fusulinids,  small  angular  chaetetid   fragments,   brachiopod   shell  fragments,
echinoid  spines   and  plates,  gastropods,    few articulated   Composita.   unidentifiable
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medium  to  fine sand-sized   skeletal  grains  (most  algal<oated);    few articulated   Cnirithvds
and  Congosita . (crushed   and  flattened)  attached   to  outer  surface   of chaetetids;    olive
black  (5Y2/1)  clay-rich  laminae  throughout,   concentrated    at upper  contact;   upper
contact   sharp,   few chaetetids   continue   through  contact.

Ifei±j2;  Chactetid  Wackestone    to Skeletal  Grainstone,   70-90 cm  thick; very light
gray  (N8), weathers   grayich  orange   (10YR7/4);  70%  chaetetids,   have  continued   into the
unit b;  few overturned   and/or   frogmented   low domical  chaetetids   in upper  third; toppled
chaetetid   at upper  surface   ®laned  off level with upper  surface   of bed);  matrix skeletal
w/ackestone    to grainstone;   moderately   nell-sorted,  medium-  to  fine-grained;  40-80%
fossils,  including  crinoid  debris  (4-5 %), Composita   (few articulated   with spar-filling,
randomly  oriented),  ostracodes,    gastropods,    fenestrate   bryozoan   fragments,   Edmondiac
like bivalve, LoohoDhvllidium  (one  attached   to chaetetid,   rest  in close  proximity to
chaetetids)    unidentifiable  medium  to  fine sand-sized   skeletal  grains  (30-70%, frequently
algal<oated);    fossils  (except   chaetetids)    randomly  oriented;   matrix  fines upward;
bedding   indistinct;  upper  contact   irregular, very sharp.

Phylloid Algal Wackestone,    30 cm  thick; medium  gray  (N5), weathers   grayish  orange
(10YR7/4);  poorly-sorted,   coarse-   to  fine-grained;   3540%  fossils,  including  phylloid algal
fragments   (10-15%, less  al>undant   upward,  third algal<oated),    crinoid  debris  Q-5%,
more  common   upward),  brachiopod   shell  fragments   (quarter  algalcoated),    fusulinids,
unidentifiable  medium  to  fine sand-sized   skeletal  grains  (20-25 % , third algal¢oated);
fossils  randomly  oriented;  bedding   indistinct;  olive black  (5Y2/1)  clay-rich  laminae
common   in upper  3  cm;  upper  contact   very sharp,  inegular.

Phylloid Algal Wackestone,    38 cm  thick;  light olive gray  (5Y6/1),  weathers   grayish
orange   (10YR7/4);  poorly-sorted,   coarse-   to  fine-grained;  25-30%  fossils,  including
phylloid algal  fragments   (15%, up  to  several  cm  long,  quarter  algal¢oated,    less
abundant   upward),  crinoid  debris  (1-2%), Composita   (few articulated),   other  brachiopod
shell  hagments   (most  algal¢oated),   unidentifial]le  medium  to  fine sand-sized   skeletal
grains  (5-10%,15%  algal<oated);    few small  (8-10 cm  long)  lamimr  chaetetids
throughout,   concentrated    at upper  contact;   fossils  (other  than  chaetetids   that  are  in-situ)
randomly  oriented;  bedding   indistinct;  upper  contact   sharp,  marked  by olive gray
(5Y2/1)  clay-rich  laminae.

Phylloid Algal wackestone,    17 cm  thick;  light olive gray  (5Y6/1),  weathers   grayish
orange   (10YR7/4);  poorly-sorted,   coarse-   to  fineTgrained;  20-25 %  fossils,  including
phylloid algal  fragments   (10%, half algalioated   in lower part,  less  coated   upward),
produetids   (few articulated,   most  algalioated),   other  brachiopod   shell  fragments   (most
algal¢oated),   crinoid  debris,  fusulinids,   unidentifiable  medium  to  fine sand-sized   skeletal
grains  (5-10%, most  algal¢oated);    fossils  randomly  oriented;   somewhat   wavy  bedded;
upper  contact   shalp,  marked  by  olive black  (5Y2/1)  clay-rich  laminae.

Fusulinid Skeletal  Packstone,   6 cm  exposed;   mediLim  gray  (N5), weathers   medium  light
gray  OT7); poorly-sorted,   coarse-   to  finengrained;  70-75%  fossils,  including  fusulinids  (40-
45%, some   fragmented,   abraded),   phylloid algae?   (2-3%, highly fingmented),   brachiopod
shen  frogments,   crinoid  debris,  bryozoan   fragments,   unidentifiable  medium  to  fine sand-
sized  skeletal  grains  (25-30%);  fusulinids  15%  algal¢oated,    other  fossils  80%  algal-
coated;   small  (6 cm  long)  laminar  chaetetid   at upper  contact;   wavy bedded;   upper
contact   sharp,   marked  by  olive black  (5Y2/1)  clay-rich  laminae;  lower contact   covered.
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DESCRIPTION:   Section  693-S2,  Locality  693

8  meters  west  of  NE  corner

LOCATION:  SE  1/4,  SE  1/4,  sec  36,  T.35S,

Pl.18  E,  Labette  Co.,   Kansas

MEASURED   BY:     Vincent  voegeli       1988

sErmoN 693&

bed

Amorct  lines(one  Meml]cr

15.    Brachiopod  Crinoidrl  Wackectone,  3243 cfn thick, upper
ourfece  top  of rock outcrop;  vcr)I ligh( gr-y OT8)  to  light gny
QT7),  we&thcr.  light  olive gray (5Y6/1)  to  d.ck  yellowi.h
or-nee  (10YR6/6);  poorly-eofted,  co-rae-  to  froe-gnined;  25-
30%  fossils, including  Comooait.   (5 *. occaeionilly
miculat¢d,  rircly  in life position),  productid.  (Desmoincsia.
Linooroducaia.   I-2% , nrely  artic`ilatcd,  ovcrtilmcd),
Cnirithvris.  Dcrbvi..  Mesolobue.  crinoid  debri.  (5*),
echinoid  apinc.,  Aviculooecten,  low- and  high-  apircd
gastropod.,  rafnoee  bryozoan  frogmcms.  Str.1)orollus.
bellerophontids.   phylloid  algal  frogmenta  (i-2%  in  lower  10
cm),  unidentifiable   medium  to  fine  sand-Sized  Skeletal  graine
(10-15*); most  bnchiopod.  hgmented:  much  Small  foaeil
debris  ulgal<outcd,  some  larger  fossil. also  ulgal<o.ted;
amall  Oj cm thick, 3 cm long)  laminar  chaetetid  in low/er
half, entirely  encnlsting  an algalioatcd  ar(iculat¢d
Comoosi.a.  ir in airn  encr`If(ed  by algae;  fo3ail.  randomly
oricntcd;  bedding  indistinct:  moldic  porosity  throughout;
depression.  on  upper  fiirface  occasionally  filled  `i/itb  ilaelctal
wackestone  consisting  prcdofnimntly   of unidentifiable
frogmentcd   ekelet&l  gnins,  rev/ brachiopod  and  crinoid
frogmcnta  (solnc  gTaiae  partially  to  entirely  .ilicified).

14.    Phylloid  A|g&l Bnchiopod  Wackestone,  4046 cfn thick:  light
gray (N7), vcathcri  light olive gny (5Y5C)  to  drrk yellowish
onnge  (loYR6/6);  poorly-.ortcd,  course+  to  fine-grained;  35-
40%  fossils, including  phylloid  algae  (10-15*, up  to  several
cm long, quarter    algalioutcd),  ComDosita  (I-2%, nrely
articulated),   productidi  (Linotiroductw..   nrely  articulaeeo,
Mcsolobus.  Cr`irithvri3.  crinoid  dcbri.  04%), echinoid  apine.
end  plates,  fenestrate   bryozcon  frogmcnt3.  Multithccooora
(one,  11  cfn long, 2-3 cm thick)  unidcntifiable   medium  to  fine
sand-sized  3keleul  graini  (15-20%, 8ome  ulgaliouted);  .mall
®  cfn long,  1  cm thicD  laminar  chaetetid   in  lowrcr halt
¢ncnicting  phylloid  a|gal  frogment,  ovcftumcd  scvenl  time.
during  gro`]nh; I.mimr  chactctid  oe.r upper  contact  to  the
left  of .ection  05  cfn long,  10 cm high);     fo.sill randomly
oriented   (except  chactctid.  which occur in place);  bedding
india(inct;  ligh( gray (N7)  to  medium  light gray Q16)  motlling
ifl lower 5-7 cm and  upper  4 cm; on `Ippcr  nirfucc  are
ntifncrou.  ar(ic`ilatcd   and  frogmentcd   Comoosit&.  Jurcsania.
(most  ulgalioatcd,  fe`ar `incoutcd,  randomly  oricntcd,  fe`I/
Jurcsania  `Irilh iircll prcacrvcd  xpinc3),  also  CnirithvTi3.
Mcsolobus.  cchinoid  apinc.  and  plate.,  crinoid  dcbri.,
fencstntc   bryozoan  frogmcm.,  unidcntifiablc   medium  to  fine
land-Sized  akelctal  graini;  upper  contact  Sharp,  marked  by  I-2
cm thick  calcarcou.  cl.]rahale.
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DESCRIPTION:   Section  693-S2,  Locality  693

8  meters  west  of  NE  corner

LOCATION :                   (co nt.)

MEASUF]ED   BY:

LI    E=  ---a

13.    mylloid  AIgal Cricoidal  W&ckesone,  30 cm thick:  olive gny
.  (5Y3C),  weather.  p.le  yellowich orange  (loYR8/6)   to  d.ck

yellovich orange  (10YR6/6):   poorly-sorted,  co&r3c-  to  fine-
grained:   3540* foe.il., including  pdylloid  ulg&c  (10-15*, up
to  cevcnl cm long, third  dg.l<o.ted),  crinoid  dcbri.  (5*,
few llgaliouted,  ocoiclc. and  other  hgfnents),  9ofTq}o.it._
(I %,  few articulated),   Crurithyri.  (few  .rticulatcd),   low-pined
gastropod.,  unidcnlifiable   medium  to  fine  sand-8izcd  ckclctal
gnin.  (15-20%, some  .lgal<o.te®;  3inlll  l&mimr  chaeteLid
(6  cm long, 4 cm high) just  bc]ow  upper  contact;  fossil.
(except  for in-.itu  chaetcti®   nndomly  oricnicd;  bedding
indi8tinet;  light gny Or7)  to  medium  light gny OT6)
horizontal  motlling  throughout;  dieeontinuou.  b.nd  of chcr(
nodule.  .t upper  cont.c(;  upper  come(  8nd.tional.

12.    Crinoid.I  W.chef(one,  14 cm thic[;  light gray Or7), we.thor.
p.le  ycllowich orange  (loYR8/6)   to  yellowish gny (5Y7#);
modcntely  well-rortcd,  medium  to  fine-grained;  35JO*
fo.Sit.. including  crinoid  dcbri.  (10-15*), Comoosit&   (moody
then  frogfnent.,  few vholc dindcul.ted  valvca), bnchiopod
apiric., phylloid  algae?  Oighly  fngmenlcd),  unidentifiable
mcdiufn  to  fine  ..nd-.izcd  ckclctal  8nin.  (10-15%): foaeil.
I.ndomly  oriented;  bedding  indininct;  upper  comact  i. ah.rp.

11.    Calc.reou.  Cl.y.hale, 9-10 cm thick, d.rk ycllowich orange
(loYR6/6),  wc.thor.  p.lc  ycllowich or.ng®  (loYR8/6):  20-
25 96  foaeil., including  crif]oid.  (10-15 *, oaeiclc., pl.te.),
Mcsolobu.  Q-3 a, often  whol. vulvc., froquendy  .rticul.tee,
fcneante  .nd  I.moco  bryozoin  fragment.,  pfoductid
frogment.  .nd  pine., Cofnf)o.it.  chcu  fn8mcf)I.,
unidentifi.Ill.   medium  to  froe  a.nd-.izcd  ckclet.I  gtaini:
diceontiniou.  v.ckertone  to  p.ckf(oac  lcnic[ of criftoid
dcbri.  .nd  Mcrolobu.  vdvc.; fl.ggy to pl.ty p.ring.;  uppc[
contact  rfuxp.

10.    Ftrylloid  Algul Br-chiopod  W.ckedone,  23-26 cm thick;
medium  light gny av6), ve.thctl  fi.lc  ycllowich brown
(loYR6A)  to  d.rk  yellowich orange  (10YR6/6);  poorly-
softed,  couf.c+  to  fine-gnincd;  3540* fossil., including
phylloid  algaJ  frogftient.  (10-15*, most  lea.  than  I  cD in
length),  crinoid  debri.  Q-3 %), Comoo3it.  (I *, few
&fticulated,  randomly  oriented.  mid-  or  rarely  apar-filled),
productid.  Q-3%, Jurcsani..  Desmoincaia.  frcquemly
•tticubed.  mud- or p.I.med, rlrely in life po.ition,  mod
nndomly  oriented),   echinoid  xpice., unidendfi&bl®   medium
to  fine and-.ized  .kelet.I  gnin.  (10-15*); phylloid  .If.e half
dg&lio.ted,  fifth  of other  fo.lil. dgll<outcd;  most  foqtl.
nndomly  orienicd;  bedding  indistinct:  upper  contact  diarp,
iron  mined.

9.      Crinoid.I  W.ckestone,  19-23 cm thick, medium  gny Or5),
wc&thcr.  dart  ycllowich onnge  (loYR6/6);   moderately  vcu
cortcd,  medium-to  rmeirained:  20-25% fossil], including

(cont.)

246



7.

6.

crinoid  debris  (5-10%), Composita   shell  fragments,   Juresania   (mostly  shell  fragments,
one  articulated),   Echimria  (one  articulated,   overturned),   ramose   and  fenestrate   bryozoan
fragments,   Mesolobus   shell  fragments,   echinoid  spines,  phylloid algae  (in upper  quarter,
highly frogmented),   columnar  chaetetid   (tapering  downward,   begins   in underlying  bed,
continues   through  bed  9, ends  at upper  contact,   overlying bed  drapes   over  upper
surface   34 cm),  s]mll  straight-shelled   cephalopod    (one),  unidentifiable  medium  to  fine
sand-sized   skeletal  grains  (10-15%); many  fossils  partially to  completely   algal<oated;
fossils  randomly  oriented;   medium  light gray  (N6) horizontal  mottling  throughout;
bedding   indistinct;  upper  contact   sharp,  mrked  by  1 cm  thick calcareous    clayshale
parting.

Brachiopod   Oncolitic  Wackestone,   20-25  cm  thick;  light gray  (N7), weathers   light gray  to
very light gray  (N8); poorly-sorted,   coarse-   to  fine-grained;  4045%  fossils,  including
productids   (Juresania   and  others,   8-10%, quarter  articulated,   mud-filled),  Composita   (2-
3 % , frequently  articulated,   mud-filled), brachiopod   spines,   columnar  chaetetid   (tapering
downward,  begins   at  lower contact   on  oncolite,  continues   into overlying  bed),
unidentifiable  medium  to  fine sand-sized   skeletal  grains  (30-35 %); most  fossils  entirely
algal¢oated   (up  to 2 cm  thick, somewhat   less  well coated   upward);  articulated
brachiopods    more  common   upward;  olive black  (5Y2/1)  clay-rich  laminae  throughout
(imparts  nodular  appearance    to bed);  lower  1 cm  black  (N1) platy  calcareous    shale  with
fragmented   skeletal  debris  ®roductid   spines   and  shell  frogments,   Lingula?,  unidentifiable
medium  to  fine sand-sized   skeletal  grains);  upper   1 cm  olive black  (5Y2/1)  platy  shale
with articulated  algal¢oated   Composita   and  productids   ®iscuit  shaped),   unidentifiable
medium  to  fine sand-sized   skeletal  grains;  upper  contact   sharp,  passes    thro.ugh
previously  described   columnar  chaetetid.

Calcareous    Mudshale,   14 cm  thick;  grayish  olive (10Y4/2),  weathers   pale  olive
(10YR6/2);  plant  remains.  mre  brachiopod   shell  fragments;   thin (up  to  0.5 cm  thick)
discontinuous    grayish  black  QT2) clay-rich  laminae  in lower portion;  flaggy  to platy
partings;  upper  contact   sham.

Skeletal  Carbonate   Mudstone,   9-15 cm  thick; very light gray  (N8), weathers   sane;   well-
sorted,   fine-grained;  rare  fossils  (2-3 %), including  high-and  low-spired  gastropods,
brachiopod   shell  frogments,   unidentifiable  medium  to  fine sand-sized    skeletal  grains  (1-
2%); fossils  randomly  oriented;  numerous   burrow-and/or   rootlet-like structures   (up  to  10
cm  long,  most  2-3 cm  long,  up  to  1 cm  wide,  mostly  mud-filled and  iron stained,   few
spar-filled,  occasiomlly   bifurcate  downward);   stylolites  throughout,   frequently  associated
with olive black  (5Y2/1)  clay-rich  laminae;  upper  surface  pitted,  eroded,   with occasional
in-place  brecciation;   discontinuous    dark  yellowish orange   (10YR6/6)  mudstone   at upper
contact,   inter-fingered  with in-place  brecciation;   apar-filled  fractures   on  upper  surface;
upper  contact   sharp.

Wackestone    to Boundstone:    134-140  cm  thick;  divisible into  three  units,  ai.
lfei!j±;  Chaetetid   Wackestone,    30-35  cm  thick,  medium  gray  (N5), weathers

moderate   brown  (5YR4/4);  poorly-sorted,   coarse~   to  fine-grained;  60%  chaetetids;    matrix
4045%  fossils,  including  fusulinids  (2-3 %), crinoid  debris  (2-3 7o), ComDosita   (mostly
shell  fragments,   few articulated),  other  brachiopod   shell  frogments,   bryozoan   fragments,
unidentifiable  medium  to  fine sand-sized   skeletal  grains  (30-35%, 2/3  algal¢oated);
laminar  chaetetids   at lower contact,   continue  upward  as  high  domical  (ragged,   smooth)
to columnar  foms,  some  continue  into overlying unit (matrix drapes   over chaetetids   34
cm  in places):   matrix wavy bedded;   upper  contact   sharp,  marked  by  thin black  (N1)
clay-rich  latninae;

lfei±J2;  Chaetetid   Boundstone,    50€0 cm  thick;  light gray  (N7) to very light gray
(N8), wcathers   dark  yellowish  browh  (10YR4/2)  to  light brown  (5Y5/6);  nearly  entirely
columnar   and  high  domical  chaetetids    (95%), begin  at  lower contact   or have  continued

(cont.)
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into  the  unit from unit a;  some  chaetetids   at angles   other  than  vertical,  few toppled  over;
some   open  cavities  between   chaetetids,   elsewhere   inter¢haetetid   areas   filledwith olive
black  (5Y2/1)  shale  or wavy bedded   skeletal  wackestone    to packstone    with crinoid
debris,  fusulinids,  small  angular  chaetetid   flngments,   brachiopod   shell  fragments,
echinoid  apines   and  plates,  gastropods,    few articulated   Composita.   unidentifiable
medium  to  fine sand-sized   skeletal  grains  (most  algal¢oated);    few articulated   Crurithyris
and  Composite   (crushed   and  flattened)  attached   to  surface   of chaetetids;   olive black
(5Y2/1)  clay-rich  laminae  throughout,   concentrated    at upper  contact;   upper  contact
sharp,  few chaetetids   continue  through  contact.

IZEi!j2;  50-56  cm  thick; light gray  QT7), weathers   pale  yellowish bro`m  (10YR8/2)
to very pale  orange   (10YR6/2);  60% high domical  to columnar  chaetetids,   most  have
continued   into unit from unit b, few begin  at lower contact;   few laminar  to low domical
chaetetids   in upper  part  (toppled  or overturned,   frogmented);   chaetetid   growth  more
ragged   upward;  no  inter-haetetid   cavities;  matrix skeletal  wackestone    to grainstone;
moderately   well-sorted,  medium-  to  fine-grained;  40-80%  fossils,  including  crinoid  debris
(4-5 %), Composita   (few articulated   with spar-filling, randomly   oriented),  ostracodes,
gastropods,    unidentifiable  medium  to  fine sand-sized   skeletal  grains  (30-70%, frequently
algal<oated);    fossils  (except   chaetetids)    randomly  oriented;   upper  contact   irregular, very
sharp.

Phylloid Algal Wackestone,   23-33  cm  thick;  medium  gray  (N5), weathers   grayish  orange
(10YR7/4);  poorly-sorted,   coarse-   to  fine-grained;  3540%  fossils,  including  phylloid algal
fragments   (10-15%, less  abundant   upward,  third algal¢oated),   crinoid  debris  (2-5%,
more  common   upward),  brachiopod   shell  fragments   (quarter  algal-oated),   fusulinids,
Composita   (one  articulated,   random  orientation),  unidentifiable  medium  to  fine sand-
sized  skeletal  grains  (20-25%, third algalioated);    fossils  randomly  oriented;  bedding
indistinct;  olive black  (5Y2/1)  clay-rich  laminae  common   in upper  3  cm;  upper  contact
very shalp,  inegular.

Phylloid Algal wackestone,   55{0 cm  thick;  light gray  (N7), weathers   grayish  orange
(10YR7/4);  poorly-sorted,   coarse-   to  fine-grained;   35-35 %  fossils,  including  phylloid algal
frogments   (15-20%, up  to several  cm  long,  quarter  algalioated),   crinoid  debris  (1-2%),
gastropods,    Composita   (few articulated),  unidentifiable  medium  to  fine sand-sized
skeletal  grains  (10-15%,15% algalcoated);    fossils  randomly  oriented;  bedding   indistinct;
upper  contact   sharp,  marked  by olive gray  (5Y2/1)  clay-rich  laminae.

Phylloid Algal wackestone,   28 cm  exposed,   lower contact   covered;    light olive gray
(5Y6/1),  weathers   grayish  orange   (10YR7/4);   poorly-sorted,   coarse-   to  fine-grained;  25-
30%  fossils,  including  phylloid algae  (10%, half algalioated    in lower part,  less  coated
upward),  brachiopod   shell  frogments   (most  algal-oated),   crinoid  debris,  fusulinids,
Comoosita   (two articulated,   random  orientation),  unidentifiable  medium  to  fine sand-
sized  skeletal  grains  (5-10%, most  algal<oated);    fossils  randomly  oriented;   wavy
bedded;   upper  contact   sharp,   marked  by  olive black  (5Y2/1)  clay-rich  laminae.
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DESCRIPTION:   Section  693-S5,  Locality  693

14  meters  south  of  NW  corner

LOCATION:  SE  1/4,  SE  1/4,  sec  36,  T.35S,
uD. c?co      @ a)

R.18  E,  Labette  Co.,  Kansas

6-

2108642

32-1

15
©d,-  cg-c9d®-Cpe`

14

MEASUF}ED   BY:     Vlncent  voegeli        1989

SECTION 693-S5

bed

--
13

Amoret  Lincstonc  Mefnber--C9-
15.    Bnchiopod  Crinoid.I  W.ckestone,  31-33 cm. upper  ourf.c®  i.

a_c3- top  of expooure;  very licht gt.y av8), wc.tier.  light oliv.
gray (5Y6/I)  to  d.rt yclloviah or.age  (loYR6/6);  pcorly--c> ror(ed,  couno-to  fine-8f-ined;  30-35* focoil.. including
Combo.iti  (6-7% , occ..iofuly .rticulated,  ceca.iofully .lgil-e

12 coated,  few in life poiition),  productid.  Oure9anii?.-0 Desmoincsi.?,   l-2%, rarely  .rdcul.ecd.  overturned),  crinoid

11
dcbri.  (8-10%), !p±±!b][±g  cchinoid  apinc.,  low- .nd  high-
apired  gmropod.,  I-fnoae  bryozom  h8mem.,bellcrophondd..phylloid.ltdfbgmcnt.Q-3*  in lower  10-a-

10 cm), uridenliful]lc   medium  to  froe  a.nd-.izcd  .kelet.I  gnin.

C) (10-15 *);  mod  brachiopod.  froginentcd;  mos.  .mall  focod
grain. alg.leo.ted,  rome  I.rgcr fo.iu. ilgd<o.ted:  foaeil.

c? 9
nndomly  oriented;  bedding  indistinct;  moldic  polo.ity

e>c? throughout  aeached  out  foaeil. gninl. iron  dained).

14.    Phylloid  Alial Br.chiopod  W.ckeeone:  4042 cm thick; lichta@-e5) 8 gT-y Ot7), wc.thcr.  ugh( olive gny (5Y5C)  to  clack  ycllowich
onngc   loYR6/6 .  poorly-rortcd   co.r]e- to  finquined.  40-

5.7 E`------ 7C-5ba
I--`.I  _`--,  -_`-   _  `.`- ,,.`---,45%fo88ili,includingphylloidalgdfrogmeni.(15-20*,ap to

`OQB`!-,:a

cevcflJ  cm long, half dgalto.ted),  CorrDo3io  (I-2*, fnoedy
frogmcntcd,  frcqucntJy  .Igdioutcd),  productidi  (cheu
frogment.,  frcqucfitly  .Igul<o.tee,  other  brachiopod  then
frogmcnt.,  criroid  dcbri.  04%, often  clufnped  togcthcr),
unidcn.iriable   medium  to  fine  .and-.izcd  ikelct.I  gnifL.  (15-
20%, some  algal<outcd);  few rmall  (< loch long. 2-3 cm
thick)  lamimr  ch.ctetid.  thro`Ighoul,  cnerusting  phylloid  dg.I
frogmcnt.  (some  chaetetid.  in uppc[  qti.rtcr  ovcraimcd,
hgmented);   focoil. nndomly  oriented    except  fnofl

¢ ch.ctctid.  which cecur in pl.ce);  bedding  indistinct:  light gny

a  \\  (\
Q17)  to  medium  light gny av6)  motlling  in lower 34 cm led
upper  5-10 cm; moldic  porosity  thoughout   ac&chcd  out
foaeil. gnim);  on upper  "rf.ce  .fe  mifnerou.  &fticulated  .nd
hgmentcd  Comtio3it.  .nd  !!±==±pi| Qalf cofnplctcly  al8al-
coutcd,  fc3i  p.ftinlly  algaliouted  to  uneo.ted,  few Jurcsonia

`ill\\\\\

With well pfcserved  apices),  dso !g±±Q]!fi± !!±9=ij&L
eehinoid  apine.  and  plate.,  crinoid  dcbri., unidentifi.ble
medium  to  froe a.nd-.ized  ikelctd  gnini:   upper  comact
ch&rp,  marked  by 2-5 cm thict d.rE  ycllowich orange
(10YR6/6)   c.Ic.fcou.  claych.le with bnchiopod  fragments,
crinoid  debri..  uridentifiable   medium  to  fine  qnd-.izcd
ckelet4l  gniu.

13.    Phylloid  AIgul Crinoid.I  W.ckestone,  40 cm thick;  light gT.y

:ii€:T:
(N7), w¢.tier.  pale  ycllowith or-ngc  (10 YR  8/6)  to  d.rk
ycllovich orange  (10YR6/6);  poorly-sorted,  course-  to  fine-
grained;  3540* fo"il., including phylloid alg.I  fngmcm.

(cont.)
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DESCRIPTION:   Section  693-S5,  Locality  693

14  meters  south  of  NW  corner

LOCATION :                 (cont. )

MEASUF)ED   BY:

(15-20*. up to  sevcnl  cm long, half algalio.ted).  crinoid
debri.  (I-2*, few dgaJ<o.ted,  o.siclc. .nd  other  froglnent.),
Comoo3it.  (moaly  thell   frogfnent..  I.rely  ir(icul.ted).
Crutithvria  (few .fticul&tcd),   cchinoid  apinc.  and  plate.,
uridcntifi.bLe   medium  to  fine  a.nd-3ized  .keleul  grai"  (15-
20*, rome .lgal<outcd):  foaeil. nndomly  oriemed;  beddinf
indistil]ct;  light guy OV7)  to  medium  light gray Or6)
horizolitll  Inca(ling  in upper  10 cn; diceoniinuou.  band  of
chcr.  I)odule3  .t upper  contlct  (lame  ckel¢tal  composition  ..
ourro`inding  rock); upper  cont4ct  Cnd.tioaal.

12.    Crinoidal  W.ckcs(one,   13 cm thick;  light gray OT7). wc.thcr)
p.lc  ycllovich onngc  (loYR8/6)  to yellowith gray (5Y7A):
moderately  well-ror(cd,  medium-  to  froe-gnined;  3540*
fossil.,  including  ¢rinoid  debri.  (10-15 %). Compo.it.   chell
fragfncnt.,  brachiopod   apinc.,  phylloid  alg&c?  Oighly   .
hgmcntc®,  uiiidentifi&blc   medium  to  flee  und-8izcd
ikelctal  grain.  (10-15%);  fosoil] nndouly  oriented;   few apar-
filled  frocturc.  (up  to  10 cm long,  I  cm thic[);  bedding
indistinct:  upper  contact  i. ch.rp.

11.    Calcareou.  Claychalc,10 cm thick;  d.rk y¢llowich onngc
(loYR6/6),  wcathcr]  p.Ie  ycllowiah orange  (loYR8/6);  20-
25 *  foaeu.. including  cfinoid.  (10-15 *, osoicle., plate.),
Meso]obu.  Q-3*. oken  whole valve., froquendy  .rticulated),
fcncante  .nd  nmore  bryozo.a  frogmcnt.,  productid  thell
hgipent.,  Cofnoo.it.  chcll  frogment.,  unidenlifi&bl.  medium
to  fine ..nd-.ized  ckclctal  graiu; diacontinuour  w.ckedone  to
p.cktone  lenic. of cfinoid  dcbri.  .nd Mesolobu.  vdve.;
flagg)I to pl.ty p.fting.;  upper  conticl  th.rty.

10.    Phyuoid  Algal Bnchiopod  W.ckestone,  25 cm thick; medium
light gny OV6), ve.thcr.  p&lc  ycllowich bro`rm  (loYR6®  to
d.rk ycllowich otingc  (loYR6/6);  poorly-rortcd,  co.I.c- to
fine-gT.ined;  3540* foaeil., including  phylloid .Igal
hgmcnl.  (10-15*, mod  leae th.fi  I cm in length. b&lf ulfd-
co.ted),  crinoid dcbri.  Q-3*), Cofmo.it.  (I A, few
•rticul.ted.  nndomly  oriented,  Dud-  or rafcly  fp.I-filled).
productid.  Q-3 *, J`iresani..  Dermoincaia.  frcqucntly
•fticul.ted,  f"id-  or ap.I-filJcd),  uridentifi.ble   fnediutn  to
floe  nnd-.izcd  .keletal  graiu  (10-15 *).   phylloid dg.c third
dg.l<outcd.  fifth  of oq)cr  foaeili algd¢o.ted:  fo.lil.
nndofnly  oriented;  bedding  indiftinct;  lone  medium  gf.y
av5)  mottling  throuchou(:  upper  contlc(  charp,  iron  I(aimed.

9.      Crinoid.I  W.ckedone.  18 cm thick;  fnedium  gt,y av5),
wcwhed  dark y¢llowich onnge  (loYR6/6);  modcntcly  wcu-
corted.  mcditim-to  flee-gr-iced;  20-25 %  foaeil8, including
crilloid  dcbri.  (5-10%), ComDoeit.   thcu  fragment.,  Juresonia
(fnoaly  thell  ff.gment.,  one  .fticul.ted),  nfnoce  .nd
fcnemte  bryozoan fngmcnu,  M¢solobu.  chell fngmenl..
echinoid  apinc., phylloid  alg.e  (in upper  quarter,  highly
fr]gmcnted),  unidcntir]&ble   medium  to  finc  a.nd-iizcd

(com.)
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7.

slceletal  grains  (10-15%); many  fossils  partially to completely   algal¢oated;    fossils
randomly  oriented;   medium  light gray  (N6) horizontal  mottling  throughout;   bedding
indistinct;  upper  contact   gradetiond.

Brachiopod   Oncolitic  Wackestone,    17-20 cm  thick;  light gray  (N7), weathers   light gray  to
very light gray  (N8); poorly-sorted.   coarse-   to  fine-gmined;  4045 %  fossils,  including
productids   (Juresania.   Desmoinnesia.    8-10%, mostly  chell  frogments   and  apines   in lower
third, often  articulated  in upper  two-thirds,  mud-filled), Composita   (2-3 % , frequently
articulated,   rmid-filled), crinoid  debris  (1-296), laminar  chaetetid   (3  cm  long,  in middle
ppart),  unidentifiable  medium  to  fine sand-sized   skeletal  grains  (25-30%); most  fossils
entirely  algal¢oated   in lower half (xp  to 2 cm  in thickness),   less  well coated   upward;
articulated  brachiopods    more  common   upward;  fossils  randomly  oriented;   olive black
(5Y2/1)  clay-rich  laminae  occur  throughout;   lower 2 cm  black  QT1) platy  calcareous
shale  with fragmented   skeletal  debris  ®roductid  spines   and  shell  frngments,   other
brachiopod   shell  fragments,   unidentifiable  medium  to  fine sand-sized   stceletal  grains);
upper   1-2 cm  olive black  (5Y2/1)  platy  shale  with articulated  algal¢oated   biscuit-shaped.
Composita   and  Juresania.   also  crinoid  debris,  unidentifiable  medium  to  fine sand-sized
skeletal  grains  (t`ro-thirds  algal<oated);   upper  contact   gradational.

Calcareous   Mudshale,  2-3 cm  thick;  grayish  olive (10Y4re),  weathers   pale  olive
(loYR6re);  plant  remains,   rare  brachiopod   shell  flngments;   al]raded   limestone   clast;  thin
(up  to  0.5 cm  thick)  discontinuous    grayish  black  (N2) clay-rich  laminae  in lower part;
flaggy  to platy  partings,  upper  contact   sharp.

Discontinuous   laterally, missing  at  this section.

Wackestone    to  Boundstone:    175-180  cm  thick;  divisible into  three  units,  a¢.
lzpi!±;  Chaetetid   Boundstone,    25-38  cm  thick;  medium  dank  gray  (N4), weathers

olive black  (5Y2/1);  nearly  lco%  chaetetids;   chaetetids   begin  as  laminar  foms  at lower
contact,   continue  up`rard  as  low domical  to high domical  foms,  some  contin`ie  into
overlying unit;  few chaetetids   at angles   less  than  90 degrees;   numerous   open  cavities
around  individual chaetetids,   some  prrtially filledwith black  Orl) shale;  few areas   of
skeletal  packstone    around  chaeeetids,   contains   fusulinids,  crinoid  debris,  echinoid
apines,   brachiopod   shell  frogments;   articulated   Composita   attached   to  surface   of
chaetetid.

|ZEiib;  Chaetetid   Boundstone,    4366  cm  thick;  light gray  (N7), weathers   datlc
yellowish brown  (10YR4/2)  to  light bro`rm  (5Y5/6);  nearly  entirely  columnar  and  high
domical  chaetetids,   begin  at lower contact   or have  continued   into the  unit from unit a;
some   chaetetids   at angles   less  than  90 degrees,   few toppled  over  (more  common   near
upper  contact);   some  open  cavities  betveen   chaetetids,   elsewhere   inter<haetetid   areas
filled with olive black  (5Y2/1)  shale  or wavy bedded   skeletal  wackestone    to packstone
with crinoid  debris,  fusulinids,  srmll  angular  chaetetid   frogments,   Coml]osita   and  other
brachiopod   shell  frogments,   echinoid  apines  and  plates,  gastropods,    unidentifiable
medium  to  fine sand-sized   skeletal  grains  (most  algal<oated);    much  of the  unit and
underlying  unit stained  black  QT1) (petroleum  stainingvy;   few ar(iculated   Cnirithvris and
Composita   near,  or attached   to, chaetetids;    olive black  (5Y2/1)  clay-rich  laminae
throughout.   concentrated    at upper  contact;   upper  contact   sharp,   few chaetetids   continue
through  contact.

lzEi!j2;  Chaetetid   Wackestone    to  Skeletal  Grainstone,   93-loo  cm  thick;  light gray
(N7), weathers   pale  yellowish brown  (10 YR 8#)  to very pale  orange   (10  YR6/2);  50%
higb  domical  (ragged)   to  columnar  chaetetids,   most  have  continued   into unit from unit b,
few begin  at  lo`ver contact;   chaetetid   growth  more  ragged   upward;  no  interehaetetid
cavities;  matrix  skeletal  wackestone    to grainstone;   moderately   well-sorted,  medium-  to
fine-gmined;  40-80%  fossils,  including  crinoid  debris  (4-5 %), Composita   (few articulated
with spar  filling,randomly  oriented),  ostracodes,    gastropods,    unidentifiable  medium  to

(cont.)
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4.

3.

2.

fine sandrsized   skeletal  grains  (30-70%, frequntly  algal¢oated);    fossils  (except
chaetetids)    randomly  oriented;  upper  contact   irregular,  very  sharp,  pitted,  eroded,   with
in-place  brecciation;   brecciated   areas   inter-fingered  with discontinuous    1-2 cm  thick dark
yellowish orange   (10YR6/6)  mudstone.

Phylloid AIgal Wackestone,   46  cm  thick; light olive gray  (5Y6/1),  veathers   grayish
orange   (10YR7/4);  poorly-sorted,   coarse-   to  finegrined;  30-35%  fossils,  including
phylloid algal  flBgments   (10-12%, less  abundant   upwh,  third algal¢oated),   crinoid
debris  (2-3 %, more  common   upwnd),  brachiopod   fragments   (third algal¢oated),
fusulinids,  produetids   (few articulated,   mostly  shell  frogments,   most  algal¢oated),
Composita   (one  noted,  articulated),   Iroi>hot]hvllidium  (in upper   10 cm),  unidentifiable
inedium  to  fine sand-sized    skeletal  grains  (10-15%, half algal<oated);    few laminar
chaetetids    throughout,   concentrated    at lower contact   (in-situ);   other  fossils  randomly
oriented;  bedding   indistinct;  upper  contact   very sharp,  marked  by  olive black  (5Y2/1)
clay-rich  lahime.

Phylloid AIgal Watkestone,   24 cm  thick;  light olive gray  (5Y6/1),  weathers   grayish
orange   (10YR7/4);  poorly-sorted,   coarse-   to  fine-grained;   30-35%  fossils,  including
phylloid algal  frngments   (15-20%, up  to several  cm  long,  quarter  algal<oated),   crinoid
debris  (2-3%), Composita   (few articulated),   other  brachiopod   shell  frogments   (most  algal-
coated),   unidentifiable  medium  to  fine sand-sized   skeletal  grains  (5-10%,15%  algal-
coated);   few small  lamimr  chaetetids    throughout,   concentrated    at upper  contact;   fossils
(other  than  chaetetids,   that  are  in-sift) randomly  oriented;  bedding   indistinct;  upper
contact   sharp,   tnacked  by  olive gray  (5Y2/1)  clay-rich  laminae.

Phylloid Algal wackestone,    25  cm  thick;  light olive gray  (5Y6/1),  weathers   grayish
orange   (10YR7/4);  poorly-sorted,   coarse-   to  fine-grained;  20-25%  fossils,  including
phylloid algal  fragments   (10%, half algal¢oated   in lower part,  less  coated   upward),
produetids   (few articulated,   most  algal¢oated),   other  brachiopod   shell  frogments   (most
algal¢oated),   crinoid  debris,  fusuLinids,   unidentifiable  medium  to  fine sandrsized   skeletal
grains  (5-10%, most  algal¢oated);    fossils  randomly  oriented;   somewhat   wavy bedded;
olive black  (5Y2/1)  clay-rich  lamime  in lower 8 cm;  upper  contact   sharp,  marked  by
olive black  (5Y2/1)  clayrich  laminae.

Fusulinid Skeletal  Packstone,   7 cm  exposed,   lower contact   covered;    medium  light gray•cO,+`*reathers   grayish  orange   (10YR7/4);  poorly-sorted,   coarse-   to  fine-grained;  75-80%

fossils,  including  fusulinids  (50%, some   appear   frogmented,   al]raded),   phylloid algae?   (5-
7%, highly hagmented),   brachiopod   shell  fragments,   crinoid  debris,  unidentifiable
medium  to  fine sand-sized   skeletal  grains  (15-20%); 20%  of fusulinids,  80%  of other
fossils  algal¢oated; - wavy bedded;   upper  contact   gradrtional.
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DESCRIPTION:   Section  693-S6,  Locality  693

7  meters  east  of  SW  corner,  north  wall

LOCATION:  SE  1/4,  SE  1/4,  see  36,  T.35S,

R.18  E,  Labette  Co.,  Kansas

MEASUFIED   BY:     Vlncent  voegeli       1990
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SECTION 693-S6

bed

`hfori.fid  lincdone  Mcfnbcr

17.    Br.chiopod  Skclct.I  W.chef(one,  33 cn thick. modem  roil
developed  on upper  surf.cc;  light olive gfly (5Y6/I),
vc.ther.  pdc  yellowich onngc  (10YR8/6)  to  d.rk yellowich
onn8e  (loYR6/6);  poody-rortcd,  cour.c- to  fine-gnined:  40L
45 %  fonil., including Comoo.it.  a-10*, frcqucnily
•rticul.ted,  rofne  with geopct.I,  few in life to  near  life
po.ition),  Cnirithvri.  0-8*, frequently  .rticulatco,  H`medi..
Meeolobu..  productid.,  crinoid  dcbrir, low-apired  g.apodi,
fenefLr-te  .nd  I.tnoce  bryozoaa  fr.gmcnl.,  fuaelirid..
uridealifuble   medium  to  finc  .and-.izcd  .keletal  gnifi. QO-
25%): foasili nndomly  oriented;  bed  highly weathered,
frogmentcd;  rome  froldic  polo.ity  acachcd  out  foaeil griid.);
fnedium  gny (N5)  moding  throughout.

Luke Neocho  Sh.le

16.    Sh.Ie: 39 cm thic[; diviqble into  thrcc  unio, .i; .11 `mit.  Ire
dist]iltied  by fnodcm  plan  root.,  mod  bedding  I(ructufc.
dcfLroyed.

!Zpi±±: Calc.rco`I.  Claychale,  8 cm thick;  ligh( olive
gny (5Y6/I),  wc.thczl  p.lc  olive (loYR6C)  to pale
yellowich onnge  (10YR8/6);   10-15* fo..il., includinf
bnchiopod  frogfncf]t.,  ramoce  bryozom, high- .nd  low-apifed
gastropod.,  crinoid  o.8icle.. uridentifiable  tnedium  to  fine
und-aizcd  skelcul  gr.in.;    culc&reoui  I)odule.  comfron;
8radrtioml  upper  conLic(.

!Zg!!+i: Nondc.rcou.  Phoaph.tic  Shde; 22 cm
thick. grayich I)I.c[ Q12), wcathcn  ouvc bl.ck (5Y2/I);  1-2%
fossil., including  Ofbiculoidca.  Petrodus.  nmosc  tiryozoun
frogmcal.  and  holdfap.  cofiodonti,  plant  frogfncnt.?;  rome
foatil. may bc  from  mixing with overlying bed  due  to  rooting;
Spherical  to  diecoidal   phoaph.tc  nodule.  thro`Ighout,  more
common  in upper  lA  (cod.in  nucleu. of Orbiculoidc..  pl.at
fnginent].  Petrodu].  or uridentifi&ble   debri.);  Pl&nolitea-like
trace.  iA lower p.ft:   fii.i]e to  pl.ty bedding;  upper  coal.ct
end.tiond?.

!Zgi±.£: Calc.rcou  Clayahalc, 9 cm thick, yellowich
gny (5Y7C),  vc&thcf]  gnyich onngc  (10YR7/4)  to  d.rk
yellowich orange  (10YR6/6):   10-15 % foaeil., including
0rt]iculoidea   (I-2%),   productid  ahell  frogmem.  and  apine.,
crinoid  osoiclc.. nfnoco  bryozoan  frogment.,  Dom]dina-lilee
gactropod.,  unidcndfiable   medium  to  fine  und-iizcd  ikeletal
gnin. (4-5%);  few phcricll  to  discoid.I  phoaph.te  nodule.
thoughout   (nucleu.  of Ofbiculofdea,  plan  frogmem.,  fich
bone.?.  or uniden(ifIAble   dcbri3);  upper  cont.ct  grad.tioml.

(com.)
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Amoret  Limestone   Member

15.          Brachiopod   Crinoidal Wackestone,    3540 cm  thick;  very light gray  (N8) to  light gray  (N7),
weathers   grayish  brown  (5YR3re));  poorly-sorted,   coarse-   to  fine-grained;  25-30%  fossils,
including  Composita   (5 %, occasionally   articulated,   rarely  in life position),  productid   shell
fragments,   Cnirithyris, Mesolobus.   crinoid  debris  (5%), echinoid  spines,   low-and  high-
spired  gastropods,    ramose   bryozoan   frogments,   bellerophontids,   phylloid algal
frogments   (1-2% in lower  10 cm),  shndrs  tooth,  unidentifiable  medium  to  fine sand-sized
skeletal  grains  (10-15%); most  brachiopods    frogmented;   much  smll  fossil debris  algal-
coated,   some   larger  fossils  algal<oated;    fossils  randomly  oriented;  bedding   indistinct;
moldic  porosity  throughout;   depressions    on upper  surface   occasionally   filledwith
discontinuous    skeletal  wackestone    consisting   of unidentifial>le  fragmented   skeletal
debris;  upper  contact   sharp.

14.          Phylloid Algal Brachiopod   Wackestone;    3540  cm  thick;  light gray  (N7), weathers   daric
yellowish orange   (10YR6/6);  poorly-sorted,   coarse+   to  fine-grained;  4045%  fossils,
including  phylloid algal  frogments   (15-20%, up  to  several  cm  long,  half algal¢oated),
Composita   (1-2%, mostly  fragmented,   frequently  algal¢oated),   produetids   (shell
fragments,   frequently  algal<oated),    other  brachiopod   shell  fragments,   crinoid  debris  (3-
4%, often  clumped   together),   unidentifiable  medium  to  fine sand-sized    skeletal  grains
(15-20%, some   algal<oated);    few/ small  (< loom  long,1  cm  thick)  laminar  chaetetid
throughout,   enonisting   phylloid algal  frngnents   (some   chaetetids   in upper  quarter
overturned,   fragmented);   fossils  randomly  oriented  (except   most  chaetetids    that  are  in
place);  bedding   indistinct;  light gray  (N7) to  medium  light gray  (N6) mottling  in lower 34
cm  and  upper  5-10 cm;  moldic  porosity  throughout   Oeached   out  fossils  grains);  on
upper  surface   are  numerous   articulated   and  fragmented   Composita   and  Juresania   (half
completely   algal<oated,    rest  partially algaltoated   to uncoated,    some   with well
preserved   brachidia,   few Julesania   with well preserved   spines),   also  Cnirithyris,
Neosoirifer.  echinoid  spines   and  plates,  crinoid  debris,  unidentifiable  medium  to  fine
sand-sized   skeletal  grains;    upper  contact   sharp,  marked  by  2-5 cm  thick datlc  yellowish
orange   (10YR6/6)  calcareous    clayshale   with brachiopod   fragments,   crinoid  debris,
unidentifiable  medium  to  fine sand-sized   skeletal  grains.

13.          Phylloid Algal crinoidal Wackestone,    4045  cm  thick; very light gray  (N8), weathers   dark
yellowish orange   (10YR6/6);  poorly-sorted,   coarse-   to  fine-grained;  3540%  fossils,
including  phylloid algal  fragments   (15-20%, up  to several  cm  long,  half algal<oated),
crinoid  debris  (1-2%, few algal<oated,   ossicles   and  other  frngments),   Composita   (tnostly
shell  flngments,   rarely articulated),   Cnirithyris (few articulated),   echinoid  spines   and
plates,  unidentifiable  medium  to  fine sand-sized   skeletal  grains  (15-20%, some   algal-
coated);   few large  (2-3  cm  in length.  1  cm  diameter)   crinoid  columnals   at  lower contact;
t`ro  small  laminar  chaetetids    (up  to  10 cm  long,  I  cm  high,  begin  phylloid algal
frogments,   teminated   by algal  ovengrowth)  noted  just below  upper  contact;   fossils
(except   for in-situ chaetetidy   randomly  oriented;   bedding   indistinct;  light gray  (N7) to
medium  light gray  (N6) horizontal  mottling  in upper  5-10 cm;  discontinuous    band  of
chert  nodules   at upper  contact;   upper  contact   gradational.

12.          Crinoidal Wackestone,12-14 cm  thick;  very light gray  (N8), weathers   pale  yellowish
orange   (10YR8/6)  to yellowich  gray  (5Y7re);  moderately   well-sorted,  medium-  to  fine-
grained;   3540%  fossils,  including  crinoid  debris  (10-15%), Composita   shell  hagments,
brachiopod   apines,   phylloid algae?   aiighly fragmented),   unidentifiable  medium  to  fine
sand-sized    stteletal  grains  (10-15%);  fossils  randomly  oriented;   bedding   indistinct:  upper
contact   sharp,  irregular.

11. Calcareous    Clayshale,   9 cm  thick;  dark  yellowish  orange   (10YR6/6),  weathers   pale
yellowish  orange   (10YR8/6);  20-25%  fossils,  including  crinoids  (10-15 %, ossicles,   plates),

(cont.)
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10.

Mesolobus   @-3%, often  whole  valves,  frequently  articulated),   fenestrate   and  ramose
bryozoan   frogments,  productid  shell  frogments,   unidentifiable  medium  to fine sandrsized
skeletal  grains;  discontinuous   vrackestone    to packstone    lenses   of crinoid  debris  and
Mesolobus   valves;  flaggy  to platy partings:  upper  contact   shap.

Phylloid AIgal Brachiopod   Wackestone,    30 cm  thick;  light gray  (N7), weathers   pale
yellowish  orange   (10YR8/6)  to dark  yellowish ornge   (10YR6/6);  poorly-sorted,   coarse-
to  finengrained;  3540%  fossils,  including  phylloid algal  flngments   (15-20%, most   < 1 cm
long,  t`ro-thirds  algal<oated),   crinoid  dchris  (5-7 %), productids   (2-3 % , frequently
ar(iculated,   m`rd-  to apar-filled with gcopetal,   some  algal¢oated),   Composite   (1-296, few
arfeulated,  randomly  oriented,  mud-  or mrely apar-filled, fe`Ir algal¢outed),   low-apired
grstropods,    bellerophontids,   unidentifiable  lnedium  to fine sandrsized   skeletal  grains  (10-
15%, t`ro-thirds  algal<oated);    fossils  randomly  oriented;  bedding   indistinct;   upperc- chap.
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DESCRIPTION:   Section  693-S7,  Locality  693

51   meters  south  of  NW  corner

LOCATION:  SE  1/4,  SE  1/4,  see  36,  T.35S,

Pl.18   E,  Labette  Co.,  Kansas

MEASURED  BY:     Vincent  voegeli       1990

SEOuON 693ts7

bed

Amoret  Limcstonc  Member

15.    Brachiopod  Crinoidal  Wackestonc,  3l-33 cm thick, upper
airfece  tap  of rock exposure;  light gny 047),  weathen  very
pale  orange  (loYR  6/8)  to  dark  yellowish orange  (10YR6/®;
poorly-sorted,  coarse-to  fine-gnined;  20-25 % fo88ill,
including  Comoosita  a-3%, occa8iomlly  ar(icul4ted,  rmid-to
apar-filled  `iiith  geapetal,  felt/ in  life  position,  fifth  algal-
cout¢d),  productid3  (Desmoincsia?,   I-2*, nrcly  artic`llatcd,
some  with  fnodentely  wclli]reser`red  apincs,  mud-  to  apar-
filled, ovemimcd),  Cnirithvri..  crinoid  debri.  (5%,  few I.nge
columnals  in upper  half, up  to  2-3 cm long,  I-2 cm diamcte[),
cohinoid  apinca,  Aviculcoecten.  Hustedia.  lou/- and  high-
apircd  gastropod8.  fenestnte   bryozoan  frogment3,  phylloid
algac  Q-3%  in lower  10 cm, relatively  ch3cnt  in  upper  par(,
most  algalioatcd),  unidentifiable   medium  to  fine  sand-eized
skeletal  grains  ®-10%);  mos(  brachiopod3  frogmcntcd:  most
•mlll  fossil debrii  algalioated.  Some  larger  foaeil. algal-
coated;  fossil. randomly  oriented,  decrease  in abundance
up`irard;  bedding  indistinct;  afmll chcrt  liodule  in center  ¢
cm lon®;  moldic porosity  throughout   aeached  out  foaeil
grfu,.

14.    Phylloid  A|gal  Brachiopod  Wackestone.  48-50 cm thick;  very
light gray  Ovfty,  wcathcr.  pale  ycllowich bro`l/n  (10YR6/2)   to
dark  ycllou/ish orange  (loYR6/6);  poorly-.ortcd,  coarse-  to
fineTgnined;  45-50% fo.sill. including  phylloid  ulgal
fragmcnt3  QO-25 %, up  to  9cvenl  cm long, quaftcr  algal-
coutcdy,  Cofnoo!it&  Q-3 *, nrcly  ar(icuhted),  productid.
(D¢smoin¢si..   Lincoroductus.   nrcly  .r.iculatcd),   Crurithvris.
crinoid  dcbri.  04%),  cchinoid  apinea  and  plalc..
Omohalctrochus-like   gastropod,  bryozoun  frogmcfto,
unidcntifi&ble   mcdiufn  to  fine  Sand-aizcd  skeletal  gnim  (15-
20*, .omc  .lgal<outed);  few sfmLl  (< 10 cm long, 24 cn
thick)  I&mimr  chactetid   in  Iou/er 3/4,  cncr`ming  phylloid
algal  frogTncnta,  .omc  ovcftumcd;   foseila  randomly  oricntcd
(cxccpt  chactctid.  `irhich occur  in  place);  bcddiing  indistinct;
chcrt  nodulca  common  at  lo`ircr  contact,  fe`ir throughout;   light
gny (N7)  to  medium  light gt.y ore  motding  in lourcr 5-7
cm: on upper  furfacc  are  numcrou.  afliculated  and
fragmentcd   ComFiosita   (molt  algal<oatcd,  fell/ unco.ted,
randomly  oriented),   echinoid  apine.  .nd  platca,  crinoid
dcbri.,  unidentifiable   medium  to  fine  .and-.ized  .kelet.I
grain.; upper  comact  aharp,  fnackcd  by  i-2 cm thick
calcarcou.  cl.yshale  `Irith  crinoid  and  brachiopod  debris.

13.    mylloid  AIgal Crinoid&l  Wackestone,  3840 cm thick;  light
gny Q17),  `l/cathen  d.rk  ycllowriah brown  (10YR4/2)  to  d.Tk
yellowish orange  (10YR6/6);  poorly-.ortcd.  coarse-  to  fine-

(coat.)
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12.

11.

10.

9.

8.

grained;   3540%  fossils,  including  phylloid algal  frogments   (15-20%, up  to  several  cm
long,  half algal<oated),   crinoid  debris  (1-2%, few algal¢oated,   ossicles   and  other
fragments),   Composita   (mostly  shell   fragments,   rarely  articulated),   Cnirithyris (few
articulated),   echinoid  spines   and  plates,  unidentifiable  medium  to  fine sand-sized   skeletal
grains  (15-20%, some  algal<oated);    smll  laminar  chaetetid   (5 cm  long,  3 cm  high)  in
upper  half; fossils  (except   for in-situ chaetetid)   randomly  oriented;  bedding   indistinct;
light gray  (N7) to  medium  light gray  (N6) horizontal  mottling  in upper  5 cm;
discontinuous   band  of chert  nodules   at upper  contact;    upper  contact   gradational.

Crinoidal Wackestone,    6-8 cm  thick; very light gray  QT8), weathers   olive gray  (5Y4/1)  to
dark  yellowich orange   (10YR6/6);  moderately   vell-sorted,  medium-  to  finegrined;  35-
40%  fossils,  including  crinoid  debris  (10-15%), brachiopod   shell  fingments   and  spines,
phylloid algae?   arighly frogmented,   few large  frogments   in upper  2 cm),  unidentifiable
medium  to  fine sandrsized   skeletal  grains  (20-25%); fossils  randomly  oriented;  bedding
indistinct;  upper  contact   sharp,  tightly fused  to overlying bed.

Calcareous    Clayshale,   5rty cm  thick;  yellowish gray  (5Y7re),  weathers   dark  yellowish
orange   (10YR6/6);  25-30%  fossils,  including  crinoids  (15-20%, ossicles,   plates,   few stems
up  to  2-3  cm  in length),  Mesolobus   (4-5%, common   whole  valves,  frequently  articulated),
fenestrate   and  ranose   bryozoan   fragments,   produetid   shell  fragments   and  spines,
unidentifial]le  medium  to  fine sand-sized   skeletal  grains;  flaggy  to platy  partings;
becomes    crinoidal  wackestone    in upper  3 cm  with similar fossils  composition   as
clayshale;   upper  contact   very sharp.

Phylloid Algal Brachiopod   Wackestone,    16-20 cm  thick;  light gray  (N7), weathers   pale
yellowish orange   (10YR8/6)  to  dirk  yellowish orange   (10YR6/6);  poorly-sorted,   coarse-
to  fine-grained;  3540%  fossils,  including  phylloid algal  frogments   (15-20%, most  less
than  1 cm  long,  2/3  algal<oated),   crinoid dchris  (5-7%), productids   (2-3 %, frequently
articulated,   mud-to  apar-filled with geopetal,   some  algalcoated),    Composita   (1-2%, few
articulated,   randomly  oriented,  mud-  or rarely  spar-filled,  few algal<oated),   lo`I/-spired
gastropods,    bellerophontids,   unidentifiable  tnedium  to  fine sand-sized   skeletal  grains  (10-
15%, 2/3  algal<oated);    fossils  randomly  oriented;   bedding   indistinct;    few small  chert
nodules   throughout;   upper  contact   sharp.

Crinoidal Wackestone,    12-14 cm  thick;  light gray  (N7), weathers   pale  yellowish orange
(10YR6/6)  to  dark  yellowish  orange   (10YR6/6);  moderately   well-sorted,  medium-  to  fine-
grained;   25-30%  fossils,  including  erinoid debris  (5-10%), ComDosita   shell   fragments,
Juresania   (few noted,  mostly  shell  frngnents,   one  articulated),   ramose   and  fenestrate
bryozoan   fragments,    unidentifiable  medium  to  fine sand-sized   skeletal  grains  (15-20%);
many  fossils  partially to completely   algalcoated;    fossils  randondy  oriented;  medium  light
gray  (N6) horizontal  mottling  throughout;   bedding   indistinct;  upper  contact   gradational,
marked  by  slabby  partings.

Brachiopod   Oncolitic  Wackestone,    14-20 cm  thick;  very  light gray  (N8), weathers   pale
yellowish  orange   (10YR8/6);  poorly-sorted,   coarse-   to  fine-grained;   4045%  fossils,
including  productids   (Juresania.    Desmoinesia.    8-10%. mostly  shell  fragments   and  spines
in lower third, often  articulated   in upper  t`ro-thirds,  mud-filled),  Composita   (2-3 %,
frequntly  articulated,   mud-filled), crinoid  debris  (1-2%), unidentifiable  medium  to  fine
sand-sized   skeletal  grains  (25-30%); most  fossils  entirely  algal<oated   in lower half (up  to
2 cm  in thickness),   less  well coated   upwnd;  articulated  brachiopods    more  common
upwnd;  fossils  randomly  oriented;  olive black  (5Y2/1)  clay-rich  laminae  occur
throughout,    imparts  a nodular  appearance;    lower 2 cm  black  (N1) platy  calcareous
shale  with frogmented   skeletal  debris  (produetid   spines   and  shell  frogments,   other
brachiopod   shell  frogments,   unidentifiable  tnedium  to  fine sand-sized   skeletal  grains);
upper   i-2 cm  olive black  (5Y2/1)  platy  shale  with articulated   algal<oated   biscuit-shaped

(cant.)
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6.

5.

Composita   and  productids   (Juresania.   Antiauatonial,  also  crinoid  debris,  unidentifiable
mmedium  to  fine sand-sized   streletal  gnins  (t`ro-thirds  algaltoated);   upper  contact
g"onal.
Calcareous   Mudshale,  4-5 cm  thick;  grayish  olive (10Y4re),  weathers   olive gray  (5Y3#);
plant  remains,  rare  brachiopod   (Cormosita?)   shell  frogments;   platy  to  flaggy  par(ings;
upper  contact   shap.

Skeletal  Cachonate   Mudstone,   0-13  cm;  light gray  QT7), weathers   very light gray  Or8);
well-sorted,  fine-grained;  rare  fossils  (1-2%), including  high-spired  gastropods,
unidentifiable  medium  to  fine sand-sized   skeletal  grains;  fossils  randomly  oriented;
numerous   bunow- and/or   rootlet-like stnictures   (up  to 5 cm  long,  most  2-3 cm  long, up
to  1  cm  wide)  throughout,   mud-filled (iron stained)   or apar-filled,  occasionally   bifurcate
downwund;   stylolites  throughout  with, associated    with olive black  (5Y2/1)  clayrich
laminae;  pinches   out  ngainst  underlying  bed;  upper  surface  pitted,  eroded;   apar-filled
fractures   on upper  surface;   upper  contact   sharp.

Chaetetid   Skeletal  Wackestone    to Grainstone,   20-32 cm  exposed,   1o`ver contact   covered;
pin]dch  gray  (5YR8/1),  weathers   very pale  orange   (10YR8#);  similar to unit c, bed  5, at
sections   2, 5; 70% chaetetids    Oow domical  to high domical  (ragged)   foms,  all toppled
or overturned);   chaetetid   lying on  it's side  at upper  surface   (40 cm  long,  18  cm  diam.,
eroded   level with surface   of bed);  surrounding   matrix  skeletal  wackestone    to  grainstone;
moderately   well-sorted,  medium-  to  fine-grained;  50-80%  fossils,  including  crinoid  debris
(4-5 %), Composita   (mostly  shell  fingments,   one  articulated),   ostracodes,    unidentifial]le
medium  to  fine sandrsized   stkeletal  grains  (40-75%, frequently  algal¢oated);    fossils
randomly  oriented;  upper  contact   with bed  6 irregular,  shag,  scoured;   elsewhere   upper
surface  pitted,  eroded.
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AppErolx  D

iiEnsuRED  sTRATIGRAPHlc  sECTION8

LOCAlillY  782

Roadcut  along  US  Highway  166,
east  of  Edna,  Kansas
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Samples    collected    at ]ocalitv  782

Sample   no.
782rsi
S-1.

1

2a
2b
3a
3b
4
5a
5b
5c
6
7
10a
lob

KLP-S1

Level

upper  half, bed  1
lower third, bed  2
upper  contact,   bed  2
lower contact,   bed  3
upper  contact,   bed  3
entire  thickness,   bed  4
upper  half, bed  5a
lower contact,   bed  5a
middle  part,  bed  5c
mtrix, bed  5e
upper  contact,   bed  6
lower contact,   bed  10
upper  surface,  bed  10

middle  part,  bed  5b
middle  part,  bed  5b
upper  half, bed  5c
entire  thickness,   bed  5d
matrix, bed  5e
upper  third, bed  6
upper  contact,   bed  6
entire  thiclmess,   bed  7
lower contact,   bed  8
upper  half, bed  8
lower contact,   bed  9
nriddle  part,  bed  9
upper  contact,   bed  9
lower half, bed  11
upper  half, bed  11
contact   of bed   10,11
entire  thiclmess,   bed  12
mudstone   parting,  upper  contact,   bed  12
lower contact,   bed  13
nriddle  part,  bed   13
riddle  part,  bed  13
upper  contact,   bed  13
contact   of beds   13,14
lower contact,   bed  14
upper  contact,   bed  14

middle  part,  bed  5c,  20 yds  west  of 782-S2
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DESCFtlpTION:   Section  782-S1,   Locality  782

52  meters  east  of  782-S4

LOCATION:  NE  1/4,  SE  1/4,  see  32,  T.34S,

Pl.19   E,  Labette  Co.,  Kansas

MEASURED  BY:     Vincent  voegeli       1989

-a_a
_a_

SECHON 782-Sl

bed

Amorct  Limestone  Member

10.    mylloid  AIgal Bnchiopod  W.ckestone,  30 cm thick, ovcdain
tiy modcm  son; light gny av7)  wcathcr3  moderate   yclJowich
brown  (loYR5/4);  poorly-sorted,  co.rae-  to  fine-grained:  35-
40*  foa.il.. including phyuoid  dgal  frogtncnt.  (15-20%,
quatlcr  ulg.l<oatcd),  productid.  (Desmoincsia.  Echinafia:  3-
4%, commonly  articul.ted,  often  ap&r-fllcd  with gcopctal,
quarter  algaliouteo,  Comt)ogit.  (I-2*, few &tticulatcd,  few
•lgal<oated),  Crurithyri.  (few  ardculatcd).   crinoid  dcbri.  @-
4%). low-apircd  gastropod.  (froqucmly  with geopct.I,  few
&lgalio.ted),  unidcntifiable   medium  to  fine  .and-.izcd
•kelcul  gnin.  (10-15 %, third  algal<outcd);  moat  .rticul.ted
brachiopod.  in lower half;  foi.il. nndomly  oricntcd,  bccofnc
more  frogmented  upv.rd;  dark  ycllowich orange  (10YR6/6)
molding  throughou(:   diaconiiniiou.  chcrt  I.ycr in lover third
(9imil.I  ckclctal  colxpo.ition  .. ourrounding  rock),  .ilicified
foaei]. cofnmon  in thi. .rc.:  upper  p.rt  hgtncntcd.

9.      Crinoidal  W.chef(one,  30-25 cm thick; mcditim  grly av5),
wc.ther.  fncdium  ligh( gny Or6)  in center,  d.rk yellovich
ormge  (10YR6/®  to  ycllowich brown (loYR5/4)   el.ewhere;
mod¢ratcly  well-ror(cd,  medium-  to  fific-grained;   lo-15tt
foa.il., including  crinoid  dcbri.  Q-3 %), Comt]o®itl   (I.rely
articulated,  mud-  fflled),  other  bnchiopod  chell  fr.gtnent.,
unidentiri.ble   fnedium  to  fine  und-.ized  8kelct&l  gain.  (5-
10*);  fo.lil. I.ndolnly  oricmcd;  chcr(  nodule.  common
thro`ighout;  d.rt  ycLlovich or.ng®  (loYR6/6)   horizont.I
mouling  throughout;  upper  contact  .h.q?,  marked  by tbin
(0.5 cm)  d.rk  yellowich orlnge  (10YR6/6)   mudch.Ie  p.rting.

8.      Brachiopod  Oncolitic  W.ckeseone,18-23 cm thick; very light
gny Ql8). weather.  gnyich onnge  (10YR7/4);  poorly-rorfed.
co.ne-  to  fine-gTaincd;  25-30% fo»il., including  Comoo.it.
(10-12%, frcquentJy  .rtjcul.ted),   productidi  Q-3 %, moedy
Jutes.ni&.  frequently  .fticul.ted,  .leo  chcLl  fragment.,  piae.),
crinoid  dcbri.,  oftncode.,  echinoid  apinc., famoae  bryozo.A
hgmcn..,  lou/-apircd  g&fLropodi.  bellcrophoftlidi.
unidcnlifiable   medium  to  fine red-.ized  .kelct.I  grain. a-
10*); nearly all fo..il. .lgal<outcd  (80*, up to  .cvenl cm
thick, mo8( cofnpletely  .lgalio.ted,  rome  .lg.lioatcd  only
on one  .idc):  foe.il. flndomly  oriented;  I.mimr  ch.ctctid  a
cm long, 2 cm high)  ia lower hllf (growing on pfoductid
oneolitc);  olive bl.ck (5Y2/I)  cl.y-rich I.inimc  throughou|
conccntrited   in upper  .nd  lover part:  indistinct  bedding;
lower  1  cm d.t[ gny 013)  pl.ty  ch&lc  with productid  cheLl
frogment.  and  apine.. ufLidentiriable   iEcletal  grain]; upp.r  2-3
cm d.r[  gr]y (N3)  platy  th&le  with  algal<o.ted  lrticul.led
productid.  Oiacuit  ch.ped),  other  brachiopod  chell  fhgmenl.,

(cant.)
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6.

5.

crfuoid  debris,  unidentifiable  medium  to  fine sand-sized   skeletal  grains;  upper  contact
stry.
Calcareous   Mudshale,   1-5 cm  thick; pale  yellowish orange   (10YR8/6)  in lower half,
moderate   yellow (5Y7/6)  in upper  half, locally grayish  olive (10 YR 4/2),  weathers   dark
yellowish  orange   (10YR6/6);  lower half less  calcareous    with plant  remains,  black  (N1)
organic  stringers;  upper  half contains   rare  fragmented   fossil debris;  thickens   over
depressions    in underlying  bed,  thickens   and  thin considerable    laterally away  from
section;   upper  contact   sharp.

Gastropod   Skeletal  Wackestone,    3-36 cm  thick; very light gray  (N8), weathers   grayish
orange   (10YR7/4);  moderately   well-sorted,  medium-  to  fine-grained;   15-25%  fossils,
including  Domldim-like  gastropods    (5-7 %), low-apired  gastropods    (1 %), Composita
(Inostly  shell  fragments,   rarely  articulated),   other  brachiopod   chell  fragments,   crinoid
debris,  ostracodes,    unidentifiable  medium  to  fine sand-sized   skeletal  grains  a-15%);
fossils  randomly  oriented,  less  common   and  more  frngmented   upward;  numerous   small
(2-8 cm  long,  0.5 cm  wide)  vertical burrow  and/or   rootlet  structures   (occasionally
bifurcate  do`unward,   more  abundant   in the  upper  part,  half mud-filled, half apar-filled);
large  vertical  solution,  burrow,  and/or   rooting  structures   common   extending   from upper
surface   downward   (up  to  30 cm  long,  6 cm  wide,  taper  downward,   few bifurcate
dounwnd,   apar-  or mud-filled, or filledwith fragmented   skeletal  grains);  thickens  and
thins  considerable    over  depressions    in underlying  bed;  nearly  pinches   out  over  chaetetid
buildup  in underlying  bed;  upper  surface   irregular,  pitted  and  eroded;   upper  contact
sharp.

Wackestone    to Boundstone:    130-160  cm  thick;  divisible into 5 units  (ae)  elsewhere,   four
units  (a-,  e)  present   at this section.

|keile;  Phylloid Algal Chaetetid   Packstone    to Wackestone,    31-38  cm  thick;
brownish  gray  (5YR4/1),  veathers   moderate   yellowish bro`on  (10YR5/4);  poorly-sorted,
coarse-   to  fine-grained;   lower ha,lf 60-7096  fossils,  including  phylloid algal  frogments   (40-
50%, up  to several  cm  long),  Composita   (few articulated),   crinoid  debris,  unidentifial>le
medium  to  fine sand-sized   skeletal  grains;  fossils  randomly  oriented;   laminar  chaetetid   at
lower contact   (begins  on  clay  seam);   upper  half 3540%  fossils,  including  phylloid algal
haglnents   (10-15%), Composita   (1-2%, few articulated),   Cnirithyris (few articulated),
crinoid  dchris  (4-5%), gastropods,    unidentifiable  medium  to  fine sand-sized   skeletal
grains  (10-15%); some   fossils  algal<oated;    two  low domical  chaetetids   in middle  part
(begin  on  clumps  of phylloid algal  frogments);   one  chaetetid   (12 cm  high,15  cm  wide)
ends  below  upper  contact,   other  (15  cm  high,  25 cm  wide)  continues   through  upper
contact;   sediment   drapes   over  chaetetids   5{ cm;  1aminar  chaetetids   common   away
from this  section;   upper  contact   shap,  inegular,  marked  by olive black  (5 Y 2/1)  clay-
rich lanrinae.

Ifei±J2;  Calcareous    Shale,  2rd cm  thick;  olive black  (5Y2/1),  weathers   brownish
gray  (5YR4/1);  contains   bmchiopods    shell  fingments,   laminar  chaetetids,   unidentifial)le
medium  to  fine sand-sized   skeletal  grains);  some   chaetetids    continue   into this unit from
domical   forms  in unit a, become   laminar,  continue   into overlying  unit; thickens
considerable    laterally to phylloid algal  chaetetid   wackestone;    upper  contact   irregular,
shalp,  marked  by olive black  (5Y2/1)  clay-rich  laminae.

Izni!j2;  Chaetetid   Skeletal  Wdekestone,    30<1  cm  thick; brownish  gray  (5YR4/1),
weathers   moderate   yellowish brown  (10YR5/4);  modemtely   well-sorted,  medium-  to  fine-
grained;   4045%  fossils,  including  fusulinids  (10-15%), crinoid  debris  (10%), phylloid algal
hagments   (2-3 %), Composita   (few articulated),   Cnirithyris (few articulated),   angular
chaetetid   fragments,   ranose   and  fenestrate   bryozoan   fragments,   LODhoohvllidium.
Stranorollus.   unidentifiable  medium  to  fine sand-sized    skeletal  grains  (10-15%, quarter
algal<oated);    two  columnar   chaetetids.   one  continues   into unit from underlying  unit,
other  begins   at  lower contact   as  laminar  form (begins  on  clay-rich  laminae);  both
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chaetetids    continue   through  entire  thickness   of unit and  into overlying  unit; upper
contact   irregular,  sharp.

II!±j±ji:  Chaetetid   Boundstone    with interJbedded   fossiliferous  clayshale,   36-84 cm
thick:  chaetetids    light gray  (N7) to  medium  light gray  (N6), weather  grayish  orange
(10YR7/4)  to  dark  yellowich orange   (10YR6/6);  low domical  to  columnar   chaetetids,
fom inrsitu buildup  (buildup  pinches   out  laterally away  from section,  underlying  unit c
scoured   out around  buildup);  columnar  foms  continue  into unit from underlying  unit,
low domical  foms  begin  within unit (some   at angles   less  than  90 degrees);   chaetetids
teminate  at upper  contact,   frequently  appear   toppled,   displaced,   fragmented   (30%)
(some   may  be  broken  off pieces   of columnar  forms),  appear   weathered   (spar-filled
desiccation-like   cracks   on  surfuce);   interLbedded   fossiliferous  clayshale   moderate
yellowish bro`rm  (10YR5/4),  weathers   pale  yellowish  orange   (10YR8/6);  contains
brachiopod   shell  fragments,   crinoid  ossicles,   angular  chaetetid   fragments,   unidentifiable
medium  to  fine sand-sized   skeletal  grains;  upper  contact   irregular,  sharp.

Fusulinid Skeletal  Packstone    to Phylloid Algal Wackestone,    20-30 cm  thick;  brownish
gray  (5YR4/l),  weathers   moderate   yellowish brown  (10YR5/4);  poorly-sorted,   coarse-   to
fine-grained;  lower  t`ro-thirds  65-75 %  fossils,  including  fusulinids  (30-35 % , few algal-
coated),   phylloid algae?   (5 %, highly  fragmented,   algal¢oated),   brachiopod   shell
frogments   (1-2%, algal¢oated),   crinoid  debris,  laminar  chaetetid   (near  center,   10 cm
long,  4 cm  high);  unidentifiable  medium  to  fine sand-sized   skeletal  grains  (20-25%, algal-
coated);   wavy  bedded;    few partially silicified nodules   (some   fossil  composition   as
surrounding   rock);  upper  third 30-35 %  fossils,  including  phylloid algal  fragments   (10-
15%, occasionally   algalioated),    Composita   (few articulated),   crinoid  debris,
unidentifiable  medium  to  fine sand-sized   skeletal  grains  (15-20%, quarter  algal<oated);
fossils  randomly  oriented;   indistinct  bedding;   upper  surface   irregular;  upper  contact
sharp,  marked  by  thin (1-3 cm)  moderate   yellowish brown  (10YR5/4)  calcareous    shale,
mostly  unidentifial)1e  skeletal  grains,  also  crinoid  fragments,   ramose   bryozoan   fragments,
Composita   (mostly  shell  frogments),   fusulinids.

Skeletal  Packstone   to Phylloid Algal Gastropod   Wackestone,    33  cm  thick; brownish  gray
(5YR4/1),  weathers   moderate   yellowich brown  (10YR5/4);  well-sorted,  fine-grained  in
lower 7 cm,  poorly-sorted,   coarse-   to  fine-grained  above   this;  lower 7 cm  70-75%  fossils,
including  crinoid  debris,  brachiopod   shell  fragments,   unidentifiable  medium  to  fine sand-
sized  skeletal  grains  (65-70%); upper  26  cm  30-35%  fossils,  including  phylloid algal
fragments   (10-15%, xp  to  10  cm  long)  low-spired  gastropods    (1-2%), Soleniscus-like
gastropods,    Composita   (few articulated,   mostly  shell  fragments),   Crurithyris (few
articulated,   mostly  shell  flngments),   crinoid  debris,  Heliost]onria   (in upper  5 cm),
unidentifiable  medium  to  fine sand-sized    skeletal  grains  (10-15%);  fossils  randomly
oriented,  one-third  algal-oated;    indistinct  bedding;   upper  contact   is sharp,  marked  by
thin (O.5-2.5 cm)  moderate   yello`i/ish brown  (loYR5/4)  calcareous    clayshale   witli
brachiopod   shell  fingments,   unidentifiable  fossils  grains.

Crinoidal Packstone    to Phylloid AIgal Whokestone,    35  cm  thick;  bro`unish  gray  (5YR4/1),
weathers   moderate   yellowish brown  (10YR5/4);  moderately   well-sorted,  medium-  to  fine-
grained  in lower  8 cm,  poorly-sorted,   coarse-   to  fine-grained  above  this;   lower 8 cm  60-
70%  fossils,  including  crinoid  debris  (40-50%), brachiopod   shell  fragments,   unidentifiable
medium  to  fine sand-sizx3d    skeletal  gmins  (15-20%, occasionally   algal¢oated);     wavy
bedded;   upper  25  cm  30-35%  fossils,  including  phylloid algal  fragments   (10-15%), crinoid
dchris  (2-3 %), Composita   (mostly  shell  frogments,   few articulated),   produetids   (mostly
shell  hagments.   few articulated),   low/-spired  gastropods,    uhidentifiable  medium  to  fine
sand-sized    skeletal  grains  (10-15%);  fossils  randomly  oriented.   frequently  algal¢oated;
bedding   indistinct;  upper  contact   sharp,   mariced  by  thin (2 cm)  moderate   yellowish
bro`m  (10YR5/4)  calcareous    clayshale   with brachiopod   shell  fragments,   unidentifiable
skeletal  grains.
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Bandara   Shale  Formtion

Nonulcareous    to Calcareous   Micaceous   Siltstone,  46 cm  exposed,   lower contact
covered:   dark  gmy  OT3), wcather8   gmyish  orange   (10YR7/4);  lower 36 cm  non-
calcareous    with feov plant  frogments,   root  traces   and/or   small  burrow  structures;
indistinct  bedding;   becomes    calcareous    in upper  10 cm,  contains   rare  (1%) small
unidentifiable  fossil froginents;   flaggy  bedding;   upper  contact   sharp  to gradational,
marked  by olive black  (5Y2/1)  clay-rich  laminae.
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DESCFIIPTI0N:   Section  782-S2,  Locality  782

south  side  of  roadcut,  S13  W  of  782-S1

LOCATION:  NE   1/4,  SE   1/4,  sec  32,  T.34S,

P.19   E,  Labette  Co.,  Kansas

MEASUF!ED  BY:     Vincent  voegeli        1989

SECTION 782S

bed

Amorct  Limestone  Mcfnbcr

15.    Brachiopod  Skeletal  Wackestone,  30-50 cm thick.  modem  Soil
dcvelopcd  on  airface;  mcdiufn  gny 045)  to  medium  light
gny Q16), `l/c.then  ycllou/i.h grly (5Y8/I)  to  pale  yellowish
orange  (loYR8/®;  poorly-.or(cd,  co.rae-  to  fincquincd;  25-
30%  foasila. including  Corroosita   Q-3 %, mos(ly  Shell
frogmcnta,  four afticulated,  mof(  ilg&lioated),  Crurithyri.
(fc`ir  .rticulateo,   productidi  (Desmoinesia.  Juresania.
Antiau&tonia.   nrcly  .ftic`ilated),   Hustcdia.  crinoid  dcbri.  (I-
2%, fevr stem.  2-3 cm long), phylloid  algal  fragmcnti  Q-3S
in lower  10 cfn, al]ecnl  above  thi., two thirds  algalioatcd),
Ifotozvf!a-lilce  gastropods.  low-apircd  gaslropodi  (fe`ir  algal-
coated),  echinoid  apinca  and  pl&tca,  bcllcrophomide,
Girtvococlia.  Omohelotrochua.   unidemifiable   medium  to  fine
sand-Sized  skeletal  gnin.  (15-20 % , two+hinds  algalioated);
trro .mall lamimr  chaetctid.  to  righ( of ecction  0 .nd  5 cfn
long,  I  cfn high, ovcftiimed  aevenl tiines);  fossil. nndomly
oriented,    fnore  fhgmented  upwnd, dccrcase  in &bundonce
upv`/art;  numero`i.  Small  vcltical burfow-Like  nnicaire.
th"ghout  (vp  to  7 cm long, 05 cm wide, hod  rtaincd,  open
or mud-filled):  few chcr.  nodule.  ne.r upper  coat.ct  (<  5 cm
long);   bedding  indistinct;  di.coid.I  to  pheric.I  phoaphate
nodule.  ou  upper  nirfucc  (n`iclc`i.  i. Oibic`iloidca   or
`inidcmifiablc   dcbri.);  diaconinou.  (eroded)   laterally.

14.    mylloid  AIg.c  Bbchiopod  Wackeftone,  30-33 cm thick; light
gfly Q17), `I/c.thcr.  p.le  ycLlovri.A bro`rm  (loYR6A)  to  d.ck
ycllowiah orang.  (10YR6/O;  poorly-.orted,  coarse-  to  fine-
gr.incd;  3540* fo..il., including phylloid  a|gal hgmcnl.
(10-15 %, third  ulgalioatcd,  lc.. abundam  and  more
frogmcntcd   up`ir.rd),  Comoo.it.   (I-2 % , occasionally
•fticul.ted,   mud-  to  ap.I-filled),  Cnirithvri.  (fe`ir .r(ie`il.ted),
J`ire.ani.  (manly  .hell  frogmcnt.  .nd  xpincl),  ctinoid  dcbri.
(I-2%),  cchinoid  apinc., unidcmifi.blo   fncdium  to  fine  ..nd-
iizcd  .kelctal  gnin.  QO-25%, toiowhird.  .lg.l<oated);  few
I.mid.I  chactctid.  throughout   (10-30 cm long, 54 cm high,
•ome  ovcrturncd,  gfourth condmed  upw.rd .fter
ov¢ftiiming):   foeail.  (cxccpt  in-.itu  ch.ctctid8)   randoinly
oriented,  more  frogmenlcd  .nd  fine-gnined  upwnd:  d.tic
yellowi.h onngc  (loYR6/6)   mottling  id lower 5-10 cfn; oa
upper  nirfuce  ir thin  fine-gr-ined  ikclet.I  packftone,  .I.o  felr
•lgll<o.ted  .I(iculated  Comoosita:  upper  contac(  ahirp.
in.rkcd  by 4-5 cm thick d.rlc  yellow/ish or.figc  (loYR6/6)
cl&yde.

13.    Phylloid  Alg&l  Brachiopod  Wackestonc,  4144cm thicke  light
gny Q17),  `i/cathcri  pale  yello`lrish bro`i/a  (10YR6C)   to  dart
yellow/ish orange  (loYR6/6);  poorly-.ofted,  coar!c+  to  fincL
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grained;   4045 %  fossils,  including  phylloid algal  fragments   (15-20 % , third algal-coated,
up  to  several  cm  long),  Composita   (2-3 %, occasionally   articulated,   frequently  algal-
ccoated),   Cnirithyris (occasionally   articulated,   algal¢oated),   Juresania   (mostly  shell
fragments   and  apines,   rarely  articulated,   frequently  algal¢oated),   Neospirifer  (one
observed,   articulated  with geopetal,   in-situ?,  crinoid  debris  (5 %), unidentifial>1e  medium
to  fine sand-sized    skeletal  grains  (10-15%, half algal¢oated);    one  partially silicified
laminar  chaetetid   at upper  contact   (8 cm  long,  3 cm  high,  in situ);   fossils  randomly
oriented  (except   as  noted);   distinct  platy parting  15-17  cm  above  lower contact;   dark
yellowish orange   (10YR6/6)  mottling  throughout,   concentrated    in upper   10-15  cm;
discontinuous   nodular  chert  layer at upper  contact   (same   fossil composition   as
surrounding   rock);  upper  contact   gradational.

Crinoidal  Skeletal  Wackestone,    11-13  cm  thick;  light gray  (N7), weathers   pale  yellowish
brown  (10YR6/2)  to  dark  yellowich  orange   (10YR6/6);  moderately   well-sorted,  medium-
to  fine-grained,   15-20%  fossil, including  crinoid  debris  (2-3 %), brachiopod    shell
fragments,   gastropod   shell  fragments,   unidentifiable  medium  to  fine sand-sized    skeletal
grains  (10-15%);  fossils  randomly  oriented;   dark  yellowish  orange   (10YR6/6)  horizontal
mottling  throughout   (some  preferentially  silicified);  upper  contact   sharp,  irregular,
marked  by  1-2 cm  thick deck  yellowish orange   (10YR6/6)  clayshale.

Calcareous    Clayshale,   10-12 cm  thick;  grayish  orange   (10YR7/4)  to pale  yellowish
orange   (10YR8/6),  weathers   dark  yellowish orange   (10 YR 6/6);   15-20%  fossils,
including  crinoids  (10-12%, ossicles,   plates,   few  1-2 cm  long  articulated   stems),
Mesolobus   (1-2%, whole  valves  common,   frequently  articulated),   produetid   shell
fragments   and  apines,   other  brachiopod   shell  frogments,   echinoid  spines,   unidentifihole
medium  to  fine sand-sized   skeletal  grains  (2-5%); grainstone   lenses   in lower  1-2 cm
(same   fossil as  surrounding   clayshale);   discontinuous    wackestone    lenses   in the  upper
third (same   fossils  as  surrounding   clayshale);   thickens   and  thins  considerable    laterally;
upper  contact   irregular,  sharp.

Phylloid Algal Brachiopod   Wiekestone,   20-22 cm  thick;  medium  gray  (N5), weathers
medium  light gmy  (N6) to  light gray  (N7); poorly-sorted,   coarse-   to  fine-grained;  30-35%
fossils,  including  phylloid algal  frogments   (10-15 % , half algal¢oated),   productids
(Turesania,   Desmoinesia.   Echinaria:  4-5 % , commonly   articulated,   half algalioated),
Composita   (1 %, few articulated,   most  algal¢oated),    Cnirithyris, crinoid  debris  (1-2%,
mostly  small  hagments,   one  large  2 cm  diam.  stem),  low-apired  gastropods,
unidentifiable  medium  to  fine sand-sized   skeletal  grains  (10-15%, most  algal<oated);    few
articulated  productids   in lifeposition  (most  in lower half; few chert-filled,  others  spar-  to
mud-filled, frequent  geopetal),   other  fossils  randomly  oriented,   more  fragmented   upwnd;
dark  yellowish  orange   (10YR6/6)  mottling  throughout;   few chert  nodules   (5-10 cm  long)
throughout,   concentrated    near  center  (similar fossils  as  surrounding   rock);  upper  surface
irregular,  iron stained;   upper  contact   sharp.

Crinoidal Wackestone,    30-33  cm  thick;  medium  gray  (N5) to  medium  daric  gray  (N4),
weathers   medium  light gray  (N6) in center,   else`where   daric  yellowish orange   (10YR6/6)
to yellowish brown  (10YR5/4);  moderately   well-sorted,  medium-  to  fine-grained;  20-25 %
fossils,  including  crinoid  debris  (2-3 %), productids   (mostly  shell  fragments,   rarely
articulated),   other  brachiopod   shell  frogments,   unidentifiable  medium  to  fine sandrsized
skeletal  grains  (15-20%); fossils  randomly  oriented;    few chert  nodules   throughout;   dalk
yellowish orange   (10YR6/6)  mottling  throughout;   upper  contact   sharp,  marked  by  thin (1
cm)  dark  yellowish orange   (10YR6/6)  clayshale.

Brachiopod   Oncolitic  Wackestone,    10-22 cm  thick;  medium  light gray  (N6), weathers
pale  yellowish  orange   (10YR8/6)  to  dark  yellowish  orange   (10YR6/6);  poorly-sorted,
coarse-   to  fine-grained;   30-35%  fossils,  including  produetids   (10-12%, mostly  Juresania:
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20%  articulated,   rest  shell  frogments,   apines),   §pmposi±a_ (1-2%, frequently  articulated),
eehinoid  spines,   Donaldina-like  gastropods,    low-apired  gastropods,    bellerophontids,
Lot)hot)hvllidium.  Hdstedia.   Amblvsit)honella.  ostracodes,    unidentifiable  medium  to  fine
sand-sized    skeletal  grains  (10-15%): nearly  all fossil material  algal<oated    (up  to  several
cm  thick;  most  completely   coated,   some   coated   on  one  side  only); most  gastropods
un]ncoated;    fossils  randomly  oriented;   low domical  chaetetid   (10 cm  wide,  8 cm  high)  in
center   (growing  on  produetid  oncolite,  overturned   at  least  once  during  growth);  small  (5
cm  long)  laninar  chaetetid   in middle  part;  few algalioated   lithoclast;  olive black  (5Y2/1)
clay-rich  lamime  throughout,   concentrated    at upper  and  lower contacts   and  where  bed
thins  (when  abundant   impart  a nodular  appearance    to bed);  lower  1 cm  dark  gray  QJ3)
platy  shale  with produetid   chell  frogments   and  apines,  unidentifiable  skeletal  grains;
upper  2 cm  dark  gray  OT3) platy  shale  with algal<oated   articulated  productids   ®iscuit
shaped),   other  brachiopod   shell  frogments,   unidentifiable  medium  to  fine sand-sized
skeletal  grains;  upper  contact   grrdational.

Calcareous   Mudshale,  0.5-5 cm  thick; pale  yellowish brown  (10YR6re),  weathers   dark
yellowish orange   (10YR6/6);  lower part  less  calcareous    with plant  remains,   black  (N1)
organic   stringers;   upper  pat  with rare  (< 1 %) frogmented   fossil debris;  becolnes    grayich
olive (10YR4/2)  locally;  thickest  over  depressions    in underlying  bed,  thickens  and  thin
considerable    laterally; upper  contact   sharp.

Gastropod   Skeletal  Carbonate   Mudstone  to Wackestone,    46{0  cm  thick;  light gray  (N7)
to very light gray  (N8), weathers   very pale  orange   (10YR8/2);  moderately   well-sorted,
medium-   to  fine-grained;   10-30%  fossils,  including  Donaldina-like  gastropods    (2-3 %), low-
spired  gastropods,    ComDosita   (mostly  shell  fragments,   rarely  articulated),   other
brachiopod   shell  hagments,   crinoid  dedris,  bellerophontids,    ostracodes,    unidentifiable
medium  to  fine sand-sized   skeletal  grains  a-25%); fossils  randomly  oriented,  less
abundant   and  more  fragmented   upward;  few laminar  chaetetids    in lower part  away  from
this  section   (nearly  all frogmented   and/or   overturned,   few in-situ, continue   into this bed
from underlying  bed);  numerous   small  (2rfe cm  long,  0.5 cm  wide)  vertical burrow  and/or
rootlet  stnrotures   throughout,   occasionally   bifurcate  downward   (more  al>undant   in upper
part;  half mud-filled, half spar-filled);  large  (up  to  30 cm  long,  6 cm  wide)  vertical
solution-  or root-like structures   common,   extend  from upper  surfuce   downward   (taper
downward, ,  few bifurcate  downward;   apar-  to mud-filled, or filled with fragmented   skeletal
debris);  upper  surface   irregular with solution  pits  and  cavities;  upper  contact   sharp.

Wackestone   to Packstone,   99-104  cm  thick;  divisible into 4 units,  be.
Ifei!.±;  Chaetetid   Skeletal  Wackestone   to Packstone,    23  cm  thick;  medium  gray

(N5), weathers   grayish  orange   (10YR7/4);  moderately   well-sorted,  medium-  to  fine-
grained;   40i50%  fossils,  including  phylloid algal  fragments   (10-15%, in discontinuous
lenses),   crinoid  debris  (2-3%, clumped   together),   ramose   bryozoan   fragments,
Composita   (mostly  shell  frogments,   few articulated),   Cnirithyris (few articulated),
unidentifiable  medium  to  fine sand-sized   skeletal  grains  (20-25 %, quarter  algal¢oated);
high  domical  chaetetid   Oower part  covered,   continues   to upper  contact,   matrix  drapes
over  surface  34 cm);  low domical  chaetetid   in upper  part  0 cm  high,  ends  at upper
contact);   articulated   brachippods    in close  association   with columnar  chaetetid   (few
possible   attached   to  surface),   other  fossils  randomly  oriented;   skeletal  dedris  finer-
grained  away  from chaetetids;    somewhat   wavy bedded;   upper  contact   sharp,  marked  by
olive black  (5Y2/1)  clay-rich  laminae.

Ifeifj2;  Chaetetid    Skeletal  Wackestone   to Packstone,    55rdo cm  thick;  medium
gray  (N5), weathers   grayish  orange   (10YR7/4);  moderately   well-sorted,  medium-  to  fine-
grained;   45rfe5%  fossils,  including  fusulinids  (5-8%. less  common   upward),  crinoid  debris
(10%), Composita   and  other  brachiopod   shell  frogments,   phylloid algal  fragments   (in
discontinuous    lenses),   ramose   and  fenestrate   bryozoan   frogments,   bellerophontids,
straight  shelled  cephalopod,    angular  chaetetid   fragments;   unidentifiable  medium  to  fine
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sand-sized   skeletal  grains  (2545%, quarter  algal¢oated);   chaetetids   common,(away
from this section   large  areas   devoid  of chaetetids);   thin laminar  chaetetid   (70 cm  long)  at
lower contact,   continLies   upward  as  a columnar   fom (35 cm  high);  low domical
chaetetid   32 cm  above  lower contact   (10 cm  high,  20 cm  wide, begins  on  phylloid algal
fragments);   two low domical  chaetetids   near  upper  contact:   one  begins   13  cm  below
upper  contact,   continues   to upper  contact;   other just below  the  upper  surface  ®artially
toppled  over);  away  from this section  chaetetids   in upper  part  of unit are  frequently
overturned  or toppled;  upper  contact   shag,  marked  by olive black  (5Y2/1)  clay-rich
laminae  (were  unit d present);

lE!i±.a;  Skelctal  Wackestone,   0-16 cm  thick; medium  gray  OJ5), weathers   grayish
orange   (10YR7/4);  modemtely   well-sorted,  medium-  to fine-grained;  3540%  fossil,
including  crinoid  frogments,   brachiopod   shell frogments,   angular  chaetetid   frogments,
unidentifiable  medium  to  fine sand-sized   skeletal  grains  (30-35%, third algal¢oated);    few
small  low domical  chaetetids   elsewhere   within unit; discontinuous,   usunlly  laterally
continuous   with unit e,  although  in places   unit e partially overlies  the  unit; upper  contact
sharp,  marked  by  lnoderate   yellowish brown  (10YR5/4)  clayshale.

lfei!Lg;  Chaetetid  Boundstone    to Rudstone   with inter-bedded   fossiliferous
clayshale,   0-20 cm  thick;  light gray  QT7) to  medium  light gray  (N6), weather  grayish
orange   (10YR7/4)  to dark  yellowich orange   (10YR6/6);  low domical  chaetetids    (appears
in place),  few chaetetid   fragments;   elsewhere   unit contains   high domical  to columnar
chaetetids,   occasionally   continuing  up  from unit c, some  begin  within the  bed  (nearly  all
teminate  at upper  contact,   few away  from the  section  continue   into overlying bed);
chaetetids   frequently  toppled,  displaced,   frogmented   (20-30%  across   outcrop);   inter-
bedded   fossiliferous  clayshale   moderate   yellowish brown  (10YR5/4),  weathers   pale
yellowish orange   (10YR8/6);  coarse-   to  fine-grained,  poorly-sorted;   few articulated
Composite.   angular  chaetetid   frogments,   unidentifiable  medium  to  fine sand-sized
skeletal  grains;  thickens   and  thin considerable    laterally; where  both  units  d and  e
missing,  fossiliferous  clayshale   up  to  10 cm  thick; upper  contact   irregular,  sharp;  lower
cormct   covered.
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DESCF]IFTloN:   Section  782-S3,  Locality  782

82  meters  east  of  western  edge

LOCATION:  NE  1/4,  SE  1/4,  see  32,  T.34S,

B.19  E,  Labette  Co.,  Kansas

MEASURED  BY:     Vincent  voegeli       1989

SEcnoN 782S
bed

Amore(  Limestone  Mcmbcr

9.       Crinoidal  W&ckestonc,  33 cm thick.  modern  soil  developed  on
upper  "rfacc;  medium  gny (N5), wc&thcr]  light brown
(5YR5/6);  modentc]y  wed-rortcd,  mcdiufn-  to  finc-gnincd;
10-15*  foaeil., including  crinoid  d¢bri.  O-3 %),  Comoositi
and  other  brachiopod  chcll  frogmcatJ,  unidcn(ifiable   medium
to  flee  8.nd-8iz¢d  aleeletal  gniu  (5-10%);  foaeil.  randomly
oriented;  few chcrt  nodule.  in center;  ligh( gray av7)
horizontal  mauling  throughout;  weather.  differcndally,  chert
•nd  moed¢d  .Tea.  more  fcsistanl.

8.       Brachiopod   Oncolitic  W&ckestone.18-19 cm thick;  Iigh( gr.y
(N7),  wcathcri  very light gray  Ot8);  poorly-sor(cd,  co&rsc-  to
fine-gTaincd;  25-30*  fossils,  including  Comoosit4   (10-12%,
froqucnlly  .rdculated),   productid.   Q-3 %, mostly Juresoria.
frcquenlly  .rdculited,  also  chell  frogmenLs,  apine3),  crinoid
dcbri.,  echinoid  apinc.,  nfnose  bryozo.a  ffngmcnls,  low-
apired  g.a(ropod.,  unidcntifublc   medium  to  fine  sand-sized
Skeletal  graina  (8-10*);  oc&rly  ul  fossil. algalioutcd  ®0*.
up  to  several  cm thick.  most  completely  algalioutcd,  rome
a]galioated  only on one  aide),  few unco.ted  productidi  (Ln-
siai?,  well preserved  apinc3);  foaeil. randomly  oricfitcd:  few
olive blac[ (5Y2/I)  clay-rich l&mime,  concentrated   in upper
•nd  lower part;  indistfrot  bedding;  lower  1  cm dark  gray av3)
platy  ihalc  with productid  thclJ  fragment.  and  apine3,
unidendfuble   .tclet.I  gnin.: upper  2-3 cm d.r[ gray (N3)
pl&ty  ahele  with ulg.l<oated  .rticul.ted   pfoductid.  ®iacui(
th.pod),  crinoid  dcbri.,  unidcndfiible   medium  to  fine  und-
Sized  ekclet&l  gnim;  upper  conL.ct  Sharp.

7.       C&Icarcou.  Mudshale,  O.5-2cm thick;  moderate   yellow
(5Y7/6),  wc.thor.  d.rk  ycllowich or.nge  (10YR6/6);  comim
flr€  ffagmcntcd  foaeil dcbri.;  thicken.  over dcprcs3iom  in
underlying  bed, thicken  .nd  thin  conSidcrablo  I.terally  aw.y
from  .ection;  upper  contact  ch&fp.

6.      G.ctropod   Skeletal  Cafoomte  Mudstone  to  W.ckestonc,  33-
43 cfb thick;  light 8ny Q17), wc.then  very light gfly a{8);
fnodcntcly  well-rortcd,  medium-  to  fine-grained;  10-30*
foaeil., including  Domldin.-like  g.ctropod.  Q-3 %),  low-
apired  g.I(ropod.,  Comooeit.  (moaly  ch¢ll  fragmcn..,  nrely
•fticul.too,   Neochonctc.  ch¢ll  fragtnefit.,  other  brachiopod
chcll  frognefit.,  crinoid  dcbri.,  ticllcrophontid.,   oe(racodc.,
uridcntifL.bl.   fnediuD  to  fine  und-.izcd  ckelct.I  gr.im a-  .
25*); fouil. nndomly  oricn&cd,  lc» .bund&nt  and  more
fngmcntcd  upv.rd:  nLlfne(ou.  .in.ll  Q{ cm long, 0.5 cm
wide)  vertical burrow  .nd/or   roodct  .tnicturc.  throughout,
occ&.ion.lly bifurc.t.  downy.rd  (fnore  .bund.b(  in upper
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4.

part;  half mud-filled, half apar-filled);  large  (xp  to  30 cm  long,  6 cm  wide)  vertical
solution-  or root-like structures   common,   extend  from upper  surface   downward   (taper
dowINrard,   few bifurcate  downward;   apar-to  mud-filled, or filled with fragmented   skeletal
debri.s);  upper  surface  irregular with solution  pits  and  cavities;  upper  contact   shap.

Wackestone    to  Boundstone:    122-128  cm  thick;  divisible into 5 units,  ae.
|Z!±iia;  Pllylloid Algal Chaetetid   Packstone    to Wackestone,    48-53  cm  thick;

medium  gray  (N5), weathers   moderate   yellowish brow/n  (10YR5/4);  poody-sorted,
coarse-   to  fine€rained;  40-70%  fossils,  including  phylloid algal  hagments   (20-50%, up  to
several  cm  long,  somchwhat   clumped   together),   Composita   (2-3 %, several  articulated,   few
in-situ?),  high- and  low-spired  gastropods,    crinoid  debris,  Iroohoohvllidium  (in upper  5
cm),  unidentifial]le  medium  to  fine sand-sized   skeletal  grains  (10-15%); laminar  chaetetid
(14 cm  long,  4 cm  high)  at lower contact   (begins  on  clay-rich  laminae);  columnar
chaetetid   (38  cm  high,  starts  on  clump  of phylloid algal  fragments),   begins   at  10 cm
above   lower contact   ®hylloid algal  fragments   drape  over  surface   10-15  cm);  other  snrall
(10 x 4 cm  or less)  chaetetids   occur  in middle  part;  most  fossils  randomly  oriented
(except   for chaetetids   and  Composita   as  noted);  xpper  contact   shaxp,  marked  by  olive
black  (5Y2/1)  clay-rich  laminae.

Ikei±.b;  Phylloid Algal Chaetetid  Wckestone,    10 cm  thick;  medium  gray  (N5),
weathers   moderate   bro`un  (5YR4/4);  moderately   well-sorted,  medium-  to  fine-grained;
3540%  fossils,  including  phylloid algal  fragnnents   (5-10%, up  to  2 cm  long),  crinoid
debris  (5-10%), brachiqpod   shell  fragments,   unidentifiable  medium  to  fine sand-sized
skeletal  grains  (20-25%, quarter  algal<oated);     laminar  chaetetid   (15 cm  long,  3 cm
high)  at  lower contact,   begins   on  clay-rich  laminae;   fossils  randomly  oriented   (except   for
chaetetid);   wavy bedded;   upper  cohtact   sharp,  marked  by  olive black  (5Y2/1)  clay-rich
lanrinae.

lkei!j2;  Skeletal  Wackestone    to Packstone,    15-25  cm  thick;  medium  gray  (N5),
weathers   moderate   brown  (5YR4/4);  moderately   well-sorted,  medium-  to  fine-grained;
40rd0 %  fossils,  including  phylloid algal  frogments   (5-10% , in laterally  discontinuous
lenses),   crinoid  debris  (5-10%), fusulinids  (2-3%),   unidentifiable  medium  to  fine sand-
sized  skeletal  grains  (1040%, half algal¢oated);    fossils  randomly  oriented;  possible
`ravy bedding;   upper  contact   shag,  very irregular.

lkei±j|:  Crinoidal  Skeletal  Whokestone,    0-15 cm  thick;  medium  daric  gray  (N4),
weathers   moderate   brown  (5YR4/4);  moderately   well-sorted,  medium-  to  fine+grained;
30-35%  fossil, including  crinoid  debris  (4-5%), phylloid algal  frogments   (1-2%),
Composita   (few articulated),   low demical  chaetetid   (5 x 5 cm);  unidentifiatle  medium  to
fine sand-sized   skeletal  grains  (20-25%, half algal¢oated);    discontinuous    laterally,
partially undedies  unit e;  upper  contact   sharp,  marked  by  moderate   yellowish bro`un
(10YR5/4)  clayshale.

IZEi!£;  Chaetetid  Boundstone   with intehbedded   Fossiliferous  Clayshale,   33-38
cm  thick;  chaetetids   light gray  (N7) to  medium  light gray  (N6), weather  grayish  orange
(10YR7/4)  to  daric  yellowish orange   (10YR6/6);  low domical  and  bulbous   chaetetids;
bulbous   form partially overlies  upper  surface  of unit d;  chaetetids   in-situ, begin  at lower
surface,   teminate  at upper  contact;   inte+bedded   clayshale   moderate   yellowish brown
(10YR5/4),  weathers   pale  yellowich  orange   (10YR8/6);  articulated   Composita.   other
brachiopod   shell  fingments,   crinoid  ossicles,   unidentifiable  medium  to  fine sand-sized
skeletal  grains;  pinches   out  against  unit d left of the  section;   upper  contact   very
inegular,  sharp.

Fusulinid  Skeletal  Packstone    to  Phylloid AIgal wackestone,    33-35  cm  thick;  medium  gray
(N5), weathers   light brown  (5YR5/6);  poorly-sorted,   coarse-to  fine-grained;  lower two-
thirds  65-75%  fossils,  including  fusulinids  (30-35%,  few algal<oated),    phylloid algae?
(5%, highly fragmented,   algalcoated),   brachiopod   shell  frogments   (1-2%, algal<oated),
crinoid  debris,  laminar  chaetetid   (at  lower contact,   8 cm  long,  2 cm  high);  unidentifiable
medium  to  fine sand-sized    skeletal  grains  (20-25%, algal¢oated);    wavy bedded;    few
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partially silicified nodules   (some   fossil composition   as  surrounding   sediment);   upper  third
30-35 %  fossils,  including  phylloid algal  fragments   (10-15 % , occasionally   algal-coated),
Composita _ (few articulated),   crinoid  debris,  laminar  chaetetid   (near  upper  contact,   3 cm
long,  2 cm  high), unidentifiable  medium  to  fine sand-sized   stceletal  grains  (15-20%,
quarter  algal¢oated);    fossils  randomly  oriented;  indistinct  bedding;   upper  surface
irregular;  upper  contact   shag,  marked  by thin (1-3  cm)  light brown  (5YR5/6)  calcareous
shale,  contains   predomimntly   unidentifiable  skeletal  grains,  also  crinoid  dedris,
fenestrate   and  ramose   bryozoan   fragments,   Composita   (mostly  shell  fragments),fi-ds.
Skeletal  Packstone   to Phylloid AIgal Gastropod   Wackestone,   22-27  cm  thick;  medium
gray  (N5), weathers   light bro`m  (5YR5/6);  well-sorted,  fine-grained  in lower 5 cm,  poorly-
sorted,   coarse-   to  finengrained  above   this;  lower 5 cm  70-75%  fossils,  including  crinoid
debris,  brachiopod   shell  fragments,   unidentifial]le  medium  to  fine sand-sized   skeletal
grains  (65-70%); upper  part  30-35%  fossils,  including  phylloid algal  fragments   (10-15%,
up  to  10 cm  long)  low-apired  gastropods    (1-2%), Cnirithyris (few/ articulated,   mostly  shell
fragments),   crinoid  debris,  Heliostronria   (in upper  5 cm);  bellerophontids,   fusulinids,
unidentifiable  medium  to  fine sand-sized   skeletal  grains  (10-15%); fossils  randomly
oriented,  one+third  algal¢oated;    indistinct  bedding;   upper  contact   is sharp,  mariced  by
thin (1-3  cm)  moderate   yellowich bro`un  (10YR5/4)  calcareous    clayshale   with Composita
(mostly  shell  flngnents,   few whole  disarticulated   valves),  crinoid  debris,  unidentifiable
foseds  grains.

Phylloid Algal Wackestone,    8 cm  thick;  medium  light gray  (N6), weathers   moderate
yellowish  brown  (10YR5/4);  poorly-sorted,   coarse-   to  fine+grained;   30-35 %  fossils,
including  phylloid algal  fragments   (10-15%), crinoid  dchris  (2-3 %), Composita   (mostly
shell  fragments,   few articulated),   productids   (mostly  shell  fragments,   few articulated),
Cnirithyris (few articulated);   low-apired  gastropods,    unidentifiable  medium  to  fine sand-
sized  skeletal  grains  (10-15 %); fossils  randomly  oriented,   frequently  algal¢oated;
bedding   indistinct;  upper  contact   shap,  marked  by  thin (1-3  cm)  grayish  orange
(10YR7/4)  to dark  yellowish orange   (10YR6/6)  calcareous    clayshale,   contains   mostly
unidentifiable  fossil grains,  also  few Nedchonetes    shell  flngments,   Cnirithvris,
IoohoDhvllidium.  fenestrate   bryozoun   flngments;   lower contact   covered.
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DESCRIPTION:   Section  782-S4,  Locality  782

18  meters  east  of  782-S3

LOCATION:  NE  1/4,  SE  1/4,  see  32,  T.34S,

a.19  E,  Labette  Co.,  Kansas

MEASURED  BY:     Vincent  voegeli       1989

C)--F<=E
E±   EE:   r_

SECTION 782-S4

bed

^zlioret  lincctone  Mcmbcr

13.    mylloid  Algul Bnchiopod  W.ckedone,  20 cm thick. ovcrl.in
by modcrb  coil; light 8ny Or7), we.thcr.  pud.  yellowich
brown  (loYR6A)  to d.ck yellowich or.nee  (loYR6/6);
pochy-rotted,  co.I.e-to  fine-gnincd;  40145 % foaeil.,
including phylloid  &Iga]  frogmcm  (15-20* , third  .lgalioated.
up  to  .cvcnl cm lon®, Cofnooiit-  Q-3*, occasiomlly
articulated,  froqucntly  &lgalioated),  Jurend.  (fnofdy  chcll
hgfncnt.  .nd  pine., nrely .rticul.ted,  froqucmly  algul-
co.ted),  crinoid  dcbri.  (5 %),  uridentifi.ble   medium  to  finc
red-.izcd  .kelet.I  gnifp (10-15 *, half dgd<o.tco;  foaeil.
randomly  oriented;  d.rk  yellowich orafige  (10YR6/6)   mottling
throughollc  upper  coot.ct  8ndational.

12.    Cficoid.I  Skclctd  W.ckeftoce,  10-11 cm thick;  ligbt 8ny
Q17), wc.thcr)  pdc  ycllowich blown  (10YR6C)   to  d.ck

_     yellowich onnge  (loYR6/6);   moderately  well-softcd,  medium
to  fine-grained,  15-20S foaeil. including crinoid  debri.  Q-

3%), I)nchiopod  dicll  hglticnl.,  Echinari..  g.ftropod  chell
fr-gment.,  unidentifublc   medium  to  fioo  ..f]d-.izcd  .keletal
gnini (10-15*); foufro nndonly  oriented:  dark yellowich
orange  (10YR6/6)  horizontal  mcalin8  thoughout  (come
prcfercnli.lly  rilicifieo;   upper  coat.c(  ch.rp,  inegulir,
In.rked  by I cm thick d.rk ycuowich onnge  (loYR6/®
cl.ydrlc.

11.    Calc.reou.  Clly.hale. 416 cm thick: pde  yellowich onn8c
(10YR8/6),  veathcr.  dark  yeuowich onngc  (10YR6/®:   10-
15%  foaeil.. including  criooid  dcbri.  (5-10*, oaeiclc.. plate.).
M¢solobu.  (I *. whole vdvc. cominon,  froquemly
&fticul.ted),   productid  chcll  frogmczit.  and  apine.,
unidemifiablc   medium  to  fine  .and-8izcd  ckclctal  graini  Q-
5 %);  thicken.  .nd  thine  coniidcnble  l&tcr&lly;  upper  cofitact
irregular,  inarp.

10.    Phylloid  AIgal  Brachiopod  W.chef(one,  22 cm thick; medium
gfly av5), vc.ther.  light gny Q17); poorly-softed,  co&r.e- to
flee-grained;  3510* foaeil., including phylloid .lsd
frogmcm  (15-20%, qu.rter  algaJio.ted),  Desmoinesi&  a-
4%, colnmouly  afticulated,  often  apar-filled  with  g¢opctal.
qu.rtcr  ulg&l<outcd),  Comfiosita  (I-2*, few ardculated,  few
ilgal{o.ted),  Crurithvri.  (few afticulatcd),  criooid  dcbri.  a-
4%), low-apifed  g.stropod.  (hequendy  with gcopetal.  few
algalio&ted),  unidentifial)]e   medium  to  fifie  sand-sized
ikeletal  gniu  (10.15%, third  &lgalioated);  most  .ricul&ted
brachiopod.  in lower half;  fo3sil3  nndomly  oriented,  become
fnofc  fragfncnted  upward;  d.r[  ycllowich orange  (loYR6/6)
mottling  throughout;   upper  surf.cc  inegular,  iron  stained;
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9.

7.

upper  contact   sharp.

Crinoidal  Wackestone,    23-30 cm  thick;  medium  gray  (N5), weathers   medium  light gray
(N6) in center,  yellowish brown  (10YR5/4)  elsewhere;   moderately   well-sorted,  medium-
to  fine-grained;   10-15%  fossils,  including  crinoid  debris  (2-3 %), Composita   (rarely
articulated,   mud-filled), productids   (in lower half, few articulated);   unidentifiable  medium
to  fine sand-sized   skeletal  grains  (5-10%); fossils  randomly  oriented;  chert  nodules
common   throughout;   dark  yellowish orange   (10YR6/6)  horizontal  mottling  throughout;
drapes   over chaetetids   in underlying  bed;  upper  contact   sharp.

Brachiopod   Cincolitic  Wackestone,    10-13  cm  thick; very nght gray  Or8), weathers   grayish
orange   (10YR7/4);  poorly-sorted,   coarse-   to  fine-grained;  25-30 yo  fossils,  including
Composita   (10-12% , frequently  articulated),  productids   (2-3 % , mostly  Jutesania.
frequently  articulated,   also  shell  frogments,   spines),   two high  domical  chaetetids    (ragged,
begin  on  oncolites   in depressions    on  upper  surface  of underlying  bed,  merge   into a
single  chaetetid   mass   upward,  teminate  at upper  contact),   crinoid  debris,  ostracodes,
eehinoid  spines,   ranose   bryozoan   frogments,   low-spired  gastropods,    bellerophontids,
unidentifiable  medium  to  fine sand-sized   skeletal  grains  (8-10%); nearly  all fossils  algal-
coated   (80%, up  to several  cm  thick, most  completely   algal¢oated,   some   algal¢oated
only on  one  side);  fossils  randomly  oriented;   olive black  (5Y2/1)  clay-rich  laminae
throughout,   concentrated    in upper  and  lower part;  indistinct bedding;   upper  2 cm dark
gray  (N3) platy  shale  with algal¢oated   articulated  productids   ®iscuit  shaped),   other
brachiopod   shell  frogments,   crinoid  debris,  unidentifiable  medium  to  fine sand-sized
skeletal  grains;  upper  contact   sharp.

Calcarcous    Mudshale,   1-8 cm  thick;  pale  yellowish  orange   (10YR8/6),  grayish  olive (10
YR 4/2)  locally, weathers   dark  yellowish orange   (10YR6/6);  lower half slightly calcareous
with possible   plant  remains,   black  (N1) organic   stringers;   upper  half with rare  (1%)
unidentifiable  fossil grains;  thickens   over  depression    on  surface   of underlying  bed;  upper
contact   sharp.

Gastropod   Skeletal  Cahomte   Mudstone   to Wackestone,.   5861  cm  thick;  very light gray
(N8), weathers   grayish  orange   (10YR7/4);  moderately   well-sorted,  medium-  to  fine-
grained;   10-30 %  fossils,  including  Donaldina-like  gastropods    (2-3 %), low-apired
gastropods,    Composita   (mostly  shell  frogments,   rarely  articulated),   other  brachiopod
shell  frogments,   crinoid  debris,  bellerophontids,   ostracodes,    unidentifiable  medium  to  fine
sand-sized   skeletal  grains  (7-25%); fossils  randomly  oriented,  less  abundant   and  more
frogmented   upward;  numerous   small  (2i cm long,  0.5-1 cm  wide)  vertical burrow
and/or   rootlet  structures   throughout,   occasionally   bifurcate  downward   (more  abundant
in upper  part;  half mud-filled, half spar-filled);  large  (up  to  30 cm  long,  6 cm  wide)
vertical  solution-  or root-like structures   common,   extend   from upper  surface   do\unward
(taper  downward,   few bifurcate  downward;   apar-  to  mud-filled, or filledwith frogmented
skeletal  debris);  upper  surface   inegular with solution  pits  and  cavities;  upper  contact
sharp.

Wackestone:    111-121  cm  thick;  divisible into 4 units,  art.
lzEi!j±;  Phylloid Algal Chaetetid  Packstone    to Wackestone,    48-53  cm  thick;

medium  gray  (N5), weathers   moderate   yellowish bro`un  (10YR5/4);  poorly-sor(ed,
coarse-   to  fine-grained;  40-70%  fossils,  including  phylloid algal  frogments   (20-50%, up  to
several  cm  long,  somewhat   clumped   together),   Composita   (2-3%, several  articulated,   few
in-situ?),  low-spired  gastropods,    crinoid debris,  unidentifiable  medium  to  fine sand-sized
skeletal  grains  (10-15%); colummr   chaetetid   (begins   at  10 cm  above   lower contact   on
clump  of phylloid algal  hagments,   continues   into overlying  unit), high domical  (ragged)
chaetetid   Q>egins   at  15  cm  above   lower  contact   on  clump  of phylloid algal  fragments,   18
cm  high),  small  laminar  chaetetid   (10 cm  below  upper  contact,   10 cm  long,  4 cm  high,

(cont.)
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begins  on  phylloid algal  frogments);   upper  contact   sharp,  marked  by olive black  (5Y2/1)
clay-rich  lanrinae.

|feji±:  Phylloid AIgal Chaetetid   Wackestone,    10-12 cm  thick;  medium  gray  (N5),
weathers   moderate   brown  (5YR4/4):  poorly-sorted,   coarse-   to  fine-grained;  30-35%
fossils,  including  phylloid algal  frogments   (1o-15%), crinoid  debris  (5 %), Composita   (1-
2 % , several  articulated),   Crurithyris (few articulated),   other  brachiopod   shell  fragments,
medium  to  fine sand-sized   skeletal  grains  (10-15%, quarter  algal-oated);   columnar
chaetetid   (continued   from underlying  unit, terminates   at upper  contact);   laminar
chaetetid   (15 cm  long,  3 cm  high)  at lower contact   (begins  on  clay-rich  laminae),
continues   upward  as  high domical  (ragged)   fom; possible  wavy bedding;   fossils
randomly  oriented  (except   chaetetids);   upper  contact   sharp,  marked  by olive black
(5Y2/1)  clay-rich  laminae.

|fei±£;  Chaetetid   Skeletal  Wackestone   to Packstone,    48-52  cm  thick;  medium
gray  OT5), weathers   moderate   brown  (5YR4/4);  moderately   well-sorted,  medium-  to  fine-
grained;   45-55%  fossils,  including  phylloid algal  fragments   (10-15 7o,laterally
discontinuous    lenses),   crinoid  debris  (5-10%), fusulinids  (5-7%), Composita   (rarely
articulated,   mostly  shell  fragments),   fenestrate   bryozoan   hagments,   unidentifiable
medium  to  fine sand-sized   skeletal  grains  (1040%, half algal¢oated);   high  domical
(ragged)   chaetetid   (15 cm  high,  begins  at 5 cm  above  lower contact   on  unidentifiable
skeletal  grains);  t`ro  overt`imed   low domical  chaetetids    in the  upper  half (approx.15 cm
high,  20 cm  wide);  possible   wavy bedding;   upper  contact   sharp,  marked  by  olive black
(5Y2/1)  clay-rich  laminae.

I|pile;  Crinoidal  Skeletal  Wackestone,    10-20 cm  thick;  medium  dark  gray  (N4),
weathers   moderate   brown  (5YR4/4);  moderately   well-sorted,  medium-  to  fine-grained;
30-35%  fossil, including  crinoid  debris  (4-5%), phylloid algal  frogments   (1-2%),
Composita   (few articulated),   low domical  chaetetid   (6 I 7 cm);  unidentifiable  medium  to
fine sand-sized   skeletal  grains  (20-25 %, half algal<oated);    discontinuous    laterally;
pinches   out  to  left and  right of section;   upper  contact   sharp,  marked  by  moderate
yellowish bro`un  (10YR5/4)  clayshale.

Fusulinid Skeletal  Packstone   to Phylloid Algal Wackestone,    27-30 cm  thick; brownish
gray  (5YR4/1),  weathers   moderate   yellowish bro`rm  (10YR5/4);  poorly-sorted,   coarse-   to
fine-grained;   lower two-thirds  65-75 %  fossils,  including  fusulinids  (30-35 % , few algal-
coated),   phylloid algae?   (5%, highly hagmented,   algal¢oated),   brachiopod   shell
fragments   (1-2%, algal<oated),   crinoid  debris,  laminar  chaetetid   (near  lower contact,   10
cm  long,  5 cm  high);  unidentifiable  medium  to  fine sand-sized   skeletal  grains  (20-25%,
algal-oated);   wavy bedded;   few partially silicified nodules   (some   fossil composition   as
surrounding   sediment);   upper  third 30-35%  fossils,  including  phylloid algal  fragments   (10-
15%, occasionally   algal¢oated),   Composita   (few articulated),   crinoid  debris,
unidentifiable  medium  to  fine sand-sized   skeletal  grains  (15-207o, quarter  algalcoated);
fossils  randomly  oriented;   thickens  and  thin laterally, upper  phylloid algae-rich  part
discontinuous    laterally; indistinct  bedding;   upper  surface   inegular;  upper  contact   sharp,
marked  by  thin (0.5 cm)  moderate   yellowish brown  (10YR5/4)  calcareous    shale  with
unidentifiable  skeletal  grains.

Phylloid Algal Gastropod   Wackestone,    17 cm  thick;  medium  gray  (N5), weathers   light
brown  (5YR5/6);  poorly-sorted,   coarse-   to  fine-grained;   30-35%  fossils,  including  phylloid
algal  fragments   (10-15%, up  to  10  cm  long)  low-spired  gastropods    (1-27o), Composita
(few articulated,   mostly  shell  frogments),   Crurithyris (few articulated,   mostly  shell
fragments),   crinoid  debris,  unidentifiable  medium  to  fine sand-sized   skeletal  grains  (10-
15%); fossils  randomly  oriented,  one-third  algalcoated;    indistinct  bedding;   upper  contact
sharp,  marked  by  a thin olive black  (5Y2/1)  clay-rich  laminae;   lower contact   covered.
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Thin section   A1 -from lower part  of sample   4-1.1a

Skeletal  Whokestone   to Packstone   -medium-to  fine-grained;   15-70%  fossils:  productid
shell  fragments   and  apines,   crinoid  debris,  fenestrate   and  ramose   bryozoan   frogments,   high- and
low-spired  gastropods,    ostracodes,    Endothyra.  Tetrataxis.  biserial  foraminiferids,  mostly  fine sand
to  coarse   silt-sized  unidentifiable  steeletal  grains;  skeletal  dchris  mostly  frogmented   and  rounded,
randomly  oriented;  one  articulated  productid  present;   larger  skeletal  fragments   occasionally
"algal"ngoated;  pellets  and  micrite  envelopes;   biotulbated;   few fine sand-sized   quartz  grains;
lower part  has  clack  brown  clay-rich  lamime;  pressure   solution  and  compaction   evident  along
laminae;  matrix  ferroan  to non-ferroan  calcite;  most  crinoid  and  brachiopod   shell  fragments   non-
ferroan  calcite;  other  skeletal  debris  ferroan  calcite.

Thin section   A2 -ffom lower part  of sample   4-1.1b

Foraminiferid  Crinoidal Wackestone    -medium-  to  fine-grained;  similar to  thin section   A1,
but  finer grained;    3040%  fossils:  crinoid  frngnents,   productid   shell  fragments   and  spines,
recrystallized   phylloid algae,  low-and  high-spired  gastropods,    ostracodes,    bryozoan   fragments,
fusulinids,  Endothyra.  biserial  foraminiferids,  mostly  fine sand  to coarse   silt-sized  unidentifiable
skeletal  debris;  one  articulated   but  aplayed   open  Composita:   gastropods    preserved   as  micrite
envelopes;   most  skeletal  debris  broken  and  abraded,   sub-angular   to  rounded,   randomly
oriented;  many  larger  fossil frngnents   partially to completely   "algal"Coated;  micrite pellets;  some
micrite matrix replaced   by  coarse   spar.

Thn section  A3 -from lower part  of sample  4-1.2

Fusulinid Wdckestone   to Packstone    -medium-to coarse-grained;    60-70%  fossils:
predominantly   fusulinids  (most  with micrite-filled outer  chambers,    apar-filled or silicified inner
chambers,    appear   al>raded,   often  outer  chambers   of test  eroded   away),  also  crinoid  fragments,
brachiopod   shell  frogments,   recrystallized  bivalve shell  fragments,   gastropods    (recrystallized,
some   preserved   as  micrite envelopes),   ostracodes    (articulated  and  fragmented),   Endothvra.
Globivalvulina. other  small  foraminiferids;  fusulinids  and  larger  skeletal  fragments   occasionally
"algal"Coated;  skeletal  debris  shows  some  preferential  horizontal  alignment;   micrite pellets;  lower

part  has  numerous   clay-rich  laminae  with microstylolites;  some   micrite  matrix replaced   by patchy
spar;  skeletal  debris  ferroan  calcite  except   for crinoid  and  brachiopod   shell  fragments   which  are
non-ferroan   calcite;  matrix predomimntly   ferroan  calcite  with patches   of non-ferroan  calcite;
interior chambers    of some   fusulinids  have  endy  marine  bladed   low-Mg calcite;  middle  part
completely   silicified, some   individual dolomite  cholnbs   in silicified area;  late  stage   ferroan  calcite
filled frocture,  cut  across   matrix and  skeletal  dchris,  t`ro generations   of spar  cement   within some,
an  early  moderate   ferroan  calcite  ®urple)  follo`ved by high  ferroan  calcite  (dark  blue).

Thin section   A4 -  From the  middle  part  of sample   4-1.2

Fusulinid Wackestone   to Packstone    -very similar to  thin section   A3, slightly coarser
grained;   fusulinids  decrease    in abundance    upward,  phylloid algal  blades   in  upper  half
(recrystallized),   one  whole  valve of Cnirithyris, gastropods    more  common   than  in thin section  A3;
many  skeletal  grains  partially to completely   coated.
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Thin section   A5 ~ ffom the  upper  pert  of sample   4-1.2

Phylloid AIgal Fusulinid Packstone   to Phylloid AIgal Wackestone   - medium  to coarse-
grained;   lower half 60-80%  fossils:  predominantly   phylloid a|gae  (frogmented,   recrystallized   to
coarse   spar),  fusulinids  (ahaded,   occasionally   .algal"-covered),   also  gastropods    Oow-apired,
recrystallized,   mud-  to  apar-filled,  some   geopetal),   crinoid dchris  (broken  and  abraded),   bivalve
chell  firagments,   ostracodes,    foraniniferids,  calcareous    red  algae,  unidentifiable  fine sand  to
coarse   silt-sized  stseletal  dchris;  some   .algal'¢oated  skeletal  grains;    streletal  debris  randomly
oriented;  neomorphic   apar  throughout,   replacing  micrite matrix; upper  half 10-15%  fossils:
predominantly   phylloid algae  (recrystallized,  up  to  15 mm  long,  one  with preserved   bifurcation),
ostracodes,    Globivalvulina. fine sand  to coarse   silt-sized  unidentifiable  skeletal  debris;  contact   of
upper  and  lower parts  marked  by  clay-rich  laminae  with microstylolites.

Thin section   A6 -from lower part  of sample   4-1.3

Phylloid Algal wackestone   -coarse-grained;    2040%  fossils:  nearly  all phylloid algae  (xp
to  14 mm  long,  recrystallized),   also  ostracodes,    one  articulated   Cnirithyris with geopetal,   small
foraminiferids;  skeletal  debris  randomly  oriented;  micrite pellets;  micrite envelopes;   coarse   apar
under  some  phylloid algal  fingments,   original shelter  porosity?;   black  clay-rich  laminae  in lower
ppart,  contain  microstylolites  and  evidence   of pressure   solution;  some   late  stage   spar-filled
fractures,   cut  across   matrix and  skeletal  debris.

Thin section   A7 -from lower part  of sample   44.3

Phylloid AIgal wackestone   -medium-to coarsegrined;      15-20%  fossils:  nearly  all
phylloid algae  (recrystallized,   up  to several  cm  in length),  also  ostracodes,    Cnirithyris (some
aarticulated  with geopetal);   coarse   spar  under  some  phylloid algae  frogments,   original shelter
porosity?;   micrite pellets;  black  clay-rich  laminae  throughout,   contain  microstylolites,  evidence   of
pressure   solution,  compaction;    apar-filled compaction   froctures   throughout,   cut  across   matrix
and  phylloid algal  fragments.

Thin section  A8 -from upper  part  of sample  44.3

Phylloid AIgal wackestone   -medium  to coarse   grained;    lower 2/3  entirely recrystallized
to  coarse   spar,  micrite envelopes   (originally phylloid algaeD   within this area;  upper  third similar
to  thin section   A7; few bryozonn   frogments   noted;  numerous   clay~rich  laminae,  similar to  those
in thin section   A7.

Thin section   A9 - from upper  part of sample   4-2.4a

Phylloid AIgal Gastropod   Foraminiferid Wdckestone   -medium-to coarse-grained:     15-
30%  fossils:  predominantly   phylloid algae  (recrystallized,  up  to 20 mm  in length),  gastropods
(recrystallized,   fragmented   to whole),  foraminiferids  (Tetrataxis.  Globivalvulina. fusulinids),  also
bivalve shell  fingments,   Composite   shell  frogments,   brachiopod   spines,   fine sand  to coarse   silt-
sized  unidentifuble  skeletal  dchris;  skeletal  debris  randomly  oriented,  concentrated    in upper  2/3;
micrite  pellets;  clay-rich  laminae  with microstylolites  throughout;   coarse   spar  has  replaced   much
of micrite  matrix  in upper  half; micrite envelopes   within coarse   apar.
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Thin section   AIO -from the  lower part  of sample   4-2.4b

Phylloid Algal chaetetid   Brachiqpod   Wackestone   -fine-to  coarse+grained;    35-40%
fossils:  predominantly   phylloid algae  (40-50%  of total  fossils,  recrystallized,   up  to  14 cm  in
length),  Composita   and  productid   shell  frogments,   also  crinoid  frogments,   echinoid  spines,
ostracodes    (fragmented   to articulated,   some   apar-filled with geopetal),   trilobite fragments,
rainose   bryozban   fragments,   Tetrataxis.  calcispheres,    LithoDhvllum-like algae,  bivalve chell
fragments,   fine sand   to coarse   silt-sized  unidentifiable  skeletal  dchris;  0.5 cm  thick lamimr
chaetetid   at base   (iipper  tubules  micrite  filled,below  this tubules  apar-filled,  begins  on  "algal"-
coated   skeletal  debris);  few  .algal"Coated  skeletal  grains;  fossil debris  randomly  oriented;  micrite
pellets;  some   micritic matrix  replaced   by coarse   apar;;  clay-rich  laminae  with microstylolites  in
lower  1/4.

Thin section   All -ffom the  upper  part  of sample   4-2.4d

Phylloid Algal Wdckestone    -fine to  medium  grained;    15-20%  fossils:  phylloid algae
(recrystallized),  brachiopod   and  bivalve shen  flngments,   ostracodes,    one  Loohoohvllidium  (not  in
life position),  Tetrataxis.  mostly  fine sand   to coarse   silt-sized  unidentifiable  skeletal  debris;   "algae"
encrusting   some   skeletal  grains;  skeletal  debris  randomly  oriented;   micrite pellets;  some   spar
replacing   micrite  matrix.

Thin section   A12 ~ from lower part  of sample   4-1.5a

Phylloid Algal Bryozoan   Skeletal  Wackestone    ~ fine to  medium  grained;   35-55%  fossils:
phylloid algae  (15-20%, recrystallized,   highly fragmented,   most   < 5  mm  in length),  bryozoan
fragments   (fenestrate   and  ramose),   Composita   (few articulated  with spar-filling, geopetal
structure),  brachiopod   apines,   gastropods    (often  preserved   as  micrite  envelopes,   mostly
fragments,   one  whole  high-apired   fom with geopetal),   crinoid  debris,  ostracodes,    fusulinids,
other  small  foraminiferids,  mostly  fine sand  to coarse   silt-sized  unidentifiable  skeletal  debris;
skeletal  debris  more  abundant   in lower 3/4;  fossils  enhance   wavy bedding;   micrite envelopes;
clay-rich  laminae  with microstylolites  throughout;   some  patchy   spar  replacing   micrite  matrix.

Thin section   A13 ~ ffom sample   414.6a

Chaetetid   Crinoidal Wackestone    -fine-to coarse-grained;    20-50%  fossils:  crinoid
frogments,   laminar  chaetetid   (dominates   much  of the  slide),  Composita   (few articulated   and  spar-
filled), productid   and  other  brachiopod   chch  fragments,   gastropods    ®reserved   as  micrite
envelopes),   trilobite fragments,   finestrate   bryozoan,   calcispheres,    Tetrataxis.    Globivalvulina,
mostly  fine sand   to  coarse   silt-sized  unidentifiable  skeletal  debris;  some   small  skeletal  debris
•algal"Coated;  skeletal  debris  (except   for chaetetid)   randomly  oriented;   few quartz  grains  (< 1

mm,  sub-angular   to  rounded);   partially recrystallized   to blocky  ferroan  dolomite  (euhedral   to  sub~
euhedral,   restricted   to  darker  zones),   some  nonrdolomitized   skeletal  debris  in dolomitized  zones,
rest  of matrix and  most  skeletal  dchris  ferroan  calcite;  crinoid  and  brachiopods    non-ferroan
calcite;  articulated   Composita   has  first generation   internal  cement   of non-femoan  bladed   calcite
follo`ved by  later generations   of ferroan  sparry  calcite;  chaetetid   partially silicified.

Thin section   A14 -from sample  44.6b

Ostracode   Foraminiferid Mudstone   to Wackestone    -fine-grained;  5-20%  fossils:
predominantly   ostracodes    (fragmented   to  apar-filled articulated   witli geopetal),   foraminiferids
(Tetrataxis.  Endothyra.   Globivalvulina), also  brachiopod   shell  fragments,   crinoids  (few with
syntax.ial  overgrowths),   gastropods,    calcispheres,    mostly  fine sand   to  coarse   silt-sized
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unidentifiable  skeletal  debris;  micrite pellets;  spar-filled rootlet-like  structure,   some   show
bifurcation,  alveolar  texture  (see  fig. 66, Estaban   and  Klappa,  1983)  around  many;  some   micrite
matrix  replaced   by  spar.

Thin section   A15 -from sample  upper  part  of 4-2.8b
Ostracode    Calciaphere   Wackestone    - similar to  thin section   A14, slightly finer grained;

10-20%  fossils:   calofspheres    more  abundant   than  in thin section   A14, mostly  fine sand  to coarse
silt-sized  unidentifiable  skeletal  debris;  few skeletal  frogments   "algal'<oated;  some  rounded
quartz  grains  (< 1 mm);  microstylolites  throughout;   skeletal  debris  and  most  of mtrix non-
ferroan  to  slightly ferroan  calcite;  coarse   apar  ferroan  calcite;  some   calciapheres    silicified.

Thin section   A16 -from lo`ver part  of saniple   4-2.10a

Brachiopod   Oncolitic  Packstone    -coarse+   to  fine-grained;  60-70%  fossils:  predominantly
productid   shells  frogments   and  spines,   also  ramose   bryozoan   fragments,   bivalve shell  fragments,
calcispheres,    ostmcodes    (most  disarticulated   and  fragmented),   fusulinids,  Tetrataxis.
Globivalvulina. Endothyra.   fine sand  to coarse   silt-sized  unidentifiable  skeletal  debris;  most  larger
skeletal  grains  partially to completely   "algal"coated;  skeletal  debris  randomly  oriented;  one
lithoclast,  "algal"Coated;  few quatz  grains;  borings  on  many   "algal"Coated  grains;  defomation
of "algal"Coatings  evident  at  some   grain  contacts;   clay-rich  laminae,  contain  microstylolites  and
evidence   of compaction   and  pressure   solution;  apar-filled  fractures,  pass   through  matrix and
skeletal  grains.

Thin seetion   A17 -fromjust above  thin section   A16

Brachiopod   Oncolitic  Wackestone    -coarse-to  fine-grained;  20-30%  fossils:
predominantly   productid   and  Composita   chell  frngments,   also  crinoid  and  bryozoan   fragments,
productid   spines,   chaetetid   frngments,   ostracodes,    Tetrataxis  and  other  small  foraminiferids,  fine
sand  to coarse   silt-sized  unidentifiable  skeletal  debris;  one  articulated  productid,   micrite-filled andd
entirely  "algal"Coated  ("algal.Coating  has  digitate  structure)   roughly  equally  on  all sides,  partially
silicified; one  articulated   Composita.   small  areas   of "algal"Coating,  mostly  micrite-filled but with
early  mrine  bladed  non-ferroan  cement   on internal  surface,   compaction   froctured;  partial  to
complete   "algal"Coatings  on 70-80%  of skeletal  grains;  one  Tetratanis  attached   to  "algal.Coated
skeletal  fragment,  also  coated   over by  -algae.; some  borings  on  skeletal  debris  and  qalgal"-
coatings;   few qunrtz  grains;  matrix and  bryozoans   ferroan  calcite,  brachiopods    and  crinoids  non-
ferroan  calcite;   "algal"Coatings  mixture  of non-ferroan   and  ferroan  calcite.

Thin section   A18 -from sample   4-2.1la

Crinoidal Bryozoan   Skeletal  Wackestone    -fine-grained;   10-30 %  fossils:  predominantly
ccrinoid debris  (sub-angular   to well-rounded,  corroded,   won, often  bored),  bryozoan   frngnents
(ramose,   fenestrate,   and  encrusting),   also   brachiqpod   shell  fragments,   Tetrataxis.  other  small
foraminiferids,  mostly  unidentifiable  fine sand  to coarse   siltrsized  skeletal  debris;  few skeletal
frogments   partially to completely   "algal.Coated;  skeletal  debris  shows   some  horizontal
alignment;   few quar(z  grains.

LOCALrr¥ 693

Thin section   C1  -from upper  part  of sample   6-5.1a

Fusulinid Phylloid Algal packstone    to Wackestone   -medium-to coarse-grained;    40-50%
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fossils:  predomimntly   phylloid algae  (highly  hagmented,    < 2 mm  long,  recrystallized),   fusulinids
( many  abraded   and/or   "algal"Coated),  also  crinoid  debris,  brachiopod   shell  fragments   and
spines,   calcispheres,    gastropods,    ostracodes,    bryozoan   frogments,   Tetrataxis.  Globivalvulina.
other  small  foraminiferids;  few skeletal  grains  .algal.Coated;  some   preferential  horizontal
alignment  of skeletal  debris.

Thin section   C2 -from sample   6-5.2b

Phylloid Algal wdckestone    -fine-to  coarsengrained;      15-25%  fossils:  predominantly
phylloid algae  (up  to  30 mm  long,  recrystallized),   also  crinoid  fragments,   gastropods    (frngmented
to `whole,  some   geopetal,   preserved   as  micrite envelopes),   brachiopod   shell  frogments   and
spines,   calcispheres,    Tetrataxis  (one  noted  attached   to phylloid algae  frogment),  other  small
foraminiferids,  unidentifiable  fine sand  to coarse   silt-sized  skeletal  debris;  few skeletal  grains
"algal"Coated;  fossil debris  randomly  oriented;   micrite pellets;  clay-rich  laminae  in upper  part;
microstylolites  and  evidence   of compaction   and  pressure   solution  along  laminae;  some   micrite
matrix  replaced   by  apar;,  some   skeletal  frogments   compaction?    froctured.

Thin section   C3  -from sample   6-1.2c

Phyuoid Algal Wdckestone   - nearly  identical  to thin section   C2; matrix and  skeletal
debris  fenoan  calcite;  minor silica replacement   of some   skeletal  debris;  closely  associated    with
silica are  patchy  areas   of euhedral   ferroan  dolomite.

Thin section   C4 -from upper  part  of sample   6-5.3

Phylloid Algal Chaetetid   Wackestone    -fine-to conrsengrained;     15-20%  fossils:  mostly
phylloid algae  (up  to  30 mm  long,  reerystallized),  also  gastropod    frogments,   Comoosita   (shell
fragments,   one  articulated,   micrite-filled), fusulinids,  Tetrataxis.  other  small  foraminiferids,
ostracodes    (frogmented   to ariculated  and  sprr-filled), unidentifiable  fine sand  to coarse   silt-sized
skeletal  debris;  skeletal  debris  shows  preferendal  horizontal  alignment;  one  lamimr  chaetetid   at
base   (apar-filled  tubules,  one  phylloid algae  fragment  incorporated   in skeleton);   phylloid algae
flngments   drape  over  chaetetid;   compaction    froctures;  some   micrite  matrix replaced   by  apalry
calcite.

Thin seetion  C5 - from lower part  of sample  6-5.4b

Phylloid Algal Foraminiferid Wackestone   -medium-  to  fine-grained;   1040 %  fossils:
ppredominantly   phylloid algae  (fingnented,   most   < 1  mm  in length,  recrystallized)   foraminiferids
(Tetrataxis.  Globivalvulina. Endothyra.    other  small  foms),  also  calciapheres,    one
LLODhoohvllidium.  crinoid  debris,  one  Composita.   encrusting   bryozoans,   one  high-apired
grstropod   (recrystallized),   unidentifiable  fine sand  to coarse   silt-sized  skeletal  debris;  few partially
to  completely   "algal"Coated  skeletal  frogments;   skeletal  debris  has  strong  horizontal  alignment  in
places;   clay-rich  lamime  throughout,   occasiomlly   marked  by  microstylolites.

Thin section   C6 - from sample   6-2.5a

thaetetid   Wackestone   ~ coarse-to fine-grained;  half of slide  part  of ragged   low/ domical
chaetetid;   rest  3040%  fossils:  mostly  crinoid  fragments,   fusulinids,  also  bryozoan   frogments,   one
Composita   (articulated,   spar-filled with geopetal),   productid   shell  frogments,   Endothyra.
Tetrataxis.  other  small  foraminiferids,  chaetetid   frngments,   unidentifiable  fine sand   to coarse   silt-
sized  skeletal  debris;   some   fossil  frogments   per(ially to completely   "algal"Coated;   fossil

279



frogments   randomly  oriented;  growth  intemlptious  on  chaetetid,   marked  by  micrite and  .algal.-
coatings,   tubules  at  surface  of growth  interruptions  micrite-filled, rest  are  apar-filled;  apar-filled
fractures,   cut  through  skeletal  debris  and  matrix.

Thin section   C7  -from upper  part  of sample  6-l.5c

Foraminiferid  Skelctal  Grainstone   to Wdckestone   -fine-grained;  60-80 %  fossils:
predominantly   foraminiferids  (Globivalvulin&. Endotdyra.  Tetrataxis.  fusulinids),  also  ostracodes,
crinoid  frogments,   calcispheres,    brachiopod   shell  frogments,   unidendfiable  fine sand  to coarse
silt-sized  skelctal  debris;  micrite envelopes;   most  streletal  frngments   sub-round   to  rounded;
equant   sparry  calcite  cement   and  patchy   micrite  rmtrix.

Thin section   C8  -from sample   6-7.6

Skeletal  Mudstone   - fine-grained;  2-5  % fossils:  ostracodes    fragments,   gastropod
fragments,   calcispheres,    small  foraminiferids,  mostly  unidentifiable  fine sand   to coarse   silt-sized
skeletal  debris;  micrite pellets;  dense   micrite  matrix;  apar-filled rootlet-like  structures   (alveolar
texture  around  some)   and  finctures.

Thin section   C9  ~ from sample   6-7.8b

Brachiopod   Oncolitic  Wackestone   -coarse-to  fine-grained;  3040%  fossils:
predominantly   productids   shell   frogments   and  apines,   articulated   to  fragmented   Composita
(articulated  ones  have  micrite to  aparry  calcite  internal  filling,one  with preserved   brachidia),  also
echinoid  spines,   crinoid  debris,  gastropod   sheu  fragments,   ostracodes,    Tetrataxis.  Globivalvulina.
unidentifiable  fine sand  to coarse   silt-sized  skeletal  debris;  most  fossil  material  partially to entirely
"algal"Coated;  skeletal  debris  randomly  oriented.

Thin section   C10  -from sample   6-7.9

Crinoidal Bryozoan   Skeletal  Wdckestone   -medium-  to  fine-grained;   10-1596  fossils:
mostly  crinoid debris  (sub-angular   to rounded,   often bored,  abraded,   and  corroded),   bryozoan
frogments   (ramose,   fenestrate,   and  encnisting),    also  brachiopod   shell  frogments,   echinoid
spines,  ostracodes,    unidentifiable  fine sand  to coarse   silt-sized  streletal  debris;  few skeletal  grains
"algal"Coated;  feu/ coarse   silt-sized  quartz  grains.

Thin Section   Cl1  -from upper  part  of sample   6-1.lob

Phylloid Algal Brachiopod   Wackestone   -medium-to  fine-grained;   15-30%  fossils:
predomimntly   phylloid algae  frogments   (recrystallized,  up  to 5 mm  long),  also  productid   shell
hagments,   Composita   (one  articulated  with geopetal),   Cnirithyris (few articulated  with geopetal),
crinoid  debris,  bryozoan   frogments,   calciapheres,    gastropods    (frogmented   to whole,  preserved
as  micrite envelopes),   Tetrataxis.  other  small  foraminiferids,  unidentifiable  fine sand  to coarse   silt-
sized  skeletal  dchris;  fossil flnglnents   partially to completely   'algal"Coated;  skeletal  debris
randomly  oriented,  some  partially silicified.

Thin Seetion   C12  -from sample   6-7.12

Phylloid Algal crinoidrl Wackestone    to Packstone    -medium-to  fine-grained:  60-70%
fossils  in lower half,15-30%  in upper  half; lower half predominantly   crinoid  dchris,  phylloid algae
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Qighly fragmented,   recrystallized),   also  gastropods    (frogmented   to whole,  preserved   as  micrite
envelopes),   brachiopod   shell  flngments,   ostracodes,    fusulinids, Endothvra.  other  smll
foraminiferids,  unidentifiable  fine sand  to coarse   silt-sized  skeletal  debris;  micrite pellets;  upper
half mostly  phylloid algae  fragments   (up  to  12 mm)  and  lesser  amounts   of above  skeletal
material;  .algal"-oated  grains,  decrease    in abundance    upward;  one  intraclast  in upper  half;
some   micrite  envelopes;   micrite  matrix partially replaced   by coarse   apar;  few skeletal  grains
partially silicified.

Thin section   C13  -firom sample   6-7.13a

Phylloid Algal wdckestone   -coarse-to  fineTgrained;    15-20%  fossils:  mostly  phylloid
algae  (recrystallized,  up  to 25 cm  in length),  also  Composita   (mostly  fragments,   one  articulated
and  spar-filled),  crinoid  debris,  bryozmn   frogments,   gastropods    (wlrole  to  frogmented,
recrystallized),   calcispheres,    ostracodes,    small  foraminiferids,  unidentifiable  fine sand  to coarse
silt-sized  skeletal  debris;  partially to completely   "algal"Coated  skeletal  grains;  one  lithoclast;
phylloid algae  more  fragmented   upward;   "algal"Coated  grains  more  al>undant   upwnd;  skeletal
debris  shows   some  preferential  horizontal  alignment.

Thin section   C14  -from lower part  of sample   6-2.14b

Phylloid Algal Brachiopod   Wackestone    -coarse-to  fine-grained;   15-30%  fossils:
predomimntly   phylloid algae  (recrystallized,  up  to 20 mm  long),  Composita   (several  articulated
ones  noted,  apar-filled with geopefal   structure,   random  orientation),  also  produetid   shell
fragments   and  spines,   crinoid  debris,  bryozoan   frogments,   gastropods,    one  MultithecoDora
(overturned,   partially silicified), ostracodes,    Globivalvulina. Tetrataxis,  one  Endothyra.  one
fusulinid, unidentifiable  fine sand  to coarse   silt-sized  skeletal  debris;  many  skeletal  fragments
partially to completely   "algal"Coated  (up  to 4 mm  thick);   some  phylloid algal  blades   bored;
skeletal  material  chous   some  preferential  horizontal  alignment.

Thin section   C15  -from sample   6-7.15b

Brachiopod   Crinoidal Mudstone   to Wdckestone   -medium-  to  fine-grained;  5-15%  fossils:
predominantly   brachiopod   shell  fragments   ¢Composita.   productids)   and  spines,   crinoid  debris
(sub-round   to  rounded),   also  fenestrate   bryozoan   hagments,   ostracodes    (articulated   to
frogmented),   Globivalvulina. Tetrataxis.  Endothvra.  other  smll  foraminiferids,  unidentifiable  fine
sand  to coarse   silt-sized  skeletal  debris;  few skeletal  grains  partially to completely   .algal"Coated
(< 0.5 mm  thick);  fossil frogments   chow  some  preferential  horizontal  alignment.

LoCALrr¥ 782

Thin section   Dl ~ from lower part  of sample   3-1.2a

Crinoidrl Packstone   to Phylloid Algae  Calcisphere   Wackestone   - lower third fine-
grained,  upper  t`ro  thirds  fine-to coarse-grained;    60-70%  fossils  in lower third:  mostly  well-sorted
crinoid dchris  (< 2 mm  in size),  also  brachiopod   shctl  fragtnents,   encrusting   bryozoan,
unidentifiable  fine sand-sized   skeletal  dedris;  quartz  grains  very common   (up  to  1  mm,  sub-
angular  to  rounded);   upper  2/3  predomimntly   thylloid algae  (recrystallized,  up  to  10 mm  in
length),  calciapheres,    also  brachiopod   shell  flngments,   gastropods.    ramose   bryozoan   fragments,
unidentifiable  fine sand   to  coarse   silt-sized  skeletal  debris;  few skeletal  grains  partially  "algal"-
coated;   qunrtz  grains  nearly  absent   in upper  part;  fossils  in lower  third shows  preferential
horizontal  alignment,  upper  2/3  randomly  oriented.
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Thin section   D2 -from sample   3-1.3b

Phylloid Algal Gastropod   Wdckestone   -coarse-to  fine-grained;   15-25%  fossils:  mostly
phylloid algae  (recrystallized,  up  to  10 mm  in length),  Donaldina-like  gastropods    (most  abraded,
mud-filled, few whole  with geopetal),   also  brachiqpod   shell  frogrDents,   crinoid  debris,  ostracodes
(fragmented   to articulated),   Composita   (two  articulated,   one  possibly  in lifeposition),  bryozoan
hagments,   calciapheres,    Tetrataxis  (one  attached   to skeletal  frogment),  other  smll  foraminiferids,
unidentifiable  fine sand  to coarse   silt-sized  skeletal  debris;  partially to  completely   [±!ga!.Coated
skeletal  grains;  skeletal  dedris  randomly  oriented.

Thin section  D3 -from lower part  of sample   3-1.4

Phylloid Algal Fusulinid Packstone   to Wackestone   -coarse-   to  fine-grained;  50-70%
fossils:  predonintly   phylloid algae  Qighly frognrented,   reerystallized,  up  to 5 mm long,  most   <
2 mm  long),  fusulinids  (some   abraded),   also  Composite   shell  fragments,   bryozoan,   ostracodes
(fragmented   to articulated),   one  chaeeetid   frogment,  Tetrataxis,  Globivalvulina. other  small
foraminiferids;  few fossil fragments   partially to completely   "algal"Coated  (< 0.5 mm  thick);
micrite  envelopes;   patchy   replacement    of micrite  matrix by  spar:,  skeletal  debris  sho`I/s   some
preferential  horizontal  alignment.

Thin section  D4 -from sample   3-2.5c

Chaetetid   Skeletal  Wackestone    -coarse-to  fine-grained;  40-50%  fossils:  part  of low/
domical  chaetetid   is  1/3  of thin section   (contains   growth  interruptions  marked  by micrite
per(ings);  matrix mostly  fine sand  to coaLrse   silt-sized  skeletal  debris  Qighly fragmented   phylloid
algaeey,   also  gasfropods    (recrystallized,   frogmented),   crinoid debris,  Composita.   other
brachiopod   shell  fragments,   fenestrate   bryozoan   hagments,   calciapheres,    chaetetid   frogments,
fusulinids,  Globivalvulina. biserial  foraminiferids;  few skeletal  grains  partially to completely   .algal.-
coated;   stceletal  debris  randomly  oriented.

Thin section  D5 -from sample  KIP-1,large  arcs  devoid  of chaetetids   in unit b, bed  5

Skeletal  Wackestone   -medium-  to  fine-grained;  20-30 %  fossils:  predomimntly
unidentifiable  fine sand  to coarse   siltsked  skeletal  debris  Qighly frogmented   phylloid algaeo,
calcispheres,    also  fusulinids,  echinoid  spines,   crinoid dedris,  gastropod   shell  fragments,
ostracodes    (disarticulated   and  frogrnented),   small  foratniniferids;  few grains  prrtially to
completely   "algal"Coated;  most  fossil material  highly frogmented,   sub-angular   to  rounded.

Thin section   D6 -from upper  part  of sample   3-2.6b

Ostracode   Skeletal  Wackestone    -fine-grained;   15-30%  fossils:  ostracodes    (articulated   to
fragnented),   Donaldina-like  gastropods    (`whole  to  frogmented),   crinoid  debris,  brachiopod   shell
frogments,   one  chaetetid?    flngment,  Endothyra.   Globivalvulina. other  small  foraminiferids,  mostly
unidentifiable  fine sand  to coarse   siltrsized  skeletal  debris;  few stcelchl  grains   "algal"coated  (<
0.5 mm  thick);  fossils  randomly  oriented;  fossils  and  most  of matrix non-ferroan  to low fenoan
calcite,  four patches   of high  ferroan  calcite.

Thin section   D7 -from sample   3-2.8a

Oncolitic  Brachiopod   Wackestone    -coarse-to  fine-grained;  25-35%  fossils:
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predolninantly   Composita   (mostly  shell  frogments,   one  articulated,   mud-filled), productid  shell
fragments   and  spines,  also  calcispheres,    one  chaetetid   frogment,  crinoid debris,  gastropods,
Endothyra.  one  articulated  Hustedia  in upper  part  (overturned,   partially apar-filled,  rest  open  void
space,   early  marine  bladed  cement   on inner surface  of shell, partially  "algal.-oated,  does  not
encrust   over  commissure   or hinge  area);  many  skeletal  grains  partially to entirely  .algal"Coated;
few fossils  partially silicified; skeletal  mterial  randomly  oriented.

Thin seetion  D8 -from sample   3-2.9a

Crinoidal Bryozoan  Wackestone   -medium  to  fineTgrained;  5-15 %  fossils:  predominantly
ccrinoid  debris  (sub-round   to rounded,   corroded),   bryozoan   (encnisting,   ramose   and  fenestrate
fragments),   also  brachiopod   spines,  bivalve shell  fragments,   ostracodes,    gastropod   shell
fragments,   fish?  bones   ®hosphatic),   unidentifial]le  fine sand  to  coarse   siltrsized  skeletal  debris;
some  preferential  horizontal  alignment  of skeletal  dedris;  few quartz  grain.

Thin section  D9 -from lower part  of sample   3-1.lob

Phylloid Algal wackestone    -coarse-to  fineTgrained;    3040%  fossils:  mostly  phylloid
algae  (recrystallized,   xp  to  20 mm  long),  also  productid   shell  fragments,   Composita   (mostly  shell
fragments,   one  articulated  with geopetal),   crinoid  debris,  calciapheres,    ostracodes,    bryozoan
frogments,   Tetrataxis.  fine sand   to  coarse   silt-sized  skeletal  debris;  partially to  completely   "algal"-
coated   grains;  some  preferential  horizontal  alignment  of skeletal  debris.

Thin section  D10 -from sample   3-2.12

Skeletal  Wackestone    -fine-grained;  50rfe0%  fossils:   bryozoan   fragments,   crinoid debris,
brachiopod   shell  fragdnents,   ostracodes,    srmll  foraminiferids,  phylloid algae  frogments   in upper
part,  mostly  unidentifiable  fine sand  to  coarse   silt-sized  skeletal  debris.

Thin section  Dll -from sample   3-2.13c

Phylloid Algae Brachiopod   Wdckestone   -coarser   to  fine-grained;  20-30%  fossils:  mostly
phylloid algae  fragments   (reerystallized,  up  to  15 mm  in length),  Composita   (fragments,   3
articulated,   t`ro in possible   life position,  apar-filled with geopetal),   also  crinoid  debris,  productid
chell  frogments,   ostracodes,    calciapheres,    Endothyra.  Tetrataxis.  other  srmll  foraminiferids,
unidentifiable  fine sand  to coarse   siltrsized  stceletal  debris;  partially to entirely  "algal"encnisted
fossil frogments   (\xp  to 2 mm  thick);  some  preferential  horizontal  alignment  of skeletal  dchris;
limonite staining  throughout.

Thin section  D12 -from sample   3~2.14c

Phylloid Algal Brachiopod   Wackestone    ~ coarse-to  fine-grained;   10-15%  fossils:
predominantly   phylloid algae  (recrystallized,   up  to  10 mm  long),  Composita   (frogments,   two
articulated,   apar-filled with geopetal,   randomly  oriented,  fractured),  also  produetid   shell
frogments,   crinoid  debris,  ostmcodes    (articulated  to  fragmented),   calciapheres,    bryozoan
frogments,   Endothyra.  Tetrataxis.  other  small  foraminiferids,  fine sand  to coarse   silt-sized  skeletal
debris;  few partially to  entirely  "algal.Coated  skeletal  frogments;   skeletal  dchris  shows   some
preferential  horizrmtal  alignment;  micrite pellets;  one  lithoclast;  few micrite envelopes;   micrite
matrix  replaced   by patchy   apar.
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APRENDKF

WASRED RESIDUE

* note  for sainDles:    .common.   =  1596  or more  of wached   residue   retained  on  sieves

LoCALrr¥ 729

Samt]le   4-1.8 -from bed  8, section   729-SI

Non¢alcareous    to Calcareous   ClaLyshale  -Composita   (articulated  to  frngnented),
crinoid  ossicles   and  frogments,   Jutesania   (shell  flngnents   and  spines),   low-apired  gastropods,
Endothyra  Oighly abraded   and  corroded),   and  carbonized   and  pyritind plant  debris.

Samt]le   4-3.12c  -from unit g, bed   11, section   729-S3

Calcareous   Clayshale  -common   Crurithyris (articulated   to  fragmented),   also
Orbiculoidea   (articulated),   ramose   bryozoan,   Aviculcoecten   (shell  fragments),   crinoid plates  and
ossicles,   productids   ( shell  frogments   and  apines),  Donaldina-like  gastropods,    conodonts
udiot>rioniodus.   Idiomathodus.    Dit]lomathodus.   Hindeodust.   anhedral   pyrite grains,  and
phosphate    nodules.

Samole   44.12c   -from unit g, bed  11, section  729-S4

Calcareous   Clayshale  -common   Cnirithyris, also  Aviculcoecten   (shell  fragments),
crinoid  ossicles,   Hvistedia.  Juresania   (chell  frngments),   fusulinids,  demal  denticles   (Petrodus).
brachiopod   spines,   ramose   bryozoans,   and  discoidal  to  apherical   phoaphate    nodule.

Sample   4-1.12f -ffom unit g, bed  11, section   729rsl

Calcareous    Clayshale  -common   Cnirithyris, also  crinoid  ossicles,   Orbiculoidca.
Composita   (shell  frogments),   low-spired  gastropods,    Donaldina-like  gastropods    (some  pyritized),
productid  apines,  conodonts    (including  Dit]lomathodus.   Idiomathodus.   Neomathodus).    and
spherical   phosphate    nodules.

LoCALrr¥ 692

Sample   1-10.7   -from bed  8, section  692rsl0

Non<alcareous    to Slightly Calcarcous   Clayshale  -
common   Cmrithyris (shell  fragments   and  articulated  valves),  Composita   (shell  fragments   and
articulated   valves),  also  Myalim, Phestia.   LeptozvEa.   AnomDhalus.   Goniasma.   Microdoma`
Donaldina.  crinoid  ossicles,   fusulinids,  bryozoan   holdfast  (unattached),    chaetetid   fragments
(abraded,   pitted),  Endothyra  (abraded   and  won), ostracodes    (smcoth   and  rough  shelled),  and
catlronind   plant  renrains.

SsanDle   1-10.loo   -from unit a, bed  11, section  692tsl0

Calcareous    C»ayshale   -ramose   and  fenestrate   bryozoan,   crinoid  ossicles,
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Aviculoi]ecten.   productid   shell  fragments   and  apines,   Composita   shell  fragments,   Pla2ioglvDta.
low-spired  gastropods,    and  Derbyia  shell  hagments.

Ssamt]le   1-10.lob   -from unit b, bed  11, section  692rslo

Calcareous   Shale  -Mesolobus   shell fragments,   productid  shell  hagments   and  apines,
Cnrithyris, ramose   bryozoan   frngments   and  holdfast  (unattached),   pyritized Donaldina,
AviculoDecten   shell  frngments,   and  conodonts    (including  Idiognathodus).

SamDle   1-10.loo  -from unit c,  bed  11, section   692rsl0

Calcareous    Clayshale  -common   Cnirithyris, also  Mesolobus.   Orbiculoidea`   Myalina,
produetid   fragments   and  spines,  conodonts    (including  Idiondoniodus.  Cavusmathus.
Strcotomathodus.     bar  type  elements),   and  small  phoaphate    nodules.

Sample   1-10.log  -from unit g, bed  11, section  692tslo

Calcareous    Clayshale  -common   Cnirithyris, also  Mesolobus.   Petrodus.   Orbiculoidea.
Juresania.   Hustedia.   Composita.   productid   spines,   crinoid  ossicles,   Derbvia.  ramose   and
fenestrate   bryozoan,   low-spired  gastropods,    fusulinids,  Plagiof!lvt]ta.  conodonts    (including
DiDlognathodus.   IdioDrioniodus.   IdioQnathodus.    Neomathodusl.   . and  phosphate    nodules
(discoidal   to  apherical).

LOCALIN 693

Sample   6-5.7 - from bed  6 (iipper  surface),   section  693-S5

Calcareous   Mudshale  -crinoid debris,  high-spired  gastropods,    fish? bones   ®hoaphatic),
bryozoan   frogments,   ostracodes,    and  comoded   linestone   frogments   with chert  filled fracttires;
skeletal  debris  small  (0.25 mm  or smaller)  and  fragmented.

Sample   6-7.7 -from bed  6 (upper  surface),   section  693-S7

Calcareous   Mudshale  -chaetetid   fragments   (highly albraded   and  won), one  small
abraded   low-apired  gastropod,   one  brachiopod   shell  frogment,  carbonized   plant  remains,  coal
fragments,   and  corroded   limestone   frogments   with chert-filled  fracture;  skeletal  debris  small  (0.25
mm or smaller)  and  flngmented.

Sample   6-1.11 -from bed   11, section   693rsl

Calcareous   Clayshale  -common   crinoid  ossicles,    Mesolobus   (articulated   to  fragmented
shells),  also  ranose   bryozoan,   Juresania   (shell  frogment  and  apines),  Dedbyia  shell  fragments,
one  Ditomcovge  pygidium,  echinoid  apines   and  plates,  AviouloDecten   shell  frogments,   lo,w-and
high- apired  gastropods,    Composita   shell  frogment,  Plaf!iof!lvDta.   and  sponge   apicules,   and
crinoid-Mesolobus   packstone    frogments.        ~

Sample   6-7.11 -from bed   11, section   693rs7

Caleareous   Clayshale  -common   crinoid debris  (single  ossicles   and  articulated  stems  up
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to  20 mm  long),  Mesolobus   (articulated   to  fragmented   shells),  also  Juresania   shell  fragments   and
apines,   Aviculcoecten   shell  fragments,   fenestrate   and  ramose   bryozoan   (frogments   and
unaunattached    holdfast),  Donaldina.  low-apired  gastropods,    echinoid  apines,   Defbyia  shell
fragments,   one  straight  shelled  cephalopod,    Nedspirifer  shell  fragments,   ostracodes,
Pla2ioglvDta.   fusulinids,  fish?  bones   ®hoaphatic),   and  t`ro broken  conodont   elements.

Samt>le   6{.17a  -from unit a,  bed   17, section   693-S6

Calcareous    Clayshale  -ramose   bryozoan   frogments,   echinoid  apines,   Cnirithyris shell
fragments,   crinoid  ossicles   and  plates,  Donaldina.  productid   shell  fragments,   PlarioglvDfa.  Iow-
apired  gastropods,    foraminiferids,  conodonts    (including  Strcotofmathodus.     Idioorioniodus.
Cavusmathust.    phosphatic   fish bones,   fine sand-sized   quartz  grains,  and  small  (<  10 mm)  platy
phosphate    nodules;   all skeletal  debris  small  (1  mm  or smaller)  and  corroded.

Samt]le   6<.17b -from unit b, bed  17 aower halo, section 693-S6

Non-Calcareous    Black  Shale  -(very littleresidue  retained  on  sieves)   Orbiculoidea.   fich
scales,   Plagioplvota.   Ianose   bryozoan   frogments,   brachiopod?    shell  fragments,   sharic's  tooth,
and  conodonts    (including  Streotomathodus.     Cavusmathus.    Idiot]rioniodus.  Hindeodella.
Dil]lomathodus).   and  discoidrl  to  spherical   phosphate    nodules.

Samole   6no.17c  -from unit b, bed   17  (upper   Ire),  section 693-S6

Non¢alcareous    Black  Shale  -(very little residue  retained  on  sieves)   Ordiouloidca.
dermal  denticles   (Petrodus),   ramose   bryozoan   frngments   and  holdfast  (unattached),    Cnirithyris
shell  fingments,   crinoid  ossicles   and  plates,  echinoid  spines,   one  small  low/-apired  gastropod,
and  foraminiferids;  above  skeletal  grains  small  and  highly corroded;   robust  un-fragmented
conodonts    (including  Dit]lomathodus.   Hindeodella.  Ideo              us.    Strcotomathodus.
Gondolella.  Idiondoniodus.   Cavusmathus.    Ionchodusl:   discoidal  to  spherical   phoaphate
nulules.

Samt]le   6rd.17d -from unit c, bed   17, section   693-S6

Calcareous   Clayshale  -common   Orbiculoidca.   Juresania   shell  frogments   and  spines,
crinoid  debris  (stems,   ossicle  and  plates),  also  ramose   bryozoan   frngnents   and  holdfast
(unattached),    echinoid  apines,   low-apired  gastropods,    Neochonetes    shell  fragments,   Donaldina.
PlarioElvot)ta.   one  silicified bellerophontid,   conodonts    Odiomathodus.    StreDtomathodus.
Neomathodus.    Diolomathodus.   Idioorioniodus),  and  discoidal  to  spherical   phoaphate    nodules.

LocALrr¥ 782

SamDle   3-1.Ia  -from bed   1, section   782rsl

Micaceous   Siltstone  - skeletal  debris  absent;   carbonized   and  limonitic plant  fossils
recovered.

SamDle   3-2.5e  -from unit e,  bed  5, section   782rs2

Calcareous    Clayshale   -common   Composita   (articulated   to  frogmented   shells),
ostracodes    (smooth-   and  rough-shelled),   also  Cnirithyris shell  frogments,   Juresania   shell

286



hagments   and  apines,   ranose   bryozoan,   eehinoid  apines,  crinoid ossicles,   low-spired
gastropods,    and  chaetetid   frogments.

SamDle   3-1.6 -ftom unit e, bed  5, section  782rsl

Calcareou8   Clayshale  -common   Composita   (articulated  to fiagmented   chells),
ostracodes    (ndculated,   smooth-  and  rough-shelled),   also  crinoid ossicles,   furesania   shell
frogments   and  spines,   ramose   bryozoan,   echinoid  apines,   Omchalotrochus.    gastropod   stiell
frogments,   chaetetid   fragments,   and  cafoonate   nodules.

Sample   3-2.7 -from bed  7, section  782-S2

Non-Calcareous    to  Calcareous    Clayshale  -crinoid  ossicles,   echinoid  apines   and  plates,
bbrachiopod   shell  frigments,   Ianose   bryozoans,   ostracodes,    carbonized   plant  remains,  and  small
(1-2 cm)  chert  nodules;   streletal  debris  abraded   and  won.

Sample   3-2.Ila  -from bed  11, section  782-S2

Calcareous    Clayshale   -common   crinoid  stems   (xp  to  3  cm  long),  ossicles,   and  plates,
MMesolobus   (articulated   to  frogmented   shells),  also  ramose   bryozoans,   Defbvia  shell  flngnents,
furesania   shell  frogments   and  spines,   fusulinids,  low-apired  gastropods,    echinoid  apines,   fish?
bones   ®hoaphatic),   and  crinoid-Mesolobus   packstone    frogments.
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ABSTRACT

The  Amoret  Limestone  Member  of  the  Altamont  Limestone

Formation   (Desmoinesian)   is  exposed  at  four  localities  in

Labette  and  Montgomery  counties  of  Kansas.     Chaetetids

occur  within  the  Amoret  Limestone  at  each  of  these

localities.     Other  members  of  the  Altamont  Limestone

Formation  include  the  Lake  Neosho  shale  and  Worland

limestone.

Previous  work  has  suggested  that  the  Altamont

Limestone  represents  deposition  during  a  single  marine

transgressive-regressive  event,  with  the  Amoret  limestone
being  deposited  during  the  transgressive  part.    In  this
study,  bed  by  bed  analysis  and  correlation  of  Altamont
limestone  in  the  area  using  genetic/event  surfaces  has
revealed  a  more  complex  history  of  deposition.

The  majority  of  the  Amoret  limestone  records  an  overall

transition  from  a  deltaic  to  open  marine  environment,  then
upward  shallowing  to  subaerial  exposure.     Three  small  scale

cycles  are  superimposed  on  this  sequence.     The  uppermost

part  of  the  Amoret  limestone,  the  Lake  Neosho  shale,   and
the  Worland  limestone  represent  a  transition  from  subaerial
exposure  to  open  marine  environment,   then  upward  shallowing

to  deltaic  environment.    Four  small  scale  cycles  are

superimposed  on  this.     The  Lake  Neosho  shale  was  apparently

deposited  in  a  nearshore  environment  where  imf luxes  of

organic-rich  terrestrial  sediment,  carried  in  by  fluvial



systems,   led  to  the  deposition  of  the  fissile  black  shale.

Chaetetids  in  the  Amoret `limestone  apparently  grew  in

environments  ranging  from  open  marine  to  lagoonal.

Chaetetids  grew  the  most  vigorously  in  the  eastern  area  of
this  study,  apparently  as  a  result  of  more  offshore,   less
turbid  conditions.    Chaetetid  buildups  served  as  haven  for
an  abundance  of  coexisting  organisms.

The  diagenetic  history  of  these  rocks  records  a  complex

sequence  of  fluctuating  pore  waters,  with  an  overiding
late-stage  diagenetic  imprint.    Late-stage  burial  led  to
the  f ormation  of  dolomite  in  the  western  area  of  this
study .

The  Amoret  and  Worland  limestones  are  presently  good

sources  of  construction  aggregate  due  to  low  insoluble
residues  in  most  beds.     Chaetetid  buildups  could

potentially  make  excellent  hydrocarbon  zones  due  to  the
abundance  of  open  cavities  between  chaetetid  heads,

potential  source  rock,  and  overlying  and  underlying  shale
units ,
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