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ABSTRACT

The  Toronto  I,1mestone  ls   the  lower  limestone  member

of  the  Oread  Megacyclothem.     It  averages  about  10  feet  ln

thickness  and  ls  exposed  fl`om  northern  Oklahoma,  where  1,t

undergoes  facles   change  to   Shale,   aLcros8  Kansas  to  north-

western  Missouri  and  18  present  at  the  But.face  in  the  Platte

River.  Valley  of  Nebraska.

The  purpose  of  the   study  was   to  determine  the  sedilnen-

tary  facles  and  interpret  envlronmentB  of  Gel)osltlon  by  a

quantltatlve  approach  with  Bpeclal  emphaBls  on  the  conBtltuent

composition  of  the  limestone.

Field  stratigraphlc  studies  wel.e  undertaken  at  54

localltles  and  detailed  laborato`ry  studies  were  performed

on   BampleB   collected  from   them.     The  volumetrlc  abundances

of  19  skeletal  and  4  non-skeletal  graln' types  were  determined

quantltatlvely  by  point-count  analyses.     Factor  analysis  of
the  accumulated  data,   supplemented  with  obBervatlons  on  the

megafauna  and  field  study,  were  used  ln  dellneatlng  6  facles.

Frc)in  southern  Kansas   to  northweBtem  Missouri,   the  lower

half  of  the  Toronto  ls  a  Skeletal  mud  facles  -  characterized

by  the  presence  of  dlverBe  skeletal  grain  types.     This  facles

gr.ades  northward   (1n  Nebraska)   and  southward   (ln  southern

Kansas)   into  a  brachlopod  facle8   -typlfled  by  an  abundance

of  brachlopods,   many  of  them  complete   specimens.     In   South-

ern  Kansas,   the  Tolionto  Limestone   lnterflngers  with  and  18

replaced  by  a  foBslllferous  terrlgenous  mud   (shale)   facles  -

Characterized  by  mya|lnld-rich,  b|.achlopod-I`1ch,   and  fusulinld-

rich  zones.     In  northern  and  central  Kansas,   a  facles  charac-



terlzed  by  the  presence  of  fenestrate  bl.yozoaLns  and  crlnold

segments,   the  fenestrate  bryozoan-echlnoderm  grain  facles,

1s  developed  near  the  top  of  the  limestone.     A  lime  mud

facles,   chairacterlzed  by  the  presence  of  a  molluscan  fauna

and  contalnlng  lntraclasts,   18  developed  at  the  top  of  the

roronto  LlmeBtone  ln  Nebraska,   northwestern  Mlssourl,   and

in  northern  Kansas.     In  Bouthem  Kansas,   a  molluscan-
"Cnyptozoon"   subfacles  of  the  skeletal  mud  facles  is

developed  ln  the  upper.  part  of  the  limestone.     An  Osagia

grain  facleB,   an  accunulatlon  of  algal-coated  skeletal

graLlns,   1s  locally  developed  at  the  top  of  the  Toronto  ln

south  centl`al  Kansas.

The  Toronto   I.1meBtone  was  depoBlted  during  a   Blngle

advance  and  retreat  of  the  sea  with  deltaic  deposltlon

taking  Place  along  shore  ln  northern  Oklahoma  and  PoBslbly

in  Nebraska  while  lime  was  being  deposited  off shore  ln

Kansas.     The  factors  of  primary  importance  ln  facies  differ-

entlatlon  are  interpreted  to  have  been   (1)  rate  of  terri-

genous  sediment  influx;   (2)  nutrient  element  Supply;

(3)   8allnlty;   and   (4)   turbulence.     From  the  delta  fringe
area  to  the  farthest  offshore  and  most  marine  condltionB

the  respective  facles  tracts  were   (1)  fo8slllferous  terri-

genous  mud,   (2)   brachlopod  facles,   (3)   skeletal  mud  facies,

and   (4)   echlnodefm-fenestl.ate  bryozoan  gI.aln  facles.     The

lime  mud  facles  was  a  product  of  mud  flat  deposltlon  mainly

during  the  I.egresslve  phase.



At  several  Places  along  the  outcrop  between  northern

Oklahoma  and  northwestern  Mlssourl,   the  Toronto  Limestone

was  channeled  by  streapB  prior  to  deposltlon  of  the  Leaven-

worth  Limestone  which  ls  contlnuouB  acl`oss  the  region.

The  I,eavenworth  and   the  black  Heebner  Shale  which  overlies

lt  show  greater  continuity  of  facles  than  the  Toronto

Limestone.     The   lower  part  of   the  oI.ead  Megacyclothem

(Wathena  Shale,   Toronto  I,lmestone,   Snydervllle  Shale,

Leavenworth  LlmeBtone,   Heebner  Shale,   and   Plattsmouth

LlmeBtone)   are  explained  by  two   eustatlc   sea-level  cycles.

The  Wathena  and  Toronto  were  deposited  during  an  lntel.-

mediate  rlBe  of  sea-level,   the  Snyderville  accumulated

during  the  regression,   and  the  Ijeaven"orth,  Heebner.  and

Plattsmouth  were  products  of  a  greater  rise  of  Sea-level.
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INTRODUCTION

Opening  Statement

Even  a  casual  ob8ervatlon  of  the  Pennsylvanian

column  of  Kansas   leaves  one  with  a  lasting  impression  of

the  remarkable  number  of  relatively  thin  sedimentary

deposits  of  heterogeneous  llthology.     Limestone  and  shale,

together  with  lesser  BaLndstone  and  coal,   are  present  through-

out  the  Buccesslon.     These  llthologies  have  been  described

ais  occurring  ln  cycllcal  Sequences  that  are  repeated  ln  the

same  arl`angement  many  times   ln   the  overall   succession   (Moore,

1931.1936,1950).     Certain  parts  of   the  Kansas  P6nnsylvanlan

Section  are  deBcrlbed  as  con81stlng  of  Blmple  sedimentary

Cycles;   each  of  which  ls  interpreted  to  be  the  record  of  a

Single  marlrie  advance  and  retreat   (Moore,1950,   P.   7).     In

Parts  of   the  column,   however,   Cycles  of  cyclothems,   termed

megacyclothems,   have   been   described   (Moore,1936,1949,1950).

If  the  generalizations  regarding  megacyclothems  are  true

(Moore,1950,   pp.10,11),   then   the  deposltlonal  environments

recorded  ln  each  cyclothem  should  be  aupllcated  or  nearly

dupllcated  ln  corresponding  unlt8  of  other  megacyclothems.

Only  through  detailed  studies  of  the  indlvldual  cyclothems

Wlthln  the  different  megacyclothems  can  these  hypotheses  be

tested .
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Objeptlves  of  the  Study

Relatively  thin,   sheetlike  deposits  of  Pennsylvanian

llmeBtone  of  Kansas,   Bone  of  which  can  be  traced  for  distances

uP  to  300  miles  on  the  outcrop  and  can  be  ldentif led  over

comparable  alstances  down  dip  into  baslnal  areas,   have  for

many  years  attl`acted  the  attention  of  students  of  sedimenta-

tion  and   stratlgraphy   (Moore,   1931,   1936,   1949,   1950.   1959.

1962).     However,   Iiiost  of   trie  studle8  of  lndlvldual  units   to

date  have  been  concerned  prlmarlly  with  vertical  varlatlons.

It  was  the  expressed  purpose  of  thl8  lnvestlgatlon  to  trace

and  to  study  at  selected  outcrops  a  Pennsylvanian  limestone

body  throughout  its  area  of  outcrop  and  to  formulate  an  hypo~

thesis  concerning  the  depositlonal  history  of  the  unit.

Immediate  objectlveB  were   (I)   to  determine  the  general  strat-

18I`aphlc  relatlonBhlps  of  the  llmeBtone  internally  and  extern-

ally;   (2)   to  e]camlne  ln  detail  th:  llthologlcal  and  Paleon-

tologlcal  aspects  wlthln  the  unit  at  a  number  of  selected

localities  along  the  outcrop  belt;   (3)   to  set  forth  general-

1tleB  concerning  lateral  and  vel.tlcal  variations  ln  llthology

and  PaLleontology  observed;   and   (4)   to  reconstruct  the  general

deposltlonal  hlBtory  of  the  unit.     The  ultimate  objective  of

t.his  study  was  to  contribute  to   the  development  of  paleoenvlr-

Onmental  prlnclples  and  practices  that  will  have  appllcatlon

ln  the  study  of  other  carbonate  units  ln  the  geological  record.
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Premise  and  ApprQaoh

The  appl-Qach  used  ln  this  investlgatlon  is  based  on

the  Presunptlon  that  prlnclpleB  8alned  from  studies  of  Recent

carbonate  sedlments  aLnd  their  sedimentary  relatlveB  can  be

applied  to  an  lnterpretatlon  of  ancient  sedlments.     ASBumlng

that  studleB  of  Recent  Bedlmentatlon  are  adequate,   the  funda-

mental  requirement  for  arawlng  analogleE  between  Recent  and

ancient  beds  ls  a  detailed  Btratlgraphlc  analyBIB  of  ancient

sediments  lnvolvlng  geometry,   Bedlmentary  Btmctures,   tex-

ture,  llthology,  paleontology,  and  related  features  that

provide  data  to  which  prlnclples  gained  from  studies  of

Recent  Bedlments  can  be  applied  and  inferences  made.

Unit  Selected  for  Study

The  Toronto   Limestone  Member  of   the  Oread  Limestone

Formation  was  selected  for  study  for  the  following  reasons:

(i)   1t  ls  a  member  of   the  oread  I,lmestone  which  ls   included

ln  the  Shawnee  Group   (Vlrgllian  in  age)   said  to  contain  the

most  complete  record  of  megacyclothemB   ln   the  Upper  Pennsyl-

Vanlan  of  Kansas   (MooI.e,1950,   p.11);    (2)   1t   ls   a   limestone

ln  the  basal  cyclothem  of  the  oread  megacyclothem;   (3)   its

Outcrop  has  been  traced  throughout  Kansas  and  into  Parts  of

adjacent  BtateB  so  that  the  stratlgraphy  ls  fail`1y  well

known;   and   (4)   some  data  are  available  on  the  extent  of  the

Oread  members   ln  the  subsurface.
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Dr.   Donald  F.   Toomey  provided  field  assistance   ln   the   Bummer

of   1963.     The  faculty  of  Rice  UnlverBlty  awarded  me   the  Texas

Gulf   Producing  Company  Fel|owBhlp   ln  Geology  for  the  academic

year.a   of   1960-1962.     Dr.   Daniel  F.   Merrlam   of   the  Kansas   Geo-

logical  Survey  kindly  aided  ln  acqulsltion  of  some  ref erence

literature  and  offered  encouragement.     MI..   James  Teeter,

graduate  student  at  Rice,   identlfled  the  ostracodes.     Mr.

Max  Pitcher,   of  Continental  Oil  Company,

tlcal  analyses.     Mr.   Milton  Taggert,   Houston,   Texas,   made  the
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photomicrographs.     Dr.   Robel.t  R.   Lank ford,  Rice  Unlverslty,

and  Dr'.   Thomas  E.   Pulley,   Rice  Unlverslty  and   the  Houston

Museum  of  Natural  Science,   served  on  the  dlssertatlon

committee,   read  and  crltlclzed  the  manuscript,   and  offered

helpful  suggestions.
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METHODS   OF   INVESTIGATION

Field  Studies

Inltlal  f ield  reconnaissance  was  begun  on  the  Toronto

Limestone  ln  Kansas  during  the  last  week  of  March  in  1962.

For.  two  weeks   ln  September  of  the   same  yeali,   outcrop   studies

and  sample  collections  were  made  from  localltles  I`anging

from  northern  Oklahoma  acl.oss  Kansas   to  St.   Joseph,   Mlssourl.

For  a  week  ln  Januar.y  and  for  the  last  week  of  Februar'y  1963,

some  Kansas  and  Oklahoma  localltles  were  I.evisited  and  an  ex-

Posur.e  was   studied  in  Southeastern  Nebraska.     Three  weeks  of

July  1963  were  used  ln  m'aklng  field  s.tudles  of  o'utcrops  lri'

Iowa,   Nebl`aska,   Missoul.i,   and  Oklaho`ma.      A Jto-tal  o'f  42  outc.fop

localltles  were  -studied  on  th.ese  excursions..    '

At  most  of  the  localltles,   the  Btratigraphlc  section

was  measured  and  descr.ibed,   primary  structul`es  were  noted,

fossils  were  ldentifled  in  the  field  and  collected  for  labor-

atory  study  whenever  possible,   and  oriented  lithologic  samples

Were  collected.     In  addition,   photogra'phs  were'  taken  of  the

outcrop,  lndlvldual  beds,   fossils,   textures  and  structureso

In  areas  where  corTelatlons  were  not  certain,   lnter-

medlate  sections  were  studied  and  the  beds  were  traced  later-

ally  where  possible.
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Laboratory  Studies

In  the  laboratory,   lithologlc  samples  were  sawed

into  slabs  normal  to  bedding  surfaces  and  examined  with  a

binocular  mlcl.oscope.     Fossils  wel.e  freed  from  these   samples

wherever  possible  and  wel.e  ldentlfled  and  placed  ln  a  mega-

faunal  collection.     Several  hundred  thin-Sections   (most  of

them  2  x  3  inches)   wel.e  prepafred  and  studied.

Megafossll  specimens  wer`e  identified  and  catalogued

almost  solely  with  the  aid  of  available  literature  as  refer-

ence   specimens  were   llmlted.

Quantltatlve  insoluble  I`esldues  were  made  frctm  small

10-50  gin.   samples   of  each  bed  from   the   varloAus   localities  by

dissolving  the  sample  ln  dilute  a.oetlc  ol`  formlc  acid.     The

residues  were  examined  and  described,   using  binocular  mll`co-

SCope .

Samples  of  shale  fl`om   the  Toronto  as  well  as  from

enclosing  beds  were  prepal.ed  and  Btudled  fol. .mlcr'ofossll

content.     Vat.sol  was  used   ln  breaking  down   loo  gram   samples

for  these  studies.

X-ray  diffraction  patterns  were  run  on  many  of  the

Samples  ln  order  to  determine  the  various  minerals  present

ln  the  Toronto  Limestone.
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REGI0NAL   GEOLOGICAL   SETTING

r,T^Cfl`   ,1                                                         ,   ,J,'`,  ,'`i

er  Penn

ly   ,  tt-   fiv.,   L,i 1`ylpr  ,  "    `

sylvanla_|`.`(Vl;glllan)  ±g_e  areRocks  of

exposed  fr`om  the  northern  flanks  of  t,he  Arbuckle  Mountains

ln  southern  Oklahoma   (Pontotoc  County)   northward   to  Osage

County  on  the  Kansas  border   (Fig.1).     In  Kansas,   they  out-

crop  in  a  north-northeasterly  trend  from  Chautauqua  County

on  the  Oklahoma  line   to  Donlphan  County  on  the  Mlssourl

River.     Vlrgllian  strata  are  exposed  from  Platte  to  Harrlson

counties  ln  northearfue±n  Mlssoul`1,   and  ln  southwestern  Iowa-.-. I.I--
from  Rlngcild  County  northward   to  Madlson  County  and  from

ther'e  westward  to  Potfawattamle  County  on  the  Missouri  River

(Her.shey  et  al,1960).     They  crop  out  ln  southeastern  Nebraska,

especially  in  Cass  and  Oboe  counties.     These  I`ocks  dip  gently

westward  ln  oklahoma  and  Kansas   (average  dip  about  15  to   25

feet  per  mile  ln  Kansas),  nortriqestward  ,in  Mlssourl,   south-

`Westward  ln   Iowa,   and   southeastward  lp  Nebraska.

The  northern  Oklahoma-southern  Kansas  area  is  a

region  of  transltlon  between  strata  of  the  southern  Part  of

tihe  Mid-Continent  area  where  terrlgenous  elastics  predominate

and  a  more  northerly  region  where  thalassigenous*  carbonate
`-sediments   are   dominant.

JtThe  writer  proposes  usage  of  the  ten  thalasslgenous  as  a

:::P%E:::a::g:::::8:::::6iegL:I:e€±£:n::n€:r:€m:nsiE:sS::d
'`muds,   orgaLnlc   reefs,   and   evaporltes).     Those   sedlments  de-
rlved  outslae  the  deposltlona|  baBln  and  transported  to  the

..E:::na:3  ::±±:  ::5mc::;  ::::±g::,TB   texamp]es  are  quartz
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In  the  subsurface,  Vlrglllan  strata  have  been  identified

from  the  outcrop  belt  westward  throughout  centr.al  and  western

Kansas,   westward  from  the  outcrop  and  north  of  the  AI`buckle

and  Wlchlta  mountains  ln  Oklahoma,   and  north  of  the  buried

Amarillo  Mountains  ln  the  Texas   Panhandle.     Over  most  of  Kansas

c'arbonate  rocks  predominate,   but  in  the`  Anadarko  Basin  terri-

genous  clastlcs  are  characterlstlc;   the  latter  increase  ln
`-thickness   and  I)ecome   coarser  textured   toward   the   land  maBBes

to  the  south,   southwest,   and  southeast   (Aplshapa-Sierra  grande,
`Amapillo-Wichlta,   Arbuckle,   and  Ouachlta  positive  al`eas).

Virglllan  beds  are  present  ln  outcrop  along  the  Front

Range  of  Colorado   (part  of  the  Fountain  Formation)   where  they

fa:re  mainly  terrlgenouB  clastlcs   (Wll8on,1962,  p.140).     Beds
Cbf  the  same  age  are  'present  in  the  Bubsurfacg  of  eastern  Colo-

fij.ado,   eastern  Wyoming,   much  of  Nebraska,   and  part  of  South

C`mikota.     Vlrglllan  beds  al.e  present. at  the  surface  in  the

mal`tville  Uplift  of  southeastern  Wyoming  where  evaporites  are
f@-6n'spicuous  |n  the  section  although  carbonates  and  terrigenous

fJlastics  are  present  also.

H±£````        The  major  posltlve  and  negative  Pennsylvanian   tectonic

tf€atureB  of  the  northern  Mid-Continent  area  are  shown  ln

ffileure  i.     These  include:     major  and  minor  source  areas,   Prom-

1nent  basins,  and  the  more  positive  featul.es  that  separated
Otheri `

I   t:r\-`      Ear.|y  Pennsylvanian   (springeran)   deposition  was   Con-

:'`8flfied   to   the  Ardmol.e-Anadarko  foredeep  where  black   shales   and
±Sana.Stones  we|.e  deposited   (Rascoe,   1962,   p.   1369)   and   to   the

FOua6hlta  geosync||ne  where  a  thick  sequence  of   "flysch"   Sedi-

mentB  accumulated  with  Wapanucka  Limestone  deposition  being
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marglnal   to   the  geosyncllne   (Goldsteln  and  HendrickB,   1962,

P.   426).     Concurrently,   the  remainder  of  the  Mid-Continent

area  was  undergoing  eplrogenic  uplift  and  erosion   (Rascoe,

1962,  P.1369).     After  Sprlngeran  sedlmentatlon,   a  general

episode  of  marine  tl'ansgression  onto  the  northern  Mid-Continent

region  began.     It  involved  subsidence  of  the  Anadarko  Basin

and  related  features.     Morrowan  beds  al`e  present  ln  south-

western  Kansas,   southeastern  Colol`ado,   and  acI.oss   the  Oklahoma-

Texas  Panhandle  and  into   southeastern  Oklahoma  parallel  to   the

Amarlllo-Arbuckle  chain  which  was  low  or  non-exlBtent  at  this

time   (Rascoe,1962,   P.1352).

I)eformat,ion  of  the  Oua-chlta  geoByncllne  began  ln  late

Atokan  with  the  axis  of  the  geosyncllne  mlgratlng  northwestwal`d

over  the,  f_oreland  into  the  ricAlester  Basin   (gold:te,1n  and  Hend-

ricks,1962,   p.   427).     Structural  movement  ln  the  OuachltaB

definitely  continued  aB   late  as  middle  DeB  Molnesian   (1bldo

P.   427).     Continued   8ubBldence,   shelf ward  expansion  of  the

Anadal`ko  Basin,   and  progressive  regional  transgression  oontlnued

from  Morrowan   through  Atokan,   Des  Molneslan,   and  into   the

Mlssoul`1an  which  mar-ked  the  acme   of  marine   tr'ansgression  over

tihe  Mid-Continent  area  during  the  Pennsylvanian   (Rascoe,   1962,

p.1369).

The  progre8slve  increase  with  time  ln  the  importance

of  Carbonate  rocks  from   shaly  Morrowan  beds   to   thin  limestones

of  the  At';`kan   (Chel.okee  Group),   to   the  well  developed  lime-

stones   of Rthe  upper  Des  Molnesian   (Mar.maton  Group)   and   succeed-

ing  Mlssourlan  and  Virgllian  beds  ls  Blgnificant   (Rascoe,   1962,

P.1362).     The  major  sour.ce  areas  for  MlsBourlan  and  Virgllian
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sediments  of   the  Kansas-Oklahoma  r`egion  were   the  Arbuckles,

Wlchltas,   Amal`1llc,a,   and   the  Aplshapa-Sierra  Grande  Uplift

(Rascoe,1962,   figs.14  and   15;   Ball,1964).

Regional  Iiegl`es81on  which  began  ln  Vlrgllian   time

involved  a  lessening  ln  the  rate  of  subsidence  and  areal

extent  of  the  Anadarko  Basin,   decrease  ln  the  lmpol.tance  of

the  ArbuckleB,   Wlchltas,   and  Amarlllo  mountains  as  sources

of  terrigenous  detl`itus  for  the  Anadarko  Basin,   and  Progres-

sive  increase  in  limestone  deposition  over  the  site  of  the

old  Anadarko  Basin   (Rascoe,1962,   p.1369).     Alternating

carbonate  and  noncarbonate  deposltlon  continued  through  the

Wolfcamplan  when  evaporltlc   sedimentation  came   into  promlnencea

It  constitutes  the  end  member  or  regreBslve  phase  of  the

deposltlonal  cycle  of  the  r'eglon  during  the  Pennsylvanian

and   Pet.mlan.



i

EXPLANATION  OF   FIGURE  I

Major  pal®otectonic  features  of Kansas  and  gurToundlng
states  during  Virgilian  time.
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REGIONAL   STRATIGRAPHY

Introduction

The  Oread  Limestone,   basal  fomatlon  of  the  Shawnee

Group,   contains  the  following  members  listed  ln  ascending

order:   Toronto  Ijlmestone,   Snydervllle  Shale,   I.eavenworth

:::eL::°::;:::::::ds:::::t:::tt(:::ut:)L±m:;:°:::c¥|:r::e:he
Oread  Limestone  forms  a  prominent  escarpment  that  can  be

traced  from  the  northern  pa.rt  of  osage  CountH  Oklahoma

entirely  across  Kansas  and  into  MIBsourl.     Exposures  of  the

formation  are  also  present  ln  south6ife  Iowa  and  south-
-tle6.ife  Nebraska.     |n  northern  arid  central  Kansas  where  the

formaLtlon  18  approximately  50  feet  ln  thickness,   the  shale

members  are  all  thin  and  the  limestone  members  form  benches

of  a  81ngle  escarpment.     In  southern  Kansab  howeveb   the

SnydeI`vllle  Shale  increases  ln  thickness  to  50-80  feet,   so

that  separate   Small  escal.pments  made  by  the  Toronto  Limestone

and   the  Leavenworth-Plattsmouth  al.e  aB  much  as  a  mile  or  more

apart.   ]n  spite  of  the  seemingly  mc>notonous  alternations  °f

limestone  and  shaLle  units,   each  member  of  the  Oread  has  dls-
•      Ja--+.`-,aa   +.hat  allow  its  recognltlon;   and   ln

tinct  lithologic  featul.es  that

areas  where  a  certain  member  has  unaer8one  "alh ---- __

Changes,   that  member  can  be  recognized  by  a  knowledge  of  litho--I,L`^n  i`nlts   |n   the   sequenceo
loslc  characterlstlcs  of  the  other  units

)

marked  facies



E[PIANATION  OF  FIGURE  2

Stratlgraphic  position  of the  Oread  Limestone.    Colulmar
section  at  the  left  shoms  the  generalized vertical relationships
of the  Oread  Limestorie  to  other  rock  units.    The  letters   (in,  n,
o,  and  p)  and  arrows  between  the  sections  depict  four  mega-
cyclothens  recognized  by Moore   (19sO).    "e  Oread  megaoyclothem
is  showi  at  the  right;  the  arabic  numerals  on  the  far right
refer  to  the  cyclothems  as  recognized  by Moore   (1950)  ulthin
the  Ctreed  megacyclothem.
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Thls  ls  particularly  true  ln  northern  Osage  County,  Oklahoma

where   the  TOI`onto,   Leavenworth,   and   Plattsmouth  limestones

are  thin  and  disappear  by  faclea  change  to  ter.rlgenous  claBtlcso

The  OreaLd  For.matlon,   then,   is  characterized  by  regional

Contlnulty  for  a  veI.y  considerable  distance  from  southwestern

Iowa  to  northern  Oklahoma,   excep'tlng  the  Kereford  Limestone

Which  ls  not  present  ln  many  places  along  the  outcrop   (Moore,

1936,   P.168;   1949,   P.150;   1951,P.  67).      In   Oklahoma  where

lt  undergoes  rapid  facles  change  to  terrigenous  elastics,   the

Oread  formation  ls  equivalent  to  paI.t  of  the  Vamoosa  Formation

(Miser,1954;   Tanner,1956,   p.12).

The  Oread  Limestone  is  underlain  conformably  by  the

Lawrence  For.matlon  and  ls  conformable  with  the  overlying  Kan-

waka  Formation.     The  I.awrence  Shale  of   the  Douglas  Group  lies

between   the  HaBkell  and  Toronto  l|mestones.     It  differs  maI'kedly

from  the  Oread  ln  that  lt  18  mainly  a  shale  and  sandstone  se-

quence  with  numerous  coal  beds  and  a  Single  limestone  unit.

Members  of   the   Irawrence   include,   1n  upward  order:     Bobbins

Shale,   Ireland  Sandstone,   Amazonla  Limestone,   and  Wathena

Shale   (Ball,1964).

In   1936,   Moore   (p.   26-34)   defined  a  megacyclothem  as

a  Cycle  of  cyclothems  and  described  the  subdivlslons  of  a

typical  Shawnee  megacyclothem   (see  Fig.   2).     He  described

(1bid.   p.   32)   the  Oread  megacyclothem  to  include   the  upper

Part  of  the  I.awrence  Shale,   the  oread  Limestone,   and  a  large

Portion  of  the  Kanwaka  Shale.     The  lower  three  of  the  five

llmestones  ln  the  megacyclothem  are  chaI`acterized  by  dlstlnc-

tlve  llthologlc  and  faunal  attrlbutea   (Moore,   1950,  P.   11)
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which  are  dlagnostlc  of  lndivldual  cyclothems.     Each  cyclothem

ls  par.tly  to  completely  developed  and  diffel`s  ln  character

from  associated  cycles.     The  llmestones  are  Bald  to  be  char-

actel`1zed  by  yellow-br.own,   ferruglnouB,   massive  beds  of   the

first   (Toronto);   the  thin,  blue,  dense  vertically-Jointed

nature  of  the  second  limestone   (Leavenworth);   and  the  light

gray,  wavy-bedded,   comparatively  thick  nature  of  the  third

limestone   (Plattsmouth).     The  fourth  and  fifth  limestones

are  described  as  being  leBB  distlnctlve  ln  character   (Mool`e,

1950,   P.11).     A  diagnostlc  attl`1bute  of   the  megacyclothem

ls  the  presence  of  black  flsslle  shale   (Heebner)   1n  -  and

only  in   -the   third  cyclothem   (Moore,1936,   P.   31).

Almost  ldentlcal  sequences  of  cycles  occur  at  least

three  t-1mes  at  higher  level-s  ln  the  Shawnee  Group;   mega-

Cyclothems  that  include  cycles  analogous  to  the  second,   third,

and  fourth  cycles  of  the  Shawnee  type  are  frequent  in  the

Marmaton  GI`oup   (upper  Des  Moinesian)   and   the  Kansas  City  and

Iansing  groups   (Mlssourlan)    (Moor.e,1950;   P.11).

Tor.onto   Member  of   the   Oread  Limestone

The  Toronto  Limestone  was  first  named  by  Haworth  and

Platt,   although  a  type  section  was  not  designated,   fl`om  the

town  of  Toronto   ln   southwestern  Woodson  County,   Kansas   (Moore,

1936,   P.162).     Ball   (1964)   has  designated  a   type   Bectlon  in

a   quarry  at   NE   corner  NWNW   S.35,   T.25S,   R.13E.      (I-ocality   i,

See   APpendlx.)     This   limestone  has  been   traced  fr.om  Torionto

southward  to  Oklahoma  and  northward  to  Nebraska  where  lt  has

been  called   the  Weeping  Water  Limestone   (Condra,1927).
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Moore   (1936,   pp.   162-163;   1949,   p.   147;   1951,   P.69)

has  described   the  Tor.onto  as  a  brownish-gray  massive  lime:

stone  contalnlng  fusullnes,   corals,  bryozoans,   small  brachio-

Pods,   cr'1nold  remains,   and  mollusks   ln  places.     Moore   (1936,

P.   163)   Chal`acterlzed  the` upper  few  inches  to   Several  feet  as
".   .   .   dlstlnctly  algal  ln  some  places  and  lacks  fusulinlds."

He  noted   (1951,   p.   69)   that   the  Toronto   ".    .   .1s   typically

developed   from  Woodson   County  nor.thwar.d   .    .    ."   (except   for  its

absence)   ".    .    .1n  part  of   Bouthel.n  Douglas  County  wher'e  a

limestone  conglomerate  occupies  its  appI`oxlmate  stratigr'aphic

Position   ..., "   ".   .   .   but   (is}   thinner  and  sandy  or  locally

absent  ln  southern  Kansas."     Moore   (1951,   p.   69)   described

the  thickness  of  the  unit  as  ranging  from  8  to  12  feet  ln

northern  Kansas  but  less  than  4  feet  ln  the  southern  Pgr`t

of  the  state.

In  his  deflnltlve  work  on  the  concept  of  the  mega-

cyclothem,   Moor.e   (1936)   listed  the  subdivisions  of  a  typical

Shawnee  megacyclothem  utlllzlng  a  Dewey  system  ln  designating

stratlgraphic  units  for  each  cyclothem.     His  cyclothem  A

(1bld.,   P.   31),   to  which  the  Toronto   cyclothem  lncludlng  the

Toronto   I,1mestone   (A.3   to   A.7)   and  paltt  of   the  Lawr.ence   Shale

(A.0   to   A.2).   confol`m,   ls   shown   below:

Cyclothem   A

*A.9-A.8    Shale,   genel.ally  fosslllferous

.*„    g::e:::::  ::::i:;C;  :: Erg:::a:±c£oLLuS_

*Most  Prominent,  persistent,   and  definitely  recognized  stratl-
graphlc  units.
•Recognlzed   ln   the   Tor.onto   Cyclothem  by  Moore.
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A.6    Shale,   generally  not  dlfferentlated
•*A.5     I,1mestone,   blue-gray  weathers  brown,

fez.ruginous,   impure,   massive  or`  uneven
thick  beds,   contains  fusulinlds  and  mollus-
colds   ("lower"   llmeBtone)

A.4     Generally  absent  or  not  recognized   (shale)
•   A.3     May  be   repreEiented  at  base   of   "lower"   lime-

:::::t:Xe7°ne  °f  molluskan  fossils   (Bhaiy
•*A.2    Shale,   marine,   generally  molluscan  fossils

•   A.I     c.     Coal,   thin,   or  absent

A.I     b.     Underclay,   generally  recognized  whel`e
coal  18  PI`esent

•*A.i     a.     Shale,   sand,   plaht  fossils

•tlA.0    Sandstone,   nonmarine,   locally  contains  plant
fragments,   may  be  conglomeratic  at  base

Although  most  of  Moor.e lB  generallzatlons  concerning

the  Toronto  cyclothem  are  correct,  many  of  the  features  can-

not  be  recognized  ln  any  one  given  section.     The  stl'atigraphic

units  designated  have  been  observed  at  cliff er.ent  exposures

and  from   these  observations,   an  ideal  cyclothem  has  been

el.ected.      For'  example,   the   sandstone   (A.O),   shale   (A.1a),

Coal   (A.1c),   and  limestone  units   (A.7)   are  generally  restricted

to  differ.erit  par.ts  of  the  outer.op  belt.     It  was  the  wrlter's

objective  to  examine  the  Toronto  Limestone  thI`oughout  its

outcrop  belt  and  to  study  lateral,  as  well  as  vertical,   var-

latlons  for  pul`poses  of  environmental  I.econstl.uction.

•Recognlzed  ln   the  Toronto  Cyclothem  by  Moor.e.

J'Most  Prominent,  persistent,   and  deflnltely  recognized
str.atigraphlc  units.
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The  Tor.onto  Limestone  ls  13  feet  thlek  at  its  type

locality  ln  Woodson  County  but  thins  rapidly  by  facles  change

with  the  Lawrence  and  Snydel.vllle  shales   to  northern  Osage

County,   Oklahoma,   where   lt   thins  and  disappears.     Its  maximum

thickness  on  outcrop  ls  about  18  feet  at  I.ocalltles  20  and  25

1n   southern  Coffey  County,   Kansas.     Elsewhere   ln  nc>r.therm

Kansas   it  ls   commonly  6   to  12  feet  in  thickness.     In  Nebraska

outcrops  it  is  7  to  10  feet  thick,   although  the  lower  5  feet

ls  very  argillaceous  and  ln  places  contains  thin  shale  beds

lnterbedded  with  shaley  limestone.     The  Toronto  ls  locally

absent  ln  the  southern  part  of  Douglas  and  nor`thern  Franklin

counties,   and  although  a  limestone  conglomerate  ls  present  in

some  Places,   1n  many  exposures   the  section  ls  undlffer.entiated

Snydel.vllle-Lawrence  Shale.     Exposures  of  sandy  llm?stone

about  2  feet  thick  ln  Madlson  and  Adair  counties,   Iowa  may

Possibly  be  correlative  with  the  Tor.onto  Limestone,   but  proof

Of  later.al   CLgES_±r!u~±.£_y~will  have   to  be  attempted   through  sub-

surface  studies  because   the  closest  known  outcrops  of  Tor.onto

are  about  85  miles   to   the  west  at  Plattsmouth,   Nebr.aska.

Even  lf  co;p±:jgdity  of  the  sandy  limestone  of  Iowa  and  the

Toronto  Limestone  can  be  demonstrated,   they  ar.e  different

facles .

A  thin  shaly  zone  or  a  shaly  par.ting  ln  places  about

5  f eet  above  the  base  of  the  member  at  the  type  locality  ls

inter.Preted  by  the  writer  to  be  nearly  continuous  nor.thward

to   Tonganoxle   ln  Leavenwor.th  County  and  may  possibly  be

Present  as  far  as  St.   Joseph,   Missouri  and  Cass  County,

Nebraska.     The  same  unit  can  be  traced  from   the  type  locality

"',+
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southwar.d  as  far  as  I.ongton  ln  southern  Elk  County.     This  shaly

zone  or  parting  is  used  as  a  datum  for  purposes  of  constructing

a  I.estored  section  as  well  as  for  determining  stratigraphlc

equlvaler]ce  of  par.t8  of  the  unit  ln  environmental  reconstruc-

tion.     Local  key  beds  and  certain  faunal  horlzons  and  zones

have  been  found  that  substantiate  the  interpretation  of  the

widespread  contlnulty  of  the  thin  shaly  horizon  in  the  Toronto

Limestone .

Snyder.vllle,   Leavenwor.th,   Heebner,   and   Plattsmouth
Member`s   of   the   Oread   Limestone

Overlying  the  Tor.onto  I.imestone  is   the  Snydervllle

Shale  which  18   commonly  12  to  15  feet  thick  in  northern

Kansas  and  NebI`aBka,   but  ls  40  to  80  feet  or  more  in   thick-

ness   from  Woodson   County   southward   in  Kansas   and   Oklahoma.

Moore   (1936,   p.   164;   1950,   p.   10;   1951,   p.   69)   has   described

norther'n  Kansas  and  Nebl.aska  occurrences,   except  for  the  upper'

foot  ol.  so,  as  a  structureless  gI`ay  to  bluish-gray  clay  that

(1bld.1936,   p.164)   ''.    .    .   has   the  char.acter  of  an  undel'clay

•   .   ."   (That)   ".   .   .   this  part  of  the  Snydervllle  is,   in  fact,

an  underclay   .   .   .   is  indicated  by  the  character.  of  the  upper

1  to  2  feet  of  the  Snydel`vllle  which  ls  well  laminated,   bear'-

1ng  a  marine  fauna  of  brachlopods,   bl.yozoans,   and   some  pele-

cypods.   .    ."     In  addition  to  gray  clay,   I.ed  clay  shale  ls

also  Present  ln  places  ln  the  northern  areas.     In  southel`n

Kansas,   the  Snydervllle  contains  much  red,   maroon,   gr'een,   and

brown  shale,   brown  siltstones  and  sandstones,   and  beds  of

limestone   conglomerate.     The  upper  few  inches  of   the  Snyder-

Ville,   as   seen  from  Chautauqua  County  northward,   contains  a

mar.lne  fauna.
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The  Leavenwol`th  ls  a  dark  bluish-gray,   dense,   massive

limestone,   generally  a  single  bed,   that  can  be  tl`aced  from

norther.n  Osage  County,   Oklahoma   to   southeastel`n  Nebraska  and

southwester.n   Iowa.      It  is  known   to  be  absent  from   the  Or'ead

column  at  only  one  expoBur.e   ln  Bouthel.n  Douglas  County,

Kansas   (Lecallty  13c),   but  ls  present  approximately  loo  yards

away.     It  is  a  lime  mudBtone  containing  scattered  fusulinids,t
Crlnold  Parts,    "QLs_agl_a"   and   "Cr.yptozoon"   stroma[olites,   brach-

iopods,   and  mollusks  ln  most  of  its  exposures.     In  northern

Oklahoma,   the  Leavenworth  contains  a  thin  fusullnid-rich  zone

at  the  top  and,   like  the  Toronto,  grades  into  shales  of  the

Vamoosa  For.matlon;   it   18   last  seen  appr.oxlmately  7  miles
-L.

south  of  the  last  known  exposure  of  Toronto  Limestone.     Its

thinness,  i:i:;i;:Lpl`eBence,   and  llthologlc  dlstinctifeness  make
'

it  an  ideal  stratigraphic  datum.

The  Heebner  Shale  ls  generally  about  5  to  7  feet

thick  along  the  outcrop  from  southwest  Kansas  to  Nebr.aska,

but  lt  thickens  abruptly  at  the  oklahoma  border  to  50  feet

or  more.     Black,   platy,   hard,   carbonaceous   shale  containing

Phosphate  laminae  and  nodules  is  typically  the  thickest  com-

ponent  of  the  member  at  most  localities  although  thin,   light

br.own   to   green   or'  gr'ay   shale   zones   al.e   commonly  developed

both  above  and  below   the  black  flsslle   zone  at  many  Places.

Abundant   conodonts   and  a  few  pect¢nold   clams  are   typical

faunal  components  of   the  black  shale.     Small  brachiopods  and

mollusks  al.e  characteristic  of  the  light-colored  zone  sub-

Jacent  to   the  ovel`lylng  Plattsmouth  Limestone.     Contact  be-

tween   the  Heebner  Shale   and  undel`lying  I,eavenwor'th  is   shar'Pj
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as   seen  on  the  outcrop,   except  for.  2  known  localltles   (one

on   the  Nlshnabotna  River,   Cass   County,   Iowa,   and  I.ocallty  15A

where   the  Heebner  and  Leavenworth  are  lnter'tongued.

The  Plattsmouth  Limestone   ls   the   thickest  member.  of

the  Or'ead  but  shows  perhaps   the  most  abrupt  changes  in  thlck-

nesB,   as  well  as  litho|ogy,   of  any  of  the  Oread  limestones.

It  extends  from  northel.n  Osage  County,   Oklahoma  completely

acr'oss  Kansas   to  Nebraska  and  Iowa,   except  for  an  area  in

Woodson  County,   Kansas  whel`e  a   section  of  green  calcareous

shale  occupies   its   str.atlgraphic  position   (Ball,1964,   P.   235)o

The  Plattsmouth  ls   commonly  a  light  bluish  gray,   thin,   wavy~

bedded  limestone.     It  contains  dark  blue-gray  cher't  at  Places

in   Iowa,   and  lnter`bedded  limestone  and  shale  ls  conspicuous

in   Cass   County,   Iowa   (T.   7  R.   37'S.16)   which   suggests   that

the  member.  ls  lntertongued  with  shale  ln  that  region.     At

Ijocal|tq  19  1n  Chautauqua  County,   Kansas,   the   Plattsmouth  con-

talnB  abundant  solitary  corals  and  a  diverse  brachlopod  fauna

that  includes  large Neospirifel..     Elsewhere  it  contains  stroma-

tolites   ("Cryptozoor}"),   fusulinlds,   and  molluscs.     It  appar-

ently  undergoes  a  I.apid  change  from  its  nc>rmal   thin-wavy-

bedded  character  to  a  fusullnid  coqulna  ln  Osage  County,   Okla-

homa.     The   Plattsmouth  aver.ages   15   to   20  feet  ln   thickness   in

southern  Kansas,   17  to  23  in  northern  Kansas,   and  approaches

30  feet  in  thickness  ln  Southeastern  Nebraska.

Upper'  Parit  of  Lawlience   Shale

The  Wathena  Shale   ls   the  lnterival  between   the  top  of

the   Amazonla   Limestone  below   and   the  bottom  of   the  Toronto

Limestone  above   (Ball,1964,   p.158).     At  its   type   locality,
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near  Wathena  ln  northeastern  Kansas,   the  unit  is  about  23  feet

thick  conslstlng  of  gray  to  green  and  red  shale  and  mudstone.

A  grayish-red  mudstone  facles  ln  the  Wathena  has  been  repor'ted

in  all  Mlssoul.i  and  Doniphan  County,   Kansas  exposures  and  ls

locally  developed  as  far  south  as   the  Toronto  Limestone  has

been  traced.     Reddish  mudBtone  18  present  ln  the  upper  part  of

the  Lawr.ence  Shale  ln  Nebraska  exposures  although  the   term

Wathena  18  not  applicable  in  that  State.     Red  shale  of  the

same  Btratigr'aphlc  posltlon  is  widespread  in  the  Bubsurface,

and  except  for  the  llmestones,   it  ls  said  to  be  the  best  str.at-

1graphlc  marker  wlthln   the  Douglas  Gr.oup.      (S.   M.   Ball,   written

communication,   1964. )

The   Upper  Wllllamsburg  Goal,   developed  within  the  Ama-

zonla-Toronto'  interval,   extends  from  Southern  Elk  County  to

north-centl`al  Douglas  Couhty  although  lt  iB  not  Perfectly

continuous  across   this  area.     Because  no  outcr'opB  with  more

than  one  coal  are  known,   and  because  varlationB  ln  stl`atl-

graphic  position  of  the  coal  are  uniform,   the  coal  ls  inter-

preted  as  a  single  llthosome.     At  the  type  locality  of  the

Toronto  Limestone,   the upper  W1111amsburg  coal   ls   immediately

below   the  Toronto;   however,   to   the  north  and  south  of   this

locality,   the  coal  is  separated  fl.oln  the  limestone  by  a  shale

interval.     According  to  Ball   (1964,   personal  communlcatlon),

the  Upper  WllliamBburg  ls   the  most  widespread  coal  of  the

Douglas  Group.     It  lnval.1ably  occurs  above  the  grayish-red

mudstone  of   the  Wathena  Shale,   and  does  not  extend  more  than

35  miles  downdlp   ln  the  Kansas   subsurface   (ibid.,1964).
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Lateral  Continuity  of  the  Oread  Limestone

Certain  members   of   the  Oread  Formation  have  been

ldentlf led  ln   the  Bubsurface  of  KanBaB  for  diBtanceB  of  uP  to

300  miles  west  of   the  outcrop  belt   (Moore,1950,   P.12,13).

These  include   the  PlattBmouth  Limestone,   Heebner  Shale,   I.eaven-

worth  lilmeBtone,   Snydervllle  Shale,   and  TOI'onto   Limestone.

The  Heebner  Shale  ls,   at  leaE]t  ln  part,  black  and  strongly

radloactlve.     It  |8  a  key  bed  that  can  t)e  traced  widely

because  it  produces   large  gamma-ray  deflectlonB   (Moore,   1950,

p.13;   Morgan,1951,   P.   3).

A  regional  map  showing  the  areal  extent  of  Oread  rocks

ls   Shown  ln  Figure   i.     This   Shows  that  the  lndlvldual  membel`s

of  the  Oread,   named  above,   can  be  recognized  as  far  northwest

as  F   and   aB   faLr  west   aB   H   (Moor.e,   1950,   fig.   6,   P.   14;   Morgan,

1951,   exhlblt   3,   p.   9).     Moore  notes   (p,13)   that  a   single

black  shale  18  present  in  each  of  his  illustrated  sections  in

the  Posltlon  of  the  Heebner,   except  ln  a  southwestern  Kansas

well  where  another  highly  I.adloactlve  shale  occur.s,   pl'esumably

a  few  feet  higher  in  the  section   (I).

Morgan   (1951,   exhlblt   3)   shows   two  cross   sections;

one  ls  along  the  approximate  axis  of  the  Central  Kansas  UPllf t

(from  F  to  a  point  loo  mlleB   to   the  northwest).     It  shows   that

the  Heebner-LanBlng  interval  converges  to  the  northwest  on  the

uplif t  until  the  Tor.onto  Limestone  ls  immediately  superjacent

to  the  Lansing.     The  second  cross   section  beglnB  near  D  on  the

Western  flank  of  the  central  Kansas  upllf t  and  extends  acros-a

the  uplift  to  a  point  near  E.     Both  the  Heebner  and  Toronto

are  continuous  across  the  uplift  and  the  Douglas  Group  thickens
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slightly  into  the  Salina  Basin.

At  a,   1n   the±Ackman  Oil  Field  ln   southwestern  Nebraska,

Larson   (1962,   p.   2084)   has   recognized   the  Or.ead  Limestone.     He

refer.a  to  a  thin  I.adioactlve  shale  at  the  base  of  the  Oread  as

Heebner..     He  reports  that  the  upper  5-6  feet  of  Oread  in  high

structural  poBltions  ln  the  Ackman  Field  ar.e  an  apparent

coqulnoid  accumulation  of  fossil  detritus   (ibid.,  p.   2085)   and

concludes  that  this  18  a  result  of  depositional  conditions

related  to   "micro-bththymetl.1c"  features.     Red  to  maroon  shales,

siltstones,   and  green  shale  separate  the  limestone  llthosomes

of  the  Shawnee  Group  ln  the  field.     About  30  feet  of  a  fine,

sllty,   red  sandstone  and  red  shale  sequence  al.e  I.efer'red  to

aB   a   remnant  of   the  Douglas`  Gioup   (Larson,1962,   p.   2085).

Along  a  line  from  a  to  C  which  extends  from   the  Nemaha

Ridge  to  the  southeastern  flank  of  the  Central  Kansas  Vpllft,

Adklson   (1963)   has  deBcrlbed  llthologlc   sample  logs  and  drawn

a  geologic   cross   section.     The  oread  Llmestones   (lbid.,   p.   8)

are  described  as  pale  orange  to  pale  yellowish-bl`own  and

fosslllferous  with  fusullnldB  and  crinold  parts  as  the  most

abundant  fossils.     Near  8,   he  repor.ts  black  shale  of  the  lower

Oread  which  ls   the  Heebner.  equivalent;   but  to   the  west,   the

col.relation  of  the  Heebner  ls  questionable  because  more  than

one  bed  of  black  shale  ls  apparently  pr.esent  near  the  base

of   the  Shawnee  Glioup   (1bld.,   p.   9).     Ovel`  the  western  half  of

the  cross  section,   the  Shawnee  Group  is  mostly  fossillferous

limestone  beal'ing  crlnoldB,   fusullnids,   brachlopods,   and  bryo-

zoans.     Most  of   the  Oread  shaleB  are  gray,   olive-gray,   and

black.     The  Douglas  Group  ln  the  Bane  ar.ea  consists  mainly  of
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medium  gray  to  dark-gray  Eihale  and  light-gray  mlcaceouB  sllt-

stone  and  very  fine  to  fine-grained  sandstone,  although

greenish-gray,   pale  brown,   and  gI.ayiBh-red  Shale,   and  Bone

limestone  are  present   (p.   9).

Regional  subsurface  studies  of  the  Pennsylvanian  ln

southweBteI.n  Kansas   and  adjacent  areas  of  Oklahoma,   Texas  and

Colorado   (Rascoe,   1962)   reveal  that  the  Shawnee  Group  ls  mainly

limestone  between  the  periphery  of   the  ApiBhapa-Sierra  Grande

Arch  and  the  Amal'1llo  tipllft  and  outside  the  Anadarko  Basin

(1bld.,   Fig.15,   p.1364);   the  limestone  facles  apparently

extends  into  the  Texas  Panhandle  through  a  narrow  connection

between   the   Amarlllo  and  Aplshapa  uplifts.     Rasco   (P.   1365)

remarks   that  the  Oread  LlmeBtone  18  widely  extenBlve  over

both  shelf  and  baBln  provlnceB.     In  the  Anadarko  BaBln,   the

Elgln  Sandstone,   poBltloned  between  the  Oread  and  ljecompton

llmestoneB,   1s  widely  extensive   (Fig.   15,   p.   1364,   text  P.

1365).     Toward  the  Aplshapa-Sierra  Grande  Uplift,   the  predom-

inately  carbonate  facleB  of  the  Shawnee  GI`oup  changes  to  an

lntel'bedded   shale  and  llmeBtone  Sequence;   then   to  arkoBic

Clastlcs  that  border  the  uplift.     Some  of  the  Vlr'g111an  arko-

Sic  sediDents  that  flank  the  Amarlllo-Wichlta  Uplift  are

Considered  equivalent  to   the  Shawnee  Group.     The  Douglas

Group  of  the  shelf  area  18  prlnclpally  terrlgenous  clastlcs

and  ls  developed  between  succeBslonB  of  predomlnately  carbon-

ate  rocks.     Red  and  gray  Bandy  Bhales  predominate  ln  the

Douglas  although  thin  llmestones  occur  in  the  unit  ln  the

West  and  southwest  of   the  Central  Kansas  Uplift;   sandstones

are  Present  ln  many  places,   but  for  the  most  Part,   al'e  local

|n  occurrence   (pp.1362,1365).
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According  to  Ball   (1964,   p.  |55  ),   the  Amazonla  I,imestone

is  dlscontlnuous  over  much  of  the  outcrop  belt  ln  Kansas  but

becomes  continuous  ln  a  belt  I.oughly  parallel  to  the  outcr`oP,

generally  25   to  40  miles  down  dip.     However,   thel.e  are  many

areas   ln  which  the  Amazonia  18  believed  to  be  absent  ln  the

subsul`face,   but  this  ls  not  true  for  the  Toronto  which  is

continuous.     The   Amazonia  and  Tor.onto  both  become  absent  ln

the  same  general  area  of  outcrop  ln  northern  Oklahoma.

S;   M.  Ball  kindly  provided  the  writer  with  two  subsur-

face  cross  Sections  of  the  oread  Formation  ln  southern  Kansas.

One  ls  from   the  outcrop  westward  along   the  Elk-Gr.eenwood  common

boundal`y  to  South  central  Butler  County.     It  shows  that  Toronto

Limestone  thickens  a  short  dlBtance  ln  the  subsurface  to  thlck-

nesBes  obsel.ved   ln   Southern  Wood8on  County,`   and   that  farther

to   the  west  lt  ls  up  to  18  and  perhaps  21  feet  thick.     The

Snydervllle  varies  fr.om  40  to  68  feet  ln  Greenwood  and  Elk

counties  but  thins  to  less  than  15  feet  at  the  western  end  of

the  cr'osB   8ectlon.     Fled  shale,   slltstone,   and  sandstone  des-

Cr'ibed  fr.om  cuttings  in  some  of  the  wells  are  pr.esent  ln  the

Snydervllle  from  the  outcrop  to  eastern  Butler  County;   calcar-

eous  shale  alone  ls  pr.esent  ln  the  last  well  of  the  cross

section.     Sevel.al  `thin   (less.  than  5  feet   thick),   but  obviously

discontinuous,   lime8tones  ar.e  present  ln  Snydervllle  overlain

and  underlain,   1n  some  c`ases  at  least,   by  lied  shale.     Red  shale,

slltstone,   and  sandstone  were  noted  lmmedlately  below   the

Tor`onto   ln   some  wells,   and  red   shale  was  noted  above   the  Ama-

zonia   Limestone   i.n   some   occurl.ences.
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The  second  cross   section  extends  from  the  outcrop  between

Localltles   17  and   19  westward   to   BouthweBtern  Cowley  County.

It  shows  that  the  Toronto  LlmeBtone  which  ls  very  thin  and  dls-

contlnuouB   through  Chautauqua  County  thickens  to  7  and  even  12

feet  less   than  25  miles  down  dip.     The  Snydervllle  Shale,   highly

Variable  ln  thickness  along  this  line  of  section,   1s  thickest

at  the  western  end  of  the  cross  section  whet.e  it  ls  almost  90

feet  thick.     Red  shale,  slltstone,   and  sandstone  were  described

from  cuttlngB  obtained  from  several  wells  used  ln  the  cross

Bectlon.     Very  thin   (less   than  5  feet)   beds  of  limestone  were

noted  ln  the  Snydel-vllle  interval  from  several  wells.     One  well

revealed  2  Such  beds  Separated  from  the  Leave"orth,   Toronto,

and  each  other  by  red.Shale  and  Sandstone.     Again  red   Shale,

sandstone,   81ltstone,   and  a  few  thin  lntercalated  limestones

are  Present  beneath  the  Toronto  141mestone  in  the  upper  Portion

6f   the  Lawrence  Shale.

Lukert   (1949,   pp.   140-143)   published   two   cross   sections

revealing  Ore.ad  and  I-elated  rocks.     One   section  extends  across

the  southel`n  part  of  Osage  County,   Oklahoma  to  northeastern

Garfleld  County.     The  Toronto  ,Limestone  ls  present  in  north-

eastern  Gaff leld  and  extreme  western  Noble  County  but  ls

absent   east  of   See.   2,   T.   22N.,   R.2W.    (Lukert,   Plate   11).

Heebner  black  shale  ls  not  recognizable  any  far.ther  east,  but

the  PlattBmouth  Limestone  extends  at  least  one   township  fal'ther

east   than   the   Tor.onto   (Lukert,   Plate   11).     The   Second  cross

section  extends  from  northeastel-n  Gaff leld  County  northward

into  Kansas  as  far  as  central  Marian  County.     The  Plattsmouth



-27-
Iiimestone  varies  from  15  to  80  feet  ln  thickness.     It  over-

lies  the  Heebner  Shale  which  18  less  than  10  feet  thick,

black,   and  radloactlve  ln  part.     The  Leavenworth  ls  very  thin

but  recognizable,   overlying  the  Snydervllle  Shale  which  ls  uP

to  200  feet  ln  thickness  near  the  center  of  the  eastern  county

line  of  Grant  County,   Oklahoma.     The  Tol`onto  Lime;tone  iB   10

to  20  feet  thick.     Ihe  Elgin  Sandstone'whl6h  lies  slightly

above  the  Plattsmouth  LIDestone,   where  developed,   ls   the  only

llthosome  ln  the  middle  Vlrgilian  that  can  be  traced  across

southern  Osage  County,   Oklahoma   to  northeastern  Garfield

County,   Oklahoma.     The  Douglas  GI.oup  consists  pred6minately

of  varlcolored -shaleB  with  a  few  thin  limeBtone8  and  with

promlnent``'sandsto'ries   ln   the   lower  part.'J   Th;   Amazonia   (?)

I,1mestone  which  rests  about  30  feet  bel6w   the  top  of   the

Douglas  has-beenJrecognlzed  as  far  south  as  nol`theastern

Grant  County,   oklahoma.
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LOCAL   STRATIGRAPHY

Southern  Woodson  County  to  Southern  Elk  County

Exposures  of  the  Oread  I,1mestone  from  the  type  locality

of  the  Toronto  Limestone   (Locality  I)   southward  to  southern  Elk

County   (I.ocallty  7.5)   r'eveal  I`ather  uniform  Btratigl.aphlc   char'-

acters  ln  the  PlattBmouth,   Heebner\   Leavenworth,   and  Snydervllle

Members,   but  the  Toronto  Limestone  thins   southward  across   the

area .

The  Plattsmouth  Limestone  18   thin,   wavy-bedded,   light

gray  limestone  about  10  to  18  feet  thick  containing  a  mixed

blota  of  fuBullnlds,   algal  coated  grains   (some  of  the
„Crypto-

zoon"   type)   and  numerous  bl.achiopod   taxa.     The  Heebner  Shale

ls  4  I/2  to  7  feet  ln  thickness  with  the  lower  one  to  3  feet

being  black  flsslle   shaLle  t}earlng  condontB  and  plant  relnalnB;

the  upper  part  18  gray  to  greenish  or  brownish  with  bryozoans,

ostracods,   crlnold  parts,   brachlopod  remains,   and  the  foramln-

1fers   Ammodlscus   and Tetl.ataxls   (Wagner  and  Harr'1B,   1953;

Vervllle,1958).     The  I,eavenworth  Limestone  ls  a  single,   dense,

medium-dark  gray  bed  about  one  to   11/2  feet  ln  thickness.

The  Snyder'vllle  Shale  ls  variable  in  thickness  across

the  area,   ranging  from  about  40  to  as  much  as  80  feet,  but

averaging  between  50  and  60  feet.     The  unit  ls  composed  prlncl-

Pally  of  red,   green,   aLnd  bluish  shale  with  subordinate  greenish-

gray  slltBtone  and  sandstone.     The  lower  few  feet  overlying  the

Toronto  Llmestonear,e  generally  pale  greenish-gray  shale  which

may  contain  lronstone  concretlons  andar,e  locally  fosslllferous.

This   ls  followed  by  a  variable  Buccesslon  of  green  and  I.ed

shales  and  thin,   fine-grained  sandstone.     Most  of  the  siltstone



EXPLANATION  OF   FIGURE   3A

Iiocation  map  of  Toronto  study  sections.    Solid  line  corlnect-
ing  the  various  localities  denotes  the  line  of reconstruct.ed
section.    A map  showing  touriships  is  also  included   (Figure  38).



lowA

LEAVENWOR-fPl

COF,FEY  c.,

_._.__I    2

NEmASKA

KANSAS

OKLAHOMA

_J
GFiEENwhD

I---c-4
I

-_..L
CHAUTAUOUA

FRANKLIN
I

--_-J

LEGEND

o       outcrop    iocotry

£Li:'fi¥lgT##pelepeob8at
(otoer    Ball    elal..        I9e3)

10        a       10       20     30      40
MILES



ExpLANATION  OF  FIGunE  38

llap  showing  tomships  for  reference  in  connection with
localities  cited by legal  location.
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and  sandstone  beds  are  less  than  one  foot  thick.     None  of  the

unlt8  can  be  traced  entirely  across  the  area.     At  tocallty  7,

several  thin  beds  of  lime  pebble  conglomeraLte  are  Present  ln

the  Snydervllle  aB  well  as   thin  beds  of  ripple-marked  calcaLr-

eous   Sandstone.      In   a   few   places   Bach  as   S.15T`.31S.R.12E„

mud-cracked   sanastonea  have  been  found,   and  a  cro89-bedded

sandstone  body  about  20  f eet  thick  ls  present  ln  the  same

Bectlon.     Locally,   the  uppermost  foot  of  the  Snyderville  Shale

ls  graw   calcareous,  and  very  fossillferouB,  bearing  abundantI       ^    _  ____+a    r\f.
eB)   together  with  fragments  of

chonetldB   (probably

other  brachlopodB ,

Nco chonet

crlnold  colunnalB,   pelecypodB,   and
bryo-

J UL\G+     1,+ .---- __,              _

zoans   (Wagner  and  Harris,1953).     Except  for  the  uppermost

and  lovlermoBt  paLrt8,   the   terrlgenous  clastlcs   ln  the  Snyder-

vllle  Shale  have  yielded  no  lnveI.tebrate  animal  macrofosBlls

1n  this  area.
At  itsJt \ ,---    _ ,, ,

feet  thick.     It  contalnB  two  Shale  breaks,  one'about  lj  feet

below  the  top  of  the  unlt` and  another  about  6  feet  above  the

base.     The  lower  shaly  zone  can  be  traced  Southward  entirely

across  the  area  under  dlscusslon,  but  the  upper  shale  lsI     ,  __I-AAa,

type  locality,   the  Toronto  I.itnestone  is  about  13

lnterbedded

With  the  Toronto  Limestone  at  Localltles   i  and  2.     South  of

E1[JEJai.5i.v+,     _      __      _

these  localltles,   the  limestone  above  the  shaly  zone  is  not

Present,  Proba,bly  the  result  of  facles  transltlon  to  shale.
At  Locality  6A,   llmeBtone  above   the  datum  approximates

4  feet  ln  thlckneBs.     To  the  north  at  Locality  5,  however,

only  1  foot  of  limestone  ls  present  above  the  datu"  but  the

Toronto  ls  poorly  exposed  and  forms  an  escarpment  at  this

localit,y.     Thu81t  ls  likely  that  a  portion  of  the  section  ls

apparently  a  tongue  of  the  Snydervllle  llthosome,
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absent  because  of  Quatel`nary  erosion  or  poor  exposure.     South

of  Locality  6A,   at  Core   3   (not  shown  on   clioss   sectlonB),   the

Toronto  ls  I.epresented  by  two  limestone  beds,   sepaI`ated  by  a

thin  shale;   both  subjacent  and  superjacent  shales  a.re  fossili-

ferous.   `T!hu81t  ls  apparent  that   the  upper  Toronto   18   trans-

itional  to  fo88111fel.OUB   shale   (bearing  fusullnlds)   between

Core   3  and  Locality  6A.

It  ls  also  appaI`ent  in  the  southern  Woodson  to  Elk

County  area  that  the  Toronto  LlmeBtone  and  upper  Lawrence

(Wathena)   Shale  also  show  facleB   transition.     The  Upper

Wllllamsburg  Coal  rests  only  a  few  inches  beneath  the  Toronto

fl.om  Ijocallty  i  to  Locality  3A,   but  ls  found  progressively

farther  below  the  Toronto  southward  to  Locality  7,   its  last

known  occurence;   although  a  thin  carbonaceous  stl.eak  Present

at  Locality  8  may  be  its  equivalent.     The  coal  is  absent  at

Ijocallty  4  Where  lt  may  #ve  been  er.oded.     Green  fosslllfer-

Ous  calcareous  shale  ls  lnterbedded  with  and  gradatlonal  to

limestone  between  the  coal  and  the  datum.     Moreovel`,   fusull-

nldB  aI.e  abundant  ln  the  green  shales  and  ln  llmestones  ln

contact  with  the  shales.     These  relationships  can  be  observed

ln  most  localltles  from  Locality  3  southward  to  Ijocallty  7.5

with  the  fusulinid-rich  shale  occupying  progressively  higher

stratlgraphlc  posltlons  approaching  the  datum  posltlon  at

LOcallty  7.5  and  the  llme8tone  thlcknesses  dlmlnlshlng  ln

the  same  direction.     This  ls  interpreted  as  a  progl.esslve

facles  change  from  limestone  to  terrlgenouB  claBtlcs  ln  a

southerly  dlrectlon  across  this  area.     The  only  con8lstent

marker  beds  ln  the  area  are  the  shaly  zone  within  the  Toronto

and   the   coal   seam.



-31-

The  Toronto  Limestone  ls  absent  approximately  two  miles

east  of  Locality  6  at  SE  I/4  See.   5  T.28S.   R.15E.   where   "  was

evidently  channeled,   for  it  ls  present  ln  exposures  to  either

side  of  the  anomaly.

Southern  Elk  to  Northern  Osage  County,   Oklahoma

Oread  outcrops  in  southern  Elk  and  Chautauqua  counties,

Kansas  show  member  relatlonshlps   Blmllar  to  t,hose  in  the  south-

el'n  Woodson  to   Southern  Elk  County  areas  with  the  exception  of

the  Toronto  Limestone  which  ls   thin  and  dlscontinuouB  across

the  area.     All  of  the  Oread  LlmestoneB  under  discussion  undergo

facieB  Changes   to  terl-lgenouB  claBtlcs  in  northern  O8age  County,

Oklahoma .

The  PlattBmouth  LlmeBtone  malntalns  lt8  light  bluish-

gray,   thin,   wavy-bedded  character  southward  to   t,he  Oklahoma

line.     At  a.See.   33,   T.33S,  R.llE.,1t  ls  almost  18  feet  thick

With   thin,   wavy  beds  at   the   top,   but  maBBlve  beds   toward  the

Center   (Cooley,1952,   p.12).     The  lower  4  feet  contains   thin,

irregular  beds  with  lntercalated  shale  layers  less  than  an  inch

ln  thickness.     The  faunal  elements  at  this  locality  aI'e  doml-

mated  by  brachlopods  with  fusulinlds  conspicuous  at  the  top

of  the  limestone,   sparse  gastropodB  pl.esent  throughout  the

member,   and  corals  especially  noticeable  near  the  base

(Cooley,1952,   P.13).     At  Locality  19,   the   Plattsmouth  ls

again  wavy-bedded  and  light  bluish-gray  contalnlng  large

brachlopods  and  a  solitary  coral-rich  zone  near  the  base.     At

NW  See.14,   T.35S.,   R.IOE.,   the   limestone   ls   about   17   feet

thick  bearing  br`achlopods,   bl`yozoans,   and  corals,   but  has  been

described  as  having  an  increased  iron  content  at  this  locality
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(Cooley,1952,   p.   27).     The   Plattsmouth  ls  about  25  and  18

feet   ln   thickness   at  SENE  See.   24   and  SESE  See.18,   T.19N.,

R.10E.   I`espectlvely;   lt  cal`rles  a  bl.yozoan,   brachlopod,   coral,

and  crlnold  fauna  at   these   exposures   (Cooley,1952,   PP.   30-34).

However.,   at   SWSW   See.19,   T.29N.,   R.IOE.,limestone   identified

as  Plattsmouth   (Cooley,   1952,   p.   35)   18  only  21/2  feet  thick,

containing  very  abundant  fusulinids  and  lesser  amounts  of

brachiopod  fragments.     ThlB   limestone  has  not  been  recognized

south  of  this  locality.

From  southern  Elk  to   southern  Chautauqua  County,   the

Heebner  Shale  ls  5  to  8  feet  ln  .thickness,   conslstlng  of  a

lower  black  shale  zone  with  phosphatlc  nodules  at  the  top  and

an  upper  bluish  shale  unit.     Chonetld-type  brachlopodB  and

Conularla  have  been  repor.ted  from  the  black  shale  near  Locality

17   (Cooley,1952,   p.14).     The  Heebner  thlckenB  near  the  Okla-

homa  line;   lt  ls'  about  53  feet  ln  thickness  3  i/2  miles  to

the   South  (at   SWSW   See.19,   T.29N.,   R.IOE.).   ~  It   contains   blue

to  gray  Shale  wit.h  s`ever'al  thin  Band  lnt`erbeds  and  a  fauna

of  corals,   pelecypods,   and  cr.inold  remaln`B  at  this   locality

which  marks   the   southernmost  point  at  which  Plattsmouth  Lime-

stone  has  been   recognized   (Cooley,1952,   P.   36-37).

The  Leavenworth  Limestone  malntalns  its  medium  dark

gray,   thin   (1  to  11/2  feet),   dense  lime  mudstone  to  the  Okla-

hc)rna   line.     Howevel`,a   thin   (less   than  one  foot)   lime  mud

Pebble  conglomer'ate  ls  present  a  f ew  inches  below   t,he  bed  at

Several  localltleB  ln  Chautauqua  County,   Kansas   (Localltles

8  and   19),   and   ln   See.    3,   T.28N.,   R.IOE.1n  Osage   County,

Oklahoma .



-33-
A  fusullnid-rich  zone  has  been  obser.ved  at  the  top  of

the  Leavenworth  at  numerous  places  in  northern  Osage  County.

This   limestone  has  been  identified  at  NW  i/4  See.18,   T.27N.,

R.IOE. ,   which  ls   the  Southernmost  exposure  of  any  of   the  Oread

Llmestones   recognized   ln  Oklahoma.

The  Snydervllle  Shale  is  the  most  variable  Oread  member

in  terms  of  lithology  and  thickness  in  this  southel.n  ar'ea.

It  r'anges  fl.om  about  40  to  80  feet  thick  along  the  outcrop  in

Chautauqua  and  northern  Osage   counties.     The  unit  ls  comprlBed

mainly  of  red,   green,   blue,   gray,   and  brown  shales  and  sandy

shales  and  subordinate  Bandstones,  usually  varying  from  less

than  a  foot  to  several  feet  ln  thickness;  however,   sandstone

bodies  up  to  30  feet  thick  occur  locally   (Locality  31)   and

thin  lime  pebbled  conglomel`ates  are  present  at  several  locali-

ties,   1n   some   cases   lmmedlately  below   the  Leavenworth  Limestone

but  well,below   this   level   aB   well   (Locality  17  and   SESW  Seco

15,   T.34S.,   a.IIE.).      In  a  general  way,   the  Snydervllle   succes-

sion  conslBts  of  brown,   blue,   and  gI.ay  shales  in   the  lower'  Part,

of  the  unit,   followed  by  red  shales  with  intercalated  thin  sand-

stones  and  some  green  shale  ln  the  upper  part,   succeeded  by

about  one  foot  of  blue   shale   immediately  below   the  Leavenwortho

Most  of  the  llthologlc  units  are  vel`y  local  in  occurl`ence,

for  they  cannot  be  correlated  from  one  section  to   the  next.

Many  of   the   sandstones   are   cl.oss-bedded  and   Bone  of   them  are

abvlous   channel  deposits   (I,ocallty  19).     At  Locality  29,   the

Snyderville  ls  79.5  feet  thick  with  about  60  feet  of  the

section  being  channel  sandstone;   these   sands  ar'e  not  seen  in

nearby  sections.
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MacrcfoBsils,   except  plant  mater'1al,   ar'e  not  common   ln

the  Snydervllle.     At  C.   See,   33,   T.33S.,   R.IIE.   near  Ijocallty

17,   the  upper  foot  of  Snydervllle  ls  a  blue  shale  bearing

Chonetes . Chonetes  was  observed  in   t,he   same   stl.atlgl`aphlc

PoBltlon   at  NISW  See.   23,   T.34S.,   R.1lE.    (between   I,ocalltleB

17  and  19)   1n  an  laentlcal  llthology,   although  4  feet  of  blue

shale  and  6  feet  of  black  shale  underlie  the  fossil  zone  at

this  locality.     FosBilB,   mainly  linoproductids  and  derbyids,

Were  found  near  the  bottoms  of  cross-beddea  linear  sand  bodies

10  to  20  feet  thick  ln  strata  laterally  equivalent  to  the

middle  portion  of  the  Snydervllle  Shale  ln  Sees.   28  and  23,

T.28N.,   R.IOE.   about   3  mlleB   South  of   Locality   18.      Pelecypod

molds  occur  at  higher  levels  within  the  sand  bodies.     Ripple-

marks  and  animal  burrows  were   Seen   ln   the   Bane   exposures.

Wood  fragments  are  incorporated  in  a  thick,   cross-

bedded  sandstone  wlthln  the  Snydervllle  ln  the  NW  See.   8,

T.28N.,   R.IOE.    (near  Locality   18).

The  To,ronto  Limestone   thins  to  a  single  bed  of  lime-

stone  that  ls  dlscontlnuous  from  the  southel.n  PaLI.t  of  Elk

County  across  Chautauqua  County,   and  into  northern  Osage

County,   Oklahoma.     It  has  not  been  recognized  for  certain

south  of  the  section  ln  which  Locality  181s  found,   although

lt  may  be   present   ln   NW   See.   28,   T.28N.,   R.IOE.

At  Locality  7.5,   the  Toronto  consists  of   two   limestone

beds,   separated  by  a  thin,   foBBlllferous  shale.     Attempts  to

trace  these  beds  southwal`d  to  ascertain  to  which  of  the  two,

if  either,   the  single  bed  of  limestone  18  equivalent,  proved

futile  becFuse  the  Tolionto  ls  absent   (due  to  erosion)  between

Lecalitles  8  and  7.5;   a  lime  pebble  conglomerat,e  was  seen  ln
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the  approximate  stratlgraphlc  posltlon  of  the  Toronto  ln

exposul.es   examined.     Because   the  upper  limestone  bed   is

thicker  and  less  argillaceous   than  the  lower  bed  at  Locality

7.5,  it  ls  Probably  stratlgraphically  equivalent  to  the  single
limestone  bed  at  Locality  8.

There  are  numerous  localltieB  ln  the  southern  area

wher'e   the  Toronto  Limestone  iB  absent.     The  question  arises

as  to  whether'  the  absence  18  due  to  stratlgraphlc  onlap,

facles  tl.ansltlon  to  clastlcs,  or  erosion  subsequent  to  de-

position.     Moore   (1931,   p.   253)   concluded   that   the  lower

Oread  limestone  body   (Toronto)   is  transitional  to  sandstone

to   the  south  and  that  the  Sandstone  persists  southward.

Cooley   (1952,   p.   15)   opined   that  Mool`e   (1951,   p.   71)   cor.re-

lated  the  Toronto  Limestone  with  a  sandstone  35  feet  below

the   Leavenwol`th  at   Cen.   See.    33,   T.33S.,   R.IIE.,   but   Cooley

was  able   to  recognize `the  Toront,o  Limestone  as  a   single  bed,

approximately  one  foot  thick,   15  to  18  feet  below  this  sand-

stone  at  tocallty  17,  about  i/2  mile  to  the  south.

In  hlwsw  See.   23,   T.34S.,   R.IIE.,   between  Localities

17  and   19,   and   in   NW  See.14,   T.35S.,   R.10E.,   between   Locall-

tles  17  and  19,   no  limestone  ascribable  to   the  Toronto  is

Present  although  the  sections  are  of  sufficient  thickness  t,o
include  the  limestone.     In  the  former,  no  evidence  of  an

eroBIon  Surface  has  been  found  although  the  exposure  ls  good,

but  the  crltlcal  level  ls  covered  ln  the  latter   (Cooley,   1952,

PP.   48-49).     At  Locality  31,   however,   the  Toronto   can  be   re-

cognized  and  tl.aced   laterally  for  only  a  few  yal.ds.     There  a

Channel   sandstone/   which  has  been  cut  through  the  limestone,

Can  be  observed.     Thus   there   ls  lndlsputable  evidence  ln
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suppol.t  of  only  one  of  the   three  hypotheses.     However,   regional

facies  change  to  clastlcs  has  been  demonstrated  for  the  Toronto

ln  this  southel.n  area;   so  that  it  is  likely  that  local  absences

of  limestone  ln  some  exposures  are  a  result  of  tr`ansitlon  to

terrigenouB  deposits.     Fosslllferous  shales  are  developed

beneath  the  Toronto  Limestone  at  these  southel.n  localities;

thus  lt  appears  that  absence  because  of  stratlgraphlc  onlap  ls

the  least  likely  hypotheslB  that  can  be  invoked  to  explain  the

local  absences  of  the  Toronto  I.Imestone.

The  uppermost  part  of  the  Lawrence  Shale  ln  this  south-

el.n  area  ls  a  facles  equivalent  of  Tor.onto  Limestone  farther

north   (see  Figs.   4  and  10).     For  this  reason,   these   Bhales  were

included  ln  the  Study.

Southern  Woodson  County  to  Northern  Franklin  County

Slgnlficant  trends  ln  a  northerly  dll.ection  acl.oss

this  area  ln  the  Oread  and  Lawrence  formations  include  a  de-

crease  ln  thickness  of  Oread  terrlgenou8  clastlcs,  which  ls

due  to  thlnnlng  of  the  Snydervllle  Shale,   and  a  rather  PI.o-

gressive  increase  ln  the  stratlgraphic  inter.val  between  the

Upper.  Willlamsbur.g  a,oal  and   the  Tol`onto   Limestone.

Except  for  one  local  al`ea,   the  Plattsmouth  is  continuous

throughout  the  area.     The  approximate  thickness  of  the  Platts-

mouth  ln  this  I`eglon  ls  20  feet;   a  complete  thickness  of  the

Plattsmc)uth  is  rarely  observed  because  it  generally  caps  the

Oread  escal`pment.     It  ls  light-gray,   thin,   irregularly  wavy-

bedded  with  the  lndlvldual  beds  I.anglng  from  2  inches   to  one

foot  lr}  thickness.     Thicker  parts  of  a  bed  are  commonly  in
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contact  with  thinner  parts  of  adjacent  beds.     Numerous  brach-

1opod  genera,   br.yozoans,   solitary  corals,   echlnoderms,   mol-

lusks,   and  complex  coated  grains  de8crlbed  as   "Ottonosla"

are  present  at  val.ious  stratlgraphlc  positions  ln  the  Platts-

mouth  in  Franklin  County   (M.   Ball,1953,   p.   44).     The   Plat,ts-

mouth  Limestone   is  absent  and  its  posltlon  ls  occupied  by

fosslliferous  green  shale  in  west-central  Woodson  County

(Ball,1964,   P.  235  ).

The  Heebner  Shale,like   the  underlying  Leavenworth

Limestone,   ls  contlnuouB  and  unlfom  across  the  area.     It

is 3.3feet  thick  at  Locality  20  where  lt  consists  of  i.8

feet  of  black  flssile  carbonaceous  shale,   in  contact  with

the  Leavenworth,   overlain  by  I.6  feet  of  gray  to  green  clayey

shale.     Elsewhere  lt  is  up  to  8  feet  thick   (M.  Ball,   1953,

P.   41)   contalnlng  the  same  lithologlc  succession  with  the  ex-

ception  that  ln  some  exposures  1  to  3  inches  of  gray  silt-

Stone   separate   the  black  shale  from   the  Leavenwol`th.     Cono-

donts  are  the  only  anlmaLl  fossils  found  in  the  black  shale

although Chonetes  and  other  brachlopods  al`e  found  ln  the

upper  shale.

The  Leavenwol.th  is  a  single  bed  of  blue-gray  har.d

limestone  present  ln  all  exposures  studied.

The  Snyderville  Shale  I.etalnB  the  lithologies  described

for  the  Southern  Woodson  to   Bouthem  Elk  County  area  northward

to  about  the  WoodBon-Coffey  County  line  where  red   shale  and

Sandstone,   typical  of  the  soutbern  region,   ar'e  no  longer

Present.     Colncldent  with  the  facles  change  ls  an  overall

thlnnlng  of  the  unit  from  lta  40  to  .80  range  ln  southern  Kan-

8.as   to  a  range  of  about  10  to  30  feet  ln  the   southern  Woodson
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to  northel.n  Franklin  County  region.     Tan  to  blue,   gray,  or

green  shale,   Bllty  claystone,  and  infrequent  slltstones
make  up   the  Snydervllle.      In  NI  See.18,   T.18S.,   R.18E.,

about  one  mile  north  of  Wllllam8burg,   Kansas,   M.   Ball   (1953,

P.   84)   descl`ibed  a  0.5  foot  limestone  6.5  feet  below  the

Leavenworth  and  12.1  feet  above   the  Toronto.     Gray,   flaky

shale  underlies  the  limestone  and  overlies  the  Toronto  with

ochre  shale,   bearing  calcareouB  concretlons  developed  between.

Ball  et  al   (1963,   p.   52)   report  3  thin   (0.5  foot)   limestone

beds  separated  by  gray  shales  and  gray  8lltstone8  wlthln  the

Snyderville  about  5  mlleB  north  and  2  miles  east  of  Willlams~

burg.     The  upper  part  of  the  Snydervllle  at  this  locality

bears  gray  to  tan  slltstone  with  `small  6alcareous  nodules
land  the  lower  limestone,   which  lleB  4  feet  above  the  Toronto,

contairis  gaBtropods  and  pectenold   clams.     Claystones   8.5,

3.5,   and  .17  feet  thick  I.espectlvel'y  were  reported  by  Ball  et

al   (1963,   P.   34)   at   3   localltles   (a.E.I„   See.   31   and   SWNW  See.

18,    T.18S.,   R.18E.,    SW   corner   See.'`  25;~   T.17S.,   R.17E.)    1n

southwester.n  Franklin  County.     It  may  be  slgnlflcant  that  the

area  of  claystone  and  limestone  development  within  the  Snyder-

vllle  are  ln  part  colncldent.

Macrofo8slls,   especially  Derbyla  and Chonetes,   wer.e

collected  from  the  upper  few  inches  of  the  Snyderville  at

IJocality  20.

The  Toronto  I,1mestone  thlckenB  from  the  type  locality

(LocaLllty  1)   to  almost  18  feet  at  Ijocallty  20,   the  thickest

Toronto  exposure  known  to   the  writer.     The  datum  shale  parting

or  shale  bed  can  be  traced  across   the  al.ea.     A  shaly  zone  at
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the  29.0  foot  level  ln  Core  7  was  ldentlfled  as  the  datum

interval.     An  Osaglte  bed  caps  the  section  at  Locality  25

and  can  be  recognized  at  I.ocallty  20.     At  Locality  9,   a

massive  bed  bearing tozoon?   coated  grains,   large  crinold

Particles,   and  abundant  elongate  fuBulinlds  ls  present  lmmed-

1ately  above  the  datum  shale.     This  same  key  lithology  can  be

recognized  at  I.ocalltles  13,   22,   and  11;   and  thus  lt  serves

to  substantiate  the  choice  of  a  datum.     At  Locality  9,   the

Toronto  ls  9  feet  thick,  but  el8e"here  ln  the  same  vlclnlty

(a.E.L.    See.    31,    I.18S.,   R.18E.;    SW   See.    23,    I.17S.,   R.17E.)

lt  181"  and  13.0  thick,   respectively.     M.   Ball   (1953,  P.   57.

P.   83)  reports  a  2-foot  crlnoldal  hash  bea  at  the  top  of  the

Toronto.     He   Shows  a  photomlcl'ograph  of   the  bed   (Fig.18,   p.   40)

which  includes  profuse  orlnolaal  debris  and  Scattered  brach-

1opod  Shells.     Elsewhere  thin  1|mestones  at  the  top  of  the

Toronto  bearing  clams   such  aB pleuropho I.us  and Nucula  have

been  reported  from   the   salne  general  area   (SW  Cop.   See.   25,

T.17S.,   R.17E.,   Ball   et  al,1963,   P,.   52).

The  upper  part  of  the  Lawl.ence  shale  contalnB  a  thin,

dlscontlnuouB   llmeBtone  that  averages  18  inches   ln  thlcknes8

and  lies  approximately  30  feet  below  the  base  of  the  Toronto

Limestone   in  Franklin,   Coffey,   and  Woodson  counties   (Bowsher

and  Jewett,1943,   p.   32).     This  unit  ls  referl`ed  to  as  the

Amazonla?   Limestone   (Ball,1964).     At  an  exposure  near  I.ocal-

1ty  9,   a  coal  bed  0.9  foot  thick  lies  directly  above  the

Amazonla?   I,lmestone  wlthln  the  Wathena  Shale,   Separated  from

the  Toronto  by  32  feet  of  shale.     Bowsher  and  Jewett  named

thlB   the  Upper  Williamsburg  Coal   (Bowsher  and  Jewett,   1943,

P.   55),\    Southward  into  Woodson  County  the   coal  rlBes   stratl-
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graphically  and  ls  situated  lmmedlately  beneath  the  base  of

the   Tol`onto   Limestone  at  I®callty  I.     Westwar.d  from  Wllllams-

burg,   the  Btratigraphic  relatlonshlps  are  slmllar;  at  an

exposure   3  miles   south  of  Quenemo  a  coal  bed   immediately  sub-

Jacent  to   the  Toronto  I.1mestone  has  been  correlated  with  the

Upper  Williamsburg  Coal   (Bowsher  and  Jewett,1943,   P.   56).

Although  not  perfectly  continuous,   this  coal  bed  is  present

from  north-central  Douglas  southward  to  Elk  County.     The

greatest  thlcknesB  of  the  coal  ls  ln  nor.thwest  central  Frank-
lln  County   (E.I/2  See.16,   T.26S.,   R.18E.)   where  lt  ls   24   to

26  inches  thick,   containing  a  three-inch  to  four-inch  clay

shale   seam  ln   the  middle   (Bowsher  and  Jewett,1943,   P.   55).

The  coal  bed  thins   i;o   the  north  and  west  away  from  its

thickest  occur.Pence.     Bowsher  and  Jewett   (1943,   P.   56)   des-

cr'ibed  the  coal  as   ".    .   .   massive  but  thinly-bedded,   bltum-

1nous  coal,   which  is  of  variable  clay  content  and  may  become

rather  shaly  ln  places."     Ball   (1953,   p.   51)  notes  that  the

coal  averages  about  I.5  feet  ln  thickness  ln  southwestern

Franklin  County  and  that  clay  partlngs  wlthln  the  coal  ar.e

common .

This  lntel`val  beneath  the  base  of  the  Toronto  and

above  the  Upper  Wllllamsburg  Coal  ls  a  sllty  to  clayey,   tan

to  gray  shale  sequence  contalnlng  occasional  8iltstone  beds

and  thin  coal  seams   (Ball,1953,   p.   35).     These  shales  are

Commonly  flaky  to  papery,   sllty,   and  bear  goethlte  and  cal-

careous   concretlons   (Ijocality  9;   SW  i/4  See.14,   T.18S.,

R.19S.).     In  addltlon*   (Ball,1953,   p.   69-85),   they  quite

typically  are  mlcaceous  and  bear  plant .fregpentB  .(S.Cj:.±.-.c.Seu9ie

5,   T.18S.,   R.18E.;   NE  i/4  See.   33,   I.17S.,   R.18E.)   and   thin
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coal  seams   (Ball,1953,   p.   35).     The  wl.iter  observed  gray,

silty,  papery  shales  with  lntercalated  thin  coal  lenses

and  plant  fragments  above   the  Upper  Williamsburg  Coal  at

I-ocallty  6A  and  gray,  paper.y  shales  ln  the  same  stratigr'aphlc

Position  at  Locality  25.     No  lnvertebl`ate  animal  megafosslls

have  been  reported  from  this  llthology.

Beneath  the  Upper  W1111amsbuI`g  Coal,   but  above   the

Amazonla?   LlmeBtone, 1s   a   zone  of  grayish-red   tel`rigenous

mudstone  that  forms  a  marker`  horizon  that  extends,   although

not  absolutely  contlnuou8,   from  Buchanan  County,   Missouri

southwest  to  Franklin  County,   Kansas   (Bowsher  and  Jewett,

1943,   Fig.   8,   pp.   30-31;   Ball,1964,   P.163).      A   similar.

facles   r'eeuFB   ln  WoodBon  County  and  ls   locally  developed  as

far  southwest  as   the  Tornoto  Limestone  was   tl.aced   (Ball,   1964,

p.163).

Northern  Flianklin  and  Southel`n  Douglas  Counties

This   ls   the  al.ea  ln  which  the  ToriQnto  Limestone  is

locally  absent   (see  Fig.   3A).     The  northel.n  and  western  limits

of  this  area  ln  southern  Douglas  County  are  defined  by  the  So-

oalled  Worden  fault   (Rich,1932;   O'Conner,1960,   P.   65,67).

Evidence  cited  for  the  fault  consist  of  abrupt  telrmlnatlon  of

the  Tor.onto  I,1mestone,   the  presence  of  the  Plattsmouth  Lime-

stone  at  severial  places  south  of  the  anomalous  line  ln  the

appI.oxlmate  PoBltlon  of  the  Tol`onto  Limestone  north  of  the

fault   (0'Conner,1960,   Fig.   8A,   p.   68),   exposures  of  faulted

Leavenworth  Limestone   showing  5  to  10  feet  of  vertical  dis-

placement,   and  steeply  tilted  beds  of  Ijawr'ence  Shale   along  the
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proposed  fault-flexur'e   zone   (O.Conner,1960,   P.   67).

Laughlin   (1957)  has   Shown  that  the  Worden  fault,   or  fault

zone,  probably  extends  along  a  north-trending  line  into

Sec8.   24  aha  25,   T.15S.,   R.18E.1n  northern  Franklin  County.

Ball  et  al   (1963,  p.   37)  describe  the  8t"cture.     To  the

west   (upthrown   Bide),   a  normal  Oread   sequence   ls  present.

To   the  east   (downthrown   Bide),   the  Tor.onto  Limestone  ls

absent  although  the  other  OI`ead  member.a   are  present.     The

Heebner  Shale,   which  averages  about  6  feet  in  thickness

elsewhere  ln  the  area,   ls  about  17  feet  thick  on  the  down-

thrown  side  of  the  fault;   the  base  of  the  Toronto  on  the

upthrown  Bide  of  the  fault  ls  about  30  to  40  feet  above  the

top  of   the  Leavenworth  on   the  downthrown  side.     Rich   (1932)

noted  that  the  Heebner  Shale  18  about  16  feet  thick  to   the

South  of  the  Worden  fault  ln  Douglas  County  but  6  feet  else-

where;   and  O'Conner   (1960,   p.   40)   stated   that   the  Leavenworth

i,1mestone  ls  0.8  to  2  feet  thick  ln  the  region,   except  along

and  South  of  the  fault  where  lt  ls  locally  up  to  3.4  feet  ln

thickness.

Patterson   (1933)  napped  the  :aldwln  area  and  reported

the  following   (pp.   31-32).     The  Toronto  Limestone  was   eroded

Prior  to  Snydervllle  deposltlon  .1n  the  Baldwln  area  and  for

at  least  10  miles   to  the  southwest  of  Baldwln.     Erosion  was

greatest  near  Baldwln   (Locality  16)  where  80  feet  of  Lawrence

Shale  were  eroded.     tocallty  16  reveals  a  lime  pebble  con-

glomerate  overlain  by  35  feet  of  Snydervllle  Shale  reBtlng

on  the  Ireland  Sandstone.     Beds  equivalent  to  the  Snydervllle

deposited  above   the  unconformlty  aire  mainly  shale  near  Baldwln,

but  to  the  southwest  sand  was  deposited.
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Rich   (1932)   explained  the  anollialy  by:   (i)  uplift  of

the  area  South  of  the  postulated  fault  Bo  that  the  Toronto

either  Was  not  deposited  or  was  eroded  after  deposltlon;

(2)   reversal  of  movement  with  depression  of   the  area  south
of  the  fault  during  Leavenwolith  and  Heebner  deposition;

(3)   deposition  of  PlattBmouth  Limestone  over  the  entire  area,

and  flnaLlly   (4)  post-Plattsmouth  faultlng  with  downdrop  to

the  south.

Patterson   (1933,   p.   32)   states:
"Warping  over  the  channel  filled  with  shale
deposltB   suggests   that  compactlon  had  not  been
finished  by  upper  Oread  time.     The  channel,
practically  filled  with  shaly  deposits  for  the
most  part,   1n  settling,  warped  and  faulted  the
upper  Oread  beds.     Faultlng  followed  the  north
face  of  the  old  valley  or  channel  where  lt  was
high,   steep,   and  Btralght,   Just  north  of  Baldwln."

In  order  to  explain  the  structural  and  8tratlgraphlc

anomalies  ln  the  Baldwln  area,-  Rich  suggested  that  offset

relations  along  the  Worden  fault  were  revelised  between  the

time  of  deposition  of  the  Toronto  and  the  Plattsmouth  Lime-

stones ,

The  writer.  offers  the  following  hypothesis  which

accounts  for  the  observed  I`elationships  without  reversing

movement  along  the  fault.     The  events  include:    (1)   deposition

of  the  Tor.onto  I.1mestone  over  the  entire  al.ea  followed  by

subaerlal  exposure;   (2)   down-to-the-south  faulting  along  the

Worden  fault,   creating  a  topographic  low  along  which  stream

el.oslon  removed  the  Toronto  LlmeBtone  and  upper  Part  of  the

Lawrence  Shale;    (3)   deposltlon  of   the  Leavenworth  Llmestonel

and  Heebner  Shale  over  the  entire  area  with  local  thickening

of  both  ln   the  old  channel;   (4)   deposltlon  of  PlattBmouth
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Limestone  throughout  the  areai   and  finally   (5)  Post-Platts-

mouth  down-to-the-south  movement  along  the  same  fault.

This  hypothesis  accounts  for. the  atiBence  of  limestone

conglomeI`ate  and  lack  of  anomalous  thlckenlng  ln  the  Snyder-

vllle  Shale  along  the  present  upthrown  sloe  of  the  fault

which  Rlch`s  hypotheBls  does  not.     It  also  explains   the  lack

of  abrupt  facleB  changes  ln  the  Toronto  in  proxlmit,y  to  the

fault  which,   1f  present,  would  suggest  uplift  of  the  Toront,o

south  of  the  fault  during  the  time  of  Toronto  depoBltion.

It  seems  more  than  coincidental  that  the  area  of

Toronto  absence  colncldes  geographically  with  the  underlying

II'eland  Sandstone.     A  map  depicting  the  net  thickness  of

sandstone  above   the  Haskell  LlmeBtone   (Saunders,   1959,   Plate

1)   shows  that  thick  Bandstones  underlie  the  Worden  fault.

The  trend  of  the  sand  body  changes  abruptly  near  the  south-

Western  corner  of  Douglas  County.     Par.t  of  this   sand  mass   is

the  so-called  II`eland  Sandstone.     It  Seems  likely  that  the

Worden  fault  may  have  been  in  existence  prior  to  Ireland  de-

Posltlon  and  may  have  exerted  primal`y  topographic  control  over

the  locallzatlon  of  the   channel  1n  southern  Dc)uglas  Count,y.

Thus   lt  appears  likely  that  the  geograbhlc  coincidence  of  t,he

Ireland  Sandstone,   area  of   striaLtigI-aphlc   anomalies   ln   the

Oread  Limestone,   and  posltlon  of  the  Worden  fault  are  not

merely  fortuitous.

Laughlin   (1957,   p.   73)   repol'ts   a   terl`1genous   sandstone

17.4  feet  beneath  the  Leavenworth  on  the  downthrown   side  of

the  Warden  fault  ln  northwestern  Franklin  County   (NW  See.19,

T.15S.,   R.19E. )   which  may  well  be   a  post-Toronto-pre-Leaven-

Worth  stream  channel  deposit  laid  down  wlthln   the  area  of

ThT`nnt.a   absence.
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Although  lesser  dlfferentlal  compaction  over  the  area

of  thicker.  sandstone  deposltlon   compared  to  greater.  compaction

ln  areas  of  thicker  shale  deposition  may   (and  probably  does)

account  for  some  of  the  str.atlgr.aphlc  anomalies  ln  the  Oread

Limestone  ln  northern  Fr'anklln  and  southelin  Douglas  countleB

(see  Ball  et  al,1963),   it  ls  probably  not  the  major  factor
involved  ln  the  development  of  the  Worden  fault  and  related

stl`atlgr'aphlc  anomalies.

West  of  the  Worden  fault  there  al`e  other  stratlgraphlc

Pecullal.1tleB  ln  the  Oread.     The  Toronto  I.1mestone  ls  absent

from  some  expoBureB  although  the  rest  of  the  Oread  ls  typically

developed.      At  one   locality   (SE  corner  See.   29,   T.15S.,   R.18E.),

He:bner  black  Shale  reBtB'  dlliectly  on   the  Toronto  Limestone

with  both  the  Leavenworth  I,1mestone  and  Snyder.vllle  Shale

absent.     However,   the   Leavenwor.th  is  obsel.vable  less   than  a

mli-e   away   to   theLnor.th   (CNI,  Sec'.    29,   T.15`S.,   R.18E.)   and   to

the   south   (C.W-.|„   Se`c.    32,   T.18S.,   R.18E.).

A  thin  coal  seam,   only  an  inch  or  so  in  thickness,   is

present  near  the  top  of  the  Snyderville  Shale  in  northwester'n

Franklin   County   (NW   comer  See.   5,   T.16S.,   R.18E.).      Less

than  one-half  mile  away  a  thin  limestone  bed   (less   than  one

foot  thick)   1s   separated  from  the  Leavenworth  Limestone  by

one   foot   of   Shale   (a.NW.L.   See.   5,   T.16S.,   R.18E.).      The

limestone  is  fosslliferous,   yleldlng

Enteletes,   and  myallnlds.

Der.byla , Cancl`inella,
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Nor.thel.n  Douglas   and   Leavenworth  Counties,   Kansas

The  Plattsmouth  Limestorie  ls  present  throughout

Douglas  and  I,eavenworth  countle8.     It  ls  15  feet  thick  at

I,ocallty  22  near  Lawrence,  Kansas,  where  lt  ls  light  gray,

Wavy-bedded  ln  thin  layers  with  shale  partlngs,   and  contains

PerslBtent  zones  of  dark  chert  about  6  and  11  feet  above   the

base   (Mool`e  and  Merrlan,1959,   p.10).      Common  fossils  are

fusullnlda,  algae,   brachlopods,   corals,  bryozoans,   crlnold

fl`agments,   and  molluskan  remains.     The   limestone  averages

about  18  feet  ln  Douglas  County  and  15  to  17  feet  ln  Leaven-

worth  County   (0'Conner,1960,   p.   41;   Reynolds,1957,   P.   32;

MCLaren,1952,   p.   46).      The   l|thology  of   the  member  18   gener-

ally  slmllar  to  that  described  above  thr.oughout  the  area.

The  Heebner  Shale  ls  about  4  to  8  feet  throughout  both

counties.     It  contains  a  lower  black  carbonaceoTs  shale  unit

2  i/2  to  4  feet  thick,  bearing  phosphatic  nodules  and  lamina-

tlons,   conodonts,   and   scattered  pectenold   clams   (Moore  and

Merrlam,1959,   p.   10;   OIConner,1960,   pp.   40-41;   Reynolds,

1957,   P.   32;   Mcl,aren,1952,   p.   45).     The   black  zone   ls   over-

lain  by  gray  to  olive  shale  containing  sparse  brachlopodB.

The  thin  but  ever  present  Leavenworth  Limestone  con-

Slats  of  a  single,   massive,   dark  blue  bed,   underlain  by  about

1/2  foot  of  dark  gr.ay  calcareous  shale  bearing

and  Chonetes  at  Locality  22.

Crurithyrls

The  Snydervllle  Shale  ls  about  10  to  15  f eet  thick  ln

Douglas  County  whel.e  .|t  consists  chiefly  of  light  bluish  to

greenish-gray,   blocky,  unlamlnaLted,   argillaceous  and  silty

shale,   claystone,   and   siltstone   (o'Connel.,1960,   P.   38).
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In   southwestel`n  I,eavenwor.th  County,   1t  ls  an  olive-gray,

blocky,   clayey   to   Bllty   shale   (Reynolds,   1957,   p.   31)   commonly

lc)  to  12  feet  thick.     In  northwestern  Leavenworth  County,   it

ranges  from  10  to  17  feet  ln  thickness,   consisting  of  blocky

Clay  shale;   1t  is  gr'een  throughout  the  lower  half ,   blue-gray

in  the  middle,   but  gray  or  br.own  ln  the  upper  few  feet   (Mc-

Laren,1952,   p.   41+).     No  fossils  have  been  recovered  from   the

Snyder.vllle  ln   the  Douglas-I,eavenwoI`th  County  area  except  for

the  upper  few  inches  immediately  below   the  Leavenworth  Lime-

a tone .

The  writer  has  examined  the  Toronto  Limestone  ln

northel`n  Franklin  and  southern  Douglas  counties,   to  the  west

of  the  ar.ea  ln  which  lt  ls  absent,   and  I.ecognlzed  the  shaly

llmestone`  or  thin  Shale  zone  that  has  been  used  as  a  datum  in

the.  southet.n  par.t  of  Kansas.     The  massive  limestone  bed  bear-

•l:ne  l'a+ge  Cryptozoon?,  striuctur.es,   large  crlnoid  colurrinals,   and

abundant  elongate  Blender  fusulines  can  be  I.ecognlzed  at  Local-

1tles  13Cj   138,13A,   22,   and  11.     Although  the  shale  parting

is  Present  at  Locality  12,   the  CI.yptozoon?   zone  is  absent.

The  Tor.onto  ls  about  10.5  feet  thick  at  I.ocality  22,   and

about  the  same   thickness   ln  southwestern  Leavenwor.th  County

(Reynolds,1957).     A  thin  nodular  chert  is   typically  present
ln  upper.  few  feet  of   the  unit  ln  Douglas  and  southwestel`n

Leaveni^iol.th   counties   (Reynolds,1957;   O'Conner.,1960,   P.   38).

In  northeaster.n  Leavenworth  County,   MCLar'en   states   that  the

Tor.onto   ranges   fl`om  5   to   8  feet  ln   thickness.     The   shale  datum

ls  appar.ently  present  at  Locality  10.     The  thin,   wavy-bedded

lime  mudstones  present  at  the  top  of  the  Toronto  at  this  local-

ity  ar.e   r`epol'tedly  not   common  ln  nor.theaster`n  Leavenworth

County   (MCLaren,1952,   p.   88).
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The  upper  Part  of  the  Lawrence  Shale  to   the  west  and

north  of  the  area  of  Toronto  absence,   1n  southern  Douglas

and  northern  Franklin  counties,   1s  somewhat  transitional

between  rather  dlstlnct  but  widely  extensive  stratal  se~

quences  to  the  north  and  to  the  south.     Ball  et  al   (1963,

P.   30)   state:     "In  Franklin  County  and  Several  other  counties

south  of  Donlphan  County,   the  occurrence  of  a  zone  of  limestone

lenses  ln  the  upper  part  of   the  Lawrence  Shale  ls   common  and

characteristic.     It  has  become  common  practice  to  correlate

these  limestone  lenses  with  the  Amazonla  I,1mestone   (Hinds  and

GI.een,   1915,   p.   31,   170)   whose   type  section  is   in   southern

Andrew   County,   M18sourl."      O'Conner   (1960,   p.   37)   commented

that  the  Amazonia  Limestone  18  doubtfully  recognized  through-

out  most  of  the  outcrop  area  ln  Douglas  County,   but  noted

that  a  thin  limestone,   seen  on  drlllersl   logs  ln  the  shallow

subsurface,   is  possibly  Amazonla.     He  further  stated   (P.   37)

whel`e  a  limestone  ls  not  I.ecognlzed,on  the  outcrop,   lt  might

be  I.epresented  by  a  zone ,of`  carbonate  callche-lil{e  nodules

20  to  45  feet  below   the  top  of  the  Lawrence.     Reynolds   (1957,

P.   28)   I.eported  possible  Amazonla  Limestone  ln   southwestern

Leavenwol`th  County,   but  indicated  that  it  occurs  only  at

scattered  localltles.     Mcl,aren   (1958,  p.   37)   stated  that  the

Amazonla  does  not  crop  out  ln  nor.theastern  Leavenwol`th  County.

In  Douglas  County,   that  part  of  the  upper  Lawr`ence

between  the  Toronto  and  Amazonia?   Limestone  ls   chiefly  shale,

ranging  from   20  to  40  feet   ln   thickness   (0'Conner,1960,   p.   37)a

It  Contains   the   thin  upper  Williamsburg  Coal  which  has  been

correlated  as  fall  north  as  Locality  138  where  lt  is  present

about   10  feet  below   the  Toronto  Limestone   (O'Conner,1960,

p.    37).
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A   zone  of  r'ed   shale  or  mudstone   crops  out  about   13

i`eet  below   the  Toronto  ln  extreme  nol'thwestern  Franklin

County   (Ball  et  al,1963,   p.   32).     Red  shale,   about  one   to

4  feet  thick,   in  the  Bane  str.atigr.aphlo  position  has  been

reported  throughout  northern  Kansas  10  to  25  feet  beneath  the

Toronto   Limestone   (Bowsher  and  Jewett,1943,   PP.   30,   31);

Patterson,1933,   P.   27;   Ball,1964,   p.163).     At   Locality   22,

the  red  bed  ls  1.8  feet  thick,   contalnlng  calcaLreouB  nodules

with  septarlan  veins   (Moore  and  Merrlam,1959,   P.10);   lt  ls

overlain  by  3  feet  of  blocky,  unlamlnated  blue  clay,   followed

by  a  thin  coal;   then  about  4  feet  of  bluish-gray,   laminated,

sllty  clay;   2  feet  of  fine-grained  micaceous  sand,   and  finally

2  feet  of  laminated,  bluish-gI.ay  shale  containing  crlnoid

columnals  and  lnartlculate  brachiopods  near  the  top   (Moore

and  Mel`rlam,1959,   p.10).      Patterson   (1933,   p.   29)   reported

marine  fossils--poorly  preserved  iy_ther_e_±±£illke  ostracodeB ,

Hyp erammlna,   and Ancistrum (holothur'ian  parts)--fl.om  t,he  red

shale  ln  the  city  of  Lawrence  and  sale  that Tro chill sous ,

reportedly  fresh  water  algae,   are  pl`esent  ln  samples  examined

throughout  the  areai.     Stratlgraphlc  sections  measured  and  des-

cribed  by  Reynold8   (1957,   pp.   62-78)   ln   southwestern  Iieaven-

worth  County  reveal  a  red  mudstone   (0.7  to  2.0  feet  thick)

about  20  to  25  feet  beneath  the  Toronto  LlmeBtone.     The  red

mud8tone  ls  underlain  by  up  to   15  feet  of  olive-gray  blocky,

Clayey  shale  but  overlain  by  gray  to  blue,   sllty  mlcaceous

Shale,   which  ls  calcareous  and  fosslllferous  neal`  the  top

(Localities   22,11,12,   and  10).     Beneath  the  red  mudst,one

and  blocky,   clayey  shale,   the  upper  Lawrence,   ln  Douglas  and

I.eavenworth  counties,   consists  mainly  c)f  blue  to  gray  and
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ollve,   sllty  to  sandy  shale  with  lntercalated  thin,   1entl-

cular,   mlcaceous   sandstoneB   (Reynolds,   1957,   Pp.   62-78;

Pattel`son,1933).     One  fairly  persistent  coal  bed  up  to  8

inches   thick,   the  I,ower  Williamsburg,   extends  northward

from  central  Franklin  County.     It  ls  30  to  60  feet  beneath

the  Toronto,   reportedly  equivalent  to  part  of  the  Ireland

Sandstone   (Ball,1964,   p.145).     This   coal  may  extend  as   far

north  as   southwestern  Leavenworth  County   (Reynolds,   1958,

P-.   26-27).      According   to  Bowsher  and  Jewett   (1943,   Fig.   8,

P.   31)   there  are  numerous   thin  dlscontlnuous  coal81n  the

upper  Part  of  the  Lawrence  ln  I)ouglas  and  I.eavenworth  counties,

Bone  below   -  and  others  abotye   -   the  mudstone  key  bed.

Northwestern  Mlssourl

The  Oread  Formation,   where  not  covered  by  glacial

drift,   is  exposed  ln  the  counties  of  Platte,  Buchanan,  Holt,

Andrew,   DeKalb,   Gentry,   Nodaway,   and  possibly  Worth  in  north-

western  Mlssourl   (Ho.we  and  Koenlg,1961,   p.lil).     The   lower

Part  of  the  succession  ls  well  exposed  along  the  Mlssourl

River  bluffs  at  St.   JOBeph,   Mlssour`1.

The  Plattsmouth  Limestone  of  northwestern  Missouri

Varies  from  17  to   35  feet  in  thickness,   1s   thin,   wavy-bedded

With  shaly  Partings  and  contains  chert  layers   (Hinds  and

Green,1915,   p.171).     The  Heebner  Shale,   4   to  6  feet   thick,

has  a  black  carbonaceo.us  component  at  the  base,   which  ls  over-

lain  by  a  lighter  gray  Shale  ln  the  upper  part.

Except  for  one   small` al`ea  where   the  Toronto   Limestone

alone  18  absent,   the  Leavenworth,   Snydervllle,   and  Tor.onto
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members  of  the  Oread  are  all  present  in  northwestern  Missouri

but   show   variations  when  compared  to   the  Kansas  outcrops,

Pr'evlously  discussed,   that  are  signlflcant  ln  terms  of  deposi-

tional  environments.     For  this  reason,   val.lation  within  the

upper  I.awl`ence   to   Leavenworth  lnt6rval  will  be  discussed  con-

comitantly  for  tnls  area.

The  Lawrence  Shale   thins  from  south  to  north  across

the  Mlssoul.i  area,   and  t,he  upper  10  to  20  feet  contain  a

prominent  bed  of  ried  shaLle   identified  friom  outcrops  and  drill

r.ecords   (Hinds   and   Green,1915,   p.170).      The   Amazonla   Lime-

stone  ls  25  to  loo  feet  beneath  the  Tor.onto,   the  interval

decreasing  along  the  Mlssour.i  River  fr.om  south  to  nor.th

(Hinds   and   Gr'een,1915,   P.-`i70).

At  Atchison,   Kansas,   the  I.eavenwor.th  Limestone   is  one

fo'ot,   9  inches   thick  where  lt  appariently  consists  of  a  single

bed.      TheJ Toronto   Lime-stone   (10  f`eet   thick)`   ls   over'lain   by

9  feet  of  Sny-der.ville  Shale  and  underlain  by  25  feet  of

shale,   a   16   to`   181nch  -coal   seam,   followed  by   30   feet   of

shale,   but  no  exposure  of  Amazonia  Limestone   (Hinds  and

Gr.een,1915,   p.176).

Directly  across  the  Missouri  River.  at  Rushville,

southern  Buchanan  County,   3  feet  of  Toronto  Limestone  are

exposed,   underlain  by  60  feet  of.  cover.ed  inter'val  super-

jacent  to  3  feet,   8  inches  of  limestone,   1dentlfled  as

Amazonia.       (Hinds   and   Green,1915,   P.175.)

Near  Halls,   centrial  Buchanan  County,   the  Leavenworth

is  one  foot,   91nches  thick,   the  Snydervllle  interval  is

25  1/2  feet,   and   the  Toronto   ls  7  feet.     An  8-foot  section
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of  blue   shaLle  followed  by  a   covered   interval  of  57  f eec

overlies   5  feet  of  Amazonia  Limestone.      (Hinds  and  Green,

1915,   p.175.)

At  St.   Joseph   (Locality  15),   the  I.eavenworth  Lime-

stone  is   2  feet,   4  inches   thick  ln  two  beds   separated  by  a

shaly  parting.     The  Snydervllle  Shale  ls  9  to  15  feet  thick

and   the  Toronto   is  6   to   7  feet  in   thickness.     The   Amazonia

Limestone   is   34   to   45  feet  below   the  Toronto   Limestone

(Hinds   and   Green,1915,   P.178).

The  Snydervllle  ls  greenish-tan  at  Locality  15,   and

unfossillferous;   but  at  Locality  15A,   one  mile  to  the  north,

the  member  ls  dal.k  bluish-gray  and  contains  an  abundant  fauna

of  Myalina,   many  of  which  are  paired.     Less   than  1/2  mile   to

the  north  of  ljocallty  15A  on   the  Buchanan-Andrew  County  line,

the  Toronto  Limestone  ls  not  pr.esent,   although  the  Leaven-

worth-Plattsmouth  lnterival  appear.a  no  different  than  at

Ijocalltles   15  and  15A.     A  cross-Btratlfled,   terrlgenous   sand-

stone-lime  pebble  conglomerate  is  found  at  the  base  of  an

approximately  30-foot  section  of  blue-gray  shale  beneath  the

Leavenworth.     The  upper  few   inches   of  Wathena-Snydervllle

Shale  at  this  locality  bear Derbyia crassa  and  Juresania  in

abundance.

In  a  quarry  and  railroad  cut  north  of  Amazonla,  Hinds

and  Green   (1915,   p.   180)   described  a   section  of  or.ead  Lime-

stone  nearly  50  feet  thick  which  ls  no   longer  exposed.     The

Leavenworth  I,1mestone   consists   of  2  beds,   7  and   9   inches

thick,   separated  by  a  pI'omlnent  bedding  surface.     A   17-foot

covered  slope  with  blue  argillaceous  shale  at  the  base  rests
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on  the  Toronto  I,1mestone  which  is   5  feet,   10  inches   thick,

conslstlng  of  3  limestone  and  3  prominent  interstratlfled

shale  beds;   the  thickest  limestone  bed  is  2  feet  and  the

thinnest  shale  is  6  inches.

Near  the  mouth  of  the  Nodaway  River,   west  of  Amazonla

(Hinds   and   GI.een,1915,   p.181),   the   Leavenworth  again   con-

sists  of  2  beds.     The  Heebner.  contains  a  lower  3-foot  unit

of  black  butuminouB   Shale  and  2  feet  of  blue~gI`ay  argilla-

ceous  shale.     The  Plattsmouth,   which  consists  of  thin  wavy-

bedded  limestone  with  shale  partlngs,   1s  20  feet  thick.

In  a  well  drilled  at  Savannah,   Mlssouril   (Hinds  and

Green,1915,   p.182),   the  Toronto   LlmeBtone   ls  4  feet   thick.

It  ls  overlain  by  12  feet  of  I`ed  clay  shale.     A  Shale  zone

25  feet  thick,   containing  some  red  shale,  .ls  developed  between

the  Toronto  and  Amazonla  llmestones,   the  latter  being  13  feet

thick .

A  red  shale  or  mudstone  bed  10  to  20  feet  beneath  the

top  of  the  Wathena  Shale  is  pr.esent  ln  pliactlcally  all  out-

crops  and  recorded  on  many  drill  logs  ln  nor.thwestern  Missouri

(Hinds   and   GI`een,1915,   p.170).      Ball   (1964,   p.163)   reports

red  mudstone   ln  all  Missouri  and  Donlphan  County,   Kansas     ex-

posures  that  he  studied.     He   (Ball,1964)   says  tr,at  terri-

genous  slltstone  and  fine-grained  sandstone  are  locally  devel-

Oped   ln  the  upper  Lawl`ence  or  Wathena  Shale  from  extreme   south-

western  Buchanan,   Missouri,   southwestward.

The  Tor.onto  shale  zone  or  parting  used  as  a  stl`atl-

gI.aphlc  datum  ls   seemingly  present  at  Localltles   15  and  15A

at  St.   Joseph,   MlsBourl.
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Southeastern  Nebraska

Approximately  120  miles  of  younger  rocks   separate

complete  exposures  of  Tol`onto  I,llnestone,   examined  by  the

writer.  at  I.ocality  14A   ln  Cass  County,   Nebraska,   and  Locality

15A  in  Buchanan  County,   Nebraska.     Regional  variation  ln  terms

of   thlckries8  in  Shawnee  and  Douglas   rocks  between  Zcansas  and

Nebraska  ls  as  follows:     The  Shawnee  group  avel`ages   325  feet  ln

thickness  ln  Kansas  but  is   175-250  feet  in  Nebraska;   the

Douglas  group,   however,   1s  about  250  feet  thick  at  the  type

locality  ln  Douglas  County,  Kansas,   about  150  feet  in  the

subsurface  of  southeastern  Rlchardson  County,   Nebraska,   but  only

60  feet   in  the  Weeping  Water  Valley  of  Nebraska   (Condra,   1949,

PP.   20-27).     The  Oread  Formation   iB  ar`ound  47  feet  thick   in

Nebraska   compel.ed  to  45-50  feet  ln  east  central  Kansas   (CondI.a,

1949,   p.   28),   but  is  much  thicker  ln  southern  Kansas  where  the

Snydervllle  Shale  thickens   consider`ably.

The  basal   limestone  member  of   the  Oread  Formation   ln

Nebraska  was  orlglnally  called  the  Weeping  Water   (Condra  and

Bengston,   ls15,   p.   10)   but  was  later.  tentatively  correlated

with  the  Toronto   Limestone  of  Kansas   (Condra  and  Reed,   1937,

P.   62;   Condra,1949,   p.   26;   Moore,1949,   p.147).      However,

recent  subsurface  work  by  Ball   (1964,   p.   178)   has   substantiated

the  corr.elation  of  the  Tor.onto  I.1mestone  of  Kansas  with  t,he

Weeping  Water  Limestone  of  Nebraska  and,   because   the   former

has  prlorlty   (Ilawol`th  and  Platt,1894,   p.162),1t  ls  used  ln

the  following  dlscusslon.

Near  Wathena,   Kansas ,   t,he  loronto  Limestone  ls  6  to  7

feet  thick,   the  Snydervllle  ls  15  feet  but  covered,   the  Heebner
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Shale  ls  5  feet,   containing  a  lower  black  unit  and  an  upper

bluish-graLy,   and  the  Plattsmouth  Limestone   ls  18  to  20  feet

thick   (Condra   and  Reed,1937,'  PP.12-13).

At   Amazonla.   Mlssourl,   Condra   and  Reed   (1937,   pp.   17-18)

describe  2  beds  ln  the  Leavenworth  that  contain  fusullnes  and

Cryptozoon?,   the  Snydervllle  Shale  as  being  a  12  to   15-foot

thick  section  of  greenish-gray  argillaceous  shale  that  is

covered  at  the  base,   and   the  Toronto  Limestone  as  being  5

feet,101nches   to  6  feet,   81nches   ln  thickness.     Included

ln  the  Toronto  are  an  upper  one-foot  bed  of  argillaceous  platy

limestone  contalnlng  9ap±  and  a  lower  5-foot  section  of

light  gray  to  brownish-gray,  mas8lve,   fosslllferous  limestone,

bearing  fusullnlds.

Along  Heebner  Creek   (east   side   See.10,   T.ION.,   R.12E.),

an  Oread  exposure  reveals   14  feet  of   Plattsmouth  I,1mestone,

about  6  feet  of  Heebner  Shale  with  3  feet  of  black  carbonac-

eous  shale  at  the  base,   overlain  by  3  feet  of  bluish-gray

argillaceous  shale.     The  Snydel.vllle  Shale  ls  11  to  12  feet

thick,   contalnlng  greenish-gray,   and  calcareous  shale  in  the

upper  2  to  3  feet;   the  middle  and  lower  part  is  massive  red,

clayey  shale;   many ChoneteB   occur.  near  the   top  of   the  Snyder-

vllle.     The  Toronto  Limestone  is  at  least  5  feet  thick,   con-

slstlng  of  light  bluish-gI`ay,   dense  limestone  at  the  top  and

argillaceous  llme8tone  in   the   lower  part.      (Condra  and  Reed,

1937,   p.    32).

A  well,   drilled  about  4  miles  north  and  one  mile  east

of   the  Heebner  Creek  section,   revealed  2  feet  of  Leavenworth

Limestone,  under.lain  by  14  feet  of  Snyderv|lle  Shale  and
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8  feet  of   Toronto   Limestone   (Condr'a,1939,   p.   4).     The  upper

8  feet,  6  inches  of  Snydervllle  ls  calcareouB,   massive,   blulsh-

gray  Shale,  underlain  by  5  feet,  6  inches  of  shale  that  is
brownish  at  the  top,   maroon  ln  the  middle,   and  mottled  blue-

brown  at  the  base.     The  Toronto  is  gray,   but  shaly  at  the  top

and  base,  with  foBslls  throughout.     Two  feet  of  gray  fosslli-

ferous  Shale  underlie  the  Tol`onto  and  overlie  7  feet  of  red  and

yellowish  shale  with  blue  mottllng  which  rests  on  4  feet,   6

inches  of  reddish  shale,   followed  by  bluish-gr'ay  shale  with

coal-like  bands.

In  northern  Cass   County,   west  of  South  Bend  on  Pawnee

Creek,   the  Oread  Limestone  ls  well  exposed  ln  Johannson's

Quarry  and  elsewhere  ln  the   same  general  ar'ea   (Condra,  1930,

P.   37).     The  Heebner  Shale   1g  about  6   feet   thick  beneath  basal

Plattsmouth  ln  the. qual.ry  although  black  flsslle  shale  was

noted  about  one  mile   to   t,he   south  on   Pawnee   Creek.     The  dense

Iieavenworth  Limestone  ls  one  foot,   10  inches   thick,   overlying

about  12  feet  of  Snyderville  Shale  which  consists  of  an  inch

or  8o  of  gr.een  shale  at  the  base,   Succeeded  by  a  thick  zone

of  red  shale,   capped  by  BeveI.al  feet  of  bluish  to  greenish

shale  at  the  top.     The  Toronto  Limestone  ls  about  9  feet

thick,   the  upper  4  f eec  of  which  consists  of  llmestones  with

little  shale,  but  the  baBal  5  feet  ls  lnterbedded  or  mixed

Shale  and  limestone.     The  upper  few   inches   of  Ijawrence  Shale

is  gray  at  the  top,  but  the  remainder  ls  largely  a  red  shale,

about  21  feet  thick,   that  is  developed  above  the  Cass  Lime-

stone   (Col.dra,1930,   p.   39;   Ball,1964,   p.186).      In   some

cases   Bone  of  the  red  material  from   the  Lawrence  has  been

rewor`ked  into   the  basal  few  inches  of  the  Toronto  Limestone.
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At  Ashland,   5  miles  west  and  one  mile  north  of   the   Pawnee

Cr'eek  section,   Condra   (1930,   p.   40)   reports   4  feet,   61nches  of

Heebner  with   ''.    .    .   lower  zone   .    .    .   dark,   flsBlle,   weathered

brownish   .    .    ."   ovel'laln  by  blulBh  Shale.     The  Leavenworth  ls

about  one  foot,   6  1ncheB  thick.     The  Snydervllle  Shale  ls

about  12  feet  thick  with  an  upper  2  to  3-foot  zone  of  bluish

shale;   a  maroon,  mottled-maroon,   and  bluish-gray  interval  with

an  8  to  10  inch  section  of  bluish-green  shale  at  the  base.

The  Toronto  Limestone  ls  about  9  feet  thick  in  the  Ash-

land  section.     It  contains  a.n  upper  unit  of  limestone  "1th

little  shale  about  5  feet  thick,   and  lower  mixed  Shale  and

limestone   Sequence.     The  Lawrence  Shale  ls  ?bout  20  feet  thick

at  this  locality  with  yellowish-gray  zone  at  the  top,  a  thick

maroon  shale   ln  the  middle,   and  a  lower  bluish  shale.     The

Lawrence  Shale   rests   on  about  15  feet  of  Cass  Limestone.

The  Oread  I.1mestone   18   exp.osed   ln   the  Mls8ourl  River

Bluffs   southeast  of  Plattsmouth,   Nebraska   (SE  i/4  See.   20  and

E   i/4  See.   29,   T.12N.,   R.14E.)    (Condra   and  Reed,1938,   P.11).

The  Plattsmouth  Limestone  is  about  10  feet  thick,   overlying

5  feet  of  Heebner  Shale   thaLt  18  blulBh-gray  and  argillaceous

ln  the  upper  part  but  black  and  flsslle  below.     The  Leavenworth

Ijlmestone  ls  dark  bluish-gray  and  one  foot,   61ncheB   thick.

The  12  to  14-foot  thick  Snydervllle  Shale  ls  bluish  at  the  top

Where  lt  reportedly  contains  limestone  seams;   the  middle  ls

mal'oon,  but  the  basal  3  feet  al`e  greenish-blue  and  al`gllla-

ceous.     The  Tor.onto   I,1me8tone   ls  described  as   gray,   massive,

fosslllferouB  limestone,   that  18  al.glllaceous  ln  the  lower  Pal't

and  about  7  feet  ln.thickness.     The  Ijawrence  Formation  ls  approx-

1mately  10  feet  thick  and  conslstB  of  gray  shale  above  with
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maroon   shale   ln   the  middle   (Condra  and  Scherer,   1939

in   1958,   P.14).

Exposures  of  Toronto  examined  by  the  writer  ln

Nebraska   (Localities  14,   14A  and  21)   are  all  very  slmllar

and  lt  ls  likely  that  bed  for  bed,   corl.elation  can  be

demonstrated  ln  all   3.     SectlonB  described  at  Ashland  by

Condra   (1930)   and   south  of  Plattsmouth  by  Condra  and  Reed

(1938)   are  very  similar  and  lndlcatlve  of  lateral  homogenity
for  the  Tol'onto  in  Nebraska.

Trfe  Amazonla   Ijlmestone   of  Kansas   and  Missouri   and   the

Cass   Limestone  of  Nebraska  are  not  contlruclus  across   the

loo-mile  wide  belt  of  younger  rocks   that  separate  the  out-

cr.op   areas.     Ball   (1964,   p.   186)   comments   that   the  Cass

Limestone  of  Nebraska  may  be   represent,ed  by   limestones  and

lntel`bedded  shale,   developed  locally  ln  northwest  Mis8ourl

exposures  of   the   lower`  30  feet rof  Rol3blhs-Ireland  Member.

According  to  Ball   (1964,   p.   72),   the  Douglas   Group   includes

about  33  percent  limestone  ln  -the  subsinrface  of  northeastern

Kansas  and   southeastern  Nebraska„   and   the  Cass   and   Amazonia

llmestones  are  probably  continuous  ln  the  area  of  shale-

limestone  facies  of   the  Douglas.

Southwestern   Iowa

Oread  exposures  are  llmlted  and  "ldely  separated  ln

southwestern  Iowa,   but  certain  outcrops  have  been  definitely

ldentlfled  as  Oread  and  all   the   limestone  members  of  the

Oread  are  pr'esent  except  possibly  the  Toronto  Limestone.

The  latter  has  been  tentatively  recognized  by  Hershey  et  al
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(1960)   although   the   correlation  has'not  been   conflr.ned  with

subsurface  studies.     Even  if  the  correlation  co'uld  be   shown,
'

which  is  unlikely,   the  Tor.onto  ls  in--a  different  facies  in

Iowa   than  obser.ved   elsewher.e.

An  exposure  of  Plattsmouth-Leavenworth  ls  present  at

a  waterfalls  on   the  Nishnab.otna.klver.  near.  Lewis,   Cass  County,

Iowa   (NESE   NE   See.16,   T.7S.,   R.37W.)      (Condra   and   Reed,1937,

P.   38,   39;   Hershey   et  al,1960,`   p.   53).      The   Plattsmouth   see-

tion  is  10.5  feet  thick  at  this  locality  but  incomplete;  it

contains   two   shale  beds,   one  2.4  feet  thick  and  another  i.i

feet  thick.     The  Heebner  Shale  is  2.4  feet,   represented  at

the  base  by  0.8  of  black  fissile  shale  overlain  by  i.6  feet

of  olive-gr.ay  shale.     The  Leavenworth  Ijllnestone  ls  r'epre-

sented  by  an  upper.  0.8  foot  limestone,   a   thin,   dar.k  shaly

Parting  zone,   and  a  lower  2.2  foot  dark  limestone  bed.     No

exposurle  of  Toronto   Limestone  was  found.

In  a  small  tributary  of  t,he  Middle  River.  in  Adalr

County   ln   the   NENE   See.1,   T.75N.,   R.30W.,   an   exposure   of

Oread  I,lmestone  reveals  an  incomplete  section  of  Plattsmouth,

but  complete   exposures   of  Heebner.  and  Leavenworth  and  units

that  have  been  tentatively  correlated  with  the  Snydel.ville

Shale   and  Tor'onto  I,lmestone   (Hershey  et  al,1960,   P.   42).

The  Plattsmouth  is  8.3  feet  thick  at  this  exposure  and  con-

tains  a  shale  bed  at  least  4  feet  thick  at  the  top  of  the

unit.     The  Heebner  Shale  ls   3  feet   thick  with  a  lower  0.4

foot  olive-shale  zone,   a  i.3  foot  bed  of  black  flssile  shale,

and  an  upper.i.3  foot  bed  of  olive   shale.     The  Leavenworth

Limestone®  [1.1  feet   thick,j  is  medium  bluish-gray  and  contains
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Ottonosla.     About  6.7  feet  of  dark  blue-gray

shale  with  abundant Derbyla .at  the  top  underlies  the  Leaven-

worth  and  ovel`lles  a  0.3  foot  zone  of  olive  Shale  that  over-

lies  1.1  feet  of  red-maroon  sllty,   blocky  shale.     A  bed  of

nodular,   sandy  to  sllty,   light  gray  llme8tone  about  2  feet,

9  inches  thick  has  been  tentatively  col.related  as  the  Toronto

I,1mestone   (Hershey  et  al   1950,   p.   42).      A  red   shale   zone

about  3.3  feet  thick  underlies  the  llmeBtone.

In  another  tributary  of  the  Middle  River  ln  Madlson

County   (C.W.L.   NW   See.    7,   T.75,   R.29W.),    lowermost   Platts-

mouth,   Heebner,   Ijeavenworth,   and  possibly  Snydervllle,   al.e

exposed.     A  6-inch  bed  of  dark  gray  limestone  containing

I.1ngula  ls   separated  subjacently  from  the  I.eavenwol`th  by  one

foot,   101nches  of  olive  shale.

At  Plattsmouth,   Nebraska   (Condra  and  Reed,1937,   P.   28),

the  Plattsmouth  I,1mestone  ls  16  f6et  thick  conslstlng  of  gray,

wavy-bedded  limestone  with  shaly  partingB;   a  single  shale  bed

5  to  7  inches   thick  was   reported  froin+  th.e   section.     The

Plattsmouth  ls  14  feet  thick  and  mostly  limestone  with  sev-

eral  thin,   3  to  6-inch  shale  beds  in  the  Weeping  Water  Valley

of  Nebraska   (Condl.a  and  Reed,1937,   p.   32).     At   the  mouth  of

the  Nodaway  River  in  nctrthwest  Missouri,   the  Plattsmouth  is

descl`1bed  as   20  feet  of   limestone;   no   shale  beds  were  descr'ibed

(Condra   and  Reed,1937,   P.17).

In  Iowa,   however,   the   Plattsmouth  Limestone  contains

argillaceous  limestone  beds   that  grade  northward  and  eastward

to   calcareous   Shale   (Hershey  et  al,1960,   P.   21,   22).      In

Montgomery  County,   the  Plattsmouth  ls  20  feet  thick  and  Con+

talns,   in  part,   a  thick  section  of  argillaceous  limestone.



-61-

In  Cass  County,   where  lt  is   13  feet  thick,   the   Plattsmouth

contains  one  4-foot  bed  of  calcareous   shale.     In  Madlson

and  Adalr  counties,   a  7  to  8-foot  bed  of  calcareous  shale  ls

present  in   the  Member'.

The  Heebner  Shale  is  5  feet  thick  in  Montgomery  County

but  2.5  and  3  feet  thick  in  CasB  and  Adalr  counties,   r.espec-

tively   (Her.shey  et  al,1960,   p.   22).     This   shale  member  is

chaI`acterlzed  by  a  thin  olive   clay  shale  near.  the  base  and

a  thicker  olive  clay  shale  at  the  top,   sepal'ated  by  black

flsslle  shale.

The  Leavenworth  is  a   single  bed  of  blul6h-gray  llrne-

stone,   except  for  the  Lewis  exposure,   contalnlng  abundant

large  Ottonosla (Her.shey   et  al,1960,   p.   22).

Snyderville  has  been  equivocally  recognized  at  a

single  exposure  in   Iowa   (Locality  33).     At  the   same  locality,

a  2-foot  thick  nodular  sandy  limestone  8  feet  beneath  the

Leavenworth  may  be  a  facies  equivalent  of  the  Toronto.     A

similar  limestone  bed  ls  I.eportedly  present  ln  the  Bubsurf-

ace  of  Cass  and  Montgomer'y  counties,   but  later.al  continuity

has  not  been  established  between  these  localities  and  with

the  Kansas-Nebr'aska  Tor'onto   Limestone,   so   that   the   Iowa

occur.r.ences   of  Tor.onto  must  I`emaln  a   subject  for  future   study.

Figur.e  4  is  a  restored  cross  section  depicting  the

Stratigr`aphic  I`elationships  between  the  upper  part  of  the

Lawrence  Shale,   the  Toronto  Limestone,   the  Snyder'vllle  Shale,

and   the  Leavenworth  Limestone.
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MACROFOSSILS

In  order  to  supplement  and  refine  faunal  obsel`va-

tlons  made  at  the  outcrop,   macrofoBslls  were  collected  for

laboratory  study.     Although  fossllifel`ous  shales  can  be

sampled  quantltatlvely  by  taking  bulk  sall]ples   (Imbrle,   1955),

limestone  beds  have   to  be  br.oken  apal.t  and  the  rock  fragments

examined  in  the  field  for  fossil  content.     Such  procedure  is

time  consuming  and  results  chiefly  in  the  r`ecovery  of  fr`ag-

ments  of  fossils.     Thus,   faunal  collections  from  the  Toronto

I,1mestone  are  qualitative  at  best  and  consist  mainly  of

lncomplet,e  specimens.     In  spite  of  these  limitations,   how-

ever,  macrofossll  studies  of  the  limestone  were  found  to  be

a  sour'ce  of  valuable  data  pel`tlnent  to  an  lnterpretatlon  of

depositional  environments.     Identlfications  were  made  mainly

by  refer.ence  to  the  literature.     A  list  of  macrofossll  taxa

identlfled  ln  the  studies  ls  shown  on  Table  i.

Identlficatlons  of  fosslllzed  plant  leaves  and  wood

were  made  at   the  outcrop.      "Cryptozoon," Osagia,   and   crilnkly

stromatolltes  are  described  ln  the  chapter  on  petrography

and  their  abundances  are  recorded  ln  the  point-count  data.

Three  species  of  fusullnids  ar.e  of  volumetl`ic  impor-

tance  ln  the  Toronto  I,1mestone   (two   species  of  TrltlclteB

and  one  species  of  Kansanella (Geor'ge  Sanderson,   personal

communication).     Field  observations  wer.e  limited   to  a

descr`1ptlon  of  pr`esence  or  absence  of  fusullnids  and  the

Pr'edomlnant  gr.owth  form.      Commonly  an  elongate   subcyllndl`1cal

form   ( Kansanella )   was   found   to   be  most  abundant  above   the

Shale  zone  or  parting  used  as  a  datum  for  construction  of  the
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restored  section.     Robust  forms   (

below   the  datum.

Trltlcltes wel'e   common

Only  2  genera  of  sponges  were  ldentlfied  fl.om  the

llmeBtone.     One   ls   the  genus  Girtyocoella,   I`eported  from

Iocality  1  only.     The  second  genus   ls  Coelcladla  which  hag

been  seen  ln  a  number.  of  thin  sections  from  sever'al  locali-

ties  and  18  almost  lnvarlably  coated  by  stromatolltic  gr.owth

of   the   "Oryptozoon"   type.

Identification  of  bryozoans  was  llmlted  to  3  forms--

fenestr'ate,   I.amose,   and  encrustlng.     The  point-count  data

reveals   the  abundance  of  the  3  bryozoan  types  in  the  lime-

stones,   but  additional  lnfol.IIiatlon  regarding  their  occul'I`ence

is  listed  with  macrofoBsil  data.

The  most  taxonomlcally  diver.se  phylum  within  the

Toronto  Limestone  18   the  Brachlopoda.     At  leastJ33  brachlopod

species  were   recognized.     Certain+ brachlopods,   notably  Neo-

chone tes,   Derbyla,   and  CI.urlthyr.1s are  most  abundant  in
shales  and  shaly  llmestones.     They  generally  occur  ln  great

numbers,   and  are  associated  with  few  other  taxa.

Two  differ.ent  mol.photypes  of  the  genus  Thipidomella

are  present.     One  can  be  ascribed  to  R.   carbonarla
(Swallow ) ,

but  the  other  ls  transverse  ln  outline,   resembling  R.   trans-

Versa (King)   described  from   the  Per.mlan  of   the  Glass  Moun-

talns  of  West  Texas   (King,1930,   p.   44).     Inter'nal  features

of  the  shell,   dental   lamellae  and  medium  septum  are   sharply

dlstlnct  from  those  of  Enteletes  so  that  this  for.in  is  not  a

Juvenile  Enteletes.

Although  the  productold  generic  I.evlsions  of  Mulr-Wood

and  Cooper   (1960)   were  ln8erted  ln  place  of  the  old  generic
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names  where  possible,   the  new  classiflcatlon  has  little

Practical  application  to   fragmental  specimens  from  limeBtoneso

Mull.-Wood  and  Cooper  dlscrlmlnate  the  different  genera  on

the  basis  of  such  character.s  as  the  presence  or  absence  of

spines  along  the  hinge  line  and  wings  of  the  pedlcle  valve

(DlctyocloE}tidae)   and  features  seen  on  the  brachial  valve

(Echlnoconchidae).     When  working  with  fragmentary  specimens,

such  char.acterlstlcs  rarely  can  be  obser.ved.     The  older  work

of  Dunbar  and  Condra   (1932)   was   found   to  be  a  much  more

pl.actical  approach.

The  second  most  taxonomlcally  diverse  phylum  encoun-

tered  was  the  MolluBca,   although  most  of  the   specimens  were

obtained  from  the  Wathena  Shale  which  ls,   ln  part,   a  lateral

equivalent  of  the  Toronto  I.1mestone  ln  southel.n  Kansas.     Three

classes  are  I.epl.esented--cephalopods,   pelecypods,   and  gastr.o-

Pods.     A  single  cephalopod   specimen  was  found.     Approximately

19  Pelecypod  genera  and   12  gaBtropod  genel`a  weI`e   identlfledo

Probably  many  more  Pelecypod  genera   than  listed  are  Pr.esent,

but  the  thinness  and  fragmental  nature  of  the  shells  allows

few  of  them  to  weather  out  as  ldentlflable  fossils.     In  addi-

tion,   many  of   the  avlculopectlnold  genera  and  species  al`e

dlscrlmlnated  on  the  basis  of  character.s  of  the  ligament

area  which  can  be  obBel`ved  rarely.     Because  of  questionable

ldentlflcatlon,   the  genus  Avlculopecten,   for.  example,   is

Placed   ln  quotes.     Complete  gastI.opod  specimens  were  also

dlfflcult  to  obtain  and  the  taxa  ldentifled  ln  no  way  approx-

1mates   the   total  var.iety  of  gaBtropod  mol.photypes  pr`esent  in

the  Tor.onto   I.1mestone.     However,   certain  beds  of  the  Toronto
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ar`e  characterized  by  pr.esence  of  molluscs  with  br.achlopods,

echlnoderms,   and  corals  being  excluded  so   that,   in  Bplte

of  its  scantiness,   the  data  ar.e  of  environmental  significance.

Trlloblte  parts  are  not  abundant  in  the  Tor.onto  and

wel`e  collected  or  observed  at  only  a  few  places.     They  are

all  Pygidia,   and  are  I.eferred  with  reser.vatlon  to   the  genus

Dltomopyge.     Small,   slipper-shaped  pits  occurring  mainly  on

myallnld  pelecypod  shells  are  ldentlfled  as  acr`othoracic

bar`nacle  excavations  which  have  been  I'epol.ted  from  the

Pennsylvanlap,of  Texas  by  Fisher  and  Rodda   (1962).   'T
+-    Echinoderm  remains  consist  almost  exclusively  of  dis-
•        .Irf

artlcul'ated  cr'1noid  columnals  and  plates,   and  echlnoid  plates

and  spines.     Several  cr`inold  callces  were  collected.     The

Point-co\lnt  data  reveal  the  abundance  of  these  I.emains  in

the  llmestones,  but  field  ldentlfications  are  listed  for

occurren¢\6s ,.in  8hales.



TABIE  I

LIST   OF  MACROFOSSII.  TAXA

Fol`aminifers

F\isiforin  fusulinlds
Robust fusuhids

Sponges

ife:p;p.
Corals` .

Iomoptryrmids
Syringopora  sp.

Bryozoans  t+`

Fdstrate    +
Ranesleh `
Ehinting

Brachiopods

cf . REokp:a 8P.
carbonaria
BP.  aft ,  R.

ap.   ®£_.  W_..
a,I,

(S-, ng58)
trausversa

ensls

Ktry,  1931

(Swallow,  1858)
en,  rs59)

sp.  cf .  P.  _Pennett_1  (Hall  and  Clarke,  reg2)
8p-. dF.  ill-         ag6ensls  -in5=--'=d-d65i]ra,1932

ranuufer
ffs¥¥mi¥

triculina

i.i.   (Otyen'  1853)
Norrood  and  fratton,  1855)

(Waagen,   1884)      -T-
Norvood  and  Pratten,   1855)=HEPEplE#H

- MargH  era ua ae
Hystriculina  hystricula -TE5;51ricula    Dunbdf  and  Condra,  i6-3£i

= MarginiferaM-era
Retari® lag

±!±±  (Nozmod  and  fritteri)

=drREod
allonsi8

Dunbal'  and  Condra,  1932
and  fratten,  1855)

1873)
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cLAy  MINERAroGy

Clay  lnlnerals  present  ln  the  Torionto  Limestone  were

identified  fr'om  X-Ray  dlffractlon  patterns  of  the <2  micron

size  fraction.     The  clay  mineral  samples  were  extracted  from

the  limestone  samples  by  the  preparation  of  insoluble  residue

using  dilute  solutlonB  of  formlc,   acetic,  and  cltric  acids.

Both  untreated  and  ethqlene  glycolated,   oriented  samples  were

X-I.ayed .

The  clay  mineral   suite  identified  from  the  Tol`onto  in-

cludes:     illlte   (log),  mixed  layer  illlte-montmorillonite

(11.58),   kaollnite   (78,   3.568,1.388),   and  a  mineral  referred

to  as   chlorlte   (14-14.28,   78,   3.538).

In  an  attempt  to  lnvestlgate  regional  tl`ends  in  the

relative  PI'oportions  of  the  various  minerals,   the  areas  of

the  first  ol.der  peaks  of  lllite,  mixed  layer  illite-montmor-

111onlte,   and  kaollnlte,   together  with  the  area  of  the  second

order  peak  of  chlorlte  were  measured  with  a  planimeter.     The

I.elatlve  proportion  of  kaollnlte  to  chlorite  was  estimated

by  computing  the  peak  height  ratio  of  the  3.53&  chlorite

Peak  to   the  3.568  kaollnlte  peak.     This  ratio  was   then  used

ln  calculating  the  proportions  of  the  area  of  the  78  Peak

ascribable  to  kaollnlte  and  chlor'1te.

A  diagram  of  the  peak  area  proportions  of  the  4  mln-

el.als  shows  that  they  are  all  widely  distributed.     Illlte

and  mixed  layer  lllite-montmol.1llonlte  ar.e  ubiquitous  in

occurrence  from  Oklahoma  acl.oss  Kansas   and  northeastern

Oklahoma   to  Nebl`aska.     Chlorlte   ls  almost  as  widespread  as
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illite  and  mixed  layer  clays,   but  of  the  4  minerals

chlorlte  ls  the  most  variable.     Kaollnite,   however,   is  not

pl.esent  in  any  of  the  Nebl.aBka   samples   that  were  analyzed.

It  occurs  in  a  small  quantity  at  I,ocallty  15  at  St.   JQseph,

Mlssourl,   and  ls  present  ln  small  amourits  at  each  locality

southward  across  Kansas   to  the  vicinity  of  Localities  3  to

61n  Greenwood  and  northern  Elk  counties.     South  of  this

al`ea,   the  kaollnite  content  of  the  clay  fraction  steadily

lncr.eases   t,o   the  southernmost  outcrop  at  which  Tol`onto

Limestone  was  recognized.     The  region  of  increasing  kao-

llnite  content  ls  also  characterized  by  tr.ansitlon  from

the  thalasslgenous  limestone  to  terrlgenous  shales  and

sandstones .

The  Progressive  incr.ease  ln  abundance  of  kaolinite

fr.om  nor'th  to   south,   ln  addition  to   concomitant  facies

change  to  fine  clastlcs,   is  evidence  for  a  terr.lgenous

origin  of  the  kaolinlte.     The  souther.n  part  of  the  present

Toronto  outcrop  was  either  closer  to  the  shorellne,   closer

to  the  source  of  kaollnite,   or  both.

The  Progl.esslve  decrease  in  abundance  of  kaollnlte

ln  a  northerly  direction  may  be  because  the  northern  Par't

of  the  present  Tor'onto  outer.op  either  was  far.ther.  offshore,

far'ther'  from   the   source  of  kaolinlte,   ori  both.     However`,

X-ray  diffraction  patterns  of  the  red  shale  ln  the  Snyder-

ville  at  Locality  14  yielded  only  degraded  illite  which

suggests  that  the  terrigenous  elastic  source  to  the  north

was  not  shedding  kaolinlte  to   the  area  in  question.

Thus,   at  least  2,   and  possibly  3,   land  areas  wel.e



j§XPIAllATION  OF   FIGURE   5

magram  of  clay mir`.eral  distribution rdthin  t,he  Toronto
I.imestone.    "e  vertical  scale  is  pr.oportionate,  based  on  peak
are as ®
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fur.nlshing  detriltus  during  the  time  of  Toronto  deposltlon.

A  low-lying  northern  region  contr.ibuted  only  minor  amounts

of  clastlcs.     An  eastern  area,   the  Ozark  r`egion,   contributed

some  material  as  Suggested  by  the  presence  of  kaollnlte  in

most  of  the  Tor'onto  exposur.es  of  Kansas.     The  third  elastics

source  was  probably  the  Arbuckle.Mountains   to   the  south

which,   along  with  the  Wichlta  and  Amarillo  mountalnB,

fur'nlshed  vast  quantities  of  terrlgenous  detritus  including

ar'kosic  material  to  the  VII.gllian  deposltlonal  areas.
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CARBONATE   PETROLOGY

Opening  Statement

Much  has  been  leaned  ln  the  past  decade  concerning

the  depositional  environments  of  Recent  carbonate   sediments,

and  geologists  have  made  use  of  this  knowledge  ln  recontruc-

tlng  the  depositional   envlr.onments  of  ancient  carbonate  rockso

Two  basic  aBsumptlons  have  been  made   ln  connection  with  apply-

ing  Prlnclples  gained  fr.om  studies  of  Recent  car'bonate  sedi-

ments  to  ancient  strata.     First,,   ancient  sediments  are  the

products  of  deposltional  envll`onments  and  contain  pl.operties

which  allow   envll.onmental  reconstructions,   except  where

dlagenesis  has  severely  obliterated  the  primar.y  features®

Secondly,   studies  of  Recent  sedlments  allow  the  formation

of  PrlnclpleB  which  can  be  used  to  make  inferences   concerning

depoBltional  condltlons  of  ancient  sedlments.

The  approach  to   the  pr'oblem  of  gathering  the  data

from   the   Toronto  Limestone  was  with  the  objective  of  recon-

structing  the  depositional  histor.y  of  the  unit.     Thus,  petro-

graphlc   lnvestigatlon  was  llmlted  to   thc>se  parameter's   that

were  considered  to  affol.d  insight  into  deposltlonal  history

of  the  limestone.     These  varlables  were  used,   erecting  a

ClaBsiflcation  designed  to  r`eflect  features  of  depositlonal

conditions .

In  terrigenous  clastlcs,   grain  size  studies  are

fundamental  because  the  grains  are  transported  to   the  site

of  deposltlon  from  an  external  source  area;  with  thalassi-

genous   carbonates,   howevel`,   the   source  area  is   inter'nal.
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There  are  so  many  differ.ent  factors  governing  the  sizes  of

carbonate  par'tlcles  that  grain-size  distribution  and  coeffl-

clents   computed   therefl.om  cannot  be  used,   1n  general,   to

infer  relative  current  strength  or  persistence   (Fur.dy,   1963,

P.   339).     However,   the  pl.esence   or  absence  of   carbonate  mud

ls  of  fundamental  importance  because  lt  serves  as  an  index

to   cul`I.ent   strength   (Dunham,1962,   p.Ill;   Fur.dy,1963,   Po   339).

In  addltlon,   carbonate  gr.alns,   coarser  than  mud-size,   generally

I'emaln  near  the  site  of  their  production   (Ginsburg,   1956;

Purdy,1963).     Thus,   the  determlnatlon  of  the  constituent

composition  of  carbonate  rocks  provides   the  data  from  which

inferences   can  be  made  liegardlng  their  depoBltlonal  environ-

ments .

The  basic  components  of  unaltered  pure  carbonate  rocks

are:    (i)   carbonate  mud,    (2)   car.bonate   spari    (3)   gr.alns,   skel-

etal   and  nan-skeletal,    (4)   fr'ame,   and   (5)   fixed'  sedimento

Carbonate  mud  ls  distlngulshed  from  grains  on   the  baBls  of

Particle  size;   this  dlstinctlon  ls  analogous  to  the  distinc-

tion  between  matr`ix  and  gr'alns   in   sandstone   (Pettijohn,   1957,

::::::=:::::sL::::::r:I:::or:::::;:::::u::nt::::::::::edyj
+J'  __     ._  _  I_tlon  between  clay-and-coar.ser-sized  pal.ticles  is  important

..-- 'ir-Of''-'"_ -.-,. `-iv,--` - ,- ri -J .---.----envlronmentally, '~-bar.tlcles   larger
:55LrLE£€£fp~P.r£~xlmeafa±,y~.g±§g_nith'ari_',al

ape defined  as  graih~s`: \)    Carbonate  spar  is   the  translucent
cementing  material   that  generally  fills  pories,   intergranular

areas,   and  cavities  within   the   :ediment.     Frame   ls  defined  as

Carbonate  deposits   bound   together  during  deposition   (inter-

8rown   skeletal  material).     Fixed   sediment  is   a  mat  or  mat,-like
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accumulatlon  made  of  originally  loose  particles   (grains  or

mud);   it  shows  deflnlte  evidence  of  ol'ganlzatlon-analogous

to  algal   stromatolltes   (1ncludeB  algal  fllmB  and  mats)   of

modern   seas.     The  distlnctlonB   among  these  basic  gr'oups

are  essential  ln  making  genetic  lnterpretatlons  of  carbon-

ate  deposits.

Composltionally,   the  Tol`onto  Limestone   is  made  uP

essentially  of  the  calcareous  skeletons  of  invertebrate

organisms  and  derlvatlves  of  them.     As  a  basis  for  making

inferences   concer.ning  deposltlonal  environment(a)   of  thlB

limestone,   the  ldentiflcatlons  and  relative  abundances  of

the  various  skeletal   (and  non-skeletal)   constltuents  of  this

unit  are  essential.     In  addition,   the  identlficatlon  of  the

var'lous  terrigenous  components  incorporated  in  the  limestone

should  not  only  reveal  information  concerning  the  deposltional

environment  but  afford  some  lnslght  into   the  nature  of  contl-

nental  terl`alns  that  bordered  the  Mid-Continent  eplcontinental

Sea.

The  car`bonate   component  classlficatlon  utlllzed  by

the  writer  ls   shown  ln  Table  2.     The  following  section  is

an  abbreviated  description  of  dlagnostlc  petrographic  pr.oper-

ties   of   the   components   of   the  Tor.onto  Limestone.



TABIdz:   2

CARBONATE   Cofl'ORENT   CLASSIFTCAII0N
FtR  TRE  roroNTO  I,IMrsToiG

I.    Doposltlonal  Components

A.     Grains

Skeletal

Various  Izzvertebrate  Animal  Taxa
Various  Plant  Taxa

Nonrskeletal

intraclasts
Pellctoids
A|gal-coated  Grains   (Oncolites)

8.     Frame

Iutergrown Skeletal Material

C.     Fixed  sedlmeho

A|gal Mat   (Stromatolites)

D.     Mud

11.     Dlagenetio  ConponentB

A.    Calcite  Spar

a.    Chert

a.    Dolordte
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Skeletal  Grains

Ep ima s topora

Epimastopora  is  a  green  dasyclad  alga  that  appears

in  thin  section  as   straight  unbr.anchlng  fragments  perforated

by  nuner.ous  closely  spaced  round  pores  ar.ranged  ln  irregular

rows.     The  fragments  probably  I`epresent  pieces  of  calcareous

crust  developed  al.ound   the  tips  and  outeri  por.tlons  c>f  branches

(Johnson,1946,   p.1095;   1961,   p.127).      The  mlcrostructur.e

of  the  fragments  ls  mosaic  calclte  with  the  pores  lnfllled

by  mud.     The  mlcrostructul.e  and  radial  symmetry  of  the  seg-

ments  are  evidence  that  the  plant  ls  a  dasyclad.

Platy  Algae

Wavy,   plate-shaped  fragments  of  a  calcareous  alga  are

pr.esent  whose  morphologic   featur.es   r.esembie   the  gener.a,

Ivanovla  Khvorova   1946,   Anchicodium   Johnson   1946, and  Eugon-

Ophyllum Konlshi  and  wi`±,,ay   1961.     The  cellular  microstructure

of  mosaic  calcite  spar  with  small  elongated  cells  in  parallel

ar.I`angement  developed  per.pendlcular  to   the  plate  on  both   sides

ls   char.acter.1stic.     Although  seldom  preserved,   owing  to  re-

cr`ystalllzatlon  or  I.eplacement,   the  cells  or  utrlcles  most

closely   resemble   the   genus   Eugonophyllum   (Konlshl  and  Wr.ay,

P.   660,   Text.   Fig.   1,   Pl.   75)   and  are   tentatively  referred

to   that   genus.      According   to   Konishl   and  Wray   (1961,   Po   659),

Eugonophyl lum , Anchicodium,   and   Ivanovla  arie   closely  related

gr.een   codiacean  genera.
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Tubiphytes

This  is  an  lrr.egular  tubular  shaped  organism  ldentifled

as   Tublphytes  Maslov  which  occurs   in  many  Tor.onto   slides.      In

thin  section,   1t  ls  easily  ldentlfled  by  faint,   irregular

lamlnae  of  ver.y  fine-grained,   dark-color.ed  car.bonate   that  ls

alternately  lighter  and  darker.     In  some  occur.Fences,   the

inter.1ol.  sinuous  cavity  contains  a  clear  calclte  lnter'ior

lining  whel.eas   lt  ls   lacking  in  other.B.     Maslov   (1956,   P.   82)

describes  genus  as  a  queBtlonable  blue-green  alga  and  Johnson

(1961,   p.   286)   comments   that  lt  is  probably  not  an  alga  but

a  hydl`ozoan.     The  organism  ln  gr.owth  position  encrust8 Syrin-

gopora  and  loose  skeletal  debris.     It  also  occurs  as  il.I.egular.

bl`anching  tubes   ln  gI.owth  posit,ion  wlthln  cavities  formed  be-

neath  organic  mats   (probably  .blue-green  algal),   and  ls   seen

as  free  particles  I.esultlng  from  decomposition  of  its  organic

support.     In  some  occurrences,   1t  is  intimately  associated

with  organically  coated  gI.alns   (pl.obably  the  form  genus,

Osagla ) .

Str.omatolltes

The  terms  stromatollte  and  oncollte  are  generally  used

to  distinguish  r'espectlvely  between  laminated  organic   struc-

tur.es  that  grew  attached  to  the  deposltlonal  sul`faee  from  those

that  wer'e  not   attached   (Logan,   Rezak,   and  Glnsburg,1960,   P.   2).

The  stromatolites  vary  from  laminated  flat-lying  mats  to  com-

plex  heads,   whereas  oncolltes   consist  of  lamlnatlons  developed

about  a  detrltal  nucleus.     Both  types  occur  within  the  Toronto,

but  in  addition  to  this,   another  forni  is  present  that  is  some-

what  intermediate  between   the   two.
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Twenhofel   (1919,   pp.    348-352)   descr'1bed   the   genera,

Ottonosia and  Osagia,   two   types   of   laminated   concr.etionary

organic   str'ucturies   found   in  certain  Lower  Per'mian   limestones

in  Kansas.      In   1917,   Pla  divided   the  Spongiostromata   into   two

subfamilles,   the  Str'omatollthi  and   the  Oncc>lithi   (Logan,   Rezak,

and   Glnsbur.g,   1960,   p.   2)      Pla  placed,   among  otheris,   Cr.ypto-

zoom  Hall   ln   the  Stromatollthi  and  Osagia  Twenhofel  and  Otto-

nosla  Twenhofel   in  the  Oncolithi.

Ther.e  are  4  types  of  organic   stromatclites  and  oncolites

within  the  Toronto.     First  there  are  small  bean-shaped  or'cglllp-

soidal  colonies  conslstlng  of.  nuclei  of  skeletal  particles

around  which  fine  concentric,   wavy,   calcareous   laminae  have

been  formed.     Cornusplrld  foraminlfers   (

Hedraltes

Apterr.inella  and

)   commonly  occur  ln   these   small  pelletoidal   colonies.

Johnson   (1946,   p.   1104,   Table   3)   ldentifled   slmllar.  colonies

from  .the   Toronto  Limestone  as  9±±g±a  sp.   Twenhofel.     He  also

observed   (Johnson,   1946,   p.   1103)   that  encrustlng  foraminifers

and   the  alga,   Glrvanella,   are   common   inOsagia   colonies   from

the  Pennsylvanian  and   Permian  of  Kansas.     Johnson  and  Konlshi

(1956,   P.   80)   state   that  Q±±g±a  Twenhofel  1919  is  a  form-genus,

Henbest   (1963,   p.   35)   concluded   that  for`aminifers   ar.e  not

essential  for  the  existence  of  Osagia  because   some  of  the

colonies  lack  for'amlnlfers.     In  addition,  Hej)best  retains

qsag±±  Twenhofel  as  a  for.in-genus   and   excludes   for'amlnifer.a  fr`om

the  genus   taxonomically  for  the   sake  of  nomenclatur`al   stability.

Cer'taln  of  the  pelletoidal  a`galold  a('cf.etions  from   the  Tol`onto

are  concluded  to  be  vlr'tually  identical  in  form  to   t,he  genus

Qsagia   Twenhofel   1919,   emend.   Henbest   1963.       (Compar`e   Johnson,
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1946,   Pl.   4,   Figs.   3-5,   Pl.   5,   Figs.   5-6,   Pl.   7,   Fig.   3,

Pl.10,   Fig.   2-3;   Johnson,1963,   P1.   22,   Figs.   I-4;   and

Henbest,1963,    Pl.   6.)

As   seen  ln  thin  section,   the  Osagia-type  colony

consists   of  a   shell  fr.agment  nucleus  around  which,   symmetr`1c

to  asymmetric,   dark,   threadllke,   incipient  to  dlstlnct  fine-

grained  carbonate  lamlnae  occur.     In  some  cases,   bits  of

shell  debris  and/or  qual`tz  gr.alns  have  been  bound  into  the

colony.     Encrustlng  foraminlfers,   notably  cornusplr`ld   types,

are  Pr.esent  as  colonial  associates.     In  addition,   the  dark

sinuous   tubes  of  the  alga   (Gir`vanella )   ar.e  of ten  intwined
1n   (or  bored  into)   the   colony.

A   second   type  of  or`ganlcally  coated  grain  is  present

in   the   Tor.on;o   Limestone.      It  has  been  descr.lbed  in   the

literature  as  Ottonosla (Ball,   Ball  and  Laughlln,   1963,

P.   52).     This   ls   typically  a  larger  form  with  ,a   somewhat

diffeI`ent  moriphology  and  mlcltostriucture  than  either.  9±

Twenhofel  or  Ottonosia  Twenhofel (twenhofel,   1919,   Fig.   3;
Johnson,   1946,   Pl.   4,   Fig.   6,   Pl.   5,   Fig.   I-2;   Johnson,

1961,   Pl.   88,   Figs.   I-2;   Johnson,1963,   Pl.   80,   6   figs;   and

Henbest,1963,   pp.   35-37).     The   type  present   in   the  Toronto

is  typically  many  times  lar.ger  than  the  9±g±  form.     Like

sagia,  |t 1s   the  result  of  colonial  growth  around  fossils

or  skeletal  grains.    However,  1n  contrast  to  9±  the

laminae  are  wrinkled  and  visible  ln  hand  specimens  and  the

encrmstatlons  developed  about  the  nuclei  vary  fl'om  thin,

nearly  flat,  wavy,   laminated  crusts   through  individual

nodules   to  composite  forms  with  highly  lrr.egulal.  shapes.
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They  most  closely  resemble   certain   species  of  Cryptozoon

Hall  as  described   ahd  figured  by  Johnson   (1940,   Pl.   7,

Fig.   2,   Pl.   8,   Fig.   i,   Pl.   9,   Fig.   i;   1946,   pp.1105-1106,

Table   4,   p.   1106,   Pl.   8,   Figs.   102,   Pl.   9,   Fig.   5;   1963,

Pl.   27).      Pla   (1926,1n   Johnson,1940,   p.   579)   concluded

that  the  colonies  wer.e  probably  built  by  several  algal
'specles   llvlng  together..

In  thin  section,   the  encr.ustlng  complex  contains

a  skeletal  grain  nucleus  enclosed  by  ir.regular,   wavy

lamlnae,   formed  by  alter'natlons  of  calclte  spar  and  dark

fine-grained   caribonate.     Encmstlng  bryozoans  ar.e   commonly

ln  attached  position  wlthln  the  colony.     Other  colonial

organisms  associated  with  the  colonies  include  cormusplrld

foraminifer.s  and  spirorbid  wor.in  tubes.

In  some  cases,  Qiagla-type  and  Cpyptozoon-type

colonies  appear  to  be  lntergradational.     At  some  localltles,

it  ls  apparent  that  the  colony  was  lnitlated  as  mononucleate

algaloid  growths,   but  adjacent  colonies  later.  became  fusedo

Thus,   colonies   began  as  9±±g±±  and   coalesced   to  form  Cnyp-

tozoon? .

The  third  type  of  algalold  form  present  in  the

Tor`onto  Limestone   is   a   blscult-shaped  colony   that  is   Slml-

lar  to  certain  blue-green  algal  forms  described  from  the

Recent  of   southel`n  Florida  by  Glnsburg   (1960,   Figs.I-11),

and   fl`om   Alacran   by  Hosklns   (1963,   Pl.19,   Fig.13,   P.   119)

who  failed   to  recognize   the  for.ms  as  blue-green  algal  onco-

lltes.     The  Pennsylvanian  colonies  contain  a  skeletal  grain

nucleus   ericloBed  by   thin,   regulari  lamlnatlons  for.ned  by   the
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alter.nations  of  fine-grained  detl.1tal  carbonate  particles  and

calclte  spar.     Some  of   the  biscuits  have  a  concavity  on  one

side  which  ls  an  additional  similar.1ty  to  those  described  by

Glnsburg   (1960,   Flgs.   2  and  11).     As   a  matter  of  fact,   the

blscults  ln  the  TOI.onto  are  better.  analogs  than  those  flgul.ed

by   Ginsburig.

Organic,   mat-type  structul.e  ls  present  at  two  Toronto

localities  and  is  the  fourth  algalold  type.     It  consists  of

thin,   wavy  lamlnae   that  occur  aB   thin,   dlscontlnuous   stl`ingel.a,

genel.ally  less   than  one  foot  in  length.     They  typically  are

wl'1nkled  into   small  domes  forming  intervening  cavltles  into

which  stolonifer.ous   Tub iphytes  Maslov  has later  grown.     Thlri
mat  horlzons  ar'e  commonly  only  several  mllllmeters  in   thick-

ness  at  most  and  are  sepal`ated  from  each  other  ln   the  vel`tlcal

direction  by  one-half  to   several  mllllmeters  of  muddy  sediment.

A  stromatollte  ls'  ".    .    .   any  laminated  sedimentary

structul`e  poss1bly  formed*  as a  result  of  algal  activity"
(Donaldson,1963,   p.   6).      ThlB   deflnltlon  18   accepted  by  the

writer  because  the  colonial   complex  of  fllamentous  and  un+

1cellular  green   (Chlorophyta)   and  blue-green   (Cyanophyta)

algae,  probably  responsible  for  the  constmctlon  of  str'oma-

tolltes,   are  seldom  preserved   (I.ogan,   Rezak,   and  Glnsburg,

1960,   p.   2).      Rezak   (1957,   p.129)   and   I.ogan,   Rezak   and

Ginsburg   (1960,   p.   2)   distlngulsh  fossil  algae  from  stroma-

tolites  because  only  the  for.mer  have  dlscernable  mlcr.o-

Structure.     The  lattel.1s  a  laminated,   sedimentary  structure

Whose  megastructural  and  mlcrostructural  attributes  allow

the  inference  as   to  an  algal  orlgln   (I)onaldson,1963,   p.   6;

Logan,   Rezak   and   Glnsbul.g,1960,   P.    2)D

*Itallcs   by   A.R.T.
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Str'omatollte  form  is  not  the  sole  product  of  organic

mat  actlvlties  but,   in  addition,   is  strongly  influenced  by

physical  environmental  factol`s   (BI`adley,   1929  in  Cloud,

1942,   p.   366).      In  addltlon,   many  species   of  algae  may

pal`tlcipate  in  algal  mat  growth   (Pla,   1933  in  Cloud,   1942,

P.   365).     Thus,   binomial   tl.eatment  of  algal  str.omatolites

is  not  only  inadequate  in   terms  of  expreBslng  environment

dlffel`ences   (I,ogan,   Rezak,   and  Ginsburg,   1960,   po   4)   but  is

inconsistent  with  modern  concepts  of  biological   taxonomy.

Because  of  this,   Iiecent  classlflcatlons  of  stromatolltes

are  descrlptlve  and  are  based  upon  geometl.y  of  the  deposits

(Cloud,1942,   p.   366;   I.ogan,   Rezak  and   Glnsburg,1960,   P.   9;

Donaldson,1963,   p.   7).     A  descrlptlve   or  morphotypie   classi-

flcatlon  as   suggested  by  Cloud   (1942,   p.   366)   using  the  form

designatlons  in  a  vernacular  sense  without  italics  or  the

descrlpt.ve  adjective  classiflcatlon  of  I)onaldson   (1963,   P.   7),

ls  preferred  to  the  classlflcatlon  scheme  of  Logan,   Rezak,

and  Glnsbul.g   (1960,   1963)   because   the   latter,   alt,hough  descrip-

tive  ln  theory,   carries  some  lnherient  genetic  impllcaitions

that  demand  its  application  with  caution.

A  stromatollte  classlflcation  for  forms  found  ln   the

Toronto   Limestone  is  as   follows:

Pelletoidal   stromatolites   (Os@o.ia   Twenhoffel) :

(Osagia)   small,   concentrically  laminated,

individual  forms  with  a  skeletal  grain  nuclei,

may  contain  associated  cor`nuspir.id  foraminifer's

and  Glrvanella.
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Nodular  stromatolites   ( Cryptozoon  Hall  of

Johnson):    ("Crypto"or]")   individual   to

composite   forms  with  wavy   l€irfilnations

enclosing  skeletal  grain  nuclei;   may  contain

associated  encrustlng  br.yozoans,   Spirol`bls

or  cornusplrld  for.amlnifers.

Blscult-shaped  stromatolites   ( Pycnostroma

Gurlch) :   (algal  biscuits)   indlvldual  forms

with  skeletal  grain  nucleus  within  well-

developed  I`egular'  concentric   laminae  of

spar  and  mud,   commonly  with  a  concavity

on  one   side.

Crinkly  stromatolites   (Weedia Walcott):    (algal

mat)   thin  laterally  dlscontlnuous  laminatlons

with   common   low   domal   upwal.pings.

Apterrlnella

An  encmsting   tublform  foramlnlfer   (Plate  X]IB)

ls  present  that  ls  commonly  attached  to  skeletal  grains

and  present  in  Osagla   colonies.     It  can  be  recognized  ln

thin  section  by  its  wall  stmcture  of  dark  homogenous,   very

fine-grained   (mlcrogranular)   carbonate  and  by  the  circular

to  elllptlcal  shape  of  chamber  ln  random  thin  sections.

This  form  ls  probably  a  representative  of  the  genus  Apter-

I,1nella (Cushman   and  Waters,1928)(see   Henbest,1963).

Fusullnlds

Two  fusullnld  gener.a,   Kansanella (one   species)   and

Trltlcltes (two   species)   al.e  present   in   the  Tc)ronto   Limestone
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(Sanderson,1963).     Fusulinids  can  be  ldentlfied  by  their

generally  fuslformi  or  spindle  shape  with  chambers  developed

by  coiled  growth  about  an  elongated  central  axis.     The  shell

wall  is  composed  of  finely  granular.,   equldlmenslonal  calclte

crystals.     The  shell  wall  of  both  genera  is  made  up  of   two

layel`s,   an  external  thin,   dal`k  layer,   termed  the  tectum,

and  an  inner  relatively  thick  layer,   called  the  keriotheca,

character.lzed  by  altermatlng  parallel  dark  and  light  lines

ol`iented  normal   to   the   tectum.     The  Kansanella test  ig  gen-
erally  elongated  fuslform  to   almost  subcyllndrlcal,   commonly

6   t,o   10  mm.   1n   length  and  one   to   2  mm.   wide.      Two   Trltlcltes

species  are  present,   both  of  which  are  smaller  than  the

single  Kansanella species.     One  ls  an   inflat'ed  or  robust

test   5   to   6   mm.   long  and   2.5   to   4.5  mm.   wide.      The   second

Trltlcltes species   averages   5  mm.   in   length  and   2  mm.   in

width.     Kansanella  and  TI`1ticites were  not  separated  ln
constituent  particle  determlnatlon  because  of  the  dlfflculty

of  dlscrimlnation  in  random  thin  sections.

Other  Foraminlfers

All  foramlnlfer.a,   exclusive  of  the  fusullnlds  and

the  cormusplrid  form   (Apterrinella )   described  above,   are
included  in   this  category.     Encrusting  types  include:   an

snail,   irregular,   tublform  type   (aff .   Hedraltes

larger,  massive,   irregular  tubiform  type   (

a  flask-like  form   ( Tuberitina

);   the

Apter'r.1nella

)   which   is   commonly   seen

attached  to  brachlopod  shells  and  oncolites;   and  Tetrataxls,

a  multl-chambered  form.     Lar.ge,   thick-wailed,   mobile   forms

are  present,,   including:   Climmacammlna a  paleotextular.idj
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Bradyina, an  involute  form;   and  Globivaluvulina,   a  sub-

91obular'  form.     Small,   planlsplral,   1I.regularly  coiled  fol'ms

ar.e  HemiEordius  and Col.nusplra?.     Small  miscellaneous   forms

are  present,;   these  include  Syzranla,

Splr`oplectammina

Fenestrate

and  Turrispira?.

BI'yozoans

Endothyl.a,   Endothyranella,

Lacy  bryozoan  colonies  are  attached  at  their  bases  to

shells  and  skeletal  par.ticles.     Autopor.es  and  acanthopores

al`e  contained  on  pal`allel   slender  br.anches   that  are  lntercon-

nected  by  criossbars   (dissepiments).     The  fenestrate  crypto-

stome  wall  consists  of  thr.ee  fundamental  par.ts   (Ellas  and

Condra,1957):   an  lnn`er'  layer   (colonial  plexus)   that  appear.a

White  and   structureless   in   thin  section;   laminated   scler.en-

Chyma  whose  lamlnae  are   similar  to   the  laminated   calclte  in

brachlopod   shells;   and   t,I.ansverse  filaments  or.  splcules  which

travel`se  the  laminated   sclerenchyma  wltri  the  laminae  curved

about  them  ln  the  dlr'ectlon  of  growtha     The  colonial  Plexus

ls  continuous  from  the  tips  of  the  branches   to  the  base  of

the   colony  and  ls   enclosed  by   laminated   sclerenchyma.

Ramose Bryozoans

This   category  is  based  upon  a   slender,   pencil-shaped,

branching  or  unbrariching,   growth  form.     By  far  the  most  common

Toronto  representative  ls   the  rhomboporld-type  which  has  a

thln~walled,   immature  Iieglon  trending  parallel  to  the  axis  of

the  colony;   the  diameter  of  the  tube-like  aut,opores  increases

to  Points  whet.e  the  tubes  then  curve  ab"ptly  into  a  thicker'

matul`e  region,   containing  numerous   small  acanthopol`es.     In

transverse  section,   the  walls  between   t,he  autopores   ln  the
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central  immature  region  are  thin  with  polygonal  outlines

whereas  the  peripheral  mature  region  ls  thick-wailed.     The

ramose  bryozoan  wall  generally  has  the  appearance  of  thinly

laminated  calclte  in  thin  section.

EpcruBting  Br.yozoans

Encrustlng  bryozoans  are   commonly  seen  ln  nodular

stromatolite  colonies  and  as  sheet-like  growths  on  shells

and  skeletal  par'ticles.     The  comn]onest  for.in  ls   the  flstuli-

porold  type  which  consists  of  autopore  tubes  separated  by

broad  BpaceB  occupied  by  ve81cular  lnterzooeclal  cells

(coenosteulli).     In  thin  section  the  flstullporold  wall  ls

generally  thin,   very  dark,  and  has  a  fine  mlcrogranular
appearance .

Bra d  Shells (artic`ulateB)

FosBll  brachiopod  shells  have   two  layel`s:   an  outer

carbonate  layer  with  a  fibrous  texture,   the  fibers  being

oriented  normal  to  the  shell  surface;   and  an  inner  carbonate

layer  made  up  of   thin  .Lt}alclte  flbers  which  are  disposed  at
1

low  angles   to   the  outer  layer   (Wllllams;   1956).     Three  general

types  of  al.ticulate  shells  are  known--punctate,   pseudopunctate,

and  impunctate.     I,ongitudlnal  sections  of  punctate  shells

Beecheria Rhlpldomella  and Puncto splrifel` )  reveal  that  the
Punctae  are  oriented  normal  to  the  shell  surface,   and  the

inner  cart>onate  layer  18  fine-textured  with  flbers,   being

Continuous  but  bowed-up   very  gently  aI.ound   the  punctaeo

Pseudopunctate  shells,   1n  longltudlnal  section,   are  character.-

1Zed  by  the  presence  of  dark  calcite  rods   (present  only  ln  the

inner  layer)   that  are  shorter  and  of  greater  diameter  than
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punctae  and  are  usually  inclined  at  slight  angles  to  one
another  as  well  as   to  the  shell  margin.     In  addition,   the

enclosing  fiber.s  of  the  inner  layer  are  coarser  and  much

nor.e   strongly  arched,   adjacent   to   the  pseudopunctae.     Common

pseudopunctate  representatives  ln  the  Toronto  are  Derbyia,

Meekella,   Neochonetes marglnlferids,   and  dlctyoclostlds.

Impunctate  shells  are  dense  with  an  inner  layer  of  coarse

flbers  somewhat  like  that  of  the  pseudopunctate  shell.

Common   impunctate  genera  ar.e   Composlta Neospiplfer. and
Crur`1thyris.     Some  lmpunctate  representatives,   such  as

Composita and  Neosplrlfer have  a  third  calcareous  layer  of

PI`ismatic  calcite  which  resulted  fl.om  modlficatlon  of  the
Zil

inner  carbonate   layer   (vyllllams,.1956).     The  brachlopods

were  not  subdlvlded_  because  of   the  lmposslbllity  of  asBlgn-

lng  small  fragments  to, a  subdivision  category.

Bra Spines

Brachlopod   spines  wer.e  tr.eated  as  a  separ.ate   category

because  they  serve  as  an  index  to   the  presence  of  Productlds

and  chonetlds.     Originally,   they  were  hollow   centered  with  a

thick  inner  fibrous  carbonate  layer  and  a  thin  outer  fibrous

layer  with  the  flbel.a  ol.lented  nor.mal  to  the  surface  of  the

lr`.ner  layer.     The  outline  ls  circular  ln  sections  normal  to

long  dlmenslon,   and  rodllke  ln  tangential  cuts,   with  sections

lntel`medlate  between  the  two,   being  elllptlcal.

Mol |uscJ

Most  molluscan   shells   consist  of  mosaic  spar.ry  cal-

Clte,   which  18  a  result  of  alteration  of  or.191nal  shell
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structure.     This  ls  in  sharp  contrast  to  brachiopods  which

invariably  have  a  char.acteristlc  microstl.ucture  as  descr'ibed

above.     The   lack  of  shell  stnictul`e  presel.vatlon  in  molluscan

remains  ls  related  to   the  lnBtablllty  of  orlglnal  components

of  the  shell.     The  most  plausible  explanation  seems   to  be

that  the  original  composition  of  most  altered  molluscan  shells

was  ar`agonite  which  has   subsequently  been  alter`ed   to   calclte.

To   the  contrar.y,   those  molluscan  shells  whose  mlcr.ostructure

ls  pr'eserved  wer.e  pr.obably  originally  composed  of   the  more

stable  calclte  as  were  articulate  brachlopod  shells.

Altered  Toront,o  molluscan  remains   consist  of  two

general   types.     In  one  case,   mosaic  calclte  spar  ls   char.ac-

terized  by  highly  lrregulal`  cr.ystal  shapes  and  boundarleB

without  systematic  ar.rangement  of  the   crystals  accor'dlng  to

Size.     In  the   second  case,   the  spar  graLlns   tend  to  have

Planar.  boundaries  and   the  smaller.  crystals  are  confined  to

the  edges  of  shell  with  the  grain-size  being  the  coarsest

along  a  central  zone  parallel   to  both  shell  mar.gins®     Case

one  may  be  the  result  of  either  lnver.sion  or  aragonitlc

material  to  calcite  or  lrr.egular.  replacement  of  aragonite

by  calclte,   but  case  two  is  probably  the  result  of  dissolu-

tion  of  aragonltlc  material  foriming  a  mold,   followed  by

later  lnfllllng  of  the  cavity  by  calclte  spar  in  much  the

Same  way  that  carbonate  rock  cavity  types  are  f llled  by  spar

(Sanders,1951;   Bathurst,1958).

Pelecypods  can  be  distinguished  from  gastropods  on

the  basis  of  shell  shapes;   however,   the  two   classes  wer'e

gr`ouped  for  statistical  treatment.     In  a  few  I.are  instances,
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pliismatlc   layered  pelecypod   Shells  were  obsel.ved  which

appear`ed  as  prisms  in  vertical  sections  or.  as  a  polygonal-

shaped  cellular  network  in  horizontal  sections. Myallna

has  a  thick  shell  with  a  distinctive  mlcrostructure  which

allows  it  to  be  distlngulshed  from  other  molluscs,   but  for

the  most  par't  lt  was  not  possible  to  ldentlfy  molluscan  taxa

lower  than  class  level.

Thus  there  was  no  difficulty  ln  discrlminatlon  between

bl.achiopods  and  molluscs  ln  thin  section,   but  the  dlstlnction

between  platy  algae   (Eugonophyllum)   and  molluscan  fragments

posed  a  pr.oblem  ln  many  cases.     Generally  shape  and  ornamenta-

tion  allow  molluscan  shells  to  be  dlfferentlated  fr`om  undulant,

elongated  platy  algae  with  manglnal  utr'icleB.

Echlnoderm  Plates   and   ColumnalB

Crlterla  for  the  recognltlon  of  echinoderm  I.emalns  ln

thin  Bectlon  are  unit  extinction  of  individual  test  components

when  viewed  with  crossed  polar.lzed  light  and  homogenous  retl-

culate  textur.e.     Horizontal  sections  of  crinold  columnals  are

Circular,   and  ver`tlcal  sections  are  rectangular.     Echinoderm

Plates  are  generally  polygonal  ln  outline.

Echinold Spines

Echinoid  spines   can  be  I`ecognized  by  their'  circular

to  elliptical  outline  ln  combination  with  a  relatively  large

lntermal  opening  enclosed  by  a  complex  symmetrical  porous

Structure  of  a  trellis  network,  having  the  appearance  of  a

wheel  with  or'nate   spokes.
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Trllobltes
Trllobite's  as  seen  in  thin  section  are  generally  dls-

artlculated,   appearing  as  small  fish-hook  or  S-shaped  objects

with  a  homogeneous   Shell   structul`e  char'acterized  by  undulatory

extinction  and  brownish-orari8e   color  when  viewed  with  cross-

polarlzed  light.     All  Toronto  specimens  are  I`eferred  to  the

genus  I)1tomopyge.

Ostracodes

Ostracode  shells  are  generally  smaller.  and  thinner

than  pelecypod  or  bl.achlopod  shells®     In  addition,   articulated

shells  characteristically  show  partial  to  complete  overlap  of

the  two  valves.     Migrating  extlnctlon  under  cr.oss-polarized

light  ls  also  a  dlagnostlc  character.
I

Miscellaneous  Skeletal

Quantltatlvely  less  important  constituentB  of  the
Toronto  Limestone  include  the  solitary  ]ophophyllldld  and

colonial  Syrlngopora  corals,

Girtyocoelia

the  sponges,   Coelcladla   and

and  calcareous   Sponge  spicules.

Lophophyllldld  corals  can  be  distinguished  from  bl`yo-

Zoans,   with  which  they  might  be  confused,   on  the  basis  of

genel`al  shape  and   the  presence  of  thick  lmbricate  septae  and

thickened  epltheca  as  seen  ln  thin  section.     The  lntel.nal

Cellular  network  of  the  bryozoans  is  genel.ally  much  finer  ln

Size  and  less   intricate  as  compal.ed  to   the  corals.     Coelcladld

Sponges  were  recognized  by  their.  spongy  mlcrostr'ucture   com-

posed  of  a  skeletal  wall   (spar)  arld  canal  flllirlg   (mud).     In

addltlon,   Coelcladia  has  a  circular  outline  and  a  moderately
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1arge  central  cavity.     The  sponge  genus,   Glrtyocoelia,   is
composed  of  several  subspherlcal  chambers  arranged  along  a

straight  axis.     The  chamber  walls  ar.e  composed  of  calcite

spar.     Small  monaxon   sponge(?)   splcules  of  calclte   composltlon

can  be  ldentlfled  in  some  cases  although  they  are  quantltavely

unimportant.

Unknown Skeletal

Skeletal  grains  that  could  not  be  identified  with
reasonable  certainty  and  Skeletal  material  of  unknown  origin

were  grouped  ln   this  categor.y.

Non8keletal  Components

Nonskeletal   components  of  the  Toronto  I,lmestone  include

grains   (1ntraclasts,  pelletolds,   and  teirlgenou8  quartz),  mud
matr'lx,   and  post-depo81tlonal  components   (calclte  spar,   dolo-

mite   rhombs,   and   cher.t).

Intraclasts

Folk   (1962,   p.   63)   defines   the   terim   intriaclast.   as

.    .    .   fragments  of  penecontemporaneous,   gener.ally  weakly

Consolidated   carbonate   sediment   that  have  been  el.oded  from

adJolnlng  parts  of  the  sea  bottom  and  redeposlted   to  form  a

new   sediment   (hence   the   term   lintr.aclastl,   slgnlfylng  that

they  have  been   r'eworked  from  within  the  area  of

and  wlthln  the
deposition

same  formation.     It  does  not  refer  to  single
fossils,   oolites,   or  pellets,   momentarily  laid  down  and  then

Picked  up,   but  only  to  clusters  of such  gr.aims   bonded   together
by  welding,   by  car.bonate   cement,   or  lime  mud--proving  that

they  had  once  been  a  part  of  a  coherent  sediment."
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Fr'agments  of  carlbonate   sedlments,   essentially  identical

in  composition   to   the  Bedlments  ln  which  they  are  enclosed,

are  Present  in  the  T'oronto  Limestone.     Several  types  of  intra-

claBts  ar.e  present.     The  first  type  ls  that  of  angular,

al.glllaceous   lime  mudstone   fragments.     The   second   type   con-

Blsts  of  lime  mudstone  fragments  contalnlng  fusullnlds,   echln-

oderm  I.emalns,   and  brachlopod  fragments  which  show  truncatlon

of  skeletal  grains  along  the  edges  of  the  intraclast;  in

addition,   ther`e  al.e  encrustlng  br.yozoans  and   "Cr.yptozoon"

growth  on  the  clast.     The  third  lntl.aclast  group  ls  made  uP

of elongated  lime  mudstone  fragments   that  resemble   the  sup-

rounding  matrix.     Because  they  are  discr.eet  par.ticles  that

Possess  lamlnation,   the  attitude  of  which  is  contrary  to

gr'avity,   the`fragments  are  cleal`ly  clasts  of  rock.     Well-

sprted   calcar.ens   (carbonate   sand  gI.aims)   cemented  by  calcite

spar  are  the  fourth  lntraclast  type.     All  four  sediment  frag-

ment  types  are  of  a  composltlon  that  ls  identical  to  the  en-

Clo81ng  sediment;   hence   they  qualify  as   lntraclasts   ln  accor`d-

ance  with  Folkls  definition.     All  four  types  wer`e  grouped  as

a  Blngle  category  for  point  counting  convenience  because

they  do  not  occur.  with  a  high  degree  of  fr.equence.

Pelletolds

These  are  small  elllpsoidal  aggregates  of  car.bonate

mud  with  a  homogeneous   lntermal   structure.      In   some  cases,

they  may  be  invertebrate  faecal  pellets,   but  some  of   them

may  be   small  intraclasts.
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Eir_rigen±±±± £±E£ ±±£ §±±£
Quartz  Band  and  silt  are  present  at  the  base  of  the

Tol'onto  I.1meBtone  at  a  few   localltles.     The  particles  are

angular   to   Bubrounded   aLnd  range   in   size  from   0.06   to   0.2  mm.

Mud

Mlcrocrystalline  calclte,  as  well  as  skeletal  particles

and  terrlgenous  detritus  less  than  0.06  mm.   In  particle  dia-

meter,   are  the  components  of  mud.     Skeletal  grains  within  the

Toronto  are  gradatlonal  ln  Blze  from  unbroken  or  articulated

speclinens  to  skeletal  particles  which  are  of  slit-and-finer-

Blzes.     The  particle   size  of  0.06  IIim.   was  used  aLs  an  arbitrary

cutoff  because  lt  marks  the  approximate  lower  llmlt  above  which

skeletal  grain  types  can  be  ldentlfled  with  reasonable  certainty,

and,  mol.e  importantly,   1t  has  environmental  slgnlflcance  ln

terms  of  hydraulic  behavior.     Smaller  particles  may  be  tranB-

Ported  more  easily  than  larger  oneB  so  that  the  percentage  of

fine  matel.1al  in  a  rock  is  a  crude  index  of  relative  cur.I`ent

stl`ength   (Purdy,1963,   P.   339).

Calclte EE=
Clear,  crystalline  calclte  that  flllB  inter-and-1ntra-

granular  voids  can  be  dlstlnguished  from  mlcrocrystalllne
Calcite  mud  ln  most  caLse8  by  its  larger  crystal  size  and

Clarity.     However.,   1n  well-sol.ted,   fine   carbonate   sands   the

dlstlnctlon  ls  more  dlff lcult  because  the  grain  size  of  Spar

ls  dependent  upon  the  size  of  the  pot.e  space,   other  factors

being  equal.     This  distlnctlon  did  not  pose  a  ser.ious  problem

ln  the  Tor.onto   Study  because  fine  carbonate  sands  are  rare.



Post-Deposltlonal

-90-

Alteration

Most  Toronto   Limestone   thin  sections   show  a  high

degl`ee  of  alteration  of  original  material.     In  many  cases,

mud-suppor'ted   lime  mudstones   contain  small  patches  of   spat.ry

calclte  of  irregular.  size  and  shape  that  gI.ade  gradually  into

sur'r'oundlng  mud  arieas.     There  ls  no   evidence   that   t,he  patches

have  resulted  from  recrystallizatlon  of  skeletal  components,

nor  is  ther'e  any  textural  evidence  that  they  are  filled

cavities   (see  Sanderi,1951;   Bathul`st,1958).      In  such  cases

where   the  original  composition  of  the  matrix  was  appar'ent,

even   though  an  ol.lginal  mud  matrix  had  been  I.ear.ystallized,

1t  was   tabulated  as  mud.     However,   1f   the  alteration  was   so

advanced  that  matr.1x  and  skeletal  grains  were  both  affected,

the  altered  mater`1al  was  grouped  into  a  special  categor.y  as

r e C I, stalllzed  matrix.

Cleal`ly  secondar.y  components   include  dolomite  and

Chert.     Small  euhedral  rhombs  of  the  mineral  dolomite  ar.e

developed,   not  only  in   the  matriix  of  the  rock,   but  ar'e

Present  wlthln  skeletal  str.uctur.es.     If  dolomitlzation  was

minor  and  or.iginal  composition  could  be  imf erred  with  reason-

able  certainty,   dolomite  was  ignored  ln  the  point  counts.

However,   if  dolomltizatlon  was  advanced   to   the  extent  of

mashing  orlglnal  composltlon,   it  was  also  tabulat,ed  as  re-

r'ystalllzed  matr`ix.

Cher.t,   aB   seen  at   the  outcrop,   occur.s  as  nodules  and

Smaller  lentlcular  masses.     In  thin  section,   lt  was  c)bBerved

ln  all  stages  of  I`eplacement  from  partial  replacement  of

Skeletal  remalnB  with  I.ock  matrix  little  affected  through





-92-

POINT   COUNT   ANALYSES

METhoD

The  approach  ln  this  study  was  to  ldentlfy  and  estimate

the  percentages  of  aB  many  different  gralnTand-,matrl}  `types

as  possible.     Through  observed  lateral -and-vertical  variations

of  conBtltuent  composltlon  and   through  deductions   concerning

the  environmental  slgnlficance  of  the  different  gr.ain'-andi+

matrix -types,   it  appeared  that  signlflcant  inferences  could

be  made  with  respect  to  paleoenvlronments.

Several  hundred  thin  sections,   ol.iented  normal  to

bedding  surfaces,   were  pl.epared.     They  were  examined  in

Plane-and   cl.oss-.polarized  light  with  a   student  model  Leitz
I

Petrogr.aphlc  microscope.     After  a   sul.vey  of  each  thin  section,

1n  which  as  many  different  grain  types  were  identified  as  was

possible,   a  point-count  data  sheet  was  -prepared   (Table  3).

One  hundred  and  fol`ty  thin  sections  wer.e  selected  for.  percent-

age  estlmatlons  of  grain-and-matrix-types   (Fig.   6).     A  Swift

Automatic   Point-Countel`  was  utilized  in  obtaining  a  volumetr'ic

estimate  of  the  various   components  in  Sample.

As  a  means  of  determlnlng  the  number  of  counts   that

were   to  be  made  for  each  slide,   1n  order  to  obtain  reproduc-

ible  results,   point  counts  of  250,   500,   and  1000  points  each

were  made  on  seveI`al  duplicate   thin  sections  of  beds  from

different  localltles.     From  these  studies,   lt  was  concluded

that  about  500  counts  per  slide  had  to  be  made  because  varla-

tlon  between  duplicate   samples  from  the  same  bed  at  the   same

locality  slgnlflcantly  exceeded  operator.  error  for  500  points,
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TABLE   3

polNT  count   DATA   SHEET

(TORONTO   LIMESTONE)

Thin   section  #                                    Facle8Date Start End Freq . I.a I.a

I       ED inastooora
2.      Platv   algae3.TublDhvtes (w/   or  w/o  walls)4I)arkcoatedBrains

I
5.      Laminated   coated   Erain86.Encrustinfcomolex(note   tvoe)7.Calcitornella(tn.v6.tk.walls)8Fusulinids.

9       Other   forams
.10.      Soonfes   (tests   vs.   sDlcules`11.Corals(colonialvs.8olitarv`12Feue§tratebrvozoans

13.      Ramose   brvozoans
14.      Encrusclng   brvozoans15Brachiooodshells

16.      Brachiot)od   sDlnes17.Mollusks(soecifv   tvDe§)18.Ec:hinodermI)ls.&cls.19Echinoidspines

I

20.     Trilobites
21.      Ostracodes22Unknownskeletal - I- I

23       Total  skeletal E==== I-i=-a
24       Soar   cement
25.     Mud26.Recrv§tallized  matrix   (soecifv}27.Lithoclast828Pelletoids

I

=

29.      Dolomite   rhombs I
30.     TerriEenous   auartz   (sit.   vs.   sd.)31.Chert I
32.     Miscellaneous  nan-Skeletal33.Totalnon-skelet.al - - I-ET=T--

TOTAL : T-- -
Mud-.   f!raln-.   or   frame-Bupi.ore
Artlculatlon`   £ramien[ation
Particle  size
Sortin

Beddin
Burrows

sheltered roofed

Kind.   thickness.   and  uniformityr  of  coatin

or  vlo 8edlment floors

Rock   t
Coments
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but  did  not  exceed  operator  error  for  250  points.

Grains   larger  than  0.06  mm.   were  ldentlfled  because

the  llmlt  of  ldentlflcatlons  on  which  confidence  can  be

placed  ls  reached  at  approximately  this  size.     Thus  detrltal

meter.1al  finer  than  0.06  mm.   was  grouped  with  finer  material

as   mud.

In  point  counting,   a  series  of  equally  spaced  traverses

wer'e  made  across   the  thin  section  such  that  a  total  of  500

stops  or  p6ints  were  accumulated.     At  each  stop,   the  particle

larger  than  0.06  mm.   beneath  the  ocular  cross-half  was  identl-

fled  as  to  gI`ain  type,   1f  possible.     Particles  of  organic

origin  which  could  not  be  assigned  to  one  of  the  skeletal

grain  categorleB  with  reasonable  confidence  wel.e  tabulated  as

unknown  skeletal.

Tabulation  Conventions

For  the  purposes  of  determlnatlon  of  constituent

composltlon  of  Toronto   cat.bonate  rocks,   sever.al  tabulation

Conventions  were  eBtabllshed  ln  addltlon  to   those  dlscuBsed

Previously.     Skeletal  grains  encrusted  by  stromatolitic

mater`lal   (Osag_±a.  or   "Crvptopogp")   were   tabulated  as   stroma-

tolites  if  ten  percent  or  more  of  the  fragment  was  observed

to  be  encrusted.     If  a  skeletal  constituent  was  encrusted  by

foramlnlfers  or  the  ol.ganlsm  `'  TublphyteLE,   tabulation  was

dictated  by  the  posltlon  of  the  cross-hairs  because  encrust-

ing  foraminlfers  and  cer.taln  types  of  algae  can  gr.ow  on  llv-

ins  organisms.     Algal  mat  was   tallied  as   such  only  when

Sediment  lnferl`ed  to  have  been  controlled  by  the  living  inat
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was  encountered.     Layers  of  normal  sediment  between  mat

layers  were  analyzed  as  detrital  sedlments.     In  valved

organlsms'   (e.g.   pelecypods,   gastropodB,   and  ostracodes),   the

void  space  within  the  valves  was  tallied  as  skeletal  material

of  the  organism  in  question  only  when   the  valves  were  closed.

Points  within  voids  that  were  sur.rounded  by  skeletal  car.bonate

of  a  solitary  or  col'onlal  orgahlsri   (e.g.,   foramlnifer  chambers,

gastropod  lnterlors,   and  open  spaces  within  corals  and  bryo-

zoans)  were  tabulated  as  skeletal.

`--f-`.    ,I

`1   `     ,-~      ----
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FACIES   RECOGNITION

In  examining  ancient  carbonate  I.ocks  for  the  purpose

of  reconstructing  deposltlonal  environments,   lt  ls  imper'ative

that  dlstinctlons  be  made  between  deposltlonal  and  dlagenetlc

featul.es.     Thus  the  rock  is  viewed  as  an  altered  sediment

whose  original  sediment  type  can  be  reconstructed  if  diagenetlc

modlficatlons  have  not  been   severe.     In  this  way,   we  can  hope-

fully  make  extr.apolatlons  from  an  ancient  rock  sequence  such

aB   the  Tor.onto  to  its  original  sediment  types.     These  recon-

structed  sedlments  may  be  clasBlf led  on  the  basis  of  their

various  components  into  a  hierarchy  of  sediment  types.     From

this  classlf icatlon  scheme  suites  of  sediment  are  grouped  into
-\                  ,           -                -

various  categories,   termed  deposltlonal  facles,   interpreted

as  being  lndlcatlve  of  different  depositlonal  environments.

Each  genetic  unit  or  sequence  of  carbonate  I.ocks   such

as   the  Toronto   Limestone,   Ijeavenworth  Limestone,   Glen  Rose

Limestone,   Muav  Limestone,   etc.   1s  a   separate  pr.oblem  in

sediment  type  classlflcatlon  because  organlsmB   compr'ise  a

significant  percentage  of  these  I`ocks  and  due  to  evolution,

blogeogr.aphy,   and  environmental  differ.ences   the  or.ganlsms

var`y  from  one  unit  or  sequence  to   the  next.

With  dat,a   involving  as  many  variables  as  was  utlllzed

in  facies   recognition  wlthln  the  Toronto  Limestone,   the  only

form  of  analysis  which  can  give  contemporaneous  consideration

to  all  Parametel`s  ls  the  statlstlcal  approach.     A  statistical

method  called  factor  analysis  was  used  in  the  Toronto   study.

It  has  been  employed  very  successfully  ln  previous  investiga-

tions  of  moderin  -  as  well   as   ancient   -   sedlments   (Purdy  and



-96-

Imbrle,1962;   Imbrle,1963;   and   Pusey,1964).      Thus,   the

method  ls   considered  to  have  been   teBted  sufficiently  so

that  I`esults  of  a  factor  analysis  might  be  considered  as

r'elleable  and  a  worthwhile  endeavor  ln  interpr.eting  Tor.onto

data .

After  thor'ough  examination  of  several  hundred  thin

Bectlons  of   the  Toronto  I,imestone,   in  which  the  attempt  was

rna.de   to   identify  as  many  varlables  as  possible,   those   samples

interpreted  as  being  sufficiently  well  pr.eserved  were  selected

for  point-count  analyses   (Fig.   6).     Upon  completion  of  analy-

tical  treatment  of  each  of  the  140  slides  selected  for  polnt-

count  deter'mlnations,   1t  was  apparent  that  some  of  the  cate-

gories  were  encounter.ed  so  infrequently  that  they  should  be

omitted  fl`om  statistical  computations.     The  data  wel.e  then  re-

tabulated  prior'  to  key-punching.

The  objectives   of   the  factor.  analyses  wer]e:    (i)   to

explore   the  r`elatlonshlps  among  varlables,   and   (2)   to   examine

the  relationships  among  cases  or  samples.     The  computatlonal

steps  and  analyses  per.formed  in   (i)   the  R-mode   (between

Varlables)   and   (2)   the  Q-mode   (between   samples)   al`e   listed

below :

R-mode

(1)   r-matrix

(2)  inltlal  factor  matrix

(3)  rotated  factor  matrix

Q-mode

(i)   cos  matr.lx

(2)   initial  factor  matrix

(3)   rotated  factor  matrix

The   computations  wer`e  made  using  the   techniques   of   Imbrie

(1963)   and  an  IBM  7090  computer.     A  hierarchial   classification
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of  the  R-mode  factor  analysis  was   constructed  by  computing

mean  slmllarities  between  the  factor  reactor  groups.     The

variable  denarogram   (Fig.  Tj)   lndicate8  that  the  constituent

components  of  the  Toronto  Limestone  tend  to  occur  ln  eight

reaction  groups  as   diagr.ammed.

Two   separate  Q-mode  analyses  were  made  with  10  factors

being  extracted  ln  each.     In  the  first  analysis  the  raw-data

matrix  was  utlllzed  ln  the  computatlonB,   but  in  the  second

case  the  raw-data  matrix  was  transformed  before  making  Btatls-

tlcal  analyses  so   that  the  data  were  recorded  aB  a  Percent

of  the  maximum  value  of   the  I.espectlve  val.1ables.     The  trans-

fomatlon  was  done  to  ellmlnate  the  dlsproportlonate  lnflu-

ence  of  varlables  constltutlng  a  large  percentage  of  the

samples .

The  three  hl.ghest  factor  loadlngs  for  each  sample  ln

the  two  Q-mode  analyses  were  plotted  on  restored  cross-

sections.     No  Blgnlflcant  varlatlons  were  noted  ln  analysis

of  the  untr.ansformed  rotated  faLctor  lnatrlx  because  one  of

the  varlables,   mud,   bulks  large  ln  most  of  the  samples.

This  was  eliminated  by  analyzing  transformed  data.

The  samples  were   sorted  into   10  groups  according  to

the  factor  on  which  each   sample  was  we-±ghted  or  loaded   the

highest.     The  point-count  data   sheets  were  then  examined

Visually  ln  an  effort  to  determine  which  val.1ables  reacted

together  wlthln  the  different  factors  ln  the  Q-mode  analysis.

Recognition  of   the  parameters  which  were  complimentary  ln

eaich  of  the  faictors  allowed  evaluation  of  the  different

factors  for  purposes  of  facles  dlllneatlon.     A  total  of  five



EmLANAI'ION  OF  FIGURE  8

Dlagran  showing  8edimentaLry  facies  of  the  Toronto  Linestone
and  equivalent  shale.
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EXPLANA'I'I0N  0F   FIGURE  9

Histogram  showing  the  rock  and  biotic  composition  of the
five  facles  and  three  subfacies  within  the  Toronto  Limestone.

¥ffi#=?ir}¥ankf:k:#aih;:iismpe8(:£}rkteinrinng#fap
on  the right  illustrate  the  composjtlon  of the  skeletal  grains
in  terms  of  ro  biotic  constltuents.     (Platy  algao  -PA,  Tubiptrytes
=  TU,   ceagia  =  Oa,   llcryptozoon"  -  Cy, terrinella - Ap
Fenestrate  Bryozoans  =  FB,  Brachiopod  She ls  =  BS,  Molluscs  I
Bchinoderm  fragmgr,t,a  -  rminly  crinoids  =  EF,   and  Ostracodes  =

A.    Osagia  Grain  facles
a.    Brac}iiopod  Facies
C.     Fenestrate  Bryozoari-Echlnoderm  Grain  Facles
D.    Skeletal  Mud  facies,  Osagia  Subfacies
E.    SkeL9t.al Mud  Facies,  Mixed  Biota  Subfacies
F.    Ske].etal  Mud  lfacies,   lIcryptozoon"-Molluscarl

Sutfacies
0.     Llinf   Mud  Facies

#Oj.
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factorB  was  interpreted  ais  forming  dlstlnctlve  nuclear  groups

of  facles  slgnlflcance.     Conslderatlon  of  addltlonal  data

which  were  not  factored  as  well  as  geographlcal  trends  of

the  factor  loading  plots  resulted  ln  the  dlllneatlon  of  a

sixth  facles  and  a  subdivision  of  one  facles  into  three  Bub-

facleB  and  another  into   two   subfacle8.     A  diagram  of  the

facies  aBslgnment  procedure  ls   Shown  ln  Figure  8.

Figure  9  is  a  diagram  showing  the  llthologic  and  bio-

logic  composltlon  of  the  facles  and  subfacles  which  were

Point-counted.     Figure  10  ls  a  restored  cross  section  of  the

Toronto  and  contiguous  strata  showing  the  dlstributlon  of

facles ,



ExplANATIOv  OF  FIGunE  ro

Restored  cross-section  of  the  Toronto  Limestone  chcwlng
s Bdiment,ary  facies .
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FACIES   I)ESCRIPTIONS   AND   ENVHONMENTS   OF   DEPOSITION

Fosslllferous  Terrlgenous  Mud  Facles

Description

Marine   shales  al.e  present  contiguous  with  and  sub-

jacent  to   the  Tor.onto  Limestone  ln  souther.n  Kansas  from

southern  Woodson  County  southward  into   Osage  County,   Okla-

homa,   and  from  Douglas  County  in  northern  Kansas   to  Buchanan

County  in  Missouri.

In  Gr.eenwood  and  Elk  counties,   Kansas,   green   shale

18  Present  above  the  thin  coal  zone  and  these  shales  are

lntel.bedded  with  limestone  beds  of  the  Toronto.     Pr.ogresslve

replacement  of  limestone  beds  by  green  fosslliferouB  shale

ln  a  southerly  dlrectlon  ls  indicative  of  facies  change

fr.om  limestone   to  fine  clastlcs.

The  shale   interval  between  the  Toronto  Limestone  and

the  coal  bed  at  I.ocallty  I  ln  Woodson  County  varies  from  a

quartel`  of  an  inch  to  several  feet  over  distances  of  approxi-
mately  loo  yal.ds;   shale  ls  I)lue-gray  and  contains   the  macro-

fossils  Derbyia   (abundant) , Juresanla,   Composita ( common ) ,

and   a   few   rhombopol.1d   bryozoans.      This   shale  becomes   gI.ay-

green  between  Localities  i  and  3.     At  Locality  3,   it  has

yielded   the  br.achlopods  Derbyla   crassa ( abundant ) , Composlta,

and  Crurlthyrls.     Insoluble  residues  of  the  same  bed  contain

conodonts   (Cavusghathus ) and  Ammodiscus,   a   small,   planlspir.al,

agglutinated  foramlnlfer.

Coal  ls  not  present  beneath  the  Tor.onto  I,1mestone  at

Locality  4  and  the  pr.esence  of  thin  sands  lnterbedded  with
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the  fos8lllferous  green  shales  suggests  the  posslblllty  of

erosion  of  the  coal.     The  green  Shale  bed  above  the  basal

limestone  strlnger  at  I.ocallty  4  contains  a  pl'ofuse  accunu-

latlon  of  small,   robust  fusulinlds  which  ls  asBoclated  with

NeochoneteB   (abundant) , Echinoconchus , 4itiquato-n±, Derby-

oldes,   and  echlnold  plate  fragments;   green  shales  beneath

the  fusullnld  shale  contain  brachiopod  fragments  and  spines.

A  lophophyllldld  col'al  was  collected  from  a  clacareous   zone

within  the  shale.

At  Locality  5,   the  fusullnld-rich  shale  is  developed

at  the  base  of  the  Toronto  I.1mestone.     It  rests  on  a  thin

green  shale  which,   1n  turn,   overlies  a  blue-gray  Shale
Sequence   capped  by  a  brown  oxidized   zone.     A   coal  bed  is

present  beneath  the  blue-gray  shale.     The  oxlalzed  zone

Suggests   emergent   condltlons   subsequent  to  coal  and  blue-

gr.ay  shale  deposltlon  and  prior  to   lnundatlon  by  marine  watel`s.

The  fusullnld-rich  shale,  present  at  the  base  of  the

Toronto  Limestone  at  Locality  5,   has  also  been  observed  at

Localities  6,   6A,   6.5,   7A,   78,   and  7.5.     Macro fossils   col-

lected  from  this  llthology  at  I.ocallty  5

(OI.thomyalina ) , Composlta , Punctospirlf

include  Myal

er'

Neosplrifer,   Del`byoldes,   I)erbyla,

ina

Neo chone te s ,

Echinoconchus,   and Antl-

quatonla,   crlnold  columnals,   echlnold  spines,   lophophyllidid

and  syrlngoporld   corals  and  bryozoans.     A  thinner   (0.4  foot)

bed  of  shale  beneath  the  fusullnld-rich  shale  contains  the

Pelecypods Pleurophorus , Posldonla,   and "Aviculopecten"   in

aLddltlon  to   enc]:.ustlng  bryozoans  and  abundant Composl
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Ostracodes  ldentlfied  from  the  fusullnld  shale  were

thocyprls, Healdia, Balrdla, ssites,  and

pseudo-

Moorltes .

AmmodlBcus  was   recovered  in  insoluble  residues  of  both  Bhales.

A  five-foot  bed  of  blue-gray,   silty  shale,  bearing
coallfled

plant  remains,   occurs  between  the  fosslllferous  shales  and

the   coal   seam.

The   same  sequence  as  described  above  also  at3ains  at

tocallty  6A  with  two  notable  exceptions.     First,   thin,

Btrlngy,   current-rippled  calcareouB  Bandstones  and  green

sandy  shales  bearing ''Avl cten" , Nuculana , Posldonla,

1lna,   and  plant  fragments  al`e  lnterstratlfled  "1th  the

blue-gray  shale  bearing  plant  fragments.     Several  specimens

of  the  ostracode Joneslna  were  the  only  invertebrate  remains

extracted  fl`om  the  blue-gray  shale   zone.     The  sandstone  beds

are  less  than  a  foot  thick  and  persist  laterally  for  dls-

tanceB  of  20  to  50  feet  or  so.

At  Localltles  6.5,  and  7,   the  fusulinid-rich  shale

ls  lntercalated  between  a  basal  bed  of  Toronto  Limestone  and

a  bed  of  Mya llna-rich  shale  which  rests  on  a  blue-gray  shale

oveI`lylng  a  thin  coal. Joneslna  was  the  only  invertebrate?
\.- grJ a-

fossil  recovered  from ,the  blue-gray  shale  superjacent  to   the

coal .

Megafosslllferous  green  shales  with  occasional  thin

limestone  Platy-to-nodular  zones  are  pl`esent  beneath  the

Toronto  I,lmestone  as  far  south  as  Locallt,y  18  1n  OBage

County,   Oklahoma.
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At  I.ocallty  18,   a  0.3  foot  thick  limestone  occurs

about  10  feet  beneath  a  thicker  limestone  considered  to  be

equivalent  to  the  Toronto  Limestone.     The  thin  limestone

contains  Myallna

porld  bryozoans,

(Or.thomyallna) ,   crlnoid  columnals,   rhombo-
"Avlculopecten",   and  brachlopod  fragments.

The  shales  developed  between  the   two  llmestones  have  not

yielded  megafossils  but  the  foramlnifer Involutlna  ls  abun-

dant  ln  them.

Examination  of'   the  Oread   Sequence  at  Locality  23,   two

miles   south  of  Locality  18,   has  revealed  Leavenworth  Lime-

stone  an  approximate  50-75  foot  Section  of  interb€dded  red

shale  and  sandstone,   a  cross-bedded  sandstone,   less   than  10

fee`t  thick,   containing  small  current  ripples  and  pelecypods

(only  in  the  basal  few  inches),   and  a  thin,   silty  llmest,one

sever.al  inches  thick  which  ls  sepal.abed  from  the  overlying

sandstone  by  several  inches  of  green  shale.     Fossils  found

in  the  limestone  include  Derbyia,

Or`thomyalina

Neochonetes ,   Myalina

Nuculana,   Edmondla,   rhomboporld  br'yozoans,

and  crlnoid  columnals.     In  addltlon,   an  almost  complete

cr.lnold  calyx  was  collected  from  the  limestone.     At  least

several  feet  of  green  shale  ls  present  beneath  the  limestone

followed  by  a  partially  covered  red  shale  section  60-90

feet  thick  which  ls  under`lain  by  a  sandstone  body,   in  ex-

cess  of  10  feet  thick,   chaLracterlzed  by  festoon  crossbed-

ding .

For  the  most  par't,   shales  above   the  Toronto  Limestone

Southward  from  Coffey  County,   Kansas,   have  yielded  few   fos-

sils  and  these  were  found  only  in  the  lower  few  feet  of  the
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Snyder'vllle.      Ammondlscus

Cave]11.na,   Healdia, Pseudob

(abundant),   braehlopod  spines,

thocyp rls,   and  cf . BaiI'dia  wel.e

1dentlfied  from  washed   shales  at  Locality  18.     The  brachiopod

Crurlthyris  and ostracodes  Cavellina,   Healdla,Bairdia,   and

Holllnella  were  ldentifled  from  the  lower'  four  feet  of  Snyder-

vllle  at  I,ocality  8.     Pseudob thocyprls  and Cavellina  wer'e

1dentlfied  from  a  two-foot  bed  of  gr.een  shale  resting  on  the

Toronto  at  Locality  1;   the  green  shale  is  over'lain  directly

by  a  nonflssle,   blocky  red  shale  that  has  yielded  charophyte

oogonla.     Charophyte  oogonla  wel.e  found  ln  the  red  shale

overlying  the  Tor.onto  at  Ijocallty  6A.

At  I-ocalitles   25,   20,   9  and  13,   the  Tol'onto  Limestone

I`ests  on  unfossllifel.ous   shales.     However.,   from  I,ocality  22

near  lawrence,   Kansas,   northward  to  St.   Joseph,   Missouri,

the  shale  beneath  the  Toronto  iB  fosslllferous  in  the  upper

Par.t.     Crlnold  columnals  and  lnal`tlculate  brachlopods  are

Present  at  Locality  22  ln  the  upper  sever.al  inches  of  a

two-foot  shale  zone   subjacent   to   the  Tor.onto.

No  fossils  were  found  ln  the  Snyderville  Shale  from

Locality  I  northward  to  Locality  13.     At  Ijocalities  13  and

22,  won  fish  teeth  and  gastropod  fragments  wer.e  gathel`ed

from  the  basal  few  inches  of  the  shale  and  a  few   specimens

of  the  ostriacodeB   "Joneslna",   Cavellina,   and  Bairdia  were

recovered  fI.om  this   zone  at  Ijocality  22.     At  Ijocallty  15A,

paired  and  unpalred   BpeclmenB  of Myallna  abound;   microBcoplc

examinations  revealed  brachlopod  spines,

nile  Myallna,

bythocyprls ,

Ammodiscus,   a  .juve-

and  the  ostracodes  Cavelllna,

and  Ball`dla.

Healdia, Pseudo-
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The  only  other  fosslllferous  zone  present  in  the

Snydervllle  occurs  aB  a   thin   (six  inches  or.  so)   zone  sub-

Jacent  to   the  Leavenworth  I.1mestone  at  most  localltles

examined  ln  Kansas,   Missouri,   Nebraska,   and   Iowa.

Fosslllferous  marine  shale  is  pr.esent  beneath  the

Tor'onto  Limestone  from  Locality  15  whelie  lt  ls   thl`ee  feet

thick  to  I,ocallty  10  where  lt  ls  two  feet  thick.     In  addl-

tlon,   marine  fossils  have  been  observed  ln   the  upper  few

inches  of  I,awrence  Shale`  at  Ijocallty  22.

Deposltlonal Environment

Quiet  water  deposltlon  is  lndlcated  for  the  fossll-
1ferouB   terl.1genous  mud  facleB.     This   ls  indicated  not  only

by  the  lal.ge  propol`tion  of  mud,   but  by  the  excellently  Pre-

Ber.ved  external  morphology  of  fossils.     The  fine-gr.ained

terrigenous  mater.lals  were  apparently  del`ived  from  the

elevated  land  areas  in   southern  Oklahoma  and  Arkansas  and

fr.om  the  southwestern  portion  of   the  Ozark  Dome.     This   is

indicated  by  directional  featur.es  ln  the  Vamoosa  Formation

ln  northern  Oklahoma,  which  is  ln  part  laterally  equivalent

to   the  Toronto  Limestone.     Hicks   (1960)   has   shown   that

cross-stratlf icatlon  readlngB  ln  sandstone  channels  of  the

Vamoosa   suggest  pr.evailingly  westward  and  southwestward

movement  in  northern  par.t  of  Osage  County,   Oklahoma,   but

a  nol`thwestward  trend  is  evident  ln  northern  Creek  and

southern  Osage  counties   in  the   same   state.     Thus,   a  major

locus  of  terrlgenous  influx  into  the  Kansas  pr.esumably  lay

ln  west  central  portion  of  Osage  County  or  possibly  slightly

farther  west.     This  iB  ln  agreement  with  thickening  trends
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1n  the  Snyderville  Shale  interval.     It  is  herie  suggested  that

a  delta  or.  deltalc   complex  was  in  existence  in  the  wester'n

Osage  County  area  dur.ing  deposition  of   the  Toronto  Limestone

and  oscillation  patterns  in  deltaic  sedimentatictn  through

dlstributal`y  shlf t  allowed  car`bonate  deposition  to  encroach

into  northern  Oklahoma  during  Tol`onto  deposition.

By  analogy  with  Recent   st,I`eam   imf luence   on  mar.ine

waters,   str.earn  discharge  was  pr'obably  laden  with  relatively

high  conceritr'ations  of  nutrient  elements   (compounds  of  phos-

phorus,   nitrogen,   slllca,   and  organic   carbon).     Emery  and

Stevenson   (1957,   p.   693)   state,
"The  relatively  high  concentriation  of  nutrients

ln  estuaries  and  lagoons  is  evident,1y  the  result  of

nearness   to  the  supply  provided  by  the  land  runoff

and  the  continuous  replacement  of  nutrient-rich

water  to  grotwing  plants.     The  continuous   supply  of

nutrients  and  the  pl.esence  of  shallow  bottom  ln

the  photosynthetic  zone  lead  to  concentrated  llf e

off  the  rivers."

The  writer  has  seen   thriving  marine  benthonic  faunas  near

the  mouths  of  streams   in   southern  Br'itish  Honduras  where

bottom  sallnities  are  marine   (30°/oo)   but  surface  waters

ape  brackish   (lo-15°/oo).     The  sessile  pelecypod

Orthomyallna

Myallna

)   sp.   appar.ently  occupied  a  niche  analogous   to

the  modern  bay  oyster  of  the  Gulf  Coast, Crassostrea  virgin-

lea.     The   lack  of  a  divel`se   fauna   in  accompaniment  with

Myallna  suggests  rest,ricted  conditions  of  clrculatlon  un-

doubtedly  br.acklsh  water.     The  brachlopods, Neo chone te s ,
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Crmrithyris,   Linoproductus,   andDerbyla,   and  rhomboporld

bryozoans  and  cinroids  are   commonly  lntercalated  ln  the

section  with  Myalina  although  they  seldom  occur  in  the   same

bed.     The  brachiopod,   bryozoan,   and  crlnoid  association  lived

on  bottoms  adjacent  to   the  gliegarlous Mya lima  populations,

but  in  areas   subjected   to  more  near.ly  normal  marine  water.a.

Marine   shales  occur  elsewhere  in   the  succession   Such

aB  at  Localltles   10  and  15,   and  inter.bedded  with  marl  at

Locality  21.     These  accumulations  are  also  a  probable  result

of  nutl.lent-rich  terrlgenous  influx  from  the  land  areas.

Brachlopod  FacleB,   BI.achlopod  Grain  Subfacles

Descriiptlon

From  southern  Elk  County,   Kansas,   to   the  southern

llmlt  of  its  outer.op,   the  Toronto  Limestone  consists   of  a

Blngle  discontinuous  br.own   (weathered)   to  medlun  or  dark

gray  limestc)ne.     This  facies   extends  northward  to  Locality

6.     The  facies  ranges  from  0  to  several  feet  in  thickness.

It  ls   composed  mainly  of  brachiopod  shells  and  spines  and

echinoderm  segments  with  the  long  dimensions  of  the  skeletal

grains  aligned  parallel  to   the  bedding  in  two  southernmost
localities  but  becoming  progr.essively  more  heterogenous   in

arr'angement  northward;   no  fossils  wer.e  observed  in  growth

Posltlon.     The  shale  beneath  the  limestone  in  this  region  has

yielded  brachlopods,   bl.yozoans,   echinoderm  parts,   pelecypods,

and  eastropods.
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The  mud-sized  fl`action  of  the  brachlopod  facles

aver'ages  48  per.cent  of  the   total  I.ock  by  volume  and  skeletal

gI.aims  also   total  48  percent.     The  dominant   component  of

this  facies  ar'e  brachlopods  which  constitute  16  percent  of

the  I.ock  but  34  percent  of  the  biota;   second  in  abundance

are   echlnoder.in  plates  and   columnals  which  occupy  nine  pel'cent

of  the  rock  and  18  percent  of  the  blota.     Fenestrate  bryozoanB,

3.5%Rit,   7¢8*,   and  molluscs,   4¢R,   8¢8,   are   other   common   Skeletal

components.     Because  of   their  Small   size,   foram   tests   seldoln

make  up  as  much  as  one  percent  of   the  thin  sections  of  the

Toronto  Limestone  even   though  they  are  pr.esent  ln  most  of  the

samples;   however,   the   encr'ustlng  foram Apterrlnel la  makes  up

2¢R,   3¢8,   of   the  bl`achlopod  facies.     It  seldom  occurs.-ap   fr.ee

Pal`tlcles,   but  18   commonly  attached  to  brachlopod  shells  which

evidently  provided  a  smooth  substrate  for  the  forams.   I

Field  examination  of  slabs  of  Toronto  Limestone  at

Locality  18,   Osage  County,   Oklahoma,   revealed   the  following

faunal  observations.     Brachlopods  present  include

Chonetes, Antiquatonla,   and  lar.ge  specimens  of

I,lnoproductus,

Derbyia.     All

are  fairly  abundant  and  lar.ge  broken  spines,   appar.ently  from

Llnoproductus  and Antlquatonia,   are  ver.y  conspicuous.     Stout

spines  apparently  were  used  for  suppor.t  by  the  afor.ementioned

genera  to  enable   them  to  escape  undesirable  conditions  at  the

sediment-water  interface  and  to  remain  ln  a  fixed  position

for  feeding  act,ivitles. I)el`byia   lacked  a  pedicle  but  was

ttAbbrevlations  used

%B  :  :::::::

connection with  grain  types  percentage:
total  I.ock  by  volume
total EREa  by  volume
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apparently  able  t6  attach  its  pedlcle(?)   valve  to  solid

objects  in  order  to  attain  support  and  stability.     Molluscs

observed  include  abundant   small  elongated  clam, Nuculana ,

which  apparently  was  a  burrower,   the  mobile  pelecypod
" Avlculopecten",   and  disartlculated  large Myallna

valves  as  well  as   Bpeclmens  of  the  gastropod

OI.thomyalina )

Euphemltes.      Mya_=

liria  was  a  sedentary  for.in  that  may  have  been  attached   to   the

substrate  by  a  byssus   (analogy  with  the  Recent  mytilacids

such  as  Volsella  and  Brachiodontes ).     Abundant  pelmatozoan

par.ts,  presumably  crlnoid,  with  radial  ridges  or  crenellas

well  preserved  on   the   Joint  faces  of  columnals  ar`e  evidence

that  these  particles  are  not  worn  or  abraded.     Likewise,   few

if  any  of  the  bliachiopod  of  mollusc  shells  appear  abraded.

Other'  faunal   elements   seen  at  Locality   18  are  rhomboporid

and  encr.ustlng  bryozoans   (attached   to  Myalin;   shells).

Additional  mega-faunal  elements  were  recognized  at

other`  localities.     At  I.ocallty  17,   Crurlthyris  and

and  a  few   scatter.ed  fusullnids  were  noted,   and

found  at  I.ocality  8.     Hystrlculina

Asta1.tella

Composita  was

wabashensls  and  RhipidQ-

mella  carbonarla  were  observed  at  I.ocality  7. Crul.ithyrls,

Composlta,   and  Rhlpidomella  had  pedicles  for  attachment  and

support.     Hystrlcullna  was  splnose  and  lived  suspended  off

the  bottom.     The  compact,   rigid  fusulinld  test  suggests  that

the  orgaLnlsm  was  pr.obably  adapted  for  vagile   existence  on

Plants.     Astal.tella  was  a  mobile  clam  and  probably  could

burr.ow   Short  distances   into   the  muddy  bottom.
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At  Localities  17-19,   the  brachiopod  facies  is  a

coqulna-like  accumulation  of  compressed  and  flattened

brachlopod  shells,   mostly  pseudopunctate  forms5.  and  spines,

crlnold  columnals,   and  rhombopor.1d  bryozoans  are  scattered

through  the  shelly  material.     Brachlopod  shells  decrease

ln  abundance  from  south  to  north  in   the  facles  and  mud-sized

carbonate  lncreaBes  ln   the   same  dlr.ectlon.

Deposltlonal  Environment

The  accumulation  of  fusullnlds,   bryozoans,   brachiopods,

and  crinoid  par.ts  ln  this  facies  is  indicative  6f  mar.ine

conditions.     Furth`er.more,   the  pr.esence  of  a  diverse  fauna  ls

;uggestlve  of  warm   temper.atul.es.     The  pr'esence  of  suspension

feeding  orgahlsms   including  crinolds,   bryozoans,   and  bl'achlo-

PodB,   indicates  a  relatively  slow  r.ate  of  sedimentation  with

sufficient  quantities  of  nutrient  food  for  the  existence  of

filter  feeding  ol.ganlsms.     The  fl`agmental  condltlon  of  much

of  the  skeletal  matter  was  a  result  of  scavenging  activities

of  trilobites,   echinolds,   holothurlans,   and  probably  worms

and  fish.     The  pr'ogl.essive  increase  ln  mud  matl`1x  in   this

facies,   in  a  northerly  direction,   and  its  thoroughly  burl`owed

state,1ndlcate  a  decl.ease  ln  substrate  stability  in  the  same

dir.ection.     However,   the  rate  of  sedimentation  was  nevertheless

slow  and  unifol`m  as   suggested  by  the  development  of  encrusting

forams   ( Apterrlnella )   on  shell  debr.1s,   the  clastlc  nature  of
the  shell  matel`ial,   and  disruption  and  homongenization  by

1nfaunal  elements.     Dasycladacian  algae   ( Eplmastor'pora OCcur

1n  places,   although  ln  minor.  amounts;   their  pl`esence  indicates
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relatively  shallow,   illuminated  water.a.
The  pr.esence  of  mud  and  lack  of  worn  skeletal  grains

lndlcates  deposltlonal  conditions  with  little  persistence

of  wave  action,   althc>ugh   some   curil`ent  movement  must  have

been  operative  ln  order  to  deliver  nutrients  aind  remove

waste .

Brachiopod  Facles ,   Brachlopod  Mud  Subfacies

DeBcrlptlon

I,ocalltles   14,   14A,   and  21,   all  ln  Nebraska,   contain

ln  the  lower  half  a  Skeletal  rich  olive  to  green,   shaly  llme-

Btone  to  limey  shale  that  ls  abundantly  fosslllferous.     This

facles  is  approximately  five  f eet  thick  and_  18  developed

at)ove  unfosslllferous   shales  of  the  Lawrence  Formation.     The

facies  contains  abundant  specimens  of  a  fairly  dlvel.se  fauna

that  weathers  out  as   complete  specimens.     The  contact  with

the  I.awl`ence  Shale  appears   to  be  dlsconformable  at  Locality

14A  for  pieces  of  red   shale  appear  to  have  been  I.ewol`ked

into  the  basal  few  inches  of  Toronto.     The  upper  contact

with  the  overlying  limestone,   however,1s  transitional;   the

gradation  being  completed  wlthln  several  inches.     Thin  sec-

tions,   repI`esentatlve  of  this  facles,   could  not  be  obtained

owing  to  the  shaly  nature  of  the  beds.

In  the  fl-eld,   the  facles  appears  a8  an  lnterbedded

sequence  of  nodular  to  platy  limestone  and  calcareous  shale.

Some  of  the  llmeBtone  lenses  are  up  to  three  inches  thick

but  extend  later.ally  only  for  a  foot  or  so.     Fossils  ln  this

facles  are  well-preserved.     Articulated  br.achlopod  shells
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are  particularly  abundant;   many  specimens  are  complete  and

contain  well-Preserved  ornament,atlon.     Much  or  most  of  the

elongate  and  platy  shells  and  shell  fragments  lie  parallel

to   the  bedding.     Crlnold  columnals  are  common  as  are  fenestrate

and  ramose  bryozoan8.     Encrustlng  bryozoanB  were  obBervea  on

some  shelly  material.     Lophophyllldld  corals,   although  not

abundant,  are  nevertheless  present  throughout  the  vertical

extent  of  the  facles,  as  are  fuBullnlds.     Brachlopods  identl-

fled  from  the  beds  include:

SP lendens, |ntiquatonla,
|I_.attenian+i±,  Del`byla
llfer,  and Punctosp

Compos|

Fletaria

cras8a,

ta, Hustedla,

1a§alle nsis ,

a Purl thyl.1 a ,

peg_ip_i_£±
IJlnoproductuB

NeochoneteB

irlfer.     The  only  mollusc  recovered  from

the  facles  was   the  pectlnold  clam, treblochondria.     Although

Crurlthyr'1s  occurs  throughout  the  facies,   it  is  also  found  in

coqulnold  occu  fences  ln  thin,  platy,   limestone  strlnger8

with  most  other  forms  excluded.

Insoluble  reBldues  and  thin  sect,long  of  this  facles

revealed  partial  slllclflcatlon  of  brachlopod  shells  and

crlnold  colurnnals.

Locality  21  contains  more  shale  and  less  limestone

than  Locality  14A  which  BuggeBts  that  the  basal  Toronto  ls

undergoing  facleB  tranBltion  to  shale  in  the  Platte  River

Valley  area.

There  are  now  no  accessible  exposures  of  Toronto  Lime-

stone  between  the  Platte  River  Valley  of  Nebraska  and  the

Missouri  River  Section   (Locality  15)   at  St.   Joseph,   Mlssourl;

however,  lt  ls  possible  that  the  shelly  marl  facles  ls  a

lateral  equivalent  of  t,he  green  shelly  shale  present  beneath

the  Toronto  Limestone  at  Ijocality  15.
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Deposltional  Environment

The  subfacles  accumulated  under  marine  condltlons

as  suggested  by  the  presence  of  fusullnldB,   solitary  corals,

echinoderm  Segments,   and  a  diverse  brachlopod  fauna.     The

presence  of  shale  and  lime  mud  together  with  unbrc)ken  and

unworn  brachlopod  Shells   suggests  deposltlon  beneath  or

away  from  severe  wave  action  and  ln  an  envlponment  in  which

€cavenglng  was  not  intense.     Thus,   although  the  waters  must

have  been  shallow,   they  wel.e  not  rough.

Cr,ul.ithyr.is,  which  is  abundant  ln  this  facies,   is

always  Present  ln  shaly  beds  which  suggests  that  they  could
`not  only  tolerate  terl.lgenous  muds  but  may  have  preferred

them.  '<ine   Bane  was   apparently  tl'ue  for

Description

Neochonetes  as  well.

Echlnoderm-Fenestrate  Bnyozoan  Gra`in  Facles

A  massive  brown  bed  of  bioclastlc   limestone,   contaln-

1ng  abundant  echinoderm  debris,   scattered  brachlopod  shells,

lal.ge   "Cryptozoon"  oncolites,   and  fuslform  fusulinids   (E±P=

sanella ),   has  been  I.ecognlzed  at  Localities   9,13A,   22,   and

111n  Kansas.     A  similar  lithology  has  been  noted  near  the

same  stratlgraphlc  position  as  far  south  as  Locality  6.5

and  northward  to  Platte  County  ln  Mlssourl.     This  facies

averages  slightly  less  than  two  feet  in  thickness.     In  some

Places,   the  facies  is  developed  above  the  Bhaly  intel`val

used  as  a  datum  but  in  other.  locales,   1t  ls  developed  below

as  well  as   above   the  marker  zone.
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On  weathered  surfaces  crlnold  colunnals,   fusullnlds,

brachlopod   shells,   and   "Cryptozoon"   oncolltes  stand  out  ln

relief  Bhowlng  some  evidence  of  orlentatlon  of  elongate

grains  parallel  to  bedding  Surfaces.
Skeletal  grains  make  up  48¢  of  the  rock  and  an

ldentlcal  percentage  of  mud-sized  component  ls  present.

Echlnoderln  segments  are   the  most  abundant  skeletal  element

Constltutlng  11¢  of  the  rock  and  24¢  of  the  blota.     Fener

strate  bryozoans  are  also  abundant  colnprlslng  9¢R  or  20¢8.

Osagla  oncollteB  5¢R,   11¢8,   and  brachlopod  shells  4¢R,   9¢8

are  next  ln  order  of  abundance.     Other  slgnlflcant  compo-

nents   ln   this  facles  are  molluscs`,   "Oryptozoon"   oncoll+tea

and  fuslform  fusullnlds  but  generally  they  are  present  ln

amounts  not  exceeding   3¢R  or  6%8.

The  predominance  of  crlnold  columnalB  relative  to

Plates  suggests  that  the  pelmae  were  long  with  the  calyx

reaching  upwal`d  into  waters  above  the  sediment  surface.

Seemingly  long  crlnold  pelmae  would  provide  an  ideal  habitat

for  other  suspension  feeding  organisms  such  aB  encoustlng

bryozoanB,   splnose  brachiopods,   and  perhaps  even  fusullnldB.

When  oriented  with  its  long  axis  directed  into  a  current,

the  streamlined  fusullnld  test  would  have  offered  mlnlmal

reslBtance   to  water  movement.

Thin  8ectlon  study  has  reveaLled  that  much  of   the

Skeletal  matel`1al  1s   fragmental,   some  echlnoderm  osslcles

appear  to  be  won,   and  many  brachlopod  shell  fragments  and

crlnoid  parts  have  lnclplent  Osagla  coatings  although  thick

Osag]a   coated  grains  are  pl.esent  occasionally.     The  coatings
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are  commonly  developed  concentl.ically  about  their  skeletal

nuclei.     No   compoBlte  Osagla   coated  grains  were  observed.

The  Osagia  coatings  are  characterlstlcally  dark  gray  and

dusty  ln  appearance  and  consist  of  a  ser'1es  of  vague,

1I`regular,   concentric  lamlnae.     Often  times   the  host

Particle  will  have  a  ragged  bored  perlpher.y  and  it  ls
obvious  that  the  Osag].a  contained   some  taxa   (green  or  blue-

green  algae)  wlthln  its  colony  that  bored  into  the  nuclei.
Dark  Girvanella   tubes  are  commonly  found  wlthln  the  O8egLla,

colonies  as  well  as  tests  of  the  encrustlng  foram Hedraltes .

Glrvanella  and  Hedraltes  are  not  present  ln  all  Osag].a  onco-

11te8  which  is  pl.oof  that   they  wel.e  accessory  components  of

the  colonies.

Large  egg-sized,  wad-like  oncolltes,  -up  to  Several

inches   ln  length,   commonly  I`efel`I.ed  to  as  Ottonosla  or
"CI.yptozoon"  have  been  collected  from  the  echlnoderm-

bryozoan  facles  at  several  localities   (22,11  and  9).     They

do  not  I.eBemble  Osagla  in  external  form  or  mlcrostructure

as  observed  ln   thin  section.     The   "CI.yptozoon"   masses  gen-

erally  have  a  skeletal  grain  nucleus  but  the  coatlngB  are

Commonly  disposed  asymmetrically  about  the  nucleus.     The

encrustlng  complex  consists  of  alternating  layers  of  dark,

dusty,   apparently  mud-sized  car.bonate  and  lI.regular,   crinkly,

sparry  layer.s.     Encrustlng  bryozoanB  and  forams  are  commonly

included  wlthln  the  coatings.     Brachlopod  shells,   lal.ge

echlnoder'm  particles,   and  calcareous  sponge  tests  form  nuclei

of  these  colonies,   but  ln  many  cases   the  encl'ustlng  mass
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apparently  was  able  to  expand  and  extend  out  from  its  nucleus

over  the  sul`rioundlng  muddy  sediments.     The  latter  seemingly

suggests  that  the  colonies  were  probably  algal  I.ather  than

encl`usting  sponges.

A  large  fraglllent  of  material  ldentlcal  to  the  llthology

of  the  enclosing  rock  was  found  at  Locality  22.     It  has  an

attached  encr.ustlng  bryozoan.     The  host  particle  contains  a

fusullnld  and  brachlopod  shell  which  obviously  had  been

beveled  or  abraded  prior.  to  growth  of  the  bryozoan.     Because

the  latter  ls  developed  upon  the  mud-matrix  portion  of  the

host  Particle  as  well  as  over  the  t'runcated  brachlopod  shell,

1t  ls  clearly  lndlcated  that  the  host  was  a  fragment  of  llth-

1fled  rock  upon  which  the  bryozoan  grew.

Examlnatlon  of  numerous  thin  sections  revealed  swirled

mud  and  skeletal  material  which  attest  to  the  bul`rowlng  ac-

tlvlty  of  an  lnfauna.

Macl.ofossllB   commonly  collected  fl`om   the  facles   include:

the  brachiopodB  Composlta,   Antlquatonla,

wabashensls , Derbyla , PunctoBpir'ifeI,
Neochonetesi  Ei

NeoBplrlfe r,   and  Hug-

tedla;   lophophyllldld  corals;   and  the  molluscs  Wilklngla  and

NatlcopBls .

X-ray  dlffractlon  patterns  of  insoluble  residue  from

this  facles  I.eveal  the  presence  of  goethlte  and  Pyl.1te.     It

Seems  likely  that  the  goethlte  has  I.esulted  from  weathel`ing

of  Pyrlte,   and  the  chal`acterlBtic  rusty  brown  appearance  of

the  Toronto  on  the  outcrop  is  a  result  of  weathering  of

pyr.1te .

A  shaly  mar'ker  horizon  was  used  for  a  datum  in  the
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Tor.onto  study.     In  the  southern  par't  of  the  outcrop,   Bevel.al

thin  shaly  zones  appear  ln  the  section  but  they  do  not

persist  to  the  north.    Knowledge  of  details  in  the  strati-

graphlc  succession,   thlcknesses,   and  paleontology  have  per-

mitted  the  recognition  of  the  datum  in  southern  Kansas.     The

datum  shale  has  yielded CompoBita, |ntlquatonl_a_,   echlnoder'm

columnals,   and  lophophylildld  coralB  at  numerous  localities

|n,|Kansas.     Enc]:'ustlng  br'yozoan  colonies  up  t`o  four  inches

ln  diameter  with  a  flat  base  and  broad  domal  top  have  been

.Qollected  fl`om   this  horizon  at  Localltles  7,   6A  and  25.     The

Pr'esence  of  bryozoans  and  coral8   1n  a  8haly  zone  seemingly

Presents  a  Problem  because  these  organisms  are  suspension

cfeeders,  presumably  prefer.ring  clear  water..     The  lack  of

increased  silt  content  relative  to  clay  ln  this  zone  com-

pared  to  other  shale  intervals  ln  the  limestone,   1ndlcates
that  the  shale  may  have  riesulted  from  a  decrease  in  the  I.ate

of  Pr.oductlon  of  car.bonate  with  terl.igenous  influx  remaining

essentially  constant.     This  would  account  not  only  for.  the

Presence  of  the  sesBlle  suspension  feeders  but  for  the  lack

of  silt-or-sand-sized  terrlgenous  mater.1al  that  would  be

expected  lf  the  shale  deposition  was  associated  with  a  re-

gr.ession  or  a  rapid  influx  of  clastlcs.     As  thus  interpreted,
the  Toronto  datum  zone  represents  a  pause  ln  carbonate

deposltlon,  possibly  due  to  climatic  fluctuation,  with

terrigenous  influx  I.emalnlng  constant.
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Depos itlonal  Envil`onment

The  Presence  of  fusulinlds,   sponges,  horn  cor.als,   and

numerous  brachlopod  genel'a  ln  addltlon  to  the  dominant  faunal

components,   cl'lnolds  and  fenestl.ate  bryozoaris,   1s   indicative

of  open  marine  waters  of  optlmun  sallnlty  for.  the  Toronto

Limestone.     The  dominance  of  filter.  feeding  organisms  ln  this

facleB  suggests  a  relatively  slow  rate  of  s`edlmentatlon  and     .

some  current  deliver.y  which  pl.ovided  nutrients  and  plankton.

A  Blow  I`ate  of  sedlmentatlon   ls  also  lndlcated  by  the  fr.ag-

mented  natur'e  of  the  skeletal  material  which  suggests  that

the  rate  of  sedlmentatlon  did  exceed  the  rate  of  rewor`king-

burrowlng  and   scavenging.     r#*?AIg.I;:   coated  grains   are   common

and  ublqultouB  ln  the  facles  and  al`e  Buggestlve  of  relatively

clear,  well-lit,   and  periodically  agitated  condltlons.

It  ls  wlthln  this  facles  that  the  thin  8haly  zone

used  as  a  datum  for.  stratlgr.aphic  r.econstructlon  occur.s.

Lophophyllldid  corals  and  encrustlng  bryozoans  colonies

were  found  at  numerious   localities   in   the  datum  shale  and

may  appear  paradoxical  because  suspension  feeding  or.ganisms

generally  do  not  pr.osper  ln  areas  of  rapid  mud  sedimentation.

The  widespread  occurrence  of   the  shaly  zone,   however,   suggests

unique  depositional  conditions.     It  seems  likely  that  the

shaly  zone  accumulated  during  a  perilod  ln  which  there  was  a

decline  ln  carbonat,e  sedlmentatlon  with  terrigenous  influx

remaining  essentially  constant.     This  would  account  not  only

for  the  presence  of  sesslle  suspension  feeding  organisms  and

wldeBpr.ead  dlstrlbutlon  of  the  zone,   but,1n  addltlon,   explains

the  lack  of  incr'ease  ln  grain  size  that  might  be  anticipated
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if  the  shale  zone  was  aBsoclated  with  a  regression  or  a

rapid  influx  of  clastlcs.

In  general,   the  crlnoidal  debris  ln  this  facles  ls

not  only  more  abundant  than  in  the  other  Toronto  facleB,

but,   ln  addltlon,   1s  much  langel..     Crlnold  columnals,   for

eJcample,   are  about  twice   the  size   they  al`e  elsewhere.     Thus,

ecological  conditions  were  more  suitable  for  crinolds  during

deposition  of  this  facles.     But  what  were  the  factors  that

irene  more  favorable--pr.obably  greater  depth,   less  turbidity,

and  better  water  circulation  for  food  supply,   to  name  a  few.

Many  of  the  Osagla  nuclei  were  bored  beneath  the  6oat-

ingB   (see   Plate  XXII).      This   ls   such  commonplace   in  O_sagia
`colonies  that  lt  is  the  rule  rather  than  an  exception.     It

-,..`1                                                                                                                                                                                                                                                                                                                                                    (    ,,,-    ¢        '`,

•.Seems -I.easonable   to   assume,   therefore,   that  s'ome   component

of  the   colony  was  I`esponslble.     Green  algal   tubes  or  borlngs
-have  been  observed  lri  mollusc   shells  from  v.arlouB  places  ln

modern   Seas   Such  as  northern  British  Hondul.as   (Pusey,1964),

Baffin  Bay,   Texas   (Dalrymple,1964),   and   the  'Bahamas   (Purdy,

1963);   thus  lt  is  pr6bable   that  the  Penhsylvanlan  borings

were  excavated  by  green  algae  also.

Osagia  Grain  Facies

Description

At  Localities  20  and  25  ln   Southern  Coffee  County,

Kansas,   the  upper  part  of  the  Tor.onto  I,1mestone  contains  a

massive  bed  of  chalky  white  limestone  several  feet  thick.

The  bed  lacks  lntermal  stratlflcatlon  features  and  appears

homogerieous.    Vertically  oriented  tube-like  stmctures  that
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£ie  1  1/2  to  2  1/2  inches  ln  diameter  and  transcend  the  bed

86]mpletely  are  characterlstlc  of  this  facles.     Sever.al  of

these  structures  yielded  large  complete  specimens  of  the   clam

![±±klngl±  (formerly  called Allorisma)   that  were  adjudged  to  be

ln  growth  posltlon;   thus  the  Structures  are  interpreted  a8

large  burrows  made  by  Hllkln_g±£.
Osagla.  coated  grains  make  up  63¢  R  and  86¢  8.     Fene-

stl.ate  bryozoans,   echlnold  plates,   and  mollusc   shells  each

do  not  exceed  much  over  2  percent  R  or  3  percent  a.     Ot,her

minor  components  are  brachlopod  shells,   smaller  forams,   and

Prachlopod  spines,listed  ln  order  of  decreasing  abundance.

The  nuclei  of  the  Osagia  coated  grains  al.e  rounded  skeletal

fragments,   chiefly  molluscan,   but  also  echlnoderm  parts,

bryozoans,   brachlopods,   and  smaller  forams.     The  O.sagia  coated

grains  occur  aB   single  entitles;   composite  O9ap_1_a  coated  grains

were  not  observed.     The  facles   ls  grain-supported,   and  18

cemented  with  spar.ry  calclte.      In   some  places,   some  mud  is

Present  but  lt  was  apparently  introduced  by  the  actions  of

burrowing  organisms.

Large  well-developed  ±1klng±a burrows  are  consplcuouB

at  Locality  25.     Although  they  extend  completely  through  the

bed,   they  do  not  penetrate  into  the  underlying  strata  which

may  lndlcate  that  the  lower  beds  were  llthlfled  prior  to  de-

Po8itlon  of  the  eeag.|a_  facles.     In  addltlon,   the  limestone  beds

beneath  the  Osagla  f acleB  at  Locality  25  have  a  honey-comb

appearance  with  the  open  spaces  being  filled  with  green  clay.

It  appears  likely  that  this  I`esulted  from  Bubaerlal  exposure

of  the  Toronto  I,1mestone  pl`1or  to  depoBitlon  of  the  9Efg±£



-   120  -

facies.     Llthification  and  solution  wel`e  accomplished  sub-

aeTlally  and  the  latter  was  responsible  for  development  of

interconnected  pore  spaces  within  the  limestone  which  were

later  f llled  with  green  clay  prior  tc>  encl.oachment  of  marine

waters   and  deposltlon  of   the  Osa_gia  facieB.

Depositlonal Envlr.onment

I,,,`-`j,rJ'

The  grain-suppor.ted,   sparry  calclted-cemented,   Osag±a

ggraln  facies  accumulated  under  conditions  not  favorable  for

the  deposition  of  mud,   but  certainly  favor.able  for  the  devel-

opment  of  algal  coatings.     It  ls  apparent  that  the  environment

was  one   of  clear,   but  agitated  waters.     Nuclei  of  many  Osag]a

Coated  gralnB  were   abl.aded  and  rounded  prior  to   development` of

coatings.     This  ls  direct  evidence  of  agitated  conditions.

The  nuclei  of  the  coated  grains   (mollusc,   platy  algae,   and

echlnoderm   segments)   suggests  mar.ine   condltlons   and  Probably

not  highly  restricted. .   Large  Wllkingia  burrows  which  extend

ver.tlcally  through  the  facies  attest  to  the  unconsolldated

nature  of  the  sediment  during  or  shortly  af ter  its  accumula-

tion.     The  presence  of  Osag.ia  coatings  and  their  concentriclty

about  their  nuclei  suggest  well-lit,   agitated,   and  shallow

waters .

Algal  biscuits,   so  slmllar  ln  size,   shape,   and  struc-

tur'e  to  Recent  forms  from  southern  Florida  and   the  Bahamas

(Glnsburg,   1960)   that  they  are  clearly  analogous,   occur  ln  a

thin  zone  above  the  Osag_ia  facies.     This   suggests   that  the

Osag:la   facles  was   a  shoal  water  deposit  with  algal  biscuits

accumulating  in  extr.emely  shallow   (pr.obably  less   than  15  feet,

by  analogy  with  the  Recent  forims  described  by  Ginsbur'g)   near

shor.e   zone   or   lagoon.
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Skeletal  Mud  Facies,   Mixed  Blota  Subfacles

DescriptiOn

The  approximate  lower  half  of  the  Tol.onto  Limestone

extending  from  northern  Elk  County  to  northern  Leavenworth

County,   Kansas,   18  a  light  gray  (fresh)   to  buff  or  brown

(weathered)   thin-bedded  limestone  containing  a  relatively
'diver.se  biota.     It  ranges  from  about  three  feet  to  almost

six  feet  ln  thlckriess.     In  general,   this  facles  conal8tB  of
•Coarse  to  finely  commlnuted  fossils  with  a  matrix  of  lime
`th'ud.     The  concentl.atlon  of  fossils  |s  variable  so  that,   1n

places  few  biotic  grains  are  ottser.vable  whereas  a  matter  of
L

a  few  inches  away,   vertically  or  laterally  blotlc  grains  are
*.i•.abundant;   these  relatlonshlps  are  transltlopal  ln  almost

every  case.

Beds  lr`  this  facles  commonly  vary  from  several  lncheB

to  six  inches  in  thickness  although  they  may  exceed  a  foot

or  so   ln  some  exposures.     The  bedding  surfaces  are  Planar

and  contain  a  slightly  greater  pelicentage  of  shale  than

present  wlthln  the  beds.     Individual  beds  cannot  be  traced

laterally  for  more  than  a  few  feet  to  a  few  hundred  feet

before   they  become  vague  and  merge  or  disappear  in  beds  of

the   same  type.     No   Btr.uctul`es  ascribable  to   scour  and  fill

or  cross-stratification  were  observed  in  this  subfacies.

The  mixed  blota  subfacies   lmmealately  above  the  Ijaw-

Pence  Shale   (Localltle8   20,   9,   13,   22,   11  and  12)   contains

abundant  Osagia  coated  skeletal  grains,  fusullnlds,  and  small

brachiopods   (especially Neochonetes and  RAlp idomella carbonarla ) .
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This   zone,   commonly  only  several   inches   thick,   ls  much  more

fosslliferous  than  the  bulk  of  the  facies.     The  mud  matrix

at  the  base  of  the  Toronto  generally  contains  fine  terrlgenous

silt  and  particles  of  terrlgenous  slit  are  pI.esent  ln  the

Osagla  coatings  suggesting  that  the  Osagla  coating  had  adhesive

qualitleB  similar  to   the  mucllagenous  properties  of  Recent

blue-gI`een  algal   BtromatoliteB.     The  Osagla  coatings  are  devel-

oped  more  or`  less   symmetrically  about  the  nuclei,   ther.e  ls

little  preference  in  terms  of  pr'eferred  nuclei,  and  the  coated

grains  are  developed  as  single  grains.     Many  of  the  fusulinids

are  broken  and  appear  worin,   as   lf  by  mechanical  abrasion.

This   subfacies  shows  a  mean  skeletal  grain  per.centage

of  33¢  and  66¢  mud.     More  different  grain  types  were  recog-

nized  from  this  subfacles  than  any  other  Toront,o  facles  or

subfacles.     Osagla   coated  grains  make  up  7¢  R.   and   20¢  8.

Fusullnlds,   fenestr.ate  bryozoans,   brachlopod  shells,  molluscs,

and  echinoderm   segments  are  present  in  amounts  with  means

varying  from  not  less   than   two   to  not  more  than  five  per.cent

of  the  total  rock.     Epimastopora,   platy  algae,   andTubiphytes
\`

al.e  char.acterlstlc  components  of  this  facles  although  their

volumetric  contrlbutlon  to   the  total  rock  iB  less   than  one

percent.     Eplmastopora  appears  as  fragmental  I.emalns,   evi-

dently  due   to  p`ostmortem  dlslntegratlon  of  the  par'ent  Plant.

Tublphytes  is  usually  found  to  be  attached  to  skeletal

Particles  and  was  obviously  a  tubular.  organism  that  encr'uBted

foreign  objects  but  could  grow  outward  from  the  object.     This

is  ln  contrast  with  the  adherent  encrusting  foram, Apterri-

nella,   which  it  most  closely  resembles.     Algal  plates,   most
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closely  resembling   the  genus,  E±±ggpgpn!£±±±±±,   are  found

throughout  the  geogl`aphlc  extent  of  this  facies.     On  weathered

outcl'oPB,   they  appear  as   thin,   wavy,   potato-chip  like  objects,

usually  with  their  long  dlmenBlon  aligned  parallel  to  the

bedding.     Bilateral  symmetry  of  the  plates  ls  evidence  that

the  alga  was  an  upright  rather  than  an  encrustlng  form   (Pray

and  Wray,1962,   p.   216).     The  plates  were  apparently   thin

but  broad  and  without  segments  or  pores   that  would  have  Per-

mitted  them  to  grow  under  agitated  water  condltlons.     It

appears  that  where  large  plates  are  present  and  abundant  that

they  must  be  very  near  the  place  of  growth  and  their  bedded

character  was  merely  the  result  of  compactlon  of  the  Plant

upon  burial.     At  Iocalltles  6A  and  22,  particularly,  platy

algae  were  conspicuous   aLt  places  on  weathered  beddln8  facleB.

It  appears  likely  that  the  alga  may  have  been  common  ln  the

facles  but  burrowing  and  scavenging  actlvlt,ies  oTf  the   lnfaLuna

destroyed  their  record  for  the  most  part.     This  la  suggested

by  the  numerous  small  blades  of  spar  present  ln  the  facles

which  could  not  be  assigned  to  either  the  molluscan  or  Platy

algal  categories.

Stringy,   dlBcontlnuous,   crinkly,   encrustlng  lamlnae

have  been  observed  ln  this  8ubfacles  at  Localltles  1  and  22.

They  may  be  blue-green  algal  mats  for  they  lack  internal

Structure  and  consist  of  pellets  of  mud  and  small  skeletal

det,rltus  that  were  evidently  trapped  and  fixed.     Spar  filled

cavltles  beneath  concavltles  ln  these  structures   (tocallty  1)

contain  Tublphy teB  "hlch  attached  to  the  roof  of  the  cavltles

and  grew  downward   into   the  open   spaces  beneath.     The   cavities
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E¥OnophyllJ±' Glrvanella , and  Tubiphytes 1n  this  facles

1ndlcate8  well-lit  waters.     The  diverse  fauna  ls  indlcatlve

of  condltlons  favoratile  for  benthonlc  or8anlBms  such  aB  good

water  clrculatlon  with  an  abundant  food  supply.     The  high

Percentage  of  mud  present  and  the  regular  even  bedding  lndlcate

that  water  motion  must  have  not  been  rlgorouB  enough  to   repeat-

edly  dlBturb   the  bottom.

As  noted  above,   the  base  of  the  Toronto  I.1mestone   con-

talns  a  thin  Skeletal  grain-rich  zone  at  riumel`ouB  localltles

from  Coffey  County   to   Leavenworth  County,   Kansas.     Terrlgenous

Bllt  18  not  only  pl.esent  ln  the  matrix  but  some  grains  are

included  ln  Osagla  coatings.     This  lndlcates  that  OBagla  must

have  been  a  blue-green  algal  asBoclatlon  with  sediment-f lxlng

Properties.     This   thin  zone   ls   commonly  developed  o.n  top  of

nonmarlne  beds  and  18  probably  a  thin  Shore  zone  accunulatlon.

Many  of  the  O8agla-coated  Skeletal  grains  present  ln

this  subfacleB  appear  disfigured  beneath  the  coatings.     The

irregular  pits  and  holes  are  lnvarlably  filled  with  Osagla.

Skeletal  grains  lacking  coatings  generally  have  smooth  un-

altered  Perlpherles.     Thus,   the  Osagla  colonleB  are  inter-

Preted  to  have  contained  colonlaLl  components,   probably  green

algae,   that  bored  into  the  nuclei.     Some  nuclei  are  so  badly

bored  that  they  were  at  flrBt  considered  to  have  been  recry8-
-.`j

talllzea.     Plate  XIV,  Fig.   a,   Shows  several  fusulinlds  ln

different  8tageB  of  alteration;  were  lt  not  that  transltlonal

specimens  are  pl.esent,   some  of  the  fusullnids  would  never  have

been  recognized.     Bol.1ngs  associated  with  OBagla  colonies  are

So  common  ln  this  subfacles  as  to  suggest  that  the  orlgln  of
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some  of  the  lime  rriud  may  have  resulted  through  coating  and

complete  boring  of  skeletal  grains  followed  by  dlBlntegratlon

of  the  Osagla  colonies  upon  destruction  of  the  nuclei  by

boring  algae.

Or'ganlc  crusts  ln  this   subfacies   (see  Plate  XVI,  Fig.
A  and   Plate  XVII,   Fig.   b)   have  been  seen  at  sever`al   loca|ltleB

(notably  6A,I,   and   22).      These   crusts   are  made   of  mud-sized+'

carbonate  grains  that  appear  to  have  been  trapped  and  fixed.

Thus   they  stl`ongly  r.esemble  blue-green  algal  mats   so   common

ln  lntertldal  ar.eaB  of  modern  ponds,   lakes,   and  oceans,   and

a   similar  orlgln  ls  lndlcated.J.    Some  of  the  mats  were

wr`inkled  and  pr.oduced  small  cavltles  beneath  them  ln  which

a  tubular  encrustlng  organism  Tublphytes  gr'ew.     Tublphytes

has  been  presumed  to  be  a  calcareous  alga.     However,   the

presence  of  the  organism  in  cavities  lndlcates  that  lt  may
have  been  able  to  thrive  ln  the  absence  of  light  and  may
not  have  been  alga  but  was  perhaps  a  hydrozoan.

*The  writer  has  observed  some  lnterestlng  and  pertinent
growth  habits  of  blue-green  algal   "pond  scum"   1n  an  irirlga-
tlon  r'esel`voir  near  Houston,   Texas.     The   scum  develops  a
mat-type  growth  habit  along  the  sides  of  the  canal  in  quiet
wat,era.     In  the  center  of  the  canal,   the  curr.ent  ls  too
swif t  for  mat  development  but  attached  oncolite-type  growth
takes  place  on  ,-ticks  or  twigs  that  protrude  above  the  bottom.
Elsewhere   true  f Pee-forms  or  one.olltes  occur'  in  calm  water
areas;   it  18  clear  that  these  are  formed  by  dislodging  of
the  attached  for'ms  and  transpol.tatlon  to  areas  of  qulet-
water`  where  growth  continues.     It  seems  reasonable  that  some
of   the   "Cr'yptozoon"-type  for.ms  pl.esent  in   the  Toronto  may
have  ol`iginated  ln  a  somewhat  slmllar  manner;   a  burr'owlng
in fauna  might  have  destroyed  most  of  the  evidence  of  algal
mats,  but  growth  of  some  of  the  algal  colonies  on  large
nuclei  that  projected  above  the  bottom  would  be  preserved.
Thus,   it  may  well  be   that   the  oncolltes  for'med  under.  normal
marine  conditions  where  a  healthy  lnfauna  prevailed  and  strom-
atolltes  were  restricted  to  those  facies  where  the  envlr.onment
was  inhospitable  for.  an  lnfauna--1.   e.,   brackish  or  hyper-
saline  envlronmentB.
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If  the  crusty  organic  mats  are  indeed  algal  stl.omato-

lltes  lt  is  possible  that  they  developed  ln  extremely  shallow

waters   (leBB  than  six  feet  or  so)   as  Recent  stl`omatolltes  do.

Or.acka  ln  the  mud  beneath  the  crusty  mats  and  the  blocky  nature

of  this  mud  may  have  resulted  from  shrinkage  and  consequent,

drag  of   the  mat  over  partially  dehydr.abed  lime  mtid.     This  would
` suggest  subaerial  exposur.e  that  would  account  for`  the  featur.es

descl.lbed.     If  these  observations  and  lntel.pl`etatlons  are

correct,   then  the  mixed  blota  subfacies  must  have  been  depos-
`1ted   ln  exceedingly  shallow  yet   "normal'''marine  water.a.     It

might  be  argued  that  the  medium  to  thick,   but  dlscontlnuous

•beddlng  characteristics  of  this  facies  al`e  a  consequence  of

deposition  ln  very  shallow  waters  with  local  muddy  shoals.
`The  clotty  or  coherent  nature  of  mud  in  this  subfacles  Bug-

gests  that  mucilaglnous  organic  material   (blue-green  algae? )

may  hav.e  completely  covered   the  bottom  and  protected  the  fine

sedlments  from  the  winnowing  activltles  of  waves  and  currents.

Skeletal  Mud  Facies   -Molluscan-"Cryptozoon"   Subfacles

I)escriptlon

This   subfacies  ls  developed  above  the  echinoderm-

fenestr'ate  bryozoan  grain  facles  ln  the  northelin  Elk  County

to  Coffey  County,  Kansas,   region.     It  is  very;closely  r'e-

lated  to  the  two  afore  described  subfacles,   but  does  not

contain  as  many Eplmastopol.a, Eugonophyllum,   and  brachiopod

grains  as  the  mixed  biota  subfacleB  or  the  Osagla-rich  sub-

facieB.     In  addition,  `1t  has   sever.al  percent  more  molluscan

and   "Cryptozoon"  material  than  its  bubfacles  relatives.
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The   "Cryptc)zoon"-molluscan   subfacles`  1s  present  only

in  southel.n  Kansas  but  is  absent  south  of  south  Elk  County.

At  Locality  6A,   one  bed  lhcluded  wlthln  lt  is  a  grain-

supported,   spar-cemented,   fusulinid-I`1ch  limestone  about

one  foot  thick  that  ls  characterized  by  well-develope(   scour-

and-fill-cl`oss-stratlfloation.     North  of`Locality  6A,   however,

the   "CI.yptozoon"-molluscan   subfacles   ls  more  homogeneous   con-

taining  about  30¢  skeletal  debris  and  68¢  mud.

Macrof6sslls  collected  from  this  subfacles  are  chief ly

bl.achlopods  although  a  solitary  coral  and  a  few  molluscs  were

observed.     The  brachiopods

Crurlthyl`1s,   Antiquatonla,

Neo chone te s ,

try'
ingla '

Condrathyrls,

Composlta

Avlculop

and

include:   Derbyia,

Rhlpldome

Neosp 1I`1fer.,

Llnoprodu

Hys tricullna,

carbonarla ,

Hustedla ,

ctus.     The  molluscs

Meekella,

|c_hlnoLfn=
are  W]1k-

lnna,   and  natlcopsid  and  pseuqozygopleurld

gastropodB.     Lophophyllidid   col;als,   br.yozoans,   and  echlnoderms

wer'e   observed   also.

I)eposltlonal Envll`onment

The  high  percentage  of  lime  mud  and  thin,   even  bedding

Suggest  quiet  waters.     The  llmlted  geographic  distrlbutlon  of

the   subfacles   lndlcates  that  the   seas  weI`e  not  as  widespread

during  deposition  of   the  molluscan-"Cryptozoon"   subfacies  and

they  were  probably  not  as   subject  to  wave  action  as   intense

as  might  be  suspected  for  the  mixed  biota  subfacies  owing  to

the  reduced  fetch.     Thus,   shallow  waters  probably  covered  the

Sediments.     The  waters  were  appal.ently  open  marine   for  good

marine  indicatol`s   such  as   corals,   bryQzoans,   brachlopods,   and
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echinoderms  are  present  throughout  these  beds.     In  addition,

the  only  cephalopod  collected  from  the  Toronto  was   taken

fl.om  this  subfacies  at  Locality  1;   cephalopods  are  invariably

found  in  open  marine  tteds  elsewhere  in   the  geologic   column

and  thus  offer  corroborative  evidence.     Other.indications

of  extremely  shallow  water.a  for  this   subfacies  ar.e  provided

by  a  slender  fusullnld  gralnstone  that  is  characterized  by

scour  and  fill  cross-bedding  at  Locality  6A  and  by  grainstones

at  Ijocallty  3.

The  algal  blscults,   dlBcussed  prievlously,   occur  at

„\^the   top  of   this   subfa\cles  at  Locality  20.     Their  pr'eBence
T`-` clearly  indlcate8  very  shallow  depoBltlonal  condltlons.

€----J

`'-`u      „     --Of  'all   the   Toronto   facleB  or  subfacle;',   the   "Cr'ypto-
^.I                                                                             ~.`1`

`,zoom"-molluscan   subfacies   ls   the  most  heterog-eneous   in  -terms

.  of  fabr.ic  and  rock  type.     This  ls  presumptive  evidence  of

generally  shallow  neapshore  watel`s.

Skeletal  Mud  Facles   -  Osagla-rich  Subfacies

•-Description

This  subfacles  is  laterally  equivalent  to  the  mixed

blota  subfacles,   extending  from  northern  Leavenworth  County,

Kansas,   to   the   Platte  River  Valley  in  Nebraska.     It  ranges

from  two  to  about  four.  feet  ln  thickness.

The  9sagia-rich  subfacies  contains  about  35¢  skeletal

grains  and  62¢  mud.     The  most  abundant  blotic   element  ls

Osagia  which  constitutes   13¢  R.   and  38¢  8.     FusulinidB,

fenestr.ate  bryozoans,   brachlopod  shells,   and  molluscs  each

make  uP  two   to  five  percent  R.   and   six  to  12¢  a.     The  chief
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dlstlnctionB  between  this  subfacles  and  the  mixed  biota

subfacies  are  the  greater  percentage  of  OBagla  in  the

former,   and  the  presence  of Ep 1mastopora, Tut)1phytes ,   and

platy  algae  ln  the  latter.
On  outcrop,   the  Osagla-rich  subfacles  is  light  gray

when  fresh,  weathering  buff  to  brown.     Green  shale  stringerB

are  common.     Skeletal  material  is  patchlly  dlstrlbuted;   ln

Bone  Places  lt  is  sparse  but  abundant  ln  others;   these  grad-

ations  occur  wlthln  a  single  bed  at  localities  10  and  15.

This   subfacles  appealis  as  a   Blngle  massive  bed  at  I,ocallty

15-but  where  deeply  weather.ed,   other'  bedding  surfaces  may

appear  although  they  are  not  strongly  developed.     It  18

repl.esented  by  Bevel.al  beds   ln  Nebraska.
'MegafoB.sll`B  ldentlfi.ed  from  the  Osagla-rich  subfacies

d'ie-mainly  brachlopods.`     The  brachlopods  pr.esent  include:

Composi'ta, NeoBplflfer Anticiuatonla,   Hystricullna,

productus,   and  Neochonetes.

Lino-

The  molluscs   "Aviculopecten"

and  Myallna  are`  present  in  the  basal  inch  or  so  of  the  lime-

stone  at  Locality  10.

Deposltional  Envil.onment

This   subfacies   ls  characterized  by  the  commlnuted

texture  of  skeletal  grains  and  abundance  of  osagia  coated

grains.     This  latter  Suggests  better  lllumlnated,  more

turbulent,   and  presumably  shallower  waters  during  deposition

of  the  Osagla  subfacies  as   compared  to   the  mixed  blc)ta  sub-

facies.     The  fauna  ls  nonetheless  mar'1ne  although  it  appear.a

to  have  been  not  quite  diverse  as  ln  the  mixed  blota  sub-

facies;   this  suggests  slightly  more  restricted  conditions,
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probably  lower  sallnities,   than  those  attending  the  deposi-

tion  of  the  mixed  blota  8ubfaele8.     Supporting  evidence  for

the  latter  lnterpretatlon  may  be  inferl`ed  from  the  relatively

high  Pel'centage  of  molluscan  shells  ln  thlB  facies,  many  of

which  ar'e  coated  with  Osagla,   present  at  I,ocalltle814  and-14A.

I,ime  Mud  Facles

Descl`1ptlon

From  Douglas   County,   Kansas   to  Buchanan  County,

Mlssourl,   and  in  Cass  County,   Nebraska,   a  unit  of  lime  mud

bearing  only  ostr'acodes  and  molluscs  occurs  at  the   topiof

the  Toronto  Limestone.     The  mudstone  varleB  from  approximately
`a  foot  or'  Bo` to  several  feet  ln  thickness.     At  Localltles

'2_?  and  11' at,.Lawrence,   Kansas,   the   contact  between   the  lime

mrid  facleB`` a.nd  the  underlying  fenestLate  bry6Zoan-echlnoderm

gI.a|nL fa`cles  ls  irregular  and  wavy,   with  lmmedlate  local

relief  of  one-half  foot  or  thereabout.     Bedding  within  the

mudstone  facles  at  these  localities  ls  thin,   irregular,  and
+

•discontlnuous  with  lithologlc  assoclatlons  separated  by

bedding  surfaces.     Elsewhel.e   the  contact  with  the  under.lying

beds  18  an  apparent  planar  bedding  surface   (I.ocalities  14

and  15),   or,   apparently,   ls  tl.ansltlonal   (I®callty  12).

At  the  outcrop,   the  facles  18  a  light  gray  homogenous

mudstone  that  locally  contains  lntraclasts  or  mud  pebble

Conglomerates.     Fossils  recovered  from  the  facles  include

sponge  splcules,   ostracodes,  Bellerophon   (Pharkldonc>tus )
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sp.,   Euphemites   sp.,

sp. ,   Wllkingla

Murchlsonla   sp.,   Nuculana   sp. ,

terminale, Solemya  cf .

Goniasma

S.   radlata,   ''Avlc

pectep"   sp.,   Myallna   sp.   cf.   !9=  (Orthomyallna)

Septlmyallna   sp.   cf .   S.

ulo-

slocomi,   and

scitula.     In  addltlon,  irregular

1mpresslons  occur.  at  places  ln  the  facles;   the  impressions

are  elongate  and  Blnuous  and  liemlnlscent  of  kelp  or  brown

algae  of  the  lamlnarlan  type  of  modern  lntertidal  zones.

Iilme  mud  constitutes  about  80  to  95  per`cent  of  the

facles.     Skeletal  debl.1s,   chiefly  molluscs  and  ostracodes,

are  pr.esent  ln  amounts   ranging  from  5  to  20  per.cent.     At

Locality  11,   local  lenses  of  well-sorted  unldentlflable

Skeletal  debris   (calcarenB)   occurs  which  ls   cemented  by

Bparl'y  calclte.     These  lenBeB  contain  lntraclasts  and

Patches  of  calcarens  with  a  lime  mud  matrix.

Depositlonal  Environment

The  lime  mud  facles  accumulated  under  conditions

that  departed  Bignlflcantl.y  from  open  marine  conditions.

The  contact  with  the  underlying  fenestl.ate  bryozoan-echinoderm

gI.aln  facles  ls  lnterpr.eted  as  at  least  locally  disconformable
and  was  a  I.esult  of  erosion,   probably  on  an  exposed  marine

flat   (perhaps  a  tidal  flat).     The  well-sorted  calcal.en-

Sparlte   (my  ter.in)  with  their  included  intraclasts  al.e  most

PI'obably  beach  deposits.     The  pr.edomlnantly  molluscan  fauna

Suggests   envll`onmental  conditions  for  which  corals,   br.yozoans,

brachiopods,   and  echlnodemB  were  not  adapted--these  condi-

tlonB  must  have  involved  restricted  marine  conditions.     The

llthologles  and  mlcrofaunas  of  the  overlying  beds  in  addition
to  analogies  with  IIiodern  facles  patterns  all  suggest  brackish
water  conditions.
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CYCLIC   SEDIMENTATION

Kansas   Cyc|othems

In  Kansas,   three  basic   types  of  simple  sedimentary

byclothems  and  two   types  of  megacyclothems  or.  cycles  of

6yclothems  have  been  recognized  in   the   Pennsylvanian-I.ower'

Perinlan   sequence.     The   cyclothems  appear.1n  different  Par.tB

of  the  Column  and  have  been  named  for  the  groups  of  str'ata

in  which  `they  occur..      (Moor.e,1950.)

The   simple   cyclothems   include   the  Cherokee   (Desmoine-

sian),   Wabaunsee   (Vlrgilian),   and  Council  Grove   (Wolfcampian)

types.     The  Cherokee  cycle  contains  a  basal   sandstone  which

ls   succeeded  by  an  a6cendlng  sequence  that  includes  a  shale,

an  und€rclay,   a  coal,   a  black  shale,   a  limestone,   and  a   ```

marine  shale;   indlvld¥al  cyclothems  can  be  tl`aced  for  great

distances  with  the  most  persistent  units  being  coal  beds

and  overlying  black   shales.     The  Wabaunsee   cyclothem   con-

sists  of  a  sandstone,   shale,   coal,   shale,   limestone,   and

shale  ln  successlonal  order;   the  cyclothem  ls  distinguished

by  the  lack  of  black  platy  shale  and  the  extreme  lateral

Per.slstence  of  thin  coal  beds  and  especially  the  limestones.

The  Council  Grove  cyclothem  ls  similar  to   the  Wabaunsee

type  but  differs  from  the  latter  in  having  a  persistent  red

shale  ln  place  of  the  sandy  deposits;   the  cyclothem  is  mainly

dlstlnguished  by  the  per.sistent  red  shales  and  llmestoneEi.

The  complex  cycles  are   the  Shawnee   (Vingillan)   and

Chase   (Wolfcamplan)   types.      The  Shawnee   megacyclothem,   of

which  the  Oread  megacyclothem  ls  a  repl.esentative,   consists
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of  five  llmestones  and  lnteI.vening  shales--lower  limestone

(Toronto),   shale   (Snyael'vllle) ,   middle  limestone   (Ijeavenworth) ,

black  shale  '(Heebner),   upper  11me8tone   (PlattBmouth),   Shale

(Heunader),   super  limestone   (Kerefol.a),   shale   (Jackson  Park),

fifth  llmeBtone   (Clay  Creek),   and  shale.     The  middle  lime-

stone,  black  Shale,   and  upper  limestone  are  present  ln  15  of

16  recognized  Shawne#megacyclothems   (Weller,1958).     The

middle  limestone  18  the  only  one  of  the  three  members  missing

from  a  single  megacyclothem  although  the  lower  limestone  ls

PI.esent  ln  only  seven  of  the  16  examples.     The  super  limestone

ls  present  in  10  and  the  f ifth  limestone  ln  three  of  the  com-

plex  cyclothems.     The  Chase  type  megacyclothem  differs  from

the  Shawnee  type  prino|pally  ln  lacking  a  black  shale  member..

PubllBhed  ±he6riieB  on   the  Origin  of  Cyclothems

Numel.ous   theories  have  been  proposed  to  account  for

the  origin  of  cyclothemB.     The  lnoBt  acceptable  of  these  are

summal.1zed   below.:

(i)

(2)

Differential  Upllf.t ±  (Hudson,  1924)  -
each  cyclothem  was  explained  by  dlffel`ential

uplift  of  the  source  area  followed  by  de-

nudatlon  with  gradual  subsidence  of  the

deposltlonal  basin.

Intermittent Subsidence  Theor'y   (Stout,   1931)   -

intermittent  though  progr.essive  subsidence

of  the  depositional  basin;   with  very  slow

Bubsldence--coal   swamp  formed;   rapid   sub-

sidence--deposition  of  marine  limestone
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1n  shallow   transgreBslve  sea;   decrease   ln

rate  of  subsidence--maximum  ba8ln  depth

attained  and  shale  and  Sandstone  deposited

concomlttantly  ln  sea;   and,   very  slow  sub-

Bldence--,depositlonal  surface  built  up  to

or  above  sea  level  with  deposition  flrBt

of  llmeBtone  and  then  of  claystone.

(3)     Dlastrophlc

(4)

(5)

Control _Theory   (Weller,   1930,

1956,   and  1957  -  dlastrophlc  cycles  that

involve  both  the  depositlonal  basin  as  well

a\s   the  sour.ce  areas;   pulBatlng  uplift  and

depression  of  large  continental  areas,   the

magnitude  increasing  from  basin  to  land

ar:eas;   the  mechanism,involved  cycl,1c  expan-

Blon,  and  contraction  of  a  subcrustal  layer

(Weller,1956,   pp.   44-46).

Glacial  Contl'ol ±h_eory   (WanleBs   and   Shepard,

1936)   -the  evidence  of  world-wide  sea-level

changes  aurlng  the  Pleistocene  due  to  alter-

nate  advance  and  retreat  of  glaciers  was

used  in  postulating  an  analogous  mechanism

of  control  for  late  Paleozolc  cyclothems;

they  Postulated  continued  subsidence  in  the

depoBltional  basin  coupled  with  sea-level

fluctuations  brought  about  by  continental

glaclatlon  ln  the  southern  hemisphere.

Deltaic  Shift !!±±9±=Z£   (D.   Moore,1959)    -

1nter'play  of  a  shallow  eplcontlnental  sea
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and  deltas;   abandonment  of  old  deltas  and

lnitlatlon  of  new  ones  with  continued

I`eglonal   subsidence  alQwer  than  deltalc

deposition  but  contlnulng  after  the  older

deltas  built  up  above  sea  level  gI.adually

resulted  ln  transgression  of  the  older

deltalc  plains.

(6) Climatic  Fluctuation ± (Brough,  1928;.
Beel`bower,   1961)   -increase  in  I`alnfall

would  increase  flood  discharges  and  eroBlon

lf  upland  vegetation  was  not  abundant,

whe-reas  lf  vegetatlonal  cover  was  abundant

lncr.eased  ralnfa'll  might  result  in  denser

vegetat.1`onal  cover  and  decreased  flood  dis~

charges`;   varlatlons  in  tempe`ratur.e  in  con-

nection  with  preclpltatlon  changes  would

PI.oduce  complications  in  discharge,   vegeta-

tion  and  weathering;   eustatlc  sea  level

fluctuations  and  dlastrophic  events  can  also

take  place  but  the  ultimate  contl.ol  is

theorized  as  being  due  to  cllmatlc  cycleso

Principal  Considerations  in  the  Development
of  an  Acceptable  Theory  of .Cyclothem  Origin

(i)     Cyclic  fluctuations  ln  late  Paleozoic  sedi-
mentation  differs  from  cycles  ln  rocks  both  younger  and  older

than  late  Paleozolc  in  that  only  ln  the  late  Paleozoic  are

cyclothems   8o  widespread,   so  deflnlte,   and   so  numerous®
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(2)     The  cycllcal  nature  of  late  Paleozoic  beds

has  been  recognized  ln  aD  almost  continuous  belt  fl.om  Pennsyl-

vania  to  Callfomia.     In  addltlon,   they  have  been  described

ln  Europe,   Asia  and  Australia,   and  they  may  also  occur  ln

Afl`1ca  and  South  America.     Thus,   late   Paleozolc   cyclothelns

al.e  world-wide  ln  occurrence.

(3)     Cyclothem  charactel`1stlcs   vary  from  basin  to

basin,   region  to  region,   etc.   and  within  Btratlgraphic  lnter-

valB  of   the   same  age.     Moore   (1959,   p.   42-45)   has   emphasized

the  Btl.atlgraphlc  equivalence  of  certain  Pennsylvanian  rock

units  ln-states  ranging  from  oklahoma  to  West  Virginia  and

Pennsylvania.     Stratlgraphlc  BtudleB  across  the  continent  have
'shown. that  `marine   llmeBto`nes.. prevail  in  Arizona,   New  Mexico,

and  Kansas  but  farther  east  calcareous  shales  are  more  Proml-

heht  than  llmestones,   and  marine  fossils  are  typically  found

ln  terrlgenous  sedlments  of  Illlnols,   Ohio,   and  West  Virglnla

(WanlesB,1950,   p.   20-21).     In  addltlon,   there  ls  a  fair.ly

Progressive  change  from  an  almost  totally  marine  column  ln

AI.izona  and   Southwestern  New  Mexico   to  a   column   that  is  about

half  marine  ln  Kansas,   one-fourth  mal`ine  in  Illinois,   and  ls

a  maximum  of  about  five  per.cent  marine  ln  West  Vinglnla

(WanlesB,1950,   p.   20).     Thus   ter.rlgenous   Bands,   silts,   and

shales,  mostly  nonmarine,   and  lntercalated  coal  seams  are

Prevalent  ln  the  Appalachlan  cyclothems;   howevel`,   they  are

replaced  laterally  to  the  west  ln  the  Eastern  and  Western

Interior  Basins  by  marine  llltiestones  and  caloareous   Bhales,

with  coals  and  nonmal.1ne  clastlcs  playing  a  lesser  I.ole.
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However,   within  any  of  the  regional  segments,   local  facies

varlatlons  may  e¥lBt.

As  an  example,   consider  briefly  the  characteristics

of  Desmolnesian  strata.     In  the  Appalachian  Region  sandstones,

shales,   and  coals  predominate  and  llmestones  are   scal'ce   (Alleg-

heny  Series).     In  the  Eastern  Interior  Basin,   BandBtones  are

much  less  prominent  but  llmestones  al.e  well  developed  and  coal

beds  al.e  character.1stlc  although  Slightly  less  numerous.     In

the  Western  Interior  Basins,   teI`rigenous  claBtlcs  predominate

although  well-developed  llmestones  are  intel'calated  ln  tbe

Bectlon  and  coal  beds  al.e  not  as  well  developed  as  in   the

APpalachlan  and  Eastern  Interior  BaBlnB,     The  Desmoineslan

of  the   Paradox  BaB|n` of  the`.Four  Cornel's  Region  ls  represented

on   the  west  by  cyclothems  made  up  of  black  shale,   dolomite,

llmegtone,   anhydrlte,   salt,   and  very  thin  sands  and  silts

(Paradox  Formation);   on  the  eastern  side  of  the  basin  arkosic

and  clastlc  debris  dominate  over  carbonates  and  gr'ade  into

the  evaporlte  section   (Peterson  and  Onlen,1962,   P.   70).

These  relatlonshlps  al`e  suggestive  Qf  a  cllmatlc  gr'adient

fl.om  east   (humid  region)   to  west   (arid  region).

Postulated  Cause  of  Late  Paleozolc  Cyclothems

The  cyclothems  of  the  Pennsylvanian  and  Permian  are

unique  when  compared  with  cyclothems  pr.eBent  in  other  Parts

of  the  geological  column  ln  that  the  former  are  so  thin,   yet

so  deflnltive,   so  laterally  extensive  and  so  numerous.     The

world-wide  occurrence  of  the  cyclothems  means   that  the  ulti-

mate  cause  of  cycllcity  must  have  been  operative  on  a  world-
wide  scale.     Regional  varlationB  ln  llthology  are  taken  as
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proof  of  local  cllmatlc  and  tectonlc  influence.     The  essential

flatness  of  the  lahd  surfaces  in  many  regions  is  indicated

by  gr'eat  geographic  extent  of  indlvldual  beds  of  coal,   some

having  been  tl.aced  for  sever.al  hundl`ed  miles  in   the  eastern

portion  of  the  United  States.     All  of  this  leads  to  the
lneBcapat]1e  conclusion  of  the  advance  and  retr'eat  of  shallow

seas  onto  most  lf  not  all  of  the  continents  dul.ing  the  Penn-

sylvanian.     However,   it  is   clear  that  cyclothems  weI'e  devel-

oped  thl.ough  oscillations  of  the  seas  across  the  continents

not  only  in  the  late  Paleozolc  but  throughout  geologic  time.

The  uniqueness  of late  Paleozoic  cyclothems  ls  viewed

by  the  wl`1ter  aB  a  consequence  of  the  unique  lr`tel`play  of

several  factol`s  and  not  to  any  abnor.Pal  process  of  the  time,

The  Presence  of  cyclothems  of  the  same  age  ln  widely  separated

Parts ,of  the  worl¢  can  only  be  explained  by  an  under.lying

cause  that  affected  deposltlon  world-wide.     The  PlelBtocene

recol.d  has  clearly  shown  how  deposition  can  be  modlfled  and

Controlled  by  euBtatic  Bea  level  fluctuations  caused  by  the

waxing  and  waning  of  glacier.a.     There  ls   evidence  of  wide-

spread  carboniferous  glaclatlon  ln  the  southern  hemlspher.e

(Wanless,   1963)   so  that  appeal  to  glaclation  as  the  under-
lying  control  on  sea  level  fluctuations  is  plausible.

Perhaps  t,he  most  significant  factor  ln  causing  the

unique  development  of  the  Pennsylvanian-Permian  cyclothems

was  not  sea  level  fluctuations  g£= E±,  but  the  fact  that  they

wel.e  operative  dur`1ng  a  period  of  Continental  evolution  when

large  eplcontinental  seas  were  extensive  not  only  in  North

America,   but  ln  Europe,   Asia,   Australia  and  perhaps  other
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continents  as  well.    (The   lack  of  cyclothems   in  the  Pleistocene

that  would  compare  ln  geometliy  with  those  of   the  later  Paleo-

zolc  may  be  attributed  to  evolution  of  the  continents  which

had  ellmlnated  all  the  eplcontinental  seas  by  Pleistocene

time).    It  is  slgnlflcant  that  numer.ous  well-developed  Pllo-

Plelstocene  cyclothems  contalnlng  tel.I.1genous   sandstones  and

mudstones,   1igniteB,   and   11.mestones  have  recently  been  re-

ported  from  New   Zealand   (Vella,1963a,1963b).     Four  major

Pleistocene  sedimentary  sequences  are  present  ln  the  Gulf

Coastal  Plain  of  Texas  that  correspond  with  the  major  glacial

and  interglacial  stages   (Bernard,   LeBlanc,   and  Major,   1962);

thus   the  exlBtence  of  Pleistocene  cyclothems  has  been  demon-

strated.)    Frequent  movements  of   the  stI.and  line  back  and  forth

across  the  epicontlnental  deposltlonal  basins,  at  rates  that

genel`ally  exceeded  the  rate  of  supply  of  t,err.igenous  detritus
would  have  through  the  extr.eme  energy  conditions  at  the  shore-

llne,   tended  to  eliminate  topographic  lrregularlties  and  pro-

duced  very  gently  s5award  sloping  deposltional  surfaces.     If

the  pr.obablllty  of  differing  I`ates  of  sediment  supply  and

baslnal  subsidence  ar.e  considered  not  only  for  the  different

continents  of  the  world  but  for  the  different  I.egions  and  even

local  ar.eas  within  these,   then  lt  is  easy  to  visualize  that

varlatlons  ln  types,   kinds,   and  numbers  of  cyclothems  would

resul t .

As   thus   conceived,   the  wr.iterls   theor.y  ls  based  upon

the  formation  of  sedlmental`y  cycles  by  eustatic   changes  of

sea-level  affecting  slowly  subsiding  deposltic>nal  basins  as
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advocated  by  WanlesB  and  Shepard   (1936)   but  with  dlfferlng

rates  ln  subsidence  and  Bedlment  supply  for  dlffel.ent  regions

and  dlffelient  locales  within  a  region  as  well  as  climatic

var'1atlons  superimposed  on  eustacy  so  that  the  result  would

be  varlatlons  in  number,   types,   and  kinds  of  cyclothems.     It

18  also   conceivable  that  major  tectonlc  movements  could  effect

some  Bea-level  changes  but  not  enough  to  be  considered  as   the

Daln  control  mechanism.

In  the  northern  Mldcontlnent  r'eglon  of  the  United

States,   the  transgressions  and  regressions  moved  over  a  sul.-

face  of  many  +housandB  of  square  miles  ln  area.     Terrlgenous

sedlments  weI`e  generally  deposited  near  the  shoreline  or  ln

nonmarlne  environments  and  were  laid  down  as  sheet-like  depos-

its  because  the  combinations  of  sea  level  fluctuations  and

baBlnal  subsidence  commonly  exceeded  the  rate  of  supply  of

land  derived   Bedlments.     The   llmestones  were  gener.ally  depos-

1ted  off shor'e  ln  the  shallow  seas  where  the  rate  of  influx  of

tel.rlgenous  sediment  supply  and  distrlbutiop  of  these  mater`-

1als  ln  the  Seas  was  such  that  generally  equllibrlum  condl-

tlons  were  attained.     The  portions  of  the  basin  farthest

seaward  were  gener.ally  lower  ln  elevation   than   the  shor.eward

zones   (basin  pel`iphery)   as  a  consequence  of  the  deposltlonal

Pattern.     Thus,   the  surfaces  over  which  the  transgressions

and  regressions  moved  Sloped  gently  and  evenly  seaward  Just

as  a  bathtub  slopes  toward  its  drain.     The  sedlments  deposited

ln  such  a  sea  must  be  time-transgressive  although  the  surfaces

of  syncronelty  may  pass   through  the  beds  at  vel`y  low  angles.
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The  lack  of  conBlstency  and  uniformity  ln  the  develop-

ment  of  the   cyclothems   in  Kansas  and  elsewhere  can  be  attl`ib-

uted  to  varlatlons  of  geography,   climate,   and  tectonlcs  from

region  to  region  as  well  aB   the  dynamics  of  the  aforelnentloned

fpctoI.a  and  others  ln  the  stl.atlgraphic  succession  of  any

region.     Certainly  Bea  level  fluctuations  are  not  to  be  post-

ulated  for  each  cyclothem  seen  ln  the  column  because  oscllla-

tlons  may  also  be  caused  by  variations  in  the  rates  of  sub~

sldence  and  Supply  of  sedlments.     Deltaic  deposltlon,   for

example,   coupled  with  uniform  subsidence  can  result  in  oscll-

laLtlonB  of  the  sea  due  to  shlftlng  of  dlstrlbutarles  and  sub-
t`¢'levatlon  in  areas  of  previous  heavy  sedimentation   (Scruton,

1961).     Deltas  played  a  slgnlficant  I.ole  in  deposltlon  ln  the

Kansas  Sea  but  distributary  shlf ts  cannot  be  invoked  to  ex-

Plain  the  ,development  of  the  oread. and  other  megacyclot`hemlc,

sequences.     Deltas  were  most  certainly  present  ln  northel`n

Oklahoma  during  Oread  deposition,  but  regional  stratigraphic

evidence  ln  addltlon  to  the  dlffer±ng  llthologlc  character

of  each  of  the  Oread  members  can  only  be  explained  by  rapid

fluctuations  of  regional  base  level  due  to  eustatlc  fluctua-

tlons  of  sea  level.

The  existence  of  different  types  of  cyclothems  in  the

Kansas`Pennsylvanlan-Per.mlan  Buccesslon  is  undoubtedly  a

consequence  of  a  changing  sedimentary  fl`amewol.k  and   climate

through  time.     The  Pennsylvanian  and  Permian  beds  of  the

nor`thern  Mldcontlnent  Region  constitute  a  major  transgl.esslve-

regl`esslve  couplet  which  ls  a  genetic  unit  of  sedlmentatlon.
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Beds  of  Desmolneslan  Age  represent  a  Stage  ln  regional   trans-

gression  ln  Pennsylvanian  tllne.     The  transgression  reached

its  maxlmun  extent  dul.1ng  the  Mlssourlan  and  marine  beds  of

this  age  are  well  developed  not  only  in  Karisas  but  ln  the

Eastern  Interior  region  of  Illinois.     Regional  regression

began  ln  the  Virglllan  and  continued  through  the  Permian  as

evldenoed  by  the  widespr.ead  deposltlon  of  evaporltes  and  red

beds  during  the  Leonardlan  and  Guadalupian.     In  view  of  these

changing  condltlons  of  sedlmentatlon   through  time,   the  recog-

nltion  of  different  types  of  cyclothems  ln  the  succession  is

t.o  be   expected.

In  Summary,   the  uniqueness  of  Late  Paleozolc  cyclic

sedimentation  as  compared  to  cycllclty  elsewhere  in  the

geological  column  18  1ndlcatlve  of  the  interplay  of  several
major  factors.     These  aI.e  sea  level  fluctuations,   a  st,age  ln

evolution  of  the  continents  when  vast  eplcontlnental  seas

flooded  the  lnterlor's  of  continents,   and  tectonism  expressed

by  subsidence  of  the  basins  and  elevation.  of  adjacent  areas

which  served  as  Source  tel.rains  for  terrlgenous  detritus.

Thus,   each  and  ever.y  cyclothem  ls  not  to  be  interpreted  as

a  result  of  eustatlc  sea  level  fluctuation.    Dlffel.ent  rates

of  subBldence  and  sediment  supply  wlthln  a  given  basin  in

oonJunctlon  with  eustatlc  sea  level  fluctuations  would  com-

Plicate  the  Picture  ln  terms  of  the  number  of  cyclothems

recorded  by  sedlmentatlon.
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SEDIMENTOLOGIC   SIGNIFICANCE   OF   THE
TORONTO   I,IMESTONE   AND   ASSOCIATED  UNITS

General

Dur.ing  Vlrgillan  time,  Kansas  and  parts  of  surrounding

states  were  occupied  by  a  shallow  lnterlor   (epeiric)   Bea.

Highland  areas  at  the  west  of  the  seaway  included  the  Anoestr'al

Rocky  Mountaln8,   the  Apishapa  Uplift,   and  the  Sierra  Grande

Arch,     The  Amarlllo,  Wichlta,   and  Arbuckle  Uplifts  were  high-

land  areas   to  the  south  aB  were  the  Ouachlta  Mountains  which

had  b?en  uplifted  prior  to  the  Virglllan.     To  the  north,   the

Slouxia  Arch  was  a  low  lying  land  area  and  to  the  east,   the

low  plains  of   the  Ozal`k  Dome  for.ned   the  mar.gin  of  the  sea.

At  times,   the  seaway  may  have  been   connected  with  the  1111-

noiB  Basin  across   Iowa;   however,   I.eglonal   thinning  and  f.acles

changes  wlthln  the  VII.glllan  units  fl.om  Kansas  to  Iowa  lndl-

cates  that  connection  with  the  |lllnols  Basin  was  a  periodic

rather  than  a  permanent  feature.     Evaporltes  are  present  ln

the  Vlrglllan  of  the  Hartvllle  Upllf t  and  ln  the  Powder  River

Basin.     Thus,   the  main  access  of  marine  waters  into  Kansas

was   thr.ough  a  narrow   connection,   her.e   tel.ned  the   Panhandle

Str.alts,   between  the  Aplshapa-Sierra  Grande  and  Amarillo

massif a .

The   Tol`onto   Limestone,   I,eavenworth  Limestone,   Heebner`

Shale,   and   Plattsmouth  Limestone  can  be  recognized  widely

thl.oughout  Kansas.     In  southwester.n  Nebraska,   Red  Willow

County,   the  Leavenworth  Limestone,   Heeb.ner  Shale,   and  Platts-

mouth  Limestone  al'e  present  but  the  Toronto  i8  not.     In
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southwestern  Kansas,   the  various  members  of  the  Oread  have

been  I'ecognlzed   to   the  Oklahoma   line.     Rascoe   (1962,   p.   1364)

has  noted  that  the  Oread  Limestone  is  extensive  over  both  the

Kansas   shelf  and  Anadarko  Basin.     A  pr.edominantly  car.bonate

composition  of  the  Shawnee  Group   (ln  part  Oread)   exists

between  the  Amarillo  and  Aplshapa-Sier.ra  Grande  uplifts,   but

lt  changes  toward  each  of  these  posltlve  areas  to  an  inter-

bedded  limestone  and  shale  and,   finally,  passes  into  arkoBlc

claBtlcB  that  mantle   the  massifs.

The  Kansas  Sea  may  have  been  connected  with  the  Illi-

nois  BaBln  during  deposltlon  of  the  I,eavenworth  Limestone,

Heebner  Shale,   and  Plattsmouth  Limestone  for  these  three

member.s  ar.e  well-developed   ln  southwest  Iowa.     The  Toronto

Limestone,  however,   1s  absent  at  the  localities  where  the

members  listed  above  are  present.     The  stratigraphlc  posltlon

of  the  Toronto  ls  represented  by  shales  at  the  same  localities.

Hydrogl`aphlc  properties   such  as  waves,   tides,   and  cur'-

r`ents  were  almost  certainly  not  as  pronounced  ln  the  Kansas

interior  sea  as  those  observed  in  the  marginal  seas  of  the

Florida-Bahama   I.eglon   today.      Ginsbul.g   (1964,   p.   564)   shows  a

mean  tidal  r'ange  of  about  two  feet  for.  the  Flol`ida  Reef  Tract

and  an  abrupt  decline  of  tidal  I.ange  at  the  Florida  Keys  into

Flor`lda  Bay  where   the  mean  tidal  I.ange  ls  less   than  0.2  foot.

The  Kansas  Sea  was  many  miles   away  from  oceanic  waters  where

large  waves  and  tides  and  strong  currents  are  generated.     This

deduction  is  subBtantlated  by  the  relative  lack  of  high  energy

deposits,   beach  and   shoal,1n   the  Tol`onto,   Leavenworth,   and

Plattsmouth   llmestones   aB   compared  with  modern   sedlments  of
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the  FloI.ida-Bahama  region.

FI.om  studies  of  the  Recent,   1t  has  been  found  that

delta,a  are  eBpeclally  characterlBtlc  ln  Seas  whelie  the  tidal

range  ls  lnslgnlflcant,   for  example,   ln  the  Medlter.I`anean

(Rhone,   Ebro,   Po,   Nile,   eta.)   1n  the  Baltic   (Welchsel),   and

ln  the  Gulf  of  Mexico   (Misslssippl),   because  such  conditions

do  not  permit  wide  dlsper.sal  of  sediment  carried  to   the  sea

(Gullcher,1964j   p.   620).     The  role  of  deltas  in   the  sedi-

mentar'y  framework  of   the  Mid-Continent  Pennsylvanian  was   an

impol.tant  one,   especially  in  eastern  Oklahoma  where   the

carbonate  units,   so  widespread  ln  Kansas,  undergo  facles

c-hange  to  clastlcs  brought  in  from  the  highland  areas  to  the

south .

Toronto  Limestone

Sedimentary  Fpamewol`k

Deposltlon  of  the  Toronto  Limestone  began  following  a

period  of  regr.esslon  and  emer.gence  af ter  deposltlon  of  the

Amazonla  Limestone.     The  Amazonia  lleB  about  40  feet  beneath

the  Toronto.     Widespread  unfossllifel.ous  red  shale  and  bluish-

gray  sllty  shales  bearing  woody  plant  matel.ial,   chalo.phyte
oogonla,   and  smooth-shelled  ostracodeB  are  evidence  of  conti-

nental  to  marginal  marilne  sedlmentatlon  prior  to  Toronto

deposl'tlon.     The  Upper  Wllllamsburg  coal  ls  present  ln  the

same  interval;   coal  ls  pr.esent  ln  the  same  stratlgraphlc

poBltion  ln   the  Bubsurface  of  Kansas  as  far  west  as  Wichita,

appr.oxlmately  50  miles  baslnward  of  the  outcrop  belt.     Thus

the  Wathena  Shale  must  represent  a  regression  during  which
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coastal  plain  clastlcs  deposition  prevailed.     The  widespread

occurrence  of  coal  and  the  fact  that  the  coal  ls  appar.ently

a  single  stl.atlgr'aphic  equivalent  bed   (no  two  coal  beds  have

been  observed  ln  any  section)   makes   lt  slmllar  in  geometl.y

to  cer.taln  peat  deposits  ln  the  Chenler  Plain  of  Loulslana

(Gould  and  Morgan,1962,   pp.   292-326).      In  addition,   the

remainder  of  the  sequence  So   similar  to  the  llthologlc

Sequence  seen  in  the  Chenler  Plain  that  this  Pennsylvanian

coal  ls  considered  to  be  an  analog  of  the  Chenler  Plain

PeatB,   that  ls,   1t  represents  a  marshland  sur'face  built  up

ln  an  ar.ea  that  probably  bordered  a  I.elatlvely  large  delta.

This  de.lta  was   situated   ln  westel.n,   or  west  of ,   Osage  County,

Oklahoma,   because  directional  trends   ln  channel   sandBtones

of  continental  ol`1gin  ln  the  VamooBa  Formation,   in  part

stl.atlgraphlcally  equivalent  to  the  Lawl.ence  and  Oread

formations,   convel`ge  fr.om  northwest,   and` southwest  flowing

direction  ln  central  osage  County   (Hicks,1963).     As   thus

interpreted,   the  pl.esent  outcrop  line  of  the  upper  Lawrence

Shale,   Toronto  Limestone,   and  Snyderville  Shale  transects

the  lnterdeltalc  plain  marsh  deposits  of  the  upper  Par't  of

the  Lawrence  Formation  ln  central  and  souther.n  Kansas  and

cuts  across   the  upper  or  subaerial  por.tion  of  the  VamooBa

delta   ln  Osage  County,   Oklahoma.     This   explains  why  coals

analogous   to  the  lntel.dlstributary  peats  of  the  modern

Mlsslssippi  Rlver`  delta  have  not  been  found  ln  Oklahoma.

Deposltlon  of  the  Tor.onto  Limestone  began  with  a

rapid  tr.ansgresslon  of  a  marine  sea  over  the  deltaic  and

interdeltaic  plain  sedlments  of  the  upper  Lawr'ence  Shale.
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Rapid  transgl`esslon  is  lndlcated  by  the  general  lack  of  a

well-developed  and  thick  marine  elastic  interval  at  the  base

of  the  Tol`onto  over  most  of  central  and  southel.n  Kansas;   a

thin  zone   (less  than  6  inches  ln  thickness)  of  abundant  small

robust  fusulinlds  and  brachiopod  shells   (mainly Neochonetes

and  Derbyia)  with  a  matrix  of  terlilgenous  silt  and  lime  mud

ls  Present  at  the  base  of  the  Toronto  ln  this  region.     Most

of  the  skeletal  matel.lal  from  this  zone  bears  Osagia  coatings.

The  zone  ls  interpreted  as  littoral  and  near  littoral  zone

accumulation .

In  southern  Kansas,   the  Toronto  Limestone  grades  or   .

intertongues  with  marine  and  brackish  water  shale  and  Band

deposits.     The  major  source  of  this  tel-rigenous  material  was

apparently  supplied'  by  the  mountainous  areas   (Arbuckles  and

Possibly  the  OuachitaB)   of   southern  Oklahoma  and  Arkansas.

In  northeastern  Kansas  and  northwestern  Mlssourl,   marine  to

brackish  water  shales  occur  at  the  base  of  the  Tor`onto  Lime-

stone.     The  Ozark  Dome  presumably  fuml;ned  most  of  the

elastics.     However,   in  Nebraska   the   shaly  mater.1al  pr`esent

in  the   lower  part  of  the  Toronto  must  have  been  pr`ovlded  by

the  Siouxla   land  mass.

Thus,   as   the  Toronto   tl.ansgresslon  passed  over.  the

former  Bites  of  coastal  plain  deposltiori  in   the  Lawr`ence

Shale,   the     ate  of  supply  of  terrlgenous .Sediment  was  not

able  to  keep  pace  with  the  relatively  rapid  rise  of  sea

level   so  that  carbonate  deposition  commenced.     As   thus  inter-

Preted,   the  re|atlonshlp  of  thalasslgeneous  carbonate  and

terrlgenous  elastic  sedimentation  ls  analogous  to  present
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condltlons  of   sedimentation  ln   southern  BI.1tish,Hondur.aB:

+`,(i)   1n   southern  British  Honduras   terrigenous   sands  and  muds

iare  accumulating  at  and  near  shor.e  ln  those  areas  where

terrlgenous  material  ls  available,   and  carbonate  deposlt|on

|s  taking  place  off Bhor.e  where  the  rate  of  terrlgenous  lnf|ur
ils  low;   and   (2)   in  northern  British  Honduras  a  negligible

\amount  of  terrlgenous  detritus  ls  supplied  to  the  sea  Bo

that  carbonate  deposltlon  can  take  Place  uP  to  the  shore  line.
~In  this  respect,   the  condltlons  of  Toronto  ljimestone  depos|-

tlon  ar'e  analogous   to   those  seen  in  British  Honduras  today.
I->

Thus,  other  factors  being  equal,   the  major  factor  involved

in  the  deposition  of  carbonate  sedlments  ls  related  directly

to  the  rate  of  terrigenous  sediment  supply  to  a  basin.

The  envlr'onmental  factors   inter.Preted  to  have  exerted

a  greater.  influence  than  others  ln  the  development  of  the

Toronto  Facies  include:   (i)   the  I.ate  of  detrltal  sediment

supply  fl.om  the  land  areas;   (2)   the  supply  of  nutrient

mlner`alB  furmlshed   to   the   sea  by  I.uno ff  fl`om   the  land;

(3)   salinity  which  is  related  to  circulation  within  the
basin  and  to  climate;   and   (4)   turbulence  which  is  related

not  only  to  depth  but  to  circulation  patterns.

The  pal`ameters  listed  above  are  lnt,erpr.eted  as  the

major  par'ameters  responsible  for.  facles   variations.     However,

the  ultimate   contl`ols  on   the  deposition   of   the  Torc)nto  Lime.

scone  must  have   included:   (i)   subsidence   ln   the  region  of

the  Kansas  Sea;    (2)   transgr.ession  of  narlne  water.s,   followed

later  by  regression;   (3)   cllmatlc   influence;   (4)  evolutions

of  ol.ganisms;   and   (5)   biogeogl.aphy.
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t             Thelie  are  indications   that   the  framework  of  Toronto

deposition  involved  eBsentlally  a  delta  or  deltalc  `complex

in  northern  Oklahoma  wherie  terrlgenous  deposltlon  prevailed,

a  near  delta  region  of  land  der.ived  mud  deposition  adjacent

t,o  the  delta  ln  Bouthem  Kansas,   and  a  region  of  carbonate

deposlt]on  that  occupied  most  of  KanBaB  and  adjacent  Parts

of  Nebr.aska,   Mlssourl  and  possibly  southwester.n  Iowa.

Environmental 'Significance  of  Terrlgenous Facies

As  stated  above,   the  clastlc  sequence  in  Oklahoma

equivalent  to   the  Tor.onto  Limestone  is  lnterpr'eted  as   the

upper  peaches  or  subaerial  plain  of  a  delta.     ThlB  is  based

upon   the  convergence  of  channels   ln  OBage  County,   the  assoc-

1ation  with  the  channels  of  unfoBslllferous  I.ed  and  green

shales  which  are  appar.ent  flood  plain  riather  than  lnterdis-

tributary  channels,  and  the  lack  of  coals  ln  association

with  the  channels  which  would  be  evidence  of  lnterdistri-

butal.y  deposition.     One  important  feature  of  some  of   these

channels  in  Osage  County  noted  by  the  writer,   is   the  presence

of  fossillferous  zones  in  the  bottoms  of  the  channels.     The

fossils   include  bryozoans  and  bl.achiopods  which  are  indica-

tive  of  marine  conditions.     This  may  not  be  as  par.adoxlal

as   lt  appeal`s  when   seasonal  invasions  by  wedges  of  dense,

marine  waters  along  channel  bottoms   ls   consider'ed.     The

wedge  effect  is   caused  by  less  dense,   low   salinity,   water

flowing  over  more  dense   saline  water.     In  norther.n  British

Honduras,   salt  water.  has  been  observed  as  much  as   50  miles

upstream   ln   the  New  River  during   the  dl.y  seasc)n   (Pusey,   1964,
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p.   36);   further,   the  occurrence  of  halophllic  I.ed  mangl.oves

at  le;st  50  miles  upstream  ln  Rlo  Hondo  River  suggests

that  salt  water  penetration  is  not  short  lived.     Seasonal

wedge  effects  are  also  char.acterlstlc  of  the  Mlssissippl

River  delta   (I.ankford  and  Shepal.a,1960,   p.   416).     Thus,

the  presence  of  marlne`  fossils  in  the  bottoms  of  sandstone

channels  of   the  VamooBa  Forlmation  in  the  subaerial  topset

plain  of  the  delta  system  has  model'n  analogs.

The  I.elatlonship  of  the  mar.lne  shale  beds,   laterally

equivalent  to  the  Toronto  I.1mestone,   with  the  Vamoosa  delta

in  southern  Kansas  and  northern  oklaholna  18  interpreted  as
#

being  analogous   to  themodern  Atchafalaya  Bay  and  sul.round-
r\

1ng  environments  which  are  Bltuated  intermediate  between

the  Chenler  Plain  and  the  blrdfoot  delta  of  the  Mississippi

River   (Gould   and  Morgan,1962,   Fig.i,   app.   p.   287).     The

Atchafalaya  River,   the  prlnclpal  dlstrlbutary  of  the  MisBls-

sippi,   enter.8  Atchafalaya  Bay.     However,   little  sand  reaches

the  bay  for  the  coal.se  sedlments  are  trapped`ln  its  delta

located  ln  Grand  Lake  which  lies  about  50  mlleB   inland

(Fisk,1956,   p.   6);   silt  and  clay  al`e  discharged  into  Atcha-

falaya  Bay  and  are  swept  by  curl.ents  alongshore  westward  as

far  as  the  Sablne  River.     The  marine  shale  facies  ln  the

Tor.onto  interval  of  southern  Kansas  and  northern  Oklahoma  is

lntel`Preted  as  having  been  depoBlted  ln  a  nearshol`e   embayment

bordering  a  deltalc   complex  such  as   that  deBcrlbed  above.

The  marine  terrlgenous  mud  facles  ls  the  most  variable

of  all  the  Toronto  facleB  ln  ter.ms  of  blota.     In  areas  where

lnterflngerlng  with  limestone  ls  most  pronounced,  fusullnlds
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are  very  abundant  in  the  facles,   and  below  them  brachiopods

Such  as  Antlquatonla,   Del.byla  and Neochonetes  ar'e  present

above  the  coal.     Thus,   the  fusullnlds  are  not  interpreted  to

have  lived  exclusively  far  offshore  as  has  been  thought,  but

were  Probably  ublqultous.     The  fusullnidB  present  ln  the

Shale  are  generally  small  for.ms  that  likely  lived  on  non-

calcareouB  plants  whloh  kept  them  free  from  the  unstable

muddy  substrate.

EIBewhepe  the  terrlgenous  mud  facies   lacks  abundant

fusullnlds  and  ls  characterized  by  beds  containing  abundant

myalinld  clams  that  are  lntercalated  with  beds  bearing

abundant  Cpurifohyrls + Neochonetes,   and P_erbyla.     These  alter-

hatlons  are  lnterpr.eted  as  a  record  of  fluctuating  salinlties,

Probably  due  elthel`  to  shif tB  ln  deltalc  dlstributaries  or

Pel`hapB  to  climatic  varlatlons.     The  brachiopods  lived  ln

areas  where  mar.ine  waters  frequented  the  bottoms,   and  mya-

llnlds  are  intel`preted  to  have  lived  on  adjacent  bottoms

attended  by  brackish  water.a.     In  this  respect,   the  myallnids

Were  sessile  brackish  water  organisms  that  occupied  an  en-

vironment  slmllar  to   the  modern  day  oyster Crassostl-ea  of

Atchafalaya  Bay   (Termler  and  Termiel.,1963,   Fig.150,   P.   263).

This  sltuatlon  may  be  analogous  to  the  fluctuation  of  sall-

nltles  during  altermatlng  several-year  periods  of  drought

and  normal  conditions  along  the  upperi  Texas  Gulf  Coast.

During  normal  year.a,   the  sallnltles  of  t,he  bays  are  brackish

and  the  macro fauna  ls  almost  exclusively  molluscan,   but  dur-

ing  per.iods  of  extended  drought  the  sallnities  of  pal`ts  of

the  bays  may  approach  values  of  the  open  Gulf  and  some  Gulf
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ol`ganlBms   including  small  col.alB  invade  into  the  lower  Parts

of  the  bays   (Dr.   Thomas  E.   Pulley,   personal  communication).

Cyclic  condltlons  due  to  this  or  to  deltalc  dl8trlbutary

BhlftB  are  thus  postulated  for  the  faunal  varlatlons  ln  the

terrlgenous  mud  facies  in  the  Toronto  LlmeBtone.

In  suunary,   the  terrlgenou8  mud  facleB  was  deposited

in  Shallow,   quiet,  nearshore  water.s  of  variable  sallnlties

vcr.y  close  to  an  active  delta.     It  may  be  considered  as  a

delta-1nfluencea  facle8.     The  main  part  of  the  delta  probably

lay  in  western  or  west  of  Osage  County,   Oklahoma,   as   suggested

by  facies  I.elationshlps  seen  at  the  outcrops.

Environmental §ignificang± 9± ±±±qsslgene±±± Facles

A  brachlopod-rich  zone  occurs  at  both  ends  of  the

Toronto  outcr'op  in  asBoclatlon  with  marine  shales.     The

southern  occurrence  has -been  termed  the  tirachlopod  grain  sub-

facles  because  of  lt8  high  content  of  braLchlopod  grains  and

minor  amount  of  matrix  material  which  ls   lime  mud.     At  the

north,   the  brachlopod  facles  contaLlns  a  relatively  high  Pro-

portion  of  clay  and  has  been   teemed  the  brachlopod  marl  sub-

facles .

Both  subfacies  accumulated  ln  relatively  quiet  waters.

This  ls  lndlcated  by  the  preservation  of  whole  and  articu-

lated  specimens  of  brachlopods  and  clams  which  show  little

abrasion.     Extel`nal  ornamentation  such  as   Bplnes.and  rlbblng

ls  preserved  ln  detail.     In  addltlon,   a  complete  crlnold  calyx

with  arms,   cup,   and  column  intact  was  found  at  the  southern

end  of  the  outcrop  ln  Oklahoma.     The  mud  matl.lx  present  ln

the  facles  ls  aiddltlonal  evidence  for  quiet  water  deposltlon.
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The  close  association  of  the  brachlopod  facles  with

marine  shale8  1s  interpreted  as  a  consequence  of  lncr.eased

nutrient  supply  in  and  near  the  areas  of  tel.rlgenous  lnf lux

postulated  ln  Oklahoma  and  ln  Nebraska.     The  vertical  se-

quences  in  the  measured  sections  Suggest  that  the  brachiopod

facies  accumulated   seaward  fl.om   the  areas  of  mar.1r}e   shale

deposition  where  the  rate  of  terrigenous  influx  was  lower

and  where   the  waters  were  open  marine,   but  had   communlcatlon

with  nutrient  laden  waters  coming  off  the  land.

The  lack  of  algae  ln  the  brachiopod  facles  was  probably

a  consequence  of  relatively  high  turbldlty  more  than  any

other  factor  because  algae  are  present  ln  limestone  that

accumulated  slightly  8eaward  of  both  subfacles.

The  Skeletal  mud  facies  was  deposited  away  from  the

Places  of  greater  `tel`rlgenous  mud  influx.     It  ls  character-
ized  by  fr'agmented  skeletal  grains  fl.om  various  organlsmB.

Many  of  the  grains  have  lnclpient  to  well-developed  Osagia

coatings  on  them.     Examlnatlon  of  numerous  thin  sections  of

this  facles  has  revealed  a  predominantly  clastlc  texture  of

the  skeletal  remains.     Two  causal  factors  can  be  cited  that

account  for.  the  disarticulated  and{r.ag¢mented  rell]ains.     These

are  biological  actlvlty  and  water  motion.

Blologlcal  activity  includes  the  processes  of  feeding,

excretion,   burrowing,   and  erlcmstlng.     Many  ol.ganisms  such

as  worms,   clams,   some  gastropods,   and  holothurlans  burrow

into   the  bottom  ln  search  of  food  or.  fol`  shelter.     Carnivores

and   scavengers  may  fr.agment  Skeletal  material  in  search  of

food--the  organisms  involved  include  arthpopods,   gastr.opods,
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pelecypods,   holothul`ians,   echlnoids,   starfish  and  fish.
• Studies  of  Recent  carbonate  mudB   ln  Norther.n  British

Honduras   (Pusey,1964,   p.   211)   I`esulted   in   the  conclusion

that  most  of  the  mud  ls  of  skeletal  orlgln  due  to:   (1)   skele-

tal  dislntegratlon  and   (2)   skeletal  abrasion.     Most  shells

of  organisms  consist  of  a  mixture  of  car.bonate  and  or.ganlc

matter.     Decay  of  the  ol`ganic  matter  through  bactel.1al

action  or  oxldatlon  may  result  ln  the  breakdown  of  skeletal

Parts  into  material  of  mud  size.     Abrasion  ln  agitated  waters

may  also  account  for.  the  production  of  mud.     The  amount  of

wol.n  skeletal  sands   ln  the  Toronto  I.1meBtone  are   too   small

t`o  Postulate   the  origin  of  much  mud  by  the  abl`aBlon  process.

IIowevel.,   one  characteristic  of  most  of  this  facles  ls  grada-

€`ion  from  sand  and  coarser-sized  Skeletal  grains   to  mud-

sized  car'bonate;   and  even  the  distinction  between  gI.alms

and  mud  had -to  be  based  on   size  alon6.     Thus,   it  seems   cer-

tain   that  much  carbonate  mud  present  in  the  Toronto  Lime-

stone  was  a  pr.oduct  o`f   trie  bl`eakdown  of  skeletal  material.

This   could  be  accomplished  ln  the  following  ways:    (1)   through

the  feeding  actlvltles  of  scavengers;   (2)   through  bacter.ial

attack  of  ol.ganlc  materials  wlthln  the  grains,   and   (3)  by

the  boring  actlvlties  of  sponges  and  green  and  blue-green

algae.     The  first  two  cases  are  self  evident;   however,   let

uS  elaborate  upc)n  the  latter.     Petrogliaphlc  observations  of

many  Osagla  coated  gr.aims  reveal  that  the  nuclei  of  these

oncolites  are  commonly  bored.     All  gradations  from  incipient

to  complete  boring  were  encountered.     The  material  wlthln

the  Osagia   Colony  was   bound   together  by  mucllaglnous  mater.1al,

thus  the  colonies  were  susceptible  to  dislntegratlon  upon
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cleat,h  of  the  colonies.     In  this  way,   many  bits  and  fragments

of  Osagla   colonies  occur  ln  the  Toronto  Limestone  Bervlng

as   evidence  for.  the  breakdown  process.

Thel`e  ls  no  conclusive  evidence  of  Physlco-chemical

preclpltatlon  of  carbonate  muds  ln  the  Recent  today,   and
the  carbonate  muds  present  ln   the  Toronto  Limestone  are

easily  accounted  for  without  having  to  invoke  the  process.

The  presence  of  Osagla  coated  Skeletal  gralnB  ln  the

skeletal  mud  facleB  suggests  shallow  and  better  lllumlnated

waters  than  attended  the  depoBltion  of  the  brachlopod  facleB.

However,   the  development  of  OBagla   coatlngB   concentrically

about  the  nuclei  1n  this  facles  8uggestB  overturning  of  the

grains  during  growth  of  the  Osagla.     Tqus,   these  bottoms

must  have  been  subjected  perlodlcally,   at  least,   to  moder-

ate  wave  or  current  agltatlon.

The  light  gI`ay  color  of  unweathered  Samples  from

this  facles  ls  lndlcative  of  generally  very  low  reducing

to  Perhaps  slightly  oxldlzing  condltlons.     This  also  lndl-

cates  that  the  bottom  was  at  least  perlodlcally  subjected

to  some  wave  or  curI.ent  activity.

The  presence  of  a  relatively  high  proportion  of  mud-

slzed  cal`bonate  ln  this  facles  and  numerous  Osagla  coated

gI.aims  may  not  be  as  paradoxical  as  lt  appears  if  much  of

the  mud  was  generated  on  the  bottom  through  Skeletal  decomp-

osition,   and  algal  coating,   boring  and  bl.eakdown  as  postulated.

Thus   the  high  percentage  of   carbonate  mud  observed  ln  these

rocks  may  not  be  a  true  index  to  I.elatlve  current  st,rength.

It  has  long  been  known  that  fine  sedlments  are  much  harder
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to  er.ode  once  they  have  been  deposited   than  are  coarser

materials   (Hjulstrom,1935).     In  addition  to  small  grain

size,   ca]:'bonate  muds  often  contain  a  great  deal  of  muclla-

genous  organic  matter  that  would  further  impede  erosion  at
the  bottom.

The  three  Bubfacles  of  this  facies--Osagia-rich

subfacles,   mixed  blota  subfacles,   and  the  molluscan-
't;ryptozoon"  subfacles--were  deposited  under  slightly  differ-

ent  condltlons.

The  Osagla-rich  subfacles   contalnB  nor.e  coated  grains

and  less  mud  than  its  relatives.     This  suggests  better  con-

dltionB  of  lllumlnatlon  and  incI.eased  subBtrate  not)1lity  for`

the  OBagla-rich  Subfacles  as  compar.ed  to   the  other  subfacles.

The  in:Lxed  blota  subfacies  ls  characterized  by  the

pr.esence  of  Eugonophyllum  plates  although  'they  ar`e  noti abun-

dant,   Some  Eplmastopora` fragments,   and  a  crusty  organic  mat

which  18  developed  ilocally.     The  mat  18  appal.ently  closely

akin  to  tr.ue  algal  stromatolltes  which  ln  the  Recent  al.e

best  developed  ln  the  lnteritldal  zone;   however,  poor  devel-

opment  of  the  mat  ln  the  Toronto  ls  interpreted  as  a  conse-

quence  of  mat  development  in  marine  waters  where  lt  ls  not

likely  to  be  well-preserved  because  of  either  of) the  abun-

dance  of  burr.owing  organisms  under  such  condltion8  or  the

lack  of  pr.oper  light  requirements.

The  molluE5can-"Cr.yptozoon"   subfaoies   contains   a  few

lnterbeds  of  grainstone   (cr'1nold-bryozoan  and  fusulinid)

in  southel.n  Kansas.     The  fusullnld  grainstone  contains

scour  and  fill  structures  which  are  sugsestlve  of  shallow,
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agitated  conditions.     Rapid  later.al  variation  ln  lithology

of  this  facies  ls  suggestive  of  nearBhor.e  deposltlonal

conditions .

The  Osagla  grain  facieB  18  intercalated  within  the

molluscan-"Cryptozoon"   subfacles.     The  Osagia  coatings  are

well-developed  and  concentric  about  the  muclel  which  al`e

bl.oken  and  rounded  skeletal  grains.     These  observations

together  with  the  absence  of  mud  al.e  indlcatlve  of  extremely

shallow,   agitated,   and  clear  mar.lne  watel`s.

Suspension  feeding  bl`yozoans,   cl`lnolds,   and  solitary

6orals  are  more  abundant  in  the  feneBtl.ate  bl.yozoan-echlno-

der.in  grain  facies   than  in  any  other  Toronto  LlmeBtone  facles.

The  crlnold  columnals  are  also  larger  ln  this   facles.     The

mud  content  of  the  facles  ls  less  than  in  any  of  the  other

facleB   except  the  Osagia  facleB.     The  above  faunal  charac-

terlstlcs  ar'e  lndicatlve  of  relatively  clear.,  open  marine

water.s  with  an  abundant  supply  of  Suspended  food.     These

char'acterlstlcB,   ln  addltlon  to  the  I`elations  of  this  facles

to  the  others  as  revealed  ln  measured  sectlonB  and  on  the

restored  cI`oss  section,   lndlcate  that  the  fenestr`ate  bryo-

zoan-echlnoderm  grain  facles  accumulated  ln  that  portion  of

the  sea  that  was  subjected  most  fully  to  open  clrculatlon.

The  fusullnlds  present  in  this  fac|es  are  elongate  and  sub-

Cyllndrical--lt  18  hypotheBized  that  the  Blender  fusulinlds

may  have  lived  on  crlnolds  and   the  stl`eamllned  nature  of

the  test  made  lt  dlfflcult  for  waters  to  strip  the  fusullnlds

off  the  crinolds  because  the  fusulinlds  kept  themselves
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oriented  with  their  long  dimension  directed  parallel  to  the

dlrectlon  of  water.  movement.     These  fusulinlds  ar.e   to  be

contrasted  u.ith  the  more  robust  forms  that  occur  in  the  mixed

blota  and  Osagla-rich  subfacies.

The  lime  mud  facle8  1s  the  most  restricted  of  all  the

Toronto  facles.     Mud  pebble  conglomerates,   local  gI`alnstones,

and  lrregulaI.  cut  and  fill  bedding  character.1ze  the  facleB.

They  indicate  extr.emely  shallow,   brackish  waters  with  alter-

nating  periods  of  lnundatlon  and  subaerlal  exposure.     An

ostracode  and  molluscan   (

Nucula   sp. ,

this  facles.

SP., Bellerophon   sp. ,

and  Nuculana  sp. )   fauna  are  charactel`istlc  of

ConBideratlon  of  Water  Depths

Water  depth  does  not  appear  to  have  been  a  Serious

llmltlng  factor  ln  the  geneBls  of  the  Toronto  facies.

Because  the  Toronto  was  deposited  ln  association  with  an

advance  and  retr.eat  of  the  sea,  water  depths  probably  varied.

It  ls  impossible  to  demonstrate  absolute  water  depths,

although  lt  is  possible  to   suggest  reasonable  maximum

depths  based  primarily  on  the  depth  ranges  of  algal  groups

Present  ln  modern   seas  whose  ancestral  forms  PI.esumably  are

present  ln   the  Toronto  Limestone.

The  lime  mud  facles   contains  mud  pebbles,   cut  and

fill  structures,   and  winnowed  zones,   all  of  which  are  found

on  moder'n  mud  flats.     Thus,   extremely  shallow  water.  and

Probably  lnter'mittent  subaerlal  exposure  are  suggested  for

this  facles.



-   160  -

The  terrlgenous  mud  contains  thin  inter.beds  of  well

sor'ted   terrigenous   sandstone  ln  many  places  and  is   in  contact

With  woody  land  plant  bear.ing  bluish  papery  shales  and  r'ed

mudstone  bearing  charaphyte  oogonla  ln  other  localities.

These  associations   suggest  vel.y  shallow,   nearshore  condi-

tlons  for  the  marine  shale.

The  brachiopod  grain  facleB  generally  la'cks  evidence

of  wave  ol.  current  action  ln  most  of  the  exposures  examined.

However,   at  I,ocallties  7A  and  78  in  Elk  Cc>unty,   Kansas,

sorted  brachiopodal  and  crlnoldal  packBtones  and  mud  pebbles

are  present  in  the `upper  few  inches  of  a  bed  in  this  facies.

This   suggests  extremely  shallow  water  condltlons  for`  devel-

opment  of   these  featur.es.

The  mixed  blota  Bubfacies  of  the  skeletal  mud  facles

contains  OEagia  coated  grains  which  are  likely  of- blue-green

algal  origin  because  they  were  formed  by  an  ol.ganlsm  which

had  tr.e  ability  to  fix  sediment,   and  the  only  organisms

Present  ln  modern  seas   that  can  do  this  are  blue-green  algae.

Moreover,   borings  beneath  the  Osagia  coatings  are  analogous

to  those  pr.oduced  by  the  actlvitles  of  boring  green  and

blueLgr.een  algae  of  Recent  seas.     In  addition,   codlaclan

and  dasycladacean  algal  plates,   and  crusty  mats,   which  were

Probably  for.ned  by  blue-green  algae  are  also  preE}ent  ln  this

Subfacles.     Ginsburg   (1964,   p.   22)   states  that  modern  blue-

green  algae  may  extend  to  depths  of  120  feet  below  sea  level

in  the  Recent  and  algal  mats  or  scums  ar.e  present  between

the  high  water'  zone  and  loo  feet  or  so.     Present  day  green

algae  are  restricted  to  the  tI`opics  with  codlaclans  living



-   161   -

?t  depths  ranging  from  zero  to  400  feet  and  the  dasycla-
daceans  from  zel.o   to  150  feet   (Glnsburg,1964,   p.   24).

Thus,   1gnol`1ng  possible  changes  of  habitats  through  time,

1t  appears  that  the  mixed  blota  subfacles  accumulated  ln

.waters  up  to  about  loo  feet  deep  at  maximum.     Judging  from

its  8tratlgraphlc  relatlonshlps  with  the  terrlgenous  mud

facles,   blue  shales  with  woody  land  plants,   and  the  coal

bed,   this   8ubfacles  may  have  been  depoBlted  ln  waters  of

less  than  50  feet  in  depth  and  possibly  as  shallow  as  20

to  30  feet.     It  18  contended  that  water  depths  had  to  be

sufflclent  to  allow  for  marine  conaltlons  to  be  malntalned

by  cll`culation.

The  molluscanJ'CI`yptozoon"   subfacles  also  contains

blue-gr.eon  algae   (Osagla)   coated  grains,   many  nuclei  of

which  are  I.ladled,  by.boring  green  or  blue-green  algae.     In

addltlon,   clean,  gpaln-supported  skeletal  sands  with  wol.n

grains  are  present  ln  the  facles  and  algal  blscults  strlk-
1ngly  slmllar  to  Recent  algal  oncolltes  are  present.     Thus,

water  depths  wel.e  probably  less  than  50  feet  during  deposl-

tlon  of  this  subfacles  and  poBsltily  less  than  20  feet  ln

places .

The  Osagla-rich  Bubfacles  ls  interpreted  to  have
been  deposited  at  depths   that  may  not  have  exceeded   those

Prescrlbea  for  the  two  subfacles  described  above.     Values  of

less  than  10  feet  ln  places  were  likely  for  the  facies  ls

overlain  conformably  by  the  lime  mudstone  facles.

The  OBagla  facies   contains  rounded,   thickly  coated

skeletal  grains.     Very  shallow  agitated  waters  probably
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attended  the  fo]:Imation  of  this  facles.     It  ls  enclosed  wlthln

the  molluscan-"CI.yptozoon"   Bubfacles  and  18  immediately  sub-

Jacent  to  a  bed  contalnlng  algal  blscults.
The  fenestl.ate  bryozoan-echlnoderm  grain  facles  con-

tains  son-e  Osagla  coated  grains  and  a  few  occurrences  of

dasycladacian  algae.     It  also  contalnB  the  lar.gest  and  most

abundant  cr.1noid  columnals  and  corals   seen  anywhere  ln  the

Tor.onto.     This  facles  is  consldel.ed  generally  to  have  accu-

mulated  in  the  deepest  waters  of  any  of  the  facies  encountered,

but  based  on  the  algal  analogy  lt  was  deposited  ln  waters  of

loo  feet  or  thereabouts  as  a  maximum.

Although  water  depth  was  not  a  BerlouB  llmlting  fac-

tor  in  controlling  facieB  patterns,  as  was  clrculatlon,  a

I`ange  of  depths  existed.     We  have  Been,   for  example,   that  by

comparison  with  modern  algal  groups  water  depths  dul`lng

deposltlon„,of  the  Tot.onto  Limestone  may  have  been  as  deep  as

loo  feet  for  some  of  the  facies.     The  abnipt  change  ln  llth-

ology  fl'om  Shale  to   llmeBtone  and  back  to  shale  ln  the

Toronto  cyclothem  with  areas  where  lntel.tongulng  does  not

exist  suggests  a  rapid  change  in  conditions  of  sedimenta-

tion.     The  fact  that  these  relatlonshlps  exist  widely  ln

the  8ubsurface  of  Kansas  means  that  the  surface  on  which

the  Toronto  Limestone  was  deposited  must  have  been  e8sen-

tlally  flat  with  perbapB  a  gentle  slope  towar'd  the  basin

centel`.     Thus,  by  a  slight  change  ln  I`elative  sea  level  the

pre-Toronto  surface  could  have  been  transgressed  rapidly  as

ls  suggested  by  the  facieB  patterns  wlthln  the  limestone.

It  ls  very  dlfflcult  indeed  to  account  for.  the  entry  of
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marine  waters  by  subsidence  alone  for  lt  would  have  to  have

taken  Place  over  a  sul`face  of  many  thousands  of  squar.e  miles,

and  furthermore,  would  have  to  have  been  pulsating  in  order

to  account  for  all  the  cyclothems  seen  in  the  Kansas  column.

Deflnlte  nonmarine  shaleB  lmmedlately  underlie  and  overlie

the  Toronto  I.1mestone  aB   shown  by  their  lack  of  marine

fossils  but  presence  of  char©phytes,   smooth-shelled  ostra-

codeB,   and  plant  leaves.     The  skeletal  mud  and  fenestrate

bryozoan-echinodeI.in  grain  facles  are  considered  to  have  been

depoBlted  ln  fall.ly  open  mar.ine  waters  because  they  contain

dlvel'Be  faunas;   1n  order  to  maintain  open  mar.1ne  conditions

the  bottoms  must  have  been  covered  by  water.a  of  sufflclent

depth  to  malntaln  good  clrculatlon.     It  ls  contended  that

waters  were  gene`rally  50  feet  or.  so  ln  depth. .   In  some  ar'eas

the    fenestrate-bryozoan  echlnoderm  gr&1n  facies  ls  overlain

directly  by  the  lime  mud  facies  which  shows  evidence  of  sub-

aerlal. exposure.     This  18  taken  `aB  an  lndlcation  that  sea

level  must  have  dr.opped  dul.lng  the  final  stages  of  Toronto

deposition.     That  sea  level  change  may  have  been  the  cause

for  the  Toronto  cyclothem  is  fur.ther  lndlcated  by  the  pre-

sence  of   sandstone   channels  which  have  completely  I`emoved

the  Toronto  I,imestone  but  were  later  followed  by  Leavenworth

Limestone  deposition  over  the  sites  of  channellng.     The

Presence  of  mud  pebbles  in  the  upper  part  of  the  Toronto

Limestone  aB  well  as   the  presence  of  charophytes  ln  the

Bhales  lmmedlately  overlying  the  Toronto  are  evidence  that

the  channel  sands  are  probab'ly  nonmal.lne  ln  origin.
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As  thus  lntel`preted,   the  deposltlon  of  the  Tor.onto

I,1meBtone  commenced  during  a  rise   ln  sea  level.     Limestone

was  allowed  to  accumulate  without  much  contamination  because

the  sites  of  terrlgenous  sedimentation  wer'e  restricted  to

near  land  areas   (see  Fig.11).

At  the  end  of  Toronto  deposition,   sea  level  was

lowered.  but  deposition  was  not  able  to  keep  pace  with  the

regreBBion  as   suggested  by  the  lack  of  a  widespread  marine

unit  at  the  top  of  the  Toronto.     It  would  appear  that  sea-

level   lowering  may  have  been  accompanied  by  climatic   changes

which  affected  the  rate  of  terl.igenous  influx  allowing  the

upper  par.t  of  the  Toronto   to  become  subaerlally  exposed.

i,ater.  alluvlal  deposltlon  spread  terrigenous  detritus

over  the  Toronto  Limestone  prior  to  the  next  tl.ansgr.esslon

that  resulted  ln` deposltlon  of  the  Leavenworth  Limestone.

That  sea  level  was  lower'ed  following  Toronto   Bedlmentatlon

18  evldenced  not  only  by  the  nonmarlne  aspects  of  the  Snydel`-

ville  Shale,   but  by  widespread  channellng  which  accompanied

lt.

Kansas  Megacyclothem  and   Illlnols  Cyclothem
Compared   and  a   Postulated  Common  Orlgln

The  Leavenworth  Limestone   ls  more  widespread   than   the

Tor'onto  I,lmestone  and  this  together  with  the  extreme  lateral

Persistence  of  the  Leavenworth  facles  compared  to  those  of

the  Toronto  suggests  gr.eater  inundation  during  deposltlon  of

the  Leavenworth  Limestone.     Exalnination  of  the  Or.ead  Lime-

stone  ln   southwester'n  Iowa  reveals  well  developed  I,eavenworth
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Limestone  and  IIeebner  Shale   (1ncludlng  black   shale).     The

Tor.onto  Limestone,   however,   1s  not  present  and   the.  Platts-

mouth  Limestone  contalnB  inter.beds  of  shale  that  suggest

facles  change  to   elastics.     Comparison   (see  Fig.13)  of  the

K,ansas  megacyclothem  with  the  Illinois  cyclothem   (Macoupln

type)  reveals  ldentlcal  sequential  development  of  its  middle

limestone,   black  shale  and  upper  limestone  members   to  the

middle  limestone,   black  shale,   and  upper  limestone  of  the

Kansas  megacyclothem   (Leavenworth,   Heebner,   and  Plattsmouth

membel'g   of   the  Oread  megacyclothem).      If   these  meTnbel`8   are

corr'elatlve,   this  would  mean   the  Toronto  Limestone  was  not

developed  in  Illinois,   but  maythave  had  a  marginal  or  non-

mar.1ne  equivalent  ln  Illlnols.     The  writer  does  not  sub-

scribe  to  the  concept  of  a  Kansas  megacyclothem  as  being

nothing  mol`e  than  an  expanded  single  cyclothem,   but  as  a

cycle  of  cyclQthems  a8  orlglnally  lnterpl'eted  try  Moore   (1936,

1950).     Moore   (ibld.)   has  considered  the  Toronto   to  Platt8-

mouth  interval   to.include  three  cyclothems,   however,   as

we  shall   see  ln   the  succeeding  pat.agraphB  this  sequence

includes  only  two   cyclothems.

Thus,   the  Leavenworth  I,1mestone,   Heebner  Shale,   and

Plattsmouth  Limestone  as  a  sequence  col`r.espond  to  the  middle

limestone,  black  shale,   and  upper  limestone  members  of  the

Illlnc)1s  cyclothem.     Stratigraphlc  evidence  in  Iowa  lndl-

cates  a  more  widespread  occurrence  of  the  above  mentioned

members  of   the  Or'ead  Limestone   so   that  general   correspondence

of  the  lower  part  of  a  Kansas  megacyclothem  and  the  Illinois

Cy®lothem  may  be  a  result  of  lateral  equivalence.     The  absence
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of  Toronto  Limestone  ln  Iowa  ls  pl.obably  a  result  of  lesser

extensive  inundation  as  compared  to   the  I,eavenwor.th,   Heebnel.,

and  PlattBmouth  members.     Therefor.e,   it  ls  suggested  that

the  Oread  megacyclothem  ls  a  product  of  changes  ln  regional

base  level  most  probably  due  to  sea  level  fluctuations.     The

Oread  sequence  fits  well  into   the  four-phase  cycle  scheme   '  .

proposed  by  Wheeler  and  Hurray   (1957).     They  attribute

cycles  to  eustatlc  changes  induced  by  a  four-phase  glacial

cycle  aB  proposed  by  Slmpson   (1940).     Although  a   single  four-

Phase  glacial  cycle  explalnB   the  Sequence,   two   separ`ate  cyclo-

thems  are  lnvolve'd.

The  first  phase  of ithe  cycle  would  be  a  r'esult  of  a

maximum  drop  ln  base  level  resulting  ln  complete  mar'1ne  with-

drawal  and  I.eglonal  sub-aerial  el`oslon.     The  second  phase    t

would  be  a  consequence  of  moderate  elevation  of  base  level

due  to  an  lntermedlate-/  rise  in  sea  level;   the  Tor.onto  Lime-

stone  would  be  a  pr.oduct  of  deposltlon  dulilng  this  phase.

The  thll.a  phase  ls   Judged  to  be  a  lowering  of  base-level

due  to  a  sea-level  drop  and  would  result  ln  depogltlon  of

the  Snydervllle  Shale.     The  fourth  phase  18  a  product  of

maximum  r'lse  ln   sea   level  a   consequence  of  which  would  be

widespread  deposltlon  of  the  Leavenworth  I.Imestone,   Heebner

Shale,   and  Plattsmouth  Limestone.     This  would  explain  the

blanket  facies  patterns  in  the  Leavenworth  Limestone  and

Heebner  Shale  as   compar.ed   to   the  Toronto   Limestone.     The

maximum  advance  of   the  sea  I.esulted  ln  confluence  of  t,he

Kansas  Sea  with  the  Illlnols  Basin.     At  highest  sea  level,

Leavenworth  lime  deposltlon  was  probably  choked  off  by  toxic
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conditions  that  resulted  in  deposition  of  the  Heebner  Shale.

This  ls  hypotheslzed  to  have  been  a  result  of  lnundatlon  of

vast  coastal   swamps  and  forests  by  the  maximum  advance  of

the  sea.     Drowning  of  areas  of  heavy  vegetation  would  result

in  the  decay  of  much  organic  matter  that  could  be  carr'1ed

into  the  seas--producing  stagnant  conditions.     Adjustment  of

the  flora  of  the  coastal  land  areas  to  the  high  stand  of  sea

level  would  result  ln  a  dlmlnlshlng  contribution  of  organic

detrltuB  to  the  seas  so  that  ln  time  Stagnant  conditions
would  be  dissipated  and  nor.mal  marine  organisms   could

populate   the  bottoms.     Thus,   carbonate  depo81tlon  would

replace  claBtlc  deposition  as  a  result  of  the  increased

population  turnover  rate  of  lime  generating  organlBmB.

This  would  I.esult  in  deposltlon  of  the  PlattBmouth  Limestone

ln  widespread,   openly  circulated,   deeper  water's,   which

accounts  for  the  maximum  diver.sity  ln  brachlopod  and  coral

faunas  and  largest  lndlviduals  of  the  same  seen  ln  any  of

the  Oread  LlmestoneB.



ExpIANATION  Or  FIGunE  u

A.,  a.,  a.  -frojected  distribution  of  facieg  within  the  roronto
Linestone,  illustrating  the  geograchic  relationships
among  the  facles.

D.  -  inferred  paleogeographic  setting  during  deposition of the
Toronto  Limestone.
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Reconstruction of  facies  and tneir  interrelationships  in
the  Tor.c)nto  I.imestone.     -upper  diagram  extends  from  the  Vamoosa
delta  in  northern  Oklahoma  due  north  to  central  Kansas.    Ioirer
diagram  extends  from  east  bo  west   from  northwest,ern  !fissouri
into  r.orthern  I(ansas.    Both drarings  were  dons  only  for  illustra-
ti'Je  purposes.
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EXPENATI0N   Od.   FIGURE  13

ena|3±±¥:aism{i°t::a;::::::t±;fe;f8¥£:i:acS:i:::e£°r=a}£:9)
1c"er  part  of  the  Ctread  megaeyclotheln.    magram  on  loHer  rig}it
is  an  interpretation  of  the  ultirrate  cause  of  the  too  Simple
cyclothenE  comprlslng  the  lower  Oread  based  on  .thoel9r  and
Murrayl a  concept  of  a  four  phase  glacial  Cycle.
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EPILOGUE

In  the  main,   the  Toronto  Limestone  ls  mud-supported

contalnlng  an  admlxtul.e  of  particulate  skeletal  material

der.1ved  from  a  diverse  biota.     Gr.ain-Supported  clean  calcar-

enites  occur  only  locally  ln  the  outcrop  belt  which  extends

from  northern  Oklahoma  across  Kansas   to  northwestern  Mlssour.1

and  southeaster.n  Nebraska.     Invertebr'ates  which  wet.e  important

contributors  ln  terms  of  skeletal  grains  included:     molluscs

(Pelecypods  and  gastr.opods) ,   bl.achlopods,   crlnolds,   echlnoids,

bryozoans   (fenestrate,   ramose,   and  encruBting),   and  fusullnlds.

Small  mobile  and  encruBtlng  forams, Tublphytes   (a  probable

hydrozoan),   platy  algae   (Eugonophyllum),   and  the  dasyclad,

Eplmastopora,   are  persistent  components  but  are  not  abundant.

Encr.uBtlng,   sediment-flxlng  organlBins,   lmpol`tant  ln  formation

of  the  limestone,   wel.e  an  accretionary  form  referred  to  as

Osagla  and   so-called   "Cryptozoon"   (~Ottonosla).     Oolltes

have  not  been  found  ln  the  Toronto  I,imestone  and  mud  pellets,

although  preserved  ln  places,   are  rare.     Thus  the  Tor.onto

may  be   termed  a  skeletal  limestone.

The  role  of  secl`etionary  colonial  organisms  was  minor

ln  the  genesis  of  Toronto  sedlllients.     Encrusting  forams  al`e

pr'esent  on  some  of  the  skeletal  grains  and  ln  some  coated

grains,   and  encrusting  bryozoans  occur.  within  some   "Crypto-

zoC)n"   coatings  and  are  developed  on  shell  fragments.     Colon-

ial  syrlngopol.ld  corals  were  found  ln  small  dlscontlnuous

lenses  at  only  one  locality.

Many  of  the  skeletal  grain  nuclei  of  Osagia  coatings

ar'e  bored   (almost  certainly  of  algal  origin)   and,   in  some
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cases,   the  nuclei  ar'e  completely  riddled  with  borlngs.     It

was  also  noted  that  many  bolied  grains   lack  osagla  coatings.

Borlngs  analogous   to   these  have  been  r'eported  from  modern

shallow  watel`  carbonate   sediments   (Pusey,1964,   p.   67,   P.   82).

The  pr.esence  of  bored  grains  ln   the  Toronto  Limestone  ls

suggestive  of  veI'y  shallow  depositlonal  condltlons  and  a

slow  deposltional  rate.     In  addition,   the  pl`ocess  of  algal

boring  may  have  been  very  important  ln  breakdown  of  shell

material  not  only  into  sand  and  coarser-sized  fragments  but

to  mud-sized  pal`tlcles  aB  well.

The  Tor.onto  Limestone  ls  bedded  with  individual  beds

r'anglng  from  several  inches  to  sevel`al  feet  ln  thlokness.

The  lime  mud  facles  shows   cut  and  fill-type  bedding  and

slmllar  bedding  was  found  locally  ln  the  molluscan-"Crypto-

Zoon"   subfacles.     Howevel`,   for  most  other  facies,   the  bedding

surfaces'  are  mainly  planar.     The  or.lgln  of  the  latter.  bedding

type  ls  very  much  ln  question.     A  thin  shale  zone  contalnlng

encrustlng  bryozoans  and  lopophyllidld  corals  ls  present  ln

the  middle  portion  of  the  Toronto.     Ec6loglcal  consldera-

tlons   (gI`owth  habits  and  feeding  type`s)   suggest  a  slow  rate

of  deposition  for  this  interval  rather  than  a  rapid  influx

of  clastlcs.     As  noted  above,   algal  coating   (Osagia)   and

algal  boring  suggests  a  Blow  deposltlonal  rate  -  the  rate

of  8edlmentation  was  slower  than  the  I'ate  of  coating  and

boring.     Thus  lt  may  be  that  the  bedding  surfaces  in  the

Toronto  al.e  I'ecords  of  minor.  disconformlties   caused  by

pauses  ln  car.bonate  deposltlon.
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Carbonate  facles  within  the  Toronto  Limestone  are  not

simply  belts  that  migrated  symmetrically  ln  and  out  with  the

transgression  and  I'egression.     The  oscillation  of  the  strand

was  too  I.apld  for.  deposltlon   to  keep  pace,   probably  a  conse-

quence  of  an  almost  flat  depositional  sul.face.     The  bulk  of

Toronto  Limestone  sedimentation  took  place  following  a  rapid

transgression.     Lime  deposition  was  allowed  in  those  ar.eas

fl.ee  from  terl.1genous  influx  -mainly  offshore  areas.     Thl8

also  lndlcates  that  the  I.ate  of  deposition  of  the  Toronto

was  relatively  slow.     The  eBtabllshment  of  facles  tl'acts  ln

the  Toronto  calne  af ter  lnundatlon  and  was  in  response  to

terrlgenous  influx,  salinity  patterns,  nutrient  element  dls-

trlbutlon,  and  energy  I.elatlonships.    Faunal  conslderatlons

indicate  open  marine  conditions  offshore,   decl.easing  shore-

war.d.     These  I:elqtionships _plus   the  wide  later.al  continuity

of  the  Toronto  are  lndlcatlve  of  deposltlon  on  an  open  Shelf

without  a  bar.rler.

As  thus  interpreted,   the  facies  of  the  Tor'onto  Lime-

Stone  do  not  fit  into  a  phase   scheme  ln  which  the  varlouB

facies  repl.esent  particular  stages  of  transgression  and

regression  -that  is,   the  sequence  ls  not  that  of  deposits

that  were  acculliulated  at  a  given  locality  during  the  advance

of  the  sea  which  was  repeated  ln  reverse  order.  dur'ing  re-

treat  of  marine  water.a.

Cementatlon  of   the  Toronto   Limestone  was. evidently

a  one-stage  affair.  for  only  a  single  gener.ation  of  calcite

spar  ls  developed  ln  voids  and  cavities.     This  is  hypothe-

sized  to  be  ln  contrast  to   the  cementatlon  of  modern  inter-



-   171   -

tidal  beach  rocks  of  Florida,   the  Bahamas,   and  Brltlsh

Honduras  where  carbonate  needles  have  locked  the  grains  ln

place  and  Second  stage  Grementatlon  should  result  ln  blocky

spar  lnflll  lf  the  depoBlt,  18  tr.ansgressed  so  that  lt

becomes  situated  beneath  the  gI`ound  water  table   (see  Glnsburg,

1957,   PP.   95-98).     The  Presence  of   shale  lithosomes  between

the  Toronto  Limestone  and  adjacent  llmestones  18   the  Probable

I`eaBon  that  a  single  generation  of  spar  cement  occurs  in

the  Toronto..

At  a  nulTiber  of  places  along  the  outcrop  between

nor.therm  Oklahoma  and  northwestern  Mlssourl,   the  Toronto

Llme8tone  was  channeled  prior  to  deposition  of  the  Leaven-

Worth  Limestone  which  is   continuous  across  the  region.     The

association  of  the  channel  deposits  with  red  shaleB  bearing

charophyte  oogonla  ls  inter.preted  as  being  lndlcatlve  of

alluvlal  channeling.     The  I.eavenwor.th  Limestone  and  the

black  Heebner  Shale  which  over.lies  lt  show  greater  later.al

Continuity  of  facles   than  the  afol.ementloned  Oread  members.

The   lower  par.t  c)f   the  Oread  megacyclothem  -Wathena  Shale,

Toronto  Limestone,   Snydervllle  Shale,   Leavenworth  I,imestone,

Heebner  Shale  and  Plattsmouth  LlmeBtone  -  al.e  explained  by

two  eustatlc  sea-level  cycles.     A  portion  of  the  Wathena,

the  Tor.onto,   and  much  of   the  Snyderville  wel`e  deposited

during  one  eustatlc  sea  level  osclllatlon   (1ntermediat,e

lnundatlon)   and  the  Leavenworth,   Heebner,   and  Plattsmouth

were  laid  down  dul.lng  a  second  Bea  level  fluctuation

(greatest  lnundatlon).
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CONCLUSIONS

1.     The  Toronto  ljlmestone  ls  composed  essentially  of

the  calclun  carbonate  hard  parts  from  the  Skeletons  of  marine

ol`ganlsms  and  calcium  carbonate  mud,   although  some  fine

terrlgenous  material  1s  present  ln  the  limestone.

2.     A  total  of  five  facles  were  recognized  wlthln

the  limestone  proper  -  lime  mud,   skeletal  mud   (mixed  blota

subfacles,   "Cryptozoon''-molluscan   subfacleB,   and  Osagia

subfacles) ,   fenestrate  bryozoan-echlnoderm  grain,   Osagla

grain,   and  brachlopod   (brachiopod  grain  subfacles  and

brachlopod  marl  subfacles);   the  facles  changes  are  trans-

ltlonal.     A  sixth  facles  -foBslllferous  terrlgenous  mud

facleB  -18  transltlonal  to  the  Toronto  Limestone.

3.     The  above  facieB  were  deposited  during  a  single

transgression  and  regreBslon  of  the  sea  as  a  probable  result

of  sea  level  changes  brought  about  by  glaclation.

4.     Environmental  factors  that  exerted  the  greatest

control  over  the  development  of  the  Toronto  facles  are

lnterpl.eted  to  have  been  terl.lgenous  influx   (sediment  and

nutrients),  water  circulation,   and  aglta,tlon.     Water  depths

were  not  a  major  environmental  factor  but  available  evl-

dence  ls  indlcatlve  of  condltlons  that  ranged  from  inter-

mlttent  exposure  ln  mud  flat  areas   to  maximum  depths  which

Probably  did  not  exceed  loo  feet,   t)ut  are  thought  to  have

been  much  less   than  that.

5.     The   envll.onmental  framewol`k  was   essentially

that  of  an  extl.emely  shallow  tropical   Sea  where   terr.igenouB
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deposition  prevailed  in  and  near  deltas  along  ol.  near  the

shorellne  and  car.bonate  deposition  pl`edomlnated  in  areas

away  from  terrigenous  dominance.

6.     The   sea  was  chal`acterized  by  open  marine   salln-

1tles  considered  to  be  generally  well  below  hypersalinlty

and  above  that  of  hyposallnitles  except  ln,   ol`  near.,   areas

under  the  influence  of I fresh  water  I.un-off  from  the  land.

This  ls  lndlcative  of  an  open  shelf  with  no  restricting

barrier  seaward  of  the  outcrop  belt.

7.     The   ter.rigenouB  mud  facles  was  deposited  ln  a

shallow,   quiet,   nearBhore  envirionment  of  fluctuating  salln-

lties  very  close  to  an  active  delta,  possibly  as  a  prodelta

facles.     The  brachlopod  facies  was  deposited  slightly  sea~

ward  fr.om  the  marine  Shale  ln  an  environment  that  was.  far

enough  seawar.a   to  be  mar.1ne,   but  close   enough  Bhoreward

to  benefit  from  the  nutl.lent  materials  furnished  to  the

sea  by  fl`esh  water  run-off .     The   skeletal  mud  facies  was

deposited  seaward  or  away  from  terl.igenous  Sediment  influx;

this  was  an  al`ea  of  Shallow,   relatively  clear  water,   occa-

sionally  frequented  by  currents  that  swept  the  bottom.     The

fenestrate  bryozoan-echinodel.in  grain  facles  was  deposit,ed

seaward  and  mar.glnal  to   the  skeletal  mud  facles;   it  was

subjected  to   clear  open  marine  water.a  with  Bone   turbulence.

The  Osagla  facies  was  deposited  in  ver.y  shallow,   clear,

turbulent  waters  in  local  areas  surrounded  by  skeletal  mud

deposition.     In  areas  where  there  was  little  ol.  no  tel`ri-

genouB   influx,   a   lime  mud  accumulat,ed  along  the   str'and  aB

a  mud  flat  deposit.
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8.     Composltionally  the  Toronto  Limestone  facles  are

skeletal  llmestones  as'  opposed  to  nc>n-skeletal   llmestones.

The  latter  are  typlfled  ln  modern  seas  by  the  Bahamian  model

which  contains  facleB   tracts  of  oolltes,   composite.  gI`ains

(grapestone),   pelletal  muds,   and  lime  muds   (Purdy,1963).

This  facleB  assemblage  ls  not  present  ln  the  Toronto.     No

modern  environmental  settings  al.e  known  to  the  writer  that

are  exactly  analogous  to  Toronto  deposition  although  the

northern  British  Honduras   carbonate  sedimentary  facles  are

skeletal  ln  nature   (Pusey,   1964)   and  bear  some  resemblance

to  the  Toronto  ln  terms  of  shelf  carbonate  facles  development.

9.     Plant  leaves  are  pl`eBent  ln   the  Lawrence  Shale

beneath  the  Tor.onto  Limestone  and  charophytes  are  present  in

the  Snydervllle  Shale  above,   Serving  aB   t,estlmony  to   the

advance  and  retreat  of  marine  waters  that  resulted  ln  Toronto

deposltlon.     In  addltlon,   the  Tol`onto  has  been  channeled  at

several  places  along  the  outcrop  belt  with  the  overlying

Leavenworth  undisturbed  above,   evldenclng  the  lowering  of

base  level  following  Toronto  sedimentation.

10.     The  Toronto  Limestone  ls  not  as  laterally  ex-

tensive  as   the  Leavenworth  Limestone,   Heebner`  Shale,   an'd

Plattsmouth  Limestone.     Moreover,   the  facles  within  the

Toronto  are  not  as  extensive  as   those  present  with  the

Leavenworth,  Heebner.,   and  Plattsmouth,   although  the  latter

has  not  been  studied  in  detail.     This  is  indicative  of  a

lesser  rise  of  sea  level  for  the  Toronto  cycle  compared  to

the  cycle .that  resulted  ln  deposition  of  the  Leavenworth,

Heebner,   and  Plattsmouth.
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11.     The  Toronto   through  Plattsmouth  members  of   the

Oread  megacyclothem  are  thought  to  be  a  product  of  two

eustatlc   sea  level  cycles   (four  phases).     The  Kansas  Sea

may  have  been  united  with  the  IlllnolB  basin  ln  time  of

Leavenworth,   Heebner,   and  possibly  Plattsmouth  deposltlon

dul'lng   the  maximum  advance  of  the   Bea;   the  Toronto  Limestone

was  probably  deposited  during  a  time  of  intel`medlate  sea

level  rlse'  with  no  mar.1ne  accumulation  ln  northern  Illinois.

12.     The  Present  line  of  Oread  outcrop  fr.om  Oklahoma

to  nor'thern  Kansas  is  generally  at  a  low  angle  to  deposltlonal

strike;   the  Oklahoma  exposures  are  nearest  the  old  shol'e  line.
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APPENDIX

List   of   localities  shown   on   Figure   4.

NI  I/4  NE  I/4  See.  7,  T.  28  N.,  R.10  E.,   Osage  Co.,  Oklahoma.
Exposure  in  bar  ditch  at  corner  in  county road  about  5  Ddles
south of  state  line.

L-19        Swl/4NEl/4Sec.12,  I.
Kaueas.    Exposure  in  road

C-5

L-17A

I-17

3:t:a :;ar]ob:;: ::ankEq::L7g. ,
miles  northeaj]t  of E]gin,  Kansas.

NW  I/4  RE  I/4  See.12,  T.  35  S.,  R.1o  E.,   Chautauqua  Co.,
Kansas.    Shallow  core  drilled  FTest  of road.

NW  1/4  SW  I/4  See.  23,   .I.   34  S.,  R.   11  E.,  Chentouqua  Co.,
Kansas.    E*posure  of  Plattsmouth  I.imestone,  Heebner  Shale,
Iieavenworth  Limestone,  end  Snyderville  shale  in road  cut  on
north  side  of  hill;  no  Torctnto  limestone  present.

RE  1/4  NW  I/4  See.   4,   T.  34  S.,  R.  11  E.,   Chantauqua  Co.,
Kansas.    Exposlire  in  road  ditch  at  cot.ner  along  country road.

I-29        NE  1/4 See.12,  I.  33  S.,  R.11  E.,  Chautauqua  Co.,  Kansas.
Exposure  on  hillside  along  east  side  of  County road  beneath
large  massive  sandstones.

I-8

C-4

GEL  See.  36,   I.  32  S.,  R.11  E.,  Chautanqua  Co.,   Kansas.     In
ditch on  left  side  of road  atop  Small  hill  imediately south
of  larger  hill  csppod  by Plattsmouth Limestone.

SE  I/4  NW  I/4  S;c.  8,   T.  32  S.,  R.   12  E.,   Chautauqua  Co.,
xpnsas.    Shallow core  locality.

I-7.5      SW  I/4  See.16,  I.13  S.,  R.  ]2  E.,  Elk  Co.,  Kansas.    Exposure
lp  road  ditch  on  east  side  of  county road  on north  slope  of
hill,  I-I/2  rile  south of Iarigton,  Kansas.

L7 me  i/4  SW  I/4  See.   27,   T.  30  S.,  R.12  E.,  Elk  Co.,  Kansas.
Exposure  in  bar  ditch  on  west  side  of  county road,  a.bout  I-1/2
mile  north  of  langton,  Kansas.

I-6.5      I.Ii.  SE  I/4  NW  I/4 See.  6,   T.  30  S.,  R.12  E.,  Elk  Co.,   Kansas.
Exposuz.e  in  cutbank  of stream,  loo  yards  west  of  road.

Ir6          NI  1/4  NE  1/4  See.12,  T.  29  S.,  a.  re  E.,  Elk  co.,  Kansas.
Exposure  ln roadcut  at  interaoct,ion  of  two  county roads.

Ir{A       SE  I/4 SE  1/4  See.1,  I.  28  S.,  R.12  a.,  in  Co.,  Kansas.
Exposure  in  roadcut  on  south  side  of  east-west  trending  z`oad.



L5

L4

a-2.

L3A

L3

Ir2

1~1

a-24

L30

a-21

C-23

L125

L-20

C-7

Li

aaput  ZOO  yards  due  south  6f  roedcut;  Toronto
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S.I,.  NE  I/4  See.  36,   I.  28  a.,  R.12  a.,  Em  Co.,   Kansas.
Ekpo9ure  in  bar  ditch  at  break  in  slope  along  east-west  trending
road  and  in  trench  silo  a  few yards  south  of  road.

CSL  See.   29,   T.   27  S.,   R.13  E.,   Greenrood  Co.,   Kansas.
Exposure  in  bar  ditch  near  base  of  hill  on  east-west  trending
road.

mu  1/4  SW  1/4  See.   5,   I.  27  S.,  R.13  E.,   Greenrood  Co.,
Kansas.    Shallow  core  locality.

SW  I/4  NW  1/4  See.   4,   I.  27  S.,   R.13  E.,   Greenwood  Co.,
Kansas.    Exposure  in  cutbank  of  stream  on  HibbardlB  farm.

CSL  SW  i/4  See.   33,   I.   26  S.,   R.13  E.,   Greenwood  Co.,   Kansas.
Exposure  along  §trean  adjacent  to  county road.

NE  I/4  SW  1/4  See.10,   I.   26  S.,   R.13  E.,   Qreencood  Co.,
Kansas.    Exposure  in  quarry  adjacent  to  county  road.

CNL  NW  I/4  See.`35,   T.   25  a.,   R.13  a.,  Woodson  Oo.,   Kansas.
Exposures. in  road  cut  along  U.  S.  Highway  54  and  in  quarry

ifeLee!iy.
Csli  See.  8,   T.  25  S.,  R.14  E.,  Woodson  Co.,   Kansas.    Shallow
core  locanty.

S.I..  Sees.  35  and  36,   I.   24  S.,  R.14  a.,  Woodson  Co.,   Kansas.
Outcrop  study.

SW  1/4  SB  I/4  See.   31,I.   31  S.,  R.15  E.,  Woodson  Co.,
Kansas.    Shallow  core  locality.

ON  1/2  SW  1/4  See.   4,   T.   23  S.,  R.   15  E.,   Ooffey  Co.,  Kansas.
Shallow  core  locality.

CII  Sees..  34  and  35,   I.  22  9.,  F.,_15  E.,   Coffey  Co.,   Kansas.
froad  out  on  U.  S.
Kansas ,  tul.no ff.

Highmay 75;  i/2  mile-south  ;f  Gridley;

a  SE  1/4  See.  2,   T.   22  S.,  R.  15  E.,   Coffey  Co.,   Kansas.
Expsure  in  grdl  quarry about  2cO  yards  north of  east-west
county read.`

8§:esLC:a3i€y:.  2°  a.I  R.17  E..  Coffey  Co.,  Kansas.    Shallow

W  1/2  See.  24,  I.18  S.,  R.   17  E.,   Ftacklin  Co.,  Kemsas.
Exposures  on  west  side  of  a.  S.  highmay  50  on  either  side  of
intersection  ulth  county road.
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Irl3C

I-13B

I-13A

L26

Lr27

I,28

LIL

L12

C-9

Irlo

C-|O

I-15

I®aventorth ± locality.

WL  rm  I/4  See.   32,   I.  15  S.,  R.  re  E.,   Flacklin  Co.,   Kansas.
Roadcut  on  county road  just  south  of  angular  intersection.

SW  a.  SE  1/4  Soc.  lt,   I.14  S.,  R.18  a.,  Dbnglas  Co.,  Kansas.
Roedcut  on  east-west  road  cut  on  east  side  of  due  south  ex-
tension  of  Ione  Star  Iake.

NW  1/4  Soo.14,   I.14  a.,  a.18  a.,  tonglas  Co.,  Kansas.
Exposure  above  and  west  of  dan  at  Ione  StaLr  Lake  and'along
road-south  of  dam  site.

rm  I/4  See.  28,  I.  14  S.,  a.  20  E.,  houglas  Co.,  Kansas.
Exposure  in  quarry  adjacent  to  county road.

Sfro  INTh  1/4 See.   27,   I.   14  S.,   .R.   2o  E.,   Dougha  Co.,   Kan8aLs.
Exposure  in  quarry  several  hundred  yards  "est  of  ctuive  on
county road.

Sane  location  as  I-27.    Exposure  is  roadcut  on  county road
at  curve  at,  north  edge  of  hill.

SW  1/4  ms  I/4  See.   27,   I.  14  S.,  R.  2o  J5.,  fouglas  Co.,  Kansas.
Pxpopure., in ditch along  road  on  north slope  of  hill.
C  Ow  I/4  Sea.  21,  P.   re  S.,  R.19  E.,  hougla8  Co.,  Kan8a8.
Hpoaure  in roadcut  along  Turnpike  Just  east  of  county road
overpass,  outside  city  of  Larmenoo.

1"  V4 See.  36,  I.  12  S.,  a.  19  a.,  Douglas  Co.,  Kanaa8.
Exposure  in  city of Lawrence  at  roedout  northwest  of  University
of  Kansas   campus.

HCS±g.I/ise:i:'inT.roLLad§;{Rrio:Lg€:teLeHZ::%rtk:°::yhie
west  of  Tongonexle,   Kansas.

8hNIai!::.c:i:  Ec:i:€;.R.  21 E..  IJeavenworth  Co.,  Kansas.

EL:£4.NW±/58¥:.in22£o:dc:ts;:a:.h:iLE;£s¥:¥eenE°£#a;a;:
T_,____-I_  i..__     ,,,,

OS'L §ec..  22,   I.   55  rv.,  a.  37  ".,  Buchenen  Co.,  mgsourl.
Shauow  core  locality.

RE  I/4  in 1/4 See.  31,   I.   58  N.,  R.   35  W.,  Buchanan  Oo.,
Missouri.    Exposure  ln  bluff  atrove  at)andoned  H`1omadel.I s
Quarry.
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Irl5A      NW  margin  See.  30,   T.   58  N.,  R.   35  W.,  Buchenen  Co.,  mssouri.
Exposure  in  bluff  adjacent  to  Missouri  River  near  Andrenr  County
hue,

I-158       SW  I/4  See.  19,   T.   58  N.,  R.  35  W.,  Andrew  Co.,  mssouri.
Exposure  in  stl`eam  cut  along  Andrew-Buchanan  Co.  line,  just
south  of road.

I-14B       CNI,  See.   5,   T.   ro  N.,   R.   12  E.,   Cass  Count,y,  Nebraska.
Exposure  in roadcut  on west  side  of  Cedar  Creek,  1.7 riles
east  of  Weeping Water,  Nebraska.

LI]4A      SW  I/4  NW  1/4  See.15,   T.   ra  N.,  R.10  8.,  Cass  Co.,  Nebraska.
Exposure in  Johansenl s  Quarry  on  Parmee  Creek,  west  of  South
Eedd, -`Nebraska.

Ii-2l        Central  portion  See.  6,  T.12  N.,  R.14  E.,  Cass  Co.,  Nebraska.
Exposure  along railroad  tracks  northeast  of Plattsrouth,
Nebraska.

IJ-33         NEJ1/4  RE  1/4  See.I,   T.  75  N.,  R.   cO  W.,  Adalr  Co.,   Iota.
Exposure  in valley walls  of  small tributary  of Middle  River.

L-32         SW  I/4  NW  i/4  See.  7,   I.  75  N.,   R.   29  W.,  Madi;on  Co.,   IowaL.
Sinall  outcl.op  adjacent  to  road  bridge  on  south  side  of  east-
west  trending  stream.

Additional  Oklahoma  Exposures

Ll8d      W.L.  SW  1/4  See.  8,   T.  28  N.,  R.   10  E.,  Osage  Couty,   Oklahoma.
Road ditch  on  south  side  of hill.    Sequence  similar to  that  at
rs;  chanrol  sand  above  limestone  contains  wood  fragments.

Ii-18b      SE  I/4  S;c.  20,   T.  28  N.,  R.   10  E.,   ceage  County,  Oklahoma.
Ekposurt.e  in  road  cut  on  north side  of hill.    Chanel sandstone
with fossiliferous  zone  at  bottom,  Ieamermorth  Iimestone  crops
out  about  60  feet  above  sandstone.

I-noc       SW  i/4  NW  1/4,   T.  28  N.,  R.   ro  E.,  Osage  Corn+.y,  Oklahoma.
Ekposure  in  road  cut  at  side  of break  of  hill.    ChaLnnel  sandstone
with  fco8iliferous  zone  at  base.

I-18a       a.N.I,.   See.   33,   T.  28  N.,  R.   in  E.,   Osage  County,   OklahomaL.
Exposure  lti road  dit.ch at  break in hill on north  side.    Fos8ilif-
erous   zone  about  0.3  foot  t.uck.    May  be  furthest  south  exposure
of  Toronto  I,imestone.
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APPENDIX  Ill

DESoitlpTI0N   0F  OUTCROP  SECTIONS

IJOcality  18

SHAIES  gray,  weathers  olive,  nonfissile;  no  fossils
observed........................1.0/

Lnis±bin3` iediun gray,  weathers  rusty broun;  skeletal
debl.is  abundant;  one  bed  with  several  thin,  planar
partings.    Fossilsl  Lino

Antiquatonia
roductusEco¥cha=:¥= '  Derbyia

8tocomi;REer7ifralina

zoans,  encrust,ing  bryozoansramose  bryo

18.0

18.1

(on _ngralina valve)   .-...   :   .....-.-.. :~: -.-....    o.6

no.2        SHALEI  olive-brown,  weathers  bro.`m;  nonfissil®;
calcareous  concretions.    No  fossils  observed  ......    0.7

18.3        SANDSTONEI  tan  to  rusty  bram;  very  finengrained;
calcareous;  fucolds  on  upper  surface.    No  fossils
seen,......'...................o.7

18.4        SHAIEI  olive-brow  to  greenish  gray;  sllty;  blocky
to  ohippy.    No  fossiLe  observed .............    0.4

18.5        SANdsroNES  tan  to  bro";  very  fine  gI.aided;  micaceous.
"o  fosBila  Seen .....................    0.4

18.6        SHAIE:  greenish  gray;  chippy  to  blocky.    No  fossils
seeni   .  ` ........................    4.9

]8.7        SAh'usTONES  rusty  brormj  very  fine
vertically oriented  burrows  about r/ained;  nun©roua

4  inch  in  dianetel-;
small  scale  er.oss-1aminationa.    No  fossils  seen ....-.    1.1

18.8         SHALE!  olive  to  gray;   chippy.    No  fossils  seen  .....    2.6

18.9        I."ESTONEI  rusty broom,  weathered;  skeletal  debris

s#faF¥:¥i:ife¥t¥¥+:¥i slocori
brachiopod

•   .  .   '   '   '   I    0.3

18 . 10 SHAnl  green,  chippy.    }io  fossils  seen  .........    i.0/
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Iooality 19

19.0        SHAIE!  light  gray+green;  Small  discoid  clay-ironstone
concretions.    No  fossils  seen ..............     I.0/

19.I        Ii"ESTONE3  medium  to  dark  gray,  weathers  brom;  much
skeletal debris;  single  bed;  fucoids  present  on bottom.

g=:iiier==i#E=usisF=i::::=H!:::E:::5=:....|ro
19.2     Sfr¥: °#V:osor# ¥Tg¥.°T:e.b:°T: *P?LT . .   5ro

19.2a      LIRESTONEI  bram;  discontinuous  platy nodules;  skeletal
grains  abundant.    Fbssllsl ismall  gastropod,  braehiopod
spines,  crinoid  colurmalB,   and-rhomboporid  bnyozoans   .  .    0.1

19.2b      SHALEI  olive,  weathers  broun;  noofissile.    Fossl]s
.(1qugr  P:rt  gnly) I ` Bellerophon  sp. ,  cf.  Meekospira,Nucde  (Nuculo

*h:#;

Crurit
yx, c:pi;:1E±-

columals,  and  ranosQ  bryozoans .............    4.0
.      _.     .`        ,

19.2c      SIIALE  and  rmESTaNE  P14ATESI   olive  gray  with  limestone
plates  above  and  below.    Fossilsl  Crurittryris,  echino-

and  ramose  bryozoans  in  limeaton®;  ¥.
plates........-...1.2slocori  above

Locality  17

17.0        SHALES`  greenish-gray;  nonfissile.    No  fossils  seen  .   .  .    I.0/

17.1        I,nHBTONES  greenish-gray,  weathers  rusty bram;  rubbly
nedulaz.,' chary.    FbBsi]sl  Ast,ardella  sp.,
tranulifez.,`  and  drurithFTis  p  anoconvexa  .

Neochonetes
......  '    0'4

17.2        L"ESTONEI  dark  gray,  weathers  bram;  argillaceous ;
skeletal debris  abundant.    Fdssilsl  Neochonetes
granlifer,+ brachiopod  Opines,  crinoid  colrm-a-ls ;        +   L
rquose,  fenestrate ,  and  encnisting  bryozoans ;  and
fugulinids   ....................  i   .  .    a.4

17.3       SHAris  trtin;  calcareous;  limestone  nodules.    Fossil8I
carbonarius

Neochonete3
chtiquato-rna

ngralinlds,  Neospirifer
PortlockiaBra,

gz.an`ulifer,  crinoid  columale,  foriestrate
and  ramose  bnyozoans   ..................    0.2
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17.4        SHAIEI  ^greenishTgray;  snail  calcareous  nodules.
Fosslli§ I  Neochonetes granu]ifer,  Linoproductus ,  and
ranose  bryozoans ....................

17.5        SHAIE!  rusty  broom;  calcareous.     FOBsilsl

Neochonetes ;p.-,  ieFtyia cf .. 9.
oolumnals  and-brachial  plates,

crinoid
acrothoracian  barnacle

0.7

bores  in nyalinids,  and  ramose  bryozoaLns ........      0.5

17.6        SHAIEI`greenish-gray,   chi       .     Fbssil8I  cf.

*=thid:P:::++===:±ke¥tH±SpL¥a¥°:q¥='.i...o4
•.-,.

17.7        SHArii  brounish  grayi  calcaieous;  very fossiliferous.
Fo8sl]s  in .upper  haLlf I  Fh]matopieura  sp. ,
grahulifer,  dertyids ,  Crurit,tryris

Neochonete8

ramose  bryozoans.    Fossils  in  lovrer
carbonarius
derbyids ,
brypzoans,

Straparolus   (Azrohiscapha)  sp. ,  MriHE;
Crurit heconvou encrusting

1.9

17.8        SHA|El  olive-dreen  to  ouve-brom;  blocky.    Fo9silal
crinoid  colrmnais  and  brachlal  plates  .........      1.d/

8.0

8.1

8.2

8.3

Iocauty 8

SHAIEI -light  gray to  light  green;  nonfifsile.
Fbasits,.  spell  pelecypod  steinkerris  and  Scattered
CmrithFTls  sp .....................      I.Of

LIMrsTCRE.  mediuin  gr.ay,  weathers  brcrm;  argillaceous ;
skeletal. rich.    Fossils I  Idnoproductus  prattenian`is,

8ffipg=tl#1#: Crulth
crinold  co

planooorIvac,
fusunnids,

rano8e  brxpzoans ....................      0.5

SHAld=.  grayish  tromi;  nonflsslle;  limestone  nodules    ``

?:uEL#;pLFdsc#rii¥:p¥¥ Neoohonetes

carbonaria.......................0.8

SHAIEI  olive-brcrm;  nonfissile.    Fbs81ls I  Crurithyris
plananoconvexa......................1.5

8.4         SRAIE!  with  li[nestone  platesl  ouve  trom;  limestone
nodules  argillaiceous  and  fosslliferous.    Fossilsl
Cruritbyris  planocon`rexa ................      0.7





8.5

8.6

8.7

8.8-

8.9
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SHAIGI  olive-green;  bloody  to  chippy.     FOBsll8l
Iinopz.oductus  cf .  prattenianus
Noochonete8  Fzranulifer.  CrurltI- ii= crinoids  and

Jure8anla nebrascensle

enestrate  and  ramoso
bryozioans........................2.7

SEIAIB  and  IIiJnestono  nodules I  I.`isty  brown,  deeply
Teathered.    Fo8sllsl  Ast,artelLa
granuufer, Of . E_rtyi9

3P.,
and

Neochonetoa
crlnoid  colunnaha.   .    0.7

SHA|EI'. gr.ay to  olive-broTrn,  weathezts  bram;  Scattered
8:m`a||' c£1.care.ou€  nodules.     Fbssils I  Neochonetes`
graniulifer.............

SHAIBsi  bz.own.  _  FbssiLe3   of.  Pleuro

:i=kul=#-:-t=:o:E;ico¥ia:
aff .  Pterino
and

ctinella
en-crusting

'  '  '  '  '  '  .  '  .  .   0.9

horus
8|ocori.

bamaole  bores  on  nya]inide,
sp.,  dertyid,  crinold  columalg,
a.,,,,,,,,,,,,,,,I.2

SHAIEI  bluli9hTgray;  nonflaslle ;  calcar®oua  nodulo8.
No  fosslH  seen .....................    0.5

y       -..   ?,   ._

8.10        SHAIEi  bromlshngray;  plaLstic.     Fossil8I  posslbLe
plant` remains ..............  _ .........- 1.I

'  Locality  7A

7A.0       Soil,grasscquered .........-.. ` ........    lro/

7A.I        LriESTOREI  llgnt-gray;  upper  9  inches  ls  crogsbedded,
contains, very  abundant  crinoid  colu]trfu,  end
8qqutorod  lophoptryllldid  corals ,  brachiopod  8hella ,
fngullnlds,  and angular,  equidlnensional to  flat  and
di8oE3haped  bram  lineatone  pebblef!  up  to  I/2  inch    + +
1nll>ngth;  lover  3  1nohes  ls  gI'eenish  gray narky
limestone  containing  le6ger  abundant  crinold  parts
and'bracbiopod  shells .......-...........    I.2

ri`;`;    ,i

7A.2        SriA-rii  light  rrugty bram  to  gl.ay,  highly Teathared;
Fbssll8I  crinoid  columals  and lophoptrynldid  corals  .  .    0.4

7A.3        LRESTOREl  brinlahigray;  fever  gkelotal  grains  then
in  upper  bed  mduore  line  mid.    Fdssilsi  crinold
coltirmals,  CrurithFTls  sp.,  and  small  ldey bryozoana.
lover  surface  Of  this  bed  is  irregular  ,........    0.6







EI
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6A.I        LRESTONEI  reddish-bram;  deeply  neathered;  crmbly;
green  shale  partings.    Fossils a  Coxposita  subtilita
numerous  complete  specimens ;
Neoc`nonetes

Neosolrlfer
;  I,inoproductus

;   and  rariose  and  encrusting
Dryocoans........................I.2

6A.2        I,RESTONEI  light  gray,  veathering  msty  broirn;
fusulinid-rich  bed;  scour  and  fill  structures
conspicuous ;  irr'egular  discontinuity-Hke  surface
at  base  of  bed.     Fbssils:  very  abundant  subcylind.rical   +     +
fusulinids ;  dictyoclostids,  crinoid  pats,  and  ralnose
br}rozoaha........i..................0.7

6A.3        I,"ESTONEI  light  griay;  scour  and  fill  structures.
Fbssllsl  Cnirithyl.is  sp.,  common;  fenestrate  bryozoang,        :i
and very  abundant  crinoidal  debris  ...........    0.8

6A.4        SRAIEigray+green.   .   .`  .................    0.I

6A.5         I,RESTONEs  ugho  gray.
ELpdonella
and derbyids

carbonarla
;  lophophyl]idld  col.als ;  ramose  bryozoanB ;

Fossils I  Crurithyris  sp.,
marginifel`ids,  dictyoclostidB ,

and ,very  abundant  crifloid  colun`inalsj   .....-...   :   .    0.7

6A.6       SriAm  ;uvengree;.`    Fossils!  crinoid  columaLe  and  a
single  large  bun-shaped  encrusting  tryrozoan  colony' .  .  .    d.3

6A.7        I,"ESTONEi  ught  gray;  wa:`ry  bottom  of bed.    Fossilsl
Crulthyrls  sp. i  common;  Rhipidomel]j}
comon; . large  dictyochostla

ita

;  fusulinids
abundant  crinoid  columnals  ......   ;   ....-....    0.6
i,J"

6A.8        SHAIEIonve-green  ...................    0.I

6A.9        LRESTOREI+light  gray.     Fbssils!  Neospirifer  sp.,

;  and  very

sp.,  Neochonetes  sp.,  Rhioidomella  aff.  a.
;  alga    p  -tea;  and  fusu  .nids  .....-...    0.4

6A.10      LRESTOREi  ught  gray;  similar  to  bed  aticrre .......    0.7

6A.II      I,rmsTONE  and  SHAIES  olive-greeh  to  light  gray;
fusulinid-rich  limestone  and  olive-green  fusulinid-
rich cshale   .......................     I.1

6A.12      SHAIBI  ouve-green;  abundant  fusunnids .........    0.9

6A.13      SANrsTQRE!  ught  brom;  calcareous   ............ 1.1



5'1

5,2

5.3

5.4



5'8

5.9
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brachial  phates  and  a  calyxj  echinoid  plates  and
spines ;  fenestrate,  rhomboporid,  and  enorusting
tryozoans;  syr]]igoporid  and  lophoptryllidid  oora]s  .   .   .

SHAml  olive  green,  weathers  tan.    Fbssilsl  scattered  \
ffusulinids  at  top  but  none  at  bottom;  Pleurowhorus  8p.,
Posidonia sp. ,  end  avioulopectinid  mold;  Composita
subtilita  and  enoru8ting  bryozoaLns ...........

SIIAIEI  olive-green  to  grayish;  brown  iron-ride  zone
at  top,  possible  weathered  surface.    Fossilsl  coo.1ified
land  plants  ......................

5.10         COAI.I   ..........................

5.11        UNmRCIAT!  bluish-gray;  massive;  plastic.     No  fo8siLe
Seen,   ,  ' ,.......................

5.]2        SHAI,EI  tiluish-gray;  bhocky to  indurated;  top  contains
irori.-oxide  streak  ......  `.............

4'1,

4'2

4.3

4.4

4.5

IJocdity 4

LmESTON-E'!'  ]ieht  tan,  weathering  brom;  Skeletal
triculina

dictyoc
grgjmsv     FbBsilsl  Neo9pirifel'  sp.,
inb'ashensis Neochonetes  sp.
fusulinids ,  and aleal coated grains..........

LIRESTONEI  tan,  veathering  brom.     Fossllsl  ramose
brypzoans ;  fusullnids ,  orinoid  cofurmal8,  and  algal
coated . grain ....- ;`   ...............  ' . `

I,IMESTOREI  tan,  meathering  bram;  abundant  Skeletal
grains.    Possilsl  Neospirifer  sp.,  fusulinid8,
a+in6id` eolunnalg ,  fenestrate  bryozoans,  ramose
br]rozoans,  and  a|gal  coated  grains ...........

LRESTONEI  light  gray;  large  skeletal  grains.
Fogslls I
Huetedia
cl.inciid  colurnals ,

Trabas.henrty,  peochonetes E
?  sp. ,  encr`isting  bryozoars,
gaetropod8...........

LrmsTONB$  light  brownish  gray.     Fossils!  cf.
Hystriculinne wabashensis
fusullnids ,  bryozc)ans ,

ThaE]tedia  sp. r ±r_bLzfe  a P . .
crinoid  parts,  and afew

fusulinidg.......................

1.0

0'4

2.5

1.0/

0.5

0.6

0.6

0.9
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I,"ES'I`ONE!  light  brownish-gray,  dense.     Fossilsl
fusulinids,  algal  coated  grains,  and  a galcareous
sponge.,.-.......................

LRESTONEI  `nght  bromish  gray,  dense.     Fos§il8I
Neosoil.ifer  sp.,
coate    grains,  a

Echinoconohus

Meekella
and

sp.,  fusulinids,  algal
a trilobite  fraginent  ........

LIMESTONEI  light  brown.     Fossilsl  Condrathyris  sp.,

fusulinldg,  cpinoid ap.,  1ophophyllidid  coral,
columnals,  and  algal I:oated  grains.

I,IRESTONE!  light,  gray,  dease.     Fossilsl  nati.copsid
gastropod,  aff .  Plani8plna
c6stata
wabashens i8;  large

Meekella  str.iato-
triculina cf .

fusulinids , argo  algal  5triictures ;
H,

ech±noid  spines,  and  crinoid  6oharials .-.......-.

4.]0        LnusTONE  end SHAIE.  light  gray  lfrostone,  gr.eding
into  shale®    Fossils!  Echinoconcl"9  cf.  E.  semi-

Neochonete§
puetatus,  cf.
Hystriouuhia
hatyt>ides  n

a  wabashen§1s
nebrascen§is

a    a    gralrE

aft
gramufer,

abundant  f`isuli-inTdTand

4.11         SHAIE!green.    NofossiLeseen .............

4.12        LREsroNE  NODUIES.  light  greenishngray.    Fbgslls!
cf.  Thlkingla sp..  Iopho.tryuidid  coral,  fusulinlds ,
gastropoda,  end  crinoid  co]unnals   ...........

4.13        SHAIEl  olivengreen.    No  fossils  observed ........

4.14        SANrsTORE.  olive,  silty.    No  fossils  Seen  .......

4.15        SHAIE!+olive.    Nofogsitsfout  ............

4.16        SANasTONEi  broun,  finengrained.    No  fossils  seen ....

Locality  3A

3A.1        I,IRESTONEI  right  gray.     Fossilsl  abundant  crlnoid
col`mlials.......................

3^.2       SHAm  olive-green.    Fossils:  loohophylndid  coral8   .  .

3A.3         I."ESTONE!Hghtgray  .................

0.5

i.0

0.4

0.3

0.2

2.9

0.3

I.9

0.4
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3A.4        ImESTONE!  light  gray;  fairly  massive  unit.    FbssiLel
cl`imid  columaLe,  a  few  fusulinids,  Condrathyri.s  9p.,
Neosulrlfer  sp.;   and,   s]mingoporid  coraLe  which  occur
as  lenses  up  to  one  foot  thick  and  up  to  5  feet  in
length  with  the  colonies  in  growth  positior„   ....   ®   .    3.0

3A.5        SHA±ES  green,  calcareous.     Fbssils!  fusulinids,
crinoid  columals,  and  brachiopod  shells   ........    OJ2

3"=::::H:,Hg#o§:a#±=:issF£:alhLg¥:g,.andFcesjLsf
8olitapr  corals .....................    0.5

3A.7        SmLEi, green;  caloar.eons.    Fbssilsi  f`Isulinids,
crinoid  columa]£  and  brachiopods ............    0.3

3m    ##:¥¥ #+:::i±%.andr:¥id:;gg:g#p.: . .  o.3
3A.9        SHAIES  bluengray.     Fossilsl  coalified  plant  remains.   .   .    0.3

3A.10      COALt`black,brittle` ..., T.F   ...........    0.3
---                    r         +1=

Leality 3
3.I

3,2

3'3

seulpuetatus,.
ap.,  Ccmposlta

I,       TONEI  nght  gray,  veathers  trom;  skeletal
grairs.  +  Fbg_gilg?  ga8tropodq,.  Echlnocolrehus  cf.  E.

i-aunfe]r,  o  .  Meekena
port  oc    and,

ramose  and  fene8trate

Neochonebes`
sp. ,   cLerDyicts,

crinoid  cofujin-als ;  encrust.ing
brxpzoans; ``fus_ulinids  and  |ofihoptryll±did  ccmals .....    2.5

I,IMESTONE!  light  gray,  weathers  rusty  broom;  coarser
skeletal grains  than  above.
SPP.,

cf.  D.
annala

Echinoconchus

Crass
;  encrus

±ff-A.
H.  bior]Boul

NcospiriferT
mtushersis,

rarose  brpez}oams ;
crinoid  colunnals  aLnd  lophophyllidid  corals .-....-..    Ote

SHAIEI
convexa

green,  weathers  beouri.    Fbssilsl  CruritJFTis
and  crinoid  debris  in  limesbono  noduies

dle  of unit.  .   .  ` ................    0.5
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2.2

2.3

2.4

2.5

2.6

2.7

2.8

2.9
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SHAIEi  green,  weathers  brown.     Fossilsl  ol.inoid
columa|s........................0.3

I.IHrsTONEI  light  gray,  weather.a  rusty  bl.omj  dense.
Fossilsl  fusu]inids ,  bryozoans ,  crlnoid  colunnals,
and  brachiopods .....-................    0.9

IiREsroNEI  lighi  bromishngray,  Treathers  rusty brom;
dense  in  lo*er  part  with  skelet,al  grains  conspicuous
in  upcer  put.    Fosgilsl  cl.inoid  colunnals,  pelecypods,
ramose  bryozoans,  and  fusiform  fusulinids ........    1-.6

L"BSTONEI  li.ght  gray,  dense.     FosBilsl  fusulinids,
few  crfuoid  columal8,  algal  coated  grains,  ramose
bryozoans, I and  algal  coated  grains   ...........    0.6

LDfflsTC`NE{  brom,  deeply Weathered;  Skeletal  grains.
Fbesils I  fusulinids ,  crinoid  columals,  gastropods,
and  algal  coated  grains .................    I.0

I,nESTcam  bram,  deeply weathered,  skeletal  grains.
Foag.1ls:  crinoid  colunnals,  encrusting  bryozoans,     ,
lophopkyllidid  corals,  and  algal  "crustsb ........    0.7

SHAIEI  grayisb-green,  weathers  tirown.    Fossilsl
Combo81ta  sp.  and  orinoid  columal8 ...........    0.2

IilRESTONEI  dark  tirown,  deeply meathered;  skeletal  grains.

=s¥id:id=E-,.NeochDnetes sp.,  derbyid,
0.2

2.10       -SIIAIG._  olivengreen.     Fbssilsl  Composlta  sp.  and
c8rbonaceous  plant  remains  ...............    0.4

2.11        III]ESTOwEI  r`isty  brcrm,  imecthered;  skeletal  grairis.
Fossils.  Antiqoatonia-iba
aff.
and_

R.  traJrsversa
Wenerena

dfro-ting brrizoaus ;

Hustedia SP.,
sp.,  ELpidomem

;  crlnoid  colunal§ ;  rhoinboporld
1ophoph]rllidid  corals ;  and

algal  cmst8  ......................    0.5

2.12         I,IpusTONE!  medium  to  dark  grey.     Fossilsl
uabashensls Ifeekella` •sp.,Neospiriferr

striculina
sp.;  rhomboporid  t>ryozcan3;   and  a  few

fusulinids.......................0.9
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sp.,   Linoproductus  spp=;"Aviculo®ecten"SP.,
2.13 I,INEESTr`NE!   nediun  bromisr+gray.     Fossils I  Naticopsis

Echinoc®nchus  cf .
net)rascensis

E.   semiDunctatus Juresania
a  i)ortlockiana

•  striatocostata

bryozoan8 ;

Composita SP.,
Meekella  cf .

bovideus,Beechor.ia

EE=r;:fro5ELREi
coral;  fusulinlds ;  and

algal  llcr`istan .....................       4.2

2.14        SHAIESnedfumgray.     Nofoasils   ............      0.4

2.15         CQAI,Sblack,chunky  ..................       0.5

2.16        SHAIEI  black,  bituminous;  plant  lBafrenain8 ......      a.2

2.17        S.mlEIdalikgray;carbonaceous .............      0.3

Iacanty_ 1

1.Oa        SRAIEir6d.    Nofossilsaeen ..............      0.5/

1.Ob         SE4ngi.grden.`rvofosailgseen .............       I.2

I.1a       mds4dNEs-light  gray,  Weathers  bl.om;  irregular
b'r6wh  rmrkings  at  top  of  bed  may be  burrows.    Fosailsl
cf .  iliyalinids  and  lal.ge  ]inoproductids .........      I.3

I.I

I.2

1.3

I.4

I,IusTONEs  light  bromish  gray,  denge.    Fo8silsl
8aetropodg,

spp. ,  fene8trat,abay
coliimals ,  Small fusulinids,  lophophylliaid corals,
and  Ocryptozoonn .....................       I.5

zoans,  crinoid

I,IMrsTONB:  light  bromlsh  gray,  ueathers  brown.
Fossils S  aff.  Reticulatia  huecoensls
sp.,  cririoid fusuiinid8,  bryo

pirifer
zoans,  endwcryptozoongw.........-..-...:......

I,DusroREI  light  brc"ish  gray,  weathers  rusty broun;
argillaceous.    Fossilsl  noro  crinoid debris  thaI`  in
beds  above i  ftetic`ilatia  huocoen8]j9

cf .     .  norm
Ant+quatonia

encru8ttryg bryszoans, fuapl-in`i55
i.,  __ eospirifer

end
8P.,

horn  corals   .   .   .      0.7

§=Sb:raca#o#:-:e-:-L=u=:::rs±r:=£on:::::L8;lane
renein8........................0.2
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I.10

25,I

25,2

25.5

SHAIE3  bluish-gray.
nobrasconsis,
and

Fossils:  Juzresania  cf.  J.
Coinpo91ta  subtilit
bryozoans.............. •   .    0.2

COAL!  black,  bl.ittle   ..................-0.-6`

SHAIE8  black,  fisslle ..................    0.2

CLAYI  bluish  gray ....................    0.9

Locality 25

LIMESTONEI  white ;  massive ;  vertically  ori®ntod
grooves,  probably  clan burrow ..............    2.5

LIMrsroNBI  ugho  gray  to  buff;  shaly  int,erbeds;
individual  limestone  beds  are  disoonti"ous;  surface
of  llnestone  ig  pitted  and  honeyL¢ombed  wit,h  Shale
lrfill -  Bnggestive  of  probably subaerial  ®I.osion
soon ,after  deposition ..................    5.5

LRETchiel ' continuous  bed ................    0.6

I.IMLES`roRE. ~Bhalo  sean  above  and  below;  enorustlng
bryozoap  masses,  1ophopdyllidld  coral8 ,  and  crinold
debl.is -abundant  in  zone .................    0.6

I,msTOREI  light  gray with  patcky Thite  areas;  many
coated  grains;  highly  orinoidal in  upper  foot;  upper
surface  of  bed  undulatory,  suggestive  of  megaripples.
Fbs8ils S  Rhioldomella  Off R.  traLrreversar . TT- and  Entoletes

.   .    6.0

SHAIE3  bluishngray;  sllty ................

COAI,I  black,  chinky ...................

Locality 20

SHAIE..........................1.0/

I,IMEsroNBI  very  light  gray,  aeathers  tan;  local
pockets  of  Osagla  coated  shell  fragments;  sofDe
green  shale  partlng3.    Fossil8i  a[viculopectinids,

p.   (1n  burow),
Bellero

Juresamia

ap gf . ¥. (9±
.  nobraj3censi8 rfofin=ink=teatg¥;

and  pecan-sized  a]gal biscuits  .  .  . ..........    2.9



1
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20.2        SEIAml  green,  veathers  brown,  calcareous.     Fossilsl
nyalinid  fragment  and  linoproductid ...........    0.4

2„=:°]s'E:I:±§rhtngg::gst°%:¥Ls:hife±±:;±±;an:p?f(#p:I
Juresenia  cf .part  of  bed) ;

J.  ovall6.
sop.,   and

....    I.7

20.4           HALT  I,nESTOREI  light  gray  linestone  and  green
shale:' I  Fbssi.1si  crinoid  cofumnals   .   .  6.   .  ` -......    2.2

•``L       -:                    `         .               .        -`-¢`                -

20.5        I,"ESI'ONEI  light  gray  to  creamy  white,  massive.
FbggilsS  brachiopods,  bryozoans,  crinoid  parts,  algal
cQating8,  and  lophoptryllidid  corals ...........    4.I

20.6        LIRESTONB.  tnedium  light  gray;  sha|y.     Fbsgiisl
lophothyllidid  coralsv  Compo8ita  sp. ,  and  criiioid
parts..........................|J)

20.7        IRESTOREi  light  grey to  white;  argillaceous  at  base.
Fbssllsl   (`lpper  3  feet)  Off.  Plani8pina
M6ekella . 8trlatoco8tata,

irifer
parts. sslls  ln

NeochonetoB  cf .
oideg  nebragcensis

Ower  P
Par.allelodon  obsoletus ,

in  (a.)  g±

slta  cf .  a.
Ire_Ibrii±

erella  cf .  W.
Eh-1-pidonella  ark

20.8

;-and crinoid
E. granhifer,

ait-i  evicuioie-ctinids ,

E¥£::i:I;ra§s€
olla c

gubtiut Bee€beH

R.  transversa  .

bovidon8

•   .   .   ®   ,     LJ)

SHAIEf  bluish  gray,  no  fosgl]s  8een ...........

tocallty 9

Grass-overed . slope ...................

I,DESTONEI  brormlsh-gray,  weathers  dark  brovm.
Fosgila!  a]€al  coated  grains,  fusulinids,  gestropods,
crinoid  parts  and  brachlopods ..............    0.5
\1  \  \      .   I   -,

.  9.2           I,IMESTONEI  weathered,  brcrm.     Fb89il8I  of .  Naticopsls+  'gpJ ,  Antiquatonia  portlocklana,  Neochoneteg  gramillfe
=:rNe:=dho::t=g#,

oorals,,,,,,,®,.........1.3

9.3 SHAIEI  greenish-gray,  weathers  brom.    Fossils I
sp.  and-crinoid  colrmals  ...........    0.4Thstedi8
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I,IMESTONE!  brormish  gI.ay,  weathers  bram;  green
shale  pautings.    Fossilsi  fusulinlds,  gastropods,
Hustedia sp. ,   CondratdyriB  E]p. , ` N®ospirlfer.

transverse....1`.4

LIMrsroNEi  highly Weathered.    Fo8silsi  fusulinids,
brachiopod8,  and  crlnoid  8egm®uts  ...........       1.3

LJRESTCNEI  weathered  dark brown;`  less  skeletal
material  than  chove.    Fo8Bilsl  cf.  barb
Neoohonetes sp.,  cf .
and  fusulinids ....

Mreekella sp.,  crino d colrmal8,

9.7 L"rsTCNE.  Weathered  brown;  argillaceous  and  fine-
grained.    Fbssils.  Neochonetes
cf ,  I), cODpO8ita

oconvexa crinoid

granunf®r,  Derbyia

:=b±L±ata;:=±#¥dsi±-Cf.
ranose  bryozoans,  and  lophophyllidld

coral8.........................0.5

Sml,E+ b'rcrm,  we-adhered   .L`  ....'   .-..........      0.3

SHAIEI  greenish gray,  silty  and  sandy.    No  fossils
Seen.   .   .  ' ............+   ...........     33.9

Locality 13

13.a       Smlilgreenishgray.    Nofossilsseen .........      1.0/

L3A     i;EE;N:;..i:::r:rt:a :;a3:;::a:°E.af:¥S±le ,
Ecbinoconchus  8pp. ,  crinoid  col`imnals,  lophophyllid±d
cora]E,  f`isu    nlds,  and  "Cryptozoon"-type  oncolit,es   .   .      2.3

13.2        I,"rsTQI`ril  light  gray,  Teathered  brown;  argillcoeous.
Fossils.  fugulinids,  lophophylmid  col.als ,  and
brachlopods..................-....I.0

13.3        I.pesTOREI  light  bromish-gray,  weathers  dark  bz`oun.
FossllsS  fusullnid8  arid  brachiopods  ..........      i.8

13'.4        inESTLQNI§!  1lghe  t>rchish  gray,  weathers  bram.
Fb9siLe I  Rhi idorrella  aff .  R.  transverse

aEoid  8t€dy5=
fu8ulinids,
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13.5        L"ESTONB!  white,  neathers  light  brom;  chalky.
Fossils.  Rhipidomella  8pp. ,  robust  f`isulinids ,  and
f`isulinids  and  coated  grains ..............      2.1

13.6        I,nusroNEI  bhiishngray,  weathers  broom,  argillacooug,
and  arenaceous.    Fossils.  fusulinids ..........      0.2

13.7       SHAmbluishngray;  slltyandsandy  ..........      i.o/

Iocality 22

22.0        SmlEIgreeni8hgray.    Nofossils9een .........       I.0/

22.i        L"ESTONEI  weathered  brom,  nodular  and  rubbly.
Fossils I  Bellero
HnightlteTST
Nldrchlgonia

RetiB
(Fharkldonatus) sp.,  cf.

carbonarlu8
sp.,  and  nyalinids  ..........      I.0

22.2        LDusTONE:  light  brownish  gray,  "eathBrs  bl'crm!
irregularly bedded.    Fossils.  Myalina  cf.

sp.,   and  Composite  cf.  a

M.  siocori.   . 2.7

22.3        IinffisTONE:  bromishngray,  weathers  brotTn;  fine-

EEfids?::i:£db:£:i:r:£i,n#.c#:£;mnn.
type  oncolites .....................      2.4

22.4        I,"ESTONES  with  Shale  break  above  and  below;  8halo
olivengreen,  veathers  brown;  limestone brcmish
gray,, Treathers  rusty brcrm.    Fbssilsl  Noo8pirlfer
sp..  and  Composita  cf.  a.  subtilita  ..........      0.8

22. 5        I.nffisTORES  light  bl.oTn,  weathers  darker  brom.
Fossilsf  ln upper  half ;  rE±]T.!fipgia  sp.,
H.  striatocostat
granulifer,

Composita  cf.   a;

Conposlta  8p.,
irifer

Meekena  cf .
Neochonetes  cf .

phoptyludid
lover halfl  Iinoproductus  spp. ,

Neospirlfer

Off .  R,
coral.    Fossils  ]JI
Retaria laaallonsis

Beecheria  bovidens
t,ransversa  .   .      5.4

22.6        SRAIEI  oalcareous,  light  to  medium  gray.     Fossilsl
fusulinld8,  small brachiopods,  clans,  and  crinoid
parts   '   ,   '   '   ,............  r ........      0.2

22.7       St!AIEi  light  bluishngray;  9ilty to  sandy  lenses.
I?a  fog§il8  seer...,.................       8.3
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22.8        COAlil  thir.argillaceous  smidgo .............      0.1

22.9        CIAYi  dark  bluish-gray,  plastic,  and  blocky.    No
fossils  observed ....................       3.0

22.]0      SHALE!  red,  silty to  sandy;  zone  of  lime  nc`dules  at
top.    No  fossils  seen  .................       I.8

22.11      S:IARES  dark  greenish  grey;  line  nodules   ........       0.'8

22.12      S]IAIB!  da].k-gF6enlsh  gI'ay;  platy;  and  silty  ......       i.0{

Locality u
11.0        SHAIESgreenishgray ..................       I.a/

11.I        LnEsroRE!  highly weathel'ed,  bram;  rubbly,  bedding
not  apparent.    Fdssilsl  cf.  Knighoitce
srt.,   and' ny9_I_inL±  sp ....  I

11.2        I,"ESTONE!  highly w®athored,.brcrm;  bedding
irregular,` apparently due  to  cut  md fill.    No
fceslls  sder~   ....  ' ..........-.......      1.8

11.3        I,mESTOREI  bromi8h  gra3r,  weathers  brom.    No
fo§`sl.Le  seen.   .   .`  ........-............       I.3

11.4        LinES-Tnd!  brorii`;Z±  gray,  we.athers  brown;  chert
8tringers`  and` nodules  in  upper  par.t.    Fossilsl
Hustedia
wabashersis,  cf .
oora  .  fusullnid

sp.,  Neosplrdfer  sp. ,  ftystricu]ina
inctos irifer s

fusullnids  an
p. ,  iophoptryiudid

crinoid  parts ;  and,  8cattol`ed
-Cryptozoon"-typ6  oncolites  ..............      2.8

11.5        LlngTOREi  gI`dy  shale  partlngs  above  and  below;
bromish  gray,  weathers  brown.    Fbssllsf  of.
Andlquatonla
1ophoptrylndid,  and

poitlockiac,
crinoid  Stems   ............       0.5

n.6    ¥±Lr8TfRE#i£3s¥o#;rife::#£=::i¥O£#=
ffckirprst+#o¥£#:ffi5EET¥=¥¥tEifew±abe±ir:

robust
1rifer

.  Echinoconchus
fusulinids,  and  Osagia  coated  grains ..........      2.7
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]1.7        I."ESTONE!  bromish  gray,  wgathers  bram.     Fossilsl
1domella  aff .  R.

grain-s-,
tran8versa,
usu  ini  9,

irifer SP.,
parts'  '  '     0.3

11.8        LnusTONE!  bromi8h  gray,  weathers  brom.    Fo8silsl

£E;S#duf:=:::I:::aErg:czm°::;t:::::P¥dm:i:old
pat.tB.   '  -.......................       2.6

11.9        SmlGI.greeLni8h  gray,  silty to  sandy.  -No  fossils.:
seen.   .   `........   j -...............       I.0/

Iocality 12

12.0        SriAIEIgreenishgray.    Nofo§silsseen .........      1.a/

12.1        I,D4ESTorE!  deeply weathered,  brom.    Fossils I
)  sp.,  cf.(martddonotus

and Soutiuraliina` cf .
Nuculena

S.  scitula .....      0'5

12.2       I,rmsTqul  bromish  gray,  T.eathers  br:in;  cone
o£`T,tan  chart  hodule5  and  strlnger6  near  top  Of
risslve  bed.    Fo8sllsS  nyalinlds,  clans,  and
gafitl'opoQs  above  chert;  crinoid  columals,  small
fugulinid3,  and  tnrachiopods  ln  middle  part;W-ia
Hdetedia ss?:'mffii=p:'
orinold  debris .and. bryozoalis

Puto8pirifer sp.,
irlfer 8P.,

ower  half  of

12.3        I,nESTONB!' thin  shale  parting  above  and  below;
bromish gz.ay,  Peat,hers  brom.

bed.   .   .      5.0

Foes ils I  Antiquatonia
§p..`,.-and  crlnoid  stems.   .  ' ...-.....

Echriodohehos  cf . !.
12.4        LBusTORES  bromish  gray,  Treathel's  brown.    Foseiha I

roorei
cf .  Cancrinehi

Ohonefricf.

tryocoans,

sp.,Beochoia

ffi;P#=Ldap±D;:¥T.`irid  a]gal  structures  ............      3rd

12.5        Llm3STONEI  bluish  gray,^weathars  br6un' .........       0.2

12.6        SHAIE:  bluish  gray,  sandy  and  sllty.    Foasilsl
cten,

Ospha
8P.,  of . Pbsidonia sp.,  and_.-.........6.Of
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Iocality 10

10.0        SIIAn;i  light  greenish  gray;  no  fossils  seen .......    1.0/

]0.i        LIRESTCNE!  light  gray,  weathers  light  broom;  fine-
grained ;  nodular,  rubbly;  ]ithologically sinllar to
unit  2;  no-fossils  seen .................    0.6

10.2 LIRESTORE!. light  gray,  weathers  light  brcrm,  fin8-
grained;  nunez`ous  green  shale  lamlnae,  flakes,  and
fllllngs;  -eathers  slabty.    Fossilsl  aff.
inightltes`  (Retlsplra)  sp. ,  WllkinEia
Nuoulana  bellistrlata.  SoleDIta  8D.  cf
Ttwlcuhob5555E SP.,
Septlznyallna  sp.  cf .

::fiD=::a5isEffi

Gohiagm
terminale

8P.,

irffp:p;f:fi.i:9EifeLife.  .  T  .  I  .......    I.6S,  scitula.

]0.3        LIRESTONEI  ]ighe  grayish  buff,  "eathars  light  brcrm;
flbengrain6d;  nuzneroug  green  shale  laninae,  flakes,
and  flllings;  ueather8  slchty.    Fog5ilsl  linoproductus

Echinoconchus
uresanla

Crass

Noosprmer

8P.,  Of.  I.
sp. ,  Autiquatomia

Chonetes
ttrrmdrfe-

ramoso  bryozoans   ........... I  .   .   .   :   .   .   .  `?   ..   i..6`
#s:phi; ran:::::i:

10.4        II"ESTONEI  greenish  gray,  weathez.s  brorm;  green  clay
strin'gers;  8kelotal grains  legs  abundant  than in
bed  3.  -Foa8119.  Id.no
sp.,  R®taria rfe

oductus spp.,  af£.  I+iresanla

lophoErty]lid]d  coral,  Coulposlte  sp. ,  Noospirifor  sp.;+-,   t
dlctyoclostlds,  and  crinoid  columalg ........-..    1.2

10.5        I.nusTONEI  very  light  gray;  weathers  light  brom;
finengrained Ttith  Scattered  skeletal  grains;  green
sire stringers
Neo8prmer  cf .
Hystriouulina

.      Fbs31lsf  Com

-abeLshezisis

and  fusulinids

site subtlllt
tiquatonla

8pp. ,  dertyid,

gffiyg:fuc=o±;£:=r:t¥£oot,;
1cmer  bedl  Aviculopectiuld,  ftyaJlnid,  j2±:!=±craLssa.   .   .     2.0

10.6        SHAIE  idth  scattered  carbonate-enented  nodules I
gI.een to  greenish  gI.a.v,  silty  to  arenaceous.    Fbssil8I

slocori
cf .  Streblochondria
Corpo8ita  cf .

gp.,   cf.
subtilita

Awiculopecton  sp.,
fo81donia
Jure8aula

SP.,
Dorbyia  sp.,

crinoid  oolumnals,  and  rhotooporid  bryozoans  ......    2.0
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ro.7       SHAIEI  greopieh gray;  gilly;  laminated  to  blocky;
limestone  nodules  at  several  horizons ;  unlmom
shell  fragn"t3  in  limestone nodules ..........      5.0

]0.8        SHAmcontainsplantrermins  .............

Iocauty 15

15.0       SHAm  nghtgreenishgray;.no  fossils  seen  ......      I.0/

15.1        Lnghorfe.LI. broini8h  g`ray,.  rf;atri.era  tircm;  fine-
drained;  arglllaceouB ;  rubbly  appearance  with  nodular
zone  at  top;  appears  rol'e  deeply Weathered  than  unit  0,
only fossils  soon mere  high-spired  gastropod8   .....      0.9

15.2        I"ESTOREf  light  brownish grdy,  weathers  dark  brcm;
flnengrained with green shale  flakes,  strlriger8,  and
small clay-filled burrcm-mo  structul.os ;  only
fossils  observed were  small  clan molds .........      I.6

15.3       I.usloREl  t)romlsh-gray,  weathers. bro".;  fine-
gr\afrod;  8haly,  including  gI.een  shale  flakes  and
stringers ; "eather8  to re-entrant ;  fossils a  bellero-
montld-type  gaatropods,  Ohms,  andNeochonete8

15.4        I.I!ds`TORE!  light  tan-to,light  greenish  gray,
weathers  bram;  Skeletal;  one bed.    Fogsllsl
fusulinids,  clans,

inifera,
DerbyleSP.,

8PP.
sp.,

fenestr-ate -and

'esl:Pit.ds'
hactosolrifer

sp'  .  '      0.6

sp.,  crlnoiD  columala,
raLmo8e  bryozoaris,  and  homophyl]idld

corals;  basal  foot  rich  in fu3ulinld8  .........      3.1

15.5       SHAIE!  light  bliiish gnp;  calcarooug.    FossiLel
S±ain9i _ :P±9t!PO±o8tu8.^ap: :. PB±E±±  ap. ,sp.,  Noochonete8  a-p-.-,-
coluzun    a,   fog9il9  leg

Crurith
3  ebundan

sp.,  crinoi
tomard  base ......       3.a

15.6        SHAIEf  red';`nofo8silaseen  ..............       I.3

Iocanty 15A

Dlscu8slons  essoritlally  sane  unlt8  in  Toronto  and  upper  ha:nErenco  as
att  Locality  15.    However,  the  Toronto  appears  highly Weathered
and  leached t,here.    Rounded  flat  limestone  plates  are  present
in  a  zone  6  ir.ches  thick  at  contact with Snyderville  shale.
the  llme8tone  nodule  from this  zone  bears  snail  elongate
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plta  that  may be  ascribed  to  acrotboracien  barnacle bores.

:aitinhi!i:sf:ysaEFi;:::i::::i:i,:#y:o=8::1%ic¥dc:::ty

Leoality  158

m8cu8slonl  ioronto  apparently  absent,  although  Leavenworth,

O¥::::|grana;:::::s£=t#ptere£:#:rta£:rooxve¥#y-Lrcrf:::.
bedaod  llme§tone ' 1ithoclistlc  arenace`bus  to  calcarenac®ou8
sandstone  t,hat. may be  younger  in  age  than  the  Toronto.

•'-J                                                          ,

Iocality 14L

L4"    :tngro : L=9rpL:::.`:E±:°pFa::: o¥f¥:i:*y!i::: fi=L:`
stone  lithologlcally giimilar to unit  are  present  in

£=h:eshinaapLe#n£;anp±a:::t=:::rmf°fi¥a¥g:f:::jt:h:
c`om'er.6  ,appsar  roquded.'  7cNo  fo39ils  seeniin` 8halie
on'`blato8.I   .`  .    I..   .`--` ..,...~.,  .   '.    .LL  .   !.{::;`-`.'`   ...-....      1.0/

14A.1      I.DfrsTPREf  light  `greeni8h  gray,  Teatheri'hg  sane;

fE:i::::n€£at:::es:fa:trre¥n:£h®T:t:=:6#:e=:u::p
to  I qli.1n diameter  and  randon  ln orientation) ;
upje-r  Surface  of bed  marked  by snail  trails?. and  large
lrregulal  fz.actures  (pogslble  doslccatlon  cracks)
filled with  green  clay;  some  chert  ln  this  bed;  only
fossils  seen trere  scattered  high~9`plred  gastropods.    .  .

14A.2      LILESTONBI  light  greenish  gray,  veathers  light  tan;
finengrained,  ]arinated,  and  lacking  Skeletal  gralng
at  top;  skeletal  particles  lncrea8ing tonal.d  base
of unit where  they are  abundazit;  tazi  shale  partings
in  lomar  half of unit;  tube-like  concentratlous  of
shale  like' those  of unit  1;  fossll8i  paired
sp.,  Neosplrifer  8p.,  crinold  co]Aimals,  and  pos8ib
coated-grain-5.--.....................I.7

14A.3      1,DesTORE,  to  calcdreoug  StlAIEi  light  greenish gray;
weathers  tar.;  shale lenses ln  and  out  but  generally
forms  re-ntrcnt;  Ilo  fossils  seen .... ' ........    0.3
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]4A.4      LlusTONE.  greenish gray  to  light  b`iff;  flnongrainod;
shtry;  mich  gtratlfled  skeletal  dobrls ;  almost
coquinoid  in  places;  gradatlonal to  subjacent  unltj
fogBll8 I  paired Neosplrifer  sp.,  dfotyoclostlds,

=pp;;.:F¥Ea:Palp:crLri#iperoductus
eochonetxpq  sP

par£|c    s'  '  '   '  '_I.'  I   I  '   '  '.'  '  '  '  .  .  '  '  '  I  '  '    I.8

14A.5  \`' Lir`hoRE  and  SHAIEI  shaky,  nodular  to  plrty  li[n®-
stone  and  oalcareous  Shale  with  llnestone  plates  and
nodules ;  greenish  gray,  TeathenB  tan;  1imo8ton®
nalnly  coquinold  layers  of bmchlopod  Shells  with
fine-grained  matrix;  sons  liro8tozi©  lodges  up to
3  1ncheB  thick b`it  only a  foot  or  8o  in  length;

\red  md €reen  Bh®le  zrottles  in  ba8al foot;  fo8sll8I

:pig::`:¥cg#8
cf,

rmor Crmlt
;Punrfuo8pLrlfe
a.  Hu8tedia  nrormffiffiffi#heffi

f.  Rotarla las
crinoldLcoliim€       aD   I  ,

attenianus

br3foz6dis;  and  fene8trate  tryzoane.    Lo.eel
Strobhehondrla sp. ,ifeF*:
fenestrate  bryozoans

-    -uno roduetus  cf .

ilrlfer-kas
encm8tihg

rattenianus

Ouis

rhonboporld  bryozoans,
5.3

-        --_   ,.   +        --.1     -"

]4.6        SH4IEI  medium gray to  greenish  gray;  blocky;  absent' lp  plados  where  red  shale  present  ln  basal  part  Of

:.un.1,t_` 5;  no  fossils  seen .................    I.0
-`-.+c,-`-                -,f-            '`,

]4.7    T.~SfiAIEI:.red!  blocky;  no  fossils  seen ...........    I.0/
`i~|`                              -            ,-

Looanty 21

21.1

21.2

SHAIEI  highly Teathored,  yellowish  brown;  contains
abundant  flattonod  nochile3  of dense  llthogra?hlc
lim3ston®.    h'o  fossils  seen ...........  '....    0.8

LI)USTOREI  bromish  gray;  sublithographic;  sev.Oral
thin  beds.    No  foBslls  8oen ...............    0.6
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21.3        LlusTONIBI  light  grayish ten;  -eathers  rugty  brom;
upper  few  inches  of  9h911  coquina;  many  pelletoidal
ar.d  algal  grains.     Fossils:  Coinoosita  sp.,   and
gastropc'ds.......................I.5

21.4        SHAIEI  greenish-gray,  silly;  platy.    Fbssilss
scattered  crinoid  parts  ................      0.2

21.5        L"ESTotGI  light  yellowish  brorm,  Teathera  brown;
grades.  laterally from massive  resistant  bed  to  lensy-
nodular  less  resistant  bed.    Fbssllsi  abundant  crlnoid
parts 3 N®oohonetes
bryozoana

sp. ,  dlctyoclostidB,  fene§trat,a
9p.,  and  ramse  bryozoans .....      2.I

21.6        SHAIBl  gr®onlgh  gray;  calcaz.eous  thth  some  lfuestone
nodules.    .fo8silsl  dlctyoclostids,
Neoohoneteg
and

gp.,  Crurlthyris  sp.,  a
so8nent8........

091ta
JeosDirifer 8P.,

21.7        IDEsroNEI  light  oreany gray,  weathers  r`isty  brom;
oublithographic.    Fba8i]sl  Coxposita  ap.,
Crutthyris  8p. ,

Z[ustedia SP.,
gastropodg,  and  crlnoid  parts .....

21,8        I,nasroREI  rrodular  and  interbedded  fDij[ture  of  ollv®
green to  greenish gray  silty shale  and  ught  brcmlsh
gray  lin8stong. Fossils I  Neochonetes
cf.  Cnirlth]rris  sp.,  ohams  and

8P. ,  dictyoclostld,
pert6......

21.9        SHAIE!  olive  green  to  greenish  gray;  sllty.    No
fcegils  Boon ......................

0.9

1.2

2.7

1.0/



ExplANATloN  oF  plATa  I

A.    The  Toronto  Lfuestone  consists  of  a  single  bed   (Upporirost
bed  in  photograph)  at  this  exposure,  Iocality 18,  Osage
Oouty,  Oklahoma.    Two  thin  sandstone  beds  are  present
beneath  the  Linestone,  one  slightly above  and  the  other
below the  haner.

a.    O`itcrop  of  Toronto  liime8tone  at  Iocality  19,  8outhorn
Chautaiiqun  County,  Xan8a3.     Queen  shales  are  exposed
above  and  below the  bed.

a.    Bumow  casts  on  the  botbon  of  the  Linestoa®  at  Iocality  19.

D.   8:::;: ¥=t:n®o=ten[°:h¥:g Sic:::€be£*:h£&::I:,
the  l±mestono  bed  at  this  Locality are  fos§illferouJ9.
FTon the  vicinity of this  locality southward to Iocality
18,  the  Toronto  Limestone  ls  represented  by  a  siriglo
dl8corfelnuoug  bed  of  linestone.





EZPLINATION  OF  PRATE   11

A.    Exposure  of  Toronto  L±mestone,  Iocality  7A,  Elk  County,
Kansas,  revealing  two  linegtone  unltg,  one  above  the
hanmez'  handle  and  another  below  lt.    The  1]mestone8  are
separated by a thin  calcareous  Shale.    .he  upper  lilllestone
ls  mainly a  croBgbeddod  packetone,  contahing  Sorted  cri-
nold&l  dobrl.  end  lino  mdston®  o]asts.    The  lower  ]iDe-
atone  18  a vaokeBtone.    At  Locality 7,  less  thin  on®rdalf
mile  from  Iocality  7A,  the  upper  limestone  does  not  contain
cla8ts  and  is  not  croagbedded.

a.    Clcee-up  of  lo"or  part  of  top  llnoBtone  aft  geoplok hadlo
ln  A.    Oorrngated  profile  of bed base  vac  prodrced  ty
blrroring  Chrganlsms  which uere  active  ]Ii  the  li]aeatone
tint  rerorked  part  of the  undor]{rlng  8oft  Shale.    Crinold
debrl8  is  conspicuous.

a.    Cloeo-uP  of upper  pare  of top  lineeton®  bed to the  right
of  the  geoplck  hndl®  1n A.    Gentle  cross-Lenlnatlons  and
well-sorted  gkBl®tal  debris,  chiefly  crinold  parts,  are
evident  above  pencil.    the  upper part  Of  the  bed  in this
ohotograph  i8  Trellisorted.    I®3s  than  one  BLlle  firon this
locality the  Toronto  Ifroston®  18  Dot  grain-supported,
lacks  ndatone  chagts,  and  ]s  not  cross-bedded.





EEPLANATION  0F  PIATB  Ill

A.    View  of  the  Toronto  I.1nestone  at  Iocauty  1,  Woodson
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ls  the  §haly  zone  used  as  datum.    It  is  in  the  fel}egtrate

8%:£::n=ChabL::ftergu8rtinr::&e8;rogp::: put of the

a.    Upper  part  of  Tor`onto  Iimestone  at  Locality  2,  Greenrood
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shale  bed  bearing  a  few  smoothrshelled  ostracodes  overlies
the  limestone.





EXPENATION   OF  PRATE   IV

A.    Irregular,  sharp  ccintact  of  ochlnoderm-fenestrate  bryozioan
grain  facles  with  overlying  nolluscan-"Cryptozoon"  subfaci®s
at  hocall+,y  i,  Greermood  County,  Kansas.     "Cryptozoon"
encrirated  grains  are  evident  above  knife.    Partial  crlnoid
colum8  are  altsned parallel to  the  bedding  ln  the  echino-
don-fenestrate  bryozoan  grain facies.

8.    .ho  Toronto  I,irestone  at  one  of lea  thickest  expo8u-e8,
I®callty  25,  Coffey  Co`mty,  Kansas.    The  Snydervule  Shale
oval.11o3  the  upperzrost  mssive  bed which ls  an  "09aglte"

i::¥::£r:¥±:RE[:=L:hgE;jn£:a+£:;+g:=Les.
It  contains  irregular,  dl8contlmou8  beds  tith  irregular,
honeycoho-like holoa  filled vlth green  clay;  this  zone napr
have  been  subaerlally exposed  and  veathared prior  to
lnundatlon and  deposition  of  the  OsaglaL  facies.    mo  8naly
datum zone  ls  at  homer  level;  it  contains  encmsting
bryozoan  oncollte8  and  small horn  corals,  which because  of
their  feeding  types,  ape  suggestive  of  a, slo* rate  or  pr]so
ln  lime  mid  deposition.    Tbe  even,  continuous  bed  of  UJI--
stone  above  the  hamer  and  approximately  a  foot  of  line8tone
below the  hammer  constitute  the  fenestrate  bryozoatrochinoderm
grain faoies  at  this  Iocality.    The  loffer  portion of the
limestone  is  assigned  to  the  nixed  biota  8ubrfacies.    The
contact  of the  Toronto  I,imeBtone  and  Larmence  Shale  occurs
near  the  bottom of  the  pohtograph.    The  upper  part  of the
Ianenc® Shale  at  this  Locality ls  a blue  silty chal®
boaririg  a  few  smooth-shelled  ostracodes.





EXPLANATION  OF  PRATE  V

A.    Massive,  dense  bed  of  echinoderm-fenestrate  bryozoan  facies
overlying  a.holy  zone   (datum)  alid  ni]{ed  biota  sutifacles  of
Skeletal  mud  facies  at  Iocality 9,  Ft.anklin  County,  Kansas.
Snail  da]manellaLcid  brachlopods   (Rhipdomglla  Off . tra[rsvers
are  abundant  ln  the  zorie  beneaLth  geopiok.     Compare  this
photograph  with  that  of  Plate  VII,  Figure  VII;  there  is  no
doubt  that  both  are  identical  ln  nthology  and  are  probably
the  same  bed.

a.    Close-iip  of  uppermost  bed  in  A.    Conspicuo`is  skeletal

sgrffi#±udq:#|d#L±:g:::iv¥=::::=to#rLracRE+rous
ehongate  subcylindrical  fusulinids  are  evident.    The  lack
of  paralle]isn of  elongate  skeletal grains  is  due  to
activities  of burrowing  orgarfusnis  that  disrupted bottom
sedinents.     Large  "Cryptozoorin  coated  grains  oar.ur  in  this
bed  although  they  cannot  be  seen  in  the  photograph.





mlLANATION  OF  plArE  vl

A.    Basal  beds  of  Toronto  Iinestono,  Locality 9,  Franklin
County,  Kansas.    Pencil rests  on  skeletal grain rich bed

:=:e¥alngDa:e¥daLani:fab:8:n£S#T±gsco:€edch:;e3:::#°gt
Irregular  beds  (skeletal  md  facles,  diired  blota  Bubfacles)
ovez.lying  the  basal  bed  contain  fever  skeletal grains  and
Osagla  coatings  are  not  abundant.    The  Lamenoo  Shale,  1n
gharp  Contact  rdth the  basal linestone  bed,  does  not  contain
mine fosslle  at  this  locauty.   Smcur basal OBagia-rich
beds  have  been  recognized  at  several  localitle8  1n  cehoral
Xinsas  reotlrig  on norm8rlno  shale.    It  probably represents
strand-line  and near  Strand-line  d®po81tion ln the  traps-
gresslve  phase  of  Toronto  deposition.

a.    outcrop  of  upper  IArmence  Shale  and  Cbeed  Lfrostono  at
focallty 22,  near  Lrmence,  Kansas.    h  aacendlng  order,
Laurence  Shale,  Toronto  Limestone,  Snydegivill®  Shale,

5::::s¥:t£E=:::nneo'"::efn::pst¥:einffbasalbed"f





ELPLA):ATION  0F  PLATE  VII

A.    Close-up  of  Toronto  Iipestone  at  Iocality 22,  near  La"ence,
Kansas.    Bedding  ln  lover  half  of  unit,,  mixed  blota  sub-
faclos,  18  even  and  regular  although  the  bedding  surfaces
are  discontinuous.    The  echinoderltrfeneBtrate  tryozDan  grain
facles  19  the  massive  bed  above  the  hatmar.    The  tndston®
facle8,  at  the  top of the  thotograph,  it  characterlaed by
`inoven,  breguhar  bedding  resulting  from cut  and  fill.

8.    Close-up  of echinodez.n-fenostrate  bryozoan grain  facies  at
locality 22,  shoring  massive  character  of a bed tlthln  the
facleg  which  contain  t'CI.yptozoonl'-type  oncollt®3   (arrorB) .
Geopick resting  on  datum shaly  zone.
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EXPLAh'ATION  OF  PIATB  E

A.    Outcrop,  Iocality  10,  at  leavenworth,  Kansas.    Upper
haul.Once  Shale,  Toronto  Limestone,  grassy  slope  of Snyder-
villa  Shale,  Leaverirorth  I,i.nestone,   Heebner  Shale,  and
ba®al  Plattsmouth  I,imestone.

a.    The  Toronto  nmestone  at  Iocality  15  near  St.  Joseph,
Missouri.    Less  than  one  mile  north  of  this  Locality the
Toronto  I,1mestone  is  absent,  although  the  I®avenworth
Limestone,  Heecher  Shale,  and  Plattsmouth  Limestones  are
not  abnorinal  in  facies  development.

a.     h  Johansenls  Quarry  (locality  14A),  Case  County,  Nebraska,
the  stratigraphic  sequence  is  as  follows!  Casg  Linestone,
floor  of quarry  at  lower  left;  haurenca  Shale,  a  red  mud-
stone  at  this  locality;  Weeping  -iYater   (Toronto  Limestone) ;
Snyderville  Shale,  lower  `half is  red  mdstone  and  up.cer
half  green  shale;  Iieavenworth  Iiinestone,  single  massive  bed;
Heebner  Shale;  and  rubbly  plates  of Plattsnouth  Limestone
at  the  line  of vegetation.





EXPIANATI0N  OF  PI.ATE  X

A.    Blue-green  algal  oncolites  fron  uppermost  bed  of  Toronto
Limestone  at  Locality 20,   Oofl`ey  County,  Kansas.    Specinens
on  upper right  and  left  are  tiottom vieus  revealing  con-
cavities.    Cross-sectit]nal  view  in  upper  center  shows
]aminatic`ns.    Bottom  row  is  too  view  of three  specinens.    xl

B.#c=nanb±=;fro:enruea:i:3ni::fi:::f:::to:8:°±enwsbekin:pper
row  revealing  concaLvities  sinihar  to  those  described  above.
Top  views  in  botton  row  Shoring  smooth  upper  surfaces.
Specimens  provided  by Waiter  C.  Pusey,Ill.      xl

a.    Bulbous  encrustlng  bryozoan  colony  from  same  locality and
bed  ag  oncolites  in  Fig.  A.    The  colony was  attached  to
the  substrata.     xl

D.    fotato  chip-like  particles  stratified beneath  porny are
algal  plates   (Eugonptrynum).    The  plates  are  probably liear
site  where  plant  grow  and  w'ere  flattened when  sedirents
came  to  rest  over  them.       L22-5Ii



r{.    Brachiopod  Spine  8howhng  tro  atoll  layers  and  q[1al  canal.
Outer  (thin)  lay.r  i.  of  fltirou3  calclte;  the  fLbors  are
orignted  norml to  the  Shell Surface.    The  thlckor  lmor
layer  18  zBade  of thlnl]r  laminated  calclto  deposited  tan-
goritlally to  arial canal.     n7-5     Ilo     P.P.L.*

I.    "1oblte  fragperfe.    Hobo  the  homogenous  teri`ire  and
lrr®gular  .hap®  of  the  fragnent  -  thcoo  f®atureB  and  the
traveling  extlnctlon  property ar.  dlagnostic  of trlloblt.a.
reing     x4     P.P.I..

J.    Oblique  .ectlon of  a fi8tullporold bryozoan.    The  larger
chaznbere  are  &utoporo8  with  diaphragne  dev.loped tithin
thezB.    Vcolcular  tl.Sue  betpoen  a`itopor.a  1B  coenoat®un.
This  bryotoan Tall le  made  of very flnongrainod,  hotrogerou
calclte utbno  layering.11     z4     P.t'.I.

K.    Tangential a.cthon  of fl.t`illporold from .abe tbin .ectlon
ae  J.      "®  larger opening.  are the &utoporeg  md the  erdler
are  vesicular  coonet®`n.    This  ir  an  encruatlng  bryocoan.
n     x4     P,P.I`,

- Plane-po]arlzod  ughe.*P.P,1'® This  abbreuttlon -1]1 be  used to
dlatlngulgh  fa<>D-cro..-polarized  light whhoh till be  abbrovi&ted  ae
a .P,I,.
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ExpLAmTION  Oi. mT3 H
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•hov  the  growth  8tagea.    A  .ingle  emall  chatb®r  ls  8.®n  at
ba8®  of  the  colony  and  t.o  chambers  are  present  near  the
top.      n7-5     x4     P.P.I,.

a.    Three  t>ranchea  of  a f.nestrato  bryozoan  frond with up to
four  chahbera   (outopore3)  observable  ln.aoh.      1117-5      x4
P.P,I,,

C.    Obllquo  .ootlon  of  a p8®udopuncta[to  brachlopod Shell
(chon.tld).    Note  the  ozider®d  developeut  of  the  pe®ndo-
punotate  and  tlfrvirledtl  appearance  of  the  larfuae  about
then.      L4-10      x4     P.P.I.

D.    08tracod®  shell  .howhng  ch®11  .tructur®  -  .1ngLe  layered
rail mde  of  flno-te]fourod prlemtlc  calolt®;  the  prinl
are  allgnod  normal to  eurfaoe  of  8bell.    The  overlap  of
the valveB,  .vld®nt  ln  th.  photograph,1a  oharacterl8tlo
of  o8tracode8.      C23i46.1      x]O      P.P.L.

8.    Crlnold  colunnal cut parall.I to surfac. revealing arial
canal  and  hcneycodJ  mlcroatr`icture.    The  cmtlre  coltinnal
13. 81ngli.  calclte  eryibal.      n7-T5     Ilo     P.I.I~

F.    Trmo  brachiopod  .holl8,  one  above  the  other.    The  upper,
thicker,  .bell  1s  a  dertyld!  the eoctlon  iB  oblique,  Showing
tro  complete  co8tee;  not.  the  finely  loninatod  ahe]| etr`ict`Lrej
the  p8o`rdopunctae  .re not  coaeplcuous  ln  thle  vieT.    The
lower  shell tith prlnln.nt  ptinctee  has  both  oalcar.our
layorB;  the  calclte  flber8  of the  thin  outer  layer  are
orlentod nomal  to the  8he]| .`Lrfaco,  Theroa.  the  fib.r.  Of
the  inner  (lover)  layer  ano  dl.poeed  &t  a  lo- angle to  the
•hell  surface.      IA7-5     rio     P.P.II.

0.   ngal plate
of lrdl, :)u:h°L=8%:eLL#aL°rn:=t:turfofncoo
apeag  on both  aides  of  plate.    Bllatoral  3yzmetry  Of the
plate  i8  indicative  of  in upright  growth habit.      L4-10     x4
P,P.It®





EXENATION  OF  HATE  XII

A-:=:;±±::anv£Vt=¥e:#i=±erristhorfaur#.R3:=:Hid
co]Jlnnals  are  conspicuous.    Overly  close  packing  of  sho1]s
and  nicrostylolitic  contacts  between  Skeletal gI.aims,  as  is
evideat,  are  characteristic  of  packstones.      n8-9     x4
P.P,L,       V.*

a.    Brachiopod  grain  subfacies.    Preponderance  Of  brachlopod
debris  with matrix  of lime  md.    Gradation  in  size  from
coarse    Skeletal debris  to  midrsized  particles.    Arrow
at  left  denotes  trilobite  fragment.    Arrow  in  center  refers
to  psendopunctate  brachiopod  shell  (chonetid).    The  dark
rinds  on  brachiopod  shell fragments  above  and to  the  right
of  the  chonetid  are  the  enerusting  cornuspirid  foraninifer
Apt,errs.nella.    Arrow  in upper  right  points  out  rhomboporid
bryozoan.    .Particle  resembling  a  sieve  plate  be]or  and  to
left  of  t)aryozoan  is  a  fragment  of  Ep+imstopora.    Cfoher
couspic`ious  grain types  include  crinoid  segm8nds  and
fusulinids.      n7*     x4     P.P.L.      I.

toward  top  of  page.
•  - vertical  section with upper  position





ExmANATION  OF rum  xlll

A.    caagla  coated  grain.    Nucleus  ls j±=2z±± shell fragrant.
Poorly  developed  concentric  lamlnatlons  .oroduce  "woven
appearance''.    Osagla  coated  crlnold  col`mnal,  belotr  and
to  right  o£  Longer  coated  gz.aln,  9hous  irregular  p®riphory
of  orinoid  grain nucleus  produced  by  boring  arganiaDs
(pro8`imably  green  algae).       Ilo-3      x7      P.P.I,.      V.

8.    Coolcladid  Sponge  onorusted  by  "Cryptosoonq-type  material
FThlcA ias  sto8®quently  mcrygtalllzed  or  replaced  by
eparry  calcite.    Part  of  Sponge  on  top  na  removed,  perh|rs
by boring  organlsma  as8oclated  rdt.1  the  eplbion.      LIB-7
x5     P,P.I.      T.

C.    ^1gal blscult  or  oncolito  ahowlng  hamlnatlona  developed
about  sk®1®t&l  grain  nucleus.    Light  colored  laninatlon8
are  sparry calcito  which  presumably flll®d  8pac8  provld®d
by decay  of blue-green  alga®.    mrtser  layers  md pud-alzed
f]edinent  pres`ma,bly  trapped  and fired  by  the  algae.    Even
concentrlclty  of  lnnor  lthlrme  sngge8ta  repeated ovortum-
1ng  of  oncollto  ln  earlier  8tage8  of d®velopaez]t.    Uneven
oonc®ntriclty  of outer  lanlnao  si]ggost.  decr®ae®  1n  fr®q`ieng)r
of  overtumlng  thro`igh tlrae.      Ice-I     x4     C.P.II.      I.

D.    Syringoporld  coral  colony rich a dark  onorustlng  organlln,
attached  to  3ome  of  the  coralut®8.      I.3Ar€

P.P,I,      T.





EXPLANATION   OF  PLATE  XIV

A.    Skol®tal  mid  facie8  -molluscan-ncr3rptosoon"  ®ubfacico.
F[agncatal 8kel®tal debris,  chiefly mo]|usce ,1n  franc-
Tork  of  lln®  imid.    Broken  9'nell  debris  suggests  actiTltle8
Of  ecaveng3r@,  and  avirled  fabric  ms  produced  by  b`irrow-
1ng  orgaliiema.    Hlghrsplred  gaetropod  at  bottom  center.
F\raulinlda,  aono  of vhlch  are  obviously  fragnent8,  are
8catt.red  throughrock.      I.3-1     x4     P.P.I..      I.

a.    Sfoletal  nd  facicg  -molluBcan-noryptocoonN  8ubfacios.
Finely  dlvldod  zrolluscan  d®bri8  in  framotork  of  lime  mud.
Strled  md  irottled f abric -ag  produced by burrovlng
organlsru.    Sk.I.bal  debris  &pp.are  to  grade  ln  alze
t.mid dud-ized  pautlcl®s.   Speciinen of the  foreninlfer
£±e?]r]J}e  at  bottom  center.120-4      P.P.I~      V.





ExplADiATroN  OF  pnTB  xv

A.    Skelgtal  md  faclos  -nixed  blota  .ubfacle8.    Braohlopod
geopctal  encrusted  by  organic  ontaglenent;  cncrusting
complex built  up  froin  the  br&chiopod  ahall  (derbyld)
-hioh  &ppar®ntly 9®r`rod  as  a aubstrate.    Solitary  coral
near  top  ha.  t.e.n
boring  orgaul.ng.
ext®ndg  along81de
•uggrat8  that  the
d®Zdyatlon prior
P.P. I,      T,

partially destroyed,  apparently by
Spar  filling  inBldo  the  tzrachlopod .hell

the  mid  lnflu ®t  the  right  aldo;  thl8
1nt®mal  3odimont  has  contracted  duo  to
to  dopogitfon  of  the  Spar.      I.3-J7      X5

8.    Sk®l.tal D`rd  facles  -Di][.a  blota  eubfacl®B.    Nuiieroue
f`ie`illnidg  ?r`e3ont  througho\it  rock  ln  various  8tag®s  of
pr®B.rvatlon.    The  znlcro3tr`icture  of the  14nge  f`Ls`illn.
at  the  lowoz.  right  has  boon partially destroyed  by toning
organleiiB ;  th. Tart-like  pziotrustlon  on  the  outer  9`irfcoo
le  a  constructlonal  feature  produced  ureBuna.bly ty blue-
green  a]gao  (03agla).    nrge  object  Slightly &hovo  and to
loft  of the  fLisullnld  described  above  ls  a  fugulinld tho8.
rdozio8tructur®  has  tioen  coupl®tely de9troyed  Qy  boring
a]gaLo;  addltlonal  carbonate  has  boon  added  to  the  grain
rodlfylng  the  .hap®.    Other  fugullne8  Ohm various  .tegee
of alt®ratlon.      1£0-7     =4     P.P.I.      ].

C.    Skeletal  mid  facioa.    uolluscan-tlcryptocoonn  8ubfaeleg.
T*o  large  pelecypod abell  fragnent8  in  upper  left  and  a
ga®tropod  &t  tx>ttom right.    nrge  area  of  stdrled md  ln
lo-r  part  of rock *as  prod`ic.d  by  a burrowing  opganhan.
IIB-1C2      =5      P.P.I`.      ,.





Expl.ANATION  OF  pl.ATE  rvl

A.    Organic  cr`istB  with  cavities  developed  beneath then.
Coxposltion  of  crusts  ls  carbonate  mid;  lack  of  onganic
mlcroatructure  indicates  that  laminae uere  probably blue-
green  algae.    Cavities  beneath  crusts  vere  formed  before
8edlnent  ias  deposited  over  the  crusts;  this  ls  evident
from the  grouth  patterns  of the  cmsts  as  well  as  the
presence  of  T`iblokyte8  1n  grotrfeh  posltlon  ln  the  lover
cavity.    The  crusty mats  occur  in  dlscontlnuous  patches  up
to  Several feet  ln  length  and  a half  foot  or  so  ln thiclmess.
Lip    *     P.P.I.     ,.

8.    ''Cryptozoon.-type  concollte.   No  skeletal grain nucleus
ls  apparent,  however,  this  is  not  surprising  for the
ooloules  comonly initiate  on  a  skeletal grain  and  expand
outmard  over  surrounding  sodiments.    Clotty mud  inside
encru3ting  mags  appears  to  have  been coherent,  po8slbly
held together  ty m`icoid material.    Organl8m responsible
for  encrustationg  has  not  been  positively  identified  but
Was  probably blue-green  alga®  or  sponge.    An encrustlng
bryozoan  colony  ls  pz`esend  within  the  encz.usting  mass  at
the  left.    A sponge  is  present  above  the  onco]ite  at  tbe
left.   nr9     x3     P.P.I..     I.





EXPLANATI0h.   OF`  PIATE  XVII

A.    Skeletal  mid  facies  -  mixed  biota  subfacies.    Pelecypod
and  gastropod  shells  and  Shell  fragments  suspended  in
framework  of  lime  mid.    Mollusc  shell  structure  i9  not
preserved.    Osagia-type  organic  encrusted  debl.is  to  the
I.isht.    Much  finely  divided  shell hash in  the  md  fraction.
Ill-9     x5      P.P.I"      I.

a.    Skeletal  mid  facies  -nixed  biota  subfacies.    Large  complex
organic  encrust.ed  grains   ("Cryptoaoon"-type).    Crusty mat
developed  over  middy  sediment  at  top  of  photomicrograph.
Encrusted  complex  at  the  right  side  of  the  photomicrograph
includes  tiro  onco]ites  which  were  fused  together  in  time.
re2-5      x3      T.
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EXPENATION   OF  PI-ATE  XVIII

A.    Skeletal  md  facies  -mixed  biota  8ubfaoles.    Shell  fragments,

==Lusyt::::::°3°£e£Se3e:e#;sF:¥3i:g:aih¥u£::rc
lack  Coatings.    Dark  borings,  preaunably green  algao,llko
those  seen  on  the  large  altered  skeletal  grain  at  the  bottom
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j3.    Skeletal ned  facies  -mired  blot,a  9ubfa.cies.    thig  is  aa£T:i;:;:atm=o::grflo=K!:rae:::Sif=::::;£;3g=1i:oi:g;;p:,f:into

in  matrir  of rock  and  in  codeings.    Arrow  at  left  9ingleg
out  coated  grain which  contains  rfuute  Skeletal  particle
inclusions  as  T.on  aa  quarto  8ilt.    Central arrou  delioteg
trachlopod  spine.    trrow  on right  refers  to  a dertyia
fragment.    -Won  fueuline  near  t>otton  oenter.    Fenestrate
bryo2ioan  fragment   (tangential  sect,ion)  in  loffer  left  hand
Corner.    nlno    Botton     x9      a.P.I.      I.
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ExplLANA`rloN  OF  PLATE  xH

A.    Froductdid  brechlopod  Shell exoxpllfying  Tell-pee8ervod
nature  of brachlopod  nlcro8tr`icture  which conalat8  of
lamlnationg  of  calcite uith Sharp  folds  at  loci  of  pseudo-
punctae.    Holes  in  pedlcle  valve  were  bored  into  it  by
acrothoraclan  barnaoleg.    Organic  encrustations   ("Cryptozoonn-
type)  lere  developed  about  the  brachlopod  Shell  after
death  of  the  trachiopod.I,9-2      ]ct;      P.P.I.      V.

a.    large  planigpiral gastropod  on  right  Tri.tb geopotal fabric
developed  ln31de.    Original shall structure  Tas  apparently
rephacod by  sparry calclte  through Solution  of  chell,  then
introduction  of  spar.    Calcit® mosaic  iaside  gastropod
coaraena  tovard  its  coriter.   Shell  on  left  side  of  photo-
Diorograph  ln  the  center  is  a  pelecypod  shell that  vas
ropleced  by  8parry  calolte.    Huch  of the  fine  Shell  d®bri8
elsewhere  in  the  slide  i8  of nolluscan  d®I.ivation.    I,3i
x7      P. P. I,,      T.

C.    BchinoderD-f®ne3trate  bryo2}oan  grain  facies.    Very  abundant
crlroid  d®brl8  throughout  s]id®.    Other  skeletal particles
include  fusu]inids,  fenegtrate  bryozoars,  braohlopod  Shell
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penetrates  into  the  Shell  suggoating  the  presence  of borlpg
green  algao;  other  examples  of  Sane  phenomena  are  evident
elsewhere  in the  photomicrograph.    Hudnglzied  fraction  of
this thin section  consists  ln  large  part  of firoly divided
skeletalnattor.    LID-3      ][4     P.P.I..      T.





EXPIAhrAT[ON  0+,  PLATE  XX

A.    Bch:inoderm-fenestz'ate  bryozoan  grain  facies.    Abundant
crinoid  seglnents ,  some  par.tially  recr.yet,allized,  of variou
Sizes.    Other  conspicuous  skeletal  grains  are  fenestrat}e
and  ramose  bryozoans,  brachiopod  shell  fraglnents  and  spines,
and  trilobite  parts.    Osagia-coated  grains  are  conspicuous.
C7-27.4      x4.5      P.P.I"       T.

a.    Echinoderm-fenestrate  bryozoan  grain  fac3.es.    Large  flat
intraclast  extends  into  photomicrograph  from right  margin;
lithification  and  erosion  to  produce  intraclast  ar.e  indicated
bxskv::ded(£=uw)f¥m:n::a#:ired§£:L£:CFids::::blya^
bryozoans  are  attached  to  the  upper  surface  of  the  intro-
chat  tathe  right  ofthearrow.122-3u.p.      x4     P.P.In     I
V.





ExpLANATION  OF  rmTE  xxl

A.    Skeletal  md  facies  -Osagia-rich  subfacles.    Gastropod
shells  are  abundant  ln  the  photomicrograph  a8  are  Osagla
coatings.    Matrix  of  rock  consists  of tiny pellets  of  lime
md.    L14Ad      x4      P.P.I„      T.

8.    Contact  of  lime  "dstone  faoies  and  Oaagia-rich  8ubfacLeg
near  center  of  photonicrograph.    Lilno  zliudstone  contains
rfuute  aholl  fragments.    Large  gastropod  ln Oaagia-rich
8ubfacles  shows  geopetal  fabric;  other  shell  fragments
present  are  chiefly molluscs,  although  a  feu small o8tracodes
are  evident.      L14-2      x4      P.P.I~      I.





ERPIANATlow  oF  PLATE  XXII

A.    Angular  to  ro`mded  lithoclasts  of  lime  md  rocks  admired
with worn  fusulinlds,  crinoid debris,  and  brachlopod  shall
fraormenta  and  spines  to  fom  a  pack8tone.    This  llthology
occurs  in  the  upper  bod  of  the  Tol.onto  Lime8tono  at  I®cality
7A.      x5      P.P.h      V.

a.    "oll-Sorted  and  won  calcareoua  Band  grains,  8oDo  of which
are  polleta,  with  a sparry  calolte  cement.    Intraolastg,
exaiplo  ln  oentel'  of  photoricrogl.aph,  of  a Tacke8ton©
oontalning  calcarans  identical  to  those  found  in  the
calcareD  graiastone  are  comonplace  ln this  lithology.
The  gradation  of grainstone  to  wackoatono  has  beeri  observed
inthln  section.I,11-3      xro      P.P.Ii.      V.

a.    Mud  pebble  conglomerate.    Angular  lntraclasts  of  ostracod®
"dstone  shoulng stratiflcatlon tith a rna,trix  of ostracode
mid.    The  fact  that  mansr  of the  pebbles  resemble  piec®9  of
a  jigga.  puzzle,  like  those  at  the  top of  the  Photomlcrcp
graph,  suggest  subaerial  exposure  of  the  ostracode  rind  to
indurate  the  sediment  followed  by reworking  of "d  cracks
on  a md  flat  to  produce  the  conglomerate.    Ie6-7     x4
P.P.I"      T.





Expl,AN.ATIori  OF  PLATE  xxlll

A.    Skeletal  mud  facles  -mixed  biota  8ubfacies.    Mottled  lime
"d  above  undulatory contact  that  trends  diagonally  across
the  photograph.    Homogenoua  mid  ttelow  contact.    Echinoderm
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between  the  mottles  suggests  that  the  mottles  vere  in  some
way  coagllations  of  line  mud,  possibly  duo  to  micilaginous
organic  Slime  or  the  like  or  blue-groen  algao.    Echinodern
detrls,  fonestrate  bryozoang,  gastropod  and  p®lecypod  shells,
and broken  fusulinid  tests  are  present  in the  honogenous
mud;  the  lack  of  Loarallel  arrangement  of  elongate  skeletal
grains,  the  patcfty distribution  of  the  skeletal  components,
and  the  elastic  nature  of the  Sane,  evidence  the  actlvitles
of  scavenging  and  burrowing  organisms.    Although  the  contact
between  the  two  sediment  types  19  irregular,  there  ±s  no
evidence  to  suggest,that  lt  ls  erosional.      I.]B-I     x'7
P.P.h       (Top  of  s`ection  is  nearest  binding  edge.)





EKplANATION  OF  PLATE  xxrv

Echlnodermfenegtrate  bryozoan  grain  facies.    .fusulinld
tests,  gastropod  and  pelecypod  fragments ,  fenestrate  bryozoans,
brachiopod  shells,  and  echlnodem  segnentg  in  a  frameTiork  of
lime  und.    03agla-type  coatings  errv'elop  some  of  the  grains.
Two  large  lntraclasts  at  left  side  of  photomicrograph.    I,o"er-
nost  intraclast  contains  a  collusc  8he]|  fragment  that  appears
to  have  been tr`mcatod  along  edge  of  clast;  this  suggests  senl-
induratlon  of  clast  prior  to  erosion  of  mollusc  shell.    Large
coated  crinoid  parts  at  top  and  bottom  of  photomlcrograph  have
been  bored,  Suggesting  the  activltleg  of  boring  green  alga®.
Laz`ge  grain  in  center  i8  an  oblique  8ectlon through  a  partial
orlnold  colum revealing  five  Separate  colunals.      IAA-5
x6     P.P.I,      I.
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