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ABSTRACT

A   hierarchal   genetic   stratigraphy   approach   of   Busch

(1984)   and   Busch   and   Rollins   (1984),    utilizing   a   series   of

of   transgressive-regressive   (T-R)   units   is   used   to   clef ine   and

acurrately   correlate   some   Lower   Permian   strata   of   the   Foraker

Formation    (Gearyan,    Lower   Council   Grove   Group)    in

northeastern   Kansas.      This   approach   was   utilized   to   detect

the   total   range   of   facies   and   facies   contacts,   based   on   its

genetic   time-stratigraphic   principals,   rather   than   on   a

single   lithostratigraphic,   Kansas   cyclothem   approach.

Based   on   detailed   lithostratigraphic   and

biostratigraphic   analyses   of   four   detailed   localities,   the

smallest   recognizable   units   in   outcrop   and   core   are   sixth-

order   T-R   units   of   Busch    (1984)    and   Busch   and   Rollins    (1984).

These   are   relatively   thin,    shallowing   upward   units   bounded   by

genetic,    transgressive   surfaces;    PACs   of   Goodwin   and

Anderson    (1985).       The   relative   extents   of   maximum

transgression   among   the   sixth-order   T-R   units   clef ine   three

fifth-order   T-R   units:    the   Americus,    Hughes   Creek,    and   Long

Creek   fifth-order   T-R   units.      These   fifth-order   T-R   units   are

distinct   because   they   contain   relatively   thin,

transgressive/retrogradational   phases   with   relatively   diverse

faunal   assemblages,   and   thicker   regressive/progradational

sequences   characterized   by   interbedded   algal-molluscan

calcirudites   (wackestones   to   packstones),    relatively

nondiverse   to   nonf ossilif erous   shale   interbeds   and   laminated



calcilutite-paleosol   couplets.      The   Americus,   Hughes   Creek,

and   Long   Creek   f if th-order   T-R   units   f orm   the   basal   part   of   a

larger   unit,    called   the   Foraker   fourth-order   T-R   unit.      The

Red   Eagle   and   Burr   fifth-order   T-R   units   (Clark,    1987)    form

the   upper   part   (in   ascending   fashion)   of   this   T-R   unit.      The

Foraker   f ourth-order   T-R   unit   encompasses   strata   f ron   the

very   upper   Hamlin   Shale   Member   (Janesville   Formation)    to   the

basal   part   of   the   Salem   Point   Shale   Member   (Grenola

Formation ) .

Sixth-   and   f if th-order   T-R   units   comprising   the   net

transgressive,   and   the   initial   parts   of   the   net   regressive

phase   of   the   Foraker   fourth-order   T-R   unit,   are   correlative

across   the   study   area.      Autogenic   deposits   of   a   local   nature

occur   only   in   the   regressive   phases   of   the   Foraker   f ourth-

order   T-R   unit.

Construction   of   sixth-order   paleogeographic   maps   that

represent   maximum   or   near   maximum   transgressive   conditions

illustrated   a   non-random   pattern   of   deposition   relative   to

the   fifth-order   T-R   units.      During   the   initial

transgressive/retrogradational   and   net   regressive   phases,

environmental   conditions   were   most   variable   across   the   area.

During   maximum   fifth-order   transgressions,    the   sixth-order

paleogeographic   maps   illustrate   that   environmental   conditions

were   essentially   uniform.      Isopach   maps   corresponded   to

paleogeogeographic   development   with   the   transgressive   f acies

characteristically   uniform   in   thickness,   and   the   net

regressive   f acies   characteristically   more   variable   in



thickness.

Sixth-order   paleogeographic   and   isopach   maps   facilitated

the   construction   of   composite   paleogeographic   and   isopach

maps.      A   recurrent   trend   of   deepening   and   more   open   facies   to

the   south   and   west,    corre`sponds   to   recurrent   thickening

trends.      A   recurrent   northwest-southeast   shallowi`ng   to

shoaling   trend   in   the   central   part   of   the   area   corresponds   to

recurrent   isopach   thinning``,trends.      Recurrent   lagoonal-
',

mud flat   conditions   in   the,=oortheastern   part   of nthe   area,

corresponds   to   a   recurrent   net   thickening   trend.

A   transparent   overlay   of   the   composite   paleogeographic

and   isopach   map   shows   that   specif ic   sixth-order   trends

conf orm   to   the   northeast-southwest   and   northwest-southeast

trending   structural   framework   of   the   area.      Mapping   on   a

sixth-order   scale   may   provide   the   data   necessary   to   detect

subtle,    local   structural   and   stratigraphic   hydrocarbon   traps

not   otherwise   detected   at   a   larger   scale.      Shallowing   and

thinning   f acies   correspond   to   isolated   topographic   highs

along   the   Nemaha   anticline,   as   well   as   to   relatively   more

subtle   structural   highs   to   the   east   of   the   Nemaha   anticline.

Structural   lows,    along   ma].or   synclinal   axes   and   opposing

pull-apart   grabens,    correspond   to   deeper,    more   open   facies,

as   well   as   to   the   more   restricted   lagoonal-mud flat   facies.

Fusulinids   of   the   Foraker   Formation   (mainly Triticites)

inhabited   a   wide   range   of   environments,    but   commonly   favored

conditions   associated   with   times   of   sixth-,    fifth-,   and

fourth-order   transgressive   maxima.      Thus,    fusulinids   were



critically   affected   by   extrinsic   sea   level   changes;    they   do

not   f orm   the   central   vertex   about   \thich   like   assemblages   are

disposed.      Fusulinids   inhabited   a&ide   range   of   substrates,
Ji'rfe-

and   occupy   facies   ranging   from   senthJ-restricted,    nearshore

Crurithyris   biofacies   to   maximum,  ioffshore   brachiopod-rich

biofacies   of   the   Foraker   fourth-orfuer   T-R   unit.      The   analysis
+

of   Foraker   fusulinids   relative   totf  .hierarchy   of   T-R   units,
.+,

can   be   used   to   explain   their   distri:ttution   and   evolution.`+
A,.                                                                                                                                                +-3

•3

Sixth-order   fusulinid   biofacies   ar^p  essentially   temporally,

taphonomically,    and   spatially   avertaged   biostratigraphic

entities.      Their   phenotypic   variat}tion   thus   becomes   magnified

on   a   fifth-order   scale.      Because   of   widespread   net   dispersals

coupled   with   fifth-order   phenotypic   variations,    fusulinids   on

a   fourth-order   scale   become   index   fossils.      Triticites

ventricosus   is   an   index   for   the   Foraker.-fourth-order   T-R

unit.      Radiations,    extinctions,    and   dispersals   of   fusulinids

at   a   third-,   and   second-order   scale   have   resulted   in   the.

worldwide   framework   of   fusulinid   zones.
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I

INTRODUCTION

A   dichotomy   of   geologic   thinking   has   surf aced   in   recent

years,    caused   by   a   growing   body   of   evidence   that   links

sedimentary   cycles   and   their   depositional   patterns   to

allocyclic,   episodic   sedimentation.      The   dichotomy   arises

when   evidence   of   cyclic   sedimentation   based   on   minor   eustatic

sea   level   changes   contradicts   traditional   models   of

sedimentation   that   are   based   on   gradual,   continuous

stratigraphic   accumulation   (Goodwin   and   Anderson,    1985;

Goodwin   £±  j±|.,1986;    Busch,1984;    Busch   and   Rollins,1984;

Busch   and   West,1987).      Sedimentologists   and   stratigraphers,

particularly   since   the   advent   of   seismic   stratigraphy,   have

given   "credence"   to   episodic   processes   and   globally

synchronous   eustatic   f luctuations   that   ultimately   allow   f or

intra-and   interbasinal,   and   worldwide   correlations

of   isochronous   transgressive-regressive   depositional

sequences .

Cyclic   sedimentation   that   is   ascribed   to   intrinsic

f eedback   mechanisms   causing   lateral   migration   of

environmental   elements,    such   as   meandering   channels   or

prograding   tidal   flats,    is   advocated   by   proponents   of

autocylicity.      On   the   other   hand,    thin   allocyclic   units

(punctuated   aggradational   cycles,    or   PACs)   are   considered   by

Goodwin   and   Anderson    (1985)    to   be   pervasive   throughout   the

Stratigraphic   record.      The   pervasiveness   of   episodically
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formed,    allocyclic   units   such   as   PACs,    is   based   on   cosmically

driven   (i.e.,   Milankovitch   orbital   perturbations),   climatic

variations   and   sea   level   fluctuations.      According   to   Goodwin

and   Anderson   (1985),    autocyclic   products   are   locally

superimposed   on   an   allocyclically   f ormed   stratigraphic

record.      With   increased   testing   of   their   hypothesis,

correlation   methods   and   techniques   have   increased   in   recent

years    (e.g.,    Busch   and   Rollins,1984;    Busch   and   West,1987;

Grotzinger,1986;    and   Van   Tassel,1987).

Utilization   of   the   PAC   hypothesis   led   Busch   (1984),

Busch   and   Rollins    (1984),    and   Busch   and   West    (1987)    to

develop   a   method   of   correlation   whereby   a   nested   hierarchy   of

transgressive-regressive   (T-R)   units,   representing

eustatically   controlled   deepening-shallowing   events   of

differing   scales,   is   used   to   establish   a   temporal-spatial

f ramework   f or   intra-   and   interbasinal   paleoceanographic

studies.      Their   time-stratigraphic,   hierarchal   genetic

(T-R   unit)   stratigraphy   is   not   only   a   viable   method   for

testing   the   applicablility   of   Goodwin   and   Anderson's   PAC

hypothesis,    but   it   may   provide   a   wealth   of   new   data

regarding   chronostratigraphic   relationships,   1ithofacies

development,    and   biofacies   development,    both   vertically   and

laterally   (Busch   and   Rollins,1984).

Appalachian   Carbonif erous   strata   and   Midcontinent   Permo-

Carboniferous   strata   have   of fered   excellent   opportunities

for   genetic,   hierarchal,    stratigraphic   analyses   based   on   the
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PAC   hypothesis    (e.g.,    Busch,1984;    Busch   and   Rollins,1984;

Busch   and   Brezinski,1984;    Busch   £±  ±|.,1985;    West   and

Busch,    1985;    Wells,    1985;    Bisby,    1985a-b;    Busch   and   West,

1987;    Suchy,    1987;    Bogina,    1988;    Clark,    1988;    Leonard,     1988;

Busch,    Clark,    and   Bogina,    1988;    Busch,    Bogina,    and   Clark,

1988;    Busch,1988;    West   £±.±|.,1988).      Midcontinent

Permo-Carbonif erous   sequences   have   traditionally   been

described   and   interpreted   relative   to   idealized   cyclic   or

rhythmic   vertical   repetitions   of   lithof acies   and   their

associations,    based   on   what   is   now   known   as   the   "Kansas

cyclothem"   approach,    defined   by   Heckel    (1977,1986).

Busch   (1984)    found   the   cyclothem   approach   impractical,

because   it   was   more   f easible   to   clef ine   and   accurately

correlate   widely   persistent,   time-stratigraphic,

transgressive-regressive   units   themselves,    including   all

contacts   and   facies.      Rather   than   subdividing   Pennsylvanian

sequences   in   the   Appalachian   basin   into   cyclothems,    Busch

clef ined   a   hierarchy   of   genetic   transgressive-regressive   units

(i.e.,    T-R   units).      These   were   delineated   by   carefully

considering   the   total   range   of   f acies   and   f acies   contacts

present   in   the   sequences.       Correlations   among   sequences   were

then   made   by   aligning   patterns   in   the   hierarchy   of   T-R   units

from   each   locality   relative   to   marker   beds   and   biozones.

Although   the   Kansas   cyclothem   approach   and   the

hierarchal    (T-R   unit)    genetic   stratigraphy   of   Busch   (1984),

Busch   and   Rollins    (1984),    and    Busch   and   West    (1987)    have
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eustatic   sea   level   f luctuations   as   a   basic   tenet   of   their

stratigraphic   methodology,    they   differ   critically   because:

1)   the   Kansas   cyclothem   approach   invokes   only   gradualistic

deposition   based   on   vertical   and   lateral   1ithof acies

(members)   that   form   an   irregular   continuum;    and   2)   hierarchal

genetic   stratigraphy   favors   eposidicity   and   gradualism,   and

it   does   not   rely   on   lithostratigraphic   correlation,   but

rather   on   correlation   of   persistent,    isochronous   genetic

surfaces   that   bound   a   nested   hierarchy   of   T-R   units.      The

purpose   of   this   thesis   is   to   demonstrate   the   applicability   of

hierarchal   genetic   (T-R   unit)   stratigraphy   as   a

chronostratigraphic   f ramework   f or   understanding   factors   that

af f ected   deposition   of   some   Lower   Permian   strata   in

northeastern   Kansas.

Objectives

The   ob].ectives   of   this   project   are   twofold.      First,   a

punctuated   aggradational   cycle    (PAC)    approach   (Goodwin   and

Anderson.    1985)   will   be   used   to   define,    and   accurately

correlate,   a   hierarchy   of   transgressive-regressive   units   (T-R

units,    after   Busch   and   Rollins,    1984)    in   the   Lower   Permian

Foraker   Formation,    Council   Grove   Group    (Lower   Gearyan),    of

northeastern   Kansas.      This   study   entails   the   analysis   of   the

total   range   of   biostratigraphic   and   lithostratigraphic   units

of   each   sequence   to   be   studied.      The   hierarchy   of   T-R   units
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at   each   location   was   clef ined   by   the   inspection   of   all

facies   and   facies   contacts   and   their   relative   relationships.

By   utilizing   a   nested   hierarchy   of   transgressive-regressive

(T-R)    units    (after   Busch   and   Rollins,1984;    and   Busch   and

West,1987),    this   approach   differs   from   the   traditional,

Cyclothemic   approach    (Heckel   and   Baeseman,    1975;    Heckel    1977,

1985,1986;   Heckel  i  i.,1980).

Secondly,    correlation   of   the   isochocronous,   hierarchal

T-R   units,    through   marine   and   non-marine   intervals,

aids   in   dif ferentiating   allocyclic   from   autocyclic

T-R   units    (Busch   and   Rollins,1984;    Busch   and   West,1987).

Using   this   stratigraphic   framework,    paleogeographic   maps   will

be   constructed,   which   will   aid   in   understanding   the   controls

over   the   development   of   lithofacies   and   biofacies   in   the

Lower   Permian   Foraker   Formation.

Area   of   Study

The   Foraker   Formation   was   studied   in   northeastern   Kansas

within   the   following   counties:      Riley,    Pottawatomie,   Jackson,

Wabaunsee,    Lyon,    and   Chase    (Figure    I).

.--This   study   area   is   located   predominately

in   the   Great   Plains   Province   and   is   adjacent   to,   or   flanks,

the   western   boundary   of   the   Central   Lowlands.      More

specifically,   the   southeastern   part   lies   within   the   Osage

Cuesta   Plains   subprovince,   while   the   northeastern   part   lies



Figure   1.       Area   of   study   showing   stratigraphic   localities
utilized   in   this   study.      Definition   of   locality
abbreviations   (in   alphabetical   order)   that   are
included    in   the   Appendix,    are   as    follows:    A   =   Alma
section;    Ad   =   Admire   section;    Al   =   Allen   section;
8   =   Belvue   section;    BR   =   Blue   River    section;
C   =   Amoco    #1    Hargrave    core    locality;    CC   =   Crow   Creek
section;    Cl    and    C2   =   Garber's    (1962)    Chase   County
localities    1    and    2;    DC   =   Deep   Creek   section;
EP   =   East   Paxico   section;    F   =   Flush   section;
H   =   Holidome    section;    K   =   Keene    section;    KR   =   Kansas
River   section;    L   =   Louisville   section:
LE   =   Louisville   East    section;    M   =   Manhattan
section;    MCR   =   MCDowell    Creek   Road    section;
N   =   Newbury    section;    P   =   Paxico    section;
PL   =   Poliska   Lane   section;    SEP   =   Southeast   Paxico
section;    Wa   =   Wabaunsee    section;    W   =   Westmoreland
section.
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within   the   Dissected   Till   Plains   subprovince.      Most   of   the

eastern   part   of   the   area   is   within   the   Flint   Hills   Upland

subprovince,   so-called   because   of   the   east   facing   cherty

limestone   escarpments   that   trend   north-northeast.

Paleogeography.--The   paleogeographic   position   of   the

study   area   during   Foraker   deposition   was   t)etween   0   degrees

and   10   degrees   south   latitude   (Habicht,1979).      Therefore,

Foraker   deposition   occurred   in   the   southern   hemisphere

tradewind   zone   (low   pressure,    easterly   winds).

Geologic   Setting

Formal   Lithostrati .--The   Foraker   Formation

represents   the   basal   formation   of   the   Council   Grove   Group,

and   consists   of   three   members   (Figure   2).    In   ascending   order.

these   members   are   the   Americus   limestone,    Hushes   Creek   shale,

and   Long   Creek   limestone.      By   formal   definition,    the   Foraker

Formation   is   underlain   by   the   Janesville   Shale   Formation

(Admire   Group,    Lower   Permian)    and   is   overlain   by   the   Johnson

Shale   Formation   (Zeller,1968).      Fisher   (1980)   regarded   the

basal   boundary   of   the   Foraker   Formation   as   representing   a

regolithic   (i.e.,   erosional)   disconformity.

The   Council   Grove   Group   is   underlain   by   the

Admire   Group,    and   is   overlain   by   the   Chase   Group.      The

Admire,    Council   Grove,    and   Chase   Groups   collectively

make   up   the   Gearyan   Stage.       The   Gearyan   Stage   and   the
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Figure   2.       Stratigraphic   nomenclature   of   Permian   and   upper
Pennsylvanian   Systems   in   Kansas,    showing   interval   of
study    (adapted    from   Zeller,     1968;    and    O'Connor,1963;
taken    from   Fisher,    1980).
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overlying   Cimmaronian   Stage   f orm   a   two-f old   classif ication

that   define   the   Lower   Permian   Series    (O'Connor,    1963:    aLnd

Zeller,1968).

Moore   (1936)   discussed   the   revision   of   the   Pennsylvanian

System   and   showed   that   the   Foraker   Formation   was   originally

placed   in   the   upper   Pennsylvanian,   Missouri   Series

(i.e.,    the   base   of   the   Cottonwood   limestone   was   considered

the   Pennsylvanian-Permian   boundary).       Moore   and   Moss    (1934)

and   Moore   (1940)    placed   the   base   of   the   Permian   System   at   the

base   of   the   Admire   Group   because:    1)    of   an   unconformable

contact   at   the   base   of   the   Admire   marked   by   channel   f ill

sandstones   (i.e.,    Indian   Cave   Sandstone);    and   2)   this

boundary   occured   at   the   base   of   the   so   called

" P s e u d o s c hwa erina   zone".      This   Pseudoschwa

conf orms   to   the   Pseudoschwa

erina   zone

erina   zone   of   the   Uralian

geosyncline   in   Russia.       According   to   Dunbar    (1940;    p.    237)

"...the   most   natural   lower   limit   of   the   Permian   system   is   at

the   base   of   the   Pseudoschwa erina   zone;   that   is,   at   the   base

of   the   Sakmarian   in   the   U.S.S.R.,    of   the   Wolfcamp   in   America,

of   the   Chuanshan   in   South   China,    and   of   the   Schwagerinakalk

in   the   Carnic   Alps."

Pertinent   to   this   study   is   that   the   Americus   limestone

of   the   Foraker   Formation   is   the   lowest   horizon   to   contain

Schwagerina    (Moore,1940;    Dunbar,1940).       Moore    (1932)

originally   considered   the   base   of   the   Americus   as   the

Permo-Carboniferous   boundary.      Moore    (1940)    concluded   that    if
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one   included   all   conf ormable   beds   below   and   above   those   that

contain   Pseudoschwa erina then   the   Admire,    Council   Grove,

and   Chase   Groups   should   all   be   considered   as   belonging   to   the

Pseudoschwa erina   zone and,    therefore,   were   Permian.

Discussion   of   the   Pennsylvanian-Permian   boundary   is   beyond

the   scope   of   this   report,   but   more   detailed   explanations   and

classif ications   of   this   boundary   in   Kansas   are   provided   by

Moore    (1940,1949)    and   Nudge   and   Yochelson    (1962).

Prosser   (1895)   proposed   the   term   Big   Blue   for   exposures

along   the   Big   Blue   River   in   Nebraska   and   Kansas.      The   term

Big   Blue   was   considered   as   the   lowermost   series   of   rocks

making   up   the   Permian   System   by   the   Kansas   and   Nebraska   State

Geological   Surveys.      Elias   (1937)   regarded   the   Big   Blue

Series   as   the   last   of   Late   Paleozoic   rocks   designated   as

predominately   marine   in   origin.      The   Kansas   Geological

Survey   abandoned   the   term   Big   Blue,    and   adopted   the

term   "Wolf campian"   based   on   the   standard   North   American

Permian   section   in   the   Glass   Mountains   of   Texas,   as

established   by   Adams   £±±|.    (1939).      Later,    0'Connor   (1963)

abandoned   the   west   Texas   Permian   stage   names   and   replaced

then   with   locally   derived   stage   names   for   the   Kansas   region.

0'Connor   did   this   because   Kansas   Permian   strata   bear   little

resemblence   to   the   west   Texas   Permian.      The   Wolfcampian   was

replaced   with   the   term   "Gearyan"    (named   for   Geary   County,

Kansas),    and   the   Leonardian   and   lower   Guadalupian   stages   were

replaced   with   the   Cimarronian.
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Prosser   (1902)   considered   the   Council   Grove   as   a   stage

name   that   included   the   Cottonwood   Limestone   and   ''Garrison

Shale".      He   introduced   the   "Elmdale   Shale"   for   strata   between

the   top   of   the   Americus   and   the   base   of   the   Neva   limestone.

Moore    (1932,    1936)    formally   changed   the   Council   Grove   Stage

to   the   Council   Grove   Group   with   the   Americus   Limestone   Member

defining   its   base   (Figure   2).      Revision   of   the   old

classif ication   led   to   the   detailed   application   of   ascending

formational   names,   with   the   subdivision   of   the   formations

into   members.      Further   reclassif ication   of   the   Council   Grove

Group   led   to   the   present   day   classif ication   of   formations   and

their   memt)ers   as   described   by   Zeller    (1968)   and   accepted   by

the   Kansas   State   Geological   Survey.

Chronostrati .--The   Wolfcampian   or   Gearyan   Stage   of

the   southwestern   and   Midcontinent   United   States   correlates

with   the   Asselian   (lower   substage   of   the   Sakmarian)   and

overlying   Saknarian   (upper   substage   of   the   Sakmarian)   age

sediments   of   the   Russian   Urals   (Figure   3;   Harland  £E  ±|.,

1982).       According   to   Harland   £±  ±|.    (1982)    and   Ross   and   Ross

(1985b),    the   Asselian   and   Sakmarian   together,    represent   a

time   period   of   approximately    18-20   my    (Figures   3   and   4).

The   Council   Grove   and   Admire   Groups   f orm   the   lower

portion   of   the   Wolfcampian-Gearyan   Stage,   and   thus   the

Council   Grove   Group   is   an   Assel-equivalent   (Ross,    1963,

p.    43;    and   Elias   and   Condra,1957,    p.    5;    Figure   3).

Therefore,    the   Council   Grove   (and   thus   the   Foraker   study
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Figure   4.      Correlation   of   upper   Carboniferous   and   Lower
Permian   transgressive-regressive   sequences   and
fusulinacean   zonations    (from   Ross   and    Ross,    1985b)
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interval)   is   provisionally   Early   Permian   in   age.      The

Council   Grove   and   Admire   Groups   (lower   Gearyan)   correlate

with   the   lower   Rotliegendes   of   Germany,    the   Sokol    `Yegorskiy

and   Kokhanskiy   of   the   eastern   Russian   Platf orm,   the   Indigskiy

and   Nenetskiy   of   Timan,    the   lower   Sakamotozawan   of   Japan   and

the   Joe   Joe   and   Burnett   of   Australia.      These   time

stratigraphic   units   are   all   Assel-equivalent,   according   to

Harland  £±  ±|.    (1982),   and   belong   to   the   zone   of

Pseudoschwa erina.

In   addition   to   being   correlative   with   Wolf campian

rocks   of   west   Texas,    the   Council   Grove   Group   is   also

correlative   with   (based on   the   Pseudoschwa erina   Zone)   at

least   the   lower   portion   of   the   Hueco   Formation   in   the

Delaware   basin   of   Texas   and   the   lower   Wichita   Series   of

central   Texas   (Dunbar,1940).      It   is   also   correlative   with   at

least   the   lower   part   of   the   Pontotoc   Group   along   the   northern

flank   of   the   Wichita   uplift,   according   to   Rascoe   and

Adler   (1983).      This   is   based   on   the   unconformable   position   of

Pontotoc   rocks   relative   to   older   Paleozoic   rocks.

Ross   and   Ross    (1985b)    used   unconformity-bounded

transgressive-regressive   depositional   sequences   of   Mitchum

££  ±|.    (1977)-,   with   fusulinid,    bryozoan,    and   ammonoid

biostratigraphy,   to   correlate   Permo-Carboniferous   strata   on   a

global   scale    (Figure   4).      According   to   Ross   and   Ross   (1985b),

the   interval   I ron   the   base   of   the   Admire   to   the   top   of   the

Red   Eagle   Formation    (Council   Grove   Group),    represents   one
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depositional   sequence    (approximately   2   in.y.).      Figure   4   shows

the   basal   Council   Grove   (i.e.,   the   Foraker)   as   correlative

with   the   upper   Pennsylvanian   Gzhelian   and   Stephanian   strata.

This   correlation   is   tenuous   because:    f irstly,    the   Red   Eagle

unconformity   is   highly   questionable.    and   secondly,    Ross   and

Ross's   (1985b)   correlation   of   the   remainder   of   the   Permian   in

the   Midcontinent    (U.S.A.)   region   is   incomplete.

Outcrop Extent   and   Characteristics .--Figure   5   shows   the

extent   of   outcrop,    in   Kansas,    of   the   Council   Grove   Group   and

thus   the   outcrop   contact   between   the   Foraker   Formation   and

the   sub].acent   Admire   Group.      The   Foraker   Formation   crops   out

in   a   linear   belt   and   exhibits   a   marked   thickness   change   f ron

24   f eet   in   southeastern   Nebraska   to   73   f eet   in   northeastern

Oklahoma    (Avers,1968).       The   Foraker   grades   from

predominately   calcareous   silty   shales   and   interbedded

argillaceous   micritic   linestones   in   the   northern   outcrop

belt,    to   thicker,   massive,   cherty   limestones   in   the   southern

outcrop   belt    (Nudge   and   Yochelson,1962).       In   the   most

extreme   southern   outcrop   (Lincoln   County,    Oklahoma)    it

consists   of   a   few   thin   dolomite   layers,    interbedded   between

red   silty   shales   and   massive,   1enticular,   fluvial   sandstones

(Fritts,1980).

The   Americus   Limestone   Member   of   the   F'oraker   Formation,

as   redefined   by   Nudge   and   Burton   (1959)    and   confirmed   by

Nudge   and   Yochelson   (1962),    consists   of   two   limestone   benches

separated   by   shale   in   northern   Kansas.      The   lower   boundary   of



-_ _ _ .I
-.---.-.         Contact    between    the    Council    Grove    and   Admire   Groups

Con:act    between    the    C.base    and    Council    Grove    Groups

Out.crop   of   Council
Grove   GrouD SOkm

Figure   5.       Map   of   eastern   Kansas   showing   outcrop   belt   of
the   Council   Grove   Group    (adapted    from   Aber   and
Grisafe,1982).
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the   Americus   (and   thus   the   Foraker)   is   placed   at   the   base   of

the   massive   algal   stromatolites   in   the   lower   Anericus

limestone   ledge      (Nudge   and   Yochelson,1962).       The   Americus

Limestone   Member   thickens   southward   (e.g,    20   ft.    in   Elk

County,   Kansas),   and   there   is   an   increase   in   fusulinids   and

chert.       According   to   Nudge   and   Burton    (1959)    the   Americus

splits   into   three   limestones,   separated   by   two   shales,   near

the   Lyon-Wabaunsee   County   line.      Northward   the   Americus   thins

(1.5   ft   in   Brown   County,    Kansas),    and   there   is   a   decrease   in

fusulinids   and   chert.      The   basal   algal   stromatolites

disappear   north   of   central   Wabaunsee   County,   Kansas

(i.e.,    northern   boundary   of   this   study   area;   Mudge   and

Yochelson,1962).

In   the   area   studied   (Figures   1   and   5)    the   lower   Americus

is   characterized   by   a   basal,   massive,    stromatolite   facies

overlain   by   a   molluscan   dominated   limestone.      A   middle

fossiliferous   to   non-fossiliferous,   gray   to   gray-black   shale

underlies   the   upper   Americus   limestone   bench,   which   is

characterized   as   a   crinoidal,   fusulinid-bearing   limestone.

The   lower   limestone   bench   of   the   Americus   can   be   quite

variable   in   thickness   and   facies   composition,   while   the   upper

bed   is   usually   quite   homogeneous   in   texture   and   composition.

The   Hushes   Creek   Shale   Member   of   the   Foraker   Limestone

grades   laterally   from   silty,   calcareous   to   noncalcareous,

black,    gray,   and   blue-gray   shales   in   southeastern   Nebraska

and   northern   Kansas   (Condra,1927);    through   progressively
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alternating   calcareous   shales   and   argillaceous   micritic

limestones   in   northeastern   and   central   Kansas   (this   study

area;    Garber,1962);    to   thick,   massive,    cherty   limestones   in

southern   Kansas   and   northeastern   Oklahoma   (Nudge   and

Yochelson,1962;    Fritts,1980).

The   shale   to   limestone   ratio   is   12:1   in   the   north   and

progressively   changes   to   a   ratio   of   1:2   in   southern   Kansas

and   northeastern   Oklahoma   (Avers,1968).      Fusulinids   are

extremely   abundant   in   the   massive   cherty   limestone   in   the

south,    and   decrease   in   number   northward,    accompanied   by   an

increase   in   thick   shelled   brachiopods.      In   the   area   studied,

fusulinids   are   locally   concentrated   in   massive,   interbedded,

very   calcareous   shales   and   argillaceous   limestones.

According   to   Nudge   and   Yochelson   (1962),    chert   is   not   present

in   the   Hughes   Creek   north   of   Greenwood   County,    Kansas;    and

Lingula   (a   marginal   marine   to   brackish   water   indicator:

Wells,    1985)   is   not   present   in   the   Hushes   Creek   south   of

northern   Greenwood   County,    Kansas.       The   Hughes   Creek   member

ranges   in   thickness   f ron   approximately   20   feet   in   Lancaster

County,    Nebraska,    to   over   50   feet   in   southern   Kansas   and

northeastern   Oklahoma   (Avers,1968;    Fritts.1980).

The   Long   Creek   Limestone   Member    (uppermost   member   of    the

Foraker   Formation)   varies   in   thickness   from   north   to   south,

but   averages   8   feet   (Nudge   and   Yochelson,1962).      In   the   area

studied,   the   Long   Creek   is   characterized   by   alternating,

massive,    tan   to   gray-orange,    dolomitic,   argillaceous
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limestones   with   thin   gray-brown   shale   lentils.      The   Long

Creek   limestone   is   usually   nondescript   because   of   its   highly-

weathered   and   brecciated   nature.      The   brecciation   includes

tee-pee   structures,   suggesting   that   it   is   at   least   partly   due

to   collapse   after   dissolution   of   evaporites.      Vugs   within   the

Long   Creek   member   are   commonly   lined   with   celestite,    calcite,

and   quartz.      The   Long   Creek   rarely   forms   a   hillside   bench.

It   is   also   characterized   in   the   area   of   this   study   by   its

rare   molluscs   (e.g.,    Permophorus.

Tainocerus

Aviculo ecten   and

),   and   thin   algal   1aminations.      In   northeastern

Oklahoma,    fusulinids   are   abundant   throughout   the   Long   Creek

Limestone   Member,    sometimes   forming   biosparudites   (Fritts,

1980) .

Structural Setting.--Figure   6   shows   the   regional

structural   setting   during   latest   Pennsylvanian   and   earliest

Permian   times,    in   the   southern   Midcontinent.      The   geologic

f ramework   and   sedimentation   of   Lower   Permian   sediments   was

affected   by,   and   basically   inherited   from,   the   structural

elements   formed   in   the   Pennsylvanian    (Moore,    G.E.,1979).

From   late   Morrowan   into   early   Desmoinesian   time   the

collisional   episode   between   the   North   American   and   South

American   plates   was   responsible   f or   most   of   the   southern

tectonic   features,   such   as   the   Ouachita   foldbelt;   the

emergence   of   the   Amarillo-Wichita,    Apishapa,    and   Nemaha

uplifts;    and   the   marked   subsidence   of   the   Arkoma   and   Anadarko

Basins    (Rascoe   and    Adler,1983;    Moore,    G.E,1979).       It   was



Figure   6.       Principal   Pennsylvanian   tectonic   features   of   the
southern    Mid-Continent    (from   Moore.    G.E.,1979).
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not   until   the   Late   Pennsylvanian   that   the   Arbuckle   Orogeny

occurred.

The   Pennsylvanian   and   Early   Permian   Midcontinent

region   north   of   the   Anadarko   Basin,    inclusive   of   this   study

area   (Figure   6),   has   been   considered   by   some   workers   as   the

"Kansas    Shelf"    (e.g.,    Laporte,1962;    Moore,    G.E.,1979).

Most   apparent   across   this   shelf   is   the   deposition   of

widespread   cyclic   deposits   of   the   Pennsylvanian   and   Permian.

Sources   for   these   sediments   were   probably   two-fold:    a

cratonic   source   to   the   north   and   a   tectonic   source   to   the

south   (e.g.,   Ouachita   foldbelt   and   Arbuckle   uplift).      This   is

supported   by   the   work   of   Imbrie   et   al.'s   (1959,1964),

in   which   clay   minerals   dominated   by   mica   and   chlorite   are

found   in   the   marine   Florena   Shale   Member   (Beattie   Limestone

Formation,    Lower   Permian)   of   northern   Kansas,    and   clay

minerals   dominated   by   illite   and   montmorillonite   are   found   in

the   Florena   shale   of   southern   Kansas.

The   present   study   area   is   bounded   on   the   west   by   the

Salina   Basin,   on   the   east   by   the   Forest   City   Basin,   and   on

the   southwest   by   the   extreme   northeastern   f lank   of   the

Sedgwick   Basin   (Figure   6).      Strata   within   the   study   area   are

part   of   the   Prairie   Plains   nonocline   which   consists   of   west

to   northwest   dipping   beds   (30   feet   per   mile;    Jewett,1941).

The   dip   of   these   beds   is   distinctly   altered   and   sometimes

reversed   because   of   the   Nemaha   Anticline.    In   Riley   and

Pottawatomie   Counties,    the   northwestern   portion   of   Wabaunsee
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County.    and   central   Chase   County,    Kansas,    the   Foraker   crops

out   along   the   north-northeast   trending   Nemaha   Anticline

(Figure   7).      The   Nemaha   Anticline   is   a   southward-plunging

linear   feature   with   a   granitic   core,   that   extends   from   near

Omaha,    Nebraska   (i.e.,    Table   Rock   Anticline)    to   Oklahoma

City,    Oklahoma    (Lee,1943;    Jewett,1951;    Merriam,1963).

The   eastern   f lank   of   the   Nemaha   Anticline   is   bounded   by

a   steeply   dipping   fault   zone,   the   Humbolt   fault   zone.

Ad].acent   to   the   Humbolt   zone,    seismic   exploration   has   shown

a   complex   array   of   normal   and   reverse   faults,   and   even   horst

and   grabens   (Steeples,1982).      The   Nemaha   structure   was

mainly   developed   in   Late   Mississippian   to   Early   Pennsylvanian

time,    as   based   on   the   upturned   and   beveled   Mississippian   and

older   rocks   (including   Precambrian)   on   its   flanks   that   are

overstepped   and   overlapped   by   relatively   horizontal

Desmoinesian   strata   (Lee,1943;    Jewett,1951).

Other   secondary   features   within   the   problem   area   (Figure

7)   include   the   Alma   Anticline,   which   parallels   the   Nemaha

axis   in   western   Wabaunsee   County    (Jewett,1951);    the

northeast   trending   Abilene   Anticline   and   the   adjacent   Irving

Syncline   in   northwestern   Riley   County   (Shenkel,    1959;    and

Chelikowsky,1972);    and   the   Brownville   Syncline   in

southeastern   Pottawatomie   County   and   north-central   Wabaunsee

County.      According   to   Jewett   (1951),    the   Brownville   Syncline

in   this   area   is   recognized   as   the   deepest   part   of   the   Forest

City   Basin.
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Equally   important   are   west-northwest   to   east-southeast

trending   normal   faults   that   cut   across   the   Nemaha   Anticline.

These   faults   have   a   strike-slip   and   a   dip-slip   component,   and

extend   into   the   Cherokee   and   Forest   City   Basins   (Berendsen

and   Blair,1986;    and   Chelikowsky.1972).      Erosional   patterns

created   by   these   f aults   suggest   that   dif ferent   sections   of

the   granitic   Nemaha   core   have   been   dif ferentially   moved   along

its   northeast-southwest   tract,   as   discussed   in   a   latter   part

of   this   report.

Previous Investigations.--Heald   (1916)   named   the   Foraker

Formation   for   exposures   in   northwestern   Osage   County,

Oklahoma,    near   the   town   of   Foraker.      Bass   (1929)   correlated

the   Foraker   from   Osage   County,    Oklahoma   to   outcrops   in   Cowley

County,    Kansas,    and   subsequently   introduced   the   Foraker

Formation   into   Kansas   terminology.      The   Americus   Limestone

Member   was   named   by   Kirk    (1896)    for   exposures   near   Anericus,

Lyon   County,    Kansas,    and   Condra    (1927)    named   the   Hughes   Creek

Shale   Member   f or   exposures   along   Hughes   Creek   in   Nemaha

County,    Kansas.       The   Long   Creek   member   was   named    by   Condra

(1927)    for   exposures   in   a   bluff   along   Long   Creek,    near   the

town   of   Auburn,    Nebraska;    it   was   not   until   1935   that   he

clef ined   the   Long   Creek   as   the   upper   member   of   the   Foraker

Formation.

Other   studies   dealing   with   the   Foraker   Formation   can   be

essentially   grouped   into   three   broad   categories:    1)   those

dealing   principally   with   the   fauna   (paleoecology,    etc.);    2)
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those   dealing   with   the   stratigraphy   and   the   petrology   of   the

Foraker;    and   3)    thc>se   dealing   with   the   cyclic   nature   of

Foraker   deposition.      Although   several   studies   deal   with   a

combination   of   these,    they   will   be   discussed   in   the   order

noted   above.

One   of   the   first   faunal    studies   was   by   Twenhofel    (1919),

who   gave   an   analysis   of   the   osagid   "algaloid"   encrusters

from   the   Foraker   Formation.       In   emending   Twenhofel's

study,    Henbest    (1963)    discussed   the   paleoecology,

mineralogy,    and   diagenesis   of   some   sedentary   foraminiferal

and   algal-f oraminif eral   colonies   in   some   limestones

f ron   the   Foraker   Formation   near   the   Kansas-Oklahoma

border.

One   of   the   f irst   detailed   classif ications   of   f usulinid

species   in   the   Foraker   Formation   of   Kansas   was   by

Thompson   (1954).      Later   fusulinid   studies   by   Kaesler   and

Fisher    (1969),    and   Fisher    (1971),    provided   a   paleoecologic

interpretation,   and   an   operational   method   for   the   study   of

fusulinid   population   characteristics.      Other   investigations

on   Foraker   fusulinids   are   by   Elias    (1937),    Douglass    (1962),

Garber    (1962),    Moore    (1964),    Lane    (1964),    Schmidt    (1974),

Fritts    (1980),    and   Verville   and   Sanderson   (1988).

Comprehensive   paleoecologic   analyses   that   deal

with   the   total   macro-f ossil   content   within   the   Foraker

Formation   are   by   Mudge   and    Yochelson    (1962),    Yarrow    (1974),

Schmidt    (1974),    and   Fritts    (1980).       Comprehensive   studies   of
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total   micro-fossil   content   have   been   provided   by   Lane   (1964).

More   specif ic   microfossil   studies   include   those   by   Little

(1965),    on   conodonts   from   the   Hughes   Creek   shale   in

northeastern   Kansas,    and   Peterson   (1978)   and   Peterson   and

Kaesler    (1980),    which   reviewed   the   o§tracode   assemblages   and

biofacies   in   the   upper   Hamlin   shale   (Janesville   Formation)

and   Americus   limestone   in   northeastern   Kansas.

Stratigraphic   and   petrologic   investigations   of   the

Foraker   Formation   can   be   grouped   relative   to   their   regional

context.      For   example,    Nudge   and   Yochelson   (1962)    illustrated

the   characteristic   changes   of   the   Foraker   along   the   north-

south   outcrop   belt.      Harbaugh   and   Demirmen   (1964),    using

factor   analysis,    described   the   lithologic   and   biotic   changes

of   the   upper   Anericus   limestone,    from   northern   Kansas   to

northern   Oklahoma.      Additional   stratigraphic   information,    in

a   regional   context,    from   southeastern   Nebraska   to   southern

Kansas,    is   provided   by   Avers    (1968).

Other   stratigraphic   and   petrologic   investigations

were   more   localized.   concentrating   either   in   northeastern

Kansas   or   northeastern   Oklahoma.       For   example,    Garber    (1962)

concentrated   his   stratigraphic   (paleoenvironmental)   study   of

the   Foraker   in   east   central   and   northeastern   Kansas.      Work   in

northeastern   Kansas   by   Schmidt   (1974)    provided   petrologic

data   on   an   interval   within   the   lower   Hughes   Creek.      In

addition,   Fisher   (1980)   gave   a   detailed   analysis   of   the

stratigraphic   and   petrologic   characteristics   of   the   upper
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Hamlin   shale   (Janesville   Formation)   and   Americus   Limestone

Member   in   northeastern   Kansas.      More   recently,    an

environmental   interpretation   of   the   lower   Anericus   limestone

in   northeastern   Kansas   was   provided   by   Kaesler   and   Denver

( 1985) .

Studies   dealing   with   the   Foraker   in   northeastern

Oklahoma   are   by   Mogharabi   (1966)    and   Fritts   (1980).      The

f ormer   deals   mostly   with   the   carbonate   petrology   of   the

Foraker   Formation   in   Osage   and   Pawnee   Counties,   Oklahoma,

while   the   latter   deals   with   the   stratigraphy   and   paleoecology

of   the   F'oraker   Formation   in   Osage,    Pawnee.   Payne,    and   Lincoln

Counties,    Oklahoma.

Detailed   analyses   of   the   cyclic   nature   of   the   F`oraker

Formation   in   Kansas   have   been   provided   by   Elias    (1937),    Nudge

and   Yochelson    (1962),    and   Avers    (1968).       Elias   considered   the

Foraker   Formation   as   a   "single   cycle"   characterized   by   minor

sea   level   fluctuations   (Figure   8).      He   arrived   at   this

interpretation   because   of   the   "intimately   interbedded"

fusulinid   and   brachiopod   phases   (i.e.,    phases   7   and   6

respectively),   and   formally   termed   it   the   "Foraker   Cycle".

Elias   did   not   consider   the   Foraker   Cycle   as   the   result   of

"rapidly   repeated"   changes   of   sea   level   from   deeper   (e.g.,

£usulinid   environments)   to   shallower   (e.g.,    brachiopod-

bryozoan-coral   environments)   marine   conditions,   but   rather,

as   a   "single   marine   invasion"   representing   maximum   depths

ranging   from   ilo   ft.    to   180   ft.    (phases   6   and   7).      Elias'
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E  llAS   (1937)

I .,'on®'lon

Figure   8.    Elias'    (1937)    composite   geologic   section
of   some   Lower   Permian   strata    (inclusive   of   the
Foraker   Formation)   in   terms   of   cyclic
sedimentation   and   depth   of   deposition.
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complete   Foraker   Cycle   begins   in   the   upper   Hamlin   shale

represented   by   his   phase   2,   and   ends   in   the   middle   Johnson

Shale   Formation,    represented   by   his   nonmarine   phase   1   (Figure

8).

Nudge   and   Yochelson   (1962)    used   a   modified,    composite

stratigraphic   section   to   illustrate   the   cyclicity   of   the

Lower   Permian   and   upper   Pennsylvanian   rocks   of   Kansas.

As   seen   in   Figure   9,   Nudge   and   Yochelson   considered   their

"Foraker   Cyclothem"   as   being   similar   to   Elias's   Foraker

Cycle.      However,    they   show   two   distinct   Lingula   phases   (phase

3)   interpreted   as   representing   shallow   marine   conditions,

thus   disrupting   Elias'    single   F`oraker   cycle.      Their   Foraker

Cyclothem   encompasses   strata   f ron   the   top   of   the   Houchen

Creek   limestone   (Hamlin   Shale   Member,    Lower   Permian)    to   the

middle   of   the   Johnson   Shale   Formation.

Avers    (1968)    divided   the   lower   Council   Grove   Group   and

upper   Hamlin   shale   into   six   cyclothems   (limestone-shale

couplets)   that   clef ine   one   complete   megacyclothem   using   the

terminology   and   methodology   of   Moore    (1936).       Aver's

composite   section   (Figure   10)    shows   the   Foraker   encompassing

one   complete   cyclothem   (cyclothem   3)   from   the   base   of   the

upper   Americus   limestone   bench   to   the   upper   part   of   the

Hughes   Creek   Shale   Member.       The   upper   part   of   Aver's

"cyclothem   2",    includes   the   lower   part   of   the   Americus

limestone,   whereas   the   lower   part   of   his   "cyclothem   4"

includes   the   uppermost   Hughes   Creek   shale,    all   of   the   Long
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EARLY  COUNCIL  GROVE

M E GA CY C LOTH E M (STA GE)

Figure   10.      Relation   of   a   composite   section   of   the   lower
Council   Grove   Group   to   an   idealized   megacyclothem
(from   Avers.1968).
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Creek   member,    and   the   basal   part   of   the   Johnson   Shale

Formation.      Aver's   "ideal   section"   (Figure   10)   shows   the

lower   Americus   limestone   interpreted   as   a   "middle   limestone",

and   the   upper   Anericus   and   most   of   the   Hughes   Creek

interpreted   as   an   "upper   limestone"   of   Moore's

megacyclothemic   classification.      Avers'    (1968)   lower   Council

Grove   megacyclothem   encompasses   strata   f ron   the   top   of   the

Houchen   Creek   limestone   to   the   top   of   the   Red   Eagle

Formation.

Sedimentary   Cycles

As   early   as   1888,    Suess   recognized   3   orders   of   eustatic

sea   level   cycles   in   mid-Paleozoic   to   Late   Cretaceous

sequences.      Suess   described   sea   level   cycles   as   representing

larger,   worldwide   first~order   cycles,   that   had   second-and

third-order   sea   level   oscillations   superimposed   on   them.

Although   eustacy   was   regarded   as   untenable   in   the   early

1900's,   an   increase   in   the   awareness   of   cyclic   strata   was

evident.      For   example,   Udden   (1912)    recognized   repetitive,

cyclic   sequences   in   the   Pennsylvanian   strata   of   Illinois.

Likewise,    Sto-ut   (1932)   observed   the   repetitive   nature   of

underclays,    coals,   and   limestones   in   the   Ohio   area.

Weller   (1930)   recognized   repetitive   Pennsylvanian   strata

in   western   Illinois,   and   concluded   that   his   cyclic

f ormations   should   be   bounded   by   diastrophic   indicators
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(e.g.,   channel   sands,   etc.,    indicative   of   unconformities).

Thus,    diastrophism   was   inherent   in   his   concepts.      His

"widespread"   repetitive   Illinois   sequences

(i.e.,    Pennsylvanian)   were   bounded   by   unconformities,    and

consisted   of ,    in   ascending   order:      sandstones   and   sandy

shales,   underclay,   coal,   and   marine   linestones   and   shales.

Wanless   and   Weller    (1932,    p.1003)    deemed   the    term

"forlnation"    (as   used   by   Weller,    1930)    inappropriate   for

cyclic   strata,   and   coined   the   name   "cyclothem"   for   a

"...series   of   beds   deposited   during   a   single   sedimentary

cycle   of   the   type   that   prevailed   during   the   Pennsylvanian

period."      Wanless   and   Shepard   (1936)    subsequently   proposed

that   sedimentary   cycles,    and   successions   of   cyclothems,   were

caused   by   repeated   glacial-eustatic   changes.

It   was   not   until   1933   that   Jewett   published   the   f irst

paper   on   the   cyclic   nature   of   Lower   Permian   rocks   in   Kansas.

His   interpretations   were   base   primarily   on   the   lithologic

variations   of   strata.   Subsequently,   Elias   (1937)

distinguished   cyclic   "phases"   within   the   "Big   Blue   Series"

based   on   a   depth-related   faunal   scheme   (Figure   8).

Moore   (1936)   recognized   an   ideal   pattern   of   cyclothemic

deposition   in   the   Wabaunsee   group   (upper   Virgilian),    similar

to   that    found   by   Weller    (1930)    and   Wanless   and   Weller    (1932).

Wanless   and   Weller's   (1932)   Illinois   cyclothen   differs   from

Moore's   ideal   cyclothem   in   that   it   represents   the

transgressive   portion   ("hemicycle")   of   Moore's   complete
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cycle,   with   the   regressive   portion   shortened   or   absent.      In

subdividing   the   Pennsylvanian   System   in   Kansas,   Moore    (1936)

discussed   the   ''ideal   cyclothem"   as   recording   a   single   marine

pulsation   that   consisted   of   an   emergent   phase,   transgressive

marine   phase,   culminating   marine   phase   (with   fusulinids),   a

regressive   marine   phase,    and   a   terminal   emergent   phase.

Moore    (1936)   also   recognized,    for   example   in   the   Shawnee

group   (lower   Virgilian),    a   much   more   complex   pattern   of

culminating   marine   phases   that   consisted   of   numerous

fusulinid   bearing   limestones   (i.e.,    termed   by   Moore   as   lower,

middle,    upper,    and   sometimes   super   limestone   members)   and

shales,   thus   defining   a   series   of   limestone-shale   couplets.

This   sequence   is   usually   underlain   and   overlain   by

terrestrial   deposits,   and   ultimately   formed   what   Moore

referred   to   as   a   complex   ma].or   cyclothen.      Moore    (1936)

recognized   alternating   sequences   of   complex   major   and

"ideal",   or   minor,    cyclothems   that   he   designated   as

representing   "megacyclothems".      He   envisioned   the

megacyclothem   as   representing   a   large   cyclic   "movement"   that

had   smaller   oscillations,   on   a   cyclothemic   scale,

superimposed   on   it.      Figure   11   shows   the   interpreted

environments   and   sea   level   curves   relative   to   his

hypothetical   succesive   cyclothems.

Vella   (1965),    in   recognizing   the   status   of   sedimentary

cycles   at   that   time,   re-emphasized   the   usefullness   of

"sedimentary   cycles"   f or   napping   and   stratigraphic
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Figure   11.       Diagrammatic    section   of   the   typical
lithologic   and   biostratigraphic   features   of
successive   Pennsylvanian   or   Permian   cyclothems,
and   their   environmental   interpretations
(from   Moore,1964).
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classification.      He   defined   sedimentary   cycles   as

time-stratigraphic   units   that   can   cut   across   lateral   facies

changes   and   consist   of   many   "interdigitating"   1ithofacies   and

Zones,

Vail  £±  ±|.    (1977)   concluded   that   Phanerozoic   history

was   affected   by   cyclic,   global,    sea   level   changes.      They

found,   based   on   seismic   information,   well   control,   and   other

geologic   data,   that   regional   cycles   of   different   magnitudes,

and   on   different   continental   margins,   are   simultaneous.

These   regional   cycles   are   represented   by   depositional

sequences   and   the   unconformities   that   bound   them.   Three   major

orders   of   depositional   sequences   (first-,   second-,   and   third-

order)   are   descri`bed   by   Vail  £±  ±|.    (1977)   as   representing

major   onlap-offlap   (i.e.,   transgressive-regressive)

sequences.      These   sequences   are   bounded   by   regionally   and

globally   correlative   unconf ormities   that   resulted   f ron

relative   regressive   off lap.

Relatively   smaller   cycles   than   those   of   Vail  £±  ±|.,

were   described   by   Ramsbottom   (1979)   who   showed   that   the

Carbonif erous   of   northwestern   Europe   f ormed   a   single   large

cycle   he   termed   a   synthem,    following   Chang   (1975).

Ramsbottom   proposed   a   hierarchal   nomenclature   specif ically

for   ''eustatic   cycles".      These   included   synthems   (largest

cycles).    mesothems,    and   cyclothems   (smallest   cycles).

Heckel    (1977,1980)    abandoned   the   term   megacyclothem

(after   Moore,    1936)   and   established   the   ''Kansas   cyclothem"   as
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a   result   of   his   work   on   the   mid-Desmoinesian   to   mid-Virgilian

strata   in   the   Mid€ontinent.      Considered   by   Heckel   as   a

"basic"   transgressive-regressive   cyclothem,   the   "complete"

Kansas   cyclothem   consists   of ,    in   ascending   order:    outside,

nearshore   shales   deposited   during   lower   stands   of   sea   level;

trangressive,   typically   skeletal   1imestones   deposited   in

deepening   water;   an   offshore,    thin,   conodont-rich,    gray   to

black,    phosphatic   "core"   shale   formed   at   maximum

transgression;    a   regressive,    shoaling   upward,   commonly   thick

marine   limestone;    and   a   regressive,   marine   to   nonmarine

outside   shale.

Heckel's   Kansas   cyclothem   approach   is   intrinsically

dif f erent   f ron   the   cyclothem   and   megacyclothem   approach

of   Moore   (1936)   based   on   the   position   of   the   core   shale

as   representing   maximum   transgression.      Moore   (1936,    1964)

considered   the   f usulinid   rich   limestones   in   his   Pennsylvanian

and   Permian   cyclothems,   as   representing   the   most   offshore

conditions   as   a   result   of   maximum   transgression.      Also,   Moore

(1964)   implicity   shared   the   view   of   Zangerl   and

Richardson   (1963)   on   the   black   shales   of   the   "Heebner   type";

namely,   that   these   shales   were   representative   of   relatively

shallow   marine   conditions.      Figure   12   shows   a   typical   "Kansas

cyclothem"   a§   interpreted   by   Heckel   (1977),    relative   to   a

cyclothem   as   interpreted   by   Moore    (1936,1964).

Heckel    (1985,    1986)    classified   complete   Kansas

cyclothems   as   "ma].or   cycles"   having   conodont-rich   shales   that
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Figure    12.       Typical   Mid-Continent    cyclothem   showing
various   interpretations   of   origin   of   the   t)lack,
fissile,    phosphatic   shale   (from   Heckel   and
Baesemann,1975).       Dotted    line    (1)    represents"shallow   water"   interpretations   of   black   shale
(Moore,.1936,1964).       Solid    line    (2)    represents
the   "deeper"   water   interpretation   f or   the   black
shale    (Heckel    and   Baesemann,1975).
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extend   to   the   northern   limit   of   outcrop   in   Iowa,   as   well   as

the   complete   development   of   other   members   in   the   cyclothem.

His   major   cycles   represent   maximum   inundation   onto   the   shelf .

Heckel   also   recognized   ''intermediate   cycles",   which   are

incotnplete   Kansas   cyclothems   because   they   have   poorly

developed   core   shales.      They   resulted   from   inundation   of   a

lesser   magnitude.      Heckel    (1985,    1986)   also   recognized   "minor

Cycles"   as   deepening-shallowing   sequences   lacking   the   core

shale,   and   representing   minimum   extent   of   marine   inundation

onto   the   shelf   or   minor   reversals   within   na].or   cycles.

Heckel   suggested   that   his   cycles   are   distributed   in   an

irregular   continuum   based   on   the   rate   and   extent   of   marine

inundation   onto   the   shelf   (see   Heckel,1986,    Figure   2).

Goodwin   and   Anderson   (1985)   challenged   the   traditional

model   of   gradual,   stratigraphic   accumulation,   by   presenting

an   alternative   that   is   based   on   allogenic,   episodic

accumulation;    namely,    the   hypothesis   of   punctuated

aggradational   cycles   (PACs).      According   to   Goodwin   and

Anderson,    PACs   are   commonly   thin   (I-5   meters),    asymmetrical,

shallowing-upward   units   presumed   to   be   correlative   at   least

basinwide   (Figure   13A).      Each   cycle   is   bounded   by   non-

depositional   surf aces   that   result   f ron   a   geologically

instantaneous   rise   in   base-level.      These   punctuation   events

bound   an   aggradational/progradational   unit   that   was   deposited

during   relative   base   level   stability.

Goodwin   and   Anderson    (1985)    coined    the   term   PAC   to   be
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used   as   a   new   allostratigraphic   unit,   based   on   cyclic

recurrences.      Anderson   £±±|.    (1984)   found   PAC   boundaries   to

coincide   with   f ormation   boundaries   that   separate   markedly

"disparate"   facies.   and   thus   cast   "serious   doubt"   on   the

conception   of   formations   as   truly   representing   gradual,

laterally   migrating   mappable   facies.

According   to   the   PAC   hypothesis,    PACs   are   pervasive

throughout   the   stratigraphic   record   (Goodwin   and   Anderson,

1985).      Consequently,   all   environments   (in   general)   including

fluvial,   deltaic,   tidal   flat,   shelf .   slope,   submarine   fan,

basinal   elastic,   and   marine   carbonate   environments   are

predictable   with   this   hypothesis.      Basinwide,

chronostrati8raphic   correlation   is   possible   because   of   the

laterally   extensive   nature   and   isochronous   boundaries   of

PACs.       PACs   are   considered   by   Goodwin   and   Anderson   as   thin,

time-stratigraphic   units.

PACs   can   also   be   grouped   into   larger-scale

transgressive~regressive   sequences,   about   5   to   30   meters

thick,    which   Goodwin   and   Anderson    (1985)    termed   PAC   sequences

(Figure   138).      These   sequences   are   generally   shallowing-

upward   sequences   and   can   be   isolated   relative   to   key   marker

beds   and   horizons.      This   provides   time-stratigraphic

correlation   of   vertical   sequences   of   PACs.
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Hlerarchal   Gefletic   (T-R  Unit)   Stratlgraphy

Busch   (1984)   and   Busch   and   Rollins   (1984)   utilized   field

data   and   published   data   on   the   Carbonif erous   of   the

Appalachian   Basin,   to   clef ine   a   hierarchal   classif ication   of

deepening-shallowing   sequences.      These   sequences   are   at   least

basinwide   in   extent,   so   they   were   recognized   as

transgressive-regressive   units   (T-R   units)   of   dif fering

magnitudes,    presumed   to   have   been   caused   by   cyclic   sea   level

changes,   operating   at   different   rates   and   magnitudes.      Busch

and   Rollins   (1984)   defined   T-R   units   as   being   either   major   or

minor   (Figure   14).      The   ma].or   T-R   units   encompass   first-,

second-,   and   third-order   T-R   units,   while   the   minor   units

encompass   fourth-,   fifth-,   and   sixth-order   T-R   units.

These   major   and   minor   units   are   clef ined   on   a   physical

basis   by   the   inspection   of   all   1ithostratigraphic   and

biostratigraphic   facies   and   facies   contacts,   but   their

periodicities   are   also   hierarchal   (Figure   14).      Accordingly,

Vail  £i  ±|±.      (1977)   first-,   second-.   and   third-order   T-R

units   (i.e.   depositional   sequences)   have   periodicities   of

225-300   in.y.,    20-90   n.y.,    and   7-13   n.y.,    respectively.

The   Phanerozoic   Eonothem   is   composed   of   two   f irst-order   T-R

units   with   a   f irst-order   apex   of   transgression   occurring   in

the   Lower   Ordovician   and   another   in   the   Upper   Cretaceous.      A

f irst-order   apex   of   regression   occurs   near   the   Permo-Triassic

I, o u n d a r y .
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In   terms   of   the   Permo-Carboniferous,    the   Mississippian

System   encompasses   the   upper   portion   of   a   second-order   T-R

unit,   all   of   the   Pennsylvanian   and   Early   Permian   make   up

another   second-order   T-R   unit,    and   the   Middle-Upper   Permian

forms   the   basal   part   of   another   second-order   T-R   unit.

According   to   Vail  £±  ±|.    (1977).   cumulative   sea   level   falls

in   the   first-order   T-R   units   tended   to   be   more   gradual,   and

the   sea   level   curves   are   relatively   symmetrical.      However,

the   sea   level   curves   of   second-   and   third-order   T-R   units   are

asymmetrical,   with   a   relatively   gradual   rise   in   sea   level

followed   by   a   generally   abrupt   fall.

Fourth-order   T-R   units   have   periodicities   of   about   0.6-

3.6   in.y.,    and   are   equivalent   in   scale   to   Ramsbottom's   (1979)

Carboniferous   mesothems   of   Europe.      Fifth-order   T-R   units

have   periodicities   of   about   300,000-500,000   years   and   are

similar   in   scale   to   Wanless   and   Weller's   (1932)   Illinois

cyclothem,    Moore's    (1936)   megacyclothems,    Heckel's    (1977)

Kansas   cyclothems,    Heckel's    (1985,1986)    major   and

intermediate   cyles,    and   Ramsbottom's   (1979)   European

Carboniferous   cyclothems.      Sixth-order   T-R   units   have

periodicities   of   about   50,000-130,000   years   or   less,   and   are

essentially   jACs   of   Goodwin   and   Anderson   (1985).      Heckel's

(1986)   minor   cycles   and   Moore's    (1936)    cyclothems   are

analogous   in   scale   to   sixth-order   T-R   units.
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Methods   of   Study

Methods   o£ Hier8rchal   Genetic   Correlation.--Three

distinct   methods   of   stratigraphic   correlation   can   be

differentiated   based   on   the   following   definitions:

Cyclothem   stratigraphy   -   is   clef ined   by   the   correlation

of   rhythms   (A-B-C,    A-B-C,    A-B-C)    of   sedimentation

(e.g.,    cyclothemic   limestone-shale   couplets,   Moore,

1936)    or   cycles    (A-B-C-B-A,    A-B-C-B-A,    A-B-C-B-A)

of   sedimentation   (e.g.,   Kansas   cyclothem,   Heckel,

1977)  .

Genetic   stratigraphy   -correlates   events   (deepenings,

shallowings,    climate   changes,    erosional   episodes,

volcanic   ash   falls,   storms   or   tempestites,   etc.)

clef ined   by   the   inspection   of   all   facies   and   facies

contacts   and   their   relative   relationships   (e.g.,

Busch,1984).

Hierarchal   Genetic   Stratigraphy   -   Correlates   a   nested

hierarchy   of   correlative   deepening-shallowing

units   (transgressive-regressive.   or   "T-R",   units)

and   their   terrestrial   equivalents   (climate-change

units)   clef ined   by   the   inspection   of   all   facies   and

f acies   contacts   and   their   relative   relationships

(e.g.,    Busch   and   Rollins,1984;    and   Busch   and   West,

1987)  .

The   method   of   correlation   used   in   this   study   was
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devised   and   fashioned   by   Busch   (1984),    and   Busch   and   Rollins

(1984),   and   it   relies   on   the   definition   of   a   hierarchy   of   T-R

units   (described   above).      The   definition   of   hierarchal

transgressive-regressive   units   is   based   on   an   initial   PAC

approach   to   outcrop   and   cores   to   clef ine   the   sixth-order   T-R

units.     This   calls   for   the   investigation   of   the   total   range

of   facies   and   facies   contacts.      The   sixth-order   T-R   units   are

then   grouped   into   larger   fifth-order   T-R   units,   and   so   on.

The   sixth-order   T-R   units   are   thus   the   smallest   T-R   units

(i.e.,   PAC-scale)   one   can   define   in   outcrops   and   cores   based

upon   a   macroscopic   inspection,   and   enhanced   with   laboratory

data,

Sea   level   curves   can   be   drawn   relative   to   columnar

sections   as   shown   in   a   hypothetical   example   in   Figure   15.

The   lithologic   and   paleoecologic   relationships   within   each

sixth-order   T-R   unit   reveal   intervals   that   represent   the

start   of   transgression   (and/or   retrogradation),   maximum

transgression   (i.e.,    the   transgressive   apex;   Busch   and   West,

1987),    start   of   regression/progradation,    and   maximum

regression/progradation.      The   relative   extents   of   these

events   are   depicted   (environmentally)   in   the   sixth-order   sea-

1evel   curves   (Figure   15).

The   boundaries   of   f if th-order   T-R   units   are   determined

by   considering   the   relative   extents   of   transgression   among

each   of   the   sixth-order   T-R   units.      For   example,   a   fifth-

order   boundary   is   placed   at   the   top   of   any   sixth-order   T-R
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unit   representing   less   extensive   transgression   than   the

sixth-order   T-R   unit   immediately   above   it.      Conversely,   a

f if th-order   boundary   is   placed   below   any   sixth-order   T~R   unit

representing   more   extensive   transgression   than   the   sixth-

order   T-R   unit   immediately   below   it.

Fourth-order   T-R   unit   boundaries   are   identif led   based

upon   similar   relationships   among   the   f if th-order

transgressions.      A   fourth-order   T-R   unit   boundary   is   placed

at   the   top   of   any   f if th-order   T-R   unit   containing   a

transgressive   apex   that   represents   less   extensive

transgression   than   the   f if th-order   T-R   unit   immediately   above

it.

Autocyclic   units   can   be   isolated   using   this   methodology.

Where   the   number   of   transgressive-regressive   units   are   equal

and   correlative   among   localties   (relative   to   key   marker

beds),   then   all   of   the   T-R   units   are   considered   as   allocyclic

(i.e.,    resulting   from   widespread   changes   in   sea   level   or

climate   change;    Figure   16,    bottom).      If   none   of   the   units   are

correlative,   and   show   total   variability   relative   to   the

marker   beds,    then   the   units   are   considered   as   autocyclic

(i.e.,    probably   resulting   from   local   internal   feedback

mechanisms;   Figure   16,    top).      The   likelihood   is   that   locally

derived,   autocyclic   or   extra,   noncorrelative   units   will   occur

"within"   a   stratigraphic   interval   of   widespread   allocyclic

units    (Busch   and   West,1987;    Figure   16.    center).



AUTOCYCLIC

AUTOCYCLIC  -ALLOCYCLIC

ALLOCYCLIC

Figure   16.       Schematic   stratigraphic   columns   composed
of   number.ed   deepening-shallowing   units   isolated
between   two   marker   beds   X   and   Y,    and   illustrating
the   dif f erence   between   autocyclic   and   allocyclic
T-R   units    (see   text   for   discussion;    from   Busch
and   West,1987).
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Genetic   Surfaces.--Boundaries   of   T-R   units,   terrned

"genetic   surfaces",   can   be   transgressive   surfaces   or   climate

change   surfaces   (Busch   and   Rollins,    1984:    Busch   and   West,

1987).      Transgressive   surfaces   are   located   between   either   a

relatively   deeper   marine   f acies   overlying   a   relatively

shallower   marine   facies,   or   between   a   marine   facies   overlying

a   non-marine   facies.      Climate   change   surfaces   are   located

between   non-marine   units   representative   of   relatively   more

humid   conditions   (e.g   coals      or   lacustrine   limestones)   and

subjacent   non-marine   units   of   a   relatively   less   humid,   or

arid   nature   (e.g.,   paleosols).

The   relationships   between   climate   change   surfaces,

and   transgressive   surfaces   are   exemplif led   in   Figure   17   (and

discussed   in   detail   by   Busch   and   West,1987).      Transgressive

surfaces   that   are   located   between   marine   facies   and   nonmarine

facies   (e.g.,    genetic   surfaces   2   and   6,   Figure   17),    and

climate   change   surf aces   located   between   coal   and   paleosol

developments   (e.g.,    sixth-order   genetic   surface   1),   are

generally   conspicuous.      Most   of   the   other   genetic   surfaces

are   cryptic   in   Figure   17,   being   located   either   between   less

open   marine   facies.    and   more   open   marine   facies   (e.g.,

transgressive   genetic   surfaces   7,   8,   and   9,   at   all

locations),   or   within,   for   example,   coal   sequences   as   at   the

base   of   location   X   (e.g.,    climate   change   surfaces   2,    3,    4,

and   5).      The   nine   sixth-order   genetic   surfaces   define   eight

complete,    and   two   incomplete   (at   the   base   and   top)   sixth-
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Figure   17.      Schematic   illustration   of   three
hypothetical   locations   (X,    Y   and   Z)    to   exemplify
the   relationship   between   climate   change   surf aces
and   transgressive   surfaces,    plus   the   definition
of   sixth-   and   f if th-order   T-R   units
(from   Busch    and   West,1987).
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order   T-R   units.      One   complete   (fifth-order   T-R   unit   A),   and

two   incomplete   (at   the   base   and   top   of   locations   X,   Y,   and   Z)

fifth-order   T-R   units   are   defined,   and   correlated,   based   on

the   sequence   of   marine   and   nonmarine   facies.      In   short,

Figure   17   shows   how   hierarchal,    genetic   T-R   units   (and   their

bounding   surf aces)   can   be   correlated   through   widespread

nonmarine   intervals   (e.g.,    sixth-order   T-R   unit   A),    through

marine   to   nonmarine   intervals   (fifth-order   T-R   unit   A),   and

finally,   through   widespread   marine   intervals   (e.g.,   base   of

fifth-order   T-R   unit   8).

Dig iunct Facies.--The   word   facies   was   introduced   into

geologic   literature   by   Steno   (1669),    and   was   used   to   define

rocks   representative   of   a   particular   time   interval.

Gressly   (1838)   stated   that   a   facies   of   a   stratigraphic   unit

contains   distinct   lithological   or   paleontological

characteristics,   that   are   different   from   the   characteristics

of   other   facies   of   the   same   geological   horizon.      Walther

(1893)   continued   the   development   of   the   facies   concept   by

coining   the   term   "faciesbezirk"   (facies   tract)   for   a

conformable   sequence   of   vertical,   genetically   related   facies.

Walther   (1894)    formulated   what   is   now   known   as   "Walther's

Law",   which   states   that   a   conformable   vertical   sequence   of

facies   was   generated   by   a   lateral   sequence   of   environments.

Critical   analyses   of   the   I acies   concept   led   to   similar   f acies

definitions.      For   example,    Moore    (1949,    p.    32)    defined

sedimentary   facies   as   "...any   areally   restricted   part   of   a
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designated   stratigraphic   unit   which   exhibits   characters

signif icantly   dif ferent   f ron   those   of   the   other   parts   of   the

unit."

Walther's   Law,    and   thus   the   gradual   accumulation   and

migration   of   genetically   related   facies,   is   traditionally

used   to   explain   the   presence   of   members   or   f ormations   as

deposits   of   a   diachronous   nature.      The   concept   of   episodic

accumulation   has   recently   been   used   to   challenge   this

traditional   concept   (e.g.,   Dott,1983;   Anderson  £±  ±|.,1984;

Goodwin   and   Anderson,1985;    and   Goodwin   j=±  i.,1986).

Because   PACs   are   based   on   rapid   base   level   rises   and   episodic

accumulation,   their   bounding   isochronous   surfaces   separate

noncontiguous   or   dis].unct   facies   (Goodwin  ±±  i.,1986).

Therefore   Walther's   Law   is   precluded   across   PAC   boundaries,

but   the   law   is   used   to   explain   the   vertical   sequence   of

facies   within   a   PAC.      Figure   18   illustrates   the   concept   of

disjunct   facies   in   a   series   of   shallowing-upward   sixth-order

T-R   units,

Inter retive   Biofacles.--The   term biofacies,   as   used   in

this   study,   is   defined   as   a   lateral   or   vertical   subdivision

of   a   sixth-order   T-R   unit   differentiated   from   other   adjacent,

subjacent,   or   super].acent   subdivisions   of   the   same   sixth-

order   T-R   unit   by   its   biological   characteristics.      Moore

(1949,1957)   and   Weller   (1958)   used   a   similar   definition   of

biofacies.      Use   of   the   term   biofacies   in   this   report   is

emphasizing   that   facies   can   be   dif ferentiated   using
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biological   components   (i.e.,   versus   lithologic   characters).

This   is   important   to   the   present   study   because   of   the   diverse

invertebrate   f ossil   associations   within   the   Foraker   Formation

(e.g.,    Elias,1937;    Mudge   and   Yochelson,1962;    Yarrow,1974;

Schmidt,1974).

Organisms   adjust   to,   and   exhibit   the   results   of ,

environmental   variations   (e.g.,    deepening-shallowing   marine

conditions)   that   are   not   always   ref lected   by   lithologic

differences.      Analysis   of   the   presence-absence   of   Foraker

fauna   (and   thus   recurrent   faunal   associations)   and   the

biofacies   they   define   (both   vertically   and   laterally)   helped

invoke   environmental   interpretations.      This,   in   turn,   helped

establish   the   basis   f or   determining   sixth-order   genetic

boundaries,   and   deeper   versus   shallower   facies   within   each

sixth-order   T-R   unit.      Environments   represented   by   deeper   or

shallower   facies   (biofacies)   were   graphically   illustrated   by

relative   sea   level   curves.      All   environmental   interpretations

were   made   subsequent   to   any   taphonomic   interpretations   of

biofacies.      The   use   of   biofacies   and   the   methodology   of

environmental   interpretations   in   this   study   are   analogous   to

several   examples   as   discussed   below.

Brezinski    (1981,    1983)   and   Wells   (1985)    analyzed   the

biof acies   and   f aunal   associations   of   some   Pennsylvanian

strata   in   the   Northern   Appalachian   Basin   that   contained

taxa   similar   to   those   found   in   the   Foraker   Formation.

Environmental   stress   gradients   (caused   by   water   depth,
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salinity,   proximity   to   source   lands,   etc.),   causing

differences   in   faunal   diversities,   allowed   the   lateral   and

vertical   differentiation   of   biofacies.      For   example,   Figure

18   illustrates   Brezinski's   biofacies   of   the   Ames   Limestone

(Late   Carboniferous,   Virgilian).      This   figure   shows   that

there   are   distinct   boundaries   represented   by   the   shoreward

disappearance   of   stenotopic   biota   (e.g.,   fusulinids,

Neospirifer,   and   Composita)   and   an   increase   in   eurytopic

individuals   (e.g.,   Crurithyris,Aviculo ecten 'and

bellerophontaceans).      Brezinski   (1983,    pg.    97)   showed   that

his   biofacies   are   also   discernible   in   vertical   stratigraphic

sequence   where,    for   example, a   Neochonetes   biofacies   is

overlain   by   a   Neospirifer   and   Composita   biofacies,   which   is

overlain   by   a   Crurithyris   biofacies,   which   is   overlain   by   a

molluscan   biofacies.      This   vertical   sequence   of   biofacies

defines   a   basal   transgressive,   opportunistic   (Neochonete s )

facies,    that   is   overlain   by   a   deeper   or   normal   marine   facies

(Composita   and   Neospirifer   biofacies),   which   grades   upward

into   a   paralic   or   more   restricted   marine   facies   (Crurithyris

and   molluscan   biofacies).

Wells    (1984)   also   demonstrated   that   the   Woods   Run

"tnarine   unit"   (late   Pennsylvanian,   Missourian)   of   the

Appalachian   Basin,   could   be   divided   into   three   biofacies   that

represent   distinct   environments.        Wells'   first   biofacies

(Cavellina-ru 80 san-Glabrocin ulum-echinoderm   biofacies)

represents   a   stable,   open-marine   environment   that   contained
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Figure   18.      Biofacies   distribution   of   the   Ames   Limestone
(Late   Missourian   or   Early   Virgillian)   of   the   Northern
Appalachian   Basin,    as   defined   by   Brezinski    (1981,1983)
and   modified   with   data    from   Busch    (1984).
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stenotopic   and   eurytopic   individuals   and   is   the   most

generically   diver;e   assemblage.      The   other   two   biofacies

(Stra arollus-Donaldina

Orbiculoidea-Hollinella

-Coryllites   biofacies   and   the   Lingula-

-bellerophontacean   biofacies)   are   less

diverse,   are   dominated   by   stenotopic   individuals,   and

and   represent      shallow,   nearshore   environments.      Studies

such   as   these,   show   that   stenotopic   fauna   are   not   present   in

nearshore,   unstable   environments,   and   that   generic   diversity

increases   toward   more   stable,    deeper   or   more   open-marine

environments.

Fossil   diversity   is   one   of   the   f undamental   parameters

used   in   this   study   to   dif ferentiate   deeper   (more   open)   versus

shallower   (more   restricted)   marine   facies.      Diversity   is

defined   as   the   taxononic   richness   or   number   of   species   (or

genera)    present    (Raup   and   Stanley,1971).       Sanders   (1969),

and   Bretsky   and   Lorenz   (1970)   stated   that   species   diversity

increases   proportionally,   with   an   increase   in   environmental

stability,   as   in   the   case   of   more   normal   marine   conditions

(e.g.,    during   maximum   transgression);    and   that   diversity

changes   are   discernible   whether   studied   vertically   or

laterally.

Carboniferous   studies   by   Donahue   £±  ±|.    (1972),   Donahue

and   Rollins   (1974),   and   Rollins  ±±  ±|.    (1979)   have   shown   that

maximum   fossil   diversities   (containing   eurytopic   and

stenotopic   individuals)   occur   in   the   more   "open"   and   deeper

marine   units,    representative   of   maximum   transgression;
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whereas,   the   less   diverse   biota   (consisting   of   eurytopic

individuals)   occur   in   the   regressive,   shallow   marine

deposits.      Stevens   (1971)   showed   that   fossil   diversities   in

the   Pennsylvanian   Minturn   Formation   of   central   Colorado

increase   with   increasing   depth   and   distance   from   shore

because   of   environmental   stability.

Patterns   illustrating   onshore   to   of f shore   diversity

increases   have   also   been   documented   by   Bretsky   (1970)   in   the

Upper   Ordovician   of   the   Central   Appalachian   Basin,    by   Walker

and   Laporte   (1970)   in   Ordovician   and   Devonian   strata   of   the

Appalachians,   and   by   Sutton  £±  ±|.    (1970)   in   Upper

Devonian   deltaic   sediments   of   New   York.      Nonrandom   vertical

and   lateral   biofacies   distributions,   as   influenced   by   stable

(offshore)   and   unstable   (nearshore)   environments,   have   been

documented   in   terms   of   diversity   f or   most   of   the   Paleozoic

(Anderson,1974).

Anomalous   increased   diversities   in   a   shoreward

direction   have   been   commonly   attributed   to   an   increase

in   molluscan   diversity,   which   has   been   termed   the   ''molluscan

reversal"   by   Dodin   (1974).    Such   molluscan   reversals   have   been

documented    by   Stevens    (1971)    and   Brezinski    (1983);    both

interpreted   their   reversals   as   indicative   of   nearshore

environments.      Hattin   (1957)   and   Anderson   (1974)   have   also

shown   molluscan   dominated   facies   as   representing   nearshore

environments .

Most   recently   West   and   Busch   (1985)    have   shown   that   the
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Middle   Pennsylvanian   Wewoka   Formation   (Desmoinesian)   contains

at   least   14   sixth-order   transgressive   surfaces.      These   were

delineated   by   using   quantitative   fossil   diversities.     Where

faunal   diversities   showed   an   abrupt   increase,   following   a

quantitatively   lower   diversity   value,   a   sixth-order   boundary

was   postulated   at   that   position.

In   this   study   the   number   of   genera,   and   thus   the

diversities,   are   represented   graphically   by   the   presence   and

absence   of   genera.      The   abrupt   increase   or   appearance   in

fossil   diversity   (as   represented   by   a   particular   biofacies)

was   interpreted   in   this   study   as   representing   a   deepening

event,   with   the   transgressive   surface   being   placed   at   the

base   of   this   event.      Decreases   in   fossil   diversity   (as

represented   by   certain   biof acies)   and   lithostratigraphic

changes   helped   clef ine   the   shallowing-upward   nature   of   each

sixth-order   T-R   unit.

Comparing   the   relative   maximum   f ossil   diversities   of

all   sixth-order   T-R   units   (and   carefully   considering   any

nolluscan   reversals)   helped   reveal   the   f if th-order

boundaries.      In   so   doing,    the   maximum   extent   of   transgression

in   each   fifth-order   T-R   unit   (i.e.,   the   fifth-order

transgressive   apex)   was   also   revealed,    based   on   the   biofacies

Containing   the   maximum   faunal   diversity,   relative   to   the

other   sixth-order   T-R   units.      Net   deepening   and   shallowing

trends   (on   a   fifth-order   scale),   based   on   relative   net

increases   and   relative   net   decreases   (respectively)   in   fossil
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diversity,   were   also   revealed.

Once   the   maximum   extent   of   transgression   was   f ound   at   a

fifth-order   level,   the   fossil   diversities   of   each   fifth-order
"transgressive   apex"    (e.g.,    Busch   and   West,1987)    could   be

compared.      This   helped   determine   where   the   maximum   extent   of

transgression   on   a   fourth-order   scale   occurred,   as   well   as

where   the   net   deepening,    and   net   shallowing   phases   occurred.

The   presence   and   absence   of   f ossils   used   to   help

delineate   the   deepening-shallowing   trends   was   described   in   a

relative   sense.      Namely,    each   genus   is   spoken   of   in   terms   of

abundant,    common,    rare,    or   absent.   Abundant   refers   to   a

f ossil   that   is   numerous   or   prof use   enough   to   be   readily   seen

(or   is   essentially   everywhere   present)   in   a   slabbed   surface,

thin   section,   shale   sieve   analysis,   or   the   weathered   outcrop

surface.      Common   refers   to   fossils   that   are   numerous,   but   are

not   immediately   conspicuous   (or   are   not   everywhere   present).

Rare   ref ers   to   f ossils   that   are   very   poorly   represented   in

the   sample   (found   only   once   or   twice   in   the   rock).

Labeling ± E Units.--An alpha-numeric   label   was

affixed   to   each   individual   sixth-order   T-R   unit.      This   label

clef ines   its   hierarchal   placement   relative   to   the   f if th-   and

fourth-order   units.      The   labeling   scheme,   Fn.n,   was   devised

for   this   study   and   is   defined   in   the   following   manner:      "F"

arbitrarily   stands   for   the   Foraker   fourth-order   T-R   unit;   the

first   "n"   stands   for   the   numerical   position,    in   ascending

increasing   order,   of   the   fifth-order   T-R   unit   within   the



62

fourth-order   T-R   unit;   and   the   second   ''n"   stands   for   the

sixth-order   T-R   unit,   and   its   relative   position  within   the

fifth-order   unit.      For   example,   F1.2   stands   for   the   second

sixth-order   T-R   unit   above   the   base   of   the   f irst   f if th-order

T-R   unit   within   the   "F"   or   Foraker   f ourth-order   T-R   unit

(Figure   15).

The   label,   Fn.n,    essentially   has   a   two-fold   meaning.

Firstly,   it   represents   the   transgressive   and/or   climate

change   surface   to   which   it   is   affixed;   and   secondly,    it

also   represents   the   entire   sixth-order   T-R   unit   immediately

above   the   genetic   surface   containing   the   same   label,   and

below   the   next   super].Scent   genetic   surface.

The   names   of   the   f if th-order   T-R   units   delineated   in   this

study   ref lect   the   names   of   the   f ormal   1ithostratigraphic

"member"   most   completely   contained   within   that   particular

fifth-order   T-R   unit   (e.g.,   Americus   fifth-order   T-R   unit,   or

the   Hughes   Creek   fifth-order   T-R   unit).      Fourth-order   T-R

units   can   named   in   a   similar   manner,    using   formational   names.
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HIERARCHAL    GENETIC    STRATIGRAPHY   0F   THE    FORAKER   FORMATION

The   initial   procedure   f or   clef ining   the   hierarchal

genetic      (T-R   unit)   stratigraphy   of   the   Foraker   Formation

consisted   of   a   detailed   bed-by-bed,   stratigraphic   analysis   of

closely   spaced   outcrops   and   one   core   (Amoco   #1   Hargrave,

Appendix).      The   new   locations   (Figure   i)   described   here

(Appendix)   were   located   using   geologic   and   topographic

maps.      Other   sections   were   redescribed   after   Jewett   (1941),

0'Connor   (1953),   Waiter   (1953),   Scott  i  ±.    (1959),   and

Nudge   and   Burton    (1959).

The   measured   sections   and   their   relative   locations   were

utilized   on   the   basis   of   their   completeness   of   the   Foraker

exposure,   proximity   to   one   another,   and   north-south   and   east-

west   location   to   provide   three   dimensional   stratigraphic   (and

paleogeographic)   control.      Two   additional   locations   described

by   Garber    (1962),    one   from   Nudge   and   Yochelson    (1962),    two

from   Mudge   and   Burton   (1959),    two   from   Scott   £±  ±|.    (1959),

and   one   from   Jewett   (1941)   were   used   to   supplement   those

sections   measured   and   described   by   this   author.

Thin   sections   and   rock   slabs   of   more   than   100

limestone   samples   were   made,    then   analyzed   with   binocular   and

petrographic   microscopes.      Particular   attention   was   paid   to

the   presence-absence   of   f ossils   and   lithologic   f eatures

indicative   of   particular   paleoenvironments.      Thin   section

analysis   aided   in   describing   microf ossils   and   fossil   debris
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that   were   unrecognizable   in   the   field.

Calcareous   and   non-calcareous   shales   were   disaggregated

using   Quaternary-0   (a   dispersing   agent)   for   the   study   of

fossil   content   and   general   textural   properties.      The   samples

were   immersed   in   a   27o   solution   of   Quaternary~O   f or

approximately   30   to   40   days   (or   until   a   texturally   homogenous

residue   was   obtained;    i.e.,    the   samples   were   not   boiled).

The   shale   residues   were   then   washed   through   a   U.S.    standard

10-60-140-220   mesh   screen   stack.      Samples   were   collected   from

each   screen-size,   and   macrofossils   were   separated   from

microfossils.      This   method   works   exceptionally   well,   even   for

very   calcareous   shales.

Field   and   laboratory   analyses   of   the   lithologies,

fossils,   and   sedimentary   structures   were   used   to   describe   in

detail,   the   Foraker   Formation   at   four   locations   to   determine

the   presence   of   T-R   units.      These   localities   consist   of   the

Paxico,   Manhattan,    MCDowell   Creek   Road,    and   Poliska   Lane

sections   (Figure   1;    Appendix).      Each   distinct   lithology   was

sampled   at   each   of   the   four   localities.      Where   limestones   and

shales   were   relatively   thick   and   massive,   multiple   samples

were   taken   to   detect   stratigraphic   lithof acies   or   biof acies

changes.      Thin   sections   and   washed   residues   were   concentrated

in   those   intervals   that.   from   field   observations,   appeared   to

be   critical   in   correlating   the  T-R   units   of   the   detailed

sections   with   other   localities.

Sixth-   and   f if th-order   T-R   units   of   the   Paxico   section
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will   be   described   first,   as   this   represents   the   most   complete

section   of   the   Foraker.      Subsequently,   sixth-and   fifth-order

T-R   units   are   described   for   the   MCDowell   Creek   Road   section,

Manhattan   section,   and   lastly,   for   the   Poliska   Lane   section

(in   that   order),   as   these   last   three   sections   supplement   each

other   in   a   stratigraphically   ascending   fashion,   and   close

geographic   proximity.      Part   of   a   fourth-order   T-R   unit   will

be   described   separate   f ron   the   f if th-   and   sixth-order   T-R

units.      The   four   detailed   sections   need   to   be   discussed

within   the   same   context,   and   essentially   simultaneously,   in

order   to   define   part   of   the   fourth-order   T-R   unit.      Genetic

correlation,   based   on   three   cross-sections   (pocket

enclosure),   will   then   be   discussed   relative   to   the   detailed

sections.

Paxlco   Section

Sixth-Order   T-R Units.--Based   on   detailed   field   and   latt

analysis   of   the   lithostratigraphic   and   faunal   associations,

the   Paxico   section   was   divided   into   14   sixth-order   T-R   units.

The   first   sixth-order   T-R   unit,   F1.1    (Figures   19   &   20a;

Appendix)    is   present   from   0.43   in   below   the   base   of   the

Americus   Limestone   Member,    to   0.81   n   above   the   base   of   the

Americus   limestone,    and   encompasses   units   2   through   5.      Unit

2   consists   of   an   olive   gray,    silty,   blocky   and   shaley

claystone,    that   contains   abundant   ostracodes   and   macerated
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Figure   19.      Lithostratigraphic   symbols,    sample   intervals,
and   relative   fossil   abundance   symbols   used   in
Figures    20,    21,    and    22.
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Figure   20a-e   .      Graphic   illustrations   of   the   Paxico
section   showing   the   lithostratigraphic,
biostratigraphic,   and   paleoenvironnental
charateristics   of   each   sixth-   and   f if th-order
T-R   unit,    and   their   bounding   genetic   surfaces.

a.      Graphic   illustration   of   the   very   upper
Hamlin   shale,    and   sixth-order   T-R   units
F1.1,    F1.2,    and    the   basal    part   of   F1.3.

b.      Graphic   illustration   of   sixth-order   T-R
units   Fl.3,    F2.I,    F2.2   and   the   basal
part   of   F2.3.

c.      Graphic   illustration   of   sixth-order   T-R
units   F2.3,    F2.4,    and   the   basal   part
of   F3.I.

d.      Graphic   illustration   of   sixth-order   T-R
units   F3.1,    F3.2,    F3.3   and   the   basal
part   of   F3.4.

e.      Grapbic   illustration   of   F3.4,    F3.5,
and    F3.6.
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plant   fragments.      Genetic   surface   F1.1   is   placed   at   the   base

of   unit   2,    because   unit   1   (base   concealed)   is   a   non-

fossiliferous,   massive,   silty,   slightly   dolomitic   mudstone

that   contains   common   calcite   nodules   in   its   upper   0.15   n.

Overlying   unit   2   is   0.01   in   to   0.03   in   of   fine   to   medium

grained,    friable   sandstone   (unit   3).      Unit   3   is   composed

predominately   of   moderately   sorted,   angular   clay   and

carbonate   grains   (1ithoclasts?;   i.e.,   calcilithite   to   shale-

arenite).      Unit   3   also   contains   common   ostracode   carapaces,

rare   algal   (stromatolitic   in   origin)   intraclasts,   and   plant

fragments.      These   constituents   are   loosely   held   in   a   clayey,

calcareous   limonitic   matrix   that   is   porous.      This   unit   is

overlain   by,    and   is   gradational   with,    a   0.10   in   to   0.20   in   bed

of   massive.   planar   to   domal   algal   stromatolites   (base   of   unit

4)   averaging   0.12   in   to   0.20m   in   diameter   and   2.0   cm   to   4.0   cn

in   height.     Laterally,   the   algal   stromatolites   are

brecciated,   and   contorted.

In   between   the   subtle   algal   domes   and   embracing   the

larger   algal   clasts   at   the   base   of   unit   3,   is   a   nedium-

grained   calcarenite   matrix   composed   of   poorly   sorted,   algal

rip-up   clasts,   occasionally   arranged   edgewise.      The   matrix

also   contains   ostracodes,    pelecypod   fragments,   and   forams

(occasionally   encrusting   the   algal   stromatolites:   e.g.,

Fisher,1980):    pellets,    bryozoans,   and   echinoderm   fragments

are   also   present,   but   less   conspicuous.      The   upper   part   of

unit   4   (0.15   -0.36   in)   is   an   argillaceous   calcarenite   with
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common   pelecypods,    ostracodes,   and   phosphatic   debris   (fish

debris?),    and   traces   of   brachiopod   fragments.      The   pelecypods

include   common   large   myalinid   fragments,    common   to   rare

Aviculo ecten   and   rare pinnid   fragments.      This   facies   is

identif led   as   a   molluscan   biofacies.   The   matrix   also   contains

thin.   irregularly   shaped   flaser-like   "clay   whisps"   that

become   common   in   the   upper   0.15   n.      These   are   attributed   to

bioturbation   (possibly   burrowing   by   pelecypods).      The   upper

0.15   in   of   Fl.1    (unit   5)   is   represented   by   the   middle   shale

unit   of   the   Anericus   Limestone   Member.      This   unit   is   a   gray-

black   to   gray,   non-calcareous,   nonfossiliferous   shale   with

marked   fissility.      The   lower   1   cm   of   this   facies   is

carbonaceous,   and   abundant   minute   selenite   crystals   are   found

on   the   bedding   surfaces   of   unit   5.

In   summary,    upward   through   T-R   unit   F1.1,    an   ostracode

bearing   silty   shale   (unit   2)   is   overlain   by   a   very   thin   basal

transgressive   carbonate-clay   sandstone   (unit   3).   which   grades

into   massive,   brecciated   stromatolites   (base   of   unit   4).

There   is   an   increase   in   diversity   going   from   units   2   (1

taxon)   to   4   (14   taxa),   an   abrupt   appearance   of   intraclasts

and   stromatolites   at   the   base   of   unit   4,   a   decrease   in   grain

size   from   units   3   to   4,   and   a   decrease   in   the   intraclasts   and

f ragmental   debris   upward   into   the   overlying   pelecypod

dominated   limestone   (unit   4).      Lastly,   there   is   an   increase

in   siliciclastic   mud   (unit   5)    .      Environmentally,   F1.1   is

represented   by   an   initial   marine   inundation   that   trapped
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sediments   in   a   possible   brackish   or   estuarine   environment

conducive   to   ostracode   and   plant   accumulation   (unit   2).

Subsequently,    relatively   rapid   transgression   produced   the

intertidal   calcarenite-sandstone   (unit   3).      Continued

deepening   f ormed   the   laterally   brecciated   stromatolitic

facies   (base   of   unit   4)   that   probably   represents   a   high

subtidal,    yet   agitated   environment.      The   most   open

environment   (subtidal)   is   repesented   by   the   molluscan

biofacies   (upper   part   of   unit   4;    e.g.,   Hattin,1957;   Lutz-

Garihan   and   Cuffey,1979)).      The   subtidal   open   marine

environments   were   followed   by   shallow   marginal   marine,

restricted.   and   possibly   hypersaline   lagoonal   environments

(unit   5).

Fisher    (1980),    Peterson   and   Kaesler    (1980)    and   Nudge   and

Yochelson   (1962)   have   noted   the   existence   of   basal

"transgressive",   brecciated   algal   stromatolites   in   the   lower

Americus.      Fisher   (1980)   suggested   that   the   brecciated   and

contorted   nature   of   these   algal   stromatolites   were   due   in

part   to   storm   and   tidal   currents.      He   described   the   basal

limonitic   clay-grain   sandstone   (unit   3)   as   a   regolithic

deposit,   representing   a   disconformity,   that   formed   under

subaerial   conditions   at   the   end   of   Hamlin   time.      Based   on   the

gradual   increase   in   diversity   from   units   2   through   4,   this

unit   is   interpreted   as   a   "transgressive   lag".      Fisher   (1980)

considered   this   same   unit   to   be   a   regolithic   deposit.   but   I

found   no   evidence   of   subaerial   exposure.   Unit   3   is   clearly
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gradational   with   the   overlying   algal   stronatolites.

Sixth-order   T-R   unit   Fl.2   is   present   from   0.81   in   to

2.05   in   above   the   base   of   the   Americus   limestone   (Figures

19   &   20a;    Appendix)   and   encompasses   units   6   thru   9.      The

lower   0.15   in   of   F1.2   (i.e.,    unit   6,    the   upper   Americus

Limestone)   is   an   argillaceous,   silty,   crinoidal,   brachiopod,

intraclast,   packed   biomicrite   (packstone)   that   contains

detritus-filled,   horizontal   burrows   (2.0   -5.0   cm   diameters).

Fisher   (1980)   concluded   that   the   semi-infaunal   pelecypod,

Wilkingia,    formed   these   burrows.

The   lower   0.15   in   of   unit   6   grades   into   a   biomicrite

(wackestone)   with   common   fusulinids,    bryozoans,    pelecypods

and   abundant   crinoids   and   brachiopods   (upper   part   of   unit   6).

Above   this   is   0.15   in   of   argillaceous,   micritic   calcirudite

that   contains   common   fusulinids   (approximately   10%   by   volume

of   rock),   and   crinoids,   and   rare   Crurithvris,   and

striculina (unit   7).      Above   unit   7   is   0.11   in   of   calcareous,

dark-gray   shale   (unit   8).   containing   abundant   Crurithyris.

The   upper   1.40   n   of   F1.2   (unit   9)    is   a   dark   gray   to   gray,

nicaceous   shale   with   abundant   smooth   ostracodes,   and   rare

I)roductids   and   molluscs.       In   summary,    upward    through   F1.2,

there   is   a   loss   of   intraclasts,   an   appearance   and   increase   in

brachiopod   fragments,    fusulinids,   bryozoans.    crinoids,   and

mud,   a   subsequent   increase   in   Crurithvris,   and   finally,   an

increase   in   ostracodes,    and   more   mud.      The   paleoenvironments

represented   in   F1.2   range   from   higher   energy,   transgressive,
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nearshore   intertidal   conditions   at   the   base   of   unit   6,   to

more   open   marine   (subtidal)   conditions   as   represented   by   the

brachiopod,   t)ryozoan,   crinoidal   and   fusulinid   biofacies

(upper   portion   of   unit   6,    and   unit   7).      These   were   followed

by   intertidal,   regressive/progradational   conditions   as

represented   by   the   Ostracode   biofacies   (units   8   and   9).

Sixth-order   T-R   unit   F1.3   (Figures   19   &   20b)   occurs   from

2.05   in   to   3.90   in   above   the   base   of   the   Americus   limestone,

and   encompasses   units   10   thru   13.      The   lower   0.71   in   of   F1.3

(units   10   and   11)   is   a   silty,   fossiliferous,   calcareous   shale

with   thin   (2.0   -5.0   cm)   biomicrite   interbeds   containing

abundant   Lino roductus rare   to   common   Neosi)irifer,    common   to

Hustedia bryozoans,    crinoids   and

ostracodes,   and   ocassional   horizontal   burrows   (Chondrites)

Above   this   is   0.35   in   of   thin   bedded   to   nodular,   very

argillaceous   calcirudite,   that   is   defined   as   a   burrowed,

brachiopod-molluscan-osagid   packed   biomicrite   (packstone).

The   dominant   constituents   of   this   facies   are   osagid   encrusted

grains,    pelecypod   fragments,   and   gastropods;    in   addition   to

common   echinoid   and   crinoid   debris.      The   molluscan   and

echinoderm   constituents   are   commonly   encrusted,    but   also

occur   (rarely   in   thin   section)   as   free   of   QL±a_gia.

Neospirifer,   Composita,

Neochonetes ,

Reticulatia Lino roductus,

and   others   (Figure   20b)   occur   as   comminuted

fossil   debris   (in   thin   section),    and   are   commonly   encrusted.

At   the   base   of   unit   12,   brachiopods   are   rarely   articulated.



rreter

s a I N I i n s ri i
SwvaoJ    sno33vN3¥v

J3J'Jt     SO,N
I ] t s o a u] o 3

® ,  1  , 1  r' , I ) a a
e I u ,I Jot , ,a

sn33npojdou!i
a I_A q I .a

't®|a®W
a I t . ui o P I a ? V 3

.g.'J5o.I_
gt  '®J®'  [an

t' u I I A J ? I I S ^ H
tp®JsnH

Tu,saJnr
S{JI    V3,JnJ3
a.].UOV30.W

5.].uOuJOsst|
I n , u I 1_

e ® P I a ( n J , q JI 0

s,9vH]   aodoIH9yuq
SNYOZO^Hq

3sO9n8    A¥yilios
u3)a,    O{nJ'^Y

swyi3   a[NliyAH
ouu'     a(o,T^Y

€,2tuoJ,)d
I, ' I u ? I { , .1

snjov    oq.I.d
? P u a I, P I

e(1,)I,,S,
s.9yEj   aodA33i3d

n{:OJ,    ,J,S

s N y 3 3 y i N 0 ii a o zi I I i 3 a
saodoiisy9  iiyHs

aodo]Lsy9   a3vlds-ti9IH
6®J,JOu{,I

•Hd]3   3IN030H180

SaloHIH3
s,9yud    aioNil{33

s31IaoilHi
s a a o 3 v ti i s o

sNiyu9   al9yso
SLt{3H9YtlJ    LNYld

S®)'JPuOV3

sAO¥Ina    a3NlioNI
sr\oHdria    lvl.tlozIHOH

1
iE

"~u
®

c=  ,      I      ,      I      I  P!-_
I         u`         'a.I~   ®

:  :  ,   ::.:T'it  :,     :   I.:   I:  ;  :1`   .     :I:I.:i:I.!'.I.  .

•r.r                   '1++.,I
+r,,

I,      I    L   h

+,+''I-
:::, :I;',:::f[i,,r,:,';,:I;

:I  :  _  :I.I:I.,.i:i:+:i
II---

-
-- ------
-

-
-

--a N I I Y 11-N0kI       ad>i-®<=dI<'J,Md>„<rl

A

i,I,--I0>a-I=m,®,i-®==0



75

Overlying   unit   12   is   0.76   in   of   silty,   olive   gray,   slightly

calcareous,   sparsely   fossiliferous   shale   (unit   13).

Sixth-order   T-R   unit   F1.3   contains   8   taxa   in   unit   10,10

taxa   in   unit   11,    20   taxa   in   unit   12,   and   only   one   fossil   type

in   unit   13.      Environmentally,   F1.3   contains   a   net

transgressive.   retrogradational,   opportunistic   faunal

association   (dominated   by Lino roductus )   representing

intertidal   to   subtidal   conditions   at   its   base   (units   10   and

11).      This   is   overlain   by   a   more   diverse,   carbonate-rich,

molluscan-osagid   biofacies,   representing   turbulent   conditions

in   a   shallow,    subtidal   environment   (unit   12).

Regressive/progradational   conditions   are   recorded   by   the

sparsely   fossiliferous   siliciclastic   mud   (unit   13)   that

represents   a   nearshore,   possibly   brackish-marine,   intertidal

environment .

Algaloid   concretions   of   the   f orm   genus   0_s_agia_ incrustata

(Twenhofel,    1919)   are   considered   by   Henbest   (1963)   as

segregated   associations   of   girvanellid-like   algae   and

cornuspirid   foraminifera   (e.g., Hedraites   and Apterinella)

that   f orm   in   wave-   and   current-prone   areas   within   the   photic

zone,   as   the   algae   are   considered   chlorophyll-bearing   plants.

Toomey   (1969,    1974)   described   in   detail,    algally   coated

grains   of   a   similar   nature   in   the   Leavenworth   limestone

(upper   Pennsylvanian,    Virgilian).      Osagid   grains   of   unit   F1.3

are   similar   to   those   studied   by   Toomey   in   that   they   are

associated   with   a   diverse   biota.
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Sixth-order   T-R   unit   F2.1    (Figures   19   &   20b;    Appendix)

is   present   from   3.90   in   to   4.54   n   above   the   base   of   the

Anericus   limestone   and   encompasses   units   14   and   15.      Unit   14

is   a   fossiliferous   (6   taxa),   silty.   calcareous   shale   that   is

overlain   by   0.30   in  of   coarse   calcarenite   to   fine   calcirudite

(unit   15)   compositionally   referred   to   as   an   osagid-bearing,

fusulinid-brachiopod   biomicrite.      Fossil   diversity   is   highest

in   the   lower   half   of   unit   15,   as   represented   by   a   total   of   15

taxa.      Unique   to   the   base   of   unit   15   is   the   brachiopod

Isogramma.      The   upper   0.05   in   of   unit   15   is   a   Crurithyris-

rich,   very   argillaceous,   fine   to   medium   calcirudite.      As   seen

in   Figure   20b,    the   lower   part   of   unit   15   contains   15   taxa,

whereas   the   upper   part   contains   7   taxa.      F2.1   is   also

biogenically   stratified   with   horizontal   burrows   ("spreite")

in   the   lower-half ,   and   vertical   and   U-shaped   burrows   in   the

upper   0.05   n.

In   summary,    upward   through   F2.1,    there   is   a   decrease   in

Isogramma   and   fusulinids,   an   increase   in   diversity   towards

the   middle   of   unit   15,   and   then   a   sharp   decrease   in   fossil

diversity   in   the   Crurithyris   biofacies   (top   of   unit   15).      The

paleoenvironments   range   from   a   transgressive,   open   marine

environment   represented   by   an   opportunistic   fauna   (Isogramma,

Lino roductus ),    to   deeper   marine   conditions   marked   by   maximum

diversity   (lower   half   of   unit   15).      This   was   follow   by

nearshore,    regressive   conditions   in   the   upper   0.05   in   of   unit

15.      The   regressive   nature   of   the   Crurithyris   biofacies   in
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the   upper   0.05   in   of   F2.I,    is   supported   by   Brezinski's   (1981,

1983)   and   Donahue   and   Rollins'    (1974)   interpretation   of

Crurithyris,   as   being   a   eurytopic   form   capable   of

withstanding   nearshore   environments   that   received   large

influxes   of   sediment.

Sixth-order   T-R   unit   F2.2   (Figures   19   &   20b;    Appendix).

is   present   from   4.54   in   to   4.90   in   above   the   base   of   the

Americus   limestone,    and   encompasses   units   16   through   18.

Unit   16   is   0.15   in   of   dark   gray   to   brown-gray,    very   calcareous

shale   (nudstone)   with   17   taxa. Neochonetes   is   the   most

abundant   genus   in   unit   16,    but   this   unit   also   contains   common

(fragmented   and   articulated)   Neospirifer,

Hustedia Crurith

Reticulatia

ramose   and   fenestrate   bryozoans,   as

well   as   common   myalinids   and Aviculo ecten.      Unit   16   is

overlain   by,   and   is   gradational   with,   0.15   in   of   fine

calcirudite   (unit   17),   compositionally   referred   to   as   an

argillaceous,   fusulinid-brachiopod   biomicrite.      Fusulinids

occur   at   the   top   of   unit   16,   as   well   as   at   the   base   of

unit   17,   thus   creating   a   gradational   relationship   between

these   two   units.      A   Crurithyris   biofacies   encompasses   the

upper   0.10   in   of   unit   17   and   all   of   unit   18.      Unit   18   is

0.05   in   of   dark   gray,   very   calcareous   fossiliferous   shale   in

which   Lin2ula, Orbiculoidea , and   pelecypod   f ragments   are

also   present.

In   F2.2   there   are   16   taxa   in   the   lower   part   of   unit   16,

17   taxa   in   the   upper   part   of   unit   16,    7   taxa   in   unit   17,    and
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7   taxa   unit   18.      From   units   16   to   17   there   is   a   decrease   in

brachiopod,   molluscan,   and   bryozoan   diversity.      This   is

f ollowed   by   an   appearance   and   disappearance   of   fusulinids   in

the   middle   portion   of   F2.2,    that   is   accompanied   by   an

increase   in   Crurithyris   and   calcium   carbonate   content   (unit

17).      A   subsequent   increase   in   black   shale   content   and

inarticulate   brachiopod   fragments   occurs   in   unit   18.      The

paleoenvironments   of   F2.2   range   from   a   transgressive,    open

marine   environment   (base   of   unit   16),    to   maximum,    open   marine

conditions,   as   represented   by   the   maximum   diversity   in   the

upper   part   of   unit   16.      This   grades   into   a   regressive,

carbonate-rich,   relatively   shallow,   and   well   lit   environment

(unit   17),    that   was   replaced   by   a   restrictive,   probably

lagoonal-intertidal   environment   (unit   18).

Sixth-order   T-R   unit   F2.3   (Figures   19   &   20c;    Appendix)

is   present   from   4.90   in   to   7.08   in.   above   the   base   of   the

Americus   limestone,    and   encompasses   units   19   thru   22.      Unit

19   consists   of   0.04   in   argillaceous,   fossiliferous,   coarse

calcarenite   with   abundant   Chondrites   on

surfaces.      The   abundant   Chondrites   is

bedding   plane

suggestive   of   increased

oxygenation   events   as   a   result   of   the   start   of   transgression

(i.e.,   relative   to   the   sub].acent   black   shale   reflecting

nearly   anoxic   substrate   conditions   in   unit   18).      Unit   19   is

overlain   by   0.33   in   of   massive,    very   calcareous,   fusulinid-

rich   shale   (approximately   207o   by   volume   of   rock;    unit   20)

containing   13   taxa.      Unit   20   is   overlain   by,   and   is
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gradational   with,   0.56   in   of   very   argillaceous   to   shaley,

fossiliferous,   fine   to   medium   calcirudite   (unit   21)   with

abundant   to   common   fusulinids,    crinoids,    brachiopods,   and

bryozoans   (typically   ramose).      The   basal   part   of   unit   21

contains   14   taxa.   whereas   the   upper   half   contains   12   taxa.

Unit   21   grades   vertically   upward   into   0.15   in   of   fossiliferous

calcareous   shale   (unit   22)   that   is   dominated   by   brachiopods,

bryozoans,   and   crinoids   in   its   basal   part   (12   taxa).      The

upper   part   of   unit   22   is   a   silty,   nicaceous,   calcareous   shale

lacking   fossils.      In   summary,    upward   through   F2.3,    fusulinids

and   clay   content   decrease,   accompanied   by   an   increase   in

bryozoans,    brachiopods,    crinoids   and   carbonate   content.

Finally,   there   is   an   increase   in   the   siliciclastic   fraction,

rare   ostracodes, and   Astartella. Basally,   F2.3   represents

open,    quiet,    subtidal   marine   conditions   (unit   20   and   base   of

unit   21)   that   allowed   accumulation   of   siliciclastic   mud.

This   was   followed   by   a   less   diverse,    open   marine   environment,

representing   the   initial   phases   of   regression   (upper   part   of

unit   21   and   base   of   unit   22).      Lastly,   nearshore-paralic

conditions   with   increased   siliciclastic   deposition   (upper

part   of   unit   22)   represent   the   regressive/progradational

phase   of   F2.3.

Sixth-order   T-R   unit   F2.4   (Figures   19   &   20c;    Appendix)

is   present   from   7.08   in   to   7.84   in   above   the   base   of   the

Americus   limestone   and   encompasses   units   23   and   24.      Unit   23

is   a   burrowed,    packed   biomicrite,   with   rare   brachiopods   and
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fusulinids,    and   common   pelecypods   and   gastropods.   Osagid

grains   are   abundant   in   unit   23.      Overlying   unit   23   is

0.15   in   of   gray-black,    non-calcareous, Orbiculoidea-rich   shale

(basal   part   of   unit   24).      This   grades   into   0.40   in   of   gray   to

dark   gray   shale   with   abundant   Crurithyris   (upper   part   of   unit

24).      The   osagid-nolluscan   biofacies   of   unit   23,   represents

relatively   nearshore,   shallow,   yet   moderately   agitated

conditions.      Intermittent   open   marine   circulation   probably

helped   sustain   niches   suitable   to   the   rare   brachiopod   taxa   of

unit   23.      This   was   followed   by   less   open,   semi-restricted

lagoonal-intertidal   conditions   represented   by   the

Orbiculoidea   and Crurithyris   biofacies   (unit   24).

Sixth-order   T-R   unit   F3.1    (Figures   19   &   20d;    Appendix)

is   present   from   7.84   in   to   8.28   in   above   the   base   of   the

Americus   limestone   and   encompasses   units   25   and   the   basal

0.23   in   of   unit   26.      Taxa   such   as   fusulinids,   Neospirifer,

Composita , striculina Neochonetes solitary   rugose   corals,

bryozoans,   and   crinoids   are   present   throughout   unit   25.

These   taxa   are   distributed   such   that   unit   25   grades   f ron   a

brachiopod   packstone   (fragmented)   at   its   base,   to   a   fusulinid

packstone   at   its   top.      The   brachiopod   and   fusulinid-rich

biof acies   of   unit   25   were   eventually   overcome   by

progradational-regressional   deposition   of   clay   (base   of   unit

26).   Only   two   taxa,    fusulinids   and   crinoids,   were   found   in

unit   26.      The   paleoenvironments   of   unit   F3.1   range   from

maximum,    open   marine   conditions   represented   by   the   brachiopod
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and   fusulinid   biofacies   (of   unit   25),   to   a

regressive/progradational   shallower   marine   environment,

represented   by   a   decrease   in   diversity   and   an   increase   in   mud

(base   of   unit   26).

Sixth~order   T-R   unit   F3.2    (Figures    19   &   20d;    Appendix)

is   present   from   8.28   in   to   9.80   in   above   the   base   of   the

Anericus   limestone,    and   encompasses   strata   from   0.23   n   above

the   top   of   unit   25   to   the   top   of   unit   28.      Genetic   surface

F3.2   is   marked   by   a   significant   increase   in   the   diversity   of

marine   taxa,    even   though   the   surface   (F3.2)   is   not   a   sharp

lithologic   contact.      The   lower   0.28   in   of   F3.2   (upper   part   of

unit   26)   is   a   very   calcareous,   massive,   olive-gray   shale

with   abundant   fusulinids   (approximately   45%   by   volume   of

rock)   and   common   Neochonetes   and   crinoids.      The   unit   also

contains   lesser   amounts   of   Neospirifer,    Composita,    echinoid

debris,   and   bryozoans,    thus   making   a   total   of   9   taxa   in   the

upper   part   of   unit   26.      This   is   overlain   by   0.30   in   of

fossiliferous,   dark   gray,   calcareous   shale,   with   abundant

brachiopods   and   fusulinids   (base   of   unit   27).      Fusulinids

account   for   10-15%   of   the   lithology   and   become   rare   toward

the   top   of   the   brachiopod   biofacies.      The   basal   part   of   unit

27   contains   19   different   marine   taxa.      This   grades   into

0.51   in   of   sparsely   fossiliferous   (occasionally   pyritized

fossils),    silty,   calcareous   shale,   having   only   a   few   marine

taxa   (upper   part   of   unit   27).      Lastly,    F3.2   is   capped   by

0.43   in   of   non-fossiliferous,    blocky,   massive,   silty   shale
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(unit   28).       In   summary,    upward   through   F3.2,    fusulinids

decrease   and   eventually   disappear   (units   26   and   the   base   of

unit   27),    brachiopods   become   abundant   near   the   middle,    and

eventually   the   marine   biota   disappears   completely   and

siliciclastic   mud   dominates.      The   paleoenvironments   of   F3.2

range   from   a   transgressive,   open   marine,   quiet   environment

represented   by   the   fusulinid   biofacies   (upper   part   of   unit

26),    to   maximum   open   marine   conditions   represented   by   the

brachiopod   biofacies   (base   of   unit   27).      These   environments

were   followed   by   a   nearshore,   regressive/progradational

environment,   characterized   by   the   nondiverse,   silty-shale

lithofacies   (upper   part   of   unit   27,   and   unit   28).

Sixth-order   T-R   unit   F3.3   is   present   from   9.80   in   to

10.92   in   above   the   base   of   the   Americus   limestone,    and

encompasses   units    29   and   30    (Figures    19   &   20d;    Appendix).

F3.3   represents   the   upper   part   of   the   Hughes   Creek   Shale

Member.      Unit   29   consists   of   0.86   in   of   very   calcareous

(occasionally   micritic),   massive,   fossiliferous   shale.      This

is   overlain   by   0.25   in   of   sparsely   fossiliferous,   argillaceous

calcilutite   (unit   30).      Fusulinids   are   rare   to   common   in   the

lower   0.23   in   of   unit   29   and   become   abundant    (approximately

30%   by   volume   of   rock;    packstone)    in   the   upper   0.63   in   of   unit

29.      Bryozoans,    crinoids,    osagid   grains,    and   brachiopods   such

as   Neospirif er and   Neochonetes   also   occur throughout   the

calcareous   shale   (unit   29).      Fossil   content   decreases

abruptly,    however,    in   unit   30.      The   paleoenvironments   of   F3.3
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range   from   initial,   maximum   open   marine,   well   circulated   and

agitated   conditions   (unit   29;   with   oscillatory   wave

conditions   to   account   for   the   osagid   content;   e.g.,   Henbest,

1963),   back   to   nearshore,   paralic-intertidal,   possibly

restricted   conditions,   as   represented   by   the   upper,   sparsely

fossiliferous   calcilutite   (unit   30).

Sixth-order   T-R   unit   F3.4   (Figures   19   &   20e)   is   present

from   10.92   in   to    11.25   in   above   the   base   of   the   Americus

limestone,    and   encompasses   units   31   through   33.      F3.4

represents   the   basal   part   of   the   Long   Creek   Limestone   Member.

Unit   31   is   0.18   in   of   cherty,    argillaceous,    coarse

calcarenite,   compositionally   referred   to   as   a   pelecypod,

crinoid,   pelletal   biomicrite.      This   unit   is   characterized   by

lenticular   shell   lags   consisting   of   Permophorus   (internal

molds)   and   crinoids.      Unit   31   is   overlain   by   0.10   in   of   gray,

calcareous   shale   (unit   32)   containing   abundant   plant

fragments.      F3.4   is   capped   0.08   in   of   nonfossiliferous,

argillaceous,   calcareous   dolostone   (unit   33).      The

paleoenvironments   of   F3.4   range   from   a   nearshore,   agitated,

intertidal   to   subtidal   environment   as   represented   by   the

Permo|)horus   biofacies   (unit   31),    through   a   semirestricted

intertidal   to   subtidal   environment   (unit   32),   to   a   supratidal

nudf lat   environment   represented   by   the   nonf ossilif erous

dolostone   lithofacies   (unit   33).

Sixth-order   T-R   unit   F3.5   is   present   from   11.25   in   to

11.83   in   above   the   base   of   the   Americus   limestone,    and
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encompasses   units   34   and   35    (Figures    19   &   20e;    Appendix).

Unit   34   consists   of   0.35   in   of   molluscan,    pelletal,

argillaceous,   dolonitic   calcilutite.   and   is   capped   by   0.18   in

of   algal   laminated,   mudcracked,   dolomitic   calcilutite   (unit

35).      The   algal   1aminations   are   very   thin,   mudcracked,    and

planar   to   crinkly   (i.e.,    after   Busch,1983).      In   sulnmary,

there   is   a   decrease   in   molluscan   content   and   diversity   up

through   unit   F3.5,    accompanied   by   algal   1aminite   development.

The   paleoenvironments   range   f ron   paralic-intertidal   (unit

34),    to   probably   high   intertidal   or   low   supratidal   (unit   35).

The   last   sixth-order   T-R   unit   of   the   Paxico   section   is

F3.6,    and   is   present   from   11.83   in   to   13.71   in   above   the   base

of   the   Anericus   limestone.      F3.6   encompasses   units   36   and   37

(Figures   19   &   20e;    Appendix)   and   represents   the   upper   part   of

the   Long   Creek   limestone.      Unit   36   contains   1.42   in   of   highly

weathered,   extremely   vuggy,   dolomitic,   calcilutite.      This   is

overlain   by   0.30   in   of   dolomitic   calcilutite   that   contains

common   intraformational,    green   shale   clasts.      The   remainder

of   this   sixth-order   T-R   unit   is   represented   by   an   algal

laminated,   mudcracked,    dolomitic   calcilutite   (unit   37),

similar   in   nature   to   that   of   unit   35.      The   paleoenvironments

represented   by   F3.6   range   from   nearshore,   1agoonal-intertidal

conditions   (basal   unit   36),   through   more   agitated   intertidal

conditions   (top   of   unit   36),   to   a   progradational   supratidal

environment    (unit   37).      The   highly   vuggy,    and

collapsed-brecciated   nature   of   unit   36   is   indicative   of   the
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former   presence   of   evaporites,   that   probably   formed   in   the

basal   parts   of   F3.6   soon   after   de|)osition,   as   a   result   of

hypersaline   pore   fluids   created   by   ground   water   evaporation.

Fifth-Order   T-R   Units.--The   relative   extents   of   maximum

transgression   (i.e.,   the   transgressive   apex)   among   the   sixth-

order   T-R   units   at   the   Paxico   section,   were   used   to   define

the   boundaries   of   the   fifth-order   T-R   units.      The

transgressive   apex   within   each   f if th-order   T-R   unit   was   also

determined,   which   helped   to   define   the   net   deepening   and   net

shallowing   phases   of   each   fifth-order   T-R   unit.

Two   complete   and   one   incomplete   f if th-order   T-R   unit

are   described   f ron   the   Foraker   Formation   at   the   Paxico

locality.      These   are,   in   ascending   order:   the   Americus   fifth-

order   T-R   unit,   which   encoll]passes   all   of   the   Anericus

Limestone   Member   and   the   lower   portion   of   the   Hughes   Creek

Shale   Member   (Figures   20a   and   20b);    the   Hughes   Creek   fifth-

order   T-R   unit,   which   encompasses   the   middle   portion   of   the

Hushes   Creek   Shale   Member    (Figures   20b   and   20c);    and   the   Long

Creek   fifth-order   T-R   unit,   which   encompasses   the   upper

part   of   the   Hughes   Creek   Shale   Member   and   all   of   the   Long

Creek   Limestone   Member    (Figures   20d   and   20e).       The   Long   Creek

fifth-order   T-R   unit   is   incomplete   here,   because   strata   above

the   Long   Creek   Limestone   Member   have   been   removed   by   modern

erosion.

The   Americus   f if th-order   unit   is   colnposed   of   three

sixth-order   units:      F1.1,    F1.2,    and   F1.3.      This   fifth-order
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unit   has   marine   facies   best   developed   medially,   in   sixth-

order   T-R   unit   F1.2,   as   represented   by   the   top   part   of   the

upper   Americus   limestone   bench   (i.e.,   the   crinoidal,

brachiopod,   and   fusulinid   facies   in   the   upper   part   of   unit   6

and   unit   7).      Maximum   transgression   of   the   Anericus   fifth-

order   T-R   unit   is   put   into   perspective   relative   to   the

subjacent,    shallow   marine,   molluscan-dominated   facies   of   F1.1

(unit   4,    lower   Americus   limestone   bench)   and   the   superjacent

molluscan-osagid   biofacies   of   F1.3   (unit   12).      Units   4   and   12

(F1.1   and   F1.3,    respectively)   contain   a   higher   diversity   of

marine   taxa,   but   they   are   predominately   molluscs,   and   unit   12

is   an   argillaceous,   osagid   packstone   in   thin   section.

Thus,    a   molluscan   reversal   (e.g.,   Brezinski.1983)   is

present,   particularly   in   unit   4   of   F1.1.,   and   unit   12   of

F1.3.      The   transgressive   apex,    representing   maximum

inundation   of   the   Americus   fifth-order   T-R   unit,   is   therefore

represented   by   the   fusulinid   biofacies   of   F1.2.      Net

deepening   occurs   f ron   the   base   of   the   Anericus   f if th-order

T-R   unit,    to   unit   7   of   F1.2,    and   net   shallowing   occurs   from

unit   8   (i.e.,   the   Crurithyris   biofacies)   of   F1.2,   to   the   top

of   unit   13   in   F1.3.

The   upper   boundary   of   the   Americus   f if th-order   T-R   unit

and   thus   the   base   of   the   Hughes   Creek   fifth-order   T-R   unit,

is   placed   at   the   base   of   unit   F2.I,    because   the   maximum

extent   of   transgression   in   Fl.3   (unit   12)   is   less   than   F2.1

(i.e.,    unit   15).      This   is   based   on   the   occurrence   of   a
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diverse,   brachiopod-dominated   biofacies,   namely   the   osagid-

fusulinid-Isogramma   biofacies   in   F2.1    (unit   15).      Unit   12   of

F1.3   contains   a   higher   diversity   of   taxa   (i.e.,   20   taxa),   but

as   previously   mentioned,    it   is   molluscan   and   osagid   dominated

indicating   a   more   nearshore   and   agitated,1agoonal(?)

condition.

The   Hughes   Creek   f if th-order   T-R   unit   contains   f our

sixth-order   T-R   units:    F2.1,    F2.2,    F2.3,    and   F2.4   (Figures

20b   and   20c).      The   maximum   diversities   of   these   units   are   as

follows:    F2.1    (unit   15)   contains   15   genera,    F2.2   (unit   16)    17

genera,    F2.3   (unit   21)    14   genera,    and   F2.4   (unit   23)    9

genera.      Therefore   unit   16   of   F2.2   is   the   most   open   facies   at

a   fifth-order   scale   (with   a   total   of   17   taxa).      Net   deepening

on   a   fifth-order   scale   occurs   from   unit   14   of   F2.1,    to

unit   16   of   F2.2,    and   net   shallowing   occurs   from   unit   17   of

F2.2   to   unit   24   of   F2.4.

The   top   of   the   Hushes   Creek   fifth-order   T-R   unit,   and

thus   the   basal   Long   Creek   fifth-order   genetic   surface,   was

placed   at   the   base   of   unit   F3.1    (Figure   20d   and   20e).      This

is   because   of   the   more   open   marine   fossils   of   F3.1   which

include   brachiopods   (such   as   Neospirifer   and   Composita),

bryozoans,    crinoids,   and   fusulinids   (unit   25).      These   taxa

Clearly   represent   greater   transgressive   extent,   relative   to

the   maximum   regressive   (on   a   fifth~order   scale),    paralic,

molluscan-osagid   dominated   facies   of   unit   23   in   sixth-order

T-R   unit   F2.4.
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The   Long   Creek   f if th-order   T-R   unit   at   the   Paxico

section   contains   at   least   six   sixth-order   T-R   units,   but   the

top   of   this   interval   has   been   removed   by   modern   erosion

(Figures   20d   and   20e).      The   maximum   transgressive   facies   of

this   f if th-order   T-R   unit   is   best   developed   in   units   26   and

27   of   F3.2.       Because   F3.1,    F3.2,    and   F3.3   each   contain   an

abundance   of   fusulinids   (i.e.,   mainly Triticites   as   conf irmed

by   Kaesler   and   Fisher,    1969;    and   Fisher,    1971)   in   their

transgressive   facies,   the   fifth-order   transgressive   apex

appears   cryptic,   particularly   in   the   field.      Graphic

representation   of   the   fauna   (Figure   20d),   however,   clearly

shows   the   base   of   unit   27   as   representing   the   f if th-order

transgressive   apex.      This   facies   contains   a   total   of   at   least

19   taxa   (predominately   brachiopods,    and   fusulinids).

The   remaining   sixth-order   T-R   units   (F3.4,   F3.5,    and

F3.6)   of   the   Long   Creek   fifth-order   T-R   unit   clearly   show   an

overall   decrease   in   faunal   diversity,    in   a   shallowing-upward

calcilutite   sequence.      This   is   accompanied   by   the   presence   of

algal   1aminites   at   the   top   of   the   last   two   sixth-order   T-R

units.      With   the   transgressive   apex   confirmed   in   F3.2,    the

complete   net   deepening   sequence,   on   a   fifth-order   scale,

occurs   from   the   base   of   F3.1    (unit   25)   to   the   base   of   unit   27

in   F3.2,   and   is   characterized   by   thin,   taxonomically   rich,

retrogradational   facies.      The   net   fifth-order   shallowing

sequence   occurs   from   unit   27   of   F3.2,    to   at   least   the   top   of

the   last   sixth-order   T-R   unit   exposed,   namely   F3.6   (unit   37).
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MCDowell   Creek   Road   Section

The   MCDowell   Creek   Road   section   lies   within   the

Manhattan,    Kansas   area   and   contains   F1.1,   and   the

basal   portion   of   F1.2   (inclusive   of   the   upper   Americus

limestone   bench).      In   addition,    strata   sub].acent   to   the

Foraker   Formation,    in   the   upper   part   of   the   Hamlin   Shale

Member    (Janesville   Formation;    Admire   Group),    was   measured   and

described   at   this   locality.      This   helped   establish   (and

confirm)   where   the   basal   sixth-order   T-R   unit,   F1.1,

occured   within   the   Foraker   hierarchy   at   a   fifth-order   scale.

The   Hamlin   shale   will   be   described   in   ascending   order

starting   at   4.67   in   below   the   base   of   the   Anericus   limestone

(Figures   19   &   21a).      Three   sixth-order   T-R   units,labeled   in

ascending   order   as   H1,    H2,    and   H3,   were   discernible   in   the

Hamlin   shale,   with   the   basal   part   of   Hl   concealed   at   this

location.      One   trangressive   surface   (H2),   and   one   climate

change   surface   (H3),   delineate   these   units   (Figure   21a).

Sixth-order  T-R  Units.--The upper   part   of   sixth-order

T-R   unit   Hl   is   present   from   4.67   in   to   3.45   in   below   the   base

of   the   Americus   limestone,    and   encompasses   unit   1    (Figures   19

&   21a;    Appendix).      Unit   1    is   an   olive-brown,    non-

fossiliferous   mudstone   exhibiting   microslickensides.      The

upper   part   of   H1   (unit   1)   is   interpreted   as   representing   a

lithified   paleosol.

Sixth-order   T-R   unit   H2   is   present   from   3.45   in   to   2.54   in
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Figure   2la-b.      Graphic   illustrations   of   the   MCDowell
Creek   Road   section   showing   the   lithostratigraphic,
biostratigraphic.   and   paleoenvironmental
characteristics   of   each   sixth-  and   f if th-order
T-R   unit,   and   their   bounding   genetic   surfaces.

a.      Graphic   illustration   of   upper   Hamlin   shale
and   sixth-order   T-R   units   H1,    H2.    and   lower
part   of   H3.

b.      Graphic   illustration   of   the   upper   part
of   H1,    all   of   Fl.1,    and   the   basal   part
of   F|.2.
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below   the   base   of   the   Americus   limestone,   and   encompasses

units   2   through   4   (Figures   19   &   21a;    Appendix).      Unit   2   is

represented   by   0.04   in   of   cross-laminated,    fine-grained

calcareous   sandstone,   with   shale   partings,   intraclasts,   and

ostracodes.      The   base   of   unit   2   represents   the   first

transgressive   boundary   (H2)   subjacent   to   the   Foraker

hierarchy   (Figure   21a).      Unit   2   is   overlain   by   0.68   in   of

olive,   non-calcareous   mudstone   (unit   3),   which   is   overlain   by

0.18   in   of   root   mottled,   maroon   to   brown   mudstone   interpreted

as   a   lithified   paleosol   (unit   4;   upper   part   of   H2).

The   paleoenvironments   of   H2   range   from   transgressive,

marginal   marine   conditions   (possibly   brackish;   unit   2),   to   an

aggrading,    nonmarine,    terrestrial   environment   (units   3   and

4).

Sixth-order   T-R   unit   H3   is   present   from   2.54   in   to   0.43   n

below   the   base   of   the   Americus   limestone,    and   encompasses

unit   5   (Figures   2la   &   21b;    Appendix).         Unit   5   is   a   massive,

olive,   blocky   and   silty   mudstone   (unit   5),   that   contains

common   plant   fragments   in   the   basal   0.90   in,   and   root   trace

development   toward   the   top   (i.e.,    paleosol   development).      The

base   of   unit   5   is   a   climate-change   surf ace   representing   a

change   from   more   arid   or   subaerial   conditions   below   (unit   4).

to   more   humid   or   subaqueous   conditions   above   (unit   5).

The   paleoenvironments   of   H3   range   f ron   possibly   estuarine

conditions   (or   more   humid   conditions;    base   of   unit   5)   to   more

arid,   terrestrial-paleosol   conditions   (top   of   unit   5).
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Sixth-order   T-R   unit   F1.1   is   present   from   0.43   in   below

the   base   of   the   Americus   limestone,    to   0.66   in   above   the   base

of   the   Americus   limestone,    and   encompasses   units   6   thru   10

(Figures   19   &   21b).      Units   6   and   7   represent   the   uppermost

Hamlin   shale.      Unit   6   is   0.10   in   of   very   calcareous,    cross-

1aminated,   argillaceous,   ostracode   bearing   siltstone.      This

is   overlain   by   0.33   in   of   massive,   ostracode   bearing,    shaley

mudstone   (unit   7),    containing   rare   to   common   plant   fragments.

Ostracodes   increase   in   abundance   toward   the   top   of   unit   7.

Unit   8   is   a   friable,   shaley,   ostracode   bearing,   fine-grained

sandstone   (calcarenite   or   calcilithite:   i.e..   Fisher's,1980,

regolithic   disconformity),   that   contains   abundant   carbonate

and   clay   clasts,    as   well   as   common   plant   fragments.      Unit   8

grades   into   an   intraclast,   ostracode,   gastropod   biosparite

with   algal   rip-up   clasts   (lower   1   cm   of   unit   9).      This   is

overlain   by.   and   is   gradational   with.   an   algal   stromatolite

facies   similar   in   nature   to   the   stromatolitic   facies   f ound   in

the   basal   Americus   limestone   at   the   Paxico   section.   The

carbonate   matrix   between   the   algal   stromatolites   contains

gastropods   (and   encrusting   forams?),    that   are   perhaps

indicative   of   remnant   seasonality   (i.e.,   thin   interbedded

seasonal   deposits).   For   example,    in   the   medieval   harbor   basin

of   Geziret   Fara'oun   (Gulf   of   Aqaba),    cy8nobacterial   layers

indicative   of   seasonally   warm   periods   (and   indicative   of   high

salinity   and   evaportion   rates),   alternate   with   exclusive

gastropod   and/or   f oraminiferal   layers   indicative   of   colder
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periods   (when   salinity   values   are   more   conducive   to   potential

grazers;   Reiss   and   Hottinger,1984).      The   algal   stromatolites

are   overlain   by   a   pelecypod   dominated,   argillaceous

calcilutite,   that   represents   the   remainder   of   the   basal

Americus   limestone   bench   (unit   9).      Overlying   unit   9   is

0.41   in   of   dark   gray,   fissile   shale   containing   lenses   of

ostracodes   (unit   10).      In   terms   of   paleoenvironments,    the

lower   part   of   Fl.1   (units   6   and   7)   represents   an   aggrading

estuarine,   to   very   nearshore   marine   environment   (paralic).

This   grades   into   the   transgressive,   relatively   high   energy,

intertidal   to   subtidal   environments   of   unit   8,   and   the   basal

part   of   unit   9   (i.e.,   basal   transgressive   sand   lag,

biosparite   facies,   and   algal   stromatolites).      The   molluscan

biofacies   (unit   9)   represents   a   more   open,    quieter   marine

environment,   that   is   overlain   by   a   regressive,   restricted

lagoonal   (or   possibly   estuarine)   environment   as   represented

by   the   ostracode   biofacies   (unit   10).

Sixth-order   T-R   unit   F1.2    (Figures   19   &   21b)    is

incomplete   but   is   present   from   0.66   in   to   1.90   in   above   the

base   of   the   Americus   limestone,    and   encompasses   units   11   thru

16.      Unit   11   is   a   very   silty,    ostracode   bearing,    calcareous

shale   that   contains   Lino roductus (rare).      Above   this   unit   is

0.02   n   of   black   fissile   shale   with   ostracodes,   pelecypods,

and   rare   brachiopod   fragments   (unit   12).      Overlying   unit   12

is   0.28   in   of   dark-gray,   argillaceous,   fossiliferous

calcarenite   (upper   Americus   limestone   bench),    containing
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brachiopods.    crinoids,    bryozoans,    pelecypods,    and

cephalopods.      At   the   base   of   unit   13,    is   a   distinct   bed

containing   intraclasts,   with   some   showing   borings.      Unit   13

is   overlain   by   0.13   in   of   very   calcareous.    fossiliferous,   dark

gray   shale   (unit   14)   containing   fusulinids   (<   57o   by   volume   of

rock) , as   well   as   articulated   Neochonetes, ramose   bryozoans,

and   crinoids.      Unit   14   is   overlain   by   0.10   in   of   dark   gray,

platy   shale   containing   calcarenite   lenses   with   common

Crurithyris,   and   other   brachiopods   and   fusulinids.      Overlying

this   last   unit   is   0.61   in   of   non-fossiliferous,   silty,

calcareous,   olive   shale.      The   remainder   of   this   sixth-order

T-R   unit   is   concealed.       In   summary,    upward   through   F1.2,

there   is   a   decrease   in   intraclasts,   an   increase   in   brachiopod

fragments   and   carbonate   mud    (unit   13),    and   subsequently,    an

increase   in   fusulinids   and   clay   content   (units   14   and   15).

Lastly,   an   increase   in   Crurithyris   (units   14   and   15),    is

f ollowed   by   the   decrease   and   disappearance   of   marine   taxa

(unit   16).       The   paleoenvironments   of   F1.2,    range   from   an

initial   transgressive,1agoonal   or   marginal   marine

environlnent   (units   11   and    12),    to   a   transgressive,    more   open

and   agitated   marine   environment   (base   of   unit   13).      Above

this,    maximum   open   marine   conditions   prevailed   (fusulinid

biofacies,    top   of -unit   13   and   unit   14),    which   was   followed   by

regressive/progradational   conditions   (unit   16).

Fifth-Order   T-R   Units.--The   MCDowell   Creek   Road   section

is   important   because   it   conf irms   the   existence   of   a
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fifth-order   genetic   surface,   F1.1,    in   the   uppermost   Hamlin

Shale   Member   of   the   Janesville   Formation   (Lower   Permian,

Amire   Group;    Figures   2la   and   21b).      This   locality   contains

the   upper   part   of   what   is   inf ornally   termed   the   Hamlin   f if th-

order   T-R   unit,   and   the   lower   part   of   the   Americus   fifth-

order   T-R   unit.

The   upper   part   of   the   Hamlin   f if th-order   T-R   unit

contains   sixth-order   T-R   units   H1,   H2,    and   H3,   which   are

predominately   a   series   of   aggrading   paleosols   (alluvial).

The   basal   ostracode   bearing   f acies   of   unit   2   in   sixth-order

T-R   unit   H2,   represents   a   greater   extent   of   transgression,

than   the   basal   plant   bearing   facies   of   H3   (unit   5).

Therefore,   net   shallowing   at   a   fifth-order   scale   is   indicated

going   from   H2   (unit   2)    to   H3   (unit   3).      A   return   to

nearshore,    shallow,   paralic   conditions,   as   represented   by   the

ostracode-bearing   facies   at   the   base   of   Fl.1   (units   6   and   7),

clef ines   the   lower   Americus   f if th-order   genetic   surface   at   the

base   of   unit   6   (i.e.,    in   the   very   upper   Hamlin   Shale,   as   it

is   at   the   Paxico   section).      This   is   justified   because   H3   is

essentially   nonfossiliferous.

The   transgressive   apices   of   sixth-order   T-R   units   F1.1

and   F1.2   (unit   9,    and   top   of   unit   13,    respectively;

Figure   21b)   clearly   show   a   net   deepening-upward   sequence,

similar   to   that   found   at   the   Paxico   section.      Unit   9   of   F1.1

contains   at   least   6   taxa,    composed   mainly   of   molluscs,    and

the   top   of   unit   13   contains   at   least   13   taxa,    composed   mainly



101

of   brachiopods,   bryozoans,   crinoids,   and   fusulinids.      The

most   open   facies   (i.e.,   the   transgressive   apex)   is   therefore

represented   in   the   top   of   unit   13   (upper   Americus   limestone

bench).      Unit   13   can   be   verified   as   the   transgressive   apex   of

the   Americus   fifth-order   T-R   unit,   by   comparing   it   to   the

transgressive   apex   of   sixth-order   T-R   unit   F1.3   at   the

Manhattan   section   (i.e.,    F1.3   is   concealed   at   the   MCDowell

Creek   Road   section).      The   transgressive   apex   of   F1.3   at   the

Manhattan   section   is   represented   by   a   molluscan-osagid

biofacies,   suggesting   relatively   less   open,   more   paralic

conditions;    while   unit   13   of   F1.2,    at   the   MCDowell   Creek   Road

section,   is   represented   by   a   relatively   more   open   marine,

diverse   brachiopod,    bryozoan,    and   fusulinid   biofacies.      The

Paxico   section,   as   previously   discussed,   also   shows   net

shallowing,    upward   from   F1.2   to   F1.3.

Manhattan   Section

Sixth-Order   T-R   Units.--The   Manhattan   section   was

divided   into   nine   complete   sixth-order   T-R   units   (F1.3

through   F3.5),   and   two   incomplete   sixth-order   T-R   units

(upper   part   of   F1.2,   and   the   basal   part   of   F3.5).      Sixth-

order   T-R   units   that   are   concealed   below   the   base   of   the

Manhattan   section   (i.e.,    F1.1   and   F1.2)    are   exposed   at   the

MCDowell   Creek   Road   section   (previously   described):    whereas,

strata   concealed   above   F3.5.    at   the   Manhattan   section,    are
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exposed   at   the   Poliska   Lane   section   (described   in   a   f ollowing

section) .

The   base   of   the   f irst   complete   sixth-order   T-R   unit   at

the   Manhattan   section,    F1.3    (Figures   19   &   22a;    Appendix),

will   be   used   as   a   ref erence   datum   f ron   which   to   describe   the

stratigraphic   positions   of   the   sixth-order   T-R   units   above

this   level.      Below   F1.3   is   0.31   in   (unit   I;    base   concealed)    of

sparsely   fossiliferous,   silty,   olive-gray   shale,   representing

the   upper   (regressive)   part   of   Fl.2.      This   shale   is   similar

to   the   upper   shale   of   F'1.2   at   the   MCDowell   Creek   Road   and

Paxico   sections.

F1.3   is   present   from   0.0   in   to    1.11   in   (i.e.,    above   its

base),    and   encompasses   units   2   through   8   (Figure   22a).      Unit

2   consists   of   0.10   in   of   very   argillaceous   calcirudite,    that

contains   abundant   Lino roductus (occasionally   forming   shell

lags).      This   is   overlain   by   0.36   in   (units   3   through   6)   of

very   calcareous,    silty   shale   with   thin   (2   cm   to   4   cm)

interbedded   fossiliferous   calcirudites,   composed

predominately   of Lino roductus   and Crurithyris.      Unit   6

grades   into   0.25   in   of   molluscan,    crinoidal,    echinoid,    and

QLsagia_   dominated   calcirudite,    defined   as   an   argillaceous,

poorly   sorted,    sparse   to   packed,    bioturbated   biomicrite   (unit

7).      This   facies   also   contains   comminuted   brachiopod   and

bryozoan   (fenestrate   and   ramose)    fragments.      Fossil   fragments

in   the   lower   half   of   unit   7   are   commonly   unevenly   coated   with

Osa_g_i_a_.       In   the   upper   half    (unit   7),    the   size   of   gastropods
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Figure   22a-d.      Graphic   illustration   of   the   Manhattan
section   showing   the   lithostratigraphic,
biostratigraphic,    and   paleoenvironmental
characteristics   of   each   sixth-   and   f if th-order
T-R   unit,   and   their   bounding   genetic   surfaces.

a.      Graphic   illustration   of   uppermost   F1.2,
and   all   of   F1.3,    F'2.1,    F2.2,    and    the
basal   part   of   F2.3.

b.      Graphic   illustration   of   F'2.3   and   F'2.4.
c.      Graphic   illustration   of   F3.1,    F3.2,    F3.3

and   the   base   of   F3.4.
d.      Graphic   illustration   of   F3.4   and   F3.5.
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and   their   abundance   increases,   as   do   grains   evenly   coated

with   Osagia.      Unit   7   is   overlain   by   0.41   in   of   quartz-silty,

micaceous,   ostracode   and   Crurithyris   bearing   shale   (unit   8).

Upward   through   F1.3,    units   2   through   6   each   contain   2

taxa,   the   lower-half   of   unit   7   contains   14   taxa,   the   upper

half   of   unit   7   contains   13   taxa,   and   unit   8   contains   3   taxa

(at   the   very   top).      Accordingly,    there   is   an   abrubt   increase

in   diversity   at   the   base   of   unit   7,   a   net   increase   in

molluscs   and   Osagi_a   in   the   upper   half   of   unit   7   (with   a

slight   decrease   in   diversity),   and   a   decrease   in   diversity

accompanied   by   an   increase   in   siliciclastic   mud   in   unit   8.

The   paleoenvironments   of   F1.3   range   from   transgressive,

lagoonal(?)   conditions   at   the   base,    represented   by   the

Lino roductus   biofacies   (units   2 through   6),    to   more   open,

better   circulated,   and   agitated   conditions   in   the   lower   half

of   unit   7   (based   on   its   diversity).      Relatively   shallower,

initial   regressive   conditions   are   represented   by   the   upper

half   of   unit   7,    based   on   the   increase   in   molluscs   and   _Q_s_asia.

A   paralic,   regressive/progradational   condition   existed   in   the

upper   part   of   F1.3,    based   on   the   decrease   in   diversity   and

occurrence   of   quartz-silt   in   unit   8.

Sixth-order   T-R   unit   F2.1    (Figures   19   and   22a;    Appendix)

is   present   from   1.11   in   to   1.40   in   above   the   base   of   F1.3,    and

encompasses   units   9   through   11.       Unit   9   is   0.18   in   of   gray.

calcareous,    silty   shale,   that   marks   the   abrupt   appearance   of

Lino roductus (abundant).      This   is   overlain   by   0.23   in   of   very
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fossiliferous,   coarse   calcarenite-biomicrite   (wackestone;

unit   10),   that   contains   Isogramma   and   rare   fusulinids.      Unit

10   also   contains   other   brachiopod   fragments   (Figure   22a),

abundant   crinoids,    and   rare   to   common   0_sag_ia.      Unit    10

contains   a   vertically   stratified   lithology,   resulting   from

large   horizontal   (spreite)   burrows   in   the   lower   and   middle

parts,   and   U-shaped,    inclined,   and   small   horizontal   burrows

Chondrites )    towards   the   top    (e.g.,    Schmidt,1974).      The

larger   burrows   generally   produce   a   mottled   appearance.      The

upper   0.04   in   of   F2.1    (unit   11)    is   represented   by   a   shaley,

Crurithyris   dominated   biomicrite   (unit   11).

Upward   through   F2.I   there   is   an   increase   in   fossil

diversity   towards   the   middle   (i.e,    2   taxa   in   unit   9,    and   15

taxa   in   the   lower   half   of   unit   10),   and   an   abrupt   decrease   in

diversity   at   the   top   (unit   11.    3   taxa).      The

paleoenvironments   of   F2.1   range   from   a   transgressive,

relatively   shallow,   and   restricted   condition,   as   represented

by   the   opportunistic   brachiopods, Lino roductus   and Iso2ramma

(unit   9   and   base   of   unit   10),    to   maximum   open   marine

conditions,   represented   by   the   diversity   of   fossils   in   the

middle   of   F2.1    (unit    10).      This   was   followed   by   very   near

shore,   possibly   restrictive   conditions,   as   represented   by   the

Crurithyris   biofacies   (unit   11).

Sixth-order   T-R   unit   F2.2    (Figures    19   &   22a;    Appendix)

is   present   from   1.40   in   to   1.83   in   above   the   base   of   F1.3   and

encompasses   units    12   through   16.       Unit    12   is   0.10   in   of   gray,
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very   calcareous,    very   fossiliferous,    blocky   shale   (mudstone)

that   contains   a   diverse   biota   (15   taxa)   of   brachiopods

(Neochonetes being   the   most   abundant),    bryozoans,    pelecypods,

crinoids,   and   very   rare   fusulinids   at   the   top.      Unit   12

grades   into   0.08   in   of   very   calcareous,    fissile   shale   (unit

13)   that   is   narked   by   an   increase   in   fusulinids   (and   contains

a   total   of   at   least   16   taxa).      This   is   overlain   by,   and   is

gradational   with,    unit   14.    which   consists   of   0.10   in   of   very

argillaceous,    fusulinid   biomicrite   (containing   16   taxa).

Unit   14   is   overlain   (gradationally)   by   0.10   n   of   Crurithyris-

rich.less   argillaceous,   fine   grained,   calcirudite

(containing   at   least   10   taxa;   unit   15).      Unit   15   is   in   sharp

contact   with,    and   is   overlain   by,    0.01   in   of   dark   gray   to

black   gray,   very   calcareous,    fissile   shale   (unit   16)

containing   abundant   Crurithyris, and   common   Orbiculoidea   and

Lingula   (i.e.,    3   taxa).      The   paleoenvironments   of   F2.2   are   as

follows:    an   initial   transgressive,   open   marine   environment

(unit   12)   with   a   relatively   diverse   biota   (characterized   by

the   opportunistic   brachiopod Neochonetes ; e.g.,    Brezinski,

1983;    Moore,1964),    was    followed    by   maximum   open   marine

conditions.    represented   by   the   fusulinid   biofacies   (units   13

and    14).      This   was   followed   by   a   regressive,    open   marine   to

nearshore   (paralic),   carbonate-rich   environment   (well   lit

conditions,    conducive   to   algal   growth   which   bound   the

sediment),    as   is   common   in   the   Crurithyris   biofacies   (unit

15).      Finally.    restrictive   paralic   conditions   (possibly
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1agoonal).   characterized   by   siliciclastic-mud   deposition

conducive   to   inarticulate   brachiopods   and   Crurithyris,

represent   the   maximum   regressive   phase   of   F2.2   (unit   16).

Sixth-order   T-R   unit   F2.3   is   present   from   i.83   in   to

4.21   n   above   the   base   of   F1.3,    and   encompasses   units   17   thru

27    (Figures    19   &   22b;    Appendix).       Unit    17   consists   of   0.10   in

of   fossiliferous   (6   taxa),   argillaceous   calcirudite,

with   distinct   clay-I illed   horizontal   burrows   ( Chondrites)   and

Crurithyris.      This   underlies   a   0.02   in   transitional   bed   of

Lino roductus-rich   shale (unit   18;   with   at   least   4   taxa).

Unit   18   grades   into   0.10   in   of   argillaceous,   fossiliferous

calcirudite   (biomicrite;   with   6   taxa),   that   marks   the   first

appearance   of   fusulinids   (unit   19).      Abo've   unit   19   is   0.20   in

of   massive,   very   calcareous,   fossiliferous   shale   with

fusulinids,   brachiopods,   and   crinoids   (8   taxa;   unit   20).      The

top   of   Unit   20   is   gradational   with   0.86   in   of   massive,    blocky,

very   argillaceous,   fine   grained   micritic-calcirudite   (unit

21),    containing   abundant   fusulinids   (approximately   20%   by

volume   of   rock),    and   common   brachiopods,    bryozoans   and

crinoids   (13   taxa).      Unit   22   is   distinguished   by   a   decrease

in   fusulinids,   an   increase   in   carbonate   content,   and   consists

of   0.10   in   of   limonitic,    fossiliferous,   medium   calcirudite-

biomicrite.      Unit   22   contains   abundant   to   common   articulated

Reticulatia ,

idomella,   crinoids,and   other   f ossil   f ragments   (making   up

12   taxa).      Overlying   unit   22   is   a   dark   gray,    non-calcareous,
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silty   shale,   with   common   brachiopods,    bryozoans,   and   crinoids

(unit   23).      Although   unit   23   contains   12   taxa,   at   least   3   of

those   taxa   consist   of   pelecypods   including Aviculo ecten ,

and   myalinid   fragments.      Thinly   interbedded    (1   cln),

lenticular,   very   fossiliferous   calcarenite-biosparites   are

common   in   unit   23.      Overlying   unit   23   is   0.56   in   of   dark   gray

to   gray,   sparsely   fossiliferous   (3   taxa)   shale   that   contains

thin   interbedded,   very   silty,   non-fossiliferous   shale

lentils   (unit   24).      Unit   24   narks   the   first   appearance   of

ostracodes   within   this   T-R   unit.      The   remaining   0.63   in   of

F2.3   is   a   brown-gray,   quartz-silty   shale,   with   a   low

diversity   (units   25   and   26;    3   taxa).      F2.3   is

non-fossiliferous   in   the   upper   0.30   in   (unit   27).

In   summary,    upward   through   F2.3,    Crurithyris,

Chondrites and   Lino roductus   decrease, and   disappear.

This   is   f ollowed   by   a   diverse   marine   fauna   associated   with

very   calcareous   shale   deposition   and   subsequent   carbonate-mud

deposition.      Lastly,   F1.I   is   characterized   by   sparsely

fossiliferous   to   nonfossiliferous,   quartz-silty   shale

deposition.      The   paleoenvironments   of   F2.3   range   from

initial   transgressive,   less   open   (paralic)   marine,

restrictive   conditions,   as   represented   by   the   Crurithyris-

Chondrites and   Lino roductus   biof acies (units   17,    18,    and

19;    with   continued   deepening   through   unit   20);       to   maximum

open   marine   conditions   as   represented   by   the   massive,

aggradational   fusulinid,    brachiopod,    crinoidal   and   bryozoan



"  fl  il

facies   (unit   21).      Subsequently,    initial   regressive,   more

agitated,   yet   open   marine   conditions   prevailed   (represented

by   the   carbonate   production   and   biosparite   lags   of   units   22

and   23).      Finally,   nearshore,   regressive/progradational

intertidal   (brackish;   units   25,    26,    27)   conditions   are

indicated   by   the   lack   of   fossils,   and   increased   siliciclastic

mud   deposition   near   the   top   of   F2.3.

Sixth-order   T-R   unit   F2.4   is   present   from   4.21   in   to

5.10   in   above   the   base   of   F1.3,    and   encompasses   units   28

through   32    (Figures    19   &   22b;    Appendix).       Unit    28   is   0.15   in

of   fissile,   calcareous   shale   with   rare   molluscs   (2   taxa).

This   is   overlain   by   0.35   in   of   limestone   (unit   29)   that   is

characterized   as   follows.      The   lower   one-third   is   a   burrowed,

foram   bearing   (arenaceous),    osagid,    pelecypod   biomicrite

(with   8   taxa).      The   middle   one-third   is   a   crinoidal,   osagid,

echinoid,    pelecypod.    gastropod   biomicrite   (9   taxa;    with   IIIore

evenly   coated   osagid   grains).      Lastly,    the   upper   one-third   is

a   limonitic,    brachiopod   bearing,    echinoid,    osagid,    gastropod,

pelecypod   biomicrite   (with   10   taxa;   and   a   slight   decrease   in

Osag_i_a_).      Unit   29   is   overlain   by   0.02   in   of   transitional,    very

calcareous.   1imonitic,   and   fossiliferous   shale   (unit   30;

5   taxa).      Unit   30   grades   into   0.18   in   of   non-calcareous,    black

to   gray-black   shale,   marked   by an   Orbiculoidea epibole   (unit

31).      A   Crurithyris-rich   zone,    in   a   light   gray,   calcareous

shale,   overlies   unit   31,   and   represents   the   last   unit   of

sixth-order   T-R   unit   F`2.4    (unit   32).       Upward    through   F2.4.
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diversity   increases   to   a   maximum   at   the   top   of   unit   29,    then

decreases   abruptly   through   units   30,    31,    and   32.      The

increase   in   diversity   is   accompanied   by   a   net   increase   in

O_sa_g_ia   (with   a   slight   decrease   in   the   top   of   unit   29),

molluscs,   echinoids,   and   a   slight   increase   in   brachiopods

(top   of   unit    29).       The   molluscs   and   _Q_s_ag_i_a_   disappear,    and   are

I ollowed   by Orbiculoidea and   Crurithyris   biofacies,

respectively   (units   31   and   32).      Paleoenvironments   range   from

transgressive,   marginal   marine   conditions   with   the   initial

deposition   of   calcareous,   siliciclastic   mud   (unit   28),   to

transgressive,   more   open,   and   agitated   conditions   (in   the

lower   two-thirds   of   unit   29).      This   was   followed   by   maximum

open   marine   conditions   (relatively   shallow)   represented   by

the   presence   of   Composita   and striculina (and   a   decrease   in

algal   content)   at   the   top   of   unit   29.      After   maximum

transgression,less   open   and   more   restrictive,1agoonal

conditions   ( Orbiculoid ea   biofacies,   unit   30) prevailed ,

indicating   initial   regression.      Lastly,   this   was   followed   by

maximum   regression   with   more   marginal   marine   conditions

(Crurithyris   biofacies,   unit   31).

Sixth-order   T-R   unit   F3.1   is   present   froln   5.10   in   to

5.71   in   above   the   base   of   Fl.3,    and   encompasses   units   33

through   36    (Figures   19   &   22c;    Appendix).       Unit   33   is   0.20   in

of   gray,   fossiliferous   (9   taxa),   very   calcareous   shale   to

very   argillaceous   calcirudite   with   common   Neospirifer,

Composita,    Crurithyris,    bryozoans,   abundant   crinoids,    rare
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fusulinids   and   other   brachiopod   fragments.      Unit   33   grades

into   0.22   n   of   fossiliferous   (7   taxa),   fine-grained

calcirudite   (packstone   to   wackestone;   unit   34),   with   abundant

fusulinids   (approximately   307o   by   volume   of   rock).      Overlying

unit   34   is   0.13   in   of   gray,    fossiliferous   (4   taxa).   very

calcareous   shale,   with   common   fusulinids   and   crinoids,   and

rare   brachiopods   (unit   35).      Fusulinids   and   brachiopods

become   rare   in   the   very   calcareous   shale   at   the   top   of   F3.1

(unit   36).      In   summary,    upward   through   F3.I,    there   is   a

decrease   in   brachiopods   and   crinoids   towards   the   middle,   an

increase   in   fusulinids   and   carbonate   mud   toward   the   middle,

and   an   overall   decrease   in   diversity,   accompanied   by   an

increase   in   siliciclastic   mud   deposition   toward   the   top   of

F3.I.      The   paleoenvironnents   of   F'3.1   range   from   maximum   open

marine   conditions   (basally).   as   signified   by   the   maximum

diversity   (i.e.,   9   taxa)   in   the   crinoidal-brachiopod

biofacies   (unit   33),   to   shallower,   yet   well   circulated

marine   conditions   (unit   34;    owing   to   the   carbonate   mud   and

fusulinid   content).   This   was   followed   by   more   restricted,

1agoonal   conditions   (units   35   and   36),    as   fusulinids   and

brachiopods   become   rare   in   the   upper   facies   of   F3.I.

Sixth-order   T-R   unit   F3.2   is   present   from   5.71   n   to

6.78   n   above   the   base   of   F1.3,    and   encompasses   units   37   thru

39    (Figures    19   &   22c;    Appendix).       The   base   of   F3.2   is   a

cryptic   transgressive   genetic   surface,   in   that   it   is   bounded

below   and   above   by   fusulinid-bearing   strata.      However,    it   is
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definable   because   of   the   abrupt   increase   in   fusulinids,   and

the   appearance   of   crinoids,   bryozoans,   and   brachiopods   at   the

base   of   sixth-order   T-R   unit   F3.2   (unit   37).      Unit   37   is   a

fossiliferous   (with   at   least   7   taxa),   very   argillaceous,

f ine-grained   calcirudite   (   to   very   calcareous   shale)   with

abundant   fusulinids   (approximately   30-40%   by   volume   of   rock)

and   crinoids.      Unit   37   is   overlain   by   0.28   in   of   gray   to

olive-gray,   calcareous   shale   (unit   38)   with   a   very   diverse

assemblage   (with   at   least   18   taxa)   of   brachiopods,    bryozoans,

crinoids,   trilobites,   and   fusulinids.      The   basal   0.10   in   of

unit   38   contains   thin   (i-2   cm)   1enticular,   to   thin

interbedded   calcirudite   (fine   to   medium)   zones,   with   abundant

brachiopod   fragments   and   fusulinids.      Unit   38   is   overlain   by

0.48   in   of   non-calcareous,    silty   shale,   with   rare   productids

and   myalinids   in   its   lower   part,   and   no   marine   taxa   in   its

upper   part   (unit   39).

In   summary,   F3.2   ranges   from   a   discrete   fusulinid,

carbonate-rich   facies   (with   7   taxa;   unit   37),   to   a   diverse,

thin,    brachiopod   epibole   (with   18   taxa:    unit   38),   and   finally

to   a   silty   shale   lithofacies   containing   few   marine   taxa   (3

taxa)   at   its   base   (unit   39).      The   paleoenvironments   of   F3.2

range   from   an   initial,    transgressive,    open   marine   environment

as   indicated   by   the   fusulinid   biofacies,    (unit   37;   e.g.,

Stevens,1969),    to   maximum   open   marine   conditions,    as

indicated   by   the   diverse   brachiopod   epibole   (unit   38;

possibly   representative   of   a   hiatus   which   produced   a   diverse,
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relatively   thin   concentration   of   brachiopod   and   fusulinid

taxa).      This   was   followed   by   initial   regressive   intertidal-

paralic   conditions   (base   of   unit   39),   which   was   followed   by

very   nearshore   (brackish?),   regressive/progradational

conditions   (upper   part   of   unit   39).

Sixth-order   T-R   unit   F3.3   is   present   from   6.78   in   to

7.70   in   above   the   base   of   F1.3,    and   encompasses   units   40   thru

43    (Figures    19   &   22c;    Appendix).      Unit   40   is   0.30   n   of   very

calcareous,   olive-gray,   blocky   to   hackly,   fossilifeorus   shale

(12   taxa).      Unit   40   grades   into   a   middle   fossiliferous

(7   taxa),   argillaceous   calcirudite.   compositionally   referred

to   as   a   fusulinid-brachiopod,   osagid   bearing   biomicrite   (unit

41).      Fusulinids   are   abundant   in   the   lower-half   of   unit   41,

and   brachiopods   are   abundant   in   the   upper   half .      Osagid

encrusted   grains   are   common   throughout   unit   41,

preferentially   coating   the   brachiopod   fragments,   but   rarely

the   fusulinids.      Unit   41   is   overlain   by,   and   gradational

with,   0.10   in   of   very   calcareous.    fossiliferous   shale   (5   taxa;

unit   42).      Unit   42   is   overlain   by   0.07   in   of   calcareous,less

fossiliferous   shale   (4   taxa),   with   myalinid   fragments   (unit

43).
In   summary,    diversity   is   highest   at   the   base   of   F3.3   and

decreases   upward.      The   decrease   in   diversity   is   accompanied

by   an   increase   in   carbonate   mud   and   fusulinids:    this   is

followed   by   a   reduction   in   the   percentage   (by   volume)   of

fusulinids   (i.e.,    from   25-30   7o   at   the   base   of   unit   41,    to

approximately   10%   in   the   upper   part;    Appendix).    This   change
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in   f usulinid   density   is   accompanied   by   an   increase   in

brachiopods   toward   the   top   of   the   unit.      Lastly,   there   is   an

overall   increase   in   clay,   and   a   decrease   in   diversity   (units

42   and   43).      The   paleoenvironments   upward,    range   from   quiet,

maximum   open   marine   conditions   (unit   40),    to   more   nearshore,

regressive,   yet   open   marine,   and   occasionally   agitated

conditions   (e.g.,    osagid   grains)   in   the   middle   (units   41   and

42).      Lastly,   more   restrictive   lagoonal(?)   conditions   are

indicated   by   the   decrease   in   diversity   and   pelecypods   in   unit

43.

Sixth-order   T-R   unit   F3.4   is   present   from   7.70   in   to

8.20   in   above   the   base   of   F1.3,    and   encompasses   units   44   thru

47   (Figures   19   &   22d;    Appendix).      Genetic   surface   F3.4   is   a

questionable   transgressive   boundary,   because   units   43   (F3.3)

and   44   (F3.4)   both   contain   4   marine   taxa,    including

brachiopods,    pelecypods   and   crinoids.      This   surface   is   not

questionable.   however,   at   the   Paxico   section.      At   both

localities,   surface   F3.4   underlies   a   distinct   Permophorus

biofacies   (unit   44   of   the   Manhattan   section).

Unit   44   is   an   argillaceous,1imonitic,   fossiliferous,

cherty,   fine   calcilutite   with   rare   brachiopods   and   crinoids,

and   common   pelecypods    (mostly   Permophorus).      Unit   44   is

overlain   by   0.33   in   of   olive-gray,    non-fossiliferous,   very

silty,   calcareous   mudstone   with   rare   plant   fragments   (unit

45),   which   grades   into   0.10   in   of   light   brown,    very   silty,

non-calcareous   mudstone   with   abundant   plant   fragments   (unit
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46).      Above   unit   46   is   a   blocky,    burrowed,   non-fossiliferous

shale   (unit   47).      In   summary,    only   unit   44   contains   marine

fossils,   and   represents   a   paralic   marine   environment.

The   upper   mudstones   of   F3.4   (units   45,    46,    and   47)   are

interpreted   as   representing   a   regressive-progradational,

estuarine-like   (to   explain   the   plant   fragments)   or   shallow

lagoonal   environment.

The   last   sixth-order   T-R   unit   of   the   Manhattan   section,

F3.5,    is   present   from   8.20   in   to   9.10   in   above   the   base   of   Fl.3

(Figures    19   &   22d;    Appendix).       The   upper   part   of   F3.5   is

concealed   at   this   locality.      Strata   present   consist   of

massive,light   brown-orange,   argillaceous,   dolomitic,

fossiliferous   calcilutites   (units   48   through   51),   with   rare

internal   molds   of   Aviculo ecten   and   other pelecypod

fragments.      Molluscan   diversity   decreases   (slightly)   upward.

F3.5   contains   vugs   that   are   lined   with   calcite   and   celestite,

suggesting   post-depositional   evaporite   f ormation   and

dissolution.      The   paleoenvironments   of   F3.5   range   from

relatively   shallow,   subtidal   conditions   (base   of   F3.5)   to

intertidal   1agoonal~mudflat   conditions   (upper   part   of   F3.5).

The   homogenous,    massive   nature   of   this   unit   may   be   due   in

part,   to   bioturbation   in   a   fluctuating   subtidal   to   intertidal

environment,    as   bedding   commonly   appears   mottled   in   thin

section.

Fifth-Order  T-R  Units.--The upper   part   of   the   Americus

fifth-order   T-R   unit,    the   complete   Hushes   Creek   fifth-order
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T-R   unit,   and   the   lower   part   of   the   Long   Creek   fifth-order   T-

R   unit   were   recognized   at   this   locality.      The   top   of   the

Americus   f if th-order   unit   is   recognized   at   the   base   of   unit   9

(F2.I;   Figure   22a).      This   is   put   into   perspective   when

comparing   the   sixth-order   transgressive   apex   of   Fl.3   (base   of

unit   7)   and   F2.1   (unit   10).      The   base   of   unit   7   is

represented   by   a   brachiopod,    echinoid.   molluscan,    and   osagid

dominated   biofacies   containing   14   taxa.      Unit   10   (F2.1)

represents   more   open   marine   conditions   based   on   its   f usulinid

and   stenotopic   brachiopod   taxa   (e.g.,   Composite   and

Neosl)irifer),   and   also   contains   14   taxa.      However,   unit   7   of

F1.3   is   interpreted   as   a   molluscan   reversal   that   represents

net   regressive,less   open,    shallow   marine   conditions   of   the

upper   Americus   fifth-order   T-R   unit.

The   Hughes   Creek   f if th-order   T-R   unit   at   the   Manhattan

section   contains   4   sixth-order   T-R   units:      F2.1,   F2.2,    F2.3,

and   F2.4.      In   comparing   the   number   of   taxa   in   each   sixth-

order   transgressive   apex   (units   10,13,    21,    and   29,

respectively),   it   was   found   that   F2.2   contains   the   fifth-

order   transgressive   apex.      Accordingly,   F2.I   contains   14

taxa,    F2.2   contains   17   taxa,    F2.3   contains   11   taxa,    and   F2.4

(unit   29)   contains   10   taxa.

With   the   transgressive   apex   defined   in   F2.2   (unit   13),

net   deepening   on   a   f if th-order   scale   occurs   f ron   the   base   of

F2.1    (unit   9)   to   unit   13   of   F2.2.      Net   shallowing   occurs   from

unit   14   of   F2.2   to   the   top   of   F2.4,   with   the   maximum   fifth-
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order   regressive   deposits   represented   by the   Orbiculoidea   and

Crurithyris   biofacies   (units   31   and   32,   respectively;   Figure

22b).      The   overall   deepening-shallowing   pattern   of   the   Hughes

Creek   fifth-order   T-R   unit   is   asymmetrical,   with   thin   net

transgressive   facies   (units   9   through   13),   and   an   overall

thicker,    net   regressive   phase   (units   14   through   32).

The   base   of   the   Long   Creek   f if th-order   T-R   unit   was

recognized   at   the   base   of   F3.I   (Figure   22c).      The   brachiopod

and   fusulinid   biofacies   of   F3.I   (units   33   and   34)   represent

more   open,   stable   marine   conditions   relative   to   the   paralic,

molluscan-osagid   facies   of   F2.4.      The   Long   Creek   fifth-order

T-R   unit   is   composed   of   at   least   five   sixth-order   T-R   units,

that   define   a   complete   net-transgressive   phase,   and   the   basal

part   of   a   net   regressive   phase.      The   maximum   extent   of

transgression,   at   a   fifth-order   scale,   is   represented   by   unit

38   of   F3.2,   which   contains   at   least   18   taxa.      The

"brachiopod   epibole"   (unit   38;   Figure   22c)   clearly   narks   the

Hushes   Creek   fifth-order   transgressive   apex,   relative   to   the

less   diverse,   brachiopod,    fusulinid.    bryozoan,   and   Osagia

bearing   facies   of   F3.1    (with   9   taxa   in   unit   31)   and   F3.3

(with   12   taxa   in   unit   40).      Net   deepening   therefore   occurs

from   the   base   of   F3.1   to   unit   38,    and   an   incomplete   net

shallowing   phase,   at   a   fifth-order   scale.   occurs   from   the

base   of   unit   39,    to   the   top   of   F3.5   (upper   part   concealed).

The   net   shallowing   phase   is   conf irmed   by   the   relatively   low
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molluscan   diversities   in   the   transgressive   apices   of   F3.4   and

F3.5   (units   44   and   48,   respectively).

Poliska   Lane   Section

The     Poliska   Lane   section   completes   the   detailed

examination   of   the   Foraker   Formation   f ron   the   upper   Hughes

Creek   shale   into   the   Johnson   shale.      Sixth-order   T-R   units

that   define   the   entire   Long   Creek   fifth-order   T-R   unit,   also

encompass   strata   in   the   lower   half   of   the   Johnson   Shale.

There   are   at   least   11   sixth-order   T-R   units   (i.e.,   sixth-

order   T-R   units   F3.1   through   F3.11)   that   form   the   Long   Creek

f if th-order   T-R   unit.      Descriptions   of   sixth-order   T-R   units

F3.3   through   F3.11,    in   addition   to   the   strata   above   the   Long

Creek   f if th-order   T-R   unit   in   the   lower   Red   Eagle   f if th-order

T-R   unit   (Clark,    personal   communication),   will   be   given   to

substantiate   the   placement   of   the   upper   Long   Creek   f if th-

order   genetic   surface.

Sixth-Order   T-R  Uaits.--Sixth-order   T-R   unit   F3.3   is

the   f irst   complete   sixth-order   T-R   unit   at   the   Poliska   Lane

section,   which   contains   the   first   massive   fusulinid   biofacies

below   the   base   of   the   Long   Creek   limestone   (as   at   the   Paxico

and   Manhattan   sections,   Figures   20e   and   22c).      Sub].acent   to

F3.3   is   0.15   in   of   non-fossiliferous,   silty,   dark   gray   shale,

interpreted   as   the   upper   regressive   facies   of   F3.2   (unit   1).

F3.3   contains   0.53   in   of   massive,    fusulinid-rich



123

calcirudite   (packstone;   unit   2)   at   its   base,   which   is

overlain   by   0.15   in   of   brachiopod-rich,   calcareous   shale   (unit

3;    Appendix).      Unit   3   is   overlain   by   a   pelecypod   and

crinoidal   calcilutite   (unit   4),   the   base   of   which   correlates

with   genetic   surface   F3.4   at   the   Paxico   and   Manhattan

sections.      As   at   the   other   detailed   sections,   unit   4

(characterized   by   a   Permophorus   biofacies)   is   overlain   by   a

quartz-sandy,   nonfossiliferous   calcareous   shale,   with   rare   to

common   plant   f ragments   representing   regressive   lagoonal   or

estuarine   conditions   (unit   5;   Appendix).

Sixth-order   T-R   unit   F3.5   (Appendix)   contains   a   basal

0.20   in   pelecypod.    crinoidal,    brachiopod   biomicrite

(calcilutite,   unit   6),   that   is   overlain   by   0.99   in   of   cross

laminated   (current),   sparsely   fossiliferous   (crinoids   and

pelecypods),   argillaceous,   massive   calcilutites   (units   7   and

8:    Appendix).      Overlying   unit   8   is   0.38   in   of   mudcracked

calcilutite   (unit   9)   with   thin   shale   lentils.     Unit   9   is

capped   by   0.23   in   of   massive,    iron   stained,    intensely   root

mottled,    argillaceous   dolomite   (unit   10)   marking   the   maximum

regression   of   F3.5.      Paleoenvironments   represented   in   F3.1

range   from   subtidal   to   intertidal   (units   6,7,   and   8),   to   a

(prograding)   supratidal   mudflat   (units   9   and   10).
\

A   0.91   in  non-fossiliferous   calcilutite   (unit   11)   with   an

uneven   basal   contact   marked   by   intraclasts,   characterizes

the   base   of   sixth-order   T-R   unit   F3.6.      The   upper   part   of

F3.5   (units   12   and   13)   is   a   non-fossiliferous,    silty   shale
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that   is   capped   by   a   root   mottled,    iron   stained   claystone

(paleosol).      Units   12   and   13   represent   the   basal   part   of   the

Johnson   shale.      F3.6   ranges   from   a   subtidal   to   intertidal

carbonate   environment,   to   a   terrestrial   paleosol   facies.

The   next   three   sixth-order   T-R   units   F3.7,   F3.8,   and

F3.9,   are   each   characterized,   at   the   base,   by   thin,   flaggy,

argillaceous,   non-fossiliferous   calcilutites   that   are

overlain   by   olive-green,    root   mottled   claystones.      These

claystones   are   interpreted   as   lithified   paleosols.

The   remaining   two   sixth-order   T-R   units   F3.10   and   F3.11

(Appendix),   are   each   characterized   by   intertidal   to

supratidal   dolostones   (basally)   that   are   capped   by   minor   root

mottled   claystones   (paleosols).      F3.11   represents   the

uppermost   sixth-order   T-R   unit   of   the   Long   Creek   f if th-order

T-R   unit.      The   next   four   sixth-order   T-R   units,    above   F3.11,

support   this   interpretation.      These   include,   in   ascending

order,    sixth-order   T-R   units   F4.1,   F4.2,    F4.3,   and   F4.4,

(Appendix).      These   sixth-order   T-R   units   have   been   described

in   detail   by   Clark   (personal   communication),   and   represent

the   initial   facies   of   the   Red   Eagle   fifth-order   T-R   unit.

F4.1   and   F4.2   encompass   the   uppermost   Johnson   Shale

Formation,    F4.3   encompasses   the   Glenrock   Limestone   Member,

and   F4.4   encompasses   the   lower   part   of   the   Bennett   Shale

Member    (Appendix).

At   the   base   of   sixth-order   T-R   unit   F4.I   is

0.08   in   of   ostracodal   calcilutite   (unit   24)    capped   by   0.33   in
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of   non-fossiliferous   claystone   (paleosol).      The   lower   0.51   in

of   F`4.2   is   an   ostracodal,laminated   calcilutite   (units   26   and

27)   overlain   by   a   distinct,   black,   fissile,   silty,

carbonaceous   shale   with   plant   fragments   and   ostracodes   (unit

28).      Unit   28   is   also   burrowed,    and   may   represent   very

shallow,   restricted   lagoonal   (or   estuarine)   conditions.

Overlying   unit   28   is   a   paleosol   characterized   by   a   slightly

root   mottled   claystone   with   caliche   nodules   (unit   29).      The

maximum   transgressive   facies   of   F4.I   and   F4.2   range   from

subtidal   to   intertidal   environments   that   were   f ollowed   by

nonmarine   terrestrial   environments   (their   maximum   regressive

f acies ) .

Sixth-order   T-R   unit   F4.3   (Glenrock   Limestone)   is

0.41   in   of   massive,   molluscan,    osagid,    intraclast   biomicrite

(unit   30).      Above   it,    in   the   upper   0.02   in   of   the   Glenrock

limestone   (unit   31),   is   a   thin   massive   fusulinid   calcirudite

(packstone)   representing   the   initial   transgressive   facies   of

F4.4   (unit   31).      Unit   31   of   F4.4   contains   a   very   diverse

marine   biota   including   Neospirifer,   Composita,   and   bryozoans

(Clark,    personal   communication).      According   to   Clark,    unit   31

(F4.4)   represents   the   transgressive   apex   of   the   Red   Eagle

fifth-order   T--R   unit.

Overlying   the   transgressive   facies   of   F4.4   is   a   thin

(0.05   in)   black   shale   (unit   32) with   a   distinct   Orbiculoidea

biofacies.      This   grades   upward   into   0.07   in   of   silty,   platy

shale   (with   few   marine   taxa)   that   represents   maximum
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regression   of   unit   33.

Fifth-Order  T-R  Units.--The   Poliska   Lane   section

contains   most   of   the   net   shallowing   phase   of   the   Long   Creek

fifth-order   T-R   unit,   and   the   basal   part   of   Clark's   Red   Eagle

fifth-order   T-R   unit.      In   the   Long   Creek   fifth-order   T-R

unit   it   is   obvious   that   F3.3   contains   the   most   diverse

assemblage   of   marine   taxa   including   brachiopods,   bryozoans,

echinoderms,   and   fusulinids   (Appendix).      The   incomplete   net-

shallowing   phase   at   a   fifth-order   scale,   thus   occurs   from

F3.2   through   the   molluscan-bearing   argillaceous   calcilutites

of   F3.4   and   F3.5.      The   remainder   of   the   net-shallowing   phase

is   represented   by   the   subtidal   to   intertidal,   non-

fossiliferous   calcilutites   of   F3.6   through   F3.9,   and   the

supratidal   dolostones   of   F3.10   and   F3.11.

The   top   of   the   Long   Creek   fifth-order   T-R   unit,   and   thus

the   lower   boundary   of   Clark's   Red   Eagle   fifth-order   T-R   unit,

is   recognized   because   of   the   fossiliferous   facies   in   F4.1,

relative   to   the   sub].acent,   non-fossiliferous,   "stacked"

supratidal-paleosol   facies   of   F3.10,   and   F3.11.      Clark's   Red

Eagle   f if th-order   T-R   unit   shows   a   continued   net   deepening

through   the   massive   calcilutite   and   overlying   black,   fissile,

ostracodal   shale   of   F4.2   (unit   28:    Appendix).      Maximum

transgression  at   a   fifth-order   scale,   is   represented   by   the

richely   diverse   facies   of   F4.4   (unit   31;   Clark,   personal

communication),   above   the   transgressive   algal-m6-lluscan

facies   of   F4.3.
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Foraker   Fourth-Order   T-R   Unit

Based   on   the   relative   extents   of   maximum   transgression

among   the   Americus,   Hushes   Creek,    and   Long   Creek   fifth-order

T-R   units,    the   upper   part   of   the   net   transgressive   phase   of   a

fourth-order   T-R   unit   can   be   defined   (Figure   23).      The   lower

part   of   the   regressive   phase   can   be   recognized   with

additional   inf ormation   on   the   superjacent   Red   Eagle   and   Burr

fifth-order   T-R   units   (Clark,    personal   communication:

Figure   24).      Data   on   rocks   above   and   below   the   intervals

analyzed   in   this   study   is   needed   to   determine   the   exact

positions   of   the   upper   and   lower   boundaries   of   this   f ourth-

order   T-R   unit,   which   I   will   refer   to   as   the   "Foraker   fourth-

order   T-R   unit."

The   f ourth-order   net   deepening   phase   was   determined

using   fossil   diversities.      For   example.   at   the   Paxico

section   the   Americus   fifth-order   transgressive   apex,   or   TA,

(Figure   20b,   upper   part   of   unit   6   and   unit   7)   contains   at

least   8   taxa,    the   Hughes   Creek   fifth-order   TA   (Figure   20c;

unit   16)   contains   17   taxa,    and   the   Long   Creek   fifth-order   TA

contains   19   taxa   (Figure   20e.   basal   part   of   unit   27).      The

net   increase   in   diversity   f ron   the   Americus   to   the   Long   Creek

fifth-order   TAs,   is   interpreted   as   reflecting   net   deepening,

at   a   fourth-order   scale.      This   pattern   is   consistent   with   the

MCDowell   Creek   Road   and   Manhattan   sections,    where   the

Anericus   f if th-order   TA   contains   12   taxa   (at   the   MCDowell
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Figure   23.       Standard    hierarch81    genetic    (T-R   unit)
stratigraphy   of   the   Foraker   Formation
illustrating   the   nested   hierarchal   pattern   of
sixth-,    f if th-,    and   fourth-order   T-R   units
(see   text   for   discussion).
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Figure   24.    Standard   hierarchal   genetic
stratigraphy   of   the   Foraker   f ourth-order
T-R   unit,    illustrating   the   internal   nesting
of   fifth-and   sixth-order   T-R   units.
Imf ormation   on   the   Red   Eagle   and   Burr
f if th-order   T-R   units   provided   by   Clark
(personal    communication).



m
et

er
s

ul



131

Creek   Road   section),    the   Hushes   Creek   fifth-order   TA   contains

16   taxa   (at   the   Manhattan   section),    and   the   Long   Creek   TA

contains   18   taxa   (at   the   Manhattan   section);   here   again,

defining   a   net   transgressive   phase   based   on   fossil   diversity.

A   net   decrease   in   diversity   occurs   going   f ron   the   Long

Creek   fifth-order   TA   (18   taxa),    to   the   Red   Eagle   fifth-order

TA   (F4.3,11   taxa;    Appendix).      This   is   interpreted   as

reflecting   net   shallowing   at   a   fourth-order   scale.      Fourth-

order   regression   continues   through   the   Burr   f if th-order   T-R

unit   (Figure   24;    Clark,    personal   communication).      Net

regression   at   a   f ourth-order   scale   is   ref lected   in   the

development   of   algal   bearing   facies,   a   concomitant   decrease

in   brachiopods   and   bryozoans,   and   the   lack   of   fusulinids   in

the   Burr   fifth-order   T-R   unit   (Busch,   personal

communication) .

Correlation  Methods   and   Results

Correlation   of   Foraker   T-R   units   was   genetically

achieved   relative   to   key   marker   beds,   hierarchal   deepening-

shallowing   patterns,   and   biozones.      Three   cross-sections,

A-A',    8-8',    a.nd   C-C'    (pocket   enclosures),    show   that

Sixth-   and   f if th-order   T-R   units   are   correlative   in   a   north-

south   and   east-west   direction.

The   Americus   fifth-order   T-R   unit   is   easily   correlated,

because   the   upper   Americus   limestone   bench   is   a   key   marker
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bed   in   sixth-order   T-R   unit   F1.2,   that   is   genetically   central

to   F1.1   and   F1.3.         Sixth-order   T-R   units   Fl.1   and   Fl.3   are

more   variable   in   their   geographic   extent   (discussed   later   in

more   detail).      Where   the   Americus   Limestone   Member   is

concealed   (or   absent),   the   fusulinid-Isoframna   biofacies   in

the   basal   part   of   F2.1   can   be   used   as   a   unique   biologic

marker   in   the   basal   part   of   the   Hughes   Creek   f if th-order   T-R

unit   (in   the   present   study   area).      However,    Isogramma   as   a

key   biostratigraphic   horizon   f or   the   Hughes   Creek   f if th-order

T-R   unit   (outside   the   present   study   area)   should   be   used

carefully.   because   Fritts   (1980)   recognized   Isogramna   in   the

Long   Creek   Limestone   Member   in   northeastern   Oklahoma.      The

correlative   hierarchal   pattern   of   the   Hughes   Creek   f if th-

order   T-R   unit   is   ref lected   in   the   thin   lateral   persistence

of   F2.1   and   F2.2.      There   is   a   distinct   increase   in   fusulinids

going   from   F2.1   to   F2.3   across   the   study   area   at   all

sections,   revealing   that   part   of   the   hierarchy.

Sixth-order   T-R   unit   F2.4   is   distinctly   correlative

across   the   study   area   using   the   osagid-molluscan   content

at   the   base   and   the   superjacent Orbiculoidea   and

biofacies.      The   distinct   Orbiculoidea

Crurithvris

of   F`2.4   must   be   carefully   correlated,    because   they   thin

drastically   to   the   south   and   southeast,   and   actually

disappears   in   Lyon   and   Chase   Counties    (Nudge   and   Yochelson

1962;    Garber.1954).      Hierarchal   patterned   increases   and

decreases   in   f usulinid   content   will   probably   prove   to   be   the
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genetic,   correlative   arbiter   of   the   Hushes   Creek   fifth-and

sixth-order   T-R   units.   as   it   is   a   very   useful   tool   in

Wabaunsee,    Pottawatomie,    and   Riley   Counties.

The   basal   three   sixth-order   T-R   units   of   the   Long   Creek

fifth-order   T-R   unit,   F3.1,   F3.2,    and   F3.3,   are   genetically

useful   based   on   their   massive,   fusulinid-rich   biofacies.

The   fusulinid   biofacies   form   three   distinct   zones   (one   in

each   sixth-order   T-R   unit)   that   are   consistently   f ound   across

the   area.      These   zones   are   always   subjacent   to   the   massive,

dolonitic,   calcilutite   lithofacies   of   the   Long   Creek

limestone.      Equally   distinctive   in   correlation   is   the   Foraker

fourth-order   TA,    as   represented   by   the   brachiopod   epibole

that   is   super].acent   to   the   massive   f usulinid   biof acies   of

F3.2.      This   zone   is   concealed   at   the   Admire   (Ad)    and   Allen

(A1)    sections   in   Lyon   County,    and   is   not   detectable   at   the   Cl

and   C2   sections   using   Garber's    (1962)    descriptions   (Appendix

I).      Correlation   of   the   Foraker   fourth-order   TA   can   be   made

as   far   south   as   the   Keene   (K)   section.

The   base   of   F3.2   is   questionable   at   the   Paxico   (P),

Amoco   #1    Hargrave   Core    (C),    Alma    (A),    and   Louisville    (L)

locations.      At   these   locations   a   massive   fusulinid   zone   (of

F3.2)   overlies   another   fusulinid   zone   (of   F3.1),   with   no

distinct   stratigraphic   separation.      At   all   other   sections,

the   fusulinid   biofacies   of   F3.1   and   F3.2   are   separated   by   a

thin   (2-4   cm).   sparsely   fossiliferous,   calcareous   shale.

This   raises   the   question   of   whether   or   not   there   may   actually
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be   cryptic   "diastemic"   surfaces   (representing   regressive

phases   and   transgressive   events   on   a   sixth-order   scale)

within   the   massive   f usulinid   zones   of   the   Foraker   Formation

(e.g.,    F2.3,    F3.1,    F3.2,    and   F3.3).      If   this   is   true,    other

sixth-order   genetic   surfaces   may   exist,   that   are   not

otherwise   defined   by   a   distinctly   less   diverse,   or   sparsely

fossiliferous,   subjacent,   sixth-order   regressive   facies.

Within   the   massive   f usulinid   zones   there   may   exist   disjunct

facies   of   a   nondisparate   nature.      Continued   correlation   to

the   south,    past   Chase   County,    and   into   the   extreme   southern

part   of   Kansas   using   a   genetic   approach,    may   define   such

cryptic,    genetic   surfaces   as   fusulinids   become   ubiquitous

throughout   the   Foraker   Formation   in   these   areas   (e.g.,

Garber,    1962;    Nudge   and   Yochelson,    1962;    Avers,    1968;    Fritts,

1980)  .

Sixth-order   T-R   unit   F3.3   marks   the   last   correlative

fusulinid   biofacies,   and   is   genetically   distinctive   in   this

sense   because   the   superjacent   Long   Creek   limestone

does   not   contain   fusulinids.      Fusulinids   only   occur   in   the

Long   Creek   Limestone   Member   near   the   Kansas-Oklahoma

border,    and   become   abundant   in   northern   Oklahoma   (Fritts,

1980).      The   upper   boundary   of   F3.3,    and   thus   genetic   surface

F3.4,    is   cryptic   at   the   Manhattan    (M),    Holidome    (H),

Southeast   Paxico    (SEP),    Kansas   River    (KR),    and   Flush    (F)

sections,   because   no   clear   faunal   or   lithologic,   genetic

distinction   exists,   but   it   is   distinguishable   at   the   other



135

sections.      The   fact   that   this   boundary   (F3.4)   is   questionable

at   a   number   of   sections   does   not   disrupt   the   correlative,

continued,   net-shallowing   phase   at   a   fifth-order   scale

through   the   remainder   of   the   Long   Creek   fifth-order   T-R   unit,

at   all   sections   exposing   this   sequence.      In   addition,   the

basal   part   of   F3.4   at   all   localities   (inclusive   of   those   with

a   questionable   F3.4   surface)   is   narked   by   a   Permophorus

biofacies.

Sixth-order   T-R   unit   F3.5   is   correlative   based   on   the

occurrence   of   a   subjacent,   plant-bearing   silty   shale   in   the

regressive   part   of   F3.4,   and   an   overlying   massive,

sparsely   fossiliferous,   nolluscan   calcilutite   in   F3.5   at   all

locations.      However,    the   upper   part   of   F3.5   is   variable

because   at   some   localities   there   is   a   single,   prominent,

mudcracked   algal   1aminite   facies   (e.g.,    #1   Hargrave   Core,

Deep   Creek,    Admire,    Alma,    and   East   Paxico   sections:    Appendix

I)   at   the   top   of   F3.5.      At   other   localities,   F3.5   contains

multiple,   thinnly   interbedded,   non-fossiliferous   calcilutites

and   algal   1aminites   (e.g.,    Southeast   Paxico,    and   Keene

sections).      This   may   indicate   the   presence   of   autogenic

"noise",    in   this   case   deepening   events.      At   the   same   time.

the   upper   part   of   F3.5   at   the   Poliska   Lane   (PL),    Blue   River

(BR),    Kansas   River    (KR),    and   Holidome    (H)    sections   contain   no

algal   1aminites.      It   is   evident,   for   example,   that   the   algal

laminites   of   the   #1   Hargrave   Core    (C;    in   F3.5)    and   Deep   Creek

(DC)   sections   (in   F3.5)   are   correlative   with   the   intensely



136

root   mottled,    iron   stained   dolomites   of   the   Poliska   Lane   and

Kansas   River   sections    (Cross   Section   8-8';    Appendix).      This

part   of   the   Foraker   hierarchy   (F3.5)   represents   concomittant

fourth-order   net   regression.      Therefore   the   extra   algal

laminites   (e.g.,    Keene   and   Southeast   Paxico   sections)

probably   represent   autogenic   events.      Better   stratigraphic

control   and   more   complete   sections   are   needed   to   test   this

idea,

Sixth-order   T-R   unit   F3.6   was   only   described   at   the

#1    Hargrave    core    (C),    Holidome    (H),    Alma    (A),    Paxico    (P),

Blue   River    (BR),    Poliska   Lane    (PL).    and   Kansas   River    (KR)

sections.      More   field   data   is   needed   to   complete   sixth-order

correlation   above   F3.6.       However,    in   the   #1    Hargrave   Core,

Holidome,    and   East   Paxico   sections,    regressive   (on   a   fifth-

and   fourth-order   scale)   algal-bearing,    flaggy   calcilutites

and   paleosols   of   the   Johnson   Shale   Formation   consistently

occur   above   the   Long   Creek   limestone.

Standard   Hierarchal   Genetic   (T-R   Unit)   Stratigraphy   of
the   Foraker   Formation

By   the   analysis   of   all   f acies   and   f acies   contacts   a

discrete,   physically   nested   hierarchy   of   sixth-,   fifth-,   and

and   part   of   a   f ourth-order   T-R   unit   encompasses   the   Foraker

Formation.      The   sixth-order   T-R   units   (Figures   23   and   24)   are

relatively   thin   (0.50   in   to   3.00   in),    asymmetrical,    shallowing-

upward   units   that   are   correlative   across   the   area   of   study.
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The   f if th-order   T-R   units   are   also   characteristically

asymmetrical   with   relatively   thin   transgressive   phases,

and   thicker   net   regressive   phases.

According   to   Busch   and   West   (1987)   the   periodicities   of

Permo-Carbonif erous   T-R   units   are   also   hierarchal   (Figure

14).      Based   on   their   estimate   of   Permo-Carboniferous   fifth-

order   T-R   units,   each   fifth-order   T-R   unit   recognized   in   this

study   probably   represents   300,000   to   500,000   years   of

deposition.      The   interval   from   the   base   of   the   Anericus   to

the   top   of   the   Long   Creek   f if th-order   T-R   unit   would

therefore   represent   approximately   900,000   years   to   1.5   my   of

deposition.      Dividing   this   range   by   the   total   number   of

sixth-order   T-R   units   in   this   interval   (18)   results   in   a

sixth-order   periodicity   range   of   approximately   50,000   years

to   83,000   years.
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PALEOGEOGRAPHIC    DEVELOPMENT    0F    THE    FORAKER    FORMATION

Methods

Paleogeographic   maps   were   constructed   f or   correlative

f acies   representing   maximum   transgression   within   each   sixth-

order   T-R   unit,   thus   establishing   both   paleoecologic   and

lithologic   changes   across   the   study   area.      The   only   exception

to   this   is   that   a   map   for   early   transgression,   and   a   map   for

initial   regression,   rather   than   maximum   transgression,   was

constructed   for   F1.1   and   F1.3.    respectively.      This   approach

(i.e.,    mapping   the   TA)    was   utilized   by   Busch    (1984),    and   is

usef ul   f or   understanding   the   controls   over   the   development   of

lithofacies   and   biofacies   in   rock   sequences.        Sixth-order

T-R   units   F1.1   thru   F3.2   of   this   study   were   napped   for

discussion   on   the   Foraker   paleogeography.      These   sixth-order

T-R   units   were   napped   because   they   encompass   all   three   f if th-

order   T-R   units,    and   thus,    the   upper   net   deepening   phase   of

the   Foraker   fourth-order   T-R   unit.

Development   of   the   Foraker   paleogeographic   maps   is   based

on   the   premise   that   each   sixth-order   transgressive   f acies

is   affected   by,   and   potentially   inherits,   the   topography   that

existed   prior   to   the   punctuation   event   (i.e.,   transgression).

This   is   a   reasonable   postulate,    because   according   to   the   PAC

hypothesis,    punctuation   events   are   commonly   narked   by   non-

deposition   (or   very   thin   transgressive   facies).      Thus,    the
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sixth-order   transgressive   facies   was   being   deposited   on   a

previously   formed   topography   that   (presumably)   resulted   from

an   entirely   different   set   of   environmental   conditions.

Isopach   maps   of   the   thickness   of   each   sixth-order   T-R   unit

were   used   to   help   delineate   corresponding   topographic   highs

and   lows   that   may   be   inferred   from   the   paleogeographic   maps.

After   completion   of   the   paleogeographic   maps,   all

boundaries,   whether   biofacies   or   lithofacies   boundaries,   were

overlain   and   superimposed   onto   a   single   base   map   of   the   study

area.      This   "composite   paleogeographic   map"   was   used   to

detect   any   recurrent   sixth-order   facies   trends.      Likewise,   a
"composite   isopach   map"   was   constructed   to   show   the   recurrent

sixth-order   isopach   "thins"   and   "thicks".

Paleoecologic   and   Lithologlc   Trends

Sixth-order   T-R   Unit   F1.1.--The transgressive   apex   of

F1.I   is   a   laterally   uniform   mudstone   to   wackestone

(calcarenite-biomicrite)   1ithofacies   that   represents   the

upper   part   of   the   lower   Americus   limestone   bench.      Within

the   TA   of   F1.I,    molluscs   are   the   dominant   marine   taxa

throughout   the   area,   with   fewer   ostracodes,    crinoids   and

brachiopods   (Appendix).      Although   brachiopods   appear   to

increase   in   abundance   toward   Garber's    (1962)   Cl   and   C2

sections,    as   well   as   the   #1   Hargrave   Core   (C;    Appendix),

there   is   no   discrete   biof acies   or   lithofacies   dif ferentiation
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in   the   TA   of   Fl.1.      Therefore   the   intitial   transgressive

facies   of   F1.1    (rather   than   the   TA   of   F1.1)   that   encompasses

the   basal   part   of   the   lower   Americus   limestone   bench,   was

used   to   construct   a   paleogeographic   map   (Figure   25;

Appendix).      This   was   done   because   there   are   discrete

lithof acies   changes   in   the   initial   transgressive   phase   of

F1.1   across   the   study   area,    which   may   provide   more

inf ormation   on   the   controls   over   deposition   of   the   Foraker

Formation.      Another   more   detailed   paleogeographic   map

representing   the   entire   lower   Americus   interval   (Figure   26)

is   provided   by   Fisher   (1980),    and   will   be   disscused   in

support   of   this   study.

Figure   25   has   been   differentiated   into   three   general,

primary   environments.      These   environments   include:    1)   a

shoaling,   intertidal   to   subtidal   environment   located   in   the

northern   and   central   portions   of   the   study   area,   as

represented   by   the   molluscan-algal   packstone   lithofacies;

2)   a   "deeper",    quieter   marine   environment   located   in   the

western,    southwestern,   and   southern   parts   of   the   area,   as

represented   by   the   calcareous   shale   lithofacies;   and   3)   an

intertidal-subtidal   mudf lat   environment   located   in   the

eastern   and   northeastern   part   of   the   area,   as   represented   by

the   nonfossiliferous   mudstone-calcilutite   lithofacies.

The   shoal   area   (molluscan-algal   packstone   lithof acies)

is   typified   by   reworked,   brecciated,   and   contorted   algal

stromatolites   ( Collenia? ).      Although   not   all   of   the
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stromatolitic   facies   show   this   characteristic,   it   is   connon

within   the   confines   of   the   lithofacies.      Encasing   the   algal

stromatolites   and   their   rip-up   clasts   (e.g.,   Paxico,   P,

section;   Appendix)   is   an   intraclast   biomicrite   (skeletal

packstone)   that   grades   upward   into   a   molluscan   (myalinids

and   pinnids),   occasionally   burrowed,    biofacies.

It   is   evident   that   the   nolluscan-algal   packstone

lithof acies   was   f orned   by   relatively   higher   energy

conditions.      For   example,    Fisher   (1980)    found   evidence   of

algal   "roll"   structures   attributed   to   storm   currents,   and

imbricated   rip-up   clasts   that   were   attributed   to   tidal

reworking.      The   eastern   and   western   limits   of   the   shoal   area

are   clef ined   by   the   disappearance   of   the   basal,   massive   algal

stromatolites   as   seen   in   the   Amoco   #1   Hargrave   Core   (C)    in

the   northwestern   part   of   the   study   area,   and   the   Crow

Creek   (CC)    section   (Appendix)   in   the   northeastern   part   of   the

area.      The   southern   and   western   limits   of   the   shoal   area   are

interpreted   as   representing   the   boundary   between   higher

energy   conditions   of   the   shoaling   environment,    and   more

stable   energy   conditions   that   allowed   the   deposition   and

accumulation   of   f ine   siliciclastic   sediments   to   the   south.

Deposition   of   .siliciclastic   mud   to   the   south   f orned   the

calcareous   shale   lithofacies   (Figure   25).

The   calcareous   shale   lithofacies   separates   the   basal

algal   stromatolite   facies   f ron   the   lower   Americus   limestone

bench   at   the   Keene    (K)    section   and   at   Nudge   and   Burton's
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(1959)    section   43   (Figure   25;    Cross   Section   A-A',    pocket

enclosure).       Mudge   and   Burton    (1959),    and   Nudge   and   Yochelson

(1962)   confirmed   the   existence   of   a   very   calcareous,    silty,

gray   to   dark   gray   shale   between   the   lower   Americus   limestone

and   the   basal   Americus   stromatolite   facies   (originally

referred   to   as   the   Houchen   Creek   Limestone).      The   intervening

calcareous   shale   lithofacies,   originally   termed   the   Oaks

Shale   Member   of   the   Janesville   Formation   (Admire   Group),    is

prevalent   in   Lyon   and   Chase   Counties   (Moore,    Jewett   and

O'Connor,1951;    and   O'Connor,1953).       The   calcareous   shale

lithofacies   pinches   out   in   northern   Wabaunsee   county.

Garber's   (1956)   data   shows   the   exsistence   of   productid

brachiopods   and   f oraminif erids   in   the   calcareous   shale

lithofacies   at   his   ''C1"   section   in   Chase   County   (Figure   25:

Appendix) .

The   calcareous   shale   lithofacies   is   also   present   in   the

f orm   of   thin   interbedded   shales   and   shale   lentils   at   the   #1

Hargrave   Core   (C)   in   the   northeastern   part   of   the   study

area,    and   is   also   present   in   northern   Wabaunsee   County.      The

isolated   calcareous   shale   lithofacies   at   Garber's   W81ocality

is   interpreted   as   representing   a   quieter,   "ponded"   area

within   the   shoaling   environment   of   the   molluscan-algal

Packstone   lithofacies.      Based   on   Fisher's   (1980)   discussion,

other   such   "ponded"   areas   probably   existed   within   the

shoaling   environment.      In   addition   to   the   disappearance   of

the   stromatolite   facies   at   the   #1   Hargrave   core   (C),    the
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initial,   shaley   transgressive   deposits   of   F1.1   contain   an

assemblage   of   brachiopods,    pelecypods,    crinoids,    and

ostracodes.      The   basal   0.01   in   to   0.15   in   of   F1.1,    at   the   core

site,   also   contains   carbonate   intraclasts   that   may   actually

be   allochthonous   rip-up   clasts   transported   seaward   f ron   the

shoaling   environment(?).      The   calcareous   shale   lithofacies   is

indicative   of   quieter,   more   stable,   level   bottom   conditions

(e.g.,    Anderson,1974)    in   a   "deeper   marine?"   environment,    as

indicated   by   its   siliciclastic   mud   and   brachiopods.

The   mudstone-calcilutite   lithofacies   in   the   northeastern

part   of   the   area   is   characterized   by   the   disappearance   of

stromatolites   at   the   Crow   Creek   (CC)   section.      The   algal

stromatolite   f acies   begins   to   pinch   out   near   the   Louisville

East   (LE)   section,   where   it   is   a   very   thin   (<2cm)   and

laterally   impersistent   facies   (Fisher's Ottonosia f acies? ) .

The   basal   part   of   sixth-order   T-R   unit   F1.I   at   the   Crow   Creek

(CC)   section   is   a   non-fossiliferous   calcilutite   (mudstone)

with   occasional   non-fossiliferous   clay   lentils   (e.g.,   Nudge

and   Yochelson,1962:    Appendix).      This   facies   represents   a

semirestricted,    intertidal   mudflat   environment.      A   more

detailed,   and   probably   less   tenuous   picture   of   this   portion

of   the   study   area   is   given   by   Fisher   (1980),    and   is   based   on

more   stratigraphic   control   of   the   Americus   limestone   in   this

area ,

Fisher   (1980)   recognized   four   lithofacies   in   the   lower

Americus   limestone   interval   based   on   carbonate:shale   ratios
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and   petrologic   data   (Figure   26).      These   include:    1)   a   tidal

mudflat   lithofacies   in   the   northeastern   part   of   his   area;   2)

a   northwest-southeast   trending   lagoonal   f acies   tract   in

eastern   Pottawatomie   County;    3)   a   similar   trending   carbonate

shoal   f acies   in   southern   Pottawatomie   and   northern   Wabaunsee

Counties;   and   4)   a   "basinal"   facies   tract   along   the   western

and   southwestern   part   of   his   area.   The   basinal   facies   is

analogous,1ithostratigraphically   and   paleogeographically,   to

the   deeper   marine,   calcareous   shale   lithofacies   recognized   in

this   study.   Likewise,   Fisher's   carbonate   shoal   is   analogous

to   the   intertidal   to   subtidal   shoal   of   this   study.

Good   stratigraphic   control   in   eastern   Pottawatomie   and

southeastern   Jackson   Counties   enabled   Fisher   (1980)   to

recognize   a   back-shoal   1agoonal   facies   seaward   of   the   mudf lat

facies   (Figure   26).      This   facies   contains   thinly   interbedded

osagid-bearing   packstones, Orbiculoidea -bearing   black   shales,

and   gray   and   green   calcareous   shales   with   brachiopods,

crinoids   and   pelecypods.      The   mudflat   area   is   differentiated

from   the   lagoonal   facies   by   its   pustular   to   tufted,   algal

stronatolitic   crusts   (i.e.,   Ottonosia)   f ound   in   eastern

Pottawatomie   and   western   Jackson   Counties.      Fisher   (1980)

compared   these   rocks   to   the   high   intertidal   to   low   supratidal

mudflat   facies   of   Shark   Bay,   Australia   (described   by

Logan  £±  ±|.,1974).      Fisher's   northern   tidal   mudflat   and

basinal   facies   are   questionable,   as   they   are   immediately

adjacent   to   one   another   in   Marshall   County   (Figure   26).
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The   shoaling   facies   interpreted   and   pref erred   in   this

study   (Figure   25)   is   expanded   and   covers   a   slightly   broader

area.      Fisher's   carbonate   shoal   facies   essentially   coincides

with,   and   lies   within,   the   molluscan-algal   packstone

lithofacies   of   the   present   study.      The   larger   shoaling   area

of   this   study   is   based   mainly   on   the   fact   that   a   distinct

molluscan-algal   packstone   lithofacies   is   f ound   at   the

Louisville    (L)    and   MCDowell   Creek   Road    (MCR)    sections.       The

former   locality   coincides   with   Fisher's   shaley   lagoonal

tract,   and   the   latter   location   coincides   with   his   basinal

facies.     Neither   of   these   localities   contain   a   basal,

intervening   calcareous   shale   lithofacies.      At   the   same   time

there   is   no   indication,   1ithologically   or   paleoecologically,

f or   placing   these   two   sections   in   a   deeper   basinal   or

lagoonal   facies   (e.g.,    see   lower   Americus   interval,    Fl.1,    at

Louisville   East   and   MCDowell   Creek   Road   sections:

Appendix) .

Sixth-Order   T-R   Unit   F1.2.--The transgressive   apex   of

sixth-order   T-R   unit   F1.2,   throughout   the   area,   occurs   in   the

upper   0.10   to   0.15   in   of   the   upper   Americus   limestone   bench.

It   includes   the   fusulinid   biofacies   (recognized   at   the   Paxico

(P)    and   MCDowell   Creek   Road    (MCR)    sections,    Figures   20a   and

2lb),   above   which   lies   the   regressive   Crurithyris   biofacies.

The   remarkable   persistence   of   the   lithology.   biotic

diversity,   and   thickness   of   the   upper   Americus   limestone

bench   supports   the   interpretation   that   it   is   a   maximum   f if th-
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order   transgressive   event.      The   homogeneousness   of   the   upper

Americus   limestone   bench,   and   its   fusulinid   biofacies   (Figure

27),   makes   it   difficult   to   discern   any   lateral   changes   in

lithofacies   or   biofacies   (e.g,    Harbaugh   and   Demirmen.    1964;

Fisher,1980).

The   TA   of   Fl.2   is   a   fine   calcirudite,   compositionally

referred   to   as   a   poorly   sorted,    pelecypod,    brachiopod,

crinoid,    fusulinid   biomicrite   (wackestone).      This   facies

contains   varying   amounts   of   clay,    and   glauconite   is   rare   to

common.      A   relatively   diverse   assemblage   of   articulated,    and

well   preserved   fossils   such   as   Neospirifer,

Reticulatia Derbyia,    and llidium

Neochonetes ,

(e.g.,    Westmoreland

section,   W;    Appendix   I),    occur   within   the   fusulinid

biofacies.      No   clear   lateral   facies   change,   faunally   or

lithologically,   exists   in   the   fusulinid   biofacies

(Figure   27);   however,   there   appears   to   be   a   slight   increase

in   fusulinids   (from   north   to   south),   and   crinoids   and

clay   (from   south   to   north).   across   the   area.      At   all

localities,   fusulinids   are   rare   or   nonexistent   in   the   base   of

the   upper   Americus   limestone   bench,    and   become   common   to

abundant   at   the   top   (i.e.,    in   the   TA   of   Fl.2).      Sub].acent   to

the   TA   of   F1.2   (in   the   lower   half   of   the   Americus   limestone

bench)   the   lithology   is   similar,   except   for   the   occurrence

of   intraclasts   and   the   disappearance   of   fusulinids.

Throughout   the   study   area,   horizontal   burrows

(epirelief ,   detritus   filled)   occur   on   the   undersides,   as   well
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as   the   upper   bedding   planes,    of   the   upper   Americus   limestone

(characterized   by   2   to   4   cm   diameters).      It   is   recognized   in

this   study,    and   also   by   Fisher   (1980).    that   burrowing   by

pelecypods   (Wilkingia?)   may   have   had   some   effect   on   the

vertical   and   lateral   facies   differentiation.      In   addition,   it

was   recognized   by   Fisher   (1980)   and   this   author,   that

currents   may   have   enhanced   the   "nixed",    poorly   sorted,

honogeneousness   of   the   upper   Americus   limestone   bench

(particulary   subjacent   to   the   TA   of   F1.2).   Fisher   (1980)   has

documented   inclined   bedding   surfaces,    and   graded   bedding.

Commonly   f ound   in   this   study   were   edgewise   grains   of

intraclasts   and   crinoids   (below   the   TA   of   F1.2).      This

suggests   "more-than-normal"   agitation   by   waves   and   currents

(e.g.,    Friedman   and   Sanders,1978).       The   abundance   of

carbonate   mud   in   the   upper   Americus   limestone   bench

(inclusive   of   the   TA)   suggests   that   such   agitation   was

discontinous   or   that   carbonate-sediment   bafflers   existed.

Because   crinoids   are   particularly   abundant   (even   in   the   TA   of

F1.2)   they   may   have   been   these   carbonate   -sediment   bafflers.

Harbaugh   and   Demirmen   (1964)    quantitatively

dif ferentiated   depositional   regimes   of   the   upper   Americus

limestone   bench   using   petrologic   data   from   271ocalities,

extending   from   Lincoln   County,    Oklahoma   to   northern

Pottawatomie   County,    Kansas   (Figure   28).      They   recognized

four   paleogeographic   "phases"   (or   facies   areas):    phase   A,

coincident   with   the   northern   part   of   this   study   area,   is
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Figure    28.       Paleogeographic   map   showing   the   phases   of
depositional   environments   of   the   upper   Americus
limestone    bench    (from   Harbaugh    and   Demirmen,    1964)
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typified   by   abundant   "shelled"   animals   (i.e.,    brachiopods   and

pelecypods)   and   abundant   carbonate   mud;    phase   8,    typified

by   bryozoans   ("bryozoan   thicket")   and   crinoids;      phase   C,    a

shoaling   phase   dominated   by   intraclasts;    and   phase   D,    a

southern   phase   that   is   typically   thicker   and   contains

abundant   fusulinids   associated   with   increased   silt   and   clay.

They   concluded   that   their   northern   phase   A   (coincident   with

the   present   area   of   study)   represents   a   single   depositional

phase   (or   facies)   of   the   upper   Americus   limestone   bench,

f ormed   f ar   f ron   shore   with   little   ef f ect   by   waves   and

currents   as   indicated   by   the   abundant   carbonate   mud.      This

study   provides   a   slightly   dif f erent   interpretation   f or   the

same   area.      At   least   3   different   facies   (gradational   in

nature,   and   consistently   found   across   the   area   of   study),

rather   than   a   single   "phase",   are   represented   in   the   upper

Americus   limestone   bench:    1)   an   initial   transgressive   facies,

representing   more   agitated   conditions,    is   marked   by   the   basal

intraclast   bearing   facies;   2)   a   maximum   transgressive   facies

that   represents   a   more   open,    less   agitated   environment   is

marked   by   the   f usulinid   and   brachiopod   biof acies   in   the

upper   part   of   the   Americus   limestone;   and   3)   an   initial

regressive   facies   representing   more   restricted,less   open

conditions   is   indicated   by   the   Crurithyris   biofacies   (e.g.,

Brezinski,1983),   superjacent   to   the   fusulinid   biofacies.

Sixth-order   T-R   unit   F1.3.--Two paleogeographic   maps

were   constructed   f or   the   maximum   transgressive   f acies   of
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F1.3,   to   show   variations   in   both   lithofacies   and   biofacies

(Figures   29   and   30).      Both   maps   represent   a   return   to

shallowing   conditions   at   a   fifth-order   scale,   as   F1.3

represents   the   upper   regressive   phase   of   the   Americus   f if th-

order   T-R   unit.

Figure   29   is   the   lithofacies   map   of   the   transgressive

apex   of   Fl.3.      Two   lithofacies   are   distinguished   in   this   map:

1)   a   sparry   calcirudite   lithofacies   in   the   northeastern

part   of   the   study   area;   and   2)   an   argillaceous   calcirudite   -

calcareous   shale   lithofacies   in   the   southern,   central,   and

western   areas   of   study.

The   sparry   calcirudite   lithofacies   (Figure   29)   is

dominated   by   osagid   grains,    commonly   in   grain-to-grain

contact.      Consequently,    sparry   calcite   cement   is   common

throughout   this   lithofacies.   The   osagid-type   grains   are

also   occasionally   supported   by   argillaceous,   carbonate   mud,

thus   resulting   in   a   flaggy,   and   sometimes   thin   bedded

appearance   in   the   field.      There   is   a   mixture   of   fragmented

and   worn   fossil   allochems,   as   well   as   articulated   brachiopods

such   as   Wellerella   and   Neos irifer. This   rock   is   poorly   to

moderately   sorted,    and   reverse-graded   bedding   was

occasionally   observed.       For   example.    at   the   Westmoreland    (W)

section   the   upper   0.10   in   of   the   sparry   calcirudite   facies,

shows   a   size   grading   of   the   osagid   grains,    from   .35   mm   (long

diaineter)   near   the   base,    to   approximately   8.0   mm   (long

diameter)   near   the   top   (Appendix).      Associated   with   the
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larger   grains   at   the   top   is   an   increase   in   sparry   calcite

cement,    suggesting   an   increase   in   current   washing.      Low

angle,   inclined   bedding   is   rarely   found   in   the   sparry

calcirudite   facies   and   is   usually   accompanied   by   edgewise,

bean-shaped,   osagid   grains,   and   other   fossil   fragments.

Environmentally,   the   mixture   of   osagid   grains,    sparry   calcite

cement,   and   micritic   mud   is   suggestive   of   a   relatively

shallow   environment,   that   was   intermittently   agitated.

Agitation   was   probably   provided   by   both   current   oscillations

and   storms.

The   sparry   calcirudite   lithof acies   becomes   silty   and

sandy   (quartz)   at   the   Crow   Creek   (CC)    section,    in   the

northeastern   area   of   study.        In   the   initial   deepening   phases

of   F1.3   (subjacent   to   and   gradational   with   the   sparry

calcirudite   facies)   at   the   Crow   Creek   section   (CC)   are   thin

interbedded,   sandy   calcilutites   (sparsely   fossiliferous)   and

sandy   calcareous   shales.      Symmetrical   ripples   occur   on   the

upper   bedding   planes   of   the   sandy   calcilutite   facies.      The

direction   of   current   motion,   perpendicular   to   the   ripple

axes,    is   north-30   degrees-east   to   south-30   degrees-west

(Appendix).      Shoaling   or   oscillation   waves   in   a   shallow   water

environment   typically   form   oscillation   ripples.      The   very

thin   interbedded   shale   that   occurs   in   the   sandy   calcilutite

lithofacies   may   be   flaser   bedding(?),   but   the   minimal   lateral

exposure   at   the   Crow   Creek   section   makes   this   dif f icult   to

d e t e r Tn i n e .
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The   argillaceous   calcirudite   -   calcareous   shale

lithofacies   (Figure   30)   is   so   named   because   of   the   increasing

amounts   of   clay,    particulary   to   the   south.      For   example,   at

the   Admire   (Ad)   section   the   transgressive   apex   of   Fl.3   is

essentially   intermediate   between   a   very   calcareous   shale   and

a   very   argillaceous   calcirudite.      The   TA   of   the   sections   ]`ust

south   and   west   of   the   sparry   calcirudite   facies   are

represented   by   a   very   argillaceous   (shaley),   fine-grained

calcirudite,   compositionally   referred   to   as   a   pelecypod,

gastropod,    bryozoan,    crinoid,    bracbiopod   biomicrite.

Basally,   at   nearly   all   sections,   in   the   initial   net   deepening

phase,   F1.3   is   characterized   by   thin   interbedded,

Lino roductus-rich   calcareous   shales   and   micritic-

calcirudites   (wackestones   to   packstones).

The   sparry   calcirudite   facies   may   have   approached

shoaling   conditions   (owing   to   the   indicators   of   agitated

waters   aforementioned)   relative   to   the   argillaceous

calcirudite   -   calcareous   shale   lithofacies   to   the   south   and

west.      Consequently   the   sparry   calcirudite   facies   may

reflect   a   well   washed   sediment   bypass   system.      Allochthonous,

siliciclastic,   fine   sediment   was   being   transported   across

this   f acies   seaward   into   more   of f shore   waters   of   the

argillaceous   calcirudite   -calcareous   shale   lithofacies   to   the

south.    southwest,    and   west.

The   three   maximum   transgressive   biofacies   of   F1.3

(Figure   30)   are:    1)   a   molluscan-osagid   biofacies   in   the



158

northeastern   area   of   study   that   corresponds   to   the   sparry

calcirudite   lithofacies;   2)

Lino

a   Neos irifer-Com osita-

roductus-Reticulatia   biof acies   that   corresponds   with   the

northern   part   of   the   argillaceous   calcirudite   -   calcareous

shale   lithofacies;   and   3)   a   fusulinid   biofacies   that

corresponds   to   the   southern   part   of   the   argillaceous

calcirudite   -calcareous   shale   lithofacies.

The   molluscan-osagid   biofacies   is   characterized   by

abundant   osagid   encrusted   grains   where   f ragments   of

molluscs,    echinoderms,    brachiopods,    bryozoans,   and   dasyclad

algae   are   coated   with   the   f oraminif eral   consortium,   0_sag_i_a

incrustata .    as   recognized   by   Henbest   (1963).      The   grains   are

evenly   coated,    creating   a   bean   or   kidney   shaped   coated   grain

(in   the   weathered   outcrops)   similar   to   those   described   in

the   Hughes   Creek   shale   of   southern   Kansas   by   Twenhof el

(1919),    and   in   the   upper   Pennsylvanian   Leavenworth   limestone

of   eastern   Kansas    (Toomey,1969,1974).

Associated   with   the   mollu§can-osagid   biofacies   are

bellerophontaceans ,

Pseudoz 1eura?

Pteronites

Stra arollus and   other   small   gastropods

;    as   well   as   Aviculo ecten Edmondia

and   other   unidentif ied   dimunitive   mollusc

fragments.      The   molluscs   are   commonly   algal   coated.

Encrusting   bryozoans   are   also   characteristic   of   the

molluscan-osagid   biofacies,    and   commonly   encrust   brachiopods,

pelecypods,    echinoid   spines,   and   other   fossil   fragments.

Encrusting   bryozoans   do   not   occur   south   of   the   osagid-
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molluscan   biofacies.      Cuffey   (1967)   also   found   encrusting

bryozoans   (in   the   Wreford   Formation)   in   his   molluscan   and

osagid-bearing   facies   that   were   indicative   of   shallow,

nearshore,   and   hypersaline   environments.

Brachiopods   such   as   Neospirifer,

Neochonetes

Wellerella 'and

exist   within   the   molluscan-osagid   biofacies.

Where   they   are   associated   with   the   osagid   grains   without

being   encrusted,    they   occasionally   show   signs   of   wear,

and   commonly   have   acrothoracian   borings.      Accordingly,    niches

suitable   to   high   level   suspension   feeders   in   a   shallow,

agitated   environment   must   have   existed   in   the   molluscan-

osagid   biofacies,   as   evidenced   by   the   diversity   of   molluscs,

brachiopods,    and   bryozoans.      The   brachiopod   taxa   probably

indicate   that   this   f acies   was   exposed   to   open   marine

circulation,   but   was   probably   shallower   (topographically

higher   and   more   restricted)   than   the   biofacies   to   the   south

(discussed   below),    owing   to   its   dominant   algal-molluscan

content.      Toomey   (1969,    1974)   attributed   the   association   of   a

diverse   biota   with   abundant   osagid-type   grains   (in   the

Leavenworth   limestone)   to   shallow   marine   conditions   within

the   photic   zone,    on   a   slowly   subsiding   carbonate   platform.    It

is   also   possible,   that   diverse   osagid   facies   may   represent

topographically   higher   areas   that   are   intermittently

(seasonally?)   exposed   to   open   marine   circulation.

To   the   west,    southwest,    and   south   of   the   molluscan-

osagid   biofacies   their   existed   topographically   lower(?),
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more   open   and   stable   marine   conditions   (Figure   30).      This   is

represented   by   the.  Neosi)irif er-Composita-

Reticulati8   biofacies.

Lino roductus-

This   biof acies   is   clearly   associated

with   the   argillaceous   calcirudite   -   calcareous   shale

lithofacies   (Figure   29).      The   biofacies   is   characterized   by

an   increase   in   well   preserved   spiriferid,   productid,   and

chonetid   brachiopods.      In   some   instances,    these   can   be   found

in   "life-position".      Composita,

molluscan-osagid   biofacies)   and

Reticulatia (not   found   in   the

Neochonetes   become

increasingly   more   common   to   the   south   (e.g.,    Admire,    Ad,    and

Keene,   K,   sections).      Most   characteristic   of   this   facies   is

the   marked   decrease   in   qs_a_a_i_a_   and   molluscs.       In   fact,    the

Keene    (K)   and   Admire   (Ad)    sections   contain   no   osagid

encrusted   grains,    or   molluscs.      Where   osagid-encrusted

grains   do   occur,    they   do   not   completely   envelop   the   fossil

fragments.       Commonly,    the   _Os__a_a_i_a_   encrusts   only    the   concave

part   of   the   brachiopod   or   pelecypod   shells.      This,    in

addition   to   the   diversity   of   stenotopic   individuals,   is   a

positive   indication   of   quieter,   more   stable   marine

conditions .

In   the   extreme   southern   part   of   the   area   (Figure   30),   a

f usulinid   biof acies   is   discernible   in   the   correlative   part   of

Fl.3   at   Garber's    (1962)   Cl   and   C2   sections    (Appendix).

Geographically,   the   fusulinid   biofacies   corresponds   with   the

southern-most   part   of   the   argillaceous   calcirudite   -

calcareous   shale   lithofacies.   which   suggests   that   the
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fusulinid   biofacies   may   represent   topographically   lower,   more

offshore   conditions.      This   is   supported   by   the   absence   of

molluscs,    algae,    and   sparry   calcite   cement.      The   brachiopod

and   f usulinid   biof acies   were   f ormed   relative   to   a

topographically   higher,   more   agitated,    shallower   marine

environment   represented   by   the   molluscan-osagid   biof acies   and

sparry   calcirudite   lithofacies.      In   summary,   this.facies

mosaic   reflects   a   return   to   shallower,   regressive   conditions

at   a   fifth-order   scale.   The   regressive   conditions   restricted

f usulinid   and   brachiopod   development   to   the   southwestern

part   of   the   area,   in   a   more   offshore   position   relative   to   the

osagid-molluscan   biofacies.

Sixth-order   T-R   unit   F2.1.--The genetically   correlative

interval   representing   maximum   transgression   in   F2.1   occurs

in   the   lower   half   of   the   basal   limestone   in   F2.1.

Figure   31   represents   the   biofacies   development   at   the   time   of

maximum   transgression.      The   lithofacies   deposited   during

maximum   transgression   of   F2.I   are   remarkably   similar

throughout   the   area,   and   are   generally   glauconite-bearing,

brachiopod,    fusulinid   biomicrites.      Therefore,   no   lithofacies

boundaries   are   shown   on   Figure   31.

Two   boundaries   have   been   tentatively   drawn   on   Figure   34

to   delineate   the   extent   of   the   three   main   biof acies   that

developed   in   F2.1    during   maximum   transgression.      The   three

biofacies   are:    1)   an   osagid-brachiopod-Iso2ramma   biofacies

in   the   north   and   northeast   part   of   the   study   area;    2)   an
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osagid-fusulinid-Isogramma   biofacies   to   the   south   and   west   of

the   former   biofacies;   and   3)   a   fusulinid   biofacies   in

southern   Wabaunsee,    and   northern   Lyon   Counties.      There   is

also   an   increase   in   fusulinid   abundance,   a   decrease   and

eventual   loss   of   osagid   grains,   and   the   loss   of   Isogramma

from   north   to   south   across   the   area.      The   latter   of   these

trends   is   tentative,   because   field   control   is   lacking   in   the

extreme   southern   part   of   the   study   area   (i.e.,   Lyon   and   Chase

Counties) .

The   osagid-brachiopod-Isogramma   biofacies   is

characterized   by   an   assortment   of   brachiopods   such   as

Neochonetes Composita,   Neospirifer, Lino roductus   and

Derbyia,    and   also   common   osagid   encrusted   fragments.      This

biof acies   also   contains   molluscs   such   as   bellerophontaceans

and   other   small   gastropods, Edmondia Aviculo ecten,    and

Wilkingia.      Fusulinids   are   rare   in   this   biofacies.

The   osagid-f usulinid-Isogramma   biof acies   is   similar   to

the   latter   f acies   in   brachiopod   content   but

characteristically   has   rare   osagid   encrusted   grains.

Fusulinids   are   common   throughout   the   limestone   in   F2.1,    as

well   as   upwards   in   the   overlying   Crurithyris   biof acies   at   the

top   of   F2.1.      Pelecypods   are   less   common   in   this   biofacies.

Characteristic   to   the   osagid-brachiopod-Iso2ramma   and

osagid-f usulinid-Isogramma   biof acies   is   the   punctate

brachiopod   Isogramma.         Schmidt   (1974)    interpreted   Isoframma

as   an   opportunistic,   sessile,   epifaunal,   high-level
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suspension   f eeder   that   may   be   related   to   the   orthid   or

terebratulid   brachiopods.      As   pointed   out   by   Fritts   (1980),

its   relatively   large   mantle   area   and   wide   hinge   line   was

(probably)   effectively   adapted   for   harsher   conditions   (oxygen

poor?)   on   a   soft   substrate.      Isogramma   has   also   been   reported

in   the   Rock   Bluf f   Limestone   Member   of   the   Deer   Creek

Formation   (Upper   Pennsylvanian   Series;    Moore,1964).      Moore

recognized   a   "Leavenworth-type   Isogramma   assemblage",    but   did

not   offer   any   paleoecological   interpretation   of   Isogramma.

In   this   study,    Isogramma   is   considered   as   a   brachiopod   that

preferred   the   shallower,   less   offshore   conditions   of   the

initial   transgressive   (F2.I)   and   net   regressive   phases   (F2.4)

of   the   Hushes   Creek   fifth-order   T-R   unit.

The   southernmost   biofacies   of   F2.1    (Figure   34)   is

dominated   by   fusulinids   (e.g.,    Admire   section,    Ad;    Appendix).

No   Isof ramma   or   osagid   grains   were   f ound   in   thin   section   or

hand   sample,    and   pelecypods   are   rare   (none   were   found   in   thin

section).      At   the   Admire   (Ad)   section   this   facies   contains   a

diverse   biota   including   Neospirifer,   Composita,

Neochonetes

Wellerella ,

ostracodes,   arenaceous   foraminiferids,   crinoids,

and   fenestrate   bryozoans.      Approximately   30%   of   the   rock,    by

volume,   are   fusulinids.

The   osagid-brachiopod-Isogramma   biofacies   and   the

osagid-f usulinid-Isogramma   biofacies   were   deposited   in

relatively   well   lit,   subtidal   environments   that   were   mildly

agitated.      This   is   based   on   their   micritic   matrix,   relatively
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high   diversities,   and   osagid   grains.   In   the   northeastern   part

of   the   area,   waters   were   more   agitated,   and   less   open

(shallower)   to   account   for   the   increase   in   qs_asia_,   and

molluscs   (Figure   31).      Conditions   were   less   agitated   and

relatively   more   open   in   the   osagid-f usulinid-Isogramma

biofacies,    to   account   for   the   decrease   in   Osag_i_a_   and

molluscs.      The   fusulinid   biofacies   is   considered   the   most

open   f acies   because   it   lacks   osagid   grains   and   a   discrete

molluscan   biota.

Sixth-Order   T-R  Unit   F2.2.--The   sixth-order

transgressive   apex   of   F2.2   is   characterized   by   a

fusulinid   -brachiopod   biofacies   (Figure   32).      This   biofacies

occurs   within   the   thin   (0.15   in   to   0.2   in),    basal,

laterally   persistent,   dark   gray,   calcareous   shale   lithofacies

of   F2.2   (Appendix).      The   fusulinid   -brachiopod   biofacies

contains   a   ''mixed"   but   diverse   biota   including   brachiopods

(most   abundant),    pelecypods    (e.g.,    myalinids),    bryozoans,

echinoderms,    and   fusulinids   (rare   to   common).      The   litho-and

biofacies   during   the   maximum   transgression   of   F2.2   appear   to

be   laterally   persistent   across   the   area,   and   therefore   no

lithofacies   or   biofacies   changes   are   shown   on   Figure   35.      The

fusulinid-brachiopod   biofacies   of   F2.2   also   represents   the

transgressive   apex   of   the   Hughes   Creek   fifth-order   T-R   unit.

Environmentally   unif orm   open   marine   conditions   prevailed

across   the   area   during   this   time.
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Sixth-order   T-R   unit   F2.3.--The   transgressive   apex   of

sixth-order   T-R   unit   F2.3   is   represented   by   a   laterally

persistent   fusulinid   biofacies   across   the   study   area   (Figure

33).      This   biofacies   marks   the   only   laterally   persistent,

massive   accumulation   of   fusulinids   in   the   Hughes   Creek   f if th-

order   T-R   unit   (of   this   study   area).      The   fusulinid   biofacies

contains   lesser   amounts   of   other   marine   taxa   such   as   ramose

bryozoans,    crinoids,    and   brachiopods.      Brachiopods   within

this   biofacies   include   well   preserved,   articulated   Composita,

Neospirif er ,

and   Lino

Reticulatia

roductus.

Neochonetes Wellerella , Hustedia ,

The   lithofacies   representing   the   TA   of

F2.3   is   intermediate   between   a   very   calcareous   shale.   and   a

very   argillaceous,    fine-grained   calcirudite   (wackestone   to

packstone).      Environmentally,    open   marine   and   relatively

quiet   conditions   conducive   to   siliciclastic   and   carbonate   mud

deposition   prevailed   across   the   area.

The   fusulinid   biofacies   of   F2.3   extends   into   Chase

County,    and   includes   Garber's   sections   Cl   and   C2   (Figure   33).

His   descriptions   of   these   sections   do   not   reveal   sixth-order

T-R   unit   F2.3,    but   the   interval   in   which   it   should   occur   is

essentially   fusulinid-rich.

Sixth-order   T-R   unit   F2.4.--The transgressive   apex   of

F2.4   represents   a   part   of   the   upper   net   regressive   sequence

of   the   Hushes   Creek   fifth-order   T-R   unit.      The   TA   of   F2.4

indicates   a   return   to   a   less   open,   molluscan-dominated   facies

mosaic,    similar   to   that   seen   in   the   upper   regressive   phase   of
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the   Anericus   fifth-order   T-R   unit   (Fl.3).      Niches

suitable   to   gastropods,    pelecypods,    echinoderms,   Q_s_ag_ia,    and

rarely   brachiopods   (Crurithyris, striculina , Composita   and

inarticulates)   were   present   across   the   area,   and   no   lateral

differentiation   of   biofacies   was   possible.

Two   boundaries   have   been   drawn   on   Figure   34   to   delineate

the   extent   of   the   three   main   lithof acies   that   developed   in

F2.4   during   maximum   transgression.      The   three   lithofacies

are:    1)   an   argillaceous   mudstone-wackestone   lithofacies   in

the   southern   and   western   parts   of   the   study   area;    2)   a

wackestone-packstone   lithofacies   in   the   central   part   of   the

area;    and   3)   a   stromatolitic(?)   1ithofacies   (boundstone?)   in

the   northeastern   part   of   the   area.      The   three   lithofacies   are

texturally   and   compositionally   dif f erentiated   by   an   increase

in   argillaceous   content,   a   decrease   in   Osagia_,   and   a   decrease

in   comminuted   shell   debris,    accompanied   by   better   preserved

articulated   pelecypods   going   from   north   (northwest)   to   south

(southwest)   across   the   area.

The   argillaceous   mudstone-wackestone   lithofacies   is

distinct   because   of   its   argillaceous   content.      Thin

interbedded,    slightly   fossiliferous   (e.g., striculina )

shale   lentils,   and   "flaser-like"   shale   "whisps"   are   common   in

this   lithofacies.      Osagid   encrusted   grains   are   rare   to

common.       At   the   Admire    (Ad)    section   osagid   grains   are

absent.

The   wackestone-packstone   lithof acies   is   characterized   by
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molluscs,    and   osagid   encrusted.    comminuted   fossil   debris.

The   increased   osagid   content   and   comminuted   shell   debris   of

this   lithofacies   suggests   deposition   in   a   shallower,   more

agitated   enviroment.      The   mudstone-wackestone   facies   (to   the

south)   was   deposited   in   a   quieter,less   agitated   environment

that    lacked   _0_sa_g_i_a_.

Data   f or   the   northeastern   stromatolitic   lithof acies   was

obtained   from   Mudge   and   Yochelson's   (1962)    field   descriptions

of   the   Crow   Creek    (CC)    section    (Appendix).      Nudge   and

Yochelson   (1962)   described   stromatolitic   encrusted   fossil

fragments   in   the   genetically   correlative   TA   of   F2.4.      Whether

or   not   their   stromatolitic   facies   is   Ottonosia

(a   stromatolitic-like   form   genus   of   _Qsagia;    Henbest,    1963)

is   unclear,   because   this   part   of   the   Crow   Creek   section   is

presently   concealed.      Stromatolitic   structures   are   not

present   in   any   of   the   other   sections   exposing   this   interval.

Thus,    the   northeastern   part   of   the   study   area   is   designated

as   a   possible   (and   questionable)   stromatolitic   lithofacies,

indicative   of   intertidal   mudflat   conditions.

Sixth-order   T-R   unit   F3.1.--The transgressive   apex   of

F3.1   could   not   be   differentiated   lithologically   or

paleoecologically.      Rather,   the   initial   regressive   deposits

of   F3.i   were   used   to   illustrate   a   discernible   variation   in

facies   (Figure   35).      The   transgressive   apex   of   F3.I,   at   all

localities   where   it   is   exposed,   is   a   fusulinid-brachiopod

biofacies   commonly   occurring   in   the   basal   part   of   F3.1.      The
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fusulinid-brachiopod   biofacies   is   characterized   by   well

striculina Neochonetes

llidium bryozoans,   and   crinoids.      Fusulinids   are

rare   at   the   base,    and   become   common   to   abundant   toward   the

top   of   the   biofacies.      Lithologically,   the   transgressive   apex

is   intermediate   between   a   .very   calcareous   shale   and   a   very

argillaceous,   fine-grained   calcirudite   (packstone   to

wackestone)   throughout   the   area.

Overlying   the   fusulinid-brachiopod   biofacies,   at

all   localities,   are   the   initial   regressive   deposits   of   F3.I.

This   interval   is   marked   by   a   massive   (but   relatively   thin)

fusulinid   biofacies.      The   fusulinid   biofacies   occurs

throughout   the   study   area,   but   the   lithology   containing   this

biofacies   is   variable.      Lithologically,   the   area   at   the

time   of   initial   regression   can   be   divided   into   a   f usulinid-

rich,   calcareous   shale   lithofacies   in   the   northeast,   and   a

fusulinid-rich   packstone   (calcirudite)   1ithofacies   to   the

west,    southwest,   and   south   of   the   former   lithofacies   (Figure

35).      The   fusulinid-rich   packstone   lithofacies   probably

represents   higher   energy   conditions,   conducive   to   algal

binding,   in   a   topographically   higher   position.      The

fusulinid-rich,   calcareous   shale   lithofacies   probably

represents   quieter   (more   restrictive   lagoonal)   conditions,    i`n

a   topographically   lower   position,    because   of   the

siliciclastic   mud.
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Sixth-Order   T-R   Unit   F3.2.--No paleogeographic

boundaries   were   detected   in   the   initial   transgressive   or

maximum   transgressive   facies   of   sixth-order   T-R   unit   F3.2.

The   initial   transgressive   facies   are   massive.   fusulinid-rich

biofacies   (analogous   to   Moore's,    1964,    Tarkio   type,

Triticites assemblage).      The   fauna   is   composed   almost

entirely   of   fusulinids   (and   lesser   brachiopods   and   crinoids)

that   thrived   on   a   very   calcareous,   mud   substrate   throughout

the   area.      Maximum   transgressive   conditions   of   F3.2   resulted

in   the   replacement   of   the   transgressive   (opportunistic)

fusulinid   biofacies   with   a   fusulinid-bearing,   brachiopod-

rich   biofacies   (i.e.,    the   "brachiopod   epibole";   Figure   36).

This   biof acies   is   equally   unif orm   in   its   diversity   at   all

sections   exposing   the   TA   of   F3.2    (e.g.,    Figure   20c,    base   of

unit   27,    and   Figure   22c,    unit   28).      The   fusulinid-bearing,

brachiopod   biof acies   also   represents   the   transgressive   apex

of   the   Long   Creek   fifth-order   T-R   unit,   and   the   Foraker

fourth-order   T-R   unit.      The   brachiopod   epibole   is

concentrated   in   a   relatively   thin   zone   (averaging   0.15   in   to

0.20   in)   across   the   area,    so   sedimentation   rates   were   probably

at   a   minimum   (i.e.,    near   diastemic   conditions   may   have

existed   during   the   TA   of   F3.2).       The   TA   of   F3.2   is   concealed

at   the   Allen   (A1)   and   Admire   (Ad)    sections   in   northern   Lyon

County,    and   is   not   distinguishable   at   Garber's   (1962)   Cl   and

C2   sections    (Appendix).      Therefore   this   facies   is   not   shown

south   of   the   Keene   (K)    section   (Figure   36).



Figure   36.       Paleogeographic    biofacies   map   of   F3.2   at
maximum   transgression.       See   text   for   discussion
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Interpretation   of   Isopach  Maps

Isopach   maps   are   used   in   conjunction   with   the

paleogeographic   maps   and   stratigraphic   cross-sections   to   aid

in   understanding   the   paleoceanographic   history   of   the   Foraker

Formation.      It   will   be   shown   that   sixth-order   isopach   maps

support   the   validity   of   the   paleogeographic   interpretations

of   the   Foraker   Formation.      On   the   isopach   maps   the   letters

A,B,C   denote   spatially   recurring   highs   (isopach   thins),    and

the   letters   W.X,Y,Z   denote   spatially   recurring   lows   (isopach

thicks).      These   highs   (thins)   and   lows   (thicks)   were

initially   recognized   in   the   isopach   map   of   F1.1    (Figure   37).

Sixth-Order   T-R   Unit   F1.1.--The isopach   map   of   sixth-

order   T-R   unit   F1.1   (Figure   37)   depicts   three   areas   of

deposition   that   coincide   with   the   paleogeographic   map   of   F1.1

(Figure   25).      The   first   area   is   conspicuous   in   that   it

contains   thin   isopachous   closures   in   southern   Pottawatomie

(A)    and   northern   Wabaunsee   County    (8   and   C).      This   area

corresponds   to   the   shoaling   molluscan-algal   packstone   facies

of   F1.1.      The   thin   isolated   nature   of   the   F1.1   sediments   in

this   area   can   be   attributed   to   a   lack   of   shale   deposition

during   transgression   over   a   topographic   high   (see   Figures   25,

26).      The   general   trend   of   isopachous   lines   suggests   a

northwest   to   southeast   trend   of   this   high.      Slight   anomalous

thickenings   within   this   same   area   (e.g.,   X   in   the   northern

portion   of   Wabaunsee   County)   may   be   suggestive   of   less
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agitated,   "ponded"   areas   within   the   overall   topographic   high,

where   shale   accumtllated.

A   second   area   is   represented   by   an   overall   thickening   of

F1.1   sediments   to   the   west,    southwest,    and   south   of   the   thin

isopachou§   closures   (A,B,C).      This   is   illustrated   by   the

closeness   of   isopach   lines   in   southern   Wabaunsee   County.

northel.n   Lyon   County    (Y),    and   southeastern   Riley   County    (Z).

These   areas   correspond   to   topographically   lower   (Y   and   Z),

deeper   marine   areas   where   thicker   sequences   of   siliciclastic

and   carbonate   muds   were   being   deposited.      The   thicker   part   of

F1.1   geographically   corresponds   to   the   brachiopod-bearing

calcareous   shale   lithofacies   of   F1.1   (Figure   25),   and   to

Fisher.s'    (1980)   basinal   shale   lithofacies   (Figure   26).

A   third   area   represents   the   thickening   trend   towards   the

Crow   Creek   section    (CC)    in   Jackson   County.      This   trend    (W)

corresponds   to   the   quieter   marine   conditions   of   the   mudf lat

environment   (Figure   25),   where   stromatolitic   facies   are

absent.      Fisher's   (1980)   1agoonal   and   nudflat   facies   in

northeastern   Pottawatomie   and   eastern   Jackson   Counties

(Figure   26)   also   coincide   with   this   thickening   trend   (W).

Cross-section   C-C'    shows   subtle   thinning   of   F1.I   sediments

across   the   north-central   part   of   the   study   area   (central

Pottawatomie   County).      Concolnitant   thickening   toward   the

Amoco   #1   Hargrave   core    (C)    to   the   west,    and   Crow   Creek

section   (CC)   to   the   east   coincides   with   the   absence   of

stromatolitic   facies   at   these   localities.
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Sixth-Order   T-R  Ualt   F1.2.--The isopach   map   of

sixth-order   T-R   unit   Fl.2   (Figure   38),    in   general,    shows   a

reversal   of   thickening-thinning   trends   when   compared   to   the

isopach   of   F1.1    (Figure   37).      Exceptions   to   this   are   the

recurrent   thickening   trends   of   W,   X   and   Z,    and   the   thinning

trend   of   C.      In   eastern   Riley,   all   of   Pottawatomie,   western

Jackson,   and   northern   Wabaunsee   Counties   the   sediments   are

the   thickest   and   the   trends   most   uniform.      South   of   northern

Wabaunsee   County   the   contour   lines   show   a   distinct   thinning

of   F1.2   sediments,    ].ust   the   opposite   of   what   is   seen   on   the

F1.1    isopach   (except   at   C   and   X;    cross-section   A-A').

The   basal   1ithofacies   of   Fl.2   is   the   Lower   Americus

limestone   bench.      It   is   essentially   uniform   in   thickness

throughout   the   study   area   (e.g.,    Harbaugh   and   Demirmen,1964;

Nudge   and   Yochelson,1962;    and   this   study,    Appendix).

Thus,   it   is   the   thickness   of   the   regressive   shale   sequence   in

F1.2   that   is   controlling   the   general   isopach   trends   in   Figure

41.      During   aggradation/progradation   of   F'1.2,    sediment   input

and   accumulation   was   greatest   in   the   northern   regions   of   the

study   area,    even   over   the   topographic   "high"   represented   by

the   shoaling   facies   of   Fl.1.      Lithologically,   the   regressive

shales   in   the  -northern   part   of   the   study   area   (e.g.,   Anoco   #1

Hargrave   core,   C,   Westmoreland,   W,    Louisville,   L,   Louisville

east,   LE,    and   the   Crow   Creek   sections,   CC)   contain   thin   (2   to

4   cm),    interbedded,   non-fossiliferous,    shaley   siltstones   and

sandy   (very   fine   quartz)   shales.      These   silty-sandy   interbeds
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are   virtually   nonexistant   at   the   Paxico   and   Admire   sections,

between   which   the   regressive   shale   of   F1.2   thins   discernibly

(Figure   38).      The   texturally   coarser   and   "thicker"   shale   was

probably   deposited   in   more   intermittently   agitated   waters

(more   proximal   to   the   source   of   the   sediments),    in   the

northern   regions   of   the   study   area.      The   finer   clay   was

deposited   as   a   thinner   sequence   to   the   south.

Sixth-Order   T-R   Unit   F1.3.--The isopach   map   of   F1.3

(Figure   39)   shows   another   reversal   of   thickening-thinning

trends   relative   to   the   isopach   map   of   F1.2   (Figure   38;    cross-

sections   A-A',    8-8').      The   recurrent   thinning   trends   of   A,B,

and   C,   however,   are   present   as   are   the   thickening   trends   of   Y

and   W.      The   thickening   trends   of   Z   and   X   are   absent.    The

isopach   map   (Figure   39)   of   F1.3   shows   that   rocks   thin   in   a

northwest-southeast   trend   (e.g,   A,   C   respectively),

coinciding   with   the   shallower   "sparry"   calcirudite   and

molluscan-osagid   facies   of   F1.3   (e.g.,    Figures   29   &   30).

These   I acies   developed   over   the   thickest   part   of   the

underlying   sixth-order   T-R   unit,   F1.2   (i.e.,    in   the   northern

part   of   the   study   area;    cross-section   A-A').      Development   of

osagid   bearing   rocks   in   this   area   ref lects   the   shallowing   to

shoaling   conditions   over   a   topographic   high.

A   thickening   trend   of   F1.3   to   the   south-southeast   (Y)

(Figure   39)   corresponds   with   the   deeper   marine,   calcareous

shale   lithofacies   (Neospirifer-Composita-

Reticulatia   biofacies).

Lino roductus-

Thickening   of   F1.3   to   the   northeast
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(area   W)   coincides   with   the   increase   in   thin   interbedded,

finer   carbonate   (i.e.,   calcilutite   versus   calcirudite)

fractions   and   the   concomitant   coarser   siliciclastics   (quartz

sand)   of   the   transgressive   phase   of   F1.3,    at   the   Crow   Creek

(CC)   section.      Therefore   the   deposition   of   sixth-order   T-R

unit   F1.3   at   the   Crow   Creek   (CC)    section   probably   occurred   in

a   shoreward   position,   more   proximal   to   coarser   siliciclastic

accumulation.

The   depositional   pattern   of   F1.3   is   similar   to   that   seen

in   the   initial   transgressive   phase   of   F1.1.      The   thicker

deposits   of   F1.1   and   F1.3   accumulated   in   a   slightly   deeper,

topographically   lower   environment   to   the   south   (Y),    southwest

(Z).    and   also   northeast    (W).      On   the   other   hand,      massive

silty   shales   of   F1.2   were   deposited   to   the   north,   as   part   of

an   aggradational/progradational   sequence.      Therefore   a   sort

of   "see-saw"   stratigraphic   pattern   (see   cross-section   A-A',

Appendix)   is   recognized   when   integrating   the   paleogeographic,

stratigraphic   cross-section,   and   isopach   data   for   the

Americus   fifth-order   T-R   unit.

Sixth-Order   T-R   Units   F2.1   and   F2.2.--The isopach   maps

of   sixth-order   T-R   units   F'2.1   and   F2.2    (Figures   40   and   41),

both   illustrate   relatively   unif orm   thicknesses   throughout   the

Study   area.     This   signifies   their   retrogradational-

transgressive   nature   in   which   regressive   (progradational)

shales   are   very   thin   or   absent.      Recurrent   thinning   trends

(A,C   in   F2.1,    and   A,B   in   F2.2)    and    thickening    trends    (X.Y,Z
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in   F2.1,    and   X,B   in   F2.2)   however,    still   exist.

The   shallow   marine   osagid-brachiopod-Isoframma   biof acies

of   F2.1    (Figure   31)   lies   in   the   same   area   as   the

topographically   high,   molluscan-osagid   biofacies   of   F1.3.

(Figure   30).      The   isopach   of   F2.1    (Figure   40)   does

show   a   slight   thickening   of   limestone   in   southern

Pottawatomie   County.      This   may   have   resulted   from   increased

algal-osagid   production   because   of   a   shallower,   more

agitated   environment   of   deposition   (over   a   topographic   high).

The   isopach   map   of   F2.2   reflects   only   very   subtle

topographic   changes.      Thick   areas   existed   mainly   in   the

eastern   part   of   the   study   area   (e.g.,   W,X),    and   thin   areas

occurred   west   of   these   lows.      The   subtle   thicks   and   thins

essentially   had   no   direct   af f ect   on   the   formation   of   the

fusulinid-brachiopod   biofacies   (Figure   32)   of   F2.2.      The

relative   lateral   uniformity   of   F2.2   reflects   a   maximum

transgression   that   occurred   at   a   fifth-order   scale.

Sixth-Order   T-R   Unit   F2.3.--The isopach   map   of   sixth-

order   T-R   unit   F2.3   (Figure   42)   shows   a   slightly   different

isopach   pattern,    than   those   of   F2.1    (Figure   40)   and   F2.2

(Figure   41).      The   thicknesses   of   F2.3   are   much   more   variable,

but   the   thinning   trends    (A,B,C)   and   thickening   trends    (X,Y,Z)

are   still   present.      The   W   (low)   thick   trend   is   absent.

The   isopach   of   F2.3   (F'igure   42)    shows   an   overall

thinning   trend   southward.      The   northeast-southwest   trending

"thin"   in   the   central   part   of   the   map   is   a   linear   trend   that
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encompasses   A   and   8   (highs).      Another   linear   ''thin"   occurs   in

a   northwest-southeast   direction   in   northern   Wabaunsee   County.

This   trend   probably   represents   most   of   the   thinning   labelled

C.      Isopach   "thicks"   reflecting   local   depocenters,   flank   the

isopach   "thins",    and   exhibit   closure   (e.g.,   X,Y,Z).      In   this

map,    X   covers   a   large   part   of   northern   Pottawatomie   County.

A   fault   (down   to   the   west-southwest,   and   up   to   the   east-

northeast)   is   inferred   between   C   (high)   and   X   (low).      The

most   conspicuous   correlation   between   this   map,   and   the

regional   setting,   is   the   linear-trending   thins   (A,   8,   and

C)   that   parallel   the   northeast-southwest,   and   northwest-

southeast   structural   elements   (i.e.,   Nemaha   Anticline,

northwesterly   trending   fractures,   and   pull-apart   grabens).

The   topography   of   F2.3,    and   its   influence   on   deposition,    may

have   been   structurally   controlled,   but   it   did   not   affect   the

lateral   unif ormity   of   the   massive   f usulinid   biofacies   during

maximum   transgression   of   F2.3.

Sixth-Order T-R   Unit   F2.4.--The   basal   limestone   of   F2.4

was   isopached   (Figure   43)   to   see   if   "thickenings"   were

associated   with   the   _Osagia   dominated   wackestone-packstone

lithofacies   of   Figure   34.      A   subtle   northeasterly

"thickening"   parallels   the   northeast-southwest   "thinning"

(A.B)   of   F2.3.       It   coincides,    in   part,    with   the   0_s_a_gia

dominated   wackestone   to   packstone   facies   of   F2.4.      This   might

be   evidence   of   increased   algal   production   on   a   topographic

high.      The   W   "thick"   is   present   and   corresponds   to   the
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occurence   of   the   stronatolitic(?)   facies   (Figure   34).      Net

thinning   to   the   south,   where   the   argillaceous,   wackestone-

mudstone   lithof acies   is   prevalent   may   correspond   to   the

absence   of   osagid-algal   production   in   this   area.

Sixth-Order   T-R   Units   F3.1   and   F3.2.--The   thicknesses   of

sixth-order   T-R   unit   F3.1   and   F3.2   were   combined   because

genetic   surface   F3.2   is   questionable   at   several   locations

(discussed   previously).      However,    this   combination   will

illustrate   the   depositional   trend   of   the   overall   net

deepening   sequence   of   the   Long   Creek   f if th-order   T-R   unit

(Figure   44).

The   combined   isopach   nap   of   F3.1   and   F3.2   (Figure   44)

shows   a   clef inite   isopachous   closure   representing   a

"thinning"   (high)   of   rocks   in   southwestern   Pottawatomie   and

southeastern   Riley   Counties.      This   trend   might   be   part   of   the

northeast-southwest   A-B   linear   high   (e.g,   F`igure   43).      This

recurrent   thinning   trend   (A-B),   over   this   same   general   area,

has   been   a   conspicuous   f eature   revealed   by   the   isopach   maps

throughout   the   Foraker   hierarchy.

Composite   Facles   Trends

Boundaries   f ron   the   paleogeographic   reconstructions   were

overlayed   and   put   onto   a   single   base   map   of   the   study   area.

On   this   "composite   paleogeographic   map"   (Figure   45)    the   gray,

"stippled   tracts"   represent   areas   where   sixth-order   f acies



:5                             191                          :i

RILEY      CO. roTTAWATOH}E     co.

de-.J>-a_-,,;,'--'J        ,,         ,         /

\----

-I-_  f=_--_
CE^RY     CO.

MORR]S      CC).

¢=¥.".
l'^D^l)WSE£    CO.

J^CXSOH     CO.

.,,.`c

1-`
ii= \co
Ei=

X[Y   10   COuNIl.S

i  X  P  I  ANAT  ION

]SOPActl    CON?OUR    I:tjE

---      ]NrERF{ED   cc>i`.Toim   L}l`'E

C.I.    -5    Inches

A-a.C     -H]CHS

(]SOPAcli     THlhs)

Y    -     Loll
(]SOPAcli     Tt"CK\

CHASE     CO.

LYoh'     CO.

Figure   44.       Isopach   map    of    F3.i    and    F3.2    combined,
in   inches.       See   text   for   discussion.



fl'LE\'     CO.

Cr.^R\,     CO.

t'ORRJS     CO.

C„^SE     CO.

rioTT^i'^TOHiE    cO.

-
|'^B^\lb`SEt    CO.

J^CXS0h'     CO.

life , KEY    to   COuNtl(S

I    X     p    L    A    N    A    T     I     c)    ri`

LYoh'     CO.

Figure    45.        Compo

CotlposI?I   TF`E:h`D:        WZTtj]N
WHICH    HC)R=    ?HAM    ON:    P^L£O-
C£C)GRAptilc    BOIINDAP`Y    £^.:ST5

---                       SINCL£    PAL£C)G=C\-
GRAPHIC    BOJh.DiR}.

S  C   A  I.  E

_-_. __-'9
M' i ( S

0,++LL„l.O          _    _2.0

KlloMEIE.S

site    sixth-order    paleogeographic   map.
See   text    for    discussion



193

changes   (paleogeographic   boundaries)   commonly   occurred.

These   areas   are   ref erred   to   as   composite   paleogeographic

tracts,

In   Figure   45   a   larger,   more   conspicuous   composite   tract

covers   most   of   northern   Wabaunsee,    southeastern   Riley,    and

southwestern   Pottawatomie   counties.      Another   less

conspicuous,   smaller   composite   tract   occurs   in   eastern

Pottawatomie   and   southwestern   Jackson   counties.   Between   these

two   composite   tracts   in   southern   Pottawatomie   and   northern

Wabaunsee   counties,    the   rocks   commonly   reflected   shallower

marine   and   shoaling   conditions    (e.g.,    F1.1   and   F1.3).      To   the

southwest   of   the   larger   composite   tract,   recurrent   facies

commonly   reflected   more   open   (deeper),    and   quieter   marine

conditions,   whereas   northeast   of   the   smaller   composite   tract,

the   rocks   commonly   ref lected   intertidal-1agoonal   to

supratidal   conditions.

Sixth-order   isopach   "thins"   (A.   8,   C)   that   represent

temporally   recurring   highs,   and   sixth-order   isopach   "thicks"

(W,    X,    Y,    Z)   representing   recurrent   lows,   were   assembled   and

labeled   on   the   composite   paleogeographic   map   (Figure   46).

Contouring   between   the   highs   and   lows   dif ferentiates   larger

areas   of   recurrent   isopach   thinning   (northwest-southeast

diagonal   lines   in   Figure   46),   and   thickening   (northeast-

southwest   diagonal   lines   in   Figure   46).

The   area   of   recurrent   sixth-order   highs   (A,   8,   C)

(Figure   46)   coincides   mostly   with   the   area   of   recurrent
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shallowing   (and   shoaling),    between   the   two   composite   tracts.

At   the   same   time,    the   area   of   recurrent   lows   (X,    Y,   Z)

southwest   of   the   larger   composite   tract,   corresponds   with   the

area   of   recurrent   deepening,   and   more   open   marine   facies.

To   the   northeast   of   the   smaller   composite   tract,   recurrent

topographic   lows   (W)   correspond   with   the   recurrent   lagoonal-

intertidal   facies.     Recurrent   facies   trends,   such   as

these,   may   reflect   some   underlying   structural   control   that

was   affecting   local   sedimentation.
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STRUCTURAL    CONTROLS    OVER    FORAKER    DEPOSITION

Structural   Overview

Major   structural   features   within   the   study   area   that

may   have   af f ected   deposition   of   Foraker   sediments   are   the

Nemaha   Anticline.    Abilene   Anticline,    Irving   Syncline,    and   the

Brownville   Syncline   (Figure   7).      Secondary   structural

features   are   common   east   of   the   Nemaha   axis   including   the

Alma   Anticline,    Zeandale   Dome,    and   others    (e.g.,    Figure   7;

Figure   46).

The   northeast-trending   Nemaha   Anticline   clef ines   a

tectonic   zone   that   is   complexly   deformed.      The   Nemaha

tectonic   zone   contains   high-angle   reverse,    normal,    and

strike-slip   faults,   basement-cored   domal   anticlines

(e.g.,    Zeandale   Dome),    and   conspicuous   "pull-apart"   grabens

(e.g.,    Berendsen   and   Blair,1986;    Steeples,1982).

The   Nemaha   tectonic   zone   and   its   associated   structures   f orm

part   of   the   eastern   boundary   of   the   lloo-in.y.-old   Central

North   American   rift    system    (CNARS;    e.g.,    Berendsen   and   Blair,

1986;    Van   Schmus   and   Hinze,1985;    Serpa   £±  ±|.,1984).

Reactivation   of   this   rif t   system   occurred   at   the   end   of   the

Mississippian.      Berendsen   and   Blair    (1986)    consider   the

reactivation   of   the   CNARS   a   direct   result   of   f oreland

clef ormation   f ron   the   Pennsylvanian   Ouachita   orogeny   to   the

south.
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Figure   7   shows   the   major   structural   f eatures   trending

northeast-southwest,   but   a   better   representation   of   local

structure   style   can   be   seen   in   a   structure   map   of   the   top   of

the   Precambrian   basement   rocks   (Figure   47;    Cole,1976).      On

this   map,    the   Nemaha   Anticline   consists   of   localized

structural   highs   that   are   cross-cut   by   northwest-southeast

trending   faults.   thus   forming   pull-apart   basins   in   an   en

echelon   fashion.      This   is   well   illustrated   in   southeastern

Riley   County,    and   eastern   Chase   County   (Figure   47).

The   en   echelon   pattern   probably   resulted   from   foreland,

sinistral,   wrench   style   (i.e,   strike   slip)   tectonics

(Berendsen   and   Blair,1986).      The   northeast-southwest   and

northwest-sc)utheast   trends   of   the   structures   were   reactivated

f rorn   similar-trending   f aults   that   were   f ormed   in   the

Proterozoic    (Chelikowsky.    1972;    and   Berendsen   and   Blair,

1986).      These   trends   can   be   seen   in   the   fracture   patterns

which   have   af fected   the   regional   drainage   pattern.   In

particular,   the   Big   Blue   River   parallels   the

northwest-southeast   and   northeast-southwest   fracture   trends,

f orming   a   "dog   leg"   on   the   eastern   side   of   Pottawatomie

County    (Chelikowsky,1972).

Pertinent   to   this   study   are   several   minor   structural

highs   (labeled   A,B,C   on   Figure   47).      These   are:    1)   the

localized   structural   high   known   as   the   Zeandale   Dome,   which

can   be   located   where   Wabaunsee,    Pottawatomie,    and   Riley

Counties   meet   (8);    2)   the   structurally   high   area   to   the   north
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in   Pottawatomie   County   (A),    along   the   Nenaha   Anticline;   and

3)   the   very   subtle   structural   high   (reentrant,   C)   in

northeastern   Wabaunsee   County.      There   are   also   several

pertinent,    structural   lows   (W,X.Y,Z).      These   are:    1)   the

northwest-southeast   trending   structural   graben   (pull-apart

graben)   that   bounds   the   south   edge   of   the   Zeandale   Dome   (8)

in   southeastern   Riley   and   eastern   Wabaunsee   counties;    2)   the

structural   "lows"   in   southeastern   and   north   central   Wabaunsee

County   (Y   and   X   respectively);    3)   the   structural   low   (Z)   to

the   west   and   northwest   of   the   Zeandale   Dome   (8);    and   4)   the

structurally   low   area   east   of   the   Nemaha   Anticline   in   eastern

Pottawatomie   and   western   Jackson   Counties   (W).

Present   day   structural   conf igurations   of   the   base   of   the

Upper   Pennsylvanian   Kansas   City   Group   (Missourian,

Figure   48),    and   the   top   of   the   Lower   Permian   Americus

limestone   (Figure   49),    show   that   the   Zeandale   Dome   (8)   and

northern   structural   highs   (e.g.,   A)   of   the   Nemaha   Anticline,

were   still   active   even   after   Permian   time.      The   structural
"highs"   east   of   the   Nemaha   Anticline   (e.g.,    C,    Figure   47;    and

Figure   7)   have   been   interpreted   by   Hodgden   (personal

communication)   as   representing   local   compressional   features

that   resulted   f ron   the   reactivation   of   the   midcontinent   rif t

System.      The   offset,   discontinous   nature   of   these   local

"highs"   (Figure   7)   nay   have   resulted   from   northwest-

southeast   trending   strike-slip   f aulting   that   originated   in

the   Nemaha   tectonic   zone   (e.g.,    the   pull-apart   grabens).      The
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strike-slip   faults   may   have   been   an   avenue   f or   the   release   of

compressional   stresses   that   were   f orming   the   local   structural

highs   to   the   east   of   the   Nemaha   Anticline   (Hodgden,    personal

communication).      Repetition   of   strata   in   bore   hole   data   has

indicated   the   presence   of   reverse   f aults   along   the   eastern

flanks   of   these   structural   highs,   thus   suggesting   a

compressional   origin   (e.g.,    Alma   Anticline,   Figure   7).      It   is

these   structural   highs   f lanking   the   Nemaha   Anticline   that

have   been   the   sub].ect   and   target   of   extensive   oil   and   gas

exploration   in   the   Kansas   region   (e.g.,   Davis   Ranch   oil   field

production   from   the   Alma   Anticline,    Smith   and   Anders,1951).

Detailed   napping   of   sixth-order   f acies   relationships   should

aid   in   targeting   such   prospects,   and   enhance   in-fill   drilling

of   existing   fields.      For   example,   a   prospect   investigation

may   be   warranted   f or   potential   hydrocarbon   entrapment   along

the   inf erred   north-northwest   to   south-southeast   trending

fault   (Figure   47)   in   the   topographically   high   area   of   C.

Composite   Paleogeographic   and   Structural   Trends

Recurrent   paleogeographic   and   isopach   trends   may   ref lect

structures   that   repeatedly   imf luenced   the   depositional

Pattern   of   the   sixth-order   T-R   units.      Therefore,   a

transparent   overlay   of   the   composite   paleogeographic   and

isopach   map   is   used   in   conjunction   with   the   Precambrian

structure   map   (Figure   50)   to   see   where   the   recurrent   trends
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occur   relative   to   known   structural   features.

Overlaying   the   composite   paleogeographic   and   isopach

map   on   the   Precambrian   basement   conf iguration   (Figure   50)

reveals   several   structural,   paleogeographic,   and   isopach

correlations.      South   and   west   of   the   larger,   conspicuous

composite   tract   the   structural   contours   indicate   synclinal

(negative)   features   (X,Y,Z).      These   features   coincide   with

the   recurrent   offshore,   deeper   facies   trends,   as   well   as   the

recurrent   isopach   Chicks   of   X,    Y,    and   Z.      The   larger

composite   tract   subparallels,   and   in   part   coincides   with,   the

trend   of   the   structural   pull-apart   graben   immediately   south

of   the   Zeandale   Dome   (8).      The   larger   composite   tract   then

changes   direction   (at   Z),   paralleling   the   axis   of   the   Irving

Syncline    (Figures   50   &   7)    in   Riley   County.      The   more   open

facies   to   the   west,   thus   coincide   with   the   eastern   flank   of

the   Irving   Syncline.

Between   the   two   composite   tracts   there   is   an   increase   in

structural   elevation   (Figure   50).      This   area   coincides   with

the   recurrent   shallower,   and   more   paralic   facies   trends,   as

well   as   with   the   topographic   highs   (isopach   thins)   of   A   and   8

(inclusive   of   the   Zeandale   Dome).      The   structural   highs   of   A

and   8   (along   the   Nemaha   Anticline)   were   af fecting   deposition

by   causing   near   shoaling   conditions,    for   example,    in   sixth-

order   T-R   units   F1.1,    F1.3,    and   F2.4    (Figures   25,    26,    29.    30,

34).      Structural   highs   east   of   the   Nemaha   Anticline   (e.g.,   C,

Figure   50;    Figure   7)   may   have   been   af fecting   deposition   in   a
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similar   manner.      This   would   explain   why   the   recurrent

shallowing   and   shoaling   trends   (F1.1,    F1.3,    and   F2.4)   extend

to   the   eastern   part   of   Pottawatomie   and   Wabaunsee   Counties.

Structurally   low   areas   northeast   of   the   smaller

composite   tract   coincide   with   the   recurrent,    shoreward,

1agoonal,   and   intertidal   facies   (Figure   50);   they   also

correspond   with   the   recurrent   isopach   "thick"   W.      This

supports   Fisher's   (1980)   conclusions   that   a   deeper,   more

restricted,    back-shoal   1agoonal   area   may   have   existed

northeast   of   his   shoaling   environment   (e.g.,   Figure   26).
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FUSULINIDS    OF   THE    FORAKER    FORMATION

Overview

Fusulinids   exhibited   remarkable,   widespread,

evolutionary   radiations   during   the   Late   Paleozoic.

Therefore,   I   feel   it   is   necessary   to   give a   brief synopsis   of

f usulinid   faunal   realms   and   paleogeographic   distribution   to

better   place   the   f usulinids   of   the   Foraker   Formation   in   a

hierarchal,   temporal,   and   spatial   perspective.      Fusulinid

extinctions   will   also   be   discussed.      Finally,   a   brief   review

of   previous   ecologic   interpretations   of   fusulinids   will   be

given   f or   comparison   to   the   interpretations   made   in   this

study.

During   an   interval   of   about   100   million   years,

f usulinids   were   widely   distributed   in   tectonically   evolving

geosynclines   and   associated   marine   shelf   (epicontinental)

areas,    throughout   the   world    (Ross,1967;    Haynes,1981).

From   late   Early   Carboniferous   to   the   end   of   the   Permian,

fusulinids   underwent   major   evolutionary   changes   (Ross,    1967;

Ross   and   Ross,1985a).      These   changes   took   place   in

essentially   three   major,   biogeographical   faunal   realms

(Figure   51):    1)   a   Tethyan-Boreal   realm   which   included   Eurasia

and   the   Uralian   and   Franklian   geosynclines,   and   which

extended   across   the   Arctic   into   the   northern   Cordilleran

geosyncline;    2)   an   American   Midcontinent   and   Andean
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Figure   51.       Global   paleogeographic   maps   for   Early
Carboniferous    through   Middle   Permian   times    (1-3)
Patterns   A   and   E   are   north   and   south,    cold   to
cool   faunal   regions;   8   is   Franklinian   -Ural
subtropical   to   warm   temperate   area;    C   is   the
tropical   cosmopolitan   regions   that   f orm   Tethyan
faunas;    and   D   is   the   southwestern   North   American
(and   Mid-Continent)    and   Andean   faunas.       Solid
arrows   indicate   warm-water   surface   currents;
open   arrows   indicate   cool-water   surf ace   currents
(from   Ross    and    Ross,1985a).
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geosyncline   realm;    and   3)   a   worldwide   realm   that   is

distinguished   by   its   biostratigraphically   correlative,

cosmopolitan   fusulinids    (Haynes,1981).      The   first   two   realms

are   best   distinguished   by   their   endemic   genera   and   species

lineages;    the   Tethyan   realm   was   the   main   origin   of   new   forms

(Haynes,1981).      Four   phylogenetic   lineages   of   fusulinid

f amilies   were   established   in   Early   to   Middle   Carbonif erous

times   (the   Ozawainellidae,   Staffelidae,    Schubertellidae,   and

Fusulinidae)   and   two   lineages   were   established   in   Early

Permian   times    (the   Verbeekinidae   and   Scwagerinidae)    (Ross,

1967)  .

During   late   Early   Carboniferous   (Visean-Mississippian)

time   there   existed   unrestricted,    circumequatorial   tropical

waters   between   Gondwana   and   Euramerica   (i.e.,    Laurasia:

Strahler,1981;    Figure   51-1).      This   allowed   habitation   of

both   realms   by   cosmopolitan   fusulinid   faunas,    and   by   Middle

Carboniferous   (Early-Middle   Pennsylvanian)    time,    the

worldwide   evolution   of   f usulinids   had   resulted   in   a   great

number   of   genera,    with   the   Fusulinidae   being   the   most   diverse

family    (Ross,1967;    and   Haynes,1981).       During   this   time   a   net

transgressive   phase   at   a   second-order   scale   (Figure   52)   was

also   occurring.(Vail   j=|  ±|.,1977);    however,    as   a   result   of

continental   suturing   between   Gondwana   and   Euramerica

(e.g.,    Hercynian-Appalachian,    Ouachita,    and   Marathon   orogenic

belts),    the   equatorial   circulation   was   cut   off   (Figure   51-2).

Cosmopolitan   f usulinid   diversity   dwindled   by   the   end   of
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Figure   52.      Pennsylvanian-Permian   chronostratigraphy   and
fusulinid   zones    (from   I)ouglass,    1977)   relative   to
absolute   geochronology    (Veevers   and   Powell,    1987)
and   best   estimation   of   second-order   and   third-order
cycles   of   global   sea-level   change.      Data   on   sea-le`'el
changes   adapted    from   Vail   £±  £±.    (1977),    Busch    (1984),
Busch   and   Rollins    (1984),    Veevers    and   Powell    (1987),
and   Busch    (1988   -personal    communication).
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Middle   Carboniferous   time   (Ross   and   Ross,1985a;    Figure   52).

Triticites (the   dominant   genus   of   the   Hughes   Creek   shale:

Kaesler   and   Fisher,    1969;    Fisher,    1971)    appeared   and   invaded

the   American   Midcontinent   during   this   time   (Haynes,1981).      A

''zone   of   Triticites" is   also   recognized   worldwide.   thereby

establishing   8   correlation,   for   example,   of   the   Gzehlian   of

Eurasia   with   the   Missourian   and   Virgilian   of   North   America

(Figure   52).

The   extinction   of   many   f usulinid   genera   in   the   Late

Pennsylvanian   (i.e.,   Missourian   and   Virgilian)   may   coincide

with   a   net   third-order   regressive   phase.      Indeed,   Busch   and

Rollins   (1984)   show   a   net   regressive   third-order   phase   at   the

end   of   the   Pennsylvanian   and   during   very   earliest   Permian

(Figure   52).       Also,    Crowell    (1978)    noted,    based   on   American

cratonic   sea   level   curves,   a   discrete   regressive   phase   in   the

Late   Pennsylvanian   (Figure   53).      Rascoe   and   Adler   (1983)   also

indicated   a   widespread   regression   in   the   Late   Pennsylvanian

of   the   Midcontinent.      Thus,    the   two   times   of   rapid

evolutionary   diversification   of   fusulinids,   the   Middle

Carboniferous   and   Lower   Permian,    may   represent   net   third-

order   transgressive   apices   that   are   separated   on   a   global

scale,   by   a   third-order   regressive   apex   in   the   Upper

Pennsylvanian   (Figure   52).      This   third-order   trend   occurred

at   a   second-order   transgressive   apex   (Figure   52).

During   the   Early   Permian,   relatively   rapid   evolutionary

diversif ication   of   f usulinids   occurred   for   the   second   and
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last   time   in   geologic   history   (Ross,    1967;    and   Ross   and   Ross,

1985a),   despite   the   effects   of   Pangaea.      Recall   that   there

was   general   climatic   warming   and   several   episodes   of   sea

level   change   during   the   Early   Permian   (Figure   52).      During

Asselian   and   Sakmarian   time   (i.e.,    Gearyan-Wolfcampian),

largely   cosmopolitan   faunas   developed,    one   of   which   arose

f ron  Triticites namely   the   Schwagerinidae   (Figure   54).

Consequently,    schwagerinid   genera   such   as P s e u d o s c hwa erlna ,

and   Schwagerina   were   cosmopolitan   during   the   Asselian   and

Saknarian,    and   now   characterize   (along   with   many   others)   the

worldwide   correlative   ''zone   of   Pseudoschwa erina" (e.g.  ,

Douglass,1977;    Figure   52).       According   to   Ross    (1967).    the

family   Schwagerinidae   arose   from   the   Fusulinidae,    a   once   very

diverse   I usulinid   family   of   the   Middle   Carbonif erous   (Figure

54).

Moore    (1940)    placed   the   Permo-Carboniferous   boundary   at

the   base   of   the   Admire   Group   in   Kansas,    because   such

placement   conf ormably   underlies   the   limestone   containing

what   he   thought   was   the   f irst   occurrence

(i.e,    start   of   the   Pseudoschwa erina

of   Pseudof usulina

zone);    narnely,    the

Anericus   Limestone   Member   of   the   Foraker   Formation.      Nudge

and   Yochelson   (1962)   have   since   noted   that   Pseudofusulina

also   occurs   in   the   middle   of   the   Admire   Group   (Five   Point

limestone),    but   that   lower   Admire   beds   (i.e.,    below   the   Five

Point   limestone)   could   be   assigned   to   the   zone   of

Triticites (i.e.,    Pennsylvanian).         Thus,    this   study
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Mid-Continent   -   Andean   f aunal   realm
(from    Ross,1967).
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encompasses   strata   containing   f usulinids   that   by   clef inition

belong   to   the   ''zone of   Pseudoschwa erina".     That   is,   all

rocks   studied   herein   are   of   Early   Permian   age   and   are

probably   Assel   equivalents   (Douglass,    1977;    and   Harland   et

±.,1982).

The   Zone   of   Pseudoschwa erina   is   one   of   the   most   widely

recognized   and   diverse   f usulinid   zones   of   the   Late   Paleozoic

(Figures   52   and   54).      It   typifies   the   evolutionary

developn]ent   of   the   Paleozoic   f usulinids   as   more   structurally

advanced   forms   appeared   in   the   Permian   (Figure   54).

According   to   Thompson   (1964),    several   distinct   changes   took

place   at   this   time:    1)   fusulinids   became   larger   (although   not

a   regularly   progressive   attribute);   2)   shell   shape   changed

from   discoidal   (in   the   late   early   Carboniferous)   to   spherical

fusiform,   and   elongate   subcylindrical   in   the   Permian;   3)   more

complex   shell   walls   developed;    and   4)   the   antetheca   and   septa

became   fluted.

By   early   Middle   Permian   time   (Leonardian,    Figures   52,

54)   two   fusulinid   realms,   with   characteristic   endemic   genera,

were   re-established   in   the   Tethyan   and   Midcontinent   areas.

It   is   reasonable   to   suggest   that   this   was   related   to   net   sea

level   regression   at   second-   and   third-order   scales   (Figure

52).      Thus   the   zone   of   Parafusulina-Neoschwa erina   was

established   in   Leonardian   and   Lower   Guadalupian   time.      In

late   Middle   Permian   (upper   Guadalupian,    Capatanian)   the

diexodina-Yabeina   zone   was   established. This   probably
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corresponds   to   the   initial   phases   of   a   third-order

transgression   (Figure   52).      By   late   Middle   Permian   time

(Capatanian)   fusulinids   had   disappeared   from   the   Boreal

subprovince,    and   at   the   end   of   Middle   Permian   (Guadalupian)

time   the   schwagerinids   and   another   family   of   fusulinids,   the

verbeekinids,    became   extinct   (e.g.,    Ross,1967;    and   Haynes,

1981 )  .

Fusulinid   diversity   decreased   during   the   Late   Permian

(Ochoan)   with   only   small   fusulinids   (ozawainellid   and

schubertellid   genera)   inhabiting   only   the   central   and   eastern

Tethys   realm   (Figure   52).      Not   surprisingly,   the   extinction

of   fusulinids   at   the   end   of   the   Permian   coincided   with   the

apex   of   regression   at   a   first-,   second-,   and   third-order

scale.      This   also   marks   the   end   of   the   Paleozoic   Era   (Figures

52   and    53).

Fusulinlds   Versus   Foraker   Hierarchal   Genetic   Stratlgraphy

Fusulinids   of   the   Foraker   Formation   occur   in   distinct

zones   (i.e.,    biofacies)   representing   indigenous   accumulations

(i.e.,    Model   11   of   Johnson,1960;    fossil   communities   of

Fagerstrom,1964),    rather   than   accumulations   of   allochthonous

biological   grains.      This   view   is   also   shared   by   other   authors

(e.g.,    Fisher,1971;    Kaesler   and   Fisher,1969),    because

fusulinids   show   no   signs   of   size   sorting,   are   preserved   in

random   orientation,    and   show   few   signs   of   physical   abrasion.
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The   distribution   of   fusulinid   zones   within   the   Foraker

Formation   is   considered   relative   to   the   previously   determined

hierarchal   genetic   stratigraphy   of   this   Foraker   Formation.

Fusulinid   zones   of   the   Foraker   Formation   occur   in   sixth-

order   T-R   units   F1.2,    F2.1,    F2.2,    F2.3,    F'2.4,    F3.I,    F3.2,    and

F3.3.      They   are   typically   massive   accumulations   of   fusulinids

at   the   bases   of   the   sixth-order   T-R   units   (i.e.,   immediately

superjacent   to   the   transgressive   surface).      The   biofacies   of

which   these   fusulinid   zones   are   a   part,   thus   represent

part   of   the   sixth-order   T-R   units   that   were   deduced   as

transgressive   facies   in   earlier   parts   of   this   study.      Some

of   the   f usulinids   inhabited   environments   representing   the

initial   phases   of   sixth-order   transgressions;   however,   they

also   typically   inhabited   environments   representing   maximum

sixth-order   transgression.      They   occasionally   inhabited

environments   representing   initial   phases   of   sixth-order

regressions,    but   only   in   greatly   reduced   abundances.      In

fact,    fusulinids   become   absent   towards   the   top   of   every

sixth-order   T-R   unit   of   this   study   except   one,   F3.1,   which

underlies   the   Foraker   fourth-order   transgressive   apex.

Therefore,   fusulinids   of   the   Foraker   Formation   typically   did

not   inhabit   environments   representing   late   phases   of   early

regressions,   or   maximum   phases   of   regressions,   of   sixth-order

scale.      At   the   sixth~order   scale,    fusulinids   do   not   form   the

central   vertex   about   which   other   "like"   assemblages

of   taxa   are   symmetrically   disposed;    a   view   popularized   by
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Elias    (1937)    and   Moore    (1936,1964).

Fusulinids   of   the   Foraker   Formation   are   mainly

Triticites . For   example,    Fisher    (1971)    found   abundant

Triticites   and   rare   Pseudof usulina in   the   Hughes   Creek   units

that   I   recognize   as   sixth-order   T-R   units   F2.3,   F3.I,   F3.2,

and   F3.3.      Kaesler   and   Fisher   (1969)   also   studied

from   my   units   F3.I   and   F3.2,    and   regarded   them   as

ventricosus .

Triticites

Triticites

Later   studies   of   fusulinids   (Schmidt,1974),

from   my   units   F2.1   and   F2.2   of   the   Hughes   Creek   shale,

revealed   the   common   presence

Pseudofu

of  Triticites   and

sulina.    in   association   with   less   common

Pseudoschwa erina.      Dunbarinella   has   been reported   f ron   the

Hughes   Creek   shale   by   Thompson   (1954),    as   has   the   rare

Millerella (Douglass,1962).      The   Americus   limestone    (i.e,

sixth-order   T-R   unit   F1.2)   contains   a   variety   of   fusulinid

genera   including   common

(Thompson,1954),    plus

1962) .

Therefore.

Triticites   and   Dunbarinella

less   common   Millerella (Douglass,

Triticites   occurs   in   all   f usulinid   zones   of

the   Foraker   f ourth-order   T-R   unit   and   is   also   the   most   common

fusulinid   genus   of   the   Foraker   fourth-order   T-R   unit.

While   Triticites   occurs   in   all   f if th-order   T-R   units   of   the

Foraker   fourth-order   T-R   unit,   there   are   fusulinid   genera

which   are   unique   to   each   fifth-order   T-R   unit.      The   Anericus

fifth-order   T-R   unit   (F1)   contains   Millerella Triticites ,

and   Dunbarinella ;    the   Hughes   Creek   fifth-order   T-R   unit    (F2)



contains   Triticites

Pseudofusulina
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Dunbarinella, Pseudoschwa erina,   and

;    and   the   Long   Creek   f if th-order   T-R   unit   (F3)

contains   Triticites   and   Pseudofusulina.

order   T-R   unit   (F4)   contains   only

The   Red   Eagle   f if th-

Triticites   (Mccrone, 1963) '

and   no   f usulinids   have   been   reported   from   the   Burr   f if th-

order   T-R   unit   (F5).      Douglass   (1962)   has   noted   that   genera

(e.g.  ,

(e.g.  ,

Triticites Pseudof usulina

Triticites   eoextenta

Millerella

Millerella   inf la

)   and   species

ta)   of

fusulinids   f ound   in   the   Foraker   Formation   actually   range

through   at   least   one   other   formation.      Fusulinid   genera   and

species   range   through   many   sixth-order   T-R   units,   as

components   of   biofacies.      They   also   range   through   many   fifth-

order   T-R   units;    that   is,    through   biofacies   sequences.      As

some   f usulinid   species   are   common   to   individual   f ourth-order

T-R   units,   they   provide   biostratigraphic   resolution   of

individual   fourth-order   T-R   units   (e.g.,   Ross   and   Ross,

1985b).      The   Foraker   fourth-order   T-R   unit   contains   the   zone

of   Triticites   ventricosus. This   zone   is   f ound   throughout   the

North   American   Midcontinent    (e.g.,    Kauffman   and   Roth,1966;

Kaesler   and   F'isher,1969).      Most   recently,    Verville   and

Sanderson   (1988)   have   noted   that   Triticites   ventricosus

occurs   in   outcrops   napped   as   the   Late   Pennsylvanian

Brownville   Limestone   Member    (Virgilian,    Wood   Siding

Formation)   in   northern   Oklahoma.      Enhanced   biostratigraphic

correlation   of   the   Foraker   f ourth-order   T-R   unit   into

northern   Oklahoma,   may   result   in   lithostratigraphic   and
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biostratigraphic   changes   concerning   the   Brownville   limestone

of   that   area.

Figure   55   shows   the   average   percentages   (taken   from

visual   estimation   charts)   of   fusulinids   in   zones   of   each

sixth-order   T-R   unit   at   the   Manhattan,   Paxico,   and   Poliska

Lane   sections.      These   percentages   are   based   on   thin   section,

washed   residues,    and   hand   sample   examinations   (Appendix).

They   are   also   quantitatively   supported   by   data   f ron   Fisher

(1971).      What   is   immediately   apparent   in   Figure   55   (with

overlay)   is   that   fusulinids   are   most   abundant   (in   terms   of

percentages)   near   or   within   the   transgressive   apices   (TAs)   of

the   Americus,   Hughes   Creek,    Long   Creek.    and   Red   Eagle   fifth-

order   T-R   units.      Even   more   interesting   is   the   fact   that

f usulinids   become   increasingly   more   abundant   f ron   the

Americus   f if th-order   TA   to   about   the   Long   Creek   f if th-order

TA.      There   is   then   a   net   decrease   in   abundance   (upward),    from

the   Red   Eagle   fif th-order   TA   to   the   Burr   f ifth-order   TA.      The

zone   (biofacies)   containing   the   most   abundant   fusulinids,    is

immediately   below,    and   gradational   with,    the   brachiopod

epibole   of   F3.2.      This   interval   has   been   interpreted   not   only

as   a   fifth-order   TA,   but   also   as   the   Foraker   fourth-order   TA.

The   maximum   abundance   of   fusulinids   in   F3.2   does   not   coincide

exactly   with   the   fourth-order   TA   (i.e.,   the   brachiopod

epibole);   however,    fusulinids   did   occupy   intermediate   to   most

of f shore   conditions   because   they   are   still   common   to   abundant

in   the   brachiopod   epibole   that   does   represent   the   exact
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Figure   55.    Standard   section   of   the   Foraker   hierarchy
showing   approximate,    maximum   percentages   of
fusulinids   in   each   biofacies,   relative   to   sixth-,
fifth-,    and   fourth-order   sea   level   curves   (overlay)
Fusulinid   percentages   based   on   f ield   and   laboratory
observations   (visual   estimation   charts)   of   the
Paxico,    Manhattan,    and   Poliska   Lane   sections.



i©®®9870505®i-O8 ~I

I           "     orp`J.,

® ,off '„& uL~ ,

a1•2!6IL

I_i.i

8ii!= itsL,--

!!i;
wruunmLe+`b',°'fu`!`*;nq¥<:v®Lhc|£.,

!i

`!!:iV,,~-

CEIll¥<af0L

'lE

±2il    I   I    I    I11--------

11

!<u0t£    ,,J',
lL`,,-jj:±_=fL3_I't.I+-!€t=tJ

i-5_=±_=iiiI11Ii

0uP®d

t^<._I{*

=--------\
i--I     I-I.

I-11-I      I-I
-:   I-I    I-=S`ji,,, [ 1` I  I-i-- .±|lIIIIIIImlll-I-

•L3J     ,    ,     ,      I

11I

L,,,I?'- I--i,,IttIF=f=E=:==- .

-C`®1utzbE®I

haE=- ==-==, +
F=    -_-_-_-_T=

I I L--_-±--_=JT I  t,,I,I,-(F3®F=-L=.|=i=J=_

Z`T0-!pL:eEilk `8F---E:i;-==,,
1\\

F37X---i---.
IE=±¥--a

F3L6I/i//I/I±5!iIII iri._<`_`-i.`E.`]EE-_
ii

I

I                                                                          Ii(iI

i

ti±*<e±©Lf;u, €®Iu®eIth)-- i a t .-tiiiEiiE- \-I
Ia\L;a

93

i

'1II

L a

*-r

0a)®1®=<;
n}Pti=,_`+alterg-

''          ,I           1'            ''            r

fi,
nn      I       *'    -'J

iI •*=F=r!!F        .               a                ,e               ?c               Jo              .a              >o
JJI£1

II

I;=€Sas,                           4ppRc>xlMATE    PERCENTAc`€   Or    FusuiiNiDs



rT
et

er
s

fe
et

o 
   

   
  H

   
   

  N
   

   
  :

,  
   

   
 g

   
   

   
8 

   
   

 8
   

   
  =

   
   

  8
   

   
   

8 
   

L
8 

   
   

  :
_

+;
f.I

:I
.I.

   
   

   
   

   
   

   
   

I  
   

o 
   

 R
   

  ^
   

   
K

   
   

E
   

   
 R

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

 J
ol

lN
SO

N
   

   
   

   
   

   
   

   
   

   
   

  F
A

G
.L

   
   

   
   

   
   

   
R

O
C

A
R

E
N

O
IA

.
a 

, M
 , 

I 
'0

~
',i:!

,;^=
C1

(.•r
i`

c

::
I;

:T
>

M
( 

„ 
,(

 ,,
C

,'J
,I

,' 
 a

,r
tl

+
i..

-i
,. 

   
  i

ct
:'`

|  
   

   
H

ug
l`

es
   

   
 C

ro
ck

   
   

   
   

   
   

   
   

   
  c

r°
.n

e9
k 

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

;?
:;,

, 
  
t,

®
-.

F 
   

 O
   

  R
   

   
A

   
   

K
   

   
E 

   
  R

'.,
  
 U

W
'',

'',
-0

,0
'  

,
ICI

lo
ng

   
   

C
re

ek
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  R

ed
   

   
   

E
og

le
   

   
 -

-^
J.

i,b
,c

D
:I

'I

i.,.
I0

O
ur

,~
II.

,   
uN

,'S
,,I

'W
-a,

r)I
 ,I

-,'J
N'

,S

N

i,:
,,i

':':
ill

L,

I08

r.t.rJ

£01ZJ0X;ai
n1rr,=8rt,ZP

1tnt;9`inCV
,,C=0ZC)\^

]
[

I

I
'

_



223

fourth-order   transgressive   apex.

It   is   very   evident   f ron   the   above   information   that

fusulinid   occurrences   of   this   study   tend   to   correspond   with

transgressive   apices   on   a   sixth-,   fifth-,   and   fourth-order

scale.   The   increase   in   fusulinid   percentages   toward   the

Foraker   f ourth-order   transgressive   apex   is   also   supported   by

Fisher's   (1971)   work   on   the   population   dynamics   of   fusulinid

"zones"   in   ny   units   F2.3,    F3.1,    F3.2,    and   F3.3   at   the   Paxico

and   East   Paxico   localities.      For   example,   at   the   Paxico

locality   he   quantitatively   calculated   that   the   f usulinid

density   of   the   main   zone   in   ny   F3.1    (Figure   55)   was

approximately   5,500   fusulinids   per   1000   cubic   cm.;   whereas,

the   main   zone   corresponding   to   F3.2   (the   zone   below   the

fourth-order   transgressive   apex)   contained   an   average   36,000

fusulinids   per   1000   cubic   cm.      Above   the   transgressive   apex

in   F3.3   the   fusulinid   biofacies   contained   approximately   6,600

£usulinids   per   1000   cubic   cm.

Ecological   Interpretations   of  Fusulinid8

Ecological   interpretations   of   fusulinids   are   essentially

hampered   because   fusulinids   are   extinct.      As   noted   by   Ross

(1969,    P.    298),   "In   studying   the   paleoecology   of   fusulinids,

we   are   not   only   studying   an   extinct   suborder   of

Foraminiferida   but   most   of   the   other   associated   organisms,

such   as   rugose   and   tabulate   corals,    trepostome   and
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cryptostome   bryozoans,    orchid,    rhynchoporacean,    productacean,

and   spiriferid   brachiopods.   and   inadunate,   flexible,   and

camerate   crinoids,   are   representatives   of   subclasses,   orders,

and   families   that   are   also   extinct".      A   number   of   studies

have   utilized   the   stratigraphic   positions   of   fusulinids

relative   to   other   faunal   assemblages,   1ithostratigraphic   and

sedimentological   features,   and   morphologic   characteristics   of

fusulinids,   to   make   ecological   interpretations.

Fusulinids   were   utilized   by   Elias   (1937;    1964)   as

paleoecologic   depth   indicators   of   culminating   marine

conditions   in   the   Permian   strata   of   Kansas   (e.g.,   Figure   8).

Elias   ascribed   a   depth   of   160   to   180   feet   to   fusulinids   based

primarily   on   three   factors:    1)   comparison   to   modern

foraminiferids;    2)   the   central   position   of   fusulinids   between

diverse   brachiopod   assemblages;    and   3)   comparison   to   similar

depth   estimates   of   Uralian   f usulinids   by   Rauser-Chernousova

(e.g.,    Elias,1964).         Moore   (1936,1964)   also   agreed   that

f usulinids   represented   maximum   marine   conditions   but   regarded

fusulinid   facies   as   being   representative   of   "maximum

offshore"   conditions,    rather   than   "maximum   water   depth".

This   conclusion   is   advocated   by   Thompson   (1964)   who   suggested

that   f usulinids   penetrated   continental   basins   most

extensively   during   times   of   maximum   marine   inundation.

Imbrie  £±  e|.    (1959,1964),    and   Laporte   (1962)   asserted

that   fusulinids   of   the   Beattie   Formation   (Lower   Permian,

Council   Grove   Group)   reflect   deposition   in   agitated   waters
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less   than   30   feet   deep.      They   based   their   estimates   on   the

association   of   fusulinids   with   osagid   grains,   and   the

occurrence   of   conspicuous   scour-and-fill   structures,   and

cross-bedding   in   their   ''fusuline   facies".      They   considered

their   "Chonetes   facies"   of   the   Florena   Shale   Member   as

representing   maximum   depth   of   deposition.      This   was   based   on

the   lack   of   fusulinids   in   their   geographically   "deeper"

facies   tracts   in   southern   Kansas.      However,   Moore   (1964)

considered   their   stratigraphy   as   improperly   correlated   and

incomplete,   and   noted   that   there   are   indeed   fusulinid   facies

in   the   Beattie   Formation   of   southern   Kansas   that   could

potentially   represent   deeper   marine   conditions.      Mccrone

(1963,    1964)   also   recognized   the   association   of   algae   with

fusulinids,   and   estimated   depths   of   fusulinid   accumulation   at

approximately   70   feet.   He   agreed   with   Elias   (1937)   that

f usulinid   assemblages   represent   culminating   marine

conditions;   also   the   opinion   of   Hattin   (1957).

Work   on   fusulinids   outside   Kansas    (e.g.,    Ross,1961.

1965,    1969;    Stevens,    1969,    1971)    has   shown   that   fusulinids

probably   inhabited   a   wide   depth   range   in   a   variety   of

habitats.      For   example,   when   Ross   (1961)   plotted   the

occurrence   of   fusulinids   (from   the   Leonard   Formation   in   the

Glass   Mountains   of   Texas)   on   a   grid,   with   carbonate   grain-

size   plotted   against   quartz-silt   and   clay   percentages,   he

f ound   discrete   groupings   of   certain   species of   Paraf usulina

and   Schwagerina.      Ross   (1965)   also   recognized   that   different
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species   of   fusulinids,   with   similar   lnorphologies,   were

associated   with   distinct   lithologic   facies   of   the   Gaptank

Formation   in   west   Texas.   On   a   more   regional   scale   including

central,    northern,    and   western   Texas,   Ross   (1969)   found   that

f usulinids   were   restricted   to   the   shallow   carbonate   and

elastic   depositional   shelves,   and   were   essentially   absent   in

the   ''starved"   basins.      He   also   found   that   elongate   species   of

Triticites   were   f ound in   impure   silty   limestones   and   f ine   to

medium   sandstone,   indicative   of   shallow   interdistributary

bays,   lagoons,   wave-built   bars   and   wave-built   terraces.

Larger   f usif orm   specimens   were   predominately   found   in   shallow

water   "algal   meadows",    banks   of   crinoidal   fragments,    and

coarse   calcarenites   suggestive   of   an   environment   similar   to

that   of   the   present   day   Florida   Bay.      Smaller   fusiform

species of   Triticites   were   f ound   in poorly   sorted   limestones

which   Ross   (1969)   interpreted   as   representing   deeper-water

shelf   areas   that   extended   down   to   effective   wave   base.      Most

recently,    Ross   (1983)   has   suggested   that   most   fusulinids   were

restricted   to   depths   less   than   15   to   20   meters.

Fusulinids   f ron   the   Pennsylvanian   Minturn   Formation   of

central   Colorado   occur   in   calcareous   facies   that

represent   outer   shelf   environments   (Stevens,1969,1971).

Stevens   (1969,    1971)   calculated   that   Minturn   fusulinids   lived

in   water   depths   ranging   from   20   to   70   meters,   an

interpretation   similar   to   that   of   Elias'    (1937).

Perhaps   one   of   the   more   signif icant   paleoecologic
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attributes   of   fusulinids   is   their   relatively   large   size,

compared   to   other   foraminiferids.   They   also   have   external

morphologies   that   are   similar   to   the   isomorphic   modern

miliolinids,    the   Alveolinidae.      Ross   (1979,    1983)   pointed   out

that   most   of   the   larger   tropical,   living   foraminiferids   have

zooxanthellae   as   a   photosynthetic,   symbiotic   partner,   and

that   most   Fusulinaceans   probably   hosted   similar   symbiotic

relationships.      Thus,   fusulinids   would   have   been   restricted

to   the   photic   zone.      A   direct   comparison   of   living   and   dead

alveolinids   versus   f usulinids   was   made   by   Severin   and   Lipps

(1987).      They   concluded   that   fusulinids   may   have   accumulated

in   much   the   same   manner   as   alveolinids   as   a   result   of   the

following   conditions:    1)   ocassionally   disturbed   but   rather

stable   substrates;    2)   slow   test   production;   3)   long   test

endurance;   and   4)   low   effective   test   densities   which   caused

test   concentration   near   the   sediment-water   interface.      Reiss

and   Hottinger   (1984)   have   shown   that   alveolinids   are   actually

capable   of   buring   themselves   in   coral   sands   of   the   Gulf   of

Aqaba   with   the   aid   of   polar   pseudopodia.      The   alveolinids

also   use   the   pseudopodia   to   "f ix"   or   attach   themselves   to

hard   bottom   substrates,   and   plants.      Environmentally,    extant

alveolinids   h.ave   a   ''clear   provincial   distribution",   going

back   to   Miocene   times,   ranging   from   coastal   areas   several

meters   deep   (e.g.,    East   Africa)    to   open   ocean   environments

that   are   tens-of~neters   deep   (e.g.,   Red   Sea,   Caribbean,    and

the   Indian   Ocean;    Reiss   and   Hottinger,1984).
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It   was   observed   in   the   f ield   and   laboratory   that   each

fusulinid   biof acies   of   the   Foraker   Formation   contained   a

diversity   of   fusulinid   morphologies.      For   example,    in   F2.3,

F3.I,    F3.2,    and   F3.31arge   ventricose,    fusiform,    elongate

fusiform,    and   globose   forms   of   fusulinids   were   observed   in

each   biofacies.      Fisher   (1971)   recognized   this   also.    Although

these   dif ferences   in   fusulinid   morphologies   may   be   dif ferent

growth   stages,   or   different   species,   there   appears   to   be   a

discrete   difference   in   fusulinid   morphology   between   F3.3   and

the   other   fusulinid   biofacies.      In   F3.3   the   fusulinids   are

discretely   of   a   larger   (e.g.,   7nm   axial   length)   ventricose

form,   whereas   the   fusulinids   of   F3.2   are   predominately

smaller   and   fusiform   (e.g.,    4mm   axial   length).      Boss    (1969),

f ound   that   larger   ventricose   f orns   were   indicative   of

shallower,   more   highly   agitated   conditions;   whereas,    the

smaller   f usif orm   types   were   f ound   in   facies   interpreted   as

representing   deeper,   more   offshore   environments.      Indeed,    the

larger   fusulinids   of   F3.3   are   occasionally   encrusted   with

QLs_ag_i__a,    indicating   well   lit,    highly   agitated   conditions.

Fusulinids   of   the   Foraker   Formation   also   inhabited   a

wide   range   of   substrates,    including   pure   micritic   mud   (e.g.,

in   F1.2,    F2.I,    and   F2.4),    argillaceous   carbonate   mud    (e.g.,

F1.2,    F2.2,    2.3,    3.1,    3.2,    3.3)    and   very   calcareous   shales

(e.g.,   F2.3,    F3.2).      Thus,    fusulinids   do   not   appear   to   have

been   substrate   controlled.      Fusulinid   populations   probably

developed   best   in   environments   where   nutrients   readily
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accumulated,   and/or   in   well   lit   environments,   where   symbiotic

algae   could   be   produced    (e.g.,    see   Ross,1983).       Ross    (1969)

pointed   out   that   f usulinids   were   probably   adapted   to

variations   such   as   salinity,   temperature,   Eh,   pH,   turbidity,

currents.   and   associated   biota,   instead   of   slight   dif ferences

in   water   depth.      It   appears   that   fusulinids   were   effected   by

extrinsic   factors.   the   most   important   of   which   was   eustatic

sea   level   changes   (Figure   55   and   overlay).

Fusulinids   of   the   Foraker   Formation   inhabited   a   wide

range   of   environments.   For   example,   the   fusulinid   biofacies

of   Fl.2   grades   and   shallows   upward   into   a   Crurithyris

biofacies   (a   relatively   nearshore,   eurytopic   indicator,

e.g.,    Brezinski,1983;    Wells   1984).      On   the   other   hand,    the

most   discrete   fusulinid   biofacies   of   the   Hushes   Creek

fifth-order   T-R   unit   (F2.3)   contains   a   diverse,   open   marine

fauna   with   Reticulatia Composita,   Neospirifer,   crinoids,   and

ramose   bryozoans.      It   is   overlain   by   a   diverse,   open   marine

N e o s I) i r i f e r - C o in p o s i t a - Reticulatia   biofacies. Accordingly ,

fusulinids   of   F1.21ived   in   a   relatively   nearshore

environment,    that   was   adjacent   to,    and   seaward   of ,    the   more

restricted   Crurithyris-rich   environment   in   which   only   rare

fusulinids   can   be   found.      The   fusulinid   biofacies   of   F2.3

accumulated   in   a   more   normal   marine   environment   that   was   more

conducive   to   open   marine   brachiopod   taxa   (high-level

suspension   feeders).

Fusulinid   zones   can   be   characterized   as   massive   zones   or
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relatively   thin,   underdeveloped   zones.      Where   fusulinid   zones

(biofacies)   are   most   massive   (i.e.,    F2.2,    F2.3,    F3.2,    and

F3.3)   they   tend   to   be   associated   with   (i.e.,   are   conformably

overlain   or   underlain   by)   a   relatively   diverse   brachiopod

biofacies.      Where   fusulinid   zones   are   least   massive   and   most

underdeveloped    (e.g.,    Fl.2,    F2.I,    F2.4),    they   are

characteristically   associated   with   a   nondiverse   Crurithyris

biofacies.      Massive   fusulinid   zones   associated   with   the   more

open,    offshore   marine   conditions   are   geographically

widespread,    and   make   good   marker   beds.      This   indicates   that

they   represent   environmentally   unif orm   conditions   across   the

study   area   for   those   times   (e.g.,   Figures   27,    32,    33,    36).

During   less   open,   initial   transgressive   and   net   regressive

conditions,   fusulinids   are   restricted   in   their   geographic

extent.      For   example,    during   the   maximum   transgressive

conditions   of   F2.I    (Figure   31),    fusulinids   were   most   abundant

in   the   southern   part   of   the   area,   in   a   seaward   direction   away

from   the   shallower,    osagid-brachiopod-Isogramma   biofacies.

This   decrease   in   algal   content   and   shallow   molluscan   taxa,

accompanied   by   an   increase   in   fusulinid   abundance,    is   a

common   phenomenon   that   has   been   documented   by   other   workers.

In   particular,    Stevens   (1969)   has   documented   an   increase   in

f aunal   diversity   and   f usulinid   abundance   away   f ron   his

"1oferitic   f acies"   in   the   Pennsylvanian   Minturn   Formation   of

central   Colorado.      Moore    (1949,    1964)    documented   a   gradual

decrease   and   eventual   loss   of   osagid-algal   and Ottonosia
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biofacies   that   was   accompanied   by   an   increase   in   abundance   of

fusulinids   in   the   Wakarusa   limestone   (Upper   Pennsylvanian).

from   northern   Oklahoma   to   central   Kansas.

This   report   is   in   disagreement   with   Elias   (1937,    1964)

who   regarded   all   fusulinid   biofacies   of   the   Foraker   Formation

as   representative   of   maximum   of f shore   marine   conditions   and

depths   of   160-180   feet   (48-55   meters).      Fusulinids   of   the

Foraker   Formation   are   clearly   associated   with   a   variety   of

biofacies   that   occupied   a   wide   range   of   marine   environments

and   depths   from   relatively   nearshore   (a   few   meters   deep?),   to

intermediate,    to   most   offshore   (10-20   meters   deep?).

Hlerarchal   Paleoecology/Evolution   of   Fu8ullnids

The   f oregoing   inf ormation   clearly   indicates   that

hierarchal   genetic   (T-R   unit)   stratigraphy   can   be   used   to

explain   the   distribution   and   evolution   of   fusulinids,

including   those   of   the   Foraker   Formation.      That   is,

fusulinids   evolved,   dispersed,    interacted,   and   declined

relative   to   sea   level   changes   that   caused   the   development   of

the   Busch   and   Rollins   (1984),    and   Busch   and   West    (1987)

hierarchy   of   Permo-Carboniferous   T-R   units.      This

relationship   is   summarized   in   Table   1.

Sixth-order   T-R   units   clef ined   in   this   study   are   actually

conformably-stacked   lithofacies/biofacies   tracts   (Table   1),

as   previously   noted.      The   lithofacies/biofacies   of   each
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SCALE   OF   T-R   UNITORCYCLEOFSEA-LEVEI,CHANGE

BIOLOGICAL   PROCESSES RESULTS

Second-Order Radiations/declines  of   fusulinid Fusulinid  Biostratigraphy  based
super families,   families, mainly  on   super families,
subfami]ies,   and   some   genera. families,   and  sub families;

Fusulinid  Biogeographic  Realms
(Ross   and   Ross,    1985a)  .

Third-Order Radiations/extinctions  of Fusulinid  Biostratigraphy  using
fusulinid  genera  and  some   species. genus   and   some   species   zones.

Fourth-Order Origin/extinctions  of   some Fusulinid  Biostratigraphy  using
fusulinid  species;   extinctions, some   species;   i.e.,   lowest   (most)
ecological  displacements,   and detailed)   level  of   fusulinid
dispersals  between  provinces   for biostratigraphy.     Fusulinid
many   shallow  marine   species Provinces    (Ross   and   Ross,    1985b)
(Ross   and   Ross,    1985b)  . \

Fifth-Order Ecological   displacements   and Unconformably   stacked   sequelices
dispersals  of   species  within (i.e.,   fifth-order  T-R  units)   of
provinces.     Most  significant  and conformably  stack,ed  biofacies
obvious  phenotypic  variation. that  may  contain  fusulinids

(i.e.,   sequences  of  biof{`cies
tracts,   or  sixth-order  T-R
units)  :     Fusulinid  ECostratigraphy

S ixth-Order Ecological  migration  and  dispers- Conformably  stacked  biofacies   that
al   of   species`within  provinces may  contain   fusulinids   (i.e.,   se-
(as  members  of  biofacies   with  or quences  of  biofacies  tracts,   or
without  ecotones)   in  response   to sixth-order  T-R  units) ;that  are
allogenic  changes  of   sea-level; bounded  by  transgressive   surfaces;
Phenotypic  variation;   Colonization Fusulinid  Ecostratigrapliy.
of   new   areas   and  community
succesions/replacements.
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sixth-order   T-R   unit   represent   environmental   areas   that

migrated   in   Walther's   Law   fashion   relative   to   allogenic

sixth-order   changes   of   sea-level.      The   I)oundary   between   any

two   of   these   facies   is   typically   ecotonal   (gradational);

however,    there   are   exceptions   to   this   (e.g.,   current-scoured

contacts   overlain   by   contrasting   facies).      As   sixth-order   T-R

units   accumulated,   fusulinids   interacted   with   other   taxa   in

particular   environments;   which   led   to   their   dispersal,

decline,   or   demise,   within   limited   areas   of   provinces.      In

this   sense,   biofacies   are   the   net   accumulation   of   repeated

community   successions   (seres),    community   replacements,

ecotones   between   communities,   migrations   of   taxa,    and

declines   of   taxa,   that   have   been   temporally,   taphonomically,

and   spatially   averaged   as   a   stratigraphic   entity.     Rarely,

however,    single   events   may   be   preserved   within   a   particular

biofacies.      For   example,    storm   disruptions   and   seral

development   of   reef s   could   produce   sorted   storm   deposits

(tempestites)   and   patch   reefs,   respectively.

The   boundaries   of   sixth-order   T-R   units   are   commonly

dis].unct   (unconformable)   contacts   between

lithofacies/biofacies   that   formed   at   maximum   regression,   and

overlying   lithofacies/biofacies   that   formed   during   an   ensuing

Sixth-order   transgression.   Such   surfaces   are   commonly   sharp,

because   they   represent   displacements   of   lithofacies/biof acies

at   nondepositional   (omission)   or   erosional   surfaces.      On   the

other   hand,   not   every   sixth-order   genetic   surface   (boundary)
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is   a   disjunct   (unconformable)   contact.      In   some   cases   it   is

simply   the   surf ace   marking   the   end   of   a   sixth-order

regression   (i.e.,   base   of   an   overlying,    relatively   deeper

lithofacies/biofacies).      Such   a   sixth-order   genetic   surface

is   actually   conformable,   but   still   marks   the   exact   positions

in   the   stratigraphic   record   where   sixth-order

regression/progradation   ended   and   sixth-order

transgression/retrogradation   began.      As   previously   noted,

such   surf aces   are   of ten   nanif ested   as   the   contact   between   a

series   of   biofacies   in   which   fusulinids   decline   in   abundance,

and   a   series   of   biof acies   in   which   f usulinids   dramatically

increase   in   abundance   (e.g.,    surface   F3.2   at   Paxico,    and

Manhattan   sections;    Figure   55).

Each   f if th-order   T-R   unit   of   the   Foraker   and   associated

f ormations   is   essentially   a   T-R   unit   composed   of   nested

sixth-order   T-R   units   that   have   been   grouped   into   a   larger

T-R   unit,   based   on   the   relative   extent   of   sixth-order

transgression.      As   such,   fif th-order   T-R   units   are

unconformably-stacked   (i.e.,   at   sixth-order   genetic   surfaces)

Sequences   of   conformably-stacked   lithofacies/biofacies   tracts

(i.e.,    sixth~order   T-R   units).      The   sixth-order   T-R   units,

and   their   bounding   genetic   surfaces,   are   thus   temporally   and

Spatially   averaged   into   what   is   regarded   as   a   f if th-order

T-R   unit   bounded   by   fifth-order   genetic   surfaces.      Variation

in   the   extent   of   biof acies   displacements   and   faunal

migrations   among   the   temporally   averaged   sixth-order   T-R
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units,   within   each   fifth-order   T-R   unit,   has   produced   a

f if th-order   record   of   variable   dispersals/declines   of

fusulinid   species   within   provinces.      Furthermore,   phenotypic

variation   f ron   base   to   top   of   a   f if th-order   T-R   unit   can   be

dramatic   for   any   taxon,   a   factor   that   undoubtedly   plays   a

role   in   the   evolution   of   new   species.

Fourth-order   T-R   units   are   composed   of   nested

f if th-order   T-R   units   that   have   been   temporally   and   spatially

averaged   on   the   basis   of   the   relative   extent   of   the   f if th-

order   transgressive   apices.      Therefore.   when   the   effects   of

fifth-order   processes   are   averaged   to   a   fourth-order   scale,

they   become   lnore   obvious    (magnified).      For   example,    the

ecological   displacements   of   f usulinids   become   temporally

averaged   as   even   more   widespread   net   dispersals   and   declines

between   provinces    (Boss   and   Ross,1985a).      The   combination   of

this   factor   and   the   long   term   (i.e.,   fourth-order)   effects   of

fifth-order   phenotypic   variations   cited   above,   apparently   led

to   the   evolution   and   extinction   of   fusulinid   species.      Some

f usulinid   species   are   indeed   index   f ossils   f or   specif ic

fourth-order   T-R   units   (e.g., Triticites   ventricosus   of   the

Foraker   fourth-order   T-R   unit).      The   fourth-order   scale   is

thus   the   smallest   scale   at   which   fusulinid   biostratigraphy   is

effective    (e.g.,    Ross   and   Ross,1985b).

Fourth-order   processes   and   effects   are,    in   turn,   more

obvious   and   magnif led   when   temporally   averaged   at   the

third-order   scale.      Radiations   and   extinctions   of   fusulinid
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genera   (and   some   species)   at   the   third-order   scale   provide   a

biostratigraphic   f ramework   f or   this   scale   that   ls   based

mainly   on   genera   (Figure   52).      The   dispersal   of   genera

between   provinces   at   this   scale,   has   also   resulted   in   a

worldwide   f ranework   of   I usulinid   zones   based   on   genera

(Figure   52).      Temporal/spatial   averaging   of   these   third-order

phenomena   has   also   resulted   in   the   worldwide   f ramework   of

fusulinid   biostratigraphy   that   is   mainly   based   on   temporal

ranges   of   subfamilies,    families,   and   superfamilies   (e.g.,

Figure   56).



237

Figure   56.      Simplified   phylogeny   of   two   super families   (with
a   f ew   representative   genera   shown   in   axial   section)
of   fusulinids   (adapted   from   Douglass,    1987)   modified
to   show   its   relationship   to   second-order   T-R   units
(see   Figure   51).      The   Verbeekinoidea   evolved   and
diversif led   entirely   within   the   Leonardian-Ochoan
second-order   T-R   unit.      The   Fusulinacea   evolved   and
diversif led   within   the   Morrowan-Wolf campian
second-order   T-R   unit,    t)ut   they   declined   within   the
Leonardian-Ochoan   second-order   T-R   unit.
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CONCLUSIONS

This   study   has   provided   detailed   analyses   of   the

lithostratigraphic,   biostratigraphic,   paleogeographic,   and

structural   development   of   the   Foraker   Formation   by   utilizing

hierarchal   genetic   (T-R   unit)   stratigraphy.      The

establishment   of   a   hierarchy   of   T-R   units   in   the   Foraker

Formation   has   provided   a   wealth   of   detailed.    new   data

concerning   facies   and   f acies   contacts   that   were   not   provided

by   other   methods.      Establishing   a   viable   correlation   of

sixth-,   fifth-,   and   fourth-order   T-R   units   that   are

associated   with   the   Foraker   Formation,    provides   a   valid

paleoceanographic   framework.      Transgressive-regressive   units

(inclusive   of   PACs)   are   pervasive   throughout   the   study   area.

Detailed   stratigraphic   analysis   of   each   sixth-order   T-R

unit,   provided   the   necessary   data   to   construct   sixth-order

paleogeographic   maps.      Sixth-order   paleogeographic   and

isopach   maps,    when   viewed   separately   and   in   combination,    help

provide   an   understanding   of   depositional   controls   during

Foraker   deposition,   as   they   are   intimately   associated   with

the   structural   framework   of   the   area.      Depositional   features

that   are   detected   at   a   sixth-order   scale,   might   otherwise   be

masked   by   mapping   at   larger   scales.      The   Busch   (1984),    Busch

and   Rollins    (1984),    and   Busch   and   West    (1987)    method    of

hierarchal   genetic   (T-R   unit)    stratigraphy   should   provide   new

data   concerning   more   regional   chronostratigraphic
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relationships   and   additional   controls   on   Foraker   facies

development,    particulary   in   Nebraska,    southern   Kansas,   and

northern   Oklahoma.      Additional   data   on   community   successions,

community   replacements,   ecotonal   characteristics,   migrations

and   declines   of   taxa,   and   hierarchal   evolutionary   aspects,

for   example   of   fusulinids,   will   be   provided   by   this   method   of

genetic   stratigraphy.
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APPENDIX

Locality   descriptions   based   on   f ield   and   laboratory
analysis.      ''TA"   at   the   end   of   a   unit   description   refers   to
the   f acies   representing   the   transgressive   apex   within   each
sixth-order   T-R   unit.      Those   units   that   were   either   thin
sectioned   or   analyzed   by   sieve   analysis   are   listed   at   the   end
of   the   locality   descriptions.      The   locality   descriptions
occur   in   alphabetical   order   as   listed   below.

Page    No.

Admire    (Ad)    section
Allen    (A1)    section
Alma    (A)    section    ..
Belvue   (8)    section
Blue   River    (BR)    section    ............
Core   section    (C)    -   Amoco   #1    Hargrave
Crow   Creek    (CC)    section    ............
Cl    section    (Garber,    1962)    ..........
C2    section    (Garber,    1962)    ..........
Deep   Creek    (DC)    section    ............
East   Paxico    (EP)    section    ...........
Flush   (F)    section
Holidome    (H)    section    ..................
Kansas   River    (KR)    section    .............
Keene    (K)    section    .....................
Louisville    (L)    section    ................
Louisville   East    (LE)    section    ..........
Manhattan    (M)    section    .................
MCDowell    Creek    Road    (MCR)    section    .....
Mudge   and   Burtons's    (1959)    section   46    .
Newbury    (N)    section    ...................
Paxico    (P)    section    ....................
Poliska   Lane    (PL)    section    .............
Southeast   Paxico    (SEP)    section    ........
Wabaunsee    (Wa)    section    ................
Westmoreland    (W)    section    ..............
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Belvue   sect.ion   continued

I.   Hamliri  Shale:      shale,   olive   to   light   olive-gray;   weathers   tan-
olive;   blocky;   calcareous;   silty;   nonfossiliferous;   base   con-
cealed.  -

Unit   5   supplemented  by   thin   section  data.



E[;e{±€  5ut]snz3uT) e{=e:=3o=:ad  i€T{±,3¥n¥#

CZ.9,.Ot.9S.8€.8t.0€.SZ.8,.8,.CZ'{99.OZ.69,0[e40Ot440a80I0(I0I0(I,Z0

-TJ:nz3    `sa}auol(3oaN    'et`-etn3T..at|    'eTp3.snH    'Ja;TZTc!So?3ut`d

Iu®

rT]

'za;TITdsoaN   `E5i366tE65   pa^zasaJ[d   t{a^   'pe]p[noT?ze   But
-?n[3uT   eune;   ;o   a3uepunqe   SuTeluo3    :snoa±eote3    :.{x3otq    !,{e=6

slaiuea^   'y.9etq-t{ez6   C)1    `;e=6   `|J;ep    `atptIS       :a{eus   xaa=3   S±±±Efj±      .[t
'SalTt

te -oueTd   gue   `e[ta]|e]sV   `ua:3ado[n3T^V   `spT]3npozc]   uouruoo   oi
azeJ:   suTeluo3    :Snoaze3{e3    :a[TSST}    :9±eu-lunTpaul    `Pa]EznpuT

:.{ez5   s]al|]eaA   !x3etq-.{t?J6   o]   {ezb   `a[eus       :ateus   Xaaz3   Sau5nH      .Z[

•VJ   :pa?eTn3TJle   .{[teuoise33o   a.B   sTTsso}

Iu

:a^Tssa]6suez`    `5e[   uloz;   S[Tsso}    !sa3TqotTJ:3   Pup    'spTo'jtuoa
`sptoutz3    `sueozo{j:q    `ua]3ado[noTi\v   'spT:3ngozd   `:a}TJliclsoaN

`e[taz3[[a.u   `e3?sodulo3   }o   s..uauiee.I   ]ueput`qe   suTt}]uoo   !a[TssT;
o`   ,{]etd   !a^ito   o]   i{pJ:b   ¥±Ep   'atpus      :a[eus   Xaa=3   sat{6nH      .et

-                    :(3C

ueu3   SsaT|    spTUTTt`Sn;   azeJ:   o.   uo`Lruzoo   9.(e    :s`uaur6ez=   ?t}3t`pozd
is[euu[o3   pTouTzo   '±a;TztdsoaN  7Eil{€E5a   'ETE36atE65  pai

-etloT`zE   atot{.`   suTeluoo    !snoaze3teo   i{Ja^   !A[¥3eu   o]   {]:a`uT[cis
®tJJ

!.`-.E=6   ]c{5Tt    szal|]ea^    `a^T[o-.{e±6    `ateus       :atet|S   Xaaz3   sat{6nH       .p[
•spTUTTnsn}   tT.lus   pue   a6ze[   ]o   }stsuoo   pup    'p3]ua

-Tzo   t{{uropuez   ale    `A5o[ou`i[   au`   }o   top-o€   A-taleulTxozdcle   J:o}
3ilnooae   spTUT[nsn}    !SPTOuT±3   PUB   S?uauJ,Dez;   podoTu3ezq   zaq3o

suTe]uo3   suTe]uoo   oste   3Tur`    !alTZ3TuroTq   PTUTtr`sn}    'auTj
`a]Tpr`IT3e[3    :snoeot?ttT5J=E    i?Zeu   Put?   i{X3oTq    !a^Tsseu    :a6uezo

-iie]   s=at{`ea^    `{Ez6-ue:    `auo}Sau.Tt       :a[et{S   X3aJ3   Sat{6nH      .S[

C.Cc•y£:E[[3]equnapup'sotou

I
tJJ- -Tz3  iiHozec±eJ:3s   'Ei€  `Eii5i55ff  `Ja;TZTdsoaN   `ua`3ado{n

-3T.\¥   t]ou"oa   sute`uoa    :snoaze3[t?3   .{Ja^   :A-3etd   oi   attsst}
!.{a=5   iq6T[   sj:aqlea^.!ue]   o]   {eJ:6    'a[e'|S      :ateus   Xaaz3   Sau5nH      .9[I •siuaur6ej:;   ]ueTd   a=ez   suTe`uoo   os[e   ?funtJ,J>a !a3tz3tuotq   `teptout±3    `SnzouaoulJ:ad   'a`tlnTT3[Ea    :snoaaa -etTT5]:a.`ue`   ;±at{]eaA    `i{e=S    `auols.u.Tt       :ateus   ¥aez3   Sau5nH      .4tC|C1*bb*- •s`uauibej:;   |u?{cl   pa]e

-za3eur   uouruo3   suie?ilo3    !£][TS    !Pa|eznpuT   Tta^   `{¥3oTq    :{e=6
`t{6Tt   szau?ea^    !unozq   o]   .{e=6    'a[t?US       :ateus   x3.J:3   sat{5nH      .8t

¥|   :soodoz]se6   ezez   pup

i
'spTouTz3   azeJ;   'snfoqciouJad   'ual3ado[n3[^¥   uounioo   suTe]uoo

•elTz3TuroTq    'OTITurotop    `Snoze;TtTSSo}    'a]T]ntT3tt?a    !s6uT'JTt
a`Tisatao   uitA   {66n^   !snoa3ettT6ze   :{¥oo[q   :a^Tsseu.   !a6upzo

iue?   s=aq`baA   `Aez6-ue]    `auolsaulT[      :auo`SaulT|   XaaJ:3   5tJo|      .6[|J,1^ •  (auo`so[op
o]   sepez6)    ai?T'uotop   {=a^   :a]Tln[T3[t!o   snoza;TTTsso}uou

!s6uTu?I   a]T3[t?a   pue   a2T]sa[a3   t{]T^   {66n^   {2a^   :a6ue2o
-ue]   szau?eaA   `{eJ:6-ue]   'auo.saulTt      :auo]Sau]TT   xaa=3   6uor|      .oz

•vI,   :6et   a^Tssa±6sut!z]   se   pazapTsuoa

I
!alTZ3TuroTq    `{epTouTZ9    `Pod{Oatad   e   9T    „[   tcseq    .1aa]   z

do?   au]   ut   s6n^   pa{[T}   a]T`Sata3   uounlloo   suTe3uo3   .alT]r`[
-T3[po   St`oza3TtTsso}uou   `aT`Turo[op   !,{xootq    :a^Tsseur   :a6ue]ou,a -ue?   sJ;aqiea^   !{ez6-ue1   `auolsaulT[      :auo3sau.ir|   ¥aaz3   6uo,I     .tz

•Aot3q   `Tun   t{3TA   `oe.uoo   dzeug
snc)z3}TtTsso}uou    !{]tTs    '{66eT}    'a^T[o    'e[t?us       :a[et]s   uoSuuor      .zz

•papoza   c!o]   !aiT3n[T3[eo   snozajT[isso}uouu,+ !paieqzn]oTq   !{1p[d   :{ez6   o]    'ue]   'auo?saurTt      :ateus   uosuqof      .€Z

|uu!    I   lja3e)Jns a6uei|O a)euJ!io---       ~e3eijns a^!Ssaj6sueJ|®ICnI

sassau|O!ltl)!un
sNoli.ditDs]a     iiNn01CL®I+Ia1C|®IiI

S86[    `{[nf   Paznspaur   [e^zaiu|
•uoT2eul±od   ]axt}zo]   at{]   ]o   atetts   ¥aaz3C=JC=J

saq6t`H   awl   o`uT   u^op   at[el{S   uoSuL{of   za^oT   aq]   uozj   paJnspau   uoTloasC^u,
•:Ia^Tu   an[q   jo   ¥upq   qlzou   aq16uote   `no   pEoz   .   uT   pa)|ns.au   uoT13as\a8\a

36tl    'S6|    'OC    .Oa3   |3S   Z|MS   |3N0C
(Ha)    {`T[poo`|   za^Tti   ar`[aICLDiCLa'1

:uO!id,I]s®a   Ai!io.Oi

ueut?uupw  :ai6uoipono           aTurole^o`}od   :A|uno]    Stlsupx:aiDisaC^a,J,

S9Z



•pa[ea3uoa   1?un   ;a   aseq   !|Tun   ;o   aseqIh.,1.

IN

atii   pze.`ol   Sa]?zguol{3   a=e=   glle    !sluauJ6ez;   ;uetd   paieza3eur
3ze3   suT8`uo3    !^2[ts    :Snoazp3{EO    :{[¥3ev   o]   ^¥9o{q    :{e;[6
slau`ea^   :¥aetq-,{e=5   ol   t{ezs   `a[et{s      :ateus   ¥ae±3   sel|6nt|      .I

•sa]!toue[d  pue   'pttalzelsv   `sapo3ez`so

rqN,J>

`uai3eao[n3f.`¥   `eozo^=q   alez`sauaI   }o   s]uaul5ez;   suTe`uo3-I :snoaJe3teo    'a[TSsT5    `a^Tto   'a[eus      :atEqs   Xaa]3   S3u6r`H      .a
'vJ   :  SuteJ6C=

pT5eso   pup   `sluaui6ez;   aap!ota3Tqzo      euTTn3TJ]si\H    `e?tsocu!o3C| `sTjzi\q3T]nz3   suTe`uo3   Pue   Snoa3et[T6Je   ,{±a^   st   .z   zadclnI :?32]:os   .{{a}t?|apour   o}   ,{{zood   ?ue   paluaur6eJ:;   .{[uo`Lrui63   stTsso}B !s]uaui6ez;   poc{{3a[ad   'Jourulo3   pue    'sueozo{Jq   'spTouTJ:aCA
'sa?e[d   pup   sauTds   ?Toutu3a    `spodoJ[3Se6    (Pa±Tds-u6Tt|)    tt9urs

C|*EdP*- suTe`uo3   os[e   :  (slue.i;be];   pazTTte3s.{13az   zat{]o   pue   `siuaurie]:I
poc§,{3a[ad   pup   po€o:ti3ezq   auTlstu3ut)    Sure.T6   p32sr`J:3uT-pT5eso
a]aouota    'papuno2   suTe]'|oa    !alT=3TuroTq   'PTouTu3a   `Podo?q3e]:q

ue3sr`t[ou   'pT5eso    `as=eo3   'a]Ttjale3|eo    !a^Tsseur   `pzet{   '{`;{3otq
'notta{-up]   szau]ea^   `=;ncruE`   'auo]saurTt      :a[EuS   `J{aaz3   saq6nH      .c

'Xnt}uT
zaipA-qsaz}   5uT3sa6ins   a6ue=o   Pue   `Ze[t`OTluat   'pazTPTxo-ad

{[[euoTse33o   aze   sauoz   STJi\u2T=nz3    !„9   Zacla.t`   au?   uT    (uoTtise]
6uTddeT=a^o   uT   5uTJm3oo)    STzi\ulTJ:nJ3   1uepur`qe   suTe3uoo
i..9   za^ot   au`   ut   EifiEtFT  pus   sTz^t{1Tzn±3   `uepunqt!   ssat
plle   'eegTo[noTq£o   1uepur`qe   suTeluoo   !snoazeJ[eo    :{]e[c!

o`   a[TsST;    !x3e{q-I{e=6   0]   `J{3E[q    `a[Pt{S       :a[eqs   ¥aaJ3   Sau5nH      .p

•¥£  .?sptuttt`sn}   azez   pug    'spTouTJ:a

I|D,L-

Iu-Ia=C1®#t4tt]*-

':5£t?!5.!s;:::33::EL;:I::'::::::3!.;:;:::3?::::!.;iE33!EEi

:ue3-AotTa{   s±at|?ee.`   '{ez6   `eteus      :ateus   Xaaz3   sel|6nH      .s
•eut`e;   ]ueuTu]op   ai|]   dn   a¥eu   `s`uau]6e]I

podotu3ezq   J:at{]o   pup    `SPTouTIO    `STZ^UITJ:nz3    'spT13npozd 'p]Tsoclu]oo    'sa`auou3oaN    !  (Sot   {ta]e'JITXoXc]de    !a^c)qo   }Tun
se   iuepunqe   Se   lou)    spTUT{nst`}   SuTeluoo   !pauie26   auT}    'a`T]:

-3TujoTq   `PodoTu3ezq   'PTUTtnsn;   -a`TpaJIT3tEo    !,`otaq   pup   a^oqe
?run   uaan]aq   teuoT]Tstjez3    :.{txoet{   :-{atpt|s   ol   st`oaoet[T5ze
A:{a^   :utpi.   s]:3u3ea^    `Aeza    'euo}saulTt       :ateus   xaaz3   sat{6nH      .9

•siua`ii6t?I:I   eozo{*q   pue
•sptoutz3   `HF36aI65   'sT=i`t|?Tztu3   `eT`e[n3I]aH   'Ei7r€I56

'sa]euoi|3oa.u   azez   suit?3uoo   o§te   ]Tut`   :i{6oloq?TT   att?   jo
3o€-oz   ,{ta`eurTxozdde   Zo}   3unoooe   SPTuiTnsn]    !a?Tz3Tu[oTq   pocl

-oTuae2q   'pTUTtnst`}    'auT}   'a`Tpnzio[eo   !snoa3ettT6ze   ,{3a^   pue
{¥3oTq   !uei   szau3ea^   `{eJz5   `auo`saurt      :a[et|s   ¥aaz3   saq6hH      .£

•spTouT13    `J:aITZTclso®N   'sa`auouooaN
`euT[noTz?s{H   'sTz^l|]?JnJ[3   `e`TSoclulo3   '  (t€   {taleuTxozddp)

spTUTtnst`}   uounlloo   SuTo`uoo    :a`TZ3?u]oiq   `  ({[[espq)    gpTut[nsn}
'podoTu3EJ:q   'agzeoo   'a]TuaJe3Te3   :{"3eu   `Sno.oeTTT6|e   {Ja^

!uo`   szau]ear`   `AeJ6   X]ep   `auolsaulT[       :@Teus   Xaa]3   Sau5nH      .8
•s3uaurfee*}

pT|3npozd   plle   'S`ua`il6pz}   pod{oa[ad   azt}J   suTp.uo3    :A`etc]
o1   atTssT}    !i{ez6   X]ep   o.    '.{eJ6    'a[et{s      :aTet{S   ¥aaz3   sat|bnH      .6

•s{.uun;::u::::;:.I?:::.i::I:::':g;I::±':::::::::.::z:5::

I14,r®

suTe|lloo   oste   ]Tun   :{6o[oulT[   all?   ;a   3oP-toe   Ata]euTxoldcle
zo}   ]uno33e   pup   `pa`|os-uou   pue   P®)uaTzo   {[uropue]:   a±p

spTUT[nsn;    :a`TZOTuroTq    'pTUTtnsn}    `auT}    `a}TpnzTo[eo    I  (a[Ei|s
sr`oa]:e3[e3   Aze^   o`   sapezb)    snoa3ettTb]e   {za^   !{x3o[q   !a^TSseur

!util   sJau]eaA   !{e.6-up`    'atlo]SaulTT       :ateus   XaaJ[3   9au6nH      .ot
•v]   !uoT]Tsod   a}T{   uT   puno3   aq   u®3  6iT€6aiE65  pup

`]Tur`   }o   uot`zod   teseo   alll   uT   Pa`el]ua3uoo  a.e  2a}TJTdsoaN
pue   'eT`ptt`oTiet|   'E5i36atE65   !s6.I   aiTpnzTo[e3   pappaq3a`u?
UTu`   Pax3ed   j{tasuap   uT   ZO   'Pa|zoddng-A.t3   9P   Zau}Ta   zn33o

9tTsgo}   ai|`    !sJaAet   „l(St}uw   a?Tqo[Tz`   suTe`uoo   os{p    :  (Aotaq
iTun   uT   u€v`   `iJepunq®   Ssa[    put}   |a6Jt)I   aJ:e   SpTUT{nsn})    „s-c

pod:::::i:q3a::os;::T5:±g±=u::;:::.::; ;  ::::A;5s:::¥::5 -uT   pu.    `a]ez]saua3    `asoul®J:    :panuT}uoo      :a[t}uS   xaal3   gau6nH      .t[

panuT]uoo   uoT|oag   za^Tt|   antq

99Z



S[.90

•vi    !Sa]T]n[T3Teo

Iu,®

I

-sa]tJ:3Tuj   snoa3et[T6]e   J:e{t`3T}ua{   st`oJ:ajTTTsso;   .{{as.tec!s   pup
's;]t]otulotq    'po€ott{oEJ:q    'poc-K3e[acl    '[epto.JT.3   pappaqJ:Slut

utq`    ;,{^en   sute-.'Joo   !pa[`1ou   5uTppaq   :a^tsseu   !snoa3etTT6]e
{[3l(5Tts    :?i:eu    !.{e36   `q6Tt    'auolsauTt       :a[eus   ¥aaz3   Setibt`H      .6C•.iT?r`tt3te36uT=e3q9od^-3a{ed`tepToutJ:3`5uTleaq

8Z.I,.68.SI.8€.CC.8t.SZ.t[,I(9CIiOt0IZ0II00
`sptoez2ilT    :aeutuEt   ue3   }uoTt   leuetd   uT'i`   u`T^   papp3q-utl(1{{za^'snoa3ettT5ze`,{ez6`3uo]SaurTt:atEqsxaaz3Saq6r\H      .Op

' PauTt3
-uT   pue   [e`uoZT±ou   `s.`ozznq    'pattT}-{eT3   'uroguez   '`uepunqe

suTeiuo3   „z   =ac!an   aul    :aseq   .q`   pJe^o]   spTouTJ:3   aze2
pup    '`not{inozq]   siuaulseJ:I   `uptd   palpzaoeur   '`{3etq   uouno3

s..Teiuo3   os[e    !3not{6noJlt{:   aeuTulet   ue`   1q6Tt   uTu`   {Za^   U3T.`
snoa2eo{ea    !.{x3otq    !a^Tto-,{e=5    `auo]spnur       :a[et{S   xaaJ:3   seu5nH      .[p

•¥J.    :3T3Turotop   pup   snoJ;ajTt?SSo;uou   sT    „}   =adc]n   au1    !stT]

I

-..at   ateus   uTq3   `{?]5   t{Zeg   aZez   t]3T^   `a]T:n[T3te3   'paleqzn|
-oTq    `  (unllz-I    tteurs)    5uT=eaq   pTouT*o    `5uTzeaq   pocl{3atacl   a   sT

„0€   5uTUTeul.J:   eul    :alTJ:3Tu]oTq-a`Tl[aJ:i?3te3   asleo3   o`
umTpaur   `6uTur=oI    `slseT3ez`uT   a`euoqze3    :s]uaurie=;   poclA3atacl
`sotouTJ:3   palzos   .{Tlc)od   t|`i.`   .usei{„   [t3qs   suTe3uoo   „}   i:aAo[

:,{x3otq   !a^Tsseur   !.{ez5-col   `auo]seu]Tt      :euo]saulT|   ¥aaz3   6uo|      .z?
•a.T}ntT3teo   aTITuro[oPu 'snc}J:a;Ttisso;uou    !  (€[eote)    aeuT'JJe{   pazo[o3   ¥Jeg   uounilo3   oI

u e=ez   st;t3`uoo    !  (pauTt   a?Tlsata3)    {66n^   !Snoaoe[TT6ze    !peppeq
-uTu`   {J:a^   :ue`-a^Tto   'auolsau]Tt      :auolsauT|  ¥aaJ:3   5uo|     .€tu •1nou6noJ:q|   saJ:ni

-IC)IC1C)*B -3nJ:is   J:noos   [teiL[s   suTeitloo   os[e   !saurop   te6te   uea^iaq   s2se[3
-?I:2uT   a`euoq=eo   pug   `Siseto-ciTz   te6[t]   }ueput`qe   StlTB`uo3   ..z

zadc{n    !a3T2nTTotea   snoa3ettTSJ:e   peppaqza3uT   {[uuTt{`   ulT,t`
saurop   [e6te   api^      „z-„t   suTe3uo3   oste   !aeuTurt?I   te6te   Jeuetd

o`   A^e^   !{eJ{6   xz€p   !a]TUT\lret-te6te      :auo}sauT|   xaaz3   6uor[      .p}

•Vl   :a`T3ntT3te3    'sr`oza}Ttisso}uou   :3T`Turotop    !,.a

1u,C>
zadc:a   au`   uT   esea±3uT   2et{`   aeuTuret   {pz6   ¥zep   q]TA   pappaqtT)

{[uuTu`    !a^TTo-i{ez5   3t{6T[    `auolsaurTT      :auo`sauT|   xaaJ3   5uo|      .s}* •urt`sd{6   ;o   uoT`n[oSSTP- }o  ][nsaz   a   se   sazn]3nJ:1s   Sad-aa`   atqTssod   uTe?uoo   ,{eu
!.`otaq   ?Tut`   uloz;   s}se[oeJ:?uT   suTeluo3   u*   zaAo[    :}3uT19Tp-uou

sT   6uTppaq   pue   `pe;[ne}-ozoTur   aJ[e   9pueq   [e6[e    !pax3eJ:opnur
!`nou5noJ:t(i   sptlt?q   [eb[e   pa]eT3oaJ:q   luepunqe   suit?1uo3    !pzt?u
!a^Tto-t{ezb   ol   I{t?z5   `a]TtJTurt}t-T€6te       :auo`SauFT   ¥aa]3   6uoT      .9}

•VJ   :a^oqe   `Ttln   t{]T^   auoz   teuoT`

I
-Tsuezl   a3eaz3   ]et{]   s]st?[9ez?uT   ]uepunqe   suTe]uoo   .z   zaclcln

!alTzoTur   st`oa3et[T6|e    `snoJIat}t[TSSo;uou    :Palel[Turt}T   {[auT}
:a^tto-ut?11t{6Tt   'a]T]n[T.tea   --.      :auo`sauT|   ¥aaz3   5uorI      .4}

:A^eA   pup   ua^aun   `3eiuoo   za^ot    :Ao{aq   auoisaulTt   uloz]tJJ

SZ.0(0
sistita   a`euoq]:e3   paxzo^az   suTe3uoo   .I   Janot   !snoza}T[Tsso}uou~ !sno.zeoloouou   !{¥3o[q    !a^T[o   `auo3S.{ela      :atet{s   uosut{of      .8t

tosoated   !gno.zeo[Bauou   pue   !sno

6S'ZC,.9.?S8(
-|a}TtTsso}uou   !£sa3t}z]   iooJ:   !aeuTul.I   Aez6   xzep   o]   ue?   3u6Tt

suTe]uo.   `A][Ts    !{xootq   :a^T[o-i{e]5   'auo19pnur      :attit{s   uosuuor      .6}

•a`T3ntT3te3   pappaqlaluT   qlTA    !{Pzb   Xzep   `pupq   te6te   „z-,.[Tu,Cb
suTe|uoa   „p   tt?seq   !pal]o]uoo   pll.   pa[]|ou   6uTppaq   !auT[te`s{zo

{tagzt?oo    !a`Tu^  a?    :A.z6-zea[a   `lmsd{6      :a[et{S   uoSuuor      .oS

lilulIje3eiJns a6ueiio 3ieu!io---       -aoeiJns a^!ssaJ6sueJLanCn

s3ssau¥O!iiil'Un
sNoiiditDs]ci     iiNn

IaC|®I+IIaCLaiIC=I0\C,aC=IC|a'1®cO

•986[   `]aqo?3o  pa]nseaui   [p^][a`u|

•uoT`eulzo]   a[tT^sauef   au`   jo   ateus   uT[`lreH   at{?CI
o`uT   uAoP   'ateus   uogut{of   au]   u.oZ}   paqTZ3sap   pue   pazt`spaur   [t}^za]il|a,\a3

39H    `S4l   'ZC    .3a9   iIN   *3N   *3N   |3N
(3)    a.oo   a^pJlbze|l   [|   {u.cluro3   uoT13r`pozd   o3ourv

:uo!idil]saa   Ai!io.oi
C|aJ

i{d[opupt|..i6uoJPono                               A.tTH..^|uno)   9esuex:aiois®cO



•¥£    :(Snoa3e[[:oze    `3uo`Spnu

o;   auo:sa`j{3e.`)    a`t=3tuJOTq   Po€oTu3EJ:q    `asfeo.    'a]TuaJ:e3Te3

qN

i
e    pa::apTs.uo3    ST    ..S-C    [eseq    !  (auo`Sa`13t?.r`)     a]TJ3Tu]oTq

ptsBso    'ije3sn{tour    `ptout;3    'Poc!otuoE'Zq    'Snoa3etT{6J[e    'auT} 'a`TpnJ:T3te3    !sauajJ5e=;    Pod.{=a[ad   pug    'spo€oj::se6    `spTouN
-T±3    `s]uauloe:II   pc)c!c)Tu3e=q   uouuoo   suTe`uo3   oste   `Tun    :lttjn

-=C=C|= ;o   a.o`   3t{-.   pze.`o]   p®`eo3   {[ua^a   auJooaq   {[iL.oiu`uo3   pue    '?fun
;o  atpptu  aul   pze.`ol   Jeadde   suit?]6   pT6eso   :eu"e]oos|   jo

siuauj5tp£;   tjou"o3   suTa..uo3   „S   i:a^ot   aq3    !„S-€   teseq   au`   uT
s[Tiuat    atpi{s   gappeq]a`uT   .{e]5   ¥]ep   i{^eA   uTul   SuTeluo3    !P]pu1.-`.-_-_,=_+=-,,i--_.r_,i,

.^x3o[q    ..`ezo   ?t{OTT    o]   {e]D      auoJsauTt        .3[et|S   `J(aa±3   S.l|bnH       .SZb •,.i   ]addr\   au}   uT   useuC^C)
t[aus    ?t:3npoJc]   e   Due    'Sn33npoJ;aouir|    `STJ:i\u`TJ:r`J:3   SuTe]uo3® a`tj=3TuroTq   pocloTuoerq    'P?5eso    `tepTouTzo    `as.I?o3    'a?Tuaze3t?3
!snoa3e[[T5ze    :.{[ttoet{    'i{e]:6    `auo`SaulTt    :atel!S   Xeaz3   SatlbnH       .gz35 •e[nouT|   pup   sL{.\u?TJ[nJ3   aJIP±   SuTe3LIct3   ostE       !5uTdtt)

-det]a^o   .{[{e3ot    'eapTo[r`3Tqzo   `ueput`qe   suTe?uo3    :sr\o.zeotp3ttJ
-uou    :.{¥3otq   o`    'a[tssT}    :^-ez6   Xzep    `aTeus   Xaaz3   Saq6nH       -cz* :s?uau6e];   p{33npoJcl   aze]:    !s]uaui6ez5- ?odoTq3eJq   a:ptn3T`|euT   azez   a..a    !Si*i\l|`TznJ3   llo`iluoo   suTe|uo3

i.{x3o{q    :snoaze3te®    !.{ez5   ¥zep    `ateus       :ateus   Xaaz3   Sati6r`H       .8Z

•  (a^oqe   lTtjn   u]T.`   [etloT}epez5    .a.i)    „e    zadclt`

i

iu

atj]   uT   spTUT[nsn;   aJ:ez   SuTe]uoo    !SteuumTo3   pTouT]3    'euTTn
3TJ{-.S.\H   uouruloo    'sT;i\l(3t=n=3   `Uepunqp   C)`    uounloa    !{T`j{3eu    !snoa3

.et[Tbze   ,{Iat\    !,{eJ5   x=eo   o?   .{eJ:5    'atel|S       :a[t?uS   `{aa]3   Sal{5nH      .6z
•vd   :   i{6ototJITt   auJu

;a   3sz   ,{ta}eurTxozd5e   aJ[e   SpTUT[r\Sn}    !S]uaul5ezg    pocioTi{3e]:q- pue    `sotouTz3    'SPTllTtnsnI   ]uEpunqE   uTe]uoo    !a|TJ:3TuroTq `podoTu3eJ:q   pup   PTIITtnsn;    `a`tpnzT3{e3    !a^Tsseur    !st`c)a3e{tT5
-=e   {Ia^    :.{ez5   ?u6TT   o}   {EZ5    'auo]sauli[      :a[eus   xa3z.   sal|6nH      .o€

•SPTUT[r`snj    azE]:

ptla    's;uaur6ez}   pT}3npo*d   uouniio3   suTe`t]o3    :,{¥ooTq    !ai\Ts
-seu   !snoaJa3TeJ   {za^    !a^T[o-,{ez6    `a[eus       :ateus   ¥3az3   S3U6nH      .[C

•  (,{6otoulTt   at{`   }o      Sos   {ta]ouTxo±clcle)    pa]i!aTzo   {tuoput!z

q

ale   ]et{]    (5uT`zos   azTs   ou    .a.I)    spTUTt`st`}    (urulc)    t{Eus
pue    (urui£)    a6zet   }o   s`sTsuoo    !  (a[eqs   st`c)a±p3TeD   {za^   oi

sepeza)    a3Tz3Tu]oTq    `pTUT[nsn;    'auTj    `a]TpnzT3[e3    !a^Tsseur
!st`o.3etTTsle   ^-za^   !a^T[o-.{ez6    'auolsau.T[    :e{et{S   xaaz3   set|5nH      .z€

•v|    :s|uau6ez}   a^te^Tq   pTUTtei{ur   puo  EiE55EiTH
uo`il`iioo   o1   aze]   Su[eluoo   oste   :„Z   Zanot   au`   uT   sp?uTtnsn;

a6zet   alez   siltt??uoo   os{e    !s]uau6gz}   PodoTt{3e±q   pat}T`uapTut`
zat{]o   Due    `sa`auoq3oeN   `t?1tsocluo3   `Za}TztQsoaN    `Et2etnot]at|     -

pa;e[noT}Ze    'pa^z3§3zcl   t{aA   uo`lf`lloo.Suit?`uoa    !5noaJe3te3- A;a^    !,{¥ao[q   o3   a[TssT}    'i{eJb    'a[eus       :ateus   Xaa]3   Sal|6nH      .€C|L)I •s:uelil6ez}   a^Te^Tq   pTuttE{ur   }o   „t|spu„   tTaus   suTe]uoo
Na „t   ]aclc]n    !sptoutz3   puti    `euT[n3tJ`sAH    'stJ.`t|]tlnJ:3   aze2=

pi(p   's`uaul6el}   a^{e^Tq   pTUT[e^ur   uolinlloo   suTe;uoo    i^xoo{q   o1C|a*Put*- :atTssT}    !snoaleo{e3   `Aez6   `ateqg       :a[eus   *aaz3   9altbnH      .}c
•woZ    ]adc!n   au3    uT

{itTs   saiilo3aq    !„oz   zadclr`   at{`   uT    STZ^l|3T*t`*3   pup    `p3PTO[noTq=o
'EiiT5ITr|   e]ez   suTe`uc)3   l{un   !,.oZ   ZaAo{   au`   uT   s`uaul6t!Z}

sn]9npoJciouT|   pu®   'STj^ulTznz3    `eap?otr`3Tqzo   asjlt?ds   SuTe|uoo
!snoa3e3Tu    `st`oaJ:e3[eouou    '{¥oo[q    `Apz6       :a[et{S   xa®J13   Sau6nH      .SC

:sa,auou3oaN.;:P]:±g±t:¥3sg5NS::::,T:±±g5g]p:::a::::a::::

I

pa`®[n3T`]tz    'sn`onpoldouTr|   uo`if`llo3   Su?e.uo3    i  (a^oq®   |Tun
u`T^   teuoTJepEJ6   .a.I)    w8   ]addn   au]   ui   snoa]e3teo   {]a^   sauio3

-aq   !snoazt}3[e3   !{ez6   a^Tto   o.   a^T[o      :atet{s   Xaaz3   sal|bnH      .9€
¥l,:]r`ol{bnozu]   spTouTzo   uounllo.   SuTe3uoo   lTun    !paluaTzo   {[uropeJ

pue   'pa?zos   {[zood   ale   '}not{5nozu.   zalsn[.   padpus   ±E[nba]|T
pup  Je[n.T`i[a[   uT   pal.`Sn|2J|P±Lot   ale  Sptllt[r`SniLjE£

zaddn   au`   uT   ]uepunqe   lsouj)    a..TSoduo3   '|a}TZTdsoaN   'eT|P[n1.,u -3Tla8   alez   suTeluoo   ost.   fun      i({6oTou]TT   at|`   ]o   SS[-o[   {t
-a]euTxoldde)    „9   za^o{   pup   ]addn   awl   uT   }ueput`qp   ssat   .zp   putt

`  (I(6o{ol(`!t   au]   }o   toe-SZ   ^ta`purTXozdde)    1Tun   jo   uo?|Jod
a[pp[u   .i{`   uT    ]uppunqB   `SouJ   alc   spTUTTnsn}    !a3TZOTUJOTq    `pod

-oTqoe.q    'pTUT[nsn}    'auT}    'alTpn]Totea    !a^Tsseur   !snoa3p{tT6ze
{zo^    :{t¥3eu    !a^T[o-Kez6    `auo`saulTt       :atet|S   Xaa]3   sal|bnH      .4C

•spTouTz3   aze]   suTt}1uoo    :gnoale3Te3    !a[TssT}
!pa`euTulpt   i{t]u6Tts    !{p.6   xlep    `a[et{g       :atous   ¥aazo   gat{6nH       .8C

pat`uT`uoo   uoT}dTz3s3p   a*o3

89Z



Core  description  continued

-*dqCE:C.)t^qIC,I=-C`a.

Cr),NP.

24.     llughes   Creek   Shale:      gray;   fissile   to  blocky;   slightly

::::a::::S:o::::::n:1:£:I::n!:i#::i:e!:h:::g:::::  i  °£  un;t ;
23.      IJughes   Creek   Shale:      limestone,   gray   to  olive   gra)I;   very

argillaceous  with  cl.}i  partings  and  wavy  shale   lentils
throughout;   calcarenite,   coarse  to  fine  calcirudite,   crl-
r`oidal,   brachiopod,   br!.o2oar`,   bicimicrite;   the   lower   2"
ig   darker   gray   and   contains   cori`mon   Lirioproductus   arld
Crurith`.Tis;   coznmc)n   crinoids   and   rare   Neospir}Ier:   the   re-
mainder   of   the   unit   continas   common   to   abiiriclant   crinoids.
coii`mon   articulated   Neospirifer;   Reticulatia;   and   con`mon
ramose  bryozoans;      unit   also  contains   rare   to  common   fusu-
linids    (large,   approxirnately   9irm  axial   length) ;   contains
equal   amounts   of   fragTnented   fossils   and   di§artic.ulated   whole
fossils  ;   TA.

22.      Hughes   Creek   Shale:      limestone,   gray;   argillacec)us,   blocky;
calcarenite,   medium,   brac:hiopod   bionic:rite;   contains   common
Crurithvris;   crinoids,   Hystriculina,   and  other  brachiopod
{ragmencs.

C,,CVa.I

21.      I]ughe5   Creek   Shale:      shale,   dark   gray;   ver}.   calcareous;
micaceous;   contains   coli`mon  Crurithyris,   sparse   crinoids,
arid   inarticulate   brachiopod   fragii`eT}ts.

20.      Hughes   Creek   Shale:      1ilnestone,   gray   t.o   dark   gray;   argil]a-
ceous;   calcirudite,   fine,   brachiopod,   crinoi6,   fusulinid
bearing  biomicrite;   contians   small    (1-3mm)   fusuliriids   in  the
lower   2";   unit   also  contains  Reticulatia;   crinoid§;   Cruri-
thvris  becomes  abundant  in  the  upper   4"   of  the  unit;ifiT
upper  i"   is   a  Crurith`.ris   fossil   hash.

19.     l]ughes   Creek  Shale:     nudstone,   gray-olive;   very   argillaceous;
grades   to  a   very   calcareous   shale;   lower   3"   contains   cori`rnon
well  preserved  articulated  Neospirifer,   Retic.ulatia,   Cruri-
thvris,   Neochor)etes,   and   crinoids,   and   other   ur.IC}enti?TEE-
5Erfuopod   fragTnents;   upper   4"   contains   coit`rnon   large   and
small   fusulinids,   that  increase   in  abundance  tc,  a.ppro>.imately
5-108   of   the   lithc>logy   ir}   the   upper   1'`;   TA.

-,CVEL.

18.      Hughes   Creek   Shale:      limestone,   dark   gray;   argillac.eous;
blocky;   calcirudite,   fine,   Crurithyris,   biomicrite;   also
contains  rare   fusuiinids,   crlnoids,   and  c)ther  unidentified
brachiopoc   frag]I`ents.

17.      Hughes   Creek   Shale:      limestor}e,   gray   to   light   gray;   blocr,}'
hard;   argillaceous   in   the   lower   ]'';   calcarenite,   coarse,
osagid   bearing,   brachiopod,   £usulinid,   biornicrit.e;    lower
2"   cor`tairis   sparse   tc>   coli`rnon   fusuliriids,   chic.h   are   rare
in   the   upper   I   of   unit.   lot.er   1/3   cor`tains   co?r`mon   lsogran`rna;
coritains   colTmon   brachiopod   fragmer}t.S   throughout;   TA.

-C^ICJICE:tlJIi-
®,r+EL,

16.      Hughes   Creek   Shale:      shale,   gra}.,   hard;   massive;    silty;
mlcaceous;   noncalcareous;   rare   to   Common   ostraco6e5.

15.      Hughes   Creek   Shale:      shale,   gray   to   dark   gra).:    f]ssile;
noncelcareous;    contains   rare   E±pg±±±+a   throughout    (colT`mc)n
ln   the   lower   2-3'')  ;    rare   A`tic:ulopecter.;   cori`mon   ostracoQes;
upper   15"   becomes   silty   and   mlcacec)us.

14.      Hughes   Creek   Shale:      limestone,   gray   to  olive;   very   argilla-
eec)us;   massive   but  mottled;   calcirueite,   fine,   osagid
brachiopod,   biomicrit,e;   upper   12"   contains   irregular,
discontinous   "pockets"   of   less   argillaceous,   light  sra}'
limestc)ne   coris}stiris  .   primarily  of   osagid-type   grains   and
£ragr[ier`ts  of   brachiopods   and   crinoids;   contains   no   spheri-
col   or   ovoid   type   osagid  grai.|s:   most   fraglnents   are   thinnl}'
cc)ated;   unit   consists   predominately   of   brac:hiopod   fragTT`er`+.s;
also  contains   rare   pelecy.ood   fragrner]ts;   comon   Linoproductus.
average   osagid   grain   size   is   approximately   1-2ii\rt\   (long   el-

- mensior`);    T^.
13.      Hughes   Creek   Shale:      shale,   olive;   ver}t   calcareous;    silt}';

trJ contains   common   Linoproductus,   and   other   ur`ideritified   brach-
iopod   fragmerits.

CV,-L 12.      Hughes   Creek   Shale:       shale,    gra}.;    fissile   to   block!.:    ver}.
silt}i;    micacec)`.s;    cc)r.tains   ver}.   silty,    light.   t.an   lam}nae
throughout;   unit.   coiitains   rare   ostracodes.
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272

row  Creek   sec.tion   cor`tinued

Americus  I,imestone:      shale,   silty,   xome   clay,   calcareous,   gray,
thin-bedded .
Americus  I,imestone:      limestone,   hard,   crystalline,   gray,
weathers   blocky;   few  clay  balls   and   lentils,   clay   zone   in   low-
er   and   upper  parts;   TA.

3.     Hali`1in  Shale:      shale,   silty   to   clayey,   calcareous,   gray-
greeri,   blocky;   cavernous   zorie   in  upper   part;   iron   stains
abundant   of   fracture   planes   and   in  caverrious   zone.

2.      Ilamlin   Shale:      shale,   cavernous,   gra)J-brown,   irregular   bedding;
some   calcium  carbonate.

1.      I]amlin   Shale:      shale,   clayey,   calcareous,   gra}.-green,   blocky.
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V)®I-d'0C:£\V,IJCE+1a,t'aJ=u) V).9L®3JJ\U)IiCE+La,U10J=®
Slole.  Kansas counly:Chase                                 Ouoc`rongle.  Hymer

Locolily   De}criplion;

C2   Locality
Nwt    SF*    see.    26,    T19S,    R7£
Section  measured  at  Elmdale  Hill   from  river   level   to  road.
Section   measured   from   the   I,ong   Creek   Limestone   of   the   roraker   rormatior`,
down   into   the  Americus   Limestone.

Iriterval   measured   ar`d   described   by  M.S.   Carber    (]962)  .

UNIT       DESCRIPTIONS
UniThi Icknesses

Tr{1i`sgressive surface -        ---CIIlii,1lc cllange siir l.ice f' 'n in

-b<FL]qCE:CJCJ=aI-CnbI-*PJdC*CJtoCaICDI=-C`LL,

~L^,nELI-,CVP.

16.      Long   Creek   Limestone:      1ihestone,   massive,   beddir}g   plane   ir` 20I40I42i600I 2750102a85081i .66.]8.431.22.25.31.2
middle;   buff   fresh   surface,   tannish  gray  weathered   surface;
contains   crinoid  coluiT\nals,   arenaceou§   foraminifera,   ost.ro-
codes?,   and  osagia?,   in  a   fir`ely  crystalline   silty  matrix;
trace  of   limonite.

15.     Long  Creek  Limestone:      limestone,   argillaceous,   nan-resis-
t.ar`t;   tannish  gray;   bedding  not  uell   definee;   composed
largely  af  silt   in  a  finely  crystalline  matrix;   some   red
quartz   nodules,   crinoid   fragrner`ts   and   arerlaceous   foramiriifera

14.     Long  Creek  I.imestone:      limestone,   yellowisti  tan   argillaceous
fresh   surface,   weathers  yello`.is.h  gray  with   linionite   specks;
upper  part   is  massive,lower   0.5   feet   is   platy;   cont.aims
crinoid   and  brachiopc>d   fragments,   arer`aceou§   foraminifera,
matrix   is   argillaceous  aT}d  ferruger}ous  with   some   limonite
or)   bedding  planes.

13.      llughes   Creek   Shale:      Shale,   mostly   covered,   mottled   gray,
ca lcareous .

12.     Hushes   Creek   Shale:      limestone,   platy;   light   tan   fresh   sur-
face,   weat.hers   tannish  gray;   coritains   sparite   pellets   and
fossil   fragii`er`ts   (brachiopods,   crir}oids,   fusulinids,   ar`d
arer}aceous   foran.inifera)   in   a   ferrugenous,   silty  micro-
crystalline  matrix.

11.      Hughes   Creek   Shale:      limestone,   shaley;   tan   fresh   surface,
yellowish  gray  weathered   surface;   numerc)us   crir`oid   and
brachiopod   fragments,   and   fusulinids;   matrix  is   silty,
ITiicrocrystalline  with  some   small  guartz-filled  veins   in
lower  part.

10.      Hughes   Creek   Shale:      shale?,    covered.
9.      Hughes   Creek   Shale:      limestone,   shaley,   I,on-resistant, .8.¢1.e.20.C2.41

£usuliJ`id;   light   gray  weathered   surface,   fresh   surface   ls
light   tannish   gray;   composed  of   fusulinids   (90`)    in   a   :ine-
1}'  crystalline   silt.y  matrix  containing  trace  amounts  of
] i mc,J` i te ,

8.      H-ughes   Jreck   Sh-ale:      liTnesto7]e,   massive;   ta.I   fresh   sur:`ace,
grayish   tari  weat.hered   surface;   composed  prime:ily  of   gastro-
pods   and   fragTnental   brachiopods   in  microcrystalline  matrix;
`.ith   subc>rdir)ate   amourits   of   arenaceous   foraminifera   and
phosphatic   "teeth",   trace  of   limo.|ite.®-}_3

-C^=CJICZ:d=<--a. n®-L

7.      Hughe§   Creek   Shale:      shale,   calcarec)us,    (`'ith   0.2   foot   of
fissile   r`oricalcareous,   unfossiliferous,   black   shale   at   top)  ;
medium  gray,   composed   largel}.  c)f   fusulir`i6s    (mostly  |Zj£±-
E±).

6.      Hughes   Creek  Shale:      lirnestor`e,    fusulinie,   yello`'ish   gra}.
fresh   surface,   weathers   nearly   safne   color;   composed  of
fcsulinids   (60`)   and  a   few  arenaceous   foraminifera   in  a
nlcrocrystallir`e   si]t}'  IT`atrix  ;   TA?.

N,-L
5.      Hughes   Creek   Shale:      shale,   highly  weat,hered,   slightl!'

Ca'lcareous;   medium   gray   to   yellowish   tan;   nulnerous   small
Corr,oosita,   a   few   fusulinids   and   phc>sphatic   frag]i`ents,
trace   of   rounded  quartz   grains

•    4.      Americus   Limestone:      limestor`e,   hard,   massive;   dark   bluish

gra.v   fresh   surface,   weathers   yellowish   tan;   n`inerous
fragmental   fossils    (brachiopods,   algae   and   crinoids)   `'it.h
r.inor   amc)urtts   of   oolite,   clauconite   and   lirnc)nice;   matrix
is   sparr}i  with   pockets   of-micrc>crystalline   material  ;   Ti?



Carber.s   C2   section   continued

275

3.      Americus   Limestone:      shale,   highly   calcareous,   mottled   gray    .
and  olive;   abundant   Small   brachiopods,   ostrocodes,   bryozoan
fragments   and   ec.hir`oid   spines.

2.     AiT`ericus   I,imestone:      1irnestone,   moderately   hard,    jointed,   thin
bedded;    light   bluish   gray   fresh   surface,   weathers   t.annish
gra}';   composed   almost   entirely  of   fossil  debris   (brac.hiopod,
c:rinoid,   fusulinid)   with   sc]me   glauconite   artd   limonite;   TA.

i.     AJnericus   Limestone:      Shale,   fissile,   moderately   calcareous,
variegated,   almost  black  to  rust  color   in  thin   layers,   un-
fossiliferous;   exposed   abc>ve   water   level.
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Itolldo.e   sec.tion   continued

A.      Hushes   Creek   Shale:      1irl`estone,   tan-gray;   blocky   to   flaggy;
very  argillaceous;   calcarenite,   coarse,   to  fine  calcirudite,
brachiopod,   crinoidal,   £usulinid  bearing,   biomicrite;   contair}s
coft`rnon   Neospirifer,   Crurithyris,   LinaL)la   fraglT`en..S,   and  9E-

3.     £-:::::]8::efr:h?T:::S.shale,   dark  gra}.-green:   calc.areous;
figsile  and   soft.;   contains   crinoids,   fenestrate   bryozoans,
Nco_s_t)irifer,   Crurith}'ris Wellerella.   Nec>chonetes
t}ds;    also   cor}tains   comzT`on   Aviculo
I raciments  ;   TA

ecteTi   and
and   produc-

myalinid   bivalve

2.      I]ughes   Creek   Shale:      1imestcjne,    light   gray;   weathers   gra}.-
tar);   thin   bedded;   block}';   hard,   argillaceous;   in   thin   section
unit   is   a   calcirudite,   fine   to  medium,    Isoc!ran\ma.   fusulinid,
brachiopod,   biomicrite;   contains   coft`mon   echinoid   spines,   fene-
strate   bryozoans,   colt`mor)  Cruri
soirifer

thvris rare   to   coii\mon   Neo-
»ystriculina,   and   crinc)ids;   the   upper   2"   contains

cofT`mc)n   to   abur)dant   Crurith\.ris.   and   con\mori   Composita;    faunal
diversity  decreases   up  the unit.   and   lsoorari`ma   and   fusulinids
are   corr`mon   in   the   lower   and  middle   portion  of   unit  :   TA.

1.      tjughes   Creek   Shale:      shale,   gray-green;   weathers   light   era)';

::ic:::::'L{:::i::ac:::?;I::::::nbe::=:±Z±::en:S::i:::i:;'
the  unit.

--------------------

Thin  section  data   was  used   to   supplement  descriptions   o€   the
following   units€       18,   and   21.
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Continue   Manhattan locality

-Thin   sect.ion  data  was   used   to   supplement   descriptions  of   the
followin{j   units:       7,    29,    34,    41,    44,    and   48.

-Dissagregated   shale   data   was   used   to   supplement   descriptior`s   of
the   following   units:      8,    20,    36,   and   38.
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V)a)L0UC:J0a\V'CiILLa,00J=U1 Ut®®0IaJJ\V)IJCZ:+a)'1'aJ=10
Stole:Kansas    Coun|y:WabauJ)see                      Quodror`9le:  £5kridge

locolily   De}cr.iplion:

Madge   and   Burtor}'s    (1959)    Section   46
SWZ    NWI    see.1,    T15S,    R12£
Section   from  the   l]ughes   Creek  Shale  of   the  Foraker  rornation,
down   int.o   the  Hamlin  Shale   of   the  Janesville   Formation.

UNIT        DESCRIPTIONS
unitTl`ickiiesses

Tr,1iisgressive surlace~        ---Clm`<1(e cl`.inge suil,Ice [1 'n in

-COICJHCE:BJI<--h
C`,-tl 9.      Hughes   Creek   Shale:      shale,   silty,   calcareous,   dark-gray, 5 8 .73

thin-bedded;   weathers   tan;   very   fossiliferous;   fc)ssils   Include
brachiopod6,   pelec}.pods,   bryozoans,   and   crinoid   columnals.

12 20 .36.618.      Americus   LiiT`estone:      1imestc,ne,   hard,   dark-gray,   massive;
weat.hers   gray  and   blocky;   fusulinids   abundant;   brachiopods
and   cririoid   c`ol`imnals   cofrmon;   TA.

-,-A

7.     Americus  Limestone:      shale,   clayey,   noncalcareous,   gray   to
gra}.-green,   thin-bedded;   weathers   tan  Co  gray;   some   limonite
stains .

0000210 678510a .15.18.20.13.863.056.     Ainericus  Limestone:      limestone,   soft,   gray   to   dark-gra}';
weathers   shaly;   crinoid   columnals   and   echinoid   gpiries;   TA?

5.     Americus   I.imestone:      shale,   silty,   very   calcareous,   gray   tc>
dark-gray,   thin-bedded.

4.      Junericus   Limestone:      limestone,   hard,   partly   derise,   massive,
gray;   weathers   tari   gray  and   from  blc)cky   to   platy;    large
massive   algae   gives  wavy   bedded   appearance.

3.      Hamlin   Shale:      sandstone    (c.alcarenite),    tar),.    com.oosed   o£
minute   limestone   fragments.

=III<I 2.      Han`.Iin   Shale:      shale,   silty,   ca]careous,   tan-gra}',   thin-
bedded;   weathers   tan;   calcareous   lens   in   lower  part.

1.      Hamlir)   Shale:      shale,   silty,   ca}careous,   9ra}J-green,   thir`-
bedded .
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UT,a, U).9
Stc]te.  |¢ansas    County:   Wabaunsee                        Ouodrongle:   Mc=rarlandIa0 Lcoe
locality  Description:

I8J3 IJ Parico -|ity  (P)aJJ Sr.i/4   NE:I/4    Swl/4    see.    27,    T]ls.    RllE:
\0) \U' Roadcut   on   riorth   side   of   I-70,   Southeast   of   t.he   town   of   Paxico

Ii Ii Section   from   the   Long   Creek   Limestone   of   the  Foraker   Limestone
CE CE, down   into   the   very   upper   IJamlin   Shale   of   the   Janesville   Shale
ILa)0IaJ= LLa)0C)J=

Interval   measured   June,    1985.

UNIT       DESCRIPTIONS UnitThicknesses

ur) ® Transgressive surlace -       ---Climate change surtace f' 'n in

-

®

37.      Lc)ng   Creek   Limestone:      ealcilutite,    light   gray,   weathers   tart- 05010000 687232.57.510
I.15I.7.17.35.07.06.19)C.

yello`',   contains   algal   1aminatior`s-planar   to  wavy,   mud-
cracked,   dolomitic,    1imonitic,   and   argillaceous:   total   t.hick-
ness   ur}known,   upper   portion   weathered   aw.ay.

inA, 36.      Long   Creek   Limestone:      Calcilutite,   tan-orarige,   weathers   tan-
yello`i,   platy   to   slabb}i,   ver}.   vuggy    (calcite   and   c`elest.ite
lined)  ;    dolomitic;   nonfossilifercius;    upper   12"   contains
green   shale   c.lasts:   highly  weathered   and   brecciated   with
c:ryptic   .'tee-pee"   structures;    (pelletiferous?)  ;   TA.

t^,Cn

35.      Long   Creek  I.imestone:      calcilutite,   light   orange   to   gray,
weathers     tan-orange,   collapsed   brecciated..   algal   lamir`ations
planar   to   wavy,   mudcracked;   limonitic,   argillaceous;
(pelletif€`rous?)  .

34.      Lonci   Creek   Limestone:      calcilutit.e,    ten   orange,   weathers   t.an
yelio``,   bloc}`y,   hard   to  medium,   `'uggy    (calcite   ar`d   celestite
lined)  ,1imc)nitic,   argillac:eous,    £ossiliferous  rnicrite;L cor)tains   rare  Tainocerus,   arid   orthoco.lie   cephalopod   frag-
ments,   AviculoDect.ert,   £dmondia,   Permo]horus,   bellerophor`t
gastrc)pods,   and   high-spired   gastropc>6s;   all   fossils   preserved*qdC*C, as   internal   molds;   TA.

rty

33.      I,or\g   Creek   Limesto`e:-bcilostone,    buff-Carl   to   light   9ra}',.
c.a}careocs,   argillaceous,   nc)ttled   tc)   nol-desc=ipt   be66ing,

u=C> vuc!c7\.;    nonfcssiliferous.
32.      Hu5fi;s   Creep.   Shale:       shale,    gra}.-b=oL.r.,   weathers   light

or:r)ge-tart,    £issile   tc)   bloc.k}',    silt).;    cc)ntair`s   abundantI maceraced   pla.-.t   fr3gTnerits;    sharp   co71tact   ``ith   uriit   belov.'.
-crl 31.      Hushes   Creek   Shale:      limestone-calcarez)}te,    gra}.,   weathers

``hitish-tan-gray.,   fractures   slabby   to   blocks.,   ar€i}1acec`Js,

CrlL chert   bearing;   calcarenite,   coarse   tc)   fine,   crinoid   bearing,
B. pelec}.pod,    recrystallize6,   bioiT)ic=ite    (`.,'acy.estorie   to   mue-

stone);    contains   leriticular   shell   lags    (in   iou.er   4")    corr:posed
o:   Pe=mophc>rus,    artd   rare   crinoids    (ir.   thiri   sec.-.ion)    that
have   beer,   partially   replaced   by   chert;   the   upper   hal±-has
no   pelec}Jpc>6s,    but   coritains   rare   tc>   corunon   :ec.al(?)    pellets,
trace   of   chert,   and   the   appearance   o:   silt   grair.s   (thin   sec.-
tic,n)  ,    TA.

rl,Cr)

30.      Hushes   Creek   Shale:       limestone-celci}utite,    gra}.,   weathersbffhk|r.11i.1`-.t
u.    ,      ac      i,    argi      aceous,   non   cissl    i.erc>us   mic..i   e.29.HughesCreekShale:shale,gra}.,weatherslightgra!J,   very

2 10 .86

calcareous,   r.assive,    fract.Ores   hac}.1)',    lower   9"   cc>ritains
rare   :-usulir`i6s,    coiT\mc>n   Neosoirifer.    *eochoneces,    ComDosita,
±±=E!±jj±,   raJt`ose   bryc>zoans,   and   cririoies;   t.he  upper|57'iET
corr`es   more   celcareous    (occ:asior,all>.   g=aeing   to   a   `rery   arsilla

LL1 ceous   calciru6ite)  ,   and   cont.ains   abu.-,6a,-,i   fusulini6s    (approxi
ir,etely   25t-30i   o£   }itholog}.)    randc)nl!.   oriented;    also   cc)r`tains
lesser   amount.s   of   fauna   aforementic)r,ee,    as   well   as   rare   to
common   osagic   incrust.ed   grair`s    (fusuliniGs   rarel}.   incrusted-
as   seer`   in   thin   section)  ,   ar,6   echir`oie   :ragnents;   TA'.
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l'axicci   iocaiicy   con[ii`uea

Cub.
- 14.      Iiughes   Creek   Shale:      dark   gray,   to   olive-gra)';   blockv
CVLL,

to   nodular,   calcareous,   silty,   and   micaceous;   ur.it   charac.-
terized   by   comliion   Linoproductus,   Crurithvrls,   Neochonetes,
bryozoarts,   ostracodes,   and   rare  j±±j=I±±p±,

-C^

n,

13.      Hughes   Creek   Shale:      shale   gray   to   olive-gray;   weathers   light
9ra}J;   blocky   to   nodi!1ar,   silty,   n`.icaceous,   slightly  calcare-
ous;    lower   10-   is   c.harac.terized    (in   sieve   anal}.sis)    by
CozTUT`on   pelec`ypod   fragments,   distinc.I   Astartella,   ostracodes,
Crinoid5,   br).ozoans,   Neochonetes,   Crurithyris,   Juresanla,
Hustedia,   and   rare   Nec)spirlfer;   upper   20"    (sievE.iiIEI}EEs)
15li]EEIcterized  by   rare  to  cort\r:ton  ostraco6es.

12.      Hughes   Creek   Shale:      limestoDe,    tari-gray,   weathers   tan-
buff,   nodular   to  hackly   fracturing,   very  argillaceous:
c:alcirudite,   fine,   pocirly   sorted,    limc>nitic,   brachiopod,
nolluscan,   osagid-bic)micrite;   bedding  mottled   by   ii`clined(?)
burro`'s;   contairis   abilndant  osagid   ir`crusted   grains,
abundant   pelecypod   fragments    (iri   thir`   section)  ,    including
Wilkincia,   and   Aviculopinne;   also   contains   coTTunon   StraparolL)S,- 5EITEE65Eont   gastropods,   echinoid   fragments,   crino}ds,   ostra-

L codes,   bryozoans,   Neochonetes,   and   Crurithvris;   also  contains
rare  Neospirifer,   Composita,   Reticiilatia,   Linooroductils,   and
h.ellerella;   9radatT6fiEITlth  unit  below;  9E±  preferen-
tlally   lncruscs   the   larger  pelec}Jpod   and  brachiopod   fragments;
contains   burrow  casts   inclirled   to   bedding,   TA.

11.      Iiughes   Creek   Shale:      shale,   gray,   olive,   weathers   light   gray,
hackly,   very  calcarectus;   contair`s   articulated   rare  !i±±±pi±i-
fer,   Crurithvris,   ``'ellerella,   and   Linoproductus;   also
contains   rare   hori2oncal   burro`.s    (Chondrit.es?)  .

10.      l]ughes   Creek   Shale:      shale,   9ra}i,   to   olive,   weathers   buff-
tan,   hackly,   very   calcareous,   silt}':   cor`tains   aburidantI I,inooroduc.tus   (in   thiri   i-2.'   calcirudite   laos,   thinnly   ir}ter-`CJ
bedded,   as  well   as   cla`»   supported)  ;    also  c6nt.Sins   raret+CrutI<- Neosoirifer,   Crurithvris,   Huste€ia,   crinc>i6s,   and   ostracodes.

CV®

9.      Hushes   Creek   Shale:      shale,   gra}.   tc)   Bark   gray,   `teathers
light   9ra}r,   fractures   nodular   t.ct   block}.;      coritalns   ln   sieve

- ar`alysis,   rare  brachiopod   fragmerits,   Avicuiooecten,  £±±±=££±-
1a,   St.raoarolus,   crinoids,   and   abundant   ostracodes    (smc)othb EEelled)  .

8.      Hughes   Creek   Shale:      shale,   dark   gray,   weathers   gra)',
£i-actures   hackl}J,   very   calcareous;   coritains   abur`6ar`t   arti-
c.ulatee   Cruritr,\'ris:    also   cor,tai.`.s   De=b`.ia   :racmerits,   rare.-`
Straparolus,    ar;d   corrLmc)n   crinoids.

7.      Americus,Limestone:      limestone,   sre}.,   weathers   light   gray;
£ract.ures   hackly,1imonitic,   arc:illaceous;   calcirudite,
fine,    fusuliriie    (abundant-appro;iITiatel}J   lot   c>f   lithcilog}t)  ,
crlnoidal,   biorr.icrite;   also   car)t.air,s   other   corrmon   brachiopod
fragments,   ar`d   ramose   br}.ozoans,   as   well   as   rare   Crurit.h`'i.is.

6.      Americus   1,imestone.      1imestorie      lit:ht   orav     `.eathers   tar:-I +-=``+   =-.I  IGray,fracturesblock}.,hard,nessive,slightl}t   areillacectus;

b €hln   section   data   shows   upper   ar.6   lc)wer   7"   ..o   be   a   ca}care-
nice,    c.oarse,   crinoiEal,   fusul}riie,   brachiopod,   biorT:icrite;
upper   7"   contairis   cct!:`mc>r`   fusul}r.ids,    abun6a.|t   crinc]ids,    c.c)in-
mon      to   abundant   brac+,iopod   fracmen:s,    and   cc>lnrnon   br!.ozoans;
ir)   thin   sectic)ri   the   basal   7"   is   pac:ke6   biomicrite   ``ith   abur.-
brachiopod   fragmer.ts   ar`d   crinoi€s,   and   rare   fusulinids;   also
cor)teir`s   intraclast.s   in   basal   2"-3.`,    as   well   as   rare   pelec}'-
pod   fragments   throughout;     unit   contains   throughout   rare   to
Cop.ncn   H>'striculina,   Crurithyris,   and   bryc>2oans,   and  i:ieo-
chonetes;   unit   alsc)   coricains   rare   fragmer`ts   of   Neost)iri:c`r,
_F3EEE±,   ane  Scra5arolu5;     ur,it   also   cont.eir`s   large   (I..-
2..)    detritus-:ille6   burrows   that   oc:cur   randoml}'   ar)d   sparse-
1}',    and   as   flc>a-.   or`   the.outcro.c;    ur.it   also   contair`s   thlr,ril!'
interbedde6,   dart:   brot`.n,   clayey.   "£lase:-like   `'hisps"
(probably   du`   to   burrovi.ing,   !±±±±;±±LE±±?)  ;    ur`.`t   sra6es   frorn
brac:hir`po6-crinoidal-ir`traclest  -packstc>ne   at   the   base,   tc)   a
brachiopc>6-crinc>ieal-fusulin`16   `.ac}..escc)ne   at    the   top:   TA.
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Southeast  Paxic.o   locality  continued

-Thin   section  data   was   used   to   supplemer)t   desc.riptions   of   the
following   unit.s:       13,    30,    and   40.
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Plate   1:      Area   of   study   showing   locations   of   cross   sections
A-A',    8-8',   and   C-C'.
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