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Notes   to  Accompany  Short  Course:

Petr.oleum  Reservoir  Characterization  of  Upper  Pennsylvanian

Cyclic  Carbonates   in  the  Hugoton  Embayment

Kansag'G:g¥3g¥::Te¥urvey

Outline  of  Presentation:
1.   Introduction  to  study  area  and  depositional  model   for  the  Kansas  City

Group .

2.   Stl.uctural-depositional  framework  of  Hugoton  Embayment/evaluation  of

structural  trends.
3.   Significant  statistics  on  petroleum  production  in  Kansas.
4.   Examples  of  I.ocks  as  components  of  cyclothems  and  integration  with

wirellne  log  signatures.
5.   Regional  mapping  of  cyclothems  for  reservoir  assessment.

6.   Factors   important   ln  prospect  development.

INTRODUCTION

Cyclothems  characterize  the  Mid  Carboniferous  through  early  Per`mian  strati-

graphic  succession  in  Midcontinent  of  North  America  and  other  sites
world-wide .

Repetitive  sequences  of  lithofacies  are  common,  widespread,  and  relatively
constant  in  thickness  on  the  craton.     It  is  not  unusual  to  be  able  trace
beds   less  than  3  in  thick  over  450  kn  along  outcrop.

Objective  of  this  presentation  is  to  address  the  character  of  these  cyclo-
theme  and  signif icance  toward  reservoir  distribution,  with  new  insights

provided  by  regional  cot.relation  and  analysis  of  4  Missourian
cvclothems.    Correlation  of  cyclothems  and  regionally  significant
internal  divisions  of  these  cyclothems  is  based  on  extensive  3-I)  network
of   subsurface   data   covering  >70,000   Km2   (3o,ooo   mi2).

Specif ic  objectives  of  study:
1)  examine  effects  of  configuration  of  the  shelf  on  the  nature  of  4

Cvclothems ;

2)   evaluate.evidence  for  sea  level  change;



3)  attempt  to  estimate  the  contribution  of  the  potential  causes  of
cyclicity:     sea   level  change,   tectonism,   and  sedimentation  process
itself ;

4)   identify  factors  responsible  for  accumulation  of  hydrocarbons  in
these  carbonate  r`eservoirs,  establishing  and  evaluating  productive
trends  or  fairways  and  models  for  reservoir  development.

Western  Kansas  and  Hugoton  Embayment  were  part  of  broad  shelf  bordering  the

Anadarko  basin  during  much  of  the  late  Paleozoic,   including  the
Missourian.     Sampling  in  this  study  was  sufficient  to  describe  activity
of  subtle  tectonic  elements  on  this  shelf  and  varying depositional
setting  of  each  cyclothem.

Flexure  and  subsidence  of  Xlssourian  shelf  in  western  Kansas  wel`e

concurrent  with  rapid  subsidence  in  the  adjacent  Anadarko  basin.     Local
episodic  movement  on  the  shelf  imf luenced  the  lithofacies  distr.ibution
ln  each  cyclothem,   but  the  objective  was  to  evaluate  how  much.

However,   local  tectonism  does  not  account  for  the  shelf-wide  repeating

patterns  of   lithofacies.     Perhaps  tectonism  related  to  orogeny,   sea
level  oscillation,   or  shifting of  sedimentary environments  were
responsible  for  the  cyclicity.

*Figure  1--Study  area  in  western  Kansas

47  counties,    30,000  mi2   (77,000  sq.   kin);   NW  trending  Centr.al   Kansas  uplift

(CKU)   and  Cambridge  arch   (CA);    Major   tectonism  associated   with   these
uplifts  occurred  in  I,ate  Mississippian-Early Pennsylvanian;   Site  of

previous  uplift  during  early  Paleozoic;   Uplift  produced  only  100's
feet  of  relief,   much  less  than  that  associated  with  block  faulting  and
thrusting  in  nearby  orogenic  systems  to  south  (Amarillo-Wichita-
Arbuckles ) .

*Figure  2  --  core  and  log  control

2300  well   logs  thl`ough  Kansas  City  Group,   one  well  per  34  kn2  or  one  well

every  5.8  kn  (3.5   nl);    Series   of   maps   produced  with  data   from  these

we I I s .

37  cores  of  portions  of  four  cycle  interval--slabbed  and  thin  sections
taken;   Descr.ibed  carbonates  using  Dunhan  classification:

<10*  grains   in  micrite  matrix:     lime  mudstone
>10*  grains   in  nLicrite-supported  matrix:     Wackestone
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grain-supported  framework  but  signif icant  micrite  matrix:     packstone
micr.ite  free  and  grain  supported:     grainstone.

Staining  done  with  ALR-S  and  K-ferrocyanide;   Fossil   fragments  abundant  in
these   linestones.

Computer  data  base:     includes  name,   location,   26  stratigl`aphic  variables;
Use  Fortran  programs   for.  data  entry,   edit,   and  plotting   (SURFACE   11);

Convert  latitude-longitude  coordinates    to  X-Y  Lambert  confornal  conic

projection;   Conduct  erz`or  analysis  to  check  data  on  well  with  nearest
neighbors;  I)isplay  equipment  includes  line  printer,  f lat-bed  plotter,
and  color  graphics  terminal.     Combine  data  with  test  and  production
infol.nation  for  productivity  evaluation.     Database  management  could  be
handled  by  appr.opriate  microcomputer.

Statistical  analysis:     used  trend  surface analysis  to  assist  in
characterizing  configuration  of  shelf  and  identification  of   local
anomalies.

*Figure  3--Stl`atigraphic  nomenclature  (surface)  and  equivalency  with  informal
subsurface  units

Ho_g!enc|at_uI_e

Missourian  of  Upper  Pennsylvanian,   Kansas  City  Group;   A  time  nearing

maximum  inundation  of  the  shelf  by  long-term  rise  in  sea  level   that
began  during  early  Pennsylvanian  time  (1st  order);   Car.bonate-dominated

Succession  in  Kansas;   Each  cycle  is  comprised  of  traLnsgressive-

I`egressive  assemblage.

*Figul'e  4--Table  of   lithofacies  comprising  cyclotheDs  in  Kansas  City  Group  in
western  Kansas

Subsurface:     H,I,   J,   K  cycles

Lower   (transgre88ive)   carbonate         (base  of  cycle)   (thin)

Lower   (marine,   core)   shale     (thin,   but  commonly  with  distinctive  high  GR)

Upper  (regressive)  carbonate--main  petroleum  reservoir,   9hal lowing  upward

(thickest)
Upper  (regressive)   shale  (top  of  cycle)  (intermediate  and  variable  in

thickness)
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PROBLEMS   ASSOCIATED   WITH   CONCEPT   0F   CYCLOTHEMS

1)   true  repetition  --repetition  of  similar  environments  on  shelf  do  not
necessarily  produce  exactly  the  same  lithologies;  recurring environ-
ments  with  certain  periodicity?

2)   allocyclic  vs.  autocyclic  processes  possibly  responsible  for.

cyclothems
Common  conclusion  of  most  workers  that  slight  changes  in  sea  level  caused  a

great  migration  of  strandline  over  craton  during  the  Pennsylvanian.
However,   Heckel's  (1977)   quasi-estuarine  circulation  model   which

requires  relatively  deep  water`  to  explain  origin  of  black  shale  places  a
need  for  greater  change  in  water  depth  well  beyond  typical  thickness  of
cycle   (<60  ft.,   20  a).     Late  Paleozoic  cyclic  sedimentation   is  not
simply  the  result  of  sediment  progradation.     Cyclothems  here  generally
very  thin,  widely  distributed  successions  of  contrasting  lithologies
Separated  by  shal`p  contacts  which  suggest  more  than  simple  aggradation
of  sediment  over  shallow  platform.     Terrigenous  elastic  inf lux  ls  only
of  minor  significance  in  western  Kansas,  unlike  southeastern  Kansas  and
eastern  Oklahoma  during  Late  Pennsylvanian.     (Terrigenous   imf lux  does

not  explain  cyclical  nature  of  these  deposits. )
Wanless  and  Shepherd  (1936):     presented  a  climatic  model   for  generating

cyclothems  which  is  much  discussed  today;     Called  on  repeated

continental  glaciation  in  Gondwanaland  to  produce  global  variations  in
sea  level;  For  20  years  following  publication  of  their  paper  these
conclusions  were  viewed  with  considerable  doubt  due  to  insufficient
record  of  glaciation  in  time  and  space  to  account  for  some  160  cyclo-
thems  recognized  in  the  Late  Paleozoic  stratigraphic  column.

Some  workers  called  on  oscillating  tectonism  (Weller,1956)  that  affected

uplift  of  the  source  of  terr.igenous  elastics.     Swann  (1964)   invoked  a

precipitation  cycle  causing  a  variation  in  stream  discharge  twhich
affected  their  capability  of  transporting  terrlgenous  detritus.    George

(1978)  used  a  combination  of  eustacy  and  tectonics  to  explain  sedi-
mentary  succession  in  British  Dinantian  (same  interval   studied  by

Ransbotto.  (1979).    Heckel   (1977)   revitalized   the  idea  that  continental

glaciatlon  was  the  cause  for  eustatic  change  in  sea   level  which  produced
a  marked  contrast  in  successive  depositional  environments  over.  wide
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region.     (Change  in  sea  level  appears  to  have  been  significantly  greater
than  entire  thickness  of  stratigraphic  interval  of  individual  cycle).

Ultimate  proof  would  be  to  find  regionally  correlative  cycles  that
transcend  depositional   systems  and  represent  regular  periodic  or
episodic  events.    This  would  require  an  interregional  mechanism
independent  of  sedimentation  or  local   tectonics.

Signlflcant  recent  advances  in  understanding  causes  of  eustatic  sea  level
change  and  response  ln  sedimentary  record  (particularly  during  last  150
n.y.   interval)  have  occurred.     Perhaps  these  observations  are  applicable
to  Late  Paleozoic  Strata  if  one  invokes  eu8tatic  model  contl.olled  by

glaciatlon .

Plate  Tectonlcs___and_Continenta±d,|aciatlon,  Climate  Chan
I)onovan  and  Jones  (1979)  --Shot.t  ter'n  but  significant  effects  on  sea   level

caused  bv  glaciation;   Pleistocene  glaciation  produced  100-150  in  change
ln  sea  level  at  a  rate  of  approximately  1  cm/year.     Sea  f loor.  spreading
in  contrast,   causes  sea  level   to  change  around  1  cm/!QQQ years  with
maxl.un  of  300  n  change,   estimated  range  during  Cretaceous.     Cyclothen

lasted  approximately  ~400,000  years  with  an  estimated  change  in  sea
level  probably  less  than  loo  in.

Crowell   (1978)  use  plate  tectonlcs  to  explain  why  continental  glaciation
occurred  during  I,ate  Paleozoic:

1)   huge  continent,   Gondwana,   over  South  Pole

2)  during  a  time  of  intermediate  sea  level
Also  extensive  glacial  deposits  in  areas  wtilch  were  once  part  of
Gondwana  described  by  Crowell.      Fisher  (1980)  distinguishes  between
"ice-house  state"  (0-state),   cool  climate  conducive  to  glaciation  such

as   Cenozoic,   vs.   "greenhouse  state"  (G-state),   warn  cllnate   such  as
during  Cretaceous;   Berger--proposed  that  there  is  an  inherent
instability  ln  cllnate  during changing  sea  level  and at  relatively  low
sea  level  climate  is  in  state  of  f lux  typified  by  rapid,   step  changes.

(a)   and   (b)   and   (c)   only  as  slides

(a)   *MECHANISMS   of   cyclothem  development

(b)    *FACTORS   CONDUCIVE   T0   ICE   BUII,DUP,    (c)    below

*F±#:es:::Xa5:ois:f;heivceh]acruervo#itsutnreatt£±8mreasphf!ocrcg°]i:Fa.t]oHni.ghstandwarnert
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*F±8:;:8z3I;°8¥83ns::0:83ifeftg?tuati°n  in  Pelagic/benthic  foram8  from  pacif ic

--falling  sea  level/G-climate  state  to  0-climate  state
--purturbations  in  climate   (temperature)   as   inferred  from  §±gps  in   6 0L8
--heavier  isotope--cooler
--18t  order  trend--cooling;   2nd  order  steps  abrupt  cooling  perhaps  precipi-

tated  by  cllnate   feedback  mechanisns,   e.g.,   change  of  earth's  albeto  due
to  extent  of  ice,  vegetation,  or  land  area  --still  duration  millions  of
yeal`S

--longltudlnal  temperature  gradient develop upon  cooling and  falling  sea

level;  eventually  ice  near  polar  regions  increasing albedo  --promote
cooling   (feedback)

(c)   *detailed    6018  in  deep  sea  core  from  Pleistocene  sediments  in
Cal`ribean

--I`ate  sedimentation  is  known  a8  intervals  al`e  age  dated,   planktonic  foram

provide  data  on  oxygen  isotopes
--less  rapid,   stepped  increase  in   6 018  (isotoplcally  heavier.   cooler

waters  reflecting  cooler  climate  with  accentuated  temperature  gr.adient  in
ocean  between  tropics  and  polar  regions)

--rapid  decrease   in   6  018  --warming,  melting  of   ice  during  r`egime  of

higher  sea  level   (resulting  fr.om  transgression  due  to  melting  of  ice)
--ma].or  perlodicity  every  100,000  years  in  Pleistocene  thought  due  to

eccentrlclty  of  earth's  orbit;   minor  cycles  --  cause  is  presently  debated

(feedback  mechanisns   versus  orbital   parameters;  probably  a  colblnation)

Significance:     if  invoke  continental  glaciation  to  explain  sea  level  f luct.
as  cause  of  Late  Paleozoic  cyclothems   (Chester  Mississippian  through
Lower  Permian)  --  perhaps  knowledge  of  processes,   rates.   and  frequencies
of  f luctuation  recognized  from  Pleistocene  sediments  can  be  transferred
to  some  extent  to  understanding  of  cyclothems;   provides  at  least  a
working  hypothesis  to  put  facts  into  perspectve  and  to   link  them  together
with   a   common   process.

*Figure  5--Sea  level   (coastal  onlap)   curve  of  Vail  et  al.   and  Wise

*Figure  6--Carbonate  isotope  f luctuation  in  Cenozoic  deep  sea  sediments
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RECOGNITION   OF   SEA   LEVEL   CHANGE    IN   SEI)IRENTARY   RECORI)

Nature  of  periodicity  of  Pleistocene  glaciation  and  resultant
transgl.essions  and  regressions   is  well  documented  by  analysis  of     6 018
and   6C±3  in  nano-plankton  from  deep  sea  cores.     Processes  that  be

sul`mised  here  are  thought  to  be  tl.ansferable  to  the  late  Paleozoic.
Variations  in  eccentricity  (distance  from  the  sun)   of  earth's   or.bit  could

have  provided  400,000  year  periodicity  compared  to  100,000  donlnate

cycle   of   Pleistocene   (Fisher,    1980).

Study  of  Pleistocene  coastal  sedimentary  record  have  been  important  ln
inferring  to  what  extent  process  of  sea   level  change  had  on  these
§edlmentarv  Successions.     If  glaciation  was  an  important  factor  ln

generation  of  cyclothens  then  there  should  be  similarities  to  the
Pleistocene,    e.g.,    Frasier's   (1974)   study  on  Quaternary  Gulf   Coast

sedimentation  processes   (sequence  model  developed).

Evans  (1979):     Provided  evidence  of  sea  level  change  in  Quaternary

sedimentary  records  in  area  lacking  signif icant  imf lux  of  terrigenous
detritus  resulting  in  predictable  sedimentary  sequences.
1)   rapid  inundation  of  shelf   (transgression) ;
2)   followed  by  development  of  condensed  inter.val;   e.g.,   diastem  or

hardground,   accumulation  of  glauconite,   phosphorlte,   carbonate  debris
representing  high  sea  level  stand  (perhaps  stagnation  of  tidal  circu-
lation  during  a  stillstand).

3)  Thicker,   more  rapidly  deposited  sediment  heralding  onset  of

regressive  coastal  sedimentation.     But  rapid  imf lux  of  sediment  also
during  slow  transgression  resulting  in  progradation,   e.g.,
Mississippi  River  prograded  20  kn/1000  years  in   last  5000  years
during  sea  level  rise.

4)  Slow,   stepwlse  fall  in  sea  level  during  regression  (slow,
inter.1ttent  ice  buildup)  producing  barr.ier  bars,   lagoonal  and  delta-

plain  deposits  across  coasts  and  shelves  along  Gulf  and  Atlantic.
Isotopic  shifts  ln  oxygen  18  in  nano-plankton  froA  deep  sea  sediments
suggests  that  inter.ittent  fall  in  sea  level  occurred  at  rate  that
was  slower  than  transgres81on.     Inter.nlttent  stillstands  produced  pro-
longed  development  of  shol.eline  deposits  like  barrier  islands,
offshore  bars,   carbonate  banks,   etc.   which  are  common   ln  the

Quaternary   sedimentation   record.
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5)  Evans  (1979)  notes  that  even  loose  and  friable  sediment  are  typically

Eg±  eroded  away  during  subaerial   exposur.e  at  a  time  of   lower.ed  sea
level,   e.g.,   coastal   buildups  of  sand  which  later  became  coastal
hills  during  subaerial  exposure  still  maintain  this  depositional
relief .

6)  Weathered  oxidized  surfaces  (paleosol)  separate  these  sedimentary
sequences.     Form  ul)Per  boundary   (hiatus)   to   this   per`iod  of

sedimentation .

Together  1)   stratal   contacts,   2)  geometry  of  sedimentary  units,   and  3)
recognition  of  Egg±|y  isochronous  bedding  surfaces  or  surfaces  of  non
deposition  (transgression  over  an  exposure  surface)  permit  construction
of  comprehensive  stratigraphic  model.     In  chronostratigraphy  this
sedimentation  would  qualify  as  being  I.eferred  to  as  "event"  or
"sequence"   strata),   see   Frasier   (1974).     The  evolution   of   sedimentary

processes  within  these  sequences  can  be  highly  variable.   e.g.,
terrigenous  elastic  or  carbonate,  high  energy  or   low  energy,  fast  or
slow  sediment  accumulation,   etc.,   but  boundaries  representing  a  hiatus
in  sediment  accumulation  clef ine  and  isolate  these  products   (sequence
or  event  model) .

In  order  to  accomplish  conclusive  identification  of  auto  cyclicity:     use  3-
dimensional,  regionally-correlated  data;  Need  to  look  at  large  scale
down  to  microscopic  scale  to  interpret  internal  processes  and  recognize
Sequences .

POTENTIAL   FOR   UNDERSTANI)ING   CYCLOTHEMS   IN   STUDY   AREA

Late  Pennsylvanian  Mlssourian  sedlDents  are  unnlstakably  repetltlve  as
they  occur  elsewhere  with  similar  characteristics:     including  Paradox
basin,   ¥i§±,ep§ ba81n,  gg|g±±§g  Plateau,  ALpp±1achian  coal  basin,

Hg]!1_a_Scott?,   Northvest  Europe,   and  Russian  Dlatforn.    These sequences
are  comprised  of  carbonates,   terrlgenous  elastics,   evaporites,   and
nixture8.    Thickness  of  these  cycles  are  similar  and  estimated  duration
is  comparable.    A  dozen  alternating  carbonates  and  clastics  conprlse  the

Lansing   and   KC   GI.oups.

First  order  eu8tatic  sea  level  was  slowly  rising  (due  to  increase  size  of
mid-ocean  ridge  presulably  related  to  increased  rates  of  sea-f loop
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spreading)   and   the  submergence  of  the  craton  was  underway  during
Pennsylvanian.

Study  area  in  westel.n  Kansas:   a  stable  shelf  during  the  Missourlan
following  pronounced  tectonism  ln  ear.1y  Pennsylvanian  (Central  Kansas

uplift-CKU,   Cambridge  arch-CA,   Nenaha  uplift-NU).     It  provided  a  unique

opportunity  to  study  succession  in  3-D:     1)  gradual   lateral   variation  in

composition  to  cyclothems;  and  2)  predominance  of  carbonates  that  are
sensitive  to  dlagenesis  and  provide  record  of  events  of   late  stage  of
cycles;   3)  assess  epeirogenic  movement  on  sedimentation  over  uplift  and
shelf--interval  of  stl.ata noticeably  thin  over.  earlier  uplift.

REVIEW   TECTONIC   DEVELOPMENT--FOCUS   0N   KANSAS   SHEI,F

*Figure  7--Paleozoic   interior  basins   (Lldiak)

Western  Kansas--area  during  Pennsylvanian  Was  the  shelf ward  extension  of
Anadarko  basin.   a  "hybrid"  foreland  basin  and  reactivated,   downdropped
aulacogen.       The  Anadarko  and  Arkoma  basins  are  immediately  north  of  a
tectonic  suture  forfned  by  collision  of  Laurasla  and  leading  plate
boundary  of  Gondwana.     Plate  collision  climaxed  along  Ouachita  segment

in  Late  Mississippian  to  Early  Pennsylvanian  with  thrusting  and
uplifting  of  core  region  and  downwarping  of  foreland  basins  (Anadarko-
Arkoma  basins).      Concurrent  movement  of   intracratonlc  uplifts   (CKU,   CA,

Nemaha)  and  adjacent  basins  occurred  with  the  deformation  of  the  plate
margin .

Kluth  and  Coney  (1981):     Proposed  that  an  evolving  stress  pattern  in  the
interior  of  the  craton  developed  in  response  to  deformation  of  orogenic
system  in  late  Paleozolc,   changing  due  to  migration  of  main  orogenic
activity  to  south-west  (Appalachlan  E.   Penn  through  E.   Permian  ln
Marathons).     Reactlvation  of  the  basement  occurred  on  craton  during  this
tine  along  pl`e-existing  weakne8se8.    Research  on  tectonisn  along  con-
vergent  plate  boundary  indicates  that  even  if  tectonisb  was  episodic,   it
would  be  too  long  ln  duration  to  have  been  the  cause  for  cyclothem
development.     One  major  result  of  appears  to  be  clear  distinction

between  lengths  of  tectonic  deformation  and  estimated  duration  of  cyclo-
themic   sedimentation,   e.g.,   compare  approximately  400,000  year  duration
of  cyclothens  with  several  in.y.   long  tectonlc  episodes  common  along

convergent  plate  boundaries.    This  deformation  is  also  generally  non

periodic.    Another  component  ln  the  evaluation  of  structure  ls  the
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recurrence  of  structural  deformation  and  the  effect  of  epeirogenic
deforination   on   sedimentation.

Path   (1920):     Described   the  origin  of  the  granite  ridge  (Nemaha  uplift)   in

northern  midcontinent.     Nemaha  uplift  is   located  along  postulated  series
of  pre-existing  faults  or  other  weaknesses  in  basement  (Berendsen  and
Blair,   in  press)   (basement  provides  template  for  deformation).     Path

concluded  that  vertical  movement  in  I.ate  Paleozoic  occurred  as  faulting
along  these  pre-existing  weaknesses.

Morgan   (1932)   named   the  Central   Kansas  Uplift   (CKU).      Trends  on  the  CKU

appear  to  follow  Preca.brian  geophysical   trends.    Timing  according  to
Horgan  (1932)   suggested  that  CKU  ilras  related  to  Appalachian  folding

event .
Powers  (1925)  described  spasmatlc  movement  of  local  uplifts  that  occurred

throughout  the  Pennsylvanian  and  Permian  in  western  Kansas.     Successive

rejuviation  of  buried  hills  occurred  in  a  process  he  described  as

plains-type  fo±9±pg,   i.e„   ideas  on  subject  are  not  new.     Shelf  is  site
of  recurrent  structural  clef ormation  of  the  thin  sedinentarv  veneer.

*Fig:;5§)?--Paleogeographic  map  of  western  Midcontinent   (Ra8coe  and  Adler,

Kansas:     broad  shelf;   Compare  the  study  area.in  western  Kansas  with  the

outcrop  belt  ln  southeastern  Kansas;   thinning  in  northwest;   Anadarko
basin  underilrent  I`apid  subsidence  resulting  in  the  development  of  an
abrupt  shelf  margin  built  by  reciprocal  sedimentation;   Northeastern
shelf  margin  of  the  Anadarko  basin  vlras  estimated  to  have  presented  up  to
450  in  (1200  ft.)   relief   (Kunar  and   Slatt,    1984)   acr.oss   which  periodic

inf lux  of  terrigenou8  detritus  alternated  with  carbonate  deposition;
Anadarko  basin  was  then  ai  sediment  trap,   not  a  source  of  sediment  and

blocked  clastlc  lnf lux  from  the  southeast  from  the  Ouachitas  into
western  Kansas;  Apron  of  coarse  arkosic  detritus  was   located  adjacent  to
the  Amarillo-Wichita-Arbuckle  trend  and  Ancestral  Rockies;   keep  in  mind
low  latitude `(tropical)  setting  of  the  Midcontlnent.

--Lane  (1979):     study  area  along  northern  shelf  margin  of  Anadarko  in

Mlssourian-Virgil lian  strata;  Noted oolitic  and phyl loid  algal-rich
carbonates  comprising  massive  limestone  along  shelf  margin;   Slope
estimated  only  1  degree,   but  relief  estimated  at  ~120  in;   Allodapic

skeletal  and  oolitic  debris  comprise  submarine  fans  at  toe  of  slope;

-10-



Contrasts  with  terrigenous  elastics  in  submar.ine  fans  to  east  and  south
ln  areas   of   study  by  Kumar  and  Slatt  (1984),   and  Galloway  et  al.   (1976);

Periodic  development  of  coralgal-capped  phyl loid  algal  carbonate  banks

also  noted  along  southern  Anadarko  basin   (Button,    1982,   Becker,   1977).
~-(General   observation)  While  Perno-Penn.   time  occupy  only  23*  of

Paleozoic  time,   this  8tratigraphic  interval  averages  45  to  75  percent  of
entire  sedintentary  column  preserved  in  Kansas;   Pennsylvanian  strata
onlap  onto  eroded  terrain,   locally  resting  on  Precambrian  schist,
granite,   and  quartzite  on  CKU   (Walters,   1946),   36  percent  of   OOIP   in
Kansas  from  Pennsylvanian  reservoirs  (5.8  billion  bbls.);   Over  half  of
latest  oil  discoveries  ln  Kansas  from  Pennsylvanian  reservoirs:   75%  of

these  are   from  Marmaton  and  Lansing-Kansas  City.

*Figure  9--A-A'   SW  to  NE  strat.   cross   section.

H,   I,   J.   K-Zones;   410  kn  long;   GR,   N,   LL;   Top  of  displayed   log  interval

from  4200  ft.    (1260  in)   to   3200  ft.    (960  in)   below   the   surface;    Note   scale

and  vertical   exaggeration:     500  X.

*Figure   10--Index  map  for  cross   sections  a  and  C;    structure   X-Section  C-C'.

*Figure   11--C-C'   strat.   section.   3800  ft.   (1140  in)   below  surface.

*Figure  12--8-8'   str.at.   and  str.ucture  cross  section.
*Figure  13--Data  sheet.
*Figure  14--Isopach  base  K-Zone  to  base  of  Pennsylvanian.

Note:     Thickness  vary  from  0  over  the  CKU  to  410  meters   in  extreme

southwest;   Lower  surface  is  regional  unconformity;   Progressive  onlap
through  Pennsylvanian;   I,-KC  deposited  some  20  in.y.   after   major  uplift.

Thinning  in  eastern  part  of  napped  area  ref lect  NW-SE  uplift  of  CKU;   CKU

i8  site  of  earlier  uplift;   A  NW-SE  oriented  embayment  to  west  received

sediment  ln  early  Penn.   (Morrow)  in  SW  Kansas,   paralleling  the  ancestral

uplift;   Little  thrusting  occurred  in  Wichitas  during  earliest
Pennsylvanian  and  accordingly  little  indication  here  that  there was
concurrent  parallel  west-east  oriented  subsidence  along  this  shelf  in
Kansas   [Atokan  represent  first  period  of  major  thrusting].

*Ftg:::  ;%5-LS°tpha±Cchknte°sPs.H  t°  base  K  (H.   Ii   Ji   K),   3  n   shaded   intervals,   black
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Thickness  of  interval  vary  from  60  ft  (18.3  in)  to  over  250  ft.   (76.2  in).
Rate  of   thickening  <2   ft/mi.   (0.38  in/kn)   over   225   kin  distance   or.  average

0.5   ft/mi.    (0.1  in/kin)   thickening   for   each   of   foul`   cyclothems.

Differential  subsidence  across  shelf  during  accumulation  of  4  cyclothens
was  low  in  any  event;   Gradual  Syndepositional  stl`uctural  movement  cause
regional  thinning,   for  example,   over  CKU  because  very  thin  beds  can  be
traced  over   structure;   Minimum  paleoslope   ~0.5   ft/mi.   (0.1   in/kin),

constrained  by  the  r'ate  of  regional  thickening;     I  will  suggest   later
that  the  slope  of  this  shelf  was  not  constant  during  the  deposition  of
each  the  cyclothems--i.e.,   the  configuration  of  this  shelf  had  a  very
important  inf luence  on  nature  of  carbonate  deposition  and  petroleum
I.eservoir  distribution.

Significant  thinning:      on  this  map  along  2  centers:      Cambridge  arch  (CA)

and  Rush  Rib   (under  60  ft.   thick)   on  CKU;    thinning   coincides   closely,

but  not  exactly  with  earlier  tectonic  uplifts.
Notice  nor.e  E-W  strike  in  southern  region  of  this   isopach  than  isopach  of

earlier  interval  (lower  Pennsylvanian)--appear  to  ref lect  time  of
incr.eased  subsidence  in  Anadarko  basin  and  thl`usting  of  Amaril lo-

Wichita-Arbuckle;  Subsidence  with  west  to  east  orientation  as  a  conse-

quence  of  active  tectonisn  adjacent  to  shelf  and  resultant  subsi.dence  of
shelf :   positive  in  SW  suggested  by  thinning  (growth  of  Log  Animas  and
Cimnal`on  Arch  which  bisects  deposltional   trend  of   Morrow  in  eastern

Colorado  and  western  Kansas  and  is  now  an  important  oil  province  for

Morrow) .

*Figure  16--Top  Stone  Corral   to  top  H-Zone,   60  in  shading.

Thickening  to  south  toward  Anadarko  continued  in  this   inter.val;   Ref lected
in  facies  in  L.   Permian  as  well   as  U.   Penn.;   Apparent  shifting  of
structural  defor.ation  to  west  par.ticularly  in  association  with  I,os
Aninas   AI`ch   by   E.    Permian.

Slight  epeirogenic  movement  significantly affected depositional
environments .

*Figure  17  and  18--Configuration  of  Precambrian  surface  in  western  Kansas.
*F£§€§€ci!::i:E:1::ua£:a::::i:a:pn::3:;;§£}§iifga::£t;pto:§t€-rd:e:pno:s:Tj'ibo:n:a:|hfadei]:tnneisit%:?

Structure  cross-cuts  isopach  trends.
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*Figure  20--Oil  and  gas  fields  producing  from  L-KC.

Majority  of  production  found  to  date  is  stl`ucturally  contr`olled.
*Figure  21--3-rd  order  trend  residual  of  str`uctur.e  K-Zone
*Figure  22--plot  of  trend  order  vs.   goodness  of  fit  to  structure  K-Zone

Trend  surface  mapping:     means  of  partitioning  local  and  regional   elements

of  map;   Remove  regional  dip  to  emphasize  local  structural  anomalies.
Use  polynomial   trend-fitting  program  of  SURFACE  11,  empirically  select

order  to  use,   optimizing  lowest  order  to  preserve  both  regional  and
local  val'iation  (goodness  of  fit  equals  sum  of  squares  due  to  regression
divided  by  total   sum  of  squares  to  calculate;   Suin  of  squares  of
regression:     departure  of  regression  surface  from  original  data;
Total sun  of  a uares:     sum  of  variation  of  the  data  set.

3rd-order  trend  surface  of  structure  K-Zone  explains  more  than  90*  of
original  variation;  Higher  orders  contribute  only  small  increments  to
this f it.

Finer  details  of  residual  liiap  correspond  closely  with  Precambrian  surface,
e.g.,   Rush  Rib  on  CKU,   also  site  of  magnetic  anomaly;   perhaps   inter-

mittent,   local,   structural  reactivation  of  this  feature;  Also  note  that
outline  of  CKU  closely  corresponds  with  concentration  of  positive

anomalies:   Regional   dip  reversal  occurs  over  CKU  on  horizon  of  K~Zone;

Also  CKU  was  a  positive  area  following  deposition;  Favorable  site  for

oil  accumulation  and  entrapment.
Interval  thickness  of  4  cycles  --produce  regionally uniform  patterns;

Paleohighs  and  breaks  in  depositional   slope  are  perhaps  revealed  by  such
a  map  and,   in  turn,   may  give  us  clues  about  regional  conf iguration  of
the  shelf  and  patterns  of  sedimentation;   Isopach  of  individual  cyclothe.
would  reflect  changes  of  shelf  configuration  during  each  cyclothem;
Technique  helpful   in  assessing  effect  of  structure  on  sedimentation,
i.e.,   paleotopography:     Help  to  explain  locations  of  carbonate  banks  and
shoals,   terr.igenous  elastic  deltas,   offshore  bars.   etc.

Evidence  for  Recurrent  Structural  Activity  in  Western  Kansas:

Sinilarlty  in  structure  and  lsopach  maps  of  many  intervals  suggest  episodic
movement  of  structul`es  that  follow  a  template  defined  by underlying
basement  rocks;  During  Late  Paleozoic:     nearby  Ouachita  orogeny  probably

provided  the  driving  force  for  epeil.ogenic  deformation.
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Weaknesses  in  basement  include  faults,   fractures,   and  discontinuities;   Use
gravity  and  magnetic  patterns  to  clef ine  trends  and  patterns,   some  which
may  be  related  to  discontinuities  in  Precambrian  crust.

*Figure  23--Dutch  major  geophysical  trends  in  Precambr`ian.

Kansas:     dominated  by  NW  and  NE  trends;   Also  coincide  with  dominant  joint

trends  found  in  rocks  at  surface;   3  distinct  Precambrian  terranes;   Older
orogenlc  tel`ranes  probably  formed  by  continental  accretion  paralleling
ancient  PI`ecanbrian  continental  mal`gin.    These  extensive  terranes  are
cut  by  younger   CNARS   (Central   North  American   Rift  System).

Geophysical  trends  correlate  with  geology  of  Precambrian;   Also  so.e

correlation  to  present  structural  trends.

*Flgure  24--pole  correction  nap  of  total  magnetic  field  intensity  for  western
Kansas .

Map  of  the  distortion  caused  by  earth's  magnetic  field  is  calculated  and
subtracted  from  or.iginal  map  of  total  magnetic  field  intensity  (Yarger,
1983) .

Low  frequency  NW  trends  probably  represent  deep-seated  structure  of
Precambrian  according  to  Yarger:   Two  prominent  terranes  are

distinguished  by  heavy  line;   Hatured  lines  are  major  basement  faults;
Southern  half  of  CA-CKU  nearly  parallels  the  magnetic  anomaly  map.

*Figure  25--2nd  vertical  derivatlve  map  of  total  magnetic  field  intensity for
state .
Second  vertical  del`ivative  map  of  the  total  magnetic  field:  Dark  areas  on

map  are  where  changes  in  magnetic  field  are  the  greatest.     Areas  of  high
rates  of  change  probably  represent  steep  contacts  between  rocks  of
contrasting  magnetization  (faulting  or  intrusion);   This  filtering
enhances  the  short  subparallel  NE  tl`ending  linears  probably associated
with  the  fbg±|ov  basement  CNARS   (Central   North  American  Rift  System).

This  is  a  1.1  billion  year  old  graben/horst  system.

*Fi:::5f .26--Precambrian  terranes  in  Kansas  (integrated  geologic-geophysical

The  areas  of  attenuated  magnetic  signature  are  interpreted  to  denote  thick,
Precambrian  sedimentary  strata  filling  the  rift;   Note:     1)  edge  of  rift
basin  clef ined  by  the  attenuated  signature  coincides  with  the  SE  termina-
tion  of  CKU,   2)   the  southern  CKU  is  sliced  by  NE-trending   linear
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magnetic  anomalies,   which  coincide  with  terminations  of   local  NW-
trending  anticlines  on  the  CKU;   3)  Pratt  anticline  parallels  the  NE
tr.ending  magnetic   lineaments;   4)  most  structure  contour  and  lsopach  maps

have  local  anomalies  that  parallel  the  northeasterly  trend  located  on
the  east  side  of  napped  area  overlying  the  rift.    West-northwesterly
trends  dominate  the  area  west  of   the  CKU.

[Oil  and  Gas  Production  I)ata  Insert]

*Figure  27--Structure  contour  map  of  Swope  I,s.   in  Colliel`  Flats  field.

*Figure  28--Isopotential  nap  of  Swope  Ls.   in  Collier  Flats  field.

OVERVIEW   0F   CYCI,OTHEM   CONCEPT

*Figure  29--Basic  Kansas  cyclothem  of  Heckel   (1977).

*Figure  30--Detailed  sea  level  curve  of  Middle  and  Upper  Pennsylvanian  str.ata

in  the   Midcontinent  outcrop  (Heckel,    1985).
*Flgure  31--Patter.ns  of  atmospheric  circulation  during  Late  Pennsylvanian.
*Figure  32--Paleogeography  dul`ing  maximum  transgression.

CYCLOTHEMS   ANl)   STRATIGRAPHIC   SUCCESSION

*Figure  33--Gamma  ray  neutron  wireline  log  display  and  lithologles  of  cycles
H,    I,    J,    K.

H.   I,J,K:   Marine  and  non-marine  divisions,   based  on  cyclothem  concept

(genetic ) .
*Table  2   --  Components  of  cyclothem

4  members,   comparable  to  "Kansas  Cyclothen"  of  Heckel   (1977),   carbonate-

dominated;   In  order  to  understand  I.eservoir  unit  (upper   limestone)
important  to  know  characteristics  of  rest  of  cycle.

Upper  shale  =  regl`essive  shale
Upper  carbonate  =  regressive  carbonate
Lower  shale  =  marine  shale

Lower  carbonate  =  transgres§ive  carbonate

TRANSGRESS IVE   CARBONATE

Thin,   but  widespread,   generally  less  than  <1.5  in  thick;   Sharp  basalt

contact;   Deepening  of  water  upwards   in  deposit;   Evidence  of  minor
erosion  common  below  lower  contact;   Common  to  have  clasts  incorporated

in  base;   Sharp  contl`ast  in  depositional   environment  with  onset  of  new

cycle;   Locally  sandy  carbonate  or  coarsening-upward  sandstone  capped  by
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brachiopod-crinoid  coquina  (to  3  n  thick)  which  is   locally  productive;
Oolitlc  (9  in  thick)   bars  are  developed  over  upthrown  block  of  prominent

basement  fault  in  Ellsworth  County  and  are  oil   pr.oductive   (IIopkins,

1977 ) .

ExanDles  of  Transgressive  Carbonate

Findlay  3742.5  feet  (J)  --Sharp  contact  of  limestone  with  shale  of
underlying  cycle;  Diverse  marine  skeletal  debris  in  quartz  siltstone
matrix:   Underlying  shale  appear.s  to  be  nonmarine;   Evidence  of
desiccation  and  subaerial  exposure  and  not  fossiliferous;   Carbonate
clasts  are  caliche.

Findlay   1120  n   (3742.5  ft.)   (J)   --  Thin   section  of   sane  samples   of

transgre8slve  carbonate  --algal-coated  skeletal  carbonate  grains  in
silty  matrix;   Deposited  in  moderate  energy  in  shallow tiJater  (densely

packed ) .
Ainsworth  900  in  (2986  ft.)   (J)   --  Reworked  carbonate  clasts  at  base  of

transgressive  carbonate;  Rounded  clasts  with  mixed  lithologies  in
shaley,   fossiliferous    carbonate  matrix.

Ainsworth   870  in  (2914.5  ft.)   (a)   --Transgressive   limestone,    but  at   top

of  interval  --   lower-energy  envil`onment,  with  open  marine  fauna
indicates  deepening  of  irater  as  shelf  was  submerged;  Some  organic

matter  preserved  in  carbonate  matrix;   Pyrite  is  also  common;   Comlilonly

dar.ker-colored  carbonate;   White  dots  here  are  crinoid  osclcles.

Depo8itional  Envlronnent  of  Transgressive  Carbonate
Thickness:length  ratio  exceeds  5  X  105;   Widespread  marine  unit  overlying

non-marine  stratum;  Short  duration  for  transgression  affecting  large
area  of  shelf ;   Speed  of  transgression  very  fast,   i.e.,   not  related  to
tectonics;   Rapid  transition  from  restricted  to  normal  marine  environ-
ments;  Commonly  high  energy  at  base  to  subtidal,  quiet  water.  accu.u-
lation  in  upper  portion.

Diagepgsis  of  Transgressive  Carbongte
Slow  grain-to-grain  compaction  in  absence  of  early  cementation:   Unstable

grains  have  been  neonorphosed   in  absence  of   leaching  (Heckel,1983);
Fine  crystalline  pyrite  common  and  preservation  of  flecks  of  organic
mattel`--suggest   low  oxygen  condition  during  late  transgression.
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RARINE   SHALE

Impor'tant  and  controversial   lithofacles;   Green  or  olive  to  gray-green,
massive,   silty  or  clay-rich  to  gray  or.  black,  carbonaceous,  fissile  clay
shales;   Black  shale  sepal`ated  by  gray  shale  from  adjoining   lithofacies;
Green  and  gray  fossilif.   is  open  marine  with  common  to  abundant  benthic
organisms  while  black  shales  contain  nektonic  and  nektobenthonlc
organisn8,   few  benthic,   if  any,   and  abundant  pelagic  organisms.

Unusual   abundance  of  conodonts,   f ish  debris,   but   lack  common  marine

invertebrates  in  black  shales.
Moreover.   black  shales  commonly  contain  non-skeletal  phosphor`ite.   pyrite,

and  large  aJnounts  of  finely  conminuted  organic  matter:   Minor  elements   in

elevated  concentrations  are  well  docunented  in  literature;  these  shales
are  typically  described  as  fissile,   non-burrowed,   and  hard.

Black  shale  grade  laterally  to  dark  gray and  gray and  locally  thin
significantly  over  paleohighs;   Phosphate  nodules  from  inn  to  cm-sized--

corr.elates  with  high  levels  of  organic  matter  and  pyrite.
Non-skeletal  P04--apatite,  commonly  with  pr`eserved,  abundant  and  diverse

radiolarians  and  nautiloids  and  fish  debris;   Kidder  (1983)   interpreted
P04  pr.ecipitated  from  interstitlal  water  unto  radiolar.lan  tests
displacing  sediment; Source  of P04--Planktonic  organisms,   fecal
material,   or.  per.haps  solution  and  suspension  from  r'iver  water:

Similarity  of  these  to  modern  pho§phorltes  suggest

predolninantly  marine  derived.
In  study  area  the  marine  shale  generally  averages  0.6  in  thick  or  less,   but

up  to  6  n  of  non-black,   open  marine  shale  on  norther'n  shelf ;   Pinches  out

locally  over  CKU  on  a  surface  that  appears  to  represent  a  lag  concentra-
tion  (phosphate  pellets,   fossil   fragments).

DeDositional  Environment  of  Xarlne  Shale--Lower  Shelf

Notably  different  depositlonal  conditions  compared  to  adjacent   lithofacies
and  characterized  by  rapid  transition  to  adjacent  lithofacies;   Marine
shale  represents  lowest  energy,   probably  a.ggpest  !!}?.ter. condltipns;

Restricted,   anoxic  or  dvsaerobic  conditions  common  and  widespread  during

accumulation  of  this  shale.

for  low  rate  of  acEvidence 1)  abundant  phosphate;   2)   concen-

tration  of  normally  sparse  fossils;  3)  concentration  of  organic  matter;
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4)  horizontally-oriented  clay  miner.al  plates  in  face-to-face  contact--
called  parallel  horizontal  bedding  of  Potter  et  al.   (1980)  interpreted
to  have  resulted  fr.om  episodic  suspension  sedimentation  in  still  water
in  absence  of   bioturbation.

River  water  is  commonly  laden  with  suspended  clay-sized  particles  which
upon  nixing  with  sea  ilrater,   produce  f loos  or  aggregates  of  hundl`eds  of
randomly  oriented,   clay-sized  particles  (Gibbs,   1983);   In  contrast,
Relneck  and  Singh  (1975)  describe  §jpg±e-grain  sedimentation,   resulting
from  very  slow  accumulation  when  low  density  Suspended  particles  are  too
distant  from  each  other  to  come  in  contact  with  one  another  in  the  water
column;   In  general,   overburden  aind  compaction  alone  have  been  shown  to

Eg± be  sufficient  to  orient  c±.a][  flakes  from  originally  flocculated
condition.    Thus.  the  horizontally-oriented  state  of  the  clay  is  thought
to  be  due  to  extr.emely  slow  rates  of  accumulation.

Examples  of  Core  Shale

Reese  F-5,   1011  in  (J)   --Gray  green  shale  with  carbonate  mottling,

diver.sely  fossiliferous,   carbonate  mottles  are  burrows.
Denker   (K)   --Dark  gray  to  gray  shale  with  many  marine  fossils.
Ohlson  (G)  --Black  shale,   few  visible  fossils,   gray  shale  burrows.

Conover  (K)  --Black  shale  with  no  visible  fossils.

Other..E±ridence.I.fez_Fete.I..Depths_P±±£ing_Deposi.tion_.. pf _ Black._ Sha±.±

1)  Stagnation  due  to  limited  circulation  on  the  sea  floor  in  the
interior  regions  of  the  shelves  --poor  circulation  and  I.esultant
sta8nat i on .

2)  Warn  tl`opical  climate  would  induce  thermal  stratification with
elevated  temperatures  in  surface  layer.s  (Black  Sea  Model);   Thermally

stratified  lakes  in  East  Africa  have  thermocline  developed  near  70-
loo  n  below  surface,   but  f luctuate.

3)   I.arge  volumes  of  freshiiiater  carl`y  suspended  organic  liiatter  could  be

dispersed  over  the  shelf  and  settle  into  stagnant  areas  and  remove  or
significantly  lower  the  oxygen  content.

4)   Geochemical  Trends:     Expect  areas  of  upwelling  to  be  richest  ln
organic  matter  and  minor  elements;  but  increase  of  organic  content
inland  (nor:th):  Trends  observed  do  not  appear  to  support  a  simple

model.     For  example,   MLg±,ypdep`±ql  (Mo)  over  1160  parts  per  million  and
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Zinc  high  concentrations  in  central  craton  in  the  Excello  Shale,   a
Des  Moines  age  black  shale:   Phosphate,   ul`anium,   organic  matter  and

other  trace  metals  in  the  same  shale  are  about  twice  the  levels  in
the  easter`n  craton  compared  to  samples  of   the  same  zone  in  the

western  midcontinent;  Phosphate  content  correlates  with  the  uranium

content .
5)   Phosphate  may  be  derived  from  river  iiiater,   but  studies  of  modern

rivers  indicate  amount  of  phosphate  ln  i`rater  average  ar'ound  lox

greater  in  marginal  ocean  settings  and  areas  of  upwelling.
6)   Average  hydrocarbon  yield   (extr.actable  organic  matter   (bitumen)

divided  by  total  organic  carbon)   is  higher  in  the  western
Midcontinent  than  in  the  eastern  belt--in  general,   liquid  hydro-
carbons  would  be  evolved  in    greater  concentrations  fl`om  marine
organic  natter  unless  ter.restrial  matter  iiras  lipid  rich  --  such  as
from  algae.     OI`ganlc  matter   in  much  of  the  craton  may  have  an

important  terrestrial  component  and  would  be  expected  to   increase
eastrard .

Pg|agic  sedimentation--no  specif ic  depth  connotation,   only  open  marine;
exclude  marginal  marine;   Z§Qp  tlrater  depth  to  insure  exclusion  of  strong
leave  and  light  influence  and  preclude  groiiith  of  most  shallow-marine

carbonate  flora  and  fauna  (Scholle  and  Arthur,    1983,   and  Ekdale,    1984).

Pelaigic  sedimentation  is  characterized  by  slow grain-by-grain  setting  of
material  biochemically  produced  in  surface  i`Iater;   However,   in  Paleozoic
"starved-basin  facies,"  little  evidence  of  calcareous  microplankton

(diatoms,   coccoliths)  such  as  in  Cenozoic,   mainly  organic  walled,   phos-

phatic,   or  sillceous  varieties  (radlolarians,   conodonts)  and  amnonites,
nautiloids .

Recognition  of  pelagic  conditions  dur.ing  accumulation  of  marine  shale:     1)

no  planktonic  forans  or  diatons  in  Paleozoic,   but  radiolarians  and  other

plankton  and  nektons,   e.g.,   conodonts  in  generally  great  abundance;   2)
condensed   inter.val;   3)  hardgrounds--bored,   encrusted,    lithified;   4)

fine-grained  and  great  lateral   extent;   5)  inn-rhythmic  bedding;   6)
skolithos  and  zoophycos  burrows;  7)  gradual   lateral   facies  transitions.
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REGRESSIVE   CARB0NATE

Greatest  diversity  in  thickness,  depositional  environments,  and  diagenesis;
Shal lowing-upi`rards  sequence  from  open  marine  to  restricted  marine;

Gradational  base  with  marine  shale,  with  interval  of  gradation  markedly
extended  along  periphery  of  shelf  where  clastic  inf lux  was  more
s igni f icant .

I.ower  part  of  the  regressive  carbonate--diversely  fossiliferous,   tan  to

gray,   burrowed  iirackestone  with  brachiopods,   crinoids,   fusulinids,
corals,   peleoypods.  tubular  and  encrusting  fol`ans,  bryozoa;  Phylloid
algae  are  locally  abundant  where  important  components  of  broad,   low
relief   carbonate  buildups   (H-Zone).

EUEonoDhv|±,±±g  is  the  dominant  phylloid  alga,   original ly  aragonite  and

easily  dissolved.

E¥amples_QL_[oHer__Portigp__9£_P_Pper___9arp9E9==t_e

Dorr  (H)   --Burrowed  wackestone  With  diverse  fossils,  wispy  shale

laminations .
Ainsworth  (G)  --Brown,   slightly  shaley,  nicrlte-rich,  diversely

fossilifer.ous   (lower  energy,   open  marine).

Findlay  (J)  --  Clean  micritic  carbonate  alternati.ng with  thin  layers  of
shale .

Findlay  (J)  --Thin  section,   diversely  fossilif.   (note  trilobite
f ragment ) .

(1)   Burrowing  pervasive  on  nol`thern  shelf  in  light-colored wackestone while
on  the  southern  shelf--less  frequent  burrowing  and  more  rhythmic-bedded
dark  shale  in  darker.   less  fossiliferous  carbonate  matrix:   (2)
Occasionally  carbonate  with  elevated  gamma  ray  (GR)   log  values  on  south

coincide  With  units  t.ith  greater  concentration  of  dispersed  organic
natter;   (3)  GR  spectralog  reveals  higher.  concentration  of  uranium;    (4)
Also  quartz  silt  concentration  is  greater  in  south  and  also  extreme
north:   (5)  Concentrations  of  fossil  debris  and  zones  of  pyrlte-rich
shale  Suggest  periods  of  decreased  sedimentation  on  southel'n  shelf.
Recurring,   episodic,   dysaerobic  bottom  conditions  typify   lower

regressive  caLrbonate  on  southern  shelf .
Heckel   (1977)  noted   lack  of  micl.itization  of  grains   in   lower  portion  of

upper  carbonate;   Concluded  too  deep  for  proliferation  of  blue  green  or
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green  algae  (~100  in);   However,   endolithic  fungal   borings  down  to  nearly
800  in  in  modern  ocean;   Unabraided  skeletal   fragments  still   indicate

relatively  deep  water.
I-Zone:     unusual   in  that  (1)  shallolirwater  indicators  throughout  cyclothem

along  entire  northern  shelf ;   (2)  Regressive  carbonate  pinches  out  along
northern  border  in  relatively  thin  upper  shale;   (3)  Pinchout  of
carbonate  not  because  overwhelmed  by  terrigenous  detritus;   (4)  Prominent

paleosol  seen  in  core  on  northern  shelf  in  interval  of  red  shale  where
marine  portion  of  I-Zone  should  be;   Suggest  slow  sediment  accumulation

during  emergence  of  northern  shelf ;   Marine  I-Zone  to  south  and  exposure
to  north  support  regional  slope  to  shelf.

UDDer  Part  of  Regressive  Carbonate

Lighter  colored,   thickest  lithofacies,   shallow iirater  conditions,  high  and
low  energy,   but  much  variability;   limited  fauna:     mudstones  with  high

spired  gastropod,  concentrations  of  ostracods,   tubular  forams,   small
bivalves;   peloids,   laminations,   mudcracks,   fenestral  fabric  is  coirmon,

algal  stl`omatolites;   On  upper  shelf  grainstones  are  more  commonly  only

lightly  coated  bioclasts   (0.5  to  2  n  in  thickness);  Grains  are  generally

poorly preserved,  usually nicritized  or  dissolved.
Envlronnents  interpreted  to  be  shallow  or  restricted  (shelf,  bay,   lagoon),

intertidal,   and  supratidal--a  complex  facies  mozaic  (unlike
terrigenous).     No  significant  imf lux  of  tel.rlgenous  detritus  during  this
time  in  contrast  to  southeast  Kansas.

Environmental  conditions  represented:

Restl'icte¢:     impoverished  fauna,   low  biotic  productivity,   low  diversity,
abundant  mud,   abundant  burrotos;   suggesting  slow-.Irater  circulation,
abnormal   salinity,  depleted  nutrients,  temperature  extremes,  slow
sedimentat ion .

Intertidal:     laminations,  fenestrae,  oncolites,  mud  cracks,  vertical
burrows,   intraclasts.

Supratida±:     stronatolites,  mud  cracks,  f lat-pebble  conglomerate,   intra-
stratal  dolomite,   evaporites,   horizontal   laminations   (no  burrows).

Shallow-water  mozaic  sedimentation,   diachronous  across  an  inclined  Slope;
Early  diagenesis  is  variable  but  pronounced,   varying  according  to  posi-
tion  on  Shelf ,   from  longest  period  of  early  diagenesis  on  north  to
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shortest   on   south;    Slope   perhaps   inclined   0.5   ft/mi.    (0.1   n/kin)   minimum;

Shallow  water  deposits  comprise  thin  veneer  only  several  meter.s  thick  at

most  locations  perhaps  limited  by  restriction  of  time  that  shelf  is
occupied  by  shallow water  conditions;   Model   is  important  in  developing

concept  for  reservoir  tr`ends  on  shelf;   Need  to  reconstruct  shelf
configuration  and  go  through  development  of  cycle.     Use  abundant  wire-
line  logs  to  piece  lithofacies  together.     Noted  differences  in  character
of  cycles  exist  ln  this  area.

Generally  thicker  or  greater  propor.tion  of  grainstones  over  CA  and  CKU  than
NW  shelf;   Local  paleohighs  are  sites  where  concentrations  of  grainstones
occurred   (Watney,   1980).

Oolites  dominate  upper  portion  of  upper  carbonate  across  southern  shelf  in
3  of  the  4  cycles  studied;   Thickness  of  oolitic  grainstone  ln  south
exceeds  that  of  entire  cycle  on  northern  shelf ;   Must  ref lect  change  in
shelf  setting.     Use  regional   maps  to  aid  in   interpr.etation.

General   limited  thickness  but  extreme  areal  extent  of  shallowest water
facies;  Abrupt  transition  from  subtidal,   open  marine  deposits  to
shal low-water  sediments  suggest  shal lowing developed  independent  of
sedimentation,   i.e.,   not   simply  progr.adation  and  aggradation  of  shelf.

Examples  of  upper  portion  of  regl`essive  carbonate:

Nicholson   (D)   --Light-colored  micrite  with  I.estricted  fauna.

Rathe  (I))  --Burrow  mottled,   very  silty  wackestone,   sparsely
fossllifel.ous,   scattered  brachiopods  and  crinoids.

Ohlson  (J)  --Laminated  limestone  with  intervals  of  fenestral   fabric;
some  of  voids  filled  with  internal  sediment  and  qual.tz  silt.

Dorr   (11)   --Algal   stronatolite.
Ainsworth  (H)  --  Birdseye  structure,   irregular  fractures,   brown  altered

rim  around  fractures  and  vugs,   internal  quartz  sediment.
Bartosovsky  (H)  --Thin  section  vuggy,   clotted,   pelloidal   line  mudstone,

unf oss i 1 i f erous .

Stegnan  (K)  --Base  of  skeletal  grainstone  with  patches  of  oil

saturation;   sharp  basal   contact.
Conover   (K)   --Cross  stratified  oolite.
Litsey  (K)  --Oolitic  gI.ainstone  with  molds  of  cemented  oolite;   partial

dissolution  and  collapse  of  cement  and  molds  of  ooid8.
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Findlay  (J)  --Significant  dissolution  of  a   lime  wackestone  with  infil-
tration  of  internal  sediment--green  silty  shale,  altered  oil-stained
rim  around   voids.

Findlay  (J)  --Unfossiliferous  mudstone  cut  by  vertically  oriented  voids
filled  by  green  shale,   also  fracturing  of  carbonate.     (.3  meters
above   last  sample).

I)orr  (J)   --In  situ  breccia  of  pelloidal  mudstone,   original ly  mirdcracked

and  probably  ripped  up.

Riedel  --Similar  to  previous  slide  with  fitted  clasts  of  lime mudstone
in filled  by  shale.

Diagenesis  of  Regressive  Cal`bonate

Early  freshwater  diagenesis  is  very  important  in  porosity  development  and

porosity  occlusion;   Early  diagenesis  is  cr.itical   to  development  of  oil
and  gas  resel`voirs  in  LKC.     Later  stage  dissolution  may  be  locally
important.     Also   fracturing.

*Dissolution  of  unstable  grains  and  skeletal  material,   particularly:

phylloid  algae
oollte
bioclasts

Provide  secondary  porosity;   dissolved  carbonate  may  also  occlude  what  was
once  primary  porosity:     intergranular  or  framework;   Relative
significance  of  fabric  selective  late  stage  dissolution  has  yet  to  be
demonstrated .

Examples  sholm  in  slides:

Prentice  --  Subaerial  crust  --  brown,  wavy  laminated  accretionary
mlcrite  lying  on  skeletal  packstone;   Voids  are  fenestral-like  and
interpreted  as  root  casts.

Prentice  --Thin  section  of  crust  --crinkly  laminated,  microcrystalline
calcite  with  rounded,  vertically  oriented  voids  interpreted  as  root
casts .

Miller  Z-1  --Thin  section  --horizontal  fracture  filled with  rounded
clasts  of  lirall   rock  carbonate;   Some  clasts  are  coated;   Edge  of

fracture  is  encrusted  with  broim  microcrystalline  nicrite  (caliche).
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Beauchamp   (H)   --  Thin  section,   packstone  or  grainstone;    Grains  are
solution  pitted  and  coated  by  br`own,   dense  micritic  cement  followed
by  fine  calcite  spar;  Some  of  dense  micrltlc  cement  has  pendant

shape  and  distribution   (hanging  beneath  gI`ains).     Pore   system
described  as  rectilinear.

Stegnan  (L)   --Top  zone,   subaerial  crust.
Ohlson  (H)  --Dlagenetlc  calcite,   dense  brolirn  caliche  clasts   ln  chalky

white  calcite;   Also  callche  matrix  precipitated  during  expansion  or
swelling  of  original  carbonate  fabric  with  precipitation  of  chalky
calcite  in  expanded  framework.     (Displacive  growth,   circumgranular
and  intragranular  cracking,   dissolution  of  quar.tz  grains).

Bathe  (G)  --  Mixed-pebble  carbonate  conglomerate  in  red,   silty-shale
matrix;  White,  powdery  nicritic  calcite  surrounds  clasts  interpreted
as   caliche.

Ohlson   (H)   --Unfossilifel`ous   lime  mudstone  cut  by  root  casts.

Denker   (H)   --Top,   gI`ade  downward   to   fitted   clasts   (±j}  §j£±±  br.eccia)

with  solution  rounding,  shale  infiltration.
Palmer  (J)  --Thin  section  of  wall  of  fissure   in  carbonate  filled  with

wall   rock  debris;   notice  unweathered  limestone  with  fusulinid.
Palmer  (J)  --Thin  section,   within  fissure  of  previous  slide,   corroded

grains  of  skeletal   carbonate  covered  by  brolm.  dense.  micritic
cal`bonate .

Blalr  (K)  --4mm  across  base.   alizerin-red-K  ferro  cyanide  stain  and
blue  plastic  inpregnation;  dissolved  ooids  or`  I.eplaced  with  fine

blocky,   low  Fe  calcite  suggesting  cementation  by  oxidizing  meteoric
waters;  oolltes  common  along  southern  shelf.

Conover  (K)  --Fine  blocky  calcite  cement,   dolospar  as  void  fill  and
replacement.    Syntaxial  overgrowths  of  calcite.

Nicholson  (D)   --Overpacked  bioclastic  packstone,   many  molds,   darkened

solution  embayed  edges.

Prentice   (G)   --Exterior  of  core  with  large  vugs.

Repeated  subaerial   exposure  of  tops  of  each  upper  carbonates  noted;  defined

by  carbonate  crusts,   paleosols  with  calichification  containing  root
casts  caliches,  soil-like  textures,  and  freshwater  vadose  features.
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SpagiaL_..v?riatlQn_in=diagenetic.overpr.i.n±±ng_.i.n..reg=±±.a.i_ve.__c.±ibgE±t.a:
(1)   Irregular  micritic  cements,   (2)  caliche-like  fine-crystalline
calcite  cements,   (3)   irregular,   menisus,   pendant,   blocky,   and  sparry
crystalline  cements;   (4)  Diagenetic  bt`eccias  and  conglomerates
re§tl`icted  to  northern  shelf  and   locally  over  CA  and  CKU;   (5)  Oxidation

and  red-colored  silicification.
Pervasive  dissolution  of  ooids  to  produce  oomoldic  porosity  with  local

cenentation  of  primary  pore  space.
Solution  fissur.es:     to  6m  below  surface  of  upper  carbonate  filled  with  red-

brol`rn,   silty  shale  and  carbonate  debris.     Channeling  and  Karat  in  north.
Local  anhydrite  lenses  and  caliche-like  patches  in  red  shales  along

northern  shelf.
Net  effect  of  subaerial   exposure  and  freshwater  percolation:     1)  leaching

of  grains,   and  matrix,   2)  recl`ystallization  of  nicrite;   3)  disturbance
of  original  depositional  fabric  by  vugs,  solution  cavities;  4)  still
best  continuous  porosity   in  grain-supported  textures,   i.e.,   important  to
identify  nature  of  depositional   environment.

More  intense  diagenesis  over  CKU  and  CA;   CKU   is  a  site  without  signif icant

shale  infiltration  to  occlude  pores:    Abundant  situ  breccias,   solu-
tion  channels,  nontectonic  fractures  on  CKU;   Suggest  that  this   location
on  shelf  was  more  positive.

Less  intense  diagenesis  to  south,   still  evidence  for  subaerial  exposure  in
south  with  thin  crusts  and  attendant  dissolution,   I.oot  penetrations,
calichification,   and  rectilinear,   micritic  cement.

Calichlf icatlon  Associated  with  Regressive  Cal`bonate

=5iEE::a:3og7.5

Nodular-chalky  callche  carbonate  exhibited  ln  top  of  H-Zone.
1)  displacive  growth  of  finely  crystalline  diagenetlc  calicite;
2)  circumgranular  and  intragranular  cracking:
3)  dissolution  of  quartz  grains,   little  if  any  original  depositionail

f abric  preserved.

twertz
Oil.cumgranular  cracking  in  thin  section,   4  mm  unstained  plane-polarized:

All  of  example  shown  is  diagenetic  calicite  (micro  crystalline  and
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spar);   Circumgranular  cracking  in  a  clotted  texture;  Part  and  parcel
of  soil  formation  during  extended  weathering  in  semi-arid  envir.onment

(evaporation  >precipitation).

*Palmer  10

Clasts  of  irall  rock  debris  settled  in  vertical  cavity,  interpl.eted as  a
solution  pipe,   lined  with  caliche  crust  (brown,  clotted,  micro-

crystalline  calcite).

*Prentice

Laminated  and  pisolitic  caliche  crust.

Crusts  common:     early  lithiflcation  and  better  chance  of  preset.vation  vs.
soft  caliche  or  soil.

Also  dolonitization  and  intense  recrystallizatlon  (mottling)  important  on
souther.n  shel.f:     mixing  of  waters.   greater  hydrologic  circulation  due  to

extensive  oolite  development.

REGRESSIVE   SHALE

Relatively  thin  (<9  in)  except   in  NW  and  extreme  SW;   Continental   deposit

here,   but  mal`ginal,   marine  deltaic  sedimentation  was  common  in  eastern
Kansas .

Typically,   only  a  veneer  of  shale  present;  Thickness  slowly decreases
southtrard .

Passively  fil ls  depositlonal  and structural ly-formed paleotography;  Red-
brown  al`gillaceous  siltstone  on  north  to  green  and  gray  silty  shale  to
south;   Soil  development  is  connon:  Caliche  nottling  abundant  on  north
associated  with  preservation  of  root  casts,   oxidation,   and  anastomoslng
shrinkage  cracks,  circungranular  cracks:  Some  root  casts  have  oriented-
clay   Skins   (cutans).

Examples  of  Regressive  Shale

LKC  strat  column

Bal`tosovsky  (J)  --Color-mottled,   silty  shale;  Nodules  are  nicritic

CarbonaLte  caliche  nodules:  Fr.actures,   vertical  fissures   lined  with
callche,   and  root  casts  are  abundant.

Bartosovsky  (J)  --Vertical  tubes  filled  with  softer  shale.
Reese  F-5  (K)   --Red-brolim,   oxidized,   silty  shale  with  caliche  nodules.

-26-



Wertz   (D)   --Thin  section.     Clotted  fabric  within  caliche  nodule  with

clast-like  areas  surrounded  by  sparry  calcite  (circuingranular
cracking).     Shades  of  darkening  indicating  periods  of  calcite  pre-
cipitation;   Fabric  developed  by  displacive  growth  of  microcrystalline
calcite .

Bartosov§ky  --Thin  Section.     Caliche  nodule  within  quartz  silt  matrix,
dissolution  of  quartz  grains  and  precipitation  of  sparry  calcite.

Bart  --Thin  section.     Root  casts  surrounded  by  micritic  caliche
calcite .

Regressive  shale  Succeeded  regressive  carbonate  in  subaerial  setting  I`ather
than  concurrent  deposition;   Thinning  over  CKU  suggests  that  this   loca-
tion  was  an  elevated  portion  of  shelf  as  previous  evidence  indicate.

*   (slide  only)   Depositional  model--Irwin

*   (slide  only)  Wilson  model   of  carbonate  shelf

Black  and  white  photos   in  these  notes:
*Figure  34--Lower  portion  of  upper  carbonate  on  southern  shelf .
*F±8Ta:Sos:::High-energy  gr.ainstone  facies  in  the  upper  portion  of  upper

*Figure  36-~High-energy  facies  in  the  upper  regressive  carbonate.
*Fi8¥;:r3l:;?estricted  marine,   shal low water  facles,  with  low  fauna|

*Figure  38--Carbonate  cements

-Figure  39--Fracturing
*Figure  40--Evidence  of  subaerial  exposure  ln  regressive  shale.
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Petroleum  Geolo LKC  production  map  for  Kansas

L-KC  major  contributor  to  oil   and  gas  production   in  Nebraska,   Kansas,   and

Panhandles  of  Oklahoma  and  Texas;   Ultimate  recovery  from  Pennsylvanian

rocks   in  Midcontinent  8.8  billion  bbls.   (1.26   billion   metric   tons),    3.79

of  which  from  giant  fields  (>100  million  bbls.),   2.7  billion  barrels

from  significant  fields  (25-100  million  bbls.);   one-fourth  ultimate  oil

production  estimated  will  come  from  Smaller  fields.
Hall-Gurney  discovel`ed  in  1931  now  occupying  Russell  and  Barton  counties,

Kansas:   The  only  giant  oil  field  ln  Kansas  producing  primarily  from  L-
KC;    139  million  bbls.   produced.

00IP  (Pennsylvanian  reservoirs)

Y!:i::;iv:i!aEr:g::::::I:Tom

=  5.75  billion
( .82  billion  metric   tons)

=  2  billion
(.29   billion  metric   tons)

All   f ield  OOIP   =   16   billion   (36  %  Penn  Cos)

All   field  ultimate  =  5.1   billion   (39*  Penn  Coo)

Recent  discoveries   in  LKC   50-300   BOPD   (7-43  metric   tons   per  day)

*   (slide  only)   Frequency  distribution  of  field  size  (*  wells)  versus  numbers

of  f ields;   8  divisions  of  study  area;   include  median  field  size  ranging
from  2  wells  to  5;   productive  surface  ar.ea  ranging  from  0.41  percent  to

14   percent   in  each  area.
CKU  one  of  most  densely  dl`illed  and  most  active  province  in  U.S.;   Very

mature;   Distribution  of  f ield  sizes  in  this  ar.ea  approximates  hyperbolic
distribution;   Less  defined  distl`ibution  in  developing  areas  like  western
Kansas .

*Table  4     (not  included)  --Field  data  of  selected  reservoirs

Selected  field  data  on  LKC  reservoirs;  Arbitrary  on  what  is  available  from

published  literature;   Recovery  factors  complicated  by  some  commlngled

production;   Certain  wells  ln  Gave  and  Trego  County  produce  as  much  as
150,000  bbls.  over  15  year  average  lifetime;   Production  in  excess  of
10,000  bbls.   per  day  was  common  early  in  history  of   larger  fields  on

CKU:     only  when  encountered  high  porosity  and  fracturing,   with  long  oil

colurm.
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Primary  reservoir  drive:     water  and  pressure  depletion  with  gas  cap  to
south .

2ndary  recovery  by waterf looding  in  these  reservoirs  can  come  close  to
doubling  the  pr.imary  production;   Significantly  I.educed  sweep  efficiency

in  many  reservoil`s  due  to  highly  discontinuous  porosity.
--Carbon  dioxide  injection:     (miscible  f lood)  are  a  possibility  for.  these

carbonate  reservoirs;   Miscibility  pressures  shown  experimentally  to  be
1200  to  1500  pal  and  are  within  range  of  original   reservoir  conditions.

Nearly half  of  original  oil  in  place  may  still  be  in a  reservoir after

primary  and  secondary  recovery  methods;   Incremental   recovery  from
tertiary  methods  like  carbon  dioxide  has  been  around  15%  of  the  original
oil   in  place;   Fea8lbillty  studies  need  to  be  done;   Knowledge  of  the

geology  of  these  reservoirs  is  essential.
Over  1/3  of  all   oil   discover.ies  from  I,KC  in  boom  period   in   1981,   1982;

small  fields,   stratigraphic  component  increasingly  important.

Collier  Flats  f ield
Recent  example  of  successful  dl`illing,   54  wells  have  produced  in  excess  of

million  bbls.   from  single  zone   in  LKC,   the  K-Zone;    IP  of  wells  commonly

exceeded  loo  BOPD;   Southerly  plunging  anticline;   Dry  hole  updip  where

porosity   pinchout   occurs.
Western  Kansas:   Limited  structure  closure,  areal   restriction  of  porosity;

Many  small  single  pay fields  are  common;  However  still  potential  for

multipay;   e.g.,   Cahoj   field  discovered  in  1959  produced  over  6.9  million

bbls.   from  28  wells  from  all   zones;   Field   located  on  prominent  dome  with

demonstrable  paleo  relief  during  deposition  (Watney,   1980).

Exploration  philosophy:     think  subtle,   combination  structures  and  strati-

graphic  traps;     Llthofacie8  distribution  is  an  important  part  of
porosity  distribution.    Development  of  models  to  classify  reservoir
systems  based  on  lithology,  pore  types--primary  and  secondary,  geometry
of  reservoir  quality  rock.

In±e_g_Eatign__of   L±±nqfecie§_and__Wireline  I!9gs

Log  response  generally  not  unique  to  lithofacies  because  bulk  composition
of  rock  can  vary  considerably.    Wireline  logs  respond  to  change  in
lithology,   pore  volume,   and  composition  of  f luid  in  pores.
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Modern   logs  are  standardized  and  calibrated;   Some  are  mol.e  sensitive  to
lithology;   Measure  new  properties  of  rock  and  therefor`e  are  more

dil`ectly  applicable  to  interpretation  of  physical  and  chemical  nature  of
rocks   because  of   characteristic   I.esponses.

Well   logs  have  been  crux  of  exploration  program  in  western  Kansas  since  the

1940's:     porosity,   detection  of  hydrocarbons,   lithology;   Most  effective
and   economic   suite:      GR   (gamma   ray),   N   (neutron),   R   (guard,    lateralog,

focused  induction).
Identify   lithology  when  tied  closely  to  core,   i.e.,   limestone,   shale,

sandstone .
X-plots  of  wells  to  compare wells  in  diffel`ent  areas  or  reveal  vertical

trends  in  a  cyclothem.

F±gY::r::==€§-¥Je:±R:i8n:?LCLjtts±Yngmsarge±sncr°±fpts±toundy;   Readings  at  one  foot

Area  of  clastic  imf lux,   thin  mudstone-wackestone,   regressive  shale  and
marine  shale  not  distinguishable   (intermediate  GR-N);  Frequency  I)±g±  of

GR  values  sampled  on  per  foot  basis  expressed  as  normalized  percent--
bimodal  with  small   peal(  for   limited  clean  carbonate.

Similar  to  wells  on  NW  shelf--low  GR  marine  shale,   thick  regressive  shale,
and  thin  regressive  carbonate;
terrigenous   imf lux.

tered points  more  characteristic  of

Figure  42--GR-N  cross  plot.
*Hughes  well   in  Thomas   County,   NW  Kansas.

Note  wide  spread  of  GR  frequency  plot  ranging  fr.om  clean  carbonate  to
marine  shale;   Marine  shale  above  160  API  units,   is  dark  gray  shale.

Circular  pattern  of  lithofacies  succession  on  GR-N  cross  plot;   Significant
spread  between  the  lithofacle8;  Suggest  significant  differences  in
environment  on  shelf.

Flguw:i];?--GR-N  Cross  plot  in  oolitic  bearing  cycle  on  southern  shelf  (Lee

Can  distinguish  4  components  of  cyclothen  on  wireline  log  for  reasons

pr.eviously  described  (Watney,   1979).

E#ff::tF::ea:Ea:r:h:o€°i]nLc°iwu±dnegd f±£ngunroetses(.3]-16)  are  on ly  references  to  a
Figure  3,   p.   82,   Watney,   1979--Index  nap

Fig:;:8r:;k:..  85.   Watney,   1979--Conceptual   Strat.   cross  section,   NW  Kansas-SW
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Figur`e  5,   p.   86,   Watney,    1979--N-S   lithofacies  X-Section  with  wireline   logs.

F±guw:ii?'6P:v8c7i'otwhaetmnseyc'arLb9o7n9a-t-eGSR-dN±sxt-±PnLc°ttf°rfomresphraeLseesn.tative.innershelf

Figure  7,   p.   88,   Watney,   1979--GR-N  X-plot;   landward  position

Same  6  cyclothems,   no  dark  shale  but  have  spread  between  limestone  and

shale,   i.e.,   carbonate   is   I.elatively   pure.
Figur`e   8,   p.   89,   Watney,    1979--GR-N  X-plot  northwest  shelf ,   off  CA.

Area  of  more  elastic  imf lux;   Substantial  decrease  ln  contl`ast  between
marine  and  r`egressive  shale  (composition,   oxidized);   Regressive

carbonates  less  pul.e--more  silt  and  shale  intercolations  and  dispersed,
also  infiltration  of  shale  into  pore  space;   Neal`shore  marine  car.bonate
and  continental  shales  with  decreased  difference,   eventual ly  converge
and  distinctive  log  §1gnatures  are  lost.

Fig:::ifit¥bn9°i'nwnaotrntehyw'esLt9;79g-I-asdh±aeLnet:stceaerpbs°n±anteNwrastelc°tomra.PofG-zone.elastic

Figure   10,   p.   91,   Watney,    1979--Max.   GR  clef lection   ln  marine   shale   of   G-Zone.

Peak  reaches  plateau  at  ].ust  over  ZOO  API  units;   minimum,   shale  base  line

around  80  API  units   (GR  f loor  for  shale),  which   is  same  as  regressive

shale;  Therefore  essentially  loose  distinction  between  two  shales  in
northern  region.

Figure  11,   p.   92,   Watney,   1979--Major  peak  heights  from  x-I.ay  diffraction  for

selected  minerals  distinguished  as  to  marine  or  regressive  shales;   Quartz
and  feldspar  peaks  constantly  greater  for  I.egressive  shales;   100  A  peak  of
mica  and  illite  also  usually  higher  in  regressive  shales;   Muscovite  more
abundant  in  regressive  shale.

Calcite  and  dolomite  generally  higher  in  marine  shale;  Also  clay  fraction

gI-eater  ln  marine  shale.
Average  dark  shale's  uranium  context  vary  from  3-250  ppm;   Heebner  Shale

30-50  ppn;   Average   shale  3.7   ppm  ur.anlum  with   range   of   1-13   ppm.

Lower  regressive  carbonate  --  elevated  GR  thought  due  to  uranium  found  in
dispersed  organic  matter;   Shale  fraction  generally  not  gI`eat  enough  to
account  for  GR  level;   Organic  matter  ls  observed  ln  thin  section  in

these  carbonates.

Figure  16,   p.   97,   Watney.   1979--X-plot  of  G-Zone  with  phylloid  algae.
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MAPPING   WITH   WIRELINE   LOGS    IN   K-ZONE

Use  available  cores  (framework)  to  ID  lithofacies  and  translate  to  wireline
logs.     Well  density  in  this  study  averages  1  well   per  34  km2  or  every

5.8  kin  (2300  wel ls).

Objective  of  mapping:

1)  Define  the  configuration  of  shelf .
2)  Determine  the  effects  that  the  shelf  configuration  had  on  lithofacies

distribution.
3)  Define  patterns  and  trends  on  maps  to  help  interpolate  very  limited

lithofacles  data  and  relate  to  I`eservoir  developntent.
4)  Evaluate  possible  causes  of  cyclicity.

Marine  Interval  Isopach
Figure  44--Marine  interval   isopach  of  K-Zone.

Thickness  of  marine  shale  ls  generally  insignificant,   compared  to  thickness
of  regressive  carbonate.     Exception  to  this   is   in  extreme  NW  and  SW

napped  area  where  inf lux  of  terrigenous  detritus  occurred.     Cal`bonate

buildups  resulted  from  accumulation  of  grainstone  (high  energy),   ol`
mudbank  consisting  of   line  mud  trapped  by  or.ganisms   like  phylloid  algae

(e.g.,  Watney,1980;   Ebanks  and  Watney,1985).
Grainstone  can  also  occupy  pr.e-existing  bathymetl`ic  low  or.  alternately,

along  bathymetric  highs  without  significant  addition  to  thickness.     For
example,  grains  such  as  oolite  could  be  formed  on  posltlve  shelf   loca-
tlons  and  reworked  into  adjacent  lows.

Identify  favorable  I`eservoir  rock  most  rapidly  assessed  by  magnitude  and
kind  of  porosity.     Need  to  interpret  depositional   environment  (and
assign  facies)  and  determine  extent  of  diagenesls  and  their  relationship
to  porosity  in  order  to  identify  parameters  to  map  and  predict  reservoir
development .

Best  reservoir  quality  in  LKC  most  commonly  associated  with  rocks  deposited
originally  in  high  energy  environments.     Grain  support  provides  rigid
architecture  and  network  that  assists  in  perculation  of  undersaturated
waters  and   leaching  of  grains  and  mud.

Thick  mudbanks  are  possible  sites  for  early  leaching  by  meteoric  water  as
shelf  becomes  emergent  or  constrains  f low  of  undersaturated  subsurface
waters .
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Mar.ine  interval   isopach  map  regional ly  thickens  southward  or  basinward  and
suggests  differential  subsidence  increased  to  south.     Sedimentary  facies
and  dlagenesis  do  val`v  across  shelf  sympathetic  to  this  trend  and
suggest  differential  I.elief  during  deposition  of  the  cyclothem.

Trends  recognized  on  map  of  mal`ine  interval  of  K-Zone,   lowermost  of  cycles

studied :
1)   thickening  along  arcuate  trend,   concave  to  west;   32  kin  wide  which

runs  240  kin  fr'om  Wallace  County  to  Stanton  County;

2)   thick  lobate  volume  in  Haskell  County;
3)   elongate  multilobed  area  extending  W-NW  to  E-SE;

4)   narrow  N-S  trending  lobe  in  Rice  and  Reno  counties;

5)   generally  a  marked  regional  southward  thickening  south  of  35-40  foot

contours .
Note,   all  significant  local  anomalies  occur  in  the  southern  region.     Mal`ine

interval   is  thin  over  the  northern  shelf  and  along  the  CKU  (outline).

*Figure  45--Thickness  of  porous  carbonate

Map  depicts  thickness  of  porous  carbonate  above  8  percent  porosity.     Pore

space  above  8  percent  is  generally  permeable   (>0.4  md).     Another  method

is  to  use  the  porosity-feet  map.    Both  are  good  indices  of  favorable
reservoir  rock  except  for:     1)  oomoldic  carbonate  rock,   commonly  with

low  permeability,   but  high  porosity  (>20*);   2)  pot.osity  in  fractur.ed

carbonate  rock   (pel`meable  even  below  8%  porosity).

Porosity  is  commonly  restr.1cted  to  upper  portion  of   regr`esslve  carbonate.

May  want  to  map  porosity  distribution  in  upper  and  lower  intervals  of
this  carbonate.

Close  correspondence  with  marine  interval  thickness:
1)   lobate  pattern  in  southwestern  napped  area  16-24  kn  wide;

2)   belt  of  multilobed  porous  carbonate  development  along  240  kin  line
extending  from  NW  to  SE;   Closely  coincides  with  35-foot   isopach  of

marine  interval  thickness;
3)   Substantial   porosity  developnLent  in  excess  of  8n  in  southwest;   Area

is  immediately  south  of  site  of   local   thinning;   Area  of  thinning  on
this  map  is  also  thin  on  marine  interval  isopach  map;   Porosity  and
inter.val  thickness  vary  closely    across  shelf ;   Both  are  thin  across
northel`n   shelf.
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Figure  46--marine  interval  percentage
Regl`essive  shale  at  top  of  K-Zone  typically  has  many  characteristics  of

soil  development.     Watney  (1980)  illustrated  that  the  unit  character-
istically  thins  over  paleohighs   in  NW  Kansas  and  SW  Nebraska.

Paleotopography  was  created  because  of  buildup  of  underlying  carbonate
or  stl.uctural  growth.     The  I.egl.essive  shale  is  interpreted  to  passively
fill   in  and  diminish  this  relief.     Regionally,   the  I.egressive  shale:     1)

thins  dramatically  to  the  south;   2)  thins  over  the  CKU;   3)  on  the

southern  shelf  lt  reaches  the  mlninum  detection  limit  on  wil`ellne   log

(1-2  ft.);   4)   local   lobe  of  thickened  regressive  shale  in  the  SW-napped
area  coincide  with  a  thinning  of  the  marine  inter.val   isopach  and  thick-
ness  map  of  porous   carbonate.

Regional  distribution  of  the  regressive  shale  forms  a  broad  apron  of
terrigenous  detritus  thickening  toward  source  area  in  the  nor.th.
Regressive  Shale  is  up  to  3  n  thick  in  areas  with  napped  values  here  of
<70*  marine   interval.

Napped  values  here  of  >90%  typify  southern  shelf.     Map  reveals  an  arcuate

buildup  of  carbonate  ln  the  southwest.     Southern  CKU  also   is  an  area  of
>90%  narlne  interval,   1.e.,   very  thin  regressive  shale.     An  area  of

ntaxlmun  thlnnlng  of  marine  interval  occurs   in  Barton  and  Rush  counties

over  a  feature  called  the  Rush  Rib.     It  is  a  Precambrian  horst  where  the
Kansas  City  Group  rests  directly  on  Pr.ecambr.lan.     The  area   is  thought  to

lack  terl`igenous  detritus  because  of  its  topographic  I`elief.

Figure  47--Maximum  GR  nap

GR  values  >160  API  units  are  associated  with  black  shales.     Those  shales

rich  in  certain  organic  matter,  also  have  elevated  GR  values  thought  to
be  related  to  uranium  (Watney,   1979)

In  the  northern  study  area  the  GR  values  of  the  regressive  shale  and  marine
shale  vary  between  70-loo  (low  values,  average  for  non-organic  rich
shale) .

Many  areas  on  the  CKU  are  sites  of   low  GR  values  in  marine  shale.

Thickness  of  shale  under  0.5  in  would  fall  below  resolution  of  GR  tool--

including  Some  areas  on  uplift.     Cores  however  confirm  change  of  black
shale  to  non-black  facles  over  crest  of  CKU  and  local  plnchout  of  marine
shale  altogether.

-34-



Sites  of   low  GR  values  on  CKU  are  also   locations  of  (1)  thin  marine

interval,   (2)  regressive  shale,   and  (3)  thin  overall  Kansas  City
interval .

CA  and  Pratt  anticline  al`e  also  location  of   low  GR  values.    GR  values  al`e

also   low  ln  SW  Kansas,   but  mar.ine   interval   her.e  is  thicker.     This

thickening  in  the  local   southwestern  area  appears  to  be  primarily  due  to
an  increase  in  terrigenous  clastics,  suggesting  that  this  area  was
likely  a  positive  location  on  the  shelf.

Cimmaron  Arch  immediately  off  the  nap  to  the  west  nay  have  extended  east-

ward  into  the  napped  area  during  the  deposition  of  this  cyclothen.     The
nap  of  naxinun  GR  may  ref lect  (a)  circulation  near  sea  f loop  dur`ing

deposition  of  the  marine  shale,   (b)  rate  of  sedimentation,   or  (c)   level
of  anoxic  bottom  conditions.     Most  signif lcantly,   the  napped
distribution  may  be  a  function  of  bathymetry  which  affected  the  (1)
degree,    (2)   frequency,   and   (3)   duration  of   anoxic   conditions.

Only  6  in  of  thinning  of  the  marine  interval   is  noted  over  the  CKU.     This

probably  represents  mlnlnuni  relief,   but  appears  to  have  been  enough  to
affect  the  level   of  anoxic  conditions  or  cur.rent  action  which  may  have
winnowed  shale  from  these  paleohighs.

Figure  48--Percentage  thickness  of  K-Zone  in  four  cycle  package.
1)   In  excess  of  35%  around  arc   ln  southwest  Kansas   (around  positive  area);

2)  also  high  percentages  in  south-central;   and
3)   along  N-S  trend  in  southeastern  napped  area.
TI`ends  of  greater  interval   percent  in  SW  correspond  to  greater  thlcknesses

of  pot.ous  regressive  carbonate   (see  Figure  32).      Implied  here  that

depositional  relief  apparently  affects  thickness  of  succeeding cycles

( compensation) .

SuDmarv

Regional  thinning  of  marine  interval  is  supported  by  lithologic  data
indicating  positive  shelf  locations;   Other  maps  also  support  this

interpretation .

Subdivisions  of  shelf :

1)   Shelf :     broad,   gentle  subsidence  during  K-Zone;

2)   positive  areas:     less  subsidence;
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3)  areas  of  f lexure--areas  of  greater  subsidence  and  tilting  along
southern   shelf.

Positive:     CKU-CA,   southwest;   flexure:     southern  shelf  area,   facies.

Integration  of  Wireline  Log  and  Rock  Descriptions

UDper  regressive  carbonate:     Most  change  is  expected  in  this  interval
because  of  shallow  ilrater  envil`onnent   in  which   it  llras  deposited.      (A)

Greater  restricted  shallow  iiiater  facies  exist  on  northern  shelf  and  on
CA  and  CKU.      (8)   Mol`e  than  half  of   the  carbonate   in  these   locations  are

intertidal  and  supl.atidal   varying  from  low  to  high-energy  deposits.

(C)  Thick  oolitic  grainstone  are  common  in  southwestern  wells  while

(D)   thin,   abraided  bioclastic  gI'ainstone  are  locally  developed  on
northern   shelf.

Figure  49--Index  map  locating  core-log  examples.
F±g¥::i:£  ?i#£uEI=8°E:i::dTE:::::::  T#g i%ioi°::LdLess):ription  and  inter`pre-

Dorr  well,   poorly  sot.ted,  heavily  micritized  grainstone,   few  concentl`ic
laminations  around  particles.

Graphic  descriptions  utilize  gamma  ray,  neutron,  and  density  logs;   litho-
logic  column;   environmental   inter.pretation  ranging  from  open  marine,

stagnaLnt  marine,   slightly  restricted,   restricted,   very  restricted,  non-
narlne.

*Figure  51--Core  description  of  2-D  Stegman  well

*Figure  52--Core  description  of  4  Litsey  well

*F]g:;r%o5E%&:ec::ict}}PEi&%a%i  #6  Lemon  (from  Lemon  Ranch-Col lier  Flats  field

*Figure  54--Legend  for  Figures  51  to  53.

Note  expression  of  oolite  on  wireline   log  (Figure  sob).     Formation  and

accumulation  of  oolite  required  persistent  tidal  action  in  shallow water

(<2  or  3m).     The  oolite  is  recognizable  on  wireline   logs  as   very  clean
and  porous   (>15*)  intervals.     Thicker  porous  carbonate  near  top  of

regressive  carbonate  is  generally oolite  along  central  and  southern
shelf .

Northern  shelf  is  a  broad  platform  With  a  low  paleoslope  which  dampened
most  of  the  curl.ent  action;   Predominant  current  activity  probably
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resulted  from  episodic   local   storms  which  winnowed  f ines.     Only
significant  paleohighs  apparently  had  sufficient  relief  on  northern
shelf  to   locally  produce  oolitic  gr.ainstone  (Jennings  Anticline).

Southern  shelf  apparently  was  a  steeper  shelf  according  to  interpretation
of  isopach  maps.     Abrupt  thickening  of  porous  carbonate  occurs  along  the
northern  edge  of  southern  shelf.    Cores  and  cuttings  from  along  this
trend  indicate  that  oolitic  grainstone  corresponds  to  locations  of
abrupt  thickening  of  the  marine  interval.    The  break  in  slope  apparently
was  the  focus  for  currents  and  waves  during  late  regression.

Southwest  po8itlve  is  r`imned  on  its  south  side  by  unusually  thick  oolitic

grainstone  where  perhaps  the  greater  slope  developed  in  proximity  to  the
southern,   open  mar`lne  shelf  margin.

Figure  55--Hand  contoured  version,   thickness  of  porous  carbonate.
Reveals  trends  not  recognized  by  computer  contouring.     Note   lobate  patterns

of  porous  carbonate  (6-19n  maximum  thickness  2  to  8  kin  long--8  to  16  kn

wide);   Lobes  extend  northward  where  they  pinchout  along  the  zone  of

flexure  on  the  shelf.     Lobes  are  thought  to  be  analogous  to  modern

pl.ograding  spillover  lobes  of  oolite  developing along  coast  and  reworked
landward  by  storms  in  the  Bahamas;   However,   these  are  5X  larger  then

modern   examples.

The  modern  deposits  of  oolite  are  developed  on  a  platform  edge  facing  the
open  ocean.     In  this  ancient  example,   storm  surges  pushed  ooids  north-

ward  or  landward.    As  sea  level  dropped,   the  shoreline  retreated  south-
ward  across  shelf.    The  oolite  formation  required  pr.oxlmity  to  good

circulation  with  significant  wave  energy.
How  long  did  it  take  for  the  oollte  shoals  to  develop:     the  cycle  is

estimated  to  average  around  400,000  years  in  length;   Oolite  formation
during  latest  regression  perhaps  took  only  5*  of  this  time  or  ~20,000

years,   comparable  to  the  time  taken  by  the  Pleistocene-age  Hiani  oolite
to  develop  in  southern  Florida.    The  Miami  oolite  is  also  similar  in
size   to  this  deposit.

Oolite  prograded  to  the  south  with  tine  and  is  therefore  oldest  on
northern  side.    Oollte  accumulation  probably  occurred  while  a  great  part
of  the  northern  shelf  was  emergent.
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Figure  56--S-N   lithofacies  cross  section  of  K-Zone,   350  kin,   exagger.ated.

Sequence  of  events  in  formation  of  cyclothem:     widespread  ±±±psgress_±`¥£

limestone  deposition  with  little  reworking  of  underlying  sediment,
locally  sandy.     Black  sha±£  accumulation  in  south  and  central  (a  reflec-
tion  of  slow  accumulation  under  anoxic  conditions);   Perhaps  marine  shale

ref lect  pelagic  accumulation  (>50  in  Water  depth  over  much  of  shelf).

Dark  siltv  Doorlv  fossiliferous--lower  regressive  carbonate  on  southern

sbg,|f  began  carbonate  accumulation  during  §hallowing  of  the  water
following  accunulation  of  the  marine  shale;   Dur`ing  late  regression  the
upper  shelf  was  exposed  while  ooid  accumulation  occurred  in  south.
Limited  imf lux  of  terrigenous  detritus  occurred  on  northern  shelf  during
latest  regression.     Local  channeling  and  solution  of  carbonates  occul`red
on   the   upper   shelf   (I)uBois,    1979;    1985).

If  assume  simple  ramp  model   for  480  kin  wide  marine  shelf  from  western

Nebraska   across  Kansas   with  a   0.5   ft/mi.   (0.1   in/kin)   paleoslope   to   south

based  on  average  rate  of  thickening  of  isopach  maps  of  marine  intervals
the  minimulb  relief  across  the  shelf  would  be  48  in   less  the  amount  of

aggradation  averaging  some  9m  across  the  southern  shelf.     This  would
leave  39  in  minimum  change  in  sea   level  if  shelf  totally  exposed  at

conclusion  of  regression.     Maximum  tirater  depths  to  establish  anoxic
conditions  on  the  shelf  would  presumably  mean  somewhat  greater  water
depths  while  the  amount  of  fall  in  sea  level  to  permit  extended  exposul`e
of  shelf  may  have  also  extended  the  range  of  sea   level   change.

*Figure  57--Chronostratlgraphic  cross  section

The  duration  of  the  cyclothen  is  approximately  400,000  years;   Erosional
boundal`1es  isolated  the  deposit  in  time.    Also  subsequent  rapid  trams-

gresslon  following  emergence  helps  to  define  these  sequence  boundaries.
The  sequences,   constrained  by  changes  in  sea  level,   are  comparable  to
Frasier's   (1974)  Quaternary  sequences,   except   that  those  of  the

Quaternary  sediments  of  the  Gulf  Coast  are  dominated  by  terrigenous-
clastic

*F±8:;::t#-::a!£:::ati%7ni)  time-depositional  model  for  terrigenous  elastic
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Structural_I_Ep±icatiqns  of_Mappipg
Paleohighs  coincide  with  earlier,   prominent  tectonic  uplifts  and  secondary

tr.ends,  e.g.,  zone  of  f lexure.

Origin  of  locations  of  f lexure:     Tectonic  stress  created  by  subsiding
Anadarko  basin  probably  I.elated  to  thrusting  of  Wichita-Arbuckle
Mountains  (several   in.y.   long  episodes);   Location  of  f lexure  pel`haps

related  to  structural  grain  in  Precambrian  revealed  by  filtered
magnetics   intensity  map.

Natul`e  and  signif icance  of  SW  positive  area:     Later  in  Permian  the  SW

positive  became  an  important  al.ea  of  uplift,   while  earlier  pre-upper
Pennsylvanian  activity  was  insignificant.    Upper  Pennsylvanian uplift
was  precursor  to  later  structural  activity.

In  contrast,   dominate  NE  trend  in  southeastern  napped  area  coincides  with
magnetic   linears  associated  with  CNARS.    This  NE  trend  cross-cuts  older

Precambrian  grain  almost  at  right  angles.     CNARS  trend  is  younger  and

perhaps  less  well  healed  and  weaker  than  older  trend.     Also  inherent
nature  of  rift  includes  complex  faulting  perhaps  more  easily  reactivated
by  later  tectonic  forces.

Compare  K-Zone  with  J-,   I-,   and  H-Zones

Intercvclothen  variation--Changes  ln  shelf  conf iguratlon

*Plates  3,   4,   5   (J,I,   H)   (See  display)

Use  polynomial  trend  surface  modeling  of  thickness  of  marine  interval  for  4

cyclothems  to  summarize  changes  in   lithofacies  between  cyclothems

(Watney,    1985--see   paper   for   maps).
J  and  K-Zones  both  have  extensive  ar.eas  of  oolite  development  on  southern

shelf.     I  and  H  are  notably  different,   where  H-Zone  has  widespread
accumulations  of  mlcritic  buildups.

Marine  interval   is  a  good  naLp  to  summarize  changes  between  zones  because

it:     1)  depicts  structural  changes  on  shelf  and  2)   local   variations  in
carbonate  accumulation.

One  of  constraints  to  method  is  to  determine  best  statistical  f it  using
lowest  order  trend  surface.    Residuals  allow  focus  on  local  anomalies  so

desire  to  distinguish  between  geologically  significant  regional  and
local  patterns.
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Goodness  of  fit,   R2  ==  (sum  of  squares  residual/sum  of  squal`es  total)   *100

(*).

Skewnes§,    third   moment  about   mean.

Plot  of  goodness  of   fit,   versus  order  of  trend  for  H,   I,   J,   K  Zones.     (Slide
only) .

4-  and  5th-order  surfaces  f it   somewhat  poorer  for  K-Zone  then  in  I  or  J.
Marine  interval  thickness  data  of  H-Zone  is  least  well  fit  by  trend
surfaces   (all   orders  below  goodness  of  fit  of  50%),   i.e.,   because
surface  ls  n]ore  complicated  and  lacks  definitive  regional  trend
descl`ibed  by  polynonial   sur.faces.

Ske.irness   of   Residuals   (SLIDE   ONLY)

At  higher  orders,  the  skeimess  of  residuals  is  appreciably  reduced  for  H,
J,   I  while  skewness   increases  with  trend  order`  for  the  K-Zone   (positive

skewness  is  an  asynnetrical   plot  of  the  fr.equency  of  residuals  with  more

positive  deviations  than  negative).     In  order  to  optimize  the
statistical   fit  would  have  to  minimize  this  skewness,   but  we  are  also
inter.ested  in  preserving  the  geological  significance  of  the  residuals.

4th-ol`der  trend  surface  for  each  zone  was  chosen  to  represent  each  cycle
and  were  used  for  compar.ison.     This  order  provides  the  best  f it  at
lowest  order.     Higher  orders  contributed  smaller  increments  of  fit.

K-Zone  4th-or.der   tr.end   surface   (SI.IDE  ONLY)

Line  of   f lexure  interpreted  at  35  foot  (10  in)  separating  two  areas  of
contrasting  rates  of  thickening.    Oolite  ls  developed  south  of  this
line.     Rate  of  thickening  (north)  =  2.4  in/51  kn  =  0.05  in/kin.     Rate  of

thickening  on  southern  shelf  =  .07  n/kin,   slightly  greater  than  to  north.

K-Zone  4th-order  trend  surface  residual   (SI,II)E  ONLY)

Note  the  SW  positive  anontaly  associated  with  adjacent  oolite  shoals   inter-

preted  to  surround  it.    This  feature  probably  accounts  for  the  positive
skewness.     Note  the  very  thick  anomalous  strata  which  are  adjacent  to
the  southern  f lanks  of  the  CKU.    Also  note  that  the  Rush  Rib  is  the  site

of  very  thin  marine  interval  as  previously  described.     Notice  also  the
NW-SE  trend  in  the  western  napped  area  and  the  NE-SW  trend  in  the

southeastern  napped   region.
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Top   J-Base   J   lsopach      (5   -27   meters)    (SLIDE   ONLY)

J-Zone  4th-order  trend  surface   (SLIDE  ONLY)

Broadened  I.egion  of  thinning  occurs  over  northern  area  compared  to  the
under.lying  K-Zone  which  extends  significantly  west  of  CKU.      More

pronounced  thinning  is  noted  over  the  CA  than  in  the  K-Zone.    More
I.egionally  uniform  southward  thinning  is  apparent  over  napped  area  in  J
than  in  the  K-Zone  With  no  notable  thinning  in  SW.     35  to  40  foot

contours  identify  the  northern   libit  of  rapid  change  in  thickness.     This
regionally  abrupt  change  in  thickness  is  comparable  in  location  to  that
of  the  K-Zone,  but  displaced  slightly  southward.    Rate  thickening  on
northern  shelf   =  2.1   in/50  kin  =  0.04  n/kn.     Rate  thickening  on  southern
shelf  =  8.4  in/50  kin  =  0.17  in/kin,   which   is  greatest  rate  of  regional

thickening  recorded  in  the  four  successive  depositional   sequences.
A  Greater  amount  of  oolite  is  developed  across  the  southern  shelf  in  the  J-

Zone  than   in  any  of  the  other  cycles  Studied.
General   comments  about  J-Zone:      (1)  Depositional   gr.aim  of   the  J-Zone   is

more  W-E  than  K-Zone;   2)   dip  more  perpendicular  to   shelf  margin;   3)   SW

positive  is  now  an  insignificant  structure;  4)  more  extensive  higher.
energy  conditions  expected  across  shelf  in  the  northern  region  during
deposition  of  the  J-Zone  due  to  the  greater.  inclination  of  the  shelf.
More  E-W  ol`iented  tl.ends  in  response  to  southward  f lexing  of  shelf.

Prominent  N-S  trend  in  southeast.
*4th-order  trend  residual  of  thickness  J-Zone  marine  interval  isopach.

Local   thlcks  (oolite)   in  J  offset  those  in  K,  compensating  and  probably
filling  in  bottom  relief.     This  is  more  evidence  that  transgression  did
little  major  modification  to  earlier  deposits,   i.e.,   must  have  been
fast.     Enos  and  Perking  (1979)  describe  relict  Pleistocene  topography
which  is  common  along  shelf  margin  of  South  Florida.     There  may  be  an

analogous  situation  here  where  underlying  depositional  topography  on
oolite  lobes  imf luenced  sedimentation  of  succeeding  deposit.     The

transgressive  deposit  of  the  Holocene  sequence  is  relatively  thin and
connonly  was  deposited  in  a  high  energy  environment.

*Plate  3   (display):     Maps  of  J-Zone

Maxinub  Gamma  radiation  in  marine  shale:     Similar   locations  of  minimum  GR

to  K-Zone  (<160).
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Very   low  GR  levels  recorded  over  Rush  Rib,   an  area  also  with  a  thin  marine
interval.    Elevated  GR  values  noted  in  structural  sag  between  CA  and

CKU.    Variability  of  GR  appears  to  be  more  than  depth  related:     perhaps

variation  in  bottom  circulation,   pr`esence  of  local  depressions  on  sea
floor,  and  availability  of  organic  matter.

Percent  marine  interval   thickness  in  J-Zone:     position  of  CKU  appears  to

have  restricted  thickness  of  terrigenous  clastics  due  to  topographic
relief ;  a  separate  lobe  of  terrigenous  sedimentation  appears  to
originate   f ron   SW.

Porous  carbonate  in  J-Zone:     southern  shelf  in  excess  of  3  n  thick;   J-Zone
comprises  >40*  and  50*  of  entire  4-cyclothem  inter.val   in  Ford  and  Clark

counties.     This  thick,   extensive  deposit  of  carbonate  rock  represents  a
significant  accumulation  where  sedimentation  processes  were  probably
important  in  contl.ibuting  to  southerly  progl`adation  of  the  shoreline.

Figure  59--Index  map  for  logs  and  napped  area,   J-Zone  oolite  shoals.

Figure  60--Wireline  logs   1  and  2  on  index  map.

Figure  61--Wirellne   logs  3  and  4  on   index  map.

Figure  62--Hand  contoul`ed  J-Zone  porous  carbonate.

Fig:;::L€£:ap:::E?Ctive  diagram  of  thickness  of  porous  carbonate  of  J-zone  in

More  northward  finger-like  projections  of  porous  carbonate  similar  to  K-
Zone;   Oolite  indicated  from  cutting  sample  is  facies   in  which  porosity

is  developed.

Much  more  subtle  changes  over  NW  Shelf ,   £E!Z-!4

(This  set  of  illustrations  are  slides  only)
*Index  study  area
*Structure

mpg__c_a±__Qulet±gp
*Rwa=map   (>4   X   Rw=<50asw)    =    .28

>.2  colored  on  map
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Points
1.   Paleohighs  important  on  northern  shelf--sites  of  grainstone  accumula-

tion  and/or  more  intense  weathering,  and  consequent  extensive
secondary  porosity  or  occlusion  of  primary  porosity.

2.   Thin  deposits  of  reworked  carbonate  grains  do  not  necessarily  result

in  signif icant  thickening  of  regressive  carbonate.
3.   But  location  of  paleohigh  may  be  ref lected  in  subtle  changes   in

thickness  of  marine  interval   (marine  shale  +  regressive  Cos)  -

earlier  initiation  of  Co3  accumulation  on  paleohighs  because  of   less
tubidity  than  adjacent  areas.

4.   Need  to  examine  several   lines  of  evidence  to  establish  shelf  setting.
5.   Dlagenesls--another  problem  because  it  ls  complicated  by  multiple

events .

Top  to  base  H-Zone   isopach  trend  surface  mapping

H-Zone   4th-order   trend   sur`face   (SLIDE  ONLY)

Youngest  cyclothen  which  is  char`acterized  by  1)  marked  change  in  the  con-

figuration  of  the  shelf ;   with  much   less  range  in  thickness  up  to  12
meters  thick  versus  15  to  24  in  in  other  cycles;   2)  no  southward

thickening,   3)  no  significant  oolitic  facies  in  south;     4)  broad  area  of
thick  carbonate  I`ock  in  west  central   portion  of  napped  area  (160  kin  X  80

kin  in  size)  with  up  to  12  in  of  carbonate.     Rate  of   thickening  of  upper

shelf   is   0.36  in/50  kin  =  only  Q=9QZ  E£}sE   (vcr.y  small).      Rate  of

thickening  of   lower  shelf  in  SW  is  sane  as  north.     General   shelf

configuration  is  close  to  level  according  to  this  data.     In  extreme  SE
the  rate  of  thickening  is  0.06  in/kin  to  south,   which  is  perhaps  the  only
location  in  the  napped  area  of  the  H-Zone  that  can  be  considered  a  shelf
f I exul.e .

H-Zone  4th-order  trend  surface  residual   (SLIDE  ONLY)

Dominate  NW-SE  trend  to  residuals  is  similar  to  other  cycles,   but  signifi-

cant  thickened  carbonate  in  west-central  napped  area  which  probably
contributes  to  such  pgg£  £±±  g£  £bs  pg±.±zpg±±.±|  trend  surface  in  H-Zone.

Thickened  complex  is  nicrite-dominated  carbonate.
SW  positive  developed  during  K-Zone  accumulation  appears  to  have  been

active  again  and  perhaps  provided  (1)
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waves  generated  in  the  South.     The  (2)  relatively  level,   protected  area
to  the  NE  became  the  site  for  a  very  large  complex  of  micrite-dominated

carbonate  buildups   during  mid-regr`ession.

The  (3)   |e_ssr__inf|ined  s|g]2£  and  general   Stability  of  shelf  (quiescence  in

tectonic  activity?)  appears  to  have  produced  a   low  energy  shelf  setting,
at  least  relative  to  the earlier cycles.    The nearly flat  shelf  allowed
the  waves  and  currents  to  more  easily  dissipate  with  the  exception  over
local  paleohighs.   in  turn  providing  environments  conducive  to  the
accumulation  of   lime  mud.     Alternately,   perhaps  more  rapid  regression
occurred  during  the  H-Zone  limiting  the  tine  when  shoreline  could  rework
sedlnents  on  the  shelf  and  deposit  significant  accumulations  of

grainstone.     The  f orner  seems  to  be  best  supported  here.
(4)   Pronounced  thinning  also  is  noted  along  SE  margin  of  CKU  extending

southwal`d  off  the  napped  area.    This  appears  to  I`ef lect  progressive
southeastward  migration  of  the  positive  area  associated  with  the  CKU
through  the  period  of  time  represented  by  these  four  cyclothems.     The

period  of  most  rapid  extension  and  migration  of  this  positive  ar.ea  began
during  deposition  of   I-Zone.

On  maximum  GR  map  of  marine  shale  the  gamma  ray  readings  are  generally

lower  in  the  H-Zone  than  the  J  and  K,   particularly  over  CKU.     This

suggests  that  the  level  of  inundation  of  the  Sea  may  have  been  slightly
less  limiting  the  time  during  which  anoxic  conditions  could  be
developed.    This  corl.elates  with  an  overall  thinning  of  the  H-Zone

compared  to  J  and  K.     This  thinning  may  be  attributed  to   somewhat
shorter  period  of   inundation  of  the  H-Zone.     CA  not  as  positive,   i.e.,
the  GR  values  are  not  as  markedly   low  as   ln  the  J-aLnd  K-Zones.

TThe  high  GR  values  ln  the  area  of  carbonate  buildup  in  the  west-central
napped  area  suggests  that  the  location  ilras  a  slightly  lower  shelf
setting  and  site  of  accumulation  of  organic  matter.     Later,   during
regression,   this  area  became  a  protected  area  which   led  to  proliferation
of  phylloid  algae  and  accumulation  for  lime  mud  and  eventually  the
development  of  cairbonate  mounds.

Regressive  shale  is  more  uniformly  distributed  across  the  shelf  in  the  H-
Zone  as  one  might  anticipate  on  a  f latter  shelf.     Shale  is  thinnest:     1)
in  east  central  CKU;   2)  across  the  Pratt  anticline;   3)   in  the  SE  portion
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of  SW  positive;   4)  where  the  thick  marine  interval   in  Scott  County  is
located .

*  contribution  of  H-Zone  to  4  cycle  interval:     CA  interpreted  to  have  not
been  as  positive  as  suppor.ted  above:     H-Zone  occupies  >40*  of   the  4-

cycle  interval   in  Graham  County,   compared  to  less  than  20%  contribution
to  the  four-cycle  interval  along  the  southern  shelf.

Cores  indicate  sediments  are  predominantly  open  marine  in  NW  in  contrast  to
the  J-  and  K-Zones.     Furthermol`e,   there  is  a  greater  proportion  of  the
interval  conpri8ed  of  restricted  marine  deposits  in  the  SE  suggesting
that  this  area  was  most   positive   (#3  Denker   is  most  restricted).

Differential  relief  across  the  shelf  changed  gradually and  produced
secondary,   albeit  important  effects  on  sedimentation  patterns.     This  is
not  revealed  or  suggested  by  studying  gross  interval  isopach  of  four
cyclothems  alone.

Phylloid  algal  mounds   (slides  only)

;§!!§§§§!§§::§§!§::i:§!§§;g:!!:;:;!§§:i::;E2orieKs
**   CONCLUSIONS   FROM   REGIONAL   RAPPING
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**Summarv--Intercvclical  Variation.   Causes  and  Effects**

1)

2)

Differential structural   movement  of  shelf  occurred  as  it  tilted  and
subsided   in  conjunction  with  downwarping  of   Anadarko  basin.

Formation  of  lst-  and  2nd-order  structura
lines)  appear  to  be  related  to

l±£±i¥ifrz  (uplifts  and  flexure
basement  hetero eneit and  weakness

indicated  by  a)  sites  of  ancestl`al  uplift,   b)  faulting,   c)  geophysical
anomalies.     Isopach  mapping  important  to   identify  timing  with  respect  to
sedimentation  and  oil  migration.

3)  Precambrian  is  segmented  into  geologic  terl`anes,   each  with  varying

physical   strength,   i.e.,   I.igidity,   encouraging  propensity  to   operate
independently.     Some  blocks  are  strong,   unitized  and  generally  positive
while  others  ar.e  weak  and  possibly  fractured  or  faulted.

4)  Mechanical   integrity,   orientation  and  location,   sense  and  direction  of
forces  define  extent  of  movement  of  these  blocks.

5)  Evolution  of  a  single  tectonlc  event  causes  variation  in  stress.
6)   Oscillation  (up  and  down  movement)  of  shelf-wide  structural   deformation

is  not  demonstrated,   i.e.,   did  not  cause  the  change  in  sea  level  needed
to  produce  cyclothems;   Shelf  was  dominated  by  varying  degr.ees  of  subsi-

dence  during  successive  cyclothems.
7)   Western  Kansas  and  nor.ther.n  shelf  of  the  Anadarko  basin  during   late

Pennsylvanian  was  a  southward  tilted  ramp  modified  by  local,   resistant,

positive  elements.     Subtle  ridges,  domes,  and  f lexures  significantly
affected  sedimentation  and  diagenesls.     Porosity  distribution  is  linked
closely  with  grain-supported  rocks  which  either  provide  the  pr'inary

porosity  or  avenues  for  f luid  migration  to  create  secondary  porosity.
Late  stage  dissolution  may  also  be  focused  along  these  structures.

GENERAL   CONCI,USI0NS :

1)   Pennsylvanian  and  Permian  sedimentation  on  North  American  craton  is
repetitive,  generally  an  alternation  between  marine  and  non-marine
conditions  in  both  elastic  and  carbonate  rocks.

2)   Sedimentary  sequences  begin  with  a  thin  transgressive  facies  followed  by

Considerably  thicker  regl`essive  deposits.    The  sequences  in  clastic
deltaic  succession  are  commonly  obscured  by  dov`rncutting  of  the  younger

deposits  into  the  older  extensive  areas  of  deposition with  slow
subs idence .
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3)   Maximum  transgression  is  frequently  mal`ked  by  accumulation  of  thin  black
shale.     Fossils,   phosphate,   and  clay  texture  suggest  that  the  deposition
of  the  black  shale  was  very  slow  and  water  was  I.elatively  deep  (pelagic)

and  anoxic   (without  oxygen).     Some  deposits  of  black  shale  are  basin

wide  and  preliminary  work  has  provided  cor`relations  into  other  regions
and  basins.     These  black  shales  owe  their  color  to  the  abundance  of
organic  matter  which  is  commonly  oil-prone.    However,   the  level  of

thermal  maturation  of  these  Upper  Pennsylvanian  shales  is   low  and  appear
to  be  oil   or  gas  generative  in  southern  Kansas  and  Oklahoma.

4)  The  later  stages  of  development  of  these  cyclothems  are  usually

characterized  by  terrestl.ial,   subaer.ially  exposed  condltlons.     If  the
envir.onnent  is  favorable  a  thin  soil  can  be  formed.     These  deposits
appear  to  be  extensive,   yet  their  recognition  is  cominonly  based  on
identification  of  subtle  featur.es.     These  surfaces  conveniently  form
sequence  boundaries.

5)  The  characteristics  of  Pennsylvanian  cyclothems  strongly  suggests  that
interbasinal  processes  ar`e  active  in  the  formation  of  these  deposits,
namely  eustaitic  sea  level  change.

Hg..I.g£.ene_..Aria log_. to  Western .... Kans±.a.±e=.bgpat.e_Sbsl£

Ramp  model,   Arabian  Gulf   (Wilson  and  Jordan,   1983)

Arabian  Gulf  is  a  shallow  inland  sea  in  a  low  latitude  with  clear.  water.

The  Great  Pear.I   Bank  residing  on  the  shallow  western  side  of  the  Gulf

measures   150  X   100  kin.      The   entire  Arabia  Gulf   covers   1000  kin  X  350  kn,

a  shallow  shelf  ranging  from  20  to  80  deep.
Floor  of  much  of  the  Gulf  iras  laid  bare  by  Late  Pleistocene  sea  level

lowel`1ng.    Exposure  resulted  in  karst  drainage  and  formation  of  terraces
and  cuestas.     The  slope   in  the  Gulf   is  0.5  in/kn  compared  to  the

estimated  1  in/kin  paleoslope  in  Western  Kansas.     Local  highs  on  the  sea

f loor  are  sites  with  shoal-water,   bloclastic  grainstones,   many  now  ln
relatively  very  deep waters  during  the  present  period  of  high  sea  level
stand.     Dark  argillaceous  carbonate  mudstones  and  wackestones  are  now

accumulating  below  ~50  meters  Water  depth.     While  in  shallow-water,
flol luscan  veckestones  and  packstones  are  accumulating.

Average  Holocene  sediment  thickness:     only ?I,   but  only  relatively  short
tine  has  passed  (~5000  years)  since  sea   level  began  to  rise.
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Barl`1er  islands  have  formed  along  the  Trucial  coast,   an  area  along  the
southwestern  portion  of  the  Arabian  Gulf  where  the  coast  is  relatively
steep.     Here  bioclastic  carbonate  sands  are  f lanked  by  oolitic  sands
forming  beaches  and  aeolian  dunes,   some  up  to  20  in  high.     If  the  slope

is  great  enough,   oolites  are  likely  to  form  along  the  shoreline.     During

gradual   lowering  of  sea,   then  oolites  prograde  across  shelf.

Another  possible  analog  to  western  Kansas  carbonate  shelf--Yuccatan  shelf

(Sellwood,     1979).

Yuccatan  shelf   located  20-23  degrees  N  in  Gulf  of  Mexico.     It  is  a

peninsula  comprised  of  a  low  undulating  kar.stic  plain  without  surface
drainage.     The  shelf  covers  34,000  km2  (similar  in  size  to  western
Kansas),   on  which  a  thin  veneer  of  modern  sediments  have  been  deposited

covering  relict  Pleistocene  deposits.     This  shelf  is  160  to  290  kin  wide,
and  is  now  82  to  315  in  below  sea   level   along  its  outer   I.Caches.

Pertinent  aspects  about  geologic  histol`y  of  Yuccatan  shelf :     1)  terraces
cut  into  shelf  during  Holocene  rise  in  sea  level;   2)  all  of  shelf  is  now

gpfp  to  the   imf luence  of  the  ocean;     3)  co_ast_a_I__dque_rid_g£S±__P9I_a_±l£±j
-dominated  she 11   beach.     These

ridges,   evidence  of  high  energy  conditions,   formed  along  an  area  of
increased  slope  of  the  shelf.     The  Wisconsin   low  stand   is  marked  by  a

dune  ridge  at  130  meter.s.   The  inner  shelf  is  now  covered  by  mollusc-rich

skeletal  sand  and  coquina  deposited  over  submer'ged  carbonate  banks  and
scattered  shoal  water  deposits  formed  during  lower  sea  level.    Prior  to
inundation  widespread  Karst  was  developed  on  this  shelf.     Ooid-pellet

grainstones  were  locally  generated  seaward  of  the  series  of  conical
Karst  Rin`s   (paleohlghs).     The  outer  shelf  now   lies  below  60  in  in  water

depth,   the  location  of  the  Pleistocene  shoreline.    This  area  is  mantled
by  a  thin  veneer  of  relict  oolds,   peloids,   and  intraclasts  originating
from  of  the  Pleistocene  unit  with  little  modern  sediment  contribution.
The  shelf  below  90  n  is  primarily  composed  of  modern  deposits  of

planktonic  forams  (pelagic  environment  in  oxygenated  water  column)  over-
lying  portions  of  the  outermost  high-energy  Pleistocene  deposits  of  the
Yuccatan  shelf  margin.

The  Yuccatan  shelf  is  a  simple  ramp  where  high-energy  conditions  typify  the

present  day  shoreline  as  lt  did  in  the  past  during   lowered  sea   level.
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The  shoreline  migrated  as  sea  level  varied  dul`ing  the  Quaternary.     The
greatest  concentration  of  oolite  deposits  on  this  shelf  al`e  concentrated
around  its  outer  part  where  the  slope  as  greatest.    This  shelf  setting
appears  to  be  similar  to  that  of  the  Missour`ian   in  the  Hugoton
embavment .
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LIST  0F   FIGURES

Figure  1.       Map  of  the  state  of  Kansas  showing  the  ar.ea  studied  in
this  investigation  (light  dotted  pattern  in  napped  area  and  heavier
dotted  pattern   in  area  with  core  only)  and  that  of  Watney  (1980)   in
western  Kansas   (double  cl`oss  hatched  in  area  napped  and  cross  hatured
in  areas  studied  with  core  only).     The  surface  outcrop  of  the  Lansing
and  Kansas  City  gr'oups  is  identified  in  eastern  Kansas.     The  Central
Kansas  uplift   (CKU),   Cambridge  arch   (CA),   and  the  Nemaha  uplift   in
easter.n  Kansas  are  recognized  on  this  map  as  the  outlined  areas  where
the  Mississippian  strata  are  now  missing  due  to  erosional  truncation
along   the   edges   of   the   uplifts   (Merrian,   1963).     After   Watney   (1984).

Figul`e  2.        Township  map  of  western  Kansas   showing   locations  of
wireline   logs  and  cores  used  in  the  study  area.     Plus   (+)   symbol
indicates  those  wells  with  Mississippian  strata  below  the  Pennsyl-
vanian  and  circles   (o)  or  triangles   (   )   indicate  those  wells  that  do
not  have  Mississippian  strata  beneath  the  basal  Pennsylvanian  uncon-
formity.     Cores  are  identif led  by   larger  solid  dots.     Three  cores
are  from  Red  Willow  and  Hitchock  counties,   Nebraska.     Spacing  be-
tween  township  boundaries   is   6  miles   (10  Kin).      County   names   are
abbl`eviated   (see   Fig.    1).

Figure   3.        Str'atigraphic   nomenclature   of   the   Kansas   City  Group  and
cot.relation  with  informal   subsurface  units.

Figure  4.     Facies  comprising  Upper  Pennsylvanian  cyclothem  in
wester.n  Kansas.

Figure  5.     Second  order'  global  cycles  of  relative  sea-level  change
(coastal   onlap)  during  Phanerozoic  and  Kansas   stratigraphy.
Pennsylvanian  was  a  time  of  lower  relative  position  of  sea  level.

Figure  6.      Oxygen   isotope  trends   in  Cenozoic  foraminifera  from
Pacific  deep  sea  sediments   (from  Berger,1982).

Figure  7.     Paleozoic  basins   in  the   interior  of   the  U.S.   (after
Lidiak,    1982)   showing  the  depth  to  the  Precambrian  basement  in
thousands  of  feet.    During  the   late  Paleozoic  the  interior  of  the
craton  was  bordered  on  south  by  the  Appalachian-Ouachita-Marathon
ol`ogenic  systems  defining  the  southern  margin  of  the  basins   illus-
trated  here  and  on  the  north  by  the  Canadian  shield.     To  the  west  of
the  craton  lie  the  Wyoming  platform  and  the  Ancestral   Rocky  Moun-
tains .
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Figure  8.       Generalized  paleogeogr.aphic  map  of  the  western  Midcon-
tinent  during  the  Missourian  illustrating  major  depositional  facies
and  provenance  areas  for  the  siliciclastic  sediments  (from  Rascoe
and  Adler,   1983).        Contours  shown  represent   thickness  of   Missourian
strata  in  feet.    Dominant  terrigenous  elastic  source  is  the  uplifted
Ouachitas  mountains   (OM)   in   southeastern  Oklahoma   and  Arkansas.
Amarll lo-Wichita-Arbuckle  uplifts  (A-W-A),   Ancestl`al  Rocky  mountains
(AR),   and   Cimmaron  arch   (CIA)   provided   coarse-grained   terrigenous
debris  only  locally.     The  only  seaway  permitting  easy  access  of  open
marine  waters  onto  the  craton  during  the  Late  Pennsylvanian  was  the
approximately  100-mile-(160  kin)  wide  pass  between  the  Amarillo-
Wichita-Arbuckle  uplifts  and  the  Ancestral   Rocky  mountains   (Rascoe
and  Adler,1983;   Heckel,1977).     Carbonate  bank  along  southeastern
Anadarko  basin  margin   is  Belle  City  Limestone.

Figure  9.       Southwest  to  northeast  stratigraphic  cross  section  A-
A'   of  a  portion  of  the  Kansas  City  Group  including  the  H,   I,   J,   and
K-Zones.      Section  extends   260  miles   (410  kin)  northeastward  from  the
southern  part  of  the  study  area  across  the  northern  end  of  the
Central  Kansas  uplift  into  the  Salina  basin.     Logs  used  include
gamma   ray   (GR),    neutron   (N),    and   Later.olog   (LL).      Scales   for   these
logs  are  provided.     Datum  is  the  base  of  the  J-Zone.     Bases  of  H-
and  K-Zones  are  ruled  in  on  each   log  but  are  not  connected.     A
structural   cross  section  of  the  same  wells  is  included  as  an  inset
on  this  illustration.     Measured  depth  from  the  ground  surface  to  the
top  of  the  displayed  log  sections  range  from  4200  feet  on  the  south-
west  to  3200  feet  on  the  northeast.     Top  and  bottom  of  zones  are
identified.     Index  to  wells  included  on  cross  section:

Wel I  Name                                          Location

Thunderbir`d  #1   Maxwel i                     NWSW  32-23-29W
Go ff   *1   Chennel                                          SWSW   21-21-28W
Kern-Landis  *1  Ward                           SINE     4-19-26W
Hawley  Tr.   #2   Brungardt                  SWNE   13-15-25W
Slawson   #1-A  Weedin   TI..                    SllJNW     1-14-22W
Conoco  #9   Morel                                    NENENE   15-   9-21W
Imperial   *1   Lesage                         SESENE   18-   7-20W
Nat.    Assoc.    Pet.

*1-A  Laf f erty
I)reiling  et  al.

#1   Conway

NWSWSE   19-   4-19W

NESWSE      3-   3-13W

Figure  10  and  11.     (Figur.e  10)   Index  nap  for  section  A.-A',  a-8',   and
C-C'   and   structural   cross   section  of   C-C'.      (Figure   11)   West-
southwest  to  east-nor.theast  stratlgraphlc  cl.o8s  section  C-C'  across
the  extreme  southwestern  portion  of  the  study  area  intersecting  with
and  including  well   *4  ln  section  8-8'.       Western  portion  of  section
begins  on  the  southwest  positive  al`ea,   probably  an  extension  of  the
Clmmaron  arch   in  southeastern  Colorado.     Measured  depth  to  the  top  of
displayed  log  sections  range  from  3860  feet  on  the  west  to  3830  feet
on  east.     Ba8®8  of  H-  and  K-Zones  are  I.uled  on   logs.     The   index  of
wells  included  in  this  cross  section  are:
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Section Wel I   Nalne

TXO  #1   Bierig
Pan  American   #1   Dewell
La   Cima   Corp.   #1   Jones
Ashland  #5  Ray
Jones  and  Pellow

#1   Wedel
Pan  American  #1   Gamble
Kewannee  #1  Burnett
Five  Nations  #1   Copeland
Rains  and  Williamson

*1  Sloan
Glen  Rupe  #1   Titus
Knight  #3  Ewing

Location

NWSESW   34-30-42w
SWNE   19-30-39w
NWNE   21-29-34w
NWSE   21-29-34w

NWNWNW   15-29-31w
SWSE   22-29-28w

SWSESW   22-28-25w
NWNWNIIT   25-28-23w

SESE   27-28-20w
SWSW      4-26-19w

NWSENE      4-23-17w

Figure  12.       West  to  east  stratigraphic   cr.oss   section  8-8'   con-
structed  as  Figures  6  and  8  extending  across  the  southern  portion  of
the  area  of  study  including  the  southern  end  of  the  Central  Kansas
uplift.     Bases  of  H-and  K-Zones  are  ruled  on  logs.     Measured  depth
to  the  top  of  displayed   log-sections  range  fr.om  4350  feet  on  the
west  to  2830  feet  on  the  east.     Index  to  wells  included  in  the  cross
section   shown   in   figure   2.5:

Well                                        Well   Name

Deep  Rock  #1   Schartz
Dunne  and  Gardner

#1   Benish
Markley  #1   Brake
Knight  #3  Ewing
Sunray  #1  Keenan
Pan  American

#A-5  Teichman
Veeder  *4  Diets
Tomlinson  #7  Bressler
Conoco   *A-7   Warmer
Conoco  #5  Carlson
NCRA   *1   I,PG

Figure  13.     Example  of  output  for  database.

Location

NWNE   33-24-28w

W/2NWNE   9-24-24w
NWNE      6-24-20w

NWSENE     4-23-17w
SESWNE      2-22-14w

NENWSE   10-22-12W
SESESE      6-21-llW
SWNWNE   14-20-low
NWSWNW   36-18-   8W
SWNWNE   36-19-   6w
NENWSE   29-19-   4w

Figure  14.       Shaded  isopach  map  of  the  study  area  of  the  interval
from  the  base  of  the  K-Zone  to  the  base  of  the  Pennsylvanian.    Lower
Sur.face  is  a  major  unconformity.      Interval   includes   Mor.rowian,
Atokan,   Desmoinesian,   and  lower  Missourian.     Variable  shading  do-
notes   intervals  of  100  feet  (30  in)  with  dal.ker  areas  repr.esenting
thicker  strata.     Heavy  black  line 'surrounds  the  location  of  the
truncated  margin  of  the  Mississippian  strata  on  the  Central  Kansas
uplift   (CKU)   and  Cambridge   arch   (CA).     Hachured,    segmented   lines  are
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Precambrian  basement  faults   (from  Cole   (1976).      Downthrown   side   of
fault  is  hachured.     Light  dashed  rectangles  outline  counties  ln
western  Kansas.     Northern  border   is   the  the  Kansas-Nebraska  border.
This  structural   information  will   be  used  for  refer.ence  on  most  of  the
succeeding  maps.

Figure  15.       Shaded  isopach  map  of  the  interval   from  the  top  of  the
H-Zone  to  the  base  of  the  K-Zone.     Intervals  are  shaded  in   incre-
ments   of   10   feet   (3  in).      Labeled   contours  represent  20  feet  (6  in)
intervals.     Black  areas  along  the  southern  margins  of  the  study  area
exceed  180  feet   (55  n)  in  thickness.     County  boundaries  are  lighter
dashed  lines.     Noticeable  thinning  occurs  over  the  crest  of  the  CKU
and  CA.     Minor  thinning  is  noted  over  the  southwest  positive  area.

Figure  16.       Shaded  isopach  map  of  the  interval   from  the  top  of
the  Stone  Corral  Formation  (Leonardian,   Lower  Permian)   to  the  top  of
the  H-Zone.      Intervals  are  shaded   increments  of   ZOO   feet   (60  in)   and
labeled  contours  are  at  400-foot  intervals  (122  in).     Outlines  of  the
counties  and   the  CKU   and   CA   are   shown.

Figure   17   and   18   (a  and  b).     Contour  map  of  conf iguration  of  the
Precambr'ian  surface  for  western  Kansas   from  Cole   (1976):    (a)   western
study  al`ea  and  (b)  southern  study  area.     Countour  intel`val   is  50  feet
(15m).      Dots  represent  both  estimated   depths   to   Precambrian  and
actual  penetrations.  Southern  border  of  study  area  indicated  by  heavy
I ine .

Figure  19.       Structural   contour  map  of  the  top  of  the  K-Zone
regressive  (upper)  carbonate.     Sea  level   I.eference  datum  is  used.
Contour  interval   is  50  feet  (15  in).    Heavy  dashed   lines  al'e  struc-
tural   llneanents  identified  by  visual   interpretation  of  the  contours.
Black  areas  are  selected  large  L~KC  oil  fields  lying  off  of  the  CKU
and  along  prominent  positive  8tructur.al   features.     They  are  identi-
fied  as  follows:   C  -Cahoj,   J  -Jennings,   PP  -Pleasant  Prairie,   E  -
Eubanks,   VI   -Victory,   VO  -Voshell,   and  8  -Burrton.     Counties  ar.e
indicated  with  dashed   lines  and  names  are  abbreviated.    Townships  al`e
shovm  using  light  solid  lines  that  are  labeled  along  the  perimeters
of   the  napped  area.

Figure   20.       Oil   fields   of   western  Kansas   (see   index  map  inset).
Fields  that  are  identified  here  as  solid  black  areas  produce  oil
from  the  Lansing  and  Kansas  City  groups.     The  heavy  solid  lines
identify  the  area  of  study.     Much  of  the  production  is  f ron  the
northwest-trending  CKU  and  more  subtle  subparallel  trends  in  western
Kansas.    Northeasterly-trending  narrow  antlclines  are  sites  of  addi-
tional   oil   production  from  the  Lansing  and  Kansas  City  groups  in  the
southeastern  area  of  the  southern  Salina  and  Sedgwick  basins.
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Figure  21.    Contour  map  of  the  third-order  trend  surface  residual
of   top  K-Zone.      Contour   interval   is  50  feet   (15  in).      County   lines
are  dashed  and  the  outline  of  the  CKU  and  CA  is  noted  by  the  heavi-
est  black  line.     The  faults  that  offset  the  Precambrian  basement  are
noted  by  the  hachured  dashed   lines.

Figur.e  22.     Goodness  of  f it   in  percent   versus  trend  order.  for  top  K-
Zone .

Figure  23.       Precambrian  geology  and  geophysical   trends  in  the
northern  Hidcontinent   (after  Dutch,   1983).     Map  of  simplif ied  base-
ment  tel`rane  and  linear  gravity  and  magnetic  trends.  paralleling
elements  of  the  Precambrian  terrane.     Prominent  northeast  trend  of
the  1.1-billion-year-old  Midcontinent  rift  system  CNARS  or.  Central
North  American  Rift  System  cuts  the  older  accretionary  terrane  which
is  dominated  by  a  northwesterly  trend  over  the  southern  napped  area
including  Kansas.     CKU  parallels  the  nol`thwesterly  trends  and  the
Nenaha  uplift  the  northeastel`ly  trends.

Figure  24.       Filtered  map  of  the  total  magnetic  field  intensity  of
Yarger  (1983)  depicting  the  second  vertical  derivative  of  the  magne-
tic  field.       Dark  shaded  lineaments  and  patterns   illustr.ate  whet.e
the  gradient  in  the  magnetic  field  is  greatest.     The  map  identifies
probable  steep  contacts  between  rocks  of  contrasting  magnetizatlon
in  the  shallow  basement  such  as  might  be  produced  by  faulting  or
intrusion  of  mafic   igneous  rocks   (Yarger,    1983).     Filtering  enhances
the  short,  subparallel.  northeastel`ly-tl`ending  magnetic  pattern  of
the  CNARS.     Line  segments   likely  represent  graben  and  hor.st  system
intruded  by  gabbros.     The  area  of  attenuated  magnetic  signature
outlined  on  this  map  denotes  thick  clastic  sedimentary  str.ata  of  the
Precambrian  Rice  Formation,   sedimentary  rock  which  filled  the  rift
f eatur`e .

Figure  25.       Filtered  aeromagnetic  nap  of  western  Kansas  (modified
from  Yarger,   1983).     Map  is  a  pole  correction  of  the  total  magnetic
field.     The  distortion  caused  by  the  earth's  inclined  magnetic  field
ls  calculated  and  subtracted  from  the  original  map  of  the  total
magnetic  field  intensity.    Yarger  concluded  that  the  low-frequency,
genel`ally  nol`thwe§terly  trending  elements  shown  here  probably  repre-
sent  deep-seated  structure  of  the  Precambrian.     Yarger  identif led  a
prominent  boundary  between  the  two  terranes  of  contrasting  age  shown
on  this  map  by  the  heavy  line  crossing  the  napped  area.     CKU  and  CA
with  the  basement  faults  aire  also  shoim  on  the  map.

Figure  26.       Precambrian  terranes  ln  Kansas  and  immediate  adjacent
areas   (after  Yarger,    1983,   modified   from  Bickford   et  al,1981).
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Figure  27.     Structural   contour  map  of  the  top  of  the  Swope  Limestone
(K-Zone)   in  the  vicinity  of  Collier  Flats   field   in  Comanche  County,
Kansas.     All   but  two  holes  penetrate  the  Swope.     Contour  inter.val   is
25  feet.     Oil  wells  concentrated  along  crest  of  a  southeI`ly
plunging  anticline.     The  structul`ally  higher,   northern  edge  of  the
Collier  Flats  field  is  the  site  of  dry  holes   (Watney  and  Paul,
1983) .

Flgul`e  28.     Isopotential   map  of  Swope  Limestone  I`e§ervoir  in  Collier
Flats  field.     Illustration  accompanies  Figure  20  (Watney  and  Paul,
1983 ) .

Figure  29.     Basic  Kansas  cyclothem  characterizing  with  minor
modification  all  major  and  many  intermediate  marine  cycles  of
depo81tlon  across  northern  Midcontinent  Shelf  and  representing  one
sufficiently  slow  and  extensive  inundation  and  withdrawal  of  the  sea
to  produce  both  tl.ansgressive  and  regr.essive  limestones  and
intervening  black,   phosphatic  shale  facies  across  most  of  shelf.
Phases  of  deposition  ref lect  ranges  of  sea-level  stand.     Conodont
information  derived   from  Heckel   and  Baesemann   (1975)   and   Swade   (1985)
supplemented  by  thesis  and  other  unpublished  data.     Modified  from
Heckel   (1984b).

Figure  30.     Sea-level  curve  for.  part  of  Middle-Upper  Pennsylvanian
sequence  along  Midcontinent  outcrop  belt  and  near-subsurface,   based
on  shoreline  positions  estimated  from  (1)  farthest  basinward  extent
of   exposure  surfaces   (///)   and   f luvial-deltaic  complexes   (...)   for
low  stand,   and  (2)  fal`thest  shelf ward  extent  of  marine  horizons  for
more  mlnol`  cycles,   and  deepest-water  facies  preserved  at  northern
erosional   outcrop  limit  for  more  major  cycles,   to  estimate  high
stand.     Names  of  marine  cycles  are  on   left  side  of  curve.     Size  of
letters  ref lects  classification  of  cycles  as  lnajor.   intel`mediate,   or
minor.     Minor  cycles  detected  in  regressive  phase  of  Dennis  cycle  at
Stops   5A  &   7   are  not   §hoeirn.      Heckel,1985.

Figure  31.     Paleogeographlc  map  showing  probable  facies  I.elations
of  Upper  Pennsylvanian  Midcontinent  sea  dul`ing  deposition  of  marine
(lower)  shale  along  Midcontinent  outcrop  at  phase  of  maximum  trans-
gression  (from  Heckel,1980).     Hachured  lines  show  approxilate  loca-
tion  of  outcrop  (solid)  and  subcrop  (broken)   limits   of   Upper  Penn-
sylvanian  strata.    Short  dashes  show  facies  boundaries  and  north
llnit  of  Anadarko  basin.     Long  dashes  show  extent  of  sea.     Litho-
logic  symbols  are  standard.   with  some  explaination  or  emphasis
added.     Key  for  abbreviations  of  U.S.   cities  for   location  are  as
follows:      CA  -Casper,   Wyoming;   FW  -Fort  Worth,   Texas;   T  -Tulsa,
Oklahoma;   KC  -Kansas  City,   Missouri;   D  -Des   Moines,    Iowa;   C   -
Chicago,   Illinois;   L  -Louisville,  Kentucky.
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Figul`e  32.       Pattern  of  atmospheric  circulation  and  upwelling  for
Westphalian   (Late   Car.boniferous)   (from   Parrish,    1982).      At   the   cen-
ter  of  this  hemispherlc  map  is  the  Appalachian  mountains   in  the
eastern   U.S.      Base   maps   from   Scotese   et   al.    (1979).      The   upper   map
illustrates  the  locations  of  high  and  low  atmospheric  pr'essures  and
associated  circulation  pattern  of  surface  winds  during  the  northern
winter.      The   lower  map   is   the  same  area  for   the   nor.therm   summer.
Fine  double  diagonal-crossed  (darkest)  pattern  are  areas  of  poten-
tial  upwelling.     Areas  with  the  fine  dotted  patter.n  are  prominent
positive  areas.

Figure  33.       Gamma  ray-neutron  wireline  log  display  and  interpre-
tive  lithologies  of  Veail  *1  Peterson  well  from  northern  portion  of
the  study  area.     Scale  of  gamma-ray  curve  is  Apt  units.     Neutron
curve   ls  scaled   in  counts  per  second   (cp8).     Four.  cyclothems  are
identified  as  the  H-,   I-,   J-,   and  K-Zones.     The  top  of  each  interval
is  the  regressive  (upper)  shale  and  the  base  of  the  cyclothem  is  the
transgressive  unit  (lower  carbonate).     Note  that  both  the  transgres-
sive  unit  and  the  marine  (lower)  shale  are  not  distinctive  units   in
the  log  in  the  I-Zone.     The  marine  portion  of  the  cyclothem,   the
focus  of  the  isopach  mapping  described  later,   includes  all  divisions
of  the  cyclothem  except  the  regressive  (upper)  shale.

Figure  34.        Dark  mudstone  and  wackestone   in   lower  portion  of
upper  carbonate  facies  on  the  southern  shelf.     Photomicrographs  in
plane-polarized  light.

A.      KRM   #2-X  I,emon.   4779   feet.    lower.   portion   of   K-Zone  upper
carbonate.      Bar  scale  equals  0.5  mm.     Photomicrograph  of   very  silty,
argil laceous  bivalve  wackestone  containing  abundant  opaque  pyrite  as
finely disseminated  crystals  and  replacement  of  bivalve  shells.
Bivalves  are  concentrated  as  intermittent  layers  of  broken  Shells.
Stringers   of   amber-red   semiopaque   organic   matter   (?)   (a)  are   common.
Crinoids,   brachiopods,   and  bryozoan  and  rythmic  dark  gray  shale
layers  are  scattered  throughout  the  interval  from  which  thin  section
was  taken.

8.      Texaco  #4  I,itsey,   3762.3  feet,    lower  por.tion  of  upper
carbonate   of   K-Zone.      Bar   scale   equals   0.5  mm.     Photomicro-
graph  of  dark  gray  shale  laninae  in  gI`ay  lime  mudstone  interval.
Scattered  silt-sized  quartz  grains.    -Scattered  red  f leeks  and
stringers,   perhaps  of  organic  matter,  are  oriented  par.allel  to  bed-
ding,     Thin  section  is  from  immediately  below  0.5-feet  thick,   dark-
gray  to  black  nudstone  containing  rare  crinoids  and  tubular  foranin-
if era .

C.      Texaco   #4  Litsev,    3762.3  feet.      Bar  scale  equals   1  inn.      Two
very  shaley  wackestone  seams  expanding  laterally  (to  the  right)  into
more  carbonate-rich  intervals  with  wispy  shale  laminations.     See  D
below.
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D.      Texaco   #4   Litsey,    3762.3   feet.      Bar   scale   equals   0.5   mm.
Top  half  of  the  photogr.aph   is  comprised  of  carbonate  matrix  with
abundant  discontinuous  wisps  of  Shale.     The  irregularity  of  the  shale
and  the  etched  bioclasts  within  these  intervals  suggest  that  some  or
all  of  these  wisps  of  shale  represent  insoluble  residue  remaining
after  dissolution  of  the  carbonate  matrix  (incipient  stylolites).

E.      Texaco   #4   Litsey,    3762.3   feet.      Bar   scale   equals   0.5   mm.
Echinoid  fragment   ln  shaley  carbonate  maLtl'ix.   Fritted  edges  of
echinoid  fragment  attributed  to  dissolution.

Figure  35.       High-energy  grainstone  facies  in  the  upper  portion  of
upper  carbonate.

A.     Clinton  *2-D  Stegman,   3393  feet,   top  of  the  I-Zone  upper
carbonate.     Photonicrograph   ln  plane-polarized   light,   1  mm  scale.
Heavily  micritized  bioclastic  grainstone  contains  rounded  fragments
of  foraminifera,   crinoids,   and  molluscs.     Some  grains  are  rimmed  with
fine,   blocky,   pachous  calcite  spar  (a).     Some  pores   lack  cement
(bright  intergranular  areas).     Coarser   late-stage,   Fe-calcite  spar
occupies  some  of  the  intergranular  pore  space.     Syntaxial,   coarse
calcite  spar  forms  overgl`owths  on  echinoder.ms  only  visible  within
field  of  view  (b).     Much  of  the  pore  space  is  occupied  by  dark
residual  oil   (c).     This  grainstone  is  typical  of  that  on  the  northern
shelf-lightly  coated  grains  and  heavily micr.itized,   commonly  these
grainstones  are  also  overcompacted.     Other  examples  are  shown  in
Watney   (1980).

8.     Cities  Sel`vice  #E-2  Thonpson.   4554  feet,   upper  portion  of
upper  carbonate  of  K~Zone.     Slab  photograph,   bar  scale   in  centi-
meters.      This  oolitic   grainstone  contains  abundant  oomolds   (0.05  mm
diam.),   and  dar.k  oil   stain   is  visible   in   some  pores.

Figure  36.       High-energy  grainstone  facies  in  the  upper  regressive
carbonate .

A.      Cities  #E-2  Thompson,   4552.5  feet,   slab  photograph  of  upper.
portion  of  upper`  carbonate   of  K-Zone   (Bar   scale   ln  centimeters).
Oolltic  grainstone  alternates  with  intervals  of  abundant  bioclastic
grainstone  consisting  of  primal`1ly  fragments  of  crlnolds  and  bi-
valves.    Most  bioclasts  have  superficial  oolitic  coating.    Molds  of
both  oold9  and  bivalves  are  present.     Scattered  coarse  dolomite
fills  some  of  the  voids.    Dogtooth  calcite  spar  lines  most  pore
Space .
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8.     Cities  Service  #E-2  Thompson,   4554  feet,   photomicr.ogr.aph  of
top  portion  of   the  upper  carbonate,   K-Zone.     Plane-polar.ized;   bar
scale   is   1  mm.     Neomorphosed  and  oomoldic  grainstone  contains  well-
preserved  br.achiopod  fragment  (a)  and  dissolved  or  recrystallized
mollusc  fragments  I.ecognizable  only  by  outline  (b).     Intergranular
porosity  is  common  with  some  solution  enhanced  and  rimmed  by   irregu-
lar,   fine,   blocky  calicte  spar.     Concentl`ic   laminations  in  col`tex  of
some  ooids  are  still  discernable  as  faint  lines  in  fine  calcite
mozaic  (c).     Blue  plastic  impregnation  of  sample  before  thin  section~
ing  did  not  contact  these  pores,   suggesting  that  these  do  not  I.epr'e-
sent  effective  porosity.

Figure  37.       Restricted  marine,   shallow-water,   facies  faunal  di-
versity.     Slab  photographs  of  cores;   bar  scale   in  centimeters.

A.     Cities  Service  #F-5  Reese,   3455  to  3458  feet,   slab  photo-
graph  of  the  uppermost  portion  of  the  upper   car.bonate  of   the   I-Zone.
Top  most  portion  of  core  is  upper  left  and  bottom  is  on  lower  right.
Upper.  sample  is  mixed-clast  carbonate  conglomerate  (a)  with  milli-
meter-  to  centimeter-sized  particles  of  rounded,  pitted  carbonate
pebbles  and  gr.aims  compl`ised  of  composite-pellet  grainstone  and  un-
fossiliferous   lime  mudstone.     Some  grains  have  thin  darkened  I.ims.
Matrix  ls  vivid  green  shale.     Underlying  pieces  are  an  in  situ  brec-
cia  (b)  of  solution  pitted.   fitted  clasts  of  lime  mudsta=elIIh  some
darkened  rim  of  broiirn  microcrystalline  calcite.     Only  fossils  noted
are  scattered  small  bivalves  at  3457  to  3457.5  feet.     Vertical  and
horizontal  fractures  and  solution  channels  (centimeter  in  diameter)
cut  the  rock.     Channels  are  filled  with  clasts  of  rock  that  border
the  void,  green  shale,  and  coarse  clear  calclte  spar.

8.      Cities   Service  #506W  Dol`r,   3347.8  feet,   slab  photograph  of
upper  portion  of  upper  carbonate  of  J-Zone.     Upper  10  feet  of   this
carbonate  rock  (3343  to  3353  feet)  are  unusually  sparsely  fossilif-
erous.     Interval  doim  to  3348  feet  is  dominated  by  pellet  mudstone
with  rare  gastropods.     Slab  is  from  bottom  of  dense  brown   lime  mud-
stone  cut  by  solution  channels  (a)  that  are  filled  by  green  shale  or
coarse  clear  calcite  spar.     Dark-gray  intraclasts  of  mudstone  in
lighter  mudstone  (b)  matrix  forms   lower  half  of  slab.

C.     Cltles   Service  #506W  Dorr.,   3300.5  feet.   slab  photograph  of
uppermost  portion  of  upper  car.bonate  of  H-Zone.     Thin,   unifor.mly
laminated.   tan  to  brown   lime  mudstone.     Layers  are  disrupted  by
Vertical,   centimeter-sized  cylinder  (a)   of  mixed,   more  homogenous
lime  mudstone  bounded  by  unturned  edges  of   laminated  mudstone.     Lami-
nations  suggest  algal  stromatolite  and  cylinder  resembles  a  f luid
escape  structure.     Overlying  laminations  in  adjacent  slab  are  con-
tinuous  over  disrupted  structure.
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Figure  38.        Carbonate  cements.     Photomicrographs   in  plane-
polarized   light.

A.     Clinton  #2-D  Stegman,   3393  feet,   near.  top  of  upper  carbon-
ate  of   I-Zone.      Bar  scale  equals   0.5  mm.      Porous  oil-stained  grain-
stone  contains  with  good  inter-particle  porosity  with  fine,   blocky,
irregularly  distributed  fringing  cement  followed  by  much  coat.ser  Fe-
calcite  spar  shown  here  with  euhedral  crystal  ter`mination  (bottom
center).     Black  areas  ar.e  oil   in  interstitial   porosity.

8.      Tideway   #1   Beauchamp,   3933.7   feet,   immediately  below  top
surface  of  upper.  carbonate  of  the  H-Zone   (subaerial   crust).      Bar
scale  is  0.5  mm.     Photo  taken  with  cross-polarized   light.     Fibrous
calcite  cement  forms  a  pendant  beneath  a  crinoid  fragment  separated
from  cl.inoid  by  a  thin  micl.ite  rim.     Note  that  crinoid  is  at  extinc-
tion  and  cement  is  not  providing  evidence  that  these  are  not  in
optical   continuity.    The  edges  of  this  pendant  have  been  etched  and
coated  with  dark  brown  nicrocrystalline  calcite  cement  (opaque  rind)
vel`y  similar  to  that  in  the  overlying  caliche  subaerial  crust.     Pen-
dant  cement  is  perhaps  a  vadose  cement  developed  during  initial
exposure  of  sediment  in  marine  or  freshwater  conditions.     During
continued  exposure  partial  solution  of  the  existing  car.bonate  sedi-
ment  and  cement  occurred  followed  by  precipitation  of  the  micritic
cement .

C.      Tideway   #1   Beauchamp,   3933.7   feet.      Bar   scale   equals   1   mm.
Oolitic  grainstone  lies  immediately  beneath  subaerial  crust.     Photo
shows  pendants  of  faintly,   irregularly  laminated  to  dense,   nicr.itic
calcite  cement  (a)  beneath  several  coarse  calcite  spar-filled  oolites
and  bioclasts.     Note  fibrous  pendant  calcite  (b)   cement  beneath  an
optically  extinct  bioclast  (crinoid?).

D.     Conoco  #9  Morel,   3612.5  feet,   immediately  below  nodular
caliche  of  upper  carbonate  of  K-Zone.     Bar  scale   is   1  mm.     Photo-
microgl.aph  illustrates  dissolution  of  grains  and  micritic  matrix
preceded  first  cement  forming  large  secondary  pores.     Clast-like
nodular  areas  now  consist  of  micritized  recrystallized  bioclasts  (a)
and  clotted  slightly  silty  micrite  (b).     Cementation  consists  of  very
thin  light  gray  microcrystalline  dolomite  cement  (d)  il`regularly
di9trlbuted  around  particles.     Dark,   dense  nicrite  rims  (endolithic
algal   borings)  partially  surl`ound  Some  carbonate  clasts  (c).    This  is
followed  by  a   layer  of  isopachous  drusy  cement   (e)  which   is  followed
by  void-filling  coar.se  crystalline  Fe-calcite  (f).     Large  pores  now
fil led  by  calcite  spar  highlighted  by  dark  microcrystal line  cement
resemble  reticulate  channels  even  in  thin  section.     They  do  not
resemble  a  typical   intergranular  pore  system  but  rather  solution
enhanced  pores  associated  with  dissolution  of  grain  and  natl.ix.     The
development  of  the  porosity  and  the  later  precipitation  of  the  f inely
crystalline  (dense,  micritic)  cement  are  concluded  to  be  associated
with  the  development  of  the  overlying  subaerial  crust.
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Figure  39.       Other   examples  of  carbonate  diagene§is.

A.   and  8.      Conoco  #9   Morel,   3604   feet.      Slab   photograph   (bar.
scale  is  in  centimeters)  of  base  of  packstone  in  middle  portion  of
upper  carbonate,   J-Zone.     Thr.ee  sets  of   vertical,   open  fractures  cut
the  core  approximately  2  centimeters  apart  including  left  side  of
core  in  A.     A  side  view  of  core   looking  at  surface  of  fractur.e  is
shown  in  8.    Coarse  crystalline  calcite  with  corroded,  Fe-oxide
stained  surfaces   lines  the  fracture.    Note  curved  and  discontinous
nature  of  fractures  suggesting  some  minor-compressional  deformation
of  the  fractures  after  formation.     Overlying  I-Zone  ls  similarly
f ractured .

Figure  40.    Evidence  of  subaerial   exposure  ln  regr.essive  shale.

A.     Cities  Service  #A-1   Knudson,   4276  feet,   slab  photograph
(bar  scale  in  centimeters)  of  lower  portion  of  very  silty green  to
gray,  mottled  yellow  upper  shale  of  K-Zone.     Abundant   longitudinal
and  transverse  cuts  of  pedotubules  (a)   some  surrounded  by  a  thin  halo
of  brown  microcrystalline  calcite  cement  (b).     Lighter  areas  are
concentrations  of  microcrystalline  calcite  interpreted as  caliche
nodules .

8.     Gore   #5  Findley,   3742.5  feet,   photomicrograph  (plane-polar-
ized,   bar  scale   1  inn)   from  upper  shale  of  K-Zone.     Ir.regular   lighter-
shaded  fissures  (a)  filled  with  mixture  of  microdolospar  and  argil-
laceous  dolomicritic  quartz  siltstone.     Larger  sparry  cement  is  dolo-
spar.     Fissures  sul`round  denser  cemented  matrix  (b)  resembling  cir-
cumgranular  cracks.     Sample  is  interpreted  to  display  incipient
cal ichification  with  intermittent  desiccation.

Figure  41.       Gamma  radiation   (GR)   plotted   versus   neutron   por.osity
(¢N)   for  the  Gulf  #1  Hughes  well   located  in  SWSW  Section  22-9s-29w
found  ln  the  north-central   por.tion  of  the  study  area.     Points  are
plotted  on  one-foot  increment.    Points  are  identified  by  lithofacies
in  the  legend.     Vertical  profiles  of  the  GR  and  ¢N  signatures  are
Shown  on  the  upper  portion  of  the  illustration.     Normalized  GR  for
the  one-foot  samples  from  the  K-Zone  are  plotted  in  the  upper   left.

Figul`e  42.        Gamma  radiation  (GR)   in  API  units  plotted  versus
neutron  porosity   (ON)   in  percent   for   the   Texas  Oil   and  Gas   (TXO)   #1
Bierlg  well   located  in  W/2  E/2  SW  Section  34-30s-42w  in  the  extreme
southwestern  portion  of  the  area  of  study.     Points  represent  read-
ings  at  one-foot  increments  over  the  K-Zone.     The  points  are  identi-
f led  by  llthofacles  based  on  sample  cuttings  and  corelation  of  the
well  to  coped  wells  with  known  lithofacies.     Mudstone-wackestone  18
in  the  mid  and  lower  regressive  car.bonate  interval.     Note  the  pre-
sence  of  only  a  relatively  thin  interval  of  low GR and  clustered
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pattern  of  these  points.     Distinction  between  the  marine  shale  and
regressive  shale  on  this  plot  is  not  possible.     Both  have  interme-
diate  GR  and  ®N.     Vertical   distribution  of  GR-ON  is  sholm  on  right
side  of  illustration  with  vertical  scale  in  feet.    A  small  plot  in
the  upper  left  illustrates  the  frequency  of  GR  values  sampled  on  a
per  foot  basis  ls  expressed  as  normalized  percent  for.  the  K-Zone.
GR  values  are  bimodal  with  a  small  peak  for  the   limited  clean  car-
bonate  and  a  broader  more  prominent  peak  for  the  shaley  lithofacies.

Figure  43.        Gamma  radiation  (GR)   in  API   units  plotted  ver.sus  neutron
porosity  (ON)   in  percent  for  the  Anoco  #A-2  Lee  well   located  in  SWNW
Section  4-26s-36w  in  the  southwestern  por`tion  of   the  area  of  study.
Points  represent  readings  at  one-f oot  increments  over.  the  K-Zone.     The
points  are  identified  by  lithofacle8  based  on  sample  cuttings  and
nearby  core:log  combinations.     Mudstone-wackestone  is  in  the  mid  and
lower  regressive  carbonate  interval.     Note  the  very  low  GR  and
relatively  high  ON  values  for  the  oolitic  facies.    Vertical  distribu-
tion  of  GR-ON  is  shoiirn  on  top  of  illustr.ation  with  vertical   scale   in
feet.     Frequency  of  GR  values  sampled  on  a  per  foot  basis  is  expressed
as  normalized  percent  for  the  K-Zone  is  shoim  as  a  small   plot  in  the
upper  portion  as  well.     GR  values  are  predominately  low  values  indica-
tive  of  clean  carbonate  rock  which  comprise  much  of  the  cyclothem  at
this  position  on  the  shelf.

Figure  44.       Thickness  of  the  marine  interval   of  the  K-Zone  in  the
study  area  of  western  Kansas   including  the  top  of  the  regt`essive
carbonate  to  the  base  of  the  cycle.     Interval  of  shading  is  5-feet
(1.5  in)  while   the   contour   lines   highlight  only   the   20-foot   (6.1   in)
intervals.     Black  areas  represent  thicknesses  in  excess  of  65  feet
(20  n).     Selective  counties  are  labeled  for  reference  in  text.
Subcrop  of  the  Mississippian  strata  surrounding  the  CKU  and  CA  is
indicated  here  by  a  heavy  line.     Major  faults  that  offset  the  Pre-
calRbrian  basement  are  illustrated  with  heavy  dashed  hatured  lines.
Curved  line  segments  identify  trends  in  thickened  marine  interval
described  in  the  text.     Counties  ar.e  abbreviated  as  follows:     WA  -
Wallace,   WII  -Wlchlta,   ST  -Stanton,   SC  -Scott,   HS  -Haskell,   FI   -
Finney,   HG   -Hodgenan,   EL   -Ell18,   ED  -Edwards,   KW  -Kiowa,   RC   -
Rice,    and   RN   -   Reno.

Figure  45.       Thickness  of  porous   carbonate  rock  in  the  K-Zone
regressive  carbonate.     Shaded  interval   is  4  feet  (1.2  n)  which   is
equal  to  the  contour  interval.    The  black  area  represents  thickness
in  excess   of   24   feet   (   8   in).      Waillace   (WA)   and   Kiowa   (KW)   counties
are  identified.

Figure  46.       Marine  interval   percentage  of  the  K-Zone.     Low  values
indicate  a  greater  fraction  of  regressive  shale.     Contour  interval
is   10   percent.     Russell   (RS),   Barton   (BT),   and  Rush   (RH)   counties
are  identif led.
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Figure  47.       Maximum  gamma  I`adiation  recorded  by  the  wireline  logs
in  the  marine  shale  of   the  K-Zone.     Contour   interval   is  80  API
units.      Greeley   (GL),   Hamilton   (HA),    and  Stanton   (ST)   counties   are
i dent i f i ed .

Figure  48.      Percentage  thickness  of  the  K-Zone  in  the  entire  four-
zone  interval,   H  to  K.     Shaded  interval   i9  5  percent  while  the
contour  interval   is  10  percent.     Small  arrows  in  the  southwestern
napped  area  indicate  the  location  of  I.elatively  thin  K-Zone,  while
the  bold  arrows  in  the  south  highlight  the  I`egions  of  relatively
thick   K-Zone.      Wallace   (WA),    Wichita   (WH),    Stanton   (ST),    Kiowa    (KW),
Reno   (RN),    and   Rice   (RC)   counties  are   identified.

Figure  49.       Index  nap  locating  core-log  examples  illustrated  in
Figures   30,   31,   32.   33,   and  34.

Figure  50  a  and  b.       Combined  wireline  logs  and  col`e  descriptions
of   the  K-Zone  for   five  wells   in  the  study  area.      Gamma  ray   (GR),
porosity   (0)   from  sonic,   neutron,   and  density   (     )   logs  are   shown.
Sonic  and  density  porosity  is  determined  for  a   limestone  matrix.
"X"   in  graphic  core  column  I.epresents  no  core.     The  despositional
environment  for  specific  intervals  of  core  are  indicated  in  the
right-most  block.     The  vertical   line  segments  lie  beneath  one-and
two-letter  codes  defined  as  follows:  NM  -nonmarine;  VR  -very
restricted  (unfossiliferous  to  low  diversity  fauna):   R  -restricted;
SR  -slightly  restricted  (mixed  fossil  assemblage,  but  not  all
normal   fauna  present  or  abundant;   0  -  open  marine;   SM  -  stagnant,
anoxic  marine  (black  marine  shale).     Certain  features  about  the  rock
are  mentioned  in  the  right  margin  including:   fen.   lam.  -  fenestral
laminated  mudstone.     Results  of  drill   stem  (DST)  or  production  tests
are  written  below  the  core  description  including  Pf  -perforated;   F
-f lowed;  R  -recovered;   FP  -f lowing  pressure;   0  -oil;   GCM  -gas
cut  mud.     I)epths  are  in  feet  below  the  surface.     Productive  zones
are  abbreviated  in  the  title:   ABC  -Arbuckle;   KC  -Kansas  City;   MISS
-  Mississippian:   SP  -   Sinpson;   HARM  -   Marmaton;   CHER  -   Cherokee:   NOR
-Morrow.      In  well   (C),   #E-2  Thompson,   the  oolite  contains  an  upper
portion  that  is  more  porous  than  the  bottom.     The  information  at  the
bottom  of  that  illustration   lnd!.Gates   that  water  saturation  (SW)   in
this  oolite  is  28  *  and  37  *  for  the  upper  and  lower  intervals  using
the  resisitlvity  logs  and  the  Archie  equation  with  water  resistivity
(Rw)   of  0.05   ohm-in  and  a  cenentation   exponent   (n)   of   2.      The   inter-
val   in  fact  was  capable  of  producing  hydrocarbon  at   the   time   the
interval  was  lagged.

Figure  51.     Core  description  of  Clinton  2-D  Stegman  located  in  the
sentirne  See.    11,   T16S,   R17W,   Rush  County.      Depths   along   left   margin
in  feet,   graphic  column  with  symbols  described  in  Fig.   35  and  facies
and  dlagentlc  overprinting  symbols  also  in  Fig.   35.     Cores  described
using  Dunhans'§   (1962)   classification  of   carbonates   (from  Watney,
1985b) .
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Figure  52.     Core  description  of  Texaco  4  Litsey  located  in  nenenw
Sec.   25,   T31S,   RBW,   Harper   County,   Kansas   (from  Watney,1985b).

Figure  53.     Core  description  of  KRM   Corp.   6  Lemon   located  in  sese
Sec.14,   `r34S,   R20W,   Comanche   County   (from  Watney,1985b).

Figure  54.      (A)   Legends  of  codes  and  descriptions  of  depositional
facies   and  dlagenesis   for  Figs.   51.   52,   and   53.     (8)   Additional
legends  providing  symbols  for  particles,  fo8sil8,  and  lithologies
used  in  graphic  columns  of  these  figures.

Figure  55.       Hand-contoured  map  of  the  thickness  of  porous  carbon-
ate  rock  of  the  K-Zone  in  the  study  area  of  western  Kansas.      Compare
with  the  computer-generated  version  in  Figure  25.    This  map  more
clearly  shows  the  elongate  lobes  formed  by  the  porous  carbonate
rock.     In  particular  the  thick  (greater  than  5  feet)  occurrences  are
interpreted  from  available  cores,   selected  cutting,  and  log  signa-
ture  to  represent  oolitic  grainstone.

Figure  56.       Diagrammatic  north  to  south   lithofacies   cross   section
of  the  K-Zone  cyclothem  in  the  study  area  in  western  Kansas.     Thin
transgressive  (trans)  por.tion  of  the  cyclothem  below  the  marine
shale  covers  the  entire  area.    Dark  grey  to  black  marine  shale
extensively developed  over  the  southern  shelf  gr'ades  into  thicker
non-black  shale  in  the  north.     Local   thinning and  pinchout  of  marine
shale  over  the  CKU  is  not  illustrated.     This  shale  thickens  at  the
expense  of  the  lower  regressive  carbonate  in  the  extreme  northern
area  of   investlgatlon   (southern  Nebraska  and  northern-most  Kansas).
Dark,   silty  lowermost  I`egressive  carbonate  on  southern  shelf  with
medlun-level  gamma  radiation  is  inferred  to  be  restricted  to   lows
although  it  was  not  napped  separately.     Uppermost  regressive  carbon-
ate  is  exposed  across  the  entire  shelf ,   while  the  norther.nmost
portion  is  noticeably  eroded  as  indicated  by  the  local  channeling.
Regressive  shale  prograded  unto  the  carbonate-donlnated  shelf  from  a
source  to  the  north  after  the  shelf  was  subaerially  exposed.

Figure  57.      North-south  chronostratlgraphlc  cross   section  across
the  study  area  in  western  Kansas.     Horizontal  axis  is  distance,
approxlnately  200  miles   (124  kn).     Vertical   axis   is  time  which  is
estimated  to  be  approximately  400,000  years  fol`  top  to  bottom  of  the
cycle.     Central  portion  of  cross  section  illustrates  the  effects
on  sedimentation  over  a  positive  area  on  the  shelf.

Figure  58.    Chronostratigraphic  section  of  depositional  event
bounded  by  hiatal   surfaces.     Basinward  is  to  left  (modified  from
Fraiser,1974).
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Figure  59.       Index  map  for  examples  of  wireline  logs  fl`om  wells
that  contain  oolitic  grainstone  facies  in  the  J-Zone   in  Figures  60
and  61.     Wells  are   located  on  this  map  by  index  numbers  and  named
on  the  wireline  log  themselves.     Outlined  region  on  this  map  identi-
fies  an  area  of  detailed  napping  of  the  thickness  of  porous  regres-
sive  carbonate  of  the  J-Zone  shown  in  Figure  62.

Figure  60  and  61.       Series  of  four  wireline  logs  illustrating  the
varied  log  signatures  for  J-Zone  with  and  without  prominent  oolitic
grainstone  facies.    Solid  dots  at  center  of  log  denote  position  of
marine  shales.     Wells  #1  and  *2  have  a  very  well  developed  section
of  porous  oolitic  grainstone.   from  4037  to  4085  feet  in  well  #1  and
4405  to  4464  feet  in  well   #2.     Notice   low  GR  and  exceptionally  high
porosity.

Figure  62.      Hand-contoured  version  of  thlckne8s  of  porous  re-
gressive  carbonate  for  the  J-Zone  indexed  in  Figure  47.     Contours
are  ln  feet.     Heavy,   dashed,   nor.thwest  trending  line  denotes  general
location  of  zone  of  f lexure  which  is  the  northern  border  of  regional
southern  thickening  of  this  interval   (see  Plate  3).    Abbreviation
are  as   follows:   GO   -Cove  County;   TR  -Trego  County;   LE   -Lane
County .

Figure  63.     Perspective  diagram  of  thickness  of  porous  carbonate  for
J-Zone  in  napped  area  defined  in  Figure  59.

Flgur.e  64.     Unusually  thick  transgressive  carbonate,   E-Zone,
containing  phylloid  algae.     (See  Ebanks  and  Watney,1985,   fol`  more
details . )

Figure  65.     Thickness  of  transgressive  E-Zone  carbonate  in  Rawlins
County,   northwestern  Kansas   (Watney,1980).

Figure  66.     West  to  east  stratigraphic  cross  section  of  the  J-Zone
(E-Zone   in  Nebraska),   Hitchcock   County,   Nebraska   (modified   from
DUBois,1979  as   found   in  DUBois,1985).

Figure  67.     Complex  statigraphic  section  of  the  J-Zone  in  the  Meeker
Canal   field   ln  Hitchcock   County,    Nebraska  (DUBois,   1979).
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PRECAMBPIAN   GEOLOGY
AND  GEOPHYSICAL  TRENDS

/  Linear  gravity  trends
----- Magnetic  trends

Eillc.N.A.R.S.

ERERhyolite-granite  terrain
(1500-1300  in.y.)
Bickford   etal.   (1981)
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2nd  Vertical  Derivative  of  Mag.  Field  (Yarger,1983)
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Pole  Correction  Map  of  Magnetic  Field  (Yarger,1983)
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Kansas Geological Survey

Open File Report 1986-01

Missing Figure #37A, B, C
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12    H(R)

5-SR-0

SHC
18,   esp

RC

J-Zone

3425-26   (K-zori®  rogrosslv®   shale)   C®rbooate  clasts
ln   9r.on   shal®,   dark  bro.n  color®d   gralnstono  *ltl`
w®l  I   rounded   bloclasts    Including   tusullnlds,   crl-
nolds,   tubular   forams,   blvalv®s;   cut   by   solutlon
®nhancod,   rotlculat®   lnt®rgranular   pores    lln®S   by
bro.i`  mlcrltlc  calclto.   cut  by  shoot  cr.cks:   clasts
+lt   tog®thor   suggostlrig   an   lnsltu   orlgln;   shal®   slts
on   lamlnated   carbonato  crust   that   ls   developed   ln
multlpl®   layers;   crust  conslsts  of   dark  bra.n.
mlcrocrystal  I ln®   calclt®

J426-33   (K-zone   rogrosslvo  carbonat®)   Coated,   p®Iold
packstono   to  gralnstono  .ith   dlvorso   fosslls   lnclud-
lng   largo   crlnolds   and   bracr`lopods;   upp®r   portlon   of
unit  contalns   abundant  root   tubes   llnod  .Ith  dark
bro*n   mlcrltlc   calclto;   upper   portlon   strongly
ovorprlntod   *lth   bro.n   dons®  carbonat®;   falnt  cross
stratltlcatlon  and   sharp   base  .lth  .ack®stono;
complox   spar   comont   ovolutlon   ln   thln   sectlon   .lth
lo.   F®   calclte   to   medium   Fo   dolomlt®   to   F®  calclte
ln   same   zonod   crystal;    lnltlal   cement   Irregularly
dlstrlbuted,   blocky   fol lovod   by   coarser   celcsper

3433-35  Wack®ston®   .ith   dlv®rs®   lossl ls   burro.®d
•Itr`  scattered   coated   gralns

3435-37.5  Wack®stono   as   above   .lth   lr`cr®aslng   .Ispy
sr`al®    lamlnatlons

3437.5-39.5  Coarse  grained   osagla-coated   packston®
•lth   dlvorse   fauria

3439.J-42  Wack®ston®   .lth   dlvors®   fauna

3442-43   (base  of   K-zone  rogrosslve   carbonet®)   Gr®®n
crlnold,   brachlopod-rlch   shal®   sh.rply   ln  contact
b®lo.  .ith   carDoliate  underlaln   by  ns.lt  end   p®pp®r"
colorod   packstono  cootalnlng  dlv®rs®   tossll   treg-
m®nts,   corroded   clasts  ot   in-slz®d   carbooat®  mud,
and   posslblo   ptospl`at®  p.I lots

J443-43.2   (r®gr®sslv®   shale  of   und®rlylng   L-zori.)
Blocky  groan   unfossl 11 f®roiis   shale   und®rlalri   by
suba®rlal   crust   (.oll    d®v®Iop®d   oa   solutlon   .tch®d
cartonate)

transgressive   K-Zone
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TEXACO   4   Litsey   Ne   Ne   Nw   25-31  S-6W

Diag.

Facies         Overpr.                                        Description

12-HR

7-SR

66

RC.   F''
SC

SC'DSP`
F

DSP.   F

DSP'   F

color
mottling

F.M

3744.2-47   (J-zon®,   transgr®sslv®)   Dark  grey   to   dark   bro.a
ergll  lac®ous   mlcrlt®   .lth   .lspy   sr`al.    lamlnatloos   ario

phyHold   alg®I-rict`   .ackoston®  .lth   rugog.  car.I,   crlnolds,
bracrilopods,   spoog®.   tubular   forams,   scatt®rod   org®nlc
flocks,   shal®   lay®r   rlch    ln   f®riostr®t.   bryozoo   .lth    lemln.-
tlons   of   Quartz   silt

3747-®8   (too  K-zone.   rogr®sslv®   shalo)   Sharp   upp.r   contact;
Soft   dark  grey   Dlocky   shal®.   sllghtly   sllty   |Ith   abrupt
d®cr.as®   ln   fosslls   .ltl`   depth;   losslls   lnclud.   Iarg.   casts
of   My.IIria,    small    blvalv®s   .lth    fragm®nts   rlm®d   by   pyrlt®

lens®s;   also   contalns   I®nsos   of   dark  grey  mlcrlt®.    Intr.-
clasts   of   mlcr.lt®.    Ilmo  miid    llthoclasts   conslstlng   of   a.rk

gray  mlcrlt®   .itl`   f®n®stral    tat}rlc

3748-.9   (top   of   K-zone  rogr®sslv®   carbonat®)   V.ry   sharp
iipp®r   contact   .lth   sh®l®   that   ls   .avy,   lrr.gular   and   notched
•lth   cn-rell®t;   sur.ace   ls   also   corroded   arid   darkened;

und®rlylng   oollt®    ls   hcovily   mlcrltizod   arid   n®onorphosed

grey   to   bro.n,   cut   by   tlssuros   .itt`   a.rkon®d   patches  ot
I  lmostono;    int®rgranular   pores   are   solution   ®nl.rg®d   and
conriocted    (reticula.a)   rlm®d   oy   dor`s®   bro*r`   mlcrocrystal-
I  ln®  calclt®;   pores   grade   to   solutlon   cavity   or   f lssuro   that
ls   coat®a   by   bro'n   calclto   lr®qu®ntly   .lth   clott®d   t®xtiir®;

also  nm-sized   rourld   to  ®longete   pores   rimed   by   dorls®
mlcrltlc   calcit®   (root   casts)    in   .ssociatlon   .Ith   crumbly

tr.ctur®s    (Dunham.    1967)

3749-52  Bro.n   to   dark  grey  mottl®d   oollt®   .ltt`   occaslonal
crlnoicls,    forams;    heavy   n®omorphism,    cm-slz®d   Soliltlorl

tlssuros    llnod   .lth   dark   bro.n   mlcrltlc   calcit®   tnled   by
mllky   dolospar   .ith   undulos®   ®xtlnctlon,   cl®ar   calcspar,
scatt®rod   vertlcal    fracturos   .lth   oil    stale,   roldic   porosity

3752-53.5   Fine-gralriod   p®l  l®t   oollto   gralnston®   to   p®I  l®t

p.ckston®   .ltri   abundarit   smal  I    Dlvalv®s;    patches   a.   mikly
dolosoar   .lth   undulos®   ®xtlnctlon.   heavy   r®crystal  I  lzatlon

3753.5-60.5   Docr®aslng   p®lolds    ln   mlcrit®   (packston®   to
•®ck®stono) ,   crlnoids,   Dlvalv®s.   ccmno^   cm-slz.d   rounded

ar.as   o.   alt®ratiori   -dark   grey   ®r®as   ln   a   y®l  lo.-bro.n   to
t®ri   matrlx   .lth  mar.   lrrogul.r'   fractur®s,   also   .lth   blvalv.
orolds   aloog   outsid.   ®dg®   of   alt®rdtlorl;   tln®   amplltud.   black
stylollt®s   {.It®ratlon   are.a   prococt   tran  mold   d®v®lopm.nt
to  mlcrocrystal llne  c®lclt.  c®mont   tll I   add   n-orphlsm  ot
®lcrlt®   to   glvo   .   homog®n®ous   er®®)

3760.5-60.7   D8rk  gr.y  mlcrlt.,   argll  lac®ou5   .lth   sc.tt®r®d
crlnolds,   occaslonal   tubular   torems,   sc.ttored   tl®cks  ot
red-broln  organlc   ni.tt®r   arld   Irregular   sp.r   tll I.a  mlcro-
tractur®s

3760.745  M®trlx  as   above  .lth   fractur.s   .lth   thln   whlt.
chalky   outlln®.   tr.ctur®S  anastomoslng,   r8dl.tlng   fron   llght
bra.a  areas  o.  alt.r.tlon

J765-66  Matrlx  as  abo`/..   Incr.eslng  crlnolds  .rld   blv.lv.s,
clerk   co®tlrig  on   son.   fragm.nts,   d®nso  miidstoli®  .t   bas.   Iilth
scattered   pyrlt®,   sc.tt.red   f I.cks  ot  organlc  matt.r

K-Zone  to  3784
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KRM  #6  LEMON  Se  Se  See   I 4-34S-20W

Diag.
Facies           Overpr.                                                    Description

4780

82

84

88

4790

•:  ? ®® ®ri

;:Li:S;k!:oo!

S.#5.i..i

GGB-GBQ

GBQ
14S

IIH

1lH+

12HP

2-0

SC,F.CSP

V.M,DSP
CSP

V.DSP

V,M

color

mottling

CSP
F

4777-79  (Jl)   Dark  brom  to  gr.y  ..ck®ston..   sllght
to  rod®rat®ly  argl I I®c.ous,   scattor®d   g.strooods,
p®l®cypods,   tubular   toreos,   crloolds,   phyllold
alga.,  burrolod  vlth   patchy  clust.rs  of   tosslls

4779-80  Gray   to   bro.a   f lrm  calcar.ou.   Sh®I®   vlth
sc.tt®red   smal l   bracl`lopods,   o®l.cypoa   valv®s   (mm-
slz®d),   cm..r®Il®f   .t   top.   Ioror   portlo.i   ls   burro.®d
un.ossi I i torous   sl ltsto.l®.   grey   to  9r®.rl

4780-80.5  Gray   to   green   very   c®lc.r®ous,   argl I la-
c®ous   slltston®  .lth  rounded   -.lzod  mlcrlt®
riodul®s   (bro*n   to   dark   broln   mottl®d   .lth   smal  I
fr®ctur®s   -may   bo   cat lch®)

®t   4780.5  0erk   bro*n   to   bra.n.   d®ns®Iy   comontod
oollt®,  0.25  to  .5  /in  dlaaet.r,   .xt.nslv.  alt®ratloo
•lth   solutioo  cavltl®s,   f lssures  oI+slzed   .lth
rocrystal I lz®d   aro®   surrounalrig   voids,   vados®  all.rtz
sllt   portly   tll ls   some  of   tn®so  voles   .lth  co.rs®
calclt®   spar   tll  liog   romalr`d®r   o{   void,   scatt®r®d
torafhs   lncluoing   tubular  onos   attact`.a   to  gralns;
top   surtac®  ot   oollt®   ls   c.pp®d   by  dark   bra.n   2  to  3
cm  thick   subaorlal   crust  of   mlcrlt®  .lth   smooth
undul  latlng   uoo®r   surlac.  .ltl`   3   to   5  cm   r®ll®t,
lmmedlatoly   abo`/a  thls   ls   the   quartz   slltston®   .lth
sc®ttored   dolcmltlzed  oolitos

•780.5-89  0ollt®.   bra.n,   hlghly   altored,   flrie

gralri®d   .ith   mlxed    layers   of   oollto  and   bloclastlc
gralnston®,   scattered   molds   and   vugs,   sllgr`t  oil
stain,   talr   porosity   and   p®me.Dl llty,   occaslorial
brachloDods   ®nd   torems,   p®tch®s   are   slllclfled;   at
4788   scattered   patches  of   coars®ly   crystal I loo
dolomlt®   spar   r®placlng   grains.   cm-sized   vugs   vlth
occaslooal   dogtooth  calcit.  so.r,  mottled   coloration
to   l[ght   brovo   v.rylng   accordlr`g   to  crystal   slz®  ot
lln®ly   crystal  I  ln®   blocky   calclt®   spar

4789-90  Mlx®d   blocl®Stlc   .ack®stor`®   .ltrl   br®chlo-

podg,    p®locypods,   crlrloids,   g®ri®ral  ly   poorly   pro-
serv®d;   scatt®rod   oolcls   add   o®lolds,   cl.rk   bro.n
cr®emy  matrix   of   mlcrlt®   .lth   lnt®rls.Iy  mottled
areas   o+   rocrystal Ilzed   mlcrlt®  produclng   granular
calcit®  cem®i`t   .lth   vugs   to  cm-sized   top.n),   scat-
t®r®d   coarse  dolonlt®   fll  I    ln   portioos   of   th®s.   vugs

4790-91   t.avy   altored  oollt®   (I/16   .o   I/4  mm  dla-
met.r  oolds)   as  abo`.a

4791-95  Dark  bro.n  vack.stori®  .lth   lot.ns.
•lt.ratlorl  of  mlcrlt.  to  patchy   llght  bro.n  gr®flillar
and   cr®an,   d®oso  mlcrlt.;   sc.tt.red   brechlopods  .lth
brol<®n   spln®s.   crlnolas;   dark   gray   .lspy   shal®   l®ml-
n®tlons   ln   part   stylolltlc,   se.tt®r.a  dlscontlnuous
fr.ctur®s;  at  4795   I.rg®r  brachlopods.   scott.rod
crlnolds,   .Ispy   but  more  dlstlnctly   b®Od®d   a.rk  gray
shale,   loss  .lt®ratlon  at  the  botton  of   th.  core

K-Zone  to  4829
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Clastic   facles
8         black  shale  with  conodonts.   f ish

scales.   phosphate
DG       dark-gray   shale--restricted   fauna.

orbiculoid  brachiopods
GGR     green   Co   gray   shale,   normal   marine

fauna  including  crinoids,   brach-
iopods.   bryozoa

GRQ     green  quartz   siltstone   Co   claystone.
lacks  norTnal  marine  fossils

RB       red-brown,   !naroon  shale  or   silts[one
CON     mixed   pebble  carbonate  conglomerate

Diagenetlc  overprinting
M         colds
V          vugs
CSP    microgranular  calcite  spar
DSP     dolospar
S        silif ication
F         fractures
SC       solution  channels
18       ln  situ  breccia
SHC     sheet  cracks
CIRC  circungranular  cracks
RC       root   casts
///    noticeable  recrystallization
`/      fissures--solution-enlarged  vugs

Particle  and   fossil   types   (Wilson.   1975)

±±±

gastropod

mollusk-bivalve

bryozoan

brachiopod

crlnold

Lichology

E= subaerial  crust

conglomerate

caliche  nodules

shale

silcstone
elastic

EE

HRE

Carbonate   facies

i-0          brachiopod
2-0          crinoid-brachiopod
3-()           bryozoan
4~0          fusulinid-crinoid
5-SR       tubular   (encrusting)   foram

+   0   (Osagia)   +  a   (brach-crlnoid)   +  G
(gastropod-bivalve)   restricted   to
slightly  restricted  marine

6-0-SR  phylloid   algal,   tubular   foram,   brachio-
pod,   crinold

67-SR     gastropod   -  bivalve   (mollusk)   -  ostracod
8-R          silty.   argillaceous  micrite   (mudstone)
9-VR       peloidal,   laminated,   fenestral  mlcrlte.

very  restricted
lo-H       diverse  skeletal  packstone-grainstone,

open  marine
l1-H       oolite
12-H       pellet.   peloid.   restricted   skeletal  pack-

stone-grainstone,   restricted  marine
13-H       0sagia   grainstone-packstone
14-S       subaerial  crust
15-S       caliche
16-0       hardground
STR          stromatollte

tubular   foram

general   foram

i u su I i il id

phylloid   algae

ooid

coated   grains

peloid

bioclast

argillaceous

grainstone   (only  particles   shorn)

packstone   (particles   +  micrite   symbol)

dark,   dense     mudstone-wackestone

lighter   colored  mudstone-wackestone

carbonace
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LEGEND

Silty,  continental  regressive  shale

Grainstone  (upper  regressive  and  lower  transgres3ive  carbonate)

Oolite

Micritic  carbonate

Medium  to   dark  colored   micritic   carbonate
with  obvious  macerals  of  organic  matter

Dark,  silty,  medium-level  gamma  ray  micritic  carbonate

Black  to  dark-gray  shale

Sandy  (qtz)   grainstone

Gray,  green  shallow-water  marine-  restricted-marine  shale

=              basinward

NORTH

landward            =

basin                        Southern  Kansas  shelf  flexure
margin

Western  Kansas  Shelf

A  Model  Cross  Section  of  a  Missourian  Cyclothem  on  a  carbonate-dominated.  stable  shelf



NORTH
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(FRAZIER,1974)



I LANSING-KANSAS CITY OIL FIELDS



L-dR-::-..
- -----::-i.g--::        --i----

-'---

-
-

_i

10                              __i--=  11 0
0 Jr` I/ , I '1 - |P

i I I,JIIIzi --.I -r

1111111= -I``-+

•,I,

+.I. -.-i
I,I.---..I

I

__'I
-- ----+--

ai  -.I II

(.,
--=TT-._i___ 0

1
',

IHE=

J

i_t

i

..~

1+I S,
____i

I=f
- II

I

--  -<.i `+IIIIE| I
1I +q

_.as  ..IILi- t --]=-- -~-._i

1111111111_-1111111111- I I

4ae®
- '         C      '    '-•,,, - t

=:i:+f-. -i-++

-±±+

iI

•,•_a. W
_

- _i-LL-++ ----.--I--IE-=J|---i
f!G'R_¥

=_T=-:   .:   Gulf   1-20  Burg
I-

I    I            ,                          ,II         I L'`'I I-•; -
.

00 -
.- 0 I

_- I- I.1=
== _ 11111111.  `

lEEr-I

Jiaa®

r-_   .   - -I-------
Ill- -   --i=     :-_-:==i-I    ===-=   -i

--I- - _

=T=T==-+ -- -INLSa_===-
_i:------:--

-      ---_.I/

I T -     ----- - ------ -_
IIEi==i= ___- -_=1

-

®

-¥ -
-_:: i_I.-. i - I

_®DLS       :_:    __
-I-I -- -__- -

1t-
I ''-  _: - -

IIII -IIII-I _



i_----+  _-  F=::Ji        :    I         .   I

21

__    J                          I.

Ill- A.S.  Pitchie  A-1  Engleman
-

sO®0060
®e W  t5W  0-8-

- - J

11 236-Log i.=_I._-.-11-I--i-..-.T-a--I
111111-

+---
_;__I  _.---+---

O=i-
_Ti

I__--i 1 2
'±- ii+L - 0- i_ _ 1 6'06 -

IIIIIi=--Ill-         I
3eco®®sO

I-
._=_:=_=_6_F5Guard-||IL-

5-o - _I
'

_ - -I _-I --I _-.I,,- llllI--iiE +-.

- -- - -
I.--I         i

-__t__ ._- - -I     --            5

t- -
I-_t__1=!      '      -__

_    1         `-         i
--+   .  -     -         ` +  ---I      --

_-i-i-++__-_i
--L-

+i-i _....I..._-i- -
- i   -    -.  -'  =j   Til-1-+ -+'- ++ 1=_    r I

J®
- =i- -+-I +_..   _L`      +     _+--i---r-T --I,- L._--+---- . i

- -1±==- _ --t-
-------            -          -----I

T

I- -
~

=_1111111= I(.--- __=-II .- --11111--
I . -   ----;a i=-

:_I
--+ -

-._ _ . _ -.- - i,I-i
I +

I ==-- `_ \ _ ` _ _, .
_     I         ,      _I-'-`--,I- t--t-I I -'--tI, I I - LI ,Jh

=r- I--.--tar iF i--,

®0 ®Oi®

-=--i====1rT--=-I:gil--==:-
'

t`--

R

--i  -- I   - --+-+-+---------+-H  -J=    t--.  ---:I--
_=Petrol.  Inc.  E-1  Vogel_

.-    a
-+,1

CNe  Ne   .-,   8-18-25W=
'     I-I     .        .- -:==] i 2 4 1 =L---'   _  _i3i_:__i    r\-- r_..
I+ -

==-i I----==-GTE=-d,-i-:--i := -  ---+_
10-,---

-i-i:i?1-i--t=:--i-__r.'_' ---=:1 ---  --+-=10i±=±100-_--=:-
------1----------==|=F=TII-----

i-     .__i-- 6=i=i ---       _ -

-I:i>L-: I----E.I -i   -I   L   i-

i    I-`     : - - - -I
!S' i-_-i-_i`_':-

•+-I
\ .=1\,          --. -

I -

J®E=-
'ri'':I;'

t:

I.\' -
-.     `        I_.--

-  . i - - `±

•§

- -`---,_. -,--.-

!'t '-------_.T=.

' I

--\ - `.--,

\. :--\  (   \
\?J=.,

1111 -      -`-L=-:--

• i=-_-  :   --'j

.

+•-, +±\---
--  '-_--( i

t__ -
:  i -_-= :Ill_

_._ .  _ .+

IE|== i --I--,-\

i_=F:I:
---.      .    -----t    ------------I

-i-++++- --
I_+

+hf- '' i - T=|------



62

20mi



THICKNESS  OF  POROUS  CAPBONATE,

J-ZONE

VERTICAL  EXAG    1400X

•:-:,-.i:+;``-----,,  :.I-`                         .-...-....

_                                                                                                                253                             CJC)
C)

co c)O                         °o            a
SZ5

CJC)



I I-rl  |T  I
I ICII Ir-----
I I.LI II   .  I      I      I  +I
I Ill-
I I       I       IE=

TW, CMURFIN   #1   PRE',,I,- • IJ -
SEC.    30-2S-35 I .

Ill,RAWLINSCOUNT IKAN

A
\ -

rJ I
-0=®

I I
REGRESSIVEI- :gF¥¥- CARB0NATEI I

I I
11
11 =rt= I

R N S
11 .Ll

M H DR OC AR 80 N,
11 I- E=-- II E --I  -- - jiiii•V- I W  tvNZ,

TRA-NS-GRES§1VE'

?
CARB0NATE`EAAE:A

I-I I I

'1

I .
I 1„' 1' 1' ]1 I I I.I,,L\J, t=

%'I 1 A I A I
I.. nF RAI I Lm '1 I,,I'' 11 I '] I I. IVf

I I.I t=O ` I
1 I A I 1

I iL\F.a_£=
I

HYDRO CARB ONI '' I, '' '1 I I I I I I I

•. .: ?. .. .:i ..:. .--
IIa YL, ulv J

G REGRCAR SON lvEATEIL1 -,
c+_hL`de.

_ _

I I _,  ..  T..     'WATER.L|
I,-

I
III - -

-I I    '..           l\z>    I,._,
I I_=I I

_5
I

0,I I
MARINE   SHALEI,I

06

1`''Il.I       Ii-
1

I I |IIii I I1600
OHM-M2/M10 0 I- -

G M MA R Y A I
I'   N'EITTRdN  '      I



65

TPANSGPESSIVE  E-ZONE  CAPBONATE  ISOPACH
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