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CHAPTER    I

INTRODUCTION

The  Hugoton  Gas   Field   in  southwestern  Kansas   represents  part

of  the  Panhandle-Hugoton   Field  of  Kansas,   Oklahoma  and  Texas   (Fig.1).

Compri.sing  almost  5.5  million  acres,   the  Panhandle-Hugoton   is   the

largest  gas  fi.eld  in  the  United  States,   and  constitutes  one  of  the

world's  largest  gas  reserves.

Major  gas  production  comes   from  dolostone  and  limestone  reservoirs

belonging  to  the  Chase  and  Council   Grove  Groups   of  Early  Permian   (Wolf-

campian)   age   (Fig.   3).     Gas   is   largely  produced  from  stratigraphicJdia-

genetic  traps  which  result  from  abrupt  lateral   changes   i.n  the  porosl.ty

and  permeability  of  the  reservoir  rock.     It  is  the  intent  of  this   investl.-

gati.on  to  desc'ribe  the  nature  of  these  changes   in  relation  to  the  deposi-

tional   and  diagenetl.c  hi.story  of  producing  carbonates   in  a  portion  of  the

Hugoton  Gas   Field   in  southwestern  Kansas.     The  interval   of  interest,   here-

in  assigned  the  descriptive  term  Five  Finger  Carbonate,   represents  the

uppermost  carbonate  interval   of  the  Council   Grove  Group   (Fi.gs.   5  to   14).

The  Five  Finger  carbonate   interval   varies   in  thickness  from  10  to  40  feet

over  the  study  area.     The  term  "Five  Finger"   1.s  derived  from  the  di.stinc-

ti.ve  inter fingering  si.gnature  apparent  on  different  types  of  log  curves.

Area   and  Sco e  of  lnvesti ation

The  study  area  is  centered  in  Kearny,  Grant  and  Stevens  Counties,

Kansas,  although  adjoining  parts  of  several   adjacent  counties  are  also
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1.ncluded   (Fig.   2).     The  area  of  interest  represents   part  of  the  Panama

Gas  Area  of  the   larger  Kansas   Hugoton  Gas   Field.

Although  selection  of  the  general   area  of  study  was  governed  by

data  availability.  determination  of  study  area  boundaries  was  com-

pli.cated  by  the  disproporti.onate  share  of  core  and  sample  data  from

Kearny  and  Stevens  Counties,   and  the  paucity  of  such  data  from  Grant

County.     Despite  the  lack  of  core  and  sample  data  from  Grant  County,

the  general   availabi.lity  of  well   logs  throughout  the  county  permitted

its  inclusion  as  part  of  the  area  of  investigati.on.

Objectives

The  major  purpose  of  this  study  was  to  describe  the  depositl.anal

and  diagenetic  hi.story  of  Fi.ve  Finger  carbonates,  wi.th  particular

attention  given  to  the  nature,  distribution  and  predicatability  of

porosity  trends  within  the  Five  Fi.nger  interval.     This   study  had  as

its  objectives  interpretation  of  the  following:

1.     Structural   and  lithostratigraphic  relationships

2.     Envl.ronments  of  deposition,   lithofacies,   and  bi.ofacies

3.     Diageneti.c  processes

4.     Porosi.ty  and  permeability  relationships

Methods  of  Stud

A  total   of  twelve  conventional   cores  were  made  available  for  study

at  Amoco  Research's  Core  Laboratory  in  Tulsa,  Oklahoma,   and  at  the

Kansas  Geological   Survey   in  Lawrence,   Kansas.     Sample  cuttings  were  made

available  from  four  additional   wells.     Macroscopi.c  examinati.on  of  the
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chosen  cores  defi.ned  large-scale  sedi.mentary  structures  and  gross

lithologi.c  relationships.     Chip  samples,   taken  from  the  cores,  were

examined  wi.th  a  binocular  mi.croscope  for  Sedi.mentary  structures,

mineralogic  changes,   colors  and  textures.     300  thin  secti.ons  were

prepared  from  these  core  chips  at  selected  intervals,  and  each  was

stained,   according  to   the  technique  of  Li.ndholm  and   Finkelman   (1972),

wl.th  a  combi.nation  of  all.zarin  red-S  and  potassi.urn  ferricyanide  solu-

tion  to  discrimi.mate  calci.te  from  dolomite,   and  to  highlight  the  pres-

ence  of  ferroan  carbonates.     Petrographi.c  analysi.s  of  thi.n  sectl.ons

enabled  recognition  of  smaller-scale  sedimentary  features,   speci.fic

mineralogi.es,   bioclasti.c  constituents,   textures  and  postdeposi.tional

diageneti.c  effects.

Electric  and  nuclear  geophysical   logs  were  available  from  most

wells  in  the  study  area.     The  distinctive  1.nterfingering  signature  so

characteri.stic  of  the  Five  Finger  1.nterval   was   in  most  cases   readily

disti.ngui.shable  on  the  resistivi.ty,   sonic,   and  neutron  logs   (Fig.15).

These  logs  also  provided  a  reasonably  reliable  marker  for  the  base  of

the  Fi.ve  Fi.nger  interval.     The  accompanyi.ng  gama-ray  response  was  used

for  gross  lithologic  correlati.on.

Vari.ous  types  of  porosi.ty  logs  were  available,  most  notably  from

the  sonic  tool,  with  limited  amounts  from  density  and  neutron  surveys.

Effective  use  of  log  porosi.ty  values  was  hampered  by  the  generally

ubiquitous  distribution  of  fine  terriginous  clasti.cs  throughout  the

carbonate,  which  complicated  porosity  interpretations.
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Local   Structure

Fi.ve  Fi.nger  carbonates  wi.thin  the  study  area  were  ori.ginally

deposi.ted  on  a  broad  homoclinal   to  monoclinal   structure  striki.ng

generally  north-south;   carbonates  dip  to  the  east  and  southeast  at

approxi.mately  16  feet  per  mile.     In  the  northern  portion  of  the  field

beds  di.p  to  the  northeast.

A  structure  contour  map  was  prepared  of  the  top  of  the  Council

Grove  Group   (Fig.   4).     Thi.s  map   reveals   a   seri.es   of   roughly  li.hear

structurally  closed  highs  striking  approxi.mately  northwest-southeast

wi.thin  the  eastern  portions  of  Grant  and  Kearny  Counti.es.     These  positi.ve

features  are  elongate,   and  achieve  maximum  development  in  the  east-

central   portion  of  Kearny  County,  where  as  much  as   50  feet  of  closure

exists.     They  appear  to  have  developed  from  a  seri.es  of  southeastward

plungl.ng  anticlinal   folds.     Other  gentle  flexures  are  superi.mposed  on

regional   structure  throughout  the  study  area.

The  two  types  of  structures  descri.bed  represent  the  only  deviations

from  an  otherwl.se  consistent  monocli.nal   dip  wi.thi.n  the  study  area.

Previous  Studies

Structural   History

Numerous  studi.es  have  been  made  concerning  the  structural   hi.story

of  the  Hugoton  Embayment   (Fi.g.1.1).     The  embayment   is   generally

regarded  as  a  shallow  shelfli.ke  northwestward  extensi.on  of  the  larger

Anadarko  Basin   to   the   southeast   (Merriam,   1956;   Thomas,   1956;   Worden,

1959).     Merriam  (1956)   traced  the  structural   evolution  of  the  enbayment.
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and  the  followi.ng  di.scussi.on   1.s   largely  paraphrased  from  this  paper.

The  Hugoton  Embayment   is  a   syncli.nal   extension  of  the  Anadarko

Basin,   and  extends   into   southwest  Kansas,   southeastern  Colorado,   and

the  Oklahoma  and  Texas   panhandles.     It  is  bordered  on  three  sides  by

uplifts  which  limi.ted  the  extent  of  transgressing  seas,  and  served

as  source  areas  for  clastic  sedi.ment.

Initial   downwarping  of  the  embayment  occurred  duri.ng  the  Pre-

`cambrian.     Transgression  of  the  seas  during  the  Cambrian   initi.ated

the  depositional   history  of  the  embayment.     The  Paleozoic  history  of

the  embayment  is  one  of  alternating  marine  and  continental   sedi.mentation

in  response  to  peri.odic,   cyclic  fluct'uations   in  sea  level.     Tectoni.sin

is  mani.fested  as  mild  epeirogeni.c  movenents  consisting  of  differential

subsi.dence  of  the  basin  accompanied  by  possible  uplift  of  marginal

areas.     These  movements   conti.nued  throughout  the  Paleozoic,   and  ceased

towards  the  close  of  the  Permian.     Major  structures  developed  at  the

close  of  Arbuckle,   Viola,   Chester,   Morrow,   and  Permi.an  time.     Regi.anal

uplift  in  Atokan  ti.me   in  northwest  portions  of  the  Anadarko  Basi.n

caused  a  reversal   of  dip  in  southwestern  Kansas  from  west  to  southeast

(Pippi.n,1968).

Deposi.tional   and  structural   condi.t.ions  changed  markedly  toward

the  close  of  the  Permian.     Marl.ne  sedimentati.on  was  gradually  replaced

by  conti.nental   deposi.tion  of  clasti.cs  and  evaporites  as  seas  retreated

and  shelf  areas  became  subaerially  exposed.

Petroleum  Geology

Most  woi`kers  agree  that  updip  wedgeout  of  porous  carbonates  and
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their  interfingeri.ng  wi.th  continental   clastics  to  the  west  form  a

stratigraphic  trap  for  gas   in  the  Hugoton  Embayment  (Garlough  and

Taylor,1941;   Thomas,1956;   Jewett,1960;   Mason;   1965;   Pippi.n,1968).

In  addition,  a  hydrodynamic  component  contributes  to  the  trapping

mechanism   (Hubbert,1953;   Mason.1965;   Pippin,1968).     Southeastward,

downdip  flow  of  groundwater  through  regions  of  low  permeability  provides

a  partial   updip  barrier  to  gas  migration,  and  causes  gas-water  inter-

faces  to  become  tilted  in  the  direction  of  water  movement,   producing

the  trap   (Hubbert,1953;   Mason,1965).

The  ori.gin  of  gas   in  Wolf camp  reservoirs   is  not  clearly  understood.

The  most  likely  source  for  gas  seems  to  be  marine  shales  and  carbonates

of  the  Anadarko  Basin   (Page,1940;   Pippin,1968).     Additional   sources

may  have  been  equivalent  shales  and  carbonates  of  shelf  areas   in

deeper  portions  of  the  Hugoton  Embayment.



CHAPTER    11

DEPOSITI0NAL   ENVIRONMENTS

Lower  Permian  Fi.ve  Finger  carbonates  and  associ.ated  clasti.cs

record  deposition  wi.thin  subtidal ,   intertidal ,   supratidal ,  and  conti-

nental   sabkha-deflation  flat  envi.ronments.     Environments  are  charac-

terized  as  they  relate  to  both  modern  and  anci.ent  analogs  to  the

deposi.ti.anal   model, proposed  for  the  Kansas  Wolf camp.

Subtidal

Subtidal   Five  Finger  carbonates  accumulated  below  mean  low  ti.de

in  high  energy  to   low  energy  open  marine  environments.     In  high  energy

areas  wi.th  vigorous  ci.rculation,   lime  sands   (grainstones)  may  record

depositi.on  in  subtidal   channels,   beaches  or  offshore  shoals.     Pack-

stones  and  wackestones  accumulated  under  progressively  lower  energy

regimes   in  areas  where  wave  and  current  energy  was  dampened.     These

textures  may  record  deposition  in  lagoons  or  other  topographi.cally  low

areas  of  the  shelf.     Clasti.c  muds  concentrated  in  low  energy  areas  were

admixed  to  varying  degrees  with  carbonate  sedi.ment  to  yi.eld  lithologies

ranging  from  shaly  wackestone  to  calcareous   shale   (Fig.17).     Higher

energy  grainstones  and  packstones  contain  diverse  fossi.l   assemblages

of  echinodetins,  foraminifera,   bryozoans,  phylloid  algae,   brachi.opods,

and  mollusks.     Lower  energy  wackestones  and  shales  contai.n  restri.cted

assemblages  consisting  mai.nly  of  brachiopods  and  mollusks.

I-
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Intertidal   sedimentation  occurred  along  shorelines  in  the  zone

between  mean  high  and  low  tide.     It  is  probable  that  both  high  and

low  energy  tidal   flat  deposi.ts  are  represented.     Blue-green  algal  mats

and  flat  algal   laminated  sediments  formed  on  low  energy  intertidal

flats  in  protected  places.     Algal  mats  contain  shell   debris  derived

from  subtidal   areas  offshore,  as  well   as  terrigenous  clasti.cs  deflated

from  eolian  flats  landward.     Most  algal  mats  developed  along  protected

coastlines,   and  possibly  along  landward  margins  of  low  relief  islands

which  may  have  existed  offshore   (Fig.16).     Similar  islands  exist  off-

shore  from  present  day  coastlines  of  the  Permian  Gulf,  and  afford

protection  for  algal   mats  developed  along  their  landward  margins

(Kinsman,1969).     Some  grainstone  and  packstone  may  represent  tidal

channel   deposits.     However,  with  only  subsurface  data,  the  distinctive

channel   morphology  could  not  be  recognized.

ratidal Coastal and  Continental   Sab

Coastal   sabkhas  are  supratidal   areas  which  exist  landward  of

intertidal   zones.    They  record  deposition  of  carbonates,  clasti.cs  and

evaporites  on  arid  to  semiarid  flats  occurring  above  the  mean  high

tide  mark.     Carbonate  sediments  are  derived  from  intertidal   and  sub-

tidal   enviv`onments  and  transported  onto  the  sabkha  surface  by  storms

and  abnomally  high  tides.     Clastics  are  incorporated  in  sabkha  sedi-

ments  by  deflation  and  fluvial   transport  from  distant  upland  source

areas ,
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Gypsum  comonly  precipitates   1.nterstiti.ally  wi.thi.n  coastal   sabkha

sediments.     As  coastal   areas  prograde  seaward,   increases  in  temperature

and  salinity  of  pore  flui.ds  convert  gypsum  to  anhydrite   (Butler,1969;

Kinsman,1969).     AnhydT`i.te  may  pseudomorph  gypsum  crystals,   or  may  form

dense  nodular  mosaics  or  isolated  nodules   (Jacka  and  Franco,1974).     As

gypsum  precipitates,   Ca   ions  are  removed,  and  the  Mg/Ca  ratio  is  ele-

vated.     Thi.s  leads  to  penecontemporaneous  dolomitization  of  unstable

aragonitic   sediment   (Butler,1969;   Kinsman,1969).     Some   Five   Finger

dolostones  represent  penecontemporaneous  dolomitization  of  unstable

aragonitic  sabkha  muds.     These  dolostones  also  contain  nodular  anhy-

drite   (Fig.18).

Extension  of  algal   flats  into  suprati.dal   areas  is  not  uncomon.

Wi.thin  seaward  edges  of  suprati.dal   zones,   algal   mats  are  subjected  to

periodic  wetti.ng  and  dryi.ng.     The  resulting  desiccation  produces

features  such  as  birdseye  vugs,  flat  pebble  conglomerate  and  irregu-

1arly  crenulated  algal   stromatoli.tes   (Ginsburg,1957;   Kendall   and

Ski.pwi.th.1969;   Schmidt  and  others,1969).     Many  examples  of  birdseye

vugs   (Fig.19),   flat  pebble  conglomerate   (Fig.   20),   and  flat  laminated

to  cri.nkled  stromatolites   (Fi.g.   19)  were  noted  in  supratidal   carbonates

of  the  Five  Finger  interval .

Continental   sabkhas  are  defined  by  Kinsman   (1969)   as  representing

inland,  evaporite-bearing  clastics  deposited  in  areas  where  the  conti-

nental  groundwater  table  lies  within  one  meter  of  the  surface,  or

intersects  the  surface  to  form  a  brine  pan.    The  following  character-

istics  are  described  by  Kinsman   (1969)   as  being   indicati.ve  of  conti-

nental   sabkha  envi.ronments.     Lami.nated  deposits  of  sulfate  and  clastic
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host  sediment  comonly  occur  in  continental   sabkhas.     Gypsum  is

preci.pitated  interstitially  within  clastic  host  sediment.     Duri.ng

progradation  of  coastal   areas,   gypsum  becomes  replaced  by  anhydrite,

which  may  pseudomorph  gypsum  crystals  or  preci.pitate  directly  as

nodules.     Conti.nental   sabkhas  may  contain  bri.ne  pan  deposits  consist-

ing  of  magnesite,   gypsum  needle  crusts,   and  halite  wi.th  1.ntercalated

clasti.cs   (Jacka  and  Franco,1974).     Jacka  and  Franco   (1974)   interpreted

halite-cemented  red-brown  sandstones  and  si.ltstones  as  continental

sabkha  deposits.     No  hall.te  was  observed  i.n  any  of  the  cores  studi.ed

for  the  present  report.

Continental   sabkhas  are  distinguishable  from  coastal   sabkhas  by  a

lack  of  carbonate.     Marl.ne  water  underlies  coastal   sabkhas,  while  conti-

nental   sabkhas  are  underlain  by  meteoric  groundwater   (Ki.nsman,1969).

Regressi.ve  clastics  above  and  below  the  Five  Finger  i.nterval   contain

conti.nental   sabkha  deposits  consisting  of  evaporite-beari.ng  red-brown

clastics   (Fig.   21),  and  laminated  deposits  of  sulfate  and  red-brown

siltstone  and  shale   (Fig.   22).

Deflati.on  Flat

Deflation  flat  deposits  are  abundantly  recorded  in  regressi.ve

clastics  which  overli.e  and  underli.e  Five  Finger  carbonates.     Deflati.on

flats  occur  1.nland  from  coastal   sabkhas,  and  they  surround  or  engulf

conti.nental   sabkhas   (Jacka  and  Franco,1974).     Deposits  consi.st  of

red-brown  sands  and  silts  cemented  by  dolomi.te  and  anhydrite.     Nodular

anhydrite  is  present  in  areas  where  the  water  table  was  close  enough

to  the  surface  to  permit  interstiti.al  precipitati.on  of  evaporites
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(Jacka  and  Franco,1974).

Jacka  and  Franco   (1974)   i.denti.fied  a  vari.ety  of  sedi.mentary  struc-

tures  comon  to  deflation  flats.    These  include  mud  polygon  clasts,

adhesion  ripples,  fomed  when  wind  blown  sands  adhere  to  moist  surfaces,

crust  clasts,  whi.ch  record  differential   cementation  of  surfi.cial   c+usts,

and  lag  deposits,  produced  by  entrapment  of  coarse  sand  in  deflation

hol 1 ows .

Deflation  flat  clastics  above  and  below  Fi.ve  Finger  carbonates

consist  of  red-brown  very  fi.ne  sandstone  cemented  by  dolomite  and

anhydrite.     Sands  contain  nodular  anhydri.te   (Fi.g..  23).   adhesi.on  ripples,

burrow  structures,   and  some  minor  cross-lamination   (Fig.   24).



CHAPTER   Ill

LITHOFACIES

The  Five  Finger  interval   consi.sts,   in  ascending  order,   of  a

lower  carbonate  unit,   a  middle  clastic-carbonate  uni.t,   and  an  upper

carbonate  unit   (Table  1).     A  descripti.on  of  each  lithofacies  follows,

along  with  inferred  environments  of  deposition.

Lower  Carbonate  Unit

Lower  unit  carbonates  are  4-24  feet  in  thickness.     Wackestones  and

packstones  are  common  in  lower  portions  of  the  unit,   and  are  light  gray

to  dark  gray-green  in  color.     Darker  colors  are  1.mparted  by  high  shale

and  organic  content.     The  base  of  the  unit  contains  quartz  sand  and

silt  derived  from  subjacent  clastics.     Lithologies   i.n  basal   portions  of

the  unit  range  from  calcareous  siltstone  to  wackestones  and  packstones

containing  thi.n  clastic  lenses.     Fossils  comon  in  lower  portions  of

the  unit  include  echinoderms,   brachiopods.   bryozoans.   mollusks   and  forams.

Sedimentary  sturctures  in  lower  portions  include  undulatory  lamina-

tions,  which  may  have  been  produced  by  sluggish  bottom  currents,   and

varying  degrees  of  mottling,   indicati.ve  of  bioturbation.

Upward  from  its  base,   lower  uni.t  carbonates  contain  less  shale,   and

become  lighter  colored  and  more  fossiliferous.     Packstones  and  grain-

stones  are  dominant  in  upper  portions  of  the  unit.     Shallow  clear  water

conditions  permitted  green  algae  to  flourish  within  a  diverse  fossil

assemblage.     Most  shell   fragments  are  enveloped  by  thick  algal

12



TABLE    1

Description  of  Carbonate  Lithofacies  and  Associated  Clastics

Lithofacies

Regressive
Clastics

Upper  Carbonate
Unit

Middle  Clastic-
Carbonate  Unit

Lower  Carbonate
Unl't

Regressive
Clastics

Thickness
( Ft . )

4-15

1-5

4-24

Lithology Genetic
Facies

Red-brown  sand-                   Regressive
stone  and  shale

Mudstone  to
grainstone

Transgressive

Shaly  wackestone.         Transgt`essive
calcareous  shale

Wackestone  to                  Transgressive
gy`ainstone

Red-brown  sand-                   Regressive
stone  and  shale

Depositional
Envi.ronment

Conti nental
sabkha,  deflation
flat

Sabkha,   tidal
flat,  open  marine

Subtidal,   low
energy

Subtidal ,   open
marine

Conti mental
sabkha,  deflation
flat
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coati.ngs   (Fig.   26).     In  a   landward  di.recti.on,   higher  energy  limestones

undergo  a  facies  change  to  suprati.dal   stromatoli.ti.c  dolostones  which

are  represented  in  the  #1   Dreese  core   (Fi.g.   25).

Lower  unit  carbonates  were  deposited  in  subti.dal   envi.ronments

under  transgressi.ve  conditi.ons  as  seas  began  to  inundate  the  shallow

shelf.     Li.ny  siltstone  and  clastic-ri.ch  subti.dal   li.mestones  represent

initial   basal   transgressive  deposits.     Locally  this  clastic-ri.ch  basal

zone  i.s  overlain  by  foram-ri.ch  grapestone  grai.nstone  and  packstone.

Higher  energy  conditions   prevailed  1.n  such  areas   to  wi.nnow  out  lime

mud  and  fine  clastics.     Higher  energy  shallow  water  carbonates  at  the

top  of  the  unit  reflect  deposition  duri.ng  periods  of  hi.gh  sea  level

stillstand  and  decreased  turbi.dity.    These  carbonates  probably  represent

broad  areas  of  offshore  bars  or  shoals  which  developed  over  the  shallow

shelf.

Mi.ddle  Clasti.c-Carbonate  Unit

Thi.s  uni.t  could  be  included  wi.thin  ei.ther  the  upper  or  lower

carbonate  uni.t.     However,   its  usefulness  as  a  marker  bed  for  the  Five

Fi.nger  interval   and  i.ts  regional   correlation  i.n  the  subsurface  meri.t

a  separate  lithofaci.es  desi.gnation.

Mi.ddle  clasti.c-carbonates  are  1-5  feet  in  thickness.     The  unit  is

characterized  by  a  consistently  hi.gh  clastic  content;   1l.thologies  vary

from  dark  gray  to  black  calcareous  shale  to  dark  gray  shaly,  dolomitic

wackestone   (Fig.17).     In  a  landward  direction,  marine  shales  undergo

a  faci.es  change  to  red-brown  continental   shales,  whi.ch  are  represented

in  the  #1   Dreese  core   (Fig.   25).
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Middle  clastic-carbonates  represent  deposition  within  subtidal

open  marine  envl.ronments.     Lower  energy  conditions   in  these  areas  was

probably  the  controlling  factor  in  the  deposi.tion  of  shales  and  lime

mud-rich  carbonates   (Bathurst,1971).     Entrapment  of  clastics  may  have

been  facilitated  by  topographi.cally  lower  areas  of  the  shelf  which

acted  as  settling  basins  for  fine  clastics.     Shales  were  probably

deposited  in  broad  low  energy  swales  where  wave  and  current  energy

was   dampened  by  offshore  bars   or  low  reli.ef  1.slands   (Fig.16).     Shaly

lime  mud-rich  carbonates  probably  reflect  depositi.on  on  topographically

higher  areas  of  the  shelf  where  circulation  was  more  vi.gorous.

Turbid  water,  muddy  substrates  and  sluggish  to  moderate  circula-

ti.on  limited  the  biota  to  an  assemblage  of  brachiopods,  mollusks  and

some  echinoderms.     Extensive  fragmentation  and  lack  of  rounding  of

bioclasts   suggests  breakage  by  burrowing  organisms.

er  Carbonate  Uni.t

Upper  unit  carbonates  are  4-15  feet  thick.    Textures   in  lower

portions  of  the  unit  range  from  wackestone  to  packstone.     Colors  range

from  dark  gray-green  to  light  gray,  depending  on  the  clastic  and

organic  content,  whi.ch  decreases  upward  in  the  unit.     The  fossil

assemblage  is  diverse,  with  echinoderms,   bryozoans,   brachiopods  and

mollusks   being  dominant.

Upward  from  the  base,   carbonates  become  lighter-colored,  less

shaly,  and  more  fossiliferous.    Textures  consist  of  packstone,  grain-

stone  and  packstone-grainstone.     Cores   1,  7  and  8  contain  thin  supra-

tidal   stromatolites  which  cap  the  entire  upper  carbonate  unit.
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Stromatolites,  whi.ch  are  1.rregular  and  flat  to  crinkly,   contai.n  scat-

tered  bioclastic  debris  and  silt-size  clastics.     Finely  crystalline

supratidal   dolost'ones  and  subtidal   dolostones  are  i.ntercalated  with

stromatolites   l.n  some  areas.

Sedi.mentary  structures  within  upper  unit  carbonates   include  some

mottling  due  to  burrowing  and  undulatory  laminati.ons   in  lower  portions.

Toward  the  top  crude   irregular  stromatoliti.c  laminati.ons  and  small

styoll.ti.c  seams  occur.

In  higher  energy  areas  fossil   assemblages  are  diverse,   and  bio-

clasts  comonly  develop  thi.ck  algal   coati.ngs   (Fig.   27).     Green  algae

(Dasyclads)   become  more  numerous  toward  the  top  of  the  uni.t,   suggest-

ing  shallower,less   turbid  condi.ti.ons   through  ti.me.

Upper  unit  carbonates  were  deposi.ted  during  ti.mes  of  maxi.mum

submergence  of  the  shallow  shelf  and  coastline.     Carbonates   in  lower

portions  of  the  unit  reflect  deposi.ti.on  wi.thi.n  subtidal   open  marine

environments.     Those  hi.gher  in  the  unit  accumulated   in  open  marine,

intertidal   and  supratidal   envi.rorments.

ressi.ve  Clasti.cs

Regressi.ve  clasti.cs  are  subjacent  and  superjacent  to  Five  Fi.nger

carbonates  throughout  the  area  of  study  (Figs.   28  and  29).     Although

detai.led  analysis  of  these  clasti.cs  was  beyond  the  scope  of  this  study,

samples  were  taken  i.n  some  cores  to  aid  in  accurately  determi.ni.ng  over-

all   facies  patterns  and  relati.onships.

Supratidal   Clastics

Supratidal   clastics  directly  overlie  and  underlie  Fi.ve  Finger
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carbonates.   and  consist  of  calcareous  red-brown  siltstones  and  shales.

Shales  contal.n  some  gray-green  mottli.ng.     Thicknesses   range  from  1-5

feet.     Gray  to  tan  carbonate  clasts  are  present  i.n  some  cores.     Clastics

are  highly  fractured  and  crumbly,   and  resemble  mudstone   "rubble"

(Fig.   21).     The  ''rubble"   condi.ti.on   is   1.nferred  to  result  from  massive

di.ssoluti.on  of  sulfates,   and  possi.bly  halite,   from  clasti.cs.     Dissolu-

tion  probably  occurred  relati.vely  soon  after  deposi.tion.

These  clastics  represent  conti.nental   deposition  on  subaerially

exposed  arid  to  senl.ari.d  conti.nental   sabkhas  and  brine  pans  during

depositional   regressi.ons.

Deflation  Flat  Clasti.cs

Deflation  flat  clasti.cs  underlie  and  overli.e  supratidal   clastics.

Deposi.ts  consist  of  light  red-brown  shaly,  fine-grai.ned  sandstones

which  are  cemented  to  varying  degrees  by  dolomite  and  anhydrite.     Some

anhydri.te  occurs  as  nodules   (Fig.   23).     Gama  ray  curves  reflect  de-

creased  shall.ness   1.n  these  sands  as  compared  wi.th  supratidal   clasti.cs.

These  sands  represent  conti.nental   deposi.ti.on  on  low  reli.ef  de-

flati.on  flats  which  existed  1.nland  from  suprati.dal   areas.

Faci.es Relati.onshi. s   and   De ositional   C

Wi.thi.n  the  strati.graphi.c  i.nterval   that  includes  Five  Finger  car-

bonates  and  regressi.ve  clastics,   li.thofacies  may  be  grouped  i.nto  the

followi.ng  four  categori.es,  which  reflect  deposition  within  a  spectrum

Of  four  laterally  contiguous  environments:     1)   carbonate,   shale,  and

admixtures  of  shale,   sand,   and  carbonate  were  deposi.ted  in  subtidal
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and  intertl.dal   environments;   2)   supratidal   carbonates  contain  nodular

anhydrite  and  were  penecontemporaneously  dolomi.tized;   3)   red-brown

clastic  mudstones  contain  some  sulfate  and  were  deposi.ted  in  conti-

nental   sabkhas  and  brine  pans;  4)   red-brown  fi.ne-grained  sandstones

were  deposited  by  eolian  and  fluvial   processes  on  broad  deflation

flats.     Categories  1   and  2  represent  the  lower  carbonate  uni.t.  middle

clastic-carbonate  uni.t  and  upper  carbonate  unit  of  the  Five  Finger

interval.     Categori.es  3  and  4  correspond  to  regressi.ve  clasti.cs  above

and  below  Five  Finger  carbonates.     These  four  categori.es,   along  with

related  information,   are  shown   1.n  Table  2.

Five  Finger  carbonates  and  associated  clastics  are  vertically

intercalated   in  the  followi.ng  manner:     4,3,1,2,3,4  from  the  base  up-

ward.     Categories  4  and  3  represent  clastic  depositi.on  on  exposed

coastal   plains  and  shelf  areas,  and  form  part  of  a  regressive  sequence

within  an  earli.er  deposi.tional   cycle.     The  sequence  of  1,2,3  and  4

which  follows  represents  carbonate  deposi.tion  during  a  transgression

and  a  subsequent  depositional   regression   (progradati.on)   during  high

stillstands  of  sea  level.

Lithostratigraphic  and  Facies
Relationshi.ps  from  Log  Cross-Sections

A  total  of  fl.ve  log  cross-secti.ons  were  constructed  at  selected

intervals  across  the  study  area  to  determine  lithostratigraphic  and

facies  relationships  within  the  Five  Finger  interval.     Cross-sections

at  each  interval  are  drawn  relative  to  both  a  stratigraphic  and  struc-

tural   datum.
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TABLE   2

Descrl.ption  of  Environmental   Categories

Environmental Depositional Relative  Sea  Level Lithofacies
Categories E nv i ronments Position Equivalents

4
Regressive

Deflation  flats Progradation  -stableorslowly
Regressive

clastics falling  sea  level clasti.cs

3 Inland  sabkhasandbrinepans

2 Supratidal Supratidal Progradatl.on  -stableorslowlyfallingsealevel Upper  carbonate
carbonates unit

1
Carbonates

Subtidal Transgressive

Lower  carbonateuni.t,middle

and  admixed cl asti c-carbonates ,
carbonates and  intertidal and  portions  of
and  clastics upper  carbonateunl't

3
Regressive

Inland  sabkhasandbrinepans

Progradation  - Regressi.ve

4 De€Iofion  +lcr+s
clastics stable  or  slowlyfallingsealevel clastics
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Figures  5,   9,11   and  13   reveal   that  upper  carbonates  generally

thi.cken  to  the  west   (landward),  while  lower  carbonates  thi.cken  to  the

east  (seaward).     These  relati.onships  are  consi.stent  with  the  i.nter-

pretation  that  upper  carbonates  are  regressive,  and  lower  carbonates

are  transgressive.

Figures  7,11   and  13  reveal   that  carbonates  and  shales  of  the

middle  unit  thicken  slightly  to  the  east.    This  suggests  that  clastics

were  transported  into  the  region  possibly  from  eastern  margins  of  the

Hugoton  Embayment,  or  perhaps  during  periods  of  active  delta  outbuild-

ing  over  shelf  areas  to  the  north  and  south  of  the  study  area.

Regressive  clastics  above  and  below  Five  Finger  carbonates  gener-

ally  thicken  to  the  west,   as   shown   in  fi.gures   5,   7,   9  and  13.     This

relationshi.p  is  consistent  wi.th  the  i.nterpretation  that  clastics  were

continentally  derived,  and  represent  seaward  progradati.on  over  Five

Finger  carbonates  during  deposi.tional   regressions.

Upper  carbonates  are  much  thicker  and  cleaner  in  northern  porti.ons

of  the  study  area,  as   illustrated  in  figure  13,   suggesti.ng  that  deposi-

tional   regressi.ons  were  more  extensive  in  these  areas.     These  carbon-

ates  are  relatively  clastic-free  because  clastic  source  areas  probably

existed  farther  south.     Southward  from  the  regi.on  encompassed  by  cross-

section  E-E'   (Fi.g.13),   upper  carbonates  become  thi.nner,   and  unit

thicknesses  become  relati.vely  uniform  across  the  study  area.     Apparently,

depositional   regressions  were  not  as  extensive  over  areas  generally

south  of  central   Kearny  County.     In  these  areas,  upper  carbonates  are

locally  thinner  over  topographi.c  hi.ghs   (Fig.10).

Facies  changes   in  upper  portions  of  lower  carbonates  are  i.llustrated
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in  figures  5,   9  and   13.     Supratidal   stromatoliti.c  dolostones  represented

in  the  #1   Dreese  core  consti.tute  updip   (westward)   faci.es  equi.valents  to

subtidal   shelf  limestones  to  the  east.     Dolostone  facies  of  lower  car-

bonates  thin  markedly  in  the  vi.ci.ni.ty  of  the  #1   Dreese  well .

Transgressive  lower  carbonates  are  thi.ckest  1.n  southern  portl.ons

of  the  study  area   (Fi.gs.   7  and  9),  where  water  was  probably  sli.ghtly

deeper  and  the  coastli.ne  was  probably  farther  to  the  west.     In  northern

portions,   lower  carbonates  are  relatively  thi.n   (Fi.g.13),   and  represent

deposi.tion  i.n  more  proxi.mal   positi.ons  of  the  shelf  where  shallower

condi.ti.ons  exi.sted.



CHAPTER    IV

DIAGENESIS

±±r|y  Di.agenesis   1.n  the  Marl.ne  Evni.ronmjE±

Blue-green  algae  affect  the  most  si.gnifi.cant  di.ageneti.c  changes   in

subtidally  deposited  Fi.ve  Finger  carbonates.     Their  action  leads   to

ml.critl.zation  of  carbonate  allochems,  and  the  encrustation  of  allochem

surfaces  by  algal   coati.ngs.

Bathurst  (1966)   first  identified  the  process  of  mi.critizati.on  where-

by  carbonate  allochems  are  converted  to  microcrystalline  calci.te.     Thi.s

conversi.on  results  from  extensive  centripetal   bori.ng  of  allochem  sur-

faces  by  algae,   and  subsequent  i.nfi.111.ng  of  vacated  bores  by  micritic

aragonite  or  magnesi.urn  calci.te.     Incomplete  mi.critizati.on  produces  mi.c-

ri.te  envelopes,   and  i.f  the  process  goes   to  completi.on,   whole  allochems

may  be  converted  to  structureless  peloids.     These  peloids,   by  virtue  of

thel.r  ml.cri.ti.zati.on,   are  more  susceptible  to  abrasi.on  and  rounding

(Bathurst,1971).

In  Five  Fi.nger  carbonates,  micri.ti.zation  of  both  aragonite  and

calcite  shells,   followed  by  transportati.on  and  roundi.ng,   produced  peloi.ds

(Fi.g.   27).     Thi.n  walled  shells  of  foramini.fers  and  some  bryozoans  were

thoroughly  mi.cri.ti.zed,  whi.1e  thicker  shells  of  echi.noderms,   brachi.opods

and  mollusks  developed  only  thin  micritic  rinds.

Mi.cri.tized  carbonate  allochems  were  highly  resistant  to  later

di.ageneti.c  alterati.on.     Thi.s  effect  was   recognized  by  Jacka   (1978),  who

observed  that  replacement  of,  and  cementation  wi.thin  mi.cri.tized  shells

were   si.gni.ficantly   1.nhi.bited   (Fi.gs.   30  and   51).

.----.- _--`
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Hi.gher  energy  Fi.ve  Fi.nger  carbonates  contai.n  abundant  algal   coated

grai.ns.     Grains  are   invariably  of  the  Osagid  type   (Fi.g.   31),   fi.rst  de-

scri.bed  by  Twenhofel   (1919)   from  the  Lower  Permian  of  Kansas   and  Oklahoma,

and  also  reported  by  Toomey   (1974)   from  the  Upper  Pennsylvani.an  of  the

mi.dcontl.nent  regi.on.     Osagid  grain  coatings  are  composed  largely  of  the

blue-green  alga Gi.rvanella (Johnson,1946).     Algal   thalli   comonly  form

crude  concentric  lami.nations   around  shell   nuclei.     In   some  cases,   coat-

. ings   lack  any  trace  of  concentri.ci.ty,  and  appear  as  dark  brown,   fi.ne-

grai.ned  mi.cri.te  in  thin  secti.on.     The  obli.terati.on  of  algal   structure

is  probably  due  to  recrystalli.zati.on  of  algal   thalli   (Toomey,1974).

Epl.zoic  organl.sins   associ.ated  wi.th  Girvanella

calcareous  forami.ni.fer  Tuberi.ti.na
include  the  encrusting

.   and  the  encrusting  alga   (?)   Tubiphytes

(Fig.   32).

Algal   coated  grain  nuclei   may  be  deri.ved  from  almost  any  avai.1able

bioclast,   although  phylloid  algal   fragments  fom  the  nuclei   for  most

grains.     Fragments  of  calci.te  shells  form  nuclei   for  some  grains.     Inter-

nal   structures  of  aragonitic  shells  are  comTionly  obliterated  by  extensive

boring  by Gi rvanel 1 a dissoluti.on,  or  recrystallization  to  calci.te

(Toomey,1974).     Thi.ck-shelled  calcitic  bi.oclasts.   which   normally  do  not

recrystalli.ze,   undergo  limi.ted  perforation  by  bori.ng  algae,  and  usually

retain  thei.r  i.nternal   structure.

Algal   coatings  usually  envelope  shell   nuclei   evenly  on  all   sides.

Thl.s   impli.es   fomation   1.n  an  envi.ronment  whi.ch   provi.ded  enough   turbu-

1ence  to  regularlyiroll   the  grai.ns  over.     Where  optimal   conditi.ons  for

].  growth  exi.sted,  algal   encrustations  accreted  outward  to  i.ncorporate  other

grai.ns   into  its  structure  to  produce  complex  algal   coated  grains.  or
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grapestone   (Fig.   27).     Wl.thin  certain   intervals,   coalescence  of  these

grains  produced  textures  approaching  that  of  a  boundstone.

Some  Five  Finger  grainstones  contain   isolated  thin  submarine

cement  crusts  in  primary  voids.     Cements  are  fl.brous  to  bladed,   and

line  intrabiotic  cavi.ties  and  interparticle  pores.    Acicular  crusts

are  oriented  perpendi.cular  to  grain  surfaces   (Fig.   30).     Cements  probably

represent  original   thi.n  acicular  aragonite  and  bladed  high  magnesium

calcite  crusts  whi.ch  precipitated  from  shallow  seawater.

Fresh  Water  Dia enesis  and  Calcitization

Most  Five  Finger  carbonates  stabilized  and  lithified  in  a  fresh

water  environment.     Originally  unstable  aragonite  and  magnesium  calci.te

mineralogies  were  converted  to  stable  low  magnesium  calcite  by  exposure

to  fresh  meteoric  groundwater.

Origi.nal   aragonitic  li.me  mud  inverted  to  low  magnesi.urn  calcite

according  to  the  process  outlined  by  Matthews   (1968).     Inversion  results

from  solution-precipitation  reactions  that  initiate  on  calcite  nuclei,

such  as  bioclastic  material,   in  the  sediment.     Ini.tially  hi.gh  lime  mud

matrix  porosities  of  40-70%  are  occluded  by  inversion  to  calcite  micrite

(Bathurst,1971).     Recrystallization  of  lime  mud  to  mi.crospar,   and  less

comonly  to  pseudospar,  occurred  in  response  to  prolonged  exposure  to

fresh  water  (Jacka  and  Brand,1977).

Aragonitic  bioclasts   (phylloid  algae  and  vari.ous  mollusks)   dis-

solved  to  form  biomolds   (Figs.   33  and  34).     In  some  instances,   dissolu-

ti.on  occurred  prior  to  complete  lithifi.cati.on  of  sediments  to  produce

vertical.  crumbly  nontectonic  fractures   (Fig.   35)   si.milar  to  those
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described  by  Jacka  and  Brand   (1977).     Aragonite   shells   rimmed  by  mi.cri.te

envelopes  dl.ssolved,   leavi.ng  hollow  micrite  envelopes  which  were  later

filled  to  different  degrees  with  calcite  cement   (Fig.   36).     Cement  may

have  been  derived  from  the  8%  surplus  of  Cac03  resulting  from  calcite

replacement  of  aragoniti.c  lime  mud   (Pingatore,1970).     Preci.pitation  of

cement  in  and  around  mi.cri.te-filled  algal   bores   closely  mimicked  re-

crystallization  fabrics.     Some  aragonite  shells  stabilized  by  inversi.on

to  coarse  anhedral   calci.te  mosai.cs  whi.ch  destroyed  ori.gi.nal   shell   tex-

tures   (Bathurst,1964;   Fri.edman,1964).     Textures  of  calcitic  shells

were  unaffected  by  fresh  water  diagenesis.     Magnesium  calci.te  echi.no-

dems  and  bryozoans  stabilized  to  calcite  by  incongruent  dissoluti.on

with  preservation  of  ori.gi.nal   shell   textures   (Fri.edman,1964;   Land,

1967).     According   to  Gavish  and   Friedman   (1969),   Mg  calci.te   stabilizes

to  calcite  at  greater  rates  than  calcitization  of  aragonite.

Early  li.thifi.cation  of  Five  Finger  carbonate  sedi.ments   involved

not  only  mineralogic  stabilization  but  also  cementation  in  pore  spaces

to  yield  stable,1ithified  limestone.

Substrate  fabrics  placed  definite  constraints  on  calcite  cement

precipitation.     Within  1.ntrabiotic  cavities  of  calci.tic  bioclasts

most  cement  was  preci.pitated  as  epi.taxi.al   extensions  of  pri.smati.c,

foliated,   and  crossed-lamellar  shell   layers   (Fi.gs.   37  and  38).     Highest

rates  of  calcite  cement  preci.pitation  occurred  as  large  epitaxial

aureoles  on  monocrystall.ine  echi.noderm  components   (Jacka,   1974a)

(Fig.   36).     In  some  intervals,   the  absence  of  calcite  cement  within

mi.critized  shells  and  hollow  micrite  envelopes   i.ndicates  that  cement

precipitation  on  micritic  foundations  was  si.gnificantly  inhibited.
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Criteri.a  associated  with  the  meteoric  vadose  envi.ronment  as

described  by  Jacka  and  Brand   (1977)   are  poorly  represented   1.n  .Five

Finger  carbonates.     Mineralogic  stabili.zati.on  proceeded  rapidly  with-

in  the  fresh  water  phreatic  environment,  where  cri.teri.a  for  phreatic

diagenesis  as  outli.ned  by  Jacka  and  Brand   (1977)   are  abundantly  re-

corded.     Soluti.on  of  aragonite  and  precipitati.on  of  calcite  occurred

at  greater  rates  in  the  phreatic  zone  than  in  the  vadose  zone  due  to

contl.nuous  movement  of  fresh  water  through  sediments   (Steinen,1974).

Recrystallizati.on  of  micrite  to  mi.crospar  and  pseudospar  is  a  by-

product  of  phreatic  di.agenesis   (Jacka  and  Brand,1977).     Some  primary

and  secondary  voids  were  filled  wi.th  ferroan  calcite  cement  (Fig.   34)

which,   according  to  Bathurst   (1971),  comonly  precipi.tates  within  re-

duci.ng  environments  of  the  phreatic  zone.     Drusy  cement  fabrics   (Fi.g.   38)

and  partial   collapse  of  dissolution  molds  to  produce  crumbly  nontectonic

fractures  provides  further  evidence  of  extensive  fresh  water  phreatic

di.agenesi.s.

Dolomitl.zati.on   and  Dolomi.te   Cementati.on

According  to  Jacka   (1975),   dolomiti.zati.on  may  occur  neomorphically

to  produce  rhombic  crystalline  dolomite.     Paramorphic  dolomitizati.on

occurs  when  calcite  and  magnesium  calcite  crystal   fabrics  are  preserved

after  dolomitization.

Sore  dolomitizati.on  occurred  wi.thi.n  supratidal   and  subtidal   Five

Finger  carbonates.     Dolomitization  of  supratidal   lime  mud  produced  neo-

morphic  rhombic  crystal   textures   (Fig.18).     Dolomitizati.on  probably

Was  induced  by  elevated  Mg/Ca  ratios  of  seawater-derived  pore  fluid
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brl.nes.     Increased  ratios   resulted  from  Ca  ion  depleti.on  by  early  pre-

cipitati.on  of  gypsum  and  aragonite.     Withi.n  Persian  Gulf  sabkhas   ratios

of  5.3  in  the  lagoons   increase  to  as  much  as  35  in  interstitial   brines

of  the  coastal   sabkha   (Butler,1969).     Reaction  of  supratidal   sediment

with  Mg-enriched  brines   leads  to  penecontemporaneous  dolomi.ti.zation  of

unstable  aragoniti.c  mud  to  produce  dolomite  muds  with   1-2  micron  crys-

tals   (Kinsman.1969).

Neomorphic  dolomitization  of  aragonitic  peloids  and  bi.oclasts   pro-

duced  finer  textures  than  replacement  of  li.me  mud.     Peloids  and  shells

possess  greater  packing  densities  of  aragonite  crystals;  thus.later

replacement  by  dolomite  yielded  dense  crystalline  textures.     The  p+esence

of  organic  "sludge"   I.n  peloids  may  have  also   influenced  replacement  tex-

tures  by  restri.cting  the  size  of  rhombi.c  replacement  crystals  in  peloids

(Shearman,   in  Bathurst,1971).     Aragoni.te  needles  of  ori.ginal   lime  mud

are  less  densely  packed  to  yi.eld  later  dolomitizati.on  textures  of  loosely

arranged  rhombic  crystals.     Illi.ng  and  others   (1965)   demonstrated  that

in  supratidal   environments,  aragonitic  lime  mud  is  preferentially  dolo-

ml.tized  before  aragoni.tic  peloids  and  shells.     Greater  susceptibill.ty

of  li.me  mud  to  replacement  is  probably  related  to  large  surface  areas

of  needle  crystals  and  high  initial   porosities.

Neonorphic  dolomi.ti.zation  of  subtidal   carbonate  occurred  in  the

Westerrmost  core  studi.ed   (Dreese  #1).     Origi.nal   lime  mud  matrix  was

replaced  by  loose  fabri.cs  of  rhombi.c  dolomi.te  crystals.     Aragoni.ti.c

Shells  rimed  by  micri.te  envelopes  were  partially  dissolved  and  par-

tially  replaced  by  coarse   inclusi.on-rich  dolomite   (Fig.   39).     Dissolu-

tion  molds  were  later  filled  with  clear  rhombic  dolomi.te  and  anhydrite
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cement   (Figs.   39   and  40).

Many  wackestones   intercalated  with  packstones  and  grainstones  were

subjected  to  partial   to   intensive  neomorphic  matri.x  dolomi.tizatl.on.

Calcitic  shells  `in  wackestones  were  largely  unaltered  by  dolomitization

(Fig.   4,).

Occurrences  of  paramorphi.c  dolomitization  are  limited  to  subtidal

dolostones,  where  magnesium  calci.te  shell   textures  of  echinoderm  com-

ponents  were  preserved  after  dolomitizati.on   (Fig.   42).     Elsewhere,

echi.noderms  stabilized  to  calcite.

Dl.agenetic  fabri.cs  of  dolostones  may  be  classi.fied  using  terminol-

ogy  developed  by  Friedman   (1965).     He  prescribed  the  terms   1.diotopic,

hypidiotopic  and  xenotopic  to  refer  to  euhedral ,   subhedral   and  anhedral

crystals,   respectively.     Neomorphic  replacement  of  lime  mud  initially

produces   idiotopic  fabrics  of  loosely  packed  euhedral   crystals  with

high  intercrystalline  porosities   (Fig.   43).     Conti.nued  flux  of  Mg-rich

brines  forms  hypidi.otopic  fabri.cs  of  subhedral   crystals  produced  by

epitaxial   cementation  on  earlier  formed  rhombs   (Figs.   44  and  45).

Epitaxial  overgrowths  restri.ct  1.ntercrystal   pores  and  therefore  sig-

nificantly  reduce  porosity  and  permeabili.ty.

On  a  small   scale,  the  introduction  of  clays  and  oxides  into  inter-

crystal   pores  inhibited  overgrowth  cementation  1.n  some  supratidal   dolo-

stones   (Fig.  46).     Intercrystalline  porosity  of  idiotopic  fabrics  may

be  preserved,  or  largely  occluded  by  conti.nued  illuviation  of  clays.

A  progression  exists  from  limestones  wi.th  scattered  dolomite  rhombic

porphyroblasts  to  slightly  dolomi.tic  li.mestones  to  highly  dolomitic  lime-

stones  to  dolostones.     Most  Five  Finger  limestones  are  slightly  to  very

E=J
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dolomi.tic.     Dolomite   is   emplaced  as   cement   in  some  primary  voids

(Figs.   30  and  37)   and  as   porphyroblastic   replacement  of  lime  mud.     In

some  instances,  porphyroblastic  replacement  rhombs  are  scattered  through-

out  the  micritic  matrix.     Rhombs  are  euhedral,  and  crystal   boundaries

generally  appear  sharp  and  uncorroded   (Fig.   47).

In  some  l.nstances,   epitaxial   calcite  cement  crystals  which  line

intrabiotic  voids  of  calciti.c  shells  are  overlai.n  and  parti.ally  re-

placed  by  dolomite  cement   (Fig.   37).     Dolomite  cement  crystals  are

then  overlain  by  sparry  calcite  cement  which  fills  the  remainder  of

the  void,  and  in  some  1.nstances  replaces  earlier  dolomite.     This  yoi.d-

filli.ng  sequence  represents  an  interrupti.on  in  the  normal   vadose-

phreatic  cementation  progressi.on.     Apparently,   geochemi.cal   changes   in

pore  flui.ds  occurred  to  precipitate  dolomite  cement  subsequent  to  epi-

taxial  calcite,  but  prior  to  the  introduction  of  phreatic  calcite

cement.     In  grai.nstones,   coarse  rhombic  dolomi.te  cenent  in  inter-

particle  voids   is  overlain  by  calcite  spar.     In  some  instances,   dolo-

mite  cement  rhombs  were  dedolomitized   (Fi.g.   30).

Petrographic  evidence  suggests  that  three  separate  variables

influenced  dolomitization  reactions:     proxi.mity  to  coastal   areas  where

dolomitizing  fluids  probably  evolved;   ratios  of  ori.gi.nal   lime  mud  to

grains;   and  volumes  of  magnesi.urn  calcite   in   sediments.

Dolomiti.zi.ng  fluids  probably  evolved  beneath  coastal   plains  along

the  western  edge  of  the  study  area.     In  these  areas.  suprati.dal   11.me

mud  was  penecontemporaneously  dolomitized.     Brines  discharged  laterally

and  seaward  to  replace  subtidal   carbonates  at  shallow  depths.     Continued

di.scharge  of  magnesium-rich  brines  through  previously  dolomitized  sedi-
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ments  up  flow  li.nes  resulted  in  epitaxial   overgrowth  precipitation

around  earlier  fomed  replacement  rhombs.     Five  Finger  dolostones   1.n

the  #1   Dreese  possess  well-developed  hypidiotopic  fabri.cs  where  inter-

crystal  voids  are  largely  filled  by  dolomite  cement.   . Along  the  path

of  discharge,   progressive  magnesium  depletion  inhibi.ted  overgrowth

cementation,  and  idi.otopi.c  fabrics  were  preserved  farther  seaward.

Cuttings  from  the  #1   Bowlus  east  of  the  Dreese  well   contain  porous

dolostone  with  preserved  1.diotopi.c  fabrics.     Evi.dence  thus   indicates

that  hypidiotopic  fabrics  in  proximal   areas  grade  into  idiotopic  fabrics

down  flow  lines   1.n  an  eastward  direction  primarily  as  a  function  of

decreasing  magnesium  concentrations.     Dolomitization  effects  thus

dimi.nished  with  increasing  distance  from  coastal   areas  to  the  west.

The  ratio  of  grai.ns  to  ori.ginal   lime  mud  matrix  i.n  Five  Fi.nger

sediments  had  a  pronounced  effect  on  subsequent  dolomitization  reactions.

Wackestone  textures  of  all   carbonate  li.thofacies  display  parti.al   to

complete  matri.x  dolomitizati.on.     Dolomi.tized  wackestone  intervals  range

i.n  thickness  from  less  than  a  foot  to  as  much  as  five  feet,  and  are

overlain  and  underlain  by  limestone.     Transiti.ons  from  grainstones  and

packstones  to  wackestones  are  often  gradual ,  and  the  degree  of  matri.x

replacement  increases   in  proportion  to  1.ncreases   in  the  lime  mud  matrix/

grain  ratio.     The  observed  relationship  may  be  explai.ned  by  the  fact

that  dolomite  preferentially  replaces  aragonite  before  calcite  and

magnesium  calcite.     Studi.es  by  Matthews   (1968)   on  Barbados   indi.cate

that  an  ori.ginally  homogeneous  distribution  of  calcitic  nuclei  will

result  in  rapid  calcitization  of  aragonitic  sediment.     Five  Finger

limestones  consisting  predomi.nantly  of  calciti.c  shells   (packstones
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and  grainstones)  were  therefore  calcitized,  while  wackestones  with

larger  volumes  of  lime  mud  were  preferentially  dolomiti.zed.

Limestones  from  the  Garden  C-10  core,   located  1.n  more  distal

portions  of  the  shelf ,  contain  abundant  porphyroblastic  dolomite.

Dolomite  was  emplaced  as  cement  in  body  cavities  of  bioclasts,   and

as  replacement  of  carbonate  material.     In  rare  instances,  replacement

dolomite  is  concentrated  around  magnesi.urn  calcite  shells.     The  pres-

ence  of  porphyroblastic  dolomite  suggests  that  local   sources  of  mag-

nesium  were  available  for  dolomitization.     Fri.edman   (1964)   and  Land

(1967)   have  shown  that  magnesium  calci.tes  lose  their  magnesium  to  an

aqueous  solution  during  stabilization  to  calcite.     Jacka   (1974b)   doc-

umented  a  similar  loss  of  magnesium  from  magnesium  calcite  shells.     In

such  instances,  magnesium  released  by  silicification  resulted  in  partial

dolomitization  of  shells.     Magnesium  calcite  in  the  matrix  may  have

represented  an  additional   minor  local   source  of  magnesium  for  dolo-

mi.tization   (Jacka,   personal   comunication).     Magnesium  was   thus  appar-

ently  derived  from  the  stabilization  of  high  magnesium  shells  of  bryo-

zoans,  foraminifers  and  echinoderms.

drite. Em lacement

Anhydrite  morphologies  and  diagenesis  from  supratidal   areas  of

the  present  study  resemble  those  descri.bed  from  modern  environments

of  the  Persian  Gulf  by  Kinsman   (1969)   and  Butler   (1969),   and  ancient

sabkhas  of  the  Permian  Basin  by  Jacka  and  Franco   (1974).

Interstitially  precipitated  gypsum  in  sabkha  sediments  becomes

replaced  by  anhydrite  during  seaward  progradation  of  supratidaTareas
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(Ki.nsman,1969).     Replacement   results   from   increased  temperature  and

salinity  of  1.nterstitial   bri.nes.     Anhydri.te  replacement  of  gypsum

forms   isolated  nodules,   nodular  mosaics  and  gypsum  pseudomorphs  of

felted  lath  crystals   (Jacka  and  Franco,1974).     As   ;upratidal   areas

become  increasingly  1.solated  during  progradati.on,  anhydri.te  may  pre-

cipitate  di.rectly  as  isolated  nodules  of  felted  lath  crystals  with

no   gypsum  precursor   (Ki.nsman,1969).

Isolated  anhydrite  nodules  occur  1.n  Fi.ve  Fi.nger  supratidal

deposits.     Nodules  formed  as  replacement  of  suprati.dal   algal   laminated

and  sabkha  sediments   (Fig.18).     In  some   instances,   anhydri.te  nodules

were  recrystalli.zed  to  large  crystals  of  anhydrite  spar.     Boundaries  of

1.ndi.vidual   spar  crystals  are  sharp,   and  transect  numerous  corroded  lath

crystals   (Fig.   48).     Coalescence  of  nodules   in  some  intervals  resulted

i.n  massive  replacement  of  carbonates   (Fi.g.   68).     Anhydrite  cement  fi.lls

birdseye  vugs   (Fig.19),   di.ssolution  molds   (Fi.g.   40)   and   randomly

ori.ented  fractures   (Fig.   44)   in  supratidal   and  subti.dal   Fi.ve  Finger

dol ostones .

The  most  commonly  observed  anhydri.te  morphology  is  the  sparry

replacement  porphyroblast   (Figs.   49  and  58).     These  crystals  possess

di.stincti.ve  rectangular  stairstep  outlines,  as  noted  by  Jacka  and

Stevenson   (1977),   and  are  abundant  within  subti.dal   li.mestones.     Por-

phyroblasts  nucleated  in  organi.c-ri.ch  materi.al   such  as  peloi.ds,  algal

coated  grai.ns  and  shell   fragments   (Fi.gs.   50  and  51).     Although  it

preferred  to  mai.ntain  its  rectangular  morphology,   sparry  replacement

porphyroblasts  someti.mes  conformed  to  the  shape  of  the  material   being

replaced.     In  some  instances,   the  internal,   concentric  morphology  of
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algal   coated  grains  was   preserved  after  replacement   (Fi.g.   31).     Replace-

ment  fronts  expanded  outward  from  nucleation  sites  to  replace  adjacent

matri.x  and  grains.     Coalescence  of  individual   porphyroblasts  produced

patchwork  replacement  fabrics.

Discharge  of  fresh  water  fluids  resulted  in  retrograde  di.agenesl.s

of  anhydrite  to  gypsum  1.n  some   intervals.     Some  anhydrite  was  dissolved,

or  replaced  by  calci.te  and  silica   (Fi.g.   52).     Leaching  of  anhydrite  by

fresh  water  has  produced  much  of  the  open  porosity  observed  in  Five

Finger  limestones.

Anhydrite  occurs  wi.thin  all   carbonate  lithofacies,  but  is  most

abundant  wl.thin  upper  uni.t  carbonates.     Anhydrite  probably  was  emplaced

by  calcium  sulfate-enri.ched  brines  which  discharged  laterally  and  sea-

ward  through  sediments.     Dissolution  and/or  replacement  occurred  durl.ng

subsequent  subaeri.al   exposure  and  fresh  water  diagenesis.

Si 1 i ci fi cati on

Two  separate  epi.sodes  of  silici.fication  are  recorded  in  Five  Finger

carbonates.    The  first  involves  early  partial   silici.fication  of  organic-

rich  allochems  by  length  slow  chalcedony  and  microquartz.     Jacka   (1974b

and  1978)   has  shown  that  si.1ica  nucleates   in  organi.c-rich  material   such

as  shells,  peloids  and  algal   coated  grains.     Partial   replacement  of

bioclasts  is  restricted  to  fragments  of  brachiopods,  pelecypods  and

echl.nodems   (Fi.gs.   38  and  53).     Micri.tic  materi.al   of  peloi.ds  and  algal

coated  grains  was  replaced  by  mi.croquartz.     Fi.brous  and  prismatic  shell

layers  of  bioclasts  were  pseudomorphed  by  replacement  silica.     Partially

silicified  echinoderms  contain  rhombic  dolomite  inclusions   in  areas  of
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si.lica  replacement.     The  dolomite,   some  of  whi.ch   is  ferroan,   is  opti.cally

continuous  with  unreplaced  monocrystals   (Fig.   54).     Simi.lar  occurrences

of  dolomite  associated  with  silicification  have  been  described  by  Jacka

(1974b)   from  Mi.ddle  Permian  carbonates  of  the  Delaware  Basin.     According

to  Jacka   (1974b),  dolomite  exsolves  from  centers  of  magnesium  enrichment

in  magnesium  calcite  shells  as  a  result  of  ionic  mobilization  associated

with   silicification.     Magnesium  for  dolomite  nucleation  thus  was  derived

locally  from  high  magnesium  echinoderm  components.

The  timing  of  silicification  relative  to  other  diagenetic  reactions

is  difficult  to  predict,  because  replacement  silica  rarely  extended  be-

yond  shell  margins.     There  are  some  instances  where  silica  extended  be-

yond  boundaries  of  echinoderms  to  partially  replace  surrounding  epitaxi.al

overgrowths.    This  indicates  that  partial   silicification  of  shells  oc-

curred  before  or  during  initial   fresh  water  stabi.1ization  and  cementa-

tion.     Partial   sill.cificati.on  of  shells  suggests  that  organic  decomposi-

tion  products  provi.ded  a  microenvi.ronment  conducive  to  silicification

(Jacka,1974b).     Silica  was   probably  derived  from  fresh  meteoric  ground-

water,  which  is  normally  saturated  with  Si02.

Late  di.agenetic  reactions  involve  migrati.on  of  silica  replacement

fronts  to  produce  nodular  chert  in  some  intervals   (Fig.   26).     Micritic

material   (micrite  matrix,   peloids  and  algal   coated  grains)  was  replaced

by  mi.croquartz   (Figs.   55  and  56),   and  shells  were  replaced  by  length-slow

chalcedony  (Fi.g.   57).     Calcite  shells  and  cement  were  least  susceptible

to  replacement,  and  in  many  instances  resisted  complete  silicification.

Voids  not  cemented  with  carbonate  were  filled  with  void-fi.lling  varieties

of  silica  such  as  length-fast  chalcedony  and  megaquartz   (Figs.   56  and  57).
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Large  ferroan  dolomite  rhombs  were  observed  within  sill.ci.fi.ed  areas,

and  probably  represent  addi.tional   exsolution  phenomena.

Euhedral   quartz  overgrowths  are  present  on  some  detrital   quartz

grains  scattered  within  limestones.     Thei.r  development  occurred  by

replacement  of  surroundi.ng  carbonate  material ,  which  may  be  preserved

within   indi.vidual   overgrowths   (Fig.   59).     Sill.ca  also  was   emplaced  as

replacement  porphyroblasts   1.n  organic  rich  material.

Replacement  of  porphyroblastic  and  nodular  anhydrite  dy  length-

slow  chalcedony  is  observed  in  all   carbonate  facies   (Fig.   52).     In

some  instances,   individual   lath  crystals  of  replacement  nodules  were

pseudomorphed  by  silica.

Occurrences  of  P

Pyrite  occurs  as  thin  stringers  of  di.ssemi.nated  cubes,  and  as

replacement  of  small   shell   fragments   (Fig.   60).     Pyri.te  was  emplaced

i.n  organi.c  rich  materi.al   of  micro-reduci.ng  environments.     Emplacement

probably  occurred  prior  to  precipitati.on  of  anhydrite,  because  pyri.te

and  other  material   contained  withi.n  solution  residue  stringers  are

displaced  and  engulfed  by  anhydrite  porphyroblasts.



CHAPTER   V

POROSITY   AND   PERMEABILITY   RELATIONSHIPS

Porosity  in  Five  Finger  carbonates  is  a  result  of  diagenetl.c

processes  superimposed  on  original   depositional   processes.     Original

primary  porosity  is  depositi.onally  controlled,  while  secondary  and

tertiary  porosity  developed  by  later  diagenesi.s.     In  this  chapter,

observed  porosity  types  are  described,   and  diagenetic  processes  which

controlled  occlusion  and  preservation  of  porosity  are  discussed.

Primary  Porosit.y

Py`imary  porosity  occurs  as  internal   cavities  of  bioclasts,  and  as

interparticle  void  space  between  allochems.     Grainstones   in  upper  unit

carbonates,  and  upper  portions  of  lower  unit  carbonates  contained  very

high  porosi.ties  and  permeabilities  following  depositi.on.     Although

some  primary  pores  were  filled  partially  by  submarine  cement   (Fig.   30),

most  priinary  porosity  was  occluded  by  meteoric  cementation  in  a  fresh

water  envi.ronment   (Fi.g.   36).     Some  primary  voids  also  were  cemented

partially  by  dolomite   (Fig.   30).     Although  very  li.ttle  intergranular

porosity  was  preserved,  body  cavities  of  some  micritized  shells  are

partially  open  (Fig.   61).     In  most  cases  this  can  be  attributed  to  the

inhibiting  effect  of  micritization  on  cementati.on.     Jacka   (1978)   dis-

covered  that  cementation  rates  are  lowest  on  micri.ti.c  foundations.

Moreover,  cementation  rates  are  faster  in  the  meteoric  phreatic  zone

than  in  the  vadose  environment.     Prolonged  exposure  to  low  salinity

36



37

flui.ds  therefore  resulted  i.n  a  high  degree  of  primary  porosity  occlusion

by  meteoric  cementation.     Limi.ted  residence  time  in  the  fresh  water

phreatic  environment  yielded  only  partially  cemented  voids.

Secondar Porosit

Secondary  porosity  in  Five  Finger  carbonates  consists  of  dissolution

molds,  nontectonic  fractures,   fenestral   cavities   (birdseye  vugs) ,  and

intercrystal   voids  in  neomorphic  dolostones.

Dissolution  molds  record  leaching  of  aragonitic  shells  by  fresh

water,   and  are  represented  by  biomolds  and  hollow  micrite  envelopes.

Molds   are  cemented  largely  by  calcite   (Figs.   33  and  36),   although   some

also  are  cemented  by  sparry  anhydrite  and  dolomite   (Figs.   39  and  40).

Hollow  micrite  envelopes  are  abundant  in  Five  Finger  packstones  and

grainstones,  while  biomolds  occur  largely  in  mud-rich  wackestones.     Very

little  biomoldic  porosity  is  preserved  due  to  extensi.ve  cementation.

However,   1.n  some  areas  hollow  micrite  envelopes  contribute  significantly

to  porosity  in  upper  unit  carbonates.

Some  mihor  fractures  occur  in  upper  unit  carbonates.  and  upper

pot:tions  of  lower  unit  carbonates   (Fig.   35).     Fractures  are  generally

vertically  oriented,  and  probably  result  from  early  di.ssolution  of

aragonitic  shells  and  partial   collapse  of  carbonate  sediment  prior  to

lithification.     Some  minor  fractures  occur  in  dolostones,  and  are  filled

with  coarse,   blocky  dolomite  cement   (Fig.   67).     Five  Finger  carbonates

do  not  exhibit  extensive  fracture  development,  except  in  the  Smalley

`.C"   l-A,  where  vertical   fractures  are  well   developed  in  the  upper  car-

bonate  unit.    At  least  a  portion  of  the  fractures,  however,  are  artifacts
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of  the  caring  operation.   because  no  cement  or  i.nternal   sedi.ment  were

observed  in  fractures.

Fenestral   cavities,  or  birdseye  vugs,  are  postdepositional  features

produced  by  shrinkage  and  decay  of  algal  mats   in  supratidal   areas.

Birdseye  vugs  are  comon  in  Five  Finger  stromatolitic  supratidal   dolo-

stones,   and  are  partially  to  completely  cemented  by  dolomite  and  anhy-

dri.te   (Fig.19).

Neomorphic  dolomiti.zation  of  subtidal   upper  unit  carbonates   in  the

#1   Dreese  produced  loose,   idiotopic  fabrics  possessing  significant  inter-

crystal   pore  space.     Later  epitaxial   dolomite  cementation  formed  com-

proml.se  boundaries   in  voids.   and  occluded  much  of  the  porosity  to  form

hypidiotopic  fabrics   (Fig.   44).     Intercrystalline  porosity  I.n  supratidal

stromatolitic  dolostones  is  occluded  to  varying  degrees  by  dolomite

cement,  and  in  mi.nor  isolated  instances  by  clays  and  oxides.     Other  Five

Finger  neomorphic  dolostones  contain  minor  amounts  of  intercrystalline

porosity.  where  pores  are  poorly  formed  and  lack  interconnection.

Apparently,   the  dolomiti.zation  process  was  terminated  before  significant

intercrystal   pore  space  could  develop.

Tertiar Porosit

In  many  instances,  anhydrite,  emplaced  in  carbonates,  was  dissolved

by  fresh  water  to  produce  tertiary  moldic  porosity.     Anhydrite  molds

display  blocky,  stairstep  outlines  which  directly  reflect  the  ori.ginal

crystal  morphology  of  sparry  replacement  porphyroblasts.     Molds  are

partially  to  completely  cemented  by  dolomite,   calcite  and  second  genera-

tion  anhydrite   (Figs.   62  and  63).     Anhydrite  moldic  porosity  is  best
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developed   in  upper  unit  carbonates,  where  emplacement  of  anhydri.te

porphyroblasts  and  later  dissolution  by  fresh  water  occurred  on  a

large  scale   (Fig.   64).

Distribution  of  Porous  Carbonates

Within  the  Five  Finger  interval,   upper  unit  carbonates   contain  the

best  porosity  and  permeabi.1ity.     Pot`osity  development   1.s   largely  due  to

postdepositional   diagenesis  which  resulted  1.n   incomplete  cementation  of

primary  voids,  and  the  development  of  secondary  and  tertiary  porosity.

The  most  porous   Five  Finger  limestones  occur  in  upper  unit  carbon-

ates  of  the  #1   Rose   (Fig.   29),  where  some  residual   primary  porosity  has

been  preserved.     Depositi.on  of  regressi.ve  clastics  over  porous  upper

unit  carbonates  may  have  formed  a  pat`ti.al   seal   which  retarded  downward

percolati.on  of  fresh  water  into  subjacent  limestones.     Positi.oning  of

clastic  material   over  porous  carbonates  may  have  prevented  the  establish-

ment  of  donor-receptor  relationships,   as  described  by  Jacka  and  BT`and

(1977).      In  such   instances,   some  original   primary  porosi.ty  may  have

been  preserved  due  to  limited  fresh  water  di.agenesis  and  cementation.

Early  leaching  of  aragoniti.c  shells,   and  later  dissoluti.on  of

anhydrite  dy  fresh  water,   produced  second  and  third  order  voi.ds  whi.ch

enhanced  origi.nal   primary  porositi.es.

Anhydrite  molds  are  abundant  i.n  upper  unit  carbonates  of  the

#1   Rose,  and  may  indicate  that  generation  and  seaward  discharge  of

Ca-rich  hypersaline  brines  occurred  on  a  large  scale  in  northern  por-

tions  of  the  study  area.     The  structurally  higher  position  of  the

#1   Rose  well   relative  to  surrounding  areas  probably  resulted  1.n  numerous
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and  extended  peri.ods  of  subaeri.al   exposure.     Fresh  water  diagenesis

associated.  with  peri.ods  of  emergence  leached  large  amounts  of  anhydrite

that  was  emplaced  in  cay`bonates  during  more  arid  progradational   cycles.

The  #1   Rose  well   appears  to  have  been  located  along  seaward  flanks  of

low  relief  structures   in  an  area  of  hi.gh  energy  subti.dal   carbonate

deposition   (Fig.16).     It  1.s   likely  that  depositi.onal   patterns,   dia-

genesis  and  porosity  development  are  similar  I.n  carbonates  deposited

along  seaward  margins  of  these  structuT`es  both  north  and  south  of  the

#1   Rose  well.

Si.gnificant  porosity  in  Five  Finger  dolostones  occurs  primarily

in  suprati.dal   deposi.ts  which  cap  upper  and  lower  uni.t  carbonates.     Rela-

tively  ti.ght  dolostones  of  the  #1   Dreese  probably  represent  more  proximal

portions  of  progradational   cycles.     Intercrystalline  porosity  of  these

dolostones   is   largely  occluded  by  epi.taxial   dolomite  cementati.on   (Fi.g.   45).

Progressive  Mg  depleti.on  of  dolomi.ti.zing  fluids   that  discharged  seaward

may  have  precluded  epitaxial   cementation  in  neomorphi.c  dolostones  east

of  the  #1   Dreese  well.     Si.gnificantly,   thin  secti.ons  of  cutti.ngs  from

the  #1   Bowlus  contain  neomorphi.c  dolostone  with  preserved  i.ntercrystalli.ne

voids   (Fi.g.  43).     The  lateral   extent  of  dolostone  facies  north  or  south

of  the  #1   Dreese  well   cannot  be  accurately  determined  wi.thout  additional

core  or  sample  control.     Because  no  comparable  dolostone  faci.es  are

present  1.n  the  four  southerrmost  cores  examined   (wells  9-12),   it  may

be  possi.ble  that  suprati.dal   "lobes"  extended  farther  seaward  i.n  northern

as  compared  to  southern  portions  of  the  study  area.     Moreover,   shallower

water  in  northern  porti.ons  of  the  study  area  probably  facili.tated  pro-

gradation  of  supratidal   facies  seaward.     Dolomitizi.ng  environments  and
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porous  dolostone  faci.es  were  thus  extended  farther  to  the  east  l.n  these

areas.     Slightly  deeper  water  in  shelf  areas  of  southern  porti.ons  may

have  inhibited  seaward  progradation  of  coastal   plai.n  faci.es.     Porous

dolostone  faci.es,   if  present,  must  exi.st  farther  to  the  west  (landward)

because  they  do  not  occur  in  cores  examined  from  southern  parts  of  the

study  area.     Carbonates  of  these  cores  may  represent  more  distal   por-

tions  of  progradational   cycles,  where  seaway`d  discharge  of  Mg-rich

fluids  and  associated  dolomitization  did  not  occur  on  a  sufficient

scale  to  produce  porous  dolostone.

Landward   (westward)   of  the  #1   Dreese  well,   the  Five  Finger  zone

consists  of  dolostones  which  represent  proximal   portions  of  prograda-

tional   cycles.     Intercrystal   voids  in  these  dolostones  probably  are

tightly  cemented  by  epitaxial   dolomite  overgrowths  and  anhydrite.

These  dolostones  are  thus  nonporous,  and  do  not  constitute  reservoir

quality  rock.     They  may  actually  serve  as  vertical   and  in  part  hori-

zontal   permeability  barriers  for  porous  carbonates  to  the  east.

Porous   suprati.dal   dolostones  which  cap  the  Five  Finger  zone  in  the

Tate-Hutton  #2  may  have  developed  in  the  lee  of  low  relief  islands

which  possibly  existed  offshore.     These  dolostones  contai.n  si.gnificant

open  porosity  in  the  form  of  intercrystal   voids,  birdseye  vugs  and

anhydrite  molds.     Supratidal   algal  mat  facies  may  have  developed  along

landward  margins  of  these  structures  in  a  general   north-south  direction

(Fig.16).

Analysis  of  the  four  cores  in  Stevens  County   (wells  9-12)   reveals

a  general  decline  in  reservoir  quality  in  southern  portions  of  the

study  area.    Three  of  these  cores  possess  carbonate  units  containing



42

higher  percentages  of  admi.xed  clastics  compared  with  cores  to  the

north.     Lower  unit  transgressive  carbonates  consi.st  of  relatively

thick  sequences  of  clastic-rich  wackestone  and  packstone,  while  re-

gressive  carbonates  of  the  upper  unit  are  thin  and  poorly  developed.

However,  upper  and  lower  unit  carbonates  in  the  Kimzey  1-A  core  con-

tain  relati.vely  clastic-free  grainstone  and  packstone.    The  large

volumes  of  primary  porosity  in  these  carbonates  were  occluded  largely

by  meteoric  cementation   (Fig.   27),   but  some  open  pore  space  does  exist

as  minor  residual   primary  pores  and  small   anhydrite  molds.

Upper  unit  carbonates  of  the  Neer  "A"   #1   contain  a  porous  zone

consisting  mainly  of  tertiary  anhydrite  molds   (Fig.   64).     This  zone,

however,   is  very  thin   (1-2  feet)   compared  to  porous  upper  carbonates

of  the  #1   Rose  to  the  north.

\



CHAPTER   VI

PARAGENESIS

Deposition  of  Five  Finger  carbonates  occurred  in  supratidal ,

intertidal   and  subtidal   environments  of  arid  coastal   plai.ns  and

adjacent  shallow  shelf  areas.     Their  depositional   and  diagenetic

history  initiated  i.n  the  subtidal   environment,  where  original  min-

eralogies  consisted  of  aragonite  and  hi.gh  magnesium  calcite.     Bio-

clasts  were  micritized  and  bound  together  by  the  action  of  blue-gy`een

algae.     Grainstones  `deposited  in  higher  energy  peritidal  marine

environments  developed  thin  fibrous   to  bladed  submarine  crusts  which

lined  primary  voids   in  a  few   intervals.

Interstitial   precipi.tation  of  gypsum  in  seaward  portions  of  supra-

tidal   areas  elevated  Mg/Ca  ratios,   leading  to  penecontemporaneous  dolo-

mitization  of  aragonitic  lime  mud.     Inland  from  and  approxl.mately

parallel   to  zones  of  gypsum  preci.pitati.on,   anhydrite  replaced  gypsum

in  response  to  increasing  temperature  and  salinity  of  interstiti.al

brl.nes.

Early  subaerial   exposure  led  to  mi.neralogi.cal   stabilizati.on  of

subti.dally  deposi.ted  carbonates.     Aragonitic  lime  mud  inverted  to

calcite  micrite.  and  aragoniti.c  shells  either  recrystallized  to  cal-

cite,   or  dissolved  to  form  biomolds  and  hollow  micrite  envelopes.

Magnesium  calcite  shells  stabilized  to  calci.te  with  preservation  of

original   shell   textures.

Subtidal   carbonates  were  exposed  to  early  Mg-rich  fluids  which
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discharged  seaward  to  emplace  dolomite  as  cement  in  primary  voids  and

as  replacement  of  lime  mud.     Initial   cementation  sequences   involved

epitaxial   calcite,  dolomite  and  ferroan  and  nonferroan  calcite.     Mag-

nesium  for  porphyroblastic  dolomite  emplacement  I.n  dolomitic  limestones

was  derived  locally  from  the  stabilization  of  magnesium  calcite  shells,

and   possibly  from  magnesium  calcite   1.n   lime  mud.     Extensive  neomorphic

matrix  dolomi.tization  1.n  wackestones  resulted  from  exposure  to  dolo-

mi.tizing  fluids  which  discharged  seaward  from  beneath  coastal   plains.

Cyclic  fluid  invasi.on  sequences  can  be  recognized  from  Five  Finger

carbonates.     Parageneti.c  sequences  closely  resemble  those  from  Middle

Permian   (Guadalupian)   carbonates  of  the  Permian  Basin  as   reported  by

Jacka  and  others   (1980),   and  from  Horquilla  carbonates   (Pennsylvanian-

Permian)   of  the  Big  Hatchet  Peak  section   in  New  Mexico  described  by

Thompson  and  Jacka   (1981).     Discharge  of  fluids  usually  occurs   in  the

following  sequence:

1)   Dolomi.tizing   flui.d;

3)  i:#y8:#:3t;g(#::i;water)  flui.d.

Fluid  invasion  sequences   involve  cyclic  episodes  of  fresh  and  salt

water  di.agenesis.     Magnesium  rich  fluids  discharged  seaward  to  neo-

morphi.cally  replace  unstable  carbonate  material.     Dolomi.tization  of

aragonitic  lime  mud  produced  rhombic  crystal   textures  wi.th  ini.tially

high  intercrystalline  porosities.     Many  shells  were  partially  dissolved

and  partially  replaced  by  dolomite.     Conti.nued  flux  of  the  dolomi.tizing

fluid  precipitated  epitaxi.al   dolomi.te  cement  on  initial   rhombs.     Epi-

taxial   cements  formed  compromise  boundaries  and  largely  restricted

secondary  intercrystal   pores.     Dolomitizi.ng  fluids  were  followed  by
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calci.urn  sulfate-rich  fluids  which  emplaced  anhydrite  as   cement  in

fractures  and  dissolutl.on  molds,   and  as  porphyroblasts   in  subti.dal

sediments.     Anhydri.tizing  bri.nes  were  replaced  by  low  sali.nity  fluids

which  di.ssolved  antrydri.te.to  produce  third-order  voi.ds   (terti.ary

porosity).     In  many  instances,   a  second  dolomi.tizi.ng  flui.d  emplaced

dolomite  cement  i.n  tertiary  voids,   and  a   second  anhydriti.zi.ng  flui.d

emplaced  second  generation  anhydri.te  in  first  generation  anhydrite

molds   (Figs.   65   and   66).

In  some  1.ntervals,   calci.tizati.on  occurred  as  the  i.nitial   step.

Subsequent  doloml.tl.zing  fluids  emplaced  dolomite  as  cement  and  partial

replacement  of  lime  mud.     Calcium-sulfate-ri.ch  hypersaline  brines   next

enplaced  anhydri.te  as   replacement  porphyroblasts.     Anhydrite  was  dis-

solved  out  by  subsequent  low  sali.nity  fluids  to  leave  terti.any,  thi.rd-

order  voi.ds.     Leachi.ng  of  anhydri.te  may  have  enriched  groundwaters

wi.th   calci.urn  for  dedolomi.tization.     A  second  dolomiti.zing   flui.d  pre-

cipitated  dolomite  cement  in  some  i.ntervals,   although  this   is  not

coiimonly  observed.     The  last  di.agenetic  flui.ds   to  di.scharge  through

many  carbonate  sediments  were  low  sali.nity  flui.ds  whi.ch  di.ssolved

some  anhydri.te,   or  replaced  it  wi.th  si.1i.ca,   calcite  or  gypsum.

Although  both  di.ageneti.c  hi.stories  are  composed  of  si.mi.1ar  flui.d

1.nvasion  sequences,   the  major  di.fference  li.es   in  the  chemistry  of  the

initi.al   fluid.     In  some   1.nstances,   it  is  a  Mg-rich  dolomitizi.ng  fluid,

while  in  others   1.t  is  a  low  salinity  fluid.     Chemistry  of  the  ini.ti.al

fluid  appears  to  be  controlled  by  proximity  to  coastal   areas  beneath

which  dolomitizing  flui.ds  probably  are  generated,   and  from  which  they

migrate  in  a  general   seaward  di.rection.     Increasing  di.stance  from



46

coastal   areas  may  result  in  a  lack  of  dolomiti.zati.on,   and  subsequent

calcitization  of  carbonate  sedi.ments.     It  i.s   important  to  emphasize

that  the  chemistry  of  discharging  flui.ds   (whether  fresh  or  sali.ne)

and  their  flux  within  sediments  largely  control   diagenesis  and  result-

ant  porosity  preservation  and  occlusion.     In  addi.ti.on,  fresh  water

fluids  may  affect  numerous  diagenetic  changes,   such  as  the  dissolution

of  anhydri.te,  the  replacement  of  anhydrite  by  silica,  calcite  and  gyp-

sum,   or  the  replacement  of  dolomite  by  calcite   (dedolomitizati.on).     The

point  at  which  the  fluid  1.nvasi.on  sequence  is  termi.nated  largely  deter-

mines  whether  porosi.ty  1.s  occluded  or  preserved.     Teminati.on  of  the

sequence  at  any  one  pal.nt  appears  to  be  controlled  by  eustatic  sea  level

fluctuations  and  associated  climatic  changes,  although  other  factors

also  may  be   involved.

Generation  of  anhydritizi.ng  bri.nes   is  generally  believed  to  occur

during  progradati.onal   episodes  when  sea  levels  are  at  a  high  stillstand

and  climates  are  arid.     While  this  may  be  true   1.n  many  cases.   it  is  also

possible  that  anhydri.tizi.ng  brines  evolve  during  times  of  i.ncreased

rai.nfall   associ.ated  with  subaerial   exposure  {Jacka,   personal   comunica-

tion).     In  such  instances,   brines  may  become  enriched   in  calci.urn  sulfate

by  dl.ssolution  of  anhydrite  up  flow  lines   in  more  proxi.mal   porti.ons  of

di.agenetic  cycles.     If  this  is  true,  parts  2  and  3  of  the  fluid  1.nvasion

sequence   (i.e.   anhydriti.zi.ng  fluids  and  low  salinity  fluids)  may  be

triggered  by  the  same  causal   process  of  increased  rai.nfall   associ.ated

wi.th  subaerial   exposure.
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CHAPTER   VII

CONCLUSIONS

I.     Fi.ve  Fi.nger  carbonates  were  originally  deposited  on  a  broad

homoclinal   to  monoclinal   structure  striki.ng  approxi.mately  north-south

across  the  study  area.     Shelf  carbonates  dip  to  the  east  and  south-

east  at  approximately  16  feet  per  mile.     Major  structure  consi.sts  of

small   anticlines  whi.ch  develop  as  much  as   50  feet  of  closure   i.n              '

eastern  portions  of  Grant  and  Kearny  Counties.     Other  small   flexures

are  superimposed  on  regional   structure  throughout  the  study  area.

2.     From  the  base  upward,   the  following  vertical   sequence  of

lithofaci.es   is   recorded   1.n  Five  Fi.nger  carbonates:     1)   lower  carbon-

ate  uni.t,   2)  mi.ddle  clasti.c-carbonate  unit  and  3)   upper  carbonate

unit.     Lower  unit  carbonates  are  transgressive,   and  recoy`d  deposition

within   low  energy  and  hi.gh  energy  subtidal   envi.ronments.     Subtidal

lower  uni.t  shelf  carbonates   change  faci.es  updip   (westward)   to  supra-

tidal   stromatoli.tic  dolostones,  whi.ch  cap  lower  carbonates   i.n  the

westernmost  core  studied.     The  middle  clasti.c-carbonate  uni.t  consists

of  dark  calcareous   shales  and  shaly  wackestones   deposited  i.n  low

energy  subti.dal   environments.     Continental   red-brown  clasti.cs  consti-

tute  updi.p  equi.valents  to  marl.ne  shales  farther  shelfward.     Upper

carbonates  are  regressi.ve,  and  record  depositi.on  i.n  subti.dal ,   1.nter-

ti.dal   and  supratidal   environments.     The  upper  carbonate  unit  is  capped

by  supratidal   stromatolitic  dolostones  in  some  areas.
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3.     Five  Finger  carbonates  are  overlain  and  underlain  by  regres-

sive  continental   clasti.cs,  which  represent  deposition  in   inland  sabkhas,

brine  pans  and  deflation  flats.

4.     Five  Finger  carbonates  were  deposited  predomi.nantly  in  the

subtidal  marine  environment,  where  original  mineralogies  cons.isted  of

aragonite  and  high  magnesium  calcite.     Carbonate  allochems  were  micri-

tized  intensively  by  blue-green  algae.     Algal   coated  grains  are  abundantly

represented.     Some  grainstones  developed  isolated  thin  fibrous  to  bladed

submarine  cement  crusts   in  primary  voids.

5.     Stabilization  of  most  carbonates  occurred  duri.ng  periods  of

subaerial   exposure  and  fresh  water  diagenesis.     Aragonitic  lime  mud

inverted  to  calcite  micrite,  and  aragonite  shells  either  dissolved,  or

recrystallized  to  calcite  with  preservation  of  original   shell   textures.

Primary  and  secondary  porosity  was  largely  occluded  by  meteoric  cementa-

tion  in  the  fresh  water  phreatic  environment.

6.     Some  dolomitization  occurred  within  subtidal   and  supratidal

environments  of  Five  Finger  carbonates.     PetrogT`aphic  evidence  suggests

that  three  separate  variables  controlled  dolomiti.zation  reactions:

I)   proximity  to  coastal   areas  where  dolomitizing  fluids  probably

evolved,   2)   ratios  of  original   lime  mud  to  grai.ns,   and  3)   volumes  of

magnesium  calcite  in  sediments.

7.     Anhydrite  was  emplaced  in  Five  Finger  carbonates  as  cement,

and  as  replacement  nodules  and  porphyroblasts.

8.     Five  Finger  carbonates  record  complex  diagenetic  histories,

involving  numerous   cyclic  fluid   invasion  sequences  consisting  of

1)   Mg-rich  dolomitizing  fluids,   2)   Ca-rich  anhydritizing  fluids  and
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3)   low  salinity  meteoric  groundwaters.

9.     Upper  unit  carbonates  contain  the  best  porosity  and  permea-

bility  recorded  in  the  Five  Finger  interval.     Porous  dolostones  contain

intercrystal   voids,  birdseye  vugs  and  anhydrite  molds.     Porous  lime-

stones  contain  some  residual   primary  porosity,   small   amounts  of  second-

ary  moldic  porosity,  and  large  amounts  of  terti.ary  an*drite  moldic

porosity.     Porous  carbonates  are  largely  confined  to  northern  portions

of  the  study  area,  where  dolomitization  and  associated  emplacement  and

leaching  of  anhydrite  accompanied  more  laterally  extensive  progradational

cycl es .
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APPENDIX   A

NAMES   AND   LOCATIONS   0F   CONTROL   WELLS

USED    IN   THIS    STUDY
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Well        Operator/Well   Name                                              County          Sample          Location
NO.T

1

2

3

4

5

Computer  Pet.   Expl.   Dreese   #1

Wagner  and   Brown   Rose   #1

Champlin   Garden   C-10

Amoco   Miles   Gas   Unit   ''8"   #2

Amoco   Dotson   Gas   Unit   #3

6.           W.   a.   Osborn   Smalley   '`C"   1-A

7.          Amoco  Tate-Hutton  Gas   Uni.t  #2

8.           Amoco   Eveleigh   Gas   Uni.t   ''A"   #2

9.          Anadarko  Rhinehart   Estate   "C'!   #1

10.`        Anadarko   Neer   "A"   #1

11.           Anadarko   Light   "D"   #1

12.           Anadarko   Kimzey   ''A"   #1

13.             M.    L.    Brown   M.    I.laune   #1

14.           W.   a.   Osborn   Mi.ller   #3

15.            W.    a.   Osborn   Bowlus   #1

16.           W.   a.   Osborn   Davi.s   #2-A

Hami. l ton          core             l 1 -2ls-40W

Kearny

Finney

Kearny

Kearny

Kearny

Kearny

Keamy

Stevens

core             34-21S-37W

core             16-23S-34W

core             29-23S-37W

core             15-24S-37W

core               2-25S-38W

core             28-25S-37W

core             23-26S-38W

core             22-32S-38W

Stevens             core               7-33S-38W

Stevens             core            34-33S-39W

Stevens             core               1 -34S-38W

Kearny         cuttings       22-2ls-38W

Kearny          cutti ngs          6-22S-37W

Kearny          cutti.ngs        21-22S-37W

Kearny          cuttings       35-22S-37W
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Fig.   i.--Index  map  showing  the  location  of  the
Panhandle-Hugoton  Field.



area  {i3;p:;i.i;::1::a:::?a#i8i].  Province  map  Showl.ng  the  location  of  the  study
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Fig.   3.--Stratigraphic  column  of  the  Panhandle-Hugoton
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Fig.15.--Delineation  of  lithofacies  and  associated  clastics  on  a
gamma   ray  log  of  the  Smalley  "C"   1-A.
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Fig.16.--Distribution  of  deposi.tional   envi.ronments.
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Some  mi.crographs  were   taken  with  a   reti.cle   that   superi.mposes   a

micrometer  grid  across  the  center  of  the  field.     The  scale  of  each

Photo   is   indi.cated  accordi.ng  to  the  smallest  division  of  the  gri.d,   d,

whl.ch   ranges   from  5.2   to   120  microns,   whi.ch  are   herein  designated  by

u;   one  micron  equals  0.0001   rm.

Some  micrographs   contain   a   bar   scale  whi.ch   1.s   i.mpri.nted  along

the  margi.ns  of  the  field.     The  appropriate  scale   is   shown   in  microns

(u)   and  milli.meters   (rm).

M1.crographs  taken  under  crossed  polarizers  are  speci.fl.ed  with  an

X.     Those  taken   in  plane  polari.zed   li.ght  are  gi.ven  no  desi.gnati.on.

All   thl.n   secti.ons  were  stai.ned  wi.th  potassi.urn  ferricyani.de  and

all.zari.n-red  S  which  stai.ns  normal   calcite  red,   ferroan  calci.te

purple-red  and  ferroan  dolomi.te  blue.     Normal   dolomite   1.s  unstai.ned.

In  some  micrographs   key  features  are  labelled  wi.th   letter  symbols,

whi.ch  are  explai.ned   in  captions.
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resisted  replacement.



Fig.   53.--Li.ght   "D"   #1,   2873   ft.,   (X).      Scalenohedral   calcite   (S)
1i.nes   the   i.ntrabioti.c  void  of  a  partially  silici.fi.ed  brachi.opod.
Sparry  calci.te  cement  fills   the  remainder  of  the  void.

Fig.   54.--Neer   "A"   #1,   2830   ft.,   d=1lu.      Exsolved   ferroan   dolo-
mite   rhombs   i.n   a   silici.fied  porti.on   of  an   echinoderm  fragment.

•.#-



biope[;:;I.::i;;:in:i::¥  :C:eiT£€e£:|€  #6it€=42u.     S1.1icifl.cation  of  a

Fi.g.    56.--Smalley   ''C"    1-A,   2674   ft.,    (X).      Massi.ve   si.11.ci.fi.cati.on
of  a   limestone.     Mi.critic  material   was   replaced  by  microquartz.     Ostra-
cod  to   left  of  center  was   replaced  by  L-S   chalcedony,   and  the   1.ntra-
biotic  void  was   filled  with   L-F   chalcedony   (c)   and  megaquartz   (in).
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Fig.   66.--Miller  #3,   2870-91   ft.,   d=42u,   (X).     A   first   generati.on
anhydri.te  mold  was   cemented   by  coarse   second   generation   dolomite,   and
later  by  second  generati.on  anhydrite,   which   partially  replaced  eay`1i.er
dolomite   cement.



--

Fig.   68.--Core   slab   from   the  Wagner  and  Brown  Rose  #1,   showl-ng
massive  replacement  of  a   limestone  by  nodular  anhydrite   (card   is
6   inches   long).
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